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N-ACETYLCYSTEINE IS EFFECTIVE IN AMELIORATING NEPHROTOXICITY INDUCED BY LOW DOSE, BUT NOT LARGE DOSE OF 5-FLUOROURACIL IN RATS
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ABSTRACT

5-Fluorouracil (5-FU) is a common chemotherapy drug with demonstrated effectiveness in treating human cancer. However, hepatotoxic and nephrotoxic side effects limit its therapeutic value. This investigation exhibited the therapeutic influence of N-acetylcysteine (NAC) in 5-FU (20 and 50 mg) kidney injury in rats.  For this purpose, 40 male rats were assigned into 5 groups. The 1st group was used as a control. The 2nd group was injected with 20 mg/kg of 5-FU i.p. for 6 days. The 3rd group received 5-FU at a dose of 50 mg/kg i.p. for 6 days.  The 4th group received 5-FU 20 mg +NAC 40 mg/kg for 6 days. The 5th group supplied with 5-FU 50 mg + NAC 40 mg/kg. Biochemical assessment for serum urea, creatinine, uric acid, albumin, and inflammatory markers as TNF-α and IL-1β, and oxidative stress parameters as GSH and MDA were measured. 5‑FU nephrotoxicity was noticed by significant elevation of all renal parameters, such as creatinine, urea, uric acid, MDA, TNF-α and IL-1β, with a remarkable decline in albumin and GSH levels.  NAC treatment improved the kidney status, especially induced by 20 mg 5-FU. So, NAC exhibited a remarkable effect in protecting nephrotoxicity caused by the low dose of 5-FU rather than using it with a high dose of 5-FU.
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INTRODUCTION 

Because the kidneys' primary role is to concentrate and eliminate  poisons and toxic
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metabolites of medications, the primary goal of drug-induced toxicity is the kidney's exposure to these substances. One of the main causes (about 8%–60%) of acute kidney damage (AKI) in a hospital setting is nephrotoxicity (Mody et al., 2020). An increased incidence of diabetes and hypertension is accompanied by high rates of chronic kidney disease (CKD), which have increased to roughly 13–15% globally in recent years (Levey et al., 2005).

In our systems, the metabolism of drugs occurs in the liver, the GIT and the kidneys. Renal and extra-renal excretions are the main pathways of drug excretion (Perazella, 2019). Drugs can be eliminated from the body by either of the two routes that lead to renal excretion: tubular secretion traffic from the proximal tubule (PT) into the loop of Henle and subsequently into the distal tubule, or glomerular filtration. Drugs may precipitate, crystallize, or form casts in the most distal portions of the tubules, leading to obstacles to the tubules (Luque et al., 2017). A further pathway involves the occurrence of interstitial nephritis, which is triggered by tubulointerstitial inflammation (Chamarthi et al., 2018). 

Nephrotoxicity caused by drugs arises through one of three mechanisms: (1) dose-dependent proximal tubular damage and acute tubular necrosis (ATN); (2) dose-dependent tubular obstruction by drug- and metabolite-containing crystals or casts; and (3) dose-independent interstitial nephritis that results from drug- and metabolite-induced casts (Kwiatkowska et al., 2021).

Improving the cardiac and renal toxicity brought on by the rising, and dose-dependent, usage of anti-cancer medications is a major concern for oncologists (Abdel-Daim et al., 2020).  The popular anticancer medication, 5-Fluorouracil (5-FU) is a pyrimidine antimetabolite, and is used extensively in human medicine because of its exceptional anti-cancer properties against several kinds of cancers, including skin, stomach, and colon cancers (Rashid et al., 2013). It is transformed intracellularly into a number of active metabolites that impact both normal and tumor cells' RNA and DNA synthesis. These metabolites include fluorouridine triphosphate, fluorodeoxy-uridine triphosphate, and fluorodeoxyuridine monophosphate. After being metabolically converted to 5-fluoro-2-deoxyuridine monophosphate, it irreversibly inhibits thymidylate synthase (TS), which promotes apoptosis in malignant cells and even in regularly growing cells (Chibber et al., 2011). Because of this, 5-FU has demonstrated exceptional toxicity and negative effects on the kidneys and heart (Arab et al., 2018). 

5-FU's systemic action is linked to various adverse reactions that may cause stopping the medication and reduce its effectiveness (de Andrade et al., 2023). According to the majority of published data, organs such as the intestines and bone marrow, that have significant concentrations of proliferative cells, are more likely to have 5-FU adverse effects (Chrysostomou et al., 2023). However, the liver, kidneys, and lungs-essential organs with a low potential for proliferation-are continuously exposed to 5-FU metabolites and may suffer adverse effects as a result (Kuan et al., 1998). The oxidative stress and inflammation caused by 5-FU chemotherapy may be the cause of these pathological processes (Akindele et al., 2018).

In the kidney, glutathione (GSH) is a highly concentrated nucleophilic molecule that contains sulfur. GSH is essential for defending cells against damage caused by free radicals generated by oxygen and other activated hazardous substances (Ross, 1988). As a strong antioxidant, N-acetylcysteine (NAC) might act as an initial step in producing glutathione (Bernard et al., 1984). More GSH is available for the detoxification of oxygen-derived free radicals and other foreign substances after the stimulation of GSH synthesis after NAC administration (Meister and Anderson, 1983). 

N-acetylcysteine is a sulfhydryl donor that has a variety of medical uses. It has been shown to function as a lipid peroxidation inhibitor (LPO) and cellular necrosis, a free radical scavenger, and a mitochondrial protector (Samuni et al., 2013). As an initiator in the process of GSH synthesis, it enriches the cellular glutathione (GSH) level and boosts numerous cellular defense mechanisms (Yalçın et al., 2008). Moreover, NAC is a popular antioxidant against oxidative stress, which can be utilized to restore the balance between pro-oxidants and antioxidants in vivo and in vitro (Campos et al., 2012).

Considering L-cysteine's acetylated precursor, NAC has been used for a long time as a mucolytic agent and to treat mental problems, doxorubicin-induced cardio-toxicity, acetaminophen intoxication, stable angina pectoris, and acute respiratory distress syndrome. Furthermore, its level of toxicity is really low (Samuni et al., 2013). Because NAC is oxidized by different radicals and acts as a nucleophile, it can decrease the disulfide bridges in proteins, absorb free radicals, and create metal chelation (Atkuri et al., 2007). Moreover, NAC's anti-inflammatory and antiapoptotic qualities are well-known (Zafarullah et al., 2003). In addition to these immediate benefits, NAC also works by elevating GSH levels (Samuni et al., 2013). There hasn't been any research done on how NAC affects acute renal failure brought on by 5-FU.

The objective of this study was to assess any potential protective benefits of NAC in rats, which had both high and low doses of 5-FU-induced nephrotoxicity. Additionally, it looked into how oxidative stress and inflammatory markers might help NAC work its magic on the kidneys.

MATERIALS AND METHODS

1. Drugs and Chemicals
[bookmark: _Hlk158642515]Commercial vial of 5-Fluorouracil (5-FU) obtained from Hikma Specialized Pharmaceutical. N-acetylcysteine (NAC) white powder obtained from AK Scientific, Inc. (USA). 

2. Animals 
We purchased forty mature male Albino Wistar rats from the Animal House of the Faculty of Veterinary Medicine Assiut University, weighing 200–250 g. For a week, rats were housed in standard, pathogen-free facilities with a temperature of 24 ± 2oC, a relative humidity of 60–70%, and a cycle of 12 hours of light and darkness. The animals had unrestricted access to water and were fed a usual pellet meal. The ethics committee of Assiut University's College of Medicine approved the study (approval no: 17300967).

3. Induction of nephrotoxicity
[bookmark: _Hlk158643064] 5-Fluorouracil (5-FU) 20 mg / Kg (Yousef and Aboelwafa, 2017 and Adikwu et al., 2019) and 50 mg / Kg b.w. (El-Sherbiny et al., 2021) was injected intraperitonealy (i.p.) daily for 6 days to cause toxicity to the kidneys.

4. Animal grouping  
Animals used in the investigation were divided into 5 groups, each group containing 8 rats. The first control group received distilled water i.p. daily for 6 days. The second and third groups received 5-FU i.p. for 6 days at doses of 20 and 50 mg/kg, respectively. The fourth group was injected with 5-FU at a dose of 20 mg\kg + 40 mg/kg of NAC i.p. for 6 days (Efrati et al., 2007). The fifth group was injected intra-peritoneally with 5-FU 50 mg\kg plus NAC 40 mg/kg. After finishing the experiment, the rats received 4% isoflurane anesthesia, and blood samples were collected and kept for 15 minutes in a clean, dry centrifuge tube. The samples were then centrifuged for another 15 minutes at 3000 rpm. Serum was obtained using Eppendorf tubes to evaluate kidney function parameters and inflammatory markers (TNF-α and IL-1β). The kidneys were separated, cleaned, and weighed individually. A 10% (w/v) homogenate of the kidneys was rapidly produced by homogenizing them in an ice-cold phosphate buffer (pH 7.4) solution. A 10-minute, 4°C, 1800 g centrifugation was performed on the homogenate. In order to test GSH and MDA, the 10% supernatant was removed and stored at -80°C (Elsayed and Zaazaa, 2024). 

5. Biochemical investigations
The evaluation of renal function was carried out spectrophotometrically using kits (Sigma Diagnostics, Pvt. Ltd, Baroda, India), including serum concentrations of urea, creatinine, uric acid, and albumin.

6. Determination of oxidative stress markers in kidney tissue
6.1. Determination of the renal reduced glutathione (GSH)
Sedlak and Lindsay (1968) approach was used to assess the levels of GSH in the kidneys. Spectrophotometric measurements of the color absorbance were made at 412 nm using colorimetric kits )Biodiagnostic, Giza, Egypt). 

6.2. Determination of malondialdehyde (MDA) 
The MDA level in kidney homogenate was determined using the methodology outlined by Ohkawa and his group in 1979. The employed measurement method was spectrophotometric, using colorimetric kits (Biodiagnostic, Dokki, and Giza, Egypt), depending on a colorimetric reaction with thiobarbituric acid. 
 
7. Determination of inflammatory markers
7.1. Determination of the level of tumor necrosis factor-𝛼 (TNF-𝛼)
Following the manufacturer's instructions, the AssayPro USA rat TNF-𝛼 ELISA kit was used to measure the levels of TNF-𝛼 in rat serum. Using an automated ELISA reader set to 450 nm, the response was monitored (Elsayed and Zaazaa, 2024).


7.2. Determination of the level of interleukin-1β (IL-1β)
The rat IL-1β ELSIA kit (Dynatech Microplate Reader Model MR 5000, Canada) was used to measure the amount of IL-1β in the rat serum, following the manufacturer's instructions. It took five minutes for the ELISA reader to read the absorbance at 450 nm (Gelen et al., 2018).

8. Statistical analysis
The data were statistically evaluated using Graph Pad Prism version 9 for Windows, 2007 by Graph Pad software, Inc. The mean  ± standard error of the means (SE) was used for presenting the data. For multiple comparisons, the one-way ANOVA was utilized; if needed, the Bonferroni test was then done. Significant variances were defined as those with P < 0.05. The data and statistical analysis adhere to the standards for the design and analysis of experiments in pharmacology.  

RESULTS

1. Effect of NAC treatment on renal parameters in nephrotoxicity caused by 5-FU in rats:
The rats that received 20 mg and 50 mg of 5-FU had significantly increased uric acid, creatinine, and urea levels (P<0.05) with a remarkable drop in albumin concentration,  compared to the negative control group. The biochemical variations were higher with the high dose of 5-FU (Table 1). 
 
The results revealed a significant improvement in renal parameters (P<0.05) after using NAC. More positive results were seen when rats received a low dose of 5-FU rather than a high dose (Table 1).  




Table 1: The effect of N-acetylcysteine on renal parameters in cases of renal injury induced by 5-FU (20, 50 mg/kg):
	Groups
	Control
	5-FU
(20 mg)
	5-FU
(50 mg )
	NAC (40 mg\kg) + 5-FU (20 mg)
	NAC (40 mg\kg) + 5-FU (50 mg)

	Creatinine conc. (mg\dl)
	0.8 ± 0.03
	2.0 ± 0.08 $
	4.4 ± 0.24$*
	0.9 ± 0.04*#
	3.0 ± 0.14$*#

	Urea conc. (mg\dl)
	25.3 ± 1.37
	56.9 ± 0.51$
	94.7 ± 1.39 $*
	37.5 ± 1.13 $*#
	84.2 ± 1.07$*#

	Uric acid conc. (mg\dl)
	3.06 ± 0.30
	7.8 ± 0.29 $
	11.0 ± 0.47$*
	4.3 ± 0.12*#
	7.8 ± 0.29$#

	Albumin conc. (g\dl)
	3.7 ± 0.22
	2.3 ± 0.09 $
	1.3 ± 0.05 $*
	3.3 ± 0.18*#
	2.3 ±  0.27 $#


Values were expressed as mean ± SE of 8 rats. 5-FU: 5-Fluorouracil, NAC: N-acetylcysteine.
$ Significant difference at p < 0.05 vs. negative control group.
* Significant difference at p < 0.05 vs. 5-FU (20 mg) group.
# Significant difference at p < 0.05 vs. 5-FU (50 mg) group. 


2. Effect of NAC treatment on renal GSH and MDA in 5-FU-induced renal damage in rats:
The findings showed that the GSH concentration dropped and the MDA level rose significantly (p < 0.05) in rats given 20 mg of 5-FU. The rats given 50 mg of 5-FU showed more alterations than the negative control group. On the other hand, the rats that received NAC treatment showed a substantial (p<0.05) rise in GSH and a substantial drop in MDA concentration. Rats receiving 20 mg/kg of 5-FU as opposed to 50 mg/kg showed better treatment of oxidative stress indicators with NAC (Table 2). 


Table 2: Effect of N-acetylcysteine on renal GSH and MDA in kidney injury caused by 5-Fluorouracil in rats (20, 50 mg/kg):
	Groups
	Control
	5-FU (20 mg)
	5-FU ( 50 mg )
	NAC (40 mg\kg) + 5-FU (20 mg)
	NAC (40 mg\kg) + 5-FU (50 mg)

	GSH  conc. (mmol\g)
	4047 ± 217.5
	2244 ± 124.6$
	816.8 ± 0.24*$
	
3406 ± 135$*#

	2264 ± 47.04$#

	MDA conc. (mmol\g)
	9.5 ± 0.50
	70.0 ± 2.40$
	93.3 ± 3.07$*
	18.5 ± 0.59 $*#
	44.4 ± 0.44$*#


Values were expressed as mean ± SE of 8 rats. 5-FU: 5-Fluorouracil, NAC: N-acetylcysteine. 
$ Significant difference at p < 0.05 vs. control group.
* Significant difference at p < 0.05 vs. 5-FU (20 mg) group.
# Significant difference at p < 0.05 vs. 5-FU (50 mg) group. 


3. Effect of NAC treatment on TNF-α and IL-1β in 5-FU induced nephrotoxicity in rats:
The outcomes showed, in contrast to the control group, that the concentrations of TNF-α and IL-1β were substantially (p < 0.05) higher in the 5-FU groups (20 mg and 50 mg). TNF-α and IL-1β concentrations significantly (p < 0.05) decreased in NAC-treated groups. There was a greater reduction in case of the lower dose, 20 mg/kg of 5-FU, compared to 50 mg/kg (Table 3).




Table 3: The effect of N-acetylcysteine on serum TNF-α and IL-1β in nephrotoxicity induced by 5-Fluorouracil in rats (20, 50 mg/kg):
	Groups
	Control
	5-FU (20 mg)
	5-FU ( 50 mg )
	NAC (40 mg\kg) +5-FU (20 mg)
	NAC (40 mg\kg) +5-FU (50 mg)

	TNF-α conc. (ng\ml))
	262.2 ± 5.43
	422.2 ± 3.18$
	521.3 ± 6.06$*
	334.5 ± 15.8$*#
	468.0 ± 1.16$*#

	IL-1β  conc. (pg\ml))
	204.8 ± 4.88
	333.8 ± 17.34$
	494.7 ± 2.73$*
	216.5 ± 4.77*#
	387.9 ± 2,28$*#


Values were expressed as mean ± SE of 8 rats. 5-FU: 5-Fluorouracil, NAC: N-acetylcysteine.
$ Significant difference at p < 0.05 vs. negative control group.
* Significant difference at p < 0.05 vs. 5-FU (20 mg) group.
# Significant difference at p < 0.05 vs. 5-FU (50 mg) group. 


DISCUSSION

In recent times, cancer has been an important worldwide public health concern (Siegel et al., 2019). Chemotherapy, radiation, and surgery are some methods used in cancer treatment. One drug to treat many kinds of cancers is 5-fluorouracil (5-FU). Despite several benefits, organ toxicity, thymine synthesis suppression, and DNA damage have restricted 5-FU (Gelen et al., 2018). Considering 5-FU's method of action, it impacts the S phase of the cell cycle by inhibiting thymidylate synthase, which stops DNA synthesis and ultimately results in cell death (Sethy and Kundu, 2021). According to AlDosari et al. (2023), 5-FU has serious adverse effects, including DNA damage, by inhibiting tumors and normal cells in patients from proliferating, inducing apoptosis, and causing cell death. Only a small percentage of 5-FU is eliminated by the kidney, while the majority is eliminated by the liver (Longley et al., 2003). Drug-induced hepatotoxicity and nephron-toxicity have become more common (Sengul et al., 2021).

This study confirmed that 5-FU is a clear model of nephrotoxicity (LD50 of 5-FU is 250 mg/kg) in experimental rats at dosages of 20 and 50 mg/kg, supported by the renal function measures. The 5-FU group showed significantly higher levels of creatinine, urea, and uric acid than the control group. The higher the 5-FU dosage, the greater the kidney damage, suggesting that the nephrotoxicity caused by 5-FU is dose-dependent. Rats treated with 5-FU also exhibited a significant drop in albumin levels. These outcomes agreed with those of Badawoud et al. (2017), who examined the potential protective effect of L-arginine against 5-fluorouracil-induced nephron-toxicity (189 mg/rat/week) in male albino rats for four weeks. They found a remarkable decline in albumin and an increase in total proteins, creatinine and urea levels, compared to the control group. 

Additionally, in rats given 20 mg/kg of 5-FU i.p. daily for five days, Adikwu and colleagues (2019) investigated the protective effect of selenium in nephrotoxicity caused by 5-fluorouracil.  They demonstrated that statistically significant increases in creatinine, urea, uric acid, and MDA levels were indicative of nephrotoxic action of 5-FU. In addition, 5 FU-treated rats exhibited a significant reduction in the levels of catalase, superoxide dismutase, GSH, potassium, sodium, chloride, bicarbonate, and GSH peroxidase.

The misincorporation of fluoronucleotides into RNA and DNA as well as the suppression of the enzyme thymidylate synthase, which synthesizes nucleotides, have been identified as the mechanisms of 5-FU's cytotoxicity (Longley et al., 2003).
According to numerous studies, oxidative stress is a major factor in the nephrotoxicity caused by 5-FU (Rashid et al., 2014). Excessive formation of free radicals can result from the experimental administration of 5-FU, which might cause DNA damage and death in the cell (Xia et al., 2016). A decrease in kidney GSH levels plus rises in MDA levels supported this conclusion. 

This result indicates oxidative stress and agrees with a previous study, where nephrotoxicity and hepatotoxicity were induced by injecting 20 mg/kg of 5-FU i.p. in rats for six days (Gelen et al., 2018). The researchers found a rise in MDA concentration, in addition to a lowering in SOD and GSH levels in the kidney. 

In contrast to the control group, the 5-FU groups (20 mg and 50 mg) showed significantly higher concentrations of TNF-α and IL-1β, as reported by Elsayed and Zaazaa (2024). They investigated l-carnitine nanoparticles protective effects against renal injury caused by 5-Fluorouracil (25 mg/kg, i.p.) three times a week for three weeks in mice bearing Ehrlich ascites carcinoma (EAC) and proposed that MCP-1 and TNF-α showed a slight but significant increase in the 5-FU treated group relative to the EAC group. This result revealed that mice fed 5-FU had inflammation in their kidneys. Furthermore, transcription factor-mediated immune response regulation through genes that control and activate pro-inflammatory indicators, NF-κB shows an important function in inflammation illness in many organs, contributing to tissue damage pathogenesis and the production of edema that leads to tissue damage injury (Caglayan et al., 2018). Furthermore, Elghareeb et al. (2021) reported that rats treated with 5-FU (five injections at a dose of 40 mg/kg b.w./IV) had significantly higher blood concentrations of IL-1β and TNF-α, and significantly lower levels of IL10, IL12, IgM, and IgG.
Antioxidants, both nonenzymatic and enzymatic, such as vitamin C and reduced glutathione (GSH), counteract the damage caused by intracellular ROS by either directly scavenging oxygen radicals like hydroxyl radical (OH), hydrogen peroxide (H2O2), and hypochlorous acid (HOCl), or by repairing the oxidative damage (Bachowski et al., 1998). N-acetylcysteine has an antioxidant effect that protects against oxidative stress and inhibits the generation of lipoprotein peroxide by scavenging free radicals in cellular membranes. It is a glutathione precursor (GSH) and medicine with a sulfhydryl-donor (Cotgreave, 1996). N-acetylcysteine has been reported to enhance renal microcirculation and redox state, as well as regenerate glutathione and endothelium-derived relaxing factor (Heyman et al., 2003). 

The results of the current investigation indicated that NAC had a renoprotective effect (LD50 of NAC in rats is 1205 mg/kg) in the two 5-FU model doses. However, the 5-FU 20 mg group treated with NAC showed more effectiveness, in contrast to those of the control group. Albumin levels considerably rose as a marker of renal protection, while NAC usage decreased kidney function parameters (creatinine, urea, and uric acid). Nouri and Heidarian (2019) also noted that 100 mg/kg bw/day by oral treatment of NAC for five days led to a substantial decline in the levels of glutamic-oxaloacetic transaminase (GOT), urea, creatinine, and uric acid in the serum, compared to the control group. The administration of two doses (300 mg/kg) of NAC effectively lowered the elevation in BUN and creatinine levels, while also greatly improving the histological damage induced by folic acid delivery (Aparicio-Trejo et al., 2019).

However, Alexandropoulos et al. (2017) used a rat design of intestinal ischemia-reperfusion (I/R) to show the protective effects of NAC 160 mg/kg and atorvastatin in kidney and liver injury. Additionally, they noticed that the I/R and therapy groups' serum creatinine and urea levels were identical.

Compared to the 20 and 50 mg 5-FU treated groups, the NAC-treated groups exhibited a large rise in GSH and a considerable reduction in MDA (a good predictor of lipid peroxidation), indicating a link between oxidative stress and apoptosis. This was reliable with an article published in 2011 by Fitri et al., which showed that the H2O2 and MDA levels were raised by 2, 4, and 8 µM dosages of NAC, but the GSH level was lowered. Additionally, Beceren et al. (2017) reported that rats given 150 mg/kg/day i.p. of NAC for five days saw a large rise in tissue glutathione, a considerable drop in liver malondialdehyde, and a significant reduction in endosulfan-induced nephrotoxicity.

Compared to the 5-FU-treated group, the TNF-α and IL-1β concentrations in the NAC-treated groups decreased considerably (P<0.05). This demonstrated NAC's capacity to treat the inflammatory state brought by 5-FU (20 and 50 mg). Beceren et al. (2017) investigated the protective influence of NAC (150 mg/kg/day i.p. for 5 days) on endosulfan-induced liver and kidney toxicity in rats. The investigation found that TNF-α, IL-1β, and IL-6, were significantly elevated in the endosulfan-treated animals compared to the control group, and this increase was avoided by using NAC. 

This study has some limitations, such as the duration of the study, and doses of NAC and needs more parameters to be investigated.

CONCLUSIONS

The outcomes of this experiment showed that NAC considerably improved the nephrotoxicity caused by injecting 5-FU. It showed that the antioxidant properties of NAC, along with its reduction of inflammation, are the reasons behind its renoprotective efficiency. It was found that the NAC was more effective with low doses, rather than with high doses of 5-FU. So it is recommended to add NAC in patients using a low dose of 5-FU, but patients using a high dose need another renoprotective strategy rather than NAC.
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ان-استيل سيستايين فعال  في تحسين السمية الكلوية الناجمة عن جرعة منخفضة وليس جرعة كبيرة من 5-فلورويوراسيل في الجرذان
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5-فلورويوراسيل هو دواء شائع الاستخدام للعلاج الكيميائي وله فعالية مثبتة في علاج السرطان البشري. ومع ذلك، فإن الآثار الجانبية الكبدية والكلوية تحد من قيمته العلاجية. بحثت هذه الدراسة في التأثير العلاجي لـ ان-استيل سيستايين ضد السمية الكلوية  للفلورويوراسيل باستخدامه بجرعتي 20 و50 ملجم في ذكور الجرذان. ولهذا الغرض، تم تقسيم 40 جرذا ذكرًا إلى 5 مجموعات. كانت المجموعة الأولى بمثابة مجموعة للتحكم والمقارنة بين باقي المجموعات. حقنت المجموعة الثانية 20 ملجم/كجم من الفلورويوراسيل بالحقن داخل الغشاء البريتوني لمدة 6 أيام. حقنت المجموعة الثالثة  الفلورويوراسيل لمدة 6 أيام بجرعة 50 ملجم/كجم من وزن الجسم. حقنت المجموعة الرابعة ان-استيل سيستايين 40 ملجم/كجم+ 20ملجم/كجم من الفلورويوراسيل لمدة 6 أيام. بينما حقنت المجموعة الخامسة ان-استيل سيستايين 40 ملجم/كجم+50ملجم/كجم من الفلورويوراسيل. تم قياس التقييم الكيميائي الحيوي لليوريا في الدم، والكرياتينين، وحمض البوليك، والألبومين، والسيتوكينات الالتهابية مثل TNF-α و IL-1β ومضادات الأكسدة، ودلائل الإجهاد التأكسدي مثل GSH و MDA. وقد لوحظت السمية الكلوية للفلورويوراسيل من خلال الارتفاع الكبير في جميع الدلائل الكلوية مثل الكرياتينين واليوريا وحمض البوليك و MDA و TNF-α و IL-1β مع انخفاض كبير في مستويات الألبومين و GSH.  أدى علاج ان-استيل سيستايين إلى تحسين حالة الكلى بشكل خاص اثناء استخدام 20 مجم 5-الفلورويوراسيل. لذلك، توصي هذه الدراسة باستخدام ان-استيل سيستايين في علاج السمية الكلوية الناتجة عن الجرعة المنخفضة من 5-فلورويوراسيل افضل من استخدامه مع الجرعة العالية.
 


