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INTRODUCTION

Atherosclerosis and its consequence, cardiovascular
disease were recognized in principle and document-
ed at least 3000 years ago. The Ayurvedic medical
treatises from as early as 1000 B.C. already referred
to the detrimental outcome to overall health with
unbalanced nutrition and a sedentary life style.
These two factors were reported to contribute to
‘coating and obstruction of channels’, which trans-
lates to atheromatous changes in the blood vessels.
To counteract this development, Ayurveda practi-
tioners prescribed an amber-like resin, commonly
known as gum guggul, sapped from incisions made
in the bark of the Commiphora mukul or
Balsamodendron mukul (Hook.) and Commiphora
wightiz (Arpott) (N.O. Burseraceae) tree (1,2).

The pharmacology of gum guggul began to be stud-
ied in India in the 1960’s, first at the Banaras Hindu
University, Varanasi and later at the Central Drug
Research Institute (CDRI), Lucknow, where the gum
was evaluated for its potential in the treatment of ele-
vated blood cholesterol. For these studies, a stan-
dardized gum guggul extract was prepared (Fig I).

PRE-CLINICAL STUDIES

Analysis of the activity of the extracts (1) deter-
mined that the ethyl acetate-soluble, i.e. ketonic
and neutral portion of the gum, had most of the
hypolipidemic properties. The neutral fraction was
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found to be a source of sterol com-
pounds identified as E- and Z-gug-
gulsterone (cis- and trans-4,17(20)-
pregnandiene-3,16-dione, respec-
tively). E- and Z-guggulsterone will
henceforth be called GSE&Z.

The acute toxicity of GSE&Z stan-
dardized gum guggul extract was
established based on the LDgq in
mice (1600 mg/kg i.p.) and LDsy,
(1600 mg/kg, p.o.) in mice and
rats. Sub-chronic and chronic toxic-
ity studies of gum guggul prepara-
tions, performed in rats, beagle
dogs and rhesus monkeys, showed
that a dose range of 125 to 500
mg/kg body weight, administered
orally for 90 and 180 days, did not
produce adverse effects and did not
alter clinical biochemical or patho-

Figure 1 Conventional solvent extraction
process of gum guggul providing
standardized levels of
guggulsterones E and Z (GSE&Z)
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logical parameters of the tested ani-
mals (3).

Mutagenic and teratogenic studies
performed on rats (125 mg/kg,
p.o.) and rabbits (100 to 200
mg/kg, p.o.) for 180 days showed
no mutagenic effects as indicated
by micronucleus and dominant
lethality tests respectively. There
were insignificant skeletal changes
in the teratogenic studies detected
in rabbits at a higher oral those of
preparation at 200 mg/kg.
Moreover the GSE&Z gum guggul
preparation was devoid of estro-
genic, anti-estrogenic, progestation-
al and antiprogestational activities
in immature rodents (50-100
mg/kg, p.o.) and rabbits (100
mg/kg, s.c.) (3).

In experimentally induced hyper-
lipidemia in rats treated with triton
or fed a high fat diet, the GSE&Z
gum guggul preparation in an oral
dose of 200 mg/kg, for 14-30 days,
caused a statistically significant
decrease (30-60%) in serum choles-
terol and in serum triglyceride lev-
els (30%) (3). In the same experi-
ments the hypolipidemic activity of
GSE&Z was found comparable to
that of clofibrate and nicotinic acid.
Oral administration of GSE&Z gum
guggul preparation at 50 to 120
mg/kg to hyperlipidemic rabbits or
rhesus monkeys for 8-12 weeks
resulted in a significant lowering of
serum cholesterol (30-40%) and
triglycerides (30%).

The GSE&Z gum guggul prepara-
tion also prevented the formation
of atheroma and contributed to
regression of atheromatous lesions
in hyperlipidemic rabbits and rhe-
sus monkeys treated orally with 200
mg/kg for 90 days (3).

It was observed that there was 50%
reduction of atheroma in treated
animals as compared to a 60%

increase of atheromatous changes in untreated ani-
mals. In addition blood coagulation parameters
(prothrombin time and euglobin lysis time) in
treated vs. untreated rabbits returned to normal lev-
els.

Administration of GSE&Z gum guggul in rats, rab-
bits and monkeys (50-100 mg/kg, p.o.) produced a
statistically significant two-fold increase in cholic
and deoxycholic acids excreted in feces probably
from the conversion of cholesterol.

Studies in vitro and in vivo showed that GSE&Z gum
guggul inhibits cholesterol biosynthesis (at compa-
rable levels to clofibrate), prevents adrenaline-
induced free fatty acids release from fat cells
(antilipolytic activity), and inhibits adrenaline-
induced platelet aggregation (3).

CLINICAL STUDIES

There are nine published human clinical trials per-
formed in India evaluating the biological and
hypolipidemic effects of gum guggul extracts (4-12):
e of these, five studies used GSE&Z standardized
for daily delivery of approximately 75 mg of E-
and Z-guggulsterones (4-8)
¢ two of these trials were randomized (6,7)
* one was placebo-controlled (10).
In the two randomized studies, GSE&Z reduced sig-
nificantly total cholesterol by 11%, low density
lipoprotein cholesterol (LDL-C) by 12% and triglyc-
erides (TGs) by 15%. This effect was independent
of age, sex or body weight, and the treatment was
found especially useful in cases with total choles-
terol levels of 220 mg/dl or higher and triglycerides
of 170 mg/dl or higher. The other referenced clini-
cal studies confirmed results reported in the two
randomized studies.

The traditional experience of crude gum guggul
described in Pharmacographia Indica, and some
clinical trials done with standardized gum guggul
extracts, reported transient side effects such as skin
rashes, diarrhea and irregular menstruations (1).

Based on pre-clinical and clinical studies conducted
mostly by the CDRI, the GSE&Z standardized
preparation was approved by India’s Drug
Regulatory Agency in the late 1980s for inclusion in
the Indian Pharmacopoeia (13), for the treatment
of dislipidemia type IIb and IV.



US Clinical studies

IND (Initial New Drug Application) study

In January 2000, the Sabinsa Corporation in coop-
eration with the Department of Medicine and
Center for Clinical Epidemiology & Biostatistics,
University of Pennsylvania (Philadelphia, PA, USA)
submitted documentation to the US FDA for an
IND clinical study of Gugulipid® (3). This was a pio-
neering effort, since until then there was no safety
or efficacy data on gum guggul preparations in
Western populations. To the best of the authors’
knowledge this was the first IND approved study on
a botanical ingredient for its potential in the man-
agement of dislipidemias.

Protocol

The main objective of the randomized, placebo-
controlled study was to evaluate whether a com-
monly used dose of 75 mg/day (SDG) of
Gugulipid® or higher dose, 150 mg/day (HDG),
could safely and effectively be used in hyperlipidem-
ic adults eating a typical North American diet.
Ambulatory, community-dwelling. US men and
women (103 volunteers) over age 18 with primary
hypercholesterolemia were recruited from the
greater Philadelphia metropolitan area via mailings
and advertisements between March, 2000 through
August, 2001. Subjects were required to have a level
of LDL-C of 130-200 mg/dl, with fasting TGs levels
<400 mg/dl. They were distributed in three groups
by randomization and treated with placebo (36 sub-
jects), and 75 (33 subjects) and 150 mg/kg/day (34
subjects) of Gugulipid® for 8 weeks.

The primary endpoints were percent changes in
LDL-C, HDL-C, TGs, VLDL, Lp(a) lipoprotein,
high sensitivity C-reactive protein and safety, mea-
sured at 0, 4 and 8 weeks of treatment.

Written informed consent was obtained from each
participant. Exclusion criteria included: any history
of clinical cardiovascular disease (myocardial infarc-
tion, angina, stroke, heart failure), diabetes, liver
function test abnormalities, renal insufficiency,
females who were pregnant or lactating, and use of
any lipid lowering medications or dietary supple-
ments within 30 days prior to screening. The proto-
col was approved by both the General Clinical
Research Center and the Institutional Review Board
(IRB) at the University of Pennsylvania.

Results
The results of the short-term (8 weeks) safety and
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efficacy of 2 doses of the standard-
ized guggul extract in healthy
North American adults with hyper-
lipidemia eating a typical Western
diet, showed the complex nature of
treatment with Gugulipid® (14).
Compared with placebo, 75 and
150 mg/kg/day of Gugulipid®
raised levels of LDL-C by 4% and
5% respectively, at 8 weeks.

The increases in LDL-C began as
early as 4 weeks in both treated
groups, but were only statistically
different from placebo in the HDG
group. There were no significant
changes in levels of total choles-
terol, HDL-C, TGs, or VLDL-C in
response to treatment in the SDG
and HDG groups in the intention-
to-treat analysis. However, sec-
ondary analyses did find modest
but statistically significant (p =
0.049) reductions in fasting TGs in
patients with elevated baseline
LDL-C. Accordingly, in those sub-
jects who had baseline LDL > 160
mg/dl (n = 45/85), both SDG and
HDG reduced TGs by 14% (p=
0.018) and 10% (p = 0.028) respec-
tively compared to placebo treated
subjects, in whom TGs increased by
10%. This finding is supported in
human literature where a standard-
ized gum guggul preparation
reduced triglycerides by 12-24% in
patients with primary hypercholes-
terolemia and accompanying mild
hypertriglyceridemia (6,7).
Interestingly, the study showed that
Gugulipid® did appear to have
other potentially important sys-
temic effects, HDG reduced fasting
glucose by 6 mg/dl (p = 0.04) and
insulin by 1.9 mIU/ml (p = 0.03)
and increased the quantitative
insulin sensitivity check index
(QUICKI) by 4.2% (p = 0.04).
Gugulipid® in 150 mg/day lowered
high-sensitivity C-reactive protein
(hs-CRP) by 31% (p = 0.02) and
oxidized low density lipoprotein
(oxLDL) by 12% (p = 0.05) after



tion by chenodeoxycholic acid, the most potent of
the bile acids activating FXR (15). These results
may imply that guggulsterones enhance conversion
of cholesterol into bile acids which could be excret-
ed in the feces lowering the liver and body choles-
terol levels.

Guggulsterones have also been found to significant-
ly inhibit activated pregnane X nuclear receptor
(PXR) which participates in the production of bile
acids in a similar way to that of FXR (15).

Another type of nuclear receptor that may partici-
pate in the mechanism of action of GSE&Z is perox-
isome proliferator-activated receptors (PPARs).
These receptors, like FXR, modulate gene expres-
sion in response to a broad spectrum of compounds
and may activate several enzymes metabolizing lipids
and lipoproteins. PPARs are recognized nuclear
receptors for polyunsaturated fatty acids, some
eicosanoids, guggulsterones and antidiabetic drugs.

A potential mechanism for the previously men-
tioned triglyceride reduction in North American
subjects could be that guggulsterones themselves
are modest peroxisome proliferator-activated recep-
tor alpha (PPAR-0!) agonists in vitro (15).

Both omega-3 fatty acids and fibrate drugs are also
PPAR-0. agonists, and both clinically reduce serum
triglycerides while sometimes raising LDL-C (18,19).

Based on systematic study of gum guggul, it has
been found that the ethyl acetate fraction of gum
guggul shows significant anti-inflammatory and
antioxidant effects in vitro (20). These biological
properties have been attributed to a novel ferulate
compound derived from gum guggul (21).

The antioxidant properties of the ferulate com-
pound were evaluated in vitro in a DPPH free-radi-
cal scavenging assay (20). In the DPPH method, the
ability of an antioxidant to bind the 1,1 diphenyl-2-
picrylhydrazyl-radical (a very stable free radical
species) is measured, using various concentrations
of the selected antioxidant.

The IC;, of the ferulate fraction was determined to
be 16.0 mcg/ml (28 mM). By comparison, known
antioxidants like gallic acid (present in myrobalan
fruits Terminalia chebula) and catechins (present in
tea) have ICy, values of 10.6 mM and 18.6 mM,
respectively. The results of the in vitro study indicate
that the ferulate compound may play an important
role in hypolipidemic and metabolic effects of the
GSE&Z standardized gum guggul preparations.
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The cumulative data from in vitro,
pre-clinical and clinical studies indi-
cates that GSE&Z gum guggul
preparations may exert biological
effects by inhibiting cholesterol
biosynthesis, modifying cholesterol
metabolism, inhibiting platelet
aggregation, normalizing fibrinolyt-
ic activity, anti-inflammatory and
antioxidant properties and by lower-
ing serum C-reactive protein levels.
Furthermore, identification and
characterization of the ferulate com-
pound indicates that guggulsterones
may not be the only active compo-
nents of gum guggul responsible for
its cardiovascular properties.

PERSPECTIVES
oN EXTRACT STANDARDIZATION
AND SAFETY

Gum resin from Commiphora mukul
comes with a rather long history of
use, and its standardized extract
has been used in several clinical tri-
als with adverse effects less serious
than those induced by the current
generation of hypolipidemic treat-
ments, such as statins, cholestyra-
mine and clofibrate.

In clinical studies, the administra-
tion of standardized gum guggul
GSE&Z caused relatively mild side
effects such as skin rash, diarrhea
and irregular menstruation. The
skin rash side effect was more pro-
nounced when a crude extract was
administered to the patients.

Standardization of gum guggul
extract is a key to the safety and
efficacy of the preparation. The
analysis of standardization of gum
guggul extracts include ultraviolet
(UV) spectrophotometry and high
pressure liquid chromatography
(HPLC) which respectively yield
the total amount of sterone, sterol
and steroidal components present
in the gum guggul extract, and a
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adjustment. In an analysis of 42
subjects with elevated baseline
Lp(a), defined as Lp(a) >20 mg/dlI,
the study found that both SDG and
HDG doses reduced mean Lp(a) by
7% and 5% respectively, but this
was not significantly different from
placebo (+1%) (p=0.436).

An additional positive finding was a
statistically significant 0.8 mg/dl
reduction in serum uric acid in the
HDG group (p = 0.005 vs. placebo).
Thus, a high dose of Gugulipid®
may improve insulin sensitivity in
non-diabetic adults, lower a validat-
ed serum marker of inflammation,
and exert antioxidant activity in

VIvo.

While Gugulipid® was generally
well tolerated, 6 participants treat-
ed developed a hypersensitivity rash
compared with none in the placebo
group. The breakdown of this rash
by treatment group was as follows: 5
subjects (5/34, 15%) in the HDG, 1
subject in the SDG (1/83, 3%) and
none in the placebo group. In all 6
subjects the rash occurred within
48 hours of starting the study pro-
tocol and all symptoms resolved
within 1 week of discontinuation of
the treatment.

Follow-up study

Based on the above data the FDA
has agreed to extend the IND
approval for a follow-up clinical
study. This study has been aimed to
address potential short-comings of
the original trial, e.g. to increase
length of treatment from 8 weeks
to 12 weeks with a double-blind
crossover design, and to further
explore potential hypolipidemic
and systemic effects of Gugulipid®
in healthy North American adults
with hyperlipidemia.

The follow-up study will be per-
formed at Our Lady of Mercy
Hospital (New York, NY) and use a

randomized, placebo-controlled, crossover design
in which 30 volunteers will be treated with
Gugulipid® (75mg/day) and placebo, during sepa-
rate 12-week treatment periods, in three equally
divided doses along with their daily meals. Before
treatment and at the end of 12 weeks, the following
parameters will be evaluated: total cholesterol, LDL-
C, HDL-C and TGs, oxidative markers such as
serum malondialdehyde and C-reactive protein.

The study groups will exclude: pregnant or lactat-
ing women, subjects with a history of myocardial
infarction, angina, transient ischemic attack, stroke,
or peripheral artery disease, subjects with diabetes
mellitus or uncontrolled hypertension (>180
mmHg/>100 mm Hg), subjects with a history of
gastrointestinal malabsorption, or recent/active gas-
trointestinal illness (as these may interfere with the
absorption of both the treatment and dietary lipids
from the small intestine), subjects with liver test
abnormalities (>1.5 x upper limit of normal), renal
insufficiency, defined as a creatinine 2 1.5 mg/dL,
subjects with excessive alcohol intake (>14
drinks/week), subjects who use any prescription or
non-prescription medications to lower serum lipid
levels or diminish lipid absorption, or who used any
nutritional or herbal supplements to lower serum
lipids during the 30 days immediately preceding
volunteer screening, subjects with a history of a psy-
chological illness or conditions that would interfere
with their ability to understand and follow the
requirements of the study, and lastly, the inability to
participate in a treatment trial that may take about
36 weeks to complete.

MECHANISM or ACTION

The recently explored in vitro (15-17) hypolipidem-
ic mechanism of GSE&Z relates to regulation of
cholesterol conversion into bile acids in the liver.
This conversion process is regulated by a negative
feedback loop that decreases the rate of bile acid
production from cholesterol when bile acid levels
are high. The feedback mechanism is regulated by
the farensoid X receptor (FXR), a nuclear hor-
mone receptor that affects gene expression and can
be activated by a number of compounds not struc-
turally related to bile acids.

While guggulsterones E (GSE) or Z (GSZ) had no
effect on FXR activity per se, both compounds statis-
tically and dose dependently inhibited FXR activa-
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more accurate analysis of the gug-
gulsterones E and Z content, with
each component quantified sepa-
rately, giving accurate total gugguls-
terones readings (Fig 2).

Further steps are being undertaken
to improve the quality of gum gug-
gul extract by removing substances
responsible for allergic reactions
experienced by some subjects. The
standardized ethyl acetate extract of
gum guggul was separated into sev-
eral fractions using column chro-
matography on silica gel. The first
chromatography was done to broad-
ly separate the extract into polar,
medium polar and non-polar com-
ponents. Additional chromatogra-
phy on silica gel yielded ten frac-
tions which will be the subject of
human dermal sensitization studies.

A newly developed extraction pro-
cedure now results in a 100% sol-
vent free end product standardized
for guggulsterones involving super-
critical carbon dioxide solvent-free
extraction (SCFE) of the ethyl
acetate portion of gum guggul (Fig
3). Since most of the laboratory and
clinical studies were done using the

ethyl acetate portion of Commiphora mukul extract,
this has been a starting material for a solvent free
SCFE process. The SCFE is repeated twice, so that
the material in the second extraction is solvent free.

Physical properties of the SCFE extract differ from
GSE&Z, i.e. the product is lighter (amber vs. dark
brown) in color and has a different and distinct aro-
matic scent in comparison to the original solvent
obtained extract. However, the SCFE extract is still
standardized for 2.5 to 7.5% of guggulsterones E
and Z and the HPLC analysis of the extract is practi-
cally identical to the solvent obtained extract (Fig 2).

Figure 3 SCFE of gum guggul extract process
(Gugulipid®) resulting in solvent-free extract

Commiphora mukul gum resin (raw material)
Ethyl acetate extraction

Guggul Ethyl acetate extract paste
Granulation using magnesium carbonate

Guggul extracts granules
SCFE extraction (first pass)

SCFE Guggul Oleoresin (Liquid)

[‘ Granulation using magnesium carbonate

Enriched granules
‘ SCFE extraction (second pass)

Enriched Oleoresin (liquid)
‘ Formulation

Finished product 2.5-7.5% Guggulsterone E and Z

for the solvent extract

Figure 2 HPLC Analysis of SCFE process gum guggul extract (Gugulipid®) showing pattern characteristic
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