
Diabetes mellitus (DM) is a chronic illness aris-
ing from a hereditary and/or acquired deficiency in 
insulin production that is increasing at an alarming 

rate and becoming a major health burden worldwide.1 
Type 2 DM (T2DM) is accompanied by chronically 
elevated blood glucose levels associated with disrup-
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ABS TRACT Objective: The aim of study of was to determine the da-
mage caused by streptozocin (STZ)-induced Type 2 diabetes in pan-
creatic islet in rats and the effect of curcumin on this damage. Material 
and Methods: A total of 32 (250-320 g) Wistar albino male rats were 
used. Rats were randomly divided into 4 groups as Control (C), Dia-
betes (DM), Curcumin (CUR), and Diabetes+Curcumin (DM+CUR) 
(n=8). Histopathological, stereological and immunohistochemical 
analyzes were used to determine the damage caused by type 2 diabetes 
in the pancreatic tissue and the effect of curcumin on this damage. Re-
sults: In the histopathological evaluation of pancreatic tissues, in pan-
creatic sections of DM group rats, the islets were smaller and their 
borders were irregular, and degenerative and necrotic changes were ob-
served in the cells. In the DM+CUR group, it was determined that these 
degenerative changes in the islets of Langerhans and cells were all-
eviated. In the stereological analysis, it was determined that the islet 
volume, the ratio of islets to the pancreas and the number of beta cells 
in the DM group were statistically significantly decreased compared to 
the other groups, and it was found to be higher in the DM+CUR group 
than in the DM group (p<0.05). In the immunohistochemical evalua-
tion, the C and CUR groups showed similar staining with Ki67, whe-
reas the staining was less in the diabetic group. In the diabetes group 
treated with curcumin, it was found that curcumin attenuated the dia-
betes-related Ki67 reduction. Conclusion: In this study, it was deter-
mined that curcumin reduced the damage in the islets and beta cells in 
the pancreas of rats with diabetes mellitus with STZ and provided a 
significant protection in the pancreatic tissue. 
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ÖZET Amaç: Bu çalışmanın amacı, sıçanlarda streptozosin (STZ) ile 
indüklenmiş Tip 2 diyabetin, pankreas dokusunda oluşturduğu hasarı ve 
kurkuminin bu hasar üzerindeki etkisini belirlemektir. Gereç ve Yön-
temler: Çalışmada toplamda 32 (250-320 g) Wistar albino erkek sıçan 
kullanıldı. Sıçanlar rastgele Kontrol (K), Diyabet (DM), Kurkumin 
(KUR) ve Diyabet+Kurkumin (DM+KUR) olmak üzere 4 gruba ayrıldı 
(n=8). Tip 2 diyabetin, pankreas dokusunda oluşturduğu hasar ve kur-
kuminin bu hasar üzerindeki koruyucu etkisini belirlemek için histo-
patolojik, stereolojik ve immünohistokimyasal analizler kullanıldı. 
Bulgular: Pankreas dokularında yapılan histopatolojik değerlendir-
mede, DM grubu sıçanlarının pankreatik kesitlerinde adacıkların kü-
çüldüğü ve sınırlarının düzensiz olduğu, hücrelerde dejeneratif ve 
nekrotik değişiklikler olduğu görüldü. DM+CUR grubunda ise langer-
hans adacıklarında ve hücrelerde meydana gelen bu dejeneratif deği-
şikliklerin hafiflediği belirlendi. Yapılan stereolojik analizlerde, DM 
grubundaki adacık hacminin, adacıkların pankreasa oranının ve beta 
hücrelerinin sayısının diğer tüm gruplara göre istatistiksel olarak an-
lamlı azaldığı, DM+CUR grubunda ise DM grubuna göre daha fazla 
olduğu tespit edildi (p<0,05). İmmunohistokimyasal değerlendirmede, 
K ve KUR grubunun Ki67 ile benzer boyanma gösterdiği, diyabetli 
grupta ise boyanmanın az olduğu gözlendi. Kurkumin ile tedavi edilen 
diyabet grubunda ise kurkuminin diyabetle ilişkili Ki67 azalmasını ha-
fiflettiği tespit edildi. Sonuç: Bu çalışmada, STZ ile diyabet oluşturul-
muş sıçanların pankreaslarındaki adacıklarda ve beta hücrelerinde 
meydana gelen hasarı kurkuminin indirgediği ve pankreas dokusunda 
önemli bir koruma sağladığı tespit edildi. 
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tion of the inflammatory and oxidative state and dys-
lipidemia.2 Although it is accepted as one of the most 
studied diseases, the search for an effective treatment 
continues for both pathophysiological mechanisms 
and complications. 

It’s critical to concentrate on specific medication 
targets when researching a novel diabetic treatment. 
The primary focus should be on regenerating pancre-
atic β-cells so that enough insulin can be released to 
keep blood glucose levels stable.1 Herbal products 
that are effective in preventive β-cells from any injury 
can be used for this purpose.3 Through various pro-
cesses, numerous herbal medications, including their 
bioactive origines, have been proven to have a glucose-
lowering impact.4-6 These products can be assessed as 
therapeutic alternatives for diabetes therapy. It should 
be noted that many of these products have only been as-
sessed for their preliminary efficacy, and more in-depth 
research is needed to evaluate them. 

It is stated that many medicinal plants such as cin-
namon, coriander, ginger, anise, cloves, turmeric, fenu-
greek, garlic, cumin, black pepper, curry and mustard, 
which are included in our daily diet are effective in 
blood glucose management.3 Among these, one of the 
most studied in recent years is curcumin (CUR), which 
is obtained from the turmeric (Curcuma longa) plant. 
Many studies have shown that CUR has many biologi-
cal activities such as antioxidant, anti-inflammatory, an-
ticancer, anti-aging, antidiabetic, antimicrobial, wound 
healing.7-10 In addition, in vivo and in vitro studies on 
curcumin and its derivatives have reported that al-
though curcumin and its derivatives do not show cy-
totoxic effects for normal cells, they are cytotoxic for 
many cancer cell types.11-13 

CUR has been demonstrated in numerous stud-
ies to be a natural antioxidant and anti-inflammatory 
agent that can diminish the effect of streptozocin 
(STZ) on oxidative stress in rats with experimental 
diabetes.14,15 However, in order for CUR to be used 
clinically, more studies are needed to provide a 
clearer understanding of its mechanism of action, es-
pecially on the pancreas, which is directly related to 
DM. 

Accordingly, in the present study, we aimed to 
investigate the damage caused by STZ-induced 

T2DM in pancreatic tissue in rats and the protection 
of CUR on this damage by using histopathological, 
stereological and immunohistochemical analyzes. 

 MATERIAL AND METHODS 

ANIMALS 
In this study, animal rights were protected by doing 
it in line with the Guidelines for the Care and Use of 
Laboratory Animals. This study was carried out with 
the permission of Ondokuz Mayıs University Animal 
Experiments Local Ethics Committee (date: April 20, 
2018, no: 218/27). This study was carried out in con-
formity with the principles of the Helsinki Declara-
tion. In the study, a total of 32 Wistar albino male rats 
(250-320 g) were taken from Ondokuz Mayıs Uni-
versity Experimental Animals Research and Appli-
cation Center. During the study, rats were fed with 
ad libitum water under conventional conditions at 
24±1°C ambient temperature for 12 hours in light and 
dark conditions. 

EXPERIMENTAL PLAN 
The rats were put into 4 groups at random as Control 
(C), Diabetes (DM), Curcumin (CUR), and Dia-
betes+Curcumin (DM+CUR) (n=8). In order to in-
duce diabetes in rats in DM and DM+CUR groups, a 
single dose of 50 mg/kg STZ (BioShop STR 201.1) 
was dissolved in 0.01 M citrate buffer (pH: 4.5) and 
administered intraperitoneally (ip).16 Three days later, 
fasting blood glucose values   were measured in blood 
samples taken from the tail vein of these rats with a 
glucometer (Contour TS Bayer). Animals with a fast-
ing blood glucose level of 250 mg/dL and above were 
included in the study.17 CUR and DM+CUR groups 
were given 60 mg/kg/day curcumin (Sigma Aldrich, 
Australia) dissolved in corn oil by oral gavage once 
a day during the 14-day experiment.18 The selection 
was applied according to the dose that was informed 
to have a protecting effect via examining studies that 
curcumin has an effect on DM. No treatment was ap-
plied to the C groups. At the end of the 14-day ex-
periment, pancreatic tissues were removed by 
intracardiac perfusion under ketamine anesthesia in 
all rats. The removed pancreas was placed in cold 
saline solution and weighted after freeing from adi-
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pose tissue. Tissues were fixed in 10% buffered neu-
tral formalin. 

HISTOPATHOLOGICAL STUDIES 
After the removed pancreases were fixed, they were 
passed through a graded series of ethanol and xylol 
and embedded in paraffin. Hematoxylin-Eosin 
(H&E) staining was performed by taking 5 µm thick 
sections from the blocks. Samples were stained with 
aldehyde fuchsin to reveal the β-cell effect of DM. 
Sections stained with the aldehyde fuchsin were 
counterstained with hematoxylin and light green/or-
ange G. The histopathological evaluation of the sam-
ples was done semi-quantitatively under the light 
microscope. According to the severity of the damage; 
it was scored as 0 (normal), 1 (mild), 2 (moderate), 
and 3 (severe) (Table 1). 

STEREOLOGICAL STUDY 
From the obtained paraffin blocks, the first section 
was randomly selected, and approximately 10-15 sec-
tions of 5 micron thickness were taken from each 
piece at certain intervals, every 1/100. Sections were 
stained with H&E. In volume measurement, using the 
modified method of Cavalieri’s principle, the volume 
ratio in the sections was measured with a dotted area 
ruler. Photographs were taken at x20 objective mag-
nification using a Leica, DFC 450C & DM 2500 
model light microscope, and their volumes and areas 
were calculated. 

Formulas used in Cavalieri Volume Calculation: 
Volume=Area x Thickness 
Area=Total number of points x The area repre-

sented by the point 
Ratio of Langerhans Islets volume to pancreatic 

volume=Total number of points per Langerhans 
Islets/Total number of points per pancreatic tissue. 

The number of β-cells in an islet β-cells of the 
pancreas were counted in sections stained with alde-
hyde fuchsin in a 40 lens. The number of β-cells was 
evaluated by counting the nuclei of all positive cells 
within an islet in the area. A total of 30 islets were 
counted for each group. 

IMMUNOHISTOCHEMISTRY STUDIES 
Sections of 4 µm thickness were taken for immuno-
histochemical study from the samples, which were 
subjected to routine follow-up and later embedding. 
Monoclonal primary anti-Ki67 antibodies (1:100; 
Abcam, ab15580) were used for the detection of cel-
lular proliferation of pancreatic islet cells. Staining 
was performed using the Ventana BENCHMARK 
GX automated immunohistochemistry staining de-
vice. Afterwards, the samples were washed in deter-
gent water, passed through alcohol and xylol series, 
and covered with entellan. Immunohistochemical 
evaluation was performed under the light microscope. 

STATISTICAL EVALUATION 
The statistical analysis was carried out using the 
SPSS for Windows version 22.0. (IBM Corp., Ar-
monk, New York, USA). The Kruskal-Wallis test, 
which is non-parametric, was employed to compare 
the groups. The non-parametric Mann-Whitney U-
test was used to compare the 2 groups. When the re-
sults had a 95% confidence interval and a p 0.05, they 
were considered statistically significant.  

 RESULTS 

HISTOPATHOLOGICAL EVALUATION 
According to the results of histopathological studies 
performed in all groups, pancreatic sections of the C 
group were found to be large and the borders of 
Langerhans islets were regular (Figure 1A). No sig-
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C (n=8) DM (n=8) CUR (n=8) DM+CUR (n=8) 
Contour irregularity in islets 0 3 0 1 
Cytoplasmic vacuole 0 3 0 2 
Pycnotic cells 0 3 0 2 

TABLE 1:  Histopathological parameters scored in pancreatic tissue.*

*According to the severity of the damage; it was scored as 0 (normal), 1 (mild), 2 (moderate), and 3 (severe); C: Control; DM: Diabetes; CUR: Curcumin; DM+CUR: Diabetes+curcumin.



nificant change was detected in the CUR group and 
was similar to the C group (Figure 1C). In the pan-
creatic sections of DM group rats, it was determined 
that the islets got smaller and there was a decrease in 
the number of β cells. Degenerative and necrotic 
changes were observed in the cells, and hydropic de-
generation and degranulation were found in the cell 
cytoplasms (Figure 1E). In the diabetic group treated 
with CUR, improvement in Langerhans islet struc-
tures and an increase in cell number were detected. 
Degenerative and necrotic changes were observed to 
decrease in this group (Figure 1G) (Table 1). 

According to the results of aldehyde fuchsin 
staining, the granules of β cells in the control group 
were strongly stained in blue-violet color (Figure 

1B). Similar staining was observed in the CUR group 
with the control (Figure 1D). In the DM group, how-
ever, the staining was weak and indistinct, with a de-
crease in β cells (Figure 1F). On the other hand, an 
increase in purple-stained granules was observed in 
diabetic rats treated with curcumin compared to the 
diabetes group (Figure 1H). 

STEREOLOGICAL EVALUATION 
When pancreatic wet weights and pancreatic volumes 
of rats in all groups were compared, no statistically 
significant difference was observed between the 
groups in terms of these 2parameters (p>0.05) (Table 
1). When the groups were compared in terms of islet 
volume, it was found that the islet volume in the DM 
group was less than in the other groups and this dif-
ference was statistically significant (p<0.05). There 
was a significant increase in islet volume in the 
DM+CUR group compared to the DM group 
(p<0.05). There was no difference in islet volume in 
the pancreas of the rats in the C, CUR and DM+CUR 
groups (p>0.05). When the groups were compared in 
terms of the ratio of islets to pancreas, it was observed 
that the volume reduction in the DM group was sig-
nificant compared to all other groups (p<0.05). There 
was no difference between C, CUR and DM+CUR 
groups (p>0.05). There was a significant increase in 
the ratio of islets to pancreas in the DM+CUR group 
compared to the DM group (p<0.05). It was deter-
mined that the number of beta cells stained with alde-
hyde fuchsin in the pancreatic islets of rats in the DM 
group decreased significantly compared to the C 
group (p<0.05) (Table 1). On the other hand, there 
was a significant increase in the mean number of β-
cells in the DM+CUR group compared to the DM 
group (p<0.05). There was no significant difference 
between C, CUR and DM+CUR groups (p>0.05) 
(Table 2). 

IMMUNOHISTOCHEMISTRY EVALUATION 
In the present study, nuclei staining was achieved by 
using the replication marker Ki67. The control and 
curcumin groups showed similar staining, whereas 
the staining was less in the diabetic group (Figure 2A, 
Figure 2B, Figure 2C). In the diabetes group treated 
with CUR, it was found that CUR attenuated dia-
betes-related Ki67 reduction (Figure 2D). 

FIGURE 1:  C group H&E (A). Aldehyde fuchsin (B); C CUR group H&E (C). 
The aldehyde fuchsin (D); DM group H&E (E). Aldehyde fuchsin (F); 
DM+CUR group H&E (G). The aldehyde Fuchsin (H). β cell (black arrow). 
Picnotic nucleus (short black arrow). Hydropic degeneration (arrow head).
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C (n=8) DM (n=8) CUR (n=8) DM+CUR (n=8) 
Pancreas wet weight (g) 1.12±0.02 1.06±0.02 1.11±0.02 1.09±0.02 
Pancreas volume (cm3) 2.02±0.03 1.98±0.05a 2.02±0.05 2.01±0.04 
Total islet volume (mm3) 56.3±2.0 28.4a±2.3 57.2±1.5 51.3±1.8b 
Volume density islets/pancreas (%) 2.75±0.08 1.33a±0.09 2.68±0.08 2.56±0.08b 
β-cells/islet 87.6±2.5 24.4a±1.8 87.5±1.9 89.6±1.5b 

TABLE 2:  Stereological parameters of rats in all groups.*

*Values are mean ±S.E. “n” refers to the number of rats in each group. Coefficient error (CE) in each measurement are less than 0.05, ap<0.05 compared to control group, bp<0.05 
compared to diabetic; C: Control; DM: Diabetes; CUR: Curcumin; DM+CUR: Diabetes+curcumin.

 DISCUSSION  
In this study, it was determined that CUR reduced the 
damage in the islets and beta cells in the pancreas of 
rats with DM with STZ. 

STZ is one of the toxic agents used to create a di-
abetes model in experimental animals.7 An animal 
model of STZ-induced DM was also used in the pre-
sent study. Many studies have reported that STZ has 
selective toxicity for pancreatic β-cells.19 

In the stereological and histochemical results ob-
tained from the study, it was determined that the vol-
ume of the islets decreased, the proliferation ability of 
β cells decreased, and the number of beta cells de-
creased in the pancreas of the rats in the DM group. 
In addition, semiquantitative histopathological eval-
uation. Degenerative and necrotic changes in cells, 

hydropic degeneration and degranulation in cell cy-
toplasm were observed. 

The generation of reactive oxygen species 
(ROS), reactive nitric oxide (NO) species, and in-
flammatory reactions are thought to be involved in 
STZ’s cytotoxicity.20 Overproduction of ROS and/or 
insufficient antioxidant neutralization contribute to 
the onset and progression of DM problems by dam-
aging cell membranes and vessel walls.21 

Oxidative stress is considered an important me-
diator of apoptosis.19 STZ enters the pancreatic β-cell 
via the glucose transporter-2, causes abundant pro-
duction of ROS and NO, which leads to oxidative 
stress and also causes inflammation by increasing in-
flammatory cytokines.22 Hyperglycemia also causes 
greater oxidative stress due to protein glycation, glu-
cose auto-oxidation, and the production of advanced 
glycation products, all of which induce tissue dam-
age.23 These results that were informed support our 
study findings. Therefore we can say that STZ, which 
we used in the current study, causes oxidative stress 
and/or inflammation in the pancreas, primarily re-
ducing proliferation in beta cells and causing apop-
tosis, leading to a decrease in their number, which in 
turn causes shrinkage in islets and damage to the pan-
creas in general.  

In the current study, the general histological 
structure of the pancreas in rats given CUR was sim-
ilar to the rats in the control group. It was determined 
that the damage in islets and beta cells in the DM 
group regressed in rats in the DM+CUR group. The 
volume of the islets, the number of beta cells, and 
necrotic changes in the cells were less compared to 
the diabetes group. In addition, in the immunohisto-
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FIGURE 2: Control group (A). Curcumin group (B). Diabetes group (C) Cur-
cumin+diabetes group (D). Ki 67 positive cell (white arrow).



chemical evaluation performed with Ki67 staining, it 
was determined that the proliferation abilities of beta 
cells were increased compared to the DM group. 

CUR is an antioxidant with proven protective ef-
fect against oxidative damage. CUR reduces lipid 
peroxidation by normalizing antioxidant enzyme  
levels such as catalase, superoxide dismutase and glu-
tathione peroxidase.24 Administration of tetrahy-
drocurcumin (80 mg/kg body weight), a derivative of 
CUR, for a period of 45 days has been reported to re-
duce fasting blood glucose (~55%) and increase an-
tioxidant defenses of STZ-induced diabetic rats.25 

Rashid and Sil reported that CUR can reduce the ox-
idative stress caused by STZ, endoplasmic reticulum 
stress and related inflammation, and protect pancre-
atic beta cells from apoptotic damage under hyper-
glycemic conditions in rats whose diabetes model 
was created with STZ.26 According to Ganugula et al. 
reported that nano-CUR (300 nm particle size. p.o. ap-
plication) could prevent STZ-induced inflammation 
and apoptosis in pancreatic islet cells, and decrease 
glucose level, proinflammatory cytokines and oxida-
tive stress.27 Al-Ali and et al., stated that because CUR 
is a potent antioxidant, it protects pancreatic islet cells 
by preventing apoptosis.28 Qihui et al. showed that 
CUR inhibited inflammation and apoptosis in pancre-
atic islet β cells of diabetic rats.29 Moreover, there are 
scientific reports that CUR may be neglected even in 
high concentrations in human and animals regarding 
its toxicity.30-32 Our results match up with the study re-
sults that CUR is a great antioxidant.  

 CONCLUSION 
The current study has shown that CUR is a signifi-
cant protection in pancreatic tissue, consistent with 
previous study results that have shown exceptional 
protection of β-cell function and proliferation. In con-
clusion we can say that CUR provides protection in 
experimental DM with the results of this study and 
previous studies by reducing oxidative stress, in-
creasing proliferation and cell survival and preserving 
pancreatic β-cell integrity. 

Source of Finance 
This research was supported by Sinop University Scientific Research 
Projects Coordinatorship (Project number: SYO-1901-18-38). 

Conflict of Interest 
No conflicts of interest between the authors and / or family members 
of the scientific and medical committee members or members of the 
potential conflicts of interest, counseling, expertise, working condi-
tions, share holding and similar situations in any firm. 

Authorship Contributions 
Idea/Concept: Bilge Bal Özkaptan, Dilek Sağır; Design: Bilge 
Bal Özkaptan, Dilek Sağır; Control/Supervision: Bilge Bal 
Özkaptan, Dilek Sağır; Data Collection and/or Processing: Bilge 
Bal Özkaptan, Dilek Sağır, Fatma Aksoy; Analysis and/or Inter-
pretation: Bilge Bal Özkaptan, Dilek Sağır, Fatma Aksoy; Liter-
ature Review: Bilge Bal Özkaptan; Writing the Article: Bilge Bal 
Özkaptan, Dilek Sağır, Fatma Aksoy; Critical Review: Bilge Bal 
Özkaptan; References and Fundings: Bilge Bal Özkaptan, Dilek 
Sağır, Fatma Aksoy; Materials: Bilge Bal Özkaptan, Dilek Sağır, 
Fatma Aksoy.

Bilge BAL ÖZKAPTAN et al. J Tradit Complem Med. 2022;5(3):187-93

192



Bilge BAL ÖZKAPTAN et al. J Tradit Complem Med. 2022;5(3):187-93

193

1. Semwal DK, Kumar A, Aswal S, Chauhan A, Semwal RB. Protective and 
therapeutic effects of natural products against diabetes mellitus via re-
generating pancreatic β-cells and restoring their dysfunction. Phytother 
Res. 2021;35(3):1218-29. [Crossref]  [PubMed]  

2. American Diabetes Association. 2. Classification and Diagnosis of Dia-
betes: Standards of Medical Care in Diabetes-2019. Diabetes Care. 
2019;42(Suppl 1):S13-S28. [Crossref]  [PubMed]  

3. Sanlier N, Gencer F. Role of spices in the treatment of diabetes mellitus: 
a minireview. Trends Food Sci Technol. 2020;99(March):441-9. [Cross-
ref]  

4. Al-Attar AM, Alsalmi FA. Effect of Olea europaea leaves extract on strep-
tozotocin induced diabetes in male albino rats. Saudi J Biol Sci. 
2019;26(1):118-28. [Crossref]  [PubMed]  [PMC]  

5. Yang DK, Kang HS. Anti-diabetic effect of cotreatment with quercetin 
and resveratrol in streptozotocin-induced diabetic rats. Biomol Ther 
(Seoul). 2018;26(2):130-8. [Crossref]  [PubMed]  [PMC]  

6. Hamidreza H, Heidari Z, Shahraki M, Moudi B. A stereological study of 
effects of aqueous extract of Tamarindus indica seeds on pancreatic 
islets in streptozotocin-induced diabetic rats. Pak J Pharm Sci. 
2010;23(4):427-34. [PubMed]  

7. Aughsteen AA. An ultrastructural study on the effect of streptozotocin on 
the islets of Langerhans in mice. J Electron Microsc (Tokyo). 
2000;49(5):681-90. [Crossref]  [PubMed]  

8. Liu Y, Chen L, Shen Y, Tan T, Xie N, Luo M, et al. Curcumin ameliorates 
ischemia-induced limb injury through immunomodulation. Med Sci Monit. 
2016;22:2035-42. [Crossref]  [PubMed]  [PMC]  

9. Xu MX, Zhao L, Deng C, Yang L, Wang Y, Guo T, et al. Curcumin  
suppresses proliferation and induces apoptosis of human hepatocellular 
carcinoma cells via the wnt signaling pathway. Int J Oncol. 
2013;43(6):1951-9. [Crossref]  [PubMed]  

10. Suryanarayana P, Satyanarayana A, Balakrishna N, Kumar PU, Reddy 
GB. Effect of turmeric and curcumin on oxidative stress and antioxidant 
enzymes in streptozotocin-induced diabetic rat. Med Sci Monit. 
2007;13(12):BR286-92. [PubMed]  

11. Guo Y, Shu L, Zhang C, Su ZY, Kong AN. Curcumin inhibits anchorage-
independent growth of HT29 human colon cancer cells by targeting epi-
genetic restoration of the tumor suppressor gene DLEC1. Biochem 
Pharmacol. 2015;94(2):69-78. [Crossref]  [PubMed]  [PMC]  

12. Kunwar A, Barik A, Mishra B, Rathinasamy K, Pandey R, Priyadarsini 
KI. Quantitative cellular uptake, localization and cytotoxicity of curcumin 
in normal and tumor cells. Biochim Biophys Acta. 2008;1780(4):673-9. 
[Crossref]  [PubMed]  

13. Sahu PK, Sahu PK, Sahu PL, Agarwal DD. Structure activity relation-
ship, cytotoxicity and evaluation of antioxidant activity of curcumin de-
rivatives. Bioorg Med Chem Lett. 2016;26(4):1342-7. [Crossref]  
[PubMed]  

14. Bulboacă A, D Bolboacă S, Suci S. Protective effect of curcumin in fruc-
tose-induced metabolic syndrome and in streptozotocin-induced dia-
betes in rats. Iran J Basic Med Sci. 2016;19(6):585-93. [PubMed]  [PMC]  

15. Yun SS, Kim SP, Kang MY, Nam SH. Inhibitory effect of curcumin on liver 
injury in a murine model of endotoxemic shock. Biotechnol Lett. 
2010;32(2):209-14. [Crossref]  [PubMed]  

16. Malcangio M, Tomlinson DR. A pharmacologic analysis of mechanical 
hyperalgesia in streptozotocin/diabetic rats. Pain. 1998;76(1-2):151-7. 
[Crossref]  [PubMed]  

17. Kuhad A, Sethi R, Chopra K. Lycopene attenuates diabetes-associated 
cognitive decline in rats. Life Sci. 2008;83(3-4):128-34. [Crossref]  
[PubMed]  

18. Sharma S, Kulkarni SK, Chopra K. Curcumin, the active principle of 
turmeric (Curcuma longa), ameliorates diabetic nephropathy in rats. Clin 
Exp Pharmacol Physiol. 2006;33(10):940-5. [Crossref]  [PubMed]  

19. Eleazu CO, Eleazu KC, Chukwuma S, Essien UN. Review of the mech-
anism of cell death resulting from streptozotocin challenge in experi-
mental animals, its practical use and potential risk to humans. J Diabetes 
Metab Disord. 2013;12(1):60. [Crossref]  [PubMed]  [PMC]  

20. Friederich M, Hansell P, Palm F. Diabetes, oxidative stress, nitric oxide 
and mitochondria function. Curr Diabetes Rev. 2009;5(2):120-44. [Cross-
ref]  [PubMed]  

21. Martín-Gallán P, Carrascosa A, Gussinyé M, Domínguez C. Biomarkers 
of diabetes-associated oxidative stress and antioxidant status in young 
diabetic patients with or without subclinical complications. Free Radic 
Biol Med. 2003;34(12):1563-74. [Crossref]  [PubMed]  

22. Goyal SN, Reddy NM, Patil KR, Nakhate KT, Ojha S, Patil CR, et al. 
Challenges and issues with streptozotocin-induced diabetes-A clinically 
relevant animal model to understand the diabetes pathogenesis and 
evaluate therapeutics. Chem Biol Interact. 2016;244:49-63. [Crossref]  
[PubMed]  

23. Atalay M, Laaksonen DE. Diabetes, oxidative stress and physical exer-
cise. J Sports Sci Med. 2002;1(1):1-14. [PubMed]  [PMC]  

24. Jiménez-Flores LM, López-Briones S, Macías-Cervantes MH, Ramírez-
Emiliano J, Pérez-Vázquez V. A PPARγ, NF-κB and AMPK-dependent 
mechanism may be involved in the beneficial effects of curcumin in the 
diabetic db/db mice liver. Molecules. 2014;19(6):8289-302. [Crossref]  
[PubMed]  [PMC]  

25. Karthikesan K, Pari L, Menon VP. Antihyperlipidemic effect of chloro-
genic acid and tetrahydrocurcumin in rats subjected to diabetogenic 
agents. Chem Biol Interact. 2010;188(3):643-50. [Crossref]  [PubMed]  

26. Rashid K, Sil PC. Curcumin enhances recovery of pancreatic islets from 
cellular stress induced inflammation and apoptosis in diabetic rats. Tox-
icol Appl Pharmacol. 2015;282(3):297-310. [Crossref]  [PubMed]  

27. Ganugula R, Arora M, Jaisamut P, Wiwattanapatapee R, Jørgensen HG, 
Venkatpurwar VP, et al. Nano-curcumin safely prevents streptozotocin-
induced inflammation and apoptosis in pancreatic beta cells for effec-
tive management of Type 1 diabetes mellitus. Br J Pharmacol. 
2017;174(13):2074-84. [Crossref]  [PubMed]  [PMC]  

28. Al-Ali K, Abdel Fatah HS, El-Badry YA. Dual effect of curcumin-zinc com-
plex in controlling diabetes mellitus in experimentally ınduced diabetic 
rats. Biol Pharm Bull. 2016;39(11):1774-80. [Crossref]  [PubMed]  

29. Qihui L, Shuntian D, Xin Z, Xiaoxia Y, Zhongpei C. Protection of Cur-
cumin against Streptozocin-Induced Pancreatic Cell Destruction in T2D 
Rats. Planta Med. 2020;86(2):113-20. [Crossref]  [PubMed]  

30. Chainani-Wu N. Safety and anti-inflammatory activity of curcumin: a com-
ponent of tumeric (Curcuma longa). J Altern Complement Med. 
2003;9(1):161-8. [Crossref]  [PubMed]  

31. Hsu CH, Cheng AL. Clinical Studies with Curcumin. Aggarwal BB, Surh 
YJ, Shishodia S, eds. The Molecular Targets and Therapeutic Uses of 
Curcumin in Health and Disease. 1st ed. New York: Springer; 2007. 
p.471-80. 

32. Sharma RA, Gescher AJ, Steward WP. Curcumin: the story so far. Eur J 
Cancer. 2005;41(13):1955-68. [Crossref]  [PubMed] 

 REFERENCES

https://onlinelibrary.wiley.com/doi/10.1002/ptr.6885
https://pubmed.ncbi.nlm.nih.gov/32987447/
https://diabetesjournals.org/care/article/42/Supplement_1/S13/31150/2-Classification-and-Diagnosis-of-Diabetes
https://pubmed.ncbi.nlm.nih.gov/30559228/
https://www.sciencedirect.com/science/article/abs/pii/S0924224418309221?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224418309221?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319562X17300852?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/30622415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6318816/
https://www.biomolther.org/journal/view.html?volume=26&number=2&spage=130&year=2018
https://pubmed.ncbi.nlm.nih.gov/29462848/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5839491/
https://pubmed.ncbi.nlm.nih.gov/20884458/
https://academic.oup.com/jmicro/article/49/5/681/987699
https://pubmed.ncbi.nlm.nih.gov/11110476/
https://medscimonit.com/abstract/index/idArt/896217
https://pubmed.ncbi.nlm.nih.gov/27302110/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4913813/
https://www.spandidos-publications.com/10.3892/ijo.2013.2107
https://pubmed.ncbi.nlm.nih.gov/24064724/
https://pubmed.ncbi.nlm.nih.gov/18049430/
https://www.sciencedirect.com/science/article/abs/pii/S0006295215000787?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25640947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4524742/
https://www.sciencedirect.com/science/article/abs/pii/S0304416507002796?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/18178166/
https://www.sciencedirect.com/science/article/abs/pii/S0960894X15303267?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26810315/
https://pubmed.ncbi.nlm.nih.gov/27482338/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4951596/
https://link.springer.com/article/10.1007/s10529-009-0153-8
https://pubmed.ncbi.nlm.nih.gov/19856147/
https://journals.lww.com/pain/Abstract/1998/05000/A_pharmacologic_analysis_of_mechanical.17.aspx
https://pubmed.ncbi.nlm.nih.gov/9696468/
https://www.sciencedirect.com/science/article/abs/pii/S0024320508002300?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/18585396/
https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1681.2006.04468.x
https://pubmed.ncbi.nlm.nih.gov/17002671/
https://link.springer.com/article/10.1186/2251-6581-12-60
https://pubmed.ncbi.nlm.nih.gov/24364898/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7962474/
http://www.eurekaselect.com/article/14236
http://www.eurekaselect.com/article/14236
https://pubmed.ncbi.nlm.nih.gov/19442097/
https://www.sciencedirect.com/science/article/abs/pii/S0891584903001850?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/12788476/
https://www.sciencedirect.com/science/article/abs/pii/S0009279715301344?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26656244/
https://pubmed.ncbi.nlm.nih.gov/24672266/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3957575/
https://www.mdpi.com/1420-3049/19/6/8289
https://pubmed.ncbi.nlm.nih.gov/24945581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6271620/
https://www.sciencedirect.com/science/article/abs/pii/S0009279710004837?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/20696151/
https://www.sciencedirect.com/science/article/abs/pii/S0041008X14004359?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25541178/
https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bph.13816
https://pubmed.ncbi.nlm.nih.gov/28409821/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5466524/
https://www.jstage.jst.go.jp/article/bpb/39/11/39_b16-00137/_article
https://pubmed.ncbi.nlm.nih.gov/27803448/
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1046-1404
https://pubmed.ncbi.nlm.nih.gov/31801161/
https://www.liebertpub.com/doi/10.1089/107555303321223035
https://pubmed.ncbi.nlm.nih.gov/12676044/
https://www.sciencedirect.com/science/article/abs/pii/S0959804905004776?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/16081279/

