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ABSTRACT 
 

Dimethylamine (DMA) is a toxicant commonly present in foods, air and water. Diospyros species is 
a group of plants being reported to contain several bioactive agents. The study was aimed at 
investigating the biological activities of Diospyros chloroxylon leaf extract (DCLE) on DMA-induced 
toxicity in liver of Wistar rats. The DMA significantly (p < 0.05) reduced serum Superoxide 
dismutase (SOD) and catalase activities by 43.9% and 60.6%, while malondialdehyde (MDA) was 
found to be significantly (p < 0.05) elevated by 150% compared with controls. Hepatic SOD and 
catalase activities, and reduced glutathione (GSH) level were significantly (p < 0.05) reduced by 
49.9%, 32% and 26.3%, respectively, while MDA level was increased by 94.5% in DMA group 
against controls. The DCLE significantly (p < 0.05) increased SOD and catalase activities, and 
lowered MDA level in serum and liver against DMA treatment. DNA fragmentation was observed to 
be significantly elevated by 42.5% in DMA-treated rats compared with controls.  Pretreatment with 
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DCLE significantly (p < 0.05) lowered DNA fragmentation in the [DCLE + DMA] group. Histological 
data reveal that DMA caused periportal cell infiltration in hepatocytes, whereas the control, DCLE 
and [DCLE + DMA] groups showed no visible lesion. Immunohistochemical (IHC) staining of             
CD34 showed a strong expression in DMA group, while DCLE + DMA] showed a moderate 
expression. This study thus suggests that methanolic leaf extract of Diospyros chloroxylon 
ameliorates oxidative stress, DNA damage and cell proliferation in liver of rats treated with 
Dimethylamine. 
 

 
Keywords: Dimethylamine; Diospyros chloroxylon; redox profile; DNA damage; cell proliferation. 
 
1. INTRODUCTION 
 
Dimethylamine (DMA) is a secondary amine, 
occurring as an environmental toxicant and a 
contaminant of foods such as cabbage, celery, 
corn, and coffee. In vivo metabolism of amines 
have been exemplified by arylamines (aromatic 
amines), which are metabolized via hepatic CYP 
450-dependent N-hydroxylation [1], followed by 
phase II esterification of the N-hydroxylamine to 
reactive ester derivatives that covalently bind 
DNA [2]. AIAs have been demonstrated to exhibit 
genotoxicity in cultured mammalian cells, by 
showing mutagenesis, chromosomal aberrations 
and DNA strand breaks [3]. These amines have 
been observed as potential bacterial mutagens, 
as well as, animal and human carcinogens [4]. 
However, DMA has been a potential precursor of 
N-nitrosodimethylamine (NDMA), both chemically 
and biologically, when reacted with nitrate or 
nitrite. This nitrosamine is a potent environmental 
toxicant present in foods and drinking water [5-
7]. In vivo formation of NDMA has been 
demonstrated in mice with oral administration of 
DMA and nitrite [8], and also through intubation 
with DMA followed by inhalation of nitrogen (IV) 
oxide (NO2), as reported by Iqbal [9]. Microbial 
synthesis of NDMA from DMA and sodium nitrite 
has been recently noticed by Adeleke et al. [10], 
using a culture of Acetobacter aceti isolated from 
fermented palm wine, a finding that supported 
the endogenous generation of this nitrosamine 
by human gut bacteria [11-12]. Mammalian 
metabolism of NDMA occurs via CYP 450-
dependent α-hydroxylation reaction to form 
methyldiazohydroxide, which is finally converted 
to methyldiazonium ion, an electrophile that can 
methylate DNA molecule [13-15]. Several   
studies have shown that N-Nitrosamines are 
mutagenic and can produce free radicals in 
cellular systems [16-17], leading to 
carcinogenesis [18]. In addition, NDMA has been 
reported to induce hepatic necrosis [19], 
genotoxicity, pathologic apoptosis and cell 
proliferation [20].  
 

Diospyros species is a large genus of trees or 
shrubs, belonging to family Ebenaceae, which 
are widely distributed all over the world. The 
leaves of Diospyros chloroxylon have been used 
for curing several diseases such as boils, pains, 
swelling and skin diseases [21]. Some 
researchers have linked the medicinal values of 
Diospyros species to the presence of 
phytochemicals such as, usorlic, diospyrin, 
amytrin, [22-23]. Certain phytochemical studies 
of the leaves of D. chloroxylon indicated the 
presence of a broad spectrum of secondary 
metabolites, such as cardiac glycosides, 
alkaloids, flavonoids, tannins, amino acids, 
proteins and saponins [24]. A more recent 
phytochemical study by Thomas et al. [25], using 
acetone extract of D. chloroxylon leaves 
revealed the presence of terpenoids, alkaloids, 
tannins, phenols and saponins. A novel 
triterpene, betulinic acid, has been reported 
present in Diospyros species [26-27], and could 
also exhibit several biological properties [28-30]. 
Literature information on the effects of D. 
chloroxylon against dimethylamine toxicity was 
scarce. Therefore, this study was designed to 
investigate the biological activities of D. 
chloroxylon methanolic leaf extract in rats treated 
with dimethylamine. 
 
2. MATERIALS AND METHODS 
 
2.1 Chemicals  
 
Dimethylamine hydrochloride (DMA-HCl) was 
purchased from Sigma Aldrich (St. Loius, MO, 
USA). All other chemicals and reagents used are 
of good analytical grade. 
  
2.2 Plant Material  
 

The leaves of Diospyros chloroxylon purchased 
from a local herb vendor in Ogbomoso, Nigeria, 
were authenticated at the Department of Biology, 
Botany Unit, Ladoke Akintola University of 
Technology, Ogbomoso, and a voucher 
specimen was deposited in the herbarium. The 
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collected leaves were rinsed with distilled water, 
air dried and powered using an electrical 
blender. The powered leaf was soaked in 
methanol and allowed to stand for 72 hours. This 
process of extraction was repeated twice and the 
extract was collected, filtered and concentrated 
under vacuum using rotary evaporator at 45°C. 
The crude extract obtained was used for the 
study. 
 

2.3 Experimental Animals and Study 
Design 

 
Twenty-four male Wistar rats (Average weight of 
137.30 g) were purchased from the Animal 
House of the Institute of Advanced Medical 
Research and Training (IAMRAT), University 
College Hospital (UCH), Ibadan, Nigeria.  
Animals were treated based on my institution 
ethics and conduct for handling experimental 
animals which conforms with the international 
standards. The rats were assigned into four 
groups (six rats per group) and housed in plastic 
cages and fed on rats pellets and drinking water 
was given ad libitum. The rats were acclimatized 
for 7 days before the experiment and subjected 
to 12-h light/dark cycle and temperature of 29 ± 2 
0C. Control group received distilled water. DCLE 
group received daily oral intubation of DCLE 
(100 mg/kg) alone for 14 days. DMA group 
received intraperitoneal injection of DMA (5 
mg/kg) twice per week, while [DCLE + DMA] 
group received daily oral intubation of           
DCLE (100 mg/kg) for 14 days and 
intraperitoneal injection of DMA (5 mg/kg) twice 
per week. 
  
2.4 Collection of Blood and Liver  
 
On day 14, the rats were fasted overnight and 
then sacrificed by cervical decapitation on day 
15. Blood was collected by ocular bleeding after 
decapitation, allowed to coagulate, and 
centrifuged at 3000 x g for 10 minutes to obtain 
the serum used for biochemical analysis.  Liver 
was excised, washed in 1.15% KCl solution 
(washing buffer) to remove bloodstains, dried 
and then weighed. One portion of the tissue    
was homogenized in 0.01M Phosphate         
buffer (pH 7.4) using Teflon homogenizer and 
then centrifuged at 10,000 x g to obtain 
homogenate used for antioxidant assays. The 
second portion of the liver was processed for 
DNA fragmentation assay. The third portion of 
the tissue was preserved in 10% formalin             
for histopathology and immunohistochemical 
staining.  

2.5 Biochemical Assays 
 
2.5.1 Protein determination  
 
Total protein concentrations of serum and liver 
were determined as described by Lowry et al. 
[31]. 
 
2.5.2  Superoxide dismutase (SOD) activity 

determination  
 
Superoxide dismutase activity in liver 
homogenate was determined by the epinephrine 
method as previously described by Mistra and 
Fridovich [32]. 
 
2.5.3 Catalase (CAT) activity determination  
 
Catalase activity in liver homogenate was 
spectrophotometrically assayed according to 
Aebi [33]. 
 
2.5.4  Reduced Glutathione (GSH) 

determination  
 
Reduced Glutathione level in liver homogenate 
was assayed according to the method described 
by Mitchell et al. [34]. 
 
2.5.5  Malondialdehyde (MDA) level 

determination  
 
Lipid peroxidation in liver homogenate was 
estimated by determining the concentration of 
malondialdehyde (MDA) as described by 
Ohkawa et al. [35]. The MDA concentration was 
calculated using a molar extinction coefficient (Ɛ) 
of 1.56 x 105 M-1cm-1.  
 
2.5.6  DNA Fragmentation by diphenylamine 

(DPA) assay  
 
The Diphenylamine (DPA) method described by 
Wu et al. [36] (with some modifications) was 
used to determine hepatic fragmented DNA. The 
liver was homogenized in Tris-EDTA (TE) buffer 
and then centrifuged using cold centrifuge at 
27000 x g for 10 minutes to separate the non-
fragmented DNA (pellet) from the fragmented 
DNA (supernatant). Each of the pellet and 
supernatant was treated with freshly prepared 
DPA reagent and the reaction mixture was 
incubated at 37°C for 16-24 hours to allow colour 
development. The absorbance was read 
spectrophotometrically at 620 nm. The 
percentage fragmented DNA was calculated 
according to the formula: 
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% Fragmented DNA= (Absorbance of 
supernatant / (Absorbance of pellet+ 
Absorbance of supernatant) x 100       
                                                                        1 

 

2.5.7 Histopathological analysis  
 

Liver and kidney were fixed in 10% buffered 
formaldehyde and processed paraffin sectioning. 
The tissue sections were stained with 
haematoxylin and eosin (H & E) and then 
examined under microscope. 
 
2.5.8 Immunohistochemical (IHC) staining  
 
Immunochemical staining of CD 34 in liver was 
done in paraffin-embedded tissue according to 
the method of Chakravarthi et al. [37], with slight 
modifications. The deparaffinised liver sections 
were subjected to the peroxidase labeled 
streptavidin-biotin technique, using the 
monoclonal antibody against CD34 antigen. 
Peroxidase blocking was carried out on the 
sections by covering the sections with 3% 
hydrogen peroxide for 15 minutes. The sections 
were washed with phosphate buffered saline 
(PBS) and protein blocking was done using 
avidin for 15 minutes. The sections were washed 
with PBS and endogenous biotin in the liver was 
blocked for 15 minutes, followed by incubation 
with 5µg/ml each of anti-Bcl-2, anti-Ki-67 and 
anti-CD15 antibodies (diluted in 1:100) for 60 
minutes. PBS was used to wash excess 
antibodies followed by application of secondary 
antibodies (LINK) on the sections for 15 minutes. 
The sections were washed and Horseradish 
peroxidase (HRP) label was applied on the 
sections for 15 minutes, and then washed with 
PBS for 5 minutes to remove unbound HRP. 
Visualization of the reaction products was done 
by immersing the section in Karnovsky solution 
(0.01% diaminobenzidine (DAB) in Tris buffer 
containing 0.05% hydrogen peroxide and 0.01% 
sodium azide). Excess DAB solution and 
precipitate were washed off with distilled water. 
The tissue sections were counterstained with 
Haematoxylin solution for 2 minutes. The slides 
were dehydrated in alcohol, cleaned in xylene, 
mounted in DPX mountant and then observed 
under microscope. Cells with specific brown 
colour in the cytoplasm, cell membrane or nuclei, 
depending on the antigenic sites, were 
considered positive.  
 

2.6 Statistical Analysis 
 

All values were expressed as the mean ± 
standard deviation of six animals per group. Data 
were analyzed using one-way analysis of 

variance (ANOVA) followed by the post-hoc 
Duncan multiple test for analysis of biochemical 
data using SPSS (10.0). Statistically significant 
values were taken at p < 0.05. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Results 
 
The data in Table 1 show that the body weight 
gain in rats treated with DMA was 35.13 ± 2.80 g, 
compared with that of the control rats which was 
21.50 ± 1.22 g. However, on treatment with 
DCLE against DMA, the weight gain was found 
to be 24.75 ± 1.86 g, showing a significant 
(P=.05) reduction in weight gain in the rats. We 
observed that liver weight was significantly (P 
=.05) elevated by DMA treatment up to 21% 
compared with controls, while a significant 
reduction of up to 32.3% was noticed in the 
[DCLE + DMA] group of the rats, compared with 
DMA-intoxicated rats. Furthermore, DMA 
treatment significantly (P=.05) elevated the 
relative weight of liver by 20% relative to control 
rats, whereas, the DCLE pretreatment reduced 
the relative weight in a slightly significant 
manner, compared with DMA-intoxicated group. 
 
The antioxidant effect of DCLE against DMA 
intoxication in the experimental rats, was 
investigated by examining parameters including 
Superoxide dismutase (SOD), catalase, reduced 
glutathione (GSH) and malondialdehyde (MDA) 
in both the serum and liver of the rats. Table 2 
shows that DMA significantly (P =.05) lowered 
the activities of serum SOD and catalase by 
43.9% and 60.6%, respectively compared with 
controls.  Although there were no significant 
changes in the level of GSH, the level of MDA 
was found to be significantly (P=.05) elevated by 
150% relative to controls. On pretreatment with 
DCLE, the activities of serum SOD and catalase 
were observed to significantly (P=.05) increase 
by 50.6% and 110.7%, respectively, while MDA 
level was significantly (P=.05) reduced against 
DMA intoxication. Table 3 shows that DMA 
treatment significantly (P=.05) reduced the 
activities of hepatic SOD and catalase, and GSH 
level by 49.9%, 32% and 26.3%, respectively 
compared with control rats. The level of MDA 
was, however, noticed to be significantly (p < 
0.05) elevated by 94.5% relative to controls. In 
contrast, when the rats were pretreated with 
DCLE and then co-treated with DMA, the 
activities of SOD and catalase were significantly 
(p < 0.05) increased by 59% and 89.7%, while 
the level of GSH was increased, and that of MDA 
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was reduced by 51.5% and 78.9%, respectively 
compared with DMA-treated rats. 
 
As shown in Fig. 1, DMA significantly (P =.05) 
increased hepatic DNA fragmentation by 42.5%, 
compared with the control rats, while 

pretreatment with DCLE significantly (P =.05) 
reduced the level of fragmented DNA by 35.7% 
relative to DMA-treated rats. 
 
The histological data show that DMA intoxication 
caused hepatocyte periportal cell infiltration

Table 1. Effects of DCLE on body weight and relativ e weights of liver of rats treated with DMA  
                     
Treatments  Weights of rats (g)  Weight of 

liver (g)      
Liver relative 
weight (%) Initial   Final  Weight gain  

Control 131.90 ± 11.5 153.40 ±10.30 21.50 ± 1.22 2.74 ± 0.55 1.61 ± 0.10 
DCLE 152.10 ± 23.1 177.21 ± 9.17 25.11 ± 4.03 3.20 ± 0.20 1.15 ± 0.09 
DMA 136.50 ±16.24 171.63 ± 12.62 35.13 ± 2.80b 3.32 ± 0.28b 1.93 ± 0.50b 
DCLE + DMA 128.70 ±14.70 153.45 ± 14.44 24.75 ± 1.86c 2.51 ± 0.12c 1.64 ± 0.24c 

DCLE: Diospyros chloroxylon leaf extract; DMA: Dimethylamine 
aData expressed in mean ± SD, n= 6, bstatistically different (P=.05) compared with control, 

 c statistically different (P=.05) compared with DMA-group 
 

Table 2. Effects of DCLE on antioxidant indices in serum of rats treated with DMA  
 

Treatments  SOD (U/mg 
protein)     

CAT (U/mg 
protein)    

GSH (µg/mg 
protein)    

MDA (µM/mg protein)  
 

Control 4.51 ± 0.18  7.11 ± 1.07 2.57 ± 0.01                                            1.94 ± 0.81 
DCLE 3.33 ± 0.10  6.38 ± 0.78 3.05 ± 0..65 2.26 ± 0 .24 
DMA 2.53 ± 0.12b  2.80± 0.77b 2.35 ± 0.98 4.85 ± 1.03b 
DCLE + DMA 3.81 ±0.21c  5.90 ± 1.11c 2.74 ± 1.71 3.10  ± 1.17c 

DCLE: Diospyros chloroxylon leaf extract; DMA: Dimethylamine 
SOD: Superoxide dismutase, CAT: Catalase, GSH: Reduced glutathione,  

MDA: Malondialdehyde 
aData expressed in mean ± SD, n= 6. 

bstatistically different (P=.05) compared with control. 
c statistically different (P=.05) compared with DMA-group 

 

 
 

Fig. 1. Effect of DCLE on hepatic DNA fragmentation  in rats treated with DMA 
DCLE: Diospyros chloroxylon leaf extract; DMA: Dimethylamine 

b P=.05: statistically different compared with control, c P=.05: statistically different 
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compared with DMA group 
(Fig. 2C), while visible lesions were not detected 
in both DCLE (Fig. 2B) and DCLE + DMA groups 
(Fig. 2D) comparable to controls (Fig.2A). The 
data in Fig. 3 show the immunohistochemical 
study of the liver of the experimental rats. In Fig. 
3C, DMA intoxication was observed to cause a 
strong expression of CD34 marker. However, 

DCLE treatment alone resulted in mild 
expression of CD34 (Fig. 3B) comparable to 
controls (Fig. 3A), while a treatment of the 
experimental animals with a combination of 
DCLE and DMA was observed to cause 
moderate expression of CD34 protein (Fig. 3D). 

 
Table 3. Effects of DCLE on antioxidant indices in liver of rats treated with DMA 

  
Treatments SOD (U/mg 

protein)    
CAT (U/mg protein)      GSH (µg/mg 

protein)         
MDA (µM/mg 
protein) 

Control 7.50 ± 0.45 6.25 ± 1.33  13.75 ± 2.11  1.83 ± 0.14 
DCLE 9.23 ± 1.12  5.45 ± 0.22  11.67 ± 0..98  2.15 ± 0.76 
DMA 3.76 ± 0.19b 4.25 ± 1.00b 10.13 ± 1.21b 3.56 ± 1.07b 
DCLE + DMA 5.98 ± 0.23c 8.06 ± 2.65c 15.35 ± 1.88c 1.99  ± 0.77c 

DCLE: Diospyros chloroxylon leaf extract; DMA: Dimethylamine 
SOD: Superoxide dismutase, CAT: Catalase, GSH: Reduced glutathione, MDA: Malondialdehyde 

aData expressed in mean ± SD, n= 6, bstatistically different (P=.05) compared with control 
c statistically different (P=.05) compared with DMA-group 

 

  

  
 

Fig. 2. Histopathological sections of liver (staine d with H&E) (A) Liver section from 
control rats showing no visible lesion (x 100), (B)  Liver section from DCLE group 

showing no visible lesion (x 100), (C) Liver sectio n from DMA group showing 
hepatocyte periportal cell infiltration (x 100) (ar eas of lesion indicated with black 

arrows) and (D) Liver section from [DCLE + DMA] gro up showing no visible lesion  
(x 100) 

A B 

C D 



 
 
 
 

Adeleke et al.; BJMMR, 21(12): 1-12, 2017; Article no.BJMMR.33242 
 
 

 
7 
 

  

  
 

Fig. 3. Immunohistochemical (IHC) staining of liver  sections. (A) Liver section from 
control rats showing mild expression of CD34, (B) L iver section from DCLE group 

showing mild expression of CD34, (C) Liver section from DMA group showing 
strong expression of CD34 and (D) Liver section fro m [DCLE + DMA] group showing 

moderate expression of CD34 
 

3.2 Discussion 
 

In the present study, we investigated the effect of 
dimethylamine (DMA) and D. chloroxylon leaf 
extract (DCLE) on liver of rats. Our finding shows 
that DMA caused a significant increase in body 
weight gain in rats relative to control. A previous 
study using N-nitrosodimethylamine (NDMA), 
which is the nitrosated form of dimethylamine, 
revealed that this nitrosamine caused a 
significant increase in body weight gain in 
experimental rats [38]. This may therefore 
indicate a tendency of overweight and obesity, 
processes that are closely linked to 
cardiovascular diseases (CVDs). When the rats 
were treated with DCLE in combination with 
DMA, the weight gain was significantly lowered, 
compared with DMA group, suggesting the 
potential of the phytochemicals present in the 
extract for weight regulation. The weight and 
relative weight of liver of the rats were noticed to 
be elevated in the DMA group, whereas DCLE 
supplementation was found to ameliorate the 
effects.  
 

Oxidative stress is a redox status induced when 
the level of reactive oxygen species (ROS) 

outweighs the defensive activity of cellular 
antioxidant system in the body. As a result, 
cellular macromolecules, such as DNA, proteins 
and lipids become oxidized, resulting in lipid 
peroxidation, DNA damage and modulation of 
antioxidant system [39-40], gene alteration [41], 
cell proliferation [42], chromosomal damage, 
genetic mutation and tumorigenesis [43]. 
Superoxide dismutase (SOD) converts 
superoxide anion to hydrogen peroxide [44], 
which is finally decomposed into water and 
oxygen [45-46]. In this study, we observed that 
DMA significantly reduced serum and hepatic 
SOD and catalase activities, while MDA levels 
were elevated compared with controls. In the 
hepatic tissue, GSH was significantly reduced in 
DMA group, while the serum level was not 
significantly changed relative to control rats. The 
reductions being noticed in SOD, catalase and 
GSH, with a concomitant increase in MDA in the 
DMA-treated rats suggest generation of reactive 
oxygen species (ROS) and oxidative stress in 
this group of rats. Several studies have shown 
that nitrosated amines, including dimethylamine 
[38,47], diethylamine (DEA) [48] and N-butyl-N-
(4-hydroxybutyl) amine (BBA) [49] significantly 

A 

C D 

B 
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increased MDA level, and reduced SOD, 
catalase and GSH. The observed reduction in 
SOD and catalase activities may be an indication 
of the inhibitory effect of DMA on these 
antioxidant enzymes, consistent with a similar 
result using NDMA [50]. When the rats were 
pretreated with methanolic D. Chloroxylon leaf 
extract (DCLE) prior to DMA treatment, serum 
and hepatic SOD and catalase activities were 
significantly elevated, while MDA levels were 
reduced. The pretreatment with DCLE caused a 
significant elevation in hepatic GSH, while the 
serum level was not significantly changed 
relative to DMA treatment. A related study using 
NDMA showed that DCLE improved the 
antioxidant system in rats treated with this 
compound [38]. The observed ameliorative effect 
of the extract, suggests that the constituents of 
D. Chloroxylon leaf could exert beneficial redox 
profile and boost antioxidant enzymes activities 
in DMA-treated rats. 
 
DNA fragmentation analysis, using diphenyla-
mine (DPA) method [36], showed that DMA 
caused a significant increase in percentage 
fragmented DNA in the hepatic tissue relative to 
control rats. The presence of nucleosomal DNA 
degradation or DNA fragments in a normal cell is 
a marker of physiologic apoptosis [51-53]. An 
investigation by Perandones et al. [54] revealed 
that endonuclease activation occurring during 
apoptosis may be a cause of nucleosomal DNA 
fragmentation and induction of DNA strand 
breaks [55]. The fact that DMA-treated rats 
showed significantly higher level of fragmented 
DNA than control rats may be an indication of 
pathologic apoptosis taking place in the toxicant-
treated animals. Pathologic apoptosis occurs 
when there is malfunctioning of the cell cycle 
regulatory mechanisms leading to either 
inadequate apoptosis or excessive apoptosis, 
associated with carcinogenesis and autoimmune 
diseases [56-57]. Some of our studies [20,38] 
and others [50] have established that NDMA 
could cause significantly high DNA 
fragmentation, hence pathologic apoptosis and 
DNA damage. When the rats were co-treated 
with DCLE and DMA, the level of DNA 
fragmentation in the organ was significantly 
reduced relative to DMA treatment alone. We 
recently reported the potential of DCLE in 
reducing the level of DNA fragmentation induced 
in rats administered with NDMA [38]. This result 
indicates that the extract prevents DNA       
damage, and may also prevent pathologic 
apoptosis. 
 

Histological evaluation showed no visible lesions 
in the DCLE and DCLE + DMA groups 
comparable to control rats. However, the rats 
treated with DMA showed infiltrative lesion of the 
hepatocytes. Studies carried out by Farombi et 
al. [47], Lee et al. [58] and Lin et al. [59], 
revealed that NDMA induced fibroplasia (fibrosis) 
in hepatocytes of rats administered with this 
nitrosamine. In addition, a co-treatment of DMA 
and nitrite was noticed to cause hepatic necrosis 
in Wistar rats [19]. Supporting the conventional 
histopathological examination, we also carried 
out immunohistochemical (IHC) staining of CD34 
of the hepatic tissue, to detect tumor presence, 
and whether the tumoral lesion has a tendency 
towards benign or malignancy. CD34 is a 
transmembrane glycoprotein expressed on cells 
of the haematopoietic stem, endothelium and 
mesenchyma, and vascular-related tissues [60-
62]. Although the actual function of CD34 has not 
been clearly elucidated [63], this glycoprotein is 
thought to be responsible for modulation of cell-
to-cell adhesion, signal transduction and entry of 
T-cells into lymph nodes. CD34 binds to L-
selectin on T-cells, and when these cells enter 
the lymph nodes, the protein becomes 
expressed on the surface of lymph node 
endothelia [64-65]. Immunohistochemical 
staining revealed a strong expression of CD34 in 
the hepatic tissue of rats treated with DMA. 
CD34 has been used as a key tumor marker in 
cervical [66] and prostate cancers [67]. In 
addition, it has been established that stem cells 
derived from cancerous tissues show persistent 
surface expression of CD34 antigen, with 
increased proliferative capacity and lack of 
differentiation [68], although we did not 
investigate stem cells from the hepatic tissue in 
this study. Furthermore, investigations have 
shown that CD34 expression may be a useful 
diagnostic tool in distinguishing between 
malignant and benign lesions [69-70]. The 
benign tumours have been associated with CD34 
expression, while its non-expression may be a 
possible indication of malignancy, as depicted 
with invasive carcinomas, showing no CD34 
expression [71-73]. Our finding on CD34 thus 
demonstrates that dimethylamine could induce 
cell proliferation, showing a tendency of being 
benign. In contrast, the rats treated with DCLE 
alone showed mild expression of CD34, 
comparable to control rats, while the treatment 
with a combination of DCLE and DMA showed 
moderate expression of CD34. This finding here 
suggests a preventive action of the extract 
(DCLE) used in this study against possible DMA-
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induced cell proliferation and tumorigenesis. This 
suggestion is however open to further research.  
 
4. CONCLUSION    
 
In conclusion, our findings from the present study 
show that dimethylamine could induce oxidative 
stress, DNA damage and cell proliferation, which 
are indispensable in tumorigenesis, in liver of the 
experimental rats. The methanolic leaf extract of 
D. Chloroxylon was able to ameliorate the 
effects, showing the potential of this extract to 
protect against dimethylamine-induced toxicity in 
rats. 
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