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1. Introduction

  Animal models have been used to investigate the physiopathology 

of benign prostate hyperplasia (BPH) and its various medical 

treatments[1]. Like humans, spontaneous BPH occurred in the 

chimpanzees and dogs[2,3]. One of the most common canine prostate 

disorders is BPH. Spontaneous BPH in male dogs is age-dependent, 

with low prevalence by age 2, and high prevalence by age 5-8 years 

old[4]. Many of BPH affected dogs did not show clinical signs[5]. 

As there is a resemblance between the characteristics of BPH in old 

dogs and men, researchers use old dogs as a model for the study of 

BPH and its treatment protocols[6]. However, because of low access 

to old dogs with BPH, various experimentally-induced BPH models 

Objective: To monitor serum inflammatory cytokines during induction of benign prostate 
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hyperplasia was induced by injection of testosterone (75.00 mg/dog, i.m.) and estrogen 
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concentrations of interleukin-8, interleukin-10, and tumor necrosis factor-毩 (TNF-毩) were 

assayed by enzyme-linked immunosorbent assay. 

Results: The levels of interleukin-8, interleukin-10 and TNF-毩were not significantly different 

between the normal group and the benign prostate hyperplasia group. Also, concentrations of 

the pro-inflammatory cutokines were not significantly different between the normal group 

and the BPH group in each day of sampling.

Conclusions: In spite of the induction of benign prostate hyperplasia, changes in the 

concentration of blood serum inflammatory cytokines were not significantly different with that 

of the normal group and between the days of induction of benign prostate hyperplasia during 

two months. It reveals that there is a stable state of serum inflammatory cytokines during 

induction of benign prostate hyperplasia in dogs.
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have been developed by transgenic, hormonal, and xenografting 

methods[6].

  Hyperproliferation of stromal and glandular cells in the transition 

zone and periurethral areas observed in the prostate gland are 

thought to be affected by BPH[7]. The physiopathology of BPH has 

not been explained exactly and several theories have been suggested 

to account for the progressive hyperplastic processes underlying 

BPH. Some evidence has indicated that inflammation contributes to 

the development and progression of prostate hyperplasia[8].

  The presence of inflammation as a component of BPH has been 

confirmed in the canine model of BPH and human prostate tissues. 

Significant inflammation was observed in hormonally induced BPH 

in dogs. The common suggestion is that chronic inflammation and 

endocrine changes disturb homeostasis and leads to tissue damage 

or, even, abnormal stem cell expansion. Damaged homeostasis can 

cause chronic inflammation and endocrine changes. A “defective 

cycle” is started, which leads to hyperplasia with fibrosis and 

conversions in the prostate tissue composition[9].

  Histopathological evidence has confirmed the presence of chronic 

inflammation in BPH-induced dogs. To the best of our knowledge 

and searches in literature, there have been no reports about the 

changes in serum inflammatory cytokines during experimental 

induction of BPH. Therefore, this study aimed to monitor the 

concentration changes in serum inflammatory cytokines [interleukin 

(IL)-8, IL-10, and tumor necrosis factor-毩(TNF-毩)] during the 

induction of BPH in dogs with testosterone and estrogen.

2. Materials and methods

2.1. Animals

  This study was performed under the supervision of the Committee 

on Animal Ethics, Shiraz University, Shiraz, Iran (IACUC No. 

4687/63). The dogs were owned and kept by Shiraz University 

School of Veterinary Medicine, and all dogs were selected with a 

known history. All the dogs were castrated at the end of the study. 

They were treated with antiparasitic drugs (one tablet of praziquantel 

for 10 kg/b.w. and one tablet of mebendazole for 5 kg/b.w.) for two 

weeks. All dogs were fed 300 g/dog/day of commercial dog food 

(NUTRI® Dry Dog Food; Behintash Co. Iran) daily. Dogs were 

given at libitum access to water.

2.2. Study design

  This research was designed as a case-control study. Twenty adult 

intact and mixed-breed dogs (age: 1-3 years old; weight: 15-20 

kg) were divided into two groups (the normal group and the BPH 

group), with 10 dogs in each group. In the BPH group, BPH was 

induced by the injection of testosterone (75.00 mg/dog, i.m.) and 

estrogen (0.75 mg/dog, i.m.) at days 0 (day of the first injection), 21, 

42, and 63. The doses of testosterone were doubled at days 21, 42, 

and 63[10]. The induced BPH was confirmed in accordance with the 

volume of prostate and concentration of prostate-specific antigen 

and canine prostate specific esterase in serum at day 63. The normal 

group did not receive any injection. Blood sampling was performed 

from the jugular vein into plain glass tubes at days 0, 21, 42, and 

63 before injection of hormones. Blood serum was prepared with 

the centrifugation of blood samples at 750 伊 g for 10 min. Serum 

samples were stored at -20 曟 by the end of the study.

2.3. Inflammatory cytokine assays

  The concentrations of inflammatory cytokines (IL-8, IL-10, and 

TNF-毩) were assayed by enzyme-linked immuno sorbent assay 

(ELISA) kits: Canine IL-8 ELISA kit (Bioassay Technology 

Laboratory, China) with sensitivity 2.34 pg/mL and assay range 

5-1 500 pg/mL; canine IL-10 ELISA kit (Bioassay Technology 

Laboratory, China) with sensitivity 1.02 pg/mL and assay range 

2-800 pg/mL; and TNF-毩ELISA kit (Bioassay Technology 

Laboratory, China) with sensitivity 0.01 ng/L and assay range 

0.03-9 ng/L. Intra-assay and inter-assay were coefficients of 

variation <8% and coefficients of variation <10% for all kits.

2.4. Confirmation of induced BPH in dogs 

  The induced BPH in dogs was confirmed by the calculation of 

prostate volume [(width 伊×length 伊 diameter) 暵÷2.6] +1.8[11] related 

to normal volume prostate calculated by the following formula in 

accordance with the body weight of dogs [0.33 伊 body weight (kg) 

+3.28][12] and concentration of canine prostate specific esterase and 

prostate specific antigen in serum of dogs at day 63 of study[13]. 

2.5. Statistical analysis

  The distribution of data was not normal, so data were analyzed 

by non-parametric Friedman test and SPSS Statistics for windows, 

version 16 (SPSS Inc, Chicago, USA). The differences between 

groups (the normal and BPH-induced groups) and between groups 

in each day of sampling were analyzed. The data were expressed 

as median (Q1, Q3) and P value less than 0.05 was considered as 

significant in the statistical analyses.

3. Results

3.1. Prostate volume, prostate-specific antigen and canine 
prostate specific esterase concentration

  The mean prostate volume and concentrations of prostate-specific 

antigen and canine prostate specific esterase in the normal and BPH  

groups at day 63 of study were presented in Table 1. At day 63 of 

induction of BPH, prostate volume and blood serum concentrations 

of prostate-specific antigen and canine prostate specific esterase 

in BPH-induced dogs were significantly higher than those in the 

normal dogs (P<0.05). 
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Table 1. Prostate volume and serum canine prostate specific esterase 

and prostate-specific antigen concentrations in normal group and benign 

prostate hyperplasia (BPH)  group of dogs at day 63 of study.

Parameters  Normal group         BPH group

Prostate volume (cm3)   5.28 ± 2.10a       20.59 ± 6.83b

Canine prostate specific esterase (ng/mL) 70.55 ± 20.34a     135.96 ± 37.21b

Prostate-specific antigen (ng/dL) 0.005 ± 0.001a       0.050 ± 0.010b

Data are expressed as mean ± SD. Different superscripts (a,b) indicate 

significant differences between groups in each row.

3.2. IL-8

  Minimum and maximum levels of IL-8 were 197.33 (181.44, 

358.49) pg/mL and 285.14 (190.58, 930.64) pg/mL in the normal group, 

and 232.67 (173.62, 368.81) and 445.28 (207.71, 622.56) pg/mL in the 

BPH group. There were not significant differences in IL-8 levels 

between groups overally, and each day of sampling between groups 

(Figure 1).

3.3. IL-10

  In the normal group, the concentration of IL-10 was between 98.43 

(82.07, 173.95) pg/mL and 150.60 (139.21, 181.34) pg/mL, and 

in the BPH group, its concentration was between 121.28 (88.12, 

211.90) pg/mL and 138.16 (114.79,1 86.54) pg/mL. The differences 

in IL-10 concentrations between the normal and BPH groups were 

not significant and each day of sampling between groups (Figure 2).

3.4. TNF-毩

  The level of TNF-毩was between 1.50 (1.09, 1.90) pg/mL and 

1.69 (1.19, 2.21) pg/mL in the normal group. In the BPH group, 

the level of TNF-毩was between 1.53 (1.16, 2.16) pg/mL and 

2.33 (1.64,3.84) pg/mL. There were no significant differences 

between two groups and between groups in each day of sampling  

(Figure 3).

 4. Discussion

  The level of serum inflammatory cytokines (IL-8, IL-10, and 

TNF-毩) fluctuated in the normal and BPH dogs, and the mean 

concentrations were not significantly different between the groups at 

different times.

  The mechanisms involved in the disturbances of prostate 

homeostasis were not understood definitely. A group of growing 

documents has referred to inflammation as a key component in the 

pathogenesis of BPH[9]. The cell-mediated and humoral immune 

responses were observed in the biopsy samples and it was found 

that they were predated by hyperplasia[9]. In the experimentally-

induced BPH in dogs, the imbalance in the hormonal levels, as a 

primary event, caused pronounced inflammation, and the actions 

appeared to occur in a harmony. In this model, the inflammation 

may be a cause, an outcome, or an incisive advancing factor in the 

Figure 1. Comparisons of serum interleukin-8 (IL-8) level between benign prostate hyperplasia dogs (BPHD) and normal dogs (ND). Box and whiskers  
indicate serum IL-8 concentration [median (Q1, Q3)] in each day of sampling in each group. 
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Figure 3. Comparisons of serum tumor necrosis factor-毩(TNF-毩) level in benign prostate hyperplasia dogs (BPHD) and normal dogs (ND). Box and 

whiskers indicate serum TNF-毩concentration [median (Q1, Q3)] in each day of sampling in each group.

Figure 2. Comparisons of serum interleukin-10 (IL-10) level between prostate hyperplasia dogs (BPHD) and normal dogs (ND). Box and whiskers indicate 

serum IL-10 concentration [median (Q1, Q3)] in each day of sampling in each group.
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prostate hyperplasia and its development[6]. In a study on humans, 

the cytological and immunohistochemically evaluation of surgically-

treated BPH specimens revealed a significant increase in the 

inflammatory process, and a greater prostate volume was found to be 

linked significantly with a high level of inflammation[14].

  Chronic inflammation at the pathologic evaluation was found 

in about 55% of men with BPH-related lower urinary tract 

symptoms[15]. Progressively, chronic prostate inflammatory might 

lead to BPH, which is likely to increase the size of the prostate, 

worsening lower urinary tract symptoms[16]. Chronic inflammation 

begins with inflammasome, which is activated by the canonical and 

noncanonical pathways[17]. The first step in the canonical pathway, 

priming, is associated with the ligand binding to non-nucleotide-

binding oligomerization domain-like receptors. This will enhance 

the expression of inflammasome ingredients. One of the components 

is protein-lipopolysaccharide binding to toll-like receptor 4, which 

then enhances the expression of the apoptosis-associated speck-like 

protein, PYD domains-containing protein 3, caspase-1, and pro-IL-

1b. IL-18 is typically expressed[18].

  Locally, the expression of IL-7 and IL-15 genes in the prostate 

biopsies and serum titers of these cytokines are significantly enhanced 

in men with early-stage prostate cancer compared with men affected 

by BPH. In their study, IL serum titers were not significantly associated 

with their gene expression in the autologous prostate biopsies; 

therefore, they suggested that cells other than tumor cells were likely at 

least in part responsible for the production of IL[19].

  The inflammatory infiltration related to BPH specifically reveals a 

nodular pattern with an enhanced superiority of CD4+  T-cells and the 

release of inflammatory cytokines including interferon-毭, IL-2, IL-4, 

IL-5, and IL-13[20]. Toll-like receptors may somewhat mediate tissue 

responses in the prostate epithelial cells locally[21]. The release of local 

inflammatory mediators such as IL-1, IL-6, IL-8, and C-X-C motif 

chemokine ligand stimulates the activation of the toll-like receptor[21]. 

These intermediaries recruit further inflammatory cells as well as 

agitate the inflammatory response in the local tissue. Stromal cells may 

act as antigen presenting cells to excite chronic inflammatory responses 

through the production of IL-12 and IL-23[21].

  The pro-inflammatory cytokines concentrations were affected by 

the inflammatory conditions and causes. Today, the researchers 

have suggested that multiplex measurements of pro-inflammatory 

cytokines are useful for preventing the effect of fluctuation of 

single measurement of pro-inflammatory cytokine and confirming 

diagnosis of diseases and monitoring body condition and health[22]. 

In our study, multiplex measurement of pro-inflammatory cytokines 

was performed. Non-significant differences between the normal 

and BPH groups indicated that there were not abnormal conditions 

or causes in the normal and BPH dogs to lead to increasing all pro-

inflammatory cytokines.

  IL-8 level was affected by the breed of dogs and method of the 

assay[22], and serum or plasma quality[23]. It appears that the most 

reliable and predictive marker of prostatitis is seminal plasma IL-8 

(sIL-8)[24]. Moreover, there is a growing body of evidence that sIL-8 

connection in the inflammation is not only of the prostate but also, 

and specially, in the epididymis and seminal vesicles. However, 

sIL-8 connection is not connected with the inflammation in the 

testis.

  Although the early mentioned evidence revealed that inflammation 

most likely was one of the triggers and inducing factors of BPH 

in dogs and humans, all of the reports have either referred to the 

chronic inflammation in the histopathological examination of 

prostate samples as a local factor and change or investigated the 

local inflammatory cytokines in the prostate secretions. 

  Inflammatory cytokines in blood serum did not change during 

experimentally-induced BPH in dogs. Further investigation of the 

local inflammatory cytokines in the seminal plasma or the secretions 

of the prostate is suggested, so that more can be understood about the 

relationship between the inflammatory changes in BPH-prostate tissue 

and the cytokine levels.

Conflict of interest statement

  The authors declare that there is no conflict of interest.

Acknowledgments

  The authors would like to thank the Research Council of Shiraz 

University and School of Veterinary Medicine, Shiraz University for 

financial and technical support of this study. 

Foundation project

  This study was supported financially by the School of Veterinary 

Medicine, Shiraz University, Iran (Grant No. 96INT1M154630).

References

[1]  Li J, Tian Y, Guo S, Gu H, Yuan Q, Xie X. Testosterone-induced benign 

prostatic hyperplasia rat and dog as facile models to assess drugs targeting 

lower urinary tract symptoms. PLoS One 2018; 13: e0191469.

[2]  Paclikova K, Kohout P, Vlasin M. Diagnostic possibilities in the 

management of canine prostatic disorders. Vet Med 2006; 51(1): 1-13.

[3]  Hieble J. Animal models for benign prostatic hyperplasia. In: Barrett 

J (ed.). Handbook of experimental pharmacology. vol. 202. Berlin, 

Heidelberg: Springer; 2011, p. 69-79.

[4]  Nizanski W, Levy X, Ochota M, Pasikowska J. Pharmacological treatment 

for common prostatic conditions in dogs—benign prostatic hyperplasia 

and prostatitis: An update. Reprod Domest Anim 2014; 49(suppl 2): 8-15.

[5]  Pinheiro D, Machado J, Viegas C, Baptista C, Bastos E, Magalhães J, 



288 Kamran Golchin-Rad et al./ Asian Pacific Journal of Reproduction (2019)283-288

et al. Evaluation of biomarker canine-prostate specific arginine esterase 

(CPSE) for the diagnosis of benign prostatic hyperplasia. BMC Vet Res 

2017; 13: 76-76.

[6]  Mahapokai W, Van Sluijs FJ, Schalken JA. Models for studying benign 

prostatic hyperplasia. Prostate Cancer Prostatic Dis 2000; 3: 28-33.

[7]  Chughtai B, Lee R, Te A, Kaplan S. Role of inflammation in benign 

prostatic hyperplasia. Rev Urol 2011; 13: 147-150.

[8]  Bostanci Y, Kazzazi A, Momtahen S, Laze J, Djavan B. Correlation 

between benign prostatic hyperplasia and inflammation. Curr Opin Urol 

2013; 23: 5-10.

[9]  Schalken JA. Inflammation in the pathophysiology of benign prostatic 

hypertrophy. Eur Urol Suppl 2015; 14: e1455-e1458.

[10] Trachtenberg J, Hicks LL, Walsh PC. Androgen- and estrogen-receptor 

content in spontaneous and experimentally induced canine prostatic 

hyperplasia. J Clin Investig1980; 65: 1051-1059.

[11] Kamolpatana K, Johnston GR, Johnston SD. Determination of canine 

prostatic volume using transabdominal ultrasonography. Vet Radiol 

Ultrasound 2000; 41: 73-77.

[12] Sannamwong N, Saengklub N, Sriphutthachot P, Ponglowhapan S. 

Formula-derived prostate volume determination of normal healthy intact 

dogs in comparison to dogs with clinical BPH. In: the 7th International 

Symposium on Canine and Feline Reproduction Meeting with EVSSAR 

XV. Whistler British Columbia, Canada; 2012, p. 226.

[13] Sun F, Báez-Díaz C, Sánchez-Margallo FM. Canine prostate models in 

preclinical studies of minimally invasive interventions: Part II, benign 

prostatic hyperplasia models. Transl Androl Urol 2017; 6: 547-555.

[14] Robert G, Descazeaud A, Allory Y, Vacherot F, de la Taille A. Should 

we investigate prostatic inflammation for the management of benign 

prostatic hyperplasia? Eur Urol Suppl 2009; 8: 879-886.

[15] Gandaglia G, Zaffuto E, Fossati N, Cucchiara V, Mirone V, Montorsi F, et 

al. The role of prostatic inflammation in the development and progression 

of benign and malignant diseases. Curr Opin Urol 2017; 27: 99-106.

[16] Hu J, Zhang L, Zou L, Hu M, Fan J, Cai Y, et al. Role of inflammation 

in benign prostatic hyperplasia development among Han Chinese: A 

population-based and single-institutional analysis. Int J Urol 2015; 22: 

1138-1142.

[17] Lamkanfi M, Dixit VM. Mechanisms and functions of inflammasomes. 

Cell 2014; 157: 1013-1022.

[18] Bauernfeind FG, Horvath G, Stutz A, Alnemri ES, MacDonald K, 

Speert D, et al. Cutting edge: NF-kappaB activating pattern recognition 

and cytokine receptors license NLRP3 inflammasome activation by 

regulating NLRP3 expression. J Immunol 2009; 183: 787-791.

[19] Mengus C, Le Magnen C, Trella E, Yousef K, Bubendorf L, Provenzano 

M, et al. Elevated levels of circulating IL-7 and IL-15 in patients with 

early stage prostate cancer. J Transl Med 2011; 9: 162-162.

[20] Fibbi B, Penna G, Morelli A, Adorini L, Maggi M. Chronic inflammation 

in the pathogenesis of benign prostatic hyperplasia. Int J Androl 2010; 

33: 475-488.

[21] Penna G, Fibbi B, Amuchastegui S, Cossetti C, Aquilano F, Laverny G, 

et al. Human benign prostatic hyperplasia stromal cells as inducers and 

targets of chronic immuno-mediated inflammation. J Immunol 2009; 

182: 4056-4064. 

[22] Richter KR, Nasr AN, Mexas AM. Cytokine concentrations measured by 

multiplex assays in canine peripheral blood samples. Vet Pathol 2018; 55: 

53-67.

[23] Kofanova O, Henry E, Aguilar Quesada R, Bulla A, Navarro Linares H, 

Lescuyer P, et al. IL8 and IL16 levels indicate serum and plasma quality. 

Clin Chem Lab Med 2018; 56: 1054-1062.

[24] Lotti F, Maggi M. Interleukin 8 and the male genital tract. J Reprod 

Immunol 2013; 100: 54-65.


