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Abstract: Diabetic nephropathy is a serious complication of diabetes mellitus. Oxidative stress has been
suggested to play a key role in the pathogenesis of diabetic nephropathy. Vitamins C and E play important roles
in the antioxidant defense system. It 1s likely that both vitamins act in a synergistic manner, with vitamin E
primarily being oxidized to the tocopheroxyl radical and then reduced back to tocopherol by vitamin C. The
purpose of the study was to determine the effects of supplementation of Vitamins C and E (VCE) on diabetic
rat kidney. Adult female Wistar rats were used in the study. The animals were divided into three groups.
Group L: the control group; Group II: diabetic group, streptezotocin (40 mg kg ') was administered group;
Group I1I: diabetes + VCE group, received a diet containing a combination of ascorbic acid and dl-¢-tocopheryl
acetate per kg of feed. Rats were killed on 21st day and renal tissues were taken and fixed in 2.5%
glutaraldehyde solution for electron microscopic examination. When compared with the control group,
congestion of the glomerular capillaries, increased mesangial cells and distinct mesangium, shortened podocyte
processes and disappearance of filtration sht pore of diabetic rat kidney were observed. In the group treated
with VCE, glomerular changes were less distinct than the diabetic group. Lengths of the pedicles were similar

to the control group. VCE reduced the changes in the glomerular structures due to diabetes.
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INTRODUCTION

Diabetic nephropathy 1s one of the leading causes of
chronic renal failure in the western European countries,
USA and Japan. Renal injury is observed m some 35% of
patients with type I and I diabetes. Renal disorders
observed in type I and II diabetes are similar. Long term
hypoglycemia, genetic factors, race, sex and hypertension
have been implicated in the development of diabetic
nephropathy (Monhart, 2008; Rychlil, 2008). Diabetic
nephropathy presents itself with ischemic nephropathy,
nodular glomerulosclerosis and renal failure. Clinically,
30-300 mg day™' or 20-200 pg min~" microalbuminuria
indicates  diabetic nephropathy (Ritz, 2006). Diabetes
1s an important etiopathological factor in oxidative stress
(Purnthavathi et af., 2008). As a result of lipid and protein
oxidation, the levels of Superoxide Dismutase (SOD),
Glutathione Peroxidase (GSH-Px) and Catalase (CAT)
increase m kidneys (Prakasam et al., 2005; Je et al., 2001,
Yildirim and Buyukbingol, 2003). Various studies have
reported protective effects of antioxidants such as

melatonin (Olktem et al., 2006), ginkgobiloba (Welt et al.,
2007), Circumin (Murugan and Pari, 2006), Groundnut oil
(Ramesh et al., 2006), taurin (Wang et al., 2008), herbal
medications (Yokozawa et al, 2008), sovbean oil
(Sena et al, 2008), narmngin, a flavonoid glycoside
which gives the bitter taste of grapefruit juice
(Purnthavathi ef af., 2008), vitamin E (Mmnamiyama ef af.,
2008; Hamdy et al., 2008; Ruperez et al., 2008) and vitamin
C (Ruperez et al., 2008, Wu et al., 2007a; Fadupin et al.,
2007) against oxidative damage of diabetes.

The levels of vitamin C and E mn plasma and renal
tissues are sigmficantly reduced m diabetic patients
(Wu et al., 2007b; Kashiba et al., 2002; Peerapatdit et al.,
2006). A decrease in Vitamin C causes hyperlipidemia
and hypertension (Wu et al., 2007a;, Chen et al., 2005).
Epidemiologic studies showed that certain fruits and
vegetables are important to prevent or alleviate the
complications of diabetes and that Vitamins C and E
had complication-reducing effects (Harding et af., 2008;
Villegas et af., 2008). Vitamins C and E not only reduce the
risk of thromboembolism in patients with diabetes-related
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boppertension (Ha dara of ., 20040 bt also exert favrorable
effects on wound healing (Musalmah & &f, 2003).
Vitamins © and E have been shown to prevent the
teratogerde effects in diabetic rats and sutoimmurity of
p-cells in babies (Tusitalo ef o, 2005; Cederbery and
Erikssan, 2005). Vitanins C and E can be used as
anti oxidatits separately or in combination. Both witamins
act synergstically (Wazmirogu ef al., 2004; Eutlu of o,
2005, Majority of the studies demonstrated the
antioxidant effects of Vitamins C and E while electron
microscopic studies are scarce. In the present study, the
effects of Vitamin C, a typdrophlic antiozi dart and Vitamin
E, alypophilic antioxidant, on structiral changes in renal
tissue were investigated by feeding the experimenta
diabetes-induced rats with a combination of these
vitaming

MATERIALS AND METHOD 5

Fifteer: adult female Wistar rats weighing 200-220 g
were obtained from Experimental Research Center of Firat
Uriversity Faculty of Medicine (FUTDAR). The rats
were housed at 22-24°C and were exposed to alternate
cycles of 12 h light and datkness All andmoal care and
handling procedwres conformed to the Guidelines set by
the Associgtion for Assessment and Accreditation of
Laboratory Ardmal Care atd approval was obtained from
the Loca Ethies Committee for Animal Stadies The
atdimal s wetre divded into three groups:

Group I: Control group (= 5). Control rats were given
irdraperitorie sl citrate dffer only (0.1 B, pH = 4.5,

Group II: Disbetic group (n= 5. Streptozotocin (3TZ,
Serva GmbH, Heidelberg Getmany’) was admindstered
intraperitoneally at a dose of 40 mg kg™ body weight
dizzolved inn citrate boffer (29,

Group III: VCE group (n= 5. Ratswere fed with VCE
(Witatnin © and E) supplem ented diet for 15 days prict to
induction of diabetes.

VCE  supplemented and unsupplemented food
cothpostions were homogerizedusitiz a mix er and pellets
wete prepared in labordory by heating below 45°C for
2 days The VCE supplemented diet contained a
combitiation of 1 gtamin C(ascorbic acid F. Hoffiman
La Roche, Istantnl, Twkey) and 600 mg witamin E
(k- e-tocopheryl acetate, . Hoffinan Ta Foche, [stardad,
Tutkey) per kg of feed (Maziroglu ef 4, 2004).

Atthe end of the experiment, renal ssues wete taken
under Fompun (5 mg kg™ and Ketamin (60 mg kg™
anesthesia. ERemal tissues  were fixed in  2.5%
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ghataradebyde in 0.1 M sodiwn phosphate dfer and
postficed with 2% oaniwn tetraoxide in sodien phosphate
baffer. Dehydration was accomplished by gradual ethanol
series and tissues were embedded in epoxy resin
Ultrathin sections were stained with Uranly acetate and
lead citrate. Sections were then viewed and photographed
witha Zeiss ¥ ERI

RESULTS

Thin parts of the renal proximal tubales and
glomerali of the control group looked normal. Podocytes
and cytoplasmic extensions, infiltration slits were everly
distribted (Fig. 17,

C apillary congestiory, acivation of and increase inthe
tanber of mesanglal cells and shortened podocyte
processes were ohserved inthe renal gom endi secondary
to 3TZ. Basement membrane was thickened in certain
tegions (Fig 2a and ¥). The imvaginations on the basal
regions of the procimal tobades were ity egdar and collagen
fihers were clustered in the areas between the tubtules
(Fig. 3). Compared to the cortrol group, mesangal
acownlaticr,  shortened  podocyte  processes  and
ohsowed filtration dits could cleardy be idertified in the
diabetic group. Obsoureness of the infiltration slits were
not diffuse (Fig da and b)),

Dregeneration of the domendar endothelia diffuse or
nodllar glomeralosclerosis, apoptosis in the podocytes
ahd hyalinization beteath the basal lanina were fot
chzerved in this group Structwral changes in the
glottendi of the diabetic rats fed with VOE were milder

Fig 1: & domendus from the control grows. Prowimal
Tubnle (FT), B owman’ s Capmie (BCY), Capillaries

(Ch, Podoeyte (F), Urinay space () atd
Ilezangal Cells (TVIC)
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Fig 4. Comparison of podocyte extensions and
infiltration slits. a) Control group, b Diabetic rat
kidney. Shortened podocyte extensions and
ohecure infiltration slits (arrow) are marked

Fig 2 5TZ-induced diabetic rat lddney. a) Capillary
congestion and increase in mesangial cells can be
observed, by Occasional basement membrane
thickenings can be obsgerved under higher
magnification (atrow)

Fatstreated watha combination of witamins C and
E had more intact glomeroli in cornparison to the
diabetic group and increase in mesengial cell was
not noted

Fig 3. 5TZ4nduced diabetic mt ladney. Irregdar basal Fig 5
imvaginations in some of the Prozimal Tubules

(PTy and pettubular heavy custers of collagen
fibers (Col) can be observed

214



Res. J. Med Sci., 3 (6): 214-220, 2009

than the diabetes group. Increase in mesangial cells was
not observed. Podocyte processes and filtration shts
generally appeared normal (Fig. 5).

DISCUSSION

Diabetic nephropathy 1s the most common cause of
chronic renal disease and the foremost indication for
dialysis and renal transplantation (Estacio and Schrier,
2001).  Diffuse glomerulosclerosis,
arteriosclerosis, tubulo-mterstitial fibrosis and atrophy
occur, proteinuria gradually increases and so does the
blood pressure (Alsaad and Herzyenberg, 2007).
Glomerulosclerosis develops as a result of mjury to the
podocytes, which play the key role in glomerular filtration

or nodular

(Lee et al., 2007). Podocyte mjury can present itself with
two forms: metabolic (biochemical) and hemodynamic
(associated with hyperfiltration and hyperperfusion)
(Hostetter, 2003, Wolf et al, 2003). Glomerular
hyperfiltration  and hyperperfusion are essential in
mesangilisation and changes m the glomerular basal
membrane (Wolf et al, 2003; Menini et al., 2007). In
diabetic nephropathy, Prostaglandin E, (PGE,) synthesis
in the glomeruli is significantly increased This is a
result of an increase in mesangial cells (Tino et al., 2005).
y-tochopherole mhibits PGE, (Peerapatdit ef al., 2006,
Wu et al, 2007b). Oxidative stress and free oxygen
radicals, which develop during nephropathy, trigger
apoptosis of the tubular epithelial cells and podocytes of
the glomeruli (Blauwkamp ef al., 2008; Jung et al., 2008;
Ruster ef al., 2008, Susztak et al., 2006). Various agents
used to inhibit apoptosis have been tried in the treatment
of nephropathy (Tsermann et al., 2007). In present study,
we observed an increase in mesangial cell in the glomeruli
of diabetic kidneys and mesangial accumulation but not
apoptosis of podocytes and tubular epithelial cells.
Antioxidants are frequently used for diabetes and
its complications. Plasma Vitamin C and vitamin E
concentrations are reduced in diabetes (Murugan and
Par1, 2006, Ramesh et al., 2006, Peerapatdit ef al., 2006;
Wu et al., 2007a, b; Lee et al, 2007). A positive relation
has been demonstrated between high plasma vitamm C
level and reduction in complications of diabetes
(Harding et al., 2008). Vitamin C plays a central role in the
antioxidant protective system, protecting all lipids
undergoing oxidation and diminishing the number of
apoptotic cells (Sadi et al., 2008, Afkhami-Ardekani and
Shojacdding-Ardekani, 2007, Al-Shamsi et al., 2006).
Furthermore, vitamin C regenerates the oxidized vitamin E
(Chen et al., 2005). Vitamin E, on the other hand, acts as
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a non-enzymatic antioxidant and reduces lipid
peroxidation and glutathione (Punithavathi et al., 2008;
Minamiyama et al., 2008; Lee et al., 2007). Vitamin E is
very effective in glycemic control, lowering the HbA,
levels (Thara et of., 2000) and preventing the hypertrophic
effects of hyperglycemia (Nascimento ef al., 2005).
However, this 1s m contrast to the results of some studies,
which showed that vitamin E was not beneficial in
glycemic control and lipid metabolism m Type 1I
diabetes (Ble-Castillo ef al, 2005). In another study, the
researchers demonstrated that a combination of vitamins
C and E improved the glomerular functions but did not
have any effect on the tubular functions (Farvid et af.,
2006). When exercise 1s given to rats with STZ-induced
diabetes in addition to Vitamins C and E, it was observed
that lipid peroxidation was significantly reduced,
Glutathione Peroxidase (GSH-Px) was increased and

reduced Glutathione (GSH) level was decreased
(Kutlu et al., 2005).
The earliest structural changes in  diabetic

nephropathy are the mcrease m mesangial cells and
mesangial dilatation. Diffuse thickening of the glomerular
basement membrane depends on the severity of the
disease. Vitamins C and E reduce the thickness of the
basement membrane (Kedziara-Kormatowski et al., 2003,
Davila-Esqueda et al, 2005). It has been argued that
glomerular changes can occur in diabetic nephropathy
without arterial or tubulo-mterstitial changes (Fioretto and
Mauer, 2007). Vacuolization within the podocytes, myelin
figures and blebs were noted (Farvid ef al., 2006). In the
results, thickeming of the glomerular basement membrane
was not diffuse but they were in certain regions.
Occasional irregularities of the podocyte processes,
shortened podocyte processes and obscureness of the
infiltration slits were observed.

CONCLUSION

Alterations were not observed in the renal tubules of
rats with STZ induced-diabetes while increased mesangial
cells, increased capillary permeability and obscureness of
the filtration slits were noted m the glomeruli. Neither
apoptosis of the podocytes nor thickening of the
basement membrane was observed. These alterations
were less pronounced i the diabetic rats treated with
VCE. VCE helped alleviation of the renal degeneration by
protecting the glomerular structures from oxidative wyjury.
Concomitant administration of Vitamins C and E would be
more effective in preventing the complications of
diabetes.
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