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ABSTRACT 

Renal diseases are increasing worldwide with attendant high morbidity 

and debility. There is no known cure for kidney damage as there is still 

no licensed drugs that satisfactorily restore lost kidney functions. 

Nephroprotection was assessed by determining the serum 

concentrations of creatinine, urea, potassium, chloride and sodium in 

kidney tissue homogenates after a repeated high dose of gentamicin 

and paraquat. The protective effects of the extract on the hepatic and 

nephrotic architecture were evaluated through histopathogical studies. 

Preliminary phytochemical studies showed that extract is rich in 

saponins and carbohydrates. Beta glucan enriched fraction of Pleurotus 

tuberreguim sclerotia administration (100-250 mg/kg, p.o) 

significantly reduced the levels of serum creatinine, blood urea,  

chloride and sodium in gentamicin treated rats when compared to the animals treated with 

gentamicin alone. Rats in control group showed normal glomerular and tubular histology 

whereas gentamicin treated group was found to cause distorted tubular shape, cellular 

infiltration of the tubules (tubulitis), glomerular and blood vessel congestion and also resulted 

in the presence of inflammatory cells in kidney sections. Similar result was also found in the 

paraquat treated rats. The study suggest that, in addition to its high nutritive value, P. 
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tuberregium has nephroprotective effects and its consumption could protect the kidneys from 

oxidative damage caused by drugs and other environmental toxicants. 

 

KEYWORDS: Gentamicin, Paraquat, Pleurotus tuberreguim, Beta glucan. 

 

INTRODUCTION 

Pleurotus tuberregium (Osu) is a tropical edible mushroom that produces the edible 

sclerotium or underground tuber as well as mushroom (Oranusi et al., 2014). Pleurotus tuber-

regium is a tropical sclerotial mushroom which has been gaining interest in Nigeria. Being 

sclerotial, the mushroom produces a sclerotium, or underground tuber, as well as a mushroom 

(Adedokun & Thomas 2014). Both the sclerotium and the mushroom are edible. In Nigeria P. 

tuber-regium is used as both food and medicine. Beta glucan comprises a group of β-D-

glucose polysaccharides naturally occurring in the cell walls of cereals, yeast, bacteria and 

fungi, with variable physicochemical properties dependent on source. Kidney failure 

describes a medical condition in which the kidneys fail to adequately filter toxins and waste 

products from the blood. Kidney damage is said to occur when glomerular filtration rate 

(GFR) is <60 ml/min/L (Okwuonu, et al., 2017). The two forms are acute and chronic; a 

number of other diseases or health problems may cause either form of renal failure to occur. 

Gentamicin is one of the leading causes of drug-induced nephrotoxicity. This has led to the 

use of gentamicin-nephrotoxicity induction in animal models (Nworu et al., 2014). 

 

Paraquat with a chemical name of 1, 1’- dimethyl-4, 4’-bipyridium and chemical formula C12 

H14N2Cl2 is a toxic chemical that is widely used as a herbicide (Raghu et al., 2013). It is 

eliminated mainly by the kidney and acute renal failure has been recognized as a 

complication of paraquat poisoning, with reports of both oliguric and non-oliguric cases. 

Distortion in renal tubules occurs when exposed to paraquat and paraquat can induce 

congestion of kidney blood vessels and degeneration of glomeruli (Gu et al., 2016).  

 

MATERIALS AND METHODS 

Study area 

This study was conducted in Nnamdi Azikiwe University, Department of pharmacology and 

toxicology Awka. Awka is located in south eastern Nigeria. 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6823533/#B14
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Study materials 

Pleurotus tuberregium (Pleuroteceae) was sourced from Eke Awka market. The identification 

and authentication was done by a Taxonomist, Mr Alfred Ozioko of International Centre for 

Ethno medicine and drug development, Nsukka. 

 

Wistar rats and mice were used for this study. The animals were obtained from the animal 

house of Faculty of Pharmaceutical Sciences, Nnamdi Azikiwe University Awka. The 

animals were housed in groups of 4, in standard cages, at room temperature (25±3°C), with 

12 h dark/12 h light cycles, food and water adlibitum. Twelve hours prior to the experiments 

they were transferred to the laboratory and given only water ad libitum. 

 

3.2.2. Extraction of beta glucan enriched extracts  

The β-glucan rich polysaccharide fraction of Pleurotus tuberregium(PTR)was extracted 

traditionally from 1 kg portion of the powdered sclerotia of Pleurotus tuberregium. The 

mushroom (1kg) was extracted with 96 % ethanol (11.25 L) at 80
o
C for 3 h to remove low 

molecular mass compounds. The air dried residue was extracted with 2.5 L of hot distilled 

water (98
o
C) for 4 h. Beta glucan was precipitated from PTR with the addition of 1.5 volumes 

of absolute ethanol overnight at 4
o
C. The precipitate was centrifuged and the supernatant 

recovered after centrifugation freeze dried to obtain a beta glucan rich fraction. 

 

Determination of the median lethal dose (LD50) of the beta glucan enriched extract of 

pleurotus tuberregium sclerotia 

Acute toxic effect of the extract was determined by estimating the median lethal dose (LD50) 

using the method of Lorke (1983). 

 

NEPHRO-PROTECTIVE ASSAYS 

Induction of nephrotoxicity using gentamicin 

The gentamicin-induced nephrotoxicity in rats was performed according to the method of 

Bag & Mumtaz (2013) with some modification. Twenty five Wistar albino rats of either sex 

were assigned to five groups (n= 5) and were given the following treatments:  

Group I: Rats in thisgroup were injected with normal saline,intraperitoneally and served as 

control. Group II: Rats in this group were injected with gentamicin (100 mg/kg, i.p) for 

seven consecutive days. Group III: Rats in this group were injected with gentamicin (100 

mg/kg,i.p) and administered beta glucan (50 mg/kg p.o) for seven consecutive days. Group 

IV: Rats in this group were injected with gentamicin (100 mg/kg, i.p) and administered beta 
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glucan (100 mg/ kg, p.o) for seven consecutive days. Group V: Rats in this group received 

gentamicin (100 mg/kg, i.p) and administered beta glucan (250 mg/ kg, p.o) for seven 

consecutive days. 

 

Induction of nephrotoxicity using paraquat 

The effect of the extract on nephrotoxicity induced by paraquat was performed by Sharifi-

Rigi, A., Heidarian, E. (2019).Twenty five Wistar albino rats of either sex were assigned to 

five groups (n= 5).Group I: Rats in this group received normal saline,intraperitoneally and 

served as control. Group II: Rats in this group were injected with paraquat (25mg/kg, i.p) for 

14 days. Group III: Rats inthis group were injected with paraquat (25mg/kg, i.p) and 

administered beta glucan (50 mg/kg, p.o) for 14 consecutive days. Group IV: Rats inthis 

group were injected with paraquat (25mg/kg, i.p) and administered beta glucan (100 mg/ kg, 

p.o) for 14 consecutive days. Group V: Rats in this group were injected with paraquat 

(25mg/kg) and administered beta glucan (250mg/kg) for 14 days. 

 

After 24 hours of the last dosing of the nephrotoxic agents, they were anaesthetised with 

diethyl ether and 2-3 ml of blood samples was collected via the retro-orbital plexus. Serum 

was separated by centrifugation and the concentrations of urea, creatinine and electrolytes 

such and (potassium, sodium and chloride) in the sera samples were measured using standard 

methods. The Rats were sacrificed; kidneys excised, rinsed clean in saline and preserved in 

10 % formalin for histopathological study conducted in Department of Veterinary Medicine, 

University of Nigeria, Nsukka. 

 

3.2.7. Statistical Analysis 

To demonstrate statistical significance of data, One-way Analysis of Variance (ANOVA) 

followed by Tukey’s post hoc test was performed using GraphPad Prism 5 software 

(GraphPad Software, Inc., San Diego, CA). Generally, differences between test and control 

treatments are considered significant at P < 0.05. 

 

RESULTS 

Extraction 

The extraction of the mushroom plant, Pleurotus tuberregium (PTR) 1000g yielded 17.12 g 

(1.71 % w/w) of the β-D glucan rich polysaccharide fraction. 
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Result of Phytochemical Analysis of Extract  

The extracts were found to be abundantly rich in saponins and carbohydrates. Protein and 

alkaloids moderately present while tannins, terpenoids and cardiac glycosides were absent.  

 

Acute Toxicity Test 

In the acute toxicity tests in mice, beta-glucan enriched extract ofPleurotus tuberregium 

sclerotia (βGPTS) administered orally at doses up to 5 g/kg body weight did not cause deaths 

in the mice after 24 h observation period in the two phases of the tests. There was generally 

the absence of symptoms of toxicity. The LD50 is therefore deemed to be greater than 

5000mg/kg and it’s safe when administered orally for all practical purposes. 
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Plate A: (Group 1-genta) section of kidney 

tissue shows normal kidney histology 

Bowman’s capsules (Short arrow) and 

tubules (Long arrow) are normal (x100, 

H&E) 

Plate A:Plate B: (Group 2-genta) section of 

kidney tissue shows normal histology of 

Bowman’s (Short arrow) capsules and 

tubules but with diffuse areas of necrosis 

(Long arrow) (x100, H&E). 

  
Plate C: (Group 3-genta) section of kidney 

tissue shows normal Bowman’s capsules 

(Short arrow) and tubules architecture with 

early sign of fibrosis (Long arrow) (x100, 

H&E). 

Plate D: (Group 4-genta) Section of kidney 

tissue shows distortion of glomerular (Long 

arrow head) and tubular (Short arrow head) 

architecture with mild presence of 

inflammatory exudates (I) (x100, H&E). 
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Plate E: (Group 5-gentamicin) section of 

kidney tissue shows normal Bowman’s 

capsules (Short arrow) and tubules 

architecture but with unremarkable presence 

of lymphocytes (Long arrow) (x100, H&E) 

Plate F: (Group 1-Paraquat) section of 

kidney tissue shows normal kidney 

histology. Bowman’s capsules (Short arrow) 

and tubules (Long arrow) are normal (x100, 

H&E), 

  
Plate G: (GROUP 2-Paraquat) section of 

kidney tissue shows mildly distorted 

Bowman’s capsules (Short arrow) and tubules 

architecture with early sign of fibrosis(Long 

arrow) (x100, H&E) 

Plate H: (GROUP 3-paraquat) section of 

kidney tissue shows normal tubules 

architecture with early sign of fibrosis 

(Long arrow) (x100, H&E) 



Ugwu et al.                                                                          World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 10, Issue 5, 2021.      │     ISO 9001:2015 Certified Journal      │ 

 

    1432 

 

Paraquat was first used in agriculture for the first time in 1962 (Han et al., 2014). Paraquat 

has been recorded to cause nephrotoxicity through oxidative stress, inflammation, apoptosis, 

and direct damage to renal tubules (Wei et al., 2014). Paraquat exerts its herbicide action by 

preventing reduction of NADP
+
 to NADPH during photosynthesis (Atashpour et al., 2017). 

Renal toxicity attributive to aminoglycosides is of major clinical concern because of their 

widespread use (Shalini et al., 2016). Reactive oxygen species (ROS) have been implicated in 

the pathogenesis of gentimicin-induced kidney injury. This results in severe tissue damage 

and degeneration. Cr and urea are considered the most important indicators of kidney 

function. (Shalini et al., 2016). The results of the present study revealed that the beta glucan 

enriched fractions of PTR schlerotia possesses significant nephroprotective effect against 

gentamicin and paraquat -induced nephrotoxicity. Preliminary phytochemical studies showed 

high presence of carbohydrates and saponins and little presence of protein and tannins. Most 

of the bioactive polysaccharides previously isolated from mushroom are water-soluble 

(1→3)- β-D-glucans with (1→ 6)-β-linked side branches (Schmid et al., 2001). Thus, for the 

  
Plate I: (GROUP 4-paraquat) section of 

kidney tissue shows normal Bowman’s 

capsules (Short arrow) and tubules 

architecture but with unremarkable cellular 

hyperplasia (Long arrow) (x100, H&E). 

Plate J: (GROUP 5- paraquat) section of 

kidney tissue shows normal kidney 

histology. Bowman’s’ capsules (Short 

arrow) and tubules (Long arrow) are 

normal (x100, H&E). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6823533/#B3
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present study, the β-D glucan- rich polysaccharide fraction of P. tuberregium sclerotia was 

extracted and subjected to evaluation for nephroprotective activities. The significantly high 

blood urea in the gentamicin alone group suggests kidney injury. The administration of 

BGPTS prevented gentamicin-induced nephrotoxicity, significantly (P < 0.05) reducing urea 

accumulation in the BGPTS 100mg/kg (mid dose) and BGPTS 250mg/kg (high dose) groups. 

The effect of ROS in the body is usually suppressed by antioxidant enzyme systems. The 

suppression of gentimicin-induced nephrotoxicity by the extract may have resulted from the 

anti-oxidant properties (Okokon et al., 2011, Nworu et al., 2014). They attributed the 

activities to antioxidant potentials via mopping up trichloromethyl free radicals as they are 

formed, thereby limiting their damaging effects on hepatocytes.there was equaly a significant 

reduction in the chloride and soduim ions measure between the treatment group and the 

negative control group. No significant reduction was observed while measuring for potassium 

ion. 

 

In this study, we observed a significant increase in serum urea and Creatinine in the group 

that received only paraquat compared to the control/treatment groups which is consistent with 

previous studies. 

 

Histopathological examination of rat kidney sections of gentamicin alone(Plate A) group 

showed impaired renal morphology throughout, with severe tubular degeneration, presence of 

inflammatory exudates, fibrosis and areas of necrosis. Kidneys from animals concurrently 

treated with 50 mg/kg BGPTS showed moderate degenerative changes in the glomeruli and 

tubules, while animals treated with 100 mg/kg BGPTS showed significant nephroprotection 

with minimal degenerative changes in the glomeruli and tubules. The high dose 250 mg/kg 

BGPTS provided the highest protection, with near normal appearance of glomeruli, 

interstitium, and tubules in the kidney, indicating significant nephroprotection (Plate 

B,C,D,E,G,H,I,J). 

 

CONCLUSION AND RECOMMENDATIONS 

The findings reported in the study indicate that the oral administration of enriched fraction of 

beta glucan from the sclerotia of Pleurotus tuberreguim exhibited significant 

nephroprotective effects against organ damages induced by various toxicants. We equally 

recommend that more concerted efforts are still needed for the isolation, characterization and 

biological evaluation for the active principles of the extract. 

 



Ugwu et al.                                                                          World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 10, Issue 5, 2021.      │     ISO 9001:2015 Certified Journal      │ 

 

    1434 

REFERENCES 

1. Atashpour S, Jahromi HK, Jahromi ZK, Zarei S. Antioxidant effects of aqueous extract of 

Salep on Paraquat-induced rat liver injury. World J Hepatol, 2017; 9: 209–216. 

2. Bag A.K., Mumtaz S.F. Hepatoprotective and nephro-protective activity of 

hydroalcoholic extract of Ipomoea staphylina leaves. Bangladesh Journal of 

Pharmacology, 2013; 8: 263-68. 

3. Gu S-Y, Yeh T-Y, Lin S-Y, Peng F-C. Unfractionated bone marrow cells attenuate 

paraquat-induced glomerular injury and acute renal failure by modulating the 

inflammatory response. Sci Rep., 2016; 6: 23287. 

4. Han J, Zhang Z, Yang S, Wang J, Yang X, Tan D. Betanin attenuates paraquatinduced 

liver toxicity through a mitochondrial pathway. Food Chem Toxicol, 2014; 70: 100-106. 

5. Lorke D. A new approach to practical acute toxicity testing.Archives of Toxicology, 1983; 

54(4): 275-87. 

6. Nworu C.S., Ihim S.A., Ugwu, L.E., Laiyemo, K.A., Akah, PA. Hepato- and 

Nephroprotective Activities of a Nigerian Local King Tuber Oyster Mushroom, Pleurotus 

tuberregium (Higher Basidiomycetes), in Chemically Induced Organ Toxicities in Rats. 

International Journal of Medicinal Mushrooms, 2014; 16(4): 305–318. 

7. Okokon JE, Nwafor PA, Noah K. Nephroprotective effect of Croton zambesicus root 

extract against gentimicin-induced kidney injury. Asian Pacific Journal of Tropical 

Medicine, 2011; 4(11): 969-972. 

8. Okwuonu C.G., Chukwuonye I.I., Adejumo O.A., Agaba E.I., Ojogwu L.I. Prevalence of 

Chronic Kidney Disease and Its Risk Factors among Adults in a Semi‑urban Community 

of South-East Nigeria. Nigeria Postgraduate Medical Journal, 2017; 24: 81-7. 

9. Olutayo M. Adedokun,Rachel Thomas. Determination of appropriate growth medium for 

production of sclerotia inpleurotus tuber-regium. Journal of Agriculture and Food 

Sciences, 2016; 14(2): 15-21. 

10. Raghu, K., V. Mahesh, P. Sasidhar, P.R. Reddy, V. Venkataramaniah and A. Agrawal, 

Paraquat poisoning: A case report and review of literature. Journal of Family Community 

Medicine, 2013; 20: 198-200. 

11. Schmid F., Stone B.A., McDougall B.M., Bacic A., Martin K.L., Brownlee R.T., Chai E., 

Seviour R.J. Structure of epiglucan, a highly side-chain/branched (1/3; 1/6)-β-glucan 

from the micro fungus Epicoccum nigrum Ehrenb. Ex Schlecht. Carbohydr., Res., 2001; 

331: 163–171. 

https://www.ncbi.nlm.nih.gov/pubmed/6667118


Ugwu et al.                                                                          World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 10, Issue 5, 2021.      │     ISO 9001:2015 Certified Journal      │ 

 

    1435 

12. Shalini Virani, Shaily Bhatt, Manish Sain, Saxena KK. Aloe vera attenuates gentamicin-

induced nephrotoxicity in wistar albino rats: Histopathological and biochemical changes. 

Asian journal of Pharmaceutical and Medical research, 2016; 9(1): 113-117. 

13. Sharifi-Rigi, A., Heidarian, E. Therapeutic potential of Origanum vulgare leaf 

hydroethanolic extract against renal oxidative stress and nephrotoxicity induced by 

paraquat in rats. Avicenna Journal of Phytomedicine, 2019; 9(6): 563-573. doi: 

10.22038/ajp.2019.13466 

14. U.S. Oranusi, C.U. Ndukwe and W. Braid. Production of Pleurotus tuber-regium (Fr.) 

Sing Agar, chemical composition and microflora associated with sclerotium. 

International Journal of Current Microbiology and Applied Sciences, 2014; 3(8): 115-

126. 

15. Wei T, Tian W, Liu F, Xie G. Protective effects of exogenous β-hydroxybutyrate on 

paraquat toxicity in rat kidney. Biochem Biophys Res Commun, 2014; 447: 666-671. 


