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ABSTRACT

Formaldehyde (FA) as a major source of occupatigmallutant is commonly used in the industrial anddmaal
settings. It has been demonstrated that FA expdaurelustry causes health impairment especialljpime profile.
Therefore, the aim of the present work was to cttarize its potential immunotoxicity in mice. Foryale Balb/C
mice were exposed to FA gas as levels of 0 (cgnffpll4 and 28 ppm, during 8 hours/day over a qubof 30
consecutive days. In the end of experiments, athioé were anesthetized; the blood samples weentahkd total
as well as differential leucocytes counting wereried out. In addition, tissue specimens were talkerd
histological alterations of the spleens, thymuselenal glands and sub iliac lymph nodes were emathiusing
optical microscope. The diameters of splenic ag aslymph nodes follicles were lower than the oaptvhereas
the splenic megakaryocyte counts were found toidgieehin the FA exposed animals. Also, thymus ¢isauthe
experimental animals has been affected and its iidpcells population shows a significant decregsiMoreover,
histometric assessment revealed the diametersro€ tyortex and medulla was significantly lower tithose of the
controls. Finally, the total leucocytes count sfgrantly declined in the FA exposed animals. Otegamined
immunological parameters as well as adrenal glasidgructure was not different from those of thetais
Histological study, histometrical analysis and péreral blood cells counting indicate that inhalatiof FA gas has
a harmful impact on the immunocompetent organkeémtice.
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INTRODUCTION

Formaldehyde (FA), a member of the aldehyde familg one of the simplest organic molecules, is aehbiawal

agent and tissue preservative [1, 2, 3]. It is Widesed in industrial and medical settings and mmaor source of
occupational pollution compound [4] which can rdpidiffuse into many tissues [5]. Recently, therstbeen
increased awareness of the possible toxic effddi\an the human health [6, 7] and as well as fatwry animal
[8, 9]. In the previous work we have been demotestrahat inhalation of FA in 7, 14 and 28 ppm ingllidoxic

morphological and structural alterations in thecplaal tissue [8].
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Lymphoid tissues alterations recently have receismasiderable attention as a target organ for teeging the

chemical materials toxicity [10]. In this regariss reported that FA and/or xylene may affect slgstemic cellular
immunity, as well as local immunity in bronchus (BB particularly in young and adult rats [11]. Audly also

demonstrated that FA exposure in the worker indugigsificant increasing in the TN&-amount, and also
statistically decreasing in the 1gG and IgM leViéls

Since the understanding of the toxic actions ofdfAthe lymphoid organs is very important for ocdigel and
public health; therefore, the aim of this study wadetermine overall its effect on immune systgnhistologic and
histometric methods.

MATERIALS AND METHODS

Animals

Forty male Balb/C mice aged 7 to 8 weeks were @mget from Razi Institute (Karaj, Iran). The animaisre
maintained in a controlled environment at a tempeeaof 23+1 C; a humidity of 45+5% and natural 12:12 h light-
dark cycle and had ad-lib access to drinking watet food. Mice were allowed to be acclimatizedni laboratory
environment at least 6 days before commencemesstifig.

Experimental design and FA exposing

FA (CH20) was obtained from Biochem Chemical Conyp@rehran, Iran). The mice were randomly allotetd in
one control group and three experimental groups. mite of each group were placed in a glass chathbehas

two holes for the air to come in or out. In expairtal groups, the FA in gas phase was pumped éopdhiod and

at the amount desired into glass containers fromrg/it was expelled with an air pump. 10 lt/mirsairas given to

the mice in the control group. The experimentaiheis were exposed to 10 It/min airs mixed with Fs @s levels
of 7, 14 and 28 ppm, during 8 hours/day over aggeof 30 consecutive days. The concentrations wetermined

on the basis of a primary study. Glass coveredabosts were cleaned every 3—4 days, and a thiek lafysawdust

was placed under them.

Histological and histometrical assessment

At the end of the administration period; the ansnakre anaesthetized with chloroform vapor, quitkigught out
of the jar and sacrificed. Heparinized blood samplere drawn by cardiac puncture. For tissue assad; the
specimens from spleens, thymuses, adrenal glamtsumniliac lymph nodes were immersion imprisoneeroight
in 10% neutral buffered formalin to be fixed. Thitie specimens were mounted to allow 5-um secti8astions
were stained via hematoxylin and eosin method ddographed directly using a stereo microscope Mittrosoft
system.

A histometrical analyze was carried out to exadeeination of the lymphatic organ's structurakedtions. For
this purpose, splenic megakaryocytes in unit afga.d4 x1d pnt tissue area) were determined by counting in 10
randomly selected areas in subcapsular white mdpns [12] using Image TdbB.0 software (UTHSCSA, San
Antonio, TX, USA). Also, in each animal from all ¢fie groups 10 tissue sections (7um) were take2ilgim
intervals, and splenic capsule thickness, and gpdenic follicular diameter were recorded. Furtheren thymic
capsule thickness, thymic cortex diameter as welthymic medulla diameters were recorded. In aolditthe
thickness of the glomerular, fascicular, reticuéard medullary layers of adrenal glands has beeermeted.
Finally, the thickness of the lymph node’s capsule the diameter of the lymph nodes follicles wagtermined.

Statistical analysis

All statistical analyses were carried out usingiStiaal Package for Social Scientist (SPSS verg¢®nChicago, IL,
USA). Results were tested for normal distributi®ngpiro-Wilks) and homogeneity of variances (Bértiest) and
then expressed as standard error of the mean (SHid)analysis of variance (ANOVA) was used to testoverall
significance of differences among the means. Tukemer’'s Multiple Comparison Test was applied fostphoc
comparison. A probability level of less than 5%<(B.05) was considered as significant.
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RESULTS
Spleen
The diameters of splenic follicles were lower tliha control, whereas the splenic megakaryocyte tscaswell as
the thickness of the spleen’s capsule were fourtm thigher in the FA exposed animals (p<0.05) @hb(Figure
1-a). It was not found any outstanding differenicethe histological results between three experialegroups.

Adrenal glands

In the control group the adrenal glands have bespladed normal histology with a large cortical ameédullar
compartments. Similarly, the adrenal gland's stmgctvas not different from those of the controlgife 1-b) and
(Table 1).

Thymus

Thymus tissue in the experimental animals has béfected and its lymphoid cells population showsgmificant
decreasing. Also, histometric assessment revelhéediameters of tymic cortex and medulla was sicgniftly lower
than those of the controls. Furthermore, thymusugsof the control group had normal cellular popaitain its
cortical and medullar compartments (P<0.01) (p<0(0&ble 1) (Figure 1-c).

Lymph node
The diameter of the lymph nodes follicles was lotiramn the control, whereas the thickness of lympdiess capsule
was found to be higher in the FA exposed animadbl@ 1) (Figure 1-d).

(double head arrow) and also elevation in the thigkess of spleen’s capsule(arrow): Bdrenal transverse sections of the 14 ppm
formaldehyde treated animals; displayed normal histlogy with a large cortical and medullar compartmerts. ¢ Thymus transverse
sections of the 28 ppm formaldehyde treated animalshows decreasing in diameters of the diameter ttfie tymic cortex and medulla
(arrow). d: Lymph node transverse sections of the 14 ppm foraidehyde treated animals; shows decreasing of diategs of lymphatics
follicles (double head arrow) and also elevation ithe thickness of lymph node’s capsule (arrow). (Hanatoxylin and Eosine stain) (a,
b,c,d: x 200)

Peripheral blood cells

Total leucocytes count significantly declined ire tRA treated animals (P<0.01) (Table 2) comparetl wontrol
samples. The number of lymphocytes significant eleeed were also observed in the peripheral whitedbtells
ratio of the FA treatment groups (p<0.05). Othearaeied peripheral blood cell was not different frirase of the
controls (Table 2).

DISCUSSION

Although preventive measures aimed at reducing é#aminant have been implemented, exposure to FRire
one of the most prominent environmental health jgrols [13, 14, 15]. In the present work, histolobistudy,
histometrical analysis and peripheral blood celisint indicates the potential immunotoxic propertsFA
exposure at different concentration in the micdirle with these findings, it has been claimed fhattions of both
the immune and hematopoietic systems could be taffeby chronic exposure to FA, phenol and organic
chlorohydrocarbons chemical substances [16].
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It had been suggested that chronic exposure to kfhtnibe associated with immunological hypersensytivas
measured by elevated circulating 1gG and IgE autidbedies to human serum albumin [17, 18]. In castiy
exposure to low concentration of FA in the workees related to significant decreasing in the Ig@ kM levels

[6].

In the current study cellularity of spleen and steuctural integrity was affected by FA adminiswat In other
words, morphometric results have indicated thatdaéised profound suppression in the splenocyteslatiguin
the treated mice. Splenic immune-suppression matthbuting to the decreased different lymphagtiscnumbers
in the spleen as well as other immune organ. knWith these results, similarly, previous studiagehdemonstrated
the FA administered at 20, 40, 80 mg/kg for 4 welekgavage method causes narrowed thymus-dependeas
of PALS in the spleen tissue [19]. Furthermoretway of the bone marrow and spleen of animals tegavith
6.25-25 mg/kg FA, intraperitoneally, showed no ictchn of chromosomal aberration [19]. Similarlyresearch
has shown that FA vapor can cause morphometricgesainm the white pulp of the spleen in rats [20].

Our results show the significant decrease in tlendier of the lymph node’s follicles, whereas awation in the
thickness of lymph nodes capsule in FA given aném@kher studies have shown that FA can decreasarhbody
weight and increase lymph node weight during osgdosure, although there is no effect on the ceilyleof
lymphoid tissue [21].

In this study, FA administration caused significalérations in the thymus tissue and its lymphagtis population.
In line with this fingings, FA at the concentratioh10 mg/ni exerted the negative effect on the thymus [22].

In the FA treated animals, total leucocytes couas wignificantly declined; also, lymphocytes numbeowed a
significantly reduction. This finding may be sugtjeg an immune suppression. In fact, the regressistlogical
alterations of lymphatic organs could further iptet the decreases of total leucocytes count. Afjhoexact
causative mechanism(s) and factors for FA induocatiunological toxicity is not clear, but chromosordaimage
by FA exposure in human peripheral blood cells tvaen claimed to occur [23, 24]. Also, chromosonahdge
leading to micronucleated lymphocytes was fountbéomore frequent in highly exposed pathology aratany
laboratory workers than in controls. The differemnges suggested to be due to a higher frequenchrohwsome
loss, suggesting FA-induced defects in the mitagiparatus [25].

Upon to this study, it is concluded that FA hasidefects on immune cell populations in the immiaoenpetent
organs of the miceOn the other hand, our study also suggests the marsuppressive and immune-toxic properties
of FA exposure. Finally, further studies will beeded to explore exact causative mechanism(s) andréafor FA
induced immunological toxicity.

Table 1. Summarized histometric changes in spleerthiymuses, adrenal glands and sub iliac lymph noded the mice exposed to different
concentrations of formaldehyde.

) 7ppm, 14ppm, 28ppm, N
groi)gisgr;rzr:rt\aelters Control | 8hours/day | 8hours/day | 8hours/day Significant
FA FA FA
SCT(um) | 3.3+0.45| 4.99+0.4 4.7 +0.86) 5.2+0.7 *
Spleen GCD (um) | 78.9+7.5 26.4 +3.3 45.8 +9.3 26.4 5.4 *
MC/UA 1.4 +0.08 3.7+0.01 6.5 +0.09 4.7 £+0.0Y *
GLT(um) 67.3+7.5| 66.6+13.1] 64.8+07.2 67.2 7.8 -
Adrenal gland FLT(um) 84.7 +8.4 85.3+6.3 88.3 7.5 84.7 +4.4 -
RLT(um) 63.1+4.6 63.4 7.0 62.9 9.3 64.4 7.1 -
MT(um) 74615 | 743%2! 77.2 +7.: 76.7 +6.c -
TCT (um) 5504 5.2+0.9 5.3+0.6 5.4+0.4 -
Thymus TMD(um) | 94.9+46.9] 47.2+25 36.9 +4.8 34.1+47 *
TCD(um) | 57.6+2.8 34.7 £3.7 25.3+4.9 24.6 5.9 il
Lymph node LCT(um) 6.3 +0.07 9.6 +0.08 8.9 +0.05| 11.340.6 *
LFD(um) 73.8+4.9 24.9 +0.6 33.5 +3.7| 43.4 3.6 o

-: not significant, *: P<0.05, **: P<0.01
SCT: Splenic capsule-thickness, GCD: The diamdtgeoninal center of the lymphoid follicles, MC/Udlegakaryocyte count/unit
(1.44x104um?2) tissue area, GLT: Glomerular layeckiness of adrenal, FLT: Fascicular layer thickne$sadrenal, RLT: Reticular layer
thickness of adrenal, MT: Medullary layer thicknesadrenal, TCT: Thymic capsule thickness, TMDyriiic medulla diameter, TCD: Thymic
cortex diameter, LCT: Lymph node capsule thickngSB; Lymph node follicular diameter.
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Table 2. Meanz standard deviation and range of th&eukocyte differential count values of the mice gposed to different concentrations
of formaldehyde.

/ppm, L4ppm, 28ppm, Significance
Groups/ Parameters Control | 8hours/day | 8hours/day | 8hours/day 2
FA FA FA Significant
Totalleucocytes count | 19 5 41 76| 104+1.7| 11.3:08  10.4:0.4 *
(x1C° /ul)
Neutrophils (%) 21.3+0.5 2.6 £0.5 18.4 +0.5 22.5 #0.4 *
Range | 20.3-23.6 11-24 16.4 -20.3 20.8 -22/9 -
Eosinophils (%) 0.4 +0.08 2.3+0.04 2.5 +0.05 3.5 +0.0% *
Range 0.1-24 0.09-1.9 2.1-2.8 24-4.1 -
Basophils (%) 0.1 +0.04 2.8 £0.04 4.8 £0.02 3.5+0.02 *
Range | 0.06 -0.8 13-4.1 2.3-6.7 2.8-3.9 -
Lymphocytes (%) 76.8+0.4 56.6 +5.7 38.9+24 36.4 +3.9 *x
ymp Range | 45.7-78.9| 48.366.2] 353 -43.%  31.2-54/1 -
Monocytes (%) 1.4 +0.0¢ 35.7 +0.0¢ 35.4 +0.¢ 34.1+0.! *x
Range 1.1-24 31.5-37.8 28.9 -39 .4 27.5-46.4
-: not significant, *: P<0.05, ** P<@1
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