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Abstract: Background: Cyclophosphamide (CPA) induces acute inflammation of the urinary 

bladder, renal damage, and liver damage, thereby limiting its therapeutic use. Objectives: The 

present study aimed to evaluate the hepatorenal toxicity induced by cyclophosphamide and 

amelioration by 5-fluorouracil in male albino rats. Materials and Methods: Twenty-eight male adult 

rats were grouped randomly into four groups (n=5 for each group). Group I (control): Rats were 

injected with saline intraperitoneally and 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. 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: Serum total protein, albumin, and globulin 

concentration significantly reduced in animal groups that received cyclophosphamide. 5-FU and 

CPA combination reduced the changes in total protein, albumin, and globulin compared to CPA 

treated group. A significant increase in LDH serum concentration was found in CPA, 5-FU, and 

their combination-treated animals. The mean values of the combination of chemotherapy were 

above that in CPA followed by 5-FU treatment. Administration of CPA, 5-FU resulted in a 

significant increase in serum AST, ALT, ALP, and bilirubin compared to the control. Co-treatment 

5-FU with CPA significantly attenuated the increase in serum AST, ALT, ALP, and bilirubin when 

compared to CPA – treated rats. Compared to controls, urea and creatinine levels were increased in 

CPA-treated rats, while uric acid was reduced in CPA, 5-FU, and their combination. The changes in 

urea and creatinine produced by the chemotherapy were restored when rats received CPA in 

combination with 5-FU. Conclusion: It could be concluded that the treatment of mammals with 

chemotherapy is associated with the production of free radicals that lead to hazardous alterations 

in biochemical parameters. However, 5-FU and CPA combination could produce a significant 

amelioration in most cases for these changes, and it may be considered as a potentially useful 

candidate in the combination chemotherapy with CPA to combat oxidative stress-mediated non-

target organ injury even if it was not complete protection. Future work should consider combined 

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

more powerful than one mechanism. Toxicological studies must be performed before using drugs 

as a combination before application. Further research is required on the toxicological impacts of 

drugs and pollutants mixtures. 
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1. Introduction 

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

cyclophosphamide), antibiotics that affect nucleic acids (e.g., doxorubicin, bleomycin), 

platinum compounds (e.g., cisplatin), mitotic inhibitors (e.g., vincristine), antimetabolites 

(e.g., 5-fluorouracil), camptothecin derivatives (e.g., topotecan), biological response mod-

ifiers (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 [1]. 

The use of CPA, an anti-cancer and immunosuppressant drug, is accompanied by 

several side effects [2]. Rats injected with a single dose of CPA (200 mg kg−1 body weight) 

showed an increase in the levels of serum glutamate-oxaloacetate transaminase, serum 

glutamate-pyruvate transaminase, glucose-6-phosphate dehydrogenase, and creatine 

phosphokinase isoenzyme by 53, 24, 55 and 135%, respectively. The author suggested that 

CPA induced cardio and hepatotoxicity by increasing heart and liver inner mitochondrial 

membrane permeability to Ca2+ [2]. Toxicity due to drugs used for neoplastic disorders is 

extensively documented. Cyclophosphamide is a widely used antineoplastic drug, which 

could cause toxicity of normal cells due to its toxic metabolites [3]. 

The clinical utility of CPA as an anticancer drug is limited by its urotoxicity and ne-

phrotoxicity and to a lesser extent by its hepatotoxicity. The present study was undertaken 

to find out the reason why the liver is the least susceptible of the three organs to CPA-

induced damage although it is the major site for drug activation and metabolism. Adult 

female Wistar rats weighing 200–250 g were administered a single intraperitoneal injec-

tion of CPA at the dose of 150 mg/kg body weight and sacrificed at various time intervals 

6, 16, or 24 h after the dose of CPA. The control rats were administered saline alone. Hepa-

totoxicity was assessed by measuring plasma ALT activity and histopathology of the liver. 

The liver was used for the assay of reduced glutathione; activity of paraoxonase (PON1) 

malondialdehyde – a marker of lipid peroxidation. Serum was used for the assay of ALT 

activity and PON1 activity. The level of reduced glutathione in the liver of CPA-treated 

rats was increased by 22% and 57% at 16 and 24 h, respectively. Interestingly, a marked 

increase in the activity of PON1 (122%) was observed in the livers of CPA-treated rats 24 h 

after treatment. This was accompanied by a significant increase in PON1 activity (23%) in 

the serum. No significant alteration in hepatic malondialdehyde level was observed at any 

time after treatment. Serum ALT activity was increased slightly 24 h after treatment with 

CPA. Mild liver damage was observed histologically only 24 h after treatment with the 

drug. They concluded that an increase in antioxidant levels in the liver may be a defense 

mechanism to prevent/minimize CPA -induced liver damage [4]. 

Antimetabolite drugs work by inhibiting essential biosynthetic processes, or by being 

incorporated into macromolecules, such as DNA and RNA, and inhibiting their normal 

function. The fluoropyrimidine 5-fluorouracil (5-FU) does both. Fluoropyrimidines were 

developed in the 1950s following the observation that rat hepatomas used the pyrimidine 

uracil- one of the four bases found in RNA- more rapidly than normal tissues, indicating 

that uracil metabolism was a potential target for antimetabolite chemotherapy [5]. 

5-FU has been used for more than 40 years in the treatment of colorectal cancer. 5-FU 

is given intravenously and has been used in a variety of different schedules to determine 

the optimum dose and mode of administration. The overall response rate for 5-FU as a 

single agent in advanced colorectal cancer is quite limited (approximately 10–15%) [6]; 

however, over the past 20 years, important modulation strategies have been developed to 

increase the anticancer activity of 5-FU and to overcome clinical resistance. As a result, 5-

FU has remained the main agent for the treatment of both advanced and early-stage col-

orectal 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.  
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Taken together, despite continuous improvements in cancer therapy and prolonged 

survival of treated patients, complete remissions and cure of cancer are rare and anti-can-

cer drugs, which selectively affect tumor cells whilst sparing normal cells, are still being 

searched extensively. 

2. Objective 

The present study aimed to evaluate the hepatorenal toxicity induced by cyclophos-

phamide and amelioration by 5-fluorouracil 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, Alex-

andria University, Egypt.  

3.1. Chemicals  

Cyclophosphamide and 5-fluorouracil were purchased from Sigma Chemical Com-

pany (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 adults 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 Uni-

versal 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 [7]. Group III Fluorouracil (5-FU): 

5-Fluorouracil at a dose of 10 mg/kg day by day [8] 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 coagula-

tion and serum formation, blood was allowed to set for 30 min at 4oC to clot, then centri-

fuged for 5 minutes at 1000 xg. Packed cells were discarded and the supernatant serum 

samples were decanted and stored into capped sterile polyethylene tubes at -20oC until 

used (within 24 hours).  

3.4. Biochemical analysis 

3.4.1. Determination of total protein, albumin, and globulin concentrations 

Protein was determined by calorimetric determination of total protein according to 

the method described by Lowery et al. [9]. Serum albumin was determined according to 

the method described by Doumas et al. [10]. 

Serum globulin concentration = serum total protein concentration- serum albumin 

concentration 

3.4.2. Determination of alanine aminotransaminase (ALT), aspartate aminotransami-

nase (AST), and alkaline phosphatase (AlP) activities 

http://en.wikipedia.org/wiki/Transaminase
http://en.wikipedia.org/wiki/Transaminase
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Serum alanine aminotransaminase and aspartate aminotransaminase activities were 

determined according to the method described by Bergmeyer [11, 12] using commercial 

kits obtained from BioM`erieux, France. Serum alkaline phosphatase activity was deter-

mined according to the method described by Rosalki et al. [13]. 

3.4.3. Determination of serum urea, uric acid, and creatinine concentration 

Urea was determined using a commercially available kit (Urea-kit S 180, bioMeriex 

Vitek, Inc. USA) according to the method described by Patton and Crouch, [14]. Uric acid 

was determined using a commercially available kit (Uric acid-kit, Cat. No. 10690. Human 

Geselschaft, Taunusstein, Germany) according to the method described by Guder et al. 

[15]. Creatinine was determined using a commercially available kit (CREA-kit MPR3 

124192 Boenringer Mannheien) according to the method described by Henry [16]. 

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 [17]. 

4. Results  

4.1. Total protein, albumin, and globulin 

Serum total protein, albumin, and globulin concentrations were significantly reduced 

in animal groups that received cyclophosphamide. 5-FU and CPA combination reduced 

the changes in total protein albumin and globulin compared to CPA treated group (Tables 

1 and Figures 1-3). 

Table 1. Serum total protein, albumin, and globulin concentrations of rats treated with cyclophos-

phamide and/or 5-fluorouracil 

Groups 

Parameters 

Control CPA 5-FU CPA – 5-FU 

Mean±SE Mean±SE Mean±SE Mean±SE 

Serum total protein concentration 

(g/dl) 
10.01±0.73 bc 7.93±0.26 acd 9.32±0.36 ab 9.67±0.58 b 

Serum albumin concentration 

(g/dl) 
4.23±0.15 bd 3.39±0.61 acd 4.54±0.35 b 4.40±0.13 ab 

Serum globulin concentration 

(g/dl) 
5.82±0.17 bd 3.30±0.37 acd 4.96±0.40 ab 5.22±0.57 b 

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 

http://en.wikipedia.org/wiki/Transaminase
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Figure 1. Serum total protein concentration of rat treated with cyclophosphamide and/or 5-fluor-

ouracil. Significance at P>0.05. CPA: cyclophosamide; 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 2. Serum albumin concentration of rat treated with cyclophosphamide and 5-fluorouracil 

and their combination. Significance at P>0.05. CPA: cyclophosamide; 5-FU: Fluorouracil. a Com-

parison 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 3. Serum glonulin concentration of rat treated with cyclophosphamide and/or 5-fluoroura-

cil. Significance at P>0.05. CPA: cyclophosamide; 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. 

4.2. Serum LDH, ALT, AST, and AL of rat treated with cyclophosphamide and/or 5-

fluorouracil 

A significant (p<0.05) increases (p<0.05) in LDH serum concentration found in CPA, 

5-FU and their combination treated animals. Mean values of combination of chemother-

apy were above that in CPA followed by 5-FU (Table 2; Figure 4).  

Administration of CPA, 5-FU resulted in significant increase (p<0.05) in serum AST, 

ALT, ALP and bilirubin compared to control. Co-treatment 5-FU with CPA significantly 

attenuated the increase in serum AST, ALT, ALP and bilirubin when compared to CPA – 

treated rat (Table 2; Figures 5-8). 

Table 2. Serum LDH, ALT, AST, and AL of rat treated with cyclophosphamide and/or 5-fluor-

ouracil 

Groups 

Parameters 

Control CPA  5-FU CPA – 5-FU 

Mean±SE Mean±SE Mean±SE Mean±SE 

Serum LDH (IU/l) 1109 ± 164 bcd 2086 ± 187 ac 1632 ± 90abd 2150 ± 265 bc 

Serum ALT (IU/l) 24.4±11.4 bcd 129.4±8.5 acd 38.6±3.9ab 42.4±9.4 ab 

Serum AST (IU/l) 116.6±6.2 bcd 372.4±22 acd 147±8.7 ab 151.8±6.6 ab 

Serum ALP (IU/l) 128.8±9.02 bcd 298.6±23.5 acd 151±4.1 abd 231.4±24.2 abc 

Serum bilirubin (g/dl) 0.228±0.013 bcd 0.424±0.026 acd 0.284±0.010 ab 0.280±0.021 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. 
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Figure 4. Serum LDH activity of rat treated with cyclophosphamide and/or 5-fluorouracil. Signifi-

cance at P>0.05. CPA: cyclophosamide; 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 Com-

parison of CPA – 5-FU and other groups. 

 

Figure 5. Serum ALT activity of rat treated with cyclophosphamide and 5-fluorouracil and their 

combination. Significance at P>0.05. CPA: cyclophosamide; 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 6. Serum AST activity of rat treated with cyclophosphamide and/or 5-fluorouracil. Signifi-

cance at P>0.05. CPA: cyclophosamide; 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 Com-

parison of CPA – 5-FU and other groups. 

 

Figure 7. Serum ALP activity of rat treated with cyclophosphamide and 5-fluorouracil and their 

combination. Significance at P>0.05. CPA: cyclophosamide; 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 8. Serum total bilirubin of rat treated with cyclophosphamide and 5-fluorouracil and their 

combination. Significance at P>0.05. CPA: cyclophosamide; 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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Compared to controls, urea and creatinine levels were increased in CPA treated rats, 

while uric acid was reduced in CPA, 5-FU and their combination. The changes in urea and 
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bination with 5-FU (Table 3, Figures 9 and Figure 10). 
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Parameters 
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Figure 9. Serum urea concentration of rat treated with cyclophosphamide and/or 5-fluorouracil. 

Significance at P>0.05. CPA: cyclophosamide; 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 10. Serum creatinine concentration of rat treated with cyclophosphamide and 5-fluoroura-

cil and their combination. Significance at P>0.05. CPA: cyclophosamide; 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 11. Serum uric acid concentration of rat treated with cyclophosphamide and/or 5-fluor-

ouracil. Significance at P>0.05. CPA: cyclophosamide; 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 

Proteins include albumin and globulin; the former of which is synthesized in the liver 

[18]. Globulin is made up of fractions of α1, α2, β, and γ globulins, which are considered 

as the source of almost all the immunologically active protein in the blood [19]. 

Decrease in serum albumin and globulin globulin possibly suggests kidney prob-

lems, chronic infections, inflammation, cirrhosis etc [20]. The relatively lower total protein, 

albumin and globulin concentration in the CPA treated groups, suggesting that some level 

of hepatocellular injury may be occur following chemotheraby exposure. The use of albu-

min as antioxidant in scavenging metals oxide nanoparticles reactive oxygen species may 

have contributed to its apparent reduction in the intoxicated groups. Normally, the reduc-

tion of albumin level indicates a liver disease. This reduction could be attributed to 

changes in the protein and free amino acid metabolism and their synthesis in the liver 

[21]. 

The reduction of protein may be due to dysfunction of hepatic protein synthesis 

mechanisms and the hyperactivity of hydrolytic enzymes [22]. In accordance with our 

results the protein levels were also altered of exposure of alkylating agents [23]. Similarly, 

in our experiment CPA administration caused hypoproteinemia, which agrees with find-

ings from previous studies [24]. The decreased levels of protein and creatinine contents 

suggested that cyclophosphamide may induce hepatic and renal toxicity by interfering 

metabolic activities and protein synthesis. Combination of 5-FU and CPA mitigated the 

changes in the protein by regulating the metabolic activities and protein synthesis induced 

by CPA due to antagonistic interaction of both chemotherapy.  

Many tissues, including the liver, red blood cells and the brain, produce LDH, an 

enzyme normally found in the blood. The fact that tumor growth is frequently associated 

with an increase in LDH serum levels is already known, and this protein can be consid-

ered as a tumor marker [25, 26]. Also, LDH, as well as AST, are protein markers associated 

with different types and degrees of cardiac damage [27].  
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The aetiopathologenesis of CPA induced cardiotoxicity is not yet fully unraveled. 

However, toxicity of CPA was postulated to be mediated by oxidative stress [28] which 

may have deleterious effects on the heart. Moreover, it is thought to involve direct endo-

thelial damage, with extravasation of plasma proteins, high concentration of CPA and 

erythrocytes into the myocardial interstitium and muscle cells, resulting in damage of my-

ocardial cells. Due to the damage produced, the enzymes (LDH, AST and ALT) leak from 

the necrotic heart cells to the serum, which are important measures of cardiac injury. 

These enzymes are not specific for myocardial injury individually; however, evaluation 

of these enzymes together may be an indicator of myocardial injury [29, 30]. 

Major function of liver is to detoxify xenobiotics and toxins [31]. The toxic metabolites 

formed after the administration of CPA includes acrolin and phosphoramide mustard, 

induces liver toxicity in animals [32-34]. 

It is well established that increased activities of ALP, ALT, and AST enzymes in the 

serum are known diagnostic indicators of hepatotoxicity. In the present study, CPA ad-

ministration caused significant increase in the serum ALP, ALT, and AST levels in rats. 

The increased levels of these enzymes and metabolites in the serum could be attributed to 

the activity of acrolein. Acrolein causes a breach in antioxidant defense system resulting 

in proliferative production of reactive oxygen species (ROS), which in turn may attack 

hepatocytes membrane disrupting its structure and function, a leakage of these enzymes 

into the blood circulation [35]. 

Earlier studies [34, 36, 37] also showed that intraperitoneal injection of CPA resulted 

as increase in above serum biomarker enzymes and metabolites for liver function. 

Administration of chemotherapeutic drugs could leads to Single Nucleotide Poly-

morphisms (SNPs) in chemotherapeutic drug metabolizing enzymes that are responsible 

for adverse drug reactions (ADR) like alopecia, nausea, vomiting et al. with abnormal liver 

functions [38]. Cytochrome p450 group of enzymes have extensive functions in liver that 

includes the detoxication of xenobiotics [39]. In the present study, elevation of serum 

marker enzymes followed by CPA intoxication reflected the damage caused to liver. 

Hepatopathy could leads to the leakage of marker enzymes such as AST, ALT, ALP and 

LDH into the blood in conformity with the extent of liver damage [40]. Also, decreased 

levels in liver tissues and increased serum levels of both AST and ALT could be due to 

toxic compounds affecting the integrity of liver cells [34]. The increased activity of plasma 

ALP, ALT, AST and level of bilirubin in the CPA and 5-FU–treated rats is a manifestation 

of induced hepatocellular damage. Increases in the ALP and bilirubin are generally asso-

ciated with impairment of intrahepatic and extrahepatic bile flow (cholestatis), hepatobil-

iary injury, erythrocyte destruction or altered bilirubin metabolism [41-43]. Prolonged de-

struction of hepatic cells results in more hepatic release that caused an elevation in serum 

levels of ALP, LDH [44]. This could be the reason for the increased serum levels of marker 

enzymes in the present study, while the reduction of liver function when rats treated with 

the combination of 5-FU and CPA is due to the antagonistic effect. 

The detection and diagnosis of acute kidney injury currently require the use of con-

ventional markers of kidney function, specifically, serum creatinine and urea levels and, 

less frequently, other urinary tests. Creatinine is an amino acid as a waste product of cre-

atine, an important energy storage substance in muscle metabolism [45]. 

Chemotherapy-induced renal dysfunction has been reported previously and gener-

ally include damage to vasculature or structures of the kidneys, haemolytic uraemic syn-

drome and prerenal perfusion deficits [46, 47]. Elevated blood urea is known to be linked 

with an increased protein catabolism to urea as a result of increased synthesis of arginase 

enzyme involved in urea production [48]. In this study, increased serum creatinine and 

urea levels reflect the diagnosis of renal failure, while 5-FU cane be used as antagonist for 

changes in urea and creatinine produced by CPA. 
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6. Conclusion 

It could be concluded that treatment of mammals with chemotherapy is associated 

with the production of free radicals that lead to hazardous alterations in biochemical pa-

rameters. However, 5-FU and CPA combination could produce a significant amelioration 

in most cases for these changes, and it may be considered as a potentially useful candidate 

in the combination chemotherapy with CPA to combat oxidative stress mediated non tar-

get organs injury even if it was not a complete protection.  

Future work should consider combined chemotherapy regimens, as two or more 

mechanisms of action of chemotherapeutic drugs could be more powerful than one mech-

anism. Toxicological studies must be performed before using drugs as combination before 

application. Further research is required on toxicological impacts of drugs and pollutants 

mixtures. 
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