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Resumo 

A epididimite, uma condição inflamatória que acomete o epidídimo, representa uma ameaça 
significativa à fertilidade e saúde masculina. Infecções bacterianas constituem o fator 
etiológico mais comum da epididimite, podendo levar à infiltração de células inflamatórias, 
edema, destruição de células epiteliais e musculares lisas, além de fibrose intersticial, 
geralmente observada na região da cauda do epidídimo. É importante salientar que essas 
alterações podem comprometer os parâmetros espermáticos, causando redução da 
concentração e motilidade e alterações da morfologia dos espermatozoides, além da 
presença de leucocitospermia, impactando negativamente a qualidade do sêmen. Tais 
alterações podem culminar em quadros de infertilidade temporária ou permanente. Nesse 
contexto, a fibrose intersticial, caracterizada pelo acúmulo de tecido fibroso formado por 
componentes da matriz extracelular (MEC), evidencia o potencial de sequelas de longo 
prazo associadas à epididimite. As metaloproteinases de matriz (MMPs) são reguladoras 
fundamentais do remodelamento do tecido fibrótico e degradação da MEC, além de 
atuarem no tráfego de células imunológicas e modificações pós-traducionais de mediadores 
inflamatórios (p.ex., citocinas) durante a inflamação. No entanto, o papel das MMPs na 
epididimite permanece pouco explorado. Nesse estudo, investigamos se a epididimite 
induzida por lipopolissacarídeo (LPS) de E. coli altera a expressão e atividade de diferentes 
MMPs (MMP2, MMP7, MMP9 e MMP13) e seus inibidores teciduais (TIMP1-4, RECK) em 
camundongos. Além disso, investigamos se a doxiciclina, um antibiótico bacteriostático com 
atividade inibitória não-seletiva de MMPs, comumente prescrito para o tratamento de 
infecções, incluindo as do trato reprodutor masculino, é capaz de modular a resposta 
inflamatória e a atividade das metaloproteinases no epidídimo. A epididimite foi induzida 
por injeção de LPS ultrapuro de E. coli (50 µg) no compartimento intersticial do segmento 
inicial e da cauda do epidídimo. Além disso, camundongos adicionais foram tratados com 
doxiciclina (50 mg/kg/dia, i.p.) previamente à indução de epididimite. No segmento inicial, o 
LPS induziu um aumento da expressão do transcrito Mmp13 em 6 h pós-indução e de Mmp9 
em 24 h, 72 h e 7 dias, em comparação ao controle salina. Também nessa região, observou-
se aumento bifásico da expressão do transcrito Timp1 em 6 h, 24 h e 7 dias, além de 
aumento tardio dos transcritos Timp3 em 7 dias e Reck em 72 h e 7 dias. Na cauda do 
epidídimo, o LPS promoveu aumento bifásico dos transcritos Mmp13 em 6 h e Timp1 e 
Mmp7 em 24 h e em 7 dias. Em paralelo, observou-se aumento do transcrito Reck apenas 
em 24 h, e dos transcritos Mmp9 e Mmp2 em 72 h e 7 dias. A análise por zimografia e 
ELISA confirmou que o LPS foi capaz de aumentar a atividade de MMP13 apenas em 6 h 
no segmento inicial, e de MMP2 e MMP9 em 72 h e 7 dias, tanto no segmento inicial quanto 
na cauda do epidídimo. A atividade de MMP2 e MMP9 induzida pelo LPS foi inibida pelo 
tratamento com doxiciclina no segmento inicial em 7 dias pós-infecção. Simultaneamente, 
o tratamento com doxiciclina também impediu o aumento da expressão das citocinas Il6,
Tnf e Il1b induzido pelo LPS, tanto no segmento inicial quanto na cauda do epidídimo. Esses
achados sugerem que as MMPs atuam como moduladores na epididimite induzida por LPS
de forma dependente da região inflamada, com a MMP13 atuando precocemente e a MMP2
e MMP9 como mediadoras tardias. Nossos resultados destacam que a inibição das MMPs
surge como uma nova estratégia terapêutica para atenuar os efeitos negativos da
epididimite sobre a fertilidade masculina.

Palavras-chave: Inflamação, Epididimite, Metaloproteinases de Matriz, Doxiciclina, 
Fibrose. 
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Abstract 

Epididymitis, an inflammatory condition affecting the epididymis, represents a significant 
threat to male fertility and health. Bacterial infections are the most common etiological factor 
of epididymitis and can lead to infiltration of inflammatory cells, edema, destruction of 
epithelial and smooth muscle cells, as well as interstitial fibrosis, which is usually observed 
in the distal region of the epididymis. These alterations can impair spermatozoa parameters, 
leading to reduced concentration and motility, abnormal morphology, and leukocytospermia, 
thereby negatively impacting semen quality. Such dysfunctions may result in temporary or 
permanent infertility. In this context, interstitial fibrosis, characterized by the accumulation of 
fibrotic tissue composed of extracellular matrix components, highlights the potential for long-
term sequelae associated with epididymitis. Matrix metalloproteinases (MMPs) are key 
regulators of fibrotic tissue remodeling and extracellular matrix degradation and also 
participate in immune cell trafficking and post-translational modifications of inflammatory 
mediators (e.g., cytokines) during inflammation. However, the role of MMPs in epididymitis 
remains poorly understood. In this study, we investigated whether epididymitis induced by 
lipopolysaccharide (LPS) from E. coli alters the expression and activity of different MMPs 
(MMP2, MMP7, MMP9, and MMP13) and their tissue inhibitors (TIMP1–4, RECK) in mice. 
Additionally, we evaluated whether doxycycline, a bacteriostatic antibiotic with broad-
spectrum MMP-inhibitory activity that is commonly prescribed for male reproductive tract 
infections, is capable of modulating the inflammatory response and MMP activity in the 
epididymis. Epididymitis was induced by injecting ultrapure LPS (50 µg) into the interstitial 
compartment of the initial segment and cauda epididymidis. Additional mice were treated 
with doxycycline (50 mg/kg/day, i.p.) prior to epididymitis induction. In the initial segment, 
LPS induced an early upregulation of Mmp13 transcript expression at 6 h post-induction and 
a late increase in Mmp9 at 24 h, 72 h, and 7 days compared to saline controls. In this same 
region, a biphasic upregulation of Timp1 expression was observed at 6 h, 24 h, and 7 days, 
along with a late upregulation of Timp3 at 7 days and Reck at 72 h and 7 days. In the cauda 
epididymidis, LPS promoted a biphasic upregulation of Mmp13 at 6 h and Timp1 and Mmp7 
at 24 h and 7 days. Concurrently, Reck transcript levels increased only at 24 h, whereas 
Mmp9 and Mmp2 were upregulated at 72 h and 7 days. Zymography and ELISA analyses 
confirmed that LPS increased MMP13 activity at 6 h in the initial segment and MMP2 and 
MMP9 at 72 h and 7 days in both the initial segment and cauda epididymidis. LPS-induced 
MMP2 and MMP9 activity was inhibited by doxycycline treatment, primarily in the initial 
segment at 7 days post-infection. At the same time, doxycycline treatment also prevented 
the LPS-induced increase in Il6, Tnf, and Il1b expression in both the initial segment and 
cauda epididymidis. These findings suggest that MMPs function as modulators in LPS-
induced epididymitis in a region-specific manner, with MMP13 acting in the early responses 
and MMP2 and MMP9 serving as late mediators. Our results highlight that MMP inhibition 
emerges as a promising therapeutic strategy to reduce the detrimental effects of epididymitis 
on male fertility. 

 

Key words: Inflammation, Epididymitis, Matrix Metalloproteinases, Doxycycline, Fibrosis. 
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Introduction 

In the present work, submitted as part of the Master’s Degree Dissertation of the 

Master’s student Poliana Veneziano Martini, enrolled in the Graduate Program in 

Biomolecular and Pharmacological Sciences (PPG-CBF) – a joint program between the 

Institute of Biosciences, Letters and Exact Sciences (IBILCE), São José do Rio Preto, and 

the Institute of Biosciences of Botucatu (IBB), Botucatu – at the São Paulo State University 

“Júlio de Mesquita Filho” (UNESP), we present the manuscript entitled “Temporal and 

Region-specific Dynamics of Matrix Metalloproteinases Modulation in a Mouse Model of 

Lipopolysaccharide-induced Epididymitis”, which will be submitted to the journal Biology of 

Reproduction.  

The Master’s student developed the research project, whose main objective was to 

investigate whether inflammation induced by lipopolysaccharide (LPS) from E. coli 

modulates the response (mRNA and protein) of matrix metalloproteinases (Mmp2, Mmp7, 

Mmp9, Mmp13) and their tissue inhibitors (Timp1, Timp2, Timp3, Timp4, Reck), as well as 

the activity of the gelatinases (MMP2 and MMP9) in the mouse epididymis. Furthermore, 

the study aimed to examine whether doxycycline, a bacteriostatic antibiotic with broad-

spectrum MMP inhibitory activity, widely used for the treatment of bacterial infections of the 

male reproductive tract, could modulate the inflammatory response and metalloproteinase 

activity in the epididymis. Below, we present an introduction and the scientific relevance of 

the project.  

Male factors contribute to a significant portion of infertility cases (50-70%), 

highlighting the relevance of research on male reproductive health (1,2). Historically, 

however, even with the advent of assisted reproductive technologies (ART), the burden of 

treating unexplained infertility still has largely fallen on women (3). This long-standing 

oversight meant paternal factors were not considered as relevant as maternal ones, 

perpetuating inequalities like the neglect of male health in long-term studies (4). 

Nevertheless, recent research now underscores the urgent need to prioritize male 

reproductive health in preconception care and infertility investigations (5–7). 

Epidemiological studies have revealed that a significant portion of infertile men suffer 

from acute or chronic inflammatory conditions in the urogenital system, such as orchitis, 

prostatitis, urethritis, cystitis (inflammation of the testicles, prostate, urethra and bladder, 

respectively), and sexually transmitted infections (STIs, e.g., gonorrhea and chlamydia) (8–

10). In this context, epididymitis, or inflammation of the epididymis, emerges as one of the 
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