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ABSTRACT

Stress condition has been reporied to decrease infraceliular anfioxidant-superoxide dismufase (SOD) in the liver and kidney of
rafs. This study was conducted to evaluete the antioxidant activities of ginger oleoresin on the profile of superoxide dismifase {SOD} in
the kidney of rafs under stress condition. The stress condition was achieved by five days of fasting together with swimming for 5 min/day.
Ginger oleorasin was orally administrated in a dose of 60 mg/KgBW/day for seven days. Drinking water was provided ad libitum to all
groups. The treatment of ginger ofeoresin significantly decreased malondfaldenyde (MDA} levels and increased SOD activity, as well as
immunohistochemicall, increased the content of copper, zinc-S0D (Cu.Zn-SOD) in the kidney tissues compared fo that of untreafed
group. The antioxidant content in ginger olecresin such as shogaol, zingeron, and gingercl, efc. were showntc have activities in the
kidney fissues of rats under stress condition that is increasing the profile of SOD. Ginger olsoresin freatment in combination both before

and after stress gave the best resuils.
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INTRODUCTION

Wresdiyati and Makita (1995) reported that
stressful conditions morphologically altered the kidney of
Japanese monkeys, and increased the number of
peroxisomes in the organ. it was also reported that stress
produced inflammation and decreased the intracellutar
antioxidant-Cu,Zn-SOD in the liver and kidney of rats
{Wresdiyati et al, 2002, Wresdiyati 2003a; Wresdiyati
2003b). These alterations may account for the fasting
stress condition, inducing production of reactive oxygen
species-free radical and thereby creating the situation
known as oxidative stress. Oxidative stress canlead toa
variety of biochemical and physiological lesions often
resulting in metabolic impairment and cell death. These
highly reactive oxygen radicals can readily react with
various biological macromolecules such as DNA,
proteins, lipids, and cause protein destruction. The
lesions in tum lead to various diseases and degenerative
processes such as aging and carcinocgenesis in human
and animals {Halliwell & Gutteridge 1995).

Ginger (Zingiber officinale Roscoe) has been
used in many ways since long time ago. It is known to be
effective as an appetite enhancer, an improver of
digestive system, and an anti-cold remedy. Cleoresin is
a non volatile compound in most of rhizomes. Oleoresin
can be obtained by extracted the rhizomes using
methanol or ethanol. Rhizomes cleoresin is well known
to contain phenolic compounds which play a role as
antioxidant. Wresdiyati et al., (2003} and Wresdiyati
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(2003a) reported that in vivo methanal extract of ginger
cleoresin has anti inflammatoery effects on the livers and
kidneys of rats under stress conditions. Ginger oleoresin
has also been reported to have more antioxidative effect
than c-tocopherol in vifro {Kikuzaki & Nakatani 1993).
However, there are few reports of the antioxidant
activities of ginger oleoresin on the profile of intracellular
antioxidant-superoxide dismutase (SOD} in kidney tissue,
in vivo, especially under condition of stress.

The present study was cenducted to examine
the role of antioxidant activity of ginger extract-oleoresin
on the profite of SOD activity in kidney tissue in vivo
especially under stress condition,

METHODS

Materials and equipments

Ten month old ginger (Zingiber officinale} was
used for this study. It was obtained from Balitro
Cimanggu, Deptan Bogor. A total of 60 male Wistar rats
{250 + 5 g) were used as experimental animals.

Some chemicals used for this study were
ethanol, methanol, GF-254, hexane, dietyleter, finoleic
acid, ammonium thiocianade 30%, FeClz4H:0 20mM,
HC| 3,5%, Bouin solution, xylol, paraffin, hematoxylin,
eosin, monoclonoal antibody Cu,Zn-SOD from Sigma
(52147), secondary labelled antibody from Dako
(K1491),diaminobenzidine, NazHP04.12H20,NaHzPOx.
Hz0, NaCl, Trisma HCl, and Trisma Base.
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Spectrofotometer,spectroflourometer Shimadzu
RF 540, incubator, oven blower, rofaryvacum-evaporalor,
centrifuge, tissue embedding console, microtome,humid
chamber for immunchistochemical analysis, vortex, and
micropipet were used for this study.

Extraction of ginger oleoresin

The ginger was cleaned and dried in an oven
{40-60°C) for 30-36 hr to obtain dried ginger with 8-11%
water content. The dried ginger was ground and then
sieved to obtain ginger powder of 30mesh. A total of 250
g of ginger powder was extracted four times using two
kinds of solvents (500 ml), methanot and ethanol. The
resulting extract then was sieved under wvacuum
condition, and disfilled using a rotary vacum-evaporator.
The resulting cleoresin was a light to dark brown solid
materials. The oleoresin was weighed.

Total phenol of ginger oleoresin analysis

Total phenol was analysed in both methanol
and ethano! extracts of ginger olecresin by AOAC 1984
method. 0.1 ml cleoresin was added te 75 mi of distilled
water, 10 ml Folin-ciocalieu and 10 ml Na;CQ3. The
solution was then made up to 100 mi with distilled water,
mixed and left at room temperature for 30 minutes.
Absorbance of 3760 nm of the solution was then read by
a spectrophotometer. The negative control was made by
replacing the 0.1 ml oleoresin with 0.1 ml distilled water.
The standard of phenel is tanic acid.

Antioxidant activity analysis of ginger oleoresin

A 200 ppm ginger oleoresin was added to 2 ml
linoleic acid (50 mM) in 99.8% ethanol, 2 ml phosphate
buffer (0.1 M pH 7.0), and 1 ml dionized water. The
solution then was incubated at 37°C. Every two days
during 14 days, 50 pl of the sclution added 2.35 ml
ethanol! (75%), 50 pl ammonium thiocianade (30%), and
50 pt FeClz.4Hz0 (20 mM in HCI 3.5%). After 3 minutes,
the solution was then observed using spectrofotometer at
500 nm (Chen et al., 1998). Distiled water and alfa
tocopherol were also observed for comparison to the
ginger oleoresin.

Identification of ginger oleoresin

GF-254 plate was heated at 110° C for 4
hours. Ginger oleoresin was put on the start [ine of the
plate, then stored at development media that contain
eluent hexane and dietyleter in ratio 3:7. Then let eluent
un to the final line. The plate than was taken from the
media and shown some separate fractions which have
different Retardation Faclor (RF) from each others. In
order to clean and detailed seen of the fractions, reagen
Folin-ciocalfeus was sprayed to the fractions. Rf is ratio
distance of oleoresin (start spot to final spotf) to the
distance of mobile phase.
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Treatment of animals and tissue sampling

A total of 25 male Wistar rats (250 £ 5 gr BW) were
used for this study. The animals were adapted to the
situation and conditions of the animal laboratory for 2
weeks, and then divided into 5 treatment groups (Table
1); (1) control group, without treatment of either stress or
oleoresin, (2) stress group, treated by fasting and
swimming only, without oleoresin,(3) treatment with
oleoresin and followed by fasting and swimming, (4)
treatment by fasting and swimming followed by treatment
with oleoresin, and (5) treatment with oleoresin, followed
by the stress regime, and followed again by treatment
with oleoresin. Stress condition was created by 5 days of
fasting while the animals were given access to only
drinking water and making them to swim for 5 min per
day. The oleoresin was orally administrated by using a
sonde for 7 days. The oleoresin-treated animals were
given standard laboratory diet ad fibitum. :

Table 1. Animal groups assigned to stress and ginger oleoresin

treatments
Group Treatment
Oleoresin® Stress™ | Oleoresin®
C N _
8 - * -
5+0 - + +
0+5 + + -
0+4S+0 + + +
C = confro!, S = stress, 5+0 = stress-+olearesin, 0+5
= oleoresin+siress
0+5+0 = oleoresin+stress+oleoresin
+ : trealed
: ng freatment

* 160 mg/KgBWiday for 7 days
** : fasting stress with only drinking distlled water for 5
days and swimming 5 minutes per day

Tissue sampling was carried out at the end of
each freatment. Following cervical dislocation kidney
tissues were collected from each animal in all groups.
Tissues were then divided into three part and subjected
to analysis for malondialdehyde {MDA), SOD activity and
immunchistochemical analysis of Cu, Zn-SOD.

MDA analysis

A fotal of 50p! of sample or standard (1,1,3,3-
tetraethoxypropane} was added to 1 ml thiobarbituric
acid (10 mmol TBA in 75 mmol/L. phosphate buffer at PH
3.0), then mixed for 5 sec. The solution was incubated
for 60 min at 95 °C. Following cooling for § min, added 5
mi 1-butanol, then mixed again for  min. The sclution
was then centrifuged at 4000 rpm for 10 minutes, and the
supematant  was  then ohserved by using
spectroflourometer at 515 nm (exifation) and 553 nm
(emision) (Conti et al., 1991; Raharjo & Sofos 1993}.
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SOD activity analysis

The kidney fissue was homogenized in
phosphate buffer PH 7.4 (1:0.5) added and centrifuged
at 10.000 rpem for 20 min. The lysate was collected and
stored at -20°C. A total of 400 pl cold chloroform/etanol
37.5/62.5 (viv) was added to 150 pl lysate, and mixed for
3 sec. The solution was then centrifuged at 4400 rpm
(4C) for 10 min. The resulted supernatant was collected
and stored at 2-8°C. A total of 2.9 ml xanthine and
cytochrome c solution was added to the 50 l supematan
sample, then mixed slowly wsing vortex. The reaction
begin at the time 50 p! xanthine oxidase was added to
the solution and mixed again. Observation was carried
out using spectrophotometer. For phosphate buffer
blanks were used to substitute for the sample. Distilled
water was used as contro.

Immunohistochemical analysis for Cu,Zn-SOD

Kidney tissues obtained from the animals of
all groups were fixed in Bouin's solution for 24 hr. After
fixation, the tissues were then dehydrated in a series of
alcohols and cleared in xylol. The tissues were then
embedded in paraffin before microtome sectioning (4 um
thickness). Tissue sections were immunchistochemically
stained for Cu,Zn-S0D as described previously (Dobashi
et al., 1989} with slight modifications. The tissue sections
were washed for 15 min with 3 changes of PBS between
each step. After deparaffinization and rehydration, the
tissue sections were exposed to 3% H:02 for 10 min to
inactivate endogenous peroxidase activity and then to
10% normal goat serum to block nonspecific binding.
Following rinsing with PBS, the tissue sections were
incubated with the primary antibody of Cu,Zn-SOD
(Sigma 82147) at 4°C. The tissues were then incubated
with enhanced labelled polymer peroxidase (Dako
K1491). The reaction product of antigen-antibody was
visualized using diamino benzidine (DAB). The tissue
sections were then counterstained with haematoxylin,
followed by dehydrated through a series of alcohols, and
cleared with xylol. Finally, the sections were mounted on
glass slides with entelan. For the control of staining,
tissue sections were incubated with PBS instead of
Cu,Zn-SOD antibody. The tissue sections of control
staining showed a negative reaction with minimal
background staining.

The distribution and frequency of positive
reaction product on the tissues of control group were
compared qualitatively with those of the treatment
groups. The Cu,Zn-SOD reaction products were
observed in the glomeruli, tubuli proximalis, tubuli distalis
of the kidney. The observation of Cu, Zn-SOD in the
tissues was based on the brown colour intensity in the
cells and the distribution of the reaction product.

Data analysis
The amount of oleoresin and total phenol of
ginger extract using methanol and ethanol were
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statistically analysis using T-test. The MDA level and
S0D activities of kidney tissues of all groups of treated
animals were statistically analyzed using ANOVA and
Duncan test. The immunoreaction products of the
Cu,Zn-50D were observed qualitatively by means of light
microscopy.

RESULTS AND DISCUSSION

Oleoresin and total phenol of ginger extract

Methanol appeared to extract more oleoresin
than ethanol, but the results were not significantly
different. However, the phenolic compound in oleoresin
following methanot extraction differed from that extracted
by ethanol. Methanol extraction yielded total phenols of
64722 + 28.66 mg/ml, whereas ethanol extraction
resulted in fotal phenals 522.22 + 36.33 mg/mL which
was significantly different (P<0.05}.

Based on the results obtained using methanol
and ethanal extraction, oleoresin exiracted with methanol
was used in the following study on antioxidative activity
of ginger oleoresin in animal treatment.

Antioxidative activity of ginger oleoresin

Antioxidative activity of ginger oleoresin that
was compared to control (aquadest) and a-tocopherol
were showed in Figure 1. Ginger oleoresin and o
tocopherot showed have anfioxidative activities better
than control, and antioxidative activity of ginger clecresin
showed the best from others. Antioxidative activity was
decided from how can they stop lincleat acid oxidation to
rasulting peroxide radical. The radical then oxidize Fe?+
to Fe® and give red colour. Intensity of red colour
showed the score of absorbancy. The figure of
antioxidative activity of ginger oleoresin showed lower
than a-tocopherol (Figure 1).

Identification of phenolic coumpond of ginger
olecresin

The identification was done using GF-254
plate. The plate showed several spots of certain active
compound such as gingerol at Rf 0.24, zingeron at Rf
0.32, and shogaol at Rf 0.38 (Figure 2). It showed that
ginger which used in this study contain active
compounds; gingerol, shogaol, and zingeron. In this
study, all of aclive compounds contain in ginger oleoresin
{crude extract) were used to treat the experimental
animals. We did not use active compound separately. It
was reported that antioxidative activity of oleoresin is
bigger than that of each phenolic coumpond in the
oleoresin (Kikuzaki and Nakatani, 1993).
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Figure 1, Antioxidative activity of ginger oleoresin, a-tocopherol and control (aquadest)

Shogaol
Zingeron
Gingerol

Figure 2. Thin Layer Chromatogram fractionation of phenolic compounds of ginger aleoresin. Ginger oleoresin
contain active compounds such as gingerol at {Rf 0.24), zingeron (Rf 0.32), and shogaol (Rf 0.38)

MDA level of kidney tissues of treated rats

: MDA is one of the final products of lipid
peroxidation by free radicals. Thus MDA is used as an
‘indicator of the presence of free radicals and has been
widsly used for detection of oxidative impairement by
free radicals. The high level of MDA indicates a large
number of free radicals. -

The MDA level (umolfg protein) of the control
group was the lowest, 94747 + 2941 pmolfg, and
statistically different (P<0.05) to the MDA levels of the
other groups. The highest MDA level was 2290.61+
161.99umolig which was found in the stress group
(Figure 3). This result showed that stress condition could
induce the production of free radicals that reactively
oxidized lipids. The MDA level in the stress condition
group that was treated with ginger oleoresin was
significantly lower (P<0.05) compared to that of the
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stress group. The MDA level of stress+oleoresin,
olecresin+stress, and oleoresin+siress+olearesin groups
werg 1378.84 + 4493 pmolfg, 1163.16 £ 61.23 pmolig,
and 1002.92 + 38.32 ymolfg respectively. These results
showed that ginger oleoresin has antioxidative activity.
The antioxidative activity scavenges free radicals
resulting from condition of stress. It showed that the
treatment of oleoresin before stress (O+S) more effective
than oleoresin treatment after stress condition (S+0).
However, a combination of both times of treatment, both
before and after stress (O+S5+0), gave the best result
that was not statistically different compared to that of the
control group. This means that ginger oleoresin had
decreased the number of free radicals to level found in
the normal-control group.
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Figure 3. MDA level in the kidney tissues of treated rats. The control (C} group showed the lowest level, while Stress {S) group
showed the highest level of MDA. Ginger oleoresin treatment after stress (S+0), before stress (0+8), and combination of
both times of treatment (0+5+0) showed decreased MDA level, Different small letters are significantly different (P<0.05).

SOD activity in the kidney tissues of treated rats

SOD activity (Ufg wet weight) analysis using
spectrophotometer showed that the average SCD activity
of the stress group was 1175 £ 265 U/g compared to
4480 + 370 Ufg for the control group (P<0.05). The
average SOD activity of oleoresin treated groups was
higher than that of the stress group, and was 3195 * 185
Ufg in the group which received oleoresin after stress
(S+Q). This SOD activity was significantly higher
(P<0.05) than that of the stress group and not
significantly different to that of the control group. This
was interpreted to mean that ginger oleoresin treatment

after stress condition (S+O) could increase activity of
50D in the kidney fissue of rats. However, the level
remained statistically below the SOD activity in the
control group. The average SOD aclivity of the groups
that received oleoresin before stress (O+S) and
combination of before and after stress (O+S+0) were
3745 + 385 U/g and 3925 + 189 U/g respectively. They
were not significantly different to that of the control group.
This was interpreted to means that ginger olearesin
treatment in these latter two groups increased the SOD
activity up to the levels under control condition (Figure 4).
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Figure 4. $0D activity in the kidney tissues of treated rats. SOD activity in the control (C) group showed the highest than that of
other groups. While the lowest level of SOD activity showed in the stress (S) group. The SOD activily in the ginger
oleoresin treated groups; after stress {5+0), before stress {0+8), and combination of both both times of treatment
{0+8+0) was higher than that of the stress group and slightly lower than that of the control group. Different small

letters are significantly different (P<0.05).
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Immunohistochemically-Cu,Zn-SOD content in
the kidneys of treated rats

The posiive reaction  products  of
immunchistochemically localization to the Cu,Zn-SOD
showed brown colour in the kidney tissues (Figure 5).
The content of the enzyme based on the intensity of
brown colour and their distrbution in the fissues. The
fargest amount of Cu,Zn-SOD content was qualitatively
found in the control group, which gave the highest
intensity of brown colour reaction product and it was
distributed in all of part of the tissue. That in the stress
group was qualitatively lower compared to that of controt
group (Table 2 and Figure 5). The oleoresin treated
groups showed more Cu,Zn-SOD content compared to
that of siress group. The groups that treated ginger
oleoresin before siress and combination on both way
before and after stress gave higher Cu,Zn-SOD content
in the kidney than the group that {reated before stress.
These results were comparable to the results of SOD
activity, where there was an increase of SOD activity in
the oleoresin treated groups compared to the stress
group,

Table 2. Immunohistochemically-Cu,Zn-SOD content in the
kidney tissues of treaied rals

Group | Treatment | Contentof Cu,Zn-SOD in the
kldney
1 c ++
2 S +-
3 §+0 +
4 048 -+
5 0+5+0 —+

C = control, § = stress, $+0 = stress+oleoresin,
0+§ = oleoresin+stress
04540 = oleoresin+stress+oleoresin

MDA level in the kidney tissues of the stress group was
significantly higher compared to that of control group,
whereas SOD activity and the Cu,Zn-SCD content in the
tissues of the stress group was lower compared to that of
control group. These results showed that free radicals
were produced under the condition of stress imposed.

# was reported for Japanese monkeys that
stress condition resulted in an alteration of the
morphological peroxisomes and a remarkable almost
three-fold increase in their number in kidney tissues
(Wresdiyati & Makita 1995). Increasing the number of
peroxisomes may also increase the number of oxidations
that take place in the peroxisomes, subsequently more
free radicals are produced as a side effect of stress
condition. It has also been reported that fasting stress
condition increased (-oxidation and cytochrome P-450
oxidase levels (Ishii et al., 1980; Orellana et al., 1992).
These conditions result in a remarkable production of
free radicals, such as anion superoxide.  Anion
superoxide can be dismutased by SOD and change to
singlet oxygen molecules that able to oxidize unsaturated
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fatty acid. The results of this oxidation may alter the
cellular membrane as indicated by MDA production.

The remarkable increase in free radicals
production results in more intracellular antioxidant, such
as SOD, being needed to catalize these free radicals.
Thus the activiies and the cellular content of the
antioxidant, SOD, is decreased, as is shown by the SOD
activity and the content of Cu,Zn-SOD in the kidney
tissues of rats under stress condition. They also relate to
the elevated MDA level found under stress condition.

Oral administration of ginger oleoresin
decreased MDA level and increased both SOD activity
and Cu,Zn-S0D content in the kidney tissues of rals
under stress condition. These results showed that
antioxidant activities of ginger oleoresin could maintain
the profile of SOD in the kidney under stress condition,
The ginger used in this study containg some phenolic
compounds such as gingerol, zingeron, and shogaol
{Figure 2). These phenolic compounds, in ginger extract-
oleoresin, have antioxidant activity (Figure 1). The
phenalic compounds of ginger oleoresin would appear to
neutralized free radicals, such as lipid radicals, to more
stable products by transferring their hydrogen molecules
to the free radicals. Subsequently, alteration of the
cellular membrane is lower and MDA levels are also
lower, in this study.

The increased activity of SOD and increased
content of Cu,Zn-SOD in the kidney tissues of rats
treated with ginger oleoresin under stress condition were
both caused by the antioxidant activity of phenclic
compounds in the ginger oleoresin. The phenclic
compounds neutralized the free radicals, anion
superoxide, which would normally be done by SOD.
Consequently, intracellular antioxidant-SOD can be
saved in both number and activity to neutralize the
increase in anion superoxide that results from stress
condition.  Finally, the SOD activity and Cu,Zn-SOD
content in the kidney tissues was higher in the ginger
oleoresin freated group compared to that of the stress
group without treatment of ginger olecresin.

Oleoresin treatment, before and after stress
conditian, had the best effect on kidney tissues of rat by
increased SOD activity and Cu,Zn-SOD content, as well
as decreased MDA levels. It has been reported that 88
to 95% of phenolic compounds can be absorbed info the
body, and that retention in the body is from 62% to 95%
{Desminarti 2001). In the current experiments absorbtion
of the phenolic compounds took place in the small
intestine. Extending the timespan of oleoresin treatment
{before and after stress) in this experiments appeared to
have caused more phenclic compounds to be absorbed
and retained in the tissues, resulting in a stronger and
more positive effect of these compound.
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Figure 5,

Photomicregraph of immunohistochemical localization of Cu,Zn-SOD in the kidney tissues of treated rats. The content of
Cu,Zn-50D in contral {C) group qualitatively showed the highest than that of others group. While the lowest ievel of
Cu,Zn-S0D content showed in the stress (S) group. The Cu,Zn-50D in the ginger oleoresin treated groups ; after stress
(6+0), before stress (O+5), and combination of both times of treatment (0+8+0) qualitatively showed increased
compared to that of stress group. g=glomeruli, td=tubuli distalis, tp=tubuli proXiMalis, e = 50 1M (400X magnification).
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CONCLUSION

The study concluded that the antioxidant
activity of ginger (Zingiber officinale} oleoresin increased
SOD activity and the content of Cu,Zn-SOD in the kidney
of the rat under stress condition. The antioxidant activity
was also shown by the reduced leve! of MDA in the
tissues of rats under stress condition. These results
were shown in the groups of rats that were given by
ginger oleoresin whether before or after stress condition.
However, the group of rats that were given by ginger
oleoresin both before and after stress showed the best
resuls.
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