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Abstract

Eighty male albino rats (350±10 g) 10 to 12 weeks old were conducted in our study. Rats 
were randomly divided into four, equal groups. The groups treated as following: 1st control 
group (Gp. A) was given intraperitoneal normal saline (1 mL). 2nd group (Gp. B) was given a 
single intraperitoneal dose (250 mg/kg body weight) of Cyclophosphamide (CP) on the first 
day of the experimental period. 3rd group (Gp. C) CP and lactoferrin (LF) treated group. 4th 
group (Gp. D) administrated LF only (0.5%) in drinking water. Two separate blood samples 
were collected from heart puncture at end of 1st and 3rd week post treatment for 
hematological, biochemical and immunological studies. The leukogram of CP treatment 
group showed severe leucopenia (lymphopenia, neutropenia as well as eozinopenia) as well 
as decrease total protein and albumin blood level. Immunosuppressive effect of CP is 
documented in our work by decrease gamma globulin and elevation tumor necrosis factor 
Alfa (TNF &#940;). This study revealed that oral treatment with LF can partially reconstitute 
humoral and cellular immune response in rats given a sub-lethal dose of CP.

© 2013 GESDAV

INTRODUCTION

Lactoferrin is one of the most exciting immune 
stimulants drug to come along in nutritional form in 
recent years. LF is predominantly neutrophil derived 
but indications are that it may also be produced by 
other cells. Receptors for LF can be found on intestinal 
tissue, monocytes/macrophages, neutrophils, 
lymphocytes, platelets, and on certain bacteria. [1-4]. 

Cyclophosphamide, a bifunctional alkylating agent, is 
extensively used as an anticancer chemotherapeutic 
drug in childhood and adult malignancies, as well as an 
immunosuppressive agent for autoimmune disorders 
and other benign diseases [5-8]. CP metabolites targets 
rapidly dividing cells, disturbing cell growth, mitotic 
activity, differentiation, and functions via alkylation of 
DNA and preferentially suppress the immune responses 

mediated by B-lymphocytes [9]. 

The aim of this study was to evaluate the 
immunomodulatory effect of LF in immunosuppressive 
rat with CP.

MATERIAL & METHODS

Experimental Animals (Rats) Eighty male albino rats 
of Westar strain (350±10 g,) procured from faculty of 
veterinary Medicine, Zagazig University were used for 
the study. Animals were fed with commercially 
available standard and balanced rat ration and water 
was provided ad libitum. The rats were housed under 
hygienic controlled conditions and light (12 h light/12 h 
dark) and had free access to water and food. All 
animals were acclimatized for 1 week before 
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experimentation and the experiment extended for 21 
days.

Bovine lactoferrin (bLF) was purchased from 
(Symbiotics Colostrum U.S.A. (lot no. MLF160996;), 
with a purity of 100% Blf.

Cyclophosphamide (CP) was purchased from Baxter 
Oncology GmbH, Frankfurt am Main Germany, in the 
form of dry powder substance, under trade name 
Endoxan 1gm. Lot # 5D178B.

Rats were randomly divided into four groups; each is 
consisting of twenty rats. Each group was separated in 
metal cages. The groups treated as following. 1st

control group was given I/P normal saline (1 mL).

2nd group was given a single I/P dose (200 mg/kg body 
weight) of CP on the first day of the experimental 
period according to Mythili et al [10]. 3rd group CP and 
bovine LF treated group. 4th group administrated LF 
only (0.5%) in drinking water during the 21 days
according to [11]. 

Blood Sampling

Five random blood samples were taken from five rats. 
Samples were collected by heart puncture (under 
anesthetize effect of diethyl ether) at end of 1st, and 3rd

week post treatment. Two separate blood samples were 
collected from each rat; the first sample was taken in 
eppendorf tubes at which mixed with EDTA for 
hematological examination. Second blood sample was 
kept 30 minutes at room temperature and were 
centrifuged at 3000 rpm for 10 minutes and the clear 
serum was separated carefully and storage at -20oC. 
Total leukocyte count and differential leukocyte count 
were measurement according to [12,13], respectively. 
The second blood samples were taken in test tube 
without anticoagulant. Some selective biochemical 

parameters (total protein and albumin) were 
measurement spectrophotometer by using commercial 
diagnostic kits which were obtained from Human-
Germany and Spinreact Spanish). 

Regarding to immunological studies, Immuno-
electrophoresis of serum protein has been done using 
cellulose acetate according to Henry et al [14]. Tumor 
necrosis factor–α (TNF-α) was measurement by 
Enzyme Amplified Sensitivity Immunoassay (EASIA) 
performed on microplate. The assay uses monoclonal 
anti-bodies (MAbs) directed against distinct epitopes of 
TNF-α according to Beutler and Cerami [15]. The 
lower detection limit of TNF-α was 3.1 pg/ml and data 
are presented as pg cytokine/ml serum.

Statistical Analysis

The present results were analyzed by analysis of 
variance (ANOVA) followed by LSD using SPSS.16 
for window. Two groups were significantly different if 
P was statistically lower than 0.05.

RESULTS 

Regarding to the leukogram, the total leukocytes and 
lymphocytes count were significantly decreased one 
and three weeks post treatment with CP when compare 
with control group (Table 1 & 2). In Lactoferrin and 
CP treated groups, total leukocytes and lymphocytes 
were significantly increased when compare with CP 
treated groups. In lactoferrin treated groups, the 
leukogram was none significant changed in compare 
with control group.

In the present work, the total proteins, albumin, α-
globulin, β-globulin and γ-globulin were significantly 
increased  one and three weeks post treatment with CP, 
as well as CP and LF group while TNF-α was 
significant increased when compare with control group 
(Table 3 & 4). 

Table 1. Effect of one week post treatment with lactoferrin (mean ± S.E), on leukogram in immunosuppressed rats with 
cyclophosphamide.

Group
TLC
103/L

Neutrophils
103/L

Eosinophil
103/L

Basophil
103/L

Lymphocyte
103/L

Monocyte
103/L

Control 
7.75c

0.45
2.74b

0.25
0.154b

0.041
0.016
0.01

4.39c

0.31
0.47b

0.072

CP
3.07a

0.35
1.185a

0.19
0.015a

0.015
0.0

1.65a

0.34
0.22a

0.038

LF & CP
4.72b

0.46
1.34a

0.17
0.118b

0.031
0.00

3.02b

0.32
0.24a

0.040
LF 8.35c

0.59
2.52b

0.29
0.138b

0.0.39
0.017
0.01

5.09c

0.36
0.56b

0.071

Means in the same column not followed by the same letter differ significantly (P<0.05).

LF, lactoferrin and CP, cyclophosphamide
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Table 2. Effect of three week post treatment with lactoferrin (mean ± S.E), on leukogram in immunosuppressed rats with 
cyclophosphamide.

Group
TLC
103/L

Neutrophils
103/L

Eosinophil
103/L

Basophil
103/L

Lymphocyte
103/L

Monocyte
103/L

Control 
8.35b

0.51
2.53b

0.28
0.165b

0.044
0.016
0.016

5.18c

0.36
0.46b

0.051

CP
3.95a

0.24
1.71a

0.19
0.022a

0.016
0.00

1.79a

0.29
0.42b

0.058

LF & CP
6.55c

0.38
2.51b

0.27
0.131b

0.029
0.00

3.53b

0.39
0.39b

0.061
LF 8.91b

0.57
2.98b

0.31
0.178b

0.034
0.089
0.09

5.29c

0.34
0.37b

0.065

Means in the same column not followed by the same letter differ significantly (P<0.05). 

Table 3. Some immunological parameters one week post treatment with lactoferrin (mean S.E) in immunosuppressed rats with
cyclophosphamide.

Group
T. Protein
g/dl

Albumin 
g/dl

α-globulin
g/dl

β-globulin
g/dl

γ-globulin
g/dl

TNF-α
pg/ml

Control 
7.45b

0.41
3.40b

0.25
1.41b

0.18
1.35b

0.17
1.29b

012
21.2a

2.45

CP
5.59a

0.45
2.71a

0.21
1.01a

0.09
0.92a

0.10
0.95a

0.07
42.8b

4.15

LF & CP
5.84a

0.42
2.81a

0.19
1.08a

0.08
0.96a

0.11
0.99a

0.05
39.8b

3.75

LF
7.52b

0.62
3.38b

0.46
1.46b

0.19
1.32b

0.16
1.36b

0.13
20.4a

2.01

Means in the same column not followed by the same letter differ significantly (P<0.05).

Table 4. Some immunological parameters three weeks post treatment with lactoferrin (mean  S.E.) in immunosuppressed rats with 
cyclophosphamide.

Group
T. Protein
g/dl

Albumin 
g/dl

α-globulin
g/dl

β-globulin
g/dl

γ-globulin
g/dl

TNF-α
pg/ml

Control 
7.48b

0.48
3.46b

0.23
1.39a

0.16
1.31a

0.17
1.32b

014
18.9a

2.08

CP
5.93ba

0.46
2.89a

0.20
1.09a

0.10
0.96a

0.11
0.99a

0.06
31.9b

3.05

LF & CP
6.17a

0.35
2.88a

0.22
1.12a

0.10
0.99a

0.10
1.18a

0.08
25.2b

3.01

LF 7.52b

0.49
3.38b

0.32
1.34a

0.16
1.32a

0.18
1.48b

0.15
19.4a

1.95

Means in the same column not followed by the same letter differ significantly (P<0.05).

DISCUSSION

Cyclophosphamide is an immunosuppressive agent and 
an anticancer prodrug which requires bioactivation 
catalyzed primarily by cytochrome P450 enzymes in 
order to be transformed into its active alkylating 
compounds [16,17]. Also cyclophosphamide, is 
extensively used as an anticancer chemotherapeutic 
drug in childhood and adult malignancies, as well as an 
immunosuppressive agent for organ transplantation and 
other benign diseases [5]. 

Cyclophosphamide known as immunosuppressive drug, 
where the cyclophosphamide group was showed highly 
significant decrease of (TLC) all over the experiment 
period comparing with control group. This could be 
attributed to severe depression of bone marrow that 
manifested by significant decrease of all types of blood 
cells, lymphopenia, neutropenia, eozinopenia and 
monocytopenia. This result in accordance with, Latha 
et al. [6] who reported leukopenia in mice treated with 
CP. In addition, Smith et al. [7] recorded leukopenia, 
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lymphopenia and neutropenia in female rats treated 
with CP for 30 days. Nygaard and Løvik [8] reported 
significant lymphopenia in rats treated with a single 
dose of the CP (250 mg/kg Bw), Zuluaga et al. [18] 
who reported that I/P injection of female mice with 150 
and 100 mg/kg of CP on days 1 and 4, respectively 
leading to leukopenia, lymphopenia, neutropenia and 
monocytopenia.

There was increase of total leukocytes count, (TLC) by 
LF in CP-treated rat group as well as increase of 
lymphocyte, neutrophil, eosinophil and monocyte 
blood cells comparing with CP group. Zimecki et al. 
[2] recorded increase bone marrow neutrophil lineage 
cell content following 24 h pre-treatment mice with LF. 
These agree with Artym et al. [3,4] who revealed that 
treatment of mice with LF induced a strong 
mobilization/recruitment of myelocytes and band forms 
in bone marrow. Also LF has been reported that, 
accelerate neutrophil recruitment in humans and 
animals [19,20].

In the present work, lymphocytes significantly 
increased in LF & CP treated group in comparing with 
CP group. The described activity of LF is in agreement 
with Sekine et al. [21] who reported enhancement of 
natural killer (NK) activity and cytokine production by 
spleen cells in response to mitogen. Artym [3] et al.
concluded that oral LF treatment resulted in induced 
splenocyte proliferation, increased the cellularity of 
spleens, the content of peritoneal and alveolar 
macrophages and elevation of leukocytes by LF in CP-
immunosuppressed mice. In CP group showed 
significant decrease of total protein, albumin, alpha and 
beta globulin comparing with control group. This result 
may be due to decrease proteins synthesis as a result of 
liver damage as reported by Senthilkumar et al [22]. 
Hypoproteinemia was reported in rats administered CP 
(150 mg/kg bw) for two days [22].

The present result showed significant decreases of γ-
globulins in CP group in comparable with control one. 
The immunosuppressive effect of CP in rats was 
documented [7,8] also in mice with [21,22]. 

Gamma globulins were significantly elevated in CP and 
LF treated group in comparing with CP group. Our 
result in hand with  Zimecki et al. [25] who reported 
that LF accelerated reconstitution of the immune 
system function (cellular and humoral immune 
response) after administration of a sub-lethal dose of 
CP to mice. 

TNF-α is amplify, propagate, and coordinate pro-
inflammatory signals, resulting in the synchronized 
expression of effectors molecules that mediate diverse 
aspects of innate immunity. TNF is capable of eliciting 
expression of chemokines and adhesion molecules and 
thus may be critical to the recruitment of neutrophils 

from the blood [26]. Our results show significantly 
increase TNF-α in CP group in compare with control 
one. The results are in accordance with Cruz-Chamorro 
et al [27] who re-ported elevated TNF in mice treated 
with CP. TNF-α was significantly decreased in CP plus 
LF treated group in compare with CP group. This 
attributed to immunomodulatory action of LF.

In conclusion CP has significant depression of blood 
cell production, as well as severe immunosuppressant. 
Oral treatment with LF can partially reconstitute 
humoral and cellular immune response in rats given a 
sub-lethal dose of CP. 

REFERENCES

1. Levay PF, Viljoen M. Lactoferrin: a general review. 
Haematologica. 1995;80:252-67.

2. Zimecki M, Artym J, Chodaczek G, Kocieba M, Kruzel 
ML. Protective effects of lactoferrin in Escherichia coli-
induced bacteremia in mice: relationship to reduced 
serum TNF alpha level and increased turnover of 
neutrophils. Inflamm Res. 2004;53:292-6.

3. Artym J, Zimecki M, Kruzel ML. Reconstitution of the 
cellular immune response by lactoferrin in 
cyclophosphamide-treated mice is correlated with 
renewal of T cell compartment. Immunobiology. 
2003;207:197-205.

4. Artym J, Zimecki M, Kruzel M. Normalization of 
peripheral blood cell composition by lactoferrin in 
cyclophosphamide-treated mice. Med Sci Monit. 
2004;10:BR84-9.

5. Dollery C. (Ed.). Therapeutic Drugs, 2nd Ed., Churchill 
Livingstone: Edinburgh, UK, pp:349-354, 1999.

6. Latha PG, Panikkar KR. Modulatory effects of ixora 
coccinea flower on cyclophosphamide-induced toxicity in 
mice. Phytother Res. 1999;13:517-20.

7. Smith HW, Winstead CJ, Stank KK, Halstead BW, 
Wierda D. A predictive F344 rat immunotoxicology 
model: cellular parameters combined with humoral 
response to NP-CgammaG and KLH. Toxicology. 2003 
Dec 15;194(1-2):129-45.

8. Nygaard UC, Løvik M. Blood and spleen lymphocytes as 
targets for immunotoxic effects in the rat--a comparison. 
Toxicology. 2002;174:153-61.

9. Colvin OM. An overview of cyclophosphamide 
development and clinical applications. Curr Pharm Des. 
1999;5:555-60.

10. Mythili Y, Sudharsan PT, Selvakumar E, Varalakshmi P. 
Protective effect of DL-alpha-lipoic acid on 
cyclophosphamide induced oxidative cardiac injury. 
Chem Biol Interact. 2004;151:13-9.

11. Zimecki M, Artym J, Chodaczek G, Kocieba M, Kruzel 
M. Effects of lactoferrin on the immune response 
modified by the immobilization stress. Pharmacol Rep. 
2005;57:811-7.



Journal of Investigational Biochemistry. 2013; 2(2):136-140

http://www.scopemed.org/?jid=61 140

12. Feldman BF, Zinkl JG, Jain NC (Eds.). Text book of 
Shalm’s Veterinary Hematology. 5th Ed, Lippincott 
Wiliams & Wilkins, Philadelphia, 2000.

13. Coles EH (Ed.). In: Textbook of Veterinary Clinical 
Pathology. 4th Ed, W.B. Saunders Company, 
Philadelphia, 1986.

14. Henry RJ, Cannon DC, Winkelman JW (Eds.). Clinical 
chemistry, principles and techniques 2nd Ed, Harper &
Row, Hagerstown, Maryland, USA, 1974.

15. Beutler B, Cerami A. Cachectin: more than a tumor 
necrosis factor. N Engl J Med. 1987;316:379-85.

16. Weber C, Kasberg H, Copelan E. Successful 
hematopoietic stem cell transplantation following a 
cyclophosphamide-containing preparative regimen with 
concomitant phenobarbital administration. Case Rep 
Transplant. 2012;2012:721857.

17. Grenier L, Robaire B, Hales BF. Paternal 
cyclophosphamide exposure induces the formation of 
functional micronuclei during the first zygotic division. 
PLoS One. 2011;6:e27600.

18. Zuluaga AF, Salazar BE, Rodriguez CA, Zapata AX, 
Agudelo M, Vesga O. Neutropenia induced in outbred 
mice by a simplified low-dose cyclophosphamide
regimen: characterization and applicability to diverse 
experimental models of infectious diseases. BMC Infect 
Dis. 2006;6:55.

19. Rich IN. The macrophage as a production site for 
hematopoietic regulator molecules: sensing and 
responding to normal and pathophysiological signals.
Anticancer Res. 1988;8:1015-40.

20. Zimecki M, Spiegel K, Właszczyk A, Kübler A, Kruzel 
ML. Lactoferrin increases the output of neutrophil 
precursors and attenuates the spontaneous production of 

TNF-alpha and IL-6 by peripheral blood cells. Arch 
Immunol Ther Exp (Warsz). 1999;47:113-8.

21. Sekine K, Ushida Y, Kuhara T, Iigo M, Baba-Toriyama 
H, Moore MA, Murakoshi M, Satomi Y, Nishino H, 
Kakizoe T, Tsuda H. Inhibition of initiation and early 
stage development of aberrant crypt foci and enhanced 
natural killer activity in male rats administered bovine 
lactoferrin concomitantly with azoxymethane. Cancer
Lett. 1997;121:211-6.

22. Senthilkumar S, Devaki T, Manohar BM, Babu MS. 
Effect of squalene on cyclophosphamide-induced 
toxicity. Clin Chim Acta. 2006;364:335-42.

23. Artym J. Reconstitution of cyclophosphamide-induced, 
impaired function of the immune system in animal 
models. Postepy Hig Med Dosw. 2003;57:55-66.

24. Zhang X, Zhang RX, Tu HH, Jia ZP, Li MX, Wang J. 
Protective effect of Sankang Capsule on immunity-
deficiency mice induced by cyclophosphamide. Zhong 
Yao Cai. 2007;30:690-3.

25. Zimecki M, Artym J, Chodaczek G, Kocieba M, 
Kuryszko J, Houszka M, Kruzel ML. Immunoregulatory 
function of lactoferrin in immunosuppressed and 
autoimmune animals. Postepy Hig Med Dosw (Online). 
2007;61:283-7.

26. Mizgerd JP, Spieker MR, Doerschuk CM. Early response 
cytokines and innate immunity: essential roles for TNF 
receptor 1 and type I IL-1 receptor during Escherichia 
coli pneumonia in mice. J Immunol. 2001;166:4042-8.

27. Cruz-Chamorro L, Puertollano MA, Puertollano E, 
Alvarez de Cienfuegos G, de Pablo MA. Examination of 
host immune resistance against Listeria monocytogenes
infection in cyclophosphamide-treated mice after dietary 
lipid administration. Clin Nutr. 2007;26:631-9.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which permits 
unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.


