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ABSTRACT 

Busulfan is a cancer drug in chemotherapy that may inflict damages to various tissues, especially the liver as the major site of drug 

filtration and monitoring due to its alkylating and DNA adhesion properties and disrupting its operation causing Hepatic enzymes 

increase as one of the key indicators of liver tissue damage recognition. Given the importance and efficacy of royal jelly in reducing 

tissue stress and healing induced by Busulfan, the current paper aimed at evaluating the effect of royal jelly on liver enzymes of Male 

Wistar rats received Busulfan. The current paper examined 60Male Wistar rats aged 2.5 to 3 months with an approximate weight of 

200-220 g in 4 groups of 15 each. The grouping was as follows: the control group received subcutaneous injection of distilled water 
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and the two control groups received a 10 mg/kg Busulfan in the first and the 21 days of the experiment and 35 days after the first 

injection they were given 100 mg/ kg royal jelly for 56 days by gavage. In the other group, rats received only royal jelly at a dose of 

100 mg / kg for 56 days by gavage. Five rats in each group were anesthetized on days 14, 28, 56 after injection, and serum levels of 

liver enzymes were measured after cardiac bleeding. One-way analysis of variance was used for data analysis and p <0.05 was 

considered as the level of significance. The results of this study showed that treatment with royal jelly had the most significant 

decrease in serum levels of AST and ALP liver transaminases. In contrast, Busulfan treatment group showed the highest degradation 

and increased serum levels of AST and ALP liver transaminases (P≤0.05). Also, royal jelly reduced the activity of liver AST and ALP 

transaminases in adult male rats treated with Busulfan which significantly decreased with the continuation of the treatment period 

and at the 56-day measurement phase. Overall (p <0.05), the final result showed that royal jelly can be used to reduce the damaging 

effects of Busulfan on liver tissue. 

 

Keywords: Busulfan, Royal jelly, Liver enzymes, Wistar rats 

 

 

1. INTRODUCTION 

Busulfan is one of the chemotherapeutic agents used in the treatment of Chronic Myeloid Leukemia (CML), Ovarian Cancer, and also 

in patients undergoing bone marrow transplantation including bone marrow failure (Anderson et al., 2009 & Choi, et al, 2004). 

Busulfan has a deleterious effect on cells with greater division ability due to the DNA alkylating properties and they exert their 

cytotoxic effect by transferring their alkyl group to a variety of cellular components as a drug class. DNA alkylation within the 

nucleus is probably the most important mechanism of action for these drugs to cause cell death. However, these drugs are 

chemically synthesized with the sulfhydryl amino, hydroxyl, Carboxyl and other phosphate groups of the nucleophilic compound. 

The probable effect of Busulfan on the nucleus of cells would be the producing destructive and harmful structures. The free radical 

by binding to a protein or lipid the membrane in the liver cleaves a hydrogen atom to the lipid and penetrates the lipid membrane, 

resulting in membrane resurfacing and eventually necrosis of the liver cell wall. This damage to the wall results in liver enzymes 

leakage into serum (Imge et al., 2008). In biochemical tests, liver enzymes are further investigated for early detection of tissue 

damage in the liver. Royal jelly is a gelatinous substance secreted from the subcutaneous glands of worker bees and contains many 

important bioactive compounds such as amino acids, proteins, sugars, fatty acids, minerals and vitamins. Royal jelly has been shown 

to have numerous pharmacological activities such as anti-inflammatory, antimicrobial and antioxidant properties (Awaze Mellati et 

al., 2000 & Bafandeh 1997). While royal jelly has been shown to have effects on atherosclerosis, arthritis, diabetic ulcers, collagen 

tissue repair, wart treatment and its estrogen-like effects (Zaman et al., 2008), it also has some immunomodulatory properties, 

including vasodilatory properties and reducing hypotension. 

Glycoprotein (70 kDa) is a major protein in royal gel structure and is responsible for the production of IgG in vitro. Royal jelly has 

anti-inflammatory activity by inhibiting pro-inflammatory cytokines produced by activated macrophages. The royal jelly factor is 

called royal jelly anti-inflammatory factor and it is a high molecular weight factor (Pavel et al., 2011). In a study of the effect of royal 

jelly on the extracellular activity of animals, royal jelly was found to protect DNE tissue. It is effective against oxidative damage 

(Stefan, 2014). In the rats' diet after 16 weeks of royal jelly feeding, the level of 8-hydroxy-2-doxycannoflavin (a sign of oxidative 

stress) was markedly decreased in the kidney and increased in the rat's mean life (Pavel et al., 2011). 

 

2. MATERIALS AND METHODS 

Ethics 

In this study, all investigations were conducted in accordance with the Guiding Principles for the Care and Use of Research Animals. 

The experimental protocol was approved by the Ethics Committee of Department of Biology, Shiraz Branch, Islamic Azad University 

of Iran (Number: 16330509961004). 

 

Animals and treatment 

Male Wistar rats aged 2.5 to 3 months with an approximate weight of 200 to 220 were used. Rats were given an unlimited diet and 

water for about two weeks at 21 -2 2 ° C to adapt to the environment. During the study period, animals were kept in lid-capped 

polypropylene cages at 31 ° C under 12-h light and 12-h light conditions, and were provided free access to municipal drinking water 

and rodent feed. They were randomly divided into 4 groups of 15, one control group and three experimental groups. The first 

experimental group received injections of Busulfan in the first and the 21 days of the experiment at a dose of 10 mg / kg and the 

first treatment started in the 35 days after the first injection and continued for 112 days. Another Busulfan treated rates group with 
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at a dose of 10 mg / kg for 35 days received by intraperitoneal injection (Attars et al., 2018) of royal jelly at 100 mg / kg doses (Sibel 

et al., 2009) for 56 days with the other group received the same royal jelly dose by gavage for 56 days. The whole period of testing 

should be kept frozen because royal jelly loses its properties at room temperature and also given that Busulfan precipitates very 

quickly, the solution should be thoroughly fresh and the injection process should be carried out as quick as possible. Five rats from 

each experimental group were anesthetized on day 14, 28, 56 and placed in glass containing ether-coated cotton, followed by blood 

sampling. 

Blood samples were centrifuged (3000 rpm for 15 min) and serum samples were separated. Serum levels of hepatic enzymes 

including Aspartate aminotransferase (AST), Alanine transaminase (ALT) and Alkaline phosphatase (ALP) were measured by 

spectrophotometric method according to the instructions of specific kits (biochemistry, Iran.). 

 

Statistical Calculations 

Data were analyzed by SPSS software version 17 using one-way ANOVA and Tukey post hoc test, with p<0.05 as the level of 

significance. 

 

3. RESULTS 

the results show that there is merely a statistically significant difference between the values of the changes related to the activity of 

liver transaminases including AST, ALT and ALP, in three 14, 28 and 56 days measurement steps, in two liver transaminases AST and 

ALP between the experimental groups at 95% confidence level (p <0.05). So the results of royal jelly treatment showed the most 

significant decrease in serum levels of AST and ALP liver transaminases. In contrast, in the treatment group with Busulfan showed 

the highest degradation, that is, increased serum levels of hepatic transaminases AST and ALP were observed in this study. 

According to Figures 1, 2 and 3 as well as Table 1, the use of royal jelly reduced the activity of hepatic transaminases AST and ALP in 

adult male rats treated with Busulfan. This decrease was more significant with the continuation of treatment and at the 56-day 

measurement phase (p <0.05). 

 

Table 1 Comparison of mean values of serum liver enzymes changes under Busulfan and royal jelly treatments 

P value 
56 28 14 Days 

J+B S+B S+J S J+B S+B S+J S J+B S+B S+J S Group 

037/0  a15 b31/2 a14/6 ab25 b31/4 b41/6 a21 a25/8 b34/4 b38 a23/8 a26/4 
AST 

(lU/l) 

437/0  19 6/23  4/21  8/21  8/23  8/30  4/20  8/24  8/22  6/32  6/22  4/23  
ALT 

(IU/l) 

043/0  a19/8 b31/6 a20/2 ab26/4 ab29/6 b34 a24/6 a27/4 a31 a31/6 a25/8 a27/6 
ALP 

(lU/l) 

 

S (Solvent )Solvent receiving control group.) J + L: (ROYAL JEL) Royal Gel Receiving Group. 

S + B: (Busulfan) Busulfan Receiving Group. J + B:(ROYAL JEL + Busulfan) Busulfan Receiving Group. 

a, b, c: The mean of each column for each (original) work has no significant difference< 0.005 

 

4. DISCUSSION  

Aminotransferases, which are intracellular enzymes for the transport of amino acids, are found in large quantities in the liver cells 

and then enter the bloodstream following death or injury to the liver cells. Sensitive tests are available to evaluate liver damage and 

to detect serum transaminases. Increased serum transaminase activity reflects the severity of liver necrosis (Aniya et al., 2005). The 

most definitive effect of Busulfan in chemotherapy is liver injury, and laboratory and clinical tests indicate hepatocyte damage (Pratt 

& Kaplan, 2000). In relation to Busulfan -induced liver damage, it can be prevented by disrupting the accumulation of vitamins that 

they act as protective vitamins, justifying vitamins E, D, C and A, which can be attributed to poor storage if the kidneys are impaired. 

Taking into account the significant lack of correlation between levels of ALT enzyme, it should be noted that elevated serum ALT 

levels are influenced by many factors (John Bernard, 2001). Increased serum alkaline phosphatase levels mainly originate from both 

hepatic and bone sources. The increase in levels of this enzyme can be attributed to the effect of Busulfan. On the other hand, the 

level of ALP is elevated in the serum. An increase in serum alkaline phosphatase (ALP) levels may indicate a wide variety of 

pathologies in different organs.  
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Figure 1 The difference between mean serum levels of hepatic transaminase AST in the study 

 

 

 

Figure 2 The difference in mean serum levels of hepatic transaminase ALT in the study groups after treatment with royal jelly 

 

 

 

Figure 3 The difference in mean serum levels of hepatic ALP in the study groups after treatment with royal jelly 

 

Serum levels of AST, ALT are elevated in most liver diseases, but may decline during clinical course of severe hepatic necrosis 

indicating that the liver is damaged to a degree with little enzymatic activity remaining. A higher AST to ALT ratio indicates hepatic 
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necrosis because AST is a mitochondrial enzyme but ALT is a cytoplasmic enzyme (Mirzadeh, 1997). Therefore, the most important 

cause of elevated AST, ALT is damage to hepatocytes. Increased AST, ALT in this study may indicate liver tissue damage, because 

cytotoxic alkylating agents increase liver enzymes (Awaze et al., 2000). 

Royal jelly has a variety of biological activities in different cells and tissues. (Gill et al., 1991) Flavonoids are important 

constituents of royal jelly. Flavonoids attract free radicals. They therefore have antioxidant properties (Shalizar et al., 2015) and also 

inhibit the production and elimination of active metabolites in the body, given the current paper results that show decrease in liver 

enzymes in the use of royal jelly so royal jelly compounds inhibit arachidonic acid metabolism and ultimately the synthesis of 

prostaglandins and thus acts as an anti-inflammatory agent (Isidorov et al., 2011). It has also been shown in another paper that the 

anti-inflammatory impact of royal jelly by inhibiting the production of Prostaglandins and Leukotriene has a positive effect on the 

treatment of inflammation by inhibiting pre-inflammatory material production (Stefan, 2014) can reduce the adverse effects of 

taking Busulfan. A paper found that high levels of Busulfan cause hepatotoxicity and venous occlusion Chronic elevation of 

aminotransferase levels include causes of alcohol use, chronic hepatitis B, C, steatosis and non-alcoholic steatohepatitis, hepatitis 

Immunity, hemochromatosis, Addison's disease (in people younger than 40 years), al-antitrypsin deficiency and non-liver causes, 

hereditary disorders of muscle metabolism, inflammatory muscle diseases, and vigorous exercise. Alkylating agents cause hepatic 

and cholestatic liver damage, leukemia infiltration and destruction (Pavel et al., 2011). Busulfan is likely to produce 60-120(mg / kg) 

toxic metabolites, or at high concentrations, Busulfan acts as a toxic metabolite. This toxic metabolite can be activated by covalent 

bonding with cell protein and cause necrosis of cell damage (Khalil et al., 1995). 

 

5. CONCLUSION 

In summary, the results of the current paper showed that Busulfan can significantly increase the AST, ALP, hepatocyte enzymes, 

which can be attributed to the damage caused by this drug on the liver of adult Male Wistar rats. Also, according to the current 

paper results using royal jelly as an effective substance in reducing the side effects of Busulfan in adult Male Wistar rats was effective 

in reducing the level of liver enzymes and improving the side effects of Busulfan drug intake. Given these results, it is recommended 

to use higher and different doses of Busulfan and royal jelly in future studies. Also, more comprehensive studies with royal jelly are 

recommended due to the extensive effect of Busulfan on other tissues. 
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