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Abstract—This study was conducted to evaluate the anti-diabe

properties of ethanolic extract of two plants comiyaised in folk
medicine, Mormodica charantia (bitter melon) and rigdnella
foenum-graecum (fenugreek). The study was performedSTZ-
induced diabetic rats (DM type-l). Plant extractshese two plants
were given to STZ diabetic rats at the concentnatitb 500 mg/kg
body weight ,50 mg/kg body weight respectively. d@lidage®
(metformin HCI) were administered to another gréapsupport the
results at a dose of 500 mg/kg body weight, tharethc extracts and
Cidophage administered orally once a day for foeeke using a
stomach tube and; serum samples were obtained iémhdmical
analysis. The extracts caused significant decreasghicose levels
compared with diabetic control rats. Insulin sdoret were increased
after 4 weeks of treatment with Cidoph8geompared with the
control non-diabetic rats. Levels of AST and ALVeli enzymes were
normalized by all treatments. Decreases in liveolesterol,
triglycerides, and LDL in diabetic rats were obsetvwith all
treatments. HDL levels were increased by the treatmin the
following order: bitter melon, Cidopha§eand fenugreek. Creatinine
levels were reduced by all treatments. Serum nitrxide and
malonaldehyde levels were reduced by all extrae®&H levels were
increased by all extracts. Extravasation as medshyethe Evans
Blue test increased significantly in STZ-inducedlditic animals.
This effect was reversed by ethanolic extracts ittetbmelon or
fenugreek.

Keywords—Cidophage®, Diabetic rats, Mormodica charantia,

Trigonella foenum-graecum

|. INTRODUCTION

IABETES mellitus (DM) is a syndrome of disturbed

energy homeostasis caused by the abnormal metaboli

of carbohydrates, proteins and fats. It is the nmmshmon
endocrine-metabolic disorder worldwide [1] amongesth
natural products.
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Fenugreek seedrigonella foenum-graecum L.) has been
shown to reduce glucose levels in type 2 diabetes raay
help do so in type 1 (insulin-dependent) diabet&} |
Momordica charantia, also referred to dsitter melon or bitter
gourd, is commonly known as vegetable insulin aas lheen
used as a traditional anti-diabetic remedy for mgseyrs [4].

Most prior studies with these plants were focusedteir
actions on hyperglycemia and/or insulin metabolisiowever,
their effects on peripheral circulation and vascydathology
are still unclear. Thus, the present study was makien to
investigate the effects of extracts of these plamtssascular
permeability in peripheral circulation and theifeets on nitric
oxide and oxidative stress in rats with streptozimténduced
diabetes.

[l. MATERIALS AND METHODS
A. Experimental Animals

Male Sprague-Dawley rats weighing 200 to 220 gmewer
housed in the Physiology Department, Facultyeferinary
Mansoura University. Animals were left for one wetk
acclimatize. Rats were kept six rats per cage amdew
provided with a standard diet and waaedibitum.

B. Sreptozotocin-1nduced Diabetic Animal Model

The induction of diabetes was performed using the
diabetogenic compound streptozotocin (STZ) [5odm study,
a single dose of 50 mg/kg of streptozotocin STZgif®i
Chemical Company, St. Louis, Missouri) in 0.1 Mraie
Buffer (0.1 M citric acid, 0.1 M trisodium citratpH 4.5) was
administrated intraperitoneally in a total volumgé 100 ml.
After 3 days of STZ injection, blood samples wexken from
tip of the tail and hyperglycemia was confirmedrbgasuring
blood glucose levels directly using a glucometend&ouch
technology, Roche Group, UK). Animals showing fagti
blood glucose levels higher than 250 mg/dl weresm®red
diabetic and were included in the study. Treatrmeat started
after 3 days of induction of diabetes and continded 4
weeks.
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Animals were divided into the following groups (&t immunoassay using an Elecsys autoanalyzer (Roche
each): Diagnostics Mannheim, Germany) according to the
manufacturer’s instructions [16].
e Group (1): healthy rats that served as normal

controls F. Measurements of Microvascular Permeability (Evans
. Blue Assay)
. dGrou([j)_ (b2):_ rats thc"lalt received STZ only and +pq Evans blue (EB; a tetrasodium diazo salt) gasation
served as diabetic controls test was used to measure vascular permeability. [EVans

e Group (3): diabetic rats that received dail)}Jlu? (20 mg/kg) was injected "_“0 the caudal_ veMlgre it
doses of 500 mg/kg BW Cidophdge rapidly _bound to plasma albumin. After 1_0 minutasjmals
were killed and samples of dorsal skin were taken
« Group (4): diabetic rats that received dailydetermination qf the extravasated Evans blue. bfalhe _skin
doses of fenugreek ethanolic extract (50 mg/kg BW)Sample was dried at 60°C for 24 hours, and a diyivesght
ratio was calculated to avoid underestimation of Hjge
+ Group (5): diabetic rats that received dailyconcentration due to local edema. The other hadf placed in
doses of bitter melon ethanolic extract (500 mg/kg formamide solution (4 mL/g wet tissue) for 24 dr flye
BW) extraction. The extracted amount of EB dye was rdeted
by spectrophotometry at 620 nm using a 96-well optate
N.B.: (All groups received their doses by stomade) photometer. The concentration of EB was then cated! from
C. Preparation of the Ethanolic Extracts l[allgiéndard curve and expressed as pg of EB pedyy dssue
Bitter melon fruits were cultivated at the Faculof
Agriculture-Mansoura University. Fenugreek was pased G. Wound Creation
from local commercial sources in Mansoura city. cdat of Wounds were created three days after the inductibn
250 g of either ground dry fenugreek seeds or gtauitter djabetes. Under anesthesia, the backs of all the ware
melon was extracted with 1.0 L of 95% ethanol fafays. The shaved and skin wounds were prepared (2.5 cm imedex
extract was evaporated to dryness in a rotavapor B®W  and ~ 0.1 mm deep) [19]. Animals were sacrificediays 3
Equipment, Chennai, India) at 40-50°C under reducethd 28 after wound creation. Skin samples weresegcand
pressure. A semisolid material was obtained (15gP@nd fixed in 10% formalin. Slides were stained with fataxylin
stored at 0—-4°C until use. When needed, the relselteact and eosin (H&E) for examination by light microscopy
was resuspended in distilled water and used ity at the

—

previously stated concentrations.[6] H. Histopathological Analysis
D. Blood Sampli Pancreas and skin wound tissues from each rat fiverg
- bloo piing overnight in 10% buffered formalin solution and exdded in

Four weeks after STZ injection, food was withdral@n12  paraffin. Sections (4um) were prepared and stained with
hours. The fasting animals were sacrificed and dlsamples H&E.
were collected into clean centrifuge tubes. Theothleamples
were allowed to coagulate and were centrifugedC@03pm |. Satistical Analysis
for 20 minutes to separate the blood serum. Segthis#rum  Data were analyzed by analysis of variance usirg th
was stored at -2€ for subsequent biochemical analyses. general linear model procedure in SAS (SAS Ingjt@004)

E. Biochemical Analyses [20].

Serum glucose levels were determined according to a m
method described by [7] Serum levels of alanine '
aminotransferase (ALT) and aspartate aminotranstefaST) A. Serum Glucose Levels
were determined according to the method of [8] The
determination of serum creatinine was performediting to
[9]. Serum cholesterol and HDL-cholesterol level®rev
determined according to the method of [10]. Detaation of

RESULTS

Serum glucose levels were significantly increasedhie
diabetic group when compared with the control grokpur
weeks post treatment, glucose levels were sigmifiga
seum tigyceres as perormed accovng o [Sum 5SS 1) 8L Sea g 1 e oloundrel
LDL-cholesterol was determined according to [12]]) ) phage ’ ug
Determination of serum reduced glutathione (GSH)s wa’

performed according to [13]. Determination of mitxide

(NO) was performed according to the method of [Bgrum

lipid peroxide (Malondialdehyde) was determined cading

to [15]. Serum insulin was determined by automdtesilin
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TABLE |
EFFECTS OFDIFFERENTTREATMENTS ON THEINDICATED BIOCHEMICAL PARAMETERS

Group mg/d| uU/mL IU/L IU/L Mg/dL
Normal control 98.33 + 4.84 5.29+0.008 30.66 + 1.26 8.33+1.88 0.54 + 0.08
Diabetic control 611.33+7.28 2.11+0.06 81 +2.08 38.33 +2.60 1.56 + 0.0
Cidophage® 106.33 + 4.86 4.61+0.18 31+2.08 12 + 0.58° 0.61 0.0
Fenugreek 130.33 + 6.48 4.18+0.04 35.33+0.3% | 13.66 +0.6% 0.6 + 0.06°
Bitter melon 115 + 7.08¢ 4.50+0.17 32 +3.61 13 +1.1%8¢ 0.57 +0.03
LSD 19.82 0.36 7.015 4.289 0.1666

Values are mean £S.E. Values denoted by differtrs in each column were significantly differab{P< 0.05).

HDL levels in the diabetic group, indicating disteg lipid
T o ~ metabolism. Four weeks post treatment, cholesterol,

_Serum insulin levels were significantly decreasedthe trigycerides, and LDL levels were reduced siguifitly in the
diabetic group compared to the control group. Tesit with  following order: bitter melon, Cidophale and fenugreek
Cidophag& and bitter melon significantly increased insulingTaple I1). HDL levels were significantly increasdsy all
levels, and there was no significance differenceveen the reatments in the following order of effectivenesitter melon
diabetic group and the fenugreek group (Table I). Cidophag®, and fenugreek (Table II).

B. SerumInsulin levels

C. Liver Enzymes F.Free Radicals and Antioxidants

After four weeks of treatment, both AST and ALTé&  gijgnificantly increased  serum  nitric  oxide and
were significantly decreased by the extracts, with order of malonaldehyde levels and significantly decreaseduced
effectiveness being Cidophdgebitter melon, and fenugreek gjytathione levels were observed in the diabetmugr Four
(Tables 1). weeks post treatment, serum nitric oxide and méademyde

- levels were significantly reduced by all compouridsthe

D. Serum Creatinine Level following order: bitter melon, CidophaBe and fenugreek

There was a significant increase in creatinine l&eve the (Table 11I). Reduced glutathione levels were insegh by all
diabetic group. Four weeks post-treatment, crewmifevels treatments in the order fenugreek, bitter melond an
were reduced by bitter melon, Cidoph8gend fenugreek, in Cidophag@ (Table III).
that order (Table I).

E. SerumLipid Profile

There were significant increases in the levels efus
cholesterol, triglycerides and LDL and significgntlecreased
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TABLE I
EFFECTS OFDIFFERENTTREATMENTS ONLIPID PROFILE PARAMETERS
Group Cholesterol Triglycerides LDL HDL

mg/dl mg/dL Mg/dL Mg/dL
Normal control 114.33 +4.37 119 + 2.08 48.53 + 4.6% 42 + 0.9CF
Diabetic control 204.67 +5.49 245.67 +6.39 141.51 +6.23 14.03 + 2.04
Cidophag® 97.33+4.9% 111 +5.2%¢ 34.61 + 4.4€ 40.53 0.6*
Fenugree 106 + 4.0 118 + 4.1° 4510 + 4.6 37.3+ 1.4
Bitter melon 93.67 + 2.85 105 + 2.65 31.18+3.28 | 41.48+1.07
LSD 13.18¢ 12.53¢ 14.3¢ 3.83¢

Values are mean +S.E. Values denoted by diftdetters in each column were significantly differat (P< 0.05).

G.Level of Vascular Permeability
There was a significant increase in vascular pebitigain

H. Histopathology of the Pancreas
The histological structures of the pancreases @fribrmal

the diabetic group compared to the normal groupr Feeeks controls (Fig. 2A) showed predominant exocrine peatc

post treatment, EBET levels were significantly reetli by all

tissue composed of acini with draining ductules.rdéwer,

compounds in the following order: Cidoph&gditter melon each islet was separated from the acini by a daticu

and fenugreek (Fig. 1).
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Fig. 1 Vascular permeability as indicated by EvBhg skin assay

TABLE IV
FoLD CHANGE OF THESTUDIED BIOCHEMICAL PARAMETERS FROM THE
CONTROL VALUES AFTER THEDIFFERENTTREATMENT

STZ | Cidophage| Bitter melon| Fenu

® greek

Glucose 6.22 1.08 1.17 1.33

Insulin 0.40 0.87 0.86 0.79
AST 2.64 1.01 1.04 1.1¢
ALT 4.6C 1.44 1.5€ 1.64
Creatinine 2.91 1.1% 1.0€ 1.11
Cholesterol | 1 7¢ 0.8t 0.82 0.97
Triglycerides | 2 oe 0.9¢ 0.8€ 0.9¢
HDL 0.32 0.97 0.9¢ 0.8¢
LDL 2.92 0.71 0.64 0.97

GSH 0.49 0.99 0.97 0.96

NO 20.1
8 2.10 2.33 2.43
Permeability | 9,60 1.75 1.94 2.66

membrane and was arranged in an anastomosingacgblialte
or in cords ofa cells, B cells, D cells and F cells. The
pancreatic islets of diabetic rats (Fig. 2B) reedasignificant
architectural disarray that sometimes extended ithe
surrounding exocrine tissue. Islets were damagddshrunken
in size and the infiltration of very few lymphocgtevas
observed. In treated diabetic rats (Fig. 2C and, 2bg
endocrine component of the pancreas (the islets of
Langerhans) retained normal histology, with scattarodules
within the substances of the exocrine pancreas,eahibited
no pathological changes (i.e., no signs of pantti®at

I. Histopathol ogical Results of Skin Wounding

1. Three Days Post-wounding

In the normal control group, the wound gaps welledi
with blood clots (consisting of fibrin, neutrophiésxd blood
platelets), and the content of inflammatory celfsaihly
neutrophils) increased to a peak at three dayserldhe
neutrophils were replaced by macrophages (Fig. 3&e
inflammatory response covered the wounds with thiiaksts
(necrotic inflammatory cells, tissue and bactecialbny). Re-
epithelialization was seen starting from the wowuges. In
the diabetic control group, the wounds showed fewer
inflammatory cells compared with the non diabetioup (Fig.
3B). The wounds of diabetic rats treated with fepeg
showed an increased number of inflammatory celisnpgared
with the diabetic group (Fig. 3C). The wound hegliof
diabetic rats treated with bitter melon showedrdiammatory
phase with more inflammatory cells than observe@rioups 2
and 3 but still fewer than in the control groupg(R3D).

2. Twenty-Eight Days after Wound Creation

The wounds created in the control group showed maatu
epidermis with epidermal papillae beside maturerofils
tissue, with few remaining inflammatory cells (Fp). In the
diabetic group, the created wounds showed complete
epithelialization of the dermis with an absenceepidermal
papillae; crust remnants were still observed. Themis
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showed less mature granulation tissue infiltratedth w [
numerous inflammatory cells (Fig. 4B). The wounds o
diabetic rats treated with fenugreek showed corepiet-
epithelialization with apparently normal epidernthaickness.
Granulation tissue infiltrated with macrophages &@esn in the
dermis (Fig 4C). The wound healing of diabetic raeated
with bitter melon showed results similar to theyiwes group
except for the presence of epidermal papillae, nootlagen

Ny
1 v

Fig. 4 Photomicrographs of skin sections 25 days pound creation. A.
Skin of a control rat with a mature epidermis vafiidermal papillae (arrow)
alongside mature fibrous tissue and few inflammeatetls (arrowhead). B.
Skin of a diabetic rat showing re-epithelializatimfithe dermis with the
absence of epidermal papillae alongside crust retm@arowhead) and less

mature granulation tissue infiltrated with numermfiammatory cells
(arrow). C. Skin of a diabetic rat treated withdgreek showing complete re-

R LR il M CR Al L 2 epithelialization with apparently normal epiderrtiitkness (corrugated
Fig.2 Photomicrographs of pancreas sections showingormal rat pancreas ~ arrow). Granulation tissue infiltrated with macragles was seen in the
with normal acini (Ac) and islets (IL) containifigcells. B: pancreas of dermis (arrow). D. Skin of a diabetic rat treatdthvitter melon showing
diabetic control rat with shrunken islets. C: paasrof diabetic rat treated complete re-epithelialization (arrow) with appatgmormal epidermal
with 50 mg/kg b.wt of fenugreek. D: pancreas obdiic rat treated with 500 thickness alongside granulation tissue infiltratéth macrophages
mg/kg b.wt of bitter melon (H&E, 10X) (arrowhead). H&E, 10X

IV. DISCUSSION

Diabetes mellitus complications include cardiovéecu
disease, chronic renal failure, retinal damage, @oat wound
healing. Poor healing of wounds, particularly of fleet, can
lead to gangrene and require amputation [21]. Ebelies,
hyperglycemia often leads to various peripheral culzs
complications [22]. The present study shows tha¢ th
administration of bitter melon (BM) ethanolic exita(500
mg/kg BW) normalized fasting blood glucose leveisl1t17
times that of nondiabetic healthy control rats @mparison to
a 6.22-fold increase in untreated STZ diabetic. laenugreek
reduced the blood glucose levels to 1.33 times dfiaion-
diabetic healthy control rats.

Normally, blood glucose levels are tightly conteall by
A ; .| insulin, a hormone produced by the pancreas. imdolvers

Fig.3 Photlomicroglraphr:)f skin sections 3 days pastnding.A: Skin of a the blood glucose level in response to an influx of
e s oyt s gy g CAIDONYETaL. I the present stucy, serum insekels were
platelets alongside re-epithelialization (corrugaderow).B. Skin of a significantly reduced with the induction of diabet&reatment
diabetic rat showing fewer inflammatory cells ire inflammatory phas€. ~ With Cidophag® and bitter melon significantly enhanced
Skin of a diabetic rat treated with bitter melorithva thick crust (arrowhead), jnsulin secretion after 4 weeks of treatment. Feeek)
gri?l;'zti';’g;t';s:’; ggg:(;rm% ?g:u;::gﬁmﬁggt:szﬁwuﬁb esrk(')rf‘ normalized the effect of STZ injection on insulerceetion to a
neutrophils (corrugated arrow) and fibrin (thincavj alongside re- lesser degree. These data confirm the theoretieahanism of
epithelialization (thick arrow) H&E, 10X bitter melon in normalizing blood glucose levelsdnhancing
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insulin secretion [23],[24]. The liver is an impamt insulin-
dependent tissue that plays a pivotal role in gdecand lipid
homeostasis and is severely affected during dial2tg,[26].
In the present study, the induction of diabetesSBY in rats
induced elevated ALT and AST liver enzymes. Thessilts
are in accordance with previously published studégsorting
that the increase in ALT activity in diabetes isialyy due to
hepatocellular damage and is usually accompaniedary
increase in AST activity [27]. Moreover, AST and RAL
activity have been used as indicators of liver fiomc[28]. In
the present study, at four weeks post-treatmerth, AST and
ALT levels were normalized by Cidoph&géitter melon, and
fenugreek, in that order. The reversal of AST ahd Activity
in our treatment of diabetic groups to near normaie
evidence of the prevention of cellular and tissaendge by
these herbal extracts. These results are in agreewith a
previous study reporting that bitter melon sigmifidy
improved liver functions [29].

Liver tissue participates in the uptake, oxidatiand
metabolic conversion of fatty acids, the synthesif
cholesterol and phospholipids and the secretiorspecific
classes of serum lipoproteins. In diabetes, fattidsa are
increasingly taken up by the liver and, after eftation with
glycerol phosphate, are deposited as triglyceridesa result,
diabetic liver steatosis develops [30]. In the presstudy, at
four weeks post-treatment, the observed increassemm
cholesterol in diabetic rats could be due to inseda
cholesterogenesis [31]. The present study showeddceease
in liver cholesterol, triglycerides, and LDL in digtic rats
after treatment with bitter melon, Cidoph&gend fenugreek,
in that order. This reduction may be attributecitoincreased
clearance and decreased production of the majospoaters
of endogenously synthesized cholesterol and triglges.
HDL levels were increased by all treatments in fiilwing

creatinine and kidney weight and
filtration [39].

In diabetes, there is an increase the productioreactive
oxygen species (ROS) [40],[41]. ROS can be effebtiv
eliminated by several intracellular and extraceliul
antioxidant systems [42]. When the generation of SRO
exceeds antioxidant defense mechanisms, these blensta
molecules interact with biologic macromolecules hsugs
lipids, proteins and DNA and lead to structural raes and
functional abnormalities. It has been reported thateased
oxidative damage (measured as levels of malondigtiie
(MDA) or its product thiobarbituric reactive substes
(TBARS)) and lowered antioxidant defenses (measasethe
activities of antioxidant enzymes or vitamins EQ@yr are the
underlying mechanisms of diabetes complicationsinkrease
in TBARS levels promotes DNA and protein alterasipn
including changes in the activities of enzymes iogied in
lipid metabolism and the free-radical-scavengingcpss
[40],[43]. Similarly, increased levels of nitric ioke end
products have been reported in DM patients of [Marked
production of NO leads to pathological changes &mious
physiological systems [44], [45], leading to pegpdl vascular
diseases [46],[47]. Glutathione, the primary endogs
antioxidant, has a multifaceted role in antioxiddaefense and
is a direct scavenger of free radicals and is alrsisate for
peroxide detoxification by glutathione peroxidagés8]. In
agreement with these studies, we found that MDA B
were increased in diabetic rats compared to théraogroup.
Moreover, in the diabetic group, reduced glutathiomas
decreased, indicating a disruption in the balarfcihe redox
system. Four weeks post-treatment, serum nitricleoxand
malonaldehyde levels were reduced by all treatmémtsrder
of effect: bitter melon, Cidophafeand fenugreek.

In diabetes, several mechanisms participate in

improves glomerula

the

order: bitter melon, Cidophafieand fenugreek. These data argpathological changes observed in endothelial ceitsuding

in agreement with other studies reporting the gboif some
plants, such as bitter melon [33] and fenugreek],[34d
modulate lipid profiles.

Diabetes mellitus affects the kidney and is thelileg cause
of diabetic nephropathy [34]. Several studies hstvewn the
presence of lipid deposits in the kidney of diabdtumans
may play an important role in the pathogenesis iabetic
kidney disease [35]. Levels of serum creatinindecgfthe
kidney functions [36]. It has been reported tha thte of
glomerular cell (podocyte) apoptosis is increasedats with
streptozotocin-induced diabetes mellitus [37]. re@ment
with this study, we found that there was a sigaificincrease
in levels of serum creatinine after STZ injectiGiour weeks
post-treatment, creatinine levels were reducedIlyeatments
in the following order: bitter melon,

hyperinsulinemia, increased oxidative stress, awadtivation
of NO [49],[50],[51]. Early in the course of diakst
intracellular hyperglycemia causes abnormalitieslgod flow
and increased vascular permeability [52],[53]. e present
study, vascular permeability to albumin was assksdethe
end of the experiment using Evans Blue dye [54].fdimd a
significant increase of Evans blue (EB) leakagéhi skin of
STZ-diabetic animals; this finding is in agreemeiith those
of previous studies [55],[56] Four weeks post-tmezit, dye
extravasation levels were reduced by all treatmeintshe
following order: Cidophade bitter melon, and fenugreek.
However, Cidophadeand bitter melon appear to exert higher
but similar effects in reducing capillary permedpilthan
fenugreek. Other studies have also reported tHyadi other

fenugreek, dan plant products to normalize capillary permeabigy].

Cidophag&. These results are in agreement with [38], who The increase in capillary permeability is a sign of

found that fenugreek could reduce creatinine iroxalh-
induced diabetes. Moreover, our results agree \oitter

microvascular dysfunction at the arteriolar andilzy level.
This dysfunction can lead to both structural andcfional

researchers who found that bitter melon reducesinser changes, especially in peripheral organs, accogintion a
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group of disorders called peripheral vascular dise@VD).
PVD is a common and severe complication of diabatekis
characterized by a high prevalence, early developrmend
rapid progression. In diabetes, there is also apairad
collateralization of vascular ischemic beds [58]tHe diabetic
foot, the thickened basement membrane is believathpair
migration of leukocytes and blood flow through taillaries.

No:4, 2012

V. CONCLUSION

We concluded that the ethanolic extracts of theebihelon
and fenugreek herbs exhibit promising and safedeatietic
activities in STZ induced type-1 DM in rats. Thdiadcy of
these herbs was achieved by increasing insulireseorand
lowering blood glucose, lipid profiles, lipid pelidation and
nitric oxide levels. In addition, the plant extmcshowed

These changes and an impaired neurogenic vasailatQariaple degrees of increases in HDL and GSH, tiesuln

response result in an inability to achieve a norhyaderemic
response, which is needed after foot injury, andnareased
the risk of infection [59]. These findings accotot the 15-
fold increase in risk for lower extremity amputatiseen in
diabetic patients [60]. It has been reported pneslip that
cutaneous wounds result in a decrease in antiok&latus as a
result of the production of ROS. One research stegyprted
that any diabetic ulcer that lasts for more thamvekks is
usually an indication of a poor outcome and may léa
amputation [61]. Hence, the rate of wound healifay an
important role in the development of complicatioRsevious
research studies have reported faster contracfitimeovound
area in normal rats when compared with diabetis [&2]. In
the present study, the diabetic group showed delayeund
healing compared with the treated diabetic grospneasured
by histological observation. We found that the wadsin
contracted immediately after wound induction inmar rats,
as shown by the rate of wound closure, which islaino the
findings of an earlier study [63]. In contrast, eéthresearch
reports have described enlargement of wounds dirieday
after wound creation [64]. The administration oftdyi melon

or fenugreek extract was found to stimulate cellula

proliferation and migration through an unknown neaghm.
This was evident from the histological studies,i¢ating the
beneficial role of bitter melon and fenugreek estisain
accelerating wound healing. Moreover, we found ttred

groups treated with fenugreek and bitter melon stbw

increased amounts of granulation tissue when cosdpaith
the untreated group. These observations are ireagnet with
other studies reporting that the observation ofdrapithelial
development in wound histopathology is considergasitive
sign [65].

STZ-induced diabetic rats show damagedells via the
glucose transporter (GLUT2), and STZ also causesAD
alkylation [66]. These findings are in accordancihwour
histopathological results showing shrunken
distorted shapes and infiltration of lymphocytesnpared to
the control group. The treated animals showed ristets than

the STZ control group and they were more comparable

normal rat islets, although there were individudfedences.
Enlargement of islets in diabetic animals posttimest was
highest in bitter melon-treated rats followed byugreek-
treated rats.

capillary permeability normalization and acceledatgound
healing. Hence, these herbs may be pursued far ¢hmical
usefulness in the management of diabetes melling its
associated complications.
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