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Abstract

In this study, the effect of Curcuma longa L. on obesity and insulin resistance was investigated in animals fed 
a moderate high fat diet. The animals used in this study were normal weight Spargue-Dawley (SD) rats and type 
2 diabetic obese db/db mice. Accumulation of abdominal adipose tissue and weight gain were inhibited in the 
animals fed the C. longa extract. C. longa decreased fasting insulin and HOMA-IR in the SD rats, and effectively 
decreased blood glucose and hemoglobin A1c in db/db mice. C. longa decreased serum free fatty acid (FFA) level 
in the SD rats. FFA in db/db mice fed C. longa tended to decrease. C. longa significantly decreased serum triglyceride 
level. Our results collectively represent that C. longa prevented fat accumulation and insulin resistance in both 
normal weight SD rats and type 2 diabetic obese db/db mice fed a moderate high fat diet. 
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Introduction
1)

Obesity is a risk factor for coronary artery disease,

dyslipidemia, hypertension, stroke and type 2 diabetes (1,2).

It has been reported that the risk of diabetes increases by

7.3% for each kilogram of weight gained (3). In addition

to general obesity, greater visceral adipose tissue has been

shown to be independently associated with insulin resistance,

which is a major factor for the metabolic syndrome in older

men and women (4). Even normal weight elderly may be

at risk for metabolic abnormalities if they have inordinate

amounts of visceral abdominal fat. Insulin resistance along

with β‐cell failure is the major contributor to the

development of type 2 diabetes. Insulin resistance occurs early

in the course of type 2 diabetes, typically when glucose values
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are still within the normal glucose tolerance range (5). Even

without diabetes, insulin resistance is a major risk factor for

cardiovascular disease and early mortalit (6,7). Although there

is a significant correlation between obesity and insulin

resistance as well as type 2 diabetes, the pathophysiology

of these relationships is not well established.

Curcuma longa L. has been used as a spice and food

coloring agent in several foods, including curry, mustard, and

potato chips (8). Numerous biological effects of Curcuma

longa L. have been associated with curcumin. Several studies

have demonstrated its beneficial biological activity, including

anti‐inflammatory, antioxidant, anti-carcinogenic, antiviral,

anti-infectious and anti-diabetic activities (9,10). Curcumin

produced a potential hypoglycemic effect in streptozotocin-

induced diabetic animals (11). El-Moselhy et al. (12) observed

a hypoglycemic effect of curcumin in rats fed a 40% fat

diet and suggested that this effect was associated with the
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anti-inflammatory activity. However, the mechanism by

which curcumin lowers blood glucose is still not known.

In this study, we investigated the effect of Curcuma longa

L. on the body weight and insulin resistance in Sprague

Dawley (SD) rats and db/db mice fed a moderate high fat

diet. We used two different animal models to compare the

effect of Curcuma longa L. on obesity and insulin resistance;

those with normal body weight and those with overweight.

The db/db mouse has been used as a genetic model of type

2 diabetes. This genetic model has defects in the receptor

for the obese gene product, leptin (13), which results in

diabetes with hyperinsulinemia, hyperglycemia and extreme

obesity (14). We fed the animals a moderate high fat diet,

which consisted of 15% fat by weight (about 30% by calorie).

This was selected because total fat is allowed to range from

15~25% of total energy in Dietary reference intakes of

Koreans (15). We also used Curcuma longa L. extracts instead

of curcumin to investigate its effect as a food ingredient.

Materials and Methods

Preparation of Curcuma longa L. extract

Curcuma longa L. powder (50 g) was immersed in 5 L

of 50% ethanol at room temperature for 24 h, and this

procedure was repeated three times. The extract was

concentrated under reduced pressure using a rotary evaporator

(Daesin machine industry, Korea) at 60℃ and then

freeze-dried. The yield obtained by ethanol extraction was

15.6%.

Animals

Male Sprague–Dawley (SD) rats, 21 days of age, were

obtained from Central Laboratory Animal Inc. (SLC, Inc.,

Japan) Animals were housed in a climate-controlled room

(22±2℃, 50±10% relative humidity) under a 12 h light/dark

cycle and provided diet and water ad libitum. The rats were

acclimated to a pellet diet for 3 days and then divided into

four groups. Animals in the control group were provided a

modified AIN-93G control diet (15% fat by weight). Three

groups of animals were fed a diet containing 0.5, 1 or 1.5%

of the ethanol extract of Curcuma longa L. powder for eight

weeks (Table 1).

Six week old male db/db mice were also obtained from

Central Laboratory Animal Inc (SLC, Inc, Japan). Animals

were housed in a climate‐controlled room (22±2℃, 50±10%

relative humidity) under a 12 h light/dark cycle and provided

Table 1. Composition of diet.

Group

Control 0.5% CL 1% CL 1.5% CL

Corn starch 272 274 273 268

TBHQ 0.015 0.015 0.015 0.015

Casein 217 217 217 217

Dextrose 109 108 106 104

Sucrose 143 142 140 137

Cellulose 54 54 54 54

L‐cystine 38 38 38 38

Mineral Mix. 3 3 3 3

Curcuma longa L. extract
powder

0 5 10 15

Vitamin Mix. 11 11 11 11

Choline bitarate 3 3 3 3

Corn oil 145 145 145 145

CON, control; C L, Curcuma Longa L. supplemented group.

Fig 1. Effect of Curcuma longa L. extract on body weight (a) and
adipose tissue weight (b) in Sprague-Dawley rats.

Means with the same letter are not significantly different by Duncan’s multiple range
test (p<.05). CON, control; CL, Curcuma Longa L. supplemented group

diet and water ad libitum. The mice were acclimated to a

pellet diet for 3 days and then divided into two groups.

Animals in the control group were provided a modified

AIN-93G control diet (15% fat by weight). The other groups

of animals were fed a diet containing 1.5% of the ethanol

extract (Table 1).

Body weight and abdominal adipose tissue

The weight of the animals was recorded every week.

Abdominal adipose tissues were removed and weighed after

sacrifice.

Biochemical analysis

Fasting blood glucose levels were measured in blood taken

from the tail vein using a kit (Medisense 2, Korea) every

week. Hemoglobin A1c (in2it analyser, Bio-Rad) was
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determined in the blood obtained from the heart after sacrifice.

Serum insulin (Shibayagi, Japan), free fatty acid, triglyceride

and total cholesterol (Asan, Seoul) were determined using

kits. Homeostasis model assessment of insulin resistance

(HOMA-IR) was calculated according to the homeostasis of

assessment, as follows (16,17).

Statistical analysis

All data are expressed as the mean±SE.  Statistical

analyses were performed using the SPSS program (Version

SPSS 17, Chicago, IL, USA). Group comparisons were

carried out using variance analysis followed by the Duncan's

multiple range test. Statistical significance was considered

at p<0.05.

Results and Discussion

Effect of Curcuma longa L. on the obesity and insulin

resistance in SD rats

Body weight and abdominal adipose tissue

In this study, we investigated the effect of Curcuma longa

L. on obesity and insulin resistance in SD rats and db/db

mice. High fat diet has been long used to study glucose

tolerance and metabolism and insulin sensitivity in

experimental animals and for type 2 diabetes. In Dietary

reference intakes for Koreans (15), the total fat intake should

range from 15~25% of total energy. For many years, the

National cholesterol education program (NCEP) and the

American Heart Association (AHA) (18) recommended a fat

intake of <30% of total energy. Therefore, we fed animals

a 15% fat diet by weight (about 30% by calorie) to investigate

the effect of Curcuma longa L. on obesity and insulin

resistance induced by a moderate high fat diet.

At the termination of the experiment, a significant decrease

in the body weight gain of SD rats fed the Curcuma longa

L. extract diet was observed, but no significant differences

were observed among the groups fed the diet containing

different levels of Curcuma longa L. extract (Fig. 1). The

weight of adipose tissue was significantly lower in SD rats

fed the 1.5% Curcuma longa L. extract diet than that of

animals fed the control diet. While there was a tendency

toward lower adipose tissue weight in the 0.5% and 1%

Curcuma longa L. extract diet group at the 8th week.

However, no significant differences were detected among

control, 0.5 and 1% Curcuma longa L. extract groups (Fig. 1).

Blood glucose, Serum insulin and HOMA-IR

In the SD rats, no significant difference in blood glucose

levels was observed among the groups at the termination of

the experiment (Table 2). Fasting serum insulin levels were

significantly lower in the SD rats fed the 1.5% Curcuma

longa L. extract diet than those in the rats fed the control

diet (Table 2). Accordingly, HOMA-IR was significantly

lower in the 0.5% and 1.5% Curcuma longa L. diet groups

than in the control group. Insulin resistance is considered

as a major etiologic factor of the metabolic syndrome (19,20).

Hyperinsulinemia has also been suggested as a marker for

a cluster of metabolic abnormalities in individuals that do

not have diabetes (7). There was no significant difference

Table 2. Effect of Curcuma longa L. on the fasting blood glucose,
serum insulin levels, HOMA-IR and serum lipids in high fat fed
SD rats

Group

CON 0.5% CL 1% CL 1.5% CL

Glucose(mmol/L) 5.18 ± 0.17a 4.79 ± 0.13ab 5.47±0.18a 5.16±0.18a

Insulin(µIU/mL) 79.97±11.74a 55.58±11.29ab 50.66±3.40ab 40.34±8.61b

HOMA-IR
1)

18.49±2.96
a

9.93±1.31
b

11.75±0.36
ab

9.23±1.92
b

Free fatty acid(nM) 149±27.58
a

119±3.76
ab

113. ±11.23
ab

90±5.52
b

Triglyceride(mg/dL) 202.82±21.83a 191.36±10.63ab 171.53±13.13ab 150.89±11.84b

Cholesterol(mg/dL) 112.31±7.23 120.04±6.05 117.74±5.40 123.62±6.80

Values are expressed as mean±SE. Means with the same letter are not significantly
different by Duncan’s multiple range test (p<.05). CON, control; CL, Curcuma Longa
L. supplemented group.
1)
HOMA‐IR was calculated as follows: glucose(mmol/L) x fasting insulin(µIU/mL)/22.5

Fig 2. Effect of Curcuma long L. extract on the body weight (a)
and the adipose tissue weight (b) in db/db mice.

*Significantly different with control (p<.05). CON, control; C L, Curcuma Longa L.
supplemented group

in the fasting blood glucose levels among the SD rat groups

(Table 2). However, Curcuma longa L. effectively decreased

fasting insulin and thereby HOMA-IR. The HOMA model

has been used to estimate insulin sensitivity and β-cell
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function from fasting insulin and glucose concentrations (16).

Serum lipids

The Curcuma longa L. extract diet lowered serum

triglyceride levels in a dose dependent manner. Serum

triglyceride levels in the SD rats fed the 1.5% Curcuma longa

L. extract diet were significantly lower than that of SD rats

fed the control diet (Table 2). However, there was no

significant difference in serum total cholesterol levels among

the groups (Table 2). Sumner and Cowie (21) demonstrated

that fasting TG concentrations could be used to identify insulin

resistance in humans, even though ethnic differences in TG

levels should be considered.

Effect of Curcuma longa L. on the obesity and insulin

resistance in db/db mice

Body weight and abdominal adipose tissue

No significant difference in body weight between the

control diet and 1.5% Curcuma longa L. extract diet groups

were observed during the experimental period (Fig. 2).

However, the Curcuma longa L. extract significantly lowered

the adipose tissue weight (Fig. 2). It has been suggested that

maintenance of normal homeostasis of the abdominal adipose

tissue is important for the prevention of the metabolic

syndrome (22-24). Furthermore, excess accumulation of

either visceral abdominal or muscle adipose tissue was

reported to be associated with a higher prevalence of

metabolic syndrome, particularly in those who are of normal

body weight (4,24). Therefore, Curcuma longa L. could

prevent high fat diet induced metabolic syndrome in both

the normal weight and the obese by prevention of abdominal

adipose tissue accumulation.

Blood glucose, Hemoglobin A1c, Serum insulin, HOMA-IR

and free fatty acid

As shown in Fig. 3, the 1.5% Curcuma longa L. extract

effectively reduced fasting blood glucose levels in db/db mice

during the entire experimental period. Glycosylated

hemoglobin was lowered by the Curcuma longa L. extract.

At the termination of experiment, fasting blood glucose levels

were significantly lowered by 41% in the Curcuma longa

L. extract diet group; however, the fasting serum insulin level

was increased by 14.6%, which was not statistically

significant compared to the control (Table 3). Accordingly,

the HOMA‐IR was lower in the 1.5% Curcuma longa L.

diet groups than in the control group, but the difference was

not statistically significant (Table 3). Insulin resistance occurs

even when glucose values are still within the normal glucose

tolerance range in the course of type 2 diabetes (4). In the

present study Curcuma longa L. was shown to reduce insulin

resistance by preventing weight gain and abdominal fat

accumulation even in normal weight animals. Curcuma longa

L. significantly decreased hemoglobin A1c as well as blood

glucose in leptin receptor defected db/db mice (Fig. 3). In

type 2 diabetes, hyperglycemia was induced when increased

insulin secretion no longer compensates for insulin resistance.

Therefore, increased insulin alone was not sufficient to cause

diabetes (6,22). Fasting insulin levels were higher in db/db

mice fed Curcuma longa L., which contributed to decreased

glucose concentrations and hemoglobin A1c. The final

outcome was that Curcuma longa L. significantly decreased

blood glucose levels, which reduced HOMA-IR in db/db mice.

Serum free fatty acid was also lowered by the 1.5% Curcuma

longa L. diet, but the difference did not reach statistical

Table 3. Effect of Curcuma longa L. on the fasting blood glucose
and serum insulin levels, HOMA-IR and serum free fatty acid in
high fat fed db/db mice

Group

CON 1.5% CL

Glucose(mmol/L) 24.68 ± 0.86 14.54 ± 0.83
*

Insulin(µIU/mL) 147.07 ± 31.74 190.26 ± 31.77

HOMA‐IR1) 181.40 ± 35.58 128.14 ± 24.55

Free fatty acid(nM) 426.03±31.08 403.01±14.59

Values are expressed as mean±SE.
*
Significantly different with control (p<.05). CON,

control; C L, Curcuma Longa L. supplemented group.
1)HOMA‐IR was calculated as follows: glucose(mmol/L) x fasting insulin(µIU/mL)/22.5

Fig 3. Effect of Curcuma long L. extract on the fasting blood
glucose and HbA1c in db/db mice.

*Significantly different with control (p<.05). CON, control; CL, Curcuma Longa L.
supplemented group

significance (Table 2). Excess abdominal obesity results in

an increased flux of FFA to the liver, leading to an increase

in insulin resistance (25). In addition, a high level of plasma
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FFA also causes a further decrease in insulin sensitivity at

the cellular level, impair insulin signaling and augment hepatic

glucose production. Therefore, Curcuma longa L. can

decrease the risk of type 2 diabetes by decreasing free fatty

acid flux to the liver and insulin resistance. Hypertriglyceridemia

is not absolutely required for diagnosis of the metabolic

syndrome. Nevertheless, due to the strong relationship

between insulin resistance and hypertriglyceridemia,

hypertriglyceridemia is considered one of the most important

metabolic syndrome criteria (20,25,26). In conclusion,

Curcuma longa L. prevented fat accumulation and insulin

resistance in SD rats fed a moderate high fat diet and improved

hyperglycemia by decreasing fat accumulation and increasing

serum insulin levels in type 2 diabetic obese db/db mice.

요 약

본 실험은 Curcuma longa L.의 비만, 인슐린 저항성 효과

에 대해 알아보기 위하여 C. longa 를 50% 에탄올로 추출물

을 제조한 다음 실험동물을 통하여 알아보았다. 실험동물

로는 정상동물인 SD계 랫트와 2형 당뇨 모델인 db/db 마우

스를 사용하였고 식이로는 고지방식이(15%fat diet)를 사용

하였고 C. longa는 식이에 넣어 제공하였다. SD rat 에서

체중, 총지방량은 1.5% 울금식이군이 대조군보다 유의적

으로 감소하였다. 혈청에서 인슐린, HOMA-IR, TG는 1.5%

울금식이군이 대조군보다 유의적으로 감소하는 것을 관찰

할 수 있었다. db/db 마우스에서 체중은 1.5% 울금식이군이

대조군보다 감소하는 경향을 보였으나 유의적이지는 않았

고 총지방량은 1.5% 울금식이군이 대조군보다 유의적으로

감소하는 것을 관찰 할 수 있었다. 본 실험에서 공복 시

혈당은 2주마다 측정하였는데 1.5% 울금식이군이 대조군

보다 유의적으로 감소하였고 hemoglobin A1c도 유의적으

로 감소하는 것을 관찰 할 수 있었다. 공복 시 혈당과

hemoglobin의 유의적인 감소로 인하여 혈청에서 측정한

insulin, HOMA-IR이 감소하는 경향을 보인 것으로 사료된

다. 이상의 결과로 보아 C. longa 추출물은 체중조절 및

혈당조절에 도움이 되는 천연약물로서의 기능성이 입증되

었다고 사료된다.
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