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2*1. Materials ami their Suppliers. 84
Raw aatcritla including drugs used in the present investi

gation along with the source of procurement axe tabulated 
below*

MME.rJL * Materials and their suppliers.

Raw Materials Supplier

Linoxyd CM 1000i Polyethylene 
glycol monocetyl ether! Poly
ethylene glycol 400} Polyethy
lene glycol 1540» Silicone a*P* 
emulsion; Siiaethicons and Di
ne thicone oils* Katrang 350* 
Katrang FAR21; Katrang Sin* 
Katrang 8D emulsion; (Tween 80* 
Tween 40) Span 40* Span 40* 
Sodium Lauryl sulphate* Poly
ethylene glycol noneatearete* 
Polyoxyethylene stearate# 
Polyoxyethylene lauryl ether# 
Glyceryl monostearate, self- 
emulsifying*

White bees wax* Triethanolamine* 
Disodium ededate.
Cetomacrogol 1000I Emulsifying 
wax. I. (Mon-ionic)• Cetostaaryl 
alcohol Emulsifying wax* White 
soft paraffin ZP* Microcrysta
lline wax* Hard paraffin* 
heavy liquid paraffin* bight 
Liquid Paraffin.
Chlorocresol
Isopropylmytistate
Thiomersol
Methyl paraben* Propyl paraben
Methyl Paraben sodium* X
Propyl paraben sodium. X
Stearyl alcohol (95%) *
Cetyl alcohol
polyoxyethylene esters (Myrj 
52) Polyethylene glycol 4000, 
Polyethylene glycol 1500*

Mice Products Ltd.* 
India.

Amrut Industrial Products* 
India*

S.D* fine Cham. Pvt. Ltd.* 
India.

Ferri-Chem.* India*

Wax Oils Pvt. Ltd.* 
Zndia.

Tojana Enterprise* India.
Robert-Johnaon.*
Venus Chemicals* India.
Gaurav Chemicals Pvt. Ltd.* 
India.
Alta Lab.* India*

Aegis Qtemical Ind* Ltd., 
India.
Techno Products Ltd.* India*
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TABLE 1 i (Condtd.)

R«w Ntttriali Supplier

Potassium hydroxide, Bensyl 
alcohol IP/BP, Borax, sodium 
thiosulphate.
Sorbitol 70% solution. 
Propylene glycol, Chloroform 
O.R. Orede (Spectroscopic 
grade) Methanol O.R. Orade 
(Spectroscopic grade).
Butylated Hydroxy Toluene, 
Butylated Hydroxy Anisole.
Stearic acid

2-Pyrrolidone

Glycerin 
Castor Oil
Propylene glycol lasnostearate
Tetrasolium blue OR (BTC), 
Tetramethyl ammonium hydroxide 
10% solution
Xsenlasid IP
Betamethasone 17-valerate I.P. 
Haleinenlde U8P 
Triacinolone acetonide U8P/BP 
Fluocinolone acetonide WBP

Sarabhai M. Chemicals, 
India.

Bombay Oil Xnd. Ltd.,
India.
BDH Chemicals Ltd., Prole, 
England.
Godrej Chemicals, India. 
Jayant Oil Products, India. 
Wilson Laboratory, India. 
Loba-Chemie
Indoaustranal Co., India.

Pfiser Limited, India. 
Avikon Pharma., India. 
Synbiotlcs Limited, India. 
Rhomilano, Italy.
LARK S.P.a., Milano.
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dyntbasis of nmr draft la tha field of anti-inf laantatory 

corticoataroida bar* taken place at a Tory fast pace dariif tha 
last twnty fiva years and apacifie activity of corticoataroida 
baa baaa taci accurately atadiad.

Za aarly tiaaa« traditional corticoataroida vara naturally 
uaad also far topical therapy* l«atar on aodlficatlona of tba 
aolacular atructura land to tha ayntbaaia of a doaan of corti- 
coataralda with incraaaad topical activity*

Tba chanical atrueturaa of tba corticoataroida ara all 
vary ainilar and rsssatola tboaa of endrogana and oestrogsns*
Tba aain corticoataroida uaad ayataalcally ara bydroacy 
eonpouada (alcohols)• Xatarification of corticoataroida at 
tba 1? or 21 poaltieaa with fatty acids ganarally incraaaaa 
tba activity os tba akin* The formation of tba cyclic acato- 
nidaa at tha ii and 1? poaitiona further incraaaaa topical 
antiinflanauitory activity# usually without incraasinf systemic 
glucocorticoid activity# and fluorinatad corticoataroida also 
ganarally have Incraaaad topical activity*1

Introduction of a t—-fluoro group ta tba bydrecartiaoMi 
molecule raaultad in a algbt fold iscraaaa in antiinflaanatory 
activity* Tba 21-chloro-gre alao incraaaad antiinflaonatory

A briaf and eoneisa eoapariaen of tha atructaro and phyaical

gnptrtiM*2

propartias of tho ataraidal drugs employed in tba present inve
stigation ara preseated in Table - 2.
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3*2*lu Maabaaiaai af aetlcn i

ralAtod to l**to in Mypft to trtnlr to vifli*.PI PB.PP BP^^PP^^PP BPWw ^^PBBMP BP ^^^P JFW ^P^^BBppp WwW^ BP.P BBPBPPP

wtatri f*tlviia yupyrtiw^*^ af aaaflunaa parwaability awft 

tut 1—na raapoaaa and antlaitotic activity. Tbair 

vaaoaoaatrictar action daoraaaaa cut irwa cat i va af aaraa 

lata tba abla aad iabfbita aualHot awl diaaaafort.

Tbay iMMvwat ralaaaa of vurioua iytie aasyaaa tbat aot 
aniy anaaad ttiwt dwaaya lirlm iaf laanatiaa bat aiaa 

tii.t aanarata laiilrotnrrf Itr aabataaoaa. >aiA mnii naiappipbpbp^^^b pbb^^^^pp ^^^bbi^^^^^bbb^^pbbpip ^^^fbbb.^..ipbbf ^^^bpbppbpibf

and pnr&tu« Ybia piavaatian of ralaaaa la tfoaa by 
tha<r Ivtotaui MMfeMfaaa »*»*>< * <«*.« rflaot. ti—iiaactno^^bjp p^^^^^^p ^^f^^^pb^^^b^^p^p^^bpb^^^^^^b^p ^^p^p^^b^^b*^ppppf ^^pppjjoi^BppB^^BPpaPBBapp^nB

af aitotio activity affaativaly iiiinlnhai apldaratal 

byparylaala. aad apldarwal aad damai itirrytuy a^f raoalt 

fsaw iatasfataaea with ayttthatie pathway a. Cartico- 

ataralda iatarfara vitt lyapbafciaa attwral attfra 

y^a^ppp^y aa iaaaaa raayaaaat tlwifoti) atittratfaa of 

laaaaa-affaeta* adbataaaaa to a aita of iwHaaaatiaa ia 

llaitad. YImi tharnBiitiln tiayf 111 nnaa of nlimnirnrlrl nnlilaVBPMVl^npP PrWWP B^^P^PBP PB^PPBP ^Pl BPB^^|P ^PTwW wPWIPBrWIP BB Bi^P^BPBBBBPPB BBPPBPBPPIPBBPBP

<■ BMHiBniMi diaaaaa atataa ia aalatad ta thtirpPPp ^BwP^^P^^PWlPWBBiWw ^PWPwBPi^P BPWBa^WPBP pp^ ^PBPbP^PP^^^B ^PP^PWMa

ability ta satard aarwal iaf lawaataay yH* iawMaalayia 
naaMBaB. Yliav MmuMHU tba iadinaantacv vaaeaaaa 

vbatbar thia ia part of a diaaaaa psaaaaa or ia tba 

vaaalt of awattaalcal. oliaaioali or laanaalatla iaaalt 

by aiiopxaaaiot eireulatlay lyaphaoytaa aad woaaoytta 

aaaaltiaatloa of lyopbacytaa ia blaekad, aad tba call* 

wadlabad ti)|iiriM»ttlTltj saactiaaa (iaaladlat trait 
rajactiaa) act inhibitdd.7
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Olwcocorticeids probably exert their actio* at 

multiple sites. they do not block the interaction of 
antibodies of sensitised lymphocytes and antigen or th* 
release of histamine or kialns that ia initiated by this 
process# Bather# they block the usual tissue responses 
to thaaa stimuli# normally# hiatanina incraaaaa capillary 
permeability with reaultant extravasation of fluid and 
protein and consequent formation of edema# during an 
antigen-antibody interaction# migration inhibitory factor 
(MXf) ia roloaaod from the lymphocytes involved# which 
irdkibita the mobility of auusrophagoa and oanaoa than to 
aceannlato in the aarrotiadlag area* glucocorticoids help 
to maintain capillary integrity# prevent the macrophage 
reaction to MZf# inhibit phagocytosis and digoation of 
antigana# and# in high tiaano concentrations may stabilise 
lysosomal manbranea# thus preventing the release of hydro
lytic ansymea# By inhibiting the inflammatory process at
the oellular level# glucocorticoid* decreese its auper-

nficlal menifeatetiona (eg. boat# redness# tenderness) •

2#2#b# ff*« •

Pharmacological results have stressed tbo remarkable 
antiinflanmatory# antiphlogistic and antiallergic activity 
of topical preparation of glaooeortieoatoroido which can 
be used clinically in the following indie at ions*
(A) topical flucocwrtlcoateroida preparations ralleva 

the signs and aynpterns of neny inflaanuitory and 
allergic dermatosis# sweh as contact# neuro# 
seborrheic end nummular dermatitis#



* —

(*) Topical glucocortlcostaroida preparations cm 
bo «i«i la ecssmas such as infantlla# ollorfic 
idiopothlc and varicosa sesames.

(C) Topical glucooortlcoatarolda preparations can 1m 
rood in pruritus# such an essential# anal and
fttlTM*

(D) Topical glucocortioestereida preparations can ba 
rood in severe sunburn, aoarroiMnoro insect bitea# 
acata aalf-limiting ecsenateus eoaditiona and
erythemas#

(X) Topical pxoparationa of glurocortlcestereids cm 
ba road in intar trig©, dehydresis and liman 
simplex#

(X) Topical proparatiano of glucocortieaataroida can 
ba road in lacaliaad psoriasis*

Tba topical application of eorticoatoroida in 
eintnanta and creams oftan produces dramatic auppraaaiea 
of min diaaaaaa in which inf lanmation ia a praninaat feat
ure* Mevcrar, tha diaaaaaa any1 roturn or ba exacerbated whan 
corticosteroids ara withdrawn if tba caroa of tba condition 
ia rot eliminated or treated.

2.2.0. jjftoypt*m..iHl.im *
Olueocortieoataroida ora abaorbad from aitaa of 

local application such aa synovial spaces# tba conjun
ctival sac# and tha min* Tba absorption may bo 
sufficient# whan administration ia chronic# Cortieo- 
atarolda whan adminiatarad by topical application# 
particularly under an oecluaivs dressing ar whon tha 
akin is broken# sufficient corticosteroid may bo abaorbad
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to give systemic effects* Corticosteroids is the 
circulation art extensively bound to please proteins, 
nalnly to globulin sad loss so to albuaiin* Tbs 
corticosteroid binding globulin hos blgb affinity but lew 
binding capacity, while the albunin has low affinity but 
large binding capacity* Only unbound corticosteroid has 
pharmacological offsets or is nstabolisod* The synthetic 
corticosteroids are loss extensively protein bound than 
hydrocortisone (Cortisol)• They also toad to have longer 
half-lives.

Corticosteroids are nstabolisod nsinly in the liver 
but also is ths kidney* ere excreted in the urine*
Urinary excretion ad 17-fcydroxycertieeids is used ss an 
index of adrenal function* The slower netabellsn of the 
synthetic corticosteroids with their lower preteineblnding 
affinity **7 account far their increased potency coopered 
with th« natural eartlaaataraldat

2*2*d* adverse effects of corticosteroids i

Application of corticosteroids to the skin has led to
loss of skin collagen and subcutaneous atropy* The topical
application to tbe eye has produced corneal ulcere* raised
intro-ocular pressure* and reduced visual function* Xn 12
Months* 17 patients who hod boon taking corticosteroids wars
adnitted to a plastic surgery unit cm 21 occasions for

isextensive skin dosage front trivol accidents*
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A rwlw of tha huinit of topical corticosteroid 

application and a mnindar that In addition to adrarsa 
affaet on tha ikis, aye diaaaaa can bo induced by 
topical corticosteroids and aystenic absorption any 
produce adrenal suppression and eollapaa*^^

After prolonged topical application of fluorinated 
corticoataroida for tha traatnant of roaaoea# an aggra- 
ration and axtanaion of talangiactaaia occurrad in 14 
patients# Vlnorinatod eorticostaxoida should not ba aaad 
in tha topical treataent of rosacea# hydroeortiaone 
praparationa appaacod to ba hanrtess*2#

13Marot obsereed adranal suppression on topical
14application of corticoataroida • Sorry# observed delayed

ISheeling* Ooldnan# and Kltsniller# have Obaarrad atrophy
of perianal akin, franco andvJSatoa1* hare observed facial

lTferuptions in children# Sathon# jg>. ni# hero atndioft 
tha death iron Cushing syndrens.

18Srigga and Sriggo hare studied tha potential carei* 
aogenieity of aona topical praparationa in alee*

19Hawaii haa consented on an eye diaaaao Indncod by 
topically applied corticoataroida# including a warning 
that tha topical use of corticosteroid nedlcstieas for araas 
naar tha aya any result In eenjeactiral ooatanlaatioa fron 
accwaulatad amounts of nadieatlon#

30Srudo and Seeker hare Obaarrad tha deralopnent of 
oatracta and glaueona with parnanant visual defects aa a 
raault of IndiscrinJnata prolongad topical application of
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certleosteroida to relative ocular irritation associated 
with contact Ubmi* They alee observed tho increased 
susceptibility to infection isch ao atypical rlngwarn 
Infection (amoebiasis)•

Tha akin nay baccwaa thin and shiny or violaceous
atriao My develop due to rupture of subcutaneous
collagen-fibara whan glucocorticoids ara uaad topically
for prolonged parioda is intertriginous araaa or under
occlusive dressings* Tha lang~tarM topical application
of potent fluoridated praparatiooa to tha fiea haa boon
aaaoeiatod with tha develepaeat of resecea-like akin

yeruptions# perioral dermatitis, and acne.

Cmtanaoua bacterial or yoaat inf action ia tha Mat 
cocenon complication of topical glucocorticoid therapy*

Acm# hirsutism# menstrual disorders# facial
rounding# development of supraclavicular fat pada#
weight gain due to ineraaaod appetite# headache#
paoudotuMr cerebri# hypertenaion# iapotanca# hyperhi-
droaia# fluahing# vertigo# aathania# chronic pancraatitla#
intcatlaal perforation# hepatomegaly# hyperlipidemia and
accalaration of athoroaelareaia hare baan aaaoeiated with

7glucocorticoid therapy*

Negative nitrogen balance ia a reault of tba excessive 
breakdown of protein cauaod by glueocortleolda# and banea 
atrophy and osteoporosis* Qloeoeortlcoida aggravate known 
diabetes and make latent diahataa chaotically apparent#
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Glucocorticoids docrosso tho protaction provided by the 
gastric mucus barrier# interfere with tissue repair# aid# 
is see* cases# increase gastric acid and pepsinogen 
production.

2 *• kovlow of Method ofAnalysis *

The drugs selected for the present study are official 
in nany the pharmacopoeias and assay procedure# for 
these drugs are also mentioned therein, h brief review of 

- estimation procedure of relevant drugs is presented here.

I.3#a. dpectroohetoeetric methods i 

(Celorlmetrio analysis).
A variety of colorimetric methods earn be used to assay 

corticosteroids • me usual method of analysis of unde pom ■ 
posed corticosteroid include the tetrasellun blue# in (ai*2$
modifications of origins! method for ^*kotol storoids4 
is psrhsps tho most widsly ussd. xtoduction of cortico* 
storolds with tetrssolium blus in alkallna modium glvos 
s colour hydraseno formation# which can be quantitised.
Xt measurss ths reducing pewer of the o( *»ke ide chsin
and is ussful for gonorsl formulation assays • 
Triamcinolone acetonide givos blus colour sad halcinonido 
givss royal purplo colour with tetrasolium blue in 
alkaline medium# me phenyl hydresiaa sulphuric acid* 
alcohol raactio^2*'2*^ which is also known as the Porter- 

Silber reaction. Kaleinmaide reacts with aoidic ethanollc
I#4-nitropheny1 hydrasine # after heating end eeeliag and 

the addition of sodium hydroxide# to give e brilliant
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purple "pluM* colour. The isonicotinic acid hydrasids 

31reaction . which ii known at the Bntoerger reaction.
MdwitlM of l|4<41«M-3(kc steroids with nethanolic 

32isoaissld , produces s yellow hydrasone. Hslciaoaido 
has boos quantitated la various formulations or as hulk
powder by a differential ultraviolet, borohfdrlde

34 3Sreduction assay . halcinonide added to 4*amine aatipyriae .
in aethanolic hydrochloric acid fives a pale green oolour.
Halcinonide added to ethanolic tetrsMethyl anaeaiua 

3dhydroxide . and heated, gives a cloudy aether colour. If
37added to ethanol ic tetranethyl aenoalua hydroxide , sad

picric acid, an organge-red (tea coloured) solution results.
3dZa concentrated sulphuric acid , halcinonide gives a deep 

yellow colour.
39

Michael ||, have studied the corticosteroid 
determination in akin preparation by e reaction rate 
Method using tstraaollwM blue.

44Hebert j&, J&. have described the absorbance • pM
relation*shlp in the steroid • tetraseliun reaction.

41
Orahm j&, jJ. have described e rapid# quantitative

analysis of betanethasone and its organic esters at ro«M
tesperature. They alee studied tea corticosteroids using

42 43Methylene chloride as solvent • 8in j£ j£. have 
described the quantitative coloriMetric deterainetion of 
residual 9-fluero prednisolone and 9 -fluorohydrocortisone 
in trisMcinolone asnples. They** also studied the deter* 

Minatioa of trieiscinolone and sons eaters of eerticoeteroide.
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4SSmith jyi. atudiad the apectrophotometric detarmlnation

of traiamcino Ion* acatonida by tetrasoliun method and its
application to pharmaceutical preparations. Ascione sad 

ddFogelin her* npemi tbs stabilisation of blua totro*
ioU« assay for triamcinolone • They substituted tbs

4dChloroform for fiW of thodtltonol. Chafots, n, j&.
boss described tbs difference ultraviolet determination
of storoids with conjugated kstoass chronophers* via*

47Lithium tetrahydreborate reduction. kieux - at • si. 
have dssoribsd tbs specific reactions of glucocorticoids 
with bisobs reagent and its analytical applications to 
antiinf 1 amatory storoids. Thsy analysed hydrocortisone, 
cortisone, triamcinolone. Prednisolone, flsoeinolons
aerstonids. glucocorticoateroids given «reen colour with

40Diache reagent. Gbafsts H j&. bars described the 
eolorinetric determination of betansthasone bensoate in 
topical gel preparation by bewbarat • Mattox netbed.

4§Aitrakhaneva and Xowalenko bare described the spectre*
metric determination of prednisolone in an ointsieat. The
determination was done by treating an extract of the sanple
with isonlasid or ninbydrin in alkaline nediiua and measured

soabsorbance at 405 an. Wang ban reported the laprovement 
in quantitative determination of triamcinolone acetoaide in 
creams by colorimetric analysis. Oorog*1 has described the 

determination of steroids in pharmaceutical formulations.
A review is prosontod of diroct apectrophotometric methods, 
u. V. and colorimetric methods following ehmeieal reactions, 
fluorimetric. TbC. HPLC end differential pulaa polarographie
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$2mthods* Mm alaa outlined tha diffaraaeas In tha 

analysis batwaaa Indus trisl-phamacautical sad bioloyical- 
clinical staraid and methods ara discussed under tha

i handing spectroscopic chranatogr sphlc and miscellaneous *
S3fcwaa j£< jj.. hero dascrlbad tha colorimetric detemi-

nation of pradnisolona and its application to dissalwtion
54' stadias. Chatterjee al. stndiad tha lntarfaranca ad 

pharmaceutical ingredients in corticostaraid assay by
sstetrasolium blua reduction method* Haints al. hero

dascrlbad tha determination of •ketolic staralds by
raaction with tripbanyl tetrasolium chloride. buadgaard 

54and Hansen have reported the stability indicating 
propartias of earn spectroemtric assays far cortlcostarolds •

57Deodhar and Mahta hare raportad tha coleriaatric astinatian 
of pradnisolona in pharmaceutical formulations* Shingbal

54and Prabndasai hava dascrlbad tha spactrophotoomtrie 
astination ef triamcinolone acetoalde in its dasaga form* 
Landis ' hu dascrlbad tha rapid dataminatioa of corti- 
eostaroida in phamacantiesls by flow-injection analysis*

Tha sathad is based mm tha radnetion of tatrasoliwa blua#
hr tha ataraid in alkaliaa medium to fom a coloured

dofemasan* Bundgaard and Hansen here daacribad a naw 
stability • indicating spectrophotometrlc nathod for 
dataminatioa of corticostaraid la aqueous sadia*

ip-Ms nfforifti •
Kalcinonida is raducad in two staps by dlnathyl

41fomamide . Tha 21 oc-chloroketo grasp axhibits a
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fiilf igfi rasaetios potential stf -1.17 wait* Vi tip* This

1« mill limaiiUM froo bilf-iwn potMtitl of •1.11
volts Vs Up of tbs A *-3Mhato imp. fbo sacs smiIUw

S2torts t goo of Aitforostial puloa poloragra^r thwll oloo 

bo applloabla to halciaoaiAa.

Tho half vavo potostlol (B%) torsos stssiscA Caloool

tloetwdi) was dolamlMd os -1.4S volts Is lltbiso chloriAo 
S3Is ootbasol Cor trlsawlsolsoo aoatoaiAa*

44Cobs* subjoeto* trlssslsolias ocotoaiAa to polar- 

nnrMiMit rortistlSR 1b diaathvl fanuoida.

sat
Kabasakallaa staOiaA tbs ndiwl lot stop

axblbitaA by A l#*-l-ksto otoraido ssoally osesrs at oars 

aoodfte potostlals# asA Is oasily Aiscorbiblo f mo tbs 
rodoetioo st«p ooblbltoA by tbs oarrotponAlop a *-3-kota 

stwolds*

ssDa Boor Jt d* bars otadiad tbs polaropropblo onalysls 

mS BAcaioostarolSs. tbav bsva daocribad radaetiaa saabottiao 

oC halogoa soatalnlsp sort loos tors 10s asA asalysls of ssos 

mart laaotaraffla Pbor also ataAioA tbs Ootorolsatloo of 

eortieootoroido is slsplo ompossst oolutioao, sospoosloss
§7oistoosts oaA oroass •

*•»••* yiwntmmni iwilTiii «
Valiko A *-l-koao otoroids* tbs A 1,4-l-boto aaonoasio

aAo sot axhibit pipB^sicast salt oris soiA isAsooA floorosooaeo* 
At

Csllss p| d* boos dsscrlbod tbo f losrlostrie Astorsisatias 

at NsrpastMl asA atrastarally ralatoA s toroids. ibay



dtaerilMi a sensitive procedure* based on avlfurici acid
induced fluorescence, far the analysis of nergestrel.

7o8aki and Yaaaguchi have described a fluorinetrie
dateruination of fraa glucocorticoids la hoaaa arlaa
fey high perfomaace liquid chroaetography* Yaaaguchi and 

71Saki have daacrlfead tha f luorlaetric dataraiaatioa of
ariaary 17-hydroxy corticosteroids using bonsaaidlna*

71Tokuaaga Hiroshi j£* hero dasorihad tha f luorlaetric 
determination of hydrocortisone* prednisolone and
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S.l.d «
*• * ITO sl>rMi«>«i>gryphI m Methods Can ho USOd

for idaatlf ieatiea* quantitative aathods for assessment 
of parity and stability of steroids*

»«>•* Anu.tair.dilc aaalwaia *
Ptpar chromatographic Sf values of triamcinolone

aeatonlda aad ralatad steroids la a aat«r of solvent
.(73- 74)systeas are reported* *

The following detection systoas ware used.
(1) A Modified Haines* Drake ultraviolet - 8cawrW,^l 
Cl) Zsonicotiaie acid hydraside73*W!

(3) Alkaline totrasoliua blue spra^73*74i 
77hobarts has described tha quantitative 

determinations of triamcinolone antoalda*

Paper chromatography using Vfhataan *0. 1 paper was
78once asod to dotoraiao the hoaogenaity of halcinonida .
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79Johnson and Flowter have given Rf data for 

dexamethasone and ralatad steroids utilising tha paper 
chromatography•

78Roberts has dascribad tha saparation procadura of 
haleinonida from its synthetic pracursors by TIC, using 
silica gal SF 254 platas and by using developing solvant 
of chloroform athyl acatata (5*1). Tha Rf values vara 
found.

Sxparianca of TIC of triamcinolone acatonida is 
summarised.

83Tatja Ha Bieon-flater studied tha quantitative 
separation and estimation of steroid mixture by TIC, 
ha separated and estimated progesterone and estradiol 
bensoats and progesterone, testosterone propionate and 
estradiol bensoate in mixture.

•4Takitani || have presented a review, with 134
references over 1977 to mid 1983 and included tha 
discussion of over-pressured TIC, combination TIC with 
those of HPLC. They have discussed the application of 
TIC to separate alcohols, phenols, organic acids, 
aminoacids, amines* steroids, glycerides and drugs.

85Van da Vaart e£ jjL, have described the application 
of TIC for the analysis of preparations containing basic, 
acidic and corticosteroid drugs in several different 
cream bases.
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dlatooilooui oortA oolooo woo if ti* aood to ooporito

halelaoollo froo oo^Saatf »
tlMowotoy amfo OooorUaoO tifeo oow AiootooKtao2> 

aaiiaiai Inna ito foy proFColaoo fortwat loot low aaf a^Lero* 

eolon liquid ChrcaalBgri^f for Igiioqp •lanidi.
>2OlMoao.™** W^o* Jl—^ao fekOL^llaaak Jk--'---------

ana«f«tJoi ml iajwUes for liqaiO-cfarcoatogra»hio 

dotomlaotioo Ml oorwo eorticoatoroids.

Ml corticoatoroid proporatioa i» altio bf • raoctioa-roto
UMilaUB Bi^^O V FBUMBMO OBAoBB^BMOO^dAOI^BFOO^^^FAfeM* A tfBUMkW MkAk*feA|

MUMi IHiliWj CtilHI On*ilWi»Ofl«^p«y# IMf aMUIIM 

f infMT-iMMoi^iAM #Hii »Km mnii i»f ooImm afajctMfefcftaJTMbvSO ^BB^^BO^^^BBF FBBO^^^FF^OFBOi^^FP^OF FF B^F O^^FFPFF ^OFF^" BF^FlFi ^F^BFFBWF ^^F^^^^FBlFB^F^^F^FppPPF SBI^^B^FFF^^V

•M ItitmiaM toy Mdlikafcloa of totraooliwo Mao 

xooofcioo*■F ^^FFPFwF BFBFWIW BF
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2.3.d*4. Miah pressure liquid chromatography (HPLC) t

Reverse phase HPLC la used to separata and
93quantitative bulk and formulated halcinonide . 

Halcinonide can be separated from JCanalog 
(triamcinolone acetonide) by MPfC e

Oerhord has described the effect of different
octadecylsilane columns on mobility of triamcinolone-

95acetonide by HPLC.

Landgraf and Jennings have described the deter
mination of fluocinenide from cos*>lex mixture by HPLC 

96technique .

Lundmo and sunde have described the rapid analysis
of C19 steroid metabolism by HPLC and in-line monitoring
of radio activity* They demonstrated that the results
agreed wall with those by TLC and the HPLC method was 

9?rapid.
98Salto || j&. have described the analysis of 

corticosteroids in human adrenal tissue by HPLC*
99Lake j&. have described the analysis of creams 

by the application of HPLC*
Carson and Jusko100 have described the simultaneous 

analysis of cortexolone and cortisol by HPLC for use in 
the methyrapoae test*

Ooto etj ai*Q* have described the determination of 

6-B-hydroxy cortisol in urine by HPLC with fluorescense 
detection*
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102*•9* l£ dl- bars described tha sisraltanoous 

datareinatloa of hydrocortisone and beasyl alcohol In 
pharmaceutlcal fomtlttioof by HPI£»

losJbdin IttifflfW base desorkboe tilt# analytical 
tasting of corticosteroid containing dermal prtptratloM* 
Twenty five eortleoitutldi in sixty nine topical pro* 
porotionn worn determined by wifi «t 40*C on a Minn ad
ndM«u 10Cid*

Genial ft ||fM km described tho analysis of natural 

eortiooataroids in adraaal extracts and in biological 
f laid# by wifi*

usFiaalay ft al; boro described tbe trace-enrirhmsnt 
Wifi technique for determining tbe dissolution rate ef 
adrenocortical tablets* They analysed betenetbasene# 
lexemethaeone and prednisolone* at concentration down to 
0*29 js^ml* by WIfi«

ledLiwan n al. bare described tbe aeeay ef bet ana 
thasone X7-*elerate ead its dagra&atiea product by MPLC« 
This nathed parsittad the detendnetlon ef tbe drag and 
its separatioa f rant tba dagradation pzedaet and frea 
betamethasone • This procedure eould else be need for tbe 
assay of hydrocortisone 17-butyrate ant its analogcea 
dagradation products*

10*7Das Oepta has dascribad tho quantitative 
determinations #f tliifsmath a so ns and daxanatbasaiMi 
phesphata in phamacautical dosags form by HPbC*



lngHattori at jl. have described tha HPLC analysis 
of dexamethasone and chlorpheniramine maleate in ointment.

1QQJuenge and Brower hava described tha HPLC 
separation and idantification of apiaairic 17-ketone 
impurities in a commercial saaple of dexamethasone- 
sodium phosphate.

Cavina jl. hava dascribad tha analysis of 
topical corticostaroids in complex pharmaceutical 
formulations by HPLC.

Kirschbaum111 has dascribad tha HPLC analysis of 

triasicinoions acatonida and tha effect of diffarant 
octadacylsilana columns on mobility of triamcinolona 
acatonida.

112Kirschbaum s2t dl* hava studied tha HPLC of tha 
topical anti-inflammatory staroid halcinonide.

113Lea e£ al. hava dascribad tha analysis of hydro
cortisone acetate ointments and creams by HPLC. This 
method was suitable for analysis of ointments* but gave 
consistently low results when applied to creams.

Munson and Wilson114 have dascribad tha HPLC 

determination of hydrocortisone cypionate. They studied 
tha development method and characterisation of chromato
graphic behaviour.

115Balliardo and Bertolino hava dascribad tha analysis 
of dexamethasone acetate in pharmaceutical formulation by

104

HPLC



116Van Damn h«s (Inscribed the quantitative 
determination of steroid acetates in pharmaceutical 
preparations of tablets and suspension* by HPLC.

117Peril and Dobroroljc hare described the analysis 
of dexanethasone acetate in ointments and suppositories 

by HPbC.

2.3.d.5. Qas chromatography «

Steroids possessing the C17 dihydroxy acetone side

chain usually undergo molecular alteration after appli*
cation to gas liquid chromatography columns to yield as

118a major product the corresponding 17-ketostoroids.
119Cartoni j£. have described the capillary gas 

chromatographic mass spectronetric detection of anabolic 
steroids*

120Braieta et al. hare described the analysis of
anabolic steroids in body fluids by capillary gas 
chromatography with a two channel detection system and 

a computer*

2.4. m»cellfngoyj t
121Wabba *1« hare described the method of analysis 

on the degradation of daxamethasone in certain pharma

ceutical preparations.

122Simpson estimated some synthetic glucocorti-

105

costeroids in rat muscle
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Nradar and loha*12* hare described tiM appUeittoi 

of peljAtkylniaiM cellulose for tho dm atpardin 
of steroidal carboxylic acids from neutral a toroid* and 
pigments 1* urine*

124Xloy and lidt here demonstrated tho lalinmoo of 
storage and teeperature on tho determination of staroida 
in plasma and Mood*

Itvpnickl25 has described tho diract radio-inmrnno 

assay method for steroid hormones*
124Alviola || j£. bars described tho Aenaitcmetric 

determination of mom corticosteroids* like hydrocortisone* 
prednisolone and hotaoathasoao 17-raierate is topical 
formulations*

127irogar H J&. hats doserihod tho Method of 
identification of individual steroids in biological 
matrices by mass-analysed Ion-kinetic energy (MXKB) 
spectrometry*

l«lOorog al. hare described the simultaneous 
determination of redaction products of norothistoreno
acetate*

12*Muf n al. hare described the determination of 
hydrocortisone acetate in ointment by transmission 
densitoawtrv *

130Belanger fl. hare described fast-atom bash 
ardment mass apectrometry and pharmaceutical analysis of 
corticosteroids* they hare shewn that full separation and 
characterisation of the steroids are possible by F*A*i* 
chemical ionisation mass spectrcsmtry*



Dakkar haa atudiad tlm stability of corticestarolda 
tndkir anaerobic conditions* Ho atadiod the D»hoMit«roil 
eom^odlaf to pradniaoloaa.

133soliauui haua daacrlbed the aeol«Nnieio titri-
awtric aottaoda for deteraiaatioa of moo corticoataroida 
la tablets and bulk druga.

The deterninstlen of gotnrathaaone 1? walorate la
133baaed oo tha nethod given la Fharnaoopoola of India I9i9 

oodor handing *Aaeay of ataroide** A4I( Haro inataot of 
aldehyde fraa alcohol, oathaaol 0* grodo (apacrtroseopie 
grade) was used. For tha datarninatioa of nriawlnolOM 
acetoaide* Halclnoalde and f lueelaoloan acetoalda, iaoaiaaid 
Mlution vat naad aa colour dorolagaoat reagent*

yhn dot otw* pa* * of Triaawiiwlenn acstoalds*
Flooclnolone aeatonida and haleieoaide ara baaod upon tha 
reactions of c< #»-unaat«xatad a toroidal ketones is* tha 
conjungation of tho etdmqrl group at Cg with tha doable 
brad between C4 rad Cg In ring A of tho ataroid nuolooua 
with iaonlaaid to yield yellow products (Sohlf f bass) •

131

Zaoolaaid «*. #p-Unaaturated ataroidal ketone*
fbn dotarniaation of dotamathaaono 1? valerate la baaod 

«PM th. r**etl** Of wtr«.lt- bio. with C„ -Ida -Ml. 
of iit—thM— 17 Tiltr.W.
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*ha ex' -katel (-aiQH-co~) greqp yoinim red-lag 

yw»irtiii coaacaly —elated with thio fuactloe. xte 
reduction ad aUtellaa *fiphtny1 ta treeo 1lea rtiUftrldi 
(Tetraaall— hlee) to the MtnapMiiag xaddidti hrowa

rellawlag aathod mm aaad Car £§ SllCS eaeiuetiea of

MHMdtt *
a) ClKksefMi 0. ll» grate (epectreeeepy) 
h) Methanol O. a. grate (epeetroeaepy) 
a) Xeoaieeld IT aolutloa.

A 0*11 w/e eolutioa of Xaaal—Id Z» grate wee prepared 
la —thane 1 (O. a* grate) •

1 «a. Zeoaleeld wan added lata Iggoal —r aaleared 
eel—etrla flaek aaatalalag §00 al teeth—el. ieoal—Id 
i—i dlitclTcd aeaplataly hy chhklag the fleet» l.as al of 
ao—tratad hvdrodhlarla —id e— added la the ebava flaak. 
The eel—e a— —da to —rk with eothaaol. The aaletloa 
—a adaed —11*
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frtDiritlQa of standard solution •

SO ■§ of p«n Triaacinelons acatonida was waighsd 
«c«iiraiil| and transferred quantitatively inte a 100 al 
sober coloured voltaatrie flask* It was dissolved and 
diluted to volume with ehleroforau Exactly $ al of this 
•elation was pipetted oat into another 100 al saber 
coloured volunetric flank and than dilated to valaaa with 
chloroform* Sxactly tX) al of above eolation was pipetted 
•at one toy one into 2ft al saber oolaarad volumetric flasks* 
90 aaoto volumetric flask 10 al of Zsoniasid solution was 
added* Vlada wire stoppered and the contents aixod toy 
gentle swirling* The selation was kept into the evan at 
SO f 1* for 1 hr* fhe solution was cooled rapidly* and 
sufficient ehlerofora was added to produce 2S al* fhe 
•elation was aixed well*

Absorbance of solution of each saber coloured vela* 
aetric flask was aeasared at 41S na on Bockaan Model 39 
U.V. and Visible Spectrophotometer in 1 ca cell agaiast 
the blank treated in sane aanner* Beading* were taken 
in triplicate and aaaa of above readings were taken for 
the calibration carve*

Observations are given in Table 3*1 and the standard
calibration carve is plotted in figure 3-1.
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HUB.....fal • *

Os) il» OlMMtritiM AlMMNrtottMM at 41ft na
\ JUJ/mXJ

z II zzz Mam

0.1 O.100 0.004 0*003 0.00ft 0.004

0.2 0.200 0.000 0.000 0.000 0.0041

0.5 0.000 0.021 0.022 0.021 0.0213

1.0 1.000 0.042 0.043 0.041 0.042

2.0 2.000 0.00ft 0.00ft 0.005 0.00ft

3.0 3.000 0.120 0.120 0.127 0.120

4.0 4.000 0.177 0.101 0.170 0.1707

$.0 0.000 0.21ft 0.210 0.21S 0.2153

0.0 0.000 0.253 0.254 0.253 0.2533

7.0 7.000 0.200 0.200 0.200 O.2003

0.0 0.000 0.3S0 0.292 0.3S0 0.3500

10.0 10.000 0.421 0.423 0.424 0.4220

12.0 12.000 0.405 0.402 0.407 0.4043
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Betamethasone 17-valerata i

Following method was used for jLjg vitro evaluation 
of various formulations of betamethasone 17-valerate.

teasmtM «
a) Chloroform O.R. Grade (spectroscopy)
b) Methanol O.R. Grade (spactroscopy)
c) Tetrasolium biua solution (O.R. Orada)

A 0.5% w/r solution of Tetrasolium blua was prsparad 
in methanol. This solution was praparad immediately 
bafora use*

d) Dilutad tetramathyl ammonium hydroxide solution*
2 ml of 10% tatramothyl ammonium hydroxida was 

dilutad to 20 ml with methanol*

ZsmuaMsa. gf-HasdMtf itHfelftM •
25 mg of pura batamathasona 17-valarata was waighad 

accurataly and transfarrad quantitatively into a 100 ad 
saber eolourad volumotrio flask* It was dissolvad and 
dilutad to voltes* with chloroform* Exactly 5 ml of this 
solution was pipsttad out into anothar 100 ml ambar 
eolourad voluraatric flask and than dilutad to voluma with 
chloroform. Exactly (X) ml of tha abova solution was 
pipattad out ona by ona into 25 ml ambar eolourad 
volumetric flasks. To aach volumetric flask 2 ml of the 
tetrasolium blua solution was added• Immediately after 
addition of tetrasolium blua solution* 2 ml of dilute 
tatramothyl ammonium hydroxide solution was added* Flasks 
ware stoppered and tha contents was mixed by gentle 
swirling. The solution was allowed to stand at 25* for
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TMM M <Mnr« of Utmthtwn l7-v«l.r»t«

(X) ml Coao. i»
ja(/al

AteeriMMt at 525

Z XX XXX Mata

0*20 0*299 0*002
*•“ r

0*005 0*003 0*003

©*5 0*290 0*009 0*007 0*009 0*0083

1*0 0*900 0*022 0*024 0*023 0*023

2.0 2.000 0*092 0*032 0*032 0*0323

2.5 2*850 0*042 0*042 0*042 0*041

3.0 2*900 0*042 0*044 0*045 0*044

4.0 2*000 0*058 0*059 0*042 0*0593

5.0 2*900 0*072 0*074 0*074 0*0733

4.0 9*000 0*088 0*092 0*092 0*0903

7*5 2.799 0*222 0*224 0*224 0*2234

8*9 4*000 0*230 0*224 0*222 0.2250

9.0 4*500 0*224 0*234 0*234 0*2344

10*0 5.000 0*290 0*249 0*249 0.1493

22.0 4*000 0*278 0*280 0*275 0*2784

24*0 7.000 0*209 0.220 0*207 0.2084

24.9 8*000 0*239 0*242 0*243 0*241

28*0 9*000 0*272 0*248 0*247 0.2484



A
B

SO
R

B
A

N
C

E

FIG. 3-2 STANDARD CURVE OF

BETAMETHASONE 17-VALERATE
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25 ain. in dark* Sufficient chlorofom was «iM t» 

voluan. tha solatia* vw aimi wall*

Absorbanc* af aolutlea of sack anbor coloured 
▼olwaetrie flask was asasurad at 525 mb aa leakaan 
Model 25 8.?. and Visible Spectrophotoewter i« 1 « 

call against tha blank treated la aaaa wanner. Reading 

vara takaa la trlpllcata and tha aaaa af tha above 
readings vara takaa far calibration curve.

Observation are flvta la Table 3*2 and tha 

Standard Callhratloa Curve la Plotted in figure 3*2.

$.£.c. Halcfaoalde *

rollaving aathod was aaad far In vitro evaluation 

af various fomuletioas of halclnealda.

a) Chlarofora 9* ft* 9rada (spectroscopy)

b) Methanol 0. ft. Grade (spectroecepy) 

a) Isonlasld IP grada solution.
A 0*191 w/v solution of Isonlasld was prepared la 

aathaaol (0«ft* Grade) #

1 g Zsoalasld IP was addad into 1000 al anbar 
oolourad volumetric flash containing 500 al aathaaol. 
Isonlasld was dissolved completely by shaking flask.
1.25 al of concentrated hydrochloric sold was addad la 

above flask, tha voliaaa was node to aark with aathaaol. 
tha solution was alxad wall.
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isaMHaftlfift.f*, •

50 ng of pure halcinonlda was weighed accurately 
and transferred quantitatively into a 100 «1 amber 
coloured volantrie flask* It was dissolved and dilated 
to volume with chloroform* Bxwttlj 5 ml of this solution 
was plpottod oat into another 100 ml anker coloured 
volumetric flask and than dilated to voluna with 
chloroform* Exactly (X) ml of the above solution was 
pipetted out one by one into 25 ml anker coloured 
volumetric flasks* To each voluawtrio flask 10 ml of 
Isoaiasid solution was added, flasks ware stoppered and 
the contents was nixed by gentle swirling* The solution 
was kept into the even at 50 jt 5* for 40 nin* The 
solution was cooled rapidly and sufficient chloroforn was 
added to produce 25 nl« The solution was nixed well*

fmsfftHai *

Absorbance of solution of each anker coloured 
volunetric fleek wes neasured at it? sn on Backnaa Nodal 
35 O.V* and Vislbla Spectrophotons ter in 1 cn call against 
tha blank traatad in sane nannar* Heeding* ware taken in 
triplieato and naan of abovo roadinga wora takon for 
plotting the Calibration Carve*

Observations are given in table 3*3 and tha standard 
curve is plotted in figure 3*3*



115

%*»& s CalIbritiM Gum of HileiBOftidig^gggjg^BSmMiSSiSmLMmmSSJSXLliKmmmJ^mmJESMMJSJuSSBsLJB^

Absortoanca at 377 an
w u Ml/ml f zz zzz Maaa

0*3 0.100 0.002 0.002 0.003 0.003

0.25 0.250 0.000 0.007 0.000 0.000

0*50 0.500 0.014 0.014 0.014 0.015

i.O© 1.000 0.022 0.022 0.033 0.033

2.00 2.000 0.044 0.044 0.047 0.044

3.00 2.000 0.005 0.005 0.005 0.005

4.00 4.000 0.120 0.120 0.120 0.120

5.00 5.000 0.142 0.142 0.143 0.142

4,00 0.000 0.250 0.250 0.250 0.250

10.00 10.000 0.224 0.322 0.320 0.332

12.00 12.000 0.202 0.300 0.340 0.300

15.00 15.000 0.400 0*502 0.502 0.501
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»

following MtMi vm «m« f« in vlt» tvtimiMi

ilMMlt *

•) ChlM»f«n 9m Mm ftanflo Cpoctsmaapr) 
b) nothonol 9m Mm OraAo Cfitumpy) 

m) xmbIuII zp solution*

A 0*1% m1«Um of laoatoatf non pnmtii in 
antfcoool (9* A* OraAs).

i f. Xooaiosif nan oifof iMo 1000 «l —Oar

Znonionii woo fiooolwof ooaplonoiy ky onoliino f Sank* 

l.ii nl of maeoilHtai kyArocttlorlo ooif woo «MnA in 
tin moon flask. *ko wo&oao woo note to o*sfe witk 

noth—ol* THo solution woo ninof wall.

JSiKtlflS •

29 no of put fiwoeinoioao oootoaite woo woighoi 
ooeorotoly oof transform* famUlallvilf into o 100 «1 

onkor ooloomO wolunoturio lint* It woo fiooolvof oaf 
filutof to voiooo witt flhlwHMs* mostly i ni of thin 

solution woo pipottof oot into oaetko* 100 of softNur 
irrlmrofl wolusotsic f look oaf tkoo ft Into* to wolooo witk 

ohianfem* teoetly (X) nl of show aolotion woo pipottof 

ont on ky mm into 29 ni oMmht ooloomf woluantnlo flookn*
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TMM.fei • Calttrtl— nun 1 Flxilnolo— JtwtwiM.

Concaatratlas Afesorbaaes at 415 tm
(X) ad ( JMf/Mtl)

Z XX XXX Nm»

0*1 0*100 0*004 0*003 0*003 0*003

0*2 0*200 0.007 0.000 0*007 0*007

0.5 0.500 0.017 0*017 0.010 0*017

1*0 1.000 0.035 0.035 0*035 0*035

2*0 2.000 0*071 0*070 0*072 0*071

3.0 3.000 0.107 0*107 0.100 0.107

4.0 4.000 0.142 0*141 0.142 0.142

5*0 5.000 0.102 0.100 0.102 0.101

7*0 7.000 0.251 0.251 0*250 0*251

0*0 0.000 0.200 0*200 0*290 0*290

10*0 10*000 0*355 0*355 0*355 0*355

12*0 12*000 0*425 0*425 0*420 0*425
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T0 each volumetric flask 10 ml of Isonlasld solution was 
added. flasks wore stoppered and the contents mixed by 

gentle swirling. The solution was kept into the ovan at 
50* for 1 hr. The solution was cooled rapidly, and sufficient 

chloroform was added to produce 25 ml. The solution was 
mixed well.

eessaiwa *
Absorbance of solution of each asfeer coloured volumetric 

flask was measured at C15 sat on Beckman Model 35 U.V* and 
Visible Spectrophotometer in 1 on cell against the blank 
treated in same manner. Reading were taken in triplicate 
and mean of above readings were taken for calibration curve* 
Observations are given in Table 3*4 and the standard curve 
is plotted in figure 3*4.

2.5. Interference Study t

As a large number of substances were used in the 
formulation of creams in the present study, it was thought 
worthwhile to check for any interference in the estimation 

of each drug substances.

g£«*sa *

The interfering substance was added to a standard 
solution of corticosteroid which was then evaporated to 
dryness and the residue dissolved in chloroform O.ft. 
(Spectroscopy grade)# prior to colour development. Zn 

each case# the absorbance was compared to the abserbanoe 
of a standard corticosteroid solution under same condition.
The results are given in Table 3-5.
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2.7.

She ealikrillw (wmi pr^ani for trianoiaolsna 

M«t«aUai baiiMthMMi 17«vaUra(«i halclnonida and 
flaoelaolMc tMtonldt «n Uatar plot* and ail tlia 

fo«r drops can ba Mtladad «aa»Ut«ftlfKly by salaetad 

•poctrophotcsKtric aathods. Ttiay follows tha Saar’s 

Law at coocantration range of 0*10 n*/hl# M w*/»1« 

0-15 jot/al, 9*13 og/ol# raspactlToly.

Sstlnatioo of drwf in praaanca of largo awntoar of 
ingredients rovoalad that alnost sooa of tha ingredients 
uaad in tha fomulatloa of croons intarforo in tha 

estimation of tha steroids incosporatad Uwcoia* with tha 

linattiftii of Swoon SB and Swoon 96 «ota» aitos aliahtlvaawvaavfv a wpnppp ppwrpeappea warwaap paaa^paapaawpapf^p

htjtar dbsorbaneo than tha normal* Mswovor# tha Inter* 

f aransa dns to Swoon 66 and Swoon 96 has Soon osnsldarsd 

insignificant in tho prasant investigation*



fiCVVfiVIV'tft tUmm HflaiWLrJHI

121
1. Martindalo, "Tho extra Pharoacopoolaf. Reynolds I.P.. 

London# 28th Id., 1982# PP 446-485.
2. Dmey, J. and Tripod. J., had. Chon. (Maw York). 2. 

223-262. 1967. through £*£., 7£, 778290. 1969.
3. "Phanaacopoola of India*. 3rd Id.. Vol. 1 (A.P.), 1985. 

Tho Controllor of Publication, Dolhi. pp 73-74.
4. "Pharmacopoeia of India?. 3rd Id.. Vol. XX (Q.Z. 6 

Appendices); 1985. Tho Controllor of Publications.
Dolhi. p. 527.

3. "Pharmacopoeia of Uni tod State?. XXIst id., 1985

Uni tod stato Pharmacopoeial Convention, Inc., pp. 114- 
116. 434. 1077-1079.

6. *Ayington *f .jphtf«fcautlcf^.Scltncet?, *•«* Publishing
Co.. Pennisylvania, 15th Id.. 1975. pp. 886-899.

7. "American Medical Association". John Wiley St Sons. Inc., 
Maw Yorkt 14th Id.. 1980, pp. 1026-1029.

8. Ibid.. 14th Id.. 1980. pp. 619-650.
9. Robert, C., Haynos. Jr., and Joseph, L., "Silt.JB&§HMS8»

logical Sasic, of Therapeutics., Qoodman L.8. and Oilaan A., 
Id..* 6th ld«, Mackmillan publishing Co., Mow York. 1970,
PP, i%?8*£503.

10. David. M.J.. Irit. Mad. J.. 2. 614. 1972.
11. Lancot. 2* 4®7* 1977, through Rof. MO. 1.
12. Sneddon, X.. irit. Mad. J.. 2# *71* 1969.
13. Muaro, D.D., ffrlt, Jt JjjtHHlflU* 24* *7. «76.
14. lurry, J.J., Mad. J. Aust.. 2, 393, 1973.
15. Goldman, L. and Kitsmiller, V., Arch. Dermatol.. 107.

611. 1973.



122
1». »ll», ».i.. (MtM, yai.trlc... *4. 3*. 1979,

27. 1* 207, 1979 through Rsf* Me, 1*

19. Brlfge, tt.i»., end Brigga a., Brit* J. Peraetel., I, 135, 

1979.

19. ***11, J.9., infc,„..glililtl*, 1MU 2529, 1979,

30. Berde, B.M. a»4 l^ktr, ».. J. A*# Mai# dee##., m,

2075# 1970.

21# Hater, W.J., ntf Beck, B.B., Baal. Chaa.. ||, 5C, 1952.

22. Cmllahaa, J.J., Litterlo, V.# Britt, I., Baaea, B.D., 

end Omit, 0., &. JftMMfft JUL* 233, 1992.

33. tattna, j±.IfailSt..§f|«» II* *29# 1999.

24. Jehaaoa, C.A., Xiao, B«, end Vlekars# €•# JUulwt. ||# 

714# 1990.

25. Hum, F.M., aad Beril, J.B., J. Phare. Bel.. 53. 1259# 

1994.

39. Beoieaa, F», end Fegella, C., jy^££«, 53. 709# 1993.

27. 2Md^ M., fiteau, 9., nd Xijiita, a., gafraalaa 

IMdradM iwea.. 14, 97, 1993# teiwgik C.A., 51,

4179f# 1993.

29. Fetter, C.C., aad Bilker# B.M., 4« Biel. Chaa.. 195. Ml* 

1950.

29. Bilker, B.M., end Farter, C.C., Ikld.- 210. 923# 1954.

30* Xiaara# N, Miakiaa# T., eed Bakaaete# mmuaum* 

Bell.. j£, 454, 1992.

31# Merger, B.J., ead Feriet# B.B.# f, Hffffft .HMI«

II* 773, 1959.

Ciagelaai, B.« Ceeiae, 9. ead Memlw, v»# Fucaeee

li» 292* 1999.
32.



12331. Ir«*WtlT, ».. J. Man. ■■—1.. U, if*. IMi.
34. Klrsehbaaa, J., told.. ££, 275, 1979.
55• Mmlti 1«P.« Sin. M. topes, Om 8«wm«i X*. larrara,

Nni»« A., «ai Aqttiltrt. A.. ia«l. qm.. £§, 1524, 1954,
54* Cross, J., lists, H. sod Kodarsha, A*, Ansi. Chasu. 24.

1049, 1952.
57, Itaatf M«, sad Bartos, J«, "Coloriaatrlc m4 Flaorij—trie 

iMlifis e< Ore sale ewetHi «4 Bwn,f Marcel Dtkktr.
M«w York, 1974, I, 491.

59, Berstein, 9., and teakard, A., J. Ore. Chssu. IS. 1149,
1959,

59, Michael, A.A.. XM, M.N., «ad Menard, V.M., J. jphara. Pel..
5fi, 1479, 1979,

49, Albert, A,B«, aad Charles, 9.X., j|^J£., Si# 195*107, 1972*
41, Crakes A.S., Alaiil, A.A., aad Kaaaor, C.T., S2#

590, 1979,
42, Orsha, A,C„ Piehl, A*A*, aad Xsaaar, C.9., SklA** jQf 

792, 1979.
45* 9ia» C.J., Asa, I.C., sad leanest, A.I., Anal. Chsa.32(5). 

559*571, 1959.
44. Nfdf, ©., Ceskoal. faiM.. 11(5). 255-259. thrapii Mil' 

dfeSjH... S* 5402, 1952.
45. Saith, L.L., sad Halwer, M., Anal. Ckesu £§, 549, 1959.
45. Chafets, Lester, Tslllfoais, Dialtrie sad Aisdl Joanns, M.,

J. Misi». lei.. &U), 149, 1972.
47. Atoaa-laeiste# Cathsrlaa, sad Tiel, Claide, Aaals. Phare. lr., 

12 (5-4), 195-170, 1975. thxxmgh Aaal. akstr., Jfc, 291, 1974. 
49. Chalets, lastsr, Tsilifonis, Bieitrie, aad Nsraa, Christina, 

j- a <«>. It74.



124
49, Astrakhaaova, M.NS# and Kovalenko, L. I., liwitiiin.

33(1), 1983, through Anal, toitr.. J£, $05, 1983,

S8. want, Tunnel., Taoxee loaches. J2<*>* «* 1981, throofh

smkussa^^ 12* <o»# ww*

Sl, e«r«f, 8., fmmiif, *., AS8lt_flk>g.* i2i(3), 97, 1981 •

53. 8Wf. 8., flffilff.leilt..qtfT imtt lit)* 2<«>* 157, 1984,

12* w»
53, Kuan, L.C.. Schott, M„ g, Fharau 8cl.. 2£(2), 157*181,

1984,

54, Chattorjoa, 8.K., Ihuna, 8.C., and Say, S,K„ J. laat.

Sgg*.,ila&i>* H<*>* *•** i*«.
55, Meints, 8„ aad Kaluga, S„ PtscH. Aesthete.. Hf(31),

888, 1979, through HikJMMftK»* 21* W* **•©•

56, Sandgaurd, H„ aad Hsaaea, itj..limit tati^a-lfrKUJg*) *

2(4), 1131, 1980, through Anal. Abstr.. 48. 848, 1981,

57, Beedhar, l.9„ and Manta, R.C., Indian J. Fharn., J£(4),

138, 1980.

58, Shinghal, fi,M„ Prabudesai, J.8., Indian Pruoa. ||(9).

489, 1985.

59, handle, John, 8., Hafrt.lffrfot MSl»* ***• **»* **•©*

«urough Jtt&U&B&L** 22* **©, *»•&•

80, Bundgaard, H„ aad Hansen, J„ jyryfiM rhMPi Qfflrt*,

(8c 1. Bd,), |U)# 19*33, 1979, through Anal. Abstr,. 39.

193, 1980,

81. Koey, 8„ aad 8*dth« C.« Personal Ca—n»w lent Ion through 

"Analytical Profile of Brag Substances,* Sd. hy Klaus 

Fiery, f, 1979, pp 351-281,

83, Yadov, 1.1.1 and Years, F,H.« 3. Haia. 8el.. ^7, 438, 1978,



125
63* Coy# N* Squibb Institute, VtriOMl Comualcatlon#

through ■Analytical Profile of Drug Subatancaaf. sd* 
by Klaus Flory* 1* 1972# pp# 379-421*

64* Cohan* A.I.# Anal* Chaau. 128* 1963*
85* Kobaaakallan* P* and McQlottan# <7** J* as* Chan*

Soc*. 78. 5032* 1956*
58* Da Soar# H*8*« Van Oort* W.J.# and Zuaan# P.* Anal.

Chlii* Acta* 122# 31-39# 1980* through Anal* Abatr*. ifi,
789* 1981*

87* Da Boar* H*8** Lanaaat* P.H.* and Van Oort* ti*J«* Anal. 
SBlSy *£&«** 12& 389-393, 1979* through Anal* Abatr**
3§* 200* 1980*

88* Noujalat* A*A*# and Jaffary# D*A*# Can* J* Pham. Sol*.
5, 28* 1970*

89* Cullan* L.F.# Rutgara* J.O.# Lucchaal* P.A.* and 
Paparlallo* a*J*# J* Pham* Sol** 57# 1857, 1988*

70* Sakl# f** Yanaguohl# Y.# Bunaakl Kaaaku. 33(7). 1984# 
through Anal* Abatr.* £2# 438, 1985*

71* Yaaaguchl* Y** Sakl* T*# Anal. Blochan.. 142(1). 204*
1984*

72* Tokunuga# Hlroahl* Kinura# Toahlo* and Kananura# Jlro.# 
YahuaakuZaaahl* m.ill* 300* 1980* through A&bI*
Abatr*. 39. 1980*

73* Saith# L.L** Poall* T.# Daauilo# R. and Halwar* MU*
J* An* Pham* Aaaoc* (Scl* Id*). 48. 528* 1959* and 
SMlth* L.L. and Poall* T** J. Chronatoor*. J* 381* 1980*

74* Pan* 8.C.* J. Chronatoor.. j»# 81# 1982*
75* Von* A.S. and Wabar# R*# Halv* Chin. Acta*. 39. 1684* 1956*



126
7*. Smith. L.L., mad Fomll, T.. Anml. Qimsu 3^, 102, 1959.

77. Robmrts. H.R., mod Flormy, K., J. Phmrrn. Sci.. SI.

794, 1942.

78. Robmrts, H. Pmrsonml Communication, through Rmf. Mo* 81.

79. Johnson, C.A., and Fftwlmr, ft., J. Pham. Pharmacol. If, 

Supp., 17T, 1984.

M. lull, A., J. HllIMWl.. 1«. »uppl. 9*. !»*«•

.1* Clifford# C.J.# Wllkiiuoa# J.V., usd Nrog.# J* S.#

£a.ga«y.t,ailiEgSiggl* M* ««»!• U*# WM.

82. Sonanlni, D., Hofstmttmr, R., Ankmr, l>» mad Muhlmmann, H 

Phmrn. Acts. HmlT., ift, 302, 1985.

83. Tatja, la Bican-fistmr, J, Pharm. Sci., £2* 189, 1988,

84. Takitnai, ft., ftmno. A., ftusuki, M„ ftsnsskl. 4. 287, 

1984, through Anal. Ahstr.. J2# 111* 1»85.

85. Vmn dm Vmmrt, F.J., Hulshoff, A., mad Indmnans, A.W.M., 

Fhmrai. Wmmkbl. (Sci. Bds.). 5(3). 113, 1983, through 

Anml. Abstr.. 45. 501, 1983*

88. Vukusic, XVO, izjQ^SSa&m.^ UUl). 131, 1982.

87. s indoor a, D.« mad Vadi, ft., Famacmutlcky obs., 42(5). 

217-221, through Anml. mhstr., H, 4087, 1973.

88. Foot, R«, Squibb Institutm, Fmrsonml Communication., 

through Rmf. Mo* 83.

89. Graham, R.*., Williams, P.A., Xmaamr, C.T., J. Phmrn. 

Id.. 51, 1473, 1970.

90. Ivmshkir, S.« mad Post. R.« Pmrsonml Cossraaicatlon, 

through * Analytical Prof 11m of dram substances/.

Sd. by Klmys Flory 1, 1973, p*183-197.

91. Movotay, M., Kmrlsson, K.S., Konlshi, M., Almsmndre, M„

J. ChrosMatoqr.. 292(1), 159, 1984.
3ia. Kcmppa.ri5.tvtr./waYixa.Vi.,K-m . ya-nci minut&dtyW.v., 3~ PWttm.sci.,

C-i-a ;> , iu-79 , >^^9.



127
ta, Oka* K«, Miaagawa, K«« Hava, s.« Noguchi* M-#* Matsuoka*

*•# XOno* M., Xrlmajiri* S«, Anal. Chew.. 58(1). 24* 1994. 
93* Palrbrothsr* J.S., la "Assay of Druoi and other Trace 

Compounds in Biological fluids,.Sd. by S. hold.* 
"Methodological Pavalopaanta la Blochaalstrv"Vol.. 5* . 
Longman Group, London* 1974, p, 141.

94* Gordon* O., and Wood* P.R., Mol* Pi*. Chan. Soc.. 14*
30, 1977.

95. Oorhord, Levy* J, Pham. gel,. Jg, 491, 1990.
99. Dandgraf, W.C., and Jennings, B.C.* J. Pharm. Sel •# 12* 

279, 1972.
97. bundle* F.X., Sunda, A., Jr.Chronatoqr Blomsd. AppI..

33. 299, 1994* through Anal. Abstr., J&, 139* 1965.
99. Salto, Z«, Mlmoh, M«, Hifumi, 8., Taksda, A.,

ftlB.!,. ,^1.1.1 ..kUlil* 239, 1993* through Anal. Abstr.,
44, 193, 1984.

99. Lake, O.A., Hulahoff, A, Van do Vaart* f.J. and Iidmaat, 
A.W.M., Pharm. Wookbl. (Sel. Ed.). 5(1). 15, 1983, 
through Anal. Abitr., 45, 177, 1983.

109. Caraon, S.W., Juako, W.J., J. Chromatoor. Blomsd. AppI.. 
Jl* 345*350, 1994, through Anal. Abitr.. J9, 1091, 1984.

101. Goto, J., Shams*, F*, Manbara, I», jaigBi2§!g£« *
9(11)* 1977*1985, 1983, through Anal. Abatr., 44, 949, 
1984,

102. Rsgo, Albert, and Raison, Brott., J. Pharm.Sel., 71(11). 
1219, 1982.

103. Rohm, Klaus, Distort and Stoinigon, Manfrad, Pharm.. sta.« 
127(19), 888, 1992, through Anal. Abstr..44. 357, 1983,

104. Covina, G., Moratti* G.« Allmsnti, R., and Gallinslla, R., 
J. Chromatogr., 175(1), 125, 1979.



128
105. Finlay, O., Jefferiea, J.P., and Sharma, S.P.* J. Pham. 

Pharmacol.. 31(9). 634, 1979.
106. Liwan, P.A., Irwin, W.J., and Yip, Y.W., J. Chromatoqg.. 

176(3). 399, 1979,
107. Dae Quptm, V., J«Pharm. 8cl>. 68(7). 926*928, 1979.
108. Hattori, T., Washio, Y., Kamlya, R„ Itoh, Y., and Inova, 

*•# Yaknqaku Zaashl.. 99(5). 537, 1979, through Anal. 
Abstr.. 38. 82, 1980.

109. Juenge, Erie C., arid Browar, James 7., J. Pharm. Bel.. 
68(5). 551, 1979.

110. Cavina, 0., Moretti, G.» Galiinells, B., Aliment!, ft,, 
end Barehiesl, ft., Bull. Chin. Farm.. 117(9). 534*544,
1978, through Anal. Abstr.. 3ff. 82, 1930.

111. Xirschbaum, Joel, J. Pharm. Set.. 69(4). 841*842, 1980.
112. Kirachbaum, Joel, Poet, Raymond; Bush, Karen, and Patria, 

Glenn, J. Chromatoar.. 190(2), 481*485, 1980, through

St* 573, 1980.
113. Lea, A.R., Kennedy, J.M., and Low, O.K.C., J. Chromatoar.. 

198(1), 41, 1980.
114. Munson, J.W., and MiIson, T.D., J. Pharm. Scl., 70(2).

177, 1981.
115. Belliardo, F«, and Bartolino, A., J. Lia. Chromatoar.. 

4(2), 293, 1981.
116. Van Dame, H.C., <|,i„ .Affffea. J^l.i-^nal.. Cham., 63(6) . 1184,

1980, through M§&£‘* ift* 789, 1981.
117. Peril, V., and Dobrovoljc, R., Farm. Vaatn.. 30(2). 129,

1979, through ift* 789, 1981.
118. Vanden Heuvel, W.J.A. BTheory and Applications of Qaa 

Ghromatooraphy in industry and Medicine**. ad. by Kroman,
M. 8. and Bandar, 8.R., Greene and Stratton, law York, 
1968, PP 120*134.



J 29
119. Cartonl* G.P.* Ciardi* M.* oiarruaao, A., Roaati* I.,

J. Chroaatoar..279. 515-522* 1983*
220* Uraluta, V.P.* Saaanova, V.A.* and Yakuahia* M.A.*

Ibid., 279. 895-707, 1983.
121* tfabba* 6.R., Amin* S.N.* aad Rofaal* N., J* Pharau Scl.. 

22* 1231-1234* 1968.
122* 8i*>aost* P.M., £ajg^CSBl£S9LC^ 22111* 161-174, 1973* 

through Anal. Abatr.. £2* 3225, 1975*
123* Moadar* C., Iohan* Y„ Anal. Blochaau. 139(1). 237-242* 

1984, through iZ*
124* Klay* H.K.* Rick* ir.* J» Clin. Chan. Clin, ilochaai..

22(5), 371-378* 1984* through Mai* Ahatr.* 12* 135* 1985.
125. Stupaicki, R., gain, ggfitel. Poatapow Rank. Roln.. J&* 

37-41, 1983* through* Anal. Ahatr.* 42* 136* 1985.
126. Alviola, K.* Halkala* R.* and Hoala# !••« Acta. Pharau 

Iffii** 2fl.Ul* 275-282* 1981, through Milt ,#>!!£** 12*
652* 1982.

127. Krugor* T.L., Kondrat* R.N.* Joaaph* K.T.* and Cooka,
R.O.# Anal. .Mo....Chaau* 94(11* 104-112* 1979, through
#n»lt.Ifeltt** 11* *31, 1*80.

128. Gorog* 8.* Lauko* A.* Haranyi* B.* **rft M?# *
i£l** Ifllllsll* 377-382* 1979, through
JS* 320* 1980.

129. Huf, P.A., Harbarta* J.C.K.* aad Spaa* N.A.* Pham. 
Kaakbl.. 121(211* 560-543, 1979, through
3£* 82* 1980.

130. Balaagar* 0.* Lodga, B.A.* Parc* J.R.J.* Latontaina, p.*
J. Pharau. lioawd. Anal.. 3(1). 81-86* 1985* through 
Anal. Ahatr.. 48. 1986* 2S 33.

131. Dakkar* O.* Pham.. Waakbl. (scl. Id.). 2(2)* 567-572*
1980 throu h t •* * 573* 1980.



130

132* Solinen, R., end Belel, 8«, Ikmmteh, asm. 153-155, 
1990, through Reel. 8fe»tr», 12* «•# 1980.

333* ■Phernacopoeie of Indie?, 3rd Sd., Vol. XI 
(Appendix 3) , 1985, The Controller of 
Pvfelicetion# Delhi# A-68.


