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Abstract

Objectives: Patients with steroid-resistant nephrotic syndrome have a high risk of developing chronic renal failure.
Cyclosporine A used in treatment is nephrotoxic. Data on the efficacy of mycophenolate mofetil used in the treatment
are insufficient. New treatment options should be explored. Our research aims to investigate the effectiveness of cy-
closporine A, mycophenolate mofetil, vitamin A, D, E, N-acetyl cysteine and their combinations in rats with nephrotic
syndrome.

Methods: The research was conducted with 48 adult male rats of the Wistar-albino. To induce nephrotic syndrome, two
doses of adriamycin were administered to all rats 20 days apart. Serum creatinine, albumin, cholesterol, triglyceride,
total oxidant status, total antioxidant status, protein in urine, creatinine, and creatinine clearance were analyzed in rats.
Glomerulosclerosis index, total injury score, interstitial fibrosis score, TGF-and osteopontin analyzes were performed
within the scope of the histopathological evaluation.

Results: At the end of the study, the lowest 24-hour urine protein was found in group B (cyclosporin A + vit ACE), and
the highest 24-hour urine protein in group C (mycophenolate mofetil). The highest serum creatinine, triglyceride, and
cholesterol and the lowest serum albumin levels are in group A (cyclosporine A). The lowest serum creatine, triglycer-
ide, and cholesterol and the highest serum albumin levels are in group D (mycophenolate mofetil + vit ADE).
Conclusion: It has been observed that vitamin ACE added to cyclosporine A treatment reduces cyclosporine A neph-
rotoxicity, and vitamin ACE added to mycophenolate mofetil contributes positively to renal histopathological findings.
Keywords: Nephrotic syndrome, Cyclosporine A, Mycophenolate mofetil, Vitamins A, D, E, N-Acetyl cysteine.
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Nephrotic syndrome (NS) is a disease characterized by
intense proteinuria, hypoalbuminemia, hyperlipidemia,
and edema findings resulting from impaired protein per-
meability of glomeruli. Focal segmental glomerulosclerosis
(FSGS), renal histology that is more common in patients with
steroid-resistant nephrotic syndrome (SDNS), is a poor prog-
nostic sign. The probability of response to the immunosup-
pressives used is low, and side effects are common.

Today, the use of complementary therapies is accepted in cas-
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es where there is no response to immunosuppressives. There
is a need for new options that are effective and have no side
effects in the treatment of NS. New immunosuppressives or
new complementary therapies should be researched.””

By using adriamycin on rats, an NS model with FSGS histol-
ogy can be created. Adriamycin-induced NS pathogenesis
includes apoptosis. Damage develops in the visceral epithe-
lial cells of the glomeruli, resulting in severe proteinuria, glo-
merular sclerosis, and diffuse tubulointerstitial damage.*#
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Widely used in transplantation patients, cyclosporine A
(CsA) has an antiproteinuric activity and is used in the SDNS
treatment. However, vasoconstriction and tubulointerstitial
fibrosis in the kidneys limit its use.>s!

Mycophenolate mofetil (MMF), the most commonly used
immunosuppressive with CsA, has an antiproteinuric prop-
erty. Recently, it has been tested in the treatment of steroid-
dependent NS. It shows its antiproteinuric effect through
vascular cellular adhesion molecule-1 (VCAM-1). MMF has
no known nephrotoxic properties to date and is accepted
as a renoprotective agent. Animal experiments in MMF and
NS models are few and comparative studies with other im-
munosuppressives are required.”!

Antioxidants can be considered as an option to increase
the effectiveness of immunosuppressives and reduce their
side effects. The antioxidant, immunomodulatory and anti-
fibrotic properties of vitamins A, D, and E (vit ADE) and N-
acetylcysteine (NAC) have been the subject of various stud-
ies, but the effects of their combined use have not been
adequately studied.®

In SDNS patients, oxidative stress occurs in the kidney tis-
sue with the effect of nephrotoxic drugs such as CsA. Cor-
respondingly, free oxygen radicals concentrate at the tissue
level and trigger a series of immune reactions. As a result,
fibrosis developing in the kidney tissue progresses to scle-
rosis and end-stage renal disease (ESRD) develops.”!

Due to its antioxidant and antifibrotic properties, vit ADE
may be an effective complementary treatment option for
NAC, SDNS. Itis evaluated that the efficacy of treatment can
be increased and the side effects of immunosuppressives
can be reduced by adding a combination of vit ACE to im-
munosuppressives in NS-induced rats. In addition, vit ACE
and NAC may be effective in the treatment of NS-induced
rats in cases where immunosuppressive therapy cannot be
given.

Our aim is to examine the efficacy and side effects of vita-
min vit ADE, CsA, MMF, and NAC alone or in combination
in rats with NS. For this purpose, laboratory markers of NS,
renal function tests, and renal histopathological findings
were analyzed.

Methods

48 adult male rats of the Wistar-albino breed, weighing 200-
300 g, were included in the study. Six groups were formed,
with eight rats in each group. On the first day, all rats were
placed in metabolic cages and their urine was collected,
and the next day, blood samples were taken from their tail
veins under light anesthesia. These urine and blood sam-
ples used were used as controls. Adriamycin (Adriblastina;
Pharmacia Upjohn Milano, Italy) was administered intrave-
nously at a dose of 2 mg/kg to all rats in the tail vein on days
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1 and 21 3. Working groups are organized as follows:
Group A: CsA

Group B: CsA+Vit ADE

Group C: MMF

Group D: MMF+Vit ADE

Group E: Vit ADE

Group F: NAC +Vit ADE.

All treatments were started on the 22" day after the second
dose of adriamycin. CsA 25 mg/kg/day (Sandimmun Neoral;
Sandoz Ltd. Basel, Switzerland) via nasogastric tube (NGS),
MMF (Cellcept; Roche Pharmaceuticals Basel, Switzerland)
20 mg/kg/day with NGS, vit A 10 mg/kg /day (Roaccutane;
Roche Pharmaceutical Basel, Switzerland) with NGS, vit D3
0.5 mcg/kg/ga (Calcijex; Abbott Laboratories North Chi-
cago, USA) intraperitoneally, vit E 600 mg/kg/day (Evigen;
Aksu Farma Medical Products Pharmaceuticals) Sanayi AS
Istanbul, Turkey) subcutaneously, NAC 40 mg/kg/day (As-
sist; Hiisnii Arsan ilaclan AS Istanbul, Turkey) intraperito-
neally. All drugs given by nasogastric tube are given in 0.5
mL olive oil to facilitate absorption and to give in the same
volume. Doses and routes of administration of drugs were
taken from reference studies in the literature.'*4

The rats were fed with normal rat chow and tap water
throughout the experiment, no water and feed restrictions
were applied. Their weights were measured twice a week
and their systolic blood pressure once a month. The signals
received with the pressure probe attached to the tail were
transferred to the computer via the MP 100A-CE data ac-
quisition system (BIOPAC Systems, CA-USA) and the MAY-
BPHR200 unit, and the measurements were made with the
pressure traces drawn with the “Acknowledge” package
program. Measurements were continued until the end of
the experiment. Three successful measurements were aver-
aged each time.

The duration of treatment was determined as 16 weeks.
Blood and 24-hour urine samples of the rats were collected
once before the treatment and five times after the treat-
ment, at the 4™, 8t, 12t and 16" weeks. All blood and urine
samples were stored at -70 °C until a biochemical study was
performed.

Serum and urine creatinine levels were measured using the
Roche rate-blanked and compensated Jaffe method using
original Roche kits. Simultaneous 24-hour urine volumes
with serum and urine creatinine and creatinine clearances
according to the body surface of rats were calculated as ml/
min/1.73m2 Serum total protein and albumin levels were
measured spectrophotometrically using original Roche
kits. Serum total cholesterol and triglyceride levels were
measured by the enzymatic spectrophotometric method
using original Roche kits. Urine total protein levels were
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measured using the turbidimetric method, using original
Roche kits. All measurements were made on a modular PPP
autoanalyzer (Roche Diagnostics, GmbH, Mannheim), re-
sults are given in mg/dL or g/dL.

Serum total oxidant status (TOS) and serum total antioxi-
dant status (TAS) analyzes were performed spectrophoto-
metrically on a V-Twin autoanalyzer (Dade Behring, Syva,
Marburg, Germany) using the Erel method. The results are
given in umol H,O, Equiv./L and pmol Trolox equivalent/L,
respectively.l’>®

Since studies in the literature reported that glomeruloscle-
rosis and tubulointerstitial damage occurred at the 16
week in NS models created with adriamycin, the rats were
sacrificed at the end of the 16" week. The kidneys were re-
moved and weighed, fixed with 6% neutral formalin, and
then covered with paraffin. Sections with a thickness of 3
mm were stained with hematoxylin-eosin, Masson's tri-
chrome, TGF-f3, and osteopontin (OPN) and evaluated by
pathologists.

To determine the degree of glomerular sclerosis, the semi-
quantitative scoring method of Raij et al. was used. With this
method, the glomerular sclerosis index (GSI) and the total
injury score (THS) for each preparation were calculated. GSI
was calculated by taking the average of the total score of 20
glomeruli for each rat kidney section in hematoxylin-eosin-
stained preparations. If the lesion covers less than 25% of
the glomeruli, it is scored as 1(+), if 25-50% is scored as 2(+),
if 50-75% is scored as 3(+), if 75-100% is scored as 4(+). For
example: If 12 out of 20 glomeruli have 1(+), 1 have 2(+), 1
have 3(+) lesions and 6 glomeruli have no damage, it is cal-
culated as 0.85 by dividing the total score of 17 by 20. The
injury score was determined by multiplying the degree of
injury [from 0 to 4(+)] by the percentage of glomeruli with
the same degree of injury. THS for each tissue sample was
obtained by summing these scores. As an example: in a tis-
sue sample, if 9 out of 20 glomeruli have 1(+), one has 2(+)
lesions and 10 glomeruli have no lesions, THS for this ex-
ample is [(1x9/20)+(2x1/20)+(0x10/20) )] x 100 = 55.1""1

In preparations stained with Masson's trichrome for inter-
stitial fibrosis scoring (IFS), fibrotic areas in the cortical and
corticomedullary region over the tubulointerstitial area
were counted. Spots taking dye in the medullary region
were not evaluated. The degree of interstitial fibrosis was
determined by the standard point counting method using
the ocular grid. A 21x21 ocular grid containing 441 points
was placed on the ocular part of the light microscope, and
the points falling on the painted area were counted with
Masson's trichrome at 40 magnifications. The arithmetic
means of the results of 10 consecutive regions that do not
intersect in the interstitial area in the biopsy samples was
calculated as IFS.

Interstitium for TGF-f staining and tubules for OPN staining
were evaluated. The areas stained with TGF- and OPN on
the tubulointerstitial area in the cortical and corticomedul-
lary region were counted using the standard point count-
ing method using the ocular grid. A 21x21 ocular grid con-
taining 441 points was placed on the ocular part of the light
microscope, and the points falling on the stained area with
TGF- and OPN at 40 magnifications were counted. The
arithmetic means of the results of 10 consecutive regions
that do not intersect in the tubulointerstitial area in the bi-
opsy samples was calculated as TGF-f3 and OPN scores.

The data of each group were compared within and between
groups, and which treatment combination was more effec-
tive was investigated. Mann Whitney U test was used for
statistical comparison of data between groups. Data evalu-
ations within the groups according to the weeks were made
by analysis of variance in repeated measurements, and the
differences were compared with the Bonferroni correction.
Meanzstandard deviation (+SD) was given as descriptive
statistics, and p<0.05 was accepted as significant.

Results

The drugs given in our study (CsA, MMF, Vit ADE, NAC) were
well tolerated by the subjects. During the study, a total of
six rats, two from group A, three from group B, and one
from group F died and were not included in the analysis.

1. Body Weight Tracking of Rats

The increase in body weights in group A (CsA) and group B
(CsA+vit ADE) rats was found to be the lowest in all groups
atthe end of the 16th week. There was a significant increase
in body weights between the 4" and 8" weeks in group A
(CsA), group D (MMF + Vit ADE), and group E (vit ADE) rats,
and a significant decrease in group B (CsA + vit ADE) rats.
In Group C (MMF) rats, a significant increase in body weight
was detected between the 8" and 12" weeks.

2. Kidney Weights

Mean kidney weights were determined as group A:
1.18+£0.11 g, group B: 1.48+0.33 g, group C: 1.20+£0.17
g, group D: 1.35+0.22 g, group E: 1.23+0.08 g, group F:
1.31£0.10 g. There was no significant difference between
the groups in terms of kidney weights.

3. Systolic Blood Pressure Values

The mean systolic blood pressures of the groups were simi-
lar at 0, 4, 8, and 12 weeks. In Group E (vit ADE) rats, mean
systolic blood pressures at week 16 were found to be signif-
icantly higher than their measurements at weeks 8 and 12.
Again, mean systolic blood pressures of group E (vit ADE) at
week 16 were found to be significantly higher than group A
(CsA) and group C (MMF).



4, 24-Hour Urine Volumes

Urine volumes of group A (CsA) and group B (CsA + vit ADE)
rats were significantly reduced compared to other groups,
especially at 16 weeks. Urine volumes of group C (MMF)
and group D (MMF+vit ADE) rats were found to be higher
at 16 weeks compared to other groups.

5. Proteinuria Levels

In Group A (CsA) rats, 24-hour urine protein levels at week
4 were found to be significantly lower than all other groups
but increased significantly at week 12. Group C (MMF) rats
at week 16 and Group D (MMF+vit ADE) at week 12 had
significantly higher 24-hour urine protein levels.

The lowest 24-hour urine protein values were in group A
(CsA) at week 4, group D (MMF+vit ADE) at week 8, group
E (vit ADE) at week 12, and group E (CsA+) at week 16. vit
ADE) was measured.

6. Serum Albumin Levels

Among the groups, serum albumin levels of group B
(CsA+vit ADE) were found to be significantly lower than
group E (Vit ADE) only at week 16. Although not statisti-
cally significant, serum albumin levels of group D (MMF+vit
ADE) rats at week 16 were significantly higher than group A
(CsA) and group B (CsA+vit ADE) rats.

7. Serum Cholesterol Levels

Serum cholesterol levels of Group D (MMF+vit ADE) at
8, 12, and 16 weeks were lower than all other groups. Of
these, group A (CsA) at weeks 8, 12, and 16; group B (CsA +
vit ADE) at weeks 12, and 16 are significant.

8. Serum Triglyceride Levels

Serum cholesterol levels of Group D (MMF+vit ADE) at
8, 12, and 16 weeks were lower than all other groups.
Serum triglyceride levels of group A (CsA) and group B
(CsA+vit ADE) were higher than all other groups at 12
and 16 weeks.

9. Serum Creatinine Levels

Serum creatinine levels of Group A (CsA) at 4, 8, 12, and
16 weeks were higher than all other groups. In addition,
the height at the 8th and 16th weeks is statistically signifi-
cant. Group B (CsA+vit ADE) serum creatinine levels were
significantly lower than group A (CsA) at 8 and 16 weeks.
Serum creatinine levels of Group C (MMF) and Group D
(MMF+vit ADE) remained at constant levels throughout
the study.

10. Creatinine Clearance
Group A (CsA) 8"-week creatinine clearance was lower than
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group B (CsA+vit ADE), group C (MMF), and Group D, Group
D (MMF+vit ADE) 12%-week creatinine clearance was sig-
nificantly lower than group B (CsA+vit ADE) is significantly
low. The creatinine clearance of group C (MMF) and group D
(MMF+vit ADE) at weeks 8 and 16 were significantly higher
than group A (CsA) and group B (CsA+vit ADE). In addition,
the highest creatinine clearance measurements at week 16
were in Group C (MMF) and group D (MMF + vit ADE), the
lowest measurements were in group A (CsA), group B (CsA
+ vit ADE), and group F (NAC + vit ADE).

11.a.TOS

The mean serum TOS values of the groups according to
the weeks are shown in Table 1. Group F (NAC + vit ADE)
mean serum TOS levels were higher than group A (CsA) and
group D (MMF+vit ADE) at 4, 8, and 16 weeks, and group C
(MMF) at 8 and 16 weeks. The mean TOS values of group E
(vit ADE) at week 16 were significantly higher than group C
(MMF) (Table 1).

11.b. TAS

The mean serum TOS values of the groups according to the
weeks are given in Table 2. The mean serum TAS levels of
group A (CsA), group C (MMF), group D (MMF+vit ADE), and
group E (vit ADE) at week 16 were significantly higher com-
pared to group F (NAC + vit ADE) (Table 2).

12. Histological Evaluation

In Table 3, the descriptive statistics of the groups are giv-
en as meanz=SD. In addition, the p values obtained in the
histopathological examinations of the groups are given in
Table 4.

12.a. GSI

The lowest GSI value is in group E (vit ADE). GSI value of
group E (vit ADE) was found to be significantly lower
than group A (CsA), group D (MMF+vit ADE) and group F
(NAC+vit ADE) (Tables 3 and 4).

12.b. Total damage score (TDS)

The lowest mean TDS was found in group E (vit ADE). TDS
value of group E (vit ADE) was found to be significantly low-
er than group A (CsA), group D (MMF+vit ADE) and group F
(NAC+vit ADE) (Tables 3 and 4).

12.c. IFS

The lowest mean IFS was detected in group D (MMF+vit
ADE). Mean IFS of group A (CsA) versus group F (NAC+vit
ADE), mean IFS of group B (CsA+vit ADE) and group D
(MMF+vit ADE) versus group E (vit ADE) were found to be
significantly low (Tables 3 and 4).
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Table 1. Serum Total Oxidant Status (TOS) Levels (umol/L). In comparisons between and within groups, only significant p values are shown.

WEEK CsA (A) CsA+Vit ADE (B) MMF (C) MMF+Vit ADE (D) VitADE(E) Vit ADE+NAC(F) p (Intergroup)
0 19.01+9.33 33.56+26.01 22.63+5.89 24.56+8.24 21.63+2.68 19.11£8.00 p>0.05
4 16.66+3.97 20.06+4.25 20.67+9.88 16.99+2.95 15.53+2.67 29.86+16.16 A-F=0.04
B-E=0.02
D-F=0.02
E-F<0.01
8 21.87+8.70 21,48+6.80 22.28+7.80 16.40+3.71 23.06+7.58 32.54+15.21 A-F=0.04
C-F=0.03
D-F<0.01
12 37.57£12.36 38.40+15.31 33.25+14.2 24.00+8.88 34.81+21.4 36.43+27.19 p>0.05
16 17.25+5.28 29.66+18.55 17.01+3.68 21.28+6.00 25.83+11.27 40.79+21.25 A-F<0.01
C-E=0.03
C-F=0.02
D-F=0.01
E-F<0.01
p (in-group) 4-12=0.01
8-12 <0.01
12-16=0.01 p>0.05

Table 2. Serum Total Oxidant Status (TAS) Levels (umol/L). In comparisons between and within groups, only significant p values were shown

WEEK CsA (A) CsA+Vit ADE (B) MMF (C) MMF+Vit ADE (D) Vit ADE (E) Vit ADE+NAC (F) p (intergroup)

0 3.03+0.03 2.79+£0.46 3.00£0.13 2.70£0.35 2.94+0.24 2.93+0.29 p>0.05

4 2.96+0.28 2.86+0.28 3.03£0.18 2.75+0.48 2.79+0.43 2.30+0.97 p>0.05

8 2.33+0.91 2.80+0.17 2.47+0.76 2.82+0.32 2.53+0.76 2.14+0.88 p>0.05

12 2.13+0.77 2.54+0.33 2.65+0.44 2.92+0.30 2.31+0.62 2.29+1.08 p>0.05

16 3.08+0.13 2.94+0.52 2.98+0.31 2.98+0.21 2.92+0.33 2.22+0.82 A-F <0.01
C-F=0.02
D-F=0.01
E-F <0.01

p (in-group) 12-16=0.04 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

12.d. Degree of Staining with TGF-8

The lowest mean TGF-B score was found in group D
(MMF+vit ADE). The mean of staining with TGF-f in group E
(vit ADE) is significantly higher than group A (CsA), group C
(MMF), group D (MMF+vit ADE) and group F (NAC+vit ADE)
(Tables 3 and 4).

12.e. Degree of Staining with OPN

No significant difference detected between the groups in
terms of the degree of staining with OPN.

Discussion

In previous studies using the adriamycin dosing regimen,
renal function was well preserved up to week 16 then im-
paired, creatinine clearance decreased after 20 weeks.®

In our study, at the end of the 16" week, the lowest 24-hour

urine protein was found in group B (CsA+vitamin ACE). The
group with the highest serum creatinine level is group A
(Csa), and the group with the lowest serum creatinine level
is group D (MMF+vitamin ACE) after 20 weeks.

In a study performed in rats by generating passive Heyman
nephritis, proteinuria and serum creatinine levels were
compared by administering CsA and MMF. Although pro-
teinuria decreased, serum creatinine levels were found to
be higher in rats receiving CsA. In our study, serum creati-
nine was found to be significantly higher in the group re-
ceiving CsA compared to the other groups. However, both
the decrease in GFR and decrease in serum albumin may
have reduced proteinuria relatively. Again, consistent with
this study, the lowest serum creatinine and creatinine clear-
ance values were detected in group C (MMF).l"

In an experimental study in which crescentic glomerulo-
nephritis was generated in rats, a significant improvement



Table 3. Descriptive statistics of the histopathological examination

data of the groups.
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Table 4. Results of analyzes of intergroup comparisons of
histopathological data (only lines with significant difference
between groups are given)

Histopathological Group Mean+SD
examination GROUPS GSI TDS IFS TGF-B OPN
GSI A (CsA) 0.3071+0.2317 A-E 0.03 0.03 > 0.05 0.015 > 0.05
B (CsA+Vit ADE) 0.2125+0.1493 A-F > 0.05 > 0.05 <0.01 >0.05 >0.05
C (MMF) 0.5750£0.7941 B-E > 0.05 > 0.05 0.026 >0.05 >0.05
D (MMF+Vit ADE) 0.3563+0.2382 C-E > 0.05 > 0.05 >0.05 0.031 >0.05
E (Vit ADE) 0.1313£0.0703 D-E 0.044 0.044 0.044 <0.01 >0.05
F(Vit ADE+NAC) 0.7071£0.7155 E-F <0.01 <0.01 >0.05 0,011 >0.05
TDS A (CsA) 0.3071+0.23171
B (CsA+Vit ADE) 0.2125x0.1493 was created, and vitamins A, D and E were given to different
C (MMF) 0.5750+0.7941 . .
D (MMF-4Vit ADE) S groups. Al.though tissue damage decre'ased in all grqups,
E (Vit ADE) 0.131340.07039 the Igast tissue damage was observed in the group given
F(Vit ADE+NAC) 07071+07155  Vitamin %
IFS A (CsA) 0.4857+0.3387 In our study, the renal damage score of group E (Vit ADE)
B (CsA+Vit ADE) 0.4250+0.2362 was found to be significantly lower than groups A, D and
C (MMF) 1.1375+1.5954 F. The lowest serum creatinine level was detected in group
D (MMF+Vit ADE) 0.6000+0.1690 D (MMF+ADE). In NS, kidney injury is associated with the
E (Vit ADE) 0.9000+0.3703  severity of proteinuria. In this context, it is significant that
F(Vit ADE+NAC) 2.0000+1.6901 the lowest 24-hour urine protein was detected in group B
TGF-B A (CsA) 9.9714£2.3019 (CsA+vit ACE). Proteinuria was found to be higher in rats re-
SIS AT AOE) UL UIEE TS ceiving MMF alone compared to those receiving MMF+vit
N (MMF) 11.5250£3.5370 A CE ot 4, 8 and 16 weeks without significant difference. This
D (MMF.+V't ADE) 7162557328 finding shows that the positive contribution of adding vit
E (Vit ADE) 16.1875+4.4144 .
F(Vit ADE+NAC) e ACE to the treatment can be questioned.
OPN A (CsA) 19.7333+4.4410  In the above-mentioned study, positive effects of vita-
B (CsA+Vit ADE) 15.6000+7.8048 mins (A, D, E) were observed by using them separately in
C (MMF) 12.3000+7.0714  nephrectomized rats. Again, although there are studies on
D (MMF+Vit ADE) 16.1750+6.7588  the use of different antioxidants and vitamins separately
E (Vit ADE) 13.4625+4.8062 together with CsA, no study was found in which all three
F(Vit ADE+NAC) 16.0714£5.5616  vitamins were used together.'?

was found in proteinuria with MMF administration. In our
study, proteinuria was found to be higher at 4, 8 and 16
weeks and lower at 12 weeks in the group receiving MMF
compared to the group receiving CsA.l'®

In our study, the lowest serum creatinine and optimal creati-
nine clearance levels were detected in group C (MMF). These
data show that group Cis the group in which renal damage
has the least reflection on kidney functions. The lowest se-
rum triglyceride levels were detected in group D (MMF+ADE)
and the highest in groups A and B, which received CsA. This
shows the increase in lipid peroxidation and ROS in rats re-
ceiving CsA and possible renal damage. The fact that serum
cholesterol levels are at the lowest level suggests that group
D (MMF+ADE) may be a good treatment option against the
risk of steroid hypercholesterolemia.

In one study, rats were nephrectomized and kidney failure

In our study, no significant change was observed in TOS,
which is an indicator of oxidative tissue damage, and TAS
values, which give an idea about antioxidant levels, with
the addition of vitamin ACE combination to CsA treatment.
However, TAS values at the 16th week of the study showed
a statistically significant increase in the group receiving
only CsA.

NAC is the precursor of glutathione, one of the most im-
portant antioxidants. Glutathione is in high concentra-
tion in kidney tissue. NAC has entered into classical use in
the treatment of radiocontrast nephropathy with its anti-
oxidant and tissue damage reducing effects. In rats given
adriamycin, its use with vitamin E significantly reduced
nephrotoxicity. In another study, nephrotoxicity induced
by administration of CsA to rats was significantly reduced
by administration of NAC.['9-2")

In our study, in rats given NAC + vitamin ACE combination,
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TOS was found to be significantly higher, TAS significantly
lower, and creatinine clearance was lower. According to
these data, it was evaluated that the combination of NAC
+ vitamin ACE did not contribute to the treatment in rats in
which we created NS in the FSGS model with adriamycin.

In one of the similar studies, nephrotoxicity was created with
gentamicin in rats. Rats were treated with a combination of
NAC + vitamin ACE, and the values indicating kidney func-
tions improved. In another study, rats with nephrotoxicity
caused by cisplatin were treated with vitamin E, erythropoi-
etin and NAC. According to the results of the study, only vi-
tamin E among the agents reversed the increase in nitrite or
nitrate levels from the findings of nephrotoxicity.?>?*!

It is possible that the difference in results between our
study and the two studies is due to the difference in the
designs of the studies. The results of the other study are
compatible with our study. Although these studies are sim-
ilar to ours, studies with NAC+vitamin ACE combination
are very limited in the literature. This increases the original
value of our work.

In one of two different studies, heyman's nephritis was creat-
ed in rats, and in the other, NS in the FSGS model was created
with adriamycin. In both studies, weight gain was detected
in rats by week. However, the results of another study are in
line with those obtained in our study. In the study, nephro-
toxicity was induced by adriamycin in rats. According to the
results obtained, the body weights of the rats increased with
treatment with some agents, but decreased with others.
Some of these changes are statistically significant.’?+2®

In our study, the 8" week weights of groups A, Band D were
found to be significantly lower than their 4 week weights.
In addition, when the body weights of group A and B rats
receiving CsA were compared, it was evaluated that the
combination of vitamin ACE added to CsA did not contrib-
ute positively to body weight.

A study was conducted to analyze the protective effect
of the dipeptidyl peptidase-4 (DPP4) inhibitors sitagliptin
and linagliptin from kidney toxicity. The rats that gener-
ated nephrotoxicity with doxorubicin were treated with
these agents. In rats that developed nephrotoxicity, hyper-
tension and proteinuria developed in a short time. Of the
agents, only linagliptin reversed hypertension. In another
study, rats induced nephrotoxicity with doxorubicin were
treated with two different agents and their combinations.
The results showed that high blood pressure resulting from
nephrotoxicity did not decrease with combined therapy,
and the use of an agent alone was more effective.’?” 2!

In our study, 16™ week systolic blood pressures of group E
rats receiving vit ACE were found to be significantly high-
er. It has been observed that the use of vitamin ACE alone

does not contribute to the treatment of NS. It was observed
that systolic blood pressure values remained at normal lev-
els, although there were differences between the groups.

The urine volumes of groups A and B receiving CsA at week
4 were found to be lower than those of group E (vit ADE)
and group F (vit ADE+NAC). However, on the contrary, it
was observed that the urine volumes of groups A and B in-
creased at 12 weeks. In addition, while the urine volumes of
group A receiving CsA at week 16 decreased compared to
all other groups, no decrease was observed in group B re-
ceiving CsA + vit ACE. Addition of vitamin ACE to CsA made
a positive contribution to urine volume. The lowest urine
protein is also in group B. In the treatment of experimental
NS, the addition of vitamin ACE to CsA resulted in both a
decrease in proteinuria and an increase in urine output.

Proteinuria was also lowest in groups A and B who received
CsA. Serum albumin levels were higher in groups D and
E receiving MMF compared to groups receiving CsA. Al-
though there were rat losses in the groups receiving CsA
(2 from A, 3 from B), there was no loss of rats in the groups
receiving MMF. In addition, TOS levels, which are indicators
of oxidative tissue damage, were lower in groups receiving
MMF than in other groups. As a result, mortality and mor-
bidity rates of MMF treatment are lower than CsA in rats in
which we created NS in the FSGS model with adriamycin.

TGF-f is a potent fibrogenic factor and is a determinant
in the pathogenesis of glomerulosclerosis. TGF-B is a che-
moattractant for fibroblasts and stimulates fibroblast pro-
liferation and synthesis of extracellular matrix proteins in
epithelial cells. TGF-B directly reduces the activity of me-
talloproteinases that break down extracellular matrix pro-
teins. In addition, it inhibits the destruction of extracellular
matrix proteins indirectly by increasing the effect of metal-
loproteinase tissue inhibitors.[2%3%

A study was conducted to examine the effect of gliotoxin
on immunological and histological changes in the kidney
using animal models. Accordingly, the increase in gliotoxin
concentrations triggered TGF-f expression in the kidney.
Immunohistochemical studies have revealed that increased
TGF-B3 expression has a significant relationship between
immunoreactive cell density and the number and size of
lesions in the tissue. TGF-f3 expression was investigated in a
study examining the role and underlying mechanism of lo-
tensin in the late stages of chronic renal failure. It has been
determined that lotensin protects against chronic kidney
disease in rats through downregulation of TGF-{3.5'32

In our study, although the lowest level of staining with
TGF-B was not statistically significant, it was detected in
the D group which received the combination of MMF and
vitamin ACE.



In various studies, nephropathy was created in rats with dif-
ferent methods and the effects of vitamins A, D and E used
in the treatment were analyzed. Accordingly, the GSI de-
creased significantly with the administration of vitamins A,
D and E. Consistent with all these studies, in our study, the
lowest GSI was found in group E rats receiving only vitamin
ACE combination.333¢

The lowest IFS among all groups was found in group B who
received a combination of vitamin ACE in addition to CsA.
Renal histopathological scores (GSI, TDS, IFS) of group A
and C rats receiving only CsA and MMF were significantly
higher than the scores of groups B and D, in which vitamin
ACE combination was added to CsA and MMF. According
to these results, adding vitamin ACE combination to treat-
ment reduces CsA nephrotoxicity and provides a renopro-
tective contribution to MMF treatment.

OPN is a 44 kilodalton phosphoprotein molecule normally
secreted from the distal tubules. However, in renal patholo-
gies with interstitial fibrosis (IgA nephropathy, lupus ne-
phritis, membranous nephropathy, etc.), it is also secreted
from the proximal tubules and is thought to be a chemo-
tactic adhesive molecule for macrophages.?”

It has been shown that kidney injury increases osteopontin
expression in all kidney tubules and glomeruli. OPN is an
early marker of tubular damage in experimental nephrotic
syndrome. Puromycin aminonucleoside induces NS in rats.
OPN mRNA was increased in the glomeruli of NS-induced
rats with puromycin aminonucleoside. Consistent with
these findings, a significant correlation was found between
proteinuria and OPN expression in the kidney.84%

In our study, the lowest staining levels with OPN in all
groups were detected in group C rats receiving MMF, and
the highest levels in group A rats receiving CsA, which is
consistent with literature data. The OPN values of group A,
which received only CsA, were higher than those of group
B, which received a combination of vitamin ACE in addition
to CsA. This shows the positive contribution of vitamins.

The use of vitamins A, D, and E in combination with CsA
and MMF in experimental NS is not a common issue in the
literature. In our study, vitamin ACE added to CsA treatment
increased the antiproteinuric effect of CsA and reduced its
nephrotoxicity. Vitamin ACE added to MMF contributed
positively to biochemical and renal histopathological find-
ings. New results can be obtained by conducting new stud-
ies on this subject.

Studies conducted in recent years have shown that the di-
agnosis of FSGS is made at an earlier age and steroid re-
sistance is more common in cases. Despite efforts to treat
it, the risk of ESRD is very high. CsA is the only agent with
proven efficacy in the treatment of steroid-resistant NS,
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which is indispensable in organ transplant patients, and
additional treatments are important to prevent possible
side effects that limit its use. In our study, it is important
to see that adding a combination of vitamin ACE to CsA re-
sulted in a decrease in proteinuria and an increase in the
amount of urine."

CsA is nephrotoxic in the long term therefore, MMF is the
most promising treatment alternative today. However, data
on MMF are still insufficient and more studies are needed
on its use in the treatment of FSGS. There are studies on
the use of MMF in the treatment of FSGS in children, but
these studies are limited and consist of data from selected
patient groups. In our study, the lowest serum creatinine,
triglyceride and cholesterol levels were detected in group
D, which received a combination of MMF and vitamin ACE.
Therefore, it can be said that adding a vitamin ACE combi-
nation to MMF treatment provides a positive contribution
to kidney functions and lipid profile 4144

Limitations

Due to the rules set by the ethics committee, a control
group could not be formed. Urine and blood samples taken
before the study were used as controls.

This study was granted by Akdeniz University Scientific Re-
search Management Unit.

Disclosures

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept - S.A,, Y.E.B,; Design - S.A,,
Y.E.B.; Supervision — A.G.G., S.A.; Materials - Y.E.B., S.A.; Data col-
lection and/or processing - Y.E.B.; Analysis and/or interpretation -
Y.E.B,; Literature search - Y.E.B.; Writing - Y.E.B., S.A.; Critical review
-Y.EB,S.A, AGG.

References

1. Niaudet P. No TitlSteroid-sensitive nephrotic syndrome in chil-
drene. In: Avner ED, Harmon EW, Niaudet P (eds), editor. Pe-
diatric Nephrology. 5th ed. Philadelphia: Lippincott Williams
and Wilkins; 2004. p. 543-574.

2. Silva-FernandezL, OtonT, Askanase A, Carreira P, Lépez-Longo
FJ, Olivé A, et al. Pure membranous lupus nephritis: descrip-
tion of a cohort of 150 patients and review of the literature.
Reumatol Clin. 2019;15(1):34-42.

3. Okuda S, Oh Y, Tsuruda H, Onoyama K, Fujimi S, Fujishima M.
Adriamycin-induced nephropathy as a model of chronic pro-
gressive glomerular disease. Kidney Int. 1986;29(2):502-10.

4. Javaid B, Olson JL, MEYER TW. Glomerular injury and tu-
bular loss in adriamycin nephrosis. J Am Soc Nephrol.
2001;12(7):1391-400.

5. Danovitch GM. Immunosuppressive medications and pro-



138

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Baysal et al., Effects of Some Agents in Rats with Nephrotic Syndrome / doi: 10.14744/ejma.2023.43434

tocols for kidney transplantation. In: Danovitch GM, editor.
Handbook of Kidney Transplantation. 3 th ed. Philadelphia:
Lippincott Williams and Wilkins; 2001. p. 62-110.

Gao X, MaY, Sun L, Chen D, Mei C, Xu C. Cyclosporine A for the
treatment of refractory nephrotic syndrome with renal dys-
function. Exp Ther Med. 2014;7(2):447-50.

Dehoux L, Hogan J, Dossier C, Fila M, Niel O, Maisin A, et al.
Mycophenolate mofetil in steroid-dependent idiopathic ne-
phrotic syndrome. Pediatr Nephrol. 2016 Nov;31(11):2095-
101.

Al-TonbaryY, Al-Haggar M, El-Ashry R, El-Dakroory S, Azzam H,
Fouda A. Vitamin e and N-acetylcysteine as antioxidant adju-
vant therapy in children with acute lymphoblastic leukemia.
Adv Hematol. 2009;2009:689639.

. LiH-Y, Zhang X, Zhou T, Zhong Z, Zhong H. Efficacy and safety

of cyclosporine a for patients with steroid-resistant nephrotic
syndrome: a meta-analysis. BMC Nephrol. 2019;20(1):384.
Blume C, Heise G, Hess A, Waldner C, Grabensee B, Schroer K,
et al. Different effect of cyclosporine A and mycophenolate
mofetil on passive Heymann nephritis in the rat. Nephron Exp
Nephrol. 2005;100(2):e104-12.

Tarig M, Morais C, Sobki S, Al Sulaiman M, Al Khader A. N-ace-
tylcysteine attenuates cyclosporin-induced nephrotoxicity in
rats. Nephrol Dial Transplant Off Publ Eur Dial Transpl Assoc
Ren Assoc. 1999;14(4):923-9.

Kir HM, Dillioglugil MO, Tugay M, Eraldemir C, Ozdogan HK.
Effects of vitamins E, A and D on MDA, GSH, NO levels and
SOD activities in 5/6 nephrectomized rats. Am J Nephrol.
2005;25(5):441-6.

Branisteanu DD, Leenaerts P, Van Damme B, Bouillon R. Partial
prevention of active Heymann nephritis by la, 25 dihydroxyvi-
tamin D3. Clin Exp Immunol. 1993;94(3):412-7.
Moreno-Manzano V, Mampaso F, Sepulveda-Munoz JC, Alique
M, Chen S, Ziyadeh FN, et al. Retinoids as a potential treat-
ment for experimental puromycin-induced nephrosis. Br J
Pharmacol. 2003;139(4):823-31.

Erel O. A new automated colorimetric method for measuring
total oxidant status. Clin Biochem. 2005;38(12):1103-11.

Erel O. A novel automated direct measurement method for to-
tal antioxidant capacity using a new generation, more stable
ABTS radical cation. Clin Biochem. 2004;37(4):277-85.

Raij L, Azar S, Keane W. Mesangial immune injury, hyperten-
sion, and progressive glomerular damage in Dahl rats. Kidney
Int. 1984;26(2):137-43.

Takeda S, Takahashi M, Sado Y, Takeuchi K, Hakamata Y, Shi-
mizu H, et al. Prevention of glomerular crescent formation
in glomerulonephritis by mycophenolate mofetil in rats.
Nephrol Dial Transplant. 2004;19(9):2228-36.

Aldini G, Altomare A, Baron G, Vistoli G, Carini M, Borsani L, et
al. N-Acetylcysteine as an antioxidant and disulphide break-
ing agent: the reasons why. Free Radic Res. 2018;52(7):751-62.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Palli E, Makris D, Papanikolaou J, Garoufalis G, Tsilioni |, Zy-
goulis P, et al. The impact of N-acetylcysteine and ascorbic
acid in contrast-induced nephropathy in critical care pa-
tients: an open-label randomized controlled study. Crit Care.
2017;21(1):1-9.

Adikwu E, Bokolo B. Prospects of N-acetylcysteine and mela-
tonin as treatments for tramadol-induced renal toxicity in al-
bino rats. Pharm Sci. 2017;23(3):172-81.

Abd El-Fattah HM, EI-Sheikh NM. Evaluation of chemoprotec-
tive role of N-acetylcysteine and vitamin E on gentamicin-in-
duced nephrotoxicity. Aust J Basic Appl Sci. 2012;67:263-70.
Nematbakhsh M, Pezeshki Z. Sex-related difference in nitric
oxide metabolites levels after nephroprotectant supplemen-
tation administration against cisplatin-induced nephrotoxic-
ity in Wistar rat model: the role of vitamin E, erythropoietin, or
N-Acetylcysteine. Int Sch Res Not. 2013;2013:612675.

Zoja C, Corna D, Camozzi D, Cattaneo D, Rottoli D, Batani C,
et al. How to fully protect the kidney in a severe model of
progressive nephropathy: a multidrug approach. J Am Soc
Nephrol. 2002;13(12):2898-908.

Erisir S, Akbas H, Koyun M, Akman S. The efficiency of intra-
peritoneal high-dose immunoglobulin in experimental ne-
phrotic syndrome. Pediatr Nephrol. 2006;21(1):39-45.

Tan J, Wang J, Geng L, Yue Y, Wu N, Zhang Q. Comparative
Study of Fucoidan from Saccharina japonica and Its Depoly-
merized Fragment on Adriamycin-Induced Nephrotic Syn-
drome in Rats. Mar Drugs. 2020;18(3):137.

Jo CH, Kim S, Park J-S, Kim G-H. Anti-Inflammatory Action of
Sitagliptin and Linagliptin in Doxorubicin Nephropathy. Kid-
ney Blood Press Res. 2018;43(3):987-99.

Takenaka T, Inoue T, Miyazaki T, Kobori H, Nishiyama A, Ishii
N, et al. Klotho suppresses the renin-angiotensin system
in adriamycin nephropathy. Nephrol Dial Transplant. 2017
May;32(5):791-800.

Zhao L, Zou Y, Liu F. Transforming growth factor-beta1 in dia-
betic kidney disease. Front cell Dev Biol. 2020;8:187.

Stribos EGD, Seelen MA, van Goor H, Olinga P, Mutsaers HAM.
Murine precision-cut kidney slices as an ex vivo model to
evaluate the role of transforming growth factor-1 signaling
in the onset of renal fibrosis. Front Physiol. 2017;8:1026.
Hussain AF, Sulaiman GM, Dheeb BI, Hashim AJ, Alrahman
ESA, Seddiq SH, et al. Histopathological changes and expres-
sion of transforming growth factor beta (TGF-f3) in mice ex-
posed to gliotoxin. J King Saud Univ - Sci. 2020;32(1):716-25.
Xiao Q, GuanY, Li C, Liu L, Zhao D, Wang H. Decreased expres-
sion of transforming growth factor-f1 and a-smooth muscle
actin contributes to the protection of lotensin against chronic
renal failure in rats. Ren Fail. 2018 Oct;40(1):583-9.

Ferreira LBD, Cesaretti MLR, Voltera AF, Ginoza M, Kohlmann
Junior O. Effects of the overlapping between an experimental
model of neuroendocrine obesity with arterial hypertension



34,

35.

36.

37.

38.

under blood pressure, body weight and metabolic and renal
parameters in rats. Brazilian J Nephrol. 2011;33(3):338-44.
Zanuzo K, Guareschi ZM, Detogni AC, Huning LP, Rodrigues
PF, Porto EM, et al. Physical exercise associated with vitamin
D chronic supplementation reduces kidney injury induced by
monosodium glutamate. An Acad Bras Cienc. 2020;92(4):1-
15.

Eltablawy N, Ashour H, Rashed LA, Hamza WM. Vitamin D
protection from rat diabetic nephropathy is partly mediated
through Klotho expression and renin-angiotensin inhibition.
Arch Physiol Biochem. 2018 Oct;124(5):461-7.

Algasim AA, Nour Eldin EEM, Hammadi SH, Esheba GE. Com-
paring the renoprotective effects of the antioxidants mela-
tonin, vitamin D and vitamin E in diabetic rats. J Taibah Univ
Med Sci. 2020;15(5):351-7.

Kaleta B. The role of osteopontin in kidney diseases. Inflamm
Res. 2019;68(2):93-102.

Lorenzen J, Shah R, Biser A, Staicu SA, Niranjan T, Garcia AM, et
al. The Role of Osteopontin in the Development of Albumin-
uria. J Am Soc Nephrol. 2008 May;19(5):884 LP - 890.

39.

40.

41.

139

Xie Y, Sakatsume M, Nishi S, Narita I, Arakawa M, Gejyo F. Ex-
pression, roles, receptors, and regulation of osteopontin in
the kidney. Kidney Int. 2001 Nov;60(5):1645-57.

Jo CH, Kim S, Kim G-H. Association of Proteinuria with Urinary
Concentration Defect in Puromycin Aminonucleoside Ne-
phrosis. Electrolyte Blood Press. 2020 Dec;18(2):31-9.
Rosenberg AZ, Kopp JB. Focal Segmental Glomerulosclerosis.
Clin J Am Soc Nephrol. 2017/02/27.2017 Mar;12(3):502-17.

42.Tenta M, Uchida HA, Nunoue T, Umebayashi R, Okuyama Y,

43.

44,

Kitagawa M, et al. Successful treatment by mycophenolate
mofetil in a patient with focal segmental glomerulosclerosis
associated with posterior reversible encephalopathy syn-
drome. CEN case reports. 2014/12/30. 2015 Nov;4(2):190-5.
Lau EWY, Ma PHX, Wu X, Chung VCH, Wong SYS. Mycopheno-
late mofetil for primary focal segmental glomerulosclerosis:
systematic review. Ren Fail. 2013 Jul;35(6):914-29.

Cattran DC, Wang MM, Appel G, Matalon A, Briggs W. Myco-
phenolate mofetil in the treatment of focal segmental glo-
merulosclerosis. Clin Nephrol. 2004 Dec;62(6):405-11.



