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erythropoietin, vitamin C and L-NAME in carboplatin- induced hematological and renal
Keywords dysfunctions. Seventy rats divided into seven groups; control, Carboplatin (100 mg/kg.),
Carboplatin (250 mg/kg), Carboplatin (100 mg/kg.) pretreated by EPO , Carboplatin (250 mg/kg)
pretreated by EPO, Carboplatin ( 250 mg/kg ) pretreated by EPO & Vitamin C and Carboplatin
* Vitamin C (250 mg/kg) pretreated by EPO & L-NAME. Hematological, plasma inflammatory cytokines,
e L-NAME renal functions , oxidant, antioxidant parameters , serum EPO and vitamin C were measured with
e Carboplatin histopathology of renal tissue. Carboplatin decreased RBC count, hemoglobin concentration,

e Hematology packed cells volume, platelets count , superoxide dismutase , catalase and glutathione peroxidase,

S serum erythropoietin and vitamin C while WBCs count, interleukin 1, interleukin 6, tumor
necrosis factor alpha, high-sensitivity C-reactive protein, serum blood urea nitrogen, serum
creatinine, malondialdehyde and nitric oxide were increased. Vitamin C and L-NAME improved
hematological derangement, EPO resistance, antioxidant parameters and histopathological
findings while worsen plasma inflammatory markers, renal functions parameters and oxidative
parameters. There was insignificant change in blood indices in all groups. We concluded that
carboplatin had a hematological toxicity and oxidant stress effect in addition to increase
proinflammatory cytokines and consequent renal insult. The development of EPO resistance was
carboplatin — dose dependent . Vitamin C and L-NAME alleviate the hematological toxicity,

oxidative stress, EPO resistance and decrease proinflammatory cytokines and in turn recovery of

renal structure and functions.
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INTRODUCTION

The chemotherapeutic agents have many
complications such as hematological and
immunological derangements as well as renal
dysfunctions [1]. Carboplatin is one of platinum-

containing chemotherapeutic drugs and alkylating

agents. Administration of carboplatin is associated
with dose-related myelosuppression resulting in
anemia, thrombocytopenia and renal dysfunctions
[2]. Several mechanisms have been postulated to
explain the mechanisms underlying the carboplatin
-induced toxicities such as production of reactive
oxygen species (ROS), nitric oxide (NO) [3] and
proinflammatory cytokines e.g. interleukin-1 (IL-
1), interleukin-6 (IL-6) and tumor necrosis factor-o
(TNFa) [4].

The immunosuppressive  action  of
carboplatin results in excessive production of
reactive 02 species (ROS) formed by myeloid
cells was revealed by many studies [5], which
cause auto-oxidation of hemoglobin (Hb) and
RBCs damage [2]. Also, nitric oxide (NOx), which
is a diffusible free radical generated primarily by
the action of NOx synthases (NOS) on L-arginine,
inhibits  the  growth, differentiation, and
hemoglobinization of erythroid primary cells.
Moreover, the bioactivity of nitric oxide synthases
(NOS) mRNA  decreases during normal
erythropoiesis[6]. So the L-NAME (Nitro-L-
arginine methyl ester), a non-selective inhibitor of
nitric oxide synthase, was administered in this
study to clarify this effect. Cytokines, which are
produced by many types of cells such as
macrophages, lymphocytes, and mast  cells,
endothelial cells, fibroblasts, and various stromal
cells and play an important role in modulation of

the functions of individual cells under normal and

pathological conditions [7]. Pro-inflammatory
cytokines, such as IL-1, IL-6 and TNF-a can
modulate erythropoiesis and may play a role in
pathogenesis of carboplatin -induced anemia [2]
via stimulation of apoptotic process in
erythropoietic stem cells. Furthermore, the
carboplatin- induced elevation in IL-6 levels
causes production of high sensitive C-reactive
protein (hsCRP) by liver cells a protein, which
activates the complement system. Serum hsCRP
concentrations can be used to assess the
antioxidant concentrations, which have inverse
relation to it [9].

Erythropoietin (EPO), the main regulator
of RBCs production, is produced mainly by the
kidney (renal peritubular fibroblasts) and to less
extent the liver, testis, uterus, skeletal muscles,
lungs, and brain [10]. Previous studies had
revealed that EPO exerts multiple protective
effects, including anti-oxidative [11], anti-
inflammatory [12] and anti-apoptotic effects [13]
Interestingly, Leyland-Jones [14] suggested that
erythropoietin is commonly used to induce
hematopoietic recovery after chemotherapy. In
some cases, there is a development of resistance to
EPO, which could be attributed to production of
certain  inflammatory  cytokines,  primarily
macrophage-derived, including IL-l, IL-6 and
TNF- o. Moreover, studies by Michelle et al. [15]
have shown that administration of EPO can either
partially or completely correct the chemotherapy
induced - anemia in patients with blocked response
to EPO. On other hand, previous study
demonstrated that carboplatin — induced
inflammation causes resistance of the bone
marrow to action of erythropoietin (EPO) causing

anemia in a dose dependent manner [8]. On the
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other hand, vitamin C (ascorbic acid) is an
important water-soluble nutrient involved in vital
functions within cells, including facilitation of iron
transport [16] as well as being one of the most
important physiological antioxidants acting on host
defense mechanisms assuring immune balance
[17].

Vitamin C, a potent antioxidant, has both a
preventative and therapeutic role in a number of
pathologies when administered at much higher-
than-recommended dietary allowance levels,
including cancer [18]. It was also revealed that
vitamin C alleviates inflammatory reactions [19].
Moreover, there is a limited information about the
effects of vitamin C on the production of
cytokines. Calder et al. [20] suggested that vitamin
C inhibited production of IL-6 and TNF-o in
monocytes. Furthermore, Tan et al. [21] reported
that vitamin C alleviated oxidative stress and
proinflammatory mediators since, inflammation
plays a major role in the development of EPO
resistance. So, in the present study, we
investigated the role of erythropoietin , vitamin C
and L-NAME in carboplatin- induced

hematological and renal dysfunctions.

Materials & Methods

Experimental Animals

Seventy Sprague-Dawley male rats (weighing
180+30 gm) were used in the experiments.
Animals were housed (Medical Experimental
Research Center (MERC), Faculty of Medicine,
Mansoura University ,Egypt ) in separate cages at
24 £ 5°C with relative humidity of 45- 55% under
12 hour’s light and dark cycle. Rats were

maintained on a standard diet and water was freely

available for 2 weeks acclimatization period before
the test. All experimental animals were handled in
accordance with the standard guide of laboratory
animal care of the United States National Institutes
of Health (NIH, 1978). All animal procedures were
performed in accordance with protocols approved
by the Institutional Review Board (IRB) of
Mansoura faculty of Medicine, Mansoura
University, Egypt.

Chemicals

Carboplatin (paraplatin) was purchased as a sterile,

pyrogen-free, 10 mg/mL aqueous solution from

Bristol-Myers Squibb Company Princeton (New

Jersey 08543 USA). Epoetin alfa is recombinant

human erythropoietin (EPO) was purchased as a

prefilled syringe containing 4000 units/0.4ml. L-

ascorbic acid (vitamin C) was purchased from

Unimed Co. Ltd (Asia, Korea). L-NAME was

purchased as powered from Sigma Chemicals (St

Louis, MO, USA).

Experimental design

Experimental rats were divided into 7 groups as

consist of 10 rats in each group as follow;

1. Group | (Control group):: rats were injected
normal saline (0.9% NaCl) through duration of
experiment.

2. Group Il (Carboplatin group, 100 mg): rats
received single injection of carboplatin at a
dose of 100 mg/kg i.p.

3. Group Il (Carboplatin group, 250 mg): rats
received single injection of carboplatin at a
dose of 250 mg/kg i.p.

Anemia was induced by a single injection of
carboplatin at a dose of 100 and 250mg/kg
dissolved in 0.9% NaCl, therefore control groups
were injected with 0.9% NaCl [22 ].
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4. Group IV (EPO + carboplatin 100 mg): as
group Il but rats received EPO (1000
units/kg/day) one day before and continue
EPO at same dose for 7 days later .

5. Group V (EPO + carboplatin 250 mg): as
group Il but rats received EPO (1000
units/kg/day) one day before and continue
EPO at same dose for 7 days later.

6. Group VI (Vit C + EPO + carboplatin 250
mq): as group V but rats received vitamin C at
doses of 200 mg/kg /day i.p. one day before
administration of carboplatin and continue for
7 days by the same dose [24].

7. Group V (L-NAME+ EPO + carboplatin 250
mg): Group VI but rats received L-NAME at
dose at 120 mg/kg/day i.v. in penile vein one
day before administration of carboplatin and

continue for 7 days by the same dose [25].

Blood samples collection and kidney harvesting
By the end of experiment, rats were
anaesthetized using Na® thiopental (12 mg/Kg
i.p.). Blood samples were collected from rats via
cardiac puncture, and divided into three tubes; in
the first one, blood sample was anticoagulated
using sodium citrate and used for determination of
hematological parameters using a Sysmex-820 cell
counter [Sysmex, Kyoto, Japan]. In the second
tube, blood sample was collected without
anticoagulant and allowed to coagulate at ambient
temperature for 30 min. and  the serum was
separated by centrifugation at 2000 rpm for 10 min
for biochemical analysis of the serum levels of
malondialdenyde (MDA) level, superoxide
dismutase (SOD), glutathione peroxidase (GSH-
Px), catalase (CAT), blood urea nitrogen (BUN),
creatinine (S.Cr.) , nitric oxide (NOx) and high-

sensitivity C-reactive protein (hsCRP). The third
sample was collected in EDTA containing tubes
for obtaining of plasma to assay the concentrations
of ascorbate and cytokines. Also, the abdomen of
the rat was opened via midline laparotomy and
both kidneys were harvested and stored in formalin
10% till histopathological examination.

Assay of hematological parameters

Measurement of RBCs, WBCs and platelets
counts was done using Sysmex-820 cell counter
[Sysmex, Kyoto, Japan]. Hemoglobin
concentration (Hb %), packed cells volume (PCV),
mean corpuscle volume (MCV), mean corpuscle
hemoglobin (MCH), and MCH concentration were
determined.

Assay of plasma cytokines (IL-1, IL-6 and TNF-
alpha)

Plasma was assayed for the proinflammatory
cytokines; IL-1, IL-6, and TNF-alpha using
commercially available cytokine Kits [28] using
Roche modular autoanalyser [Roche modular
autoanalyser, Tokyo, Japan]. High-sensitivity C-
reactive protein (hsCRP) concentration in serum
were analyzed using a particle-enhanced immune-
turbidimetric assay [CRP Ultra WR Reagent Kit,
Genzyme) according  to manufacturer’s
instructions on an automated analyzer [29].

Assay of markers of oxidative stress in serum

The levels of serum MDA , SOD, CAT and
GSH-Px were measured using a malondialdehyde
assay kit (TBA method) ,total superoxide
dismutase assay kit (hydroxylamine method),
catalase kit (oxido-reductase activity) and
glutathione peroxidase assay kit (colorimetric
method)  respectively  according to  the
manufacturer's instructions [Nanjing Jiancheng

Bioengineering Institute, Nanjing, China) [31].



Erythropoietin and carboplatin toxicity

235

Nitric oxide (NOx) measurement
The concentration of NO was measured by
reduced nicotinamide adenine  dinucleotide
phosphate (NADPH)-dependent nitrate reductase
assay in the serum of rats. After serum nitrate was
converted to nitrite by NADPH-dependent nitrate
reductase, the total concentration of nitrite was
determined by spectrophotometry at 540 nm [32].
Assay of kidney functions parameters

To monitor and examine the effects of treatment
on renal function, blood was collected on day 7
and serum BUN and serum creatinine were
measured using a Beckman BUN analyzer Il and
Sigma creatinine kit 555, respectively [30].
Assay of serum erythropoietin

Serum erythropoietin was measured by a solid-
phase enzyme-linked immunosorbent assay
according to the manufacturer’s instructions
(R&D, Minneapolis, MN) [33].
Assay of plasma vitamin C
Plasma concentrations of ascorbate were measured
by the colorimetric FRASC (Ferric
Reducing/Antioxidant and Ascorbic Acid) assay
[34].
Histopathological examination of the kidney
tissues

While animals were under anaesthesia, their
abdomins were opened, both kindeys removed,
washed by saline, sliced into 25 pieces with 1 mm
thickness that run perpendicular to the long axis of
the kidney passing from the cortex to the medulla.
The slices were processed for staining by
hematoxylene and eosin (Hx & E) by the usual
techniques and sujected to light microscopic

examination photogarphing.

Statistical analysis

Data were processed and analyzed using the
Statistical Package of Social Science version 10.0
(SPSS, version 10.0). The data were expressed as
mean * standard error of mean (Mean + SEM).
One-way ANOVA analysis of data was done
followed by Tukey’s posthoc test. A minimum

level of significance is considered if p<0.05.

Results
Animal survival
By the end of experiment, five rats died during the
experiment. The final numbers were, group 1=10,
group 11=9, group 111=8, group V=10, group V=8,
group VI=10 animals and group VI1=10.
Hematological parameters
Table 1 shows the results of hematological
parameters. RBCs count ,  hemoglobin
concentration (Hb), packed cells volume (PCV)
and platelets were significantly decreased
(P<0.001)

increased in Carboplatin group(ll) rats (100

while WBCs were significantly

mg/kg) as compared to the control group
(P<0.001).0On the other hand ,there were
insignificant change in mean corpuscle volume
(MCV), mean corpuscle hemoglobin (MCH) and
MCH concentration (MCHC).Moreover, rats
and EPO (group 1V)
showed significant increase in RBC count , Hb ,
PCV , WBCs and platelets as compared to the
group Il (P<0.001). .
insignificant change in MCV, MCH and MCHC.

Also there were significant decrease(P<0.001) in

receiving Carboplatin

In addition, there were

RBCs count , Hb concentration, PCV and platelets
in carboplatin (250 mg/kg) group 111, while WBCs
were significantly increased as compared to the
groups 1&Il (P<0.001). Also there was
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insignificant change in MCV, MCH and MCHC.

Furthermore, Group V showed insignificant
change in hematological parameters as compared
with group IlI. Wherever, there were significant
(P<0.001) in RBCs

concentration, PCV and platelets in groups VI &

increase count, Hb
VIl while insignificant change regarding MCV,
MCH, MCHC and WBCs.

Inflammatory cytokines

Table 2 shows the results of plasma inflammatory
markers ,Interleukin 1 (IL-1) , Interleukin 6 (IL-6),
Tumor necrosis factor alpha (TNF-a) and High-
(hsCRP)

increased in

sensitivity C-reactive protein
concentration were significantly
Carboplatin group(ll) rats (100 mg/kg) as

compared to the control group (P<0.001).0n the

other hand ,there were significant decrease in these
parameters rather than increase in high-sensitivity
C-reactive protein (hsCRP)
Carboplatin (100mg/kg) and EPO (group V) as
compared to the group Il (P<0.001). Also there

in rats receiving

were significant increase (P<0.001) in parameters
mentioned before in Carboplatin (250 mg/kg)
group Il as compared to the groups 1& I
(P<0.001). Group V
insignificant change in all parameters as compared

Furthermore, showed
with group IIl. Wherever, in groups VI there was
insignificant change regarding IL-1 but showed
significant decrease in other parameters as
compared to group V (P<0.001).Wherever, Group
VII showed a significant decrease in all parameters

as compared to group V (P <0.001).

Table 1 Hematological parameters in different studied groups

Hematological Group | Group 11 Group Group IV Group V Group VI Group
Parameters (n=10 ) (n=9) 1i(n=8 ) (n=10 ) (n=8) (n=10) VII(n=10 )
RBC (ig)unt x 4.4+0.56 3.9+0.45% 2.8+0.33% 4.6+0.62" 2.9+0.53% 4.4+0.68°¢ 4.0+0.83°¢

10/
Hemoglobin 13.62+ | 11.93+1.223* | 6.82 +1.24% | 14.60+1.04™ 7.4+1.34™ 13.741.27"% | 12.91+1.54bh°¢

concentration 0.31
(Hb%) g/dl)

Packed cells 46 +0.02 41.75 * 20.45 + 45.68+0.47™ 29.24+1.47™% | 4556+1.83"° | 44.32+1.43"
volume (PCV)% 0.31° 3.37%®

Mean corpuscle | 84.36+2.65 | 83.88+1.58 | 85.17+2.73 85.37+2.52 82.16+1.55 86.23+2.40 85.39+2.74

volume

(MCV) (um®)

Mean corpuscle 0.44+0.67 0.41+0.32 0.41+0.65 0.40+0.52 0.48+0.45 0.43+0.34
hemoglobin 0.45+0.05

(MCH)
fmol/cell
MCH 33.21+1.30 | 32.46+1.43 | 31.73+1.42 31.41+1.05 32.85+1.46 34.34+1.54 33.27+1.95
concentration

(MCHC) (g/dL)

WBCs 5.56+1.37 8.67+1.40° | 20.71+2.32® | 12.34+0.34*° 19.63+3.43% 22.7242.59™ | 23.21+1.31™
count(x10%/ ¢
mm?)

Platelets count | 150.93+10. | 110.32+1.84% | 60.36+5.38™ | 145.57+9.36™ | 57.35+2.48 ™" | 210.35+11.58 | 180.42+10.47°

(XIOOO/HL) 26 abcde bcde

The values were expressed as Mean + SEM

& Significant (p<0.05) compared with control group
® Significant (p<0.05) compared with group I

¢ Significant (p<0.05) compared with grouplil

¢ Significant (p<0.05) compared with group IV

¢ Significant (p<0.05) compared with group V
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Table 2 Plasma inflammatory markers in different studied groups

Plasma
inflammato
ry markers

Group |
(n=10)

Group
H(n=9 )

Group
HI(n=8 )

Group IV
(n=10)

Group
V(n=8 )

Group
VI(n=10)

Group
VII(n=10 )

Interleukin
1 (IL-1)
glL-6"

1831+
0.52

25.90 +
0.42?

40.32+1.57®

19.06+0.67™

42.32+2.36%

39.36+1.37%

18.37+1.20™™
ef

Interleukin
6 (IL-6)
pg.mL™*

66.62 £2.42

163.73+1.74

403.38+20.7
3ab

100.3%11.38El

398.72+12.82
abd

70.52+8.54"

79.51+6.42"

Tumor
necrosis
factor
alpha
(TNF-a)
pg. mL *

323.63+25.
74

432.60+32.6
43

681.43 +
32.24%

330.27+26.6
4bC

650.52+26.51
abd

350.63+24.83

bce

358.42+23.64

bce

High-
sensitivity
C-reactive

protein
(hsCRP)
(mg/ml)

0-51+ 0.63

1.83+0.34°

4.21+0.71®

2.35+0.11%°

4.97 + 1.55%¢

0.72+0.32 P

0.84+0.23

The values were expressed as Mean + SEM

& Significant (p<0.05) compared with control group
® Significant (p<0.05) compared with group I

¢ Significant (p<0.05) compared with groupll|

¢ Significant (p<0.05) compared with group IV

¢ Significant (p<0.05) compared with group V

" Significant (p<0.05) compared with group VI
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Figure 1 Serum levels of A) blood urea nitrogen and B) creatinine

Significant (p<0.05) compared with grouplll,

compared with group V

d

in different studied groups . The values were expressed
as Mean + SEM, ? Significant (p<0.05) compared with control group, ® Significant (p<0.05) compared with group I,
Significant (p<0.05) compared with group 1V, ° Significant (p<0.05)
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Figure 2 Serum levels of erythropoietin in different studied groups.The values were expressed as Mean + SEM.?
Significant (p<0.05) compared with control group, ° Significant (p<0.05) compared with group 11, ¢ Significant (p<0.05)
compared with grouplll, ¢ Significant (p<0.05) compared with group IV,° Significant (p<0.05) compared with group V
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Figure 3 Serum levels of vitamin C in different studied groups. The values were expressed as Mean + SEM, ? Significant
(p<0.05) compared with control group, ° Significant (p<0.05) compared with group 11, ¢ Significant (p<0.05) compared
with grouplIl,  Significant (p<0.05) compared with group IV.? Significant (p<0.05) compared with group V

treated rats on renal functions parameters |,

Kidney functions, markers of oxidative stress and oxidative , antioxidant parameters , nitric oxide
NOx (NOx) and levels of serum EPO, vitamin C in
Table 3 & Figures 1A-B, 2 & 3 show the control group. Also they demonstrated the effect of
effect of EPO and Carboplatin (100 and 250 vitamins C and L-NAME on same parameters in

mg/kg ip)
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Carboplatin-induced EPO resistance. Group |l

showed insignificant changes regarding renal
functions parameters (BUN& S.Cr.) but significant
increase (P<0.001) in malondialdehyde (MDA)
and nitric oxide (NOXx). Also, significant decrease
(P<0.001)

catalase (CAT) and glutathione peroxidase (GSH-

in superoxide dismutase (SOD),

Px ), in addition , group Il showed a significant
decrease in serum erythropoietin (EPO) and
vitamin C as compared to group l. Moreover,
group IV showed non-significant changes
regarding renal functions parameters (BUN &
S.Cr.) and significant decrease (P<0.001) in MDA

and NOx. Also significant increase (P<0.001) in

SOD, CAT and GSH-Px. In addition, group IV
showed a significant increase (P<0.001) in serum
EPO and vitamin C as compared to group Il. On
the other hand , group Il showed significant
increase (P<0.001) in BUN, S.Cr., MDA, NOx
and significant decrease (P<0.001) in SOD, CAT,
GSH-Px, EPO and vitamin C as compared to
groups | & Il. Wherever the levels of BUN, S.Cr.,
MDA , NO and EPO showed a significant
decrease (P<0.001) in groups VI & VII and
significant increase in SOD, CAT, GSH-Px and
vitamin C as compared to group V.

Kidney morphology

Table 3 Oxidants, antioxidants and nitric oxide (NOXx) levels in different studied groups.

Group | Group Group Group IV Group Group Group
(n=10) 1(n=9 ) 1i(n=8 ) (n=10) V(n=8 ) VI(h=10) | VII(n=10)
Malonicdialdeh | 11.38+1. | 17.85+1.32* | 26.60+1.37 | 10.98+1.37 | 24.73+1.28 | 11.64+0.63 | 12.46+0.33"
yde (M DA) Ol ab bc ahd bce e
nmol/ml
Superoxide 266.0+4. | 94.37+5.28% | 25.58+05.16 | 230.57+5.8 | 35.52+4.67™ | 234.11+4.1 | 229.54+6.45
dismutase 61 ab 6> d 6> bede
(SOD) (U/L)
Catalase(CAT) | 14.37+2. | 9.43+1.29° | 2.12+1.31%" | 12.87+1.45 | 6.14+1.62*" | 15.07+2.31° | 14.51+1.80"
(U/L) 42 bc cde
Glutathione 95.6+2.5 | 50.63+2.74% | 31.78+2.71% | 92.3+2.10™ | 37.82+3.41™ | 93.8+1.55 | 89.53+2.95™
Peroxidase 2 d bee e
(GSH-Px
Jumol/l
Nitric oxide | 77.1#31. | 130.36+24. | 193.43+23.8 | 80.1+21.32 | 182.61+20.8 | 34.81+5.42 | 38.80+3.37
(NOX) (mel/L) 42 272 4ab bc 7abd abcde abcde

The values were expressed as Mean + SEM
& Significant (p<0.05) compared with control group

® Significant (p<0.05) compared with group I
¢ Significant (p<0.05) compared with grouplll
¢ Significant (p<0.05) compared with group IV
¢ Significant (p<0.05) compared with group V

Figure 4 shows the findings of histopathological
examination by LM: Group | (control group)
demonstrated the normal structure of the kidney
with the renal corpuscles, proximal and distal
4. 1). The renal

cortices of group Il showed marked pathological

convoluted tubules (Figure

changes in the form of patches of necrosis with

widening of the Bowman’s spaces and
vaccuolation of the cytoplasm of the renal tubules
(Figure 4. 11). Group HI had more extensive
pathological changes with patchy necrosis and
widening of the Bowman’s spaces. Most of the cell

lining of the renal tubules appeared distended with
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occlusion of the renal tubular lumen (Figure 4.
1. Group IV had no areas of focal necrosis but
bowmans spaces still showing apparent widening.
The renal tubular cell lining had less marked signs
of degeneration (Figure 4. IV). Group V showed
near normal structure of the glomeruli but the renal

tubules showed widened lumens with vacculation

of the cellular lining (Figure 4. V). Group VI had
almost normal renal corpuscles but still the renal
tubules had wider lumens (Figure 4. VI). Finally

group VII had a very close picture of normality in

both the renal corpuscles and tubules (Figure 4.
VII).

Figure 4 Sections of the kidneys demonstrated that group | (control group) had normal structure of the kidney with the
renal corpuscles, proximal and distal convoluted tubules (Fig. 3. 1). The renal cortices of group Il showed marked
pathological changes in the form of patches of necrosis with widening of the Bowman’s spaces and vaccuolation of the
cytoplasm of the renal tubules (Fig. 3. I1). Group Il had no areas of focal necrosis but bowmans spaces still showing
apparent widening. The renal tubular cell lining had less marked signs of degeneration (Fig.3 .111). Group 1V had more
extensive pathological changes with patchy necrosis and widening of the Bowman’s spaces. Most of the cell lining of the
renal tubules appeared distended with occlusion of the renal tubular lumen (Fig.3 .1V). Group V showed near normal
structure of the glomeruli but the renal tubules showed widened lumens with vacculation of the cellular lining (Fig.3. V).
Group VI had almost normal renal corpuscles but still the renal tubules had wider lumens (Fig.3. VI). Finally group VII
had a very close picture of normality in both the renal corpuscles and tubules (Fig.3. VII) (Hx & E x400).
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Discussion

The present study revealed that
Carboplatin  administration leads to increase
oxidative biomarkers; MDA and NOx and
decreased the activity of antioxidant enzymes,
including SOD, CAT and GSH-Px in the serum
which affects immune system via increasing the
expression of cytokines (IL-1, IL-6, and TNF-
alpha) by endothelium, macrophages and mast
cells [35]. It was also demonstrated that the
increase in oxidative stress, free radicals and
cytokines are associated with chemotherapy
induced hematoxicity and renal injury [36]. This
was reported by Dallalio et al. [37] who proved
that inflammatory cytokine-mediated anemia of
chemotherapy may occur through modulation of
oxidative stress.

Furthermore, groups Il & Il showed
hematological  disturbances, 7 days after
Carboplatin treatment, manifested by significant
alterations in RBC, Hb, PCV, WBC, and platelets.
This could be attributed to suppression of
hematopoietic tissues, disturbance in
erythropoiesis, impaired erythrocyte membrane
permeability, immune hemolysis , disturbed iron
metabolism  and  apoptosis of  immature
hematopoietic cells which are the main causes of
anemia and thrombocytopenia [37]. The results in
group IV indicated that pretreatment with EPO
especially with low dose Carboplatin (100 mg/kg)
can increase RBC count, Hb% & PCV and
platelets  count  correcting  anemia &
thrombocytopenia [13]. In contrast, the effects of
Carboplatin on hematological parameters with
high dose(250 mg/kg) as in group Il showed
significant decrease in erythrocytes count, Hb, ,

PCV and platelets, with a blunted response to EPO

administration in high dose of carboplatin was
found in group V. From these results we can
suppose that hematological toxicity of Carboplatin

injection is dose-dependent [39].

Interestingly, occurrence of anemia during
Carboplatin therapy should raise suspicion of
immune hemolysis as suggested by Levi et al.
[40]. Moreover, previous work by Theurl et al.
[41] has demonstrated that serum EPO levels are
lower in carboplatin treated patients as evidenced
in our results in groups Il & 11l . The data in this
study support the view that decrease Epo
production in affected kidney contributes to the
anemia in Carboplatin group and diminished
sensitivity of the Epo response. High levels of pro-
inflammatory cytokine (IL-1, IL-6, and TNF-a)
shown in group Il & V, produced by immune
activation of the hematopoietic tissues and T cells,
inhibit EPO production in the kidneys, resulting in
appropriately low levels in the blood, as well as
directly  inhibiting the proliferation and
differentiation of erythrocyte progenitor cells in
addition to limited availability of iron and
antagonizing the antiapoptotic actions of EPO and
hence faster the development of
anemia[42].Moreover, IL-6 stimulates hepatic
production of an acute phase protein, hepcidin,
inhibiting absorption of iron in duodenum[43].
Hepcidin, when released by the liver inhibits
ferroportin [44]. This is a transmembrane protein
found in  enterocytes, macrophages and
hepatocytes, which is responsible for the transfer
of Fe?* absorbed into the circulation and bone
marrow and thus favoring anemia, even in the
presence of total body iron stores, i.e., the so-

called functional iron deficiency [44]. Moreover,
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this direct negative effect on erythrocyte
progenitor cells may be primarily due to
inadequate response to the action of EPO (group
V) in treatment of chemotherapy induced- anemia
and the destruction is also accelerated due to
increased clearance by macrophage or marked
hemolysis during severe inflammation could also
contribute to decreased red blood cells [45]. Many
studies showed that erythroid colony formation in
response to Epo is impaired in the presence of pro-
inflammatory  cytokines  without  providing
molecular mechanisms. In all groups pro-
inflammatory cytokines affect Epo either by
inhibition of its production by kidney or by
preventing its physiological functions at the
cellular level. Indeed, cytokines activate signaling
pathways and in turn affect EpoR-triggered
signaling pathways leading to cell proliferation,
differentiation, or survival [46].

It was evident that administration of
Carboplatin leads to decrease in platelets and rise
in leukocytes. The depletion of platelets may be
due to myelosuppression or platelet
aggregation. Moreover, it was demonstrated that
Carboplatin induces oxidative stress injury in
human thrombocytes leads to apoptosis by
affecting their life span [25].The elevation of white
blood cells (WBC) count might be due to infection
during Carboplatin treatment or cytokines —
induced inflammatory reactions.

In addition, the high sensitive CRP
(hsCRP), which is an acute phase protein
produced by the liver and plays a role in immune
response by interacting with complement. It was
observed that a significant increase in hsCRP in
Carboplatin groups (Il & I11) could be explained

by stimulation of its synthesis in response to pro-

inflammatory cytokines, most notably IL-1, IL-6,
and TNF-a [47]. C-reactive protein (hsCRP)
generally has marked pro-inflammatory properties
by promoting the migration of leukocytes to areas
of inflammation through interaction with receptors
of the Fcy family [47] and activates endothelial
cells via interaction with lipid in cell membranes
increasing activity of nitric oxide synthase (NOS)
and produces free radicls [48].As shown in group
VII, the pretreatment of rats with NO synthase
inhibitor ;N-nitro-L-arginine methyl ester [L-
NAME] prevented CRP-mediated O, production
and decreased endothelial nitric oxide synthase
activity[48].Furthermore, high plasma
concentrations of C-reactive protein (CRP) have
been shown to be associated with anemia and
erythropoietin- hypo-responsiveness in carboplatin
induced anemia(groups 11111 & V). Also, there is
positive correlation between both inflammatory
markers hsCRP and TNF-a .In agreement with our
results (group V), Bérany reported that hsCRP is
the best parameter correlating with erythropoietin
resistance [49].

Regarding the postulated pathogenesis of
direct Carboplatin — induced renal epithelial injury,
Clifford [50] suggested that Carboplatin caused
DNA damage, lipid peroxidation, mitochondrial
dysfunction, and activation of both caspases and
protein kinases. It binds with DNA to form
intrastrand crosslinks and adducts that cause
changes in the conformation of the DNA and
affect DNA replication. Furthermore, Carboplatin
induced progressive glomerular and/or
tubulointerstitial ~ fibrosis, peritubular capillary
damage by hypoxia and loss of nephron function
by glomerular sclerosis and tubular atrophy

[38]. Inflammatory oxidative stress associated
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with  pathophysiological processes of renal
progression could be implicated in development of
renal anemia, and subsequent inadequate response
to EPO [51]. Moreover, in groups Il & IlI, the
elevations in proinflammatory cytokines [IL-1, IL-
6 and TNF-a], have been demonstrated in rats with
Carboplatin —induced acute renal injury [51] and
associated  histopathological changes  which
demonstrated marked pathological changes in the
form of patches of necrosis with widening of the
Bowman’s spaces and vaccuolation of the
cytoplasm of the renal tubules and no areas of
focal necrosis but Bowmans spaces still showing
apparent widening with less marked signs of
degeneration in the renal tubular cell lining . Also,
serum cytokines may increase in carboplatin
induced renal injury through many mechanisms
including increased renal production, increased
extra-renal  production and impaired renal
clearance. In addition to increase cytokines,
elevation of MDA and decrease in SOD, CAT and
GSH-Px levels can destroy the lipid components
on cytoplasmic membrane, denature of proteins

and nucleic acids resulting renal injury [52].

Hematotoxicity is more severe in
particular with the larger dose 250 mg/kg and in
rats with impaired kidney functions which
apparent in groups Il & V by elevation of
important markers of the function of the kidneys;
serum creatinine (SCr), blood urea nitrogen (BUN)
and marked anaemia [53]. These biochemical
changes are assured by hitopathological findings
as mentioned before and widened tubular lumens
with vacculation of the cellular lining. In contrast,
the carboplatin-induced renal injury to some extent

was insignificant at dose 100 mg/kg as shown in

group Il, the lesions were insignificantly severe
enough to reduce renal function as measured by
SCr & BUN. Also , these changes were supported
by our renal histopathological changes as
mentioned before. Furthermore, EPO level was
significantly lower in treated rats with Carboplatin
(Groups Il & 1Il) which can be explained by
nephrotoxic effect of Carboplatin [53] which
confirmed in our study by results of
histopathology.

Recombinant human EPO (rHUEPO) is
one of the drugs used to treat chemotherapy-
induced anemia. In the present study,
administration of EPO in group 1V decreased the
level of MDA, a marker of lipid per oxidation and
increased the activity of antioxidant enzymes,
including SOD, CAT and GSH-Px in the serum,
compared with the Carboplatin group Il. EPO may
exert its anti-oxidative effects directly by
increasing hemoglobin oxidase-1 activity [13] and
indirectly by inhibiting the activity of induced
nitric oxide synthase and by turn decreasing nitric
oxide (NOx) [54] as evident in group IV
increasing significantly the RBCs, HB and PCV to
reduce cellular oxidative response, since RBCs are

loaded with anti-oxidative enzymes [11].

In group V, a persistence of anemia even
after the administration of exogenous EPO
although a significant increase level of EPO is an
index for development of resistance to EPO [55].
The mechanism of this effect needs to be fully
elucidated. Resistance to EPO with impaired
kidney functions clearly has the potential to
increase mortality as shown in group V. Several
factors have been recognized as causing resistance

to EPO, notably oxidative stress and inflammation
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producing suppressive cytokines of early erythroid
progenitor  proliferation. In addition, pro-
inflammatory  cytokines  stimulate  hepcidin
synthesis thus reducing iron availability for late
erythropoiesis as mentioned before [44]. This also
can be attributed to the development of anti-EPO
antibodies (anti-EPO AAbs) which can neutralize
the protein and stop RBC production in the bone
marrow and is characterized by EPO resistance
[56] and a decrease in hemoglobin concentration
due to the decrease RBC production and the
hemoglobin concentration drops as shown in our
results in group V.

Van et al. proved that EPO resistance
could be caused by use of derivatives of
chemotherabeutic platinum agents [55] which be
attributed to carboplatin- induced impaired renal
functions.Furthermore Carboplatin can enhance
activation of T-helper type 1 (Thl) lymphocytes
and monocytes secreting  pro-inflammatory
cytokines IL-1, IL-6 and TNF-o, that exert pro-
apoptotic activity to suppress erythrocyte stem cell
proliferation [56] which antagonizes the anti-
apoptotic effect of EPO on erythroid progenitor
cells.

However, Vitamin C is a potent water-
soluble antioxidant that acts as reactive oxidants
scavenger and can also regenerate the important
cellular and membrane antioxidants SOD, CAT
and GSH-Px [17].

In our study, the release of pro-
inflammatory cytokines such as IL-6 and TNF-a in
carboplatin —induced injury could be prevented by
vitamin C as demonstrated in group VI .On the
other hand vitamin C not affect IL-1 production
significantly. These results were in agreement with
Molina et al. [57].

Furthermore, the present study revealed
the association between administration of the
vitamin C with a significant improvement in
hematological parameters and EPO resistance
(group VI) and recovery of renal injury in the form
of almost normal renal corpuscles but still the
renal tubules had wider lumens. These effects
suggest a new strategy to be considering that
vitamin C as a co-factor in treatment of
Carboplatin — induced hematological disorders.

In this issue, numerous suggested
mechanisms of vitamin C have to be considered.
Vitamin C may regulate the immune-inflammatory
response by its antioxidant properties [17] and
acting on intracellular p38 mitogen activated
protein kinase (MAPK) [58]. Moreover, vitamin C
(LPS)-induced

generation of the pro-inflammatory cytokines

decreased  lipopolysaccharide
TNF-0 and increased anti-inflammatory IL-10
production, while having no effect on IL-1 levels
[57]. Also, it has been shown that vitamin C inhibit
granulocyte—macrophage-colony-stimulating

factor (GM-CSF)-, IL-3- and IL-5-induced signal
transduction pathways [57]. Vitamin C could
modulate the immune system by inhibiting T cell
and monocytes apoptosis signaling pathways and
by turn inhibit production of inflammatory
mediators and modulate cytokine levels(IL-6 and
TNF-0) in Carboplatin -induced toxicity [59]. In
addition ,it was also reported that vitamin C caused
a significantly decrease mRNA levels of IL-6 and
TNF-o produced by liver in the stressed rats
besides its  antioxidant property [57].These
postulations can explain the decrease of IL-6 and
TNFa production by vitamin C in our
experimental study (group VI). The decreased

vitamin C significantly in Carboplatin-induced
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injury as shown in groups Il & V suggesting an
increased its consumption as antioxidants. In
addition, vitamin C has anti-inflammatory
properties evident by decrease endothelial cell
adhesion molecule ICAM-1 expression in response
to TNF-alpha and suppresses systemic neutrophil
migration during inflammation [60].

In this study, MDA , NOx , cytokines (IL-
I,LIL-6, TNF-o ) and hsCRP was higher in
carboplatin  groups (ILIII  &V) and was
significantly reduced in the L-NAME group VII as
shown in tables 2 & 3. These findings were in
agreement with that reported by Ishii et al., who
stated that the effect of increased NOx and
associated larger quantities of ROS [26].

Nitric oxide (NOx) generated by NOX
synthase  (NOS)

inflammatory conditions has properties that allow

enzymes  [26]  during

it to be easily soluble and diffuse across biological
membranes to control intracellular processes[61]
.This intercellular signaling molecule is important
for the immune system, as well as generating free
oxygen radicals called peroxynitrites (ONOQO"), as
a result of combination of NOx with superoxide,
tissue damage [62] as evident in our
histopathological findings or may be transformed
into the more stable hydrogen peroxide radical
[62]. Furthermore, NOXx itself is considered as a
free radical gas and plays an important role in
carboplatin — induced oxidative stress was
demonstrated in table 3 and groups Il & I1l. Nitric
oxide, rather than its oxidative effect, plays a
major role in occurrence of apoptosis [63] and has
proinflammatory effects by increasing cytokine
expression raising the concept that inhibition of
NO pathways is mostly fruitful in the treatment of

inflammation [64]. A positive correlation between

NOx production and increased pro-inflammatory
cytokine levels (IL-1 & IL-6& TNF-a) were
reported in Carboplatin treated rats [65] and
demonstrated in present study in groups & IlI.
Nitric oxide production can be controlled
via positive feedback loop which uses the increase
in CAMP levels to activate the production of NOS
and subsequent increase in NOx production which
stimulate the production of IL-6 & TNF-a by both
macrophages and neutrophils [66]. The release of
such cytokines can stimulate NOS, leading to
further  NOx

phagocytosis [66].

production and  increased
The hematological effect of NOx as
evident in groups Il&IIl can be explained by
reaction of NOx with deoxyhemoglobin produces
nitrosylhemoglobin (HbFe-NO), while that with
oxyhemoglobin produced methemoglobin and
nitrate.  Nitrite can also react  with
deoxyhemoglobin to produce NOx and these
reaction may be important in the pathophysiology
of anemia .Also, NOx acts as a positive feedback
molecule when released by tissue macrophages
during phagocytosis, leading to the recruitment of
further phagocytes and tissue destruction][ 6].

Also, nephrotoxic effect of proinflammatory
cytokines (IL-1 and TNFa) .,as a result of
carboplatin , as demonstrated in groups 11&ll1, has
been suggested through increased NOX via
induction of NOS in proximal tubular cell [64].
Briefly, in the present study NOx level was
reduced in EPO, vitamin C and L-NAME groups
(1, VI & VII) in comparison to their respective
control and groups I, 11l and V. Moreover, the
increase in  blood oxidants and cytokines
concentration activates high expression of NOS.

This is followed by the increased production of
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NOx, which influences several signal pathways
[65] and consequent Carboplatin  induced
complications [36]. Nevertheless, in groups II, I
& V, there was a close relation between oxidative
stress and NOX level, as denoted by an increase in
MDA and NOx [6].This effect was reversed by
vitamin C and a non-selective NOS inhibitor (L-
NAME) in groups VI & VII animals respectively,
which showed reduced oxidative stress and NOx
and reverse the renal insult. The almost normal
renal corpuscles but still the renal tubules had
wider lumens and a very close picture of normality
in both the renal corpuscles and tubules were
important indicators for improvement of renal
morphology

Study by Schwedler et al. [26] also
clarified a relationship between NOx production
and CRP. In addition, the CRP has been shown to
enhance NOx production in isolated human
neutrophils via increased NOS  activity [67].
Consequently, this study assessed the association
between CRP and NOx production in groups II,
I, IV and V . This in agreement with studies
showing CRP can induce NOx production by
neutrophils in both the presence and absence of
infection [67].

Furthermore, it was manifest in group VII
that L-NAME exhibit beneficial effects on
hematopoietic system by increasing RBCs, Hbh%,
PCV and platelet count against Carboplatin -
induced hematotoxicity markers. Elevation of
erythrocyte count by L-NAME might be related to
either stimulation of erythropoiesis or prevention
of bone marrow suppression or the ability of L-
NAME as a free radical scavenging action that
reduces leakage of enzymes into blood stream and

stabilizes membrane permeability [68]. In addition,

L-NAME administration had
antioxidant effects by a decline in MDA and
elevation in SOD, CAT and GSH-Px in

Carboplatin -treated rats (group VII). The results

significant

of our study were in agreement with previous
studies [68] which had proved that L-NAME
demonstrated antioxidant action on cerebral
tissues, liver, and jejunum but, our data were in
contrarily with the results by Selamoglu et al. [69]
who showed that L-NAME in the liver may
enhance oxidative stress via inhibited nitric oxide
synthase.

The anticytokines effects of L-NAME
were manifest in group VII which showed a
specific significant decrease in IL-1 rather than
other plasma inflammatory markers. Nevertheless,
variations in the results in vitamin C and L-NAME
groups did not demonstrate a significant
difference, which may be due to their similar

antioxidant and anti-inflammatory properties.

Conclusion

Carboplatin as a platinum compound and
antineoplastic agent had a hematological toxicity
and oxidant stress effect in addition to increase
proinflammatory cytokines and consequent renal
insult. The development of EPO resistance and
histopathological changes, during treatment of
Carboplatin-induced anemia, was Carboplatin —
dose dependent. Vitamin C and L-NAME could
alleviate and counterbalance the hematological
toxicity, oxidative stress, EPO resistance and
decrease proinflammatory cytokines and in turn
recovery of renal structure and functions. More
investigations will be needed to clarify and
elucidate the mechanisms of vitamin C and L-

NAME involved in oxidative stress & cytokines —
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mediated anemia as a result of Carboplatin

treatment.
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