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Effects of Octylphenol Biodegradation and Toxicity
 in Biological Systems
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In industrialized countries, many researches have highlighted a correlation between the presence of
octylphenol in different plastics or detergents and its estrogenic effect. The metabolism of alkylphenols (4-
n-octylphenol and 4-tert-octylphenol) is depending on alkyl chain and at testicular level act as endocrine
disruptions. The purpose of our work was to evaluate the octylphenol effect on the testicular morphological
changes in mice. Our experiment was performed on adult mice, divided into three experimental groups of
5 individuals each, respectively: control group (C -untreated); the vehicle group (V) treated with ethanol and
corn oil mixt (1:10); and experimental group (E - treated with octylphenol in concentrations of 80 mg / kg
body weight). Octylphenol is a pollutant that has to be monitoring because our study showed a decrease in
male fertility due to morphological alterations as a result of exposure to a series of hormone mimetic
molecules. Animals exposed to octylphenol presented morphological changes at the testicular level
manifested disorganization of the seminiferous epithelium, hypertrophic and hypereosinophilic
spermatocytes, presence of apoptotic bodies, as well as the diffuse hyperplasia of the Leydig interstitial
cells, proving that octylphenol negative influences the male fertility.
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Fig. 1.  Chemical forms of octylphenol

Octylphenols are widely used in chemical industry for
detergents and different cosmetics, paints, plastics,
adhesives, pesticides, rubbers and other commercial
products. Also, octylphenols (OPs) are formed in
environment by biodegradation of octylphenol ethoxylates
(OPEs) very much use in cleaning industry (detergents),
but also for paints, coatings products, textile and paper
industry. Octylphenol can be found as 4-n-octylphenol (4-
nOP) or 4-tert-octylphenol (4-tOP) (fig. 1).

Octylphenols and their biodegradation forms can enter
into the organism – particularly in aquatic organisms - by
inhalation, ingestion or dermal contact. These chemicals
are under serious concern because they mimic the behavior
of sexual hormones, known as endocrine disruptors.
Endocrine disruptors are represented by exogenous, natural
or synthetic chemical compounds that mimic the action
of natural hormones by coupling to specific receptors and
blocking their action [1,2]. This leads to disruption of growth
and development processes, metabolism, blood circulation
and hemodynamics, central nervous system, and sexual
function [3-7]. Nowadays, the human population is
exposed to various doses of endocrine disruptors such as
inhalation of contaminated air; food and contaminated
water, daily use detergents, cosmetics, surfaces cleaning,

disinfectants, plastics; as well as by widespread use of
herbicides and pesticides in agriculture [8-14]. A number
of chemicals such as polylchlorinated biphenyls (PCBs),
polybrominated diphenyl ethers (PBDE), bisphenol A (BPA),
and a wide range of alkylphenol ethoxylates (APEOs), non-
ionic surfactants whose degradation products
microbiological (nonylphenol monoethoxylate - NP1EO,
nonylphenol diethoxylate - NP2EO, octylphenol - 4-tOP and
nonylphenol -NP) potentially estrogenic [15]. The
increased solubilization of BPA in containers of beverage
and food, led to the global exposure of the human
population resulting in early onset of puberty, altered
mammary gland development, xenoestrogenic effects
manifested also on the male reproductive system [16-19].

Both BPA and 4-tOP have estrogenic activity, although
their affinity for estrogen receptors is at least 10,000 times
lower than that estradiol [20]. Even if most of the exogenous
chemicals reduce their toxicity through biodegradation, it
has been studied that-following this biodegradation
process-the alkyphenols toxicity increase [21]. Due to their
extensive use in a multitude of industries, octylophenol (4-
tOP) and nonylphenol (NP) are reported as frequent
environmental pollutants. In addition, due to high stability
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Fig. 6. Testicle- E. Detachment of
epithelium and the presence of

cytolysis in tubular lumen
[Mallory trichromatic coloring,

1000x]

Fig.3. Testicle - Vehicle
group. Seminiferous

tubules with normal aspect
[Mallory trichromatic

coloring, 100x]

Fig. 2.  Testicle - Control
group. Seminiferous tubules

and normal-looking
endocrine cells

[Mallory trichromatic
coloring, 100x]

Fig. 4. Testicle -E. Epithelium
with reduced thickness and
intestinal cells hyperplasia

[Mallory trichromatic coloring,
200x]

Fig. 5. Testicle-E. Detachment
of epithelium and cytolysis in

tubular lumen [Mallory
trichromatic coloring, 200x]

and lipophilic character, alkylphenols can be stored in
adipose tissue and different organs (liver, kidneys) rich to
higher concentrations compared to those found in the
environment. The male reproductive apparatus, and mainly
the testicles and the epididymis, represent the main target
of alkylphenols action, which are responsible for the
morphological and motility abnormalities occurrence, as
well as the decrease in the number of spermatozoa [22,
23]. Considering the estrogenic potential of octylphenol, in
this paper, our studies have been focused on identifying
the main morphological changes induced by different
concentrations of this chemical compound in the adult
mice.

Experimental part
Biological material

For the experiment we used adult mice - NMRI line,
weighing on average 30 g, from the Cantacuzino Institute
– Bucharest. During the experiment, the mice were housed
in the biobase of BUASVM Timisoara, in very good
conditions, respecting specific legislation. The mice were
housed in plastic cages, with 12:12 light-dark photoperiod,
at 21±1oC and 55±5% humidity, and the standard diet with
rodents’ briquettes was applied to feed them.

Chemical substances. Reagents and colorants used to
perform histological preparations were purchased from
Merck (Germany) and 4-tOP was purchased from Sigma-
Aldrich (Germany). We prepared the solution of 4-tOP (80
mg/kg body weight) and ethanol solution diluted in corn
oil (1:10).

Administration of octylphenol (4-tOP). The 4-tOP was
administered subcutaneously in a volume of 1 mL (Kalita,
J.C., et al., 1998) for 7 consecutive days at 24 h intervals.

Experimental design
The mice were divided into three groups (5 mice / lot),

respectively: control group (CG)- untreated; vehicle group
(VG)-treated with ethanol and corn oil (1:10); experimental
group (EG) was administered at 80 mg / kg body weight 4-
tOP. Mice were sacrificed by cervical dislocation at 24 h
after the last administration.

Hystopathologic exam. After male mice sacrifice, the
testicles were collected and then fixed in 10% neutral
formalin solution, dehydrated in increasing amounts of
ethyl alcohol (70, 80, 90, 100%), clarified in two benzene
baths, and included in histological paraffin. The paraffin
blocks were cut to a size of 5 µm by using a manual rotating
microtome and staining was performed by the Mallory
trichromatic method. The hystopathologic examination
was performed using the Olympus CX41 optical
microscope.

Results and discussions
The histopathologic examination performed on the

testicles of individuals from control and vehicle group reveal
a normal morphological aspect of the seminiferous
tubules, captured with an ordered polymorphic epithelium,
consisting of seminal line cells and Sertoli cells (figs. 2, 3).
Spermatogonies are oval-shaped and are located on the
basal membrane of the epithelium. Several rows of
spermatozoa I are present in different phases of meiosis,
with frequent profanes. A large number of spermatocytes
II and spermatids populate the seminiferous tubules, and
numerous spermatozoa are seen in their lumen. Among
the seminiferous tubes are found small polygonal cells,
organized into groups, which constitute the Leydig
interstitial gland.

In the case of individuals from experimental group (E),
to which we administrated 4-tOP in concentration of 80
mg / kg body weight, the epithelium of the seminiferous
tubules consists of spermatogonies arranged in a
discontinuous layer on the basal membrane, over which
some rows of spermatocytes I overlap, mostly in prophase
I of meiosis, a small number of cells being detected in
telophase (fig. 6). We observed frequently morphological
aspect in seminiferous tubers referring to the reduction of
the thickness of the seminiferous epithelium (fig. 4).
However in a large number of seminiferous tubes,
spermatocytes I mainly in the prophase, are placed on 1-2
rows. Instead of this, the spermatocytes II are disordered
placed on a few rows, followed by few spermatids and a
small number of spermatozoa disposed at the apical pole
of the epithelium. In extended areas, the detachment
processes of the seminiferous tubes epithelium from the
basal membrane are signaled (figs. 4, 5). Also, the
epithelium is rarely or disorganized as a result of deletion
of seminal line cells and as a result of contact loss between
them and Sertoli cells. In the lumen of seminiferous tubules
the presence of cell debris and a cytolysis (figs. 5, 6)
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Fig. 9. Testicle -E. Epithelial
detachments and the
presence of apoptotic

bodies[Mallory trichromatic
coloring; 1000x]

Fig. 7. Testicle - E. Epithelial
detachments and presence of

hypertrophic cells with
hypereosinophilic cytoplasm
[Mallory trichromatic coloring;

400x]

Fig. 8. Testicle -E. Epithelial
detachments, hypertrophic

cells with
hypereosinophilic

cytoplasm and apoptotic
bodies [Mallory trichromatic

coloring; 200x]

In the seminiferous epithelium, a large number of
spermatocytes have a hypertrophic appearance, with
hypereosinophilic cytoplasm, which indicates degenerative
processes (fig. 7). Similar, but more intense aspects were
observed in testicular parenchyma in individuals exposed
to 160 mg 4-tOP / kg body weight [24]. In addition,
apoptotic cells and a large number of apoptotic bodies
(figs.8,9) are reported both in the seminal line cells and in

the lumen. This aspect can be correlated with reactive
oxygen species (ROS) generation and lipid peroxidation,
as a consequence of Ca2+ penetration and activation that
mediates the NADH complex [25].

Laurenzana and Gong reported a series of morphological
changes of seminiferous tubule epithelium, as well as
decreased testosterone concentration in rats treated with
nonylphenol [26, 27]. Studies on human subjects have also
shown that exposure to endocrine disruptors like BPA and
estrogen disrupters, leads to damage of Sertoli cells, with
losses of contact between them and seminal line cells,
disruption of the hemato-testicular barriers and
spermatogenesis function, and consequently, affecting the
fertility [28, 29]. Sertoli cells are considered key  elements
for the process of spermatogenesis, being of great
importance both for the formation of seminiferous tubes
and for the functionality of Leydig interstitial cells [30]. In
addition, our histopathological examination in the case of
individuals from experimental group treated with 80 mg 4-
tOP / kg body weight signifies a diffuse hyperplasia process
at the Leydig interstitial cell (fig. 9), which is expressed in
response to the impairment of the steroidogenesis process.
Reduction of testicular steroidogenesis by exposure to
xenoestrogens is associated with decreased secretion of
luteinizing hormone (LH) and decreased expression of
genes for steroidogenesis enzymes in Leydig cells [30].
Studies of Lapointe [31] indicate that endocrine disruptors
with estrogenic and antiandrogenic action could negatively
influence the spermatogenesis process by abnormally
increasing expression of phospholipid-hydroperoxide
glutathione peroxidase (PHGPx) in the testicles, an
intracellular antioxidant belonging to the selenium-

dependent peroxidases. PHGPx interacts directly with
cholesterol, with cholesterol esters, and with peroxidised
phospholipids, even when are incorporated into lipoprotein
biomembranes [32, 33]. Kim [34] indicates that
alkylphenolic compounds stimulate the expression of
PHGPx mRNA similarly to estradiol. Therefore, it has been
demonstrated that both endocrine disruptors with
estrogenic and antiandrogenic action amplify the
expression of PHGPx mRNA in testicles, suggesting that
PHGPx is useful as a biomarker for screening of disrupting
effects of exogenous endocrine disruptors at testicular level
[36].

Conclusions
Our experimental results obtained by testicular

microscopic analysis shown that octylphenol (4-tOP)
induces alteration of the seminiferous tubule epithelium
and Leydig interstitial cells, suggesting reduction of
steroidogenesis, testosterone secretion and, consequently,
spermatogenesis disturbance, intensity of morphological
changes being concentration dependent.

References
1. SVECHNIKOV, K., STUKENBORG, J.B., SAVCHUCK, I., SODER, O.,
Asian J. Androl., 16, 2014, p. 50.
2. TABB, M.M., BLUMBERG, B., Mol Endocrinol, 20, 2006, p. 475.
3. SHARPE, R.R.M., Best Pract Res Clin Endocrinol Metab, 20, 2006, p.
91.
4. BEARD, J., Sci Total Environ, 355, 2006, p. 78.
5. RIBAS-FITO, N., CARDO, .E, SALA, M., EULALIA DE MUGA, M.,
MAZON, C., VERDU, A., KOGEVINAS, M., GRIMALT, J.O., SUNYER, J.,
Pediatrics, 111, 2003, p. 580.
6. ZHANG, L., DONG, L., DING, S., QIAO, P., WANG, C., ZHANG, M.,
ZHANG, L., DU, Q., LI, Y., TANG, N., CHANG, B., Environ Toxicol
Pharmacol, 37, nr. 9, 2014, p. 705.
7. AHMADI, M., PUP, M., OLARIU, L., VERMESAN, H., PREJBEANU, R.,
Rev Chim (Bucharest), 59, no. 9, 2008, p. 982.
8. HAYES, T.B., ANDERSON, L.L., BEASLEY, V.R., DE SOLLA, S.R.,
IGUCHI, T., INGRAHAM, H., KESTEMONT, P., KNIEWALD, J., KNIEWALD,
Z., LANGLOIS, V.S., LUQUE, E.H., McCOY, K.A., MUNOZ-DE-TORO,
M., OKA, T., OLIVEIRA, C.A., ORTON, F., RUBY, S., SUZAWA, M.,
REVARA-MENDOZA, L.E., TRUDEAU, V.L., VICTOR-COSTA, A.B.,
WILINGHAM, E., J Steroid Biochem Mol Biol, 127, 2011, p. 64.
9. DUMITRESCU, E., CHIURCIU, V., MUSELIN, F., POPESCU, R.,
BREZOVAN, D., CRISTINA, R., Turkish J. Biol., 39, 2015, p. 284.
10. INOUE, K., KONDO, S., YOSHIE, Y., KATO, K., YOSHIMURA, Y.,
HORIE, M., et al., Food Addit Contam, 18, 2001, p. 157.
11. DRONCA, D., PACALA, N., OROIAN, T., TELEA, ADELA, VINTILA,
T., PET, I., Bulletin of the University of Agricultural Sciences and
Veterinary Medicine – Animal Husbandry and Biotechnologies, 62,
2006, p. 209.
12. PACALA, N., BENCSIK, I., DRONCA, D., PETROMAN, I., PETROMAN,
CORNELIA, CEAN, ADA, CARABA, V., BOLEMAN, ALEXANDRA, J Food
Agr Environ, 9, nr. 1, 2011, p. 219.
13. PUP, M., AHMADI, M., OLARIU, L., PREJBEANU, R., VERMESAN, H.,
Rev Chim (Bucharest), 59, nr. 4, 2008, p. 405.
14. VERMESAN, H., PUP, M., AHMADI, M., VERMESAN, D., PREJBEANU,
R., Rev Chim (Bucharest), 59, nr. 8, 2008, p. 891.
15. HAWRELAK, M., BENNETT, E., METCALFE, C., Chemosphere, 39,
nr. 5, 1999, p. 745.
16. HOWDESHELL, K.L., HOTCHKISS, A.K., THAYER, K.A.,
VANDENBERGH, J.G., wom saal, F.S., Nature, 401, 1999, p. 763.
17. MARKEY, C.M., MICHAELSON, C.L., SONNENSCHEIN, C., SOTO,
A.M., Alkylphenols and bisphenol-A as environmental estrogens. In
Metzler, M. (Ed.), The Handbook of Environmental Chemistry. Part L.
Endocrine Disruptors, Part I., Vol. 3, 2001, Springer-Verlag, Berlin.
18. FURUYA, M., ADACHI, K., KUWAHARA, S., OGAWA, K., TSUKAMOTO,
Y., Life Sci. 78, 2006, p. 1767.



REV.CHIM.(Bucharest)♦ 69♦ No. 7 ♦ 2018 http://www.revistadechimie.ro 1713

19. PUSCASIU, D., TATU, C., TATU, R.F., POTENCZ, E., POPESCU, R.,
MUNTEAN, I., VERDES, D., Rom J Morphol Embryol, 52, nr. 1 Suppl,
2011, p. 369.
20. WHITE, R., JOBLING, S., HOARE, S.A., SUMPTER, J.P., PARKER, M.G.,
Endocrinology, 135, 1994, p. 175.
21. KNEZ, J., Reprod Biomed, Online 26, 2013, p. 440.
22. MARQUEZ PINTO, A., CARVALHO, D., Endocr. Connect., 2, 2013,
R15.
23. KALITA, J. C, MILLIGAN, S.R., BALASUBRAMANIAN, A.V..
Environmental Health Perspective, 106, nr. I, 1998, p. 23.
24. DUMITRESCU, G., PET, I., DRONCA, D., AHMADI, M., PETCULESCU-
CIOCHINA, L., FILIMON, N.F., POPESCU, R., Rev Chim (Bucharest),
69, no. 1, 2018, p. 140.
25. PALLESCHI, S., ROSSI, B., DIANA, L., SILVERSTRONI, L., Toxicol
Lett, 187, 2009, p. 52.
26. LAURENZANA, E. M., BALASUBRAMANIAN, G., WEIS, C., BLAYDES,
B., NEWBOLD, R. R., DELCLOS, K. B., Chem Biol Interact, 139, 2002,
p. 23.
27. GONG, Y., HAN, X. D., Reprod Toxicol, 22, 2006, p. 623.

28. SALIAN, S., DOSHI, T., VANAGE, G., Toxicology, 265, 2009, p. 56.
29. LI, M.W., MRUK, D.D., LEE, W.M., CHENG, C.Y., Int J Biochem Cell
Biol, 41, 2009, p. 2302.
30. SVECHNIKOV, K., IZZO, G., LANDREH, L., WEISSER, J., SODER, O.,
J Biomed Biotechnol, 2010, p. 684504.
31. LAPOINTE, J., KIMMINS, S., MACLAREN, L.A, BILODEAU, J.F.,
Endocrinology, 146, 2005, p. 2583.
32. IMAI, H., NAKAGAWA, Y., Free Radic Biol Med., 34, 2003, p. 145.
33. YAGI, K., KOMURA, S., KOJIMA, H., SUN, Q., NAGATA, N., OHISHI,
N., NISHIKIMI, M., Biochem Biophys Res Commun, 219, 1996, p. 486.
34. KIM, H.H, KWAK, D.H., YON, J.M., BAEK, I.J., LEE, S.R., LEE, J.E.,
NAHM, S.S., JEONG, J.H., LEE, B.J., YUN, Y.W., NAM, S.Y., J Reprod
Dev, 53, 2007, p. 465.
35. KIM, S.K., KIM, J.H., LEE, H.J., YOON, Y.D., Environ Toxicol, 22, nr.
5, 2007, p. 449.
36. BASKIN, L.S., HIMES, K., COLBORN, T., Environ Health Perspect,
109, 2001, p. 1175.

Manuscript received: 12.01.2018


