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Introduction 

Manganese is one of the minerals required in trace amounts for normal functioning of the body. When present in high concentra-
tion, manganese gradually leads to morphological changes that interfere with many biological processes through oxidative stress 
mechanism. This study was carried out to investigate the hepatoprotective effect of vitamin C on manganese chloride induced toxicity 
of the rat liver. Thirty female Wistar rats weighing between 133 - 268g were used for the experiment. The animals were randomly 
divided into six groups of five animals each numbered 1 - 6. Group 1 served as control and received feed and water ad libitum. Group 
2 received vitamin C 100 mg/kg body weight of rats. Groups 3 and 4 received manganese dichloride salt 148.4 mg/kg and 445.2 mg/
kg body weight of rat, respectively. Groups 5 and 6 received manganese dichloride 148.4 mg/kg and 445.2 mg/kg body weight of rat 
along with 100 mg/kg body weight of vitamin C, respectively. Administration was done orally for 18 days. After the 18th day, animals 
were sacrificed by chloroform inhalation; the liver was harvested, processed and stained with haematoxylin and eosin. Microscopic 
observation showed dilated sinusoids, degeneration of portal tract, erosion of lining of central vein and sinusoids, hypertrophied and 
vacuolated hepatocytes, and congested central vein in the manganese dichloride treated groups. The groups treated with manganese 
dichloride along with vitamin C showed some level of ameliorative effect although dilated sinusoids and vacuolated hepatocytes 
persisted. Statistically the weight of the animals showed significant increase in group 3 and decrease in groups 4, 5 and 6 compared 
to control. Hepato-somatic indices showed no significant difference compared to control. In conclusion, exposure to manganese di-
chloride showed some histopathological effects on the liver of female albino Wistar rats when consumed excessively and vitamin C 
ameliorated the effect of this salt on the liver.

Manganese is one of the trace elements in the body required for 
various physiological and biochemical processes. The major source 
of manganese in the body is through the consumption of grains, 
vegetables and seafood. It is also provided as supplement espe-
cially in many multivitamin drugs [1,2]. After ingestion, manganese 
is rapidly absorbed through the digestive tract into the circulation 

and distributed to other parts of the body. The foremost regulation 
of the bioavailability of manganese is by its absorption through the 
intestinal tract, which is dependent on the availability of other cat-
ions, such as iron and calcium, to compete for the divalent metal 
transporter 1 (DMT1) [3-5]. However, in manganese-rich environ-
ments, manganese can also enter the body through inhalation and 
dermal permeation. Within the body, the liver contains the high-
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est concentration of manganese and it is also responsible for the 
excretion of manganese through bile [4,6,7]. Thus, the liver plays 
an important role in the storage, distribution and elimination of 
manganese.

Despite its role in the body’s mechanisms, excessive accumu-
lation of manganese can lead to severe toxicity in vital organs of 
the body. According to Williams and McClure [8], acute lethality 
of manganese in animals varies depending on the chemical spe-
cies and route of exposure. Studies with rats show that gavage 
administration, of manganese chloride, is the most lethal route of 
exposure [6,8]. However, exposure limits and toxicity levels are not 
well known for humans. Neonates and infants are at higher risk of 
excessive accumulation of manganese due to underdevelopment 
of the biliary system, but the toxic effects are more expressed in 
the elderly [9]. The tolerable daily intake for manganese is set at 
0.06mg/kg, with upper range intake value of 11mg/day for an 
adult of 60kg body weight. The adequate intake value is 2.3mg/
day, 1.8mg/day, and 2mg/day for adult male, adult female and 
pregnant or lactating women, respectively [7,9].

Although the brain is the primary target of manganese toxic-
ity, many patients have been diagnosed with liver impairments 
involving micronodular cirrhosis, unconjugated hyperbilirubine-
mia and elevated transaminase. Hepatotoxicity of manganese have 
also been shown through several animal experimentation studies 
[10-12]. Considering the vital role of the liver in manganese me-
tabolism, destruction of the liver exposes other organs to the de-
structive effects of excess manganese. Since the accumulation of 
manganese within the body is silent over time [1], there is need 
for substances that can counter the effects of excess accumulation. 
Therefore, this study was carried out to investigate the hepatopro-
tective effect of vitamin C against excess manganese accumulation 
in the body.

Materials and Methods
The experiment was carried out in the animal facility of Basic 

Medical Sciences, University of Uyo, Nigeria. Histological prepa-
rations were done at the histology laboratory of the Department 
of Anatomy, University of Uyo Nigeria. Ethical approval was duly 
obtained from the Ethical Committee of Faculty of Basic Medical 
Sciences, University of Uyo, Nigeria. 

A total of 30 female albino rats weighing between 133 to 268g 
were used for the study. Five animals were housed in a cage to al-
low considerable degree of freedom with rubber cylinders to en-
hance their environment. The rats were given food and water ad 
libitum. All animal experiments were performed in accordance 
with the National Institute of Health Guide for the use and care of 
laboratory animals [13].

The rats were divided at random into six groups of five each. 
Group 1 was control and 2 to 6 were treatment groups as illustrat-
ed in table 1. Manganese dichloride tetrahydrate salt was utilized at 
LD50 of 1484 mg/kg body weight (Holbrook., et al. 1975). 10% and 
30% of LD50 represented low and high dose that was administered 
respectively. The weight of the animals were taken and recorded 
every six days.

1 Control Water and Feed 
alone 

18 Days

2 Vitamin C Vitamin C 100 mg/kg 
body     weight

18 Days

3 Manganese dichloride 
(Low dose)

Manganese dichloride 
148.4  mg/kg body 
weight

18 Days

4 Manganese dichloride 
(High dose)

Manganese dichloride 
445.2    mg/kg body 
weight

18 Days

5 Manganese dichloride 
(Low dose) and  
Vitamin C     

Manganese dichloride 
148.4 mg/kg body 
weight + Ascorbic acid 
100 mg/kg

18 Days

6 Manganese dichloride 
(High dose) and  
Vitamin C

Manganese dichloride 
445.2mg/kg body 
weight + Ascorbic 
acid100 mg/kg

18 Days

Table 1: Experimental Design.

Drug administration

Manganese dichloride tetrahydrate (MnCl2.4H2O) was used for 
the study. White tablets of vitamin C produced by Emzor Nigeria 
Ltd. was crushed into powdered form and used for the study. Each 
dose was diluted in 1ml of water and given by oral gavage. Manga-
nese dichloride was co-administered daily according to treatment 
groups for 18 days.
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Sample collection

After 18 days administration, the animals were weighed and 
euthanized by chloroform inhalation. Each liver was excised and 
weighed. After weighing, the liver was rinsed in normal saline to 
clear all blood stains before fixing in 10% buffered formalin for 
tissue processing.

Organo-somatic index

The organo-somatic index was calculated using the formula 
[14].

Tissue processing

After fixation, the liver was cut transversely to remove 5 - 6mm 
of tissue from the inferior pole for histological processing. The cut 
sections were put through series of tissue processing procedures 
for hematoxylin and eosin (H and E) staining as described in Ban-
croft and colleagues, (2013). 

Statistical analysis

All data were expressed as Mean ± Standard Error of Mean 
(SEM). Evaluation of the significant difference between means of 
different experimental groups and control group was performed 
by one way analysis of variance (ANOVA) at confidence limits of 

Body weight

The body weight of groups 1, 3, and 4 showed a trend towards 
weight gain in the animals, while groups 5 and 6 showed trend to-
wards weight loss in the animals compared to control (Table 2 and 
Figure 1).

Results

Control (g) Treated groups (g)
Duration Group 1 (n=5) Group 2 (n=5) Group 3 (n=5) Group 4 (n=5) Group 5 (n=5) Group 6 (n=5)
Day 1 174.0 ± 11.29 155.8 ± 12.29 217.3 ± 7.10* 181.2 ± 4.72 252.0 ± 16.64* 198.25 ± 34.87*
Day 6 178.2 ± 9.98 159.5 ± 10.47 220.7 ± 6.02* 181.0 ± 4.83 249.2 ± 14.89* 197.25 ± 4.03
Day 12 183.4 ± 10.92 159.5 ± 13.23* 228.7 ± 2.18* 184.3 ± 5.90 242.4 ± 13.97* 194.75 ± 4. 79
Day 18 186.8 ± 12.15 163.3 ± 13.30* 230.0 ± 5.57* 186.5 ± 5.80 241.8 ± 12.07* 197.67 ± 2.89

95%. Least significant differences (LSD) were used to determine 
significant results. Differences between groups were considered 
statistically not significant at p > 0.05.

Figure 1: Effect of manganese dichloride and vitamin C on body 
weight of Wistar rats.

Table 2: Effect of manganese dichloride and vitamin C on body weight of Wistar rats.

*values significantly different from corresponding control (p < 0.05) (mean ± SD).

Organo-somatic indices

Hepato-somatic indices were not statistically different (p > 
0.05). While other groups have an insignificant decrease as com-
pared to group A, there was an insignificant increase in group B 

(Table 3). While the mean brain-weight result showed no signifi-
cant difference in any group, the organo-somatic index for the brain 
indicated significant increase in group B and a significant decrease 
in group E.
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Groups               Organo-somatic Indices
1 3.82±0.13
2 4.14±0.22
3 3.54±0.15
4 3.61±0.74
5 3.40±0.12
6 3.72±0.07

Table 3: Effect of manganese dichloride and vitamin C on  
Organo-somatic indices of Wistar rats Mean ± SEM. P > 0.05.

Histological observations

The photomicrographs of groups 1 and 2 showed normal histo-
architecture. The radiation of the hepatocytes from the central vein 
interspersed by sinusoids were clearly illustrated, and there was 
no sign of toxicity within the tissue. Photomicrographs of groups 
3 and 4 animals showed marked alterations in normal liver his-
toarchitecture. Hepatocytes were hypertrophied and possess fatty 
changes. Sinusoids and central veins were congested and dilated. 
There was also degeneration in portal tract. These alterations are 
mild in group 3 as compared to group 4 (Figure 2). Groups 5 and 
6 showed normal histoarchitecture. There were marked reduction 
of hypertrophied hepatocytes and fatty changes seen in the cells 
compared to groups 3 and 4. Dilation of sinusoids and central vein 
were also reduced (Figure 2). 

Figure 2: Photomicrographs of liver of the experimental rats. 1: 
liver from control group showing normal cellular architecture. 
2: liver from vitamin C treatment group showing normal liver 
architecture. 3: liver from group treated with low dose MnCl2 

showing alterations in liver morphology. 4: liver from high dose 
MnCl2 treatment group showing alterations in liver morphology. 

5: liver from low dose MnCl2 and vitamin C treatment group 
showing alteration in liver morphology. 6: liver from high dose 

MnCl2 and vitamin C treatment group showing alterations in liver 
morphology. cv-central vein, s-sinusoidal Space, h-hepatocytes, 

pt- portal tract, pv-portal vein, ha-hepatic artery, bd- bile 
duct, ccv-congested central vein, cs-congested sinusoidal space, 
vh-vacuolated hepatocytes, ds-dilated sinusoids, dpt-degerative 
portal tract, dcv-dilated central vein (H&E; x100; insert x400).

Discussion
The liver is the heaviest organ in the body and functions as a 

gland, storage, sensory and excretory organ. It is responsible for 
most of the metabolic activities in the body including carbohydrate, 
lipid, and protein metabolism as well as processing of drugs and 
hormones. It screens and detoxifies substances within the blood. It 
is strategically placed within the abdomen to directly receive and 
detoxify blood drained from the intestinal tract before the blood 
reaches the heart for general circulation. The liver is the primary 
storage site for glycogen, vitamins, and minerals. It is also respon-
sible for the synthesis of plasma proteins, bile salts and activation 
of vitamin D. In addition to excretion of metabolic waste, the liver 
monitors the concentration of substances within the blood and ex-
cretes excess substances such as manganese through bile. It is one 
of the organs in adult human with the capacity to regenerate from 
injury. However, chronic injury to the liver can interfere with its 
regenerative capacity leading to fibrosis and impairment in its nu-
merous functions [15,16]. The liver also becomes weak and injured 
when it is overloaded with work such as excess accumulation of 
substances within the blood as was demonstrated in this study. Ac-
cording to Cabot [16], overlapping of detoxification pathways leads 
to build up of toxins leading to higher levels of free radicals, excess 
of which may damage the liver.

It has been reported that one of the mechanisms excess accu-
mulation of manganese induces toxicity is through oxidative stress 
[4,17-19]. This necessitated the investigation of the possible coun-
ter-effect of an antioxidant such as vitamin C, which is one of the 
most powerful antioxidants in the body. Vitamin C is commonly 
available in many vegetables, fruits and as dietary supplements. 
It is an essential vitamin required as cofactor in many enzymatic 
processes including collagen synthesis. Its anti-oxidative activity 
and ameliorative potential have been explored and confirmed in 
many studies. Its hepatoprotective effects against liver damage by 
heavy metals and chemicals have been well investigated with posi-
tive results [20-23]. In this study, however, insignificant ameliora-
tive activity was observed for vitamin C against hepatotoxic effect 
of manganese dichloride.

There was an insignificant decrease in hepato-somatic indices of 
treatment groups compared to control. This result contradicts sim-
ilar researches by Zhang., et al. [10], Haung., et al. [11], and Chandel 
and Jain [12], who observed an increase in liver weight. Rats that 
received vitamin C alone showed a little increase as compared to 
control. In similar studies by Chandel and Jain [12], rats exposed 
to manganese dichloride showed a trend towards weight gain. Sta-
tistical analysis showed significant loss in body weight for group 4 
rats, treated with high dose of manganese dichloride (MnCl2) com-
pared to control, while there was negligible gain in body weight for 
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group 3 rats treated with low dose of MnCl2 compared to control. 
This might be associated with the dose dependent effect of manga-
nese chloride on appetite. While manganese indirectly maintains 
proper appetite through the production of thyroxine hormone, at 
high concentrations, it impairs with appetite and decreases food 
consumption [8,9,24-26]. Group 5 treated with co-administration 
of vitamin C and low dose of MnCl2 showed comparable decrease 
in body weight with group 3. This may be due to direct or indirect 
normalization effect of vitamin C, on the hyper-activity of thyrox-
ine from increased availability of manganese. On the contrary, no 
difference was observed for weight changes between group 4 and 
group 6, with co-administration of vitamin and MnCl2, which may 
result from overshadowing effect of excess manganese.

Histological observations showed normal liver histo-architec-
ture in group 1 (control) and group 2 (administered with only 
vitamin C). There were alterations in MnCl2 treated rats with 
specific injury to central vein, portal triad and hepatocytes. The 
hepatocytes hypertrophied and degeneration was observed in 
some areas. This morphological changes have conventionally been 
attributed to alterations in the injured cells because of hydropic 
change and microsomal enzyme induction secondary to exposure 
to xenobiotics [15]. Degenerative changes in portal tract, diffused 
sinusoids, degeneration of lining of the central vein, dilation and 
congestion of central vein and sinusoids were also observed on 
micrographs of treatment groups. This result agrees with those of 
Lebda., et al. [27], Huang., et al. [11] and Chandel and Jain [12]. 
Congestion and dilation have been reported to occur when the ve-
nous outflow is blocked as a result of obstruction of arterial out-
flow either by clotting or disruption of veins [28,29]. This suggests 
an extended effect of manganese on the circulatory system. Similar 
to findings by Huang., et al. [30], it was also found that the severity 
of these alterations is dose dependent as changes in rats adminis-
tered with high dose of MnCl2 were more severe compared to those 
with low dose. Although co-administration with vitamin C did not 
completely ameliorate the histoarchitectural alterations from ex-
cess MnCl2, the severity was drastically reduced. This suggests two 
possibilities: either the anti-oxidative property of vitamin C is not 
strong enough to counter the oxidative stress induced by excess 
accumulation of manganese; or excess accumulation of manganese 
induces its toxic effects through other mechanisms in addition to 
oxidative stress.

Conclusions
This study showed that although the toxic effect of excess ex-

posure to manganese dichloride (MnCl2) may not be expressed in 
body weight changes and macroscopic observations, the cytotoxic 
effect is progressively severe and rapid. Vitamin C may slow down 
its progress, but does not completely protect against it, suggesting 
the involvement of other mechanisms to the toxicity in addition to 
oxidative stress. It is recommended that more investigations be 
carried out into the mechanisms of toxicity of excess accumulation 
of manganese in the body so that appropriate protective measures 
can be developed, especially for the liver.
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