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ABBREVIATIONS 
 

UA: Usnic acid; CMC: Carboxymethyl cellulose; Mg: 

Magnesium; CA: Calcium; ALP: Alkaline phosphatase; 

ACP: Acid phosphatase; BUN: Blood urea nitrogen; 

CREA: Creatinine; URCA: Uric acid; ATP: Adenosine 

triphosphate; TEM: Transmission electron microscopy; 

PT: Proximal tubules. 

 

INTRODUCTION 
 

Thermogenic agents are well known as "fat burning" 

because they result in increased energy expenditure.[1] 

Usnic acid (UA) is a secondary metabolite of lichen 

species.[2,3] Usnic acid was reported to possess a wide 

range of biological activities, including anti-

inflammatory and analgesic effects.[4] Usnic acid can 

diffuse through the mitochondrial membranes and 

promote proton leakage with consequent uncoupling of 

oxidative phosphorylation.[5] Oxidative 

phosphorylation is the process by which ATP is 

synthesized via specific metabolic pathways involving 
the oxidation of nutrients.[6] Terada[7] reported that the 

inhibition of uncoupling between electron transport and 

phosphorylation in mitochondria without affecting the 

respiratory chain and ATP synthase can occur using 

uncouplers of oxidative phosphorylation. Usnic acid was 

reported to be an uncoupling agent.8 Usnic acid is found 

in many food supplements used for weight reduction.[3] 

 

Limited studies confined to experimental preclinical 

pharmacological trials were found to validate the use and 

safety of UA.
[9-13]

 Studies regarding the nephrotoxicity of 

UA are unavailable; thus, the main objective of the 

present work was to investigate the safety versus 
nephrotoxicity of different doses of usnic acid in rats 

using biochemical and ultrastructural studies. 

 

MATERIALS AND METHODS 
 

The experimental work was carried out according to 

guidelines for animal care approved by the ethical 

committee at King Fahad Medical Research Center 

(KFMRC). 

 

Chemicals 

(+)-Usnic acid (98%), molecular weight: 344.32, in the 
form of a yellowish powder was supplied by Sigma-

Aldrich (Chemie Gmbh, Munich, Germany). 
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ABSTRACT 
 

Background: Nephrotoxicity is a common sequela of drug administration that has not been well investigated. 

Usnic acid (UA), a secondary metabolite of certain lichens, was reported to exert hepatotoxic and cardiotoxic 

effects. Objectives: The objective of the present work was to demonstrate the possible nephrotoxic effect of UA 
(100 and 300 mg/kg). Methodology: Thirty adult male rats (150–200 g) were sorted into the following groups: G1 

(control rats) received 1% watery carboxymethyl cellulose CMC, G2 received 100 mg UA/kg, and G3 received 

300 mg UA/kg; all treatments were administered for 8 weeks using oral gavage. Serum was collected for kidney 

function measurement, and kidney tissue was removed for ultrastructural studies. Results: Usnic acid at a low dose 

showed slight insignificant effects on both kidney function and ultrastructure. On the other hand, a high dose 

resulted in the irregularity and thickening of the glomerular membrane and podocyte footlets, and proximal tubules 

showed loss of microvilli and degenerative changes in basal infolding. Mitochondria showed swelling at a low 

dose and marked deformity at a high dose. Serum creatinine and blood urea nitrogen (BUN) levels were 

significantly increased, while there was minor alteration in blood electrolytes. Conclusion: UA at a low dose could 

be considered safe regarding kidney function and structure. If high doses are administered, the kidney function 

must be monitored or a renoprotective supplement must be combined with UA administration. 

 

KEYWORDS: Kidney, nephrotoxicity, usnic acid, ultrastructure, mitochondria. 
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Animals and experimental design 

Adult male Sprague-Dawley (SD) rats (n = 30) with an 

average body weight of 150–200 g were purchased from 

the Animal House Unit at King Fahad Medical Research 

Center (KFMRC) and were allowed to acclimatize for 

one week at 20 ºC and humidity (60%) and a dark-light 
cycle (12/12 h). Animals were randomly sorted into 3 

groups (n=10). Group 1 (control) received CMC (vehicle 

for UA), group 2 received 100 mg UA/kg dissolved in 

1% CMC, and group 3 received 300 mg UA/kg in 1% 

CMC. The dosages of UA were selected based on 

previous studies.[9,14] All doses were given orally for 5 

days/week for 8 weeks, and the body weights were 

recorded once weekly. The percentage change in the 

body weight was calculated as follows: final weight – 

initial weight divided by initial weight × 100. 

 

Animal sacrifice and blood and kidney collection 
At the end of the experiment, blood was collected from 

ether anesthetized animals after overnight fasting 

between 7:00 and 9:00 am via orbital puncture,
[15]

 

centrifuged and stored at –70 °C for further evaluation of 

kidney function. After blood collection, the rats were 

euthanized by decapitation. The abdomen and thoracic 

were opened. The heart was perfused with normal saline 

followed by 2.5% glutaraldehyde in phosphate buffer, 

pH 7.4, to ensure fixation in situ. The kidneys were 

dissected and weighed to determine the kidney index = 

(kidney weight/body weight) x100. Small pieces (1 mm3) 
were cut from the cortex and re-fixed in same fixative for 

further transmission electron microscopy processing in 

electron microcopy unit in KFMRC. Toluidine blue-

stained sections (one micron thick) were examined for 

orientation, and then ultrathin sections were prepared, 

followed by staining with uranyl acetate and lead citrate 

according to Ross et al.[16] Examination was performed 

using Philip CM 100 electron microscopy (Netherlands). 

 

The rats were sacrificed by cervical dislocation under 

deep ether anesthesia. The abdomen and thoracic were 

opened. kidney were extracted and weighed immediately 
 

Statistical Analysis 

The Statistical Package for Social Science (SPSS 22 for 

Windows) program was used for data analysis. The 

numerical data are presented as the means ± standard 

error (SE). One-way analysis of variance (ANOVA) and 

Student’s t-test were used for the comparison of 

variables between groups. Statistically significant results 

were considered at a P-value < 0.05. 

 

RESULTS 
 

Body weight and kidney index 

Regarding significant changes in body weight, body 

weight gain was observed between the control and usnic 

acid-treated groups. On the other hand, UA at a high 

dose (G3) resulted in a significant increase in the kidney 

index compared with that of the control (G1) and low-

dose (G2) groups (P =0.003 and P= 0.003), as in Table 1. 

 

Biochemical results 

Table 2 shows the effect of different doses of UA on 

some kidney function parameters. UA at a low dose (100 

mg/kg) significantly increased the serum albumin and 

creatinine. At a high dose (300 mg /kg), UA significantly 

increased Mg, Ca, BUN, and creatinine.  Acid 
phosphatase was found to be significantly decreased in 

both doses. On the other hand, an insignificant decrease 

in alkaline phosphatase was found. 

 

Ultrastructure study 

In the present study, both semi-thin and ultrastructure 

photographs provided precise demonstration of cellular 

changes in the kidney parenchyma induced by the 

administration of usnic acid. Semi-thin sections of G1 

control kidney cortex showed normal glomerular 

capillaries. Nearby proximal tubules were lined by cells 

with an intact brush border in contact with narrow 
lumina. Peritubular capillaries were normal and not 

dilated (Figure 1A). By TEM glomerular capillary 

showed normal fenestrated endothelium and normal 

thickness basement membrane in contact with podocytes 

with regular normal footlets (Figure 1B). 

 

Usnic acid given at a dose of 100 mg/kg (G2) results in a 

slight enlargement and congestion of renal glomeruli and 

basement membrane thickening. Proximal tubules 

showed no changes except tiny basal vacuolation. 

Peritubular capillaries were dilated and congested 
(Figure 1C). TEM showed clearly such changes.  

Podocytes related to congested capillaries exhibited 

electron-dense cytoplasm with increased nuclear 

heterochromatin. Slight thickening of the glomerular 

membrane was observed (Figure 1D). 

 

In G3 (300 mg/kg UA), slight shrunken glomeruli with 

protein deposit within the Bowman capsule were 

demonstrated. Proximal tubules showed basal 

degeneration and desquamated cells into the lumen 

(Figure 1E). Destructed endothelial lining and changes in 

podocyte cytoplasm and the fusion of thickened footlets 
could be seen in EM photographs (Figure 1F). 

 

Regarding changes in proximal tubules, Figure 2 

demonstrated both semi- and ultrathin sections taken for 

control and experimental groups.  In G1 control rats, 

proximal tubules in semi-thin sections showed normal 

high cuboidal cells with an intact brush border. 

Peritubular capillaries were normal and not dilated 

(Figure 2A). By EM, proximal tubule cells showed large 

euchromatic nuclei, a normal brush border, basal 

infoldings, basement membrane and a normal 
mitochondrial population (Figure 2B). 

 

The administration of low-dose UA (100 mg) resulted in 

slight changes in proximal tubules. Peritubular capillaries 

were dilated and congested (Figure 2C).  By EM, the 

tubules showed a normal brush border, tiny basal 

vacuoles and normal crowded mitochondria (Figure 2D). 
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Semi-thin sections of G3 (300 mg/kg) showed shrunken 

tubules with basal degeneration and numerous vacuoles 

and desquamated cells. Peritubular capillaries were 

dilated and congested (Figure 2E). EM photographs 

taken for those tubules showed marked degeneration of 

basal infoldings, mitochondria and electron lucent 
irregular spaces with degenerated cells in the lumen 

(Figure 2F). 

 

Because UA primarily works via the uncoupling of 

oxidative phosphorylation at the mitochondrial level, in 

the present study, a high dose resulted in the alteration of 

mitochondria morphology in proximal tubule cells. In 

most samples, swollen mitochondria rarified matrixes 

and damaged cristae were seen. Severely affected 
animals showed marked deformity of the mitochondria 

(bell dump shape) with a dark matrix and vesicular 

cristae. The PT cytoplasm in those samples showed loss 

of normal basal infoldings (Figure 3). 

 

 
Figure (1): A: semithin section of renal corpuscle from G1 shows normal glomerular capillaries (G). Proximal tubules 
(PT) lined by cells with intact brush border. Peritubular capillaries appear not dilated (dotted arrows) (Toluidine 

blueX1000). B: Ultrathin section of G1 shows part of glomerular capillary contain erythrocytes (white star), intact 

fenestrated endothelium (thin white arrows) and regular basement membrane (thick white arrows) in contact with intact 

podocyte (black star) footlets (thin black arrows) (TEM X 4800). C: semithin section of renal corpuscle from G2 

received 100 mg UA shows slight enlarged glomerulus (G) with slight congested capillaries and basement membrane 

thickening (dotted white arrows). Proximal tubules (PT) appear intact. Peritubular capillaries are dilated and congested 

(black dotted arrows) (Toluidine blueX1000). D: Ultrathin section of G2 received 100 mg UA showing congested 

glomerular capillaries (white stars), podocytes with electron dense cytoplasm (black stars) and increased nuclear 

heterochromatin. Slight thickening of glomerular membrane (black arrows) is observed (TEM X 5400). E: Semithin 
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section of renal corpuscle from G3 received 300 mg UA shows slight shrunken glomerulus (G) protein deposit within 

capsule (dotted arrows). Proximal tubules (PT) show basal degeneration (black arrows) and desquamated cells into the 

lumen (stars) (Toluidine blueX1000). F: Ultrathin section of G3 received 300 mg UA showing destructed endothelial 

lining (dotted arrows), dense granules in podocyte cytoplasm (black stars) with fused thickened footlets (black arrows) 

(TEM X 10000). 

 

 
Figure 2: A: Semithin section of G1 showing normal proximal tubule (black arrows) and thin Peritubular capillaries 

(white arrows) (Toluidine blueX1000). B: Ultrathin section of G1 showing part of proximal tubules showing large 

euchromatic nucleus (N), normal brush boarder (white arrow), normal based infoldings (thin black arrows), and 

mitochondria (white star). Normal basement membrane thickness (thick black arrow) (TEM X 3600). C: semithin 

section of renal corpuscle from G2 received 100 mg UA showing tiny vacuoles in basal parts of PT (thin arrows). Few 

dark degenerated cells (dotted arrows). Notice: marked peritubular capillaries (white arrows) (Toluidine blueX1000). 

D: Ultrathin section of G2 received 100 mg UA showing basal tiny vacuoles (black arrows), intact crowded 

mitochondria (stars), intact brush boarder (white arrow) (TEM X 3000). E: semithin section of renal corpuscle from G3 

received 300 mg UA showing shrunken tubules with numerous basal vacuoles (black arrows), desquamated cells 
(dotted white arrows), and dilated capillaries (white arrows) (Toluidine blueX1000). F: Ultrathin section of G3 

received 300 mg UA shows basal part of proximal tubules showing marked degeneration of basal infoldings, 

mitochondria and electron dense irregular spaces (stars) and Degenerated cell in the lumen (white star) (TEM X 

36000).  
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Figure (3): Ultrathin sections of mitochondria in proximal tubules of: A: G1 showing normal mitochondria with intact 

cristae (arrows) (TEM X 9000). B: G2 received 100 mg UA show vacuolation (V) with slight changes in mitochondria 

(arrows) (TEM X 14000). C: G3 received 300 mg UA) showing swollen mitochondria, rarified matrix and damaged 

cristae (arrows) (TEM X 9000). D: G3 showing severely affected proximal tubule with marked deformity of 

mitochondria (bell dump shape) having dark matrix and vesicular cristae (arrows). The cytoplasm showed loss of 

normal basal enfolding (stars) (TEM X 14000). 

 

Table 1: Body weight, body weight gain (%), and kidney index of control and UA-treated groups. 
 

Parameter Control (G1) 100 mg UA/kg (G2) 300 mg UA/kg (G3) 

Body weight (g) 
At the start 195.18±3.06 199.55±5.34 198.27±6.15 

At the end 331.15±4.65 329.41±13.62 322.97±7.67 

Body weight gain (%) 70.25±4.50 65.17±5.58 60.98±2.84 

Kidney index 0.3440±0.00674 0.3435±0.00707 0.3769±0.00707 a, b 

The data are expressed as the means ± SE. (a): significance versus G1; (b): significance versus G2. 

Percentage change in the body weight was calculated as final weight – initial weight divided by initial weight × 100. 

 

Table 2: Effect of usnic acid (UA) administration (100 or 300 mg/ kg) on kidney function parameters. 
 

Parameters Group (1) (1% CMC) Group (2) (100 mg UA/kg) Group (3) (300 mg UA/kg) 

Mg (mmol/L) 1.01±0.04 1.07±0.04 1.34±0.05a, b 

CA (ì/L) 2.605±0.04 2.689±0.02 2.828±0.08a 

ALP (ì/L) 125.7±7.03 115.10±5.04 117.0±11.16 

ACP (ì/L) 3.922±0.19 3.305±1.05a 2.871±0.35a 

BUN (ì/L) 6.35±0.99 7.93±0.83 12.06±0.62a 

CREA (ì/L) 31±1.48 47±2.52a 65±4.42a 

URCA (ì/L) 77.1±8.11 85.1±11.88 70.125±8.24 

Data were expressed as the means ± SE. (a) Significance versus group (1); (b) significance versus group (2).  

Mg: Magnesium; CA; Calcium; ALP: Alkaline phosphatase; ACP: Acid phosphatase; BUN: Blood urea nitrogen; 

CREA: Creatinine; URCA: Uric acid. 

 

DISCUSSION 
 

It is well known that the kidney is the site where most 
drugs and their metabolites are eliminated with 

subsequent drug-induced renal injury.[17] Usnic acid is 

known as a thermogenic agent with numerous biological 

effects.[18,19] It was used in several lipolytic preparations 

to control body weight gain and treat obesity.[20] In the 

present study, UA at both concentrations did not produce 

any significant changes in the body weight of lean rats.  
Data regarding the effect of UA on lean body weight are 

lacking, and most studies have concentrated on its effect 

as a thermogenic agent in obese individuals.[21] 
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UA toxicity was reported in both human and 

experimental animal liver. Acute liver failure was 

reported in human intoxication upon the administration 

of usnic acid or food supplements containing UA.[21-25] 

Literature regarding the association between 

nephrotoxicity and UA is unavailable. In the present 
study, UA at a higher concentration (300 mg/kg) was 

found to significantly increase the kidney index. 

Increased kidney weight due to inflammatory reactions 

was described with nephrotoxic drug-induced lesions.[26] 

The increase in the kidney index observed herein could 

be related to peritubular capillary dilation and congestion 

observed in semi-thin sections of those samples. A 

similar observation was reported in renal disorders 

associated with many drug and herbal toxic changes.[27] 

 

Biochemical analysis of kidney functions showed that 

UA at a low dose (100 mg/kg) significantly increased 
serum albumin and creatinine. Blood urea nitrogen 

(BUN) and creatinine were also significantly increased in 

the high-dose group. Acid phosphatase was found to be 

significantly decreased at both doses. An insignificant 

decrease in alkaline phosphatase was found. Estimation 

of the serum creatinine and BUN levels was used in 

studies to evaluate the functional and structural integrity 

of kidney glomerular and tubular components.[28,29] Kore 

et al.[30] and Babu et al.[31] reported that the creatinine 

and BUN serum levels could be used as reliable 

indicators to evaluate renal function. Its increase in 
serum could be either related to a decreased glomerular 

filtration rate[32] or damaged renal tubules.[33] Both 

structural alterations were observed at the level of the 

ultrastructure of the present samples. Acid phosphatase is 

a lysosomal enzyme that hydrolyses organic phosphates 

at an acidic pH. It was reported to be in the proximal 

tubule basal infolding, glomerular capillary basal lamina, 

podocyte membrane and endothelial basement 

membrane, where it was suggested to play a role in 

facilitating ultrafiltration and the clearance of 

macromolecular debris.[34] Thus, one can conclude that 

the damage of those membranes by UA could underline 
the increase in acid phosphatase observed in the present 

study. However, other sources of this enzymes could 

have an impact. 

 

In the present study, UA at a high dose (300 mg /kg) 

resulted in a significant increase in Mg and Ca, and the 

mitochondrial calcium content was reported to be linked 

to oxidative phosphorylation. Nylen and Wrogemann[35] 

and Glesby et al.[36] reported that muscle necrosis in 

dystrophic mice was linked to the accumulation of 

calcium within mitochondria and increased serum 
calcium. Thus, the increase in calcium could, in the 

present study, have a similar role in the tubular epithelial 

damage observed herein. 

 

Recent work has shown that UA results in ATP depletion 

that was suggested to alter the homeostasis of calcium 

with subsequent cellular damage.
[37]

 The magnesium ion 

Mg2+ acts as a cofactor for ATP, which is essential for 

cell life, and it was also reported to play a role as a 

second messenger.[38] Variations in external Mg2+ can 

modulate the activity of ATP synthase and control the 

rate of oxidative phosphorylation.[39] The increase in Mg 

concentration in the present study was most likely linked 

to the increase in Ca and inhibition of ATP synthesis by 
UA.[40] This suggestion must be confirmed by further 

studies. Biochemical kidney function alterations were 

previously reported in cases of chemical- and drug-

induced nephrotoxicity; the mechanism was suggested to 

be due to both glomerular and tubular damage.[41] 

 

Proximal tubule epithelial damage with alteration of 

mitochondrial organelles and increase in dense bodies 

are the main ultrastructural changes observed in the high-

dose group.[42,43] The uncoupling of oxidative 

phosphorylation by UA was known to occur via the 

inhibition of mitochondrial function.[18] UA toxicity of 
cardiac fibroblasts was attributed to be related to 

mitochondrial imbalance.[12,44] 

 

Usnic acid at a dose of 50 or 200 mg/kg for 5 days was 

reported by Pramyothin et al.[45] to result in 

mitochondrial swelling in rat hepatocytes. A similar 

finding was observed by Al-Ahmadi et al.[9] in rat 

hepatocytes. The increase in dense bodies was described 

to be associated with degenerative changes in kidney 

tubular cells.[46] Based on both present biochemical and 

ultrastructural recorded data, the present study could be 
preliminary, and the nephrotoxic effect encountered at a 

high dose could be attributed to the low solubility of UA 

in water[47] with possible accumulation in proximal renal 

tubules and subsequent damage of cellular organelles, 

namely, mitochondria. Further work is needed to study 

the exact mechanism underlying the nephrotoxic effect 

of UA. 

 

In conclusion, both biochemical and ultrastructural 

studies performed in the present study pointed to the 

safety of UA regarding kidney function and structure 

when administered at low doses. Chronic use of UA at 
high doses exerts a nephrotoxic effect. Monitoring 

kidney function must be performed in those administered 

supplements containing UA, and an alternative use of 

renoprotective agents could be advised. 
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