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Summary

This study was performed to determine caspase-3 and CD68 activities in lymphoid tissues of rats exposed to Cisplatin
(CDDP) induced toxicity and L-carnitine (L-Car) protection. Group control was received single-dose intraperitoneal (i.p.) 1 ml
isotonic saline, Group L-Car received single-dose injections of L-carnitine 500 mg/kg bw. i.p., Group CDDP received a single-dose
injection of CDDP 7 mg/kg bw i.p. all at once, Group L-Car + CDDP received single doses of L-carnitine 500 mg/kg bw i.p. for 10
consecutive days and following a single-dose i.p. injection of CDDP 7 mg/kg bw i.p. When compared to the control group, the
numbers of total WBC were decreased while a relative increase in lymphocyte percentages was observed in the CDDP-treated
group. On the other hand, relative decreases in neutrophil and monocyte percentages were observed in the CDDP-treated
group compared to control group. Conversely, L-Car treatment with CDDP injections caused significantly increased the number
of total WBC. Caspase-3 immunopositivity was found in varying degree in lymphoid tissues. L-carnitine supplementation to
diet decreased apoptotic effect of cisplatin. CD68 positive cells were found similar in control and L-Car groups. While CD68
positivity was found in low degree in CDDP group, it was moderate in L-Car + CDDP group. It is concluded that cisplatin increases
apoptosis and decrease macrophage activity in lymphoid tissues. This both effects were found especially in lymph node in high
degree and thymus in low degree.
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Sisplatin ve L-karnitin’e Maruz Kalmis Ratlarin Lenfoid
Dokularinda Caspase-3 ve CD68 Immunoreaktivitesi
ve Hematolojisi

Ozet

Bu calismada sisplatin (CDDP) toksikasyonuna maruz kalmis ve dietlerine L-carnitine ilave edilmis ratlarin lenfoid dokularinda
Caspase-3 ve CD68 aktivitesinin belirlenmesi ve elde edilen sonuglarin hematolojik bulgularla karsilastirilmasi amaglanmistir. Bu
amacla kontrol grubunu olusturan ratlara tek doz peritonici (i.p.) izotonik salin, L-car grubuna tek doz 500 mg/kg (i.p.) L-carnitine,
CDDP grubuna tek doz 7 mg/kg (i.p.) CDDP, ve son olarak CDDP + L-car grubuna 10 giin boyunca tek doz 500 mg/kg (i.p.)
L-carnitine ve akabinde tek doz 7 mg/kg (i.p.) CDDP uygulandi. Deneme sonrasi elde edilen bulgular dogrultusunda, kontrol grubu
ile kiyaslandiginda CDDP grubunda lenfosit oraninda artis varken toplam WBC orani azalmisti. Diger tarafdan nétrofil 16kosit ve
monosit oranlarinda da CDDP grubunda kontrol grubuna oranla azalma goérildi. Bu bulgularin aksine L-car+CDDP grubunda
toplam WBC, notrofil I6kosit ve lenfosit miktarinda CDDP grubuna oranla artis tespit edildi. Caspase-3 immunopozitifligi lenfoid
dokularda degisen derecelerde tespit edilirken, diyete L-carnitine ilavesi ile sisplatinin apoptotik etkisinde azalma gorildi. CD68
pozitiflik orani kontrol, L-car ve L-car + CDDP gruplarinda birbirine yakin ve orta siddette bulunurken CDDP grubunda CD68
pozitiflik orani daha diistik diizeyde tespit edildi. Elde edilen bulgular isiginda, sisplatinin lenfoid dokularda apoptozisi arttirdigi,
makrofaj aktivitesini ise azalttigi, her iki etkinin 6zellikle lenf digimiinde daha belirgin, timusda ise daha az etkide oldugu
sonucuna varildi.
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INTRODUCTION

Cisplatin (cis-diammine-dichloro-platinum, CDDP) is
broadly used for the treatment of several tumors because
its antitumor activity . In spite of antitumoral activity
CDDP has serious side effect especially on kidney ¢° and
liver 12 tissues. Cisplatin causes glomerular and interstitial
hyperemia, degeneration and necrosis of tubular
epithelium, interstitial fibrosis and tubular dilatation in
kidney °. Similarly, congestion, hepatocyte degeneration
and fibrosis have been reported in liver tissue 2, It has
been suggested that CDDP toxicity could be attributed
free radical-mediated oxidative damage’.

Apoptosis is a gene-regulated mechanism resulted
with some histopathological changes such as DNA
damage, chromatin condensation and shrinkage of cell ™.
The most important member of caspase family is caspase-3
and it is responsible for many biochemical mechanisms of
apoptosis that leads to the cleavage of nuclear and cytosolic
material, chromatin condensation, fragmentation of DNA,
and apoptotic bodies . CD68 is a glycoprotein which
is expressed on monocytes/macrophages. Its expression
was largely used for the detection of monocytes and
macrophages which includes peritoneum, lungs, spleen
and liver and this expression appeared to correlate with
macrophage activation ¢,

L-carnitine (L-Car) is a vitamin-like cofactor. It serves in
the transfer of long chain fatty acids into the mitochondria
and in the B-oxidation of fatty acids '>?°. There are many
studies in nephrotoxicity or hepatotoxicity of CDDP and
ameliorative effect of many antioxidant such as royal
jelly 2, alpha lipoic acid &, rosiglitazone ¢, melatonin ?',
silibini 2, vitamin C 2 and ellagic acid ?* In these studies,
cisplatin toxicity has been demonstrated in kidney, liver,
testes and heart tissues. But there is no specific and
comprehensive study related to cisplatin toxicity on
lymphoid tissues. The effected of lymphoid tissue is
important as well as liver or kidney. Because similar
damage in lymphoid tissues will lead to insufficient
immune response and this side effect probably will cause
secondary infection.

In the present study, it is aimed the determination of
caspase-3 and CD68 immunoreactivity in CDDP -induced
toxicity to lymphoid tissues and the effect of L-carnitine
supplementation.

MATERIAL and METHODS

Animals, Housing and Experimental Design

Adult female Sprague Dawley rats, 180+20 g, were
provided from Atatiirk University, Experimental Research
Centre, Turkey. The animals were divided into 4 groups,
each with 6 rats, and were named according to their

experimental treatment. Group control; received single-
dose intraperitoneal (i.p.) injections of 1 ml isotonic saline
for 10 consecutive days. Group L-Car; received single-
dose injections of L-carnitine (500 mg/kg bw i.p. Santa
Farma, istanbul, Turkey) for 10 consecutive days. Group
CDDP; received a single-dose injection of CDDP (7 mg/
kg bw i.p. Ebewe and Liba, respectively, Istanbul, Turkey)
all at once. Group L-Car + CDDP; received single doses of
L-carnitine (500 mg/kg bw i.p.) for 10 consecutive days
following a single-dose i.p. injection of CDDP (7 mg/kg
bw i.p.). The doses of CDDP and L-carnitine used in this
study were selected in accordance with Al-Majed *. The
animals were kept in metal cages at a temperature of 22-
24°C and a 12-h light/dark cycle during the study. They
were fed with standard commercial rat food and tap water.
All experimental process in this study was approved by
the Local Ethics Board of Animal Experiments in Atatiirk
University (Protocol number: 2008, 2/11).

Blood Sampling and Hematological Analysis

All rats were anesthetized with ketamine (50 mg/kg)
and xylazine (5 mg/kg) intramuscularly, and then killed
by cervical dislocation 24 h after the last injection and
trunk blood was collected into heparinized tubes. From
each sample, ten blood films were prepared and air-
dried, and five of these were stained with May Grunwald-
Giemsa’s stain. Leukocytes (WBC) were counted by the
haemocytometric method, and percentage rates of
leukocytes were determined with the May Grunwald-
Giemsa'’s staining method 2.

Immunohistochemistry

Lymphoid tissue samples from thymus, spleen and
lymph nodes were fixed in 10% buffered neutral formalin
solution. After the routine alcohol-xylol process, tissue
samples were embedded in paraffin, sectioned in 5-6 um
and stained with Mallory’s triple modified by Crossman. For
immunohistochemistry, primary antibodies monoclonal
caspase-3 (dilution: 1/25, Biovision-3015-100, BioVisionInc,
CA, USA); monoclonal mouse anti-CD68 (Clone KP1, 08-
0125, Invitrogen Corporation, Camarillo, CA, USA) and
biotinylated secondary antibody (Dako, Universal LSAB
Kit-K0690, Dako, Carpinteria, CA, USA) were used. The
binding sites of antibody were visualized with DAB
(Sigma, D5905, Sigma-Aldrich Company, Gillingham,
UK) and evaluated by high-power light microscopic
examination (Olympus BX52 with DP72 camera system).
All immunohistochemical staining were estimated with
an image processing system (Olympus, DP2-BSW). For
each specimen, caspase 3 and CD68 were examined in 10
randomly selected areas of approximately X40 objective.
The scores were derived semi-quantitatively using light
microscopy on the preparations from each animal and
were reported as follows: none: —, mild: +, moderate: ++,
severe: +++, and very strong: ++++.
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Statistical Analysis

For statistical analysis, differences between the groups
were tested by the analysis of variance (ANOVA) followed
by Duncan’s post hoc test using SPSS 17.0 for Windows
XP (SPSS Inc., Chicago, lll). A value P<0.05 was considered
significant. All data were expressed as mean averages, +
S.E.M.

RESULTS

As shown in Table 1, when compared to the control
group, the number of total WBC was decreased (7.75+0.95
versus 4.30+1.25); while a relative increase in lymphocyte
percentages (65.50+4.50 versus 78.50+5.00) were observed
(P<0.05) in the CDDP-treated group. On the other hand,
relative decreases in neutrophil and monocyte percentages
were observed (P<0.05) in the CDDP-treated group
compared to control group (25.50+2.50 versus 10.50+3.50
and 5.50£1.50 versus 2.50+0.50, respectively).

Conversely L-Car treatment with CDDP injections caused
significantly increased the number of total white blood cells,
and neutrophil and monocyte percentages (4.30+1.25
versus 6.50+0.85, 10.50+3.50 versus 20.50+2.50, and
2.50+0.50 versus 4.00+1.50, respectively) when compared
with CDDP alone (P<0.05). However, a noticeable decrease
in lymphocyte percentages was observed (P<0.05) in the
L-Car treated with CDDP group compared to CDDP group
(78.50+5.00 versus 70.55+3.50) (Table 1).

After the semi-quantitative assessment of spleen
sections, caspase 3 immunopositivity was found same

intensity except in CDDP groups. This positivity significantly
increased in lymphoid tissues which were exposed to
cisplatin. There was mild immunopositivity in control
(Fig. 1a), L-car (Fig. 1b) and L-car + CDDP groups (Fig. 1d).
Positive immunostaining was moderate in CDDP group
(Fig. 1c). Similarly, positive immunoreactions for caspase-3
were observed in thymus sections. Caspase-3 reactivity
was mild in groups of control (Fig. 2a), L-car (Fig. 2b) and
L-car + CDDP (Fig. 2d). Immunoreaction was observed
more higher than these 3 groups in CDDP group (Fig. 2¢).
When immunopositive staining was in moderate degree
in CDDP group (Fig. 3c), immunostaining of caspase 3
was mild also, in lymph node sections of control (Fig. 3a),
L-car (Fig. 3-b) and L-car + CDDP (Fig. 3d) groups. Apoptotic
cells were characterized by chromatin condensation
and picnosis and mainly observed in both red and white
pulp of spleen, sinusoids of lymph nodes and thymus.
Apoptotic cells were observed in the sinusoids of lymph
nodes and less in follicles. While apoptotic staining was in
high degree in lymph node sections, it was less in spleen
and thymus, respectively. Thymus was found as more
resistant lymphoid organ to cisplatin induced apoptosis.
L-Car treatment with CDDP injections caused decrease
apoptotic effect of CDDP (Table 2).

When thymus sections was examined, CD68 positivity
was found mild in control group (Fig. 4a), none or mild in
group of L-carnitine (Fig. 4b), CDDP (Fig. 4c) and L-Car +
CDDP (Fig. 4d). CD68 staining in spleen was similar and
marked in control, L-Car and L-Car + CDDP groups. When
this positivity was mild in CDDP group (Fig. 5¢), it was mild
or moderate in control (Fig. 5a), L-Car (Fig. 5b) and L-Car
+ CDDP (Fig. 5d) groups. CD68 immunoreactivity was in

Table 1. Leucocytes values of Control, L-Car, CDDP and L-Car + CDDP treated groups

Tablo 1. Kontrol, L-car, CDDP ve L-Car + CDDP gruplarinda Iokosit degerleri

Groups
Parameters
Control L-Car CDDP L-Car + CDDP
WBC (mm?3/10°) 7.75£0.95 8.15+1.10 4.30+1.25° 6.50+0.85P
Lymphocyte (%) 65.50+4.50 67.55+£2.50 78.50+5.00° 70.55+3.50°
Neutrophil (%) 25.50+£2.50 23.50+3.00 10.50£3.50° 20.50+2.50°
Monocyte (%) 5.50£1.50 6.00£1.50 2.50+0.50° 4.00+1.50°
Each value represents the mean + SEM of 6 animals
Significantly different from a: Control group, b: L-Car + CDDP group (P < 0.05), L-Car: L-Carnitine, CDDP: Cisplatin

Table 2. Semi-quantitative assessment of caspase 3 immunopositivity in different lymphoid tissues of Control, L-Car, CDDP and L-Car

+ CDDP treated groups
Tablo 2. Kontrol, L-car, CDDP ve L-Car + CDDP gruplarinda farkli lenfoid dokularda kaspaz 3 immunopozitiflik degerlendirmeleri
Groups
Lymphoid Tissue
Control L-Car CDDP L-Car + CDDP
Spleen + + ++
Thymus + + ++ +
Lymph node + + +++ ++
L-Car: L-Carnitin, CDDP: Cisplatin, +: mild, ++: moderate, +++: severe, ++++: very strong
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Fig 2. Thymus, a. Weak immunopositivity
(arrow) in thymus of control group, b. ¢
Weak immunopositivity (arrows) in thymus
of L-Car group, c. Mild immunopositivity
(arrow) in thymus of CDDP group, d. Weak
immunopositivity (arrow) in thymus of L-Car
+ CDDP group. Original magnification x400.
Streptavidin-biotin peroxidase staining

Sekil 2. Timus, a. Kontrol grubunda zayif
boyanma (ok), b. L-car grubunda zayif
boyanma (oklar), c. CDDP grubunda zayif
boyanma (ok), d. L-Car+CDDP grubunda
zayIf immunopozitivite (ok). Orjinal blyttme:
x400. Streptavidin-biotin peroxidase boyama

high degree in lymph node sections. Positivity was
moderate to severe in control (Fig. 6a), L-car (Fig. 6b) and
L-car + CDDP (Fig. 6d) groups, while it was mild in CDDP
group (Fig. 6¢). When compared to the control and L-Car
groups, CD68 staining was prominently decreased in
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sl Fig 1. Spleen, a. Caspase 3 positive cells in
spleen of control group. Weak immuno-
reactivity in white and red pulp (arrow),
b. Weak immunoreactivity in spleen of
L-Car group. It is similar to control group in
severity of immunopositivity (arrow), ¢. Mild
immunopositivity in spleen of CDDP group
(arrow). Some lymphocytic cells have picnotic
nuclei, d. Weak immunopositivity in spleen of
L-Car + CDDP group and affected cells (arrow).
Original magnification: x400. Streptavidin-
biotin peroxidase staining

Sekil 1. Dalak, a. Kontrol grubunda kaspaz
3 pozitif hiicreler. Kirmizi ve beyaz pulpada
zayif immunoreaktivite (ok), b. L-car
grubunda control grubuna benzer zayif
immunoreaktivite (ok), c. CDDP grububnda
hafif immunoreaktivite (ok), d. L-Car+CDDP
grubunda zayif immunopozitivite (ok).
Orjinal blyltme: x400. Streptavidin-biotin
peroxidase boyama
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CDDP-treated group. Conversely, L-Car treatment with
CDDP injections caused significantly increase in the
staining of CD68. This reaction was more prominent in
lymph node sections when compared to spleen and
thymus (Table 3).

Table 3. Semi-quantitative assessment of CD68 immunopositivity in different lymphoid tissues of Control, L-Car, CODP and L-Car +

CDDP treated groups

Tablo 3. Kontrol, L-car, CDDP ve L-Car + CDDP gruplarinda farkli lenfoid dokularda CD68 immunopozitiflik degerlendirmeleri

Lymphoid Tissue

Control
Spleen ++
Thymus +
Lymph node +++

Groups
L-Car CDDP L-Car + CDDP
++ + +
+ +
+++ + ++

L-Car: L-Carnitin, CDDP: Cisplatin, +: mild, ++: moderate, +++: severe, ++++: very strong
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Fig 3. Lymph node, a. Weak immuno-
positivity (arrow) in lymph node of control
group, b. Weak immunopositivity (arrow)
in lymph node of L-Car group, c. Moderate
immunopositivity (arrow) in lymph node
of CDDP group, d. Mild immunopositivity
(arrow) in lymph node of L-Car + CDDP
group (arrow). Original magnification x400.
Streptavidin-biotin peroxidase staining

Sekil 3. Lenf diigimu, a. Kontrol grubunda
zayif immunopozitivite (ok), b. L-car gru-
bunda zayif immunopozitivite (ok), c. CDDP
grubunda orta siddette immunopozitivite
(ok), d. L-Car + CDDP grubunda hafif
immunopozitivite (ok). Orjinal buyttme:
x400. Streptavidin-biotin peroxidase boyama

DISCUSSION

Cisplatin, broadly used in tumor therapy, has some
side effect and its toxicity has been determined in many
studies. In those studies, degenerative, necroticand fibrous
tissue proliferative effect of cisplatin was described °'2.
Besides, apoptotic effect of cisplatin on kidney and liver
tissues has been studied in detail 2%, Despite of many
detailed investigation about the toxicity on kidney and
liver tissue any specific report could not been attained
in current literature on the apoptotic effect on lymphoid
tissues. Similarly, CD68 immunoreactivity in this toxication
has not been studied. The present study was undertaken
to determine the apoptotic changes and CD68 immuno-
reactivity in lymphoid tissues exposed to CDDP. CDDP

Fig 4. Thymus, a. Group control. None of
CD68 staining, b. Group L-car. Mild CD68
staining, ¢. Group CDDP. Mild or moderate
positivity in CD68, d. L-Group Car + CDDP.
None or mild positivity in CD68 immuno-
staining. Original magnification: a=X400,
b,c,d=x1000. Streptavidin-biotin peroxidase
staining

Sekil 4. Timus, a. Kontrol grubu. Negatif CD68
boyanma, b. L-car grubu.CD68 hafif boyanma,
c. CDDP grubu. Hafif/orta yogunlukta CD68
aktivitesi, d. L-car + CDDP grubu. Hafif
CD68 boyanma. Orjinal buyltme: a=X400,
b,c,d=x1000. Streptavidin-biotin peroxidase
boyama

induced apoptosis were observed in varying degree
in lymphoid tissues in this study. This effect was found
significantly increased, particularly, in lymph node sections
and less in spleen and thymus, respectively. It is emphasized
that thymus was less influenced from this toxication.
Apoptotic cells were characterized by shrinkage and
chromatin condensation in these areas. Apoptotic caspase
enzymes are known as initiators and effectors. Effector
caspase enzymes activate the initiators which trigger the
process of apoptosis '**, Caspase 3 is responsible for many
biochemical mechanisms of apoptosis which leads to
cleavage of nuclear and cytoplasmic substrates, chromatin
condensation, DNA fragmentation and apoptotic bodies ™.
Carnitine adding to diet decreased the apoptotic effect
of cisplatin. CD68 expression was largely used for the
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Fig 6. Lymph node, a. Group control.
Moderate or severe CD68 positivity, b. Group
L-Car. Moderate or severe CD68 positivity, c.
Group CDDP. Mild CD68 positivity (arrow),
d. Group L-Car + CDDP. Mild or moderate
CD68 immunopositivity (arrows). Original
magnifications: a = x400, b,c,d = x1000.
Streptavidin-biotin peroxidase staining

Sekil 6. Lenf dugumu. a. Kontrol grubu.
Orta/siddetli yogunlukta CD68 boyanma, b.
L-car grubu. Orta/siddetli yogunlukta CD68
boyanma, c¢. CDDP grubu. hafif yogunlukta
CD68 aktivitesi (ok), d. L-car + CDDP grubu.
Hafif/orta yogunlukta CD68 boyanma (oklar).
Orjinal blyltme: a = x400, b,c,d = x1000.
Streptavidin-biotin peroxidase boyama

detection of monocytes and macrophages and this
expression appeared to correlate with macrophage
activation 2, In the present study, CD68 immunoreactivity
was found in high degree in lymph node sections. It was
less in spleen and there was almost no in thymus. This
positivity was prominently decreased in CDDP-treated
group when compared to the control and L-Car groups,
CD68. Conversely, L-Car treatment with CDDP injections
caused significantly increase in the staining of CD68.
Suppression of macrophages due to CDDP toxicity may be
the reason for this. Thus, haematological results support
this mechanism. L-carnitine, a vitamin-like cofactor was
reported to be protective for cellular membranes via the
detoxification of acetyl groups and free CoA 3. It serves
in the transfer of long chain fatty acids in to the mito-

Fig 5. Spleen, a. Group control. Mild or
moderate CD68 positivity (arrow), b. Group
L-Car. Mild or moderate CD68 positivity
(arrow), c¢. Group CDDP. Mild positivity in
CD68 (arrow), d. Group L-Car + CDDP. Mild or
moderate positivity in CD68 immunostaining
(arrow). Original magnification: x400.
Streptavidin-biotin peroxidase staining

Sekil 5. Dalak. a. Kontrol grubu. Hafif/orta
yogunlukta CD68 boyanma (ok), b. L-car
grubu. Hafif/orta yogunlukta CD68 boyanma
(ok), ¢. CDDP grubu. Orta yogunlukta CD68
aktivitesi (ok), d. L-car + CDDP grubu.
Hafif/orta yogunlukta CD68 boyanma (ok).
Orjinal blyltme: x400. Streptavidin-biotin
peroxidase boyama

chondria . In present study, carnitine supplementation
decreased the apoptotic effect of CDDP in lymphoid tissue.

The success of a chemotherapy is dependent not only
on effectively removing tumor cells but also on reducing
the related immunosuppressive complications that are
primarily caused by apoptosis of circulating leucocytes
cells (leucopenia). This danger situation interferes with a
patient’s response to chemotherapy by causing severe
immunosuppressive conditions, as reflected in a lower
WBC count. In the present work, we also analyzed
changes in total leucocytes counts and percentage rates
of leukocytes by haemocytometric method and May
Grunwald-Giemsa'’s staining method (26), respectively. In
our study, analysis of white blood cells, and neutrophil
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and monocyte percentages showed that CDDP treatment
induced the decrease in circulation. The main mechanism
of cisplatin myelotoxicity is unknown; however, there may
be two mechanisms have been shown both in vitro and in
vivo studies. These include firstly, it's toxicity is associated
closely with platinum DNA interstrand bifunctional N-7
adducts at d(GpG) and d(Apg) 32, and other mechanism,
CDDP caused the mitochondrial oxidative stress with
resultant energetic metabolism impairment, and the
release of reactive oxygen species in the cells 3. Evans
et al3* and Nowrousian and Schmidt ** reported similar
results that after a single dose of cisplatin treatment in
mice, the bone marrow derived colony-forming units
(CFUs) were depleted significantly. Das et al.** recently
reported that cisplatin treatment exerts significant toxicity
on the hematopoietic stem cell fraction in vitro.

Antioxidants such as glutathione and metallothioneins
are found to prevent CDDP-induced toxicity '3, Hence,
the clinical uses of antioxidants have been suggested to
reduce CDDP-induced myelosuppression 373, In our study,
L-Car treatment were prevented this tendency to decrease
in CDDP-treated rat circulation. Previous researchers have
demonstrated the enhancement of immune responses by
L-carnitine supplementation 3°#', Also, Deufel *? informed
that leukocytes are enriched in carnitine; and also Monti
et al.® informed that L-car protect to cells against toxicity
of reactive oxygen species. Moreover, Famularo et al.*
have demonstrated antiapoptotic effects of L-car. On
the other hand Abd-Allah et al.* stated that L-Car halts
apoptosis and myelosuppression induced by carboplatin
in rat bone marrow cell cultures. The hematostimulatory
and antiapoptotic nature of L-Car 3°* may participate in
preventing chemotherapy-induced leukocyte apoptosis “.
Various natural or synthetic antioxidant agents have been
well used in order to prevent or ameliorate CDDP and other
chemotherapeutic agents-induced bone marrow toxicity *.
Ghosh et al.® informed that Neem (Azadirachta Indica)
leaf preparation prevents leukocyte apoptosis mediated
by cisplatin plus 5-fluorouracil, treatment in swiss mice.
The same author et al.* informed that pretreatment with
neem (Azadirachta indica) leaf preparation in Swiss mice
diminishes leukopenia and enhances antitumor activity
of cyclophosphamide. On the other hand, Das et al.*®
stated that squalene exerts a cytoprotective effect on
bone marrow and against platinum-induced bone marrow
toxicity in mice. Perez-Cruz et al." informed that Vitamin
C inhibits FAS-induced apoptosis in monocytes and U937
cells.

It is concluded that CDDP increase apoptosis in
lymphoid tissues, and also L-Car showed a cytoprotective
effect on leucocytes against CDDP-induced toxicity in
rat. Apoptotic effect of CDDP was found in lymph node
in high degree and thymus in low degree. Carnitine
supplementation to diet decreased apoptotic effect of
cisplatin.

REFERENCES

1.Ries FF, Klastersky JJ: Nephrotoxicity induced by cancer chemotherapy
with special emphasis on cisplatin toxicity. Am J Kidney Dis, 8, 368-379,
1986.

2.Bolaman Z, Késeoglu MH, Demir S, Kadikoylii G, Barutca S, Atalay
H, Aslan D: a-tokoferoliin sican bobreginde sisplatinin yol actigi lipid
peroksidasyonuna etkisi. Turk J Hematol, 20, 35-38, 1986.

3. Fuertesa MA, Castillab J, Alonsoa C, Perez JM: Cisplatin biochemical
mechanism of action: From cytotoxicity to induction of cell death through
interconnections between apoptotic and necrotic pathways. Curr Med
Chem, 10, 257-266, 2003

4. Siddik ZH: Cisplatin: mode of cytotoxic action and molecular basis of
resistance. Oncogene, 22, 7265-7279, 2003.

5. Karimi G, Ramezani M, Tahoonian Z: Cisplatin nephrotoxicity and
protection by milk thistle extract in rats. Evid Based Compl Alt, 2, 383-386,
2005.

6. Lee S, Kim W, Moon SO, Sung MJ, Kim DH, Kang KP, Jang YB, Lee
JE, Jang KY, Park SK: Rosiglitazone ameliorates cisplatin-induced renal
injury in mice. Nephrol Dial Transpl, 21, 2096-2105, 2006.

7. Jiang M, Wei Q, Pabla N, Dong G, Wang CY, Yang T, Smith SB,
Dong Z: Effects of hydroxyl radical scavenging on cisplatin-induced p53
activation tubular cell apoptosis and nephrotoxicity. Biochem Pharmacol,
73,1499-510, 2007.

8. Kang KP, Kim DH, Jung YJ, Lee AS, Lee S, Lee SY, Jee KY, Sung MJ,
Park SK, Kim W: Alpha-lipoic acid attenuates cisplatin-induced acute
kidney injury in mice by suppressing renal inflammation. Nephrol Dial
Transpl, 24, 3012-3020, 2009.

9. Yapar K, Cavusoglu K, Oruc E, Yalcin E: Protective effect of royal jelly
and green tea extracts effect against cisplatin-induced nephrotoxicity in
mice: A comparative study. J Med Food, 12, 1136-1142, 2009.

10. Pratibha R, Sameer R, Rataboli PV, Bhiwgade DA, Dhume CY:
Enzymatic studies of cisplatin induced oxidative stress in hepatic tissue of
rats. Eur J Pharmacol, 532, 290-293, 2006.

11. Miyamato Y, Shimada K, Sakaguchi Y, Miyamato M: Cisplatin
(CCDP)-induced acute toxicity in an experimental model of hepatic
fibrosis. J Toxicol Sci, 32,311-319, 2003.

12. Karadeniz A, Simsek N, Karakus E, Yildirim S, Kara A, Can |, Kisa F,
Emre H, Turkeli M: Royal Jelly modulates oxidative stress and apoptosis
in liver and kidneys of rats Treated with Cisplatin. Oxid Med Cell Longev,
DOI:101155/2011/981793, 2011.

13. Wylile AH: Apoptosis: an overview. Brit Med Bul, 53, 451-467, 1997.

14. Salvesen GS, Dixit VM: Caspases: Intracellular signaling by
proteolysis. Cell, 91, 443-446, 1997.

15. Zhan YB, Water VD, Wang Y, Stevens JL: The roles of caspase-3 and
bcl-2 in chemically-induced apoptosis but not necrosis of renal epithelial
cells. Oncogene, 18, 6505-6512, 1999.

16. Holness CL, Da Silva RP, Fawcett J, Gordon S, Simmons DL:
Macrosialin a mouse macrophage-restricted glycoprotein is a member of
the lamp/Igp family. J Biol Chem, 268, 9661-9666, 1993.

17. Da Silva RP and Gordon S: Phagocytosis stimulates alternative
glycosylation of macrosialin (mouse CD68) a macrophage-specific
endosomal protein. Biochem J, 338, 687-694, 1999.

18. Moore KJ, Freeman MW: Scavenger receptors in atherosclerosis:
beyond lipid uptake. Arterioscler Thromb Vasc Biol, 26, 1702-1711, 2006.
19. Kelly GS: L-carnitine: Therapeutic applications of a conditionally-
essential amino acid. Altern Med Rev, 3, 345-360, 1998.

20. Brass EM: Supplemental carnitine and exercise. Am J Clin Nutr, 72,
618-623, 2000.

21. Atessahin A, Sahna E, Turk G, Ceribasi AO, Yilmaz S, Yuce A,
Bulmus O: Chemoprotective effect of melatonin against cisplatin-
induced testicular toxicity in rats. J Pineal Res, 41, 21-27, 2006.

22. Gaedeke JL, Fels M, Bokemeyer C, Mengs U, Stolte H, Lentzen H:
Cisplatin nephrotoxicity and protection by silibinin. Nephrol Dial Transpl,



878
Caspase-3 and CD6S ...

11, 55-62, 1996.

23. De Martins BS, Pires Bianchi MDL: Effect of vitamin C supplementation
against cisplatin-induced toxicity and oxidative DNA damage in rats.
Pharmacol Res, 44, 317-320, 2002.

24.Yuce A, Atessahin A, Ceribasi AO, Aksakal M: Ellagic acid prevents
cisplatin-induced oxidative stress in liver and heart tissue of rats. Basic
Clin Pharmacol Toxicol, 101, 345-349, 2007.

25. Al-Majed AA: Carnitine deficiency provokes cisplatin-induced
hepatotoxicity in rats. Basic Clin Pharmacol Toxicol, 100, 145-150, 2007.

26. Schalm W: Veterinary Hematology, 2nd ed. pp. 47-123, Lea and
Febiger, Philadelphia, 1965.

27. Wetzel CC, Berberich SJ: p53 binds to cisplatin- damaged DNA.
Biochim Biophys Acta, 1517, 392-397, 2001.

28. Cummings BS, Schnellmann RG: Cisplatin-induced renal cell apoptosis:
Caspase 3-dependent and -independent pathways. J Pharmacol Exp Ther,
302, 8-17,2002.

29. Lieber J, Kirchner B, Eicher C: Inhibition of Bcl-2 and Bcl-X enhances
chemotherapy sensitivity in hepatoblastoma cells. Pediatr Blood Cancer,
55,1089-1095, 2010.

30. Safirstein R, Miller P, Guttenplan JB: Uptake and metabolism of
cisplatin by rat kidney. Kidney Int, 25, 753-758, 1984.

31. Fritz IB, Martelli EA: Sites of action of carnitine and its derivatives
on the cardiovascular system: Interactions with membranes. Trends
Pharmacol Sci, 14, 355-360, 1993.

32. Zwelling LA, Michaels S, Schwartz H, Dobson PP, Kohn KW: DNA
cross-linking as an indicator of sensitivity and resistance of mouse L1210
leukemia to cis-diamminedichloroplatinum (Il) and L-phenylalanine
mustard. Cancer Res, 41, 640-649, 1981.

33. Nowrousian MR, Schmidt CG: Effects of cisplatin on different
haemopoietic progenitor cells in mice. Br J Cancer, 46, 397-402, 1982.

34.Evans RG,Wheatley C, Engel C, Nielsen J, Ciborowski LJ: Modification
of the bone marrow toxicity of cis-diamminedichloroplatinum (ll) in mice
by diethyldithiocarbamate. Cancer Res, 44, 3686-3690, 1984.

35. Das B, Yeger H, Baruchel H, Freedman MH, Koren G, Baruchel
S: In vitro cytoprotective activity of squalene on a bone marrow versus
neuroblastoma model of cisplatin-induced toxicity: Implications in
cancer chemotherapy. EurJ Cancer, 39, 2556-2565, 2003.

36. Neuwel EA, Pagel MA, Kraemer DF, Peterson DR, Muldoon LL:
Bone marrow chemoprotection without compromise of chemotherapy
efficacy in a rat brain tumor model. J Pharmacol Exp Ther, 309, 594-599,
2004.

37. Gandara DR, Perez EA, Weibe V, De Gregorio MW: Cisplatin
chemoprotection and rescue: Pharmacologic modulation of toxicity.
Semin Oncol, 18, 49-55, 1991.

38. Muggia FM: Cytoprotection: concepts and challenges. Support Care
Cancer, 2,377-379.

39. De Simone CM, Ferrari A, Lozzi D, Meli D, Sorice RF: Vitamins and
immunity: Il Influence of Lcarnitine on the immune system. Acta Vitaminol
Enzymol, 4, 135-140, 1982.

40. Karadeniz A, Simsek N, Cakir H: Haematological effects of dietary
L-carnitine supplementation in broiler chickens. Rev Med Vet (Toulouse),
159, 437-443, 2008.

41. Simsek N, Karadeniz A, Bayraktaroglu AG: Ratlarda periferal jan
hiicreleri Gzerine L-karnitin arl sutl ve nar ¢ekirdeginin Etkileri. Kafkas
Univ Vet Fak Derg, 15 (1): 63-69, 2009.

42, Deufel T: Determination of L-carnitine in biological fluids and
tissues. J Clin Chem Clin Biochem, 28, 307-311, 1990.

43. Monti D, Cossarizza A, Troiano L, Arrigoni-Martelli E, Franceschi
C: Immunomodulatory properties of L acetylcarnitine on lymphocytes
from young and old humans In, De Simone C, Martelli EA (Eds): Stress
Immunity and Ageing. A Role for L-Acetylcarnitine. pp. 83-96, Elsevier,
Amesterdam, 1989.

44, Famularo G, De Simone C, Tzantzoglou S, Trinchieri V: Apotosis
anti-apoptotic compounds and TNF-alpha release. Immunol Today, 15,
495-496, 1994.

45. Abd-Allah AR, Al-Majed AA, Al-Yahya AA, Fouda SI, Al-Shabana
OA: L-Carnitine halts apoptosis and myelosuppression induced by
carboplatin in rat bone marrow cell cultures (BMC). Arch Toxicol, 79, 406-
413, 2005.

46. Sener G, Eksioglu E, Demiralp M, Cetiner F, Ercan S, Sirvanci
N, Gedik B, Yegen C: L-Carnitine ameliorates methotrexate-induced
oxidative organ injury and inhibits leukocyte death. Cell Biol Toxicol, 22,
47-60, 2006.

47. Weijl NI, Elsendoorn TJ, Lentjes EG, Hopman GD, Wipkink-
Bakker A, Zwinderman AH, Cleton FJ, Osanto S: Supplementation with
antioxidant micronutrients and chemotherapy-induced toxicity in cancer
patients treated with cisplatin-based chemotherapy: A randomised
double-blind placebocontrolled study. Eur J Cancer, 40, 1713-1723,
2004.

48. Ghosh D, Bose A, Haque E, Baral R: Neem (Azadirachta Indica) leaf
preparation prevents leukocyte apoptosis mediated by cisplatin plus
5-fluorouracil treatment in swiss mice. Chemotherapy, 55, 137-144, 2009.

49. Ghosh D, Bose A, Haque E, Baral RN: Pretreatment with neem
(Azadirachta indica) leaf preparation in Swiss mice diminishes leukopenia
and enhances anti-tumor activity of cyclophosphamide. Phytother Res,
20, 814-818, 2006.

50. Das B, Yeger H, Baruchel S: Squalene protects mice bone marrow
hematopoietic and mesenchymal stem cells against high-dose cisplatin
in vivo by restoring antioxidant balance: Implications in cancer chemo-
therapy. Proc Amer Assoc Cancer Res, 47, Abstract nr 30, 2006.

51. Perez-Crul I, Carcamo JM, Golde DW: Vitamin C inhibits FAS-
induced apoptosis in monocytes and U937 cells. Blood, 102, 336-343,
2003.



