For discussion of modified formulations of oral rehydration so-
lutions in the treatment of diarrhoea, including the use of cereal-
based and low osmolarity preparations, see oral rehydration ther-
apy under Diarrhoea, p.1694.
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Oral versus intravenous rehydration. Although intrave-
nous rehydration is advised for patients with the most severe
dehydration (see Diarrhoea, p.1694) it is also widely used in
some countries in the management of less severe degrees of fluid
loss.2 However, a meta-analysis of 16 randomised controlled
studies in children with gastroenteritis (5 of which included chil-
dren with severe dehydration) found that oral or nasogastric re-
hydration with an appropriate rehydration solution was at least as
effective as intravenous rehydration in terms of weight gain and
intestinal losses, and was associated with a lower incidence of
adverse effects and a reduced length of hospital stay.® The au-
thors concluded that there was no evidence to support the ongo-
ing use of intravenous rehydration in most cases of childhood
gastroenteritis.
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Preparations

BP 2008: Oral Rehydration Salts;
USP 31: Oral Rehydration Salts;
WHOIUNICEF: Oral Rehydration Salts.

Proprietary Preparations: some preparations are listed in Part 3.

Bicarbonate
Bicarbonato.

Description. Bicarbonate is an alkalinising agent given as bi-
carbonate-containing salts (sodium or potassium bicarbonate) or
bicarbonate-producing salts (acetate, citrate, or lactate salts). Al-
lowance should be made for the effect of the cation.

Incompatibility. Bicarbonate-producing or bicarbonate-con-
taining solutions have been reported to be incompatible with a
wide range of drugs. In many cases this incompatibility is a func-
tion of the alkaline nature of the bicarbonate solution. Precipita-
tion of insoluble carbonates may occur, as may production of
gaseous carbon dioxide when the bicarbonate ion is reduced by
acidic solutions.

Potassium Bicarbonate

E501; Hydrogenuhli¢itan draselny; Kalii Hydrocarbonas; Kalii Hy-
drogenocarbobnas; Kalii hydrogenocarbonas; Kalio-vandenilio
karbonatas; Kdlium-hidrogén-karbondt; Kaliumvdtekarbonat; Ka-
liumvetykarbonaatti; Monopotassium Carbonate; Potasio, bicar-
bonato de; Potassium, bicarbonate de; Potassium Hydrogen Car-
bonate; Potasu wodoroweglan; Potasyum Bikarbonat.

KHCO5 = 100.1.

CAS — 298-14-6.

ATC — A12BAO4.

ATC Vet — QAI2BA04.

Pharmacopoeias. In Eur. (see p.vii) and US.

Ph. Eur. 6.2 (Potassium Hydrogen Carbonate; Potassium Bicar-
bonate BP 2008). A white or almost white, crystalline powder or
colourless crystals. Freely soluble in water; practically insoluble
in alcohol. When heated in the dry state or in solution, it is grad-
ually converted to potassium carbonate. A freshly prepared 5%
solution in water has a pH of not more than 8.6.

USP 31 (Potassium Bicarbonate). Colourless, odourless, trans-
parent monoclinic prisms or white granular powder. Freely solu-
ble in water; practically insoluble in alcohol. Its solutions are
neutral or alkaline to phenolphthalein.

Equivalence. Each g of potassium bicarbonate represents about
10 mmol of potassium and of bicarbonate. Potassium bicarbo-
nate 2.56 g is equivalent to about 1 g of potassium.

Potassium Citrate

Citronan draselny monohydrat; E332; Kalii citras; Kalii Citras
Monohydricus; Kalio citratas; Kaliumcitrat; Kaliumsitraatti; Potasio,
citrato de; Potassium, citrate de; Potasu cytrynian; Potasyum Si-
trat; Trikdlium-citrdt; Tripotassium Citrate. Tripotassium 2-hy-
droxypropane-|,2,3-tricarboxylate monohydrate.
CgHsK;05,H,0 = 324.4.

CAS — 866-84-2 (anhydrous potassium citrate); 6100-
05-6 (potassium citrate monohydrate).

ATC — AI2BAO2.

ATC Vet — QAI2BA02.

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

Ph. Eur. 6.2 (Potassium Citrate). Transparent, hygroscopic crys-
tals or a white or almost white granular powder. Very soluble in
water; practically insoluble in alcohol. Store in airtight contain-
ers.

USP 31 (Potassium Citrate). Transparent crystals or a white
granular powder. It is odourless and is deliquescent in moist air.
Soluble 1 in 1 of water and 1 in 2.5 of glycerol; almost insoluble
in alcohol. Store in airtight containers.

Equivalence. Each g of potassium citrate (anhydrous) repre-
sents about 9.8 mmol of potassium and 3.26 mmol of citrate.
Each g of potassium citrate (monohydrate) represents about
9.3 mmol of potassium and 3.08 mmol of citrate. Potassium cit-
rate (monohydrate) 2.77 g is equivalent to about 1 g of potassi-
um.

Sodium Acetate

E262; Natrii Acetas; Natrii acetas trihydricus; Natrio acetatas tri-
hidratas; Natrium Aceticum; Ndtrium-acetdt; Natriumacetat tri-
hydrat; Natriumasetaattitrihydraatti; Octan sodny trihydrat; So-
dio, acetato de; Sodium (acétate de) trihydraté; Sodu octan.
CH5.COyNa,3H,0 = 136.1.

CAS — 127-09-3 (anhydrous sodium acetate); 6131-90-
4 (sodium acetate trihydrate).

ATC — BO5XA08.

ATC Vet — QBO5XA08.

Pharmacopoeias. In Eur. (see p.vii), Jpn, and US.

US also allows the anhydrous form.

Ph. Eur. 6.2 (Sodium Acetate Trihydrate). Colourless crystals.
Very soluble in water; soluble in alcohol. A 5% solution in water
has a pH of 7.5 to 9.0. Store in airtight containers.

USP 31 (Sodium Acetate). It contains three molecules of water
of hydration or is anhydrous. Colourless, transparent crystals, or
a white, granular crystalline powder, or white flakes. It is odour-
less or has a faint acetous odour. It is efflorescent in warm dry air.
Soluble 1 in 0.8 of water, 1 in 0.6 of boiling water, and 1 in 19 of
alcohol. pH of a solution in water containing the equivalent of
3% of anhydrous sodium acetate is between 7.5 and 9.2. Store in
airtight containers.

Equivalence. Each g of sodium acetate (anhydrous) represents
about 12.2 mmol of sodium and of acetate. Each g of sodium
acetate (trihydrate) represents about 7.3 mmol of sodium and of
acetate. Sodium acetate (anhydrous) 3.57 g is equivalent to about
1 g of sodium. Sodium acetate (trihydrate) 5.92 g is equivalent to
about 1 g of sodium.

Sodium Acid Citrate

Disodium Hydrogen Citrate; Disodu wodorocytrynian; E331;
Natrium Citricum Acidum; Sodio, citrato dcido de.
C¢HeNayO5, 1 /H,0 = 263.1.

CAS — 144-33-2.

Pharmacopoeias. In Br.

BP 2008 (Sodium Acid Citrate). A white, odourless or almost
odourless, powder. Freely soluble in water; practically insoluble
in alcohol. A 3% solution in water has a pH of 4910 5.2.

The BP gives Disodium Hydrogen Citrate as an approved syno-
nym.

Equivalence. Each g of sodium acid citrate (sesquihydrate) rep-
resents about 7.6 mmol of sodium and 3.8 mmol of citrate. Sodi-
um acid citrate (sesquihydrate) 5.72 g is equivalent to about 1 g
of sodium.

Sodium Bicarbonate

Baking Soda; E500; Hydrogenuhlicitan sodny; Monosodium Car-
bonate; Natrii Bicarbonas; Natrii hydrogenocarbonas; Natrio-
vandenilio karbonatas; Ndtrium-hidrogén-karbondt; Natrium-
vatekarbonat; Natriumvetykarbonaatti; Sal de Vichy; Sodio, hid-
rogenocarbonato de; Sodium Acid Carbonate; Sodium, bicarbo-
nate de; Sodium Hydrogen Carbonate; Sodu wodoroweglan;
Sodyum Bikarbonat.

NaHCO; = 84.01.

CAS — 144-55-8.

ATC — BO5CB04; BO5XA02.

ATC Vet — QBO05CB04; QBO5XA02; QG04BQO .

Oral Rehydration Solutions/Bicarbonate 1673

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

Ph. Eur. 6.2 (Sodium Hydrogen Carbonate; Sodium Bicarbonate
BP 2008). A white or almost white, crystalline powder. Soluble
in water; practically insoluble in alcohol. The pH of a freshly pre-
pared 5% solution in water is not more than 8.6. When heated in
the dry state or in solution, it gradually changes into sodium car-
bonate.

USP 31 (Sodium Bicarbonate). A white crystalline powder that
slowly decomposes in moist air. Soluble 1 in 12 of water; insol-
uble in alcohol. Its solutions, when freshly prepared with cold
water, without shaking, are alkaline to litmus; alkalinity increas-
es on standing, agitation, or heating.

Equivalence. Each g of sodium bicarbonate (anhydrous) repre-
sents about 11.9 mmol of sodium and of bicarbonate. Sodium bi-
carbonate 3.65 g is equivalent to about 1 g of sodium.

Sodium Citrate

Citronan sodny dihydrdt; E331; Natrii citras; Natrii Citras Dihy-
dricus; Natrio citratas; Natriumcitrat; Natriumsitraatti; Sodio, cit-
rato de; Sodium, citrate de; Sodu cytrynian; Sodyum Sitrat;
Trindtrium-citrdt; Trisodium Citrate. Trisodium 2-hydroxypro-
pane-1,2,3-tricarboxylate dihydrate.

C¢HsNa307,2H,0 = 294.1.

CAS — 68-04-2 (anhydrous sodium citrate); 6132-04-3
(sodium citrate dihydrate).

ATC — B0O5CBO02.

ATC Vet — QBO5CBO2.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and Viet.
Int. and US specify anhydrous or dihydrate.

Ph. Eur. 6.2 (Sodium Citrate). A white or almost white, crystal-
line powder or white or almost white, granular crystals; slightly
deliquescent in moist air. Freely soluble in water; practically
insoluble in alcohol. Store in airtight containers.

USP 31 (Sodium Citrate). It is anhydrous or contains two mole-
cules of water of hydration. Colourless crystals, or a white crys-
talline powder. The hydrous form is soluble 1 in 1.5 of water and
1 in 0.6 of boiling water; insoluble in alcohol. Store in airtight
containers.

Equivalence. Each g of sodium citrate (anhydrous) represents
about 11.6 mmol of sodium and 3.9 mmol of citrate. Each g of
sodium citrate (dihydrate) represents about 10.2 mmol of sodium
and 3.4 mmol of citrate. Sodium citrate (anhydrous) 3.74 g is
equivalent to about 1 g of sodium. Sodium citrate (dihydrate)
4.26 g is equivalent to about 1 g of sodium.

Storage. Sterilised solutions when stored may cause separation
of particles from glass containers and solutions containing such
particles must not be used.

Sodium Lactate

E325; Lactato de sodio; Natrii lactatis; Natriumlaktaatti; Natrium-
laktat; Sodium, lactate de. Sodium 2-hydroxypropionate.
C3HsNaO; = 112.1.

CAS — 72-17-3.

Pharmacopoeias. Chin., Eur. (see p.vii), and US include prep-
arations of sodium lactate.

Ph. Eur. 6.2 (Sodium Lactate Solution). It contains a minimum
of 50% w/w of sodium lactate and is a mixture of the two enan-
tiomers in about equal proportions. Sodium (S)-Lactate Solution
contains a minimum of 50% wi/w of sodium lactate, not less than
95% of which is the (S)-enantiomer. The solutions are clear, col-
ourless, slightly syrupy liquids. Miscible with water and with al-
cohol. pH 6.5 t0 9.0.

USP 31 (Sodium Lactate Solution). It is an aqueous solution con-
taining at least 50% sodium lactate. A clear, colourless or practi-
cally colourless, slightly viscous liquid, odourless or having a
slight, not unpleasant, odour. Miscible with water. pH between
5.0 and 9.0. Store in airtight containers.

Equivalence. Each g of sodium lactate (anhydrous) represents
about 8.9 mmol of sodium and of lactate. Sodium lactate (anhy-
drous) 4.88 g is equivalent to about 1 g of sodium.

Adverse Effects and Treatment

Excessive use of bicarbonate or bicarbonate-forming
compounds may lead to hypokalaemia and metabolic
alkalosis, especially in patients with impaired renal
function. Symptoms include mood changes, tiredness,
slow breathing, muscle weakness, and irregular heart-
beat. Muscle hypertonicity, twitching, and tetany may
develop, especially in hypocalcaemic patients. Treat-
ment of metabolic alkalosis associated with bicarbo-
nate overdose consists mainly of appropriate correc-
tion of fluid and electrolyte balance. Replacement of
calcium, chloride, and potassium ions may be of partic-
ular importance.

Excessive doses of sodium salts may also lead to sodi-
um overloading and hyperosmolality (see Adverse Ef-
fects of Sodium, p.1686). Sodium bicarbonate given



