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Abstract

Objective: To evaluate the antitoxic effects of levamisole (Lms) or taurine (Tau) against high dose of CTX (200
mg/kg) in Ehrlich Ascites Carcinoma (EAC)-bearing mice.

Methods: Thirty five female Swiss Albino mice were used in this study; sub-grouped into five groups: Control
group (non-tumorized); EAC tumorized and non-treated group; EAC tumorized and mono-treated with CTX
group; EAC tumorized and co-treated with CTX and Lms group; EAC tumorized and co-treated with CTX and
Tau group.

Results: Co-treatment of CTX with subcutaneous injection of Lms (10 mg/kg) or intragastric administration of
Tau (640 mg/kg) resulted in a reduction of the tumor cell count, viability and proliferation accompanied by an
elevation in the rate of tumor growth inhibition and apoptotic index. Furthermore, co-treatments of CTX with
Lms or Tau restored the immune suppression induced by CTX mono-treatment. However, co-treatments of CTX
with Lms or Tau partially normalized bone marrow nucleated cell count, viability, splenocytes proliferation,
immune organ indices as well as hematological alterations; it was obvious that Tau co-treatment was much
more effective than Lms as hepatic and renal protective agent.

Conclusion: Data suggested that, both agents, Lms or Tau, exhibits strong potentiality to enhance sensitivity of
EAC to chemotherapy and attenuate the toxicity induced by high dose of CTX in tumor-bearing mice.

Keywords: Cyclophosphamide toxicity, Hematological alterations, Inmune suppression, Levamisole, Taurine.

activities of CTX are dose dependent, it was reported
that effector T-cells necessary for induction of
immune response against tumor were depleted by
high dose CTX [6, 7]. Moreover, damaging of normal
cells during attack of malignant cells, lack of tumor
specificity, is the critical adverse effect of using CTX. In

INTRODUCTION

Cancer is one of the leading causes of death among
human beings worldwide. In spite of advancement of
many treatment approaches, chemotherapy remains
fundamental regimen for various forms of malignancy
[1]. However, conventional chemotherapy has many

disadvantages and severe side effects [2].

Cyclophosphamide (CTX), DNA alkylating agent, is a
common anticancer drugwidely used for the treatment
of various types of malignant tumors, including breast
cancer, malignant lymphoma, multiple myeloma and
leukemia [3-5]. However, it was found that biological

particular, CTX inhibits the immune system and highly
proliferative hematopoietic cells, leading to immune
suppression and peripheral leucopenia [5]. Therefore,
the need to use supplementary drugs to enhance
immune functions and attenuate chemotherapy-
induced myelosuppression has become essential to
overcome this obstacle.
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Immunostimulants are agents used to trigger the
immune response in order to enhance the disease
resistance. Several compounds that have been
recorded to have immunostimulation properties
mostly are derivatives or cellular components of
animal, fungal or bacterial origin [8]. Among these
agents, taurine (Tau: 2-aminoethanesulphonic acid),
is a sulfur-containing p-amino acid extensively
distributed in different cells of mammals [9]. Several
studies and clinical applications demonstrated that
Tau has extensive physiological effects, so it was
known as an endogenous anti-injury material [10, 11].
Tau as a therapeutic tool against cancer is identified
to have antioxidant properties by scavenging strong
oxidant and cytotoxic agents [12]. Moreover, Tau has
been used as an antipyretic and anti-inflammatory
agent, to treat hepatic disease [13], diabetes [14, 15]
and cardiovascular disease [16]. Many studies have
revealed that Tau promote immunological functions
and can be used as a good immunological adjuvant
[17,18]. Maher et al. reported that Tau can be utilized
in reversing the lymphopenia associated with IL-2,
thereby augmenting its immunotherapeutic potential
[19].

Levamisole (Lms), the broad spectrum antinematodal
drug, was also reported to have animmunomodulatory
effect on different cancer cells, including colorectal,
breast cancer, melanoma and leukemia [20]. It
has a sufficient immunostimulant effect on CTX
immunosuppressed rats [21].

Undiandeye et al. reported that Lms enhances the
production of immune cells through significant increase
in lymphocytes, monocytes and eosinophils following
its administration [22]. Moreover, Lms stimulates
T-cell differentiation and response to antigens, elicits
cell-mediated cytotoxicity, lymphokine production
and enhances phagocytosis [23]. Therefore, Lms
may assist in the treatment of chronic infections and
neoplastic diseases [24, 25].

In this study, Ehrich Ascites Carcinoma (EAC)-bearing
mouse model was used to investigate the antitoxic
effects of either Tau or Lms against high dose of
chemotherapy (CTX) induced toxicity.

MATERIALS AND METHODS
Animals

Swiss female albino mice (20-22 g) were procured

from the holding company for biological products
and vaccines (VACSERA), Cairo, Egypt. Mice were
housed in clean and dry plastic cages in a controlled
environment, (temperature 25 +2°Cand 12 hour dark/
light cycle), with standard laboratory diet and water
ad libitum. The study was conducted after consent of
the Institutional Animal Ethical Committee, Menoufia
University (approval ID: MUFS/F/HE/1/16).

Mouse Tumor Model

Ehrlich Ascites Carcinoma (EAC) cell line was obtained
from The National Cancer Institute, Cairo University,
Egypt. EAC tumor was maintained in the ascitic form
by in vivo sequential passages in naive female Swiss
albino mice through bi-weekly intraperitoneal (i.p.)
transplantations of 0.25 x 10° tumor cells/mouse. The
ascitic fluid was collected by sterile syringe and diluted
by PBS. Then tumor cell count was performed using
the trypan blue dye exclusion method (cell viability
was 2 95%) before injection into naive female Swiss
mice for experimentation.

Reagents

Cyclophosphamide (CTX) was obtained from Sigma
(CA, USA), reconstituted with saline and diluted to the
required dose (200 mg/kg) according to Salem et al.
[26]. Levamisole (Lms) was purchased from ADWIA
Company, Egypt and diluted to the required dose (10
mg/kg) according to Clarke et al. [27]. Taurine (Tau)
was obtained from Sigma; it was reconstituted in
sterile distilled water and diluted to the required dose
(640 mg/kg) according to Zhao et al. [5]. All other
chemicals and reagents were of the highest purity
available.

Experimental Design

Thirty five female Swiss albino mice were divided into
five groups (n=7/group). The weight of the animals
in each group was recorded at the beginning and at
the end of the experiment. All the animals in each
group except group (I) received EAC cells (0.25 x 10°
cells/mouse i.p.) on day 0 according to Abdel Salam
et al. [28]. Group (I) served as normal control (0.2
ml saline/mouse i.p.) and group (II) served as EAC
control. Twenty four hours after EAC transplantation,
group (III), (IV) and (V) received CTX i.p. at a dose of
200 mg/kg. Group (IV) injected subcutaneously with
two doses of Lms (10 mg/kg) 48-hour before and after
EAC transplantation. Finally, group (V) received eight
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doses of Tau (640 mg/kg, intragastric) 24-hour after
EAC transplantation for eight consecutive days.

Sampling and Cell Preparation

Blood samples were collected, on day 9, using orbital
bleeding and divided into two tubes, one was mixed
with EDTA and the other was permitted to clot. Serum
samples were separated at 4000 rpm for 20 minutes,
and stored at -80 °C until use [29]. Then, mice were
sacrificed by cervical dislocation and EAC cells were
harvested according to Salem et al. [30]. In addition,
thymus, spleen and femur bone were also harvested
for the subsequent analysis.

Spleen cell suspension was prepared according to
Ibrahim et al. [31]. Moreover, bone marrow cell
suspension was collected from the femur bone and
prepared according to Zhu et al. [32]. The count and
viability of EAC, bone marrow nucleated cells and
spleen cells were determined by trypan blue dye
exclusion method [33]. Percent of tumor growth
inhibition was calculated according to Jaganathan et
al. [34] as the following: Tumor inhibition rate (%)
= [(Average number of tumor cells of control group
- Average number of tumor cells of treated group) /
Average number of tumor cells of control group] x
100. The spleen and thymus indices were determined
according to Zhao etal. [5] using the following formula:
organ index = organ weight (g) / Body weight (g).

Hematological and Biochemical Evaluation

Hematological parameters [hemoglobin content,
hematocrit value, red blood cells (RBCs) count, white
blood cells (WBCs) total and relative differential
counts, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC) and platelet
count] were performed manually using blood sample
mixed with EDTA as previously described [35]. The
serum concentration of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), creatinine,
total protein and albumin were determined using
Spinreact kits (Spain) according to the manufactures’
instructions of kits. The serum globulin level was
calculated by subtracting the obtained serum albumin
concentration from the obtained serum total protein
concentration [36].

Apoptosis Rate of Tumor Cells

Double staining with Annexin V-FITC and propidium

iodide (PI) was performed using FITC Annexin V
apoptosis detection kit (Abcam, Canada) [37]. Briefly,
tumor cells were collected in PBS and washed, then,
the cells were stained with Annexin V-FITC and PI
for 15 minutes in the dark at 25°C. The cells were
analyzed using a flow cytometer (BD FACS Canto II; BD
Biosciences) and the percentage of cells undergoing
apoptosis were evaluated by BD FACS DIVA™ software
(BD Biosciences).

Phenotypic Analysis of Splenocytes by Flow
Cytometry

Spleen cells were stained with anti-mouse mAbs
against CD3 (FITC labeled, clone: 17A2), CD4 (APC
labeled, clone: RM4-5), CD8 (PE.Cy5 labeled, clone:
53-6.7), CD25 (PE labeled, clone: PC61), CD11b (APC
labeled, clone: M1/70) and Ly6G (FITC labeled, clone:
RB6-8C5) for 30 minutes at 4°C in the dark through
two panels. Then cells were washed twice and re-
suspended in 0.3 ml of 0.5 % bovine serum albumin
and 0.02 % sodium azide solution [28]. Surface marker
expression was analyzed with BD FACS Canto II flow
cytometer using BD FACS DIVA™ software.

Proliferation Assay

Tumor cells and splenocytes proliferative responses
to mitogen Con A were determined by a micro-tissue
culture system as described previously [38]. Cells (2.5
x 10°/ml) were suspended in RPMI-1640 medium
supplemented with 10% fetal calf serum (FCS), 100
IU/ml penicillin and 100 pg/ml streptomycin. Then the
cells were cultured with Con A and after 24 hours, ten
microliters of cell counting kit-8 (Sigma) reagent was
added. Using a microplate ELISA reader (Seac, Radim
Company, Italy), the optical density was determined
at 450 nm. after 3 hours of incubation at 37 °C in
5% CO,. The percentage of growth of tumor cells or
splenocytes was calculated by dividing each value by
the average mean of the EAC or normal control group,
respectively, multiplied by 100.

Statistical Analysis

For statistical analysis, the statistical package of social
science (SPSS) software for Windows, version 22
was utilized. One way analysis of variance (ANOVA)
followed by least significant difference (LSD) for
post hoc analysis was used for multiple comparisons.
Statistical significance was considered when P < 0.05.
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RESULTS

Effect of Mono- and Co-Treatments on Tumor
Growth, Proliferation and Apoptosis

CTX induced a significant (P < 0.05) reduction
in tumor cells count, viability and proliferation
accompanied by a significant increase in the rates
of tumor cell apoptosis compared to EAC group. The
results revealed that co-treatment of CTX with Lms or
Tau significantly decreased (P < 0.05) the percentage
of tumor cells viability and induced its apoptosis

compared to CTX-treated mice. While, co-treatment
of Lms and CTX decreased the tumor cells count
and proliferation without any significant difference
with CTX-treated group, tumor cells count and
proliferation were significantly decreased (P < 0.05)
in mice co-treated with CTX and Tau when compared
with CTX treated animals (Table 1). On the level of
tumor growth inhibition percentage, CTX (200 mg/
kg) achieved 81.19%, while, higher rates of inhibition
were achieved after co-treatments of (CTX and Lms),
(CTX and Tau), 88.49% and 95.23%, respectively.

Table 1. Effect of mono- and co-treatments on tumor status (tumor cell count, viability, growth inhibition rate,

proliferation and apoptosis rates).

Tumor Tumor Tumor Tumor Tumor
cell count cell viability cell proliferation | cell apoptosis inhibition rate
(109) (%) (%) rate (%) (%)
EAC 42.25+3.30 98.90 + 0.48 100.00 +10.63 1.44 +0.16 0
CTX 790+0.75* 55.42+1.92* 69.40+7.70 * 18.90 + 1.05 * 81.19
Lms+CTX | 4.83+0.40* | 44.45+3.10* 68.87 £+8.41* 22.40 £ 0.65 ** 88.49
Tau+CTX | 2.00 + 0.56 ** | 37.09 + 7.29 *# 53.04 +8.15 ** 30.33 £1.05 *# 95.23

Data were expressed as mean * SD, n = 7. * denotes P < 0.05, statistically compared with EAC control group
and * denotes P < 0.05, statistically compared with CTX-treated mice. EAC: Ehrlich Ascites carcinoma; CTX:

Cyclophosphamide; Lms: levamisole; Tau: taurine.

EffectofMono-and Co-Treatments on Phenotypic
Analysis of Splenocytes

CTX treatment induced non-significant decrease in the
percentage of CD3*CD4" cells compared to EAC group.
Significant (P < 0.05) depletion in the percentages of
CD3*CD8*, CD3CD8*, CD4*CD25* and CD11b*Ly6G*
cells was observed after CTX mono-treatment when
compared with EAC bearing animals. In addition, co-
treatments of CTX with Lms or Tau enforced the effect

on CD11b*Ly6G* cells and showed highly significant
(P < 0.05) decrease in their percentage compared
to CTX-treated mice. In contrast, the percentages
of CD3*CD4*, CD3*CD8* and CD4*CD25* cells were
significantly increased (P < 0.05) after co-treatments
of CTX with Lms or Tau when compared to CTX-
treated mice, (Table 2 and Fig. 1). Altogether, partial
restoration was achieved by co-treatment of CTX with
Lms or Tau compared to CTX mono-treatment.

Table 2. Effect of co-treatments of cyclophosphamide with levamisole or taurine on phenotypic analysis of

splenocytes in tumor-bearing mice.

CD3*CD4* CD3*CD8* CD3CD8* CD4*CD25* CD11b*Ly6G*
(%) (%) (%) (%) (%)
Control 52.91+5.80 19.36 + 1.68 13.03 +2.31 1.06 £ 0.15 1.63 £ 0.56
EAC 2246 +1.92 11.56 + 1.26 7.13+0.70 1.76 £ 0.25 14.03 +1.28
CTX 18.80 + 1.20 7.56+1.00 * 3.60+0.45* 0.01 +0.002 * 10.73 £0.77 *
Lms+CTX 28.16+281* | 1531+1.57* 5.56 £1.72 0.55+0.25 ** 595+ 1.45*
Tau+CTX 37.28 +3.46 ** 14.56+ 1.33 # 3.30+£0.55* 0.73 £0.25 ** 491 +0.85*

Data were expressed as mean + SD, n = 5. * denotes P < 0.05, statistically compared with EAC control group
and * denotes P < 0.05, statistically compared with CTX-treated mice. EAC: Ehrlich Ascites carcinoma; CTX:

Cyclophosphamide; Lms: levamisole; Tau: taurine.
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Figure 1. Flowcytometric dot plot representation of splenocytes phenotypic analysis. Numbers correspond to the
percentage of corresponding flourochrome labelled cells. Data are representative of five separate experiments.
EAC: Ehrlich Ascites Carcinoma; CTX: cyclophosphamide; Lms: levamisole; Tau: taurine.

Effect of Mono- and Co-Treatments on Bone
Marrow (Bm) Cellularity, Spleen Proliferation
and Immune Organ Indices

The effect of mono- and co-treatments on bone
marrow (BM) cellularity and spleen cells proliferation
was demonstrated in Table (3). Results revealed that
CTX mono-treatment resulted in significant (P < 0.05)
decrease in BM nucleated cells count, viability and
spleen cells proliferation as compared to EAC group.
Co-treatment of CTX with Lms induced significant
(P < 0.05) partial restoration in BM nucleated cells
count compared to CTX mono-treatment. In the
same manner, co-treatment of CTX with Tau induced
marked significant (P < 0.05) restoration of BM
nucleated cells viability compared to CTX mono-
treatment. Furthermore, compared with CTX group the

proliferation rates of splenocytes were elevated after
co-treatments of CTX with Lms or Tau. This elevation
was significant (P < 0.05) only in co-treatment of CTX
with Tau.

Mono-treatment of EAC-bearing mice with CTX (200
mg/kg), significantly (P < 0.05) decreased body
weight, thymus and spleen indices compared with
EAC group (Table 4). Intragastric administration of
Tau or subcutaneous injection of Lms with CTX in
tumor bearing mice significantly (P < 0.05) increased
body weight and spleen index when compared with
CTX treated group. Without any significant difference,
co-treatments of CTX with Lms or Tau increased and
tended to improve thymus index as compared to CTX
mono-treatment. The above data suggest the antitoxic
effect of Lms or Tau against CTX toxicity.
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Table 3. Effect of co-treatments of cyclophosphamide with levamisole or taurine on splenocytes proliferation and
bone marrow nucleated cells count and viability in EAC-bearing mice.

Splenocytes proliferation | Bone marrow nucleated | Bone marrow nucleated cell
(%) cell count(10°) viability (%)
Control 100 + 3.34 7.02 £ 0.84 98.91 + 2.17
EAC 101.75 £ 4.52 11.9+1.94 97.33 +1.86
CTX 76.63 +1.63* 2.75+0.25* 90.52 +3.49 *
Lms+CTX 78.61+6.02* 5.05 + 0.59 ** 92.32+2.53*
Tau+CTX 86.46 + 4.05 *# 435+0.55* 96.63+0.85%

Data were expressed as mean + SD, n = 7. * denotes P < 0.05, statistically compared with EAC control group
and * denotes P < 0.05, statistically compared with CTX-treated mice. EAC: Ehrlich Ascites carcinoma; CTX:

Cyclophosphamide; Lms: levamisole; Tau: taurine.

Table 4. Effect of mono- and co-treatments on body weight, thymus and spleen indices in EAC-bearing mice.

Body weight (g) Thymus index (10?) Spleen index (103)
Control 21.58 £ 0.25 1.97 £+ 0.27 5.29 + 0.98
EAC 25.8+0.71 3.81+0.61 7.39 £ 0.53
CTX 17.72+£0.27 * 097+0.16* 3.21+£0.94*
Lms+CTX 22.07 £ 0.17 ** 1.37+0.21* 6.98 £ 0.40 #
Tau+CTX 22.47 £ 0.23 *# 146 £0.19 * 6.75+0.30 *

Data were expressed as mean + SD, n = 7. * denotes P < 0.05, statistically compared with EAC control group
and * denotes P < 0.05, statistically compared with CTX-treated mice. EAC: Ehrlich Ascites carcinoma; CTX:

Cyclophosphamide; Lms: levamisole; Tau: taurine.

Hematological and Biochemical Evaluations

Table (5) demonstrates the hematological changes
observed after treating EAC-bearing mice with
CTX and combinations of CTX with Lms or Tau. The
results revealed that CTX significantly (P < 0.05)
reduced total RBCs, WBCs, platelets count and
relative granulocytes count, when compared with
EAC bearing animals. On the other hand, CTX mono-
treatment induced significant (P < 0.05) increase
in the relative lymphocyte count, MCV and MCH as
compared to EAC group. Co-treatments of CTX with
Lms or Tau resulted in significant (P < 0.05) reduction
in total WBCs, relative granulocytes count, MCV and
MCH in comparison with CTX mono-treated group. In
contrary, these co-treatments induced significant (P <
0.05) increase in RBCs count, hemoglobin, hematocrit
and relative lymphocyte count as compared to CTX
mono-treated group, while no significant difference
was observed on platelet count after co-treatments.
Altogether, co-treatments of CTX with Lms or Tau tend
to retrieve many hematological changes induced by
CTX mono-treatment.

Tumor growth was associated with alteration in liver
and kidney functions as revealed by an observable
rise in serum ALT, AST and creatinine levels (Table 6).
After CTX mono-treatment significant increase (P <
0.05) was recorded in serum ALT and creatinine levels
as compared to EAC group. Obtained data suggested
that, co-treatment of CTX with Lms enhanced liver and
kidney toxicity as evidenced by increased creatinine,
ALT and AST levels compared to CTX mono-treated
group. On the other hand, co-treatment of CTX with
Tau showed a significant (P < 0.05) decrease in ALT,
AST and creatinine serum levels when compared to
CTX mono-treatment.

Finally, CTX mono-treatment resulted in significant
(P < 0.05) decrease in total protein and globulin
when compared to EAC-bearing mice (Table 6). Co-
treatment of CTX with Lms showed significant (P <
0.05) increase in total protein and globulin compared
to CTX group. Moreover, co-treatment of CTX with Tau
tended to achieve a significant (P < 0.05) improvement
in serum total protein, albumin and globulin levels
when compared to CTX mono-treated group.
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Table 5. Hematological alterations of EAC-bearing mice co-treated with cyclophosphamide and levamisole or taurine.

Control EAC CTX Lms+CTX Tau+CTX
Hemoglobin (g/dl) | 12.80+0.26 | 9.35+0.41 8.42 +1.37 10.02 £0.18% | 11.07 + 1.15 **
RBCs (10°/mm?3) 6.50 £ 0.20 4.32+0.38 2.65+0.34* 452+041% 4.60 £0.43*
Hematocrit (%) 39.00+1.00 | 28.00 +2.16 25.25 +4.57 29.75+0.95% | 32.50 £ 2.64 **
MCV (fl) 60.00+0.30 | 64.82+2.27 | 97.68+27.80* | 66.22+7.25% | 70.71+1.12*
MCH (pg) 19.69+0.25 | 21.68+1.08 | 32.56+8.79* 2230+2.23% | 24.06+£041"*
MCHC (g%) 32.82+0.29 | 33.46+1.26 33.44 +0.62 33.70 £ 0.49 34.03+0.75
Platelets (103/mm?) | 631.66 +50.08 | 642.5 + 52.04 | 507.50 £ 32.27 * | 516.25 +51.37 * | 527.5 + 38.62 *
WBCs (103/mm?3) 796 +0.80 | 12.83+0.43 | 10.75+0.36* 9.91+0.16 ** 8.92 +0.47 **
Granulocytes (%) 30.66 £3.05 | 64.25+3.86 | 52.25+1.70* 41 £2.94* 425+ 3%
Lymphocytes (%) | 64.66+2.30 | 31.00+4.08 | 42.75+1.50* | 54.25+3.40*" | 5225+3.2%*
Monocytes (%) 4.66 +£1.15 4.75 £ 0.50 5.00 +0.81 4.75 + 0.95 5.25+0.95

Data were expressed as mean + SD, n = 7. * denotes P < 0.05, statistically compared with EAC control group
and * denotes P < 0.05, statistically compared with CTX-treated group. EAC: Ehrlich Ascites Carcinoma; CTX:
cyclophosphamide; Lms: levamisole; Tau: taurine; RBCs: red blood cells; MCV: mean corpuscular volume; MCH:
mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; WBCs: white blood cells.

Table 6. Biochemical alterations of EAC-bearing mice co-treated with cyclophosphamide and levamisole or taurine.

Control EAC CTX Lms+CTX Tau+CTX
AST (U/L) 60.0 £5.56 |145.33+10.11| 153.66 +9.29 154.66 +5.50 | 85.66 + 8.14 **
ALT (U/L) 15.0 +3.46 37.33+5.68 | 60.00+1.73* | 72.66+7.09* | 21.33+1.15**
Creatinine (mg/dL) | 0.91+0.08 1.56 £ 0.11 1.97+0.24 * 2.04 +0.24 * 1.27£0.25%
Total protein (g/dL) | 6.73 £ 0.30 4.50 +0.55 3.29+0.27* 440+0.25"* 5.12+0.20*
Albumin (g/dL) 4.13+0.34 2.03 +£0.53 2.10 £ 0.41 2.28+0.12 3.11+£0.14**
Globulin (g/dL) 2.60 + 0.05 2.47 +0.54 1.19+047* 2.12+0.30* 2.01+0.09*

Data were expressed as mean + SD, n = 7. * denotes P < 0.05, statistically compared with EAC control group
and *# denotes P < 0.05, statistically compared with CTX-treated group. EAC: Ehrlich Ascites Carcinoma;
CTX: cyclophosphamide; Lms: levamisole; Tau: taurine; ALT: alanine aminotransferase; AST: aspartate

aminotransferase.
DISCUSSION

In the present study, Tau or Lms enhance sensitivity of
EAC to the high dose of CTX by reducing the tumor cell
viability and proliferation, increasing the rate of tumor
inhibition and apoptosis. These data indicate that co-
treatment of CTX with Tau or Lms could be an effective
therapy against tumor. These results are consistent
with Zhang et al. who demonstrated that Tau inhibited
the cell proliferation, induced cell apoptosis in human
colon cancer cells and could inhibit tumor growth of
these cells in nude mice xenografts [11]. In the same
manner, Tau enhanced the tumor inhibition effect of
CTXinS§,, -bearing mice [5]. The effect of Tau on tumor

180
inhibition, tumor cell proliferation and viability may

be rendered to the induction of apoptosis through its
ability to enhance the expression of B-cell lymphoma-
2-associated X (Bax), and p53-upregulated modulator
of apoptosis (PUMA), in addition to its ability to inhibit
the expression of the antiapoptotic protein, B-cell
lymphoma-2 (Bcl-2) [11, 39].

In addition, Lms antitumor effect was established
as it significantly reduced the growth of WEHI-164
tumor cells via NC-1.1+ cells [27]. Other investigators
recorded the inhibitory effect of Lms and its
derivative on tumor growth and proliferation [40-
42]. Furthermore, a new Lms derivative (4a) was also
reported to induce extrinsic pathway of apoptosis in
cancer cells and inhibit tumor progression in a murine
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model [41]. The antitumor effect of Lms might be
attributed to the induction of apoptosis, which may
hint at Lms angiostatic role, thereby impairing tumor
nutrition and growth [43].

A growing tumor often establishes itself through
the induction of severe immunosuppression, which
almost abolishes effective immune responses of the
host against such tumor [44]. In the present study,
neoplastic condition due to EAC injection significantly
decreased effector T-cells (CD3*CD4* and CD3*CD8")
and mostly CD3°CD8* natural killer (NK) cells, while
resulted in significant increase in CD4*CD25* T-reg
cellsand CD11b*Ly6G* myloid derived suppressor cells
(MDSC) which suppress the immune response against
tumor. Chemotherapeutic treatment with high dose,
200 mg/kg, CTX unspecifically depleted the different
examined effector immune cells. These results are in
the same line with Bhattacharyya et al. who recorded
the inhibitory effect of EAC on CD4*and CD8"* T-cells
percentages that accompanied by increased level
of CD4*CD25* T-reg cells [44]. In addition, previous
studies demonstrated similar alterations induced by
CTX treatment (200 mg/kg) on CD4*and CD8* T-cells,
NK cells, T-reg cells and MDSCs in EAC bearing mice
[28,45]. In contrast, co-treatment of CTX with Lms or
Tau alleviated the immunosuppressive effect of high
dose CTX through modulating the percentages of
CD3*CD4", CD3*CD8", CD4*CD25" and CD11b*Ly6G*
cells toward the normal values.

It was reported that Tau can enhance the functions of
leukocytes after chemotherapy of CTX in Lewis lung
carcinoma bearing mice [46]. In the same manner,
there was high elevation in percentage of CD8*
cells of hepatocellular carcinoma patients treated
with a combination of Tau and curcumin [47]. Tau
was reported to augment the immunetherapeutic
potential of IL-2 against melanoma by enhancing
lymphocyte cytotoxicity, increasing survival and
reducing tumor burden [48]. Moreover, Tau was
demonstrated to induce antitumor activity and reduce
the adverse toxicity of doxorubicin chemotherapy
through reducing doxorubicin efflux from tumor cells,
thereby increasing its concentration in tumor cells
and decreases its concentration in normal tissue [49],
in turn, Tau may control the toxicity of chemotherapy
on the immune cells in the present study.

Consistent with the current study, Gomi et al. reported
that Lms administration increased the inhibition of
tumor growth through the enhancement of tumor-
specific cytotoxic T-cells function in Meth 1-bearing
mice [50]. In the same way, another study suggested
that co-treatment of 5-fluorouracil and Lms has
several stimulatory effects on the immune system,
which enhances the outcome of colon carcinoma
patients [51]. Moreover, Chen et al. reported that Lms
could drive the immune response toward T helper
1 development through the activation of dendritic
cells or T-cell aspects and this phenomenon could be
effective against cancer [52].

Bone marrow, spleen and thymus are mainly involved
in immune response. Thymus and spleen indices are
important to evaluate the immune state of the host
[5]- In the present study, splenocytes proliferation,
thymus and spleen indices were decreased after
the administration of CTX. Compared with CTX
mono-treatment, in the current study, splenocytes
proliferation was improved and the indices were
increased after co-treatment of CTX with Tau or
Lms, suggesting that Tau and Lms could improve the
immunodepression induced by CTX. These findings
are consistent with previous studies which reported
that relative organ weights of thymus and spleen were
significantly enhanced by Lms or Tau administration
[53, 54]. Furthermore, Zhao et al. demonstrated that
co-treatment of CTX with Tau elevated thymus and
spleen indices, when compared with CTX alone, in
S,4,-bearing mice [5].

The count of bone marrow (BM) nucleated cells
is an index which directly reflects hematopoiesis.
A large number of BM nucleated cells represent a
large number of immature blood cells [55,56]. In the
current study, the count and viability of BM nucleated
cells were markedly suppressed after CTX mono-
treatment. Similarly, it was reported that CTX (200
mg/kg) induced a rapid decrease in BM nucleated
cells and lymphopenia in BM, spleen and peripheral
blood [57, 58]. In the present study co-treatment of
CTX with Lms or Tau showed partial recovery in BM
count and viability. These results suggest that, Lms
and Tau could improve the myelosuppression induced
by CTX. Tau can promote hematopoietic recovery
through up regulating the count of BM nucleated cells
and splenocytes proliferation that were decreased
after the administration of CTX [5]. Furthermore, Lms
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administration obviously enhanced BM cellularity,
total leukocyte count and proliferation of splenocytes
[54].

In order to evaluate the overall well-being and the
effects of the therapy on the host, hematological
alterations were recorded during the therapy of
malignant tumors [59]. In the current study, mono-
treatment with CTX caused a sharp reduction in
RBCs count, WBCs count, platelet count, hemoglobin
content, hematocrit value, relative granulocytes
count, induced anemia and increased the relative
lymphocyte count, which might be attributed to the
observed myelosuppression in this study. On the other
hand, co-treatments of CTX with Lms or Tau mostly
improved all hematological abnormalities induced by
CTX mono-treatment and this effect, according to the
current results, may be rendered to their abilities to
partially recover BM alterations.

Consistent with the obtained results, previous reports
demonstrated that CTX treatment caused a decrease in
thenumber of WBCs,RBCs, bone marrow cell countand
hemoglobin content [1, 60]. Moreover, the improving
effects of Lms or Tau on hematological profile were
previously recorded [21, 46, 61, 62]. The improving
properties of these agents, Lms and Tau, might be
attributed to stimulating and immunomodulatory
activity of Lms [63, 64] or may partially contributed to
the enhanced stability of red blood cells, antioxidant
and antiinflamatory properties of Tau [65, 66].

Hepatic and renal dysfunction is the most common
regimen related toxicity reported in patients treated
with CTX [67, 68]. Hepatic activation of CTX leads to
the formation of toxic metabolites causing damage
to the liver tissues. Due to such damage, the enzymes
such as ALT and AST leak from the damaged liver to
the serum [1, 69], as found in this study in CTX treated
tumor-bearing mice, suggesting hepatic injury. While,
co-treatment of CTX with Lms failed to control the
hepatic and renal toxicity, co-treatment with Tau
succeeded to partially restore the normal activity of
serum ALT, AST and creatinine, which indicates the
partial protective capability of Tau against liver and
kidney toxicities induced by CTX in the current study.
Previous study reported that combined treatment
with chlorambucil and Lms caused an elevation in
ALT, AST and creatinine which confirms the current
results [36]. Islambulchilar et al. reported that Tau

oral administration, in young adults with acute
lymphoblastic leukemia, improved liver and kidney
functions through its antioxidant ability [70].

Finally, the present study showed a significant
decrease in total protein, albumin and globulin levels
during CTX mono-treatment. Co-treatments of CTX
with Lms or Tau tend to improve these parameters.
These results agree with a previous study recorded
that CTX resulted in a significant decrease of total
protein, albumin, a-globulin, and (3-globulin compared
with the control group [21]. This result may be
attributed to decreased protein synthesis as a result of
liver toxicity and immunosuppression caused by CTX
[21, 71]. It was demonstrated that Lms significantly
increased the total protein and gamma globins levels
in a murine model, which confirms the present data
[72]. Moreover, Tau was reported to be applicable as
a protective agent for proteinuria and albuminuria
associated with nephrotic syndrome through its
antioxidant properties [73, 74].

CONCLUSION

The present study demonstrated that Tau and Lms
exhibited antitoxic effect against CTX induced toxicity
in EAC-bearing mice. Moreover, these agents enhanced
the sensitivity of the tumor to chemotherapy (high
dose of CTX) through inducing tumor anti-proliferative
properties, apoptosis and recruiting effective immune
response against tumor. The obtained data suggest
the possible use of levamisole or taurine during
chemotherapy of different types of cancer.
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