Electrolytes used in acid base balance

Sodium bicarbonate
Molecular formula: NaHCO;
Sodium bicarbonate contains not less than 99.0
% and not more than 101 % of sodium
bicarbonate. °
Sodium bicarbonate occurs as a white odourless
crystalline powder or granules.
It 1s soluble in water (1 in 12); partially soluble
in alcohol.
Alkalinity increases on standing, agitation or
heating.
Storage:It 1s stored in well closed containers. °
Sodium bicarbonate when mixed with calcium
or magnesium salts, cisplatin, dobutamine
hydrochloride or oxytetracyclin forms insoluble

precipitates. * The following drugs are



susceptible to mactivation on mixing with
sodium bicarbonate; adrenaline hydrochloride,
1soprenaline hydrochloride and succimethonium
chloride.
Solutions of sodium bicarbonate are used as eye
lotions, to aid the removal of crusts in blepharitis,
as eardrops to soften and remove ear wax, and as
lubricating fluid for contact lenses.—an antacid to
relieve dyspepsia. —acute poisoning from acidic
drugs (phenobarbitone and salicylates)
—diarrohoea —used in the treatment of metabolic
acidosis
Sodium acetate
Molecular formula: CH3;COONa
Molecular weight: 84



Sodium acetate contains not less than 99.0 %
Colour: colourless or white Form: Transparent
crystals, granular powder

Odour: Acetic acid odour

Taste: Strong Solubility: Soluble in water &
alcohol

Storage: store in air tight containers

Uses: An effective buffer in metabolic acidosis. It

1s used as pharmaceutical aid (for peritoneal

dialysis fluid)

PREPARATION:



Scrape the gel into a bowl lined with a coffee filter,
which will absorb any remaining water. Break up the
pieces with the back of a spoon and put them on
another coffee filter to finish the drying process,
creating sodium acetate powder.

The reactions involved in this process is
CH,COOH + NaHCO, - CH,COONa + H,CO,
H,CO, - CO,+H,0

Industrially, sodium acetate is prepared from glacial
‘acetic acid and sodium hydroxide.

'€H,COOH + NaOH — CH,COONa + H,0

www.worldofchemicals.com

ASSAY:
Weigh accurately about 200 mg of the sample

obtained in the test for "Loss on drying". Dissolve in



40 ml of glacial acetic acid, add 2 drops of crystal
violet TS, and titrate with 0.1 N perchloric acid in
glacial acetic acid. Perform a blank determination,
and make any necessary correction.

Each ml of 0.1 N perchloric acid 1s equivalent to

8.203 mg of C2ZH3NaO2.

Potassium acetate
Molecular formula: CH;COOK

Molecular weight: 98

Potassium acetate contains from 99 to 101.0% of
CH3COOK.

Colour:colourless Form: Crystalline powder
Odour: Faint acetic acid odour

Solubility: soluble in water & alcohol
pH: 7.5t09.5



Storage: Store 1n a well closed container

Uses: To Acid —base balance To make Water —

electrolyte balance
METHOD OF ASSAY
Dissolve about 200 mg of the dried sample,
accurately weighed, in 25 ml of glacial acetic acid.
Add 2 drops of crystal violet TS, and titrate with 0.1
N perchloric acid 1n glacial acetic acid. Perform a
blank determination, and make any necessary
correction.
Each ml of 0.1 N perchloric acid 1s equivalent to
9.814 mg of C2ZH3KO2
PREPARATION:

It can be prepared by treating a potassium-
containing base such as potassium

hydroxide or potassium carbonate with acetic acid:

CH;COOH + KOH — CH;COOK + H,0



Sodium citrate

Molecular formula: C6H5Na30O7

Molecular weight: 258

Sodium citrate contains about 99% of

C6H5Na307.

Colour: white Form: Granular crystals

Deliquescent 1n moist air

Solubility: Freely soluble in water, Insoluble in

alcohol

Storage: Store in a tightly closed container
uses It 1s used as 1.systemic alkalizer 2. It has
anticlotting properties. 3. It 1s also used for
dentifrices as desensitizing agent. 4. It also has a
diuretic effect due to increased body salt

concentration.



Assay. Dissolve about 0.15 g, accurately weighed, in 20
mL of glacial acetic acid R1, heat to about S0°C, allow
to cool to room temperature, add 0.25 mL of 1-
naphtholbenzein/acetic acid TS, and titrate with
perchloric acid (0.1 mol/l) VS until a green colour is

obtained

Each mL of perchloric acid (0.1 mol/l) VS is equivalent
to 8.603 mg of C6 HS Na3 O7 .

Preparation

Sodium citrate 1s not sold in supermarkets, but it is easy to

prepare from the commonly available products:

. citric acid, usually available as
monohydrate C;H;O(COOH);-H,0O, and
. baking soda: NaHCO;

by reaction:



3NaHCO; + C;HsO(COOH); — C;H;O(COONa); +
3COx(g) + 3H,0

To prepare sodium citrate, dissolve some citric acid in
water and gradually add small portions of soda. Every
time you put new portion of soda, intensive reaction will

start, producing lots of CO, gas.

Continue adding soda until the reaction stops (you'll need
quite a lot of 1t). The process looks simple, but it took
several hours, because adding large portions soda makes
reaction too intense, producing lots of foam. To grow the
crystals on the top photo I used only 50g of citric acid, so

you don't need really much of it.

Ammonium Chloride

Molecular formula : NH,ClI
Molecular weight:53.4



It 1s a sterile solution of ammonium chloride in
water for injection. It contains not less than 99.5 %
and not more than 105 % with reference to dried

substance.

It 1s a product of the Solvay process used to

produce sodium carbonate: "

C02 + 2 NH3 + 2 NaCl + Hzo — 2 NH4C1 +
N&2C03

In addition to being the principal method for the
manufacture of ammonium chloride, that method
1S used to minimize ammonia release 1n some

industrial operations.

Ammonium chloride is prepared commercially by

combining ammonia (NH3) with either hydrogen



chloride (gas) or hydrochloric acid (water

solution):"

NH; + HCl — NH,Cl
Ammonium chloride when dissolve in water form
acidic solution. Reaction between ammonium
chloride and
sodium hydroxide produces some new compounds
like ammonia, water and sodium chloride. Ammonia
gas
liberated may combine with hydrochloric acid to
form ammonium chloride and hence direct
titration of
ammonium chloride with sodium hydroxide produce

erroneous results.



So for the titration of ammonia chloride with base,
the addition of formaldehyde would improve the
titration.

The ammonium chloride reacts with formaldehyde
to form hexamethylene tetramine. Because the weak
acid

ammonium (pKa 9.3) 1s converted to the stronger
hexamethylene tetramine ion (pKa 4.9). This
improves the

end point.

Potassium bicarbonate
Molecular formula: KHCO5
Molecular weight: 100.115
Colour: colourless

Odour: odourless



Taste: Basic and salty taste
Solubility: soluble in water Uses: To treat
Hypokalemia To make normal functioning of
heart Used as a mineral supplement
Assay:
Dissolve the Sample in 100 mL of water, add methyl
red TS, and titrate with 1 N hydrochloric acid VS
Add the acid slowly, with constant stirring, until the
solution 1.0% of potassium acetate. becomes faintly
pink. Heat the solution to boiling, cool, and continue
the titration until the pink color no longer fades after
boiling. Each mL of 1 N hydrochloric acid 1s
equivalent to 100.1 mg of KHCO3.



Sodium lactate
Molecular formula: CsH:NaO5
Molecular weight: 112
Colour: white Form: Powder , Hygroscopic in
nature
Taste: Saline taste Solubility: Soluble in water
Uses: Systemic and urinary alkalizer Electrolyte

Replenisher
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What are anticaries agents? Give examples.

Dental Products
6.

7.

- | |
u . UNIT 1l
What is dental caries? Name two anticaries agents.
8. What is desensitizing agents. Give examples. _ ﬁ.\.mn«-ﬁﬁmﬁ.:w
9. What is dentifricing agents. Give examples. | |
10. What are dental products? Classify them with examples.
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e Introduction
e Acidifying Agents
s Antacids
e Protectives and Adsorbents
s Cathartics or Laxatives
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Gastrointestinal tract extends from mouth to anus. k involves movement of muscles and
release mmﬂm::o:mm and enzymes which allow the digestion and absorption of the food. It is
also called as Digestive tract or Alimentary tract.

Oesophagus q —

Liver

Appendix

Fig. 7.1 : Gastrointestinal tract
(7.1)
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Gastrolntestinal Agents

7.1.1 Important Parts of Gastrointestinal Tract and Thelr Functions
(i) Oesophagus : It carries swallowed food down to stomach.
(ii) mmoimns t It receives food from oesophagus. It contains hydrochloric acid and
digestive enzymes (pepsin) that helps in digestion of food.

(iii) Small intestine : Absorption of digested food, vitamins and minerals occurs in the
small intestine,

(iv) Large intestine : In large intestine, absorption of water and U.qmm_a_._m down of waste
to extract small amount of nutrients takes place in presence of symbiotic bacteria.

(v) Anus and rectum : It involves explusion of waste as faeces.

This group of organs together forms the digestive system. Any disturbances in the

functioning of any organ of digestive system can lead to undesirable conditions.

Some of these are as follows :

1. Whenever inadequate secretion of acid takes place in stomach (i.e. secretion of acid
less than the normal), this causes achlorhydria. _

2. Whenever excess secreation of acid takes place in stomach (i.e. secretion of acid
more than the normal), this leads to hyperacidity and ulcer.

3. In intestine the movement of food takes place by peristaltic movement, if there is
insufficient peristaltic movement it leads to constipation and if the peristaltic
movement is more than the normal it leads to diarrhoea.

Some of the gastrointestinal disorders : achlorhydria, indigestion, peptic ulcer, flatulence,
diarrhoea constipation etc. The above condition can be treated by administration of
gastrointestinal agents. )

The Agents which are used to treat gastrointestinal disturbances are known as
Gastrointestinal agents,

7.1.2 Classification of Gastrointestinal Agents
Gastrointestinal agents can be broadly classified into the following categories :

I. Acidifying agents : Used to treat achlorhydria (absence of HCl in the gastric
secretion) e.g. Dilute HCI.

I. Antacids : Used to treat hyperchlorhydria and peptic ulcer.
e.g. Aluminium hydroxide gel, Calcium carbonate.
Ul Protectives and Adsorbents :
(i) Protectives for intestinal inflammation.
(i) Adsorbents for intestinal toxins.
e.g. Heavy kaolin, Light kaolin, Bentonite.
IV. Cathartics or Laxatives ; Cathartics and laxatives are used for constipation.
e.g. Magnesium sulphate.

&

’ =
Gastrointestinal _Pn_w:.vn. P

o

Pharmaceutical Inorganic Chemistry
[7:2’ACIDIFIERS _

Acidifiers are inorganic chemicals or drugs th
acidity. These agents are used in order to counteract ;
secretion of gastric acid in stomach). In case of n::u.:_n m: i
stomach etc., there is total achlorhydria. Achlorhydria ca
agents like ammonium chloride, dilute HCl etc.

Functions of Hydrochloric Acid in Stomach : .
1. Pepsinogens are activated to pepsin in presence of _..mea._.__o:w acid. S
2. It provides acidic medium which is required for effective digestion of foo . Y P _u. .
3. It acidifies the food and stops the action of salivary amylase.
4. It kills many microbes which may be harmful to the body. .
HYDROCHLORIC ACID (B.P., U.S.P.)

t are used to increase the m.wm:o_zam::m_ ¢
the effect of achlorhydria {(Inadequate
astritis, gastrectomy, carcinoma of

e treated by various acidifying

Chemical formula : HC|
Molecular weight : 36.46 g/mole
Category : Gastric acidifier, pharmaceutical aid.

Preparation : .

1. Leblanc soda process : Hydrochloric acid can be prepared by the action of
concentrated sulphuric acid on sodium chloride. This step is the first stage oﬂ..:._m old leblanc
soda process. The acid is run on to about an equal weight of salt in the cast iron pan of salt
cake furnace. The hydrochloric gas is evolved and the reaction is completed by gentle

heating.
NaCl + H;SO; —— NaHSQ, + HCl

The pasty mass of NaHSO, formed in the above reaction, is collected-and mixed with
some more quantity of sodium chloride and heated strongly to get more hydrochloric acid.

NaCl + NaHSQ, —— NazS0,4 + HCl

The hydrogen chloride produced in these operation is passed through towers nozﬁm:..._:.m
lumps of coke, down which there small flow of water. In this way crude hydrochloric acid is

obtained.

2. Caustic soda is manufactured by electrolysis of sodium chloride, during that process
large quantity of hydrogen and chlorine is obtained as byproducts.

Note : Ammonium chloride : Refer page 9.2 under expectorant topic)
These biproducts are combined to yield hydrogen chloride.
H, + Cl; — 2HCI



Gastrolntestinal Agents

/1. Itis colourless liquid.

2. ltis strongly acidic and has specific gravity about 1.04-1.05,

Test for Purity : It has to be tested for sulphate,

: free chlori i
bromide Todids: rine, Arsenic, heavy metals,

Assay :
Assay of hydrochloric acid is based upon acid base titration method.

.}:. mnnc.«mnm amount, about 2 g of hydrochloric acid is transferred to a stoppered flask
which is having 30 ml of water. Now the solution is titrated with :

1 M sodium hydroxi i
methyl red as an indicator. um hydroxide using

NaOH + HCl —— NaCl + H;0
Each ml of 1 M NaOH is equivalent to 0.03646 g of HCL.
Uses :
1. Dilute hydrochloric acid is mainly used as gastric acidifiers.
2. It can also be used as solvent and catalyst in pharmaceuticals.

DILUTE HYDROCHLORIC ACID

It contains 10 per cent w/w of HC (limits 9.5 to 10.5 per cent).
Ingredients :

Hydrochloric acid - 274.0 g
Purified water — 726.0 g

Preparation : Hydrochloric acid (274.0 g) is added gradually- to"water- (726.0 g) and
mixed.

Properties : It is colourless liquid. It is strongly acidic and has about 1.04-1.05 specific
gravity.

Test for purity : It has to be tested for As, heavy metal, bromide, iodide, sulphate, and
free chlorine,

Use : It is used as an acidifiers.
Storage : It is stored in well closed containers
Dose : 0.6 ml to 8 ml.

(Note : Ammonium chloride : Refer page 9.2 under expectorant topic.)
[zaANTACIDS

Antacids are the drugs which are alkaline substance used for neutralizing excess gastric
acid associated with ulceration, gastritis and peptic ulcer etc. These drugs give relief from
pain caused due to hyperchlohydria or hyperacidity.

Pharmaceutical Inorganic Chemistry 7.5 Gastrointestinal Agents

The hyperacidity can cause the following GIT disorders :
1. Gastritis : A general inflammation of gastric mucosa.

2. Peptic ulcer : It is a non-cancerous sore in the wall of stomach or intestine. It occurs

only in those region that are bathed by digestive juices secreted by stomach. Digestive juices
contains hydrochloric acid and pepsin. Hence, the name is peptic ulcer.

3. Gastric and duodenal ulcer : Sore on inside lining of stomach is called as gastric
ulcer. And the sore on upper part of small intestine is called as duodenal ulcer.

Antacids are usually weak alkaline. It act by raising the pH of the stomach and
duodenum. It tend to raises the pH above 4 and inactivate the proteolytic enzyme pepsin. It

is not possible to use strong alkaline bases as antacid because it will exert damaging effect
on mucosal layer.

7.3.1 Criteria for Ideal Antacids
1. Itshould not be absorbable or cause systemic alkalosis.
It should not liberate carbon dioxide and cause rebound hyperacidity.

w N

It should not interfere with absorption of food.

It should not be a laxative or cause constipation.

It should be quick acting and exert its effect over long period of time.
It should buffer in the pH range 4-6.

It should probably inhibit pepsin.

® N O W oA

. It should be palatable and inexpensive.

7.3.2 Classification of Antacids
Antacids are classified as:

L Systemyic antacids :

Systemic antacids are water soluble. It acts instantaneously, but the duration of action is
short. It is a potent neutralizer, it may rise the pH above 7.

This class of antacids easily absorbed in to systemic circulation and are capable of
changing blood pH. It may cause systemic alkalosis. Antacid belonging to this category is
Sodium bicarbonate.

In general, the bicarbonate antacids preferably used when short term antacid treatment
is required. _

I. Non-systemic antacids :

This class of antacids are insoluble in water. They have poor absorption capacity. It has
no direct effect on acid base equilibrium. They do not produce systemic alkalosis.
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Non-systemic acid can be further classified as :
1. Aluminium compound as antacids :
(a) Aluminium hydroxide gel (LP.).
(b) Dried Aluminium hydroxide gel (LP., B.P.).
(c) Dried Aluminium hydroxide tablets (LP., B.P.).
Besides the _mcoqm. other aluminium compound used as antacids are aluminium
glycinate, aluminium carbonate, dried aluminium phosphate.
2. Calcium compound as antacids :
(a) Calcium carbonate.
(b) Tribasic calcium phosphate.
3. Magnesium compound as antacids :
(a) Magnesium carbonate heavy and light.
(b) Magnesium hydroxide mixture.
SODIUM BICARBONATE (B.P.)
Chemical formula : NaHCO;
Molecular weight : 84.007 g/mol
Category : Systemic antacids, Electrolyte replenisher

Synonyms : Baking soda, Sodium hydrogen carbonate.
It possesses not less than 99 per cent and not more than 100.5 per cent of sodium

bicarbonate with reference to dried substance.
Preparation :
I, Industrial method : Selvay process/ammonia soda process :

In this method of preparation, sodium chloride (Brine solution) is saturated with
ammonia to render it free from traces of impurities such as Mg and Fe. The solution is then
filtered and the temperature of the solution is increased by heating to 30°C. The hot solution
is allowed to interact with a current of CO; present in carbonating tower. The carbonating

tower is cooled immediately for the precipitation of sodium bicarbonate.
The precipitation of sodium bicarbonate occurs at a temperature below 15°C. The
precepitate is filtered and dried.
H,O + CO; — H,CO;
NH; + H,CO05 — NHHCO;
NaCl + NH4HCO; —— NaHCO; + NHJCl

Pharmaceutical Inorganic Chemlatry
Sodium bicarbonate can be prepared f
laboratory method.

1. Laboratory method : Small scale

hydroxide. The solution is then con

=
.
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m this method does not meet the requirment of 1p, \

rom sodium carbonate solution as described iy

* Sodium bicarbonate obtained fro

method :

prepared by passing CO; gas thr
centrated to get sodium bicarbonate.

ough solution of sodium

Sodium bicarbonate is

NaOH + CO; — Na;COs + H,0
Zmu00u+ H,0 + CcO; — NaHCO;

Properties :

1. It occurs as white crystallin
2. Itis freely soluble in water but practically insoluble in alcohol.

3. It gives effervescence with acids.
4. When itis heated to 100°C, it converted in to sesquicarbonate (Na;CO;3 Na HCO32H;0).

5. Its solution is alkaline in nature.

e or amorphous powder having a saline taste,

Identification Test :
It gives the reaction of sodium and bicarbonate.

Test for Purity :
It has to be tested for alkalinity, aluminium, calcium, arsenic, heavy metal, Fe, sulphate,

ammonium compound and insoluble matter.

Assay :

The assay of sodium bicarbonate is based upon acidimetric titration.

Accurately weighed 1 g of sodium bicarbonate is transfered in conical flask and
dissolved in 20 ml of carbon dioxide free water. It is then titrated with 0.5N sulphuric acid

using methyl orange as an indicator.
NaHCO; + HzS04 —— NapS04 + H0 + CO,
Factor : Each ml of 0.5 N H2SO4 is equivalent to 0.042 g of NaHCO,.
Storage : It is stored in tightly closed containers.

Uses:
1. It acts as an antacid because of its acid nuetralizing properties.

2. Itis used to treat dyspepsia and metabolic acidosis.
3. Itis widely used as an electrolyte replenisher.
Dose:300 mgto 2 g.

Other official preparations : Sodium bicarbonate injection, Sodium bicarbonate tablets,

Sodium bicarbonate oral powder.
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ALUMINIUM HYDROXIDE GEL (1P
mical formula : Al(OH),

Gastrolnlostingl Agonts
« B.P, US,p)

olecular weight : 78 g/mole
Category : Antacid

Synonyms : Aluminium hydroxide suspension, Aluminium hydroxide mixture
Aluminium hydroxide i

’reparation :

- Preparation of aluminium hydroxide from potash alum :
It is prepared by the adding hot solution of potash alum slowly with constant stirring to

1 hot solution of sodium carbonate an

Jioxide the precipitated aluminium hy

vater till it is free from sulphate,
distilled water.

d not vice versa. After complete removal of carbon
droxide is filtered. It is washed thoroughly with hot
The gel is then adjusted to the required volume with

meﬂOw + Mghmo.&n +3H,0 = 3Na;S04 + K50, + ULP:OIvu + 3C0,;
Potash alum

If sodium carbonate solution is added to potash alum solution, it may yield precipitate of
alkali sulphate which would be difficult to wash.

I Preparation of aluminium hydroxide from aluminium carbonate :

When sodium carbonate is added to aluminium sulphate, aluminium carbonate and
sodium sulphate are formed. Aluminium carbonate is highly unstable in- nature, hence it
undergoes hydrolysis to yield aluminium hydroxide and carbon dioxide as a byproduct.

meuﬁOm + _P—ummobw —_— me»mAuA + P_MAﬁOuuw

M}_m.ﬁﬁOwuw +6H,0 — 4AI(OH); + 6CO; ~
Properties :

1. It is white viscous suspension. A clear liquid separated w

Herl it is kept standing for
sometime, !

2. Aluminium hydroxide gives astringent aluminium chloride when it react with gastric
acid (HCI). This results in to vomiting, nausea and no:&ummoa.

Al (OH); + 3HCI — AICl; + 3H,0
Identification test : -
A solution in hydrochloric acid gives the reaction of aluminium. When an equal volume
of gel is diluted with distilled water , the pH of the solution should not be more than 7.5

Pharmacoutical Inarganic Chamlstry
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Tost for Purity :

Gastrolntestinal bna_:-

It has to be tested for alkalinity, arsenic,

sulphate, chioride, ammonium salt and acid
consuming capacity.

Assay :

The assay of aluminium hydroxide is performed by complexometric titration. In this
titration disodium edetate is allowed to complex aluminium under conditions in which
metals such as calcium and magnesium

do not interfere. The excess of sodium edetate is
added left after complexation with aluminium is over, is back titrated with 0.05M lead nitrate

solution. Hexamine is added to raise the PH to the alkaline side to facilitate the
complexometric titration of the excess of EDTA with 0.05M lead nitrate.

Procedure : 5 gm of substance accurately weighed and taken in a flask. To this 3 ml
hydrochloric acid is added. The solution is warmed on a water bath. After cooling,

transferred to a 100 ml volumetric flask and the volume is made up to 100 ml. 20
solution is taken from volumetric flask in to a conical flask and 40 ml of D.05M dis

edetate added to it followed by 80 mi of water and a few drops of methyl red solut
this 1N sodium hydroxide is added to neutralise this solution.

this is
ml of
odium
ion. To

This can be indicated by change of colour from red to yellow. Now the flask is warmed
on a water bath for 30 minutes. To this 3 g hexamine is added and 0.5 ml of xylenol orange
solution is added to it as an indicator. This mixture is titrated with 0.05M lead nitrate until a
violet colour appears at the end point due to the formation of lead xylenol crange complex.

Factor : Each ml of 0.5M disodium edetate is equivalent to 0.002549 g of Al,0;.

Storage : Store in tightly closed containers and should not be allowed to freeze.
Uses :

1. Itis a very effective slow acting antacid.

2. ltis able to neutralise gastric hydrochloric acid and causes absorption of toxins, and
gases.

aoumuu.mB_SHmE_.:nmcmmm constipation, therefore it is administered along with
magnesium salt which is a mild laxative.

DRIED ALUMINIUM HYDROXIDE GEL, Al(OH),

Synonym : Aluminium hydroxide powder.

It is having not less than 47 per cent of Al,O; when ignited to constant weight.

Test for Purity, Storage and Uses : Same as aluminium hydroxide gel.
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MAGNESIUM HYDROXIDE MIXTURE (B.P.)

Chemical formula : Mg(OH),

Molecular weight : 58.32 g/mole

Category : Antacid, laxative

Synonyms : Milk of magnesia, Magnesium hydroxide oral suspension.

It is having not less than 95% and not more than 100.5% of magnesium hydroxide.

Preparation :

It can be prepared from sodium hydroxide and magnesium sulphate. In this method,
sodium hydroxide is mixed with light magnesium oxide (MgO) and the suspension so
obtained is diluted with water. It is then slowly added to magnesium sulphate with constant
stirring. .

The resulting solution is left undisturbed so that the precipitate settles at the bottom.

The upper clear liquid is separated and residue is collected on a calico filter which is then
washed with water until it is free from sulphates. The precipitate is the finally mixed with
suffficient quantity of distill water.

2NaOH + MgSO4 —— Mg(OH); + Na,S0q4

White and creamy magnesium hydroxide is obtained due to the addition of light

magnesium oxide otherwise it would have been gelatinous translucent aqueous suspension.

Praperties :

1. Itis white fine amorphous powder.

2. Itis almost insoluble in water and it yields a solution which is slightly alkaline.

3. ltdissolves in dilute mineral acids.

Identification :

A solution of 1 ml in 2 ml dilute hydrochloric acid gives the reaction of magnesium.
Test for purity :

It has to be tested for soluble alkalies, soluble salts, carbonates, and acid insoluble
matter. Besides Ca, As and heavy metals.

Assay : It is carried out by acid base back titration method using methyl red as an
indicator. Initially, magnesium hydroxide mixture is made to react with sulphurc acid. The
excess of sulphuric acid is back titrated with 1N sodium hydroxide.

Procedure : An accurately weighed amount of sample is taken in a flask (5 ml). To it
25 ml of 1N sulphuric acid is added. The excess of sulphuric acid is back titrated with 1IN
sodium hydroxide using methyl red as an indicator.

Mg(OH); + H,S0s — MgS0; + 2H,0
H;504 + 2NaOH — NazS0; + 2H,0

Gastrolntestinal Agents
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i i of Mg(OH)2.

Factor : Each ml of 1N sulphuric acid is equivalent to 0.02917 g g
a cool place.

Storage : Store in tightly closed containers and in

Uses : .
1. Itisused as an antacid and osmotic laxative.

2. 1Itisused as an alkaline mouth wash.

Dose:
S to 10 ml as an antacid.

15 to 30 ml as an laxative.
Labelling : The label on the container sta
MAGNESIUM CARBONATE

that is, heavy magnesium carbonate and
nate and differ

tes that “shake well before use.”

Magnesium carbonate occurs in two forms, : ;
light magnesium carbonate. They are both hydrated basic magnesium carbo .
only in the content of water of hydration (the heavy variety having 5H0 and the light one

with 3H,;0) and in the bulk density.
HEAVY MAGNESIUM CARBONATE (B.P.)

This is a basic carbonate having an approximate chemical composition 3MgCO;.
Mg(OH),. 4H,0. It contains not less than 40.0% and not more than 45.0% of MgO.

Heavy magnesium carbonate is different from light magnesium carbonate in density.
15 g of heavy magnesium carbonate occupies a volume of 30 ml while light magnesium
carbonate occupies a volume of 125 ml (as per IP).

Category : Antacid, Osmotic laxative.

Preparation :

Magnesium carbonate is prepared by double decomposition from magnesium sulphate
and sodium carbonate. Magnesium sulphate (125 parts) and sodium carbonate (150 parts)
are dissolved separately in water and the solutions are mixed (1 : 1 ratio) and concentrated.
The residue is digested with boiling water for 30 minutes. The insoluble magnesium
carbonate is filtered on calico cloth and washed until it becomes free from sulphate ions and
dried in an oven.

§ MgSO, + Na;C0; — MgCO; l+ Na;CO;
Properties :
1. Itis a white granular powder.
2. Itis odourless and tasteless.
3. ltisinsoluble in water and alcohol, -
When it is heated to redness, it gets converted to MgO, losing carbon dioxide and water.

3MgCO; - Mg(OH); - 5H,0 — 4MgO + 3CO; + 6H,0

dea' Ino
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The assay of magnesium carbonate is based upon complexometric titration.

bnnlamnm_w weighed (10 g) sample is dissolved in dilute hydrochloric acid and the
volume is made up to 250 ml with water. To 50 ml of this solution, add 100 m! of water and
15 ml of NaOH solution. After addition of 40 mg murexide indicator and 3.0 ml of naphthol
green, titrate with 0.05M disodium EDTA until deep blue colour appears.

Factor : Each ml 0.05M disodium EDTA is equivalent to 0.002015 g of MgO.
Storage : It is stored in tightly closed container.
Uses :
(i) TItis used as an antacid and laxative, it comparatively weak antacid.
(ii) It can also be used as a cathartic.
LIGHT MAGNESIUM CARBONATE (B.P.)

It is a basic hydrated carbonate which differ from heavy magnesium carbonate in bulk
density. Its approximate chemical composition 3MgCO; - Mg(OH); - 3H20.

Category : Antacid, Osmotic laxative.
Properties :

1. Itis available as very light white powder.

2. Itis odourless and tasteless.

3. Itis insoluble in water and alcohol.

Preparation, Identification, Tests for purity, Assay m:u:ammmqmmmqammm Immé
Magnesium Carbonate. _

Storage : It is stored in tightly closed container.

CALCIUM CARBONATE (B.P., us.P.)
Chemical formula : CaCO;
Molecular weight : 100.1 gm/mole
Category : Antacid
Synonym : Precipitated chalk

It is having not less than 98.0% and not more than 100.5% of CaCQ; which is calculated
with reference to the sample dried at 105°C. .
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Occurence : It is available in different forms in nature such as limestone, calcite,
dolomite, and in shell of sea animals. )

Preparation :

I It can be prepared by reacting a solution of sodium carbonate and calcium chloride
in presence of high temperature i.e double decomposition reaction. The precipitate of
calcium carbonate is obtained. The precipitate is filtered and dried.

Zmunou + CaCl; — CaCO; P + Nacl

I. When carbon dioxide is passed through lime water (aqueous calcium hydroxide),
milky white precipitate of calcium carbonate is obtained.

CO; + Ca(OH); — CaCOs 1+ 2H,0

OL It can also be prepared by mixing solution of sodium carbonate and calcium nitrate.
nmazn.uu: + Na;C0; — CaCOs+ 2NaNO;
Properties :
1. It occurs as fine, white microcrystalline powder.
2. Itis odourless and tasteless.

3. 1t is soluble almost insoluble in water and alcohol. The water solubility can be
increased in the presence of carbon dioxide and ammonium salts.

Identification :
It gives the reaction of calcium and carbonate.
Tests for purity :

It has to be tested for Al, Fe, phosphate, heavy metal chloride, sulphate, barium, soluble
alkali, and loss on drying and insoluble matter in HCl.

Assay :
It can be assayed by the complexometric titration method.

Accurately weighed (1.0 g) sample is moisten with sufficient quantity of water and
sufficient HCl is added to get a clear solution. The volume is made up to 250 ml with water.
To 50 ml of this solution, add 100 ml of water and 15 mi of 1N NaOH solution. After addition
of 40 mg murexide indicator and 3.0 mi of naphthol green, titrate with 0.05M disodium
EDTA until deep blue colour appears.

Factor : Each ml 0.05M disodium EDTA is equivalent to 0005005 g of CaCOa.

Storage : It is stored in tightly closed container.
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Ises :

1. Itisinternally used as an antaci
is having mild abrasive quality.

onstipation.
4" COMBINATIONS OF ANT RIS R R T

Several basic compounds are employed as antacids, notably aluminium salts and
nagnesium salts, calcium carbonate and sodium bicarbonate. There are three complications
Isually seen when these antacids are used.

1. Many antacids exert an action on the bo

effect (eg. Magnesium hydroxide) an
hydroxide).

wel. For example : some have a mild laxative
d some are <onstipating (e.g. Aluminium

gs which may be administered along
with antacids such as antic

hlolinergics and ant;

biotics. These drugs may be adsorbed
by the antacids.
Table 7.2 : Antacids with their unwanted effects
E e
Antacid ormia Newtralizing Unwanted Effects
Power
Sodium NaHCo, | L id ion, Alkalosi
Bicarbonate a 3 ow Fluid retention, Alkalosis
1 .
M i
IWM“H_.H“: Mg(OH), High Diarrhoea, Magnesium toxicity
Aluminium Constipation, Drug or phosphate
Hydroxide Al(OH), Modest binding (inhibits absorption)
| Calcium Carbonate CaCo, Very high Acid rebound
| The defects associated with the antacids can b

e minimized by the use of combination of
aluminium hydroxide may be combined to

ium hydroxide with the laxative effect of
- The following combinations are in regular clinical use.
Magnesium and aluminium hydroxides.
2. Magensium and aluminium hydroxides, dimethicone.

formation in the gut is present, use of a drug like me
/simethicone is necessary.)

antacids. Far example, magnesium hydroxide and
balance the constipati

(If dyspepsia leading to gas
thylpolysiloxane/dimethicone

Magnesium and aluminium hydroxides, methylpolysiloxane,
Aluminium hydroxide gel and magnesium trisilicate,

[7.56CATHARTICS T
: hat promotes i
Coltartiegests e .mmm:»m N: Nmamm from the intestin
passage and elimination of the !
rectum.,
Cathartics are used : ) . e R
i tipation and for expulsion of intestinal p . —
1. To relieve constipa lonscopy, abdominal surgery or X-ray
2. Itis used for cleaning the colon before co . inful hemorrhoid or other rectal
3. It is used to ease defecation in patient with tm.:_.__w (veins) in the rectum, the
' disorders. (Hernorrhoid are clumps of blood <mumw} RMEB? i
AR el G loPatSil s e (oMes e ..u._“ .M..w become stretched, thin and
Sometimes the hemorrhoidal veins enlarge and their wa
irritated by passing stool.) : ) W
The basic difference between cathartic, purgative and _mxmd_e.m are a._m.. a“mm“\ :MH e
mechanism of action. Purgatives are also cathartics which um:mcm&m_a i _M o
considerably milder action than cathartic. Laxatives when used at high doses

i i er then
purgatives or laxatives are mild type of purgative. These purgatives are strong
laxative but has milder action then cathartics.

al tract through the colon and

However cathartics, purgative and laxative are administered ma:m.ﬂ by oral route in the
form of suspension, powder or via rectal route as enema or suppositories. o .

In normal habits, peristaltic movement cause defecation. Peristalsis is a radial,
symmetrical contraction and relaxation of muscles which propel the content ‘5_.9..6.,. the
digestive tract. Peristaltic motion normally take place 3 to 4 times a day, by _o:m::m the
urge to defecate or by psycholagical can lead to constipation. The condition in which msmﬁm
is difficulty in emptying bowel usually associated with hardened faeces. In such condition,
the bowel movement become tough or happen less often than the normal. Constipation can

be caused due to diet, use of certain drug, intestinal spasm etc, Constipation can be treated
by the use laxatives and _ucﬁmzcmm.

Purgatives or cathartics act by four different mechanisms :
1. Lubricant:

In case of constipation, the content of |
water by body this results in diffi
are used that causes smooth clea

ntestine becomes hard due to absorption of

culties in emptying the bowel. In such condition, lubricants

rance of the fecal material

Examples : Mineral oil, liquid paraffin glycerin etc,

2. Bulk Purgatives : )
These agents are made from cell

when wet. It act by increasing the

intestinal content, peristaltic movem

Examples : Methyl cellulose,

ulose or non-digestible type of material, which swells
bulk of intestinal contents. Due to increase in bulk of
ent increases which result in defecation.

sodium carboxyl methyl cellulose.
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se are the agents which act directly on intestinal
ocal irritation on intestine tract which increases the p
"/ Examples : Castor oil, senna, podophylium

4. Saline cathartics/osmotic laxatives :

) These are salt of poorly soluble anion and some:

the osmotic lo i i i i

) e mﬂqu _znmﬂ_:.ou. This can be done by Increasing the fluidity of intestinal content

g large quantity of water and indirectly increasing the peristalsis. Saline

cathartics a i i i
b .mu“nﬂmnﬁ mo_cm_m 'norganic chemical and they are taken with plenty of water this
g excessive loss of body fluid and reduces vomiting and nausea.

mxmﬂm_mm“ Magnesium sulphate, Sodium sulphate, Sodium orthophosphate.
MAGNESIUM SULPHATE (B.P., UsS.P.)
Chemical formula : MgSO, - 7H,0

Molecular weight : 246.7 gm/mole
Category : Osmotic laxative
Synonym : Epsom salt

' ._n is having not less than 99% and not more than 100% of ?E.mOAr calculated reference to
ignited substance.

:.mﬂ and stimulate peristalsis. It act
eristaltic movement,

times cations. It mainly act by increasing

Preparation :

1. _.(_mm...au:..S sulphate is prepared by the action of dilute sulphuric acid on
magnesium carbonate or magnesium oxide. The solution is filtered and the filtrate is
evaporated to crystallisation.

MgCO; + H;50, — MgSO4 + H;0 + CO,

.r.-, It is prepared by the action of sulphuric acid on the native carbonate (magnesite) or
previously calcined dolomite. Dolomite is a mixture of magnesium and calcium carbonate. In
.Uo_.: cases magnesium sulphate being water soluble remain in the solution while the
_:.__ucqm:mm such as CaCO; (in case of dolomite) undergo precipitation. Thus to remove
impurities solution is filtered.

The filterate is subjected to evaporation and the product is purified by nQﬂm_:.o.m:o:.

_?;QﬁOu : ﬁmﬁom +2H;50, — —S@MO& + CasS0O, + NImO + NﬁOu

3. It can be prepared in large quantities from magnesium salt occuring in brine solution
which is used for the exactraction of bromine. The liquor after no_du_mn.m removal. of bromine
vapours is allowed to react with milk of lime, thus precipitating out magnesium hydroxide.
Sulphur dioxide and air are passed through the suspension of magnesium hydroxide.

2Mg(OH); + 250; + O; — 2MgSO, + 2H;0

On crystallisation, crystals of MgSQ, - 7H;0 are obtained.

Pharmaceutical Inorganic Chemistry 717 Gastrolntestinal Agents

Properties ;
1. It occur as colourless crystal having a cool, saline bitter taste.
2. Iltis%esoluble in water and sparingly saluble in alcohol.
Identification :
It gives the reaction of magnesium and sulphate.

Tests for purity :
It has to be tested for As, Fe, heavy metal and loss on drying.

Assay :

The assay of magnesium sulphate is based upon complexometric titration.

Magnesium sulphate is dissolved in water and titrated with 0.05M disodium EDTA
solution. During this titration EDTA-magnesium complex is formed. Strong ammonia- _
ammonium chioride solution is used as the buffer so that the pH may be raised to more |
than 10 and maintained at that level. This is because complexation of magnesium by EDTA
takes place only at this pH. Mordant black I is used as an indicator. At the end point deep

blue colour appears.
Factor : Each ml 0.05M disodium EDTA is equivalent to 0.00602 g of MgSOa.

Storage :
It is stored in tightly closed container.

Uses:
1. ltis used as a saline purgative.

2. Itis used in the form of enema.
3. It is helpful to promote evacuation of gall bladder content in the treatment of
cholecytitis. |
SODIUM 0=4IOWIOva>._.m |
Chemical formulae : Na;PO, (Anhydrous) . h
NaiPQ, - XH,0 (Hydrated) |
Molecular weight : 163.94 gm/mole (Anhydrous)

Category : Osmotic laxative

Synonyms : Trisodium orthophosphate, ~Trisodium  phosphate, Trisodium
monophosphate. ;

Tribasic sodium phosphate is anhydrous or contain one or twelve molecules of water
of hydration Na;POs (Anhydrous) and Na;PO,; - XH0 (Hydrated) contain not less than

97.0 per cent of calculated on the ignited basis.
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Preparatlon:

Sodium orthophosphate is prepared by treating sodium carbonate with phosphoric acld,
disodium phosphate is obtained. Disodium phosphate Is further neutralised with sodium
hydroxide to form sodium orthophosphate.

Na;CO, + HiPO, —— Na;HPO,+ CO, + H,0 ¥
Na,HPO, + NaOH — NaPO4 + H0
Properties :
1. ltis white odourless crystalline granules or powder.
2. ltis freely soluble in water and insoluble in ethanol.
Jdentification :
It gives the reactions of sodium, phosphate and orthophosphate.
Tests for purity :
It has to be tested for As, lead water insoluble substance and loss on ignition.
Storage : It is stored in tightly closed container.

Uses : It is used as a laxative to cleanse the bowel.

7.6  PROTECTIVE AND ADSORBENTS /4755 1 0

& \Alase v N

R
Gastrointestinal adsorbents are the chemically inert substance which are taken to adsorb

gases, toxins and bacteria in the stomach and intestine. These agents are used in the
treatment of mild diarrhoea or dysentery or other disturbances of gastrointestinal tract.

In diarrhoea, frequent discharge of intestinal content occur from anus in the form of
watery fluid, The ion of fluid is accompanied by the loss of electrolyte frequently which in
turn leads to dehydration this result in electrolyte imbalance. Diarrhoea are mainly caused

due to improper digestion or bacterial infection sometimes chemical and poisonous drug
also causes diarrhoea.

Dysentery is an intestinal inflammation especially in the colon that can lead to severe
diarrhoea with mucous or blood in faeces. .

There are two main types of dysentery :

(1) Bacillary dysentery : This caused by a shigella a bacterium.

(2) Amoebic dysentery : (Amoebiasis) this is caused by Entamoeba histolytica a type of
Amoeba.

These adsorbents also acts as protective adsorbent antidiarrhoeal with little or no

antibacterial action. Protectives are used to form a protective layer on painful ulcers in the
GIT. It also help in reducing ulcers.
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PR HEAVY KAOUN (B.P)
Synonym ! Kaolin or china clay.

in varlous
o rocks and occurs

d from the decomposition of feldspar of granite

It is derived from

fly of an hydrated aluminium silicate. It J
- FA L i O
he world. Heavy kaolin consist cheifly caolin consists of variable amount o
parts of the fiod form of natural kaolin. Natural :.o: it Lo removed to obtain heavy
baslcally a punit Y urities whic A
calclum, magneslum, ond bttt um.ﬁan...:a it should be thoroughly sterlised to mak
kaolin, Heavy kaolin meant for human u_m_.:m
free from spore bearing bacilli and bactena.

Chemical formula : A;O; - 2510z 2H;0 ;

Category : Pharmaceutical aid
Preparation : o " :qs_mm_acn:

It is prepared by treating natural clay with Eaan_.m_o:n acid, to MmBMMMmV ”:n_ e
as Ca, Mg, carbonates and ferric oxide present in it. it is then filtered, W ,
obtain purified hydrated aluminium silicate (heavy kaolin).
ﬂqo—._o:r..m"

1." ltis white fine and soft powder.

2. Itis odourless and tasteless. . . g .

3. Itis insoluble in water, mineral acid, organic solvent and alkali hydroxide solutian.

LIGHT KAOLIN (B.P.)

Light kaolin is finely divided form of kaolin containing hydrated .m_::.._:_c3 silicate,

purified by elutriation. Elutriation is a process in which finely divided particles are suspended

in an upward flowing stream of air or water to wash and isolate them in to size fraction. It
especially meant for internal use.

Chemical formula : Al,O; - 2Si0; - 2H,0
Category : Antidiarrhoeal
Preparation :

It can be prepared from natural clay. Its preparation involves the following steps :
Step 1 : Powdering.

Step 2 : Particle separation by means of electrical sedimentation.
Step 3 : Purification from gritty particles and impurities elutriation.
Step 4 : Drying.
Properties : . '
1. Itis white fine powder.
2. ltis odourless and tasteless.

It is insoluble in water and mineral acid.

e
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510 be tested for heawy m _ : thoroughly with water. The test passes if no grits felt when fingers are rubbed over the wire
Ta— Y ﬁ,aw. chlorides, sulphate ote, , s mesh of the sieve,
se:ltis used as adsorbey K- ; _
_ ent to adsorb toxins in food and alkaloidal poisoning, n Loss on drying : Bentonite is dried to constant weight at 105°C, it should not loss less
Storage : Stored in well closed container. | _“._ than 5 per cent and not more than 12 per cent of its weight.
BENTONITE (8.P., U.s.p) . (8 Uses :
Chemical formula ; A0y - 45i0; - XH,0 L 1. Itis used as adsorbent and protectives.
It i a native colloidal hydrated aluminium silicate, freed from gritty particles. It occurs ~ ! _... 2. ltis a good pharmaceutical ald, it is used as a emulsifier for oil in water emulsions.
haturally, y 3. Itis base for many pharmaceutical Preparation including plasters and bases.
. 3 SBe — "
maio:w:.. is an aluminium silicate having Si0;, Al,04, Fe,0,, Ca0, MgO and some sodium , Storage : Stored in well closed container.,
and potassium. i ¢ B A R ~QUESTIONS | 2257
Properties : 1. What are Antacids? Classify them with examples. Give the ideal properties of antacids.
L Itoccur as a very fine, pale buff or cream coloured powder. ! 2. Write the preparation, assay and uses of Sodium bicarbonate.
2. ltis free from grit. \ 3. Write the preparation and uses of Alumihjum hydroxide.
3. Itis odourless and has slightly earthy taste. w 4. Write the preparation and uses of Magnesium hydroxide.
4. Itis insoluble in water but it swell to about twelve times its volume when added to w 5. What are GIT agents? Write the principle and reaction for assay of sodium bicarbonate.
water. It neither dissolves nor swells in organic solvents. } 6. What are saline Cathartic? Expain its mechanism of action. Write the preparation and
Idetification ; __ uses of magnesium sulphate.
Sample of bentonite is fused with anhydrous sodium carbonate and extracted with water M 7.. Add a note on combinations of antacid therapy.
followed by repeated extraction with dilute HCI. It yields the residue of silica and the acid _. 8. Define cathartics. Give the preparation, assay and uses of Magnesium sulphate.
solutian after neutralisation which gives the reaction characteristic of aluminium, i 9. Write a note on acidifiers
Test for purity :

10. Discuss the preparation, assay principle and medicinal uses of Baking soda,
PH : The pH of a 2.0 per cent suspension in water is 9 to 10.5. 1

11. What are saline cathartics? What is their mechanism of action?
12. Enlist different antacids.

Gel formation : 6 g of bentonite sample is mixed thoroughly with 0.3 g of MgO. This is
added in several portion to 200 ml water in a 500 ml stoppered flask. It is agitated for
1 hour. Then 100 ml mixture is transferred to a 100 ml cylinder and is allowed to remain

. 13. Write the preparation of magnesium hydroxide mixture,
undisturbed for 24 hour. The volume of supernatant liquid appearing on the surface in the

14. Write the method for preparation and uses of Milk of Magnesia,
cylinder is noted. The clear supernatant is not more than 2 ml.

15. What are antacids? Give examples.

s TR

e

Swelling factor : It is measured by dropping from top 2 g of um:,oamﬂm mm:..._u_m. in i
divided portions upon the surface of 100 ml water contained in 100 ml capacity measuring
Cylinder. Each portion is allowed to get settle before the next is added. Bentonite swells at

16. Give examples of gastraintestinal agent and protective agents,
the bottom and it should occupy an apparent volume not less than 24 ml. :

17. What is achlorhydria, Give its treatment.

T

18. Define saline Cathartic and give examples.
Fineness of powder : 2 g of sample is sprinkled on 20 ml water contained in motar. It is

allowed to swell, the swollen mass is dispersed evenly with pestle and diluted with water to _
100 ml. The suspension obtained is poured through sieve number 200 and sieve is washed

19. Write the molecular formula and uses of Milk of Magnesia.

20. Write the uses of aluminium hydroxide and magnesium hydroxide.

e s e R ]
et v

21. What are gastrointestingal protectives and adsorbents? Give example,

.
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TOPICAL AGENTS
(PROTECTIVES, ASTRINGENTS AND
ANTI-MICROBIALS)

¢+ OVERVIEW +
* Introduction : Protectives and adsorbents, Antlmlcroblal agentS/Aﬂtl -infectives,
Astringents, Miscellaneous compound.

* Astringents : Potash alum, Zinc sulphate.
* Antimicrobial agents : Ideal characteristics of antimicrobial agents, Classification,
Mechanism, Potassium permanganate, Boric acid, Hydrogen perioxide, Chlorinated

lime, Iodine and its preparations.

The toplca! means pertaining to a partlcular Iocallty or place or spot These chemical
agents are applied to the skin and mucous membrane for localized effect within the skin or
membrane. Locally acting topical agents have limited pharmacological activity. It generally

have a physical basis of action.
Topical medication includes lotion creams, ointments. They are applied to the skin on
various part of the body depending on reason for the medication. Lotion, creams and

ointments usually produce a local effect.
Topical application of these drug may extend to such body cavities that are open to

outside.

Sites of application for topical agents :
1. Skin
2. Ear
3. Eye.
4. Nose
5. Vagina
6. Urethra
7

Rectum
(8.1)
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Types of Formulation :

Powder, ointments, creams, lotion, spray, paste, transdermal patches etc.
Topical agents are classified based on their actions or uses :
1. Protectives and adsorbents.
2. Antimicrobial agents/Anti-infectives.
3. Astringents.
4. Miscellaneous compound.
Protectives and Adsorbents :

These are the substance which tend to form coating or a film on the site of application

(like wound or burned skin) and protect the skin from.harmful stimuli (like bacteria,
moisture, dust)

Protectives exert its action by physically blocking the pores and firming a protective

layers on the surface of skin or mucous membranes and prevent inflammation at site of
application,

Adsorbents are similar to protectives. They exert their action due to their chemical

properties, it acts by adsorbing moisture from the skin surface which decreases the
mechanical friction and irritation.

The protective and adsorbent activities increases as the particle size decreases, small
particles offer a large surface area and adhere better to surface of the skin.

Ideal properties of protectives :
1. Itshould be chemically and biclogically inert.
2. It should be inert and insoluble in water.
3. It should appeared as fine particle forms.
Examples : Talc, TiO,, Zinc oxide, Calamine, Silicon polymer m_:._mﬂr_n_u__._m.,

Astringent :

These are the agents which are applied locally and give protein precipitant action.
Astringent exert their action by :

1 Contraction and wrinkling of the tissues.
Reduces the cell permeability. .

2
3. Constrict the local blood vessels.
4

- Inhibit the transcapillary movement of plasma protein.

Toplcal Agents
Pharmaceutlical Inorganic Chemistry 8.3

Uses of Astringent :
1. It reduces pain (Anti-inflammatory agents).
2. It arrests hemorrhages.
3. Promotes healing of wound.
4, Reduces sweating (Anti-percipirants). . N
Examples : Zno, Zinc sulphate, nm_m&ﬂzm.._um:n chloride, potassium, aluminium

sulphate, aluminium chloride, Aluminum.

Antimicrobial Agents : Lk

{ icro- [ jall
These are the agents which inhibit or destroy the growth of micro-organism especiafly

pathogenic_micro-organism. These chemical and their preparation helps in reducing or

preventing infection caused due to microbes.
Specific terminology describe exact mode or mechanism of action :

1. Antiseptic : These are substances that are able to kill o.q prevent the mﬂoﬂﬁm ﬁcM_
micro-organism. This term is specific for preparation which are .8. _uw app! _m.
living tissues. An ideal antiseptic should destroy amnmq_m. spores, fungi, viruses orany
other infective agent without causing any harm to the tissues of the host.

2. Disinfectants : These are the substances that prevent infections by the destructions
of pathogenic micro-organism. These are generally used with reference to the
substances applied to inanimate objects. Disinfectants are widely used for home and
hospitals sanitation.

3. Germicides : These are substances which kills micro-organism. More specific
terminology like "bactericide” (against bacteria), “fungicide” (against fungi),
“virucide” (against virus) etc. denotes exact actions.

4. Bacteriostatic : These are substances which primarily function by inhibiting the

growth of bacteria. Thus, bacteriostatic drugs or agents do not kill but arrest the
growth of bacteria.

5. Sanitizers : Disinfectants that are used to maintain general public health mmmzamq.am.
are termed as sanitizers. Sanitation is mainly concerned with cleaning or washing
away the organic matter (e.q. saliva, mucous etc.). -

Ideal chracteristics of antimicrobial agents :

(i) It should possess antiseptic or germicide activity and not bacteriostatic activity. If the
microrganisms do not get killed, they may resume growth and bring about
infections. :

(ii) It should have good therapeutic index indicating usefulness in the concentration
employed.
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(i) mec_a have rapid onset and sustained activity. This can reduce the incedence of (c) Protein Precipitation : Many metal ions exhibit protein binding or protein
g precipitation. The nature of interaction with protein takes place through polar group of

protein which acts as ligand and metal ions as Lewis acid. The complex formed may be
strong chelate giving rise to inactivation of protein. This action in general is non-specific.
Protein precipitants are not able to distinguish the protein of microbe and that of host.

Antimicrobial agents acting by Protein Precipitation mechanism are Potash alum and
Zinc sulphate.

() It should not cause local cellular damage.
{v) It should not show systemic toxicity from topical application.
(\) It should have broad spectrum of activity against bacteria, fungi, protozoa virus etc.
{(viD The topical antimicrobial agents should have favourable lipid-water distribution
coefficent.
Mechanism of Action :

. H:m_.mman compounds generally exhibit antimicrobial action by involving either of the
following three mechanisms -

Miscellaneous Agents :

m:.._u___mﬂu : These are fatty substances which are topically applied to the skin, mucous
membrane or abraded tissue. E.g. : waxes, vegetable oil.

Caustics : These are substances which are able to induce the destruction of tissue at the

(0 Oxidation, o !
(i) Halogenation. site of .muu_mmmzn_:.. It is used to destroy warts, males and hyper plastic tissue. E.g. : Potasium
4 . hydroxide, silver nitrate.
(i) Protein binding or precipitation. . - . -
[8:2 ASTRINGENT 77~ - = =

(3) Oxidation mechanism : Anti-microbial agents acting by this mechanism belongs
to class of peroxide peroxy acids, oxygen liberating like permanganate and certain
.ﬂuxo-_.aqcmmz anions. These agents bring about oxidation of active functional group present Chemical formula : KAI(SOs); - 12H;0.
in proteins or enzyme vital to the growth or survival of micro-organism. It causes a chan
. ) : ge ight : 47 _
in the conformation of the protein and thereby alter its function. For example, a free el AR m.xm._om
sulfhydryl group has been essential for functioning of a variety of proteins and enzymes.

POTASH ALUM (B.P.)

Category : Astringent

d._m.m free nature of sulfhydryl group gets destroyed by oxidation resulting into a formation of Synonyms : Alum, Aluminium potassium sulphate.
a disulfide bond. ,
. : g sia . Alum is Aluminium potassium sulphate. It is double salt having an aluminium equivalent
Antimicrobial agents acting by oxidation mechanism are; Hydrogen peroxide, Potassium to:net loss than 955 P t of EGM ), - 12H,0 :
permanganate. (o] ess than 99.5 per cen 2)2 20.
ﬁ\m/ S~ * Oxidation ﬁ\m —8 fv Preparation :
HH T ) . . - . .
It is prepared by adding a concentrated solution of potassium sulphate to a hot solution
Protein Altered protein of an equvimolar proportion of aluminium sulphate. When the solution is concentrated and

(b) Halogenation mechanism : Compounds which are able to liberate chlorine or cooled, characteristic octahedral crystals of potash alum separates out.

hypochlerite or iodine act by this mechanism. These agents act on peptide linkage and alter K350, + Alz(SQ4); + 24H,0 — KAI(SO4); - 12H,0
its potential and property. The destruction of specific function of protein causes death of Protartiess
micro-organism. i ’

Antimicrobial agents acting by halogenation mechanism are Chlorinated lime, sodium

-~
1. Itis colourless, transparent, or granular crystals having swesat astringent taste.

2. Itis soluble in water and insoluble in alcohol.

hypochlorite,
.m._u ocr m 3. When it is heated slowly on water bath ﬁm:._umlwb_am it melts in its water of
.P.:Somanlolﬂ_lh_.a_._omﬂ.nnlllt ?:m:omn_alolﬂlgm:cmn__n crystallisation. - p
H -
ol iti °Ci its water of crystallisation and becomes anhydrous.
Protein structure Altered protein If it is heated at 200°C it looses its water o ...Q\ y

L &

i

s s R SR g mmm e -— - Conin e s e y
X .
AN - F I 4 " - I
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.

Identification test : It gives the reactions which are characteristics of aluminium,
potassium and sulphate.

Test for purity : It is tested for As, Fe, heavy metal, zinc and ammoniuth salt.
Storage : Alum should be stored in well-closed container.
Uses ;

1. Itis used as an antiseptic and astringent.

2. 1t has protein precipitation property and hence it finds use in the .Emnmazo: of
toxoids.

ZINC SULPHATE (B.P., U.S.P.)
Chemical formula : ZnS0O4 - TH,0
Molecular weight : 287.6 g/mole
Category : Astringent
Synonyms : White vitriol, zinc vitriol

It is having not less than 99.5 per cent and not more than 102.0 per cent of the hydrated
Zinc sulphate, ZnSO, - 7H,0"

Preparation :
1 It is prepared by heating zinc sulphide in the

conditions. The heated mass is dissolved in hot water,
concentrated to get the crystals of zinc sulphate.

presence of air under specified
filtered and the resulting solution is

nS + NDN — NJmOs

2. For pharmacopoeial requirement, zinc sulphate is prepared by digesting metallic zinc
granules in dilute sulphuric acid. The solution is filtered to separate the undissolved metallic
zinc and filtrate is treated with chlorine to oxidise any ferrous impurity in to ferric sulphate

which is then precipitated by hydroxide and removed by filtration. The filterate is
concentrated for crystallisation.

Zn + INMO& 4 N_.._mnr + Im ‘.—,

Properties :
1 It is colourless, transparent crystal, prism or needles, or as granular, crystalline
powder.
2. ltis odourless with an metallic and astringent taste.
3

Itis soluble in water (0.6 parts) and glycerine (2.5 parts) but insoluble in alcohol,
4. An aqueous solution of zinc syl
the salt. The solution is acidic t
of methyl orange,

phate has been acidic to litmus, due to hydrolysis of
0 a solution of phenol red and not acidic to a solution

e S e e e ——

T
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i i i f zinc and
Identification test : Aqueous solution of zinc sulphate gives reactions ©

sulphate. N ; e
Test for purity : It is tested for acidity, aluminium, copper, magnesium, mang
nickle, arsenic, iron, chloride, alkalis and alkaline earth.
Storage : It should be stored in well-closed container in a cool place.

Uses:
1. Externally, it is used in solution and powder as astringent. - ey
2. When zinc sulphate is used internally it act as an emetic acting upon vomiting qm.. -
[6:3”ANTIMICROBIAL AGENTS =
HYDROGEN PEROXIDE (B.P., U.S.P.)

Chemical formula : H:02

Molecular weight : 34.016 g/mole

Category : Antimicrobial agent
Preparation :
Laboratory method : .

1. Hydrogen peroxide is prepared by Merck’s process. It ._.m prepared by adding
calculated amounts of sodium peroxide to ice cold dilute (20%) solution of H,50..

Na;0, + H;S0; — Na;S0, + H;0,

2. By the action of sulphuric acid or phosphoric acid on hydrated barium peroxide

BaO;- 8H;0.
3Ba0; + 2H3;P0; — Bay(PO4); + 3H,0;
BaO; - 8H;0 + H,S05 — BaSO; | + H;0, + 8H,0
It must be noted that anhydrous barium peroxide does not react readily with sulphuric

acid becausesa coating of insoluble barium sulphate is formed on its surface which stops
further action of the acid. Therefore, hydrated barium peroxide, BaO; - 8H,0 must be used.

Industrial method :
H,0; can be prepared by the electrolysis of 50% H,SO, solution. In a cell, peroxy
disulphuric acid is formed at the anode.
2H;504 — H;5;08 (aqy + H
Peroxy disulphuric acid - .
H;S;05 + 2H,0 — NINWO.— + H;0;

ﬂm__oéa_wc__u_.EznmnE”m*oﬂsmn_.s_:_nso_._nﬁ____mzo:c_.am_.qmn_r_nma u..mmmc_.mg_m_am
hydrogen peroxide. ,
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Properties :

1. Itis a odourless and colourless liquid having a slightly acidic taste.

2. The solution of hydrogen perox

e ide decomposes when it comes in contact of
oxidisable matter or made alkaline.

H0; — 2H;0 + 0,

3. Itis a strong oxidising agents and is miscible with water from which it can be
extracted with solvent ether.

Identification tests :

() Hydrogen peroxide

is made alkaline and heated,
effervescence, avolvin

g oxygen,
(i) To 1drop of hydrogen peroxide, 20 ml of water,
of salvent ether are added and shaken. The ether

Test for purity : It is tested 7or acidity, preservatives, loss on evaporation, barium and
stability.

it is decomposed with

1 drop of potassium chromate, 2 ml
layer becomes blue,

Assay ;

The assay oi hydrogen peroxide is based on red
Hydrogen peroxide is acidified with di

: Potassium permanganate and causes its decolouration, At the
end point addition of excess

e drops of KMnO, gives pink colour. KMnO, itself act as an
indicator.

Mx?‘__._OA + WImwOA + quOu —_— ano_a + M?;DMO_.. + meo + mON

Permanganate in low pH is stron

g enough to quantitatively oxidize hydrogen peroxide
to exygen. This reaction is used for th

e determination of hydrogen peroxide concentration,
Factor : Each ml of 0.1N KMnOy is equivalent to 0.001701 of H;0,.
Storage : It

is preserved in light resistant container with stopper made
resistant to hyd

fogen peroxide. It is kept in cool and dark place,

/H.U_Vm_wmu or plastic

Uses :

Pharmaceutlical inorganic Chemisiry 8.9
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CHLORINATED LIME (B.P.)

Chemical formula : Ca(OCl); i

Molecular weight : 142.98 g/mol

Category : Disinfectant

Synonyms : Calcium hypochlorite, Calcium oxychloride, Bleaching powder

It is having not less than 30.0 per cent w/w of chlorine.
Preparation : . .

Chlorinated lime is prepared by the action of chlorine on nm_nm,::._ hydroxide. Slake __._._M
is spread on shelves in a suitable container. Then the chlorine gas is _:ﬁ-o.acnma at "_”_m 33. oa
the chamber and allowed to pass through the contents of the shelves, This process is carrie

out at 25°C, thereby minimising the formation of calcium chloride. After the absorbtion of
chlorine, powdered lime is blown in to chamber to absorb the excess chiorine.

Ca(CH); + Cl; — Ca(OCl), + H,0

This process is somewhat more complex, first basic chloride, CaCls - Ca(OH), + H3O and
basic hypochlorite, Ca(OCI)Cl, Ca(OH); are formed, then latter it gets changed by the further
action of chlorine in to a substance which is having calcium hypochlorite.

Properties :

1. Itis dull white powder having characteristic odour.
2. ltis partially soluble in water and alcohol.

3. When bleaching powder is put in water, hypochlorite goes in to the solution and it

shows bleaching and oxidising properties. JHypochlorites are able to oxidise many

salt such as manganous to permanganate, chromous to chromates and lead to lead
oxide in an alkaline medium.

Identification test : When sample is treated with HCI, chlorine gas is avolved. The
resulting reactions of calcium and chloride.

Test for purity : It is tested for its stabilty by heating it at 100°C for 2 hours. It should
not lose mare than 3 per cent w/w of available chlorine.

Assay :
It can be assayed by redox titration (iocdometry titration 3%:0&.

An aqueous suspension of the substance is first treated with excess of potassium iodide

and acetic acid. In presence of Acetic acid, chlorine is liberated from chlorinated lime. The
free chlorine reacts with potassium iodide to liberate iodin

of iodine is determined by titration with 0.1N sodium thio
as an indicator,

e quantitatively and the quantity
sulphate. Starch mucilage is used
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Ca(0Cl); + 2CH;CO0H — (CH, CO0);Ca + Cl; + H;0
2KI + Cl; — . 2KCl + 1,

Potanium iodide Iodine

I; + 2Na,;S;0; — Na;5,06 + 2Nal

Storage : It should be stored in well-closed container and kept in a cool place
Uses : |

1. Calcium hypochlcrite used as disinfectant.

.

2. Momhm.ca Eﬂmnioznm .W also an ingredient in bleaching powder, used for bleaching
on and linen. It is also used in bathroom cleaners, household disinfectaant
sprays, moss and algae removers, and weed killers.
POTASSIUM PERMANGANATE (B.P., US.P.)
Chemical formula : KMnO,

Molecular weight : 158 g/mol
Category : Antimicrobial Agents

It is having not less than 99 per cent of KMnO,.
Preparation :

{ On large mnm_w_ it is prepared by mixing solution of KOH with powdered manganese
Oxﬂm m:a.uo.ﬂmmm_c_.: chlorate. The resulting mixture is boiled, evaporated to yield the
residue which is heated in iron pan it acquires paste no:m.wﬂm:nw.

KOH + 3MnO; + KCIO; — KzMnO, + KCI + 3H,0
Potassium _
; manganate
Potassiurn manganate is so formed is extracted with boiling water and a current of

T 1 ' me IS p Q 1 t @ In to
nw__on___m nm_ﬁvoq n_OK_Qm or ozoni air dsse n to __ﬂﬂ_ﬂ un :‘ it gets .ﬂo:{m——.ma n

6K:MnO; + 3Cl; — 6KMnO; + 6KCI

When carbon dioxide is pass through the solution in place of chlorine, only two-third of

“m.mvmm:mﬂm gets converted in to potassium permanganate. One-third is converted in to
no,;.

The MnO, formed is removed contin i
ously so as to prevent its breaki
WL p ; aking down to

3KaMnO4 + 2CO; —— 2KMnO; + MnO; + 2K.C0O;

The solution of KMnO, is drawn off from any precipitate of MnO; which is then
concentrated and crystallised. The crystals are centrifuged and dried.

PP S
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Properties :

’

1. It occurs in the form of dark purple coloured monadlinic prism.
2. ltis odourless and sweet and astringent in taste.
3. Itis soluble in 15 parts of water and 3.5 parts of boiling water.

4. Tt decomposes at high temperature.

Identification test :
1. When KMnO. is heated to redness it decrepitates evolving oxygen and a black
residue remains. The residue gives KOH when dissolved in water. The resulting

solution gives reactions which are characteristics of potassium.
2. KMnO. solution is acidified with sulphuric acid and heated to 70°C, it gets
decolourised by a solution of hydrogen peroxide.
Test for purity : It has to be tested for chloride and sulphate.
Storage : Solid KMnQ, is a strong oxidizer and thus should be kept separated from
oxidizable substances. Store in well-closed containers,
Uses:
1. Itis used as an oxidant
2. Potassium permanganate can act as an antiseptic.
BORIC ACID (L.P., B.P.,, US.P.)
Chemical formula : H;B0;
Molecular weight : 61.83 g/moal
Category : Antimicrobial Agents
Synonym : Boracic acid
It contains not less than 99.5% and not more than 100.5% of H;BO,, calculated with
reference to the dried substances.
Preparation :
Boric acid can be prepared by decomposing boiling sclution of native borates e.g. borax,

colemanite, resonite etc.

1. From Borax : A hot concentrated solution of borax is treated with sulphuric acid or
HCI. After decomposition the hot liquid is filtered and is kept aside so as to crystallize the
horic acid. -

Crystals of boric acid are collected by filtration and are washed so as to make it free
from sulphate, then it is allowed to dry at ordinary temperature.

Na;BsO 7+ Hz 504 + 5H,0 —— NayS0, + 4H3B0;
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2. From Colemanite : Colemanite (calcium borate, Ca;Bs0y + 5H;0) is powdered and
suspended in boiling water. SO, gas is then passed through the suspension, boric acid is
formed. On cooling boric acid crystallizes out,

CazBg0y1 - SH;0 + 250; + 4H;0 —— 2CaS0; + 6H,BO;

Properties : It occurs in the form of pearly, lamellar, triclinic crystals, which are soluble in
25 parts of cold water and in 4 parts of glycerol.
Identification Tests :

1. On igniting, solution of boric acids in methanol containing few drops of sulphuric
acid, a flame having a green border is produced. This is due to the formation of
volatile methylortho-borate.

2. The dilute solution of boric acid in boiling distilled water (30 g in 90 ml) is when
cooled a faintly acidic solution is produced. This solution is found to have pH
between 3.8 and 4.8. Further free boric acid changes the colour of litmus to red but
it does not produce any effect on methyl orange.

Test for purity :

It should be tested for clarity and colour of 3.5% w/v solution of boric acid in water,
arsenic, heavy metals, sulphate, loss on drying and for solubility in ethanol. As per IP (1996),
the 1 g of boric acid should dissolve almost completely in 10 ml of boiling ethanol (95%).
This test is done to check the absence of metallic borates and insoluble impurities.

Uses: : .
1. Itis a weak bacteriostatic agent, mainly used as local anti-infective.

2. Itis.used as an eyewash in the form of solutions in concenirations from 2.5 to 4.5%
as itis non-irritating when applied to the intact skin and mucous antiseptic ointment
for treating diaper rash. !

3. ltis also added to various dusting powders for its local anti-infective properties.
4. Itis used to provide acidic media and buffered media for other drugs.
5. Itis used in different topical medications to maintain an acidic pH in the medium.
{ 6. Itisused to prepare Boraglycerin Glycerite, which is used as a suppository base,
Warning : Boric acid ifi i i
_ acid can be dangerous if ingested, therefore
M g its container must bear the
¥
“NOT FOR INTERNAL USE”
Beric acid is not used internally nor applied on ruptured skin.

Storage : It should be stored in well-closed container.

Topical A

{ODINE (L.P., B.P., U.S-P) |

symbol : 1
Formula: Iz

mic mass: 126.9 g/mol
not less than 99.5 per cent of I,

Ato
It is having . .
Occurence : lodine is widely distributed in Nature, onmm_,:_._mamm g
r as a free m._mam_i. It is usual to find iodine in rocks, soils an c“ .
water also contains traces of combined iodine, which gets mcmo&mn y S o th
and sea weeds like Laminaria digitata, Fucus vesiculosus. lodide also 0cC t

sodium iodate in crude Chile saltpetre.

iodides or iodates but
ground brines. Sea
pecific plants
e form of

neve

Preparation of lodine :
Jodine is mostly obtained from seaweeds, chile mM:_u sl
:nes. lodine is prepared by extracting kelp (seawee 's ash) wi .
H_“Mwaﬂ_qmﬂma. ﬂ_._mn mc_"”u_.,mﬁ and chloride of sodium and voﬂwmm_c_,: get nQﬂm:..Nmnan_.h
leaving freely soluble sodium and potassium iodides in mother y._nEOh Then mc_w:.c:n ” o
added to the mother liquor. After addition of sulphuric acid, ..q._.:.m__ quantities © ._.:_
sulphates and sulphides present are decomposed EEH. precipitation of m:_.u:c-.o .m
precipitate is allowed to settle down. The mother liquor is decanted and to this MnQ; is
added and iodine distils over. .
Alternatively, the solution having freely soluble iodides as above is treated E:.: ﬂmm::mn
proportion of chlorine and the precipitated iodine is collected and purified by sublimation.

Nal + H;SO; + MnO; — MnSO, + 2NaHSO,; + 12 + 2H,0

etre, mother liquor and various
th water. The solution is

Properties : :
1. lodine is a non-metallic, dark-grey/purple-black, lustrous, solid element.
2. It sublime easily on heating to give a purple vapour.
3. It dissolves in some solvents, such as carbon tetrachloride and it is slightly soluble in

water.

Identification Tests :
When a clear solution of jodine in Kl is treated with starch, produces blue colour in the

cold conditions. On heating blue colour disappears and reappears on cooling.

Test for purity :
It is tested for chloride, bromide, cyanogen, and non-volatile matter.

Uses :
1. ltis used as a counter irritant and disinfectant.

2. ltisalso used as local germicide.

3. For thyroid functioning iodine is supplied to the body in the form of sodium and

potassium iodide
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_m torage : It should be stored in glass stoppered, amber coloured bottles and kept in Preparation :
ol Bl : Ki and iodine are dissolved in Alcohol (50%). Than the volume is made up to 1000 ml
AQUEOUS IODINE SOLUTION (B.p) ' yith Alcohol (50%).

Synonym : Lugal's solution Properties and Identification : Same as Aqueous iodine solution.

Itis having 5.0 per cent wAv of iodine and 10 Alcohol content : The preparation is having 45 to 48% v/v of ethyl alcohol.

per cent w/v of Kl in purified water. 1t is the

only official solution of iodine that contains no alcohol, Uses : It is used as antiseptic and can be applied on ncw M:uwio::n_m.
Composition : STRONG IODINE SOLUTION (U.S.P.
lodine 50 It is having 10.0 per cent w/v of iodine and 6,0 percent w/v of KI.
v g . Composition :
. . « 100g lodine w- 1009
Purified water sufficient to produce ... 1000 ml Kl 60 g
i P ion: : :
ool : Purified wrater w100 ml
_ K m.:a iodine are dissolved in 100 ml of water with trituration or shaking. Than the - Alcohol, 90.0% sufficient to produce ... 1000 ml
volume is made up to 1000 ml with purified water. Preparation : .
Properties : KI and iodine are dissolved in water. Than the volume is made up to 1000 ml with
Itis transparent, brown liquid having the smell of iodine. Alcoligl (0X), .
Identification : Properties and Identification : Same as Aqueous iodine solution.

Alcohol content : The preparation is having 74 to 79% v/v of ethyl alcohol.

1 Aqueous iodine solution when treated with starch solution it gives blue colour, Use : It is used as an antiseptic.

2. The residue left after evaporation of the soly

; tion, on ignition gives the reaction of :
potassium and iodide. 9 o ~ POVIDONE IODINE SOLUTION
Uses : : Synonym : lodopovidone
—CH—CH—
1. Itis used as germicide and fungicide, it does not bring about irritation on cuts G P 5 &
wounds. m w_\
2. Itacts as good source of iodine and it is taken internally, Fodepe el
Storage ;

Molecular structure of povidone iodine

It is stored in well closed container of Description : Povidone iodine is a loose complex formed through the association of

glass or plastic which are resistant to iodine. It

cannot be stored in metal container because iodine attack metal. elemental iodine with polymer carrier povidone playing a role of carrier and facilitating

WEAK IODINE SOLUTION B.p solubilization. At room temperature, it is yellow-brown to red-brown amorphous powder. It

Synonym : lodine tinct . o (3.7 is soluble in water and alcohol, its aqueous solution is acidic. The solution of povidone

s incture or tincture of iodine, iodine is transparent and have reddish brown colour. It is also insoluble in ether, chloroform,
Composition :

: acetone, ethane and carbon tetrachloride.
Itis having 2.0 per cent wv of iodine and 2.5 per cent w/v of KI .

Uses : Povidone-iodine is a broad spectrum antiseptic for topical application in the
lodine wn 20g treatment and prevention of wound infection. It may be used in first aid for minor cuts,
1 Kl we 25g grazes, burns, abrasions and blisters.
Alcohol (50%) sufficient to produce ... 1000 mi Storage : It should be stored in well-closed container.
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Dental Products



Introduction

* Dental hygiene is very important.

* Alarge no.of inorganic chemicals and their
preparations find application in the practice of
dental and oral disorders

Dental products include-
Anti-caries agents

Cleaning agents/ Dentifrices
Polishing Agents

Desensitizing agents

Oral antiseptics and astringents
Mouthwashes

Cements and Fillers

N N N N R NN



1.

2.

3.

Tooth consists of 3 layers

Tooth

Dentine- It surrounds the pulp cavity and extends throughout
the entire portion of tooth. 75% mineral

Cementum- It is the layer covering the portion of the lying
buried in the gum

Enamel- white, hard material covering the portion of tooth
projecting above the gum.98% mineral-hardest part of the
body

Vit A, Cand D are necessary for proper tooth formation.
Vit A deficiency causes hypoplastic enamel
(imperfectlycalcified)

Vit C deficiency affects calcification of dentine

Vit D is important for absorption of Calcium from GIT and
proper deposition of calcium and phosphorus in tooth



Anti caries Agents

Dental caries or tooth decay is caused by acid produced by the
action of microorganism or carbohydrates- involving
decalcification of tooth accompanied by foul odour.

Exact cause and mechanism not known

Proposed mechanism-

1. Dental caries starts on the surface of theteeth

Acids produced by bacterial metabolism of fermenting

carbohydrates act on teeth and produce lesions where bacteria
get localised.

3. Demineralisation of enamel takes place ( which initially appears
as a white, chalky area and eventually becomes brown or
vellow)

Dental caries if not treated , then micro-organisms may invade the
pulp causing inflammation and infection



Prevention of dental caries

 Maintaining dental hygeine with the help of
dentrifices- Dentrifices enhance removal of

dental plaque and stains
* Flossing and brushing regularly
 Administration of Fluoride

(Anti caries agents- Sodium Fluoride, Stannous
Fluoride, Sodium Monofluorophosphate
U.S.P)



Role of Fluoride

* Role of fluoride in preventing dental caries is
well accepted.

 Administration of traces of fluoride having
salts or their use topically to the teeth have
reported encouraging results

* Fluoride ion is a trace element which occurs in
the body.



 Water fluoridation as well as topical fluoride
applications (e.g. fluoridated toothpaste or
varnish) appears to prevent caries, primarily on
permanent dentition.

* Topical fluoride sustains the_fluoride levels in the
oral cavity and helps to prevent caries, with
reduced systemic availability.

* Fluoride can affect both the inorganic tooth
structure & the bacterial metabolism in plaque,
several




The main in organic constituent of tooth and bone is
hydroxy apatite (HAP).

Hydroxy apatite on addition of fluorine results in the
formation of flour apatite (FAP) or fluoridated hydroxy
apatite because not all the hydroxyl groups are
replaced by fluorides.

A pure fluorapatite crystal would contain 38,000 ppm
F but enamel form a fluoridated area contain only 500
to 2000 ppm.

This leads to speculation on several possible
mechanims of action of systemically ingested fluoride
improved crystalinity, the void theory, FAP V/s HAP
solubility in acid & improved tooth morphology



Proposed Mechanism of action of
fluorides

Reduced enamel solubility-decreased solubility of fluoridated
enamel is that fluorapatite (with a solubility product constant of
10-60) is less soluble than hydroxyapatite

Improved crystallinity- Fluoride increasesthe crystal size and
produces less strain in crystallattice.

Promotion of reminerlization- Dissolved enamel Minerals of tooth
enamel are continuously inexchange with the minerals of saliva
and thusthe balance is maintained. This Equilibrium can get
disturbed with the organic acidproduced by the metabolism of
fermentable carbohydrates by the microorganism. Thisleads to
drop in PH. of the plague on the enamel surface and in the sub
surface.Minerals, particularly calcium and phosphate leave the
dissolved enamel in their ionic form an entrace the plaque fluid.
This process iscalled deminerilization this get reverrse with the
factor like fluoride and is termsreminerilization.



Lower free surface energy- void in the crystals decreases the stability and
increases chemical reactivity. If fluoride fills these void in the hydroxy
apetite crystals it will attain stable from with formation of more and
stronger hydrogen bonds. Greater stability will leads to lower solubility
and hence greater resistance to dissolution in acids.

Desorption of protein and bacteria

Reduced cariogenic flora - . fluoride is a potent suppressor of the
bacterial growth because it oxidizes the thiol group present in bacteria
thus inhibiting bacterial matabolism. The concentration of fluoride above
2 ppm in solution progressively decrease the transport of uptake of
glucose into Cells of streptococci and also reduces ATP synthesis.(Anti
bacterial action)

The primary assumption in this theory is that dental caries results froma
specific pathogen, S. mutans. Thus the elimination or reduction of this
pathogen with provide a lasting cariostatic effect.

Inhibition of bacterial enzymes systems-Fluoride has enolase inhibition
effect and it also inhibits glucose transport, enolase is a metallo enzyme
that requires adjavalent cation for tis activity., fluoride due to its
increased reactivity forms a complex with this cation. Thus inhibiting the
enzyme. It also inhibits non-metallo enzyme like phosphatage thusleading
to reduce acid production



Monographs of Sodium Fluoride

Title: Sodium Fluoride

Molecular formula: NaF

Mol. Wt.: 42.0

Standard: Sodium Fluoride contains not less than 98.5 per cent andnot

more than 100.5 per cent ofNaF, calculated on the dried basis.

Category. Preventive for dental caries.

Description. A white powder or colourlesscrystals.

Identification

A. Dissolve 2.5 g in sufficient carbon dioxide free water without heating to
produce 100 ml (solution A). To 2 ml of solutionAadd 0.5 ml of calcium
chloride solution; a gelatinous white precipitate 1s produced which
dissolves on adding 5 ml of ferric chloride solution.

B. Add about 4 mg to a mixture of 0.1 ml of alizarin red S solution and 0.1 ml
of zirconyl nitrate solution and mix; the colour changes to yellow.

C. Gives reaction A of sodiumsalts



Test: Appearance of solution (clear and colourless) , Acidity or alkalinity,
Chlorides (NMT 250 ppm), Fluorosilicate ( Absent) , Sulphates (NMT 10
ppm) , Loss on drying ( NMT 0.5 %)

Preparation:

By passing hydrogen fluoride into solution of sodium carbonate.

Na,CO, + 2HF

Sodium carbonate l Hydrogen Fluoride

2NaF + CO, +H,0

Sodium fluoride

Assay: Non aqueous titration with perchloric acid using crystalviolet
solution as indicator, until a green colour is produced.

Storage. Store protected from moisture.

USES

« 2 % aqueous solution is used topically for treatment of caries.
« Component of various anti-caries toothpastes



Dentifrices

. Dentifrice is a material which is used for

cleaning of teeth and adjacent gums.
. The cleaning is dependent on abrasive
property and the rubbing force used.

. They may be applied as pastes or powders
with the help of fingers or toothbrush.

. Flavors and colors are usually added to
dentifrice formulations to improve their
acceptance




* Dentifrices are agents used along with a
toothbrush to clean and polish natural teeth.
They are supplied in paste, powder, gel or
liquid form. The most essential dentifrice
recommended by dentists is toothpaste which
is used in conjunction with a toothbrush to
help remove food debris and dental plaque.

. A good cleaning agent must remove stains
from teeth and to achieve this suitable
abrasiveness in essential.

. The main drawback is that it will not be able
to clean surfaces inside cavities and cervices
between teeth.



Types of Dentifrices

* Toothpaste-Toothpaste is a dentifrice used in
conjunction with a toothbrush to help maintain oral
hygiene. The essential components are an abrasive,
binder, surfactant and humectant. Other ingredients
are also used. The main purpose of the paste is to help
remove debris and plaque with some marketed to
serve accessory functions such as breath freshening
and teeth whitening.

* Toothpowder-Tooth powder is an alternative to
toothpaste. It comes in both fluoride and non-fluoride
versions.



Mouthwash-Mouthwashes come in a variety of compositions,
many claiming to kill bacteria that make up plaque or to freshen
breath.In their basic form, they are usually recommended for use
after brushing but some manufacturers recommend pre-brush
rinsing. Dental research has recommended that mouthwash
should be used as an aid to brushing rather than a replacement,
because the sticky resistant nature of plagque prevents it from
being actively removed by chemicals alone, and physical
detachment of the sticky proteins isrequired.

Tooth soap-Tooth soap cleans gums as well as fissures and pits in
teeth using soap. The soap helps remove oils, residue and other
contaminants. It is available in hard, liquid andgel.



The functions of toothpaste in conjunction
with tooth brushing are:

v Minimizing plaque build up
v Anti-caries action

v Removal of stains

v Mouth freshening/odorising



Examples of dentifrices

Calcium carbonate

Dibasic calcium phosphate
Calcium phosphate
Sodium metaphosphate
Pumice



Monograph
Calcium carbonate

Synonym :Precipitated Chalk
Molecular Formula: CaCO;

Molecular weight: 100.1

Standard: Calcium Carbonate contains not less than 98.0 per cent andnot

more than 100.5 per cent of CaCO03, calculated on the dried basis
Dose. 1 to 5 g.

Description. A fine, white, microcrystalline powder.
Tests:

Substances insoluble in acetic acid: NMT 10mg
Arsenic: NMT 4 ppm

Heavy metals: NMT 20 ppm ( Method A)

Barium

[ron: NMT 200 ppm

Chloride: NMT 250 ppm

Sulphates: NMT 0.3 %

Loss on drying: NMT 2 %



Preparation:

Prepared by passing Carbon dioxide gas through lime water.

Ca(OH), + CO,

Calcium Hydroxide

CaCO, + H,0
Calcium Carbonate

ASSay: Complexometric titration
Titrant: 0.05 M Disodium edetate
Indicator: Calcon mixture

End point: Pink to full blue colour



« Calcium phosphate: Also known as tribasic calcium phosphate/tricalcium
phosphate

Synonym: Calcium Hydroxide Phosphate; Calcium Phosphate
Tribasic Calcium Phosphate consists mainly of tricalciumdiorthophosphate
together with calcium phosphates of more acidic or basic character

Tribasic Calcium Phosphate contains not less than 90.0 per cent and not
more than 100.5 per cent of calcium phosphates, calculated as Ca3(P04)2

Category. Pharmaceutical aid (excipient).
Description. Awhite, amorphous powder; odourless or almost odourless.

« Dibasic Calcium Phosphate:

Synonym: Calcium Hydrogen Phosphate

CaHP04 Mol. Wt. 136.1 (anhydrous)

CaHP04,2H20 Mol. Wt. 172.1 (dihydrate)

Dibasic Calcium Phosphate is anhydrous or contains two
molecules of water of hydration.

Dibasic Calcium Phosphate contains not less than 98.0 per
cent and not more than 105.0 per cent ofCaHPO4(for anhydrous material) or
ofCaHPO, 2H,0 (for the dihydrate).



AGENTS
1.Polishing/Abrasives
agents

2. Binding/Thickening
agents

3. Detergent/Surfactans

4. Humectants

MATERIAL USED
Calcium carbonate

Dicalcium phosphate dihyvdrate
Alumina

Silica

Water soluble agents
a. Alginates
b. Sodium carboxymethyl celluose
Water insoluble
a. Magnesium aluminium silicate
b.Colloidal silica
c.Sodinm magnesinm silicate

Sodium lauryl surface

Sorbitol
Glyeerin
Polyethylene glveol

FUNCTIONS
These agents have a mild
abraszive action, which aids
in eliminating plague
and removing stains from

tooth surface.

Agents which controls
stability and consistency
of a tooth paste.

Produce the foam which
aids in the removal of food
debris and also despersion
of product within mouth.

Aids in reducing loss of
muoisture from toothpaste.




5. Flavouring agents

6. Sweeteners and
Coloring agents

7. Antibacterial agents

8. Anticalculus agents

g. Anticaries agents

10. Diesensitizing agents

Peppermint oil
Spearmint oil
0il of wintergreen

Saccharin

Ticlosan
Delmopinol
Metallic ions
Zine citrase trihvdrate

Pyrophosphate

Zinc citrate

Zinc chloride

Gantrez acid( copolymer

of methyl vinyl ether and maleic
anhvdride)

Sodium monoflurophosphate
Sodium flouride
Stannous flouride

Sodium flouride
Potassium nitrate
Strontium chloride

They render the product
pleasant to use and leaves
a fresh taste in mouth
after use.

Sweetener

Anticalculus agents are
mostly designed to inhibit
the mineralization of plaque.
They are also known as
crystal growth inhibitors.




Desensitizing agents

* DENTIN HYPERSENSITIVITY is characterized by short sharp
pain arising from exposed dentin in response to stimuli—
typically thermal, evaporative, tactile, osmotic or
chemical—that cannot be ascribed to any other dental
defect or disease.

* Dentine hypersensitivity is sensation felt when the nerves
inside the dentin are exposed to the environment

* The sensation can range from irritation all the way to
intense, shooting pain.

* This sensitivity can be caused by several factors, including
wear , decaying teeth or exposed tooth roots.



Healthy tooth Sensitive tooth

Enamel (/w |
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Dentine
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Dentine
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Causes of sensitivity

Gastroesophageal reflux disease (GERD)

Conditions in which person frequently vomits. |.e.
Gatrioparesis or bulimia

Gum recession

Tooth decay

Injured tooth

Broken tooth

Chipped tooth

Worn down fillings /crowns

Sometimes, it is temporary following dental
treatments such as filling, crowning and bleaching



Zinc oxide eugenol cement

e Zinc oxide eugenol (ZOE) is a material created
by the combination of zinc oxide and eugenol
contained in oil of cloves.

* An acid-base reaction takes place with the
formation of zinc eugenolate chelate. The
reaction is catalysed by water and is
accelerated by the presence of metal salts.

* |t has anaesthetic, anti-bacterial properties.



Composition of ZOE

Yo

Solids
Zinc Oxide 69 % Principal ingredient
White Rosin 29.3% Reduce brittleness of set cement
and maintain homogeneity
Zinc acetate 1.0% Accelerator, improve strength
Zinc stearate 0.7% Accelerator, plasticizer
Liquids
Eugenol 85% Reacts with ZnO, act as anaesthetic

Olive Oil 15% Plasticizer



Classification of Zinc oxide Eugenol
(ZOE)

Type —I ZOE: for temporary cementation
Type =l ZOE: for permanent cementation

Type Il ZOE: for temporary filling and
thermal base

. Type IV ZOE: cavity liner



Uses:

1.

2.

3.
4,
5

ZOE can be used as a dental filling material or dental cement in
dentistry.

It is often used in dentistry when the decay is very deep or very close to
the nerve or pulp chamber. Because the tissue inside the tooth, i.e. the
pulp, reacts badly to the drilling stimulus (heat and vibration), it
frequently becomes severely inflamed and precipitates a condition called
acute or chronic pulpitis. (This condition usually leads to severe chronic
tooth sensitivity or actual toothache and can then only be treated with
the removal of the nerve (pulp) called root canal therapy. )

The placement of a ZOE "temporary" for a few to several days prior to

the placement of the final filling can help to sedate the pulp.

ZOE is used in mucostatic in a technique of taking impressions of gum
and teeth

It is used as pulp capping agent.

Commonly used as cavity liner under dental amalgams or astemporary
filling material.



Important Questions

Discuss the role of fluoride in Dental caries

Define  Dentifrices, Anti-caries  agents,
Desensitizing agents with examples.

Monograph- Calcium carbonate, Sodium
Fluoride, Zinc Eugenol cement

What are dental products? Discuss their
composition and role.

What are anti caries agents? Discuss in detail.
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Major Intra & Extracellular
ELECTROLYTES
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Water + Electrolytes = Hydration
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Major extra and intracellular ELECTROLYMES

Total body mass (female) Total body mass (male)
Intacellalar

Total body
fluid




* Chemical substance dissolved in body fluid can
be categorized into:

A. Non-electrolytes: Organic molecules, Do not
generate ions in solution form.

e.g., Glucose, Urea, Creatine etc

B. Electrolytes: Mostly inorganic substances,
Dissociates into ions (+ve/-ve) in the body fluid.

e.g., Acids, Bases, Salts, few organic molecules like
Citric acid, Lactic acid, Oxaloacetic acid etc

Body: “Both are necessary to perform
physiological functions”!



Body water — Dissolved
Necessary Elements

Substance
Required

To:
Metabolize Nutrients & Drugs Eliminate:

Generate Energy by-products &

Maintain & Mfg. Body SRR
Components

Internal Homeostasis
_()lg]mf:, osmotic, pH balance)



Definitions:

 Osmotic Pressure: concentration of electrolytes
(dissolved ions) in each compartment that
creates the osmotic pressure that holds water in

the appropriate space.




Osmolality

7 is the number of particles (mmol) contained in
one liter of water, so measured in mmol/L.

7 1.e. it Is the concentration by number

[Sadium)

[Fotassium]

[ Magnesium]
[Chiaride] [Urea]
|Bicarbonata] [Glucose]
[Calcium] [Bilinubin]
= [Phosphate] -+ [Albumin]

lasma
[Electrolytes] —+ [Nonelectrolytes] = ngnlaljty




Dehydration: state in which
water volume is low in all 3
compartments
(Intracellular, interstitial &
plasma fluid).

Edema: State in which fluid
accumulates in the
interstitial space due to low
Oncotic (Protein) pressure.

In'r c]l ular

e T
'3‘\] c-%o

J{ * Interctinal




* Hypovolemia: State in which intravascular
volume is low.

TP E Nl L MRS S mn By AWILSDEI W, BD Iheiy CAL T CLIIIIICALES Wl L I-DEE W IESL 1B STRIE E ALl LS D ST W RS

HY POVOLEMIC SHOCK

. Plasma
loss Through
) burns .

'E’:’re.c’:r-‘e.asze_d
\ body fluids

GT loss—

bleeding, vomiting,
diarrhea

Diabetes
insipidus

” biuresis |

W atch for increased
systemic vascular resistance,

( poor skin turgor, thirst, oliguria,

low systemic and pulmonary pre-

Noc}ds, and rapid heart rates. ;

Diagnosis is
made after a

loss of 15% intra-
vascular volume.




Salt & water balance:
* Oral intake of fluid & electrolytes

 Evaporation of solute — free
water across the skin and lungs.

* Excretion of water & electrolytes
through the kidneys : [ output —

antidiuretic hormone (ADH) &
aldosterone.




Water + Electrolytes = Hydration

K+ - :
+ Na+ u.

ELECTROLYTE IMBALAMCE

* The fluid in each compartment is ionically
balanced.

* Body has the capacity to adjust slight
variations in electrolytic concentration of the
fluid compartments.

* |f concentration of electrolytes changes —
water will migrate across the cell membrane
to reestablish Osmotic equilibrium.




Replacement Therapy

* When body itself fails to correct an
electrolyte imbalance.

Products:

* Electrolytes

e Acids & Bases
* Blood Products
e Carbohydrates
* Amino acids

* Proteins

iy S
5 i D
’%rbnh?ﬁrate - '

“Rich Food —u on




Electrolytes
Electrolytes

¢ MiNE:ur surio prrorgurire cormpounusy are —
necessary within the body for all body

process. . MAN
* They are usually required in small *ELECTRO

quantities. INBODY Fi
* Main elements: |
Calcium & Phosphorus: bone & teeth K+ o

lIron: haemoglobin - convey oxygen & CO2.
Na & K: Transmission of nerve impulses &
contraction of muscles

! Potassium



Important Functions:

Control of osmosis of water between body
compartments.

Maintain the acid-base balance required for
normal cellular activates.

Help to generate action potentials & graded
potentials.

Help to control secretion of some hormones
(e.g., Aldosterone, Thyroid hormones) and

neurotransmitters. mmmma A sssaszRRRRa

=1mv

J“‘ mm

| — pe—




Major Physiological lons

* Nature/Properties
* Important Role/Major Physiological role

e 1ls
Sodium (Na+),
Chloride (CI-),

Potassium (K+),
Calcium (Ca2+),
Magnesium (Mg2+),
Phosphate (H2P0O4-,HP04%,P043),

Bicarbonate (HCO3)

Prepare a
Prepare a

§|'EHB|% Report



Electrolytes used in the Replacement
Therapy

* In a healthy person, at least 70 liters of fluids are
exchanged (secreted and reabsorbed) across the
walls of the intestines per day.

 The brain, heart, kidney, and virtually every other
vital organ depend on these fluids to function.

* As the body takes in the water and salts it needs,
it loses or excretes those it does not need
through urine, stools, and sweat.

* Thus, the secretion and absorption rates are kept
in balance.




* |[n various condition like prolonged fever, sever
vomiting or diarrhea creates a tremendous
outpouring of water (heavy loss of water) &
electrolytes (body salts) state of dehvydration and
impairs the capacity to reabsorb the fluid &
electrolytes in our system.

* To compensate this loss, Electrolyte

Replacement Therapy / Oral Rehydration Therapy
s required.

“Replace what it Lost” or. reria b. santos
* 2 types of solutions used



1. A solution for rapid initial replacement:

m- Concentration Range

Sodium 130 — 150 mEq/L
Chlorine 98 — 110 mEq/L
Potassium 4 -12 mEq/L
Bicarbonate 28 — 55 mEq/L
Calcium 3 -5 mEq/L
Magnesium 3 mEg/L

These electrolyte concentrations thus closely
resemble with the electrolyte concentrations
found in extracellular fluids!



____ Name | mOsm/litre __

Sodium 75
Potssium 20
Dextrose 75
Chloride 65

Citrate 10

Toal osmolarity in 245

approx. 200ml water




2. A solution for subsequent replacement:

_____Name | Concentration Range

Sodium 40 - 120 mEq/L

Chlorine 30 - 105 mEq/L
Potassium 16 — 35mEq/L
Bicarbonate 16 — 53 mEq/L
Calcium 10 - 15 mEq/L
Magnesium 03 - 06 mEq/L

Phosphorus 0-13 mEq/L



Properties, Preparation, Assay &
Uses of

Sodium Chloride
Potassium chloride
Calcium gluconate

Calcium chloride







Sodium Chloride (NaCl)

Sodium chloride is an ionic compound

It is commonly called as table salt, halite or
common salt (99.5% NaCl).

It is the salt which is mainly responsible for the
salinity of the seawater and for the extracellular
fluid which is present in many multi-cellular
organisms.

It finds its application from household, medicines
to industrial processes.

Sea water is a major source of this salt.



Properties: NaCl

* |t is easily soluble in water and partially in
glycerine & alcohol.

 They are white crystals which does not have an
odour but possess a taste.

* In its aqueous state NaCl acts as a good
conductor of electricity due to the free
movement of the ions.

* M.P.801°C

Anode (+) | ‘ | ‘ Cathode (-)

—

"'\\

L Macl Dissolved 1n Water Y,




Preparation of Sodium Chloride:

* 1 mol of sodium bicarbonate reacts with 1 mol
of hydrochloric acid to generate 1 mol of salt, 1
mol of water, and/or 1 mol of carbon dioxide.

NECO; *+ Kl - Nl * B0y * (O
Procedure:

Accurately weigh 5 g of NaHCO3 into evaporating dish.

Add 5 to 6 mL of distilled water to the dish to wet the bicarbonate. Cover the dish with
a watch glass.

Move the watch glass aside slightly and add, in small portions, about 6 mL of
concentrated hydrochloric acid from a 10 mL graduated cylinder.

After the addition of 6 mL of acid, continue adding acid only as long as CO2 (gas)
continues to be evolved.

Remove the watch glass and evaporate to dryness over a water bath.
Allow the dish to cool, weigh & collect it out the crystals of NaCl.



* Assay: It is analysed by Precipitation Titration

(Mohr’s met

NaC
Sodium chloric

nod)
+ AgNO3 - AgCl + NaNO3

e reacts with silver nitrate solution

using potassium chromate as an indicator
2 AgNO3 + K2CrO4 - Ag2CrO4 + 2KNO3

R

eddish brown coloured
silver chromate



Uses:

 Normal saline (0.9%) that has the same osmotic
pressure (isotonic) as body fluids.

 Wet dressings

 Hypotonic solution — when patient unable to
take fluid & nutrients orally.

* Hypertonic solution/injections: patients suffers
from excessive loss of sodium (1.6% w/v of

NaCl).



Potassium Chloride (KCl)

* Colourless, odourless white granular powder or
crystals.

* |t has a saline taste and is stable in air.
 Soluble in water and insoluble in alcohol.

Assay: It is analysed by Precipitation Titration (Mohr’s
method)

KCl + AgNO3 ->AgCl + KNO3

e KCl reacts with silver nitrate solution using
potassium chromate as an indicator

2 AgNO3 + K2CrO4 ->Ag2CrO4 + 2KNO3
Reddish brown coloured
silver chromate




Preparation:

Method 1: Potassium chloride can be prepared by
treating potassium hydroxide (KOH) or other potassium
bases (potassium carbonate, potassium sulphat)
with hydrochloric acid:

KOH + HCI - KCI + H,O

* This conversion is an acid-base neutralization reaction.

e The resulting salt can then be purified by
recrystallization.

Method 2:

By allowing potassium to burn in the presence of
chlorine gas (exothermic reaction)

2 K+ Cl, > 2 KCl




Uses of KCI

e Potassium  replacement (hypokalemia or
hypochloremic alkalosis condition).

* As an isotonic solution —alone
Or Mixed with NaCl or 5% dextrose solution
e Paralysis

 Menier’s syndrome

* Digitalis intoxication

Note: cautiously given in heart &
renal diseases.

Normal umiu!} mph T‘Ji:ﬂéﬂdcd u:ﬂﬂh]} mph



Calcium Gluconate

It appears odourless, tasteless, white crystalline
granules or powder.

Soluble in water and insoluble in alcohol & other
organic solvents.

Its solution remains neutral to litmus.

Decomposed by dilute mineral acids (HCl) into
Gluconic acid and Calcium chloride of the
mineral acid used.



Assay: By Complexometric Titration

An accurate weighed sample is dissolved in small
guantity of water, acidified with dil. HCL.

To the above solution add 1.0 N NaOH solution,
murexide indicator and a solution of naphthol green
and titrate against Disodium EDTA

(Ethylenediamintetraacetic acid) until deep blue
colour develops.

Uses: Orally, LV. or |I.M. in the treatment of

Hypocalcaemia or in calcium deficiency.

Note:Calcium gluconate injection represents 92 — 103%
of calcium gluconate with a pH between 6 - 8.2.



— =

OH OH OH OH OH OH
-0 fir, “ 0 Ca+2

HO —" H0 O — HO

OH OH OH OH OH OH OH OH

b=

Preparation of calcium gluconate

To a 200 g of anhydrous glucose in 1000 ml of water, 200 g
of bromine are gradually added.

After the reaction is over the excess of bromine is boiled off and the
golden-yellow solution is cooled and the volume measured.

Add lead carbonate to the above solution - lead gluconate is then formed
and this prevents the lead bromide from crystallizing out.

The resulting mixture is concentrated and allowed to stand in the ice box
for 24 hours, after which the lead bromide is filtered off and washed with
a little ice-cold water.

In the presence of silver oxide or silver carbonate, and hydrogen sulfide is
passed in to remove minute amounts of lead and silver ions in solution.

Gluconic acid, is boiled with an excess of calcium carbonate. After
cooling, and filtering off the excess of carbonate.

Filter & concentrate the solution of calcium gluconate.



Preparation of calcium gluconate

To a 200 g of anhydrous glucose in 1000 ml| of water, 200 g
of bromine are gradually added.

After the reaction is over the excess of bromine is boiled off
and the golden-yellow solution is cooled and the volume
measured.

Add lead carbonate to the above solution - lead gluconate is
then formed and this prevents the lead bromide from
crystallizing out.

The resulting mixture is concentrated and allowed to stand in
the ice box for 24 hours, after which the lead bromide is
filtered off and washed with a little ice-cold water.

In the presence of silver oxide or silver carbonate, and
hydrogen sulfide is passed in to remove minute amounts of
lead and silver ions in solution.

Gluconic acid, is boiled with an excess of calcium carbonate.
After cooling, and filtering off the excess of carbonate.

Filter & concentrate the solution of calcium gluconate.




CALCIUM CHLORIDE

CaCl,-:2H,O  147.01
Calcium chloride, dihydrate.

Calcium Chloride contains an amount of CaCl, equivalent to not less than 99.0
percent and not more than 107.0 percent of CaCl,-2H,0.

Preparation: Calcium chloride is mainly produced by reacting
limestone (CaCOs) with hydrochloric acid (HCI).

CaCOs + 2 HC| — CaCl, + CO, + H,0
It is also produced as a major by-product during manufacture of soda

ash (Na,COs) by the Solvay process, in which limestone is reacted
with NaCl solution.



Assay—

Transfer about 1 g of Calcium Chloride, accurately weighed, to a 250-mL beaker,
and dissolve in a mixture of water and 3 N hydrochloric acid (100:5). Transfer the
solution to a 250-mL volumetric flask, dilute with water to volume, and mix. Pipet
50 mL of the solution into a suitable container, add 100 mL of water, 15 mL of 1
N sodium hydroxide, and 300 mg of hydroxy naphthol blue, and titrate with 0.05
M edetate disodium VS until the solution is DEEP BLUE in color. Each mL of
0.05 M edetate disodium is equivalent to 7.351 mg of CaCl,-2H,0.

Packaging and storage— Preserve in tight containers.

Labeling— Where Calcium Chloride is intended for use in hemodialysis, it is so
labeled.



Uses:

Calcium chloride has several similar uses as sodium chloride, and it is
used as a food additive, food preservative, for de-icing roads in
winter, and as brine in refrigeration plants. It is also used as a
swimming pool chemical, in water treatment plants, and for
desiccating purposes. It also has applications in metallurgy, oil-well

drilling, and rubber, paper, dye and paint industries.






PHYSIOLOGICAL ACID-BASE BALANCE

* Electrolytes also play an important role in
regulating body’s acid-base balance

* Body fluids contain balanced quantities of acids &
bases.

Acidity of the solution: No of [H*] present in
fluid/solution - ECF

Sources: [H*]
* Food

e Cellular metabolism of Glucose, Fatty acids, &
Amino acids etc

* Reabsorption




e Biochemical reactions: Very sensitive to change
in pH (acidity/alkalinity)

e.g., enzyme Pepsin in the stomach— helps in
digestion of dietary proteins at low pH.
enzyme Ptyalin in saliva — helps in digests
carbohydrates at pH between 5.4 - 7.5.

Body Fluid ___|____pHvalue IR

excess acid -

Urine 4.5 - 08 make urine acidic
Blood 7.4-17.5
. o . Metabolic activity —
Gastric juice 1.5-3.5 Produces acid/bases -

Saliva 54-7.5 Alter the blood pH
Bile 6.0 -8.5



Buffer Systems

Acids-bases are continually taken into & formed by
the body, the pH of fluids inside & outside cells

remain fairly constant because of the presence of
‘BUFFER SYSTEMS'.

e Consists of a weak acid & the salt of that acid
Functions:

* to convert strong acids or bases into weak acids or
bases.

* to prevent drastic change in pH of the blood.

Note: However, it will be effective only if excess acid/alkali excreted out
by lungs and/or kidneys.



Types of Buffer systems:

* Carbonic Acid ( ) — Bicarbonate
Buffer System

* Phosphate Buffer
System

* Protein ( Buffer System



Carbonic Acid (H2CO3) - Bicarbonate (HCO3Y)
Buffer System

 Major buffer of metabolic acid/base present in
Plasma & Kidneys.

* Regulates blood pH

Some CO,, the end product of cellular metabolism, 1s

carried to the lungs for elimination, and the rest dissolves
in body fluids, forming carbonic acid that dissociates to
produce bicarbonate (HCO,) and hydronium (H,0') ions.

More of the HCO; is supplied by the kidneys.
CO,+ HO « H,CO, N B
HCO,+ HO «» HO+ HCO;, a



Li ]IRegulati{m of blood pH

® The lungs and kidneys play important role in
regulating blood pH.

® The lungs regulate pH through retention or
elimmation of CO, by changing the rate and

volume of ventilation.

® The kidneys regulate pH by excreting acid,
primarily in the ammonium ion (NH,), and by
reclaiming HCO; from the glomerular filtrate (and
adding 1t back to the blood).




Phosphate Buffer System

= The phosphate buffer system (HPO//H PO,) plays
a role 1n plasma and erythrocytes.
= HPO, + HO < HO" + HPO/

" Any acid reacts with monohydrogen phosphate to
form dihydrogen phosphate

dihydrogen phosphate monohydrogen phosphate
= HPO, + HO « HPO} + HO
* The base is neutralized by dihydrogen phosphate

dihydrogen phosphate monohydrogen phosphate

» HPO; + OH — HPO; + HO'



Protein Buffer System

Hydrophobic interactions
(clustering of hydrophobic
groups away from water)
and van der Waals

fLH T interactions

| 2 :EC CEE Polypeptide

(@] 3':\\ //C 3 backbone
Hydrogen H CH
bond 2

T

C—=—0H

| —CH,—S—S—CH,—

CH, Disulfide bridge

O

I
——CHE—CHE—CHE— CHE—-NH; —D—C—CHE——
lonic bond

Copyright & Pearson Education, Inc,, publishing as Benjamin Summings



Proteins act as a third type of blood

‘ I.buffer

Proteins contain — COO groups, which, like acetate ions
(CH_CDG) can act as proton acceptors.

= Proteins also contain — NH, groups, which, like
ammonium ions (NH,), can donate protons.

® [facid comes into blood, hydronium ions can be
neutralized by the — COO groups

= -COO +HO —-COOH +H0

= |f base is added, it can be neutralized by the — NH/;
groups

= -NH;+OH —-NH,+HO
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MISCELLANEOUS COMPOUNDS
P

¢ OVERVIEW « °
Expectorant : Introduction, Classification of expectorants, Ammonium chloride and

Potassium iodide.

e Emetics : Introduction, Classification of emetics, Copper sulphate and Antimony
potassium tartrate.

* Haematinics : Introduction, Iron as a haematinics, Physiological functions of iron,
Iron preparations, Ferrous sulphate, Ferrous gluconate.

* Poison and Antidotes : Introduction, Mechanism of action, Classification of
antidotes, Sodium thiosulphate, Sodium nitrite, Activated charcoal.

Expectorants are the drugs that help in removing sputum and other material from the
respiratory tract (lungs, bronchi and trachea) either by increasing bronchial secretion/
fluidity or reducing the viscosity/thickness which facilitates its removal by coughing.
However the exact machanism is not known. They are used in the treatment of various
cough (chesty, wet, productive or phlegmy coughs) which typically occur with a cold.

' Expectorants

l

Increases bronchial secretion/ fluidity
or
Reduces the viscosity/ thickness

1

Stimulation of machno or chemoreceptor _
(throat, respiratory passage or stretch receptors in lungs)

!
Cough

|

Removal of sputum -

(8.1)



Pharmaceutical Inorganie Chemistry 9.2 Miscellaneous Compound
nds

Exa i i
- “w_mm _uH Hoﬂm%:_n expectorant are ammonium chloride, potassium iodide sodium
felated substances. If the patient is sensitiy _
) ; e e or the dose of expectorant is high
M“Ncw? it may induce wo:.__::m_. It is advisable to give the doses of expectorant that nor_m“u
clerated (by the patient) along with other pharmaceutical aid and cough suppressant.

9.1.2 Classification of Expectorants
Based on the mechanism of action expectorant can be classified into two categories :

1. Sedative expectorant :
mmﬂﬂrmum mxnmﬂo.aaﬁ are stomach irritant it produces its effect through stimulation of
”EEM reflexes. This reflexes ultimately enhance the bronchial secretion. It is usually bitter in
m...n._an_mm : For sedative expectorant Ammonium chloride, Potassium iodide, Antimony
potassium tartrate, sodium Citrate or acetate, .

2. Stimulant Expectorant :

..:ﬁmm mxnmﬂﬂm:: produces their effect by stimulation of the secretary cells of the
respiratory :..n_n.“ u_Bn.E\ or indirectly. Since, these drugs stimulates the secretion, more fluid
gets produced in respiratory tract and sputum is diluted.

..n.xm_.:u_mm : For stimulant Expectorant i-Eucalyptus, lemon, Active constituents of oil like
terpine hydrate, anethole.

AMMONIUM CHLORIDE (1.P., B.P., us.p)

Chemical formula : NH,CI
Molecular welght : 53.49 g/mole
Category : Expectorant
Synonym : Sal ammoniac

It is having _ao. less than 99.5 per cent of ammonium chloride, calculated with reference
to substance dried over silica gel for four hours. _

Preparation :

LIt is commercially prepared by nuetraiizing ammonia with HCl. The solution is
€veporated tili crude crystalline mass of ammonium chloride is obtained.

NH; + HCl — NH.CI
The ..n_,cam crystalline mass of ammonium chloride is purified either by crystallisation or
sublimation
I Iican also be prepared by heating ammonium sulphate with sodium chloride.
2NaCl + (NH9):S0s ——  2NH; = 2HC + Na,S0.
NH; + HCI —— NH,CI

L e o §
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- II. It can be prepared by treating ammonical gas liquor with lime and liberated
ammonia is passed in to hydrochloric acid solution. The crude crystalline mass of
ammonium chloride is obtained which is known as sal ammoniac.

Properties :

1. Itis white fine crystalline or coarse crystalline powder.
It is odourless and having 2 cooling saline taste.
It is slightly hygroscopic in nature.

It is soluble in water and glycerol.
Freshly prepared aqueous solution is nuetral to litmus but on standing it undergoes

Wk

Vs w

hydrolysis become acidic.
NH4Cl + Ho0 — NH4OH + H0" + CI7

Identification test : It gives the reactions of ammonium and chlorides.

Test for purity : It is tested for As, Fe, heavy metal, loss on drying, sulphated ash and pH
of a 5% w/v solution is between 4.5 and 6.0.

Assay : Ammonium chloride was previously assayed by Volhard’'s method.

This method was designed by Volhard in 1874 for estimation of silver in dilutie nitric acid
by titrating against standard thiocyanate solution in the presence of ferric salt as indicator.
But later it is extended to the estimation of chloride and bromide.

(Principle : Ammonium chloride forms acidic solution when dissolved in water. To an
aqueous solution of ammonium chloride, nitric acid, nitrobenzene, and known excess
amount of 0.1N silver nitrate is added and shaken vigrously. Silver chloride is precipitated
and is coagulated by nitrobenzene, this prevent the silver chloride from reacting with
ammonium thiocyanate in the subsequent titration. Finally, it is titrated with standard 0.1M
ammonium thiocyanate using ferric ammonium sulphate as an indicator.

NH4Cl + AgNO; —— AgClL + NH:NO;
NH,SCN + AgNO; —— AgSCN + NH4NO;

Factor : Each ml of 0.1N AgNO; is equivalent to 0.005349 g of NH,4CI.

Now ammonium chloride is assayed by acid base titration method (Formal titration).

In this titration, ammonium chloride undergoes hydrolysis to form ammonium hydroxide
and hydrochloric acid. This reaction is facilitated by the addition of formaldehyde, as it fixes
ammonia by forming hexamine. Now this can be titrated with alkali without interference
using phenolpthalein as an indicator.

NH,Cl + H;0 — NH40OH + HC|
NHsOH + ﬁIuD e ﬂmI.._.mZ.a + Imo
Hexamine Hexamine
The formaldehyde is added to the ammonium chloride, to impart acidic properties to the
compound and then it can be titrated with standard alkali.
Factor : Each ml of 0.1N NaOH is equivalent to 0.005349 g of NH.CL.
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Uses:

1. Itisused as a mild expectorant.

2. It maintains acid-base equilibrium of body fluid.

Storage : It is stored in well closed containers.

POTASSIUM IODIDE (B.P., U.5.P.)

Chemical formula : K1

Molecular weight : 166 g/mole

Category : Expectorant
%m” ﬂ_M_ ”mnw”mﬂ”_ﬂ ,._,M_M M“mmﬂ Hmwmm Mmq cent of KI, calculated with reference to the substance
Preparation :

L Industrial method : It can be

P prepared by the action of iodine on moist iron filling

ferric iodide. Which then gets decomposed with potassium carbonate.
Fe + I, — Fel, - 2Fel; gL

Fel; - 2Fel; + 4K,CO; — 8KI + _umw. - THQ_ +4C0;

Ferroso-ferric oxide is filtered out

: . The filterate is concentrated t
purified by recrystallisation. ’ mmﬁ. o ke

. L. It can also be vﬁvm_.mn by treating a hot solution of potassium hydroxide with L in
slight excess to form a mixture of potassium iodide and potassium jodate.

6KQH + 3, — 5KI + KIO; + 3H,0

The mo_czos is concentrated and treated with excess of charcoal powder followed by
méhuﬂgam ¢._..m .33:3 to dryness followed by ignition. The charcoal reduces indate to
iodine, thus utilising the total iodine to get the potassium iodide.

KIO; + 3C — KI + 3CO
Properties :

1. It occurs as colourless, transparent or opaque crystal or a white granular powder.

2. Itis odourless, saline and bitter in taste.

3. It is deliquescent in moist air.

4. ltis soluble in water, glycerine, alcohol and acetone,
Identification : It gives reactions of potassium and iodide.

Test for purity : It is tested for As, Ca, Ba, sulphate, alkalinity, iodate, cyanide, and heavy
metals, ‘

i
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Assay :

The assay of potassium iodide is based on iodometry method.

. yitration, hydrochloric acid is added to the potassium En_ﬁm uo,_E_,o_.. m_.j the
I e 0.05M potassium iodate using chloroform as an indicator. lodine is
_ mu of acid. The liberated iodine is converted in to iodine
te in presence of acid. The titration is continued
er (chloroform is heavier than water, it
ne being more soluble in

solution is titrated with
liperated from Kl in presence of ack
oride with more of potassium ioda
colour disappear in the chloroform lay ol
sinks to the bottom of the flask and appear Unm:w.?mm._wm_
chloroform, dissolve and colour the chloroform layer bright violet)

KIO; + SKI + 6HCl — 6KCl + 31; + 3H;0

monochl
until the violet

KIO; + 21; + 6HCl — KCl + 5ICI + 3H,0

In this titration, starch cannot be used as an indicator because starch will be hydrolysed by

high concentration of the acid.
Factor : Each ml of 0.05N potassium iodate is equivalent to 0.0166 g of KL

Storage : It should be stored. in 2 well closed containers.

Uses:
1. Iltis used internally for supplying iodine for treatment of thyroid deficiency.
2. It can also be used as expectorant in cough mixture and saline diuretic.

3. It has mild antifungal activity.

T

Ty e

s S . #
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Emetics are the agents which causes vomiting, it gives rise to forced regurgitation
(emesis) by which the contents of the stomach get expelled through oral cavity.

They may act directly on the mmun.o_nﬂﬂmwmm:m_ tract bringing about smesis through local
irritation effect (e.g. ammonium nm.,&o:m&m\imnmn:m:rmq or indirectly through their effect
on the vomiting centre or chemoreceptor trigger zone postremal area near the medulla
(i.e. centrally acting emetics).

It is mainly used in the treatment of poisoning cases. Emetics are sometimes added in
cough preparations in low doses to stimulate flow of respiratory tract secretion.
Example : Copper sulphate, Antimany potassium tartrate.

Emetics should not be used in the following conditions :
* In corrosive poisoning - Acid and alkaline.
* In CNS stimulant poisoning.

* To unconsious patients.

e e o g e
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Vomiting center
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(odour, smell, taste)

a7 Miscellaneous Compounds
Chemoreceplor M {t is also prepared by roasting copper containing sulphide ore in presence of air or by
trigger.zone m
(drugs, toxins) I

r

. heating copper in a furnace with sulphur. The mixture of copper sulphate and CuO formed

_ and is treated with dilute sulphuric acid. The resulting solution is filtered, concentrated and
3

copper sulphate crystal separates out.

i Properties:
1

- (1) 1t exist in the form of deep Dlue, tridinic crystals of the pentahydrate or as blue
crystalline granules or powder. :

(2) Itis soluble in vrater, boiling water and insaluble in alcohol.

. (3) Its aqueous solution is acidic to litmus paper and form blue green colour.

: (4) At higher temperature it decomposes in tc SOz, oxygen, and black cupric oxide.
Diaphragm

2CuS0s — Cu0 + 280;~ O;
Identification : It gives reactions of copper and sulpnate.

Test for purity : it has to be tested for lead. zinc, Fe, As, acidity and clarity of solution.

Assay : The assay of copper sulphate can be performed by iodemetry titration method.
Stomach

An accurately weighed guantity of copper sulphate is dissolved in water and treated with
i

excess of potassium iodide in presence of acetic acid. Cupric iodide is first formed in
presence of acetic acid.
Fig.9.1 |
5 5 2 CuSOy: + 2K —— K;SOs+ CUL
Based on machanism of action, it can be classified in two types : ; d le and d T it oa,ua . di
: s iodide t t iodi [{o]
1. Local acting emetics : It act by local irritation of gastric mucosa. . R R D s
RS O
Examples : ammonium bicarbonate, Ipacacuhana . Culy — Cuzh+ 1z
2. nn..__..._.m_w_ acting emetics : It act directly to Chemoreceptor Trigger Zone ( ot . This reaction is reversible, the backward reaction may occur. The liberated free iodine is
floor of V™ ventricle in medulla. e g Apomorphine, Morphine
COPPER SULPHATE

titrated with standard 01N sodium thiosulphate solution using starch as an indicator. The
titration is continued until faint blue colour persists. 2 g of potassium thiocyanate is added

toward the end point. This converts the small quantity of cuprous iodide in to cuprous

thiocyanate and prevent the backward reaction. The tiration is continued until the blus
\ colour disappears.
Category : Emetic

Chemical formula : CuSO, - 5H,0
Molecular weight : 2497 g/mole

Synonyms : Cupric sulphate, Blue vitriol

I + 2N2,5,05 —>- Na;5,05 + 2Nal

) Cu,l; + KCNS —— 2CuCNS + 2K
It contains not less than 98.5 per cent and not more than 101 per cent of CuSO4-5H,0.
Preparation : ’

Factor : Each ml of 0.1N sodium thiosulphate is equivalent to 0.02497 g of CuSO,- 5H;0.
Storage : It should be protected from air, heat and maisture.

It is prepared by treating granulated copper in the presence of air with sulphuric acid. " Uses:

The oxygen of air assist the reaction. The solution is filtered and evaporated to crystallisation (1) It is used as emetic in dose of 300 mg in 30 m! water .

crystals of copper sulphate separates out. o '

2Cu + 2H;S0¢+ O; — 2CuSO,4 + 2H,0

-

(2) Itis considered to be chemical antidote in phosphorus poisoning.
(3) Itis externally used as an astringent and as a fungicide.
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ANTIMONY POTASSIUM TARTRATE (B.P.,, US.P)

Chemical formula ; C4H4KO;5b

Molecular weight : 333,93 g/mole
Category : Emetic

Synonym : Tarter emetic

It contains 99,0 ¢ 103.0 per cent of C4HLKO;5b,
Preparation :

Y trioxide with 6 parts of Potassium hvdrogen
* : paste This paste is kept aside for a day. It is then boiled with water for
ifteen minutes with constant stirring, The liquid is filtered

crystallisation

at atmospheric temperature.

xIPImO_m +5b,0; — CHKO,5b + H,0
Properties :

1. Itoceur as colourless crystals,

2. On exposure to air crystals effloresces.

3. Itis odourless and sweet in taste,

4. . Itis soluble in water and insoluble in alcohol.

Identification ; It gives reactions of potassium and m:m:..o_._q.

Test for purity : It has to be tested for lead, As, acidity and alkalinity,
Storage : It should be stored in a well closed containers.

Uses ; It is used as emetic because of its irritant action on gastric mucosa.
[9:3 HAEMATINICS = 0 .

iy

9.3.1 Introduction

Vitamins and minerals such as iron, copper,

. cobalt, vitamins A, B12, B6, C, E, riboflavin,
nicotinic acid and various haemopoietic factors

(erythropoietin, colony-stimulating factors,
f blood cells. The process of blood cellular
The main components of the haemopoietic
lymph nodes and thymus, with the kidney, li-

_‘.u.qmzn.
Qoqmm:m.)__nm__c_mﬂa_ooa components are derived from
Among the several nu

components formation is called haematopoiesis.
systems are the blood, bone marrow,
spleen as important accesso
haematopoietic stem cells.

trients required for haematopoiesis, the
most important nutrients are iron, B2 and folic aci ciency of any of these substances
and associated morbidity.

d. Defi
may be associated with defective mgrauommmmm.m:mmamm

kA
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Iron has several vital functions in the body. It participates in a wide variety of metabs .
processes, including oxygen transport, DNA synthesis, and electron :m:...ﬁnu..? :u_.mnm
required for the production of red blood cells (a process known as m&;rqovoﬁm_.smm.._» _4.5
also part of haeemoglobin (that is the pigment of the red Eooa, cells) that binds o: e
oxygen and thus facilitates its transport from the lungs via the mam_._mm.no all cells throughout
the body. About 70% of iron in the body is bound to haemoglobin in red blood cells. .:.ﬁ
rest is bound to other proteins (transferrin in blood or ferritin in bone marrow) or stared _:
other body tissues. When red blood cells die, their iron is released and carried by transferrin
to the bone marrow and to other organs such as the liver and spleen. In the bone marrow,
iron is stored and used as needed to make new red blood cells. Once the oxygen is delivered
the iron (as part of haemoglobin) binds the carbon dioxide which is then transported back

"oz._m_c.._m:o_.:i:ma:mmﬁmx:m_mn.wos_mm_mo.ﬁcc_éam_._ the conversion of blood sugar
to energy.

Vitamin B;; and folic acid are essential for DNA synthesis and cell proliferation. The
main manifestation of vitamin By, or folate deficiency is megaloblastic haemopoiesis in
which there is marked disorder of eration and defective erythropoiesis.

of vitamin B, deficiency is decrease absorption of the vitamin due to either to lack of
intrinsic factor or to condition which interfere with its absarption in the ileum.

The principal cause

Haematinics are the substances required in the formation of blood, and are used in ..%m
treatment of anaemia. The main haematinics are Iron, Vitamin By; and folic acid.

Its deficiency can lead to anaemia. In cases of haematinic defi
administered as medicines, in order ta increase the haemoglobin

The normal range for haemoglobin is :
women, 12.0 to 15.5 grams per deciliter.

diericy, haematinics can be
content of the blood.

For men, 13.5 to 17.5 grams per deciliter. For
9.3.2 iron as a Haematinics

The body of a 70 kg man contain about 4 g of iron, 65% of which circulates in the blood
as haemoglobin. About one half of the remainder is stored in liver, spleen and bone marrow
as ferritin and haemosidern. The iron in these molecules is availabl

synthesis. The rest, which is not available for haemoglobin synthesis
Cytochromes and various enzymes.

e for fresh haemoglobin
 is present in myoglobin,

Physiological functions of iron :
1. The primary function of iron is to form haemoglobin,
Itis necessary for the formation and maturation of RBC.
It s respansible for the transport of oxygen in the form of oxyhaemoglobin.

nﬁon__.:oammmm:wqo_._no__na:_:m enzyme. It is concerned with the oxidation of
metabolites in the cell.

%
3.
4,
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5. Myoglobin of muscle is an iron containing chromoprotein. It combines with O, and
acts as an oxygen store for muscle.

6. The chromatin of the nucleus contains iron and thus helps in the functioning of \.
nuclei. x
Iron Absorption :

The site of iron absorption is the duodenum and upper jejunum of intestine.

In diet usualy iron present in two forms — haeme and Non haem/ Inorganic
* Haem form -
transporter.

minor form of dietary Iron but absorbed better without any

S gl T

e
Ui

* Inorganic form whiich is present most abundantly in diet as ferric form but absorbs
lesser extent. It get converted to ferrous form in Intestine for absorption and it needs
transporter namely Divalent metal transporter (DMT1) and Ferroportin (FP),

When body doesn't have enough of the mineral iron , it results in iron deficiency anemia.
It is the most common type of anemia, and it occurs when level of red blood cells (RBCs) in
blood is Tower than normal. This protein is responsible for carrying oxygen to our body's
tissues, which is essential for tissues and muscles to function effectively. When there is not
enough iron in blood stream, the rest of body can't get the amount of oxygen it needs.

9.3.3 Causes for iron Deflclency Anemia

& [ P
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Iron deficiency is the most common cause_af anemia. There are many reasons why a
person might become deficient in iron. These include

() Inadequate iron intake : Eating too little iron over an extended amount of time can
cause a iron deficiency inour body. Foods such as meat eggs, and some green leafy
vegetables are high in iron. Iron is essential during times of rapid growth and development,
pregnant women and young children may need even mare iron rich food in their diet.

(ii) Pregnancy or blood loss due to menstruation : The most common causes of iron
deficiency anemia are heavy menstrual bleeding and blood loss during childbirth.

(iii) Internal bleeding : Certain medical conditions can cause internal bleeding, which
can lead to iron deficiency anemia. Examples include an ulcer in stomach, polyps in the
colon or intestines, or colon cancer. Regular use of pain relievers, such as aspirin, can also
cause bleeding in the stomach.

(iv) Inability to absorb iron : Certain disorders or surgeries that affect the intestines can
also interfere with how your body absorbs iron. Even if you get enough iron in your diet,

celiac disease or intestinal surgery, such as gastric bypass, may limit the amount of iron your
body can absorb,

harmaceutical inorganic Chemistry 9.11 Miscellaneous Compounds

9.3.4 Iron Preparations

1. Oral preparations:

s Ferrous sulphate

¢ Ferrous gluconate

« Ferrous Fumarate

Adverse effects of oral iron therapy : Epigastric pain, Heart burn,Vomiting, Staining of
teeth Metallic taste, Constipation. .

2. Parenteral preparations : .
Injectables are recommended when oral is not tolerated, failure to absorb iron, or in case

of severe deficiency with chronic bleeding.
_Examples : Iron Dextran, Iron sorbital citric acid complex :
Adverse effects of Injectables : Pain, swelling, or redness at the injection site may
occur, fever, headche, joint pains, metallic taste in mouth.
FERROUS SULPHATE (LP., B.P.)

Chemical formula : FeSQ, - 7H;0

Molecular weight : 278.0 g/mole

Category : Haematinics

Synonym : Green vitricl

it contains not less than 98.0 per cent and not more than 103.3 per cent of FeSOy - 7H;0.
Preparation :

It is obtained by dissolving Fe, FeO or FeCO, in excess of dilute H,S0, After the
effervescence ceases, the liquid is filtered, concentrated and cooled. The green crystal of
Ferrous sulphates are formed which is separated by filtration and dried at room
temperature.

Fe + H,SO, —» FeSO, + H, T
FeO + H,SOy — FeS0. + H,0
FeCO; + H,SO,—— FeSO, + H,0 + CO,

Ferrous sulphate forms pale green, monoclinic prism of heptahydrante, FeSO, - 7H;0.
Properties :

(1) Itis light green coloured crystalline solid highly soluble in water.

(2) It is an efflorescent compound and when exposed to air for long time is oxidized to

give brown colour of ferric salt.

(3) Ferrous sulphate when heated, decomposes to yield ferric oxide, sulphur oxide, and

sulphuric acid
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2(FeSO4 - 7TH;0) — Fe,0; + SO, + H,50, + 13H,0 .

Identification :

It gives reactions which are characteristic of iron and sulphate.
Test for purity :

It has to be tested for acidity, arsenic, copper, heavy metals and basic m:_u:mnm.m.
Assay : .

.: is assayed by cerrimetric method of titration in which ferrous sulphate is titrated
against 0.1 M cerric ammonium sulphate. Cerric ammonium sulphate acts as an oxidizing
agent which oxidizes the ferrous sulphate into ferric sulphate and itself gets reduced into

nm:or.a. sulphate and ammonium sulphate in presence dilute sulphuric acid. Ferroin is used
as an internal indicator. .

At the end point the red colour changes to light blue colour
2 [Ce (SO, 2(NH,);504] + 2 FeSO, —— Fe, (SO4)3 + 4(NH,);50; + Ce; (SO4)3
Cerric ammonium sulphate Femous Fermic Ammonium Cerrous

Sulphate Sulphate Sulphate Sulphate

il Factor : Each ml of 0.1 N cerric ammonium sulphate is equivalent to 0.0278 g of Ferrous
Sulphate.

Storage : It should be stored in a well closed containers.

Uses : It used as a haematinic i.e, it promote the formation of haemoglobin in m:mm:.,.mmu
caused due to iron deficiency.

FERROUS GLUCONATE (1.P., B.P.)
Chemical formula : Cy,H,;Fe0, - 2H;0
Molecular weight : 482.2 g/mole
Category : Haematinics

Ly
IO.UIMIAW.IHWIH—U[M“IOGOI _u.aa
OH OH H H 2

It is having not less than 95 per cent of Cy;HpFeOys - 2H,O which is calculated with
reference to the substance dried at 105°C for § hours.

Preparation :
The preparation of ferrous gluconate involves two steps :
Step 1 : Preparation of gluconic acid
Gluconic acid is prepared by oxidation of glucose.

[
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Gluconic acid

f ferrous gluconate

Step2: Preparation O |
conic acid is treated with bariu ¢
ion. Barium sulphate precipitates
d, ferrous gluconate crytallises ou
of crystallisation.

Ba—> HﬁIuDIHnIOIuanOO_Nmm.NINO + BaSOu(ppt)

m chloride solution which is then treated
out and is removed by fiteration.

In this step, glu
t from filtrate. ferrous

with ferrous sulphate solut
Filtrate is evaporated and coole
gluconate is having two molecules of water

FeSOs + _nINOIﬁIOIrnDO.._M

Properties : .
(1) Itis a fine yellowish-grey or pale greenish-yellow pow

odour resembling that of bumnt sugar.
() Itis soluble with slight heating in water and practically insoluble in ethanol.

der or granules having a slight

Identification : .
It gives reactions which are characteristic of ferrous ion and gluconic acid.

Test for purity : ) .
It has to be tested for acidity, arsenic, barium, heavy metals, ferric, chloride, sulphates,

oxalic acid, dextrose, sucrose and loss on drying.
Note : Ferrous gluconate has to be tested for ferric because 2 ferrous compeund if kept

open, it gets oxidised in to ferric by the axygen or air.
Storage : It should be stored in a well closed containers, which are protected from light.

Uses:
. If it finds use as a haematinic, it is regarded to cause less side efiect than other ferrous
salt including ferrous sulphate.
VITAMIN - B2 AS A HAEMATINICS

Daily Requirement : 1 — 3 mcg (Pregnancy and Lactation 3 - 5 mcg)
Preparations :

Cyanocobalamin

Hydroxocabalamin

Methylcobalamin _ :

Uses of vitamin By :
1. Treatment and prophylaxis of vitamin B, deficiency (megaloblastic anemia).

.
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2. Vitamin By, injection in perniciou

s anemia (condition where vitami i
absorbed from the stomach). B f el

FOUCACID AS A HAEMATINICS
Daily requirement : 0.2 mg per day (0.8 mg in Pregnancy and lactation)
Preparations _
* Folic acid

* Folinic acid : active form of falic acid

Therapeutic uses :

- Megaloblastic anemias due to folic acid deficiency
= As supplement during pregnancy

- To prevent deficiency : Malabsorption syndromes,

i
Antiepileptic therapy, _

Methotrexate toxicity,

According to WHO “Antidotes are defined as a therapeutic substances used 1o ,
ccunteract the toxic actions of a specified xenobiotics”,

An antidote is an agent which counteracts a poison. In the treatment of acute poisoning
most patients require .only supportive and symptomatic therapy. The active rezm sl i
poisons from the stomach by gastric lavage or emesis induction is done by the
administration of substances fike activated charcoal by mouth to reduce the absorption.
9.4.1 Mechaniam of Action of Antidotes

Anudotes act by different mechanism, The mechanisms of action of antidotes are given
below ;
(1) Complex formation.
(2) Metabalic conversion
(3} Prevention of toxic metabolite formation.
(4) By chinging the physio-chemical nature of toxicant.

Depending on their action, antidotes are classified as -

1. Cliemical Antidotes : Chemical antdotes are the agents interacts with a poison and
changes its chemical nature 1o form a harmless substance. For example, sodium thicsulphate

which changes toxic cyanide 10 the non-toxic thiocyanate; sodium caicium edetate chelates
agents used for heavy metal poison.

1 nd
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2. Physiological Antidotes Physiological antidotes acts by Uaacn..:m the effect
opposite to that of poison. Sodium nitrite is a physiological antidote which converts
haemoglobin into methaemoglobin into order bind with cyanide

Both Sodium nitrite and Sodium thiosulphate are used in conjunction with each
other in cyanide poisoning.

Mode of action : Sodium nitrite and Sodium thiosulphate are administered sequentially
in cyanide poisoning, as their combined effects are synergistic compared to either agent
alone. Cyanide exerts its toxicity by combining with the cytochrome oxidase enzymes
containing iron in the ferric state, to which cyanide has a great affinity and mcwmmncmsﬂ_.v.
interrupting cellular respiration. In the presence of sodium nitrites, haemoglobin is
converted to methaemaoglobin. This complex has a higher binding affinity for cyanide than
the cytochrome oxidase complex and removes cyanide from the cytochrome oxidase
forming cyano-methaemoglobin regenerating cytochrome function. The resultant cyano-
methaemoglobin in the presence of sodium thiosulphate is converted by rhodanase to
thiocyanate, which is renally excreted. The methaemoglobin is then reduced via
methaemoglobin reductase to haemoglobin.

NO3 CN
HbO, ———2—+ MetHb <—————+ CNMstHb

!

HCN

|

I . SCN™ + S0,
———————— +
S0, Rhodanese M 3

Urine

(3) Mechanical Antidotes : Mechanical antidotes which prevent the absorption of
poison into the body.

For example : Activated charcoal

Mode of action : Activated charcoal absorbs the poison prior to absorption across
intestinal wall, This ensures a very high adsorptive capacity for a wide range of compeunds

vhich are often encountered in accidental and deliberate poisonings. When administe

red
orally,

activated charcoal minimises the extent of systemic absarption of the paison in the
Sastrointestinal tract by adsorbing the toxin onto itself, thereby reducing or preventing



P L

Pharmaceutical Inorganic Chemistry

9.16

Miscellaneous Compounds

systemic toxicity. Activated charcoal is contraindicated when corrosive agents have been

ingested,

9.4.2 Classification of Antidotes

Antidotes are classified based on their mode of action.

Antidotes

h Physiological Antidotes

Mechanical Antidotes

Chemical Antidotes

Act by producing the effect
opposite of that of poison.

It prevents the absorption of
poison into the body.

It acts by combining with -
the poision and thus
changes the chemical
nature of the poison.

Example : Sodwum nitrite
converts haemaglobin inte
h ethaemoglobin into order
10 bind with cyanide.

L

Example : Activated charcoal
absorbs the paison prior to
the absorption across the
intestinal wall,

Example : Sedium
thiosulphate which changes
toxic cyanide to the non-
toxic thiocyanate,

SODIUM THIOSULPHATE

Chemical formula ; Na,5,;0;  5H,0
Molecular weight : 248.17 g/mole

Category : Antioxidant, sequestrant, antidote to cyanide polsoning
Synonym : Sodium hyposulfite

I, Preparation :

Preparation of sodium thiosulphate consists of three steps

Itls commonly prepared from sodium carbonate, sulphur dioxide and sulphur,
Step 1 : Preparation of sodium bisulphite,

Sodium carbonate is reacted with sulphur dioxide

bisulphite,

in presence of water to sodium

Na;CO; + S0, + H,0 —— 2NaHs0, + €O,

Sodium carbonate

Step 2: Preparation of sodium sulphite

Sedium bisulphite
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Sodium bisulphite is again treated with sodium carbonate to give sodium sulphite.

2NaH50; + Na,C0; — 2Na;S0; + €Oz + H:0

step 3 : Preparation of sodium thiosulphate ‘

sodium sulphite obtained in the previous steps is boiled with powdered sulphur to give
sodium thiosulphate

Na,S0; + S — Na,;5;0;

The resulting solution is subjected to evaporation and centrifugation to get the crystals
of sodium thiosulphate, )

I. Sodium thiosulphate can also be prepared by reacting sodium hydrosulphide with
sodium bisulphite.

NaHS + NaHSO; — Na;5;0; + H0

Properties :
1. Itis coarse and crystalline powder.
2. ltis colourless, odorless and alkaline in taste.
3. Itis soluble in water and practically insoluble in alcohol.
4. Ttis deliquescent in moist air.
Identification ;
It yives 1eactions of sodium and thiosulphate.
Test for purity :

It has to be tested for arsenic heavy metal, calcium, chioride, sulphate, sulphite and
sulphide.

Assay : The assay of sodium thiosulphate is based on iodimetric titiation.

Dissolve about 0.8 g of the dried sodium thiosulphate was accurately weighed and
dissolved in about 30 ml of water and titrate with 0.1 N todine solution using starch as the
Indicator. 3 mi starch solution Is added towards the end point. The approach of end point
can be recognised by yellow colour of iodine, which gets discharged by shaking for few
seconds, _

. 2NQy5;0) + Iy —> NySi0¢ + 2Nal

Factor : Ench ml of 0.1 N fodine Is equivalent to 0.02482 mg of Nn;8,0; .

Storagoe : It should be stored in o well closed contalners.

Uscs : ,

L. Itls used as antidote In cyanide poisoning.
2. Itis used in the treatmont of skin infection such as dermatophytosis,
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Questions 88
Write a short-néte: on radiop
Enumerate units of radioactivity.

Properties of alpha, beta and gamma rays/Note on behavioural properties of
different radiations.

Define half life, radioisotopes.

Give an account of clinical applications of radiopharmaceuticals/Applications of
radiopharmaceuticals in medicine. Give a brief account on the therapeutic and
diagnostic applications of inorganic radiopharmaceuticals.

Give an account of precautions to be taken while handling and storage of
radiopharmaceuticals or note on handling and storage of radioactive materials.
Discuss about measurement of radioactivity or S.N on GM counter. Explain
working of GM counter or Note on scintillation counter. Write a note on GM
counter. Give preparation, properties and uses of Barium sulphate.

Give uses of Sodium iodide [131], Iron [S9 Fe], Cyanocobalamine [S7 Co]/study
of sodium iodide as radioisotope.
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WHAT ARE RADIOACTIVE SUBSTANCES????

v'Radioactive substances have a property of emitting rays or
particles which affect the photographic plate. Forty
radioactive elements are known which are arranged as
Uranium series, Thorium series and Actinium series.

v The elements are known as radioactive because they are
unstable and undergo decomposition along with emission of
radiations or rays.

v’ The radiations or rays which are emitted are following:
Ll Alpha rays

Ll Beta rays

L1 Gamma rays



.......

v"  Any nucleotide which is not radioactive in
nature is regarded as stable. To be stable, a
nuclide may possess appropriate energy.

v"  Those nuclides which undergo spontaneous
nuclear change so as to attain stability by
emitting radiations are called as
radionuclides or radioisotopes.

Nucleus




Penetrating Distances ..‘
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Alpha rays

¢ These rays or particles have low penetrating power.

* They have positive charge and can be detected by a strong magnetic field.

* They carry two positive charge.

* They have a mass of 4 amu (atomic mass unit)

* Heavy metals have capacity to emit such type of rays.

* All alpha particles are having the same energy.

* The penetrating power of alpha rays is less as compared to other emissions.
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s Because of low penetrating power of alpha particles, elements which emit
alpha rays do not find use in biological applications because they cannot
penetrate tissue.




Beta Rays:

X/

s These have 2 types:

1. Electrically positively charged particles which are called “positrons’

2. Electrically negatively charged particles which are called ‘Negatrons’

¢ They have greater penetrating power than that of alpha rays.

¢ Beta particles have negligible mass.

¢ These particles are usually accompanied by gamma radiation. Beta particles have less
1onizing power than alpha particles.

Gamma rayvs:

» These have been more penetrating than alpha and beta rays.

» They are having the same character as that of very short electromagnetic waves called
X-rays.

** They have no mass or charge.

% Gamma rays are produced during disintegration of radioactive substances along with
beta radiation and during nuclear fission.

» They are uncharged and have poor ionizing power.

&



Type of
radiation

Nature of the
radiation

emitted & formation, structure,

symbol

relative mass, electric
charge

Penetrating power (and
speed), and what will block
it (more dense material,
more radiation is absorbed
BUT smaller mass or
charge of particle, more
penetrating)

om0 oo CEREESS TR R O IR

Ionising power - the
ability to remove
electrons from atoms to
form positive ions, the
process is called ionisation







Types of Radionucleotides

1) Natural radionucleotides:

They include about 40 high atomic weight elements such as Uranium 238,
Radium 226, which may be alpha, beta, or gamma emitters and also some
moderate weight elements such as Potassium 40, Rubidium 87.

2) Artificial Radionucleotides

10



What are radiopharmaceuticals? Enumerate units of radioactivity.
¢ Units of radioactivity

1. Curie ( ¢) : Defined as quantity of any radioactive substance which undergoes the
same number of disintegrations in unit time as of 1 g of radium and is equal to
3.7 x10!’ disintegrations per second.

2. Roentgen: it is the unit of exposure 1R= 2.58 x 10-* coulomb kg-!

3. RAD: it is the unit of absorbed dose. Pharmaceutical dosage forms are described
in RAD units.

4. REM: I tis unit of dose equivalent.
5. Exposure rate constant

6. RBE (Relative biological effectiveness): shows effect of radiation, alpha, beta and
gamma on the biological system.

11
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Production of Radioisotopes:

They are produced as:

1) Reactor irradiation: Reactor is having an arrangement of fissionable material in a
moderator, which slows down the fast neutrons to thermal energies. The fissionable material
like uranium is taken in the form of rods which are arranged in a lattice pattern and hence the
neutron flux is maximum in the centre where there is most uranium. A heavy water moderated
reactor using enriched uranium is having a maximum flux of 10'#neutrons cm2 s°!

2) Cyclotron irradiation: While the reactors are able to produce a flux of neutrons and
gamma rays, accelerating mechanisms can use many other types of bombarding particles
which have been charged particles. They can be accelerated to high velocities so as to
overcome the repulsive forces of the nucleus. The beam of energetic particles has been small
and targets for irradiation have to be put in this beam. The number of samples that can be
irradiated at a time has been limited and the yields has been low. But on the other hand many
1sotopes which otherwise cannot be produced in a reactor could be produced in a cyclotron.

12



Q: Note on handling and storage of radiopharmaceuticals

¢ Great care needs to be taken in handling and storage of radioactive materials for
protecting people and personnel who handle it, from the harmful radiation they emit.

¢ Certain precautions have to be taken while working with detectors, tracer equipment,
radio assay manufacturing or handling of radioactive materials.

¢ In order to have protection from hazards of radiation, radioactive materials must be
stored in an area not frequently visited by people.

¢ Shielding may be required.

¢ Thick glass or Perspex containers provide sufficient shielding.

¢ To protect from gamma rays (high penetration power), lead shielding has to be used.

¢ The storage areca must be regularly checked for radioactivity.

RADIOACTIVE LIQUIDS.
** Working area should not get contaminated with radioactive material.

¢ If radioactive liquid is to be handled, it must be carried in trays with absorbent
tissue paper, so that any spillage will get absorbed by the paper.




*¢ Rubber gloves have to be used when working with radioactive liquids.

¢ Pipettes operated by mouth should never be used.

¢ Waste of radioactive material has to be stored till its activity becomes low and then
only it should be disposed.

PRECAUTIONS While handling and storage of radioactive substances:

1. One should not touch the radioactive emitter with hand but it should be handled by
means of forceps.

2. Smoking, eating and drinking activities should not be handled in laboratory where
radioactive material 1s handled.

3. Sufficient protective clothing and shielding have to be used while handling of
materials.

4. Radioactive materials have to be stored in suitable labelled containers, covered
(shielded by lead bricks) and preferably in a remote corner.

5. Areas where radioactive materials are stored should be monitored and tested for
radioactivity regularly.

6. Disposal of radioactive materials should be carried out with great care.

14



establishment of a radioactive facility in the hospital or pharmacy.

These include specifications for premises, storage space, working area, disposal
protocol, training of personnel, periodic check on contamination or leakage.

- CONCRETE CASK

CONCRETE TRENCH

STORAGE OF INTERMEDIATE WASTE




o Used 1r-seanninre-the-thyrord-for-determining the size, position and poss1ble tumour

location.

¢ Used in the treatment of severe cardiac disease (Sodium iodide I-131), which
reduces work load on heart.

¢ Radioactive iodine in thyroid carcinoma (cancer): The isotope is used most
frequently after the surgical removal of cancer to treat any residual tumour
tissues.

Gamma probe measuring
thyrold gland radioactivity

The neck

Cartilage
[ which
F suports the
trachea

Thyraid
gland
lies just
n front

oftha Py
trachea .
inthe : Thyraid

neck

Radioactive iodine
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Iron 59:

v
v

v

Iron 59 is a beta and gamma emitting isotope.

Used in diagnosis to study the iron metabolism and to study the red blood cell
formation.

The preparation is administered orally for studying the absorption of iron
from GIT.

Administered 1.V to study incorporation of iron in formation of red blood
cells.

Used to study the formation and destruction of spleen, liver etc. from outside
the body.

17



Applications of Radioisotopes
They find use in medicine in 4 different ways:

1. Radioisotopes in Therapy (Emitted radiations used to destroy cells in condition
like cancer)

2. Radioisotopes in Diagnosis (Radioactive tracers)

3. Research (Biological and medicinal studies by use of radioactive isotopes as
tracers)

4. Sterilization (For sterilization of pharmaceuticals and surgical instruments)

Radioisotopes in Medicine ....
' Tracer 15 injected
. inta iiW."l 1

\ h ! . Teurniquet _'_i ’

3 | ” |
’ Cancer Cells
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Applications:

Diagnostic applications: Radiopharmaceuticals are developed based on the ADME (absorption,
distribution, metabolism, excretion) properties of the body. By administering a
radiopharmaceutical to a patient, images of the targeted site can be produced by a gamma camera.
The images can then be analyzed by the nuclear medicine doctor to detect any medical problems.
Radiopharmaceuticals are most widely used to detect various forms of cancer. Depending on the
site for diagnosis there is a specified route of administration.

Therapeutic use of Radiopharmaceuticals: Radioactivity can be used in medicine and
pharmacy in different areas, the first being radiology, in which an external source of radioactivity
passes through a patient and radiation is absorbed by more dense tissues and not by less dense
tissues and an image is ultimately formed. The second is radiation therapy, which treats for tumors
using an external source of radiation to try and ablate a tumor. This requires lots of radiation in
very high doses. Nuclear medicine uses an internal source of radiation to be detected externally,
unlike the two previously mentioned. A patient is injected with a radiopharmaceutical, which has a
radioactive component that decays and a pharmaceutical component which takes it a desired
organ.

Radiopharmaceuticals can be used to destroy malfunctioning cells. This method of therapy is
called radiotherapy. It can be used for both benign and malignant cancers. In order to destroy the
diseased tissue, a radionuclide has to emit beta, alpha, or low energy conversion electron emitters.
Beta radiation is effective for large tumors and alpha radiation is effective for smaller tumors.

19
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I) In therapeutics:

v" The therapeutically used radioisotopes have been found to depend mainly on
their ability to ionize atoms.

v" The energy measurement involved in radiation and resulting in ionization may
be expressed in millions of electron volts called MeV.

v" The strength of alpha, beta and gamma rays in expressed in MeV.

v" All radiations bring about ionization of atoms in their paths.

v' The radiation of short wavelength (gamma rays) is having high penetrating
power than long wavelength (beta rays).

v' The greater the MeV of the rays, the more destructive it becomes to the
surrounding tissues.

v RADIOPHARMACEUTICALS CAN DESTROY MALFUNCTIONING
CELLS.

v" This method of therapy is called radiotherapy. It can be used for both benign
and malignant cancers.

20



Examples:

% Gold ('”® Au) is used in treatment of abdominal and pleural effusions associated
with malignant tumours. It is given in the form of colloidal gold suspension.

% Gold (°® Au) also used in treatment of carcinoma of uterus and urinary bladder.

¢ Cobalt labelled cyanocobalamine (vitamin B12) is used in diagnosis of
pernicious anaemia.

¢ Sodium iodide preparation finds use in treatment of thyroid disorders.

¢ Calcium is used to study bone structure and in carcinoma of bone.

¢ Strontium 90 is used in diagnosis of superficial carcinomas.

§ ¥ Gold Nanoparticle: NBI-29
P

w & @, 2

21



v Radioisotopes may be used internally or externally.

v' If the radioisotope are used externally or used as implants in sealed capsule in a tissue,
the dose could be terminated by removal or sources.

- ¥ If they are given internally, as unsealed sources, the dose cannot be stopped by the
removal of the source.

v' The total dose in therapeutic applications may be calculated on the basis of effective
half life of the isotope, concentration of the isotope and the type and energy of the
radiation emitted.

22
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In diagnosis:
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Radioactive tracers find use in medicine for diagnostic purposes.

Labelled cyanocobalamine finds use for measuring the glomerular filtration rate.
Ferric citrate injection finds use for the diagnosis of haematological disorders.
Colloidal gold injection is used diagnostically to study blood circulation in liver.
Sodium iodide injection finds use in diagnosis of proper functioning of thyroid
gland.

Sodium iodohippurate injection finds use in the study of renal function.

Sodium rose Bengal injection finds use as diagnostic agent to test liver function.

23



I11) In resea'rch“: ]

Excellent biological and medicinal studies have been carried out with radioactive
isotopes as tracers.

IV) Sterilization:

O Excellent use is being made of the radiation constantly available from some strong
radiation source for sterilizing pharmaceuticals in their final packed containers and
surgical instruments in hospitals.

0 No heat or chemical gets involved.

O Thermolabile substances like vitamins, hormones antibiotics can be safely sterilized.

O Finds use in sterilization of pharmaceuticals.

24
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Calcium (Ca-44 and Ca-45) The radioactive calcium has been used to study bone
structure and in treatment of carcinoma of bone.

Strontium -90 Used in the radiotherapy of superficial carcinomas.

Cyanocobalamine (Co-57)  Used in the diagnosis of pernicious anaemia.

Calcium -47 It 1s having half life of 4.7 days. It is used in calcium
absorption studies.

Cyanocobalamine Used to study absorption and deposition of vitamin B12

(Co-60 Solution USP) in normal individuals.

Gold (Au-198) solution Finds use in estimation of reticuloendothelial activity.

Iron (Fe-59) Finds use in research studies about utilization and

absorption of Iron salts.

25
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Measurement of Radioactivity

To measure the radiations of alpha, beta and gamma particles, many
techniques involving detection and counting of individual particles or
photons are used.

The method selected for the measurement of radioactivity depends upon
the extent of energy dissipation and penetrability of radiation.

Gas ionization devices:

1) Ionization chambers

2) Proportional counters
3) Geiger Muller counters
4) Scintillation Counters
S) Autoradiography

6) Solid state detectors

26



1) Ionisation Chambers:

¢ They are available in various shapes and sizes.

¢ An ionization chamber consists of a chambers filled with gas and fitted with two
electrodes kept at different electrical potentials and a measuring device to
indicate the flow of electric current

*¢ Radiation brings about ionization of gas molecules or ions which cause emission
of electrons which in turn reveals the changes in electrical potential.

27
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rtional counters:

s They are modified ionization chambers in which an applied potential ionization of
primary electrons causes production of more free electrons which gets carried to
the anode.

¢ For each primary electron liberated, much more additional electrons get
liberated, the current pulse through electrical circuit is greatly amplified.

s The voltage range over which the gas amplification (ionization) occurs is called
the proportional region, and the counters working in this region are called
Proportional counters.

28



3) Geiger-Muller Counter

>
>
»

>

YV V

These are most popular radiation detectors.
They do not need the use of high gain amplifier.

They can detect alpha, beta and gamma radiations.

Geiger-Muller counter is having ionizing gas and is also having a quenching
vapour whose functions are:

To prevent the spurious pulses that may get produced due to the positive ions
(cations) reaching the cathode (- electrode).

To absorb the photons emitted by excited atoms and molecules returning to their
ground state.

Chlorine and bromine are generally used as quenching agent.

Ethyl alcohol and ethyl formate are used as organic quenching agents.

The filling gas pressure has been much below the atmospheric pressure to avoid use
of high operating voltages.

29



L A GM Counter possesses a cylindrical cathode (- electrode) , which is usually
1-2 cm in diameter, along the centre of which is a wire anode (+ electrode) .

L The space is filled with a special gas mixture which gets readily ionized
together, with a small proportion of quenching vapour.

O For solid radioactive sources:

v For solid radioactive sources, the end window type GM counter has been the most
popular.

v" The window has been made of an aluminium alloy, mica or a thin glass bubble.

30



v" In order to count the medium and high energy beta particles and for gamma counting, thin
glass walled counters may be used.

v' They are normally 1 cm in diameter and having a glass wall of 20 — 40 mg cm thickness.

v" The tube is coated on the inside to form the cathode.

31



For radloactlve llguld source 2

It is having a capacity of 10 cm? in annular space. In such a counter 10 cm? of 3 %
solution of Uranium salt gives nearly 10,000 counts per minute.

32
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O Operation:

v
v

v
v

When ionizing radiation such as alpha, beta or gamma particle enters the tube, it can 1onize
some of the gas molecules in the tube.

From these ionized atoms, an electron is knocked out of the atom and so the remaining
atom 1s positively charged.

The high voltage in the tube produces an electric field inside the tube.

The electrons that were knocked out of the atom are attracted to the positive electrode
(anode) and the positively charged ions are attracted to the negative electrode (cathode)
This produces a pulse of current in the wires connecting the electrodes an this pulse is
counted.

After the pulse is counted, the charged 1ons become neutralized and the Geiger counter is
ready to record another pulse.

In order for the Geiger tube to restore itself quickly to its original state after radiation has
entered, a gas is added to the tube.

33
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For proper use of the Geiger counter, one must have appropriate voltage across the
electrodes.

If the voltage is too low, the electric field in the tube is too weak to cause a current pulse.
If the voltage 1s too high, the tube will undergo continuous discharge and it will be
damaged.

For low voltages, no counts are recorded. This is because the electric field is too weak for
even one pulse to be recorded. As the voltage is increased, one obtains a counting rate.
The voltage at which the GM tube just begins to count is called the stating potential. The
counting rate quickly rises as the voltage 1s increased.

The rise is so fast that the graph looks like a step potential.

After the quick rise, the counting rate levels 0.This range of voltages is termed as pleateau
region.

Eventually the voltage becomes too high and we have continuous discharge.

The threshold voltage is the voltage where the plateau region begins. Proper operation is
when the voltage 1s in the plateau region of the curve.

For best operation, voltage should be selected fairly close to the threshold voltage.

34
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# The rate of counting is recorded as functio
of voltage . A graph between voltage and rate
of counting is called characteristic curve of
counter

* When voltage is low counter operates in
ionization chamber region where there is no
gas amplification. The voltage pulse will be
small and no counts will be recorded

» unless the voltage exceeds v, the threshold
voltage .

» Ag vu.‘tﬂge INCTreases over v, Cmmtmg rate ‘

increases as gas amplifi cation sets in and WG W
output pulse size increases. This is region of |

roportional counter where more and more _
ﬁ:w energetic particles are counted until point o o T

C is reached . From this point onwards
counting rate become constant. The flat
region CD is called plateau of counter.
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Scintillation counters: (For gamma counting)

When radiation is incident on certain substances such as phosphor, a flash of light is
given out. It thus becomes possible to measure alpha, beta and gamma radiations by
scintillation detectors provided the detector has been suitably modified for the type of
radiation to be measured.

The scintillation counter consists of a cell, a photomultiplier tube which 1s coupled
with phosphor or fluorescent material to convert scintillation into electrical pulses,
amplifier and scaler

36



e NIRRT i
i 7 . o
Radio-opaque contrast media
¢ Radio-opaque substances are those compounds (both inorganic and organic) which
are having the property of casting a shadow on X-ray films.
¢ These compounds have the ability to stop the passage of X-rays and appear opaque

on X-ray examination.

s BARIUM SULPHATE
Formula: BaSO,

Preparation:
1. For pharmaceutical purposes, Barium sulphate is prepared by treating an aqueous
solution containing Barium ions with a solution containing sulphate ions.

Ba(OH), + H,SO, > BaSO, + 2H,0

BaCl, + H,SO, > BaSO,+ 2HCI

The precipitated salt is washed, dried and screened.

2. It is also prepared by the action of dilute H,SO, on BaS
BaS + H,SO, - BaSO,+H,S

37



Properties:

¢ Heavy

¢ Fine white bulky powder

¢ Odourless

¢ Tasteless

¢ Free from grittiness

¢ Insoluble in water

¢ It may be solubilized by fusing with alkali carbonates.

¢ Uses:

Q) It is used as a diagnostic drug which is used medicinally in X ray examination.

O It is administered by enema before X ray examination in the form of Barium meal to
make intestinal tract opaque to X rays, so that it can be photographed.

38



Thank You

39




13,
14,

15,
16.

17,

18

19,
20,
2k
22,
23.
24,

25.

ralivasEmiuve norgendt

e Chamistr

LEL) __ Miscellansoun Compounds

Define emetics with examples,

Give the chemical formula and medicinal use of sodium metabisulphite.

Define expectorant and emetics. Give examples.

Give reasons : (a) Potassium iodide is used in the assay of copper sulphate
(b) HCHO used in the assay of Ammonium chloride.

What are expectorants? Give an example.

Write pharmaceutical uses of activated charcoal and sodium thiosulphate

Write the pharmaceutical importance of Bentonite powder

Give the composition and uses of bentonite,

Define antidotes with examples,

Write the malecular formula and medicinal uses of sodium thiosulphate.

What is Haematinics. Give examples,

What are antidotes? Give the method of preparation and importance of activated
charcoal

Write the synonym for ferrous sulphate and copper sulphate.
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RADIO-PHARMACEUTICALS

W

+ OVERVIEW «
« Introduction.
« Radionctivity : Radioactive isotope, Radicactive decay (Alpha, beta particles and
gamma rays), Unit of radioactivity, Half life of radicactive isotopes.

. Detection and measurement of radiation : lonization chamber, Proportianal
counter, Gelger-Muller counter, Scintillation counters, Semiconducior detectors,
Phetographic plate method.

« Handling and storage of radiopharmaceuticals.

« Radiopharmaceuticals : Sodium iodide - 1''* solution and capsuls.
« Radio opague contrast media : Barium sulphate.

o Thet i Hestions of radiexit s

P L 'F

[10.1 INTRODUCTION

Many heavy metals which are unstable in nature, undergoes spontaneous
decomposition accompanied by emission of radiation o rays namely alpha, beta and
gamma rays termed as radicactive substances.

The natural radioactivity was first observed in 1867 by Niepce de saint- \ﬁcwf whao
noticed fogging in silver chiaride emulsion while working with uranium salts and attributed
this effect as luminescence phenomena. While performing sumilar phosphorfutnce
experiments in 1896, Antoine Henri Bequerel noted that uranium eminfd pgneuatlng rays
that were similar to X-rays. Now he credited as the discoverer of :adlloacmtry.Comp'lzl.a
phenomenon of radiactivity was truly recognised. In 1998 when Marie and Pml-re Curig
discovered that this emission were originated from the unstable elements radium, and

polonium. - ,

The substances like uranium, thorium, radium and their compounds which emit su::
radiations are called as Radioactive substances and the phenomenan of spontaneous a
Jlled as Radioactivity.

(10.1)

continuous emission of such radiations is ¢
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haif Sfe The term half-Sfs is defined a5 the time it takes for one-half of the stoms of &
radicactive material to disintegrate. Each time the haif-fife of 2 radioactive material oceurs,

the of the radio izl decreases to haif of the original value.
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That means : N -2
1. om
1 g
iog; = loge
iog% = - 043833t
03010 = 04383 3t
1z = 06930
3. is desintegration constant in unit of sec.
The haif-ife is

e Independent of the physical state (sofid, liguid. gas), temperature, pressure. the
chemical compound in which the nucleus finds itself and essentially any cther
outside influence.

* It s independent of the chemistry of the atomic surface, and independent of the
ordinary physical factors of the outside world

« The only thing which can alter the half-ife is direct nuciear inferaction with 2 particle
from outside. e.g. a high energy collision in an accelerator

* |t varies depending on the atom type and 501008

« The half-life of a given nuciear species is retated to s radiation nisk

s Half life for various radwoactive elements vanes considerably

Table 10.1 : Half life of various radioactive elements
Radioisotope Half-life

Polonium-215 0.0018 seconds

| Bismuth-212 60 5 seconds

Sodum-24 15 hours .
lodine-131 8 04 days
Cobalt-80 5.26 years |
Radium-226 1600 years

Uramnium-238

4 5 billion years
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The properties of radiation =

The radiations emitted by radicactive substance are :

* Alpha (a) particies

» Beta () particies

+ Gamma (7} radiation

The most impartant particulate radiations are o and B radiations.

(2) Alpha particles :

Alpha radiation occurs when an atom uridergoes radioactive decay, giving off a particie
(called an alpha particle) consisting of two protons and two neutrons (essentially the nucleus
of a helium-4 atom), changing the originating atom to one of an element with an atomic
number 2 less and atomic weight 4 less than it started with. Due to their charge and mass,
ct strongly with matzer, and only travel a few centimeters in air. Their

alpha particles intera
er emissions. Because of low penetrating

penetrating power is least as compared to oth
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power of alpha particles, element which emits these do not find any use in biological
applications as it cannot penetrate tissue. if an alpha emitting substance is ingested in food
or aif can causing serious cell damage. Alpha particles are effected by strong magnetic field.
Example : The decay of Uranium 238
234

4
— e
s Y w 2

(b) Beta particles :

Beta particles can ba described as electron of nuclear energy. These are of two types |

(ij Electrically positive particles (Positrons),

(ii) Electrically negative particles (Negatrons).

Beta radiation have greater penetrating power than that of alpha rays because beta
particles are having negligible mass about 1/1836 that of hydrogen ion. As these radiations
are lighter, they travel with the velacity little less than that of light. They can penetrate an
aluminium sheet up to 3mm thick. These particles are usually accompanied by gamma
radiation. Beta particles have less ionising power than alpha particles. These particles are
effected by strong magnetic field. It can penetrate skin a few centimeters, number of
isotopes emitting beta particles are useful in biclogical applications because of their high
penetration power. They can penetrate tissue. :

The emission of beta particles from an element does not alter the atomic mass, but
alters the atomic number and is converted to element with next highest atomic numoper,

Exampie :
14 3 14 3 . ° b andnsion)
s 5
] 7 L
Carben-14 Nitrogen-14 Beta particle
(radicactiva) (stable)

Beta particles are sometimes refered as Negatrans, which are emitted by unstable nuciei,
in which the neutrons /proton ratio exceeds the stability limit. In such cases, neutrons are
converted in to protons with beta emission.

o' = op! + B
There is another type of beta emission which are called as positrons {B°). These are not
very common and a5 they are short lived they do net find application in biological field.
(¢) Gamma radiation :

Gamma radiation have more penetrating power than alpha and beta. It does not consist
of any particles, instead consisting of a photon of energy being emitted from an unstable

nucleus. They have no mass or charge and thus are nat effected by electric or magnetic field,
They do not have mass and charge but have very high energy and thus have excellent

— \\' N\
Pharmaceuticst Inorganic Camistry 0T _m;\.
penetrating power. Only a very thick lead shest of concrate shislkd Can Protees g, .
1
radiations. They have properties of both ‘wve and particie. They ..-: having the
character as that of short electromagnetic waves of X-rays N_?""""“" a5 e Uncharged,
they have poor ionising power but they can imteract wth nw-ltdnmn:dhl::n: n %::.
media and can produce ions and free radicals by diodgng ::‘:4 s |wn b
ol i i A Y B lasspat m‘: u:‘llluhntm and for
and in industry. In medicine, gamma fay Soufces ae used for ca
diagnostic purposes 2 i
[10.4 DETECTION AND MEASUREMENT OF RADIATION _a__._}m e
whic

The radiations (mainly alpha and beta radiations) are figh spaed charged partc e
¢an be deflected by electric and magnetic fields, can penetrate marters and -o':; s
(for example, gases) through which they pass and cause cenar vubstances role:d o
light {scintillation), and blacken a photographic plate These properies ©

[ rambers and
utilised in their detection and measurement, the jonising effect in ionsation ¢ bl
geiger-muller counter, the scintillation effect in scintiliation counter and the photogl

effect in autoradiography.

1. lonization chamber :

The ionization chamber is the simplest of all gas filled radiation detectors. The detector
of these type makes use of electric conductivity of a gas that has been partally ionized b{
radiation passing through it. This is carried out in ionization chamber. These chambers are o
various shapes and sizes. The chamber is filled with gas and fitted with two electrodes kept
at different electrical potentials (50 to 100 volts).

This instrument works on the principle that as radiation passes through air oqr.a specific
gas, ionization of the molecules in the air occur. When a voltage wf"h"l, is applied
hetween the electrodes to creats an electric field in the filled gas, the positive jons will be
attracted 1o the negative side of the detector (the cathode] and the free electrons will travel
to the positive side (the anode). These charges are collected by the anode and cathode
which then form a very small current in the wires going to the detector. By placing a very
sensitive current measuring device between the wires from the cathode and anode, the
erall current measured and displayed as a signal. The more radiat:on_wﬁich_ enters the
chamber, the more current displayed by the instrument Thus, the |onm'n|on currlb:lt
produced is proportional to the initial energy of the incident particle. Due 1o thu;' reason, this
can be used to distinguish between a low energy particle and a high energy particle.

It i widely used for the detection and measurement of certa in types of ionizing

radiation; X-rays, gamma rays and beta particles.
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6. Autoradiography :

This technique is mainly used for detecting gamma radiation in physiological studies of
plants and animals. This method involves the administering of radioactive substance, to say
an animal and after sufficient time of lapse for localisation, the tissue is removed, embedded
in paraffin, cut in to thin sections by microtome and the section kept in contact with
photographic emulsion in a dark room. The radioactive atoms (present in the cut section)

are emitting particles which darken photographic emulsion. After sufficient time of exposure,
the emulsion has been developed and fixed.

Radio-Pharmaceuticals

Handling and Storage of Radioactive Materials :

Great care has to be taken in handling and storage of radioactive material for protecting
people and personnel who handle it :

1. The working areas should not get contaminated with radioactive material.

2. If the radioactive liquid has to be handled, it must be carried in trays having
absorbent tissue paper so that any spillage will get absorbed by paper.

3. Rubber gloves have to be used when working with radioactive liquids.

4. Pipettes operated by mouth should never be employed.

§. Smoking, eating, drinking activities are prohibited in the area of radioactive work.

6.

The radioactive emitter should be handled with forceps and never by hand.

7. Sufficient shielding device should be used.

8 Radioactive materials have to be stored in suitable labeled containers, shielding by
bricks and preferably in a remote corner

9. Great care has to be applied for disposal of radicactive materials.

10. A regular monitoring of radioactivity should be done in area where radioactive
material is stored.

11 The waste radioactive materials have to be stored till the activity becomes low before
its disposal.

40.5 RADIOPHARMACEUTICALS

Radiopharmaceuticais are unique medicinal formulations containing radioisotopes which
are used in major clinical areas for diagnosis and/or therapy. It exhibits spontaneous
disintegration of unstable nuclei with emission of nuclear paticles or photon and includes

any non-radioactive reagent kit or nuclide that is intended to be used in the preparation of
any such substance.

Nearly 95% of radiopharmaceuticals are used for diagnostic purposes and/or monitoring
various disease states whereas remaining 5% is used for therapy.
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In imaging, the unique properties of y-rays emitted from the radioactive isotopes alid
the radiopharmaceutical to be traced or their distribution in target tissue imaged
non-invasively, thus providing functional information of the target tissue or organ.

eg. Tc-99 m diphosphonates for bone imaging procedures.
Tc-99 m Macroaggregated albumin for lung imaging procedures.
TI-201 thallous chloride for myocardial perfusion imaging procedures.

In 3 diagnostic nuclear medicine procedure the radiopharmaceuticals administered to
the patient most often by LV. injection, although sometime by oral inhalation or other
routes. The localisation dispositon and/or clearence of radiopharmaceuticals is then
determined by detection of radiation with sophosticated instrument termed a gamma
camera. The type of radiation detected is gamma, and the data executed by the detector will
be an image or picture. ‘ -

In therapy, the B-ray energy from the radicisotope is delivered to the target tissue
partially or completely to destroy the diseased tissue. The radiopharmaceuticals intended for
use in the treatment of various disease states use relatively large radiation to cause localized
radiation damage.

e.g. I-131 sodium iodide is used for treatment of hyperthyroidism or thyroid cancer.

One of the more recent dovelopments in oncologic medicine is the use of monoclonal
antibodies leveled with a gamma - emitting radionuclide for diagonostic imaging and a beta
emitting radionuclide for subsequent therapy .

Radiopharmaceuticals are unlike conventional pharmaceuticals in many aspects :

1. The most striking feature is the property of the radionuclide, which disintegrates or
decays with time, often resulting in a limited shelf life of the product.

2. In contrast to traditional drugs, it lack of distinct pharmacological effects.
3. Radiopharmaceuticals typically are employed as tracers of physiological functions

4. Their small amounts of mass produce negligible effects on biological processes.
while their radiodioactivity allows non-invasive external monitoring or targated
therapeutic irradiation

Nature of Radiopharmaceuticals :

e Few radiopharmaceuticals are available in its salt form e.g. 1-131 sodium iodide, TI-
201 thallous chloride.

e Most of the radiopharmaceuticals consist of radioactive atoms attached to or
incorporated in to other chemical compound that serve to carry the radioactive

atoms to intended tissues or organs
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cal Inorganic Chemistry 10.18 Radio-Pharmaceuticals
from the impurities and reacted with sulfuric acid to give the pure barium sulfate product :
BaS + H;50, —+ BaSQ, + HyS

Another methad to obtzin pure barium sulphate is by reacting barium carbonate or barium
chloride with sulfuric acid.

BaCly + H;50, — BaSO, + HCI
Properties :

1 Pure barium sulphate is found as white, odorless powder or small crystals,

2. Barium sulphate is known for its poor solubility in water. It is also insoluble in
alcohols, and soluble in concentrated acids. It reacts viclently with aluminum
powder. Barium sulfate has several medical and radioimaging uses due to
insolubility and radio-opague properties.

Storage : It is stored in a well closed container.

Uses : Barium sulphate is widely used as a radio-opaque agent or X-ray contrast agent

1o diagnose gastrointestinal medical conditions. It is administerad by enema before x-ray

examination in the form barium meal to make the intestine tract opaque to X-rays, so that it
could be phot hed.

its water

The application of radiopharmaceuticals is divided into two major areas, diagnostic and
therapeutic, the diagnostic side is well established. In therapeutic use of radicisotopes, the
radiation emitted produces destructive effect on existing cells and prevents the formation of
new cells and tissues. For this reason, the radioisotope therapy is used only in those diseased
condition in which extensive cellular metabolic malfunction exist

Some important radioisotopes used in medicines are :

1. Calcium (*“Ca and **Ca) : The radicactive calcium has been used to study bone
structure and in the treatment of carcinoma of bone.

2. Calcium (Y'Ca) : It is having half-life of 4.7 days. In the form of its chloride. 1t is used
in calcium absorption studies.

3. Carbon ("C): 1t is a pure beta-emitter, having half-life of 5600 years. This rays are 50
soft that it can be shislded out even by paper. This isotope is most widely used in
vanous studies, for example, in reaction mechanism, metabolism of carbohydrates
and fats, drug excretion, decomposition of pharmaceutical products

4. Cobalt (*°Co) : It emits beta and gamma rays. It is used in therapy where X-rays are

used It is used in the determination of vitamin B, in the culture media. The metallic
source like wire, seeds, or needles are implanted in the body cavities or directly in
the tumor tisue for the treatment of advanced stages of cancer of mouth vagina,
uterus etc It is also used for the sterfisation for surgical materials and dressings by
s gamma radiation

Pharmaceutical Inorganic Chemistry 10.17 Radio-Pharmaceuticals

5. Cyanocobalamine Co-57 : The half-life of cyanocobalmine - 57 is 270 days. This is
used in the diagnosis of pernicious anemia. It used in investigation of the absorbtion
and metabalism of cyanocobalamine.

6. Cyanocobalamine Co-58: 1t is used in measurement of glomerular filtration rate. It
used in investigation of the absorbtion and metabolism of cyanocobalamine.

7. Cyanocobalamine Co-60 : It is used for the determination of vitamin By in the
culture media, food stuffs and pharmaceutical products,

8. Strontium-90 : It is a pure beta emitter. It is considered as one of the most
dangerous isotopes formed during the fission of uranium in atomic bomb blasts due
to its long half-ife of 28 years. It is used for the radiotherapy of superficial
carcinoma.

9. Gold (Au'®) solution : It emits beta particles and gamma rays and has half-life of
27 days. It used as a neoplastic suppressant, Used diagnostically to study blood
circulation in liver and to treat myelogenous leukemia,

10. Hydrogen (H* and H? : The dueterium (H) and tritium (H") are useful in
determining total body water.

11. Iron (Fe** and Fe*®) : It emits beta particles and high energy gamma rays, The half-
life of Fe * is 45 days. It is used in research studies about utilisation and absorbtion
of iren salt. It is used to measure the red cell life span.

12. Sodium chromate (Cr **) solution : 1t is radioactive chromium-51 ion in the form of

Na:Cr'O. It has half-life of 26.5 days. It is used to study red cell volume and its
survival time.

13. Sodium iodide (") : It is a radicactive isotope of iodine-131 in the form of
iodide-131. It emits beta and gamma rays. It has half-lite of 8 days. It is mainly used
s diagnostic and therapeutic agents in thyroid related disease, used in the
treatment of carcinoma of thyroid.

14. Sodium phosphate (P*) solution : It emits beta particles. The radioactive isotope
of P s in the form of sodium acid phosphate (NaH;P* Od). It has half-life of
143 days It is used in the treatment of polycythemia to decrease the rate of
formation of the erythrocytes. It is also used in the t of chronic granulocytic
luekemia,

15. Ferric citrate(Fe®) : It used for diagnostic investigation of haematological disorders.

16. Nitrogen (N and N') : It useful in investigation of amino acid and protein
metabolism.

17. Sodium (Na™ and Na®) : It is employed in the estimation of mrnei!ula( fiuid,
blood circulation rate, studies in cells permeability, excretion and distribution of
water atc.
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