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Abstract
 Patulin caused severe damage in several organ systems like kidney, intes-
tinal tissue and immune system. The objective of this study is to show the effects 
of patulin mycotoxin on some biochemical parameters and histological chang-
es on male rats’ kidney. 50 adult albino male rats were divided randomly into 5 
groups. Control group was injected subcutaneously daily with distilled water; groups 
I and II were injected subcutaneously daily with Patulin (0.2 mg/kg/day) for one 
and two weeks respectively. Group III was treated with the same dose of patulin 
for two weeks after that they were injected subcutaneously with Goji extract (2ml/
kg /day) for two weeks. Group IV was treated by Goji for two weeks after that 
they were treated with the same dose of patulin for two weeks. Level of total an-
tioxidant stress (TAS), Blood urea nitrogen (BUN) and pyruvate kinase (M2-PK) 
were decreased significantly in serum of both treated groups compared with con-
trol group, but level of serum creatinine (SCr), Alpha feto protein (AFP) and carc-
inoembryonic antigen (CEA) were increased significantly in serum of both treated 
groups compared with control group. Histopathological changes of rat kidney co-
incided with biochemical changes. In conclusion, consumption of patulin induced 
renal toxicity. Goji extract may be used as a new therapeutic for patulin toxicity.
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Introduction

 Toxins produced by filamentous fungi are called mycotoxins. This term, by general consensus, is used almost exclusively 
for fungi associated with food products and animal feed, excluding toxins produced by mushrooms[1]. Mycotoxins are secondary 
metabolites, with no apparent function in the normal metabolism of fungi. They are produced mainly, although out exclusively, 
when the fungus reaches maturity[2]. Mycotoxins commonly occur in human and animal food derivatives and can appear in the field 
before harvest, post-harvest or during processing, storage and feeding, adversely affecting the quality of the food[3].
 Patulin (Figure A), is an unsaturated heterocyclic lactone produced by certain fungal species of Penicillium, Aspergillus 
and Byssochlamys growing on fruit[4]. Patulin has been mainly found in apple and apple products and occasionally in pears, grapes, 
apricots, strawberries, blueberries and peaches[5]. Animal tissues affected by PAT administration included kidney and intestine[6,7]. 
PAT is believed to exert its cytotoxic effects mainly by forming covalent adducts with essential cellular thiols in proteins and amino 
acids[8]. The sub-acute administration of patulin has been mainly studied in rats, where it was shown to induce weight loss, gastric 
and intestinal changes and alterations in renal function[9]. Repetitive doses lead to signs of neurotoxicity (tremors, convulsions) as 
well as an inhibition of several enzymes (ATPase) in the intestine[10], and the brain, in particular, with consequences in terms of lipid 
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metabolism[11].
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Figure A: Structure of patulin (PAT)

 Fresh extracts of fruits, herbs, vegetables, cereals and 
other plant materials rich in phenolics are of increasing interest 
in the food industry, because they retard oxidative degradation 
of lipids and thereby improve the quality and nutritive value of-
food[12]. Lyciumbarbarum (Goji) (Figure b) have been used in 
Chinese medicine for over 2000 years where their beneficial ef-
fects are claimed to enhance the immune system, improve eye 
sight, and circulation, and to possess anticarcinogenic proper-
ties. The immune enhancing, anti-cancer and antioxidative prop-
erties of Wolfberry polysaccharides are reported in several Chi-
nese publications[13,14].

Figure b: The fruit of LyciumBarbarum (Goji)

 The present study was planned to assess the biochemi-
cal profile supported by histological evidence of patulin on kid-
ney of male rat in order to evaluate the possible role of Goji 
extract in reversing patulin toxicity.  

Materials and Methods

Chemicals
 Patulin (4-hydroxy-4H-furo [3, 2-c] pyran-2 (6H)-one) 
was obtained from Sigma Chemical Company.

Extraction of Goji
 Goji berry extract was made according to Yang and 
Baojun 2013[15].

Experimental Design and Animals
 Fifty white male albino rats each weighs (240-300 g) 
were kept at 22°C, and 12 h light and 12 h dark cycle. They 
were given standard rat diet and had free access to tap water. The 
animals were divided randomly into five groups (10 rats each 
in two cages) and were subjected to the following schedule of 
treatments:
 Control group was injected subcutaneously daily with 
distilled water; groups I & II were injected subcutaneously daily 
with patulin 0.2 mg/kg/day[16] for one and two weeks respec-
tively. Group III was treated by patulin as previous dose for two 
weeks after that they were injected subcutaneously with Goji 
extract 2 ml/kg/day for two weeks. Group IV was treated by Goji 

for two weeks after that they were injected subcutaneously with 
the same toxin for two weeks.

Biochemical Studies
 Animals were anesthetized under light diethyl ether 
and blood samples were collected from the heart into plain tubes 
and stored at-20°C until analysis was performed. Sera were 
used for the measurement of Blood Urea Nitrogen (BUN), Se-
rum Creatinine (SCr), total antioxidant stress (TAS), Alpha feto 
protein (AFP), Carcinoembryonic Antigen (CEA) and Pyruvate 
Kinase (M2-PK). Level of (BUN) was measured according to 
Urease-Berthelot method. Level of (SCr) was measured by Jaffe 
Reaction. In addition, (TAS) concentration was measured by re-
action of antioxidants in the sample with a defined amount of 
hydrogen peroxide (H2O2); the antioxidants in the sample elim-
inate a certain amount of the hydrogen peroxide. The residual 
H2O2 is determined colorimetrically by an enzymatic reaction 
which involves of 3,5, dichloro-2-hydroxybenzensulphonate to 
a colored product. (AFP) and (CEA) were determined by ELISA 
kit was purchased from Elab Science. (M2-PK) was determined 
by ELISA kit was purchased from Wkeamed supplies. 

Histological Studies
 For the histological preparations, the abdomen was 
opened and dissected to remove their right and left kidneys at 
the end of the treatment. Renal tissues were cut into small pieces 
and then fixed in 10% neutral buffered formalin for 24h and 4% 
glutaraldehyde for light and electron microscope[17,18], examined 
and photographed using a JEOL JEM 1010 electron microscope 
(JEOL Ltd, Tokyo, Japan) in the Electron Microscope Research 
Laboratory of the Histology and Cell Biology Department, Fac-
ulty of Medicine, Sohag University (Egypt).

Statistical Analysis
 Statistics was performed using the statistical graph pad 
prism 5. One way analysis of variables (ANOVA) was used post-
ed by Newman-keuls test. All results are expressed as mean ± 
SE and the level of significance between groups were *p<0.05, 
**p<0.01, ***p<0.0001 (Table 1).

Table 1: Effect of Patulin (0.2 mg/Kg b. w.) on Some Biochemical Pa-
rameters of Male Rats:

Groups
Control             Group I Group II Group III Group IV

Parameters

BUN  )
mmol/l)

6.49 ± 
0.323

5.023 ± 
0.2940**

5.177 ± 
0.1607**

6.462 ± 
0.18 n.s

6.575 ± 
0.335 n.s

SCr (mg/dl) 0.7303 ± 
0.03771

1.312 ± 
0.1025***

1.105 ± 
0.1315**

0.725 ± 
0.04 n.s

0.847 ± 
0.0578 n.s

TAS (mμ/l) 2.128 ± 
0.07345

1.54 ± 
0.05797***

1.551 ± 
0.05405***

2.48 ± 
0.025 n.s

2.371 ± 
0.044 n.s

M2-PK (ng/
ml)

1.477 ± 
0.3354

0.6449 ± 
0.1295*

0.7074 ± 
0.1226*

1.56 ± 
0.217 n.s

1.37 ± 
0.164 n.s

CEA (ng/
ml)

0.06399 ± 
0.01747

0.2473 ± 
0.06325***

0.1978 ± 
0.01715**

0.059 ± 
0.011 n.s

0.1041 ± 
0.003 n.s

AFP (ng/
ml)

0.375 ± 
0.012

0.752 ± 
0.207*

0.918 ± 
0.164*

0.445 ± 
0.029 n.s

0.586 ± 
0.066 n.s

Data are expressed as mean ± SE. Number of sample in each group is 10.
G1, G2 = Treated group with Patulin.          
Significant change in comparison between groups: 
*p<0.05; **p<0.01; ***p<0.001
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N.S Non significant (P > 0.05) 

Results

Biochemical Results
The Data in Table 1 Indicated That
 The mean value of serum BUN concentration (mmol/L) 
showed highly significant decrease (P > 0.01) in G I and G II as 
compared with control. The mean value of serum SCr concen-
tration (mg/dl) showed highly significant increase (P >0.001) in 
G I and G II as compared with control. The mean value of serum 
TAS concentration (mμ/l) showed highly significant decrease (P 
>0.001) in G I and G II as compared with control.The mean val-
ue of serum AFP and CEA concentration (ng/ml) showed highly 
significant increase (P > 0.001) in G I and G II as compared 
with control .The mean value of serum M2-PK concentration 
(ng/ml) showed significant decrease (P > 0.05) in G I and G II as 
compared with control.However, Non-significant changes in the 
mean value of all previous biochemical parameters in G III and 
G IV were observed as compared to control.

Histological Results
 In light microscopic examination the renal cortex of the 
control group was characterized by the presence of renal corpus-
cles, proximal and distal convoluted tubules (PCT&DCT). Each 
renal corpuscle was consisted of a glomerular capillary tuft sur-
rounded by capsular space and Bowman’s capsule (Figure 1a). 
Ultrastructure, glomerular capillaries were lined by a thin layer 
of fenestrated endothelial cells and surrounded by podocytes’s 
foot processes (Figure 1b). The PCT rested on a thin regular 
basement membrane and lined by cuboidal cells with profuse 
luminal microvilli. They had large rounded euchromatic nuclei 
with prominent nucleoli, many apical pinocytotic vesicles, lyso-
somes, basal infoldings and longitudinal arranged mitochondria 
(Figure 1c). The DCT had few irregular small luminal micro-
villi. Their cells contained large apical euchromatic nuclei and 
mitochondria in the basal infoldings (Figure 1d).

Figure 1 (a) the renal cortex of control group showing renal corpus-
cles have a glomerular tuft (G) and urinary space (arrow). PCT (P) and 
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DCT (D) cells have acidophilic cytoplasm and rounded vesicular nu-
clei.    H&E × 100  
(b) The renal corpuscle of control group showing podocyte (P), prima-
ry processes (thin arrow) and numerous foot processes (arrow head) 
rest on the glomerular basement membrane (asterisk). The cytoplasm 
contains irregular nucleus (N), RER (R) and lysosomes (L).Note: the 
fenestrated endothelium (thick arrow) of the glomerular capillaries (g).                                                                                              
X8000
(c) A PCT lining cell of control group showing numerous long apical 
microvilli (mv) and regular thin basement membrane (arrow). The cyto-
plasm has euchromatic nucleus (N) with prominent nucleolus, pinocy-
totic vesicles (thick arrow), basal infoldings (arrow head), mitochondria 
(M) and few lysosomes (L).  X6000
(d) A DCT lining cell of control group showing apical euchromatic 
nucleus (N), basal infoldings (arrow head) associated with elongated 
mitochondria (M), and a few luminal microvilli (thin arrow). Note: the 
regular thin basement membrane (thick arrow).  X6000

 The renal cortex of group I exhibited glomerular hyper 
cellularity, reduction of the urinary space and widening in the 
lumen of tubules. Many PCTs had destructed wall and cellular 
casts in their lumen. Mitotic figures and atypical nuclei were seen 
in some tubules.  Interstitial inflammatory cellular infiltration 
was also observed (Figures 2a, 2b). Ultrastructure the podocytes 
had large lysosomes, vacuoles and fusion of some foot process-
es. The endothelial cell membrane exhibited beaded appearance 
(Figure 2c). Many of the PCTs cells had partial loss of their api-
cal microvilli, thickening of the basement membrane, loss of the 
basal infoldings. Variable sized cytoplasmic vacuoles, primary 
and secondary lysosomes were also noticed (Figure 2d). Some 
cells revealed irregular heterochromatic nuclei, diffuse vacuolar 
degeneration with absence of apical microvilli (Figure2e). DCT 
cells exhibited some areas of rarified cytoplasm (Figure 2f).
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Figure 2: The renal cortex of group I showing (a) partial loss of the 
brush border of PCT (P).  Some tubules have cellular cast (arrow head) 
and wide lumens (*). The glomerular hypercellularity with obliteration 
of the urinary space is frequently seen (thick arrow).  H&E X100
(b) Interstitial inflammatory cellular infiltration (thin arrow) and foreign 
body giant cell (G) are seen. Some tubules have mitotic figure (thick 
head). The inset shows atypical nuclei in the lining cells of renal tubule   
H&E X200 inset X400.     
(c) Segmental foot processes fusion (arrow) and beaded appearance 
of the endothelium are seen in some areas (arrow head). Cytoplasm 
of podocyte (P) contains vacuoles (V) and large primary lysosome (L)      
X8000 
(d) A PCT lining cell has irregular thick basement membrane (arrow 
head), absence of the basal infoldings and destructed mitochondria (M). 
It contains primary (L) and secondary (arrow) lysosomes and vacuoles 
(V). (e) apoptoticchanges in some cells as irregular heterochromat-
ic nucleus (N), vacuoles (V), no basal infoldings and loss of parallel 
arrangement of mitochondria (M). Microvilli are intact in some areas 
(mv) while absent in others (↑) with apical large vacuoles (*) and mas-
sive loss of organelles.  X6000                                                                                 
 (f) A DCT lining cell has euchromatic nucleus (N), less apparent basal 
infoldings (arrow head). Some areas of rarified cytoplasm (asterisk) are 
noticed. Note thin basement membrane (arrow).  X6000

 The light microscopic examination of group II revealed 
persistence histological changes of the previous group with ap-
pearance of hyaline casts in the lumen of some tubules (Figure 
3a). Ultrastructure, irregular thickened GBM and loss of endo-
thelial fenestrae were seen (Figure 3b). The PCTs showed thick-
ened basement membrane and destructed basal infoldings. Some 
cells revealed karyolitic nuclei, few mitochondria, numerous 
vacuoles and absence of luminal microvilli (Figure 3c). DCT 
cells exhibited heterochromatic irregular nuclei, apical migra-
tion of the mitochondria, numerous vacuoles and absence of api-
cal microvilli (Figure 3d). 

Figure 3: The renal cortex of group II showing (a) Glomerular shrink-
age (G) and focal area of inflammatory cellular infiltration (arrow). 
Some tubules have destructed wall (arrow head) and hyperplasia of 
epithelial lining of others (thick arrow) is also seen.  Inset: shows cel-
lular and hyaline casts in the lumen of some tubules (curved arrow).          
H&E X100 & inset X200
(b) Focal thickening of the GBM (*) and losing its trilaminar structure 
(*) with segmental foot process fusion (arrow head) are seen. The en-
dothelial cell (E) contains vacuoles (V) with focal loss of their fenestrae 
(arrow). The podocyte (P) contains highly indented nucleus (N), vacu-
oles (V) and lysosomes (L). X8000
(c) A PCT lining cell has thick basement membrane (BM), absence of 
luminal microvilli (arrow head) and destructed basal infoldings. Karyo-
litic nuclei (N), apparent decrease of the mitochondria (M), numerous 
vacuoles (V) are seen in the cytoplasm.  X6000                                                                                                 
(d) apoptotic DCT lining cell has irregular heterochromatic nucleus (N) 
and apical aggregation of the organelles (arrow). The basal cytoplasm 
contains large vacuoles (V) and loss of the basal infoldings. Note: no 
apical microvilli are seen (arrow head). X6000     

 The therapeutic use of Goji group III led to decrease in 
the histological changes of the kidney. Most of the renal cortical 
tissues were more or less similar to the control group. Some tu-
bules were lined with vacuolated cells. Others with dilated and 
destructed wall were still seen. Dilated congested blood capillar-
ies were also observed (Figure 4a).  On the other hand, the pro-
phylactic use of goji group IV revealed marked improvement as 
compared with group III (Figure 5a). Ultrastructure podocytes, 
GBM and blood capillaries were more or less similar to the con-
trol group (Figures 4b,5b).  Some PCT cells appeared with vacu-
olated cytoplasm (Figures 4c, 5c). Most of DCT cells were more 
or less similar to the control group (Figures 4d, 5d).
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Figure 4: The renal cortex of group III showing (a) proximal and distal 
tubules are more or less similar to control. Dilated congested capillaries 
are also seen (C). The inset shows desquamated cells and few cells with 
vacuolated cytoplasm (arrow). H&E X100 & inset X200
(b) GBM (BM), primary processes (P) and foot pedicle (arrow) are sim-
ilar to the control. The fenestrated endothelial membrane (arrow head) 
is also seen.    X8000                                                   
(c) Restoration of the long apical microvilli (mv) and the elongated 
basal mitochondria (M) within the basal infoldings (arrow) are seen 
in PCT ‘ cell. Its cytoplasm contains euchromatic nucleus (N), few ly-
sosomes (L) and large vacuoles (V). Note: thin basement membrane 
(arrow head).  X6000                                                                                
(d) A DCT lining cell has euchromatic nuclei (N), few short apical mi-
crovilli (arrow) and elongated mitochondria (M) in-between basal in-
foldings (arrow head).Note: thin basement membrane (BM).  X6000

Figure 5: the renal cortex of group IV showing (a) most of the tubules 
(T) and the renal glomeruli (G) are more or less similar to control group.  
H&EX400                                                
(b) The fenestrated endothelium (arrow), primary (P) and foot pedicles 
(arrow head), and basement membrane (*) are more or less similar to 
control. X8000                                                                                                                                           
 (c) A PCT lining cell is similar to control. It contains euchromatic nu-
clei (N) and longitudinal arranged mitochondria (M) within basal in-
foldings (arrow), lysosomes (L), apical microvilli (mv), thin basal lam-
ina (arrow head) and apical vacuoles (V). X6000    
(d) DCT lining cells are more or less similar to control. It contains eu-
chromatic nucleus (N), apical microvilli (arrow) and basal mitochon-
dria (M) within the basal infoldings. X6000
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Discussion

 In the present investigation, the effect of patulin on 
BUN, SCr, TAS, AFP,CEA and M2-PK was studied in male al-
bino rats.
         The mean value of BUN concentration (mmol/L) showed 
highly significant decrease (P >0.01) in G I and G II. Urea is am-
ajornitrogenous end product of protein and amino acid catabo-
lism, produced by liver. In kidneys urea is filtered out of blood by 
glomerulli and is partially being reabsorbed with water[19]. these 
results may be attributed to the varying toxic effect of patulin on 
kidney function as indirect effect that the low value of urea could 
be referred to acute liver failure (decreased urea synthesis), and 
repeated peritoneal dialysis[20] and also low levels of urea are 
seen in trauma, surgery, opioids, malnutrition, and anabolic ste-
roid use[21]. Rats treated with patulin showed highly significant 
increase (P > 0.001) in the mean value in G I and G II. This 
increased level of SCr may be due to acute renal insufficiency[22] 
and in most cases of mycotoxin nephrotoxicity[23] and also the 
observed elevation in creatinine may be related to several factors 
controlling urea metabolism such as homeostasis of amino acids 
in the body, suppression of gluconeogenesis, presence of tissue 
damage and liver or kidney lesions. All these factors are proved 
to be affected by patulin as reported by[24,25]. In the current study, 
the mean value of serum TAS concentration (mμ/l) showed 
highly significant decrease (P > 0.001) in G I and G II, this was 
most probably point to presence of an oxidative stress due to 
mycotoxicty, immune dysfunction and a poor outcome[26]. On 
the other hand, Trace amount of AFP is also produced in the fetal 
gastrointestinal tract, kidney and placenta[27]. In this study, the 
mean value of AFP concentration (ng/ml) showed significant in-
crease (P > 0.05) in G I and G II, this results from nephrotoxicity 
of patulin where, Aoki, et al. 2001 said that Serum elevation of 
AFP has been reported in renal cell carcinomas. AFP-producing 
neoplasm of the urinary tract is one case of renal pelvic carci-
noma[28]. Also, the mean value of serum CEA concentration (ng/
ml) showed highly significant increase (P > 0.001) in G I and G 
II. This could be due to insufficient elimination of CEA through 
the kidneys, dialysis membranes and peritoneum[29]. It is clearly 
from Table 1 that the mean value of serum M2-PK concentration 
(ng/ml) showed significant decrease (P >0.05) in G I and G II. It 
is well documented in literature that the first step during multi-
step carcinogenesis is the loss of the tissue-specific isoenzymes, 
e.g. L-PK in liver and kidney and M1-PK in brain and muscle, 
followed by the subsequent expression of the M2-PK isoenzyme 
as was demonstrated for renal cell carcinoma[30]. The impairment 
in renal function that revealed by these biochemical results was 
parallel to the histological findings. There was thickening of the 
glomerular and tubular basement membrane. This might result 
from an increase in the amount of collagen fibers secondary to 
their overproduction from regenerated epithelial cells. In ac-
cordance to these suggestions some authors found that reactive 
oxygen species (ROS) led to GBM components oxidation and 
changed type IV collagen formation[31,32]. Fusion of broad flat 
processes of podocyte led to disappearance of the slit diaphragm 
leading to the onset of protein uria that was manifested as hya-
line casts. This could be due to direct injury to the podocyte skel-
eton by increased the production of ROS and decreased antioxi-
dant levels. Moreover, this might occur with thickened GBM to 
compensate the increased glomerular permeability[33]. However 
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some authors suggested that this fusion might be as a result of 
podocyte epithelial-to-mesenchymal cell transition[34-36], found 
that patulin caused endoplasmic reticulum stress response and 
the induction of the mitochondrial apoptotic pathway in kidney 
cells. In accordance with this suggestion it was proved that pat-
ulin led to membranes depolarization, increased Ca2+ level and 
cell damage by forming adducts with thiol-containing cellular 
components[37,38], On the other hand[39] noted that patulin caused 
p38 kinase and c-Jun N terminal kinase phosphorylation. How-
ever, it was found that patulin could disrupt the apoptotic mech-
anism[40]. In association with these tubular changes there were 
some dysplastic tubules, frequent mitotic figures and high level 
of AFP, and CEA. This might refer to the ability of patulin to 
induce precancerous changes in the renal tissue[41]. In coincide 
to that it was proved that some apoptotic triggers are important 
in tumor progression as UV radiation[42].
 However, there were no significant changes in the mean 
value of all previous biochemical parameters, BUN, SCr, TAS, 
and M2-PK were observed in III (therapeutic) and IV (prophy-
lactic) groups compared to control. This is due to the effective 
role of Lycium Barbarum in reducing oxidative stress induced 
by a chemical toxin where Lyciumbarbarum extract as effective 
free radical scavengers, was demonstrated and has antioxidant 
activity[43]. On the other hand, it has the ability for absorption or 
elimination of the mycotoxinand inhibiting its transformation re-
sulting in the increase of its toxicity[44]. Lyciumbarbarum (Goji) 
contain pharmacologically Active constituents that offer a vari-
ety of indications that affect different organs of the body[45].
 It was proved that it could decrease the expression of 
CYP2E1[46]. The improvement in the degenerative changes in 
the renal tubules could be due to the direct effect of the extract 
on DNA[14] and cell membrane[47,48] found that, Lyciumbarbarum 
could reduce diabetic nephropathy. However non-significant 
changes of AFP and CEA with absence of the mitotic figures 
and dysplastic tubules might be secondary to anticancer activity 
of Goji. In accordance with this suggestion it was proved that 
its aqueous extract could inhibit proliferation in hepatocellular 
cancer in rat and growth of sarcoma in mice[49,50].

Conclusion

 In Conclusion, this study has described several bio-
chemical assays of kidney after administration of patulin myco-
toxin to rats. These results add to our knowledge of one of the 
most important Penicillium and Aspergillus mycotoxins occur-
ring naturally in agriculture products and it is found that treat-
ment of rats with Goji extract ameliorated the adverse effects of 
mycotoxins. The results suggest that Goji extracts may be used 
asantioxidant and antidote for patulin in mice.
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