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Background and Objective: Insulin resistance is well known to exhibit essential effects

on the progression of diabetes mellitus (DM). Guava leaf was also reported to exhibit anti-

diabetic effects including decreasing blood glucose. Therefore, this present study aims to

explore the role guava leaf extract (GLE) plays in insulin resistance and its mechanism of

action via the PI3K/Akt signaling pathway.

Methods: KK-Ay mice is a spontaneous genetic type 2 diabetes mouse model induced by

feeding a high fat and high sugar diet. Mice were randomly assigned into three groups:

diabetic mice (DM), DM + MET (diabetic mice treated with metformin) and DM + GLE

(diabetic mice treated with GLE) groups. After 8 weeks of treatment, body weight and levels

of fasting plasma glucose (FPG), fasting insulin and lipids in plasma were measured. Mice

were sacrificed and mRNA and protein expression of insulin receptor substrate1 (IRS1),

phosphatidylinositol 3-kinase (PI3K) and serine/threonine kinase protein B (Akt) in livers

were measured.

Results: GLE markedly reduced body weight, FPG, fasting insulin and insulin resistance

index but increased the insulin sensitivity index of diabetic KK-Ay mice. Moreover, GLE

upregulated the expression of IRS-1, PI3K and Akt mRNAs in livers of diabetic KK-Ay

mice. In addition, GLE also elevated IRS-1, PI3K, Akt, p-PI3K and p-Akt protein expression

in their livers. The results of the DM + MET group were similar to those of the DM + GLE

group.

Conclusion: GLE plays anti-diabetic roles by ameliorating insulin resistance in KK-Ay

diabetic mice and this is related to the activation of PI3K/Akt signaling pathway.
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Introduction
Recently, diabetes mellitus (DM) has become a serious threat to human health all

over the world. According to the International Diabetes Federation, there are

415 million adults who suffer from diabetes worldwide, and the number is rapidly

increasing and will reach 642 million by 2040.1 Notably, type 2 diabetes (T2DM)

accounts for about 90% of diabetic cases and is characterized by insulin resistance.2

According to the literature, the PI3K/Akt pathway is considered to participate in

proliferation, differentiation, apoptosis, glucose transport and other essential bio-

chemical processes within cells, and it was also been closely associated with insulin

resistance-related T2DM.3,4 It was reported that the tyrosine phosphorylation of

insulin receptor substrate (IRS) responding to insulin stimulation could activate
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phosphatidylinositol 3-kinase (PI3K), resulting in the acti-

vation of serine/threonine kinase protein B (Akt) and ulti-

mately improve glucose homeostasis in the body by

glucose uptake from the periphery.5 Moreover, it was

also found that some drugs that upregulate PI3K/Akt sig-

naling could effectively improve insulin sensitivity,

thereby contributing to T2DM therapies.6,7

To date, only a few hypoglycemic agents, such as

sulfonylureas, glinides, metformin (MET), α-glucosidase
inhibitors and SGLT2, are available for the therapy of

T2DM. However, they can often exert undesirable side-

effects including weight gain, hypoglycemia, flatulence,

heart failure and urinary tract infections.8–10 Given these

reasons, more and more researchers have tried to find and

screen more effective and safe functional components with

anti-diabetic activity from some natural products.

Guava leaf, a traditional anti–inflammatory, anti-microbial,

anti-oxidant and anti-diabetic herbal drug, is widely applied as

a folk medicine for tropical and subtropical countries. Soman

et al11 have shown that the extracts from guava leaves (GLE)

could significantly decrease the levels of blood glucose, gly-

cated hemoglobin and fructosamine in treated groups.

Additionally, Shen et al12 also reported that GLE could

improve hexokinase and phosphofructokinase activities in dia-

betic rats. In addition, the ability of cellular glucose uptake and

glycogen synthesis were also significantly upregulated in the

diabetic rats receiving GLE. However, the role that GLE plays

in insulin resistance and its underlying mechanism are still

unclear. Therefore, in our study, the role that GLE plays in

diabetic KK-Ay mice and the involvement of the PI3K/Akt

pathway were explored in order to clarify the biochemical

mechanisms of GLE on glucose metabolism in diabetes.

Materials and Methods
GLE Extract
GLE was produced and provided by Sunway Bio Co. Ltd.,

Guilin, Guangxi, China. In brief, the guava leaves were

washed with distilled water, air-dried, crushed with a blender

and then extracted with distilled water for 48 h at room

temperature. Next, the extracts were filtered and the filtrate

was subsequently lyophilized. Finally, the powder was stored

at room temperature for subsequent experiments. Five kilo-

grams of dry guava leaves were used to obtain 1 kg of GLE.

Animals
Eighteen KK-Ay male mice weighing 35 ± 5 g (7 weeks)

were provided by Beijing HFK Bioscience Co. Ltd. Mice

were kept within climate-controlled housing (23 ± 2°C)

with 50% relative humidity and a 12 h light/dark cycle. All

experimental protocols were approved by the Institutional

Animal Care and Use Committees of Guangxi Medical

University, and experiments were performed based on the

guidance on the use of laboratory animals from the

National Institute of Health.

The KK-Ay mice were fed with commercial KK mice

diet (Product ID: 1042, HFK Bioscience Co. Ltd.) contain-

ing 17.5 protein, 48.5% carbohydrate and 17.9% fat. Water

was available ad libitum. A fasting glucose concentration

≥13. 9 mmol/L was defined as a stable diabetic state.

Diabetic mice were randomly assigned into three groups

(6 mice per group) for an 8-week feeding experiment:

diabetic mice (DM), DM + MET (diabetic mice treated

with metformin) and DM + GLE (diabetic mice treated

with GLE) groups. Each mouse in the DM + MET group

was intra-gastrically administrated with MET (227.5 mg/

kg/day; H20023371; Sino-American Shanghai Squibb

Pharmaceutical Co. Ltd). Each mouse in the DM + GLE

group was intra-gastrically administrated with GLE

(1638 mg/kg/day). For the DM group, equal amounts of

saline were intra-gastrically given to each mouse based on

the same procedure. There were no adverse effects in the

mice receiving metformin and GLE treatments.

Measurement of Physiological and

Biochemical Indexes
Body weight and blood glucose levels were monitored

every week. After 8 weeks of treatment, mice were killed.

Blood samples were harvested from the orbital sinus and

immediately centrifuged for 10 min at 4°C to obtain the

serum. The hepatic tissues were also collected and then

stored at −80°C for further use. FPG levels were deter-

mined with a glucometer (Roche Diagnostic GmbH,

Germany). The levels of total cholesterol (TC), triglycer-

ides (TG), low-density lipoprotein cholesterol (LDL-C)

and high-density lipoprotein cholesterol (HDL-C) in

serum were determined with a blood chemistry analyzer

(Hitachi 7600).

Fasting insulin levels were measured based on the manu-

facturer’s instructions using a mouse insulin enzyme-linked

immunosorbent assay kit (Cusabio Technology Co. Ltd.,

Wuhan, China). Homeostasis model assessment of insulin

resistance (HOMA-IR), and insulin sensitivity index (ISI)

were calculated based on the following formulae, respectively:
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HOMA-IR = fasting insulin (mIU/L) × FPG (mmol/L)]/22.5;

ISI = 1/[fasting insulin (mIU/L) × FPG (mmol/L)].

RT-PCR
The expression of IRS-1, PI3K and Akt mRNAs were

detected using real-time PCR (RT-PCR). Total RNA from

hepatic tissues were isolated using the TRIzol reagent

(Takara Bio, Dalian, China). The total RNA was reversely

transcribed to cDNA using a PrimeScript RT Reagent Kit

with gDNA Eraser (Takara Bio, Dalian, China).

Subsequently, gene expression was quantitatively measured

using RT-PCR with SYBR Green reagent (Toyobo, Japan) in

an ABI 7500 System (Applied Biosystems, USA). The rela-

tive mRNA expression levels of IRS-1, PI3K and Akt were

calculated using the 2−ΔΔCT method, and β-actin was used as
a housekeeping gene. The detailed information for each

primer sequence are provided in Table 1.

Western Blots
Total protein was extracted from hepatic tissues, separated

with SDS-PAGE (10% to 15%), and then transferred onto

PVDF (Millipore, USA). Subsequently, the membranes were

incubated with non-fat milk for 1.5 h at room temperature and

then incubated overnight at 4°Cwith primary anti–IRS-1, anti-

PI3K, anti-Akt, anti-p-PI3K, anti-p-Akt or anti-β-actin anti-

bodies (1: 500; Cell Signaling Technology). After 5 washes

with TBST, the membranes were incubated with secondary

antibodies for 2 h at room temperature. Finally, an enhanced

chemiluminescence detection system (Pierce, Rockford, IL,

USA) and the Image Lab software Bio-Rad were used to

detect and quantify the bands for protein expression.

Statistical Analysis
SPSS 16.0 software was used for statistical analysis. The

data are shown as mean ± SD. One-way ANOVA or

repeated-measures ANOVA was used to analyze the sig-

nificant differences among the three groups. The means of

every two groups were detected using LSD. P values of

less than 0.05 were considered as significant.

Results
Effects of GLE on Body Weight of

Diabetic KK-Ay Mice
As shown in Table 2, after 8 weeks of GLE treatment,

statistically significant differences were observed in body

weight among the three groups. Compared with the DM

+MET group and DM group, the body weight was mark-

edly decreased in the DM+GLE group (both P < 0.05).

However, there no significant differences in body weight

between the DM + GLE and DM+MET groups (P > 0.05).

Effects of GLE on Serum Lipid Parameters
After 8 weeks of treatment, the serum levels of TC, TG,

LDL-C and HDL-C were measured and are shown in

Table 3. Compared with the DM group, GLE treatment

slightly reduced TG and LDL-C levels and slightly

enhanced TC and HDL-C levels, but there were no sig-

nificant differences in the levels of TC, TG, LDL-C and

HDL-C between the 3 groups (P > 0.05).

Effects of GLE on FPG, HOMA-IR and ISI

of Diabetic KK-Ay Mice
As shown in Table 4, compared to the DM group, the FPG and

HOMA-IR significantly decreased while the ISI increased

Table 1 Primers for RT-PCR

Gene Primer Primer Sequences (5ʹ to 3ʹ) Size (bp)

AKT Forward TGCACAAACGAGGGGAATATAT 88

Reverse CGTTCCTTGTAGCCAATAAAGG

PI3K Forward AAACAAAGCGGAGAACCTATTG 125

Reverse TAATGACGCAATGCTTGACTTC

IRS-1 Forward GAGTTGAGTTGGGCAGAATAGG 109

Reverse CCTATCTGCATGGTCATGTAGT

β-actin Forward CTACCTCATGAAGATCCTGACC 90

Reverse CACAGCTTCTCTTTGATGTCAC

Table 2 Effects of GLE on Body Weight of KK-Ay Mice

Weeks DM (n=6) DM + MET

(n=6)

DM + GLE

(n=6)

F

0 36.87±1.43 36.63±2.76 36.92±2.76 0.034

4 39.05±3.18 38.2±4.16 36.92±4.27 1.006

8 39.77±2.00 37.15±1.13 32.52±3.59a,

b

13.848

Notes: aP< 0.05 vs DM group bP< 0.05 vs DM + MET group.

Table 3 Effects of GLE on Serum Lipids of KK-Ay Mice

Lipids DM (n=6) DM + MET

(n=6)

DM + GLE

(n=6)

F

HDL-C (mmol/L) 3.40 ± 0.91 3.30 ± 0.81 3.83 ± 0.69 0.732

LDL-C (mmol/L) 0.48 ± 0.23 0.30 ± 0.20 0.26 ± 0.13 2.177

TC (mmol/L) 5.16 ± 0.90 6.08 ± 3.45 5.48 ± 1.02 0.290

TG (mmol/L) 5.46 ± 1.17 4.30 ± 2.06 4.38 ± 0.91 1.176
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significantly in both the DM + GLE and DM+MET groups

after 8 weeks of treatment (P < 0.05). Fasting insulin was also

significantly decreased in the DM + GLE group (P < 0.05).

However, there no significant differences in FPG and fasting

insulin levels as well as HOMA-IR and ISI observed between

the DM + GLE and DM+MET groups (P > 0.05).

Effects of GLE on mRNA and Protein

Expression Levels of IRS-1, PI3K and Akt

in Livers of Diabetic KK-Ay Mice
The expression levels of IRS-1, PI3K and Akt mRNAs in

livers of both the DM + MET and DM + GLE groups were

markedly enhanced compared to those of the DM group

(P < 0.05; Figure 1). Moreover, the expression levels of

IRS-1, PI3K, Akt, p-PI3K and p-Akt proteins were also

obviously upregulated in both of the treatment groups com-

pared with those of the DM group (P < 0.05; Figure 2).

However, there no significant differences in the gene and

protein expressions of these intermediates of the PI3K/Akt

signaling pathway between the DM + GLE and DM +MET

groups.

Discussion
Our study showed that GLE treatment decreased FPG

levels and body weight by alleviating insulin resistance,

thereby ameliorating T2DM. Additionally, these effects

might be mediated through the activated PI3K/Akt signal-

ing pathway and IRS1 expression in the livers of T2DM

mice.

Modern pharmacology showed that guava leaves con-

tain phytochemicals with hypoglycemic properties, such as

flavonoids, phenolic acids, triterpenes and sesquiterpenes.13

Shen et al12 reported that long-term feeding of GLE could

significantly reduce the FPG levels of T2DM rats. Similarly,

the study reported by Cheng et al14 also found that GLE

could promote the absorption of glucose through hepato-

cytes, which in turn can contribute to the reduction of

hyperglycemia in diabetic patients. Our study was consis-

tent with their conclusions, demonstrating that GLE exhib-

ited anti-hyperglycemic activity. Specifically, after 8 weeks

of treatment, compared to the DM group, the FPG and

fasting insulin levels and the HOMA-IR of diabetic KK-

Ay mice significantly decreased, while the ISI significantly

increased in the DM + GLE group, suggesting that GLE

could alleviate insulin resistance. There were no significant

differences in FPG and fasting insulin levels as well as

HOMA-IR and ISI observed between the DM + GLE and

DM+MET groups indicating that GLEmight exhibit similar

effects of decreasing glucose and improving insulin resis-

tance with MET but with relatively fewer side-effects.

PI3K/Akt is a major downstream signaling pathway of

insulin and plays key roles in many physiological and

pathological processes such as cell survival, differentiation

Table 4 Effects of GLE on FPG and Fasting Insulin Levels as Well as HOMA-IR and ISI of Diabetic KK-Ay Mice

Variables DM (n=6) DM + MET (n=6) DM + GLE (n=6) F

FPG (mmol/L) 21.35 ± 2.39 12.57 ± 2.45a 13.80 ± 1.75a 27.572

Fasting insulin (mU/L) 20.87 ± 7.28 17.57±2.52 13.62 ± 1.92a 3.753

HOMA-IR 2.94 ± 0.36 2.26±0.34a 2.11 ± 0.26a 11.336

ISI 0.0025 ± 0.0008 0.0049 ± 0.0017a 0.0056 ± 0.0015a 8.505

Note: aP < 0.05 vs DM group.

Figure 1 Effects of GLE on the expression levels of IRS-1, PI3K and Akt mRNAs in livers of diabetic KK-Ay mice. (A) IRS-1. (B) PI3K. (C) Akt. *P < 0.05 vs DM group.
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and glucose metabolism.15,16 Insulin mainly binds to the

α-subunit of insulin receptors in livers, skeletal muscles

and adipose tissues, thereby activating the tyrosine phos-

phorylation of IRS-1. Subsequently, the phosphorylated

IRS-1 binds to p85, a regulatory subunit of PI3K, which

in turn leads to the phosphorylation of Akt and glycogen

synthase kinase 3 (GSK3), which could affect glucose

metabolism by regulating glycogen synthesis, gluconeo-

genesis and glucose transport.17

Natural products have a long history of being used as anti-

diabetic drugs. Previous studies have reported that berberine

extracted from Coptis chinensis Franch can increase insulin-

induced IRS-1 tyrosine phosphorylation and the recruitment of

p85 to IRS-1, suggesting that berberine may alleviate insulin

resistance through regulating some important molecules in the

PI3K/Akt signaling pathway.18 However, the anti-diabetic

action mechanism of GLE is still not fully clarified to date.

Previous studies reported that the anti-diabetic action mechan-

ism of GLE is mainly related to: (1) the decreases in body

weight and blood lipid metabolism;19,20 (2) the inhibition of

α-glucosidase;21 (3) the promotion of liver glycogen

synthesis;22,23 and (4) the inhibition of dipeptidyl peptidase

IV.24 To further explore the potential mechanism of action of

GLE in ameliorating T2DM, our study determined the invol-

vement of the PI3K/Akt signaling pathway. We found that the

mRNA and protein expression levels of IRS-1, PI3K and Akt,

as well as the p-PI3K and p-Akt levels in livers of diabetic

KK-Ay mice in the DM + GLE group were much higher than

those in the DM group. These results suggested that GLE

might play an anti-hyperglycemic role by upregulating the

PI3K/Akt signaling pathway.

In conclusion, our results showed that GLE exhibits an

anti-hyperglycemic effect on diabetic KK-Ay mice by

activating the PI3K/Akt signaling pathway and subse-

quently ameliorating insulin resistance. These results pro-

vide a theoretical basis for the application of GLE for the

prevention and therapy of T2DM as well as the insulin

resistance-related metabolic syndrome.

Although this study has addressed liver insulin resistance

by studying the alterations in PI3K/Akt signaling, future

Figure 2 Effects of GLE on the expression levels of IRS-1, PI3K, Akt, p-PI3K and p-Akt proteins in livers of diabetic KK-Ay mice. (A) IRS-1. (B) PI3K. (C) Akt. (D) p-PI3K.

(E) p-Akt. (F) Representative images for Western blots. *P < 0.05 vs DM group.
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studies should focus on other molecular mechanisms central

to hepatic gluconeogenesis. Similarly, future studies are

warranted to address pathway-specific insulin resistance

amelioration by GLE in skeletal muscle which is one of

the most important target organs of insulin action. The safety

parameters such as liver and renal enzyme measurements

should also be assessed in future work so as to emphasize

the non-toxic nature and safety level of the natural product.
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