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Formaldehyde (FA) inhalation is hazardous to human health; but the exact molecular mechanisms 
associated with FA hepatotoxicity remain poorly unknown. Thus, the present study was addressed to 
gain better understanding of the intimate mechanisms of FA hepatotoxicity. Adult female W istar rats 
were distributed into 5 groups: (1) control, (2)  FA; 10 ppm for 15 days, (3) FA; 10 ppm for 30 days, (4): 
FA;  20 ppm for 15 days and (5): FA; 20 ppm for 30 days. At the end of the experiment, liver samples 
from all studied groups were obtained and preserved for histopathological description, immune histo 
chemical examination and molecular genetics analysis. Histopathological findings of liver tissue sections 
revealed several adverse histopathological changes including sinusoidal congestion, liver necrosis and 
liver fibrosis depending on dose and duration of FA exposure. Immuno histochemical investigation of 
liver tissue sections immune stained with the antibody for PCNA showed strong positive 
immunoreactivity within numerous nuclei. Immuno histochemical investigation of liver tissue sections 
immunostained with the antibody for cytochrome c showed positive immune reactivity within the 
cytoplasm of numerous cells. On the gene expression level, exposure of rat to FA (10 or 20 ppm) for 15 
days evoked down regulation in the expression level of liver Cyp2c6 and Bhmt genes. However, 
exposure of rat to FA (10 or 20 ppm) for 30 days elicited up regulation in the expression level of liver 
Cyp2c6 and Bhmt genes.  Rats exposed to FA (20 ppm) for 15 or 30 days experienced down regulation 
in the expression level of liver Mapk12 gene. The expression of HLA-A and GSTP1 genes in liver of rats 
exposed to FA (10 or 20 ppm) for 15 and 30 days showed up regulation except for 10 ppm of FA at 15 
days. In conclusion, this study provides cellular and molecular evidences for formaldehyde –induced 
hepatotoxicity. Formaldehyde confers multi mechanistic approaches in promoting hepatotoxicity. It is 
reasonable to assume that apoptosis, oxidative stress and inflammation be involved in formaldehyde-
induced hepatotoxicity.  
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INTRODUCTION 

In 2010, the indoor air quality guideline for 
short- and long-term exposures to formaldehyde 
(FA) has been established by the World Health 
Organization (WHO) (Nielsen et al., 2017). FA is a 

high-volume chemical, which is applied for 
disinfection purposes and as a preservative. Also, 
it is used in the production of resins and binders, 
which are used in wood-products (e.g. particle 
board and plywood), pulp and paper, and mineral 
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wool. Furthermore, FA is employed in the 
production of plastics, coatings and paints, 
flooring materials, for textile finishing, and 
synthesis of chemicals, as well as it is a 
component of combustion products (IARC, 2012). 
Additionally, FA is a common compound derived 
from ozone-initiated reactions with alkenes such 
as terpenes (Atkinson and Arey, 2003). Therefore, 
owing to its ubiquitous use, FA is considered as a 
common indoor air pollutant. The systemic effects 
of FA exposure have been noticed in rats and 
mice, which may be attributed to secondary 
impacts as airway inflammation and sensory 
irritation of eyes and the upper airways resulting in 
the reduction in the respiratory ventilation. Kim et 
al., (2002) cited that FA induces the generation of 
intercellular adhesion molecule 1 (ICAM-1) and 
vascular cell adhesion molecule 1 (VCAM-1) by 
human mucosal microvascular endothelial cells. 
Interferon γ, IL-2, IL-4 and IL-5 levels which 
modify inflammatory cascade, showed marked 
depletion after exposure of rats to FA (Ohtsuka et 
al., 2003). Inhalation of FA leads to central 
nervous system, respiratory system, reproductive 
system and bone marrow toxicity (Collins et al., 
2001). It has been proposed that exposure to FA 
causes a synthetic dysfunction of the liver in the 
mortuary workers (Olooto, 2010). 

Although, indoor FA exposure is risky to 
human health, studies on the molecular 
mechanisms associated with FA toxicity are still 
limited. FA is genotoxic, causing DNA adduct 
formation, and has a clastogenic burden. FA has 
now been classified to be mutagenic in humans 
because it causes sister chromatid exchange in 
the peripheral lymphocytes of FA-exposed 
workers (Shaham et al., 2002). The degree of 
DNA–protein cross-linking has been suggested as 
one reason of the mutagenic impacts, therefore, it 
is considered as a biomarker for genotoxic effect 
of FA (Shaham et al., 2003). FA with its covalent 
binding to DNA, produces DNA mono-adducts, 
DNA–cross links, DNA-Protein Cross-Links (DPX) 
and DNA glutathione cross-links that can cause 
mutations and clastogenic influences like DNA 
strand breaks, chromosomal aberration (CA), 
micronucleus (MN) formation and sister chromatid 
exchange (SCE) (Yu et al., 2015).   

The current study was planned to gain better 
understanding of the hepatotoxic mechanisms of 
FA –inhalation. This was achieved by means of 
validated immune histochemical and molecular 
markers in addition to the histopathological 
examination of liver tissue section of the 
intoxicated rats.  

 
MATERIALS AND METHODS 

Materials 
FA was acquired from El Nasr Pharmaceutical 

Chemicals Co. (ADWIC), Egypt. All other 
solvents, reagents and chemical compounds used 
for analysis met the quality criteria in accordance 
with international standards. 

Animals and experimentation 
This study was conducted in accordance with 

the principles and guidelines of the Ethical 
Committee for animal care and protection of the 
National Research Centre, Egypt. 

Forty adult female albino rats of Wistar strain 
weighing 130±10 g at 90 d of age were enrolled in 
this study. The animals were obtained from the 
Animal House Colony of the National Research 
Centre, Giza, Egypt. The animals were housed in 
polypropylene cages (8 rats/cage) in an 
environmentally controlled clean air room with a 
temperature of 24±1°C, a 12 h light/12 h dark 
cycle, a relative humidity of 60±5% and free 
access to tap water and standard rodent chow. 
Rats were allowed to adapt to these conditions for 
two weeks before the commencement of the 
experiment.  After the acclimatization period, rats 
were distributed into: group (1): negative control 
group, group (2):  FA exposed group; 10 ppm (low 
dose) (Sogut et al., 2004) for 15 days, group (3): 
FA exposed group; 10 ppm (low dose) for 30 
days, group (4): FA exposed group; 20 ppm (high 
dose) 15 days and group (5): FA exposed group; 
20 ppm (high dose) for 30 days. At the end of the 
experiment, animals were sacrificed by cervical 
dislocation. Then the abdominal cavity of each rat 
opened up and the liver was excised and divided 
into two portions for histopathological, 
immunohistochemical and molecular analyses.  

Inhalation protocol  
All rats had accessed to food and water in 

their home cages but not for the brief periods in 
the inhalation chambers. For each daily inhalation, 
the rats were transported from the vivarium to the 
lab, in their home cages, and placed into an 
inhalation chamber. Inhalation of FA was 
conducted once a day for 6 hours to mimic the low 
and high doses exposure in human. Vapors 
inhalation was given in sealed 36-l cylindrical 
glass jars with acrylic lids (Bowen and Balster, 
1998). The lids were equipped with injection ports, 
a fan and a stainless steel mesh box holding filter 
paper. During FA inhalation, the rats were placed 
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onto a grid floor 20 cm from the bottom and 30 cm 
from the filter paper in the lid of the chamber. The 
lid was replaced and a calculated amount of 
solvent was injected onto filter paper from which 
the fan volatilized the solvent (Bowen et al., 
2005). At the end of the inhalation period, rats 
were removed immediately and returned to their 
home cages to wait the next inhalation period with 
the same procedure which was repeated daily for 
15 days and 30 days. 

The inhalation dose of FA was calculated as 
follow:  

 

solutionliter 

 solute mg

 watermg 10

 solute mg
ppm

6


 

solution  ofdensity 

  solute ofweight 
ml  volume 

 

Histopathological and Immunohistochemical 
investigation 

The first portion of each liver was fixed in 10% 
neutral buffered formalin, prepared into paraffin 
blocks and serially sectioned. Three paraffin 
sections; 4 microns thick each, were obtained 
from each block. The first section was stained with 
haematoxylin and eosin for routine histopathologic 
examination (Drury et al., 1976).  

The second section from the same block was 
deparaffinized, rehydrated and immuno stained 
using primary mouse monoclonal antibody against 
proliferating cell nuclear antigen (PCNA); Ab-1 
(Clone PC10) Thermo Fisher Scientific; Fremont, 
CA 94538, USA; to assess cellular proliferation. 
The third section from the same block was 
immuno stained using mouse monoclonal 
antibody: anti-Cytochrome c, Clone: CTC03 
(2B5), Thermo Scientific™ Lab Vision, Fremont, 
CA 94538, USA to assess apoptosis. Ultra Vision 
Plus Detection System Anti-Polyvalent, HRP/DAB 
from Thermo Fisher Scientific; Fremont, CA 
94538, USA was applied to detect both immune 
stains (Shi et al., 1988). All stained sections were 
examined using the light microscope. 

Molecular analysis 

Semi-quantitative RT-PCR 
The RT-PCR assay was conducted to verify 

the expression of Cyp2c6, Bhmt, Mapk12, HLAA 
and GSTP1genes in liver of rats exposed to 
different doses of FA for 15 and 30 days.  

RNA extraction   
The second portion of each liver was 

immediately frozen in liquid nitrogen and stored at 
−80 °C prior to extraction. Total RNA was isolated 
from 50 to 100 mg of liver tissue by the standard 
TRIzol extraction method (Invitrogen, Paisley, UK) 
and recovered in 100 µl molecular biology grade 
water. In order to remove any possible genomic 
DNA contamination, the total RNA samples were 
pre-treated using DNA-free™ DN ase treatment 
and removal reagents kit (Ambion, Austin, TX, 
USA) following the manufacturer's protocol.   
 
Reverse transcription  

The complete Poly(A)+ RNA isolated from the 
liver samples was reverse transcribed into cDNA 
in a total volume of 20 µl using 1 µl oligo(dT) 
primer. The composition of the reaction mixture, 
termed as master mix (MM), consisted of 50 mM 
MgCl2,  10x reverse transcription (RT) buffer (50 
mM KCl; 10 mM Tris-HCl; pH 8.3), 10 mM of each 
dNTP (Amersham, Brunswick, Germany), and 50 
µM of oligo (dT)18 primer. The RT reaction was 
carried out at 25°C for 10 min, followed by 1 h at 
42°C, and finished with denaturation step at 99°C 
for 5 min. Afterwards, the reaction tubes 
containing RT preparations were flash-cooled in 
an ice chamber until used for DNA amplification 
through polymerase chain reaction (PCR) (Ali et 
al., 2008). 

Polymerase chain reaction (PCR) 
The first strand cDNA from different liver 

samples was used as templates for RT-PCR with 
a pair of specific primers. The sequences of 
specific primer and product sizes are listed in 
Table 1. β-Actin was used as a housekeeping 
gene for normalizing mRNA levels of the target 
genes. The reaction mixture for RT-PCR 
consisted of 2.5 U of Taq Polymerase, 10 mM 
dNTP’s, 50 mM MgCl2, 10x PCR buffer (50 mM 
KCl; 20 mM Tris-HCl; pH 8.3; Gibco BRL, 
Eggenstein, Germany), and autoclaved water. As 
listed in Table 1, programmable temperature 
cycling was performed with the following cycle 

profile: 94C for 1 min and then 30-40 cycles each 

comprising denaturation for 30 sec at 94 C, 

annealing for 45 sec at 54-55 C, and extension 

for 45 sec at 72 C. After the PCR cycles, the 

reaction tubes were kept for 5 min at 72 C and 

then at 4 C. The PCR products were then loaded 
onto 2.0% agarose gel, with PCR products 
derived from β-actin of the different mice samples 
(El-Makawy et al., 2008). 
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Table 1. Primers and reaction parameters in RT-PCR. 
 

Gene  Primers Sequences (5'- 3') 
Annealing 
temp(◦C) 

Number 
of 

cycles 

PCR 
Product 

(bp) 

References 
(Accession no.) 

Cytochrome P450, subfamily IIC6 (Cyp2c6) 
F GTAAGCGCTCTACCACTGAG 55 40 142 

Park et al., (2008) 
(AA858966) R 

TCTGTACTTCACCCAAAGGA 
 

   

Betaine-homocysteine methyltransferase 
(Bhmt) 

F AATGGAAGCAGTCAGAACAG 55 40 115 
Park et al., (2008) 

(AA901407) R 
CAAGATCTTTTGAGCAGGAC 

 
   

Mitogen-activated protein kinase 12 (Mapk12) 
F AGTGTCCCCAAAACCTCTAT 55 40 183 

Park et al., (2008) 
(AA924917) R 

TAAGCTTTCTGTCCAAGACC 
 

   

The major histocompatibility 
complex, class IA (HLA-A) 

 

F TCCGCTACTACAACCAGA 54 30 317 
Lee et al., (2008) 

R CATTCAACTGCCAGGTCA    

Glutathione S-transferase pi(GSTP1) 
 

F CTGAACTCAGGTAGTCCAGC 55 30 329 
Lee et al., (2008) 

R GGAGGTAGAAGTGCACAAAG    

ß-actin 
F ACCTTCAACACCCCAGCCATG-TACG 55 40 530 

Park et al., (2008) 
R CTGATCCACATCTGCTGGAA-GGTGG    
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Statistical analysis 
All data were analyzed using the General 

Liner Models (GLM) procedure of Statistical 
Analysis System (SAS 1982) followed by Scheffé-
test to assess significant differences between 

groups. The values are expressed as meanSEM. 
All statements of significant were based on 
probability of P < 0.05. 
 
RESULTS 

Histopathological findings 
Several adverse histopathologic changes 

have been noticed in liver of rats exposed to FA 
10 ppm and 20 ppm for 15 and 30 days 
respectively. Liver section from negative control 
rat showed preserved architecture, ordinary 
hepatocytes (arrows) radiating from central vein 
(arrow head) with normochromatic vesicular nuclei 
(white arrows) (Fig. 1a). Liver section from rat 
exposed to FA 10 ppm for 15 days showed 
marked dilatation and congestion within central 
vein (Fig. 1b). Generally, intensity of changes in 
the liver exposed to FA for 30 days; 10 & 20 ppm, 
showed marked increase compared to changes 
on exposure for 15 days and compared to control. 
Liver section from rat exposed to FA 10 ppm for 
30 days showed marked sinusoidal congestion 
(Fig 1c). Liver section from rat exposed to FA 20 
ppm for 15 days showing scattered deeply 
basophilic nuclei with hyperchromasia (Fig. 1d), 
focal liver necrosis and inflammatory cells 
aggregate (Fig. 1e). Liver section from rat 
exposed to FA 20 ppm for 30 days showed fibrous 
tissue septae extending from portal tract with 
mononuclear cell inflammatory infiltrate in 
between hepatocytes (Fig. 1f), focal liver necrosis 
with a granuloma formed of epithelioid 
macrophages and histiocytes (Fig. 1g), variation 
in nuclear size with scattered enlarged nuclei 
showing chromatin clumping and prominent 
nucleoli (Fig. 1h) and scattered deeply basophilic, 
hyperchromatic nuclei with other binucleated cells 
(arrow head) (Fig. 1i). 

Immunohistochemical findings 
Liver section from control rat showing almost 

negative immune reactivity for PCNA except for 
very few nuclei (immune peroxidase-PCNA) (Fig. 
2a). Liver sections of rats exposed to FA  (10 and 
20 ppm) for 15 and 30 days respectively immune 
stained with the proliferation marker antibody for 
PCNA showed strong positive immune reactivity 
indicated by brown colour within the nuclei 

signifying markedly high proliferation . FA 
exposure for 30 days (Fig. 2 c & e) showed higher 
proliferation compared to 15 days (Fig. 2b&d) and 
compared to control group (Fig. 2a).  

On the other hand, liver section from control 
rat showing negative immune reactivity for 
cytochrome c within cytoplasm of hepatocytes 
except for few cells (immune peroxidase-
cytochrome c) (Fig. 3a). Liver section of rats 
exposed to FA (10 and 20 ppm) for 15 days  
immune stained with the apoptotic marker 
antibody (Bcl2) for cytochrome c showed  positive 
immune reactivity within the  cytoplasm of 
numerous cells indicating enhancement of 
apoptosis (Fig. 3 b & d), FA exposure for 30 days 
(Figs. c & e) showed weaker apoptosis compared 
to 15 days. 

Immunohistochemical findings 
Liver section from control rat showing almost 

negative immune reactivity for PCNA except for 
very few nuclei (immune peroxidase-PCNA) (Fig. 
2a). Liver sections of rats exposed to FA  (10 and 
20 ppm) for 15 and 30 days respectively immune 
stained with the proliferation marker antibody for 
PCNA showed strong positive immune reactivity 
indicated by brown colour within the nuclei 
signifying markedly high proliferation . FA 
exposure for 30 days (Fig. 2 c & e) showed higher 
proliferation compared to 15 days (Fig. 2b&d) and 
compared to control group (Fig. 2a).  

On the other hand, liver section from control 
rat showing negative immune reactivity for 
cytochrome c within cytoplasm of hepatocytes 
except for few cells (immune peroxidase-
cytochrome c) (Fig. 3a). Liver section of rats 
exposed to FA (10 and 20 ppm) for 15 days  
immunostained with the apoptotic marker antibody 
(Bcl2) for cytochrome c showed  positive immune 
reactivity within the  cytoplasm of numerous cells 
indicating enhancement of apoptosis (Fig. 3 b & 
d), FA exposure for 30 days (Figs. c & e) showed 
weaker apoptosis compared to 15 days. 

Molecular Analyses Results 

Gene Expression profile  
Expression levels of Cyp2c6, Bhmt, Mapk12, 

HLA-A and GSTP1 genes in liver tissue of rats 
exposed to FA for two times intervals are 
summarized in Figs 4-13. The results indicated 
that Cyp2c6 gene expression level was down-
regulated in liver of control rats at 15 and 30 days. 
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I 
 

Figure. (1): 
a) Liver section from control rat showing preserved architecture, ordinary hepatocytes (arrows) 
radiating from central vein (arrow head) with normochromatic vesicular nuclei (white arrows) (H&E 
X400). 
b) Liver section from rat exposed to FA (10 ppm) for 15 days showing marked dilatation and congestion 
within central vein(arrow) (H&E X100) 
c) Liver section from rat exposed to FA (10 ppm) for 30 days showing marked sinusoidal congestion 
(H&E X200) 
d) Liver section from rat exposed to FA (20 ppm) for 15 days showing scattered deeply basophilic 
nuclei (arrow) with hyperchromasia (H&E X200) 
e) Liver section from rat exposed to FA (20 ppm) for 15 days showing focal liver necrosis and  
inflammatory cells  aggregate (arrow) (H&E X400) 
f) Liver section from rat exposed to FA (20 ppm) for 30 days showing fibrous tissue septae extending 
from portal tract (arrow) with mononuclear cell inflammatory infiltrate in between hepatocytes (arrow 
head) (H&E  X100) 
g) Liver section from rat exposed to FA (20 ppm) for 30 days showing focal liver necrosis with a 
granuloma (arrow) formed of epithelioid macrophages and histiocytes (H&E X100). 
h) Liver section from rat exposed to FA (20 ppm) for 30 days showing variation in nuclear size with 
scattered enlarged nuclei (arrow) showing chromatin clumping and prominent nucleoli (H&E X400). 

i) Liver section from rat exposed to FA (20 ppm) for 30 days showing scattered deeply basophilic , 
hyperchromatic nuclei (arrow) with other binucleated cells (arrow head) (H&E X400).  

 
 

                               a                                                                  b 
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c                                                                  d 
 
 

 
 
e 

Figure. 2 
a) Liver section from control rat showing almost negative immunoreactivity for PCNA except 

for very few nuclei (immunoperoxidase-PCNA X 400). 
b) Liver section from rat exposed to FA (10 ppm) for 15 days, showing moderate positive 

immunoreactivity intensity within few nuclei (immunoperoxidase - PCNA X 400) 
c) Liver section from rat exposed to FA (10 ppm) for 30 days showing positive 

immunoreactivity for PCNA within few nuclei (immunoperoxidase-PCNA X 400). 
d) Liver section from rat exposed to FA (20 ppm) for 15 days showing positive 

immunoreactivity for PCNA within numerous nuclei (immunoperoxidase-PCNA X 400) 
Liver section from rat exposed to FA (20 ppm) for 30 days showing strong positive 

immunoreactivity for PCNA indicated by brown colour within numerous nuclei  
(immunoperoxidase-PCNA X 400). 
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a                                                    b 
                           

  
                        c                                                      d 

 
                           e 

Figure 3: 
a) Liver section from control rat showing negative immunoreactivity for cytochrome c 

within cytoplasm of hepatocytes except for few cells (immunoperoxidase-cytochrome 
c X 400). 

b) Liver section from rat exposed to FA (10 ppm) for 15 days showing strong intensity 
positive immunoreactivity for cytochrome c within cytoplasm of numerous 

hepatocytes (immunoperoxidase-cytochrome c X 400) 
c) Liver section from rat exposed to FA (10 ppm) for 30 days showing moderately positive 

immunoreactivity for bcl2 (immunoperoxidase-cytochrome c X 400). 
d) Liver section from rat exposed to FA (20 ppm) for 15 days showing strong positive 

immunoreactivity for cytochrome c indicated by brown colour within cytoplasm of 
numerous hepatocytes (immunoperoxidase-cytochrome c X 400). 

e) Liver section from rat exposed to FA (20 ppm) for 30 days showing moderately positive 
immunoreactivity for Bcl2 (immunoperoxidase-cytochrome c X 400).  
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 Also, liver tissue of rats exposed to 10 and 20 
ppm of FA for 15 days showed low expression 
level of Cyp2c6, whereas this level of expression 
was similar to control rats. However, Cyp2c6 
expression level in liver tissue of rats exposed to 
10 and 20 ppm of FA for 30 days was significantly 
higher than control rats (Figs. 4 & 5).  

The results of Bhmt gene revealed that the 
expression level was down-regulated in liver of 
control rats at 15 and 30 days. In addition, liver 
tissue of rats exposed to 10 and 20 ppm for 15 
days had low expression level of Bhmt gene, 
whereas this level of expression was similar to 
control rats. However, Bhmt gene expression level 
in liver tissue of rats exposed to 10 and 20 ppm of 
FA for 30 days was significantly higher than 
control rats (Figs. 6 and 7).  

In the current study, the expression level of 
Mapk12 gene in the liver showed that there were 
no differences between control rats and the rats 
exposed to FA doses at 15 and 30 days. There 
was up regulation in MapK12 gene expression 

level in the liver of the exposed rats depending on 
dose of FA and the duration of exposure by days. 
In addition, the results found significant 
differences in liver MapK12 gene expression level 
of rats exposed to 20 ppm of FA at the both time 
intervals and the control rats (Figs. 8 and 9).  

Concerning the expression level of HLA-A 
gene in the liver, the results indicated significant 
differences between control rats and rats exposed 
to all FA doses at 15 and 30 days, where the liver 
expression level of HLA-A gene was up-regulated 
in liver tissue except the low dose of FA at the 15 
days (Figs. 10 and 11). 

With regard the expression level of GSTP1 
gene in the liver, the results revealed significant 
differences control rats and rats exposed to 20 
ppm FA dose at 15 and 30 days, where the 
expression level of this was up-regulated in liver 
tissue. However, exposure to low dose of FA at 
the 15 days did not up-regulate the expression 
level of GSTP1 gene in liver tissue (Figs. 12 and 
13).  

 

 
 

Figure. 4. Expression level of Cyp2c6 gene in liver tissue of rats exposed to FA determined by 
semi-quantitative RT-PCR. Within each column, means superscripts with different letters are 
significantly different (P ≤ 0.05). 
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Figure. 5. Semi-quantitative RT-PCR analysis of Cyp2c6 gene in liver tissues of rats exposed to 
FA. The RNA recovery rate was estimated as the ratio between the intensity of Cyp2c6 gene and 

the -actin gene. Lanes 1 and 12 represent DNA ladder. Lanes 2 and 5 represent liver tissue of 
control rats. Lanes 3 and 6 represent liver tissue of rats exposed to 10 ppm of FA. Lanes 4 and 7 
represent liver tissue of rats exposed to 20 ppm of FA. Lanes 8 to 12 represent mRNA of the -
actin gene.    

 
 

 
 

Figure. 6. Expression level of Bhmt gene in liver tissue of rats exposed to FA determined by semi-
quantitative RT-PCR. Within each column, means superscripts with different letters are 
significantly different (P ≤ 0.05).  
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Figure. 7. Semi-quantitative RT-PCR analysis of Bhmt gene in liver tissue of rats exposed to FA. 

The RNA recovery rate was estimated as the ratio between the intensity of Bhmt gene and the -
actin gene. Lanes 1 and 12 represent DNA ladder. Lanes 2 and 5 represent liver tissue of control 

rats. Lanes 3 and 6 represent liver tissue of rats exposed to 10 ppm of FA. Lanes 4 and 7 

represent liver tissue of rats exposed to 20 ppm of FA. Lanes 8 to 12 represent mRNA of the -
actin gene.    

 
Figure. 8. Expression level of Mapk12 gene in liver tissue of rats exposed to FA determined by 
semi-quantitative RT-PCR. Within each column, means superscripts with different letters are 

significantly different (P ≤ 0.05).  

 
 

Figure. 9. Semi-quantitative RT-PCR analysis of Mapk12 gene in liver tissue of rats exposed to 
FA. The RNA recovery rate was estimated as the ratio between the intensity of Mapk12 gene and 
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the -actin gene. Lanes 1 and 12 represent DNA ladder. Lanes 2 and 5 represent liver tissue of 
control rats. Lanes 3 and 6 represent liver tissue of rats exposed to 10 ppm of FA. Lanes 4 and 7 

represent liver tissue of rats exposed to 20 ppm of FA. Lanes 8 to 12 represent mRNA of the -
actin gene.    

 

 
 
Figure. 10. Expression level of HLA-A gene in liver tissue of rats exposed to FA determined by 

semi-quantitative RT-PCR. Within each column, means superscripts with different letters are 
significantly different (P ≤ 0.05).  

 

 
 
Figure. 11. Semi-quantitative RT-PCR analysis of HLA-A gene in liver tissue of rats exposed to 

FA. The RNA recovery rate was estimated as the ratio between the intensity of HLA-A gene and 

the -actin gene. Lanes 1 and 12 represent DNA ladder. Lanes 2 and 5 represent liver tissue of 
control rats. Lanes 3 and 6 represent liver tissue of rats exposed to 10 ppm of FA. Lanes 4 and 7 

represent liver tissue of rats exposed to 20 ppm of FA. Lanes 8 to 12 represent mRNA of the -
actin gene.    
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Figure. 12. Expression level of GSTP1 gene in liver tissue of rats  exposed to FA determined by 
semi-quantitative RT-PCR. Within each column, means superscripts with different  letters are 
significantly different (P ≤ 0.05).  

 
 

Figure. 13. Semi-quantitative RT-PCR analysis of GSTP1 gene in liver tissue of rats exposed to FA. 

The RNA recovery rate was estimated as the ratio between the intensity of GSTP1 gene and the -
actin gene. Lanes 1 and 12 represent DNA ladder. Lanes 2 and 5 represent liver tissue of control 
rats. Lanes 3 and 6 represent liver tissue of rats exposed to 10 ppm of FA. Lanes 4 and 7 

represent liver tissue of rats exposed to 20 ppm of FA. Lanes 8 to 12 represent mRNA of the -
actin gene.    

DISCUSSION  
Liver affections by FA inhalation in rats were 

the concern of our study; where exposure to 10 
and 20 ppm FA   for 15 and 30 days respectively 
caused histopathological alterations. In addition, 
the exposure to FA induced histopathological 
changes were dose and duration dependent. This 
comes in agreement with Kamata et al., (1996) 
who declared that FA-induced lung damage is 
dose dependent. In human and animal studies, 
inhalation of FA induced various toxic impacts, 
particularly in liver tissue. These insults involved 
dose related focal hepatic necrosis, hepatic 
enlargement, decreased weight, and 
hepatocellular fatty degeneration (Heck et al., 

2004). Considering to detailed study of the kinetic 
of FA in the human body and its fast metabolism 
(less than 1.5 minute), it could be proposed that 
FA cytotoxiciy could be attributed to its main 
metabolite "Formic acid". Formic acid is decayed 
mainly by metabolism in the liver and excretion 
from kidney (Dart, 2004). Soni et al., (2013) have 
suggested that FA exposure can induce changes 
in the liver cell morphology, as it can cause 
infiltration of lymphoid cells in the liver organ 
around the spaces between cells, also it can 
cause dilatation of the hepatic artery.  

Exposure to FA in our study elicted marked 
proliferation of liver cells, demonstrated by nuclear 
immune reactivity for antibody to PCNA. This 
finding comes in line with that of Szende and  
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Tyihák (2010) study where a certain concentration 
of FA causes enhancement of cell proliferation. 
However, Tyihák et al., (2001) clarified that the 
influential effect of FA exposure on cell 
proliferation and apoptosis; through either 
stimulation or inhibition; depended upon the 
concentration of FA used.  Aizenshtadt et al., 
(2012) attributed the enhanced proliferative effect 
on the cells induced by FA to activation of a cell 
receptor of epidermal growth factor due to its 
interaction with FA. 

The current study results demonstrated a 
positive immune reactivity for cytochrome c and 
increased apoptotic cell death in liver caused by 
exposure to 10 and 20 ppm FA for 15 days. This 
finding coincides with Sandikci et al., (2009) who 
observed apoptosis enhancement in young and 
adult rats after exposure to FA. Seul et al., (2010) 
have explained the apoptosis enhancing effect of 
FA exposure by the oxidative stress it produces, 
through the decrease in peroxiredoxin 2 protein, 
an endogenous antioxidant, via p38 mitogen 
activated protein kinase (p38MAPK). In fact, 
apoptosis (programmed cell death) is a normal 
biologic process, being altered on exposure to 
toxicants as FA (Elmore, 2007). However, 
apoptosis, after 15 days exposure to FA, in our 
study, was more intense and marked compared to 
30 days exposure. This may be ascribed to that 
the longer duration, 30 days exposure, allowed 
stronger and more intense proliferation of cells to 
take place, as demonstrated by the proliferation 
marker PCNA. Nuclear proliferation, hyper 
chromasia and focal atypia were prominent, and 
outgrew, giving no chance for apoptotic 
programmed cell death.  So, long term exposure 
may allow for accumulation of nuclear atypical 
changes and alterations, which are deleterious 
and eventually hazardous.  Ultimately, this may 
lead to the precipitation of the atypia and its 
progression into premalignant and even malignant 
lesions after long duration of FA high dose 
exposure (WHO, 2001). 

FA is classified as genotoxicants, however, 
little is known about FA toxicity on the molecular 
level. FA-responsive genes (Cyp2c6, Bhmt, 
Mapk12, HLAA and GSTP1) have been studied to 
obtain molecular insight as well as to develop 
biomarkers for FA intoxication. For this purpose,  
semi quantitative RT-PCR technology has been 
used for establishing global gene expression 
profile and the results showed that FA evoked 
alteration of genes that are implicated in 
apoptosis, immunity, metabolism, and signaling 
transduction (Hester et al., 2003; Li et al., 2007; 

Sul et al., 2007).  
The current study demonstrated that the 

expression levels of Cyp2c6, Bhmt, Mapk12, 
HLAA and GSTP1 genes were higher in the liver 
tissue of rats exposed to FA.  Increments in the 
expression levels of Cyp2c6, Bhmt, Mapk12, 
HLAA and GSTP1 in the liver of FA-exposed rats 
indicates the accumulation of oxidative stress 
caused by FA inhalation in liver tissue. FA 
inhalation induces an increase in cellular ROS 
and promotes cell death (Heaton et al., 2002; 
Saito et al., 2005). Therefore, an adopted reaction 
after FA exposure may promote intracellular 
signaling axis leading to increased generation of 
detoxification enzymes like Glutathione S-
transferases (GSTs). The facts that oxidative 
stress with the generation of ROS is a key 
component of inflammation and that GSTP1 gene 
polymorphism is associated with bronchial asthma 
and airway hypersensitivities (Mapp et al., 2002; 
Lee et al., 2004) indicate that GSTP1 genotypes 
may be a risk factors for FA intoxication such as 
sick building syndrome.  

The results of the semi quantitative RT-PCR 
analysis in this study showed that this gene was 
up-regulated in rat liver after FA inhalation. 
betaine homocysteine methyltransferase (Bhmt) is 
a cytosolic enzyme that catalyzes the conversion 
of betaine and homocysteine to dimethylglycine 
and methionine, respectively. It was shown that 
ethanol feeding induced effects on the two hepatic 
enzymes the scheme of methionine metabolism. 
Ethanol exposure elicited a marked suppression 
on methionine synthetase (MS) in the first week of 
exposure and a dramatic rise in BHMT activity at 
the 2-week duration. These observations 
indicated the possibility that the amplification in 
the activity of BHMT is mechanism by which the 
liver adapted to the inhibition in methionine and S-
adenosylmethionine (SAM) generation resulting 
from MS depletion (Barak et al., 1996).  

The stimulation of MAP kinase family 
members is a common pathway for the 
transduction of extracellular signals. Mitogen-
activated protein kinase 12 (MAPK12 = p38 
kinase = stress-activated protein kinase) is 
stimulated by cellular stress, bacterial endotoxin, 
or inflammatory mediators and is thus sometimes 
referred to be the stress-activated protein kinase 
(SAPK). The promotion of the expression of 
hepatic MAPK12 by FA exposure, established by 
RT-PCR analysis in the present work, fits with the 
previous studies, in which ethanol exposure 
stimulates the MAPK and SAPK activities in the 
pancreatic cell lines (McCarroll et al., 2003).  
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Upon exposure to FA, expression level of 
Cyp2c6, Bhmt, Mapk12, HLAA and GSTP1 were 
significantly up-regulated at mRNA- and/ may at 
protein-levels. Formation of DNA–protein cross-
link (DPC), which characterizes the level of DNA 
damage, was amplified between 10 µM and 2 mM 
FA exposure with dose-dependent manner in in 
vitro assays using V79 Chinese hamster cells and 
rat aorta endothelial cells (Merk and Speit, 1998; 
Lin et al., 2005). Exposure of male Fischer 344 
rats to  FA (> 6 ppm) resulted in the significant 
rise in DPC in association with histopathological 
alteration of hyperplasia and squamous 
metaplasia in the nasal lateral meatus (Casanova 
et al., 1994). In our study, mRNA levels of 
Cyp2c6, Bhmt, Mapk12, HLAA and GSTP1 were 
significantly amplified in the liver of rats at high 
level of FA exposure at the two time intervals. Our 
findings suggested that mRNA level of FA-
response genes could be sensitively represented 
the potent hazardous insults of FA. 

Also, the histopathological observations 
explained by molecular findings of rats inhaling FA 
at 10 and 20 ppm for 15 and 30 days respectively 
represented that FA which is one of the active 
chemicals in embalming fluid, in several industries 
and in histology and pathology lab technical 
procedures, has hepatotoxic impacts with 
detrimental effect to health.  

CONCLUSION 
In conclusion, our data on molecular level 

should be considered in follow-up programs of 
residents exposed to FA in new buildings to 
identify high risk populations and to help 
preventing of sick building syndrome (SBS), which 
is characterized by avarity of symptoms slikeuch 
as respiratory mucosal irritation, skin reactions 
and unspecific hypersensitivity. As, the expression 
levels of Cyp2c6, Bhmt, Mapk12, HLAA and 
GSTP1genes provided molecular insights of FA 
toxicity and could be analyzed as potential 
biomarkers of the hazardous impacts of FA. 
Finally, the mechanisms underlying the 
hepatotoxic insult of FA inhalation seem to be 
linked with apoptosis, oxidative stress and 
inflammation.  
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