Available online at www.sciencedirect.com

JOURNAL OF
sc.euce@pmecro PHARMACEUTICAL
o AND BIOMEDICAL
R R 4 ANALYSIS
ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 36 (2004) 23-31
www.elsevier.com/locate/jpba
HPTLC method for guggulsterone
ll. Stress degradation studies on guggulsterone
Himani Agrawal, Neeraj Kaul, A.R. Paradkar, K.R. Mahadik
Department of Quality Assurance Techniques, Poona College of Pharmacy, Bharati Vidyapeeth Deemed University,
Erandwane, Pune 411038, Maharashtra State, India
Received 25 November 2003; received in revised form 8 April 2004; accepted 18 April 2004
Available online 17 June 2004
Abstract

Stress degradation studies were carried out on guggulsterone (the hypolipidemic agent in the gum-resin exCmtatagtudra mukul)
following the conditions prescribed in the parent drug stability testing guideline (Q1AR) issued by International Conference on Harmonization
(ICH). The present study describes degradation of guggulsterone under different ICH prescribed stress conditions (acid and base hydrolysis,
oxidation, dry and wet heat degradation and photodegradation) and establishment of a stability indicating HPTLC assay. The method employed
TLC aluminium plates precoated with silica gel 60F-254 as the stationary phase. The solvent system consisted of toluene—acetone (9:1, v/v).
Densitometric analysis of guggulsterone was carried out in the absorbance mode at 250 nm. This system was found to give compact spots for E-
and Z-guggulsteroneR value of 0.3&+ 0.02 and 0.46: 0.02, respectively) following double development of chromatoplates with the same
mobile phase. The drug undergoes degradation under acidic and basic conditions, oxidation, dry and wet heat treatment and photodegradation
All the peaks of degraded products were resolved from the standard guggulsterone with significantly &iffemkres. As the method could
effectively separate the drug from its degradation products, it can be employed as a stability indicating one.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction as well as the susceptibility across a range of pH values
[2].

The parent drug stability test guidelines (Q1A) issued by  Accordingly, the purpose of the present study is to put
International Conference on Harmonization (ICH) requires ICH recommendations into practice by subjecting guggul-
that analytical test procedures for stability samples should sterone to the variety of suggested stress test conditions
be fully validated and the assays should be stability indicat- to establish inherent stability of the drug and to develop
ing [1]. Stress testing is a part of development strategy un- the validated stability indicating HPTLC assay. The en-
der ICH requirements and is carried out under more severedeavor was to quantify overall amount of degradation of
conditions than accelerated studies. Further, it is suggestede- and Z-guggulsterone under different stress conditions.
that stress studies should be carried out to establish the in-There is no report yet on these aspects for this drug. Gug-
herent or intrinsic stability characteristics of the molecule gulsterone Fig. 1) is chemically {4,17(20)-pregnadiene-
by establishing the degradation pathways and help in valida-3,16-dioné. The cholesterol reducing activity can be
tion of the analytical methods to be used in stability studies. traced to the two closely related steroidal ketones,
The parent drug stability guidelines (Q1AR) requires that Z-{4,17(20)¢is-pregnadiene-3,16-dione laguggulsterone
stress testing of drug substance should include the effect ofand E{4,17(20)trans-pregnadiene-3,16- dione,lbgug-
elevated temperature, humidity, light and oxidizing agents, gulsterone. Literature survey reveals spectrophotometric

assay { = 327)[3] and HPLC methods for the determina-
tion of guggulsterone in biological fluidgl—7]. Simulta-
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R, R of drug identified. The impurities detected by HPTLC are
limited to 0.1 per cent. The limits for these impurities have
been fixed at the minimum level permitted by the analytical

0 method in accordance with the requirements laid down in
system conformity.

The aim of the present work is to employ validated

HPTLC method for stability studies of E- and Z-isomers of
guggulsterone in presence of its degradation products and

0 related impurities for assessment of purity of bulk drug and

stability of its dosage forms. Analysis of guggulsterone in
fuf Compound. - Absolute Configuration marketed products has shown surprising results. Mesorb

18 Ri=HR=CH  Guggsterone £ et al.[9] have reported very less amount of guggulsterone
b Ri=CHiR=H  Guggulsterone - both in extract and marketed formulations. The content of

Fig. 1. Chemical structure of guggulsterone (1), Z-isomer (1a) and E-and Z-guggulsterone in these materials varied widely and
E-isomer (1b). was found significantly less than claimed for both of the
guggulsterones. In the last few years the number of guggul-

and quantitative determination of E- and Z-guggulsterone

sterone products in the market has decreased significantly.

in Commiphora mukul and its products have been reported Therefore it is necessary to design a stability indicating

[9]. In a previous study (part I), we developed and validate
HPTLC assay for guggulsterone isomers in herbal extract
and pharmaceutical dosage form. In this study, we investi-

d HPTLC method.

gated the effect of different stress conditions on the stability 2 Experimental

of the drug with the help of previously described validated

HPTLC method. The International Conference on Harmo- 2-1. Materials

nization (ICH) guidelines entitled ‘stability testing of new

drug substances and products’ require the stress testing to Standard guggulsterone mixture (containing E- and
be carried out to elucidate the inherent stability character- Z-iSomers, purity 99.17%, wiw), standard E-isomer (purity
istics of the active substance. Susceptibility to oxidation is 99-34%, w/w) and standard Z-isomer of guggulsterone (pu-

one of the required tests. Also the hydrolytic and the pho-
tolytic stability are required. An ideal stability indicating
method is one that quantifies the standard drug alone and
also resolves its degradation products. Ferenczi-Fodor et al.
[10,11] explained basic acceptance criteria for evaluation
of validation experiments based on practical experience for
planar chromatographic procedures, which may be used at
different levels either in qualitative identity testing, assays,
semi-quantitative limit tests or quantitative determination of
impurities. The parameters for robustness testing of given
procedures and quality assurance of quantitative planar
chromatographic testing have been described as per Inter-
national Conference on Harmonization (ICH) guidelines.
According to the European pharmacopofia], the profile

of the impurities has been defined in relation to the sources

Table 1
Stability of (a) E-isomer and (b) E-isomer of guggulsterone in sample
solutions G = 6)
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(a) Stability of E-isomer o 81 82 83 04 05 @b 07 B8 89 LD
400 4890.56 4872.23-4901.12 1.78 1.23 Magelengtht 250 m I
800 9881.12 9868.35-9898.29 1.85 1.42

(b) Stability of Z-isomer Fig. 2. Ch_romatogram of standard guggulsterone mixture (100(_) ng/spot).
400 4972.48 4965.56-4988.56 1.56 1.01 Peak 1 is of E-guggulsteroneR( 0:38 + 0.02), peak 2 is of
800 9984.96 0973.58-9992.69 1.75 1.22 Z-guggulsteroneR;: 0.46 + 0.02); mobile phase; toluene-acetone (9.0:

1.0, VIv).
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rity 99.07%, w/w) were kindly provided as a gift sample tion time for mobile phase was 30 min at room temperature
by Laila Impex, Vijaywada, India and were used without (25 4 2°C) at relative humidity of 60+ 5%. The length
further purification. Guggulu extract and guggulu capsules of chromatogram run was 8 cm. Subsequent to the devel-
were procured from the local market. All chemicals and opment, TLC plates were dried in a current of air with the
reagents used were of analytical grade and were purchasedhelp of an air dryer. Densitometric scanning was performed

from Merck Chemicals, India. on Camag TLC scanner lll in the reflectance-absorbance
mode at 250 nm and operated by CATS software (V 3.15,
22 HPTLC instrumentation Camag). The source of radiation utilized was deuterium

lamp emitting a continuous UV spectrum between 190 and

The samples were spotted in the form of bands of width 400 nm. Congentrations of the compound'chromatographed
6mm with a Camag microlitre syringe on precoated silica Were determined from the intensity of diffusely reflected
gel aluminium plate 60 F~254, (20 cr110 cm with 25Qum Ilght. Evaluation was via peak areas with linear regres-
thickness; E. Merck, Darmstadt, Germany, supplied by An- SION.
chrom Technologists, Mumbai) using a Camag Linomat IV )

(Switzerland). The plates were prewashed by methanol and2-3. Forced degradation of standard guggulsterone
activated at 60C for 5 min prior to chromatography. A con- ) o
stant application rate of Oyll/s was employed and space A stock solution containing 100 mg of standard gugguls-
between two bands was 5 mm. The slit dimension was keptterone containing E- and Z-isomers in 100 ml methanol was
at 5mmx 0.45mm and 10 mm/s scanning speed was em- prepared. This solution (1 mg/ml) was used for forced degra-
ployed. The monochromatic bandwidth was set at 20 nm, dation.
each track was scanned thrice and baseline correction was ) ) ] ]
used. The mobile phase consisted of toluene—acetone (9: 12-3-1. Preparation of acid and base-induced degradation
viv) and 15ml of mobile phase was used per chromatog- Products _ _ _
raphy. Linear ascending development was carried out in Fo_r acid degradation studies, to 5ml of methanolic stock
20cm x 10cm twin trough glass chamber (Camag, Mut- solution, _5m| each of 1- and 5N HCI were added separately.
tenz, Switzerland) saturated with the mobile phase and the These mixtures were refluxed for 1.0 and 2.0h at@0
chromatoplate development was carried out for two times For degradation studies in alkaline conditions, to 5ml of
with the same mobile phase to get good resolution of E- and Methanolic stock solution, 5ml each of 1- and 5N NaOH
Z-isomers of guggulsterone. The optimized chamber satura-
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Fig. 3. Chromatogram of acid (5N HCI, reflux for 1.0 h, temperature@0 Fig. 4. Chromatogram of base (LN NaOH, reflux for 1.0 h, temperature
treated standard guggulsterone mixture (2000 ng/spot). Peak 1 (degradedB0°C) treated standard guggulsterone mixture (1000 ng/spot). Peak 1
(Rs: 0.20), peak 2 (degradediRy( 0.27), peak 3 (E-guggulsterondp( (degraded) Rs: 0.03), peak 2 (E-guggulsterond}:( 0.38 + 0.02), peak
0.38 + 0.02), peak 4 (Z-guggulsteroney:( 0.46 + 0.02). 3 (Z-guggulsterone)Rs: 0.46 + 0.02).
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were added separately. These mixtures were refluxed forsolution was refluxed for 2.0 h on boiling water bath for wet
1.0 and 2.0 h at 80C. To study the degradation of drug in heat degradation.

phosphate buffer pH 8.0, 5 ml of buffer solution was added

to 5 ml of methanolic stock solution. It was refluxed at&0 2.3.4. Photochemical degradation

for 2h. The forced degradation in acidic and basic media product

was performed in the dark in order to exclude the possible The photochemical stability of the drug was also stud-
degradative effect of light. Two microlitres of the resultant ied by exposing the stock solution to direct sunlight for
solutions (1000 ng/spot) were applied on TLC plate and the three days (from 09:00 to 17:00 h ®B0°C) on a wooden

chromatograms were run as describe®ettion 2.2 plank and kept on terrace. One microlitre of the solu-
tion (1000 ng/spot) was applied on TLC plate and chro-

2.3.2. Preparation of hydrogen peroxide-induced matograms were run as describedSection 2.2

degradation product In all degradation studies the average peak area of E-

For oxidative conditions, initially to 5ml of methano- and Z-isomers of guggulsterone after application of seven
lic stock solution, 15ml of 6.0% (w/v) hydrogen perox- replicates were obtained.
ide was added. Subsequently, to the 15ml of methano-
lic stock solution 5ml of 50.0% (w/v) hydrogen per- 54 Detection of the related impurities of E- and
oxide was added. The solutions were heated in boiling 7 isomers of guggul sterone
water bath for 10min to remove completely the ex-

cess of hydrogen peroxide and then refluxed for 2.0h at  Tpe related impurities were determined by spotting higher
80°C. Four microlitres (1000 ng/spot) and two microlitres  ¢qncentrations of the E- and Z-isomers so as to detect and

(1500 ng/spot) of the resultant solutions were applied on quantify them. E- and Z-isomers 10mg each, were dis-
TLC plate and the chromatograms were run as described ingg|yed in 5ml of methanol and these solutions were termed
Section 2.2 as E- and Z-sample solutions (2000m/ One ml of each

] sample solution was diluted to 10 ml with methanol and
2.3.3. Dry and wet heat degradation product these solutions were termed as E- and Z-standard solu-

Th? standard guggulsterone powder was stored in oventong (200 nghl). One microlitre of each standard solution
at 90°C for 4 h to study dry heat degradation and the stock (200 ng/spot) and ten microlitres of each sample solutions
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Fig. 5. Chromatogram of phosphate buffer pH 8 (refluxed for 2.0h, Fig. 6. Chromatogram of hydrogen peroxide (6% wi/v, reflux for 2.0h,
temperature 80C) treated standard guggulsterone mixture (1000 ng/spot). temperature 80C) treated standard guggulsterone mixture (1000 ng/spot).
Peak 1 (degradedR(: 0.02), peak 2 (E-guggulsterondy( 0.38+ 0.02), Peak 1 (degradedR(: 0.26), peak 2 (E-guggulsterondy( 0.38+ 0.02),
peak 3 (Z-guggulsteroneRR(: 0.46 & 0.02). peak 3 (Z-guggulsteroneRR(: 0.46 + 0.02).
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(20,000 ng/spot) were applied on TLC plate and the chro- curring during spotting and development. In case, if decom-

matograms were run as describedSiaction 2.2

3. Results and discussion

3.1. Sahility of E- and Z-isomers in sample solution

position occurs during development, peak(s) of decomposi-
tion product(s) shall be obtained for the analyte both in the
first and second direction of the run. No decomposition was
observed during spotting and developméfig( 2).

3.2. Sability indicating property

Solutions of two different concentrations (400 and 3.2.1. Acid and base-induced degradation product
800 ng/spot) were prepared from sample solution and stored The drug gets slowly degraded in strongly acidic condi-
at room temperature for 6.0, 12.0, 24.0, 48.0 and 72.0 h, tions. On refluxing at 86C in 1 N HCI (1, 2h), 5N HCI
respectively. The solutions were stored in tightly capped (1, 2h), the area of the drug peaks decreased and two peaks
volumetric flasks protected from light on a laboratory were generated & 0.20 and 0.27Kig. 3). In alkali, the
bench. They were then applied on the same TLC plate, af-drug was found to decompose rapidly. On refluxing at@0
ter development the chromatogram was evaluated as listedn 1IN NaOH (1, 2h), 5N NaOH (1, 2h), showed addi-

in Table 1for additional spots if any. The R.S.D. (%) for

tional peak aR; value of 0.03 Fig. 4). The reaction in 5N

the samples analysed at different elapsed assay times wa®laOH at 80°C was so fast that whole of the drug was de-
found to be<2%. Thus the drug was stable in solution graded in two hours. Subsequent studies were performed in
state. There was no indication of compound instability in milder conditions in phosphate buffer pH 8 at“®l The

the sample solution.

3.1.1. Spot stability of E- and Z-isomers

area of the drug peaks decreased with corresponding rise
in new peak aRs 0.02 (Fig. 5. The areas of the degraded
peaks were found to be lesser than the area of standard

The time the sample is left to stand on the solvent prior to drug concentration (1000 ng/spot) indicating that gugguls-
chromatographic development can influence the stability of terone undergoes degradation under acidic and basic condi-
separated spots and are required to be investigated for valllons.

idation [13]. Two-dimensional chromatography using same

solvent system was used to find out any decomposition oc-3.2.2. Hydrogen peroxide-induced degradation product
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Fig. 7. Chromatogram of hydrogen peroxide (50% wl/v, reflux for 2.0h,

The sample degraded with 6.0% (w/v) hydrogen perox-
ide showed additional peak & value of 0.26 Fig. 6).
The sample degraded with 50.0% (w/v) hydrogen peroxide
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temperature 80C) treated standard guggulsterone mixture (1000 ng/spot). Fig. 8. Chromatogram of dry heat (9C for 4 h) treated standard guggul-

Peak 1 (degraded)R(: 0.12), peak 2 (degradedRy( 0.26), peak 3
(E-guggulsterone)Rs: 0.38 + 0.02), peak 4 (Z-guggulsterondy:( 0.46
+ 0.02).

sterone mixture (1000 ng/spot). Peak 1 (degradBg).14), peak 2 (de-
graded) Rs: 0.23), peak 3 (degradedy(: 0.27), peak 4 (E-guggulsterone)
(Rs: 0.37 £ 0.02), peak 5 (Z-guggulsterondy:( 0.44 + 0.02).
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Fig. 9. Chromatogram of wet heat (refluxed at $@0for 2h) treated Fig. 10. Chromatogram of photo degraded standard guggulsterone mixture

standard guggulsterone mixture (1000 ng/spot). Peak 1 (degraBed) (  kept in sun light for 24 h (1000 ng/spot). Peak 1 (degrad&y) 0.08),
0.13), peak 2 (degradedRy{ 0.19), peak 3 (E-guggulsterondy:( 0.38 peak 2 (degradedl: 0.25), peak 3 (E-guggulsterondy;( 0.38 + 0.02),
+ 0.02), peak 4 (Z-guggulsteroneR( 0.45+ 0.02). peak 4 (Z-guggulsteroneR(: 0.46 + 0.02).

guggulsterone (1000 ngl) was exposed to sunlight for 24 h
showed two additional peaks Bt value of 0.26 and 0.12  (Fig. 10).

(Fig. 7). The spots of degraded products were well resolved  This indicates that the E- and Z-isomers of guggulsterone

from the drug spot. are susceptible to acid and base hydrolysis, oxidation, dry
and wet heat degradation and photodegradation. The lower
3.2.3. Dry and wet heat degradation product Rr values of acid degraded, base degraded, dry and wet heat
The samples degraded under dry heat condition showeddegraded and photo degraded components indicated that they
three additional peaks Bt values of 0.14, 0.23, 0.2F(g. 8 were more polar than the analyte itself. The results are listed

and wet heat conditions showed two additional peak& at in Table 2
values of 0.13, 0.19Fig. 9).
3.3. Detection of the related impurities
3.2.4. Photochemical degradation product
The photo degraded sample showed two additional peaks The spots other than the principal spot and the spot of the
at Ry 0.08 and 0.25 when methanolic solution of standard starting point from the sample solution were not intense than

Table 2

Stress degradation studies of E- and Z-guggulsterone

Condition Time (h) % Recovery Rr value of degradation products
E-isomer Z-isomer

Acid 1N HCI, ref 1.0 97.65 96.13 0.20, 0.27

Acid 5N HCI, ref 1.0 95.96 94.23 0.20, 0.27

Base 1N NaOH, ref 1.0 96.34 5141 0.03

Base 1N NaOH, ref 2.0 91.12 36.62 0.03

Base 5N NaOH, ref 1.0 0.0 0.0 0.03

Phosphate buffer pH 8, ref 2.0 50.04 26.47 0.02

H202 6.0% (w/v), ref 2.0 93.04 94.13 0.26

H20, 50.0% (w/v), ref 2.0 16.05 11.15 0.12, 0.26

Dry heat (90C) 4.0 44.49 46.54 0.14, 0.23, 0.27

Wet heat (100C) 2.0 21.60 22.50 0.13, 0.19

Day light (25°C) 24.0 48.08 38.39 0.08, 0.25

a Refluxed at 80C.
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Method Scan | Infeqration Calibration Spectrun Data End HELP Table 3
Related impurities of (a) E-isomer and (b) Z-isomer of guggulsterone
W Concentration of drug (ng/spot) Rr value Area
540 1 E-isomer
, 200 0.38 2445.28
800 4 Related impurity
20,000 0.28 827.8
70 0.43 1203.9
Total area 2031.7
0 Z-isomer
200 0.46 2486.24
01 Related impurity
20,000 0.33 1755.33
4004
300 4
- the spot from the standard solution. The stapdard E-isomer
| 3 of guggulsterone solution showed two additional spots at
4 Rs 0.28 and 0.43Kig. 11). The standard Z-isomer of gug-
gulsterone solution showed one additional spoRa0.33
i - (Fig. 12. However the area of the additional spots were
30 61 02 03 04 05 0.6 07 68 03 10 found to be much less as compared to the standard solution
Navelength: 250 m (31 as indicated inrable 3

Degradation of drug due to oxidation (50%, w/y®p),
Fig. 11 Chromatogram ‘of standard E-isomer of guggulsterone and its dry and wet heat degradation has led to formation of a com-
'(”R“fp“(;'tg'fs ';g:t; ((i'gg;’rri'g));‘f':%i%_peakz(Sta”dard E-gugguisterone) rgnon degradation entity witRs in the range of 0.12-0.14.
resence of the same component was also observed in
the chromatogram of extract (peak 1) and marketed cap-
sule (peak 2). Degradation of drug due to acid hydrolysis,
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Fig. 13. Chromatogram of guggulsterone extract (25,000 ng/spot). Peaks
Fig. 12. Chromatogram of standard Z-isomer of guggulsterone and its 1, 2, 3, 4, 7 and 8 belongs to other components present in the extract. Peak
impurity. Peak 1 (impurity) R : 0.33), peak 2 (standard Z-guggulsterone) 5 is of E-guggulsteroneR¢: 0.38 & 0.02), peak 6 is of Z-guggulsterone
(Rs: 0.47). (Rs: 0.46 £+ 0.02); mobile phase; toluene—acetone (9.0:1.0, v/v).
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