
97

PROTECTIVE MECHANISM OF Morus nigra ON CARBON 
TETRACHLORIDE INDUCED BRAIN DAMAGE IN RATS

Gulsah YILDIZ DENIZ        

Geliş Tarihi: 04.10.2017    Kabul Tarihi: 08.12.2017
Makale Kodu: 341661

ABSTRACT 
Morus nigra (MN) is a common fruit used all over the world. Hepatic encephalopathy (HE) 

is a dangerous neuropsychiatric complication of both acute and chronic liver failure, and is the 
most common cause of death in patients with end-stage liver disease. To our knowledge, this 
is the first study investigated the efficiencies of MN on the treatment of HE on cirrhotic rat 
liver model induced by carbon tetrachloride (CCI4). In this study it has been used superoxide 
dismutase (SOD) and catalase (CAT) activities assays, 8-hydroxydeoxyguanosine (8-OHdG) 
immunohistochemistry and Haematoxylin-Eosin (H&E) staining in the brain, as well as 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels in liver tissue. 
H&E staining was used to examine hippocampal morphology alterations. 8-OHdG staining was 
employed to measure the expression of apoptotic-related proteins. With this aim, 42 Sprague-
Dawley male rats were divided into six groups: control, HE control (1 mL/kg CCI4/twice a 
week, intraperitoneal), 125 mg/kg MN, 250 mg/kg MN, CCI4+125 mg/kg MN and CCI4+250 
mg/kg MN groups. CCI4 caused a significant increase in serum enzyme levels in rat livers, 
compared with control. On the other hand, MN treatment restored the biochemical parameters 
significantly in a dose-dependent manner. 8-OHdG activity was significantly increased in 
CCI4 group. However, these increases were significantly decreased by MN treatment. While 
intraperitoneal administration of MN significantly reduced oxidative stress, prevented apoptosis 
and caused an increase in the antioxidant defence mechanism activity in brain compared to the 
control group.  Brains of rats treated with MN showed less DNA damage than treated groups 
with CCI4. As a result of this study showed that MN has a neuroprotective effect because of its 
anti-inflammatory, anti-apoptotic, antioxidant properties.
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SIÇANLARDA KARBON TERAKLORÜR İLE UYARILMIŞ BEYİN 
HASARINDA Morus nigra’ NIN KORUYUCU MEKANİZMASI

ÖZET
Morus nigra (MN) tüm dünyada yaygın olarak kullanılan bir meyvedir. Hepatik 

ensefalopati (HE) hem akut hem de kronik karaciğer yetmezliğinde tehlikeli bir 
nöropsikiyatrik komplikasyondur ve son dönem karaciğer hastalığı olan hastalarda en 
sık görülen ölüm nedenidir. Bilgimize göre bu, karbon tetraklorür (CCI4) ile indüklenen 
sirozlu sıçan karaciğeri modeli üzerinde HE tedavisinde MN’nin etkilerinin araştırıldığı ilk 
çalışmadır. Bu çalışmada, karaciğer dokusunda aspartat aminotransferaz (AST) ve alanin 
aminotransferaz (ALT) seviyelerinin yanısıra beyin dokusunda 8-hidroksideoksiguanozin 
(8-OHdG) imünohistokimya ve Hematoksilen-eozin (H&E) boyaması, superoksid 
dismutaz (SOD) ve katalaz (CAT) aktivite testleri kullanıldı. H&E boyaması, hipokampal 
morfoloji değişikliklerini incelemek için kullanılmıştır. 8-OHdG boyaması apoptotik ilişkili 
proteinlerin ekspresyonunu ölçmek için kullanıldı. Bu amaçla 42 Spraque-Dawley erkek 
sıçan 6 gruba ayrıldı:  kontrol, HE kontrol (1 mL/kg CCI4/haftada 2, intraperitonal), 125 mg/
kg MN, 250 mg/kg MN, CCI4+125 mg/kg MN ve CCI4+250 mg/kg MN grupları. CCI4 sıçan 
karaciğerlerinde kontrol ile karşılaştırıldığında serum enzim seviyelerinde belirgin bir artışa 
sebep oldu. Diğer taraftan MN uygulaması biyokimyasal parametreleri doza bağımlı olarak 
önemli ölçüde düzeltti. 8-OHdG aktivitesi CCI4 grubunda belirgin olarak arttı. Ancak MN 
tedavisi ile bu artışlar önemli ölçüde azaldı. MN’nin intraperitoneal olarak uygulanması, 
kontrol grubuna kıyasla oksidatif stresi önemli ölçüde azaltırken, apoptozisi önledi ve 
beyindeki antioksidan savunma mekanizması aktivitesinde artışa neden oldu. MN ile tedavi 
edilen sıçan beyinleri CCI4 ile tedavi edilen sıçanlara göre daha az DNA hasarı gösterdi. 
Bu çalışmanın sonucu MN’nin anti-inflamatuar, antiapoptotik, antioksidan özelliklerinden 
dolayı nöroprotektif etkiye sahip olduğunu gösterdi.

Anahtar kelimeler: Morus nigra, hepatik ensephalopati, karbon tetraklorür, nörotoksisite, antioksidan 
enzimler
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INTRODUCTION
Medically, metabolic brain disease is 

defined as acquired or innate metabolic 
disease that affects the way the brain 
functions. Hepatic encephalopathy (HE) is 
associated with hepatic insufficiency and 
is characterized by a plethora of central 
nervous system abnormalities and different 
experimental models have been used to 
study the HE and liver failure, being the 
most common the one that uses carbon 
tetrachloride (CCI4, a potent hepatotoxic drug 
that causes cell damage leading to the death 
of the liver cells and then tissue fibrosis (1). 
HE occurs due to a combination of distinct 
pathophysiological mechanisms such as 
inflammation, oxidative stress, impaired 
blood–brain barrier (BBB) permeability, 
neurotoxins, impaired energy metabolism of 
the brain (2, 3, 4). Animal models can be used 
to distinguish components of the processes 
associated with damage to the brain in 
response to CCl4 exposure (5, 6, 7). The 
molecular mechanism underlying the toxic 
effects of CCl4 involves lipid peroxidation 
(LPO), mediated by the free radicals that 
are generated during its metabolism (5). 
Lavrentiadou and collegues have mentioned 
that CCI4 intoxication induces oxidative 
stress-mediated elevation of t-PA and PAI-
1 activities in rat brain. Elevated t-PA 
proteolytic activity may resultas a response 
to increased tissue remodeling requirements 
in the injured area. The common Greek herbs, 
oregano and rosemary, when administered in 
a long-term mode can moderate these effects, 
thus suggesting their potential to protect the 
CNS from oxidative damage (8).

Moraceae is a family of flowering plants 
that comprises about 40 genera and over 
1,000 species. Mulberry (Morus sp.) has 
been domesticated over thousands of years 
and has been adapted to a wide area of 

tropical, subtropical and temperate zones 
of the World. Morus nigra (MN) has been 
used in folk medicine as an analgesic, 
diuretic, antitussive, sedative, anxiolytic and 
hypotensive, in addition to its uses in the 
treatment of a variety of ailments, including 
inflammatory disorders (9). These actions 
were reported by the presence of flavonoids, 
which have powerful antioxidants that are 
associated with their medicinal properties, 
including antidiabetic activity (10).Souza 
and colleagues have also mentioned that 
Mn extract shows strong antibacterial and 
antioxidant activities (11). Antioxidants 
act by removing and scavenging reactive 
oxygen species (ROS), and its precursors, 
and binding to metal ions necessary for the 
catalysis of ROS generation (12). Many 
reports attest to the fact that increased 
consumption of medical and aromatic plants 
is associated with protection against various 
disorders such as cancer, cardiovascular, 
hepatic and neurological diseases (13, 14, 15). 
Moreover, recent reports postulate that pro-
inflammatory and oxidative stress pathways 
may be crucial mechanisms involved in the 
pathogenesis of this disease (16).

In this context, the present work evaluated 
the neuroprotective effect of MN extract in 
CCl4 induced HE in rats.

MATERIAL AND METHODS
Plant Material and Extract Preparation
MN was collected from Gümüşhane and 

Erzurum provinces in Turkey during the 
summer of 2013. The plant was identified 
and authenticated by experts from Botanical 
Department (Atatürk University, Erzurum, 
TURKEY). Identified samples were air-
dried. 100 g MN was weighted and splitted 
with blender device for each treatment. Then, 
samples were divided into two parts. In the 
first part, 100 mL-purified water was added 
to the splitted sample. It was extracted at the 
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room temperature for a night. Furthermore, it 
was filtered and the operation was repeated. 
After alcohol was added to the second part of 
splitted black mulberry cells, extracted, and 
it was filtered and removed by an evaporator 
dissolver. After the extracts were combined, 
they were filtered into filter paper, and then 
the filtrates were taken to ballons, and frozen 
in deepfreeze. The frozen extracts were 
lyophilized under the pressure of 50 mm-Hg 
until it dried in lyophilizer. Extracts were 
incubated at 4 ºC until use.

Animals and Experimental Design
Forty two adult male Spraque-Dawley rats 

(weighing 290–320 g) obtained from Medical 
Experimental Application and Research 
Center, Atatürk University, were used. 
Animals were housed inside polycarbonate 
cages in an air-conditioned room (22ºC± 2 
ºC) with 12-h light–dark cycle. Standard rat 
feed and water were provided at libitum. All 
procedures were performed in conformity 
with the Institutional Ethical Committee for 
Animal Care and Use at Atatürk University 
(protocol number: 36643897-188/13) and 
the Guide for the Care and Use of Laboratory 
Animals.

In this experiment, the rats were randomly 
divided into six groups, each of whom 
has seven rats. Group 1 (C): Control rats; 
rats were intraperitoneally injected with 
physiological saline solution, Group 2 (ºC): 
Rats were intraperitoneally injected with 
30 % ºC mixed with soybean oil (1 mL/kg 
body weight), Group 3 (low dose MN): Rats 
treated with MN 125 mg/kg bw, Group 4 
(high dose MN): Rats treated with MN 250 
mg/kg bw, Group 5 (ºC+low dose MN): Rats 
with hepatic encephalopathy treated with 
MN-125 mg/kg bw, Group 6 (CCl4+High 
dose MN): Rats with HE treated with MN-
250 mg/kg bw. The extracts of MN was 
administered intraperitoneally daily for eight 

weeks.
Histopathological examinations and  

     assessments
After anesthetization and getting blood 

samples from the tail of the rats and their 
brain was removed for macroscopic, 
histopathological, and biochemical analyses. 
Brain sections were fixed in 10% formalin 
and then embedded in paraffin to form blocks. 
The samples were then serially-sectioned (5-
μm thick) using a Leica RM2135 microtome 
(Leica, Berlin, Germany), mounted on glass 
slides and then stained using H&E solution. 
The pathological changes were assessed 
and photographed with a light microscope 
(Nicon Eclipse E600, Olympus) at 10 and 20 
magnifications and photographed.

Immunohistochemical examination
Immunohistochemical staining for 

8-OHdG proteins were performed by an 
automated method on the VENTANA 
BenchMark GX System (Ventana Medical 
Systems) with an ultraView Universal 
DAB Detection Kit on 4-µ sections from 
a representative block in each rat. After 
deparaffinization to water, the antigenic 
determinant sites for 8-OHdG, were 
unmasked in citrate buffer with steam for 
60 min. The primary antibody 8-OHdG 
(Santa Cruz sc-393871) was used at a 
dilution of 1:300 for 32 min at 37°C. 
The slides were then incubated with the 
diluted antibody, followed by application 
of Ultraview Universal DAB detection 
kit (Ventana Medical Systems). DAB was 
used as a chromogen and hematoxylin as 
a counterstain. The specificity of staining 
was confirmed by the inclusion of negative 
control slides processed in the absence of 
primary antibody on tissue from the same 
animal.

Biochemical analysis
Estimation of serum biochemical 
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parameters.
Blood samples from animals were 

collected in gel-activated tubes for the 
assessment of specific liver markers. The 
gel-activated tubes were allowed to clot, 
then centrifuged at 4000 × g for 10 min at 
4°C. The serum samples were collected for 
measuring liver markers, ALT and AST. 
(commercial kits on a Beckman Coulter 
AU5811 device, Japan).

CAT assay
CAT activity was assayed at 25 °C using 

a method based on the decomposition of 
H2O2 (16). Diluted homogenate (1:40; 5 
μL) was added to 720 μL of 30 mM H2O2, 
in 10 mM potassium phosphate solution; the 
reaction was monitored at 240 nm. Under 
these conditions, the decomposition of H2O2 
by the CAT contained in the samples exhibits 
first-order reaction kinetics according to the 
equation k = 2.3/t log(Ao/A), where k is the 
first-order reaction rate constant, t is the time 
period over which the decrease in H2O2 as a 
result of CAT activity was measured (15s), 
and Ao and A are the optical densities at 0 
and 15 s, respectively. The results were 
expressed as k/mg protein.

SOD assay
SOD activity was assayed using 

a previously reported method (7). A 
competitive inhibition assay was performed 
using the xanthine-xanthine oxidase system 
to reduce NBT. In a final volume of 166 
μL, the reaction mixture contained the 
following: 0.122 mM EDTA, 30.6 μM NBT, 
0.122 mM xanthine, 0.006% bovine serum 
albumin and 49 mM sodium carbonate. 
The liver homogenate (1:50 dilution; 33 
μL) was added to the reaction mixture, 
followed by 30 μL of a xanthine oxidase 
solution to a final concentration of 2.5 U/L. 
This reaction mixture was then incubated at 
room temperature for 30 min. The reaction 

was stopped with 66 μL of 0.8 mM cupric 
chloride, and the optical density was read at 
560 nm. Complete NBT reduction (100%) 
was obtained in a tube in which the sample 
was replaced by distilled water. The amount 
of protein that inhibited NBT reduction by 
50% was defined as one unit of SOD activity. 
The results were expressed as U/mg protein.

Statistical Analysis
Data recording and analysis was performed 

on “SPSS 20.0 for Windows” (SPSS Inc., 
IL, USA) software.  Descriptive data were 
expressed as mean±standard deviation 
.Compatibility with normal distribution 
of SOD and CAT levels and serum AST, 
and ALT results was assessed using the 
Kolmogorov-Smirnov test. Since all results 
were normally distributed, comparisons of 
them among the groups was performed using 
parametric one-way ANOVA, while degree 
of significance of differences between groups 
was determined using the post hoc LSD test. 
Correlations between results were assessed 
using Pearson correlation analysis. P<0.05 
was regarded as significant.

RESULT
Effect of MN extracts on serum         

biochemical markers after CCI4 damage
The administration of CCI4 significantly 

increased serum levels of AST and ALT 
(Table 1). MN (125, 250 mg/kg) caused 
significant (P < 0.05, P < 0.01) dose-
dependent reductions in CCI4-elevated levels 
of ALT  and ALT. In addition, treatment 
of animals with MN alone did not show 
any significant change in liver enzymes 
compared with the control group (Table 1).
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Effects of MN extracts on antioxidant enzymes
CCI4-induced damage in the brain decreased the activity of antioxidant enzymes (p < 

0.0001) (Table 2). High dose MN (HD-MN) extract provided the strongest protection in the 
presence of SOD and CAT; however, low dose MN (LD-MN) extract also showed protective 
effects for SOD and CAT (Table 2).

Table 1. Effects of CCI4 and MN on the activity of rat serum ALT and AST.

Data are expressed as mean ± standard deviation *P<0.05, according to ANOVA followed by the Tukey post 
hoc test.

Table 2. Effects of Mn extracts on antioxidant enzyme activity in the brain of  rats with 
CCl4-induced damage.

CCl4 effect was compared against all groups. Its effect was significantly different in all groups but with different 
statistical significances in each antioxidant activity measured: *p < 0.0001 vs all groups (in SOD); *p < 0.0001 
vs all groups. Each quantification was performed twice in triplicate on samples from three rats, and the values 
represent the mean ± SD

Histopathological results 
Sections from the brain of control group 

exhibited normal neuronal structure. Neurons 
retained their shape and normal cellularity 
with obvious nuclei (Figure 1A). Sections 
from the  CCI4-treated rats showed marked 
neuronal degeneration; neurons decreased in 
number and had indistinct boundaries. The 
sections also exhibited irregular damaged 
cells and cytoplasmic shrinkage. There was 
evidence of pyknotic nuclei and chromatin 

condensation. Necrosis and  perineuronal 
vacuolation were observed (Figure 1B). The 
Brain tissue of rats coadministered MN and 
CCI4 showed few pyknotic nuclei (Figure 
1C). Higher doses of Mn (250 mg/kg) 
protected neurons against the degenerative 
alterations caused by rotenone (Figure 1D).

Protective Mechanism of Morus Nigra on Carbon Tetrachloride
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Immunohistochemistry 
Sections from the brain of Normal saline -treated rats did not show immunopositive 

cells (Figure 2A). However, the CCI4-only group displayed extensive immunopositive 
cells of 8-OhdG (Figure 2B). On the other hand, 8-OHdG positive cells were reduced after 
cotreatment with Mn and CCI4 compared with the CCI4-only treated group (Figure 2C, 2D).

Figure 1. Representative light microphotographs of H&E stained sections from rats brain treated with 
physiological saline solution, CCI4, or CCI4 + MN.(A) Control group: neurons with surrounding supporting 
cells with normal nuclei that showed dispersed chromatin and prominent nucleoli. The cytoplasm of these 
cells was basophilic. (B) CCI4 : extensive neuronal damage, degeneration, loss of neurons and surrounding 
cells. Neurons appear smaller and shrunken with slight vacuolation of neuropil. Pyknotic darkly stained nuclei, 
apoptotic cells and cytoplasmic vacuolations. (C) CCI4+MN-125: nearly normal morphological appearance 
of with fewer apoptotic cells and cytoplasmic vacuolation (D): CCI4+MN-250: Mild pyknotic darkly stained 
nuclei, apoptotic cells, and cytoplasmic vacuolations (magnification at 40×).
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DISSCUSION
Administration of CCI4 to rats induces 

release of hepatic enzymes, hepatocyte 
necrosis and production of LPO products, 
such as malondialdehyde (MDA) (18,19). 
Indeed, in our experiments, administration 
of CCI4 increased blood serum ALT and 
AST activities, in agreement with previous 
results (7). The recorded rise in liver injury 
biomarkers in CCI4-treated rats indicates 
the substantial hepatic damage produced by 
CCI4.

In the present study, CCI4 induced a 
marked oxidative stress in the brain. The 
brain tissue is highly vulnerable to oxidative 
stress (20). Oxidative damage of neuronal 

cells has been causatively implicated in 
multiple neurodegenerative diseases (21).  

Over the years CCI4 has been used as an 
excellent model for studying experimentally 
induced neurotoxicity in murinemodels. 
CCI4 an organic industrial solvent used in 
industry is a vigorous carcinogenic agent that 
may create lung, liver, kidney and nervous 
system dysfunction (22, 23). CCI4 has been 
demonstrated to play an important role in 
various neurodegenerative diseases. Our data 
demonstrated that oxidative stress mediates 
cytotoxicity induced by the restraint stress 
in rat’s brain. The brain is one of the fetal 
structures that extremely prone to oxidative 
stress. MN has been indicated to reverse 

Figure 2. IHC staining showing the protective effect of MN against CCI4-induced neurodegenetive disease. 
High dose Mn treatment significantly reduced 8-hydroxy-2′-deoxyguanosine (8-OHdG) expression. (A) control 
group: no immunopositive reaction.  (Normal saline); (B) CCI4 treated group: Large number of  immunopositive 
cells compared to control.  (C) Low dose MN + CCI4: gradual increase of immunostaining dependent on the 
dose compared to CCI4 treated group. and (D) High dose MN: Less number of immunopositive cells compared 
with the CCI4 treated group  (magnification at 40×).
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brain damage, hyperglycemia and oxidative 
stress. We also observed that a significant 
reduction in antioxidant enzyme activities 
in the chronic stress in rats happened. The 
neurotoxicity is due to a reaction with the 
superoxide anion, which results in the 
formation of peroxynitrite capable to nitrate 
and oxidize proteins, lipids, and nucleic acids 
(24). Results from the present experiments 
indicate that MN increases antioxidant 
enzyme activity in different brain regions. 
High dose MN appeared to be more effective 
compared to low dose, thus indicating a 
potential of these diets to provide protection 
against liver damage. However, none of them 
could restore enzymatic activities to those of 
the control (untreated) animals.

A series of experimental studies have 
demonstrated that MN could reduce the 
production of ROS and ROS-induced 
apoptosis (10, 14). Chemo-preventive 
agents, such as phenolic antioxidants, dithiol 
ethiones and isothiocyanates, have been 
shown to selectively induce the activation 
of antioxidant enzymes through the Nrf2 
pathway (25, 26). CCI4 induced apoptosis 
that was confirmed by increased 8-OHdG 
expression in the brain tissue. The results 
revealed that oxidative stress-induced brain 
tissues of CCI4-treated rats evidenced a 
remarkable elevation in 8-OHdG (marker 
of DNA oxidation). While CCI4 increased 
the number of apoptotic cells, this increase 
was prevented in CCI4+125 mg/kg MN and 
250 mg/kg MN groups. The mechanism of 
neurotoxicity is thought to be related to the 
increased oxidative stress by the toxin. In the 
present study, we found that MN has marked 
antioxidant action in the experimetal model 
of brain injury by decreasing the apoptosis. 
It has been reported that 8-OHdG, which 
is the most commonly analyzed biomarker 
of oxidative damage to DNA, showed 

higher levels in the brains of AD patients 
than in subjects with normal aging (27).  
Results from our study also indicate that 
8-OHdG positive cells were reduced after 
co-treatment with MN and CCI4 compared 
with the CCI4-only treated group. However, 
further experimental studies are required in 
order to determine the minimum effective 
concentration. Nevertheless, the results of the 
present study indicate a possible pro-oxidant 
action of MN at higher concentrations. It has 
been suggested that the learning Impairment 
manifested by cirrhotics with hepatic 
encephalopathy is restored post-transplant 
(28). 

The lipid solubility of CCI4 enables it 
to cross cell membranes, and when it is 
systemically administered, it is distributed 
and deposited mainly in the liver and 
brain. The time course of the elimination 
of CCI4 appears to be governed by the 
blood perfusion rate and the lipid content 
of the tissue (29). We showed that CCI4 
significantly decreased the activity of the 
antioxidant enzymes CAT and SOD in the 
brain, likely due to protein inactivation by 
free radicals and these findings are in line 
with those reported previously (30,31). The 
antioxidant capacity of flavonoids is well 
known, and they can act as antioxidants in 
chemical systems due to their extensive 
conjugated π-electron systems that facilitate 
the donation of electrons from the hydroxyl 
moieties to the oxidizing radical (32). Some 
studies indicated that black mulberry leaf is 
a rich source of phenolic compounds which 
provides a potential antioxidant activity 
(33,34).

The present study demonstrated that 
CCI4 treatment elicited  toxicological 
consequences in our animal models. On 
the other hand, the potential properties of 
MN extract in restoring these toxicological 
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consequences were properly investigated. In 
conclusion, the present study suggests that 
CCI4 intoxication induces oxidative stress in 
rat brain. MN extract when administered in a 
long-term mode can moderate these effects, 
thus suggesting their potential to protect the 
brain from oxidative damage.

REFERENCES
1. Butterworth RF. Hepatic encephalopathy: 
a neuropsychiatric disorder involving 
multiple neurotransmitter systems. Cur Op 
Neurol. 2000;13:721–727.
2. Jalan R, Damink SW, Hayes PC, Deutz 
NE, Lee A. Pathogenesis of intracranial 
hypertension in acute liver failure: 
inflammation, ammonia and cerebral 
blood flow. J Hepatol. 2004;41:613–20. 
doi:10.10167j.hep.2004.06.011.
3. Rao KV and Norenberg MD. Brain energy 
metabolism and mitochondrial dysfunction 
in acute and chronic hepatic encephalopathy. 
Neurochem Int. 2012;60:697–706. 
doi:10.1016/j.neuint.2011.09.007.
4. Bosoi CR and Rose CF. Oxidative stress: a 
systemic factor implicated in the pathogenesis 
of hepatic encephalopathy. Metab Brain Dis. 
2013;28:175–8.doi: 10.1007/s11011-012-
9351-5.
5. Basu S. Carbon tetrachloride-induced 
lipid peroxidation: eicosanoid formation 
and their regulation by antioxidant nutrients. 
Toxicology. 2003;189:113– 127.
6. Dani C, Pasquali MAB, Oliveira MR, 
Umezu FM, Salvador M. Henriques JAP, 
Moreira JCF. Protective effects of purple 
grape juice on carbon tetrachloride-induced 
oxidative stress in brains of adult Wistar rats. 
J. Med. Food 2008;11:55–61.doi: 10.1089/
jmf.2007.505.
7. Botsoglou NA, Taitzoglou IA, Botsoglou 
E, Lavrentiadou S, Kokoli AN, Roubies N. 

Effect of long-term dietary administration 
of oregano on the alleviation of carbon 
tetrachloride -induced oxidative stress in 
rats. J. Agric. Food Chem. 2008;56:6287–
6293. doi: 10.1021/jf8003652.
8. Lavrentiadou SN, Tsantarliotou MP, Zervos 
IA, Nikolaidis E, Georgiadis MP, Taitzoglou 
IA. CCl4 induces tissue-type plasminogen 
activator in rat brain; protective effects of 
oregano, rosemary or vitamin E” Food and 
Chemical Toxicology. 2013;61:196–202.
9. Nomura T and Hano Y. Isoprenoid-
substituted phenolic compounds of 
moraceous plants. Natural Product 
Reports,1994;11:205-218. 
10. Almeida AL, Guimarães AP, Oliveira et 
al., Evaluation of hypoglycemic potential 
and pre-clinical toxicology of Morus nigra 
l. (Moraceae). Latin American Journal of 
Pharmacy. 2011;30: 96–100.
11. Souza GR, Oliveira RG, Diniz TC, Branco 
A, Lima SRG et al., Braz. Assessment of 
the antibacterial, cytotoxic and antioxidant 
activities of Morus nigra L. (Moraceae). 
Brazilian Journal of Biology. 2017;1678-
4375. 
12. Mecocci P, Polidori MC. Antioxidant 
clinical trials in mild cognitive impairment 
and Alzheimer’s disease. Biophys. Acta. 
2012;1822:631–638. 
13. Almeida JRG, Guimarães AL, Oliveira 
AP et al., “Evaluation of hypoglycemic 
potential and pre-clinical toxicology of 
Morus nigra l. (Moraceae),” Latin American 
Journal of Pharmacy, 2011;30:96–100.
14. El-Mawla AMA, Mohamed KM, 
Mostafa AM. Induction of biologically active 
flavonoids in cell cultures of Morus nigra and 
testing their hypoglycemic efficacy. Scientia 
Pharmaceutica. 2011;79(4):951–961. doi: 
10.3797/scipharm.1101-15.
15. Dalmagro AP, Camargo A, Zeni ALB. 

MAE Vet Fak Derg, 2 (2):  97-108,  2017 

Protective Mechanism of Morus Nigra on Carbon Tetrachloride



107

MAE Vet Fak Derg, 2 (2):  97-108,  2017 

Morus nigra and its major phenolic, 
syringic acid, have antidepressant-like and 
neuroprotective effects in mice. Metab Brain 
Dis. 2017;18: 71-89. doi: 10.1007/s11011-
017-0089-y.
16. Bémeur C, Butterworth RF. Liver-brain 
proinflammatory signalling in acute liver 
failure: role in the pathogenesis of hepatic 
encephalopathy and brain edema. Metab 
Brain 2013;28:145–150. doi: 10.1007/
s11011-012-9361-3.
17. Acharya C, Wade JB, Fagan A, White M, 
Gavis E, Ganapathy D, Gilles H, Heuman 
DM, Bajaj JS. Overt Hepatic Encephalopathy 
impairs learning on the Encephalapp Stroop 
which is Reversible after Liver Transplant. 
Liver Transpl. 2017;10:12-24.doi: 10.1002/
lt.24864.
18. Lesiuk S, Czechowska G, Zimmer 
M, Słomka M, Madro A, Celinsk K and 
Wielosz M. Catalase, superoxide dismutase, 
and glutathione peroxidase activities in 
various rat tissues after carbon tetrachloride 
intoxication. J. Hepatobiliary. Pancreat. 
2003;10:309–315. doi: 10.1007/s00534-
002-0824-5.
19. Recknagel R, Glende EA, Dolak 
JA, Waller RL. Mechanisms of carbon 
tetrachloride toxicity. Pharmacol. Ther. 
1989;43:139–154.
20. Urrutia E, Chaverri J, Rodríguez N, 
Gertrudis B, Cruz ME, Morales A, González 
DJ, Martínez CM, Carranza R, Aguirre JJ. 
Hepatoprotective effect of acetonic and 
methanolic extracts of Heterothecainuloides 
against CCl (4)-induced toxicity in rats. 
Exp. Toxicol. Pathol. 2011;63:363–370. doi: 
10.1016/j.etp.2010.02.012.
21. Halliwell, B. Oxidative stress and 
neurodegeneration: where are we now? J. 
Neurochem. 2006;97:1634–1658.
22. Bagchi M, Ghosh S, Bagchi D, Hassoun 
E,  Stohs SJ. Protective effects of lazaroid 

U74389F (16-desmethyl tirilazad) on endrin-
induced lipid peroxidation and DNA damage 
in brain and liver and regional distribution of 
catalase activity in rat brain, Free Radic Biol 
Me. 1995;6:867–872.
23. Khan RA. Protective effect of Launaea 
procumbens (L.) on lungs against CCl4-
induced pulmonary damages in rat. BMC 
Complement Altern Med 2012; 12:133.doi: 
10.1186/1472-6882-12-133.
24. Ahmad B, Khan MR, Shah NA. 
Amelioration of carbon tetrachloride-induced 
pulmonary toxicity with Oxalis corniculata. 
Toxicol Ind Health 2015; 31:1243-1251.doi: 
10.1177/0748233713487245.
25. Korhonen R, Lahti A, Kankaanranta H, 
Moilanen E. Nitric oxide production and 
signaling in inflammation. Curr Drug Targets 
Inflamm Allergy. 2005;4:471–479.
26. Boots AW, Kubben N, Haenen GR, Bast 
A. Oxidized quercetin reacts with thiols 
rather than with ascorbate: implication 
for quercetin supplementation. Biochem. 
Biophys. Res. Commun. 2003;308:560–565.
27. Lotito SB., Frei B. Consumption of 
flavonoid-rich foods and increased plasma 
antioxidant capacity in humans: cause, 
consequence, or epiphenomenon? Free 
Radical Biol. Med. 2006;41:1727–1746.
28. Silva ART, Santos ACF, Farfeletal JM. 
Repairofoxidative DNA damage, cell-cycle 
regulation and neuronal death may influence 
the clinical manifestation of Alzheimer’s 
disease. PLoSONE. 2014;9:6-10. doi: 
10.1371/journal.pone.0099897.
29. Sanzgiri UY, Srivatsan V, Muralidhara 
S, Dallas CE, Bruckner JV. Uptake, 
distribution, and elimination of carbon 
tetrachloride in rat tissues following 
inhalation and ingestion exposures. Toxicol. 
Appl. Pharmacol. 1997;143:120–129. doi: 
10.1006/taap.1996.8079
30. Wang M, Zhang XJ, Feng R, Jiang Y, 

Yıldız Deniz



108

Zhang DY, He C, Li P, Wan JB. Biomed Res 
Int. 2017;23:52-59.
31. Aceves LM, García O, Martínez LX, 
Luna KA, Flores H, Martínez M, Medina 
S, Navarro MD, Oliván LM. Biochemical 
and molecular modulation of CCl4-induced 
peripheral and central damage by Tilia 
americana var. mexicanaextracts. Saudi 
Pharm J. 2017;25:319–331. doi: 10.1016/j.
jsps.2016.06.008.
32. Duthie G, Morrice P. Antioxidant capacity 
of flavonoids in hepatic microsomes is not 
reflected by antioxidant effects in vivo. Oxid. 
Med. Cell. Longevity. 2012;16:51-59.
33. Memon AA, Luthria D, Memon N et 
al. Phenolic acids profiling and antioxidant 
potential of mulberry (Morus laevigata W., 
Morus nigra L., Morus alba L.) leaves and 
fruits grown in Pakistan. Pol J Food Nutr Sci 
2012;60:25–32.
34. Salcedo EM, Mena P, Viguera C et al., 
(poly) phenolic compounds and antioxidant 
activity of white (Morus alba) and black 
(Morus nigra) mulberry leaves: their potential 
for new products rich in phytochemicals. J 
Funct Foods. 2015;18:1039–1046. 

MAE Vet Fak Derg, 2 (2):  97-108,  2017 

Protective Mechanism of Morus Nigra on Carbon Tetrachloride


