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Modern records have proven that marine sponges and their bioactive components have plenty of scientific benefits. The 
objective of this research was to see if the Red Sea Suberea mollis sponge (Suberea SM) extract had a nephron-protective 
and antioxidant impact on carbon tetrachloride (CCl4) model of rat’s kidney injury. Thirty male albino rats were 
administered orally with a low dose (200 mg/kg), a high dose (400 mg/kg) of Suberea MS extract, and one dose (100 
mg/kg) silymarin (SIL), as well as intraperitoneal CCl4 (1 mL/kg) twice a week for two weeks. The results showed that, 
Suberea MS extract significantly lowered serum urea and creatinine relative to CCl4. In addition, the extract significantly 
reduced renal malondialdehyde with increased levels of reduced glutathione, glutathione peroxidase, catalase, and 
superoxide dismutase. Suberea MS extract preserved the kidney glomerulous and tubules histological features. In 
conclusion, the results of this investigation revealed that Suberea MS extract has a considerable protective effect against 
CCl4-induced nephrotoxicity. This could be because of its antioxidant properties. 
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INTRODUCTION 

Renal disorders have been increasing in prevalence 
and incidence in recent years, and they are associated 
with substantial morbidity and mortality (Thurlow et al. 
2021). The most frequent kidney disease is renal toxicity. 
The leading common cause of nephrotoxicity is 
overexposure to toxins or medications (such as 
aminoglycoside antibiotics and anticancer drugs) 
(Perazella, 2018). Other substances that would motive 
nephrotoxicity encompass sodium oxalate, ethylene 
glycol, carbon tetrachloride (CCl4), and heavy metals 
(Akram et al. 2019).  

CCl4 intake is commonly employed in the 

experimental paradigm to simulate oxidative injury and 
generate hepatic and renal injury. CCl4-induced 
nephrotoxicity is linked to acute tubular necrosis in the 
kidneys (Unsal et al. 2021). The toxicity of CCl4 is 
governed by the tri-chloromethyl radical (CCl3•) 
production, which is in the presence of oxygen has been 
transformed into the most lethal trichloromethyl peroxyl 
radical (CCl3O2•). These radicals interact with lipids, 
proteins, and DNA and trigger peroxidative damage in 
numerous tissues (Ali and Abdelhafiz, 2014). 

Renal-related illnesses are expensive to treat, and 
treatment is often unavailable, with high adverse effects 
and failure rates (Corsonello et al. 2005). The rising 
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prevalence and severity of kidney illnesses drive 
researchers to look for natural therapies to cure the 
disease, lowering mortality and enhancing patients’ quality 
of life (de Castro et al. 2014). The marine environment 
proved to be rich in variable inimitable bioactive 
metabolites with no analog on Earth, such as 
polyunsaturated fatty acids, antioxidants, and sterols 
(Quitério et al. 2021). Suberea sponges (order Verongiida) 
produce a variety of brominated compounds that are 
biogenetically connected to tyrosine. Bromotyrosine 
derivatives, phenolic oximino amides, alkaloids, sterols, 
hydroquinones, prenylated toluquinone, and 
naphthoquinones are all important biological substances. 
Antioxidant effects have been demonstrated for these 
active substances (Takamatsu et al. 2003, Song et al. 
2008, Moriou et al. 2021). Abbas and his colleagues found 
that Red Sea Suberea mollis sponge (Suberea MS) 
extract protected rat liver versus CCl4-induced 
hepatotoxicity via reversing oxidative stress (Abbas et al. 
2014). There have been no studies evaluating the 
nephroprotective impact of Suberea MS extract against 
CCl4-induced kidney damage in rats. 

This study aimed to investigate if Suberea MS extract 
could protect against CCl4-induced nephrotoxicity and to 
figure out how it could do so by assessing its antioxidant 
activity. 
  
MATERIALS AND METHODS 

Chemicals 
Dimethyl sulfoxide (DMSO), silymarin (SIL), and CCl4 
were purchased from Sigma Chem Com, USA.  

Suberea MS collection 
The sponge material has been collected in 2014 from 
Saudi Red Sea Coast in Jazan at depths between 15 and 
20 meters. The color of fresh sponge was green with 
yellowish interior, which converted into black after 
collection and exposure to air. The fresh sponge has been 
frozen after collection and transferred to the laboratory 
and preserved frozen till extraction.  

Suberea MS identification 
Professor Rob van Soest, Naturalis Biodiversity Center, 
Marine Zoology Department, RA Leiden, Netherlands, 
validated the Suberea MS's identity. The sample of the 
sponge was preserved at the Red Sea Marine Collection, 
Department of Natural Products and Alternative Medicine, 
Faculty of Pharmacy, KAU, with the code number SM-2. 

Suberea MS extraction 
The sponge material has been freeze-dried over night for 
three days then the dried mass has been crushed and 
extracted by soaking in ethanol several times at room 
temperature (3×3000 mL). The whole extract was 
evaporated using rotary evaporator to produce 170 mg 
dried crude extract. 

 
Experimental groups 

The experimental rodent unit at King Fahd Medical 
Research Center provided 30 male albino rats weighing 
200–220 g. The rats were placed in the following lab 
setting: 20-25°C temp., 44-55% humidity, and 12h 
dark/light cycle. Rats were fed a regular diet and had 
access to unlimited water. After one week acclimatization 
period, the rats were sorted into the five categories (n=6) 
below: 

Group 1 (Control): rats ingested orally (p.o.) 1ml/kg 
DMSO for two weeks. 

Group 2 (Nephrotoxicity): rats administered 
intraperitoneally (i.p.) CCl4 (1ml/kg dissolved in olive oil 
1:1 v/v) every 72 h for two weeks (Emam et al. 2020). 

Group 3 (SIL + Nephrotoxicity): rats ingested p.o. SIL 
(100 mg/kg in DMSO) for two weeks  (Ustyol et al. 2017) + 
CCl4 (as in group 2). 

Groups 4 (Suberea MS 200 + Nephrotoxicity): rats 
ingested p.o. Suberea MS (200 mg/kg dissolved in 
DMSO) for two weeks (Abbas et al. 2014) and CCl4 (as in 
group 2). 

Groups 5 (Suberea MS 400 + Nephrotoxicity): rats 
ingested p.o. Suberea MS (400 mg/kg dissolved in 
DMSO) for two weeks (Abbas et al. 2014) and CCl4 (as in 
group 2). 

Blood samples were collected from retro-orbital sinus 
plexus after 48 h from the last dose of CCl4 under mild 
ether anesthesia. Serum was separated and stored at -
80°C for kidney functions markers determination. Kidney 
samples from each rat were dissected and either frozen at 
-08°C for oxidative stress / antioxidants markers analysis 
or fixed in formalin (10% buffered) for histopathological 
examination.    

Estimation of renal functions markers 
Serum urea and creatinine were measured using the 
Biodiagnostic Egypt colorimetric kits according to the 
manufacturer’s instructions.  

Estimation of renal antioxidants / oxidative stress 
markers 
Homogenized kidney tissue was used to measure the 
non-enzymatic antioxidant like reduced glutathione (GSH) 
and the enzymatic antioxidants like glutathione peroxidase 
(GPx), catalase (CAT), and superoxide dismutase (SOD). 
Malondialdehyde (MDA, a lipid peroxide marker), an 
oxidative stress marker, was measured in the renal 
homogenates. According to the manufacturer’s 
instructions of Biodiagnostic Egypt colorimetric kits, these 
oxidative stress / antioxidant markers were determined. 

Histopathological investigation of kidney tissue 
Kidney samples (5 micron thick) were stained with 
haematoxylin and eosin (H&E) and Periodic acid–Schiff 
(PAS) and then examined under the light microscope 
(Olympus BX61- USA) to track the histological changes 
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induced with CCl4 and the degrees of amelioration 
produced by the different treatment regimens. Glomerulus 
area and perimeter were also measured in the H&E 
stained kidney sections photos using Image J v. 149v 
software.  

Statistical calculations 
The obtained results were analyzed using Prism® (version 
8.4.0, GraphPad Software Inc., La Jolla, CA, USA). The 
results were exhibited as mean ± standard derivation 
(SD). Comparison between groups was determined by 
conducting ANOVA analysis followed by Tukey’s multiple 
comparisons test. Results were considered significant if p 
values were ≤ 0.05. 
 

RESULTS  
 

Impact of Suberea MS extract on serum kidney 
function markers 

Serum creatinine was significantly higher in the 
nephrotoxicity group (p˂0.01) relative to the control group.  
On the contrary, it was significantly lower than the 
nephrotoxicity group in SIL + nephrotoxicity, Suberea MS 
200 + nephrotoxicity, and Suberea MS 400 + 
nephrotoxicity groups (p˂0.05, p˂0.001, and p˂0.001, 
respectively). Moreover, Suberea MS 400 + nephrotoxicity 
group showed significantly lower serum creatinine relative 
to SIL + nephrotoxicity and Suberea MS 200 + 
nephrotoxicity groups (p˂0.05 and p˂0.01) (Table 1). 

Serum urea was also significantly higher in the 
nephrotoxicity group (p˂0.001). The serum urea in SIL + 
nephrotoxicity, Suberea MS 200 + nephrotoxicity, and 
Suberea MS 400 + nephrotoxicity groups were 
significantly lower than the nephrotoxicity group (p˂0.001 
for all). In addition, Suberea MS 200 + nephrotoxicity and 
Suberea MS 400 + nephrotoxicity groups showed 
significantly lower serum urea relative to SIL + 
nephrotoxicity group (p˂0.001 for both) (Table 1). 

 

Table 1: Impact of Suberea MS extract and SIL on 
serum kidney functions markers measured in CCl4-
induced nephrotoxicity groups. 
Groups Urea (mmol/L) Creatinine 

 (mmol/L) 

Control  4.52 ± 0.87 19.00 ± 4.18 

Nephrotoxicity  23.13 ± 2.43a*** 27.02 ± 4.13 a** 

SIL +  Nephrotoxicity  10.12 ± 2.25b*** 20.98 ± 7.21b* 

Suberea MS 200 +  
Nephrotoxicity  

5.64 ± 0.70b***, c*** 16.00 ± 1.00b*** 

Suberea MS 400 + 
Nephrotoxicity  

5.58 ± 0.74b***, c*** 12.60 ± 2.30b***, c*, d** 

The results were tabulated as mean ± SD. aSignificant relative to 
the control group; b Significant relative to the nephrotoxicity 
group; c Significant relative to the SIL group; d Significant relative 
to the Suberea MS 200 + Nephrotoxicity group. *p˂0.05; 
**p˂0.01; ***p˂0.001. 

 
Impact of Suberea MS extract on kidney histology 
(H&E) 

The control photo showed normal renal corpuscle 
(Bowman capsule and glomerulus). The nephrotoxicity 
photo showed renal corpuscles with signs of early 
sclerosis and marked atrophy of glomerular capillaries. 
SIL + nephrotoxicity photo showed preserved renal 
corpuscles and its glomeruli. Suberea MS 200 + 
nephrotoxicity and Suberea MS 400 + nephrotoxicity 
photos showed nearly normal glomerular capillaries 
(Figure 1). 

Kidney glomerulus area was significantly higher in the 
nephrotoxicity group (p˂0.01). On the other hand, the 
glomerulus area in Suberea MS 200 + nephrotoxicity and 
Suberea MS 400 + nephrotoxicity groups were 
significantly lower than the nephrotoxicity group (p˂0.05 
and p˂0.001). Concerning the glomerulus perimeter, it 
was significantly lower in Suberea MS 200 + 
nephrotoxicity and Suberea MS 400 + nephrotoxicity 
groups relative to the nephrotoxicity group (p˂0.05 and 
p˂0.01) (Figure 2). 

The control photo showed normal renal tubules 
(lumen and nuclei). The nephrotoxicity photo showed 
dilated lumen of distal tubules filled with hyaline casts and 
degeneration of proximal tubule cells. SIL + nephrotoxicity 
photo showed preserved renal tubules. Suberea MS 200 + 
nephrotoxicity and Suberea MS 400 + nephrotoxicity 
photos showed potential protection and even activation of 
proximal tubule cells (Figure 3). 

 

 
Figure 1: Impact of Suberea MS extract and SIL on 
kidney renal capsule histology detected in CCl4-
induced nephrotoxicity groups. Sections of rat kidney 
stained by H&E (bar=20µm). Photo [a] control group 
showed normal renal capsule (Bowman capsule and 
glomerulus). Photo [b] nephrotoxicity group showed 
marked atrophy of glomerular capillaries. Photo [b] 
showed also renal corpuscles with signs of early sclerosis 
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as observed by the lobulation of glomerular capillaries. 
Photo [c] SIL + nephrotoxicity group showed nearly 
normal preserved renal corpuscles and its glomeruli. 
Photo [d] Suberea MS 200 + nephrotoxicity group showed 
potential preservation of glomerular capillaries. Photo [e] 
Suberea MS 400 + nephrotoxicity group showed nearly 
normal glomerular capillaries. 
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Figure 2: Impact of Suberea MS extract and SIL on 
kidney glomerulus [a] area and [b] perimeter 
measured in CCl4-induced nephrotoxicity groups. The 

results were drawn as mean ± SD. aSignificant relative to the 
control group; b Significant relative to the nephrotoxicity group. 
*p˂0.05; **p˂0.01; ***p˂0.001. 

Impact of Suberea MS extract on kidney histology 
(PAS) 
The control photo showed intact PAS positively stained 
tubular brush border and narrow lumen. The 
nephrotoxicity photo showed marked dilation and loss of 
tubular brush border. SIL + nephrotoxicity photo showed 
marked preservation of normal structure of tubules with 
PAS-stained brush border with only few tubules showed 
dilated lumen and absence of PAS positive brush border. 
Suberea MS 200 + nephrotoxicity photo showed marked 
preservation of tubule structure with narrow lumen and 
intact PAS positive brush borders with few sporadic 
tubules still showed wide lumen and complete loss of PAS 

positive brush borders. Suberea MS 400 + nephrotoxicity 
photos showed marked preservation of PAS positive 
brush border which is nearly similar to the control group 
photos with few tubules still showed dilated lumen and 
less stained brush border (Figure 4). 
 

 
 

Figure 3: Impact of Suberea MS extract and SIL on 
kidney tubule histology detected in CCl4-induced 
nephrotoxicity groups. Sections of rat kidney stained 
by H&E (bar=20µm). Photo [a] control group showed normal 

histology (lumen and nuclei) of renal tubules. Photo [b] 
nephrotoxicity group showed hyaline casts within dilated lumen 
of distal tubules and degeneration of proximal tubule cells. Photo 
[c] SIL + nephrotoxicity group showed nearly normal preserved 
renal tubules. Photo [d] Suberea MS 200 + nephrotoxicity group 
and photo [e] Suberea MS 400 + nephrotoxicity group showed 
potential protection and even activation of proximal tubule cells 
as evidence by the vesicular active nuclear appearance, 
acidophilic cytoplasm, and the well-defined striations (basal 
enfolding with intervening mitochondria). 
 

Impact of Suberea MS extract on kidney oxidative 
stress / antioxidants markers 
Kidney MDA was significantly higher in the nephrotoxicity 
group (p˂0.001) relative to the control group. On the 
contrary, it was significantly lower than the nephrotoxicity 
group in SIL + nephrotoxicity, Suberea MS 200 + 
nephrotoxicity, and Suberea MS 400 + nephrotoxicity 
groups (p˂0.05, p˂0.01, and p˂0.001, respectively). 
Furthermore, Suberea MS 400 + nephrotoxicity group 
showed significantly lower kidney MDA relative to SIL + 
nephrotoxicity and Suberea MS 200 + nephrotoxicity 
groups (p˂0.05 and p˂0.001). Kidney GSH was 
significantly lower in the nephrotoxicity group (p˂0.01). 
The kidney GSH in SIL + nephrotoxicity, Suberea MS 200 
+ nephrotoxicity, and Suberea MS 400 + nephrotoxicity 
groups were significantly higher than the nephrotoxicity 
group (p˂0.01, p˂0.01, and p˂0.001, respectively) (Table 
2). 
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The kidney GPx, CAT, and SOD were significantly lower 
in the nephrotoxicity group (p˂0.001). The kidney GPx, 
CAT, and SOD in SIL + nephrotoxicity group were 
significantly higher than the nephrotoxicity group (p˂0.001 
for all). Only, kidney GPx in Suberea MS 200 + 
nephrotoxicity group was significantly higher than the 
nephrotoxicity group (p˂0.001). The kidney GPx in 
Suberea MS 400 + nephrotoxicity group was significantly 
higher than the nephrotoxicity, SIL + nephrotoxicity, and 

Suberea MS 200 groups (p˂0.001 for all). The kidney CAT 
in Suberea MS 400 + nephrotoxicity group was 
significantly higher than the nephrotoxicity and Suberea 
MS 200 groups (p˂0.01 and p˂0.05). Furthermore, the 
kidney SOD in Suberea MS 400 + nephrotoxicity group 
was significantly higher than the nephrotoxicity group 
(p˂0.05) (Figure 5). 
 

 
Table 2: Impact of Suberea MS extract and SIL on kidney non-enzymatic antioxidant marker (GSH) and oxidative 
stress marker (MDA) measured in CCl4-induced nephrotoxicity groups. 
  

Groups GSH  
(nmol/g tissue) 

MDA  
(nmol/g tissue) 

Control  3.60 ± 0.23 7.20 ± 1.09 

Nephrotoxicity  2.90 ± 0.20a** 11.63 ± 1.20 a*** 

SIL + Nephrotoxicity  3.50 ± 0.41b** 8.95 ± 1.85b* 

Suberea MS 200 +   Nephrotoxicity  3.45 ± 0.25b** 9.15 ± 0.55b** 

Suberea MS 400 + Nephrotoxicity  3.65 ± 0.22b*** 6.30 ± 0.92b***, c*, d*** 

The results were tabulated as mean ± SD. aSignificant relative to the control group; bSignificant relative to the nephrotoxicity group; 
cSignificant relative to the SIL group; dSignificant relative to the Suberea MS 200 + Nephrotoxicity group. *p˂0.05; **p˂0.01; ***p˂0.001. 

  

 
 
Figure 4: Impact of Suberea MS extract and SIL on kidney tubule histology (in both cortex and medulla) detected 
in CCl4-induced nephrotoxicity groups. Sections of rat kidney stained by PAS (bar=50µm). Photos [a1 and a2] control 

group showed intact brush border and adjacent narrow lumen positively stained by PAS (thin black arrows). Photos [b1 and b2] 
nephrotoxicity group showed marked dilation and loss of stained brush border (thick black arrows) with few tubules still showed weak 
PAS reaction (thin black arrow). Photos [c1 and c2] SIL + nephrotoxicity group showed marked preservation of normal structure of 
tubules with PAS-stained brush border (thin black arrows) however only few tubules still showed dilated lumen and absence of PAS 
positive brush border (thick black arrow). Photos [d1 and d2] Suberea MS 200 + nephrotoxicity group showed marked preservation of 
tubule structure with narrow lumen and intact PAS positive brush borders (thin black arrows) with few sporadic tubules still showed wide 
lumen and complete loss of PAS positive brush borders (focal loss of brush borders (thick black arrows). Photos [e1 and e2] Suberea 
MS 400 + nephrotoxicity group showed marked preservation of PAS positive brush border (thin black arrows) which is nearly similar to 
normal control group with few tubules still showed dilated lumen and less stained brush border (thick black arrow). 

 



Ali et al.                                                                                Nephroprotective and Antioxidant Impact of Suberea Mollis 

 

    Bioscience Research, 2022 volume 19(1):579-586                                                                    584 

 

0

20

40

60

80

100

120

140 Control

Nephrotoxicity

SIL+Nephrotoxicity

Suberea MS 200+Nephrotoxicity

Suberea MS 400+Nephrotoxicity
a***

b*** b***

b***
c***
d***

[a]

Groups

G
P

x
 (

U
/g

 t
is

s
u

e
)

0

5

10

15

20

25
Control

Nephrotoxicity

SIL+Nephrotoxicity

Suberea MS 200+Nephrotoxicity

Suberea MS 400+Nephrotoxicity

[b]

a***

b***
b**
d*

c***

Groups

C
A

T
 (

U
/g

 t
is

s
u

e
)

0

5

10

15

20

25
Control

Nephrotoxicity

SIL+Nephrotoxicity

Suberea MS 200+Nephrotoxicity

Suberea MS 400+Nephrotoxicitya***

b***

b**

c**

[c]

Groups

S
O

D
 (

U
/g

 t
is

s
u

e
)

 
 
Figure 5: Impact of Suberea MS extract and SIL on 
kidney enzymatic antioxidant markers (GPx, CAT, and 
SOD) measured in CCl4-induced nephrotoxicity 
groups.  
The results were drawn as mean ± SD. aSignificant relative to 
the control group; bSignificant relative to the nephrotoxicity 
group; cSignificant relative to the SIL group; dSignificant relative 
to the Suberea MS 200 + Nephrotoxicity group. *p˂0.05; 
**p˂0.01; ***p˂0.001. 
 

DISCUSSION 
CCl4 is often employed in experimental rat models to 

induce oxidative stress caused in diverse organs. In 
numerous studies, CCl4 has been shown to induce renal, 
hepatic, testicular injury, and blood problems (Hashem, 
2021).  

The result of the present study demonstrated that 
CCl4 induced alteration in serum concentrations of urea 
and creatinine, as well as many histological changes in 
kidney tissue. These biochemical and pathological 
alterations indicate that CCl4 treatment may have caused 
kidney injury. One of the most critical indicators of 
oxidative stress is lipid peroxidation (Ito et al. 2019). 

Following CCl4 administration, the amount of MDA in 
kidney tissue was observed to be significantly higher. 
GSH is a critical antioxidant that protects cell structures 

from oxygen radicals and peroxide damage (Aquilano et 
al. 2014). CCl4 revealed a significant decrease in GSH 
level due to impaired H2O2 clearance and the 
enhancement of hydroxyl radical (•OH) production, which 
together contribute to oxidative kidney damage (Safhi, 
2018, El-Tahan et al. 2019). These effects had been just 
like many currently reported data (Safhi, 2018, Elsawy et 
al. 2019, Emam et al. 2020).  

The activity of several key enzymes, such as GPx, 
CAT, and SOD, has been severely lowered by CCl4 
injection. CCl4 has also been previously shown to alter the 
activity of these enzymes, which are essential for 
removing harmful free radicals (Balahoroǧlu et al. 2008, El 
Boshy et al. 2017). The decreased activity of GPx enzyme 
in renal tissue could be due to the drop in GSH level 
(Safhi, 2018). 

The defensive efficacy of the Red Sea Suberea MS 
extract was revealed in this work by mitigating CCl4-
induced renal toxicity. Treatment with Suberea MS extract 
significantly reduced elevated serum creatinine and urea 
concentrations and the histopathologic alterations in the 
kidney caused by CCl4. MDA levels were significantly 
reduced after treatment with Suberea MS extract. After 
therapy with Suberea MS, there was a significant increase 
in GSH concentration. Furthermore, treatment with 
Suberea MS restored GPx, CAT, and SOD activities in the 
kidney tissue. Hence, the protection provided by Suberea 
MS extract may be due its antioxidant capabilities, which 
neutralize free radicals and prevent lipid peroxidation. The 
level of protection was found to be comparable to that 
provided by SIL, the most well-known natural antioxidant 
(Surai, 2015).  

Suberea MS, a member of the Verongiida order of the 
Aplysinellidae family, produced two new brominated 
arginine-derived alkaloids, subereamines A and B that 
surpasse vitamin E and ascorbic acid as antioxidants. 
Suberea MS also contains the documented chemicals 
dichlorberongiaquinol, aerothionin, purealdine L, and 
subereaphenol D. DPPH experiments have proved that 
subereaphenol is a radical scavenger (Abou-Shoer et al. 
2008, Shaala et al. 2011). In addition, crude Suberea MS 
extract was found to inhibit DPPH-induced oxidative stress 
(Abbas et al. 2014). Our previous investigation of the 
sponge Suberea MS collected from the Red Sea resulted 
in the isolation and identification of a several cytotoxic and 
antimicrobial compounds (Abou-Shoer et al. 2008, Shaala 
et al. 2008, 2011). The current results (nephroprotective 
and antioxidant activity) could be attributed to the 
synergetic effect of the combined constituents of the Red 
Sea Suberea MS including bromotyrosine derivatives 
including subereamollines A and B, subereamines A and 
B, the phenolic compounds subereaphenols A-D and 
others. 

These compounds showed other biological properties 
including cytotoxic, antimicrobial (Shaala et al. 2008, 
2011), antioxidant (Abou-Shoer et al. 2008, Shaala et al. 
2011). 
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CONCLUSION 
The current research found that CCl4 is a strong 
nephrotoxic chemical that causes oxidative stress by 
decreasing antioxidant enzymes and GSH levels. The 
CCl4-induced kidney damage was significantly reduced 
when treated with Suberea MS. Its antioxidant action may 
be responsible for the mechanism. As a result, Suberea 
MS can be utilized to protect against CCl4-induced 
nephrotoxicity. 
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