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UNIT -I

History of Pharmacopoeia

Introduction

Pharmacopoeia: the word derives from the ancient Gieék; ¢ U o dphasnsakofbiiy, from
G U} e-Yohasmake) njdr ugnj, f ol-stemwe @oi-b ynjmarkee ny earbd f i njal
nounendings Bia) . These three el ement s -malignegtnh eorr cnatrfo b
dr ugnj.
A pharmacopae, pharmacopeia, or pharmacopoea, in its modern sense, is a legally bindifig
collection, prepared by a national or regional authority, of standards and quality specifications jor
medicines used in that country or region. A quality specification is commdsedet of appropriate
tests that will confirm the identity and purity of the product, ascertain the strength (or amount) of the
active substance and, when needed, its performance characteristics. Reference substances; i.e. Highly
characterized, physicapecimens, are used in testing to help ensure the quality, such as identiy,
strength and purity, of medicines. The texts cover pharmaceutical starting materials, excipients,
intermediates and finished pharmaceutical products (FPPs). General requimeaneatso be given in
the pharmacopoeia on important subjects related to medicines quality, such as analytical methpds,
microbiological purity, dissolution testing, stability, etc.

The role of a modern pharmacopoeia is to furnish quality specificationscfime pharmaceutical
ingredients (APIs), FPPs and general requirements, e.g. for dosage forms. The existence of g$uch
specifications and requirements is necessary for the proper functioning or regulatory control Jof
medicines. Pharmacopoeial requirementamfoa base for establishing quality requirements for
individual pharmaceutical preparations in their final form. According to the information available t

O

the World Health Organization (WHO), 140 independent countries are at present employing somg 30
natioral as well as the African, Europearddnternational Pharmacopoei&®ompared to national and

regional pharmacopoeiag,he International Pharmacopoei@Ph. Int.) is issued by WHO as a
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recommendation with the aim to provide international standardscluding less technically
demanding alternatives where neededor adoption by Member States and to help achieve a

potentially global uniformity of quality specifications for selected pharmaceutical products, excipiengs

and dosage forms.

History and background

Overwhelming empirical knowledge of mankind gained during centuries and constant effort
establish better health care possibilities have led to the creation of a list of origin, preparation &
healing properties of medicines.
The termPharmacopoi first appears as a distinct title in a work published in Basel, Switzerland in
1561 by Dr A. Foes, but does not appear to have come into general use until the beginning of the
century. Todayos phar macopoei aprodicts bywarious@alsrofl y
analytical sciences.

The aim to achieve a wide global harmonization of quality specifications for selected pharmaceutil:al

products, excipients and dosage forms came with increased globalization and reciprocal collabora
History of these approaches goes back to 132025 when agreements establisheshj& ni f i €
Pharmacopoeia. In 1929 the "Brussels Agreement" stipulated the League of Nations to carry
related administrative functions. Eight years later, in 1937, the firstimmeg o f t he

Commi ssion of Phar maceut i orat date xirpther histony] of vqaakty |
assurance of medicines is 1948, when the First World Health Assembly (WHA) approved the Exp

Committee on Unification of Pharmacopoeias to continue this work. One year later, the WHA

renamed it the Expert Committee mternational Pharmacopoeia

Indian Pharmacopoeia
| First official IP was appeared in 1868 which was edited by Edward John Waring

| In preindependence days, BP was usethdia
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I The colonial addendum of BP 1898 was published in 1900 appeared as Governimeiat edition

in 1901

i1l n 1946 Government of India issued one | i st
| Committee under chairmanship of Sir R. N. Chopra alrngt h ot her 9 me mb ¢
|l ndi an Phar macopei al I i st

| It was prepared by Department of Health, Govt. of India, Delhi in 1946.

! In 1948 Government of India appointed an IP committepfore par i ng APhar mac
| Tenure of this comnti¢e was 05 years.

! Indian Pharmacopeia committee under chairmanship of Dr. B. N. Ghosh Published first edition
IP in 1955

| First edition of IP is written in English & official titles of monoglepgiven in Latin.

! It covers 986 monographs.

! Suppement to this edition was published in 1960.

2 nd edition of IP was published in 1966 under the chairmanship of Dr. B. Mukherjee

! 274 monographs from IP 55 & their supplement were deleted.

! 93 nav monographs were added.

I Official titles of monograpé given in English

! Dose were expressed in Metric system

! For Tablets and I njections AUSUAL STRENGTHO
I Formulations of the drugs were given immediately after the monograph of drugs.

| Supplement to this edition was published in3.97

I 126 new monographs have been included & 250 monographs amended.

! Cholera vaccine has been deleted.

3 rd edition of IP was published in 1985 with 02 volumes & 09 appendices.

| 261 new monographsalie been added.

| 450 monographs were deleted.
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I Addendum I: Published in 1989, 46 new monographs added and 126 amended.

| Addendum II: Published in 1991 were 62 new monographs added and 110 amended.

4 th edition of IP was published in 1996 under thehairmanship of Dr. Nityanand.

| It covered 1149 wnographs and 123 appendices.

| Itincludes 294 new monographs & 110 monographs have been deleted.

! Addendum [: Effective from 31st December 2000, 42 new monographs have been added.
! Addendum II: Effectre from 30th June 2003, 19 new monographs haga hdded.

! The veterinary supplement of IP 1996 contains 208 monographs & 04 appendices.

5 th edition of IP was published in 2007 & addendum to this edition was published in 2008.
! IP 2007 is presented irB0/olumes.

! Volume 1: contains general noticRgeneral chapters.

! Volume 2 & 3: Contains general monographs on drug substances, dosage forms & Pharmaceufical
aids.

6 th edition of IP is published in 2010 by the Indian Pharmacopoeia Commission (IPC)
Ghaziabad

| This edition would be effectivedm 1 st September, 2010.

| The Indian Pharmacopoeia 2010 is presented in 03 volumes.

I Volume I: contains the Notices, Preface, the Structure of the IPC, Acknowledgements, Introducti¢n,
and the General Cpters.

I Volume II: contains the General NagicGeneral Monographs on Dosage Forms and Monograph:
on drug substances, dosage forms and pharmaceutical aids (A to M).

! Volume IlI: contains Monographs on drug substances, dosage forms and pharmaceut{bataids
2).

I Monographs on vaccines and imnosera for human use, herbs and herbal products, blood anfl
bloodrelated products, biotechnology products and veterinary products.

! Products of biotechnology, indigenous herbs and herbal products, vetercanyes and additional

antiretroviral druggnd formulations, fixedlose combinations.
S S D BHAVANI RAJA
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technology in the field.

added advantage in view of latest technglagopted for drug delivery.

prevailing international requirements.
7 th Edition of IP (2014)

edition
8 th Edition of IP (2018)
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Standards for new drugs and drugs used under national health programmes are added

Monographs of excipients, anticancer drugs, herbal products and antiretdrugsl has been

Monographs of vaccines and immunosera are also upgraded in view of development of lagest

A new chapter on liposomal products and a monograph of liposomal Amphotericin B injection is n

A chapter on NMR is incorporated in Appendices.

The chapter on microbial contamination is also updated to a great extent to harmonize wth

313 New mongraphs on drug substances, dosage forms & pharmaceutical aids (A to Z)
43 New drugs substances monographs

10 Antibiotic monographs

31 Herbal monographs

05 Vaccines &mmunosera for human use

06 Insulin products, 07 biotechnology products ateng with the 19 new general chapters

19 New radiopharmaceutical monographs & 1 general chapter is first time being included in tlis

04 Volumes

170 Chemical Monographs

15 herbal monograph

10 monographmblood and related products

06 monographs on biotechnology derived products

02 monographs on vaccine and immune sera
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I 03 monographs of radiopharmaceuticals

I 14 monographs of terinary nonbiologicals

British Pharmacopoeia

AFirst edition of BPwas published in 1864 & consist of two sections

A Part 1 : Materia Medica

A Part 11: Preparation & compounds
ASecondedition of BP was published in 1867

AThird edition of BP was publistd in 1885

AFourth edition of BP was published in 1898

AFifth edition of BP was published in 1914

AEighth edition of BP was published in 1953:

ATitles of drugs & preparations were in English instead of Latin and metric system.
A I't has meneally. publ i shed

A BR 2007 monographs has been introduced foatenial specifically used in preparation of
Traditional Chinese Medicines.

A Term AProlonged release has been-resepkhaaan

been repl aced cwiatthe dAEntnernumber of monographd.

ABP 2008contains approximately 3100 monographs for substances, preparations and articlas use
practice. A It has been made effective from
ABP 20072009were given in 06 Volumes i.e. Vol. | to \[oVI.

A Volume | & 11: Contains medicinal substanc
A Vol ume I11: Contains for mul at e dnolggicakoaucta,t i
radiopharmaceutical preparations, surgical materials & homoeopathic preparations.

A Vol ume |Is\pplenmtanytctzaptarss IR spectra etc.

A Vol ume V: Contains veterinary products

A Vol ume VI : Contains CD ROM version.
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BP 2010

The Stationery Office, on behalf of BP Secretariat, part of the Medicines and Healthcare products

Regulatory Agency (MHRA), has rextly published the BP, 2010.

x BP is the official collection of standards for UK medicinal products and pharmaceutistdrsrds.

x Published annually, the BP contains monographs for pharmaceutical substances, formulg
preparations and other articlesed in the practice of medicine.

x The standards in the BP 2010 are legally effective in the UK from 1 January 2010.

A Pmas been providing authoritative, official standards for pharmaceutical substances and medid

products since 1864.

ted

nal

A id used in almost 100 countries worldwide and remains an essential reference for any individua} or

organization working within phenaceutical research and development, manufacturing and testin
across the globe.

A BP 2010 has 40 mo nrepgatans hiscluding veterihaoyr madidinest aad
additional standards for widely used unlicensed formulations.

x All European Parmacopoeia 6th edition material upto and including Supplement 6.5 is integratg
into the text of the BP 2010.

x BP supports egulatory work in the fields of herbal and complementary medicines by providing
additional new and revised monographs for hemadiicinal products and for homeopathic stocks and
mother tincturesx Print edition of BP 2010 comprises 4 volumes of BP 20idasingle volume of

BP (Veterinary) 2010. 27

The BP 2013 package includes:

x 06 volume printed edition including the BP (Vétary) 2013

x 41 new BP monographs

x 40 new European Pharmacopoeia monographs

x 619 amended monographs

x 6 new and 1 amended tafed Reference Spectra BP 2013
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x The 2014 edition includes almost 3500 monographs which are legally enforced by the Humgan

Medicines Regulations 2012.
BP 2014

x The BP 2014 package comprises 5 volumes of BP 2014 and a single volume of BP (Veteringry)

2014, alog with a fully searchable CD ROM and online access to provide you with flexiblg

resources.
x Legally effective froml January 2014
x 40 new, 272 amended and 4 new BP (Vet) monographs
x 03 new Supplementary Chapters
x 01 new BP (Vet) Supplementary Chapter
BP 2018
! 35 new monographs
! 185 amended BP monographs
I 04 new monographs for unlicensed formulations
I 04 new monographs for herbal medicines
I 06 new monographs for veterinary medicines
United State Pharmacopoeia (USP)
1 ientof USH wats published on 15th Dec. 1820 in both Latin & English

From 1820 to 1942 it was published at
From 1942 to 2000 it was published at

From 2002 it was published annual

First Nat i oruaitedsfate appearedanr1888of t he

First appeared in January 1985 &

|y

| ast

U SWF272 1990 is the 3 rd revision that consolidates USP & NF into a single volume

El ect r oni eNFwnefloppy dgswasiritroduc8dPin 1992
U SWF283 was published in Mumbai at the end of 1994

A

A

A

A

A

A U SWF26lhave 08 supplements
A

A

A

A

S S D BHAVANI RAJA

10 vy
05
i n N




27 MARRI LAXMAN REDDY
“ INSTITUTE OF PHARMACY

Approved by AICTE & PCI, Affiliated to JNTU Hyderabad
Dundigal, Quthbullapur (M), Hyderbad 500 043

USP23 has 10 suppl ements.

Buppledment was published in January 1995 & Last in May 1999.

U SWF29 appeared from first January 2000

U SWF25) appeared from Ma2007.

It contains scientific standards for drugs

o Do o Do Do

dosage forms.

A I't contains 4,100 monographs and 200 gener
A I't has been printed in 03 volume set.

A Vol ume | cchaptérs whilesVolgre f, éllrc@niains monographs.

A 1 st supp|-NF2Beapgeardd romWABgRs? 007 8nd supplement from November
2007 which was official from May 2008.

A From 2006, Spanish edition of USP is also
United Sates Pharmacopoeia BNational Formulary 25:

A New heavier paper stock

A Complete tabl eineathvalumet ents and index

A Speci al ' UsNFRrit tatdii@ CONew USP

A Convenient slipcase for easy access and st
United States Pharmacopoeia 31 National Formulary 26:

A 1t i-eolurae camibinagjdn ef two official copendia, the United States Pharmacopeia (USP)
and the National Formulary (NF).

A Monographs for drug subst anc e s wih mehogmphe fora r
dietary supplements and ingredients appearing in a separate section of the USP.

A Excipients monographs are included in the

United States Pharmacopoeia 32National Formulary 27:

A More than 4,200 monographs

A Incl udes chagars, coverihg gereeraldestsidnd assays

A Displays hel pful eijaasytbdirsl foeus dspecific mformationt hat ma

A Includes information on emerging areas of
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Hel ps ensure compliance with official stan
E esavdlidation of test results against proven benchmarks

Cr e-house standarder operating procedures and specifications

o o Do Do

Expedites new product devel opment and appr
United States Pharmacopoeia 33National Formulary 28:

More thanpm, 400 monogr a

Over 200 gener al chapters covering gener al
A eag/te-read format and monograph layout

Hel pful guides and c haspecifcinformation make it eas
Ensures compliance with official standards

E s t danbhbusesstardard operating procedures and specifications

o o Do Po Do o Do

F a ¢ new prodact deeelopment and approval.

United States Pharmacopoeia 34National Formulary 29:

A Published in 2011

A U S-RF 29 #eatures more than 4,500 monographs for drug suestasiosage forms, excipients,
biologics, dietary supplements, andeatkherapeutics.

A US-RF D 4lso offers harmonized material and more than 230 General Chapters with currg
guidelines for the full range of laboratory tests and established predessalidating methods.

United States Pharmacopoeia 35National Formulary 30:

da

ov

PNt

A UIFAs a combination of two official compendia: the 'United States Pharmacopeia (USP)' and the

‘National Formulary (NF)" and is officially applicable from 1 May, 2012 té\pfl, 2013.

United States Pharmacopoeia 41 National Formulary 36:

A Published in 2018

A 4900 monographs

A 350 chapters

A Sections of solutions, reagents, indicator
A

Section on hazardous drug handling
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European Pharmacopeia

Impurities in pharmaceutical substances

Impure ChemicalCompound:

A compounds saidto beimpureif it is havingforeignmatteri.e.,Impurities.

Pure Chemical Compound:

A purechemicalcompoundefersto thatcompound which i®avingforeignmatten.e., impurities.
Chemicapurity meandreedomfrom foreignmatter.

Analytically 100% pure substancesre not available andtracesof impurities must be present.
Normally undesirableforeign materials are presentinthe pharmaceutical substances.

Impurity is any materialthat affectghe purity ofthematerialof interest.

Presencef Impuritiesin the pharmaceuticaubstancemayproduce toxic effects on the body and may
also lowerdowntheactivestrengthof thepharmaceuticalubstance.

Impuritiescommonlyin chemicakubstancesclude smallquantiti es of Iron, lead, Arsenic,Chloride and
sulphate.

Sourcesof Impurities in Pharmaceuticals

S S D BHAVANI RAJA
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Thedifferentsource®f impuritiesin pharmaceuticalarelistedbelow:
1) Rawmaterialusedin manufacture

2) Reagentsisedin manufacturingrocess
3) Method/procesaisedin manufacturer methodof manufacturing

4)  Chemicalprocessessedin themanufacture
5) Atmosphericcontaminatiorduringthemanufaturing process

6) Intermediatgroductan themanufacturingrocess
7) Defectsin themanufacturingprocess

8) Manufacturinghazards
9) Inadequaté&torageconditions

10) Decompositiorof theproductduringstorage

11) Accidentalsubstitutionor deliberateadulteratiorwith spuriousor uselesmaterials

Source of Impurities

Raw Materials

Method of Manufacturing
*Reagents Used

*Intermediate Products
*Reagents used to eliminate impurity
*Solvents Used

*Atmospheric Contamination
Manufacturing Hazards
*Contaminationfrom Matter
*Cross Contamination
*Contamination by Microbes
*Errors in Manufacturing
*Errors in Storage & Packaging
S S D BHAVANI RAJA
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Instability of Products

*Chemical Instabilities

*Physical Instabilities

*Reaction with Container

*Temperature

Impurities & their Sour ces-Introduction:

[ It is virtually impossible to have absolutely pure chemical compounds and even analytically py

=

e
chemical compounds contain minute trace of impurities.
1 Impurities = a foreign unwanted matter present in a compound which are differ from the actyal
moleailar formula.

[1 Chemically a compound is impure if it contains undesirable foreign matter i.e. impurities.

Thus,chemical purity is freedom from foreign matter.

Sources of Impurities:
The various sources of impurities in pharmaceutical substancesfaliewas:

1. Raw Materials:

1 Pharmaceutical substances are either isolated from natural sources or synthesized from chenical

starting materials which have impurities.

[0 Impurities associated with the raw materialay be carried through the manufaotgrprocess to
contaminate the fa product.

2. Method of Manufacture:

1 The Process or method of manufacture may introduce new impurities.

(1 Due to impure reagents, catalysts and solvents, reaction vessels atdnr@atermediates
employed at variosistages.

(A) Reagents employedn the manufacturing process:

MCal cium carbonate contains O0soluble alkali o
(1 Anions like CI and S@-2 are common impurities in many substances because of the use @f

hydrachloric acid and sulphuric acid respeely
S S D BHAVANI RAJA
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1 Barium ion may be an ipurity in hydrogen peroxie
(B) Regents used to eliminate other impurities:

Barium is used to remove sulphate from potassium bromide, which can be found itself (barium)jas
impurity & the end of process.

(C) Solvents:

Small amounts of solvents employedpreparation, and purification of the product may also result in

the contamination of the pharmaceutical substances.

Water is the cheapest solvent which can be the major sourogwfties as it contains differentge
of impurities like C2+, Mg2+ ,Na+, Cl-, CO3-2 and S@&-2 in trace amounts.

(D) Intermediates: Sometimes, an intermediate substance produced during the manufacturifg

process may contaminate the final product
e.g. Sdium bromide is prepared by reactiof sodium hydroxide and bromineshght excess.

6NaOH+3B2Y NaB+5NaBr+3RO ¢é

(1) The sodium bromate an intermediate product is reduced to sodium bromide by heating the residue
with charcoal.

NaBra3+3CY NaBr + 3 CO ¢é

(2) If sodium lbpomate is not completely convertadthe sodium bromide then it is likely to be present
as an impurity.

(E) Atmospheric contamination during the manufacturing process:

Atmosphere may contain dust (aluminium oxide, sulpsilica, soot etc.) and somaggs like carbon
dioxide, sulphur dixide, arsine and hydrogen sulphide. These may contaminate the final product

during the manufacturing process.

e.g. sodium hydroxide readily absorbs atmospheric carbon dioxide when eipasadsphere.
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2NaOH+CQY N&O03+ H20

(3) Manufacturing hazards:

If the manufacturer is able to control and check impurities from the all above mentioned sources there

exists certain manufacturing hazards which can lead to product contamination.

(A) Contamination from the particulate matter:

[1 The unwanted particulate matter can arise by accidental introduction of dirt or glass, porcel
plastic or metallic fragments from sieves, granulating, tabletting and filling machines and the prod
container.

(B) Cross-contamination of the product:

Crosscontamination of product can occur by-born dust arising out of handling of powders,

in,

ct

granules and tablets in bulk. If 2 or more Products are manufactured in same time this type of

contamination is possible.

(C) Contamination by microbes:
1 Many products, like liquid preparations and creams intended for topical applications are liable
contamination by microbes from the atmosphere during manufacturing. Microbes like Bacteria, fun

Algae etc can contaminate the final product.

(D) Errors in the manufacturing process:
[1 Sometimes in a liquid preparation, there is incomplete solution of the solute.

(1 A error on the efficiency of mixing, filling, tabletting, sterilization etc arise impurity in final
product.

(E) Errors in the packaging:

pi,

[ Similar looking products, such as tablets of the same size, shape and colour, packed in sinjilar

containers can result in mislabeling of either or both of the products.
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(4) Instability of the product:
(A) Chemical instability:
[ Impurities can alsarise during storagéecause of chemical instability of the pharmaceutical

substance.

[1 Many pharmaceutically important substances undergo chemical decomposition when storgge

conditions are inadequate.

1 This chemical decomposition is often catalyzedigit, traces of aciar alkali, traces of metallic

impurities, air oxidation, carbon dioxide and water vapours.

(B) Changes in physical properties:
[1 Pharmaceuticals may undergo changes in physical properties during storage.
There can be changes imystal size and shapesedimentation, agglomeration and caking of the

suspended particles.

(C) Reaction with container material:

1 The possibility of reaction between the container material and the contents can be possible.
1 Preparations susceptiblereection with metal arfaces
[1 e.g. salicylic acid ointment must not be packed in metal tubes.

[1 Plastic containers and closures have tendency to give undesirable additives, such as plastici
particularly in the presence of nagueous solvents.

(D) Temperature:

[1 The rate d chemical decomposition and physical changes of stored products depends upon

temperature.

[1 The susceptible substances may have temperature storage requirements assigned to them in on

protect them against undesiradiemmposition.
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Limit Tests

1 Limit = a value or amount ¢ is likely to be present in a substance
1 Test=to examine or to investigate

[1 Limit test is defined as quantitative or semi quantitative test designed to identify and control smgll
guantities of impurity which is likelp be present in the substance
1 Limit test is generally carried out to determine the inorganic impurities present in compound. jn
short, limit test is nothing but to identify the impurities present in the substance and compare it wjth
standard.

Importan ce of Limit tests:

1 To find out the hamful amount of impurities

1 To find out the avoidable/unavoidable amount of impurities

Limit Test for Chloride

Principle:
Limit test of chloride is based on the reaction of soluble chloride with silver nitrgieesence of

)

dilute nitric acd to form silver chloride, which appears as solid particles (Opalescence) in the solutiop.

- dil.HNO4
c AgNO; ———3= AgCl 4+ NO;
soluble
Insoluble
Procedure:
Test sample Standard compound (25 ppm G)
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Specific weight of compound is Take 1ml standard solution of chlorid
dissolved inwater or solution is prepareq in Nessler cylinder
as directed in the pharmacopoeia al

transferred in Nessler cylinder

Add 10 ml of nitric acid Add 10 ml of nitric acid

Dilute to 50ml in Nessler cylinder Dilute to 50ml in Nessler cylinder
Add 1ml of AQN@B solution Add 1ml of AQNCB solution

Keep aside for 5 min Keep aside for 5 min

Observe the Opalescence/Turbidity Observe the Opalescence/Turbidity

Standard chloride solution:

5ml of 0.0824 % W/V soltion of sodium chloride in IDmI of water.
Observation:

The opalescence produce in sample solution should not be greater than standard solutior]. If
opalescence produces in sample solution is less than the standard solution, the sample will pasg the
limit test of chloride and weversa.
Reasons:

Nitric acid is added in the limit test of chloride to make solution acidic and helps silver chloride

precipitate to make solution turbid at the end of process.

Limit Test for Sulphate

Principle:

Limit test ofsulphae is based on the re#on of soluble sulphate with barium chloride in presence of
dilute hydrochloric acid to form barium sulphate which appears as solid particles (turbidity) in tH{e

solution.
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CHACOOH
8(342- + BaC|2 — BaSO4 + 2CI

soluble

Procedure:

Test sanple Standard compound

Specific  weight of compound is| Take 1ml of 0.1089 % W/V solution of

dissolved in water or solution i potassium sulphate in Nessler cylinder
prepared as directed in th
pharmacopoeia and transferred
Nessler cylinder

Add 2mlof dilute hydrochloric acid Add 2ml of dilute hydrochloric acid

Dilute to 45 ml in Nessler cylinder Dilute to 45 ml in Nessler cylinder

Add 5ml of barium sulphate reagent | Add 5ml of barium sulphate reagent

Keep aside for 5 min Keep aside for 5 mi
Obseve the Turbidity Observe the Turbidity

Barium sulphate reagent contains barium chloride, sulphate free alcohol and small amount
potassium sulphate.

Preparation of ethanolic sulphate standard solution (10 ppm S@-):

Dilute 1 volume of a 181% w/vsolution of potasam sulphate in ethanol (30%) to 100 volumes with
ethanol (30%).

Preparation of sulphate standard solution (10 ppm Sa@g-):

Dilute 1 volume of a 0.181% w/v solution of potassium sulphate in distilled water to 100 volumes wi
distilled waer.

Observation:
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The turbidity produce in sample solution should not be greater than standard solution. If turbiolty

produces in sample solution is less than the standard solution, the sample will pass the limit te
sulphate and vice versa
Reasons:

1 Hydrochloricacid helps to make solution acidic.

[1 Potassium sulphate is used to increase the sensitivity of the test by giving ionic concentration in

reagent

1 Alcohol helps to prevent super saturation.

Limit Test for Iron
Principle:
Limit test of Iron is base@n thereaction of iron in ammonical solution with thioglycollic acid in

presence of citricad to form iron thioglycolate which is pale pink to deep reddish purple in color.

. CH,SH \F __—-0oc
Fe?* + 2HSHCH,COOH ——»| ~ _'Fe | 4 ot
CoO \
HSCH,
Procedure:
Test sample Standard compound 0 ppmFe)

Sample is dissolved in specific amount ¢ 2 ml of standard solution of iron diluteg
water and then volume is made up todl0 | with water upto 40ml
Add 2 ml of 20 % w/v of citric acid (iron| Add 2 ml of 20 % wi/v of citric acid (iron

free) free)
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Add 2 drops of thioglycollic acid Add 2 drops of thioglycollic acid

Add ammonia to mke the solution alkaline| Add ammonia to make the solution alkalin
and adjust the volume to 50 ml and adjust the volume to 50 ml

Keep aside for 5 min Keep asie for 5min

Color developed is viewed vertically an( Color developed is viewed vertically ang

compared with standard solution compared with standard solution

Iron Standard Solution (20 ppm Fe)

Dilute 1 volume of a 0.1726 per cent wgulution of feric ammonium sulphatén 0.05 M sulphuric
acidto 10 volumes withwater. Contains iron in ferc state.

Earlier aamonium thiocyanate reagent was used for the limit test of iron. Since thioglycolic acid
more sensitive reagent, it has replaced ammomioeyanate in the test.

Observation:

The purple color produce in sample solution should mogteater than standard solution. If purple
color produces in sample solution is less than the standard solution, the sample will pass the limit
of iron ard viceversa.

Reasons:

[1 Citric acid helpsin to prevent precipitation of iron by ammonia by forming a complex with it.

1 Thioglycolic acid helps to oxidize iron (I1) to iron (III).

[1 Ammonia to make solution alkaline

Limit Test for Lead

Lead is a most undesirable impuritymedical compounds and comes through use of sulphuric acid
lead lined apparatus and glass bottles use for storage of chemicals.

Principle:
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Limit test of lead is based on the reaction of lead and diphenyl thiocabazone (dithizone) in alkal
solution to brm lead dithizone complex which is read in color.
Dithizone is green in color in chloroform and ledithizone complex is violet in color, so the resulting

color at the end of process is red.

CeMs TGHS
NH-NH-C¢Hs  Alkaline /NH—N\F)b /N:N\
PbH+ 2S=C —» & N>
Medium C\ / N-N —
N:N-CGH5 N=N |
Lead CeHs

L ead dithizonate complex

Procedure:

Test sample Standard compound

A known quantity of sample solution i§ A standard lead solution is prepare
transferred in a separating funnel equivalent to the amount of lead permitte

in the sample under examination

Add 6ml of ammonium citrate Add 6ml of ammonim citrate

Add 2 ml of potassium cyanide and 2 ml ¢ Add 2 ml of potassium cyanide and 2 ml ¢

hydroxylamine hydrochloride hydroxylamine hydrochloride

Add 2 drops of phenol red Add 2 drops of phenol red

Make solution alkaline by adding ammoni| Make solution alkaline by adding ammoni

solution. solution.

Extract with 5 ml of dithizone until it| Extract with 5 ml of dithizone until it

becomes green becomes green
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Combine dithizone extracts are shaken fi Combine dithizone extracts are shaken f
30 mins with 30 ml of nitric acid and the 30 mins with 30 ml of nitric acid and the

chloroform layer is discarded chloroform layer is discarded

To the acid solution add 5 ml of standar To the acid solution add 5 ml of standai

dithizone solution dithizone solution

Add 4 ml of ammonium cyanide Add 4 ml of ammonium cyanide
Shake for 30 mins Shake for 30 mins

Observe the color Observe the color

Preparation of standard lead solution (1 ppm Pb):

Dissolve 0.400 g of lead nitrate in water contagn2nml of dilute nitric acid and add sufficient water
to produce 250.0 ml. This gives

standard lead solution (1% Pb)

Standard lead solution (1 ppm Pb) is prepared by diluting 1 volume of standard lead solution (1%
to 1000 volumes with water.

Preparation of dithizone extraction solution:

Dissolve 30 mg of dithizone in 2000 ml of chloroform and add 5 ml of ethanol (95%). The solution

stored in refrigerator. Before use, the solution is shaken with about half of its volume of 1% v/v nitjic

acid soldion ard acid is discarded.

Preparation of Dithizone standard solution:Dissolve 10 mg of dithizone in 1000 ml of chloroform.
Observation:

The intensity of the color of complex, is depends on the amount of lead in the solution. The cq
produce in sampl soluton should not be greater than standard solution. If color produces in samp
solution is less than the standard solution, the samitiigpass the limit test of lead and vice versa.
Reasons:

) Ammonium citrate, potassium cyanide, hydroxylaminerbgtloride is used to make pH optimum

so interference and influence of other impurities have been eliminated.
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(1 Phenol red is used as indicator to develop the color at the end of process

1 Lead presnt as anmpurities in the substance, gets separateekinactng an alkaline solution with

a dithizone extraction solution.

Limit Test for Arsenic

Principle:

Limit test of Arsenic$ based on the reaction of arsenic gas with hydrogen ion to form yedimaost
mercuric chloride paper ijpresence of reducing agents like potassium iodide.

It is also called a&utzeit testand requires special apparatus. Arsenic, present as arsehio He
sample is reduced to arsenious acid by reducing agents liksspotaiodide, stannous acid, zinc
hydrochloric acid, etc. Arsenious acid is further reduced to arsine (gas) by hydrogen and reacts

mercuric chloride paper to give a yellow stai

AS? 3 HiASO,
(Arsenic acid)

HaASO, 5 HiASO3
(Arsenic acid) (Arsenious acid)

H3AsSO3 . 3H, » AsHy(g)+ 3H0

(Arsenious acid) Arsine

Arsine  Mercuric chloride (Yellow stain)

The depth of yellow stain on mentc chloride paper will dependoan the quality of arsenic present
in the sample.
Procedure:

Test solution:
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The test solution is prepared by dissolving specific amouwater and stannated HCI (arsenic free)
and kept in a wide mouthed bottle. To thedution 1 gm of Kl, 5 ml of stanous chloride acid solution

and 10 gm of zinc is added (#tlese reagentaust be arsenic free) Keep the solution aside for 40 min
and sain obtained on mercuric chloride paper is compared with standard solution.

Standard solution:

A known quantity of dute arsenic solution is kept in wide mouthed bottle and rest procedure i§
followed as described in test solution.

| < H-—» Hgcl, paper

4

Lead
P
- acetate
wool

Clip

Figure 1 : Aresenic Limit Test Apparatus

Apparatus as per IP 096:
This apparatus has following parts:
1 Approximately 60 ml generator botthdgth 40 ml indicating line.
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(] Glasstube with 6.5 mm inner diameter

1 A ground joint glass tube with 6.5 mm inner diameter and 18 mm outer diameter at the joint. Inn

joint and the outer joint form a concentricabd.
1 Rubber stopper
1 Narrow part of the glass tube B. Glass woohgerted up to this part.

] Lead acetate cotton plug or wool
Reasons:

[1 Stannous chloride is used for complete evolution of arsine
(1 Zinc, potassium iodide and stannous chlorgdased as a reducing agent
[1 HCl is used to make the solution acidic

1 Lead acetate pledger or papers are used to trap any hydrogen sulphide which may be evolved 4

with arsine.

Limit Test for Heavy Metals

Principle:

Limit test of heavy metals isaleed on the reaction of metallic impurities with hydrogen dalfin
acidic medium to form brownish colour solution.

Metals that response to this test are lead, mercury, bismuth, arsenic, antimony, tin, cadmium, sil
copper, and molybdenum.

The metalilc impurities in substances are expressed as parts of lead per million parts of the substa

The usual limit as per Indian Pharmacopoeia is 20 ppm

Heavy metals + H,SNa,S ——— = Heavy metals sulphides
(Brownish colouration)
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Procedure:

The Indian Pharmacopoeia has adopted four methodseftirrtih test of heavy metals.

Method A:

Use for the substance which gives clear colorless solution under the specific condition.

Test sample

Standard compound

Solution is prepared as per the monogra

and 25 m i s tran

cylinder

Take 2 ml of standard lead solution an
dilute to 25 ml with water

Adjust the pH between 3 to 4 by addin

dilute acetic acid or dilute ammonia solutio

Adjust the pH between 3 to 4 by addin

dilute acetic acid or dilute ammonia solutio

Dilute with waterto 35 ml

Dilute with water to 35 ml

Add freshly prepared 10 ml of hydroge

sulphide solution

Add freshly prepared 10 ml of hydroge

sulphide solution

Dilute with water to 50 ml

Dilute with water to 50 ml

Allow to stand for five minutes

Allow to stand for five minutes

View downwards over a white surface

View downwards over a white surface

Observation:

The color produce in sample solution should not be greater than standard solution.

If color produces in sample solution is less than thedstdrsolution, the sample will pass the limit

test of heavy metals and vice versa.
Method B:

Use for the substance which do not give clear colorless solution under the specific condition.
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Test sample

Standard compound

Weigh specific quantity of testubstance,
moisten with sulphuric acid and ignite on
low flame till completely charred Add few
drops of nitric acid and heat to 500 °(
Allow to cool and add 4 ml of hydrochlorig
acid and evaporate to dryness Moisten t
residue with 10 ml of hydrochloricid and

digest for two minutes Neutralize with
ammonia solution and make just acid wit

acetic acid

Take 2 ml of standard lead solution ar

dilute to 25 ml with water

Adjust the pH between 3 to 4 and filter

necessary

Adjust the pH between 3 to 4yladdng
dilute acetic acid or dilute ammoni:

solution

Dilute with water to 35 ml

Dilute with water to 35 ml

Add freshly prepared 10 ml of hydroge
sulphide solution

Add freshly prepared 10 ml of hydroge
sulphide solution

Dilute with water to 50 fn

Dilute with water to 50 ml

Allow to stand for five minutes

Allow to stand for five minutes

View downwards over a white surface

View downwards over a white surface

Observation:
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The color produce in sample solution should not be greater thadasda®lution. If color produces in
sample solution is less than the standard solution, the sample will pass the limit test of heavy mqtals
and vice versa.
Method C:

Use for the substance which gives clear colorless solution in sodium hydroxide solution.

Test sanple Standard compound

Solution is prepared as per the monogra| Take 2 ml ofstandardead solution
and 25 mi S trar
cylinder or weigh specific amount o
substance and dissolve in 20 ml of wat
and add 5 ml of dilute sodium hydroxid;

solution

Make up the volume to 50 ml with water | Add 5 ml of dilute sodium hydroxide
solution and make up the volume to 50 1

with water

Add 5 drops of sodium sulphide solution | Add 5 drops of sodium sulphide solution

Mix and set aside fab min Mix and set aside for 5 min

View downwards over a white surface View downwards over a white surface

Observation:
The color produce in sample solution should not be greater than standard solution. If color produces in
sanple solution is lesthan thestandard solution, the sample will pass the limit test of heavy metals
and vice versa.

Method D:
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Standard Solution:
Pipette 10.0 ml of either standard lead solution (1 ppm Pb) or standard lead solution (2 ppm Pb) info a
small Nessler cylindetabeleda St andardo. Add 2.0 ml of the]t
Test Solution:
Prepare as directed in the individual monograph and pipette 12 ml into a small Nessler cylingler
| abel ed as ATest o.
Procedure:

Add 2 ml of acetate buffepH 3.5 to each of th above Nessr cylinders, mix, add 1.2 ml of

thioacetamide reagent and allow to stand for 2 minutes. Compare the colour by viewing verticglly

downwards over a white surface. The colour produced with the test solution is not more tinééns

than producedavith the sandard solution.
MODIFIED LIMIT TEST FOR CHLORIDES

Principle:

Modified limit test is performed; if the limit tests for a sample (Coloweshpound)cannotbe done
by normal method.For example,potassiumpermanganaté de-colourisedby boiling with ethanol,
filtered to removeprecipitatednanganesdioxide andthefiltrate is subjectedo thetest.

It is based upon the chemical reaction between silver nitrate and soluble chlorm#aitosiler

chloride in presence of dilute nitraxid. The silver chloride producedtive presenceof dilute nitric

acid makesthe testsolutionturbid, the extentof turbidity/opalescencdependinguponthe amountof

chloride presentin the substancds comparedwith a standardturbidity/opalescenceroduced by

additionof silver nitrate to a standard solution having a known amount of chloride arzhihe
volume of dilute nitric acid asusedin the testsolution. If the turbidity/opalescence from the spla

has been less than the standard solutiorsdahgplewill pass the limitestand vice versaDilute nitric

S S D BHAVANI RAJA




«»2 MARRI LAXMAN REDDY
' INSTITUTE OF PHARMACY
Approved by AICTE & PCI, Affiliated to JNTU Hyderabad

Dundigal, Quthbullapur (M), Hyderbad 500 043

acid isused in the limittest of chloride to make solution acidic and which helps silver chloride
precipitate tanakesolutionturbid at theendof process.

Reactions:

Dil. HNO:
NaCl+ AgNO; ————— AgCl y+ NaNO;

Dil. HNO; )
CT+AgNO; ——m— Agc:l} +NO;3

2 KMnOs + 3 C:Hs0H —= 3 CH3CHO + 2KOH + 2 MnO: + 2H20

Procedure:

Preparation of Test Solution KMnO 4):

Dissolvel.5gin 50 mL of distilled water, heat on a watéath and add gradually 6 mL of ethanol
(95%)), cool, dilute t®0 mL with distilled waterandfilter.
Take two 50 mL Nesser Cylinders. Labd oneasii T & énd theother as AStandard.

Test Standard
Take 40 mL of the above test solutionin | Take 10 mL of chloride standard
Nessler cylindel;. solution (230 ppm CI) and 5 mL ofwater
Add 1.0 mL of dilute nitric acid Add 1.0 mL of dilute nitric acid
Dilute to 50 mL with distilled water Dilute to 30 mL with distilled water
Add 1.0mL of 0.1 M AgNO3 solution Add 1.0mL of 0.1 M AgNO3 solution

Stir immediately with glass rod and allow to stand for 5 minutes protected

from light

Observation: The opalescence produce in sample solution should naojréeterthan standard
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solution.If opalescenceroducedn samplesolutionis lessthanthestandardsolution,the samplewill
passhelimit testfor chlorideandvice-versa.

NOTE:

. Chloride standard solution (250 ppm CI): Dilute 50 mL of 0.0824%w/v solution of sodium
chlorideto 100mL with distilled water.

. Dilute nitric acid: Dilute 1.06 mL of conc. Nitric acid in sufficient distilledwaterto producel00
mL.

. 0.1 M Silver nitrate: Dissolvel.7 g of silver nitrateto 100 mL with distilledwater.

. The quantitative and semiquantitative  determinationof chloride contamination is
also possibléor watersolubleorganiccompounds.

. Thistestis notusedfor waterimmiscible liquids.

The opalescencén the sampleand standardsolutionis comparedby keepingthe Nesslercylinders

againstdarkbackgroundandobservingsideby side.
MODIFIED LIMIT TEST FOR SULPHATES

Principle:

Modified limit test is performed; if the limiests for a sample (Colouredmpound)cannotbe done
by normal method.For example,potassiumpermanganaté de-colourisedby boiling with ethanol,
filtered to removeprecipitatednanganesdioxide andthefiltrate is subjectedo thetest.

The limit tes for sulphate is carried out on the basistlo reaction between bariuahloride and
soluble sulphates in the presence of acetic acid. Then, the compatiserturbidity produced by a

given amount of the substance is done with a standability obt&ined from a known amount of
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sulphate. The bam chloride has beereplaced by barium sulphate reagent which is having barium
chloride, sulphatdéree alcohol, and a solution of potassium sulphate. Potassium sulphate has been
added toincreasethe sensitivty of the test. The ionic concentrationsan the reagenthas beenso
adjusted that the solubility product of barium sulphate gets exceeded, and tBmargmount of
barium sulphate present in the reagent acts as a seeding agenecipitation of baum sulphate, if
sulphate be present in thebstance under tesflcohol helpsto preventsupersaturationand thus
producesa moreuniform opalescence/turbidity. Acetic acid helps to make solution acidic and bariung

sulphateprecipitateformedis insolubke which givesturbidity/opalescence.

Reactions:
K2SO: + BaCl, 228284 paso 4+ 2 Kl
SO + BaCly —=t2¢d _ BasOsbr2 01

2 KMnO; + 3 C;H;OH—3 CH;CHO + 2KOH + 2 MnQ, + 2H,0

PROCEDURE

Preparation of Test Solution KMnO4):
Dissolve 1.5 g in 50 mL of distillediater, heat on a watéath and add gradually 6 mL of ethanol
(95%), cool, dilute t60 mL with distilled waterandfilter.

Taketwo 50 mL Nesser Cylinders. Labé oneasfi T & and theotheras AStandard.

Test Standard
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Take 10 mL of the abovetest solutionin Mix 15mL of sulphatestandard
Nesslercylinder. solutionand15 mL of distilled wateiin a
Nesslercylinder

Add 0.15mL of 5.0M aceticacid Add 0.15mL of 5.0M aceticacid

Add 2.5 mL of bariun sulphate |Add2.5mL of bariumsulphate

reagent reagent
Add sufficientdistilled waterto Add sufficientdistilled waterto
produce50 mL produce50 mL
Stirimmediatelywith glassrod andallow to standfor 5 minutesprotected
from light

Observation:

The opalescence produce in sample solution should not be gthaterstandard solution. If
opalescence produces in sample solution is less thastahdardsolution,the samplewill passthe
limit testfor sulphatesndvice-versa.

Note:

. Barium Sulphate Reagent Mix 10 mL of 25% w/v solution of bariunchloride and 15 mL of
ethanolic sulphate standard solution (10 ppm)S@dallow standingfor 1 minute. It shouldalways
bepreparedresh.

. Sulphate standard solution (600 ppm S@): Dilute 60 mL of a 0.18% w/v solution of potassium
sulphate in distilled water to 100 mL with the sasoévent.

. Ethanolic sulphate standard solution (10 ppm S@): Dilute 1.0 mL of &.181% w/v solution of

potassium sulphate in ethanol (30% Y100 mL withthe same solvent
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4. 5.0 M Acetic acid: Dilute 28.5 mL of glacial acetic acid in sufficient distilladiterto produce100
mL

5. Thistestis notusedfor waterimmiscibleliquids.

6. The opalescence in the sample and standard soluticompared by keepirthe Nesslercylinders

againstdarkbackgroundandobservingsideby side.

UNIT -l

Acids and Bases

INTRODUCTION

Electrolyteswhendissolvedn water, splitup into two or moreelectricallychargedoarticles.
In 1887, Arrhenius explained this property of electrolytes, and hence, it is knddrhasius theory

of electrolyte dissociation

Thechargedarticleswhich are formedvhenthe electrolytas dissolvedn water,are
called ions, and this process isledlionization. The process of ionization is reversible. Thess

may have positive or negative charge. The total humber of positive charges is equaldialthe
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numberof negative chargem the solution. Sinceahey are charged they areresponsible fotarrying
theelectriccurrent through the solution.

Theextent ofionization isgiven bytheratio ofthe totalnumber ofdissociated molecules

to the number of molecules dissolved. The degree of ionization can be increased by diluting

solutionin caseof weakelectrolytes.

ACIDS AND BASES

Brgnstedand Lowry defined acids as substances whiclare able to donate protons, and basesas
substancewhich accept protons.

BH B'+H* _—

In the above example, BH is an acid because it donates protoniaisdaB anion liberatealy the
deprotonation ofheacid. B behaves likabaseso it iscalledconjugatebase

Acids canbe classifiednto strongacidsandweakacids.

1. Strong acids get dissociatedalmostcompletely,e.g., hydrochloric acid,sulphuricacid.This is

becausehe conjugatebasef theseacidsarevery weak (havelessaffinity for the proton).

2. Weak acidsget dissociated partially, e.g., acetic acid, carbonic acid. This happeassdhe
conjugatebases of thesacids arestrong (havegreateraffinity for proton).
Sincethedissociatiorof the weakacidsis partial, the equilibrium constanfor the dissociatioreaction

of theweak acidBH) can bewritten asfollows:

BH B'+H* >
By applyingthelaw of massactionatequilibriumKa= [B][H"]
[BH]
Kais dissociatiorconstant
The equilibrium constantsfor ionization reactionsare commonly called ionization or dissociation
constant (Ka).
Theabove equationanberearrangeds:
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[H'] =Ka [BH]

BT
By multiplying the above equation byl and taking logarithm of both sides, the follonéxgression
can bederived:
i [H'] =1 Ka [BH]
[B1]
i log1l0[H+] =T loglo0Kai log10[BH]

[B7]
I logl0[H™]is pH

As the hydrogen ion concentration increases, the fptheosolution decreases. As thgdrogenion
concentratiordecreaseqH will increase. Hydrogeion concentratiomndpHarereciprocally related.
pH =pKa +log10[B] -
[BH]
pH = pKa +1log10 [Conjugate base]
[Acid]
This expression is calledHendersonHasselbalch equation If the conjugate base and acid

concentration is the same, theH = pKa. The value of pKa is lower for strong acids and hifbrer
weak acids.

BUFFERS

Buffers are solutions thagsist changes in the pHbf a when acid or alkais added. The buffeystem
has an acid component and salt component. Buffers are prepared by mixing a weald @sidalt
with astrongbaseor by mixing weakbaseand its salt with atrongacid.

Mechanism of Buffer Action
When a strong acid is added, protons are scavenged by the salt component of the buffer sygem.

Similarly, whenanalkali is addedacid componentvill get deprotonatedndthe alkali combinewvith

theproton to form water.
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Acetatebufferis madeup of acetc acidandsodiumacetatéAceticacid / Sodium acetate
CH3COOH/ CH3COONa

(@ Whenacid like HCI is addedto the acetatebuffer system,CH3COONa (sodiunacetateyets
converted taCH3COQ (acetate)Acetatecombines withthe protonsreleased by

thestrongacidsto give aceticacid,which is aweakacid,andthe changén pH is verysmall.
CH3COONat+ HCI —  , CH3COO +Na"

CH3COO +H* ——» CH3COOH

(b) When a strong alkali like NaOH is added, OK combines withthe H+ released bythe
CH3COOHTto formwater. Na+ combines with acetateform sodium acetate.

NaOH ———» Na+OHi

H"+OHi —»H.0

According to HenderseHhlasselbalch equation, when the concentration of the salt compamtie
acid component of the buffer system is equal, pH of the solution egialsAt this pHbuffer can

respond equally tboth added acid as wels the alkali.

Buffering Capacity
Capacity of the buffer to resist the change in the pH of a solution when an acid or alkali is adde
called buffering capacity. It is estimated by calculating aheount of acid or alkali required to
changethe pH of one litre of buffer by oneunit.
Buffering capacitydependsipon thefollowing factors:

The concentration of the acid and basecomponentof the buffer
As the concentrationof acid and base component dhe buffer increasespufferingcapacityof the
buffer also increases.

The pH of the Buffer
Buffer canactbestat pH = pKa, andits buffering rangeis aboutonepH unit aboveorbelowthe pKa

value.

Preparing a Buffer Solution
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There are a couple of ways to prepare a buffer solution of a specific pH. In the first npedpadea
solutionwith an acidand itsconjugate basby dissolvingthe acidform of the bufferinabout 60% of
the volume of water required to obtain the final solution volume. Then, methsupél of the solution
using a pH probe. The pH can be adjusted up to the desired value asimiggabase like NaOH. If the
buffer is made with a base and itswg@ate acid, the pH can lagljusted using a strong acid like HCI.
Once the pH is correct, dilute the solution to the fdediredvolume.

In a third method, you can determine the exact amount of acid and conjugate base needezhto
buffer of a certan pH, using the HendersorHasselbachequation:Alternatively,you canprepare
solutions of both the acid form and base form of the solution. Both solutionscontainthe same
buffer concentratiomasthe concentrationf the buffer in the final solution. Togetthefinal buffer, add
onesolution to theotherwhile monitoringthe pH.

pH=pKal og ([ AT] [ HA] )

where pH is the concentration of [H ], pKa is the acid dissociation constant, and [t§x&{#d
[text{HA}] areconcentrations of theonjugatebaseand starting acid.

Isotonic Buffers

The addition of any compound to a solution will affect the isotonicity since isotonicityrigparty of
the number of particles in solution. So the osmotic pressure of a solution \aifielséed not only by
the drug it also by any buffer compounds that are included inféhmulation. But after these
compounds havéeenadded,it is still possiblethat the solution will not be isotonic. It may be
necessary to add addmal sodium chloride to bring the solutiorigotonicity, but that would require
doing thecalculations as showabove.

An alternativeto thisapproachs to usean isotonicbuffer. Therearetwo approachew usingsotonic
buffers.

Isotonic Solution

Imagine you're in the hospital and the nurse hooks you up to an IV. What is in that IV? ls/atgrst
No way. If you were pumped full of pure water, your blood cells would burst. irorble would that
be?ThatlV is full of saline,aliquid withthesame concentratioof solutesasyour blood cells. Why is

this important? Because you want your blood cells to sit in an isaohiton.
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An isotonic solution is when two solutions, separated by a semipermeable membrane, have e
concentrations of solutes and water. Imagine you're at a party and there are an equal ngubstsof
in the living room and in the kitchen. It doesn't make much of a difference whergaralibecause
you are equally as comfortable in either room. You hage g8 much space, yman move justs
easily,and you have equal accassfood. Youdon't spendh lot of energytrying to get out of one
room or into another. This party is like an isotonic solution; everythetgsfrom room to room.

Now, compare this with a party where the living room is packed full of guests, while thenel\aee
few in the kitchen. | don't know about you, but | would be trying to get to the kitchéastasas
possible. The concentration in each room is differeatpeople are moving around trytegequal

things outNaturelikes equalityand that is apparemthen it comes to solutions.

Methods of adjustment of Isotonicity

FreezingPoint Method:
The lachrymal secretion contains several solutes in it and has a freezing pethba5iC. All
solutions, which freeze a.52°C, will be isotonic with the lachrymal fluid. Human blgadsma also
freezes at this temperature and hence solutions hawegirig point at0.52°C willbe isotonic with
blood plasma as well.
Adjustment of tonicity is simplified if the freezing points of the medicament and the inert sa
(adjusting substance) are known for various strengths of their solutions. Freezing poudsadly
expressed in terms of 1% solutions and one can calculate the quantity by multiplfiegzihgpoint
with the factor.
Thefollowing, equationis useful:
Freezing point of tear secretion Freezing point of drug freezing or human Blood plasrmdof the
adjusting substance.
Thereforeghe amounof adjustingsubstanceequiredmay be calculatedrom theequationvhere:

W =the weight, in g, of thaddedsubstancen 100 mL of thefinal solution;

ual

a = the depression of the freezing point produced by the medicament already present in solufon,

calculated by multiplying the value for the medicament by the strength of the solution exasassed
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percentagev/v; and

b =the depressionf the freezing poindf waterproduced byl % of the adjustingsubstance.
Molecular Weight Method:

Freezing point of a solute depends on the concentration of the solute dissolved therein.tlégreatenq

concentration of the solute, lower is the freezing poimtother words it depends on thamberof

ions (morecorrectly, the numberof effective ions), the weightof the substancand itsmolecular

weight. The concentration for 0.9% solution of sodium chloride can be exprestsalfatiowing

manner:
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Where
g = No. of gramof sodiumchloride(g)n = No. of effectiveions (n)
m = molecular weight of sodium chloride (m) i.e. isotonicity factor for sodium chloride is ®id&
0.9% solution of sodium chloride (normal saline) is isotonic with body fluids, 0.03 wilhébe
isotonicity or tonicity factor for tear secretion anddioplasma as well. Thus quantities foaking
eye solutions can be calculated by equating the value of 0.03 with the taoiaitijputedby the drug
and the additive(s).
The following equationis employedfor calculating the quantity of the additive(s):
whereg, n andm denote thaveightin gram, effectiveion concentratiorand molecularweight ofthe
medicament, respectively. Values followed by subscript 1 or 2 in the equation above tieéefirst
additive or the second additive (if present). Effeztivonic concentration can lscertainedrom the
following generalizations;
n =1 for nonionisablesubstances, e.dextrose
n = 1.5 forpartially ionisablesolutesin two ions, e.gsilver nitraten = 2 for highly ionisablesolutes in
two ions e.g. sodium chloride
n = 2 for partially ionisablesolutes inthreeions, e.gsodium sulfate

Sodium Chloride Equivalent Method:
This is the simplest method and is based on the sodium chloride equivalents of variouSattiugs.
chloride equivalent ofa drug representshe amount ofsodiumchloride equivalento 1 gof the drug.
The method avoids tedious calculation. Sodium chéoeiquivalents of som@mmondrugs aragiven
in thefollowing table.
It canbe memorizedhat0.27 gof sodiumchloride make80 mL of a 0.9%solutionandthat 4.4grain
of sodium chloridanakes 1 fl 0z. 0&0.9%solution.

Isotonic solution V-Values:
Anothermethodfor adjusting tonicityis basedon V-values.Theisotonic solutioriV-valuesforsome of
the commonly used drugs are given in the following Table. Tival\e of a drug islefined as the
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volume of water in mL to be added to 0.3 ¢gtfed drug to make an isotorsolution. The addition of
an isotonic vehicle (diluting vehicle) to make 30 ml yields a d8lution (0.3 g drug in 30 ml).

Solutions prepared by this method areasonotic with0.9%sodiunchloride.

Major Intra and Extra Cellular Electrolytes
Introduction
About 56% of the adult human body is fluid. Although most of this fluid is inside the cellscatiéds
intracellular fluid, about one third is in the space outside the cells and is edliadellular fluid. The
extracellular fluid is in constant motion throughout the body. Irettieacellular fluid are the ions and
nutrients needed by the cellsr fthe maintenance of celluldife. Therefore, all the cells live in
essentially the same environment, the extracellular fluidwiuch reason theextracellular fluidis
called internal environmeiaif the body.
The body fluids are solutions of inorganic and organic solutes. The concentration balance of
variouscomponentss maintainedin orderfor the cellandtissueto havea constantenvironmentin
order for the body to maintain this internal homeost@ismeostasis means maintanacestatic or
constant conditions in the internal environment) there are regulatory mechanismsomkichpH,
ionic balance, osmotic pressure etc. The volume and composition of the bodydiyidseemendously
from one comprtment to another, and are maintained remarkably cordtapitethe vicissitudeof
daily life and thestress imposed by disease.
Disturbance of fluid and electrolyte metabolism involve four properties of the body Yoidme,
osmolarity, hydrogen ionconcentrationpH) and the concentration of othespecificions. The total
body water is divided into three compartments 1) the intercellular compartniiet &jtracellular
compartment, which consists of the plasma and the interstitial fluid and 3jrahscellular
compartmentwhich includesthe fluid within the gastrointestinakract, humor of theeye and the
excretory system of the kidneys and glandsicpedial, peritoneal, synoviaterebrospinafluid.
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All the body fluids intracellular, extracellular (interstitial, plasma or vascular) conédeasrolytes.
The electrolyte concentration varies in these fluids, it @% of body weight imtercelldar fluid,
interstitialfluid makesl2-15 % and plasmmakes 45% of bodyweight.

About 40% of intracellular fluid (4lts) is dense connective tissue i.e. bone and cartilage andtdoes
take part in quickxxchange of electrolytes with the remaining body. The rest ahtkestitial fluid IF
(6.6lts) and plasma (3.5lts) comprise the active part of the extracellular fluids. These fluid
compartments are separated from each other by membranes which are metowwatdrand many
organicandinorganicsolutes. Thewrenearly impermeablto macromolecules

e.g. proteins and selectively permeable to certain ions e.g. Na+, K+ and Mg+ as a resultheaeh of
fluid compartments has distinct solute pattern and the solution in each compartnamtally
balanced. For electro neutrality to exist in extradatlfiuid, the sum of theoncentration of cations
must be equal to the sum of the concentration of anionsexXthecellular fluid contains large amounts
of sodium, chloride and bicarbonate ions, phugrientsfor the cell suchas oxygen,glucose, fatty
acidsand amino acids. The intracellularfluid containslarge amounts of potassium, magnesium and
phosphatéons.

Measurement of electrolyte concentrations (plasma) is usually limited to Na+, K+ar@lHCOsl .
The sum of the concentration of sodium andheasured cations (Ca2+, Mg2+, Keguals the sum of
the concentration of Cland HCQi and unmeasured anions (phospahafgeteins, sulphates,
derivativesof organic acids). Thelifferencebetweenthe concentrationof unmeasured cations and
anion is known as anionic gap. Variation in this gap is a uskdigihosticindication to disorders of
acid basdalance.

The electrolytebalanceof the body is maintainedy aregulation betweethe intake and outpuof
water. Themtake of water includes the fluid taken orally and the release of water duriogidiagon
and other metabolic process in body.

Wateris eliminatedfrom body by urine, expiration(lungs), perspirationand feces.Excessivdoss of
water results in concemttion of body fluids which causes rise in osmotic pressure,rasuit water
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moves out from intracellular compartment to maintain the osmotic pressexeacellularfluid. This

results indehydratiorof cells.Lossof waterabove 20%mnay proveto befatal.

Calcium

About 99% of body calcium is found in bones and the remaining is present in extracellular flujd
compartment. Only 10% of the ingested calcium is absorbed from the intestinal tract and L
remainder is excreted with feces. The concentration of calciunagmal averages abautimg/dl, (9
10mg/dl). The calcium level in plasma is regulated within narrow limitgargthyroid hormone. The
calcium in plasma is present in three forms 1. About 40% is combitiedlasma proteins and is non
diffusible through theapillary membrane. 2. About 10%dembined with other substances of plasma
and interstitial fluid (citrate, phosphate for instanaedl is diffusible through the capillary membrane
in such a manner that it is not ionized. 3. Tamaining 50% calcium psent in plasma is diffusible
through the capillary membrane aihized. The plasma and interstitial fluid have a normal calcium
ion concentration of abodt2mmole/lt (or 2.4mEq/It because it is a divalent ion), a level only half of
the total plasmaaldum concentration.

Calcium is important for blood clotting and contraction of various smooth muscleardiovascular
system(CVS) Calcium is essentialfor contractioncoupling in cardiac musclesaswell as for the
conduction of electric impulse in cernaegions of heart. Calcium also plays falenaintaining the
integrity of mucosal membrane, cell adhesion and function of the individliahembranes well.
Hypercalcemia When the level of Calcium rises above normal, the nervous systéspriessedand

the reflux action of CNS can become sluggish. It also decreases the QT iofteheaheart which can
lead to cardiac arrhythmia. It causes constipation and lack of appetitepgagses contractility of the
muscle walls of the GIT. The depressivieet begins to appeavhenblood Calciumlevel risesabove
12mg/dl andoeyondl17 mg/dlcalciumphosphaterystalarelikely to precipitatethroughoutthe body.

This situationoccurs dueto hypoparathyroidismyitamin D deficiency, Osteoblasticmetastasis,
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steatorrhedfatty stools),Cushingsyndromé¢hyperactiveadrenal cortex)acute pancreatitis aratute
hypophosphatemia.

Hypocalcemia: Changein blood pH caninfluence thedegreeof calcium biding to plasmaproteins.
With acidosis less calcium is bound to plasma proteins. When calciunormmentration falls below
normal, the excitability of the nerve and muscle cells increasekedly.

Sodium

The sodium and its associated anions, mainly chloride, account for more than 90% of tha solut¢
extracellular fluid compartment. The concentration of sodium is 142mEg/| in extracdidiarand
10 mEqg/l in intracellular fluid. Plasma sodium is a rewdie indictor of plasmasmolarity under
many conditions. When plasmasodium is reducedbelow normal level a personis said to have
hyponatremia. When plasma sodium is elevated above normal level a persaid t® have
hypernatremia.

Hyponatremia: Decresed plasma sodium concentration can result from loss of sodium cfitmmde
the extracellularfluid. Conditionsthat causehyponatremiaowing to loss of sodiumchloride include
excessive sweating, diarrhea and vomiting and over use of diuretics that kidimey to conserve
sodium. Addisonds di sease, whhornbnealdestrorigingairst r ¢ m
theability of kidneysto reabsortsodium)can beoneof the causesf hyponatremia.

Hypernatremia: Hypernatremia is increased plasma sodium level which also incresisedarity,
can be due to excessive water loss from extracellular fluid, secretion of soeliaimnghormone

aldosterongcushing syndrome) excessitreatmentvith sodiumsalts.

Potassium

Potassium is major intracellular cation present in a concentration approximately 23 timethhigher
the concentration of potassium present in Extracellular fluid compartmentac&hatar fluid
potassium concentration is normally precisely regulated at 4.2mEq/l. This is becaus# thaogl|
functions aresensitiveto changen the extracellulafluid potassiuntoncentration.
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Increasdan potassiumconcentratiorcan causecardia arrhythmiasand higherconcentrationganead

to cardiac arrest by fibrillation. About 95% of body potassium is contained in the celislgrizbo in
extracellular fluid. Maintenance of potassium balance depends primarily ercitstionby kidney
becaus®nly 5-10 percents excretedn feces. Bothelevatedandlow levelf potassium, can batal,
Hypokalemia occurs dueo highintakeof potassium or ikkidney damage

while Hyperkalemia dueto vomiting, diarrhea,burns,diabeticcoma,over use of thiazidediuretics,
alkalosis etc.

Chloride

Chloride major extracellular anion is principally responsible for maintaining proper hydi@gioontic
pressureand normalcationanionbalancein vascularandinterstitial compartmentTheconcentration
of chlorideis 103mEq/lin extracellularfluid, and 4mEg/lin intracellularfluid.

Decreased chloride concentration can be the result of salt losing nephritis, leading totidnKeof
reabsorption of chloride, metabolic acidosis suchoamd in diabetes mellitus, in renf@ilure and
prolongedvomiting. Increasedconcentration othloride may be dueto dehydrationgecreased renal
blood flow found with congestive heart failure (CHF) or excessive chloptike.

Phosphate

Phosphate is therincipal anion of intracellular fluid compartment. Inorganic phosphate plahma
is mainly in two forms HP®- and HPQs- . The concentration of HRO is 1.05mmole/L and the
concentratiorof H2PQu- 0.26 mmole/L. When theotal quantity ofthe phosphatén extracellularfluid
risessodoesthe concentratiorof eachof theseions. WhenpH ofthe extracellular fluid becomes more
acidic there is relative increase in H2R@#d decrease ihWPQs- - and vice versa. Phosphorous is
essential for proper metabolism of calcium, normal laowkooth developmentdPQs-- and HPQs-
makes anmportant bufér system obody.

Bicarbonate

Bicarbonate is the second most prevalent anion in extracellular fluid compartment. Along wi

carbonic acid it acts as bodyds most i mport
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milliequivalents of bicarbonate drunder normal conditions all of this is reabsorbed frontubales,
thereby conserving the primary buffer system of the extracellular fluid. When threduion in the
extracellular fluid hydrogen ion concentration (alkalosis) the kidneys fagdwsorb all the filtered
bicarbonate thereby increasing the excretion of bicarbonate. Bduaag@onateons normally buffer
hydrogenin the extracellulafluid, this lossof bicarbonatas asgood as adding a hydrogen ion to the
extracellular fluid. Therefore, in alkalosis, the removabichrbonate ions raises the extracellular fluid
hydrogen ion concentration back towards normal.acidosis the kidneys do not excrete the
bicarbonate in therine but reabsorb all the filterdmcarbonate and produces new bicarbonate which
is added back to the extracellular fluid. Thesluceghe extracellular fluid hydrogen ioooncentration

back towards normal.

ReplacementTherapy

The basic objective of replacement therapy is to restore the volume and composition of ttheidedy
to normal one. Volume contraction is a life threatening condition because it impagsctiation.
Blood volume decreases, cardiac output falls aedritegrity of microcirculation isompromised. In
volume depletion of sufficient magnitude to threaten life, a prompt infusioisaddnic sodium
chloride solution is indicated. In an extreme case, intravenous therapy at tiel@ftenl per minute
for the first 2000ml has been considered necessary for the sucdesafoientof cholera.A general
ruleis toreplaceonehalf of the estimatedsolumeloss inthefirst12-24 hours of treatment.

Sodium Replacement

Sodium Chloride: NaCl (MW 58.44)

I.P. Limit. Sodiumchloridecontains notess tharf9.5 %andnot morethan100.5 %calculatedvith
reference to dried substance. It contains no added substances.It occurs as colorlepgstalbior as
white crystalline powder having saline taste. It i®fyesoluble in water, anslightly moresolublein
boiling water, solublen glycerin andslightly solublein alcohol.

Testfor identification:

For Sodium: To samplesolution add 15 % w/v potassiumcarbonate heato precipitate. Add
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potassium antimonite solution, heat to boiling, cool and if necessary scratch the insideubtteth
aglass rod, aensewhite precipitatas produced.

For Chloride: Dissolve sample in water, acidify with dilute nitric acid and add silver nit@itgion
shake, and allow to stand, a curdy white precipitate is formed which is insoluble iracidriout,
soluble after being well washed with water, in dilute ammoniydrdxide solutionfrom which it is
reprecipitated by thaddition of dilute nitricacid.

Preparation: On commercialscaleit is preparedby evaporationof seawaterin shallow pans. It

containadmpuritiesof sodium carbonatesodiumsulphate, magnesiunhloride, magnesium
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sulphate,calcium chloride etc. theseimpurities areremoved bydissolving the salt in waterin a
cemented tank; some alum and lime are added. The suspended impurities are alloweddtmsettle
The clear solution is decanted into iron pans and concentrated. The crystals of dudniche settle
down which arehen collected andried.

Assay:Theasay of sodium chl oride i s dependeindrecon
volumetric precipitation titration is involved. An acidified solution of sodium chlowdb nitric acid
is treated with a measured excess amount of standard solut&lvesf nitrate inthe presence of
nitrobenzene. Some of the silver nitrate is consumed in the reaction with soblaritle. The
remaining unreacted AgNQOis determined by titration with standard solution @hmonium
thiocyanateusingferric alum(ferric ammoniumsulphate)asindicator. The end pointis obtained as a
permanenbrick red color dug¢o formation offerric thiocyanate.

Procedure Accurately weigh the substance (0.1 gm) and dissolve in 50 ml water. Add 50.4\ of
AgNOsz, 3 ml HNGs, 5 ml nitrobenzene, 2 ml ferric ammonium sulphate and thixoughly. The
solution is titrated with ammonium thiocyanate until the color becomes riegick

1mlof 0.IN AgNQG [ 0.005844 gnNacCl

Use:

Usedasfluid and electrolytereplenishermanufactureof isotonic solution, flavor enhancersotonic
solutions araisedin wet dressingdor irrigating bodycavities ortissues
Hypotonicsolutionsareadministeredor maintenanceéherapywhen patient@re unableto takefluids
and nutrients orally fooneto threedays.

Hypertonicsolution/injectionareusedwhenthere islossof sodiumin excesOfficial preparations of
Sodium chloride

Sodium Chloride Injection I.P.

Sodium chloride injection is a sterile isotonic solution of sodium chloride in water for injetition.

containsnot lessthan 0.85% and notmore than 0.95 %w/v of sodium chloride. It containsno

antimicrobialagentslt is aclear, colorless solutiowith pH between 4:5.0.
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Sodium Chloride Hypertonic Injection I.P. (Hypertonicsaline)

It is a sterilesolutionof sodium chloriden waterfor injection. It containsnotless tharl.52%and not
more than 1.68 % w/v of sodium chloride. It contains no antimicrobial agents. tieara colorless
solution with pH between-3.5.

It complieswith thetestfor pyrogens.
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Compound Sodium Chlorid e Injection I.P. (Ringerinjection)

It contains not less than 0.82 % and not more than 0.9 % w/v of sodium chloride, not 18328&n
%, not morethan 0.031%% w/v of potassiumchloride and not less than0.03 % and notmore than
0.036% w/v of calcium chloride in water for injection. It contains no antimicralgiahtslt is aclear,
colorless solutionvith pH between £.5.

Sodium Chloride and Dextroselnjection

It is a sterile solution of sodium chloride and dextrasevater for injection. It contains not ledgan
95% and not more than 105 % w/v of the statedamount ofsodium chloride and dextroseasgiven
below:

Combinations of Sodium Chloride and Dextrose

% of Sodium % of Dextrose % of Sodium % of Dextrose
Chloride Chloride

0.11 5 0.45 5

0.18 5 0.45 10

0.20 5 0.90 2.5

0.225 5 0.90 5

0.3 5 0.90 10

0.33 5 0.90 25

0.45 2.5

It is clearcolorless offaintly straw coloredolutionwith pH betweer3.5-6.5.
PotassiumReplacement
Potassium Chloride:KCI (MW 74.56)

[.P. Limit. Potassium chloride contains not less than 99 % calculated with reference to dri¢

substance. It occurs as sylvine (KCI) and Carnallite (KCI, M@ELO contaminated withnagnesium
sulphateandchlorides. Itoccursaswhite crystallinesolid, cubiccrystals.It is lessoluble in water than

sodium chloride, and slightly more soluble in boiling water, solublglyeerin and insolublein
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alcohol.

Testfor Identification:

For potassium To 1ml of solutionadd 1ml diluteaceticacid andlml of 10 %w/v sodiumcobalt
nitrite, ayellow color is produced.

For Chloride: Substance in water is added with dilute solution of silver nitrate, shakeltiteonand

allow to stand, onstanding whiterecigtateis obtainedvhich isinsoluble innitric
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acid but soluble after being washed withwater; in dilute ammonium hydroxidefrom which it is
reprecipitatedy the additiorof dilute nitric acid.

Preparation:

1. It is preparedoy fusing carnallitewherebyliquefied magnesiunthloridehexahydratésseparated

from thesolid potassium chloride.

2. The crushed carnallite is dissolved by boiling with liquor leaving other impurities undissolveq.

Thesearefil teredoff andthefiltrate is crystallizesto getcubiccrystalsof potassiunchloride.

3. ltisalsopreparedn laboratoryby reactingHCI with potassiuntarbonater bicarbonate
K2CO3+ 2HCI KCI + H20 +CQG

KHCOs + HCI KCI + H20 +CO,

Assay:The assay is based on Mohr 6s met ho daquedus d
solution of the substances titrated againsta standardsolution of silver nitrate usingsolution of
potassium chromats indicator.

KCI + AgNOs AgCl + KNO3

Whenwhole of potassium chloride has been precipitated as AgCl, further addition of rsthate
solutiongives brickred color withtheindicator. Theend pointis changeof color fromyellow to red.
Procedure Accurately weigh the specified (0.25g) amoohtpotassium chloride and dissolvesih
ml of water. Titrate the solution with 0.1N silver nitrate solution using potassium chreciat®nas
indicator.

2AgNOs + K2CrOs Ag2CrOs + 2KNOs

Imlof 0.1Nsilvern i t r 0a007d55dpf KCI

Use Electrolytereplenisherin potassiundeficiency,familial periodic paralysisMe n i a&yndroine
(diseasef innerear), antidote imligitalis intoxication, myasthengravis.

Contraindicationrenalimpairmentwith oligouria,acutedehydration.
Calcium Replacement

Calcium Lactate: CsH10CaGs xH-0 MW 308.30(Pentahydrate)
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I.P. Limit. Potassiunthloridecontainsnotless tharD7%and notlessthan103%of CalciumChloride
dihydrate. It occurs as white odorless powder. The pentahydrate effloresdecantes anhydrous at
120°. Aqueous solutions are prone to become moldy. It is solulater, practically insolublein
alcohol.

Testfor Identification:

For Calcium: Dissolve substancan 5 M aceticacid andadd 0.5 mlof potassiumferrocyanide
solution. The solution remains clear. Add ammonium chloride white crystalline precipfarte .
For Lactate: To sample solution add bromine water, 1 MSKEy and heat on water bath stirring
occasionally until the color is discharged. Add ammonium sulphate mixture of 10% solwgmafiwh
nitroprusside in ammonia solution. Allow to stand for 10 mins, a dark ppgaas at thieterfaceof
two liquids.

Preparation:

1. It is obtainedby neutralizinga hot solution oflactic acid with calciumcarbonaten slightexcess.

The hot liquid is filtered and filtrate is evaporated to crystalline product.

HsCCHCOHOOH+ CaCQ ~— * H3CCHCO-OOH+CQH,0+2Ca

2. It is alsoobtainedby fermentinghydrolyzedstarchwith a suitablemold in the presencefcalcium
carbonate

3. Or by fermentation of mother liquor resulting from the production of milk sugar and diak.
mixture is digested for a week at about 30°. The product is purified by crystallization.

Assay: The assayis basedon complexometric methodf titration whereindisodiumEDTA adtitrant

andcalcon mixtureas indicationThe endpoint ischangeof color from pink to blue.

Procedure Accuratelyweigh specified amounbf sampleand dissolvein water (50 ml), titratethe
solution with 0.05 M disodium EDTA to within few ml of the expected end point. saldium
hydroxide solution and calcon mixture and continue titration till end point is obséredolor of
solution changes from pink to blue.

1ml of 0.05 MdisodiumEDTA [ 0.005004 gnof calcium
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Use:An excellentsource ottalciumin oral treatmenbf calciumdeficiency.

PhysiologicalAcid BaseBalance

Abnormalities of the pH of body are frequently encounter and are of major clinical importancg.

Acedemia and alkalemia refer respectively to an abnormal decrease or increase in the tbofithe
Acidosis and alkalosis refer respectively to clinical sth&e can lead to either acederraalkalemia.
However in each condition the extent to which there is an actual changedepeidds in part on the
degree of compensation which varies in most clinical disturbancesmigtconvenientto evaluate
clinical disturbancesf pH by referencao HCGsi T H2COs SystenBecausat is in buffer system of
extracellularfluid, thisresults from aaumber offactors:

1. Thereis considerablymore bicarbonatepresentin extracellularfluid than any other buffer
component.

2. Thereis alimitless supplyof carbondioxide

3. Physiological mechanisms operate to maintain the extracellular pH function by confitotling
4. The bicarbonaté carbonic acid buffer system operates in conjunction with haemoglabids
are constantly being produced during metabolism. Most metabolic reactions occwitbimynarrow
pH range of 7.3&.42. Therefore the body utilizes several buffgstems, two ofhem are bicarbonate
and carbonic acid (HC : H.COz) present in plasma and kidney andonohydrogen
phosphate/dihydrogen phosphate (HRO H:PQs-) found in cells and kidneyR B C thave
hemoglobinbuffer systemwhich is mosteffective single buffer systemfor bufferingthe carbonic acid
produced during metabolic process. For each millimole of oxygerdissaciatedrom hemoglobin
(Hb) 0.7 millimole ofH+ areremoved.

Carbon dioxide, the acid anhydride of carbonic acid is continuously produced in the ciifasés
into the plasmaandreacts withwaterto form carbonic acidTheincreasedarbonicacids buffered by
plasma proteins. Most G@nters the erythrocyteghere it either rapidly formsl2.COsby the action of
carbonicanhydras®r combines withHb.

The tendency to lowerthe pH of the erythrocytesdue to increased concentration ¢12COs is
S S D BHAVANI RAJA
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compensatetly Hb.

Carbonicanhydrase

CO+H,O ——» HCOs

The bicarbonate anion then diffuses out of erythrocytes and chloride anion diffuses in. Tdeerhas
named ashloride shift. Te bicarbonaten plasma,alongwith the plasmacarbonicacid nowactsas
efficient buffer system

H2COs + K+ +HbO,- » K+ +HCOs- + HHb +02

The normal HC®/ H>COs ratio is 27/1.35 meq/It (20:1) corresponding to pH 7.4. In lungs ihere
reversalof the above processdue to the large amountof O, present.Oxygen combineswith the

protonated deoxyhemoglobin releasing proton. These combine with-H&@ming HCOz which then
dissociates to C£and water. The carbon dioxide is exhaled by the lungs. Thuesgloyating breathing
it is possible for the body to exert arpal control on the HC§/H>CQzratio.

O2 + HHb + K+ + HCO:s- — 3 K+ HbO- + HCOCO, + H2O

The phosphatéouffer systemis also effectivein maintaining physiologicapH. At pH 7.4 theHPQu-
2/H,PQs- ratio is approximately 4:1. In kidney, the pH of urine can drop teA8%orresponding to
HPQs-2/H.POi- ratio of 1:99 1:100. The acid is excreted from kidneyfelfows:

1. sodiumsaltof mineralor organic acidsareremovedrom theplasmaby glomerulafiltration

2. Sodiumis preferentiallyremovedfrom the renalfiltrate or tubularfluid in the tubularcells.The
process known as sodium hydrogen exchange.

3. The sodium bicarbonate returns to plasma (eventually being removed in the lungs) @a@€O

protonsentertubular fluid,forming acids otheanions thabriginally weresodiumsalts.

DENTAL PRODUCTS

Dental hygienehas beenconsidered asmportantsincelong. In order to maintain dental hygiene,
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numerous dental products are available in market. Many chemicals find use in their prepavegibn
as in dentistry.

Although it is well known that clean teeth keeps good health and clean teeth cannot decay, it is
possible to clean the tinecontinuously all the years. Numerous factors contribute to diettyand

the problem obral hygienearises.

A largenumber ofinorganicchemicals andheir preparationareknown whichfind applicationn the
practice of dental and oral disorders. As they come in contact with the human bodyethegarded
like other drugs and pharmaceuticals. Dental products include (a) anticaésabhgand polishing

agents.

ANTICARIES AGENTS

Dental cariesor tooth decayis more orlessa diseas®f the teethcausedby acidsproducedby the
action of microorganisms on carbohydrates. This disease is characterized by decalcdfcetaih
accompanied by foul mouth odor. The exact cause and mechanism aif cderds is ndknown with
certainty. However, it is accepted that dental caries first of all starts on the sutfaed¢eeth. Acids
produced by bacterial metabolism of fermenting carbohydrates act on gesdlncelesions where
bacteria's gdbcalized anddentalcaries gets produced.

To prevent dental caries and to maintain clean and healthy teeth, it becomes necessary to
dentifrices.Primary functionof dentifrice is to clean theaccessiblesurface ofthe teeth. Thereare
substances having known therapeutic value. Use of ammoniated toothpaste, urea amntaniag

powdersantibioticcontainingmixtures andantrenzymecompounds halseen inuse.

S S D BHAVANI RAJA

use



27 MARRI LAXMAN REDDY
a INSTITUTE OF PHARMACY

Approved by AICTE & PCI, Affiliated to JNTU Hyderabad
Dundigal, Quthbullapur (M), Hyderbad 500 043

Thesecompoundsrehavingtheiradvantageandlimitations.

Role of fluoride

Role of fluoride in preventing dentatarieshasbeenwell accepted. Administratiohtracesoffluoride
having salts or their use in topical use to the teeth have been reporteddnaiueagingesults.
Fluoride ion is a trace material which occurs in our body. It is generally adequately olfrfaméabd
and water. In some parts of the world, ground water is totally lacking fluoride. In suchplaces
occurrence of dental caries has been beconmrgarming proportions. Addition dfuoride to the
municipal water supply, known as fluoridation is able to help in reducingréwenting dental caries.
This is not true because those who receive slow continued ingestitutodle may suffer from
motling of teeth, increased density of bones, gastric disturbanues;ular weakness, convulsions
and even heart failure. Due to beneficial effects in treatiagtal caries andin some types of

osteoporosidjuorides find usen dentalpractice.

When a fluoride having salt or solution is takeninternally, it is readily absorbedtransportedand
deposited in the bone or developing teeth and remainder gets excreted by the kidnegposhed
fluoride on the surface of teeth does not allow the action of acids or enzypreslutinglesions.A
smallquantity offluoride thusbecomes necessaxypreventcaries.

However,if more quantity of fluorideis ingestedit is carriedto bonesand teeth andjives riseto
mottledenamel known as dental fluorosis.

It is possible to administer fluoride by two routes (i) orally and (ii) topically. The uBearfdation of
public water supply has been the most common and effective way @fdonahistration. Water supply
containing about 0.5 to 1 ppm is provided which is sufficiatiernatively, it can be given in drinking
water or fruit juice in such a condeation to haveaboutl ppm per day. Sodiumfluoride tabletsor
solution ofsodiumfluoride in a doseof 2.2 mgper day are used.For topicalapplication 2percent

solutionis generallyused orteeth.
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Role of Phosphate

Besidedluorides,inorganicphosphatesaltshave beerioundto be usefulin reducingthe dentataries.

Phosphatéonsareneeded fostrongeonesas wellhealthyteeth.Phosphate saltsoth
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in solubleandinsolubleforms normaldiets. The phosphategarenormally givenin deficiencyRole of
phosphates as cleaning agent is also important.

1. Sodium FluorideFormula: NaF

It is havingnotless than 98.percentof NaF,calculatedwith referencedo thedried substance.

Preparation: It may be prepared by neutralizing hydrofluoric acid with sodium carboAateher
method involves the double decompositionof calcium fluoride with sodium carbonatevherein
insoluble calcium carbonatanberemoved by filtration.

Properties: It forms colorless,odorlesscrystalsor aswhite powder. Itis solublein water but is
insoluble in alcohol. Its aqueous solutions corrode ordinary glass bottles and hence thesholuition

beprepared in distilledvaterand stored imlark, Pyrex bottles.

On acidification of salt solution, hydrofluoric acid is produced.This is weak acid and ispoisonous.
Aqueous solution afalt yields alkaline reaction.
Action and uses: Sodiuniluoride dueto its fluoride ion is animportantagent indental practicefor

retarding ompreventing dental caries.

Sodium fluoride in 2 percent aqueous solutisrwidely used topically, occasionally the soluti®n
applied to the surface of dry teeth periodically over several times in a year. Fluoride ionhenters
enamel oteeth andecomes paxf enamelktructure and thusecomesffective.

Approximately2.2 mgof NaF contains Img of fluorideion and each gf NaFis equivalent to
23.8 m mol of sodium and fluoride. Sodium fluoride and other soluble fluorides are ralbsiigbed
from GIT. Fluoride also gets absorbed slowly from gums when applied as paste@pdratednto
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theteeth.Fluoridisedteethhavethe resistanto microaganismscausingdentataries. It also decreases
microbial acid production. Sodium fluoride can be administeresblasion,tablet, oralgel orvarnish

for systemiauseor as mouth wasfor localuse in thanouth.
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A modification of sodium fluoride application is the use of acidified phospt@daim fluorideyels. Thesg

preparations usually contain the equivalent of approximately 1.23 percent flanddepercent posphorig
acid.

A 2% solution of sodium fluoride in water may be applied to children's teeth, after prelimmiaanging, 1
times at the interval of one week of 3, 7, 10, and 13 years of age to correspotite tatith eruption
Alternatively, apastecontaining75%of sodiumfluoride and25% of glycerois applied to theeeth, rubbedh
for 1 minute andemovedby amouthwash.

Usual Dose:2.2 mgonceaday.

Assay:lt is assayedby complexometriditration methodusingdisodiumedentate.

A weighed quantity is dissolved in water. To it a small amount of sodium chloride and alealtt#ds Nov

contents are heated to boiling and drop wise excess lead nitrate is addstifnvith On cooling, coagulated

precipitateis filtered, residue wasedwith dilute alcoholandthecombined filtrate and washings are mad

titrate with disodium edentate using xylenol oraagidicator.

Stannoudluoride isavaluableadjunctin the preventionof cariesandis consideredo be superior to sodiur
fluoride for two reasons (i) simplified application; and (ii) greatéfiectivenessThe first advantages

supportedyy thefact thata singleapplicationof 8% aqueousolution to the tooth surface is enough for e

174

P t0

—

ery

6 months to 1 yeawhile, a 2% sodium fluorides applied 4 times during a 10 days a period. The sgconc

advantage derives from the fact that gt@nnous ion increases the anticariogenic action of fluoride i

that both ions contribut®wardsclinical effectiveness.
It is for topicaluseonly.

Storage: It is keptin well-closedcontainers.
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Calcium carbonate

Chemical Formula: CaCQ
Molecular Weight:100.1 gm/mole
Synonym: Precipited Chalk
Preparation

1.1t can be prepared byreactinga solution of sodium carbonate and calciurchloride | presencef high
temperature.e doubledecomposition reactiohe precipitateobtaineds filtered.

Properties

Fine, white microcrystalline powder, odourless and tastélesssolublein water and alcohol.
Identification:

Its givesthe reactiorof calciumandcarbonate.

Testfor purity:

It Hasto betestedfor Al, Fe, Phosphateheavymetalchloride, sulphate barium, solublealkali andlosson
drying and insoluble matter in HCI.

Assay:.
It canbe assayelly the complexometrititration method.

Accurately weighed (1.0 g) sample is moisten \silffficientquantity of water and sufficiet{Cl is added t@
get a clear solutiomhe volume is made to 250 ml with watén 50 ml of thissolution,add100 mlof waten
and 15ml of 1 N NaOH solution. After addition of40 mgmurexideindicatorand 3 ml of naptholgreen

titratewith 0.05M disodiumEDTA until deepblue colouappears.

Eachml of 0.05M disodium EDTAIs equivalent to 0.005005a@f CaCQ
Storage: Storedin tightly closedcontainer.

Uses:It is internally usedas anantacidandit finds useas a dentrifice becausat is having mild abrasive
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quality.
Zinc Eugenol Cement:

It is a material prepared by combination of zinc oxide and eugenol contained in oil of ti@asbe use
as filling or cement material in dentistyis used in dentisty where decay is vedgepandcloseto thenerve

or pulp chamberthetissue insidehe toothi.e pulp reactdadly tothedrilling stimulus(heat or vibration).

frequently becomes severely inflamed and leads toctimelition called pulpitisThis pulpitis can cauge

severe chronic tooth sensitivity or actuabthache andctan only be treated with the removal of
nerve(pulp)called root canttierapy.The placement of zinc eugenol cement temporary for a few to s
days prior to th@lacemenof thefinal filling usually preventhe sensitivity on toothache.

It is usedin the managementf dentalcariesastemporaryfilling. It is also usedsarnantimicrobialagent.
Chemical compositionof zinc eugenolcement:

Zno-69.0%

White rosin29.3 %Zinc acetatel% Zinc stearateé).7%Liquid eugenol85%

Classification of Zinc eugenolcement(ZOE):

Typel ZOE: Fortemporarycementation

Typell ZOE: Permanen€ementation

Typelll: Temporary fillingandthermalbase

TypelV: Cavity Liners

ZOE cements available apowder andiquid or paste.
Uses:

1.1t is usedfor temporaryandpermanentementation
2.ltis used for temporarfyllings.

3.lt canbeused a$ulpcapping agerand CavityLiners.
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UNIT -l

Drugs Acting on the Gastrointestinal System

The Gastrointestinal (Gl) Tract includes the mouth, stomach, small intestine (duodenum, jejunum,
andileum), large intestine (cecum and colon), rectamus, and its accompanying exocrine glands

(thesalivaryglands, the pancreas, atteé gallbladder).

- Drugs affecting the GI system are used in the treatme@asfric Acidity, Peptic Ulcers and
Gastro Esophageal Reflux Diseas€éGERD), Bowel Motility Disorders (gastroparesis/delayed
gastricemptying due to partial paralysis of the stomach musatesistipation anddiarrheg), and

for thetreatment of nausesnd vomiting.

Gastric acid production

- Gastrt acid is secreted from parietal cells when stimulated by the vagus nerve, histamine, ahd
gastrinCO2 and HO react inside parietal cells, under the influence of carbonic anhydrase, to form
bicarbonatdHCO3i') andH+.

- H+isthen pumpedhto the lumerof the stomacly H+/K+ ATPase
- CIi isalsosecretedrom parietal cellsnto the lumenby simplediffusion.
- ThenthisH+, CIt andwater combinein thelumento form hydrochloricacid (HCI).

- TheHCO3i produceds secretednto the bloodstream.

ACIDIFIERS

Acidifiers areinorganicchemicalghat eitheproduceor becomeacid.

- Thesechemicaldncreasehelevel ofgastricacidin thestomachwvheningested, thus
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decreasinghestomach pH.

- Thesearemany typeof acidifiers butthe main fourtypesare:

i. Gastricacidifiers, usedin controllingpH in stomach.

ii. Urinary acidifiers, used incontrollingpH in urine.

iii. Systemiaacidifiers, used incontrolling pHin all theparts ofbody.

- ACHLORHYDRIA: In patients suffering from achlorhydria, there is deficient secretion of
HCI in stomach. In such cases acidifiers are useful in providing the necessary acidity for the
proper digestion of food. Systemic acidifiers are those which, when given usually by injection,

actby reducingthe alkali reservan thebodyandarealsousefd in reducingmetabolicalkaloids.

AMMONIUM CHLORIDE

Molecular formula NHA4CI
Molar mass 53.49g/mol
Synonym Sal ammoniac

Solutionsof ammoniunchlorideare mildly acidic.

Physical Properties

AppearanceWhite Odor: Odourless Taste:Coolingsaline Density:1.5274
solid hygroscopic g/cm3
Melting point: 3380 C (decomposesublime$ Solubility: free soluble in water and glycero

sparinghsoluble in alcohol

PREPARATION:
Ammoniumchloridepreparedhroughsolvay process:

CO2+ 2NH3+2NaCl+H20Y 2 46lH NaCOs3

Ammoniumchlorideis prepareccommerciallyby combiningammoniaNH3) with either
hydrogenchloride(gas)or hydrochloricacid (water solution):

NHz + HCI'Y NH4CI
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Reactions

- Ammonium chloride appears to sublime upon heating but actually decomposes into
ammonia ankdydrogenchloridegas:
NH4CIY N34 HCI

- Ammoniumchloridereactswith a strongbasejike sodium hydroxideto releaseammonia
gas:
NH4CI+Na OH Y3 +WHCI+H20

- Similarly, ammoniumchloridealsoreactswith alkali metalcarbonatesat elevated
temperaturegjving ammoniaandalkali metalchloride:
2 NH4Cl + Na2CO3Y 2NaCl+C0O2+H20 +2NH3

Assay

- Dissolve 1.000 g of Ammonium chloride in 20 ml of water and add a mixture of 5 ml of
formaldehydesolution,with few dropsof phenolphthaleirsolution.After 1 min to 2 min,
titrate slowlywith 1M sodiumhydroxide.
- 1 ml of 1M sodium hydroxideis equivalentto 53.49 mgof NH4CI.
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Uses:

- Ammoniumchlorideis usedasan expectorantn coughmedicine.lts expectorantactionis
causedbyirritative action on the bronchial mucosa, which causes the production of e
respiratory tract fluidyhich presumablys easierto cough up.

- Ammoniumsaltsare anirritant tothe gastricmucosaandmay inducenauseandvomiting.

- Ammoniumchlorideis usedasa systemicacidifying agentin treatment okevere

metaboli@alkalosis.
- Themainapplicationof ammonium chloridés asa nitrogensourcein fertilizers.
- Ammoniumchlorideis usedasa fluxin preparing metalto betin coatedgalvanizedr

soldered.

A Dose:1to 2gm (As systemicacidifier); 0.3to 0.5gm (Expectorant)

A Storage: Storein highly closedcontainer.

Gastric Antacids

Antacids (anti - against; acidus acid) are weak alkaline compounds used to neutralize hydrochlori

)

acidn the stomach.

- Antacids are the substances which reduce gastric acidity resulting in an increase in the pifi of
stomactand duodenum. Gastric acidity occurs due to excessive secretion of HCI in stomach dug to

variousreasons.

- ThepH of the stomacls 1.5 2.5whenemptyand raisedo 5-6 whenfood is ingested.
- Low pH is due to the presence of endogenous HCI, which is always present under
physiologicatonditions.
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- Whenhyperacidityoccurstheresultcanrange from:

i. Gastritis(ageneralnflammationof gastricmucosa)

ii. Pepticulceror oesophageallcer(lower endof oesophagus)

iii. Gastriculcer(stomach)

iv. Duodenunulcers

Symptomof hyperacidity:

A Hydrochloric acid is secreted by the stomach to kill harmful organisms, aid digestion and
activateligestiveenzymes.

A Excesssecretiorof acidinto stomachor impairedresistancdy thelining of the stomactor
reflux intothe oesophagusay produce symptoms.

A Hyperaciditycausegastricreflux, gastritis,upsetstomachandheartburn.

- Criteria of an ideal antacid preparation:

Theantacidshouldnot be absorbabler causesystemicalkalosis
Theantacidshouldnotbealaxativeor causegonstipation

Theantacidshouldexertits effectrapidly andovera longperiodof time
Theantacidshouldbufferin the pH 4-6 range

Thereactionof theantacidwith gastricHCI acidshouldnot causea largeevolutionof gas

> > > > D> >

Theantacidshouldprobablyinhibit pepsin

Classificationof antacids
A Antacidscanbe classifiedinto two maincategories:

i. Basedon chemical natureof Antacid properties.
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Absorbable Antacids

Non-Absorbable Antacids

o The absorbable antacids (chemical antacids
showthe most rapid onset of action and providg
faster reliedbf symptoms.

o Howevertheymaycausean"acid rebound".

o AbsorbableAntacidsinappropriategor
patientsfflicted with hypertensioror kidney

failure.

o The nonabsorbable antacids though less
prone tecausea reboundeffect

o Moreover as these antacids are more potent
ancdeffective in a semi liquid or liquid form

than in acapsuleor table

o The usually high presence of aluminum and
magnesium hydroxides in na@bsorbable
antacids cale effectively used to prevent
significant stress ulcdrleedingin postoperative

patientsor thosewith severe burns.

Sodium bicarbonate

NaHCO3
Molecularformula
Moiar mass 84.01g/mol
Synonym Baking soda; Bread soda,
CookingsodaBicarbonate of
soda
Properties
Appearance White crystalline power
orgranules
Odor Odourless
Taste Salinetaste
Density 1.1to 1.3 g/cn3
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Melting point : Decomposes to sodium
carbonatestartingat
500 C

Solubility in water : Freely soluble in water69
g/L(00C); 96 g/L (200C);
165 g/L

(600C); 236 g/L (100 C)

Refractiveindex : 1.583

Preparation

- NaHCCB may be obtained by the reaction of carbon dioxide with an aqueous solution o
sodiumhydroxide.Theinitial reactionproducesodiumcarbonateFurtheradditionof carbon
dioxide producesodium bicarbonate

CO2 + 2NaOHY Na2CO3 + H20

Na2CO3 + CO2 + H20Y 2 NaHC®3

- Onanindustrialscaleit is obtainedoy Solvayprocess:

CO+HO0Y €O

NH3z+H2CO3 Y NH4HCO3

NaCl+ NH4HCO: Y NaHCQ + NH4Cl

Reactions

- Thermal decomposition: Above 500 C, sodium bicarbonate gradually decomposes into
sodiumcarbonate, wateand carbordioxide. The conversioris fastat 2000C

2NaHCQBY ©NG&O3 +H20+CO2

- Sodiumbicarbonateeactswith aceticacid, producingsodiumacetateyater,andcarbon
dioxide.

NaHCO8 + CH3COOHY C3@0ONa+ H20 + Cp

- Sodiumbicarbonateeactswith basesuchassodiumhydroxideto form carbonates
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NaHCQ3 + NaOHY ©N&O3 + H20

- Whenmercuric chloridesolution isaddedto asolution ofsodium bicarbonatareddish
precipitatedof mercuricoxide is formed.

2NaHC +HgCIl2Y 2 Na&gZd+HgO+2CO2

Assay

- Weighaccuratelylgmof Sodiumbicarbonateanddissolvein 20 ml of water titratethe
solutionwith 0.5N sulphuri@cid using methyl orangses indicator.
- Eachml of 0.5Nsulphuricacidl 0 . 0 4fN&HL OB

Uses

- It is usedasSystemicantacidandin electrolytereplacement.

- It is usedassystemicalkalinisingagentusedin thetreatmenbf metabolicacidosig(increase
in acidity).

- Bicarbonateof sodacanalso beuseful inremoving splinterérom theskin.

- Sodiumbicarbonateanbeaddedo local anaesthetics, tspeedip the onsetof their effects

andmaketheirinjection less painful.

- Sodiumbicarbonatenay be usedasa bufferingagent,combinedwith tablesalt,whencreating
asolution for nasal irrigation.

- 0.1%to 1% Sodium bicarbonatsolutionused agyelotion.

- Usedremovedearwax andlubricatingfluid for contactienses.

- 5%to0 10% Sodiunbicarbonate solutionsed agocal applicantgor burn,insect bitestc.

- Usedin preparatiorof effervescentormulation.
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Sodium bicarbonate side effects

- High doses magauseheadache, nauseairritability.
- Sodium bicarbonate side effects can include metabolic alkalosis, edema due to sodium
overload congestivéheartfailure, hyperosmolasyndromehypervolemic hypernatremiand

hypertensiordueto increasegodium.

Note By:
Symptomsof Alkalosisor metabolicalkalosis:
o Confusion(can progress to stumsrcoma)
0 Handtremor
o Light-headedness
0 Muscletwitching
o Nauseayomiting

o Prolongedmusclespasmgtetany)

Dose:300mgto 2 g perdayin divideddose.

Storage: Storein air tight container.

Molecularformula: Al(OH)3
- Molar mass: 78.00
g/mol
Synonyni] Hydrated alumina, Ortho Aluminic
U acid,Aluminic acid

Aluminium hydroxide is found in nature as the mineral gibbsite (also
knownashydrargillite) andits threemuchrarerpolymorphsBAYERITE,
DOYLEITE, and NORDSTRANDITE.
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J

Properties

Appearance : White amorphougpowder
Odor : Odourless

Taste : Tasteless

Density : 2.42 g/lcm3

Melting point : 3000C

Solrhilityv DPracticallvs inenlithla in watar

3Na:C0O;3 + 2KAN(SO4)2 + 3 H:0 — 3 Na:SO4 + K2S04+ 2 AI(OH)3 | + 3 CO:2 Tilute

mineral acia ana in soiuuon of
alkali hydroxide.
Isoelectricpoint : 7.7

- Aluminium hydroxideis amphoteric in nature, i.e, it hasbothbasicandacidicproperties.
- In presenceof analkali, it behaves aan acid AI(OH)3 z 3H+ + AIO33-
- In presenceof an alkali, it behaves as an acill(OH)3 z 30H- + Al 3+

- Aluminium hydroxidereactswith acid givessaltandwater: Al(OH)3 + 3 HCI Y AICI3 + H20

PreparationT

= It is prepared by hot solution of potash alum slowly with constant stirring to a hot solution of
sodiuntarbonate.

Uses
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- Aluminum saltsremainin the stomachor long periodsandslowly reactwith stomachacidto form
aluminunchloride.Aluminum hydroxidemayinhibit theactionof pepsinand stimulatestomach
mucussecretion.

- Aluminium hydroxideusedasgastricantacid.

- Aluminium hydroxideusedin treatmenbf Gastroesophageakflux disorder.

- ULCER PROTECTIVES: Basic aluminium hydroxide of sulfated sucrose is knoBoaalfate,
which isusedasprotectiveSucralfatas minimally absorbedfter oraladministrationactionis entirely
local. It promotesealingof bothduodenabnd gastriailcers.(Sucralfatemust betakenbeforemeals)
- In treatmenbf Zollinger-Ellison Syndrome

Aluminium hydroxide sideeffects

- Constipation
- Osteomalacigby interferingwith PO43 absorption)
- Decrease@bsorptiorof somedrugs(e.g., Tetracyclinesandotherantibiotics)

Dose

- Dyspepsia500to 600mg orally4 to 6timesaday asneededbetweemmeals andt bedtime.

- GastroEsophagedReflux Disease, DuodenahdGastricUIcer: 500to 1500 mgorally 4 to 6timesa
dayas needed, betweemeals and at bedtime.

Storage: Storein well-closed containers arghould nobeallowedto freeze.

Zollingeri Ellison Syndromds a conditioncausedy gastrinsecretingpancreati@denomashatlead
to multiple ulcers in the stomach and duodenum.
Dyspepsids a sensationf painor discomfortin the upperabdomen.
Osteomalacia softening of the bones, typically through a deficiency of vitamin D or calcium.
Osteoporosiss adiseasavhereincreased bone weaknassreaseshe riskof abrokenbone.

Magnesiumhydroxide
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Molecularformula: Mg(OH)2 - Molar mass: 58.31
g/mol

- Mg2+ Saltsor Oxide or Hydroxideactsasbothantacidsandlaxative

agents.

Properties

Appearance : | Whiteamorphougpowder

Odor : | Odorless

Taste . | Tasteless

Density . | 2.34 g/cm3

Melting point : | 3500 C

Solubility .| Insolublein water

Refractiveindex : | 1.55

Preparation

- Combininga solutionof manymagnesiunsalts withbasicwaterinducesprecipitationof solid
Mg(OH)2:

Mg2++ 2 OHT Y Mg ( OH) 2

- Onacommercialkcale Mg(OH)2is produced byreating seawatewith lime [Ca(OH)2].

Mg2++Ca ( OH)MY(OM)2 + Ca2+

- Laboratory Preparation: MgCO3 + 2 NaOH Y Mg(OH)2 + Na2CO3

Uses
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- Usedasweakantacidandlaxative.
- Most commonly used antacids combine aluminum hydroxide and magnesium hydroxide. The
combination decreases the adverse effects of diarrhea (with magnesium products) and constij
(with aluminum products). Calcium carbonate is effective in relieving Inaartbut it is infrequently
usedto treat peptic ulcersr GERD.

Magnesiumhydroxide sideeffects

- Antacidswith magnesiurmarecontraindicatedn renaldiseasédecausdéypermagnesemiaay
result;thosewith high sugar content are contraindicaitediabetes mellitus.

Cathartics

Laxatives, purgatives, or cathartics are substances that loosen stools and increase\eEwehts.

They areused to treat and/@reventconstipation.
Constipationis theinfrequentor difficult evacuatiorof the faecesCatharticsareused:
Toleasadefecation irpatientswith painfulhaemorrhoid®r otherrectaldisorders antb avoid

0 Excessivestrainingandconcurrenincreasen abdominalbpressurén patientswith herniasOr

(@)

To avoidpotentiallyhazardousisein B.P.during defecationn patientswith hypertension,
o Torelieve acuteonstipatiorOr
o Toremovesolid materialfrom intestinaltractprior to certainroentgenographistudies.

Laxative should only be used for short term therapy as prolonged use may lead to loss
spontaneousbow! rhythm upon which normal evacuationdepends,causing patient to become

dependenotn laxatives, the so called laxatigtect.

Four types oflaxatives are known

(a) Laxative or aperient: Milder action, eliminatiorof soft butformed stools.
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Onsetof action: 12-72 hours.

(b) Purgative: Purgativearemoderatdaxative

Onset ofaction: 6-8 hours.

(c) Cathartic: Strongeractionresultingin morefluid evacuation.

Onsetof action: 0.5-3 hours(oral), 215 minutes(rectal)
Classification:

i. Bulk forming: Dietaryfibre: IspaghulgPlantago)Methylcellulose
ii. Stoolsoftener: DocusategDOSS),Liquid paraffin
iii. Stimulant purgatives: SennaSodiumpicosulfate Castoroil

iv. Osmotic purgatives [Saline (Osmotic) Cathartics]: Magnesiumsalts: sulfate ,hydroxide;

Sodium salts: sulfate ,phosphateSod.Pot.tartrate;Lactulose

Mechanismof Action: All purgativesincreaséhewatercontentof faecedy:

(@) A hydrophilic or osmotic action, retaining water and electrolytes in the intestinal {inoease
volumeof colonic content and makeeasily propelled.

(b) Acting on intestinal mucosa, decrease nsbgtion of water and electrolyte; intestinahsitis

enhanced indirectly by the fluid bulk.

(c) Increasing propulsive activity as primary actaliowing less time for absorption of salt and
waterasa secondaneffect

Saline Cathartic or Irritant laxative s exert an irritant action on the intestinal mucosa. Thisses
less fluid to be absorbed than is secreted. This filling of the intestinal lumen stinnafses

peristalsis. Peristalsis &so directly simulatetly theirritant action.
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Bulk laxatives are insoluble angionabsorbablé&om the intestineThey absorb water andxpand

within the intestinal lumen; this stimulates peristalsis.

T

Cellulose, agar-agar, bran, linseed
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MagnesiumSulphate

Molecularformula MgS04 A7H20
120.36 g/molAnhydrous); 246.47
Motar mass g/mol (Heptahydrate)
Synonym EpsomSalts;Bitter Salts
Properties
Appearance : White crystallinesolid
Odor : Odourless
Taste ; Bitter taste
Melting point : 1500C
Solubility : 113g/100 ml at 200C in
water (Heptahydrate);
Slightly solublein alcohol

Preparation:

Laboratory method:

0 Magnesiunsulphates preparedrom magnesiuntarbonate andil. sulfuricacid.
MgCO3 +H2SO04Y MgSO04 + H20 + CO2

0 Magnesiunsulphatecanalsoprepardrom magnesiunoxideanddil. sulfuric acid.
MgO + H2SO4 Y MgSO4 + H20
Industrial Method:

- Magnesium sulphate is prepared from DOLOMITEgCO3A  C &) ®yBulfuric acid:
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MgCO3ACaCO3 + 2H2S0O4 Y MgS04 + CaSO4 + 2H20 + 2CO2

Uses:lIt is used as osmotic laxatiy8aline Cathartics), in treatment of electrolyte deficienay, in
boils, intreatmenbf cholecystitisseasickness,

Storage:Keptin tightly closedcontainer

Dose:10-15g/day

Sodiumortho phosphate

Molecular Formula: Na2HPO4.12H20

Molecular Weight:358.40f mole

It is dodecahydrateof disodium hydrogeorthophosphate

Category: Osmoticlaxative,pharmaceuticahid

Preparation: It is preparedy reactingphosphoric@acidandsodiumcarbonate.

HaPO4 + NapCO3 ——— = NgpHPO3+ ot CO3

Properties:

Colourlesspdourlesssaline taste transparentrystals,solublein water,Insolublein
alcohol.

Uses:usedaslaxative,cathartic pharmaceuticahid in the preparatiorof
buffersolution.

Storage: Storedin a well closedcontainer.

Bentonite

Molecular Formula: Al203.4[SiCz].H20
Molecular Weight:360.31g/mole
Properties:
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Palebuff/creamcolour,odourlessslight earthytaste very fine powder,insolublein
water,solublein organic solvents.

Uses:

Emulsifyingagent,suspendingndstabilizingagent,usedasadsorbent.

Storage:

Storedin a tight closeatontainers.
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Light Kaolin

Molecular Formula: Al>03.2Si0;.2H,0

Molecular Weight:258 g/mole

Preparation:

It is preparedrom naturalclay.

Thesteps includd) Powdering otlay

2)Patrticleseparatiorby meansf electricalsedimentation

3)Purificationfrom gritty particles

4)Drying

Properties:

white, odourlesstastelessfine powder,oily or greasyto toughin nature,insoluble
inwater,mineralacids andthersolvents.

Identification Test:

Dissolve 1 gm of lighkaolin and 2 gm o&nhydrous sodium carbonate and 10 ml
water heat and filter and wash the residue with 5 ml of w@embine the filtrate
andvashingsand add 3 ml of Hcl

3 ml of HCI. It formsgelatinous precipitate.

Uses:

Usedasanadjunctin rehydratiortherapymeant fordiarrheadysenteryandcholera
andused as an

An adsorbenin food poisoning.
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Heavy Kaolin

Molecular Formula: Al203.2Si0s.2H,0

Molecular Weight:258 g/mole

Preparation:

Naturalclay whentreatedwith HCI. It becomedreefrom impuritiessuchas
CaCQ, MgCo3,FeOQ.ii

It is thenfiltered, washed andriedto obtainpurified hydratedaluminiumsilicate.

If heavykaolin isused forhuman ithas toundergo sterilization

Properties:

White, odourlesstastelessiine soft powder,insolublein water,mineralacids,
alkalisolutionand organic solvents.

Uses:

Usedin rehydrationtherapyfor diarrheadysenterycholera

Usedasanadsorbent,irfiood poisoning

Usedin thepreparation oflusting powdergosmetics.

Antimicrobials:

Theagentghatpreventor minimizetheinfection calledby microorganisniike bacteria,
Virus, fungi, protozoans.

Classifications:

1)Antiseptics

2)Germicides

3) Disinfectants.
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Mechanism ofaction:
1)Oxidation
2)Halogenation

3)ProteinPrecipitation/Complexation/Chelation

Hydrogen peroxide

Molecular Formula: H20O»

Molecular Weight:34.016g/mole

1)It is preparedby reactionof bariumperoxide andgulphuricacidin ice cold conditions
andform

Hydrogenperoxideand bariunsulphate.

2)By decomposindpariumperoxideandphosphoriacid.

Properties:

Colourlesspdourlessslightly acidic.

Assay:lt is assayedby permanganometrititration in which KMnQO4 actsasselfindicator.

Eachml of 0.02 M KMnQ: = 0.001701 g oH20-

Uses:

Usedascleansingagentin dentrificesbecaus®f antisepticandastringenproperties.

3 percetw/v solutionof H202is usedas amouthwash.

Usedasantisepticgermicideto cleancutsandwounds.

PotassiumPermanganate

Molecular Formula: KMnO4
Molecular Weight:158 g/mole
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Preparation:

It can be prepared by the reaction of potassium hydroxide and manganese oxide
presencef O2.

Properties:

Odourlesssweetishgranulampowder,solublein water.

Identification test:

Alkali or neutral solutiorof potassium permanganasaable tooxidizeiodides to
iodate.

Uses:

Usedasantiseptidn mouthwashes.

Usedasantidotesn poisoningby barbiturates, chlordlydrates andlkaloids.

It actsasantibacterialantifungalagent.

Boric acid

Synonym: Acidium Boricum

Molecular Formula: H3BOs3

Molecular Weight:61.83g/mole

Preparation:

Boraxreactswith sulphuricacidin presencef water.

Properties:

Colourless/whiteQdourlessbitter taste crystallinepowder,slightly acidic,solublein
water,ethand

freely solublein glycerin.

Identification Test:;
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0.1 gm of Boric acid and 5 ml of alcohol and few drops e88..Ignite it.It forms
greencolourflame dueto formation of ethyl borate

Uses:

Usedaslocal antiinfectiveagent.

Usedin the preparatiorof dustingpowdersJotions, ointmentsandantisepticcreams.
Aqueoussolutionof boricacid isemployed irmouth washeandeyewashes.

Chlorinated Lime (Bleachingpowder)

Molecular Formula: CaOCb.H.0O

Properties

Characteristiodour,powderform, partially solublein waterandalcohol.
Assay

It is assayedby redoxtitration method.

Principle: In the presencef acids,availablechlorineis liberatedfrom chlorinated
lime.

Thechlorinethatis liberated froma substancéy acids isknownasavailablechlorine.

The free chlorine reacts with potassium iodide to liberates iodine and the quantit
iodineset free

Is determinedy titration with 0.1 N NaS:Os.

Eachml of 0.1 NNa2S203=0.003545 gnof availableCI2
Uses:

Disinfectantandbleaching agent.

Storage:

Storedin a wellclosedcontainer andkeptin a coolplaceasit is affectedby moisture
andheat.
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lodine

Molecular Formula:l

Molecular Weight:253.81g/mole
Preparation

From Seaweeds:

Seaweedsareburnt toash callekelp. Thenextractedwvith waterand thesolution is
concentrated.

Such that sulphates and chlorides of Na and K. Crystalize which are then remove
the solution.

Thesolution nowcontains lodates dfaandK. Now thesolution isheated with H2S0O4
to

Decomposeulphidesthiosulphates angrecipitates sulphuNow thesolution is
filtered. It contains

Freelysoluble lodidesandsmallamountsof chloridesandbromides.

lodine carbeobtainedby two methoddrom thefiltrate

1)Thefiltrate is treatedwith manganesexide andthelodine distills over.
2)Thefiltrate is treatedwith chlorinealmostall the lodine getsprecipitated collected
andpurified

By sublimation.Impuritieslike ICI, IBr andICN presenin iodineareremovedby
heatingcrude

lodine withKI

Properties

Bluish black,peculiarcolour,

Rhombic Prism, Insoluble in H20, soluble in alcohol, freely soluble in chloroform
ether.

Identification Test:
Whenlodineis heatedsiolet colour vapourareobtained.

Uses:
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Counterrritant.

Antiseptic,Disinfectant, germicide.

For properthyroid functionsjodine idsuppliedto thebody eitheiin elimental formor
in theform Of Nal, KI.

Storage:

Storein a glassstopperambercolouredbottle andkeptin acool place.

Preparations of lodine solution

Aqueouslodine solution

Synonym: Lugolssolution

Composition-

127 50gm

KI- 100gm

PurifiedH20

To producel000ml

Properties:

Brown liquid,smellof lodine,transparentature

UsesActs asa goodsourceof lodineandis takeniternally.

Acts asgermicide andungicide.

Weak lodine solution

Synonym:odinetincture

Composition:

[12-20gm

Kl-25gm
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50 percent alcohol

To producel000ml

Properties:

Brown liquid,smellof lodine

Uses:

Usedasantiseptigorior to surgery

lodinetinctureis mostsuitableasantiseptichan lodinesolutionsincealcoholseems
to improvethe penetratiorof lodineaswell asprovidesadditionalbacterialeffect.

Strong lodine solution

Composition

12-100gm

KI-60gm

PurifiedH20O- 100ml

90 percent alcohol

To producel000ml

Properties

Brownliquid, lodinesmell.

Transparent

UsesAntiseptic

Povidonel 2 solution

It is anaquous solutionf povidontsolution

It is a complexproducedo theinteractionbetweenodine andpovidone(polyvinylpyro

lodine)

It containsnotlessthan9 percetandnot morethan 12percenwof available lodine.

Properties of complex

Yellowish brown
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Characteristiodour.

Amorphouspowder.

Solublein waterandalcohol,insolublen organicsolvents.

Properties of solution

Reddishbrown

Smellof lodine

Transparenandacidicin nature.

Theybelongto aclassof compoundgalledlodophores.

Advantages

Nonirritating ontissue

Low oraltoxicity

Watersolubility

Non-stainingandcanbewashedclearfrom skinandclothing

Uses

Solutionsarerecommendedbr surgicalscrubsandfor operativeantiseptics otheskin

It is used ingarglesandmouthwashes fahe treatmenof infections inoral cavity.

UNIT -IV

EXPECTORANTS
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INTRODUCTION

Expectorant: A medicationthat helpsbring up mucusand other materialfrom the lungs,
bronchi,and trachea.

Classification of Expectorants:

According to their mechanismofact i on é
1)sedative expectorant

2)stimulantexpectorant

Sedative Expectorants Theseare the stomachirritant expectorantswvhich are able to
producetheir effect through stimulation gfastric refluxes.

ex. bitterdrugslpecacsenegalndiansquill.

Inorganiccompounds Antimony potassiumtartrate, Ammonium chloride, Sodiumcitrate,
Potassiunmodide.

Stimulant Expectorants Thesearethe expectorantsvhich bringabouta stimulationof the
secretary cells of the respiratory tract directly or indirectly. Since these drugs stimulate
secretiorof morefluid in respiratory tract and sputumdsguted.

ex.EucalyptusL.emon, Anise
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Mechanismof action

Expectorantsi induce coughing

Mucolytics i thin the mucus.

Mucokinetics T enables easigransportatiorof cough

Mucoregulatorsi suppressinderlyingmechanismef mucushypersecretion

Coughreceptorfchemeandmechanaeceptors)ie in mucosaof thebronchialtreefrom the
noseto thedistal bronchi.

0 Theimpulsesfrom thesereceptorsare transmittedthroughthe vagusand glossopharyngeal
nervesto thecoughcenter in thenedulla.

Mechanism of cough production- The cough receptors lie in the mucosa of the bronchial tree.
Afferent impulses pass to the medulla. Then an autonomic sequence of events is triggered by
medullacausing certain effects.

Two BasicTypes of Cough
0 Productivecough---Congestedremoves excessivaecretions

0 Nonproductivecough----Dry cough
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Classification of cough
0 Acute: - lessthan3 weeks.

0 Sub-Acute:- between 38 weeks.
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0 Chronic:- longerthan 8 weeks.
Different betweenExpectorantsand mucolytic

Expectorantandmucolyticagentsaredifferenttypesof medicationyet bothareintendedo
promotedrainageof mucusfrom thelungs.
An expectorantncreasedronchialsecretionsand mucolyticshelp loosenthick bronchial

secretions.

One expectorantguaifenesinjs commonly availablein many cough syrupsand also as long

releasdablets.

Mucoactive drugs

Many mucoactivedrugsareavailable including sodiumcitrate orpotassiuncitrate, potassium
iodide,guaifenesin, tollbalsam, vasakand ammonium chloride.
Mucolytic drugsavailableincludeacetylcysteine, ambroxdbyomhexinecarbocisteine,

erdosteinemegysteine,[4] and dornasdfa.

Ammonium chloride

Product Information

Chemical name Ammonium chloride, ACS grade
Syn.:sal ammonium

CAS: 12125029

EC number: 2351864 EINECS:231-420-4
Cat. Number: 611530, 5009

611531, 1Kg

611532.2.5Kg

Structure: NH4CI

Molecular Weight: 53.49
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Properties: Form:white solid crystallinepowderMelting
point: 338°C (decomposedpensity:2.20g/cm3Boiling
point: 520°C pKa: 9.245
Refractiveindex(nD): 1.642
Solubility: readily solublein water>30%w/v

Storage RoomtemperaturéZ)

Safety. Harmfull, Irritant

SpecificationsTest
SpecificationPurity

>99.5%

Iron (%) 0.0002

Heavy Metals (asPb) 0.0005

Magnesium (%) 0.0005%
Phosphateq%) 0.0002%

Sulfate (%) 0.002%
Insolubles0.0002%
Residueon ignition (%) 0.01%
pH (5%, Water) 4.5-5.5

Chemicalreactions

Ammoniumchloride(saltammoniacnaturalmineralogicform) is aninorganiccompoundthais
highly solublein water.

Solutionsof ammoniumchloridearemildly acidic.
Ammoniumchloridedecompose@ponheatinginto ammoniaandhydrogen chloridgas:
NH4CIY N H3HCI

It reactswith astrongbase g.g.sodiumhydroxide andsimilarly, with alkali metalcarbonatest

elevatedemperatures:
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NH4Cl+ NaOHY NH3+ NaCl+ H20

2NH4Cl+Na2CO3Y RaCl+ CO2+H20+ 2 NH3

A 5% by weight solution of ammonium chloride in water has a pH in the range 4.6 to 6.0.
Ammoniumchloridesolutions withammoniaareusedas buffersolutions. ltcan beusedas

acidifying agentandasanelectrolyte.lt alsoproducesdw temperatures coolingbaths.

- Side effects may include abdominal pain, vomiting (@2g/Kg of body weight), headache and

tiredness.
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Potassiumlodide

Chemical Name: Potassiumodide

Other Names:Jodid
Thyroblock 9rhyrojod

Composition of the Substance:
Potassium iodide is an inorganic compound with formula Kl, a salt of stable ibdkne.

i oni c, K+1 1.

Kl is comprised of 23.55% potassium and 76.45% iodine. This salt is the most commercially
significant iodide compound. It is produced industrially by treating potassium hydroxideaitk.

Properties of the Substance:

Physical/ChemicalProperties

Molar mass 166.00 g/molColor

White or colorless

AppearancePowdergranulespr crystals(hexahedral)

Odor Odorless

Molecular weight 166.00g/mol

Boiling point 1323 °C

Melting point 681°C

Density/Specificgravity 3.12g/cm3

Solubility in Water 1289/100ml (0 °C) 140g/100ml (20°C) 176g/100ml (60°C) 206g/100 ml

(100°C)
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Solubility in Other Solvents 2 g/100 ml ethandl
0/8 ml methanol
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Solublein acetone

Slightly solublein etherandammonid. g/2

ml glycerol

1 g/about 2.5 ml glycol

pH Aqueous solution imeutral or usually alkalingpH 7-9)

Vapor pressure9.9 x 1618 mm Hg

Kl crystallizes in the sodium chloride structure, hexahedral crystals. It is less hygroscopic than
sodium iodide, making it easier to work with. Potassium iodide is stable in dry air but slightly
hygroscopic in moist air. Aged and impure samples are ydiewause of oxidation of thedideto

iodine (Lyday, 2000).

4Kl +2C02+02Y 2K2C0O3 +212

A small amount of iodate may be formed. Light and moisture accelerate the decompAsjitieous
solution also becomes yellow in time due to oxidation, bumallsamount of alkalpreventst (Merck
30Index, 2006).

SpecificUsesof the Substance:

Accordingto FDA, potassiumodide maybeusedasfood additiveandcanservethe following
functions:

A nuftient intable saltas asourceof iodine.

A digtarysupplemenfor humanconsumptiorandin animalfeedsA

sanitizing agent fofood processing equipment.

When KI functions as a microbiocidel, it is used in emergency drinking water
purification/disinfection, fresh food sanitization, feodntact surface sanitization, hospital surface
disinfection, and commercial and industrial water cooling tower systems (EPA RED, Case 3080

2006).In addition, this substancean be usedas an expecbrantfor treatmentof chronicrespiratory
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diseases, iodine source in treatment of thydisrders, manufacture of photograpémulsions (used
with silver nitrate), ingredient in personhygiene products, and laboratorgagentfor analytical
chemistry

Furthermore, as a thyroid blocking agent, potassium iodide protects the thyroid gland by kloeking

thyroidal uptakeof radioactiveiodine. It may be usedprior to andfollowing administrationof
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radioactive isotopesandin radiationemergenciegvolving thereleaseof radioactiveiodine.

Action of the Substance:

Potassiumodideis asaltof stable (norradioactive)odine.

Its actionsin differentusageareas follows: "1 Use as a nutrient, source of iodine

Act as amicrobicide by releasing o d i n e

Useasathyroid blockingagentin radiationemergenciegradioactiveiodineis releasethto the

environment)

EMETICS
INTRODUCTION

An emetic is a chemical agent that will cause the patient to vomit (i.e., to produce emesis). A
physicianmay administer an emetic to a patient who has ingested a certain type of chemical
substance. Emetics are not indicated for all poisonings. Prior to administering an emetic to a
poisoning victim, the local poison control center should be consulted to deteifnthis is the

bestprocedureo follow.

EXAMPLES OF EMETIC AGENTS a.lpecacSyrup,USP.
b. IpecacTinctureand Ipecad-luidextract.
COPPER SULPHATE
Common Name CopperSulfate
SynonymsBIlue Vitrol, BluestoneCupric Sulfate
Molecular Formula CuSO4- 5H20
PHYSICAL DATA

Physical State Blue crystalsor powder
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Boiling Point -5 H20 @ 150° F
Melting Point -4 H20 @ 110° F

SpecificGravity 2.284

Solubility in H20 22.37%@ 0°C

117.95%@ 100°C
Solubility in other solventsSolublein methanolglycerol andslightly solublein ethanol
AppearanceBlue crystalsor powder

Odor Odorless
POTASSIUM SODIUM L(+)-TARTRATE

SYNONYMS Rochellesalt, Seignettesalt, Potassiunsodiumdextrotartrate;
DEFINITION

Chemical namesPotassiunsodiumL-tartrate potassiunmsodium(+)-tartrate potassiunmsodium
(+)-2,3-dihydroxybutanedioiacid

Chemicalformula C4sH4sKNaGs - 4H20

Structural formula

Formula weight 282.23

AssayNot lessthan 99%afterdrying

DESCRIPTION Colourlesscrystals,or asawhite, crystallinepowder

FUNCTIONAL USES Sequestrantstabilizerin cheeseproducts,minced meat, and sausage
casings
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Solubility - Onegramis soluble in1 ml of water;insoluble toethanol
PURITY
Losson drying (Vol. 4) Not morethan26.0%and not less than 21.0¢6500 ,3 h)

pH 6.5-7.5 (1in 10 soln)

Oxalate Add 3 drops of dilute acetic acid TS and 2 ml of calcium chloride TS to 10 ml of a 10%

solutionof potassium sodium tartratido turidity is producedvithin 1 h.

Lead (Vol. 4) Not more than 2 mg/kg Determine using an atomic absorptiontechnique
appropriate to the specified level. The selection of sample size and method of sample preparatiof

maybebasedn the principlesof themethoddescribedn Volume4,fi | nst r Mentemd chd . 0O

METHOD OF ASSAY Weigh 1.500 g of the dried sample into a tared porcelain crucible and
ignite. Heat gently at first, until the salt is thoroughly carbonized, protecting the carbonized salt
from contact with the flame at all times. The final temperature must not be atad\a thdull

read heat. Cool the crucible, place in a glass beaker, and break up the carbonized mass with ja
glass rod. Without removing the glass rod or the crucible, add 50 ml of water, 50 ml of 0.5 N
sulfuric acid, cover the beaker, and boil the soluf@mm30 min. Filter, and wash with hot water
until the last washing is neutral to litmus. Cool the combined filtrate and washings, add methyl
orange TS, and titrate the excess acid with 0.5 N sodium hydroxide. Each ml of 0.5 N sulfuric
acidis equivalenta 0.05254 g o€C4H4KNaO6.

HAEMATINICS
INDRODUCTION

HAEMATINICS arethe agentsisedfor formationof bloodto treatvarioustypesof anaemia'sThese
include:Iron, Vitamin B and Folidcid.

Deficiencyin Iron levelscanleadto anaemia.
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Erythropoietin (EPO) is a hormone that stimulates erythropoiesis, which can also be given as g
medicineto increasethe hemoglobincontent of the blood, but EPO is not classified as a

hematinicas it is not consideredratrient, but a hormone.

Classificaion of Anaemia:
According to morphology,

Hypochromicmicrocytic anemigHypo-refersto less,andChromicrefersto colour)
Macrocyticanemia/megaloblastenemia (largéloodcells)
NormochromicnormocyticanemiaThe averagesizeandhaemoglobircontentof the red blood

cellsare within normal limitarecalled normochromiaormocyticanemias.

According to underlying mechanism,

Blood loss(acute/Chronic)
Decreased®BC Production

IncreasedRBC Production(Haemolysis)

Classification of Haematinics-

Haematinicsncludeiron, folic acid,vitamin B 12, erythropoietinmyeloidgrowthfactorsand
megakaryocytigrowth factors

Iron

Oral

Al rglaconate
Al rsuphate

Al rfumarate
Parenteral
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Aron dextran(Imferon)
A S o dfertic gluconatecomplex
Al rsunosgVenofer)

Folic Acid
0 Reducedb-formyl tetrahydrofolat€Leucovorin/citrovorum)

Vitamin B12

Endogenous

0 Methyl cobalamine

0 5-deoxy adenosydtobalamine
Exogenous

0 Cyanocobalamine

0 Hydroxycobalamine

Erythropoietin
6 Recombinant apoprotein

0 Glycosylated Darbipoietinalpha
Myeloid Growth Factors

0 G-CSFi Filgrastim,PegFilgrastim
6 GM-CSFi Sargramostim

Megakaryocytic Growth Factor
0 Interleukinll

0 Operlvekin

0 Thrombopoietin

FERROUS SULFATE
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DEFINITION Ferroussulfateoccursasthe heptahydrate
Chemicalformula FeSO4-7H20
Formula weight 278.02
AssayNot less than 99.5%nd not morg¢han 104.5%
DESCRIPTION Pale, bluish or whitish green, odourless crystals, crystalline powder or granules.
Effloresces in dry air. In moist air it oxidizes readily to forrovnish yellow basic ferric sulfate
FUNCTIONAL USESNutrient supplement

Solubility- One g dissolves in 1.5 ml of water at 25° and in 0.5 ml of boiling water; insoluble in
ethanol

PURITY

Lead (Vol. 4) Not more than 2 mg/kg Determine using an atomic absorption technique

appropriate to the specified level. The selection of sample size and method of sample preparatio

may bebasedn the principlesof themethoddescribedn Volume4,i |l nst r ument al M ¢

Mercury Not morethanl mg/kg

METHOD OF ASSAY Dissolve about 1 g of the sample, accurately weighed, in a mixture of 25
ml of 2 N sulfuric acidand 25 ml of recently boiled and cooled water, add orthophenanthroline

TS, and immediately titrate with 0.1 N ceric sulfate. Perform a blatgdcrdanation, and make any
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necessargorrection.Each mlof 0.1 Ncericsulfateis equivalento 27.80mg of FeSO4-7H20.

FERROUS GLUCONATE

CH OH H OH
Fez@I

H@H;t::—é:—é—ri:*—ri—cr:c?
H B OHH
Chemical namesilron (I) di-D-gluconatedihydrate ferrousgluconate
C.A.S.number299-29-6
Chemicalformula C1:H22FeQ4 - 2H,0
Formula weight 482.17

AssayNot lessthan 95%on thedried basis

DESCRIPTION Fineyellowish-grey or palegreenishyellow powderor granuleshavinga slight
odourresembling that oburnt sugar

FUNCTIONAL USESColour,stabilizer,nutrientsupplement

Solubility (Vol. 4) Solublewith slight heatingin water;practicallyinsolublein ethanol
PURITY

Loss on drying (Vol. 4Not less than 6.5%nd not mor¢han 10.0941050 , 16 h)

METHOD OF ASSAY Dissolve about 1.5 g of the dried sample, accurately weighed, in a
mixture of 75 ml of water and 15 ml of dilute sulfuric acid TS in a-80&rlenmeyer flask, and
add 250 mg of zinc dust. Close the flask withaper containing a Bunsen valve, and allow to

stand at room temperature for 20 min. Then filter through a Gooch crucible containing a glass
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fibre filter paper coated with a thin layer of zinc dust, and wash the crucible and contents with 10
ml of dilute sulfuric acid TS, followed by 10 ml of water. Add orthophenanthroline TS and titrate
the filtrate in the suction flask immediately with 0.1 N ceric sulfate. Perform a blank
determination, anthakeanynecessary correctiotachml of 0.1 N ceiic sulfate isequivalentto
44.61mg of C1oH22FeQua.

ASTRINGENTS

M Definition:
An astringen{occasionahlternative:adstringent) substantea chemicalcompoundhattendsto

shrink or constrict body tissues and precipitate the protein and astringent form protective layer on

thesurface.

- Dueto theirproteinaction, astringentare abldo reducehecell permeability.
- Thisreducedocal edema, exudatioandinflammation.

- Theword"astringent' derivesfromL a t adstringer® meaning'to bindfast'.

- Theyareusually appliedo damagedkin topicallyor tothe mucousmembranef GIT including
the mouth.

M Characteristics:

- Affect only thesuperficiallayer.Reducecellular permeability.

- Makethe surfacemechanicallystrong,decrease exudation.

- Protectfrom externalirritation.

- Posseskocal stypticandlocal antisepticaction.

- May interferewith the functionof pain receptorsThe painrelievingactionis mild.

- Constrictthebloodvessels tatopbleeding.

M Typesof Astringents:
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1) Vegetableastringens: Tannicacid, Gallic acid
2) Metallic Astringents
M Aluminium salts:Alum[ KAl (S 04 ) 2ldnirui ghidfde(AICI3), Auminium acetate
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[ Zinc salts:Zinc chloride(ZnCl2), Zinc sulfate(ZnS04)
" Ferricchloride(FeClI3)

M Strontium chloride

[ Silver nitrate (AgNO3)

" Coppersulfate(CuS0O4)

3) Miscellaneous:Very cold water,Alcohol

M Indications:

M Swollen,inflamedand/orleakytissues.

M Theyareused tareateddiarrheaor dysentery.

M During leukorrhegthick white/yellowishvaginaldischarge)

I During minor bleedinglike Menorrhagia, Hemorrhoids.

1 Theypromotehealing process.

M Theydecreassweatingandpossessleodoranproperties.

" Mild astringensolutionsareusedin therelief of suchminor skinirritationsasthoseresulting

from superficial cutsallergies, insedbites, orfungalinfections suclasathlete'sfoot.

ZINC SULFATE

/n ‘|C|)
0 _,ﬁ_o_
O

Zinc sulfate

Molecularformula ZnS0O4
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M AnhydrousZinc sulfate(ZnSQy) 161.47 g/mol

Molar

mass

Zinc sulfateMonohydratgZnSQ; H20) 179.47 g/mol

Zinc sulfateheptahydrat€ZnSQ: 7H.0) 287.53 g/mol
Synonym White vitriol

As a mineraZnS04-7H20is known as
AR GOSLARI TEO.

Properties

Appearance| : | White powder olWhite granularnin nature

Appearance| . | White powder olWhite granularin nature

Odor : | Odorless

Taste .| Astringentsand metallic taste

Density | AnhydrousZinc sulfate:3.54g/cm3;Zinc sulfate heptahydrat@.072g/cm3
Melting . | 6800C;Decomposes: Anhydrow&nc sulfate:1000 C;Zinc sulfate
point heptahydrate70 °C

Solubility . | 57.79/100mL, at200C;In aqueousolutions withapH <5

in water

Refractive |: | 1.658(AnhydrousZinc sulfate), 1.4357Zinc sulfateheptahydrate)
index

In aqueous solution, all forms of zinc sulfate behave identically. These aqueous solutior
consist of thenetal aguo complex [Zn(H20)6]2+andS O 4 #ons. Barium sulfate forms
when these solutions atreatedwith solutions of barium ions:

ZnSO4+BaCl2Y B a S+@HACI2
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- When heatedver6800C, zincsulfate decomposesto sulfurdioxidegasand zincoxide
fume, bothof which arehazardous:

ZnS0O4Y S02+ ZnO

- Dehydration of Zinc sulfate heptahydrate:

50°C 100°

450°C 7400 C
ZnS04 2H20

IZnS0y

ZnS04 TH20

ZnS04 H20

S02 +Zn0O

It is reportedto form doublesaltswith PotassiunandAmmoniumsulfate:

- A white precipitateof Zinc hydroxideis formed wherZinc sulfate reactvith Sodium

hydroxideandwhite precipitateof Zinc hydroxide issolubilized in excess of Sodium
hydroxide:

ZnS0Os + 2NaOH

Zn(OH): + 2NaCl

2NaOH

~ Na:ZnO, * 2H20
(Excess) Sodium zincate

Preparation

- Specificreactions theeaction ofthe metal withaqueous sulfuriacid

Zn+ HSQ+ 7HOY ZnSQ@7 H0 + He

Pharmaceuticajrade zineulfateis producedoy treatinghigh purity zinc oxide with
sulfuric acid

ZnO + H>S04 + 6H20

ZnS0y4» 7H20

Zinc sulfatealso obtainedby heating Zindolende (Zinc sulphidep presencef air
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ZnS+ 02Y ZnSO4
Uses

- In medicineit is usedtogethemwith Oral RehydrationTherapy(ORT) andanastringent

- Zinc sulfate is an inorganic compound and dietary supplement. As a supplement it is used to t
deficiency.

- 0.25%Zinc sulfate used foophthalmicpurpose.
- Zinc sulfate act@semetics.

- It is usedasin electrolytedor zinc plating,asa mordanin dyeing,as apreservativéor skinsand
leather.

SIDE EFFECTS

- Side effects may include abdominal pain, vomiting (@g/Kg of body weight), headache and
tiredness.

PotashAlum
General KAI(SO4) Synonym Molecular Molecular
formula 2.xH20 formula WH.
Aluminum potassium sulfate potash alum | KAI(SO4)2:12H20 | 474.07
Potassium aluminium sulfate alunite KAI(SO4)2-2AI(OH)3| 414.03
Potassium aluminium sulfate kalinite KAI(SO4)2-11H20 | 456.07

Atomic Weight: K =39.09;Al =26.98;S=32.060=16;H=1
Preparation:

- Potashalumobtainedoy addinga concentratedolutionof potassiunsulfateto ahot
solutionof an equimoleculgproportion of aluminium sulfate.

- Whenthesolutionis concentrate@ndcooled, characteristioctahedrakeparatedut.

K2SOy + Al2(SOs)s + 24H20 2KAI(SO4)2A 1 2CH

feat :
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Properties:

- Colorlesstransparent;rystallinestructure.

- It readilydissolvesn waterandthe solution thusobtaineds slightly sweetishn taste.
- It is acidicin natureandanalumpowdersolutionturnsalitmus papered.

- On heating,alumpowderchanges tdiquid first andif heatedurther,thenthe saltstartssw
form froths.

- Alum crystals are found all over the world, as stated in Potassium Alum, but the majo
Andes Mountains in South America in Bolivia, Argentina and Chile. In the United State:
arefoundin Tennessed\levada and Arizondn the placeswherelargedepositsof alumaref

areextracted in a mine.

USES
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- Alum is used as aadjuvant in many subunit vaccines, such as include hepatitis A,
hepatitis B, and Diphtheria Tetanus Pertussis (DTP) in order to augment the body's
response&o immunogens.

(An Adjuvantis an agent that may stimulate the immune system and increase the
response to a vaccine. Adjutants having aluminum have been pravekéosome
vaccinedastfor longerperiodof time andto helpgeneratenore antibodie$o fight
againstisease.)

- Alum in rock formis used asnaftershavelf it is rubbedon afreshlyshavedace,
its astringent property helps to prevent and reduce bleeding in minor cuts and
abrasions.

- Alum hasastrong antibacterigiropertyandso itis usefulas anaturaldeodoranby
inhibiting the growth of the bacterieesponsible fobody odor.

- Alum is listedasan ingredienof toothpaster toothpowdeandpharmaceuticaid.

- Alum acts als@s astypticto contract organitissues andtop orreducenemorrhage
andbleeding.

- It is alsousedasan emeticagentto inducevomiting whena persorhasswallowed
poison.

POISON

A poison may be defined as any substance administered in whatever way (by mouth, injection,
inhalation,skin, mucous membranpjoduces illhealth,diseaser death.

Thediagnosiof poisoning isoftendifficult. But acutepoisoningmaybeaccidental,
occupationalsuicidal orcriminal.

Selfmedicationis also amajorcauseof drugpoisoning.

Classification of poisoning:
1)Intentional poisoning: A person taking or giving a substance with intention of causing harm to that

persore.g.Suicide,assault.
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2) UnintentionalPoisoningif the persortakingor giving asubstancevithoutknowingits toxic effects.
e.g.Accidentally.
3) UndeterminedWhen thedistinctionbetweenntentionalor unintentionals not clear.

e.g.Posoningdueto insecticideor pesticides.

ANTIDOTE

Antidotesarethe substanceshich reacspecifically withtheingestedooison ortoxic substancer
with potent drugs in casa overdose.
Theyareusedto neutralizehe effect ofpoison inthebody.
Classification:
Accordingto their mechanisnof action,theyareclassified as:
1)PhysiologicalAntidotes: TheyarealsocalledantagonistsTheyproduce theffectoppositeto

thatof the poison. They angsed aftesomeof the poison is absorbed in tbieculation.

e.g. Sodium nitrite (used in cyanide poisoning), Atropine and Physostimine are two antidotes for
eachother.

2)Chemical Antidotes: They react by combining with ¢hpoison and change its chemical nature by
convertingthe poison into inactiver harmless compounds.

e.g.Sodiumthiosulphatgwhich convertthe systemidoxic cyanide intonorttoxic thiocyanate),

EDTA (chelating agent for heavy metal poisoning)

3)Mechanical Antidotes: Theyactby preventingthe absorption opoisoninto thebodyor expel

outthe poison by emesis or eliminate through urine.

e.g.Activated charcoahbsorbgshe poisonprior to absorptiorninto intestinalwall.

Copper sulphate, magnesium sulphate and monohydrogen phosphate inactivate the poison prio

absorptiorand precipitatéhe toxic materiaas insolublesalt.

SODIUM NITRITE INJECTION
Molecular Formula: NaNG,

Synonym:Nitrousacid SodiumSalt, Etinitrit
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Standards: It contains not less than 97 percent and not more than 101 percent of sodium nitrite &s
calculatedbn dried basis.
Methods of Preparation:
1. It is preparedy stronglyheatingsodiumnitrate.
2NaNO—»  2NaNO,+ O2

2. It canalsobepreparedy heatingsodiumnitratewith lead
NaNO; + Pb —»  NaNQ, « PbO
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Physical Properties:

1. It is yellow or white crystallinepowder.

2. It hassalinetasteandfreely solublein waterbut lesssolublein alcohol.

3. It is odourlessn nature.

4. Whenit is exposedo air, it readilyforms sodiumitrite.

Assay:1 gm of sodium nitrite is dissolved in 100 ml of water, pipette out 10 ml of the

solution andransfer to another solution containing KMR@DO ml of water and 5 ml of

H2S04.The solution igarmedto 40C and allowed to stand for 5 minutes. To this 25 ml of

0.1 N oxalic acid is added aadain heated to 80C.The excess oxalic acid is titrated with

0.1N potassium permanganate. At thepmudt, colour changes from colourless to pink.

Uses:
1. Nitrite ions releas¢he smoothmuscle oblood vessels angive the vasodilator action.
2. It is mainly used incyanidepoisoning.

3. It is also usedn anttrust solutionto prevent theustingof surgicalinstruments.

SODIUM THIOSULFATE INJECTION

Molecular Formula: Nax$,03.5H.0

Molecular Weight: 248.18 g

Synonyms:Sodiumhyposulfite Anti-chlor.

Standards: It contains not less than 99 percent and not more than 101 percent of
NaxS03.5H.0Methodsof preparation:

1. It canbeprepared byoiling sodium sulfitewith sulphur.

Heating
NapSO;+S —» NaS:03

2. It canalsobepreparedy passing SOgasin a mixtureof sodiumsulphideandsodium
carbonate.
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2NaS+NaCOs+4SG, —3NS0:+CO,
3. Sodium thiosulphate @lsoprepared by reacting sodiumydroxide with sulphur.
6NaOH+4S — Nagoe03+2NaS+3H0

4.1t canalsobe preparedyy passing sulphutioxideinto sodiumsulphidesolution.
2NaS+3SQ —» 2NaS,03+S

Physicalproperties:

1. It occursaslarge,transparenprismaticcrystallinepowder.

2. It effervescesn dry air.

3.It is practicallysoluble inwaterandinsolublein alcohol

4. 1t startsmeltingat 50Candat 100C,losesits all molesof water.

Chemical properties:
1.lts aqueousolutiondecomposeslowly as:
ANaS0; ———» 3NaSO+NapS; — » NapS+4S
2. Sodium thiosulphate is used to dissolve silver halide, that is why it is used in photography
and is alsknownas6 hy p o 6 .
2Na,S,05+AgBr — 3 Nag[Ag(S203)2]+NaBr
sodiumargentothiosulphate
Identification tests:
1.Add few drops of lodine solution to 10 percent w/v solution of sodium thiosulphate. The
solution willappear colourless.
2.A solution (1 in 20) gives the reaction of sodium and
thiosulphate iorAssay:lts assays basediponiodometric
titrations.

Takeabout 0.5 gm of the sample and dissolve in 20 ml of water, and the solution is
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titratecagainst0.05 M
lodineusingstarchsolutionasanindicator, wherattheendpoint, theexcessodinereacts
with starchpaperturning it to abluecolour.
2NaS03+ 2 —Pe, 5,0 +2Nal

Eachl ml of 0.05Miodine=0.02482ym of sodiumthiosulphate.
Testfor Purity:

Thesamplées tested for theresencef following impurities:
1.Heavymetalsnot morethan
10ppm2.Absencef sulphide
and sulphite.
3.Sulphatesnust notoe morethan 0,2percent.
4.ThePH ofaqueous solution df0 percent w/v of sodium thiosulphase.0-8.4
Uses:
1.ltsuse asanantioxidantis limited to solutioncontaining
iodides2.ltis used as atandard titrant in iodimetric

analysis.

ACTIVTED CHARCOAL

Charcoals adarkgreyresidue consistingf carbonandanyremainingashobtainedoy
removingvaterand other volatile constituent froamimal and vegetabkubstances.
Methods of Preparation:
1.1t is prepared by burning wood in absence of air. The residue obtained consists of nearly
purple color2.0ther sources: Sucrose, lactose, rice, starch, coconut, pericarp, and various

industrial wastes can hesedfor preparingcharcoal.
Properties:

1.ltisfine, black,odourlessaandtastelespowder.
2.1tis freefrom gritty matter.
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3.ltisinsolublein water andtherorganicsolvents.
Uses:

1.ltis usedasanemergencyntidotein manyformsof poisoning.

2.ltis usedas protective and adsorbent.
3.ltis alsousedasaburningfuel.

4.Dueto its high surface area,

5.1t is alsousedasafilter aid.

6.It is alsoa constituenfor gumpowder.
UNIT-V

RADIOPHARMACEUTICALS

INTRODUCTION

Radiopharmaceutical is a branch of science that deals with the study of the radioactive
substances which are used as medicines. Radioactive substances are those substances which emit
continuous radiation spontaneously by itself, to decompose to stable nuclei. The emission of
radiationis not influencedy temperature, pressure, concentratind catalyst.

Radioactivity

It is a natural and spontaneous procegswhich the unstable atom of one element emits
or radiates excess energy in the form of particles or waves. After emission the remaining daughter
atom can either be a lower energy form of #eme element or a completely different element.
The emitted particles or waves are called ionizing radiati@tause they have the ability to
removeelectrons from thatom of any matter they interaetth.

Themostcommonform of radiationsemittedhasbeentraditionally classifiedas:

1 arays

1 brays

1 grays
RADIOACTIVRAYS
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Alpha rays:
1. Thealpha particlesirethehheaviest athey areproduced whethe heavieselement decay.
2. Theyarenotwaves buhigh energy particlesvhich areexpelled fromunstablenuclei.
3. Theseare similar to Helium atom and containtwo protonsand two neutrons,having a

mass o4 amu.

4
oHe or a-particle
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4. Theseparticlesarelargeandheavyin nature, secannot penetrateut easilygetabsorbed.

5. Dueto lesspenetration oalphaparticles, elementshich emit themdo not find anyusein
biologicalapplication ashey cannot penetrate tissues.

6. When a radioactive element emits alpha particlig® resulting nucleus will have its

atomic number less than two units and mass humbebwikéss than 4 units as compared to

theoriginal.
226 226 4

7. Theygetdeflectedn electricandmagnetic field.
8. Theyproducefluorescencandphosphorescenee somematerialssuchaszinc sulphide.
9. Theyionizethe gaghroughwhich theypass and capenetrate througimatter.
10. Their energyis about6 meV.
Betarays:
1. Theyaremuch lighterenergyparticles andhaveless ionizingpowerthan alphaarticles.
2. Betaparticles aré8000 times smallghan thealphaparticles.
3. Theemissionof betaparticlesfrom elementdoesnot alterthe atomicmassandis

convertedo element with next higher atomic number

14 14
6C V2= oN+b

4. Beta particleshave negligible massesabout1/1836than of hydrogenion and are high

0
speecklectrons(; gor b-particle).

5. Theygetdeflectedn electricandmagneticfield.

6. They ionize the gasthroughwhich they passand can penetratethrough matter. Their
penetratingpoweris 100timesmorethanthatof U-particlesbut ionizing strengthis 1/100" of
a-particles.

7. Theyproducefluorescencandphosphorescenée somematerialssuchaszinc sulphide.
8. Theirenergyrangedrom 2 to 3 meV.

Betaparticles can be classifiedinto two types:
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Electron emissionor negatrons: Theseareemittedby unstablenucleiin which neutrons

aretransformed into protons with beta emission.

1 1 0
on- P it
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Here the releasedproton particle hasthe samemassas that of original atom while the
b-particlehaschargeasanelectron.
Positrons:

1. Positron is a type of beta particle, in which a proton inside a radionuclide nucleus is
converted into a neutron. It is not very common and as they are short lived; they do not find

anyapplication in biological field.

2. Positron emission decreases protombar relative to neutron number and this kind of

decayhappens typically in larg@é p r er ti azddionuclide.

3. Isotopeswhich undergo this decay and thereby emit positrons include Carbonll,
Nitrogen13, Oxygenl5, Aluminium-26, Sodium22, Fluorine18 andlodine121.

11 11 O
6C Y2- 5B+ 1b
Gammarays:

1. Theyarehavingcompletelydifferent characterThey do not haveany chargeor masson

them.It travels with the same velocity of light.
2. Gammaraysarelike X-rays, haveshorterwavelength thathe visiblelight.
3. Penetratingpower ofgammarayswas foundo bemorethanalphaandbeta rays.

4. Whengammarays are emittedfrom a radioactiveelement,no changeor loss of atomic

massor numbertakes place, only there loweringof nuclear energy.
5. Theyproducefluorescencén somematerials.
6. Theyproduceheaton the surfacen whichtheyfall andknockout electrongromit.
7. Theycanproducenuclearreaction.

Properties of Alpha, Beta,and Gamma Radiations

Type of Radiation
Property

a b g
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Charge +1 T1 0
Mass 6.643 10 26 [9.113 10 2§ 0
Relative penetrating T 100 10,000
power
Natureof radiation 4 _ Electron High-energy
oHenuclei
photons

Isotopes:

Atoms of an element which have the same atomic number but different mass numluoaitedras
isotopes. Isotopes are also called as Nuclides. Nuclides have same number of pratdfesenat
number of netrons. They are same chemically but have different physical properti¢és ditferent

number ofneutrons. e.g. Hydrogen htéseeisotopes which are:

® Protons
(® Neutrons
© Electrons
1 2 3
1H TH 1H
Deuterium Tritium

Fig. 5.1
Isotopesare classifiedinto two types:
1. Stablelsotopes
2. Radioactivdsotopes
Stablelsotopes: Thesesotopesarestablein nature andlo not emitanykind of radiation.
e.9.13C, *Cl, H (protium),?H (deuterium)
Radioactive Isotopes:Radioactive isotopes are also called as radioisotopes. Theswtaral or

artificially created isotopes of a chemicgdement having an unstable nucleus tatays, emitting
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alpha, beta and gamma rays until stability is reached. The stable end produnbrisadioactive
isotope of another element. The origimalclide is called the parent and theoductis called the

daughtemnuclide.This phenomenowf nuclearchangess termedasdisintegratioror radioactivedecay.

e.g.
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b Emit radiations b1 _4
aXl/zl/zl/zl/zl/zl/zl/z- aX + a-rays

Parentuclei Daughtemuclei (Stable ounstable)

Radioactivelsotopesare of two types:
1. Naturally occurring: e.g. U?*XUranium), R#%Radium), RB/(Rubidium),
K40 (Potassium)
2. Atrtificial radionuclides: They are produced in nuclear reactions. It is created by
bombarding atoms of specific element with radiation particles, thus creating new atoms existing
from another type of element. e.g. Formation of radioactivepgodf phosphorus by bombarding

aluminiumwith alpha particles.
27 4 30 1

Stability of Isotopes:
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Thenaturallyoccurringnuclideshavea particularratio of protonsandneutrongn mostofthe elements.
Any deviationin this ratioalters theatomicnumberandcause unstabilitgf nucleus.

e.g.Stableratio of potassium is 1:1.115.

If moreneutronsareaddedo the nucleusthisratiowill getdisturbedand nucliddbecomes

unstable.

1  Most isotopesof elementwith Z number83 or lessare stableand are called as stable

isotopes.
1  However,somenaturallyoccurring isotopewith Z numberessthan 83areunstable.

1  All thenuclideswith Z numberabove83 whethematurallyoccurringor artificially
preparecdareunstable.

RADIOACTIMBECAY

Radioactivity involves release of radiation from the nuclei of radioactive isotopesquEmity of
radioactivity contained in given sample does not remain same and keep on deoatimgpusly. Each
radionuclide, whether natural or artificial get disgutated by the emission efergy.

Identification of radioactive elementdependsupon:

1. Disintegratiorrate
2. Decayconstant

3. Halflife

4. Typeof radiationemitted
Half-Life (ti2):
It is the time required for a radioactive isotope to decay to one half of its original vaoggven
point of time.

Eachradioactiveelementhasits own characteristidhalf-life (t12), irrespectiveof quantity

present.

0.693 - :
tiz = | where | = Disintegration constant

The half-life period for any given radioelementremains unchangedunder varying conditions of
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temperature, pressure and chemical environment. This is because radioactiniglesagroperty and
remains unaffected lghanges irthe outerelectronarrangement.

e.g. Initially 64 micro curies of radioactivity occur irgiven sample of ferric citrat@Fe)solutionon a

particulardate.

After first half life i.e 45 days
32 micro curies

After second half life

16 micro curies

After third half life

8 micro curies

After fourth half life

4 micro curies

It wasobservedhatradioactivityis reducedo 1/6™ of its original valueafter 4™ half life.

In calculatingthe doseof anyradiopharmaceuticale. t1/> calculationneedgo beconsidered.

Name Half-life Application
Ferriccitrate(*°Fe) solution  i45days Studyof iron metabolismandRBC
formation
Sodiumiodide (34) 8.06days Thyroid scanning and study of
thyroid uptake
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Sodium phosphaté®) 14.2days Treatmenbf polycythemia
injection (overproductiorof RBCs)
Calciumchloride(*°Ca) 160days Studyof calciummetabolism

disorder bone cancer

AmmoniumBromide 36 hrs. Extracellularwatermeasurement

Injection (82Br)

Units of Radioactivity:
Curie: It is defined aghe quantityof anyradioactivesubstancevhich undergoeshesame
number of disintegration in unit time as of 1 gm Radium and is equal $13? disintegrations
per secondlt is symbolized a® C 6 .
1 gm of radioactive element 3.73 10" disintegrations/sec
Roentgen:lIt is aunit of measuremerior theexposureof X-raysandGammarays.
1R =2.583 10%Ckg' ! (C = Couloumb)
RAD (Radiation Absorbed Dose):lt is aunit of absorbedadiationdose.
1 RAD = 10 2J/kg
Each1R absorptionin the air hasbeenequivalentto 0.87 RAD andfor waterit hasbeen0.97RAD.
Pharmaceuticadosagdorms aredescribed irterms ofRAD units.
RBE (Relative Biological Effectiveness):Since the effect of given radiation on biological
effectivenesslependaiponthe type of radiation,a unit known as RelativeBiological Effectiveness or
RBE has beemtroduced. This expresses the relative effects of radiati@hsha,betaand gammapn
the biological system.
Becquerel: Onedisintegratiorpersecond
1Bq =273 10 1Ei (Ci = Curie)
Radioactive Dosimetry:
Dosimetry is the measurement of radiation dose. Radiation dose can be calculated maly if

distribution and clearance rate are known.-8istribution is the amount of activity within tlergan,
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while the clearance rate is the rate at whiehdtug is eliminated from the body withspecto time.

The Sl unit of dosimetryis Gray (Gy)or rad.

1 Gy or rad = One gray of radiation is equal to one joule of energy in the form of iomaulmfion,
divided by oneilogram of matter.

Radiopharmaceuticals used in majority of diagnostic studies in adults ordinary remgiaimdose of
less than 5 rads, within dose to the whole body of less than 0.2 rads. RadiatibeldeskO radare
consideredtb e i rd o&sledw r ange.

Radiationdoselevel is estimatedisingaverageactivities administeretb adultslike:

Radiation dose Diagnosticuse

High doseg>5 rads) 131 Sodiumiodidefor thyroid imaging
Ml-iodocholesterofor adrenaimaging

"Se Selenomethioninéor pancreasmaging
9MTc-DMSA (dimercaptosucciniacid)for renal

imaging

Mediumdose(1-5 rads) %°"MTc-pertechnetate fdsrainimaging

MTc-(DTPA Diethylenetriamingentaacetic aci)r
brain imaging

%M ¢c-Sulphurcolloid for liver imaging

T c-diphosphatefor boneimaging

6’Ga-citratefor tumourandabscesimaging
20T|-chloridefor heart imaging
°1Cr-Sodiumchromatefor redcell studies

%" ¢c-gluceptatdor brainand kidneyimaging
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Low dose(< 1 rad) 9MT¢ (Technetiumyed blood cells for blood pool
imaging
®MTc-MAA (Macro aggregated albumin) for lung
imaging

134 -hippuranfor kidneyfunctionstudies

127X e and'3%e for lung ventilation imaging
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Mode of Decay:

Radionuclidecan undergodisintegrationby different modesuntil a stable nucleusdoesiot form. If
the daughter element is unstable it becomes a parent element and starts decayihdpecotiies
stable. This series lledas radioactive series.

Daughter nucleus thus formed from the parent nucleus will have different nunmsertiafnsor atomic

number.
A
N By
g ™
P+ aom
5 |
2 Y \B'
E
z F
4
Z (Atomic number) "
Fig. 5.2
a-Decay:
2420 4
1%I - qNa+ 2He(a) Y- (2 atomic numbeless,ni 2)
b-Decay:
14C 14 ;
) 6 7 N+b Y% - (1 atomicnumber increased, + 1)
. E7Iectron Capture:
Be+ e- _ Y% - (1 atomicnumber decreased, 1)
4 7 M
Positron Emission:
11C 11 0
6 ) 5 B+ +1el/z- (1 atomic numbedecreased, h 1)

Characteristics of an isotopeto act as usefulradio diagnosticagent:
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Shouldreleasenigh energyphoton.
Half-life of 1 hourto 1year.

Shoulddecaywithout particleemission.
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1 Shouldbereadilyavailable.

1 Shouldhavespecificactivity.

1 Should lavecompound ability.
e.g.An isotopethat fulfils the aboveproperties isTechnetium €Tc).
Labelling on Radioactive preparations:

The label of radiopharmaceuticgbreparationsshould be appropriateand the followingdetailsareto

beenclosedn the label:
| Dateof manufacture
Dateof expiry
Dateof calibration
A statemenb c a uradioactvemat er i al 0
Dosagecalculation

Correctionto bemade foradioactivedecay

= 4 -4 -4 - -

Thehalf-life of radioactivenuclei

MEASUREMENJFRADIOACTIVITY

The measuremenbf nuclear radiation and detectionis an important aspectin the
identification of type of radiationsa( b, g) and to assay the radionuclide emitting the radiation,
suitabledetectors areequired.Theradiationsareidentified on the basisf their properties.

e.g. lonization effect is measured in lonization Chamber, Proportional Counter and Geiger
Muller Counte.

The scintillation effect of radiation is measuredusing scintillation detectorand the
photographieffect is measured bfutoradiography.

Principle: All the detectorsare basedon the principle that the radiation depositsits
energy through the formation of charge carriers, either directly or indirectly in the detector which
resultsin the flow of currentor a voltagepulse.Theions createdn the detectorcanbe collected

by applying the electric field within the detector and the current flowing through the detector can
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bemeasured using an electrometer.
GasFilled Detectors:
1. lonization Chamber:
It is the simplest gas filled detector which is based on the collection tiealtharges

createdby direct ionizationof the gasmolecules througtheapplication of electridield.
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399 @
gy 1]
i
Fig. 5.3

It consists of chamber filled with gas like Argon, Helium or Air etc. lonization chamber is
fitted with two electrodes kept at different electric potentiak1B0V for each cm of distance
between two electrodes) and a measuring device to indicate thefflawvrent. Radiations bring
about ionization of gas molecules or ions which cause emission of electrons which in turn reveal
thechanges in electricurrent.

2. Proportional Counters:

It is the modified form of ionization chamberin which an applied potential causes
ionization of primary electron which further leads to thunderous bursting/ production of more free
electrons, which get carried to anode and current pulse through electric circuit gets amplified. Thé
voltage range over which ionization aes is called proportional region and counters working in

thisregion is called proportional counter.

If the electric field gradient between the cathode and anode is increased by increasing
applied voltage, the electron produced in primary ionization duritnize the gas molecule and
number of ion pairs is multiplied. For each primary electron liberated, larger numbers of

additionalelectrons aréberatedand the currenpulse get amplified.

The total charge collected becomes proportional to the origiumaber of ion pairs. It is
operated at pul se ratio and wused in the for

fragmentcounting.

3. Geiger-Muller Counter:

U

1%
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GM counter was developed by Geiger and Muller in Germany in the year 1928. It is the
oldest radiation detector due to its low cost, simplicity and in case of operation; it is the best

detectoramongall.
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It doesnotrequireuseof anyhigh gain amplifierandcand e t efc tradibtionseasily.
Principle:

A GM counter consists of a GM tube, sensing element which detects the radiation and
processing electronics which displays the result. The GM tube is Wilkdan inert gas such as
Helium, Neon or Argon at low pressure, to which a high voltage-H080V) is applied. The tube
conducts electrical charge when a particle or photon of incident radiation makes the gas
conductive by ionization. The ionization caterably amplified within the tube to produce easily
measuredletection pulseyhich isfed toprocessing electroni@nd display theesult.

Construction:
1. It consistsof acylinder 1-2 cmin diameterof stainlesssteelor glasscoatedwith silver on
innerside which acts as cathode.
2. Internallyatungsterwire is suspendeavhich is mountedat oneendwith a glasbead,act
asanode.
3. Cylinderis filled mixture of gas(argonandhelium generallyused)which also containa

smallamount of quenching vapours.

Helium, Neon or Argon gas

Positive electrode at low pressure
(Central wire)
\\
Radioactive J & %‘g Electric pulse
= == T usove
o 4 ® [
== g
in mi Electric pulseT
Thin mica
window / N Electric pulse
Negative electrode —
(Aluminium tube) Scale meter/
Ratemeter
Fig. 5.4

Quenchingvapours are used:
(a) To prevent thdalsepulsethat maybeproduced duéo positive ionreaching the cathode.
(b) To absorbphotonsemitted by exciting atomsand moleculesreturning to their ground
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state.
Note: Chlorine,Bromine,Ethanolare commonlysedasquenchingagents.

Dependingon purpose,different countersare used,like:
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1. For counting the radioactive solid source, the end window type GM counter has been use(
in which window has been made up of Aluminium alloy (7 mg?emlica or may be thin
glassbubble(15 mg/cm).
2. For counting beta and gamma patrticles, thin glass walled counters may be used. Thes
have been normally of about 1 cm in diameter, having a glass wall 20f
40 mg/cnt thickness antube is coatedn insidewith Graphiteto form cathode.
3. In order to count radioactive liquids, the counter having the capacity of 13 ersed. In
suchacounter,3% solution of Uraniunsaltgivesnearly 10,000 couniger minute.
4. To count radioactive gases, radioactive gas is introduced togethecounting gas. For
moreefficient gammaounting,counterhavingleador coppercathode haveeen used.
Working:
1.Radiations when enter the tube through a thin section also called as window causes th
ionization of gas molecules.From theseionized atoms or molecules,an electronis
knockedout of theatomand the remaining atom p®sitively charged.
2.When the high voltage is applied acrossthe electrode(300-1300), the electronsand
positivelycharged ions arattracted towards anod@d cathode respectively.
3.Hence, each particle of radiation produces a brief flow or pulse of current which can be
transmittedo radioactive sensasia aninterface whichis finally recordedn computer.

4. All pulses froma GM counterareof sameamplitudefor anyincident radiations.

Interface

A

Radioactivity sensor

Compu%ter
=
Radioactive source Sl

Fig. 5.5 :Working of GM counter

Disadvantages:

)
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A GM countercannotdistinguishbetweentypesof different radiationand their energy.

However the multiplicationfactor isa big advantagen simpleradioactivecounting.
Scintillation Detector:

Whenhigh energyradiationor photonsis incidenton certainsubstancea flash of light is

emittedby the phenomenon called fluorescencphosphorescence.

‘ Photo cathode
v Lo | . Focusing electrode Photo Myltiplier Tube (PMT
lonization track ./ iy 9 } P (PMT)
¥ r
High energy Y ﬂ/ ) N x_;l,-tl :‘s.\i‘:‘.;
photon Low energy photons . - -
. Connector pins

AL £ \ /
Primary Secondary = Dynode Anode
~electron  electrons

| Sclilntillator
Fig. 5.6: Scintillation Detector

This output light can be used as a measure of adsorbed radiation on scintillation detector.
This emitted light when enters into phetailtiplier tube; it multiplies and amplifies even a small

signal.So itbecomes possible toeasuralpha,beta ogamma adiation byscintillation detector.
Important properties of goodscintillation detectorare:

1. High scintillation efficiency.

2. Thelight producedshould beproportional to théight incidenton detectors.

3. Detector material should be transparent to the wagtierange and must not produce any

interferencan theresultant spectra.

4.Short decay time of the induced fluorescerzan be increased by dynodes which are
made up of phosphor or fluor which multiplies the electrons when strike to them. Hence
various inorganic and organic scintillation detectors can be used to measure the incident

radiation.
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5. Inorganic scintillation detectors like alkyl halides are most common compounds.

e.g.Sodium iodideCesiumiodide, Lithium iodide.

6. Organic Scintillators like plastic scintillators have good scintillation property but stilbene

havelow scintillation property.
SemiconductorDetector:

It is a diode of n (electron rich) and p (electron deficient) semiconductorsin a
semiconductor the band gap is very small of the order®E¥ and therefore large numbers of
electron hole pairs are formed, thus, giving rise to very good resolutionto these detectors.
Application of a reverse bias acrossthe diode causestransport of electronstowards the n-
end and that o fend.0Te dbsosption of eneidemt dasliatiqns results in the
formation of electron atr\lld hole pairs which move under the influence of applied electric field. The
collection of electrons at the electrogeoduces a voltage pulse, which is proportional to the
intensityof theincident radiation.

Cathode Anode

Electrons

Solid State Detectors:
Theyhavehigh resolution,compactnesandeasyinterpretatiorof outputsignal.

(@) Cerenkor Detector: These are based upon light which is emitted by fast charged particles

throughan optically transparent mediunith refractiveindexof morethanone.

(b) Thermoluminescence dosimetersThese aremade upof thoseinorganic crystalsn

which electron hole pairs have been formed due to radiations which can trap these pairs and ¢

n
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heatinglead to emission of lighe.g. CaS@Mn, LiF, Cak:Mn etc

(c) Track-etch Detector: lonizing radiations having higher linear energy transfer (LET),

passingthrougha dielectric material createtrail of damagedmoleculealongtheir path.In some
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material, the tract can be visible upon etching in a strong acid or alkali solution. The damaged
molecular tracksre etched faster than the budiad look like a pits on the surface. These tracks
can be counted by viewing through a microscope. The commonly useektcacknaterials are
guartz, mica, silica glass, flint glass, polyethyleneterephthalate Jexan, markrofol, cellulose

triacetatecellulose nitrate.

(d) Autoradiography (Photographic Emulsion): Ordinary photographic film is made up of
silver halide grains (AgBr) suspended in Gelatin matrix and supported with a glass or cellulose
acetate film. Incident raaltion ionizes or sensitizes the silver halide grain which remains intact for
indefinite period until they are developed. These are more useful in detecting and determining
gamma radiations in physiological studies of plants and animals. First of all, admnister
radioactive substance to an animal, after sufficient time for localization, tissue is removed and
embedded in paraffin. Now, cut into sections and kept with photographic emulsion in dark room.
Radioactive particles emit radiations and darken thegginaphic emulsion, develop and fix the

emulsion.

Administer radioactive substance to an animal

!

After sufficient time for localization
Tissue is removed

:

Embedded in paraffin

Handling and Storageof Radioactive Material:

Greatcaremustbe takenin handlingand storageof radioactivematerialso asto protect
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