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Abstract 

Background: Cyclophosphamide (CPA) is a drug with a wide spectrum of clinical uses. It is commonly used as anticancer 

and immuno suppressant agent. It induces hyperlipidemia and myocardium damage. 5-FU is widely used in the treatment of a 

range of cancers. 5-FU in combination with other chemotherapeutic agents improves response rates and survival in breast and 

head and neck cancers.  

Objectives: The present study aimed to evaluate the antidyslipidemic effect of 5-fluorouracil against dyslipidemia induced 

by cyclophosphamide in male albino rats.  

Materials and Methods: Twenty-eight male adult rats were grouped randomly into four groups (n=5 for each group). 

Group II cyclophosphamide (CPA): Cyclophosphamide at a dose of 10 mg/kg day by day through i.p. to rats for 14 days. 

Group III Fluorouracil (5-FU): 5-Fluorouracil at a dose of 10 mg/kg day by day in saline was given through i.p. to rats for 14 

days. Group IV (CPA+5-FU): Rats were given CPA followed by 5-FU at a dose of 10 mg/kg per day (day by day) through i.p. 

to rats for 14 days. At the end of the experimental period, rats were anesthetized using light ether. Blood samples were taken 

and prepared for biochemical measurements.  

Results: Intraperitoneal administration of CPA or 5-FU resulted in a significant increase in the levels of serum lipids. The 

cholesterol, Triglyceride, and LDL levels in serum of CPA or 5-FU treated rats were significantly increased when compared 

to controls. When CPA was administered followed by 5-FU prevented the increase in serum lipid levels highlighting its 

hypolipidemic role as antagonism. Also, a marked decrease in HDL cholesterol was noted in CPA treated rats. These changes 

produced by CPA to serum levels of HDL were normalized when 5-FU is given to the treated rats compared to CPA 

administered rats.  

Conclusion: It could be concluded that treatment of rats with CPA induced dyslipidemia. However, 5-FU and CPA 

combination could produce a significant amelioration in the dyslipidemic changes, and it may be considered as a potentially 

useful candidate in the combination chemotherapy with CPA to prevent dyslipidemia. Future work should consider combined 

chemotherapy regimens, as two or more mechanisms of action of chemotherapeutic drugs could be more powerful than one 

mechanism.  

Keywords: cyclophosphamide; 5-fluorouracil; dyslipidemia; combined chemotherapy; antidyslipidemic effect; male albino 

rats 

 

Introduction The ultimate clinical effectiveness of any anti-cancer drug requires that it 

kill malignant tumor cells in vivo at doses that allow enough cells in the 
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patient’s critical tissues (e.g., bone marrow, gastrointestinal tract) to 

survive so that recovery can occur. This is difficult to accomplish because, 

in general, anticancer drugs are most useful against malignant tumor with 

a high proportion of dividing cells, and some normal tissues such as the 

bone marrow and G1 tract also have a high cell-proliferation rate. 

Anticancer drugs used by themselves are primarily effective against high-

growth-fraction tumors such as the leukemias and lymphomas. The most 

common malignant tumors, however, are “solid” tumors, including those 

of the colon, rectum, lung and breast. These tumors usually have a low 

proportion of dividing cells and therefore are less susceptible to treatment 

by drugs alone [1]. There are some standard methods of cancer treaments: 

surgery, chemotherapy, radiation therapy, immunotherapy and biologic 

therapy. Undoubtedly, chemotherapy and radiotherapy are the treatments 

to fight cancer with more side effects.  Chemotherapy agents can be 

divided into several categories: alkylating agents (e.g., 

cyclophosphamide), antibiotics which affect nucleic acids (e.g., 

doxorubicin), platinum compounds (e.g., cisplatin), mitotic inhibitors 

(e.g., vincristine), antimetabolites (e.g., 5-fluorouracil), camptothecin 

derivatives (e.g., topotecan), biological response modifiers (e.g., 

interferon), and hormone therapies (e.g., tamoxifen). The agents most 

noted for creating cellular damage by initiating free radical oxidants are 

the alkylating agents, the tumor antibiotics, and the platinum compounds 

[2]. 

Cyclophosphamide (CP) is commonly used as anticancer and immuno 

suppressant agent.  It is mainly used for ovarian cancer, breast cancer, 

chronic lymphocytic leukemia, non-Hodgkin’s lymphoma, 

neuroblastoma, soft tissue sarcoma, rhabdomyosarcoma, Wilms’ tumor, 

and immunosuppressant agent [3, 4]. It induces hyperlipidemia and 

myocardium damage [4].  Senthilkumar et al. [5] reported that treatment 

of rats with 150 mg/kg of CPA for 2 days caused a significant alterations 

in  serum cholesterol and none significant changes were observed in 

serum triglycerides.  

CP administration significantly (P<0.05) increased the levels of 

triglyceride, total cholesterol, LDL-cholesterol and decreased the level 

of HDL-cholesterol in toxic group compared to normal group [4].  

5-FU is widely used in the treatment of a range of cancers, including 

colorectal and breast cancers, and cancers of the aerodigestive tract. 

Although 5-FU in combination with other chemotherapeutic agents 

improves response rates and survival in breast and head and neck cancers, 

it is in colorectal cancer that 5-FU has had the greatest impact. 5-FU-

based chemotherapy improves overall and disease-free survival of 

patients with resected stage III colorectal cancer [6]. The combination of 

5-FU with newer chemotherapies such as Irinotecan and Oxaliplantin has 

improved the response rates for advanced colorectal cancer to 40–50%  

[7, 8]. However, despite these improvements, new therapeutic strategies 

are urgently needed. 

5-FU has remained the main agent for the treatment of both 

advanced and early-stage colorectal cancer. Strategies that have been 

explored to modulate the anticancer activity of 5-FU include decreasing 

5-FU degradation, increasing 5-FU activation and increasing the TS 

binding activity of FdUMP [9].  

       Despite continuous improvements in cancer therapy and prolonged 

survival of treated patients, complete remissions and cure of cancer are 

rare and anti-cancer drugs, which selectively affect tumor cells whilst 

sparing normal cells, are still being searched extensively. 

2. Objective 

 The present study aimed to evaluate the antidyslipidemic effect of 5-

fluorouracil against dyslipidemia induced by cyclophosphamide in male 

albino rats.  

3. Materials and Methods 

The present research was conducted in the Environmental Toxicology 

Laboratory, Department of Environmental Studies, Institute of Graduate 

Studies and Research, Alexandria University, Egypt.  

3.1. Chemicals  

Cyclophosphamide and 5-Fluorouracil were purchased from Sigma 

Chemical Company (Saint Louis, USA). Chemical Name is 2-[Bis (2-

chloroethyl)amino]tetrahydro-2H-1,3,2-oxazaphosphorine 2-oxide 

Cyclophosphamide monohydrate. This substance is listed as a known 

human carcinogen 

3.2. Animals  

Twenty-eight male adult rats (Sprague Dawley) with an average body 

weight of 180±10 g were obtained from the Faculty of Agriculture, 

Alexandria, and acclimatized for two weeks before the experiment. They 

were assigned to four groups and housed in Universal galvanized wire 

cages at room temperature (22-25°C) and in a photoperiod of 12h/day. 

Animals were provided with a balanced commercial diet.  

 

3.3. Experiential protocol 

Twenty male adult rats were grouped randomly into four groups 

(n=5 for each group).  Group I (control): Rats were injected with saline 

intraperitoneally at a dose of 1.0 ml/kg b.w. for 14 days. Group II 

cyclophosphamide (CPA): Cyclophosphamide at a dose of 10 mg/kg day 

by day through i.p. to rats for 14 days [10]. Group III Fluorouracil (5-FU): 

5-Fluorouracil at a dose of 10 mg/kg day by day [11] in saline was given 

through i.p. to rats for 14 days. Group IV (CPA+5-FU): Rats were given 

CPA followed by 5-FU at a dose of 10 mg/kg per day (day by day) through 

i.p. to rats for 14 days. 

          At the end of the experimental period, rats were anesthetized using 

light ether. Blood samples were taken from the vena cava of the rat heart. 

Tubes were used to compile blood drawn from the heart directly; 3 ml of 

the blood was collected in glass tubes for coagulation and serum 

formation, blood was allowed to set for 30 min at 4oC to clot, then 

centrifuged for 5 minutes at 1000 xg. Packed cells were discarded and the 

supernatant serum samples were decanted and stored into capped sterile 

polyethylene tubes tubes at -20oC until used (within 24 hours).  

3.4. Determination of serum cholesterol, triglycerides, 
LDLc, and HDLc concentrations 

Cholesterol was determined after enzymatic hydrolysis and 

oxidation according to the method described by Richmond [12]. 

Triglycerides was determined according to the method described by Carr 

et al.  [13].  

LDLc Cholesterol test results are based on a reading of light 

reflected off a test strip that has changed color after blood is applied. The 

intensity of the color is directly proportional to the concentration of LDLc 

in the sample. The analyzer converts this reading into a LDLc result and 

displays it. This test, which selectively measures LDLc, is an enzymatic 

colorimetric test based on the “Trinder Method” for the determination of 

cholesterol. In the presence of oxygen, cholesterol is oxidized by 

cholesterol oxidase to cholesterol-4-en-one and hydrogen peroxide. In the 

presence of peroxidase, hydrogen peroxide reacts with 4-aminoantipyrine 

and N, Ndisubstituted aniline to form a blue dye [14]. 

Lipoproteins are particles comprised of mixture of lipids, 

phosolipids and apoproteins. There are four distinct groups of lipoproteins 

such as chylomicrons, very low density lipoproteins (VLDL), low density 

lipoproteins (LDL) and high density lipoproteins (HDL). The HDL-

cholesterol was determined by enzymatic colorimetric method. In this 

method, Phosphotungstic acid and magnesium ions selectively 

precipitating all lipoproteins except the HDL-cholesterol fraction 

cholesterol present in the supernatant can be determined by the same 

method used for total cholesterol [15].  
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3.5. Statistical Analysis 

The values are expressed as mean ± SEM. All values are 

expressed as mean±standard error of the mean (SEM). The Kolmogorov-

Smirnov test was used to assess the normality of distribution of 

continuous variables. Comparisons between the treatment groups and 

pathogenic control group were performed by analysis of variance 

(ANOVA) followed by the Tukey- test.  P<0.05 was considered as 

significant [16].  

4. Results  

Intraperitoneal administration of CPA or 5-FU resulted in a significant 

increase in the levels of serum lipids. The cholesterol, Triglycerides, and 

LDL levels in serum of CPA or 5-FU treated rats were significantly 

increased (P<0.05) when compared to controls (Tables 1; Figures 1-3). 

When CPA was administered followed by 5-FU prevented the increase in 

serum lipid levels highlighting its hypolipidemic role as antagonism. On 

the other hand, a marked decrease in HDL cholesterol (p<0.05) was noted 

in CPA treated rats. These changes produced by CPA to serum levels of 

HDL were normalized when 5-FU is given to the treated rats compared to 

CPA administered rats (Table 1; Figure 4).  

 

                      Groups 

Parameters 

Control CPA  5-FU CPA – 5-FU 

Mean±SE Mean±SE Mean±SE Mean±SE 

Serum cholesterol concentration (mg/dl) 52.54±3.86bcd 83.72±6.17acd 74.34±2.02abd 67.22±2.31abc 

Serum triglycerides concentration (mg/dl) 62.38±5.12bcd 102.82±10.04acd 71.36±2.81ab 73.82±3.11ab 

Serum LDL concentration (mg/dl) 14.22±1.74bcd 30.80±3.04ad 27.76±1.37ad 19.34±1.48abc 

Serum HDL concentration (mg/dl) 43.62±2.32 bd 18.56±2.64 acd 40.80±3.48 b 36.78±2.24 ab 

Significance at P > 0.05. CPA: cyclophosphamide; 5-FU: Fluorouracil, a Comparison of control and other groups; b Comparison of CPA 

 and other groups; 
c Comparison of 5-FU and other groups; d Comparison of CPA – 5-FU and other groups. 

Table 1: Serum cholesterol, triglycerides, LDL and HDL concentrations of rat treated with cyclophosphamide and/or 5-fluorouracil   

 

Figure 1: Serum cholesterol concentration of rat treated with cyclophosphamide and/or 5-fluorouracil. Significance at P > 0.05. 

CPA: cyclophosphamide; 5-FU: Fluorouracil; a Comparison of control and other groups; b Comparison of CPA and other groups; c 

Comparison of 5-FU and other groups; d Comparison of CPA–5-FU and other groups 
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Figure 2: Serum triglycerides of rat treated with cyclophosphamide and/or 5-fluorouracil. Significance at P > 0.05. CPA: 

cyclophosphamide; 5-FU: Fluorouracil; a Comparison of control and other groups; b Comparison of CPA and other groups; c 

Comparison of 5-FU and other groups; d Comparison of CPA–5-FU and other groups 

 

 

 

Figure 3: Serum low density lipoprotein (LDL) concentration of rat treated with cyclophosphamide and/or 5-fluorouracil. 

Significance at P > 0.05. CPA: cyclophosphamide; 5-FU: Fluorouracil; a Comparison of control and other groups; b Comparison of 

CPA and other groups; c Comparison of 5-FU and other groups; d Comparison of CPA–5-FU and other groups 
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Figure 4: Serum high density lipoprotein (HDL)  concentration of rat treated with cyclophosphamide and/or 5-fluorouracil. 

Significance at P > 0.05. CPA: cyclophosphamide; 5-FU: Fluorouracil; a Comparison of control and other groups; b Comparison of 

CPA and other groups; c Comparison of 5-FU and other groups; d Comparison of CPA–5-FU and other groups 

5. Discussion 

Serum cholesterol or its fractions like low density lipoproteins (LDL), 

high density lipoproteins (HDL) content have been found responsible for 

many diseases. Cholesterol and lipoprotein levels correlate well with the 

risk of cardiovascular diseases [17].  Stress in the form of starvation was 

found to increase lipid peroxidation and alter lipid profile in rabbits [18].  

Intraperitoneal administration of CPA or 5-FU resulted in a 

significant increase in the levels of serum lipids. The cholesterol, 

Triglyceride and LDL levels in serum of CPA or 5-FU treated rats were 

significantly increased (P<0.05) when compared to controls. When CPA 

was administered followed by 5-FU prevented the increase in serum lipid 

levels highlighting its hypolipidemic role as antagonism. Also, a marked 

decrease in HDL cholesterol (p<0.05) was noted in CPA treated rats. 

These changes produced by CPA to serum levels of HDL were 

normalized when 5-FU is given to the treated rats compared to CPA 

administered rats.  

The metabolism and physiology of lipids and lipoproteins is a 

dynamic integrated process. Lipoprotein abnormalities resulting in the 

disruption of serum and cellular lipid levels account for the genesis of 

vascular diseases. The acrolein-lysine adducts detected in the aorta and 

plasma LDL of cyclophosphamide treated animals suggest that these 

adducts wherein acrolein is a metabolite of cyclophosphamide, may play 

a role in the development of atherosclerosis or atherogenesis [19].  

Cyclophosphamide is known to result in hypertriglyceridemia and 

hypercholesterolemia, which are well known risk factors in 

cardiovascular diseases [20].  

Cyclophosphamide induced elevation in cholesterol levels 

could be due to increase in biosynthesis and decrease in its utilization. 

Cyclophosphamide induces free radicals [21], which may cause cellular 

cholesterol accumulation, (a) by increasing cholesterol biosynthesis and 

its esterification, (b) by decreasing cholesteryl ester hydrolysis and (c) by 

reducing cholesterol efflux [22].  

The conversion of cholesterol to bile acids is quantitatively the 

most important mechanism for degradation of cholesterol. However, 

McClure and Stupans [23]  previously reported that after 7 days following 

a single dose of cyclophosphamide (200 mg/kg body weight) there was a 

decrease in cytochrome P450 activity in male rats, which may in turn 

depress cholesterol 7-hydroxylase activity, the key enzyme in the 

conversion of cholesterol to bile acids. 

Decline in the cardiac phospholipid content with a concomitant 

increase in the serum could be due to the peroxidation of unsaturated 

membrane lipids by free radicals in biomembranes and tissues causing the 

leakage of these lipids into circulation [10]. 

Cholesterol and phosholipids are carried in plasma by 

lipoproteins, which are synthesized and secreted by the intestine and liver. 

HDL is secreted from the liver into the bloodstream. Boren et al. [24]  

have indicated that cardiac apoB enables the heart to secrete excess lipid 

in lipoproteins. In plasma, Very Low Density Lipoprotein (VLDL) is 

degraded into IDL and LDL by the action of the enzyme lipoprotein lipase 

(LPL) and through the exchange reactions with HDL. LDL serves as a 

major carrier of cholesterol to extrahepatic tissues. High levels of LDL 

are associated with an increased risk of cardiovascular disease whereas 

high levels of HDL afford protection by reverse cholesterol transport to 

liver. 

Previously in cyclophosphamide treated rats, lipid composition 

showed that HDL cholesterol was very low comparatively to a high 

VLDL cholesterol [20]. In these animals VLDL was larger than normal, 

corresponding to triglyceride enrichment [25]. 

Triacylglycerols are degraded by the LPL to fatty acids, which 

are the chief sources of energy. LPL is predominantly present in the 
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skeletal muscle, cardiac muscle and adipose tissue. Defective secretion of 

LPL may contribute to the poor expression of lipolytic activity in the 

vascular bed and to the occurrence of hypertriglyceridemia during 

cyclophosphamide treatment.  

Simultaneously heart LPL activity was also decreased in CPA 

treated animals [26].  Due to the alterations in LPL activity, increase in 

triglycerides was associated with a drop in fatty acid levels in heart of 

group II cyclophosphamide treated rats. The moderate increase in the rate 

of triacylglycerol synthesis by the liver contributes to the occurrence of 

hypertriglyceridemia in cyclophosphamide treated rats [27]. 

Hypercholesterolemia changes in these rats maybe explained by a marked 

reduction in the activities of fat splitting enzymes, such as plasma 

cholesterol acyl trasferase (LCAT) and cardiac LPL. The distortion in 

lipid levels corroborated with abnormalities in the activities of lipid 

metabolizing enzymes in cyclophosphamide group. 

Hypercholesterolemia changes in these rats maybe explained by a marked 

reduction in the activities of fat splitting enzymes, such as plasma LCAT 

and cardiac LPL [26]. LCAT is secreted by the hepatocytes and released 

into the plasma. It converts cholesterol into long chain cholesterol ester 

on HDL and favors reverse cholesterol transport from tissues to liver. The 

esterification of cholesterol by LCAT leads to the remodeling of the 

lipoprotein HDL and results in the formation of large HDL particles that 

are known to offer protection against coronary artery disease [28].  

6. Conclusion 

It could be concluded that treatment of rats with CPA induced 

dyslipidemia. However, 5-FU and CPA combination could produce a 

significant amelioration in the dyslipidemic changes, and it may be 

considered as a potentially useful candidate in the combination 

chemotherapy with CPA to prevent dyslipidemia. Future work should 

consider combined chemotherapy regimens, as two or more mechanisms 

of action of chemotherapeutic drugs could be more powerful than one 

mechanism.  
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