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Abstract

high-fat diet (HFD).

Background: Pentacyclic triterpenes in general exert beneficial effects in metabolic disorders. This study
investigated the effects of a, 3-amyrin, a pentacyclic triterpene mixture from the resin of Protium heptaphyllum on
blood sugar level and lipid profile in normal and streptozotocin (STZ)-induced diabetic mice, and in mice fed on a

Findings: Mice treated with a, 3-amyrin (10, 30 and 100 mg/kg, p.o.) or glibenclamide (10 mg/kg, p.0.) had
significantly reduced STZ-induced increases in blood glucose (BG), total cholesterol (TC) and serum triglycerides
(TGs). Unlike glibenclamide that showed significant reductions in BG, TC and TGs in normoglycemic mice, g,
B-amyrin did not lower normal blood sugar levels but at 100 mg/kg, manifested a hypolipidemic effect. Also, g,

B-amyrin effectively reduced the elevated plasma glucose levels during the oral glucose tolerance test. Moreover,
the plasma insulin level and histopathological analysis of pancreas revealed the beneficial effect of a, B-amyrin in
the preservation of beta cell integrity. In mice treated orally with a, 3-amyrin (10, 30 and 100 mg/kg) or fenofibrate
(200 mg/kg), the HFD-associated rise in serum TC and TGs were significantly less. The hypocholesterolemic effect of
a, B-amyrin appeared more prominent at 100 mg/kg with significant decreases in VLDL and LDL cholesterol and an

atherosclerosis.

Mice

elevation of HDL cholesterol. Besides, the atherogenic index was significantly reduced by a, 3-amyrin.

Conclusions: These findings reflect the potential antihyperglycemic and hypolipidemic effects of a, 3-amyrin
mixture and suggest that it could be a lead compound for drug development effective in diabetes and

Keywords: Protium heptaphyllum, a, B-amyrin, Pentacyclic triterpene, Antihyperglycemic and hypolipidemic effects,

Introduction

Diabetes mellitus (DM) is a metabolic disorder charac-
terized by hyperglycemia resulting from defects in insu-
lin secretion, insulin action or both. Hyperglycemia and
hyperlipidemia, as the most common features of diabetes
mellitus, contribute to the development of microvascular
and macrovascular complications of diabetes, which ac-
count for the morbidity and mortality of diabetes [1].
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Search for compounds that normalize hyperglycemia,
hyperlipidemia and ameliorate oxidative stress is an im-
portant objective in preventing diabetes-associated com-
plications. None of the currently used medications
reverse ongoing failure of beta cell function [2]. The
search for newer drugs from natural sources, which are
cost-effective and safe, without the long-term side effects
may open new avenues for the treatment of diabetes and
diabetes associated complications [3].

In the recent past, many pentacyclic triterpenes were
shown to improve lipoprotein lipase expression, insulin
sensitivity and dyslipidemia [4-7]. The resin obtained
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from the trunk wood of Protium heptaphyllum (Aubl.)
March (Burseraceae) is a reputed folk medicinal agent
because of its analgesic and anti-inflammatory properties
[8]. Chemical investigations have revealed the presence
of o, P-amyrin, a pentacyclic triterpene as the major
component of resin, and pharmacological studies have
revealed anti-inflammatory and antinociceptive, antioxi-
dant, antipruritic, gastroprotective and hepatoprotective
effects, at non-toxic doses, which range from 10 to
100 mg/kg [9-16]. The pentacyclic triterpene «, f-
amyrin (Figure 1) is constituted of triterpenes, that
belongs to the group of ursane and oleanane series and
that this class of agents has the chemical structure simi-
lar to that of a steroid and are extremely useful in pre-
vention or treatment of many diseases in experimental
animals, particularly those in which oxidative and in-
flammatory stress plays a key role in pathogenesis [17].
Several studies addressed on the molecular mechanism
of the anti-inflammatory and antinociceptive actions of
a, P-amyrin, using different experimental models. One
study has shown its preventive or therapeutic anti-
inflammatory potential in a murine model of trinitro-
benzene-sulfonic acid (TNBS)-induced colitis, wherein «,
B-amyrin was found to be as efficacious as dexametha-
sone in reversing the macroscopic and microscopic out-
comes of TNBS-induced colitis through suppression of
inflammatory cytokines and cyclooxygenase-2 levels, and
by inhibition of NF-kB activation [11]. In other studies, o,
B-amyrin ameliorated periodontal inflammation in rat
model of ligature-induced periodontitis reducing the neu-
trophil infiltration, oxidative stress and the production of
proinflammatory cytokine TNEF- a, [10] and exhibited
long-lasting  antinociceptive and anti-inflammatory
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properties in 2 models of persistent nociception via acti-
vation of cannabinoid receptors and by inhibiting the pro-
duction of cytokines and expression of NF-kB, and
cyclooxygenase 2 [12,13]. Because both increased oxida-
tive stress and augmented expression of inflammatory
mediators are hallmarks of diabetes [18], and since a, -
amyrin demonstrates antioxidant and anti-inflammatory
properties, we have examined this triterpene for its pos-
sible hypoglycemic effect on streptozotocin (STZ)-
induced diabetic mice and lipid-lowering effect in mice
fed on a high-fat diet. Although «, B-amyrin has previ-
ously been evaluated for hypoglycemic activity using the
models of STZ-induced diabetic rat and diabetic db/db
mice [19], to the best of our knowledge there were no
such reports on «, B-amyrin and therefore the present
study.

Materials and methods

Extraction and isolation of a, B-amyrin

The resinous exudates from the trunk wood of Protium
heptaphyllum (March.) was collected from the municipal
areas of Timon, Maranhdo state of Brazil, after its
identification by botanist Roseli Farias de Melo Barros.
A voucher sample (#18247) has been deposited at the
Herbarium Graziela Barroso of the Federal University
of Piaui, Teresina, Brazil. The extraction and isolation
of o, B-amyrin from the crude resin was carried out as
described earlier [20] and its structural identity was
confirmed by 'H- and '*C-NMR spectral analysis,
based on the method developed by Gallegos and
Roque [21] and comparison to literature data [22]. The
ratio of a, f-amyrin in this mixture was 63:37.
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Figure 1 Chemical structures of a- amyrin (A) and - amyrin (B).
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Animals

Male Swiss mice weighing 25—-30 g were maintained at a
constant room temperature (22-23°C) with light—dark
cycles of 12 h and were allowed free access to water and
standard laboratory chow. Experimental protocols were
approved by the Institutional Committee on Care and
Use of Animals for Experimentation (No. 22/09) in ac-
cordance with the guidelines of the National Institutes
of Health, Bethseda, MD, U.S.A.

Blood glucose and lipids in normal animals

Animals were divided into groups of 8 mice in each. A
group served as normal control mice were treated orally
with distilled water (10 mL/kg) only. The mice in the
other groups received orally the vehicle (2% Tween 80 in
distilled water, 10 mL/kg), o, f-amyrin (10, 30 or 100 mg/
kg) or glibenclamide (10 mg/kg), once daily for 5 days.
Following a 6 h fast, and at the end of the treatments on
day-5, blood samples were drawn from the tail vein. Blood
glucose, total cholesterol and triglycerides levels were
determined using a semi-automatic analyser (Labquest,
Labtest, Brazil) using diagnostic kits (Labtest, Brazil).

Experimental induction of diabetes

The hypoglycemic activity of «, p-amyrin was evaluated
in STZ-diabetic mice. Diabetes was induced by intraperi-
toneal injection of streptozotocin (STZ) (125 mg/kg in
citrate buffer, pH 4.5) [23]. After 72 h of STZ adminis-
tration, the mice with blood glucose level greater than
200 mg/dL were separated and divided into 6 groups of
eight animals each. Group 1 was the normal control and
contained mice treated orally with distilled water while
group 2 was vehicle control and contained diabetic mice
treated with vehicle (2% Tween 80 in distilled water,
10 mL/kg, p.o.). Mice in groups 3 to 6 were diabetic
mice that received orally a, B-amyrin 10, 30 and
100 mg/kg and glibenclamide 10 mg/kg, respectively.
Blood samples were collected from the tail vein at 3 h
and 5 h after the treatments and the blood glucose was
analysed by colorimetric method in a semi-automatic
analyser (Labquest, Labtest, Brasil) using diagnostic kit
(Labtest, Brazil). Plasma insulin levels were measured
from 5 h blood sample using a rat/mouse insulin
enzyme-linked immunosorbent assay according to the
manufacturer’s instructions. The animals were eutha-
nized; pancreas collected, fixed in 10% formalin, and
were then embedded in paraffin to prepare sections
using standard protocols. Pancreatic sections were
stained with Hematoxylin and Eosin and were examined
under light microscopy for morphological analysis.

Oral Glucose Tolerance Test (OGTT)
Mice were divided into groups of 08 mice each. A group
served as normal control mice treated orally with
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distilled water only. The mice in the other groups
received vehicle (2% Tween in distillated water, 10 mL/
kg, p.o.), a, f-amyrin (10, 30 or 100 mg/kg, p.o.) or glib-
enclamide (10 mg/kg, p.o.). Vehicle, a, f-amyrin or glib-
enclamide were administered once daily for five days.
On day 5 after a 6 h starvage, and 2 h after the respect-
ive treatments, blood samples from the tail vein were
collected and the blood glucose was determined (0 h).
Groups 2—-6 were administered glucose (2 g/kg) orally as
a bolus. Blood samples of all groups were collected from
tail vein at 30, 60 and 90 min time point for measurment
of blood glucose.

Hypercholesterolaemia induced by diet

Albino male mice were divided into groups of eight in
each. One group served as normal control and received
normal pelleted feed and had free access to drinking
water. The mice in the other groups received, in addition
to pelleted diet and water, a hyperlipidemic diet witch
was a combination of sunflower oil (10 mL/kg), 5% chol-
esterol and 0.5% cholic acid by oral gavage for two weeks
[24]. Vehicle (2% Tween 80 in distilled water, 10 mL/kg),
a, P-amyrin (10, 30 or 100 mg/kg) or fenofibrate
(200 mg/kg) were administered orally once daily to mice
4 h after feeding. The body weight of animals was
recorded at the end of the second week. At the end of
two weeks, following an overnight fast, blood samples
from the tail vein were collected and serum total choles-
terol (TC), HDL-cholesterol (HDL-c) and triglycerides
(TG) were analysed by colorimetric method in a semi-
automatic analyzer (Labquest, Labtest, Brazil) using
diagnostic kits (Labtest, Brazil). The serum low-density
lipoprotein-cholesterol (LDL-c) and very-low-density
lipoprotein-cholesterol (VLDL-c) concentrations were
calculated using the Friedewald formula [20], where
LDL-c=TC - (HDL-c+VLDL-c¢) and VLDL-c=TG/5.
The atherogenic index (AI) was expressed as LDL-c+
VLDL-c/HDL-c.

Statistical analysis

All data are presented as mean+SEM. The data were
evaluated by one-way analysis of variance with
Newman-Keuls posthoc test using the GraphPad Prism
4.0 statistical program. The level of significance was set
at p<0.05.

Results

Table 1 shows that a 5-day administration of a, f-amyrin
(10, 30 and 100 mg/kg) in normal mice did not signifi-
cantly reduce the blood glucose level. However, gliben-
clamide (10 mg/kg) caused a significant reduction in
blood glucose level when compared to vehicle-treated
control group. Treatments with «, B-amyrin (100 mg/kg)
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Table 1 Effects of a, f-amyrin and glibenclamide treatments on blood glucose, total cholesterol and triglycerides in

normal mice

Total Cholesterol (mg/dL) Triglycerides (mg/dL)

Group Dose (mg/kg) Blood glucose (mg/dL)
Normal Control - 11450+5.11
Vehicle Control - 115.75+£561
a,B-amyrin 10 mg/kg 106.83+ 147
a,B-amyrin 30 mg/kg 101.67 £2.55
a,B-amyrin 100 mg/kg 10043 +£4.92
Glibenclamide 10 mg/kg 87.14+521*°

93.60+11.66 14310+ 1140
96.00+5.12 15110+ 14.62
97.63+10.39 11460+8.19
9275+7.74 11600801
7257 £932°P 97.00 £9.76°
69.17 +£2.18*° 82.38+266 *°

Each value represents the mean + SEM, n=8 mice. ? p <0.05 compared with normal control. ® p <0.05 compared with vehicle control.

as well as glibenclamide also showed significantly
reduced total cholesterol and triglycerides levels.

Figure 2 shows the effect of o, f-amyrin and glibencla-
mide in streptozotocin-diabetic mice. In vehicle control
group the blood glucose level was significantly elevated
3 h and 5 h after treatment when compared with normal
control mice. The triterpenoid (10, 30 and 100 mg/kg)
and glibenclamide (10 mg/kg) treatments were able to
reduce significantly the STZ-associated increase in blood

glucose level at time points of 3 h and 5 h. Both a,
B-amyrin (100 mg/kg) and glibenclamide (10 mg/kg)
were able to elevate significantly the insulin levels at time
5 h.

Figure 3 depicts the results of histological analysis of
pancreas from normal or STZ-diabetic mice treated or
not with either o, f-amyrin or glibenclamide. Figure 3A
representing pancreatic section from normal mice that
show well defined islets of Langerhans surrounded by
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Figure 2 Treatment effects of a, B-amyrin or glibenclamide on blood glucose levels and insulin levels in streptozotocin (STZ)-induced
diabetic mice. Each bar represents the mean + SEM (n = 8) of blood glucose (mg/dL) at time 3 h and 5 h (A) or insulin at time 5 h (B).  p<0.05
compared with normal control. b p <0.05 compared with vehicle control.
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Figure 3 Histology of mouse pancreas stained by Hematoxylin & Eosin. Normal islets of Langerhans (L) surrounded by exocrine portion (E)
of pancreatic tissues in control mice (A). Destruction and distortion of endocrine cells in STZ-diabetic mice with the presence of necrotic cells
and inflammatory cells (arrowhead) (B). C: Improvement in morphology of islets of Langerhans with a, 3-amyrin (100 mg/kg) pretreatment in
STZ-diabetic mice; D: Islets of Langerhans of diabetic mice treated with glibenclamide (10 mg/kg) showing restoration of normal cellular

exocrine portion of pancreatic tissues. Pancreas sections
from untreated diabetic mice (Figure 3B) showed both
destruction and distortion of endocrine cells. Apart from
this, necrotic cells and inflammatory cells were present.
The diabetic mice treated with «, -amyrin (100 mg/kg)
showed no morphological changes of islets of Langer-
hans and the features were almost similar to control
pancreas (Figure 3C). Histological sections from STZ-
diabetic mice treated with glibenclamide also showed
protection from the destructive effect of STZ, showing
normal cellular population (Figure 3D).

Figure 4 depicts the pretreatment effects of a, -
amyrin (10, 30 and 100 mg/kg) and glibenclamide
(10 mg/kg) on oral glucose tolerance test. Before the
glucose load, the basal blood glucose levels were not sig-
nificantly different between the groups. In this test, while
normal control showed no significant changes in the
levels of blood glucose, at all time points (0, 30, 60, and
90 min) of observation, vehicle-treated mice loaded with
oral glucose manifested an increase in blood glucose at
the time points of 30, 60 and 90 min. The five-day oral
pretreatment with a, p-amyrin (10, 30 and 100 mg/kg)
and glibenclamide significantly improved the glucose tol-
erance at the 30, 60 and 90 min periods.

The serum lipid profiles of mice after a two weeks nor-
mal or high-fat diet are shown in Table 2. The normal

group of mice fed on normal chow diet had serum total
cholesterol and triglycerides levels of 119.00+5.86 and
48.85 + 5.94 mg/dL, respectively as against 225.40 + 10.93
and 258.80 +27.48 mg/dL, respectively, in mice on the
high-fat diet. Orally administered o, B-amyrin (10, 30
and 100 mg/kg) and fenofibrate (200 mg/kg) significantly
decreased the high-fat-diet-induced increases in total
cholesterol and triglycerides. The cholesterol fractions
HDL, VLDL and LDL were significantly increased by a
high-fat diet. a, p-amyrin (10, 30 and 100 mg/kg) and
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Figure 4 Treatment effects of a, f-amyrin and glibenclamide in
oral glucose tolerance test. Each bar represents the mean + SEM
(n=8).2 p<0.05 compared with normal control. ® p < 0.05

compared with vehicle control.
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Table 2 Effects of a, f-amyrin and fenofibrate treatments on serum lipid parameters in mice

Lipid parameter Normal diet High-fat diet and treated
(control)

Vehicle a, B-amyrin a, B-amyrin a, B-amyrin Fenofibrate

Control 10 mg/kg 30 mg/kg 100 mg/kg 200 mg/kg
Total cholesterol (mg/dL) 119.00+5.86 22540 +10.92° 17590+ 9.62° 17560+ 1332° 166.30+8.97° 14340+ 7.48°
Triglycerides (mg/dL) 4885 +594 258.80 + 27.48° 204.7 +2601° 14670 + 21.24° 50.50 + 6.66° 70.71+13.48°
HDL-c (mg/dL) 2613+ 142 39.00+ 1.59° 4863+4.78 6338+7.12° 7125+321° 71.14+£392°
VLDL-c (mg/dL) 9.75+1.18 4891 +545° 4094 +5.20 33.65+421° 10.10+1.33° 1414+ 2.69°
LDL-c (mg/dL) 83.29+7.07 13720+ 1232° 81.38 + 16.00° 100.10+ 12.88° 90.65+11.22° 5814 +862°
Atherogenic index (Al) 3.65+0.32 478+034° 3.01+£045° 223+049° 146+022° 1.09+021°

Each value represents the mean +S.E.M. (n=8). ? p<0.05 compared with normal diet-fed control. ® p < 0.05 compared with vehicle control.

fenofibrate (200 mg/kg) significantly reduced the LDL
levels and only «, f-amyrin at doses of 30 and 100 mg/
kg reduced the VLDL levels. o, B-amyrin (30 and
100 mg/kg) and fenofibrate significantly increased the
HDL levels. o, B-amyrin (10, 30 and 100 mg/kg) and
fenofibrate significantly lowered the atherogenic index.
At the end of two weeks, significant differences were
observed in the final body weights between the normal
diet control group (30.63 +1.62 g) and the high-fat diet
control (37.75+0.56 g) mice. When compared to
vehicle-treated high-fat diet mice, the observed final
body weights were significantly lower in animal groups
that received o, P-amyrin 10, 30 and 100 mg/kg
(32.25+1.72; 32.25+0.75 and 30.63+0.94 g, respect-
ively) and fenofibrate 200 mg/kg (31.14+ 1.78 g).

Discussion

The results of this study clearly demonstrates that the
pentacyclic triterpene a, B-amyrin isolated from Protium
heptaphyllum exerts antihyperglycemic and hypolipi-
demic effects in mouse models of STZ-induced diabetes
and high-fat diet-induced hyperlipidemia, highly relevant
to experimental diabetes research [25-27]. These results
are consistent with our previous reports that show simi-
lar effects with other pentacyclic triterpenes like betuli-
nic, oleonolic, and ursolic acids in yet another mouse
model of high-fat fed-induced obesity [28-30]. Excessive
production of nitric oxide and the subsequent increase
in local oxidative stress, or altered intracellular Ca*?
regulation, are some suggested pathogenic mechanisms
in pancreatic beta-cell death and the development of
insulin-dependent diabetes mellitus-induced by STZ
[31]. Many conventional drugs used to treat diabetes act
by improving insulin sensitivity, increasing insulin pro-
duction, and or by decreasing the level of blood glucose.
Decrease in blood glucose might be a consequence of
reduced glucose absorption from gut, inhibition of glu-
cose production in hepatic tissue, and or increased up-
take by muscle and adipose tissue. The results of the
OGTT further support these findings.

The molecular mechanism(s) by which o, p-amyrin
manifests antihyperglycemic and antilipidemic effect are
not clear. A recent study has largely explored the mo-
lecular mechanisms through which a, p-amyrin exerts
its anti-inflammatory and anitinoceptive actions, includ-
ing the first demonstration that this pentacyclic triter-
pene interacts with cannabinoid system [12]. An vyet
another study reported that o, p-amyrin has an inhibi-
tory effect on 2-arachidonoylglycerol (2-AG) hydrolysis,
and consequently increases the endocannabinoids [13].
Animal studies clarified the important role of endocan-
nabinoid system and the cannabinoid 1 (CB1) receptors
in the hypothalamus and in the limbic system in mediat-
ing orexigenic effects [32]. Recent studies indicate that
some CB1 ligands may directly bind and allosterically
regulate Kir6.2/SUR1 K(ATP) channels like other potas-
sium channel openers (KCOs) and thus cause body
weight-independent improvements in insulinemia and
glycemia [33,34]. We hypothesise that o, p-amyrin
improves glycemia possibly by its interaction with can-
nabinoid system and warrants a future investigation.

Triterpenoids in general have poor bioavailability and
so is the case with o, f-amyrin. Pharmacokinetic investi-
gations with a reliable GC-MS method reveal that amyrin
has low bioavailabilty but a long elimination half life, fol-
lowing its oral administration to normal rats [35]. How-
ever, earlier works [9-16] show that it is orally effective in
several animal models of inflammation, nociception, gas-
troprotection and hepatoprotection. Also, the present
study demonstrates the oral efficacy of alpha, beta-
amyrin in reducing hyperglycemia and hyperlipidemia in
the experimental models of STZ-induced diabetes and
diet induced hyperlipidemia.

A pathogenic role for tumor necrosis factor-alpha
(TNF-a) in mice with Type 1- and 2- diabetes and the
efficacy of anti- TNF-a treatment in ameliorating
hyperglycemia and restoring normal insulin has been
recently addressed [36]. In a previous study, we
demonstrated the anti-inflammatory and antioxidant
effects of a, p-Amyrin in rodent models of cerulein-
induced acute pancreatitis and ligature-induced acute



Santos et al. Lipids in Health and Disease 2012, 11:98
http://www.lipidworld.com/content/11/1/98

periodontitis [9,10], wherein this triterpenoid was
found to significantly inhibit the serum level of pro-
inflammatory cytokine TNE- « as well as the increases
in myeloperoxidase (MPO) activity and and thiobarbi-
turic acid-reactive substances (TBARS). In the present
study, treatment with «, B-amyrin effectively restored
the reduced insulin levels seen in streptozotocin-
diabetic controls. These observations strongly suggest
that o, P-amyrin by its anti-inflammatory and anti-
oxidative effects, may be in part, exercise beneficial
effects in diabetic rats.

It is known that glibenclamide binds to Ksrp + channel
on the cell membrane of pancreatic beta cells thereby
blocking out flux of potassium ions and opening voltage
gated Cay+ channels. This rise in intracellular calcium
promoted by glibenclamide eventually leads to increased
secretion of insulin [37]. Glibenclamide used as a positive
control in the study is a sulfonylurea derivative clinically
used for treating hyperglycemia but has been associated
with severe and sometimes fatal hypoglycemia [38]. Un-
like sulphonylurea compound glibenclamide, oral admin-
istration of a, B-amyrin failed to produce hypoglycemia
in normal animals. This suggests that the mode of action
of the plant terpenoid is probably mediated by other
mechanism(s). Literature reports suggest that many
plant-derived triterpenoids might enhance glucose up-
take by acting as insulin mimics and as insulin sensitizers
[39], some exhibit alpha-glucosidase inhibition [40]. In-
sulin resistance affects not only the regulation of carbo-
hydrate metabolism but all aspects of lipid and
lipoprotein metabolism and is associated with elevated
VLDL and increased triglycerides [41]. Therefore the
observed diminution of VLDL and the hypertriglyceride-
mia by a, B-amyrin might be a result of improved insulin
sensitivity.

In summary, we have demonstrated that o, f-amyrin, a
pentacyclic triterpene ameliorates hyperglycemia and dysli-
pidemia, reduces atherogenic risk factor, and improves glu-
cose tolerance in mice possibly by its anti-inflammatory
and antioxidant effects. However, the molecular mechan-
ism(s) underlying these effects of o, B-amyrin remains to
be established.
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