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The complications of Diabetes mellitus (DM) in Indonesia still 
need attention. Curcuma are often used as complementary medicine 
for antidiabetic. There is no study has been found comparing the 
effect of Curcuma domestica extracts (CDE) and Curcuma 
xanthorrhiza extracts (CXE) on the progression of the kidney, liver, 
and pancreas dysfunction in the mice with streptozotocin (STZ)-
induced DM. This study was an experimental study to compare the 
effect of CDE and CXE on the progression of multi-organ dysfunction 
such as kidney, liver, and pancreas. The extract was produced by a 
maceration process with composition 100 gr simplicial and 300 ml 
ethanol 70%. The mice were induced with 180 mg/kgBW STZ 
intraperitoneally. The CDE and CXE were given 100 mg/kgBW orally 
for 21 days. A blood glucose was measured by a glucose meter on 
days 0, 1, and 21. The histopathological examination of the kidney, 
liver and pancreas were done on 21 days after the treatment. 
Data were analyzed using One Way ANOVA and Kruskal-Wallis tests 
(P <0.05). The results revealed that blood glucose levels showed no 
significant reduction of CDE and CXE after 21 days of the treatment. 
Histopathological examination showed a significant protection in 
kidney inflammation, kidney fibrosis, and pancreatic inflammation 
(P =0.001, P =0.013, P =0.027 respectively) in CDE and CXE groups. 
No significant differences were examined in liver inflammation, liver 
fibrosis, and pancreatic inflammation (P =0.184, P =0.498, P =0.193 
respectively). However, there was a significant improvement in liver 
inflammation by CXE treatment (P =0.041). CXE has a greater 
potential for hepatoprotective effect compared to CDE.   
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INTRODUCTION 

The lifestyle of modern society is increasingly sedentary leading to 
epidemiological transition of infectious diseases to degenerative diseases, such as 
diabetes, hypertension, hyperlipidemia, coronary heart disease, and others. 
Diabetes mellitus (DM) is a chronic metabolic disease characterized by increased 
blood sugar levels due to abnormalities in insulin secretion and insulin activity. 
There are four types of DM, namely type 1 DM, type 2 DM, gestational DM, and 
other types of DM (American Diabetes Association 2009). Although various 
prevention efforts have been carried out, type 2 DM is the most prevalent. 
Approximately 425 million people suffered from DM in 2017, and the number is 
expected to an increase to 629 million by 2045 (Ogurtsova et al. 2017). In 
Indonesia, it is estimated that people with diabetes reach 10 million people (6.9%) 
and occupy the top 7 (seven) countries with the highest DM sufferers in the world 
(Ogurtsova et al. 2017).  

There are a lot of implications from DM, which are an increase in health costs 
and a decrease in quality of life. Excess free radical production in the 
hyperglycemic state of DM damages enzymes, cellular machinery, and increases 
insulin resistance, leading to DM complications (Asmat et al., 2016).  
Complications of DM are divided into microvascular (diabetic retinopathy, diabetic 
nephropathy) and macrovascular (coronary heart disease, stroke, diabetic 
cardiomyopathy). Cardiovascular complications are the main cause of morbidity 
and mortality in DM patients (Chawla et al. 2016; Fowler 2008). DM is also 
associated with the liver disorders, such as non-alcoholic fatty liver disease 
(NAFLD), and causes abnormally elevated the liver function enzymes. NAFLD and 
hyperglycemic states can damage hepatocytes and also contribute to increased 
morbidity and mortality among diabetic patients (Saponaro et al. 2015).  

Indonesians frequently use traditional herbal medicine for DM. Various types 
of herbal plants are used by the community as complementary therapies for DM 
treatment, including temulawak (Curcuma xanthorrhiza) and turmeric (Curcuma 
domestica) (Kristiana and Suharmiati 2006; Setiawan et al. 2011). Given that DM 
medications are also found using herbs such as metformin, which is found through 
extracts of Galega officinalis, the use of herbal remedies in Indonesian society also 
needs to be evaluated to help identify the new potential for antidiabetic drugs or 
complementary medicines.(Farnaz Shokri, 2019; Shen, 2014). Thus, in our article, 
we evaluate and compare the effect of Curcuma domestica extracts (CDE) and 
Curcuma xanthorrhiza extracts (CXE) on the progression of multi-organ 
dysfunction such as kidney, liver, and pancreas. 

MATERIALS AND METHODS 

Materials 

This study was an experimental study. C. domestica and C. xanthorrhiza 
were obtained as simplicial package from Center of Research and Development of 
Medicinal Plants and Traditional Medicines, Ministry of Health of the Republic of 
Indonesia. The simplicial were then macerated using ethanol 70%. Male Swiss 
mice was used for in vivo study. Streptozotocin (STZ) (Nacalai Tesque Inc, Kyoto, 
Japan) was used for diabetic induction in the mice. The extract was given orally 
using a CMC vehicle. A glucose meter (EasyTouch GCU, Bioptic Technology, Inc. 
Taiwan) was used for a blood glucose level.  

A maceration process 

The maceration process was done using ethanol 70%.  The composition was 
300 ml of ethanol 70% and 100 gr of each simplicia’s rhizome of C. domestica and 
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C. xanthorrhiza. After 3 days, the extract was filtered using filter paper and 
evaporated using a rotary vacuum evaporator.  

In vivo study 

A total of 20 male Swiss mice weighing 25-35 grams at 3 months of age 
were acclimated for seven days in housing laboratory temperature (20–26 °C) 
with ad lib food and water supplay.  The mice were measured for their random 
blood glucose levels. The mice with normal blood glucose level (<150 ml/dL) were 
divided into four groups randomly; (i) negative control (control group) (ii) positive 
control (STZ group), in which the mice was inducted 180 mg/kgBW STZ 
intraperitoneally (iii) CDE group, in which the mice was inducted 180 mg/kg STZ 
intraperitoneally and given 100 mg/kg CDE orally (iv) CXE group, in which the 
mice was inducted 180 mg/kgBW STZ intraperitoneally and given 100 mg/kgBW 
CXE orally. After day 1 of STZ induction, the mice were measured for random and 
fasting blood glucose levels before given the treatment to confirm the diabetic 
condition. After 21 days of the treatment, the mice were measured for random 
and the fasting blood glucose level before being terminated. Histopathological 
examination of kidney, liver, and pancreas was done with haematoxylin-eosin (HE) 
staining for inflammation scoring and Trichrome Masson and PAS for fibrosis 
scoring. 

Blood glucose level  

The blood glucose level was measured several times by a glucose meter 
(EasyTouch GCU, Bioptic Technology, Inc. Taiwan) through tail clipping method 
(King et al., 2020). The measurement was carried out on days 0 (before STZ 
induction), day 1 (after 1-day STZ induction and before the treatment), day 21 
(after 21 days of the treatment). Additionally, mice's fasting blood glucose levels 
were assessed both at the beginning (day 1) and the end of the treatment (day 
21). The sample was collected after the mice had fasted for four hours.  

Histopathological assessment 

Histopathological assessment was carried out in 5 fields of view using 400x 
magnification for inflammation and fibrosis score in every organ (kidney, liver, and 
pancreas). The following indicator was used for inflammation scoring; (i) normal 
(no lymphocyte in parenchyma) (ii) mild (lymphocyte infiltration under 25% area 
in parenchyma) (ii) mild (lymphocyte infiltration 25-50% area in parenchyma) (iv) 
severe (lymphocyte infiltration more than 50% area in parenchyma). For fibrosis 
scoring, the following indicator was used; (i) normal (no fibrosis in parenchyma) 
(ii) mild (fibrosis infiltration under 25% area in parenchyma) (ii) mild (l fibrosis 
infiltration 25-50% area in parenchyma) (iv) severe (fibrosis infiltration more than 
50% area in parenchyma) (Ibrahim et al., 2018). 

Data Analysis  

Data were analyzed using One Way Analysis of Variance (ANOVA) with post-
hoc LSD, Kruskal-Wallis tests with post-hoc The Mann-Whitney test, Paired sample 
T-Test and Wilcoxon test using IBM SPSS Statistic for Windows, version 25 (IBM 
Corp., Armonk, N.Y., USA), with p values <0.05 considered significant.  

Ethics Statement  

The present study had been approved by the Ethical Committee for Health 
Research Universitas Diponegoro No.123/EC/KEPK/FK-UNDIP/X/2019. 
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RESULTS  

Sample Characteristic 

During the study period, 20 mice from all groups were physically active and 
healthy. All mice remained complete after the end of the treatment. However, 
there was a change in the mice weight during the study period as shown in the 
figure below.  

 
Figure 1. Bar chart of the mice weight on day-0, day-1, and day 21 of STZ 
induction. Data are presented as mean±SD, *P <0.05, **P <0.01, ***P <0.001 

Before STZ induction, the mice weight was within the range of 32-34 grams 
(P =0.874). One day after STZ induction, the mice’ weight was within the range 
29-34 grams (P =0.05). The significant difference was given by the control group 
from treatment group of CDE and CXE (P =0.012 and P =0.023 respectively). After 
21 days of STZ induction, the mice weight was within the range 27-39 grams  
(P =0.001). The significant difference was given by STZ and the control  
(P =0.004), the control and treatment group of CDE and CXE (P =0.001 and  
P <0.001 respectively). Among the group, the control group showed a significant 
weight gain (P <0.05). Meanwhile, the treatment group and STZ group showed 
weight loss. A significant weight loss was found in STZ group of day-0 to day-21 
(P =0.012), CDE group of day-0 to day-3 (P =0.022) and day-0 to day-21  
(P =0.08), and CXE group of day-0 to day-3 (0.028). 
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Figure 2. Bar chart with random blood glucose level (a) and fasting blood 
glucose level (b) on day-0, day-1, and day 21 of STZ induction. Data are 
presented as mean±SD, *P <0.05, **P <0.01, ***P <0.001. 

 

Random blood glucose level before STZ induction was within the range 129-
137 mg/dL and showed no significant difference (P =0.724). One day after STZ 
induction, the random blood glucose level of STZ and the treatment group 
increased (the range 558-593 mg/dL), while the control group remain constant 
with random blood glucose level of 131 ± 20.83 mg/dL and it showed a significant 
difference (P =0.004). The significant difference on day 1 was given by the control 
group with STZ and the treatment group of CDE and CXE (P =0.009, P =0.007 
and P =0.008 respectively). Meanwhile, the fasting blood glucose level on one day 
after STZ induction was within the range of 332-431 mg/dL and it showed a 
significant difference (P <0.001). The control group had the smallest the fasting 
blood glucose level of 80 ± 29.35 mg/dL on day 1. The significant difference was 
given by the control group with STZ and the treatment group of CDE and CXE  
(P <0.001) on day 1. 

After 21 days of STZ induction, the random blood glucose level of STZ and 
the treatment group was within the range of 492-596 mg/dL, while the control 
group had the smallest random blood glucose level of 130.4 ± 42.55 mg/dL and 
it showed a significant difference (P =0.002). STZ group had the highest random 
blood glucose level of 596.8 ± 7.14 mg/dl. The significant difference was given by 
STZ and the control (P <0.001), the control and the treatment group of CDE and 
CXE (P =0.048 and P =0.016 respectively). Meanwhile, the fasting blood glucose 
level of day-21 after STZ induction was within the range 269-434 mg/dl and the 
control group had the smallest the fasting blood glucose level of 110.8 ± 27.47 
mg/dL (P =0.005). The significant difference was given by the control group with 
STZ and the treatment group of CDE and CXE (P <0.001, P =0.022, and P =0.048, 
respectively). 
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Pre and post-analysis with random blood glucose level showed that there 
was a significant increasing with random blood glucose level on day-0 to day-1 
and day-21 in STZ and the treatment group of CDE and CXE (P <0.05). Meanwhile, 
the fasting blood glucose level showed no significant difference even though the 
fasting blood glucose level was increasing in the STZ group day-1 to day-21 and 
decreasing of the fasting blood glucose level on CDE and CXE group day-1 to day-
21 (P =0.068). 

The effect of CDE and xanthorrhizaCXE in the Kidney. 

 

 

Figure 3. Histopathological lesion found in kidney with HE routine staining 
with magnification of 400x. The control group shows mild interstitial 
inflammation (a) the STZ group is the widest spread lesion with enlargement of 
the tubular lumen, the tubular cast, interstitial inflammation, and fat degeneration 
(b) the CDE group also shows similar damage with STZ group but with less wide-
spread lesion (c) and CXE group also shows similar damage with STZ group but to 
less wide-spread lesion (d). Bar chart of (e) kidney inflammation score (f)  
kidney fibrosis score. Data are presented as mean±SD, *P <0.05, **P <0.01,  
***P <0.001 

400X 400X 

400X 400X 

e f 
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The highest kidney inflammation score was STZ group and the lowest kidney 
inflammation score was CDE with a mean score 1.32 ± 0.11 and 0.32 ± 0.18, 
respectively. There was a significant difference among the group of kidney 
inflammation score (P =0.001). The significant difference was found in STZ with 
the control group (P =0.008) and STZ from treatment group of CDE and CXE  
(P =0.006 and P =0.007, respectively). The control group also showed a significant 
differencedifference between the treatment group of CDE and CXE (P =0.007  
and P =0.034, respectively). No significant difference between CDE and CXE  
(P =0.381).  

The highest kidney fibrosis score was STZ group and the lowest kidney 
fibrosis score is CXE with a mean score of 1.00 ± 0.00 and 0.48 ± 0.23, 
respectively. There was a significant difference among the group of kidney fibrosis 
score (P =0.013). The STZ group showed a significant differencedifference 
between the treatment group of CDE and CXE (P =0.005 and P =0.005, 
respectively). Post-hoc analysis with The Mann-Whitney U test showed that there 
was no significant difference between STZ with the control group (P =0.053).  
No significant difference between CDE and CXE (P =0.324).  

The effect of CDE and CXE in the Liver 

 
Figure 4. Histopathological lesion found in the liver with HE routine 
staining with magnification of 400x. All groups showed liver inflammation 
score below 0. Normal histopathological finding or score 0 (a), mild lymphocyte 
infiltration score 1 (b), moderate lymphocyte infiltration or score 2 (c) A mean 
score and SD with statistical analysis is depicted in (d) *P <0.05, **P <0.01,  
***P <0.001 
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The highest liver inflammation score was STZ group and the lowest liver 
inflammation score was CXE with a mean score 0.28 ± 0.32 and 0.04 ± 0.09, 
respectively. There was no significant difference among the group (P =0.184). No 
significant difference between STZ with the control group (P =0.324). The 
significant difference was only found in STZ with CXE (P =0.041) while no 
significant difference was found between CDE and CXE (P =0.221). 

 
Figure 5. Histopathological lesion found in the liver with TM routine 
staining with magnification of 400x. All groups showed the mean liver fibrosis 
score below 0. Moreover, all mice in the CXE group showed normal 
histopathological level. Normal histopathological finding or score 0 (a) and mild 
fibrosis or score 1 (b) and moderate fibrosis or score 2 (c). A mean score and SD 
with statistical analysis is depicted in (d) *P <0.05, **P <0.01, ***P <0.001 

With CDE, a smaller fibrosis score was found compared to STZ group. 
Meanwhile, in the CXE, there was no liver fibrosis although it is not significant  
(P =0.498).   
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The effect of CDE and CXE in the Pancreatic 

 
Figure 6. Histopathological lesion found in pancreatic with HE routine 
staining with magnification of 400x. All groups showed pancreatic 
inflammation score below 0. Normal histopathological finding or score 0 (a) and 
mild lymphocyte infiltration score 1 (b). A mean score and SD with statistical 
analysis is depicted in (c) *P <0.05, **P <0.01, ***P <0.001 

The highest pancreatic inflammation score was STZ group and the lowest 
pancreatic inflammation score was CXE with a mean score 0.44 ± 0.17 and  
0.08 ± 0.11, respectively. The Kruskal-Wallis test showed a significant difference 
among the group (P =0.027). Post-hoc analysis with The Mann-Whitney U test 
showed that there was a significant difference between STZ with the control group 
(P =0.031) and STZ from treatment group of CDE and CXE (P =0.017 and  
P =0.013, respectively). The control group showed no significant difference 
between the treatment group of CDE and CXE (P =0.817 and P =0.811, 
respectively). No significant difference between CDE and CXE  
(P =0.549). 
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Figure 7. Histopathological lesion found in pancreatic to HE routine 
staining with magnification of 400x. Control and STZ showed pancreatic 
fibrosis score below 0. Moreover, the treatment group showed normal finding. 
Normal histopathological finding or score 0 (a), no histopathological finding with 
score>1. A mean score and SD with statistical analysis is depicted in (b) *P <0.05, 
**P <0.01, ***P <0.001 

The highest pancreatic fibrosis score was STZ group (a mean score  
0.12 ± 0.18 ) and the lowest pancreatic fibrosis score was the treatment group pf 
CXE and CDE with a mean score 0.00 ± 0.00 in both group. The Kruskal-Wallis 
test showed no significant difference among the group (P =0.193). The post-hoc 
analysis with The Mann-Whitney U test showed that there was no significant 
difference significant difference among the groups (P >0.05). 

DISCUSSION 

In our study, we have done characterize the identical sample for all 
treatments. The mice’s weight was within the range 32-34 grams in All groupsthe 
groups and random blood glucose was within the range 129-137 mg/dL.  Non-
obese diabetic the mice was considered normal when their random blood glucose 
level were below 150 mg/dL (Klueh et al. 2006). After STZ induction, 3 weeks 
treatment led to weight loss. This study is similar with Graham et.al study that 
found weight loss in the mice after STZ induction ranging from 3.5-3.7 grams 
(Graham et al. 2011).  

There is not standardized hyperglycemia level for the mice or rats because 
different institutes and investigators use different, nonstandardized, the fasting 
and nonfasting methods (Furman 2015). The STZ induction led to increase in 
random blood glucose level ranging from 558-593 mg/dL. Graham et.al. study 
also found after STZ induction the random blood glucose level was higher than 
500 mg/dL (Graham et al. 2011). Our study also found the fasting blood glucose 
level one day after STZ injection was ranging from 332-431 mg/dL. A similar 
founding was also observed in another study that found 12 day fasting in day and 
night time were 398.2 ± 25.4  and 358.7 ± 96.9 mg/dL, respectively (Sun et al. 
2016).  

C. xanthorrhiza and C. domestica are herbal medicine often used widely in 
Indonesia. These herbal plants have curcumin and xanthorrhiza substances that 
have potential effect to reduced blood glucose level. However, our study found no 
significant difference significant difference after 3 weeks of the treatment with CXE 
and CDE. In contrast, a study from Essa et al. showed a significant reduction in 
blood glucose level after 4 weeks of the treatment in rats receiving 100 mg/kg 
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daily dose of CDE (Essa et al. 2019). Hence, no significant difference observed in 
this study presumably due to the duration of the treatment was only 3 weeks. 
Moreover, different method used to extract the C. xanthorrhiza and C. domestica 
can lead to different concentration of active compounds and its antioxidant level. 

On histopathological examination, both CXE and CDE showed a significant 
protection compared to the STZ group in kidney and pancreatic inflammation, and 
kidney fibrosis. It should be noted that the liver inflammation score gave a 
significant difference only in the CXE group compared to STZ group, but no 
significant difference was found between CDE and CXE in liver inflammation score.  

CDE contains curcumin, and its hydroxyl and methoxy the groups are 
responsible for its antioxidant and an anti-inflammatory agent (Rahman et al. 
2006). Curcumin downregulate proinflammatory interleukins (IL-1,-2,-6,-8,-12) 
and cytokines (tumor necrosis factor-alpha (TNF- α), monocyte chemoattractant 
protein-1 (MCP-1)) through JAK/STAT pathway. An increase TNF- α is responsible 
for decreased insulin sensitivity (Asghari et al. 2012). The anti-inflammatory effect 
of curcumin is carried out by downregulating the activity of cyclooxygenase-2 
(COX-2), lipoxygenase, xanthine oxidase, and inducible nitric oxide synthase 
(iNOS) enzymes (Maradana et al. 2013). Curcumin stimulates the expression of 
Nrf2 and HO-1 and it protects against free radicals. 

CXE contains xanthorrhizol. Xanthorrhizol is one of the active compounds 
which only found in C. xanthorrhiza.  Beside xanthorrhizol, CXE also to contain 
curcumin. Ethanolic extract of CXE was found contain 27% of xanthorrhizol, 7.10% 
curcumin, and strong antioxidant activity (Kesumayadi et al. 2021). Xanthorrhizol 
has antihyperglycemic and anti-inflammatory properties (Oon et al. 2015). Kim  

et al. found that xanthorrhizol and CXE reduced the level of insulin, glucose, free 
fatty acid, triglyceride in serum, reduced the size of epididymal fat pad and 
adipocyte, decreased the production of TNF- α, IL-6, IL-1β and CRP in adipose 
tissue, liver, and muscle.  For that reason, xanthorrhizol may prevent fatty liver 
disease and chronic inflammation (Kim et al. 2014).  

No significant difference was found in the liver and pancreatic fibrosis. This 
might be due to fibrosis is the end process of chronic inflammation and the process 
takes longer time than the study period (Wynn 2008). However, kidney fibrosis 
was found in our study. This indicated that the kidney has undergone severe 
recurring inflammation during the study period.  

The pivotal role in diabetic complication are reactive oxygen species (ROS) 
and oxidative stress, leading to cellular death (Volpe et al., 2018). Previous studies 
had documented that herbal remedies with antioxidant activity could prevent DM 
complications, such as Galega officinalis extract and carvacrol could prevent 
oxidative damage in testicular (Farnaz Shokri, 2019; Shoorei et al., 2020), In our 
study, the antioxidant properties of CDE and CXE could prevent damage to the 
kidney and pancreatic. Thus, in the current knowledge, these herbal remedies 
might be useful as a complementary medicine in diabetic patient. Moreover, these 
remedies are widely consumed in Indonesia community as a crude extract known 
Jamu and no toxicity was reported.  

There were several limitations of this study. First, there was no quantitative 
or qualitative measurement of curcumin and xanthorrhizol form the extract in our 
study. These properties had been widely documented in previous study and its 
level is abundant. Second, the histopathological scoring was done by modifying 
only from the percentage of total area and its ordinal data to classify the severity 
is dynamic, no international standardized scoring was used on histopathological 
examination. Third, we do not examine and characterize the effective dose and 
toxic dose of CDE and CXE. Thus, further study examines the dose of CDE and 
CXE are required. The cross-sectional in Indonesian community or clinical setting 
study about the side effect of CXE and CDE as the crude extract is also suggested 
to find its toxicity in human. 
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CONCLUSIONS 

Our study found that CDE and CXE can significantly protect kidney and 
pancreas and CXE has a greater potential for hepatoprotective effect compared to 
CDE. A longer study period is recommended to investigate fibrosis damage in the 
pancreas and the liver.    
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