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Abstract
Diabetes mellitus is a chronic disease caused by inherited or aeguiteficiency in insulin
secretion and by decreased responsiveness of gaeto the secreted insulin. Recently, some
medicinal plants have been reported to be usefdiabetes treatment as Okrabél moschus
esculentus L.). Many drugs decrease the hyperglycemic effékésCidophage. The aim of the
present study was to evaluate the possible antiflymemic property of Okra water extract and
the Cidophage drug (1000 mg metformin) and thetioaidant mechanisms in Alloxan induced
diabetic rats.
This study was performed on twenty males and twisthales' albino rats from the gerfeattus
norvigious with an average body weight of 150-350g. Animatrevdivided into eight groups
(five/cage), control untreated group, diabetic grodiabetic group treated with plant extract that
was given orally and diabetic group treated with s$tock solution of Cidophage drug that was
given orally.
Results showed in diabetic groups marked declideviels of body weight, organs weight, total
proteins and albumin. These are accompanied wittkedaelevation in levels of fasting blood
glucose, AST, ALT and ALP. These had risk factansdiabetic rats as compared to the
corresponding controls. While the daily administmatof diabetic rats treated with the Okra
showed more significant amelioration in most ofsta@arameters than that of treated with the
Cidophage drug.
Histopathologically; normal samples showed appanetaict morphological features of hepatic
tissue (liver), kidney, pancreas, testes and olxapetic samples showed moderate
degeneration, vacuolar changes and many pyknoteanggs. Diabetic/Okra and Diabetic/
Cidophage samples showed moderate protective ejficgdth persistence of milder records of
degenerative changes in tissues. Diabetic/ Okrgplesnalso, more significant amelioration in
tissues than that of Diabetic/Cidophage samples.
It could be concluded that Okra treatment exertise@apeutic protective nature in diabetes by
decreasing oxidative stress and pancreptaells’ damage which may be attributed to its
antioxidative potential and antidiabetic propertyrenthan the Cidophage drug.
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Introduction

Diabetes is a chronic, metabolic disease charaeterby elevated levels of blood
glucose, which leads over time to serious damadbedeart, blood vessels, eyes, kidneys, and
nerves. The most common is type- 2 diabetes, ysiraladults, which occurs when the body
becomes resistant to insulin or doesn't make enonghlin. Type-1 diabetes is a chronic
condition in which the pancreas produces littleorinsulin by itself. There is a globally agreed
target to halt the rise in diabetes and obesit2@35. About 422 million people worldwide have
diabetes, particularly in low and middle-income wries (WHO, 2019). The Diabetes
mellitusdisease remains incurable and can only be cordroliéh drugs, and in some cases
exercise and dietary recommendati{dhacedo et al., 2002).

Okra (Abelmoschus esculentus L.) is a flowering plant of the Malvacaefamily, whiis
also known as lady’s fingers, gumbo, bamya or baomidhindi (Georgiadis, et. al., 2011,
Subrahmanyam et al., 2011). There are four known domesticated species of gaeus
Abelmoschus. Among theseA. esculentus (common Okra) is the most widely cultivated in 8ou
and East Asia, Africa and southern U82x ossly and Hilditech, 1951).

Okra contains high fiber, which “helps to stabiliz®od sugar by regulating the rate at
which sugar is absorbed from the intestinal traB&cause of fiber along with other nutrition,
Okra shows useful for minimizing blood sugar levelghin the body, assisting along with
diabeteg Gemede et al., 2015). Okra is a multipurpose crop due to its various Wdake fresh
leaves, buds, flowers, pods, stems and s@dedSheikh, 2012).

The edible part of the fruit contains 1.9gm protétgm dietary fiber, 6.4gm starch,
66mg Calcium, 56mg Phosphorous, 0.35mg Iron, 6.9&wodjium, 103mg Potassium, 0.19mg
Copper, 30mg Sulphur, 0.7mg Thiamine, 0.1mg Ribailal3mg of Vitamin C and 89.6gm
moisturgSur aksha, 2018). Carbohydrates are mainly present in the form ofilage. That of
young fruits consists of long chain of sugar uwitel amino acids. The main components are:
25% galactose, 22% rhamnose, 27% galacturonic @il 11% amino acidKumaret al.,
2009). The polysaccharide mucilage is soluble in water tduaeir ability to interact with water
and swell(Gemede et. al., 2018). Metformin, a biguanide anti-hyperglycemic agentwislely
used in the management of type 2 diabetes mellituswers the blood glucose concentration
without causing hypoglycemiéScheen, 1996; Choiet al., 2008; Meng et al., 2017).

The aim of the study is to observe the anti-diabattivity of the extract of okra and
Cidophage drug and their antioxidant mechanisnfdloxan induced diabetic rats.

MATERIAL AND METHODS

Experimental Animals

Wister rats Rattus norvegicus ) were used in this study. Forty Wister albinc rdivided
into males and females(20 rats each), weighing é&&twi50 -350 gm were obtained from the
animal house of department of toxicity of marinensals and mammals, Central Agric.
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Pesticides Laboratory, Agricultural Research CerBéza, Egypt. The animals were placed in
standard cages. Standard food and water were hleaftar animalsad libitum.

Drugs and Chemicals

Cidophage tablets (1000 mg of metformin HCI), Chmhilndustries Development
(CID), Giza, ARE and purified water (50 ml apprgX@harmapack Pharmaceutical Industrids, 6
October, Egypt; were brought from the pharmacyoxdh monohydrate (25 gm) was purchased
from The Recent Scientific Company. Formalin, Dy¢thther, Glucometer (OK meter Match I
Blood Glucose Monitoring System, Germany) and kefiwist Top Lancets (28 G) were
purchased from Al-Gomhouria Chemical Company.

Sourcing of plant material

1000 gm of fresh mature fruits of okrAbglmoschus esculentus) were brought from the
grocery market, washed and dried in an oven @0@nd gave 0.124 gm of dried Okra, then
ground it to convert it into powder.

Extraction of the active ingredient in okra (M ucilage)

The powdered material was soaked in the purifieteswor 5-6 h and boiled in water
path for 30 min. Thick; mucus fluid was obtainediethwas the extracted mucilag®indu and
Fahsa, 2013).

Preparation of Cidophage drug solution

Tablets of the Cidophage drug contain 1000 mg efattive ingredient of metformin.
These tablets ground to fine powder. This powdes @iasolved in the purified water to give the
stock solution.

Induction of diabetes

Animals were fasted overnight and diabetes wasdaduby a single intra-peritoneal
injection of a freshly prepared solution of Allox&0 mg/kg body weight) in purified water
into animals. After an hour; animals are re-feethvadding 5% sugar to the water just for the
first day then, after that the ordinary waaeribitum.

Experimental design

The experimental animals were divided into eigloiugss, five for each and were used as
follow:
T1 (control group) non-diabetic male rats
T2 (control group) non-diabetic female rats
T3 (diabetic group) male rats were injected intratpeeally with a single dose of Alloxan (140
mg/ kg)
T4 (diabetic group) female rats were injected intratpeeally with a single dose of Alloxan
(140 mg/ kg)
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T5 (treated group) diabetic male rats treated osaitis the Okra (200 mg/ kg, twice/ day) for 28

days

T6 (treated group) diabetic female rats treated praith the Okra (200 mg/ kg, twice/ day) for

28 days

T7 (treated group) diabetic male rats treated onaithh the Cidophage drug (100 mg/ kg, once/
day) for 28 days

T8 (treated group) diabetic female rats treated praith the Cidophage drug (100 mg/ kg, once/
day) for 28 days

Blood sample collection

Diabetes will be verified by evaluating blood glgeolevels and diabetic rats are
confirmed if blood glucose level greater than 30§/dh as in the former studies.

In this study; after 72h of Alloxan injection, bldsamples were taken from tail vein and
the fasting blood glucose concentration was detexthby means of one touch ultra-glucometer
and compatible blood glucose strips. Animals wéhtihg blood glucose levels 480-500 mg/dl;
were selected as diabetic rats for the experiment.

At the end of study, the animals were sacrificedlanndiethyl ether anesthesia.
Measurements of the blood glucose and blood sampdes taken from the orbital vein. The
fasting blood glucose concentrations were deterthime means of one touch ultra-glucometer
and the blood glucose strips. Animals with fastahgpd glucose levels > 400 mg/dl.

The blood samples centrifuged at 3000 rpm for 30riine clear non- haemolysed
supernatant sera were removed and immediatelydstir@8C till used for further analysis of
biochemical parameters.

Biochemical analysis

Liver functions:-

Serum alanine aminotransferase (ALT), aspartate@tnainsferase (AST), alanine phosphatase
(ALP), total protein and albumin

All enzyme levels were determined by colorimetriethod.

Complete Blood Count (CBC)

Technical Procedures

All invasive procedures on animals were performedien general anesthesia using
diethyl ether. Blood samples were obtained fromdtmtal vein at the end of experiment. The
entire liver were removed, rinsed, and weighed wramalytical balance after exsanguination.
Segments representing the entire organ were raryd@kén from the rats in each experimental
group and cut, prefixed in buffered 10% formalimgessed in paraffin blocks, and sectioned at
3-5um for histological analyses. The tissue slides frelch block were stained with
Hematoxylin and Eosin (HE).

2184



Sanaa M. Abdulrahman, Asma M. Al. Saleh, Olfat Ad®Ran, Wafai Z. A. Mikhail

Results
Blood sugar

The results showed elevated blood sugar levelstireremale and female diabetic rats
after 72-hr., being 502.200 mg and 490.200 mg facheof male and female diabetic rats,
respectively. After 28- days, these figures wer#.@20 mg for male and 427.200 mg for female
as compared with the control one (Table 1). Thidue to the selective toxicity of Alloxan fn
cells of pancreas after the Alloxan injection réaglin reduced synthesis and release of insulin
which leads to alteration of glucose metabolism atiiczation thereby causing hyperglycemia.

Table (1) Mean blood glucose of male and femalerats after 72-hr and 28-days
of different treatments (P<0.05).

Treatments Male Female
72-hr 28-days 72-hr 28-days
Control 107.400¢ | 107.406¢ | 87.600 | 87.600
Alloxan 502.200 | 421.006 | 490.200 | 427.200
Alloxan + Okra 493.80% | 100.206 | 492.600 | 98.200%°
Alloxan + Cidophage 483.600 | 117.000 | 491.006 | 109.800
LSD 15.99 18.90

After 28-days of treatment with Okra and Cidophagedecrease in sugar level was
detected either with diabetic male rats (100.200 amgl 98.200 mg in diabetic female rats when
treated with Okra. On the other hand, these we®0DD mg and 109.800 mg for male and
female rats, respectively when treated with Cidgghas compared with diabetic one. The
treatment of Okra showed more decreasing levet®apared with that treatment of Cidophage
(Table 1). The hypoglycemic effect of Okra fruitght bedue to the presence of a mixture of
soluble dietary fibers, large amount of carbohyesathe high viscosity of the mucilage of Okra,
the inhibition of intestinal glucose diffusion aadsorption as well as inhibition of some enteric
intestinal enzymes such as glucosidase andi- amylase that are all associated with
hypoglycemic effect.

Khatun et al. (2011) reported that the effect of water-soluble fractfdvSF) of Okra in
reducing the absorption of glucose is more stablke  the presence of a mixture of soluble
fibers and large amount of carbohydrates in WSBlaf. Water-soluble fraction of the fruits of
Okra was studied to check the absorption of oracage as well as metformin from the
gastrointestinal tract in the Long Evans rats.hibvged significant reduction in absorption of
glucose as studied in the 24 hours fasting rats.

Blood picture

After injection with Alloxan a decrease in HemoglolfHb) was occur in both male and
female’s diabetic rats after 28-days. The valuesevi®.220 gm% and 9.080 gm%, respectively,
as compared with control one (Table 2 and 3). Th&sy be due to the decrease in protein
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synthesis in all tissues, thus the synthesis of dgdobin is also reduced due to relative
deficiency of insulin.

Table (2) Male blood picture after 28-days of different treatments.
(L SD for thedifference between different treatments at P< 0.05)

Item Control Alloxan Alloxan + Okre | Alloxan + Cidophag LSD

Hb 13.08¢ 10.22(° 11.98C 11.74C 1.07¢
RBCs¢ 5.12¢ 5.05¢ 4.90¢ 4.28( 1.021 (ns

WBCs 6220.00° 12360.00° 6680.00 7320.00° 227

Heamatocr 39.24C 30.84( 35.94( 35.22¢ 3.14¢

MCV 78.08¢4 61.86¢ 74.3874 83.027 9.73¢

MCH 25.9672 20.62(C° 24.81€¢ 27.672 3.28¢

Table (3) Female blood picture after 28-days of different treatments.
(L SD for thedifference between different treatmentsat P< 0.05)

Item Control Alloxan Alloxan + Okre | Alloxan + Cidophag LSD

Hb 11.66C 9.08(° 10.54¢ 11.24¢ 1.34:
RBC.¢ 4,632 4.56( 4.59( 4.68¢ 0.8483 (ns

WBC.¢ 5500.00¢ 13100.00¢ 4580.00¢ 8560.00P" 100:

Heamatocr 34.98C 27.24(C 31.64C¢ 33.72¢ 4.027

MCV 76.07¢ 59.52¢ 690252 73.09¢ 10.0:

MCH 25.36C 19.847 23.08 24.32¢ 3.30:

In diabetes, the persistent and excess amounuocbsgg present in the blood reacts with
hemoglobin to form glycated hemoglobin which magoainduce the generation of oxygen
derived free radicals and other diabetes-assoc@eyplications in prolonged diabetic condition
(Lucchesi et al. 2015).

The treatment of Okra showed increasing levelshiegcto the control ones, 11.980
gm% and 10.540 gm%, while in the treatment withdplthge the values are 11.740 gm% and
11.240 gm%, for male and female, respectively,hasva in Tables ( 2 and 3). This is due to
that, the Okra dietary fiber could bind to gluc@sel prevent or delay it absorption from the
intestinal lumen. The antioxidant or free radicehvenging property in okra fruit may inhibit
oxidative reactions associated with glycation.

RBCs count, Heamatocrit, mean corpuscular volume CYM and
mean corpuscular hemoglobin (MCH) decreased ireeitiales or females diabetic rats after 28-
days from injection with Alloxan drug as compareithveontrol one. Treatment with either Okra
or Cidophage, show an increase in their levelsraadh to the control ones (Tables 2 and 3). On
the other hand, WBCs count increase in each of amadefemale diabetic rats after 28- days of
treatment with Alloxan, these values decreased theacontrol levels, after treatment with Okra
and Cidophage (Tables 2 and 3).

Liver functions
Results of each of Alanine aminotransferase enziAhd), Aspartate aminotransferase
enzyme (AST) and Alkaline phosphatase enzyme (Adffach of male and female diabetic rats
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after 28-days of treatments are shown in Tablean@d 5) for male and female diabetic rats,
respectively. The level of each of ALT, AST and Aafe increased after treatment with Alloxan
as compared with the control one. Significant daseeP< 0.05) in the level of each of ALT,
AST and ALP was occur when male (Table 4) and feriBhble 5) diabetic rats are treated with
Okra water extract and Cidophage drug.

Table (4) Maleliver functions after 28-days of different treatments.
(L SD for thedifference between different treatmentsat P< 0.05)

Item Control Alloxan Alloxan + Okre | Alloxan + Cidophag LSD
ALT 6.20(° 20.00€ 11.20C 14.80C 2.80¢
AST 148.60€ 293.606 180.60F 189.400 28.02
ALP 14.60C 40.00C 28.400 29.200 2.532
Total Proteil 4.00C 3.02¢ 2.40C 2.40C 0.973¢
Albumin 4.58C 2.38C 4.10C 3.22¢ 0.726¢
Table (5) Femaleliver functions after 28-days of different treatments.
(L SD for thedifference between different treatmentsat P< 0.05)

Item Control Alloxan Alloxan + Okre | Alloxan +Cidophag LSD
ALT 5.80C 20.20C 15.000 17.000¢ 2.917
AST 142.40€ 292.406 215.80F 236.60F 22.0:
ALP 14.40C 40.80¢ 28.00C 28.000 5.03]
Total Proteil 3.42C 1.96C° 2.84C 2.88C 0.67
Albumin 3.90C 2.42( 2.98C 2.800" 0.467:

This is may be as a result of metabolic changesdariver due to leaking out of enzymes
from the tissues and migrating into the circulatioy the adverse effect of Alloxan. The
elevation in the activities of AST & ALT enzymes dimbetic rats reflects a state of hepatocyte
injury. The increased activity of ALP enzyme inwwarmay be a result of diabetes induced
damage to the tissues. ALP is a potent anti-inflamony mediator that can protect tissues from
damage resulting from injury. esculentus fruits treatment brought down the elevated lewéls
ALP. This result could be due to certain compourgsent in the plant extract which undergo
exchange reactions with titrable-SH groups of thezyme and proteins in the body
spontaneously and inhibit the enzyme activity.

On the other hand, Total Protein and Albumin; daseel in male (3.020) and female
(2.38) in the serum of diabetic rats after 28- dé&ysTotal Protein in compared with control one.
For Albumin, there is a decrease of serum Albumimmiales (1.96) and in females (2.42), as
compared to the control. Levels of each of Totaltéin and Albumin are restored in control rats
by insulin treatment, which accelerates amino a@dsport through cells and stimulates the
protein manufacturing machinery of the cell. Theatment with either Okra or Cidophage show
an increase in the levels of each of Total Pro&gid Albumin to reach the control ones. The
increment with Okra gives results higher than tgfafidophage (Tables 4 and 5). This is may be
due the fact that the aqueous extract of Okra piantcontrol the rate of gluconeogenesis in
diabetes.
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Body weight at different periods of time

Tables (6 and 7) show results of body weight obdie rats at three different times; initial, 72-

hrs and 28-days of different treatments. The reshbw that the average of body weight in the
control group was increased. At 72- hr. weightsraftlloxan injection an increased in males and
females diabetic rats by 239.200 gm and 218.800rgspectively, as compared with control one
as shown in Tables (6 and 7). This is may be dulkedncrease in food and water intake.

Table (6): Male body weight at 3 different times; initial, after 72-hr and 28-days under different
treatments (L SD for the difference between different treatments at P< 0.05).

Item Control Alloxan | Alloxan + Okre | Alloxan + Cidophag | LSD
Initial 167.00( 189.40¢ 180.60( 174.20C 4.74¢
After 72-hr 191.600 239.20¢ 171.20¢ 164.20( 7.697
After 2€-days 340.206 159.80( 238.00(° 234.000 8.80¢

Table (7): Female body weight at 3 different times; initial, after 72-hr and 28-days under different
treatments (L SD for the difference between different treatments at P< 0.05).

Body weigh Control Alloxan | Alloxan +Okre | Alloxan + Cidophag | LSD
Initial 163.200 168.60(" 171.60C 148.40( 7.497
After 72-hr 179.200 218.80¢ 164.40(¢ 139.80(° 8.23¢
After 2¢-days 327.00¢ 147.40( 245.00( 221.000 25.5¢

A decrease in the weight of males and female diab&ts after 28-days of treatments, by
159.800 gm and 147.400 gm, respectively, as cordpaith control one (Tables 6 and 7). The
decrease in body weight in diabetic rats could be t® dehydration and catabolism of fats and
proteins. Drastic decrease in body weight of Alwxan- induced diabetic rats could be due
to the selective destruction of pancreatic 3-caflthe islets of Langerhans (insulin producing
cells) by Alloxan. This leads to insulin deficienapd leading to decrease in peripheral glucose
uptake and utilization and increase gluconeogenedibese cause increase degradation of
structural proteins thereby affecting the body Wweigf the animals. The decrease in body weight
in diabetic rats could be due to dehydration andbzdism of fats and proteins.

The treatment with Okra show increase in the wsigbaching to the control ones. Same
results was occur in of treatment with CidophagegdiTables 6 and 7). Okra fruit has the ability
to reduce hyperglycemia and improve glucose boditan. Also, may lead to improve
peripheral glucose uptake and utilization, gfewo synthesis and decrease gluconeogenesis.
These spare structural protein from degradatiors@heuvasting) and help maintain the weight.

Liver weight

Liver weight decreased in male and female diabeiis after 28- days. The values are
4.953 and 4.759 for males and females, respectiaslycompared with control one 7.515 and
6.872. Treatment of Okra shows an increase in thigiis reaching to the control one. On the
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other hand, there is an increase in body weight tié application of Cidophage treatment,
this increase is lower than that of Ok

Table (8): Male and Femaleliver weight in gm. under different treatments
(L SD for thedifference between different treatmentsat P< 0.05).

Item Control Alloxan Alloxan + Okre | Alloxan + Cidophag LSD
Male 7.515% 4.953° 7.540°% 6.066" 0.8672
Femal( 6.87% 4.75¢ 6.417 5.27F 0.729:
Histopathology

. "—; r“:w ‘.. P, 2 — -
Slide (1) Normal male rat liv Slide (2) Normal female rat liv

Slides (1 and 2) Male and female normal liver s@s@howed apparent intact morpholog
features of hepatic tissue with many intact hepaescwith large vesicular nuclei, intehepatic
sinusoids as well as vasculatu

Slide (3) Diabetic male rat liv Slide (4) Diabetic female rat liv

Slides (3 and 4) Male and female liver samplesiabetic rats after the injection with Alloxa
showed moderate prentralhepatocellular degenerative and vacuolar changtds moderate
dilation of hepatic blood vessels and occasionabnds of periportal inflammatory ce
infiltrates.
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Slide (5) Diabetic male rat liver treated with C | Slide (6) Diabetic female riiver treated with Okrg

Slides (5 and 6) Male and female liver of diabe#it samples after injection with Alloxan a
treatment with Okra showed slight area of celluéstoration with marked cellular degenerati
pyknotic nuclei and vascular congon.
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Slide (7) Diabetic male rat liver treated w | Slide (8) Diabetic female rat liver treated w
Cidophage Cidophag

Slides (7 and 8) Male and female liver of diabetitsamples after injection with Alloxan a
treatment with Cidophage showalmost intact hepatocytes allover different hepatioces witk
milder records of periportal inflammatory cellsiitthtes and mild hyperplasia of bile du

Discussion

Diabetes mellitusis a disease initially characterized by a hyperggynia. The disease
progressive and possibly the world’s fastest grogwmmnetabolic disorder. Oxidative stres:
condition in which excessive formation of free ogpgradicals is greater than the ab of the
organism to eliminate them, plays an important nolethe aetiology ofDiabetes mellitus.
Reactive oxygen species (ROS) generated in diabateses oxidative damage to all of the et
organs. One of the organs most susceptible to txéatress in diabetes is liver, which play
major role in the metabolism of carbohydrates apidd and others. Since, under the pressur
oxidation+yeduction imbalance, the body needs help, it israale to bring additional quantitic
of antioxidants into the di¢Orsolic et al., 2008; L eopoldini et al., 2011; Sirovina et al., 2013).

The three maimproposed mechanisms through which the antioxidaratg realize thei
protective role are the hydrogen atom transferglsirelectron transfer, and metal chelal
(Heim et al., 2002).
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In alloxan induced diabetic rats, there was markgperglycaemia groups due to the
selective destruction of the insulin-producing paatic beta-islets. The groups treated with an
anti-hyperglycemic agent and aqueous and dried &ktract showed steady decrease in glucose
levels significantly P<0.05) in the first and second week. Alloxan induaesultiphasic blood
glucose response when injected into an experimaniadal and accompanied by corresponding
inverse changes in the plasma insulin concentrafmiowed by sequential beta cell changes
leading to necrotic cell deatiKliber et al., 1996). The first phase that comes into view within
the first minutes after Alloxan injection is traest hypoglycemic phase that lasts maximally for
30 minutes. The ™ phase appearing one hour after administration lafxaAn leads to rise in
blood glucose concentration. Moreover, the plasnsilin concentration has been noted to
decrease at the same time. This is the first hyyegmic phase after the first contact of the
pancreatic beta cells with the toxin. TH&ghase is again a hypoglycemic phase that is nb&d
hours after the Alloxan injection, which lasts gaveral hours.

The last and the"phase of the blood glucose response is the fisahanent diabetic
hyperglycemic phase during which complete degrammmaand loss of the integrity of the beta
cells within 24-48 h after administration of theldMan takes placeK(liber et al.,1996; Ankur
and Shahjad, 2015).

Plants are natural resources for human ailmenk Fadical uses are still implemented
in this modern civilized era for the remedy of wais complications. OkralAbelmoschus
esculentus revealed statistically significant hypoglycemidiaty because it contains secondary
metabolites to reflect their hypoglycemic activifqueous extract was showing maximum effect
than the dried powdered form Af esculentus(Ben-Chioma et al., 2015). Although many anti-
diabetic drugs have been used for the treatmediabktes, potent ones with high efficiency and
low side effects are necessary; one of them isamath(Meng et al., 2017).

Induction of D. mellitus was evident in the diabetic rats based on sigmtiy higher
blood glucose level, significantly larger 24-h @riautput and significantly smaller body weight
gain than the controls. Smaller body weight gairs wedated to the phosphorus depletion of soft
tissues in Alloxan-induced diabetekofattoet al., 1997; Choi et al., 2006). Choi et al.
(2006and 2008) said that the hematocrit was significantly gre#ttan the controls.

Ramachandran et al. (2010) reported that the potential of Okra as anti-digba&ttivity
on Alloxan-induced diabetic ratSabita et al. (2013) has reported anti-diabetic potential of Okra
peel and seed powder in streptozotocin (STZ)-indudmbetic rats. Administration of this
powder at 100 and 200 mg/kg dose in diabetic tadsved significant reduction in blood glucose
level and increase in body weight than diabetictrmdmats. Water soluble fraction of the fruits
of Okra was studied to check the absorption of giatose as well as metformin from the
gastrointestinal tract in the rats. It showed digant reduction in absorption of glucose as
studies in the 24 hours fasting rats.

Subrahmanyam et al. (2011) has reported anti-diabetic activity of Okra freitract and
used metformin drug as standard. After 24 hourgjetting Alloxan, an increase in the blood
glucose levels was observed. Okra fruit extract grasn along with feed to groupl. The second
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group was given metformin as anti-diabetic druggrAdual decrease in the blood glucose levels
of both groups.

A. esculentus fruits significantly decreased serum glucose kgvalkaline phosphatase
(ALP), aspartate aminotransferase (AST) and alamimenotransferase (ALT) activities on
diabetic albino ratgUraku et al., 2011). Okra acts in improving insulin resistance and tfoeee
preventing it from being lost in diabetics. As tegetable is known to have zero fat and high
fibre (Suraksha, 2018).

Uraku et al. (2011) said that there was a significa®<(Q.05) decrease in weight gain in
the untreated diabetic group when compare to theraogroup. This observation may be
attributed to the reduction in utilization of foodnd fluid. However, inducement of
hyperglycemia has been linked to weight Idgochukwu and Babady, 2003). Administration
of different doses (200, 400 and 800 mg/kg)Aofesculentus aqueous—ethanolic extract to
diabetic rats group recorded significantly high®<@.05) body weight gain. There was a
significant P<0.05) increase in serum glucose of the untreatadetic group compare to the
control group. This increase indicates uncontrollggerglycemia in the Alloxan induced
animals. Okra fruits treatment brought down suevatied levels of ALP significantlyP€0.05)
in diabetic animals on administration of varyingsdges (200, 400 and 800 mg/kg) body weight
of the aqueous—ethanolic extracts. The activityA®T and ALT were enormously elevated
(P<0.05) from that of normal group, indicative afthanced gluconeogenesis in uncontrolled
diabetes. Okra fruits treatment significantB<0.05) decreased the activities of AST. The same
results reported bpalamash et al. (2018)when examined the effect of metformin on diabetic
rats the activity of AST, ALT ALP serum levels wes@nificantly higher than that in non-
diabetic control and diabetic control groups.

Stained slides were examined under a light micqpschiver sections were examined for
vacuolization, lymphocyte infiltrations, necrose)d apoptosisBalamash et al. (2018)showed
theliver histopathology. Observation of the hepégsue of the untreated non-diabetic control
rats showed histological features like radiallypaged hepatocytes around the central vein. The
cells have an acidophilic cytoplasm and roundedrakwmesicular euchromatic nuclei with well-
defined nucleoli. The hepatocyte plates are sepautag thin-walled blood sinusoids lined by flat
endothelial cells. Occasionally, the prominent sucif von Kupffer cells were observed. The
section of the hepatic tissue of untreated diabatirol rats showed an increase in apoptotic
hepatocytes (shrunken and dark-stained cells withllsdegenerated nuclei). The liver tissue
sectioned from the diabetic rats treated with miatio showed nearly normal radially arranged
hepatocytes around the central vein. Blood sinadagaces and their von Kupffer cells are
similar to those of the non-diabetic control grolipe liver tissue taken from diabetic rats treated
with metformin exhibited almost normal hepatic stire with radially arranged hepatocytes
around the central vein with the absence of anyede@ted apoptotic cells. The hepatic
sinusoidal spaces and von Kupffer cells are siniddhose of the non-diabetic control group.
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Conclusion
OKRA is a natural product and it has anti diabemtivity so the usage of Okra is not
harmful to human health. It could be concluded thita @Abelmoschus esculentus) treatment
exerts a therapeutic protective nature in diabeyedecreasing oxidative stress and pancréatic
cells’ damage which may be attributed to its antlative potential and antidiabetic property
more than the Cidophage drug. Therefore the Okria ¢dan be used to treat/manageabetes
mellitus.
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