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Abstract

Background: Diabetes mellitus is a widespread syndrome
and a major cause of morbidity and mortality all over the
world. Diabetic nephropathy is a progressive and irreversible
renal affection that may end by renal failure in sever conditions.
Bilirubin is the end product of heme catabolism. It has been
recognized as a strong antioxidant. Many studies relate bilirubin
to diabetes.

Aim of Study: The present investigation aimed to study
the changes in serum billirubin level in diabetic nephropathy
and to know whether there is a correlation between its level
and the stages of nephropathy in diabetic rats.

Material and Methods: Sixty male albino rats were used
and divided into the following groups; non-diabetic control
group, diabetic nephropathy group and insulin-treated diabetic
nephropathy group. By the end of the experimental period,
24 hours urine samples were collected to measure urine volume
& urinary creatinine concentration and calculation of creatinine
clearance. Then systolic blood pressure (SBP) was measured
using rat tail sphygmomanometer technique. Fasting blood
samples were collected for estimation of glycemic state, liver
function tests and renal function tests. Finally both kidneys
were fixed in 10% formalin solution for histopathology by
using H&E & periodic acid schiffe (PAS).

Results: Our data showed that streptozotocin injection
significantly elevated glycemic state, aspartate transaminase
(AST), alanine transaminase (ALT), serum urea, serum creat-
inin, SBP and significantly decreased seum albumin, creatinin
clearance, total and direct bilirubin. Alkaline phosphatase
(ALP) and serum albumin showed insignificant change.
Histopathological examination of the same group showed
slight thickening of the basement membrane, arterioles, few
inflammatory cells and hydropic changes in renal tubules.
Insulin treatment significantly decreased glycemic state, AST,
ALT, serum urea, serum creatinin, SBP and significantly
elevated seum albumin, creatinin clearance, total and direct
bilirubin. Histopathological examination of the same group
showed some healthy glomeruli but still hydropic changes in
renal tubules.

Conclusion: Regular monitoring of bilirubin in diabetic
patients is essential marker for progression and prognosis of
diabetic nephropathy and effect of treatment.
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Introduction

DIABETES mellitus (DM) is a group of metabolic
disorders characterized by hyperglycemia which
results from decrease in insulin secretion, insulin
action or both [1]. Hyperglycemia is the prominent
feature of diabetes; it activates certain biochemical
pathways leading to micro and macrovascular
complications [2]. Also, it generates free radicals
causing oxidative stress and mediates lipid perox-
idation [3]. This oxidative stress causes endothelial
dysfunction, and has been suggested as one of the
important mechanisms underlying the onset and
progression of diabetic vascular complications [4].
Diabetic nephropathy is a major long-term compli-
cation in diabetes mellitus. It is characterized by
increased blood pressure, reduced renal function
and presented by microalbuminuria with progres-
sion to overt proteinuria [5] . Bilirubin, the end
product of heme catabolism, is known to exhibit
strong anti-oxidant and anti-inflammatory proper-
ties on the vasculature [6] . Also, many clinical
studies reported inverse relation between serum
bilirubin level and many diseases like diabetes [7].
Serum bilirubin concentration inversely correlated
with the marker of oxidative stress and positively
correlated with antioxidant enzymes such as super-
oxide dismutase, catalase, and glutathione perox-
idase [8].

Aim of the work:

The present investigation aimed to study the
changes in serum billirubin level in diabetic neph-
ropathy and to know whether there is a correlation
between its level and the stages of nephropathy in
diabetic rats.

Material and Methods

Animal design and induction of diabetes:

Sixty adult male albino rats of local strains,
weighing 150-200 grams each, were used in this
investigation. This work was held from September
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2015 to March 2016. Rats were caged (5/cage) in
fully ventilated cages and housed in animal house
of faculty of Medicine Menoufia university under
artificial light/dark cycle of 12h with free access
to water and semi-synthetic balanced diet.

Rats were divided into the following groups:
Group I: Non-diabetic control group (10 rats);
these rats were injected intraperitonealy by citrate
buffer only, Group II: Diabetic group; Diabetes
was induced by a single intraperitoneal injection
of STZ (Sigma Chemical Company, USA) (60mg/
Kg) in 0.2ml of 10mmol/I citrate buffer (pH 5.5)
after overnight fasting [9]. 0.5ml dextrose 5% was
given intraperitoneally 30 minutes before STZ
injection as a protective dose and rats were supplied
with sucrose in the drinking water (10%) to avoid
sudden hypoglycemia after injection [10]. Rats were
confirmed to be diabetic when fasting blood glucose
levels exceeded 250mg/dL 48 hours after STZ
injection [11]. Then diabetic rats were followed up
by estimation of urinary albumin level and divided
according to urinary albumin into the following
subgroups (10 rats each): Group Ila: Early diabetic
with no or minimal albumin in urine, Group IIb:
(Microalbuminuric diabetic nephropathy group
(microalb.-DN); diabetic with microalbuminuria
(when urine albumin >30mg/day), Group Ilc: (Mac-
roalbuminuric diabetic nephropathy group (mac-
roalb.-DN); diabetic with macroalbuminuria (when
urine albumin >300mg/day) [12]. Group III: Insulin-
treated diabetic group; diabetes was induced as
mentioned above then, it was divided into the
following subgroups (10 rats each): Group Illa;
insulin-treated microalbuminuric diabetic nephrop-
athy group and Group IIIb: Insulin-treated mac-
roalbuminuric diabetic nephropathy group. In these
groups rats were treated by subcutaneous injection
of insulin (0.75IU/100gm B.W.) once daily for 4
weeks [10]. At the end of the experiment the SBP
was measured using rat tail sphygmomanometer
technique [13]. Rats were fasted for 12 hours then
retrorbital blood samples were collected using a
fine heparinized capillary tube introduced into the
medial epicanthus of the rat's eye [14]. Three mil-
limeters of blood were collected in a clean gradu-
ated centrifuge tube. 1 millimeter is transferred
into EDTA tube for quantitative colorimetric (Dou-
ble beam spectro-photometer U.V. 150, Germany)
determination of glycated hemoglobin (Teco diag-
nostics kits, USA) [15]. The other 2 millimeters
left for clotting at room temperature in water bath
for 15 minutes, and then centrifuged (Narco- Bio-
system, U.K.) at 3000 r.p.m (rotation per minute)
for 15 minutes. The supernatant serum was collect-
ed in dry tubes for estimation of: Fasting blood
glucose, liver function tests ALT, AST, ALP, serum

albumin, direct billirubin, total bilirubin, renal
function tests (serum creatinine and serum urea).

Finally, each rat was anaesthetized with intra-
peritoneal injection of urethane (25%) in a dose
of (0.6ml/100gm) then the animal was laid on its
back and mid line laparotomy was made to take
specimens from kidney.

Measurement of systolic blood pressure:

At the end of the experimental protocol period,
SPB was measured using rat-tail-cuff plethysmog-
raphy (Harvard Apparatus Ltd., England) with
pneumatic pulse transducer (Harvard U.K.) in
conscious rats (Fujita et al., 1995). Rats should be
placed for 15:30 minutes before taking the reading
(XBP1000; Kent Scientific). Rats were trained for
5 consecutive days (each cession consisting of 10
unrecorded measurements) to familiarize the animal
with rat tail cuff [16].

Biochemical analysis:

Blood glucose and glycosylated Hb: Glucose
is determined by glucose oxidase method according
to manufacturer instructions and HbA1C by Kits
for estimation of HbA1C (Bio diagnostic Company,

Egypt).

Liver functions: Serum samples were used for
estimation of AST, ALT, ALP [17] serum albumin
[18], bilirubin and total bilirubin with provided kits
(BIO-TEC Company, Egypt).

Renal functions: At the end of the experiment,
rats were housed individually in metabolic cages
for 24 hours urine collection. Urine samples were
used for estimation of albumin level by specific
kits (ELISA kits, DRG International, Inc,Germany)
[19].

Urinary albumin level was estimated for group-
ing microalbuminuric and macroalbuminuric
groups.

Serum urea and creatinine were measured by
specific kits (Bio diagnostic Company, Egypt)
according to the provided instructions [20].

Creatinine clearance was measured by the fol-
lowing formula [21]:

Creatinin clearance = U (creatinin conc. In
urine mg/ml) XV (volume of urine/minute ml/
minute)/P (creatinin concentration in plasma
mg/ml).

Histopathology:

Specimen from both kidneys were taken and
sent to the Pathology Department, Faculty of Med-
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icine Menoufiya University, where they were sub-

mitted to routine tissue processing including fixa-
tion in 10% neutral buffered formalin. The speci-

men were dehydrated in graded ethanol solutions
then cleared in xylene fore 20-30 minutes according
to its size. The specimens were impregnated in
soft paraffin wax at 55-60 C ° . 4 micron thick
sections were cut from paraffin embedded blocks
to be stained by haematoxylin & eosin and Periodic
Acid Schiff (PAS) stains for histopathol ogical

examination [22].

Satistical analysis:

The data were tabulated and analyzed by SPSS
(stetistical package for the social science software)
using version 11 on IBM compatible computer.
Quantitative data were expressed as mean * stand-
ard error of mean (X * S.E.M). The datafrom
control and test groups were compared using one
way analysis of variance (1-ANOVA). Probability
value of less than 0.05 was considered as statisti-
cally significant (* p<0.05). “n” indicates the
number of tested rats.

Results

Biochemical analysis:

Table (1) shows the mean value of the fasting
serum glucose level in diabetic group. It was sig-
nificantly higher than corresponding value in non-
diabetic control group (225.91%£18.14 vs91.63+3.04
mg/dl respectively). The mean values of fasting
serum glucose in microalb-DN and macroalb-DN
groups were (268.34+41.73 & 361.44+42.98mg/dl
respectively), which were significantly higher when
compared to corresponding value in diabetic group
(225.91+18.14mg/dl). The mean values of fasting
serum glucose in microalb-DN and macroalb-DN
insulin-treated groups were (170.26+12.85 &
190.30+ 14.84mg/dI respectively) which were sig-
nificantly lower when compared to the correspond-
ing values in diabetic and diabetic nephropathy
groups.

Also, the table shows that the mean value of
HbA1c in the diabetic group, was significantly
higher than corresponding value in non-diabetic
control group (6.48+0.34% vs 2.87+0.36% respec-
tively). In microalb-DN and macroalb-DN groups
it were (7.14+0.33% & 9.55+0.75% respectively)
which were significantly higher when compared
to the corresponding value in diabetic group
(6.48+0.34%). In microalb-DN and macroalb-DN
insulin-treated groups it were (3.06 +0.21% &
4.67+0.33% respectively) which were significantly
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lower when compared to corresponding valuesin
diabetic and DN groups.

Regarding liver functions the same table shows
that, serum ALT and AST in the diabetic group
were significantly higher than corresponding values
in non-diabetic control group (29.75 £3.46 and
27.75+ 1.92 vs 13.50+0.94 and 12.50+0.76U/L
respectively). The mean values of serum ALT and
AST in microalb-DN group was (30.13+1.95 &
33.13+ 1.36U/L respectively) which were signifi-
cantly higher when compared to the corresponding
valuesin diabetic group (29.75+3.46 & 27.75+
1.92U/L respectively). The mean values of serum
ALT and AST in macroalb-DN group were (37.38+
1.91 & 37.63+2.80U/L respectively) which were
significantly lower when compared to the corre-
sponding values in diabetic group.

The mean values of ssrum ALT and AST in
microalb-DN insulin treated group were (21.25 +
1.49 & 18.50+1.34 U/L respectively) which were
significantly lower when compared to the corre-
sponding values in diabetic group. The mean values
of serum ALT and AST in macroalb-DN insulin-
treated group were (26.13+1.69 & 23.13+ 1.77U/L
respectively) which were significantly lower when
compared to the corresponding valuesin diabetic
and DN groups.

The mean value of ALP in diabetic group was
insignificant when compared to corresponding
value in non-diabetic control group (69.75%4.20U/L
vs52.13+3.28U/L). In both microalb-DN and mac-
roalb-DN groups the mean values of ALP were
(83.37£8.49 & 89.50+3.16U/L respectively) which
were insignificant when compared to the corre-
sponding value in diabetic group (69.75 +4.20U/L).
The mean value of ALP in both microalb-DN and
macroalb-DN insulin-treated groups were 72+2.51
& 81.75+6.47U/L respectively) which were insig-
nificant when compared to the corresponding values
in diabetic and DN groups.

The mean value of serum albumin in the dia-
betic group was insignificant when compared to
corresponding value in non-diabetic control group
(4.16+£0.14 vs 4.28+0.09gm/dl respectively). In
microalb-DN and macroalb-DN groupsit were
(3.65+0.09 & 2.07+0.26gm/dI respectively) which
were significantly lower when compared to the
corresponding value in diabetic group (4.16
0.14gm/dl). In microalb-DN and macroalb-DN
insulin-treated groups it were (3.8 £0.14 & 3.5+
0.22gm/dI respectively) which were significantly
higher when compared to corresponding value in
DN group.
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Table (1): Fasting serum glucose & glycosylated hemoglobin (HbA1c), Liver function tests (serum ALT, AST, ALP, albumin),
Renal function tests (serum urea, serum creatinine, creatinine clearance) in all tested groups.

Diabetic nephropathy Insulin-treated diabetic
Control Diabetic-non group nephropathy group
group treated Microalbuminuric ~ Macroalbuminuric ~ Microalbuminuric =~ Macroalbuminuric
group group group group

Fasting serum 91.63+3.04 22591%18.14* 268.34141.73# 361.44142 984 170.26+12.85#,~ 190.30+ 14.84#,~

glucose (mg/dl)
HbA1C (Hb %) 2.87£0.36 6.48+0.34* 7.1410.33# 9.55+0.75# 3.06+£0.21#,~ 4.67+0.33#,~
Serum ALT (U/L) 13.50£0.94  29.75+3.46* 30.13£1.95# 37.38£1.91# 21.25+1.4%%,~ 26.13+1.69%#,~
Serum AST (U/L) 12.50+0.76 ~ 27.75+1.92% 33.13+£1.36# 37.63+£2.80# 18.50+ 1.34#,~ 23.13+1.77#,~
Serum ALP (U/L) 52.13+3.28  69.75+£4.20 83.37+£8.49 89.50+3.16 72£2.51 81.75+6.47
Serum albumin (gm/dl)  4.28+0.09 4.16£0.14 3.65+0.09# 2.07£0.26# 3.8£0.14#,~ 3.5£0.22#,~
Serum Urea (mg/dl) 22.38+1.02  25.63+1.55 46.75+4.82# 58.5+4.89# 29.50+3.55#,~ 32.63+1.77#,~
Serum Creatinine 0.6410.04 0.74£0.06 1.81+0.05# 3.21%0.17# 1.43£0.12#,~ 1.78+0.12#,~

(mgy/dl)
Creatinine Clearance 1.060.21 0.78+0.13 0.14%0.02# 0.06+0.01# 0.5£0.15#,~ 0.43+0.05#,~

(ml/min)

Data are expressed as mean £ S.E.M. (n=10).
One way ANOVA: *p<0.05, vs control. ##p<0.05, vs diabetic group. —p<0.05, vs diabetic nephropathy group.

Renal functions in the same table shows the they were (58.5+4.89, 3.21£0.17mg/dl & 0.06+0.01
mean values of serum urea, serum creatinine and ml/minute respectively) which were significant
creatinine clearance in the diabetic group. They when compared to the corresponding values in
were insignificant compared to the corresponding diabetic group. In microalb-DN insulin-treated

values in non-diabetic control group (25.63 £ 1.55, n +0.12me/dl &
0.74+0.06me/dl and 0.78+0.13mUminute vs 22,384 £10uP they were (29.50£3.55, 1.43£0. 12mg/d]
0.5£0.15ml/minute respectively) which were sig-

1.02, 0.64£0.04mg/dl and 1.06+0.21 ml/minute . .
respectively). In microalb-DN group they were nificant when compared to corresponding values
(46.75+4.82, 1.81+0.05mg/dl & 0.14+0.02ml/ in diabetic and DN groups. In macroalb-DN insulin-

minute respectively) which were significant when treated group they were (32.63+1.77, 1.78+0.12

compared to the corresponding values in diabetic mg/dl & 0.43 £0.05ml/minute respectively) which
group (25.63+1.55, 0.74£0.06mg/dl and 0.78+0.13 were significant when compared to corresponding
ml/minute respectively). In macroalb-DN group values in diabetic and DN groups.

A: Non diabetic control group.

B: Diabetic non-treated group.

C: Microalb. DN group.

D: Microalb. DN group.

E: Microalb. insulin treated DN group.
F: Macroalb. insulin treated DN group.

Fig. (1): Rat tail systolic blood pressure (mmHg) in all tested groups.
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Fig. (1) shows the SBP in all tested groups.
In diabetic group it was insignificant (133.75 +
5.73 vs 108.38£2.95mmHg respectively) when
compared to the corresponding value in non-
diabetic control group. In microalb-DN and mac-
roalb-DN groups it was (195 +£29.98 & 270+
17.32mmHg respectively) which were signifi-

|
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cantly higher when compared to the correspond-
ing value in diabetic group (133.75+5.73mmHg).
In microalb-DN and macroalb-DN insulin-treated
groups they were 145.25+4.98 & 179.75+£18.31
mmHg respectively) which were significantly
lower when compared to corresponding values
in DN groups.
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Fig. (2): Total and direct bilirubin in all tested groups:

Data are expressed as mean * S.E.M. (n=10).
One way ANOVA: *p<0.05, vs control.

Fig. (2) shows the total and direct bilirubin in
all tested groups, as the figure shows they were
(0.26+0.06 & 0.15£0.05mg/dl respectively) in the
diabetic group, which were significantly lower than
corresponding values in non-diabetic control group
(0.840.14 & 0.29+0.1mg/dl respectively). The mean
values of serum total and direct bilirubin in micro-
alb-DN group were (0.1 £0.05 & 0.09+ 0.03mg/dl
respectively) which were significantly lower than
corresponding values in diabetic group. In macroalb-
DN group they were (0.05£0.02 & 0.02+0.01mg/dl
respectively) which were significantly lower than
corresponding values in diabetic group. The mean
values of serum total and direct bilirubin in micro-
alb-DN insulin treated group were (0.5 £0.04 &
0.18£0.03mg/dl respectively) which were signifi-
cantly higher than corresponding values in diabetic
and DN groups. The mean values of serum total
and direct bilirubin in macroalb-DN insulin-treated
group were (0.32£0.08 & 0.16+ 0.02mg/dl respec-
tively) which were significantly higher than the
corresponding values in diabetic and DN groups.

Table (2): Correlation between total and direct billirubin and
the level of micro albuminuria and macroalbuminuria.

Total Direct

billirubin billirubin
Microalbuminuria in DN group —0.720%  —0.155
Macroalbuminuria in DN group —0.934*  —0.185

Microalbuminuria in insulin treated DN group 0.573*  0.527
Macroalbuminuria in insulin treated DN group 0.87 1 * 0.674

*Significant correlation.

Total bilirubin

#p<0.05, vs diabetic group.

Direct bilirubin

Micro-alb  Macro-alb Micro-alb DN Macro-alb DN
DN group

DN group insulin-treated insulin-treated
group group

~<0.05, vs diabetic nephropathy group.

Table (2) shows that there was significant neg-
ative correlation between total bilirubin and the
level of both micro and macroalbuminuria in DN
group and significant positive correlation between
total bilirubin and the level of both micro and
macroalbuminuria in insulin-treated DN group.
Direct bilirubin had insignificant correlation with
both micro and macroalbuminuria in both groups.

Table (3): Correlation between total and direct billirubin and
all tested parameter.

Total billirubin Direct billirubin

Fasting serum glucose —0.342% -0.223
HbAIl ¢ -0.211* —-0.082
ALT -0.165* -0.130
AST 0.045* -0.024
ALP 0.111 -0.088
Serum albumin 0.030* 0.296*
Bilirubin Dirct 0.623* Total 0.623*
Serum urea -0.097* -0.176
Serum creatinine —0.224* -0.212
Creatinine clearance 0.161%* 0.229

SBP -0.392* -0.313

*Significant correlation.

Table (3) illustrates the correlation between
total and direct bilirubin with all tested parameter.
As the table shows, there was significant negative
correlation between total bilirubin and glycemic
state (fasting serum glucose & HbA 1 c¢), liver func-
tions (ALT & AST), renal functions (serum urea
& serum creatinine), SBP, while there was signif-
icant positive correlation between total billirubin
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and serum albumin, creatinine clearance and direct
billirubin, while total billirubin showed insignificant
positive correlation with ALP. Also, there was
insignificant positive correlation between direct

billirubin and creatinine clearance & serum albu-
min. While, there was insignificant negative cor-
relation between direct billirubin and the remaining
parameters.

Sections of the kidney
in all groups stained by he-
matoxylin & eosin (x400).

A: Non diabetic control
group.

B: Diabetic non-treated
group.

C: Microalb. DN group.

D: Microalb. DN group.

E: Microalb. insulin treated
DN group.

F : Macroalb. insulin treat-
ed DN group.

Fig. (3): Histopathological examination of the kidney by (H&E x 400).

Fig. (3) shows sections of the kidney tissue
stained by H&E. It shows normal glomeruli (ar-
row) and tubules in non-diabetic control group
(A). Slight thickening of the basement membrane
of glomeruli (arrow) in diabetic group (B).
Glomeruli appear healthy with very few encroach-
ing of inflammatory cells (neutrophils) arrow
with marked hydropic changes of tubules in micro-
albuminuric diabetic nephropathy group (C).

Marked reduced glomerular size (arrow) and
hydropic changes in the tubule in macroalbuminu-
ric diabetic nephropthy group (D). Still prominent
hydropic changes in the affected tubules (arrow)
in microalbuminuric insulin treated diabetic ne-
phropathy group (E). The glomeruli appear normal
but surrounded by tubules show hydropic changes
in macroalbuminuric insulin treated diabetic ne-
phropthy group (F).

Sections of the kidney
in all groups stained by
PAS (Periodic acid-Schiff)
stain (x400).

A: Non diabetic control
group.

B: Diabetic non-treated
group.

C: Microalb. DN group.

D: Microalb. DN group.

E: Microalb. insulin treated
DN group.

F : Macroalb. insulin treat-
ed DN group.

Fig. (4): Histopathological examination of the kidney by (PASx400).
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Fig. (4) shows sections of the kidney tissue
stained by PAS stain. It shows normal glomeruli
(arrow) in non-diabetic control group (A). Slight
hydropic changes in the affected tubule (arrow) in
diabetic group (B). Slight reduced glomerular size
(arrow) in microa buminuric diabetic nephropathy
group (C). Slight thickening in the glomerular
basement membrane in macroalbuminuric diabetic
nephropathy group (D). Normal glomeruli (arrow)
in microal buminuric insulin-treated diabetic neph-
ropathy group (E). Tubules with dlight hydropic
changes in macroalbuminuric insulin treated dia-
betic nephropthy group (F).

Discussion

Diabetic nephropathy is amajor complication
in longstanding cases of diabetes. Follow-up of
diabetic patientsis very important to prevent this
complication. The presence of a marker to monitor
the progression of the disease is of great value,
especidly if thismarker is an endogenously secret-
ed substance.

Our study showed that both total and direct
bilirubin, were significantly lower in diabetic group
when compared to the corresponding valuesin
non-diabetic group. Also, they were significantly
lower in diabetic nephropathy group when com-
pared to the corresponding valuesin diabetic group
and were significantly lower in macroalbDN group
when compared to the corresponding valuesin
microalb DN group. This means that bilirubin
levels significantly decreased with the progression
of the severity of diabetic nephropathy. The severity
can be determined by significant elevation of serum
glucose, HbA1C and oxidative stress marker. Kid-
ney affection in diabetic rats was determined by
significant elevation of systolic blood pressure,
serum urea and serum creatinin.

Total bilirubin significantly had a negative
correlation with fasting serum glucose, HbA1C,
ALT, AST, serum urea, serum creatinine and systo-
lic blood pressure. There was a significant negative
correlation between total bilirubin and both the
microal buminuria and macroalbuminuriain diabetic
nephropathy groups but direct billirubin showed
insignificant negative correlation with both of
them.

Bilirubin was regarded as a toxic end product
that must be excreted from the body. However
Stocker [23], said that bilirubin is a strong antioxi-
dant that can scavenge oxidants even more powerful
than al pha-tocopherol. It has a powerful anti-
inflammatory and antioxidant effects as it can
inhibit oxidant generation by inhibiting NAD(P)H
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oxidase pathway and protein kinase C. It has been
regarded as the most effective endogenous antioxi-
dant of lipid peroxidation.

In our study, there was elevation of serum
glucose, HbA 1 C in diabetic and diabetic nephrop-
athy groups compared with control group. This
was concomitant with significant decreasein total
and direct bilirubin in diabetic and diabetic neph-
ropathy groups. Previous studies reported negative
association between serum bilirubin and glucose
tolerance test. This means that decrease serum
bilirubin is arisk factor in the development of
diabetes and its complications [24].

In diabetic nephropathy group, both serum ALT
and AST were significantly higher when compared
to the corresponding values in diabetic and control
groups. These results were in agreement with
Lebovitz [25], who found that serum ALT, AST
were 1-2.5 times higher than the upper normal in
diabetes. According to Neuschwander [26] and
Harris [27], individuals with type 2 diabetes have
ahigher incidence of liver function test abnormal-
ities than non-diabetics.

Also, the systolic blood pressure was signifi-
cantly increased in diabetic nephropathy group
compared with corresponding values in control
and diabetic groups. In accordance with our results
Inoguchi [28] reported that the prevalence of vas-
cular complications in diabetic patients with Gilbert
syndrome, a congenital hyperbilirubinemia, is
lower compared to those without this syndrome.
On the other hand individuals with low bilirubin
level are highly exposed to coronary atherosclerosis
[29] . Also, severdl literatures have reported the
associ ation between diabetic microvascular com-
plications such as neuropathy, nephropathy and
retinopathy with low bilirubin [30,31].

Our datarevealed significant elevation of serum
urea, creatinine and significant decrease in creati-
nine clearance in diabetic nephropathy group com-
pared with corresponding values in control and
diabetic groups. In diabetic patients, higher serum
bilirubin levels were associated with alower risk
of progression of albuminuria even with poorer
glycemic control [32]. Also, Fukui [33] discovered
a significant negative correlation between serum
bilirubin levels and urinary albumin excretion in
diabetic patients and concluded that lower serum
bilirubin levels were associated with a higher
prevalence of microalbuminuria. Hyperglycemia
in the diabetic range can cause microalbuminuria
by glucose-related mechanism. Glucose causes
glycation of basement membrane proteins with
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loss of charge selectivity and glomerular hyperper-
fusion and hyperfiltration [34]. Also, Riphagen [35]
found a negative correlation between baseline
serum bilirubin levels and the doubling of serum
creatinine levels and end-stage renal disease.

Our data revealed significant negative correla-
tion between serum bilirubin and the progression
of DN. This can be explained by previous studies
which demonstrate a negative correlation between
bilirubin levels and oxidative stress markers. Ha
& Lee [36], reported that oxidative stress has been
shown to play an important role in the development
and progression of diabetic nephropathy as reactive
oxygen species mimic the stimulatory effects of
high glucose and up regulate TGF-(3 1, plasminogen
activator-1 and extracellular matrix proteins by
glomerular mesangial cells, thus leading to me-
sangial expansion. Moreover, oxidative stress was
associated with the development of diabetic micro-
vascular complications [37]. Fujii [38] reported that
hyperbilirubinemia and the administration of
biliverdin, which is converted rapidly to bilirubin
by biliverdin reductase, protected mice against
diabetic nephropathy via inhibition of oxidative
stress. These results indicate that bilirubin acts as
a radical scavenger and can inhibit oxidative stress.

On histopathological examination of kidney
tissues in diabetic group by H&E and PAS stains
revealed slight thickening of the basement mem-
brane, slight thickening of the arterioles with few
inflammatory cells in the interstitium and slight
hydropic changes in the tubule. In the microalbu-
minuric diabetic nephropathy group histopatholog-
ical examination showed slight hydropic changes
in the affected tubules with few encroaching of
inflammatory cells (neutrophils) in the glomeruli
by H & E stain and slight reduced glomerular size
by PAS stain. All these changes were insignificant
when compared to the corresponding values in
diabetic group. In macroalbuminuric diabetic ne-
phropathy group histopathological examination by
H&E stain showed prominent hydropic changes
in the renal tubules with cast formation, marked
reduced glomerular capillary size, increase in the
mesangial matrix, collection of chronic inflamma-
tory cells mainly lymphocytes and focal fatty
metaplasia in the interstitium. PAS stain showed
thickening of the glomerular basement membrane,
hyaline cast formation in the lumen of the tubules
and multifocal mesengial matrix expansion in the
affected glomeruli. All these changes were signif-
icant when compared to diabetic group.

These results were consistent with Kashihara
[39], who postulated that renal dysfunction in dia-

betic kidney was caused by the alterations in the

structure of the kidney, detected by glomerular

basement membrane thickening, mesangial cell

matrix deposition, and the effacement of podocyte

foot processes. Also, renal damage correlated with

the degree of tubule-interstitial fibrosis which is
the final manifestation of end stage renal disease

[40] . Chow [41], suggested that the progressive

injury and fibrosis in diabetic nephropathy was

associated with accumulation of macrophages in
diabetic kidney mice correlated with the degree of
renal injury and fibrosis.

In insulin-treated diabetic nephropathy group,
both total and direct bilirubin in this group was
significantly higher when compared to diabetic
and diabetic nephropathy non-treated groups in
the present investigation. This can be explained
by the fact that insulin treatment decreased blood
glucose levels and improved oxidative stress with
concomitant elevation of billirubin levels as anti-
oxidant. Jain [42] and Gao [43], reported that un-
controlled DM is associated with significant in-
crease in the oxidative stress and inflammatory
conditions and insulin treatment decreased oxida-
tive stress.

Insulin does not possess a direct antioxidant
action [44] . Therefore, the suppressive action of
insulin in the diabetic rats may be secondary action
due to its hypoglycemic effect. The overall glyc-
emic control afforded by insulin treatment is effec-
tive enough to prevent excessive protein glycation
which can increase tissue oxidative stress. It is
clear that, in diabetic tissue, the effects of different
agents on oxidative stress depend largely on how
they alter the balance between production and
destruction of ROS [45].

Histopathological changes of insulin-treated
diabetic nephropathy group (microalb & macroalb)
by H&E stain and PAS stain showed some healthy
glomeruli, but still hydropic changes in the affected
tubules. All these changes were insignificant when
compared to non-treated groups. In our study treat-
ment with insulin alone didn't reverse all the his-
topathological changes. These findings were con-
sistent with that of Fioretto [46], who stated that
glycaemia cannot be controlled to the degree nec-
essary to reverse histopathological changes in DN.
Although the above findings were contradicted
with Schmitz, [47] who stated that intensified insulin
treatment and good metabolic control bring the
GFR towards normal levels after a period of weeks
to months in both IDDM and NIDDM with regres-
sion of both glomerular hyperfiltration and renal
hypertrophy.
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