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Abstract
Objectives To investigate the efficacy of insulin sensitizer on prostatic tissue in animal model with benign prostatic hyper-
plasia (BPH) secondary to metabolic syndrome (MetS).
Methods Models were established by providing Sprague–Dawley rats with high fat diet (HFD) combined with metformin or 
not. All objects were killed 40 days later with prostatic tissue being removed, weighed before stained, as well as the expres-
sion level of insulin-like growth factor I (IGF-1) and receptor (IGF-1R) being measured, and the level of insulin resistance 
(IR) has also been evaluated.
Results Model has been successfully established. Level of prostatic hyperplasia and IR as well as IGF-1 and IGF-1R 
expressions in the blank and saline control subunits of HFD group was higher than that of normal diet group (P < 0.05). In 
the subunit of metformin, along with the suppression of IR, the level of prostatic hyperplasia and the expression of IGF-1 
pathway have both decreased (P < 0.05).
Conclusion MetS can promote the growth of prostate during the formation of central obesity and IR. IGF-1 pathway may 
have an important role in the induction of BPH following IR. The application of metformin can suppress the expression of 
IGF-1 and IGF-1R, thus preventing the promotive effect of IR on prostate tissue in animal model of MetS.

Keywords Benign prostatic hyperplasia · Metabolic syndrome · Insulin-like growth factor I · Receptor, IGF type 1 · Insulin 
resistance · Metformin

Introduction

With the development of aging society, benign prostatic 
hyperplasia (BPH) is extremely common and can cause 
significant harm [1]. Metabolic syndrome (MetS), closely 
related to obesity and high fat diet, refers to a cluster of 
cardiovascular risk factors including insulin resistance (IR)/
hyperinsulinemia, obesity, primary hypertension, and other 
chronic diseases [2]. IR associating with the compensatory 
rise of insulin, which is known to have growth-promoting 

effects in plasma, is the core component of MetS. Results 
from multiple preclinical and clinical studies have found 
MetS and its comorbidities including sex steroid alterations 
and low-grade inflammation being related to the progres-
sion of BPH. Furthermore, with the proper treatment and 
recommended lifestyle changes, many individuals with MetS 
might be able to prevent or delay the onset of MetS-related 
complications including BPH [3]. Insulin sensitizer, which 
has been used to ameliorate the level of IR, has also been 
found to have therapeutic effects on BPH.

In this research, rat model of MetS and BPH has been 
established by high fat diet (HFD). Metformin was applied 
on the model, in order to find whether the blockage of IR 
had the efficacy against insulin on the induction of BPH. The 
expression level of insulin-like growth factor-1 (IGF-1) and 
receptor (IGF-1R) was also measured to find the potential 
mechanism.
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Methods

Grouping design and model establishment

A total of 40 male specific pathogen-free Sprague–Daw-
ley (SD) rats (4 weeks old, 70 g) purchased from animal 
experimental center of Anhui provincial hospital were ran-
domly allocated to normal diet (ND) group (n = 10) and 
HFD group (n = 30). HFD group was randomly divided 
into subgroups of blank control (HFD only, n = 10), saline 
control (HFD + saline 10 ml gavage every day, n = 10), and 
metformin (HFD + metformin 20 mg/kg gavage every day, 
n = 10). Environmental conditions were set as room tem-
perature of 22 ± 2 °C, humidity of 50 ± 10%, as well as day 
cycle with 12 h of light (06:00–18:00) and remaining dark. 
After 3 days of adaptive feeding, animals in HFD group were 
given fodder consisted of 10% lard oil, 7% white sugar, 10% 
whole milk powder, 6% eggs, and 2% potato starch being 
mixed with normal diet.

Specimen testing

After 40 days, all rats were weighed before being given 12 h 
fasting. Then, blood sample was collected at the tip of the 
tail for the measurement of fasting blood glucose (FBG). 
After intraperitoneal injection anesthesia using 10% chloral 
hydrate (3 ml/kg), abdominal cavity was opened with fasting 
blood insulin (FINS) being measured by cardiac blood sam-
pling. After that, prostate tissue was carefully isolated and 
weighed before being fixed. Prostate index was calculated 
as “prostate weight (mg)/body weight (100 g).” Homeosta-
sis model assessment of insulin resistance (HOMA-IR) was 
calculated as “FBG (mmol/L) × FINS (μIU/L)/22.5” [4] in 
order to evaluate the level of IR. All objects were killed via 
cervicales dislocation after trial.

Histological examination

Sections (4 μm) were prepared from the paraffin blocks and 
stained with hematoxylin and eosin to examine the cellular 
morphology. After being deparaffinized with xylene and fol-
lowed by antigen retrieval via heating in the citrate buffer 
(10 mM), the prostatic sections were incubated with IGF-1 
or IGF-1R polyclonal primary antibody for 24 h. Polyvalent 
biotinylated goat anti-rabbit secondary antibody and strepta-
vidin peroxidase (STV-HRP) system was used to amplify the 
signals, followed by detection with diaminobenzidine (DAB) 
as a chromogen. Slides were counterstained with hema-
toxylin, dehydrated with graded alcohols, and cleared by 
xylene. Histological images were captured by charged cou-
pled device (CCD) camera attached with a light microscope 

(MIAS 2000, Olympus, Tokyo, Japan) connected to digi-
tal photomicrograph software (Olysia Bioreport, Olympus, 
Tokyo, Japan).

Western blot analysis

Prostate tissues were homogenized by a tissue homogenizer 
in the protein lysis buffer. Protein extraction was performed 
using total extraction kit (Best Bio, Shanghai, China). Pro-
teins from the samples were obtained at appropriate work-
ing concentrations by mixing with an equal volume of Lae-
mmli buffer with mercaptoethanol and heated at 90 °C for 
5 min, loaded into each lane, and electrophoresed in a 10% 
SDS–polyacrylamide gel in 1 × Tris/glycine/SDS buffer at 
150 V for 1.5 h at room temperature. Separated proteins 
were electrophoretically transferred to a PVDF membrane 
using 1 × Tris/glycine buffer for 30 min at 100 V and 4 °C. 
The membrane was washed in Tris-buffered saline + Tween 
(TBS-t) and blocked in 5% milk for 1 h at room temperature.

Primary antibody for IGF-1 (Abcam, MA, USA) in a 
1:200 dilution, and IGF-1R (Abcam, MA, USA) in a 1:200 
dilution, incubated for overnight. Then, 1:5000 HRP-con-
jugated secondary antibody (Pierce Chemical, TX, US) 
incubated for 1 h at room temperature and membrane was 
developed with enhanced chemiluminescence (ECL) West-
ern blotting detection reagents.

ImageJ (National Institutes of Health, MD, US) was used 
for quantitative analysis of the bands. To account for any dif-
ferences in loading, target band densitometries were divided 
by actin densitometries obtained from the same lane. These 
corrected densitometries were normalized to controls in each 
experiment.

Instruments, medicaments, and reagents

Metformin hydrochloride extended-release tablets 
 (GLUMETZA®, Bristol-Myers Squibb, NY, US) were pur-
chased from pharmacy. 10% chloral hydrate solution was 
provided by animal experimental center of Anhui provincial 
hospital. Fasting blood glucose was measured by automatic 
tester (Accu-chek®, Roche). All the primary and secondary 
antibodies were procured from Abcam (MA, US). IGF-1 
antibody (bs-4588R) and IGF-1R antibody (bs-4985R) were 
purchased from Bioss Biotechnology corporation (Beijing, 
China). General kit rabbit/mouse (PV-6000) and DAB stain-
ing agent (ZLI-9018) were purchased from ZSGB-BIO cor-
poration (Beijing, China).

Statistical methods

The Kolmogorov–Smirnov goodness-of-fit test was used to 
determine whether the distribution of a variable was normal. 
One-way ANOVA and Student’s t test were applied between 
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different groups/subunits of independent continuous vari-
ables. All analyses were carried out using the routines of 
SPSS version 19.0 (SPSS, Chicago, IL, USA); statistical 
significance was defined as the P value < 0.05.

Results

Metabolic and prostatic feature

Significant increase in body weight, prostate weight as well 
as prostate index was observed in all subunits of the HFD 
group as compared to the ND group (P < 0.05, Table 1), 
while metformin has abated the promotive effect of HFD 
on prostate weight and prostate index (P < 0.05, Table 1).

IR feature

No significant difference in serum FBG level was found 
between groups and subunits. FINS levels of blank and 
saline control were higher than ND group (P  <  0.05, 
Table 1). However, FINS and HOMA-IR level of metformin 
subunit was much lower compared with that of saline control 
(P < 0.05, Table 1, Fig. 1).

Pathological changes in prostatic tissue

The level of prostatic hyperplasia is not remarkable with 
any epithelial hyperplasia and enlargement of lumen being 
found in ND group. Transformation of glandular epithelium 
into single layer of column or cube with unapparent enlarge-
ment of lumen, as well as pink dyeing of secretion, has been 

Table 1  Metabolic, prostatic, and IR characteristics of different groups and subunits

Values expressed as mean ± SD
ND normal diet, SD standard deviation, HFD high fat diet, FBG fasting blood glucose, FINS fasting blood insulin, HOMA-IR homeostasis model 
assessment of insulin resistance
*Student’s t test; **one-way ANOVA; aP < 0.05 (vs. ND group); bP < 0.05 (vs saline control)

Variables ND group HFD group F value** P value**

Blank control Saline control Metformin

FBG (mmol/l)* 4.54 ± 0.33 4.61 ± 0.23 4.47 ± 0.27 4.59 ± 0.19 0.56 0.65
FINS (μIU/L)* 25.74 ± 3.00 36.54 ± 2.40a 35.25 ± 3.09a 29.18 ± 2.95b 32.55 0.00
HOMA-IR* 5.19 ± 0.68 7.47 ± 0.54a 6.99 ± 0.56a 5.94 ± 0.51b 32.92 0.00
Body weight (g)* 234.70 ± 24.5 329.30 ± 18.95a 326.00 ± 23.99a 313.40 ± 26.85 36.30 0.00
Prostate weight (g)* 0.64 ± 0.12 1.48 ± 0.21a 1.38 ± 0.21a 1.03 ± 0.18a, b 42.94 0.00
Prostate index* 0.27 ± 0.03 0.45 ± 0.06a 0.42 ± 0.05a 0.33 ± 0.05a, b 26.16 0.00

Fig. 1  Results of Student’s t 
test; #P < 0.05 (vs ND group); 
*P < 0.05 (vs saline control 
subunit). ND normal diet
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observed. Prominent hyperplasia has been found in subunits 
of blank and saline control, including significantly increased 
volume of prostate, epithelial hyperplasia and enlargement 
of lumen, as well as hyperactive secretion with formation 
of scarlet coagulum. However, slight hyperplasia has been 
found in subunit of metformin, with mild enlargement of 
lumen and pink secretion obviously lower than other two 
subunits (Fig. 2).

Differential expression of IGF pathway 
along with prostatic hyperplasia

IGF-1 and IGF-1R both expressed mainly in cytoplasm of 
glandular epithelial cell, while sporadic expression of IGF-
1R has also been found in intercellular substance (Fig. 3). 
The protein expressions of IGF-1 and IGF-1R in the subunits 
of blank and saline control were increased significantly than 
those of the ND group (P < 0.05, Fig. 4), while significant 

decrease in the expressions of IGF-1 and IGF-1R in the sub-
units of metformin was observed as compared to the other 
two subunits (P < 0.05, Fig. 4).

Discussion

MetS is a widespread epidemic disease including certain 
metabolic alteration with high medical recourse consump-
tion, due to its association with increased morbidity and 
mortality. Many epidemiological evidences have underlined 
an emerging link between MetS and BPH [5–8]. Therefore, 
BPH is not only viewed as a mere hydraulic problem, to be 
solved by a surgical intervention, but also as a metabolic 
problem, to be solved with a multidisciplinary approach, 
which includes also the endocrinologist.

Definite evidences of a possible role of MetS and its indi-
vidual components have been provided in the development 

Fig. 2  HE stain of prostatic tissue. 1: ND group; 2: Blank control subunit; 3: Saline control subunit; 4. Metformin subunit. HE stain hematoxylin 
and eosin stain, ND normal diet

Fig. 3  IHC of prostatic tissue. 1: ND group; 2: blank control subunit; 
3: saline control subunit; 4: metformin subunit. Immunohistochemi-
cal localization of IGF-1 and IGF-1R in prostatic epithelial cells was 

marked with red circle. IHC immunohistochemistry, ND normal diet, 
IGF-1 insulin-like growth factor 1, IGF-1R IGF-1 receptor
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of BPH, prostate growth, and worsening of lower urinary 
tract symptom (LUTS) [9]. Central obesity, lipidic disorder 
as well as hyperinsulinemia secondary to insulin resistance 
represent the dominant causes of MetS and related patho-
logical conditions, while the critical pathological pathways 
between MetS and BPH are mainly attributable to hyperin-
sulinemia, increased sympathetic nervous system activity, 
and smooth muscle tone of the prostate [10, 11]. Central 
obesity is considered the core of the pathophysiology of 
MetS [12] and was suggested to induce prostatic enlarge-
ment either by promoting insulin resistance and secondary 
hyperinsulinemia or through an increment in the estrogen-
to-androgen ratio [13]. Several studies suggested that insu-
lin resistance with secondary hyperinsulinemia is associated 
with prostatic enlargement [14, 15], proving that hyperinsu-
linemia is a final and common path of several components of 
MetS on the pathogenesis of BPH. It has been hypothesized 
that MetS could influence BPH at intra-prostatic level via 
hyperinsulinemia-related chronic inflammation-driven pros-
tate overgrowth, associating not only with increased prostate 
volume, but also with severe intra-prostatic inflammation 
[16]. In this research, body weight of HFD group was higher 
than ND group. Along with the increase in body weight, the 
level of prostatic hyperplasia has also risen, proving that 
MetS can induce the progression of prostatic hyperplasia at 
the meantime of the formation of central obesity.

Hyperinsulinemia is associated with increasing level 
of IGF-1, and the IGF pathway may also contribute to the 
association between insulin resistance and BPH. Insulin 
presents a structural similarity to IGF-1 and can bind its 
receptor, which may activate a complex pathway influenc-
ing prostate cell growth and proliferation. Alternatively, as 
insulin increases, IGF-1 binding protein-1 decreases, thus 
increasing IGF bioavailability. Also, the insulin receptor 
exhibits a high degree of homology with the IGF receptor, 
and the related ligands are well known to cross-activate 
their receptors. Several studies reported that the increase 
in the level of IGF-1 predisposes patients to a higher risk 
of BPH [17, 18]. Luo et al. [19] found IGF-I and -II, and a 
restricted set of growth factors and their binding proteins 
to be upregulated in BPH. Many analyses have localized 
IGF family including IGF-I, IGF-IR, IGF-II, and IGFBPs 
on prostate epithelial cells [20, 21]. In addition, the pros-
tate stroma has been shown to be a major source of IGFs, 
which can function via paracrine action to promote pros-
tate epithelial cell proliferation [22]. Oppositely, IGF-I 
deficiency has been found to be the proximate cause of 
impaired prostate development in IGF-I null mice and 
wild-type littermates [23]. This suggests that insulin may 
cause prostatic growth during type 2 diabetes by activat-
ing the IGF pathway, which again emphasizes the need 
for a comprehensive analysis of BPH tissues to define the 

Fig. 4  Results of WB. Student’s t test; #P < 0.05 (vs ND group); *P < 0.05 (vs Saline control subunit). WB Western blot, ND normal diet
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true mechanistic action. In this research, along with the 
increase of HOMA-IR, both IGF1 and IGF1R were found 
to have higher expression level in the prostate of hyperpla-
sia than normal, thus enhancing the possible role of IGF 
pathway in the linkage of IR and BPH.

In the meantime, both insulin resistance and pathologi-
cal change of prostate were found to have arisen before the 
occurrence of hyperglycemia, suggesting that MetS might 
induce the hyperplasia of prostate before diabetes mellitus 
being diagnosed.

Metformin is an oral anti-hyperglycemic agent of 
biguanide class and insulin sensitizer, which inhibits hepatic 
gluconeogenesis and enhances peripheral glucose uptake 
[24]. It also possesses anticancer activity against several 
tumors through induction of apoptotic signaling and cell 
cycle arrest [25]. Several studies have found a beneficial 
effect of metformin in reducing prostate cancer incidence 
and improving overall survival [26–31]. Zhang et al. [32] 
have found that metformin can reduce the secretion of IGF-1 
in endometrial carcinoma cell lines and their expression of 
IGF-1R to inhibit endometrial carcinoma cell growth.

The similar effects of metformin have also been found 
in BPH. Wang et al. [33] has found that metformin inhibits 
the proliferation of benign prostatic epithelial cells by sup-
pressing the expression of IGF-1R and IGF-1 secretion in 
stromal cells. Mosli et al. [34] have found the attenuation 
effect of metformin on the SD rat model of testosterone-
induced BPH, with significant protection against the eleva-
tion of mRNA expression of IGF-1, IGF-1R being revealed.

In this research, the application of metformin has sup-
pressed FINS and HOMA-IR level in HFD feeding rats, 
as well as reduced the hyperplasia level of prostate. In the 
meantime, metformin has also reduced the expression of 
IGF-1 and IGF-1R, suggesting that metformin may meliorate 
the level of prostatic hyperplasia via the influence of IGF 
pathway in patients with MetS or IR. However, the period 
of model establishment is only 40 days in this research. A 
more chronic model with high similarity to human should 
be established in the future to find the proper method of 
metformin application.

Conclusion

This research has following conclusions: (1) MetS can pro-
mote the growth of prostate during the formation of central 
obesity and IR; (2) IGF-1 pathway may have an important 
role in the induction of BPH following IR; (3) BPH may 
happen earlier than the change of glycaemia in patients with 
MetS;(4) The application of metformin can suppress the 
expression of IGF-1 and IGF-1R, thus preventing the effect 
of IR on prostate in rats model of MetS.
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