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The Effect of Melatonin Hormone on Formaldehyde-Induced Liver
Injury: A Light Microscopic and Biochemical Study
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ABSTRACT

Objectives: This study aimed to investigate histological and biochemical changes in the livers of formaldehyde exposed rats and possible effects of
melatonin hormone on these changes.

Materials and Methods: A total of 21 male Wistar-albino rats were divided into three equal groups. Control rats in Group I received 0.9% NaCl
alone intraperitoneally (ip), rats in Group II were injected with 10% formaldehyde (10 mg/kg, ip) every other day and rats in Group III received
melatonin (25 mg/kg, ip) plus formaldehyde. At the end of 14-day experimental period, all animals were decapitated. The liver tissue samples were
processed histologically and analyzed under light microscope. Additionally, superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), catalase
(CAT), xanthine oxidase (XO), and malondialdehyde (MDA) levels in the liver tissue samples were determined.

Results: SOD, GSH-Px, CAT, XO and MDA levels of formaldehyde exposed rats were significantly higher than those of the control group rats.
However, these biochemical values of rats treated with melatonin plus formaldehyde were lower than the non-melatonin group. Light microscopic
evaluation of liver tissue samples of formaldehyde-exposed rats revealed enlarged sinusoids filled with blood and mononuclear cell infiltration in the
portal areas and around the central veins. In addition, some of the hepatocytes showed vacuolar degeneration, and some had a hyperchromatic
nucleus. In PAS staining, the hepatocytes around the portal areas were PAS negative. The rats treated with melatonin plus formaldehyde had
somewhat fewer histological changes induced by formaldehyde exposure.

Conclusion: The liver damage caused by formaldehyde may be partially prevented by melatonin administration. ©2008, Firat University, Medical
Faculty
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OZET
Melatonin Hormonunun Formaldehite Bagh Karaciger Hasar1 Uzerine Etkisi: Istk Mikroskobik ve Biyokimyasal Bir
Calisma

Amag: Bu calismada, formaldehite maruz birakilan siganlarin karacigerlerinde olusan histolojik ve biyokimyasal degisiklikler ile melatonin
hormonunun bu degisiklikler iizerine olasi etkilerinin incelenmesi amaglandi.

Gerec¢ ve Yontem: Toplam 21 adet erkek Wistar-albino cinsi sigan ii¢ esit gruba ayrildi. Grup I’deki kontrol siganlara sadece % 0.9’luk NaCl
intraperitoneal (ip) uygulanirken, grup II’deki sicanlara % 10 formaldehit (10 mg/kg, ip) ve grup III’teki sicanlara ise formaldehitin yani sira
melatonin (25 mg/kg, ip) giinasir1 olarak enjekte edildi. 14 giinliik bir uygulama siirecinden sonra biitiin hayvanlar dekapite edildi. Karaciger doku
ornekleri histolojik islemlerden gegirilerek 151k mikroskop altinda incelendi. Ek olarak, karaciger doku 6rneklerinde siiperoksit dismutaz (SOD),
glutatyon peroksidaz (GSH-Px), katalaz (CAT), ksantin oksidaz (XO) ve malondialdehit (MDA) seviyeleri belirlendi.

Bulgular: Formaldehite maruz birakilan siganlarin SOD, GSH-Px, CAT, XO ve MDA seviyeleri kontrol degerlerinden anlamli derecede yiiksekti.
Buna karsin, formaldehitle birlikte melatonin uygulanan siganlarm bu biyokimyasal degerleri melatonin uygulanmayan gruba nazaran diigiiktii.
Formaldehite maruz kalan siganlarin karaciger doku 6rneklerinde gerceklestirilen 151k mikroskobik degerlendirme, i¢i kan dolu siniizoidler yani sira
portal alanlar ve v.centralis civarinda mononiikleer hiicre infiltrasyonunu agifa ¢ikardi. Ayrica, hepatositlerin bazilar1 vakuoler dejenerasyon
gosterirken, bazilart da hiperkromatik ¢ekirdege sahipti. PAS boyamada, portal alanlara yakin hepatositler PAS negatifti. Melatonin ve formaldehitin
birlikte uygulandig1 siganlarda formaldehite bagh histolojik degisiklikler nispeten daha az gbzlendi.

Sonug: Formaldehitin neden oldugu karaciger hasart melatonin uygulamastyla kismen énlenebilir. ©2008, Firat Universitesi, Tip Fakiiltesi

Anahtar kelimeler: Karaciger, Formaldehit, Melatonin, Oksidatif Stres, Isik Mikroskop

Formaldehyde (HCHO) is a highly water soluble, colorless organism (1). HCHO taken in an organism is metabolized into
agent with sharp odor and exists in the natural structure of the formic acid in the liver and erythrocytes and excreted by urine,
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feces, or expiration (2). It is used in paint, plastic, textile and
leather industries, sanitary and cosmetic products, construction
materials, paper, ink, confectionery productions and is used as
a preserving additive in drugs (3,4). In medicine, it is also used
for cadaver embalming, organ and tissue fixation, and
disinfection and sterilization procedures (1,2,5,6). Various
studies have reported the structural and functional disorders of
the respiratory, gastrointestinal, reproductive and nervous
systems associated with toxic effects of HCHO (7-10). Allergic
effects of HCHO have also been reported (1).

HCHO has adverse effects on the histological structure
and functions of the liver (11). When received through
respiration, it has been found to decrease the liver weight and
triglyceride level (12,13). Furthermore, the toxic effects of
HCHO have been reported to cause structural changes in the
epithelial biliary cells and damage intrahepatic and
extrahepatic biliary ducts (14). HCHO exposure has led to
disorders of oxidant and oxidant-antioxidant systems of the
liver tissue and inflicted oxidative damage (15).

Melatonin is released from the pineal gland in the dark
(16,17). In addition to the pineal gland, melatonin has been
shown in the retina, intestines, erythrocytes, leucocytes, and
many other tissues. The organs and tissues exposed to oxygen
radical formation such as the liver, lungs, brain, and skin
produce intracellular melatonin at lower levels (18-21).
Melatonin hormone (N-acetyl-5-methoxytryptamine) acts in
the regulation of many physiological functions such as
endocrine rhythm, antigonatropic effects, protecting the
nervous system, stimulation of the immune system, and the
protection of free radicals (17,22-24). Recent studies have
shown melatonin to be an antioxidant substance (25).
Melatonin, which is both water and oil soluble, is available to
each organelle of the cell (26).

This study aimed to investigate histological and
biochemical changes in the liver of formaldehyde exposed rats
and the effects of melatonin hormone on these changes.

MATERIALS AND METHODS

Animals and Treatments

The subjects of the study were 21 male Wistar-albino rats
(weighing 310-320 g). The animals were divided into three
equal groups. All animals received humane care in compliance
with guidelines of Firat University Research Council’s criteria.
Control rats in Group I were injected intraperitoneal (ip)
injection of 0.9% NaCl alone every other day. The rats in
Group II received ip 10 mg/kg HCHO diluted 1/10 in 0.9%
NaCl every other day. In addition to receiving HCHO, the rats
in Group III received ip 25 mg/kg melatonin (Sigma Chemical
Co.) diluted 1/10 in 0.9% NaCl every other day. To regulate
endogenous melatonin secretion, all rats were kept in 12-hour
light and 12-hour dark conditions throughout the experimental
procedures. At the end of the 14-day experimental period, all
animals were sacrificed.

Microscopic examination of liver tissue specimens

The liver tissue specimens were fixed in formaldehyde
solution (10%). Tissue specimens were embedded in paraffin
wax and sectioned (thickness, 5 pm). Paraffin sections were
stained with hematoxylin-eosin (H&E), Masson’s trichrome,
and PAS and examined with an Olympus BH2 photomicro-
scope.
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Biochemical analysis of liver tissues

For biochemical evaluations, rapidly harvested liver
biopsy samples were washed in 0.15 M cold (+4°C) potassium
chloride (KCI) and dried with blotting paper. The tissues were
homogenized in KCI (0.15 M) at 16000 rpm for three minutes.
The homogenate was centrifuged at 5000xg for one hour at
+4°C and the supernatant was obtained and stored at —40°C for
one week until analysis. Superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), catalase (CAT), xanthine
oxidase (XO) and malondialdehyde (MDA) levels were
measured in the supernatant by spectrophotometric methods.

Determination of superoxide dismutase activity

It was measured by the method of Sun et al. (27), in
which SOD enzyme values are based on the reduction of
nitroblue tetrazolium (NBT) by superoxide produced by the
xanthine-xanthineoxidase system.

Determination of glutathione peroxidase activity

Glutathione peroxidase (GSH-Px, EC 1.6.4.2) activity
was measured by the method of Paglia and Valentine (28). In a
medium containing hydrogen peroxide, GSH-Px catalyzes the
amplification of glutathione reductase (GSH) to oxidized form
of glutathione. The oxidized glutathione is reduced to GSH by
glutathione reductase and NADPH. GSH-Px activity was
detected by decreased absorbance at 340nm during the
conversion of NADPH to NADP+.

Determination of catalase activity

Catalase activity was measured according to the Aebi
method (29), through the observation of hydrogen peroxide
(H202) destroyed by the enzyme at 240 nm wavelength in a
spectrophotometer.

Determination of xanthine oxidase activity

Tissue xanthine oxidase activity was studied according to
the method of Prajda and Weber (30), by the observation of
uric acid absorbance formed by xanthine at the level of 293 nm
wavelength on spectrophotometer.

Determination of malondialdehyde level

MDA was measured by the Esterbauer and Cheeseman
method (31). Malondialdehyde and thiobarbituric acid react at
90-100°C and form a pink-colored compound. The absorbances
of the samples obtained were read at 532 nm.

Statistical analyses

“SPSS 11.0 for Windows” statistical program was used.
The distribution of the groups was evaluated through a one-
sample Kolmogorov-Smirnov Test, a nonparametric test. The
group comparisons were performed by the use of parametric
tests: one-way ANOVA test and LSD, a Post Hoc test. P<0.05
was considered statistically significant.

RESULTS

Light microscopic findings

In light microscopic evaluations, all three zones of hepatic
acinus in the liver sections of the control group were normal.
With PAS staining, the hepatocytes in all three zones were
intensely glycogen stained (Figure 1).
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Figure 1. Group |. The glycogen content (arrow) in the
hepatocytes around the portal area. PAS X240.

Upon evaluation of the liver tissue preparations of the
rats exposed to excessive HCHO for 14 days, enlarged
sinusoids were blood filled, and there was mononuclear cell
infiltration in the portal area and around the vena centralis
(Figures 2 and 3).

Figure 2. Group II. Dilatation and congestion (*) in the sinusoids.
H&E X240.

Figure 3. Group Il. Mononuclear cell infiltration (arrow) around
the portal area (p). H&E X240.

Furthermore, some hepatocytes had vacuolated
cytoplasm (Figure 4) and some had a hyperchromatic nucleus
(Figure 5). With PAS staining, the hepatocytes around the
portal area were PAS negative; thus, there was no glycogen
content (Figure 6).
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Figure 4. Group Il. Glycogen content of hepatocytes (arrow) and
vacuolization (double arrow) are visible. PAS X480.

Figure 5. Group Il. Hepatocytes with hyperchromatic nucleus
(arrow) and vascular congestion (*) were evident. Masson’s
trichrome X240.

Figure 6. Group Il. The hepatocytes around the portal area were
PAS negative (*) and the glycogen containing hepatocytes
around vena centralis (vc) were PAS positive (arrow). PAS
X240.

The evaluation of the liver tissue preparations of the rats
exposed to both HCHO and melatonin showed that enlarged
sinusoids were filled with blood, and there were hepatocytes
with hyperchromatic nuclei at various locations (Figure 7).
PAS staining indicated glycogen presence in hepatocytes of all
three zones as seen in the control group (Figure 8). In this
group also, sinusoidal enlargements were not as common as
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those in the HCHO group. Moreover, there was no cellular
infiltration.

Figure 7. Group lll. Enlargement and congestion of the
sinusoids (*) are visible. Masson’s trichrome X240.
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Figure 8. Group Ill. The hepatocytes with glycogen content
around the portal area (arrow) are noticeable. PAS X240.

Biochemical findings

In HCHO-exposed rats, oxidative antioxidant enzymes SOD,
GSH-Px, CAT values were significantly higher than those of
the control group (p<0.05). MDA and XO levels of the same
group were also statistically higher than the control group
(p<0.05). In the HCHO and melatonin-exposed group, SOD,
GSH-Px, CAT, XO and MDA levels were lower than the
HCHO alone injected group (p<0.05). The biochemical
findings are summarized in Table 1.

Table 1. MDA, XO, GSH-Px, CAT and SOD values of the study groups presented in mean + SD (for each group n=7).

) CAT SOD
Groups MDA (nmol/g) (Ulg) GSH-Px (U/g) (/o) (U/mg)
Control (I) 2.36%0.15 0.29+0.01 23.60+0.98 5.16+0.11 0.07+0.01
HCHO (1I) 6.13+£0.47" 0.52+0.01" 39.23+1.47" 10.21+0.21" 0.14+0.02"
HCHO+Melatonin (I1I) 2.67+0.22" 0.30+0.02" 34.11+0.78" 5.27+0.13" 0.12+0.02"

*p<0.05 versus controls, **p<0.05 versus formaldehyde (HCHO) group.

DISCUSSION

Previous studies have shown the toxic effects of formaldehyde
(HCHO) on the skin and eyes, and on the respiratory,
gastrointestinal, nervous, and reproductive systems (7-10). In
addition to its deleterious effects on histological structure and
functions of the liver, HCHO has been reported to cause a
decrease in liver weight (12,13) and damage to the biliary ducts
(14).

In our study, the light microscopic evaluation of the liver
tissue sections revealed enlarged sinusoids filled with blood
and cellular infiltration in the portal area and around vena
centralis. Furthermore, some hepatocytes had cytoplasmic
vacuolizations, while some had hyperchromatic nuclei. Strubelt
et al. (15) found that HCHO exposure leads to mitochondrial
destruction and damages rough endoplasmic reticulum. Beall
and Ulsamer (32) reported centrilobular vacuolization and local
cellular necrosis in the liver associated with HCHO exposure.
In their study on rats, Dumont et al. (14) detected structural
changes in the biliary epithelial cells after HCHO
administration.

Free oxygen radicals are a result of metabolic
intracellular process forming under natural conditions. They
inflict oxidative damage on the cells by affecting membrane
lipids, proteins, and nucleic acids. These potentially harmful
effects are regulated by antioxidant defense mechanism. The
antioxidant enzymes such as SOD and GSH-Px are needed for

the maintenance of cellular balance and scavenging the free
radicals away (33). Malondialdehyde (MDA) is one of the
products of lipid peroxidation and is commonly used parameter
to indicate oxidative stress (34).

HCHO disturbs the oxidant-antioxidant balance in
various tissues and cause oxidative stress in parallel with tissue
damage. In previous studies, increased MDA levels in the lung,
liver, and testicular tissues of the rats exposed to HCHO were
reported (34-36). In accordance with our findings, Strubelt et
al. (15) have reported increased MDA levels in the liver tissues
of HCHO-exposed animals. Similarly, Teng et al. (37) in their
experimental study on isolated rat hepatocytes showed that
HCHO at low concentrations leads to oxidative stress.

Skrzydlewska and Farbiszewski (38-40) noted methanol
metabolized into HCHO and formic acid for the increased
levels of SOD and GSH-Px levels in rat liver tissues. However,
Datta and Namasivayam (41) found that methanol decreases
SOD levels and increases CAT and MDA levels in rat
hepatocytes. In our study, SOD, GSH-Px, and CAT values
increased in the HCHO-exposed rats. Increased SOD activity
may be a response of increased oxidative stress in the liver
tissue. CAT increase, however, may be indicative of high
degree oxidative stress due to elevated endogenous H,0,. It
may also be an adaptive response to oxidative stress induced by
HCHO. GSH-Px is an important antioxidant enzyme acting in
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H,0, elimination and lipid peroxidation. Increased GSH-Px
activity suggests increased H,0, products.

Melatonin is known to be involved in a variety of
physiological processes including the regulation of endocrine
rhythm, antigonadotropic effects, neuroprotective effects,
stimulation of the immune system, and free radical scavenging
action (17,22-24). In addition to these properties of melatonin,
it is a potent antioxidant agent and exerts a protective effect
against oxidative stress (25,42,43). In our study, melatonin was
found to partially prevent the liver damage against HCHO
intoxication. The exact mechanism of melatonin-provided
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