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This study examined the effects of grape seed proanthocyanidin extract (GSPE) on kidney of diabetic
nephropathy rats. Male Sprague-Dawley rats were divided into three Groups: control, diabetic
nephropathy, diabetic nephropathy and received GSPE 500 mg/kg for 6 weeks. At first, 24-h urinary
albumin excretion (UAE) was studied two weeks after induction of diabetes then each week until the
end of the experimental period in all of groups. At the end, the experimental animals were sacrificed
and the right kidneys were collected and were prepared for light microscopy and electron microscopy
evaluation. The results showed that the UAE and kidney weight in diabetic nephropathy rats were
significantly higher than in control. Also an increase of the mesangial matrix, apoptotic cells, Bax
expression, glomerular basement membrane thickness and broadening of foot process in diabetic
nephropathy group rats were observed when compared to control group. These features were found to
be reversed when the GSPE was administered to the experimental animals. Our results suggest that
GSPE can prevent the progression of nephropathy in diabetic rats.
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INTRODUCTION

Diabetic nephropathy (DN) is a leading cause of end
stage renal disease and is associated with a significant
social and financial burden (Gordois et al., 2004; Wild et
al., 2004; Cowie et al, 2006). It is characterized
functionally by proteinuria and albuminuria and
pathologically by glomerular hypertrophy, mesangial
expansion and tubulointerstitial fibrosis, these findings
are closely related to the loss of renal function.
Accumulating research suggests that oxidative stress
plays a key role in the pathogenesis of diabetic
nephropathy. In addition, antioxidant administration has
been reported to have potentially beneficial effects in the
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human kidney and experimental diabetes (Horie et al.,
1997; Bursell et al.,, 1999). Oxidative stress has been
suggested to play role as a common mediator in
apoptosis (Buttke and Sandstrom, 1994; Jee et al., 2005)
and in particular diabetic nephropathy, a state in which
oxidative stress increased (Horie et al., 1997). Recent
reports provide evidence that high ambient glucose can
promote apoptosis in vitro, suggesting potential cellular
damage as a result of hyperglycemia in diabetes in vitro
(Allen et al., 2003; Kawano et al., 1992).

Grape seed proanthocyanidin extracts (GSPE) derived
from grape seeds, have been reported to possess a
variety of potent properties including anti-oxidant, anti-
inflammation, radical-scavengering and renal protecting
activity, anti-tumor and so on (Shao et al., 2003; Vayalil et
al., 2004; Houde et al., 2006). It was reported that GSPE
had an effect in protecting the kidneys of diabetic rats (Liu
et al., 2006). Therefore we investigated the



occurrence of apoptosis and its mechanism in the
diabetic nephropathy and evaluated the effects of the
GSPE on apoptosis and pathologic changes in the
diabetic nephropathy rats.

MATERIALS AND METHODS

Thirty male Sprague-Dawley rats (140 to 180 g) were prepared from
Animal House Center of Ahwaz Jondishapur University of Medical
Science, Iran. All animals were housed in cages with 12/12 h
light/dark cycle at 21+2°C. All experimental animals were carried
out in accordance with Ahwaz University Ethical Committee.

Chemicals

Grape seed proanthocyanidin extracts (GSPE) (95% purity) were
purchased from Hangzhou Joymore Technology Co., Ltd (China).
The other chemicals and reagents were obtained from Sigma—
Aldrich Chemical Co. (St. Louis, USA).

Induction of diabetes

The animals were fasted for 24 h prior to the induction of diabetes.
Diabetes was induced by a single intraperitoneal injection STZ (50
mg/kg body weight) freshly dissolved in citrate buffer (0.1 M pH
4.5), while control rats were injected with vehicle buffer only. Blood
samples were obtained from the tail vein of the animals at 72 h after
STZ injection and fasting blood glucose levels were determined with
a glucose strip test in a glucometer (Easy Gluco Blood Glucose
Monitoring system, Infopia, Korea). Rats with fasting blood glucose
levels above 250 mg/dl were used as the diabetic animals.

EXPERIMENTAL DESIGN

A total of 30 rats were used and were divided into three groups of
10 rats each. The groups were divided as follows: control group,
untreated diabetic nephropathy group, treated diabetic nephropathy
group (GSPE, 500 mg/kg body weight). The GSPE was given in
normal saline solution by oral gavages for 6 weeks from the
beginning of the fifth week after the induction of diabetes, since we
found a significant increase in urinary albumin excretion rate in
diabetic rats in comparison with control rats at the end of the fourth
week. Rats were kept individually in metabolic cage with access to
drinking water for measurement of twenty-four-hour urinary albumin
after two weeks the induction of diabetes, then each week until the
end of the experimental period. Urinary albumin excretion was
measured by quantitative reaction with bromocresol-green
(Rasanayagam et al., 1973).

At the end of the experimental, six rats selected randomly from
each group then were sacrificed under ether anesthesia. The right
kidneys were collected and perfused so as to be free of blood with
PBS and were fixed for light microscopy electron microscopy
evaluation separately.

Light microscopy

Renal histology

Renal cortical tissue samples were fixed in 10% paraformaldehyde,
dehydrated through increasing concentrations of ethanol and

embedded in paraffin. Then two sections of 5 um thickness (an
interval of 100 um) per animal were stained with periodic acid-Schiff
(PAS) techniques. Appropriate fields of view from the renal cortex
were evaluated for extracllular matrix deposition.

TUNEL staining

Intranucleosomal DNA fragmentation was labeled in situ using an In
Situ Cell Death Detection Kit (Roche, Germany). Paraffin-
embedded tissue 5 pm-thick sections were mounted on slides. After
deparaffinization and dehydration, sections were digested with
proteinase K and treated according to the protocol provided with the
kit. Labeled nucleotides were catalytically added to 3’-OH ends of
DNA by terminal deoxynucletidyl transferase (TdT) in a tamplate-
independent manner (TUNEL-reaction). Sections were then reacted
with  anti-fluorescein antibody conjugated with horse-radish
peroxidase as a reporter enzyme. Diaminobenzidine (DAB) for the
In Situ Cell Death Detection Kit was used as the chromogenic
substrate for peroxidase, producing a brown reaction product that
marked the nuclei of apoptotic cells. Sections were counterstained
with hematoxylin. Apoptosis positive cells were evaluated by light
microscope.

Immunohistochemistry

Immunohistochemical detection of Bax expression with mouse
monoclonal anti- Bax and ABC staining system was performed as
described in data sheet. Briefly, Paraffin-embedded tissue sections,
5 pm thick, were used. Slides were deparaffined with xylene and
dehydrated in graded concentrations of ethanol. Endogenous
peroxidase was quenched with 3% H202: methanol (1:1) for 30 min
at room temperature. Sections were rinsed twice in PBS and then
blocked with 1.5% blocking serum in PBS for one hour at room
temperature. Primary antibody was: mouse monoclonal anti- Bax
(1:100; Santa Cruz Biotechnology). They were diluted in 1.5%
blocking serum in PBS and left overnight at 4°C. Sections were
washed twice for five minutes in PBS, followed by the addition of
biotinylated secondary antibody (Santa Cruz Biotechnology) at a
dilution 1/200 in 1.5% blocking serum in PBS for 30 min at room
temperature. After washing twice for five minutes in PBS, sections
were incubated with AB enzyme for 30 min. After washing, the
antibody location was determined with the addition of DAB
chromogen. Color development was stopped by washing in water.
Sections were counterstained with hematoxylin, dehydrated and
mounted in Canada balsam (DPX, Poole, UK) then evaluated by
light microscope and brown areas were judged as positive.

Electron microscopy

Tissue samples obtained for electron microscopy were fixed with
3% glutaraldehyde in phosphate buffer, and then post-fixed in 1%
aqueous osmium tetroxide. Following dehydration in increasing
concentrations of ethanol, tissues were embedded in epon resin.
Ultrathin sections were prepared and were double stained with
uranyl acetate saturated in 70% ethanol and lead citrate
respectively. The ultrathin sections were evaluated under a CM 10
Philips transmission electron microscope.

Statistical analysis
Data are expressed as the mean = SE. Statistical significance of

differences was assessed with one-way ANOVA by SPSS for
Windows (version 18) followed by Tukey's t-test. P<0.05 was
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Figure 1. Kidney weight changes between groups, control (C),
diabetic nephropathy (DN), diabetic nephropathy treated with
GSPE (DN+GSPE) *P<0.05 as compared with control; *P<0.05
as compared with diabetic nephropathy.

assumed as statistically significant.

RESULTS
Effects of GSPE on kidney weight

In diabetic nephropathy group, kidney weight was
increased significantly compared to the control group.
After administration of GSPE a significant decrease of
kidney weight was found in treated diabetic nephropathy
group in comparison to diabetic nephropathy group
(Figure 1).

Effects of GSPE on 24 h albumin excretion in urine

A significant increase of 24 h albumin excretion in urine of
the diabetic nephropathy group was observed in
comparison to the control group. In the diabetic
nephropathy group which received GSPE a decreased 24
h albumin excretion in urine was observed in comparison
to untreated diabetic nephropathy group; these
differences were statistically significant (Figure 2).

Effects of GSPE on renal histology of diabetic
nephropathy rats

Light microscopy demonstrated a moderate increase of
the mesangial matrix in the glomeruli of most diabetic
nephropathy rats in comparison to the control group by

an increase in PAS-positive mesangial matrix area
(Figure 3). In addition, in diabetic nephropathy rats, focal,
segmental hyalinosis and sclerosis were observed.
Therapy- with GSPE for 6 weeks reversed the mesangial
matrix accumulation that had been established by
diabetic nephropathy. The glomerulus contained less
PAS- positive matrix material and the capillary loops were
more widely open following GSPE therapy.

Effects of GSPE on
nephropathy rats

apoptosis in diabetic

Study with light microscope demonstrated that apoptosis
occurred in the tubular epithelial cells and glomerular
cells in diabetic nephropathy group. But we did not
observe apoptotic cells in tubular and glomerular cells in
control group. The apoptotic cells decreased in GSPE-
treated diabetic nephropathy group when compared to
the untreated diabetic nephropathy rats (Figure 4).

Effects of GSPE on Bax expression in diabetic
nephropathy

Immunohistochemical study using anti-Bax antibody
showed intensified staining in glomerular and tubular
epithelial cells in untreated diabetic nephropathy rats. In
contrast glomerular and tubular epithelial cells were not
found in control rats. GSPE administration decreased Bax
expression in glomerular and tubular cells of diabetic
nephropathy rats (Figure 5).
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Figure 2. Changes 24 h albumin excretion (UAE) during the
experimental period between different groups; *P<0.05 as
compared with control; *P< 0.05 as compared with diabetic
nephropathy.

Figure 3. Light microscopy of renal tissue. PAS staining of glomeruli from (A) a control rat, (B) a
diabetic nephropathy rat and (C) a diabetic nephropathy rat that was administrated GSPE (x400).

Figure 4. TUNEL staining of renal tissues by In situ cell death detection kit. (A) Control rats, (B)
diabetic nephropathy rats, (C) diabetic nephropathy rats that were administrated GSPE (x400).

Effects of GSPE on ultrastructure of glomeruli in pores. In contrast, in diabetic nephropathy rats we

diabetic nephropathy observed a thicker GBM than in control group rats. In
addition, we observed irregularity in podocyte foot

Control rats showed a thin glomerular basement process dimensions and broadening of foot process.

membrane (GBM) with relatively spread filtration slit These effects were attenuated by treatment with GSPE



Figure 5. Immunohistochemical staining of bax. Marked immunostaining was observed in glomeruli of (A)
control rats, (B) diabetic nephropathy rats, (C) diabetic nephropathy rats that were administrated GSPE

(x400).

Figure 6. Transmission electron micrographs of representative glomerular capillary loops. (A) Control rats,
(B) diabetic nephropathy rats, (C) diabetic nephropathy rats that were administrated GSPE (x21000).

(Figure 6).

DISCUSSION

In diabetes mellitus, uncontrolled hyperglycemia is a high
risk factor for diabetic complication development and
progression, including diabetic nephropathy, because
hyperglycemia increases oxidative stress such as ROS,
which leads to cellular dysfunction and induces apoptosis
(Allen et al., 2003).

In this study we observed a significant increase in the
kidney weight in the diabetic nephropathy animals. The
kidney enlargement is attributed to certain factors like
glucose over-utilization and subsequent enhancement in
increase uptake, glycogen accumulation, lipogenesis and
protein synthesis in the kidney tissue (Sun et al., 2002;
Peterson et al., 1971).

Also it might be due to increased mesangial and tubular
cell hypertrophy (Bulut et al., 2001). The GSPE admini-
stered to the diabetic nephropathy group rats success-
fully prevented the enlargement of the kidney. This result
is in agreement with the study of Li et al. (2008).

In our study were found, an increased 24 h albumin
excretion in diabetic nephropathic group urine. Increased
albumin excretion in urine is caused by renal glomerul

filtration barrier damage, but the mechanism of this
phenomenon has not been thoroughly recognized.
Disturbed basement membrane metabolism evoked
among others by the severity of pro-oxidative stress in
diabetes may be one of the possible mechanisms. It has
been stated that AGE interaction with AEG receptor and
oxidative stress may affect increased permeability of
vessels in diabetes (Ha and Kim, 1995; Ceriello et al.,
1993). Also, according to results of Miner (2003),
proteinuria in diabetic rats is related to molecular and
ultrastructural changes in podocytes and slit diaphragm.
In this study, the level of albumin excretion in GSPE-
treated diabetic nephropathy group is significantly lower
than the untreated diabetic nephropathy rats, but still
statistically higher than the control group. Our results are
similar to those reported in previous studies (Li et al.,
2009; Liu et al., 2006).

In the present study we observed accumulation
mesangial matrix in diabetic nephropathy rats. Increases
in the mesangial matrix in DN may arise due to increases
in the levels of proteins that are normally present in these
structures and/or accumulation proteins not normally
present. It is evident that some mesangial proteins, such
as collagen | and Ill, are expressed only in the late
phases of glomerulosclerosis. Other proteins, such as
fibronectin, are present in the normal mesangium but



increase in the expanding mesangium (Zeisbert et al.,
2002). In addition to in diabetes, many mechanisms, such
as cellular hemodynamic, and increase of formation of
advanced glycation end products (Nishikawa et al., 2000)
caused by hyperglycemia account for mesangial increase
(Macedo et al., 2002). GSPE attenuates this accu-
mulation mesangial matrix. Our observations are similar
to a previous study by Li et al. (2009).

Our findings indicated apoptotic cells present in
glomerular and tubular cells of diabetic nephropathy
group rats. Hyperglycemia can trigger apoptosis in renal
cells in vitro (Allen et al., 2003; Verzola et al., 2002). High
ambient glucose can induce DNA fragmentation (Ishii et
al., 1996) and stimulate expression of apoptosis-
regulatory genes (Ortiz et al., 1997). Antioxidant therapy
may be beneficial in preventing the development of
diabetic nephropathy. Antioxidants might inhibit the
development of diabetic nephropathy by suppressing
apoptosis (Lee et al., 2007). Apoptotic cells were
decreased in GSPE-treated diabetic nephropathy rats
when compared with untreated diabetic nephropathy rats
in this study.

High glucose levels cause ROS-dependent apoptosis
of mesangial cells and tubular epithelial cells via Bax-
mediated mitochondrial permeability and subsequent
cytochrome c release (Kang et al., 2003; Verzola et al.,
2002). We observed an increased Bax expression in
glomerular and tubular cells diabetic nephropathy rats in
comparison to control group rats. GEPE decreased Bax
epression in diabetic nephropathy group rats. Our
findings are similar to a previous study by Piro et al.
(2002).

As a matter of fact, many studies have established that
important alterations in the biochemical and biophysical
properties of the GBM occur in long-term diabetes and
follow, or are concomitant with, the loss of the glomerular
permselectivity. These alterations correspond mostly to
the thickening of the GBM which constitutes the hallmark
of diabetic glomerulopathy (Osterby, 1986; Schleicher
and Olgemdller, 1992) and is the result of enhanced
synthesis and decreased turnover of GBM structural
components (Fogo, 1999). Also podocytes play an
important role in the maintenance of normal glomerular
permselectivity. Podocyte injury may lead to abnormal
glomerular permeability and to structural alterations of
GBM integrity (Stackhouse et al., 1990). Recent evidence
shows that in early diabetes, the podocyte suffers injury,
dies, separates from the GBM and leaves areas of the
GBM denuded or the podocytes, that are over-stretched,
broaden their foot processes and try to cover the space
(Pagtalunan et al.,, 1997). In this study electron micro-
scopic findings indicated that GBM thickness increased in
diabetic nephropathy rats; also an irregularity in podocyte
foot process dimensions and broadening of foot process
was observed. These changes were prevented by
treatment with GSPE. These results are in agreement
with a previous study by Li et al. (2009).

Conclusions

Our data suggest that diabetic state caused changes
functional, pathological and structural in kidney and also
the present showed that GSPE efficiently suppressed
some of these changes even if its administration was
started after the appearance of significant albuminuria.
Our findings also support the potential usefulness of
antioxidants in the treatment of diabetic nephropathy. It
seems that treatment with GSPE prevented the
progression of renal injury in diabetic rats.

ACKNOWLEDGMENTS

This research was a part of Ph.D thesis and has been
financially supported by Ahvaz Jundishapur University of
Medical Sciences (AJUMS). The authors also thank the
Physiology Research Center, Animal House and also
Cellular and Molecular Research Center of AJUMS
experienced personnel.

REFERENCES

Allen DA, Harwood S, Varagunam M, Raftery MJ, Yagoob MM (2003).
High glucose-induced oxidative stress causes apoptosis in proximal
tubular epithelial cells and is mediated by multiple caspases. FASEB
J., 17: 908-910.

Bulut HE, Onarlioglu B, Kaloglu C, Ozdemir O, Ayan S (2001). Effects of
experimental diabetes and insulin treatment on rabbit renal
morphology: A quantitative and qualitative study. Turk. J. Med. Sci.,
31: 209-216.

Bursell SE, Clermont AC, Aiello LP, Aiello LM, Schlossman DK, Feener
EP, Laffel L, King GL (1999). High-dose vitamin E supplementation
normalizes retinal blood flow and creatinine clearance in patients with
type 1 diabetes. Diabetes Care, 22: 1245-1251.

Buttke TM, Sandstrom PA (1994). Oxidative stress as a mediator of
apoptosis. Immunol. Today, 15: 7-10.

Ceriello A, Quatraro A, Giugliano D (1993). Diabetes mellitus and
hypertension: The possible role of hyperglycemia through oxidative
stress. Diabetologia, 36: 265-266.

Cowie CC, Rust KF, Byrd-Holt DD, Eberhardt MS, Flegal KM, Engelgau
MM, Saydah SH, Wiliam DE, Geiss LS, Greqq EW (2006).
Prevalence of diabetes and impaired fasting glucose in adults in the
U.S. population: National Health And Nutrition Examination Survey.,
1999-2002. Diabetes Care, 29: 1263-1268.

Fogo AB (1999). Mesangial matrix modulation and glomerulasclerosis.
Exp. Nephrol., 7: 147-159.

Gordois A, Scuffham P, Shearer A, Oglesby AA (2004). The health care
costs of diabetic nephropathy in the United States and the United
Kingdom. J. Diabetes Complicat., 18: 18-26.

Ha H, Kim KH (1995). Role of oxidative stress in the development of
diabetic nephropathy. Kidney Int., 48: S18-21.

Horie K, Miyata T, Maeda K, Miyata S, Sugiyama S, Sakai H, Van
Ypersole de Strihou C, Monnier VM, Witztum JL, Kurokawa K (1997).
Immunohistochemical colocalization of glycoxidation products and
lipid peroxidation products in diabetic renal glomerular lesions.
Implication for glycoxidative stress in the pathogenesis of diabetic
nephropathy. J. Clin. Invest., 100: 2995-3004.

Houde V, Grenier D, Chandad F (2006). Protective effects of grape
seed proanthocyanidins against oxidative stress induced by
lipopolysaccharides of periodontopathogens. J. Periodontol., 77(8):
1371-1379.

Ishii N, Ogawa Z, Suzuki K, Numakami K, Saruta T, Itoh H (1996).
Glucose loading induces DNA fragmentation in rat proximal tubular



cells. Metabolism, 45: 1348-1353.

Jee SH, Kim HJ, Lee J (2005). Obesity insulin resistance and cancer
risk. Yonsei. Med. J., 46: 449-455.

Kang BPS, Urbonas A, Baddoo A, Baskin S, Malhotra A, Meggs LG
(2003). IGF-1 inhibits the mitochondrial apoptosis program in
mesangial cells exposed to high glucose. Am. J. Physiol. Renal.
Physiol., 285: F1013-F1024.

Kawano K, Hirashima T, Mori S, Saitoh Y, Kurosumi M, Natori T (1992).
Spontaneous  long-term  hyperglycemic  rat  with  diabetic
complications. Otsuka Long-Evans Toku shima Fatty (OLETF) strain.
Diabetes, 41: 1422-1428.

Lee EY, Lee MY, Hong SW, Chung CH, Hong SY (2007). Blockade of
oxidative stress by vitamin C ameliorates albuminuria and renal
sclerosis in experimental diabetic rats. Yonsi. Med. J., 48(5): 847-
855.

Li BY, Cheng M, Gao HQ, Ma YB., Xu L, Li XH, Li XL, You BA (2008).
Back-Regulation of six oxidative stress proteins with grape seed
proanthocyanidin extracts in Rat diabeti cnephropathy. J. Cellular
Biochem., 104: 668-679.

Li X, Xiao Y, Gao H, Li B, Xu L, Cheng M, Bei J, Ma Y (2009). Grape
seed proanthocyanidins ameliorate diabetic nephropathy via
modulation of levels of AGE, RAGE and CTGF. Nephron Exp.
Nephrol., 111: e31-e41.

Liu YN, Shen XN, Yao GY (2006). Effects of grape seed
proanthocyanidins extracts on experimental diabetic nephropathy in
rats. Wei. Sheng. Yan. Jiu., 35: 703- 705.

Macedo CS, Capelletti SM, Mercadante MCS, Padovani CR, Spadella
CT (2002). Role of metabolic control on diabetic nephropathy. Acta
Cirargica Brasilleira, 17(6): 370-376.

Miner JH (2003). A molecular look at the glomerular barrier. Nephron.
Exp. Nephrol., 94: 119-122.

Nishikawa T, Edelstein D, Brownlee M (2000). The missing link a single
unifying mechanism for diabetic complications. Kidney Int., 58(77):
S26-30.

Ortiz A, Ziyadeh FN, Neilson EG (1997). Expression of apoptosis-
regulatory genes in renal proximal tubular epithelial cells exposed to
high ambient glucose and in diabetic kidneys. J. Invest. Med., 45: 50-
56.

Osterby R (1986). Structural changes in the diabetic kidney. Clin.
Endocrinol. Metab., 15: 733-751.

Pagtalunan ME, Miller PL, Jumping-Eagle S, Nelson RG, Myers BD,
Rennke HG, Coplon NS, Sun L, Meyer TW (1997). Podocyte loss and
progressive glomerular injury in type Il diabetes. J. Clin. Invest., 99:
342-348.

Peterson DT, Greene WC, Reaven GM (1971). Effect of experimental
diabetes mellitus on kidney ribosomal protein synthesis. Diabetes,
20(10): 649-654.

Piro S, Anello M, Di Pietro C, Lizzio MN, Patane G, Rabuazzo AM,
Vigneri R, Purrello M, Purrello F (2002). Chronic exposure to free
fatty acids or high glucose induces apoptosis in rat pancreatic islets:
possible role of oxidative stress. Metabolism, 51: 1340-1347.

Rasanayagam LJ, Lim KL, Beng CG, Lau KS (1973). Measurement of
urine albumin using bromocresol green. Clin. Chim. Acta, 44: 53-57.

Schleicher ED, Olgemdller B (1992). Glomerular changes in diabetes
mellitus. Eur. J. Clin. Chem. Clin. Biochem., 30: 635-640.

Shao ZH, Becker LB, Vanden Hoek TL, Schumacker PT, Li CQ, Zhao
D, Wojcik K, Anderson T, Qin Y, Dey L, Yuan CS (2003). Grape seed
proanthocyanidin extract attenuates oxidant injury in cardiomyocytes.
Pharmacol. Res., 47: 463-469.

Stackhouse S, Miller PL, Park SK, Myer TW (1990). Reversal of
glomerular hyperfiltration and renal hypertrophy by blood glucose
normalization in diabetic rats. Diabetes, 39: 989-995.

Sun L, Halaihel N, Zhang W, Rogers T, Levi M (2002). Role of sterol
regulatory element-binding protein 1 in regulation of renal lipid
metabolism and glomerulosclerosis in diabetes mellitus. J. Biol.
Chem., 277(21): 18919-18927.

Vayalil PK, Mittal A, Katiyar SK (2004). Proanthocyanidins from grape
seeds inhibit expression of matrix metalloproteinases in human
prostate carcinoma cells, which is associated with the inhibition of
activation of MAPK and NF kappa B. Carcinogenesis, 25: 987-995.

Verzola D, Bertolotto MB, Villaggio B, Ottonello L, Dallegri F, Frumento
G, Berruti V, Gandolfo MT, Garibotto G, Deferran G (2002). Taurine
prevents apoptosis induced by high ambient glucose in human tubule
renal cells. J. Invest. Med., 50: 443-451.

Wild S, Roglic G, Green A, Sicree R, King H (2004). Global prevalence
of dia-betes: estimates for the year 2000 and projections for 2030.
Diabetes Care, 27: 1047-1053.

Zeisbert M, Ericksen MB, Hamano Y, Neilson EG, Ziyadeh F, Kalluri R
(2002). Differential expression of type IV collagen isoforms in rat
glomerular endothelial and mesangial cells. Biochem. Biophys. Res.
Commun., 295: 401-407.



