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a  b  s  t  r  a  c  t

A  high  performance  thin-layer  chromatographic  (HPTLC)  method  for  the  simultaneous  determination
of  the  hypolipidemic  agents,  E-  and  Z-isomers  of  guggulsterone  in  Commiphora  mukul  resin,  guggulipid
(ethyl  acetate  extract  of  resin),  and  its  pharmaceutical  formulation,  was  developed.  The developed  sys-
tem  was  efficient  enough  to  separate  both  isomers  from  their  conger,  17,20-dihydroguggulsterone  (3).
HPTLC  glass  plates,  pre-coated  with  silica  gel  60F-254,  were  used  as a  stationary  phase.  The  mobile  phase
eywords:
- and Z-guggulsterones
ommiphora mukul Engl.
PTLC densitometric analysis
uggul resin

consisted  of  toluene:acetone  (9.3:0.7,  v/v)  which  gave  well  resolved  spots  for E-  and  Z-guggulsterones
(Rf:  0.52  ±  0.01,  and  0.67  ±  0.01,  respectively)  following  double  development  of  chromatoplate  with
the  same  mobile  phase  under  unsaturated  conditions.  The  analyte  stability  towards  the  developed
chromatographic  procedure  was  also  investigated  by two-dimensional  (2D)  HPTLC  analysis.  17,20-
Dihydroguggulsterone  (3)  was  identified  by  the  electrospray  ionization  quadrupole  time-of-flight  tandem

QTOF
uggulipid mass spectrometry  (ESI–

. Introduction

Commiphora mukul Engl. is a small thorny plant, four to six feet
all, mostly growing in different areas of India, Arabian Peninsula,
fghanistan and in North Africa [1].  In Pakistan, it is widely dis-

ributed in Baluchistan and some parts of Sindh. It is one of the
ost trusted herbs which is traditionally used as a purifying agent,

 tonic that helps rejuvenate our cells/tissues, and plays an impor-
ant role in balancing the nervous system, and solving reproductive
ystem related complaints [2].

C. mukul produces a dense oily resin known as Guggulu or Gug-
ul, widely used in traditional medicine for the treatment of various
isorders, either by itself or fortified with other herbs to promote
pecific actions. It is also prescribed to treat a variety of disorders
uch as obesity, rheumatoid arthritis, arteriosclerosis, inflamma-
ion and cardiovascular diseases [3].  Recently, it has been found
o exert cytotoxicity against human breast cancer and multiple

yeloma [4].  It also inhibits tumor growth in xenografts murine

odel of colorectal cancer [5].  Pharmacological studies showed

hat guggulipid (ethyl acetate extract of “guggul”) lowers blood
ipids and possesses clinically proven hypolipidemic activity [6,7].
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ax: +92 21 34819018-9/99261713-4.
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© 2011 Elsevier B.V. All rights reserved.

Moreover, guggul also helps to reduce high cholesterol level, by
lowering low density lipoproteins (LDL-protein), and elevating the
beneficial high density lipoproteins (HDL-protein) [8].

Several processed herbal supplements contain guggul for
weight loss and fat reduction. Two ketosteroids are mainly respon-
sible for most of the biological activities associated with guggul,
particularly the hpypolipidemic effect, which have been identified
as 4,17(20)-(trans)-pregnadiene-3,16-dione (E-guggulsterone 1),
and 4,17(20)-(cis)-pregnadiene-3,16-dione (Z-guggulsterone, 2).

In Asia, particularly in the Indo-Pak sub-continent, plants have
been used as sources of indigenous drugs for thousands of years.
However, at the global level the traditional herbal medicines could
not achieve significance in medical and scientific communities due
to the lack of quantitative standardization and consistency. The
quantitative analysis of medical plants by using TLC and HPTLC
methods is increasingly popular as manufacturers, researchers, and
drug regulatory authorities are recognizing their versatility and
cost effectiveness. It has been demonstrated that these techniques
can analyze even a mixture of 15 plants in a single analytical run
[9].

Previously, a few HPLC methods for the quantitation of gug-
gulsterones have been reported [10–17].  An HPTLC densitometric

method was  also reported by Mahadik et al. [18], for the
quantitation of E- and Z-guggulsterones in herbal extract and
in pharmaceutical dosage forms. However, the reported meth-
ods were unable to separate Z-guggulsterone from its conger,

dx.doi.org/10.1016/j.jpba.2011.05.021
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:musharraf1977@yahoo.com
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Fig. 1. Chromatogram of guggul resin, guggulipid and pharmaceutical product. Chromatogram of guggul resin after single run (A), and double run (A*). Chromatogram of
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uggulipid after single run (B), and double run (B*). Chromatogram of pharmaceuti
-guggulsterone (2), peak 3: 17,20-dihydroguggulsterone (3).

7,20-dihydroguggulsterone (3), which is not a hypolipidemic
gent. There was an inherent 13–30% positive error in the reported
ethod [18] for the estimation of total E- and Z-guggulsterones

ontent.
This paper describes an accurate and specific HPTLC-

ensitometric method capable of separating the hypolipidemic
gents, E- and Z-isomers of guggulsterone from 17,20-
ihydroguggulsterone (3) and provides a semi-quantitative
nalysis of both active ingredients. Both isomers were simultane-
usly analyzed in various forms of C. mukul resin, guggulipid, and
heir pharmaceutical products.

. Materials and methods

.1. Materials

Standard E- and Z-isomers of guggulsterone (primary grade)
ere purchased from ChromaDex Inc. (USA). C. mukul (guggul)

esins samples were obtained from various parts of Baluchistan
sample codes G1–G4) and Sindh (sample code G5, G6 and G7),
rovided by Medics Laboratories, Karachi (Pakistan). A sample of
uggulipid (G8) was also gifted by the said company. Karshina’s
uggul tablets (sample code G9, a product of Planet Ayurveda, India)
as imported from India. HPLC grade methanol and acetonitrile
ere purchased from the Fisher Chemicals Ltd. (UK). Water was
urified using a Millipore Milli-Q plus system (Bedford, USA).

.2. Instrumentation and chromatographic conditions

A CAMAG system, equipped with automatic TLC sampler (LINO-

AT  5), TLC scanner 3 and integrated software of WinCats (version

.2.3) was used for the analysis. Precoated silica gel glass Plates
0F-2 54 (batch number: HX808025, 20 cm × 10 cm,  E. Merck,
armstadt, Germany) were used for the application of samples
duct after single run (C), and double run (C*). Peak 1: E-guggulsterone (1), peak 2:

which were spotted in the form of bands of width 6 mm  with a
CAMAG 100 �l syringe using a CAMAG Linomat 5 automatic sam-
pler. A constant application rate of 0.2 �l s−1 was employed, and
the space between two  bands was 8 mm.  Slit dimension was set
to 4.00 mm × 0.3 mm with a scanning speed of 20 mm s−1 where
the data resolution was  kept at 100 �m step−1. Monochromator
band width was set 20 nm and lowest slope base line correc-
tion was carried out where each track was scanned thrice. Plate
development was  carried out in twin trough chamber (CAMAG,
Muntenz, Switzerland) with 15 ml  mobile phase (toluene–acetone,
9.0:0.7 v/v) under unsaturated condition. Two  runs were carried
out with the same mobile phase to get good separation of E- and Z-
isomers of guggulsterone at the room temperature of 25 ± 3 ◦C and
the relative humidity of 42 ± 6%. The length of the chromatogram
was  taken 9 cm.  Prior to scanning, the plates were dried using air
dryer for 10 min. Video densitometry was  carried out with CAMAG
Reprostar 3 and scanning was  performed on CAMAG TLC Scanner
III at 251 nm which is operated in reflection absorbance mode by
Win Cat software. Deuterium lamp with range between 190 nm
and 400 nm was  used as source. Evaluation of the amount of the
sample was obtained using linear regression. Vanillin was used
as staining reagent, and prepared by dissolving 5 g of vanillin in
250 ml  of ethanol and acidified with 2 ml  of c.c. sulfuric acid. The
plate was  immersed into the vanillin solution with the help of
CAMAG immersion device for 3 s. The stained plate was heated
on CAMAG hot plate at a temperature of 150 ◦C for 30 s. Picture
of derivatized HPTLC plate was  obtained using CAMAG Reprostar
3 with cabinet cover, and mounted digital camera on white R
mode.

HPLC Analysis was  performed on Agilent 1200 Series, Rapid

Resolution Liquid Chromatography (RRLC) system. Data acqui-
sition and integration was controlled by Agilent Technologies
ChemStation software. An Agilent Zorbax XDB-C18 column
(50 mm × 4.6 mm I.D., 1.8 �m)  was used. The mobile phase was  a
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ig. 2. HPTLC plate after double development. (A) Densitometric picture at 251 nm.  (B
pot  2: Z-guggulsterone, spot 3: E- and Z-guggulsterones, spot 4: G-1, spot 5: G-2, sp
arketed formulation.

inary gradient system prepared from water (eluent A), and ace-
onitrile (eluent B), properly filtered and degassed for 15 min in
ltrasonic bath before the use. The gradient program was 20–25%

 from 0 to 2 min, 25–40% B from 2 to 5 min, 40–50% B from 5
o 30 min, 5–95% B from 30 to 32 min  and 95–20% B from 30 to
0 min. The flow rate was 1.0 ml  min−1 throughout the analysis.
he injection volume was 6 �l. The detection wavelength of DAD
as 251 nm.

For mass spectrometric analysis, compounds were dissolved
n MeOH and 0.1% HCOOH in water (9:1, v/v, 1 �g ml−1), and
nalyzed by electrospray ionization (ESI) and collision-induced
issociation (CID) in the positive ion mode on ESI–QTOF–MS/MS

nstrument (QSTAR XL mass spectrometer Applied Biosystem/MDS
ciex, Darmstadt, Germany) at room temperature. High-purity
itrogen gas was used as the curtain gas and collision gas obtained

rom Peak Scientific Nitrogen Generator. The ESI interface condi-
ions were as follows: ion spray capillary voltage of 5000 V, curtain
as flow rate 20 l min−1, nebulizer gas flow rate 5 l min−1, DP1

0 V, DP2 15 V, focusing potential of 265 V and The collision energy
as swept from 15 to 25 eV for MS/MS  analysis. Calibration was
erformed by using internal calibration process. Samples were

ntroduced into the mass spectrometer by direct infusion using
sitometric picture of vanillin stained plate on white R mode. Spot 1: E-guggulsterone,
G-3, spot 7: G-4, spot 8: G-5, spot 9: G-6, spot 10: G-7, spot 11: guggulipid, spot 12:

a Harvard syringe pump (Holliston, MA,  USA) at a flow rate of
5 �l min−1.

For the purification of compound 3, 500 mg  of guggulipid was
dissolved in 3 ml  of ethyl acetate, 500 �l was  spotted on the HPTLC
glass plates (20 cm × 10 cm)  with the band width of 160 mm,  and
run under the developed system. A total of six plates were run.
Bands between the E- and Z-guggulsterones were scratched from
the HPTLC plate, the scratched silica was extracted by 100 ml  ethyl
acetate for 30 min  at room temperature. After filtration and con-
centration, the afforded residue was further subjected to column
chromatography with petroleum ether, and ethyl acetate gradient
which yielded 3 (around 0.1 mg,  with petroleum ether/ethyl acetate
82:18).

2.3. Preparation of standard and sample solutions

The stock solution of E- and Z-guggulsterones were prepared by
accurately weighing 5 mg  of E- and Z- isomers each, quantitatively

transferred into a 10 ml  volumetric flask and make up to volume
with methanol. The working standard solution (50 ng �l−1) was
prepared by dilution of the stock solution with methanol. Gug-
gul resin samples were powdered in liquid nitrogen with pistol
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Fig. 3. UV chromatogram and HPTLC picture of (A) guggul resin (B) guggulipid (C)
marketed formulation.
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and mortar. 100 mg  of powdered resins were accurately weighed
and transferred into 10 ml  volumetric flasks. Similarly, 250 mg  of
guggulipid extract was  accurately weighed and placed in 50 ml
volumetric flask. To determine the content of E- and Z-isomers of
guggulsterone in the tablet, the contents of twenty capsules were
weighed and finely powdered. The weight of powder equivalent
to the tablet content was transferred into a 10 ml volumetric flask.
Each sample was extracted with methanol solution under ultra-
sonic conditions for 15 min. The solution was  filtered with 0.45 �m
polytetrafluoroethylene (PTFE) fluoropore syringe driven filter unit
(Millipore, Bedford, USA). The samples were preserved at 4 ◦C prior
to HPTLC analysis. The samples were spotted from 10 to 20 �l.

2.4. Two-dimensional HPTLC analysis

Two-dimensional (2D) HPTLC analysis was performed by spot-
ting 20 �l guggul sample at the lower right corner on the HPTLC
plat (10 cm × 10 cm)  with the band width of 0 mm  which resulted
the spotting in spherical shape. One-dimensional analysis was per-
formed by placing the HPTLC plate under the developed solvent
system. For 2D analysis, the developed plate was dried for 5 min,
turned 90◦ to the right, and developed a second time in the same
solvent system. After development, the plate was  dried again and
the picture was taken at 254 nm by CAMAG video densitometer.

3. Results and discussion

3.1. Development of the optimum mobile phase

A standard mixture of E- and Z-guggulsterones, guggul resin,
guggulipid, and marketed formulation samples were spotted on
HPTLC plates for the development of optimum mobile phases.
Different combinations of toluene, methanol, acetone, ethyl
acetate, and chloroform (toluene–acetonitrile, toluene–methanol,
toluene–ethyl acetate, and toluene–chloroform) were tried as
mobile phases with different ratios. Most of the combinations were
able to differentiate E- and Z-guggulsterones in the standard but not
in the sample due to the merging of 17,20-dihydroguggulsterone
(3), particularly with Z-isomer of guggulsterone. A reported sol-
vent system [18], toluene–acetone (9.0:1.0 v/v), under saturated
conditions was also tried but it was unable to separate com-
pound 3 from Z-guggulsterone (2), even after double development.
Finally, toluene–acetone (9.3:0.7 v/v), under unsaturated condi-
tions yielded the optimum separation with sharp, symmetrical
and differentiable peaks of E-guggulsterone (1), Z-guggulsterone
(2) and 17,20-dihydroguggulsterone (3). This separation was fur-
ther optimized by two  runs. The first spot at Rf 0.52 ± 0.01
(E-guggulsterone), and the second spot at Rf 0.67 ± 0.01 (Z-
guggulsterone) were identified in the mixture of standard (see
Supplementary material, Fig. 1). 17,20-Dihydroguggulsterone was
appeared with Rf 0.60 ± 0.01, between E- and Z-isomers of gug-
gulsterone which showed difference of 0.08 and 0.07 in Rf values
from E- and Z-guggulsterone, respectively. Separation of E- and
Z-guggulsterones from component 3 was also achieved in guggul
resin, guggulipid, and marketed formulation samples after two  runs
(Fig. 1). In contrast to guggul resin and pharmaceutical products,
guggulipid showed good separation of compounds 1, 2, and 3 even
after single development of HPTLC plates while double develop-
ment led to a better separation (Fig. 1B).

3.2. Analysis of E- and Z-guggulsterones in C. mukul resin,
guggulipid and marketed formulation
Two peaks of E- and Z- isomers of guggulsterone at Rf:
0.52 ± 0.01 and 0.67 ± 0.01, respectively, were observed in the chro-
matogram along with the peak of 17,20-dihydroguggulsterone (3)
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similar fragmentation pattern as the standards, except for the
appearance of a dehydration peak. Therefore, the structure of iso-
lated compound was identified as 17,20-dihydroguggulsterone (3).
Fig. 4. Peak areas of E- and Z-guggulsterones and compound 3 i

t Rf 0.60 ± 0.01, which was clearly separated from the Z-isomer
f guggulsterone in all resin samples, guggulipid and marketed
ormulations (Fig. 2). The developed system was able to differenti-
te many peaks in guggul resin sample, guggulipid and marketed
ormulation on HPTLC plate and similar pattern was observed in
V-chromatogram (Fig. 3) while staining with vanillin showed a
omplex but characteristic fingerprint. Moreover, isomers 1, and 2,
nd structural analogue 3 showed characteristic and differentiable
taining color with vanillin (Fig. 2B). A comparison of the peak areas
f E- and Z-guggulsterones and compound 3 were plotted in Fig. 4.
he maximum guggulsterone content was found in the resin sam-
les of Sindh (sample codes G5–G7), while the minimum in the
esin samples of Baluchistan (sample codes G1–G4). The variation
n the samples was likely due to the different climatic conditions in

hich the plants grew and were harvested. Compound 3 was found
o be 13–24%, 30%, and 14% in guggul resin sample, guggulipid and

arketed formulation, respectively with reference to the total %
eak area of E- and Z-guggulsterones.

.3. Two-dimensional (2D)-HPTLC and HPLC analysis

The stability of the analyte on the plate, in solution, and dur-
ng the chromatography was investigated by two-dimensional (2D)
evelopment of HPTLC, a reported tool for the investigation of
rtifacts formation during the chromatographic processing [19].
he chromatogram showed that all components detected on the
ine connecting the application position and the intersection of
he two solvent fronts and there were no spots observed across
he diagonal line, therefore no artifacts were detected and the
ample is stable during the chromatographic processes. 17,20-
ihydroguggulsterone (3) was observed in between the E- and
-guggulsterones (Fig. 5). Similarly, HPLC analysis of guggul resin
as also conducted for the further validation of 3. The HPLC chro-
atogram showed that E- and Z-guggulsterones were eluted at

t 12.53 and 15.05, respectively, while compound 3 was eluted
etween the isomers, at Rt 14.99, as observed by HPTLC analysis
see Supplementary material, Fig. 2).

.4. Identification of 17(20)-dihydroguggulsterone (3)

HPTLC Analysis of guggul samples showed that there are many
V inactive compounds, in between the UV active compounds.

n such cases, the identification of unknown compounds via on-
ine LC–MS analysis will be ambiguous despite the excellent
C profile. Therefore, compound 3 was purified by preparative

PTLC method followed by the column chromatography. The
urified compound 3 was subjected to the ESI–QTOF–MS scan
+ve mode), and showed the protonated pseudo-molecular ion
eak [M+H]+ at m/z 315.2309, corresponding to the formula
ul resin (G1–G7) guggulipid (G-8) marketed formulation (G-9).

C21H31O2 (calc. 315.2324). Compound 3 was searched in the
updated Dictionary of Natural Products (DNP, version 19.1) on
the basis of their deprotonated molecular masses, and respec-
tive formula. The search was narrowed down to the plant species
(C. mukul)  and to the class of compound (guggulsterone). Two
hits were observed including 16-hydroxypregna-4,17(20)-dien-
3-one and 17,20-dihydroguggulsterone (pregn-4-ene-3,16-dione),
which are the reduced forms of Z-guggulsterones and E- or Z-
guggulsterones, respectively. ESI–QTOF–MS/MS analyses of E- and
Z-guggulsterones were also conducted to generate the reference
spectra. MS/MS  spectra of compound 3 was also recorded and found
to be very similar to E- and Z-isomers of guggulsterone and showed
characteristics fragments at m/z 109 and 97 (see Supplementary
material, Fig. 3). One of the DNP hits, 16-hydroxypregna-4,17(20)-
dien-3-one possessed a hydroxyl group which shows dehydrated
peak [M+H–H2O]+ under collision induced dissociation (CID) reac-
tion, while [M+H–H2O]+ peak was absent in the MS/MS spectra of
the compound 3, even at low collision energies (10–20 eV). MS/MS
spectra of 17�-methyltestosterone was  also recorded, which pos-
sessed hydroxyl group on five-member ring and showed very
Fig. 5. 2D-HPTLC analysis of guggul resin. E-guggulsterone (1), Z-guggulsterone (2),
17,20-di hydroguggulsterone (3).
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. Conclusion

An improved HPTLC-densitometric method that allows sep-
ration of E- and Z-isomers of guggulsterone from 17,20-
ihydroguggulsterone (3) and reduces the risk of 13–30% positive
rror in the quantitation of E- and Z-guggulsterones has been devel-
ped. Moreover, this method can be successfully applied for the
imultaneous determination of the above mentioned drug com-
onents in a variety of guggul samples, that are involved in the
rocessing and the preparation of pharmaceutical products includ-

ng guggul resin (raw material), guggulipid (ethyl acetate extract of
uggul resin) and the pharmaceutical samples (finished product).
ence this method can serve as a quick method for the determina-

ion of both isomers of guggulsterone and to determine the quality
f the raw material by utilizing their analytical amount before
arvesting. It can therefore prevent the premature and wasteful
arvesting of the plant. Similarly, quick analysis of guggulipid indi-
ates the efficiency of the extraction procedure and presence of
ctive constituents before processing in bulk. The pharmaceutical
amples analysis also validates the biomarkers components in the
ample and allows standardization of the whole process starting
rom the raw materials to the finished products.
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