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ABSTRACT
Objective: The present study was undertaken to investigate the hypolipidemic activity of ethanolic extract of Commiphora mukul gum resin
(EtCMGR) on the brain of streptozotocin (STZ) induced diabetic Wistar rats.

Methods: Thirty two rats, included for the study, were divided into four groups: control (C), control treated with EtCMGR (C+CM), diabetic (D) and
diabetic treated with EtCMGR (D+CM). Diabetes was induced by single intraperitonial injection of STZ (55 mg/kg b.w.).

Results: Diabetic rats showed significant reduction in the levels of total lipids, phospholipids, cholesterol, glycolipids and protein level and
significant decrease in the activity of acetylcholinesterase while the levels of triglycerides, acetylcholine and the activities of glutamate pyruvate
transaminases (GPT) and glutamate oxaloacetate transaminases (GOT) increased significantly when compared to control group. Oral administration
of EtCMGR (suspended in 5% Tween-80 in distilled water prior to use) daily at a concentration of 200 mg/kg b.w. to group-D+CM rats for 60 days
reversed the above changes significantly.
Conclusion: These results suggest that EtCMGR exhibits hypolipidemic effect in the STZ-induced diabetic rats.

Keywords: Acetylcholinesterase, Commiphora mukul, Hypolipidemic activity, Streptozotocin.
INTRODUCTION
Diabetes induced in experimental animals by administration of
drugs like STZ is a widely used model system with many correlations
to insulin-dependent diabetes mellitus in humans [1]. This disorder
is characterized by elevated blood glucose levels and metabolic
abnormalities, resulting from decreased levels of circulating insulin
to target organs, including the brain [2, 3]. Brain is the most
sensitive organ susceptible to oxidative stress due to its great
oxygen consumption, high lipid content and poor antioxidant
defences. One of the mechanisms of diabetes enhanced brain injury
is oxidative stress caused by hyperglycemia. High oxidative stress
can lead to microvascular cerebral diseases, e. g., stroke, cerebral
haemorrhage, and brain infraction [4, 5]. Under experimental
conditions, hyperglycemia dramatically increases neuronal
alterations and glial cell damage caused by temporary ischemia [6].
Free radical species impair the central nervous system, attacking
neurons and Schwann cells and the peripheral nerves [7]. Because of
their high poly unsaturated lipid content, Schwann cells and axons
are particularly sensitive to oxygen free radical damage; lipid
peroxidation may increase cell membrane rigidity and impair cell
function. Lipid peroxidation of the neuronal membrane causes loss
of membrane fluidity and inhibition of membrane linked enzymes,
increased neurolipofuscin deposition leading to diminished
neurotransmitter uptake and loss of membrane asymmetry [8, 9],
but also affects the activities of various membrane-bound enzymes,
including acetyl cholinesterase (AchE) and ATPases. Streptozotocin
is a valuable agent for experimental induction of diabetes. Its
diabetogenic effect is a direct result of irreversible damage to the
pancreatic β-cells, resulting in degranulation and loss of insulin
secretion [10]. Insulin has been shown to stimulate both glucose
uptake by tissues and tissue protein synthesis [11]. The major
source of energy in the brain is glucose and morbid changes in
nerves lead to diabetes [12]. Insulin deficiency will result in
decreased activity of lipoprotein lipase and increased mobilisation of
free fatty acids from peripheral fat depots. The STZ induced diabetic
animal is thus considered as an animal model of Type-I diabetes
mellitus and hyperlipidemia [13]. Diabetes has also been associated
with an increased risk for developing premature arteriosclerosis due
to increase in triacylglyceroles and low density lipoproteins and
decrease in light density lipoprotein levels [14]. Additionally, free

radical scavengers have been shown to protect neurons against a
variety of experimental neurodegenerative conditions [15], as well
as attenuation of the oxidative stress and diabetic state induced by
STZ [16, 17]. The brain is especially susceptible to free radical injury
because of its elevated metabolic rate and rich lipid composition.
Therefore, any toxicity on the brain can be predicted by evaluating
antioxidant system and lipid peroxidation [7].

Regions with greatest potential, where diabetes mellitus rates could
rise to 2-3 fold than the present rates are Asia and Africa [18]. Many
herbal medicines have been recommended for the treatment of
diabetes [19, 20]. Plant drugs are frequently considered to be less
toxic and more free from side effects than synthetic ones [21]. Many
minor components of foods such as secondary plant metabolities
have shown to alter biological processes, which may reduce the risk
of chronic diseases in human such as diabetes mellitus and
myocardial infarction [22].

Commiphora mukul (C. mukul) (family Burseraceae) is indigenous to
western India and has been in use as a valued herb in Ayurvedic
medicine for over 2500 years. Gum guggul is the oleoresin of C.
mukul, a plant that is native to India, and its extracts include
compounds known for their hypolipidemic properties—the Z-and Eisomers of guggulsterone and its related guggulsterols. Lipid
lowering activity of guggul however, was first reported by Satyavati
[23] which was further confirmed in many experimental models
[24]. C. mukul has been used as an inactive pharmaceutical
ingredient, binding agent, anti-obesity agent, and cholesterolreducing agent. The resin secreted by the plant C. mukul known as
guggul is one of the widely used drugs in Ayurveda for the treatment
of several disorders such as gout arthritis, rheumatism,
atherosclerosis, ulcers and inflammation [25]. Early research
looking at the effect of gugglesterone appeared to have positive
effects. Studies, in both animal and humans demonstrated that
guggul sterone may significantly lower blood lipid levels [26, 27]
and may lower cholesterol levels [28, 29]. In addition, our earlier
studies proved hypolipidemic activity of C. mukul seen in insulin
deficient Wistar rats [30] and hypolipidemic activity of C. mukul in
fructose fed Wistar rats [31]. The presence of strong antioxidant
principles in C. mukul thus prompted us to design the present study
to investigate whether management with C. mukul has any
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protective effect on brain lipids and activities of transaminases and
acetyl cholinesterase in STZ induced diabetic rats.
MATERIALS AND METHODS
Chemicals
STZ was obtained from the Sigma (St. Louis, MO, USA) and 2,4-dinitro
phenyl hydrazine (DNPH) was procured from Sd-Fine Chemical, India.
All other chemicals and solvents of analytical grade were procured
from Sisco Research Laboratories Ltd., Mumbai, India.
Collection of plant material

EtCMGR (brown, dry powder, and cream colour) was purchased
from Chemiloids (manufactures and exporters of herbal extracts)
Vijayawada, Andhra Pradesh, India. Herb to product ratio was 8:1
and the extract was suspended in 5% Tween-80 in distilled water
prior to use.
Induction of diabetes

Two-three week-old male Wistar rats of body weight 125–150 g
procured from Sri Raghavendra Enterprises (Bangalore, India), were
acclimatized for 7 days to our animal house, and maintained at
standard conditions of temperature and relative humidity, with a 12
h light/dark cycle. Water and commercial rat feed were provided ad
libitum. The current work was carried out with a prior permission
from our institutional animal ethical committee (Regd. no.
470/01/a/CPCSEA, dt. 24th August 2001). Diabetes was induced in
overnight fasted rats by a single intraperitoneal injection of freshly
prepared STZ solution (55 mg/kg b.w., in ice cold 0.1 M citrate
buffer, pH 4.5 in a volume of 0.1 ml per rat). After 72 h of STZ
administration, the plasma glucose level of each rat was determined
for confirmation of diabetes. Rats with plasma glucose level above
250 mg/dl were considered as diabetic and used in the experiment.
Experimental design

In the present experiment, a total of 32 rats (16 diabetic rats; 16
normal rats) were used. The rats were divided into four groups of 8
each: control (C); control rats treated with EtCMGR (C+CM); diabetic
(D); and diabetic rats treated with EtCMGR (D+CM). The dose of
EtCMGR in the current study is based on the earlier reports on the
extract [32]. Diabetic treated group and control treated groups
received EtCMGR (2 ml of 5% Tween-80) by orogastric tube at a
dose of 200 mg/kg b.w. for 60 days, whereas, 2 ml of distilled water
was administered to control and diabetic rats. Based on results of
the preliminary experiment on dose-dependent antihyperlipidemic
effect of EtCMGR, a dose less than 200 mg/kg b.w. was not expected
to be effective in rats [32].
Animal sacrifice and organ collection

After the experimental period of 60 days, the animals from each
experimental group were starved for 12 h and sacrificed by cervical
dislocation and immediately the whole brain was dissected out and
washed with ice-cold saline and used for analysis.
Extraction of lipids from brain tissue

Tissue (250 mg) homogenate was prepared in Folch reagent (2:1
chloroform-methanol) using Potter-Elvehjem homogenizer and
centrifuged at 3000 rpm. Five ml of the supernatant was mixed with
3 ml of distilled water and again centrifuged at 3000 rpm and
resulting organic phase was used for total lipids, triglycerides,
cholesterol, phospholipids and glycolipids analysis by the method of
Folch et al. [33]. Total lipids were estimated by gravimetric method.

Estimation of triglycerides

Triglycerides (TG) were estimated by GPO-PAP enzymatic method
using Liquid Gold Diagnostic kit according to the method of Foosati
et al. [34]. Sixty µl of the lipid extract, taken in an eppendorf tube,
was allowed to evaporate in an incubator. To this 1.0 ml of the
triglyceride reagent was added, mixed and incubated at 37 ˚C for 10
min. Triglyceride standard (200 mg%) and water blank were also
treated in a similar manner. After incubation, absorbance was read
at 505 nm and values are expressed as mg/g tissue.
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Estimation of cholesterol
Total cholesterol was estimated by CHOD-PAP enzymatic method
using Liquid Gold Diagnostic kit [35]. Sixty µl of lipid extract, taken
in an eppendorf tube, was allowed to evaporate in an incubator. To
this 1.0 ml of the cholesterol reagent was added, mixed and
incubated at 37 ˚C for 10 min. Cholesterol standard (200 mg%) and
water blank were also treated in a similar manner. After incubation,
absorbance was read at 510 nm and values are expressed as mg/g
tissue.
Estimation of phospholipids

Phospholipids (PL) were estimated by the method of Connerty et al.
[36]. Phospholipids were digested with H2SO4 and the liberated
inorganic phosphate was estimated by the method of Fiske and
Subbarow method [37]. Two hundrend µl of lipid extract sample was
subjected to evaporation and 1 ml of 10 N H2SO4 was added and
digested for 1 h in a boiling water bath. Then 20 µl of H2O2 was
added and the solution was boiled until the liquid becomes
colourless. The tubes were cooled and phosphorus was estimated by
Fiske Subbarow method. To the above digest 1.0 ml of molybdate II,
0.4 ml of ANSA (1-amino-2-napthol-4-sulfonic acid) reagents were
added and the volume was made up to 10 ml with distilled water.
After an incubation period of 15 min, the blue colour formed was
read at 660 nm. The phospholipid content is calculated by
multiplication of phosphate value by 25. The results are expressed
as mg/g tissue.
Estimation of glycolipids

Glycolipids (GL) were estimated based on the method of Roughan
and Batt [38]. Two hundrend µl of brain homogenate was subjected
to evaporation and 2 ml of 2 N sulphuric acid was added and
digested for 2 h in a boiling water bath. After hydrolysis, 4 ml of
chloroform was added and centrifuged. The aqueous layer was
separated and 50 µl of 80% phenol was added followed by 4 ml of
concentrated H2SO4. The orange colour was measured at 480 nm. A
series of galactose standards (20-200 µg) were treated in similar
manner. Glycolipid concentration was estimated by multiplying
galactose content with 4.45. The values are expressed as mg/g
tissue.
Preparation of brain homogenate for activities of enzymes
(protein and acetyl choline and activities of acetylcholine
esterase and transaminases)

Ten per cent brain homogenate was prepared in 0.15 M potassium
chloride by using Potter-Elvehjem homogenizer at 0 ˚C and
centrifuged at 12,000 rpm for 45 min at 0-4 ˚C. The supernatant thus
obtained was distributed into eppendorf tubes, labelled and stored
at-20 ˚C and used for enzyme assays.
Determination of protein content

The protein content of tissue homogenates was determined by the
Lowry protein assay using bovine serum albumin as the standard
[39].
Estimation of acetyl choline

Acetyl choline (Ach) content was estimated by the method of Metcalf
[40] as described by Augustinson [41]. In this method the acetyl
group reacts with alkaline hydroxylamine to form acetyl
hydroxamate, which then reacts with ferric chloride in acidic
medium to form a brown coloured complex which was measured
spectrophotometrically at 540 nm against reagent blank. The acetyl
choline content is expressed as µmoles of Ach/g of tissue.
Estimation of Acetylcholinesterase activity

The activity of Acetycholinesterase (AchE) was estimated by the
method of Ellman et al. [42]. Thio-choline, released from acetyl thiocholine by the action of enzyme, reacts with–SH group of DTNB (5,
5’-Dithio-Bis (2-Nitrobenzoic Acid)) reducing it to thiol, which has
maximum absorbance at 412 nm. The activity was calculated by
using molar extinction coefficient of SH group of DTNB as 14.3x103
and expressed as µmoles of Ach hydrolysed/min/mg protein.
407

Saralakumari et al.

Estimation of transaminases activities [(glutamate pyruvate
transaminases (GPT) and glutamate oxaloacetate transaminases (GOT)]
Pyruvate gives a brown colored compound with 2, 4-Dinitrophenyl
hydrazine (DNPH) which is measured chromatically at 520 nm [43].
The enzyme activities are expressed as µg of pyruvate
liberated/min/mg protein.
Statistical analysis

The results were expressed as mean±SEM. for eight rats in each
group. Data were analysed for significant difference using Duncan’s
multiple range test (P<0.05) [44].
RESULTS

Effect of EtCMGR on brain lipid profiles
Table 1 represents data on total lipids constitute phospholipids,
glycolipids, cholesterol, triglycerides and also the brain lipids profile of
groups-C, C+CM, D and D+CM rats at the end of experimental period. STZ
induced diabetic rats showed significant decrease in phospholipids,
glycolipids, and cholesterol (29%, 72.5% and 25%) and significant
increase intriglycerides (33.6%) when compared with group-C.

EtCMGR treatment for 60 days caused significant increase in
phospholipids, glycolipid, and cholesterol (12%, 114% and 16%)
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and significant decrease in triglycerides (22%) in group-D+CM rats
when compared to group-D. But this significant increase in
phospholipids, glycolipids, and cholesterol could not reach the
control values whereas triglycerides levels were normalized. Thus
phospholipids, glycolipids, and cholesterol levels (20%, 41% and
13%) in group-D+CM rats were still significantly lower (25%, 40%
and 14%) when compared to group-C whereas EtCMGR treatment
for 60 days to group-C+CM rats showed slight increase in glycolipids
(54 %) and decrease in cholesterol and phospholipids (10% and
5%) and no significant change in triglycerides levels when compared
to group-C.

Effect of EtCMGR on acetylcholine and acetylcholine esterase

Table 2 illustrates the concentration of Ach and the activity of AchE
in the brain of four experimental groups. Diabetic group showed
significant decrease in the activity of AchE (8%) and increase in Ach
(29%) content when compared with group-C. EtCMGR treatment for
60 days resulted in significant increase in the activity of AchE (40%)
and significant decrease in Ach (48%) content in group-D+CM rats
when compared to group-D. At 60 days, group-C+CM rats showed
significantly higher activity of AchE (68%) and slight decrease in Ach
(36%) content when compared to group-C. Thus, the present study
indicates the protective effect of EtCMGR treatment in maintaining
the normal level of neurotransmitter i.e., Ach even under STZ
induced diabetic state.

Table 1: Effect of EtCMGR administration on brain lipid profile in diabetic rats

Experimental
groups
Group C
Group C+CM
Group D
Group D+CM

Total lipids (mg/g
tissue)
330.65±14.70d
300.21±6.27c
135.16±15.76a
220.00±6.53b

Phospholipids (mg/g
tissue)
64.80±1.42c
61.76±1.29c
46.21±2.06a
51.69±1.53b

Triglycerides (mg/g
tissue)
8.44±0.22a
7.63±0.32b
11.28±0.24d
8.84±0.44c

Cholesterol (mg/g
tissue)
32.52±0.97d
29.21±0.36c
24.42±1.39a
28.31±0.80c

Glycolipids (mg/g
tissue)
3.49±0.22c
4.39±0.27d
0.96±0.11a
2.06±0.22b

C: control, C+CM: control rats treated with EtCMGR, D: diabetic, D+CM: diabetic rats treated with EtCMGR. Values are expressed as mean±SEM (n=8
animals). Means with different superscripts within the column are significantly different at P<0.05 (Duncan’s multiple range test).
Table 2: Effect of EtCMGR administration on brain acetylcholine content and activity of acetylcholinesterase in diabetic rats
Experimental groups
Group C
Group C+CM
Group D
Group D+CM

Acetylcholinesterase (µmoles of Ach hydrolysed/min/mg protein)
0.296±0.019a
0.498±0.026d
0.274±0.009a
0.382±0.023b

Acetylcholine (µmoles of Ach/g tissue)
3.59±0.17a
2.28±0.11b
5.39±0.18c
2.80±0.18b

C: control, C+CM: control rats treated with EtCMGR, D: diabetic, D+CM: diabetic rats treated with EtCMGR. Values are expressed as mean±SEM (n=8
animals). Means with different superscripts within the column are significantly different at P<0.05 (Duncan’s multiple range test).
Table 3: Effect of EtCMGR administration on protein content and activities of transaminases in diabetic rats
Experimental
groups
Group C
Group C+CM
Group D
Group D+CM

Protein (mg/g
tissue)
28.11±0.79a
22.57±0.52b
20.26±0.62d
23.88±0.70b

GPT (µg of Pyruvate formed/min/mg
protein)
3.58±0.22a
3.50±0.16a
4.45±0.07b
3.79±0.13b

GOT (µg of Pyruvate formed/min/mg
protein)
2.89±0.20a
3.01±0.11b
4.83±0.15d
3.53±0.11c

C: control, C+CM: control rats treated EtCMGR, D: diabetic, D+CM: diabetic rats treated with EtCMGR. Values are expressed as mean±SEM (n=8
animals). Means with different superscripts within the column are significantly different at P<0.05 (Duncan’s multiple range test).
Effect of EtCMGR on transaminases
Data presented in table 3 indicate total protein content and activities
of transaminases (GOT and GPT) measured in the four experimental
groups. STZ induced diabetic rats showed significant decrease in
protein content (28%) with significantly increased activities of GOT
(67%) and GPT (24%) in brain when compared with group-C.
EtCMGR treatment for 60 days in group-D+CM rats resulted in
significant increase in protein content (18%) with significantly
decreased activities of GOT (27%) and GPT (15%) in brain

compared to group-D. But this change in protein content and
transaminases in group-D+CM rats could not reach the control
values. However group-C+CM rats showed no significant variation in
protein content and activities of GPT and GOT when compared to
group-C.

DISCUSSION

Diabetes mellitus is a chronic disease which cannot be completely
cured and may lead to development of complications if not properly
408
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regulated. Diabetes is primarily characterized by hyperglycaemia
which results from lack of insulin or a weak response of tissues to this
hormone. It is associated with long-term complications affecting the
eyes, kidneys, cardiovascular system and nervous system [45-47].

In the current study, the significant decrease in total lipid content of
group-D rats may be due to increased catabolism of lipids and/or
enhanced LPO due to oxidative stress observed under diabetic
conditions. Earlier studies in our laboratory demonstrated a
defective metabolism of lipid peroxides in brain tissue of diabetic
animals [48]. EtCMGR treatment for 60 days showed partial
recovery from diabetic induced decrease in total lipid content of
group-D+CM which may be due to its protective effect against
diabetic induced alterations in lipid metabolism.

In STZ induced diabetic rat brain alterations may be responsible for
demyelization and nerve degeneration. The alterations in brain
lipids lead to changes in physiological properties of membranes, in
enzyme activities, receptors, transport, and cellular interactions and
activities of membrane bound proteins [49]. These physiological
changes are accompanied by learning and behavioural deficits in
rats and mice [50, 51]. Brain is considered the richest organ of the
body in cholesterol. It is an important constituent of brain and is
used for membrane synthesis and for many other activities by cells
through the body and phospholipids and glycolipids are essential
components of myelin, microsomal and mitochondrial fractions of
brain. It was suggested that a number of neurological and chemical
changes occur in the brain tissue due to the decrease in cholesterol
synthesis in the diabetes [52]. In our study, the cholesterol level
decreased in the brain tissue of group-D rats. In contrast, its level
was increased and close to the control group values as a result of the
EtCMGR administration in the group-D+CM. The resulting increase
in the level of the cholesterol can be caused by the protective effects
of the EtCMGR on the neurological and metabolic changes in the
brain tissue of diabetic rats. The decreased phospholipids and
glycolipids and increased triglyceride content of group-D rats
compared to group-C rats indicate the presence of lipid damage or
oxidation. Our reports of decreased phospholipids and cholesterol
content in diabetic rats are in agreement with earlier studies [53]
suggesting that membrane function may be altered and in addition
to physicochemical alterations, the specific activities of several
membrane bound enzymes (AchE, Mg 2+-ATPase, and Na+, K+ATPase) are significantly decreased and play a role in the
development of diabetic complications in brain. Similar results were
also reported with regard to the effect of morphine sulphate on
brain [54]. Very few studies are available on the protective effect of
plants on altered lipid components in diabetic animals. Guggulipid,
an alkaloid of C. mukul [55], dried flowers of Adenocalymma
alliaceum [56], Trigonella graceum [57]were reported to possess
hypolipidemic activity in hypercholesterolaemic rats and in type 1
diabetic animals. The present study is the first to demonstrate the
neuroprotective effect of EtCMGR against diabetes induced lipid
alterations in the brain of rats.
Acetylcholine is the primary neurotransmitter of the cholinergic
system and its activity is regulated by acetylcholine esterase (AChE).
Acetyl cholinesterase in brain is chiefly localized in neurons and
belongs to a family of hydrolases. It hydrolyses acetylcholine and is
used as a marker for cholinergic neural function. Degradation of
acetylcholine is necessary to depolarize nerves so that it might
repolarize in the next conduction event. The termination of nerve
impulse transmission is accomplished through the degradation of
acetylcholine into choline and acetyl CoA by AChE [58]. Significant
decrease in the activity of AchE and increase in the content of
acetylcholine was observed in the brain of group-D rats compared to
group-C. The decreased AChE activity could be due to a decrease in
the enzyme synthesis by the inhibitory action of the toxicants [59]. It
was reported that AChE varies in different organisms responding to
environmental stress [60]. Some studies suggested that rat brain
AChE activity is not significantly altered by STZ [61, 62]. While some
reports refer to reduced rat brain AChE activity occurs due to
diabetes [63, 64]. Moreover, an increase in whole brain AChE
activity due to diabetes. Our reports of increased concentration of
Ach and decreased activity of AchE in diabetic rats are in agreement
with earlier studies [65-67]. The increased activity of acetylcholine
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esterase by C. mukul treatment observed both in groups-D+CM and
C+CM may be due to increased plasma insulin concentration and
decreased blood glucose levels in group-D+CM compared to group-D
and increased insulin sensitivity in group-C+CM. Similar to our
studies it was demonstrated that decreased AchE activity in brain
and heart can be reversed by insulin administration [68]. Thus
restoration of Ach concentration and increased AchE activity in
group-D+CM rats may be due to improved plasma insulin level by
EtCMGR treatment. EtCMGR was reported to possess
antihyperglycemic activity in STZ [48, 30] and fructose fed diabetic
animals [31].

Measurements of tissue transaminases are useful to assess the tissue
functions. Their activities are related to protein metabolism and the
maintenance of amino acid homeostasis and might be an indicator of
mitochondrial injury [69]. Further, enhanced protein glycation and
oxidative stress under hyperglycemic conditions indicates altered
protein metabolism in diabetes. Increased GOT activity may be
related to an increased transport of NADH from the cytosol to
mitochondria [70]. Matthews et al. [71] reported that both the
enzymes degrade glutamate; though only GPT was able to reduce
toxic (500 µM) levels of glutamate into the physiologic (<20 µM)
range. The excitotoxic effect of glutamate is believed to be the cause
of several neurodegenerative processes [72] and several enzymes
with the capacity to degrade glutamate have been suggested as
possible neuro-protectants [71]. Thus, enhanced transaminase
activities in group-D rats indicate an adaptive mechanism to
decrease the glutamate level in the brain. Our reports of decrease in
protein content and increase in extent of GPT and GOT activities are
supported by earlier studies on diabetic rats [73]. This may be due
to increased protein turnover and also increased catabolism of
amino acid in the brain of diabetic rats due to enhanced protein
oxidation and protein glycation observed under hyperglycemic
conditions [48]. The partial rectification of decreased protein
content and enhanced transaminases activities observed in groupD+CM by EtCMGR treatment which may be due to its
antihyperglycemic activity with enhanced insulin secretion. Thus C.
mukul treatment to diabetic rats showed improved brain energy
metabolism.
CONCLUSION

In summary, EtCMGR has been shown to have, besides hypoglycemic
properties,
strong
hypolipidemic
action
on
diabetic
hypertriglyceridemia and hypercholestrolemic as well. This could be
useful for prevention or early treatment of diabetic disorders.
Further studies are in progress in identifying the active components
in C. mukul and their role in controlling diabetes.
ACKNOWLEDGEMENT

The work is supported by a grant from Rajiv Gandhi National
Fellowship, University Grants Commission, New Delhi and thanks
are also due to Prof. Mahammad Akhtar, Sri Krishnadevaraya
University, Anantapur, Andhra Pradesh for his help in statistical
analysis.
CONFLICT OF INTERESTS
Declared None
REFERENCES
1.
2.
3.

4.

5.

6.

Rerup CC. Drugs producing diabetes through the damage of the
insulin producing cells. Pharmacol Rev 1970;22:485-518.
Berhanu P, Olefsky JM. Insulin and its action: Its receptors and
diabetes (Hollenberg MD. Editor. Marcel Dekker, Newyork;
1985. p. 265-309.
Taylor R, Agius L. The biochemistry of diabetes. Biochem J
1988;250:625-40.
Kannel WB, Mc Gee DL. Diabetes and cardiovascular disease.
The Framingham study. J Am Med Assoc 1979;241:2035-8.
Paton RC, Passa P. Platelets and diabetic vascular diseases.
Diabetes Metab 1983;9:306-12.
Leelavinothan Pari, Pidaran Murugan. Tetrahydrocurcumin
prevents brain lipid peroxidation in streptozotocin-induced
diabetic rats. J Med Food 2007;10:323-9.
409

Saralakumari et al.

7.
8.
9.
10.
11.
12.
13.

14.

15.
16.
17.

18.

19.

20.

21.
22.

23.
24.

25.

26.

27.
28.
29.
30.

Kumar JS, Menon VP. Effect of diabetes on levels of lipid
peroxides and glycolipids in rat brain. Metabolism
1993;42:1435–9.
Kamboj SS, Chopra K, Sandhir R. Hyperglycemia-induced
alterations in synaptosomal membrane fluidity and activity of
membrane bound enzymes: beneficial effect of N-acetylcysteine
supplementation. Neuroscience 2009;162:349–58.
Baquer NZ, Kumar P, Taha A, Cowsik SM, Kale RK, McLean P.
Metabolic and molecular action of Trigonella foenum-graecum
(fenugreek) and trace metals in experimental diabetic tissues. J
Biosci 2011;36:383–96.
Baynes JW. Reactive oxygen in the aetiology and complications
of diabetes. In: Ioannides C, Flatt PR. editors. Drug, Diet and
Disease, Mechanistic Approach to Diabetes. Ellis Horwood
Limited, Hertfordshive; 1995. p. 230-1.
Jepson MM, Bates PC, Millward DJ. The role of insulin and
thyroid hormones in the regulation of muscle growth and
protein turnover in response to dietary protein in the rat. Br J
Nutr 1988;59:397-415.
West KM. Prevention and therapy of diabetes mellitus. In:
present knowledge in nutrition. Hegsted DM. editors. The
nutrition foundation Inc. Washington, DC. 1976. p. 356-65.
Suckling Keith E, Brian Jackson. Animal models of human lipid
metabolism. Prog Lipid Res 1993;32:124.
Bierman EL. Atherogenesis in diabetes. Arterioscler Thromb
1992;12:647-56.
Mosmann B, Behl C. Antioxidants as treatment for
neurodegenerative disorders. Expert Opin Invest Drugs
2002;11:1407-35.
Agustin AJ, Breipohl W, Boker T, Lutz J, Spitzbas M. Increased
lipid peroxide levels and myeloperoxidase activity in the vitreous
of patients suffering from proliferative diabetic retinopathy.
Graefe's Arch Clin Exp Ophthalmol 1993;231:647-50.
Montilla P, Vargas J, Tunez I, Munoz MC, Valdelvira ME, Cabrera
E. Oxidative stress in diabetic rats induced by streptozotocin:
protective effects of melatonin. J Pineal Res 1998;25:94-100.
ADA. Clinical practice recommendations. Screening for
diabetes. Diabetes Care 1997;20:22-4.
Marles RJ, Farnsworth NR. Antidiabetic plants and their active
constituents. Phytomed 1995;2:137–89.
Aguilara-Alarcon FJ, Roman-Ramos R, Perez-Gutierrez S. Study
of the antihyperglycemic effect of plants used as antidiabetics. J
Ethanopharmacol 1998;61:101-10.
Pari L, Uma Maheswari J. Antihyperglycemic activity of Musa
sapientum flowers: Effect on lipid peroxidation in alloxan
diabetic rats. J Ethnopharmacol 2000;14:136-8.
Ugochukwu NH, Babady NE, Cobourne M, Gasset SR. The effect
of Gangronema latifolium extracts on serum lipid profile and
oxidative stress in hepatocytes of diabetic rats. J Biosci
2003;28:1-5.
Sathyavati GV. Effect of an indigenous drug on disorders of lipid
metabolism with special references to atherosclerosis and
obesity (medoroga) MD. thesis (Doctor of Ayurvedic Medicine),
Banaras Hindu University, Varanasi; 1966.
Nityanand S, Kapoor NK. Cholesterol lowering activity of the
various fractions of the guggul. Indian J Exp Biol 1973;11:395–6.
Szekanecz Z, Koch AE, Kunkel SL, Strieter RM. Cytokines in
rheumatoid arthritis. Potential targets for pharmacological
intervention. Drugs Aging 1998;12:377–90
Urizar NL, Moore DD. Gugulipid: a natural cholesterol-lowering
agent. Annu Rev Nutr 2003;23:303–13.
Wang X, Greiberger J, Ledinski G, Kager G, Paigen B, Jurgens G.
The hypolipidemic natural product Commiphora mukul and its
component guggulsterone inhibit oxidative modification of
LDL. Atherosclerosis 2004;172:239-46.
Wu J, Xia C, Meier J, Li S, Hu X, Lala DS. The hypolipidemic
natural product guggulsterone acts as an antagonist of the bile
acid receptor. Mol Endocrinol 2002;16:1590-7.
Urizar NL, Liverman AB, Dodds DT, Silva FV, Ordentlich P, Yan
Y, et al. A natural product that lowers cholesterol as an
antagonist ligand for FXR. Science 2002;296:1703-6.
Ramesh B, Rasineni K, Singareddy SR, Kasetti R, Pasurla R,
Chippada A, et al. Antihyperglycemic and antioxidant activities
of alcoholic extract of Commiphora mukul gum resin in

31.
32.
33.
34.
35.
36.

37.

38.

39.
40.

41.

42.
43.

44.

45.

46.
47.
48.
49.
50.
51.
52.

Int J Pharm Pharm Sci, Vol 7, Issue 9, 406-411
streptozotocin-induced
diabetic
rats.
Pathophysiology
2011;18:255–61.
Ramesh B, Saralakumari D. Antihyperglycemic, hypolipidemic
and anti-oxidant activities of ethanolic extract of Commiphora
mukul gum resin in fructose-fed male Wistar rats. J Physiol
Biochem 2012;68:573-82.
Lata S, Saxena KK, Bhasin V, Saxena RS, kumar A, Srivastav VK.
Beneficial effects of Allium sativam, Allium cepa and
Commiphora mukul on experimental hypolipidemia and
atherosclerosis, a comparative evaluation. J Postgrad Med
1991;37:132-5.
Folch J, Lees M, Stanley GHS. A simple method for the isolation
and purification of total lipids from animal tissues. J Biol Chem
1957;226:497-509.
Foosati P, Prencipe L. Serum triglycerides determined
colorimetrically with an enzyme that produces hydrogen
peroxide. Clin Chem 1982;28:2077-80.
Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic
determination of total serum cholesterol. Clin Chem
1974;20:470-5.
Connerty V, Briggs AR, Eaton EH. Simplified determination the
lipid components of blood serum. Clin Chim Acta 1961;7:37-53.
Fiske CH, Subbarow Y. The colorimetric determination of
phosphorus. J Biol Chem 1952;66:375-400.
Roughan PG, Batt RD. Quantitative analysis of sul-folipid
(sulfoquinovosyl
diglyceride)
and
galactolipids
(monogalactosyl and digalactosyl diglycerides) in planttissues.
Anal Biochem 1968;22:74–88.
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with Folin-Phenol reagent. J Biol Chem
1951;193:265-8.
Metcalf RL. Methods in biochemical analysis. Glick D. editor.
Interscience Publishers, New York ; 1951. p. 5.
Augustinson KB. Methods in Biochemical analysis. Glick D.
editor. Interscience Publishers. New York; 1957. p. 5.
Ellman GL, Courtney KD, Andres V Jr. A new and rapid
colorimetric
determination
of
acetylcholinesterase
activity. Biochem Pharmacol 1961;7:88–95.
Reitman S, Frankel S. Practical biochemistry in clinical
medicine. Am J Clin Pathol 1957;25:56.
Duncan DB. Multiple range and multiple tests. Biometrics
1955;42:1-42.
Gispen WH, Biessels GJ. “Cognition and synaptic plasticity in
diabetes mellitus.” Trends Neurosci 2000;23:542-9.
Hong JH, Kim Park MR, Kwag OG, Lee KB, Rhee SJ. Effects of
vitamin e on oxidative stress and membrane fluidity in brain of
streptozotocin-induced diabetics rats. Clin Chim Acta
2004;340:107-15.
Thomson M, Al Amin ZM, Al-Qattan KK, Shaban LH, Ali Muslim.
Anti-diabetic and Hypolipidaemic properties of garlic (Allium
Sativum)
in
Streptozotocin-induced
diabetic
rats.
Int J Diabetes Metab 2007;15:108-15.
Sudhakara G, Ramesh B, Mallaiah P, Sreenivasulu N,
Saralakumari D. Protective effect of ethanolic extract of
Commiphora mukul gum resin against oxidative stress in the
brain of streptozotocin-induced diabetic Wistar male rats.
EXCLI J 2012;11:576-92.
Bourre JM, Francois M, You A, Dumont O, Piciotti M, Pascal G, et
al. The effects of dietary alpha-linolenic acid on the composition
of
nerve
membranes,
enzymatic,
amplitude
of
electrophysiological parameters, resistance to poisons and
performance of learning tasks in rats. J Nutr 1989;119:1880-92.
Yamamoto N, Hashimoto A, Takemoto Y, Okuyama H, Nomura
M, Kitajima R, et al. Effect of the dietary alphalinolenate/linoleate balance on lipid compositions and learning
ability of rats. Discrimination process, extinction process, and
glycolipid compositions. J Lipid Res 1988;29:1021-31.
Nakashima Y, Yuasa S, Hukamisu Y, Okuyama H, Ohhara T,
Kameyama T, et al. Effect of high linoleate and a high alphalinolenate diet on general behaviour and drug sensitivity in
mice. J Lipid Res 1993;34:239-47.
Suzuki R, Lee K, Jing E, Biddinger SB, McDonald JG, Montine TJ,
et al. Diabetes and insulin in regulation of brain cholesterol
metabolism. Cell Metab 2010;12:567-79.
410

Saralakumari et al.

53. Malaisse WJ, Portois L, Zhang Y, Oguzhan G, Louchami K, Jijakli
H, et al. Fatty acid content and pattern of epididymal and
parametrial adipose tissue lipids in streptozotocin (Type 1)
and Goto-Kakizaki (Type 2) diabetic rats. Int J Mol Med
2006;18:1231-4.
54. Othman A, Sagair AL. Effect of morphine sulphate on total lipids
and triglycerides contents in serum and brain regions of rat.
Med J Islamic World Acad Sci 2005;15:117-25.
55. Dalvi SS, Nayak VK, Pohujani SM, Desai NK, Kshirsagar NA,
Gupta KC. Effect of gugulipid on bioavailability of diltiazem and
propranolol. J Assoc Physicians India 1994;42:454-5.
56. Srinivasan MR, Srinivasan K. Hypocholesterolemic efficacy of
garlic-smelling flower Adenocalymma alliaceum Miers in
experimental rats. Indian J Exp Biol 1995;33:64-6.
57. Sharma RD, Raghuram TC. Hypoglycemic effect of fenugreek
seeds in Non-insulin-dependent diabetic subjects. Nutr Res
1990;10:731–9.
58. Weihua X, Judith AS, Arnaud C, Philip JW, Angie R, Rodney DM,
et al. Postnatal developmental delay and supersensitivity to
organ
psophata
in
gene-targeted
mice
lacking
acetylcholineestrase. Pharmacology 2000;293:896-902.
59. EL-Demerdash FM, Yousef MI, Kedwany FS, Baghdadi HH.
Cadmium-induced changes in lipid peroxidation, blood
hematology, biochemical parameters and semen quality of
male rats: protective role of vitamin E and beta-carotene. Food
Chem Toxicol 2004;42:1563-71.
60. Gill TS, Tewari H, Pande J. In vivo and in vitro effects of
cadmium on selected enzymes in different organs of the fish
barbus conchonius. Comp Biochem Physiol 1991;100:501-5.
61. Leong SF, Leung TK. Diabetes induced by streptozotocin causes
reduced Na-K ATPase in the brain. Neurochem Res
1991;16:1161–5.
62. Ueyama J, Wang D, Kondo T, Saito I, Takagi K, Takagi K, et al.
Toxicity of diazinon and its metabolites increases in diabetic
rats. Toxicol Lett 2007;170:229–37.
63. Ramkumar KM, Latha M, Ashok kumar N, Pari L, Ananthan R.
Modulation of impaired cholinesterase activity in experimental

64.
65.
66.
67.
68.
69.

70.

71.
72.
73.

Int J Pharm Pharm Sci, Vol 7, Issue 9, 406-411
diabetes: effect of Gymnema montanum leaf extract. J Basic Clin
Physiol Pharmacol 2005;16:17–35.
Ashok kumar N, Pari L, Ramkumar KM. N-Benzoyl-DPhenylalanine attenuates brain acetylcholineestrase in
neonatal streptozotocin-diabetic rats. Basic Clin Pharmacol
Toxicol 2006;99:246-50.
Dash NK, Gupta G, Baquer NZ. Effects of hyperglycemia on
acetylcholinesterase and catecholamine levels in rat brain and
heart. Biochem Int 1991;23:261-9.
Szutowicz A, Tomaszewicz M, Jankowska A, Kisielevski Y.
Acetylcholine synthesis in nerves terminals of diabetic rats.
NeuroReport 1994;5:2421-4.
Makar TK, Hungund BL, Cook GA,ﬁKash
K, Cooper AJ.
Lipid metabolism and membrane composition are altered
in the brains of type II diabetic mice. J Neurochem
1995;64:2159–68.
Gumieniczek A, Hopkala H, Wojtowich Z, Nikolajuk J. Changes
in antioxidant status of heart muscle tissue in experimental
diabetes in rabbits. Acta Biochim Pol 2002;49:529-35.
Cohen S. Phosphates. In: Lajtha A. editor. Handbook of
Neurochemistry. NY: Plenum Press; 1970. p. 87-131.
Netopilova M, Haugvicova R, Kubova H, Drsata J, Mares P.
Influence of convulsants on rat brain activities of alanine
aminotransferase and aspartate aminotransferase. Neurochem
Res 2001;26:1285-91.
Matthews CC, Zielke HR, Wollack JB, Fishman PS. Enzymatic
degradation protects neurons from glutamate excitotoxicity. J
Neurochem 2000;75:1045-52.
Mahy N, Prats A, Riveros A, Andres N, Bernal F. Basal ganglia
calcification induced by excitotoxicity: an experimental model
characterised by electron microscopy and X-ray microanalysis.
Acta Neuropathol 1999;98:217-25.
Anupama V, Narmadha R, Gopalakrishnan VK, Devaki K.
Enzymatic alteration in the vital organs of streptozotocin
diabetic rats treated with aqueous extract of Erythrina
variegata bark. Int J Pharm Pharm Sci 2012;4:134-47.

411

