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The branch of science dealing with dre study of all the life processes such as conhol arrd coordination
within a living organism is called Biochemist{.-. A sub-discipline of both cl.remisky and bio1og.1.', bio.hemistn'
mav be divided into three fields: str.uctural biolog_r'-, enzymology and metabolism. Over the last decades of
the-20tr' centurr,, biochemistrv has becon.re succJssful it exptiining living processes through these three
disciplines. fuIuch of biochemistr!' deals \{ith the structures, functions, arld interactions of biological
ma.romolecules, such as proteins, nucleic acids, carbohydrates, and lipids. Thev plovide the structure of
cells and perform marl\r of the functions associated rvith life. The findings of biochemistry are applied
primarily in medicine, nutrition, and agriculture. Biochemistry covers a range of scientific disciplines,
including genetics, microbiologJ,', forensics and medicine.

Bi,r.hemisbn'is essenfial to understand the follou,ilg colcepts. a) The chemical processes 11hich transform
diet into compounds that are characteristics of the cells of a particular species; b) The catalytic functions of
enzymes; c) Utilizing_the potential erlerg], obtained frogr the oxidation of foodstuff consumed for the
various energl--requiring processes of the living cell; d) The properties and skucfure of substances tlat
constitute the frameh ork of tissues and ceiis; e) To solve fundamental problems in medicine and biologv.

Tl-!e vast academic experience helped us to realize the rteed of the B. Phan\., stu.lents for a book that
can help tl1em to easil) understand the subject. N{anv of our studenls also insisted us publish a book after
getting themselves inspired of leaming biochemistq.' r,ith at most ease and simpliciR' from our clear and
illustrative lecture notes. Tile main obiect of this book is to attract the B. Pharm., students, so that the_v feel
an urge to explore and understand the basics of biochenistr].

This book is an effect of our vision to discover the best book on biochemistry especially for B. phannacv
second semester students, r'hich consists of five units as per revised PCI syllabus- Ul1it - 1 deal wit]r the
biomolecules and bioenergetic basics. ln this pa.t, each biomolecule is discussed in a simplified manrrer
'ryith clear definition, classification, properties, and significance. For easy understanding and revision,
classificatiors of biomolecules were schematicallv represellted, and properties and biological significance
were given point bv point. Unit - 2 to Unit - 4 deals with biomolecules rnetabolism. One of the rnajor
highlights of this book is the presentation of metabolism of biomolecules whi.h clearl)i riistinguish this
book irom the rest of the ai,ailable books on the market. lUetabolic pathr,,a.r..s u,ere represented both in
structural form and theoretical form along rvith t]le S'pe of reactiory name of the enzyme responsible, and
energetic aspects. The changes that take place in each biochemical reactions are highlighted in dre structure
for an easy understanding of dre reaction- Detailed explanation rras given for ever1, reaction of various
lnetabolic path(,avs rvith the reasoni}]g of enzyme name and energetic calculafion. ln the applicable places,
regulation, inhibitors, and metabolic disorders of biochemical reactions w-ere also discussed. Unit - 5 deals
lvith enz),me including classification, mechanisn of action, inhibition, kinetics, co-enzvmes, isoenzymes
and applications in a student-tiiendly' nunner. Probable questions includir.rg multiple-choice questions
lvitl1 key, short ansh.ers, and long ansr,vers are given at end of each chapter add colors to this book. Hence.
this book facilitates the students to understand d1e subiect more easilv and interestingly. \,Ve rrelcome
suggestions and constructive criticism from all corners of the academic communiry.

Dr. G. Saravanan & Dr. V. Alagarsamy
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A warm rcsponse to Prof. V. Alagarsamy's earlier Book on the "Text Book ofMedicinal Chemisrry". "Pharmaceutical
Chemistry ofNatural Products" (Published by Elsevier), Pharmaceudcal lnorganic Chemistg., Organic Chemistry -A
Comprehensive Approach and Pharmaceutical Organic Chemisty (Published by Pharma Book Syndicate) prompted us
to autho. Phamaceutical Biochemistry -A Comprehensive Approach. The success of this book made us to writ6 this
book on "Biochemistry", covering entire syllabus prescribed by the Phannacy Council oflndia (PCl) for B. Phann..
second ss(rester students.

We wish to place oq record our heartfelt thanks to eyer.vone who has made this book possible. especially ouI beloved
teachers ftom the first stasdard lo the doctora.l program. We dedicate this book to rhe m any hundreds ofbudding graduates

and pha.macy students, whom we have taught over the years. and our teachers who have encoumged us to conven our
class notes into textbook to reach a wide range ofacaderoic communiry-.

We are imme.Eely grateful to Prof K. Chirmarwamy and Dr. B. Suresh (Pro-Chancellor, JSS Udyersitv; Ex-P.esident.
Pharmacy Council oflndia) for their constant support and inspimlion extended to us to author this book,

W! gratefully acknoivledge the constalt and continuous encouragement aad moral suppo* extended by
Shri. M. N. Raju. Chairman, and Mr. M. Ravi Vama, Vice-Chaiman. MNR Educatioaal Trust. Hyderabad, for our entire
academic and rcsealch pursuit, is a geat motivalion for us in taking up this nerv challenge.

Wt thank all the faculry membeis ofthe Faculty ofTechnology, Osmania Universiq, Hyderabad for their coostant
support in all our acadernic activities,

We thark IUr. fuiil Shah, Managing Director. PhannaMed Press for recogniziag arrd inviting us to wdte this book The
li^iendly interaction exp€.ienced rvith the Pbarma Book Syndicate, Mr. Naresh (Production Manager), and his team
o{Iered cordial support. which always made us fumish our input to make tbis Book one of the Best. Getting such a
.oopeative ard energetic te3m encowages the authors to continue their writing aiways. We thank &em wholeheartedly
for accepting all views while designing the book and helping us reach this target.

Individually Dr. Saravanaa expresses his sinc€re thanks to his grandfather (Mr. R. Narayanasamy), grandmother
(Ms. N. Janaki), fa&er (Mr. V. Govindaraj), mother (Ms. G Nagathilagam), father-inJaw (Mr. T. R. Raja). mother-in-
Iaw (Ms. R. Rajathi), uncle (Mr. N- Manikandan & Mr. N. Thirupathi Vasagan), brother (tr&. G Veeraputhiran), and
cousin (Mr. R Ramanarayanan & Mr. R. Lalishmana Kumar) for their kind encouragement and moral support throughout
his career. The stimulation he got from his wife (Ms. R. Murugalaksluni) to reach this target is rEore than erl4ltes, and
the palience and cooperation extended by his children (S. Veeraeshrvaran and S. Veerakanishka). made him think ofthe
goal without any diversion. He also expresses his sircere thanks to his friends especiatly D!. T. Parmeer Selvam. Dr. P.

Dinesh Kumar, Dr" C. R. PrakaslL Dr. K. Selvaraj. Dr- P Parasuaman. ard D!. N. Kiruthiga for &eir support in his
caxeer.

Most ofall, \,ve thank The Alnight) Cod for his adless blessings, kno\yledge, and strength to make rhis book possi ble.

(; Saravrnrn
sarachenr l98l li gmaiL.conr

\\ihalsApp: :9 I -996101125 7
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dn alaguLrsanr]'algmail.con
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Cuftent Ovetuiew on Phamaceutical Science Vol. I
A Novel Method far Sinultaneous Estination of Clobetasol, Neomycin, Chlarhendine and Miconazole by
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A Novel Method for Simultaneous
Estimation of Clobetasol, Neomycin,
Ghlorhexidine and Miconazole by Using
RP.HPLC

Meruva Sathish Kumar u., S. Marakatham b, S. V. S. Saibaba',
P. Shyam Sundar " and S. Siva Prasad "

DOI: 1 0.9734/bpi/copsly\l427 5E

ABSTRACT

ln 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 auio 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 mlim, and detection at 239 nm. For all four
drugs, the retention time was less than 9 minutes. The method was
demonslrated to be linear, precise, and accurate in accordance with ICH
guidelines.
The flndings showed that the linearity ranges between 1.25 and 300 pg/ml. The
LOQ values were discovered to be 0.05, O.23, 0.11, and 1.20. The sample
solution injected after 24 hr did not show any appreciable change.
The developed method was simple, speciflc, and sensitive because the
excipients did not interfere with the determlnation of the main componenls. 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. TNTRODUCTTON [1-121

Clobetasol is consists of [1 7-(2 -Chloroacetyl)-9-fluoro-1 'l -hydroxy-10,1 3,'16-
trimethyl-3-oxo-6,7,8 ,11 ,12,14,15,16-oclahydrocyclopenta[a]phenanthren-17-yll
propanoate is a corticosteroid of the glucocorticoidd class used to treat various
skin disorders including eczema and psoriasis. lt is also very powerful for contact
dermatitis caused by exposure to poison ivy/oakNeomycin (2RS,3S,4S,5R!'
amino-2-(aminomethyl)-6-((2R,3S,4R,5S)-5-(1R,2R,5R,6RF3,5-diamino-2-((2R,
3S,4R, 5S)-3-amin0-6-(aminomethyl)-4,5{ihydroxytetrahyd to-2H-pytan-2-yloxyl
6-hydroxycyclohexyloxy)-4-hydroxy-2-(hydroxymethy!)tetrahydrofuran-3-yloxy)
tetrahydro-2H-pyran-3,4-diol Neomycin is typically used as a topical preparation,
such as Neosporin. lt can also be administered orally, where it is typically given
in combination with other antibiotics to treat hypercholesterolemia and hepatic
encephalopathy. Chlorhexidine N,M"'1,6-HexanediylbistM-(4-chlorophenyl) (imi

dodicarbonimidic diamide)l is a disinfectant and antiseptic that is used for skin
disinfection before surgery and to sterilize surgical instruments. lt'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)-1 H-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, ii 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. ct

Fig. 1. Structure of clobetasol propionate

Fig. 2.Structure of neomycin

(
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Fig. 3. Structure of chlorhexidine

(

(

Fig. 4. Structure of miconazole

2. MATERIALS AND METHODS [13-15]

2.1 lnstrumentation

Chromatography !\ras performed with Wate/s 2695 HPLC system provided with
Hamilton Syringe, auto sampler and 2996 photodiode anay deiector. Online
degasser was equipped within the HPLC system whach degasses the mobile phase
and prevents lhe pressure fluctuations; along with this a column comparbnent raas
present in order lo contol he lemperafure. The HPLC system operates with
Empower2 software and it is used for analysis, data acquisition followed by reporting
the dab.

2.2 Materials and Chemicals

Pharmaceutically pure sample of Clobetasol, Neomycin, Chlorhexidine and
Miconazole were obiained fom 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 obiained fom Merck, Mumbai. Millipore water (HeLC graOe) used
for the preparation of buffer and solutions was obtained irom M'illi_e water
purification system. Commercial cream of four derm (Label Claim; 59 cream
contains 0.05%w/w Clobetasol, 0.5%w/w Neomycin, 0.2%w/w Chlofiexidine and
2o/owlw Mionazole) were procured ftom local drug store-
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2.3 Preparation of Buffer: (0'1%OPA)

l ML 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 O.l% OPA and acetonitrile in the ratio of

65:35

2.5 Preparation of standard stock solution

Accurately weighed and transferred smg&2mg&lomgof Clobetasol, Neomycin,

Miconazoie. w;rking Standards into looml clean dry volumetric flask, add 70ml

of diluent, and 32.5mg of Chlorhexidine working Standards intoloml clean dry

volumetric iask add 7;t of diluent sonicated for 30 minutes and make up to the

fnal volume with diluents (spg/ml Clobetasol & 2pglml Neomycin, 1oUg/ml

Miconazole and 325 pg/ml Chlorheidine) .From the above stock solutions 1ml

was pipeted out in toi loml Volumetric flask and then make up to the final

volume with diluent.

2.6 Preparation of Working Standard Solutions

Aliquot of O-25 ml, 0.5 ml, 0.75 ml, 1 ml, 1.25 ml and 1-5 ml were pipette out from

"to"k 
*lrtion into 10 ml volumetric flask separate and volume was made up to

10 ml with diluent. This gives the solutions of 5 Ug/ml, 10 pg/ml' 15 pg/ml' 20

Wtml,25 pg/ml and 30 pg/ml respectively for Chlorhe{dine, 1'25 pglml,2'5

irilrf, s.zs 
-uq/ml, 

5 Ug/ml,-625 pg/ml and 7.5 ug/ml respeclively for Clobeiasol
',iZ.s 

uglmt,'is pgtml, Sz.s pg/mt, sO W/ml, 62.5 pg/ml and 75 !g/ml respedively

ior rueoirycin aria s0 pg/ml, loo pg/ml, 150 pg/m|,200 ug/m|,250 pgy'ml and 300

Ug/ml respectively for Mimnazole.

2,7 Preparation of Sample Solution

59 cream contains o-O57odw Clobetasol, o.solodw Neomycin, o'Zo/owlw

C-trlorheidine and zo/owlw Mionazole was transfened into a 100 mL volumetric

flask, somL of diluent added and sonic€ted for 25 min, further the volume made

up r,vith dituent and filtered. From the filtered solution 1ml was pipeted out into a

1b ml volumetric flask and made upto 1oml with diluenl

And From above filtered solution 1ml was pipeted out into a 10 ml volumetdc

flask and made upto 1oml with diluent.

3. RESULTS AND DISCUSSION

3.1 System Suitability

This test was performed to ensure the validity of the analyltcal procedxre- Data

from six injections of I O p L of the working standard sdutiqls- of Clobetasd'

Neom)r'cin, bhtorhexidine and Miconazole were used for lhe evaluation of the

(

(
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s!6tem suitability. From lhe 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

Neomycin
Chlorhexidine
Maconazole

'1.31 6p42
1_24 8905
1-33 7970

2.967
4.917
5.595

10.7
2.9

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

3.2 Linearity

By appropriate aliquots of the standard Clobeiasol, Neomycin, Chlorhexidine and
lvliconazole solutions with the mobile phase, six working solutions ranging
between 1-25-7.5 pglmL, 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 (r'=6.9991, y (Neomycin)= 2365.x +1481 1r'=0.999). y
(Chlorhexidine)= 4360.x + 1550 (f=0.999) and y(l\.4iconazole)= 3097.x +
8663(f=0.999).
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Fig. 6. Placebo chromatogram of clobetasol, neomycin, chlorhexidine and
miconazole (

llxlooo
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Fig. 7. Calibration curve for phenylephrine, chlorpheneramine, paracetamol
and dextromethorPhan
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Fig. 8. Linearity 257o chromatogram of clobetasol, neomycin, chlorhexidine
and miconazole

Fig. 9. Linearity 50yo chromatogram of clobetasol, neomycin, chlorhexidine
and miconazole

Fig, 10. Linearity 757o chromatogram of Clobetasol, Neomycin,
Chlorhexidine and Miconazole
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3.3 Accuracy

The accuracy of an analytical method is the doseness of results obtained by that
method to the lrue value for the sample. lt is e)Qressed as % recovery. ln the
present study standard addition method was followed to determine the % remvery-
And it is determined by- Accuracy was assessed by spiking the aclive ingredients
at difierent concentrations fiyq 1OO% and 15,o/o 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-

Fig. 11. Accuracy 507o chromatogram of clobetasol, neomycin'
chlorhexidine and miconazole

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

Recovery Standard Amount Mean recovery(mg) Mean %
levet (%) added added (mg) (n=3) Bgcovery
56- ctob sol 2.5 2.5o 100.17

100.'1 1

100.23
'100.40

99.36
100.o2
99.32

Neomycin 25 25.03
Chlorhexidine 10 '10.2

Miconazole 100 100.40
100 Clobetasol 5 4.97

Neomycin 50 50.1
Chlorhexidine 20 19.86

200
75
75

3.4 Precision

Repeaiability and intermediate precision were determined in accordance with
ICH guidelines. The samples (n=6) were assayed on the day of anal)/Sis and also

Neomycin
Chlorhexidine 30 30.26 100.85
lvliconazole 300 297.21 99.07
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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 concentratjons.
No significant difference was observed in the precision results carried out on two
consecutive days and the results were shown in Figs.15, 16.

Fig. '12. Repeatability chromatogram of clobetasol, neomycin, chlorhexidine
and miconazole

Fig. 13. lntermediate precision chromatogram of clobetasol, neomycin,
chlorhexidine and miconazole

3.5 Robustness

The robustness of the method \aas perbrmed by changing lhe chromatographic
conditions. The change in the % organic stength (t5%), column temperalure
(r5"c) and the flow rate (t0.1mL) did not bring any significant changes in the
cfiromatography 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, Chlorheidine and Miconazole were determined by calibration curve
method. Solutions of Clotetasol, 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, 16p = (3.3 *Sltx)/b and LOO= (1o.oxsyx)/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.

Fig. 14. Robustness (Flow minus) chromatogram of clobetasol, neomycin,
chlorhexidine and miconazole

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

Fig. 17. Robustness (mobile phase plus) chromatogram of clobetasol,
neomycin, chlorhexidine and miconazole

Fig. 18. Robustness (Temperature minus) chromatogram of clobetasol,
neomycin, chlorhexidine and miconazole
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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

ryLoe
Clobelasol O.O2 O 05

Cuffent Overview on Pharnaceutical Science Vol. I
A Novel Method for Simultaneous Estimation af Clobetasol, Neomycin, Chlothexidine and Miconazole by

Neomycin
Chlorhexidine
l\,4 ico nazole

3.7 Assay

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

Table 5. Analysis of marketed formulation by proposed method

To amount Found

F

Neomycin o.s'kwlw 100.'1S
Chlorhexidine 0.2'/.wlw 100.13
Micanazole 2 okwlw 99 .44

Fig. 20. Assay chromatogram of clobetasol, neomycin, chlorhexidine and
miconazole

4.23
0.1'1
1.20

0.08
0.04
0.40
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4. CONCLUSTON

A novel RP-HPLGPDA method has been developed for the simultaneous
estimation of Clobetasol, Neomycin, Chlorhexidine and Miconazole in bulk and
cream in which the aclive agents are present in vadable concentrations. Because
of the wide variability among the drugs, their poladlies 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 rouline analysis of Oobetasol, Neomycin,
chlorhexidine and Miconazole in combined dosage form which are present in
variable concentrations. The developed method can be also applied in the quality
conlrol of these drugs in marketed formulations.
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