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Abstract

Objective: The study was planned to investigate the effect of Eruca sativa seeds’ oil (ESSO) and
Raphanus sativus seeds’ oil (RSSO) on impaired glucose tolerance, lipid profile and oxidative stress in
streptozotocin-induced diabetic albino rats. Also, the probable mechanisms of action were suggested.

https://www.peertechz.com

Methods: Experimental diabetes mellitus was induced by a single dose of 45 mg/kg b. wt
streptozotocin. The diabetic rats were then divided into three groups: the 1t one was given 1%
caboxymethylecellulose (CMC) and was considered as diabetic control, the 2" group was treated with
50 mg/kg b. wt ESSO dissolved in 5 ml CMC and the 3 group was treated with 50 mg/kg b. wt. RSSO
dissolved in 5 ml CMC by gastric intubation daily for 30 days. The diabetic control rats were compared
with normal group.

Results: The obtained data revealed that both ESSO and RSSO treatments led to a significant
amelioration of glucose tolerance, lipid profile, serum insulin and liver glycogen content and the activities
of glucose-6-phosphatase, aspartate aminotransferase and alanine aminotransferase as well as the
antioxidant defense system in diabetic treated rats. The histopathological examination of the pancreas
revealed that both ESSO and RSSO increased the pancreatic islets’ size and the number of a- and B-cells
within the islet.

Conclusion: the present results proved that Eruca sativa oil and Raphanus sativus oil improved
glucose tolerance, serum insulin level and metabolic pathways in streptozotocin-induced diabetic rats.
Raphanus sativus oil seemed to be more potent than Eruca sativa oil in improving serum insulin level and
many aspects of carbohydrate metabolism and lipid profile in the diabetic rats. The antidiabetic effects
may be mediated via enhancement of the insulin secretory response, peripheral glucose uptake and the
antioxidant activity as well as attenuation of the intestinal glucose absorption.

islets beta cells [9], resulting in disturbances in carbohydrate,
protein and lipid metabolism as a result of absolute or relative
insufficiency of insulin secretion [10,11]. However, persistent
and chronic hyperglycemia leads to insulin resistance [12].

Introduction

Diabetes mellitus is a chronic metabolic disease that
results from either insulin deficiency (type 1 diabetes mellitus)
or insulin resistance (type 2 diabetes mellitus) [1-3]. It is

associated with long-term complications and its prevalence Traditional plant medicines or herbal formulations might

has been steadily increasing worldwide over the past few
decades [3-5]. Experimental diabetes mellitus has been induced
in laboratory animals by several methods. The most common
method for creating diabetes in animals is injecting alloxan or
streptozotocin (STZ). These materials inflate and ultimately
degenerate the Langerhans islets beta cells [7]. STZ (N-nitro
derivative of glucosamine) is a naturally occurring, broad
spectrum antibiotic and cytotoxic chemical that is particularly
toxic to the pancreatic, insulin producing beta cells in mammals
[8]. STZ injection leads to the degeneration of the Langerhans

offer a natural key to unlock diabetic complications [13].
Flavonoids are a group of naturally occurring polyphenolic
compounds primarily from fruits and vegetables [14]. Several
small dietary intervention trials have shown that consumption
of flavonoid-rich foods such as tea and onions was associated
with a significant increase in plasma levels of flavonoids in
diabetic patients [15]. Flavonoids may preserve p-cell function
by reducing oxidative stress-induced tissue damage and
therefore protect against the progression of insulin resistance
to type 2 diabetes. However, the relation of dietary flavonoids
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to the development of type 2 diabetes is less well studied. A
prospective study in Finland recently showed that the intakes
of some specific types of flavonoids including quercetin and
myricetin were inversely associated with risk of incident type
2 diabetes [16]. In terms of antioxidant compounds, rocket
salad species are a good source of vitamins, like vitamin C,
carotenoids, and polyphenols, which play a very important
role among natural antioxidants [17]. Eruca sativa seeds (ESS)
oil as antidiabetic adjuvant and antioxidative agent. Oral
supplementation of ESS oil before or after alloxan treatment
resulted in lower serum glucose levels, higher serum insulin
values and an improved lipid profile as well as hepatic glycogen
content and its regulating enzyme as compared with rats
treated with alloxan alone [18]. Sulforaphane, the principal
component of ESS oil, was found to be a potent inducer of phase
II detoxication enzymes due to its antioxidant functions [19].
Raphanus sativus seeds (RSS) were found to contain alkaloid
like coumarins, saponins, flavonoids and anthocyanins. They
decrease uric acid level in the serum which related to circulating
markers of inflammation and free radical reactions [20]. The
anthocyanins are important group of dietary antioxidants
that have many physiological functions. They protect living
cells from oxidative damage resulting in the prevention of
diseases [21]. Besides, RSS contain isothiocyanate that has
antimicrobial activity, antimutagenic, anticarcinogenic and
antiatherosclerosis activity [22].

Therefore, this study is designed to assess the anti-
hyperglycemic and anti-hyperlipidemic effects of Eruca sativa
seeds’ oil (ESSO) and Raphanus sativus seeds’ oil (RSSO) and to
suggest their mechanisms of action in STZ-induced diabetic
albino rats.

Materials and Methods

Male albino rats weighting about 150 — 200 g were used
as experimental animals in the present investigation. They
were obtained from the animal house of National Research
Institute, E1-Giza, Egypt. They were kept under observation for
about 15 days before the onset of the experiment to exclude
any intercurrent infection. The chosen animals were housed
in polypropylene cages with stainless steel covers at normal
atmospheric temperature (25 + 5°C) as well as normal 12 hours
light/dark cycle. Moreover, they were given access of water and
supplied daily with standard diet of known composition. All
animal procedures are in accordance with the guidelines and
instructions of the Experimental Animal Committee of Faculty
of Science, Beni-Suef University, Egypt. All efforts were done
to reduce the number and suffering of animal.

Eruca sativa seeds oil (ESSO) and Raphanus sativus seeds oil
(RSSO) was obtained from Captain Company (Cap - pharm)
Elobour city, Cairo, Egypt.

Diabetes mellitus was experimentally induced in animals
fasted for 16 hours by intraperitoneal injection of 45 mg/kg
b. wt STZ (Sigma Company) dissolved in citrate buffer, PH 4.5
[23]. Ten days after STZ injection, rats were screened for blood
glucose levels. The rats with serum glucose level ranging from
180-300 mg/dl after oral glucose loading (3g/kg b. w.) were
considered as mild diabetic and included in the experiment.

The rats were divided into 3 groups of 10 rats, as follows:
group I was considered as diabetic control and orally given 1%
carboxymethylcellulose CMC (5 ml /kg b. wt); rats of group II
were orally treated with ESS oil at a dose level (50 mg/kg b. wt)
dissolved in 5ml CMC; and group III was orally treated with
RSS oil at a dose level (50 mg/kg b. wt) dissolved in 5ml CMC.
All treatments were given daily for 30 days by oral gavage. By
the end of the experiment, animals were sacrificed and blood
samples, visceral adipose tissue, pancreas and liver were
obtained.

Body weight of experimental groups was recorded at the
beginning and at the end of the treatment period. The %
change of body weight gain of each group was calculated from
the formula.

% change of body weight = (Final body weight — Initial
body weight/Initial body weight) x 100

On the day before sacrifice, oral glucose tolerance test
(OGTT) was performed in normal, diabetic control and diabetic
rats treated with ESS oil and RSS oil. Blood samples were
obtained from lateral tail vein of rats deprived of food overnight
(10- 12 hours). Successive blood samples were then taken at
0, 60, 120 and 180 minutes following the administration of
glucose solution (3 g/kg b. w.) by oral gavage. Blood samples
were left to coagulate, centrifuged, and clear non-haemolysed
serum was obtained for determination of glucose concentration
according to the method of Trinder et al. [24], using reagent kit
purchased from Spinreact Company (Spain).

Serum insulin was assayed in the Radioactive Isotopes
Unit, Middle Eastern Regional Radioisotope Center (Dokki,
Giza) by radioimmunoassay kits of DPC (Diagnostic Products
Corporation, Los Angeles, USA) [coat-A-count] according to
the methods of Marschner et al. [25].

After sacrifice and dissection, Liver glycogen content was
determined according to the method of Seifter et al. [26]. Liver
glucose-6-phosphatase was determined according to the
method of Begum et al. [27]. The librated inorganic phosphate
from glucose-6-phosphate was estimated according to the
method of Munoz et al. [28], using reagent kits obtained from
Biosystems Company (Spain). Serum alanine aminotranferase
(ALT) activity and liver aspartate aminotranferase (AST)
activity were determined according to the kinetic method of
Schumann and Klauke [29] using reagent kits purchased from
Human Diagnostics Chemical Company (Germany).

Serum total lipids [30], triglycerides [31], cholesterol [32],
HDL-cholesterol [33], levels were determined. Serum LDL-
cholesterol level was calculated from formula: LDL cholesterol
= total cholesterol — triglycerides/5 — HDL-cholesterol). Serum
vLDL-cholesterol concentration was calculated according to
Nobert [34], formula (VLDL-cholesterol = triglycerides/5).

Liver lipid peroxidation, reduced glutathione and total
thiols were also measured according to the methods of Preuss
et al. [35], Beutler et al. [36] and Koster et al. [37], respectively.
Humalyzer 2000 Chemical Analyzer (Germany) was used for
spectrophotometric measurements.

[ 035 |

Citation: Ahmed OM, Abdel-Reheim ES, Ashour MB, Fahim HI, Mohamed HH (2016) Efficacies of Eruca Sativa and Raphanus Sativus Seeds’ Oils in Streptozotocin-

Induced Diabetic Rats. Int J Clin Endocrinol Metab 2(1): 034-043.



™ Peertechz Publications Pvt. Ltd.

An intestinal perfusion technique [38], using variable flow
mini-pump (Control Company, Texas, USA) was adopted to
study the effect of ESS oil and RSS oil on intestinal glucose
absorptions in normal rats fasted for 24 h and anesthetized
with intraperitoneal sodium thiopental solution (50 mg/kg b.
wt). Perfusion rate was 20 mL/h to a total volume of 20 mL
via a thermo-regulator set at 38°C through 20-cm intestinal
segment in situ of the anesthetized rats. The perusing solution
was composed of the following (in g/L): The perfusion solution
was composed of the following (in g/L): 7.37 NaCl, 0.2 KCL,
0.065 NaH,PO,.2 H,0, 0.213 MgCl,.6 H,0, 1.02 CaCl, 0.6 NaHCO,
and 1.0 glucose, at pH 7.5. The results were expressed as
percentage glucose absorption calculated from the amount of
glucose in solution before and after perfusion with 100,200 and
300 mg/ml of both ESS oil and RSS oil in the solution.

Histological sections of pancreas and staining with
haematoxylin and eosin were performed in the histopathology
department, National Cancer Institute, Cairo University, Cairo,

Egypt.

The data were analyzed using the one-way analysis of
variance (ANOVA) [39], followed by least significant difference
(LSD) test to compare various groups with each other. Results
were expressed as mean + standard error (SE) and values of
P>0.05 were considered non-significantly different, while
those of P<0.05 and P<0.01 were considered significant and
highly significant, respectively. F-probability expresses the
general effect between groups. The means that were not
significantly different are followed by the same superscript
symbol(s).

Results

The data in Figure 1 showed ameliorative effect (P< 0.01)
of ESSO and RSSO on the decrease in body weight of the
diabetic rats (153.83+7.92 g and 156.17+7.70 g Vs 87.63+1.44 g,
respectively). The normal rats had a fasting serum glucose level
of 71.17+4.38 mg/dl and ESSO and RSSO treated group measures
48.17+1.11 and 68.75+5.25 mg/dl respectively that were much
lower than that of the diabetic control one. The OGTT curves of
normal, diabetic control and treated rats attained its maximal
level after 60 minutes of glucose administration but the glucose
tolerance of diabetic control rats was the most deteriorated one
(Figure 2). While ESSO was more effective in decreasing the
elevated serum glucose level at fasting and 60 minutes after
oral glucose loading, the RSSO was more potent at 120 and 180
minutes.

As indicated in Figure 3, serum insulin level exhibited a
significant decrease in diabetic rats as compared to the normal
level. Treatment of diabetic animals with ESSO and RSSO
induced a profound amendment of these deteriorated changes
of insulin concentration; RSSO seemed to be more effective.
The changes in liver glycogen content and liver glucose-
6-phosphatase as well as serum AST and ALT activities are
indicated in Table 1. The lowered liver glycogen content in
diabetic rats was significantly increased as a result of ESSO
and RSSO administration. On the other hand, the elevated liver
glucose-6-phosphatase activity was significantly improved

after treatment of diabetic rats with ESSO and RSSO. The
elevated gluconeogenic transaminase enzymes, AST and ALT
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Figure 1: Body weight changes (g) in diabetic control and diabetic rats treated
with ESSO and RSSO. Values, which have not the same symbol(s) are significantly
different at p<0.05.
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Figure 2: Oral glucose tolerance test (OGTT) of normal, diabetic control and
diabetic rats treated with ESSO and RSSO.
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Figure 3: Serum insulin level in normal, diabetic control and diabetic rats treated

with ESSO and RSSO. Values, which have not the same symbol(s) are significantly
different at p<0.05.
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activities in serum were significantly decreased in diabetic
rats treated with ESSO and RSSO as compared to the diabetic
control.

The effects of ESSO and RSSO on lipid profile of diabetic
rats are presented in Table 2. Diabetic rats exhibited a highly
significant increase (P<0.01; LSD) in serum total lipids,
cholesterol, triglycerides, LDL- and vLDL-cholesterol levels
as compared with the non-diabetic group. The treatment of
diabetic rats with ESSO and RSSO significantly ameliorated
these elevated values. On the other hand, HDL-cholesterol level
was affected in an opposite manner, as it was decreased (P<0.01;
LSD) in diabetic rats and markedly increased in response to
treatments. As indicated in Table 3, the elevated atherogenic
indices represented by the ratios of LDL and total cholesterol to
HDL-cholesterol in diabetic rats were significantly alleviated
(P<0.01; LSD) as a result of treatments with ESSO and RSSO.
It was found that RSSO seemed to be more potent than ESSO
in improving the lipid profile and atherogenic indices (Tables
2,3).

Oxidative stress parameters, liver lipid peroxidation and
total thiols content & reduced glutathione content variations
as the result of treatment of diabetic rats with ESSO and RSSO
are presented in Table 4. The elevated liver lipid peroxidation
and the lowered liver total thiols content were significantly

alleviated in diabetic rats treated with ESSO and RSSO as
compared to the diabetic control. However, while the ESSO
was more potent in decreasing the elevated lipid peroxidation,
RSSO was more effective in increasing the lowered total thiols
and glutathione contents.

Data of the effects of ESSO and RSSO at varying
concentrations on in situ intestinal glucose absorption at
three different concentrations (5, 10 and 15 mg/ml) are given
in Table 5. All concentrations of ESSO and RSSO produced a
marked decrease in the intestinal glucose absorption. However,
while the effect of RSSO was dose dependent and significant
at the three tested concentrations, the effect of ESSO was
significant only at 10 mg/ml. Additionally, RSSO seemed to be
more effective than ESSO in reducing the intestinal glucose
absorption.

Data recorded in Table 6 showed that the addition of ESSO
as well as RSSO to the incubation media caused an increase of
glucose uptake by rat diaphragm in vitro. Both agents produced
a highly significant (LSD; P<0.01) increase in glucose uptake
with increasing doses as composed with the blank. The effect
of ESSO at low concentration (0.2 mg/ml) seemed to be more
potent than higher one, while at high concentration, the RSSO
appeared to be more effective.

Table 1: Liver glycogen content and glucose—6-phosphatase activity & serum AST and ALT activities in normal, diabetic control and diabetic rats treated with ESSO and

Parameter

RSSO.

Liver glycogen

Liver Glucose—6-phosphatase
(g Pi liberated/100 mg tissue/hr)

Normal 3.0140.042 44.20+3.03° 29.38 £1.64° 24.25+1.08>
Diabetic control 1.07£0.15¢ 87.00+.0.36° 58.22+3.65° 27.55+0.41°
Diabetic treated with ESSO 2.14+0.08° 61.5043.36° 30.30.73° 21.9+0.88¢°
Diabetic treated with RSSO 3.11+0.172 56.50+3.77° 32.75+2.78° 25.3+0.71%
F — probability p<0.001 p<0.001 p<0.001 p<0.001
LSD at the 5% level 0.365 8.69v 7.245 2.375
LSD at the 1% level 0.498 11.85 9.881 3.24

- Data are expressed as Mean + SE.
- Number of animals in each group is six.
- Means which are not significantly different are followed by the same superscript symbol(s).

Table 2: Serum lipid profile in normal, diabetic control and diabetic rats treated with ESSO and RSSO.

Parameter

- Total Cholesterol . . HDL-cholesterol LDL-cholesterol LDL-cholesterol
n Total lipids (g/L) (mg/di) Triglycerides (mg/dl) (ma/di) (ma/di) (ma/di)

Normal 8.13+0.36° 87.3044.04° 86.62+1.80° 50.16+3.362 19.95+2.1¢ 17.35+0.93¢
Diabetic control 12.01+.0592 112.50+1.85° 194.30+8.42° 33.16+0.94° 40.45+0.76° 38.87+1.692
Diabetic treated with ESSO 8.15+0.68° 94.40+1.98° 135.20+4.56° 35.63+1.59° 31.76+1.45° 27.04+0.91°
Diabetic treated with RSSO 7.35¢0.11° 87.4041.23° 98.00+2.97¢ 47.60+0.532 20.16x0.79° 19.6+0.59°
F — probability p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
LSD at the 5% level 1.443 7.377 14.97 5.73 3.6 2.99
LSD at the 1% level 1.968 10.06 20.42 7.8 49 4.09
- Data are expressed as Mean + SE.
- Number of animals in each group is six.
- Means which are not significantly different are followed by the same superscript symbol(s).
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The pancreas is made up of an acinar exocrine component
and a diffuse endocrine one, which constitutes the pancreatic
islets or islets of Langerhans. The exocrine portion consists of
lobules which in turn consist of pancreatic acini that are tightly
packed together with very little connective tissue in between
and their constituent acinar cells appear roughly triangular in
outline (Figure 4).

Table 3: Effect of ESSO and RSSO on LDL/HDL-cholesterol and cholesterol/HDL-
cholesterol in normal, diabetic control and diabetic rats treated with ESSO and
RSSO.

LDL/HDLcholesterol | cholesterol/HDLcholesterol

Normal 0.41+0.05° 1.75+0.07°
Diabetic control 1.2240.06° 3.39+0.05°
Diabetic treated with ESSO 0.90+0.05° 2.650.07¢
Diabetic treated with RSSO 0.42+0.02¢ 1.8340.90°
F-Probability p<0.001 p<0.001
LSD at the 5% level 0.149 0.169
LSD at the 1% level 0.204 0.231

- Data are expressed as Mean * SE.

- Number of animals in each group is six.

- Means which are not significantly different are followed by the same
superscript symbol(s).

Table 4: Liver lipid peroxidation and total thiols & reduced glutathione contents in
normal, diabetic control and diabetic rats treated with ESSO and RSSO.

Parameter

.. o . Reduced
Lipid peroxidation (nmole| Total thiols qu:atljh(:izne
MDA/100i h le/100
/100mg/hr) (nmole/100mg) (nmole/100mg)
Normal 30.26+2.439° 584.3+5.472 74.8+0.622
Diabetic control 49.67+0.422 357.6+5.37¢ 53.611.62°
Diabetic treated
+ b + C + d
with ESSO 31.74+4.179 42016.66 47+1.63
Diabetic treated
+ b + b +9 Eb
with RSSO 36.66%3.69 467.2+20.9 60.8+2.5
F — probability P<0.001 P<0.001 P<0.001
LSD at the 5% level 8.9 34.31 5.108
LSD at the 1% level 12.2 46.79 6.967

- Data are expressed as Mean +* SE.

- Number of animals in each group is six.

- Means which are not significantly different are followed by the same
superscript symbol(s).

Table 5: Change in intestinal glucose absorption with increasing doses of ESSO

and RSSO.
e . Eso | mso |
Dose (mg/ml) | Absorption % | Dose (mg/ml) | Absorption %
5 44.3043.972 5 37.60+0.49°%°
47.39+2.33° 10 35.10+3.30° 10 35.5041.31°
15 42.90+0.82 15 34.50+1.56°

- Data are expressed as Mean * SE.

- Number of animals at each dose is six.

- Mean which share the same superscript symbol is not significantly
different.

- F- probability: p < 0.007; LSD at the 5% level: 5.792; LSD at the 1% level:
7.801.

In normal animals, the endocrine portion of pancreas,
islets of Langerhans, is scattered throughout the pancreas as
irregular, spheroidal masses of pale stained cells with rich
vascular supply. In the islets, cells are arranged in irregular
cords between which are distributed capillaries (Figure 4).

Modified aldehyde fuchsin method demonstrates three
main types of cells, alpha (a), beta (b) and delta (d) cells. All are
irregular, granular and polygonal cells with central spherical
nuclei. Beta (b) cells are the most abundant cells found in the
endocrine pancreas, occupying the core of the islets and contain
numerous granules. Alpha (a) and delta (d) cells form the
periphery of the islets. Delta cells are usually located adjacent
to alpha cells and are somewhat larger in size (Figure 4).

Following STZ administration, at a dose level of 45 mg/
kg b. wt., subtle alterations in the pancreatic islet cells were
observed (Figure 5) and the architecture of the normal islets
was disrupted. The islets of the diabetic control rats showed
vacuolation and necrosis. Many nuclei appear irregular and
hyperchromatic and many cells showed extreme hydropic
degenerations (Figure 5).

On the other hand, the treatment of the diabetic rats with
ESSO and RSSO produced potential improvement of the islets
architecture (Figures 6 and 7). At the end of the experiment,
the islets regained their normal architecture with enlarged size
and the number of alpha (a) and beta (b) cells was obviously
increased. There are still few vacuolations (v) and necrotic
areas (n).

Discussion

Study results revealed the treatment of diabetic rats with
either ESSO or RSSO lead to significant amelioration of glucose
tolerance. A decrease in elevated serum glucose levels is in
agreement with the results of Sajeeth et al. [40], who revealed
similar effect of ES in STZ-induced diabetic rats. ES might have
exerted its effect by preventing the death of beta cells or may
have helped in the recovery of partially destroyed beta cells
[41]; this action may be due to its antioxidant properties [42].
The present results are also in accordance with the data of El-
Missiry and El Gindy [18], who reported the effect of ESS oil on
alloxan diabetic rats and are in concordance with those of Pari
and Rajarajeswari [43], who evaluated the antidiabetic effect
of coumarin, a rich secondary constituents of Eruca sativa [44],
in STZ-nicotinamide-induced diabetic rats. Moreover, the
antihyperglycemic effect of RSSO may also be attributed to the
presence of substances other than flavonoids, i.e. glycosides,
saponin and coumarin. Such compounds have been reported
to be responsible for hypoglycemic action [45]. In comparison
with normal control rats, the present study revealed a
profound decrease in fasting insulin level of STZ diabetic rats.
This finding agrees with Akhani et al. [46] and Modi et al. [47]
and may be ascribed to the diabetogenic effect of STZ, which
leads to marked degenerative changes in p-cells, as indicated
in the present histological study. Serum insulin concentration
was increased markedly as a result of treating diabetic rats
with both ESSO and RSSO. ESSO by its ability to inhibit lipid
peroxidation [18], prevents STZ induced oxidative stress and
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protects B-cells resulting in increased insulin secretion and
decrease in elevated blood glucose levels. Also, RSSO increased
insulin secretion and decreased in elevated blood glucose
levels. This effect may be due to it contains anthocyanins that
have antioxidant effect that prevent cell from oxidative damage
as reported by Matsufuji et al. [21] and to the presence of
coumarins and flavonoids which are probably responsible for

Figure 4: Photomicrographs (4A and 4B) of sections of pancreas of normal male
albino rats. The pancreas is subdivided by septa into pancreatic lobules. The
endocrine portion consists of the islets of Langerhans (IL) which are scattered
throughout the pancreas and contains alpha cells (a) and beta cells (b).
(Photomicrograph 4A X200, Photomicrograph 4B X400 B).

Figure 5: Photomicrographs (5A and 5B) of pancreas of diabetic control rats
showing atrophy of islets of langerhans (IL) with decreased number of beta cells
(b) in the core of islets. Necrosis (n), vacuolations (v) and hyperchromatic nuclei
(hcn) are observed in the islets of Langerhans of diabetic rats (Photomicrograph
5A: X205; Photomicrograph 5B: X512).

Figure 6: Photomicrographs (6A and 6B) of pancreas of diabetic rats treated
with ESS oil showing potential improved islets architecture with enlarged size
and increased number of alpha cells (a) and beta cells (b). There are still few
vacuolations (v) and necrosis (n). (Photomicrograph 6A: X205; Photomicrograph
6B: X512).

Figure 7: Photomicrographs (7A and 7B) of pancreas of diabetic rats treated
with RSS oil showing potential improved islets architecture with enlarged size
and increased number of alpha cells (a) and highly divided beta cells (b). There
are still few vacuolations (v) and necrosis (n). (Photomicrograph 7A: X205;
Photomicrograph 7B: X512).

recovery in the altered biochemical variables and amendment
of pancreatic islets histological architecture and histology as
reported by Kroncke et al. [48] and evidenced in the present
investigation.

The decrease in liver glycogen observed in diabetic rats is
in accordance with the finding of Ferrannini et al. [49] and
Ferreira et al. [50] and supported the suggestion of increased
glucose output during insulin deficiency. The increased hepatic
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glucose output in diabetes may be derived from glycogenolysis
and/or gluconeogenesis as reported by Raju et al. [51]. Our
results revealed an enormous depletion in hepatic glycogen
content accompanied by profound elevation of glucose-6-
phosphatase, as compared to that of normal control ones.
These results are in accordance with those of Ahmed et al. [52]
and Ahmed et al. [53], who found that STZ-induced diabetes
reduced hepatic glycogen content and increased glucose-6-
phosphatase activity in diabetic rats. This decrease in glycogen
content of the hepatocytes in the liver could be due to the
displacement of glycogen in the cytoplasm of hepatocytes
as accumulation of lipid droplets [54]. The elevation of liver
glycogen content in the present study after treatment with ESS
and RSS oil may be due to their ability to improve insulin level.

With regards to the in situ-intestinal glucose absorption
in the current study, it was found to be decreased in a dose
dependent manner as a result of the presence of ESS RSSO in
the perfusion solution. Moreover, RSSO was more effective in
decreasing intestinal absorption of glucose than ESS oil. Thus,
based on the results, it can be suggested that the reduction
of intestinal glucose absorption might have a role in the
mechanism of action to augment the hypoglycemic activity of
the tasted materials.

In some other instances, the present study revealed that
both RSSO and ESSO potentially increased peripheral glucose
uptake in the rat diaphragm in vitro. Thus, these tested oils may
also produce their anti-hyperglycemic effects by enhancing
the peripheral glucose uptake in addition to their effects in
decreasing the hepatic glucose output and intestinal glucose
absorption.

Inview of the lipid profile, the diabetic rats exhibited marked
elevation of serum total lipids, triglycerides, total cholesterol,
LDL-cholesterol and vLDL-cholesterol concentrations. These
results are in agreement with the findings of El-Missiry and
El Gindy [18], Rajagopal and Sasikala [55], Baxi et al. [56] and
Lanjhiyana et al. [57], who recorded significant increased levels
of these lipids in the alloxanized diabetic rats, and in agreement
with Verges [58], who revealed an increased triglycerides and
LDL-cholesterol levels in type 1 diabetes. On the other hand,
HDL-cholesterol exhibited a different behavioral pattern
where it was detectably decreased in the diabetic rats. This
agrees well with observation Modi et al. [47], Verges [58] and
Lanjhiyana et al. [57]. Additionally, Rajagopal and Sasikala
[55] and Singh et al. [59] reported that diabetogenic agents
significantly increase the cholesterol and triglycerides levels.
The abnormally high concentration of serum lipids in DM is
mainly due to an increase in the mobilization of free fatty
acids from the peripheral fat depots, since insulin inhibits the
hormone-sensitive lipase [60]. The marked hyperlipidemia that
characterizes the diabetic state may, therefore, be regarded as
a consequence of the uninhibited actions of lipolytic hormones
on the fat depots. Excess of fatty acids in plasma produced
by STZ promotes the liver conversion of some fatty acids to
phospholipids and cholesterol [61].

In the present study, treatments of STZ-induced diabetic
rats with ESS and RSS oils produced potential improvement

of the altered serum lipid variables. These results are in
agreement with El-Missiry and El Gindy [18], who revealed
the amelioration of alloxan-induced diabetes mellitus and
oxidative stress in rats by oil of ESS that improved the levels of
serum lipid parameters as compared with the diabetic group.
Also, the finding is in concurrence with Bhavsar et al. [62],
who demonstrated the decreasing effect of saponins, one of
RSS components, on triglycerides and total cholesterol levels
and with Kwon et al. [63], who revealed that anthocyanins, one
of RSS components, were also effective in improving the lipid
profile. These chemical constituents significantly reduced the
levels of serum triglyceride and cholesterol.

Our study showed that the aminotransferases (AST and
ALT) activities were significantly increased in the liver of
STZ-induced diabetic rats. This increase in aminotransferases
levels may be due to the cellular damage in the liver caused by
STZ-induced diabetes. This agrees with Zafar et al. [64], who
revealed the altered liver morphology and enzymes in STZ-
induced diabetic rats. In contrast to the present study, Okada et
al. [65], reported that AST activity was lower than the amount
of enzyme in diabetic rat tissues. It was suggested that this
may be due to the inactivation of cytosolic AST in the diabetic
rat tissues by a glycation reaction, accompanied by impairment
in glucose utilization in STZ induced diabetes.

In the present study treatments with both ESS and RSS oil
decrease the AST and ALT levels. These results are in agreement
with those of Okamoto et al. [66], who reported the ability of
coumarin, one of rich constituents of ES, to lower plasma ALT
activity. Also, the effect of the tested plants may be due to their
ability to prevent cell damage and recover the cellular damage
in the liver.

In view of oxidative stress point of view, the present
results indicated that STZ-induced diabetes produced marked
elevation of liver lipid peroxidation and detec tablereduction of
liver total thiols, glutathione content. These data are consistent
with those of several authors. El-Missiry and El Gindy [18],
Ahmed [67], Adewole et al. [68] and Moussa [69], reported
that abnormalities of antioxidant defense systems have been
demonstrated in both experimentally induced diabetes and in
patient with diabetes mellitus. In the study of Ha et al. [70],
it was shown that oxidative stress is one of the important
mediators of vascular complications in diabetes including
nephropathy. High glucose produces reactive oxygen species
(ROS) as a result of glucose auto-oxidation, metabolism, and
the development of advanced glycosylation end products.

Lipid peroxidation is one of the characteristic features of
chronic diabetes. Oxidative damage induced by STZ resulted
in the formation of highly reactive hydroxyl radical, which
stimulates the lipid peroxidation that causes destruction and
damage to the cell membrane [71]. Glutathione is an important
biomolecule against chemically induced toxicity and can
participate in the elimination of reactive intermediates by
reduction of hydroperoxides in the presence of glutathione
peroxidase. Glutathione also functions as free radical scavenger
and in the repair of radical caused biological damage [72].
It also inhibits free radical mediated lipid peroxidation [73].
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Decreased glutathione levels in diabetes have been considered
to be an indicator of increased oxidative stress [74].

In the present study, the treatment of diabetic rats with
ESSO and RSSO produced a significant decrease in the liver lipid
peroxidation. This decrease could be attributed to the increase
in glutathione peroxidases in rats treated with the herbal
formulation since this enzyme has been shown to inactivate
lipid peroxidation. The present results are in accordance
with El-Missiry and El Gindy [18] who reported that ESS oil
has a significant decrease in lipid peroxidation and increase
glutathione content in alloxan-induced diabetic rats and in
concordance with Sajeeth et al. [71], who reported the same
effect of ESS. Additionally, RSS oil has the same effect which
may be due to the presence of anthocyanins. The anthocyanins
are important group of dietary antioxidants that have many
physiological functions. They protect living cells from oxidative
damage resulting in the prevention of diseases [21].

In conclusion, ESSO an RSSO have potent anti-
hyperglycemic and antihyperlipidemic efficacies in STZ-
induced diabetic rats. These effects may be due their ability to
improve the islets architecture, insulin secretory response and
antioxidant activity.
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