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1. Introduction

Cancer is a heterogeneous disease and its clinical 
management is highly complicated and challenging. Es-
sentially, mapping of the spatial organization of stromal, 
malignant and immune cells in different functional states 
has revealed clinically relevant drug targets. Therefore, 
identification of therapeutic targets and the conceptual 
knowledge of their functions is necessary for a durable 
clinical outcome. Chemotherapy, radiation, surgery, and 
immunotherapy are all used to treat cancer. Yet, depending 
on the unique traits and stage of the disease, each of these 
therapeutic approaches is used for cancer patients [1].

Nowadays, many chemotherapeutic drugs have been 
developed that are used in various combinations and treat-
ment regimens based on tumor type, risk classification 
group and genetic structure [2, 3]. 5-fluorouracil (5-FU), 
a fluoropyrimidine analogue first used to treat cancer in 
the late 1950s, is still one of the most frequently prescri-
bed chemotherapeutic drugs, with an estimated 2 million 

individuals receiving it or one of its prodrugs (such cape-
citabine) per year globally [4]. 5-FU operates through the 
repression of thymidylate synthase (TS) and the integra-
tion of its metabolites into RNA and DNA, and is used as 
an adjuvant therapeutic component in the cure of many 
types of cancer, especially colorectal cancer, and in the 
treatment of advanced disease [5, 6].

Additionally to these process, patients also use comple-
mentary and alternative treating methods [7]. Consuming 
insufficient amounts of fruits and vegetables overall has 
long been connect with an elevated endanger of stomach 
cancer. Recent outcome from the Stomach Cancer Pooling 
(SToP) Project, a global collaboration focusing on the epi-
demiology research of gastric cancer, suggest that people 
who consume the most fruits have a much lower chance of 
developing stomach cancer [8]. 

Lycium barbarum (Solanaceae), which became popular 
in Europe and North America at the beginning of the 21st 
century, is also called wolfberry or goji berry in East Asia 
and has an important place in traditional medicine [9]. The 
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fruits and leaves of the Lycium barbarum, which is consi-
dered a medicinal plant, are widely used in diets in various 
parts of the world [10, 11].

The latest studies have reported that Lycium barbarum 
has immune system-enhancing, antioxidant, anticarcino-
gen, hepatoprotective, hypoglycemic, hypolipidemic, 
and neuroprotective effects [12-14]. Polysaccharides, one 
of the most significant components of Lycium barbarum 
have a molecular weight of 8-241 kDa. Approximately 
half of the isolated polysaccharides were below 50 kDa 
[15]. These polysaccharides have been shown to possess 
a cytotoxic effect on prostate cancer [16], breast cancer 
(MCF-7)[17], and cervical cancer (HeLa) [18].

In the literature search, there was no study evaluat-
ing the effect of Lycium barbarum on Ehrlich acid tumor 
model, therefore this study targets to research the effects 
of fractions (above and below 50 kDa) of Lycium barba-
rum fruit extracts, cultivated in Kayseri region of Turkey, 
on an Ehrlich ascites tumor model in vivo and in vitro. 
The total phenolic content, total polysaccharide content, 
glucose amount and 2,2-azinobis(3-ethylbenzothiazoline-
6-sulfonate) (ABTS+●) radical scavenging activities of the 
extracts were also assessed.

2. Materials and Methods
The study using experimental animals was performed 

in compliance with the Erciyes University Local Ethics 
Committee's decision (Decision number: 17/049). The 
study was conducted at Betül Ziya Eren Genome and Stem 
Cell Research Center (GENKÖK). 8-10 weeks old Balb/C 
male mice with weights between 25-30 g was used. The 
mice were housed in a closed cage system and fed with 
normal pellets, which, during the trial, had 12 h of light/
dark cycles and a constant temperature of 21°C.

2.1. Preparation of Lycium barbarum extract
Lycium barbarum grown in the Hisarcık region of Kay-

seri were collected in summer and the juices were squeezed 
and centrifuged at 5000 rpm for 15 min. After careful 
removal of the supernatant, it was filtered with 0.45 and 
0.22 μm syringe tips, respectively. Subsequently, fractions 
above 50 kDa and below 50 kDa were obtained by pas-
sing through 50 kDa centrifugal filters (Amicon®Ultra-15 
LOT number): R8CA38479. These fractions were lyophi-
lized (Labconco FreeZone 4.5) to obtain a dry powder 
extract. The powder extract was prepared by dissolving it 
with distilled water daily.

2.2. Total phenolic, polysaccharide and glucose content
Per gram of extract, total phenols were calculated as 

gallic acid equivalents (GAE). A 10.0 mL volumetric flask 
containing ca. 6.0 mL of H2O and 100 µL of sample (2–6 
mg/mL) was then filled with 500 µL of undiluted Folin-
Ciocalteu reagent. After waiting one minute, 1.5 mL of 
20% (w/v) Na2CO3 was added, and then 10.0 mL of water 
was added to make the volume. The absorbance at 760 nm 
was measured after 2 hours of incubation at 250C and com-
pared to a calibration curve for gallic acid. The informa-
tion is shown as the average values of three replicate anal-
yses [19]. The phenol-sulfuric acid technique was used to 
assess the total polysaccharide content using - α-D glu-
cose [20]. Samples dissolved in distilled water (1mg/mL) 
and varying concentrations of reference were put into test 
tubes in 1 mL volume. 1 mL of 5% phenol solution (in wa-

ter) was added. Then 2.5 mL of concentrated sulfuric acid 
was added to the mixture. And then, kept at room tempe-
rature for 20 min in a shaking water bath and then placed 
in the tubes and their absorbances at 490 nm were read. A 
calibration curve was drawn for the glucose standard and 
compared with the samples. The total sugar content was 
calculated as D (+) glucose equivalent. The experiments 
were performed in triplicate, and the mean values for the 
outcomes were provided. The amount of glucose in the 
extracts was measured following the instructions of the 
Spinreact Glucose-LQ kit (Girona, Spain). The extracts 
were prepared at a concentration of 1 mg/mL. Glucose at 
a concentration of 100 mg/dL was used as the standard.

2.3. 2,2-Azinobis (3-ethylbenzothiazoline-6-sulfonate) 
(ABTS+●) radical scavenging activity

ABTS+● radicals were identified using the Re et al.[21] 
After waiting for the ABTS+● aqueous solution and K2S2O8 
(2.45 mM, final concentration) in the dark for 12–16 hours, 
the ABTS+● radical (7 mM) was produced. The absorbance 
was 0.700 (0.030) at 734 nm at room temperature. Extracts 
were investigated the concentrations of 1.5, 3, 6, and 12 
mg/ml. The extract solution (10 µL) and radical solution 
(990 µL) were combined, and the reaction kinetics were 
assessed at 734 nm every min. for 30 minutes. Butylated 
hydroxyanisole (BHA) was used as positive control. The 
percentage of inhibition assessed versus concentration 
was equal to Trolox. The triplicate analyses' means were 
employed.

2.4. Formation of stock mice
EAT cells used in the study were obtained from Erciyes 

University, Department of Anatomy, Cell Culture Labora-
tory (Kayseri, Turkey) were frozen in cryotubes including 
10% DMSO (dimethyl sulfoxide) and stored at -80°C. 0.1 
cc of approximately 1x10 6 EAT cells i.p. was injected. 
Swelling in the abdominal region because of the increase 
in ascites fluid in the peritoneal cavity was accepted as 
a marker of acid tumor formation in approximately 7-8 
days. EAT cells within ascitic fluid injected into the peri-
toneal cavity of this stock animal were used in equal vol-
umes in the in vivo and in vitro experimental groups.

2.5. In vivo studies
The mice were randomly separated two control and 

three treatment groups. In the first (day 0), 0.1 mL of dis-
tilled water was injected i.p into the negative control group 
and 0.1 mL of ascites fluid containing 1x106 EAT cells was 
injected into the other groups. Fractions of Lycium barba-
rum (above and below 50 kDa) were prepared daily at a 
dose of 200 mg/kg per mouse for i.p. injections. 15mg/kg 
5-Fu (5-Fluorourasil) injected to 5-Fu group (0.1 mL) in 
distilled water. 

EAT cells in mice were recorded in general condition, 
weight, abdominal circumference, feather condition, and 
defecation disorders. Mice were anesthetized with ket-
amine (50 mg/kg) and xylazine (15 mg/kg) at the end of 
day 11. Ascites fluid from the abdominal region was taken 
with a 10 mL syringe and the cell count was determined. 
Ascite fluid was placed in a centrifuge tube and the amount 
of the packet volume was determined and centrifuged at 
3000 rpm for 5 min. The acid liquid was withdrawn us-
ing an automatic pipette and its amount was recorded. The 
remaining pellet was recorded as packet volume. Cells 
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The slides were then washed with dH2O for 5 minutes to 
remove ions and detergents. Following neutralization, they 
were stained with 50 µL ethidium bromide (1 µg/mL) and 
covered with a coverslip. All procedures were conducted 
in the dark to prevent DNA damage. Measurements were 
taken at 400× magnification using a fluorescence micros-
cope (Olympus, BX51, Tokyo, Japan).

Image analysis: Using the Comet Assay Software 
Project (CASP-1.2.2, Windows 2010), 100 randomly 
selected cells were imaged using seven parameters (head 
length, tail length, comet length, percent DNA in the head, 
percentage DNA in the tail, tail moment-TM, and olive tail 
moment-OTM).

Damage was identified by fragmented DNA that had 
migrated from the cell head, forming a "comet" pattern, 
while all non-comet cell heads were considered unda-
maged.[24].

2.6. In Vitro studies: Annexin V and dead cell assay
EAT cells were cultured in Dulbecco's Modified Eagle's 

Medium (DMEM, Capricorn Scientific, CP21-4310) sup-
plemented with streptomycin/penicillin (100U/mL; Sig-
ma Life Science, 046M4846V) and 15% fetal calf serum 
(FCS, Biowest, S181G-500). The cells were maintained in 
a humidified atmosphere containing 5% CO2 at 37°C using 
a Sanyo incubator (MCO-19 A/C(UV)). 

For the experiments, 1x105 EAT cells were seeded 
per well in 24-well plates and incubated for 3, 24, and 48 
hours. At the end of each incubation period, the contents 
of each well were transferred to labeled Eppendorf tubes 
and centrifuged at 300 g for 5 minutes. The supernatant 
was carefully removed, and the cells were washed with 
phosphate-buffered saline (PBS). 

Next, 100 μL of the Muse® Annexin V & Dead Cell 
Kit (Catalog Number: MCH100105) and 1% of 100 μL 
FBS were added to each tube. Finally, analyzed samples 
using the Muse® Cell Analyzer (Merck-Millipore) by the 
manufacturer's directions.

2.7. Statistical evaluation
The Statistical Package for Social Sciences (SPSS, Inc., 

Chicago, Illinois, USA) for Windows 10.0 was used to 
conduct the statistical analysis. Shapiro-Wilk, histogram, 
and q-q graphs were used to assess the normal distribution 
of the in vivo and in vitro data. The Levene test was used 
to assess the homogeneity of the variance. Quantitative 
factors in more than two groups were analyzed using one-
way ANOVA. The Tamhane T2 test was applied to several 
comparisons. For repeated measurements of time-based 
comparisons of in vitro data, variance analysis was per-
formed. The Tukey test was applied to numerous compari-
sons. A significance level of 0.05 was used.

3. Results
3.1. Total phenolic, total polysaccharide, and glucose 
content

The amount of glucose in the 50 kDa above fraction 
was higher than 50 kDa below fraction, the phenolic com-
pound and the total sugar content were approximately the 
same for both fractions (Table 1).

3.2. ABTS+● radical scavenging activity
A rise in antioxidant activity was detected with increas-

were counted on the thoma slide. 100 microliters of trypan 
blue from 100 microliters of cell suspension was mixed 
and spread on the thoma slide. At 40x magnification, dead 
cells were stained blue and live cells were seen as white 
and counted. After opening the anterior abdominal wall of 
the mice, liver was removed and then divided into three 
parts for hematoxylin-eosin staining, AgNOR, and comet 
assay.

2.5.1. Histopathological evaluation
The liver tissue was placed in 10% formaldehyde, 

cervical dislocation was applied and then in the medical 
waste box discarded. The liver tissues were determined 
by holding two days in formaldehyde, passed through the 
alcohol series, and dehydrated. It was then embedded in 
paraffin blocks before the xylene series for transparency. 
5 µm sections of paraffin blocks were stained with hema-
toxylin-eosin (H & E) and examined in light microscope 
(Olympus, Japon BX51)[22].

2.5.2. AgNOR detection
5 µm thick slices were taken from paraffin blocks, de-

paraffinized in xylene, and rehydrated in graduated alcohol 
solutions before AgNOR staining.[23]. The stained liver 
cells were observed using a Nikon's Eclipse 80i light mi-
croscope, photographed via a DigitalSight DSfi1 camera, 
and analyzed for mean AgNOR number and total AgNOR 
area per nuclear area (TAA/NA) using ImageJ software. 

2.5.3. DNA damage assessment
The comet assay is an efficient, cost-effective, and 

swift technique for identifying single and double-strand 
DNA breaks at the cellular level, particularly when DNA 
is unwound. These breaks can occur due to various factors 
such as radiation, toxins, or chemicals. The assay finds 
wide application in fields like carcinogenesis, genotoxi-
city, radiotherapy, irradiated food imaging, environmental 
bioimaging, and various research domains.

Cell suspension preparation: Liver tissue (approxi-
mately 0.5 g) was dissected in 2 mL of cold phosphate-
buffered saline (PBS) using a clean scalpel. The mixture 
was then agitated at 500 rpm for 5 minutes and allowed to 
settle on ice for 10 minutes. The supernatant was used to 
create a single-cell suspension for the comet assay.

Slide coating: Slides were coated with 0.5% normal 
melting point agarose and left to dry at room temperature 
overnight.

Gel casting: 100 µl of the cell suspension was mixed 
with 0.8% low-melting-point agarose in PBS, spread on 
pre-coated slides, and covered with a coverslip. The slides 
were then placed in an icebox for 10-15 minutes to soli-
dify.

Lysis: The coverslipped slides were lysed in freshly 
prepared cold lysis buffer (1000 mL of TBE, 25 g SDS) for 
4 minutes at 40°C. Subsequently, the slides were transfer-
red to a Comet horizontal electrophoresis tank filled with 
freshly prepared electrophoresis buffer (TBE: 54 g Tris, 
27.5 g boric acid, 20 mL EDTA, pH 8.4, at 40°C) and kept 
for 10 minutes to unwind the DNA strands. Electrophore-
sis was performed for 2 minutes at 64 V-250 mA at 40°C. 
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ing concentration, and the fractions with a concentration 
of 12 mg/mL had similar effects with the standard BHA 
(Butylated hydroxyanisole) (Figure 1). However, none of 
the extracts were found as active as BHA, which was stud-
ied at low concentrations.

3.3. In vivo findings
When the daily weight gain of mice was analyzed, it 

was observed that there was no difference in the negative 
control and the mice in the 5-Fu group while the weight 
of the other groups increased. According to the weight 
changes between the groups (the difference between 
consecutive days), it was seen that there was a important 
rise in the negative and positive control according to the 
5-Fu groups from the 6th day and a important rise in the 
Lycium barbarum groups (p <0.05) 

Weight gain was less in the Lycium barbarum groups 
compared to the positive control group, and this reduce 
was significant on the 11th day (p <0.05). According to the 
results of abdominal circumference changes, an increase 
was observed in the negative control and 5-FU groups as 
per the positive control and Lycium barbarum groups. The 
difference between the consecutive days was found to be 
significant since the 6th day (p <0.05). Measurements of 
intraperitoneal ascite fluid revealed the absence of ascitic 
fluid in negative control mice and in the 5-Fu group mice. 
While there was no change in the supernatant values in 
positive control groups and Lycium barbarum groups im-
portant reduction (p <0.05) was observed in total volume, 
pellet volume, dead cells, and living cells in groups above 
50 kDa and below 50 kDa (Table 2).

3.3.1. Histopathological evaluation of tissues
Examination of tissue preparations revealed that there 

was no change in the normal histological structures of the 
tissues, but invasive EAT cell groups were seen in the pe-
ritoneum covering the tissues. EAT cells were observed 
to have different sizes and shapes, ranging from large nu-
clei to eosinophilic cytoplasm. Compared to the positive 
control group, a lower amount of EAT cells adhering to 
the connective tissue surrounding the liver (Figure 2) was 
observed in Lycium barbarum (especially in the Lycium 
barbarum group above 50 kDa).

Fig. 1. Determination of antioxidant effect by ABTS (Trolox Equili-
brium Antioxidant Capacity-TEAC) method.* The extract above 50 
kDa was found to be more active at 6 and 12 mg/mL concentrations 
than the extract below 50 kDa.

Lycium barbarum extract Total Phenol (mgGA/gextract) Total sugar (mg/mL) Glucose (mg/dL)
Above 50 kDa 33.012±4.72 36.55±1.54 62.14±2.28
Below 50 kDa 31.40±3.46 36.86±0.68 51.81±8.60

Results are presented as mean ± SD.

Table 1. Total phenol, total sugar and glucose content.

Fig. 2. Histologic appearance of liver tissue of hematoksilen & eosin 
staining. (A) Negative control group, (B) Positive control group, (C) 
5-Fu group (D) Above 50 kDa Lycium barbarum extract group, (E) 
Below 50 kDa Lycium barbarum extract group, (H&E, 20X, Olym-
pus, Tokyo, Japon). The black arrow demonstrates EAT cell.

Variables Negative control 
(n=10)

Positive control 
(n=10) 5-FU (n=10) Above 50 kDa 

(n=10)
Below 50 kDa 
(n=10) p

Total volume(mL) --- 8.28±4.08b --- 4.14±1.85a 4.94±2.74ab 0.012
Supernatant(mL) --- 5.14±3.81 --- 3.14±1.80 3.79±2.31 0.276
Pellet (mL) --- 3.14±1.35b --- 1.00±0.41a 1.15±0.62a <0.001
Live cell (in one square) --- 81.30±19.69b --- 47.70±11.08a 62.20±18.20a 0.001
Dead cell (in one square) --- 2.20±1.03b --- 8.90±5.45a 5.40±2.36a 0.001
Average number of cells 
in 1 mL (x104) --- 1300.80b --- 763.20a 995.20ab 0.001

Results are presented as mean ± SD. For each parameter, in a column, the data with different superscript letters are significantly different from 
each other (p < 0.05).

Table 2. Analysis of cells of ascitic fluid withdrawn from periton.
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3.3.2. AgNOR staining results
We evaluated proliferation in the liver using AgNOR 

staining. When performing AgNOR scoring, the NOR pro-
teins area was first measured one by one and summed to 
find the total agnor area value. The nuclear area was then 
measured and recorded. Then, the total AgNOR area was 
compared to the nuclear area. Liver tissue revealed a im-
portant rise in AgNOR number and TAA/NA of positive 
control when compared with negative control. Prolifera-
tion revealed a significant decrease in 5-Fu, above and be-
low 50 kDa groups compared with positive control (Figure 
3) displays illustrations of cells that exhibit AgNOR stain-
ing. (Table 3) display the average AgNOR number and 
TAA / NA values.

3.3.3. DNA damage findings
The comet assay has become very popular over the last 

two decades and is probably one of the most used assays 
today for the assessment of DNA damage and repair. We 
evaluated DNA damage in the liver using neutral comet as-
say. Liver tissue revealed a important rise in DNA damage 
of positive control when compared with negative control. 
DNA damages were revealed a significant decrease in 
5-FU, above 50 kDa and below 50 kDa compared with 
positive control (Table 4, Figure 4).

3.4. In vitro findings: annexin v & dead cell kit findings
The analysis of in vitro results indicated no important 

difference between the groups in terms of the ratio of live 
cells to early apoptotic cells after three hours of culture, 
statistically. A significant decrease of live cell rates in 
above-50 kDa groups (1500, 2000 µg/mL) was observed 
at the end of 24 and 48 h of culture (p<0,05). When each 
group was examined individually according to time, it was 
seen that the above-50 kDa and 2000 µg/mL groups had 
the highest level of decrease in live cell rate at the end of 
48 h. During the examination of early apoptotic cell rates 
after 24 and 48 h, it was showed that percentage of early 
apoptotic cells raised (p<0,05) in above-50 kDa (1500 µg/
mL, 2000 µg/mL) and below-50 kDa (1500, 2000 µg/mL) 

groups. When each group was examined individually ac-
cording to time, it was seen that above-50 kDa and 1500 
µg/mL and 2000 µg/mL groups had the highest level of 
rise of a percentage of early apoptotic cells (p<0,05).

Results related to the percentage of late apoptotic cells 
were examined and it was observed that at the end of 3 
hours of culture, late apoptotic cells increased (p<0,05) in 
below-50 kDa groups. At the end of 24 and 48 hours of 
culture, late apoptotic cells increased (p<0,05) in above-50 
kDa (1500, 2000 µg/mL) groups. When each group was 

Variables Negative control 
(n=50)       

Positive control 
(n=50) 5-FU (n=50) Above 50 kDa 

(n=50)
Below 50 kDa 
(n=50) p

AgNOR number 2.14±0,67a 2.80±1.12b 2.42±0.93ab 2.34±0.98b 2.72±0.99b p<0,05
TAA/NA 0.08±0,03a 0.12±0.03b 0.09±0.03a 0.08±0.23c 0.11±0.04d p<0,05

Table 3. Average AgNOR number and TAA/NA. area.

Results is presented as mean±SD. Amongst the groups that share the same letter, there is no statistically significant difference (p< 0.05). AgNOR: 
Argyrophilic nucleolar organizer region TAA/NA: total AgNOR area per nuclear.

Fig. 3. Image examples of the AgNOR staining liver cells. (A) Nega-
tive control group, (B) Positive control group, (C) 5-Fu group, (D) 
Above 50 kDa Lycium barbarum extract group, (E) Below 50 kDa 
Lycium barbarum extract group (40X, Eclipse 80i, Nikon, Tokyo, 
Japon) Black arrow= Demonstrates AgNOR staining region.

Liver Negative control Positive control 5-FU Above 50 kDa Below 50 kDa
L-head (µm) 206.1±12.24a 203.4±26.94a 162.1±19.28b 133.0±23.46c 133.1±23.40c

L-tail (µm) 19.98±4.74a 93.94±25.55b 34.86±15.3c 23.12±11.99a 23.16±11.98a

L-comet (µm) 226.1±14.34a 297.3±41.64b 197.0±28.56c 156.1±28.93d 156.3±28.83d

Head DNA (%) 97.62±0.49a 89.74±2.09b 94.30±1.58c 95.02±2.41cd 94.56±1.98cd

Tail DNA (%) 2.38±0.49a 10.26±2.09b 5.70±1.58c 4.78±1.93c 5.44±1.98c

TM 1.0±0.0a 9.76±4.35b 2.18±1.41c 1.44±0.88ca 1.50±0.89ca

OTM 2.2±0.45a 11.65±3.48b 3.98±1.88c 2.52±1.28a 2.6±1.26a

L Head: Length Head; L Tail: Length Tail; L Comet: Length Comet; Head DNA: % DNA in the head, Tail DNA: % DNA in the tail; TM: Tail 
Moment; OTM: Olive Tail Moment. Mean±SD in a column that has a different superscript letter indicates significance. Similar letters on the same 
line illustrate how groupings are similar, while dissimilar letters highlight how groups are different (p< 0.05).

Table 4. Effect of Lycium barbarum on the cellular liver DNA damage in the experiment groups. 
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examined individually according to time, it was observed 
that the above-50 kDa (1500, 2000 µg/mL) groups had the 
highest percentage of late apoptotic cells (p<0,05). Based 
on the results regarding the total amount of apoptotic cells, 
after 3, 24, and 48 hours of culture, there was a important 
difference between the groups (p<0,05), and the percen-
tage of total apoptotic cells increased in above-50 kDa 
(1500, 2000 µg/mL) groups. In both concentration groups 
above 50 kDa, the highest percentage increase in apoptotic 
cells was found in total (Table 5 and Fig. 5).

4. Discussion 
Lycium barbarum, which grows in various parts of 

the world, is consumed as a medicinal plant [25]. It has 
been investigated in vivo and in vitro that the polysaccha-
rides (Lycium barbarum polysaccharide - LBP) found in 
Lycium barbarum in particular on Ehrlich ascites tumor 
(EAT) have been investigated, and their antiproliferative 
and apoptotic effects have been found. Although there are 
many studies in the literature where the chemical com-
ponents of Lycium barbarum are determined, it is stated 
that the chemical content of fruits varies depending on the 
growing environment. Benchennouf et al. stated that the 
total phenolic content of Lycium barbarum fruits grown 

Fig. 4. DNA damage in liver tissue using comet assay. (A) Negative 
control tail DNA 2.38 %, (B) Positive control tail DNA 10.26%, (C) 
5-fu tail DNA 5.7%(D) Above 50 kDa tail DNA 4.78%, (E) Below 
50 kDa tail DNA 5.44% (F) Statistical comparison between groups 
of the percentage of tail DNA in liver tissue using the comet assay. 
(Ethidium bromide boyama x400, Olympus, Japan).

Groups

pHour Control Above 50 kDa 
1500 µg/mL

above 50 kDa 
2000 µg/mL

below 50 kDa 
1500 µg/mL

below 50 kDa 
2000 µg/mL

L
iv

e 
ce

ll

3 94.17±1.07A 95.56±1.31A 96.56±0.99A 90.32±10.5A 93.04±0.99A 0.151

24 90.8±4.69bA 85.41±2.34abB 81.56±3.65aB 90.26±1.57bA 86.34±4.66abB <0.001

48 75.71±1.17bB 63.46±3.11aC 67.45±3.75aC 75.68±2.71bB 76.57±2.98bC <0.001

P* 0.009 0.000 0.000 0.009 0.000

E
ar

ly
 a

po
pt

ot
ic

 
ce

ll

3 2.47±1.44A 1.68±1.37A 0.98±0.37A 1.19±0.27A 1.76±0.54A 0.061

24 6.27±2.69abAB 7.65±1.55abB 9.63±3.84aB 5.84±1.06abB 7.17±1.86abB 0.038

48 16.15±2.94aB 20.91±2.77bC 19.90±2.35bC 18.32±2.23aC 17.05±1.53acC 0.005

P* 0.13 0.000 0.000 0.000 0.000

L
at

e 
ap

op
to

tic
 

ce
ll

3 3.29±0.54aA 2.68±0.46aA 2.41±0.69aA 4.49±0.66bAB 5.08±0.65bA 0.001

24 2.69±2.47bA 6.37±1.16abB 8.23±1.25aB 3.39±0.97bA 6.04±4.03abA 0.001

48 7.93±1.59bB 15.19±1.79cC 12.14±1.72aC 5.70±0.84bB 6.03±1.46bA <0.001

P* 0.002 0.000 0.000 0.001 0.570

To
ta

l a
po

pt
ot

ic
 

ce
ll

3 5.75±1.11bcA 4.36±1.35abA 3.39±0.95aA 5.68±0.67bA 6.83±0.96bcA <0.001

24 8.95±4.46bA 14.02±2.22abB 17.86±3.74aB 9.23±1.73bB 13.21±4.62abB <0.001

48 24.08±1.43abB 31.73±11.68abC 32.04±3.67aC 24.01±2.84abC 23.08±2.95bC 0.010

P* 0.009 0.000 0.000 0.000 0.000

Results is presented as mean±SD. The resemblance between the groups and the various letters is shown by using the same letters 
in the same row. The same capital letters in the same column reflect similarities across groups throughout time, whereas different 
letters indicate difference significance between groups (p< 0.05), p * = 3, 24, 48 hours shows the significance between.

Table 5. In vitro cell culture results. 

Fig. 5. Raw graphs of apoptosis 3, 24, 48 hours. (A) Control. (B) 
Above 50 kDa 1500 µg/ml, (C) Above 50 kDa 2000 µg/ml, (D) Be-
low 50 kDa 1500 µg/ml, (E) Below 50 kDa 2000 µg/ml.
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in Greece ranged from 14. 13 and 109.72 mg GAE/g [26]. 
Islam et al. showed the total phenolic content of 4 different 
Lycium barbarum collected from China, respectively 2, 
17; 2.87; 3.12; 4.48 mg GAE/g [27]. Also, Vulic et al. de-
termined the total phenolic content of Lycium barbarum 
collected from Serbia as 716.91 mg GAE/g [28]. In this 
study, the total phenolic content of the fractions (below 
and above -50 kDa) obtained from Lycium barbarum fruit 
grown in Turkey are defined to be respectively 33.012 and 
31.40 mgGAE/gextract.

Water-soluble polysaccharides are the most common 
compounds in Lycium barbarum fruit, and glucose is pre-
dominantly contained in these polysaccharides. On the 
other hand, Zhang et al. explained the glucose amount of 
2 different Lycium barbarum collected from China as 6.2 
and 35.2 mg/dL [29]. In our study, glucose amounts of 
Lycium barbarum fractions above and below 50 kDa were 
found to be 62.14 mg/dL and 51.81 mg/dL, respectively. 
According to the results, the Lycium barbarum fruit grown 
in Kayseri/Turkey is understood to be richer in terms of 
the total phenolic and total glucose amounts. The results of 
a recent study revealed that Lycium barbarum fruits scav-
enge 90% of DPPH radical at a concentration of 40 mg/mL 
[13]. In our study, strong scavenging activity was shown 
on ABTS radical at a concentration of 12 mg/mL. Its an-
tioxidant activity has also been proven in in vitro studies.

In recent studies, Lycium barbarum has been tested 
in vivo on different cancer models and its curative effects 
have been reported. Mice with H22 tumor (in vivo mu-
rine hepatoma H22) were administered Lycium barbarum 
polysaccharide (LBP)-3 250 mg/kg via gavage for 10 
days. As a result, LBP-3 has been shown to significantly 
reduce tumor severity and also does not damage liver and 
kidney tissues [30]. Among these studies, there is no Ehr-
lich ascites tumor model, and the results of this model are 
presented in this research for the first time.

In recent studies, it was seen that AgNOR staining had 
not been done before in the effects of Lycium barbarum 
on cancer. In this respect, this study was a first. Besides, 
many studies are evaluating the activity of Lycium barba-
rum extracts in various cancer cell lines. In the H22 cell 
line, 400, 800, 1200, and 1600 µg/mL concentrations of 4 
Lycium barbarum fractions were evaluated by Deng et al. 
The most active fraction, LBP-3 has been reported to cause 
over 60% inhibition in tumor cells at a dose of 1600 µg/mL 
after 48 h. They also reported that LBP-3 both increased 
apoptosis and stopped the cell cycle in the S phase [30]. 
In these studies, it was observed that in vitro LBP doses 
ranged from 1-2800 µg/mL. In our in vitro study with EAT 
cells, concentrations of 1500 and 2000 µg/mL were stud-
ied for both fractions based on the concentrations in the lit-
erature. When the relationship between Lycium barbarum 
and apoptosis was investigated in the results of Annexin 
V & Dead Cell Kit Test, it was investigated that there was 
no significant difference between the groups after 3 hours 
of culture. At the end of 24 and 48 h, it was observed that 
the Lycium barbarum caused a important reduce in the vi-
able cell count and an rise in the number of early and late 
apoptotic cells in the above 50 kDa group compared to the 
control group. These results confirmed that Lycium barba-
rum's effect on EAT cells may be due to the induction of 
apoptosis. Medicinal plant extracts have been previously 
shown to be effective in solid tumor studies [31-34] and 
Ehrlich ascites [35] in our previous works. Based on the 

data we have obtained, it has been concluded that Lycium 
barbarum consumed as a nutrient can be beneficial in 
slowing the formation and progression of cancer, which 
is one of the biggest health problems of today, like other 
medicinal plants.

Our comet assay results confirmed histopathological 
findings in liver. These results were confirmed with in-
creased DNA damage %, tail length, and tail moment and 
other parameters in positive control group.

LBP shows promise as an anticancer drug because 
of its high activity and low toxicity. While its anticancer 
features are known, its mechanisms of action are not yet 
completely understood. A study on the MCF-7 cell line 
revealed that LBP successfully inhibits breast cancer cell 
proliferation and promotes ferroptosis through the xCT/
GPX4 pathway. This novel property of LBP in inducing 
ferroptosis suggests it could be a possible therapeutic op-
tion for breast cancer [36].

Research indicates that Lycium barbarum exhibits 
antioxidant and cytoprotective effects on normal cells. 
Conversely, it demonstrates apoptotic and antiproliferative 
effects on various cancer cell lines, including HL-60, PC3, 
DU145, and HeLa cells [16, 18, 37].

In a study investigating the anticancer mechanism of 
Lycium barbarum fruit, calcium emerged as a potential 
signaling molecule in apoptosis pathways, likely due to 
upstream MAP kinase activation. This implies that LBP 
could elevate cellular calcium ion concentrations, signifi-
cantly impacting the signal transduction pathway of apop-
tosis and the chemosensitivity of tumor cells to anticancer 
agents. While the direct relationship between LBP and 
apoptosis remains unclear, these findings suggest that cer-
tain active components in Lycium barbarum may mediate 
apoptosis [38, 39].

The effects of Lycium barbarum on cancer were inves-
tigated for the first time in this study AgNOR staining 
method is a method used in many cancer studies to eva-
luate proliferation such as MDA-MB-231 cells in cell 
culture and in many in vivo studies. In the literature re-
view, DNA damage has not been examined with Comet 
analysis before in Lycium barbarum studies. However, in 
similar studies, comet analysis was used to measure DNA 
damage [32, 40, 41].

5. Conclusion
The effects of different molecular-sized fractions of 

Lycium barbarum grown in Turkey on EAT cells have 
been studied and it has been shown that the fraction espe-
cially above 50 kDa- is more effective at the 2000 mg/
mL concentration. Total phenolic, total polysaccharide, 
total glucose, and ABTS radical scavenging activity were 
also evaluated and the radical scavenging properties of the 
fractions were determined. Lycium barbarum demonstra-
ted a strong anticancer effect in EAT cells, demonstrating 
its apoptotic effects by lowering the cell viability percen-
tage and increasing DNA damage in the comet assay. Ly-
cium barbarum was determined to induce apoptosis in the 
in vitro model of the EAT cell. The detailed evaluation of 
Lycium barbarum with studies on different tumor models 
will shed light on its anticancer activity. Interdisciplnary 
research collaborations are necessary to facilitate large-
scale discoveries in molecular oncology.
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