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ABSTRACT

Diabetes mellitus is a chronic metabolic disomtbrch affects carbohydrate, protein, and fat
metabolism. associated with high morbidatyd mortality. characterized by hyperglycemia
together with biochemical alterations of glucose #ipid metabolism. Hyperglycemia and
hyperlipidemia result in development of oxidatiieess, systemic and local inflammation
which were an critical factors for degradation (Btells, insulin resistance and type Il
diabetes .Herbal medicine is one of the therapesitategies in the management of diabetes
mellitus. It is considered to be less toxic andehewer side effects than synthetic orfdee
objective of this study was to investigate the slle protective effect offrigonella
foenum- graecurh. seeds(TFG) extract in High Fat Di&treptozotocin -induced toxicity in
mice. The seeds of TFG were defatted by soxhelt appavsitiisn-hexane ,then marc was
macerated with ethanol to obtain total ethanolaett Thirty two male albino mice were fed
high fat diet for two week plus single dose of gtogotocin 120mgkg intraperitoneally to
generate typell diabetes model with increasedomityp The protective and hypoglycemic
activity of seeds extract against toxicity angérglycemia induced was evaluated in mice.
Glimepiride was used as a standard treatment .FR@m C-peptide ,TC , Triglycerides
JHDL, LDL levels were measured at the end of" 28y of experiment then the animal
sacrificed and liver and pancreas sections wergapeel and stained for histological
evaluation. This study was resulted in tfidG) seed extract cause; FBG, serum lipid profile
in hyperglycemic mice significantly decrease, kaalncrease serum C-peptide ,Glutathione
and decrease Malondialdehyde levels significantigngared to untreated group; this was
associated with improving histological featurest tivapaired during STZ exposure. In
conclusion, Defatted seeds extract has potentiithgperglycemic and hepatoprotective
effect with free radical scavenging ability agaiS3tZ-induced toxicity.
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1. INTRODUCTION

Currently, there is an increasing number of peapitferingfrom diabetic diseases
resulting from a sedentary lifestytbe consumption of a high-caloric diet, obesity attiers
[1].Diabetes is associated with hyperglycemia, ab@rized by a high blood glucose
concentrationaltered metabolism of lipids, carbohydrates andgmmoand increased risk of
complication from various diseases [2]. This disosrdcan cause microvascular and
macrovascular complications which increase the rmftemorbidity and mortality[3].
Hyperglycemia and hyperlipidemia result in develepmmof oxidative stress, systemic and
local inflammation which were an essential factéos degradation off3-cells, insulin
resistance and type Il diabetes[4]. The main factovolved in the progression of (DM) are
augmentation of lipid peroxidation, free radicabghuction ,impaired glutathione metabolism
,alteration in antioxidant enzyme activity, and Higlucose level can stimulate free radical
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production. Weak defense system of the body becamable to counteract the enhanced
ROS generation and as a result state of imbalaetvecken ROS and their protection occurs
which leads to domination of the condition of osida stress [5]. Streptozotocin is an
alkylating agent belongs to nitrosoureas drugs ianglas a pancreatic beta-cell-specific
cytotoxin, induced cytoxicity in pancreatic cellssvmediated by an increase in oxidative
stress ,alteration in cellular metabolism ,and ofitmdrial dysfunction[6]. currently STZ is
used mostly as an investigational Drug For diebeesearch in rodents models by inhibiting
of B-cell O-GIcNAcase due to the diabetogenic effe¢tdPiverse oral hypoglycemic drugs
usedfor the clinical treatment of diabetes have chanastic side effecprofiles. Thus There
is a worldwide development to retutm natural resources which are culturally accdptab
and economically feasiblg]. Trigonella foenum-graecurh. was one of the most ancient
medicinal herbswas now widelycultivated as spice, tea and herbal medipogsess various
beneficial effects[9]. like antiseptic,antimicrobial, bactericidal, anthelmintic, antioait ,
and effective as a cancer chemo preventive agdnt[10

2. MATERIALS AND METHODS

Chemical:

Streptozotocin(STZ) was purchased froi8igma—Aldrich, USAGlimepiridewas purchased
from Sanofi- aventis ,Cholesterol powdes purchased from BDH, England. Reagent kits
for assay of lipid profile were purchased from Aftibdiagnostic- USA , C-peptide
diagnostic- ELSA assay kit was purchased from Miellsee Germany. Reagent ELSA -kits
for determination of serum malondialdehyde (MDA)daeduced glutathione(GSH) were
purchased from Shanghai- China. The work was don@accordance with the method
prescribed in each diagnostic kit.

Methods

The herb included in the present study véd identified and authenticated by
pharmacognacy department College of Pharmacy, Adtbdhsiriya University, Iraq)
Trigonella foenum- graecuiln extraction
thefresh dried seedseregrounded into fine powder using an electrical geindrhe dried
powder seeds(840 gndgfatted by soxhelt apparatwgh 1500 ml of n-hexane which spend
about 5 hourghen it was sequentially extracted by adding 140 igneach of the six flasks,
after that it was macerated with 80% ethaAdier that, the mixture filtered usinghatman
No.1filter paper[11]The filtrate was evaporated by rotary evaporatamuuan at 4T until
ethanol free extract was remained that containeddtal constituents of active ingredients in
TFG. Extract was placed in dark bottle and stotegi@ forfurther use[12].
2.1Experimental Animals

Thirty twoapparently healthy, albino male mice,2-3 months ageght about 26-30g.
were purchased from the departmerdiimal house- College of Medicine /AL Nahrain
University. Before starting the study, The animals were acdlmed in standard
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environmental conditions witfiesh water and standard foaat(libitum) for a week before
commencement dhe experiment.
2.2Hyperglycemia induction:

To generate a mouse model mimicking humae tygliabetes with increased adiposity
follow Xia et al, (2014)with small modification.STZ diabetogenic effect was induced in
mice by a single intraperitoneal injectiah120mg/kg body weight (BWJissolved in0.1 M
sodium citrate buffer (pH 4.5Y.he STZ injectiorwas administered after 2 weeks of HFD
(30% fat 70% standard chow)along with standard dieimediately after a 16 h fasting
period.Streptozotocin must be kept at an appropriate ¢éeatpre prior to preparation. STZ
should be used within 5 minutes of preparation exxess discarded; due to the potential to
degrade[13].

Experimental Animals:

All experimental protocols were approved by thiics Committee of the College of
Medicine /AL NahrairlJniversity.
Group | (citrate buffer groupgight mice were injected with citrate buffer aldrie) after 2
weeks of HFD.
Group II: ( Diabetic control group): eight mice weanjected with STZ(1.P) 120mg/kg (BW)
+ HFD.
Group 1l (Glimepiride group): eight mice were infed with STZ(l.P) 120mg/kg (BWA
HFD, the animal were orally gavaged with 10 mg/k@(P (BW)of glimepiride.
Group IV (Trigonella foenum- graecurgroup): eight mice were injected with STZ(I.P)
120mg/kg (BW) + HFD, the animal were orally gavhgath 100 mg/kg (BW)ofTrigonella
foenum- graecureeed extract.
blood glucose levels were measured in blood samgddected from tail vein puncture
overnight fasting, using a glucose analyzer(ACCUEBH [14].
Fasting blood glucose level 200mg/dl; mice weresader diabetic and selected for the
study.
bothcitrate buffer and diabetic control mice receivedtreatment. The dose of Glimepiride
was selected according to Fougtdal, (2013)[15]. All the control and experimental groups
were then gavaged with DW and standard food aestel week.
2.3Blood collection:

At the end of experiment, all groups werbjscted to blood collectioanderanesthesia
by ether inhalation ,the mice were fasted (water mestricted) overnight before blood
collection .The blood was collected by the hearqgbure. Blood sample was collected in a
dry test tube and allowed to coagulate at room &ratpre for30 min. The blood samples
were separated by centrifugation at 3000RPM fornf#iAute. at the end of 28th day of
experiment then the animal sacrificed and lived @ancreas sections were prepared and
stained for histological evaluation.

2 4Histopathology of mouse pancreas and liver:

At the end of 28th day of experiment théwe animal were sacrificed, liver and pancreas

sections were prepared and stained for histologiealuation.
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The isolated pancreas and hepatic tissues sedb@tsin 10% neutral bufferefbrmalin,
dehydrated by passing through a graded sefiescohols, and embedded in paraffin blocks
and 5y m sectionsvere prepared using a semi-automated rotary micrefdhe sections

were stained in hematoxylin and eofthE) stains. The sections were mounbsddisterene
phthalate xylenestains, sections were examined under Iigltroscopd16] [17].

2.5. Statistical analysis[18]

The statistical analysis was performed usiig Statistical Analysis System- SAS
(2012) program was used to effect of differencédiacin study parameters. Least significant
difference —LSD test (ANOVA analysis) was usedigmgicant compare between means of
groups in this study , data were expressed as m8&M, where P value0.0 5 was
consider to be significant.

3. RESULTS
3.1. Amount of herbs crude ethanol extractg11]

Recovery of the extracts was calculatedias ¥%) using the following equation: Yield
(%) = [Wf/Wi] x 100, where (Wf )is the final weight of theude extract powder and( Wi )is
the initial weight of the raw materialhe total percentage of crude extracts, extragi@uh f
(840gm) ofTrigonella foenum -graecutlrave been mentioned in table 1.

3.2 Serum lipid profile:

From data presented in table2, it is obsethedl the administration diligh Fat Diet/
Streptozotocin -induced toxicity in mice (Group,dd cause significant increase in lipids
profiles levels. Concurrent administration of etblanextract of(TFG)atl00 mg/kg
(BW),showed a significant reduction in the levelserum TC,LDL,VLDL ,as well as TG.

3.3 Fasting blood glucose and serum C-peptide:

FBG significant increase following inductiserum C-peptide also significantly decrease
in mice (Group Il),while there is a reductionkBG and elevation in serum C-peptide level
in groups treated with ethanol extract of(TFG)segidhepiride group respectively.

3.4 Antioxidant activities:

The serum MDA levels were significantly incredsin induced(non- treated) group in
comparison with (group 1) injected citrate buffarly andsignificant reduction GSH level
.Meanwhile, the ethanol extract of(TFG)seed gindepiride treated group causignificant
reduction in the MDA levels and significant elewattin GSH level.

Tablel. Yield obtained from herb crude extract ofTrigonella foenum-graecunseeds

Extract Weight (g) Percentage
(%)
Trigonella foenum-graecuBxtract | 74.92 8.92

Table2. Comparison between( citrate buffer) and indced diabetic (non-treated) group and
induced treated with TFG seed extract in relation ¢ different parameters.
Mean *Error
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Group (Citrate buffer) (Induced) Trigonella foenum
—graecumextract

:;'I;’lept'de "9/ 1 15+ 0.0 0.80 + 0.03 1.91 +0.08b

TC (mg/dl)! | 96.39 + 0.0 115.66+0.02 | 105.79+ 0.0b

TG (mg/dl) | 89.96 +0.009 | 248.31+11.76 | 81.10+0.95

HDL (mg/dl)" | 40440121 | 18.11+0.00% | 48.89 +0.02

LDL (mg/dl)’ | 37.60+0.009 | 245624435 | 35.90 + 0.95

VLDL 30.32 +0.0b | 62.270.4% | 16.08+1.38

(mg/dI)!

Glucose 11525 +0.5h | 305.06+16.% | 109.25+2.1b

(mg/dl)

MDA (unitml) | o5 77+ 0.68c | 2055+0.50 | 24.90 £ 0.42

GSH (unit /mb | Je 54+ 0.4e | 4540+0481 | 49.55+0.78¢

C-peptide level, TC: total cholesteral, TG: triglycerides', HDL: high density lipoproteift, LDL:
low density lipoprotein, vLDL: very low density lipoprotein'', blood glucose’' ,MDA:
Malondialdehyd€e"", GSH: glutathione’

** (P<0.01).Means having with the different letters in sameuowt differed significantly.

Table3. Comparison between induced diabetic (non-#ated) group and induced treated with
TFG seed extract and induced treated with glimepirde in relation to different parameters.
Mean *Error

Group (Induced) I;irgaoerleulf]lei(:reancl:m Glimepiride
i’lg’leptide "9/ .80 + 0.0 1.91+0.08b 2.10+0.0%
TC (mg/dl)" 115.66 +0.02 | 105.79+ 0.0 104.69 + 0.0
TG (mg/dl) " 248.31 +11.758 81.10 £ 0.95 45.89 + 0.009
HDL (mg/dl)" | 18.11 + 0.00% 48.89 + 0.02 53.79 £ 0.004
LDL (mg/dl) " 245.62 +4.38 35.90 £ 0.95 34.49 + 0.008
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VLDL 62.27+0.4% | 16.08+1.38 10.24 £ 0.008
(mg/dI)
Glucose 305.06 +16.% | 109.25 + 2.1 79.12 +5.82
(mg/di)”!

, 26.77 £ 0.55
MDA (unitm) | 5955+ 050 | 24.90 £ 0.42

. 51.92 +47a

/C:nsl)ll nit| 454040481 | 49.55+0.78¢

C-peptide level, TC:total cholesterol, TG: triglycerides', HDL: high density lipoproteir, LDL:
low density lipoprotein', VLDL: very low density lipoprotein'', blood glucose"!, MDA:
Malondialdehyde"", GSH: glutathioné&

** (P<0.01).Means having with the different letters in sameuowoh differed significantly.

Table 4.MeanzError body weights of study groups.

Group Day: 0 Day:7 Day: 14 | Day: 21 Day : 28
(Citrate buffer) | 28.24 + 0.52a | 29.13 31.46 +| 30.84 + 0.57| 30.02 +
0.43b 1.10a a 0.55a
(Diabetic 29.92 £ 0.8 | 38.56 31.30 30.85 + 2.37| 31.54+ 1.48
induced) 6.52a 1.38a a a

I+

I+
I+

(Glimepiride) | 29.38 +1.04a | 29.62 +| 30.95 +|29.76 + 0.91] 29.43+ 0.71
0.94b 0.82a a a

(TFG extract) | 30.98 + 1.5 | 30.80 +| 32.48 +£|30.98 + 1.29| 31.24 £
1.44ab 3.22a a 1.01a

* (P<0.05), NS: Non-Significant. Means having wikie different letters in same column differed diigaintly

3.5 Histopathology examinations

1. Liver histopathology
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Image:1.(A &B) Section of Mice liver for (citrate buffer group) showing mild and focal
microvesicular steatosis(fatty changeqyed arrow) of hepatocyte of the liver H&E . 0X)

Image :2. (A &B) Section of Mice liver tissue for $§TZ group)showing marked and diffused
microvesicular steatosis (fatty changes)r€d arrow)and hypertrophy of the hepatocyte(reen
arrow) , dilated and congested vein and sinusoid with tai periportal inflammation H&E .(20X)
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Image: 3. (A &B) Section of Mice liver tissue for ¢limepiride group) showing restoration of the
normal hepatocyte architecture with disappearance fothe mild hepatocyte steatosis réd
arrow)and decrease in the periportal inflammation H&E.Q0X)

Image: 4. (A &B) Section of Mice liver tissue for Trigonella foenum- graecum groupshowing
restoration of the normal hepatocyte architecture ‘ith disappearance of hepatocyte
steatosisfed arrow), with no portal or decrease interface inflammatio H&E.( 20X)
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2. Pancreas Histoloqy

Image: 5 .Section of Mice pancreatic tissue sectiofor (citrate buffer group) showing normal
pancreatic islets(ed arrow), and normal pancreatic acini (reen arrow) H&E. (20X)
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Image: 6. Section of Mice pancreatic tissue for (S'group) showing shrinkage and reduction in
overall number of pancreatic islet (ed arrow), and size of acini {reenarrow), and abnormal
architecture H&E. (20X)
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Image:7.Section of Mice pancreatic tissue section for ( Glimepiride group) showing
improvement in the structure of the pancreatic isleé (red arrow), and acinigreen arrow)
H&E. (20X)

Image:8.Section of mice pancreatic tissue sectiorfor ( Trigonella foenum —graecumgroup)
showing improvement in the architecture of the paneatic islet(red arrow), and normal in
the size, round in shape of acinigfeen arrow) H&E. (20X)
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4. DISSCUSION

Trigonella foenum-graecum was one of the most ancient medicinal herbs{3jas
been shown to have a variety of biological actgtilike in the treatment of menstrual
disorders ,including premenstrual symptoms anasisdic dysmenorrhea, for certain
menopausal conditions, for insufficient lactatidme total amount of FG seeds used in this
study were 840 gm., n-hexane was used for def&@adil from the seeds[20]in order to
exclude the surplus fatty components or lipids thedrfere with both extraction process by
adhering on the flask and biologic effect inside lody[21].

In present study, it was essentfak us to develop a suitable animal model of
hyperglycemia, insulin resistance, and mitochomdri@dysfunction, resembling the
characteristics seen in human type Il diabetesitonelIHigh-fat diet was one of unhealthy
lifestyle that can cause abnormal cholesterol evel [22].
Also, [23] Rui-Liet al (2006) reported that high fat diet (HFD) inducéti@mal increases in
serum concentrations of total cholestelipid peroxidation, TG, and LDL-cholesterol, and a
decrease in HDL-cholesterol concentration in additto decreased lipoprotein lipase
activity, accompanied by a depressed antioxidafgnde system . Single high-dose injection
of STZ could induce hypoinsulinemia, hyperglycendaad mitochondrial dysfunctiofi24]

In addition, obesity, insulin resistance, which s&aufurther augmentation of hyperglycemia,
which mimicking human typell that induced by HFB[2 Therefore, HFD/STZ-induced
diabetic model was a useful animal model for sdareghypoglycemic drugs and studying the
corresponding mechanisms ;which agree witletLal (2014) induction protocol and support
present study results.
The results showed that HFD/STZ diabetic mice hathaificant reduction in BW, and an
obvious increase in blood glucose, serum TG, anghsd C levels in induced( non- treated)
group which were rescued to near normal with teattment of (TFG) seed ethanol extract
and glimepiride. Hyperglycemia and hyperlipidemisult in development of oxidative
stress, systemic and local inflammation which waareessential factors for degradationsef
cells, insulin resistance and resembling type débdies [4] Oxidative stress in STZ induced
diabetic animals is due to glucose auto-oxidatfofein glycation, formation of advanced
glycation products that generates free radicald {6ich play a main role in beta cell
destruction linked to STZ, and these result agneth Ahangarpouret al (2014)
demonstrated that hyperglycemia-induced destnuatio pancreatic beta cells could be a
consequence of the oxidative stress; thereforetioyamant compounds possess protective
effect against the damage induced by hyperglycel@ondialdehyde (MDA), which was a
product of lipid peroxidation or reaction of oxygefith unsaturated lipids[27] were highly
significant upsurge in induced (hyperglycemic) midable 3.2). The elevated levels of
MDA in induced (hyperglycemic) mice suggest incezhéipid peroxidation in fat deposits
that could be released and have detrimental eftectsepatocytes and other hepatic cells. In
hepatocytes, ROS and lipid peroxidation productth@&r impair the respiratory chain, either
directly or indirectly through oxidative damageti@ mitochondrial genome. These features,
in turn, lead to the generation of extra ROS, andceus cycle ensues. Finally, ROS and
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lipid peroxidation products also activate stelle¢ls, thus resulting in fibrosis [28] Besides,
the results were supported by histological exarmonatvhich showed degenerative changes
in the liver and reticular changes of islets aslence of fibrosis on pancreas; image 2&6.

Glutathione is an intracellular hydrophilantioxidant[29] .lt was the most vital
endogenous defense system against oxidative gtrbssly and it plays a role in maintenance
of membrane protein -SH groups in the reduced fdinem,oxidation of which can otherwise
cause altered cellular structure and function [3@j this study, the serum lipid profile and
MDA and fasting blood glucose levels was found ¢odeclined with ethanolic extracts of
Trigonella foenum -graecumirtemisia vulgarisand their combinations in comparison with
induced (non- treated) group; Table 3.3. The re&dstind that may owing to the presence of
polyphenols; which possess the ability to scaveegetive oxygen species[31].

Normal architecture in the liver histologyy steatosis, no inflammation, and no triaditis
or necrosis was observed indicate thaigonella foenum-graecum processes good
antioxidant activity.

The histopathological study of diabetic tegbgroup specified increased volume density
of islets and increased proportion of beta catighe diabetics that received the extracts,
which may be a sign of regeneration; Image:4.

Signs of regeneration of 3 -cells, poterdiatdf insulin secretion from surviving 3 cells
of the islets of Langerhans and decrease of bldaodoge level that have been reported
following consumption of some plant extracts.

The results of present study showed appesttorrelation between hypoglycemic effect
and free radical scavenging activity in TFG ethadtact.

5. CONCLUSION

Findings suggest Defatted seeds extraatment has potential anti-hyperglycemic and
hepatoprotective effect with free radical scaveggbility against STZ-induced toxicity. In
addition to therapeutic protective effect aganisbetes by decreasing oxidative stress and
preserving pancreati@-cell integrity. Consequently TFG may be clinicallseful for
protectingp cell against oxidative stress.
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