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Abstract
	 The fruit goji berry of Lyciumbarbarym, a traditional Chinese herb-
al medicine, has been widely used in healthy diets due to its potential role in the 
prevention of chronic diseases. We studied the effects ofroridin A toxin in male 
rat liver and their amelioration by goji extract. Thirtymale adult albino rats were 
divided into three groups (10 rats each). Group 1 (Control group) was given only 
the solvent(DMSO) of roridin A. Group 2 was administered a single dose (0.6 mg/
kg) of rordin A mycotoxin (dissolved in 1% DMSO) for one week. Group 3 was 
treated prophylactically with goji extract (5 mg/kg) using gastric tube daily for 6 
days and left for one week. Roridin A showed a highly significant increase in se-
rum levels of cholesterol, triglycerides and significant increase inglucose, total an-
tioxidants and tumor necrosis factor (TNF). There was significant decrease in se-
rum ferritin level. On the other hand, administration of goji along with rordin A 
showed a reduction in the above mentioned factors and elevation inferritin level. 
Histopathological changes in the rat liver coincided with the above biochemical 
changes. In conclusion; the treatment of rats with goji extract ameliorated the ad-
verse effects of rordin A. Thus, gojimay be used asan antioxidant for certain toxins.
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Introduction

	 Mycotoxins, by-products of fungal metabolism have been implicated as 
causative agents of adversehealth effects in humans and animals that have consumed 
fungus-infected agricultural products[1,2]. The trichothecenes are very large family 
of chemically related toxins produced by various species of Fusarium, Myrotecium, 
Trichoderma Cephalosporium,Verticimonosporium and Stachybotrys[3]. Trichoth-
ecenes occur worldwide in a wide variety of food and other commodities. They are 
often found in cereal grains, especially in the temperate regions of America, Asia and 
Europe[4,5]. This family of mycotoxins causes multi-organ effects including emesis, 
diarrhea, weight loss, nervous disorders, cardiovascular alterations, immunosuppres-
sion, hemostatic derangements, skin toxicity, decreased reproductive capacityand 
bone marrow damage[3,6]. All trichothecenes have in common a 9, 10 double bond 
and a 12, 13 epoxide group[7], which are responsible for their toxicological activity[8] 
but, extensive variation exists relative to ring oxygenation patterns[7] (Figure 1.1). 
Previously, trichothecenesmycotoxins were conveniently divided into two structure 
types: (1) Simple, e.g., T-2 toxin, diacetoxyscirpenol (DAS), verrucarol, DON, etc.; 
and (2) Macrocyclic, e.g., verrucarin A, B, J androridin A, D, E, etc. (Figure 1.2).

Figure 1.1: Structure of Trichothecenemyco-
toxin

 
Figure 1.2: Structure of (a) simple and (b) 
macrocyclictrichothecenes
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	 One of the most important macrocyclic-trichothecenes 
is roridin A(Figure 1.3), mycotoxin of this study, which is pro-
duced by Myrotheciumverrucaria, Myrotheciumroridum, My-
rotheciumleucotrichium and Dendrodochiumtoxicum[9-11].

Figure 1.3: Structure of Roridin A

	 Goji berry (Figure 2) species are deciduous woody pe-
rennial plants which are grown in the northwestern part of Chi-
na, primarily in the Ningxia HuiAutonomous Region. Goji berry 
is prized for its versatility of colorand nut-like taste in common 
meals, snacks, beverages, and medicinal applications[12]. It has 
been widelyused as a functional ingredient in nutraceuticals 
since excessive studies havedemonstrated that goji berry plays 
a crucial role in the improvement of vision, prevention of aging 
andage-related diseases, inhibition of cancer development and 
boosting immune system[13,14].

Figure.2: Goji berry fruit

	 The present study was planned to assess the biochem-
ical profile supported by histological evidence of single dose of 
roridin Aonliver of male rat in order to evaluate the possible role 
of goji extract in reversing roridin A toxicity.

Materials and Methods

Animals: Male adult albino rats weighing 150-200 grams at the 
age of 3.0-4.0 months were used. Animals were obtained from 
the animal house, Faculty of Medicine, Assiut University and 
were housed in animal place with room temperature being main-
tained at 25±2ºC. Animals were fed on a commercial pellet diet 
and kept under normal light/dark cycle. Animals were givenfood 
and water ad libitum.

Chemicals and Solutions Preparation: Gojidried fruits were 
collected from china market. Roridin A,from a Myrothecium 
species was obtained from Sigma-Aldrich. Solvent1% DMSO 
(0.6 mg/kg) was obtained from Sigma-Aldrich.Kits were pro-
cured from Biovision, USA. The animals were randomly divid-
ed into 3 groups each group comprised 10 rats.The animals were 
treated as follows:

Group 1: Solvent 1% DMSO saline solution (0.6 mg/kg) for one 
week.
Group 2: Rordin Asingle dose (0.6 mg/kg) dissolved in 1% 
DMSO for one week[15]. 
Group 3: Goji extract (5.0 mg/kg)[16] using gastric tube for 6 days 
daily then the animals treated with roridin A and left for one 
week.
	 After 2 weeks of injectionall the rats were anesthe-
tized using ether. Blood samples were collected from the heart 
and serum was separated by centrifugation at 5000 rpm for 10 
minutes and stored at -20ºC until analysis.Serum samples were 
analyzed for glucose[17]; total cholesterol and triglyceride[18,19]. 
Total antioxidants (TAS) was measured according to Miller, et 
al.[20], and ferritin was measured according to Young[21]. Tumor 
necrosis factor (TNF) was determined according to the method 
of Beutler and Ceramic[22].

Histological Examination
	 Rats were killedand the abdomen was opened. The liv-
er was excised and washed in sterile saline solution. The tissues 
were fixed in neutral buffered formalin, processed to paraffin 
wax sectioned at 5 µm. The slides were stained with haema-
toxylin and eosin (H&E). Stained sections were examined and 
photographed using digital camera, attached to Olympus CX21 
light microscope and connected to computer.

Statistics
	 Statistics was performed using the statistical graph pad 
prism 5. One way analysis of variables (ANOVA) was used. Sig-
nificant differences between the groups was determined using 
a post-hoc Newman-keuls test. All the results are expressed as 
mean ± SE and the level of significance between groups were 
considered significant (*) at p<0.05 and highly significant (**) 
at p<0.001.

Results and Discussion

Histological Results
	 In group 1 (control group), normal hepatic lobular 
pattern with cords of hepatocytes appeared radiating from the 
central vein. These cords were separate by blood sinusoids. 
The hepatocytes were polygonalacidophilic cells with vesic-
ular nucleus (Figure 3). In group 2 treated with roridin A, the 
central vein appeared markedly dilated and congested. Most of 
the cells were highly vacuolated with pyknotic deeply stained 
nuclei (Figures 4 and 5). These changes indicatedproliferation 
of organelles such as smooth endoplasmic reticulum, peroxi-
somes and mitochondria involved in detoxification processes[23]. 
In group 3 treated prophylactically with goji extract the central 
vein appeared lessdilated and congestedas compared to thegroup 
2. Most of the cells were less vacuolated with vesicular nuclei 
more or less similar to the control group (Figure 6). Goji extract 
was found to offer some protection against roridin A hepatotox-
icity. The protection appeared in the form of improvement of 
histological changes where hepatocyte looked more or less sim-
ilar to control. 
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Figure 3: A section of control liver showing the central vein  (c ),cords 
of hepatocyte separated from each other by blood sinusoids(S),hepato-
cytes are polygonal acidophilic with vesicular nucleus (arrow)(H& E 
x 400)

Figure 4: A section of liver showing congested dilated central vein  
(c ) ,most of hepatocytes are highly vacuolated  with pyknotic deeply 
stained nuclei  (arrow) ( group 2) (H& E x 200)

Figure 5: A magnified image of the previous section  showing, most of 
hepatocytes are highly vacuolated with pyknotic deeply stained nuclei 
(arrow) (H& E x 400)

Figure 6: A section of liver showing, most hepatocytes are less vacu-
olated compared to the previous group most of the nuclei are vesicular 
(arrow) (H& E x 400)     

Biochemical Parameters 
	 After administration of roridin A mycotoxin there was 
a highly significant increase in cholesterol, triglyceride and total 
antioxidants (Table 1, Figures 7, 8 and 11). The results showed-
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significant increase in glucose and TNF levels (Figures 9 and 
10). There was ahighly significant decrease in ferritin observed 
over a period of one week (Figure 12). These results may be at-
tributed to the varying toxic effect ofrordin A. The above data are 
in agreement with the results obtained by Ueno[24] who reported 
thatall trichothecenes have in common a 9, 10 double bond and 
a 12, 13 epoxide group[7] which areresponsible for their toxico-
logical activity[8]. It also prevents polypeptide chain initiation or 
elongation by interaction with eukaryotic 60 S mammalian ribo-
somal subunitand interaction with the enzyme peptidyl-transfer-
ase. That leads to varying degrees of inhibition of peptide bond 
formation[7].

Table 1: Effect of roridin A (0.6 mg/kg) alone and with goji extract (5.0 
mg/kg) on some biochemical parameters in male rats.

Biochemical 
parameters

Control 
(Group 1)

Roirdin 
(Group 2)

Goji extract 
(Group 3)

Cholesterol (mg/dl) 1.32 ± 0.001 3.21 ± 0.005** 1.20 ± 0.01**

TG (mg/dl) 1.758 ± 0.003 3.255 ± 0.011** 1.65 ± 0.004**

Glucose (mg/dl) 92.63 ± 0.21 114.3 ± 0.080* 90.62 ± 0.22*

Total 
antioxidant (mmol/L)

0.19 ± 0.01 0.27 ± 0.02** 0.37 ± 0.02*

TNF pg/ml 35.04 ± 0.012 51.74 ± 0.4* 36.4 ± 0.2

Feritin (µg/ml 0.18 ± 0.004 0.06 ± 0.001** 0.17 ± 0.001**

Data represent mean ± SE of 10 observations. Level of significance between 
groups at *p<0.05, **p<0.001

Figure 7: Effect of roridin A (0.6 mg/kg) alone and with goji extract (5.0 mg/
kg) on cholesterol in rats

Data represent  mean ± SE of 10 observations and the level of significance be-
tween groups were *p<0.05.

Figure 8: Effect of roridin A (0.6 mg/kg) alone and with goji extract (5.0 mg/
kg) on TG in rats

Data represent  mean ± SE of 10 observations and the level of significance be-
tween groups were *p<0.05.
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Figure 9: Effect of roridin A (0.6 mg/kg) alone and with goji extract (5.0 mg/
kg) on glucose in rats

Data represent  mean ± SE of 10 observations and the level of significance be-
tween groups were *p<0.05, ** p<0.01, .

Figure 10: Effect of roridin A (0.6 mg/kg) alone and with goji extract (5.0 mg/
kg) on TNF in rats

Data represent  mean ± SE of 10 observations and the level of significance be-
tween groups were *p<0.05 .

Figure 11: Effect of roridin A (0.6 mg/kg) alone and with goji extract (5.0 mg/
kg) on TAS in rats

Data represent  mean ± SE of 10 observations and the level of significance be-
tween groups were *p<0.05, **p<0.01 .

Figure 12: Effect of roridin A (0.6 mg/kg) alone and with goji extract (5.0 mg/
kg) on ferritin in rats

Data represent  mean ± SE of 10 observations and the level of significance be-
tween groups were *p<0.05, ** p<0.01

	 On the other hand, male rats treated prophylactically 
with goji extract showed highly significant decrease incholester-
ol, triglycerideand significant decrease in glucose (Table 1 and 
Figures 7-9). These results are in agreement with the previous 
research[25]. The hypoglycemic and hypolipidemic effects of Ly-
cium barbarumwere investigated through designed sequential 
trials and by measuring blood glucose and serum lipid param-
eters in alloxan-induced diabetic or hyperlipidemic rabbits[25]. 
Also, Preethi et al.,[26] evaluated hypolipidemic effects of Lyci-
umbarbarum and reported results similar to the findings of the 
present study. Lyciumbarbarum contains pharmacologically ac-
tive constituents that offer a variety of indications that affect dif-
ferent organs of the body[27]. Both poly-saccharides and vitamin 
antioxidants from Lyciumbarbarum fruits were possible active 
principles of hypolipidemic effect[28]. Hepatic genes expression 
profiles demonstrated that Lyciumbarbarum polysaccharide 
can activate the phosphorylation of adenosine monophosphate 
activated protein kinase, suppress nuclear expression of sterol 
regulatory element-binding protein-1c, and decrease protein and 
mRNA expression of lipogenic genes in vivo or in vitro[28]. 
	 In the present study, the total antioxidant increased in 
roridin a groupcompared to the control. In goji extract treated 
group total antioxidant was elevated as compared to control (Ta-
ble 1 and Figure 11). High level of TAS in roridin a treated group 
may reflect a body defense against oxidative toxicants[29]. Nor-
mally, one would expect a decrease in the antioxidant levels after 
the administration of a drug that can be potentially hepatotoxic. 
On the contrary in the present study, it was interesting to find a 
significant increase in TAS in roridin a treated rats, when liver 
damage was minimal. It is suggested that increase in antioxidant 
level may be a defense mechanism in the liver to prevent ror-
idin A toxicity. In fact this view is supported by Abraham and 
Sugumar[30], who demonstrated a significant increase in gluta-
thione and antioxidant enzymes. Lyciumbarbarum was effective 
in reducing necro-inflammation and oxidative stress induced by 
a chemical toxin[31]. Lyciumbarbarum increasedsuperoxide dis-
mutase, catalase, glutathione peroxidaseand glutathione reducta-
seactivities, thereby inhibiting oxidative stress-induced damage. 
Lyciumbarbarum ameliorates oxidative stress-induced cellular 
apoptosis[32].
	 In roridin A treated group, there was a significant in-
crease in TNF thatameliorated after the administration of goji 
in male rats (Table 1 and Figure 10). Lyciumbarbarum inhibited 
polymorphonuclear neutrophil accumulation and ameliorated 
changes in the TNF level in intestinal ischemia/reperfusion inju-
ries in rats[33].
	 Ferritin dependent oxidative damage, may be involved 
in the pathogenesis of disease where increased total antioxidants 
(enzymatic or non-enzymatic) formation occurs. Roridin A tox-
icity increases antioxidant production potential to mobilize fer-
ritin iron this suggestion is in agreement with[34]. It may be as a 
result of increase urinary excretion, decreases ferritin levels and 
reduces liver iron in the majority of chronically transfused iron 
loaded of patients[35] (Table 1 and Figure 12). The mean value of 
ferritin was significantly increasedingoji extracttreated groupas 
compared to the control group. This indicates that goji reduces 
many undesirable changes in the liver tissue due to its ability 
for absorbtion or elimination of the mycotoxin or inhibiting its 
transformation, resulting in the increase of its toxicity. This find-
ing indicates that dried fruits of goji extract could play an im-
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portant role in the protection against the adverse effects ofroridin 
A as a mycotoxin.

Conclusion

	 In conclusion, goji extract is effective in reducing oxi-
dative stress induced by a chemical toxin. Thus, goji has a great 
potential use as a food supplement in protection of the liver from 
injuries due to exposure to toxic chemicals or other related in-
sults. However, further mechanistic and clinical studies are war-
ranted to establish the dose-response relationships and bio-safe-
ty aspects of Lyciumbarbarum.
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