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ABSTRACT
Background: Lycium barbarum (LB) is a plant species that is well known in 
Chinese traditional medicine and is also considered a nutrient, belonging to 
the Solanaceae family, also called goji berry or wolfberry. Objectives : The aim 
of this study was to investigate the protective efficacy of LB, in kidney 
damage caused by acute pancreatitis (AP). Materials and Methods: In the 
study, we used 36  female Wistar albino rats  (12 in each group) which 
were divided into three groups: Control, cerulein  (100 μg/kg b. wt. 
intraperitonally) and Cerulein  +  LB  (6  mg/ml/day gastric gavage) group. 
Serum lipase, Interleukin (IL)‑1, and IL‑6 levels were measured. Superoxide 
dismutase, catalase (CAT), glutathione peroxidase enzyme activity assays 
and 8‑hydroxy deoxyguanosine, malondialdehyde (MDA), and protein levels 
were measured in kidney tissue samples. In addition, histopathological 
analysis was performed in kidney tissue samples. Results: According to 
the findings, in the AP model created with Cerulein, administration of LB 
plant extract decreased oxidative stress and damage caused by AP in the 
kidney tissue and partially suppressed the inflammatory reactions in the 
tissue. Conclusion: According to the findings, in the AP model created 
with Cerulein, administration of LB extract decreased oxidative stress and 
in kidney damage caused by AP.
Key words: Acute pancreatitis, antioxidant enzymes, kidney Injury, 
Lycium barbarum, oxidative stress

SUMMARY
•  In the cerulein-induced acute pancreatitis model, administration of Lycium 

barbarum plant extract showed a partial suppressive effect on inflammatory 
reactions in the tissue by reducing the oxidative stress and damage caused 
by acute pancreatitis.

Abbreviations used: LB: Lycium barbarum, AP: Acute pancreatitis, IL: 
Interleukin, TNF α: Tumor necrosis factor alpha, MDA: Malondialdehyde, 
CAT: Catalase, GSHPx: Glutathione peroxidase, SOD: Superoxide 
Dismutase, 8-OHdG: 8-hydroxydeoxyguanosine, 
ROS: Reactive oxygen species.
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INTRODUCTION
Acute pancreatitis  (AP) occurs as a result of the development of a 
widespread inflammation as a result of digestive enzymes, which are 
normally inactive in the pancreas, digest pancreatic tissues as an early 
activity with an etiological factor whose cause is not yet known.[1] Due 
to severe inflammation in the pancreas, adjacent and distant organs of 
the pancreas also occurs damage in different intensities. The kidney, 
liver, spleen, and lungs are firstly among these organs.[2] Although the 
etiological factors that cause AP show a lot of variety, the clinical picture 
that occurs whatever happens of the etiological factor is characterized 
by the self‑digestion of the tissue (autodigestion) with the activation of 
enzymes in the pancreas, and the inflammation, edema, hemorrhage and 
necrosis that develop accordingly.[3]

Cytokines such as interleukin  (IL)‑1 and IL‑6 are released from 
activated cells. AP is transformed from a local inflammatory process 
to a disease showing systemic effects through these inflammation 
mediators.[4] Pancreatic necrosis, multiple organ failure, and mortality 
are seen commonly in this disease, which can cause cardiovascular, 
pulmonary, and renal failure in the early period and septic problems in 
the late period.[5‑7]

Renal dysfunction is among the serious complications of AP. The 
picture, which is seen in 80% of the patients and named “Nephropathia 
Pancreatica” by Otto, is characterized by proteinuria and hematuria. It 
has been reported that 23% of patients who develop acute renal failure 
depend on AP, and the mortality rate in these patients is about 80%. 
Acute tubular necrosis has been associated with the severity of pancreatic 
inflammation. If the hemodynamic changes occurring in AP are not 
corrected with appropriate treatment in a short time, renal dysfunctions 
develop. The development of septic complications also plays a role in the 
etiology of renal dysfunction.[8]
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In many studies in the literature, it has been reported that the 
degenerative effects of cytokines such as IL‑1, IL‑6, and tumor necrosis 
factor‑alpha  (TNF‑α), whose concentrations increase in the systemic 
circulation as a result of inflammation developing in the etiology of renal 
damage. In addition, early activated pancreatic‑derived proteases and 
lipases and oxidative damage caused by free oxygen radicals play a role 
in this process. Due to these interrelated factors, the process becomes 
extremely complicated.[9‑11]

Oxidative stress plays a critical role in the initial and progression stages 
of AP, as in many diseases. Many experimental models have been put 
forward to support the accuracy of this approach.[12‑15] Free oxygen 
radicals (reactive oxygen species [ROS]) and cytokines are take place in 
the center of the molecular mechanism in the development of progressive 
hemorrhagic necrosis that occurs in the early stages of AP.[16‑18] There 
is a dynamic balance between ROS, which is continuously produced in 
the organism under physiological conditions, and antioxidant defense 
systems, and therefore harmful effects do not occur. However, in AP, 
reactive oxygen radicals, whose concentrations increase with severe 
inflammation that develops suddenly and rapidly, disrupting the balance 
in favor of oxidants, create severe oxidative stress.[15,19,20]

Lycium barbarum  (LB) is a plant species that is well known in Chinese 
traditional medicine and is also considered a nutrient, belonging to the 
Solanaceae family, also called goji berry or wolfberry. This plant is up to 
3 meters tall, its leaves are gray‑green, its petiole is very short and there 
are 1–3 flowers on each branch. Fruits are 3–8 mm in diameter, 6–20 mm 
in length, and have a dark red color. Its role in preventing various 
diseases has been demonstrated many times in experimental, clinical, 
and epidemiological studies.[21,22] The important bioactive ingredients 
of LB are complex glycoconjugates with glycoprotein structure. It 
contains a peptide structure consisting of 6 monosaccharides (galactose, 
glucose, rhamnose, arabinose, mannose, and xylose) and 18 amino acids. 
Oligosaccharides, which are one of the main components in its structure, 
show efficiency in cell–cell interaction and adhesion, cell migration, blood 
coagulation, immune response, and wound healing, and these activities 
are some of their many known functions.[23‑25] LB contains many bioactive 
vitamins (Vitamin A, B1, B2, C), carotenoids (zeaxanthin, lutein, lycopene, 
cryptoxanthin), cerebroside, β‑sitosterol, proline, scoleptin, and betaine, 
which are known to have strong antioxidant effects.
It has been reported that LB shows anti‑inflammatory, antineoplastic, 
antipyretic, antidiabetic, antisenyl, immunomodulatory, and antiaging 
effects due to this rich content.[26‑30]

Although it is known that barbarum suppresses inflammation and 
increases antioxidant capacity in AP,[31‑34] no study investigating its 
effectiveness against nonpancreatic organ damage has been found. In 
this study, we investigated whether LB extract has a protective effect 
against renal injury in rats with experimentally induced AP by cerulein.

MATERIALS AND METHODS
Reagents and chemicals
Sodium Carbonate (≥99.9%), Nitro Blue tetrazolium Chloride (≥90.0%), 
2‑(2‑Thiobarbituric acid)  (≥98%), Acetic Acid  (≥99%), Sodium 
azide  (≥99.5%), n‑Butanol  (99.8%), and Sodium Carbonate  (≥99.9%) 
were acquired from Merck Chemicals, USA. Sodium Potassium 
Tartrate  (99%), Sodium Hydroxide  (98%–100.5%), Copper 
Sulphate pentahyrate  (98.0%), Folin‑Ciocalteu‑Phenol Reagent, 
Xanthine  (≥99%), Ethylenediaminetetraacetic acid  (99%), Bovine 
serum albumin  (BSA)  (≥98%), Hydrogen peroxide  (30%), Sodium 
Dodecyl Sulfate (≥99.0%), NADPH‑(=97%), Tris hydrochloride (>99%), 
Ethanol  (≥99.8%), Proteinase K  (≥90%), RNase T1, RNase A  (≥95%), 
Nuclease P1, Alkaline phosphatase, Acetonitrile  (99.8%), Sodium 

Acetate  (≥99%), Glutathione  (>98%), and Cerulein  (≥95%) were 
acquired from Sigma‑Aldrich Chemicals, USA.
Rat IL‑1 β (BMS630TEN) and Rat IL‑6 (BMS625TEN) Elisa Kits were 
obtained from eBioscience ELISA Kits, Thermo Fisher Scientific, 
USA. Quanti chrome lipase kit was obtained from BioAssay Systems, 
USA.

Design of study
This study was carried out in Inonu University Turgut Ozal Medical 
Center, in the Experimental Research Unit, by the rules stipulated 
by the Inonu University animal ethics committee  (Research protocol 
number: 2011/A‑16). 36  female Wistar albino rats, 3–4‑month old, 
with an average weight of 250–300 g were used. During the study, all 
animals were kept in polypropylene cages (4 animals were kept at each 
cage) and fed ad libitum standard feed and tap water. 12 h light/12 h 
dark period was applied and the room temperature was hold of 
22°C–24°C.
A total of 36 female rats were divided into 3 groups randomly selected 
with 12 animals in each group.
•	 Group  1: The control group was made only saline physiological 

injection was used as a solvent during the study and fed with ad 
libitum standard feed and water for 10 days

•	 Group 2: Induction of AP was provided with 50 µg/kg b. wt cerulein 
applied twice intraperitoneally with a total dose of 100 µg/kg b. wt 
with 2 h intervals, after giving ad libitum standard feed and water. 
Saline was used as a solvent[35]

•	 Group 3: 10 days before cerulein injection LB extract was given by 
i.g., gavage method at a dose of 6 mg/ml/day for 10 days. In this time, 
it continued to be fed with standard feed and water.[36]

Extraction processes of Lycium barbarum samples
Sun‑dried goji berry berries  (LB) harvested in Manisa‑Turkey and 
sold in the local market were purchased. Sun‑dried LB fruits were 
pounded in a mortar and pulverized. After taking 10 g of the powdered 
material and adding 200 mL of methanol‑water (v/v, 80:20%) at 60°C, 
it was mixed with a magnetic stirrer for 1 h. At the end of the process, 
the mixture was centrifuged at 5000 rpm for 25 min. After the upper 
liquid part was taken into another tube, 20 mL (80°C) of pure water 
was added to the tube with the residue and it was centrifuged again at 
5000 rpm for 25 min. This process was carried out in 3 repetitions. The 
extracts collected at the end of each centrifugation were combined. 
These extracts were evaporated in the evaporator until 25 mL remain. 
Methanol: water  (v/v, 80:20%) was added to this extract until it 
was completed to 100  mL. Then, the obtained extract was vortexed 
and kept at 4°C for 10  h, all solvent in the extract was evaporated 
in the evaporator. The obtained L. barbarum extract powder was 
dissolved in distilled water to a final concentration of 6  mg/ml and 
used completely. The yield of LB extract is 5%. The all steps for this 
extraction procedure are shown in Figure 1.[37] Dosage adjustment was 
modified according to the study of Zhao et al. to be administered at 
6 mg/kg/day for 10 days.[36]

Biochemical analysis
At the end of 10‑day feeding period, cerulein injections were made and 
after 24  h rats were sacrificed by cervical dislocation. The rats whose 
ribcages were opened were blood withdrawn by entering the heart with 
an injector and kept in closed tubes for 10  min at room temperature 
and centrifuged at 3500 rpm for 5 min to obtain serum. The separated 
serum was stored at −40°C for measurement of lipase, IL‑1, and IL‑6. 
Both kidneys were taken after sacrification. The right kidney was saved 
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in 10% formaldehyde solution for histopathological examination. The 
left kidney was used for biochemical measurements.

Preparation of kidney tissues for biochemical 
analysis
Kidney tissues, which were delivered to the laboratory by cold 
chain, were transferred to glass tubes and cold 50 mM phosphate 
buffer  (6.059  g of K2HPO4, 2.07  g of KH2PO4 were taken and 
dissolved in 800  ml of distilled water and the pH was adjusted to 
1000 ml) (pH 7.4) was added by creating a 1:10 w/v ratio. It was then 
homogenized for 5  min at 6000  rpm in the ultra‑Turrax T25  (IKA 
Werke GmbH, Staufen, Germany) homogenizer. The obtained 
homogenates were sonicated 3  times for 10 s at 20 s intervals using 
VWR Bronson scientific sonicator (VWR Int. Ltd. Merck House Pool, 
UK). The supernatant was obtained by centrifuging homogenates 
at 4°C at 13,500  g for 15  min  (Centrifuge 5415R, Eppendorf AG, 

Hamburg, Germany). The supernatants were stored at  −80°C for 
protein quantity determination, Superoxide dismutase  (SOD), CAT, 
GPx activity determination (SANYO Biomedical Co., Co., MDF‑U537, 
Osaka, Japan). 500 µl of homogenate was used for the measurement of 
malondialdehyde (MDA) levels.

Measurment of biochemical parameters
Protein levels of samples were measured according to Lowry method 
and BSA was used as protein standard.[38] MDA levels were measured 
using thiobarbituric acid reactive substances assay method developed 
by Mihara and Uchiyama, and the results were expressed in nmol/mg 
protein.[39]

SOD activity was determined according to the method of McCord 
and Fridovich. This method is based on the inhibition by SOD of the 
reduction of cytochrome C through superoxide radicals produced in the 
xanthine‑xanthine oxidase system.[40] Enzyme activities were calculated 

Figure 1: Extraction process steps for Lycium barbarum (Goji berry) samples
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assuming that 50% inhibition of the reduction of cyt c is equivalent to 1 
U of SOD enzyme activity and the results were given as U/mg protein. 
Pure SOD enzyme was used to draw the standard graph.
Determination of Catalase enzyme activity was made according to 
the method of Luck H.[41] The decomposition of H2O2 to water and 
molecular oxygen by the catalytic activity of CAT was monitored 
spectrophotometrically at 240  nm. Specific activity was expressed in 
terms of U/mg protein.
GPx activity measurement was made according to the method of 
Lawrence and Burk.[42] The activity was assayed by following the 
oxidation of NADPH at 340  nm for 3  min, 25°C, in the presence of 
Glutathione reductase (GR) and GSH. One unit of activity was defined 
as oxidation of 1 μmol NADPH per minute. The final GPx activity levels 
were expressed as U/mg protein.

8‑hydroxy deoxyguanosine quantification
DNA isolation
One gram of kidney tissue taken into the test tube was homogenized 
with a solution containing 10 mL of 1% SDS and 1 mM EDTA in an 
Ultra‑Turrax T25 (IKA Werke GmbH, Staufen, Germany) homogenizer 
at 6000 rpm for 5 min. Homogenates were incubated with Proteinase 
K for 30 min at 37°C. After adding 0.5 mL pH 7.4 1 M Tris‑HCl, it was 
extracted with 1 volume of Chloroform:  Isoamyl alcohol  (24:1, v: v). 
After the phases were separated by centrifuge, the aqueous phases 
were collected. DNA was precipitated with 0.1 volume of absolute 
ethanol kept at  −20C. After centrifugation, DNA washed with 70% 
ethanol was solubilized with 2 ml 1.5 mM NaCl, 150 µM Na‑Citrate, 
and 1 mM EDTA solution. The solution was incubated at 37°C for 
30 min with RNase T1 and RNase A. DNA solution was extracted again 
with chloroform:  isoamyl alcohol solution and precipitated with 5 m 
NaCl.[43]

After dissolving precipitated DNA pellets with 0.5  mL 20 mM 
CH3COONa, 30 min at 37°C. 60 min at 37°C by incubating with 63 mg 
nuclease P1 and adding 50 µL 1  m Tris‑HCl. 6.3 U was incubated by 
alkaline phosphatase.[44]

High‑performance liquid chromatography analysis
High‑performance liquid chromatography (HPLC) analyzes were made 
with the manual injection Agilent 1100  (Agilent Technologies, Inc., 
Headquarters, Santa Clara, United States) device. Parts of 20 µL of the 
isolated DNA samples were loaded into the C18 HPLC column  (ACE, 
Aberdeen, Scotland) with an internal diameter of 4.6 mm with a particle 
size of 3 µm. The analysis was done isocratically with 0.1% (v: v) acetic 
acid mobile phase containing 3%  (v: v) acetonitrile at a flow rate of 
2 ml/min and was carried out at UV 297 nm.[45] It was graphed with the 
concentration corresponding to the peak areas obtained as a result of 
analysis of solutions of different concentrations prepared by the 8‑hydroxy 
deoxyguanosine  (8‑OHdG) standard under the same chromatographic 
conditions. Using the correct equation of the generated graph, 8‑OHdG 
content of the samples was determined and expressed as nmol/mg DNA.

Measurement of pancreatic lipase level in serum
Pancreatic lipase measurement was performed by the procedure specified 
in the supplied pancreatic lipase Bioassay Systems’ Quanti chrome lipase 
kit.

Cytokine determination in serum
At the end of the study, IL‑1 β and IL‑6 levels of the samples taken 
from all groups were measured using the ELISA method  (eBioscience 
Rat‑IL‑1 β Platinum ELISA Kit) and the results were calculated in pg/ml 
with the help of the standard graph.

Histopathological examination of kidney tissue
Kidney tissue samples taken for histological examination were detected 
for 48 h with 10% formaldehyde. After fixation, kidney tissue samples 
were embedded in paraffin blocks after a routine histological tissue 
follow‑up procedure. Cross‑sections 6 µm thick were prepared with the 
help of microtomes from paraffin blocks. After sections taken on slides 
were stained with H and E (H and E), and photographs were taken by 
examining with Nikon Optichot‑2 light microscope and Nikon DS‑L3 
Camera control‑Image analysis system  (Nikon Corporation, Tokyo, 
Japan).[46]

Statistical analyze
One‑sample Kolmogorov–Smirnov test was applied first to test whether 
the data conformed to the normal distribution, and it was observed that 
the data conformed to the normal distribution. Analysis of variance test 
was used to compare between groups of data showing compliance with 
normal distribution and the LSD post hoc test was performed to analyze 
which parameters belonged to the observed differences between the 
groups. In all these tests, the statistical significance level was considered 
to be P < 0.05. All statistical analyses were performed using SPSS (SPSS 
15.0 Inc., Chicago, IL, USA).

RESULTS
Biochemical findings
The results of all parameters obtained in this study are summarized in 
below in graphs [Figure 2].
According to the results of antioxidant parameters in our study; SOD and 
GPx enzyme activity showed a statistically significant decrease in the AP 
group compared to the control group. On the other hand, LB application 
showed a significant increase compared to the AP group  (P  <  0.05). 
Although there was a certain increase in CAT activity in the AP group 
compared to the control group, the difference between the groups was not 
statistically significant but showed a certain increase (P > 0.05). Similarly, 
although lower CAT levels were determined in the LB group compared 
to AP group, the difference was not statistically significant (P > 0.05).
Although there was a certain increase in MDA level in the AP group 
compared to the control, the difference between the groups was not 
statistically significant (P > 0.05). The LB group decreased in a statistically 
significant way the MDA level, which was high in both the control and 
AP groups (P < 0.05). The amount of 8‑OHdG did not cause a significant 
change in the AP group compared to the control. LB group decreased in 
a statistically significant way the amount of 8‑OHdG in both control and 
AP groups (P < 0.05).
The lipase level we obtained in the study showed a statistically significant 
increase in the AP group compared to the control group (P < 0.05). In 
addition, the lipase level in the LB group showed a statistically significant 
increase compared to both the control and AP groups (P < 0.05).
According to our study findings, IL‑1 level showed a significant increase 
in the AP group compared to the control (P < 0.05). However, the LB 
group significantly decreased the IL‑1 level, which increased depending 
on the AP group  (P  <  0.05). There was no statistically significant 
difference between the 1st and 3rd groups (P > 0.05).
According to our study findings, although a certain increase in IL‑6 
level was observed in the AP group compared to the control group, the 
difference between the groups was not statistically significant. LB group 
decreased in a statistically significantly IL‑6 level, which was high in both 
control and AP groups (P < 0.05).
If we present all biochemical parameters in a single table collectively;
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Histopathological examination
The cortical [Figure 3a and b] and medullary [Figure 3c] structures in 
the kidney tissue sections in the control group were evaluated as normal 
histological structure.
In the cross‑sections of the kidneys in the AP group, collapse in the 
glomeruli commonly, dilatation in the Bowman gap, increase in the 
density of eosinophilic cytoplasm in distal and proximal tubular 
epithelial cells, and heterochromatic and pycnotic nucleus structure were 
noted [Figures 3c and 4a].
Place‑to‑place hemorrhage was detected in the renal cortex [Figure 4b] 
and medulla [Figure 4c]. Distal and proximal tubular degeneration around 
the hemorrhagic areas in the cortex [Figure 4b] and degeneration of the 
medullary tubular structures in the regions close to the hemorrhagic 
areas in the medulla [Figure 4c] were detected.
When the sections in the treatment group were examined, it was 
observed that there was a significant decrease in the histological findings 
of kidney damage observed in the AP group. Glomeruli were evaluated 
in normal appearance. Glomeruli were evaluated in normal appearance. 
Hemorrhage was not detected in kidney sections in this group. However, 
there was minimal eosinophilic cytoplasm concentration in proximal 
and distal tubular epithelial cells [Figures 4d and 5a] and damage to in 
place to place tubular epithelial cells [Figure 5b].

DISCUSSION
AP is an acute inflammatory disease of the pancreas that can affect 
surrounding tissues and distant organs at varying levels.[47] Acute 
kidney injury  (AKI) occurs in 70% of patients with severe AP, and 
this complication significantly increases the risk of AP‑related 
mortality.[48] In this study, we investigated whether there is a protective 
effect of LB plant extract known to have anti‑inflammatory and 
antioxidant‑effective ingredients in preventing developing kidney 
tissue damage linked to AP, which is experimentally created with 
cerulein in the rats.

With the onset of AP, increases of serum lipase and amylase enzymes 
released from acinar cells are biomarkers used in biochemical 
measurements. In a study conducted in humans by Zhou et  al., an 
increase in serum lipase level was observed in patients with severe AP 
due to the increase in the severity of the disease.[49] In our study, serum 
lipase level increased significantly  (P  <  0.05) in the experimental AP 
group induced with cerulein, but the application of LB extract could not 
prevent this increase in serum lipase level. This result does not coincide 
with the study conducted by Xiong et al., which found that in the AP 
model with cerulein in mice, the administration of LB polysaccharides 
significantly reduced the level of lipase increased as a result of the 
formation of AP.[34]

It has been reported in several studies that LB has anti‑inflammatory 
activity alongside its antioxidant effect.[50,51] LB extract has been 
observed to show both anti‑inflammatory and immune‑stimulating 
effects. However, the anticancerogenic effect of LBP is also thought to 
occur with the immune‑stimulatory effect.[52] In our study, the induction 
of AP with cerulein was observed to cause an increase in levels of 
inflammation mediators such as IL‑6, IL‑1 resulting in corresponding 

Figure  3: Histological analysis of the control group.  (a and b) Cortex 
had a normal histological structure, H  and  E, ×20 and  ×  40. Scale 
bars  =  100 μm  (a, b).  (c) Medulla had a normal histological structure, 
H and E, ×20. Scale bar = 100 μm

c

b

a

Figure 2: Control group, acute pancreatitis and Lycium barbarum + Acute pancreatitis experimental groups (a) P < 0.05 compared with the control group (b) 
P < 0.05 compared to Acute pancreatitis group

b

a
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pancreatic inflammation. According to our findings, IL‑1 and IL‑6 levels 
were increased in the AP group compared to the control group, and it 
was observed that these increased cytokine levels decreased significantly 
with LB administration. Similar to our findings, in a study conducted 
by Xiong et al., in the AP model with cerulein in mice, the delivery of 
LB polysaccharides resulted in a decrease in the level of IL‑6 and TNfA, 
which has increased due to AP.[34] These data show that the LB plant 
has an anti‑inflammatory effect. In the study of Qi et  al., the changes 
observed in IL‑1 and IL‑6 levels with the administration of LBP against 
AKI are consistent with the findings of our study.[17]

In addition to the findings we obtained in our study, we examined 
the kidney tissues histopathologically. In our findings, dilation in the 
bowman ranges of the kidneys and consequent pressure increase point 
to intercellular fluid increase and picnotic and heterochromatic nucleus 
structure in proximal and distal tubule epithelial cells. These findings, 
which we observed in kidney tissue sections, prove that kidney tissue 
damage was formed in the AP group. Tissue damage occurring outside of 
the pancreas is usually a complication that occurs with acute necrotizing 
pancreatitis, and in line with histological data, we can say that the model 
developed in our experimental animals is compatible with necrosis of 

pancreatitis. The underlying pathological findings in the kidney tissue 
are the congestion and collapse caused by renal circulatory disorder 
and the oxidative stress triggered by the ischemia shaped accordingly. 
In many studies in the literature, findings in AKI associated with AP 
support the findings in our study.[53-55]

We examined antioxidant parameters such as SOD, GPx, CAT, MDA, 
and 8‑OHdG to reveal kidney damage and oxidative stress. In our study, 
there was a significant reduction in kidney SOD and GPx activities 
compared with the control group of the AP model, while there was an 
increase in CAT activity and MDA level. With LB administration, there 
was an increase in kidney SOD and GPx activities and a decrease in 
MDA level. These results show that kidney damage and oxidative stress 
due to AP can be cured by LB. It is thought that this effect of LB is due to 
the anti‑inflammatory and antioxidant‑effective components it contains. 
The changes observed in SOD, GPx and MDA parameters through the 
use of the LB plant in many studies support the findings we have made 
in our study. However, CAT showed an increase unlike other antioxidant 
enzymes SOD and GPx. CAT and GPx are two antioxidant enzymes 
responsible for the detoxification of hydrogen peroxide and other 
organic peroxides. During the dismutation of superoxide radicals, which 
are intensely produced during oxidative stress, a significant amount of 
hydrogen peroxide is formed by the SOD enzyme. GPx provides the 
first line of defense in the detoxification of accumulated peroxides and 
therefore GPX activity begins to decrease faster than the CAT enzyme. In 
fact, the presence of peroxide at low concentrations can stimulate CAT 
enzyme production and cause high activity to be measured.[26,35,51,52,56] 
The changes observed in SOD activity and MDA levels by Xie et  al., 
given different doses of LBP  (200, 400, and 600  mg/kg b. wt) against 
kidney damage caused by lead acetate in mice support the findings of 
our study.[57] In many studies, the use of LB has shown positive results 

Table 1: İn the experimental groups, kidney tissue, superoxide dismutase, catalase, glutathione peroxidase activities and quantity levels of malondialdehyde, 
lipase, ınterleukin‑6, ınterleukin‑1 and 8‑hydroxy deoxyguanosine

Parameter Grup 1 control (n=12) Grup 2 AP (n=12) Grup 3 LB + AP (n=12)
SOD (U/mg protein) 6.1820±1.05271 3.3039±0.77575a 5.3379±0.76156a,b

GPx (U/mg protein) 2.7230±0.42872 2.2766±0.42419a 2.8187±0.36986b

CAT (U/mg protein) 387.31±93.64 446.96±111.25 390.81±103.13
MDA (nmol MDA/mg protein) 13.8835±2.82542 14.9041±2.66453 10.5363±1.90565a, b

8‑OHdG (pmol/mL) 954.1033±324.71434 947.8408±230.46918 738.8942±184.57902a, b

Lipase (U/L) 647.9558±139.95630 848.9525±101.05653a 1384.2558±264.70683a,b

IL‑1 (pg/mL) 67.3333±13.59367 83.8333±16.35867a 59.6667±17.94098b

IL‑6 (pg/mL) 68.4508±15.82049 73.0925±10.56462 55.9850±9.09854a,b

aP<0.05 compared with control group, bP<0.05 compared with AP group, Values are given as mean±SD. SD: Standard deviation; SOD: Superoxide dismutase; CAT: 
Catalase; MDA: Malondialdehyde; GPx: Glutathione peroxidase; 8‑OhdG: 8‑hydroxy deoxyguanosine; IL: Interleukin; LB: Lycium barbarum; AP: Acute pancreatitis

dc

ba

Figure 4: Histological analysis of the acute pancreatitis group. Glomerular 
collapse  (aster), dilatation of Bowman’s spaces  (black arrow), increased 
eosinophilic cytoplasm density in the distal and proximal tubule 
epithelium  (white arrow), heterochromatic and pycnotic nuclei  (blue 
arrow) were observed. Hemorrhage areas (x) were detected in the renal 
cortex (distal and proximal tubule degeneration around the hemorrhagic 
area [+]) and medulla (degeneration of the medullary tubules around the 
hemorrhagic area [+]), H and E, Scale bars = 100 μm. (a, c and d) ×20. (b) 
×40

ba

Figure  5: Histological analysis of the Lycium barbarum  +  acute 
pancreatitis group, H  and  E, Scale bars  =  100 μm.  (a) Glomerular had a 
normal histological structure and there was local damages in tubule 
epithelial cells (+), ×20. (b) No hemorrhage detected in the glomeruli and 
minimal eosinophilic cytoplasm condensation was observed in proximal 
and distal tubular epithelial cells (white arrow), ×20. (c) Glomerular had a 
normal histological structure (circle), ×40

c
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in diseases that develop due to oxidative stress in different organs.[58,59] 
In these studies, the observed changes in antioxidant parameters (SOD, 
GPx, and MDA) are in agreement with the data we obtained in our study. 
These results show us that the use of LB in many organ damage with its 
antioxidative effects is promising in obtaining positive results.
On the other hand, the increase of free radicals in the cell causes 
significant damage to DNA. 8‑OHdG is considered to be the most 
important indicator of DNA damage.[60-63] The increase in the amount 
of 8‑OHdG probably occurs as a result of oxidative interference of 
mitochondrial and nuclear DNA by free radicals.[64] It has been shown 
that LBP has protective effects against DNA damage in the pancreas in 
diabetic rats.[65] In the findings of our study, no significant difference 
was observed in tissue 8‑OHdG level depending on the development 
of AP. This may be due to the more conserved localization of nuclear 
and mitochondrial DNA in the cell. However, administration of LB 
caused a decrease in 8‑OHdG levels. This result suggests that LB extract 
can reverse the hydroxylations that occur in DNA. There is a need for 
extensive studies at the molecular level on this subject.

CONCLUSION
Pancreatic tissue is often focused on in AP, and possible damage and 
loss of function in other organs are not taken into account sufficiently. 
However, damage to other organs, especially kidney, is as important 
as pancreatic damage caused by AP. LB extract can be considered as a 
protective agent against kidney damage and oxidative stress caused by 
AP. In addition, it can reduce local and systemic effects by limiting the 
severity of fire, which is the most important factor determining the 
prognosis of the disease, with its anti‑inflammatory effects. Although the 
protective activity of LB was demonstrated in this study, the bioactive 
molecules responsible for these effects should be separated and their 
share in the activity should be determined in future studies.
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