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Causas do Aumento da Infertilidade
Masculina no Século XXI

* Disruptores Endocrinos, Stress Oxidativo,
Fragmentacao do DNA, Protaminas

« Obesidade

e Jabaco
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Table 19-6. Distribution of Patients by Diagnostlc
Category after Full Evaluation

Category No. Patients

Varicocele 806
Idiopathic 482
Obstruction 271
Normal 197
Cryptorchidism 73
Testicular failure 54
Antisperm antibodies 42
Ejaculatory dysfunction 49
Gonadotoxin™ 43
Endocrinopathy 25
Pyospermia 22
Genetic/chromosomal’ 11
Torsion 11
Erectile dysfunction 8
Testis cancer

Ultrastructural

Viral orchitis

Systemic illness

Hypospadias O 05

*Includes exposure to chemotherapeutic agents and radiation, heat, drugs,
etc.

Includes chromosomal abnormalities such as Klinefelter’s syndrome and
genetic abnormalities such as CFTR mutations.

O Que Sabemos

2001
Campbell-Walsh Urology, 9th Ed
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Causas de Disfuncao
Espermatica

e Disruptores Endocrinos

e Stress Oxidativo
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DES na Gravida:

 Diminuicao da qualidade dos Ez

 Maior incidéncia de malformacdes genitais
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Outcome

Insult to sperm nuclear content

- Qxidative stress

(due to varicoceles leukocytospermia,

urinary tract infections)

- Hormonal deficiencies
- Microdeletions in Y-chromosome
- Protamine deficiency

Alterations in DNA/RNA
(qualitative/quantitative)

- Poor seminal parameters
(concentration, motility, morphology)

« Poor fertilization rates / infertility

- Epigenetic transfer onto offspring

Vitor Olivelra

Exposure of testis and fetus

- Endocrine disruptors
- Air pollutants
- Life-style

- Increased sperm DNA damage

- AlteredSertoli cell function

- Altered methylation patterns

. Altered RNA profile

- Disruption of apoptotic pathway
- Increased susceptibility to

environmental factors

- Testicular dysgenesis syndrome
- Abnormal sperm count/function
- Poor fertilization rates / infertility
- Epigenetic transfer tc future

generations

Vulnerabilidade do Sistema Reprodutor
Masculino: possiveis causas, efeitos e resultados

AC Varghese et al, RBM, 2008
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Alvarez, 2003

 Aumento da temperatura

e Factores pro-inflamatorios

e Habitos socilals
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Pesticiaas

* Agricultores Mexicanos (Organofosfatos):

* [axas de aneuploidia nos Ez (75% vs 12%)

e China (Carbaryl):
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CHUMBO

e Diminul volume Ez

 Diminui concentracao

— e I T . O N T ey W = e
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DD 1 - Pesticiga

e Diminul motilidade
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Catelase
Glutstnone
Superoxide dEsmutase
Peroxidase
\ Vitamins A.CE

4 Lifestyle
(Smoking, Alcohol, Poor dietary intake, Lack of exercise)
Environment
(Phihalases, Pesticides, Heavy metals, Drugs, Infections)
Testicular/Semen Sources
\ (Vasicocele, CryptorchidismLeukocyies, Spermalozoa) j

.

Reactive Oxygen
Species

A
- lv

Oxidative Stress

)

Damage to:
Mitochondrial DNA
Nuclear DNA

Lipid Peroxidation

- _/

Figure 2 Model of the build up of oxidative stress in the semen. The model highlights the imbalance caused by accumulating ROS
and depleting antioxidant, which brings about a state of oxidative stress. Various lifestyle and environmental factors along with
testicular and seminal sources cause the generation of ROS. Antioxidants comprise both enzymatic and non-enzymatic types.

A Agarwal et al, 2014
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Table 9 Candidate protein biomarkers that may be indicative of oxidative stress-induced male infertility.

UniProt Function Expression with Expression with Reference
ID pathological physiological ROS

ROS or oxidative or without oxidative

stress stress

Suggested protein
biomarker

Seminal plasma
DJ-1 Q99497 Protects against oxidative stress and apoptosis, eliminates H;0;, Decreased Identified Wang et al. (2009)

positive regulator of androgen receptor-dependent transcription

Tubulin-folding cofactor | Q99426 Aids in the regulation of tubulin heterodimer dissociation Increased Not stated Herwig et al. (2013)

B (TBCB)

Alpha-1- P01011 Physiological role undefined, may be involved in controlling oxidative Increased Identified Herwig et al. (2013)

antichymotrypsin damage, highly anti-inflammatory, significant role in defence

(AACT) mechanism against pathological processes

Aldose reductase (ALDR) P15121 Catalyses the reduction of aldehydes and carbonyls Increased Identified Herwig et al. (2013)

Diacylglycerol kinase Q86XP1 Upstream regulator of oxidative stress-induced activation of PKD Increased Not identified Herwig et al. (2013)

(DGK) eta signalling pathway

Prolactin-inducible P12273 Involved in immunoregulation, antimicrobial activity, apoptosis and Increased Identified (very low Sharma et al. (2013a)

protein (PIP) tumour progression amount)

Spermatozoa
Lactotransferrin-2 P02788 Antioxidant Not identified Increased Hamada et al. (2013)

Chelates iron (an essential catalyst for ROS production)

Peroxiredoxin-1 (PRDX1) | Q06830 Detoxifies H,0, Decreased Increased Hamada et al. (2013)

Histone cluster 1, H2ba Q96A08 Core component of nucleosome which wrap and compact DNA into Increased Identified Sharma et al. (2013b)

(HIST1H2BA) chromatin

Malate dehydrogenase P40926 Catalyses the reversible oxidation of malate to oxaloacetate (citric  Increased Not identified Sharma et al. (2013b)

2, NAD (mitochondrial) acid cycle)

(MDH2) precursor

Transglutaminase 4 P49221 Catalyses post-translational cross-linking of proteins, part of a Increased Identified Sharma et al. (2013b)

(TGM4) calcium-dependent enzyme

Glutathione peroxidase P36969 Catalyses the reduction of hydrogen peroxide, protects against Increased Identified Sharma et al. (2013b)

4 (GPX4) isoform A oxidative damage

precursor

Glutamate-ammonia P15104 Catalyses the synthesis of glutamine (from glutamate and ammonia), Increased Identified Sharma et al. (2013b)

ligase (GLUL) which plays a role in inhibition of apoptosis, cell proliferation and

signalling, aids in control of body pH

Heat shock protein Q24JP5 Plays a role in the folding and assembly of proteins in the endoplasmic Increased Not identified Sharma et al. (2013b)

70 kDa protein 5 reticulum; possible important role in monitoring protein transport

(HSPAS) through the cell

A Agarwal et al, 2014
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OBESIDADE

e Diminul:

e [T
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OBESOGENS

 Compostos ambientais que favorecem o ganho
de peso (Ubiquitarios)

 Modificam o Eixo HHT (Disruptores
—ndocrinos)
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EXPOSURE TO OBESOGENS

® ¢
Obesogens
O /7~ GnRH
S— {
S FS
LH
LL' > Dysfunctional Metabolic
— HPT axis disturbances
U) { Fat-soluble toxicants
T—E,
\ o Adipocyles 1
\—/ { Adipose tissue
B
Leydig cell
= Cholesterol
S&xo synthesis
% |} Steroidogenesis
— l
O Sertoli cell
— } Motility g Disrupted
: 2 9 Spermatogenesis

) } Concentration €
— B PLOUY Altered activities of enzymes

\ associated to lipid synthesis

Deficient lipids incorporation

inGCs Altered SCs lipid AM Cardoso et al, 2017

svnthesis
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Table 1 Summary of the proposed effects of obesogens in both glucose and lipid metabolism and the toxic effects in reproductive system

Obesogen

Glycolytic metabolism effects

Lipid metabolism effects

Reproductive toxic effects

2,4-D
Bla]P

BPA
CPYF

DES
GES
Lead

MSG
NIC

PARTH

PBDEs
PCBs

PFOA
PIO
PTLs

SUs
BT

LGLUT3, PFK1 and LDH mRBNA,
lLactate production (4)
tLactate production (8), |LDH (9)

LIRS-1, IGLUT2 (12) |HEX, |PFK (13)
tLDH (17)

tLDH activity (20)
LGlucose uptake (22)
tLactate production (23)

tGlucose, tinsulin (25)
LGlycolysis, |PFK1 activity (27)

LLDH (30)

LGlucose/insulin ratio (32)
tLactate production (31)

LPI3K-AKT, tinsulin sensitivity,
tGlucose tolerance (37)
tGlycolysis, |Insulin secretion (40)

tPyruvate production,
tLactate production (42)
tGlycolysis, tL-lactate (35)
LG6BP, |F6P, |GLUT1 (45)

tMDA, tLDL/MHDL index,
|PUFAs ratio, tLipid peroxidation (5)
1Serum LPC, tSerum SM (10)

tACC and FAS mRNA, tLPL (14)
tLipid peroxidation, tMDA,

14-HNE (18)

tLipid deposition (21)

tMCAD mRNA, MDA, 1GSH (19)
tLipid peroxidation, tCAT

activity, 1GSH, [SOD activity (23)
tTriglycerides, tFree fatty acids (26)

tPhospholipids, 1VLDL, 1Triglycerides,

JHDL, tCholesterol, t1LDL (28)
LAdiponectin, 1TNFa, [TBARS (29)

tCholesterol, tLipolysis (33)

|Fatty acids, tFatty acid
degradation related genes (35)
tFatty acid oxidation, tAdipose
tissue atrophy, t1Cholesterol (38,39)
|Free fatty acids, tHDL,

| Triglycerides, (34)

LACC, 1LCAD, 1TP-beta (43)

IVLDL, |LDL, tHDL/DL ratio (36)
tLipid accumulation (46)

1 Spermatogenic disorders, 1Sterility

(6), Delayed preputial separation (7)

LDSP, |Reproductive parameters, |Testicular
steroidogenic enzymes activity (11)

1Sperm count and motility (15), Erectile dysfunction (16)
tAbnormal spermatozoa,

LSperm motility and count (19)

Penis morphological abnormalities (21)

1Sperm counts, 1Sperm motility, LCs hyperplasia (20)
1Semen volume, [Sperm

concentration and viability (24)

LLCs number (27)

LLibido, |Sperm motility and count (29)

|Weight of reproductive organs,
1Sperm count, |Fertility (31)
1Sperm counts (34)

1Sperm quality and integrity,
|Reproductive hormones (36)
1Sperm count and concentration

1Sperm motility and viability (41)

Affected male maturity, |Sperm

motility and concentration (44)

LT levels (44)

tApoptotic germ cells, | T production (47)
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OBESOGENS

e Periodos Criticos:
e Embrionario

* Nascimento (leite materno)

. Puberdade
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ANTIOXIDANTES

* 20 artigos

* Eficazes na reducao do stress oxidativo e no
aumento da motilidade

* N&o claro se isso se traduz em aumento das
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A Importancia do NO

4 N

Hyperactivation

» Activationof sGC. cGMP production
and activation of effector molecules

\_ other than PKG 1 B
d - 2 : \
- Capacitation

« ¢cGMP-PKG1 signalling pathway)

* Increase of energy production in

\ mitochondna /

Viabilit 3 7 : N
y Acrosome reaction
D g L | - J - _ — .
¢ (,()l’.llp [)}\() ! S"‘(;".‘J.".’A"\g,' /.-\‘(?‘H"o‘v (?‘. . A ‘/) /) ’ /) R " '
» - o P ’ IS SI1nAaHI1INMm N: ML
* Increase of energy production in cGM 3 1:\)\;}, \’\\au Sy anin E: painway
. = o dlalat-"1iTaTaPlat MIALE J

\ mitochondria 4 \ cGh (G signalling pathwa) y
7 / \

Morphology k " Fusion with the oocyte

« CAMP-PKA signalling pathway
| * Nitration of sperm proteins by ONOO Y.

\

 Reduction/increase of lipid peroxidative * Intracellular Ca“" release through

\_ damage to sperm membranes ) y ApoptOSis \ L CSK-PLCy1 pathway

. Activation of mitochondnal cell-death
pathway and induction of caspases

\ activity /
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List of redox-active substances in clinical trials or commercially available that ameliorate sperm-fertilizing capacity by (at least partially) modulating

the NO-signalling pathway

Compound

L-arginine

Superoxide dismutase
mimic, M40403

Sildenafil (Viagra™)

Tadalafil (Cialis™)
Vardenafil (Levitra™)

Ginsenoside R.

Effect

Increases sperm volume, concentration, motility and
morphology by increasing eNOS activity

Improves the functional status of sperm mitochondria, and
thus the fertilizing potential of spermatozoa, by
increasing NO bioavailability

Improves erectile function through inhibition of
cGMP-dependent phosphodiesterase

Increase velocity, capacitation and amplitude of lethal head
displacement in spermatozoa (mechanism unclear)

Improves erectile function through inhibition of
cGMP-dependent phosphodiesterase

Improves erectile function through inhibition of
cGMP-dependent phosphodiesterase

Improves sperm motility through induction of NOS activity
(increase of NO production)

Scibona et al., 1994; Aydin et al.,
1995; Srivastava et al., 2000

Otasevic et al., 2013

Schwartz and Kloner, 2010
Lefievre et al., 2000

Schwartz and Kloner, 2010
Schwartz and Kloner, 2010

Zhang et al., 2006

B Buzadzic et al, 2015
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NO,

e Desempenha multiplos papéis nos Ez

 Modula o estado de reducéao oxidativa do
=z (ROS e RNS)

a4 a . )
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Fragmentacao do DNA

 Diminul a taxa de gravidez

 Diminul a taxa de parto de termo

« Aumenta a taxa de aborto espontaneo
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lapbaco

 Contém altas concentracdes de ROS

e Causa dano no DNA

 Diminul a concentracao de antioxidantes
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lapbaco

* NO HOMEM:

 Jaxa de Fragmentacao de DNA de 50%

 Aumenta a Incidéncia de Cancro nas Criancas
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VARICOCELE

e Estado de Stress Oxidativo aumentado
 Aumento da taxa de fragmentacao de DNA
 Embora polemico, o tratamento cirurgico:

* Melhora os parametros seminais

L ] L] 1 ] ~
e ’ (TIT ) C axXd adeg \q".’.‘ t ,adO
. : =TALS L LALEARYS
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VARICOCELE

e AUA:

Grau ll e Il

Parametros seminais alterados (OAT)

Infertilidade

 Estudo normal na mulher
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|dade Avancada

e Aumento do dano de DNA
* Aneuploidia

 Diminuicao da taxa de apoptose (sing et al, 2003; Rybar et al, 2011)

? iffin et al 1995; Marti

Apenas nos Cromossomas sexual
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FRALDAS DESCARTAVEIS

* N=48
 Aumento de 1°C na temperatura do escroto dos bebeés
O impacto no testiculo é desconhecido

A producéo de Ez sO comeca na puberdade
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Table 2 Lifestyle factors modifiable without risk.

Lifestyle factor Results Recommendations

Vitor Olivelra

References

Smoking Strong correlation with % DFI, DFI Cessation of smoking
markedly higher in infertile
smokers

POP/PCB Positive correlation between PCB accumulate in food
exposure and % DFI chain: avoid fatty fish,
particularly farmed

Organophosphorus Marked increase in % DFI (>30%) in Avoid pesticide exposure
exposed workers

Lead Increase in percentage of Avoid occupational exposure
spermatozoa with DNA and smoking or exposure to
fragmentation cigarette smoke

Bisphenol A Significant trend of increased DNA Avoid plastic packaging,
damage with increased urinary tinned foods, heating or
bisphenol A concentrations storing foods in plastic

Testicular heat Increase in DNA fragmentation Avoid cycling with tight
with 2—3°C temperature increase pants, avoid sauna use, avoid
using laptop on closed legs

Mobile phone No specific studies on DNA Do not store mobile phone in
radiation fragmentation, increased ROS and trouser pocket
decreased antioxidants

Obesity Positive correlation of body mass Weight loss through diet and
index and DNA fragmentation, moderate exercise
higher incidence in obese males

Elshal et al. (2009)

Rignell-Hydbom et al. (2005), Spano
et al. (2005), Stronati et al. (2006)

Sanchez-Pena et al. (2004)

Hsu et al. (2009), Vani et al. (2012)

Meeker et al. (2010)

Southorn (2002), Ahmad et al. (2012),
Sheynkin et al. (2011), Garolla et al.
(2013)

Desai et al. (2009)

Kort et al. (2006), Chavarro et al.
(2010), Fariello et al. (2012a), La
Vignera et al. (2012), Dupont et al.
(2013)

DFI = DNA fragmentation index; PCB = polychlorinated biphenyls; ROS = reactive oxygen species.

C Wright et al
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CONCLUSOES

* Homens com espermogramas suboptimos devem melhorar o
estilo de vida:

e Devem deixar de fumar

* Devem perder peso

o |[evem Draticar exe
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CONCLUSOES

* Alertar a populacao: Evitar o consumo de
alimentos processados




