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Maternal nicotine exposure during gestation and lactation
induces kidney injury and fibrosis in rat offspring

Chung-Ming Chen'?, Hsiu-Chu Chou? and Liang-Ti Huang*

BACKGROUND: Maternal tobacco smoke exposure adversely
affected fetal kidney development. Nicotine stimulates epithe-
lial-mesenchymal transition and connective tissue growth fac-
tor (CTGF) expression in the renal epithelium. We hypothesized
that maternal nicotine exposure would induce kidney fibrosis
and involve CTGF in newborn rats.

METHODS: Nicotine was administered to pregnant Sprague-
Dawley rats at a dose of 6mg/kg/d from gestational days 7-21
and gestational day 7 to postnatal day 14. A control group was
injected with normal saline. Neonatal kidney tissues under-
went histological analysis, collagen measurement, and west-
ern blot analysis.

RESULTS: Tubular injury scores and total collagen contents
were significantly higher in rats born to nicotine-treated
dams than in rats born to normal saline-treated dams on
postnatal days 7 and 21. Masson’s trichrome staining further
verified the presence of kidney fibrosis. Prenatal and/or post-
natal nicotine exposure increased CTGF expression on post-
natal days 7 and 21.

CONCLUSION: Maternal nicotine exposure during gesta-
tion and lactation induces neonatal kidney fibrosis, and CTGF
may be involved in the pathogenesis of kidney fibrosis. These
results may be relevant to premature low-birth-weight infants
who are conveyed a high risk of developing chronic kidney dis-
ease and exposed to breast milk of smoking mothers during
the neonatal period.

aternal smoking during pregnancy has been associated

with fetal growth retardation, premature delivery, and
profoundly affects development of multiple organ systems (1).
Nicotine is the causative agent for these effects because it is
a major pharmacological constituent of tobacco smoke that
readily crosses the placenta and is concentrated in the fetus
15 percent higher than maternal level (2). Human and animal
studies have demonstrated that maternal nicotine and tobacco
smoke exposure adversely affected fetal kidney development.
These are manifested by kidney malformations, decreased
kidney weight and volume, and glomerular mass and elevated

blood pressure in the offspring (3-7). The exact mechanism by
which maternal nicotine impairs kidney growth in offspring
remains unknown, but impaired kidney growth is linked to
hypertension (8).

Nicotine has toxic effects in the mesangial cells and proxi-
mal tubules of the kidney and causes renal damage (9,10).
Nicotine also stimulates expression of markers of epithelial-
mesenchymal transition, such as vimentin, fibronectin,
and o-smooth muscle actin in the renal epithelium (9,10).
Because nicotine easily crosses the placenta, entering fetal
blood, and is distributed in breast milk, the fetal and neo-
natal rats would be expected to receive nicotine via the
placenta and mother’s milk (11,12). Taken together, these
studies indicate that maternal nicotine exposure may induce
kidney fibrosis in the offspring.

Connective tissue growth factor (CTGF) is part of the CTGF-
Cyr61/Cef10-Nov family (13). CTGF plays a crucial role in
kidney pathogenesis, which include migration, hypertrophy,
and fibronectin production in mesangial cells, epithelial-
mesenchymal transition and fibronectin production of tubular
epithelial cells, and collagen production by renal interstitial
fibroblasts (14-18). Nicotine has been reported to increase
CTGF mRNA and protein expression in proximal tubular epi-
thelial cells and human gingival fibroblasts (19,20). There are
limited data of the effects of maternal nicotine exposure during
gestation and lactation on kidney morphometry and fibrosis
in rat offspring. We hypothesized that maternal nicotine expo-
sure would induce kidney injury and fibrosis in rat offspring.
The aims of our study were to determine the effects of maternal
nicotine exposure on kidney histology and fibrosis and to elu-
cidate the relationship between CTGF and collagen expression
in maternal nicotine-induced kidney fibrosis in rats.

RESULTS

There were 23 pups of 3 dams in the normal saline-treated
group, 25 pups of 3 dams in the prenatal nicotine-treated
group, and 24 pups of 3 dams in the prenatal and postnatal
nicotine-treated group. No significant difference in litter size
existed among study groups.
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Prenatal Nicotine Effects on Maternal Body Weight

The maternal body weight before treatment and total body
weight gain were comparable among normal saline-treated
and two nicotine-treated groups from gestational days 7-19.

Body Weight, Kidney Weight, and Kidney to Body Weight Ratios
Maternal nicotine administration had no significant effect on
body weights and kidney weights on postnatal days 7 and 21
(Tables 1 and 2). The kidney/body weight ratios were compa-
rable among rats born to normal saline-treated and nicotine-
treated dams on postnatal day 7. On postnatal day 21, rats
born to prenatal and postnatal nicotine-treated dams exhib-
ited significantly lower kidney/body weight ratios than the rats
born to normal saline-treated dams.

Histology Results
Representative kidney sections stained with hematoxy-
lin and eosin from maternal normal saline-exposed and

Table 1. Body weights, kidney weights, and the kidney/body weight
ratios in rat pups born to normal saline- or nicotine-treated mothers
on postnatal day 7

Body Kidney Kidney/body
Maternal treatment  n weight (g) weight (g) weight (%)
Saline 12 13.89+2.89 0.20+0.04 1.41+0.09
2Nicotine 13 14.80+047 0.19£0.01 1.32+0.08
4Nicotine 12 14.81+£091 0.21+0.01 1.43+0.09
Values represent means + SD.
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nicotine-exposed rats on postnatal days 7 and 21 are pre-
sented in Figures la and 2a. Tubular atrophy, dilatation
of the tubular lumen, vacuolar degeneration of the tubular
epithelia, increased space between the renal tubules, and
inflammatory cells infiltration were observed in the maternal
nicotine-treated groups (Figure 1a). Tubular injury was not
seen in the rats born to normal saline-treated dams. Tubular
injury scores were significantly higher in the rats born to nic-
otine-treated dams than in rats born to normal saline-treated
dams on postnatal days 7 and 21 (Figure 1b,c). Rats born
to prenatal and postnatal nicotine-treated dams displayed
significantly smaller mean glomerular size compared with
rats born to normal saline-treated dams on postnatal day 7
(Figure 2b, *P < 0.05). Mean glomerular sizes were compa-
rable among rats born to normal saline- and nicotine-treated
dams on postnatal day 21.

Table 2. Body weights, kidney weights, and the kidney/body weight
ratios in rat pups born to normal saline- or nicotine-treated mothers
on postnatal day 21

Body Kidney Kidney/body
Maternal treatment n weight (g) weight (g) weight (%)
Saline 1 43.00+4.88 0.54+0.05 1.27x0.07
2Nicotine 12 4547+392  055+0.05 1.21+0.07
4Nicotine 12 4446+229 052+0.04 1.18+0.06*

Values represent means + SD.
*Different from maternal normal saline-treated rats at P < 0.01.
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Figure 1. Histology and tubular injury score in kidney tissues on postnatal days 7 and 21. (a) Representative photomicrographs of kidney and tubular

injury scores in maternal normal saline- or nicotine-exposed rats on postnatal days (b) 7 and (c) 21. (a) Inflammatory cells (arrow) in the interstitial area
and tubular atrophy and vacuolar degeneration in the tubule epithelia were found in the rats born to nicotine-treated dams. (b,c) Tubular injury scores
were significantly higher in the rats born to maternal nicotine-treated dams on postnatal days 7 and 21 (‘P < 0.001). Saline = maternal saline treatment
from gestational days 7-21 (n = 11-12), 2Nicotine = maternal nicotine treatment from gestational days 7-21 (n = 12-13), 4Nicotine = maternal nicotine

treatment from gestational day 7 to postnatal day 14 (n = 12). Bar = 100 um.
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Figure 2. Histology and mean glomerular size in kidney tissues on postnatal days 7 and 21. (a) Representative photomicrographs of kidney and mean
glomerular size in maternal normal saline- or nicotine-exposed rats on postnatal days (b) 7 and (c) 21. Rats born to 4Nicotine-treated dams displayed
significantly smaller mean glomerular size compared with rats born to normal saline-treated dams on postnatal day 7 (*P < 0.05). Saline = maternal saline
treatment from gestational days 7-21 (n = 11-12), 2Nicotine = maternal nicotine treatment from gestational days 7-21 (n = 12-13), 4Nicotine = maternal
nicotine treatment from gestational day 7 to postnatal day 14 (n = 12). Bar = 600 pm.

Total Collagen Content

Total collagen content in kidney tissues increased as the rats aged
(Figure 3a,b). The rats born to nicotine-treated dams had signif-
icantly higher total collagen contents compared with rats born
to normal saline-treated dams on postnatal day 7 (Figure 3a).
On postnatal day 21, total collagen contents were significantly
higher in the rats born to prenatal and postnatal nicotine-treated
dams compared to rats born to normal saline treated-treated
dams (Figure 3b). Masson’s trichrome staining further verified
the presence of kidney fibrosis (Figure 3c). Rats born to nico-
tine-treated dams exhibited increased collagen deposition in the
glomerular mesangial matrix and tubular interstitium compared
with rats born to normal saline-treated dams.

Western Blot Analysis of CTGF

The rats born to nicotine-treated dams had significantly higher
CTGF protein expression in kidney tissues than the rats born
to normal saline-treated dams on postnatal days 7 and 21
(Figure 4).

Immunohistochemistry for CTGF

The CTGF immunoreactivity was primarily detected in the
glomeruli and in some tubular cells (Figure 5a). Rats born to
nicotine-treated dams displayed significantly higher optical
density of CTGF compared with rats born to normal saline-
treated dams on postnatal days 7 and 21 (Figure 5b,c).
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DISCUSSION

Our in vivo model showed that prenatal and postnatal nico-
tine exposure injured renal tubules and increased total colla-
gen content in the kidneys during the first postnatal week, as
confirmed by Masson’s trichrome staining in kidney tissues.
Prolonged exposure to nicotine increased total collagen con-
tent and caused kidney fibrosis in the third postnatal week.
The major findings of our study are that prenatal and postnatal
exposure to nicotine-induced kidney injury and caused kid-
ney fibrosis in the rat offspring. The nicotine effect on kidney
fibrosis was associated with the increased expression of CTGF
protein. These results suggest that CTGF is involved in the
pathogenesis of kidney injury and fibrosis induced by nicotine
exposure.

Cigarette smoke contains over 4,000 chemicals, including
arsenic, hydrogen cyanide, lead, nicotine, and tar that may
be toxic to the fetus (21). However, data from animal stud-
ies suggest that fetal and neonatal exposure to nicotine alone
may result in postnatal metabolic alterations associated with
obesity, type 2 diabetes, hypertension, and hypertriglyceride-
mia (22). These results suggest that nicotine is the single most
important component of cigarette smoke that causes adverse
health outcomes in the offspring.

In the present study, we found that prenatal and postna-
tal nicotine administration had no significant effect on body
weights and kidney weights on postnatal days 7 and 21. The

Copyright © 2015 International Pediatric Research Foundation, Inc.
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Figure 3. Total collagen content and Masson’s trichrome staining in kidney tissues on postnatal days 7 and 21. Total collagen content in kidney
tissues on postnatal days 7 (a) and 21 (b), and Masson'’s trichrome staining (c). (a,b) Total collagen contents were significantly higher in the rats born
to prenatal and postnatal nicotine-treated dams compared to rats born to normal saline treated-treated dams on postnatal days 7 and 21 (*P < 0.05).
(c) Rats born to nicotine-treated dams had widespread collagen deposition in both glomeruli and interstitium compared with rats born to normal
saline-treated dams. Saline = maternal saline treatment from gestational days 7 to 21 (n = 5), 2Nicotine = maternal nicotine treatment from gesta-
tional days 7-21 (n = 5), 4Nicotine = maternal nicotine treatment from gestational day 7 to postnatal day 14 (n = 5). Bar = 100 pm.
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Figure 4. Representative western blotting and scanning densitometry results of the connective tissue growth factor (CTGF) protein in kidney tissues on
postnatal days 7 and 21. The expression of the CTGF protein was higher in the rats born to maternal nicotine-treated dams on postnatal days 7 (a) and 21
(b). The protein expression levels were normalized to 3-actin for each animal. Data were reported as the fold-change relative to control rat pups. The level
of CTGF expression was significantly higher in rats born to nicotine-treated dams compared with rats born to normal saline-treated dams on postnatal
days 7 (c) and 21 (d) (*P < 0.05, **P < 0.01). Saline = maternal saline treatment from gestational days 7-21 (n = 4), 2Nicotine = maternal nicotine treatment
from gestational days 7-21 (n = 4), 4Nicotine = maternal nicotine treatment from gestational day 7 to postnatal day 14 (n = 4).

kidney/body weight ratios were comparable among rats on
postnatal day 7. These results were different to those of Mao
et al. (23) who found that maternal nicotine administration
during pregnancy resulted in significantly decreased kidney
weight and kidney to body weight ratio on postnatal day 14.
We speculated that the discrepancy was due to different ges-
tational exposure times. In rats born to prenatal and postnatal

Copyright © 2015 International Pediatric Research Foundation, Inc.

nicotine-treated dams, loss of kidney weight was proportion-
ally greater than body weight loss, resulting in a decreased
kidney to body weight ratio on postnatal day 21. These results
suggest that the effect of maternal smoking on kidney growth
is proportional to the duration of nicotine exposure. The
underlying mechanisms are not known. Disruption of cell
cycle and renin-angiotensin system may be involved in the
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Figure 5. Representative photomicrographs and optical density of connective tissue growth factor (CTGF) in maternal normal saline- or
nicotine-exposed rats on postnatal days 7 and 21. (@) The CTGF immunoreactivity was primarily localized in the glomeruli and in some tubular cells and
was enhanced in the kidney tissues of rats born to nicotine-treated dams on postnatal days 7 and 21. Positive immunoreactivity is indicated by brown
staining. Rats born to nicotine-treated dams displayed significantly higher optical density of CTGF compared with rats born to normal saline-treated
dams on postnatal days 7 (b) and 21 (c) (*P < 0.05, **P < 0.01). Saline = maternal saline treatment from gestational days 7-21 (n = 11-12), 2Nicotine =
maternal nicotine treatment from gestational days 7-21 (n = 12-13), 4Nicotine = maternal nicotine treatment from gestational day 7 to postnatal day 14

(n=12).Bar =160 pm.

pathogenesis because maternal exposure to cigarette smoke/
nicotine decreased cell proliferation, increased apoptosis of
renal cells, and reduced renal AT2 receptor expression (24,25).

After embryogenesis, the mammalian kidney develops in three
successive phases: the pronephros, mesonephros, and meta-
nephros phases. Nephrogenesis is complete by the 36th week of
gestation in humans, but continues until approximately postna-
tal day 10 in rats (26). In this study, newborn rats were exposed
to nicotine during the immediate postnatal period. We found
that rats exposed to prenatal and postnatal nicotine exhibited
inflammatory cells infiltration and higher grade of tubular inju-
ries and smaller glomeruli than did rats expose to normal saline.
These results are consistent to those of Sanchez-Lopez et al. (27)
who found that CTGF recruits inflammatory cells and induces
fibrosis in the kidney of mice. Acute kidney injury is common
in neonatal intensive care units (28,29) and premature low birth
weight conveyed a higher risk of developing chronic kidney
injury compared to normal birth weight infants (30,31). These
results suggest that maternal smoking during gestation and/or
lactation may exacerbate acute kidney injury-induced tubuloint-
erstitial injury and progression to chronic kidney disease.

In this study, we found rats exposed to prenatal and post-
natal nicotine displayed significantly smaller mean glomerular
size compared with rats exposed to normal saline on postnatal
day 7. This effect was less obvious on postnatal day 21. The
effect of nicotine on kidney structure was related to the dosage
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and duration of nicotine exposure and the offspring age (5,7,8).
Gao et al. (5) injected nicotine (1 mg/kg/day) to female WKY
rats 2wk before mating until weaning and found comparable
kidney weight, total number of nephrons, and glomerular size
in rat offspring at the age of 26 wk. Toledo-Rodriguez et al. (7)
continuously infused nicotine (6 mg/kg/day) to spontaneously
hypertensive rats (SHR) rats throughout gestation and found
decreased glomerular mass in SHR offspring at the 9 wk of age.
Zarzeck et al. applied cigarette-smoke condensate containing
1 mg of nicotine to oral mucosa of pregnant Sprague-Dawley
rat twice-daily and found lower glomerular volume at 12wk
of age. Extrapolating data from the rodent model to humans
must be treated with caution; however, certain clinical implica-
tions are yielded by the current findings.

Fibrosis is a common response to different kidney injuries
and is characterized by the disproportionate accumulation of
extracellular matrices that replace the normally functioning
parenchyma (32). Kidney fibrosis is a complex condition and
its underlying mechanisms remain largely unknown. Current
concept suggests that abnormal wound healing of the kid-
ney tissue following recurrent injury is the main cause of the
fibrotic response. CTGF is a fibroblast mitogen and promoter
of collagen deposition that acts downstream of transforming
growth factor-B1, particularly regarding its profibrotic effects
(18,33,34). In this study, we found that nicotine exposure dur-
ing gestation and lactation increased total collagen contents

Copyright © 2015 International Pediatric Research Foundation, Inc.
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and CTGF protein expression levels in kidney tissues on post-
natal days 7 and 21. These results suggest that maternal nico-
tine-induced kidney fibrosis is regulated by CTGF.

The limitation of this study is that we do not distinguish
rat pups to male and females. The effects of gender on kidney
injury and fibrosis following maternal nicotine exposure are
unknown. Mao et al. found that maternal nicotine adminis-
tration during pregnancy resulted in comparable decrease in
kidney weight and kidney/body weight ratio between male
and female offspring of 14-d-old and 30-d-old. Diindar et al.
(35) reported similar glomerular size in both male and female
healthy rats exposed to passive smoking after birth. These
studies suggest no gender effects of maternal nicotine on kid-
ney structure during the immediate postnatal period in rats.

In conclusion, we showed that prenatal and postnatal nico-
tine exposure increased total collagen contents in the kid-
neys of rats during the postnatal weeks. The development of
maternal nicotine-induced kidney fibrosis was associated with
increased CTGF expression in rat offspring. These results sug-
gest that CTGF may be involved in the pathogenesis of kidney
fibrosis induced by nicotine exposure. Further investigation,
both in vitro and in vivo, is needed to evaluate the role of CTGF
may provide insights into new preventive strategies in mater-
nal nicotine-induced kidney fibrosis. Overall, these results
suggest that neonatal kidney are sensitive to cigarette smoke,
which may induce the development of kidney fibrosis, and
efforts should be made to discourage women from smoking
during pregnancy and postnatal period.

METHODS

Animals

The Animal Care and Use Committee of Taipei Medical University
approved this study, which was performed with timed pregnant
Sprague-Dawley rats. The kidney tissues used for these experiments
were obtained from a previous study designed to assess lung fibrosis
(36). All rats described in the present manuscript were kept at room
air and were not exposed to 95%/60% O,.

Maternal Nicotine Administration

Nicotine tartrate (Sigma, St Louis, MO) was administrated through
osmotic mini-pump implanted subcutaneously. On the gestational
day 7 of pregnancy, rats were anesthetized with pentobarbital, and
an incision was made on the back to insert osmotic mini-pumps
(Figure 6, 2ML2 and 2ML4; Alzet, Cupertino, CA). The incision
was closed with three sutures. Six pregnant rats were implanted with
mini-pumps containing nicotine at a concentration of 40 ug/pl, and
the other three were implanted with mini-pumps containing only
sterile normal saline, which served as the vehicle control. The mini-
pump delivered nicotine at a dose of 6 mg/kg/day with blood con-
centrations closely resembles those occurring in moderate to heavy
human smokers (37,38). According to the manufacturer’s specifica-
tions, the delivery periods for the mini-pumps are 14 (2ML2) and 28
(2ML4) days; so, nicotine delivery continued at birth (2Nicotine) and
after birth until postnatal day 14 (4Nicotine), respectively. Dams are
housed in individual cages with free access to laboratory food and
water ad libitum, kept on a 12:12-h light-dark cycle, and allowed to
deliver vaginally at term. Maternal nicotine treatment did not affect
the length of gestation.

Experimental Protocol

Within 12h of birth, litters from each treatment were pooled and
randomly redistributed to the newly delivered mothers to eliminate
litter differences and to equalize the number of runts in each group.
Pups were euthanized by intraperitoneal injections of pentobarbital

Copyright © 2015 International Pediatric Research Foundation, Inc.

| Articles

-14d Birth
I Normal saline l
| Nicotine 2 wk I
| Nicotine 4 wk |
| | |
7 0 i 14 2¢;

Gestational age Postnatal age (days)

Figure 6. Diagrammatic representation of the experimental design show-
ing the study timeline and the rat pup treatment groups. lindicates time
of sacrifice.

(100 mg/kg) on postnatal days 7 and 21, and body and kidney weights
were recorded. One kidney per animal was used for histological anal-
ysis and the second one was used for total collagen measurement and
western blot analysis.

Measurement of Total Collagen

Total collagen was determined by assaying total soluble collagen using
the Sircol collagen assay kit (Biocolor, Newton Abbey, UK) as previ-
ously reported (39). Briefly, kidney tissues were homogenized in 5ml
of 0.5 mol/l acetic acid containing 1 mg of pepsin (Sigma Chemical, St
Louis, MO) per 10 mg tissue residue. Each sample was incubated for
24h at 4 °C with stirring. After centrifugation, 100 pl of each super-
natant was assayed. One milliliter of Sircol dye reagent that specifi-
cally binds to collagen was then added to each sample and mixed for
30min. After centrifugation, the pellet was suspended in 1 ml of alkali
reagent (0.5mol/l NaOH) included in the kit, and the optical density
was evaluated at 540 nm with a spectrophotometer.

Histological Examination

The kidney was placed in 4% paraformaldehyde and washed in
phosphate-buffered saline and serially dehydrated in increasing con-
centrations of ethanol before being embedded in paraffin. Seven-
micrometer tissue sections were stained with hematoxylin and eosin
or Masson’s trichrome, examined by light microscopy, and assessed
for the kidney morphology and fibrosis. The histological analy-
sis of the kidney was modified according to suggestions in Toledo-
Rodriguez et al. (7). The sizes of the individual glomeruli located in
the middle cortex and juxtamedullary zone were calculated as the
average of the largest and smallest glomerular diameters within a field
of view; the calculations involved 10+ 5 glomeruli per kidney. Kurus
et al. (40) defined tubular injury as tubular dilation, tubular atrophy,
vacuolization, the degeneration and sloughing of tubular epithelial
cells, or thickening of the tubular basement membrane. Only corti-
cal tubules were used in the scoring system, where 0 = no tubular
injury; 1 = < 10% of tubules injured; 2 = 10%-25% of tubules injured;
3 =26%-50% of tubules injured; 4 = 51%-75% of tubules injured; and
5 =>75% of tubules injured.

Western Blot Analysis

Kidney tissues were homogenized in ice-cold buffer containing 50
mmol/l of Tris-HCI (pH 7.5), 1 mmol/l of ethylene glycol tetraace-
tic acid, 1 mmol/l of ethylenediaminetetraacetic acid, and a prote-
ase inhibitor cocktail (complete mini-tablets; Roche, Mannheim,
Germany). Proteins (30 pg) were resolved on 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis under reducing condi-
tions and electroblotted to a polyvinylidene difluoride membrane
(Immobilon®, Millipore, Bedford, MA). After being blocked with
5% non-fat dry milk, the membranes were incubated with anti-
CTGF (1:2,000, Abcam, Cambridge, UK) or anti-B-actin (1:20,000,
Sigma-Aldrich, St Louis, MO), and then incubated with horseradish
peroxidase-conjugated goat anti-mouse IgG (Pierce Biotechnology,
Rockford, IL). Protein bands are detected using SuperSignal Substrate
from Pierce. Densitometric analysis was performed to measure the
intensity of CTGF and B-actin bands using AIDA software. The den-
sitometry unit of the protein expression in the normal saline-treated
group was assigned as 1 after normalized with B-actin.
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Immunohistochemistry and Semiquantitative Analysis for CTGF
Immunostaining was performed on 7-um thick kidney paraf-
fin sections with immunoperoxidase visualization. After blocking
endogenous peroxidase activity and nonspecific binding of anti-
body, sections were first preincubated for 1h at room temperature
in 0.1 mol/l phosphate-buffered saline containing 10% normal goat
serum and 0.3% H,O, before being incubated for 20h at 4 °C with
goat polyclonal anti-CTGF (L-20) antibodies (1:50 dilutions; Santa
Cruz Biotechnology, Santa Cruz, CA) was used as primary antibod-
ies. The sections were then treated for 1h at room temperature with
biotinylated rabbit anti-goat IgG (1:200, Jackson ImmunoResesarch
Labotories, West Grove, PA). Followed by reaction with the reagents
from an ABC kit (Avidin-Biotin Complex, Vector, CA) as the manu-
facturer’s recommendations, the reaction products were visualized
by incubating with diaminobenzidine. All immunostained sections
were viewed and photographed by Nikon Eclipse E600. During
semiquantitative analysis, the optical density values of the positive
cells showed brown articles or clumps in the cytoplasm. The posi-
tive staining area in the glomeruli and tubules under x400 field
of each section was assessed by using Image Pro Plus 6.0 (Media
Cybernetics, Silver Spring).

Statistical Analysis

Data are presented as the mean + SD. Analysis of difference among
multiple groups was carried out by one-way ANOVA, and signifi-
cance is determined using Bonferroni’s correction for multiple com-
parisons. Differences are considered significant at P < 0.05.
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