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Abstract  
Cyclophosphamide which acts as cytotoxic alkylating agent can induce a renal damage through the 

toxic metabolites which result from metabolic activation of Cyclophosphamide by cytochrome P-450 inside 

hepatocyte and develop renal toxicity by direct binding with cellular organelles in the urinary tract cells. 

Guggulsterone is a sterol derived from plant has ability to bind to farsenoid X receptor, mineral corticosteroid 

receptor, androgen receptor, glucocorticoid receptor and estrogen receptor. It efficiently decreases the pro-

inflammatory response by downregulate some of genes that implicate in production and regulation of interleukins 

(IL-2, IL-4, IL-6 and TNF-α). In this study, the albino rats were divided to four groups: control group treated with 

vehicle, cyclophosphamide group, cyclophosphamide with guggulsterone group and guggulsterone alone group. 

Guggulsterone doses were administered orally (25 mg/kg/day) for 8 consecutive days while the cyclophosphamide 

(150 mg/kg) was administered intraperitoneal at day 5 of experiment. At the end of experiment, the kidney index 

and the serum level of tumor necrosis factor (TNF-), urea and creatinine were determined, also the NF-κB P65 

and catalase tissue activities were measured with histopathological assessment. The daily dose of guggulsterone 

produced a significant reduction in the serum level of TNF-a, urea, creatinine, and tissue activities of NF-κB, and 

catalase enzyme. The histological feature was also improved.  These data represent the protective effect of 

guggulsterone against the cyclophosphamide renal toxicity.  
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 سيكلوفوسفاميدالكوكيلستيرون والتاثير الوقائي للسمية الكلوية للبواسطة   BK-NFتثبيط الـ 
 1،**لةمناف هاشم زلز و   *علي محمود الجودة

 

 العراق . ، بابل ، بابل، دائرة وزارة الصحة والبيئة *
 .العراق،بغداد ،جامعة بغداد ،كلية الصيدلة والسموم ، فرع الادوية**

 الخلاصة 
سيكلوفوسفاميد ، عامل ألكيل نشط سامة للخلايا ، له سمية كلوية بسبب الأيضات السامة الناتجة عن تنشيط السيكلوفوسفاميد بواسطة 

ن طريق الربط المباشر لعامل ألكيل مثل الأكورولين في المسالك في الكبد ومن ثم إفراز الكلى لهذه الأيضات السامة ع P-450السيتوكروم ميكروسوم 

ومستقبلات الكورتيكوستيرويد المعدنية ومستقبلات  Xالبولية. غوغولستيرون هو ستيرول نباتي لديه القدرة على الربط بمستقبلات الفارسويد 

عة كل فعال من الاستجابة المؤدية للالتهابات عن طريق الحد من مجموالأندروجين ومستقبلات الجلوكوكورتيكويد ومستقبلات الإستروجين. انه قلل بش

في هذه الدراسة تم تقسيم الفئران أن (. TNF-αو  IL-2, IL-4  ،IL-6)  الانترلوكينات مثل متنوعة من الجينات التي تنطوي على تنظيم إنتاج

ومجموعة سيكلوفوسفاميد ، وسيكلوفوسفاميد مع مجموعة غوغلسترون البيضاء إلى أربع مجموعات: المجموعة الضابطة التي عولجت بمركبة ، 

 021أيام متتالية بينما كان سيكلوفوسفاميد ) 8مغ / كغ / يوم( لمدة  52ومجموعة غوغلسترون وحدها. سلعت جرعات غوغلسترون عن طريق الفم )

، ( TNF-αتحديد مؤشر الكلى ومستوى المصل لعامل نخر الورم ) من التجربة. في نهاية التجربة ، تم 2مغ / كغ( يزرق داخل الصفاق في اليوم 

والكاتلاز في النسيج الكلوي مع تقييم التشريح المرضي. تنتج الجرعة اليومية من  NF-κB P65واليوريا والكرياتينين ، كما تم قياس أنشطة 

، وأنزيم الكاتلاز في النسيج الكلوي. كذلك  NF-κB، وأنشطة ال ، واليوريا ، والكرياتينين  TNF-αغوغلستيرون انخفاضًا كبيرًا في مستوى مصل 

 تم تحسين الميزة النسيجية أيضًا. تمثل هذه البيانات التأثير الوقائي للغلغلسترون ضد سمية السيكلوفوسفاميد في الكلى.
 . سمية كلوية ، سيكلوفوسفاميدلل،  BK-NF،  الكوكيلستيرون الكلمات المفتاحية:

Introduction 
Cyclophosphamide, a strong cytotoxic 

alkylating agent, is unique member of Nitrogen 

mustards and broadly used to treat a variety of 

malignant and nonmalignant conditions. It is 

somewhat inactive in vitro and transformed to the 

active form in vivo[1]. The drawback of medical 

usages of Cyclophosphamide owing to non-specific 

cytotoxicity which produce several adverse effects 

in multi-organs primarily in bone marrow, liver, 

testes, heart, kidney, and urinary bladder (1). The  

 

main  mechanism of Cyp induce renal injury is the 

formation of reactive toxic metabolites subsequent 

to metabolism of parent drug by hepatic cytochrome 

P-450 which followed by the renal excretion of these 

toxic metabolites that act as an alkylating agent (e.g. 

acrolein) with bind to several cellular organelles of 

the urinary tract. The acrolein has high reactivity to 

react with numerous target sites in cells of kidney 

and liberation of free radical which result in 

diminution of cellular thiols or stimulation of NF-

κB(2). 
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Cyclophosphamide administration can 

prompt tubular fibrosis, tubular necrosis, glomerular 

nephritis, interstitial edema, cortical tubular 

vacuolization, mild hemorrhagic cortex and then 

renal dysfunction.  Similarly, it has been 

demonstrated that administration of Cyp result in an 

acute inflammation in the urinary bladder (3). It has 

also been identified as a product and also an initiator 

of lipid peroxidation(2). Guggul resin take out from 

guggul tree named (Commifora mukul) of family 

Burseraceae. It has been used in Ayurvedic remedy 

for many years(4). The key active constituent of 

guggul is guggulsterone (GS) which is a plant sterol 

with two isomers, E- and Z-guggulsterone, that 

accountable for hypolipidemic action(5). The two 

isomers of plant sterol has capability to bind and 

activate several nuclear receptors such as FXR, 

androgen receptor, mineral corticosteroid receptor, 

estrogen receptor, and glucocorticoid receptor .GS 

efficiently reduce the pro-inflammatory response by 

downregulation of variety of genes that involve in 

regulation and production of  IL-2, IL-4, IL-6 and 

TNF-alpha (6–8). Also, the suppression of NF-κB and 

NF-κB regulated gene may define the effects of GS 

against atherosclerosis, diabetes, osteoarthritis, 

psoriasis and other inflammatory diseases (9, 10). This 

study was designed to evaluate the protective effect 

of GS against renal toxicity of Cyclophosphamide.   

Material and Method 
Drug and chemical 

Cyclophosphamide was purchased from 

Baxter Oncology (Frankfurt, Germany). 

Guggulsterone was purchased from Xi’an geekee 

biotech, China. Rat NF-kB/p65 ELISA kit and TNF-

alpha (ELISA) kit were purchased from Elabscience 

biotechnology Co. Ltd. Creatinine kit and Urea kit  

for rats were purchased from Biolabo SAS, Les 

Hautes Rives, Maizy, France. Measurement of 

catalase performed by manual method affording by 

M. H. Hadwan and H.N. Abed. (2016)(11) 

Animal 

In a randomized, controlled animal study 

plan, 32 Wistar albino adult male rats weighing 

(150-250) were obtained from the animal house of 

department of pharmacology and toxicology 

/collage of pharmacy of Baghdad University. All 

animals were reserved in a area controlled for 

temperature at 25 ± 2, humidity 50-70 % and 12h 

lighting cycle followed a possible hygienic 

condition and permitted to eat and drink freely 

throughout the experiments.   

After 2 weeks of acclimatization, animals 

were weighed and their initial weights were 

recorded. The rats were divided equally to four 

groups, group I (control), group II 

(cyclophosphamide-treated group Cyp) where the 

rats treated with  an oral dose of the blank 

suspension for 8 consecutive days, at day 5, a single 

dose of 150 mg/kg of cyclophosphamide injected 

intraperitoneal (I.P) and group III 

(cyclophosphamide with guggulsterone Cyp+ GS 

group) the rats were treated with an oral dose of 25 

mg/kg/day of guggulsterone suspension  for 8 

consecutive days, at day 5, a single dose of 150 

mg/kg of cyclophosphamide injected intraperitoneal 

(I.P), and group IV (guggulsterone GS) where the 

animal were treated with an oral dose of 25 

mg/kg/day of guggulsterone suspension for 8 

consecutive days. All the animals were euthanized 

at day nine after record the body weight.  

Determination of organ index 
In the start of experiment, altogether Wister 

albino rats have been weighed and when rats have 

been euthanized by cervical decapitation. Kidney 

were collected and kidney index being measured by 

dividing kidney weight by entire body weight (12). 

Biochemical analysis 

At the end of experiment, the animals were 

anesthetized with ethyl ether and the blood samples 

were collected from the heart puncture and allow all 

blood samples to clot for 1 hour at room temperature 

and the serum were separated by centrifugation for 

15 minute on 10000 g speediness in a cold 

centrifuge.  All samples are kept at -20°C for 

subsequent measuring the serum level of tumor 

necrosis factor (TNF-), urea and creatinine.  
Measuring the level of NF-κB P65 and catalase 

activity in tissue homogenate: 

A 10% of kidney tissue homogenate was 

prepared and utilized to determine the concentration 

of NF-κB P65 by ELISA kits by following to 

Sandwich-ELISA principle. The concentration of 

Rat NF-κB in the samples were calculated by 

comparing the OD of the samples to the standard 

curve[13]. Catalase activity was measured by 

incubating the enzyme sample in 1.0 ml substrate 

(65 mmol/ml hydrogen peroxide in 60 mmol/l 

sodium–potassium phosphate buffer, pH 7.4) at 37 

°C for three minutes. The reaction was terminated 

with ammonium molybdate. Absorbance of the 

yellow complex of molybdate and hydrogen 

peroxide is measured at 374 nm against the blank.  

Histological assessment 

Tissues sample from the kidney was 

collected and fixed in 10% buffer formalin for 

histological examination by staining with 

hematoxylin and eosin (H&E) and investigated 

under light microscope (using 40X magnification). 

Statistical analysis   
All results are presented as mean ± SD. The 

P-value < 0.05 are considered a significant for all 

data. The  unpaired student's t-test was obtained to 

determine significance of differences between the 

mean values of each group (14). 

Results  
As presented in table 1, the nephrotoxic 

effect of cyclophosphamide represent a significant 

elevation in renal level of NF-κB in comparison to 

control group. Also, this effect produced a 

significant reduction in antioxidant activity of 
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catalase enzyme in the kidney tissue. These toxic 

effects of cyclophosphamide were reduced 

significantly by the oral doses of guggulsterone by 

decreasing the renal level of NF-κB and increases in 

the action of catalase in the renal tissue.  As well as, 

the serum level of urea and creatinine were 

significantly elevated in the Cyp group compared to 

control group. However, the administration of the 

oral guggulsterone with Cyp (Cyp+GS) 

significantly reduce the urea and creatinine levels 

(P<0.05) compared to Cyp treatment group. 

 

Table 1. Effect of Guggulsterone on the kidney parameters in the cyclophosphamide-treated rats.  

Parameter Group I 

(Control) 

Group II (Cyp) Group III 

(Cyp+GS) 

Group IV (GS) 

Kidney NFκB level 

(ng/gm) 
6.76  0.65 1.36  0.53 * 8.66  1.73# 6.98  0.52# 

Kidney Catalase 

activity (U/g) 
2.51  0.12 2.06  0.24 * 2.305  0.22 # 2.54  0.06 # 

Serum TNF-α 

(pg/ml) 
93.25  40.66 722.7  186.6 * 462.38  197.91 # 101.85  45.97 # 

Serum Urea (mg/dl) 23.60  7.15 33.24  7.74 * 24.40   7.54 # 21.88  5.79# 

Serum Creatinine 

(mg/dl) 
0.80  0.27 1.797  0.50 * 0.93   0.69 # 0.66  0.53 # 

Kidney index 6.19  0.44 8.06  1.04* 7.05  0.74# 6.35  0.64# 

* is significantly different compared with control group (P<0.05). 

# is significantly different compared with Cyp group (P<0.05). 
 

Table 1 shows that the kidney index in the 

Cyp treated animals was significantly increase 

compared to the control group (P<0.05). The 

administration of GS with Cyp cause a significant 

reduction in the kidney index (P<0.05) compared to 

Cyp treated group. All parameters were not 

significantly altered in the GS treated rats (group IV) 

compared to control group.

 

 
Figure 1. Influence of guggulsterone (GS) administration on patho-histological structure of kidney in Cyp-

induced toxicity in rats. Photo-micrographs of hematoxylin and eosin-dyed kidney sections (400X) viewing: 

(A) control, (B) Cyclophosphamide  group, (C) Cyclophosphamide + guggulsterone administration group  

and (D) guggulsterone (GS) only groups.  

    
In figure 1A, the control group displays a 

normal kidney tissue with normal glomeruli and 

tubules. However, cyclophosphamide treatment 

group as in figure 1B the image was revealed a 

widespread degenerative damage (red arrow) and 

cell death of epithelium lining of renal tubules. 

Figure 1C, the Cyclophosphamide + guggulsterone 

treatment   showed narrow degenerative area and 
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little area of cellular death in the proximal tubules 

cells. Whereas the GS only group (Figure 1D), 

showed an extensive matching view to the normal 

tissue of normal glomeruli and normal renal tubules 

but there is infrequent of degenerative region of 

renal tubules. 

Discussion 
The effect of cyclophosphamide induced 

significant increase in the NF-κB amount in renal 

tissue as compared to the control group. Cyp 

prompted nephrotoxicity particularly at the proximal 

renal tubules in the rats due to oxidative stress and 

production of pro inflammatory cytokines which are 

controlled by stimulation of transcription factor NF-

κB which is accountable for the kidney damage(15,16). 

The renal tubular cells also have uptake and efflux 

transporters that implicated in the magnification the 

concentrations of Cyp and /or its metabolites in the 

cells(17). The administration of guggulsterone with a 

Cyp causes significant decreases in the activity of 

the transcription factors NF-κB compared to Cyp 

only treated group owing to GS down regulate the 

expression of constitutive NF-kB activity and 

blocked IkB𝛼 phosphorylation besides it enhanced 

separation of inhibitory retained protein by 

inhibition of IkB kinase activation, therefore 

reducing p65 phosphorylation and don’t permit the 

nuclear translocation. The outcomes of this study 

come to an agreement with other studies[18-20]. 

Therefore, GS decreased inflammation by 

suppression NF-κB signaling and has a brilliant 

impact on protection against Cyp induced renal 

toxicity . 

The administration of Cyp induce an 

oxidative damage and lipid peroxidation that result 

in a decrease in the catalase enzyme level. At high 

dose of cytotoxic Cyp, it generates toxic metabolites 

with additional amount of reactive oxygen specie 

s(ROS) for example super oxide, hydroxyl radical 

and hydrogen peroxide[21]. Intracellular 

oxidant/antioxidant equilibrium system was 

interrupted due to high level of ROS and decline of 

anti-oxidant enzyme activity.   Oxidative stress (OS) 

might also cause catalase expenditure which 

consider antioxidant enzymes[22]. Table 1 shows that 

Cyp can produce a significant decrease in catalase 

activity compared to control group and significantly 

increase when GS added with Cyp. In this study, the 

role of GS improves the structure and function of 

kidney, as a minimum in part by anti-oxidant effect 

that is mediated by increase renal tissue catalase 

activity. The suppression of NF-κB signaling and 

decrease release of pro-inflammatory cytokine 

which induce the inflammation, reduce generation 

of ROS and its effects. Also,  previous studies 

showed that guggulsterone has an anti-oxidant 

activity(23,24). 

Similarly, Cyp treatment could also result in 

cellular injury by interfering with mitochondrial 

electron transport system which may 

interrupted oxidant/antioxidant balance 

through buildup of ROS and induce the release of 

TNF-α [2,25,26]. Numerous studies supposed that the 

formation of reactive oxygen species and OS were 

the key intermediaries for initiation of inflammatory 

pathways (27,28). In the present study, a significant 

surge in TNF-α level in serum after treatment with 

Cyp compared to control group and significant 

reduction in the serum level of TNF-α when GS is 

administered (Table 1). The induction of TNF-α 

level was decresed in GS treatment due to their 

protective consequence against Cyp- promoted 

inflammation. This is consistent with numerous 

previous studies reported the anti-oxidant and  anti-

inflammatory  action of GS (7,8,29). 

The serum creatinine and urea is the typical 

serum markers being used to diagnose acute kidney 

injury[30]. Treatment with Cyp prompted acute 

kidney injury that was proven by the rise in renal 

biomarkers, serum creatinine and urea and the 

reasonable histopathological injuries in kidney [30]. 

In our study, the treatment of Cyclophosphamide to 

rats prompted renal injuries and cause a significant 

increase of urea and creatinine serum level as 

compare to the control group (Table 1). The 

intraperitoneal administration of guggulsterone (25 

mg/kg) to rats was prevent the elevation of urea and 

creatinine levels which represent the biomarkers for 

the renal function. These outcomes might approve 

the protecting consequence of GS against Cyp 

induced kidney damage and consistent in with the 

previous studies that reported the protective effect of 

guggulsterone from toxicant in kidney[32,33]. The 

protection mechanism of guggulsterone 

demonstrated by anti-oxidant properties as potent 

scavenger of free radical and inhibition of NF-κB 

pathway. 

The histo-pathological testing also brought 

further endorsement for the protective action of 

guggulsterone against Cyclophosphamide induced 

renal toxicity. Renal tissue (Fig. 1) of Cyp treated 

rats display extensive region of degenerative and 

apoptosis of epithelium lining with dilatation of 

renal tubules. This consistent  with previous 

researches which stated  Cyclophosphamide induced 

histological and pathological changes, OS and lipid 

peroxidation (31,34,35). The oral guggulsterone at dose 

of 25 mg/kg to rat for 8 days with intra-peritoneal 

injection of Cyclophosphamide had revealed less 

histological alterations (Figure1C), over narrow 

region of degenerative area and little zone of 

apoptosis in the cells of proximal renal tubules. This 

effect approve the protective consequence of 

guggulsterone treatment against the 

Cyclophosphamide prompted renal injury. 

Histological interpretation is in agreement  with 

preceding reports that stated the protective action of 
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guggulsterone  against other kidney 

toxicants (32,33).  

References  
1. Motawi TMK, Sadik NAH, Refaat A. 

Cytoprotective effects of DL-alpha-lipoic acid 

or squalene on cyclophosphamide-induced 

oxidative injury: an experimental study on rat 

myocardium, testicles and urinary bladder. 

Food Chem Toxicol. 2010;48(8–9):2326–36.  

2. Korkmaz A, Topal T, Oter S. 

Pathophysiological aspects of 

cyclophosphamide and ifosfamide induced 

hemorrhagic cystitis; implication of reactive 

oxygen and nitrogen species as well as PARP 

activation. Cell Biol Toxicol. 2007;23(5):303–

12.  

3. Sugumar E, Kanakasabapathy I, Abraham P. 

Normal plasma creatinine level despite 

histological evidence of damage and increased 

oxidative stress in the kidneys of 

cyclophosphamide treated rats. Clin Chim Acta. 

2007;376(1–2):244.  

4. Pandey GS, Chunekar KC, Bhavprakash 

Nighantu BP. Common mechanisms in 

nephropathy induced by toxic metals. Nephron 

Physiol. 2006;104(3):p107–14. 

5. Sairkar PK, Sharma A, Shukla NP. Estimation 

of guggulsterone E and Z in the guggul-based 

commercial formulations using high-

performance thin-layer chromatography. J 

Pharm Bioallied Sci. 2017;9(1):1.  

6. Kimura I, Yoshikawa M, Kobayashi S, 

Sugihara Y, Suzuki M, Oominami H, et al. New 

triterpenes, myrrhanol A and myrrhanone A, 

from guggul-gum resins, and their potent anti-

inflammatory effect on adjuvant-induced air-

pouch granuloma of mice. Bioorg Med Chem 

Lett. 2001;11(8):985–9.  

7. Mencarelli A, Renga B, Palladino G, Distrutti 

E, Fiorucci S. The plant sterol guggulsterone 

attenuates inflammation and immune 

dysfunction in murine models of inflammatory 

bowel disease. Biochem Pharmacol. 

2009;78(9):1214–23.  

8. Kang SJ, Kim JM, Koh S-J, Kim SH, Im JP, 

Jung HC, et al. The guggulsterone derivative 

GG-52 inhibits NF-κB signaling in bone 

marrow-derived dendritic cells and attenuates 

colitis in IL-10 knockout mice. Life Sci. 

2013;92(22):1064–71.  

9. Raghad A. Khaleel, Munaf H. Zalzala. 

Ameliorating Effect of Oral Guggulsterone 

Administration in Imiquimod-Induced Psoriasis 

in Mice. IJPS. 2018; 27(2). 

10. Shishodia S, Aggarwal BB. Guggulsterone 

inhibits NF-kB and IkBa kinase activation, 

suppresses expression of antiapoptotic gene 

products and enhances apoptosis. J Biol Chem. 

2004;  

11. Hadwan MH, Abed HN. Data supporting the 

spectrophotometric method for the estimation 

of catalase activity. Data Br. 2016;6:194–9.  

12. Bailey SA, Zidell RH, Perry RW. Relationships 

between organ weight and body/brain weight in 

the rat: what is the best analytical endpoint? 

Toxicol Pathol. 2004;32(4):448–66.  

13. Lequin RM. Enzyme immunoassay 

(EIA)/enzyme-linked immunosorbent assay 

(ELISA). Clin Chem. 2005;51(12):2415–8.  

14. De Winter JCF. Using the Student’s t-test with 

extremely small sample sizes. Pract 

Assessment, Res Eval. 2013;18(10).  

15. Hsu HC, Tsai HM. Cyclophosphamide-induced 

glomerular injury in newborn mice. Lab Invest. 

1982;47(3):281–5.  

16. Lavin P, Koss LG. Effects of a single dose of 

cyclophosphamide on various organs in the rat. 

IV. Electron microscopic study of the renal 

tubules. Am J Pathol. 1971;62(2):169.  

17. Dimeloe S, Frick C, Fischer M, Gubser PM, 

Razik L, Bantug GR, et al. Human regulatory T 

cells lack the cyclophosphamide‐extruding 

transporter ABCB 1 and are more susceptible to 

cyclophosphamide‐induced apoptosis. Eur J 

Immunol. 2014;44(12):3614–20.  

18. Shishodia S, Aggarwal BB. Guggulsterone 

inhibits NF-κB and IκBα kinase activation, 

suppresses expression of anti-apoptotic gene 

products, and enhances apoptosis. J Biol Chem. 

2004;279(45):47148–58.  

19. Sanz AB, Sanchez-Niño MD, Ramos AM, 

Moreno JA, Santamaria B, Ruiz-Ortega M, et 

al. NF-κB in renal inflammation. J Am Soc 

Nephrol. 2010;21(8):1254–62.  

20. Huang C, Wang J, Lu X, Hu W, Wu F, Jiang B, 

et al. Z-guggulsterone negatively controls 

microglia-mediated neuroinflammation via 

blocking IκB-α–NF-κB signals. Neurosci Lett. 

2016;619:34–42.  

21. Nishikawa T, Miyahara E, Kurauchi K, 

Watanabe E, Ikawa K, Asaba K, et al. 

Mechanisms of fatal cardiotoxicity following 

high-dose cyclophosphamide therapy and a 

method for its prevention. PLoS One. 

2015;10(6):131394.  

22. Tripathi VK, Kumar V, Pandey A, Vatsa P, 

Dhasmana A, Singh RP, et al. Monocrotophos 

induces the expression of xenobiotic 

metabolizing cytochrome P450s (CYP2C8 and 

CYP3A4) and neurotoxicity in human brain 

cells. Mol Neurobiol. 2017;54(5):3633–51. 

23. Singh RB, Niaz MA, Ghosh S. Hypolipidemic 

and antioxidant effects of Commiphora mukul 

as an adjunct to dietary therapy in patients with 

hypercholesterolemia. Cardiovasc drugs Ther. 

1994;8(4):659–64.  

24. Xu HB, Li L, Liu GQ. Protection against 

hydrogen peroxide-induced cytotoxicity in 

PC12 cells by guggulsterone. Yao xue xue bao= 

Acta Pharm Sin. 2008;43(12):1190–7.  



Iraqi J Pharm Sci, Vol.28(2) 2019                                         Guggulsterone and cyclophosphamide-induced renal toxicity                                         

185 
 

25. El-Sheikh AAK, Rifaai RA. Peroxisome 

proliferator activator receptor (PPAR)-? ligand, 

but not PPAR-?, ameliorates 

cyclophosphamide-induced oxidative stress and 

inflammation in rat liver. PPAR Res. 

2014;2014.  

26. Malley SE, Vizzard MA. Changes in Urinary 

Bladder Cytokine mRNA and Protein After 

Cyclophosphamide (CYP)-Induced Cystitis. 

Physiol Genomics. 2002;  

27. Moreno R, Sobotzik J-M, Schultz C, Schmitz 

ML. Specification of the NF-κB transcriptional 

response by p65 phosphorylation and TNF-

induced nuclear translocation of IKKε. Nucleic 

Acids Res. 2010;38(18):6029–44.  

28. Gomes TN, Santos CC, Souza-Filho M V, 

Cunha FQ, Ribeiro RA. Participation of TNF-

alpha and IL-1 in the pathogenesis of 

cyclophosphamide-induced hemorrhagic 

cystitis. Brazilian J Med Biol Res Rev Bras 

Pesqui medicas e Biol. 1995;28(10):1103–8.  

29. Dubey D, Prashant K, Jain SK. In-vitro 

antioxidant activity of the ethyl acetate extract 

of gum guggul (Commiphora mukul). In: 

Biological Forum-An Int J. Citeseer; 2009. p. 

32–5.  

30. Urbschat A, Obermüller N, Haferkamp A. 

Biomarkers of kidney injury. Biomarkers. 

2011;16(sup1):S22–30.  

31. Sayed-Ahmed MM. Progression of 

cyclophosphamide-induced acute renal 

metabolic damage in carnitine-depleted rat 

model. Clin Exp Nephrol. 2010;14(5):418–26.  

32. Lee D, Kim T, Kim KH, Ham J, Jang TS, Kang 

KS, et al. Evaluation of guggulsterone 

derivatives as novel kidney cell protective 

agents against cisplatin-induced nephrotoxicity. 

Bioorg Med Chem Lett. 2017;27(14):3156–61.  

33. Ramesh B, Sainath SB, Karuna R, Reddy SS, 

Manjunatha B, Sudhakara G, et al. Effect of 

Commiphora mukul gum resin on hepatic and 

renal marker enzymes, lipid peroxidation and 

antioxidants status in pancreas and heart in 

fructose fed insulin resistant rats. Beni-Suef 

Univ J Basic Appl Sci. 2015;4(4):269–78.  

34. Manda KL, Bhatia AL. Prophylactic action of 

melatonin against cyclophosphamide-induced 

oxidative stress in mice. Cell Biol Toxicol. 

2003;19(6):367–72.  

35. Gunes S, Sahinturk V, Uslu S, Ayhanci A, 

Kacar S, Uyar R. Protective effects of selenium 

on cyclophosphamide-induced oxidative stress 

and kidney injury. Biol Trace Elem Res. 

2018;185(1):116–23.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Baghdad Iraqi Journal Pharmaceutical Sciences by bijps is licensed under a Creative Commons Attribution 4.0 

International License.  Copyrights© 2015 College of Pharmacy - University of Baghdad. 

http://bijps.uobaghdad.edu.iq/index.php/bijps.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

