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Abstract. – BACKGROUND, Trigonella
foenum-graecum, an annual herb belonging to the
family Leguminosae, commonly known as fenu-
greek, has been reported to have hypoglycemic,
hypocholesterolemic, hyperinsulinemic and antidi-
abetic properties. In the present study, the effect of
oral feeding of Trigonella foenum-graecum seed
powder (TSP) has been studied on blood glucose,
monoamine oxidase (MAO), membrane fluidity,
neurolipofuscin content, DNA degradation and glu-
cose transporter-4 (GLUT4) accumulation in the al-
loxan-induced diabetic rat brain.

METHODS, Diabetes was induced by adminis-
tration of alloxan monohydrate (15 mg/100 g body
weight) and diabetic rats were treated with 2 IU in-
sulin, per day and 5% TSP in the diet for 21 days.

RESULTS, Diabetic rats showed hyperglycemia
with almost four fold high blood glucose levels.
Increased MAO activity with correlated increase in
genomic DNA degradation in the diabetic brain
supports the hypothesis that catecholamine oxi-
dation is an important source of oxidative stress,
causing loss of membrane fluidity, increased neu-
rolipofuscin and decreased of GLUT4 expression
with diabetes in the brain. The present study
showed that TSP treatment reversal the changes
to near normal levels in diabetic rat brain.

CONCLUSIONS, The present findings indicate
that the TSP exerts its anti-diabetic and neuro-
protective effects, probably mediated through a
decrease in hyperglycemia and oxidative stress
thereby ameliorating the control and manage-
ment of diabetic complications.
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Introduction

It is projected that the worldwide prevalence
of diabetes is likely to increase to more than 439
million by the year 20301. Although sulphony-
lureas, biguanides, insulin sensitizers (thiazo-
lidinediones) and other current drugs are valu-
able in the treatment of type 2 diabetes mellitus,
their use is restricted by cost, limited pharmaco-
kinetic properties, secondary failure rates and ac-
companying side-effects2.

Trigonella foenum-graecum Linn. is an annual
herb belonging to the family Leguminosae, widely
grown in India, Egypt, and Middle Eastern coun-
tries3. Traditional medicines in India and other
countries since ancient days, have employed hypo-
glycemic plants such as Trigonella foenum-grae-
cum to protect against diabetic pathogenesis4,5. Var-
ious reports have demonstrated that the Trigonella
foenum-graecum seed powder (TSP) have hypo-
glycemic, hypocholesterolemic and hyperinsuline-
mic effects on type-1 and type-2 diabetes mellitus
(DM) patients and experimental diabetic animals5-
7. The seeds are rich in protein and contain an
unique major free amino acid 4-hydroxyisoleucine
(4-OH-Ile), which has been characterized as one of
the active ingredients in TSP8,9.
The neurological consequences of diabetes mel-

litus in the central nervous system are now receiv-
ing considerable attention10,11. Glucose utilization
is decreased in the diabetic brain, providing a po-
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tential mechanism for increased vulnerability to
acute pathological events12. Disturbances in cate-
cholamines metabolism and monoamine oxidase
(MAO) activity play a role in the pathogenesis of
the acute and chronic complications of dia-
betes11,13,14. Oxidative stress causing loss of neural
membrane fluidity and inhibition of glucose trans-
porter (GLUT4) and increased genomic DNA
degradation and neurolipofuscin content12,15,16.
Glucose is the major source of energy in the

brain. The transport of glucose into most mam-
malian cells occur by facilitated diffusion, mediat-
ed by a family of glucose transporter proteins. In-
sulin stimulates increased glucose uptake by pro-
moting a translocation of GLUT4 from their basal,
intracellular location to the plasma membrane17. In
the last few years, however, there have been sever-
al reports of GLUT4 mRNA and GLUT4-im-
munoreactive cells in regions of rat brain, includ-
ing cerebellum and several cortical regions18-20.
Previous studies from our laboratory have

demonstrated that oral administration of Trigonella
foenum graecum, seed powder (TSP) to diabetic
animals has been shown to lower blood glucose
levels and partially restore the activities of key en-
zymes of carbohydrates and lipid metabolism to
near normal levels in various animal models6,12,21-25.
The aim of the present study was to investi-

gate the anti-diabetic and neuroprotective poten-
tial of TSP on physiological, biochemical and
molecular parameters like glucose levels, MAO
activity, membrane fluidity, neurolipofuscin,
DNA degradation and GLUT4 expression in rat
brain.

Materials and Methods

Animals
Adult female albino rats of the Wistar strain,

weighing 180-220 g were used for all the experi-
ments. Animals were kept in the animal house
maintained at temperatures of 22-26°C and relative
humidity of 55% with a 12 h each of dark and light
cycle. The animals were fed standard chow (Hin-
dustan Lever Ltd., India) and given tap water ad li-
bitum for the time of treatment before sacrifice. All
the animal procedures were approved by the Insti-
tutional Animal Ethical Committee (IAEC) of
Jawaharlal Nehru University, New Delhi, India

Induction of Diabetes
A group of 60-70 overnight-starved rats were

made diabetic by a single subcutaneous injection

19

Antidiabetic effects of Trigonella in rat brain

of alloxan monohydrate (15 mg/100 g body
weight) freshly prepared in 0.154M sodium ac-
etate buffer (pH 4.5) according to the method of
Raju et al21. The alloxan induced diabetic rats
were injected i. p. with 2 IU of protamine-zinc
insulin for the next 7 days, this procedure de-
creased the mortality of the diabetic animals.
The severity of diabetes was checked in alloxan
diabetic rats by using glucose strips (Diastix,
Bayer Diagnostic, India). Control animals were
given only the vehicle.

Experimental Design
Animals were divided into four groups of six

rats each. Group I– control (C), Group II– diabetic
untreated (D), Group III– diabetic treated with in-
sulin (D+I) and Group IV-diabetic treated with
TSP (D+T). Protamine zinc insulin (2 IU) suspen-
sion was administered intraperitoneally to diabetic
animals (D+I), each day for 21 days. The diabetic
treated with TSP (D+T) were given 5% finely
powdered Trigonella seeds in powered rat feed (5
g of dry TSP was mixed with 95 g of powdered rat
feed), each day for 21 days. Seeds of Trigonella
foenum-graecum (Agmark Brand) purchased from
local market, New Delhi, India. The plant material
was identified by local experts of herbal gardens
and further taxonomically validated by Dr. Gita
Mathur, Department of Botany, Gargi College,
University of Delhi, New Delhi. A voucher speci-
men (No. 106) has been kept at the Herbarium of
the University. The most effective dose of 5%
TSP in the diet identified in previous studies6,12,21.

Preparation of Homogenate and
Subcellular Fractions
Animals were sacrificed by cervical disloca-

tion. Whole brains and brain regions of control
and diabetic and treated diabetic rats were rapidly
excised, and washed with chilled normal saline.
The tissues homogenates and subcellular fractions
were prepared as described earlier, the pellet ob-
tained at 12,000 g containing synaptosomes and
mitochondria were used for enzyme assays. The
supernatant fraction was separated from the pellet
and was used as the soluble fraction18.

Biochemical Assays

Assay of Monoamine Oxidase
MAO activity was measured in the synaptoso-

mal and supernatant fractions isolated from brains
according to the method of Mayanil et al14; the
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activity was measured as amount of the reaction
product, 4-hydroxyquinoline and was determined
spectrophotometrically (Shimadzu UV-160, Nak-
agyo-ku, Kyoto, Japan) at 330 nm. One unit of
enzyme is defined as 1 µmol of 4-hydroxyquino-
line produced/mg protein/min at 37°C.

Membrane Fluidity
The synaptosomal fractions were labelled with

1,6-diphenyl-1, 3, 5-hexatriene (DPH), a fluores-
cent probe by incubating equal volume of a
membrane suspension containing 100 µg.ml-1 of
protein in phosphate buffer and 2 µM DPH sus-
pension in the same buffer. Excitation and emis-
sion wavelengths were, respectively, 365 and 428
nm. Anisotropy (r) measurements were carried
out on a model SLM 4800 polarization Cary
Eclipse spectrofluorimeter (Varian Inc., Palo Al-
to, CA, USA) as described by Kumar et al18.

Neurolipofuscin Content
The extraction of neurolipofuscin in whole ho-

mogenate and measurement of its fluorescence
were essentially similar to the methods described
by Tappel et al26. Quinine sulphate (0.1 µg/ml) in
0.05 M H2SO4 was used as a standard. The results
were expressed as relative percentage fluorescence
of control from 1 ml of 10% homogenate (w/v).

Protein Estimation
Protein was estimated in brain subcellular

fractions by the method of Bradford27 using
bovine serum albumin (BSA) as standard.

Blood Glucose
Blood glucose was estimated by Glucose En-

zokit from Ranbaxy Laboratories, Gurgaon, In-
dia, using glucose oxidase method.

Genomic DNA Degradation
Laddering of genomic DNA was carried out as

described by Sandberg et al28 with minor modifi-
cations. The phenol method was used to isolate
the DNA samples from cerebral cortex of control
and different experimental animals and analyzed
by horizontal gel electrophoresis as described by
Nagata29.

Semiquantitative Detection of
GLUT4 mRNA
Total RNA was isolated and purified from the

cerebral cortex of rats using TRI-Reagent (Sig-
ma-Aldrich Company, St Louis, MO, USA) ac-
cording to manufacturer’s instructions. RT-PCR
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detection was carried out using one step RT-PCR
kit (Applied Biosystems Company, St Louis,
MO, USA). Gene specific primers (synthesized
by Sigma Aldrich Co., St Louis, MO, USA) were
designed as follows: 5′-CAGATCGGCTCT-
GAAGATGG-3′ and 5′-CTGAGTAGGCGC-
CAATGAG-3′ sense and antisense primers for
GLUT4 5′-AACGACCCCTTCATTGAC-3′ and
5′-TCCACGACATACTCAGCAC-3′ sense and
antisense primers for glyceraldehyde-3-phos-
phate dehydrogenase. PCR products were elec-
trophoresed on 1.5% agarose gel and gel images
were captured and quantified with Gel Doc
Imaging System (Alpha Innotech Corporation,
Santa Clara, CA, USA).

Western Blot Analysis
Total membrane fractions prepared from the

cerebral cortex was subjected to sodium dodecyl
sulphate-polyacrylamide gel (SDS-PAGE) on a
10% polyacrylamide gel and Western blotting
(BIORAD, Trans Blot, Semidry transfer cell, Her-
cules, CA, USA) was performed as described by
Towbin and Gordon30 and modified by Alonso et
al31. Protein was estimated in brain cortex fraction
by the method of Bradford27. After blocking with
tris buffer saline (TBS) containing 0.1% Tween-20
and 5% BSA at 4°C overnight, the filter was incu-
bated with 1:500 dilution of polyclonal anti-
GLUT4 antibody for 2 h at room temperature.
Polyclonal antibodies against rat GLUT4 were a
kind gift from Dr. Sameul Cushman (National In-
stitute of Health, Bethesda, MD, USA). After
washing with TBST (Tris Buffer Saline-Tween
20). This was followed by the incubation with sec-
ondary antibody [anti-rabbit IgG conjugated with
horse radish peroxidase (HRP)] for 2 h at room
temperature. The signals were detected using
3,38-diaminobenzidine (DAB) tetrahydrochloride
as the coloring reaction. The Western blot re-
vealed a single band of 45 kDa, compatible with
the molecular weight of the protein. Membrane is
further incubated with a positive control gene i.e.
glyceraldheyde-3-phosphate dehydrogenase
(GAPDH) after stripping the GLUT4 antibody.
Quantification was performed by densitometry af-
ter scanning the blots with gel documentation sys-
tem (alpha imager).

Immunohistochemistry of GLUT4
The immunohistochemical detection of

GLUT4 in cerebral cortex was performed by us-
ing the technique as described by El Messari et
al20. Paraffin-embedded brain 5 micron sections



were deparaffinized in xylene, rehydrated
through a series of graded ethanol solutions, and
washed with cold 0.01 MPBS (skimmed milk
phosphate buffered saline) containing 0.5%
Tween 20 (PBST: phosphate buffered saline
with Tween 20). Polyclonal antibodies against
rat GLUT4 were a kind gift from Dr. Sameul
Cushman (National Institute of Health, Bethes-
da, MD, USA). Secondary antibodies (goat anti-
rabbit IgG conjugated with HRP) were from
Sigma-Aldrich Company respectively. Slides
were incubated for 2 h at 37°C with polyclonal
rabbit GLUT4 antisera, diluted 1:100 and fol-
lowed by a 1-hwash in TBS. After washing, sec-
tions were incubated with biotinylated sec-
ondary antibodies at a dilution of 1:100 for 30
min. The signal was detected and amplified us-
ing the avidin-biotin-peroxidase method (Vector,
Burlingame, CA, USA) and visualized with
3,38-diaminobenzidine tetrahydrochloride
(DAB; Sigma, St. Louis, MO, USA) as chro-
mogens. Tissue sections were finally dehydrated
and mounted in permount to be observed in light
microscopy. Immunostaining was evaluated by
examination of slides under a bright field micro-
scope (Carl Zeiss Axioskop 2 Mot, Thornwood,
NY, USA) at a magnification of 400× and im-
ages were captured through a digital camera for
measurement of intensity. All images were re-
duced to half of the original size using Adobe
Photoshop Elements 3 software (Adobe, San
Jose, CA, USA) to facilitate measurements on
the image. Intensities of immunostained cells
were estimated by densitometry using morpho-
metric Scion Image software v. Alpha 4.0.3.2
(Scion Corp., Frederick, ML, USA).

Statistical Analysis
Results were analyzed by means of Prism 5.0

(GraphPad, San Diego, CA, USA). All data were
calculated as means ± SEM of 4-6 separate val-
ues. The ANOVA test followed by Dunnet Multi-
ple Comparison test was employed for statistical
comparison between control and various experi-
mental groups. Values with p < 0.05 were consid-
ered as statistically significant.

Chemicals
All purified enzymes, coenzymes, substrates,

standards and buffers were from Sigma chemi-
cals Company (St Louis, MO, USA). All other
chemicals were of analytical grade and were
from Super Religare Laboratories (SRL), Mum-
bai, India and (Qualigens, Mumbai, India).
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Figure 1.Changes in body weight and glucose levels of control
(C), diabetic (D), and diabetic rats treated with insulin (D+I) and
Trigonella (D+T). Each value is a mean of ± SEM of five or
more separate values from two to three experiments. The com-
parisons of experimental values are with the control values. Sta-
tistical significance: ***p < 0.001,**p < 0.01, *p < 0.05.
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Results

Effect of TSP on General Parameters
Body weights were significantly decreased in

the diabetic groups (p < 0.01) as compared to
controls. After 21 days of insulin and TSP ad-
ministration, the body weights of diabetic rats in-
creased. There was a four-fold increase (p <
0.001) in blood glucose concentration in alloxan
diabetic rats when compared to control rats.
Three weeks of treatment with insulin and TSP
separately (5% in diet) resulted in a significant (p
< 0.05) reduction in hyperglycemia in the diabet-
ic rats. Results are shown in Figure 1.

Effect of TSP on Monoamine
Oxidase Activity
The changes in MAO activity from brain

synaptosomal and supernatant fractions of dia-
betic and diabetic rats treated with insulin, and
TSP are shown in table I. The induction of dia-
betes resulted in a significant (p < 0.001) in-
crease in the activity of MAO from synaptoso-
mal and supernatant fractions. The treatment of
diabetic animals with insulin and TSP separately



22

P. Kumar, R.K. Kale, N.Z. Baquer

from cerebral cortex from control and different
experimental groups. Genomic DNA isolated
from control animals showed no evidence of
DNA fragmentation. In contrast, genomic DNA
isolated from alloxan diabetic animals showed
the banding pattern, which is a characteristic of
DNA fragmentation and apoptosis. Furthermore,
the treatment of the diabetic rats with insulin and
Trigonella prevented genomic DNA fragmenta-
tion, to some extent bringing it nearer to control
levels. Result are shown in Figure 2.

Effect of TSP on GLUT4 mRNA

Semi Quantitative mRNA Analysis
To ascertain the presence of GLUT4 mRNA in

the rat diabetic rat brain, polymerase chain reac-
tion (RT-PCR) analysis was performed on total
RNA extracted from cerebral cortex using specif-
ic primers. After 35 cycles of amplification, a
single band (411 bp) was observed in the brain
examined. There was a significant decrease 45%
(p < 0.01) in mRNA levels in diabetic rat brain
when compared with control groups. Consequent
to treatment with the antidiabetic compounds in-
sulin and TSP to diabetic rats, a reversal of the
GLUT4 mRNA levels to control levels was ob-
served. There was a significant (p < 0.05) rever-
sal in GLUT4 mRNA in diabetic animals with
TSP treatment when compared with control
groups. Results are shown in Figure 3.

Effect of TSP on GLUT4 Protein Expression
Change in GLUT4 protein expression in cere-

bral cortex membrane fraction by Western blot-
ting from diabetic and diabetic rats treated with

brought the increased activity of MAO to nearly
control levels. There was a significant (p < 0.05)
decrease in MAO in diabetic with TSP treatment
when compared with control groups. The per-
centage of MAO activity in the supernatant frac-
tions as compared to the synaptosomal MAO
was 29% in control, 40% in diabetic, 34% in D+I
and 35% in D+T, showing that diabetes induced
a change in MAO distribution between synapto-
somes and soluble fraction.

Effect of TSP on Neurolipofuscin Content
The neurolipofuscin content increased with dia-

betes. Consequent to 21 days of insulin withdrawal,
the diabetic rats showed a significant increase of
76% (p < 0.01) in the neurolipofuscin content in the
brain. Treatment of diabetic rats with antidiabetic
compounds, insulin and TSP separately, showed a
significant (p < 0.01) reversal of the increased neu-
rolipofuscin content when compared with control
groups. The results are presented in Table I.

Effect of TSP on Membrane Fluidity
The DPH fluorescence anisotropy (r) values

were found to be increased in 21 days diabetic
groups when compared with the control groups,
indicating significant (p < 0.01) decrease in the
membrane fluidity in the diabetic brain. Treat-
ment of the diabetic animals with insulin and
TSP (p < 0.01) restored the change in the mem-
brane fluidity when compared with diabetic
groups bringing it closer to the control groups.
Results are presented in Table I.

Effect of TSP on genomic
DNA Degradation
The DNA degradation was assessed by DNA

laddering method of the genomic DNA isolated

Monoamine oxidase
Membrane fluidity

Conditions Synaptosomal Supernatant (anisotropy) Neurolipofuscin

C 2.20 ± 0.039 (100) 0.648 ± 0.023 (100) 0.178 ± 0.0034 (100) 47.68 ± 5.33 (100)
D 3.22 ± 0.051 (147)a 1.294 ± 0.047 (199)a 0.224 ± 0.0051 (126)b 84.22 ± 5.10 (176)b
D+I 2.34 ± 0.069 (107) 0.802 ± 0.069 (124) 0.187 ± 0.0026 (105)b 61.33 ± 2.67 (128)b
D+T 2.67 ± 0.022 (121)c 0.941 ± 0.015 (145)c 0.191 ± 0.0061 (108)b 64.63 ± 2.52 (135)b

Table I. Changes in monoamine oxidase activity , membrane fluidity and neurolipofuscin content in brains of control (C),
diabetic (D), and diabetic rats treated with insulin (D+I) and Trigonella (D+T).

Each value is a mean of ± SEM of five or more separate values from two to three experiments. The comparisons of experiment
values are with the control values. Statistical significance: ap < 0.001; bp <0.01; cp < 0.05. MAO activity as one µmole 4-hy-
droxyquinoline produced/mg protein/minute at 37°C. The neurolipofuscin content expressed as relative percentage fluores-
cence of control from 1 ml of 10% homogenate (w/v). Values in parentheses are percentage change taking control as 100%.
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insulin and TSP are shown in Figure 4. There
was a significant decrease by 54% (p < 0.01) in
GLUT4 protein in the diabetic rats. Treatment
with TSP and insulin, showed a reversal in the
GLUT4 protein levels. There was a significant (p
< 0.05) increase in GLUT4 expression in the dia-
betic animals with TSP treatment when com-
pared with control groups.

Effect of TSP on Distribution of GLUT4
Immunohistochemistry was used to determine

the possible presence and distribution of the
GLUT4 transporter protein in cerebral cortex of
control and diabetic and diabetic treated with in-
sulin and with TSP rat brains. GLUT4-like im-
munoreactivity was present in numerous punc-
tate and linear process-like structures. GLUT4
distribution was observed on the neuronal mem-
brane in control cerebral cortex; while it local-
ized to the cytoplasm in cortex of diabetic rat.
Immunohistochemical quantification of GLUT4
showed that it appears to be relatively more
abundant in the control rat than the diabetic rats.
With diabetes there was a significant decrease of
(p < 0.05) in the GLUT4 immunoreactivity of
the cortex of diabetic rats as compared to con-
trols. Treatment with insulin and TSP to the dia-
betic animals restored the distribution of GLUT4

Figure 2. DNA degradation study in brain of control (C)
diabetic (D) and diabetic treated with insulin (D+I) and
Trigonella (D+T). Genomic DNA was extracted from brains
of control (C) and diabetic treated rats by phenol-chloro-
form as described in methods.

Figure 4. Glucose transporter (GLUT4) protein levels in
the cerebral cortex of control (C) diabetic (D) and diabetic
treated rats with insulin (D+I) and Trigonella (D+T). Values
are given as mean ± SEM and statistical significance: **p <
0.01, *p < 0.05. Values in bar diagram are percentage
changes, taking control as 100%.
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Figure 3. Glucose transporter (GLUT4) mRNA levels in
the cerebral cortex of control (C) diabetic (D) and diabetic
treated rats with insulin (D+I) and Trigonella (D+T). Each
value is the mean ± SEM of more than six values from 5
separate experiments. Total RNA was extracted from rat
cerebral cortex and amplified by RT-PCR as described in
methods. The bands at the expected sizes, 411 and 198 bp,
correspond to GLUT4 and GAPDH mRNAs, respectively.
Expression of GLUT4 and GAPDH mRNA in brain of rats
analyzed by RT-PCR after 35 cycles of amplification. Statis-
tical significance: **p < 0.01, *p < 0.05. Values in bar dia-
gram are percentage changes, taking control as 100%.
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to the membranes. Results are presented in Fig-
ure 5A and 5B.

Discussion

This study was undertaken to investigate the
antidiabetic and neuroprotective properties of
TSP on MAO activity, membrane fluidity, neu-
rolipofuscin, DNA degradation and GLUT4 ex-
pression in rat brain. Hyperglycemia during dia-
betes has been shown to generate free radicals
from auto-oxidation of glucose and increased
polyol pathway, with concomitant increase in
cellular lipid peroxidation and damage to mem-
branes21,22,32. Our results showed that three weeks
treatment of the diabetic group with insulin, and
TSP separately resulted in a marked reduction in
hyperglycemia in the diabetic animals. TSP im-
proved glucose homeostasis in diabetes by de-
creasing oxidative stress, probably by enhancing
or mimicking insulin action4,12,33,34.
Neurodegenerative processes may preferen-

tially affect the brain as a result of the production

of free radicals associated with catecholamine
metabolism35. The hydrogen peroxide (H2O2) de-
rived from MAO represents a special source of
oxidative stress in brain. Hence, an increased
MAO activity during diabetes in the brain could
be an important mechanism for increasing H2O2
production in the diabetic rats, thereby, increas-
ing oxidative stress11,14. The treatment of diabetic
animals with insulin and TSP normalized the in-
creased activity of MAO to nearly control levels
with insulin and TSP administration. TSP might
also protect the enzyme activities by preventing
hyperglycemia-induced.
Present results showed that diabetes induces a sig-

nificant decrease in the membrane fluidity and the
bilayer lipid membrane becomes more rigid than
normal. The decrease in membrane fluidity in synap-
tosomes from the diabetic brain could be due to the
peroxidation of membrane phospholipids through
free radicals, generated by persistent hyper-
glycemia8,12,15,34,36. Insulin and TSP treatment brought
the membrane fluidity values close to controls. Dia-
betes could, therefore, affect the overall physiologi-
cal responses in the central nervous system.

Figure 5. Immunohistochemical analysis (A) of glucose transporter (GLUT4) (shown by black arrowheads) in the cerebral
cortex of control (C) diabetic (D) and diabetic treated rats with insulin (D+I) and Trigonella (D+T). Immunohistochemical
quantification (B) of GLUT4 in cerebral cortex of control (C) diabetic (D) and diabetic treated rats with insulin (D+I) and
Trigonella (D+T). Values are given as mean ± SEM and statistical significance: *p < 0.05.
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The formation of neurolipofuscin content was
increased in experimental diabetes as reported
earlier16,37, in the brain, suggesting that diabetes
could have functional change in the neural tissue.
Insulin and TSP treatment to diabetic animals re-
sulted in a decrease in neurolipofuscin content.
Inhibition of neurolipofuscin content and restora-
tion of membrane fluidity by insulin administra-
tion and TSP strongly suggests anti-lipidperox-
idative abilities of TSP21,38.
Oxidative stress is known to play an important

role in the pathogenesis and complications of di-
abetes and as a result increased risks of oxidative
DNA degradation have been observed in diabetic
patients39. In the present results, oxidative DNA
degradation was increased in the DNA sample
isolated from cortex of diabetic animals as com-
pared to the normal controls, as has been shown
earlier40,41. Administration of TSP and insulin re-
stored the DNA degradation in diabetic groups
close to controls.
Glucose is the major source of energy in the

mammalian brain. In the present study expression
of GLUT4 was decreased in diabetes, which
showed that there was an alteration in the glucose
transporter in brain, which is supported earlier
study of Vannucci et al17. The reduction in the
GLUT4 level results in decreased uptake of glu-
cose and, therefore, contributes in the increased
blood glucose levels in diabetic conditions.
GLUT4 distribution in brain tissue of control,

diabetic, and diabetic treated rats was also moni-
tored by immunohistochemistry and analyzed by
light microscopy. The results are in agreement
with those obtained with RT PCR and Western
blotting. GLUT4 was localized predominantly in
the membrane in control rat brain. With diabetes
there was a marked decrease in the GLUT4 dis-
tribution in the membranes. GLUT4 appears to
be relatively abundant in the control rat than in
diabetic rats. Treatment with insulin and TSP
separately corrected the alterations in the distrib-
ution of GLUT4 and expression of GLUT4 mR-
NA and protein in the rat brain18,31.
In agreement with earlier findings, our find-

ings showed that the GLUT4 diminished in dia-
betic rats when compared with respective control
(Figures 3, 4, 5). A possible role for TSP on
GLUT4 during diabetes, may result in an impair-
ment of GLUT4 function emphasizing effects of
TSP in GLUT4 action. Administration of TSP
and insulin restored the GLUT4 protein expres-
sion in diabetic groups. Earlier from our labora-
tory Mohammad et al6 showed that TSP treat-
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ment restored the GLUT4 in skeletal muscle of
alloxan diabetic rats19,20.
The components responsible and the mecha-

nism by which TSP exerts these effects in not
clearly understood. However, as mentioned earli-
er, several studies have shown the presence of
steroid saponins in TSP seeds. 4-hydroxy-
isoleucine, a modified amino acid extracted and
purified from Trigonella seeds, stimulated insulin
secretion. The active component of Trigonella
foenum-graecum seeds has been found to be as-
sociated with the defatted part of the seeds, rich
in fibre containing steroidal saponins and pro-
teins comparable to those of soybean12,42,43. A
possible mode of action of TSP suggested was an
effect on intestinal carbohydrate digestion; it was
found to decrease digestion of starch and also
glucose absorption both in vivo and in vitro, may
be as a result of a direct inhibitory effect on the
digestive enzymes7,44,45. Trigonella is also known
to rejuvenate the beta cells of pancreas9,12.
The experimental animal model of diabetes

mellitus of the present study is similar to type-1
diabetes, in which insulin secretion is defective
due to alloxan induction. Earlier studied showed
that hyperglycemia during diabetes has been
shown to generate free radicals, increase damage
to membranes and decreased antioxidant sta-
tus10,12,15. Administration of TSP for three weeks
to alloxan diabetic rats stabilize glucose home-
ostasis in brain by normalizing the glucose and
membrane linked and antioxidant enzymes6,33,34.
Trigonella seed supplementation in the diet nor-
malizes the free radical metabolism in alloxan di-
abetic rats4, 35,42.
Our findings showed that three weeks treat-

ment of the diabetic group with insulin, and TSP
separately resulted in a marked reduction in hy-
perglycemia in the alloxan diabetic animals. TSP
improved glucose homeostasis in diabetes by de-
creasing oxidative stress, probably by enhancing
or mimicking insulin action6,12,22,43. Present find-
ings indicate that the TSP exerts its antidiabetic
effects, probably mediated through a decrease in
hyperglycemia and oxidative stress, thereby,
ameliorating the control and management of dia-
betic complications.

Conclusions

Our investigation leads us to conclude that TSP
administration to diabetic rats significantly and
effectively reversed the diabetic aberrations ob-
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served, in the brain. Trigonella, therefore, repre-
sents a potentially useful dietary adjunct in the
treatment of diabetes and a potential source of a
new orally active antidiabetic dietary supplement.
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