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Abstract: In order to explore the possibility of L-carnitine (LC) as a
protector of male fertility in chemotherapy, we observed the damage of
cyclophosphamide (CTX) to Sertoli cells and the protective effect of LC
on the testis Sertoli cells from such damage in this study. Healthy adult
male mice were divided into three groups. Chemotherapy group were
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injected intraperitoneally with the CTX; Protective agent group were
injected both LC and CTX; Control group mice were injected only with
isochoric physiological saline; all once a day for 5 days. After 5 days, the
mice were respectively killed at 24 hr after the last injection. The testis
and epididymis were removed. Epididymis was for sperm analysis
immediately, and immunohistochemistry, RT-PCR and Western blot for
the assessments of occludin, GDNF and TGF-B3 mRNA and protein
expression. The sperm analysis of epididymis showed that CTX can
significantly decrease sperm count and motility; and administration of LC
resulted in significant recovery of the sperm count and sperm motility.
Compared with control group, the expressions of occludin and GDNF
decreased and the expression of TGF-3 increased significantly (P<0.05)
in the CTX group. In the LC+CTX group, the expressions of occludin and
GDNF were higher than those of the CTX group and similar to thos of the
control group; the TGF-B3 expression was lower (P<0.05) than that of the
CTX group and similar to that of the control group. The results of this
study showed that CTX could damage the spermatogenesis and reduce
the expression of occludin and GDNF, and increase the expression of
TGF-B3 in testis of mouse, which indicates CTX’s damage or efficacy to
testis Sertoli cells. LC could protect the Sertoli cells of testis from these
damages caused by CTX, and promote or protect the spermatogenesis.

In conclusion, this study provides meaningful information about the
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possible damage to male fertility by chemotherapeutics and potential of
LC in the protection of male fertility during chemotherapy.
Keywords: cyclophosphamide(CTX), L-carnitine(LC), Sertoli cells,

occludin, GDNF, TGF-33

INTRODUCTION

Gonadal toxicity is a valued problem in chemotherapy of patients
with various malignancies. With the development of diagnosis technology
and treatment, the survival rate of many malignancies has increased
rapidly in recent decades. A subsequent awkward situation that the
survivors have to face is infertility or sub-fertility caused by
chemotherapy[1]. This problem may lead to great physical and emotional
pressure for these patients, and also greatly impact their family life
thereafter.

CTX is a widely used chemotherapeutic alkylating agent. Its
alkylating metabolite, phosphoramide mustard, is responsible for the
therapeutic activity, and produces a wide range of adverse effects
including testicular toxicity[2]. Animal studies have shown that it can lead
to a decreased testicular weight, transitory oligospermia[3], decreased
DNA synthesis in spermatogonia and protein synthesis in spermatids[4].

The mechanism by which CTX causes these damages is not well
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explored. Some reports showed that CTX could disrupt the redox
equilibrium of tissues, which suggests that the biochemical and
physiological disturbances may result from oxidative stress[5]. Biological
compounds with antioxidant properties may protect cells and tissues from
deleterious effects of reactive oxygen species (ROS) and other free
radicals generated during CTX exposure[6]. L-carnitine(LC), a vitamin
substance occurring naturally, also known as Vitamin BT, plays an
important role in energy metabolism of the human body. LC could
eliminate free radicals, protecting sperm cells from oxidative damage[7].

Within the seminiferous epithelium of the testis, somatic Sertoli cells
are known as the ‘nurturing cells’ by aiding germ cells in their
development, proliferation and maturation during spermatogenesis. They
separate the seminiferous epithelium into a basal and an adluminal
compartment through the formation of the blood—testis barrier (BTB) that
is located around the basal of the seminiferous tubule. To evaluate the
functional state of Sertoli cells associated with spermatogenic damage
during chemotherapy in this study, we examined the expressions of
several proteins of Sertoli cells, including occludin, transforming growth
factor-B3 (TGF-B3) and glial cell-derived neurotrophic factor (GDNF);
Occludin is an integral plasma-membrane protein located at the tight
junctions (TJs). Occludin is a series of bands between 62 and 82 kDa,

depending upon the degree of phosphorylation. Together with the group of
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proteins, it is the main component of the TJs. The regulation of occludin
function is known to be greatly influenced by phosphorylation of Serine
(Ser), Threonine (Thr), and Tyrosine (Tyr) residues in the cytoplasmic
tail[8]. TGF-B3 is an important regulating factor of Sertoli cell TJ kinetics[9].
Supplementation with recombinant TGF-B3 may interfere with
well-formed Sertoli cell TJ barrier in vitro[10]. TGF-B3 is known to have
multipotent functions controlling cell proliferation, differentiation and
apoptosis, as well as cell-cell and cell-extracellular matrix
interactions[11]. TGF-B3 apparently was up-regulated at the time of germ
cell detachment from the epithelium and may have mediated its effects to
perturb anchoring junctions in the testis via the Ras/MEK/ERK
pathway[12]. GDNF was the first molecule known to mediate the
self-renewal and differentiation of undifferentiated spermatogonia in a
dose-dependent manner[13, 14]. Secreted by Sertoli cells after birth, it is
an important growth factor that facilitates communication between Sertoli
cells and spermatogonia. GDNF induces the proliferation of
undifferentiated spermatogonia under in vivo and in vitro conditions[15]
and stimulates DNA synthesis in spermatogonia[16]. Tadokoro and
colleagues established that the expression of GDNF by Sertoli cells and
the subsequent proliferation of SSCs were dependent on FSH[17] and
also dependent on Fgf2, tumor necrosis factor alpha (Tnfa) and

interleukin-13 (lI-1B) in vitro[18].
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Whereas the effect of LC on CTX-induced injuries in Sertoli cell
of mouse testis has not been studied, this research was aimed to evaluate
the effect of LC on mice semen parameters such as average number,
motility, viability and mRNA, protein expressions of target protein.
MATERIALS AND METHODS
1. Animals and interventions

Sixty healthy adult (8-10 weeks) male Kunming mice were purchased
from the Experiment Animal Center of Qingdao Drug Inspection Institute
(SCXK (LU) 20130010), weighing 30-35g and fed with normal forage for 7
days. The mice were randomly divided into 3 groups: (1) control group, 20
mice; (2) CTX group, 20 mice (3) LC+CTX group, 20 mice. For the CTX
group, the mice were injected intraperitoneally with CTX once a day for 5
days. For the LC+CTX group, the mice were injected intraperitoneally with
LC and CTX once a day for 5 days, and LC injection was 30 min. earlier
than CTX injection. In the control group, mice were injected
intraperitoneally with an equivalent amount of normal saline.

CTX and LC were obtained from Sigma and dissolved in a 0.9%
saline solution for intraperitoneal injection. The dosage of CTX and LC
was calculated with the formula: dB= dA x(RB / RA) x (WA /WB) " [19].
dB: mouse amount (mg-kg”), dA: human dosage (mg-kg™), RA: body
shape coefficient for the 100, RB: mouse shape factor, as 59; WA: adult

weight, calculated according to 60 kg; WB: mouse body weight, calculated

This article is protected by copyright. All rights reserved.



according to 35 g. Human therapeutic dosage is 16mg-kg’. It was
calculated that the mouse intraperitoneally dosage is 100mg-kg”. LC
dosage is 100mg-kg™.

The animals were killed by cervical dislocation, and the testes and
epididymis were dissected and processed at 24 hr after the last injection.
The testes were immediately rinsed with ice-cold physiological saline,
cleared of the adhering tissues and rinsed with ice-cold physiological

saline. The testes were stored at -80°C until use.

2. Determination and analysis

2.1 Assessment of spermatozoon motility and viability : The caudal
epididymis was dissected and placed in modified Hank’s balanced salt
solution (M-HBSS) for 10 min. at 37°C. The solution was then gently
filtered through nylon gauze and centrifuged for 5 min. at 800 r/min. The
deposit was re-suspended in 1 ml of M199 medium (Abcam Chemical,
USA). 10 ul of spermatozoon suspension was uniformly smeared on to
sheet glass, and the mean number of viable spermatozoa in at least four
of the random squares was counted. The computer-assisted
spermatozoon assay (CASA) with a spermatozoon motility analyzer
(Weili Medical Treatment, China) was used to assess spermatozoon
motility. Those with fast progressive motility (greater than 20 pm/sec.)

were labelled as Level A, and those with modest motility (less than 20
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Mm/sec, greater than 5 pm/sec) were marked as Level B.

Spermatozoon viability was visualized by eosin and nigrosin staining.
Briefly, the spermatozoon suspension was mixed with 1% eosin (0.01
g/ml) and 10% nigrosin (0.1 g/ml), and a smear of the mixture placed on
a clean glass slide, which was allowed to air-dry. The slide was then
observed by light microscopy. Those stained pink were interpreted as
dead spermatozoa and those unstained live spermatozoa. The viability of
spermatozoa was expressed as a percentage.

2.2 Immunohistochemistry staining: occludin(ab31721, Abcam), TGF-33
(ab15537, Abcam), GDNF(ab18956, Abcam), SABC
immunohistochemistry kit (SP-90001, ZSGB-BIO). Firstly, paraffin
sections were dewaxed and incubated 3%H2O> for 10 min., soaked by
PBS for 5 min. Reagent A was dropped on the section to incubate at
room temperature for 10 min., and washing with PBS for 5 min. x 3 times.
Then, respectively, primary Occludin (1:1000), TGF-B3 (1:500), and
GDNF (1:1000) were added to incubate at 37°C for 1 hr, PBS washing 5
min. x 3 times. Secondly, reagent B was added to react at 37°C for 15
min., PBS douching 5 min. x 3 times. Thirdly, reagent C was added to
react at 37°C for 10 min., PBS douching 5 min. x 3 times. Finally, the
sections were coloured by DAB chromogenic reagent and re-stained by
hematoxyllin. The positive cells could be seen under microscope with

their cytopoasm or membrance stained brown.Negative control sections

This article is protected by copyright. All rights reserved.



were stained with 0.1mol/L PBS instead of without primary antibody and
no colour appeared. Under optical microscope magnified 400 times, five
non-overlapping visual fields in each section were randomly selected to
observe under optical microscope of 400 times magnifications, and then
the absorbance value of occludin, TGF-3 and GDNF expression by
Image-Pro Plus software were analysed. The occludin, TGF-3 and
GDNF expression intensity were presented by the positive cell
absorbance value subtracting the background.

2.3 RT-PCR: Trizol extraction kit was purchased from Invitrogen Co. Ltd.
Firstly, 1ml Trizol solution was added into 100 mg testis tissue, standing
5 min. at 4°C, and then centrifuged at 12000r/min for 15 min. to separate
the supernatant into sterile EP tube. Secondly, 0.2ml chloroform was
added, mixed for 15 sec. at room temperature (22°C) and then
centrifuged at 12000r/min for 15 min. to separate the colourless aqueous
phase into another sterile EP tube. Thirdly, 0.5 ml isopropanol was added,
mixed gently and centrifuged at 12000r/min for 15 min. to discard the
supernatant carefully, and then 75% pre-cooled ethanol 1ml was added
to wash RNA precipitation and centrifuged (4°C) at 7500r/min for 5 min.
Then, the supernatant was carefully discarded to dry about 20 min. in a
cupboard (RNA precipitate becomes transparent). Finally, 0.1%
DEPC-H20 100ul was added to dissolve RNA for 10 min. at 57°C in a

water bath. Micro-spectrophotometer (K5500, Beijing Kaiao Tech. Co.,
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Ltd) was used to detect RNA abundance. Primers were synthesized by
Shanghai Yingjiekai & Co.Ltd.

Semi-quantitative PCR was conducted according to Takara
DRRO14A PrimeScript™ RT-PCR kit. Primer sequences for Occludin,
GDNF, TGF-33 and B-actin amplification were: Occludin forward primer
5'-TAT GAT GAA CAG CCC CCC AAT-3', reverse primer 5-TCA GGC
ACC AGA GGT GTT GAC-3'; GDNF forward primer 5-TTG CAG CGG
TTC CTG TGA A-3', reverse primer 5-CAT GCC TGG CCT ACT
TTG TCA-3'; TGF-B3 forward primer 5-AAC ACC CTG AAC CCA GAG
GC-3', reverse primer 5'-TCA CCA CCA TGT TGG ACA GCT-3;

B-actin forward primer 5-GAG ACC TTC AAC ACC CCA GC-3', reverse
primer 5-ATG TCA CGC ACG ATT TCC C-3'. The reactions were
initiated at 95°C for 5 min., followed by 94°C for 30 sec., 58°C (for
occludin) or 60°C (for GDNF) or 61°C (for TGF-B3) or 55°C (for B-actin)
for 30 sec. and 72°C for 30 sec., 35 cycles, then followed by 72°C for 10
min. Electrophoresis: PCR products were separated on 2% agarose gels
and visualized by ethidium bromide staining. The absorbance (A) of
interest gene occludin , TGF-B3 , GDNF, and internal reference -actin
were imaged by Vilber Lourmat gel imaging system and analysed by
Quantity One software. The occludin, TGF-3 , GDNF mRNA expression
level was presented as a ratio of samples A/B-actin A value. The

experiments were repeated at least three times, and results are
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presented as mean * standard deviation (xts).

2.4 Western blot: testis tissue was obtained and grinded in homogenizer
with RIPA lysis buffer (P0O013B, Beyotime Co., Ltd.) on ice, and
centrifuged at 12000r/min for 15 min. to separate the supernatant. The
concentration of the proteins was determined by enhanced BCA protein
assay kit (P0010, Beyotime Co., Ltd.). According to total protein 50 ug,
interest protein were separated by 10% SDS-PAGE electrophoresis,
transferred to a PVDF membrane and sealed for 1 hr by 5% evaporated
skimmed milk. Then, occludin was added (rabbit anti-mouse primary
antibody, ab31721, 1:500), TGF-B3(ab15537, 1:500), GDNF(ab18956,
1:1000), B-actin(mouse anti-mouse primary antibody, TA-09, 1:1000),
overnight at 4°C, TBST washing 10 min x 3 times. Peroxidase labelling
goat anti-rabbit secondary antibodies (Abcam, ZB-2301,1:8000) and
horseradish enzyme marker goat anti-mouse IgG (ZB-2305, 1:10000)
were added to incubate at 37°C for 1 hr. The membrane was taken out
and washed with TBST for 10minx3times, TBS for Sminx2times.
Then,plus A, B liquid developer (1:1) was added and imaged by Vilber
Fusion FX7 imaging system. Quantity One software was used to analysis
the absorbance value (B) of the interest protein occludin (59kD),
TGF-B3(50kD), GDNF(24kD) and internal reference (43kD), and
calculate the relative content of occludin (occludin B/B-actin B value),

TGF-B3 (TGF-B3 B/B-actin B value) and GDNF (GDNF B/B-actin B
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value).The experiment was repeated 3 times and result is presented as
mean + standard deviation (x £s).

3. Statistical analysis

According to SPSS 20.0 software analysis, data were expressed as
meanzstandard deviation (x £s) that multi-groups were compared using
analysis of variance (ANOVA) .

RESULTS

1. Sperm anaylsis of epididymis

1.1 Sperm count. The results showed a significant difference between
average number of sperms in the CTX group compared to the control
group and LC+CTX group (p<0.05) (table 1).

1.2 Sperm viability. Results of alive sperms using eosin-nigrosin staining
indicated a significant decrease of sperm viability in the CTX group
compared with the control group and the LC+CTX group (p<0.05) (table
1).

1.3 Sperm motility. The results for mean percentage of motile sperms in
the studied groups indicated a significant decrease of this parameter in
the CTX group compared with the control and LC+CTX groups (p<0.05).
Compared with the control group, CTX significantly decreased the Level
A and Level B sperm (P<0.05) in the CTX group. However, LC can
efficiently protect sperm degradation (P<0.05) in the LC+CTX group

when compared with the CTX group (table 2).
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2. Immunohistochemical staining

Seminiferous tubules of mouse testes were severely damaged in the
CTX group. There was a progressive loss of occludin and GDNF, while a
gain of TGF-B3, immunostaining from its normal intercellular location at
the basolateral site of Sertoli cells. (The dyes of occludin and GDNF
became light-coloured or absent, while the dye of TGF-3 became
darkened). Immunoreactivity of occludin and GDNF became stronger
and more concentrated; TGF-B3 became weaker in the LC+CTX
groups.(fig. 1)
3.RT-PCR and Western blot

RT-PCR and Western blot were performed to determine the effects
of CTX and LC on occludin, GDNF and TGF-f3 in mouse testes. After
being normalized according to the B-actin signal, CTX significantly
decreased the expressions of occludin, GDNF mRNA and protein,
increased the expressions of TGF-3 mRNA and protein in the CTX
group as compared with the control group (P<0.0%). LC significantly
improved the occludin, GDNF mRNA and protein expressions levels,
decreased signifcantly the TGF-B3 mRNA and protein expressions levels
in the LC+CTX group when compared with the CTX group. (P<0.05; fig. 2

and 3)
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DISCUSSION

Chemotherapy for cancer treatment may result in a temporary or
long-term gonadal damage resulting in sub-fertility or infertility.
Chemotherapeutics kill or destroy the body cells by two main ways: one
is to disrupt the normal DNA synthesis of dividing cells undergoing
meiosis and mitosis by their metabolites[20]; another is to generate
reactive oxygen species to improve the apoptosis or death of the cells[21].
Studies have shown that CTX can cause a noticeable increase in the
apoptotic rate in the testis[22]. Our preliminary data showed that CTX
significantly decreased sperm count and motility. Reduction of sperm
count was mainly attributed to the beginning of testicular tissue damage.

Carnitines are widely distributed in nature and their potential health
benefits have been popularized. It has been found that only the L-isomer
was found bioactive and could accelerate lipid metabolism. LC acts as a
shuttle of the activated long-chain fatty acids into the mitochondria,
where beta-oxidation of the long-chain fatty acids takes place. LC
exhibits a wide range of biological activities including anti-inflammatory,
neuroprotective and antiapoptotic. LC has been found to have an
antiperoxidative effect on several tissues[23]. Pre-treatment with LC
attenuates germinal cells damages in the ischaemia-reperfusion rats and
prevents a further increase in MDA (malondialdehyde) levels[24].

LC is synthesized from the essential amino acids lysine and
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methionine. LC has an antioxidant activity and has been shown to be
effective in diseases characterized by increased oxidative stress. LC
scavenges superoxide anion radical and hydrogen peroxide. LC
stimulates directly the gene and protein expression of endothelial nitric
oxide synthase (eNOS) that is known as antioxidant and
anti-inflammatory [25].

Studies have identified that LC could protect the spermatogenic
process and decrease germ cells apoptosis in the testis[22]. In our study,
administration of LC resulted in significant enhancement in sperm count
as well as motility. Therefore, we could suggest that LC might have
up-regulated the antioxidant status, which in turn degraded CTX-induced
damage in testicular tissue and up-regulated the CTX-reduced sperm
motility.

In testis, germ cells undergo various stages of division circle and will
be easily destroyed on account of its DNA damage. Other somatic cells,
mainly including Sertoli cells and Leydig cells, do not divide further and
are stable and relatively resistant to many environmental factors,
including chemotherapeutics, so they cannot be affected by the DNA
synthesis disturbance during chemotherapy. However, more studies
showed that these somatic cells were also damaged during
chemotherapy[2]. For example, in an animal experiment with CTX

intervention, Sertoli cells underwent morphological and functional
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disruptions resulting in damage of testis blood barrier and abnormal
expression of functional proteins[26]. Further investigation showed that
these effects may have resulted from the oxidation stress generated by
chemotherapeutics[27], and antioxidants could alleviate or avoid this
damage[28]. The exact mechanism has not been completely explained.
In the present study, using immunohistochemistry, RT-PCR and
western blotting, we observed the cytotoxicity of CTX on Sertoli cells of
mouse testis by the expression of occludin, GDNF and TGF-B3. They are
all secreted by Sertoli cells, as extrinsic signals from the surrounding
micro-environment play an important role in spermatogenesis. Occludin
is the main component of TJs and it plays a role in regulating TJs
properties[29]. TGF-B3 might be involved in down-regulating TJs
associated proteins occludin, leading to cell junction reduction[30]. It has
previously been reported that changes in TGF-B3 expression relate to
various disease states[31] and in injury repair processes[32]. Studies in
/n vivo and in vitro models have shown that Cdcl.-induced TJs damages
were related to increases in TGF-B3 mRNA and protein levels in
testicles[33]. GDNF, which is secreted by Sertoli cells, was implicated in
spermatogonial self-renewal because GDNF+/- mice show gradual
spermatogonial depletion[34]. The differentiation and self-renewal of
spermatogonial stem cells(SSCs) can be stimulated and inhibited,

respectively, by the reduction of GDNF expression. Stimulated
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differentiation and decreased self-renewal of SSCs could bring about
stem cell pool depletion and impair the spermatogenesis. The results
showed that the expressions of occludin and GDNF decreased, and the
expression of TGF-B3 increased significantly (P<0.0%) in the CTX group
compared with that of the control group.

In the present study, we treated the mice with LC while they received
CTX and compared the expression of occludin, GDNF and TGF-B3
between the different groups. The results show that the expression of
these proteins in the LC+CTX group was obviously different from that of
the CTX group. In the LC+CTX group, there was significantly high
expression of occludin and GDNF and lower expression of TGF-3,
compared with that of the CTX group (P<0.05). Similar results were
obtained in immunohistochemistry, western blot and RT-PCR with these
three proteins in all groups.

Studies have identified that the testis Sertoli cell may be a possible
testicular target of carnitine activity[35], which demonstrates a direct
action of LC on the metabolism of Sertoli cells. LC influences fat and
carbohydrate metabolism of rat Sertoli cells in primary culture by
increasing fatty acid oxidation, glucose uptake and lactate/pyruvate
secretion. Previous studies have also shown that LC and its derivatives
protect against radiation damage by inhibiting radiation-induced

increasing nitric oxide and malondialdehyde levels and by modulating
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radiation-induced changes in the antioxidant defence mechanisms in rat
tissues[36,37].

From the results of this study, we could draw a conclusion that CTX
might impair spermatogenesis by disrupting protein expression of Sertoli
cells. The expression of occludin and GDNF was suppressed, and the
expression of TGF-B3 was enhanced. LC could resist the damage of CTX
to Sertoli cells by alleviating the decrease of occludin and GDNF and the
increase of TGF-B3. Occludin, GDNF and TGF-B3 are important proteins
or factors for stable or normal micro-environment of seminiferous tubule
in testis. These results suggest that LC might play a protective function
against the toxic effects of CTX, and benefits the protection or recovery

of fertility during and after chemotherapy of tumours.
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tables and figures

Table 1 Spermatozoon count and viability rate

Group density (X106 ml-1) Viability rate (%)

Control 64.622+17.345 38.763+4.857

CTX 32.279+11.012# | 23.468+4.324#*

LC+CTX |43.435+11.446# | 35.597+5.856

Data are expressed as meantSD (/=10). #indicates significant decrease in the CTX or the
LC+CTX group compared with the control group, * indicates significant decrease in the CTX

group compared with that of the LC+CTX group (p < 0.05%).
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Table 2 Spermatozoon motility

Group Level (A%) Level B (%)
Control 3.27410.476 9.39012.642
CTX 1.102+0.625# * |3.218%£1.126# *
LC+CTX |2.3151£0.676 8.481+4.367

Data are expressed as meantSD (/=10). #indicates significant decrease in the CTX or the
LC+CTX group compared with the control group, * indicates significant decrease in the CTX

group compared with that of the LC+CTX group (p < 0.05%).

Figure 1 Immunohistochemistry

Occludin : Compared with the control groups(a), the expression of occludin decreased in the CTX
groups(b) and LC+CTX groups(c).The expression in the LC+CTX groups was obviously more
than that of the CTX group. Seminiferous tubule cross-sections of testis of mouse(x400). Scale

bars = 100um.
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GDNF: Compared with the control groups(d), the expression of GDNF decreased in the CTX
groups(e) and LC+CTX groups(f). The expression in the LC+CTX groups was obviously more than
that in the CTX groups. Seminiferous tubule cross-sections of testis of mouse(x400). Scale bars =

100um.

TGF-B3: Compared with the control groups(g), the expression of TGF-B3 increased in the CTX
groups(h) and LC+CTX groups(i).The expression in the LC+CTX groups was obviously less than
that in the CTX groups. Seminiferous tubule cross-sections of testis of mouse(x400). Scale bars =

100um.
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Figure 2 RT-PCR
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Semiquantitative RT-PCR analysis of the effect of CTX and LC on testicular TJs protein
occludin,GDNF and TGF-B3 mRNA expression. (A) RT-PCR result; (B)Semiquantitative analysis
of the RT-PCR products. Relative amounts of RT-PCR products of occludin, GDNF and TGF-3

were calculated by dividing by the internal controls, B actin. The values are means +S.D. (n=10).

Figure 3 Western blot
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Expressions of occludin, GDNF and TGF-B3 protein in the testes determined by western blot
analysis (C) and their respective quantitative analysis presented as bar graphs (D). Relative
amounts of western blot products of occludin, GDNF and TGF-33 were calculated by dividing by

the internal controls, B-actin. The values are means £S.D. (n=10).
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