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The branch of science dealing with the study of all the life processes such as control and cocrdination
within a living organism is called Biochemistry. A sub-discipline of both chemistry and biology, biochemistry
may be divided into three fields: structural biology, enzymology and metabolism. Over the last decades of
the 20t century, biochemistry has become successful at explaining living processes through these three
disciplines. Much of biochemistry deals with the structures, functions, and interactions of biological

( macromolecules, such as proteins, nucleic acids, carbohydrates, and lipids. They provide the structure of
cells and perform many of the functions associated with life. The findings of biochemistry are applied
primarily in medicine, nutrition, and agriculture. Biochemistry covers a range of scientific disciplines,
including genetics, microbiology, forensu:s and medicine.

Biochemistry is essential to understand the following concepts. a) The chemical processes which transform
diet into compounds that are characteristics of the cells of a particular species; b) The catalytic functions of
enzymes; c¢) Utilizing the potential energy obtained from the oxidation of foodstuff consumed for the
various energy-requiring processes of the living cell; d) The properties and structure of substances that
constitute the framework of tissues and cells; e) To solve fundamental problems in medicine and biology.

The vast academic experience helped us to realize the need of the B. Pharm., students for a book that
can help them to easily understand the subject. Many of our students also insisted us publish a book after
getting themselves inspired of learning biochemistry with at most ease and simplicity from our clear and
illustrative lecture notes. The main object of this book is to attract the B. Pharm., students, so that they feel
an urge to explore and understand the basics of biochemistry.

This book is an effect of our vision to discover the best book on biochemistry especially for B. pharmacy
second semester students, which consists of five units as per revised PCI syllabus. Unit - 1 deal with the
biomolecules and bicenergetic basics. In this part, each biomolecule is discussed in a simplified manner
with clear definition, classification, properties, and significance. For easy understanding and revision,
classifications of biomolecules were schematically represented, and properties and biological significance
were given point by point. Unit - 2 to Unit - 4 deals with biomolecules metabolism. One of the major
highlights of this book is the presentation of metabolism of biomolecules which clearly distinguish this
(' book from the rest of the available books on the market. Metabolic pathwayvs were represented both in

structural form and theoretical form along with the type of reaction, name of the enzyme responsible, and
energetic aspects. The changes that take place in each biochemical reactions are highlighted in the structure
for an easy understanding of the reaction. Detailed explanation was given for every reaction of various
metabolic pathways with the reasoning of enzyme name and energetic calculation. In the applicable places,
regulation, inhibitors, and metabolic disorders of biochemical reactions were also discussed. Unit — 5 deals
with enzyme including classification, mechanism of action, inhibition, kinetics, co-enzymes, isoenzymes
and applications in a student-friendly manner. Probable questions including multiple-choice questions
with key, short answers, and long answers are given at end of each chapter add colors to this book. Hence,
this book facilitates the students to understand the subject more easily and interestingly. We welcome
suggestions and constructive criticism from all corners of the academic community.

Dr. G. Saravanan & Dr. V. Alagarsamy
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A Novel Method for Simultaneous
Estimation of Clobetasol, Neomycin,
Chlorhexidine and Miconazole by Using
RP-HPLC

Meruva Sathish Kumar ¥, S. Marakatham ®, S. V. S. Saibaba ¢,
P. Shyam Sundar “and S. Siva Prasad *®

DOI: 10.9734/bpi/cops/v8/4275E

ABSTRACT

In this chapter, a novel method has been developed for simultaneous estimation
of Clobetasol, Neomycin, Chlorhexidine and Miconazole in bulk and marketed
formulations. Chromatography was carried out using a Water's 2695 HPLC
system equipped with a Hamilt syringe, an auto sampler, and a 2996 photodiode
array detector. The best outcomes were achieved using phosphate buffer (20
Mm), pH 6.6 adjusted with diluted orthophosphoric acid, Acetonitrile taken in
Gradient Program at flow rate of 1 ml/m, and detection at 239 nm. For all four
drugs, the retention time was less than 9 minutes. The method was
demonstrated to be linear, precise, and accurate in accordance with ICH
guidelines.

The findings showed that the linearity ranges between 1.25 and 300 pg/ml. The
LOQ values were discovered to be 0.05, 0.23, 0.11, and 1.20. The sample
solution injected after 24 hr did not show any appreciable change.

The developed method was simple, specific, and sensitive because the
excipients did not interfere with the determination of the main components. The
proposed technique can be used for routine analysis of Clobetasol, Neomycin,
Chlorhexidine, and Miconazole in combined dosage form, that are available in
variable concentrations.

Keywords: Clobetasol; neomycin; chlorhexidine and miconazole; reverse phase
HPLC; PDA detector.
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1. INTRODUCTION [1-12]

Clobetasol is consists of [17-(2'-Chloroacetyl)-9-fluoro-11-hydroxy-10,13,16-
trimethyl-3-o0x0-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]phenanthren-17-yi]
propanoate is a corticosteroid of the glucocorticoidd class used to treat various
skin disorders including eczema and psoriasis. It is also very powerful for contact
dermatitis caused by exposure to poison ivy/oakNeomycin (2RS,3S,4S,5R)-5-
amino-2-(aminomethyl)-6-((2R,3S,4R,5S)-5-((1R,2R,5R,6R)-3,5-diamino-2-((2R,
3S.4R,55)-3-amino-6-(aminomethyl)-4,5-dihydroxytetrahydro-2H-pyran-2-yloxy)-
6-hydroxycyclohexyloxy)-4-hydroxy-2-(hydroxymethyl)tetrahydrofuran-3-yloxy)
tetrahydro-2H-pyran-3,4-diol Neomycin is typically used as a topical preparation,
such as Neosporin. It can also be administered orally, where it is typically given
in combination with other antibiotics to treat hypercholesterolemia and hepatic
encephalopathy. Chlorhexidine N,N""1,6-Hexanediylbis[N'-(4-chlorophenyl) (imi
dodicarbonimidic diamide)] is a disinfectant and antiseptic that is used for skin
disinfection before surgery and to sterilize surgical instruments. It's also used to
clean wounds, prevent dental plaque, treat yeast infections in the mouth, and
keep urinary catheters from becoming clogged. Miconazole (RS)-1-(2-(2,4-
Dichlorobenzyloxy)-2-(2,4-dichlorophenyl)ethyl)-1H-imidazoleis an  antifungal
medication used to treat ring worm, pityriasis versicolor, and yeast infections of
the skin or vagina [1]. As a cream or ointment, it is applied to the skin or vagina.

Aim of the work was to develop new, simple and accurate RP-HPLC-PDA
method for the simultaneous determination of Clobetasol, Neomycin,
Chlorhexidine and Miconazole in bulk and marketed formulation. The method

was validated as per ICH guidelines. i
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Fig. 2.Structure of neomycin
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2. MATERIALS AND METHODS [13-15]

2.1 Instrumentation

Chromatography was performed with Water's 2695 HPLC system provided with
Hamilton Syringe, auto sampler and 2996 Photodiode array detector. Online
degasser was equipped within the HPLC system which degasses the mobile phase
and prevents the pressure fluctuations; along with this a column compartment was
present in order to control the temperature. The HPLC system operates with
Empower2 software and it is used for analysis, data acquisition followed by reporting
the data.

2.2 Materials and Chemicals

Pharmaceutically pure sample of Clobetasol, Neomycin, Chlorhexidine and
Miconazole were obtained from spectrum pharma research solutions, Hyderabad
as gift samples along with their analytical reports. The chemicals required for the
preparation of mobile phase i.e.orthophosphoric acid, HPLC grade acetonitrile,
methanol were obtained from Merck, Mumbai. Millipore water (HPLC grade) used
for the preparation of buffer and solutions was obtained from Milli-Q water
purification system. Commercial cream of four derm (Label Claim: 5g cream
contains 0.05%w/w Clobetasol, 0.5%w/w Neomycin, 0.2%w/w Chlorhexidine and
2%w/w Mionazole) were procured from local drug store.
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2.3 Preparation of Buffer: (0.1%O0PA)

1ML of Ortho phosphoric acid solution was taken in a 1000 ml of volumetric flask
and volume was made up to 1000 ml with milli-Q water

2.4 Preparation of Mobile Phase

Mobile phase was prepared by mixing 0.1% OPA and acetonitrile in the ratio of
65:35

2.5 Preparation of standard stock solution

Accurately weighed and transferred 5mg&2mg&10mgof Clobetasol, Neomycin,
Miconazole. working Standards into 100ml clean dry volumetric flask, add 70ml
of diluent, and 32.5mg of Chlorhexidine working Standards into10ml clean dry
volumetric flask add 7ml of diluent sonicated for 30 minutes and make up to the
final volume with diluents (5ug/ml Clobetasol & 2pg/ml Neomycin, 10pg/ml
Miconazole and 325 pg/ml Chlorhexidine) .From the above stock solutions 1ml
was pipeted out in to a 10ml Volumetric flask and then make up to the final
volume with diluent.

2.6 Preparation of Working Standard Solutions

Aliquot of 0.25 ml, 0.5 mi, 0.75 ml, 1 ml, 1.25 ml and 1.5 ml were pipette out from
stock solution into 10 ml volumetric flask separate and volume was made up to
10 ml with diluent. This gives the solutions of 5 pg/ml, 10 pg/ml, 15 pg/mi, 20
pg/mi, 25 pg/ml and 30 pg/ml respectively for Chlorhexidine, 1.25 ug/ml, 2.5
pa/ml, 3.75 pg/ml, 5 pg/mi, 6.25 pg/ml and 7.5 pg/ml respectively for Clobetasol
.12.5 pg/ml, 25 ug/ml, 37.5 pg/ml, 50 pg/ml, 62.5 pg/ml and 75 pg/ml respectively
for Neomycin and 50 pg/ml, 100 pg/ml, 150 pg/ml, 200 pg/ml, 250 pg/ml and 300
ug/ml respectively for Miconazole.

2.7 Preparation of Sample Solution

59 cream contains 0.05%w/w Clobetasol, 0.5%w/w Neomycin, 0.2%w/w
Chlorhexidine and 2%w/w Mionazole was transferred into a 100 mL volumetric
flask, 50mL of diluent added and sonicated for 25 min, further the volume made
up with diluent and filtered. From the filtered solution 1ml was pipeted out into a
10 ml volumetric flask and made upto 10ml with diluent.

And From above filtered solution 1ml was pipeted out into a 10 ml volumetric
flask and made upto 10ml with diluent.

3. RESULTS AND DISCUSSION
3.1 System Suitability
This test was performed to ensure the validity of the analytical procedure. Data

from six injections of 10 pL of the working standard solutions of Clobetasol,
Neomycin, Chlorhexidine and Miconazole were used for the evaluation of the
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system suitability. From the result obtained the % RSD of all the six injections
was within the limit. Theoretical plates were found to be more than 5000 and the
peak tailing was less than 1.2 which shows that it is within the range. Purity angle
for the drug peaks was less than the purity threshold which implies that no
interference was there at the retention time of main peak. Results of all these
Clobetasol meters were shown in the following Table 1.

Table 1. System suitability of clobetasol, neomycin, chlorhexidine and

miconazole
STD. Sol. Parameters (n=6)
R Resolution Tailing Theoretical Plates

Clobetasol 2.191 - 1.38 5152
Neomycin 2.967 5.7 1.31 6942
Chlorhexidine 4917 10.7 1.24 8905
Miconazole 5.595 2.9 1.33 7970

Q.

o0 ]

.30+

=i

5.20

Q. !GE

DOGC-

100 250 200 400 580 g 7.0 800 930

Fig. 5. Black chromatogram of clobetasol, neomycin, chlorhexidine and
miconazole

3.2 Linearity

By appropriate aliquots of the standard Clobetasol, Neomycin, Chlorhexidine and
Miconazole solutions with the mobile phase, six working solutions ranging
between 1.25-7.5 pg/mL, 12.5-75 pg/mL,5-30 pg/mL and 50-300 pg/mL were
prepared and injected (n=3). The peak areas were plotted against the
concentration of Clobetasol, Neomycin, Chlorhexidine and Miconazole to obtain
the calibration curve and the results were shown Fig. 5-10. The linearity were
represented by a linear regression equation as follows: y (Clobetasol) =
8797.x + 1157 (’=0.999), y (Neomycin)= 2365.x +1481 (r'=0.999), vy
(Chlorhexidine)= 4360.x + 1550 (*=0.999) and y(Miconazole)= 3097.x +
8663(r°=0.999).
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Fig. 6. Placebo chromatogram of clobetasol, neomycin, chlorhexidine and

miconazole
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Fig. 7. Calibration curve for phenylephrine, chlorpheneramine, paracetamol
and dextromethorphan
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Fig. 8. Linearity 25% chromatogram of clobetasol, neomycin, chlorhexidine
and miconazole
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Fig. 9. Linearity 50% chromatogram of clobetasol, neomycin, chlorhexidine
and miconazole
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Fig. 10. Linearity 75% chromatogram of Clobetasol, Neomycin,
Chlorhexidine and Miconazole
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The accuracy of an analytical method is the closeness of results obtained by that
method to the true value for the sample. It is expressed as % recovery. In the
present study standard addition method was followed to determine the % recovery.
And it is determined by. Accuracy was assessed by spiking the active ingredients
at different concentrations 50%, 100% and 150% each of the labelled claim and
injected in developed chromatographic conditions in triplicate. The recovery was
found to be between 98.84 —100.85% for all the four drugs and it is shown in

Table 2.
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Fig. 11. Accuracy 50% chromatogram of clobetasol, neomycin,
chlorhexidine and miconazole

Table 2. Recovery studies of clobetasol, neomycin, chlorhexidine and

miconazole
Recovery Standard Amount Mean recovery(mg) Mean %
level (%) added added (mg) (n=3) Recovery
50 Clobetasol 2.5 2.50 100.17
Neomycin 25 25.03 100.11
Chlorhexidine 10 10.2 100.23
Miconazole 100 100.40 100.40
100 Clobetasol 5 497 99.36
Neomycin 50 50.1 100.02
Chlorhexidine 20 19.86 99.32
Miconazole 200 197.69 98.84
150 Clobetasol 7.5 7.48 99.73
Neomycin 75 75.34 100.45
Chlorhexidine 30 30.26 100.85
Miconazole 300 297.21 99.07

3.4 Precision

Repeatability and intermediate precision were determined in accordance with
ICH guidelines. The samples (n=6) were assayed on the day of analysis and also
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the consequent day. Six replicate injections in same concentration were analyzed
on two different days with different analyst and column for verifying the variation
in the precision and the % RSD for Clobetasol, Neomycin, Chlorhexidine and
Miconazole were found to be within acceptable limit of <2. Both the repeatability
and intermediate precision were carried out with three different concentrations.
No significant difference was observed in the precision results carried out on two
consecutive days and the results were shown in Figs.15, 16.
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Fig. 12. Repeatability chromatogram of clobetasol, neomycin, chlorhexidine
and miconazole
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Fig. 13. Intermediate precision chromatogram of clobetasol, neomycin,
chlorhexidine and miconazole

3.5 Robustness

The robustness of the method was performed by changing the chromatographic
conditions. The change in the % organic strength (+5%), column temperature
(#5°%) and the flow rate (+0.1mL) did not bring any significant changes in the
chromatography pattern. and the %RSD were also within the acceptance limits,
showing that the method is robust and results were shown.
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3.6 LOD and LOQ

Limit of detection (LOD) and limit of quantification (LOD) of Clobetasol,
Neomycin, Chlorhexidine and Miconazole were determined by calibration curve
method. Solutions of Clobetasol, Neomycin, Chlorhexidine and Miconazole were
prepared in linearity range and injected (n=3). The graph was plotted against
average peak areas and concentration. The LOD and LOQ were calculated by
using the equations, LOD = (3.3 xSyx)/b and LOQ= (10.0xSyx)/b, Where Syx is
residual variance due to regression; b is slope. LOD and LOQ of Clobetasol,
Neomycin, Chlorhexidine and Miconazole were determined by calibration curve
method and the results were shown in the Table 4.
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Fig. 14. Robustness (Flow minus) chromatogram of clobetasol, neomycin,
chlorhexidine and miconazole
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Fig. 15. Robustness (Flow Plus) chromatogram of clobetasol, neomycin,
chlorhexidine and miconazole
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Fig. 16. Robustness (Mobile phase minus) chromatogram of clobetasol,
neomycin chlorhexidine and miconazole
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Fig. 17. Robustness (mobile phase plus) chromatogram of clobetasol,
neomycin, chlorhexidine and miconazole
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Table 3. Robustness studies of clobetasol, neomycin, chlorhexidine and miconazole
Clok | %RSD of peak area response Mean tailing factor Mean retention time in min
Clohetasol Neomycin Chlorhexidine | Clohetasol Neomycin Chlorhexidine Miconazola Clok | Neomycin Chlorhoxldine Miconazole

Flow +0.1 0.9 0.5 0.7 0.6 1.38 1.31 1.24 1.34 211 28 4.8 5.5
rate std 1.0 01 0.8 0.5 1.34 1.30 1.23 1.33 2.2 3.0 49 5.6

-0.1 1.0 03 0.7 11 1.34 1.32 1.23 1.37 2.4 33 5.4 6.1 F
% Organic +5 04 0.5 0.9 0.3 1.30 1.33 1.20 1.32 2.2 3.0 6.8 6.4 !
phase std 1.0 0.1 0.8 0.5 1.34 1.30 1.23 1.33 2.2 3.0 4.9 5.6

-5 1.4 0.9 21 0.6 1.39 1.25 1.20 1.36 2.2 29 4.5 6.0 ¥
Column +5 04 0.2 1.3 0.5 1.31 1.28 1.21 1.31 22 3.0 4.9 5.6 .
Temperature std 1.0 0.1 0.8 0.5 1.34 1.30 1,23 1.33 2.2 3.0 4.9 5.6 b

=5 1.0 0.4 1.3 0.4 1.36 1.28 121 1.31 2.2 3.0 4.9 5.6

*n=6 for each parameler meter
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Fig. 19. Robustness studies of Clobetasol, Neomycin, Chlorhexidine and
Miconazole

Table 4. LOD and LOQ values of clobetasol, neomycin, chlorhexidine and

miconazole
Drug LOD LoQ
Clobetasol 0.02 0.05
Neomycin 0.08 0.23
Chlorhexidine 0.04 0.11
Miconazole 0.40 1.20

3.7 Assay

Content of Clobetasol, Neomycin, Chlorhexidine and Miconazole was found in the
cream (FOURDERM) by the proposed method and results were shown in Table
5 and Fig.20.

Table 5. Analysis of marketed formulation by proposed method

Marketed formulation Ingredients Label Claim % amount Found
Fourderm Clobetasol 0.05%w/w 99.75
Neomycin 0.5%w/w 100.19
Chlorhexidine 0.2%wiw 100.13
Miconazole 2 Y%wiw 99.44
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Fig. 20. Assay chromatogram of clobetasol, neomycin, chlorhexidine and
miconazole
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4. CONCLUSION

A novel RP-HPLC-PDA method has been developed for the simultaneous
estimation of Clobetasol, Neomycin, Chlorhexidine and Miconazole in bulk and
cream in which the active agents are present in variable concentrations. Because
of the wide variability among the drugs, their polarites and also there
concentrations in the dosage form it became a tough task to optimise the method
which gave good resolution for all the four drugs with a short run time (9 min).
The developed method was validated according to ICH guidelines. The
developed method was simple, specific as the excipients have no interference in
the determination of main components, precise, accurate, and sensitive. The
proposed method can be used for routine analysis of Clobetasol, Neomycin,
Chlorhexidine and Miconazole in combined dosage form which are present in
variable concentrations. The developed method can be also applied in the quality
control of these drugs in marketed formulations.
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is a widely appreciated text on the subject. Primarily meant for BPharm students, this textbook is also useful for

* MPharm, BSc and MSc students studying organic chemistry and pharmaceutical chemistry. It aims at
“eliminating the inadequacies in teaching and leaming of medicinal chemisiry by providing valuable
informatfion on the most relevant fopics. The text adequately covers the latest syllabi of Pharmacy Council of

india (PC1) and allmajor Indian Universities. 1
The fourth edifion features new layout and design in an attractive two-color presentation.

Salient Features s
. % Serves as a unique and valuable textbook containing completely updated iqformct_ion on medicinal
chemistry, adapting to the latest/revised syllabus prescribed by Pharmacy Council of India (PCD).
+ Presents clear classification, synthetic schemes, mode of actfion, metabolism, assay, pharmacological uses
with the dose and structure-activity relationship (SAR) of the drugs for the various body systems.
“ Carries a complete section on drug design, describing the new drug development.
% Discusses briefly physiological and pathophysiological conditions of diseases and their freatment.
<+ Provides well-illustrated synthefic schemes and alternative synthetic routes for majority of drugs that helpin |
quick and enhanced understanding of the subject. !
< Explains physicochemical parameters with related information; includes two new chapters <Protein
binding «Biotransformation or metabolism of drugs added in this edifion. i
< Features new chapiers like *Pharmacophore modeling *Docking and antisense technology given under (
the section of drug design i
» Embraces PCl syllabus-based classification of drugs for easy to study and write in examination.
< Incorporates updated information on several newer drugs in different chapters in consonance with the
revised PCl syllabus.
<+ Serves as an excellent companion for the GPAT aspirants
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Pharmaceutical Inorganic Chemistry

e AT

Pharmaceutical Inorganic Chemistry is a much awaited
great work in the Pharmacy. Targeted mainly to
B. Pharmacy & Pharm-D students, this book will alsa be
useful for B.Sc. as well as M.Sc. chemistry and
pharmaceutical chemistry students. The main object of this
book is to attract the under graduate and post graduate
students, to learn the basic theories of Pharmaceutical
Inorganic Chemistry. Thus the book is aimed to eliminate
the inadequacy in teaching and learning of Pharmaceutical
Inorganic Chemistry by providing enormous information
about the inorganic compounds used in Pharmaey.

The content of the book is innovative and presented in
eight chapters, in a concise form as per the needs of
the students.

Incorporation of all the Chemical & Pharmaceutical
aspects of the inorganic compounds and their
formulations.

Describing all the aspects of inorganic
pharmaceuticals in easy to understand manner is the
first of its kind.

For each chapter, a brief introduction, detailed
discussion of the basic theory and applications in
pharmacy are provided.

Pharmaceutically important inorganic pharmaceuticals
are discussed in detail with the sources, official
standards, preparations, physical and chemical
properties, tests for identification, uses and their
storage conditions.

The principles of assay of each compound, which is
difficult to remember by the students is described in a
student friendly manner to understand easily and able
to reproduce well in examinations, is the first of its
kind.

Presentation with simplified way of explanation along
with chemical reactions of all compounds helps to
reproduce well in examinations.

The coverage is complete when compared to the all
University syllabus in India, AICTE and the PCl syllabi.

New To This Edition: The chapter Quantitative Analysis
{Volumetric and Gravimetric Analysis} have been
revised and hence the book covers all chapters of PCl
syllabus for Pharm-D and B.Pharm.
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Practical Pharmaceutical In-organic Chemistry

Second Edition :
The book Is unique of its kind in giving clear understanding of the various expernments of
pharmaceutical in-organic chemistry for undergraduate students. The experiments in the book are
planned to sult all Indian Universities syllabl at the level of D. Pharm., B. Pharm., Pharm D. (Post-
Baccalaureate of Pharmacy) and Pharm. D. The book is written considering all Iatest official
standard procedures.
Features
s Mostimportant feature of the book is its self-explanatory presentation.
* Special concentration is made on giving clear delails of limit test for lead for easy
understanding.
Every chemical reagent used in the experiment is explained for its purpose, a highlightin the book. - . .
Experiments relating to assays were designed taking into consideration of all types of assays, . o
Identification tests of anions and cations were presented lucidly for easy ey by “"‘ it
siudents. Stiag e
Semi-micro analysis is new for even teachers in some of the universities. A detailed lay out and
necessary information is included. i o ;
A proper exposure of the student in handling viva-voce is necessary and all the po&sn
questions are Included. N
Appended Features
« Additional Experiments under every Category.
s Emphasized on spacific test for purity of certain in-organic drugs. _ .
o Complled list of Assay methods of Small Molecule Drugs as per Indian Pharmacopoeia-2014 11
and Addendum-2015. .

About the Authors !
Bayya Subba Rao completed both B. Pharm and M. Pharm from College of Pharmacet
Sciences, Manipal. He completed P. G. Diploma in Patent Laws from NALSAR University of L
Hyderabad, He was awarded with Doctorate in Pharmaceutical Sciences degree from Andhira i1

University, Visakhapatnam.

During his 19 years of career he was involved in basic research, process research, teaching,
government service at various levels as scientist-1l, research chemist; lecturer, associate professor,
IIC Principal, patent analyst. He has to his credit over 30 research, review articles published i
national journals and has five copyrights. it

During his career he was involved in synthesis of new chemical entities, synthesis of drug
metabaolites afid chemical process developments. He developed a process thatwas later patented

He was involved in teaching intellectual property rights relating to pharmaceuticals to students:
at the B.Pharmand M.Pharm {evels. Currently he is working as Professor in a Pharmacy College
located in Hyderabad.
V. Alagarsamy, M.Pharm., Ph.D., is presently Professor and Principal of MNR College of
Pharmacy, Sangareddy, near Hyderabad. He has more than 20 years of experience in !
teaching/research. His publications in journals and presentations in conferences put together
exceeds hundred. His research activities are supported by the funding agencies like CSIR. DST
and DSIR. He is a doctoral committee member and recognized guide for Ph.D., in different
universities.

PharmaMed Press SBN: 978-93-5230-194-2

,. o4 An imprinf of Pharma Book Syndicate
e=tieed A Unit of BSP Books Pvt. Ltd.,
4-4-308/316, Giriraj Lane, Sultan Bazar, Hyderabad - 500 095

Phone: 040 - 23445600, 23445688, Fax: 91+40-23445611
301942

mamadpress com, info@bspbooks net
adpress.com; pharmamedpress net 49352

MNR COLLEGE OF PHARMACY




Pharmaceutical
inorganic Chemistry

PRINCIPAL
MNR COLLEGE OF PHARMACY




Pharmaceutical Inorganic Chemistry
Second !dltlon

it Alagarsamy
M. Pharm,, PhDD,, FIC, DOMS,

Professor and Principal,
MNR College of P

Sangareddy, Hyderabad.

’

| PharmaMed Press
g ed — of BSP Books Pvt, Ltq.

16, Giriraj Lane,
Sutan Bazar, Hyderabad . 50 098,

e

PRINCIPAL
AMNR COLLEGE OF PHARMACY




Contents
Preface to Second Edition vee (Vi)
Acknowledgement. (ix)
1. Limit Tests
W 1
Experiment 01: Limit Test for Chlorides................ .. 4
Experiment 02: Limit Test ToeiSulpbinges 0L 6
Experiment 03: Limit Test for S RGO 9
Experiment 04: Limit Test for Heavy Metals ......... . 11
Experiment 05: Limit Test for Asgmaed L0 15
Experiment 06: Limit Test for 2 R S 20
Experiment 07: Limit Test for Chlorides for
Water Insoluble Substances.............. 25
Experiment 08: Limit Test for Chlorides for
Coloured Substances ....................... 27
Experiment 09: Limit Test for Chlorides in
Sodium Benzoate ............oo....o 29
Experiment 10: Limit Test for Chlorides in
Sodium Bicarbonate............................... 31
2. Preparation of In-organic Compounds
o et S 6 SO e 33
Experiment 11: Preparation of Boric Acid .................. 34
Experiment 12: Preparation of Sodium Citrate ............. 36

PRINCIPAL
MNR COLLEGE OF PHARMACY




(xiD) Comenh
Experiment 13: Preparation of Potash Alum ................ T
Experiment 14: Preparation of Yellow Mercuric Oxide ..... 49
Experiment 15: Preparation of Ammoniated Mercury ....... 47
Experiment 16: Preparation of Ferrous Sulphate............... 44
Experiment 17: Preparation of Copper Sulphate ...............46
Experiment 18: Preparation of Potassium Citrate.............. 48
Experiment 19: Preparation of Magnesium Sulphate......... 50
Experiment 20: Preparation of Aluminium Hydroxide ....... 52
Experiment 21:- Preparation of Barium Sulphate............... 54
Experiment 22: Preparation of Zinc OXide .........ccc.icvouien.. 56
Experiment 23: Preparation of Calcium Carbonate ........... 58 (
Experiment 24: Preparation of Magnesium Hydroxide...... 60
Experiment 25: Preparation of Calcium Lactate................ 62

3. Test for Purity

Experiment 26: Determination of Swelling Power of
BETHONIIe f L. s cecssiiases R 65

Experiment 27: Determination of Acid Neutralising. .
" Capacity of Aluminium Hydroxide Gel..... 66

Experiment 28: Determination of Potassium Iodate in
Potassiam Todide: .........ceineetuverneivmsases
Experiment 29: Determination of Adsorption (

s OF

Power in Heavy Kaolinl ..........cccoivucovrersennn. 68
Experiment 30: Determination of Ferric Ion and
Reducing Sugars in Ferrous Gluconate ..... 69
4. Assay
T Ay R R S L L 71
{ Experiment 31: Assay of Sodium Bicarbonate............ g 13
fie 76

Experiment 32: Assay of Magnesium Sulphate .............v...

Experiment 33: Assay of Barium Sulphate ... 79
Experiment 34: Assay of Sodium ChIOHdE .........creseevsse 81
l;%lN CIPAL

MNR COLLEGE OF PHARMACY




Contents (xih)

Experiment 35: Assay of Sodium CHEate ... 83
Experiment 36: Assay of Hydrogen Peroxide ... 89
Experiment 37: Assay of Chlorinated Lime ......icummsrin 93
Experiment 38: Assay of 10dine ..........ccummmmmsiisisinmisiess 96
Experiment 39: Assay of Ferrous Sulphate ........cimmmen 99
Experiment 40: Assay of Heavy Magnesium Oxide ........ 102

5. Identification of Anions and Cations

Benzoates ................. SO L NS SIS DALY LR ot
Bicarbonates
l R N Rt R s IR s LIl 106
Brmnld“ sbsaseTRRan S Y Yy A Ry Py ] 107
Chlorides
Oﬂ T R N R Ly 108
Todides
Lacmes IIIIIIIIIIIIIIIIII LR R e e Ay 109
Nitrates............ SR bisoiakiss e s ST 1 L 110
i 110
SAUCTIARS ........cocincrcnsnsusssnes dradascssress
ili 110
tharaws L e P R R ) l}l
Thiosulphates 112
losu p L R e e R
ini 113
Alwn!nm L R e P Y PR ]
i 114
Antim 114
mTyl!ll!’!ll’lllll’tl(“!ll"ll‘llll!ll‘lI‘.'!IICl"t!ll.'l!l.‘.i!ll‘lo“‘l..l...lol.'
i 114
Amlc e L R R e L e L el el il

i 115
Bismuth 115
lsm e T e R R R L L e Lt il
Calmun] T T e e T e e R R PR L LR AL L L] l 16
chc --------------- T e e e L et L L l l‘?
Fmous-.....".""...".,.,.",“ ccccccccc R R R L L L LR e arasnnenRy 118

G e

PRINCIPA]L
MNR COLLEGE OF PHAM




()

ZiDC .............................. B e Aines e e n g e Sersre ]22
Preparation of Reagents for Identification of
Anions and CAtHONS .....uererermsrsssssssresionsosenssessinssnnino 3

Semi-Micro Analysis
Introduction to Semi-Micro Analysis of .
In—Organic Binary MEIICS ...l s P Lo e SN 128
A. Preliminary Tests .. ! A |

OB bl e L g 130
Solubility .... crvssasseerishiinismnessimmsinss AR L 131
Flame test .. tesdscabdndsos amstiisvsssnsshonsiicdo SAMA A 1S
M"’”"“h"a‘“’g s Bt
B. Identification of Amons (Acldlc Radlcals) Dry Tests ... 133
Action with dil. H,50, e RIS D T N 133
P Ay H280
Action with M0, 134
P and linied SO 134
Test for phosphates ..........,. i
Test for borates ..............,... 135
Test for nitrites T 139
Chromyl chloride test .......... e, 280

Test for acetates .................. il S 1
v 136

INCIPAL

MNR COLLEGE OF PHARMACY




&)

b 137
T;a i 137
e 138

T ———— 138

Test for bromide in presence of jodide 138

Test for mitrate m presence of bromide and/or jodide ........... 138
Test for chloride in presence of bromide and/or iodide ........ 139

Test for chloride in presence of iodide 139
Test for nitrate m presence of nitrite _ 139
Test for aceiates 0 140
D. Identification of Cations (Basic Radicals) ...rr.vereres 140
Test for Ammonium (NH4™). 140
Systematic Separation of Cations (Basic Radicals) ............ 141
Preparation of Sample Solution (Parent Solution) .............. 141
Group Separation Table ......c..cccicuveucens j 142
ion and Identification of
Group | Cations (SIVer GIOUP) ........covwereercacereerunseercssassiceses 143
SeparationandldemiﬁcaﬁonofGroupHCaﬁons ................ 144
Centrifugate:; GTOUP IIB .......cococoicoimmmmmsssessessssssmmmasssasesasessses 145
Separation and Identification of Group IA ....ooeeeeeevrccocnaneene 146
Separation and Identification of Group IIIB Cations ............ 147
Separation and Identification of Group IV Cations ..........r-- 148
149

Separation and Identification of Group V Cations ..........cee-
Preparation of Reagents for Semi-Micro Analysis .......cee...--

7. General Monograph (A to Z) Assay Methods for
Small Molecule Drugs as per
Indian Pharmacopoeia-2014 and
Addendum-2015 cccccvcuencesssessssess SHORMRN,

Question Bank for viva-voce ..231

izl

PRINCIPAL
MNR COLLEGE OF PHARMACY




[

e

T— S

Pharmaceutical Inorganic Chemistry

Pharmaceutical Inorganic Chemistry is a much awaited
great work in the Pharmacy. Targeted mainly to
B. Pharmacy & Pharm-D students, this book will also be
useful for B.Sc. as well as M.Sc. chemistry and
pharmaceutical chemistry students. The main object of this
book is to attract the under graduate and post graduate
students, to learn the basic theories of Pharmaceutical
Inorganic Chemistry. Thus the book is aimed to eliminate
the inadequacy in teaching and learning of Pharmaceutical
Inorganic Chemistry by providing enormous information
about the inorganic compounds used in Pharmaey.

e The content of the book is innovative and presented in
eight chapters, in a concise form as per the needs of
the students.

® |ncorporation of all the Chemical & Pharmaceutical
aspects of the inorganic compounds and their
formulations.

¢ Describing all the aspects of inorganic
pharmaceuticals in easy to understand manner is the
first of its kind.

» For each chapter, a brief introduction, detailed
discussion of the basic theory and applications in
pharmacy are provided.

¢ Pharmaceutically important inorganic pharmaceuticals
are discussed in detail with the sources, official
standards, preparations, physical and chemical
properties, tests for identification, uses and their
storage conditions.

e The principles of assay of each compound, which is
difficult to remember by the students is described in a
student friendly manner to understand easily and able
|t<0 ﬁapmduce well in examinations, is the first of its

in

» Presentation with simplified way of explanation along
with chemical reactions of all compounds helps to
reproduce well in examinations.

e The coverage is complete when compared to the all
University syllabus in India, AICTE and the PCl syllabi.

New To This Edition: The chapter Quantitative Analysis
(Volumetric and Gravimetric Analysis) have been
revised and hence the book covers all chapters of PCl
syllabus for Pharm-D and B.Pharm.
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