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Abstract

Clinical research has confirmed the efficacy of several
plant extracts in the modulation of oxidative stress asso-
ciated with diabetes mellitus (DM). Qil of Eruca sativa
seeds (ESS) is tried for prevention and treatment of DM
induced experimentally by alloxan injection. A single
dose of alloxan (100 mg/kg) produced a decrease in insu-
lin level, hyperglycemia, elevated total lipids, triglycer-
ides and cholesterol, decreased high-density lipoprotein
and hepatic glycogen contents and elevated hepatic
glucose-6-phosphatase activity. Concurrent with these
changes, there was an increase in the concentration of
malondialdehyde and 4-hydroxynonenal in the liver.
This oxidative stress was related to a decreased gluta-
thione (GSH) content and superoxide dismutase activity
in the liver of alloxan-diabetic rats. ESS oil (0.06 ml/kg)
on its own increased significantly hepatic GSH. Daily oral
administration of ESS oil 2 weeks before or after dia-
betes induction ameliorated hyperglycemia, improved
lipid profile, blunted the increase in malondialdehyde
and 4-hydroxynonenal and stimulated the GSH produc-

tion in the liver of alloxan-treated rats. We suggested that
ESS oil could be used as antidiabetic complement in
case of DM. This may be related to its antioxidative prop-

erties and to the increase in hepatic GSH.
Copyright © 2000 S. Karger AG, Basel

Introduction

Oxidant free radicals have been implicated in the
pathogenesis of type I diabetes mellitus (DM) [1, 2]. In
addition, diabetic patients have significant defects of
antioxidant protection [3, 4], and it is believed that the
metabolic disorders in type I DM may be due to increased
cellular oxidative stress and reduced antioxidant protec-
tion [5].

Chemoprevention involves the use of natural sub-
stances to reduce the risk of developing DM and its
sequels. A dietary component capable of mediating che-
mopreventive activity is sulforaphane, an aliphatic iso-
thiocyanate, that is found in cruciferous vegetables such
as Eruca sativa seeds (ESS). Sulforaphane, the principal
component of ESS oil, was found to be a potent inducer of
phase II detoxicating enzymes due to its antioxidant func-
tions [6]. Glucoraphanin, that possesses potential antioxi-
dant properties, was obtained from glucoerucin isolated
from ripe seeds of Eruca sativa ESS [7].
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Table 1. Serum glucose, insulin, total lipids, triglycerides, total cholesterol and HDL cholesterol in various animal groups

Nondiabetic groups Diabetic groups

control acetate control ESS oil control alloxan ESS oil + alloxan alloxan + ESS oil
Glucose, mg/100 ml 92.26+2.68 89.42+3.59  89.03+5.19 272.65+33.61¢ 152.14+14.84%d 188.95+10.83¢4
Insulin, pg/ml 33.6£2.99 32.2+2.56 40.5+7.7 124+£1.21¢ 22.0£2.95¢4d 24.8+1.36%4
Total lipids, g/1 6.39+0.12 6.321+0.06 6.38+0.13 7.63+0.07¢ 6.68+0.21 7.21%£0.16¢
Triglycerides, mg/100 ml 86.67+3.82 85.00%+2.83  87.52+10.95 155.83+15.57¢  87.01+4.754 97.16+4.00¢
Total cholesterol, mg/100 ml 90.65+3.49 94.12+2.36  84.60%£7.25 116.47+2.88¢ 95.74+2.974 100.00+3.224d
HDL cholesterol, mg/100 ml 31.72+1.8 30.48+1.7 34.39+3.2 25.26+1.3¢ 27.70+2.2 28.52+1.1

All values are mean = SE of 6-8 animals.

¢ Significant (p < 0.05) when compared with the normal control group.

d  Significant (p < 0.05) when compared with the diabetic group.

Alloxan-induced DNA fragmentation in pancreatic is-
lets and cell damage have been attributed to the produc-
tion of toxic free radicals [8]. Thus, the alloxan system was
considered adequate for the study of a pathology in which
free radicals might have central role, such as DM. Since
diet forms the mainstay in the management of DM, there
is a suggestion for exploiting the antioxidative potency of
seeds and their oils to the maximum extent. Therefore,
the aim of the present work was to investigate the
influence of ESS oil supplementation on biochemical and
antioxidant parameters in alloxan-treated rats.

Materials and Methods

Alloxan was purchased from Sigma Chemical Co. ESS oil was
freshly obtained from a local source. Male Wister rats (150-180 g)
were used. The animals were divided into six groups, each consisting
of 6-8 animals. The Ist group was the control group without any
treatment. The 2nd group received acetate buffer used for alloxan.
The 3rd group received a daily dose of ESS oil (0.06 ml/kg) intragas-
trically for 14 days. The 4th group received a single intraperitoneal
injection of 100 mg alloxan/kg. The 5th group received alloxan fol-
lowed by ESS oil at the same dose as 3rd and 4th groups. The 6th
group received ESS oil first for 14 days, then alloxan.

At the end of the experimental period, the serum insulin level was
estimated using kits from Bio-Mérieux. The concentrations of glu-
cose, total lipids, triglycerides, cholesterol and high-density lipopro-
tein (HDL) cholesterol in serum were estimated by kits obtained
from Stanbio. The glycogen content in the liver was determined
by the anthrone method [9]. The activity of glucose-6-phosphatase
(G-6-Pase) in the liver was assayed as previously described [10]. Lip-
id peroxidation in the liver was estimated by colorimetric assay of
malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) using a kit
obtained from Wak-Chem Medical. The total superoxide dismutase
(SOD) activity and the Glutathione (GSH) content in the liver were
determined as described [11, 12]. Statistical analysis of the results
was performed using ANOVA.
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Results

ESS oil supplementation for 2 weeks on its own did not
change the biochemical parameters in serum (table 1).
Alloxan treatment produced a significant elevation in
plasma glucose concentration. The supplementation of
ESS oil 2 weeks before alloxan treatment or concurrent
supplementation of ESS oil after alloxan treatment for 2
weeks showed a significant decrease in glucose level as
compared with alloxan-diabetic rats, in spite of the signif-
icant increase of serum glucose as compared with the con-
trol group. In addition, alloxan produced a significant
decrease in the serum insulin level. Supplementation of
ESS oil 2 weeks before or 2 weeks after alloxan injection
ameliorated the decline in insulin level and showed higher
values as compared with diabetic rats but was still signifi-
cantly lower than the normal control value. Moreover,
alloxan-injected rats showed significant increases in the
serum levels of total lipids, triglycerides and cholesterol
with a significant decrease in serum HDL level (table 1).
Supplementation of diabetic rats with ESS oil for 2 weeks
before and 2 weeks after alloxan treatment greatly im-
proved the levels of serum lipid parameters as compared
with the diabetic group, but still these were significantly
different from control values.

As shown in table 2, alloxan treatment significantly
decreased the hepatic glycogen content and increased the
activity of G-6-Pase. Oral administration of ESS oil for 2
weeks before and 2 weeks after alloxan treatment signifi-
cantly ameliorated these effects as compared with the dia-
betic group; however, the glycogen content was still signif-
icantly lower than control levels. ESS oil administration
alone did not change hepatic glycogen and the activities of
G-6-Pase.
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Table 2. Liver glycogen, G-6-Pase, GSH, lipid peroxidation product (MDA+4-HNE) and SOD activity per gram fresh tissue in various

animal groups

Nondiabetic groups Diabetic groups

control acetate control ESS oil control alloxan ESS oil + alloxan alloxan + ESS oil
Glycogen, mg/g 669.4+51.00 629.6+43.6 784.8%+76.1 187.7£9.0¢ 416.3+£21.004 687.2+19.2d
G-6-Pase, umol/pi/min/g 1.17£0.07 1.22+0.11 1.29+0.14 1.47£0.10° 1.29£0.05 1.19£0.24
MDA+4-HNE, umol/g 5.05+£0.33 5.06£0.27 4.62+0.41 9.67+0.99¢ 5.50+0.44 4.47+0.264
GSH, pmol/g 1.72+0.16 1.89+£0.19 3.38+£0.25¢ 1.24+0.16¢ 2.01+0.114 1.76 £0.124d
SOD, U/g 4580+4.02 44.18%+3.38  47.60%=10.07 31.81+3.49 39.88+3.84 33.62+1.75

Footnotes as in table 1.

Alloxan injection produced significant oxidative stress
in the liver of diabetic rats 2 weeks after DM induction
which was manifested by increased lipid peroxidation
products, MDA and 4-HNE, with decreased GSH content
and SOD activity (table 2). Administration of ESS oil for
2 weeks before and 2 weeks after alloxan treatment signif-
icantly decreased lipid peroxidation, with similar value as
in control rats. The hepatic GSH content was increased
significantly in ESS oil treated groups over the diabetic
group. ESS oil alone induced a significant increase in
hepatic GSH as compared with the control group. When
ESS oil was supplemented 2 weeks before alloxan treat-
ment, the SOD activity was restored and showed a signifi-
cant increase as compared with diabetic rats, but was
within the control level. On the other hand, oral supple-
mentation of ESS oil for 2 weeks after alloxan injection
did not modify the decreased activity of SOD in the
liver.

Discussion

The present results demonstrated that ESS oil signifi-
cantly ameliorated the adverse influence of alloxan. To
the best of our knowledge, this is the first report utilizing
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. These
changes were accompanied by a significant decrease in
lipid peroxidation in the liver. These results are in accor-
dance with those of other investigations using different
seed oils [13, 14]. It is suggested that the active principles
from plant sources might act by several mechanisms such

Amelioration of Alloxan-Induced Oxidative
Stress by ESS Oil

as stimulating insulin secretion, increasing repair/prolif-
eration of B-cells, enhancing the effect of insulin and
adrenaline and increasing the antioxidative capability
[14, 15].

Several studies showed that alloxan produces a de-
crease in the activity of the antioxidant enzymes during
the development of alloxan-induced type I DM in liver,
pancreas and testis [16, 17]. In our experimental model of
DM, it was observed that alloxan administration pro-
duced a significant decrease in hepatic GSH content and
SOD activity accompanied by a significant increase in
aldehydic products of lipid peroxidation, indicating an
increased hepatic oxidative stress which may also occur in
other tissues in alloxan-treated rats. The aldehydic prod-
ucts of lipid peroxidation such as MDA and 4-HNE are
more cytotoxic and stable than reactive oxygen species
and react quickly with cellular constituents [18]. Besides
these negative effects MDA and 4-HNE are modulators of
signal transduction pathways that disturb cellular activi-
ties [19]. This in turn may contribute to the disruption of
intracellular and membrane redox state of many cells
including liver and B-pancreatic cells, hence disturbing
glucose regulation.

The improvement recorded before and after ESS oil
treatment of alloxan-injected rats might suggest a protec-
tive and prophylactic influence of ESS oil against alloxan
action that might be mediated through neutralization of
oxygen free radicals produced by alloxan. A stimulating
effect of the synthesis of GSH by ESS oil was observed in
the present study. The GSH reacts with free radicals and
is a crucial substrate for glutathione peroxidase and gluta-
thione-S-transferase which take part in the cellular de-
fense mechanisms against intermediate oxygen products
[16, 17]. The ameliorative effect of ESS oil on hepatic lip-
1d peroxidation produced by alloxan may be related to the
significant rise in hepatic GSH induced by the active
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components in oil of this plant seed. It is reported that
sulforaphane, the principle medical component of ESS
oil, increased the GSH level about twofold in cultured
Hepa Iclc7 cells, induced a 5- to 17-fold increase in the
catalase activity by interaction with antioxidant-respon-
sive element and induced mouse mammary glutathione-
S-transferase activity after feeding of 3 mg sulforaphane/
mouse intragastrically for 4 days without elevation of
hepatic enzyme activities [20]. It may be relevant that the
ratio of GSH/GSSG plays a critical role in glucose homeo-
stasis of diabetes because thiol groups are important in
intracellular and membrane redox state [16]. Oil of ESS
induced an increase in hepatic GSH content which might
enhance the GSH/GSSG ratio and decrease hepatic lipid

peroxidation, hence aldehydic concentration, and, there-
fore, improve serum glucose regulation.

Parallel to these events, hepatic SOD activity was
increased in rats supplemented with ESS oil as compared
with diabetic rats. SOD is responsible for removal of
superoxide radicals [11]; thus, it may contribute to the
modulation of redox state of liver cells as well as other
important secretory cells such as B-pancreatic cells. The
interplay of these events may contribute to the favorable
effects of ESS oil on liver damage produced by the genera-
tion of free radicals. This is the case in the experimental
DM induced by alloxan and probably the case in human
DM type 1.
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