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ABSTRACT

The leaf of Psidium guava is traditionally used in
Asia to manage, control and treat diabetes. We
designed this study to elucidate the effect of the
administration of oral doses of aqueous and
ethanol extract from Psidium guava leaves on
plasma glucose, lipid profiles and the sensitivity
of the vascular mesenteric bed to Phenylephrine
in diabetic and non diabetic rats. Animals were
divided into 5 groups (n = 10): two groups ser-
ved as non-diabetic controls (NDC), while the
other groups had diabetes induced with a single
injection of streptozotocin (STZ). Psidium guava-
treated chronic diabetic (PSG-CD) and Psidium
guava-treated controls (PSG-C) received 1 g/l of
Psidium guava added to the drinking water for 8
weeks. The mesenteric vascular beds were pre-
pared using the McGregor method. Administra-
tion of Psidium guava caused Ca/Mg ratio,
plasma glucose, high density lipoprotein (HDL),
low density lipoprotein (LDL), very low density
lipoprotein (VLDL), total cholesterol and triglyc-
eride concentrations to return to normal levels,
and was shown to decrease alteration in vascu-
lar reactivity to vasoconstrictor agents. Our re-
sults support the hypothesis that Psidium guava
could play a role in the management of diabetes
and the prevention of vascular complications in
STZ-induced diabetic rats.
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1. INTRODUCTION

Diabetes mellitus is a type of metabolic disorder that is
characterized by hyperglycemia and alterations in car-
bohydrate, fat and protein metabolisms associated with
absolute or relative deficiencies in insulin secretion and/
or insulin action [1]. Approximately one-third of patients
with type 1 diabetes will develop related complications
[2]. The causes are not completely understood, but a
more sedentary lifestyle, the consumption of an energy
rich diet, obesity, a longer life span [3], long-term diabe-
tes, poor glycemic control, hypertension and dyslipide-
mia are linked to diabetes-related vascular complications
[4]. Diabetes is characterized by a high incidence of car-
diovascular disease [5]. There has been increasing evi-
dence recently that postprandial diabetes and hypergly-
cemia are important contributory factors in atherosclero-
sis [5]. In diabetes, the postprandial phase is character-
ized by a massive rapid increase in blood glucose levels
where alteration in the sensitivity or reactivity of vascu-
lar smooth muscle to neurotransmitters and circulating
hormones may cause or contribute to diabetic vessel
complications [5,6]. Clinical atherosclerotic disease is
positively associated with total cholesterol and LDL
cholesterol levels, while it is inversely associated with
HDL cholesterol [7].

The search for appropriate hypoglycemic agents has
recently been focused on plants and many herbal medi-
cines have been recommended for the treatment of dia-
betes [8]. Herbal drugs are frequently considered to be
less toxic than their synthetic counterparts and they have
fewer side effects [9]. The leaf of Psidium guava is tradi-
tionally used in Asia and other countries to manage con-
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trol and treat diabetes. In other parts of the world, the
leaves of Psidium guava are used to treat many other
human ailments including caries, pyrexia, cough,
wounds, bleeding gums, inflammation, epilepsy, kidney
problems and ulcers [10]. In Japan, Guava leaf tea con-
taining the aqueous leaf extract has been approved for
specific health uses and is now commercially available
[11,12].

However, little is known about the therapeutic action,
mechanism or safety of these treatments in healthy hu-
man beings. Some studies have shown administration of
Psidium guava leaves decreases blood glucose via en-
hanced insulin secretion [13]. Cheng et al. suggest that
quercetin in the aqueous extract of guava leaves pro-
motes glucose uptake in liver cells and consequently
contributes to the alleviation of hypoglycemia in diabetes
[14]. Shen et al. [1] and Ojewole [10] have provided
evidence to support the antihyperglycemic effect of
guava leaf extract and the positive action of guava leaves
against type 2 diabetes, whereas Sungawa et al. [15]
showed Psidium guava leaves to have no effect on blood
glucose.

Other researchers have found Psidium guava leaves to
have an effect on blood glucose but not on lipid profiles
and diabetic vessels. Olatunji-Bello et al. [16] demon-
strated the contractile effect of Psidium guava on normal
isolated rat aorta rings while Witness et al. [11] observed
a vasorelaxant effect of Psidium guava on aortic rings in
normal rats.

In view of the conflicting outcomes of these reports,
we designed this study to elucidate the effect of oral ad-
ministration of Psidium guava leaves on plasma glucose,
triglycerides, LDL, HDL, VLDL, total cholesterol levels
and the sensitivity of the vascular mesenteric bed to
Phenylephrine in normal and diabetic rats.

2. MATERIALS AND METHODS
2.1. Animals

The animals were handled in accordance with the cri-
teria outlined in the “Guide for the Care and Use of
Laboratory Animals” (http://www.nap.edu/readingroom/
books/labrats/). Male Wistar rats, weighing 180-250 g
were selected and maintained at a constant temperature
of 22°C + 2°C with a fixed 12:12-h light-dark cycle. Nu-
tritionally balanced pellets and water were freely avail-
able. The animals were divided into five groups (10 rats
in each group): non-diabetic control (NDC); acute dia-
betic (AD); chronic diabetic (CD); Psidium guava-
treated chronic diabetic (PSG-CD), and; Psidium guava-
treated control (PSG-C).

Diabetes was induced with and IP injection of 60
mg/kg STZ. At 10 days after diabetes induction, fasting
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blood glucose level was determined and the presence of
diabetes was confirmed by blood glucose levels of above
250 mg/dl. Animals in which the diabetes lasted for 10
days were classed as “acute diabetic” and those in which
the diabetes lasted for 8 weeks were defined as “chronic
diabetic”. The PSG-CD and PSG-C groups received 1g/1
of aqueous and ethanol extract of Psidium guava leaf
added to the drinking water, 10 days after diabetes induc-
tion, for 8 weeks. Animals were monitored for blood
glucose concentrations and body weight every week over
the course of the experiment. Blood glucose was meas-
ured with an Ascensia ELITE XL glucometer and Ascen-
sia Elite blood glucose test strips.

2.2. Preparation of Guava Leaf Extract

Fresh leaves of Psidium guava were collected from
open grassland in Menab (Southern Iran). The plant was
identified by the Taxonomist at the ShahidBeheshti Uni-
versity of Medical Sciences. A kilogramme of fresh
Psidium guava leaves was air dried under shade at room
temperature (26°C = 1°C) for 2 weeks. The dried leaves
were then milled into a fine powder in a Waring com-
mercial blender. The powdered leaves were extracted
with 3 volumes of 95% ethanol for 3 days. The extract
was filtered through filter paper (Whatman No. 1) and
concentrated with a rotary vacuum evaporator (Eyela
N-3000 Nseries, Tokyo Rikakikai, Tokyo, Japan). The
concentrate was then freeze-dried (Model 77500-00 M,
Labconco Co., MO) and stored at —80°C before use as
per Shen et al. [1]. One gram of Psidium guava leaf ex-
tract was contain 75.7 mg dried substance.

2.3. Intraperitoneal Glucose Tolerance Test
(IPGTT)

For IPGTT, animals in the NDC, CD and PSG-CD
groups were fasted overnight for 15 h, and were given
1.5 g/kg body weight glucose via IP injection. Blood was
drawn from the tail vein at 0, 10, 20, 30, 60, 90 and 120
min after glucose administration.

2.4. Biochemical Assay

Animals were decapitated after anesthesia induction
with ketamine HCI. Blood samples were taken from the
neck vascular trunk in order to determine the triglyc-
erides, total cholesterol, HDL-cholesterol, magnesium
and calcium levels by spectrophotometer (UV 3100,
Shimadzu) and appropriate kits (Zistshimi, Tehran, Iran).
LDL and VLDL cholesterol were calculated by the fol-
lowing formulae as per Saunders et al. (1999) [17]:

VLDL = Triglycerides/5

LDL = Total cholesterol — HDL cholesterol — VLDL
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2.5. Preparation of the Mesenteric Vascular
Bed

The animals in the NDC, CD and PSG-CD groups
were anesthetized by IP injection of ketamine HCI 50
mg/kg and the mesenteric vascular beds were prepared as
originally described by McGregor (1965) [18]: the ab-
dominal wall was opened, the superior mesenteric artery
was exposed and cannulated, then gently flushed with
modified Krebs-Henseleit solution (containing [in mM]:
NaCl: 118, KCI: 4.7, CaCl,; 2.5, MgSOy; 1.2, glucose; 2,
NaHCO;; 2.5, NaHPOy; 1.2) concomitantly bubbled with
a mixture of 95% O, and 5% CO, (final pH 7.4), and
warmed to 37°C. The mesentery was isolated from the
intestine and placed in a water-jacketed perfusion cham-
ber maintained at 37°C. The preparation was perfused at
1 ml/min with modified Krebs-Henseleit solution by a
peristaltic pump (Meredos GmbH). The tissue was pre-
vented from drying by superfusion with 0.1 ml/min mo-
dified Krebs-Henseleit solution. Perfusion pressure was
monitored via a T-tube inserted between the pump and the
inflow cannula. This was connected to a pressure trans-
ducer (MLT0380 AD Instruments). The recording was

performed by Power Lab System (16SP, AD Instruments).

Tissues were used for experiment after equilibration of
30-minutes. After the 30-minute equilibration, the vascu-
lar bed was constricted by Krebs-Henseleit solution con-
taining phenylephrine, an a;-adrenoceptor agonist, from
0.0001 M to 0.1 M and perfusion pressure was recorded.
Drug concentrations were increased every 15 minutes.

2.6. Drugs

The following drugs were used: STZ from Sigma
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(USA) dissolved in 1 ml normal saline immediately be-
fore use. Phenylephrine from Sigma (St. Louis, MO,
USA) and ketamine HCIl from Rotexmedica (Trittau,
Germany).

2.7. Statistical Analysis

Data were expressed as mean + S.E.M. Differences
among groups were evaluated by one-way and two-way
ANOVA with the Tukey post-hoc test. P < 0.05 was se-
lected for acceptance of statistical significance.

3. RESULTS

Before the induction of diabetes, there were no differ-
ences among the animals in each group.

3.1. Changes in Plasma Glucose

Changes in feeding plasma glucose were measured in
all groups (Figure 1). Diabetes induction caused plasma
glucose concentration to increase (440 = 71.99) and
blood glucose continued to be elevated (442.5 + 58.93) 8
weeks after diabetes induction. Administration of Psi-
dium guava for 8 weeks (from day 10) caused the plasma
glucose concentrations in the PSG-CD group to return to
normal levels (118.88 + 9.44) but there were no changes
in blood glucose in the PSG-C group.

3.2. Effect of Psidium guava Leaf Extracts
on Intraperitoneal Glucose Tolerance
Test (IPGTT)

Before initiation of Psidium guava and STZ admini-
stration, the IPGTT patterns for 3 groups (NDC, CD and

—&—PSG-C

—&—PSG-CD

Week

Figure 1. Comparison of fed blood glucose in non-diabetic control (NDC), acute dia-
betic (AD), chronic diabetic (CD), Psidium guava-treated control (PSG-C) and
Psidium guava-treated chronic diabetic (PSG-CD) groups (10 rats in each group. data
are expressed as mean = SEM). *Signiﬁcant difference between chronic diabetic and
other groups (P < 0.0001); *Significant difference between Psidium guava-treated

chronic diabetic and NDC groups (P < 0.05).
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PSG-CD) were similar and there was no significant dif-
ference between the groups when the glycemic response
was expressed as the area under the curve (AUC) (data
was not shown). However, after 8 weeks, the CD group
displayed severe glucose intolerance, which was signifi-
cantly improved in the PSG-CD group to a degree that

was judged effective (Figure 2(b), AUC: NDC vs. CD vs.

PSG-CD = 26606 + 1430.9 vs. 55273.5 £ 6764.68 vs.
20627 +1894.27 P <0.0001).

3.3. Changes in Plasma Calcium,
Magnesium and Ca/Mg Ratio

Changes in plasma calcium (Ca), magnesium (Mg)
and the Ca/Mg ratio were measured in all groups (Fig-
ures 3(a) to 3(c)) and 8 weeks after the administration of
Psidium guava leaves the plasma calcium level in the
PSG-CD group was unchanged in comparison with the
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Figure 2. Comparison of intraperitoneal glucose
tolerance test (IPGTT) (a) and the area under the
glycaemic curve (b) in non-diabetic control (NDC),
acute diabetic (AD), chronic diabetic (CD), Psidium
guava-treated control (PSG-C) and Psidium guava-
treated chronic diabetic (PSG-CD) groups (10 rats in
each group. data are expressed as mean £ S EM).
“Significant difference between chronic diabetic and
other groups (P < 0.0001); *Significant difference
between Psidium guava-treated chronic diabetic and
NDC groups (P < 0.05).
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Figure 3. Plasma Calcium (a) and Magnesium (b) con-
centrations and Ca/Mg ratio (c) in non-diabetic control
(NDC), acute diabetic (AD), chronic diabetic (CD),
Psidium guava-treated control (PSG-C) and Psidium
guava-treated chronic diabetic (PSG-CD) groups (10 rats
in each group, data were expressed as mean + SEM).
“Significant difference between CD and NDC group (P <
0.001); *Significant difference between PSG-CD and
other groups (P < 0.001); $Signiﬁcant difference between
AD and PSG-C with other groups (P < 0.001).

NDC and CD groups (NDC vs. AC vs. CD vs. PSG-CD
=022 £0.12 vs. 898 £ 0.19 vs. 9.76 + 0.16 vs. 9.7 +
0.41 vs.). However a significant increase (p < 0.001) was
seen in the PSG-C group (10.1 + 0.16) in comparison to
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the NDC group (Figure 3(a)).

The plasma magnesium level (0.35 + 0.035) signifi-
cantly (P <0.001) decreased compared to the NDC group
(1.73 £ 0.01) 10 days after diabetes induction and the
plasma magnesium level was still decreased (0.46 = 0.08)
8 weeks after diabetes induction. Administration of
Psidium guava for 8 weeks (from day 10) caused plasma
magnesium concentrations in the PSG-CD group to in-
crease although these did not reach normal levels (0.75 +
0.11). It is interesting that Psidium guava administration
in the PSG-C group (0.54 £ 0.03) caused the plasma
magnesium level to decrease significantly (P < 0.001) in
comparison to the NDC group.

The Ca/Mg ratio in the CD and PSG-C groups in-
creased significantly (P < 0.001) 8 weeks after induction
of diabetes compared to the NDC group (NDC vs. AC vs.
CD vs. PSG-C vs. PSG-CD =3.31 £ 0.07 vs. 23.32 £ 1.6
vs. 19.3 £2.65 vs. 18.5+1.21 vs. 12.97 £ 1.41).

3.4. Changes in Plasma Lipid Profiles

Changes in plasma triglycerides, total cholesterol,
HDL, LDL and VLDL concentrations were measured in
all groups (Figures 4(a) to 4(e)). LDL, VLDL, total cho-
lesterol and triglyceride concentrations were elevated
significantly (P < 0.01) in the diabetic control group 8
weeks after induction of diabetes, while HDL concentra-
tion decreased significantly (P < 0.01) compared to the
NDC group. Administration of Psidium guava for 8
weeks (from day 10) caused plasma VLDL and triglyc-
eride concentrations to return to normal levels but LDL
and total cholesterol levels were lower than in the NDC
group. The plasma HDL level in PSG-CD animals was
significantly higher than in the NDCs, but plasma HDL
in the PSG-C group was lower than in the NDC group.

3.5. Mesenteric Bed Response

Baseline perfusion pressure for the CD group was sig-
nificantly (p < 0.001) higher than for the NDC and PSG-
CD groups, but there was no significant difference be-
tween NDC animals and the PSG-CD group (Figure 5).

After equilibration of 20 minutes, a cumulative con-
centration-response curve was plotted for phenylephrine,
an al adrenoceptor agonist, (from 0.0001 to 0.1 M) in
intact mesenteric beds. Phenylephrine was added into the
medium and perfusion pressure (15 min for each concen-
tration) was recorded (Figure 6). The phenylephrine in-
duced concentration-dependent vasoconstriction in mes-
enteric beds manifested as an increase in perfusion pres-
sure (Figure 6). Maximum vasoconstriction was achie-
ved at Phenylephrine concentration of 0.01 M.

Contractile responses to Phenylephrine at concentra-
tions higher than 0.006 M were found to be significantly
increased in the mesenteric beds of CD rats compared to
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the NDC and PSG-CD groups. However, there was no
significant difference between the NDC and PSG-CD
groups at high doses of Phenylephrine.

4. DISCUSSION

This study was designed to investigate the effect of the
oral administration of Psidium guava leaf extract on
plasma glucose, triglycerides, LDL, HDL, VLDL total
cholesterol levels and the sensitivity of the vascular
mesenteric bed to Phenylephrine in normal and diabetic
rats.

The results of the present study have shown that ad-
ministration of 1 g/l of Psidium guava leaf extract to
drinking water of diabetic animals for 8 weeks may de-
crease blood glucose levels. The mechanism is not well
understood. The compositions of Psidium guava leaf
extract are including alkaloids, anthocyanins, carote-
noids,essential oils, fatty acids, lectins, phenols, saponins,
tannins, triterpenes, and vitamin C (80 mg per 100 g of
guava), quercetin, flavonoids, morin and myricetin. The
main active constituent in the plant is reported to be fla-
vonoids [11,19].

Obatomi et al. [13] showed Psidium guava to decrease
blood glucose levels via an increase in insulin secretion,
while Sunagawa et al. [15] showed Psidium guava to
increase blood glucose levels. IPGTT outcomes from the
present study could lead us to believe that Psidium guava
may repair pancreas beta cells and enhance insulin secre-
tion that then decrease blood glucose levels. Furthermore,
treatment with Psidium guava improves glucose toler-
ance in diabetic rats, suggesting an enhanced insulin se-
cretion. Blood glucose was unable to reach normal levels
in the untreated diabetic rats 2 hours after glucose injec-
tion, while the blood glucose in the Psidium guava-
treated diabetic rats returned to normal levels.

In the present study, plasma magnesium levels in-
creased after Psidium guava administration but did not
attain the same levels as in the NDC group. Intracellular
magnesium shift may explain this observation in line
with our previous studies [20-22]. It is interesting, how-
ever, that Psidium guava administration in PSG-C ani-
mals may decrease plasma magnesium levels. Our pre-
vious studies [20-22] have shown magnesium deficiency
as a potential factor in the pathogenesis of complications
in diabetes and it appears that human consumption of
Psidium guava in foodstuffs may increase the risk of
diabetes induction.

Our finding showed the Ca/Mg ratio to be signifi-
cantly elevated in untreated diabetic rats while it de-
creased in the Psidium guava treated group. Ca/Mg ratio
is a marker of vascular tone where an increase represents
increased vascular reactivity and atherogenic risk [23].
Atherogenic lesion is poorly correlated with serum cho-

OPEN ACCESS



A. H. M. Bahrani et al. / Journal of Diabetes Mellitus 2 (2012) 138-145 143

140 ~

g *
2 120 |
5
g 100 |
=
S 8o | #
Q
o
2 60
3
3
2 40 |
(o]
£ - a
@ 20 a o
O [a]
o a 2 = o 10}
= 2 D
. .
()
50 -
45 A #
S 40 |
£
p= 35
S
© 30
£
3 25 4 *
5
o 20
-
s 15
© [a]
£ 10 + (&) (.I)
[72] O 1 (D
(]
T 5 4 |2 § 2 3] @
0
(©
25 -

20 4

Plasma VLDL concentration (mg/dl)

NDC
PSG-C

80 - N

1

:Z-I--I-_I_ £

40
30

20 A

Plasma cholestrol concentration (mg/dl)
>
NDC

PSG-CI

AD
CD
PSG-CD

(b)

70 4
60 - |
50

40 -

3*

30 4

20 4

Plasma LDL concentration (mg/dl)

NDC
PSG-C
AD
CD

o
G,, PSG-CD

(d)

AD
CcD
PSG-CD

(e)

Figure 4. Plasma triglyceride (a), cholesterol (b), HDL (c), LDL (d), VLDL (e) concentrations in
non-diabetic control (NDC), acute diabetic (AD), chronic diabetic (CD), Psidium guava-treated control
(PSG-C) and Psidium guava-treated chronic diabetic (PSG-CD) groups (10 rats in each group, data were
expressed as mean + SEM). “Significant difference between CD and NDC groups (P < 0.01); *Significant
difference between PSG-CD and other groups (P < 0.01).

lesterol level and highly dependent on plasma magne-
sium level and Ca/Mg ratio [23]. Therefore Psidium
guava administration can decrease the Ca/Mg ratio and
prevent atherosclerosis.

Our results show that Psidium guava administration
could decrease triglycerides, cholesterol, VLDL and LDL
cholesterol and also increase HDL cholesterol. The de-
crease in serum triglycerides is associated with the
change in total serum Mg concentration. There is in-
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creasing evidence for the role of magnesium in the
modulation of serum lipids and lipid uptake in macro-
phages [24].

Vascular disease is one of the complicating features of
diabetes mellitus. Several prospective studies have indi-
cated that hypertension in diabetic patients occurs at
twice the rate for the non-diabetic population [25]. Hy-
pertension is also considered an independent risk factor
for cardiovascular mortality in patients with diabetes [25].
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It has been suggested that alterations in the reactivity of
blood vessels to neurotransmitters and circulating hor-
mones are responsible for the cardiovascular complica-
tions of diabetes [6]. In our study, response to pheny-
lephrine was considered an alteration in vascular reactiv-
ity to vasoconstrictor agents, and alteration in the Ca/Mg
ratio was considered a marker for atherosclerosis. Our
results show that the administration of Psidium guava for
8 weeks could decrease the alteration in vascular reactiv-
ity to vasoconstrictor agents and also decrease vessel
atherosclerosis.

In conclusion, we have observed that Psidium guava
administration can improve lipid profile and decrease
blood glucose levels, Ca/Mg ratio and vascular reactivity
to vasoconstrictor agents. It can also decrease vessel

atherosclerosis and prevent diabetic vessel complications.

In our view, it appears that Psidium guava administration
may decrease cardiovascular risk factors.
Our results support the hypothesis that Psidium guava
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has a potential role in the management of diabetes and in
the prevention of some complications in STZ-induced
diabetic rats and that it maybe useful in the treatment of
hyperlipidemia in diabetes. Further studies will be
needed to confirm the role of Psidium guava in lipid me-
tabolism control.
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