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Guava (Psidium guajava L) and banaba (Lagerstroemia speciosa L) are well known as medicinal plants
for their antidiabetic effects. These contain a great deal of polyphenol compound and work on the
treatment of diabetes mellitus effectively. In this study, the extracts of guava and banaba are con-
sumed by streptozotocin (STZ) induced diabetic rats to compare the antidiabetic effects. According to
the comparison result, the glucose level of those STZ-induced diabetic rats has decreased by 19-32%,
total cholesterol by 24-46%, triglyceride by 22-67% and free fatty acid by 49-71% approximately com-
pared to the diabetic rats, while the generation of insulin and the recovery of beta cells have
increased. However, the result showed that the antidiabetic effect of guava extracts was higher than
that of banaba extracts. This is because the hydrophilic polyphenol compounds contained in banaba
leaves were not extracted during the ethanol extraction process, and the antidiabetic activity of the
extracted corosolic acid was low to surprise.

Key words : Guava (Psidium guajava), banaba (Lagerstroemia speciosa), polyphenol, anti-diabetic effects

Introduction

Diabetes mellitus (DM) causes the chronical metabolism
disorder which makes approx. 4% of the world population
suffer and this figure is expected to increase to 54% [16].
Hyperglycemia triggered by DM is usually caused due to
the decrease in insulin secretion, decrease in glucose uti-
lization of tissue and increase in the generation of glucose.
Hyperglycemia’s symptoms include obsessive thirst, gluco-
suria, polyuria, lipemia and hunger, and if left without treat-
ment, this can result in patient’s death due to critical ketoaci-
dosis [27].

For ages, many countries have applied traditional medical
plants to treat hyperglycemia and diabetes mellitus [1,6,13,26],
and more than 400 plants have been reported with their glu-
cose reduction effects [2]. Recently the interest on medical
plants is getting high as oral agents used to treat DM cause
various side effects [4,15] while taking traditional medical
plants in a natural form of extracts show treatment effect as
good as that of therapeutic agents without side effects.

In general, traditional medical plants contain a wide range
of polyphenol compounds such as flavonoids, glycosides
and terpenoids, which are effective in treating DM [5,7,31].
However, the amount and efficacy of polyphenol com-
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pounds may differ depending on extraction methods. If the
ethanol extraction method is used, polyphenol compounds
can hardly extracted.

Psidium guajava L known as guava is a representative med-
ical plant that has antidiabetic effects and the interest on gua-
va has been increased recently. Guava leaves contain a variety
of polyphenol compounds such as polyphenol [25], terpe-
noids [3,23], flavonoids [20] and tannins [29]. And it was re-
ported that guava leaves have antidiabetic effects direct and
indirect through controlling glucose increase [22] and carbo-
hydrate hydrolyzing enzyme’s activity [21]. Lagerstroemia spe-
cicsa L. known as banaba has been used in treating DM and
kidney diseases for ages. The antidiabetic effects of banaba
was reported by Garcia in 1940 for the first time, and its ef-
fects in the glucose decreasing and insulin-like activity were
proved through further researches [9-12]. Murakami and
workers (1993) proposed that corosolic acid is the most effec-
tive substance among banaba leaves’s antidiabetic effects [24]
and banaba leaves were used widely to treat DM. In this vein,
the ethanol-extract of banaba leaves and water-extract of gua-
va leaves were consumed by streptozotocin (STZ) induced

diabetic rats and their antidiabetic effects were compared.

Materials and Methods

Preparation of the plant extract
The banaba (Lagerstroenia specicsa) leaves extract was pur-



chased from Japan (Wellness banaba Inc, Korea) which was
extracted containing 1% of corosolic acid by 90% ethanol
extraction. As for guava (Fsidium guajava) leaves extract, 150
kg of well dried guava leaves were purchased from Daegu
Yangyeongsi Herb Market (Daegu, Korea) and 10 times of
DW was added. This was boiled for 6 hr at 98°C to get
extracts. This plant water-soluble extract was filtered with
a 50 pm filter and concentrated under vacuum and freeze-
dried to powder form.

Animal

Six-week-old male Wistar Hannover rats (7740) were pur-
chased from Samtako Experiment Animal (Samtako Bio,
Kyung Gi-Do, Korea) and they were acclimatized under a
controlled temperature of 20+2°C, humidity of 55+5%, 12h
light and 12 hr dark cycle conditions for 1 week before start-
ing the experiments. They had free access to standard pellets
(Samtako Bio, Korea) and water.

Reagent and equipment

The glucose concentration of animals was measured using
ACCU-CHEK Active (Roche, Germany) and the lipid concen-
tration was analyzed using ADVIA 1650 (Bayer, Deerfield,
IL, USA). The insulin concentration was measured with
Sunrise Remote Control (TECAN, Salzburg, Austria) using
Rats Insulin ELISA Kit (Shibayagi, Japan). Pancreas was cut
using Rotary microtome (Leica, Wetzlar, Germany) and em-
ployed Hematoxylin-eosin. These preparations were observed
under a light microscope (Carl Zeiss, Gottingen, Germany).

Causing diabetics

To cause diabetics, streptozotocin (STZ) (65 mg/kg) was
solved into the 0.01M citrate buffer (pH 4.5) and then 250
ul was injected with single 1.P. injection to rats who were
not fed for 24 hr. Three days after injecting STZ, we meas-
ured the level of glucose using the blood from the vein in
the tail. Those rats with blood glucose level of 300 mg/dl
or higher were regarded as diabetic rats. For normal control
rats, the same amount of 0.0IM citrate buffer was injected
(LP. injection). Blood sugar levels were measured using
ACCU-CHEK Active (Roche, Germany), and those rats who
exceeded 600 mg/dl, which is the limit of glucose measuring

range of the device were excluded in the experiments.

Grouping animals and feeding extracts

Rats with similar in weight were selected and classified
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as follows. NC served as normal controls and received ve-
hicle only, DC served as diabetic controls and received
vehicle. PG received the guava water extract, LS received
the banaba ethanol extract. Each group was composed of
10 rats. The weight of rats per group was measured daily
for 4 wk. Guava and banaba extracts were orally ad-
ministered by rats twice a day based on the ratio of 1.5 ml
per 1 kg of weight. In this case, the same amount of normal
saline was taken by diabetic rats.

Measuring glucose, insulin and lipid concentration

The glucose concentration of the animals was measured
once a week. To measure the glucose concentration, all the
animals were not fed for 8 hr and then blood was sampled
from the vein in the tail. The levels of insulin, total cholester-
ol (TC), HDL-cholesterol (HDL-C), triglyceride (TG) and free
fatty acid (FFA) were measured in week 4. After leaving ani-
mals without feeding for 8 hr, they were anesthetized with
ethyl ether and then the blood from the heart was sampled

and analyzed.

Histological examination

After sampling blood from the animals in week 4, the
pancreas was separated. Then, the pancreas was fixed in 10%
neutral formalin for 1 day and processed in a routine man-
ner to 4 pm thick paraffin sections. Hematoxylin-eosin (HE)
stain was undertaken for the pancreas tissues and its histo-
logical damage was scored as follows based on the Tang
et al., method [30]. 0: normal; I: minor injury; II: moderate
injury; IIl: obvious injury; IV: severe injury. Each sample was
observed at 200x magnification. The degree of injuries of the
islet cells was expressed as the mean of 10 different fields

in each slide.

Statistical analysis

All values are expressed as means+S.D. The data were
analyzed by Mann-Whitney test and Kruskal-Wallis test
with SPSS WIN, ver. 12.0. The level of statistical significance
in the study was p<0.05.

Results

Effect of plant extracts on
morphology

Fig. 1 shows the result of HE stain for the pancreas. The

Langerhans  islets’

shape of DC’s Langerhans islets is smaller and shrunken
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Fig. 1. Effect of guava and banaba extracts on the histological
micrograph of rats Langerhans islets cell. (HE 200x).
Abbreviations: A, Normal control rats; B, Diabetic con-
trol rats; C, Diabetic rats fed with guava leaves extract;
D, diabetic rats fed with banaba leaves extract. A showed
a normal shape of Langerhans islets cell; B have severely
injured Langerhans islets cell; C, D showed recovery of
Langerhans islets cell.

Table 1. Effect of guava and banaba extracts on the histopatho-
logical damage of pancreas in diabetic rats (7=10)

Pathological grading of pancreas

Group P
0 I il I I\
NC 10 0 0 0 0 -
DC 0 0 1 4 5 0.000
PG 0 1 3 3 3 0.000
LS 0 1 2 3 4 0.000

"P<0.01 are calculated by Kruskal-Wallis' test and compared
with normal control group.

Abbreviations: NC, Normal control; DC, Diabetic control; PG,
Diabetic mice fed with guava leaves extract; LS, Diabetic mice
fed with banaba leaves extract.

compared to that of NC. Furthermore, in the pathological
grading of pancreas (Table. 1), NC's Langerhans islets were
all normal while DC’s were injured mostly (p<0.01). PG’'s and
LS’s Langerhans islets were recovered in terms of shape and
size compared to DC’s. PG’s injured Langerhans islets were
more recovered than LS’s. In the pathological grading of pan-
creas, the number of injured PG’s and LS's Langerhans islets
was smaller than DC’s, although there was no significant dif-
ference between the two groups in terms of statistics.

Effect of plant extracts on
lipid concentration

Fig. 2 shows the change in the animals” glucose concentration

glucose, insulin and

O01W O2w B3W 84w

300

Glucose (mg/dL)

200

100

NC

Fi

—

g. 2. Effect of guava and banaba extracts on blood glucose
level in diabetic rats (z710; meantS.D.). /X<0.01, com-
pared with DC; /X0.01, PG compared with LS.
Abbreviations: NC, Normal control; DC, Diabetic con-
trol; PG, Diabetic mice fed with guava leaves extract;
LS, Diabetic mice fed with banaba leaves extract.

measured in week 4. NC’s glucose concentration was low
as 86-88 mg/dl for 4 weeks while DC’s glucose concen-
tration increased gradually up to higher than 500 mg/dl in
week 4. PG’s and LS's glucose concentration started decreas-
ing from week 3 compared to DC’s (p<0.01), and PG’s glu-
cose concentration was lower than LS’s (p<0.01).

Fig. 3 shows the animals” insulin concentration measured
in week 4. NC’s insulin concentration was higher as much
as 752.2 pg/ml while DC’s decreased by approx. 8% of NC's
(p<0.01). Both PG’s and LS’s insulin concentration increased
more than two times compared to DC’s, and PG’s insulin
concentration was higher than LS’s (p<0.01).

Fig. 4 - Fig. 6 show the animals’ lipid concentration
measured in week 4. DC’s total cholesterol concentration
was more two times higher than NC’s, and the concen-
tration of triglyceride and free fatty acid increased by more
than 4 times (p<0.01). The concentration levels of PG’s and
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Fig. 3. Effect of guava and banaba extracts on serum insulin

level in diabetic rats (z710; mean+S.D.). /%<0.01, com-
pared with DC; /%0.01, PG compared with LS. NC, DC,
PG, LS See Fig. 2.



200

150

100
0 T T T
NC DC PG LS

Fig. 4. Effect of guava and banaba extracts on total cholesterol
concentration in diabetic rats (z710; mean+S.D.). /%<0.01,
compared with DC; /%0.01, PG compared with LS. NC,
DC, PG, LS See Fig. 2.
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Fig. 5. Effect of guava and banaba extracts on triglyceride con-
centration in diabetic rats (710, mean+S.D.). /X0.01,
compared with DC; /%0.01, PG compared with LS. NC,
DC, PG, LS See Fig. 2.
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Fig. 6. Effect of guava and banaba extracts on free fatty acid
concentration in diabetic rats (7710; meantS.D.). /%0.01,
compared with DC; /%0.01, PG compared with LS. NC,
DC, PG, LS See Fig. 2.

LS’s total cholesterol, triglyceride and free fatty acid were

lower than DC’s (p<0.01), and PG’s was lower than LS’s
when comparing just PG’s and LS’s (p<0.01).

Discussion

Type 1 diabetes mellitus (DM) is a disease caused due
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to the interaction of the genetic, environmental and immune
factors, which results in the destruction of beta cell in the
pancreas [27]. As the insulin secretion decreases, Type 1 DM
develops hyperglycemia and hyperlipidemia, and if hyper-
glycemia is further developed, this can result in various
complications. Thus, increasing insulin secretion and re-
ducing hyperglycemia is very important in treating type 1
DM patients.

In this experiment, the glucose concentration of diabetic
control rats was 500 mg/dl or higher, and the insulin con-
centration was reduced by 8% of the normal control rats.
In addition, the lipid concentration of diabetic control rats
increased 2 to 4 times higher than that of normal control
rats, which showed the characteristics of Type 1 DM
(hyperglycemia, hyperlipidemia, and hypoinsulinemia).
However, consuming guava and banaba leaves extracts re-
duced the glucose concentration level of diabetic rats by 19%
or higher, and increased the insulin secretion by more than
2 times. These extracts had antidiabetic effects by reducing
the developed hyperlipidemia and recovering the damaged
beta cell of Igerhans islets. However, there was difference
in antidiabetic effects of the extracts used in this experiment
as consuming guava extracts was more effective compared
to consuming banaba extracts in increasing insulin secretion,
reducing glucose level, improving hyperlipidemia and re-
covering the beta cell of Langerhans islets. In general, poly-
phenols are contained in the seeds, fruits, leaves and barks
of medicinal plants [28] and protect plants from other ex-
ternal invaders [26]. Therefore, the antidiabetic effects of
medical plants can be triggered by various flavonoids, glyco-
sides and terpenoids [5,7,31]. The amount of polyphenol
may vary depending on the extraction method as the more
ethanol we use for extraction, the less hydrophilic poly-
phenol compounds we can extract. Actually, in the previous
experiment that used different extract solvents [17], the
amount of extracted polyphenol of banaba leaves extracts
was as low as half of the current experiment since it used
90% ethanol only. So far, it is known that the major anti-
diabetic compound contained in banaba leaves is corosolic
acid [8,18,24], and this substance is hydrophobic material
which is hardly soluble in water. The solvents with higher
ethanol ratio has been used to extract corosolic acid during
the extraction process of banaba leaves, and the ethanol ex-
tracted banaba leaves that contain 1% of corosolic acid has
been commercialized. However, other researchers [14,19]

propose that the antidiabetic compound of these extracts is
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not corosolic acid which is hydrophobic material, but anoth-
er polyphenol which is hydrophilic material as the water
extracted banaba extracts that rarely contain corosolic acid
showed higher antidiabetic effects. On the other hand, guava
water extracts are known to have antidiabetic effects such
as decreasing plasma sugar level and restraining the activity
of carbohydrate hydrolyzing enzyme [21,22]. Thus, the rea-
son that the antidiabetic effects of banaba ethanol extracts
were lower than those of guava water extracts is because
the majority of hydrophilic polyphenol compounds con-
tained in banaba leaves were not extracted during the ex-
traction process with ethanol, and the extracted corosolic
acid had low antidiabetic activity compared to what we
expected.

In conclusion, guava water extracts showed higher anti-
diabetic effects on STZ induced rats compared to banaba ex-
tracts that contain 1% of corosolic acid. This is because the
corosolic acid contained in banaba extracts has low anti-
diabetic activity and less hydrophilic polyphenol com-
pounds which have high antidiabetic effects. Therefore, fur-
ther study should be carried out to reveal what kind of hy-
drophilic polyphenol has high antidiabetic effects.
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