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Abstract: Formaldehyde, when administered to rats at a dose of 10 mg/kg body
weight/day for a period of 30 days, resulted in a significant fall in sperm motility,
viability and count. In addition, the ON A content was significantly lower in testis
and prostate while the tissue protein content of prostate and epididymis had
decreased in the treated rats. In vitro exposure to formaldehyde also inhibited the
sperm motility and viability.
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INTRODUCTION

Chronic exposure of formaldehyde produces
carcinogenic and mutagenic effects (1, 2). Besides
inhibiting spermatogenesis, formaldehyde causes
degeneration of testicular tissue and impairment of
structure and functions of Leydig cells resuILing in
inhibition of steroidogenesis (3, 4). However, the direct
effect of formaldehyde on sperm functions has not been
reported earlier. The present study was therefore
designed to elucidate and compare the in vivo and
in vitro effect of formaldehyde on sperm motility and
viability. The effect of formaldehyde on DNA and
protein content of accessory sex organs was also
studied.

METHODS

Adult male albino rats of Wistar strain (weighing
130-160 gm) were treated with formaldehyde at a dose
of 10 mg/kg body weight given intraperitoneally over
a period of 30 days (Group I). Whereas the control
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male reproductive system

spermatozoa

group received only distilled water intraperitoneally as
vehicle (Group II). On 31st day, the animals were
sacrificed by cervical dislocation and testis, prostate,
seminal vesicles, epididymis were cleanly removed and
weighed.

The tissue was homogenized in 1 milO mM
Tris-HCI buffer (pH 8.0). The concentration of protein
was determined using Bio-Rad protein assay kit. DNA
was estimated according to the method of Burton (5).

Cauda portions of epididymis of both the group
I and group II rats were minced separately in 1 ml
Kreb's solution to obtain sperm suspension. Sperm
count, motility and viability were determined by the
methods described by World Health Organization (6).

To study the in vitro effect of formaldehyde on
sperm parameters, equal volumes of the sperm
suspension of normal rats and different concentrations
of formaldehyde were mixed and incubated at ambient
temperature for different time intervals.
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fig. 1: /n vitro effect of formaldehyde on sperm viabilit: Sperm
suspension was prepared from the cauda epidid'.'mis of
nonnal adult rats as described in methods. 50 141 of this
suspension was mixed with equal volume of d'fferent
dilutions of formaldehyde to achieve the final cor,cenlra­

tions as indicated in the figure. Sperms (viable an, dead)
were counted at different time intervab.
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In in vitro study, 80% sperms were viable over
a period of 1 h in the control group. At a concentration
of 5 ng/ml only 50% spermatozoa were viable for 30
min. At 500 ng/ml concentration 50% spermatozoa were
viable for 6 min and at 2.5 ~g/ml, the effect was
profound and instantaneous, and the sperm viability
dropped to zero within 10 min (Fig. 1). Sperm motility
was more sensitive to the presence of trace amounts of
formaldehyde. At a concentration of 125 pg/ml, less
than 10% sperms were motile for 10 min while at 5
ng/ml, all the spermatozoa were rendered immotile
within this period (Fig.2).
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Data were evaluated statistically using student's
't' -test and expressed as mean ± SEM.

RESULTS AND DISCUSSION

Values are e"pressed as mean ± sm.
n =6 for the comrol group and n =S , 'r I e treated group;
'Treated vIs eontro] (P<O.OOOI); "'1 r~at(d vis control ("<0.00)).

TABLE I : Effect of formaldehyde treatment on thc male sex and
accesory reproductive organs.

Organ Protein conten/ DNA contenl
jlg/mg /issue ,ug/mg /issue

Tes/is
Control 63.0 ± 453 9.S ± 101

Treated 63.7 ± 7.84 4.6 ±O.37'

Pros/ale
Comrol 957 ± 1317 61 ± 139

Treated 80.3. ± 9.70 12 ± 0.49"

Seminal vesicle
Control 60.7±2.71 5.7 ± 053

Treated 62.9 ± '97 5.0 ± 038

Epididymis
Control 74.7 ;9 3.9 ± 0.5!

Treated 70.5 ·1, 37 ± 0.22

In the present slUdy a fall in the tissue protein
content was observed in prostate and epididymis while
it was not affected in testis and seminal vesicles. On
the other hand, the DNA content had significanLly
decreased only in testis and prostate of treated rats
compared to the control rats (Table I). The sperm count
had decreased by 50% in treated rats. The sperm
viability was also significantly affected and only 30%
of viable sperms in the treated group were motile as
compared to 86% in the control group (Table II).

TABLE II: /n vivo effect of formaldehyde on spermatolO~.

Values are expressed as mean ± SE\1 ;

'V/s control' (P < 0.000 I).

Sperm viahility (in percentage) 87.10 ± 0.83

Sperm motility (in percentage) 75.00 ± 10.90
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Fig.2: /n vitro effcn of fOffilaldehyde on sperm motility. Sperm
suspension was prepared from the cauda epididymis of
nonnal adult nits as described in methods. 50 141 of ihis
suspension was mixcd with equal volume of different
dilutions of formaldchyde to achieve the final concentrations
as indicated in the figure. Sperm motility was dctermincd at
indicated time intervals.
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Chronic exposure of formaldehyde has been
shown to impair Leydig cell function and inhibit
stcroidogenesis resuILing in a decline in the serum
testosterone levcl (4). Prostate being one of the main
target organs for testosterone is affected the most as
shown by a signi ficant decrease in the levels of tissue
DNA and protein. A marginal effect on these
parameters was also obtained in other accessory
organs.

Though the weight and protein content of testis
did not change, it was interesting to note a significant
lowcring in its DNA content. This effect could be
attributed to the decrease in Leydig cell population,
inhibition of spermatogenesis, degeneration and
calcification of testicular tissue (7). These changes
are ref1ected in oUF study in the form of low sperm
count in rats treated with formaldehyde as compared
to the control group. In addition, the functional
parameters of spermatozoa like, viability and motility,

were also affected to a significant extent by
formaldehyde treatment.

Our in vitro resuILs show that the sperm motility
was more sensitive to the inhibitory effects of
formaldehyde than their viability, and was first to be
affected. The inhibitory effect on sperm functions may
be a resultant of the suppression of mitochondrial
respiration through inhibition of an energy ~ransfer

pathway bctween the respiratory chain and the site of
ATP synthesis (8). At molecular level, formaldehyde
reacts readdy wi~h various functional groups of
biological macromolecules, like proteins, glycoproteins,
nucleic acids and polysaccharides in a cross linking
fashion thereby altering the physical characteristics of
tissue (9). The cumulative toxic effcct of intraperitoneal
administration of formaldehyde on the male rat
reproductive system suggest that a long-term
occupational exposure to formaldehyde may lead to
male sterility.
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