2092 Nutrifional Agents and Vitamins

Profile

Sodium silicofluoride is used as a source of fluoride (see
Sodium Fluoride, p. 2089.2) for the fluoridation of drinking
water, It has also been considered for inclusion in oral
hygiene products.

Other silicofluoride (fluorosilicate) salts permitted for use
in oral hygiene products include ammonium silicofluoride,
magnesium siticofluoride, and potassium silicofluoride.

Sodium silicofluoride has also been used in insecticides.

Sorbitol

E420; B-Soibitol;: Sorbitoli; Sorbltolis: Sorbltolum, Szorbit
Cop6wur;. Copévrron R
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Phcnnocopoelas n Chm Bur. lsee p. vii), .Ipn, and Viet.
Also in USNF.

US includes only Sorbitol Solution.

Ph. Bur. 8: (Sorbitol). A white or almost white crystalline
powder. It exhibits polymorphism. Very soluble in water;
practically insoluble in alcohol.

USNF 31: (Sorbitol). White, odourless, hygroscopic powder,
granules, or crystalline masses having a sweet taste with a

Effects on the gastroinfestinal fract. Sorbitol is often used
as a sweetener in sugar-free preparations and the risk of
sorbitol-induced diarrhoea associated with such products
has been highlighted.!* Chronic sorbitol-induced diarr-
hoea with associated pneumatosis intestinalis has been
reported in a child given 21.7g sorbitol daily in liquid
medications.* Colonic and upper gastrointestinal necrosis,
including some fatalities, have been reported after use of
sodium polystyrene sulfonate in sorbitol, and may have
been associated with the sorbito]l component, see
p. 1575.3.

It has also been suggested that sorbitol contributed to the
morbidity in a patient who developed septicaemia as a
complication of intestinal pseudo-obstruction, after the use
of charcoal with sorbitol to treat seli-poisoning with
theophylline.® It was suggested that gaseous distension after

bacterial bolism of sorbitol had rendered the bowel
wall ischaemic, facilitating passage of bacteria or of
in into the sy ic circulation.
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ia. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Cenwre (NAPOS) and
the Porphyria Centre Sweden, classifies sorbitol as not por-
phyrinogenic; it may be used as a drug of first choice and
no precautions are needed.’
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cold sensation. Soluble 1 in 0.45 of water; sparingly solubl
in alcohol; practically insoluble in solvent ether. pH of a
10% w/w solution in water is between 3.5 and 7.0.

Incompoafibilify. For reference to the incompatbility of
sorbitol with hydroxybenzoates, see p. 1757.3.

Uses and Administration

Sorbitol is a polyhydric sugar alcohol {polyol) with about
half the sweetening power of sucrose. It occurs naturally in
many fruits and vegetables and is prepared commerdally by
the reduction of glucose.

It has been given as a 30% solution as an alternative to
glicose in parenteral nutrition (p. 2044.1) but its use is not
recommended because of the risk of lactic acidosis.

Sorbitol may be given as an osmotic laxative in the
management of constpation (p. 1804.3); daily doses of
abont 14 to 42 g orally, or 30 to 36 g rectally have been used.

. Solutions containing about 3% of sorbitol are used as
irrigating fluids in transurethral surgical procedures.

Sorbitol was formerly given intravenously as a2 50%
solution as an osmotic diuretic.

Sorbitol also acts as a bulk sweetening agent. It is used in
limited quantities as a sweetener in energy-reduced diabetic
food products. It is also used as an alternative to sucrose in
many sugar-free oral liquid preparations and in sugar-free
foods as it is less likely to cause dental caries.

Sorbitol also has humectant and stabilising properties
and is used in various pharmaceutical and cosmetic products
induding toothpaste.

Adverse Effects and Precautions
As for Fructose, p. 2068.2..

Effects on electrolyte balance. Sorbitol is used as a vehicie
in some proprietary preparations of activated charcoal

g5

Pharmacokinetics

USNF 31: Noncrystallizing Sorbitol Solution;
'USP 36: Sorbitol Solution.

Dﬁaipdon Soya bean is r.he seed of r.he soya plmt GIyanz
max (G. hispida; G. soja (L.) Merr.). It is a source of soya oil
and soya protein.G.soja Siebold & Zuce. is wild soybean.

Soya Oil

Aceite de soja Salde Oleum; Soijasly: Sojy allejus Soja Bedrt
O Soja; huile-de; So}ae vleum;. Sojaolja; - SGjowy: Saya
‘Yagi; Soya—bean oil; Soyabean Oil; Soybean OIf; Széjababolaj,
Coeeoe Macrio.-

CAS — 8001-22-7. . . |

ATC Herb — HDO2WB5002 (Glycme max: o:l), H505BA5003
(Glycine max: oif).

UNIl — 241ATL177A (soya o«l) A2MIIMI18C (hydrogenared
soya oil).

Pharmacopoeics. In Chin., Jon, and US.

Eur. {see p. vii) includes both hydrogenated and refined oils.
Ger. also includes a partially hydrogenated oil. USNF
includes the hydrogenated oil.

Ph. Bur. 8: (Soya-bean Oil, Refined; Soiae Oleum
Raffinatum). It is the fatty oil obtained from seeds of G.
max (G. hispida) by extraction and subsequent refining. It
may contain a suitable antoxidant and is a clear, pale yellow
liquid. Practically insoluble in alcohol; miscble with
petroleumn  spirit. Store in well-filled containers at a
temperature not exceeding 25 degrees. Protect from light.

The BP 2014 directs that when Soya Oil, Soyabean Oil. or
Soya-b 0il is d ded, Refined Soya Oil shall be
supplied.

Ph. Eur. 8: {Soya-bean 011 Hydrogenatcd, Soiae Oleum

Sorbitol is poorly absorbed from the gastrointestinal tract
after oral or rectal use. It is metabolised mainly in the liver,
to fructose (see p. 2068.3), a reaction catalysed by the
enzyme sorbitol dehydrogenase. Some sorbitol may be
converted directly to glucose by the enzyme aldose
reductase.

Preparations

Proprielary Preparations (details are given in Volume B)
Single-ingredient Austral : Sorbilax; Braz.: Mini-
lax; Rus.: Sorbit (Copbnr); Swed.: Resulax.

' Preporations. Arg.: Humectante Bucal; Micro-
nema; Austral: Aquae; Carbosorb XS; Fleet Micro-Enemat;
Microlu. Au.rtrnr Glandoune, Microkllst: Yal; Belg.: Microlax:

Hydrog ). It is by refining, bleaching,
hydrogenation, and deodorisation of soya oil. It consists
mainly of triglycerides of palmitic and stearic acids and is a
white or almost white mass or powder which melts to a
clear, pale yellow liquid when heated. Practically insoluble
in water; very slightly soluble in alcohol: freely soluble in
dichloromethane, in petroleum spirit after heating and in
toluene. Protect from light.
USP 36: (Soybean Oil). The refined fixed oil obtained from
the seeds of the soya plant Giycine max (Fabaceae). It may
contain suitable antoxidants. A dlear, pale yellow, oily liquid
having a characteristic odour. Insoluble in water; miscible
with chloroform and with ether. Store in airtight containers
at a temperature not exceeding 40 degrees. Protect from
light.
USNP 31- (Hydrogenated Soybean Oil). The product
fini bleaching, bhydrogenation, and

t: Braz.: Aneh lachofra; Hepalin; Hepa-
tox; Canad.: Chmc Tol: Charcodote: M:crohx. Moi-Stir; Chile:
Secand; Solucion lrrigacion Vesicalt; Tabletas Phillips; Ureadin
Rx PS; Cz: Yal: Denm.: Klyx: Fin.: Xlyx: Microlax; Fr.: Acti-
gesst; Apil Artisial; Cicatridine; Hepagrume; Hepargitol:
Microlax: Nivabetolt; Parapsyllium; Schoum: Spagulax au
Sorbitolf; SSTH; Ger.: Flacar; Freka-Drainjet Purisolet;
Glandosane; Microklist; Saliva natura; Xerotn: Yal; Gr.: Collyre
Vitaphakol; Suprin; Hong Kong: Glandosane; Microlaxt: Osmo-
fundint; Salivart}: Hunmg.: Balansol; Rehydrosolt; India: Al-
Live; Alkasol-P; Aminocore $-S Plus; Aminofusion; Anorexin
Plus; Aqwet: Bioferum Forte; Bioffin; Brofentol; Celemin; Cele-
mix Combi; Cyapun-SF; Cyaptin; Cyp-L; Cypine-TS; Cypolin;
Cypon-L Cyprea-T/ Cyprobit: Decyp-P; Perricos; Ferritop Iron
Tomc Permﬂc Porliv; Fortil; Gastrozyme; Gelus:.l Plus; Gro-

deodorisaﬂon of oil obtained from seeds of the soya plant,
Glycine max (Fabaceae). It consists mainly of triglycerides of
palmitic and stearic acids. A white mass or powder that
melts to a clear, pale yellow liquid when heated. M.p.
between 66 degrees and 72 degrees. Practically insoluble in
water; very slightly soluble in alcohol; freely soluble in
dichloromethane, in petroleum spirit after heating, and in
toluene. Store in airtight containers. Protect from light.

ibility. For mention of the stability and compat-

Incompatil A
ibility of solutions and emulsions for parenteral nutrition
sec under Bnteral and Parenteral Nutrition, p. 2044.2.

Uses and Administration

wise: Hi Hb-Rich; Hepachol: Hepoli Livo-
gp, Mecolin. Sﬂoxogm‘e, éolrbi.lme, Sm'liv. Indon.: An'unosf;sn; Emulsions of fractionated soya oil containing 10, 20, or 30%
€ emin: “ | are given by slow intravenous infusion as part of total

Laxarec; Microlax; Nutrisol-S; Pan Amin G; Pronita; Tutofusin
LC; Tutoh OpS; Valamin; Israel: Biolax Protect; Biolaxt;

intended to reduce drug absorpton after p ing: the
sorbitol increases the palatability of the preparaton and
also produces an osmotic diarrhoea that facilitates elimina-
tion of the activated charcoal and adsorbed drug. Repeated
doses of such preparations are often advocated but there
have been reports!? of severe sorbitol-induced hypemna-
traemia in adults and children. In all cases, charcoal in a
70% sorbitol suspeunsion had been given. It has been
recommended that fluid and electrolyte balance be moni-
tored closely, and that preparations with lower concentra-
tions of sorbitel be used if possible.>* For debate about
such multiple dose therapy see Poisoning, under Activated
Charcoal, p. 1538.1.

1. Gazda-Smith B A

Charcodote; Spray Mint: Ital.: Citroepatinat; Macrolax: Novi-
lax; Sorbiclis; Jpm: Lactec G; Mex: Clyss-Go; Neth.: Klyx;
Microlax; Norw.: Klyx; Microlax; NZ: Carbosord XS: Microlax;

al nutrition regi (p. 2044.1), usually with
amino acid and carbohydrate solutions. The solutions and
emulsions may be given at separate sites, at the same site
through a Y-connector, or combined in one admixture. Fat

Pol.: Purisole SMi: Rektiolax; Port.: Clyss-Go; Gland
Purisole; Rus.: Aminosol (Asamsocon); Hcpasol A (Tamacon A),

»ns provide a high energy intake in a relatively small
volume. They may also be used to prevent or correct
essential fatty acid deficiency. When used as a calorie source
the dose of the emulsion is determined by the energy

and clinical status of the patient; the amount

mghnnx (Xainxc); Microlax (Muxpomxc); Reosorbilact
(Peocop ); Sorbilact (Ci ) S.Afr Agof:l.lf Singa-
pore: Charcodote; Microlax; Minica S; ty : Spain:

Sugarbily; Swed.: Klyx: Migolax; Omnilax: Switz.: Agarol
Softt; Glandosane; Microklis; Microlax; Pursana; Yal Thai:
Glandosane; Twrk.: Charflo Sorbitol4; Kansilak; Libalaks; Saba-
laks; Yal; UK: Glandosane; Luborant}; Relaxit; Saliva Natura;
SST; Xerotin: Ula' Hepasol A (I'uneo.l A); ucwpmtem—c

(J1: p C): bil ‘.
1 (C Turusol (Typyeon) USA:

toxicity with
Med 1990; 130: 689 and 692,
2. Allerton JP, Strom JA. Bypernatremia due to repeated doses of charcoal-
sozbitol Am J Kidmey Dis 1991; 17: 5814,
3. Farley TA. Severe hypernatremic dehydration after use of an activated
charcoal-sorbitol suspension. J Pediatr 1986; 109: 719-22.

of
charcoal and sorbitol. Arch Intem

All cross-references refer to entries in Volume A

N+ Sorhil
(P

Actidose with

b Moi-Sﬂr, Numot yn: Plax; Salivart.

Ph. Eur.: Sorbitol, Liquid (Crystallising): Sorbitol, Liquid {Non-
crystallising); Sorbitol, Liquid, Partially Dehydrated;

of total carbohydrate, generally, should not comprise more
than 60% of patients’ total calorie intake. For the
prevention and correction of fatty acid defidency about 5
to 10% of total calorific intake should be as an intravenous
fat emulsion.

The composition and dosage recommendations of
commerdal preparations do differ slightly but they should
be started slowly. Suggested initial rates for the 10% and
20% products are 1mL/minute and 0.5 mL/minute
respectively for 15 to 30 minutes. The rate may then be
increased and up to about 500 mL (or 10 mL/kg) of 10% or
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250 ml (or 5 mL/kg) of 20% emulsion may be given on the
first day. The total daily dosage may then be increased
gradually on subsequent days; suggested daily dose ranges
are 500 to 1500 mL of a 10% or 500 to 1000 mL of a 20%
emulsion and suggested rates of infusion are 500 mL of a
- 10% emulsion over a period of not less than 3 hours, and
500mL of a 20% emulsion over not less than 5 hours.
‘Where a 30% emulsion is used, a dose of 333 mL or about
4.75 mL/kg has been recommended, given over 5 hours or
more; the first dose should not exceed 3 mL/kg.
Soya oil also has emollient properties and is used as a
bath additive in the treatment of dry skin conditons.
Preparations made from whole soya beans, containing
soya oil and soya protein, are used as the basis of lactose-free
vegetable milks for infants and patients with lactose or
similar disaccharide intolerance or with an allergy to cow’s
milk protein {see also Food Intolerance, below).

Administration. It has been suggested! that it is the con-
centration of phospholipid solubilisers, and particularly
the excess p as free phospholipid liposomes, that
determines the effect of lipid emulsions on plasma-lipid
concentrations. In 20 premature infants requiring par-
enteral nutrition, infusion of up to 4g/kg of fat daily as a
20% emulsion had less effect on plasma lipid concentra-
tions than:2g/kg daily as a 10% emulsion; the difference
was thought to be due to the fact that the 20% emulsion
was relauvefz liposome-poor, with a ratio of phospholipids
to triglycerides of 0.06, whereas the liposome-rich 10%
emulsion had a ratio of 0.12. The authors suggested that
the 10% emulsion should not be used in preterm infants.
Others noted similar results;? a 10% lipid emulsion with a
reduced phospholipid content has, however, been
reported to be relatively well tolerated in premature
tnfants.?

For mention of the risk of kemicterus if lipid infusions
are given to hyperbilirubinaemic neonates, see under
Precautions, p. 2094.2.

1, mumanlD & al. Bffect of liposomal content of lipid emulsions on
plasma concentrations in Jow birth weight infants recetving
parenteral nutidon. J Pediar 1992; 121: 759-63.

2. Caimns PA. a al. Tolerance of mixed lipid emulsion in neonates: effect of
concentration. Arck Dis Child Fetal Neomatal Ed 1996; 73: P113-F116.

3. Gohlke BC, et al. Serum Upids during parenteral nutrition with a 10%
lipid emulsion with reduccd phospholipid emuisifier content In
premarure infants. J Pediatr Bndocrinol Meiab 1997; 10: 505-9.

ity. Intravenous infusion of lipid emulsions has
been proposed for the treatment of refractory cardiotoxi-
city caused by lipophilic local anaesthetics such as bupiva-
caine,’? possibly acting in part as a ‘lipid sink’ into which
the drugs partdtion, removing them from the tssues. A
patient in whom prolonged cardiac arrest, unresponsive to
conventional management, developed after interscalene
block with bupivacaine and mepivacaine, was given a
100 mL bolus of a 20% fipid emulsion via the peripheral
intravenous catheter, which resulted in almost immediate
resumption of sinus rhythm;> the patient was subse-
quently given an infusion of the emulsion at a rate of
0.5 mEskg per minute over 2 hours, and remained in sinus
thythm. There was no evidence of complications related
to the use of lipid emulsion over the following 2 weeks. A
subsequent case of refractory asystole subsequent to bra-
chial plexus block with ropivacaine® also responded to a
100 mL bolus of 20% lipid emulsion, followed by a contin-
uous infusion at a rate of 0.2 mL/kg per minute (total dose
4mL/kg).

Although there have been concerns about the longer
term safety of a large lipid burden, and a lack of consensus
about the appropriateness of the treatment given the scanty
evidence base, a protocol has been suggested! on the basis of
case reports and animal studics. Treatment which is
reserved for patients with iocal anaesthetic cardiotoxicity
resistant to standard resuscitation, is to continue advanced
cardiac life support measures (see Cardiac Arrest, p. 1268.3)
plus:
¢ intravenous bolus of 20% lipid emulsion (Intralipid) at a

dose of 1.5 mL/kg followed by
* continuous infusion of the Ision at a rate of

0.25 mL/kg per minute for 30 minutes; if blood pressure

declines, rate may be increased to 0.5 mL/kg per minute.

The infusion may be continued for up to an hour if

appropriate, and may need to be restarted if blood

pressure dedines when it is stopped
If there is no response to the bolus it may be repeated once
or twice; additional boluses are not likely to be required
once sinus rhythm retums, even though ventricular ectopy
or other arrhythmias may persist.

The technique may be appropriate for other lipophilic
drugs that cause refractory cardiotoxicity—for mention of
its use to treat verapamil toxicity after overdosage with a
modified-release formulation, see p. 1524.2.

L. Weinberg G. Lipid rescue jon from iocal cardiac
toxicicy. Taxio Rev 2006; 23: 139-45.
2. Leskiw U, g GL. Ly for local toxicif

is it really lifesaving? Curr Opin Ancesthesiol 2009; 22: 667-71.

3. Rosenblatt MA, ¢f ol Successful usc of 2 20% lipid emulsion w0
resuscitate a patient after a presumed bupivacaine-related cardiac arrest.
Anesthesiology 2006; 103: 217-18.

4. Litc R, ef al. Successful resuscitation of a patient with ropivacaine-
induced asysole after axillary plexus block using lipid infusion.
Anazsthesia 2006; 61: 800~1.

Food infolerance. The American Academy of Pediatrics
has recommended" that soya-based infant feeds are appro-
priate for use in galactosaemia and hereditary lactase defi-
dency, and may be an alternative for families who wish to
avoid using infant feeds containing animal products.
Extensively hydrolysed protein feeds should be considered
for documented allergy to cow's milk protein, as 10 to
14% of these infants will also have a soy protein allergy.
Infants with cow’s milk-protein-induced enteropathy or
enterocolitis are also very likely to be sensitive to soy pro-
tein, and should again receive a feed derived from hydro-

Osteoarthritis. For of the possible benefits of a
mixture of avocado and soya oils (avocado-soybean unsa-
ponifiables) for symptomatic relief in patients with osteo-
arthritis, see p. 2451.2.

Adverse Effects

Hypersensitivity reactions including fever and chills have
been reported after the infusion of soya oil emulsion
although they are considered to be fairly rare. Other rare
immediate reactions indude dyspnoea, cyanosis, hyper-
lipidaemia, hypercoagulability, nausea, vomiting, head-
achc, and chesl and back pam Delayed reactions include

galy, spler galy, jaundice due to cholestasis,
Lhrombocylopcma, leucopenia, and transient increases in
liver function tests.

lysed protein. or synthetic amino acids. After rehydration
for acute gastroenterits, most previously healthy infants
can continue to have human milk or cow milk feeds, but
soy-based infant feeds may be indicated when secondary
lactose intolerance occurs. The Academy concluded that
soya-based infant feeds are not recommended for pretermn
infants and have no proven role in the prevention of ato-
pic disease or in the management of infantile colic. In
infants and children at high risk for developing food aller-
gies or intolerance, a systematic review? found that there
was no evidence that feeding with a soy formula com-
pared with a cow's milk formula reduced the inddence of
food allergies or intolerance.

The FDA has warned against the use of soya-based drinks
intended for adults as the sole source for nutrition for
infants.® [t was stated that soya drinks can lead to severe
protein and calorie malnutrition, multiple vitamin and
mineral deficiency, and death in infants who receive no
other source of nourishment, and should not be confused
with soya-based infant formulas, which are spedcially
formulated to meet the nutritional needs of infants.

For reference to the use of soya-based foods themselves
causing allergic reactions, see under Hypersensitivity,

Prolonged or too rapid i 1 of soya oil Ision orits
use in pari with i d fat bolism has been
assouated with the ‘overload syndrome This is manifested
by anaemia, leucocytopenia, thrombocytopenia, and
impaired coagulation, hepatosplenomegaly, hyperlipid-
acmia, fever, focal seizures, shock, and coma. Metabolic
acidosis has been associated with severe overdosage
espedially if carbohydrates are not also given. Pigmentation
of tissues in the reticuloendothelial system after prolonged
therapy with lipid emulsion infusions has also been
reported.

Soya protein-based infant feeds can be antigenic and
cause gastrointestinal adverse effects in semsitive indivi-
duals.

Bacleraemia. A swong association has been found
between giving lipids through peripheral venous catheters
made of Teflon and development of coagulase-negative
staphylococcal bacteraemia in neonates.! It was suggested
that investigation of catheters made of other materials, or
other delivery systems, might reduce the opportunity for
coagulase-negatve staphylococd to adhere and come into
contact with nutiient-rich growth media in the form of
lipid emulsions. Others also took the view that this work

p. 2094.1. should not lead to the abandonmem of parenteral lipids in
L. Bhatia J, Greer F. demy of ics € premature infants.?

Nutrition. Use of soy proiein-| basedlormuhsmlnlam feeding. Pedumw 1. Preeman J, o ol tation of i lpd 3 and

2008; 121: 1062-8. Also available at: tive staph in neonawl care

1217511062 27101/10)

2. Osborn DA, Sinn J. Soy formula for prevention of allergy and food
Intolerance in infants. Availabie in The Cochrane Database of Systematic
Reviews; Issue 4. Chichester: John Wiley: 2006 (accessed 08/11/05).

3. Nightingale S. Warnings issued about practices. products: soy drink
warning. JAMA 1985: 254: 1428,

Hyperlipidoemias. Soya protein has been wied in the
treatrnent of hyperlipidaemia (p. 1248.1). Soya isoflavones
such as genistein (p. 2620.3) and daidzein (p. 2620.3) can
mimic oestrogen and should therefore have a beneficial
effect on blood lipids.'-? Other constituents of soya protein,
including fytic add and saponins, may also contribute and
thus intact soya protein may provide the maximum cho-
lesterol-lowering effect.*> A meta-analysis of controlled
trials found that the substitution of soya protein for animal
protein in the diet resulted in significant decreases in
serum total chol ol. low-density lipop (LDL}-
cholesterol, and triglyceride concentrations.* A subsequent
systematic review of studies reached similar conclusions,’
and the FDA considered that a low-fat diet including 25g
daily of soya protein might reduce the risk of ischaemic
heart disease.? A later analysis by the American Heart
Association® considered that cardi ular benefit was
very modest and appeared only when large amounts of
animal protein were substituted with soya protein. The
effect appeared to be more to do with a broader modifica-
tion of diet than any effect of soya isoflavones. Soya pro-
tein does not appear to have a cholesterol-lowering effect
in subjects with normal cholesterol concentrations,?
although a small study found it to be benefidal in type 2
diabetes patients with near-normal lipid concentrations.®

1. Costa RL. Summa MA. Soy protein in the management of

hyperiipidemia. Ann Pharmacother 2000; 34: 931-3,

2. Erdman JW. Soy promn and disease: 2 for
h from the [ i of the AHA.
Ciraulation 2000; 102: 255%-9,

3. Demonty L ¢ ai. Role of isoft inthe b h ic effect of

soy. Nuar Rev 2003; 61: 189-203.

4. Anderson JW. et al, Mets-analysis of the effects of soy protcin intake on
serum lipids. N Engl J Med 1995: 333: 276-82.

5. Sacks FM. 1 al. Soy protein, isoflavones, and cardiovascular health: an
American Heart Assodation Science Advisory for professionals from the
Nurrition Committec. Circulation 2006; 113: 1034-44. Also available at:
hitp://cisc.ahajournals.org/cgisrepripi/113/7/1034.pdf (accessed
20/03/09)

6. Hermansen K, et al. Benefictal effects of 2 soy-based dietary supplement
on lipid levels and cardiovascular risk markers in type 2 diabetic subjects.
Diabetes Care 2001; 24; 228~33.

M, I

Soya ¢ phytocstrogens in
the form of isoflavones, in particular daidzein (p. 2620.3)
and genistein (p. 2620.3), which have been investigated
for their oestrogen-modulating effects in the treatment of
symptoms associated with menopausal disorders—see
under Soya Isoflavones, p. 2620.3.

The symbol t denotes a preparation no longer actively marketed

270
units. N Engl J Med 1990; 323: 301-8.
2. Kiein JO. From hanmiess 1 1o invasive
pegative staphylococd. N Engl J Med 1990: 323: 339-40.

Effects on the cardiovascular system. Sinus bradycardia
has been reported in a patient receiving total parenteral
nutrition that included soya oil-based ernulsion via a cen-
tral line.! The authors suggested that it might be wise to
give fat emulsion only through a peripheral vein. How-
ever, sinus bradycardia has been veported after a safflower
oil-based emulsion given via a peripheral vein as part of a
TPN regimen.?
I. Sternberg A, ef al. Intralipid-induced transient sinus bradycardla. N Engl
1 Med 1981; 304: 422-3.
2. Traub SL. e al. Sinus b with lipids and
otal parenieral nuurition. J Parenter Enteral Nutr 1985; 9: 358-60.

Effects on the endocrine syslem. Soya bean is a rich
source of phytoestrogens induding isoflavones, and it has
been found that infants fed soya-based formula have high
serum concentrations of these substances,! which has
brought the safety of soya-based formulas into question.
Animal and in vitro data suggest that isoflavones such as
genistein have pharmacological effects on growth and
development.? However, genistein and daidzein are less
potent than endogenous oestrogens and have less binding
affinity to oestrogen receptors.® It is not known to what
extent infants are able to metabolise and deconjugate soya
isoflavones.* A small retrospective study® found no oestro-
genic effects in children fed soya protein formula for at
least 6 months. A larger retrospective cohort study® in
adults observed no statistically significant differences
between those who had been fed soya formula and those
fed cow’s milk formula as infants.

As yet, there is insufficient evidence of harm from soya-
based formulas,” although further studies are deemed
necessary to assess long-term effects.>* The American
Academy of Pediatrics® considers soya protein-based
formulas to be safe and effective in heaithy term infants,
while providing no advantage over cow’'s milk protein-
based formulas. However, soya-based formulas are not
recommended for use in preterm infants because of
concerns about poorer bone development compared with
infants given formulas based on cow’s milk protein.

Before their supplementation with iodine, there had
been reports of hypothyroidism associated with soya
formula feeds. Abnormal thyroid function tests have since
been reported in infants fed with soya formulas, and a
retrospective analysis of infants' with congenital hypo-
thyroidism found those fed with soya took longer for their
thyroid stimulating hormone levels to normalise.”

1. Setchell KDR. et al. Exposure of infants to phyto-oestrogens from soy-
based infant fosmula. Lancet 1997; 350: 23-7.
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2. Chen A, Rogan WJ. Isoflavones in soy Infant formula: a review of
evidence for endocrine and other acdvity in infants. Arw Rev Nutr 2004;
24 33-54.

3. Miniello VL, o «!. Soy-based formulas and phytw-ocestrogens: a safery
profile. Ace Poediatr Suppi 2003; 91: 93-100.

4. Mender MA. & al. Soy-based formulse and infant growth and
development: a review. J Nuir 2002; 132: 2127-30.

5. Glampiewo PG, et ¢l. Soy protein formulss in children; no hormonal
effects n long-1crm feeding. J Pediatr Bndocrinol Metab 2004; 17: 191-6.

6. Strom BL, o sl BExposure 1o soy-based formuls o infancy and

and in young aduithood. JAMA
2001; 286: 307-14.
7. Tuchy PG. Soy infant formula and phytoestrogens. J Paediatr Child Health
2003; 39: 401-5.

8. Bhatla J, Greer P. Amerian Academy of Pedistrics Committee on
Nutrition_ Use of soy protein-based formulas in infant feeding. Pediatrics
2008; 121: 1062-8. Also available at: hitp://pediatrics aappublications.

121/5/1062 d 27101710}

9. Cunnd SC. et &l. Soy formula of

hypothyroidism. Arch Dis Chnld 2004; 3%: 37-40.

E!fodsonhmsysimncrlsdisardmmz

embolism into those derived from direct entry of depot fat
into the blood (e.g. after trauma), and those derived from

en-en; Austria: Bal Plus; Clinoleicc Kabivent: Lipid
Lipofundin mit MCT; Nutriflex Lipid; OliClinomel; PE-Mixt;
P:riOlim:l, SMOlepxd, Stmcwlipxdf Yitromix; ZentroOlimel;
: Clinoleic Li lipide; Nuuiflex Lipid; OlLiCli-
nomel. Olimel; Pe.nohmel. Braz.: Borag Emulsao Scott; Pia-

agglutinati of end Jus or fat. High
ooncentrations of C-reactive protein were mnsxdered to be
responsible for the agglutination of the ! of fat

emulsions; chylomicrons and very low-dens;ty lipoproteins
in the blood may also agglutinate, contributing to fat
embolism.

Jedine; .Yotag O6; Camad.: Clmolelc Llposyn. Olimel; PeriOli-
mel; Chile: Cellenergy; Hy Kabiven; Lipofundin MCT/
LCT; Lipovenos MCI‘ILCP OliClinomel; Plascledine; China:
Lipofundin  MCT/LCT (HfREFF): Lipovenoes (H#®): cCz.

1. Barsom AJ, etal Pat listo in infancy after fat
Arch Dis Ciild 1978; 53: 218-23.
2. Levene ML 24l P fat i after lipid infusion in

the preterm Infant. Lencet 1980; ik: 815-8.

3. Hulman G, Levene M. Intralipid microemboll. Arck Dis Child 1986; 61:
702-3.

4. Zagera G, &f al. C-reactive protefn and serum agglutination in vivo of
intravenous fat emuisions. Lencet 1989; i: 733.

$. Hulman G. The pathogencsis of fat embolism, J Paskal 1995; 176: 3-9.

Precautions

Bah Hermal Plus; Clinoleic Kabiven: Lipofundin MCT/
LCT+; Lipoplus; Nutriflex Lipid; NuTRIflex Omega; OliClino-
mel; Olimel; PeriOlimel; Plascledine; SMOFKabiven; SMOFli-
pid; Denm.: Clinoleic Kabiven; Lipidem: Numeta GE; Nutriflex
Lipid; OliClinomel4; Olimel; SMOFKabiven: SMOFlipid; Vasoli-
pid; Fin.: Clinoleic Kabiven; Lipoplus; Ni GE; Nutriflex
Lipid; OliClinomel; Olimel; SMOFKabiven; SMOFlipid; Structo-
lipid; Vasolipid: Fr.: Alpharegul Homme: Biopause; Clinoleic
Elteans; Fadiamone; Gynalpha Plus}; Kabiven; Kotor Meno:
Lipidem; Medialipide: Mednutriflex Lipide G; Nutriflex Lipide+;

given infusions of fractionated soya emulsion induded
convulsions and coma; cortical blindness developed in one
young woman.! A similar case was attributed to fat embo-
lism,? but, occurring after what the manufacturers pointed
out was a faster than recommended infusion,> may per-
haps have tepresented a fat-overload syndrome. Neurolo-
gical complications can be the presenting and principal
signs of fat overload: focal and generalised seizures, weak-
ness, and encephalopathy have been reported.*

Migraine with visual aura has also been reported ina 57-
year old man taking soya beans, soya milk, and a soya
protein supplement.’

1. Jellinek EH. Dlnms of intravenous fat infusions. Lencer 1976; ik 567.

2 Estebe JP, . Fat after lipid emulsion infusion.
Lancet 1991; 337: 673.

3, McCracken M. Fat embolism after lipid emulsion infusion. Lanert 1991;
337: 983.

4. Schulr PE et al
Ann Neurol 1994; 35: 628-0.

3. Engel PA. New onsct migraine associated with use of soy isoilavone
supplements. Newrology 2002; 59: 1289-90.

from fat therapy.

Hy. Urticaria has been reported in 2 patients
after the intravenous use of soya oil emulsions.'? In one
case the patient had previously received the emulsion for
19 days without ill-effect.’

Anaphylactic reacrions have been documented after the
ingestion of several foods or foodstuffs containing or
prepared from, soya beans, although the exact allergen
remains unknown. In one patient who suffered anaphy-
lacﬂc attacks after eating such products a specific IgE-

to the allergen Kunitz soybean trypsin
mhibitor was demonstrated.’ This was not, however, the
only allergen present in soya beans as other patients who
had a negative response to this allergen had positive
responses in whole soya bean tests. A type I reaction to soya
bean protein has been described in patents given parenteral
lipid emulsions containing soya bean ledthm as the
emu]snﬁcr‘ A patient who ingested a soya p drink

Intravenous soya oil emulsion should not be given to
patients with severe liver disease, acute shock, or severe or
pathological hyperfipidaemia, or when the ability to
metabolise fat may otherwise be impaired. Caution has
also been advised in parients with pulmonary disease, renal
msufﬂucncy, unmmpensated diabetes mellitus and other
sepsis, ja, and some disorders of
blood coagulation. If given to such patients, the elimination
of fat should be monitored daily.
Intravenous soya oil emulsion may interfere with some
laboratory tests if blood is taken before fat has adequately
deared; this may take 4 to 6 hours.

ONClk L: Olimel: Oxelio; Perikabiven; PeriOlirnel; Pharyn-
dol; Plascledine; Reanutriflex Lipide; Reanutriflex Omega;
SMOFKabiven; SMOFlipid: StructoKabiven; Structollpidet;
Synaptlv; Vitrimixt; Ger.: Balneum Plus: Clinoleic Kabiven:
Lipidem; Lipofundin MCT; Lipovenos MCT; Numeta GE; Nutri-
flex Lipid: NuTRIflex Omega; Oleobal; OliClinomelt; Olimel:
SMOFKabiven: SMORlipid: Gr.: Clinoleic Clinomel; Comple-
ven; Kabiven; Lipofundin MCT/LCT; Lipopt Itimel; Nutri-
flex Lipid; OliClinome!; SMOFKabiven; SMOFlipid; Trive-1000;
Hong Kong: Kabiven: Lipofundin MCT/LCT: Nutriflex Lipid:
SMOFlipid: Vitrimix KV+; Hung.: Allice: Balneum Hermal Plus:
Kablven; Lipofundin MCT+; OliClinomel: SMOFlipid: India:
Celepid MCT-LCT; Familykair; Gynerol; Hemofit: Kabiven:
Lipofundin MCT/LCT; Nutrilex Lipid Peri; Osteoshield; Indon.:

Bgg-yolk phospholipids may be used as Isifiers in
some preparations, which should not be given to patents
with severe egg allergy.

Fat emulsions may extract phthalate plastidsers from
bags and giving sets and non-phthalat¢ containing
equipment should be used wherever possible.

Soya-based infant feeds should be avoided in infants
with documented cow’s milk protein-induced enteropathy
or enterocolitis, as these infants are oftcn also sensitive to
soya protein.

Neonatal hyperbilirubinaemia. In neonates with hyperbi-
lirubinaemia, intravenous lipid emulsions should be used
with caution because of the risk of displacing bilirubin
from albumin and the resulting risk of producing kernic-
terus. The risk appears to be higher in preterm infants.' at
higher doses,! and with intermittent rather than continu-
ous dosing.?

. Spear ML, o al. The effect of 15-hour at infusions of varying dosage on

bilirubin binding 10 albumin. J Parenter Ereral Nuir 1985; %: 144-7.

2. Brans YW, o al Infh of & 1 Ision on serum
bilirubin in very low birthweighs neanates. Arch Dis Culd 1987; 62: 156~
60.

Preparations

Hepabion#; Kabiven: Lanaven; Lipofundin MCT/LCTY:
Lipomed MCT/LCT; Marxitrin: Vitrimix4; IrL: Balneum Plust;
Clinoleict; KabiMix+; Kabiven; Lipidem; Lipofundin MCT/
LCT+; Numera GE: Nutriflex Lipid; OliClinomel; SMOFKabiven;
SMOPlipid; Strucwolipidy; Triomel; Vitrimix KV4; Israel:
| Plus; Clinoleic; Kabiven; Lipofundin MCT/LCT; Oli-
Clinomel; SMOFKabiven; SMOFlipid: Ifal: Acumel; Anti-Ves;
Assist; Bioestril Ginseng: Bioestril Valeriana: Biomineral 5-Alfa;
Clinoleic Demalit; Eavit Plus; Fitogen; Ginll; Kabiven:; Lipidem;
Lipimix; Lipofundin MCT: Liposyn; Nutriperi Lipid: Nutriplus
Lipid; Nutrispecial Lipid: OliClinomel: Perismofven:; Periven:
Plasdedine; Pluvio; Pulsalux: SMOFlipid; Soymen; Structolipid;
Malaysia: Xabivent; Mex_: Bano Coloide: Caltrate + S; Kabiven;
Lipofundin MCTIL(.T Liposynt: Plascledme, Prevefem Com-
plex; Riban; Soyaloid Apruri; Soyaloid; X; Mon.: Bvestrel
Jour Nuitt; Evestrel Physio Profilt: Neth.: Clmolelc Kabiven;
Lipofundin MCT/LCTt: Lipoplus: Numeta GE; Nuiriflex Lipid:
OliClinomel; Olimel: SMOFKabiven; SMOFlipid; Structolipid;
Vitimix KV+; Norw.: Clinoleic; Kabiven: Lipidem; Numeta GE;
Nutriflex Lipid; NuTRIflex Ornega; OliClinomel; Olimel; SMOF-
Kabiven; SMOFlipid; Yasolipid: NZ: Clinoleic: Kabiven: OliCli-
nomel; Philipp.: Her Soy Plus; Kabiven; Lwermm, Pol..
Balneum Hermal Plust; Clinoleic Cli I, C
Kabiven; Lipofundin MCT/LCT; Naturapia Menopaun. P]usclc-
dine; $SMOFKabiven; SMOFlipid; Port.: Banholeum Composto;

experienced exerdse-induced anaphylaxis; skm prick tests
were positive to soya, but spedfic IgE antbodies to soya
were undetectable.?

IgE antibodies to soya bean antigens have alsq been
found in workers who suffered from asthma after handling
soya beans*’ leading to the suggestion that an allergic
mechanism had been responsible; the asthma was believed
to have been due to the dust released during the handling of
the beans.

1. Kamatb KR, et al. Acute h reaction to N EnglJ
Med 1981 304: 360.
2, Hiyama DT, ot &l. Hy g Uipid 1! infusion. in

mldlﬂ!pﬁmlmmlmlgwu 318~20.
3. Moroz LA Yang WH. Kunitz soybean uypsin inhibitor: a specific
WEWWNWJMMHWMlDH

Prop y Prap (details are given in Volume B)

Single-ingredient Preparolions. Ary.: Ivellp; Lipofundin N; Lipo-
venos; Piasdedine; Sojar Pro; Soyacalf; Austral: Intralipid;
Ivelip;. Austria: Balneum; Intralipid; Olbad Cordest: Belg.:

hol Gele; Clinoleic Lipofundina MCT/LCT; Lipoplus;
Nutribraun; Nutriplasmalt: OliClinomel; SMOFKabiven; SMO-
Flipid; Structolipid; Virrimix; Rus.: Kabiven (KaGusen);
profundln MCI/LCT  (Jlanopynawn MCT/ICT): Lipoplus
Olidli 1 (0K );  Piascledine

n' SMOFlipid (CMO! ):" S.Afr.: Clh it

Gynosoya; Braz.: Fisiogen; Soyfit: Camad.: lipid; Chile:
enos; China: Imnupld (ERHIES); Inwali-

Lipofundin MCT/LCTH: Singapore: Clinoleic  Kabiven;
Lipofundin MCT/LCT; Pro-Gut: Spaim: Clinoleic Fitogyn: Kabi-

Lipofundin; Lipove

pos (%); Ivelip (ERFIT); Cz
upovenouf SoyaaH— Dmm. Imnlxpld. Fin.: mn-ahpxd. Fr.
; Ivelip; Phyto Soya; SANO-
Gastrik; Ger Balneoconzen 'N; Balneovit Balneum; Buer
Lecithin Cl ef; Delalipidt; Lipidavit SL;
Lipofundin N; Lipoph. : Lip bil; Lip Olbad
Cordesf salvilipidt; Soyacalt; Gr. Inwralipid; Lipovenoes; Hong
Kong: Intralipid; Lipofundin N+; Hung.: Balneum; Intralipid:
Structolipidt: India: Celepid; Intralipid: Indon.: Cdcpid. Gliso-

ven; Lipofundina MCT/LCT; Lipomix; Lipoplus: Nuwiflex Lipid;
NuTRIflex Omega; OliClinomel: Olimel; SMOFKabiven; SMO-
Flipid; Structolipidf; Swed.. Clinoleic Kabiven; Lipoplus;
GE; iflex Lipid; OlCI L Olimel: SMOFKabi-

ven; SMOFlipid; Structolipid; Vasolipid: Switz.: Antidry; Clino-
leic; Lipofundin MCT/LCT; Lijj Nutriflex Lipid;
OIiClinomeH— Olimel; PenOIi.md, SmofKabiven; SMOFlipid;
Su—uaollpid, Thai.: Cal-ups-D-Soy; Clinoleic Kabiven; Lipidem;
fundin MCT/LCT; Nuwiflex Lipid; OliClinomel; SMOFlipid;

Vimmix-r Turk: Clinoleic Lipofundin MCT/LCT; Liposynt:
SMOFlipid; Viuimix; UK: Bal Plus; Clinolei

Kabiven; Lipidem: Lipofundin MCT/LCT. Nutriflex Lipid:
NuTRIflex Omega; OliClinomel; Phytolife Plus; Skin Perfecting
Oil; SMOFlipid; Structolipid; Ymea; Zerozolet; Ukr.: Kabiven
(KaGunca); Lipofundin MCTI/LCT (Jlunodywmss MCT/UICT);
SMOFlipid (CMO®mmnz): USA: Clinolipid: Liposyn IL Tucks;
Venez.: Lipofundin MCT/LCT; Maternavit.

Ph 2 1 Do

4 | reactions w p pos: p i Ivelip; Lip IL:
mwmmxm 8: 504-5. lipid; L lipid; Ivelip; Ital.: Bu].neum
% P, a4l Soy Allergy 2001; 34 792. Hermal: Elolipid; lipid: Lipofundin §; Lipovenos: Jpm:
6. Sunyer J, o &l Case-control study of serum lin-E "’sz.TL"'NL' :
snybodies reactive with soybean in epidemic asthina. Lencet 1989; ik eth. r % 1 I" Norw.s
179-82. : g g
7. HernandoL, et al, Asthma epidemics and soybean in Cartagena (Spain). Inmllpld. NZ: lnmlipld, Ivenp Philipp.: Cdepnt Soyacal: Pol.:
Lancet 1989; & 502. d id; Ivelipt; Lipofundin N; Soya
Menot; Soy Port.: hol Isao de Lipidos: Endo-
Pulmonary fat emboli. Pulmonary fat emboli or microem- | lipidet: Intralipid: Lipovenoes; Soyacal: = Rus.: }‘{‘}"“Pid
boli, sometimes fatal, have occurred in several infants who (Hmpmmu) Resalut Pro (P“““" ??"s‘ff v A‘;:u"‘

received infusions of fat emulsions based on soya oil.!"?
In one case’® the patient’s serum, which contained a high
concentration of C-reactive protein, aggluﬁnat:d the fat

ﬂm— Blunat: Fitolads ':'

USP 36: Lipid Injectable Emulsion.

ena; Menodimt: Normosoy: Phyto Soya; Pleginer Primso;af-
Ratiofemin{; Soyacal; Swed.: Intralipid; Switz.: Balmed Hermal

Ision and this finding was considered to support the Hermal: poven i.: id+:
hypothesis thatxmcmembohareionnedby agglutination of Plus:_Bf{me;‘lum l;lnt:aﬂgidt:r Lip o:-rf‘lm. stdgfk.f
fat emulsion in the blood by C-reactive protein. The authors : d: Ivelip; Lip v UK: B lipid; Ivelip:
of this report did not consider the precise pathogenesis to be r, fund ukr Eu:div (Gnepm), Intralipid
clear, nor did they know whether the condition was Lif | + Onagris (Omarpwc);
preventable, but did suggest that it might be prudent either USA Intralipid; Liposyn m. Venez.: lvellp
to ensure that the C-reactive protein concentration was Muli-ingredient Prep Arg.; Clinoleic Derrumal; Kabi-

nommal (less than 10 mg/litre) or to perform a creaming test
to determine which babies may embolise the infused fat
ernulsion. However, another study,* while not excluding a
role of C-reactive protein in agglutination, failed to find any
correlation between raised concentrations of this protein
and the rate of agglutination. A review* classified fat

All cross-references refer to entries in Volume A

ven; IzdumE. Lipoﬁmdin MCT/LCT-BY; Lipofundin MCT/
LCT: Liposomas; Lipovenos MCT/LCT; Lipovenos PLR; Pura-
plus; Sigmafem; Sojar Plus-Caldo; Ukase Lulitis; Austral.: Clin-
oleic EFA Compound; Extralife Meno-Caret; GR? Control
Appetite Reducer: Hypol: Kabiven: Mens Super Soy/Clovert:
PhytoLife; PM H-Regulator; SMOFlipid; Soy Power Plust; Tre-

Stannous Fluoride

Fluoruro estaioso; Stannosi Fluoridurﬁ; @ropug Onosa.
Tin fiuoride.

SnF=1567
CAS — 778347-3.
ATC - AGIAADA,

ATC Vet — QAOTAA.
UNI— 3FTR44832Q. .

Hmmeopoems' . In US.

USP 36: (Stannous Fluoride). A white aystalline powder.
Freely soluble in water; practically insoluble in alcohol, in
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chloroform, and in ether. pH of a freshly prepared 0.4%
solution in water is between 2.8 and 3.5.

Stabifity. Aq; olutions of fluoride decom-
pose within a few hours with the formation of a white
precipitate; they slowly attack glass.

Profile

Stannous fluoride is used as a source of fluoride (see Sodium

Fluoride, p. 2089.2) for the prophylaxis of dental caries.

Dental gels containing concentrations of stannous fluoride

0.4% are available for daily use, Higher concentrations have

been applied under professional supervision. Stannous

fluoride has also been used in dentifrices and mouth rinses.
Stannous fluoride has an unpleasant taste.

Preparations
Proprietary Preparations (details are given in Volume B)

Single-ingredient . Canad.: Gel-Kam; Gelstan; Per-
{ect Solutions in Office Rl.nser Fr.: Emoformt; Ital.: Fluorigard
Gel-Kam; Gel-Kam; Oral-B Pasta Dentifricia Denti e Gengivet;
UK: Fluorigard Gel-Kam; USA: Gel Kam; Gel-Kam: Gel-Tin;
Just for Kids; PerioMed; Stop.

Preporctions. Canad.: Gel-Kam Dentinbl

between the fingers. It does not contain starch grains of any
other origin but may contain a minute quantity, if any, of
fragments of the tissue of the original plant. Practically
insoluble in cold water and in alcohol. The pH of a 20%
mixture in water after 15 minues is 5.0 to 8.0. Store in
airtight containers.

Ph. Bur. 8: (Rice Starch; Oryzae Amylum). It is obtained
from the caryopsis of Oryza sativa. It is a tasteless, very fine,
white or almost white powder which creaks when pressed
between the fingers. The presence of granules with cracks or
irregularities on the edge is exceptional. Practically
insoluble in cold water and in alcohol. Store in airtight
comtainers.

Ph. Eur. 8: (Wheat Starch; Tritici Amylum). It is obtained
from the caryopsis of Triticom aestivum (T. vulgare). It is a
very fine, white or almost white powder which creaks when
pressed between the fingers. It does not contain starch
grains of any other origin but may contain a minute
quantity, if any, of fragments of the tissue of the original
plant. Practically insoluble in cold water and in alcohol. The
pH of a 20% mixture in water after 15 minutes is 4.5 t0 7.0.
Store in airtight containers.

Ph. Eur. 8: (Pregelatinised Starch; Amylum Pregelificatum).
It is prepared from maize starch, potato starch, or rice starch

Denm.: Amerscan Stannoust; Israel: Meridol; Ital.: Actifluor.

Humueopo-d?upunﬁons
USP-36: Stanpous Fluoride Gel

Sfarch

A‘lmldén, Amudo ‘Amidon; Amidon de bié (wheat starch);
‘Amidon de mals (maize starch):Amiden de pommé de terre’
{potato. starch);, Amidon de riz (rice starch);* Amidon
prégélatinisé -(pregelatinised _starch); - Amilo; - Amylum;’
Amylum. pregelificatum (pregelatinised . starch); Bulviy
krakmolas ~ (potato: starch); : Burgonyakeményits: (potato
starch)i Buzakeményits: (wheat. ‘starch); Hidegenduzzadd
keményfté (pregelatinised : starch); Kukoricakeményit§
(maize ‘starch); Kukur(izy krakmolas (maize starch); Kvieciy
krakmolas (wheat starch);. Maissitdrkkelys (maize starch);
Majsstirkelse (maize starch); Maydis amylum (maize starch);
Oryzae amyjum {rice starch); Perunatérkkelys {potato starch);
Potansstarke!se (potate starch); Pregelifikuotas krakmolas
(pregelaumsed starch); Pieni¢ny 3krob (wheat starch);
Riisitarkkelys (nce starch); Risstarkelse (rice starch);
Rlzkeménylté (rice starch); Ryziy krakmolas_ (ricé starch);
Skrob bramborovy (potato starch); Skrob kukuriény (maize
starch);. Skrob, pfedbobmaly--(pregelatinised starch); Skrob-
Tyfovy. (rice. starch); Skrobla kukurydziana (maize starch);
Skrobia pszeniczna (wheat starch); Skrobia ziemniaaczana
(potato starch); Solani amylum (potato starch); Starke; Tritici
amylum (wheat. starch); - Vehnatarkkelys (wheat starch),
Vetestarkelse (wheat starch); Kpaxvan. -

TAS " 9005-25-8 (starch); 9005-82-7 (a-amylose); 9004-34-6
(B-amylose); 9037-22-3 {amylopectin).

UNIr — O8232NY35J {com starch); 8I089SAH3T (potato starch);
4DGKSB7I3S (rice starch); 24SC3U7041 (tapioca starch);
79QS2ZMG2LP (wheat starch).

Description. Starch consists of polysaccharide granules
obtained from the caryopsis of maize, Zea mays, rice, Oryza
sativa, wheat, Triticum aestivum (T. vulgare), from the tubers
of potato, Solanum tuberosum from the seeds (peas) of Pisum
sativum, or from the rhizomes of cassava, Manihot utilissima.
Maize starch is also known as corn starch. Starch contains
amylose and amylopectin, both polysaccharides based on a-
glucose.

Pharmacopoeias. Some or all of the starches described are
included in Chin., Eur. {see p. vii), /at. and Jpn. Also in
USNF.

Chin. and EBur. also include Pregelatinised Starch, Eur.
indudes Pregelatinised Hydroxypropyl Starch. USNF also
includes Pregelatinized Starch, Modified Starch, Pregelati-
nized Modified Starch, and Pregelatinized Hydroxypropy!
Starch. US includes Absorbable Dusting Powder and Topical
Starch.

Ph. Bur. 8: (Maize Starch; Maydis Amylum). It is obtained
from the caryopsis of Zea mays. It is a matt. white to slightly
yellowish, very fine powder that creaks when pressed
between the fingers. The presence of granules with cracks or
irregularities on the edge is exceptional. Practically
insoluble in cold water and in alcohol. The pH of a 20%
mixture in water after 15 minutes is 4.0 to 7.0.

Ph. Bur. 8: (Pea Starch). It is obtained from the seeds of
Pisum sativum. A white or almost white, very fine powder.
Practically insoluble in cold water and in alcohol. The pH of
a 20% mixture in water after 15 minutes is 5.0 to 8.0,

Ph. Bur. 8: (Potato Starch; Solani Amylumy). It is obtained
from the tuber of Solanum tuberosum. It is a very fine, white
or almost white powder which creaks when pressed

by hanical processing in the presence of water, with or
without heat, 1o rupture all or part of the starch granules,
and subsequent drying. It contains no added substances but
it may be modified to render it compressible and to improve
its flow characteristics. It is a white or yellowish white
powder that swells in cold water.

Ph. Eur. 8: (Starch, Hydroxypropyl: Amylum Hydroxypro-
pylum). A partially substituted 2-hydroxypropylether of
maize starch, potato starch, cassava starch, rice starch, or
pea starch chemically modified by etherification with
propylene oxide. In addition, this starch may be partally
hydrolysed using acids or enzymes to obtain thinned starch
with reduced viscosity. Mixing of starches from different
botanical sources prior to chemical modification is not
allowed. It contains 0.5% to 7.0% of hydroxypropyl groups.
pH of a 20% suspension in carbon-dioxide-free water, after
standing for 15 minutes, is 4.5 to 8.0. A white or slightly
yellowish powder. Practically insoluble in cold water and in
alcohol.

Ph. Eur. 8: (Starch, Hydroxypropyl, Pregelatinised;
Amylum Hydroxypropylum Pregelificatumy). It is prepared
from hydroxypropyl starch by mechanical processing in the
presence of water, with or without heat, 1o rupture all or
part of the starch granules, and subsequent drying. It
contains 0.5% to 7.0% of hydroxypropyl groups. pH of a
3.0% mixture in water is 4.5 to 8.0. A white or slightly
yellowish powder.

BP 2014: (Tapioca Starch). It is obtained from the rhizomes
of Manihot utilissima. 1t is a very fine powder which creaks
when pressed between the fingers. Practically insotuble in
cold water and in alcohol. Store in airtight containers.

The BP 2014 gives Cassava Starch as an approved synonym.
The BP 2014 directs that when starch is specified and the
type is not indicated, Maize Starch, Potato Starch, Rice
Starch, Wheat Starch, or in tropical countries where these
are not available, Tapioca Starch may be supplied or used.
USNF 31: (Corn Starch). It consists of the starch granules
separated from the mature grain of corn. Zea mays
{Gramineae). lrregular, angular, white masses or fine
powder. Is odourless, and has a slight, characteristic taste.
Insoluble in cold water and in alcohol. A 20% shurry in
water, allowed to stand for 15 minutes after 1 minute of
moderate agitation, has a pH of 4.0 10 7.0.

USNF 31: (Pea Starch). It is obtained from the seeds of Pisum
sativum. A white or almost white, very fine powder.
Practically insoluble in cold water and in alcohol.

USNF 31: {(Potato Starch). It is obtained from the tuber of
Solantum tuberosum. Irregular, angular, white masses or fine
powder. Is odourless, and has a slight. characteristic taste.
Insoluble in cold water and in alcohol. A 20% slurry in
water, allowed to stand for 15 minutes after 1 minute of
moderate agitation, has a pH of 5.0 to0 8.0.

USNF 31: (Rice Starch). It is obtained from the caryopsis of
Oryza sativa. A 20% slurry in water, allowed to stand for 15
minutes after 1 minute of moderate agitation, has a pH of
5.0 to 8.0.

USNF 31: (Tapioca Starch). Granu]es'separated from the
tubers of tapioca {cassava), Manihot utilissima (Buphorbia-
ceae). Irregular, angular, white to pale yellow masses or fine
powder. Insoluble in cold water and in alcohol. A 20%
slurry in water after 5 minutes of continuous agitation has a
pHof 4.5 10 7.0.

USNF 31: (Wheat Starch}. It is obtained from the caryopsis
of Triticum aestivum (T. wulgare). Irregular, angular, white
masses or fine powder. Is odourless and has a slight,
characteristic taste. Insoluble in cold water and in alcohol. A

The symbol t denotes a preparation no longer actively marketed

20% slurry in water, allowed to stand for 15 minutes after 1
minute of moderate agitation, has a pH of 4.5 to0 7.0.
USNF 31: (Hydroxypropyl Com Starch). A partially’
substituted 2-hydroxypropylether obtained from corn
starch by a chemical modification of etherification with
propylene oxide. In addition, this starch may be partially
hydrolysed using acids or enzymes to obtain thinned starch.
It contains 2.0 to 7.0% of hydroxypropyl groups on the
dried basis. pH of a 20% suspension in carbon-dioxide-free
water, after standing for 15 minutes, is 4.5 to 8.0. A white or
slightly yellowish powder. Practically insoluble in cold
water and in alcohol.

USNF 31: (Hydroxypropyl Pea Starch). A partially
substituted 2-hydroxypropylether obtained from pea starch
by a chemical modification of etherification with propylene
oxide. In addition, this starch may be pardally hydrolysed
using acids or enzymes to obtain thinned starch. It contains
2.0 to 7.0% of hydroxypropyl groups on the dried basis. pH
of a 20% suspension in carbon-dioxide-free water, after
standing for 15 minutes, is 4.5 to 8.0. A white or slightly
yellowish powder. Practically insoluble in cold water and in
alcohol

USNF 31: (Hydroxypropyl Potato Starch). A partially
substituted 2-hydroxypropylether obtained from potato
starch by a chemical modification of etherification with
propylene oxide. In addition, this starch may be partially
hydrolysed using acids or enzymes to obtain thinned starch.
It contains 2.0 to 7.0% of hydroxypropyl groups on the
dried basis. pH of 2 20% suspension in carbon-dioxide-free
water, after standing for 15 minutes, is 4.5 to 8.0. A white or
slightly yeflowish powder. Practically insoluble in cold
water and in alcohol.

USNF 31: (Pregelatinized Starch). It is starch that has been
chemically and/or mechanically processed to rupture all or
part of the granules in the presence of water and
subsequently dried. It may be modified to render it
compressible and flowable.

USNF 31: (Modified Starch). It is starch modified by
chemical means. Food starch may be acid-modified,
bleached, oxidised, esterified, etherified, or treated
enzymatically to change its functional properties. A 20%
slurry in water, after S mi stirring at a mod rate,
has a pH of 3.0 t0 9.0.

USNF 31: (Pregelatinized Modified Starch). It is Modified
Starch that has been chemically or mechanically processed,
or both, to rupture all or part of the granules to produce a
product that swells in cold water. Moderately coarse to fine,
white to off-white powder. It is odourless and has a slight,
characteristic taste. Slightly soluble to soluble in cold water;
insoluble in alcohol.

USNF 31: (Pregelatinized Hydroxypropyl Com Starch).
Prepared from hydroxypropyl corn starch by mechanical
processing in the presence of water, with or without heat, 10
rupture al! or some of the starch granules, and subsequently
dried. It contains 2.0% to 7.0% of hydroxypropyl groups on
the dried basis. A white or slightly yellowish powder. It
swells in water and produces a clear or manslucent, viscous,
colloidal mixture.

USNF 31: (Pregelatinized Hydroxypropyl Pea Starch).
Prepared from hydroxypropyl pea starch by mechanical
processing in the presence of water, with or without heat, to
rupture all or some of the starch granules, and subsequently
dried. It contains 2.0% to 7.0% of hydroxypropy! groups on
the dried basis. A white or slightly yellowish powder. It
swells in water and produces a clear or translucent, viscous,
colloidal mixture.

USNF 31: (Pregelatinized Hydroxypropyl Potato Starch).

« Prepared from hydroxypropyl potato starch by mechanical

processing in the presence of water, with or without heat, to
rupture ail or some of the starch granuies, and subsequently
dried. It contains 2.0% to 7.0% of hydroxypropyl groups on
the dried basis. A white or slightly yellowish powder. It
swells in water and produces a clear or translucent, viscous,
colloidal mixture.

Uses and Administration

Starch is absorbent and is widely used in dusting powders,
cither alone or mixed with zinc oxide or other similar
substances. Starch is used as a surgical glove powder, but
such use has been discouraged {see p. 2096.2). It is
incorporated in many tablets as a binder, diluent, or
disintegrating agent. Pregelatinised starch is used similarly
as a tablet binder.

Starch mucilage is given by mouth in the treatment of
iodine poisoning; it has been used topically as a skin
emollient.

Rice-based solutions may be used in the prevention and
treaiment of dehydration due to acute diarrhoeal diseases
{p. 1805.2).

storoge disease type |. Type 1 glycogen storage
disease is an autosomal recessive metabolic disorder in
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which glucose-6-phosph is not expressed, resulting in
hypoglycaemia due to lack of glucose pmducﬂon. Accu-

Cassava root ¢ i al ¢ es and
although food preparation and pmcessmg couid reduce the

mulation of glycogen and other b

can lead to complications induding renal impabrment,
hepatomegaly - and hepatic adenoma, hyperuricaemia,
hyperlipidaemias, and lactic acidosis. The condition has
been successfully managed by continuous nocturnal naso-
gastric infusion of glucose and freq; daytime §
However, such a regimen requires good patient mmpli-
ance and monitoring of the night-time infusions.!

As an alternative, a more standard diet togexher with
uncooked com starch suspensions prepared with tap water
at room temperature and taken every 6 hours in.doses of
1.75 to 2.5 g/kg have been reported? to be very satisfactory
in maintaining normoglycaemia. In one infant, in whom
starch was unsatisfactory, the lack of response was
considered to be due to inadequate pancreatic amylase
activity and although it was subsequently reported® that
addlnon of a pancreatic enzyme concentrate had produced
some imp: the was still inad to
maintain normoglycaemia for more than 2 hours. It was
considered that other amylase preparations should be
identified for possible use in such patients. A small study of 7
young adults with glycogen storage disease type I found that
a single dose of uncooked com starch maintained plasma
glucose concentrations for 7 hours in 5 of the patients.*

A long-term study of the effects of com starch therapy
found fewer complications among patients with near
normal metabolic control and in those having started
therapy at a younger age, but other factors appeared to be
involved in the pathogenesis.’ Com starch therapy has
nonetheless been reported to have improved proximal renal
tubular dysfunction in 3 patients who had previously only
had frequem daytime feeding as therapy. In 16 other
d with com starch or glucose
mfusxons, such mnal dysfunction was not identified, and it
was considered that the rapid response to therapy may
cxplain why renal tubular dysfunction is not found more
frequently in these patients.®

Because optimal metabolic control reduces the risk of
developing long-term complications, an attempt has been
made to define guidelines for long-term management of the
disease.” Continuous nocturnal nasogastric feeding wnh a

1

cyanide ¢ there was the possibility that in persons
with an inadequate protein intake,. particularly if deﬁdem
d in

alcohol; slightly soluble in ethyl acetate. Store in a cool, dry
place at a temperature not exceeding 21 degrees.

Profile

in sulfur-containing amino acids which are h
detoxification pathways, accumulation of cyanides might
occur. WHO, however, did consider that further research
was necessary to firmly establish any relation between this
type of diabetes and high levels of cassava consumption. In a
review that appeared in the following year? the cassava/
malnutrition hypothesis was thought to be attractive, but
unproven; also there was strong evidence against it being
the only cause. .

WHO deleted malnutrition-related diab from its 1998
report on the dassificadon of diabetes.’ Fibrocalculous
pancreatic diabetes is now fibrocalculous pancreatopathy, a
discase which may cause diabetic mellitus but is not
considered a form of diab

Korzo, an upper motor neurone disease characterised by
spastic paraparesis,* and commonly associated with optic
neuropathy.’ has been reported to be caused by dietary
exposure to cyanide after ingestion of cassava root. Growth
retardation has also been associated with consumption of
inadequately processed cassava.*

1. WHO. Diabetes mellitus: report of a WHO study group. WHO Tech Rep Ser
727 1983. Available au: hup://libdoc.who.ini/irs/WHO_TRS_737.pdf
{accessed 20/03/09)

2. Abu-Bakare A, o al. Tropial or malnuirition-related diabetes: a real
syndrome? Lancet 1986; iz 1135-8.

3. Abertt KGMM. Zimmet PZ i and of
diabetes mellitus and its Pat L d and
dassificaion of diabetes mellitus. Provisional report of 3 WHO
consultation. Diaber Med 1998; 13: 539-53.

4. Emesio M, & al. Persistent konzo and cyanogen toxicity from cassava in

porthern Mozambique. Aas Trop 2002; 82: 357-62.
. Mwanza J-C, et al. Neuro-ophthalmologic findings in konzo, an upper
motor neuren disorder ta Alrica. Eur J Ophthaimol 200) 13: 383-9.

>

Sucralose is used as a sweetening agent in foods, beverages,
and pharmaceuticals. It has between about 300 and 1000
times the sweetening power of sucrose; this is not reduced
by cooking. It has no food value and is nonumogemc
References.
1. new artificial
1998; 40: 67-8.
2. Robers A, a7 al. k and
Food Chem Toxicol 2000; 38 {suppl): $31-541.
3. Growz VL, Muaro IC. An overview of the safety of sucralose. Regul Taxico!
Pharmaal 2009; 35: 1-5.

Preparations
Proprisiary Preparations (details are given in Volume B)
Single-ingredient Preporations. Chile: Sugafor.

Med Lett Drugs Ther

in man.

Sucrose

Azticar; Aziicar de cafia; Cane Sugar; Refined Sugar; Sacarosa;

Saccharose; Saccharosum; Saccharum; Sacharosa; Sacharoizé;

Sacharoza; Sackaros; Sakkaroosi; Sucre; Sucrosum; Szacharéz

Zucker, Caxaposa. ;

Bro-Frudoﬁ.:ranosyl—a—o—glucopyranosude

CHz0n=3423

CAS — 57-50-1.

UNIl — C151H8M554 (sucrose); 8M707QY5GH (raw, sugar)
Description. Sucrose is obtained from sugar-cane,
Saccharum officinarum (Gramineae), sugar-beet, Beta vulgaris
{Chenopodiaceae), and other sources.

& Baneca-Mayambu I-P, et al. Dictary cyanide from
cassavs and growth retardation in children in the Democratic Republic
of Congo ({formerty Zaire). Ann Trop Paediatr 2000; 20: 34-40,

Glove powder. The use of starch glove powders by sur-
geons has resulted in contamination of surgical wounds by
starch and in the development of comphanons such as
inflammation, adh and g lesions. In
addluon. glove starch powder may be a risk factor in the

glucose or glucose polymer or a sucrose-free
formula low in lactose may be introduced in very young
infants. Uncooked cormn starch should not be started in
patienis under 1 year of age as pancreatic amylase activity
may be immature. Thereafter, since no significant
differences in growth or biochemical parameters have
been found between the use of nocturnal nasogastric
infusions and uncooked com starch ovemight, com starch
may be started at a dose of 250 mg/kg and increased slowly
to prevent adverse effects. It is recommended that the com
starch be mixed with water in a ratio of 1:2 and that an
uncooked com starch tolerance test be performed to
establish the duration of the fasting period. The total dietary
plan should aim to provide 60 to 65% of the total energy
imake from carbohydrates, 10 to 15% from protein, and the
remainder from fat, preferably vegetable oils with a high
linoleic acid content. Lactose, fructose, and sucrose should
be restricted. Drug therapy for metabolic complications may
be necessary, such as allopurinol for hyperuricaemia, and
bicarbonate for correction of lactic acidosis.”

For mention of the possible role of starch in the
management of glycogen storage disease type V, see under
Sucrose, below.

For a brief description of glycogen storage disease type I,
see under Acid Alpha Glucosidase, p. 2428.1.

1. Goidbery T. Slonim AE. Nutrition therapy for hepatic glycogen storage
diseases. 7 Ame Diet Assoc 1993; 93: 142330,

2 Chen Y-T, eral. Comnstarch in type | glycogen-storage disease. N
Brgl J Mad 1984; ne 171-5.

3. Chen Y-T. Cunmxchthenpyintypelylmw
disease. N Bl J Med 1984; 311: 128-9.

4. Wotsdox J1, Crigler JF. C for of
young adults with type I glycogen storage discase. Ane J Clin Nuar 1997;

63: 1507-11.

s, DA, Wolfsdorf J1. Effect of gucose therapy with
ancooked comstarch on the long-term dinical course of type 1a
gycopen storage disease. Bur J Pediasr 2002; 161 (suppl): $35-539.

6. Chen Y-T, &f «. Amelioration of proximal renal tubular dyshunction in
gtﬂmmudsumwymu:py N Bngl J Mad 1990;

7. Rake IP, of al. Guidelines for management of glycogen storage disease
type I - Buropean study on glycogen storage dh:uetypel(!scsnl)

Buar J Pediatr 2002; 161 {suppl): $112-5119.

Adverse Effects

Effects of cossava. In 1985 WHO added malnurrition-
related diabetes (which included the type previously known
as tropical diabetes) to its classification of diabetes mell-
itus.! Bpidemiological evidence had suggested an assodia-
don between fibrocalculous pancreatic diabetes (a subclass
of malnutrition-related diabetes) and the consumption of
cassava root (tapioca, manioc), which for many people liv-
ing in tropical developing counmies, where protein intake
was low, was the main source of food energy.

All cross-references refer to entries in Volume A

develop of latex allergy. and may act as a vector for
bacterial pathogens. Because of these risks, it has been
proposed that the use of powder in latex gloves be
banned,'* a step which has been taken in some coun-
tries.*
1. Haglund U, Junghanns K. eds. Glove er—the bazards which
demand a ban. Bxr J Surg 1997 163 (suppl 579): 1-55.
2. AAAAI and ACAAI joint the vse of p and
. non-powdered natural latex gloves. Ann Allergy Asthma Immunol 1997;
79 487.
3. Dave I, # al. Glove powder: implications for infection conuol. J Hosy
Infect 1999; 42: 282-5.
Edlich RF. Reddy VR. A call 1o ban glove cornstarch. Arch Sury 2001: 13&
116.
5. Edlich RF, stal. D-ngmnfmmmmonmdialgbve:xddnl
a solution. A»n Plast Sury 2009 63: 111-15.

Preparations
Proprielary Preparations (details are given in Volume B)

' Preparoliont. Austral: Aptamil Peed Thick-

ener; Fr.: Magic Mix; India: Bio-Sorb; Mex.: Panaline; NZ: Kar-
icare Food Thickener.
Mulli-ingredient Preparations. Arg.: Aus-
tral.: loxt; s Eve F zsC ‘Canad.: Bum-
Butt-R; Chile: Talquisedan; Pr.. Poudre du Marcheurf; Supro;
Trigopax; India: Derby Cool: Feel Chill}: fmdon.: L-Bio; Irl:
Skin Clear}; Israel: Baby Pastet; Ial: Glicerolax; Lenipasta;
NZ: Lamisil Odor Ezet; Port.: Cuidaderma; S.Afr.: SB Uni i}
Ointmentt; Turk.: Alkagin; UK: Herbheal Of v
Skin Clear; USA: Balmex Baby; Desitin with Zinc Oxid: Dia-
parene Corn Starch; Mexsana; Paladin; Palomar B.

'S

Nind, Talquised

il P e
BP 2014: Compound Zinc Paste; Talc Dusting Powder;
USP 36: Absorbable Dusting Powder; Topical Starch.

Swalgia, Sucralosum; TGS; Tnchlomgalacmsucrose;f ridor

ogalacmsucrosa, Cyxpanoza.

1,6:Dichloro-1 6—dldeoxy—&b—fruc10furanosy| 4-chlo
deoxy-a-D-galactopyranoside.

CathyChOy=3976- " -
S — 56038:13-2.

Plunuoopoelus In Eur. (see p. vii). Also in USNE.

Ph. Em' 8: (Sucralose). A white or almost white, crystalline
. Freel luble in water; soluble in anhydrous

alcoho]. slightly soluble in ethyl acetate.

USNF 31: (Sucralose). A white to off-white, crystalline

powder. Freely soluble in water, in alcohol. and in methyl

Pharma ias. In Chin., Eur. (see p. vii), Jpn, and Vier.
copoei
Also in USNF.
Br. also contains Compressible Sugar.
Eur. also includes Sugar Spheres.

USNF also includes Compressible Sugar, Confecnoncr’s
Sugar, and Sugar Spheres.
Ph. Eur. 8: (Sucrose). A white or almost white, crystalline
powder or shiny, colourless or white or almost white
aystals. Very soluble in water; slightly soluble in alcohol;
practically insofuble in dehydrated alcohol.
USNF 31: (Sucrose). A sugar obtained from Saccharum
offidnarum (Gramineae), Beta vuigaris (Chenopodiaceae),
and other sources. White, crystalline powder or lustrous,
dry, colourless or white crystals. Soluble 1 in 0.5 of water, 1
in 0.2 of boiling water, and 1 in 170 of alcohol; practically
insoluble in dehydrated alcohol.

Incompatibility. Sucrose may be contaminated by traces of
heavy metals or sulfites and this can lead to incompatibil-
ity with other ingredients when it is used as a pharma-
ceutical excipient. Syrup preserved with hydroxybenzoates
has been reported to be incompatible with a range of com-
pounds.

Uses and Administration

Sucrose, a disaccharide, is used as a sweetening agent. It is
commonly used as household sugar. If the sweemess of
sucrose is 1aken as 100, fructose has a value of about 173,
glucose 74, maltose 32, galactose 32, and lactose 16.

Sucose is used as a tablet excipient and lozenge basis,
and as a suspending and viscosity-increasing agent. Syrups
prepared from concentrated solutions of sucrose form the
basis of many linctuses. Treade (molasses), a byproduct of
sugar production that contains suctose and minerals, has
also been used.

Sucrose 30% eye drops bave been used as a hypertonic
agent for clearing corneal oedema.

Cough. Sucrose syrups are used as demuicents in linctuses
used for treating cough {p. 1651.2).

Diognostic test for gasirointestinal Sucrose is

not absorbed from the healthy gastrointestinal tract. It has

been proposed that the absorption of sucrose could be
used as a diagnostic test of gastric damage.!

1. Sutherland LR ef &l A simple non-invasive marker of gaszric damage:

sucrose permenbility. Lancet 1994; 343: 998-1000.

2. Meddings JB, o al Sucrose permeability: 2 novel means of detecting

dama; Am J Ther 1995; X: 843-9.

3. Kawsbata H, &f 4l. Sucrose as a means of d diseases

of the upper digestive act. J Gastroenterol Hepatol 1998; 13: 1002-6.

Gastroinfestinal spasm. For mention of a benefidial effect
of sucrose solution in infant colic, see p. 1807.1.

sioroge disease type V. Glycogen storage dis-
ease type V (McArdle’s disease) is a rare autosomal reces-
sive disorder characterised by mutations in the gene for
myophosphorylase, an enzyme essential for glycogenoly-
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sis.!2 Patients present with exercise-induced pain, cramps,
ia!lgue, and myoglobinuria which, if severe, can cause
acute repal failure.? Low-dose creatine supp

tion

11. Shann F. Suckling and sugar reduce pain in babies. Lancer 2007; 3691
721-3.
12. Ramenghi LA, ¢t al. “Sucrose analgesia®: absorptive mechanism or tste

(60mg/kg daily) produced modest benefits during
ischaemic exercise testing, but higher doses (150mg/kg
daily) worsened symptoms.? Sucrose 75g by mouth
tmproved exercise tolerance in 12 patients in a rando-
mised aossover study.! Uncooked corn starch, either
alone or with sucrose, has been suggested as an alternative
in order to avoid any pronounced increase in serum insu-
lin,3 but this has been rejected on the basis that the neces-
sary rapid increase in blood glucose will not be produced.*

1. Vissing J, Haller RG. The cffect of oral sucrose on exercise tolerance in
patients with McArdle’s disease, N Brgl J Med 2003; 349 25039,

2. Quinlivan R, ¢ ol Ph 1 and for
McArdie's disease (glycogen storage disease type V). Available in The
Cochrane Database of Issue 2. C John
Wiley; 2008 (accessed 21/07/08).

3. Gaglia JL, Wolfsdorf JI. Oral sucrose and exercise tolerance in McArdle’s
disease. N Engl J Med 2004; 350; 1575,

4. Vissing J, Haller RG. Oral sucrose and exercise tolerance in McArdie's
disease. N Engl J Med 2004; 350 1575-6.

Hiceup. Giving a teaspoon of dry granulated sugar resulted
in the immediate cessation of hiccup in 19 of 20 patients;!
12 of the patients had suffered from hiccup for less than 6
hours but in the remaining 8 persistent hiccup had been
present for 24 hours to 6 weeks. The effect may be due to
simulation of the pharynx.: An early protocol for the
treatment of intractable hiccup (p. 1046.3) suggests that
swallowing dry granulated sugar is one of the first treat-
ments that should be tried. =

1 EG. o al. sugar as
conscious patients. N Engl J Med 1971; 285: 1489.

for hiccups in

Pain. A’ systematic review' concluded that oral sucrose
solutions could reduce physiological and behavioural indi-
cators of stress and pain in neonates undergoing painful
procedures although there had been some doubt
expressed® over whether this indicated effective analgesia.
The review! was unable to determine an optimal dose, but
1mL of a 25% solution or 2mL of a 50% solution has
been reported to reduce aying time in premature’ and
full-term* infants, respectively, when given 2 minutes
before heel-prick sampling. Similarly, in infants given
intramuscular vaccines, 2mL of a 75% sucrose solution by
mouth reduced aying time,’ and 2mL of a 24% solution
reduced pain scores;® 2mL of oral sucrose 24% also
reduced pain scores in premature infants undergoing eye
examinations for retinopathy of prematurity.” One litera-
ture review? suggested that a dose of 500 mg sucrose pro-
vided effective analgesia for neonates. However, a rando-
mised study found pacifiers (dummies) to have a berter
anaigesic effect than 2mL of a 30% sucrose solution; a
synergistic effect was found with 2 combination of sucrose
and pacifiers.” Another review'® recommended that, along
with a padifier, 0.1 10 0.4mL of a 24% sucrose solution be
given to premature infants, and up to 2mL be given to
term infants. Others have recommended the use of
0.5mL/kg of a 33% sucrose solution {(about 170mg/kg).
stating that more dilute solutions carry a risk of bacterial
contamination.'! The route by which sucrose solution is
given may also be important: a reduced pain response was
only noted after intraoral doses; giving it via a nasegastric
tube was ineffective.l?

A study in preterm infants found that, while there were
no differences on neurobehavioural developmental out-
comes between infants given repeated sucrose analgesia or
placebo, higher number of doses of sucrose predicted lower
scores in motor development, vigour, alertness and
orientation. The authors postulated that repeated stimula-
tion by sucrose may interiere with normal functioning and
maturation of the preterm infant’s endogenous opiate
system, and cautioned against the routine use of sucrose

Igesia in this p !

Arch Dis Child Fetal Neonatal Ed 1999; 80: F146-F147.

1. Johnsion CC, etal. Routine sucrose analgesia during the first week of life
in neonates younger than 31 weeks’ postconceptional age. Pediatrics
2002 110z 523-8.

Wound healing. Sugar, cither in the form of granulated
sugar!-® or pastes composed of caster sugar and icing
sugar,%? has been used successfully in the treatment of
wounds {p. 1690.1) induding mediastinitis after cardiac
surgery,? large abscesses and bed sores%’ diabetic
‘ulcers,** and recurrent bone infections after surgical debri-
dement in patients with leprosy.’ Debridement of the
wound is believed to be due partly to the osmotic effect of
sugar and partly to the mechanical cleansing action but it
is not known how sugar stimulates granulation tissue to
form.%? Once granulation tissue is well established and the
wound is shrinking, an alternative wound preparation,
such as an alginate, hydrocolloid, or hydrogel, should be
used as sugar pastes cause bleeding.® Sugar is also effective
at deodorising malodorous wounds. The use of the com-
bined caster and icing sugar pastes, of which details of the
formulas used are provided in the original publications,®?
has been advocated as a way to overcome the problems of
possible non-sterility and contamination of commerdal
granulated sugar.%’
Honey (p. 2072.2) has been used similarly.
1. Troulllet JL. e al. Use of gnulated sugar in restment of open
mediastinits after cardiac surgery. Lancet 1985; il: 180-4.
2. Quatraro A, e al. Sugar and wound healing. Lancer 1985; ii: 664,
3. DeFeo M, & ai, Tresment of
granulated sugar. J Cardiovasc Sury 1000 41: 715-19.
4. Kilic A. Healing of diabetic ulcers with granulated sugar. Plast Reconstr
Surg 2001; 108: 585.
$. Grauwin MY, ef al. Comment guérir les osiéites et osiéo-arthrites des
exuémités des anciens malades de la Rpre par le suce cristallisé
alimentaire? Ade Leprol 1999; 11: 147-52.
Gordon H, ¢ al. Sugar and wound bealing. Lanicer 1985; ik: 663—4.
. Middleton KR. Seal D. Sugar as an aid to wound healing. Pharm J 1985;
238: 757-8.
8. Seal DV, Middleton X. Healing of cavity wounds with sugar. Lamcet 1991;
338 571-2.

Adverse Effects and Precautions

Ne

processing or preparation. Guidance on dietary intakes
issued by the American Food and Nutrition Board suggested
a maximum intake of 25% of energy from added sugars.®
The American Heart Assodation* has also recommended a
reduced intake of added sugars, and suggested a spedific
upper limit; most American women should eat or drink no
more than 100 calories daily from added sugars, and no
more than 150 calories daily from added sugars for most
American men.

1. DofL Dietary sugars and human disease: report of the panel on dietary
sugars of the comsmittee on medical aspects of food policy. Report an
‘health and social subjects 37. London: HMSO, 1989.

2. FAO/WHO. Carbokydrater in iooman nutrition: report of g joint FAO/WHO
expert comsultation. ¥AQ Food amd Nutrition 66. Rome: Food and
Agriculture Organizaton of the United Nations, 1998. Also available ac:
http://www.{20.0rg/docrep/WB079E/w8079¢00.htm  {accessed
20/03/09)

3.eral., Dietary Reference lnukes for energy, carbohydrate, fiber, fat, fatty
acids, cholesterol. prowin. and amino acids. Washington, DC: National
Aud:my Press, 2005 Also availsble ac hup://bocks.nap.edu/

d_id: page=R] (acoessed 12/02/09)

4. Johnson RK. el Heant Nutritien G of

the Council on Numition. Physical Activity, and Metabolism and the

Council on Epidemiology and Prevention. Dictary sugars intake and

cardiovascular health: a scientific statement from the American Heart

Association. Girculation 2009; 120: 1011-20. Also available at: hup://dirc.

ahajournals.org/cgi/reprint/CIRCULATIONAHA.109.192627 {accessed

11/02/10)

Effects on the kidneys. Acute renal failure with severe
hyponatracmia has followed the use of granulated sugar
to treat an infected pneumonectomy wound cavity.! It
was noted that intravenous sucrose had long been known
to be nephrotoxic in both animal models and man and
that mild renal insufficiency before sucrose intoxication
might have contributed to the nephrosis. Others, however,
considered that the nephrotoxidty might have been
caused by gentamicin, a solution of which had been used
to irrigate the cavity before packing the wound.? Intra-
venous immunoglobulin preparations containing sucrose
(as a stabilising agent} have also caused acute renal fail-
ure.34 !
1. Debure A, f al. Acute renal failure after use of granulated sugar in deep
infected wound. Lancet 1987; £ 1034-5.
2. Archer H, ¢f al. Toxicity of Iopial sugar. Lancet 1987; k 1485-6.
3. Ahsan N, e al bulin-induced osmotic
brosis. Arch Iniem Med 1994; 154 1985-7.

Sucrose consumption increases the incidence of dental
caries.

Sucrose use should be avoided in patients with the
glucose-galactose malabsorption syndrome, fructose intol-
erance, or sucrase-isomajtase deficiency. The intake of
sucrose from dietary and other sources must be controlled in
patients with diabetes mellitus.

Dietary sugar. The Panel on Dietary Sugars reviewed the
evidence relating to sugars in the diet and the health of
the population in the UK.!

No evidence was found that the cc p of most

4. ZhangR. Szerlip HM. of sucrose acute renat
failure caused by high-dose intravenous immune globulin therapy.
South Med J 2000; 93: 501—4.

Pharmacokinetics

Sucrose is hydrolysed in the small intestine by the enzyme
sucrase to glucose and fructose, which are then absorbed.
Suaose is excreted unchanged in the urine when given
intravenously.

Preparations

sugars naturally incorporated into the cellular structure of
foods (intrinsic sugars) represented a threat to health and
consideration was therefore mainly directed towards the
dietary use of sugars not so incorporated (extrinsic sugars),
of which sucrose was the principal non-milk extinsic sugar.

There was extensive evidence suggesting that sugars
were the most important dietary factor in the cause of dental
caries and it was recor ded that c ption of
non-milk extrinsic sugars should be decreased.

It was considered that dietary sugars may contribute to
the development of obesity, a condition which plays an
important part in the aetiology of many diseases. For the
majority of the population, who had normal plasma lipids
and normal glucose tolerance, the consumption of sugars
within the present range carried no special metabolic risks

i

but those persons consuming more than about 200g daily :
should replace the excess with starch. It was, however, '

ded

ion.!> For choice of gesic in
children, see p. 5. 2
1. Stevens B, « al. Sucrose for analgesia in newbomn infants undergoing
painful procedures. Available in The Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2010 (accessed 10/06/10}.

2. Anonymous. Pacifiers, passive behaviour, and pain. Lencer 1992; 339:
275-6.

3. Ramenghi LA, # 4i. Reduction of pain response in premature infants
using (ntraoral sucrose. Arch Dis Child 1996: T4: F126-F128.

4. Haouari N, o al. The analgesic effect of sucrose in full term infants: a
randomised controlled wrial. BMJ 1993; 310: 14981500,

5. Lewindon PJ, f «/. Randomised controlled tria! of sucrose by mouth for
the relief of infant crying afier immunisation. Arch Dis Child 1998; 78:
453-6,

6. Hatfield LA, & ol Analgesic properties of oral sucrose during routine
immupizations at 2 and 4 months of age. Pedimmic 2008; 121: €327-
€334, Available acv P/

121721327 {accessed 03/03/09)

7. GalP, et al. Efficacy of sucrose to reduce pain in premature infants during

for of Annt Ph

eye
2005; 39: 1029-33.

8. Masters-Hane LD, Abdel-Rahman SM. Suctose analgesia for minor

[n newbom infants. Ann Pharmacother 2001; 33: 547-52,

9. Carbajal R, e #i. Randomised triai of analgesic effects of sucrose, giuco;g
and pacifiers In term neonates. BMJ 1999; 319 1393-7.

10. Prince W1, # al. Trearment of neonaral pain without a |old standard: the
case for and sucrose ion. Neomatal
Netw 2004; 13: 33-45.

rec

non-milk extrinsic sugar to less than about 20 to 50 g daily
unless otherwise instructed by their own physican or
dietitian. It was also concluded that current consumption of
sugars, particularly sucrose, played no direct causal role in
the development of cardiovascular (atherosclerotic cor-
onary, peripheral, or cerebral vascular) disease, essential
hypenension, or diabetes mellitus, and also had no
significant specific effects on behaviour or psychological
function. Although links between sucrose intake and
certain other diseases {such as colorectal cancer, renal and
biliary calculi, and Crohn's disease} had been proposed it
was not felt that the evidence was adequate to justify any
general dietary recommendations.

The condusions of a joint FAO/WHO consultation on
carbohydrates in human nutrition* were broadly in
agreement with the above. However, they noted that the
terms intrinsic and extrinsic sugars had not gained wide
acceptance, either in the UK or other countries in the world,
and they recommended against the use of these terms. In
the USA, the term added sugars has also been used 1o
describe sugars and syrups which are added to foods during

L The symbol ¢ denotes a preparation no longer actively marketed

that those with special medical problems :
such as diabetes or hypenrigiyceridaemia should restrict !

Propristary Preparations (details are given in Volume B)
Single-ing'edieu Pnpunﬁons. Fr.: Gelodiet: Padidol.

Malti-i Prep Arg.: ble; Austral: Nyal
Chesly Cough, Fr.: Adiaril: Alhydratet; Hydrigozt: Picolite;
Hung.. Bitner, India: A2-Z; Energy Plus; Lycosta; Irl:
Rehidratt; Venos Expectorant; Jpm: U-Pasta; Philipp.: Cholyte
Plus With Zinc; Orhydratet; SportsAde; S.Afr.. Emetrol;
Rehidrat; Thai.: D-Lyte; UK: Honey & Molasses; Venos Cough
Mixture; Venos Expectorant.

Pharmacopoeial Preparations

BP 2014: Compressible Sugar; Syrup;

Ph. Eur.; Sugar Spheres;

USNF 31: Compressible Sugar; Confectioner’s Sugar; Sugar
Spheres; Syrup.

Sucrose Polyesters
Sacarosa, poliésteres de la; Nonuadnps: Caxaposbt. | =

Profile

A sucrose polyester that is a mixture of hexa-, hepta-, and
octa-fatty acid esters of sucrose is used as a nondigestible fat
substitute by the food industry. Fat substitutes have been
promoted as part of a strategy to reduce fat and calories in
the diet to aid body-weight control.

* Possible adverse effects of sucrose polyesters are
flatulence, anal leakage, abdominal cramps, and loose
bowel movements. They may also reduce the absorption of
fat-soluble vitamins.

References. )

1. CottonJR, ¢ a/. Replacement of dietary [at with sucrase polyester: effects
on energy intake and appetite conirol in non-obese males. Am J Clin Nutr
1996; 63: 891-6.

2. Gokiman P. Olestra: assessing its potential 1o interact with drugs in the
gastrointestical tract. Clin Hunual Ther l997 ﬂ 612-18.
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Sunﬂower Oil

"Kr» o G40

An~ LT Ol

Phcm\aoopoeucs In Eur. (see p. vii). Also in USNF.

Ph. Bur. 8: {Sunflower Oil, Refined; Helianthi Annui Oleum
Raffinatum). The fatty oil obtained from the seeds of
Helianthus annuus by mechanical expression or by extraction
and then refined. A suitable antoxidant may be added. A
dear, light yellow liquid. Practically insoluble in water and
in alcobol; miscible with petroleum spirit (b.p.: 40 degrees to
60 degrees). Store in well-filled airtight containers. Protect
from light.

USNF 31: (Sunflower Oil). A refined fixed oil obtained from
the seeds of the sunflower plant Helianthus annuus
(Asteraceae alt. Compositae). Specific gravity between
0.914 and 0.924 at 20 degrees. Store in airtight containers.
Protect from light.

Profile

Sunflower oil is the fixed oil expressed from the fruits of
Helianthus annuus. It is used as a salad oil and in
pharmaceutical preparations. It is rich in linoleic lud
(p. 2509.2).

Multiple sclerosis. As discussed on p. 996.3, the role of
dietary lipids in multiple sderosis remains to be proven,’
although many patients modify their diets and take sup-
plements of sunflower and other oils. One study showed a
reduction in severity and duradon of relapse in patients
taking linoleic acid suppl (as fl oil).2
Another’ reported benefit in patients who limited their
intake of dietary saturated fatty acids and supplemented
their diet with polyunsaturated fatty adds. A systematic
review* of the relationship between dietary interventions
(including linoleic acid given as sunflower oils) and mult-
ple sclerosis conduded that there was insufficient evidence
to determine their benefits or risks.

1. Anopymous. Lipids and multipie sderosis. Lancet 1990; 336: 25-4.

2. Millar JHD, et al. Double-blind trial of linoleate supplementation of the

diet tn multiple scerosis. BMJ 1973; 1: 765-8.

3. Swank RL Dugan BB. Effect of low saturated fat diet in early and late

* caves of multiple sclerosis. Lancet 1990: 334 37-9.
4. Farinowti M, et al. Dierary interventions for multiple sderosis. ilabl

Threonine (AN, USAN, NN

Pharmacopoeias. In Chin., Bur. (see p. vii), Jpn. and US.
Ph. Eur. 8: (Threonine). Fermentation product, extract or
hydrolysate of protein. A white or almost white, crystalline
powder or colourless crystals. Soluble in water; practically
insoluble in alcohol. A 2.5% solution in water has a pH of
5.0 to 6.5. Protect from light.

USP 36: (Threonine). White, odourless crystals. Freely
soluble in water; insoluble in dehydrated alcohol, in
chioroform, and in ether. pH of a 5% solution in water is
between 5.0 and 6.5.

Profile

Threonine is an amino acid that is an essential constituent of
the diet. It is used as a dietary supplement.

Threonine has been investigated for the treatment of
various spastic disorders.

pL-Threonine has been used in topical preparations for
skin disorders.

Preparations

Proprietory Preparations (details are given in Volume B)
Multi-ingredient Preparcfions. Arg.: Cicatrex Biotic Awstral:
Cicarring; Braz.: Cicawene; Irl: Cicamrint; Ital: Cicarene;
Port.: Cicawin; Rus.: Biotredin (Buotpeamu); S.Afr.: Cicatrint;
Switz: Cicatrex; Thai.: Genquin.

Tricaprylin

AC-1202; Caprylic Acid Tnglycende; Caprylb: Triglyceride;

_ Gaprylidene; Glycerin Tricaprylate; 12,3 Tﬂcapryloylglycerol

_Glyceryl- trioctanoate; Propane-l,z.a-ufyi trioctanoate. -

"CyHggOg=4707 _ o
OAS = 53838 o iAo
UNIf — 6P92858988. - B T

noteE. The name Ketasyn has been used asa trade mark for
tricaprylin. .

Profile

Tricaprylin is a medium-chain triglyceride which is
metabolised to ketone bodies, providing an alternative
energy substrate to glucose; it elevates serum-ketone levels
and is promoted for use in the dinical dietary management
oI ients with Alzheimer’s di 1t has been supplied as

in The Cochrane Database of Systemaric Reviews: Issue 1. Chichester:
John Wiley; 2007 (accessed 22/04/08).

Preparations

formulation in 10 or 40g sachets containing 5 or
20 g of wricaprylin, respectively. It is given as an oral dose of
20g tricaprylin daily, preferably with or after a full meal
(nsua]ly breakfast or lunch). The main adverse effects are
gast inal such as diarrhoea, flatulence, or dyspepsia.

Propristary Preparalions (details are given in Volume B)
Single-ingredient Preparations. Singapore: Lubrex+.
Multi-ingredient Preparafions. Austria: Pelsana Med; Piniment
Fr.: Menolistica; Oropur; Trigopax; Ger.: Kneipp Arika Salbe
S: Hong Komg: Sanjukei Panax Ginseng: Hung.: Pelsano Med;
Pelsano Med; India: Alovit-AF; Ital: DHA; NZ: Snorenz; Phi-
Hpp.: Nutri-Aid: > Snoreeze; Switz.: Huile de milleper-
tuis A. Vogel (huile de St. Jean); Pelsano; Pelsano; Twrk.:
Snoreless; UK: Goodnight StopSnore; Snor-Away.

Phurmuoopoaos In USNF.

USNF 31: (Tagatose). Tagatose is a ketohexose, an epimer of
fructose inverted at C-4. It is obtained from galactose by
isomerisation under alkaline conditions in the presence of
caldum. White or almost white arystals, having a sweet
taste. Very soluble in water; very slightly soluble in alcohol.

Profile
Tagatose is a naturally occurring monosaccharide, produced
commercially from lactose. It is 92% as sweet as sucrose, but

contains fewer calories. It may be used as a sweetener in
foods, beverages, toothpaste, mouthwashes, and medicines.

A starting dose of 5g tricaprylin daily, increased gradually
over 7 days as tolerated, may minimise these effects. It
should be used with caution in patients at risk of
ketoadidosis.
References.
1. Costantini LC, o al s a target in
Alzheimer's disease. BMC Neurosdl 2008; # (suppl 2): S16.
2 umdnsmsr.ﬂd Study of the ketogenic agent AC-1202 in mild 10
zhei s disease: & doubie-blind. placebo-
controlled, muiticemer tial. Nsar Metab (Lond} 2009; & 31.

Preparations
Proprietory Preparctions (details are given in Volume B)

Tuna-liver Oil
Tunny-fver Ol
Profile

Tuna-liver ofl is a source of vitamin D (p. 2112.3) and
vitamin A (below). It also contains several essential fatty

adds. It is used, similarly to cod-liver oil (p. 2056.3), as a
putritional supplement and has been used in skin disorders.

Preparations
Proprietary Preparations (details are given in Volume B)
Mulii-ingradient Preparations. Austral.: Femme Plust.

All cross-references refer to entries in Volume A

Phanmcopoems In Chin., Eur. (see p. vii), Jpn, and Us.
Ph. Bur. 8: (Tyrosine). A white or almost white, crystaltine
powder or colourless crystals. Very slightly soluble in water;
practicaily insoluble in alcohol. It dissolves in dilute mineral
acids and in dilute solutions of alkali hydroxides. Protect
from light.

USP 36: (Tyrosine). White, odourless crystals or arystalline
powder. Very slightly soluble in water; insoluble in alcohol
and in ether.

Profile

Tyrosine is an aromatic non-essential amino acid. It is used
as a dietary supplement. The sodium salt has also been used.

ria. Tyrosine was not an effective alternative
to a diet Jow in phenylalanine in patients with phenyl-
ketonuria, see under Amino Acdd Metabolic Disorders.
p. 2042.2.

Preparations
Proprietary Preparations (details are given in Volume B)

Mohti-ingredient Austral.. Aussie Tan Pre-Tant;
PM LifePro Max for Men: PM LifePro Max for Women; Pro-
sense for M:nf- Pmsense for WOmenf Zellulean with Escint;
Fr.: yalgine Fort; F yalgine; Phytozac
Sﬂmovea. India: Ipreg; Placenuex; Indon.: Femosa; Port.: Rilas-
til Dermo Solar; Ukr.: Stifimol (Crugwon); USA: Adrenoid.

Valine [BAN, USAN, NN

a-Amlnolsovalenc Ac;d, V; Val Valllnl, Var in; Vallna, Vahnas -
Vallne; Valinum; Banus.: .« .

52 Amuno-}methyibutanonc aod

CHaNOA=1ZT - - 2 .

CAS—72-184. . ~

UNIF— HGIBB?YRSZ

Pharmacopoeias. In Chin., Eur. (see p. vii), Jpn, and US.
Ph. Bur. 8: (Valine). Fermentation product, extract or
hydrolysate of protein. A white or almost white, crystalline
powder or colourless crystals. Soluble in water; very slightly
soluble in alcohol. Protect from light.

USP 36: (valine). White, odourless aystals. Soluble in
water; practically insoluble in alcohol, in acetone, and in
ether. pH of a 5% solution in water is between 5.5 and 7.0.

Profile .

Valine is a branched-chain aliphatic amino acid that is an
essential constituent of the diet. It is used as a dietary
supplement. It is also an ingredient of several preparations
that have been promoted for disorders of the liver.

Preparations

Proprickary Preparctions (details are given in Volume B)
Mulsi-ingredient Pry Fr. Jose; Ger.: Fallk
Ital.: Isobnnch, Isoram; Sargenor Sportt.

Vitamin A fusany

A rophthalmlc “Viamin: A~vuamum, A—vnamm, Axer-

A/ Retinol (BAN); Retinol (rINN);
i in A Alcohol; Vitamina A; Vitaminas

: mitie A; Vitamintm A; Witamina A; Peturon.

15 po-B-caroten—”l?”E '3,7-Dimethyk-9-(2,6,6-uimethylcy-

dahex—l~enyi)no tetraen—l-ol

C,d‘igno=236.5‘ y

-—AHCAOI -Di EIQOZ, ROIAXOZ. SO1XA02.

ﬁ Ver — QA7 1CAOT=QD10ADO2; QRDIAX02; QSOTXA02.

UNIt-— 81G40H8BOT (vitamin. A); G2SHAXKK9] (retinol).

Description. Vitamin A is generally used in the form of

esters, such as the acetate, palmitate, and propionate.
Vitamin A Acetate. Retinol Acctate; Retinyl Acetate;

Cafl:20,=328.5; CAS — 12747-9

Vitamin A Pa Retinol P: Retnyl Palmi-
tate; C“B.,,O;-524 9; CAS — 79 81-2
Vitamin A Propi Pr Retinyl

Propionate; Cz,H,.OI- 342.5; CAS — 7069-42 3.
ios. In Bur. (see p. vii), US. and Viet, which
permit retinol or its esters.
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Chin. incdiudes 2 monograph for the acetate. Jpnt includes
monographs for the acetate and the palmitate.

Br. includes a monograph for a natural ester concentraie.

Eur. also includes phs for synthetic conc in
d a solubi Isi

randd odour or taste. It is unstable in air and light. In liquid
form, it is insoluble in water and in glycerol; soluble in
dehydrated alcohol and in vegetable oils; very soluble in
chloroform and in ether. In solid form, may be dispersible in
water. Store in airtight containers, preferably under an

an oily form, a powder form,
Int. includes an oily concentrated form.

The BP 2014 states that the term ‘Retinol’ is used within BP
titles for preparations containing synthetic ester{s) and the
term ‘Vitamin A’ within the BP title for the preparation
containing material of natural origin.

Ph. Bur. 8 (Vitamin A). Under the name Vitamin A are
included a number of substances of very similar structure
(induding (Z)-isomers) found in animal tssues and
possessing similar activity. The prindpal and biologically
most active substance is all-(E) retinol.

Vitamin A is generally used in the form of esters such as the

acetate, propionate, and palmitate. Synthertic retinol ester
refers to an ester (acetate, propionate, or palmitate) or a
mixture of synthetic retinol esters.

Retinol acetate occurs as pale yellow crystals. M.p. about 60
degrees; once melted it tends to yield a supercooled melt.
Retinol propionate occurs as a reddish-brown oily liquid.
Retinol palmitate occurs as a fat-like, light yellow solid, oras
a yellow.oily liquid, if melted. M.p. about 26 degrees. All
retinol- esters-are practically insoluble in water; soluble or
partly soluble in dehydrated alcohol; miscible with organic
solvents.

Store in airtight containers. Protect from light. Once the
container has been opened, its contents should be used as
soon as possible and any part of the contents not used
should be protected by an atmosphere of inert gas.

Ph. Eur. 8: (Vitamin A Concentrate {Oily Form), Synthetic;
Vitaminum A Densatum Oleosum; Synthetic Retinol
Concentrate (Oily Formn) BP 2014). It is prepared from
synthetic retinol ester as is or by dilution with a suitable
vegetable oil. It contains not less than 500000 units of
vitamin A per g. It is a yellow or brownish-yellow, oily
liquid; pracrically insoluble in water; soluble or partly
soluble in dehydrated alcohol; miscible with organic
solvents. Partial crystallisation may occur in highly
concentrated solutions.

Store in airtight containers. Protect from light. Once the
container has been opened, its contents should be used as
soon as possible and any part of the contents not used at
once should be protected by an atmosphere of inert gas.
Ph. Ewr. 8: (Vitamin A Concentrate (Powder Form),
Synthetic; Vitaminum A Pulvis; Synthetic Retinol Con-
centrate (Powder Formm) BP 2014). It is obtained by
dispersing a synthetic retinol ester in a matrix of geladn or
acadia or other suitable material. It contains not less than
250000 units of vitamin A per g. It is a yellowish powder
usually in the form of particles of almost uniform size.
Practically insoluble in water or may swell or form an
emulsion, depending on formulation.

Store in airtight containers. Protect from light. Once the
container has been opened, its contents should be used as
soon as possible and any part of the contents not used at
once should be protected by an atmosphere of inert gas.

Ph. Eur. 8: (Vitamin A Concentrate (Solubilisate/
Emulsion), Synthetic; Vitaminum A in Aqua Dispergibile;
Synthetic Retinol Concentrate, Solubilisate/Emulsion BP
2014). Itis a liquid form (water is generally used as solvent)
of synthetic retinol ester and a suitable solubiliser. It
contains not less than 100 000 units of vitamin A perg. Itisa
yellow or yellowish liquid of variable opalescence and
viscosity. Highly concentrated solutions may become cloudy
at low temperatures or 1ake the form of a gel. A mixture of
1g with 10mL of water previously warmed to 50 degrees
gives after cooling to 20 degrees, a uniform, slightly
opalescent and slightly yellow dispersion.

Store in airtight containers. Protect from light. Once the
container has been opened, its contents should be used as
soon as possible and any part of the contents not used at
once should be protected by an atmosphere of inert gas.
BP 2014: (Natural Vitamin A Ester Concentrate). It consists
of a natural ester or a mixture of natural esters of retinol or
of a solution of the ester or mixture of esters in arachis oil or
other suitable vegetable oil. It contains not less than
485000 units of vitamin A per g. It is a yellow oil or a
mixture of oil and crystalline material, with a faint odour.
Practically insoluble in water; soluble or partly soluble in
alcohol; misdble with chloroform, with ether, and with
petroleum spirit. Store in airtight containers at 8 degrees to
15 degrees. Protect from light.

USP 36: (Vitamin A). It may consist of retinol or its esters
formed from edible fatty acids, prindpally acetic and
palmitic acids. In liquid form, it is a light yellow to red oil
that may solidify upon refrigeration. In solid form, has the
appearance of any diluent that bas been added. It may be
practicaily odourless or may have a mild fishy edour but no

phere of inert gas. Protect from light.

Units

The International Standards for vitamin A and for
provitamin A were discontinued in 1954 and 1956
respectively but the International units for these substances
have continued to be widely used. In 1960-1, the WHO
Expert Committee on Biological Standardization stated that
the International unit for vitamin A is equivalent to the
activity of 0.000344 mg of pure all-trazs vitamin A acetate
and the International unit for provitamin A is equivalent to
the activity of 0.0006 mg of pure all-trans B-carotene.

The activity of one International unit is contained in
0.0003mg of all-trans retinol, in 0.00055mg of all-frans
retinol palmitate, and in 0.000359 mg of all-trans retinol
propionate.

The USP 36 defines 1 USP unit as equal to the biological
activity of 0.0003 mg of the all-trans isomer of retinol, and is
equivalent to the International unit.

Vitamin A activity in foods is currently expressed in
terms of retinol equivalents: 1 retinol equivalent is defined
as 1 micogram of all-trans retinol, 6 micrograms of all-trans

if they are not breast fed or if they are breast fed and their
mothers have not received supplemental vitamin A. If
clinical signs of vitamin A deficiency are evident at the
time of routine supplementation, treatment should be
given as described under Xerophthalmia, p. 2101.1.
Mothers should receive 200 000 units within 6 weceks of
delivery of a child.

e Targeted distribution programmes involve vitamin A
supplementation to children and pregnant women in
specific high-risk areas.? Doses used in children are
similar to those used in universal programmes, but doses
used in pregnant women should not exceed 10000 units
daily, or 25 000 units weekly?

A number of studies have indicated that general

supplementation with vitamin A decreases both mortality

rates and morbidity among children in developing countries
with a high prevalence of vitamin A defidency.*’ Although
not all studies have confirmed these findings,*® two meta-
analyses concur that the effect is likely to be genuine
especially as regards measles infection,’®!! (see Measles,

P- 2100.3) and researchers and commentators have agreed

that overall improvement of vitamin A status is worthwhile

and necessary.'>"'* A study in children given half the dose of
vitamin A recommended by WHO found that it provided
equally good or better protection against mortality, but not

against morbidity.!* Supplementation with vitamin A

23300units weekly, or the equivalent amounit of

beta carotene, or 12micrograms of other provi A
carotenoids.

Uses and Administration

Yitamin A, a fat-soluble vitamin, is essential for growth, for
the development and maintenance of epithelial tissue, and
for vision, particularly in dim light. Vitamin A deficdency
develops when the dietary intake is inadequate and is seen
more frequently in young children than in adults. It is rare
in developed countries but remains a major problem in
many developing countries. Prolonged deficiency leads to
xerophthalmia or ‘dry eye’, the initial symptom of which is
night blindness which may progress to severe eye lesions
and blindness. Other symptoms include changes in the skin
and mucous membranes.

Vitamin A is used in the treaunent and prevention of
vitamin A defidency. It may be given orally in an oil- or
water-based form, the oil-based generally being the
preferred type. It can also be given by intramuscular
injection of a water-misdble form; oil-miscible preparations
of vitamin A are poorly absorbed from injection sites after
inramuscular injection and are not usually given by this
route. For further details concerning vitamin A supple-
mentation, including doses for the treatment and prophy-
laxis of xerophthalmia, see p. 2101.1.

Vitamin A supplements are often given to patients with
primary biliary cirrhosis or chronic cholestatic liver disease
as deficiencies are common in these disorders. An
intramuscular dose of 100000 units every 2 to 4 months
has been suggested. For doses in children, see below.

Vitamins A and D have been used together in creams or
ointments in the treatment of minor skin disorders
induding abrasions. Vitamin A has also been used alone
to treat various skin disorders including acne and psoriasis.
It has been tried in patients with retinitis pigmentosa to
retard the decline in retinal function.

Administration in children. Vitamin A supplementation
may be required in children with cholestatic liver disease;
the BNFC suggests an intramuscular dose of 50000 units
once monthly in neonates and children aged up to 1 year
10 prevent deficiency in complete biliary obstruction.

For further deails concerning vitamin A supplementa-
tion in deficiency states, see below.

Deficiency states. Vitamin A deficiency is relatively rare in
developed countries and is usually only seen in certain
medical conditions such as biliary drrhosis or cholestatic
jaundice. However, it is a continuing problem in many
developing countries and children appear to be particu-
larly vulnerable.

In developing countries where dietary iniake is often
less than desirable, infections such as measles, acute
respiratory diseases, and diarrhoea can be major precipitat-
ing factors of vitamin A defidency. Thus WHO have targeted
elimination of vitamin A deficiency as an important strategy
in child health,? and as part of the Expanded Programme
on ization. They recc d the use of vitamin A
supplements in the treatment of vitamin A deficdency and to
prevent vitamin A deficiency where the periodic use of
supplements is determined to be the most feasible and
effective method of improving vitamin A status.

« In universal distribution programmes, ™ supplemental doses
are given to all children up to the age of 5 at a dose of
200000 units every 4 to 6 months, with infants between
the ages of 6 and 12 months receiving half this dose.
Infants aged less than 6 months may receive 50 000 units

The symbol 1 denotes a preparation no longer actively marketed

betac in women of child-bearing age reduced
pregnancy-related monality.'® Studies have also evaluated
mortality specifically in infants less than 6 months of age
with varying results. Some have found no overall benefit on
early infant mortality;'™!® one study reported a tendency for
the relative risk of mortality to increase with improved
nutritional status.!” A systematic review'? also failed to find
evidence of benefit. No sustained benefit was seen on
vitamin A status or morbidity beyond the age of 6 months,
in infants receiving vitamin A supplements with immuni-
sation at 6, 10, and 14 weeks.?® Another study in west
Africa, noted variations in mortality rate between the sexes
and according to the season in which the supplement was
given, with an inareased mornality in girls supplemented in
the rainy season but a reduced mortality among boys
supplemented in the dry season.'® Others bave reported
overall decreases in mortality at 6 months?' and | year? of
age. A study’in vitamin-A-deficient children has demon-
strated abnormalities in T-cell subsets which are corrected
by vitamin A supplementation,?® and it has been proposed
that the apparent effects of vitamin A on morbidity and
mortality may be due to modulation of immune function
(see also Effects on the Immune Sysiem, p. 2101.3).
Discrepancies in results could be explained by inherent
differences between the populations being studied, such as
vitamin A deficiency status and infant mortality rates.*

In other countries in which vitamin A defidency is not
widespread some form of supplementation may still be
considered. In the UK, the BNFC suggests the following oral
doses, with or after food, according to age:
= neonates and infants up to 1 year: 5000 units daily
« 11018 years: 10000 units daily
Higher doses may be used initially for the treatment of
severe deficiency. Preterm infants have low vitamin A status
at birth, which may increase their risk of developing chronic
lung disease.”® A meta-analysis of studies in low birth-
weight infants found that vitamin A supplementation was
associated with a reduced requirement for oxygen at 36
weeks postmenstrual age.?®> While studies of vitamin A
supplementation to prevent chronic lung disease in very
low birth-weight infants have had conflicting results, 2627
some have commented that dilferences in patient
population, postnatal therapies, and dosage of vitamin A
could explain these discrepancies, and consider optimal
supplementation necessary.?® Others have called for further
studies in preterm infants to define optimal dosage and
mode of delivery of vitamin A; research should include
quantification of hepatic stores, assessment of retinal
function, and long-term clinical outcome.?
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MEASIES, Vitamin A supplementation has an important role
in the prevention of complications from measles.'? Two
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les have found that complications such as pneurnonia
and diarrhoea were less common in children who had
received supplements at the tme of diagnosis than in
those given a placebo.>* WHO has recommended treating
children in popul where vitamin A defidency is
common with h:gh -dose vhamm A supplements during
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HIV INFECTION AND ADS. A study in Malawi found that the
rates of vertical transmission of HIV infection (birth of ser-
opositive infants to seropositive mothers) were inversely
related to maternal vitamin A status;’ vitamin A defidency

infants. Available in The Cochrane Database of Systematic Rcviewx:
Issue 4. Oﬂd\&a‘]ohuwiky‘wumdlllmlol)
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birth.

during pregnancy was associated with a threefold to four-
fold increased risk of mother-to-child transtission of HIV.

Thxs was 0ot incompatible with the role of vitamin A in |

and mai e of mucosal surfaces, and since
both HIV infection and pregnancy are risk factors for vit-
amin A defidency, it was suggested that nutritional inter-
vention to reduce vitamin A deficiency might help combat
mother-to-child transmission. A South African study®
found, in ¢ that suppl ing HIV-infected preg-
nant women with vitamin A and betacarotene did not
reduce the overal] risk of vertical transmission to neo-

ANAEMIA. A study among pregn Ind
with nuwritional anaemia (sec Iron-Deficiency Anaemia,
p. 2073.2) found a benefidial effect for vitamin A on hae-
moglobin when given with iron supplementation.! Simi-
larly, in anaemic children given iron,® or adolescents
given iron plus folic add,> greater improvements in hae-
moglobin concentrations were seen with addidon of vit-
amin A to supplememan‘on. Vitamin A is considered
ial for b iesis; it has been suggested that
vitamin A is required for the mobilisation and utilisarion
of iron for haemoglobin synthesis.* Howevcr, there are
reports of anaemia caused by in A supp ion,

see Effects on the Blood, p. 2101.3.
1. Subamo D, # el Supplemeniation with vitamin A and iron for
- nuxidonal anscmia in preghant women in West Java, Indonesia. Lamcet
1993; 342: 1325-8,
' 2. Mwann L o al. Supplemenzal vitamin A improves anemia and growth
in anemic school children in Tanzania. J Nutr 2000; 110-269l-6
3. Ahmed P, e al. C viamin A the
response to weekiy supplemental iron and folic add in anemic teenagers
in urban Bangladesh. Am J Clin Nutr 2001: 74: 108-15.
4. van den Brock N. Anacmia and mikronutrient deficiendes. 8r Med Bull
2003; 67: 149-60.

DIARRHOEA. Alth therapy r ins the

y of the of diarrhoea (p. 1805.2)
once it develops, it bas been suggested that vitamin A sup-
plementation may be of use in reducing the i

gh oral rehyd

nates. did reduce the incidence of pre-

. aIl children over 12 momhs of age: 200 000 units

« those between 6 and 12 months of age: 100 000 units

» infants less than 6 months of age: 50 000 units

Doses are given on 2 consecutive days and followed by a
third dose at least 2 weeks later.

Studies in the USA have indicated that even among well-
nourished children from a developed country, vitamin A
deﬂuency in measles patients is not uncommon,*’ and

in A suppl jon needs to be considered in

children at risk.$
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8. Diseases of the American Academy of

term bu'ths and among these risk of perinatal
HIV transmission was lower in those whose mothers had
been supplemented. Vitamin A supplementation actually
increased the risk of HIV transmission through breast feed-
ing, with no effect on mortality at 24 months, in a Tanza-
nian trial.> Yet another study.* again in Tanzania, for
which vertical transmission data were not available, found
no evidence of an effect of vitamin A on birth outcomes in
HIV-infected women and the authors pointed out that
serum concentrations of vitamin A might be a marker of
the stage of HIV disease rather than being causally related
o outcome. The study did however find that multivitamin
supplements reduced the risk of low birth-weight and size
for age, and of premature birth, in the offspring of these

Pedhu'lu.VIuminAmmem of measles. Pediatric 1993; 91: 1014-15.

PREMATURITY. The fetus accumulates vitamin A in the third
trimester, and most premature infants have low plasma
vitamin A concentrations. Inadequate vitamin A supple-
mentation after birth may exacerbate the problem, and
contribute to an increased risk of developing chronic lung
disease. A systematic review found that supplementing
very low birth-weight infants with vitamin A was asso-
ciated with a reduction in death or oxygen requirement at
1 month of age.!

1. Dariow BA, Graham PJ. Viumin A supplementation to prevent
movtality and shon and long-term morbidity in very low binthweight
infants. Available in The Cochrane Database of Systematic Reviews:
Tssue 4. Chichesier: John Wiley: 2007 (accessed 12/03/08).

women.* gly, h tnal mT ia found Ut- | RESPRATORY-TRACT INFECTIONS. Mortality studies did not
te difference between and | ‘show a consistent impact for vuamm A supplementation
placebo on the progression of HIV disease and monality. | on death from non les-related y infec-
Multivnamm (excluding vitamin A) supplementation | tions,1-} Similarly, other studies have found no benefit of

and was with itamin A on subseq pi y morbidity.** A meta-

dccreased monalxty, addition of vitamin A to the multi-
vitamio regimen reduced this benefit.” This is in conmast
to 2 studies in Tanzania® and Uganda,” which found that
vitamin A supplementation decreased mortality in chil-
dn:n mlacted with HIV; however these results were not

mortality of diarrhoea during childhood. cheral large

mortality studies reported that vitamin A
was associated with reduced mortality armmibuted to diarr-
hoea,!”* although another did not.* The effect on

cidence and lisable to communities with access to
better healthcare and nutrition.

A tic review and meta-analysis,* which induded

Tarr some of these conmmng studiu. did not support the use of

A to reduce the risk of vertical

ity from diarrhoea is even less dear. A reduction in the
severity, but- not the inddence, of diarrhoea has been
noted in two studm 34 However, in one study in children
with subdinicat A defi y. there was an
increased prevalence of diarrthoea for 2 weeks after vit-

transmission and conduded that it may in fact increase the
rsk. Maternal vil A ion was not
considered to decrease childhood mortality at 1 year. A
further systematic review found no significant reduction in
HIV pmgxcssxon in 6 studies of vitamin A or beta-carotene

amin A supplementation,” and in her study,

A increased the incidence of diarrhoea in children aged
less than 30 months.® A meta-analysis® concluded that vit-
amin A suppl bas no consi: overall protec-
tive effect on the incidence of diarrhoea. While severity
was not examined, they noted that the decrease in diarr-
hoea mortality rates but not incidence can be recondled if
vitamin A reduces diarrhoea severity and not susceptibility
tom.ﬁtcuon.'l‘hxsxspossiblymppunedbyasmdyrhat

ation in adults. All-cause mortality was,
howeve: halved in a meta-analysis of 3 studies in African
children and short-term growth was improved in 1 study:
the effect on diarrhoeal and respiratory morbidity was
inconsistent.?
Means of reducing the risk of HIV infection in neonatés
are discussed under HIV Infection Prophylaxis. p. 959 1.

1. Semba RD, & al vitamin A child
transmission of HIV-1. Lancet 1994; 343 15937,

found that a single high-dose
given with standard antibacterial mtment, reduced the
severity of acute shigellosts in children in Bangladesh.'®
One group!! p d that Lhe findi on
morbidity of vitamin A may be due to

co-exisung micronutrient deﬁdendcs, such as zinc defi-
ciency, that affect the bioavailability of vitamin A. They
found combined zinc and in A supplementation to
be more effective in reducing persistent diarrhoea and

All cross-references refer to entries in Volume A
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analysis of studies reporting pneumonia morbidity and
mortality found no overall benefit or harm from vitamin
A supplementation.” However, an increased prevalence of
symptoms of respiratory infections associated with vitamin
A supplementation has been noted in two studies,®? parti-
cularly in children with adequat: numuonal status. A
meta-analysis of the effect of vi A ion
on childhood morbidity found an increased indidence of
respiratory-tract infections; since most trials had excluded
children with overt vitamin A defidency, the authors
speculated that high-dose vitamin A given to children
with adequate vitamin A stores might cause a temporary
dedline in immune status, increasing their susceptibility to
infection.’® A systematic review concluded that vitamin A
should not be given to all children for prevention of acute
lower respiratory-tract infections, but noted that children
with vitamin A deficiency or poor numnonal status might

benefit from supplementation in this
Vitamin A was not effective for the treatment of childhood
on-measles-related lower respiratory-tract infections'? or
pneumonia.!? Similarly, there was no benefit from vitamin
A in the treamment of RSV infection in children in 2
studies.'¢17 In one of these studies there was a tendency for
vitamin A to improve outcomes in the subgroup of severely
ill chil 14 and in the other there was a slight increase in
duration of hospitalisation in low-risk children receiving
Vlta!mn A A meta-analysis found no evidence that
ive with high-dose vitamin A alters the

AIDS 2002; 16 1935—44.
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course of pneumonia in children.'
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been tried but none appear to have any proven benefit.
Results of one large double-blind study® suggest that
whereas treatment with vitamin A might slow the dedline
in visual acuity treatment with vitamin E appears to have
a deleterious effect on the rate of decline. Vitamin B did
appear to delay the rate of vision decline in 3 patients
with retinitis pigmentosa and a defect in a-tocopherol-
tansfer protein associated with vitamin E deficiency.?
Supplementation with 15 000units of vitamin A daily for
up to 12 years was considered to be safe in a study in
adults with retinitis pigmentosa; no clinical manifestations
of hepatotoxicity were apparent.* Addition of lutein to the

1995; 73: 609-19
8. Stansfield SK. o al Vinmin A and

A regimen has also been tried.” Docosahexaenoic
acid has also been investigated, with variable results; some

consider that vitamin A and oily fish in the diet could be
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benefidial in terms of visual preservation.! Transplantation
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XEROPHTHAIMIA. Vitamin A deﬁucncy is responsible in
many developing countries for visual problems that may
cul in xerophthalmia and blindness.! Supplementa-
tion with A as recc ded by WHO and dis-
cussed under Defidency states, p. 2099.2, will raise the
vitamin A status of the individual and act prophylactically
against the development of xerophthalmia. For the treat-
ment of xerophthaimia (which includes night blindness,
conjunctival xerosis with Bitot’s spots, corneal xerosis,
comneal ulceration, and keratomalacia) WHO have stated?
that oral doses of vitamin A, preferably in an oil-based
preparation, are the treatment of choice and should be
given immediately the disorder is recognised in the Iollow-
ing doses:
o patients over 1 year of age {with the exception of women
of reproductive age): 200 000 units
* infants aged 6 to 12 months: 100 000 units
e those aged less than 6 months: 50 000 units
Doses should be repeated the next day, and again at least 2
weeks later.

In women of reproductive age there is a need to balance the
possible teratogenic effects of vitamin A should they be
pregnant (see Pregnancy, p. 2102.1} with the serious
consequences of xerophthalmia. WHO recommend that
when there are severe signs of active xerophthalmia (i.e.
acute comeal lesions) high-dose vitamin A treatment
should be given as described above for those aged over 1
year. When only less severe signs are present (night
blindness, Bitot’s spots), women of reproductive age should
receive a daily oral dose of 5000 to 10 000 units for at least 4
weeks. Alternatively, a weekly dose of not more than
25000 units may be substituted.

Although xerophthalmia is far less common in developed
countries, vitamin A deficency should be considered in all
patients with recurrent conjunctival or corneal disorders
associated with gastrointestinal or liver disease.?
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Ophthalmol Clin 2000; 40: 83-91.

2. WHO/UNICEF/IVACG Task Force. Vitamin A supplements: a guide to lhm
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dsp 16 Devices to electrically stimulate the reti-
na, optlc nerve, or visual cortex are being developed.!

1. Hartong DT. e al. Retinitis pigmentosa. Lancet 2006: 368: 1795-1809.
2. Berson EL. et al. A randomized trial of vitamin A and viamin E
for retinits Arck 1993; 11

761-2.
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5. Berson EL. ot ol Clinical trial of lutein in patients with retinits
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ity. For mention of the increased risk of lung
cancer in high-risk individuals receiving betacarotene and
vitamin A, when compared with placebo, in a study inves-
lgating vitamins in lung cancer prevention, see Prophy-
laxis of Malignant Neoplasms, p. 2047.3.

Effects on the blood. Normochromic macrocytic anaemia
developed in a patient who had been receiving oral vit-
amin A 150000units daily for several months.! The
patient’s haemoglobin returned to normal when vitamin
A was stopped, and the accompanying symptoms of peri-
oral dermatitis and glossitis also disappeared. Similarly,
normochromic normocytic anaemia and thrombocytope-
nia in an infant given 62000units daily for 80 days,
resolved on stopping vitamin A.? In contrast, vitamin A
has been reported to have a beneficial effect on anaemia,
see under Deficiency states, p. 2100.1.

1. White JM. Vhamin-A-induced anaemia. Lancer 1984; it: 573.

1 Perrotta S, o al. Infant hypervinminosis A causcs severe anemia and

evidence of a retinel c marrow ceil
growth inhibition. Blood 2002; 99: 2017-22,

Effects on bone. Excessive dietary intake of vitamin A
may be assodiated with osteoporosis. In an epidemiological
study,! a dietary intake of retinol greater than 1500 micr-
ograms daily (5000 units) doubled the risk of hip fracture
compared with an intake of less than 300 micrograms
daily (about 1670 units) in women (odds ratio, 2.1; 95%

Fd

[ e interval 1.1 to 4.0). These data were confirmed

6. Anonymous. Transplaniation as a therapy for rctinitis ?BrJ
Ophthalmol 1997; 81: 430.

Retinopathy of prematurity. There is some suggestion that
vitamin A supplementation may reduce the incdence of
retinopathy of prematurity (p. 2120.3).

Adverse Effects and Precautions

The use of excessive amounts of vitamin A substances over
long periods can lead to toxicity. Rarely, acute toxicity may
also occur with very high doses.

s Hypervitaminosis A (chronic toxicity) is characterised by
fatigue, irritability, anorexia and loss of weight, vomiting
and other gastrointestinal disturbances, low-grade fever,
hepatomegaly, skin changes (yellowing, dryness,
sensitivity to sunlight), pruritus, alopedia, dry hair,
cracking and bleeding lips, anaemia, headache, hyper-
calcaemia, subcutaneous swelling, nocturia, and pains in
bones and joints. Symptoms of chronic toxicity may also
include raised intracranial pressure and papilloedema
mimicking brain tumours, and visual disturbances which
may be severe. Symptoms usually clear on withdrawal of
vitamin A, but in children premature dosure of the
epiphyses of the long bones may result in arrested bone
growth.

o Acute vitamin A intoxication is characterised by sedarion,
dizziness, confusion, diarrhoea and vomiting, sore
mouth, bleeding gums, desquamation, and increased
intracranial pressure (resulting in bulging fontanelle in
infants or severe headache in adults). Hepatomegaly and
visual disturbances may occur; irritability may be severe.

Hypervitaminosis A does not appear to be a problem with

large doses of carotenoids (see Pharmacokinetics under

Betacarotene, p. 2052.1).

Enhanced susceptibility to the effects of vitamin A may
be seen in children and in patients with liver disease.

Excessive doses of vitamin A should be avoided in
pregnancy because of potential teratogenic effects; for

further details see Pregnancy, p. 2102.1.

Gastrointestinal absorption of vitamin A may be
impaired in cholestatic jaundice and fat-malabsorption
conditions.

Benign intracranial hypertension. High doses of vitamin
A cause increased intracranial pressure, and, in infants,

2nd ed. Geneva: WHO,1997.
3. Watson NJ, ¢1 al. Vitamin A deficiency and xerophthalmia in the United
Kingdom. BMJ 1995: 310: 1050~1. Correction. ibid.: 1320.

Mali ms. Epidemiological studies suggest
that antoxidant vitamins such as the vitamin A substances
may play a role in preventing the development of malig-
nancy but there is currently little evidence {rom prospec-
tive studies that supplementation is helpful, and even
some evidence of harm (see p. 2047.3). Conversely, syn-
thetic retinoids such as tretinoin (all-trans-retinoic acid)
have an established role in treating some cancers (see
p. 1725.3).

Refinitis pigmenfosa. Retinitis pigmentosa is the name
applied to a group of slowly progressive hereditary degen-
erative diseases of the retina! that often result in blindness
in adulthood. The rod and cone photoreceptors in the reti-
na are primarily affected and initial symptoms include
night blind and intol e to light Later signs
include infiltration of pigment from the retinal pi

this is manifested as bulging of the fontanelle. In one
study.' 11.5% of infants receiving 3 doses of 50 000 units
of vitamin A at monthly intervals had bulging fontanelle,
compared with 1% of infants receiving placebo. The bul-
ging lasted between 24 and 72 hours and subsided without
treatment,'! and did not appear to be associated with any
physical or developmental abnormalities on long-term fol-
low-up.? In another study in neonates, bulging fontanelle
occurred in 4.6% of redpients of vitamin A 50 000 units
and 2.7% of placebo redipients 24 hours after the dose.> In
contrast, less than 1% of infants given 3 doses of
25 000 units of vitamin A at monthly intervals had bulging
fontanelle in a further study.*
1. de Francisco A, o al. Acute toxicity of vitamin A given with vaccines in
infancy. Lancet 1993; 342: 526-7.
2. van Dillen J, e a/. Long-tetm effeat of vitamin A with vaccines. Laneet
1996: 347: 1705.
3. Agoestina T, ¢f al Safety of one 52 micromol (30000 IU)} oral dose of
vitamin A administered 1o neonates. Bull WHO 1994; 72: 859-68.
4. WHO/CHD Immunisation-Linked Vitamin A Supplementation Study
Group. Randomised wrial (o assess benefits and safety of vitamin A

b4
epithelium into the retinal layers. Various treatments have

linked to i in carly infancy. Lancet 1998;
352: 1257-63. Correction. ibid. 1999; 353: 154.

by the Nurses’ Health Study,? which found that postmeno-
pausal women with the highest vitamin A and retinol
intakes were at increased risk for hip fracture, irrespective
of whether the intakes were from food plus supplements,
or food alone. Women with daily retinol intakes of more
than 1500 micrograms had a relative risk for hip fracture
of 1.64 compared with those consuming less than
500 micrograms daily. Betacarotene intake, however, did
not correlate significantly with an increased risk of frac-
ture. A large cohort study® of men found that the overall
risk of any fracture, induding hip fractures, was substan-
tially increased among men with the highest concentra-
tons of serum retinol; there was no association between
serum betacarotene levels and the risk of fracture. Subse-
quently, routine supplementation and the fortification of
food with vitamin A in western countries has been ques-
tioned.* A report® from the UK Government's Scientific
Advisory Committee on Nuuition cautions against the
intake of more than 1.5mg of vitamin A daily in those at
increased risk of osteoporosis, such as postmenopausal
women and the elderly. However, results from a cohort
study in the elderly® suggest a U-shaped dose relationship,
in that both high and low intakes of vitamin A were asso-
clated with reduced bone mineral density, and another
study’ in women aged between 50 and 74 years, found
both high and low serum vitamin A concentrations to be
associated with an increased risk of hip fracture. Another
large observational epidemiological study from the
Women'’s Health Initiative® did not show any association
between vitamin A or retinol intake and the risk of frac-
tures in postmenopausal women.

1. Melhus H, f al. Excessive dictary intake of vitamin A is associated with
reduced bone mineral density and increased risk for hip fracture. Ann
Intern Med 1998; 129: 770-8.

2 Feskanich D, ef al. Vhamin A intake and hip Iractures among
postmenopausal women. JAMA 2002 287: 47-54.

3. Michaéisson K. et al. Serum retinol jevels and the risk of fracture. N Engl/
J Med 2003; 348; 287-94,

4. Lips P. Hypervitaminosis A and fractures. N Engl J Med 2003; 348: 347-9.

5. Sdentific Advisory Comsittee on Nutrition. Review of dietary advicr on
vitamin A. London: The Stationery Office, 2005, Also available at: hap://
www.sacn.gov.uk vita_report.pdf 21/07/08)

6. Promislow JHE. e al. Retinol intake and bone mineral density in the
elderly: the Rancho Bernardo Study. J Bone Ainer Res 2002: 17: 1349-58.

7. Opotowsky AR, Bilezikian JP. Serum vitamin A concentration and the
risk of hip fraciure among women 50 1o 74 years old in the United States:
a prospective analysis of the NHANES | Follow-up Study. Am.J Med 2004;
117: 169-74.

8. Caire-Juvera G, of al. Vitamin A and relinol intakes and the risk of
fractures among participants of the Women's Health Inidative
Observational Study. Am J Clin Nutr 2009; 89; 323-30.

Effects on the immune system. Vitamin A deficiency is
generally associated with impaired immunity, and treat-
ment of deficiency results in reduttions in morbidity and
mortality from a number of infectious diseases (see under
Deficiency States, p. 2099.2). However, a few studies have
shown increased prevalence of diarrhoea and/or respir-
atory-tract infections with high doses of vitamin A. There
is a possibility that high single doses of vitamin A may
temporarily  attenuate the immune response in
non-deficient children.! For the effect of high-dose vit-
amin A supplements on the response to measles vaccine
in some studies, see p. 2399.3.

I Childhood i i ity and
Drug Inf 1996; 1&: 12~16.

WHO

Effects on the liver. Vitamin A is stored in the Dissé space
of liver cells and excessive dosage can lead to fibrosis and
obstruction of sinusoidal blood flow, causing non-cirrhotic
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portal  hypertension and hepatoceliular dysfuncrion.!
Although hepatotoxicity has typically been reponed with
habitual ingestion of doses of vitamin A greater than
SOOOOuniB daily, a case of severe hepatic fibrosis, with

dice and h galy, has been reported in a patient
‘Who had been mking 25 000 units daily for at least 6 years
in a multivitamin supplement.?

1. Sherlock S. The spectrum of hepatotoxicity due to drugs. Lancet 1986; He
440-4.

TE, o4l Vitamin A
25.000 TU supplements. Am J Med 1994; 97: 523-8.

Effects on morfality. Vitamin A supplementation has been
reported to have benefidal effects on childhood mortality,
espedially in developing countries, see Defidency States,
P 2099.2 et .wq However, one systematic review! of neo-
natal vi failed to find evidence of
a reduction in mortallty or morbidity, and another sys-
tematic review of antoxidant supplementation in adults
conduded that vitamin A either singly or with other
antoxidants increased mortality.?

\. Gogia S, Sachdev HS. viamin A for
p of and in infancy: review of
randomised controlled mials. ZMJ 2009; 338: b919.

2 G, etal. foe p of

m heaithy participants and padents with va:lous diseases. Availabie in
The Cochrane Database of Systematic Reviews: Issue 2. Chichester: John
Wiley; 2008 (accessed 18/06/08).

. Local inflammatory reacdons and severe
anaphylactoid reactions have occurred in patients receiv-
ing vitamin A injections. and are usually attributed to
solubilisers such as polyoxyl castor oils {p. 2202.3), and,
less commonly, polysorbates (p. 2204.1).

A case of cutaneous hypersensitivity to retinol palmitate
itself has been described.!

6. Nelson M. Viamin A, liver consumpdon, and risk of birth defects. BMJS

MLWmemmmm
silicon,

1990; 301: 1176. and zinc.
7. Senders TAB. Vitamin A and pn'mncy. Lancet 1990; 336: 1375, DC: National Academy Press. 2001. Also available at hup://www.nap.
8. Royal College of and Gynasecologlsts. RCOG release: RCOG 2794 {accessed 21/07/08) -
mmmmmwmmq(m 3. Expert Group on Viramins and Minerals. Safe Upper Levels for viamins
l’lh Odnbu' tp:i and minerals (May 2003). Available at: http://www.food.gov.uk/
vitamis P in2003.pdf {(accessed 06/01/06)
(ooc:-ad 15/02/10)

9. Adverse Drug Reactions Advisory Committee (ADRAC). Vitamin A and
birth defects, Aust Adverse Drug React Bull 1996; 15: 14-15. Alsolnﬂlbh

Preparations

au burp:/iwww.iga.gov.. /asdr96) 1.bun
21/07/08) Propriefory Preparations {details are glvtn in Volume B)
Interactions Single-ingrodient Preparations. Arg.: A- Vitel, Adermicina A
Mama; Amenite A; Andriod Arovit; d A
Absorption of vitamin A from the g: | tract may | Bagovit A; Cazmar; Cutidermin Crema Humect. con Vitamina
be reduced by the presence of neomycin, colestyramine, or | At; D dan; Fiosen-A: bolite-A; Skind A; Austral.:
liquid paraffin. Ungvita; Bely.: Vitamuruine; Braz.: Amvlt. Lacrigel A: Retinar;

There is an increased risk of bypervitaminosis A if
vitamin A is given with synthetic retinoids such as acitretin,
isotretinoin, and tretinoin.

There is conflicting evidence regarding the effect of
vitamin A on the response to measles vacdne (see
p. 2399.3).

Pharmacokinetics

Vitamin A substances are readily absorbed from the
gastrointestinal tract but absorption may be reduced in the
p e of fat bsorption, low protein intake, or
impaired liver or pancreatic function. Vitamin A esters are
hydrolysed by pancreatic enzymes to retinol, which is then
absorbed and re-esterified. Some retinol is stored in the
liver. It is released from the liver bound to a spedfic a;-
globulin (retinol-binding protein) in the blood. The retinol
not stored in the liver undergoes glucuronide conjugation
and subsequent oxidation to retinal and retinoic acd; these
and other metabolites are excreted in urine and faeces.
Vitamin A does not readily diffuse across the placenta (but
see Pregnancy, above), but is present in breast milk.

1. Shelley WB, o ol t0 rednol injection. BMU
199%; 311: 232.
Overdosage. Although no dlinical manif of toxi- | Ref

city were seen in 3 boys who ingested large amounts of
vitamin A, their serum retinol concentrations continued
to rise over about 3 weeks, and took several months to
normalise; the authors cautioned that the use of chewable
vitamins resembling confectionery may increase the risk
of overdose in children.!

1. Lam HS, ef al. Ritk of vitamin A toxicry from candy-like chewsble

vitamin supplements for children. Pediatric 2006; 118: 8204,

Pregnancy. The fact that synthetic vitamin A derivatives
such as isotretinoin are teratogemic (p. 1709.3) has
prompted concern about the potential teratogenicity of
high doses of vitamin A.

A prospective cohort study found that a total daily intake
of vitamin A from all sources of greater than 15 000 units
during carly pregnancy was associated with a significandy
increased risk of birth defects of structures arising from the
cranial neural crest.! When vitamin A intake from
supplements was analysed separately, an apparent vitamin
A threshold dose for the development of birth defects of
10000 units daily was suggested. However, this study has
been citicised?? and some suggest the data allows for a

higher threshold dose.> A further study found no sigmﬁmnt .

difference in birth defect rates between [

1. D, et al. P dell of the plasma
concentration-time proﬂk of the vilamin retinyl paimitate following

i Drug Dispos 1990; 11: 689-700.

2. Reinersdorff DV, o o Masma kinetics of vitamin A in humans after a
single oral dose of {8,9,19-") retinyl palmitate. J Lipid Res 1996; 37:
1875-85.

3. Hamison EH, Hussain MM. Mechanisms involved in the

Canad.: Arginaxt; Arovitt; Theraplex AF: Vitapro A: Chile:
Avlunrr Bagovit A: Microret; China: Oculotect (#M): Cz.:

hthol; Denm.: A-vitamin: Fr.. A 313; A 313: Avibon;
Ger.: Augenschutz NA; Oculotecty; Solan-Mt; Vitafluid; Vita-
gel; Gr.: Avitan; Hung.: Oculotect: India: Arovit: Lipolotion:
Mixcarotin; Israel: Avipurt; Ital: Arovit: Euvitol; Vit-A-N;
Malaysia: Fairy ADE; Mex.: A Grint: Acon: Dermotin A: Micro-
ret; Microvitat; Palmyforte; Retigel-A; NZ: Dermalifet. Ungvi-
ta; Philipp.: Afaxin: Alici-A: Hypotears: Retimax; Pol.: Akso-
derm; Dermosavit; Dermovit A; Masc Ochronna z Witamina A:
Masc Witaminowa Ochronna; Port.: A-Vite: Vitaminoftalmina;
Rus.: Videstim (Buaecmin); Vita-POS (Bwra-TIOC); S.Afr.: Aro-
vitf; Spain: Auxina A Masiva; Biominol; Rinocusi V inico;
Rinovitex; Swed.: Arovitt; Switz.: Oculotect: Vita-POS; Thai.:
Cebrin-Fe; Turk.: Avicap; Avigen; Carovigen; UK: Biovir-A;
USA: Aquasol A; Palmitate-A+; Pedi-Vit-A; Retinol-A; Venez.:
Alfa-Mon; Retva.

Multi-ingredient Preparafions. Numerous preparations are listed
in Volume B.

Preparations

BP 2014: Paediauic Vitamins A, C and D Oral Drops;

BPC 1973: Vitamins A and D Capsules;

USP 36: Oil- and Water-soluble Vitamins Capsules; Oil- and
Water-soluble Vitamins Oral Solution: Oil- and Water-soluble
Vitamins Tablets; Oil- and Water-soluble Vitamins with Minerals
Capsules; Oil- and Water-soluble Vitamins with Minerals Oral
Solution; Oil- and Water-soluble Vitamins with Minerals Tablets;
Oil-soluble Vitamins Capsules; Oil-Soluble Vitamins Oral

digestion and absorpdion of dietary vitamin A, J Nuer 2001; 131: 1405-8.

Human Requirements

luti Oil-soluble Vitamins Tablets; Oil-Sotuble Vitamins
with Minerals Capsules; Oil-Soluble Vitamins with Minerals Oral
Solution; Oil-Soluble Vitamins with Minerals Tablets; Oleovita-
min A and D Capsules; Oleovitamin A and D; Vitamin A

Dietary vitamin A is derived from 2 sources, preformed
retinoids from animal sources such as liver, kidney, dairy
produce, and eggs (fish-liver oils are the most concentrated
natural source), and provitamin carotenoids which can be
obtained from many plants; the latter are converted to
retinol in the body but are less effectively utilised. Carotenes
(a. B, and y) are major sources and of these, B-carotene
(betacarotene—see p. 2051.1) has the highest vitamin A
activity and is the most pientiful in food. Variable amounts
of B-carotenes are found in carrots and dark green or yellow
vegetables. Red palm oil is a good source of a- and B-
carotenes.

UKu\dUSmnndeddiebrymh.InmeUKd:et-

greater than 8000 or 10 000 units of vitamin A daily in the
period around conception (as supplements and fortified
cereals) and those consuming less than 5000 units daily.*
After carlier case reports in the USA suggesting that large
doses of vnamm A (eqmvalent to about ten times the daily
rec d dietary e of 2250 units) taken in
eady pregnancy may cause birth defects, the UK Chief
1 Officer « against the use of vitamin
A supplements except under medical supervision.®
Additionally, advice was given that liver or liver products
should not be eaten because high concentrations of vitamin
A had been detected in some samples of animal liver.
However, others thought that the avoidance of liver or liver
products might result in inadequate nutrition in some and
that a less alarmist view might have been to suggest a
limitation on intake rather than total prohibition.%” The
Royal Callege of Obstetricians and Gynaecologlsts has
advised that high-dose vitamin A ion (more
than about 700 micrograms, or 2300 units daily) is not
recommended during pregnancy.® The Australian Adverse
in

e values (see p. 2046.1) have been published!
for vitamin A and similarly in the USA recommended diet-
ary allowances (RDAs) have been set.? Differing amounts
are recommended for infants and children of varying ages.
for adult males and females, and for pregnant and lactat-
ing women (but see Pregnancy, above). In the UK the
reference nutrient intake (RNI) for adult males and
fernales is 700 and 600micrograms retinol equivalents
(about 2330 and 2000 units) daily, respectively and the

d average requi (EAR) is 500 and 400 micr-
ograms retinol equivalents (about 1660 and 1330 units)
daily, respectively. This UK ! also highlighted the

Capsules; Vitamin A Oral Liquid Preparation; Vitamin A Tablets.

Vitamin B Substances

Vitamina B, grupo de la; Buramurn Fpynnu B.

The B vitamin group includes the B, substances (thiamine
and its derivadves), B; (riboflavin), B¢ (pyridoxine and
derivatives), and B,;(the cobalamins). In addition, nicotinic
acid and its derivatives (p. 2083.1) and folicadd (p. 2063.1)
are held to be part of the group, as is pantothenic add
(p- 2085.2), but these latter substances are not generally
referred to by their traditional B nomendlature.

Yitq_min B, Substances

Vitamina By; Buramunbi Tpyninia By, .

Acetiamine Hydrochloride iy

Acethramme Hydrochloride; “ Acetiamina, hidrocloruio’ de;
i Chiorhydrate d" Acetiamini- Hydrochloridurn;
Dlacgth amine Hydrachloride; Hldrodoruro de aceuamlna.

toxicity associated with large doses of vitamin A and
rec ded that regular intakes should not exceed 9mg
(30000 units) daily in adult men and 7500 micrograms
(25000 units) daily in adult women. (A later report’ was
unable to establish a safe upper level for vitamin A intake,
but considered that total intakes above 1500 micrograms
retinol equivalents daily might be inappropriate.) Figures
were also given in the earlier report for infants and chil-
dren who were said to be more sensitive to the effects of

Drug Reactions Advisory Committee has advised

this category to avoid vitamin A supplements and not to

exceed the rec ded daily all e of 2500 units

from all sources.”

1. Rothman KJ, et al. Teratogenicity of high vitamin A imake. N Engl J Med
1995; 333: [369-73.

2. Werier MM, o al. Teratogenidity of high vitamin A intake. N Sngl J Med
1996: 334 11956,

3. Watkins M, & «l. Teratogenicity of high vitamin A inwke. N BEngi J Med
1996; 334: 1196. .

4. Mills JL, et al. Vieamin A and birth defects, Am J Obstet Gynecol 1997; 177
31-6.

5. DoR. Wemen arutioned: watch your vitamin A intake. London: Department
of Health, 1990(18 October).

All cross-references refer to entries in Volume A

itamin A. These limits did not apply to therapeutic doses
of vitamin A used under medical supervision.! In
pregnancy the RNI is 700 micrograms retinol equivalents
(2330 units) daily and in i hers 950 microgr
(3160 units) daily. In the USA the RDA for adults is
900 micrograms daily for men and 700 micrograms daily
for women.? The tolerable upper intake level is 3 mg daily.
1. DaH. Dictary reference values for food energy and nutriems for the
United Kingdom: repon of the panei on dietary reference values of the

committee on medical of food policy. Report on heaith and swcel
subjects 41. London: HMSO, 1991.
2. Sunding ¢ b

on the
Intakes of the Food and Nutrition Board. Mry&ﬂrmﬂlnulﬂﬁ"

Tuapoxnopua, -

XY- 3-acetylthiopent- 2-en~2 yI)-N-(4-ammo-2-
; I ‘ldm-S ylmethyl)formarnide hydrochlunde
monohydrate .
CmHnNO.S.HCI H;0=4209 S
{CAS —299:89-8 (acetiarmine). :
UNII —WO24X5P395. .

Benfotiamine (i

Benfotlamina; Benfotiaminum; S-Benzoyithiamine O-Mano-
phosphate; Monofosfato de benzoiltiamina; exdotwamuH.
N-{4-Amino-2-meéthylpyrimidin-5-ylmethyl)-N-(2-ben-
myithiMdlhydroxyphosphmylony—meﬂ1y|bm-1-enyl)for—
“mamidé,

CszzN406P5—4564
CAS-— 22457-89-2.
ATC = ATIDAO3,

ATC Vet — QA11DA03,
UNI = Y920U/52H98.
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Bisbentiamine NN _
O—Benzoyimlamfne Dlsulph:de: Blsbentlamlna, Bist mlan-»-
num; bucbeHTvammun.
NN-{Dithiobis[2-2-benzoyloxyethyl)-1 -methylvmy[e e]]bls
[A-{4-amino-2- methylpynm»dln S—ylmethyl)formam

UNIE— MEZecAMis, | - .

Cocurboxylase (BAN, NN}

Cocarboxrlasa Cocarboxylase, Cocarboxylasum, Dipho—
sphothmmlne, Pyruvodehydrase; Thiamine Pyrophosphate;
Kokapbokcunaza. .. -

3+ (4~Ammo-2—memylpynmldin-s-ylmethyl)-s—ﬂ [dlhydroxy-
phosphlnyloxy(hydroxy)phosphnyloxy]ethyl}-4~methylth|a-
zolium hydroxide.

CiHxNOgP25: (hydroxide form)=4423 . .
CAS — 154-87-0° (cocarboxylase chlonde)
UNI — Q57971654Y ...;

Pharmacopoeias. Pol. includes the chloride.

Cycotiamine it

CCT; Cicotiamina;, Cyclocarbothlamnne; Cycotlammum,
UMKOTVBMMH .
N—(4—Am1no-2-methylpynm|dm—5-ylmemyn N-[l -(Z-oxo-1 3-
xath1an—4—yhdene)ethy|]formamlde .
Ci3HigNO,5=3084" .

CAS — 6092-18-8.

UNIl — FT8753F8RY.

Fursulﬁcmine [dNN}

Dlsulphlde TI'FD (Dypcynbmawn o

N-{4~Am|no—2—methy|pyrimldln-5-ylmethy|)—N [4—hydroxy 1-

methyi-2-(tetrahydrofurfuryldithio)but- l-enyﬂfonnamlde
Ci7HzN0y5=3985

CAS — 8(4-30-8.

UNIl — 05561265PX:

Od’ohammo INN)

Octonamma Octonammum, Oktotlamunl Oktouamnn TATD

Thioctothiamine; OKToTMaMuH.
-(3-Acetylth|0-7M0xycarbonylheptyldlth|o)-4»hydro-

xy-1-methylbut-1-enyl}-N- (4~ammo-2-methylpynm1dm -5+

yimethyf)formamide.

CoHeNaOsS=5447

CAS — 137-86-0. "

UNIl — UNTQ7096GA. ™

Prosultiamine /N

DTPT; Prosultlamma, Prosultiaminum; Thlarnme Propyi
Disulphide; NpocynbTuamux.
AH4-Amino-2-methylpyrimidin- S-ylmethyl)—N (4—hydroxy-1-
‘methyl-2-propyldithiobut- l—enyf)formamlde
CisHaMi025;=356.5

CAS — 59-58-5.

UNIf — BI32MM3XE3.

Sulbutiamine i
Bisibutamina; Bisibutiamine; CHsobutyryfthiamine Disul-
phide; Sulbutiaming; Sulbutiaminum; CynbGyTamnH.
NN'-{Dithiobis[2-(2-isobutyryloxyethyi)-1-methylvinylenel}
bis{N-{4-amino-2-methylpyrirmidin-5-ylmethyDformarmide).
CaaHagNs0s5,=7029 )
CAS — 328646-2.

ATC— ATIDAO2 , ..

ATC Vet ~ QATI1DAQ2.

UNIl — 2NCMIBWA3. .. - o o

Thiamine Hydrochloride panm. iy

Anetrine Hydrochlonde, Cloruro de tiamina; Hldrocloruro de
aneurina; Hidrocloruro de tiamina; Thiamin Hydrochloride;.
Thlammd\londhydrodmlond “Thiamine,. chlorhydrate - de:
Chlonde' Th;amnrrhydrochlond Thiamini Hydro—

fopup.
»-methylpynmndm- -ylmethyl) -(2-] hydro-
i hlamhum chloride hydrochlo ide

N N‘ -
‘CAS’ 59-43-8 (rh:ammg) 67—0 8 {tbtamlne hydrochlonde)
ATC — A11DAO].

ATC Vet — QATIDAQL.-.. -

Phanmcopoelas InChm Eur. (scep vn), Int., Jpn, US, and
Viet.

Thiamine hydrobromide is included in Int.

Ph. Bur, 8: (Thiamine Hydrochloride). A white or almost
white, crystalline powder or colourless crystals. Freely
soluble in water; slightly soluble in alcohol; soluble in
glycerol. A 2.5% solution in water has a pH of 2.7 to 3.3.
Store in nonmetallic containers. Protect from light.

USP 36: (Thiamine Hydrochloride). White crystals or
crystalline powder, usually having a slight, characteristic
odour. When exposed to air, the anhydrous product rapidly
absorbs about 4% of water. Soluble 1in 1 of water and 1 in
170 of alcohol; insoluble in ether and in benzene; soluble in
glycerol. pH of a 1% solution in water is between 2.7 and
3.4. Store in airtight containers. Protect from light.

Stability. Sterile thiamine hydrochloride solutions of pH 4
or less lose activity only very slowly but neutral or alka-
line solutions deteriorate rapidly, especially in contact
with air.

Thmmme Nitrate [BANM, iNNM)

Aneunne Mononltrate Mononmato de t;amlna, Nitrato de
-tiamina; Thiamine ,quonmate,,_]h:amme, Nitrate: de;’
Thiamini Nitras;. Thiaminnitrat;, Thiamin-nitrat; . Tiamiinini-
traatt; . Tiamina,. nitrato. de; : Taminnitrat; - Tiamin-nitdt
Tiamino nitratas; Tiaminy azotan, V'tamm B, Mononitrate;.
Tuamuta Hurpar,  --.-

'3-(4-Amino-2- methylpynmxdm~$-ylmethyl) -5-(2- hydro-
xyethyl)—4-methylth|azollum nitate.- . -

CisFyNsOS=3274
CAS == §32434,”
ATC — A1IDAOL.

ATC Vet — OAY 1DAG!,
UNII — BKOI04919X.

Pharmacopoeias. In Chin., Exr. (see p. vii), Int., Jpn, US, and
Viet.

Ph. Bur. 8: (Thiamipe Nitrate). A white or almost white,
crystalline powder or small, colourless arystals. Sparingly
soluble in water; freely soluble in boiling water; slightly
sotuble in alcohol and in methyl alcohol. A 2% solution in
water hasa pH of 6.8 10 7.6. Store in nonmetallic containers.
Protect from light.

USP 36: (Thiamine Mononitrate). White aystals or
crystalline powder, usually having a slight characteristic
odour. Soluble 1 in 44 of water; slightly soluble in alcohol;
very slightly soluble in chloroform. pH of a 2% solution in
water is between 6.0 and 7.5. Store in airtight containers.
Protect from light.

Uses and Adminisiration

Thiamine is a water-soluble vitamin, although some of its
derivatives have greater lipophilicity. It is an essental
coenzyme f{or carbohydrate metabolism in the form of the
diphosphate (thiamine pyrophosphate, cocarboxylase).
Thiamine deficiency develops when the dietary intake is
inadequate; severe deficiency leads to the development of a
syndrome known as beri-beri. Chronic ‘dry’ beri-beri is
characterised by peripheral neuropathy, musde wasting
and muscle weakness, and paralysis. Acute ‘wet’ beri-beri is
characterised by cardiac failure and oedema. Wernicke-
Korsakoff syndrome (demyelination of the CNS) may
develop in severe cases of thiamine deficiency notably in
association with chronic alcoholism. Severe thiamine
deficiency, characterised by lactic acidosis and neurological
deterioration, has been reported within a relativety short
time of starting thiamine-free total parenteral nutrition;
some deaths have occurred.

Thiamine is used in the treatment and prevention of
thiamine deficiency. It is given orally, the preferred route, or
il necessary by the intramuscular or intravenous routes (but
see Hypersensitivity, p. 2104.1); intravenous injections
should be given slowly over 30 minutes. In the treatment of
mild chronic thiamine deficiency usual oral doses of 10 to
S0mg daily, in single or divided doses, have been
recommended. In severe thiamine deficiency doses of up
to 300 mg daily are given, and even higher daily doses may
be used in Wernicke-Korsakoff syndrome by the intra-
venous route. For use in children see below.

Thiamine is usually given as either the hydrochloride or
nitrate salts although other salts such as the dicamsylate,
disulfide, monophosphate (monophosphothiamine) or
pyrophosphate (cocarboxylase) may be used.

Other compounds that possess vitamin B, activity and
may be given as alternatives to thiamine include
benfotiamine, cycotiamine, octotiamine, prosultiamine,
and sulbutiamine. Acetiamine, bisbentiamine, and fursul-
tiamine have also been used.

The symbol t denoies a preparation no longer actively marketed

Administration in children. Thi is licensed in the UK
for oral use in children from 3 years of age in the treat-
ment of deficlency; doses are similar 10 those in adults,
above. However, management of vitamin B deficiency in
children is usually with compound preparations also con-
taining riboflavin and nicotinamide. The BNFC recom-
mends the following oral doses of thiamine hydrochloride
by age, as part of such a compound preparation:

* 1 month to 1 year: 5 mg three times daily (treatment) or

once daily (prophylaxis)

e 110 12 years: 10mg three times daily (treatment), or

5 mg twice daily (prophylaxis)

e 121018 years: 10 to 15 mg three times daily (treatinent)
or 5mg three tmes daily (prophylaxis)

Thiamine may also be used in the management of centain

mitochondrial disorders. The BNFC recommends an oral

dose of 5mg/kg daily, adjusted as necessary, in neonates

and children up to 18 years of age with maple syrup urine

disease.

In the treatment of other metabolic disorders including
congenital lactic acidosis thiamine may be given orally or
by intravenous infusion over 30 minutes in the following
doses:

* upto 1 month: 50 to 200 mg daily, as a single daily dose
or in 2 to 3 divided doses, adjusted as necessary

« 1 month to 18 years: 100 to 300 mg daily, as a single dose
orin 2 to 3 divided doses, adjusted as necessary. Upto 2g
dajly may be necessary

Diabetes mellitus. Low plasma thiamine concentrations
have been found' in patients with type 1 and type 2 dia-
betes mellitus In a small placebo-controlled study, benfo-
tiamine 100mg given orally four times daily significantly
improved neuropathic pain in patients with diabetic poly-
neuropathy (see p. 8.2).2
1. Thomalley P1, e al. High prevalence of low plasma thiamine
concentration in diabetes linked 10 3 marker of vascular discase.
Diabetologia 2007; 502 2164-70.
2. Haupt E a al. Benlodamine in the treatment of diabetic polyneuro-
pathy--a three-week randomized, controlled pilot study (BEDIP Study).
Int J Clin Pharmacol Ther 2005; £3: 71-7.

Wernicke-Korsakoff syndrome. The Wemicke-Korsakoft
syndrome is a manifestation of thiamine deficiency seen
particularly in alcoholics, but which may accompany
other conditions including starvation or prolonged fasting,
or persistent vomiting. It was originally classified as two
scparate disorders, Wemicke’s encephalopathy and Kor-
sakoff's syndrome, but these are now thought to represent
aspects of a single pathological process. '

Classical Wernicke’s symptoms comprise confusxon
ataxia, ophthalmoplegia, and ny Ophthal legi
and ataxia may precede the mental symptoms by some days.
Hypothermia may be seen, and collapse and sudden death
may occur in some patients. The manifestatons of
Korsakoff's syndrome are short-term memory loss, learning
deficits, and confabulation. The conditions are associated
with demyelination and gliai proliferation, as well as
haemorrhagic lesions, mainly in the periventricular regions
of the brain; characteristic biochemical abnormalities
include raised serum-pyruvate concentration, which has
been postulated as a canse of encephalopathy.?

Early recognition and treatment is important, both
because of the risk of collapse and sudden death,* and to
prevent irreversible damage to the CNS.> Korsakoff
symptoms respond less well to treatment than those
associated with Wernicke's encephalopathy,® and may
indeed only become evident on treatment.

Treatment is with parenteral thiamine, preferably
intravenously, to ensure adequate absorption; any risks of
parenteral treatment are considered justifiable.!*>7% Low
dose parenteral therapy (100 to 250mg daily) may not
restore vitamin status or improve symptoms, and it is
generally agreed that higher doses are required.’” Although
the optimal treatment regimen for thiamine is not
established,” typical doses range from 500 to 750mg given
intravenously with other vitamins three times daily for at
least 2 days;® Up to 1 g thiamine per dose has been used.? If
there is a response, some recommend continued treatment
with 250 mg intravenously or intramuscularly once daily for
5 days or until there is no further improvement.> Response
varies according to the presenting condition, with ocular
symptoms responding more rapidly than confusion;
however, a noticeable improvement in delirium and acu(e
confusion is said to occur within 1 or 2 days in most cases.!
Cognitive unpalrmcm responds more slowly, if at all.®
Prophylactic thiamine is considered priate in patients
at high risk of deficiency such as those undergoing alcohol
withdrawal and with signs of malnutridon; an intramus-
cular or intravenous dose of 250mg once daily for 3 to 5
days has been used.'3# In lower risk patients with mild
deficiency, an oral dose of thiamine 200 mg daily, given
with other B vitamins, is often used.’ Even several months
after the onset of symptoms, treatment with high doses of
thiamine has occasionally resulted in recovery.'® The effects
of the syndrome on memory are much harder to reverse.
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9. DayE, et al. Thiamine for Wernicke-Korsakoff syndrome in people at risk
from alcohol abuse. Available in The Cochrane Dauabase of Sysiematic
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Adverse Effects and Precautions

Adverse effects with thiamine are rare, but hypersensitivity
reactions have occurred, mainly after parenteral doses.
These reactions have ranged in severity from very mild to,
very rarely, fatal anaphylactic shock (see below).

Breast feeding. Supplementation did not signiﬁcandy‘

affect thiamine concentration in breast milk of healthy,
well-nourished women when compared with those not
given thiamine; the authors supposed that absorptive
capacity of the mammary gland may be saturable.! Based
on this, the American Academy of Pediatrics considers its
use to be usually compatible with breast feeding.?

1. Nail PA, et al. The effect of thiamin and riboflavin supplementuaton on
the Jevel of those vitamins in human breast mifk and urine. Am J Clin
Nutr 1980; 33: 198-204.

2. Amer demy of ¥ The tansfer of drugs and other
chemjcals into human milk. Pediatrics 2001; 108: 776-89. [Retired May
2010] Correction. Mw 1029. Also available av hnp:lluppolky

bl di %3b108/3/776

09/01/06)

Hypersensitivity. The UK CSM had received, between
1970 and July 1988, 90 reports of adverse reactions asso-
clated with the use of an injection containing high doses
of vitamins B and C. The most frequent reactions were
anaphylaxis (41 cases, induding 2 fatalities), dyspnoea or
bronchospasm (13 cases), and rash or flushing (22 cases);
78 of the reactions occurred during, or shortly after, intra-
venous injection and the other 12 after inwramuscular
injection.! They recommended that parenteral treatment
be used only when essential, and that, when given, facil-
ities for treating anaphylaxis should be available. They
also recommended that, when the intravenous route was

used, the injection be given slowly (over 10 mi )

Thiamine requirements are directly related to the carbohy-
drate intake and the metabolic rate. A daily dietary intake of
about 0.9 10 1.5 mg of thiamine is recommended for healthy
men and about 0.8 to 1.1 mg for healthy women. Cereals,
nuts, peas, beans, yeast, and pork are rich sources of
thiamine. Some other meats especially liver or kidneys, and
also fish, contain significant amounts. Flour and bakery
products are often enriched with thiamine. Considerable
losses of thiamine may resuit from cooking processes.

UK and US recommended dietary inftake. In the UK diet-
ary reference values (see p. 2046.1) have been published
for thiamine! and similarly in the USA recommended diet-
ary allowances (RDAs) have been set.? In the UK for adult
males and fernales the reference nutrient intake (RNI) is
400 micrograms per 1000kcal daily and the estimated
average requirement (EAR) is 300migograms per
1000kcal daily. In the USA an RDA of 1.2mg daily in
adult males and 1.1 mg daily in females is recommended.

i. DoH. Dietary reference values for food energy and autrients for the
United Kingdom: report of the panel on dictary reference values of the
committee on medical aspects of food policy. Report o9 heaith and social
subjects 41. London: EMSO, 1991. .

2. Sunding G om the SA of Dictary
Intakes of the Food and Nuuition Board. hﬂuysznmclnl-h/pr
thiamin, riboflavin, niacin, vitamin By folaw, vitamin 3,; paniotheuc acd,
bictin, and choline. Washingion, DC: Natonal Aademy Press. 2000. Also
available a0 hup://www.nap.

(accessed 21/07/08)

Preparations
Proprielary Preparations (details are given in Volume B)

Tiavit Austral.:

Austria: B $: i; Belg.: Benerva; Beta-
mine; Braz.: Acesyl: Arcalion; Benerva; Beneum; Beum: Fonti;
Nervamin; Nerven; Neurivit; Vitaum; Canad.: Betaxin; Thiami-
ject; Chile: Arcalion; China: Bai Pu Li (H&%); Qi Cun (F %)
Xin Yuan Da (fk#iX); Cz: Benfogamma; Thiabene; Denm.:
BiOrto B); Fin.: Neuram.m, Fr Arcalion: Benerva; Bevitine;
Ger.: Bl-A di ; Mil, mono; Mil,

Various authors®® have noted that parenteral treaunent is
essential for the prophylaxis and treatinent of Wernicke’s
encephalopathy (see p. 2103.3). However, further reports
of anaphylaxis to parenteral thiamine have since been
described,** including one with a fatal outcome.¢

1. CSM. Parentrovite & aliergic reactions. Qavent Problems 24 1989. Also

k irell B,; Gr.: Armhon. Benerva; Hong Kong: Aneu-
btonf Arcalion; Bevitt; Neo-Active Vit B- lf Super Bl; Hung
Benfogamma; Beres Bl; Indis: Arcali
Berin; Indom.: Alinamin; Arcalion; Beston; L\cobevit: Ital.:
Benenn. Dobeun Vitamina Bl J;m Alinamin-F; Neuvita;

; Mex.: Arcalion; Benal; Benerva; Carzilasa;
Fortical; MTX-2 Alf: X-2; Philipp.: Arcalion; Drexabion; Hybu-
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7.8-Dimethyi- 10—(1’-D—rib|tyl)lsoalloxazme
‘dimethyl-10-{o-ribo-2.3; 4.S-tetmhyd roxy
dine-24-dione.* .
CuHmNDs,'375Q .
CAS — 83-88-5.

ATC — Al THAO4. .
ATC Vet.— QAT1HAO4.
UNil — TUM29760FR.

Phonmcopoelus. In Chin., Eur. (see p. vii), Int., Jpn, US. and
Viet.

Ph. Eur. 8: (Riboflavin). A yellow or orange-yellow
crystalline powder. It exhibits polymorphism. Very slighdy
soluble in water: practically insoluble in alcohol. Store in
airtight containers. Protect from light. Solutions deteriorate
on exposure 1o light, especially in the presence of alkali.
USP 36: (Riboflavin). A yellow 10 orange-yellow arystalline
powder, having a slight odour. When dry, it is not
appreciably affected by diffused light, but in solution light
induces quite rapid deterioration, especially in the presence
of alkalis. Very slightly solublie in water, in alcohol, and in
isotonic sodium chloride solution; insoluble in chloroform
and in ether; soluble in dilute solutions of alkalis. Its
saturated solution in water is neutral to litmus. Store in
airtight containers. Protect from light.

Riboflavin Sodium Phosphate anm, i

Fosfato sédico de nboﬂavma Natrii Riboﬂawm Phosphas:
-Riboflaviininatriumfosfaarti; Riboflavin fosfst sodna su;
Riboflavin 5’-Phosphate Sodium; Riboflavina, fosfato sodico
de; Riboflavine,  Phosphate Sodique de; Riboflavine
Phosphate (Sodium Salt); Riboflavine Sodium Phosphate;
Riboflavin-foszfat-natrium; Riboflavini nauil phosphas; Ribo-
flavinnatriumfosfat; Riboflavino natrio- fosfatas; Riboflavin-
phosphat-Natrium; V'tamln Bz Phosphate, Ha'rpnﬁ PuGo-
¢nasuHa Docdar. . .

The sodium salt of nboﬂawn 5’~phosphate
Ci7HzNN2OyP=4783

CAS. — 13040-5.- - .

UNIf — 20RD1DZH9S.

Phanmoopoelas In Eur. (see p. vn) and Jpn.

Chin. and US specify the dihydrate salt.

Ph. Bur. 8: (Riboflavin Sodium Phosphate). A yellow or
orange-yellow, hygroscopic, crystalline powder. Soluble in
water; very slighty soluble in alcohol. A 1% solution in
water has a pH of 5.0 to 6.5. Store in“airtight containers.
Protect from light.

USP 36: (Ribofl )- A fine, orange-
yellow, hygroscoplc, crysmllme powder, having a slight
odour. When dry, it is not affected by diffused light, but
when in solution light induces rapid deterioration.
in water. pH of a 1% solution in water is

vin 5'-Ph h Cadi

sly
between 5.0 and 6.5. Store in airtight containers. Protect

Uses and Administration

available ac hup:/s mhra.gov. EL_ | un; Jaga; Lixtress; Meganerv; Nervafil; Nervilan; Neuro-B's;
ms‘?ﬂm’l’ﬁ&’l‘gm" hodelatesiRe: | Ny robexal; Neurobion; ink: Polynerv: Sparingly solubl
leased faccessed ) v A [ i

2 Wrenn KD, Slovis CM. Is intraverions thiamine safe? Aw J Emery Med Pol.: Port.: T
1992; 10z 165. vhamdnf. Rus: B from light.

3, Thomson AD, Cook CCH. th P Vv (Bln-n-nm), Singapovr Arcalion;
encephalopathy: the balance of risks and concerns. Abl-l Abhl Spdn lion; Benerva; H Benervﬂ- Beta-
1997; 32: 207-9, biont: Switz.: Arcalio en : Thai. "

4. Van Haecke P, g al. ﬂ!ilmm!-mdncndml}tyhdcmulma, 1 ) {‘JLLB . i wml 10; n‘,{

Med 1995; 13: 371-2.

5. V, et ol (viamin BI).
Schweiz Med Wochenschr 1998; lll: 1743-4.
6. Johi S, eral from h Jong ?

Am J Bmerg Med 2000; 18: 642-3.

Porphyria. The Drug Database for Acute Porphyria, com-

piled by the Norwegian Porphyria Centre (NAPOS) and

the Porphyria Centre Sweden, classifies thiamine as not

porphyrinogenic; it may be used as a drug of first choice

and no precautions are needed. Benfotiamine and sulbu-

tiamine are not dassified.’

1. The Drug for Acute F

drugs-porphyria.org {(accessed 07110111)

Pharmacokinetics

Small amounts of thiamine are well absorbed from the
gastrointestinal ract after oral doses, but the absorption of
doses larger than about 5mg is limited. It is also rapidly
absorbed on intramuscular injection. It is widely distributed
to most body tissues, and appears in breast milk. Within the
cell, thiamine is mostly present as the  diphosph

at hup:

Arcalion: Bevigen; UAE: Thiavit; UK: Benerva; Tyvera; Ukr.:
Benfogamma (Bendoramua); Enerion {Imepuon); Vemez.: Arca-
lion; Beplus.

f-ingredient Prep prep are listed
in Volume B.
Used as an adjundt in:. Indon.: Nuiadoxin.
Homosopathic Preparations. Ger.: Infi-Symphytum.
Preparalions
BP 2014: Thi jjection; Thi Tablets; Vi Band

C Injecrion;
BPC 1973: Compound Vitamin B Tablets: Strong Compound
Vitamin B Tablets;

USP 36: Oil- and Water-soluble Vitamins Capsules; 0Oil- and
‘Water-soluble Vitamins Oral Solution; Oil- and Water-soluble
Vitamins Tablets; Oil- and Water-soluble Vitamins with Minerals
Capsules; Ofl- and Water-soluble Vitamins with Minerals Oral
Solution; Oil- and Water-soluble Vicamins with Minerals Tablets;

Thiamine is not stored to any appredable extentin the body
and amounts in excess of the body’s requirements are
excreted in the urine unchanged or as metabolites.

All cross-references refer to entries in Volume A

Th Hydrochloride Elixir: Thi Hydrochloride Injec-
tion; T Hydrochloride Tablets; Thiamine M

Elixir; W tuble Vitamins Capsul Walzr soluble Vitamins
Tablets; Water-soluble V with Capsules; Water-

soluble Vitamnins with Minerals Tablets.

Riboflavin, a water-soluble vitamin, is essential for the
utilisation of energy from food. The active, phosphorylated
forms, flavine mononucleotide (FMN) and flavine adenine
dinucleotide (FAD), are involved as coenzymes in
oxidative/reductive bolic reactions. Riboflavin is also
necessary for the functioning of pyridoxine and nicotinic
acid.

Riboflavin deficiency develops when the dietary intake is
inadequate. Deficiency leads to the development of a well-
defined syndrome known as ariboflavinesis, characterised
by cheilosis, angular stomatitls, glossitis, keratitis, surface
lesions of the genitalia, and seborrhoeic dermatitis. There
may also be normocytic anaemia and ocular symptoms
including itching and burning of the cyes, and corneal
vascularisation. Some of these symptoms may, in fact, be
due to other vitamins such as pyridoxine or nicotinic acd
which do not function correctly in the absence of riboflavin.
Riboflavin deficency may also occur with other vitamin B-
complex deficiency states such as pellagra.

Riboflavin is used in the treatment and prevention of
riboflavin deficiency. It is By given in oral doses of 1 or
21mg for prophylaxis; up to 30mg daily in divided doses is
used for treatment. For administration in children see
p. 2105.1. Riboflavin, as the sodium phosphate, is also a
comp of i ular or intravenous vitamins B and




Vitamin B, Substances/Vitamin B, Substances 2105

C injections; riboflavin sodium phosphate 1.27g is
equivalent to about 1g of riboflavin.

Riboflavin tetrabutyrate has also been used.

Riboflavin is also used as a colouring agent for food.

Adminisiration in children. In the UK, management of

vitamin B deficiency in children is usually with com-

pound preparations also contalning thiamine and nicotin-

amide. The BNFC recommends the following oral doses of

riboflavin by age, as part of such a compound preparadon:

o 1 month to ] year: 2 mg three times daily (treatment) or
once daily {prophylaxis)

o 1to 12 years: 4 mg three times daily (treatment), or 2mg
twice daily (prophylaxis)

o 1210 18 years: 4 to ¢ mg three times daily {treatment) or
2mg three times daily {(prophylaxis)

Riboflavin may also be used in the management of certain

metabolic disorders. The BNFC recommends the

following oral doses:

e up to 1 month: 50mg once or wice daily, adjuned
according to response

« 1 month to 18 years: 50 to 100 mg once or twice daily,
adjusted according to response; up to 400 mg daily has
been given

See also Glutaric Aciduria, below.

Glutaric aciduria. Milder forms of glutaric aciduria type II
(p. 1559.2) may respond . to.riboflavin.! Treatment with
riboflavin 50 mg daily resulted in progressive improvement
in a 4-year-old boy, with full recovery after 1 year. His
- brother, who had sustained:permanent brain damage after
epileptic seizures, showed moderate clinical improvement
with riboflavin therapy.? In an adult patient with a history
" of recurrent pancreatitis and exercise intolerance, treat-
ment with riboflavin 120mg daily and levocamnitine
resulted in no further episodes, although abnormal con-
centrations of amino acids were still apparent in her
urine.?
L N, et al. P
Clin Biol Res 1990; 321: 477-94.
2. Uzel G. e al. Ribollavin-responsive glutaric aciduria type I presenting as
a leukodystrophy. Pediatr Neurol 1995; 13: 333-5,
3. Liang W-C. & ¢l. Riboflavin-responsive glutaric adduria type I with
recurrent pancreatitis. Pediatr Newro! 2004: 31: 218~21.

glutaric aciduria type 1L Prog

Migraine. Results from open studies'? and a placebo-con-
trolled trial® have suggested that riboflavin in high doses
(400 mg daily) might be of some benefit in the prophylaxis
of migraine attacks (p. 670.3). However, a controlled
study in children found it to be no more effective than
placebo.*

1. Schoenen J, a ol High-dose flavi: a of

migraine: results of an open pilot study. Cephalalgia 1994; 14 328-9.

2. Boehnke C. o al High-dose ribofavin trearment is efficacious in

migraine prophylaxis: an open siudy in a tertiary care centre. Eur J
Neurol 2004; 11: 475-7.

3. sdnmm J rl al Eﬂmfvmcs of high-dose riboflavin in migraine
tria). Neurology 1998: 30: 466-70.
4. Maclennan SC. et al. High-dose riboflavin for migraine prophylaxis in

children: a double-blind, randomized, placebe-controfled trial. J Child
Neurof 2008; 23: 1300-4.

Adverse Effects and Precautions

Large doses of riboflavin result in a bright yellow
discoloration of the urine that may interfere with certain
laboratory tests.

Breast feeding. Supplementation significantly increased
riboflavin concentration in the breast milk of women com-
pared with those not given riboflavin. Significant differ-

ences between the two groups decreased over the period !

from 1 to 6 weeks postpartum; both groups of women had

breast milk concentrations above previously reported nor- |

i Essliver Forte

excreted unchanged. Riboflavin crosses the placenta and is
distributed into breast milk.

Human Requirements

The riboflavin requirement is often related to the energy
intake but it appears to be more closely related to resting
metabolic requirements. A daily dietary intake of about 1.1
to 1.8 mg of riboflavin is recommended. Liver, kidney, fish,
eggs, milk, cheese, yeast, and some green vegetables such as
broceoli and spinach are the richest sources of riboflavin. In
general, little loss of riboflavin occurs during cooking, but
considerable losses may occur if foods, espedcially milk, are
exposed to sunlight.

UK and US recommended dietary infake. In the UK diet-
ary reference values (see p. 2046.1) have been published
for riboflavin! and similarly in the USA recommended
dietary allowances (RDAs) have been set? Differing
amounts are recommended for infants and children of
varying ages, for adult males and females of varying ages,
and for pregnant and lactating women; the differences
between age groups are intended to reflect the changes in
caloric intakes at these ages. In the UK the reference
nutrient intake (RNT) is 1.3mg daily and 1.1 mg daily for
adult males and females respectively; the estimated aver-
age requirement (EAR) is 1.0 mg daily and 900 micrograms
daily respectively. In the USA the RDAs for adult males
and females are 1.3 and 1.1 mg daily respectively.

1. DoH. Dietary reference values for food energy and nuutients for the
United Kingdom: report of the panel on dictary reference vaiues of the
commirtee on medical aspects of food policy. Reporf on health and social
subjects 41. London: HIMSO, 1991,

2. Sunding on the of Dietary
Intakes of the Food and Nuuition Board. Dietary Reference Intakes for
driamin, riboflavin, miacin, vitamin By, folate, vicamin B, pantothenic acd,
biotin, and choline. Washington, DC: NauanalAademmes. 2000. Mso
avajlable au  hup://www nap.ed:
(accessed 21/07/08)

Preparations
Proprietary Preparations (details arc given in Volume B}

Single-ingredient Preparations. Belg.: Berivine; Ribon; China:
Liluokang (F[$3/); Fr.. Befl ; Ger.: B2-ASmedic Honmg
Kong: FAD Ophthalmic Soln; Hibon: Ribovitt; Super B2t;
India: Lipabol; Indon.: Alinamin; Israel: UV-X-Ribo-Dextran;
Thai.: Biovit B2; Boflavin; Flavin; Tebovin; Vitabee-2-25; USA:
B,-400; Cyto B2.

Multi-ingredient Preparations. Arg.: Anemidox: Cistidac Gote-
borg; Loaherp " do: Austral: Antioxid:
Forte Tabletsy; A.nﬂox:dam Tablewf, Bilberry Plus Eye Healtht;
Extralife Bye-Caret; Methyl Transfer; PM Bye Tonic PM
1QShield; Braz.: Apevinat BC; Frutoplex: Frutovena: Organo-
neuro Optico; Pre-Mens; Chile: Becomplina Fuertet; Benutrex
10001; Rodepan; China: Kai Yu ($if); Norpin A (/5F); Cz:
Caldum Pharmavit; Fr.: Lero Pervulane; Ger.: Floradix Bisen-
Folsaure; Floradix Krauterblutt; Gr.. Arkadin; Lentamine;
Hong Kong: PM Eye Tonict; India: Aglozyme; Altrazyme: Ami-
norich; Aneudox-12; Atpro; Carbo Plus; Folnet; Folvina; Gin-
koriv Plus; HB-Norm: Hepa-Merzf Hepawin; Idlglobm, Ipreg:
Livosil-B; Lomit; ; Orni-
pan; Indon.: Combiplex. Dansera Dulac; Matase My Caps:
nutrivision; Oculex; Oculex; Reticopen; Retop; Tonikum Bayer:
Vitanox: Vitop: Yeastafort; Irl.: Quiet Life; Ital.: Facovit; Fosfor-
flasi; Jpm: Neurovitan; Malaysia: P-Trovite; Mex.: Pangavn
Pediatrico; Philipp.: Fer-E: : F fer; Godex; Y
Hemovin; Heralink: Mitocore; Mitonerb; Mivex; Nakaron; PoL
Biovision; Rus.: Corylip (K ); Cyroflavin {Lixrod
{3ccnnsep d>op1'e) Multi-Tabs B-Complex
(Mymm-Tch B-Ki Al F. Beafort:
E

mal values, and the authors concluded that suppl -
well-nourished ;

tion was not necessary in heailthy,
women.! The American Academy of Pediamrics considers
the use of riboflavin to be usually compatible with breast
feeding.?

1. MNail PA, et al. The effect of thiamin and

plex; Gin-Vita; Nutrivision{; Spain: Aftasone B
Ct: Thm.; Alinamin-F; B-100 Complex; Neuviplex: Polyviu
Vita-Cal Turk.: Neuvitan; UK: Pilfood: Quiet Life; Se-Power;
Ukr.. B-Complex Multi-Tabs (B-Kommnexc Mymsm-Tabc)t;
Cytoflavin (Llurodmasus); Decamevit ([examesut); Penules
(Gewomc)t; Fitoval Capsules (®urosan xancyms); Hepadif

the level of those vitamins in human breast milk and urine. Am J Clbl
Nwtr 1980; 33: 198~204.

2. American Academy of Pediatrics. The transfer of drugs and other
chemicals into bumen milk. Pediatrics 2001; 108: 776-89. [Retired May
2010] Correcuon. ibid; 1029. Also available at http://sappolicy.

fcgil Hull/ped! %3b108/3/776 (accessed

09/01/06)

Pharmacokinetics

Riboflavin is readily absorbed from the gastrointestinal wact.
Although riboflavin is widely distributed to body tissues
little is stored in the body.

Riboflavin is converted in the body to the coenzyme
flavine mononudeotide (EMN; riboflavin 5-phosphate)
and then to another coenzyme flavine adenine dinudeotide
(PAD). About 60% of FMN and FAD are bound 10 plasma
proteins. Riboflavin is excreted in urine, partly as
metabolites. As the dose increases, larger amounts are

{F¢ ¢); Hepaforte (T‘ tpop Levasil (JI ; Neiron
(Hei posHTal); Virum Foreyes Forne
(Brrpyu oopm oopm). Vitrum Memory (Butpym Mesopn);
USA: L-Methyl-MC; REQ49+.

Pharmacoposial Preparations

BP 2014: Vitamins B and C Injection;

BPC 1973: Compound Vitamin B Tablets; Strong Compound
Vitamin B Tablets;

USP 36: Oil- and Water-soluble Vitamins Capsules; Oil- and
Water-soluble Vitamins Oral Solution; Oil- and Water-soluble
Vitamins Tablets; Oil- and Water-soluble Vitamins with Minerals
Capsules; Oil- and Water-soluble Vitamins with Minerals Oral
Solution; Oil- and Water-soluble Vitamins with Minerals Tablets;
Riboflavin Injection; Riboflavin Tablets; Water-soluble Vitamins
[of 1 Water-soluble v Tablets; Water-soluble
Vitamins with Minerals Capsules; Water-soluble Vitamins with
Minerals Tablets.

The symbol 1 denotes a preparation no longer actively marketed

V'iamm Bs Substances
Bm‘amvmu rpynnu Bi -tz

Vitamin B, is usually available as pyridoxine but the term is
also used to refer to the related compounds, pyridoxal and
pyridoxamine.

Metadoxine

3G

R

'I-S-oxopyrrolldme-Z-drboxyIate
NO-CHyNO;=2983 . 7,

Pyridoxal Phosphate

Codecarboxylase MC-; Pmdoxal fosfato’ de; Pyndoxal 54
Phosphate, Mupwnoxcansdocdar.

FOXy-5- hydroxymethyl~2-merhylpyndme~4‘carboxal-
‘dehyde 5'-phosphate.

CgHmNO&P—247I ’

CAS = 54-47-7.

ATC — A1THADS.

ATC Vet — QATTHADS.

UNIl — 5V510/8338 (pyridoxal phosphate monohydra(e)
FOGSGE49M6 (pyridoxal phosphate).

Pyridoxamine Hydrochloride

*Piridoxamina, hidrocloruro-de; Pyridoxamine Dlhydrochlor—
ide; NpuaokcamnHa l‘unpoxnopm ’

‘4-Aminomethyl- 5-hydro
hydrachioride. = - © 7
CeHuN;O;,ZHCl-ZM T

ethyl 3 pyndlnemethanol

Pyridoxine Hydrochlonde BANM, ANNM

Adermlne Hydrochlonde, Hidrodoruro “de. adermma
Hidrocloruro de piridoxina;. Piridoksin Hidroklordr; Piridoksi-:
no. hidrochloridas; Piridossina Cloridrato;. Piridoxina, hidro-
cloruro de; Piridoxin-hidroklorid; Pirydoksyny chlorowodor-
ek, Pyridoksiinihydrokloridi; Pyridoxine,” Chlorhydrate de;
Pyridoxinhydrochlorid; Pyridoxin-hydrochlorid; Pyridoxinhy-
droklorid; Pyridoxini hydrochleridurn; Pyridoxinii Chioridum;
Pyridoxinium Chloride; Pyridoxol Hydrochloride; Vitamin Bg
Vitamina Bg MupuaokcuKa Mgpoxiopua. -
3-Hydroxy-4.54 bus(hydroxymethyl) 2-picoline hydrochlonde
CgHuNO3HCI=2056

CAS — 65 236 “(pyridoxine); 58 56-0 (pyndoxme hydro~
chioride). "

ATC — AT1HAD2.

ATC Ver — QA1 THAO2.

UNIl — 68Y4CF588Y.

Pharmacopoeias. In Chin., Eur. (seep vu) Int., Jpn, us, and
Vier.

Ph. Eur. 8: {Pyridoxine Hydrochloride). A white or almost
white, crystalline powder. Freely soluble in water; slightly
soluble in alcohol. A 5% solution in water hasapH of 2.4 to
3.0. Protect from light.

USP 36: (Pyridoxine Hydrochloride). White or practically
white crystals or crystalline powder. Soluble 1 in 5 of water
and 1 in 115 of alcohol: insoluble in ether. Its solutions in
water have a pH of about 3. Store in airtight containers.
Protect from light.

Uses and Administration

Pyridoxine, a water-soluble vitamin, is involved mainly in
amino acid metabolism, but is also involved in carbohydrate
and fat bolism. It is also d for the formation of
haemoglobin.

Deficiency of pyridoxine is rare in humans because of its
widespread distribution in foods. Pyridoxine deficiency may
however be drug-induced and can occur, for instance,
during isoniazid therapy. Inadequate utilisation of pyrid-
oxine may result from certain inborn errors of metabolism.
Pyridoxine deficiency may lead to anaemia, dermatitis,
cheilosis, and neurological symptoms such as peripheral
neuritis, and convuisions.

Pyridoxine is used in the treatment and prevention of
pyridoxine deficiency states. It is usually given orally, the
preferred route, but may also be given by the subcutaneous,
intramuscular, or intravenous routes. Doses of pyridoxine
hydrochioride up to 150mg daily are used in general
deficiency states; higher doses of up to 400 mg daily are used
in the treatment of sideroblastic anaemias (see p. 2106.1);
and similar high doses have been used to wreat’ certain
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metabolic disorders such as homocystinuria (se¢e Amino
Acid Mectabolic Disorders, below) or primary hyperoxaluria
(below). Pyridoxine has also been used to treat seizures due
to hereditary syndromes of pyridoxine deficdency or
dependency in infants.

Pyridoxine has also been tried in the treatment of many
other disorders, induding depression and other symp
associated with the premenstrual syndrome (see below) and
the use of oral contraceptives, although its efficacy has been
questioned. Pyridoxine hydrochloride is used, as a
modified-release combination preparation with doxylamine
succinate, in the management of nausea and vomiting of
carly pregnancy; see under Doxylamine Succinate, p. 627.3,
for details of doses.

Pyridoxine is usually given as the hydrochloride
although other salts such as the dtrate, oxoglurate,
phosphate, and phosphoserinate, have also been used.
Metadoxine, the pidolate, has been investigated in
alcoholism (see below).

For the use of pyridoxine in the prophylaxis of isoniazid-
induced peripheral neuritis and for the treatment of acute
isoniazid toxicity, see Treatment of Adverse Effects, under
Isoniazid, p. 312.3.

Pyridoxal phosphate may be used to treat vitamin B
deficiency. Pyridoxamine has also been given.

Reviews.
1. Bender DA. Non-nutritional uses of vitamin By, Br J Nutr 1999; B1: 7-20.
2. Lheureux P. ef al. Pyridoxine in clinical taxicology: a review. Eur J Emery
Med 2005; 12: 78-85.

Administrafion in children. For doses of pyridoxine i in the
of child with ino acid
disorders and pyridoxine-dependent seizures see
below.
Pyridoxine may aiso be used to treat or prevent
isoniazid-induced neuropathy. For doses in children see
Treatment of Adverse Effects, under Isoniazid, p. 312.3.

Alcoholism and akohol poisoning. Pyrid and its
pidolate, known as meudonne. have bcen tried in the
treatment of alcohol and alcoholism.! One
study showed pyndoxine t0 be ineffective in acute alcohol
poisoning? but another® suggested that the pidolate might
be of benefit as an adj in the of alcohol
withdrawal (p. 1734.1). In patients treated for alcoholic
fatty liver, liver function returned to normal more quickly

Ao

with ine, even in who did not completely
abstain from alcohol.
L Gad in the of acute and chronic
areview. IntJ Pharmaco! 2003; 16: 207-14.

2. Mardel S, ot al. Intravenous pyridoxine in acute cthanol intoxication.
Hum Exp Toxieol 1994; 13: 321-3. -

3. Rizz0 A, o al. Uso della nell'alcol cronico:
sudio dinico in doppio deco su paziend ricoverad in un reparto di
medicdna generale. Qin Ter 1993; 142: 243-30.

4. Caballeria J, et al Metadoxine accelerates fatty liver fecovery in
alcoholic: results of a randomized double-blind, placcbo-control
trial. J Hepatol 1998; 28: 54-60.

Amino acd meiabolic disorders. Pyrid

has been

with pyrid doses have ranged from 50

o 300mg daily for 12 weeks; a review conduded that

treatment should be stopped if there is no apparent
response after this period.> -

1. Lewis PJ, Pyridoxine supplements may help patents with carpal tunnel

BMJ 1995; 310: 1534.

Z. O’Connor D, ¢f al. Non-surgical treaument {other than sueroid injection)

for carpal nnel syndrome. Availsble in The Cochrane Database of

Systematic Reviews: Issue 1. Chichester: John Wiley: 2003 (accessed

09/01/06).

3. Aufiero B, o al. Py hydrochl of carpal nunnel
syndmn:nzvltwnurmma 62: 96-104,

Epilepsy. Pyridoxine-depend I

recessive disorder assodated with decreased oemml v-ami
nobutyric add (GABA) concentrations and elevated cere-
bral glutamate conccmranons Untreated pauents suffer
from Pprogr [ 7s mental and
intractable epilepsy; Melong supplememanon with pyrid-
oxine can control epileptic symptoms but mental retarda-
tion may still develop. An epidemiological study’ defined
cases as those children with recurrent seizures that ceased
within 7 days of oral pyridoxine at a usual dose of
30 mg/kg daily (minimum dose 15 mg/kg daily; maximum
dose 1g/kg daily), or within 30 minutes of intravenous
pyridoxine (usual dose 100mg minimum dose 50mg).
that recurred when suppl ion was withdrawn, and
ceased again upon dosage as before The study found that,
despite their rarity, pyri fre-
quently present atypically, and the “author suggested that
pyridoxine be given to all children with intractable sei-
zures beginning before 3 years of age, induding neonates
with suspected hypoxic-ischaemic encephalopathy.

Test doses of pyridoxine intravenously, repeated at
intervals of 10 minutes up to a total of 500 mg if necessary,
have been suggested in the diagnosis of pyridoxine-
dependent epilepsy; if the patient responds then a daily oral
dose of 5Smgrkg is suggested although there is no real
[: on the appropriate dosage.? The BNFC suggests an
intravenous test dose of 50 to 100 mg: in those who respond.
oral doses of 50 to 100 mg once daily in neonates or 20 to
50 mg once or twice daily in older children (in whom up to
30 mg/kg or | g daily has been used), are suggested, adjusted
as required. Alternatively, in patients with recurrent
seizures refractory to conventional anticonvulsant therapy,
oral pyridoxine supplementation of 15 mg/kg daily should
lead to resolution of clinical seizures within a week in those
with the condition; however, in some patients the daily dose
required may be lower.?

2. Wyatt XM, « «l. Bfficacy of viamin B-6 in the reaunent ol premenstru: |
syndrome: systematic revicw, lll.ll”‘)' 318 1375-81.

3. Severino SK, Moline ML. aci
management. Drugs 1995; 49: 71-82.

Primary hyperaxaluria. Primary hyperoxaluria (as dis-
tinct from the, various forms secondary to other disorders)
is a genetic disorder characterised by excessive synthesi;
and urinary excretion of oxalic acid. Two forms ar:
known, type I (hyperglycolic aciduria) and type II {L-gly -
ceric aciduria), associated with different enzyme defects
They are marked by recurrent caldum oxalate kidne -
stones, or nephrocalcinosis, leading to renal failure
together with extrarenal deposition of caldum oxalate an
frequently severe peripheral vascular insuffidency. Treat
ment with high doses of pyridoxine may help decreas:
oxalate excretion particularly in type I disease,’? althoug!
response is variable.’> A few patients may respond to lowe -
(physiological) doses ¢ Such treaunent can be used witl
an oral orthoph pp which helps reduc
renal deposition of caldum and the combinatiol
appears to preserve renal function.® Therapy with magnes
ium salts, potassium dtrate, and thiazide diuretics has alsc
been suggested.? In patients in whom renal failure devel
ops, the results of kidney transplantation have been disap
pointing, due to deposition of calcium oxalate in the nev
kidney, although transplanting the liver as well can cor
rect the enzyme defect.'¢ Pre ive liver pl
tion, performed before renal failure or systemic oxalosi
has occurred, may be an option.?

1. Cochat P. 0. Cumrent 10 the [}

primary hyperoxaluria. Anch Dis Child 2000; 32: 470-3.
2. Marangella M, ¢ al. The primary hyperoxalurias. Conirib Nephrol 2001

134: 11-32.
3. int C. I sponsive PHI: 4 Nephrel 1998: 1
{suppl 1): 49-50.

4. Yendt ER. Cohanim M. t0 a physiologic dose of pyridoxine it
type I primary hyperoxaluria. N Engl J Med 1985; 312: 953-7.

S. Milliner DS, e al. Results of long-1erm weaunent with orthophosphau
and pyridoxine in patents with primary hyperoxaluria. N Eng/ J Me
1994; 331: 1553-8.

6. Watts RWE. o «l. Combined hepatic and renal transplantation it
primary hyperoxaluria type L dinical report of nine cases. Am J Me:
1991; 90: 179-88.

' In a double-blind, controlled, cross-

aver study ! daily oral doses of vitamin B¢ 1.2 g effectively

reduced the symptoms of tardive dyskinesia (see Extra-

pyramidal Disorders, p. 1049.2).

1. Lemner V o al Vitamin B, meatment for ardive dyskinesia: 4
study. J Clir

A study in one patient* found that although pyr

5 mg/kg reduced glutamate concentrations in CSF from the
untreated value of 200 times normal limm it did so only to
10 times the normal value, d

Adverse Effects and Precautions

Doses of 10mg/kg daily were required to normahse CSF
glutamate, and it was suggested that this was a more
appropriate target for therapy. In some children, pyridoxal
phosphate has been suggested to be more effective than
pyridoxine in controlling seizures.®
I. Baxter P. Epi of dependent and
ve seizures in the UK. Arck Dis Ciild 1999; 81: 431-3.

bl

used in various inborn errors of amino add
such as homocystinuria (p. 2042.2), with or without coba-
lamins and folate. Relatively high doses may need t0 be
given (see Uses and Administration, p. 2105.3). For chil-
dren with metabolic disorders such as homocystinuria and
cystathioninuria, the BNFC suggests pyridoxine in an oral
dose of 50 to 100mg once or twice daily for neonates, and
50 to 250 mg once or twice daily in patients aged 1 month
to 13 years. For the use of pyridoxine in primary hyperox-
aluria, another inherited metabolic disorder. see below.

Ancemias. Some patients with acquired or hereditary
sideroblastic anaemia (p. 1123.1) that is severe enough to
require treatment will respond to high doses (up to
400mg daily) of pyridoxine, and a trial is considered
worthwhile in all patients.

Cﬂnﬁamuﬂor disease. For mention of the possible link
B¢, hyperhomocy ia, and cardio-
vascular disease, see under Folic Acid, p. 2063.3. Pyridoxal
phosphate is thought to prevent cellular caldum overload
in ischaemia-reperfusion injury, but a large multicentre
study! investigating doses of 250 mg daily orally given 3 to
10 hours before coronary artery bypass graft surgery in
intermediate- to high-risk patients, and for a further 30
days after the procedure, found it did not reduce the inci-
dence of cardiovascular death or non-fatal myocardial
infarction.
1. Alexander JH, ¢ al. MEND-CABG Il Investigators. Efficacy and sajety of
pyridoxal 5'-phosphate (MC-1) in high-risk patients undergoing

2 GospeSM.Cunmt on selzures. J
Pediatr 1998; 132: 919-23.

3. Gospe SM. Pyridoxine-dependent sefzures: findings from recent studies
wmmmmmum-s

4. PAM. o al.

mmmnmwmm.mlmwsu-n.

3. Wang H-S, & «l. Pyridoxal phosphatc is better than pyridoxine for
controlling idiopathic intractable epilepsy. An*DuM!OOS 90: 512~
15.

epllepsy:
Buid and its

Paimar-plontor dy ; d: Pyrid-
oxine, in doses of lOOm}OOmgdaﬂy,hasbeenusedsuc-
cesstully! for treating and preventing palmar-plantar ery-
throdysesthesia syndrome assodated with znﬁneoplasnc
therapy (see p. 730.1).

1. Nagore E o ol
erythrodysesthesia

m;m:mm—-ﬂmx.zzs—u

Premensirval syndrome. Pyridoxine has been widely used
in the premenstrual syndrome (p. 2272.3) despite contro-
versy over its effecttveness. Some consider that depressive
symptoms may be provoked by pyridoxine deficiency
because of its role as a coenzyme in the production of cer-
tain neurotransmitters, butnlsdiﬂcuhwatmbmeanyof
the other symp of the p Y to
pyridoxine deficiency and doses of 50mg are no more
effective than a placebo.! A systematic review found that
although treatnent with pyridoxine was more effective
than placebo, there was insufficient high-quality evxdem:e
to d its routine use in p ual sy

1
rual

coronary artery bypass graft surgery: the MEND-CABG O
dinical trial. JAMA 2008; 299: 1777-87.

Carpal wunnel syndrome. Pyridoxine has been advocated
by some! for patients with carpal tunnel syndrome (see
Soft-tissue Rheumatism, p. 14.2), but evidence of efficacy
is considered to be limited.? In most studies reporting

All cross-references refer to entries in Volume A

prndonnelsused,xhedosageshouldbemmmd(sec
Effects on thie Nervous System, below) because of con-
cerns about neurotoxicity.® Although unlicensed in the
UK, the BNF suggests an oral pyridoxine dose of 50 to
100 mg daily for premenstrual syndrome.

1. West CP. The J 1987 27 (2): 9-15.

Long-term use of large doses of pyridoxine is associated with
the development of severe peripheral ncuropathies; the
dose at which these occur is controversial (see Effects on the
Nervous System, below).

Breast feeding. Vitamin B, is excreted into breast milk.!2
‘While some have expressed concern over the inhibition oi
breast milk secredon by pyridoxine,’ others have cau-
tioned that pyridoxine defidency may cause seizures in
the neonate.* The American Academy of Pediatrics consid-
ers the use of pyridoxine to be usually compatible with
breast feeding.’
1. West KD, Kirksey A- Influence of vilamin B, intake on the conient of the
vitamin ip buman milk. Aw J Clin Nutr 1976; 2% 961-9.
2. Rocpke JLB, Kirksey A. Viamin B, numiture during pregnancy and
laciation: 1. Vitamin B, intake, levels of the vitamin in biological Mluids,
and condition of the infant at birth. Am J Clin Nutr 1979; 32: 2249-56.
3. Greentree LB, Dangers of viiamin B, in nursing mothers. N Sngl J Med
1979; 300: 141-2.
4. Lande NL More on dangers of vitamin B, in nursing mothers. N Eng/ J
Med 1979; 300 926-7.
5. American of Pediatrics. The transfer of drugs and other
chemicals into human milk. Pediatrics 2001; 108: 776—-89. {Retired May

2010) Correction, id; 1029. Msu available av: htmp://aappolicy.
%3b108/3/776

09/01/06)

Effects on the nervous system. Severe sensory neuropathy
has been dexribed in patients receiving large doses of
pyridoxine (2 to 6g daily) for periods of 2 10 40 months.!
There has, however, been debate as to whether smaller
doses can produce such effects. Some contend that
amounts of pyridoxine below this level are unlikely to
produce toxic effects.>> However, there have been some
case reports*® with amounts up to about 500 mg daily and
prolonged use of even lower doses (about 200 mg daily or
less) may also cause semsory peripheral neuropathy.s’
After a review of the possible toxicity associated with
lower doses of pyridoxine, proposals were put forward in
the UK to limit the dose freely available in dictary supple-
ments to 10mg daily; products supplying up to 50mg
daily would continue to be available from pharmacies and
higher doses would only be available on prescription.’
These proposals were heavily contested.®® An upper level
of intake of 50mg daily is rec ded in A i
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whereas an upper limit of 100mg daily has been suggested
in the USA.°
1. Schaumburg H, #f al. Sensory ne y from pyridoxine abuse: a new
megavitamin syndrome. N Engl J Med 1983; 309: 445-8.
2. ulln.LSmsntynmvpnhyhmwddnﬂne:b\ne_NEnglJM
1984; 310: 197.
3. Baker H, Prank O. Sensory neurcpathy from pyridoxine abuse. N Engl J
Med 1984; 310: 197.
4. BemgerA. burg HH. More an from abuse.

B6; Seis-B; Canad.: B-natal; Chile: Vitabe; China: Fei Li Gu (¥
Hik); GanXin (1); Hao Qiang (R3|); Jie Ao (#¥{K); Shen
Kai Neng (E39U88); Xin Li De (fK3L78); Demm.:. BiOrto B6;
Super B6; Fin.: Heksavitt; Vita-B6; Fr.: Bedlan; Dermo 6; Ger.:
Bé-ASmedic By Vicotrat; ii Bg Gr.: Becil

Benadon; Besix; Bexivi; Hong Kong' Pyribiont; Pyrixint;
Super B6t; Humg.: Beres B6; Feroglobin-B12; Metadoxil; India:
Abxx; Alcoliv; Benadon; Cobal Forte; Ingavu B6; Metadoxu,

N Bngl J Med 1984; 311: 986,
5. Watersion JA, Gilligan BS. Pyridoxine neuropathy. Med J Ausi 1967;
146: 640-2.
6. Dordain G, Deflond D. Neuropathies 3 Ia pyridoxine: revue de la
Huérarare, Therapie 1994; 49: 333-7.
7. Adverse Drug Reactions Advisory Committee (ADRAC). High-dose
vitamin B6 may cause peripheral neuropathy. Aust Adverse Drug Reat
Bull 2008; 27: 14~15. Also available at: http://www.1ga.gov.au/adr/
aadrb/aadro808.pdf (accessed 26/01/09)
Coilter J. Vitamin B-6: food or medicine? RMJ 1998; 317: 92-3.
Anonymous. Still time for rational debate about vivamin By, Lancer 1998;
351: 1523,

o™

ia, The Drug Database for Acute Porphyria, com-

piled by the Norwegian Porphyria Centre (NAPOS) and

the Porphyria Centre Sweden, dlassifies pyridoxine as not

porphyrinogenic it may be used as a drug of first choice

and no precautions are needed Pyridoxal phosphate is not
dassified.!

1. The Drug Dawbase for Acute Porphyria. Available ar: hup:/fwww.

drugs-porphyria.org (accessed 07/10¢11)

Interactions

Py Indon.: 1. pmunt; Irl: Compl

Israel: Anacrodyne; B-Six; Ital: Benadon; Metadoxil: Xanture-

nasi; Malaysia: Upha B6; Mex.: Abrixone; Fortical: Metasin;

Valparinat; Philipp.: Drexabion; Hybutin; Jaga; Lixtress; Mega-

nerv; Nervafil: Nervilan; Neuro-B‘s; Neurobexol, Neurobion:

Neumlink; Polynerv; Pyxiar Supraneuron; Vineuron; FPort.:
Rus.:

) v

(Bnmmou). S.Afr Beesixt; Llclosec Spain: Benadon; Con-

; Swed.: Benadont; Switz.: Benadon; That.: B Six P; B-
6; B6-50; Besix; Biovit B6; Jotexin: Mega-B; Mctadoxil; Turk.:
B, Vigen; Libavit B, Postadoxine; Vemez.: Beplus: Biprin; Clo-
doxin; Suprabion.

Tort P
¥

are listed

P PIep

g
in Volume B.

Used os on adjunct in:. Canad.: Isotamine B; Ger.: Isozid comp
N; tebesium: Hong Kong: Trisofortt; India: Becox RH: Bicox
Kid; Binex; Caviter FD; Cx-3; Cx-4; Cx-5; Gocox Compound:
1sokin-300; Mycodot Kit; Mycodot-4; Mycodot-E; Mycodot-Z;
Rifa E; Rifa; Wokex-2; Wokex-3; Wokex-4; Indon.; bacbutINH;
Erabutol Plus; INH-Ciba; INHA: Inoxin: Kapedoxin; Medinh-

Pyridoxine reduces the effects’of levodopa (see p. 908.1),
but this does not occur if a dopa decarboxylase inhibitor is
also given. Pyridoxine reducesithe activity of altretamine. It
has also been reported to decrease serum concentrations of
phenobarbital (p. 538.1) and phenytoin (p. 545.2). Many
drugs may increase the requirements for pyridoxine; such
drugs include hydralazine, isoniazid, penicillamine, and oral
contraceptives.

Pharmacokinetics

Pyridoxine, pyridoxal, and pyridoxamine are readily
absorbed from the gastrointestinal tract after oral doses
and are converted to the active forms pyridoxal phosphate
and pyridoxamine phosphate. They are stored mainly in the
liver where there is oxidation to 4-pyridoxic acid and other
inactive metabolites which are excreted in the urine. As the
dose increases, proportionally greater amounts are excreted
unchanged in the urine. Pyridoxal crosses the placenta and
is distributed into breast milk.

Human Requirements

For adults, the daily requirement of pyridoxine is probably
about 1.5 to 2 mg and this amount is present in most normat
diets. The requirement tends to increase as protein intake
increases due to the role of the vitamin in amino acid
metabolisn. Meats, especially chicken, kidney, and liver,
cereals, eggs, fish, and certain vegetables and fruits are good
sources of pyridoxine.

UK and US recommended intake. I the UK’
dietary reference values (see p. 2046.1) have been pub-
lished for vitamin B and similarly in the USA recom-
mended dietary allowances (RDAs) have been set.? Dif-
fering amounts are recommended for infants and
children of varying ages, for adult males and females,
and during pregnancy and lactation. In the UK the
reference nutrient intake (RNI} is 15 micrograms per g of
protein daily for adult males and femnales and the esti-
mated average requirement (EAR) is 13 micrograms per
g of protein daily for the same group. In the USA the
RDA for adult men ranges from 1.3 to 1.7mg daily and
that for adult women ranges from 1.3 to 1.5mg daily.?
The tolerable upper intake level is 100mg daily.? The
Expert Group on Vitamins and Minerals’ have estab-
Ushed a safe upper level (SUL} for vitamin B4 of
170 micrograms/kg daily. For recommended limits in
dietary supplements see Effects on the Nervous System,
p. 2106.3.

1. DoH. Dietry reference values for food energy and nuuients for the
United Kingdom: report of the panel an dietary reference values of the
committee on medical aspects of food policy. Report on health and sodial
subjects 41. London: HMSO, 1991.

2. Sianding Committee on the Scentific Evaluation of Dietary Reference
Intakes of the Food and Nutrition Board. Dittary Reference Intakes ﬁ)r
thignin, riboflavin, miacin, vitantin B, folate, vitantin By, pantothenic ecid,
biotin, and choline. Washington, DC: Nauomlmdemyhs.zooo Also

lable at: hop: n2p. 542
(accessed 21/07/08)
3. Expen Group on Viiamins and Minerals. Safe Upper Levels for vitamins
and m!nenk (May 2003). Available at hup://www.food.gov.uk/
in2003.pdf d 09/01/06)

Prepcraﬁons
Propristary Preparations (details are given in Volume B)

Single-ingredient Preporalions. Arg.: Benadon; Awustral.: Pyrox-
in; Belg.: Bedoxine}; Braz.: Fonto-Vit B6t: Metadoxil: Neuri

obt; di +; Mycothambin-INHY; Niadfort-6; Niazitol;
Pehadoxin; Pulmolint; Pulna; Pyravit Pyrifortt; Santibi Plus;
Supﬂlld TB Vit 6; Ital.: Etanlcozld Bé; Philipp.: CombiKidst;
prilex; Curazid (Reformul: hamizid; Ethi 400; Buro-
coxin: Isodexid: Isoprim; Isoxin: Kidz Kit 2; Kidz Kit 3; Nice-
tal4; Odinah; Pulmodrin; Refam Duot; Refam Pedia Kitt; Stha-
mizide; SVM-Polypac-At; Techxafort; Terozid; Trisofortt;
Vamsoxidt; Pol: Laktomag By Rus.: Coxerin Plus (Koxcepan
ILmoc); Cyclo Plus (ibmso Ilmoc); Isocomb (Pbomuﬁ) lsoud
Comp (Maoama Kosm); Laslonvi
{Jlomexom6); Protiocomb (l‘lpomoxouﬁ). Protub-2 (l’lpowﬁ-Z),
Protub-5 (Ipory6-5); Protub-Lome ([fpory6-JIome); Protubvita
{[TpotyGnnta); Repin By (Pennn By); Rezonisate Plus (Pesommsar
TImoc); Rifacomb (Pudaxomb); Tubavit (TyGasur); Spaim: Cemi-
don Bé; Tisobrift; Turk.: Isovit.

ic Preparations. Ger.: Infi-Symphytum; NeyFoc Nr
69; NeyGero Nr 64; NeyGeront Vitalkapsein A.

ial Pre,
BP 2014: Pyridoxine Tablets; Vitamins B and C Injection;
BPC 1973: Strong Compound Vitamin B Tablets;
USP 36: Oil- and Water-soluble Vitamins Capsules; Oil- and
‘Water-soluble Vitamins Oral Solution; Oii- and Water-soluble
Vitamins Tablets; Oil- and Water-soluble Vitamins with
Minerals Capsules; Oil- and Water-soluble Vitamins with
Mmcrals Oral Solution; Oil- and Water-soluble Vitamins with
Is Tablets; Pyridoxine Hydrochloride Injection; Pyrid-
oxine Hydrochloride Tablets: Water-soluble Vitamins Capsuies;
Water~soluble Vitamins Tablets; Water-soluble Vitamins with
les; Water-soluble Vitamins with Minerals

Tablets.

Vitamin B,, Substances

Vitamina B;; Buramutsl Fpyfnint Bya. o

Vitamin B, is the name generally used for a group of related
cobalt-containing compounds, also known as cobalamins, of

which cyanocobalamin and hydroxocobalamin are the
principal forms in clinical use.

Cobamamide jpinn

Adenosylcobalamin; Cobamamida; Cobamamidum; Coen-
zyme Byy; Dibencozide; leenzzozamlde. Dlmebenzcoza-
mide; Kobamamid; Kobamammna.’

Inner salt of the Co-{5'-deoxyadenosine-5') derivative of the
3-ester of cobinaride phosphate with S,G-dlmethyt -1-0-0-
ribofuranosylbenzimidazole. .

CraHiogCoNyg0P=15796,

CAS — 13870-90-1. =

ATC —~ BO3BA04.

ATC Vet — QBO3BA04.

Pharmacopoeias. In Chin.

Cyanocobalamin Ban, /NN

Cianocobalamina; Cianokobalamin; Cianokobalaminas;
Cobamin; Cyanocobalamine; - Cyanocobalaminum; - Cyanc-
kobalatnin; Cycobemin; Cyjanokobalamina; Kyanokobala-
min;  Siyanokobalamin; Sya kobalamum
LinawokoGanamm. - . ;- /
Coa-[o- (Sﬁ-Dlmed\ylbenz‘mldazolyD]-Coﬁ-cyanocobam|de
CoHasCoNL O P=13554

-CAS-— 68-19-9. :

ATC = BO3BAO!.

The symbol + denotes a preparation no longer actively marketed

Phormaoopoems.lnc‘hm Eur. (seep. vu) Int., Jpn, US, and
Viet.

Ph. Eur. 8: (Cyanocobalamin). A dark red, crystalline
powder or dark red crystals. The anhydrous substance is
very hygroscapic. Sparingly soluble in water and in alcohol;
practically insoluble in acetone. Store'in airtight containers.
Protect from light.

USP 36: (Cyanocobalamin). Dark red crystals or amorphous
or crystalline red powder. In the anhydrous form it is very
hygroscopic and when exposed to air it may absorb about
12% of water. Soluble 1 in 80 of water; soluble in alcohol;
insoluble in acetone, in chloroform, and in ether. Store in
airtight containers. Protect from light.

Hydroxocobclamin (BAN, USAN, ANN)

oeoseA 03; ovosAxés
UNII — O40X8H4220

NOTE. ’I'he hydrated form oi hydroxocobalamin has been
referred to as aquocobalamin.

Pharmacopoeias. In Inz, and US.

USP 36: (Hydroxocobalamin). Dark red crystals or red
crystalline powder. Is odourless or has not more than a
slight acetone odour. The anhydrous form is very
hygroscopic. Soluble 1 in 50 of water and 1 in 100 of
alcohol; practically insoluble in acetone, in chioroform, in
ether, and in benzene; sparingly soluble in methy! alcohol.
pH of a 2% solution in water is between 8.0 and 10.0. Store
in airtight containers at a temperature of 8 degrees to 15
degrees. Protect from light.

Hydroxocobalamm Acetate Banw, iNNM)

Acetato de hidroxocobalamma Acetatocobalamm Hidrok-
sokobalamino ~acetatas; Hldroxocobalamma acetato  de;
H«droxokobalamm-acetét Hydroksokobalamiiniasetaattf:
Hydroxocobaiamlnacelar Hydroxocobalamine, Acétate d’;
Hydroxocobalamini - acetas; ' Hydroxokobalamin acetdt;
Hydmxokobalamlnacetat: rmxpchchﬁanaMMHa Auerar.
CosHssCoNi01P=1406:4

CAS — 22465-48-1.

UNN — S535M27N3Q. - -

Pharmaocopoeias. In Exr. (see p. vii), Jpn, and Viet.

Ph. Eur. 8: (Hydroxocobalamin Acetate). A dark red, very
hygroscopic, crystalline powder or dark red arystals. Soluble
in water. Some decomposition may occur on drying. Store
at a temperature between 2 degrees and 8 degrees in airtight
containers. Protect from light.

Hydroxocobalamin Chlaride (zanm, innwy

Cloruro de hidroxocobalamina; Hidroksokobalamino chlor-
idas; Hidroxocobalamina, .cloruro de;. Hidraxokobalamin-
klorid; Hydroksokobalamiinikloridi; . Hydroxocobalamine,
Chlorure d' Hydroxecobalaminhydrochlorid; Hydroxocoba-
lamini chloridum; Hydroxocobalamini  Hydrochloridum;
Hydroxokobalamin hydrochlarid; Hydroxokobalaminklarid;
mapokcokoGanammHa Xnopwua.

CeaHgoCICON304P=13828

Pharmacopoeias. In Eur. (see p. vii), Int., and Viet.

Ph. Eur. 8: {Hydroxocobalamin Chloride). A dark red, very
hygroscopic, crystalline powder or dark red crystals. Soluble
in water. Some decomposition may occur on drying. Store
at a temperature between 2 degrees and 8 degrees in airtight
containers. Protect from light.

Hydroxocobalamin Sulfate aam, i)

Hldrolsokobalammo sulfatas deroxocobalamlna, sulfato
de; Hidroxokobalamin-szulfét; Hydrolsokobalamllmsulfaatﬁ,
k  Suiphite; Hydroxocobalamine, Sulfate d:
Hydroxocobalamini Suffas;; Hydroxocobalaninsulfat; Hydro-
xokobalamiri: sulfér;. Hydroxokobalaminsulfat: Sulfato. .de
hldroxocobalamlna; rwnmkcomﬁan MUH Cynubar

CragHigoCoaNx014 P3522790.8:

Pharmacopoelas. In Eur. (see p. vii), Int., and Viet.

Ph. Eur. 8: (Hydroxocobalamin Suifate). A dark red, very
hygroscopic, crystalline powder or dark red arystals. Soluble
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in water. Some decomposition may occur on drying. Store
ata temperature between 2 degrees and 8 degrees in airtight
containers. Protect from light.

NI~ BRTSNTISIW.: =
Phonnucopoens. In .lpn.

Uses and Administration

Vitamin B); a water-soluble vitamin, occurs in the body
mainly as methylcobalamin (mecobalamin} and as
adenosyicobalamin (cobamamide) and hydroxocobalamin.

Mecobalamin and cobamarnide act as coenzymes in nucleic

acid synthesis. Mecobalamin is also dosely invoived with

folic acid in several important metabolic pathways.

Vitamin B,; deficiency can occur in strict vegetarians
with an inadequate dietary intake, although it may take
many years before a deficiency Is produced. Deficency is
more likely in patients with malabsorption syndromes or
metabolic disorders, nitrous oxide-induced megaloblastosis,
or after gastrectomy or extensive ileal resection. Deficdiency
leads to the development of megaloblasdc anaemias and
demyelination and other neurological damage. A specific
anaemia known as pernicious anaemia develops in patients
with an absence of the intrinsic factor necessary for good
absorption of the vitamin from dietary sources.

Vitamin B,, preparations are used in the treatment and
prevention of vitamin B,; deficiency. It is essendal to
identify the exact cause of deﬁdency pn:lerably before
starting therapy. Hydroxocobal 1 is ly preferred
o cyanocobalamm. it binds more ﬁnnly to plasma proteins
and is retained in the body longer (see under
Pharmacokmencs, p 2110 2) Cyanocobalamin and
hydroxocobal lly given by the intramuscular
route, although cyanocobalamm may be given orally or
subcutaneously, or intranasally (see also under Adminis-
tration, below). Oral cyanocobalamin may be used in
treating or preventing vitamin B,; deficiency of dietary
origin.

In the UK, recommended doses for pernicious anaemia

and other megaloblastic anaemias are as follows:

o in patients without neurological involvement doses are
hydroxocobalamin (or cyanocobalamin) 250 to
1000 micrograms intramuscularly on alternate days for
1 to 2 weeks, then 250 micrograms weekly until the
-blood count returns to normal. Maintenance doses of

. 1000 micrograms are given every 2 to 3 months as
hydroxocobalamin, or monthly as cyanocobalami

+ in patients with normal gastrointestinal absorption, oral
cyanocobalamin doses of 1 to 25 micrograms daily are
considered sufficient as a dietary :uppl:mmt (see also
Administration, below)

Treatment of vitamin B, deficiency usually results in rapid

hnematologlcal improvement and a striking dlmcal

response. However, | logical symp r d more
slowly and in some cases remission may not be complcte

Cob ide and mecobalamin may also be used for
vitamin B,, defidency.

Hydroxocobalamin may also be gwcn in the treatment of
tobacco amblyopia and Leber’s optic atrophy; initial
doses are 1000 micrograms daily for 2 weeks intramuscu-
larly followed by 1000 microg twice weekly for as long
as improvement is maintained. Thereafter, 1000 micr-
ograms is given every 1 to 3 months.

Hydroxocobalamin is also used for the treatment of
known or suspected cyanide toxicity (see below). Each
2.5 g vial of hydroxocobalamin is reconstituted with 100 mL
of diluent, preferably sodium chloride 0.9%. The starting
dose for adults is Sg intravenously over 15 minutes.
Depending on the severity of the toxicity and the clinical
response, a second dose of S5g may be infused over 15
minutes to 2 hours.

For administration in children, see below.
Cyanocobalamin and hyd obalamin are also used in
the Schilling test to investigate vitamin B, absorption and
deficiency states. They are given in a non-radioactive form
with cyanocobalamin radioactively-labelled with cobalt-57
(p. 2223.3} or cobait-58 (p. 2223.3) and the amount of
radioactivity excreted in the urine can be used to assess
absorpton status. A differential Schilling test, in which the
forms of cyanocobalamin are given under different
conditions (such as with intrinsic factor, antibacterials, or
pancreatic enzymes) can provide information about the
cause of the malabsorption.

Adminisiration. The small amounts of vitamin B, present
in the diet are absorbed from the gastrointestinal tract by
an active process that involves binding with intrinsic fac-
tor. As intrinsic factor is absent in patients who have
developed pemicious anaemia it has often been assumed
that oral vitamin B, preparations will therefore be ineffec-
tive. However, about 1% of an oral dose is absorbed by
passive diffusion, and with large doses this amount may
be sufficient for therapy. Thus attention has been given
again to the use of oral cobalamins for the treatment of
pernicious anaemia.!* Oral cyanocobalamin 2000 mict-
ograms daily was as effective as intramuscular therapy in
patients with vitamin B,; defidency in a comparative
study.’ Some now consider that oral doses of 1000 micr-
ograms daily, > or every 2 weeks for children,” are a suita-
ble alternative to imjections given at monthly or so inter-
vals; others still deem oral use to be unjustified on the
grounds of negligible oral absorption.* A systematic
review® of 2 studies found some evidence for a satisfactory
haematological, biochemical and dinical shor-term

if there is neurological involy hydroxocobalamin or
cyanocobalamin may be given intramuscularly in doses
of 1000 micrograms on alternate days and continued for
as long as improvement occurs. Maintenance doses of
1000 nnu'ogmms arc glvcn every 2 momhs as hydroxo-
i hly as cyanoc bal
e forthe pmphylam of anaemia assodated with vitamin B,
deﬁa:nqr n.sulting trom gaswrectomy or malabsorption
may be given in doses of
1000 mxu'ognms mtramuscularly every 2 or 3 months or
cyanocobalamin in doses of 250 to 1000 micrograms
intramuscularly each month
e for vitamin B,; deficiency of dietary origin, oral
cyanocobalamin 50 to 150 micrograms may be taken
daily betweent meals. For discussion of oral cyanocobal-
amin therapy for the treatment of pernicious anaemia,
see Administration, below
Lower doses of both cyanocobalamin and hydroxocobal-
amin are recommended for pernicious anaemia in the USA:
o for treatment, the usual intramuscular or subcutaneous
dose of cyanocobalamin is 100 mic daily for 6 or
7 days: if there is a response, a further 7 doses may be
given on alternate days, then every 3 to 4 daysfor2t0 3
weeks. For hydroxocobalamin the usual intramuscular
dose is 30 micrograms daily for 5 to 10 days

P to oral replacement in some patients with condi-
tions associated with malabsorption. Another review!®
concluded that, while there is substantial evidence to sup-
port the use of 1000 to 2000 micrograms daily of oral

10, Lane LA, Rojas- [ of Viamin B,y
anemia: oral versus parenteral therapy. Ann Pharmscother 2002; 36
1268-72.

11. Romeo VYD, o g/. Intranasal cyanocobalamin. JAMA 1992; 268: 1268-9
12. van Assch DZB., R#lelbnmﬂmdhyﬁolmmhhedm
elderly aduits. Br J Clin Pharmacol 1998; 45: 83-6.
13. sxuwaiumnudmdﬁmwummslzmnmmv
intranasal tocobalamin in vitamin Bl2-defident patientu
Gmbplm 113: 430-3.
14. Delpre G. « al. Sublingual dzmpy {for cobalamin deficiency as &
10 oral and Lance
1999; 354 740-1.
15. Sharabl A, @ ol Replacemenc therapy for viamin B12 defidency
between the and oral route. Br J Clin Pharmaca

2003; 56: 635-8.

Administration in children. In neonates and children uj
to 18 years with congenital transcobalamin I defidency
the BNFC suggests a dose of hydroxocobalamin Img by
intramuscular injection given three dmes weekly. After |
year this may be reduced to 1 mg once weekly.

In children aged from ! month with megaloblastic
anaemia (p. 2109.1) or children with Leber’s optic atrophy
hydroxocobalamin doses are similar 1o those used in aduls:
in the UK, see Uses and Administration, above.

Hydroxocobalamin is used as an antidote for cyanide
poisoning in children. A dose of 70 mg/kg (maximum 5g
by intravenous infusion is given once or twice according t¢
severity.

Hydroxocobalamin can also be used in children with
methylmalonic acidaemia and homocystinuria, see Aminc
Acid Metabolic Disorders, below.

Amino acid metubolic disorders. References to the use o:
hydroxocobalamin in the treatment of inborn errors of vit-
amin B, metabolism.!? Some padents with homocystin-
uria (p. 2042.2) or methylmalonic acidaemia have
responded to cobalamins—the BNFC suggests an initia.
intramuscular dose of hydroxocobalamin 1 mg daily, for £
to 7 days, in patients from one month of age; this i
reduced, according to response, to 1mg once or twice
weekly. Some children respond to maintenance with 5 tc
10mg hydroxocobalamin given orally once or twice
weekly.

1. Linnell JC, Bhan AR. d errors of bolism anc
their management. Baillieres Clin Hoernatol 1995; 8: 567-601.
2. Andersson HC. Shapin E Bmdlcmlal and clinical response ¢

versus in patients with
acidemia and ia (cbIC). J Pediatr 1998; 132
121-4.
3. Smith DL. Bodamcr 0A. Prlcnal mamnmem of combinec
and h 2 Child Neurol 2002; 17
353-6.

Cardiovascular disease. For mention of the possible link
between vitamin B,; hyperhomocysteinaemia, and cardi-
ovascular disease, see under Folic Add p. 2063.3.

Cyunide foxicity. Hyd balamin with cya-
nide to form cyanocobalamin, and thus may be used as an
antidote to cyanide toxicity (see under Hydrocyanic Acid,
p. 2156.2). Hydroxocobalamin is reported to be effective
in controlling cyanide toxicity due tQ nitroprusside infu-
sion,! and after exposure 1o inhaled combustion products
in residential fires.2

It has been hypothesised that the amount of cyano-
cobalamin formed is limited by the number of cyanide ions
and the amount of hydroxocobalamin given. For a

cyanocobal. as therapy, p I ther-
apy is preferable for initial treatment of those with neuro-
logical symptoms. Oral formulations are being developed
which use carrier molecules to enhance absorption.
Cyanocobalamin is also effective when given mtrana-
sally,'! with peak plasma concentrations greater than those
achievable orally, and this may offer another alternative to

ngen dose of hydroxocobalamin a maximum concenmuon
of cyanocobalamin would be hed, alk

ment of cyanocobalamin as a surrogate emexgency marker
for cyanide levels, which are difficult and time-consuming
to measure. For a 5-g dose of hydroxocobalamin given

usly over 30 the authors of one study
bal idered a cyanocobal concentration of about

injection. The intranasal absorption of hydroxoc
has been studied.'2!?

Cyanocobalamm has also been given sublingually.
Nor ion of serum cobalami concenmnon has been
reported in 18 patients given subli ! cyanocob

300 micromoles/litre a sign that all the hydroxocobalamin
had been used, and more should be given.? They cautioned,
however, that, unless antidote regimen and biood sampling
were similar to that in their study, this concentration should
not be lated to other patient populations.

2000 micrograms daily for 7 to 12 days:'* 500 microgr
sublingually daily was found to be as effective as the same
dose given orally in correcting deficiency.!®
1. Lederie PA. Oral iin for anemia: ’s best kept
searet? JAMA 1991; 265: 94-5.
2. Hatheock JN, Troendle GJ. Oral tor of
anemia? JAMA 1991; 265: 96-7.
3. Elia M. Oral or parenteral therapy for B12 deficiency. Lanart 1998; 3!2.
1721-2.
4. Onal or i
471921,

vitamin B);? Drug Ther Buil 2009;

o for maintenance, monthly injections of cyanocobal
100 micrograms (intramuscularly or subcutaneously}, or
intramuscular hydroxocobalamin 100 to 200 m:aograms

S. b AM, ¢ al. Effective treatment of cobalamin deficiency with
oral cobalamin. Blood 1998; 92: 1191-8.
6. Andris E, ef al. Useful,

In another patient ngen hydroxocobalamin 5g
intravenously over 2 hours,> plasma concentrations of
cyanide rose 1 hour after treatment with hydroxocobal-
amin. The authors attributed this to hydroxocobalamin
extracting cyanide from red blood cells to form cyanocobal-
amin in plasma, which was then measured as cyanide.

A review* of the role of hydroxocobalamin in acute
cyanide poisoning found insufficient evidence to routinely
recommend empirical use for smoke inhalation, although
some advantages over standard therapy were noted. Unlike
nitrites, hydroxocobalamin does not cause methaemo-
globi ja, a particular risk after smoke inhalation.

Armn

are given. In | preparations of cy are
also available for maintenance therapy in those without
neurological involvement. An initial dose of 500 micr-
ograms (as one 500-microgram spray in one nostril) is
given once weekly and then adjusted according to
response. Altermatively, an initial dose of 50 micrograms
(as one 25-microgram spray in each nostril) is given once
daily, and can be increased to twice daily if required

All cross-references refer to entries in Volume A

7. Getin M, Altay C. Efficacy of oral vitamin B,; treatment in children. J
Pediatr 2001; 139: 754,

8. Van der Kuy P-HM, et al. labiliry of oral hy b
Clin Pharmacol 2000; 49: 395P-396P.

in. 8 J

Additionally, its low toxicity may be beneficial for cyanide
toxidity in children and pregnant women.

For doses of hydroxocobalamin used for cyanide toxicity
in adults, see Uses and Administration, above, and in

child: see Ad ation in Children, above.

9. Vidal-Alaball J, et al. Oral vitamin B12 versus vitamin B12
for vitamin B12 deficiency. Available in The Cochrane Database of
Systematic Reviews; Issue 3. Chichester: John Wiley; 2005 (accessed
05/09/06).

1. Zetbe NF, Wagner BKJ. Use of vitamin B12 in the weatment and
Pprevention of nitroprusside-induced cylmrk toxicity, Crit Care Med 1993
21 465-7.
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2. Houeto P, et al. Relation of blood cyanide to plasma cyanocobalamin
concentration after a fixed dose of hydroxocobslamin in cyanide
ng. Lancer 1995; 346: 605-8.
3. Weng T-1, «t al. Elevated plasma cysnide aRer hydroxocobalamin
infusion for cyanide poisoning. Am J Emery Med 2004; 22: 491-3.
4. Shepherd G, Velez LL Role of min in acute cyanide
poisoning. Ann Pharmacother 2008; 42: 661-9.

siates. The emergence of newer metabolic
assays for homocysteine and methylmalonic acid has led
to the identification of subtle in B,; defidency'?

vous system sequelac such as subacute combined
degeneration of the spinal cord. Where it is desirable to
start therapy immediately, combined treatment for both
defidencies may be started once suitable samples have
been taken to permit diagnosis of the deficiency, and the
patient converted to the appropriate treatment once the
cause of the anaemia is known.

Vitamin B,; deficiency anaemia. Vitamin B,;
deﬁaency and its associated symptoms may be due to

without the overt manifestations of megaloblastic anaemia
(see below) or neurological disease; this condition appears
to be particularly common in the elderly.!+* At present,
there is no dear clinical rationale for weating subtle defi-
ciency,'” although suggestions for management have been
made.® A study in elderly patients suggested that food-
cobalamin malabsorption, a disorder characterised by the
inability 1o release vitamin B); from food or its binding
protein, might be to blame for this subtle defidency; these
patients had some neurological or haematological abnorm-
alities, and treatment with oral or parenteral vitamin By;
was found to be effective.¢ There have also been sugges-
tions that defidency may be linked to some immunologi-
cal impairment, identified as impaired antibody responses
to pneumococcal vaccine.” Moreover, raised homocysteine
concentrations have been identified as a risk factor for
atherosclerosis and ischaeriiic heart disease, and there is
increasing interest in the pq tia] of B vitamins, including
By, to reduce homocystein centrations and therefore
atherosclerotic outcomes {$ee Cardiovascular Disease,
under Uses and Administratibn of Folic Add. p. 2063.3).
Evidence that hyperhomocysieinaemia may be a risk fac-
tor for dementia is limited> A systematic review con-
cluded that evidence for efficacy of vitamin B,; in improv-
ing cognitive function of people with dementia (and low
serum vitamin B, concentrations) was lacking.'®

Dietary vitamin B,; defidiency in infants may lead to
developmental abnormalities.'*'

The issue of fortification of food with folic acid (see under
Folic Acid, p. 2064.2) to reduce the number of infants born
with neural tube defects (p. 2064.3) has created debate on
the risks of masking vitamin B,; deficiency, and fortification
with vitamin B,; has also been recommended, see under
Folic Adid, p. 2066.1. An independent assodiation between
low maternal vitamin B, status and an increased risk of
neural tube defects has also been reported, see Neural Tube
Defeas, below.

L. Carmel R. Subtic cobalamin deficiency. Ann Intern Med 1996; 124: 338—
40.

2. Green R. Screening lor vitamin B,; deficiency: caveat empuor. Ann Intern
Med 1996; 124: 509-11.

3. Carmel R ot al Update on cobalamin, folate. and homocysicine.
Hematology (Am Soc Hematol Educ Program) 2003; 62-81.

4. Andrés E, et al. Vitamin B, {cobalamin) deficiency in elderly patients.
Can Med Assoc J 2004; 171: 251-9.

5. Clarke R. Prevention of vitamin B-12 deficlency in old age. Am J Clin
Nutr 2001 73: 151-2.

6. Andrés E ef al. Food-cobalamin malabsorption in elderty patients:
dinical manifesutions and treatment. Am J Med 2005; 118: 1154-9.

7. Mewz J. What's the use of oral viamin B2 A neglected but valid
treatment route may have new uses in the future. Med J Aust 1999; 170:
407.

8. Carmecl R. How I treat cobalamin (vitamin Byy) deliciency. Blood 2008;
112: 2214-21.

9. Faa FT. o al sntibody 1
polysaccharide in eiderly patients with low serum viumm By; levels.
Ann Intern Med 1996; 124: 299-304.

10. Majouf R, Areoasa Sastre A. Vitamin B12 for cognition. Available in The
Cochrane Database of Systematic Reviews: Issue 3. Chichester: John
Wiley; 2003 (accessed 09/0)/06).

11. Emery ES, ¢t ai, Vitamin B12 d.
in infanus. Pediatric 1997: 99: 255-6.

12. von Schenck U, e al. Persistence ol neurvlogicat damage induced by
diciary viamin'B- 12 deficiency in infancy. Arch Dis Child 1997; 77: 137~
9.

a use of aby

Eczema. A small study found that topical application of a
preparation containing vitamin By, was more effective
than placebo in patients with atopic eczema.!

1. Sticker M, e al. Topical vitarin B,;~a new thempeutic approach in ;

awopic dermatitis—evaluation of cfficacy and tolerability in a
f faceb

p
2004; 150: 977-83.

anaemid. The megaloblastic anaemias are
characterised by macrocytosis (an increased mean cell
volume) and the production of distinctive morphological
changes and abnormal maturation in developing haemato-
poietic cells in the bone marrow: white cell and platelet
lines are affected as well as erythroid precursors, and in
severe cases anaemia may be asocnated with leucopcma
and ia. Megalobl is a conse-
quence of impaired DNA bmsynthes:s in the bone marrow,
usually due to a deficiency of vitamin B, {cobalamins) or
folate, both of which are essential for this process.
Although the haematological symptoms of By, deficiency
and folate deficiency are similar it is important to distin-
guish between them since the use of folate alone in B,,-
defident megaloblastic anaemia can improve haematologi-
cal symptoms without preventing aggravation of accompa-
nying neurological symptoms, and may lead to severe ner-

clinical trial. Br J Dermatol

bsorption (inciuding following gastrectomy), dietary
deﬁdency {mainly in strict vegetarians), competition with
intestinal bacteria or parasites, or to the effect of drugs such
as nitrous oxide. In populations of northern European
origin, pemicious anaemia, in which atrophy of the gastric
mucosa results in a lack of the intrinsic factor essential for
B, absorption, is the most frequent cause. As body stores of
the vitamin are large, it may take several years for signs of
deficiency to manifest once the defect in absorption occurs.

In addition to megaloblastic anaemia, vitamin B,,
deficiency may result in neurological damage, including
peripheral neuropathy and effects on mental function
ranging from mild neurosis to dementia.

TREATMENT. The treatment is with vitamin B,;, almost
always by the intramuscular or sometimes the deep
subcutaneous route since in most patients absorption from
the gastrointestinal tract is inadequate. Hydroxocobalamin
is generally preferred 1o cyanocobalamin since it need be
given less often. Regimens may vary, but hydroxocobal-
amin 1 mg every few days for 6 doses will restore normal
body stores ol the vitamin {see also Uses and Administra-
tion, p. 2108.1). Dosage has not been well established in
children; the BNFC recommends similar hydroxocobalamin
doses to those licensed in adults. The haematological
response to therapy is rapid, with improvement in most
parameters and symptoms beginning within 48 hours.
Neurological abnormalities may take much longer to
respond, and may not do so completely.

PROPHYLAXIS. Where the defect in Bj; handling is
irreversible, as in pernicious anaemia, maintenance therapy
must continue for life to prevent a recurrence of the
deficiency. Therapy must also be given prophylactically
after total gastrectomy or total ileal resection, or where
gastrointestinal surgery is shown to have impaired
absorption of the vitamin. Typically, injection of hydroxo-
cobalamin 1 mg every 3 months is used. In patients whose
diet supplies inadequate B,,, deficiency may be prevented,
in the absence of ather causes, by much lower oral doses
given as a supplement; up to 150 micrograms of cyano-
cobalamin daily has been recommended.

Folate-deficiency anaemia. Deficiency of folate may
be due to inadeq diet, or malabsorption syndromes
{such as coeliac disease or sprue), 10 increased need (as in
pregnancy, one of the most common causes of megaloblastic
anaemia, or the increased h P of h lytic
syndromes), to increased urinary loss or loss due to
haemodialysis. or to an adverse effect of alcohol,
antiepileptics, or other drugs.

The dinical features of folate-deficient m:galoblasuc
anaemia are similar to those of disease due to vitamin-B,,
deficiency except that the accompanying severe neuropathy
does not occur, and deficiency may develop much more
rapidly. Deficiency may also be assodated with neural tube
defects {p. 2064.3) if it occurs in pregnancy.

TREATMENT. Once folate deficiency has been established
the usual treatment in the UK is oral folic acid 5mg daily.
Lower doses of up to 1 mg are suggested in the USA. It is
customary to continue therapy for at least 4 months, the
time necessary for complete red cell replacement. In
patients with malabsorption, therapy may require higher

¢ doses, up to 15mg of folic acid daily. As in B,-deficiency

anaemia, the responsé to therapy is rapid.
PROPHYLAXIS. LOong-term maintenance is rarely needed,

. except in a few patients in whom the underlying cause of

folate deficiency cannot be treated (for exampie in some
severe haemolytic syndromes). Doses of 5 mg daily or even
weekly have been suggested for prophylaxis in patients
undergoing dialysis or with chronic haemolytic states,
depending on the diet and rate of haemolysis: a dose of
400 micrograms daily is recommended in the USA.

2 SN. The wide specirum and unresolved issues of
m:lobhﬁicanemh Semin Hematol 1999; 36: 3-18.

3. Rasmussen SA, ef al. Vitamin B, d in children and
J Pediatr 2001; 138: 10-17.

4. Hoffbrand V, Provan D. Mscrocytic anacmias. In: Provan D, ed. 48C of
dinical haematology. 2nd ed. London: BMJ Publishing Group, 2003,

5. Stabler SP, Allen RH. Vitamin B2 deficiency as a worldwide problem.,
Annu Rev Nutr 2004; 24: 299-326.

Neural tube defects. There is abnormality in homocys-
teine metabolism in many women who give birth to chil-
dren with neural tube defects (p. 2064.3); the enzyme
methionine synthase, which converts homocysteine to
methionine, requires both folate and vitamin B, as cofac-
tors, and low maternal vitamin B,; concentrations may be
an independent risk factor for neural tube defects.! A
case-control study found elevated mid-wrimester methyl-
malonic acld concentrations in women with pregnandies
affected by neural tube defects, suggesting that abnormal-
ities of cobalamin metabolism, and subsequent methyla-
don, may be involved in the aetiology of neural tube
defects.2 Decreased vitamin B,; concentrations, but no fol-
ate defidency, were found in 3 women with pregnancies
affected by neural tube defects.’ A review?* of case-control
studies found a moderate association between low mater-
nal vitamin B,; status and the risk of fetal neural rube
defects, and results from a Canadian populanon, largely
after folic acid suppl 1tation was i d, sug-
gested a threefold increase in the risk of neural tube defect
in offspring of women with vitamin B,, status in the Jow-
est quartile.’ An Irish study® produced similar results. If
confired by controlled prospective studies, this would
suggest that additional supplementation with cobalamins
may be warranted.>*?
1. MillsJL aal lism in i by
neural-tube defects. Laneet 1995; 345: 149-51.
2. AdamsMJ, 2t al. Elevated midui add levels
as a risk factor for neural tube defects. Teratology 1995; 51: 311-17.
3. Candito M, ¢f af. Anomalies du tube ncural ct vitamine B12: 3 propos de
trois cas. Anm Biol Clin (Paris) 2004; 62: 235-8.
4. Ray JG, Blom HJ. Vitamin B12 insufficiency and the risk of fetal neural
tube defects. Q J Med 2003; 96: 289-95.
5. Thompson MD. er af. Vitamin B-12 and Munl tube defects: the
Canadian experience. Am J Clin Nutr 2009; 89: 6975-701S.
6. Molloy AM. & al. Maternal vitamin By status and risk of neural be
defects in a population with high neural tube defect prevalence and no
folic acid fortification. Pediatrics 2009; 123: 917-23.
7. Refsum H. Polate, vitamin B12 and homocystcine in relation to birth
defects and pregnancy outcome. Br J Nutr 2001: 85 (suppl): $109-5113,

Osteoporosis. An elevated serum homocysteine concen-
tration appears to be a risk factor for osteoporotic fractures
in older men and women.!"> Treatment with vitamin By,
and folate can reduce plasma homocysteine concentra-
tions (see Cardiovascular Disease, under Folic Add,
p. 2063.3). In a placebo-controlled study of padents with
hemiplegia following stroke (and at increased risk of hip
fracture),* those given folate and vitamin B,, were found
to have a significantly reduced risk of hip fracture despite
a lack of effect on bone mineral density. Vitamin B, status
has been associated with bone health in a number of stu-
dies.>* and it was suggested that the observed effects on
fracture might be due to increased concentrations of vit-
amin B;; rather than the lowering of plasma homocys-
teine.>¢

1. van Meurs JBJ, & al. Homocysicine levels and the risk of osteoparotic
fracture. N Entgl J Med 2004; 350: 203341,

2. McLean RR, ¢ al. Homocysieine as 2 predictive factor for hip fracture in
older persons. N Ergl J Med 2004; 350 2042-9.

3. vanMeurs JBJ, Vitterlinden AG. Homocysigine and fracture prevention.
JAMA 2005; 293: 1121-2.

4. SawoY, eral. Effect of folate and mecobalamin on hip fractures i parients
with stroke: @ randomized controlled trial. JAMA 2005; 293: 1082-6.
Correction. ibid. 2006; 296: 396.

5. Dhonukshe-Rutien RAM. e al. Vitamin B-12 status is associated with
bone mineral content and bone mineral density in frail elderly women
but not in men. f Nutr 2003; 133: 801-7.

6. SugivamaT. ¢ al. Fulawe and vitamin B, for hip {racture prevention after
stroke. JAMA 2005; 294: 792.

Rhinitis. A sublingual formulation of cyanocobalamin (Pre-
Histin; Cobalis, USA) has been reported to be under investi-
gation in the management of seasonal allergic rhinitis, but
published studies are lacking.

Adverse Effects and Precautions

For primary prophylaxis of megaloblastic jia in
pregnancy, folic acid is given in the UK in a usual dose of
500 micrograms daily, often with a ferrous salt for
prophylaxis of iron deficiency.

Drugs that act as inhibitors of dihydrofolate reductase,
such as methotrexate, may produce severe megaloblastic
anaemia which cannot be reversed by therapy with folic
acid. The adverse effects of such drugs may be largely
prevented or reversed by therapy with lolinic acid, which
can be incorporated into folate metabolism without the
need for reduction by the inhibited enzyme. For details of
such “folinic acid rescue’, see under Folinic Acid, p. 2067.1.

General references.
1. Wickramasinghe SN. Folate and vitamin B,; deficiency and
supplementation. Prescribers’ J 1997; 37: 88-95.

Allergic hypersensitivity reactions have occurred rarely
after cyanocobalamin and hydroxocobalamin and indude
skin reactions such as rash and itching, and anaphylaxis.
Patients who are hypersensitive to cyanocobalamin
injection may be able to take oral cyanocobalamin.
Antibodies to hydroxocobalamin-transcobalamin II com-
plex have developed during hydroxocobalamin therapy.

Arhythmias secondary to hypokalaemia have occurred
at the beginning of parenteral treaunent. with hydroxo-
cobalamin. Injection site reactions including pain,
erythema, pruritus, induration, swelling, and necrosis can
occur.

Intranasal cyanocobalamin may cause arthralgia, dizzi-
ness, headache, nasopharyngitis, and rhinitis; epistaxis has
also been reported.
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Other adverse effects reported with cyanocobalamin and
hydroxocobalamin indude gastrointestinal disturbances,
fever, chills, hot flushing, dizzi laise, acneform and
bullous eruptions, and tremor. Headaches, paracsthesia,
and chromaturia have occurred with hydroxocobalamin.

Cyanocobalamin or hydroxocobalamin should, if
possible, not be given to patients with suspected vitamin
B;; deficiency without first confirming the diagnosis.
Regular monitoring of the blood is advisable. Use of doses
greater than 10 micrograms datly may produce a

in pati with folate deficiency;

indismm!nate use may mask the precise diagnosis.
Conversely, folate may mask vitamin B,; deficiency (see
p. 2066.1).

Cyanocobalamin should not be used for Leber’s disease
or tobacco amblyopia since these optic neuropathies may
degenerate further.

Breast feeding. Vitamin B,; is diswibuted into breast
milk.! The American Academy of Pediatrics considers its
use to be usually compatible with breast feeding.?

1. Samson RR, McClclland DBL. Viamin B,z in human colostrum and
milk. Acta Pardiatr Scand 1930; 69: 93-9.

2. Ameri of P The wansfer of drugs and other
chemicals into human milk. Pediatrics 2001: 108: 776-89. [Retired May
2010] Correction. ibid; 1029. Also available au hnp.lluppolky

diatrics%3b108/3/776

09/01/06)

. Analysis, by the Boston Collaborative
Drug Surveillance Program, of data on 15438 patents
hospitalised between 1975 and 1982 detected 3 allergic
skin reactions attributed to cyanocobalamin among 168
recipients of the drug.! For the purposes of the study, reac-
tions were defined as being g lised morbilliform
exanthems, urticaria, or generalised pruritus only.

In a padent with a generalised pruritic reaction to
hyd ycobalamin (with sub urticaria, broncho-
spasm, and oropharyngeal angi ). cyanocobalami
was relatively well-tolerated, with only one episode of
delayed urticaria.?

1 Bwudibml-mdu«dmmumm:mnmm
ive Drug Surveillance Program on 15 438 consecutive

inpmam 1975 10 1982, JAMA 1986; 256: 3358-63.

2. Heyworth-Smith D, Hogan PG. Allergy to hydroxycobslamin, with

tolerance of cyanocobalamin. Med J Aust 2002; 177: 162-3.

Local reactions. After 3 years of monthly intramuscular
vitamin B, injections, a patient presented with a sclerotic
plague at the injection site, which was successfuily weated
by exdsion and local fat transfer. It was unclear as to
whether the patient had reacted to the vehide, the preser-

to 2 hours. The bioavailability of the intranasal preparation
is about 7 to0 11% of that by intramuscular injection.
Vitamin B,; is ext:nsiv:ly bound to specific plasma
called b transcobalamin II appears
t0 be mvolved in the rapid transport of the cobalamins to
tissues. Vitamin B, is stored in the liver, excreted in the
bile, and undergoes extensive enterohepatic recyding part
of a dose is excreted in the urine, most of it in the first 8
hours; urinary excretion, however, accounts for only a
small fraction in the reduction of total body stores acquired
by dietary means. Vitamin B,, diffuses across the placenta
and also appears in breast milk.

Retention in the body. A short review! in 1984 noted
that after injecdon of cyanocobalamin a large proportion
was excreted in the urine within 24 hours; the body
retained only 55% of a 100-microgram dose and 15% of a
1000-microgram dose. Body stores of vitamin By,
amounted to 2000 to 3000 micrograms which was believed
to. be enough for 3 to 4 years. If 1000 micrograms is
injected monthly, the 150 micrograms retained lasts for
about 1 month. Hydroxocobalamin was better retained
than cyanocobalamin; the review stated that 90% of a
100-microgram dose and 30% of a 1000-microgram dose
were retained which was believed to be enough for 2 10
10 months. While UK licensed product information sup-
ports these figures, it has been pointed out? that the latter
figure was misquoted by the review from its original
source, which claimed that 30% of a 1000 microgram-dose
was excreted and 70% retained, hence allowing for the
longer dosing interval.

1 Time to drop cy Drug Ther Bull 1984; 22: 43
2 luymond P. Cyanocobalamin. Aust Prescriber 1988; 11: 13,

vit-D; Cobalvit-OD; Cob 0D: Cob ve OD; Cobanerve;
Cobaver; Coblona; Cobsa; Compicare; Cubal; Cumee; Diaba-
nerve; Diacobal; B-Cob; Ecobal-OD; Bfcoba; Blecta; Elmecob;
Glomec; Hydrox-12; Ingavit B12; Intacob; Juvinate; Keeneur-
on; L-Vit-12; Lameco-OD; Logy: Maddox; Malamin; Marinol
Matilda; MB-12; MCB; MCBlt. MCBM. Me-12; Mecatin-MD;

Meamin; Mevcoflash; Mecofol:
Mecolife; M d: ; v; Meco-
n; Mecze;

novit-0D; k Mecovi;
Medbamin; Medlnenr Mego; Melife-OD; Mericobal: Metherlin;
Methico; Methilo; Methyco; Methycobal: Methygard; Methy-
neuron; Mewin; Mezen; Mico-B; Miko; Moblo; Mycobal;
Mycol; Myconova; Mycotop; Mycovit-OD; Myelogen; Mynur-
on; Necob; Nervic-1500; Nervidn; Nervon-M; Nervup; Neuco-

bal; Ni ctin; b-M Forte; g -MD;
A4 f M
g-M: Nifabol; bal, ine; b

Nurodad; Nurod: kind; Nurovole;

Nuroz-OD: Nuthynl Plus; OB-12; Odicoba; Omybal; Indon.:
Arcored; Berthyco: Cob bal; Interco; Kal

Lanabal; Lapibal; Magcrbn Memlm Meconeuro; Megabal;
Methycobal; Metifer; Mevrabalt; Nerfeco: famin; Nufaco-
bal; Oxicobal; S "“‘“M.C Cytacont:
Cytamen; Neo-Cytamen; Israel: Bedodeka; Bevitex: Ital: Coba-
forte; Cyanokit; Dobetin; Indusil; Neo-Cytamen; OH Bl12; Jpn:
Methycobal; Malaysia: Methycobal; N-Cobal; Neuromethyn:
Mex.: Axofor; Biocobalt; Biotrefon L; Bissel 12; Compensalt;
Duradace; Exorvitt: Fortical; Leo-Docet; Maxibol: Nebal; Neu-
rofor; Plusvisol; Sanovit Neth.: Cyanokit Hydrocobamine:
Norw.: Betolvex; Cyanokit; NZ: Neo-B12; Neo-Cytamen; Phi-
lipp.: Drexabion; Econvita; Geocobalamin; Heradene: Hybutin:
Jaga: Lixtress: Mecovit: Meganerv Methycobal; Nervafil; Nervi-
hn. N "‘s, link Polynem

i Val in; V Pol.: Cy k

Port.: Co-Vibedolcf' Cobaxid; Cyanokit; Dozefol: Jaba Bu. OH

Bl2; Permadoze; Rus.. Cicomin (Llwwosain); Vitagamma
. (B S.Afr.: Cobal Singapore. Methycoba). Neuro-
Human Requiremenis hyn: Spain: G bic B13; Cy Hopto B 12:

For adults, the dally requirement of vitamin B, is probably
about 1 to 2 microgr and this is present in most
normal diets. Vitamin B,; occurs only in animal products; it
does not occur in vegetables, therefore strict vegetarian
(vegan) diets that exclude dairy products may provide an
inadequate amount although it has been said that many
years of vegetarianisin are necessary before a defidency is
produced, if at all. Meats, especially liver and kidney, milk,
eggs, and other dairy products, and fish are good sources of
vitamin Ba.

UK and US recommended dietory infoke. In the UK!
dietary reference values (see p. 2046.1) have been pub-
lished for vitamin B,; and similarly in the USA recom-
mended dietary allowances {(RDAs) have been set.? Differ-
ing are recommended for infants and children of

vative, or to the cyanocobal ! Fascial h
after vitamin B,; injection leading to local «
(posterior anm compartment syndmmc) has also been
reported.? ‘

1. Bo J, & « Viamin B12 i

treaunent. Dennatol Surg 2004; 30: 1252-5.

2. 'Knapke D, Truumees E. Posterior arm and delioid compamment
. syndrome after vitamin B12 injection. Orthopedics 2004; 27: 520-1.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dassifies cyanocobalamin
and hydroxocobalamin as not porphyrinogenic; either
drug may be used as a drug of first choice and no precau-
tions are needed. Cobamamide and mecobalamin are not
dassified.!

1. ‘The Drug Database for Acu lable at: bup

drugs-porphyria.org (med onon)

Inferactions

Absorption of vitamin B,; from the gastrointestinal mact
may be reduced by neomycin, aminosalicylic acid,
histamine Hj;-antagonists, omeprazole, and colchicine.
Serum concentrations may be decreased by use of oral
contraceptives. Many of these interactions are uniikely to be
of dlinical significance but should be taken into account
when perlormmg assays for blood concentrations. Par-
enteral icol may at the effect of
vitarnin Bu in anaemia.

Pharmacokinetics

Vitamin B,, substances bind to intrinsic factor, a
glycoprotein secreted by the gastric mucosa, and are then
ar.ﬁve]y absorbed from the gastrointestinal tract. Absorption
is impaired in patients with an absence of intrinsic factor,
with a malabsorption syndrome or with disease or
abnormality of the gut, or after gastrectomy. Absorption
from: the gastrointestinal tract can also occur by passive
diffusion; little of the vitamin present in food is absorbed in
this manner although the process becomes increasingly
important with larger amounts such as those used
therapeutically. After intranasal dosage, peak plasma
concentrations of cyanocobalamin have been reached in 1

All cross-references refer to entries in Volume A

varying ages, adults and pregnant and lactating women.
In the UK the reference nutrient intake (RNI) is 1.5 micr-
ograms daily for adult males and females and the est-
mated average requirement (BAR) is 1.25 micrograms
daily. In the USA the RDA for adults is 2.4 micrograms
daily.

1. DoH. Dietary reference values for food energy and nuwients for the
United Kingdom: report of the panel on dietary reference values of the
comminee on medical aspects of food policy. Report on heaith and social
subjects 41. Umdou.mso 1991,

1. Swunding C of Dietary Refs
Inuk:sdlhe!nodmdﬂuummm Dietary Reference intakes for
thiamin, riboflavin, niecin, vitamin By folase. vitamin Bx. pamothenic acid,
biotin, and choline. Washingron, DC: Natonal Academy Press, 2000, Also
available at tp: Dnap.
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Preparations

Proprisiory Preparolions (details are given in Volume B)
Single-ingredient Preparalions. Ary.: Difenac Forte: Lisoneurin
B124; Reedvit: SL B12 Vitam Doce; Austral: Cytament:
Hydroxo-B12; Neo-Bl12; Neo-Cymment: Asustriaz Cyanokit;
Erycytol; Hepavit Bdg. Cyannht: Braz: Bedozl; Cianon
Bl124; C b Canad.: Athletet; Cya-
nokit; Formula 14; Hydro Cobex; Primet; China: Ai Ke Bao (¥
M{R); Al Xin Bao (¥W¥#R): Bo Di Tong (Ml Fl); Bo Ke Bao
(M7{); Cheng Qiang (RM); Dai Pang ({23%); Fanminbu (&
®3); He Bao (R®); Jia Li Bao (MHK): Le Kang (FA):
Liwel (#158); Luo Tang (M), Methycobal (W&R): Mi Br
Shen (3/F#); Mi Nuo (3i¥); Ouwei (EXSE); Qi Xin (%K)
Qu Li {#17); Runjie (¥#); Sancoba (MR E); Shi Er Xin (X
¥); Tang Xin (MN); Tuo Pu You (FJE#4L); Wei Ke Da (7T

i%); Yi Shen Bao (1AMR); Yi Wei Kang ({A$#%); Yu Hai Xiang'

(!itf) Yue Min Xing (B¢ Zhao Mm Xin (JXRUK); Cz:

N Denm.: kit; Vibeden;
Pin. Betol Cohemin; Fr.: Cyanol Dodcczvn. Ecovita-
mine B12; Gcr Ambe 12%; Bll Depot-Rotexmedica; B12
Rotexmedica; B12 Steigerwald; B;; Ankermann: B,, Depot-
Hevert}; Bi-ASmedic Cytobiont; Lophakomp-B 12 Depot;
Lophakomp-B 12; Novirell B,,; Rowo Vitamin B, (Rowo-12);
Gr.: Artidox; Bedoc; Homg Kong: Cobalamint; Cobamin; Cya-
noldt; Methycobal; Neo-Active Vit B-12t; Hung.: Feroglobin-
B12: No Shot; India: Acmic; Awix. Adee; Adenomin; Alnacob;
Alphamix; Ameco; A Azed: Balcobal; Basix-
0OD; Bigvin: Biocobal; Biomxc Cabosoft: Chiny; Citon; Coba;
Cobaday; Cobal Forte; Cobal; Cobalom; Cobaivit 1ML; Cobal-

Megamﬂbedoce Oprovite BIZ. Reuculogtn Fomﬁadof, Zima-
docet; Swed.: Beh lvidon; Cya-
nokit: Switz.: Betolvex; Cyanolm. Vitarubin; Thai.: Ampavu B
Twelve P; Bal Hitocobamin M+; ba;

Mecobin: Meaze; Merabin; Methycobal: Neuromet: Rcdisol,
Turk.: Aktbol; Betolvex; Dodex; UAE: Cynovit; UK: Cobalin-
H: Cyanokit; Cytacon: Cytamen: Neo-Cylamen; USA B-12
Dots; B-12 SL: B-12; CaloMistf; Cry t: Cy ; Cyo-
mint; Nascobal: Rapid B-12 Energy: Twelve Resin-K; Venez.:
Bedovit Simple; Beplus; Cristadoce; Dobetin; Hidro-Doce: Ibe-
dox: Maxibol.

Lend Pre 9 N,

o Prep: P are listed
in Volume B.

Homoeopathic Preporations. Ger.: Hepar comp; Infi-China; Infi-
Symphytum; Infihepan; NeyDil Nr 66t; NeyFoc Nr 69; Ney-
Gero Nr 64; NeyGeront Vitalkapsein A; NeyLing Nr 66.

in Tablets; Hy bal.
in Injection; Hydr

in Injection;
Injec-

BP2014: Cy
USP 36: Cy bal
tion; Oil- and Water-soluble Vitamins Capsules; Oil- and Water-
soluble Vitamins Oral Solution: Oil- and Water-soluble Vitamins
Tablets; Oil- and Water-soluble Vitamins with Minerals Capsules;
Qil- and Water-soluble Vitamins with Minerals Oral Solution;
Oil- and Water-soluble Vitamins with Minerals Tablets; Water-
soluble Vitamins Capsules; Water-soluble Yitamins Tablets:
Water-soluble Vitamins with Mi Is Capsules; Water-solubl
Vitamins with Minerals Tablets.

Vifcmm C Subshnces

Several substances have vuamln C acuvxty notably ascorblc
acid and its calcium and sodium salts. Natural products with
a high vitamin C content include black currant (p. 2458.1),
lemon (p. 2542.3), sweet orange (p. 2576.2), and rose fruit
(p- 2607.1).

Aclde ascorbvg ! Acido 3&cérbico; Addum Ascorb-cum, -
Ascorbic’ Acid:, Ascorbico, 4cido; Ascorbinsaure; Askorbiini-
happo; Askorbik. Asit; - Askorbinsyra; * Askorbo _riigitis;
‘Aszkorbinsav; - Cevitamic  Acid;: E300; Kwas askorbowy;
Kyselma askorbova Vitamin C \ﬁtamma Q Ao<op6nuoaaﬂ
'KACIOTa,. -
The enolic form of 3-oxo-1.—guloﬁ1ranolacmne 23—
Dndehxdro-L-rhreo-hexono-l Mactone : :
QH.Os—WGl
CAS = S081-7..-
ATC — A1IGADY; GOIAD(B SOIXAIS
ATC Vet — ‘QATIGADT; OGOMDO "QSOIXMS
UNIl = PQSCKBPDOR. -

Phanmeopoeaas In Chin., Eur. {see p. vn) nt, Jpn. uUs, and

Viet.
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Ph. Bur, 8: (Ascorbic Add). A white or almost white
crystalline powder or colourless crystals becoming
discoloured on exposure to air and moisture. Freely soluble
in water; sparingly soluble in alcohol. A 5% solution in
water has a pH of 2.1 10 2.6. Store in nonmetallic containers.
Protect from light.

USP 36: (Ascorbic Acid). White or slightly yellow crystals or
powder. On exposure to light, it gradually darkens. In the
dry state, is reasonably stable in air, but in solution rapidly
oxidises. Soluble 1'in 3 of water and 1 in 40 of alcohol;
insoluble in chloroform, in ether, and in benzene. Store in
airtight containers. Protect from light.

Calcium Ascorbcte BANM, ANNY

Astorbate “de” Calcmm Ascorbata. célcnco Askorba'
‘vépenaty - dnhydrét: Calcii Ascorbas; - Caldii - Ascorbas'
DiRydricds; Calcium, ascorbate de;’ Calciumastorbat; E302;
Kalcio-“askorbatas; - Kalciumaskorbat;- Kalcmm-aszkorbét,
Kalsmmaskorbaatti Kanbuun Ackop6ar.
(CH09:Ca2H0=4263

CAS = 5743-27-1.

UNIL > . 183E4W213W (calcium ascorbate d:hydrate),
J96UOZD4Y6 (anhydrous calczum ascorbate).

Pharmacopoeias. In Chin,, Elg...(see p- vii), and US.

Ph. Eur. 8: (Caldum Ascorbate). A white or slighdy
yellowish crystalline powdar “Freely soluble in water;
practically insoluble in alcohok-A 10% solution in water has
a pH between 6.8 and 7.4. St67¢'in nonmetallic containers.
Protect from light.
USP 36: (Calcium Ascorbaté}. ‘A" white to slightly yellow,
practically odourless, powder. Freely soluble in water
(about 1 in 2); slightly soluble in alcohol; insoiuble in ether.
pH of a 10% solution in water is between 6.8 and 7.4. Store
in airtight containersA Protect from light.

Sodlum Ascorbate Banm, iNN)

,te de sodium; Ascorbate SOdquE' Ascorbato de
. “Ascorbato sodico; - Askorban  sodny; E301; . Mono-
sodium i-Ascorbate; Natrii Ascorbas; Natrio askorbatas;
Natriumascorbat;”” Namumaskorbaam Natriumaskorbat;
Nétrium-aszkorbat; Hatpua Ackop6ar. . !
3-0xo-L—gquﬁ.|ranolactone sodlum enolate.
CeHNaOg=198.1: .

CAS - 134-03-2.." .

UNIF=— SO335H8359:

Phom\ucopoeias. In Chin., Eur. (see p. vii), and US.

Ph. Bur. 8: (Sodium Ascorbate). A white or yellowish
cystalline powder or caystals. Freely soluble in water;
sparingly soluble in alcohol; practically inscluble in
dichloromethane. A freshly prepared 10% solutien in
water has a pH of 7.0 10 8.0. Store in nonmetallic containers.
Protect from light.

USP 36: (Sodium Ascorbate). White or very faintly yellow,
odourless or practically odourless, crystals or crystalline
powder. On exposure to light it gradually darkens. Soluble 1
in 1.3 of water; very slightly soluble in alcohol; insoluble in
chloroform and in ether. pH of a 10% solution in water is
between 7.0 and 8.0. Store in airtight containers. Protect
from light.

Uses and Administration

Vitamin C, a water-soluble vitamin, is essential for the
synthesis of collagen and intercellular material. Vitamin C
deficiency develops when the dietary intake is inadequate.
It is rare in adults, but may occur in infants, alcoholics, or
the elderly. Deficiency leads to the deveclopment of a well-
defined syndrome known as scurvy. This is characterised by
capillary fragility, bleeding (especially from small blood
vessels and the gums), normocytic or macrocytic anaemia,
cartilage and bone lesions, and siow healing of wounds.

Vitamin C is used in the treatment and prevention of
defidency. It cc ly reverses symip of deficiency. It
is usually given orally, the preferred route, as ascorbic acid.
Ascorbic acid or sodium ascorbate may be given
parenterally, preferably by the intramuscular route, but
also by the intravenous or subcutaneous routes. Doses of 25
to 75 mg daily in the prevention of deficiency, and 250mg
or more daily in divided doses for the treatmemt of
deficiency, have been recommended.

©Oral ascorbic acid 100 to 200 mg daily may be given with
desferrioxamine in the treatment of patients with chronic
iron overload, to improve the chelating action of desferri-
oxamine, thereby increasing the excretion of iron (see
p. 1544.1); to reduce toxicity ascorbic acid shouid not be
started until 1 month after starting desferrioxamine.
Ascorbic acid should be given separately from food since it
can enhance iron absorption. In iron deficiency states
ascorbic acid is used to increase gastrointestinal iron
absorption and ascorbic acid or ascorbate salts are therefore

included in some oral iron preparations. Ascorbic add or
sodium ascorbate have been used in weating methaemo-
globinaemia. Ascorbic acid has been used to adidify urine. It
has also been tried in the wreatment of many other disorders
(see below) but there is litle evidence of beneficial effect.

For doses in children, see Administration in Child
below.

Eye drops containing potassium ascorbate (ascorbic add
10%) have been used for the treatment of chemical eye
burms (p. 1782.1); they may be used with sodium citrate eye
drops (sce Uses and Administration of Bicarbonate,
p. 1781.2).

Ascorbic add and calcium and sodium ascorbates are
used as antoxidants in pharmacentical manufacturing and
in the food industry.

Administration in children. Vitamin C is used in children
to prevent and treat deficiency which can lead to scurvy.
It is usually given orally as ascorbic add (although wadi-
tional sources for supplementation have inciuded dtrus
juices, black currant, and rose hip syrup); when the orat
route is not feasible or malabsorption is suspected the vit-
amin may be given parenterally, preferably by the intra-
muscular route, but also by the inravenous or subcuta-
neous routes. Doses used for prevention of deficdency are
similar to those used in adults, see Uses and Administra-

increase seen in African women. Lower doses of 100 mg
daily for 10 days approximately doubled the ascorbic acid
breast milk content in the latter, as did supplementation
with orange juice 3 or 5 times a week; a significant day-
to-day effect was also noted, indicating that the ascorbic
acid content of breast milk is regulated. In a small study?
involving 4 different doses of ascorbic acdid supplements,
women in West Africa showed that increased intake
caused an increase in the ascorbate concentration of breast
milk, but concentrations approached a plateau at higher
intakes; it was conduded that about 100 to 120mg of vit-
amin C daily was needed to achieve acceptable plasma
and breast-milk ascorbate concentrations in this popula-
tion.

L. Daneel-Otterbech S, ef al. Ascorbic acid supplementation and regular
consumption of fresh orange juice increase the ascorbic add content of
human milk: studies in European and African lactating women. Am J
Clin Nutr 2005; 81: 1088-93,

2, Bates CJ, ot al. The effect of vitamin C supplementation on lactating

women in Keneba. a West African rural community. Int J Viton Nutr Res .
1983; 53: 68-76.

Effects on the blood. There are reports of haemolysis in
patients with G6PD deficiency after large doses of ascorbic
acid either intravenously’? or in soft drinks.> There has
also been a report* of a patient with paroxysmal nocturnal

haer wria suffering haemolysis after taking large

tion, above. In the treatment of scurvy, oral or parenteral
doses range from 100 to 300mg daily, although higher
oral doses have also been suggested; the BNFC suggests
oral doses according to age:

+ 1 month to 4 years: 125 to 250 mg daily in 1 or 2 divided

doses

» 410 12 years: 250 to 5001mg daily in 1 or 2 divided doses
» 121018 years: 50010 1000 mgdaily in 1 or 2 divided doses
Ascorbic add may also be given with desferrioxamine to
increase the excretion of iron; children from 1 month of age
may be given the same dose as adults.

Yitamin C may also be given in the treatment of some
inherited metabolic disorders such as tyrosinaemia type I,
transient tyrosinaemia of the newborn, glutathione
synthase defidiency, and Hawkinsinuria. The BNFC suggests
the following oral doses for spedalist use:

* neonate: 50 to 200 mg daily, adjusted as necessary

+ 1 month to 18 years: 200 to 400 mg daily in 1 or 2 divided
doses, adjusted as necessary; up to 1g daily may be
required

Non-deficiency disorders. A beneficial effect of vitamin C
therapy has been claimed for an extraordinary number of
conditions, including age-related macular degeneration
(under Betacarotene, p. 2051.2) Alzheimer’s disease (see
Dementia, under Vitamin E, p. 2120.2), atherosclerosis
(see Prophylaxis of Ischaemic Heart Disease, p. 2047.1),
cancer (see Prophylaxis of Malignant Neoplasms,
p. 2047.3), and the common cold (p. 951.1). Other condi-
dons claimed to benefit include asthma, wound healing,
psychiarric disorders, infections due to abnormal leucocyte
function, infertility, osteogenesis imperfecta, pain in
Paget's disease, tetanus, and opioid withdrawal. Generally
there are few properly controlled studies to substantiate
these claims. Although preliminary evidence suggested a
benefit in prevention of pre-eclampsia, this was not con-
firmed in later studies (see Hypertension, p. 1251.1).
Ascorbic acid is also under investigation for the treatment
of Charcot-Marie-Tooth syndrome, a chronic and progres-
sive disorder of the nervous system.

Adverse Effects and Precautions

Ascorbic acid is usually well tolerated. Large doses are

reported to cause diarthoea and other gastrointestinal
disturbances. It has also been stated that large doses may !
result in hyperoxaluria and the formation of renal calcium

oxalate calculi and ascorbic acid should therefore be given
with care to patients with hyperoxaluria (see Effects on the
Kidneys, below). Tolerance may be induced with prolonged
use of large doses, resulting in symptoms of deficiency when
intake is reduced to normal. Prolonged or excessive use of
chewable vitamin C preparations may cause erosion of
tooth enarmel.

Large doses of ascorbic acid have resulted in haemolysis
in patients with G6PD deficiency (see Effects on the Blood,
below).

Breast feeding. Vitamin C is excreted into breast milk and
thus supplied to breast-fed infants. Women in developing
countries have significantly lower concentrations of ascor-
bic adid in their breast milk compared with those in devel-
oped countries,’ and seasonal variation in consumption of
foods rich in vitamin C leads to variable amounts of ascor-
bic acid in breast milk.? Supplementation with high-dose
ascorbic acid (1g daily for 10 days) led to significant
increases in breast-milk concentrations in both European

amounts of ascorbic acid in a soft drink. There is concern
that the large quantities of vitamin C in feeds for prema-
ture neonates may have a pro-oxidant effect, and lead to
haemolysis. However, a double-blind study found no
increase in erythrocyte destruction or hyperbilirubinaemia
in premature neonates receiving vitamin C.3
1. CampbeB GD, er al. Ascorbic acid-induced hemolysis in G-6-PD
deficiency. A Intem Med 1975; 52: 810.
2. Rees DC. et al Muu hlemolysls mdu::d by high dose ascorbic acid in
6 . BMJ 1993; 306: 841-2.
3. Mehu JB, et ol. Ascorbic- ldd-mductd haemolysis in G-6-PD deficiency.
Lancet 1990; 336: 944
4. Iwamoio N, ¢ al. Haemolysis induced by ascorbic acid in paroxysmal
nocturnal haemoglobinuria. Lancet 1994; 343: 357.
S. Dayle J, ¢t at. Does vitamin C cause hemolysis in premature ncwhnm
infanis? Resuits of a double-blind,
wrial. J Pediatr 1997: 130: 103-9.

Effects on the kidneys. Although renal impairment asso-
dated with excessive oxalate excretion has been reported
with large doses of ascorbic acid'-? it has been considered
that healthy persons can ingest large amounts of ascorbic
add with relatively small increases in oxalate excretion**
and without an increased risk of oxalate stone formation.
A study of vitamin C supplementation with 1 or 2g given
daily for 3 days in calcium stone-forming patients, and 1g
given daily for 3 days in healthy subjects, found that
urinary oxalate excretion and the risk of caldum oxalate
crystallisation increased significantly in all groups.” A pro-
spective cohort study found that increased vitamin C
intake {over 1g daily) was positively associated with the
risk of stone formation; an increased risk was observed
even at lower intakes of about 90 to 250 mg daily. The risk
was raised for both dietary and supplemental vitamin C
intake. However, the relation between vitamin C intake
and stone formation had emerged only after the inclusion
of dietary potassium in the analysis, with potassium intake
positively associated with dietary vitamim C intake, but
inversely associated with stone formation. This led the
authors to conclude that, while limiting dietary vitamin C
intake in men with calcium oxalate nephrolithiasis was
unwarranted (because of the high potassium content of
vitamin C-rich foods), supplemental vitamin C shouid be
avoided.?

1. Reznik VM, er al. Does high-dose ascorbic acid accelerate renal failure? N
Engl J Med 1980; 302: 1418-19.

2, Swanz RD. et al. Hy ia and renal insuffici due 1o ascarbic
acid inistration during total autrition. Ann fntern Med
1984: 100: 530-1.

3. Balcke P. et al. Ascurbic acid agg secondary hy in

patients on chronic hemodialysis. Ann Intern Med 1984; 101: 344-5.

4. Tsao CS. Ascarbic actd administration and urinary oxalate. Anm lmtern
Med 1984; 101: 405-6.

5. Wandzilak TR, e al. Eflect of high dose vitamin C on urinary oxalate
levels. J Urol (Baltimore) 1994: 151: 834~7.

6. Curhan GC, e 4/. Intake of vitamins B6 and C and the risk of kidney
stones in women. J Am Soc Nephrol 1999; 10: 840-5,

7. Baxmann AC, a al. Effect of vitamin C supplements on urinary oxalate
and pH In caldum stone-lorming patients. Kidney Int 2003; 63: 1066-71.

8. Taylor EN, et al. Dietary factors and the risk of incident kidney stones in
men: new insighis after 14 years of follow-up. J Am Soc Nephrol 2004; 15:
3225-32.

Effects on rnondi'y. There is some suggestion that serum
ascorbic acid concentrations are inversely related to all-
cause mortality;* serum levels were also inversely related
to cancer mortality in men but not in women.!> However,
a meta-analysis of 3 studies found vitamin C supplementa-
tion to have no benefit on mortality in elderly people.’ A
systematic review of antoxidant supplementation in adults
also found no significant effect on mortality from studies
in which vitamin C was used either singly or with other

and African women;! however, the overall effect was | antoxidants;® small beneficial effects or large harmful
modest in European women compared with a threefold i effects could not be excluded, and since vitamini C can

The symbol 1 denotes a preparation no longer actively marketed
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also act as a pro-oxidant, further studies should monitor
closely for any harm.

1. mcu.aiwumcmmdmmmnusmmumu

Nutr 2000; 72: 139-45.
2 Shnmmadldaunndmmwrbinddmmnqm;m
adults. J Ams Call Nutr 2001; 20z 255-63.

3. Khaw K-T, ef al. Relation between plasms sscorbic add and motrality in
men and women in BPIC-Norfolk prospective smdy: a. prospective
populstion study. Lemcet 2001; 35 657-63.

Fetcher AR, o al. vitamins and

»

Community. Awm J Clin Nutr 2003: 78 999-1010.

S.. Ness A, @ al Role of andoxidant viumins in prevemion of
disecases.

BMJ 1999 319z 577,

6. BjelakovicG, tal. id for pr of i
in healthy partictpants and patients with various diseases. Available in
The Cochrane Dawabase of Systemnatic Reviews: Issue 2, Chichester: John
‘Wiley: 3008 (accessed 18/06/08).

Effects on the feeth. A report of dental enamel erosion
attributed to the daily ingestion of chewable ascorbic acid
tablets over a period of 3 years.! The tablets lowered the
PH of the saliva to a level at which calcum was jost from
the tooth enamel.
1. Giunca JL. Dental erosion resulting from chewable vitamin C ablets. J
Am Dent Asvoc 1983; 107: 253-6.

interference with laboratory fests. Ascorbic acid, a strong
reducing agent, interferes with laboratory tests involving
oxidation and reduction reactions. Falsely-elevated or
false-negative test results may be obtained from plasma,
faeces, or urine samples depending on such factors as the
dose of ascorbic acid and specific method used.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dlassifies ascorbic add as
not porphyrinogenic; it may be used as a drug of first
choice and no precautions are needed.’

UK and US recommended diefary infake. In the UK!
dietary reference values (see p. 2046.1) have been pub-
lished for vitamin C and similarly in the USA recom-

ded dietary all es (RDAs) have been set.? Differ-
ing amounts are recommended for infants and children of
varying ages, for adult males and females, and for preg-
nant and lactating women. In the UK the reference nutri-

Defense; N'ice Vitamin C; Sunkist Vita-C; Vemez: Cebion;
Cevax; Cevit; Vitadyn C; Vitrexon.

Maslti dient Preparations. N are listec
in Vohume B.

Used as an cﬁmd .. Arg.: Anemidox Ultra: Anemidox-Fer-
um; o; Ferro Foli Ferrocebri-

ent intake (RNI) is 40 mg daily for adult males and femal
and the esti d average requi {BAR) is 30mg
daily. In general the amount recommended in the USA for
all ages and groups is higher than that set in the UK; the
RDA is 90 mg daily for men and 75mg daily for women.?
The RDA is increased in smokers by 35 mg daily. The tol-
erable upper intake leve! is 2g daily.? The EAR is 75mg
daily for men and 60 mg daily for women.

1. DoH. Dietary reference values for food energy and nuirients for the
United Kingdom: report of the panel on dietary reference values of the
committee on medical aspects of food policy. Report on heaith and social
subjects 41. London: EMSO, 1991,

2 ¢ on the of Dietary
Intakes of the Pood and Nutrition Board. Dietary Reference Intaker for
vitamin C, vitamin B, selenium, and carotenoids. Washington DC: Nlnoml

na; Hierro Folico; Hmrro Plust; nseml. Rubiron; Sideralce;
Tardyferon; Awstral.: Bio Iron; FAB; Ferrograd C; Iron Max;
Austria: Perretab; Losien'on. Belg. Pem-Gnd Losferron,
Braz.: Cobaldozet; C lex; Ferro-
plex; Iberin Polico; Iberol; noban Novot'er; Sulfato Ferrosc
Composto; Canmad.: Neo-Fer CP: Palafer CF: Chile: Confer
Ferranem; Ferranim: Ferro Vitaminicot; Polifer; iberol Foli-
cot; Iberolt; Cz: Ferro-Folgamma; Losferront: Sorbifer; Tar
dyferon-Fol; Tardyferon; Fim.: Duroferon; Fr.. Bio-Fert
Pero-Grad vitamine C; Taxdytenm B,. Tardyferon; Timoferol
Ger.: Ferro-Fol dural-Fol-5004; Los:
{erron; Tardyferon-Fol; Tardyfemn. Hany Kong: Tberet-Folict
Tberett; Hung.: Ferro-Folg: Floradix; Sorbifer; Tardyfer

on-Fol; India: Alamin-Fez; Anemidox; Autrin; Camyi-FE

Acadeny Press, 2000. Also available at: htip://www.nap.cd
php?isbn=0309069331 (accessed 21/07/08)

Preparations
Proprietary Preparafions (details are given in Volume B)
$ . Preparations. Arg.: C-Vitamin:

Conviron-TR; H ine; Hepasulest: “'Indon Adfer
Biof - Bi i; Bi be: Dasabi Ermni

Fercee; Feritrin; Ferofort: Habebiont; Hemaforrt, Hemarate
CE+; Hemobion; Iberet-Folic; Iberet: I.nbxon, Natablon. Neo-

gob:on. Nephrovit-Fe: Nichobion: bion-GM

bi Odlron Cf— Opibion; Ovablon: P Prena

Cellskinlab tin-DF; Sang t: Solvitral Supra
bion; V ; Vica-Natal Vrliron. Vmbwn. Vnal:x. Vno

Single-ingredient

Serum 15; Cewin; Citrocola; Citrovitat; Gymefix: Redoxon:
Urosedac; Vicenrik; Vita Fiz C; Awstral: Cal C; Redoxont;
Sugarless C; VagiCare; Austriaz Ascorbin: C-Vit; Ce-Limo;
Cebion; Cetebe; Cevitol: Iroviton Vitamin C; Mel-C$; Belg.: C-
Wwill; Cetamine; Cevi-dropst: Megavitin-C; Redoxont:
Redoxon; Upsa C: Braz.: Aceina; Acerogrip C; Active C: Bio-
C; Cebion; Ceglen; Cenevit; Cedvit, Cetozonet; Cevita; Cevi-
tont; Cewin; Citroplex; Citrovit; Coristina V C; Energil
C; Fonto-Vit C+: Hidradd C20; Hydradid; Redoxon; Vagi C; Vi-
Ce: Viacin; Vitamice; Vitaxon C; Vitergyl C; Canad.: Apo-CH:
Asc lex: Bio-C: C 1000; C 3000+; Ester-C; Formula 1 Bio-

1. The Drug for Acute h flable at: hup:
drugs-porphyria.org (accessed 07/10/11)

Inferactions

For the effect of ascorbic acid on various drugs see ander
desferrioxamine (p. 1547.3), hormonal contraceptives
(p. 2244.1), HRT (p. 2251.2), fluphenazine (under
Chlorpromazine, p. 1053.3), and warfarin (p. 1535.3).
Ascorbic add may increase the absorption of iron in iron-
deficiency states. Omeprazole may affect the bioavailability

of dietary vitamin C (see Malabsorption, under O
p. 1870.2). .
Pharmacokinetics

Ascorbic acid is readily absorbed from the gastrointestinal
tract and is widely distributed in the body tissues. Plasma
concentrations of ascorbic acid rise as the dose ingested is
inereased untl a plateau is reached with doses of about 90 to
150mg daily. Body stores of ascorbic acid in health are
about 1.5g although more may be stored at intakes above
200 mg daily. The concentration is higher in leucocytes and
platelets than in erythrocytes and plasma, In defidency
states the concentration in leucocytes declines later and at a
slower rate, and has been considered to be a better criterion
for the evaluation of defidency than the concentration in
plasma.

Ascorbic acdid is reversibly oxidised to dehydroascorbic
add; some is metabolised to ascorbate-2-sulfate, which is
inactive, and oxalic add which are excreted in the urine.
Ascorbic add in excess of the body’s needs is also rapidly
climinated unchanged in the urine; this generally occurs
with intakes exceeding 100 mg daily. Ascorbic add crosses
the placenta and is distributed into breast milk. It is removed
by haemodialysis.

Human Requirements

A daily dietary intake of about 30 to 100 mg of vitamin C has
been recommended for adults. There is, however, wide
variation in individual requirements. Humans are unable to
form their own ascorbic acid and so a dietary source is
necessary. Most dietary ascorbic add is obtained from fruit
and vegetable sources; only small amounts are present in
milk and animal tissues. Relatively rich sources include rose
hips (rose fruit), black currant, ctrus fruits, leafy vegetables,
tomatoes, potatoes, and green and red peppers.

Ct; Formula 2 Bio-Ct; Formula 2t; Inf IC+; Kyolic Formula
103+ Liqui Ct: Mega-C; Orti C: Poly C: Prevegyne; Proflava-
nol C; R Ct; Scorb t. Super C; Super
LSN1: Time Rel Vit Ct; UPC; Vicks Vitamin C Orange; Chile:
Cebion; Crevet L; Crevet; Esvit C; Mintavit-C; Necta C; Serum
15; Vitac, Vitaseve; China: Da Wei Xin (iX#%K); Gao Xi (%
¥); Ha Xin (JKK); Redoxon (HEM): Upsa C (SEH): Wei
Ti Yin ($4B); Xin Wei Xi (%) Cz.: Additiva; C-Vitamin;
Celaskon; Desnm.: Bio-C; C-Tabst; Mega C; Vita Care C-Longt:
PFin.: Ascorbint; Bio-C-Vitamint; C-vimin; Cevi-Tabst; Pore-
max-C; Fr.: Laroscorbine; Vitascorbol; Ger.: Ascorel); Ascorvit:
Cebiont; Cetebe; Forum C4; Hermes Cevitt; Macalvitt; Pascor-
bim; Vagi-C: Gr.: Ascorbine; Cebion; Pascorbin: Redoxon:
Vicef; Viforcit; Vitorange; Hong Kong: Cecap; Celint; Cetri-
nets; Cevity; Cevizot; Champs Juniorf; Cibioni; Delrosa;
Flavettest; Poten-Ceet: Redoxont; Vorange; Hung.: Beres C;
Cebion; Cetebe; Hermes Cevitt; Vitascort; India: Adcon;
Aquasol C; Aquasol Ceezed; Bex-C; C-Vit; Cecon; Celin; Cell-
C; Frutcee; Immunex; Limcee; Lincee; Sukcee; Indon.: Askor-
bin; Bekamin C; Biferce; Candyvit-C; Cebiont; Ceelin;
Champs C: Ever Cet; Extrace; Fit-C: Flavettes; Sankorbin;
Scott's Chewyvit C; Sweeta C; Vicee; Viracimin; Vitalong C
TRC; Vitamex Ct; Xon-Ce; Zevit C: Irl: Haliborange Vitamin

nal; Irl: Ferrograd C; [tal: Auxoferf;
Blustark$; Crem; Cromatonferro; Effegyn; Ergon: Entroptu
Perro Complex; Ferrograd C: Ferrograd Folic Ferrogyn
Gloros; Losferron; Megafer; Monoferrot: Niferex: Prontoferro
Sidervim; Malaysia: Iberer-Folicc Opibion; Sangobion; Mex.
Autrin; Ferro Folico; Pumarolt; Iberett: Iberolf: Neth.: Los
ferron; Norw.: Duroferon; Niferex; NZ: Ferrograd C: Philipp.
Appetite OB; Iberet-Folic Iberet; Imefer; Macrobee witt
Iron; Magniferron; Micron-C; Molvite with Iron; Mulvitron
Odiron-Ct; Sangobion: Sorbifer: Terraferron; THHEMIC; Pol.
Additiva Ferrum+; Ascofer; Sorbifer; Tardyferon-Fol; Tardy
[emn. Rus.: Fenules (Omuonc); Fcrm-Polumma {®eppo
) Perraplex (Depp Gyno- dy (Taxo
C (I gen C Vit
(l‘aﬂmteu C Buma); Sorbifer (Cap&lbep). S.Afr.: Autring
Fero-Folic; Fero-Gradf; Foliglobin; Simgapore: Iberet-Folic
Tberet; Iron Melts; Neogobion; Odiron-C; Opibion; Sango
bion; Swed.: Duroferon: Switz: Duofer Fol Duofer; Fero
Policc Ferrascorbint; Kendural; Luferf: Thai: Glufer-Ct
Iberet; Sangobiont; Turk.: Ferro-Vitalt: Gyno-Tardyferon; Vi
Fer; UK: Ferrograd C. Floradix; Ukr.: Fenules (®emmomsc)t
Gyno-‘l'ndyfemn (Funo-Tapandepon); Sorbifer (Copbndep)
T (Tap USA: Chromagen FA; Ch
Pon:, Chmmagen-f' Contrin; Feocyte; FeoGen; Pero-Foli(
Pero-Grad; Ferotrinsic Perralet 90; Ferrex Fonte Plust; Fer
rex Plus; Ferrogels Forte; Pemin; Fumatnict; Hem Fe
Hematinic Plus; I-L-X; Icar-C Plus: lron 100 Plus; Irospan
Livitrinsic-ff; Multigen; Niferex Forte; Niferex; Pronemi
Hematinic; Tandem Plus; TL Icon: Tolfrinic TAHEMIC; Tri
magent; Trinsicont; Vitagen Advance; Vigon-C: Venez
Fefol; Perro-Folicc Ferroce B12; Ferroce; Ferronorm: Hepalc.
con B-12; Derol C.

N

Ph d B -
F

C; Redoxont; Rubex; Israel: C-Tamin; C5004; prep;
Redoxon; Ftal.: Addivita; Agruvit; Bio-Ci; C Monovirt; C-Tard;
Cebion; Cimille; Duo-C$; Dynaphos C; Redoxon; Univit; Vici;
Jpn: Hicee; Malaysia: Ascorbint; Cecap; Ceelint; Chewette:
Citrex Vitamin C; Upha C; Via C; Mex.: Active C; C-Messel;
Ce-Vi-Solt; Cevalin: Femiprim; Gomas Garde G; Noratoquin;
Oxital C; Poly C; Ramy CE: Redoxon; Sincsmin; Mon.: Preve-
gyme; Neth.. C-Will; Dayvital; Norw.: Bio-C; Nycoplus C-vit-
amin; NZ: Redoxon; Philipp.. A-Cee. Alka-C; Asconvita;

BP 2014: Ascorbic Add Injection; Ascorbic Acd Tablet
Chewable Ascorbic Acid Tablets; Paediatric Vitamins A, Cand 1"
Oral Drops; Vitamins B and C Injection;
USP 36: Ascorbic Add Injection: Ascorbic Acid Oral Solutior
Ascorbic Acid Tablets: Oil- and Water-soluble Vitamins Capsule: *
Qil- and Water-soluble Vitamins Oral Solution; Oil- and Water -
soluble Vitamins Tablets; Oil- and Water-soluble Vitamins wit! .
Minerals Capsules; Oil- and Water-soluble Vitamins wit .
Is Oral Sof Oil- and Water-soluble Vitamins wit! :

Ascotbin; Ascorcee; Bonalet-Cee; C-4-Kids; Calceb Cal-
dmed; CareZee: Ce-Vi-Sol; Cecon: Cee-protect: Cedin; Cee-
nergy; Ceetrus; Cetrasol; Cetrinets; Chewette C; Chiloee; Chil-
vit-Cee; Citrudn; Cixtor; Clusivel Power C; Day-C-Vit
Daycee; BoonoCee; Bsviceet: Excel C: EZZ-C; Fern-C; Iconcee;
Incee-Vit; Medcee; Myrevit-C; Neo-C; Nuwa-Cee; Nutricee;
Pedcee; Pediafortan-C: Poten-Cee; Provit-Cee; Supravit-Ct;
Tropicee; Vamcee; Vi-Ced; Vita-Procee; Zerrucee; Pol: Ascor-
gem; Ascorvita; Cebion; Ceiebe; Cevikap; Juvit; Monovitan
Ct; Vicefar; Vita-Gem C; Port.: Anti-rugas Ct; C'Nergil; Cebio-
lon; Cebion; Cecont; Cecrisina; Redoxon; Vitaminac Retard;
Vivin C}; Rus.: Ascovit (Acmosar); Celascon (Ulemacxos);
Cetebe {Cerete); Cevikap (LI Citravit (Ibop ); Rost-
vit (Poctasrr); Upsavit Vitamin C (Yncassr Burmamn C); Vagi-
norm-C (Banmops-C); S.Afr.: Scorbex; Vitaforce Ct; Vitaforce
Massif-Ct; Singap Acdve C: Ascorbin; Biferce; Cebiom;
Ceelin; Champs C+; Dancimin-C; Fl t: G i King (Vit
C). Eshc. Redoxonr Vorange: Spain: Cebion: Citrovitt;

t: Swed.: C-vimin; Ido-C; Switz.: Cetebe;

Ascorbic- acid is readily destroyed during c
processes. Considerable losses may also occur dunng
storage.

General references.
1. Deruclle F, Baron B. Vinmin C: is supplementation necessary for

opeimal health? J Altern Complement Med zoos. 14 1291-8.

2. Berger MM. YViumin C
2009; 137 (suppl): §70-578.

Demovit C; Redoxon; Vitacen C; Thai.: Ascee 500; Bio-C; C
Mon; C-Coated; C-Mic C-wil; CEE; Cibic Fa-cf; Hicee
MAG-C; Mancevit}; Med-C; Mita-C; Mymin C; Sweetcee:
Teddy-C: V-Ct; Vio C; Vit C Prx; Vit C-Mile; Vitacee; Vitadi-
min; Vitamin Cee; Zee; Turk.: C-plam; Ester Vir; Hermess
Cevitt; Monovit-C; Natrol C; Redoxon; Vagi-C; Vitabiol C: UK:
Buffered C 500; Buffered C: Haliborange Halibonb
d Ukr.: Celaskon (I )+; Cyco 3 Fort {llmxmo 3

3. Lykkexteldt J, Poulsen HE. Is vitamin C e benefical?
Lessons leamed from randomised controfled trials. 8r J Nur 2010: 103:
12519,

All cross-references refer to entries in Volume A

®opr); Vaginorm C (Barmmopu C); USA: Asco-Capst; Ascodd;
Ascor; Cecont; Cenolatet; Cevi-Bidt; Chew-C; Dull-C; Halls

Minerals Tablets; Water-soluble Vitamins Capsules; Water
soluble Vitamins Tablets; Water-soluble Vitamins with Mineral :
Capsules; Water-soluble Vitamins with Minerals Tablets; Zin :
and Vitamin C Lozenges.

Vitamin D Substances

'I'he term vitamin D is uscd for a range ot doscly relatel
sterol compounds including alfacaicidol, calcifediol, calci-
triol, colecalcferol, dihydrotachysterol, and ergocalcifero .
Newer vitamin D analogues indude doxercalcifero,
falecalditriol, maxacalcitol, and paricalcitol.

Alfacakcidol g, inny

Alfacaléidolumy. Affakalcidol:* Alfakalcidolis; - Alfakalsidol
 Rifakalsidoll;” E8-644; T-g-Hidroxivitaina Ds; “1a-Hydroxy
u—Hydroxyvrtammr D,. 10—0HD,, Anb¢a

(5Z76:9,1 O-Semdnolesta—S 7 lO(IQ)—mene—la.BB—dloL b
CypHO;=4005. T

CAS — 41294-56-8. g

ATC.— A11CCO3..
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Ule —_ ‘URQZS 17572.,

Pharmacopoeias. In Chm and Bur. (seep vu)

Ph. Eur, 8: (Alfacalcidol). White or almost white aystals
which are semsitive to air, heat, and light. Practically
insoluble in water; freely soluble in alcohol; soluble in fatty
oils. Reversible isomerisation to pre-alfacalcidol takes place
in solution, depending on temperature and time. Activity is
due to both compounds. Store at 2 degrees to 8 degrees
under an atmosphere of nitrogen in airtight containers, The
contents of an opened container should be used
immediately. Protect from light.

Calclfeduol (BAN, USAN, dNNI

Calcifbdiol;. Calcfediolum; Calcifediolum Mono-
: -25-Hidroxicolecalciferol;, 25-Hidroxivitamina Dy
: droxycholecalciferol; * 25-Hydroxyvitamin . Dy;: Kalcife-
-diol;:Kalcifediol: .monohydrat; - Kalcifediolis; -Kalcyfediol;
iKalsifedioli; 25-(OH)Dy U-320706; Kanbuwdbeguon. - .

(SZ 7E)-9 lO-SecochoiesB—S 7 10(19)—tnene-3B 25-dl0| mono-

'19356-173 (anhydmus ca/c:fedrol), 63283-36-3
(caICIfed:oI monohydrate) o

ATC —A11CCo8, .

ATC Vet 'OAI7CCD6 . ’

- Y213C99Q (calc;fedol) TDWXW8F545 {onhydrous

caldfedlob

Phurmaoopoelos In Bur. (see p. vu) and US.

Ph. Eur. 8: (Calcifediol). White or almost white crystals
which are sensitive to air, heat, and light. Practicaily
insoluble in water; freely soluble in alcohol; soluble in fatty
oils. Reversible isomerisation to pre-calcifediol takes place in
solution, depending on temperature and time. The activity
is due 1o both compounds. Store at 2 degrees to 8 degrees
under an atmosphere of ni in airtight ¢ i The
contents of an opened container should be used
immediately. Protect from light.

USP 36: (Calcifediol). Store in airtight containers. Protect
from light.

Calcitriol BAN, USAN, iNN)

10,25(OH),D, Calc:tnolum i aJ_S-DnhSdroxmtamma D;, I ,25-
Dihydroxycholecalciférol; . 10,25+ D|hydroxydwolecalc|ferol
-Ta,25-Dihydroxyvitamin’ Dy  Kalcitriol; Kalcitriolis; Kalmno(
Kalsitriok, Kalsitrioli; Ro-21-5535; Kanwumvpuon. . -
(84,7891 O-Secod"tolesla—S? 10(19) mene-1 0.33.25 tnol
CyHuOy=4166 7 . a
CAS — 32222406:3 (anhydrous), 77326-95—5 (monohydmte)
ATE — AIICCO4: DOSAXDR. - L

ATC Vet — QAHCCM QDOSAXOJ

YNIF— FXCI231IVH. -

Pharmacopoeios. In Bur. (see p. vii) and Us.

Ph. Bur. 8: (Calcitriol). White or almost white crystals.
Practically insoluble in water; freely soluble in alcohol:
soluble in fatty oils. It is sensitive to air, heat, and light, A
reversible isomerisation to pre-calcitriol takes place in
solution. depending on temperature and time. The activity
is due to both compounds. Store at 2 degrees to 8 degrees
under an amnosphere of nitrogen in airtight containers. The
contents of an opened container should be used
immediately. Protect from light.

USP 36: (Caiditriol). It may be anhydrous or contain one
molecule of hydration. White or almost white aysuals.
Practically insoluble in water; freely soluble in alcohol:
soluble in ether and in fatty oils. Store in airtight containers.
Protect from light.

Colecuklferol {BAN, ANN)

Acuvated 7—Dehydroch0|estercl Cholécalciférol; Cholecalcr-
sferof; - Cholecalciferolum;, Cholekaiciferol; Cholekalciferolis;
Cholekalcyferol; Colécaldférol; Colecalciferolum; Kolekalci-
ferok Kolekalslfemf Kalekals»feroIL Vlmmm D;. Vltamlna D,.

hécrlpﬂon. Colecala(crol is the namral]y occumng form
of vitamin D. It is produced from 7-dehydrocholesterol, a
sterol present in mammalian skin, by ultraviolet irradiation.
Pharmocopoeics. In Chin., Bur. (seep vii), Int., Jpm, US, and
Viet.

EBur. also includes monographs for concentrates in an oily
form, a powder form, and a water.dxspers:ble form. US aiso
indudes a solution.
Ph. Bur. 8: (Cholecaldiferol; Colecalciferol BP 2014). White
or almost white crystals which are sensitive to air, heat, and
light. Practically insoluble in water; freely soluble in alcohol;
soluble in trimethylpentane and in fatty oils. Solutions in
solvents without an antoxidant are unstable and should be
used immediately. A reversible isomerisation to pre-
colecalcifero! takes place in solution, depending on
temperature and time. The activity is due to both
compounds Store under nitrogen in airtight containers at
p of2d to8d The ¢ of an
opcned container should be used mmedlatdy Protect from
light.
The BP 2014 directs that when calciferol or vitamin D is
prescribed or demanded, Colecalciferol or Ergocaiciferol
shall be dispensed or supplied.

Ph. Eur. 8: (Cholecalciferol Concentrate (Oily Form);
Cholecalciferolum Densatum Oleosum; Colecalciferol Con-
centrate (Oily Form) BP 2014). A solution of colecalciferol
in a suitable vegetable oil. It contains not less than
500 000 units/g. It may contain suitable stabilisers such as
antoxidants. A dear, yellow liquid. Practically insoluble in
water; slightly soluble in dehydrated alcohol; miscible with
solvents of {ats. Partial solidification may occur, depending
on the temperature, Store in well-filled airtight containers.
Protect from light. The contents of an opened container are
to be used as soon as possible; any unused part is to be
protected by an atmosphere of nitrogen.

Ph. Eur. 8: (Cholecalciferol Concentrate (Powder Form);
Cholecaldiferoli Pulvis; Colecalciferol Concentrate (Powder
Form) BP 2014). It is obtained by dispersing an oily solution
of colecalciferol in an appropriate matrix which is usually
based on a combination of gelatin and carbohydrates of
suitable quality. It contains not less than 100 000 units/g. It
may contain suitable stabilisers such as antoxidants. White
or yellowish-white, small particles. Depending on their
formulation, it may be practically insoluble in water or may
swell or form a dispersion. Store in well-filled airtight
containers. Protect from light. The contents of an opened
container are to be used as soon as possible; any unused part
is to be protected by an atmosphere of nitrogen.

Ph. Eur. 8: (Cholecaiciferol Concentrate (Water-dispersible
Porm); Cholecalciferolum in Aqua Dispergibile; Colecaldi-
ferol Concentrate (Water-dispersible Form) BP 2014). A
solution of colecalciferol in a suitable vegetable oil to which
suitable solubilisers have been added. It contains not less
than 100 000 units/g. It may contain suitable stabilisers such
as antoxidants. A slightly yellowish liquid of variable
opalescence and viscosity. Highly concentrated solutions
may become cloudy at low temperatures or form a gel at
room temperature. Store in well-filled airtight containers.

which the air has been displaced by an inert gas. Protect
from light.

Doxmulclferol ru&w M}
‘ m, m-Hdro_xlvnamlna D,,

ferolum, Ergokalcxferol
Ergokaldferolls Ergokal siferol Ergokalsiferoli; Ytradiated
Ergosterol;-: Vaosterol;‘ V1tamm Dy mema D,, 3pro-
KanbiUPepon.:

5Z7E,22£)—9.10-Secoergosta-5 7 1001 9).22-tetraen-3[3»ol
CaHu0=39%67 "+
CAS — 50-14-6.,
ATC— ATICCOL

ATC Vet = QAlTCCOL.

"UNIl— VSO(IH42XC

Descrlpﬁon. Ergocalaferol is an annrachmc substance
obtained from ergosterol, a sterol present in fungi and
yeasts, by ultraviolet irradiation.

Pharmacopoeias. In Chin., Eur. (see p. vii), Int., Jpn, US, and
Viet.

Ph. Eur. 8: (Ergocalciferol). White or almost white, crystals
or white or slightly yellowish crystalline powder. It is
sensitive to air, heat, and light. Practically insoluble in
water; freely soluble in alcohol; soluble in fatty oils.
Solutions in volatile solvents are unstable and should be
used immediately. A reversible isomerisation to pre-
ergocalciferol takes place in solution, depending on
temperature and time. The activity is due to both
compounds. Store under nitrogen in airtight containers at
a temperature of 2 degrees to 8 degrees. The contents of an
opened container should be used immediately. Protect from
light.
The BP 2014 directs that when calciferol or vitamin D is
prescribed or demanded, Ergocalciferol or Colecalciferol
shall be dispensed or supplied.

USP 36: (Ergocalciferol). White, odourless crystals. It is
affected by air and light. Insoluble in water; soluble in
alcohol, in chloroform, in ether, and in fatty oils. Store in
hermetically sealed containers under nitrogen at a

Protect from light. The contents of an opened c are
to be used as soon as possible; any unused part is to be
protected by an atmosphere of inert gas.

USP 36: (Cholecalciferol). White, odourless crystals.
Insoluble in water; soluble in alcohol. in chloroform, and
in facty oils. M.p. about 85 degrees. It is affected by air and
light. Store under nitrogen in hermetically sealed containers
at a temperature of 8 degrees to 15 degrees. Protect from
light.

USP 36: (Cholecalciferol Soiution). A solution of
colecalciferol in an edible vegetable oil, in polysorbate 80,
or in propylene glycol. Store in airtight containers. Protect
from light.

Dihydrotachysterol jgan, /NN

Dichysterol; Dihidrotakisteroi; Dihidrotaquisterol; Dihydro-
tachystérol, Dihydrotachysterolum; Dihydrotakisterol; Dihy-
drotakysterol; Dihydrotakysteroli; Quruppovaxvcrepon.
(572261009, 10-Secoergosta-5 7,22-tnen-3B—oI

CagHiO=3987-
CAS — 67-96-9.
ATC — AICCO2

ATC Vet - QAT1CCO2.
UNIl — RSLM3HITI2R.

Pharmacopoeias. In Eur. (see p. vii) and US.

Ph. Eur. 8: (Dihydrotachysterol). Colourless crystals, or a
white or almost white crystalline powder. It exhibits
polymorphism. Practically insoluble in water: sparingly
soluble in alcohol; freely soluble in acetone and in »-
hexane. Store under an inert gas in airtight containers at 2
degrees to 8 degrees.

USP 36: (Dihydrotachysterol). Colourless  or white,
odourless crystals. or white, odourless, crystalline powder.
Practically insoluble in water; soluble in alcohol; freely
soluble in chloroform and in ether; sparingly soluble in
vegetable oils. Store in hermetic glass containers from

The symboi t denotes a preparation no longer actively marketed

perature of 8 degrees to 15 degrees. Protect from light.

Falecalcitriol (inng

Falécalcitriol; Falecalcitriolum;. Flocalcitriol; Hexafluorocalci-
triol; Ro-23-4194; ST-630; Qanexanbuvtpuon.
(+)-(5Z7£)-26,26,26,27.27 27-Hexaftuoro-9,1 0~secocholesta-
5.7 10(19)-mene10.3[3.25—tno|

CyH3eFs0:=5246

CAS ~ 83805-11-2.

UNIl — G70A8514T8.

Maxacalcitol Usan, inny

1a,25-Dihydroxy-22-oxavitamin Dy Maxacalcitolum; OCT;
22-Oxacaicitriol; Sch-209579; Makcakansuuton.
(+)-(52,7E,205)-20-(3-Hydroxy-3-methylbutoxy)-9,10-seco-
pregna-5,7,10{1 9)—mene-1a,3[3-d»ol

CasHaO=4186 .

CAS — 103909-75-7. -

UNIl — N2UJMSNBFE. > -

Pumclcnol USAN, ANN)
ABT- 358 Compound 49510' Paracalcin; Pancalcnolum,

MNapukansyuron. . . . .
(7£226119-Nor-3, lo-secoergosta-s 7,22-mene-10.3!3.25 -triol..

CyHuOs=4166 . -
CAS — 13191861-1. ;
ATC — HOSBX02. " - . r

ATC Vet — QHOSBX02: L e
UNIl = 6702D360GS. -+ :

Pharmacopoeias. In US.

USP 36: (Paricalcitol). A white to almost white powder.
Insoluble in water; soluble in aicohol. Store under argon in
airtight containers at a temperature of -25 degrees to -10
degrees.
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Units
The Second International Standard Preparation (1949) of
vitamin D consisted of bottles « ining about 6g of a

solution of colecalciferol in vegetable ofl (1000 units/g). This
standard has now been discontinued.

of 250 nanograms at intervals of 2 to 4 weeks, to a usual
dose of 0.5 to lmicrogram daily. Initial doses
intravenously are usually 500 nanograms three times a
week increased if necessary in steps of 250 to
500 nanograms at intervals of 2 to 4 weeks, to a usual
dose of 0.5 to 3 micrograms three umes a week. For

Note. Pharmacopoeias consider that one unit of vi
D is contained in 25nanograms of colecaldferol or
ergocaldfero] (Le. 1 mg of colecalciferol or ergocalciferol is
equivalent to 40000 units of vitamin D as determined by
bioassay in rats), but see below.

Equivalence. It has been proposed that units of vitamin D
be defined in moles or molecules rather than weight
terms; in which case, 1 unit of colecalciferol and ergocaldi-
ferol would be equivalent to 25 nanograms and 25.78 nan-
ograms, respectively. This inequivalence in units might
confound optimal vitamin D dosing recommendations.’
For the view that colecaldferol is more potent than ergo-
caldiferol, and should be preferred for vitamin D supple-
mentation, see Administration, below.

1. Houghton LA, Vieth R. The case against ergocalcferol (vitamin D;) as a
vitamin supplement. Am J Clin Nutr 2006: 84: 694-7.

Uses and Administration

Vitamin D compounds are fat-soluble sterols, sometimes

considered to be hormones or hormone precursors, which

are essential for the proper regulation of calcium and
phosphate homoeostasis and bone mineralisation.

Vitamin D deficiency develops when there is inadequate
exposure to sunlight or a lack of the vitamin in the diet.
Deficiency generally takes a2 long time to develop because of
slow release of the vitamin from body stores. It may eccur in
some infants who are breast fed without supplemental
vitamin D or exposure to sunlight, in the elderly whose
mobility and thus exposure to light may be impaired, and in
persons with fat malabsorption syndromes; certain disease
states such as renal failure may also affect the metabolism of
vitamin D substances to metabolically active forms and thus
result in deficiency.

Defidency leads to the development of a syndrome
characterised by hypocalcaemia, hypophosphataemia,
undermineralisation or demineralisation of bone, bone
pain, bone fractures, and muscle weakness, known in adults
as osteomalacia (see p. 2116.2). In children, in whom there
may be growth retardation and skeletal deformity,
espedally of the long bones, it is known as rickets.

Vitamin D compounds are used in the treatment and
prevention of vitamin D deficiency states and hypocalc-
aemia in disorders such as hypoparathyroidism and
secondary hyperparathyroidism, p. 2115.3 and p. 2115.2,
respectively.

" Many forms and I of in D are a

and the choice of agent depends on the cause of the

condition to be treated and the relative properties of the

available agents. Colecaldferol and ergocaldferol are
traditionally considered equal in potency (but see

Administration, below), and have a slow onset and

relatively prolonged duradon of action. Dihydrotachysterol

has relatively weak antirachitic activity, but its actions are
faster in onset and less persistent than those of the
calciferols and it does not require renal hydroxylation.

Calcifediol, an intermediate metabolite, has some action of

its own but is also converted to the more potent 1,25-

dihydroxycholecaldferol (calcitriol); calciriol and its

analogue alfacalcidol are the most potent and rapidly acting
of the vitamin D substances.

« For the weatment of simple nutritional defiGendies
colecalciferol or ergocalciferol are generally pre-
ferred. They are usually given orally, but may also be
given by intramuscular injection. A dose of 10micr-
ograms (400 units) daily is generally sufficient in aduits
for the prevention of simple deficiency states; in the UK,
20 micrograms (800 units) daily is recommended in those
whose exposure to sunlight is limited, in those whose
diet is defident in vitamin D, and in housebound or
institutionalised elderly people. Deficiency due to
maiabsorption states or liver disease often requires
higher doses for weatment, of up to 1 mg (40 000 units)
daily. Doses of up to 5mg (200 000 units) daily may be
used in the treatment of hypocalcaemia due to
hypoparathyroidism.

e Where large doses are required it may be preferable 1o
use one of the more potent derivatives. In particular,
when renal functon is impaired as in secondary
hyperparathyroidism associated with chronic renal
failure, with consequent reduction in the conversion of
calciferols 10 their active metabolites, then a drug such as
alfacalddol, calcitriol, doxercalciferol, maxacalcitol, or
paricalcitol, which does not require renal hydmxylaﬁon.
should be given.

Calcitriol is given orally or by intravenous injection.

Usual injtial oral doses of 250 nanograms daily or on

alternate days are given, increased if necessary, in steps

SEal]

All cross-references refer to entries in Volume A

d to severe sec y hyperparathyroidism in
dialysis patients initial doses of 0.5 to 4 micrograms have
been given three times a week, increased if necessary in
steps of 250 nanograms to 1 microgram at intervals of 2 to
4 weeks to a maximum of 8 micrograms given three
tmes a week.

Alternatively, alfacalcidol is given in initial oral doses of

1 microgram daily, or 500 nanograms for elderly patients.

Doses of 0.25 w 1 microgram daily may be given for

maintenance. Doses of alfacalcido! may also be given by

intravenous injection over 30 seconds.

Doxercalciferol is given orally or by intravenous

injection. The initial oral dose is 10micrograms three

times weekly at dialysis, increased by increments of

2.5 micrograms after 8 weeks if necessary. The maximum

recommended oral dose is 20 micrograms three times

weekly. The initial intravenous dose is 4 micrograms

given three times weekly at dialysis, and increased after 8

weeks in increments of 1 to 2 micrograms if required.

Doses are titrated according to parathyroid hormone

concentrations.

Maxacalcitol is given intravenously at a dose of 2.5 to

10 micrograms three times weekly; the dose may be

gradually increased if necessary, to a maximum of

20 micrograms three times weekly.

Paricalcitol is given intravenously in the USA at a dose

of 40 to 100nanograms/kg on alternate days or less

frequently; in the UK the initial dose {in micrograms) is
calculated by dividing the baseline intact parathyroid
hormone concentration {in picograms/mL) by 30. The
dose may be increased or decreased if necessary by 2 to

4 micrograms at intervals of 2 10 4 weeks, based on

parathyroid hormone concentrations. Paricalcitol is also

given orally either as a daily dose or three times weekly

{no more frequently than every other day). Again, the

initial dose is based on baseline intact parathyroid

hormone concentrations. If these are 500 picograms/mL
or less, paricaldtol is given at a dose of 1 microgram daily,
or 2 micrograms three times weekly; if they are above

500 picograms/ml, paricalcitol 2micrograms daily, or

4 micrograms three times weekly is suggested. Doses are

titrated according to parathyroid hormone concentra-

tions.

» Of the other available forms, calcifediol, the 25-
hydroxylated metabolite of colecalciferol, may be given
in oral doses of up to about 500 micrograms daily for
most indicatons. For hypocalcaemic tetany due to
hypoparathyroidism, dihydrotachysterol is given in
inidal oral doses of 750 to 2500 micrograms daily,
depending on severity, for about three days. Main-
tenance doses have ranged from 250 micrograms weekly
to 1000 micrograms daily.

When vitamin D substances are given in pharmacological

doses, dosage must be individualised for each patient, and

should be based on regular monitoring of plasma-calcium
concentrations (initially once or twice weekly), to optimise
clinical response and avoid hypercalcaemnia.

For doses in children, see below and Osteomalacxa and
Rickets, p. 2116.2.

Vitarnin D, usually in the form of calcitriol, may be used
in the weatment of osteoporosis (see p. 2116.3}). In
established postmenopausal osteoporosis, calcitriol
0.25 micrograms twice daily is recommended. Vitamin D
and caldum supplements are often given as adjuncts to
other therapies in osteoporosis.

Calcitriol has been used in the management of psoriasis
(see p. 2117.1); a topical formulation containing
maxacalcitol 0.0025% is also available in some countries.

Caldiferol derivatives are used as rodenticides.

Genml references.

1. Thomas MK, Demay MB. Yiamin D deficiency and disorders of vitamin
D meabolism. Bndocrino! Metab Clin North Am 2000; 29: 611-27,

2. Puller KE, Casparain JM. Vitamin I balanding cutaneous and systemic
cmsiderations. South Med J 2001; 94: 58-64.

3. Holick MF. Yitamin D: a millenium perspective. J Cell Biochem 2003; 88:
296-307.

4. Holick MF. Viamin D: importance in the prevention of cancers, type 1

© diabetes, heart disease, and ostcoporosts. Am J Clin Nutr 2004; 79: 362-
.

S. Zttermann A. Vitamin D in prevendve medicine: are we ignoring the
evidence? BrJ Nusr 2003: 8% 552-72.

6. Heaney RP. Viamin D, outritional deficiency. and the medical
paradigm. J Clin Endocrinol Metab 2003; 88: 5107-8.

12. Holick MF. Vitamin D deficiency. N Bngl J Med 2007; 357; 266-81.
13. Halick MF, Chen TC. Vitamin D defidency: a woridwide problem wit}
health consequences. Am J Clin Nutr 2008; 87: 1080510868,
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1S. Borradale D, Kimlin M. Vitamin D in heaith and disease: an insight inn
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" Rev 2009; 22: 118-36.
16. Bischoff-Ferrazi H. Vitamin D: what is an adequate vitamin D level an:
- *how much supplementation is necessary? Best Pract Res Clin Rheumatc
2009; 23; 789-95.
17. Pearce SH, Cheetham TD, Diagnosis and management of vitamin I
defidency. BMJ 2010; 340: b5664.
18. Chesney RW. Vitamin D and the Magic Mountain: the anti-infectiou
. role of the vitamin. J Pediatr 2010; 156: 698-703.

Administration. Minor differences in the chemistry of the
side-chains of ergocalciferol and colecalciferol lead 1o the
production of different metabolites (see Pharmacokinetics
p. 2118.1).} Colecalciferol has been reported to raise
serum vitamin D concentrations more cifectively thas
ergocalciferol,* perhaps because of higher affinities o
colecaldferol and its metabolites for liver enzymes, plasm:
vitamin D binding protein, and vitamin D receptors.' 1
has been suggested that 50000units of ergocalcifero
should be considered equivalent to no more thar
15000units of colecalciferol, and perhaps closer
5000 units; the tolerable upper intake level (see UK an¢
US recommended dietary intake, p. 2118.1) ought not tc
be applied to ergocalciferol.’ These differences and the
inequivalence in units (see Equivalence, under Units
above) may confound optimal vitamin D dosing recom
mendations.!> The form of vitamin D used in studie:
should be specified.2 While ergocalciferol is effective ir
treating vitamin D defidency, the differences in poiency
have led some to suggest that colecalciferol be used as the
preferred form of vitamin D."

1. Houghioa LA. Vieth R. The case against ergocalciferol (vitamin D;) as .
vitamin supplement. Anr J Clin Nutr 2006; 84; 694-7.

2. Trang HM, et al. Evidence 1hat vitamin Dy Increases serum 23
hydroxyvitamin D more eflidently than does vitamin D,. Am J Clin Nut
1998; 68: 854-8.

3. Armas LAG. & al. Vitamin D; is much less effective than vitamin D, i
bumans. J Clin Endoerinol Metah 2004; 89: $387-91.

Adminisirafion in children. Vitamin D compounds are
used to weat deficiency states in children. The BNFC sug-
gests injtial doses for various indications which should be
adjusted thereafter as necessary.

Colecalciferol or ergocalciferol can be used to trea
nutritional vitamin D defidency rickets; oral doses vany
according to age:

« 1 to 6 months: 75 micrograms (3000 units) daily

* 6 months to 12 years: 150 micrograms (6000 units) daily
s 12 to 18 years: 250 micrograms (10000 units) daily
Higher initial doses are required in vitamin D deficiency due
to intestinal malabsorption or in chronic liver disease, anc
may be given orally or by intramuscular injection:

e 1 to 12 years: 250 to 625 micrograms (10000 tc

25000 units) daily
* 12 to 18 years: 250 to lOOOmxcrograms (10000 tc

40000 units) daily
Alfacalcidol is used to treat hypophosphataemnc rickets,
persistent hypocalcaemia due to hypoparathyroidism o1
pseudohypoparathyroidism (see also p. 2115.3) in children
Dose may be given orally or by intravenous injection,
according to age:

« 1 month to 12 years: 25 to 50 nanograms/kg (maximum

1 microgramy) daily
» 1210 18 years: I microgram daily
For persistent neonatal hypocaicaemia, an initial dose oi
alfacalcidol 50 to 100nanograms/kg daily may be given
orally or by intravenous injection; up to 2 micrograms/kg
daily may be needed in resistant cases.

There is less experience with caldtriol and it is
unlicensed in the UK for use in children, but it may be given
for vitamin D dependent rickets, hypophosphataemic
rickets, persistent hypocalcaemia due to hypoparathyroid-
ism or pseudohypoparathyroidism. Doses are given orally
according 1o age:

e 1 month to 12 years: 15nanograms/kg (maximum

250 nanograms) daily, increased if necessary in steps of

5 nanograms/kg {maximum 250 nanograms) every 2to 4

weeks
e 12 to 18 years: 250nanograms daily, increased il

necessary in steps of 5nanograms/kg (maximum

250 nanograms) every 2 to 4 weeks; the usual dose is

0.5 to 1 microgram daily
Hypocalcaemia in dialysis patients may also be treated with
calcitriol; intravenous injection of 250 1o 500 nanograms

7. Holick MF. Sunlight and vitamin D for bone health and p ‘of
autoimmune diseases, cancers, and cardiovascular discase. Am J Clin
Nutr 2004; 80 {suppl}: 16785~16885.

8. DeLuca HF. Overview of general physiologic features and Junctions of
vitamin D. Am J Clin Nusr 2004: 80 (suppl): 16895-1696S.

9. CalvoMS, et 2l Viamin D intake: a giobal perspective of current status. J
Nutr 2005; 135: 310-16.

10. Bandeina F, et al. Viamin D deficiency: a g'obal perspective. Arg Bras
Bndocrinol Metabol 2006; 30: 640-6.

11. Mason P. Vieamin D—function and uses. Pharm J 2006; 277: 227-30.

{ ly 10 g /kg) may be given three times
weekly to chﬂdren aged 12 to 18 years. This can be increased
if needed in steps of 2 to S nanograms/kg every 2 10 4 weeks;
the usual dose is 0.5 to 3 micrograms three times weekly.
For discussion on doses of vitamin D considered
suffident for prophylaxis of rickets, see UK and US
Recommended Dietary Intake, p. 2118.1 and Osteomalacia
and Rickets, p. 2116.2. Further discussion on specific disease
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states caused by vitamin D deficiency is contained in the
abstracts below.
General references on deficiency in children.

1. Misra M. ¢ al. Drug and Thempeutics Commitiee of the Lawson Wilkins
Pediatric Endocrine Society. Vitamin D deficiency in children and its
management: review of current viedge and
Pediatrics 2008; 122: 398417,

2. Casey CF, ot al. Viamin D supplementation in infants, children. and
adolescents. Am Pam Physician 2010; 81: 745-8.

Administration in the eldedy. vitamin D deficency is
common in the elderly,'? espedally in housebound
patients, and during wintertime.* Deficiency is aggravated
by a diet low in calcium.! lack of sunligh and

studies* have suggested that supplementation with vit-
amin D may have a beneficial role in reducing the risk for
developing both type ! and type 2 diabetes mellitus. A
meta-analysis* of 5 observational studies also suggested
that vitamin D supplementation in early childhood may
offer some protection against the development of type I
diabetes mellitus. However, another study® found no sig-
nificant differences in vitamin D status in Finnish or Kare-
lian children, 2 neighbouring geographical areas with
vastly differing incidences of type 1 diabetes.

Paricalcitol has also been investigated as an adjunct 1o
reduce residual albuminuria in patients with diabetic

h hy, see p. 465.1.

decreasing ability of the skin to symhesnse vitamin D with
advancing age.>* Elderly patients are therefore at risk of
secondary hyperparathyroidism, bone loss and osteo-
porosis, and fractures.’%” Low serum vitamin D has been
associated with increased fracture rates, and there is some
evidence from animal studies that vitamin D may p
bone healing after fracture, increasing the mechanical
strength of bone by promoting mineralisation.” Poor
musde strength and weakness may be associated with vit-
amin D deficiency, and may increase the risk of falling in
the elderly.**® A meta-analysis'® of 8 controlled studies
found that vitamin D supplementation reduced the risk of
faBs'in the elderly by 19% compared with calcium or pla-
. cébo. Vitamin D deficiency in the elderly may be less pre-
vilerit'tn the USA, due to fortification of food.! Food forti-
jon has therefore been recommended! or
" sipplementation with doses in the region of 10 to 20 micr-
ograms (400 to 800 units) daily;'* in the elderly, doses in
" thé ‘region of 17.5 to 25 micrograms (700 to 1000 units)
daily are considered necessary for reduction of falls and
fractures.'® The 2005 Dietary Guidelines for Americans
recommend that eiderly people should consume 25 micr-
ograms (1000units) daily; the upper level of SOmic-
ograms {2000 units) should not be exceeded.® See also
Osteomalacia and Rickets, p. 2116.2 and Osteoporosis,
p- 21163,

There are also suggestions that low vitamin D
concentrations may be associated with various cardiovas-
cular, metabolic, and maligr disorders; for ofa
reduction in total mortality with vitamin D supplementa-
tion in mainly elderly people, see UK and US Recommended
Dietary Intake, p. 2118.1.
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Cardiovascular disease. Myocardial tissue contains a vit-
amin D-dependent calcium-binding protein, indicating a
role for vitamin D in the regulation of myocardial contrac-
dlity.!? Lack of vitamin D is considered to play a role in

the aetiology and pathogenesis of cardiovascular disease :
such as congestive heart failure;? a case series of 16 infants .
with cardiomyopathy and heart failure associated with vit- ;
amin D deficiency and hypocalcaemia has been reported.’ |

Case reports have also shown that vitamin D weatment
reduced blood pressure and myocardial hypertrophy.*
However, systematic reviews of the evidence have come
to conﬂicung conclusions about the value of vitamin D

jon in preventing cardiovascular events,>®
and there is currently no rationale to prescribe specific vit-

amin D analogues for patients with congestive heart fail- !

ure.?

1. Luong KVQ, Nguyen LTH. Vitamin D and cardiovascutlar disease. Curr
Med Chem 2006; 13; 2443-7.

2. Zuermann A, ¢f al. Vitamin D insufficency in congestive heart failure;
‘why and what to do about k? Hear Fail Rev 2006; 11: 25-33,

3. Maiya S, « al. Hypocaicaemia and vitamin D deficiency: an imponant,
but pr ble, cause of lif ing infant hean failure. Heart
2008; 94: 581-4.
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10 cardiovascular disease. Prog Bispys Mol Biol 2006; 92: 39-48.
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outcomes. Ann Intern Med 2010: 152: 307-14.
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Med 2010; 152: 31523,

Diabetes mellitus. Vitamin D has a role in glucose homo-
eostasis and in the mechanism of insulin release.! Cohort
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thyroidism. Vitamin D has been used for cer-
win forms of hyperparathyroidism (p. 1170.3). The sec-
ondary hyperparathyroidism of renal osteodystrophy
{p. 1170.1) may respond to treatment with calditriol, or its
analogue alfacalcidol,? which do not require renal hydro-
xylation for activation. Calcitriol has been used orally,?
intravenously,>* and intraperitoneally;® percutaneous
injection directly into the parathyroid gland has also been
reported 10 be safe and effective.*® However, doses cap-
able of suppressing parathyroid hormone secretion may
lead 10 hypercalcaemia,!->3210 hyperphospha-
taemia,'+>%"% and a decline in renal function;'! the
increase in calcium and phosphate may promote soft tis-
sue and vascular caicification,’? see Hypercalcaemia,
under Adverse Effects, p. 2117.2.

Newer analogues for this indication indude paricaldi-
tol,'¥1* doxercalciferol,'¢'® falecaicitriol,' and maxacaldi-
tol.2>2% These are reported to have less effect on calcium and
phosphate concenrtrations, while retaining the suppressive
effect on parathyroid hormone;"*'® however, some>'®
consider dlinically relevant benefit to be lacking. Paricalcitol
was found to have a faster effect and cause less
hypercalcaemia than calcitriol in patients on haemodia-
lysis,!* as well as offering a significant survival advantage
over calcitriol.'> A review considered paricalditol to be as
effective and as well tolerated as calcitriol.'* Maxacalcitol
and caldtriol were considered equally effective when given
intravenously to haemodialysis patients,® while oral
falecalcitriol was considered better than oral alfacalcidol at
reducing parathyroid hormone concentrations.!” Intra-
venous doxercaiciferol appears to be safer than oral
doxercalciferol;! comparative data are lacking.>'® A meta-
analysis found that the use of vitamin D in chronic kidney
disease did not consistently reduce parathyroid hormone
concenuations.?

Some have cautioned against vitamin D supplementa-
tion in primary hyperparathyroidism because of
concerns about exacerbation of hypercalcaemia and
hypercalduria. However, in a small study in patients with
mild primary hyperparathyroidism. correction of vitamin D
deficiency did not exacerbate hypercalcaemia, and
decreased parathyroid hormone concentrations and bone
turnover.?
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idism. Although parenteral caldum salts
may be given acutely for hypocalcaemic tetany, long-term
treaunent of hypoparathyroidism (p. 1171.2) usually aims
at correction of associated hypocalcaemia with oral cal-
clum salts and oral vitamin D compounds, which increase
the intestinal absorption of calcium.

Hypoparathyroidism in pregnancy poses' severe risks of
fetal hyperparathyroidism with neonatal hypocalcaemic
rickets, which may be fatal. Treatment with caldum and
cither colecalciferol or ergocalciferol in doses of 1.25 to
2.5 mg daily, or dihydrotachysteroi 0.25 to 1.0mg daily is
essential.! Caldtriol, in doses of between 0.25 to
3 micrograms daily, with caldum supplementation, has
also been suggested; the dosage is adjusted to physiological
requirements during pregnancy.?

1. Hague WM. Treatment of endocrine discases. HMJ 1987; 294 297-300.
2, CalliesF. et al. ofh during -
report of twelve cases. Ewr J Endocrino! 1998: 139: 284-9.

Inflammatory bowel disease. some studies have found a
high prevalence of vitamin D defidency in patients with
inflammatory bowel disease (IBD). The aetiology of this is
not entirely dear and may be multifactorial.’? Patients
with IBD may have decreased exposure to sunlight since
the incidence and prevalence of IBD are greatest in north-
em latitudes. Patients might also have inadequate dietary
intake of vitamin D, since IBD patients may avoid foods,
such as dairy products, that are generally fortified with
this vitamin. Deficiency might aiso be due to malabsorp-
tion, especially in IBD patients that have undergone
srnall-bowel resection, although intestinal absorption was
normal in many IBD patients with low vitamin D concen-
trations. The use of drugs such as colestyramine, and dis-
turbed enterohepatic circulation of vitamin D metabolites
have also been proposed as mechanisms for hypovitami-
nosis D in patients with IBD, as has an increased loss of
vitamin D through protein-losing enteropathy.'? A study®
in children and young adults with IBD also found a high
prevalence of vitamin D deficiency in this patient popula-
tion. Predisposing factors included dark-skinned complex-
ion., winter season. lack of vitamin D supplementation,
carly stage of disease, more severe disease, and upper gas-
trointestinal tract involvement in patients with Crohn's
disease. Vitamin D concentrations were positively corre-
lated with serum albumin concentrations, leading the
authors to conclude protein-losing enteropathy was a
leading mechanism for deficiency. If this were so, both
enteral and parenteral suppl ton of vi D
might prove inadequate at the usual dose, and in patients
with active disease.
However, the American Gastroenterological Assoqauon

concluded, in a review of porosis in gastroi

di 4 that lacia and D deficiency were
not common in IBD patients (induding Crohn’s disease)
and were unlikely to be causes of most cases of diminished
bone mineral density in patients with IBD.

1. Lim W-C, e al. Mechanisms of disease: vitamin D and inflammatory

bowel disease. Nat Clin Pract Hepatol 2005; 2: 308-15.
2. Pappa HM, ¢t al. Report on the vitamin D status of adult and pediatric

patienis with inflammatory bowel disease and ks significance for bone
heaith and disease. Inflamm Bowe! Dis 2006; 12: 1162-74.
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3. Pappa EM. ¢ al. Viumin D status in children and young adults with
inflammatory bowe! disease. Pediarrics 2006; 118: 1950-61,

4, CN, etal, Chinical

Practice Comumittee. AGA technical review on osteoporosis in

diseases. 2003; 124 795-341. .

Malignant The active form of vitamin D, cald-
wiol (1,25-dihydroxycholecalciferol) has been found to
promote tissue differentiation and to inhibit cellular prolif-
eration in vitro. These findings have prompted investiga-
don into the potential mle and efficacy of vitamin D

bolites or anal ti referred to0 as delta-
noids) in malignant neoplasms and in other disorders of
cell growth such as psoriasis (see p. 2117.1).

There is laboratory evidence that vitamin D compounds
can inhibit the growth of ancer cells indudmg those of the
breast,? colon,” and p iological studies
have suggested that vitamin D deﬁuency may be assodiated
with higher risks of cancer.¢? Furthermore, increased sun
exposure may be assoclated with improved survival for
some cancers.”? Phase I and 1 studies of calditriol either
alone, or with antineoplastics, have shown promising
results.'®'! A study in humans has been performed with the
calcitriol derivative caldpotriol (p. 1697.2); in this trial
calcipotriol used topically in advanced or cutaneous
metastatic breast cancer was considered to exert some
positive effects and further investigation was considered
warranted.!? Regression of T-cell lymphoma of the skin
(mycosis fungoides, p. 698.3) has been reported after
application of caldpotriol,!* and after systemic treatment
with calcitriol and a retinoid in a patient who failed to
respond to topical calcipotriol.'* However, 3 other patients
with cutancous T-cell lymphoma failed to respond to
calcitriol and isotretinoin,'* which may have been because
of the phenotype or stage of the disease.’® In a 7-year study
in 36282 postmenopausal women, of whom 18176
reccived vitamin D;(400 units daily) and calcium, supple-
mentation had no effect on the incidence of colorectal
cancer.!? This study has raised debate as to whether the dose
of vitamin D used was insufficient.” A later analysis'® of the
study results suggested that supplementation had been of
benefit in women in the placebo arms of the study but that
this had been offset by an increase in risk in women also
taking oestrogens. A smaller 4-year study'® involving 1179
postmenopausal women given caldum with or without
vitamin D3 1100units daily, or placebo, found that
supplementation reduced all-cancer risk, and baseline and
treatment-modified serum concentrations of vitamin D
were strong predictors of cancer risk.
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significandy decreased with increasing concentrations of
vitamin D; no significant assodiation was found among
blacks and Hispanics. H . the sample size in the lat-
ter groups were smaller and concentrations of vitamin D
are lower among blacks. A review? found little evidence to
support the effectiveness of vitamin D in the weatment of
multiple sderosis; although uncontrolled studies suggest
vitamin D may be beneficial, small patient populations
and confounding variables have limited the usefulness of
the data.
1. Munger KI e ¢l. Vitamin D intake and incidence of multiple sclerosis.
Neurviogy 2004: 62: 60-65.
2. Munger KL, & al. Serum 25-hydroxyvitamin D levels and risk of
multiple sclerosis. JAMA 2006; 396: 2832-8.
3. Brown 5J. The role of vitamin D in multiple sclerosis. Ann Pharmacother
2006; 40 1158-61.

Osteomalacia and rickets. Treatment of osteomalacia and
rickets (p. 1168.1) primarily aims at correcting any under-
lying deficiency states, and vitamin D substances, calcium,
or phosphate supplements may be given orally as neces-

Where rickets is due to impaired synthesis of 1,25-
dihydroxycholecaldferol (type 1 pseudodeficiency) or
receptor resistance (type I pseudodeficiency) replacement
therapy with calcitriol may be indicated (in the latter case
with very high dose caldum),' while X-linked hypo-
phosphataemic rickets is generally treated with phosphate
supplementation and calcitriol.? The use of single large
doses of a vitamin D substance (Stosstherapie), for the
prophylaxis of rickets, is highly controversial because of
problems with toxidty, although it may be effective in
patients with rickets due to proven’ or recalditrant* vitamin
D deficiency. Factors contributing to reported resurgences in
rickets**® incdude increased breast feeding without
sufficdent vitamin D supplementation, and less exposure to
sunlight. A major risk factor for infants is maternal vitamin
D defidency (see Pregnancy and the Neonate, below). In the
UK, the Department of Health advises that children aged 5
years and under be supplemented with 7micrograms
{280 units) daily,® but renewed public health campaigns
have been called for, along with supplementation of infants
from high-risk groups with 400 units of vitamin D daily.®
Similar recommendations have been made in Australia and
New Zealand.* Others have commented that even 200 units
daily may not be enough as a preventive measure,>® and
that, in those children with good exp ¢ to ligh

13. Plotnikoff GA, Quigiey JM. P of severe D i
padents with puln. Mayo Clin Pre:
2003; 78: 1463~70.

14. piper JL, ot al. U d severe vitamin D defigency. BM '
2008; 336: 1371-4.

1. Block SR. Viamin D is not with H

1 ey Mayo Clin Pre

2004; 79: 1585-6.
PREGNANCY AND THE NEONATE. It has been supposed tha
most infants receive adequate calcium and vitamin D dur
ing pregnancy and during breast feeding or bottle feediny
to prevent the development of rickets. However, this ha
been disputed;'? even infants bom to vitamin D replete
mothers become vitamin D defidient after 8 weeks if no
supplemented, and those bom to vitamin D deficden
mothers will reach a deficient state more quickly. In man:
populations where sun exposure is scverely limited an¢
there is inadequate corrective vitamin D tion
there is also a high prevalence of vitamin D deficiency ir
nursing mothers.? It is accepted that there are certair
groups of women whose infants may be at spedal risk o
neonatal rickets; these include those suffering economic
deprivation, those living at high latitudes, and Asiar
immigrants [i.e. from the Indian subcontinent] in north
em Europe, especially in winter. It is therefore suggestec
that pregnant women in such circumsiances shoulc
receive supplements as the diet and sunshine exposurt
may not be providing adequate caldum (1 to 1.2g daily
or vitamin D {400 units daily}.* Alternatively, 1000 unit
vitamin D daily during the third trimester, or a single dos¢
of 100000 to 200000 units of ergocaici{erol during the
sixth or seventh month, has been proposed.’ The Commit:
tee on Medical Aspects of Food Policy (COMA) in the UK
recommended® in 1991 that pregnant women receive sup-
plementary vitamin D to achieve an intake of 10 micr
ograms daily. A 2008 repont” commissioned by NICE
recommended that women should be informed about the
importance, for their own and their baby’s health, o
maintaining adequate vitamnin D stores during pregnancy
and while breastfeeding and stated that in order to achieve
this, women may choose to take 10 micrograms of vitamir
D daily. However, the report also stated that while there it
some evidence of benefit from vitamin D supplementatior.
for pregnant women at risk of vitamin D deficiency, there
is less evidence in the case of those currently regarded as
being at low risk of deficency. A review? of dietary vit-
amin D requirements during pregnancy and lactation has
stated that women who were vitamin D deficient at the

caldum supplementation may also be necessary,!? In 2008,
the American Academy of Pediatrics revised its previous
advice, increasing the recommended vitamin D intake from
a minimum of 200units daily to 400units daily for all
infants, children, and adolescents beginning in the first few
days of life.!?

In adults, vitamin D defidency may be asymptomatic.
Most patients who present clinically do so because of muscle
weakness, or muscles aches and pains.”? Bven severe
vitamin D deficdency can go unrecognised; patients may
present with a syndrome of persistent, non-spedific
musculoskeleta] pain, before the onset or diagnosis of the
clinical pre ion of lacia.'>'* Although
screening for vitamin D deficiency has been suggested. in
all patients with this type of musculoskeletal pain,’* the
prevalence of vitamin D deficiency in this patient group has
been queried.”

Por discussion on the intake of vitamin D considered
sufficient for prophylaxis, see UK.and US Recommended
Dietary Intake, p. 2118.1; for treatment in adults, see Uses
and Administration, p. 2114.1, and in children, see
Administration in Children, p. 2114.3. Because the process
of ageing decreases the skin’s ability to synthesise vitamin D,
elderly people may be at risk of deficiency (see
Administration in the Elderly, p. 2115.1).

1. Hochberg Z, et ai. Cakium therapy for aalditriol-resistant rickers. J Pediatr
1992: 121: 803-8.
2 Holick MP.
2006; 116 2062-72.
3. Shah BR, Hnbeq L Single-day therapy for nuuitional vitamin D-
rickets: method. J Pediatr 1994; 123: 487-90.

of vitamin D end rickets. J Clin Intvest
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l&bh;m.dilnmdmmthmvywﬂhaldummdvhmﬁn
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xisic results of a randomized trial. Am J Clin Nutr 2007 85: 1586-91
Correction. ihid. 2008; 87: 794.

Mutltiple sderosis. Multiple sderosis (p. 996.3) is more
common in regions further from the equator, and it has
been suggested that sunlight exposure and vitamin D
exert a protective effect. Studies have also found lower vit-
amin D concentrations in patients with multiple sclerosis.
Results from two large prospective cohorts found an
inverse relationship between intake of vitamin D from
supplements and risk of the disease: no association was
found between vitamin D intake from food and incidence
of multiple sclerosis.! A prospective, case-control study?
found that, among whites, the risk of multiple sclerosis
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new concern. Arch Dis Child 2002; 86 147-9.

7. Welch TR. & al. Vitamin D-deficient rickets: the reemergence of a once-
conquered disease. J Pediatr 2000: 137: 143-5.

8. Anonymous. Primary vitamin D defidiency in children. Drug Ther Bull
2006; #4: 12-16.
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143: 422-3.

10. Bishop N. Rickets today—children still need milk and sunshine. N Engl J
Med 1999; 341: 6024,

11. Wagner CL, Greex ll. Ameﬂan Academy of Pedlatris Section on

of Pediatrics Committee on
Nutrition. Prevention of rickets and vitamin D in infants,
children, and adolescents. Pediarric 2008; 122: 1142-52. Correction.
ibid. 2009; 123: 197,

12. Anonymous. Primary viamin D deficiency in adults. Drug Ther Bull
2006; 44: 25-9.

ing of their pregnancy remained deficient despite
supplementation with 800 to 1600 units daily. The authors
suggested that current recommendations in the UK and
the USA were grossly inadequate during pregnancy, espe-
dially for ethnic minorities (see UK and US recommended
dietary intake, p. 2118.1). Instead, they suggested thai
doses of about 2000 to 10 000 units daily would be needed
in order to achieve normal vitamin D concentrations.
Furthermore, routine vitamin D supplementation of
infants in high-risk groups has been recommended (see
Osteomaladia and Rickets, above).

1. Welch TR, & al. Vitamin D-deficient rickets: the reemergence of a once-
conquered disease. J Pediatr 2000; 137: 143-5.

2. Hollis BW, Wagner CL. Assessment of dietary vitamin D requirements
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3. Dawodu A, Wagner CL. Mother-child viiamin D defidency: an
international €. Arch Dis Child 2007; 92: 737-40.
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1220-1.

5. Shaw NJ, Pal BR. Vitarmin D deficiency in UK Asian lamilies: activating a
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Osteopetrosis. For mention of the use of high-dose calci-
triol in the management of osteopetrosis, see under Corti-
costeroids, p. 1609.3.

Vitamin D concentrations have been found
to correlate positively with bone mineral density (BMD),!
and supplementation with vitamin D and calcium has led
to beneficial increases in BMD in most tials.? Sufficient
intake of vitamin D and calcium is recommended for pre-
vention of osteoporosis (p. 1168.1), and supplementation
is an accepted baseline adjunctive treatment.>* The age-
related incease in fracture risk is influenced by BMD
changes and an increased p ity to falls, attributabl
in part to a loss of muscular strength. In addition to its
role in caldum homoeostasis, vitamin D status has also
been correlated to muscular strength in older people.?

Studies using vitamin D (with or without calcium) for
the prevention of fractures have produced conflicting
results.+!! However, in clderly patients, in whom dietary
deficiendes are common, calcum and vitamin D supple-
ments are recommended (see Administration in the Elderly,
P- 2115.1). Suppl ion is also rec ded in elderly
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institutionalised patients.’* A meta-analysis'* of Facture
prevention studies found that oral vitamin D supplementa-
tion with between 700 to 800 units daily reduced the risk of
hip and non-vertebral fractures in elderly patients.
However, a systematic review!! has stated that vitamin D
alone is unlikely to prevent fractures.

Calctum may be necessary to optimise the clinical
jon in terms of reducing
fracture risk?> A mcm-analysxs" found that oral vitamin D
appeared to reduce the risk of hip fractures only whm
calcium supplementation was added. However,

2. Durakovic C, ¢f al. Rationale for use and dinical responsiveness of
bexafiuore-1,25-dihydroxyvitamin Dy for the tresiment of plaque
psotiasis: a pilot study. BrJ Dermatol 2001; 144: 500-506.

Ppsoriasis on calcium homoeostasis, see under Caldpotriol,
P- 1698.2.

3. DurakovicC, o al. Topical paricaleitol (19-not-1 a ,25-dihydroxy
D,) s a novel, safe and effective reaument for plaque psoriasis: a pilot
study. Br J Dermatol 2004; 151; 190-5.

4. Sips AJAM, e al. Topically applied low-dose calcitriol has no caldotropic
effect tn padents with stable plaque psorlasis. J Ame Acad Dermatol 1994;

| 30:966-9.
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aldtriol In the of chronic plaque

Br J Dermatol 1996; 135: 385-9.
é. Rlog J, ot . Calditriol 3 ¥ in combi with

meta-analysis'® found that the difference in relative risk
reduction for all fracture types when vitamin D was added
to calcium supplementation, was very small and statistically
insignificant, although those with low vitamin D serum
concentrations tended to have a greater risk reduction than
those with normal vitamin D concentrations. A significant
difference was seen between the effects of different vitamin
D doses. While noting that this could be due -to statistical
artifact, the authors noted that their analysis had been
limited by the scardity of data for vitamin D doses higher
than 800units, and that it was possible that vitamin D
would have a beneficial effect if the dose were greater than
800 units daily.

for the of plaque p: : results
. ohmvanﬂvesmdy&.lbrrmml 144 493-9.

7. Perez A. &t al. Safety and efficacy of onal eaicitriol (1.25-
dihydroxyvitamin D,} for the weatment of psoriasis, Br J Dermatel
1996; 134: 1070-8.

8. Lahfa M, o al. Cakitriol and clob cream: a
new regimen for the treatment of plaque psoriasis. EurJD:mublzoaJ
13: 261-5.

9. Hutchinson PE, o 4l The dnmq safety and tolerance of aldmol
3

with sh dithranol. "

2000 201: 139-
43.

10. Camarasa JM. et al. Calcitriol shows greater persistence of weatment
effect thap betamethasone dipropionate in topical psoriasis therapy. J
Dermatol Treat 2003; 14: 8~13.

Renal osteodystrophy. See under Hyperparathyroidism,

It has been suggested'® that the vitamin D anal
alfacalcidol and ealcitriol are more effective for osteoporosxs

than ergocaliferol or colecalciferol. However, a systematic

review!! found. mo evidence of benefit for analogues
compared -with -vitamin D. Another systematic review'’
found-that vitamin D supplementation overall reduced falls
and nonvertebral but not vertebral fractures; however,
subgroup analysis suggested a reduction in vertebral
fractures with alfacalcidol but not with calcitriol.

Vitamin D is also recommended for the prevention of
corticosteroid-induced osteoporosis (see Effects on Bones
and Joints, p. 1616.2).
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of fractures. N Enygl J Med 2006; 334: 669-83. Correction. /bid.: 1102,
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in elderly padents: Part 4: Vitamin D and bisphosphonates for fracrures
and osteoporosis. Br J Clin Pharmacol 2006; 6L: 521-8.
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JAMA 2005; 293: 2.157—“
14. Boonen §, et al. Need for additional calcium 1o reduce the risk of hip
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Rheumatoid arthritis. A large cohort study' found an
inverse correlation between vitamin D intake and the risk
of developing rheumatoid arthritis. However, a small
study? of serum vitamin D concentrations in patients with
rheumatoid arthritis who had donated blood before the
onset of symptoms, found no assodation between vitamin
D defidency and later development of rheumatoid arth-
1itis, suggesting that vitamin D does not have an important
role in the pathogenesis of rh d arthritis.
L. Merlino LA, @ & Vitamin D inwke is inversely associated with
rheumatotd arthritis. Arthritis Rheum 2004; 30z 72~7.
2. Nielen MM, ¢ al. Vitamin D deficiency does not increase the risk of
rheumatoid arthritis: comment on the article by Merlino et al. Arthritis
Rheum 2006; $4: 3715-20.

Rickets. see Osteomalacia and Rickets, p. 2116.2.

Adverse Effects and Treatment

Excessive intake of vitamin D leads to the development of
hyperphosphataemia or hypercalcaemia. Assodated effects
of hypercalcaemia include hypercalduria, ectopic calcifica-
tion, and renal and cardiovascular damage (for a discussion
of vitamin-D mediated hypercalcaemia and its treatment,
see p. 1776.1). Symptoms of overdosage include anorexia,
lassitude, nausea and vomiting. constipation or diarrhoea,
polyuria, nocturia, sweating, headache, thirst, somnolence,
and vertigo. Interindividual tolerance to vitamin D varies
considerably; infants and children are generaily more
susceptible to its toxic effects. The vitamin should be
withdrawn if toxicity occurs. It bas been stated that vitamin
D dietary supplernentation may be deuimental in persons
already receiving an adequate intake through diet and
:xposure to sunlight, since the difference berween
therapeutic and toxic conc ions is relatively small.

The most potent forms of vitamin D, such as alfacalcido]
and calcitriol, might reasonably be expected to pose a
greater risk of toxicity; however, their effects are reversed
rapidly on withdrawal.

Hypersensitivity reactions have occurred. Skin irritation
or contact dermatitis has been reported with topical

of

2007; 92; 1415-23.

15. Tang BMP, e al. Use of caldum or calcium in combination with vitamin
D supplementation to prevent [ractures and bone loss in people aged.50
years and older: a meta-analysis. Lanart 2007; 370: 637-66.

16. Ringe JD, Schacht E. Prevention and therapy of osieoporosis: the roles of
plain vitamin D and allacalcidol. Rhevmatol Int 2004; 24: 189-97.

17. O'Donnell S, « al. Systematic review of the benefits and harms of
calcitriol and aifacaicidol for fractures and falls. J Bore Miner Metak 2008;
26: 531-42.

Psoriasis. A vitamin D analogue, caldpotriol (p. 1697.2),
is often used as an alternative to more traditional topical
drugs in the initial management of mild to moderate psor-
iasis {p. 1688.1). Another vitamin D analogue, tacalditol
(p- 1722.1), is used similarly. Initial studies with topical
maxacalditol,! falecalcitriol,2 and paricalcitol’ suggest they
are safe and effective for psoriasis. Caldtriol itself has been
tried, both topically** and orally.” Caldtriol ointment has
been found to be as effective as caldipotriol ointment® and
short-contact dithranol cream; skin irritation was less with
calcitriol compared with dithranol.’ While global improve-
ment and severity scores were found to bc better with
h dipropi times
were longer with calcitriol treatment.'®

1. Barker INWN, ef al. Topical maxacalcitol for the treatient of psorfasis
vulgaris: a placebo-conwolled, double-blind, dose-finding study with

active comparator. Br J Dermatol 1999; 141: 274-8.

pr
P

lcaemia. Vitamin D is the most likely of all vita-
mins to cause overt toxidty. Doses of 60000 units daily
can cause hypercalcaemia (p. 1776.1), with muscle weak-
ness, apathy, headache, anorexia, nausea and vomiting,
bone pain, ectopic caldfication, proteinuria, hypertension,
and cardiac arrhythmias. Chronic hypercalcaemia can lead
to generalised vascular caldfication, nephrocalcnosis, and
rapid deterioration of renal functon.'? A number of
reports of accidental overdosage, leading to hypercal-
caernia or nephrocalcinosis, occurred in the UK after intro-

1. Toxic effects of vitamin overdosage. Med Lett Drugs Ther
1984; 26: 734,

2, Chiricone D. f al. Unusual cases of chronic intoxication by vitamin D. J
Nephrol 2003; 16: 917-21.

3. CSMIMCA. Accidental overdose with (One-Alpha drops).
Current Problems 2001; 27: 3. Also available at: hip://www.mhra.gov.
uk/home/idcplg?ldcServicewGET_FILEGdDocName=CONOO74586Re-
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children with chronic renal i; and the effe of
treaument with calciiriol versus dibydrotachysterol. J Pediatr 1994; 124:
520-8.

7. Bourke JF, o al. Vitumin D analogues in psoriasis: effects on systemic
caldum homeostasis. Br J Dermatol 1996; 135: 347-54.

Precautions

Vitamin D should not be given to patients with hypercal-
caemia. It should be used with caution in infants, who may
have increased sensitivity 1o its effects, and patients with
renal impairment or calculi, or heart disease, who might be
at increased risk of organ damage if hypercalcaemia
occurred. Plasma phosphate concentrations should be
controlled during vitamin D therapy to reduce the risk of
ectopic calcification.

It is advised that patients receiving pharmacological
doses of vitamin D should have their plasma-caldum
concentration monitored at regular intervals, espedally
initially or if symptoms suggest toxicity (see above). Similar
monitoring is recommended in infants if they are breast-fed
by mothers receiving pharmacological doses of vitamin D
(see below).

Breast feeding. Vitamin D is distributed into breast milk,!
and its concentration appears to correlate with the amount
of vitamin D in the serum of exclusively breast-fed
infants.? The American Academy of Pediatrics considers
the use of vitamin D to be usually compatible with breast
feeding? although they and others* recommend that the
infant be closely monitored for hypercalcaemia or clinical
manifestations of vitamin D rtoxicity if the mother is taking
pharmacological doses of vitamin D.

1. Rothberg AD, e al. infant vitamin D
breast-feeding. J Pediarr 1982; 101; 500-503.

2. Cancela L, o1 al, Relationship between the vitamin D conten: of maternal
milk and the vitamin D status of nursing women and breast-fed infants. J
Endocrinol 1986; 110: 43-50.

3. American Academy of Pediatics. The transfer of drugs and other
chemicals inte human milk. Pediarrias 2001: 108: 776—89. [Retired May
2010} Common lbld.. 1029. Alyo available au hup://aappolicy.
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4. Greer FR. et al. High concentrations of vilamin D; in human milk
associated with pharmacologic doses of vitamin Dy. J Pediarr 1984; 105:
61-4.

ia. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies alfacalcidol, cald-
triol, colecalciferol, and dihydrotachysterol as probably not
porphyrinogenic; these may be used as drugs of first
choice and no precautions are needed. Calcifediol, ergo-
calciferol, and paricalcito! are not classified.!
I. The Drug Database for Acute Porphyria. Available at: hup://www.
drugs-porphyria.org {accessed 07/10/11)

Pregncncy. Hypercalcaemia during pregnancy may pro-
duce congenital disorders in the offspring, and neonatal
hypoparathyroidism. However, the risks to the fetus of
untreated maiernal bypoparathyroidism are considered
greater than the risks of hypercalcaemia due to vitamin D
therapy. Indeed. one report noted increased requirements
for vitamin D preparations during pregnancy for the treat-
ment of hypoparathyroidism;' the dose needed tended to
increase during the second half of pregnancy. In one
woman in whom the dose of calcitriol remained raised
after delivery (in an attempt to allow for the caldum loss
involved in breast feeding) hypercalcaemia developed; this
did not occur in 2 women who did not breast feed and in
whom the dose of the vitamin D preparations was reduced
soon after delivery.! For discussions regarding vitamin D

duction of a concentrated alfacalcidol oral solution that
i 3

req during p y, see UK and US recom-

was 10 times stronger than the former p

Hypercalcaermnia has been reported in a patient after brief
industrial exposure to colecalciferol.*

A study in children treated for renal osteodystrophy has
provided some evidence that hypercalcaemia may occur
more frequently with calcitriol than with ergocalciferol.®
Another such study has suggested that D has

mended dietary mtakc, p- 2118.1, and Pregnancy and the
Neonate, p. 2116.3.

1. Caplan RH. Beguin EA. Hypercalcemia in a calcitriol-treated
hypoparathyrold woman during lactation. Obstet Gymerol 1990: 76:
4859,

Interactions

nephrotoxic properties independent of the degree of
induced hypercalcaemia, and that the decline in renal
function may be more marked with calcitriol.¢

Topical calcitriol may affect caldum homoeostasis, and
hypercalcaemia has been reported in some studies.” For
reference to the effect of other vitamin D analogues used in

There is an increased risk of hypercalcaemia if vitamin D is
given with thiazide diuretics, calcium, or phosphate.
Plasma-calcium concentrations should be monitored in
such situations. Some antiepileptics may increase vitamin D
requirements {e.g. carbamazepine, phenobarbital, pheny-
toin, and primidone). Rifampicin and isoniazid may reduce
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the effectiveness of vitamin D. Corticosteroids may
counteract the effect of vitamin D. Ketoconazole may
inhibit the metabolism of paricalcitol and these drugs should
be used with caution together; care should be taken when
using paricalcitol with other potent inhibitors of the
cytochrome P450 isoenzyme CYP3A4.

Danazol. A report of hypcrcalmcm:a associated with dap-

azol in a patient maintained on alfacalcidol therapy for
hypoparathyroidism.! Introduction of danazol appeared to
reduce the maintenance requirement for alfacalcidol.

1. Hepburn NC, o al. Danazol-induced hypercalcaemia in alphacal
treated hypoparathyroidism. Pestgrad Med J 1989; 63: 849-50.

>ine. Three patients taking dihydrotachysterol
and caldum, for postoperative hypoparathyroidism after
thyroidectomy, as well as levothyroxine, developed hyper-
calcaemia when the latter was stopped before a radio-iod-
ine scan.! The dose of dihydrotachysterol should be
reduced and serum-caldum concentrations should be
monitored when thyroid treatment is interrupted, since
elimination of dihydrotachysterol may be delayed in hypo-
thyroidism.

Icidoi-

1. Lamberg B-A, Tikkanen MJ. Hyp ia due to dihy Y i
treaunent in patients with hypothyroidism after thyroi . BMJ
1981; 283: 461-2.

Pharmacokinetics

Vitamin D substances are well absorbed from the
gastrointestinal tract. The presence of bile is essential for
adequate intestinal absorption; absorption may be
decreased in patients with decreased fat absorption.

Vitamin D and its metabolites circulate in the blood
bound to a specific a-globulin. Vitamin D can be stored in
adipose and musde tissue for long periods of time. It is
slowly released from such storage sites and from the skin
where it is formed in the presence of sunlight or ultraviolet
light. Ergoaalciferol and colecalciferol have a slow onset and
a long duration of action; calcitriol and its analogue
alfacaldidol, however, have a more rapid action and shorter
half-lives.

Colecaldferol and ergocalciferol are hydroxylated in the
liver by the enzyme vitamin D 25-hydroxylase to form 25-
hydroxycholecald[eml (caldifediol) and 25- hydroxyexgo-
calciferol respectively. These ¢ go further
bydroxylation in the kidneys by the enzyme vitamin D 1-
hydroxylase to form the active metabolites 1,25-dihydroxy-
cholecalciferol (calditriol) and 1,25-dihydroxyergocalciferol
respectively. Further metabolism also occurs in the kidneys,
including the formation of the 1,24,25-uthydroxy
derivatives. Of the synthetic analogues, alfacalcidol,
dihydrotachysterol, and doxercalciferol are converted
directly in the liver 1o their active metabolites (caldtriol,
25-bydroxydihydrotachysterol, and 1,25-dihydroxyergo-
calciferol respectively).

Vitamin D compounds and their metabolites are excreted
mainly in the bile and faeces with only small amounts
appearing in urine; there is some enterohepatic recycling
but it is considered to have a ligible contribution to
vitamin D status. Certain vitamin D substances may be
distributed into breast milk.

Human Requirements

The daily requirements of vitamin D in adults are small and
may be met mainly by exp to light and/or obtained
from the diet. A daily dictary intake of about 200 to
400 units (5 to 10 micrograms of colecalciferol or ergocald-
ferol) of vitamin D is generally considered adequate for
healthy adults. In comparison with older adults (in the age
range of 25 years upwards) the requirements per kg body-
weight are greater in infants, children, and young adults
and during pregnancy and lactaton. Requirements may
also be higher in people who are not exposed to adequate
sunlight such as the elderly or housebound.

Vitamin D is present in few foods. Fish-liver oils,
espedially cod-liver oil, are good sources of vitamin D. Other
sources, which contain much smaller amounts, indude
butter, eggs, and liver. Some foods are fortified with vitamin
D, and milk and margarine may therefore also supply the
vitamin. Cooking processes do not appear to affect the
activity of vitamin D.

UK and US recommended dietary intake. In the UK diet-
ary reference values (see p. 2046.1) for vitamin D have
only been published for selected groups of the popula-

or ergocalciferol] daily was set. This RNI of 10 micrograms

Sillist; Braz.: Addera D3; Calcijex: Depura; lnnosten; Maxxi
si

daily was also considered to be applicable to all p
aged 65 years or more and to pregnant and lactating
women. RNIs were set for children up to the age of 3
years; dietary intake was considered unnecessary for older
children. Mention was made that in order to achieve the
above reference nutrient intakes, supplementation of the
diet may actually be required and supplementation was
also recommended for Asian (i.e. from the Indian subcon-
tinent] women and children in the UK (seec also Pregnancy
and the Neonate, p. 2116.3). In the USA,2 adequate
intakes for in D are: $microgr (200 units) daily
{as colecalciferol) for all persons from birth through to age
50 years, including pregnant or lactating women; 10 micr-
ograms daily for adults aged 51 to 70 years; and 15 micr-
ograms daily for those aged greater than 70 years. The tol-
erable upper intake level is 50 micrograms (2000 units)
daily. The 200$ Dietary Guidelines for Americans (pub-
lished jointly by the US Department of Health and Human
Services, and the US Department of Agriculture) recom-
mend that high-risk groups including the elderly, those
with dark skin, and those exposed to insufficient UV radi-
ation, consume daily intakes of 25micrograms
(1000 units) daily.?> The definition of vitamin D deficiency
and vitamin D insufficiency remains controversial in terms
of serum vitamin D concentrations.*> Because vitamin D
insuffidency is considered to be common in northern lau-
tudes,’ and deficdency is increasing worldwide,* higher
intakes than those mentioned above have been recom-
mended. Some have called for the establishment of an
estimated average requirement (EAR) in North America,*
and estimate a recommended dietary allowance (RDA) of
greater than 12.5 micrograms (500 units). Others® suggest
that the adequate intake be increased to at least 20 to
25 micrograms (800 to 1000 units) daily. A risk assessment
analysis concluded that the tolerable upper intake level of
vitamin D could be increased to 250micrograms
(10000 units) daily for the general healthy population.®
There has been speculation that such supplementation
might lead to broader benefits, on the grounds of sug-
gested associations berween lack of vnamm D and various
axd.\ovascular. bolic, and malig Inter-
a met: lysis? of 18 rand d conuolled stu-
dies in various conditions suggested a reducuon in total
mortality from any cause with vitamin D ion
in doses of 7.5 to 50 micrograms {300 to 2000 units) daily.
However, most of the studies included were in elderly
patients at high risk of fractures, who often have low vit-
amin D levels.
The consensus of over 300 scientists from 23 countries at
a vitamin D workshop was that governmental guidelines, in
all countries, with respect to daily vitamin D requirements
(to maiptain bone health and health in general) were too
low and did not reflect advances in vitamin D research over
the preceding decade. Eating vitamin D-rich foods does not
solve vitamin D deficiency for most adults; fortification of
food should be significantly improved and implemented.
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Alpha; Rocaltrol; Silkis; Zemplar; Hung.: Alpha D3; Calcijex:
Osteo Dt; Rocaluwol: Silkist; Tachystind; Vigantol: Zemplar;
India: Alfa Caps; Alfabol; Alfacal: AlMacip; Alfarich; Alfasey
Alpha D3f; Alphadol; Arachitol; Architol; Aristrol: Bio-D3;
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Duracal; Fovit-D3; GR-Alfa; Kalzin; Minroset; One-Alpha;
Ostriol; Rolsical; Indon.: Bon-One; Calcijext; Caldy Ecatrol;
Kolkatriol; Ome-Alpha; Oscal; Osteofem; Ostovell; Ostriol;
Rocaltrol; Irl.: AT 10; One-Alpha; Rocalerol; Silkis; Zemplar;
Israck: Alpha D3; Caldjext; One-Alpha; Tevalfa; Zemplar; Iral.:
Alpha D3; Atiten; Calcijex: Dediol; Deril: Dibase: Didrogyl:
Difix; Diseon; Diserinal; Geniad; Ostelin; Ostidil-D3; Rocaltrol;
Sefal; Silkis; Tridelta; Trikalt; Zemplar; Jpm: Alfarol; Hornel:
Oncalfs; Oxarol: Rocaltrol: Malaysia: Alpha D3; Bon-One;
Bonky; Caldjex; Fairy ADE; One-Alpba; Osteocap; Rocaltrol;
Roical; Zemplar; Mex: Albrinol; Alfad; Altricaly; Altrol; Caldo-
femn; Felipgel-F; Geldex; Lemymriol{; Nafartol; Rocaltrolt; Silkis;
Tirocal; Triolant; Valmetrol-3; Zemplar; Zygiumt; Neth.: Cald-
jext; Devaron; Dihydral; Etalpha; Rocaltrol; Silkis; Zemplar;
Norw.: AFI-D,; Detremin; Divisun; Etalpha; Rocaltrol; Silkis;
Zemplar; NZ: CalD; One-Alpha; Rocaltrol; Philipp.: Alpha D3;
Bon-Onet; One-Alpha; Osteomegt; Rocaltrol; Silkis; Pol.: Alfa-
diol; Calcijex}; Devikap; Devisol; Juvit D) One-Alpha;
Rocalaolt; Silkist: Vigantol; Vigantoletten; Zemplar; Port.: Cal-
djex; Dedrogyl; Etalpha; Rocaltrol; Silkis; Vigantol; Zemplar;
Rus.: Alpha D3 (Ampa [3-tes); Aquadetrimn (Axsazerpum): AT
10 (A T 10); Etalpha (3ramda); One-Alla (Bar-Amda); Osteo-
triol  (Ocreotpuon);  Oxidevit  (Oxcunemar):  Rocaltrol
(P P Tachystin (T: )t: Vigantol (B ): Zem-
plar (3cumnap): S.Afr.. AT 10; One-Alpha; Rocaltrol; Singa-
pore: Alpha D3; Bon-One: Caldjex; One-Alphat; Osteomed:

Recommendations were made that blood conc ions of
vitarnin D should be at least 20 nanograms/mL, and that the
tolerable upper intake level of 50 micrograms (2000 units)
be re-evaluated in light of new data.®

For the view that colecaldiferol is more potent than
ergocaldferol, and should be the preferred form of vitamin
D supplementation, see Administration, p. 2114.3.
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Preparations

tion.! In the USA rec ded dietary all es had
been set, and were subsequently replaced by dietary refer-
ence intakes? (see p. 2046.1). Differing amounts are
recommended for infants and children of varying ages, for
adults, and for pregnant and lactating women. In the UK a
dietary intake was considered unnecessary for adults living
a normal lifestyle who were bemg exposcd to solar radi-
ation; for those i nutrient
intake (RNI) of 10 micrograms (400 umts) {as colecalciferol

All cross-references refer to entries in Volume A

Proprickary Preparations (details are given in Volume B)

Single-ingrodient Preparofions. Arg.: Aderosol; Alpha D3; Dexi-
ven; Findedin Combi; Lotravel; Oravil: Ostelin; Raquiferol D3;
Raquiferol; Raquitriol; Sterogyl; Trevix; Vita D; Zemplar; Aus-
tral: Caidjex; Citrihexalf; Kosteo: Ostelin; OsteVit-D;
Rocaltrol; Sical; Sitriol}: Zemplar; Austria: AT 10t; Bocatriol}:
Bondiol; Caldjex; Etalpha; Laevovit D;t; Oleovit Dy Rocalrol;
Vi-Dey; Zemplar; Belg.: 1-Alpha; D-Cure; Dedrogyl: Rocaltrol:

BPC 1973: Calcium with Vitamin D Tablets; Vitamins A and D
C I

USP 36: Caldfediol Capsules; Calcitriol Injection; Calcium and
Vitamin D with Minerals Tablets; Caldum with Vitamin D
Tablets: Cholecaldiferol Capsules; Dihydrotach | C.

Dihydrmdxysterol Oral Soludon. Dlhydro!achysle'rol Tablets.

ferol Tablers; Oil~ and Water-soluble Vitamins Capsules; oil- and
Water-soluble Vitamins Oral Solution; Oil- and Water-soluble
Vitamins Tablets; Oil- and Water-soluble Vitamins with Minerals
Capsules; Oil- and Water-soluble Vitamins with Minerals Oral
Solution; Oil- and Water-soluble Vuamms with Mmenls Tablets:
Qil-soluble Vi [ 0il-Solubl Oral
Solution; Oil-soluble Vltamms Tablets; Oil- Solub{e Vitamins
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with Minerals Cap Oil-Soluble Vi with Minerals Oral
Solution; Oil-Soluble Vitamins with Minerals Tablets; Oleovita-
min A and D Capsules; Oleovitamin A and D; Paricalciol
Injection.

Vitumm E Sub tanc

NOTE. ‘I’he {ood addiﬂve number 13306 is used ior
tocopherols.

Vitamin E Is a generic term applied to a large number of
natural or synthetic compounds. The most important
substances are the tocopherols of which alpha toco-
pherols are the most active and widely distributed in
nature; other naturally occurring tocopherols inciude beta,

and delta tocopherols, but these are not used in
therapeutics. The other group of compounds with vitamin E
activity are the tocotrienols.

Alpha tocopherols occur naturally in the 4 optical isomer
form, which is more active than the synthetic racemic 4l
form; for further details concerning the comparative
activities of the different forms and isomers of vitamin E
compounds, see under Units, below.

SQRR-aIpha-Tocophérol RRR-alpha-Toco-'
b¢é-roxo¢epon Natural- Alpha Tocopierol;
*Natural c—Tocopherol' o-a-Tocoferol; d-a- Tocopherol RRR-a:
Tocopherol; RRR—o-Tocopherolum RRR~q—TokoferoI RRR-G-
"Tokoferoll: RRRﬂ-Tokoferdls '

(+)-2,5,7,8 Tetramethyl -2-(4,8,12- mmethyltndecyl)chroman~
6ol -

Cz,H,,O,-430.7
AS ==-59-02-9,
ymlﬂ!_ NIPRI4SOH,

. In Bur. (see p. vii). US allows it under the
title Vitamin E.
Ph. Bur. 8: (RRR-a-Tocopherol; RRR-Alpha-Tocopherol BP
2014). A clear, colourless, or yellowish-brown viscous oily
liquid. Practically insoluble in water; frecly soluble in
dehydrated alcohol, in acetone, in dichloromethane, and in
fatty oils. Store under an inert gas in airtight contamers
Protect from light.
USP 36: (Vitamin E). A clear, yellow, or greenish-yellow,
practically odourless, viscous oil. It is unstable to air and
light, particularly in alkaline media. Insoluble in water;
soluble in alcohol; misdble with acetone, with chloroform,
with ether, and with vegetable oils. Store under an inert gas
in airtight containers. Protect from light.

dl-Alphu Tocopherol

u—Tocopherol aﬂ-rac—a—TocopheroI alkrac-o-
Tokofiro'l: “Alptia” Tocopherol; * di-a-Tocopherol; di-Anspa-
Tokodepon; E307; int-rac-a-Tocopherolurty ox-a-Tocoferol;
Synthetic Alpha Tocopherol; Tocoferolum Alfa; a-Tocopher-
of a:Tocopherolum; a-Tokoferol; Tokoferokalfa; tout-rac-a-
Jocophérof; Visy facematy a-Tokoferois;. (_.) -Aipha-Toco-
-pherol.

A2)-25, 7,8-Tetramethyl-2-(4,8.1 2+ tnmethyltndecyl)chroman-
éol..,

Caelp=t307 -

CAS — 10191-41-0.

NIl — HANGSSPNZI. (alpha - tocophercl; TOWAIRIOOT (dl-
alpha tocopheml)

Pharmacoposias. In Bur. (see p. vil) and Jpn. US allows it
under the title Vitamin BE.

Ph. Bur. 8: (all-rac-a-Tocopherol; all-rac-Alpha Tocopherol
BP 2014). A clear, colourless or yellowish-brown viscous
oily liquid. Practically insoluble in water; freely soluble in
dehydrated alcohol, in acetone, in dichloromethane, and in
fatty oils. Store under an inert gas. Protect from light.

USP 36: (Vitamin B). A dlear, yellow, or greenish-yellow,
practcally odourless, viscous oil. It is unstable to air and
light, particularly in alkaline media. Insoluble in water;
soluble in alcohol; miscible with acetone, with chloroform,
with ether, and with vegetable oils. Store under an inert gas
in airtight containers. Protect from light.

d-AIpbc 'I‘ocoferil Acetate

. i jphia Tocopheryl Acetate; RAR- 3|pha-TOC0phéf-
ylé, acérate de; RRR-alpha-Tocopherylis acetas; d- -Asbar,
Toxotbepona Auem D—aTocofenlo, acetato de: Tecoferoli”

JAlfa. RRR Acetas; RRR-a-Tocopheroli. Acetas;. d—q~Toco
ﬁcetate RRR-a- Tocopheryl Acetate; RRR-a-Tocopheryhs
‘Acetas; RRR-a -Tokoferilio - acetatas; RAR-a-Tokoferol-acetéat;.
Tokofetol—acetét alfa: RAR; Tokoferok-alfa-RRR-acetdt; RRR-a-,
Tokofefyl cem: RRR-a Tokofery!u octan, RRR-a-Tobferyyha—

#a’ Tocopherol acetate.
EaHOs=4728 . =7 - :
CAS — 58957, T et
UNH — AZES], YZEW

Pharmacopoeias. In Ewr. (see p. vii). US allows it under the
title Vitamin B.

Ph. Bur. 8: (RRR-a-Tocopheryl Acetate; RRR-Alpha-Toco-
pheryl Acetate BP 2014). A dear, colourless or slightly
greenish-yellow, viscous oily liquid. Practically insoluble in
water; soluble in alcohol; freely soluble in dehydrated
alcohol, in acetone, and in fatty oils. Protect from light.
USP 36: (Vitamin E). A dear, yellow, or greenish-yellow,
practically odourless, viscous oil. It may solidify in the cold.
Tt is stable to air and light, but unstable to alkall. Insoluble in
water; soluble in alcohol; miscible with acetone, with
chloroform, with ether, and with vegetable oils. Store in
airtight containers. Protect from light.

dl-Alpha Tocoferil Acetate

Tout- rac~o~Tocop. ryle, acétate de, Acetzto de dl-alh-
tocofenrcr alkrac-d- Tocopheryl Acetate; all-rac-a; Tokoferylu
octan; Aipha Tocopheryl Acetate; d-Alfa Tokoferil Asetat; dk
Alpha Tocoptieryl: Acetate; di-a- -Tocopheryl - Acetate; di-
Anb¢a~mxo¢epcna - Auerar; -int-rac-a-Tocopherylis acetas;
pia-Tocoferilo, - acetato de; ‘Tocoferoll Alfa Acetas; .o
Tocopherol- Acetate: q-TocopheroIn Acetas; Tokoferot: alfa-
acetat; “Tokaferolu - octan; - Visy:- racematy: n-TokoferlIIo
acelatas. (t)-ATpha-Tocopheroi scetate: -

(di-alpha oferil acetate)

Pha s. In Chin., Bur. (see p. vu), and Jpn Us
allows it under the title Vitamin E.

Eur. also has a monograph for the concentrated powdered
form.

Ph. Eur. 8 (all-rac-a-Tocopheryl Acetate; all-rac-Alpha
Tocopheryl Acetate BP 2014). A clear, colourless or slightly
greenish-yellow, viscous, oily liquid. Practically insoluble in
water; freely soluble in dehydrated alcohol, in acetone, and
in fatty oils. Protect from light.

Ph. Bur. 8 (a-Tocopheryl Acetate Concentrate (Powder
Form); a-Tocopherylis Acetatis Pulvis; Alpha Tocophery!
Acetate Concentrate (Powder Form) BP 2014). Itis prepared
either by finely dispersing dl-alpha tocoferil acetate in a
suitable carrier (e.g. gelatin, acacia, carbohydrates,
lactoproteins, or a mixture of these) or by adsorbing d/-
alpha tocoferil acetate on to silicic add. The concentrate
contains not less than 25% of dl-alpha tocoferil acetate.
Almost white, yellowish, or light-brown small particles.
Depending on the formulation, the powder may be
practically insoluble in water or may swell or form a
dispersion. Store in well-filled airtight containers. Protect
from light.

USP 36: (Vitamin E). A dear, yellow, or greenish-yellow,
practically odourless, viscous oil. It is stable to air and light,
but unstable to alkali. Insoluble in water; soluble in alcohol;

miscible with acetone, with chloroform. with ether, and :
with vegetable oils. Store in airtight containers, Protect from '

light.

d-Alpha Tocoferil Acid Succinate

d-Alpha-Tocopherol - acid succinate; d-Alpha Tocopheryl
Acid Succinate; ' RRR-alpha- Tocophéryle hydrogénosucci-
nate de; RRR-alpha-Tocopherylis hydrogenosuccinas; d-
Anbda Tokopepona CykuwnaT, D-a-Tocoferilo,; succinato
4cido; Succinato 4cido de d-alfa-tocoferilo; Tocoferoli Alfa
RRR Hydrogenosuccmas RRR-a-Tocopheroli Hydrogenosuc-
cinas; d-a-Tocopheryl Acid Succinate; RRR-g-Tocopheryl
Hydrogen Succinate; ARR-a-Tocophenylis Hydrogenosucck
nas; RRA-a-Tokoferilio-vandenilio sukcinatas; Tokofero-alfa-
RRR-hydrogen-sukcindt; . RAR-a-Tokoferol-hidrogén-szukci»
ndt; RRR-o—Tokoferylvatesuccmat; RRR-Q—Tokoferyyllvetysuk-
sinaatti; 3 " :
(+)af Tocopherol hydrogen succmat
-C33H540s=5308:

'CAS~— 4345-03-3:

UNiF— LU4853./YVE.

Pharmacopoeias. In Bur. (see p. vn) US allows it under the
title Vitamin E.

The symbol t denotes a preparation no longer actively marketed

US also incdludes Vitamin E Polyethylene Glycol Succinate, a
mixture formed by the esterification of 4-alpha tocoferil acid
succinate with a macrogol.

Ph. Bur. 8: (RRR-a-Tocopheryl Hydrogen Succinate; RRR-
Alpha Tocopheryl Hydrogen Succinate BP 2014). A white or
almost white crystalline powder. Practically insoluble in
water; soluble in dehydrated alcohol and in acetone; very

luble in dichlor h Protect from light.

USP 36: (Vitamin E). A white, practically odourless,
powder. M.p. about 75 degrees; it is unstable when held
molten. It is stable to air and light, but unstable to alkali.
Insoluble in water; soluble in alcohol, in acetone, in ether,
and in le oils; very soluble in chloroform; slightly
soluble in alkaline solution. Store in airtight containers.
Protect from light.

dl-Alphu Tocofenl Acld Succlnate

genosuccmas -
Tocopheryl* Acid - Succirate:,” di-Ansda: Toxodepona
"Cyxiwmar; o-a-Tocoferilo, siccinato cido; Succinata dcide’
de' draffa-tocaferilo; Tocoferolf Alfa Hydrogenosuccinas; oL-
-Tocopheroh Hydrogenosuccmas' ot-a Tocopheryl
Hydrogen Siiccinate; bi-a-tocopherylis Hydrogenosuccinas;
DL~q-Tokofenho-vandenlho sukcinatas;; i Tokoferal-aifa
hydrogen sukcindt; m—o—tokoferol—hbdrogén-szukcmét oL-a-
“Tokoferyhvitesuccinat; ou-6- Tokcferyyhvetys
“{#)-a-Tocopherol hydrogen succinate.
CaHsy0s=5308 :
CAS — 17407-37-3,

Pharmacopoeuos In Eur. (see p. vu) Us allcws it u.nder the
title Vitamin E.

Ph. Eur. 8: (pt-a-Tocopheryl Hydrogen Sucdnate; Alpha
Tocopheryl Hydrogen Succinate BP 2014). A white or
almost white, crystalline powder. Practically insoluble in
water; soluble in dehydrated alcohol and in acetone; very
soluble in dichloromethane. Protect from light.

USP 36: (Vitamin E). A white, practically odourless,
powder. M.p. about 70 degrees; it is unstable when held
molten. It is stable to air and light, but unstable to alkali.
Insoluble in water; soluble in alcohol, in acetone, in ether,
and in vegetable oils; very soluble in chloroform; slightly
soluble in alkaiine solution. Store in airtight containers.
Protect from light.

Unils

Though the potency of preparations of vitamin E is still
sometimes expressed in units, the International Standard
for vitamin E was discontinued in 1956. The International
Unit was the activity contained in ! mg of a standard
preparation of dl-alpha-tocoferil acetate. Past editions of the
USP have stated that in expressing vitamin E activity of
tocopherol products, the following equivalents of ! mg were
to be used:

d-alpha tocopherol, 1.49 units

dl-alpha tocopherol, 1.1 units

d-alpha tocoferil acetate, 1.36 units

dl-alpha tocoferil acetate, 1 unit

4-alpha tocoferil acid succinate, 1.21 units

dl-alpha tocoferil acid succinate, 0.89 unit.

Por dietary purposes, vitamin-E activity may now be
expressed in terms of alpha tocopheroi equivalents (a-TEs).
One a-TE is the activity conizined in:

¢ 1mg of 4-alpha tocopherol (natural alpha tocophero};
RRR-a-tocopherol)

1.4 mg dl-alpha tocopherol

1.1 mg d-alpha tocoferil acetate

1.5 mg dl-alpha tocoferil acetate

1.2 mg d-alpha tocoferil acid succinate

1.7 mg dl-alpha tocoferil acid succinate.

* s 0 0 0 e
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Uses and Administration

Vitamin E, a fat-soluble vitamin, prevents the oxidation of
polyunsaturated fatty acids. It reacts with free radicals,
which are the cause of oxidative damage 10 cell membranes,
without the formation of another free radical in the process.

Vitamin E deficiency is rare but develops when the
dietary intake is inadequate. In cystc fibrosis or cholestasis,
malabsorption of fat may lead to a vitamin E defidency;
deficiency may also occur in abetalipoproteinaemia where
there are abnormalities of lipid transport and malabsorp-
tion. In previously healthy adults malabsorption and low
intake of vitamin E must continue for several years before
signs of deficiency appear. The major signs of vitamin E
deficiency are the development of myopathic and
neurological disorders.

Vitamin E is used in the treatment and prevention of
vitamin E deficiency. It is usually given orally, generally the

preferred route, but has also been given by intramuscular or
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intravenous routes. It may be given as 4- or dl-alpha
tocopherol or as the respective acetates or acid sucdnates.

Recommended doses vary, in part because of differences
in the activity of different preparations; however, a daily
dose of several times the recommended dietary allowance
(RDA), or around 40 to 50mg of d-alpha tocopherol, has
been suggested for deficiency syndromes; somewhat higher
daily doses have been given in cystic fibrosis (100 to 200 mg
of dl-alpha tocoferil acetate, or about 67 to 135mg of 4-
alpha tocopherol) and much higher daily doses in
abetalipoproteinaemia (50 to 100 mg/kg of dl-alpha tocoferil
acetate, or about 33 to 67 mg/kg d-alpha tocopherol).

For doses used in children, see Administration in
Children, below.

Vitamin B has also been tried in many other disorders, for
which the evidence of value is generally lacking (see
Prophylaxis of Ischaemic Heart Disease, p. 2047.1, and
Prophylaxis of Malignant Neoplasms, p. 2047.3).

Other substances with vitamin-E activity that have been
used include dl-alpha tocoferil palmitate and tocofersolan
(tocophersolan), a water-soluble substance which is d-alpha
tocoferil acld succinate cornbined with a macrogol. Wheat-
germ oil (p. 2647.1) is also widely used as a source of
vitamin E.

Vitamin B is often used as an antoxidant in pharma-
ceutical manufacturing.

General reviews.

1. Herrera E, Barbas C. Vitamin E: action. metabolism and perspectives. J
Physiol Biochem 2001; 57: 43-56.

2. Dura A, Dutta SK, Vitamin E and its role in the preventon of
atherosderosis and carcinogenesis: a review. J Am Call Nutr 2003; 22:
238-68.

3. SungL & al. Vitamin E: the evidence [or multiple roles in cancer. Nutr
Caner 2003; 46: 1-14,

4. Zingg J-M, Azzi A. Non-antioxidant activities of vitamin B. Qurr Med
Chem 2004 11: 1113-33.

5. Schneider C. Chemistry and biology of vitamin E. Mol Nutr Food Res
2005; 49: 7-30.

6. Mustacich DJ, et al. Vitamin B. Vitam Horne 2007; 76: 1-21.

7. Sen CK. & al. Tocotienols: the emerging face of natural vitamin E. Vitam
Horm 2007; 76 203-61.

8. Clarke MW, ¢f al. Vitamin B in human bealth and disease. Crit Rev Clin
Lab Sd 2008; 45: 417-50.

9. Dotan Y. o al No evidence suppons vitamin E indiscriminate

cruation. Biofacors 2009; 33: 46973,

i0. Galli F, Az A. Present rends in vitamin B research. Biofactors 2010; 36: -

33-42.

Administration in children. Vitamin E supplements are
given to children with deficiency, such as that arising
from fat malabsorption in cystic fibrosis and cholestatic
liver disease; deficiency may also occur in abetalipoprotei-
naemia where there are abnormalities of lipid transport
and malabsorption. The BNFC suggests the following doses
expressed as dl-alpha tocoferil acetate, according to age:
Vitamin B deficiency
aralty
* neonate: 10 mg/kg daily
¢ lmonth to 18 years: 2 to 10 mg/kg daily; up to 20 mg/kg
has been' used
Malabsorption in cystic fibrosis
orally
* 1month to 1 year: 50 mg daily adjusted as necessary
e 1to 12 years: 100mg daily adjusted as necessary
* 12to 18 years: as for adults, see Uses and Administration,
p. 2119.3,
Cholestasis and severe liver disease
ornlly
neonate: 10 mg/kg daily
* 1 month to 12 years: initially 100mg daily, ad]usted
according to response; up to 200 mgrkg daily may be
required
e 12 to 18 years: inidally 200 mg daily, adjusted according
to response; up to 200 mg/kg daily may be required
intramuscularly
e neonate: 10 mg/kg once monthly
¢ 1 month to 18 years: 10 mg/kg (maximum 100 mg) once
monthly
For abetali inaemia in child the rec ded
adult dose of 50 to 100 mg/kg dl-alpha tocoferil acetate daily
is also used, although the higher dose of 100 mg/kg daily is
suggested for neonates.
Vitamin E has also been tried in other perinatal disorders
(below) such as intraventricular haemorrhage and
retinopathy of prematurity (below).

macular Dietary supplementa-
ton with antoxidants induding vitamin E has been pro-
moted for age-related macular degeneration. For further
details, see under Betacarotene, p. 2051.2.

Chemotherapy-induced foxicily. A small pilot study’
found that oral vitamin E 600mg daily given during
chemotherapy and for 3 mom.hs afterwards reduced
chemotherapy-induced r hy in pati given regi-
mens based on platinum (carboplann or cispladn), or
paclitaxel, or both. (See also Bffects on the Nervous Sys-
tem, under Cisplatin, p. 767.3.) The authors considered
that similarities exist between neuropathy induced by ds-

All cross-references refer to entries in Volume A

platin (and possibly paditaxel) and that seen in vitamin E
deficiency states, {see below). Oral vitamin E 300 mg daily
alleviated palmar-plantar erythrodysesthesia in 5 patients

given capecitabine and docetaxel.? In 4 of these patients, |

chemotherapy was continued without interruption or

dose reduction. Imp nt was g lly noticed after
7 to 10 days of treatment.
1. Argyriou AA, & al. Viiamin E for byl against
induced hy: a d ) logy 2005; 64:
26-31.
2. Kara 10, & al. Palmar-plantar due to

capecitabine therapy is treated wn.h vitamin E without dose reduction.
Breast 2006; 13: 414-24.

states. Vitamin E deficiency may cause neuro-

logical damage characterised by sensory loss, ataxia and
retinitis pigmentosa. In 2 patients with common variable
immunodefidiency and an associated enteropathy, vitamin
E deficiency developed. Treatment with intramuscular or
oral vitamin E led to objective neurological improvement.!
1. Aslam A, # al. Viamin E deficlency induced neurological disease in

common varlable immunodeficiency: two cases and a review of the
literature of viamin E defidency. Clin Immwnol 2004; 112: 24-9.

Dementia. A hypothesis that free radicals may trigger and
maintain mechanisms responsible for neurodegencration
in Alzheimer’s disease (p. 388.1) has prompted the invest-
gation of antoxidant therapies.! Preliminary studies’?
have suggested that alpha tocopherol might possibly slow
progression. A prospective cohort study found that self-
administration of combined vitamin C and vitamin E was

2. Omell RW, et al. d: lateral sclerosis,
motor neuron disease. Available xn ‘D:e Cochrane Database o
Systemnatic Reviews; lssue 1. Chichester: John Wiley; 2007 (accessec -
20/06/08).

Musde spasm. Vitamin E is one of several drugs that have
been tried in the management of nocturnal cramp:
{p. 2014.1) but there is little convincing evidence to sup-
port its use.!-? It has, however, been found to have simila;
efficacy to quinine for haemodialysis-induced cramg
{p. 1779.3).3 A small study found the combination of vita-
mins E and C to be more effective than either vitamir
alone for reducing haemodialysis-induced cramps; pro-
longed use was not evaluated.*

1. Connally PS, & al. Treatment of nocturnal leg cramps: a crossover trial o1

quinine vs viwmin E. Arch intern Med 1992: 152: 1877-80.

2. FDA. Drug products for the treatmen: and/or prevention of nocturnal
leg muscle camps lor over-the-counter human use. Fed Regist 1994; 59:
43234-52.

. Roca A, ¢f al. Dialysis leg cramps: efficacy of quinine versus vitamin B.
ASAID J1992; 38: M481-M485.
4. Khajehdehi P, er4l. A mndomized, double-blind, placebo-controlled tria;
of supplementary vitamins E, C and their combination for trearment of
haemodialysis cramps. Nephrol Dial Transpiant 2001; 16: 1448-51.

w

Muscular dystrophies. Vitamin E substances have been
used in some countries in the management of muscular
dystrophies, but controlled studies® have failed to find any
beneﬁt

. Orndahl G. & a/. Funclionat lenium-viamin E
treament in myotonic dystrophy: a phcebn mmmlled study. J Intern
Med 1994; 235: 205-10.

associated with a lower risk of vascular d in
elderly men,? aithough no significant protective effect was
seen against Alzheimer's disease. However, other studies
have suggested that high intake of vitamins C and E,
whether from diet or supplements,® may reduce the risk
of Alzheimer's disease. Yet another study suggested that
dietary vitamin E, but not vnamm C, intake reduced the
risk of Alzheimers di lation-based study
found vitamin E intake from food and supplements to be
assodated with reduced cognitive decline.” US guidelines
suggested? that oral vitamin E 1000 units twice daily be
considered in patients with Alzheimer's disease in an
atternpt to slow progression of the di However, a
large randomised study in patients with amnestic mild
cognitive impairment found that vitamin E 2000 units
daily provided no benefit over placebo in terms of prob-
ability of progression to Alzheimer’s disease.® A meta-ana-
lysis'® which induded this study also found no evidence of
efficacy, and suggested that vitamin E should not be
recommended for treatment or prevention of cognitive
impairment. Reviewers!!2 have also recommended
against the use of vitamin E for Alzheimer’s disease.

1. Berman K, Brodaty H. Tocopherol (vitamin E) in Alzhei 's disease
and other neurodegenerative disorders. CNS Dm;: 2004: 18: 807-25.

2. SanoM etal. A iled trial of orboth as
treatment for Alzbeimer's disease. N Enyl J Med 1997; 336 1216-22.

3. Masaki KY, # al. Assodiation of vitamin E and C supplement use with
cognitive function and dementia in elderly men. Neurology 2000; S4:
1265-72.

4. Engelhan MJ, # al. Diewsry intake of antioxidants and risk of Alzheimer
discase. JAMA 2002; 287: 3223-9.

Parkinsonism. Vitamin E has been mied (as d/-alpha toco-
pherol) in an attempt to slow neurodegeneration in
patients with Parkinson’s disease (p. 889.1) but has proved
ineffective.!

I. The Parkinson Study Group. Elleas of tocopherol and deprenyl on the

progression of disability in early Parkinson’s discase. N Engi J Med 1993,
328: 176-83.

Perinatal disorders. The primary biological action of vit-
amin E is known to be the protection of polyunsaturated
fatty acids, and thus membranes, from oxidation. Two dis-
orders that may particularly affect premature and very
low birth-weight infants are retinopathy of prematurity
(below) and intraventricular haemorrhage (p. 1128.3) and as
both may have some association with the occurrence oi
excess oxygen or oxidant stress, there has been interest in
the possibility that vitamin E might have a role in their
prevention.

ia. Although preliminary evidence has sug-
gested! that women supplemented with vitamin E (with
other supplements) may be at decreased risk of developing
dinical pre-eclampsia (see Hypertension in Pregnancy,
p. 1251.1), large studies®? in women given combined vit-
amin C and vitamin E supplements failed to show any
benefit
1. Rumbold A, Crowther CA. Vitamin E supplementation in pregnancy.
Availabie in The Cochrane Database of Systematic Reviews; lssue 2.
Chichester: John Wiley; 2005 {accessed 09/01/06).

2. Poston L. # al. Vitamin C and vitamin E in pregnant women at risk for
ia (VIP trial): domised placebs ed trial. Lancer

5. Zandi PP. et al. Reduced risk of Alzheimer disease in users of
vitamin supplements: the Cache County study. Arch Newrol 2004: 61:
82-8. .

6. Morzs MC, ¢ al. Dietary intake of antioxidant nutrients and the risk of
indident Alzheimer discase in a biracal community study. JAMA 2002;
387: 3230-7.

7. Monts MC, & a/. Vitamin E and cognitive decline in older persons. Arch
Neuro] 2002; 59: 1125-32.

8. Doody RS, & al Practice (an
evidence-based rzview) Repvn of the Quality sundards Subcommittee

of the 2001; 56: 1154-66.
Also available at: htrp: 56/911154.pdf
(accessed 09/01/06)

9. Petersen RC, o a/. Viumin E and zdl for the of mild

2006; 367: 1145-54.
3. RumbuldMLﬂll ACI'SSmdmeup Vitamins C and E and the risks of
an 7 N EnglJ Med 2006; 354: 1796~

1806,

v infecfions. A randomised study in
elderly patients found that supplementation with vitamin
E had no effect on the incidence of lower respiratory-tract
infections in elderly nursing home residents, although
there was some suggestion of benefit from supplementa-
tion on upper respiratory-tract infections, particularly the

cognitive lorpabrment. N Bngl J Med 2005; 352: 2379-88.
10. isaac MGEKN, et al. Vitamin E for Alzheimer’s disease and mild cognitive

c cold.! In contrast, another study found that,
among elderly non-institutionalised people with an acute
y-tract infection, vitamin E supplementation

impairment. Available in The Cochrane Database of Reviews;
Issue 3. Chichester: John Wﬂzy' 2008 (md ;o:ouov)

1. Pham DQ, R. Vhamin B
disease, hrk!nsonsdhuse.udtvedysklndn.mdunun.hn] Am
Pharmacother 2005; 3%: 2065-72.

12. Boothby LA, Doering PL. Yiumin C and vitamin E for Alzheimer’s
disease. Ann Pharmacother 2003; 39: 2073-80.

Ischaemic heart disease. For a discussion of studies invol-
ving vitamin E in the prophylaxis of ischaemic heart dis-
case, see p. 2047.1.

nt neoplosms. For a discussion of studies invol-
ving vitamin E in the prophylaxis of malignant neoplasms,
see p. 2047.3.

Molor nevrone disease. A prospective analysis found that
regular use of vitamin E supplements was associated with
a decreased risk of amyotrophic lateral sclerosis.! However,
further studies were considered necessary and significant
evidence to- support the benefit of antoxidants in motor
neurone disease (p. 2605.2) is lacking.?

L. Ascherio A. o ¢/ Viiamin E intake and risk of amyotrophic lateral

sclerosis. Ann Newrol 2005; 57; 104-10.

increased  illness duration, number of symptoms, fre-
quency of fever, and restricted activity.?

1. Meydanj SN, ef ai. Vitamin E and respiratory tract infections in elderly
nursing home residents: a randomized controlied trial. JAMA 2004; 292:
828-36. Correction. ibid.: 1305.

2. Gnl!JM.daLEﬂecxoldal)yviummEandmulnviumlnmmml

on acute ions in elderly persons:
a randonized controlled mal_ JAMA ZWZ. 288; 715-21.

Refinitis pi . Vitamin E has been tried in retinitis
pigmentosa (p. 2101.1) with conflicting results.

Reti of prematurity. Retinopathy of prematurity
(retrolental fibroplasia) is a disease associated with imma-
ture vascularisation of the retina. Formation of retinal
lesions may interfere with normal development, resulting
in neovascularisation and fibrovascular proliferation.
Some cases regress spontaneously but advanced cases can
lead to tractional retinal detachment and loss of vision.
The pathogenesis of retinopathy of prematurity is not
clearly understood, but is likely to be muliifactorial;'
greater immaturity, lower birth-weight, and male gender
are assoctated with more severe disease.?
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After the acknowledgement of a link between
retinopathy of prematurity and oxygen therapy, the use of
oxygen was reduced and the incidence of this disorder
declined. A subsequent rise in incidence probably reflected
the increased survival rate of exremely premature infants
due to improved neonatal care, and certainly, variations in
incidence between countries, or indeed areas, may reflect
varying levels of available postnatal care.? Despite extensive
research {sec p. 1801.3), a sale concentration of arterial
oxygen has not been defined and antoxidants such as
vitamin E have been used prophylactically for several
decades. However, this use is controversial. Studies
assessing the efficacy of vitamin E prophylaxis have not
produced clear results.* Some considered that vitamin E
prophylaxis had a beneficial effect and recommended®
routine prophylaxis as soon as possible after birth for
infants less than 1.5 kg. However, others feel that there are
no data to support prophylaxis with vitamin E**7 and that
antoxidants cannot be recommended for routine use.! The
various studies have been re-evaluated by meta-analysis,
the results of which suggest that vitamin E may reduce the
incidence of stage 3+ retinopathy of prematurity.® a
conclusion supported by a systematic review® which noted,
however, that supplementation increased the risk of sepsis
and could therefore not be rec ded. The authors of
the i ded that a well-controlled
study should be conductcd.' A systematic review of vitamin
A supplementation in very low birth-weight infants
concluded that vitamin A may reduce the incidence of
retinopathy of prematurity, and that further investigation
was warranted.?

Other-agents tried for prophylaxis include penicillamine
and antenatal dexamethasone, with some suggestion of
benefit.!12 Reducton in ambient-light exposure did not
alter the incidence of retinopathy of prematurity.!>!4
Inositol supplementation has also been tried, with
conflicting results.*

Intravitreal injection of bevacizumab Is under investiga-
tion for the management of severe retinopathy of
prematurity.!*7

L G. of p BMJ 1993; 307; 694-5.

2. CM. etal, hy of pi recent advances in our
understanding. Arch Dis Child Fetal Neanaal Ed 2002: 87: F78-F82.

3. Dariow BA. « al. Prenausl risk factors lor severe retinopathy of
prematurity among very preterm infanis of the Auswalian and New

* Zealand Neonawi Network. Pediatria 2005; 115: 990-6.

. lds ID. The of hy of
Drugs 2001; % 26372,

. Johnson L « a/. Effect of sustained pharmacologic viamin E ]evcls on
incidence and severity of reti of p
clinical wial J Pediaer 1989; 114: 627-38.

6. law MR, # al. Is routine viamin E administration justified in very low-

birthweight infants? Dev Med Ghild Neurol 1990; 32: 442-50.

7. Ehrenkranz RA. Vitamin E and retinopathy of prematurity: sull

controversial. J Pediatr 1989: 114: 801-3.

8. Raju ‘l'Nx o al Vlumm B pmphyhm w0 reduce retinopathy of
of published triais. J Pediatr 1997; 131: 844~

ot
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so.

9. Brion LP, ef al. Viamin E e for pr of
and monality in preterm infanis. Available in The Cochrane Database of
Systematic Reviews; Issue 4. Chichester: John Wiley: 2003 (accessed
20/06/08).

. Darlow BA. Graham PJ. Yiumin A supplem:nuuon to ptvvznt
mortality and short and long: rbi in very low birth
infants. Available in The Cochrane Dawbase of Systematic Revicws;
Issue 4. Chichester: John w‘lzy 2007 {accessed 14/03/08).

11. Higgins RD, e al. and severity of
o Arch 1998; 116: 601-3.
12. Pheips DL e al. D-Peni for pe of !

prematuriy in preterm infants. Available in The Cochnne Daiabase of
Issue 1. Ch John Wiley; 2001 (accessed

09/01/06).

. Reynolds JD, & al. Lack of efficacy of ligh reduaion in preventing
retinopathy of prematurity. N Engl J Med 199! 38 1517.-6

. Phelps DL Warts JL. Early light reducti hy of
prematurity in very low birth weight mhms. Avuhbl: m The Cuchrane
Database of Systemaric Reviews: Issue 1. Chichester: John Wiley: 2001
(accessed 09/01/06).

. Minz-Hintner HA. Kuffel RR. Intravitreal injection of bevactzumab

(Avastin) lor of stage 3 reti of ity in zone 1 ar
posterior zone TL. Reting 2003: 28: 831-8.
16. Kusaka S, e 4l Efficacy of i injection of b {or

Further large-scale studies are required to establish its
place in wreatment.

1. McGrath J. Soares-Weiser K. Vitamin E for neuroleptic-induced tardive
dyskinesia. Available in The Cochrane Database of Systematic Reviews;
Issue 4. Chichester: John Wiley: 2001 (accessed 09/01/06).

2. Boomershine KR, o . Vitamin E ln!hemtmemofwdlvtdyskinsh

Arn Pharmacother 1999; 33: 1195-1202.

. Pham DQ, Plakogiannis R. Viamin E supplementation in Akzheimer's
disease, Parkinson's disease, tardive dyskinesia, and cataract: Part 2. Ann
Pharmacother 2005; 39: 2065-72.

Adverse Effects and Precautions

Vitamin E is usually well tolerated. Large doses may cause
diarrhoea, abdominal pain, and other gastrointestinal
disturbances, and have also been reported to cause blurred
vision, dizziness, fatigue and weakness. Contact dermatitis
has occurred after topical applicatton.

Large doses of vitamin E have been reported to increase
bleeding tendency in vitamin-K deficient patients such as
those taking oral anticoagulants. However, it has also been
suggested that it may increase the risk of thrombosis in some
patients, such as those taking oestrogens. The clinical
significance of these effects is not known.

A higher incidence of necrotising enterocolitis has been
noted in premature infants weighing less than 1.5 kg treated
with vitamin E.

-

Corcinogenicity. For mention of an increased incidence of
second primary cancers and reduced cancer-free survival
in patients with head and neck cancer receiving vitamin E
(and betacarotene initially), see Prophylaxis of Malignant
Neoplasms, p. 2047.3.

Effects on mortolity. While some studies of antoxidants,
including vitamin E, have suggested beneficial effects on
the progression of cardiovascular disease and cancer, other
studies (including large randomised studies such as the
Women’s Health Study’) have shown little or no effect.?
vitamin E may even cause an increased risk of heart fail-
ure, or incidence of some cancers (see Prophylaxis of
Ischaemic Heant Disease, p. 2047.1, and Prophylaxis of
Malignant Neoplasms, p. 2047.3). A meta-analysis® and a
systematic review* of vitamin E supplementation found
no benefit in terms of mortality. Another meta-analysis’
found no effect for vitamin E supplementaton on all-
cause mortality overall. However, in dose-response analy-
sis, high-dosage vitamin E (greater than 400 units daily)
showed a significantly increased risk; there was some sug-
gestion of a decreased risk with low doses (less than
400 units daily); all-cause mortality progressively increased
for doses greater than 150 units daily. (Such an effect was
not seen in the Women's Health Study, in which partid-
pants received 600 units on alternate days.) Some have
commented® that the meta-analysis may not have isolated
the effects of vitamin E, since in many of the trials studied,
other nutritional supplements had been given, including
betacarotene, itself possibly associated with an increased
risk of death; however, the use of high-dose vitamin E
was considered unjustified. A systematic review of antoxi-
dant supplementation found that vitamin E, either singly
or with other antoxidants, increased mortality.” A large
cohort study in a population aged 65 years or older, after
adjustment for age and sex, found that there was no asso-
ciation between vitamin E use and mortality. Bowever,
mortality was increased in vitamin E users who had a his-
tory of cardiovascular disease, or who were taking nitrates,
warfarin, and diuretics. There was a consistent trend

diovascular disease or taking these drugs. The authors con-

particular drugs was warranted.?

towards reduced mortality in vitamin E users without car- |

! cluded that vitamin E should be used with caution in :
i those with cardiovascular disease, and that further investi- !
: gation of the potential interaction between vitamin E and ;

uted to the indusion of polysorbates, see Effects in Infants,
p- 2204.1.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dassifies vitamin E sub-
stances as not porphyrinogenic; they may be used as drugs
of first choice and no precautions are needed.!

1. The Drug Database for Acute Porphyria. Available at: hup:/fwww,
drugs-porphyria.org (accessed 07/10/11)

Interactions

Various drugs may interfere with the absorption of vitamin
E including colestyramine, colestipol, and orlistat. High
doses of vitamin E may increase the effects of oral
anticoagulants.

Pharmacokinetics

Absorption of vitamin E from the gastrointestinal tract is
dependent on the presence of bile and on normal pancreatic
function. The amount of vitamin E absorbed varies widely
between about 20% and 80% and appears to decrease as the
dose is increased. It enters the blood via the chylomicrons in
the lymph and is bound to beta lipoproteins. It is widely
distributed to all tissues, and stored in adipose tissue. Some
vitamin E is metabolised in the liver to glucuronides of
tocopheronic acid and its y-lactone. Some is excreted in the
urine, but most of a dose is slowly excreted in the bile.
Vitamin E appears in breast milk but is poorly transferred
across the placenta.

Human Requirements

The daily requirement of vitamin E has not been dearly
defined but is probably about 3 to 12mg of d-alpha
tocopherol or the equivalent of other vitamin E substances.
Requirements increase with increased dietary amounts of
polyunsaturated fatty acids. There appears to be no evidence
that supplements are required in subjects on balanced diets.

Vitamin E is widely distributed in food. The richest
sources are vegetable oils especialy wheat-germ oil
(p. 2647.1), sunflower oil, and cottonseed oil; cereals and
nuts are also good sources. Significant losses of vitamin E
from food may occur during cooking and storage.

UK and US recommended dietary intake. In the UK

neither a reference nutrient intake (RNI—see p. 2046.1)

nor an estimated average requirement (EAR) has been set

for vitamin E although daily intakes of 4mg and 3 mg a-

tocopherol equivalents (see under Units, p. 2119.3) were

considered adequate for men and women, respectively.!

The Expert Group on Vitamins and Minerals? have estab-

lished a safe upper level (SUL} for vitamin E of 800 units

or 540 mg of d-alpha tocopherol daily.

In the USA the recommended dietary allowance for
adults is 15 mg daily of alpha tocopherol, and the tolerable
upper intake level is 1 g daily.?

|. DoH. Dietary reference values for food encrgy and auuicnts for the
United Kingdom: report of the panel on dietary reference values of the
committee on medical aspeas of food policy. Report on health and social
subjecss 41. Londoa: HMSO, 1991.

2. Expen Group on Vitamins and Minerals. Saie Upper Levels for vitamins
and minerals (May 2003). Available at: hup://www.lood.gov.uk/

P in2003.pdt d 09/01/06)

3. Sunding C on the i of Dietary Reft
Intakes of the Food and Nutrition Board. Dietary Reference Intakes for
vitamin C. vitamin E, selenium. and carotencids. Washington DC: Nacional
Academny Press, 2000. Also available at: hup://wwav.nap.cdu/openbook.
php?isbn=0309069351 (accessed 21/07/08)

Preparations
Proprietary Preparations (details are given in Volume B)
Single-ingredient P Arg.: Antioxid Naturalt; E-

devit P t Ephynal, Etec: Evion; Tonovital Et; Austral.:

Do

§. Lee 1-M, a a/. Vitamin E in the primary m of ular
disease and cancer: the Women's Health Study: a randomized controlled
trial. JAMA 2005: 29M: 56~65.

2. Brown BG, Crowley J. Is there any hope for vitamin E? JAMA 2005; 293:

|
severe retinopathy of prematurity: a pilot study. Br J Ophthaimol 2008; | 1387-90,
92: 1450-5. i 3 DP, et al. Use of vitamins for Lhe prevention
17. Quircz-Mercado H. e al. therapy with i ' of discase: lysis of d tials. Lancer ;
1 3 Reting 2008; 28 (suppl): 2003: 361: 2017-23.

for of
519-525. Correction. ibid. 2009; 29: 127

Tardive dyskinesia. Reviews'? on the use of vitamin E in
the management of antipsychotic-induced tardive dys-
kinesia {see under Extrapyramidal Disorders, p. 1049.3)
concluded that evidence of benefit has generally come
from small studies with methodological problems. One
review! concluded that whereas vitamin E may protect
against deterioration of tardive dyskinesia there was no
evidence that it produced symptomatic improvement. It
was suggested? that vitamin E therapy may be most bene-
ficial in those patients with tardive dyskinesia of less than
5-years duration. Some recommend vitamin E as a treat-
ment option in patients with newly diagnosed disease.’

'S

. shekelle PG, e al. Efleat of supplemental vitamin E for the prevention
and rreaiment of ardiovascular disease. J Gen Interm Med 2004; 19: 380—

9.
. Miller ER, ef al. Meta-analysis: high-dosage vilamin B supplementation
may increase all-cause mortality. Asm Intern Med 2005: 142: 3746,
6. Greenberg ER. Vitamin E supplements: good in theory, but is the theory
!Bod'[ Ann ingern Med 2003; 142: 75-6.
7. ! ic G, et al. for p o
m healthy participanis and patients with various discases. Available m

Chew-Et; Dal-Et; Mega E; Micelle E+; Natural E+; Water Solu-

. ble Et; Austria: Avigilen; Etocovit; Evitol; Tocovenost; Belg.:
1 Ephynalt; Optovit E; Braz.: Bio E; E Plust; E-Radicaps; E-Tabs;
{ Emama; Ephynal: Fonto-Vit Et; Fort E; Teutovit-E; Vieta; Vita-

{ E; Vitzin B Zirvit E; Camad.: Aquasol E+; E-Primet; Kyolic

Formula 106t: Novo Et; Chile: Crevet-E; Egogyn; Etec; China:
Su Le Kang (%5%%): Cz: Erevit Vedrop; Denm.: E-Vitamin;
Vedrop; Fin.: Bio-E-Vitamin; Equiday; Ido-E+; Fr.: Dermorelle:
Toco; Tocolion: Tocopa; Vedrop; Ger.: Antioxidans E; Detulint;
Eusovit; Eviont; Flexal Vitamin Et; Malton E: Mowivit; Opto-
vit: Sanavitan S}; Spondyvit}; Tocorel; Uno-Vitt; Yedrop:
Vitazell E: Gr.: E-Vicotrat; Ephynal; Eviol; Evion: Evit; Hong
Kong. Keri Vit Et; Myra 300-Ef; Natopherolt: Super Et
Topher-Ef; India: Bio-sass. Bio-E; Covita; E-Cap; Edge; EEE;

‘The Cochrane Daiabase of Systematic Reviews; Issue 2. Chi John
Wiley: 2008 (accessed 18/06/08).

8. Hayden KM, a o/. Cache County Investigators. Risk of morulity with
vitamin E supplements: the Cache County study. Am J Med 2007; 120:
180-4.

Neonatal toxicity. For a review and discussion of liver and
kidney toxicity in premature neonates associated with an
i intravenous preparation of vitamin E (E-Ferol) and attrib-

‘The symbol t denotes a preparation no longer actively marketed

plex; Evion; Evit Evitam: Evitop: Gly-
vion; Monovn-EN Novee; Ocuvit; Indon.: Bio-E; Dalfarol;
Edod: Erpha Vit E: Evion: Evipon; Lanturol: Natopherol;
Natur-E; Naturol; Orginal E; Prima-E; Proxidan; Sania-E; Toco-
pherinet; Vinpo-E; Vitaferol; Irl: Vedrop; Israel: Evitex: Evitol;
Ital.: Ammilla; Ephynal; Evasen Crema; Evion; Natovit; Rigen-
tex; Sursum; Vedrop; Jpm: Juvela; Malaysia: Citrex Vitamin E;
Enat; Fairy ADE: Natopherol: Toco-E: Vitamin E.F.C.; Mex.: E-
Fertoc: Egrint: EPH; Bugerminol; Ixopolet; Revitare E; Vit-E-
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Far; Neth.: Vedrop; Norw.: Bio-E; 1do-Et; Nycoplus B-vitamin;
Vedrop; NZ: Micelle Bf; Philipp.: Enat; Enervon-E; Evion;
integra-B; Lexivit-E; Myra; Zyme; Pol.: Dermovit B; Tokovit B;

Ph. Eur. 8: (Menadione). A pale yellow crystalline powder.
It is unstable in light Practically insoluble in water;
sparingly soluble in alcohol and in methy! alcohol; freely

Vedrop; Vitole BY; Port.: Ve; Vedrop; Rus.: Evitol (3surag); S
Afr.: Bphynal{; Vitaforce Et; Singapore: Enat; Natopherol; Nat-
uree; Rosken Skin Repair Vitamin B; Spain: Auxina B;
Bphynal: Vedrop; Swed.: B-vidont; B-vimir; 1do-Et; Vedrop;
Switz.: ecobiosant; Ephynal: Bvit; Optovitt; Thai.: Bio-B;
Blackmores Blo B; BE-Drops; Nat E; Patar E-400; Tupper-B;
Turk.: B-400; Bforol; Ephynal; Evicap; Bvigen; Evon; Grand-
pherol: Natural Bt; UK: Bphynal: Prairie Gold; Vedrop; Vita-B:
Ukr.: Bnat (Omar); USA: Aqua-B; Aquasol B; Aquavit-B; B-
Gems; E-Oil: GRX Vitamin E; Natural E; Nutr-B-Sol; Promega;
Vita-Plus B; Vitec Venmez.: Best; Egogyn: Bpol: Missecap; Nat-E;
Vit-B-Nat; Vit-B-Var; Vitae; Viteral.

.}lay',; Preparations. Ni prep are listed
in Volume B.
H cthic Pr i Ger.: Infi } NeyChon

Nr 68; NeyDil Nr 66-r~ NeyGero Nr 64; NeyGerom Vitalkapsein
A NeyLing Nr 66.

Pharmacopoeial Preparations

BP 2014: Alpha Tocopheryl Succinate Tablets;

USNF 31: Tocopherols Excipient;

USP 36: Oil- and Water-scluble Vitamins Capsules; Oil- and
Water-soluble Vitamins Oral Solution; Oil- and Water-soluble
Vitamnins Tablets; Oil- and Water-soluble Vitamins with Minerals
Capsules; Oil- and Water-soluble Yitamins with Minerals Oral
Solution; Oil- and Water-soluble Yitamins with Minerals Tablets;
Oil-soluble v ins C Oil-Soluble Vitamins Oral
Solution; Oil-soluble Vitamins Tablets; Oil-Soluble Vitamins
with Minerals Capsules; Oil-Soluble Vitamins with Minerals Oral
Solution: Oil-Soluble Vltamms with Minerals Tablets; Vitamin B
Capsules; Vitamin B Pr

Vitamin K Substances
VIITInG K: Burasnis Toynne K. 1o |

The term vitamm Kisused fora range of naphthoqumone
compounds that indudes: acetomenaphthone, menadiol,

renone, and phy dione.

A:efomenaphﬁnone 1BAN)

A e(omena

menaftona Acetomenaph

Menaphtho-

Menadiol Pc Sulfate (Potassi

sulhte) is BAN and Menadiol Sodium Sulfate is rINN.
Pharmacopoeias. In Br. and US.
BPZOIL“‘ diol Sodium Phosph -Awhitetopm.k.

3

crystaitine p with a ch istic odour.
Vexy soluble in water; practical!y insoluble in alcohol.
USP 36; (Menadiol Sodium Diphosphate). A white 1o pink,
hygmscopic baving a ch: istic odour. Very
soluble in water; insoluble in alcohol. Its solutions in water

! or slightly alkaline to litmus having a pH of
abouts Store in airtight containers at a ure not
exceeding 8 degrees. Protect from light.

Pharmacopoeias. In Eur. (see p. vii) and US.

All cross-references refer to entries in Volume A

Juble in tol . Protect from light.
USP 36: (Menadione). A bright yellow, practically
odourless, aystalline powder. It is affected by sunlight.
Practically insoluble in water; soluble 1 in 60 of alcohol, 1 in
50 of vcgetable oils, and 1 in 10 of benzene; spa.ringly

Uses and Administration

Vitamin K is an essential cofactor in the hepatic synthesis of
prothrombin (factor IT) and other blood dotting factors
(factors VI, IX, and X, and proteins C and S) and in the
function of proteins such as osteocalcin important for bone
development.

Vitamin K defidency may develop in neonates (see
Vitamin X Deficiency Bleeding, p. 2123.2), but is

luble in ch rm. Store at a of 25 di

excursions pﬂ'mltu:d between 15 derg'ma and 30 degrccs
Protect from light.

Hondling. Menadione powder is irritating to the respir-
atory tract and to the skin. The alcoholic solution has vesi-
cant properties.

Menadione Sodium Bisulfite jaanv, dNNJ

Blsuifito” sodica de”
“Sodyum Bisilfit; Menadiona, bisulfita sodico de;
Bisulfite Sodique de; Menadnone Sodium, . anulphne
Menadioni Natrii Bisulfis; Menadioninatriumbisulfiitt; Mena-
dionnatriumbisuifit; Menadionu wodorosiarczyn _sodowy;
Menaph. Sod. Bisulphite; Menaphthone Sodium Bisulphite;
Methylnaphthochinonumnatrium_Bisulfurosum; Vikasolurm;
Vitamin - K. Sodlum Blsulphlte,, MetaguoHa- Hatpua
Bucynodut: T o T
Sodium 1,2,3,4—-tetrahydm—2 methyl
‘2-sulphonate trihydrate. <. % :
C,.H,OzNaHSO,.zH,O=330.3 :

CAS — 130-37-0 (anhydrous - menadione sod:um b:sulﬂre)
6147-37-1 {menadione sodium b/su!fire mhydrare}

UNI — BXF3C2HIOT. - R

Pharmacopoeias. In Chin. and Pnl

Menciefrenone IHNNY

53100 Ea-0167 Menaqumone 4; “Menaquinone ' Ké4;
_Menaquinone4; Menatetren; Menatetrenona; Ménatétré-
none; Menatetrenonum; MK—4 Vitambn Km Viamin MK 4
Metatetpetion, 11+ T+

2-Methyl-3-(3,7,11,15- tetramethy! 2,6 1014—hexadeca—(en'ae-
nyi-1 4-naphthoquinone. Lo

U — 27vB76D139, " T
Pharmacoposias. anWL

“nas; Fnonadlona, Fytomenadnon Fytomenadnom Methyl—
phytylnaphthochmonum, Phylloquinone; . Phytomenad;
‘Phytomenadion; Phytoménadione;, 'Phytomenadionum;
. Phytonadione; Vitamin Ky, Vitamina Ky; QUTOMEHARMOH. -

-2-Methyl-3-(37,)1; 15—ten-amed1ylhexudec Z-enyf) naphtha-

-lene-1.4-dione. .« s s
Ca;H4st=4507

Hnnmoopoqus lndun.,Eur (seep. vu),InL,Jpn, uUs, and
Viet.
Ph. Bur. 8: (Phy dione). A mi of the rans (B)
and ds (Z) isomers. It contains not less than 75% of trans-
phytomenadione, and also allows not more than 4% of
trans-epoxyphytomenadione.
A dear, intense yellow, viscous, oily liquid, which
decomposes on exposure to actinic light. Practically
insoluble in water; sparingly soluble in alcohol. miscible
with fatty oils. Protect from light.
USP 36: (Phytonadione). A mixture of the B and Z isomers.
It contains not more than 21% of the Z isomer. A dear,
yellow to amber, very viscous, odourless or practically
odourless, liquid. It is stable in air, but decomposes on
e to sunlight. Insoluble in water; slightly soluble in
alcohol, soluble in dehydratcd alcohol, in chloroform, in
ether, in vegetable oils, and in benzene. Store in airtight
containers. Protect from light.

Siabifity. A polyoxy! castor oil formulation of phytomena-
dione was stable for at least 30 days at room temperature
when repackaged in amber glass dropper botdes.! When
refrigerated at 4 degrees to 8 degrees, it was stable in both
plastic and amber glass bottles.

1. Wong VK Ho PC. Subility of Konakion sepacked in dropper bottles for
oral administration. Aust J Hasp Pharm 1996; 26: 641-4.

in adults, although it may occur in patients
with malabsorption syndromes, obstructive jaundice or
hepatic disease. Deficiency leads to the development of
hypoprothrombinaemia, in which the dotting time of the
blood is prolonged and spontaneous bleeding can occur.
Coumarin anticoagulants interfere with vitamin K metab-
olism, and their effects can be antagonised by giving vitamin
K.

Vitamin K compounds are used in the treamment and
prevention of haemorrhage assoclated with vitamin K
deficiency. The dose of vitamin K should be carefully
controlled by prothrombin-time estimations.

Phytomenadione is a naturally occurring vitamin XK
substance. It is the only vitamin K compound used tc
reverse hypoprothrombinaemia and haemorrhage caused
by anticoagulant therapy. It is not effective as a heparin
antidote. For over-anticoagulation, the dose depends on the
international normalised ratio (INR) and the degree of
haemorrhage. Typical doses of phytomenadione are 0.5 tc
10mg by slow intravenous injection or up to 5mg orally
(see also Over-anticoagulation, p. 2123.1). Depending on
the soluhlhsmg agents used, some formulations of phyto-

are more suitable for intraven use thar
others, and dosage details vary. Phytomenadione has aisc
been used in hypoprothrombinaemia due to cerrain
cephalosporins (see Cefamandole, Adverse Effects.
p. 236.3).

For doses of vitamin K used in children, see
Administration in Children, below.

Menadiol sodium phosphate is a water-soluble derivative o:

di a synthetic lipid-soluble vitamin K analogue. I
may be used for the prevention of vitamin K deficiency ir
patients with malabsorption syndromes in whom ora
phytomenadione may be inefficiently absorbed. It is giver
in usual oral doses equivalent to 10 to 40 mg of menadio.
phosphate daily.

Menadiol dibutyrate has also been used; menatetrenone it
used in the management of osteoporosis. Acetomenaphthon:
has been used in preparations promoted for the relief o
chilblains.

General reviews.
1. Shearer MJ. Vitamin K. Loncet 1995; 343: 229-34.
2, Vemeer C, Schurgers LJ. A comprehensive review of vitamin X anc

vitamin K antagonists. Hemato! Oncol Clin North Am 2000; 14: 33953,

3. Vermeer C, at «l. Beyond deficiency: potential benefits of increasec
intakes of vilamin K for bone and vascular health. Sur J Nutr 2004; 43

325-35.
4. Van Winckel M. of of. Vitamin K, an update for the paediatrician. Bur.
Pediatr 2009; 168: 127-34.

Administration in children, Vitamin'. K defidency car
occur in children with fat malabsorption, particularly ir
those with cholestasis or severe liver discase. Neonates are
relatively deficient in vitamin K and are at risk of bleeding
if not supplemented, see Vitamin K Defidency Bleeding
p- 2123.2. Vitamin X is also used to reverse over-anticoa:
gulation in children (see p. 2123.1).

dione is the only vi K comp d used @
mexse hypopmthmmbmacmm and haemorrhage causec
by coumarin gulants. For over-anticoagulation ir
children, specialist advice is recommended; the dose
depends on the international normalised ratio (INR), the
degree of haemorrhage, and whether continued antic:
oagulation is required. The BNFEC suggests the following
phytomenadione doses in children aged 1 month to 1¢
years:

* no significant bleeding or if continued anticoagulatior
required: intravenous injection of 15 to 30micro
grams/kg (maximum 1 mg) as a single dose, repeated a:
necessary

¢ significant bleeding or if continued anticoagulation no
required: intravenous injection of 250 to 300 micro-
grams/kg (maximum 10 mg) asa single dose. UK licensec
product information allows this dose to be repeated i
response is inadequate after 2 to 6 hours

In less severe cases, an oral dose of phyromenadione 5 o:

10mg has been used in children.

The water-soluble derivative, phos
phate, is given as supplementation in vitamin K malabsorp
tion. The BNFC suggests the following oral doses, expressec
as menadiol phosphate, according to age:
¢ 11012 years: 5 to 10 mg daily
* 1210 18 years: 10 to 20 mg daily
In neonates with biliary atresia and liver disease ora
phytomenadione 1 mg daily may be given.

For discussion of the use of vitamin K in the managemen
of neonatal intraventricular haemorrhage, see p. 2123.1.

Finl end
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