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ABSTRACT Objective: The aim of this study was to determine the ef-  OZET Amag: Bu galismanin amaci; insan ve hayvanlarda akut ve kro-
fect of curcumin on some plasma cytokines and insulin levels in dia-  nik ¢ok sayida sistem iizerine olumsuz etkileri olan diabetes mellitusta,
betes mellitus, which has negative effects on many acute and chronic ~ kurkumin verilmesinin bazi plazma sitokinleri ve insiilin diizeyine et-
systems in humans and animals. Material and Methods: In the study,  kisinin belirlemektir. Gere¢ ve Yontemler: Calismada, canlt agirlik-
thirty adult male Wistar albino rats with similar live weights were used.  lart birbirine yakin 30 adet yetiskin erkek Wistar Albino sigan
The subjects used in the study were divided into four groups including  kullanildi. Denemede kullanilan denekler Kontrol (K), Diyabet (D),
Control (K), Diabetes (D), Curcumin (C), and DiabetestCurcumin  Kurkumin (C) ve Diyabet+Kurkumin (DC) olmak tizere 4 gruba ay-
(DC). At the end of the experiment, interleukin-6 (IL-6), IL-10, insulin,  rildi. Arastirmada, deneme sonunda gruplardaki deneklerden alinan kan
tumor necrosis factor alpha (TNF-a), and C-reactive protein (CRP) le-  6rneklerinde interlokin-6 (IL-6), IL-10, insiilin, tiimdr nekroz faktor alfa
vels in the blood samples taken from the subjects in the groups were de-  (TNF-a), C-reaktif protein (CRP) diizeyleri belirlendi. Bulgular: IL-6
termined. Results: IL-6 level was determined to increase significantly  diizeyinin diyabet olusturulan siganlarda diger 3 gruba gore 6nemli
in experimentally induced diabetic rats compared to the other three gro-  (p<0,05) oranda artt1g1 belirlendi. Kurkumin uygulanan grupta belirle-
ups (p<0.05). The IL-6 level in the C group was found to be similar to  nen IL-6 diizeyi kontrole benzerken, diyabet olusturulduktan sonra C
that in the K group whereas it was observed that the IL-6 level was sig-  takviyesi yapilan DC grubunda ise IL-6 diizeyinin D grubuna gore
nificantly lower in the DC group, in which C was supplemented for the ~ &nemli oranda diisiik oldugu, K ve C gruplarindan elde edilen diizeylere
experimentally induced diabetic rats, than in the D group, and appro-  ise yaklastig1 gézlendi (p<0,05). IL-10 diizeyinin C grubunda D gru-
ached to the levels obtained in the K and C groups (p<0.05). The CRP  buna kiyasla daha yiiksek oldugu, D grubuna kurkumin takviyesinden
level was significantly higher in the D group compared to the other  sonra DC grubunda da IL-10 seviyesinin énemli (p<0,05) oranda arttig1
three groups whereas the insulin level was prominently lower (p<0.05).  belirlendi. D grubunda CRP seviyesi diger 3 gruba gore anlamli bir se-
In this study, it was observed that there was a positive and strong rela-  kilde yiiksek iken insiilin diizeyi ise belirgin bir sekilde diisiik olarak be-
tionship between IL-6 and TNF and CRP, and a moderately strong and  lirlendi (p<0,05). Bu ¢alismada, IL-6 ile TNF ve CRP arasinda pozitif ve
negative relationship with insulin Conclusion: In conclusion, it was  giiclii bir iliski oldugu, insiilin ile orta derecede giiclii ve negatif bir iligki
seen that curcumin application does not cause a negative impact on he-  oldugu gériilmiistiir. Sonug: Streptozotosin ile deneysel diyabet olustu-
althy rats and that it is beneficial in reducing the negative effects of dia-  rulan siganlarda kurkumin uygulamasi saglikli siganlarda olumsuz bir
betes in streptozotocin-induced diabetic rats. etki olusturmamasinin yan sira diyabette de meydana gelen olumsuz et-
kileri hafifletmesi bakimindan yararli oldugu goriilmektedir.

Keywords: Diabetes mellitus; cytokine; curcumin; Anahtar Kelimeler: Diabetes mellitus; sitokin;
insulin; streptozotocin kurkumin; insiilin; streptozotosin

Diabetes mellitus (DM) is a chronic and causes impairments in carbohydrate, protein, fat
metabolic disease that develops due to complete or metabolisms.' DM is considered epidemic worldwide
partial insufficiency of insulin hormone secreted from due to severe acute and chronic complications. Ac-
beta cells in the pancreas or insulin resistance and that cording to the World Health Organization (WHO) es-
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timate, about 500 million people will have DM by
2030.21t has been reported that genetic and environ-
mental factors have great importance in the develop-
ment and complications of DM.> Among the
environmental factors, obesity, especially abdominal
fat accumulation, is a prominent and frequently seen
factor in individuals with diabetes. It has been re-
ported that it affects the inflammatory response of
various genes and gene sites, and that cytokines with
genetic susceptibility play a role in this response.**

Cytokines are natural and adaptive immunity
regulators that allow immune system cells to com-
municate at short range. Cytokines are secreted by
the cells of the immune system and, similar to those
in interferons, disrupt cell integrity by causing cel-
lular damage in response to infection.’ Cytokines
are important immune regulators that play a role in
the emergence of many problems in DM and the
pro-inflammatory factors are synthesized and se-
creted from adipose tissue in the mechanism of
chronic inflammation. DM causes changes in the
functions of inflammatory cells and cytokine pat-
terns, impairment in the matrix cycle, chronic in-
fection, and many acute and chronic complications.
Infection, neuropathy, and major degenerative
changes, which may lead to morbidity, disability,
and hospitalization, occur in patients.*” In the
development of these degenerative changes in
diabetes, pro-inflammatory/anti-inflammatory cy-
tokines produced by the cells of the defense mech-
anism of the host against microorganisms and
antigens are very important. Inflammatory mecha-
nisms have been reported to cause diabetes, insulin
resistance, and increased free fatty acid levels.® IL-
6 level is correlated directly with obesity, glucose
intolerance, and insulin resistance. Plasma IL-6
level is an important determinant in DM. In addi-
tion, IL-6 is an important regulator and stimulus of
C-reactive protein (CRP) synthesis.® Tumor necro-
sis factor (TNF) has pro-inflammatory properties
and is indirectly involved in insulin resistance
pathogenesis and obesity.5”

Curcumin is a yellow compound isolated from
the Curcuma longa plant, which is a member of the
Zingiberaceae family and commonly used in Asian
countries.'’ It has many features such as anti-in-
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flammatory, anti-diabetic, anti-coagulant, anti-car-
cinogenic, anti-mutagenic, anti-bacterial, anti-viral,
and antioxidant."!! It has been reported that it lim-
its the expression and signaling of TNF alpha
(TNF-a), reduces insulin resistance, and has an
anti-diabetic effect in patients with type-II dia-
betes.!? The essential oils found in curcumin have
anti-inflammatory effects. In the studies, it has been
reported that curcumin leads to an anti-inflamma-
tory effect by activating the B cell (NF-kb) path-
way and It is effective in the inhibition of
cytokines, which we know as pro-inflammatory,
such as TNF-o and CRP."*

In light of this information, the purpose of this
experimental study was to determine the effect of
curcumin on certain plasma cytokine levels in exper-
imentally-induced diabetic rats.

MATERIAL AND METHODS
STUDY ANIMALS

In this study, animal rights were protected in line with
the Guidelines for the Care and Use of Laboratory
Animals, and a work document and ethics commit-
tee approval were obtained. Approval was obtained
from Selguk University Experimental Medicine Re-
search and Application Center Experimental Animals
Ethics Committee on 21.03.2017 with the number of
decision 2017-11. The study was conducted in ac-
cordance with the Helsinki Declaration principles.
We used 30 healthy, 350+10 g 4-month-old male rats.
The experimental animals were divided into four
groups as control (K), DM (D), Curcumin (C) and
DM+Curcumin (DC). A single dose of 60 mg/kg
streptozotocin (STZ) (Streptozotocin, Sigma S0130-
1G, China) dissolved in 0.1M citrate buffer (pH 4.5)
was administered to the D and DC group through
intra-peritoneal injection. Three days after the STZ
administration, fasting blood glucose level of the rats
was tested from the capillary blood collected from
the tail end using glucometry (PlusMED) in order to
check whether diabetes formed. Animals with fasting
blood sugar levels of 250 mg/dL and above were con-
sidered DM. After the formation of diabetes, 50
mg/kg/day curcumin (Sigma C1386-10G, China) was
administered by gavage throughout the study. The ex-



Ulkii SAYGILI et al.

J Tradit Complem Med. 2021;4(1):57-64

periment was pursued for 4 weeks after the formation
of diabetes.

BLOOD ANALYSIS

At the end of the working period, blood samples of
the subjects in the groups were collected from the
heart through cardiac puncture under general anes-
thesia (Xylazine 10 mg/kg and Ketamine 5 mg/kg
anesthesia) into anti-coagulant (ethylenediaminete-
traacetic acid) tubes. Rats, of which blood samples
were taken, were killed by cervical dislocation while
under anesthesia. Collected blood samples were cen-
trifuged, the serum and plasma were separated and
stored at -80 °C until the time of analysis. Insulin, IL-
6, IL-10, CRP, and TNF levels in the plasma and
serum were determined in the Siemens Centaur XP
Immunoassay System using commercial Kkits
(Siemens, USA) according to their protocols.

STATISTICAL EVALUATION

Descriptive statistics are presented with mean, stan-
dard deviation values. Shapiro Wilk’s test was ap-
plied to examine the normality distributions of IL-6,
IL-10, insulin, TNF-a, CRP measurements of the
study groups. According to the test results, the non-
parametric test approach was chosen because the dis-
tributions of IL-6 and IL-10, insulin, TNF-a, CRP did

not show normal distribution and the number for the
group was n=6. In the study, Kruskal Wallis test was
used to analyze the difference between IL-6 and IL-10,
insulin, TNF-0, CRP measurement values of four dif-
ferent groups, Mann for each pair of groups to identify
groups that make the difference. Comparison test of
Whitney-U (Bonferroni corrected) test was used. In ad-
dition, Sperman correlation was used to examine the
relationships between IL-6, IL-10, insulin, TNF-o, CRP
measurements. P values less than 0.05 were considered
statistically significant in the study. The analyzes were
made with the SPSS 25.0 package program.

RESULTS

Findings obtained in the experimental study are pre-
sented in Table 1 and Table 2.

In Table 1, it was seen that IL-6 measurement
was at different levels according to the study groups.
The reason for the difference was that the IL-6 levels
of the DC and D groups were higher than the C and
K groups (p=0.01, p<0.05).

It was observed that IL-10 measurement was at
different levels according to the study groups. It was
observed that the reason for the difference was that
the IL-10 levels of the D groups were lower than the
C and K groups (p=0.03, p<0.05).

TABLE 1: The effect of curcumin administration on IL-6 and IL-10 in experimentally-induced diabetic rats.

K (n=6) C (n=6) D (n=6) DC (n=6)
Measure X*SD X£SD X*SD X+SD p value Post-hoc
IL-6 35.85+4.59 36.00+3.96 85.35+32.67 61.6+15.65 0.01* D,DC>K, C
IL-10 56.41+19.00 51.84+21.17 27.07+10.46 42.14+12.22 0.03* D<K, C

*0.05 Significant difference in level; *K: Control group; C: Curcumin group, D: Diabetes group, DC: Diabetes and curcumin group; IL: Interleukin; SD; Standart deviation.

TABLE 2: The effect of curcumin administration on plasma insulin, TNF-a, and CRP levels in experimentally-induced diabetic rats.
K (n=6) C (n=6) D (n=6) DC (n=6)

Measure X*SD X+SD X*SD X*SD p value Post-hoc

TNF 54.85+13.25 52.93+5.88 119.42+48.93 85.47+19.05 0.01 D, DC>K,C

Insulin 1.17+0.42 1.0240.15 0.69+0.17 0.83+0.16 0.02 D<K,C

CRP 1.02+2.01 0.92+1.30 15.68+8.13 7.17+7.46 0.01 D,DC>K,C

0.05 Significant difference in level; K: Control group; C: Curcumin group, D: Diabetes group, DC: Diabetes and curcumin group; SD; Standart deviation; TNF: Tumor necrosis factor;

CRP: C-reactive protein.
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In Table 2, it was seen that TNF measurement
was at different levels according to the study groups.
The reason for the difference was that the levels of
TNF in the DC and D groups were higher than the C
and K groups (p=0.01, p<0.05).

It was observed that the insulin measurement
was at different levels according to the study groups.
It was observed that the reason for the difference was
that the insulin levels of the D groups were lower than
the C and K groups (p=0.02, p<0.05).

In the study, it was observed that CRP mea-
surement according to the groups was at different
levels according to the groups. The reason for the
difference was that the CRP levels of the DC and
D groups were higher than the C and K groups
(p=0.01, p<0.05).

It was observed in Table 3 that there was no re-
lationship between IL-6 and IL-10 levels (p=0.08). It
was observed that there was a positive and strong re-
lationship between IL-6 and TNF and CRP (p=0.01),
and a moderately strong and negative relationship
with insulin (p=0.04). It was observed that there was
a negative and moderately strong relationship be-
tween IL-10 and TNF and CRP (p=0.01), and there
was no relationship between insulin levels (p=0.13).
It was observed that there was a negative and strong
relationship between TNF and insulin (p=0.01), a
positive and strong relationship between TNF and
CRP (p=0.01), and a negative and strong relationship
between TNF and CRP (p=0.01)

DISCUSSION

According to the World Health Organization (WHO)
data, approximately 4 billion people first try to over-
come their problems through herbal medicines when
they encounter health problems and 80% of the world’s
population and 95% of the African population use treat-
ment methods based on medicinal plants.'* Recent stud-
ies on curcumin have shown that curcumin modulates
many growth factors, enzymes, and cytokines. It has
been reported that, in particular, it is highly effective in
the pathogenesis of the inflammatory process as well
reducing the number of pancreatic cells involved in an-
tidiabetics and hypoglycemia.'

In the study, it was seen that TNF measurement
was at different levels according to the study groups.
The reason for the difference was that the levels of TNF
in the DC and D groups were higher than the C and K
groups (p=0.01). Besides, it was found that CRP, IL-6,
TNF-a levels of group D increased significantly com-
pared to other groups (K, C, and DC) (p<0.05). In ad-
dition, IL-10 and insulin levels in the animals in the D
group were significantly lower than the other groups.
When the data obtained from the C group were exam-
ined, they were found to be similar to those in the K
group in terms of the parameters generally examined.
Moreover, when the data obtained from the group (DC)
in which curcumin was administered after D formation
group were examined, it was found to be significantly
lower than that in the D group (p<0.05) but still higher
than those in the K and C groups. However, in terms of

TABLE 3: Relationship between IL-6 and IL-10, insulin, TNF-a, CRP levels.
Measure IL-6 IL-10 TNF Insulin CRP
IL-6 rvalue 1
p value
IL-10 r value -0.37 1
p value 0.08
TNF r value 0.67 -0.52 1
p value 0.01 0.01
Insulin rvalue -0.47 0.32 -0.65 1
p value 0.04 0.13 0.01
CRP r value 0.66 -0.41 0.62 -0.69 1
p value 0.01 0.04 0.05 0.01

IL: Interleukin; TNF: Tumor necrosis factor; CRP: C-reactive protein.
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the other parameters (TNF-a, CRP, IL-10, and insulin),
the values obtained from the DC group were found to
be significantly different from that obtained from the D
group whereas it was similar to the values measured in
K and C groups.

In many studies conducted in recent years, chronic
inflammation has been reported to play an important
role in the development of type 2 diabetes.'® Proin-
flammatory cytokines such as TNF-a, IL-1, and IL-10
are secreted from adipose tissue and it is thought that
there is a close correlation between body fat mass and
these inflammatory cytokines. Obesity, in other words,
increased subcutaneous adipose tissue is a risk factor
for DM and is caused by leptin release and increased
fatty acids. Leptin release is directly proportional to adi-
pose tissue. It stimulates the production of IL-6 and
TNF-a, activates nuclear factor kappa B (NF-Kb),
which is one of the key members of inflammation, thus
leads to the increase of IL-6 and TNF-a.."”

In this study, it was observed that there was a pos-
itive and strong relationship between IL-6 and TNF and
CRP, and a moderately strong and negative relationship
with insulin. Similar collation has been reported in con-
structions.*® Carey et al. reported that there was no such
correlation in their study.*®

It has been reported that plasma IL-6 has a pre-
dictive characteristic for the development of diabetes
and that there is a very strong, prominent, and reverse
correlation between IL-6 level and insulin sensitivity.®
In the study conducted by Vestra et al. with diabetic pa-
tients, it was reported that CRP and IL-6 levels in-
creased in cases who developed nephropathy.'® Demir
et al. determined a significant increase in IL-6 and
TNF-a levels in experimentally-induced diabetic rat
models.!” In a study conducted on experimentally in-
duced diabetic dog models, an increase in IL-6 levels
was determined in the experimental group compared
to healthy dogs.”” In the study conducted by
Yalcinkaya et al. with diabetic patients, the correla-
tion between IL-6, TNF-a, CRP levels as well insulin
resistance and DM was examined and it was found
that IL-6, TNF-a, CRP levels increased in diabetic in-
dividuals.” Tt is stated that these pro-inflammatory cy-
tokines also increase the production of TNF-a in
microvascular and neural tissues, leading to an in-
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crease in microvascular permeability and to damage
in hypercoagulability and nerves, thus causes diabetic
polyneuropathy.’

Soetikno et al. conducted a study on rats with
diabetic nephropathy and applied 100 mg/kg cur-
cumin treatment daily for 8 weeks. As a result, they
found that hyperglycemia developed at the end of the
experiment caused nuclear factor of kappa light
polypeptide gene enhancer in B-cells inhibitor, alpha
and NF-«B activation, increased pro-inflammatory
cytokines, and macrophage infiltration. They re-
ported that curcumin treatment reduced macrophage
infiltration.?’ The inflammation process, which is
considered to be one of the main factors involved in
diabetes pathogenesis, has been emphasized in the
studies investigating the relationship between dia-
betes and curcumin and the beneficial effect of cur-
cumin on diabetes has been explained with its
positive contribution in the inflammation process
and its ability to accelerate the immune system.?! In
this study, the changes occurred in pro-inflammatory
cytokines in STZ-induced diabetic rats showed that
diabetes caused significant inflammation-based
problems in the liver, pancreas, and other tissues. In
fact, it has been suggested that pro-inflammatory cy-
tokines suppress insulin transduction and cause in-
sulin resistance in the liver, skeletal muscle, and
other tissues by.?

It has been reported that curcumin affects the ac-
tivation of liver enzymes involved in fat metabolism,
glycolysis, gluconeogenesis.”* Seo et al. observed that
curcumin supplementation reduced glucose intole-
rance in a diabetic rat model that developed obesity at
the same time with insulin resistance.” In some stud-
ies, it has been found that concomitant administration
of curcumin with vitamin C and yogurt reduces blood
sugar and HbA 1¢ levels, in particular.’**> Moreover,
insulin resistance may cause excessive CRP release
and this is attributed to the effect of insulin on hepatic
acute phase protein synthesis. It is known that the
CRP level increases during chronic inflammation
process in diabetes. In metabolic syndrome, the rea-
son for the increase in CRP level has been associated
with the production of cytokines from adipose tis-
sue.’® In the present study, it was observed that CRP
measurement according to the groups was at different
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levels according to the groups. The reason for the dif-
ference was that the CRP levels of the DC and D
groups were higher than the C and K group (p<0.05).

Curcumin is an indigenous anti-inflammatory
component, can stimulate the expression and also
production of IL-10, can increase the effect on mul-
tiple tissues. It has been reported that curcumin
modulates the IL-10 secretion in in-vitro and pre-
clinical models.”” It was observed that IL-10 mea-
surement was at different levels according to the
study groups. It was observed that the reason for the
difference was that the IL-10 levels of the D groups
were lower than the C and K groups. This finding
supports the idea that curcumin modulates the im-
mune system. Li et al. reported that oral adminis-
tration of curcumin (15 mg/kg, 30 mg/kg, 60 mg/kg)
increased insulin receptor activity by stimulating in-
sulin resistance in rats.’® In another study, curcumin
administration to rats has been reported to improve
blood-cell activities and insulin release, lower blood
sugar and HbAlc¢ levels.”

In this study, as in the above-mentioned studies,
the fact that the data obtained from the C group were
similar to the those in the K group or that there was no
significant difference suggests that curcumin is reliable
for homeostatic mechanisms of inflammation. It shows
that curcumin has an immuno-modulatory effect rather
than an immuno-suppressive effect in terms of the dia-
betic condition.

Many of the experimental studies report that cur-
cumin can be used as a positive option for the manage-
ment of DM and insulin resistance.’**' In fact, in a
study, it was found that curcumin reduces insulin resis-
tance, increases the uptake of glucose in muscles, and
reduces plasma glucose level.*? In experimentally-in-
duced mouse and rat models with insulin resistance and
DM, Curcumin has been reported to increase its sensi-
tivity by increasing insulin stimulation.*>** Chougale
et al. determined that curcumin reduces hyper-
glycemia and prevents weight loss.** In accordance
with all this information, it was seen that curcumin
administration plays an effective role in regulating in-
sulin level. These findings obtained from the study
supports this view. In line with these results, the pos-
itive effect of curcumin may mediate in insulin resis-
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tance and diabetes through protein homeostasis reg-
ulation.®

In this study, it was observed that there was a
pos-itive and strong relationship between IL-6 and
TNF and CRP, and a moderately strong and negative
relationship with insulin. Similar collation has been
reported in con-structions.’® Carey et al. reported that
there was no such correlation in their study.*’

CONCLUSION

In conclusion, in this study, curcumin was preferred
since it is a natural product and effective in STZ-in-
duced diabetic rats in terms of cytokines. It was re-
markable that it had a positive effect on insulin,
IL-6-10, CRP and also TNF-a levels in diabetic pa-
tients and did not cause a negative effect on rats in
the C group. According to the results of the study, it
was observed that there was no relationship between
IL-6 and IL-10 levels, there was a positive and strong
relationship between TNF and CRP, there was a neg-
ative and moderately strong relationship between IL-
10 and TNF and CRP, but there was no relationship
between insulin levels. In direction of this informa-
tion obtained from the study, it was concluded that
inflammation-targeted therapy may be a new treat-
ment option in terms of the follow-up of DM and its
complications.
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