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Abstract
Aim: To investigate the preventive and protective effects of bendazac lysine
(BDL) on experimental early diabetic nephropathy (DN) rats.  Methods: After an
early DN model was induced by streptozotocin, rats were administered BDL at
doses of 100, 200, and 400 mg/kg for 8 weeks.  Blood glucose, microalbuminuria,
kidney index, total antioxidative capacity, laminin, advanced glycation end pro-
ducts (AGE), aldose reductase (AR) activity, and the relative quantity of trans-
forming growth factor β1 (TGF-β1) mRNA were measured by different methods.
The ultrastructural morphology was observed by transmission electron
microscope.  Results: The physical behaviors of early DN rats were hypopraxia,
cachexia, and polyuria, while those treated with high doses of BDL were vibrant
and vigorous.  For BDL-treated DN rats, when compared with vehicle-treated DN
rats, the blood glucose level and the intensity of oxidative stress were ameliorated.
Also, the microalbuminuria level, AGE either in serum or in renal, and AR activity
were significantly reduced.  Furthermore, the expression of TGF-β1 mRNA in the
kidney cortex was declined and the thickness of glomerular base membrane was
decreased significantly.  The ultrastructure of glomerulus and mesangial matrix of
BDL-treated DN rats were ameliorated.  Conclusion: BDL has protective effects
on several pharmacological targets in the progress of DN and is a potential drug
for the prevention of early DN.
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Introduction
Diabetic nephropathy (DN) is now a leading cause of

end-stage renal failure in many countries.  More than 30% of
diabetes mellitus patients develop clinically evident DN 10
to 20 years after the onset of diabetes mellitus.  DN seems to
occur as a result of interaction of metabolic and hemody-
namic factors.  Several biochemical pathways, such as in-
creased oxidative stress and advanced glycation end-prod-
ucts (AGE)[1,2], hyperactivity of aldose reductase (AR) in the
polyol pathway[3], and hyperactivity of pro-sclerotic
cytokine, such as transforming growth factor-β1 (TGF-β1)[4]

and connective tissue growth factor (CTGF)[5], have been
proposed as candidates for explaining the mechanism of the
progressive cause of DN.  For the complexity of mechanism,

there is still no definitive therapy halting the development of
DN that afflicts diabetic patients.  Therefore, it is necessary
to develop a novel therapy strategy for DN that can deal
with more than one pharmacological target in this intricate
mechanism.

Bendazac lysine (BDL) is one of  agents that have been
introduced for the management of cataracts, protecting the
level of vision in patients, thus delaying the need for surgi-
cal intervention.  Its principal effects are to inhibit the dena-
turation of proteins and AR activity, responsible for the accu-
mulation of sorbitol and water retention in the lens fibers[6].
Several studies show that BDL has an inhibitive effect on
AR[7], a main enzyme in the polyol pathway, an antioxidative
effect[8], and an inhibitive effect on glycosylation[9], all of
which are included in the progression of DN.  Since there are
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still very few published reports focused on the effects of
BDL on DN.  Therefore, it is worthwhile for us to explore its
potential effects on preventing the progression of DN.

To evaluate the effects of BDL on DN, we studied the
possible influence of BDL on the parameters that indicate
protective effects against the progress of DN, such as blood
glucose level, AR activity, AGE level, laminin level in the
kidney cortex, thickness of the glomerular base membrane
(GBM) and expression of TGF-β1 mRNA in the kidney cortex
on early experimental DN rats, and observe their morpho-
logical changes.

Materials and methods
Drugs  BDL was synthesized by Supereyes (Lot No

020818, Zhejiang, China), and was dissolved in 1% carboxym-
ethyl cellulose (CMC) solution.  Streptozotocin (STZ) (Lot
No P5639) was purchased from Biomol Research Lab
(Plymouth Meeting, PA, USA).  Epalrestat (Lot No 990921),
an aldose reductase inhibitor, serving as a positive control
drug, was kindly presented by Shanghai Institute of Materia
Medica and suspended in 1% CMC solution.

Animals  Male Sprague-Dawley rats (Grade I, Certificate
No  SYXK 2001-0010), weighing 162.5±6.7 g  (150–175 g)
were obtained from Laboratory Animal Center of Nanjing
Medical University.  Animal expeiments followed the Guidline
Principles for Care and Use of Laboratory Animals of Nanjing
Medical University.

Induction of DN model and study protocol  Diabetic rats
were induced with an ip injection of 60 mg/kg of STZ
(dissolved in pH 4.5 citrate buffer immediately before
injection), while controlled normal standard rats (NS group,
n=10) received 2.5 mL/kg of citrate buffer.  Induction of the
diabetic state was confirmed by measuring the blood glu-
cose level at the 72 h after the injection of STZ.  The rats
whose blood glucose concentrations were ≥13.88 mmol/L
were randomly allotted into 5 groups: DN rats treated with
1% CMC solution (DN group, n=10); DN rats treated with
100, 200, and 400 mg/kg of BDL for BL group (low dose,
n=10), BM group (moderate dose, n=11), and BH group (high
dose, n=10), respectively; and DN rats treated with 100 mg/
kg of epalrestat (EPS group, n=10).  The same volume of
CMC solution was administered to the NS group (n=10).  The
animals were housed in a controlled environment (24±1 °C,
12-h light: 12-h dark cycle, onset of light at 07:00 AM) and
were allowed food and water ad libitum.  After 8 weeks,
urine and blood samples were collected.  After animals were
sacrificed, fresh kidney cortices were stored in formaldehyde
solution for light microscopic observation, and 1 mm×1 mm×1

mm cubes of kidney cortices were fixed in 2.5% glutaralde-
hyde for electron microscopic measurement.  The rest of the
kidneys were stored at -75 °C for the later analysis.

Measurement of renal function and biochemical param-
eters  Kidney index was the ratio of kidney weight versus
body weight.  Blood glucose was measured by the glucose
oxidase method with kits purchased from Dong-Ou Bioengi-
neering (No 2002110002, Wenzhou, China).  The value of
microalbuminuria was represented by the ratio of urinary
albumin versus creatinine measured in urine, where urinary
albumin was determined by the radioimmunoassay method,
whose reagent kit was purchased from the Department of
Isotope, China Institute of Atomic Energy (No 20021203,
Beijing, China), and creatinine was assayed by the picric
acid method.

To analyze the total antioxidative capability, 2.0 mL of
ABTS  [2,2'-azinobis-(3-ethylbenzothiazoline-6-sulphonic
acid]/myoglobin reagent was mixed with 20 µL of sample and
a further 180 µL of diluent, which flushed the sample probe.
The initiator of the reaction, hydrogen peroxide (0.675 mmol/L,
250 µL), was added last to get a final concentration in the
cuvette of 75 µmol/L.  After a 6-min incubation, the optical
density (OD) of ABTS•+ was read at 734 nm by spectropho-
tometer (UV-1600, Beijing, China), and the value of total
antioxidative capability was calculated[10].

The AR activity was measured by fluorospectrophoto-
meter (Shimadzu, RF-5300, Kyoto, Japan) with reagents of β-
NADPH (Lot No 81k7059, Sigma, St Louis, MO, USA) and
DL-glyceraldehyde (Lot No 120k2618, Sigma) and its activ-
ity is defined as the amount of micromole of β-NADPH oxi-
dized per minute at 37 ºC[11].

Laminin, a main component of the extracellular matrix,
was determined by the radioimmunoassay method, using kits
from Shanghai High Biotech Center (No 20021201, Shanghai,
China).  AGE either in renal cortex or in serum was measured
by fluorescence spectrophotometry (fluorospectrophoto-
meter, Shimadzu) and the concentration of AGE was repre-
sented by the fluorescence optical density (OD).  The final
value of AGE in tissue was modulated by the total protein in
tissue which was measured by biuret colorimetry.

RT-PCR for the relative quantity of TGF-βββββ1 mRNA in
kidney cortex  RT- PCR was performed to determine the rela-
tive quantity of TGF-β1 mRNA in the kidney cortex, whereas
β-actin mRNA, a housekeeping gene, was used as an inter-
nal control[12].  Briefly, total RNA was extracted from the
kidney cortex with TRIzol (Lot No 1134369, Invitrogen,
Carlsbad, CA, USA).  First-strand cDNA synthesis was re-
versely transcribed from 2 µg of mRNA in transcription buffer
and 200U MMLV reverse transcriptase (System Lot No
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160419, Promega, Madison, WI, USA) at 42 °C for 1 h, fol-
lowed by immediate cooling on ice.  PCR amplification was
performed using Taq polymerase (Lot No  101405, Promega,
Shanghai, China) in a total volume of 50 µL.  The upstream
and downstream primers for rat TGF-β1 mRNA were 5'-
CCCGCATCCCAGGACCTCTCT-3' and 5'-CGGGGGACTG-
GCGAGCCTTAG-3', yielding a 519 bp product, whereas those
for β-actin were 5'-GCTGCGTGTGGCCCCTGAG-3' and 5'-
ACGCAGGATGGCATGAGGGA-3', yielding a 252 bp product.
PCR conditions were as follows: 35 cycles, denaturating at
94 °C for 30 s, annealing at 54 °C for 60 s and extending at
72 °C for 60 s with initial heating at 94 °C for 5 min and final
extending at 72 °C for 7 min.  The PCR products were sepa-
rated by 1% agarose (Lot No 051363, Biowest, Miami, FL,
USA) electrophoresis and the band densities were analyzed
using laser densitometry (Gel Doc 1000, Bio-Rad, Richmond,
CA, USA).  The relative quantity of TGF-β1 mRNA in the
kidney cortex was represented by the ratio of band density
of TGF-β1 versus that of β-actin.

Morphological observation and measurement of thick-
ness of GBM  Kidney cortex samples stored in formaldehyde
solution were embedded with paraffin and stained with HE.
Each HE-stained sample in each group was observed under
light microscope.  Three kidney samples from each experi-
mental group were randomly chosen for electron microscopic
observation.  Specimens were embedded in epoxy resin and
cut into ultrathin sections and then stained with plumbum
citrate for ultrastructural observation under transmission elec-
tron microscope (JEM 1200EX, Jeol, Tokyo, Japan).  Five
photos were taken at different views for each kidney sample.
The images were amplified 10K and the photos were scanned
into a computer to measure the thickness of GBM using an
image analysis system (Leica Qwin Standard V2.6, Leica
Microsystems, Welzlar, Germany).

Statistical analyses  Statistical analysis was performed
to compare the effects of BDL on early DN rats using one-
way analysis of variance (ANOVA) and Dunnett’s t-test (2-
side) for the different groups using SPSS 10.0.  Data were
expressed as mean±SD. P<0.05 was considered statistically
significant.

Results

Effects of BDL on physical behaviors, blood glucose,
microalbuminuria, and kidney index  In our experiment, rats
in the DN group displayed the following physical
characteristics: hypopraxia, cachexia, yellowish and damp
fur, kyphosis, body shake, ptosis, polyuria polydipsia and
tardy weight gain; while rats in NS and BH groups were

vibrant, vigorous, with white and tidy fur, and weight gain.
The blood glucose level, microalbuminuria, and kidney

index of the DN group were significantly higher than those
of NS group (P<0.01), indicating that our early DN model
was successful.  Low doses of BDL slightly reduced blood
glucose in DN rats, but greatly reduced microalbuminuria
(P<0.01).  High doses of BDL significantly reduced blood
glucose and microalbuminuria level in DN rats (P<0.01).  BDL
(low, moderate and high doses) and epalrestat slightly re-
duced the kidney index, but differences were not significant
(Table 1).

Effects of BDL on laminin level in kidney cortex and
thickness of GBM  The level of laminin in the kidney cortex
of early DN rats significantly increased, when compared with
that of normal rats (P<0.01).  Three doses of BDL caused a
decrease in the level of laminin, but a greatly significant de-
crease can be found only in high doses (P<0.01) (Figure 1A).

There was a significant difference in the thickness of
GBM between the NS group and DN group (P<0.01).  The
thickness of GBM decreased with increasing doses of BDL.
Compared with the DN group, there were significant differ-
ences in the thickness of GBM of BL, BM, BH and EPS
groups (P<0.05, or P<0.01) (Figure 1B).

Effect of BDL on AR activity in erythrocyte   AR activi-
ties in the erythrocyte of NS and DN groups were 6.90 and
27.29 U, respectively (P<0.01).  Significant differences of AR
activities at low, moderate, and high dose BDL-treated rats
existed when compared with CMC-treated DN rats (P<0.01).
Furthermore, AR activity and BDL doses showed good dose-
dependence.  Epalrestat, an AR inhibitor, also significantly
reduced AR activity from 27.29 to 11.07 U, showing a very
significant difference (P<0.01) (Figure 2).

Effects of BDL on AGE and oxidative stress  AGE levels

Table 1.  Effects of bendazac lysine(BDL) on blood glucose,
microalbuminuria, and kidney index of rats. Mean±SD.  cP<0.01 vs NS
group.  fP<0.01 vs DN group.

Group        n          Blood glucose  Microalbuminuria   Kidney index
                                /mmol·L-1          /µg·(molCr)-1       (×1000)

NS 10   4.58±0.75   3.39±1.93   6.61±0.52
DN 10 18.26±6.98c 29.07±9.98c 11.54±3.85c

BL 10 17.65±3.42   9.72±3.30f   9.12±1.44
BM 11 14.48±2.53   6.56±2.95f 10.46±2.82
BH 10 10.28±3.82f   4.22±2.34f 10.68±1.94
EPS 10 17.10±5.62   6.19±2.40f   9.72±4.37
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in the kidney cortex and in the serum of DN rats were greatly
higher than those of normal rats (P<0.01).  Both in the kidney

cortex and in serum, there were significant decreases in AGE
levels for BL, BM, and BH groups when compared with the
DN group (P<0.05, or P<0.01), whereas epalrestat had the
same significant difference (P<0.01).  In contrast, the total
antioxidative capability in serum, which expresses the anti-
oxidative status of animals, was reduced significantly in DN
rats.  Three doses of BDL and epalrestat significantly en-
hanced the total antioxidative capability of DN rats (P<0.01)
(Table 2).

Effect of BDL on the relative quantity of TGF-βββββ1 mRNA
in kidney cortex  After the RT-PCR procedure, the amplified
products of TGF-β1 mRNA were completely separated by
electrophoresis (Figure 3A).  The relative quantity of TGF-β1
mRNA in the kidney cortex of the DN group significantly
increased when compared with that of NS group (P<0.01).
Low, moderate, and high dose BDL caused the level of TGF-β1
mRNA to decrease, and statistical differences existed when
compared with CMC-treated DN rats (P<0.01).  Epalrestat
had the same effect as a moderate dose of BDL (P<0.01)
(Figure 3B).

Effects of BDL on morphological change in kidney   The
light microphotograph showed that glomerular mesangial
hyperplasia existed (Figure 4).  In the transmission electron
micrographs, the ultrastructure of glomerulus of the CMC-
treated DN rat was changed.  The GBM was wrinkled and
partly thickened, with effacement of some visceral epithelial
cell foot processes and microvillus transformation.  After 8
weeks of treatment with 400 mg/kg of BDL, the glomerular
capillary loops, GBM, pedicelsa and mesangial matrix of rats
appeared to be almost normal (Figure 5).

Discussion
Oxidative stress plays an important role in the etiology

Table 2.  Effects of BDL on advanced glycation end products (AGE)
and total antioxidative capability (T-AOC) in serum of rats.
Mean±SD.  cP<0.01 vs NS group.  eP<0.05, fP<0.01 vs DN group.

Group        n       AGE in kidney       AGE in serum           T-AOC
                                cortex/         /AUF·mg protein-1        /kU·L-1

                         AUF·mg cortex-1

NS 10 0.54±0.18   4.70±0.94 15.85±0.99
DN 10 2.30±0.71c 17.25±2.50c   6.94±1.81c

BL 10 1.74±0.31e 11.05±0.98f 10.45±0.85f

BM 11 1.45±0.44f   7.85±2.65f 11.13±1.37f

BH 10 0.95±0.23f   5.03±1.35f 12.46±1.23f

EPS 10 1.60±0.36e   8.46±2.07f   9.00±0.70f

Figure 1.  Effects of BDL on (A): laminin level in kidney cortex and
(B): glomerular base membrane (GBM) of rats. NS, DN, BL, BM, BH,
EPS represent normal standard rats, CMC treated DN rats, 100 mg/kg
of BDL treated DN rats, 200 mg/kg of BDL treated DN rats, 400
mg/kg of BDL treated DN rats, 100 mg/kg of epalrestat treated DN
rats, respectively.  Mean±SD.  cP<0.01 vs NS group.  eP<0.05,  fP<0.01
vs DN group.

Figure 2.  Effect of BDL on aldose reductase (AR) activity in eryth-
rocyte of rats. NS, DN, BL, BM, BH, EPS represent normal standard
rats, CMC treated DN rats, 100 mg/kg of BDL treated DN rats, 200
mg/kg of BDL treated DN rats, 400 mg/kg of BDL treated DN rats,
100 mg/kg of epalrestat treated DN rats, respectively.  Mean±SD.
cP<0.01 vs NS group.  fP<0.01 vs DN group.



Http://www.chinaphar.com Yin XX et al

725

of diabetic complications[13], and the formation of reactive
oxygen species is a direct consequence of hyperglycemia.
In our study, we found that the total antioxidative capability
(a common indicator for changes in the antioxidation system),
which includes ascorbate, protein thiols, bilirubin, urate and
α-tocopherol, was significantly increased by BDL, strongly
suggesting that BDL has an effect on antioxidative capabil-
ity in vivo.  This result is consistent with a former report, in
which BDL inhibited in vitro depolymerisation of hyaluronic
acid by free hydroxyl and superoxide radicals from a sodium
ascorbate system[14].  Furthermore, we also found that BDL,
even in low doses, significantly decreased AGE levels either
in the kidney cortex or in serum.  Thus, the antioxidative
effect of BDL is very important and can be of great clinical
significance for DN.

The status of oxidative stress in intensity and durability
facilitates the formation of AGE, which is the result of a reac-
tion between carbohydrates and free amino group of proteins.
AGE accumulates in extracellular matrix proteins as a physi-
ological process during ageing.  However, this accumula-
tion happens earlier, and with an accelerated rate, in diabe-

Figure 3.  Effect of BDL on the relative quantity of TGF-β1 mRNA
in kidney cortex of rats. NS, DN, BL, BM, BH, EPS represent normal
standard rats, CMC treated DN rats, 100 mg/kg of BDL treated DN
rats, 200 mg/kg of BDL treated DN rats, 400 mg/kg of BDL treated
DN rats, 100 mg/kg of epalrestat treated DN rats, respectively. (A):
cDNA samples obtained from kidney cortex of each rats were ampli-
fied for the detection of TGF-β1 mRNA. β-Actin was used as the
internal standard in each sample. (B): RT-PCR data for relative quan-
tity of TGF-β1 mRNA performed by densitometric analysis.
Mean±SD.  cP<0.01 vs NS group.  fP<0.01 vs DN group.

tes mellitus than in non-diabetic individuals[15].  AGE also
enhances the susceptibility of LDL to oxidation[16] and in-
duces apoptosis in cultured human umbilical vein endothe-

Figure 4.  Representative light microphotographs showing the glom-
erular mesangial hyperplasia (HE stain, ×40). (A): The glomerulus of
normal standard rat: the capillary loops are opened and portion of
the glomerular is relatively small; (B): The glomerulus of CMC treated
DN rat: the capillary loops are opened but narrowed and portion of
the glomerular is relatively large. The mesangial hyperplasia is mod-
erate-grade; (C): The glomerulus of 400 mg/kg of BDL treated DN
rats: the mesangial hyperplasia is low-grade; (D): The glomerulus of
100 mg/kg of EPS treated DN rats: the mesangial hyperplasia is
moderate-grade.
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lial cells[17].  In reverse, the interaction between AGE and
their specific receptor (RAGE) induces the activation of oxi-
dative stress, and stimulates the production and release of
cytokines, amplifying the tissue damage[2].  It can be con-
cluded that oxidative stress and AGE interact with and
upregulate each other.  As already stated, the major metabo-
lite of bendazac inhibited glycosylation by sugar in a dose-
dependent manner[18], and also bendazac and its metabolite
(5-hydroxybendazac) inhibit the carbamylation of soluble
lens proteins in vitro[19].  Furthermore, in our study, BDL
significantly decreased AGE levels both in the kidney cortex
and in serum.  These data strongly suggest the anti-AGE

character of BDL and this could be of benefit for the preven-
tion of DN.

Our data shows that BDL has an inhibitory effect on the
relative quantity of TGF-β1 mRNA in the kidney cortex of
DN rats, which is commonly considered as a pivotal cytokine
in mediating the progression of DN.  In vitro, studies have
shown that a range of stimuli increase TGF-β1 expression,
such as hyperglycemia, AGE, and various products of oxida-
tive stress[20,21].  Indeed, TGF-β1 seems to be an important
site of interaction between hemodynamic and metabolic
pathways, playing a key role in the synergy between hyper-
tension and hyperglycemia in mediating DN[22].  Therefore,

Figure 5.  Transmission electron micrographs showing the ultrastructure of rat glomerulus as below (×10 k). (A): Normal control group of rats:
illustrating a portion of the glomerular tuft, the thickness of glomerular basement membrane was normal, and pedicels embedded in the lamina
rara externa.  (B): CMC treated DN rats: the glomerular basement membrane was wrinkled, and thickened partly, with effacement of some
visceral epithelial cell foot processes and microvillous transformation.  (C): 400 mg/kg of BDL treated DN rats: the glomerular capillary loops,
glomerular basement membrane, pedicelsa and mesangial matrix were normal. (D): 100 mg/kg of EPS treated DN rats. Bar=500 nm.
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having an inhibitory effect on TGF-β1, BDL affects the regu-
lation of several cytokine in the progression of DN, and is a
prime candidate for developing appropriate agents in the
prevention and treatment of DN.

Laminin, kidney index and the thickness of GBM are usu-
ally enlarged during the progression of DN and serve as
persuasive parameters for describing glomerular hyper-
trophy.  Although a decrease in the kidney index for 3 doses
of BDL were not defined significantly in our experiment, the
thickness of GBM, another significantly decreased morpho-
logical parameter in our study, together with laminin, which
describes the level of extracellular matrix, still suggest that
BDL can aid in preventing renal hypertrophy.

The accumulation of polyols in the kidney has been sug-
gested to be involved in the development of DN.  In diabetic
patients, AR activity is greatly enhanced by high glucose
and accumulated sorbitol, which is associated with the deple-
tion of myoinositol and changes in the cellular redox poten-
tial[23], resulting in deteriorative function in nephropathy,
retinopathy, and neuropathy.  The importance of AR rel-
evant to DN has also been emphasized with the demonstra-
tion that the increase of AR activity is associated with en-
hanced protein kinase C activation and TGF-β1 production
in human mesangial cells in response to glucose[24].  In ex-
perimental diabetes, several studies have examined the ef-
fects of AR inhibition on various functional and structural
markers of DN.  In an in vitro experiment, the AR inhibitor,
epalrestat, effectively corrected glucose-induced imbalances
of the polyol pathway and myo-inositol uptake in neutro-
phils and was capable of ameliorating the neutrophil dys-
function[25].  Also, epalrestat lowers the level of Nepsilon-
(carboxymethyl)lysine (CML) and associated variables, and
polyol metabolites are correlated with CML in the erythro-
cytes of diabetic patients[26].  In a clinical study, the effects
of epalrestat on autonomic and somatic neuropathy were
assessed, suggesting that epalrestat has therapeutic value
at early stages of DN[27].  In our current experiment, we found
that BDL significantly lowered AR activities in rats from
27.29 U to 18.38 U (low dose), 16.92 U (moderate dose), and
6.39 U (high dose), while epalrestat lowered AR activities to
11.07 U (100 mg/kg).  The effect of high doses of BDL on AR
activity was stronger than that of a common dose of typical
AR inhibitor, epalrestat, and therefore, testifying that BDL is
a strong inhibitor for AR.  Hence, besides its recognized
cataract delaying effect on the communal pathway in the
pathology of cataracts, BDL can be justified in its clinical
application for DN treatment.

BDL is an oxyacetic acid with protein antidenaturant, anti-
inflammatory, antinecrotic, choleretic and antilipidemic

properties.  In vitro, BDL inhibited the carbamylation of
soluble lens proteins, and the depolymerisation of hyalu-
ronic acid by free hydroxyl and superoxide radicals from a
sodium ascorbate system[14].  Bendazac also has scavenger-
like activity as a result of its interaction with protein mol-
ecules[6].  In our experiment, BDL and epalrestat (a commonly
used DN-treatment agent) ameliorated the physical morbidity,
reduced microalbuminuria, laminin level, thickness of GBM,
AGE level, total antioxidative capability, AR activity, and
TGF-β1 mRNA levels in DN rats.  What must be pointed out
is that BDL significantly decreased blood glucose and ame-
liorated the persuasive pathological changes by light and
electron micrograph, while epalrestat has no effect on them.
In the complicated mechanisms of DN development, the path-
way of hyperglycemia-oxidative stress-AGE/TGF-β1 is as-
suredly very important.  Many renal changes are the conse-
quences of changes in blood glucose levels, and many ame-
liorative effects of BDL on DN may be closely dependant on
its effect on the blood glucose level.  Therefore, compared
with epalrestat, BDL might have more widely therapeutic
points for DN.

 To sum up, in our STZ induced early DN rat model, BDL
decreased the blood glucose level, reduced the level of AGE,
the intensity of oxidative stress, AR activity, and the relative
level of TGF-β1 mRNA and, furthermore, lowered the laminin
level in the kidney cortex and decreased the thickness of
GBM, and therefore ameliorated the morbidity in physical
behavior, morphology, and microalbuminuria.  In conclusion,
BDL has protective effects on several pharmacological tar-
gets in the complicated pathology mechanism of DN.  It is
therefore worthwhile to study further its potential protective
effects on early DN.
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