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Evaluating the role 
of polysaccharide extracted 
from Pleurotus columbinus 
on cisplatin‑induced oxidative renal 
injury
Sahar S. Mohamed 1, Ghada S. Ibrahim 1, Mona A. M. Ghoneim 2 & Amal I. Hassan 2*

This research aimed to examine the antioxidant polysaccharide activity (PsPc‑3) derived from 
Pleurotus columbinus (P. columbinus) on oxidative renal injury (ORI) induced by cisplatin (CP). The 
principal components of crude polysaccharide were assessed. We studied the preventive impact 
of polysaccharide on cisplatin‑induced renal damage in this study. For 21 days, we employed the 
CP‑induced ORI rat model and divided the rats into four groups: control, CP alone, polysaccharide 
post CP (100 mg/kg) orally, and CP + polysaccharide (pre and post). The chemical characterization of 
the polysaccharide fraction PsPc‑3 stated that protein was not present. PsPc‑3 contained 7.2% uronic 
acid as assessed as 0% sulfate. PsPc‑3 hydrolysate structured of Galacturonic:Glucose:Xylose and 
their molar proportions were 1:4:5, respectively. The average molecular weight (Mw) and molecular 
mass (Mn) per molecule of PsPc‑3 were 5.49 ×  104 g/mol and Mn of 4.95 ×  104 g/mol respectively. DPPH 
radical scavenging activity was demonstrated by the polysaccharide of 65.21–95.51% at 10 mg/ml 
with IC50 less than 10 mg/ml. CP increased serum urea to 92.0 mg/dl and creatinine up to 1.0 mg/dl, 
with a concurrent decrease in the levels of total protein to 4.0 mg/dl. Besides, Also, CP‑induced ORI 
raised levels of malondialdehyde (MDA), alkaline phosphatase (ALP), and renal hormones (renin and 
aldosterone), with a decline in antioxidants compared to control rats. In addition, in the presence 
of CP, interleukin‑6 (IL‑6) and tumour necrosis factor‑alpha (TNF‑alpha) levels increased. PsPc‑3 
decreased these changes dramatically. PsPc‑3 improves pathological renal damage caused by CP 
and decreases tubular apoptosis measured by DNA ladder formation and cleaved caspase‑ 3. These 
findings showed that PsPc‑3 isolated from P. columbinus protects and inhibits tubular apoptosis in 
cisplatin‑induced ORI. Furthermore, PsPc‑3 has no influence on the anticancer efficacy of CP in rats. 
Thus, PsPc‑3 derived from P. columbinus might provide a novel therapy method for cisplatin‑induced 
nephrotoxicity.

Abbreviations
CP  Cisplatin
ORI  Oxidative renal injury
Mn  Molecular mass
Mw  Molecular weight
MDA  Malondialdehyde
ALP  Alkaline phosphatase
CAT   Catalase
IL-6  Interleukin-6
IL1β  Interleukin 1-beta
TNF- α  Tumour necrosis factor-alpha
PsPc-3  Polysaccharide isolated from P. columbinus
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ARF  Acute renal failure
HepG2  Hepatoma cell
TCA   Trichloroacetic acid
H2SO4  Hydrochloric acid
PI  Polydispersity index
IR  Infrared
FTIR  Fourier transform infrared
DPPH  1,1-Diphenyl-2-picrylhydrazyl
NaCl  Sodium chloride
GSH-Px  Glutathione peroxidase
GSH  Glutathione
NADPH  Nicotinamide adenine dinucleotide phosphate
SOD  Superoxide dismutase
RIA  Radiation immunoassay
EDTA  Ethylenediaminetetraacetic acid
HCl  Hydrochloric acid
H  Hematoxylin
E  Eosin
EPS  Exopolysaccharide
AKI  Acute kidney injury

Cisplatin (dichlorodiamino platinum) is one of the chemotherapy drugs, which is used for the treatment of a 
variety of solid malignant tumors encompassing the testis, lung, head, neck, and bladder  cancers1. Cisplatin usage 
is also restricted by numerous significant adverse outcomes such as suppression of bone marrow, neuropathy, 
and  nephrotoxicity2. Improvement of the awareness of the pathogenesis of acute renal failure (ARF) caused 
by cisplatin is crucial if cisplatin-based treatment is to avoid ARF and enhance the survival of cancer patients. 
Polysaccharides are the most abundant group of natural, non-toxic biopolymers, isolated from various flora and 
fauna have been found to participate in many biological  processes3. Mushrooms have recently gained popular-
ity not only as a protein-rich health vegetable (food) but also as a source of physiologically active therapeutic 
value chemicals. Polysaccharides, antioxidants, and lectins are extremely important new pharmaceutical items 
for medicinal  mushrooms4.

Polysaccharides, which are generated by fungus, have a variety of biological capabilities, including antioxidant, 
antitumor, antibacterial, anti-inflammatory, immunomodulatory, anti-hyperglycemic, and anti-hypercholester-
olemic  effects5. As potential protective agents, the antioxidants present in mushrooms are of great importance in 
helping the human body mitigate oxidative damage without  intervention6. Moreover, some studies suggest that 
the possible results of their exploitation as novel therapies in some diseases were the polysaccharides derived 
from Agrocybe cylindracea7, Pleurotus eryngii8 and Flamolina phylotypes from  SMC9. As well as polysaccharides 
in the fungus PSP improve white blood cell effectiveness present in the peripheral vessels, then induces those 
cells to secrete interleukin-6, and stimulate the work of specialized white blood cells. Consequently, it increases 
the alpha- and gamma-type interferons by 2–4 times. Pleurotus spp. is pharmaceutical mushrooms as antiviral, 
antitumor, antibiotic, antibacterial, hypercholesterolemia, and immunomodulating  agent10.

The polysaccharides extracted from Pleurotus have shown therapeutic effects in cancer cells by preventing 
these cells from proliferating such as the cell of colon cancer Caco-2, hepatoma cell HepG2, cell of colon cancer 
type HT-29, and human fetal kidney cells  293T11–14. Pleurotus polysaccharides also display a defensive effect in 
a linoleic-acid modeling method against auto-oxidation15. Besides, powerful free radicals scavenging and sub-
stantial activities against bacteria as well as polysaccharide’s anti-inflammatory properties taken from different 
Pleurotus spp. in  publications16.

Pleurotus fruiting tissues have a greater antioxidant content than comparable commercial  mushrooms17. This 
behavior was caused mostly by the existence of P. ostreatus isolated Pleuran, a polysaccharide (-glucan), which 
has been shown to benefit rats’ colons with precancerous  lesions18. P. ostreatus increases the activity of significant 
enzymes of antioxidation (such as catalase, peroxidase, and superoxide dismutase), minimizing human oxidative 
 destruction19. Because of their increased free radical scavenging properties, oyster mushrooms are increasingly 
commonly employed as components in dietary supplements in the hopes of preserving health and avoiding 
 disease20 due to their higher activities that scavenge free  radicals21.

Towards the biological effect of polysaccharide from Pleurotus columbinus on cisplatin-induced oxidative 
renal injuries, this study was planned to investigate these findings.

Results
Isolation and chemical structure of PsPc‑3 from Pleurotus columbinus. Pleurotus columbinus PS 
output was 5.55 g/100 g dry weight. After ethanol fractionation, crude PS precipitated, the primary fraction 
called PSPc-3 was achieved. The PSPc-3 has been gathered for further structural assessment. It emerged as a 
white-yellow powder, with the Bradford test having an adverse response. The data that the UV spectra did not 
detect absorbance between 260 and 280 nm stated the particular protein was not present. PSPc-3 contained 7.2 
% uronic acid as assessed by colorimetric m-hydroxydiphenyl and 0 % sulfate. HPLC determined the structure 
of monosaccharides of PSPc-3 hydrolysate, in which Galacturonic:Glucose:Xylose was recognized in respect to 
their molar ratios in the hydrolysate were 1: 4: 5, respectively. Smiderle et al.22 and Silveira et al.23 were found 
to have a marked ant nociceptive impact when tested in mice, showing that mushroom heteropolysaccharides 
may also have therapeutic characteristics such as anti-inflammatory activity. By using chromatography of gel 
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permeation, the PSPc-3 Mw, Mn, and polydispersity index (PI) were assessed. The PSPc-3 was widely dispersed 
(PI) 1.11 in the GPC chromatogram and had an average Mw 5.49 ×  104 g/mol and Mn 4.95 ×  104 g/mol (Fig. 1).

Fourier transform infrared analysis (FT‑IR). FT polysaccharide-IR is an efficient strategy that is now 
utilized to identify functional groups and describe covalent bonding. The FTIR spectra of the PsPc-3 as indicated 
in Fig. 2 exhibited a wide hydroxyl (O–H) group stretching vibration at 3434.6  cm−1, indicating the existence 
of the OH axial deformation that matched the intermolecular and intermolecular hydrogen  bond24,25. It is well 
known that the hydroxyl groups of carbohydrates are what give EPS its characteristics and  solubility26. The sec-
ondary and primary  (CH2) bands at 2924.51  cm−1 have soft bands that could be explained by the C–H stretching 
of methyl or methylene groups in hexoses like glucose or deoxyhexoses like  rhamnose27. The absorption band 
in the vicinity of 1650.77  cm−1 represents the stretching vibration of the C=O  group28.  CH2 and OH bonding 
(Fig. 2) were depicted by the absorptions around 1419.35  cm−1. Strong absorption at 1077.05 and 1045.23  cm−1 
was ruled over by vibration-stretching glycosidic linkage (C–O–C)29,30. The absorption band at 917.452   cm−1 
indicates the vibrations of the glycoside bond C–O–C31. The presence of sulfated groups and/or the presence of 
polysaccharides are indicated by small peaks in the fingerprint region (region less than 1500  cm−1)32. The char-
acteristic band for α-D glucan is located at 833.098  cm−1. The presence of carboxyl groups in the FT-IR spectra of 
the polymer indicates that they may be used as an active site for the divalent  cations33 to scavenge DPPH radicals.

Antioxidant potential of PsPc‑3. Owing to its simplicity and reproducibility, the DPPH free radical assay 
is frequently used to evaluate the free-radical scavenging capacities of diverse natural substances. Results in 
Fig. 3, indicated that polysaccharide’s DPPH radical scavenging activity was 65.12–94.7% at 10 mg/ml concen-
tration. There was a finding that an increase in the incubation time increased the high degree of activity. The 
maximum inhibition was 94.7% after 90 min, and the lowest inhibition was 65.12% at zero time. By interacting 
with reactive oxygen species or by reduced oxidation of metabolites, antioxidants halt the generation of oxy-

Figure 1.  The molecular weight distribution of PsPc-3 from Pleurotus columbinus. 

Figure 2.  FT-IR spectrum of PsPc-3 from Pleurotus columbinus. 
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gen free radicals. Because the size of the carbohydrate molecule has the biggest impact on the polysaccharide’s 
capacity to scavenge free radicals, polysaccharide have better antioxidant capabilities than monosaccharides. The 
presence of other antioxidant components in the crude polysaccharide, such as microelements, which work in 
concert or interact with other substances present in the polysaccharide that has been partially purified, may be 
responsible for the significant  action34.

Body and kidney weight. The weight of the body was significantly less in the CP-treated groups, but the 
kidney weight increased than in the control group. Furthermore, body weight increased in both of the CP + PsPc-
3- and PsPc-3 + CP + PsPc-3-treated groups, but the kidney weight significantly decreased as compared to CP- 
control group (Fig. 4a,b), respectively.

Kidney functions. Cisplatin administration induced severe biochemical changes as well as oxidative imbal-
ance in the kidney. Serum levels of creatinine and urea were assessed as markers of renal functions. Cisplatin 
groups showed a significant increase (P < 0.05) in serum creatinine F (3, 16) = 6.02 and urea levels F (3, 16) = 74.83 
compared to control group. Concomitant treatment of rats with PsPc-3 significantly (P < 0.005) reduced the 
elevated amounts of urea and creatinine in the serum of cisplatin treated group to near control (Fig. 4c,d). In 
addition, Results revealed that total protein level was significantly F (3, 16) = 9.20 (P < 0.05) decreased in cisplatin 
treated rats as compared to control and treated with PsPc-3 groups (Fig. 4e).

Lipid peroxidation. Renal malondialdehyde was assessed as an index of renal lipid peroxidation. There was 
a significant increase of CP on MDA at the P < 0.05 level for the three conditions F (3, 16) = 33.05. PsPc-3 treat-
ment before and after cisplatin group significantly suppressed lipid peroxidation in comparison with cisplatin 
group (Fig. 4f). The activity of alkaline phosphatase was markedly increased in cisplatin-treated group when 
compared with control F (3, 16) = 20.50 (P < 0.05), while this activity was restored to near control values by poly-
saccharide administration (Fig. 4g).

Pro and inflammatory mediators. Figure 4h–j showed significant elevation in IL1β, IL6, and TNF-α levels in 
cisplatin treated rats as compared to control F (3, 16) = 35.12, 53.73, and 22.04, respectively (P < 0.05), and treated 
with PsPc-3 groups. Likewise, abuse of cisplatin led to a significant increase in myeloperoxidase F (3, 16) = 41.06, 
(P < 0.05), when compared to the control or treatment with PsPc-extract groups. In the same way, a significant 
increase in myeloperoxidase (MPO) occurred due to the effect of cisplatin. Interestingly, PsPc-3 administration 
significantly improved cisplatin-induced alterations in Myeloperoxidase (MPO), compared to the correspond-
ing values for the untreated cisplatin group, with the return to normal control values in the Cis + PsPc-3-treated 
groups (Fig. 4k).

Antioxidants. Table 1 illustrates the abnormally low levels of antioxidant enzymes (SOD, CAT, and GPx) 
and non-antioxidant enzyme (GSH) that are a characteristic of kidney injury caused by cisplatin. The activities 
of these antioxidants were markedly decreased in cisplatin treated Group when compared with control and these 
parameters were restored to near control values by PsPc-3 co-administration.

Figure 3.  DPPH scavenging activity of the PsPc-3 from Pleurotus columbinus. 



5

Vol.:(0123456789)

Scientific Reports |          (2023) 13:835  | https://doi.org/10.1038/s41598-022-27081-2

www.nature.com/scientificreports/

Figure 4.  (a) Effect of PsPc-3 against CP on kidney weight, (b) Body weight, (c) Urea, (d) Creatinine, (e) Total 
protein, (f) MDA, (g) ALP, (h) Proinflammatory cytokines, i) MPO. The data are means ± SE (n = 8). One-way 
ANOVA followed by Tukey’s multiple comparison post hoc test; the differences were considered significant at 
P ≤ 0.05. In the kidney weight, urea, creatinine, ALP, and proinflammatory cytokines (aP < 0.05 versus Control, 
CP + PsPC-3, and PsPc-3 + CP + PsPc-3, bP > 0.05 vs. Control); in total protein (aP > 0.05 vs. Control and P < 0.05 
vs. CP only, bP < 0.05 vs. Control, CP + PsPC-3, and PsPc-3 + CP + PsPc-3. In MDA (cP > 0.05 vs. Control, 
aP < 0.05 vs. Control, bP < 0.05 vs. CP alone treated group). Therefore, small letters (a, b, c) indicate a statistically 
significant difference.
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In cisplatin-treated rats, there is significant changes in renin and aldosterone were noticed F (3, 16) = 94.35 and 
30.01 (P < 0.05), treatment with PsPc-3 modulated these effects if compared to the non-treated group (P < 0.05) 
(Table 2).

DNA fragmentation as an index of cisplatin‑induced apoptotic activity. The adverse apoptotic 
effects of CP in animal rats were mostly observed in this work utilizing the DNA fragmentation approach 
(Fig. 5), where the DNA ladder represented a succession of pieces that are multiples of 180–200 bp. When ani-

Figure 4.  (continued)

Table 1.  Effect of PsPc-3 on SOD, SOD, GPx, and GSH. The data are means ± SE (n = 8). One-way ANOVA 
followed by Tukey’s multiple comparison post hoc test; the differences were considered significant at P ≤ 0.05. 
Small letters (a, b, c) indicate a statistically significant difference. F (*) indicates a statistically significant 
difference.

Parameters Control CP CP + PsPc-3 PsPc-3 + CP + PsPc-3 F

SOD (U/g) 10.27 ± 0.63a 4.06 ± 0.08b 11.14 ± 0.56a 13.22 ± 0.77a 37.42*

CAT (U/g) 21.86 ± 1.01a 12.57 ± 0.56b 20.43 ± 1.33a 24.57 ± 1.54a 16.77*

GPx (U/g) 30.57 ± 2.07a 16.14 ± 1.35b 34.29 ± 1.62a 29.08 ± 0.81a 42.71*

GSH (U/g) 34.57 ± 1.57b 21.71 ± 0.78c 36.86 ± 2.12ab 40.14 ± 2.15a 39.51*

Table 2.  Effect of PsPc-3 on renin and aldosterone. The data are means ± SE (n = 8). One-way ANOVA 
followed by Tukey’s multiple comparison post hoc test; the differences were considered significant at P ≤ 0.05. 
Small letters (a, b) indicate a statistically significant difference. F (*) indicates a statistically significant 
difference. aP < 0.05 versus control, CP + PsPc-3, and PsPc-3 + CP + PsPc-3, bP > 0.05 versus control.

Parameters Control CP CP + PsPc-3 PsPc-3 + CP + PsPc-3 F

Renin(ng/ml) 3.15 ± 0.11b 15.5 ± 1.08a 3.44 ± 0.27b 4.51 ± 0.48b 94.35*

Aldosterone (pg/ml) 489.20 ± 11.49b 1205.48 ± 112.01a 496.81 ± 50.47b 500.80 ± 39.62b 30.01*
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mals were exposed to a single dosage of 6 mg/kg CP, the diffuse pattern of DNA fragments was clearly visible, 
when compared to the control. In contrast, there was a significant reduction in DNA degradation following 
treatments with various doses of polysaccharide extract (post, pre and post). The anti-apoptotic protection was 
mostly based on the kind of seaweed extract utilized, with the 400 mg/kg ethanolic extract showing the most 
pronounced impact on reducing DNA structural damage after 60 days of therapy.

Histopathological findings of kidney tissue. There was no histopathological alteration and the normal 
histological structure of the glomeruli and tubules at the cortex were recorded in control group and group of 
normal rats treated with PsPc-3 (Fig. 6a,b respectively). While rats, which administered with cisplatin revealed 
focal inflammatory cells infiltration with fibrosis in between the glomeruli and tubules at the cortex, and degen-
erative change was noticed in the lining epithelium of some tubules at the (Fig. 6c,d). The corticomedullary por-
tion showed focal hemorrhage in between the tubules (Fig. 6e) post CP group. On the contrast, in polysaccharide 
(before and after)-group there was no histopathological alteration as recorded in (Fig. 6f,g).

Discussion
One of the most successful cancer treatments is the drug cisplatin, which is used to treat many solid tumors such 
as urinary system  cancers35. However, one of the most significant cisplatin side effects is nephrotoxicity, and this 
is due to its accumulation in the kidney  tissues36. The mechanism of nephrotoxicity-induced cisplatin is complex 
and not completely understood. Several cellular processes, including an aspect of increased oxidative stress and 
inflammation as well as programmed cell death, have been found  involved37. Successive doses of cisplatin lead to 
progressive and irreversible nephrotoxicity, including the use of preventive  measures38. In the current research, 
a single dose of cisplatin (6 mg/kg) revealed important declines in the body’s weight and kidney, the renal CAT, 
SOD, GSH, and GPx antioxidant enzymes, also DNA structure, ultimately resulting in AKI. These findings are 
closely similar to those reported from both animal  studies39 and research involving  humans40, but some of these 
researches used different oxidative stress factors. The quest for new pathways to avoid nephrotoxicity due to 
cisplatin is, therefore, a promising option.

In this study, we have demonstrated that PsPc-3’s protective function is to protect the tubular kidney against 
apoptosis in cisplatin-induced AKI. The phytochemical discoveries have led to the discovery of active substances 
in plants used in traditional remedies and to rely on them in the manufacture of a large proportion of medicines 
of plant  origin41. Mushrooms are naturally capable of accumulating minerals and vitamins, as well as a variety of 
secondary metabolites including organic acids, alkaloids, phenols, and  terpenoids42. Mushroom polysaccharides 
differ from other types of polysaccharides in regards to molecular weights, chemical characteristics, degree of 
branching, skeleton lengths, three-dimensional orientation, and other  properties43. The administration of PsPc-3 

Figure 5.  Agarose gel electrophoresis of the testicular DNA showing the activity of the PsPc-3 extract 
investigated in this study. Lane 1: the control group. Lane 2: CP-induced OKI in rats. Lane 3: the treatment with 
the PsPc-3–EtOH extract at the dose of 100 mg/kg post-3 days from the exposure to CP. Lane 4: the treatment 
with the PsPc-3 extract at the dose of 100 mg/kg before and after CP. M: marker (1 kb DNA ladder).
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extract significantly modifies the dysfunction of nearby renal tubular cells by slightly restoring the indicators 
of renal function in the blood to their normal limits and restoring the activity of the antioxidant system. We 
recorded the ability of this extract to modulate kidney function, which in turn improved kidney weight and the 
decline of inflammatory mediators. The antioxidant role of the mushroom extract as it contains polyphenols, 
which are the largest, broadest, and most common group known to inhibit free  radicals44. Thus, oxidative stress 
is inhibited, as reported in a study  by45. the imbalance of antioxidants and the generation of several harmful 
free radicals, including the hydroxyl radical OH, superoxide anion  O2, and hydrogen peroxide  H2O2

46. Because 
of kidney failure, concentrations of renal antioxidant enzymes (SOD, CAT, GSH, and GPx) were significantly 
reduced, as was apoptotic DNA fragmentation. Administration of a dose of PsPc-3 extract of 100 mg/kg for 
21 days significantly alleviated CP-induced kidney failure in rats, as evidenced by relieving and regulating all 
of the morphological, enzymatic, and DNA apoptotic features stated above. Chemotherapy, including CP, is 
distinguished by its devious ability to generate a high quantity of ROS, which has vandal effects on the cellular 
DNA, generating a range of biological repercussions such as cell death and inflammation, leading to impairment 
of numerous organs and systems.

The reducing power, and DPPH, hydroxyl, and superoxides scavenging activities, are frequently used to 
examine antioxidant activity in vitro. Many studies have found that fungi polysaccharides have antioxidative 
effects on these free radicals, which can induce lipid peroxidation and result in a broad range of  diseases47,48.

The analysis’s findings demonstrated the polysaccharide’s capacity to neutralize DPPH because the polysac-
charide’s antioxidant activity was shown by the IC50 value was 65.21–95.51% at 10 mg/ml. Polysaccharides 
are the primary biocompatible constituent of mushrooms, with antioxidant, anti-inflammatory, antitumor, 

Figure 6.  Light microscopy (LM) images showing the morphology of the normal sperms and their various 
defects; (a) normal kidney, (b) normal rats administered with the extract PsPc-3; (c,d) showing the degenerative 
change in the lining epithelium of some tubules at the cortex (red arrows) and focal inflammatory cells 
infiltration with fibrosis (yellow arrows) were detected in between the glomeruli and tubules at the cortex after 
the treatment with CP, also (e) the corticomedullary portion showed focal haemorrhage in between the tubules 
(blue arrow); (f,g) There was no histopathological alteration as recorded in the group was treated with the 
PsPc-3 extract at the dose of 100 mg/kg before and after CP (Giemsa stain; scale bare 50 µm).
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immunomodulatory, and other activities such as antifungal properties. Pleurotus mushrooms are considered a 
safe therapeutic arbitrator to be consumed as a functional food due to their biological  activities49.

Oxidative stress and the consequent lipid peroxidation may participate when free oxygen radicals have pro-
duced that interact with lipid membranes, leading to the formation of MDA and causing kidney  damage50. 
The results of our experiment aiming to study the protective role of the PS against cisplatin’s toxicity (at a level 
of 6 mg/kg) demonstrated its capacity for the PS (100 mg/kg) to reduce the MDA values. Polysaccharides can 
reduce oxidative damage by antagonizing the decrease in MDA content. Pleurotus polysaccharides have been 
shown in studies to reduce the body’s peroxidative damage by eliminating free  radicals51. Although the current 
study concluded a significant recovery effect on kidney function in the group that took the extract before and 
also before-after cisplatin, there are previous studies that evaluated proactive prevention with these components 
as more effective than the same treatments before and after cisplatin  dam52.

Methods
Extraction of mushroom sample. Dry powder of mushroom sample 200 g was accurately weighed and 
set into a conical flask 5 l then 2 l distilled water was added for the preparation of water  extracts53. The sample 
was collected for 24  h and then centrifuged at 5000  rpm for 10  min with a centrifuge (Sigma-Laborzentri-
fugen, 2K15). The supernatant (phenolic extract) was transferred to another flask and deposited at − 20  °C. 
After extraction of phenolic compounds, the remaining residue was used to extract polysaccharide by adding 
2 l of distilled water and placing it for 4 h in a boiling water direction, then centrifuged by a centrifuge (Sigma 
Laborzentrifugen, 2K15) at 5000 rpm for 10  min53.

Isolation and fractionation of PsPc‑3. The supernatant was treated with three volumes of ethanol to 
precipitate polysaccharide. The polysaccharide was extracted from the supernatant, and TCA 5 percent was 
 deproteinized54. Afterward, five volumes of cold ethanol had been used to precipitate polysaccharide. The pre-
cipitation resulted in centrifugation, re-dissolution in water (deionized), and dialysis for 3 days at a temperature 
of 4 °C. The residues were centrifuged for extracting the insoluble content, and then split with cold ethanol in 1, 
2, 3, and 4 volumes. For further work, fractions of the powder were  collected55.

By using glucose as normal through the phenol–H2SO4 method total sugars were  calculated56. The m-hydroxy-
phenyl technique was used to measure uronic acid using glucuronic acid as the  reference57. Sulfate was deter-
mined using a turbidimetric procedure after hydrolysis (6 N HCl, 100 °C, 5 h), using sodium sulphate as the 
 standard58. High-performance liquid chromatography (HPLC) has established the monosaccharide composi-
tion of the main fraction (PsPc-3). Approximately 200 mg hydrolyzed in a sealed tube for 12 h, by using 2 ml of 
3 N HCl, 100 °C. A large part of the acid was removed in the water bath at 50 °C by flash evaporation and then 
evaporated at the drying  temperature59. Aminex carbohydrate HP-87C column (300 × 7.8 mm) was used for the 
HPLC analysis, with deionized water serving as the mobile phase and a flow rate of 0.5 ml/min/°C. Through 
comparison with authentic sugars, the sugar was identified.

Molecular weight analysis. The average molecular weight (Mw) and average molecular mass (Mn) of 
polysaccharide were calculated using an Agilent 1100 HPLC system with a RI detector. Before injection, the 
polysaccharide has been dissolved in 2 ml of solvent and filtered through a 0.45 filter. The polydispersity index 
(PI) calculated from the Mw/Mn  ratio60,61.

FT‑IR spectrum. Scientific Bucker 500-IR FTIR (Bucker Co., Ettlingen, Germany) spectrophotometer with 
a length of 4000–400  cm−1 was used to evaluate the PS spectrum. The purified polysaccharide was ground with 
KBr powder of spectroscopic consistency and then squeezed into pellets for FTIR  measuring62.

Antioxidant potential analysis. The method described by Brand-Williams et al.63 was used to test the 
methanolic mushroom polysaccharide’s capacity to donate hydrogen atoms or electrons by bleaching the purple 
methanol solution of 1,1-Diphenyl-2-picrylhydrazyl (DPPH). The stable radical DPPH serves as the reagent in 
this spectrophotometric test. A solution of DPPH (0.1 mM) in methanol was prepared, and 1 ml of this solution 
was added to 1 ml of the methanolic polysaccharide of Pleurotus columbinus at a concentration of 10 mg/ml. The 
mixture was forcefully shaken and let to cool to room temperature. In a UV–VIS Spectrophotometer (Systron-
ics, Model 119) at various times over (zero, 30, 60, and 90) min, the absorbance was measured at 517 nm. The 
reaction mixture’s lower absorbance revealed a higher level of free radical scavenging activity. This equation was 
used to determine the ability to scavenge the DPPH radical:

where A0 is an absorbance of control reaction and A1 is the absorbance in the presence of sample of the mush-
room polysaccharide. The mushroom polysaccharide’s antioxidant capacity was quantified using an IC50 value 
and compared to the accepted standard. The amount of an extract (in mg/ml) that scavenges DPPH radicals by 
50% is known as the IC50 value.

In vivo experiment. Animals. In the present study, 32 adult male Sprague Dawley rats weighing 200–
240 g, aged 6–7 weeks, were used. The rats were obtained from the animal facility of Cairo University’s Institute 
of Ophthalmology. Rats were fed and given water ad libitum on a standardized laboratory healthy diet. The rats 
were kept at a temperature of 20 °C and subjected to a 12-h light/dark cycle.

DPPH scavenging effect (% ) = [(A0− A1/A0)× 100]
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The experimental protocol conducted in the study complies with the ethical guidelines and the principles for 
the care, use, and handling of experimental animals’ guidelines that following the Guide for the Care and Use of 
Laboratory Animals (NIH publication No. 85-23) were followed, as well as specific national laws where applica-
ble. The protocol was revised and approved by the Ethics Research Committee of National Center for Radiation 
and Technology, Egyptian Atomic Energy Authority Cairo, Egypt. This research was done in compliance with 
the ARRIVE guidelines and regulations.

Experimental design. Cisplatin-induced nephrotoxicity was performed by a single intraperitoneal (i.p.)64 cispl-
atin injection (6 mg/kg in 0.9% saline).

Male rats were randomly selected and split into four groups, each comprising eight animals, and treated for 
21 days as consequently:

Group 1: Rats were orally treated with saline.
Group 2: Rats were injected intraperitoneally with 6 mg/kg cisplatin (Sigma-Aldrich Co, St Louis, MO, USA) 
in 0.9% saline.
Group 3: Rats were co-administered orally with PsPc-3 100 mg/kg ethanol  extract65 (according to a prelimi-
nary experiment) post the third day of cisplatin  injection66,67 for 21 days.
Group 4: Rats were co-administered PsPc-3-treated 7 days before cisplatin treatment and cisplatin was admin-
istrated as in the cisplatin group, then PsPc-3 administration was continued for another 14 days post the third 
day by cisplatin injection (Fig. 7).

Blood assays and tissue sampling. Blood samples from the retro-orbital plexus were captured at end of the trial 
(24th day) and centrifuged to sera at 3000 rpm. They were anesthetized by using a combination of ketamine and 
2 percent  Rompun® (100 and 20 mg/ml respectively) anesthetized. 

The kidney was rapidly removed, cleaned with physiological saline, blotted with filter paper, weighed, and 
homogenized in ice-cold saline (0.9 NaCl). At 10,000 rpm, the homogeneous was centrifuged at 4 °C for 10 min, 
and the supernatant was set up for testing.

Assessment of lipid peroxidation (LP). The thiobarbituric acid reactant (TBAR) is an effective way to detect lipid 
 oxidation68. This assay tests malondialdehyde (MDA), results from the lipid oxidation of polyunsaturated fatty 
acids. The MDA responds to the formation of a pink chromogen (TBARS), which is estimated at 532–535 nm.

Figure 7.  Design in vivo experiment.
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Determination of kidney functions. Total protein assessment was performed using the technique of  Doumas69, 
albumin was also measured in rat  serum70. Serum urea and creatinine analysis were also done using the tech-
nique  of71. Biovision (Avenue, USA) kits were used to test serum alkaline phosphatase (ALP).

Determination of antioxidants. The extent of GSH-Px was determined using a spectrophotometric kit (Ran-
dox Laboratories, Crumlin, UK) using a technique developed  by72 in which GSH-Px catalyzed GSH oxida-
tion with GSH reductase, cumene hydroperoxide, and NADPH. The oxidised GSH was quickly decreased, and 
the amounts of GSH-Px (U/g protein) in the sample were lowered by the concurrent oxidation of NADPH to 
NADP+, resulting in reduced absorbance at 340 nm.

Glutathione reduced was consistent with the method reported  by73 using the kit obtained from Biodiagnos-
tic, Egypt. The spectrometric approach was applied to determine SOD activity using a commercial Ransod kit 
(Randox Laboratories, United Kingdom). Xanthine and xanthine oxidase are the tool for the production of super-
oxide radicals, which react in the red formazan dye with 2-(4-diodenyl)-3-(4-nitrophenol)-5-phenyltetrazolium 
chloride. The findings have been expressed as U/g protein.

Depending on the method  of74 estimated CAT activity. Spectrophotometrically tracked at 240 nm (Shimadzu 
UV 1601, Japan), the decomposition of the substrate  H2O2 has been observed. A change in absorption was cal-
culated by CAT activity and finally expressed by U/g tissue.

Pro and inflammatory biomarker evaluation. TNF- α, IL1β, and IL-6 levels was measured using commercially 
available kits (ABCAM, Kendall Square, Suite B2304, Cambridge, USA, Cat.# ab 236712, 255730 and 100772, 
respectively) by an enzyme-linked immunosorbent assay (ELISA). TNF-α, IL-1β, and IL-6 levels were expressed 
in pg/ml. While the Granell et al.75 method was used in determining myeloperoxidase (MPO) (CUSABIO Tech-
nology LLCCSB-E08722r).

Renin and aldosterone. A competitive radiation immunoassay (RIA) is used in the present  process76. During 
incubation, for the particular sites of the antiserum coated on the tubes, the sample/calibrator aldosterone and 
Renin competes with the aldosterone labeled with Iodine 125 (tracer). Separation consists of the application of 
antimicrobial coated tubes in which anti-aldosterone is attached to the tube walls. The radioactivity is measured 
in the tubes in a gamma counter after suction. The binding degree is inversely proportional to the concentration 
of the sample/calibrator’s hormone.

DNA fragmentation by agarose gel electrophoresis (qualitative analysis). The extent of DNA fragmentation in 
the kidney tissue was determined by the method described by Bohlinge et al.77.

Briefly, kidneys were removed and utilized for DNA isolation by PBS-E homogenization (50 mM sodium 
phosphate buffer containing 0.9 percent saline and 20 mM EDTA, pH 8)77. They were suspended in 2 ml of 
PBS-E with 0.5 mg/ml collagenase. The Ultra Turrax homogenizer (IKA T 25-German) was used, and ice testing 
specimens were kept before and after homogenization. A stirring followed by a pronase E addition (1 mg ml) was 
incubated for 1 h at 37 °C, followed by a 15-min incubation at 37 °C. The suspension was then centrifuged for 
5 min at 1000×g. A pellet was dispersed and infused with 2 ml lysis buffer comprising 50 mM Tris–HCl, pH 8, 
20 mM EDTA, 10 m M NaCl, and 1% w/v SDS and centrifuged for 15 min at 14,000×g with phenol–chloroform 
extraction. DNA was dissolved by moderate shaking at 65 °C in 10 mM Tris–HCl, pH 8, adding 1 mM EDTA. 
The standard procedure for this  technique78.

Histological analysis. Kidney samples of rats were fixed with the 10% formal saline, which were then 
dehydrated at graded alcohol levels. Further cleared with xylene solution three times and was then trapped in 
paraffin wax. The microtome was then used on a slide to cut 4–5 mm of para-n waxed tissue and was stained 
with hematoxylin (H) and eosin (E). Using a light microscope (Olympus CH; Olympus, Tokyo, Japan), the slides 
were then further  examined79.

Statistical analysis. The results were expressed as mean ± standard error (S.E.) for eight animals in each 
group. Differences between groups were assessed by one-way analysis of variance (ANOVA) when differences 
were significant. Data were statistically analyzed using SPSS version 23 (SPSS, Cary, NC, USA). The variations 
Duncan’s test used for multiple comparisons between groups.

Statement of ethics. The guidelines for the ethical use and maintenance of laboratory animals issued 
by the Guide for the Care and Use of Laboratory Animals (NIH publication No. 85-23), and authorized by the 
Nuclear Research Center, Egyptian Atomic Energy Authority, Cairo, Egypt, were complied with in all procedures 
used in caring for rats and taking blood and tissue samples for this experiment.

Conclusions
The study of indicators associated with nephrotoxicity is broad and multifactorial. Many factors contribute to 
the development of these diseases, which are the principal reasons for renal failure. The majorities of natural 
antioxidants are the source of medicinal plants and are still applied in the medical field. Note that they are 
antioxidants that significantly prevent several diseases, including kidney failure, and studies have been directed 
towards developing new drugs that depend on antioxidants of natural origin and dependence on them in the 
medical field. The current research showed that treatments with PsPc-3 extract both post- and pre-post-cisplatin 
improved renal function in rats as demonstrated by modulating levels of antioxidant kidney enzymes (SOD, 
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CAT, GSH, GPx), and death. DNA apoptosis and markers for inflammation. These results were likely attributed 
to the synergistic therapeutic effects of the natural antioxidants found in the mushrooms, as they regulated the 
various physiological and morphological aspects of the oxidative stress and damage that occurred in the kidneys. 
Therefore, it has a promising protective ability against chemotherapy and can be suggested to be a potential 
therapeutic option for protecting the kidneys induced by cisplatin in rats.

Data availability
Data is contained within the article.

Received: 22 August 2022; Accepted: 26 December 2022

References
 1. Arnesano, F. & Natile, G. Interference between copper transport systems and platinum drugs. In Seminars in Cancer Biology Vol. 

76 173–188 (Elsevier, 2021).
 2. Qi, L. et al. Advances in toxicological research of the anticancer drug cisplatin. Chem. Res. Toxicol. 32, 1469–1486 (2019).
 3. Górska, S., Maksymiuk, A. & Turło, J. Selenium-containing polysaccharides—Structural diversity, biosynthesis, chemical modifica-

tions and biological activity. Appl. Sci. 11, 3717 (2021).
 4. Elkhateeb, W. A., Daba, G. M., Thomas, P. W. & Wen, T.-C. Medicinal mushrooms as a new source of natural therapeutic bioactive 

compounds. Egypt. Pharm. J. 18, 88–101 (2019).
 5. Rangsinth, P. et al. Mushroom-derived bioactive compounds potentially serve as the inhibitors of SARS-CoV-2 main protease: 

An in silico approach. J. Tradit. Complement. Med. 11, 158–172 (2021).
 6. Song, X., Ren, Z., Wang, X., Jia, L. & Zhang, C. Antioxidant, anti-inflammatory and renoprotective effects of acidic-hydrolytic 

polysaccharides by spent mushroom compost (Lentinula edodes) on LPS-induced kidney injury. Int. J. Biol. Macromol. 151, 
1267–1276 (2020).

 7. Du, B. et al. Optimization extraction and antioxidant activity of crude polysaccharide from chestnut mushroom (Agrocybe aegerita) 
by accelerated solvent extraction combined with response surface methodology (ASE-RSM). Molecules 27, 2380 (2022).

 8. Ma, G. et al. Purification, characterization and antitumor activity of polysaccharides from Pleurotus eryngii residue. Carbohydr. 
Polym. 114, 297–305 (2014).

 9. Lin, L. et al. Antioxidative and renoprotective effects of residue polysaccharides from Flammulina velutipes. Carbohydr. Polym. 
146, 388–395 (2016).

 10. Bulam, S., Üstün, N. Ş & Pekşen, A. Evaluation of nutritional and medicinal values of edible wild and cultivated Pleurotus ostreatus. 
Turk. J. Agric. Sci. Technol. 7, 2054–2061 (2019).

 11. Sun, M. et al. The effects of Lactobacillus plantarum-12 crude exopolysaccharides on the cell proliferation and apoptosis of human 
colon cancer (HT-29) cells. Probiotics Antimicrob. Proteins 13, 413–421 (2021).

 12. Martínez-Esquivias, F. et al. Anticancer activity of selenium nanoparticles in vitro studies. Anti-Cancer Agents Med. Chem. (For-
merly Curr. Med. Chem. Agents) 22, 1658–1673 (2022).

 13. Tong, H. et al. Structural characterization and in vitro antitumor activity of a novel polysaccharide isolated from the fruiting bodies 
of Pleurotus ostreatus. Bioresour. Technol. 100, 1682–1686 (2009).

 14. Zając, A. et al. Pro-health and anti-cancer activity of fungal fractions isolated from milk-supplemented cultures of Lentinus (Pleu-
rotus) Sajor-caju. Biomolecules 11, 1089 (2021).

 15. Kim, J.-Y. et al. Antioxidative and antitumor activities of crude polysaccharide fraction from Pleurotus eryngii. J. Korean Soc. food 
Sci. Nutr. 33, 1589–1593 (2004).

 16. Barbosa, J. R., dos Santos Freitas, M. M., da Silva Martins, L. H. & de Carvalho Junior, R. N. Polysaccharides of mushroom Pleu-
rotus spp.: New extraction techniques, biological activities and development of new technologies. Carbohydr. Polym. 229, 115550 
(2020).

 17. Patel, Y., Naraian, R. & Singh, V. K. Medicinal properties of Pleurotus species (oyster mushroom): A review. World J. Fungal Plant 
Biol. 3, 1–12 (2012).

 18. Chatterjee, D., Das, S. & Halder, D. Therapeutic applications of mushrooms and its compositional analysis by high throughput 
screening techniques. Int. J. Pharm. Sci. Res. 10, 3508–3518 (2019).

 19. Keyhani, J., Keyhani, E., Attar, F. & Hadizadeh, M. Anti-oxidative stress enzymes in Pleurotus ostreatus. In Current Research Topics 
in Applied Microbiology And Microbial Biotechnology 3–7 (World Scientific, 2009).

 20. Bjelakovic, G., Nikolova, D., Gluud, L. L., Simonetti, R. G. & Gluud, C. Mortality in randomized trials of antioxidant supplements 
for primary and secondary prevention: Systematic review and meta-analysis. JAMA 297, 842–857 (2007).

 21. Kim, J.-H. et al. The different antioxidant and anticancer activities depending on the color of oyster mushrooms. J. Med. Plants 
Res. 3, 1016–1020 (2009).

 22. Smiderle, F. R. et al. A 3-O-methylated mannogalactan from Pleurotus pulmonarius: Structure and antinociceptive effect. Phyto-
chemistry 69, 2731–2736 (2008).

 23. Silveira, M. L. L. et al. Exopolysaccharide produced by Pleurotus sajor-caju: Its chemical structure and anti-inflammatory activity. 
Int. J. Biol. Macromol. 75, 90–96 (2015).

 24. Mota, R. et al. Production and characterization of extracellular carbohydrate polymer from Cyanothece sp. CCY 0110. Carbohydr. 
Polym. 92, 1408–1415 (2013).

 25. Ozturk, S., Aslim, B., Suludere, Z. & Tan, S. Metal removal of cyanobacterial exopolysaccharides by uronic acid content and 
monosaccharide composition. Carbohydr. Polym. 101, 265–271 (2014).

 26. Sajna, K. V. et al. Studies on structural and physical characteristics of a novel exopolysaccharide from Pseudozyma sp. NII 08165. 
Int. J. Biol. Macromol. 59, 84–89 (2013).

 27. Ismail, B. & Nampoothiri, K. M. Production, purification and structural characterization of an exopolysaccharide produced by a 
probiotic Lactobacillus plantarum MTCC 9510. Arch. Microbiol. 192, 1049–1057 (2010).

 28. Shen, J., Shi, C. & Xu, C. Exopolysaccharides from Pleurotus pulmonarius: Fermentation optimization, characterization and anti-
oxidant activity. Food Technol. Biotechnol. 51, 520–527 (2013).

 29. Chen, L. & Huang, G. The antioxidant activity of derivatized cushaw polysaccharides. Int. J. Biol. Macromol. 128, 1–4 (2019).
 30. Chen, F. & Huang, G. Extraction, derivatization and antioxidant activity of bitter gourd polysaccharide. Int. J. Biol. Macromol. 141, 

14–20 (2019).
 31. van Dyk, J. S., Kee, N. L. A., Frost, C. L. & Pletschke, B. I. Extracellular polysaccharide production in Bacillus licheniformis SVD1 

and its immunomodulatory effect. BioResources 7, 4976–4993 (2012).
 32. Wang, M. et al. A new coumarin isolated from Sarcandra glabra as potential anti-inflammatory agent. Nat. Prod. Res. 30, 1796–1801 

(2016).



13

Vol.:(0123456789)

Scientific Reports |          (2023) 13:835  | https://doi.org/10.1038/s41598-022-27081-2

www.nature.com/scientificreports/

 33. Bramhachari, P. V. et al. Isolation and characterization of mocous exopolysaccharide (EPS) produced by Vibrio furnissii strain 
VB0S3. J. Microbiol. Biotechnol. 17, 44–51 (2007).

 34. Li, Y. et al. Purification and characterization of polysaccharides degradases produced by Alteromonas sp. A321. Int. J. Biol. Mac-
romol. 86, 96–104 (2016).

 35. Condello, M., D’Avack, G., Spugnini, E. P. & Meschini, S. Electrochemotherapy: An alternative strategy for improving therapy in 
drug-resistant SOLID tumors. Cancers (Basel) 14, 4341 (2022).

 36. Moraleja, I. et al. Printing metal-spiked inks for LA-ICP-MS bioimaging internal standardization: Comparison of the different 
nephrotoxic behavior of cisplatin, carboplatin, and oxaliplatin. Anal. Bioanal. Chem. 408, 2309–2318 (2016).

 37. Aldossary, S. A. Review on pharmacology of cisplatin: Clinical use, toxicity and mechanism of resistance of cisplatin. Biomed. 
Pharmacol. J. 12, 7–15 (2019).

 38. Sánchez-González, P. D., López-Hernández, F. J., López-Novoa, J. M. & Morales, A. I. An integrative view of the pathophysiological 
events leading to cisplatin nephrotoxicity. Crit. Rev. Toxicol. 41, 803–821 (2011).

 39. Abo-Elmaaty, A. M. A., Behairy, A., El-Naseery, N. I. & Abdel-Daim, M. M. The protective efficacy of vitamin E and cod liver oil 
against cisplatin-induced acute kidney injury in rats. Environ. Sci. Pollut. Res. 27, 44412–44426 (2020).

 40. Abdel-Daim, M. M. et al. The nephroprotective effects of allicin and ascorbic acid against cisplatin-induced toxicity in rats. Environ. 
Sci. Pollut. Res. 26, 13502–13509 (2019).

 41. Mustafa, G., Arif, R., Atta, A., Sharif, S. & Jamil, A. Bioactive compounds from medicinal plants and their importance in drug 
discovery in Pakistan. Matrix Sci. Pharma 1, 17–26 (2017).

 42. Arunachalam, K., Sreeja, P. S. & Yang, X. The antioxidant properties of mushroom polysaccharides can potentially mitigate oxida-
tive stress, beta-cell dysfunction and insulin resistance. Front. Pharmacol. 13, 874474 (2022).

 43. Aggarwal, S., Koser, K., Chakravarty, A. & Ikram, S. Understanding how the substituents of polysaccharides influence physical 
properties. In Innovation in Nano-Polysaccharides for Eco-sustainability 119–132 (Elsevier, 2022).

 44. Jesumani, V., Du, H., Pei, P., Aslam, M. & Huang, N. Comparative study on skin protection activity of polyphenol-rich extract and 
polysaccharide-rich extract from Sargassum vachellianum. PLoS One 15, e0227308 (2020).

 45. Kikkawa, Y. S., Nakagawa, T., Taniguchi, M. & Ito, J. Hydrogen protects auditory hair cells from cisplatin-induced free radicals. 
Neurosci. Lett. 579, 125–129 (2014).

 46. Munne-Bosch, S. & Pinto-Marijuan, M. Free radicals, oxidative stress and antioxidants. Encycl. Appl. Plant Sci. 2, 16 (2016).
 47. Zhang, J. et al. ROS scavenging biopolymers for anti-inflammatory diseases: Classification and formulation. Adv. Mater. Interfaces 

7, 2000632 (2020).
 48. Mu, S., Yang, W. & Huang, G. Antioxidant activities and mechanisms of polysaccharides. Chem. Biol. Drug Des. 97, 628–632 (2021).
 49. Barbosa, J. R. & de Carvalho Junior, R. N. Polysaccharides obtained from natural edible sources and their role in modulating the 

immune system: Biologically active potential that can be exploited against COVID-19. Trends Food Sci. Technol. 108, 223–235 
(2021).

 50. Pisoschi, A. M. et al. Oxidative stress mitigation by antioxidants—An overview on their chemistry and influences on health status. 
Eur. J. Med. Chem. 209, 112891 (2021).

 51. Duan, Z. et al. Structural characterization of phosphorylated Pleurotus ostreatus polysaccharide and its hepatoprotective effect on 
carbon tetrachloride-induced liver injury in mice. Int. J. Biol. Macromol. 162, 533–547 (2020).

 52. Afsar, T. et al. Acacia hydaspica R. Parker ethyl-acetate extract abrogates cisplatin-induced nephrotoxicity by targeting ROS and 
inflammatory cytokines. Sci. Rep. 11, 1–16 (2021).

 53. Seedevi, P. et al. Structural characterization and bioactivities of sulfated polysaccharide from Monostroma oxyspermum. Int. J. Biol. 
Macromol. 72, 1459–1465 (2015).

 54. Yadav, M. P., Moreau, R. A., Hotchkiss, A. T. & Hicks, K. B. A new corn fiber gum polysaccharide isolation process that preserves 
functional components. Carbohydr. Polym. 87, 1169–1175 (2012).

 55. Shene, C., Canquil, N., Bravo, S. & Rubilar, M. Production of the exopolysaccharides by Streptococcus thermophilus: Effect of growth 
conditions on fermentation kinetics and intrinsic viscosity. Int. J. Food Microbiol. 124, 279–284 (2008).

 56. Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. T. & Smith, F. Colorimetric method for determination of sugars and related 
substances. Anal. Chem. 28, 350–356 (1956).

 57. Filisetti-Cozzi, T. M. C. C. & Carpita, N. C. Measurement of uronic acids without interference from neutral sugars. Anal. Biochem. 
197, 157–162 (1991).

 58. Dodgson, K. S. & Price, R. G. A note on the determination of the ester sulphate content of sulphated polysaccharides. Biochem. J. 
84, 106–110 (1962).

 59. Sudhamani, S. R., Tharanathan, R. N. & Prasad, M. S. Isolation and characterization of an extracellular polysaccharide from 
Pseudomonas caryophylli CFR 1705. Carbohydr. Polym. 56, 423–427 (2004).

 60. Jun, H.-I., Lee, C.-H., Song, G.-S. & Kim, Y.-S. Characterization of the pectic polysaccharides from pumpkin peel. LWT-Food Sci. 
Technol. 39, 554–561 (2006).

 61. You, L. et al. Structural characterisation of polysaccharides from Tricholoma matsutake and their antioxidant and antitumour 
activities. Food Chem. 138, 2242–2249 (2013).

 62. Ray, B. Polysaccharides from Enteromorpha compressa: Isolation, purification and structural features. Carbohydr. Polym. 66, 
408–416 (2006).

 63. Brand-Williams, W., Cuvelier, M.-E. & Berset, C. Use of a free radical method to evaluate antioxidant activity. LWT-Food Sci. 
Technol. 28, 25–30 (1995).

 64. Ma, X., Yan, L., Zhu, Q. & Shao, F. Puerarin attenuates cisplatin-induced rat nephrotoxicity: The involvement of TLR4/NF-KB 
signaling pathway. PLoS One 12, 1–15 (2017).

 65. Hassan, A. I., Ghoneim, M. A. M., Mahmoud, M. G. & Asker, M. S. Assessment role of total phenols and flavonoids extracted from 
Pleurotus columbinus mushroom on the premature ovarian failure induced by chemotherapy in rats. J. Genet. Eng. Biotechnol. 19, 
1–11 (2021).

 66. Baliga, R., Zhang, Z., Baliga, M., Ueda, N. & Shah, S. V. Role of cytochrome P-450 as a source of catalytic iron in cisplatin-induced 
nephrotoxicity. Kidney Int. 54, 1562–1569 (1998).

 67. Kawai, Y. et al. The effect of antioxidant on development of fibrosis by cisplatin in rats. J. Pharmacol. Sci. 111, 433–439 (2009).
 68. Ohkawa, H., Ohishi, W. & Yagi, K. Colorimetric method for determination of MDA activity. Biochemistry 95, 351 (1979).
 69. Gornall, A. G., Bardawill, C. J. & David, M. M. Determination of serum proteins by means of the biuret reaction. J. Biol. Chem. 

177, 751–766 (1949).
 70. Doumas, B. T. Standards for total serum protein assays—A collaborative study. Clin. Chem. 21, 1159–1166 (1975).
 71. Barham, D. & Trinder, P. An improved colour reagent for the determination of blood glucose by the oxidase system. Analyst 97, 

142–145 (1972).
 72. Weiss, C., Maker, H. S. & Lehrer, G. M. Sensitive fluorometric assays for glutathione peroxidase and reductase. Anal. Biochem. 

106, 512–516 (1980).
 73. Beutler, E. & Yeh, M. K. Y. Erythrocyte glutathione reductase. Blood 21, 573–585 (1963).
 74. Aebi, H. E. C. A. T. Insight: Method of enzymatic analysis. Verlag Chemie Weinheim 3, 273 (1982).
 75. Granell, S. et al. Heparin mobilizes xanthine oxidase and induces lung inflammation in acute pancreatitis. Crit. Care Med. 31, 

525–530 (2003).



14

Vol:.(1234567890)

Scientific Reports |          (2023) 13:835  | https://doi.org/10.1038/s41598-022-27081-2

www.nature.com/scientificreports/

 76. Crane, M. G. & Harris, J. J. Effect of aging on renin activity and aldosterone excretion. J. Lab. Clin. Med. 87, 947–959 (1976).
 77. Bohlinger, I. et al. DNA fragmentation in mouse organs during endotoxic shock. Am. J. Pathol. 149, 1381 (1996).
 78. Herrmann, M. et al. A rapid and simple method for the isolation of apoptotic DNA fragments. Nucleic Acids Res. 22, 5506 (1994).
 79. Banchroft, J. D., Stevans, A. & Turnes, D. R. Theory and Practice of Histological Techniques 4th edn. (Livingstone, 1996).

Acknowledgements
The authors are very grateful to Radioisotopes, Nuclear Research Centre, Atomic Energy Authority, Cairo, Egypt, 
and the Botany Department, Faculty of Science, Ain Shams University, Cairo, Egypt for providing all facilities 
to carry out this research work. This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Author contributions
S.S. and G.S.I. collected the mushroom specimens, prepared and extracted PsPc-3 analyzed the mushroom 
polysaccharide, and determined the in vitro antioxidant characteristics. M.A.M.G. and A.I.H. performed all 
the in vivo experiments. A.I.H. performed the data management and statistics. All co-authors contributed to 
writing and reviewing the manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in coopera-
tion with The Egyptian Knowledge Bank (EKB).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.I.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Evaluating the role of polysaccharide extracted from Pleurotus columbinus on cisplatin-induced oxidative renal injury
	Results
	Isolation and chemical structure of PsPc-3 from Pleurotus columbinus. 
	Fourier transform infrared analysis (FT-IR). 
	Antioxidant potential of PsPc-3. 
	Body and kidney weight. 
	Kidney functions. 
	Lipid peroxidation. 
	Pro and inflammatory mediators. 

	Antioxidants. 
	DNA fragmentation as an index of cisplatin-induced apoptotic activity. 
	Histopathological findings of kidney tissue. 

	Discussion
	Methods
	Extraction of mushroom sample. 
	Isolation and fractionation of PsPc-3. 
	Molecular weight analysis. 
	FT-IR spectrum. 
	Antioxidant potential analysis. 
	In vivo experiment. 
	Animals. 
	Experimental design. 
	Blood assays and tissue sampling. 
	Assessment of lipid peroxidation (LP). 
	Determination of kidney functions. 
	Determination of antioxidants. 
	Pro and inflammatory biomarker evaluation. 
	Renin and aldosterone. 
	DNA fragmentation by agarose gel electrophoresis (qualitative analysis). 

	Histological analysis. 
	Statistical analysis. 
	Statement of ethics. 

	Conclusions
	References
	Acknowledgements


