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Abstract: 5-Methylcytosine (5-Mec) is a natural modification of DNA methyltransferase (DNA

MTase), S-adenosyl- methionine (SAM) uses as the methyl donor and yields S-adenosyl

homocysteine (SAH). The effects of chloroform on DNA methylation and histopathological alterations

occurs in the liver were studied. Male and female Swiss albino mice were treated by chloroform

through oral gavage. Different concentrations 130, 238, 277 and 477mg chloroform/kg mice

dissolved in corn oil (10ml/kg mice), for 19,33 and 54 days. Whereas, treatment with chloroform

with high concentration for the longest period led to progressive hypomethylation of liver DNA as

determined by gel electrophoresis to HpaII and MspI digested DNA and likewise. Moreover, light

microscope appeared malignant cells with polymorphic nuclei, and sever displasia appeared with

necrosis in moderate dose. ALT and albumin serum levels were also measured as a biomarker for

liver dysfunction where ALT level showed significant elevation and albumin level showed significant

depression. Our data concluded that high doses of chloroform produce regenerative cell proliferation,

and hypomethylation of DNA which are a common feature of non-genotoxic carcinogens. Elevation

of ALT level and decrease of albumin level confirmed liver disorder using high doses of chloroform.
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INTRODUCTION

 

DNA methyltransferase can transfer a methyl group from S- adenosyl- methionine to cytosine in CpG

dinucleotides. This methylation of cytosine is associated with gene silencing, and genes with abundant 5-

methylcytosine in their promoter region are usually transcriptionally silent (Jones, 2001). DNA can be

digested into single nucleotides and total genomic 5- methylcytosine can be quantitated by high- performance

liquid chromatography, thin layer chromatography, or liquid chromatography/ mass spectroscopy (Friso et al.,

2002). However, the precise function of DNA methylation is still unclear. It is widely believed that DNA

methylation patterns represent an epigenetic program of the genome that dictates the interpretation of

genomic information. Consistent with epigenetic program levels change dynamically during mammalian

development (Reil et al., 2001). During preimplantation development, mammalian genome becomes rapidly

demethylated (Rougier et al., 2000; Mayer et al., 2000). The genomic DNA methylation level also plays an

important role in tumorigenesis (Jones, 2002; Ehrlich, 2002). DNA methylation is vital during development,

hypomethylation, has been associated with aging, cancer and other diseases (Jones, 2002; Richardson,

2003).Tumor cells exhibit global hypomethylation occurs in repetitive DNA that is normally heavily

methylated (Yoder et al., 1997).Otherwise, curcumin can induce about 15B20% decrease of global DNA

methylation level (Zhongfa et al., 2009).

It has been hypothesized that sensitivity to tumorigenesis may be inversely related to the capacity to

maintain normal patterns of DNA methylation (Goodman and Watson, 2002).
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Toxicity, cell proliferation and DNA hypomethylation are all possible components of a non-genotoxic

mechanism of chloroform, short term treatment with non- genotoxic rodent carcinogens is known to lead to

hypomethylation  of DNA in mouse liver that was suggested to correlate with a burst of cell proliferation

(Bachnan et al., 2006). The majority of CpG methylation in mammalian cells is located in repetitive DNA

elements (Rollins et al., 2006) and one of the main functions of DNA methylation proteins in somatic cells

is to maintain stability of the genome by silencing the expression of these repetitive sequences (Schulz et al.,

2006). It has been suggested that genome- wide DNA hypomethylation in cancer cells and during

carcinogenesis largely affect methylation status of these repetitive sequences (Schulz et al., 2006). It was

appeared that repeated exposure to cytotoxicants can result in chronic cell injury, compensatory cell

proliferation hyperplasia and ultimetaly tumor development. The degree of hepatic DNA methylation is related

to the carcinogenic potential of the toxicant and is likely a result of accumulating DNA damage, increased

cell proliferation and altered. expression of DNA methyltransferase DNMT1(Igor et al., 2008). It's thought

that non- genotoxic carcinogens act by interfering with molecules intimately involved in cell growth and cell

death. A number of critical events associated with the action of non- genotoxic carcinogens have been

identified (Purchase, 1994).

Recently, the available repeated exposure studies on chloroform have documented that chloroform

administered with low and moderate doses caused mild liver injury characterized by centrilobular micro

vesicular lipidosis, ballooning degeneration and subtle apoptosis and necrosis of  hepatocytes, where as for

high doses there was significant oval cell hyperplasia in the liver in damaged regions admixed with normal

and degenerated hepatocytes (Anand et al., 2006).

Our study aimed to study the effect of chloroform as one of the byproducts of chlorinated drinking water

at the level of molecular biology.

The study comprised the effect of chloroform on methylation  in the genomic DNA isolated from liver

tissue of both male and female mice treated through oral gavage of chloroform.  The study was extended to

study the effect of chloroform on the  histopathological alterations present, ALT activity and albumin level

were measured to confirm liver disorder.

MATERIALS AND METHODS

Experimental animals:

All experiments were performed on male and female mice and left to acclimatize for one week before

the experimental period. 

The animal room was maintained under a constant 12-h light : 12-h dark cycle with temperature 23"3

C and relative humidity 70"10% throughout the experimental period 

Experimental design: 

144 Swiss albino mice both sexes (21 B 25 gm) at 8 weeks of age were weighed and assigned to

different treatment groups every group contain 18 mice at 33 , 54 days:

T1 = 130 mg chloroform / kg mice.T2 = 238 mg chloroform / kg mice.

T3 = 277 mg chloroform / kg mice. T4 = 477 mg chloroform / kg mice.

Dissolved in corn oil (10ml/kg mice). Mice receive their doses by oral gavage. The dose levels of

chloroform were selected so that the high dose has been previously demonstrated to be carcinogenic in mice,

(National, 1976).

Control mice received only water, the gavage doses were formulated daily in corn oil and were taken

5 days / week for 33 , 54 days (Pereira, 1993). 

Blood samples were collected via eye and centrifuged (3000rpm for 10 min at 4  C for separating the

serum. The serum collected and stored at - 20 C for the biochemical analysis.

After necropsy, the liver organ was removed from each mouse at various periods after chloroform

treatments and divided into 2 parts, first part frozen in liquid nitrogen and stored at -20 C for  molecular

biology study and the second Fixed immediately in 10% neutral buffered formaline for 24 hr for

histopathology study.

Hypomethylation analysis carried out as described by (Tao et al., 2005), DNA isolated from liver tissues

(by Wizard SV96 Genomic DNA Purification System from Promega ) and digested by HpII and other part

from DNA digested by MspI .
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DNA gel electrophoresis (Counts and Goodman, 1995):

Agarose gel electrophoresis was performed to DNA isolated from male and female mice liver after

treatment with 130 and 238 mg chloroform for 54 days and 277 and 477 mg for 33 and 54 days.

a) Isolated DNA was digested overnight with HapII at 37 C and other part of the same DNA sample

was digested over night with MspI at 37 C.

b) The digested DNA was electrophoresed on 1.6% agarose gel for 6 hours at 20V. The gel was stained

with 0.5Fg/ml ethidium bromide to allow visualization of DNA.

To control the variation among gels, each gel contained the same number of samples and equal loading

of the gel was indicated by equal ethidium bromide fluorescence.

Histopathological Study Was Carried out as Described by Kiernan (Kiernan, 1981) Reagents:

a) Absolute ethanol. b) Xylene.c) Paraffin wax.

d) Haematoxylin. e) Eosin.f) Canada- balsam.

Procedure:

Liver sections of 4 B 6 mm thickness were fixed in 10% buffered formalin for 24h , then transferred

to 70% ethyl alcohol and dehydrated in ascending grades of ethanol, infiltrated in paraffin, sections were then

deparaffinized in xylene, hydrated in descending grades of ethyl alcohol, incubated with haematoxylin for

3 minutes, washed under running water and incubated with eosin for 1 minute. Stained sections were then

photographed using Zeiss microscope. Serum albumin level (Doumas, 1981) and serum ALT activity (Reitmas

and Frankel, 1957) were measured. Statistical Analysis was done (Norusis, 2006) by the aid of personal

computer using SPSS program, bare 12.0.

RESULTS AND DISCUSSION

Agarose gel electrophoresis for HpaII and MspI digested genomic DNA isolated from male and female

mice liver treated with 130 and 238mg chloroform by gavage for 54 days is presented in Figure1. It was

obvious that chloroform treatment induced hypomethylation as evidenced by appearance of a band compared

to control sample in HpaII digested DNA samples where all the internal cytosine sites of control sample are

methylated so there is no bands appeared in the control digested by HpaII. 

Agarose gel electrophoresis for HpaII and MspI digested genomic DNA isolated from male and female

mice liver treated with 277 and 477mg chloroform by gavage for 33 days, it was obvious that high dose of

chloroform treatment shows progressive demethylation of genomic DNA, evidenced by appearance of 3 bands

compared  to  control  sample  in HpaII digested DNA samples where all the internal cytosine sites of

control  sample  are methylated so there is no bands appeared in the control digested by HpaII as shown

in Figure 2.

Fig. 1: Effect of chloroform gavage using 130 and 238mg chloroform/kg mice for 54 days on

hypomethylation of DNA of both male and female mice liver   
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Fig. 2: Effect of chloroform gavage by concentrations of 277 and 477mg chloroform for 33 days on

hypomethylation of DNA of both male and female mice liver

M = (/ Hind III/ ECORI DNA marker

m = male f = female c = control 

T1 = 130 mg chloroform/kg mice T2 = 238 mg chloroform/kg mice T3 =  277 mg ch loroform/kg

mice

T4 = 477 mg chloroform/kg mice F  = MSPI digested DNA H  = HpaII digested DNA

Male mice liver treated with 238mg chloroform, for 54 days post- gavaging, shows marked cellular

inflammatory infiltration Figure 3A, while female mice liver treated with 238mg chloroform for 54 days post-

gavaging, marked area of necrosis is obvious Figure 3B.

Male mice liver treated with 277mg chloroform, for 54 days post- gavaging, shows paravascular cellular

inflammatory infiltration and necrosis Figure 3C, while female mice liver treated with 277mg chloroform for

54 days post- gavaging, shows malignant cell (polymorphic, hyperchomatic nuclei) Figure 3D.

As for male and female mice liver treated with 477mg chloroform for 54 days post- gavaging, shows

malignant cell, polymorphic, hyperchomatic nuclei and fragmentation of nuclei Figure 3E.

Biochemical Parameters Study:

Data presented in Table1 demonstrate the biochemical changes in different groups and its significant

appearance compared with control.

Serum ALT activity (U/L):

For 54 days post- gavaging (Table 1):

There is highly significant change observed in dose 238mg chloroform (T2) and 277mg chloroform (T3)

and dose 477mg chloroform (T4) and no significant change observed in dose 138mg chloroform (T1).

Serum Albumin Level (G/dl):

For 54 days post- gavaging (Table 1):

There is highly significant change observed in groups treated with each of dose 277mg chloroform (T3)

and 477mg chloroform (T4) while no significant change was observed in any of the groups treated with other

doses.

Discussion:

Chloroform is one of the most common by products produced during water chlorination resulting from

the reaction of chlorine with natural organic material in water sources (Coleman et al., 1984). Thus DNA

hypomethylation has been proposed as a mechanism for non-genotoxic tumor promoters (Counts and

Goodman, 1995). In mouse liver, non-genotoxic carcinogens, including chloroform have been shown to

decrease the methylation of DNA and protooncogenes (Tao et al., 2000).
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Fig. 3: Photographs of H & E- stained liver sections from Swiss albino mice treated with chloroform/ Kg

mice. 

Table 1: ALT activity according to dose at 54 days (U/L), Albumin level according to dose at 54 days (g/dl)

1 2 3 4 1 2 3 4Treatments Control(ALT) T T T T Control( Albumin) T T T T

40.92 41.42 43.42 51.42 55.67 3.06 2.9 3.14 2.81 1.74

±SD ±2.37 ±2.37 ±2.18 ±2.58 ±2.01 ±0.20 ±0.19 ±0.20 ±0.10 ±0.19

SE 0.48 0.48 0.44 0.52 0.41 0.04 0.04 0.04 0.02 0.03

t -0.7 -4.17 -14.64 -23.19 1.7 -1.33 5.34 23.25

P  < N.S. 0.001 0.001 0.001 N.S. N.S. 0.001 0.001

1 2T  = 130mg chloroform/kgT  = 238mg chloroform/kg

3 4T  = 277mg chloroform/kgT  = 477mg chloroform/kg

Number of mice = 18 mice each group

The relative increase/decrease in the intensity of bands or the appearance/ disappearance of a band

compared to control samples is evidence to loss of hypomethylation.

Our results showed that genomic DNA methylation was decreased with chloroform uptake by gavage and

this decrease is depending on dose concentration and period of uptake, and our study is in agreement with

(Jeruusha et al., 2000) who reported that mice taking chloroform by gavaging in concentrations of 130 and

260mg chloroform caused hypomethylation to genomic DNA where when digestion of DNA by Hpa II

restriction enzyme, 5 bands appeared that were not present in control mice digested by Hpa II.

Also Lianhui (Lianhui et al., 2000), who reviewed that Hpa II digestion of DNA from mice treated with

chloroform 1000mg resulted in 3 distinct bands of greater size than with MspI.

It is well established that tumorigenesis is associated with alterations in cellular epigenetic status,

especially with hypomethylation of DNA (30,31). Genome wide loss of DNA methylation has been regarded

as a common event in cancer cells (Ehrlich, 2006). Recent studies have suggested a link between exposure

to carcinogens, epigenetic alterations and the ensuing malignant transformation (Jaffe, 2003; Feinberg et al.,

2006).
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Specifically, studies show that a sustained loss of DNA methylation in liver is an early and indispensable

event in hepatocarcinogenesis induced by exposure to both genotoxic and non- genotoxic agents in rodents

(Tryndak et al., 2006).

Chloroform has toxic effects in different organs such as liver and kidneys, it causes liver and kidney

damage in male rats and mice (Tempin et al., 1998). Cell death and subsequent division in liver and kidney

lead to tumors in the susceptible species and strains (Larson et al., 1996).

In the present study Male mice liver treated with 238mg chloroform, for 54 days post- gavaging, shows

marked cellular inflammatory infiltration while female mice liver treated with 238mg chloroform for 54 days

post- gavaging, marked area of necrosis is obvious. Male mice liver treated with 277mg chloroform, for 54

days post- gavaging, shows paravascular cellular inflammatory infiltration and necrosis, while female mice

liver treated with 277mg chloroform for 54 days post- gavaging, shows malignant cell (polymorphic,

hyperchomatic nuclei).

As for male and female mice liver treated with 477mg chloroform for 54 days post- gavaging, shows

malignant cell, polymorphic, hyperchomatic nuclei and fragmentation of nuclei Figure 3E.

Larson et al., (1994) reported that male mice administered with chloroform in corn oil at dose level 277

mg/kg, mild to moderate liver injury and corresponding cell proliferation are observed at 4 days of exposure.

Significant hepatic oval cell hyperplasia was evident after 7 days of exposure to high dose (Cattely and Popp,

2002). To great extent the work of Angela and Kevin (2002) agreed with the present study. They reported

that chloroform at concentration of 180 mg gavaged for 28 days, noted degenerated hepatocytes and

occasionally necrotic cells; there was slight vacuolation of centrilobular and subcapsular hepatocytes and

minimal inflammatory infiltration.

It's obvious in our study that in comparison with control, For 54 days dose 277 and 477 mg chloroform,

it showed highly significant decrease in albumin level while no significant changes were observed in dose

130 and 238 mg chloroform.

It's revealed, in our study that in comparison with control, ALT level for 54 days post-gavaging, dose

238, 277 and 477 mg chloroform showed significant elevation, as for dose 138 mg chloroform, no significant

change was observed. 

Our results are in agreement with Richard et al., (1986) who reported that ALT level significantly

increased when chloroform is administered by gavage at a dose concentration of 270 mg for 90 days.

The differences observed between the present and previous studies could be due to the different strain

of mice as well as high dose level of chloroform and time of exposure in the present work.

In conclusion, our data showed that high doses of chloroform produce regenerative cell proliferation, and

hypomethylation of DNA which is a common feature of a non-genotoxic carcinogens. Elevation of ALT level

and decrease of albumin level confirmed liver disorder using high doses of chloroform.
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