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Abstract 
Turkesterone, a phytoecdysteroid that possesses an 11-α-hydroxyl group, is an analogue of 20-

hydroxyecdysone which is an insect steroid hormone. Phytoecdysteroids, a group of ecdysteroid hormones 

naturally in plant species Ajuga turkestanica, Rhaponticum carthamoides Willd. and Cyanotis arachnoidea 

C.B.Clarke that centuries used due to their tonifying, adaptogenic, and antioxidant and ability to enhance physical 

performance. ecdysterone and turkesterone have been associated with different biological effects, as 

neuroprotective, anabolic, antihyperlipidemic and antidiabetic. Several studies suggested that the mechanism of 

Daunorubicin-induced nephrotoxicity by the production of the reactive oxygen species by anthracycline–iron 

complexes redox cycling as well as of their aglycones that is the main mechanism that resulted in their cell damage. 

This study was designed in order to investigate the nephroprotective effect of Turkesterone, against the 

nephrotoxicity induced by Daunorubicin. Twenty-four (24) adult Sprague- Dawley female rats. The animals are 

divided into six rats in each group (four groups): Group Ӏ: given dimethyl sulfoxide (10%) (4 ml per kg/day) orally 

fifteen days. Group ӀӀ: single oral dose of dimethyl sulfoxide (10%) for fifteen days, then subsequently given 

Daunorubicin 20 mg/kg in days 13, 14 and 15 (cumulative dose of 60 mg /kg) intraperitoneally. Group ӀӀӀ: given 

Turkesterone (5mg/kg/day) orally for 15 consecutive days. Group ӀV: given Turkesterone (5mg/kg/day) orally for 

15 days, then subsequently given Daunorubicin 20 mg/kg in days 13, 14 and 15 (cumulative dose of 60 mg/kg) 

intraperitoneally. Nephrotoxic rats, with daunorubicin, pretreated with Turkesterone (Group ӀV) both urea and 

creatinine levels were significantly reduced in serum; moreover, markers of oxidative stress by measuring the 

levels of Glutathione peroxidase 4 were reversed to their level in the control group. Also, markers of apoptosis, 

inflammation were decreased as shown through the measuring of the kidney tissues homogenate levels of cleaved 

caspase-3 and the interleukin 6 levels respectively, in. It was concluded that several hallmarks of the 

nephrotoxicity caused by daunorubicin were mitigated by the pretreatment with Turkesterone. 
Keywords: Nephroprotective, Turkesterone, Daunorubicin, Cleaved caspase-3 and Glutathione peroxidase 4. 

Introduction 
 One of the frequent complications of both 

the malignancies and their treatments are the kidney 

disease. The kidney disease spectrum in this setting 

may include acute renal failure (ARF), tubular 

disorders, and chronic renal failure (1). Daunorubicin 

(DNR) is anti-tumor drug belong to the 

anthracycline antibiotics, is an effective 

chemotherapy for the myeloblastic and acute 

lymphoblastic leukemias (2). However, due to its 

production of free radical that induced toxicity, the 

use of DNR is limited in addition to the limitation of 

its doses and efficacies. The most important side 

effects of DNR that limited its optimal uses are 

cardiotoxicity and nephrotoxicity (2, 3).  

 

Several studies suggested that the mechanism of 

DNR-induced cardiotoxicity and nephrotoxicity by 

the formation of the reactive oxygen species (ROS) 

through their anthracycline–iron complexes redox 

cycling as well as of their aglycones that is the 

principal mechanism that induces their cellular 

damage (4).   

Topoisomerase poisons, like anthracyclines, 

stabilize the intermediate and the catalytic enzyme 

reaction blocked leading to DNA strand broken and 

covalently bonded to the enzyme. As the DNA has 

been damaged, the intermediate reaction named as 

DNA -Top2 cleavage complex (Top2cc) (5), this 
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complex trigger cell death. Moreover, Top2a 

overexpression in the tumor cells was noticed, 

Top2b which expressed in cardiomyocytes targeted 

by the anthracyclines (6).  

Turkesterone, a phytoecdysteroid that 

possesses an 11-α-hydroxyl group, that is an 

analogue of 20-hydroxyecdysone which is a steroid 

hormone in insect (7). Phytoecdysteroids, a group of 

ecdysteroid hormones naturally in plant species 

Ajuga turkestanica, Rhaponticum carthamoides 

Willd. and Cyanotis arachnoidea C.B.Clarke that 

centuries used due to their tonifying, adaptogenic, 

and antioxidant and ability to enhance physical 

performance (8). Different biological effects  have 

been associated with ecdysterone and turkesterone, 

as neuroprotective, anabolic, antihyperlipidemic and 

antidiabetic (9-12). β-estrogen receptors activation 

mediates the pharmacological properties of 

Ecdysteroids that are determined by their ability in 

enhancing the physical performance by 

Ecdysteroids beneficial changes both the 

composition of the body and the anabolic effects (13). 

This study designed in order to investigate the 

possible nephroprotective effects of Turkesterone, A 

muscle Building Supplement against the 

nephrotoxicity induced by Daunorubicin through 

the measurement of serum urea and creatinine; 

Glutathione peroxidase 4 levels in rat, rat IL6 

(interleukin 6) levels in addition to levels of cleaved 

caspase-3 in kidney tissues of rats. 

Materials and Methods  
Reagents  

ELISA KITs (SUNLONG BIOTECH CO., 

China): Rat (GPX4), Rat cleaved caspase-3 and the 

Rat (IL-6). Drugs: the pure powder of Turkesterone 

was obtained from HONG KONG ZELONG BIO 

CO., LTD. Hong Kong; vials of 10mg/5ml 

Daunorubicin from India (Fresenius Kabi). 

Animals and experimental design 

Twenty-four Sprague- Dawley adult female 

rats, weighing 160- 210gm was provided by the 

Animals house in College Pharmacy- Baghdad 

University, in the controlled, convent conditions of 

the lab. Rats cage housed, in temperature of (25°С), 

normal relative humidity and light/dark cycle. 

Standard chow and water of the lab rodent was in ad 

libitum provided. Adapted rats prior to the 

experiment for seven days. The rats were distributed 

into (4) groups each group of (6) rats: 
• GroupӀ (Control): (4 ml/kg) of dimethyl 

sulfoxide (10%) given orally for fifteen days. 

• GroupӀӀ (Daunorubicin-treated): single oral 

dose of dimethyl sulfoxide (10%) for fifteen days, 

then subsequently given Daunorubicin 20 mg/kg for 

the last three days (14) (60mg/kg cumulative dose) 

intraperitoneally. 

• GroupIII (5mg Turkesterone /kg/day) (15): given 

oral dose of Turkesterone (5mg/kg, in dimethyl 

sulfoxide10%) daily by oral gavage for fifteen 

consecutive days. 

• GroupӀV (5mg Turkesterone /kg (15) + 

Daunorubicin): received Turkesterone (5mg/kg in 

dimethyl sulfoxide10%) daily by oral gavage for 

fifteen days, intraperitoneal 20mg/kg of 

Daunorubicin given in the last three days 

subsequently (14) (60mg/kg cumulative dose). 

After ending the treatment (about twenty - 

four hours) euthanization of the rats by using the 

diethyl ether and blood samples withdrawn from the 

neck carotid artery and collected using the gel tubes 

which then leaved 20 min for clotting at the room 

temperature to get the serum, that was separated by 

centrifuging blood samples after clotting at 3000 

rpm for about 20 min, that is used for the 

measurement of the serum urea and creatinine, rats’ 

kidney tissues were quickly excised and after that 

placed in (pH 7.4 ) phosphate buffer solution (PBS)  

that was chilled at 40C, to prepare the kidney tissue 

homogenates (10%) through using blotted and 

weighed filter paper by adding 1gm of kidney tissue 

to (9ml) phosphate buffer solution (pH 7.4) and  

homogenized the tissue for about 1 minute at 

temperature of  4 0C by using the tissue 

homogenizer. These tissues homogenate that freshly 

prepared kept in the frozen state if did not work 

immediately for the measuring of rat (GPX4), (IL-

6) in addition to the cleaved caspase-3 in the 

homogenization of the kidney tissue (16). 

Statistical analysis 

Expression and analysis of the data values 

was done using the Statistical Package Social 

Sciences (SPSS) version 23 and the mean ± standard 

deviation (mean± SD). Among different groups 

statistically significant determined using the one-

way analysis of variance. For statistically significant 

the P value was determined to be less than 0.05 

(P<0.05). 

Results and Discussions 
 Nephrotoxicity caused by the treatment with 

daunorubicin (Group II), associated with significant 

(P<0.05) elevation in the serum urea and serum of 

creatinine levels (Figure. 1 and 2, respectively), in 

addition to significant (P<0.05) raising in the levels 

of the cleaved caspase-3 and significant (P<0.05) 

raising in the levels of interleukin 6 in the tissues of 

the kidney (Figure. 3 and 5, respectively) also 

associated by significant (P<0.05) decreasing in 

kidney tissues levels of the GSH peroxidase 4 

(Figure. 4), each comparing their levels in the rats of 

the control group.  

Administration of Turkesterone (5mg/kg) 

with daunorubicin (Groups IV) showed significant 

(P<0.05) reduction in the serum urea and serum 

creatinine (Figure. 1 and 2, respectively), moreover 

there was significant (P<0.05) decreasing in kidney 

tissues levels of the interleukin 6, and the kidney 

tissues levels of cleaved caspase-3 (Figure. 3, 5 
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respectively); also, resulted in significant (P<0.05) 

increasing in the kidney tissues levels of the GSH 

peroxidase 4 (Figure. 4) each compared to Group ΙΙ 

rats. The cytotoxicity of chemotherapeutic drugs 

depends on their capability to induce apoptosis 

(programmed cell death). Both of the carcinogenesis 

and chemotherapeutic drug resistance linked to 

cancer cells is a common characteristic of evading 

apoptosis (17), in the fast-proliferating tumor 

daunorubicin  results in the intercalation of DNA in 

addition to the  inhibition of topoisomerase II 

thereby act as topoisomerase II poisons by blocking 

enzyme catalyzing reaction, also an intermediate 

stabilization that lead to formation of broken DNA, 

eventually may causing cell apoptosis as the 

irreversible cuts in the DNA occur (18). 

 In addition, the releasing of cytochrome c of 

the mitochondria which may act in the cascade of 

apoptosis reactions activation and results in cell 

death eventually through activation of the caspases 
(19, 20). This study revealed that as shown through the 

significant (P<0.05) increasing the kidney tissue 

homogenates levels of the cleaved caspase-3 

(Figure. 5). Nephrotic syndrome caused by 

daunorubicin and doxorubicin anthracyclines drugs, 

with focal segmental glomerular sclerosis and 

significant renal lesions in which the cumulative 

dose of daunorubicin reported in numerous cases are 

related to the occurrence of hemolytic uremic 

syndrome which leads to a slowly progressive renal 

failure (21). The current study confirms the 

nephrotoxicity caused by daunorubicin as showed 

by serum urea and creatinine significant (P<0.05) 

elevation (Figure.1 and 2, respectively).  

The mechanism of nephrotoxicity caused by 

anthracycline drugs including daunorubicin is not 

fully understood but their metabolisms may induce 

toxicity to the mitochondria through the disruption 

of mitochondrial membrane, lipid peroxidation, 

induction of free radical, impairment of calcium 

homeostasis, and the release of cytochrome C which 

led to glomerular and tubular cells apoptosis or 

necrosis (22).  

The reactive oxygen species production by 

many of the anticancer drug’s results in significant 

toxicity in the organs as associated with elevated 

oxidative stress in addition to apoptosis such as 

cardiotoxicity, nephrotoxicity and hepatotoxicity (16, 

23). Free radicals’ production by daunorubicin from 

the quinone group reduction by the cytochrome 

P450 reductase enzyme through the addition of one 

electron that produce a superoxide anion by quickly 

binds with oxygen then produces H2O2, this 

increase in the free radical’s formation causes 

damage to the components of the cells, causing 

death of the cell (24). That was confirmed by the 

current study as shown by the kidney tissue 

homogenate levels of the GPX-4 significant 

(P<0.05) reduction (Figure. 4). 

 

 
Figure 1. Effect of Turkesterone (5mg/kg) on Serum urea level in rats with nephrotoxicity induced by 

daunorubicin. Expressed data as Mean±SD, n =6. Small letters symbols (a) are significant (* p ≤ 0.05, ** p ≤ 

0.01, ***p ≤ 0.001) comparing to control. Small letters symbols (b) are significant (* p ≤ 0.05, ** p ≤ 0.01, ***p 

≤ 0.001) comparing to daunorubicin group. 
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Figure 2. Effect of Turkesterone (5mg/kg) on Serum creatinine level in rats with nephrotoxicity induced 

by daunorubicin. Expressed data as Mean±SD, n =6. Small letters symbols (a) are significant (* p ≤ 0.05, ** p 

≤ 0.01, ***p ≤ 0.001) comparing to control. Small letters symbols (b) are significant (* p ≤ 0.05, ** p ≤ 0.01, 

***p ≤ 0.001) comparing to daunorubicin group. 
 

 
Figure 3. Effect of Turkesterone (5mg/kg) on IL-6 levels in rats with nephrotoxicity induced by 

daunorubicin. Expressed data as Mean±SD, n =6. Small letters symbols (a) are significant (* p ≤ 0.05, ** p ≤ 

0.01, ***p ≤ 0.001) comparing to control. Small letters symbols (b) are significant (* p ≤ 0.05, ** p ≤ 0.01, 

***p ≤ 0.001) comparing to daunorubicin group. 
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Figure 4. Effect of Turkesterone (5mg/kg) on levels of GPX4 in rats with nephrotoxicity caused by 

daunorubicin. Expressed data as Mean±SD, n =6. Small letters symbols (a) are significant (* p ≤ 0.05, ** p ≤ 

0.01, ***p ≤ 0.001) comparing to control. Small letters symbols (b) are significant (* p ≤ 0.05, ** p ≤ 0.01, 

***p ≤ 0.001) comparing to daunorubicin group. 

 

 

Figure 5. Effect of Turkesterone (5mg/kg) on levels of the Caspase 3 in rats with nephrotoxicity caused by 

daunorubicin. Expressed data as Mean±SD, n =6. Small letters symbols (a) are significant (* p ≤ 0.05, ** p ≤ 

0.01, ***p ≤ 0.001) comparing to control. Small letters symbols (b) are significant (* p ≤ 0.05, ** p ≤ 0.01, 

***p ≤ 0.001) comparing to daunorubicin group. 
         

Anthracyclines cytostatic effects confirmed 

by many previous studies that can resulted in the 

cells apoptosis and the immunogenic deaths among 

other types of death program (5). The induction of 

inflammation contributes to the anthracycline 

anticancer activity in addition to IFN responses and 

to the immune system stimulation (25). The present 

study emphasize that as shown with significant 

(P<0.05) kidney tissue homogenate increasing in the 

interleukin 6 (Figure. 3). 

Turkesterone is a Phytoecdysteroids, which are a 

class of plants produced bioactive molecules that act 

as a defense versus the herbivorous insect (26). 

Turkesterone structure contains 27 carbon atoms 

and seven OH-groups; at the C-20 and C-11 OH 

groups are responsible for the Turkesterone effects 
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(27). Wound-healing effects associated with 

Turkesterone extracted from Ajuga turkestanica (26). 

as antimicrobial, anti-stress and immune-

stimulating, antioxidant effects and antiproliferative 
(28).  

Lipid accumulation decreased in the 

adipocytes with the use of Turkesterone (29). In a 

mouse model with stress-induced, the stress-related 

consequences are prevented by ecdysterone and 

turkesterone in addition to restoring the 

immunological activity (26). In the alloxan-induced 

diabetes in rats model associated with improvement 

of the endocrine and exocrine function with the use 

of turkesterone (30). PEs from Ajuga turkestanica 

showed beneficial effects in models of 

hyperglycemia and diabetes, that shows 

hypoglycemic activity (26). Compared to the 

conventional anabolic steroids, Turkesterone 

represents to be safer in vivo animal studies, that 

result in the anabolic effects without the androgenic 

side effects (26), also muscle maintenance and 

regeneration enhanced by Ajuga turkestanica (31). 

This study showed the ameliorative effect of 

Turkesterone (5mg/kg/day) in daunorubicin 

nephrotoxicity as shown by the production of 

significantly (P<0.05) decreased serum urea in 

addition to serum creatinine levels (Figure. 1, 2 

respectively) and the production of significantly 

(P<0.05) decreasing the kidney tissues homogenates 

levels of interleukin 6, and the levels of cleaved 

caspase-3 (Figure. 3, 5 respectively); moreover, 

resulting in significantly (P<0.05) increasing kidney 

tissues homogenates levels of GSH peroxidase 4 

(Figure. 4). 

Conclusion 
Several hallmarks of daunorubicin 

nephrotoxicity were mitigated through pretreatment 

with Turkesterone as markers of kidney function 

(serum urea and creatinine), inflammatory (IL6), 

markers of the oxidative stress (Glutathione 

peroxidase 4), and markers of the apoptosis (cleaved 

caspase-3). Further studies of the biological 

activities and the protective effects of Turkesterone 

on other organs may be needed. 
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 ضد إصابة الكلى الحاد الناجمة عن الداونوروبيسين في الجرذان  للتركستيرون الكلوية الحمايةتأثير 
 3و اسراء راضي خضير 2محمد عبد الامير عليوي   ،1*، الاء راضي خضير

 بغداد، العراق.، كلية الصيدلة ، جامعة بغداد،   دوية والسمومفرع االا1
 فرع الكيمياء الصيدلانية ، كلية الصيدلة ، جامعة بغداد، بغداد ،العراق.2
 جامعة بغداد، بغداد ،العراق. فرع علوم الحياة ، كلية التربية للعلوم الصرفة ابن الهيثم ، 3

 الخلاصة
هيدروكسي إيكديسون وهو هرمون الستيرويد  -20هيدروكسيل، هو نظير لـ-α-11تركستيرون، وهو فيتوكديستيرويد يحتوي على مجموعة  

ــري.   ــكل عييعي في اانواع التياتية  موجودة    ecdysteroid، مجموعة من الهرمونات Phytoecdysteroidsالحشـ ، Ajuga turkestanicaبشـ

Rhaponticum carthamoides Willd و .Cyanotis arachnoidea C.B.Clarke     الذي تم اسـتددام  على مر الررون بسـيخ اصـا صـ

ثل الحماية  المتشـةة والتكييية وماـادات ااكسـدة وتدرت  على تع ي  ااداء اليدني. ارتيلإ ايكديستيرون والتركستيرون بترايرات بيولوجية مدتلية، م

يد من الدراسـات نن للية السـمية الرليية والسـمية الكلوية التاجمة  . اتترحت العدبالدمسـكرلارتياع اللدهون وماـادات  لالعصـيية، والابتتا ية، واافاـات  

ت ام  عن الداونوروبيسـين عن عري  تكوين ننواع ااكسـجين التياعلية من ا م مجمعات اانثراسـيكلين والحديد الدابـة بها وتدوير ااكسـدة والاا

تركستيرون  لل الكلويةحماية ال م تصميم هذه الدراسة من نجل التحر  من إمكانيةتلف الدلوي. تالوكذلك من الجليكونات هي الآلية الر يسية التي تسيخ 

ــين. نربعة وعشـــرون   ــمية الكلوية التاجمة عن داونوروبيسـ ــد السـ ــيم الحيوانات إلى نرب    جرذان( ننثى 24ضـ ــيراا داولي اليالغة. تم ترسـ (  4سـ

مل / كجم(  4٪ اتا ي ميثيل ســليوكســيد   10جرعة يومية عن عري  اليم من : تلرت I ( فئران لكل متها: المجموعة6مكونة من ســتة   مجموعات

يومًا، ام تلرت بعد ذلك  15اتا ي ميثيل ســـليوكســـيد لمدة   ٪10: تلرت جرعة يومية واحدة عن عري  اليم بتســـية  IIيومًا متتالياً. المجموعة    15لمدة  

ــين   ــياق. المجموعة   60(عة تراكمية تدرها  ملغم/كغم ا م اايام الث اة ااايرة بجر  20داونوروبيسـ :  IIIملغم/كغم( عن عري  الحرن داال الصـ

ملجم    5: تلرت جرعة فموية من تركستيرون  IVيومًا متتالياً. المجموعة  15ملجم/كجم/يوم( لمدة  5تتاولت جرعة من تركسـتيرون عن عري  اليم  

ملجم /   60(ملجم / كجم ا م اايام الث اة ااايرة بجرعة تراكمية تدرها   20يومًا متتالياً، ام تلرت بعد ذلك داونوروبيســـين    15كجم / يوم( لمدة   /

(  IVتركســتيرون  المجموعة النوروبيســين، والمعالجة بة الكلوية، م  داويمالســالمســتحثة بكجم( عن عري  الحرن داال الصــياق. نرهرت اليئران 

ا ملحورًا في مسـتوك كل من اليوريا والكرياتيتين في مصـل الدم، كما عكسـت ع مات ايجهاد التركسـدي    مسـتويات الجلوتاايون   للجرذاناندياضـً

ومستويات  للجرذان  6عري  تياس مستويات إنترلوكين    ، إلى مستوك السيةرة. تم  ع مات موت الد يا الميرمج والالتهابات، عن  4بيروكسيدي   

داونوروبيسـين تم التم التوبـل إلى نن العديد من السـمات الممي ة للسـمية الكلوية التاجمة عن   المشـروتة على التوالي، في ننسـجة الكلى.  3كاسـياس  

 تركستيرون.التديييها عن عري  المعالجة المسيرة م   
 .4المشقوق والجلوتاثيون بيروكسيديز  caspase-3الكلوية، توركستيرون، داونوروبيسين،  لكلمات المفتاحية: الحمايةا

 


