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This study was designed to evaluate the anti-diabetic effects of Buan mulberries by using an in-
sulin-dependent diabetes mellitus animal model. Several studies have shown that mulberries have me-
tabolism-improving, antioxidant, and lipid-lowering properties in rats with streptozotocin (STZ)-in-
duced diabetes. In this study, Sprague-Dawley male rats were randomly assigned to 1 normal control
group and 5 STZ-induced diabetes groups: rats that had STZ-induced diabetes and did not receive
any agents (diabetic group; negative control), rats that had STZ-induced diabetes and received insulin
(insulin group; positive control), rats that had STZ-induced diabetes and received 0.5% mulberry ex-
tract (0.5% mulberry group), rats that had STZ-induced diabetes and received 1.0% mulberry extract
(1.0% mulberry group), and rats that had STZ-induced diabetes and received 2.0% mulberry extract
(2.0% mulberry group). Mulberry extracts were administered to the diabetic animals for 4 weeks. The
rats that received mulberry extracts showed lower body weights and insulin levels, as well as higher
kidney weights, blood glucose levels, urine quantities, and water intake in comparison with the nor-
mal controls. Further, the insulin concentrations in the mulberry-fed animals were higher than those
in the diabetic group, and the kidney weights, blood glucose levels, urine quantities, and water intake
in the mulberry-fed animals were lower than the corresponding values in the diabetic controls. These
results suggest that mulberry may be an effective functional food to prevent diabetes-related complications.
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Introduction

Diabetes mellitus is one of the most serious metabolic dis-

eases; it is characterized by hyperglycemia resulting from

defects in insulin secretion, insulin action, or both, and is

associated with long-term damage, dysfunction, and failure

of various organs, especially the eyes, kidneys, nerves, heart,

and blood vessels [6]. Type I diabetes results from a cel-

lular-mediated autoimmune destruction of the β-cells of the

pancreas, which leads to absolute insulin deficiency [2].

Other studies have shown that Lycium chinense Miller (Lycii)

fructus chloroform extract, polygoni radix (Pleuropterus mul-

tiflorus) ethanol extract, Angelica gigas Naki 50% ethanol ex-

tract, and Ecklonia cava water extract have anti-diabetic and

antioxidative effects in rats with streptozotocin

(STZ)-induced diabetes [15,16,28].

Old medical textbooks have described mulberry (Morus

spp.) as sweet and cold without toxicity. Further, it has been

described as a treatment for diabetes and has been shown

to provide vitality via its benefits to the 5 viscera and the

liver. Long-term use of mulberries relieved hunger, turned

faded hair black, and prevented aging [12,18]. Additionally,

mulberry extract has been known to have anti-hyper-

glycemic, anti-oxidative, anti-inflammatory, and anti-hyper-

tensive physiological effects [17,31]. In another study, mul-

berry leaves, a traditional medicine, were shown to cure and

prevent diabetes [1]. In particular, 1-deoxynojirimycin (DNJ)

is believed to be a typical naturally occurring imino sugar

with potent biological activity [1,19]. Mulberry is a perennial

crop that grows throughout the year in the tropics. The con-

tinuous production of mulberries over a long period results

in the gradual reduction of leaf yield and quality. The

growth and quality of mulberry leaves is influenced by sev-

eral abiotic and biotic factors, including variety, agronomic

practices, method of leaf harvest, and environment [20,27].

The various effects of mulberries differ according to the
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region of mulberry growth. Therefore, in the present study,

we evaluated the metabolic improvement caused by Buan

mulberry in rats with STZ-induced diabetes.

Materials and Methods

Preparation of mulberry material

Mulberries were cultivated and harvested in Buan,

Jeonbuk, South Korea. Dried and powdered mulberries (1.2

kg) were extracted by repeated refluxing with methanol

(MeOH) (2×6 l) for 4 hr at 80°C. The combined MeOH ex-

tract (12 l) was clarified by filtration and evaporated to ob-

tain a dark purple syrup (200 g).

Breeding conditions for the rats and diabetes

induction by using STZ

Male Sprague-Dawley rats (weight, 235±9.87 g) (Samtaco

Co. Ltd, Osan, South Korea) were obtained and adapted by

feeding them maintenance feed (Samtaco) for 7 days. After

adaptation, 0.2 ml [0.1 M sodium citrate buffer (pH 4.5)] of

STZ, which induces hyperglycemia by causing insulin defi-

ciency in pancreatic cells without influencing other organs,

was subcutaneously administered to the rats to induce dia-

betes mellitus (STZ dose, 70 mg/kg body weight).

Induction of diabetes mellitus in rats was confirmed by

elevated glucose concentration (above 350 mg/dl) in the tail

vein blood on day 3 after STZ treatment. The rats were div-

ided into 6 groups of 10 rats each by using a randomized

complete block design. Among the 6 groups, 5 contained

rats with STZ-induced diabetes and 1 did not (normal con-

trol). Rats of 1 STZ-induced diabetes group (diabetic group;

negative control) and the normal control were fed only dis-

tilled water. Rats of the remaining 4 STZ-induced diabetes

groups received the following agents: insulin (insulin group;

positive control, 10 unit/0.1 ml), 0.5% mulberry extract (0.5%

mulberry group, 15 mg/3 ml), 1.0% mulberry extract (1.0%

mulberry group, 30 mg/3 ml), or 2.0% mulberry extract

(2.0% mulberry group, 60 mg/3 ml). Rats were maintained

in a controlled environment at a temperature of 23±1°C, hu-

midity of 55±5%, and noise levels below 70 dB with a 14-h

photoperiod (lights were switched on at 6 AM and switched

off at 8 PM). Three milliliters of 0.5%, 1%, and 2% mulberry

extracts in distilled water were orally administered to the

rats on day 8 after STZ administration, and the admin-

istration of the mulberry extract was continued once a day

for 4 weeks.

Food intake and food efficiency ratio (FER)

Food intake was measured every 3 days. The daily food

intake was calculated by determining the mean food intake.

Body weight was measured using a weighing machine

(Scaltec Instruments, Sartorius, AG) in the same order at a

fixed time every day. Food efficiency ratio (FER) was calcu-

lated by determining the ratio of the body weight gain (g)

to the food intake (g).

Water intake and urine quantity

To determine the levels of polydipsia, the amount of wa-

ter that the rats drank over a period of 24 hr was measured

in a metabolic cage twice a week during both the adaptation

(1 week) and experimental (4 weeks) periods. To determine

the levels of polyuria, the same procedure was employed

to assess the amount of urine excreted by the rats.

Collection of blood and organs

One drop of blood was collected from the tail vein of each

rat every 3 days, and the glucose levels were measured using

a testing machine (ACCU-CHEK Co., Ltd.) according to the

manufacturer’s recommendations. After oral administration

of mulberry extracts for 4 weeks, rat liver and kidney were

extracted and washed with cold 0.9% normal saline. The

weights of the washed liver and kidney were measured. To

compare the organ weights among rats, the obtained values

were converted to a ratio of organ weight to body weight.

Insulin measurements

Blood samples were centrifuged at 4°C, and plasma was

separated and frozen at -20°C until use. Plasma insulin levels

were determined using a rat insulin enzyme-linked im-

munosorbent assay (ELISA) kit according to the manu-

facturer’s instructions (Shibayagi Co., Japan).

Histochemical analysis of the changes in the

kidney, liver and spleen

Kidneys were dissected and fixed using phosphate-buf-

fered saline (PBS) containing 4% paraformaldehyde. After

fixation, the kidneys were frozen overnight in 30% sucrose

prepared in PBS. Serial coronal sections of kidney were cut

with a microtome, after which the sections were fixed to

slides and stained with hematoxylin and eosin.

Statistical analysis

All data are presented as mean±SD. Comparisons of mul-
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tiple groups were performed by one-way analysis of var-

iance (ANOVA) and two-way ANOVA, followed by

pair-wise comparisons with a Bonferroni post-hoc test.

Differences were considered statistically significant at

p<0.001. All data were analyzed using the GraphPad Prism

software, version 4.00 (GraphPad software).

Results

Effect of mulberry extracts on the body weight of

the rats

The effect of various mulberry extracts on the body

weight was analyzed over a period of 4 weeks (Fig. 1). The

mean body weight of the normal controls increased to 332.30

g by week 4 (Fig. 1). The mean body weight of the diabetic

group remained steady (178.93 g). The mean body weights

of most of the mulberry-extract groups tended to be lower

than that of the insulin group. The mean body weight of

the 0.5% mulberry, 1.0% mulberry, and 2.0% mulberry

groups were deceased respectively 38.1%, 21.0%, and 32.2%

lower than that of the insulin group. However, the mean

body weight of the 1.0% mulberry group was increased

Fig. 1. Body weight changes in normal and diabetic rats that

were fed mulberry extracts of various concentrations.

Normal: normal control rats that were fed water;

Diabetic: diabetic control rats that were fed water;

Insulin: rats that received insulin injections; 0.5%

Mulberry: rats that received oral administration of 0.5%

mulberry extract; 1.0% Mulberry: rats that received oral

administration of 1.0% mulberry extract; 2.0% Mulberry:

rats that received oral administration of 2.0% mulberry

extract. The columns represent the mean values of body

weight (n=10) **p<0.01 vs. Diabetic control rats that were

fed water (Diabetic),
***p<0.001 vs. Diabetic control rats

that were fed water (Diabetic)

131.62% of the mean body weight of the diabetic group.

Effect of mulberry on blood glucose level and

kidney weight

We measured the blood glucose levels to investigate the

effect of mulberry extracts on blood glucose levels in rats

(Fig. 2). In all the STZ-induced diabetes groups, blood glu-

cose levels increased, which resulted in hyperglycemia (>500

mg/dl) in the diabetic group within 4 weeks. In the diabetic

group and the mulberry treatment groups, the glucose level

rapidly increased in 1 week. After 1 week, the rate of in-

crease reduced. At week 4, the blood glucose levels in the

0.5%, 1.0%, and 2.0% mulberry groups were 449 mg/dl, 326

mg/dl, and 405 mg/dl, respectively (Fig. 2). The blood glu-

cose level in the 1.0% mulberry group (326 mg/dl) was sig-

nificantly lower (34.2% reduction) than that in the diabetic

group (495 mg/dl). Kidney weight after mulberry admin-

istration was measured in each experimental group and con-

verted to the weight of organs per body weight (Fig. 3). The

kidney weight in the 1.0% mulberry group was significantly

lower than that in the diabetic group (p<0.001 and 0.01).

Fig. 2. Fasting blood glucose level in STZ-induced diabetic rats

that received mulberry extracts of various

concentrations. Normal: normal control rats that were

fed water; Diabetic: diabetic control rats that were fed

water; Insulin: rats that received insulin injections; 0.5%

Mulberry: rats that received oral administration of 0.5%

mulberry extract; 1.0% Mulberry: rats that received oral

administration of 1.0% mulberry extract; 2.0% Mulberry:

rats that received oral administration of 2.0% mulberry

extract. The columns represent the mean value of blood

glucose level (n=10).
*p<0.05 vs. Diabetic control rats that

were fed water (Diabetic), ***p<0.001 vs. Diabetic control

rats that were fed water (Diabetic)
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Fig. 3. Water intake level and urine quantity in STZ-induced

diabetic rats that were fed mulberry extracts of various

mulberry concentrations for 4 weeks. Normal: normal

control rats that were fed water; Diabetic: diabetic con-

trol rats that were fed water; Insulin: rats that received

insulin injections; 0.5% Mulberry: rats that received oral

administration of 0.5% mulberry extract; 1.0% Mulberry:

rats that received oral administration of 1.0% mulberry

extract; 2.0% Mulberry: rats that received oral admin-

istration of 2.0% mulberry extract. The columns repre-

sent the mean values of water intake level and urine

quantity (n=10). **p<0.01 vs. Diabetic control rats that

were fed water (Diabetic), ***p<0.001 vs. Diabetic control

rats that were fed water (Diabetic)

Water intake and urine quantity

After STZ administration, the polyuria and polydipsia,

which are distinctive symptoms of diabetes mellitus, gradu-

ally increased in the rats. Water intake and urine quantity

were measured twice a week for 4 weeks after STZ admin-

istration (Fig. 4). Water intake and urine quantity in the

STZ-induced diabetes groups that received mulberry ex-

tracts of different concentrations were significantly higher

than the values in the normal control group. The urine quan-

tity in the 1.0% mulberry group was 28.4% lower than that

in the diabetic group. Additionally, the water intake in all

the diabetes groups was significantly higher than that in the

normal control group. The water intake in the 1.0% mulberry

group was significantly (53.6%) lower than that in the dia-

betic group.

Food intake quantity and food efficiency ratio (FER)

Food intake, food efficiency ratio (FER), and alterations

in body weight in STZ-induced diabetic rats that received

various concentrations of mulberry extract were observed

for 4 weeks (Table 1). Food intake in all diabetes groups

was significantly higher than that in the diabetic group

(p<0.001). Thus, FER in most diabetes groups was sig-

Fig. 4. The kidney weights of STZ-induced diabetic rats that

were fed mulberry extracts of various concentrations for

4 weeks. Normal: normal control rats that were fed wa-

ter; Diabetic: diabetic control rats that were fed water;

Insulin: rats that received insulin injections; 0.5%

Mulberry: rats that received oral administration of 0.5%

mulberry extract; 1.0% Mulberry: rats that received oral

administration of 1.0% mulberry extract; 2.0% Mulberry:

rats that received oral administration of 2.0% mulberry

extract. The columns represent the mean values of kid-

ney weight (n=10).
** p<0.01 vs. Diabetic control rats that

were fed water (Diabetic), ***p<0.001 vs. Diabetic control

rats that were fed water (Diabetic)

nificantly lower than that in the normal group (p<0.001). The

FER in the 1.0% mulberry group was significantly higher

than that in the diabetic group (p<0.001). These results sug-

gest that administration of a 1.0% mulberry extract is effec-

tive in increase FER.

Histological changes in diabetic rat kidneys

The morphology of the diabetic kidneys was observed us-

ing hematoxylin and eosin at 4 weeks after diabetes in-

duction (Fig. 5). Diabetic rats showed marked glomerular

hypertrophy and an increase in the mesangial matrix in com-

parison with the control. Minimal changes in the glomerular

morphology were observed in the rats administered 1.0%

mulberry extract.

Effect of mulberry on insulin concentration in

diabetic rats

Insulin concentration assays were performed after mul-

berry administration in each experimental group (Fig. 6).

The insulin concentrations decreased in STZ-induced dia-

betic groups. On week 4, the insulin concentrations in the

0.5%, 1.0%, and 2.0% mulberry treatment groups were 1.63

ng/ml, 3.3 ng/ml, and 1.83 ng/ml, respectively (Fig. 6). The

value for the 1.0% mulberry group (3.3 ng/ml) was 260.52%

of that for the diabetic group (1.27 ng/ml).
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Table. 1 The food intake and food efficiency ratio (FER) in STZ-induced diabetic rats fed various mulberry concentrations for 4

weeks

Group1) Food in take
Ave. FER2)

1 week 2 week 3 week 4 week

Normal (n=10) 12.5±2.1 13.0± 1.5 13.0±2.5 14.5±1.5 13.3±0.9 164.5±11.9

Diabetic (n=10) 27.0±12.0 33.5±0.7***
3)

30.0±10.4** 27.5±7.7 29.5±3.0 56.9±6.5***

Insulin (n=10) 26.0±6.0 30.9±1.9*** 21.8±2.5 16.2±0.0 23.7±6.2 54.1±7.0***

0.5% Mulberry (n=10) 17.0±6.0 32.0±2.4*** 24.5±6.3 14.5±1.5 22.0±7.9 69.9±6.9***

1.0% Mulberry (n=10) 10.9±3.0 31.5±5.6*** 30.5±2.5** 29.5±15.3 25.6±9.8 9.3±8.8***†

2.0% Mulberry (n=10) 20.5±5.5 31.0±1.9*** 28.5±3.9 26.0±9.2 26.5±4.5 40.2±10.2***
1)

Normal: normal control fed water, Diabetic: diabetic control fed water, Insulin: injected insulin, 0.5% Mulberry: 0.5% oral admin-

istration of mulberry, 1.0% Mulberry: 1.0% oral administration of mulberry, 2.0% Mulberry: 2.0% oral administration of mulberry
2)FER: [Body weight gain (g/4 weeks)/ Food intake (g/4 weeks)]×100
3)

Each column represents mean value±S.D. (n=10).
**p<0.01 vs. normal control fed water group (Normal), ***p<0.001 vs. normal control fed water group (Normal), †p<0.001 vs. diabetic

control fed water group (Diabetic)

Fig. 5. Morphological changes in the kidneys of STZ-induced diabetic rats that were fed mulberry extracts of various concentrations

for 4 weeks. Representative renal sections from normal control (A), STZ-induced diabetic rats (B), diabetic rats treated with

insulin (C), diabetic rats that received oral administration of 0.5% mulberry extract (D), diabetic rats that received oral admin-

istration of 1.0% mulberry extract (E), and diabetic rats that received oral administration of 2.0% mulberry extract (F) are

shown. Diabetic rats showed significant glomerular hypertrophy and a marked increase in the mesangial matrix.

Fig. 6. Insulin concentration in STZ-induced diabetic rats that were

fed mulberry extracts of various concentrations for 4 weeks.

Normal: normal control rats that were fed water; Diabetic:

diabetic control rats that were fed water; Insulin: rats that

received insulin injections; 0.5% Mulberry: rats that received

oral administration of 0.5% mulberry extract; 1.0%

Mulberry: rats that received oral administration of 1.0%

mulberry extract; 2.0% Mulberry: rats that received oral ad-

ministration of 2.0% mulberry extract. The columns repre-

sent the mean value of insulin concentration (n=10).
***p<0.001 vs. Diabetic control rats that were fed water

(Diabetic).
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Discussion

Several studies demonstrated that the effect of mulberris

on the metabolic improvement in rats with STZ-induced dia-

betes in vitro [18,21,22]. Moreover, this study was conducted

to investigate the effect of Buan mulberries on the metabolic

improvement in rats with STZ-induced diabetes in vivo.

Specifically, we analyzed weight and histological change of

kidney, and insulin concentration in blood.

Methanol extract from mulberries demonstrated improve-

ment of lipid metabolism, liver function, glutamic oxalo-

acetic transaminase (GOT), glutamic pyruvic transaminase

(GPT) and lactate dehydrogenase (LDH) in cholesterol-in-

duced hyperlipidemia rats [10,11]. Therefore, we extracted

Buan mulberries and administrated various concentration of

methanol extraction to STZ-induced diabetic rats.

STZ (70 mg/kg, rat body weight) was subcutaneously ad-

ministered to the rats. The induction of diabetes mellitus in

rats was confirmed by determining the blood glucose level

(>400 mg/dl).The rats were divided into 6 experimental

groups of 10 rats each: normal control, diabetic group

(negative control), insulin group (positive control), 0.5%

mulberry group, 1.0% mulberry group, and 2.0% mulberry

group. The results showed that the body weight of the con-

trol rats (87.2±6.3 g) increased in the 4 weeks following mul-

berry oral administration. However, the body weight in the

negative control group significantly decreased within 4

weeks after STZ administration. The mean body weights of

the mulberry-treated diabetic groups were significantly low-

er than that of the negative control group after 4 weeks.

Another study reported that the body weight of the rats with

STZ-induced diabetes decreased due to insulin deficiency

and dysfunction of energy metabolism [9].

Blood glucose in the negative control group was sig-

nificantly higher than that in the normal control group.

However, the blood glucose in the 1.0% mulberry group was

significantly lower than that in the negative control. This

result was similar to the findings of Kim et al., who showed

that ingestion of mulberry fruit resulted in a hypoglycemic

effect in rats with STZ-induced diabetes [18].

A previous study reported that food intake in the diabetes

group was significantly higher than that in the normal con-

trol [23]. Additionally, our results showed that the food in-

take in the diabetes groups was significantly higher than that

in the normal control. The FER values of all diabetes groups

were significantly lower than that of the normal control

(p<0.001). The FER value of the 1.0% mulberry group was

significantly higher than that of the negative control

(p<0.001). Although the food intake in the diabetes groups

was much higher than that in the normal control, the weight

loss and decreased FER phenomena resulted from dia-

betes-induced degenerative changes in in vivo metabolism

[24].

Glucose accumulates in the blood (hyperglycemia), and

when its concentration exceeds the renal tubular transport

threshold, it is excreted into the urine (glucosuria) [4].

Glucosuria causes osmotic diuresis, thereby causing polyuria

and obligatory polydipsia [3,4,26]. Diabetic nephropathy

(DN) caused by the osmotic diuresis is a major complication

of diabetic mellitus and is one of the main causes of death

in humans, dogs, and cats [3,4,5,30]. Our study showed that

kidney weight of rats with STZ-induced diabetes was higher

than that of the normal control. In addition, we observed

that the mean kidney weight of the 1.0% mulberry group

was lower than that of the negative control.

Our results showed that the insulin concentration in rats

with STZ-induced diabetes decreased. However, the serum

insulin level of the 1.0% mulberry group was significantly

higher than that of the negative control. Several studies

showed that rats with STZ-induced diabetes had decreased

insulin concentration in serum [13,17,29]. Therefore, our

study results indicate that administration of a 1.0% mulberry

extract has an anti-diabetes effect.

Thus, we have shown that administration of 1.0% mul-

berry extract significantly inhibited the blood glucose level

and urine quantity and increased kidney weight, food intake

and insulin concentration. These results suggest that culti-

vated in Buan mulberry could serve as a functional food

for the treatment of diabetes mellitus and is highly effective

for the recovery from STZ-induced diabetes in rats.
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초록：Streptozotocin으로 유발된 당뇨쥐의 신진대사 증진에 대한 부안 오디의 효과
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본 연구에서는 streptozotocin (STZ)에 의해 유도된 당뇨병 흰쥐를 이용하여 부안산 오디의 항 당뇨효과를 in

vivo 실험을 중심으로 조사하였다. 기존의 연구는 주로 in vitro 실험을 통해 이루어 졌으며 일부 지역의 오디는

STZ에 의해 유도된 당뇨병 흰쥐에서 신진대사 증진, 항산화 및 체내 지방 저하 효과가 있음이 시사 되어졌다.

먼저, Sprague-Dawley 수컷 흰쥐를 난괴법을 통해 하나의 정상군(Normal)과 대조군(Diabetic), 인슐린 처리군

(Insulin), 0.5% 오디 투여군(0.5% Mulberry), 1.0% 오디 투여군(1.0% Mulberry) 그리고 2.0% 오디 투여군(2.0%

Mulberry) 등으로 분류 한 후 STZ로 당뇨병을 유도하였다. 부안산 오디를 STZ에 의한 당뇨병 흰쥐에 4주간 투여

한 후 정상군과 비교 했을때 다양한 농도의 오디를 투여한 그룹에서 몸무게, 혈중 인슐린의 농도는 감소했지만,

신장무게, 혈당량, 요량 및 음수량은 증가하였다. 추가적으로 STZ에 의한 당뇨병 흰쥐와 이들 동물들에게 오디를

투여한 그룹을 비교한 결과 오디를 투여한 그룹은 신장 무게, 혈당, 요량 및 음수량이 확연히 감소하였다. 또한

오디를 투여한 그룹에서의 인슐린 농도는 대조군과 비교하여 유의적으로 증가하였다. 이와 같은 연구결과로부터

부안산 오디는 향후 당뇨 합병증을 억제하기 위한 기능성 식품의 원료로 사용 되어질 가능성을 시사한다.


