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Oxidative stress is produced under diabetic con-
ditions and possibly causes various forms of tis-
sue damage in patients with diabetes. The aim of
the study was to investigate the effect of ginger
on the occurrence of oxidative stress in the small
intestine of diabetic rats.

Materials and Methods: Twenty-four male Wis-
tar rats were divided into three groups: control
group, nontreated diabetic group, and diabetic
group treated with ginger powder as 5% of their
daily food. After 6 weeks, lipid peroxidation,
protein oxidation, superoxide dismutase (SOD),
and catalase levels of the small intestine were
measured.

Results: Diabetes caused significant increase of
small intestine lipid peroxidation, protein oxida-
tion, and SOD levels and decrease of catalase ac-
tivity. Lipid peroxidation and protein oxidation
were attenuated after consumption of ginger in
the diabetic rats, and increased catalase activity.
Conclusions: These findings indicate that gin-
ger, as an oxidant, improves diabetes induced
oxidative stress and its complications through
prevention of lipid peroxidation and protein
oxidation.
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Introduction

Diabetes mellitus is a metabolic disorder
characterized by hyperglycemia and insuffi-
ciency of secretion or action of endogenous
insulin that frequently results in severe meta-
bolic imbalances and pathological changes in
many tissues' Dysfunction of the gastrointes-
tinal tract is common among diabetic pa-
tients.” As many as 75% of patients visiting
diabetes clinics report significant gastrointes-
tinal symptoms.’ The intestinal mucosa is
vulnerable to oxidative stress on account of
the constant exposure to reactive oxygen spe-
cies (ROS) generated by several conditions
such as ischemia/ reperfusion, inflammatory
bowel disease, surgical stress, and diabetes.’
Increased oxidative stress is important in the
development and progression of diabetes and
related complications. Excessively high le-
vels of free radicals cause damage to cellular
proteins, membrane lipids, and nucleic acids,
and eventually cell death. Increased produc-
tion of high levels of reactive oxygen—free
radicals has been linked to glucose oxidation
and non-enzymatic glycation of proteins,
which contribute to the development of di-
abetic complications in many tissues.'

The cellular antioxidant status determines
the susceptibility to oxidative damage and is



usually altered in response to oxidative
stress.’

The protective effects of exogenously
administered antioxidants have been exten-
sively studied in animal models in recent
years. Several studies have shown that con-
sumption of antioxidant vitamin and nutrient-
rich antioxidants such as ginger decrease di-
abetic complications and improves the anti-
oxidant system of the body.°

Ginger (Zingiber officinale rhizome) is a
widely used herbal medicine for the treat-
ment of diseases, including those affecting
the digestive tract.” The anti—diabetic activity
of ginger has been reported in streptozoto-
cin—induced diabetic rats.®’

Considering reports of other studies that
document occurrence of oxidative stress in
the small intestine of diabetic rats, the present
study aimed to investigate the effects of gin-
ger, as an antioxidant, on diabetes-induced
alterations enzymatic and oxidative compo-
nents of the antioxidant defense systems in
the small intestine mucosal layer of diabetic
rats.

Materials and Methods

Twenty-four male Wistar rats (250-270g)
were divided into three groups: control, non-
treated diabetic group, and the ginger treated
diabetic group that received ginger powder
(Adak Co Turkey) as 5% of their daily food®
for 6 weeks. All experiments on rats were
performed in strict compliance with guide-
lines of the National Institutes of Health
Guide for Care and Use of Laboratory Ani-
mals (1985).

Diabetes was induced by single intraperi-
toneal injection of 60 mg/kg body weight
streptozotocin (Sigma Company) in 50 mM/1
citrate buffer, pH 4.5. The control group was
injected intraperitoneally with an equivalent
amount of buffer. Blood samples, obtained
from tail veins, 48 h after injection of STZ
and glucose were analyzed by the glucose
oxidase method (Biosystem Kit Barcelona,
Spain) for the study, rats with blood glucose
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higher than 300 mg/dL were considered as
diabetics and control and diabetic rats were
provided food and water ad libitum through-
out the experiment. After 6 weeks, all rats
were anesthetized by 10% chloral hydrate (5
ml/kg body weight; Sigma) and blood sam-
ples taken from the heart; following this,
immediately the abdominal cavity was
opened surgically and the whole small intes-
tine removed. The small intestine was seg-
mented and each segment was flushed with
chilled 115 g/l KCl solution and mucosa was
scraped. A 100 g/l homogenate was prepared
in 50 mM/1 phosphate buffer, pH 7.44°C in a
refrigerated centrifuge (Hermele Germany).
The supernatant so obtained was stored at -
80°C until it was assayed.® Protein content
was determined by the method of Bradford
10 using bovine serum albumin as the stan-
dard. HbAlc or glycosilated hemoglobin was
analyzed by HPLC using automated D-10
Bio Rad hemoglobin analyzers. The extent of
protein oxidation was determined by measur-
ing the protein carbonyl content in the super-
natant using Cayman kit (Cayman Chemical.,
MI, USA). In this method, 2, 4—dinitrophey-
lhyrazine (DNPH) reacts with protein carbo-
nyls, forming a Schiff base to produce the
corresponding hydrozone, which can be ana-
lyzed spectrophotometrically.'’ Catalase ac-
tivity was determined in the supernatant us-
ing the Cayman Kit (Cayman Chemical., M,
USA). The method was based on the reaction
enzyme with methanol in the presence of op-
timal concentration of H,0,; the formalde-
hyde produced was measured by spectropho-
tometrically with 4-amino—3- hydrazino—5—
mercapto-1, 2, 4-triazole (purpald) as the
chromogen and measured at 450 nm."* Tissue
superoxide dismutase (SOD) activity was de-
termined using a Ransod kit (Randox Labora-
tories, Crumlin, UK). Briefly, the method
employs xanthine and xanthine oxidase to
generate superoxide radicals which react with
2-4-iodophenyl-3-4-nitrophenol-5-phenyltetr-
azolium chloride to form a red formazan dye.
SOD activity was measured by the degree of
inhibition of the reaction, using absorption at
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440 nm. The results were expressed in units
per mg of protein. The assay 8—isoprostane
(Cayman Chemical., MI, USA) was based on
the competition enzyme immunoassay be-
tween 8—isoprostane and an 8-Isoprostane-
acetylcholin esterase (AChE) conjugate with
specific rabbit antiserum; then Ellman's rea-
gent was added. The final product gave a dis-
tinct yellow color, absorbed strongly at 412
nm and the amount of 8-isoprostane deter

mined spetrophotometrically.’ All data were
expressed as meantSD. The statistical signi-
ficance was evaluated by one—way analysis of
variance (ANOVA) using SPSS Version 11.
5. A value of P<0.05 was considered signifi-
cant.

Results

The mean body weight, blood glucose,
HbAlc and total protein levels of the non-
treated diabetic and ginger-treated groups are
given in Table 1, compared with those of the
control group.

Tablel. Effect of ginger on body weight, blood glucose, HbA,. and total protein in control, diabetic and

ginger treated diabetic group

Group Body weight (g) Blood glucose HbA,. Total protein
(mg/dL) small intestine
(mg)
Initial 6™ week Initial 6™ week Initial 6™ week Initial 6™ week
Control  268.619.8 274.8+10. 8 146. 5.440. 1 4.840. 6 NA 7.0+0.5
5+15 0£12.0
Diabetic 261.8+24.0 184.8+15.6 362. 8.243.1% 29.9£2. 7* NA 7.540.5
3+55.0 4+48.0°
Diabetic  259.3+17.8 194.5+18.9 345, 6.240.1°  6.8%0.9" NA  7.440.4
+ginger 2425.0 3465.0*°

Data are expressed as mean + SD; n=8; “significant difference compared to control; "significant difference

compared to diabetic; NA: not applicable

The body weights of rats at the beginning
of the study were similar in all groups. At the
end of study, after 6 weeks, nontreated di-
abetic and ginger-treated diabetic rats
showed weight loss. However, the body
weight loss in ginger-treated rats was lower
than that in nontreated diabetic rats.

The blood glucose concentration of the
ginger-treated diabetic group at the end of 6
wk decreased significantly compared with
that of the nontreated diabetic group
(P<0.05). As shown in Table 1, the HbAlc
level was significantly higher in nontreated
diabetic rats than in control (normal) rats
(P<0.001), but it was normalized in the gin-
ger-treated rats. The intestinal levels of total

protein did not differ significantly between
groups.

Catalase activity in the nontreated diabetic
group was significantly decreased compared
with that in the other two groups (P<0.05).
There was no significant difference between
control and the ginger treated groups (Fig.
la).

The SOD activity in the nontreated di-
abetic group was significantly higher than in
the control group (P<0.001), but, in compari-
son with ginger treated rats, the difference
was not significant. However, the SOD activ-
ity in the ginger- treated group was signifi-
cantly higher than that in the control group
(P<0.01) (Fig. 1b). A significant increase in
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protein carbonyl content was seen in the non-
treated diabetic group compared with the
control (p<0.05) and ginger- treated group
(P<0.001), but no significant difference was
found between control and ginger-treated rats
(Fig.1c). As shown in Fig. 1d, 8- isoprostane
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level was increased in the diabetic group as
compared with the control group (P<0.001).
In ginger-treated diabetic rats, 8—isoprostane
was decreased significantly compared with
nontreated diabetic rats (P<(0.001), whereas in
control rats, the difference was not significant.
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Fig. 1. Biochemical markers of oxidative stress: a. catalase activity b. activity of superoxide dismutase
c. protein carbonyl content and d. level of 8 isoprostane

Discussion

In this study, we evaluated the hypothesis
that ginger powder prevents hyperglycemia —
induced oxidative stress in the small intestine
mucosa in STZ-induced type I diabetes in
rats. The results proved the occurrence of
oxidative damage in the small intestine dur-
ing the experimental diabetes episode and al-
so revealed that consumption of ginger can

improve oxidative stress status with attenua-
tion of lipid peroxidation, protein oxidation,
lowering the blood glucose level.

Lipid peroxidation may bring about pro-
tein damage and inactivation of membrane-
bound enzymes, either through direct attack
by free radicals or through chemical modifi-
cation by its end products, malondialdehyde
and 4-hydroxynonenal;'* It is also known to
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decrease the fluidity of the intestinal brush
border membrane." Our results showed gin-
ger significantly reduced the extent of lipid
peroxidation, which confirmed the findings
of other studies.”

In this study, the levels of protein—bond
carbonyls in the small intestine of non treated
diabetic rats were significantly high. Mea-
surement of protein carbonyl is the most
widely utilized measure of protein oxida-
tion.'® It has been proposed that carbonyl
stress i.e., the increase in reactive carbonyl
compounds derived from oxidative and non—
oxidative reactions leads to increased chemi-
cal modification of proteins and at a later
stage to oxidative stress and tissue damage. A
deficit in the detoxification of carbonyl com-
pounds by the enzymes of glyoxalase path-
way and aldose reductase is believed to be
partly responsible for carbonyl stress and
consequent oxidative stress."”

The diabetes-induced stimulation of intes-
tinal mucosal growth is believed to be a re-
sponse to elevated physiological demands.
The accompanying increase in the transport
of oxidizable compounds such as glucose,
amino acids,' and lipids,'® alongwith the in-
creased synthesis of cholesterol and triglyce-
rides® and decreased utilization of glucose
within the enterocyte,”’ can lead to transient
increases in the intracellular concentrations
of these compounds. The free radicals gener-
ated by autoxidation of these compounds
may have been responsible for the elevation
in lipid peroxidation and protein oxidation.’
Our results showed that ginger significantly
decreased protein oxidation compared with
the nontreated diabetic group. The hypolipi-
demic effect of ginger has been shown by
other investigators™. It is likely that the hy-
pochlosterolemic effects of ginger stem from
the inhibition of cellular cholesterol synthe-
sis. Attenuation of cholesterol synthesis re-
sults in augmentation of LDL receptor activi-
ty, which leads to elimination of LDL from
plasma.” It is well established that elevation
of LDL oxidation induces oxidative stress
and resultant damage.

8-isoprostane is an oxidative stress mark-
er* and its level increases during diabetes. In
this study the level of 8-isoprostane was sig-
nificantly high but reduced levels were found
in ginger treated rats.

The HbAlc level in the ginger-treated
group was significantly lower than that in the
nontreated diabetic group. It has been
showed that HbAlc level increases during di-
abetes” and it is a marker which shows the
degree of protein glycation.”® Administration
of ginger to diabetic rats significantly de-
creased the level of glycosylated haemoglo-
bin and this may be due to the decreased lev-
el of blood glucose.

To avoid oxidative stress, antioxidant en-
zymes, such as catalase and SOD, play an
important role in reducing oxidative stress.”’
Hyperglycemia—induced oxidative stress
plays a key role in the development of di-
abetes and its complications. There is cur-
rently no consensus regarding antioxidant
enzyme levels in various organs during the
diabetic diseased state. Whereas some studies
measuring activities of SOD and catalase in
diabetes mellitus show the reductions in le-
vels of these enzymes, others report the in-
creases in the activities of both enzymes with
the STZ — induced diabetes. SOD catalyzes
the conversion of superoxide radical to H,O..
It protects the cell against the toxic effect of
superoxide radicals.” In the present study,
the activity of SOD was significantly high in
the small intestine mucosa of the nontreated
diabetic rats. The increased SOD activity
might be another sign of the increased oxida-
tive stress in the intestinal tissue. The amount
of SOD activity in the ginger-treated group
was lower than nontreated diabetic group, but
the difference was not significant. Ginger
might be a scavenger for the free oxygen rad-
icals and it somewhat prevented the elevation
of the activities of SOD enzyme in the small
intestine of diabetic rats.

Catalase activity decreased significantly
in the nontreated diabetic rats compared with
that in other groups. Consumption of ginger
restored catalase activity to the level similar
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to that in control rats. Catalase is one of anti-
oxidative factors involved in elimination of
ROS™ and has a predominant role in control-
ling the concentration of H,0,.*° However,
the increase in catalase activity in the small
intestine of diabetic rats has been reported 4
and other investigators reported a lack of
changes in the activity of intestinal catalase
rats fed diets containing different fat supple-
ment.”’ Such different findings may depend
on several factors, such as animal strain, du-
ration of the experiment, severity of diabetes,
and assay techniques used to determine of
catalase activity. However, other investiga-
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