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   Abstract 

This study was amid to investigate the protective role of Frankincense (F) on Adenine (AD)-

induced nephrotoxicity on the serum concentrations of urea and creatinine, malondialdehyde 

(MDA) with superoxide dismutase (SOD), besides histological and histochemical changes in the 

kidney of male albino rats. Twenty-four adult male albino rats were assigned randomly in to four 

groups (n=6 of each): Group 1 (Control) take only normal saline (0.9% NaCl), Group 2 (AD 

group 150 mg/kg b.w.), Group3 (AD +F 10% w/v), Group 4 (AD +F 20% w/v). The treatment 

was given daily via gavage for 30 days. AD group showed a significant elevation of serum urea, 

creatinine, and MDA while reduced SOD in comparison with the control group.  Kidney sections 

of rats treated with AD group showed dilation of bowman’s capsule space, segmentation, 

degeneration of glomerulus and there was hemorrhage, necrosis, hyperplasia with crystallization, 

and proteinaceous remnant in some uriniferous tubules. Histochemical, AD group caused fibrosis 

area of kidney tissue and carbohydrates. On the other hand, both groups of Frankincense in 

combination with AD revealed a significant reduction in the serum urea, creatinine, and in MDA 

level with increase in SOD level. In conclusion, these results suggest that Frankincense have a 

noticeable protective and antioxidant effect against AD renal toxicity. 

Keywords: Creatinine, MDA, Nephrotoxicity, SOD, Urea. 
 

    Introduction 

A serious and growing global health concern is 

the clinical condition known as chronic kidney 

disease (CKD), which is defined by 

progressive renal failure1. Kidney failure can 

be brought on by urinary tract infection, 

complete loss of renal function, Diabetes, 

cardiovascular disease, and other conditions. 

Rodent models are used to study the 

pathophysiology of CKD and to create 

treatment approaches2. 500 million people (1 

in 10 adults) globally have chronic renal 

disease, and nearly half of those over 75 have a 

high risk of morbidity and mortality. Two 

important elements of the disease's 

pathophysiological foundations that have an 

impact on both humans and animals are 

inflammation and oxidative stress3. In CKD 

patients and experimental animals, inflammatory 

mediators with high plasma concentrations, 

including C-reactive protein and tumor necrosis 

factor, diverse cytokines, and other indicators of 

oxidative stress were found4. Our results suggest 

that apoptosis is essential for the development of 

CKD5.  

            Adenine, a purine nucleobase, is essential 

for the biochemical and physiological processes 

that take place inside of cells. Under 

physiological circumstances, xanthine oxidase 

catalyzes the conversion of adenine to 2, 8-

dihydroxyadenine (DHA) in the liver, and DHA 

is ultimately excreted from urine. However, 

excessive DHA production will cause kidney 

damage because it is poorly soluble under urine 
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pH and crystallizes and deposits in renal 

tubules or interstitial tissues6. Adenine is now 

frequently utilized to create an experimental 

mouse model of chronic renal failure (CRF) 7.  

Although they are excellent sources of 

antioxidants, the antioxidant defense system is 

the most frequently used mechanism for herbal 

treatment8. A CKD is also caused by oxidative 

stress9. In addition, herbs have anti-

inflammatory properties, diuresis, 

immunomodulation, proteinuria reduction, and 

stimulation of renal repair mechanisms in 

CKD patients10. Several herbs, like 

Frankincense (Gum olibanum), were utilized 

to treat renal function, stones, and 

inflammation in the Middle East11. 

As many as 24 plant species (out of 25) in the 

genus Boswellia are the biological sources of 

frankincense, also known as Gummi Boswellii 

or olibanum (family Burseraceae). Between 

the tropical parts of Africa and the desert 

woods of Punjab and West Bengal in India, a 

wide geographic area is home to 

representatives of this genus. The so-called 

"incense trade route," the world's oldest 

caravan route, delivered oleo-gum resin of one 

of this genus' most significant and well-known 

species, B. sacra, to the eastern 

Mediterranean12. It extended from 

Mediterranean ports via the Levant, Egypt, 

North Africa, Yemen, and Oman on the 

Arabian Peninsula, as well as all the way to 

India and even farther13. 

Gum olibanum also normalizes systolic and 

diastolic blood pressure and heart rate and has 

been utilized in Arabic medicine for acute 

renal failure. Also, it inhibits the progression 

of renal failure, participates in antioxidant 

and/or anti-inflammatory activity, and 

normalizes plasma concentrations of urea and 

creatinine when used in drinking water14.  

Different species of frankincense gum have a 

variety of terpenes that make up around 60% 

of the lipophilic resin, 10% volatile oil, and 

30% hydrophilic gums (mixture of 

polysaccharides).The pentacyclic triterpenic 

acids, tetracyclic triterpenic acids, and 

diterpenes make up the lipophilic resin 

component, with the main constituents being 

11-ketoboswellic acid and 3-acetyl-11-

ketoboswellic acid. The pentose and hexose 

sugars in the gum's hydrophilic fraction are 

combined with certain oxidizing and digesting 

enzymes. Galactose, arabinose, and 4 

methylglucuronic acid are all present in 

polysaccharides that are also present. Pinene, 

phellandrene, and thujene are found in volatile 

oil 15. The main active ingredients in B. sacra 

water extract were reported to be 1,8-cineole 

(eucalyptol), 1-octanol, L-menthol, 3-

cyclohexen-1-ol, octanoic acid, thymol, and 

carvacrol16. 

Hence, our study aims to evaluate the 

effectiveness of the aqueous extract of 

frankincense on chronic adenine‑induced renal 

failure in the rat model.  

 

Materials and methods: 

Animals 

Twenty-four male albino rats (200-250g) were 

breeding in the animal house of the University of 

Salahaddin / College of Education /Department 

of Biology; Rats were kept in conventional cages 

at room temperature (RT) of 25±3°C with a 12 

hours dark/light cycle. They had allowed to 

standard laboratory feed and water ad libitum. 

Then they were distributed into four groups, six 

rats for each17.  

Chemicals 

In this study, chronic kidney disease was induced 

by oral gavage of adenine (150 mg/kg/day:  

 GE7863, Glentham Life Sciences Ltd, UK) the 

powder was dissolved in 0.9% sodium chloride 

(2ml for 200g body weight). Fresh solutions 

were prepared daily for a period of 30 days. 

Dried Somalian frankincense (B. sacra) bought 

from local source in Arbil city was as a gum and 

stored in airtight plastic containers at 5°C until 

needed. Frankincense extract was made by 

soaking 10g and 20 g of powder in 100 mL of 

distilled water respectively, settled for 24 h, and 

then filtered to give 10% and 20% w/v extract 

orally given treated rats for 30 days. 

Experimental Protocol  

After two weeks of acclimation, before starting 

the experiment. The animals were separated in to 

four equal groups, each with six animals, and 

were handled as follows: The first group of 

control rats was taken orally with normal saline 

(0.9% NaCl). The second group was 

administered orally with AD (150 mg/kg,b.w) . 

The third group: was treated orally with F (10%, 

w/v) plus AD (150 mg/kg,b.w). The fourth 

group: was treated orally with F (20%, w/v) plus 

AD (150 mg/kg,b.w). At the end of the 

scheduled 30th day of the experiment, all the 

animals were sacrificed. 
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Blood samples collection 

At the end of the experiment, all the animals 

were fasted overnight. Blood samples were 

collected direct cardiac puncture after 

ketamine (75 mg/kg i.p.) and xylazine (5 

mg/kg i.p.) was used to anaesthetize fasting 

animals then transformed to tubes without 

ethylene diamine trichloroacetic acid (EDTA) 

and left for clotting. Blood samples were 

centrifuged at 3000 g for 15min. Sera were 

collected and stored at - 20°C to evaluate 

serum urea, creatinine which measured by kits 

purchased from Cobas Roche co. (Mannheim, 

Germany) and for determination of 

Malondialdehyde (MDA) by Colorimetric 

method/ (Elabscience, Cat. No. E-BC-K025-S, 

TBA method) and Superoxide dismutase 

(SOD) assay kit by Hydroxylamine 

method/USA- Cat No:( E-BC-K022-S) 

according to Mojarradgandoukmolla, S. and 

Akan, H.17. 

 

Tissues preparation 

After sacrificing the animals, a longitudinal 

incision was made from the ventral side of the 

rat, and the kidneys were taken from the rats, 

they were fixed in 10% neutral buffered 

formalin for 48 hours, purified with xylol, 

embedded in paraffin, paraffinized kidney 

tissue blocks were processed and cut by a 

microtome at 5 μm thickness, then 

deparaffinized, and counterstained by staining 

with hematoxylin and eosin dye (H&E), and 

after being prepared, they are examined under 

a microscope to study histological changes. 

Alcian blue-periodic acid Schiff (AB-PAS) 

(pH2.5) staining kit (Solarbio co., Beijing, 

China) was used to detect polysaccharides 

such as glycogen, and muco-substances such 

as glycoproteins, glycolipids, and acidic 

mucins. Collagen or fibrosis in kidney tissue 

sections was determined by Masson’s trichome 

staining technique, kit from (Solarbio co., 

Beijing, China), according to Sobin18.  

 

Statistical Analysis 

Statistical analyses were conducted using the 

Statical Product for Service Solution version 28 

(Spss Gmbh, Munich, Germany). Data are 

presented as means and standard errors of the 

means (mean SEM). Before performing an 

ANOVA, the data's normality and homogeneity 

were determined by one-way direction 

(ANOVA), and Tukey's test was used to see 

whether there were any differences between the 

experimental groups. A probability level of 

P<0.01 and P<0.05 were considered as 

statistically significant. 

 

Results: 

Table (1) showed, there were significant increase 

(P<0.05) in urea and creatinine levels of AD 

group when compared with control group. On 

the other hand, in both doses treated groups of 

Frankincense, there were a significant 

decrease(P<0.05) in both urea and creatinine 

levels when compared with AD treated group 

and near to control group. Further, in AD 

administrated group, MDA level was caused a 

significant increase(P<0.05) when compared 

with the control group. In contrast, there were 

significant decrease(P<0.05) in MDA level in 

both F treated groups when compared with the 

AD administered group and near to the control 

group but still significantly higher than control 

group. In addition, there was significant decrease 

(P<0.05) in SOD level of AD group when 

compared to control group. While there was a 

significant increase (P<0.05) in both doses 

treated groups of Frankincense when compared 

to AD treated group and also there were 

significant increase (P<0.05) of both treated 

groups of Frankincense when compared with 

control group 

 

Groups          Urea Conc. 

mg/dl 

Creatinine 

conc. mg/dl 

 MDA Conc. 

nmol/ml 

 SOD Conc. 

U/ml 

 Control 49.10±0.90b 0.50±0.06b 15.64±0.59d 95.31±0.40c 

AD 157.10±9.01a 2.13±0.54a 77.25±4.04a 76.18±0.77d 

AD +F 10% 61.53±0.47b 0.53±0.03b 51.18±0.33b 124.21±0.83b 

AD +F 20% 69.60±1.30b 0.60±0.06b 32.16±0.91c 155.63±0.78a 
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Table 1. The effect of different treatments on urea, creatinine, MDA, and SOD levels in the serum 

(mean ± SEM).  

The different letters in the same column means 

significant differences (p˂0.05) 

Histological examination of Kidney 

Histologically, AD affected on the kidney 

tissue and caused dilation of Bowmans capsule 

space, sloughing of lining epithelium of 

uriniferous tubules, segmentation, and 

degeneration of glomerulus (Fig.1).  In the 

medulla there were hemorrhage, degeneration 

inside uriniferous tubules, necrosis of some 

uriniferous tubules, proteinaceous remnant 

inside some uriniferous tubule, hyperplasia of 

uriniferous tubules epithelium with 

crystallization and damaged urinary tubules 

(Fig.1).  

Histochemical results revealed that AD group 

caused thickness in basement membrane of 

uriniferous tubules and fibrosis in the 

interstitial tissue, beside that 

mucopolysaccharides showing weak response 

to PAS stain in the glomerulus and urinary 

tubule, appeared in weak red magenta color and 

increased acidic mucin (blue color) over neutral 

mucin with thickness of bowman’s capsule 

parietal membrane also thickness of uriniferous 

tubules basement membrane (Fig. 2).  

             Treatment with Frankincense in both 

doses accompanied by AD ameliorated the 

adverse effects of AD in kidney tissue. In low 

dose of Frankincense treated group showing 

moderate appearance of fibrosis in the interstitial 

tissue and around glomerulus, while in high dose 

of Frankincense treated group showing more 

normal structure and retained to the healthy 

collagen fiber (Fig. 2).On the other hand  low 

dose of Frankincense treated group showing 

positive retention of the mucopolysaccharides, 

the faint color represents  thickness of bowman’s 

capsule parietal membrane and degenerated 

urinary tubules, while in high dose of 

Frankincense treated group revealed for 

moderate positive response to PAS stain in the 

glomeruli and urinary tubules when compared 

with AD group tissue sections.   

 

 

 

 

 

 

 

 

 

 

              

 

         

      

 

 

 

 

 

 

 

 

 P-value 0.001 0.007 0.001 0.001 
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Figure 1: 

Cross 

section in 

the kidney 

of the 

treated 

groups:(A) Control group Shows: 1. 

Normal structure glomerulus 2. Healthy 

urinary tubules. (B 1,2,3) Adenine treated 

group revealed: (B1) shows:1. Dilation of 

Bowmans Capsule space 2. Degeneration 

of Uriniferous tubules 3. Sloughing of lining epithelium of uriniferous tubules 4. Segmentation and 

degeneration of glomerulus and 5. Dilation of uriniferous tubules. (B2) Shows: 1. Hemorrhage inside 

uriniferous tubules in the medulla 2. Necrosis of some Uriniferous tubules 3. Proteinaceous remnant 

inside some uriniferous tubule. (B3) Shows: 1. Hyperplasia of uriniferous tubules epithelium with 

crystallization 2. Urinary tubules damaged. (C)  Adenine (150 mg/kg) + Frankincense (10% w/v) treated 

group shows reasonable improvement in kidney tissue with: 1. Glomerular segmentation 2. 

Desquamation of Some Uriniferous tubules 3. Infiltration of inflammatory cells 4. Hemorrhage.  (D)  

Adenine (150 mg/kg) + Frankincense (20% w/v) treated group revealed nearly normal tissue with: 1. 

Glomerular segmentation and hemorrhage 2. Damage of Some Uriniferous tubules 3. Infiltration of 

inflammatory cells 4. Hemorrhage. (100,400X), H&E.   

  

Figure 2: Kidney section (a,b,c,d) stained with trichome Masson’s technique to detect collagen or fibrosis 



Role of frankincense boswellia sacra as a protective kidney dysfunction induced 

by adenine on albino rats 

 

 

2214 
Eur. Chem. Bull. 2023,12(3), 2209-2217 

 

 

where blue represents the collagen deposition. a: Normal content in the control group, b:AD treated group 

showed positive blue staining is apparent in 1. Thickness in basement membrane of uriniferous tubules and 

2. fibrosis in the interstitial tissue. In c: AD+F10% showing moderate appearance of 1. fibrosis in the 

interstitial tissue and around glomerulus. D: AD+F20% group showing more normal structure. H&E 

(100X). (e, f, g, h) stained with PAS-alcian blue for the detection of neutral mucins (PAS) and acidic 

mucins (alcian blue) e: control group normal distribution of neutral and acidic mucins (magenta). f: AD 

group showing weak response to PAS stain in the glomerulus and urinary tubule, appeared in weak red 

magenta color and increased acidic mucin (blue color) over neutral mucin1.thickness of bowman’s capsule 

parietal membrane.2. thickness of uriniferous tubules basement membrane. g: AD+F10% group showing 

positive retention of the mucopolysaccharides, the faint color represents 1. thick of bowman’s capsule 

parietal membrane and degenerated urinary tubules. h:AD+F20% revealed for moderate positive response 

to PAS stain in1. the glomeruli and urinary tubules. H&E(400X). 

 

 

 

 

 

 

 

 

 

 

Discussion: 

According to 

table (1) of this 

investigation, as 

compared to the 

control group, 

oral administration of AD significantly raised 

serum levels of urea and creatinine. According 

to 19, one of the diseased indicators of the 

kidneys is the presence of elevated amounts of 

urea and creatinine in the blood. Adenine is a 

well-known model medication that promotes 

renal tubule and degeneration leading to 

kidney failure, which is characterized by 

inhibited nitrogen compound excretion, 

including creatinine and urea20.  

The metabolic byproduct of creatine and 

phosphocreatine is creatinine, and the liver 

produces urea from ammonia. Both 

metabolites are carried to the kidney for 

excretion through glomerular filtration, 

whereas impairment of the glomerulus will 

lead to the accumulation of hazardous 

metabolites followed by the formation of 

kidney failure21. The findings of other 

investigations 22,23are consistent with our 

findings. Previous research has demonstrated 

that administering adenine orally or through 

food can cause reproducible renal 

impairment24-27. 

High levels of MDA and a sharp decline in the 

antioxidant enzyme activity of SOD in serum 

were found in the current study's results from the 

adenine group, indicating an oxidative stress 

condition. This links damage caused by free 

radicals to a general decline in cellular 

function28. Our findings support those of 29 and 4 

who found that adenine dramatically lowered the 

activities of antioxidant enzymes and raised 

oxidative stress indicators in renal tissue. 

According to a recent study30, rats fed with 

adenine had considerably lower SOD enzyme 

activity. 31, reported that the oxidative stress is a 

well-known consequence of an imbalance 

between increases in the production of reactive 

oxygen species (ROS) and a consequent decline 

in the body's natural antioxidant defense 

mechanisms. More and more health issues are 

being linked to the image32. 

Oxidative stress is caused by an excessive 

production of free radicals and oxidants, which 

damages cell membranes, genetic material, 

proteins, lipids, and lipoproteins (DNA). In order 

to better understand the potential pathways 

directly connected to the damaging effects of 

adenine on the kidney, both before and after 

treatment with Frankincense, we were able to 

evaluate several markers of lipid peroxidation in 

plasma. Adenine injection significantly increased 

oxidative stress and lipid peroxidation, according 

to the measured data. In previous trials, the team 

found that lipid peroxidation levels raised in the 
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kidney 33. 

Adenine caused noticeable histological 

changes (Fig.1) in the glomerulus and kidney 

tubules and led to the fibrosis and neutral 

polysaccharides (Fig.2) in the kidney of the 

treated rats which deterioration of creatinine 

liquidation in blood and urea, as well as noted 

an increase in inflammatory cells because of 

damage to the epithelial cells of the kidney, 

likewise 34. In contrast, in both doses of 

Frankincense there were typically architecture 

of renal glomeruli and renal tubules, appears 

few infiltrations of inflammatory cell, similarly 

to 35. Frankincense abrogated the 

histopathological findings seen in the adenine 

administered groups.  

Since high serum urea and creatinine levels are 

indicators of uremic toxins and, consequently, 

of kidney function impairment, frankincense 

aqueous extract co-administration has been 

successful in significantly reducing the former 

to nearly normal and normalizing the latter 

two, as shown in table (1). Moreover, 

frankincense possesses anti-proliferative, anti-

tumor, and anti-arthritis properties these 

benefits may be connected to the boswellic 

acids' active ingredient36. 

These positive outcomes imply that oral 

Frankincense's anti-oxidative and anti-

inflammatory characteristics are the main 

mechanism underlying its therapeutic impact 

in adenine-induced renal failure. 

Conclusion: 

We concluded that, Frankincense may have a 

role on avoiding kidney failure in rats 

administrated adenine by minimizing in 

creatinine, urea, MDA, SOD levels and 

histological changes. 
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