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Abstract
The prothrombotic and inflammatory state plays a significant role in the occurrence 
of cardiovascular complications in type 2 diabetes mellitus. In this study, the anti-
diabetic, anti-inflammatory, and antiplatelet potentials of the extracts obtained from 
Ribes rubrum were investigated. The antidiabetic, anti-inflammatory, and antioxidant 
activities of the ethanol and water extracts of R. rubrum were evaluated by in vitro 
methods. The total phenolic and flavonoid contents were also determined. The ex-
perimental diabetes model in rats was induced with streptozotocin (STZ). After hyper-
glycemia occurred, the ethanol extracts of R. rubrum (RRE, at 100 mg/kg and 500 mg/
kg doses) were administered to the treatment groups for 14 days. Blood glucose, lipid 
profile, plasma, and pancreas tumor necrosis factor-α (TNF-α) levels were determined 
and compared at the end of the experiments. P-selectin levels and mitochondrial 
membrane polarization (MMP) of platelets were also measured. In vitro study, the 
RRE showed potent anti-inflammatory activity. Administration of RRE (at 100 mg/kg 
doses) to diabetic rats lowered blood glucose level insignificantly. The results showed 
that there was an increment in levels of TNF-α in plasma and pancreas tissue of the 
diabetic group compared to the control group. R. rubrum extract regulated and nor-
malized their levels in plasma and pancreatic tissue. RRE at both doses significantly de-
creased platelet P-selectin levels and prevented STZ-induced loss of MMP in platelets. 
The results of current research indicate that RRE extract has potent anti-platelet and 
anti-inflammatory effects and may be beneficial in preventing diabetic complications.

Practical applications
Hyperglycemia causes dyslipidemia, advanced oxidative stress, platelet activation, 
and inflammation in diabetes mellitus. Plants with various medicinal properties are 
of worldwide interest for the treatment of diseases due to their biological activities. 
In this study, the antidiabetic, anti-inflammatory, and antioxidant effects of extracts 
of Ribes rubrum (%100 ethanol, 50% ethanol, water) were evaluated by in vitro and 
in vivo methods. The diabetes model was induced with streptozotocin (STZ). The 
rats were divided into control, diabetic control, R. rubrum-100 mg/kg, and R. rubrum-
500 mg/kg doses groups. Blood glucose levels, tumor necrosis factor-α (TNF-α), plate-
let P-selectin levels, mitochondrial membrane polarization of platelets were examined. 
The present study has shown that R. rubrum has anti-inflammatory and antiplatelet 
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1  |  INTRODUC TION

In the treatment of diabetes mellitus (DM), the incidence of which is 
increasing worldwide, it is important to ensure and maintain normo-
glycemia, as well as to prevent diabetes mellitus complications that 
may cause morbidity and mortality. Cardiovascular disease (CVD) is 
the most common cause of diabetes-related disability and death. It 
accounts for an important part of the macrovascular complications 
of DM (Lordan et al.,  2019; The WHO CVD Risk Chart Working 
Group, 2019). Disinsulinemia and hyperglycemia cause dyslipidemia, 
advanced oxidative stress, platelet activation, and inflammation in 
DM, leading to atherosclerosis, the main pathological mechanism of 
CVD, and accelerating this process (Pereira et al., 2018).

In general, inflammatory processes contribute to diabetes, and 
increased blood levels of proinflammatory cytokines such as in-
terleukin (IL)-1, IL-16, IL-18, and tumor necrosis factor (TNF)-α are 
observed in diabetic individuals. Among these proinflammatory cy-
tokines, TNF-α, in particular, can induce insulin resistance leading to 
the development of Type 2 DM (T2DM) in adipocytes and peripheral 
tissues, and can induce cell death by apoptosis caused NFκB and 
caspase-3 activation (Akash et al., 2018; Çevik et al., 2017). Anti-
TNF-α treatments can decrease the insulin resistance incidence and 
the development of T2DM and may also contribute to the improve-
ment of diabetic complications.

Platelets are non-nucleated blood cells that result from the frag-
mentation of megakaryocytes which are large and nucleated. They 
are the building blocks of hemostasis and have a major role in the 
process such as inflammation and atherosclerosis (Holinstat, 2017). 
Increased polyol, protein kinase C pathways, hexosamine, and ad-
vanced glycosylation end products in hyperglycemia; contribute to 
oxidative stress, decreased release of nitric oxide (NO), deterioration 
of endothelial function, and inflammation (Brownlee, 2005; Chuah 
et al., 2013; Ott et al., 2014). Therefore, hyperglycemia can lead to 
an increase in platelet reactivity and alterations in mitochondrial 
function. The hyperglycemia-induced increase in platelet reactivity 
plays a major role in the development of cardiovascular complica-
tions of DM, by contributing to the atherosclerotic process (Ferreiro 
& Angiolillo, 2011).

In the 21st century, a lot of information has been obtained 
and is still being worked on regarding the pathogenesis and treat-
ment of DM. In this context, plants with various medicinal prop-
erties are of worldwide interest for the treatment of diseases due 
to their biological activities. It is known that currants with red, 
black, and yellow colors have high antioxidant properties due to 
the phenols and flavonoids they contain. Due to these functional 
components, having a protective role against many diseases has 
increased the importance of black currant, especially in the food 

industry (Feng et al.,  2016; Xıanlı,  2004). Moreover, they have 
been used as food for years, which indicates that they are safe 
for human consumption. Ribes rubrum L. is a common name for 
the red currant, which belongs to the genus Ribes in the family 
Grossulariaceae (Tim, 2012). Phytochemical analysis of R. rubrum 
revealed the presence of flavonoids, phenolic acids, and antho-
cyanidins. Phenolic compounds such as gallic acid, rutin, cate-
chin, syringic acid, and chlorogenic acid were detected. Phenolic 
compounds are used therapeutically due to their antioxidant, 
anti-inflammatory, antifungal, and wound-healing properties. In 
addition, in vivo, and in vitro studies have indicated that anthocy-
anidins have anti-inflammatory properties (Garbacki et al., 2005). 
Traditionally, R. rubrum has been used in folk medicine for its 
antipyretic, menstrual, lactative, appetite stimulant, diuretic, an-
tiscorbutic, and wound healing properties. The mixture of leaves 
is used to relieve rheumatic complaints. In addition, the fruits of R. 
rubrum are also used in cosmetic industry (Tim, 2012). Ribes spe-
cies reportedly possess anti-diabetic activity (Pinto et al., 2010; 
Sivalingam & Sriram, 2013).

As a result, the present study investigated the antidiabetic, anti-
inflammatory, and antiplatelet potential of the fruit extracts of R. 
rubrum L.

2  |  MATERIAL S AND METHODS

2.1  |  Preparation of fruit extracts

The fruits of the R. rubrum plant were purchased from the local 
market. The taxonomic identity was confirmed by the botanist Dr. 
İsmail Şenkardeş. The fruit samples were stored in the Herbarium 
of the Faculty of Pharmacy, Marmara University (Mare No: 22298). 
For the in vitro studies, the fruits were extracted using the macera-
tion method with ethanol, water, and 50% ethanol three times for 
24 hr each. After extraction was completed, the sample was filtered 
using filter paper and the solvent was evaporated using a rotary 
evaporator at a temperature not exceeding 40°C. The crude extracts 
of ethanol, water, and 50% ethanol were coded as RRE, RRS, and 
RRE50, respectively, and stored sterile at about 4°C for further use. 
For analysis, stock solutions were prepared by dissolving each of the 
extracts in dimethyl sulfoxide (DMSO).

2.2  |  Determination of in vitro antioxidant activity

The ABTS and DPPH radical scavenging activities of the extracts 
were determined following the study of Zou et al. (2011)).

activity. R. rubrum may be beneficial in the prevention and treatment of DM complica-
tions due to its anti-inflammatory and antithrombotic effects.

 17454514, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jfbc.14124 by M

arm
ara U

niversity, W
iley O

nline L
ibrary on [24/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  3 of 11GÜLMEZ et al.

2.3  |  Determination of in vitro anti-
inflammatory activity

Anti-inflammatory activities were evaluated with slight modifi-
cations according to the method described by Phosrithong and 
Nuchtavorn (2016) and Yıldırım et al. (2019)).

The method was concerted to the 96-well microplate format. Pure 
water (20 μl), ethanol (20 μl) and 0.1 M sodium borate buffer (25 μl, pH: 
9), and the extracts (10 μl) at different concentrations were added to 
the wells. Then 25 μl of soybean lipoxygenase type V (20.000 U/ml) in 
sodium borate buffer was added. The mixture was incubated at 25°C 
for 5 min, and then 100 μl of a 0.6 mM linoleic acid solution was put in 
and mixed. The changing of absorbance at 234 nm was monitored for 
6 min. Indomethacin was used as a standard. The inhibition percentage 
in terms of anti-inflammatory activity was calculated according to the 
following equation: % inhibition = [(Acontrol − Asample)/Acontrol] × 100.

2.4  |  Determination of in vitro antidiabetic activity

The in vitro antidiabetic effect of the extracts was evaluated 
through inhibition of alfa amylase and alfa glucosidase enzymes 
and with slight modifications according to the method described 
by Ramakrishna et al.  (2017). The method was concerted to the 
96-well microplate form. The inhibition percentage in terms of anti-
inflammatory activity was calculated according to the following 
equation: % inhibition = [(Acontrol − Asample)/Acontrol] × 100.

Alfa-amylase inhibitor activity: 25  μl of α-amylase enzyme 
(0.5 mg/ml-15 units) prepared within buffer and 10 μl of the extracts 
were mixed with 15 μl of 0.02 M sodium phosphate buffer (pH 6.9). 
The mixture was incubated for 10 min at 25°C, and 25 μl of starch 
solution (1%) prepared in buffer was added to the wells. One more 
time, the mixture was incubated for 10 min at 25°C. The reaction 
was ceased with dinitrosalicylic acid (50 μl) and incubated for 10 min 
within a boiling water bath. After incubation, the solutions were 
chilled to room temperature and diluted with 225 μl ultrapure water. 
The absorption was measured at 540 nm.

Alfa-glucosidase inhibitor activity: 100  μl of α-glucosidase 
prepared in buffer and 40  μl of 0.1  M sodium phosphate buffer 
(pH 6.9) were added to 10 μl of the extracts. The mixtures were in-
cubated at 25°C for 10 min. Then 50 μl of 5 mM p-nitrophenyl-α-
d-glucopyranoside prepared in buffer was added. The mixture was 
reincubated at 25°C for 5 min. The absorption at 405 nm was mea-
sured before and after incubation.

2.5  |  Determination of total phenolic compounds 
(TPC)

The total phenolic content of the extracts was estimated by a colori-
metric assay using solution Folin-Ciocalteau based on the procedure 
described by Gao, et al., (2000). The method was adapted to 96-well 
microplate format.

2.6  |  Determination of total flavonoid compounds 
(TFC)

The level of total flavonoids in the extracts was measured in the 96-
well microplate following the method described by Zhang et al. (2013). 
The extract (25 μl) and 125 μl of ultrapure water, 7.5 μl 5% NaNO2 were 
mixed and incubated at 25°C for 6 min. Then 15 μl 10% AlCI3.6H2O 
was added and incubated again at 25°C for 5 min. Fifty microliters 1 M 
NaOH was added to the solution and made up to 250 μl with ultrapure 
water. Then the absorption of the solutions was measured at 510 nm.

2.7  |  Animals

Female adult Sprague–Dawley rats (200–250 g body mass) were used 
that were obtained from Marmara University Experimental Animal 
Implementation and Research Centre (DEHAMER). Rats were kept 
at constant temperature (22  ±  1°C) with 45%–50% humidity and 
12/12-hr light/dark cycle. They were fed with standard rat chow and 
water ad libitum and were fasted for 12 hr before the experiment. All 
experimental protocols were approved by the Marmara University, 
Animal Experiments Local Ethics Committee (99.2018.mar).

2.8  |  Experimental design

After the adaptation process, fasting blood glucose levels and body 
weight of rats were measured after a fasting night (t−3). The mean 
blood glucose levels (t−3) of the rats were 94 ± 7 mg/dL without form-
ing groups. Then the rats were randomly divided into two groups as 
diabetic group (n = 18) and control group (n = 6). Diabetes was induced 
by a single dose injection of streptozotocin (STZ)/nicotinamide (NA) 
in intraperitoneal (i.p.). First, the diabetic rat groups were injected i.p. 
with a single dose of NA (Santa Cruz Biotechnology, Inc.) (100 mg/kg in 
normal saline) to minimize the pancreatic destruction. Fifteen minutes 
after the injection of NA, a single dose STZ (Santa Cruz Biotechnology, 
Inc.) (65 mg/kg in 0.1 M cold citrate buffer, pH 4.5) was injected. Rats 
received 10% dextrose solution for 24  hr after STZ injection. After 
72 hr (t0), blood glucose level was measured by glucometer (Accu-Check 
Performa Nano), and the rats with blood glucose level > 250 mg/dL 
were classified as diabetes. After the development of diabetes, the rats 
in the diabetic group were randomly divided into three subgroups as 
diabetic control (n = 6), RRE100 treatment (n = 6), and RRE500 treat-
ment (n = 6). The groups were formed as follows: In the control group 
(C), the rats received the normal saline daily by gavage. In the diabetic 
control group (DC), the rats received the normal saline daily by gavage. 
In the R. rubrum group 1 (RRE100), the rats received RRE (100 mg/kg in 
normal saline) daily by gavage. In the R. rubrum group 2 (RRE500), the 
rats received RRE (500 mg/kg in normal saline) daily by gavage.

The selection of doses of RRE was based on previous reports 
(Sivalingam & Sriram, 2013).

Blood glucose levels were measured on day 5 (t5), day 9 (t9), and day 
14 (t14) after administration of the extract using a glucometer on blood 
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collected from the tail vein (Figure 1). On day 15, the rats were anes-
thetized with a maintenance dose of ether, and blood samples were 
collected from the orbital plexus into tubes containing 3.8% sodium 
citrate (at a ratio of 1: 9, v/v), by the capillary tube. Then the rats were 
decapitated and tissue samples of the pancreas were collected from all 
groups. The blood samples were incubated at room temperature for 
15 min, and then centrifuged at 150 x g (Universal 32 Hettich) for 5 min 
at room temperature (22–25°C) to obtain platelet-rich plasma (PRP) 
(Sener et al., 2013). Platelet P-selectin level, mitochondrial membrane 
polarization were measured in the obtained PRP. The samples were 
centrifuged again, 1,300g (Universal 32 Hettich) at room temperature 
(22–25°C) for 10 min, and the obtained plasma samples were used for 
the determination of lipid profile and enzyme activities.

2.9  |  Biochemical analyses

The levels of triglyceride (TG) (Biolabo), total cholesterol (TC) 
(Biolabo), urea (Biolabo, France), alanine aminotranferase (ALT; 
Biolabo), and aspartate amimotransferase (AST; Biolabo) were meas-
ured in the plasma samples. TNF-α levels of the plasma and pancreatic 
tissue were measured using a commercial enzyme-linked immuno-
sorbent assay (ELISA) kit (Abcam); results were as follows pg/ml and 
ng/g tissue, respectively. Gamma-glutamyl tranfersae (GGT) level 
was determined by the spectrophotometric method using gamma-
glutamyl-p-nitroanalide as substrate (Sener et al., 2012).

2.10  |  Determination of platelet activation

Platelet activation was determined fluorometrically from the in-
crease in P-selectin levels. We used the platelet surface using specific 
antibodies (CD62-P; Abcam) labeled with fluorescent isothiocyanate 
(FITC) for P selectin level. The flow cytometry method was adapted 

to fluorometric microplate reader. The 200 μl of PRP samples were 
incubated with 2.5 μl CD62P-FITC at room temperature for 10 min 
and centrifuged 1,300g for 5 min at room temperature (22–25°C). 
Platelets were resuspended with 200 μl normal saline and fluores-
cence density of samples was measured with a fluorescence micro-
plate reader (excitation: 488 nm/emission: 515–545 nm). The results 
were reported as relative fluorescence units (RFU)/mg protein.

2.11  |  Platelet mitochondrial membrane 
polarization (MMP)

Loss of platelet mitochondrial membrane poloarization is related to 
platelet activation and apoptosis (Hannah et al., 2019). MMP was 
measured using the cationic dye 5,5,6,6′-tetrachloro-1,1′,3,3′-tetr
aethylbenzimidazoylcarbocyanine iodide (JC-1; Abcam) in a fluo-
rometer. In living cells, JC-1 accumulates as clumps in mitochondrial 
membranes, consequencing in red fluorescence. The intensity of the 
red fluorescence is proportional to the membrane potential. In cells 
with impaired mitochondrial membrane potential, JC-1 is present in 
the green fluorescent monomeric form. 2.5 μl of JC-1 were added 
to 200 μl of PRP samples at room temperature for 10 min and then 
centrifuged at 1,300g at room temperature (22–25°C) for 5 min. The 
cells were suspended in 200 μl normal saline. The fluorescence inten-
sity of the samples was measured using two filters (green excitation: 
488  nm/emission: 500–550  nm, red excitation: 561  nm/emission: 
560–610 nm). The results are expressed as the ratio of red RFU to 
green RFU.

2.12  |  Histological examination

Pancreatic tissue samples were fixed in 10% neutral buffered forma-
lin solution for light microscopic examination for routine histological 

F I G U R E  1 Schematic of the treatment schedule

 17454514, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jfbc.14124 by M

arm
ara U

niversity, W
iley O

nline L
ibrary on [24/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  5 of 11GÜLMEZ et al.

tissue analysis. After fixation, tissue samples were dehydrated in 
graded ethanol series (%70, 90, 96, 100), and clarified in xylene 
(Leica TP1020). Paraffin-embedded samples (Leica EG1150H + C) 
were cut into 5  μm-thick sections using a microtome (Leica RM 
2125RT). The sections were stained with hematoxylin and eosin 
(H&E) stain and evaluated for histopathological modifications and 
photographed under a light microscope (Olympos BX50).

2.13  |  Total protein measurement

The total protein content of the homogenized pancreas tissue and 
platelets was estimated by Bradford method (Bradford, 1976).

2.14  |  Statistical analysis

The program Graphpad Prism 5 (Graphpad Software) was used for 
statistical analysis. In vitro assay, IC50 values were calculated using 
the “nonlinear regression” plot.

In vivo assays were analyzed by one-way ANOVA and the Tukey 
post hoc test was used for the statistical significance declaration. 
The t-test was used to compare the paired groups. P < .05 level was 
considered significant.

3  |  RESULTS

3.1  |  Antioxidant, antidiabetic, and anti-
inflammatory activities of the extracts

The IC50 values determined for the anti-inflammatory, antidiabetic 
effects, and antioxidant activity of RRE, RRE50, and RSS in vitro are 
shown in Table 1. The IC50 values of antioxidant activity of the ex-
tracts were found to be close to each other. While RRE and RRE50 
showed the strongest anti-inflammatory activity, the antidiabetic 
effects of RRE and RRE50 were higher compared to RRS. However, 

the antidiabetic effect of ethanol extracts was also lower than the 
reference standard acarbose.

3.2  |  Total phenolic and flavonoid 
contents of the extracts

TFM and TFLM values of R. rubrum extracts were expressed as gal-
lic acid (GAE) and quercetin equivalents (QE), respectively (Table 2). 
The total phenolic and flavonoid values of the extracts were close 
to each other.

Considering these in vitro results, we decided to perform the in 
vivo study with RRE, which has the lowest anti-inflammatory and 
antidiabetic IC50 values.

3.3  |  Body weight changes

The body weights of the groups at the beginning of the experiment 
(t0), after STZ (after the development of diabetes) (t0), 5th day (t5), 
9th day (t9), and 14th day (t14) are shown in Figure 2.

At t0 and t5, there was no remarkable difference in the weight of 
rats from different groups. It was observed that the body weights 

TA B L E  1 Comparison of the IC50 (μg/ml) values (antioxidant, antidiabetic, and anti-inflammatory) of the extracts of Ribes rubrum fruit

Extracts*/
standards

Antioxidant activity
Anti-inflammatory 
effect Antidiabetic effects

DPPH• inhibition 
activity

ABTS•+ inhibition 
activity

Lipoxygenase inhibition 
activity

Alpha-glucosidase 
inhibition

Alpha-amylase 
inhibition

RRE 434.8 ± 3.40 395.8 ± 3.61 20.67 ± 0.28 189.7 ± 8.80 130.2 ± 0.50

RRE50 273.6 ± 1.13 356.1 ± 4.17 17.87 ± 0.82 227.0 ± 9.19 170.4 ± 7.58

RRS 315.3 ± 2.40 352.2 ± 22.77 29.91 ± 1.87 353.8 ± 23.12 181.8 ± 5.18

Ascorbic acid 17.6 ± 0.37 14.5 ± 0.32

Trolox C 14.54 ± 0.18 13.00 ± 0.21

Indomethacine 22.39 ± 0.26

Acarbose 95.41 ± 1.48 2.51 ± 0.12

Note: RRE, RRE50, and RRS show the ethanol, 50% ethanol, and water extracts, respectively, obtained from the fruits of R. rubrum. Each value was 
presented as mean ± standard deviation (n = 3).

TA B L E  2 Total phenol and flavonoid contents of extracts

Extracts TPC (mg GAE/g extract)

TFC (mg 
QE/g 
extract)

RRE 44.27 ± 0.01 4.58 ± 0.06

RRE50 41.76 ± 2.36 4.18 ± 0.25

RRS 40.09 ± 1.77 4.28 ± 0.13

Note: RRE, RRE50, and RRs show the ethanol, 50% ethanol, and water 
extracts, respectively, obtained from the fruits of Ribes rubrum. Results 
were expressed as gallic acid equivalent (GAE) for TPC, as quercetin 
equivalent (QE) for TFC. Each value was presented as mean ± standard 
deviation (n = 3).
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decreased significantly in the DC (P <  .01), RRE100 (P <  .05), and 
RRE500 (P < .05) groups compared to the C group at t9.

The DC group was found to have a 22% decrease in body weight 
at t14 compared to the C group (P < .001). The RRE100 and RRE500 
treatments were able to avoid weight loss in diabetic rats and in-
creased the body weight of the diabetic group by 10% and 9.5, re-
spectively. However, these observed changes in the body weight 
were not found to be statistically significant.

3.4  |  The effect of RRE on blood glucose levels

After the induction of diabetes, the diabetic rats were randomly 
distributed among the groups and as explained in the “Materials 
and method” section, the experimental studies were started. When 
blood glucose levels measured at time t0 (after administration of 
STZ 72 hr) were evaluated, blood glucose levels were significantly 
increased in all diabetic groups compared to the C group (P < .001). It 
was observed that blood glucose levels of RRE100 group decreased 

by ~11%, 15%, and 23%, respectively, at t5, t9, and t14 when com-
pared to the DC group, but this decrease was not statistically sig-
nificant (Table 3). Conversely, the treatment with RRE500 was failed 
to decrease the mean plasma levels of glucose compared to the DC 
group. However, it did not make an additional contribution to in-
crease in hyperglycemia.

3.5  |  The effect of RRE on plasma lipid profile and 
enzyme activities

While the urea and TC values of the DC group were significantly 
higher than those of the C-group (P <  .01), TG levels showed no 
statistically significant difference. The TC levels of the RRE100 
and RRE500 groups were significantly lower than those of the DC 
group (P  <  .01 and P  <  .001, respectively), but the urea and TG 
levels of RRE100 and RRE500 groups were slightly reduced and 
this reduction was not statistically significant compared to the 
DC group (Table  4).GGT activity was significantly higher in the 
DC group than in the C group (P <  .01). On the other hand, the 
levels of ALT and AST were not statistically significant increased. 
Although GGT levels were lower in RRE100 and RRE500 groups 
when compared to the DC group, these results were not statisti-
cally significant. ALT, AST levels of RRE100 and RRE500 groups 
showed no statistically significant difference when compared to 
DC and C groups.

3.6  |  The levels of TNF-α in the plasma and 
pancreas tissue

TNF-α levels of the plasma and pancreas were significantly higher in 
group DC than in group C (P < .05 and P < .01), respectively. Plasma 
TNF-α levels were significantly lower in RRE100 and RRE500 groups 
than in DC group (P < .05). It was observed that the plasma TNF-α 
levels of the RRE100 and RRE500 groups were close to those of the 
C group. The pancreatic TNF-α levels of RRE100 and RRE500 groups 
were significantly lower than those of the DC group (P  <  .001) 
(Figure 3).

F I G U R E  2 Change of body weight in all groups. (C: Control; 
DC: Diabetic control; RRE100: Ethanol extract of Ribes rubrum at 
the dose of 100 mg/kg; RRE500: Ethanol extract of R. rubrum at 
the dose of 500 mg/kg. t0: 72nd hour after injection of STZ; t5: 
5th day of experiment; t9: 9th day of experiment; t14: 14th day 
of experiment. Each value was presented as mean ± standard 
deviation. *P < .05, **P < .01 and ***P < .01 compared to the C 
group)

Groups t0 t5 t9 t14

C (vehicle) 119 ± 10 118 ± 08 105 ± 06 104 ± 04

DC (STZ) 429 ± 90*** 439 ± 73*** 440 ± 198*** 450 ± 154***

RRE100 387 ± 123** 370 ± 70** 343 ± 60**

RRE500 414 ± 150*** 432 ± 130*** 444 ± 150***

Note: Each value was presented as mean ± standard deviation.
Abbreviations: C, Control; DC, Diabetic control; RRE100, ethanol extract of Ribes rubrum at the 
100 mg/kg dose; RRE500, ethanol extract of R. rubrum at the 500 mg/kg dose. t—3, before injection 
of STZ; t0, 72nd hour after injection of STZ; t14, 14th day of experiment.; t5, 5th day of experiment; 
t9, 9th day of experiment.
**P < .01.; ***P < .001 compared to the C group.

TA B L E  3 Blood glucose (mg/dl) levels 
of the groups

 17454514, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jfbc.14124 by M

arm
ara U

niversity, W
iley O

nline L
ibrary on [24/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  7 of 11GÜLMEZ et al.

3.7  |  Histological examination of pancreas

Light microscopic evaluation of the pancreatic tissue samples 
revealed that parenchymal and acinar structures with regular 
morphology were observed in the C group (Figure  4). However, 
minimal degeneration and vascular congestion, fibrosis, and neu-
trophilic infiltration were observed in the parenchyma in the islets 
of Langerhans group DC. In the RRE100 group, mild vascular con-
gestion, and edema were detected in the parenchyma. Although 
the general morphological appearance of the RRE500 group was 
similar to the control group very mild vascular congestion and fi-
brosis were observed and in addition, acinar structures were gen-
erally normal.

3.8  |  The effect of RRE on platelet P-selectin levels

Platelet P-selectin levels were significantly higher in DC (P < .001). 
RRE100 (P  <  .05) and RRE500 (P  <  .01) groups also compared to 
the C group. Moreover, the results showed that it was significantly 
lower in RRE100 (P < .05) and RRE500 (P < .01) groups compared to 
the DC group. Among the all diabetic groups, P-selectin levels were 
lower in the R100 group (Figure 5).

3.9  |  The effect of RRE on platelet MMP

Figure 5 shows the changes in MMP in all experimental groups. The 
group DC showed a significant decrease in loss of MMP when com-
pared to the C group. A significant increase in MMP was observed 
in RRE100 (P < .01) and RRE500 (P < .001) groups as compared to 
DC group. Thus, administration of RRE normalizes MMP in platelets 
of diabetic rats.

4  |  DISCUSSION

In our study, the antidiabetic, anti-inflammatory, and antiplatelet ef-
fects of R. rubrum extracts were investigated. In vivo and in vitro stud-
ies have demonstrated that plants and fruits high in flavonoids and 
phenolic compounds may have antidiabetic and anti-inflammatory 
effects (Garbacki et al.,  2005; Mejia & Johnson,  2015; Pinto 
et al., 2010). It has been reported that syringic acid and (+)—catechin 
which has anti-inflammatory activity were found to be the major 
phenolic compounds in fruits of R. rubrum (Adina et al., 2017; Cheng 
et al., 2019; Ham et al., 2016). However, differences were observed 
in the phenolic content and antioxidant activity depending on the 
solvent used during extraction, solvent concentration differences, 

TA B L E  4 Comparison of plasma urea, lipid profile, and enzyme activities of the groups

Experimental 
groups Urea (mg/dl) TG (mg/dl) TC (mg/dl) GGT (U/l) ALT (U/l) AST (U/l)

C 33.33 ± 5.33 55.69 ± 9.90 115.65 ± 8.18 25.49 ± 2.47 22.11 ± 6.17 17.31 ± 4.03

DC 47.33 ± 7.61** 64.28 ± 30.54 144.00 ± 6.12** 39.05 ± 10.97** 29.53 ± 9.50 23.57 ± 13.56

R100 40.10 ± 2.46 43.33 ± 7.06 116.88 ± 9.92++ 28.62 ± 4.36 29.25 ± 17.15 27.93 ± 9.33

R500 38.75 ± 3.72 57.01 ± 14.47 110.42 ± 15.18+++ 29.62 ± 5.78 35.5 ± 11.50 24.15 ± 8.86

Note: Each value was expressed as mean ± standard deviation.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate amino transferase; C, Control; DC, Diabetic control; RRE100, ethanol extract of Ribes 
rubrum at the 100 mg/kg dose; RRE500, ethanol extract of R. rubrum at the 500 mg/kg dose. GGT, gammaglutamyltranfersae.
**P < .01 compared to C; ++P < .01; +++P <  .001 compared to DC.

F I G U R E  3 TNF-α levels in the plasma and pancreas. (C, control; DC, diabetic control; RRE100, Ethanol extract of Ribes rubrum at the 
dose of 100 mg/kg; RRE500, Ethanol extract of R. rubrum at the dose of 500 mg/kg. *P < .05, **P < .01 compared to the C group; +P < .05, 
+++P < .001 compared to the DC group)
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and harvesting of the fruit in a different time (Feng et al., 2016; Pinto 
et al., 2010; Zöld et al., 2018).

Glycemic control remains the most important strategy in the 
treatment of T2DM. Inhibitors of α-glucosidase and α-amylase en-
zymes involved in the digestion of carbohydrate can reduce the 
post-prandial rise in blood glucose levels. Therefore, they may be an 
important strategy for managing blood glucose levels in type 2 dia-
betic and prediabetic patients. Natural α-amylase and α-glucosidase 
inhibitors found in fruits and vegetables may be helpful in controlling 
hyperglycemia. The previous report has shown that the fruits of R. 
rubrum have α-amylase and α-glucosidase inhibitory activity with in 
vitro study (Pinto et al.,  2010). In our study, it was observed that 
ethanol extracts of R. rubrum performed stronger α-amylase and 
α-glucosidase inhibition than their water extract. However, their 

antidiabetic activity in in vitro was not as strong as that of the refer-
ence standard (acarbose).

In another acute in vivo study (for 5 hr), it was reported that the 
dose of 500 mg/kg fruit extract of R. nigrum showed significant anti-
diabetic effect. In this study, fruit extract of R. nigrum at the dose of 
100 mg/kg caused an insignificant reduction in blood glucose level. 
The fruit extracts were not shown to cause hyperglycemia in this 
study. In the sub-acute study (for 7 days), fruit extract of R. nigrum at 
the doses of 500 mg/kg and 100 mg/kg showed significant activity 
at the seventh day (Sivalingam & Sriram, 2013). In our in vivo study, 
the doses used in the study of Sivalingam and Sriram were used. 
The effect of R. rubrum on blood glucose levels in rats receiving 
RRE at two different doses (100 mg/kg and 500 mg/kg) was com-
pared with the diabetic control group. Our results show that blood 

F I G U R E  4 The results of histological analysis. For the DC: Arrow: Neutrophil infiltration; plus (+) Fibrosis; black asterisk (*) Vascular 
congestion; white asterisk (*) Langerhans islet. Hematoxylin–eosin dye

F I G U R E  5 Platelet P-selectin levels and MMP changes. (C: Control; DC: Diabetic control; RRE100: Ethanol extract of R. rubrum at the 
dose of 100 mg/kg; RRE500: Ethanol extract of R. rubrum at the dose of 100 mg/kg. *P < .05, **P < .01,***P < .001 compared to the C group; 
+P < .05, ++P < .01, +++P < .01 compared to the DC group)
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glucose levels decreased by 24% in the RRE100 group compared to 
the diabetic control group at t14. However, this decrease was not 
statistically significant. At the dose of 500 mg/kg, it had no effect 
on blood glucose levels. Unexpectedly, we observed that the in vivo 
antidiabetic effect of RRE extract was not dose dependent. When 
comparing the body weight changes of the animals, a weight reduc-
tion of 22% was observed in the diabetic group at day 14 compared 
to the control group. This weight loss was lessened to approximately 
12% and 11.5% with RRE100 and RRE500, respectively. Consistent 
with these findings, the increase of STZ-induced cholesterol level 
observed in the diabetic group was remarkably reduced with both 
doses of RRE extracts.

Dysregulation in carbohydrate and lipid metabolism observed 
in diabetes has been demonstrated to induce a pro-inflammatory 
process in macrophages that reside in or invade adipose tissue, 
pancreatic islets, vascular tissue, and other tissues (Donath & 
Shoelson, 2011). TNF-α plays a role in the inflammatory pathogene-
sis of many diseases including diabetes. It has also been shown to be 
a factor affecting the vascular complications of diabetes Therefore, 
treatment strategies for type 2 diabetes includes suppressing in-
flammation as well as diabetes improving glycemia (Alexandraki 
et al., 2008).

In the literature, it has been reported that R. rubrum is used in 
inflammatory diseases such as rheumatoid arthritis in traditional 
folk medicine (Duke et al., 2002; Tim, 2012). There are no clini-
cal and experimental studies on the anti-inflammatory activity of 
R. rubrum. But, there are studies with other Ribes species. It has 
been reported that the leaf extract of R. nigrum has potent anti-
inflammatory effect on leukocytes depending on its phenolic con-
tent (Tabart et al., 2012). Similar to this study, we observed that 
the R. rubrum fruit extracts (ethanol, 50% ethanol, and water) have 
potent anti-inflammatory activity in our in vitro study. In parallel 
with our in vitro study, the increase of STZ-induced plasma and 
pancreasTNF-α levels was suppressed by RRE100 and RRE500 ad-
ministration. Both doses of R. rubrum extract suppressed TNF-α 
production in the pancreas. Our histological studies supported 
these findings. R. rubrum extracts ameliorated STZ-induced dam-
age (such as degeneration, leukocyte infiltration, and fibrosis) in 
the pancreas.

Hyperglycemia promotes the glycation of platelet pro-
teins and has an important role in platelet reactivity in diabetes 
(Schneider, 2009). Systemic inflammation triggered by diabetes may 
also contribute to increased platelet reactivity. Otherwise, activated 
platelets contribute to systemic inflammation in diabetes by secret-
ing proinflammatory cytokines. Diabetics exhibit increased indica-
tion of both platelet activation and inflammation. One of the most 
important indicators of platelet activation is the level of P-selectin 
on the cell surface. P selectin is located in the α-granules of resting 
platelets and is translocated from the α-granules to the cell surface 
upon platelet activation (Wasiluk,  2004). It has been shown that 
ethylacetate and butanol extractions of R. nigrum fruits have potent 
inhibitory activity against platelet aggregation (Kim & Sohn, 2016). 

There is no study in the literature investigating the effect of R. ru-
brum on platelet activity. We have previously shown in a preliminary 
study conducted ex vivo that R. rubrum fruit juice significantly sup-
presses the human platelet aggregation and expression of P-selectin 
(unpubl data). Also in this study, we have shown that ethanol extract 
of R. rubrum can suppress diabetes-related increased platelet activ-
ity, on platelet P-selectin level in diabetic rats.

The loss in MMP is an indicator of mitochondrial dysfunction 
and apoptosis. Platelets are non-nucleated cells and platelet health 
is largely estimated by mitochondrial health (Elefantova et al., 2018; 
Perelman et al., 2012). To this end, we investigated the effect of R. 
rubrum on platelet MMPs along with P-selectin levels. As a result, we 
showed that the STZ-induced loss of platelet MMP was reduced by 
both concentrations of R. rubrum extract.

In our study, STZ-induced diabetes (14-day period) did not cause 
any change in plasma ALT and AST levels, which are liver function 
tests. At the same time, no significant changes were observed in ALT 
and AST levels in the groups that received RRE extracts. Serum GGT 
level is widely used as a marker of liver disease and damage of the bile 
ducts. Moreover, its increase within the reference range may be early 
and sensitive indicator of oxidative stress. Serum GGT activity has 
been found to be elevated in diabetic patients, which has been associ-
ated with increased oxidative stress (Lee et al., 2004). In parallel with 
the previous studies, it was observed in this study that GGT activity 
was significantly increased in the diabetic control group. Although not 
significant, the extract of R. rubrum caused a decrease in GGT levels, 
at both doses compared to the diabetic control group. The decrease in 
plasma GGT activity by the extract of R. rubrum could be a sign that 
the extract suppresses the oxidative stress caused by diabetes.

5  |  CONCLUSION

Although there are in vitro studies in the literature on the anti-
oxidant capacity, pharmacological properties, antidiabetic, and 
anti-inflammatory activity of R. rubrum, the in vivo studies are 
limited. The ethanol extract of RRE100 causes a moderate change 
in blood glucose level and this effect is not dose dependent. The 
present study has shown that R. rubrum has anti-inflammatory 
and antiplatelet activity. It was shown for the first time to prevent 
diabetes-induced platelet activation and mitochondrial potential 
depolarization. R. rubrum may be beneficial in the prevention and 
treatment of DM complications due to its anti-inflammatory and 
antithrombotic effects.
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