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ABSTRACT
Cyclophosphamide is a synthetic alkylating agent chemically related to the nitrogen mustards widely used as an anticancer and immunosuppressive
drug. This study was to investigate the effect of different doses of cyclophosphamide on histological structure and functions of liver enzyme. Use for
this purpose 30 of the strain Sprague Dawley albino rats and divided into three groups, each group consisted of 10 rats; Group 1 (control) was injected
with physiological solution (normal saline 0.9%), Group 2 (low dose) received 50mg/kg/b.w/weekly of drug and Group 3 (high dose) received
80mg/kg/b.w/weekly of the drug for 10 weeks. At the end of dosage, duration, the animals were killed, the liver was excised for histological study. The
blood was collected for study liver enzyme functions. Histological examination of liver tissues of Cyclophosphamide groups showed histopathological
changes that increased with the increased dose compared to control group such as macrophages and lymphocytes were an aggregation in portal area
with necrotic hepatocytes. As well as odeoma around blood vessels with fibrosis. In addition, multiple aggregation of mononuclear cells scatters in the
Liver parenchyma with necrotic hepatocytes and congested central vein. The results of biochemical tests showed significant (p<0.05) increase in the
treated groups. The results showed a significant (p<0.05) increase in Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), Alkalin
phosphatase (ALP). The results of the present study indicated that high and low dose of Cyclophosphamide able to induce histological and biochemical
change in the liver.
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INTRODUCTION
Cyclophosphamide undergoes bioactivation by hepatic
microsomal cytochrome P450 mixed function oxidase system to
active metabolites that enter the circulatory system.
Phosphoramide mustard and acrolein are the two active
metabolites of cyclophosphamide.1 Numerous anticancer drugs
are known to the generation of Reactive Oxygen Species (ROS)
in cancer cells 2 and these ROS generated lead to oxidative
damage in the cell.3 Through bioactivation of CP, reactive oxygen
species are also, formed, which can modify the components of
both healthy and neoplastic cells, leading to decreased
antioxidative capacity.4
Cyclophosphamide antineoplastic effects are related to
Phosphoramide mustard, while acrolein is associated with its
toxic side effects.5 Cyclophosphamide has been reported to create
genotoxicity and oxidative stress in mice.6 Numerous studies
have shown that CP exposure can disrupt the redox balance of
tissues and that these biochemical and physiological disturbances
resulted from oxidative stress may be implicated in disorders like
hemorrhagic cystitis, testicular gametogenic and androgenic
disorders, liver and kidney disorders, inhibition of ovarian
steroidogenesis, etc.7 Therapeutic doses of cyclophosphamide are
restricted by the onset of liver and kidney toxicity.8
The pathology of cyclophosphamide toxicity includes a
substantial reduction in smooth endoplasmic reticulum, increase
autophagocytosis and sequestration of glycogen and progressive
loss of structural density in the mitochondria.9 Cell structure and
function is essentially disrupted under conditions of oxidative

stress and can be discovered in changes in the carbohydrate, lipid,
and DNA profile of the affected tissues.10This study was aimed
to investigate the effect of different doses of cyclophosphamide
on histological structure and functions of liver enzymes.
MATERIALS AND METHODS
Preparation of cyclophosphamide drug
Cyclophosphamide (Endoxan) produced by (Baxter international
company U.S), was used by injecting 50 mg/kg of body
weight/week as low dose and 80 mg/kg of body weight/week as
high dose. It injected with animal intraperitonially for 10 weeks.
Experimental Animal
The experimental animals used in this study were male albino
rats, Rattus norvegicus weighing (230 – 260 g), and at the age of
3 months. The animals were purchased from Pharmaceutical
control of the Ministry of Health in Baghdad. Animals were given
food and water ad libitum. Rats were maintained in a friendly
environment with a 12 h/12 h light-dark cycle at room
temperature (22 °C – 25 °C). Rats were acclimatized to laboratory
conditions for 7 days before commencement of the experiment.11
Experimental Design
In the present investigation, 30 male rats divided into three
groups, each group consisted of 10 rats as follows:
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Group I (control) Injected orally with normal saline.
Group II (low dose) injected intraperitonially with CP
(50mg/kg/b.w) one time/week for 10 weeks.
Group III (high dose) injected intraperitonially with CP
(80mg/kg/b.w) one time/week for 10 weeks.

albumin on the slide and spread, then fixing the section by using
a hot plate.
Staining
The following steps performed it: Deparaffinizing by putting the
slide basket in electric oven at 60°C for 20 min, then passing
through three changes of xylene for dewaxed in electric oven too,
for ten min per each change.

Collection of organ
The male albino rats were anesthetized with diethyl ether for
several minutes. The rats were dissected and the liver was excised
and washed with normal saline (0.9 % NaCl).
Stains
Using a colored Eosin was prepared according to procedure .12
Ehrlich Haematoxylin a colored Haematoxylin was prepared
according to the procedure. 12
Solutions
1. Absolute ethanol… 100%
2. Normal saline 0.9% (NaCl) it was prepared by dissolving 9 g
NaCl in 1000 ml distilled water. 12
3. Neutral Buffered 10 % Formalin the contents mixing together.
12

4. Mayer's albumin was prepared by shacking 50ml of egg
albumin with 50 ml of glycerin and 1gm of thymol and then the
mixture was filtered. 12
The preparation of histological sections was performed on
standard methods as follows:
Fixation
The liver and kidney were fixed in formalin (neutral buffered 10%
formalin) for 48hr.
Washing
Samples were washed with tap water for three minutes before, the
process of dehydration.
Dehydration
The samples were dehydrated by passing through progressively
concentration of ethanol (70%, 80%, 90%, 95% for 1hr. Per each
concentration and 100%, twice) overnight.
Clearing
The samples were cleared by passing through two changes of
xylene for 30 min per each change.

Rehydration by passing through regressive concentrations of
ethanol alcohol 100% for five min, 90%, 80% and 70% for 30 Sec
per each concentration, then rinsing in tap water for two
min.Hematoxylin and Eosin Stain (H&E) (which stained the
nucleus with blue color and cytoplasm pink to red color,staining
with Ehrlich’s hematoxylin stain for 3–5 min, rinsing with
running tap water for 2-3 min., staining with eosin stain for 30
Sec. and dipping in tap water for two min. Dehydration, by
passing through progressive concentrations of ethanol alcohol
70%, 80%, 90% for 30 Sec per each concentration and 100% for
five min.
Clearing by passing through two changes of xylene for 20 min per
each change.
Mounting
Sections were mounted by Canada balsam then covered by cover
slides and kept at room temperature to dry.
Microscopic examination
The sections were examined under a light microscope and then
photographs were taken from the microscope immediately by
Digital camera.
Liver function tests
Estimation serum activity of ALT
Kit from Agappe Company (India) was used in this step to
estimate ALT enzyme activity in serum.13
Estimation serum activity of AST
Kit from Agappe Company (India) was used in this step to
estimate AST enzyme activity in serum.14
Estimation serum activity of ALP
Kit from Agappe Company (India) was used method to estimate
ALP enzyme activity in serum.15
RESULT
Histological examination

Infiltration
The samples were placed in a mixture of xylene and melted
paraffin wax at 60°C with ratio 1:1 for 30 min in electric oven at
temperature 60°C and then the samples were left in paraffin wax
through two changes for 30 min per each change.
Paraffin embedding
Pure melted paraffin wax was poured out gently in the L shape
metal template, and then the tissue sample was transferred to this
template and hot needle was passed nearby the sample to remove
the foam and bubbles around and left to solidify. The paraffin
blocks at metal and kept in the refrigerator.
Sectioning
The paraffin blocks were cut by rotary microtome into sections at
5-6 µ in thickness, and the ribbons of these sections were floated
on distilled water for 30 second in water bath at 50°C. The section
was picked up with clean slide after place one drop of Mayer's

Control group animals
The control animals show the normal of central vein and
hepatocytes with Kuepffer cell (Figure 1).
Animals treated with CP (50 mg/kg)
Histological section in the Liver of animal treated with low dose
of cyclophosphamide (50mg/kg b.w.) Shows macrophages and
lymphocytes were an aggregation in portal area with necrotic
hepatocytes (Figure 2). As well as there is massively congested
of blood vessels with ballooning degeneration in hepatocytes
(Figure 3). The microscopic examination also shows odeoma
around blood vessels with fibrosis (Figure 4).
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Animals treated with CP (80 mg/kg)
Histological section in Liver of animal treated with high dose of
cyclophosphamide (80mg/kg b.w.) show a small multiple
aggregation of mononuclear cells scatter in the Liver parenchyma
with necrotic hepatocytes and congested central vein (Figure 5).
In other animal shows deformed architecture and massive
necrotic area in the Liver parenchyma with hemosiderin (Figure
6). The liver of animal treated with high dose cyclophosphamide
(80mg/kg b.w.) shows granulomatous lesions consisting from the
aggregation of macrophages and mononuclear cells in portal area
with ballooning degeneration of hepatocytes (Figure 7).
Liver functional Parameters
Administrations of cyclophosphamide show a significant increase
in liver enzymes at 10 weeks.
Serum Alanine aminotransferase (ALT)

(39.262±4.324) IU/L and CP high dose group (80 mg/kg b.w.)
was (40.049±5.741) IU/L compared with the control group was
(33.830±4.551) IU/L.
Serum Aspartate aminotransferase (AST)
The results in (Table 1) show a significant (P < 0.05) increase in
AST of cyclophosphamide low dose group (50 mg/kg b.w.) was
(58.852±5.992) IU/L and CP high dose group (80 mg/kg b.w.)
was (60.373±7.547) IU/L compared with the control group was
(47.750±6.990) IU/L.
Serum Alkaline phosphatase (ALP)
The results in (Table 1) show a significant (P < 0.05) increase in
ALT of cyclophosphamide low dose group (50 mg/kg b.w.) was
(232.25±10.87) IU/L and CP high dose group (80 mg/kg b.w.)
was (260.31±12.49) IU/L compared with the control group was
(210.02±11.72) IU/L.

The results in (Table 1) show a significant (P < 0.05) increase in
ALT of cyclophosphamide low dose group (50 mg/kg b.w.) was
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Table 1: Effect of Cyclophosphamide on liver enzymes
Groups
(Treatments)
Control
Low dose
High dose
LSD

ALT
IU/L
33.830±4.551
39.262±4.324
40.049±5.741
2.18*

Mean ± SD (stander deviation)
AST
IU/L
47.750±6.990
58.852±5.992
60.373±7.547
3.19*
* (p<0.05)

DISCUSSION
Histological examination
This result in the present study shows noticeable distortion in the
architecture in the liver of animals treated with different doses of
cyclophosphamide. The toxic properties of CP are the
significance of its being metabolized, which results in the
generation of very reactive compounds, including free radicals. 16

ALP
IU/L
210.02±11.72
232.25±10.87
260.31±12.49
18.87*

The mechanism of production of ROS takes place when CP
metabolized by cytochrome P450 in the liver into the reactive
aldehydes chloroacetaldehyde and dichloroethyl. 17
Previous investigation, which report increased levels of nitric
oxide in liver of CP-treated rats; this could be credited to acrolein
able to activate both ROS and NOx metabolite production with
further production of superoxide anion, hydroxyl radical and
hydrogen peroxide during CP oxidative metabolism leading to a
depressed antioxidant defense mechanism in different tissues. 18
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Increased levels of nitric oxide in liver of CP-treated rats; this
could be credited to acrolein able to that decreased glycogen
content could be related to the liver damage induced by the
released lysosomal hydrolytic enzymes from the hepatocytes
following a stimulated lipid peroxidation.19
The cyclophosphamide induced hepatic histopathological
changes. CP was confirmed to cause infiltration of acute
inflammatory cells and congestion of blood vessels, focal
degeneration
of
hepatocytes,
fatty
degeneration,
hyperproliferation around the deformed bile ducts and dysplasia.
20
Metabolism of cyclophosphamide occurs by the hepatic
cytochrome P450 system, which results in sinusoidal obstruction
syndrome, which induces necrosis, obstruction, and congestion of
the hepatic veins. 21

5.

6.

7.

Liver functions
8.
In the present study showed increases in liver enzyme parameters
such as ALT, AST and ALP. Raised serum levels of these
enzymes by CP are indicative of cellular damages and loss of
functional integrity of the hepatocyte membrane leading to their
leakage into the serum.22
9.
Serum ALT and AST values have been described to be influenced
by chemical agents having a toxic effect on hepatocytes in the
liver, and ALT is considered a more important parameter than
AST.23
10.
Serum Alkaline phosphatase (ALP) is related to the cell
membrane and their increase in the serum is a sign of impairment
of intrahepatic and extra-hepatic bile flow (cholestasis),
Hepatobiliary injury and overproduction or leakage of ALP.24

11.

CONCLUSION
High and low doses of drug Cp caused histological injury, to liver
and induced alteration functional parameters of liver enzyme such
as ALT, AST and ALP. High dose of Cp (80mg/kg) should be not
used because of its more negative effects on the liver compared
with low dose of Cp (50mg/kg).
RECOMMENDATION
Studying the effect of CP on the different organs of the body and
to find out how appropriate it is to the histological changes.

12.
13.
14.
15.
16.

REFERENCES
1. Ludeman SM. The chemistry of the metabolites of
cyclophosphamide. Curr Pharm Des; 1999. [cited 2017 May
4]. https://www.ncbi.nlm.nih.gov/pubmed/28479418. 5 (8):
627-43.
2. Hanane A, Claire L, Caroline A, and Fabrice M. Anticancer
Drug Metabolism: Chemotherapy Resistance and New
Therapeutic Approaches. In Topics on Drug Metabolism;
Paxton J, InTech: Rijeka, Croatia. treatment: damage and
recovery. J Natl Cancer Inst Monogr; 2012. [cited 2016 Nov
30]. https://doi.org/10.2147/BCTT.S125165. 7: 12-7.
3. Maiti AK. Genetic determinants of oxidative stress-mediated
sensitization of drug resistant cancer cells. Int. J. Cancer;
2012. [cited 2011 Jol 25]. https://doi.org/10.1002/ijc.26306.
130: 1–9.
4. Stankiewicz A, Skrzydlewska E, and Makieła M. Effects of
amifostine on liver oxidative stress caused by
cyclophosphamide administration to rats. Drug Metabol.

17.

18.

19.

20.

Drug
Interact;
2002.
[cited
2016
Nov
9].
https://doi.org/10.1515/DMDI.2002.19.2.67. 19: 67–82.
Kern JC, and Kehrer JP. Acrolein-induced cell death: A
caspase-influenced decision between apoptosis and
oncosis/necrosis. Chem Biol Interact; 2002. [cited 2010 Jul
26].
https://doi.org/10.1016/S0009-2797(01)00295-2.
139(1): 79-95.
Premkumar K, Pachiappan A, Abraham SK, Santhiya ST,
Gopinath PM, and Ramesh A. Effect of Spirulina fusiformis
on cyclophosphamide and mitomycin-C induced genotoxicity
and oxidative stress in mice. Fitoterapia; 2001. [cited 2013
Apr 30]. https://doi.org/10.1016/j.mrgentox.2012.12.011. 72:
906–911.
Abariku SO, Otuechere CA, Eko M, Monwuba K, and Osobu
D.
Rutin
Ameliorates
Cyclophosphamide-induced
Reproductive Toxicity in Male Rats. Toxicol. Int.; 2012.
[cited 2016 Aug 3]. https://dx.doi.org/10.4103%2F09716580.97224. 19: 207–214.
McDonald G, Slattery J, Bouvier E, Song R, Batchelder A,
Kalhorn T, Schoch H, Anasetti C, and
Goley T.
Cyclophosphamide metabolism, liver toxicity, and mortality
following hematopoietic stem cell transplantation. Blood;
2003. [cited 2017 Des 5]. https://doi.org/10.1182/blood2002-06-1860. 101: 2043–2048.
Topal T, Oztas Y, and Korkmaz A. et al. Melatonin
ameliorates bladder damage induced by cyclophosphamide in
rats. s. J. Pineal Res.; 2005. [cited 2016 Jul 1].
http://onlinelibrary.wiley.com/doi/10.1111/j.1600079X.2004.00202.x/full. 200; 38(4): 272–277.
Fraiser LH, Kanekal S, Kehrer JP. Cyclophosphamide
toxicity: characterizing and avoiding the problem. Drugs;
2011. [cited 2018 Feb 9].
http://dx.doi.org/10.2165/
00003495-199142050-0000 542: 781e95.
Garner RC, Bishop JB, Anderson D, and Selby PB.
Cyclophosphamide Ostrosky-Wegman, P. Review of its
mutagenicity for an assessment of potential germ cell risks.
Mutat Res; 1995. [cited 2013 Apr 2]. https://doi.org/
10.1016/0027-5107(95)00039-L. 330:115-81.
Suvarna SK, Layton C, and Bancroft JD.Bancroft theory and
practice of histological techniques. 7nd ed. Elsevier Lim,
China; 2013.
Thefeld W, et al. Dtsch. Med Wschr; 1974. 99: 343.
Thefeld W, et al. Dtsch. Med Wschr; 1994. 99: 343.
Schlebusch H, et al. Dtsch. Med. Wschr; 1974. 99:765.
Huitema AD, Smits KD, Mathôt RA, Schellens JH,
Rodenhuis S, and Beijnen JH. The clinical pharmacology of
alkylating agents in high-dose chemotherapy, Anticancer
Drugs; 2000. [cited 2018 Feb].
http://dx.doi.org/
10.1097/00001813-200008000-000021311. 7: 515–533.
Wahlang B, Falkner KC, Cave MC, and Prough RA.Role of
cytochrome P450 monooxygenase in carcinogen and
chemotherapeutic drug metabolism, Adv. Pharmacol; 2015.
[cited 2018 Apr 10]. https://doi.org/10.1016/bs.apha. 474: 1–
33.
Abraham P, Isaac B, Ramamoorthy H, and Natarajan K. Oral
glutamine attenuates cyclophosphamide-induced oxidative
stress in the bladder, but does not prevent hemorrhagic
cystitis in rats. Journal of medical toxicology: official journal
of the American College of Medical Toxicology; 2011. [cited
2010
Jul
27].
https://link.springer.com/
article/10.1007/s13181-010-0103- . 97: 118-124.
Şener G, Ekşioğlu-Demiralp E, Çetiner M, et al . β-Glucan
Ameliorates Methotrexate Induced Oxidative Organ Injury
via Its Antioxidant and Immunomodulatory Effects.
European Journal of Pharmacology; 2006. [cited 2018 Oct 1].
https://doi.org/10.1016/j.ejphar.2006.02.056. 542: 170-178.
Lata S, Singh S, NathTiwari K, and Upadhyay R. Evaluation
of the antioxidant and hepatoprotective effect of Phyllanthus

69

Saif. S. Abed Alhassan & Abed H. Baraaj . Int. Res. J. Pharm. 2018, 9 (6)
fraternus
against
a
chemotherapeutic
drug
cyclophosphamide.
Applied
Biochemistry
and
Biotechnology;
2014.
[cited
2015
Jun
21].
https://link.springer.com/article/10.1007/s12010-014-1018-8
. 173: 2163–2173.
21. Li X, Li B, & Jia Y. The hepatoprotective effect of Haoqin
Qingdandecoction against liver injury induced by a
chemotherapeutic drug cyclophosphamide. Evid Based
Complementary and Alternat Med; 2015. [cited 2016 Sep1 ].
http://dx.doi.org/10.1155/2015/978219. 7: 1–8.
22. Sreetha S, Padma PR, and Umadevi M. Effect of Coriandrum
sativum extracts on carbon tetrachloride-induced
hepatotoxicity in rats. Food Chem. Toxicol; 2009. [cited 2017
Nov 30]. https://doi.org/10.1016/j.fct.2008.12.022. 47: 702–
708.

23. Ozer J, Ratner M, Shaw, M, Baıley, W. and Schomaker S.
The current state of serum biomarkers of hepatotoxicity.
Toxicology; 2008. [cited 2018 Mar 15]. https://doi.
org/10.1016/j.tox.2007.11.021. 245: 194-205.
24. Singh A, Bhat TK, and Sharma OP. Clinical Biochemistry of
Hepatotoxicity. J. Clin. Toxicol; 2011. [cited 2016 Agu 9].
25. https://www.scribd.com/document/312232659/clinical. 4: 1–
19.
Cite this article as:
Saif. S. Abed Alhassan and Abed H. Baraaj. Histological
and biochemical change in the liver of male albino rats treated
with different doses of cyclophosphamide. Int. Res. J. Pharm.
2018;9(6):64-70 http://dx.doi.org/10.7897/2230-8407.09691

Source of support: Nil, Conflict of interest: None Declared
Disclaimer: IRJP is solely owned by Moksha Publishing House - A non- profit publishing house, dedicated to publish quality research,
while every effort has been taken to verify the accuracy of the content published in our Journal. IRJP cannot accept any responsibility or
liability for the site content and articles published. The views expressed in articles by our contributing authors are not necessarily those of
IRJP editor or editorial board members.

70

