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ABSTRACT

 Erectile dysfunction is defined as the persistent inability to achieve or to maintain an adequate erec-

tion for satisfactory sexual performance. The causes of impotence can be classified as due to neurologi-

cal, psychological, endocrinological, local structural diseases or toxic subsiances. This is the first clini-

‘cal study to assess ED in patients chronically exposed to pesticides and toxic chemical solvents in
Damietta governorate. During the period from April 2006 to April 2008, 87 patients were examined, who

fulfill the inclusion criteria and agreed 1o complete the study; they were subdivided into two groups; the

first group included those exposed to pesticides, and the other group included patients exposed 1o toxic

solvents. All patients were subjected to history taking, general examination, laboratory investigations

liver and kidney functions; total serum testosterone” and penile duplex examination. In conclusion, it

has been revealed that ED in chronic pesticides and toxic solvents exposures is largely a result of im-

paired penile veno-occlusive mechanisim and more than one factor or mechanism is associated with ED

due to exposure to both pesticides and solvents.

INTRODUCTION

Erectile dysfunction (ED) is a common
problem with significant effects on the
quality of life of aging males world-
wide. Some epidemiologic studies re-
ported elevated risk among farm work-
ers and pesticide applicators. Duplex
study played an important role in dia'g-
nosing ED as non invasive tool and it was

excellent achieving the task indicating
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whether a vasculogenic "arterial or venous
lesion”" or non vasculogenic cause is de- -
fned. LR R

Erectile dysfunction is defined as the
persistent inability to achieve or to main-
tain an adequate erection for satisfactory
sexual performance (NIH, 1993).

A community-based study carried out
in the USA indicated that ED affects 50%
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of males older than 45 years with 10% suf-
fering complete ED (Feldman et al., 1994).
Reports from different parts of the world

“indicate great variation of prevalence of
ED ranging between 5.4 and 82.2%. These
studies point out various risk factors that
are associated with ED. The most impor-
tant risk factors are hypertension, dia-

" betes, heart disease, hyperlipidemia,
smoking, drug use and endocrinopathies
(Dunn et al., 1996; Ventegodt, 1998; Morei-
ra et al., 2001).

Medical disorders that impair blood
flow, neuronal pathways, endocrine regu-
lations, psychological factors and relation-
ship problems may cause erectile dysfunc-
tion. The causes of impotence can be
classified as due to neurological, psycho-
logical, endocrinological, local structural
diseases or toxic substances (Morgentaler,
1999).

Indirect evidence of a potential effect of
environmental contaminants of industrial
and agricultural origin with suspected en-
docrine disrupting properties on ED risk
comes from animal studies (Brien et al,
2000) and some epidemiologic studies re-
porting elevated risk among farm workers
and pesticide applicators (Espir et al,
1970; Amr et al., 1997; Oliva et al., 2002).

There has been intense scientific and so-
cietal concern regarding the potential ad-

verse effects of environmental endocrine
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“disrupters on male reproductive function
and development (Toppari et al., 2002;

Wetherill et al., 2005). However, very little
attention has been paid to the effect of
such agents on erectile function as a criti-
cal component of male reproductive func-
tion (Polsky et al., 2007). '

Ubiquitous environmental pollutants,
such as polychlorinated biphenyls (PCBs)

- and chlorinated pesticides, with known or

suspected endocrine-disrupting properties
may modulate the normal functioning of
endogenous hormones as agonists, as an-
tagonists, or as mixed agonist-antagonist
activity, particularly with respect to estro-
gen or testosterone activities (Toppari et
al., 1996; Wolff et al., 1997).

DDT has been one of the most widely
used chemicals for insects control (Moy-
sich et al., 2002). Although banned from
use and manufacture in the United States
and Canada nearly 30 years ago (Long-
necker et al., 1997), these chemicals persist
in the environment, accumulating in the
food chain. As a result, organochlorines
are now detectable in most human plas-
ma, adipose tissue, and breast milk (Char-
lier and Plomteux, 2002).

In Western countries, major sources of

organochlorine  contaminants  include
foods, particularly meat, fish, and dairy
products, as well as water, soil, and dust

(Paris-Pombo et al., 2003).
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In recent decades, several reports have
implicated exposure to pervasive estro-
~ genic or antiandrogenic environmental

“contaminants in adverse effects on male
reproductive function and development,
such as a worldwide decline in sperm
~ counts (Sharpe and Skakkebaek, 1993;
 Swan et al,, 2000) and increased rates of

" male reproductive tract abnormalities

(Vrijheid et al., 2003) and testicular can-.

cer (Adami et al., 1994).

‘The male erection is controlled by a
complex interplay between neural, vascu-
lar, and hormonal factors (Mills et al.,
1996). It is plausible that organochlorine
pesticides and various industrial chemi-
cals with documented antiandrogenic or
estrogenic properties (eg, DDT and its me-
tabolites, PCBs) can interfere directly or
indirectly with the action of sex hormones,
such as androgens, thus negatively im-
pacting erectile function (Polsky et al.,
2007).

Thus, the present study was designed

to investigate the possible relation be-
tween chronic pesticides and organic sol-
vents exposure and erectile dysfunction,

PATIENTS AND METHODS

The present work was carried out in
the period from April, 1st, 2006 to April,
1st, 2008, and patients were selected from
those attending Al-Azhar University Hos-
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pital (New Damietta) seeking medical ad-
vice for impotence the study included ini-
tially 187 males reduced to 87 cases ful-
filled the inclusion criteria and agreed to
complete the study.

The inclusion criteria included: 1) the

- patient has been married for at least 6

months; 2) reported erectile dysfunction
for at least 2 months; 3) non smoker, and
has not any other known risk factors for
ED as diabetes, hypertension, obesity or
on medical therapy with psychotropic
drugs; 4) occupational history of exposure
to pesticides and other chemical for more
than 3 years whether in continuous or in-
termittent (seasonal) pattern, and 5) had
no psychological troubles.

The included 87 cases were subdivided
into two subgroups according to expostre
substances: subgroup-1, included 47 cases,
with occupational exposure to pesticides
and they were working in the field of agri-
culture or Biochemical Industries Compa-
ny; and subgroup-2, included those with
continuous exposure to solvents (working
in the field of furniture industry: mixed
types of solvents according to the field at
which the worker doing his work] . |

History taking: the personal history
and socio-demographic data were as-
sessed. Then sexual history was reviewed.
The essential components of sexual func-
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tion assessment included: erectile insuffi-
ciency (onset, duration, progression, se-
verity of the problem, qualification of ED
"as it relates to sex with a pariner, noctur-
nal/morning erections, self-stimulatory,
and visual erotic-induced erections), al-
tered sexual desire, ejaculation, orgasm,

sexually related genital pain disorders,

and partner sexual function.

General examinations included meas-
urement of body weight, height, and cal-
culation of body mass index (BMI), any
patient with BMI >29.9kg/m? was exclud-
ed. Measurement of hemodynamic param-
eters as pulse, blood pressure, and any hy-
pertensive cases were excluded. Liver and
kidney functions were assessed through
laboratory investigation and again cases
with abnormal findings were excluded
from the study.

Laboratory and radiological investiga-
tions included estimation of serum testos-
terone levels and assessment of different
penile duplex parameters.

Serum total testosterone (TT) was
measured in the morning (normal range
280-800 ng/dl) using the electrochemilu-
minescence immunoassay (ECLIA) used
on the Roche Elecsys 1010/2010 Boehring-
er Manheim GmbH, Germany) (Oliva et
al., 2002).

Ultrasound of the corpora was per-

Mansoura J. Forensic Med. Clin, Toxicol.

~ Post-injection

66

formed in all directions to detect any
associated penile fibrosis. Cavernosal ar-
tery diameters were measured by ultra-
sound. Following intracavernous injec-
tion of 0.5 ml of a trimix solution
containing 3.6 mg of prostaglandin E1,
0.4 mg of phentolamine, and 9.6 mg of
papaverine (Bennett et al., 1991). Every
patient was asked to manually stimu-
late his penis in a comfortable environ-
ment to induce maximal vascular flow.
If the erection achieved during the first
color duplex ultrasound (CDU) was
judged to be inadequate (EO-E3 accord-
ing to Gerstenberg et al. (1989) classifica-
tion, a booster injection was used to dou-
ble the dose in the same setting. In few
cases with inadequate response to the
vasoactive drug, a second visit was of-
fered to the patient and intracavernosal
injection (ICI) of 1ml of the trimix solu-
tion was given. Identification of the cav-
ernous arteries was carried out bilateral-
ly, and measurement of blood flow was
performed in their proximal part, using a
cursor angle of 45 degrees.
and manual-stimulation

Doppler

measurements were obtained at 5, 10, 20,
and 30 minutes. A peak systolic velocity
(PSV) measurement of >30 cm / second
and an end diastolic velocity (EDV)
measurement of <5 cm/ second were
considered normal to exclude vascular
disease (Gestenberg et al,, 1989). Vasculo-
genic ED includes the sum of arteriogenic
and venogenic ED.
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RESULTS

Patients profiles (tables 1, 2): the mean
yage in pesticides exposed group was
- 38.25+10.51 years compared to 33.60+6.37
years in solvents-exposed group. Expo-
sure time was longer in group II
- (11.704+5.03 years) in comparison to group
1 (10.46+4.21years). Erectile dysfunction
- period was longer in pesticides exposed
group (5.38+2.82 months vs 5.15+2.57
months in solvents exposed group). Also,
there was no significant differences be-
tween both groups as regard height,

'- weight, BMI, pulse, systolic and diastolic -

blood pressure.

T estosterone levels and basic penile
duplex parameters were shown in tables
(3, 4) and figures (1,2): testosterone levels
showed great variability, but still within
normal range. There was statistically non
significant decrease in its levels in pesti-
cides exposed group in comparison to sol-
vents exposed group (298.89168.78 vs
309.75+69.53 ng/ml respectively).

PSV in group I was 29.02+10.09 cm/sec
cornpared to 27.10+9.52 cm/sec in group
il while EDV was 3.1843.24 cm/sec in
group 1 compared to 3.11+3.96 cm/sec in
group II. RI was 0.77+0.11 in group I com-

pared to 0.78+0.13 in group IL. There was’

statistically non significant differences be-
tween both groups as regard penile du-
plex parameters except for maintenance
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flow which was 20.3643.83 in group I
compared to 22.05+3.73 ingroup 1. .

. DISCUSSION

To our knowledge, this is the first clini-
cal study to evaluate ED in pesticides and
solvents exposed subjects carried out in
Damietta Governorate. The present study
was designed to examine the possible rela-
tion between exposure to both pesticides
and solvents and ED. Thus, other known
risk factors for ED were avoided as much
as possible. This effort to avoid other risk
factors is will known from the large num-
ber of cases included in the study at first
before exclusion of 100 cases that not meet
the inclusion criteria. -

All included men in this study were ex-
posed to either pesticides or solvents in
their work for a long period. This suggests
a relationship between these factors and
erectile dysfunction, Exposure prevalence
have been increased by the geographic re-
gion in which these men live, which is a
major industrial and agricultural area.

The average age in solvents exposed
group was 33.60+6.37 years while it was
38.25+10.51 years in pesticides exposed
groups and the difference was statistically
significant. This implies that solvents ex-
posed group presented with ED nearly 6
years earlier than did pesticides exposed
group. The average age reported in the

Vol. XVI, No.2, July 2008



Soliman et al ...

study by Oliva et al. (2002) was 48.7 years
and this age is higher than that reported in
the present study that means that ED pre-
" sented early in included cases. This inter-
esting observation can be explained by the
fact that younger persons are incorporated
in farming and furniture works in Damiet-
ta governorate. ' :

The present work showed that among
men who consulted for erectile disorders,
exposure to pesticides or solvents is asso-
ciated with an increased risk of having an
abnormal nocturnal erectile pattern. These
results are consistent with previous ob-
servations. In 1970, a British study found
that a team of 4 farm workers who had
been using various pesticides for intensive
agriculture became impotent (Espir et al.,,
1970). No other medical or psychological
causes were apparent and they recovered
their erectile function after discontinuing
use. This suggests that there was a rela-
tionship between exposure to pesticides
and the occurrence of impotence. Another
study found that nearly 27% of Egyptian
pesticide formulators are impotent, com-
pared with 4% in a control group matched
for age (Amr et al., 1997).

Erectile problems have also been report-
ed among viscose-rayon production work-
ers, who are exposed to the solvent carbon
disulfide (Vanhoorne et al., 1994). The in-
tensive use of solvents is suspected to be
the cause of the increasing number of
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complaints of impotence among lacquer
users in the Danish furniture industry (Sa-
broe and Olsen, 1979).

The present work revealed decrease in
serum testosterone levels (total serum tes-
tosterone levels). It must be noted that al-

- though decreased, serum testosterone lev-

els remains within the normal range, but it
may be blamed for reported ED.

Male erection is basically a vascular
event, controlled by acomplex interplay
between neural and endocrine factors.
Some organochlorine pesticides and var-
ious industrial chemicals have estrogen-
ic or antiandrogenic endocrine proper-

" ties and interfere directly or indirectly

with fertility and reproduction (Toppari
et al.,, 1996, Cheek and McLachlan,

1998).

In the past, male manufacturing work-
ers who came into contact with the potent
synthetic estrogen, diethylstilbestrol, and
its industrial derivative, diamino-stilbene,
reported impotence and a decrease in libi-
do (Shmunes and Burton, 1981; Quinn et
al., 1990). It was shown that the endocrine
disrupter, p,p9-DDE, a persistent antian-
drogenic metabolite of the insecticide
DDT, interferes with erectile function in
rats (Brien et al.,, 2000). This supports the
hypothesis that active environmental hor-
monal substances may cause erectile dys-
function.
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Other pesticides (eg, organophosphorus
and carbamates) are recognized as neuro-
toxicants, and cause variety of problems in

“the human central nervous system. In the
~ same way, exposure to solvents induces
disturbances in the central nervous system

and number of claims have been made

that common solvents may cause behav-

' joral toxicity (White and Proctor, 1997). In
addition, exposure to carbon disulfide has
been shown to change serum levels of
gonadotropins, suggesting that it acts on
the hypothalamic-pituitary-gonadal axis
(Lancranjan et al., 1969).

Zohdy et al. (2007) believed that the
higher incidence of vasculogenic ED
among their obese men is among other
factors, due to androgen deficiency that
produces a metabolic and structural im-
balance in the corpus cavernousm, result-
ing in venous leakage and ED. It was re-
pbrted that testosterone replacement
therapy may restore erection in men with
venous leakage (Yassin et al., 2006).

Christ-Craina et al. (2004) stated that
the testosterone values did not correlate
with clinical signs and symptoms of hypo-
gonadism and that the symptoms of ag-
ing men are multifactorial and should
not be indiscriminately assigned to age-
associated decreases in testosterone lev-
els.

The duplex study revealed affection of
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both groups nearly to the same extent but
solvent exposed group showed higher MF
values and these results points to the vas-
culogenic nature of ED reported. Also,
there was no difference ‘between - both
groups as regard changes in the degree of
carvenosal artery di_alatid_n, PSV, EDV and

Interestingly, the difference in the aver-
age PSV between both groups was not sta-
tistically significant, whereas the average
MF was significantly higher in solvents ex-
posed group. These results signify that MF
(indicator of venous involvement) is more
impaired by solvents than the PSV (indica-
tor of arterial involvement). This result
might be explained by the lower average
age in solvent exposed group compared
with the pesticides exposed group. It
could be speculated that impairment of
venous drainage plays a more significant
role in younger ED patients because of bi-
ochemical alteration and toxicological
changes induced by solvents. The environ-
mental agents we studied are more strong-
ly associated with the forms characterized
by a flat erectile pattern than with those
characterized by an irregular erectile pat-
tern. Whether this corresponds to a differ-

‘ent pathogenic mechanism remains to be

elucidated. Considerable attention has
been focused on the potential effects of a
large variety of environmental contami-
nants of industrial origin on male repro-
ductive function with particular attention

Vol. XVI, No.2, July 2008



Soliman et al ...

to testicular cancer, genital malformations,
and sperm quality (Oliva et al., 2002).

The results of the present study re-
vealed that ED in pesticides and solvents
exposures is largely a result of impaired
penile veno-occlusive mechanisms. This
finding may serve to guide further studies
investigating the biological basis of erec-
tile pathology in exposure of pesticides
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and environmental substances.

In conclusion, the results of the present
study, revealed that more than one factor
or mechanism is associated with ED due
to exposure to both pesticides and sol-
vents. Thus, we believe that sexual dys-
function deserves further studies because

it results from the deleterious effects of en-

vironmental chemicals.
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Table (1): Patient profile of studied groups.

Group I {Pesticides) Group H (Solvents) .

: I MeantSD Mean % SD ! P
Age (years) RS 3825 + 10.51 31360 £ 637 | 244 | 0.017%
Exposure time (years) .0 10.46 + 4.2 1170+ 5.03 | 24 | 021
Erectile dysfunction duration (months) 538 2.82 515 &+ 2.57 0.39 0.69
Height (cm) R F74.06 + 3.37 74,57 456 | 060 | 055
Weight (ke) IRIEROATE 7606 = 337 | 7666 + 456 | 058 | 0.57
BMI (kg/m?) e 25.09 & 0.13 2510 + 018 | 027 | 078

... Table (2): Pulse and blood pressure in studied groups. . .

Group l_(Pésticidcs) ‘Group II (Solvents)
Mean & SD Mean + SD t P

Systelic blood pressure 124,68 + 6.71 125.25 % 5.94 1.60 0.1l
Diastolic bloed pressure 69.68 + 3.75 055 % 5.94 1.03 0.32
Pulsé 74.38 n 4.58 7427 & 3.67 0.12 0.9

Table (3): Testosterone levels in studied groups.

Testosterone levels (ntean+SD) t L op
Group I (Pesticides) 29889 % 68.78 S
Group I1 {Selvents) 30975 * 69.53 013 1 046

“Table (4): Comparisén_between group I and II as regard radiological assessment,

: Group I (Pesticides) Group I (Solvents) t p
PSV (Cm/sec) 2902 £ 10.09 27.10 & 9.52 0.90 0.36
EDV (Cm/sec) 318 + 324 11 4 3.96 0.86 0.41
CAD before ICI (mm) 053 % 0.13% 052 = 0.14 0.31 0.75
CAD after {CI {(mm) 093 + 0.13 095 = 0.18 0.61 0.54
‘Maintenance flow 20.36 = 3.83 2205 ¢ 373 2.07 1 0.041*
RI 0.77 & 0.1% 0.78 + 0.13 0.39 0.69
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Group | (pesticides) Group 1l (Solvents)

Fig. (1): Mean serum testosterone levels in studied groups.

EDV CAD before  CAD after Maintenance
{Cm/sec) {Cm/sec) ICl (mm) iCl {mm) flow

Fig. (2): Comparison between group I and 1l as regard radiological assessment.
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