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Abstract
As incidence of diabetes is increasing worldwide, besides it is associated with complications, the present study
aimed to investigate the effect of a traditional botanical, ginseng on diabetes induced alterations in kidney
functions. Thirty male rats were used in the study by randomly allocating them into three groups, each of ten rats,
namely the control group, diabetes group (D), and diabetes+ ginseng group (DG). The latter two groups were
rendered diabetic by I/P injection of streptozotocin (50 mg/kg). Daily ginseng extract was administered orally
(100 mg/kg BW), one week post streptozotocin (STZ) injection. Ninety days post STZ injection; rats were
sacrificed, where serum and kidneys were obtained for determination of metabolic profile, serum electrolytes,
kidney function tests, renal tissue enzymes, and renal antioxidant status, together with histopathology. The
obtained results revealed a modest improvement in metabolic profile due to ginseng extract administration.
However, the kidney functions were greatly improved as evidenced by amelioration of urea nitrogen, creatinine,
total protein concentrations and serum electrolytes. Also an increase was noted in renal tissue enzymes and
antioxidants with a decrease in malondialdehyde and renal pathology. In conclusion, ginseng extract may be of
supportive treatment to combat diabetes complications.
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1. Introduction
Diabetes is a chronic disorder that arises from either, defects in peripheral insulin action and/or insulin secretion
resulting in hyperglycemia (Ferrannini, 1998). Abnormally elevated blood glucose level causes oxidative stress
and the formation of advanced glycation end products which result in diabetic complications (Baynes, 1991; and
Ahmed, 2005). Among the complications, nephropathy seems to be prevalent (Selby et al., 1990 and; Held et al.,
1991). Clinical trials suggest that there is no effective treatment for diabetic nephropathy, thus efforts are
focusing on traditional herbal medicine to find a novel therapeutic agents for treatment of diabetic nephropathy
(Kang et al., 2006).
Ginseng has a long history of medicinal use in the oriental regions as a tonic to promote health (Han et al., 2006).
Extensive reports point to ginseng as having many physiological and/or pharmacological effects on immune,
cardiovascular, central nervous systems and endocrine glands (Nah et al., 1995; and Attele et al., 1999). Besides,
ginseng also possesses anti aging, anti stress and anti tumor properties (Kaneko and Nakanishi, 2004). In
addition, several researches give evidences that ginseng possesses anti diabetic properties through lowering
blood glucose effect (Sotaniemi et al., 1995; and Ohnishi et al., 1996) and stimulating sugar metabolism (Xie et
al., 2005).
Thus the present study aimed to evaluate the possible beneficial effect of ginseng on diabetic nephropathy, and
to clarify whether this beneficial effect is related to metabolic pool adjustment or renal antioxidant status in
diabetic rats.
2. Materials and Methods
Thirty male Sprague-Dawley rats, weighing 150-200 g were used in this study. Rats were obtained from the
National Research Center, Giza, Egypt, and housed in plastic cages with saw dust bedding, where food and water
were provided ad-libitum. Rats were maintained on 12:12 hour light-dark cycle. After one week of adaptation,
rats were allocated into three equal groups of 10 rats each. First group served as normal control and was injected
intraperitonealy with 0.2 ml of 0.05 M citrate buffer, pH 4.5, while the second and third groups were rendered
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diabetic by intraperitoneal injection of streptozotocin (STZ) 50 mg/kg dissolved in 0.05 M citrate buffer, pH 4.5
(Stephen Morris et al., 1996). One week post STZ injection, blood samples were collected by orbital sinus
technique for determination of blood glucose concentrations, thus confirming induction of diabetes. Diabetic rats
were then divided into diabetic control group (DC) and diabetic group supplemented with standardized Korean
panax ginseng extract C.A. Mayer (GGE)*. Ginseng extract was supplied at a rate of 100mg/Kg body weight,
dissolved in 100 ml of distilled water and administered by stomach tube (Kang et al., 2006). Ginseng
supplementation started one week post STZ injection and lasted for 90 days.
2.1 Sampling
Blood: Ninety days post STZ injection rats were anaesthetized by deep ether inhalation, sacrificed by
decapitation, where trunk blood were obtained and sera were separated and kept at -20 C0till assays were carried
out.
2.1.1 Serum biochemical analysis
2.1.1.1 Metabolic profile
The parameters were analyzed by spectrophotometry including serum glucose (Trinder, 1969), triglycerides
(Wahlefeld, 1974), total cholesterol (Allian, 1974) and high density lipoprotein (Finley et al., 1978). The kits
used for determination of the metabolic profile were obtained from Stanbio laboratory U.S.A. INC. Low density
lipoproteins (LDL) was calculated according to Friedewald et al. (1972).
2.1.1.2 Kidney function tests
The parameters determined were blood urea nitrogen (Fawcett and Scott, 1960), uric acid (Rebar et al., 1978),
creatinine (Houot, 1985), and total protein (Henry, 1964). The kits used were obtained from
QuimicaClinicaApplicada, Spain, bioMerieux laboratory, France, and Bio-Analytics, Palm City, USA.
2.1.1.3 Electrolytes concentrations
Serum sodium and potassium concentrations were assayed using flamephotometer according to the method of
Varely (1976). Serum total calcium and magnesium were determined spectrophotometrically according to the
methods of (Ratliff and Hall, 1973) and (Gindler and Heth, 1971) respectively.
Kidney: Immediately, post decapitation and trunk blood collection, kidneys were removed, washed with ice cold
saline and their wet weight were obtained using analytical balance (Sartorius 1702) for determination of their
relative weights. One kidney was fixed in 10% formol-saline for histopathological examination according to the
method of George (1981), while the other kidney was kept in liquid nitrogen (-196 C0) for determination of
activities of renal tissue enzymes and antioxidant status.
2.1.2 Renal tissue tests
2.1.2.1 Renal tissue protein concentration was determined according to the procedure adopted by Lowery et al.
(1951).
2.1.2.2 Renal tissue enzymes
Activities of renal alkaline phosphatase (ALP) and γ glutamyltransferase (γ GT) were determined in renal
homogenate (Loeby and Quimby, 1989) according to the method of Teitz (1970) and Szasz (1969) respectively.
2.1.2.3 Renal antioxidant status
This was accomplished by measuring malondialdehyde, as one of the main end products of lipid peroxidation
(Yoshioka et al., 1979), superoxide dismutase (Jewett and Rocklin, 1993) and glutathione S-transferase (Habig et
al.,1974) activities.
2.2 Statistical analysis
Data are presented as means ±S.E., and analyzed by one way ANOVA according to the method of Snedecor and
Cochran (1980). Groups were compared by the least significant difference test (LSD) at the 5% level of
probability.
3. Results
3.1 Serum biochemical analysis
3.1.1 Metabolic profile
Data presented in table (1) clarifies that serum glucose concentration of the DC group was elevated significantly
compared to both, the diabetic group supplemented with ginseng (DG) and the control group. Moreover, the
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control group had the lowest values compared to either the DC or DG groups. Similarly, the same table shows
that the total cholesterol concentration was raised in the DC compared to the DG, and the control group.
Concentration of the above mentioned parameter in the control group was significantly lower when compared to
the DG. Additionally, the DG showed a significantly higher concentration of triglycerides when compared to the
control group, and a significantly lower concentration compared to the DC. Concerning the HDL and LDL
concentrations, data shown in the same table demonstrated a decrease in HDL and an increase in LDL
concentrations in DC compared to the control and DG groups. However, these parameters showed on the
contrary an increase in increase in HDL and a decrease in LDL in DG group compared to DC group, but the
values remained significantly different than those of the control group.
3.1.2 Kidney function tests
It is obvious from the results shown in table (2) that blood urea nitrogen, creatinine, and uric acid concentrations
were elevated in the DC compared to the recorded control values, while the recorded concentrations were lower
in the DG compared to DC. As for total protein, diabetes resulted in significant decrease in concentration
compared to both DG and control groups.
3.1.3 Serum electrolytes concentrations
It is clear from the data presented in table (3) that apart from potassium (K), the concentrations of all measured
electrolytes were significantly low in the DC compared to either the control or DG groups. On the other hand,
concentrations of the electrolytes in DG and control groups did not differ significantly.
Data shown in table (4) showed that, highest kidney relative weights were recorded in the DC, while DG showed
significantly lower relative weights compared to the DC.
3.2 Renal tissue tests
3.2.1 Renal tissue enzymes
Results illustrated in table (5) revealed that enzyme activities of ALP and γ glutamyl transaminase (γ GT) were
lowered in DC group, while there were no significant differences between activities of the former enzymes
between the control and DG groups.
3.2.2 Renal antioxidant status
The presented results shown in table (6) showed that enzymes activities of superoxide dismutase (SOD) and
glutathione S-transferase (GST) were reduced, while malondialdehyde (MDA) concentration were increased in
the DC compared to either the DG or the control groups. Values of the above mentioned parameters did not
differ significantly between the control and DG groups.
3.2.3 Histopathological findings
Kidneys of the DC group suffered from severe pathological changes represented by diffuse thickening of most of
the Bowman’s capsule with fibrous connective tissues (Fig1), moreover, many glomeruli of the DC showed
either diffuse glomerularsclerosis (Fig2) or glomerular atrophy and accumulation of protienous material in
Bowman’s space (Fig3). Similarly hyaline cast was present in the lumen of proximal convoluted tubules,
addionally, some epithelial cells showed coagulative necrosis in which the cytoplasm appeared deeply
eosinophilic with complete disappearance of nucleus or appearance of nucleus as a ghost (Fig4). Kidneys of the
DG showed normal glomerular tufts with slight hypercellularity (Fig5).
4. Discussion
Diabetes mellitus is a disorder characterized by hyperglycemia which causes considerable long term
complications of diabetes. The present investigation showed that ginseng extract (GE) resulted in reduction of
the elevated blood glucose concentration in diabetic rats, an effect that was attributed in former studies to
ginseng enhancement of glucose uptake through stimulating translocation of glucose transporter GLUT4,
inhibition of intracellular inflammatory molecules as Jun N- terminal kinase (JNK) which causes serine
phosphorylation to insulin receptor substrate and consequently leads to interruption of signal transduction from
insulin receptor to downstream molecules and insulin resistance (Ye, 2007; and Zhang et al., 2008), and
activation of peroxisome proliferator activated receptor γ which improves insulin resistance, promotes adipocyte
differentiation and induces apoptosis in large adipocytes (Han et al., 2006). Addionally, other investigators
recorded a definite insulinogenic properties of ginseng (Davydov et al., 1990) or direct and indirect stimulatory
on β cell secretion of insulin (Waki et al., 1982; and Lee et al., 2006). The results obtained in the present
investigation concerning blood glucose concentration are in agreement with those of Sotaniemi (1995),
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Sievenpiper et al. (2006) Vuksan et al. (2008), who reported that ginseng reduced fasting blood glucose
concentrations, HbA1C, glucose induced insulin release and improved insulin sensitivity in diabetic patients.
Concerning lipid profile, the present investigation showed that ginseng lowered total cholesterol, triglycerides
and LDL. This effect seems to be favorable since diabetes resulted in elevated lipid profile and decrease in HDL
cholesterol resulting in rapid progression of macroangiopathesis leading to increased incidence of hypertension
and cardiovascular disease (Steiner, 2000). The decrement induced by GE is a function of multiple integrated
mechanisms including binding to PPARα which increases β oxidation of fatty acids and consequently reduces
lipid accumulation (Michalik et al., 2006), inhibition of pancreatic lipase activity there by reducing lipid
digestion (Karu et al., 2007), inhibition of neuropeptide Y expression in hypothalamus (Kim et al.,2005) which is
involved in stimulation of food intake, and inhibition of activity of some key enzymes involved in cholesterol
and triglyceride synthesis as β methyl glutryl-CoA reductase and cholesterol 7 α hydroxylase (Qureshi et al.,
1983). The obtained results coincide with those of Yamamoto et al. (1983), Kim and Park (2003), and Cho et al.
(2006) who showed that ginseng reduced total cholesterol, triglycerides, LDL, but increased HDL, however the
study contradicts those of Yoon et al. (2003) who showed that ginseng elevated lipid profile through inhibition
of PPARα functions and Banz et al. (2007) who showed that ginseng extract did not affect triglycerides
concentration in diabetic rats.
The current investigation revealed that induction of diabetes resulted in elevation of serum urea, uric acid and
creatinine concentrations. These parameters are considered a significant markers of renal dysfunction (Almdal
and Vilstrup, 1988; Prakasam et al., 2004; and Fekete et al., 2008). Ginseng extract administration resulted in
decrement of these parameters, a finding that was in agreement with that of Badr El-Din (1997) and Kang et al.
(2008) who reported ameliorated renal dysfunction of diabetic rats by the ginseng extract or 20(S)-ginsenoside
Rg3 administrations. Associated with progress of diabetes, a state of decreased total protein concentration is
evidenced, which may have resulted from either hyperfiltration induced diabetic nephropathy and/or increased
protein catabolism (Mauer, 1981; and Prakasam et al., 2004). Similarly, GE ameliorated this decrease in serum
protein concentration, an effect that was previously reported in many studies due to administration of different
herbal products in diabetic rats (Mansour and Newairy, 2000; and Prakasam et al., 2004). The protein depletion
ameliorating activity of ginseng extract is less likely to be associated with a correction in metabolic parameters,
since GE effect appears to be only modest concerning correction of metabolic deficit induced by diabetes
(glucose, total cholesterol, and triglycerides concentrations). Hence, it is more likely that G|E ameliorated the
diabetic nephropathy, thus limited urinary protein excretion. This result goes hand in hand with those of Kang et
al. (2006) and Kim et al. (2007) who reported that ginseng decreased urinary protein levels in diabetic rats.
In the present investigation, diabetes was associated with electrolyte imbalance, where a decrease in serum Na,
Ca, and Mg, with increased serum K were recorded. This may be attributed to the state of hyperglycemia that
produces an osmotic diuresis that causes marked urinary loses of water and electrolytes, a condition that may be
aggravated by urinary excretion of ketones which obligates additional electrolyte loss (Oh et al.,2007).
Concerning sodium, additionally, there is translocation of Na+,K+-ATPase pumps from the basolateral
membrane of proximal convoluted tubules to the cytosol which leads to a decrease in sodium pumping from
renal tubules to the blood (Fekete et al., 2008). Also, expression of sodium channel proteins in the collecting
ducts and distal convoluted tubules was altered leading to increased fractional excretion of sodium in urine (Oh
et al., 2007). Similarly, serum magnesium was shown to be decreased in previous studies (Nasri, 2006; and
Sharma et al., 2007). This decrement was attributed to glycosuria-related hypermagnesuria, nutritional factors or
hyperinsulinaemia (Maltezos et al., 2004). As for serum calcium previous researches showed lower
concentration in diabetes which was associated with a decrease in bonemineral content and increased urinary
excretion of calcium and phosphate (Fogh-Andersen et al.,1982; and McBain et al.,1988).The decrease was a
result of several factors and in particular to glycosuria, but a whole range of metabolic changes including chronic
acidosis, insulin deficiency, impaired parathormone action, and changed vitamin D metabolism could be
implicated (Hough and Avioli, 1984). On the contrary, the rise in serum potassium, is evidenced because of the
extracellular migration in response to acidosis, however, potassium is also lost in large quantities in urine
(Sjöquist et al., 1998). Ginseng extract, in the present investigation, resulted in correction of such electrolyte
imbalance. |This correction may have resulted from either a decrease in urine volume induced by ginseng
administration which resulted in improvement of the metabolic abnormalities (Kang et al., 2006). However,
since the reported amelioration in the metabolic deficits appears to be only modest, one would expect a rather
direct effect of ginseng on renal tissues.
As for renal tissue enzymes, the present investigation assayed the activities of renal ALP and γGT in renal
tissues instead of assaying them in urine, despite the fact that many studies have demonstrated that excreted
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urinary enzymes are useful biomarkers for evaluation and diagnosis of tubular dysfunction or injury and that
tubular damage most likely precedes glomerular damage in diabetic nephropathy so urinary enzyme excretion
can be used as an early predictor of tubular dysfunction (Jung et al., 1988; D’Amico and Bazzi, 2003;and Uslu et
al., 2005). This modification was done to overcome some difficulties in assaying urinary enzymes activities, as
urinary enzyme inhibitors (Horpacsy, 1988) and altered pH due to diabetic ketoacidosis (Turecky and Uhlikova,
2003). ALP, and γGT are located in the brush-border membrane of the nephron (Turecky and Uhlikova, 2003).
When the tubular cells are damaged, they release these enzymes into ultrafiltrate and thus the enzyme activities
in urine increase (Yaqoob et al.,1994). The current study demonstrated decreased enzymatic activities of ALP
and γGT in renal tissues of the diabetic group reflecting tubular dysfunction, a finding that was further
documented by histopathology, where hyaline cast was present in the lumen of tubules together with coagulative
necrosis of the cells. The reported tubular pathological finding corroborates those of Magil (1995) and Morrison
et al. (2005) who recorded a similar pathological finding in tubular damage induced by obesity in rats. Ginseng
extract group exhibited near to normal histological picture, a result which was confirmed by higher renal tissue
ALP and GT activities. This finding, correlated with the finding of increased serum electrolytes concentration in
particular sodium and calcium ions in the DG group.
Concerning the renal antioxidant status, the current study revealed increased oxidative stress due to diabetes
which was evidenced by increased tissue concentration of malondaldehyde and depletion of antioxidant enzymes
concentration. This was accompanied by significant glomerular pathology, namely glomerularsclerosis or
glomerular atrophy and accumulation of proteinous material in Bowman’s space together with thickening of
Bowman,s capsule membrane. The reported oxidative stress resulted from hyperglycemia–induced increases in
glucose autoxidation, protein glycation and the subsequent oxidative degradation of glycated protein leading to
enhanced production of reactive oxygen species (Kakkar et al., 1997).
Oxidative stress may be both, the cause and the result of tissue damage, a primary and a secondary source of
diabetic pathology (Baynes and Thorpe, 1996). The recorded rise in tissue concentration of malondaldehyde, an
index of endogenous lipid peroxidation, has been also reported by Turk et al. (2002) in diabetic patients and Kim
et al. (2008) in diabetic rats reflecting increased state of oxidative stress. Both oxidative stress and advanced
glycation end products result in Nuclear factor-kappa (NF-k) activation which is normally present in the
cytoplasm of eukaryotic cells as an inactive complex with the inhibitor binding protein kB (Kang et al., 2006).
When cells are exposed to various external stimuli, such as reactive oxygen species or advanced glycation end
products, inhibitor binding protein kB undergoes rapid phosphorylation with subsequent ubiquitination, leading
to the proteosome mediated degradation of this inhibitor (Ahmed, 2005). Nuclear factor-kappa translocates to the
nucleus, where it binds to enhancer regions of target genes, specially cyclooxygenase-2 (COX-2), inducible
nitric oxide synthase (iNOS) genes, thereby altering their expression (Surh et al., 2001). Cyclooxygenase-2 and
inducible nitric oxide synthase expression was found to be increased in kidney of STZ-induced diabetic rats
where they were involved in pathogenesis of nephropathy (Diabetes control and complications trial research
Group, 1993). Cyclooxygenase-2 increased the conversion of arachidonate to prostaglandin E2, prostaglandin
F2α, prostaglandin D2, and thromboxane B2 in glomeruli of diabetic rats thereby implicated in the alterations in
renal hemodynamics in diabetes (Komers et al., 2001). Although nitric oxide is a simple inorganic radical
exhibiting diverse physiological functions, including the regulation of neurotransmission and vascular tone yet it
could react with superoxide yielding peroxynitrite which is a potent nitrating and oxidizing agent that can nitrate
and oxidize various biomolecules, such as thiols, lipids, carbohydrates, and nucleic acids (Jarašiūnienė and
Šimaitis, 2003; Kasina et al., 2005; and Marcondes, 2006).
The present investigation demonstrated efficacy of ginseng extract in reversing deleterious effect of diabetic
oxidative stress, which was documented by amelioration recorded in kidney function tests electrolyte
concentrations and histopathology. This ameliorative effect of ginseng may be attributed to either its ability to
bind to glucocorticoid receptor triggering transcriptional activation of glucocorticoid response elements
promoting cell proliferation and enhances the survival rate of new-born cells (Lee et al., 1997; Shen and Zhang,
2003), and/or its free radical scavenging, metal ion and hydroxyl radicals chelating abilities (Lim et al., 1997; Fu
and Ji, 2003). Moreover, ginsenoside fractions have been shown to induce the cytosolic antioxidant enzyme
superoxide dismutase via enhanced nuclear protein binding to its gene regulatory sequences (Chang et al.,
1999).The reported results concerning the decrease in superoxide dismutase during diabetes agreed with those of
Godin et al. (1988) who showed a decrease in Cu-Zn SOD activity in renal tissues during diabetes, however they
contradicted those of Kakkar et al. (1995) and Limaye et al. (2003) who demonstrated either a no change or an
increase in SOD activity in renal tissues of diabetic rats. Similarly, the present study demonstrated a diabetes
induced decrease in glutathione S-transferase (GSTs) enzyme activities. Glutathione S-transferase belong to a
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superfamily of multifunctional isoenzymes playing a crucial role in the detoxifying mechanisms of drugs and
xenobiotics by preventing the binding of reactive metabolites to cellular proteins, and modulating the
by-products of oxidative stress by catalyzing the conjugation of electrophilic moieties to glutathione (Hayes et
al., 2005). Ginseng extract administration seemed to restore activities of these group of enzymes to the activities
recorded for the control group, a result that agreed with that of Guma et al. (2007) who showed that wild ginseng
pretreatment returned GST activity to control levels after being decreased by benzo α pyrene toxicity and Shah et
al. (2005) who showed that ginseng administration restored to near normal level of GSTs in the groups subjected
to oxidative stress in brain tissues induced by hypoperfusion/reperfusion.
In conclusion, ginseng extract appears to be of benefit for delaying diabetes induced nephropathy, an effect that
seems to be independent on correction of the metabolic deficits but rather dependent on antioxidant property of
ginseng.
References
Ahmed, N. (2005). Advanced glycationendproducts-role in pathology of diabetic complications. Diabetes
Research & Clinical Practice., 67, 3-21.
Allian, C.C. (1974). Enzymatic determination of total serum cholesterol. Clinical Chemistry, 20, 470.
Almdal, J., & Vilstrup, H. (1988). Strict insulin therapy normalizes organ nitrogen contents and the capacity of
urea nitrogen synthesis in experimental diabetes in rats. Diabetologia, 31, 114–118.
Attele, A.S., Wu, J.A., & Yuan, C.S. (1999).Ginseng pharmacology: multiple constituents and multiple actions.
Biochemical Pharmacology, 58, 1685-1693.
Badr El-Din, N.K. (1997). Effect of Panax ginseng extract on the nephrotoxicity of streptozotocin-induced
experimental diabetes. Egyptian Journal of Biochemistry., 15, 29–52.
Banz, W.J., Iqbal, M.J., Bollaert, M., Chickris, N., James, B., Higginbotham, D. A., Peterson, R., & Murphy, L.
(2007). Ginseng modifies the diabetic phenotype and genes associated with diabetes in the male ZDF rat.
Phytomedicine, 14, 681–689.
Baynes, J.W. (1991). Role of oxidative stress in development of complications in diabetes. Diabetes,
40,405-412.
Baynes, J.W., & Thorpe, S.R. (1996). The role of oxidative stress in diabetic complications. Current Opinion in
Endocrinology, 3, 277-284.
Chang, M. S., Lee, S. G., & Rho, H. M. (1999). Transcriptional activation of Cu/Zn superoxide dismutase and
catalase genes by panaxadiolginsenosides extracted from Panax ginseng. Phytotherapy Research, 13, 641-644.
Cho, W., Chung, W., Lee, S., Leung, A., Cheng, C., &Yue, K. (2006). Ginsenoside Re of Panax ginseng
possesses significant antioxidant and antihyperlipidemia efficacies in streptozotocin-induced diabetic rats.
European Journal of Pharmacology, 550,173-179.
D’Amico, G., & Bazzi, C. (2003). Urinary protein and enzyme excretion as markers of tubular damage. Current
Opinion in Nephrology & Hypertension, 12,639–643.
Davydov, V., Molokovski, D. and Limarenko, A. (1990). Efficacy of ginseng drugs in experimental
insulin-dependant diabetes and toxic hepatitis. PatologicheskaiaFiziologiia i EksperimentalnaiaTerapiia, 5,
49-52.
Diabetes control and complications trial research group. (1993). The effect of intensive treatment of diabetes on
the development and progression of long term complications in insulin-dependent diabetes mellitus. The New
England Journal of Medicine, 329, 977-986.
Fawcett, J.K., & Scott, J.E. (1960). Determination of urea. Journal of Clinical Pathology,13, 156.
Fekete, A., Rosta, K., Wagner, L., Prokai, A., Degrell, P., Ruzicska, E., Vegh, E., Toth, M., Ronai, K., Rusai, K.,
Somogyi, A., Tulassay, T., Szabo, A. J., & Ver, A.(2008). Na+,K+-ATPase is modulated by angiotensin II in
diabetic rat kidney – another reason for diabetic nephropathy?. The Journal of Physiology, 586, 5337–5348.
Ferrannini, E. (1998). Insulin resistance versus insulin deficiency in noninsulin-dependent diabetes mellitus:
problems and perspectives. Endocrine Reviews,19,491-503.
Finley, P.R., Schifman, R.B., Williams, R. J. & Lichti, D. (1978). Cholesterol in high density lipoprotein: use of
Mg+dextransulphate in its enzymatic measurements. Clinical Chemistry, 24, 931-933.

22

ISSN 1916-9752

E-ISSN 1916-9760

www.ccsenet.org/jas

Journal of Agricultural Science

Vol. 3, No. 2; June 2011

Fogh-Andersen, N., McNair, P., Mgller-Petersen, J., & Madsbad, S. (1982). Serum Calcium Fractions in
Diabetes Mellitus. Clinical Chemistry, 28, 2073-2076.
Friedewald, W., Levy, R., and Fredrickson, D. (1972). Estimation of the concentration of LDL cholesterol
without the use of preparative ultracentrifuge. Clinical Chemistry,18,499.
Fu, Y., & Ji, L. (2003). Chronic ginseng consumption attenuates age-associated oxidative stress in rats. Journal
of Nutrition, 133, 3603-3609.
George, C. (1981). Staining procedures (4th ed.) Williams and Wilkins, Baltimore.
Gindler, E.M. & Heth, D.A. (1971). Colorimetric determination with bound calmagite of magnesium in human
blood serum. Clinical Chemistry, 17, 662.
Godin, D.V., Wohaieh, S.A., Garnett, M.E., & Goumeniouk, A.D. (1988). Antioxidant enzyme alterations in
experimental and clinical diabetes. Molecular and Cellular Biochemistry, 84, 223 – 231.
Guma, S., Jun, J., Ahna, S., Kimb, S., Kima, J., Shin, H., & Choa, M. (2007). The potent protective effect of
wild ginseng (Panax ginseng C.A. Meyer) against benzo[_α]pyrene-induced toxicity through metabolic
regulation of CYP1A1 and GSTs. Journal of Ethnopharmacology, 112, 568-576.
Habig, W.H., Pabst, M.J., & Jacoby, W.B. (1974). Glutathione s-transferase. The first enzymatic step in
mercapturic acid formation. The Journal of Biological Chemistery, 249,7130-7139.
Han, K.L., Jung, M.H., Sohn, J.H., & Hwang, J. (2006). Ginsenoside 20(S)-protopanaxatriol activates PPARγ
in3T3L1 adipocytes. Biological &. Pharmaceutical Bulletin, 29,110-113.
Hayes, J.D., Flanagan, J.U., & Jowsey, I.R. (2005). Glutathione transferases. Annual Review of Pharmacology &
Toxicology, 45, 51-88.
Held, P., Port, F.K., Webb, R.L., Wolfe, R.A., Garcia, J.R., Blagg, C., &Agodoa, L.Y. (1991).The United States
Renal Data System's 1991 annual data report: an introduction. American Journal of Kidney Diseases, 18, 1-16.
Henry, J.B. (1984). Clinical diagnosis and management by laboratory methods. W.B. Saunders Co.
Philadelphia.
Higginbotham, D. A., Peterson, R., & Murphy, L. (2007). Ginseng modifies the diabetic phenotype and genes
associated with diabetes in the male ZDF rat. Phytomedicine, 14, 681–689.
Horpacsy, G. (1988). Diagnostic significance of standardized determination of urinary enzymes in practice of
human kidney transplantation and renal toxicology. Contribution to Nephrology, 35: 105-127.
Hough, S.; & Avioli, A.V. (1984). Alterations of bone and mineral metabolism in diabetes. In: Nattrass, M.; and
Santiago, J.V., eds. Recent advances in diabetes. pp; 223-229.
Houot, O. (1985). Kinetic determination of creatinine In: Henny, J., Siest, G., Schiele, F., & Young, D.S. (eds);
Interpretation of clinical laboratory tests. Biomedical Publications.
Jarašiūnienė, D., & Šimaitis, A. (2003). Oxidative stress and endothelial dysfunction. Medicina (Kaunas),
39,1151-1157.
Jewett, S.L., & Rocklin, A.M. (1993). Variation of one unit activity with oxidation rate of organic substrate in
indirect superoxide dismutase assays. Analytical Biochemistry, 212: 555-559.
Jung, K., Pergande, M., Schimke, E., Ratzmann, K.P., & Ilius, A. (1988). Urinary enzymes and
low-molecular-mass proteins as indicators of diabetic nephropathy. Clinical Chemistry, 34, 544–547.
Kakkar, R., Mantha, S.V., Radhi, J., Prasad, K., & Kalra, J. (1995). Lipid peroxidation and activity of
antioxidant enzymes in diabetic rats. Molecular and Cellular Biochemistry, 151, 113–119.
Kakkar, R., Mantha, S.V., Radhi, J., Prasad, K., & Kalra, J. (1997). Antioxidant defense system in diabetic
kidney: A time course study. Life Science, 60, 667-679.
Kaneko, H., & Nakanishi, K. (2004). Proof of the mysterious efficacy of ginseng: basic and clinical trials:
clinical effects of medical ginseng, korean red ginseng: specifically, its anti-stress action for prevention of
disease.Journal of Pharmacological Sciences, 95,158-162.
Kang, K.S., Kim, H.Y., Yamabe, N., Nagai, R., & Yokozawa, T. (2006). Protective effect of sun Ginseng against
diabetic renal damage. Biological &. Pharmaceutical Bulletin, 29, 1678-1684.

Published by Canadian Center of Science and Education

23

www.ccsenet.org/jas

Journal of Agricultural Science

Vol. 3, No. 2; June 2011

Kang, K. S., Yamabe, N., Kim, H. Y., Jeong Hill Park, J. H., & TakakoYokozawa, T. (2008). Therapeutic
potential of 20(S)-ginsenoside Rg3 against streptozotocin-induced diabetic renal damage in rats. European
Journal of Pharmacology, 591, 266-272.
Karu, N., Reifen, R., & Kerem, Z. (2007). Weight gain reduction in mice fed Panax ginseng saponin, a
pancreatic lipase inhibitor. Journal of Agricultural & Food Chemistry, 55, 2824–2828.
Kasina, S., Rizwani, W., Radhika, K.V., & Singh, S.S. (2005). Nitration of profilin effects its interaction with
poly (L-proline) and actin. Journal of Biochemistry (Tokyo), 138, 687-689.
Kim, J.H., Hahm, D.H., Yang, D.C., Kim, J.H., Lee, H.J., & Shim, I. (2005). Effect of crude saponin of Korean
red ginseng on high-fat diet-induced obesity in the rat. Journal of Pharmacological Sciences, 97, 124–131.
Kim, H.Y., Kang, K.S., Yamabe, N., Nagai, R., & Yokozawa, T. (2006). Protective Effect of Heat-Processed
American Ginseng against Diabetic Renal Damage in Rats. Journal of Agricultural & Food Chemistry, 55 (21),
8491-8497.
Kim, H., Kang, K., Yamabe, N., and Yokozawa, T. (2008). Comparison of the effects of korean ginseng and
heat-processed korean ginseng on diabetic oxidative stress. The American Journal of Chinese Medicine, 36,
989-1004.
Kim, S.H., & Park, K.S. (2003). Effects of Panax ginseng extract on lipid metabolism in humans.
Pharmacological Research, 48,511–513.
Komers, R., Lindsley, J., Oyama, T., Schutzer, W., Reed, J., Mader, S., & d Anderson, S. (2001).
Immunohistochemical and functional correlations of renal cyclooxygenase-2 in experimental diabetes. The
Journal of Clinical Investigation, 107,889-898.
Lee, Y.J., Chung, E., Lee, K.Y., Lee, Y.H., Hur, B., & Lee, S.K. (1997). Ginsenoside- Rg1, one of the major
active molecules from Panax ginseng, is a functional ligand of glucocorticoid receptor. Molecular and Cellular
Biochemistry, 133, 135-140.
Lee, W.K., Kao, S.T., Liu, I.M., & Cheng, J.T. (2006). Increase of insulin secretion by ginsenoside Rh2 to lower
plasma glucose in Wistar rats. Clinical & Experimental Pharmacology & Physiology, 33, 27–32.
Lim, J. H., Wen, T. C., Matsuda, S., Tanaka, J., Maeda, N., Peng, H., Aburaya, J., Ishihara, K., & Sakanaka, M.
(1997). Protection of ischemic hippocampal neurons by ginsenoside Rb1, a main ingredient of ginseng root.
Neuroscience Research, 28, 191-200.
Limaye, P.V., Raghuram, N., & Sivakami, S. (2003). Oxidative stress and gene expression of antioxidant
enzymes in the renal cortex of streptozotocin induced diabetic rats. Molecular and Cellular Biochemistry, 243,
147–152.
Loeby, W.F., & Quimby, F.W. (1989). The clinical chemistry of laboratory animals. New York. Pergamon press
pp.417-509.
Lowry, O.H., Rosebnough, N.J., Farr, A.L., & Randall, R.J. (1951). Protein measurement with the folin phenol
reagent. The Journal of Biological Chemistery, 193, 265.
Magil, A.B. (1995). Tubulointerstitial lesions in young Zucker rats. American Journal of Kidney Diseases,
25,478-485.
Maltezos, E., Papazoglou. D., Exiara, T., Kambouromiti, G., & Antonoglou, C. (2004). Serum magnesium levels
in non-diabetic offspring of patients with type 2 diabetes mellitus. Diabetes, Nutrition & Metabolism, 17, 12–16.
Mansour, H.A, & Newairy, A. A. (2000). Amelioration of impaired renal function associated with diabetes by
Balanitesaegyptiaca fruits in streptozotocin-induced diabetic rats. Journal of Medical Research Institute, 21:
115–125.
Marcondes, S. (2006). Cyclic GMP-independent mechanisms contribute to the inhibition of platelet adhesion by
nitric oxide donor: a role for {alpha}-actinin nitration. Proceedings of the National Academy of Sciences, 103,
3434-9.
Mauer, S.M., Steffes, M.W., & Brown, D.M. (1981): The kidney in diabetes. American Journal of Medicine, 70,
63-66.
McBain, A.M., Brown, I.R.F., Menzies, D. G., & Campbell, I. W. (1988). Effects of improved glycaemic control
on calcium and magnesium homeostasis in type II diabetes. Journal of Clinical Pathology, 41, 933-935.

24

ISSN 1916-9752

E-ISSN 1916-9760

www.ccsenet.org/jas

Journal of Agricultural Science

Vol. 3, No. 2; June 2011

Michalik, L., Auwerx, J., Berger, J.P., Chatterjee, V.K., Glass, C.K., Gonzalez, F.J., Grimaldi, P.A.,
Kadowaki,T., Lazar, M.A. O’Rahilly, S., Palmer, C.N., Plutzky, J., Reddy, J.K., Spiegelman, B.M., Staels, B., &
Wahli, W. (2006). International union of pharmacology. LXI. Peroxisome proliferator-activated receptors.
Pharmacological Reviews, 58, 726–741.
Morrison, R. G., Carpenter A. B., Adams V. L., Mangiarua, E. I., Wehner P. S., & McCumbee W. D. (2005).
Progression of renal damage in the obese Zucker rat in response to deoxycorticosterone acetate-salt-induced
hypertension. Annals of Clinical & Laboratory Science, 35, 54-65.
Nah, S.Y., Park, H.J., & McCleskey, E.W. (1995). A trace component of ginseng that inhibits Ca2+ channels
through a pertussis toxin-sensitive G protein. Proceedings of the National Academy of Sciences,U.S.A., 92,
8739-8743.
Nasri, H. (2006). Lipids in association with serum magnesium in diabetes mellitus patients. ActaAngiologica, 12,
149–154.
Oh, Y.K., Joo, K. W., Lee, J. W., Jeon U. S., Lim C. S., Han J. S., Knepper M. A., & Na, K. Y. (2007). Altered
Renal Sodium Transporter Expression in an Animal Model of Type 2 Diabetes Mellitus. Journal of Korean
Medical Science, 22, 1034-41.
Ohnishi, Y., Takagi, S., Miura, T., Usami, M., Kako, M., Ishihara, E., Yano, H., Tanigawa, K., & Seino, Y.
(1996). Effect of ginseng radix on GLUT2 protein content in mouse liver in normal and epinephrine induced
hyperglycemic mice. Biological &. Pharmaceutical Bulletin,19,1238-1240.
Prakasam, A., Sethupathy, S., & Pugalendi, K. (2004). Influence of Caseariaesculenta root extract on protein
metabolism and marker enzymes in streptozotocin-induced diabetic rats. Polish Journal of Pharmacology, 56,
587–593.
Qureshi, A.A., Abuirmeileh, N., Din, Z.Z., Ahmad, Y., Burger, W.C., & Elson, C.E. (1983). Suppression of
cholesterogenesis and reduction of LDL cholesterol by dietary ginseng and its fractions in chicken liver.
Atherosclerosis; 48: 81–94.
Ratliff, C.R. & Hall, F.F. (1973). Laboratory manual of clinical biochemistry Vol.1. Scott and White memorial
hospital publication office, Temple. Texas.
Rebar, L., Berta, E., and Stong, L. (1978). New enzymatic method for serum uric acid at 500 nm. Clinical
Chemistry, 24, 1908–1911.
Selby, J.V., FitzSimmons, S.C., Newman, J.M., Kats, P.P., Sepe, S., & Showstack, J. (1990). The natural history
and epidemiology of diabetic nephropathy. Implications for prevention and control. The Journal of the American
Medical Association, 263,1954-1960.
Shah, Z., Gilani, R., Sharma, P., and Vohora, S. (2005). Cerebroprotective effect of Korean ginseng tea against
global and focal models of ischemia in rats. Journal of Ethnopharmacology, 101,299-307.
Sharma, A., Dabla, S., Agrawal, R.P., Barjatya, H., Kochar, D.K., & Kothari, R.P. (2007). Serum magnesium: an
early predictor of course and complications of diabetes mellitus. Journal Indian Medical Association, 105,
16-20.
Shen, L., & Zhang, J. (2003). Ginsenoside Rg1 increases ischemia-induced cell proliferation and survival in the
dentate gyrus of adult gerbils. Neuroscience Letters, 344, 1-4.
Sievenpiper, J.L., Sung, M.K., Di Buono, M., Seung-Lee, K., Nam, K.Y., Arnason, J.T., Leiter, L.A., & Vuksan,
V. (2006). Korean red ginseng rootlets decrease acute postprandial glycemia: results from sequential
preparation- and dose-finding studies. Journal of the American College of Nutrition, 25, 100–107.
SJöquist, M., Huang, W., & Johansson, B. (1998). Effects of C-peptide on renal function at the early stage of
experimental diabetes. Kidney International, 54, 758-764.
Snedecor, G.M., and Cochran, W.G. (1980): Statistical analysis (7th ed.) Oxford and J.B.H. Publishing Comp.
pp.215-237.
Sotaniemi, E.A., Haapakoski, E., Rautio, A. (1995). Ginseng therapy in non insulin dependent diabetic patient.
Diabetes Care, 18, 1373-1375.
Steiner, G. (2000). Lipid intervention trials in diabetes. Diabetes Care, 23:B49-B53.

Published by Canadian Center of Science and Education

25

www.ccsenet.org/jas

Journal of Agricultural Science

Vol. 3, No. 2; June 2011

Stephen-Morris, G., Hasten, L., Hegsted, M., and Guidry, K. (1996). Chromium picolinate supplementation
improves cardiac metabolism, but not myosin isoenzyme distribution in the diabetic heart. The Journal of
Nutritional Biochemistry,7, 617-622.
Surh,Y., Na, H., Lee, J., & Keum, Y. (2001). Molecular mechanisms underlying anti-tumor promoting activities
of heat-processed Panax Ginseng C.A. Meyer. Journal of Korean Medical Science, 16(Suppl), S38-41.
Szasz, G. (1969). Kinetic determination of serum γ glutamyltransferase. Clinical Chemistry, 15, 124.
Tietz, N.W. (1970). Fundamentals of clinical chemistry. W.B. Saunders, Philadelphia.
Trinder, P. (1969). Determination of blood glucose using 4- aminophenazone. Journal of Clinical Pathology, 22,
246.
Turecky, L., & Uhlikova, E. (2003). Diagnostic significance of urinary enzymes in nephrology.
BratislavskeLekarskeListy, 104, 27-31.
Turk, H. M., Sevinc, A., Camci, C., Cigli, A., Buyukberber, S., Savli, H., and Bayraktar N. (2002). Plasma lipid
peroxidation products and antioxidant enzyme activities in patients with type 2 diabetes mellitus.
ActaDiabetologica, 39, 117-122.
Uslu, S., Efe, B., Alatas, O., Kebapci, N., Colak, O., Demirustu, C., & Yoruk, A. (2005). Serum cystatin C and
urinary enzymes as screening markers of renal dysfunction in diabetic patients. Journal of Nephrology,18,
559-567.
Varely, H. (1976). Practical clinical biochemistry (4th ed.) Arnold-Heinemann, New Delhi.
Vuksan, V., Sung, M.K., Sievenpiper, J.L., Stavro, P.M., Jenkins, A.L., Di Buono, M., Lee, KS., Leiter, L.A.,
Nam, K.Y., Arnason, J.T., Choi, M., & Naeem, A. (2008). Korean red ginseng (Panax ginseng) improves
glucose and insulin regulation in well-controlled, type 2 diabetes: Results of a randomized, double-blind,
placebo-controlled study of efficacy and safety. Nutrition, Metabolism & Cardiovascular Diseases, 18, 46-56.
Wahlefeld, A.W. (1974). Determination of triglycerides. In: Methods of enzymatic analysis, Vol.5 S. Bergmeyer.
H.U. (ed). Academic press N.Y. USA pp1831-1835.
Waki, I., Kyo, H., Yasuda, M., and Kimura, M. (1982). Effects of a hypoglycemic component of ginseng radix
on insulin biosynthesis in normal and diabetic animals. Journal of Pharmacobio-dynamics, 5, 547–554.
Xie, J.T., Wang, C.Z., Kim, S., and Yuan, C.S. (2005). The anti-hyperglycemic property of different ginseng
partitions. Oriental Pharmacy & Experimental Medicine, 5,1-15.
Yamamoto, M., Uemura, T, Nakama, S., Uemiya, M., & Kumagai, A. (1983). Serum
HDL-cholesterol-increasing and fatty liver-improving actions of Panax ginseng in high cholesterol diet-fed rats
with clinical effect on hyperlipidemia in man. The American Journal of Chinese Medicine, 11, 96–101.
Yaqoob, M., McClelland, P., Patrick, A. W., Stevenson, A., Mason, H., White, M., and Bell, G. (1994).
Evidence of oxidative injury and tubular damage in early diabetic nephropathy. Q. J. Med; 87, 601-607.
Ye, J. (2007). Role of insulin in the pathogenesis of free fatty acid-induced insulin resistance in skeletal muscle.
Endocrine, Metabolism & Immune Disorders- Drug Targets,7,65–74.
Yoon, M., Lee, H., Jeong, S., Kim, J.J., Nicol, C.J., Nam, K.W., Kim, M., Cho, B., & Oh, G.T. (2003).
Peroxisome proliferator-activated receptor alpha is involved in the regulation of lipid metabolism by ginseng.
British Journal of Pharmacology, 138,1295–1302.
Yoshioka, T., Kawada, K., Shimada, T., and Mori, M. (1979). Lipid peroxidation in maternal and cord blood and
protective mechanisms against activated oxygen toxicity in blood. American Journal of Obstetrics &
Gynecology, 137,372.
Zhang, Z., Li, X., Lv, W., Yang, Y., Gao, H., Yang, J., Shen, Y. & Ning, G. (2008). Ginsenoside Re reduces
insulin resistance through Inhibition of JNK and NF-κB. Molecular Endocrinology, 22,186-195.
Notes
1-

*G.G.E. is a standardized ginseng extract obtained from Dansk Droge A/S Copenhagen Denmark.

2- The author is grateful to Dr. EmanBakr Professor of Pathology for interpretation of histopathology results
and Dr. WafaaFelfel Ph.D. Biochemistry for assessment of renal antioxidant status.

26

ISSN 1916-9752

E-ISSN 1916-9760

www.ccsenet.org/jas

Journal of Agricultural Science

Vol. 3, No. 2; June 2011

Table 1. Effect of ginseng extract administration on serum metabolic profile of diabetic rats
Group

Control group

Diabetic group

Diabetes+

L.S.D

ginseng extract
Parameter
Glucose (mg/dl)

a

b

81.12
±1.96
Total cholesterol
72.33 a
(mg/dl)
±4.31
Triglycerides
34.66 a
(mg/dl)
±2.00
High density
27.50a
cholesterol (mg/dl)
±1.69
Low density
37.91a
cholesterol (mg/dl)
±2.50
Data presented as mean ± SE, n=10, P<0.05.

412.70
±11.83
186.71b
±5.43
87.00b
±2.15
14.90b
±0.48
154.38b
±5.45

(100 mg) group
304.29c
±5.51
137.82c
±4.60
63.66c
±2.06
21.10c
±0.95
104.71c
±5.06

22.12
13.94
6.01
3.34
13.15

Means having different superscripts are significantly different.
Table 2. Effect of ginseng extract administration on kidney function tests of diabetic rats
Group
Parameter
Blood urea nitrogen
(mg/dl)
Creatinine (mg/dl)
uric acid (mg/dl)

Control group

Diabetic group

Diabetes+
ginseng extract
(100 mg) group

9.90a
±0.33

29.55b
±0.86

14.10c
±0.34

2.64

0.86a
±0.085

3.51b
±0.231

2.04c
±0.072

0.43

1.87a
±0.11

7.80b
±0.24

5.31c
±0.29

0.813

4.99b
±0.06

5.99c
±0.07

0.24

Total protein (g/dl)

6.70a
±0.11
Data presented as mean ± SE, n=10, P<0.05.

L.S.D

Means having different superscripts are significantly different.
Table 3. Effect of ginseng extract administration on serum electrolyte concentrations of diabetic rats
Group

Control group

Diabetic group

Diabetes+

L.S.D

ginseng extract
Parameter
Sodium (meq/L)

(100 mg) group
160.20

a

±0.51
Potassium (meq/L)
Calcium (meq/L)
Magnesium
(meq/L)

154.10

b

±0.66

159.80a

1.73

±0.61

6.29
±0.22
11.00a
±0.11

7.73
±0.087

6.43 a
±0.21

0.54

7.88b
±0.13

10.72a
±0.16

0.39

4.74a
±0.11

1.78b
±0.047

3.90a
±0.14

1.01

a

b

Data presented as mean ± SE, n=10, P<0.05.
Means having different superscripts are significantly different.
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Table 4. Effect of ginseng extract administration on relative kidney weight (%) of diabetic rats
Group

Control group

Diabetic group

Diabetes+
ginseng extract
(100 mg) group

0.54a

0.92b

0.58a

±0.016

±0.063

±0.023

Parameter
Kidney weight%

L.S.D

0.116

Data presented as mean ± SE, n=10, P<0.05.
Means having different superscripts are significantly different.
Table 5. Effect of ginseng extract administration on renal tissue enzyme activities of diabetic rats
Group

Control group

Diabetic group

Diabetes+
ginseng extract
(100 mg) group

L.S.D

63.90

Parameter
Alkaline phosphatase
(U/mg tissue)

889.83a

576.04b

900.85a

±17.87

±27.11

±20.02

γ glutamyltransferase
(U/mg tissue)

a

b

110.50a

119.03
±4.12

58.50

±3.79

11.94

±4.42

Data presented as mean ± SE, n=10, P<0.05.
Means having different superscripts are significantly different.
Table 6. Effect of ginseng extract administration on renal antioxidant status of diabetic rats
Group

Control group

Diabetic group

Diabetes+
ginseng extract
(100 mg) group

1.45a

4.69b

1.36a

Parameter
Malondialdehyde
(µmol/mg tissue)
Superoxide dismutase
(EU/mg protein)
Glutathione
S-transferase
protein)

±0.051
51.32

±0.66
0.25

(EU/mg

a

a

±0.013

±0.39
27.29

b

±0.55
0.063

b

0.007

L.S.D

0.66

±0.06
50.63a

2.09

±0.91
0.23a

0.032

0.011

Data presented as mean ± SE, n=10, P<0.05.
Means having different superscripts are significantly different.
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Figure 1. The kidneys of diabetic rats showed severe pathological lesions represented by thickening of the wall
of most glomerular Bowman’s capsule by fibrous connective tissue

Figure 2. The kidneys of diabetic rats showing glomerulosclerosis
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Figure 3. The kidneys of diabetic rats showing glomerular atrophy (arrow) and protienous material in bowman's
space (arrow head)

Figure 4. The kidneys of diabetic rats showing hyaline cast(arrow) and coagulative necrosis of some epithelial
cells in renal tubules (arrow head) with deep eosinophilic cytoplasm and complete disappearance of nucleus or
appearance of nucleus as a ghost
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Figure 5. The kidneys of diabetic rats treated with ginseng extract showing normal glomerular tufts with slight
hypercellularity

Figure 6. The kidneys of control group showing normal glomerular tufts
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