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Abstract Phenol is a common industrial and ubiquitous
environmental chemical which is used to synthesize resins
and plastics. Due to its anesthetic and disinfectant proper-
ties, phenol is also widely used in pharmaceutical products.
Since there were no adequate data about phenol immuno-
toxicity, the purpose of the present study is to investigate its
toxic effects on the histological structures of the lymphoid
organs in the mice. A total of 80 mice were randomly
distributed into one control group and three experimental
groups. The control group received only distilled water,
whereas experimental groups were orally administered phe-
nol at the concentrations of 80, 180, and 320 mg/kg/day,
respectively. After 28 consecutive days, tissue samples were
taken and histological changes of the spleens, thymuses,
adrenal glands, and lymph nodes were examined using
optical microscopy. The results showed that in the phenol
treated animals; splenic megakaryocyte counts increased,
the diameter of the splenic follicles decreased, the thymo-
cyte population in both cortex and medulla reduced, the
thickness of the reticular layers of adrenal gland increased
and lymphatic cells populations in the lymph node were re-
duced, significantly (P<0.01). Also, remarkable histological
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changes were noted in the various lymphatic organs of the
treated mice. Overall, present findings give some histological
evidences that selected qualitative and quantitative parameters
of the lymphatic organs were significantly altered by phenol
administration. In conclusion, the significant decreases of the
immune cell populations together with histological alterations
in the immunocompetent organs of the mice exposed to phenol
indicate the immunosuppressive and immunotoxic properties
of this chemical material.
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Introduction

Phenol (C¢HsOH), a monohydroxy derivative of benzene, is
used to synthesize resins and plastics (Finkelstein et al.
2007). Also, large amounts of phenol produced in industry
and from other natural sources cause this chemical to be an
important environmental and occupational hazard (Bruce et
al. 1987). Due to its anesthetic and disinfectant properties,
phenol is also widely used in pharmaceutical products such
as ointments, ear and nose drops, sprays, and antiseptic
lotions (Finkelstein et al. 2007).

The detrimental health effects attributed to phenol toxicity
in the humans or animals include renal toxicity (Tootian et al.
2012), hematotoxicity (Louei Monfared and Salati 2012; Baj et
al. 1994), immunotoxicity (Hsieh et al. 1988; Baj-Zeman et al.
1990), and neurological disorders (Windus-Podehl et al. 1983).

Tootian et al. (2012) investigated the nephrotoxic prop-
erties of the phenol in the mice. The cytotoxicity of phenol
was attributed to phenoxyl-type radical production from
phenol and their ability to impair epithelial cell membrane
integrity (Tootian et al. 2012).

Baj et al. (1994) reported that in the workers who had
been exposed for 6 months to vapors of phenol,
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formaldehyde, and organic chlorohydrocarbons; the number
of T-lymphocytes and NK cell cytotoxicity were significant-
ly decreased and lymphocyte proliferation was diminished.
Also, subjects with the highest levels of phenol in the urine
had decreased T-helper lymphocyte numbers and increased
numbers of eosinophils and monocytes. The authors con-
cluded that the functions of both the immune and hemato-
poietic systems could be affected by chronic exposure to
these toxic substances (Baj et al. 1994).

Hsieh et al. (1988) reported immunotoxic effects of oral
benzene (a parent chemical of phenol) exposure in the mice.
They demonstrated that the immunotoxicity is the result of
benzene metabolites including phenol.

Although the understanding of the toxic actions of phenol
on the lymphoid organs is very important for occupational
and public health, however, to the best of our knowledge,
there is not a comprehensive study on histological and
histometrical changes of the lymphoid organs after phenol
exposure. So, the purpose of the present study was to
investigate the effects of this chemical material on histolog-
ical structures of lymphoid organs in the mice.

Materials and methods
Chemical

Phenol (C6H50H) was obtained from Biochem Chemical
Co. (Tehran, Iran) and dissolved in distillated water.
Deionized distilled water was used as the phenol career.
Solutions of this chemical material at concentrations of 80,
180, and 320 mg/kg were prepared to provide the appropri-
ate doses for experiments.

Animal and experimental design

To do the experiments, a total of 80 male Balb/C mice, 9—
10 weeks old, were purchased from Razi Institute (Karaj,
Iran). The animals were maintained in a controlled environ-
ment at a temperature of 23+1 °C, natural 12:12 h light—
dark cycle, and had ad libitum access to drinking water and
food. Animals were allowed to be acclimatized to the labo-
ratory environment for at least 7 days before commence-
ment of testing. The mice were randomly allotted into four
equal groups (#=20); in which mice were exposed to dif-
ferent doses of phenol. The experiment was carried out for
28 consecutive days and animals were randomly divided
into one control group and three experimental groups, each
comprising of 20 mice. The control group received only
distilled water, whereas experimental groups were orally
administered phenol at the concentrations of 80, 180, and
320 mg/kg/day, respectively. The concentrations were de-
termined on the basis of a primary study. Also, the
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concentrations and stabilities of the chemical were con-
firmed. All experimental procedures were carried out in
accordance with institutional guidelines for animal care
and use at the University of [lam.

Histological and histometrical assessment

At the end of the administration period; the animals were
anesthetized with chloroform vapor, quickly brought out of
the jar, and sacrificed. For tissue assessment; the specimens
from spleens, thymuses, adrenal glands, and sub-iliac lymph
nodes were immersion imprisoned overnight in 10 % neutral
buffered formalin to be fixed. Then the specimens were
mounted to allow 5-pm sections. Sections were stained via
hematoxylin and eosin method and photographed directly
using a stereo microscope in 400 high power fields with
Microsoft system.

For exact description of the structural changes in the
lymphatic tissues, a histometrical analyze was performed.
For this purpose, splenic megakaryocytes in unit area of
(1.44x10*um? tissue area) were determined by counting
in 10 randomly selected areas in subcapsular white pulp
regions (Salbacak et al. 2001) using Image Tool® 3.0 soft-
ware (UTHSCSA, San Antonio, TX, USA). Also, in each
animal from all of the groups 10 tissue sections (7 wm) were
taken at 21 pum intervals, and splenic capsule thickness, and
also splenic follicular diameter were recorded. Furthermore,
thymic capsule thickness, thymic cortex diameter, as well as
thymic medulla diameters were recorded. In addition, the
thickness of the glomerular, fascicular, reticular, and med-
ullary layers of adrenal glands has been determined. Finally,
the thickness of the lymph node’s capsule and the diameter
of the lymph node’s follicles were determined according to
Salbacak et al. (2001).

Data analysis and statistics

All results were expressed as standard error of the mean.
The analysis of variance was used to test the overall signif-
icance of differences among the means. Tukey—Kramer’s
multiple comparison test was applied for post hoc compar-
ison. Computations were performed using Statistical
Package for Social Scientist (SPSS 11.5). A probability
level of less than 5 % (P<0.05) was considered as
significant.

Results
Spleen

In the phenol-treated animals, spleen was severely affected,;
so that the splenic megakaryocyte counts have significantly
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increased in the treatment group (Table 1) in compari- g R 2 %ﬁ
son with control animals (P<0.01) (Table 1). In these 2 ddadd E §
animals, both histological (Fig. 1d) and morphometric SR R 2 E
(Table 1) results have demonstrated severe splenic lym- '°§ . é;z
phocyte depletion. Although, the thickness of the ElEfoz2g02 = 8
spleen’s capsule was not affected by phenol administra- £ 5 d s s % E
tion (Table 1) but the diameter of the splenic follicles Jla|ressy E«E
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Table 1). It was not found any outstanding differences «g“ 8 33 ,ﬂ ﬂ i: «?g
in the histological results between three experimental @ F|lRTFRA gﬁ
groups. - _ % o
HREEEF T
Thymus AEEEERE-
Sl |E|Z%%3 | =%
Thymus tissue of the control group had normal cellular § :f
population in its cortical and medullar compartments 5|, g M oy EEE
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compartments. But adrenal glands structures in experi- é g _ _§ % %
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in its cortex and especially in reticular layer show El8 |3 959 TEQ
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ic sinuses in the medullary area. In the treated animals, 9 — SEN
the tissue integrity of the lymph node was changed and ‘é - | & a3 zé 3
lymphatic cells populations were reduced (P<0.05; g % 514444 g g%
Table 1). Furthermore, in the lymph nodes belonging i clep T e T e e §
to the experimental animals, empty spaces were seen N » 5373
around the follicles (Fig. 4b). The diameter of the § ? 2%%
lymph node’s follicles of phenol given animals was also g @; 3 § E ;
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Fig. 1 Spleen transverse
sections of the control (a, ¢) and
320 mg/kg phenol treated (b, d)
animals. The b section shows
abundant megakaryocytes
(arrows) infiltration in the
whole parenchyma of the
spleen in the phenol-treated
mice. The d section shows se-
vere depletion (star area) of the
different lymphoid cells in the
whole parenchyma of the
spleen in the phenol-treated
mice (hematoxylin and eosin
stain; a—d x400)

Discussion

Lymphoid tissues recently have received considerable atten-
tion as a target organ for the achieving the chemical materi-
als toxicity (Hsieh et al. 1992). Present findings give some
histological evidences that selected qualitative and quantita-
tive parameters of the lymphatic organs were significantly
altered by phenol administration.

Fig. 2 The transverse sections
of the medulla of thymus in the
control (a), the medulla of
thymus in the 180 mg/kg
phenol-treated (b) animals, the
cortex of thymus in the control
(c), and the cortex of thymus in
the phenol-treated (d) animals.
The figure shows that in the
mice treated with phenol; se-
vere depletion of the lymphoid
cells from both cortex and me-
dulla occurred (hematoxylin
and eosin stain; a—d x400)
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In the present study, the cellularity of spleen was affected
by the phenol administration. In other words, morphometric
results have indicated that phenol caused profound suppres-
sion in the splenocytes population in the treated mice. Splenic
immunosuppression may be attributing to the decreased dif-
ferent lymphatic cells numbers in the spleen as well as other
immune organ. In line with these results, similarly, previous
studies have demonstrated the immunological alterations on
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Fig. 3 The transverse sections
of the reticular layer of adrenal
cortex in the control (a) and
320 mg/kg phenol-treated (b)
animals. The b section shows
significant increase of the lym-
phoid cells in the reticular layer
of the adrenal glands in the
phenol-treated mice (hematox-
ylin and eosin stain; a, b x400)

the splenic-forming cells and corresponding circulating anti-
body levels (Hsich et al. 1992) in the CD-1 mice. In contrast,
no spleen toxicity was observed in the study of Ryan et al.
(2001) on the Sprague—Dawley rats. This dissimilarity may be
associated with possible interspecies and inter strains differ-
ences between rats and mice for this endpoint. In addition,
Hsieh et al. (1992) demonstrated that treatment with 19.5 and
95.2 mg phenol/L in the drinking water inhibits the prolifer-
ative ability of splenic lymphocytes. Also, Berman et al.
(1995) reported that an oral dose 224 mg/kg phenol caused
spleen atrophy. The above mentioned findings are in accor-
dance with our results.

In this study, phenol administration caused significant
declines (P<0.01) in the cellular population of the thymic
cortex. In accordance with this result, Berman et al. (1995)
reported that an oral dose 224 mg/kg phenol caused thymus
atrophy or necrosis. Similarly, Moszcynski and Lisiewicr
(1983) revealed a decrease in the number of T lymphocytes
among workers exposed to benzene (a parent chemical of
phenol) and several other solvents.

In the present study, overall thickness of the adrenal
cortex has increased in the phenol treated animals, although
statistical analysis have showed that adrenal reticular zone
thickened significantly compared to those of control. Also,
in the phenol given mice; the tissue integrity of the lymph
node was changed, the diameter of the lymph node’s fol-
licles was reduced and empty spaces were formed around
the follicles. This finding means adrenal hypertrophy as well
as lymph node atrophy after phenol administration. Adrenal

Fig. 4 The transverse sections
of the sub-iliac lymph node in
the control (a) and 180 mg/kg
phenol-treated (b) animals. The
b section shows significant de-
crease in the size of the follicles
(F) as well as empty spaces
(arrows) around the follicles in
the phenol treated mice (hema-
toxylin and eosin stain; a,

b x400)

hypertrophy after phenol exposing may be due to hypotha-
lamic—pituitary—adrenal axis activation resulting in high se-
rum level of adrenal corticosteroids (Freier and Fuchs
1994). The atrophy of the lymph node is attributable to the
decreased different lymphatic cells numbers in this organ
resulting in suppress of the lymphocyte growth after phenol
treatment. In this regards, Zeman et al. (1990) has been
shown a decrease in the CD3 lymphocytes production to-
gether with decreased CD4/CD8 ratio and abnormal values
of lymphocyte subpopulations in the workers whom ex-
posed to phenol (Zeman et al. 1990).

In accordance with the results above, it has been demon-
strated that phenol is main primary metabolite of benzene in
the biological systems (Sawahata and Neal 1983) and ben-
zene cause immunotoxic effects include lymphopenia and
leucopenia in the human and animal studies (Avogbe et al.
2011; Wierda et al. 1981). Also, 1.4-dihydroxyphenol in-
duced damages of chromosomes in human lymphocytes,
which may led to leukemia progression (Zhang et al. 1998).

Although the mechanism(s) of phenol immunotoxicity
are still unclear, but its ability to suppress the lymphocyte
growth had been shown correlates with its oxidation capac-
ity and with its concentration in the lymphoid organs and
bone marrow (Pfeifer and Irons 1983). In addition, it has
been suggested that phenol undergo hydroxylation reaction
in the liver, alternatively with the consecutive production of
catechol; which is converted to o-benzoquinoue.

Subsequently, o-benzoquinoue derived from catechol is
generally considered to be the toxic metabolites (Snyder
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and Hedli 1996). This phenomenon is other assumable
mechanism of action for phenol toxicity.

Beside liver’s enzymes metabolism of phenol, the bone
marrow contains several peroxidases and the most prevalent
is myeloperoxidase (Subrahmanyam et al. 1991). On the
other hand, it has been shown that phenol is transported to
the bone marrow, where myeloproxidase is responsible for
converting this chemical material to several biologically
toxic compounds (Tsuruta et al. 1999). So, the myeloprox-
idase’s ability to metabolize of phenol to toxic quinines in
the bone marrow is other possible mechanism to phenol
immunotoxicity.

In conclusion, the significant decreases of the immune
cell populations in the immunocompetent organs of the mice
exposed to phenol indicate the immunosuppressive and
immunotoxic properties of this chemical material. Further
studies will be needed to explore exact causative mechanism
(s) and factors for phenol-induced immunological toxicity
and especially in the search for suitable health surveillance
methods.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.
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