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Abstract

Oxidative stress is a major factor in the pathogenesis of diabetic complications. We studied the effects of ginger powder on nephrop-
athy induced by diabetes, and measured changes in plasma antioxidant capacity and lipid peroxidation.

Wistar rats weighing 250 ± 20 g were treated with STZ 60 mg/kg. Rats were divided into 3 groups (n = 8) of non-diabetic, diabetic
non-treated and diabetic treated with ginger powder. The diabetic treated with ginger group received ginger at 5% of their consumed
food daily.

After 8 weeks the rats were anaesthetized with 10% chloral hydrate. Blood samples were collected from the heart of each rat and kid-
neys were removed and kept in 10% formalin buffer. Plasma and red blood cells were separated. Plasma antioxidant capacity by the
FRAP method and red blood cells malondialdehyde (MDA) as an indictor of lipids peroxidation, were measured. After sectioning
and staining of renal samples, they were studied for focal cell proliferation and glomerular and tubular structural changes.

The MDA levels in diabetic rats treated with ginger were significantly lower than in the other groups (P < 0.01). Plasma antioxidant
capacity in ginger treated rats were higher than in the first two groups. Diabetes induced nephropathies were also lower in the ginger
treated group.

This study demonstrates that ginger causes a decrease in lipid peroxidation, an increase of plasma antioxidant capacity and a reduc-
tion in renal nephropathy.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

There are numerous reports showing that oxidative
stress and free radicals play a significant role in diabetic
complications such as nephropathy (Baynes & Thorpe,
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1999; Ha & Kim, 1995; Hunt & Wolff, 1991; Wolff, Jiang,
& Hunt, 1991). In recent years, it has been shown that lipid
peroxidation is augmented during diabetes which can cause
tissue damage under this chronic condition (Nourooz-
Zadeh et al., 1997). It has also been shown that hypergly-
cemia is an important factor responsible for the intense
oxidative stress in diabetes and toxicity induced by glucose
autoxidation is likely one of the important sources of active
oxygen forms (Cerriello, Quatraro, & Giugliano, 1993).
Furthermore, lipid peroxidation plays a role in the
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production of free radicals and oxidative stress during dia-
betes (Bonnefont-Rousselot, 2000; Keaney & Loscalzo,
1999).

Free radicals are those molecules and/or atoms possess-
ing one or more uncoupled electrons and are extremely
active and unstable. Among the most important free radi-
cals in the reactive oxygen species (ROS) are superoxide
anion (O2

��), hydrogen peroxide (H2O2), alkoxyl radical
(RO�) and peroxyl radical (ROO�).

Moreover, components of reactive nitrogen species
(RNS), including nitric oxide (NO) and peroxynitrite, have
important biological activities. ROS and RNS are continu-
ously produced under physiological conditions. Uncon-
trolled production of both ROS and RNS results in the
destruction of intracellular macromolecules such as
DNA, lipids and proteins (Halliwell & Gutteridge, 1998).

Against these destructive and oxidative materials are
several intra- and extracellular antioxidant defensive mech-
anisms, which counteract the destructive effects of free rad-
icals. A group of enzymatic antioxidant compounds such
as CuZnSOD, catalase and glutathione peroxidase func-
tion through direct elimination of ROS and causes attenu-
ation or omission of free radicals activities (Halliwell,
1999).

Either non-enzymatic antioxidant systems like ubiqui-
none and uric acid, which are produced inside the cells,
or others which enter the body through the diet like vita-
min E, carotenoids, polyphenolic antioxidants, lipoic acids
and others, also help to eliminate free radicals (Byun & Pal,
1999).

There is balance between ROS/RNS production and
antioxidant defenses in healthy individuals. Oxidative
stress is induced when an imbalance occurs between free
radical reaction and scavenging capacity of defensive
mechanisms (Byun et al., 1999). Increase of free radicals
in oxidative stress causes damage in several ways. One
way is oxidation of polyunsaturated fatty acids (PUFA),
which are embedded in the cell membrane. This oxidation
causes vascular damage during diabetes (Pelikanova, Koh-
out, Valek, Base, & Stefka, 1991; Vessby et al., 1994).
Accordingly, it has been proposed that decreases of lipid
peroxidation and free radical formation would reduce dia-
betes disorders. Several studies have shown that consump-
tion of nutrients rich in polyphenolic antioxidants such as
tea, garlic, olive oil, ginger, tomato and others decrease
diabetic complications and improves the antioxidant sys-
tem of the body (Aviram & Kasem, 1993; Bianca, Mira,
Tony, Raymond, & Michael, 2000; George, Kaur, Khur-
diya, & Kapoor, 2004; Serafini, Ghiseli, & Ferro-Luzzi,
1994).

Ginger is a well-known herbaceous species, which is
consumed in most parts of the world. Antioxidants in gin-
ger include gingerols, shogaols and some related phenolic
ketone derivatives. Its dried extract contains monoterpens
and sesquiterpens. Ginger extract has antioxidative proper-
ties and scavenges superoxide anion and hydroxyl radicals
(Cao et al., 1993; Krishnakanta & Lokesh, 1993). Gingerol
derived from ginger, at high concentrations, inhibits ascor-
bate–ferrous complex which in turn induces lipid peroxida-
tion (Reddy & Lokesh, 1992). It has also been suggested
that ginger interferes with inflammatory processes.

Moreover, ginger acts as a hypolipidemic factor in rab-
bits fed nutrients containing cholesterol (Bhandari,
Sharma, & Zafar, 1998; Ozaki, Kawahara, & Harada,
1991). Feeding rats with ginger significantly elevated the
activity of hepatic cholesterol 7a-hydroxylase which is a
rate-limiting enzyme in the biosynthesis of bile acids and
stimulates the conversion of cholesterol to bile acids lead-
ing to the excretion of cholesterol from the body (Sriniva-
san & Sambaiah, 1991).

In the present study, we investigated the effects of ginger
on diabetic nephropathy and measured the antioxidant
capacity of plasma and lipid peroxidation in diabetic rats.

2. Materials and methods

Twenty-four male Wistar rats with an average body
weight of 250 ± 20 g were provided by the Animal Care
Center in the Faculty of Medicine of Urmia University
of Medical Sciences. The animals were divided into 3
groups (n = 8) of non-diabetic control (ND), non-treated
diabetic (NTD) and treated diabetic (TD) that received
ginger powder as 5% of daily food intake (ADAC Com-
pany, Samsun, Turkey). Rats were injected streptozotocin
(STZ) 60 mg/kg, IP to induce diabetes. Non-diabetic and
non-treated diabetic rats received ordinary food and
water. After 8 weeks all animals were anaesthetized by
administration of 10% chloral hydrate (5 ml/kg, IP).
Blood samples, each 3 ml, were directly collected from
rat hearts by means of a syringe. Blood samples were
mixed with ethylenediamine tetra-acetic acid (EDTA) as
anticoagulant and centrifuged at 2000g for 10 min. Two
samples of plasma (each 0.5 ml) were prepared for the
measurement of plasma antioxidant capacity by the ferric
reducing-antioxidant power (FRAP) method and a sam-
ple of red blood cells was prepared for MDA measure-
ment. Blood samples were stored at �70 �C.

After collecting blood, the abdominal cavities of the ani-
mals were opened and the kidneys were removed carefully.
Each kidney was slit into small pieces and kept in 10%
formalin for pathologic tests.

The total antioxidant activity was measured by the
FRAP assay (Benzie & Strain, 1996): 300 mmol/l of acetate
buffer (pH 3.6); 10 mmol/l 2,4,6-tri-pyridyl-s-triazine
(TPTZ) in 40 mmol/l HCl and 20 mmol/l FeCl3 Æ 6H2O in
the volume ratio of 10:1:1 give the working FRAP reagent.
Seven hundred and fifty microliters of working FRAP
reagent is mixed with 25 ll serum or standard in a test tube.
After exactly 10 min at room temperature, the absorbance
at 593 nm is read against reagent blank. Fe(II) standards
are used. Fe(II) (1000 lmol/l) is equivalent to 1000 lmol/
l of FRAP. The change in absorbance is directly related
to the ‘‘total’’ reducing power of the electron-donating
antioxidants present in the reaction mixture.



Fig. 2. The changes in TBARS levels of the red blood cell membrane in
different groups of rat (P < 0.001, Mean ± SEM).
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3. Estimation of RBC lipid peroxidation

The extent of lipid peroxidation was estimated through
the measurement of thiobarbituric acid reactive substance
(TBARS) levels according to the method of Stocks and
Dormandy (1971). Briefly, TBARS level was estimated by
measuring the characteristic absorbance at 532 nm after
reaction with thiobarbituric acid; the results are expressed
as nmol/gHb. Trichloroacetic acid extracts of RBC sam-
ples were used to avoid interference of proteins with the
TBARS determinations.

4. Samples pathology

Renal samples were kept for at least 48 h in 10% buf-
fered formalin. After accomplishing tissue processing, sam-
ples were stained by the Haematoxylin–Eosin (H&E)
method. Prepared slides were studied by light microscopy.

5. Results

Plasma antioxidant capacity in the non-diabetic, non-
treated diabetic and diabetic treated with ginger groups
of rats were 282.7 ± 23.32, 586.2 ± 23.79 and 763.5 ±
19.58 mmol/l, respectively. As presented in Fig. 1, antioxi-
dant capacity in the ginger treated rats was higher when
compared to the other two groups (P < 0.01). Fig. 2 shows
TBARS changes in the different groups. The level of
TBARS in healthy rats was 126 ± 6.6 nmol/g Hb. The level
of TBARS in non-treated diabetic rats showed significant
increases and reached to 245.26 ± 17.2 nmol/g Hb (P <
0.001). The levels of TBARS in the ginger treated group
were significantly reduced from levels found in the
untreated diabetic rats (P < 0.001). Fig. 3 shows the
changes in renal histology of the different groups. Part A
represents kidneys from healthy rats. As shown in panel
B of Fig. 3, mesengial matrix augmentation and glomerular
proliferation had occurred in all cases of non-treated dia-
betic rats. These diffuse changes bring about loading of
Fig. 1. The changes in plasma antioxidant capacity between different
groups of rat (P < 0.01, Mean ± SEM).
the Bowman’s capsule space and adhesion of capillaries
to the wall. Some glomeruli had hyalinized changes.
Tubules diffusely showed cellular inflammation whereas
vascular degeneration changes were seen mostly in distal
areas. Thickening of vessels walls were seen to be associ-
ated with hyalinization. Part C of Fig. 3 illustrates the
results of the ginger treated rats in which mesengial matrix
augmentation, glomerular proliferation and hyalinization
were markedly attenuated in all cases.

6. Discussion

This study has revealed that ginger powder significantly
reduces the extent of lipid peroxidation and improves
plasma antioxidant capacity. At the same time, ginger
treated diabetic rats had significantly reduced nephropa-
thy. The hypolipidemic effect of ginger has been shown
by other investigators (Sharma, Gusain, & Dixit, 1996).
It is likely that the hypochlosterolemic effects of ginger
stems from the inhibition of cellular cholesterol synthesis.
Attenuation of cholesterol synthesis results in augmenta-
tion of LDL receptor activity that leads to elimination
of LDL from plasma (Ness, Zhao, & Lopez, 1996). These
results are consistent with previously reported data show-
ing that herbaceous nourishments like b-carotene and
lycopene cause attenuation of cholesterol content (Fuhr-
man, Elis, & Aviran, 1997; O’ Brien & Reiser, 1979). It
is well established that elevation of LDL oxidation
induces oxidative stress and resultant damage. Ginger
directly decreases lipid peroxidation and oxidative stress
(Fuhrman, Oiknine, & Aviran, 1994). Our results confirm
that ginger decreases of lipid peroxidation and increases
of plasma antioxidant capacity as shown by measure-
ments of TBARS as a lipid peroxidation indicator. It is
known that, impaired glucose metabolism leads to oxida-
tive stress, proteins glycation and formation of free radi-
cals (Ceriello, Quatraro, & Giuglian, 1992). Thus, an
augmentation of plasma antioxidant capacity decreases
plasma free radicals, as shown by this and other studies
(Sozmen, Sozmen, Delen, & Onat, 2001; Wolff et al.,



Fig. 3. The light microscopic image from the kidney of a healthy rat (A), a
non-treated diabetic rat (B) and a ginger treated diabetic rat (C).
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1991) when consuming herbal extracts containing antiox-
idants. The reduction in TBARS levels in our study is in
agreement with previously reported data (Cho et al., 2002;
Wolff et al., 1991). Levels of TBARS in non-treated dia-
betic rats showed significant increases in comparison with
control rats and we found that administration of ginger
powder caused significant decreases in TBARS levels.
This decrease in TBARS levels may increase the activity
of glutathione peroxidase (GPX) in treated rats and hence
cause inactivation of lipid peroxidation reactions (Aydin
et al., 2001; Levy, Zaltzber, Ben-Amotz, Kanter, & Avi-
ran, 1999). It has been proposed that only some lipids
produce TBARS by peroxidation (Young, Nielsen, Har-
aldsdottir, Daneshvar, & Lauridsen, 1999). The large
decrease of TBARS levels which reflects decrease of lipid
peroxidation suggests that other factors such as reduction
of lipids in the liver and plasma by ginger powder may
also have a role in decreasing lipid peroxidation and
TBARS levels. In our study, TBARS attenuation is
accompanied by FRAP augmentation, showing that,
plasma antioxidant capacity is increased by consumption
of ginger. Elevation of antioxidant capacity raises the
antioxidant scavenging capacity of the body and attenu-
ates free radical induced damage. The ROS scavenging
capacity by antioxidants is decreased in diabetes such that
constant oxidative stress develops and oxidation of lipids,
proteins and other macromolecules such as DNA is
increased. Augmentation of plasma antioxidative capacity
would also attenuate lipid peroxidation through this
mechanism (Ohkawa, ohishi, & Yagi, 1979).

In this study, diabetic nephropathy was significantly
improved in rats receiving ginger. It is likely that lipid per-
oxidation and free radicals generation can induce nephrop-
athy by different means. A probable mechanism may result
from the increased activity of phospholipase A2 (PLA2)
which produces thromboxane A2 (TXA2) and the vasodila-
tor prostacyclin (PGI2). Thus, a balance between PGI2 and
TXA2 preserves natural vascular tune. In diabetes, levels of
TXA2 are increased while PGI2 levels are decreased and
this imbalance leads to a decrease of blood flow which in
the kidney will cause nephropathy (Patricia, Nievelstein,
Sixma, & Offenhof, 1991; Shohat & Boner, 1993). Another
mechanism proposes that hyperglycemia, in addition to
increasing ROS production, also decreases antioxidant
capacity through glycation of scavenger enzymes. There
may also be an important role for protein kinase C in dia-
betic vascular complications. According to previously
reported data (Ha & Kim, 1999), a causal relationship
between oxidative stress and diabetic nephropathy exists
based on following observation:

1. Lipid peroxides and 8-hydroxy deoxyguanosin with
albuminuria are increased in the kidneys of diabetic rats.

2. High glucose concentrations directly raise oxidative
stress in glomerular mesengial cells (which are target
cells in diabetic nephropathy).

3. Oxidative stress induces expression of TGFB2 and fibro-
nectin mRNA genes which have important roles, in dia-
betic glomerular damage.

4. Inhibition of oxidative stress improves all disorders
related to diabetic nephropathy (Ha & Kim, 1999).
Morphometric analysis has shown an advantageous
effect of antioxidants on the structure of the basement
membrane of glomerular capillaries. Consumption of
vitamins E and C decreases the thickness of the base-
ment membrane in rats (Kedziora-Kornatowska et al.,
2003). Other studies have also confirmed the useful
effects of antioxidants on renal nephropathy (Craven,
DeRubertis, Kagan, Melhem, & Studer, 1997; Mdy-
neux, Glyn, & Ward, 2002). Accordingly, the results of
our study could be explained by an elevation of plasma
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antioxidant capacity which decreases free radical accu-
mulation and lipid peroxidation induction in diabetic
nephropathy (Faure, Corticelli, & Richard, 1993).

It is unlikely that, complete normalization of oxidative
stress could be obtained by glucose control so that, damage
induced by oxidative stress continues (Sharma, Kharb,
Chugh, Kakkar, & Singh, 2000). Consumption of antioxi-
dants such as ginger would be a useful addition to current
treatment strategies e.g. with insulin.
Acknowledgement

The authors thank Professor Dr. Laher I. (Department
of Pharmacology, Faculty of Medicine, The University of
British Columbia, Canada) for his edition of this article.
References

Aviram, M., & Kasem, E. (1993). Dietary olive oil reduces the suscep-
tibility of low density lipoprotein to lipid peroxidation and inhibits
lipoprotein uptake by macrophages. Annals of Nutrition and Metab-

olism, 37, 75–84.
Aydin, A., orhan, H., Sayal, A., ozata, M., Sahin, G., & Isimer, A. (2001).

Oxidative stress and nitric oxide related parameters in type II diabetes
mellitus: effect of glycemic control. Clinical Biochemistry, 34, 65–70.

Baynes, J., & Thorpe, S. (1999). The role of oxidative stress in diabetic
complication: a new perspective on an old paradigm. Diabetes, 48, 1–9.

Benzie, I. F., & Strain, J. J. (1996). The ferric reducing ability of plasma
(FRAP) as a measure of ‘‘antioxidant power: the FRAP assay.
Analytical Biochemistry, 239(1), 70–76.

Bhandari, U., Sharma, J. N., & Zafar, R. (1998). The protective action of
ethanolic ginger extract in cholesterol-fed rabbits. Journal of Ethno-

pharmacology, 61, 167–171.
Bianca, F., Mira, R., Tony, H., Raymond, C., & Michael, A. (2000).

Ginger extract consumption reduces plasma cholesterol, inhibits LDL
oxidation and attenuates development of atherosclerosis in athero-
sclerotic, apolipoprotein E – deficient mice. Journal of Nutrition, 130,
1124–1131.

Bonnefont-Rousselot, D. (2000). Consequences of diabetic status on the
oxidant/antioxidant balance. Diabetes Metabolism, 26, 163–173.

Byun, G., & Pal, Y. V. (1999). Cellular defenses against damage from
reactive oxygen species. Physiological Review, 74, 139–162.

Byun, J. Y., Ha, H. K., Yu, S. Y., Min, J. K., Park, S. H., Kim, H. Y.,
et al. (1999). CT features of systemic lupus erythematosus in patients
with acute abdominal pain: emphasis on ischemic bowel disease.
Radiology, 211(1), 203–209.

Cao, Z. F., Chen, Z. G., Guo, P., Zhang, S. M., Lian, L. X., Lua, L., et al.
(1993). Scavenging effects of ginger on super oxide anion and hydroxyl
radical. Zhongguo ZhongYao ZaZhi, 18, 750–751.

Ceriello, A., Quatraro, A., & Giuglian, D. (1992). New insights on non-
enzymatic glycosylation may lead to therapeutic approaches for the
prevention of the diabetic complication. Diabetic Medicine, 9, 297–299.

Cerriello, A., Quatraro, A., & Giugliano, D. (1993). Diabetes mellitus and
oxidative stress. Diabetologia, 36, 265–266.

Cho, S. Y., Park, J. Y., Park, E. M., Choi, M. S., Lee, M. Y., Jeon, S. M.,
et al. (2002). Alternation of hepatic antioxidant enzyme activities and
lipid profile in STZ-induced diabetic rats by supplementation of
dandelion water extract. Clinical Chemical Acta, 317, 109–117.

Craven, P. A., DeRubertis, F. R., Kagan, V. E., Melhem, M., & Studer,
R. K. (1997). Effect of supplementation with vitamin C or E on
albuminuria, glomerular TBG-b and glomerular size in diabetes.
Journal of the American Society of Nephrology, 8, 1405–1414.
Faure, P., Corticelli, P., & Richard, M. J. (1993). Lipid Peroxidation and
trace element status in diabetic ketotic patients: influence of insulin
therapy. Clinical Chemistry, 39, 789–793.

Fuhrman, B., Elis, A., & Aviran, M. (1997). Hypocholesterolemic effect of
lycopene and b-carotene is released to suppression of cholesterol
synthesis and augmentation of LDL receptor activity in macrophages.
Biochemical and Biophysical Research Communications, 233, 658–662.

Fuhrman, B., Oiknine, J., & Aviran, M. (1994). Iron induced lipid
peroxidation in cultured macrophages increases their ability to
oxidatively modify LDL and affect their secretory properties. Athero-

sclerosis, 111, 65–78.
George, B., Kaur, C., Khurdiya, D. S., & Kapoor, H. C. (2004).

Antioxidants in tomato (Lycopersium esculentum) as a function of
genotype. Journal of Agricultural and Food Chemistry, 84, 45–51.

Ha, H., & Kim, K. H. (1995). Role of oxidative stress in the development
of diabetic nephropathy. Kidney International, 48(Suppl. 51), 18–21.

Ha, H., & Kim, K. H. (1999). Pathogenesis of diabetic nephropathy: the
role of oxidative stress and protein kinase C. Diabetes Research and

Clinical Practice, 45, 147–151.
Halliwell, B. (1999). Antioxidant defense mechanisms: from the beginning

to the end (of the beginning). Free Radical Research, 31(4), 261–272.
Halliwell, B., & Gutteridge, J. M. C. (1998). Free radicals in biology and

medicine (3rd ed.). Oxford: Oxford University press.
Hunt, J. V., & Wolff, S. P. (1991). Oxidative glycation and free radical

production: a causal mechanism of diabetic complications. Free

Radical Research Communication, 1, 115–123.
Keaney, J. F., & Loscalzo, J. (1999). Diabetes, oxidative stress and platelet

activation. Circulation, 99, 189–191.
Kedziora- Kornatowska, K., Szram, S., Kornatowski, T., Szadujkis -

Szadurski, L., Kedziora, J., & Bartosz, G. (2003). Effect of vitamin E
and vitamin C supplementation on antioxidative state and renal
glomerular basement membrane thickness in diabetic kidney. Nephrol-

ogy, 95, 134–143.
Krishnakanta, T. P., & Lokesh, B. R. (1993). Scavenging of superoxide

anions by spice principles. Indian Journal of Biochemistry & Biophysics,

30, 133–134.
Levy, U., Zaltzber, H., Ben-Amotz, A., Kanter, Y., & Aviran, M. (1999).

b-Carotene affects antioxidant status in non-insulin dependent diabetes
mellitus. Pathophysiology, 6, 157–161.

Mdyneux, C. A., Glyn, M. C., & Ward, B. J. (2002). Oxidative stress and
cardiac microvascular structure in ischemia and reperfusion: the
protective effect of antioxidant vitamins. Microvascular Research, 64,
265–277.

Ness, G. C., Zhao, Z., & Lopez, D. (1996). Inhibitor of cholesterol
biosynthesis increase hepatic low density lipoprotein receptor protein
degradation. Archives of Biochemistry and Biophysics, 325, 242–248.

Nourooz-Zadeh, J., Rahimi, A., Tajaddini, S. J., Trischler, H., Rosen, P.,
Halliwell, B., et al. (1997). Relationship between plasma measures of
oxidative stress and metabolic control in NIDDM. Diabetologia, 40,
647–653.

O’ Brien, B. C., & Reiser, R. (1979). Comparative effects of purified and
human-type diets on cholesterol metabolism in the rat. The Journal of

nutrition, 109, 98–104.
Ohkawa, H., ohishi, N., & Yagi, K. (1979). Assay for lipid peroxides in

animal tissues by thiobarbituric acid reaction. Analytical Biochemistry,

95, 351–358.
Ozaki, Y., Kawahara, N., & Harada, M. (1991). Anti-inflammatory effect

of Zingiber cassumunar Roxb and its active principles. Chemical &

Pharmaceutical Bulletin, 39, 2353–2356.
Pelikanova, T., Kohout, M., Valek, J., Base, J., & Stefka, Z. (1991). Fatty

acid composition of serum lipids and erythrocyte membranes in type 2
diabetic men. Metabolism, 40, 175–180.

Patricia, F. E. M., Nievelstein, P. F., Sixma, J. J., & Offenhof, R. M.
(1991). Platelet adhesion and aggregate formation in type I diabetes
under flow conditions. Diabetes, 40, 1410–1417.

Reddy, A. A., & Lokesh, B. R. (1992). Studies of spice principles as
antioxidants in the inhibition of lipid peroxidation of rat liver
microsomes. Molecular and Cellular Biochemistry, 111, 117–124.



A.T. Afshari et al. / Food Chemistry 101 (2007) 148–153 153
Serafini, M., Ghiseli, A., & Ferro-Luzzi, A. (1994). Red wine, tea, and
antioxidants. Lancet, 344, 626.

Sharma, A., Kharb, S., Chugh, S. N., Kakkar, R., & Singh, G. P. (2000).
Evaluation of oxidative stress before and after control of glycemia and
after vitamin E supplementation in diabetic patients. Metabolism, 49,
160–162.

Sharma, I., Gusain, D., & Dixit, V. P. (1996). Hypolipidaemic and
antiatheroselerotic effects of Zingibir officinale in cholesterol fed
rabbits. Phytotherapy Research, 10, 517–518.

Shohat, J., & Boner, G. (1993). Role of lipids in the progression
of renal disease in chronic renal failure evidence from animal
studies and phatogenesis. Israel Journal of Medical Sciences, 29,
228–239.

Sozmen, E. Y., Sozmen, B., Delen, Y., & Onat, T. (2001). Catalase
superoxide dismutase (SOD) and catalase/paraoxonase (PON) ratios
may implicate poor glycemic control. Archives of Medical Research, 32,
283–287.
Srinivasan, K., & Sambaiah, K. (1991). The effect of spices on cholesterol
7a-hydroxylase activity and on serum and hepatic cholesterol levels in
the rat. International Journal for Vitamin and Nutrition Research, 61(4),
364–369.

Stocks, J., & Dormandy, T. L. (1971). The autoxidation of human red cell
lipids induced by hydrogen peroxide. British Journal of Haematology,

20(1), 95–111.
Vessby, B., Aro, A., Skarfors, E., Berglunel, L., Salminen, I., & Litbell, H.

(1994). The risk to develop NIDDM is related to the fatty acid
composition of the serum cholesterol esters. Diabetes, 42, 1353–1357.

Young, J. F., Nielsen, S. E., Haraldsdottir, J., Daneshvar, B., &
Lauridsen, S. T. (1999). Effect of Fruit Juice intake on urinary
quercetin excretion and biomarkers of antioxidative status. The

American Journal of Clinical Nutrition, 69, 87–94.
Wolff, S., Jiang, Z., & Hunt, J. V. (1991). Protein glycation and oxidative

stress in diabetes mellitus and aging. Free Radical Biology & Medicine,

10, 339–351.


	The effect of ginger on diabetic nephropathy, plasma antioxidant capacity and lipid peroxidation in rats
	Introduction
	Materials and methods
	Estimation of RBC lipid peroxidation
	Samples pathology
	Results
	Discussion
	Acknowledgement
	References


