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ABSTRACT

Diosgenin is one of the phytoconstituent present in Costus speciosus
(Koen) J.E. Sm. This plant and its extracts are used for treatment of fever,
snake hites, jaundice, and as a purgative, astringent and antibacterial. In
the present study an attempt has been made to develop a HPTLC method
for quantitative estimation of diosgenin in fractions of methanol extract.
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This HPTLC method was found to be reproducible, accurate and precise
and could detect and quantitate nanogram level concentrations of diosge-
nin. Thedeveloped HPTL C method would be an important tool in the evalu-

ation of diosgenin content in polyherbal formulations.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Costus speciosus (Koen) J.E. Sm. Family:
Zingiberaceaeisan erect herbaceousplant upto2m
highwithlong lanceol ateleavesand whitefragrant flow-
ersinterminal clusters. The plant flowersduring the
months of July and August, the aerial partswithering
away during thewinter season. It haswidedistribution
inIndia, occurring throughout the sub-Himaayan tract
from Himacha PradeshtoAssam, Vindhyaand Satpura
hills in central India and the western ghats of
Maharashtra, Karnataka, Kerala.

Costus speciosus hasrecently gained importance
asasourceof diosgenin, aprecursor for the synthesis
of steroidal hormones3. Therhizomesarewell known
for their diosgenin content and also for several sa-
poning?l. Literature survey revealed that thereisno
HPTLC method for analysis of diosgeninin Costus
speciosus. Thepurposeof thisresearchisto establish
suchamethod and, after validation in accordancewith

International Conference on Harmonization (ICH)
guidelinesand thedirectivesfor good |aboratory prac-
tice, to use the method for analysis of the diosgenin
content in other plants.

EXPERIMENTAL

Chemicalsand reagents

All chemicalsused for thisstudy were of anaytical
grade and purchased from E. Merck Ltd., Mumbai.
Standard diosgeninwas obtained asagift samplefrom
Sahyadri Chemicas, Mumbai.

Prepar ation of standard solutions

A stock solution containing Img mL* of diosgenin
was prepared in methanol. Calibration solutions con-
taining 300, 600, 900, 1200, 1500, 1800 ng uL*were
prepared by dilution of stock solution. These solutions
were used to apply 300 to 1800 ng diosgenin to the
plates.
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Prepar ation of samplesolutions

C.gpeciosuswascollected fromtheforest of Bahuli-
geon Td- Igatpuri Dist-Nashik Maharashtra, India. The
entire plant wassent to Botanical Survey of India, Pune
for authentication and obtained certificate of authenti-
cation. A voucher specimenwasdepositedin herbarium
of our laboratory. The shed dried rhizomeswere pul-
verized and dry powder (25g) of rhizomewasextracted
with 100 ml methanol by Soxhlet gpparatus. Theresi-
duewasobtaned after exhaustive cyclesof siphoning.
Thedry extract (2.5g) was obtained by distilling off the
solvent. Thedry extract was hydrolyzed with 2N hy-
drochloric acid for 15 hrs with methanol and water
(60:40:20), filtered, washed with methanol exhaudtively
to produceayield of 2gresidue.

The residue was spotted on TLC plate and the
TLC plateswas devel oped using n-hexane, ethyl ac-
etate (4:1) solvent system giving four spotsone corre-
sponding to authentic diosgenin R, 0.34. Theresidue
was subjected to column chromatography over silica
gel (about 60-120 mesh) using n-hexane, ethyl acetate
(4:1) solvent system. Thefractionhaving R, 0.34 was
collected and identified by GC-MS. Thisfraction of
extract (FE) wasused for the HPTLC anaysisand spot-
ted with std. diosgenin.

Thin layer chromatography

HPTLC was performed on 10 cm x 10 cm au-
minium-backed HPTL C platescoated with 0.2 mm | ay-
ersof silicagel 60 F,., (E. Merck, Darmstadt, Ger-
many). Beforeuse, the plateswerewashed with metha:
nol and stored in adesiccator. Sampleswere applied
to the plates as 6-mm bands, 11.6 mm apart and 10
mm from the lower edge, by means of a Camag
(Muttenz Switzerland) Linomat V applicator equipped
with aHamilton (Reno, Nevada, USA) 100-uL micro
syringe. Therateof gpplicationwas15sulL . Ascend-
ing devel opment of the plates, withn-hexane- ethyl ac-
etate, 4:1 (v/v), asmobile phase was performed at 25
+ 2°C in a Camag twin-trough TLC chamber previ-
oudly saturated with the mobile phasefor 15min. The
devel opment distancewas 70 mm. After devel opment
theplatesweredriedfor 5mininan ovenat 50°C. The
plateswere sprayed with concentrated sulphuricacid:
methanol (1:2 v/v) and driedinhot air oven at 105°C
for 5 minutes. Densitometric scanning wasthen per-
formed at 428 nm (A for the compounds) with a
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Camag TLC scanner 3 equipped with Wincats Soft-
wareVersion 1.3.0, using the deuterium light source.
Thedit dimensionswere 6.00 mm x 0.45mm.

Validation of themethod

Themethod wasvalidated in accordancewith ICH
guidelines and chromatographic methodg*3.
Linearity

Amountsof standard solutions equivalent to 300,
600, 900, 1200, 1500, 1800 ng per spot diosgenin
were applied to the plates and the plateswere devel -
oped, dried, and scanned as described above. Cali-
bration graph was constructed by plotting peak areas
against the corresponding amounts (ng spot-1) of
andyte. Each amount was chromatographed fivetimes
and meanwasemployed for thecdibrationgraphwhich
waslinear.

Sengitivity

The sengitivity of measurement of diosgeninwas
estimated asthelimitsof quantification (LOQ) and de-
tection (LOD), whichwere cd culated by theuse of the
equations LOD = 3 x N/B and LOQ = 10 x N/B,
where N isthe standard deviation of the peak areas of

thedrugs(n = 3), taken asameasure of the noise, and
B isthed opeof the corresponding calibration plot.

Precision

The precision of the method was assessed by rep-
licate (n=>5) analysisof authentic diosgenin. Intra-day
precision (% R.S.D.) was determined by analysis of
the solutions three times on the same day. Inter-day
precision (% R.S.D.) was assessed by analysis of the
solutionson three different days over aperiod of one
week.

Accuracy

The accuracy of the method was determined by
themethod of standard additionsat threedifferent lev-
es, i.e. by multipleleve recovery sudies. Samplestock
solution containing 400 ng mL* of diosgenin prepared
from and spiked with amountsof thedrugs equivaent
to 0, 50, 100, 150 % of the amounts present in the
origind solution. These solutionswerethen andyzed as
described above.

Specificity
Peak purity for diosgenin wastested by comparing
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TABLE 1: Resultsof analysisof standar d diosgenin

Peak Areas

0,
Conc./spot(ng) a1 2 3 ) 5 Avg. SD % R.S.D
300 1663.18 1689.32 1687.99 1710.3 1665.11 1683.18 19.5118 1.1592
600 3216.36 3202.98 3208.43 321091 3193.13 3206.36 08.8238 0.2752
900 4780.04 4832.17 4841.80 4835.18 4823.54 4822.54 24.6511 05111
1200 6572.72 6588.43 6642.42 6627.59 6632.46 6612.72 30.3433 0.4588
1500 8435.90 8358.21 8401.78 8344.99 8288.92 8365.9 56.1463 0.6711
1800 9729.08 9879.17 9840.39 9909.799 9786.96 9829.08 72.3301 0.7358

spectraacquired of at the start (S), apex (A), and end
(E) of the peaks.

Repeatability
Thesix spotsof sample solutionshaving concen-

tration 600 ng were spotted and the peak areasfor al
were measured.

Ruggedness

Thesix spotsof sample solution having concentra:
tions 900 ng were spotted by different analysts. And
the peak areaswerefound.

Robustness

The sample 300 ng spotted on different three plates
and thedistancetravel ed by solvent front were changed
as7,7.5,8 cmand peak areaswere anayzed.

Deter mination of diosgenin content in fraction of
the extract®®

Quantification of diosgeninwasdone by applying
fraction of extract on TLC platewith standard diosge-
nin.

RESULTSAND DISCUSSIONS

Validation of method
Linearity

Responseto diosgeninwaslinear inthe concentra-
tion range 300- 1800 ng spot*. Theregression equa-
tionfor diosgeninwasy = 5.5236x - 46.533wherey is
responseand x theamount chromatographed. The cor-

relation coefficient, r, was 0.9991, over these concen-
tration ranges.

Sengitivity
Thelimitsof quantification (LOQ) and detection

(LOD) for diosgeninwas63.91 and 21.08 ng, respec-
tively.

TABLE 2: Results from precision interday and intraday
studies

A.lInterday studies

Conc./ Peak Amount % %
Spot found Amount  SD.
Area R.S.D.
(ng) (ng) found
600 3220.19 59141  98.56
600 3240.36 595.06 99.17  0.3073 0.3110
600 3228.15 59285  98.80
Average 98.84
600 32125 590.01  98.33
600 32014 58746  97.91 0.312143 0.3176
600 3218.76 591.15  98.52
Average 98.25333
600 321040 589.63  98.27
600 320445 58856 98.09 0.1374 0.1400
600 3201.36 588.00 98.00
Average 98.12
B. Intraday studies
%
Conc./Spot Peak Amount %
(ng) Area found Afmount SD. R.SD.
ound
600 322540 592.38 98.72
600 3218.12 591.03 9850 0.3143 0.3913
600 3204.86 588.63 98.10
Average 98.44
600 3223.84 592.07 98.67
600 3208.8 589.34 98.22 0.341516 0.3474
600 3201.64 588.05 98
Average 98.29
600 324041 595.07 99.17
600 321551 590.56 9842 0.4895 0.4963
600 3209.84 589.53 98.25
Average 98.61

Precision and accuracy

Results and statistical datafrom replicate (n=5)
andysisof diosgeninisreportedin TABLE 1 and figure
1. Resultsfrom determination of intra-day andinter-day
precision, by analyssof sandard solutionscoveringthe
entirecalibration range, arelistedin TABLE 2(A,B).
Resultsfrom determination of recovery of diosgeninand
samplesolutionsarereportedin TABLE 3.

Specificity
Themobile phase used resolved thedrugsvery ef-
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TABLE 3: Resultsfrom accuracy, recoveries studies

Amt of
Amt fraction Amt
Taken of Peak Recovered % sD %
(Std) extract Area n Recovery ~ 7' R.SD.
ng/spot  added 9
ng/spot
0%
600 0 3216.07 590.66 98.44
600 0 320345 588.38 98.06
600 0 321205 589.92 98.32 0.1942 0.1976
Average 98.27333
50%
600 300 482844 88257 98.06
600 300 4815.75 880.27 97.8
600 300 482235 881.46 97.94 0.0130 0.1328
Average 97.93333
100%
600 600 661445 120591 100.49
600 600 66204 1206.99 100.58
600 600 6610.75 120524 100.43 0.0754 0.0750
Average 100.5
150%
600 900 8360.75 1522.06 101.47
600 900 8370.57 1523.84 101.58
600 900 8358.8 152156  101.43 0.0776 0.0764
Average 101.49

TABLE 4 : Results from Repeatability studies
%

Conc/spot preq AMU - Amt Mean SD. %R.SD.
(ng) found
found
600 32158959063 98.43
600  3202.75588.25 98.04
600  3217.36590.89 98.48
600 3222.87501.89 98,64 Joor 0-2372 0.2412
600 32045458857 98.09
600  3208.75589.34 98.22

TABLE 5: Resultsfrom ruggedness studies

Conc. Amt % %
Analysts /Spot Area  Amt. SD. 0
R.S.D.
(ng) found
900 97.86
900 97.73
900

98.01
900

98.00
900 4830.01 882.85 98.09
900 4820.87 881.20 97.11
Average 97.80
900 4819.47 880.94 97.88
900 4834.97 883.75 98.19
900 4812.68 879.71 97.74
900 4825.9 882.11 98.01
900 4820.57 881.14 97.9
900 4823.69 881.71

97.96
Average 97.94

ficiently, asshowninthefigure2. TheR_vaueof dios-
geninwas0.34

found

4818.64 880.79
4812.74 879.59
4826.29 882.12
4825.6 882.05

Analyst | 0.3613 0.3694

Analyst 11 0.1501 0.1532
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Figure2: TLC plateanalyzed by densitometer showing
the tracks of diosgenin, The spot concentrations were
300,600,900,1200,1500,1800 ng/spot

Repeatability

M easurement of therepeatability of diosgenin ap-
plication showed RSD for peak height and peak area
were0.23% and 0.24% respectively asin TABLE 4.

When thesame spot was scanned seven timeswith-
out changing the position of the plate RSD for mea-
surement of peak height and peak areawere 0.26%
and 0.09% for diosgenin.

Ruggedness

Measurement of R.S.D. of % amount found of di-
osgenin from sample by two anaystswere 0.36% and
0.15%. Theresultsobtained werein TABLEDS.

Robustness

No substantia variation in % amount found ob-
served from therobustness studiesTABLE 6.

Deter mination of diosgenin content in fraction of
theextract

Quantification of diosgeninwasdone by applying
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TABLE 6 : Resultsfrom robustness studies

0,
Sﬁrlgﬁ?t Conc/Spot (o AML. Ar/‘(r)1t. sp. b
ng found R.SD.
(cm} found
300 1675.08 311.68 103.89
7 300 1683.18 313.14 104.38 0.8082 0.776¢
300 1665.09 309.87 103.29
Average 104.02
300 1680.36 312.63 104.21
75 300 1675.05 311.67 103.89 0.6325 0.6099
300 1660.11 308.97 102.99
103.69
300 1670.75 310.89 103.63
8 300 1684.19 313.33 104.44 0.7265 0.7007
300 1660.18 308.98 102.99
Average 103.68

TABLE 7 : Quantification of diosgenin in fractions of
methanol extractsof Costus speciosus

na/soot Max. Peak Assigned Amount %

g= R¢ Area substance found ng Amount

1200 034 664057 Diosgenin 121077  100.89

1500 034 8372.64 Diosgenin 152438 101.62

1200 034 26749 2Ll goon 403
fraction

1200 034 27058 fEX”f"‘Ct 5741 478
raction

1200 034 247.39 fEX”f"‘Ct 5321 443
raction

1200 034 26188 2l oo 465
fraction

Q 240

7] ala o aw am ol b
Figure3: Peak of FE* of concentration 1200 ng(* Frac-
tion of extract)
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the 1200 ng/spot on TLC plate and the peak areawas
evaluated asinfigure3and TABLE 7.

CONCLUSION

High Performance Thin Layer Densitometry after
detection with derivatization of diosgeninisattractive
aternativefor determination of diosgeninin Costus
speciosusrhizomeswith regard to reproducibility, ac-
curacy and sengitivity. This powerful method could be
widely applied to analysis of various extracts. Addi-
tional advantages over known methods arerelated to
simplicity of extraction, thelow detection quantification
limits. Thismethod issuitablefor quality assurance of
diosgenin and related extracts.
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