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ABSTRACT

Nickel exposure greatly depletes intracellular ascorbate and alters
ascorbate-cholesterol metabolism. We studied the effect of the
simultaneous oral treatment with L-ascorbic acid (50 mg/100 g body
weight (BW) and nickel sulfate (2.0 mg/100 g BW, i.p) on nickel-
induced changes in serum lipid profiles and liver histopathology.
Nickel-treated rats showed a significant increase in serum low-density
lipoprotein-cholesterol, total cholesterol, triglycerides, and a
significant decrease in serum high-density lipoprotein-cholesterol. In
the liver, nickel sulfate caused a loss of normal architecture, fatty
changes, extensive vacuolization in hepatocytes, eccentric nuclei, and
Kupffer cell hypertrophy. Simultaneous administration of L-ascorbic
acid with nickel sulfate improved both the lipid profile and liver
impairments when compared with rats receiving nickel sulfate only.
The results indicate that L-ascorbic acid is beneficial in preventing
nickel-induced lipid alterations and hepatocellular damage.
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INTRODUCTION

Heavy or toxic metals are trace metals with a density at least five
times that of water. As they cannot be metabolized by the body, these
metals are bioaccumulative. Nickel salts are considered an industrial
health hazard /1/. Human occupational exposure to nickel occurs
primarily via the inhalation or ingestion of metal containing diets,
which is particularly high among stainless steel welders, miners and
metallurgy workers /2-3/. After entering the body, nickel penetrates
all organs and accumulates primarily in bone, liver and kidney /3-4/,
being excreted in bile and urine /5/. Nickel concentrations in the urine
of normal human subjects vary from 0.1 to 13.3 ug/L, whereas in the
urine of welders, nickel has been found at a concentration of
> 18.8 pg/L /6/. If nickel enters and accumulates in the body tissues
faster than the body’s detoxification pathways can dispose of it, a
gradual build-up of these toxins will occur. Exposure to a high
concentration of nickel is not necessary to produce a state of toxicity
in the body because the metal accumulates in body tissues and over
time can reach toxic levels /3/. Systems in the body where nickel can
induce impairment and dysfunction include blood and cardiovascular
systems, detoxification pathways (colon, liver, kidney, skin), endo-
crine (hormonal), energy production pathways, enzymatic, gastro-
intestinal, immune, nervous (central and peripheral), reproductive,
and the urinary tract /7-10/.

Nickel induces severe liver and kidney damage by altering several
marker enzymes and ascorbate-cholesterol metabolism /4/. Evidence
in humans is sufficient for the carcinogenicity of nickel but the
precise molecular mechanism of nickel induced carcinogenesis is
undefined /11/. The most plausible mechanism that may be operative
in vivo is the generation of reactive oxygen species (ROS), which
initiate lipid peroxidation (LPO), thereby causing oxidative damage to
critical macromolecules like proteins or DNA, as well as cell damage
or death /12—13/. Liver, the major site of detoxification is the primary
target of environmental and occupational toxicity. Protection of
hepatic cell from nickel-induced alteration of physiological chemistry
becomes a necessity /14/.
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Ascorbate is a well-known antioxidant required by all mammalian
cells for proper functioning. The effect of nickel compounds on cell is
complex and most likely involves modulation of many metabolic
pathways. Recently it was found that the nickel-induced activation of
HIF-1 transcription factor and up-regulation of hypoxia inducible
genes reported in /15/ is due to greatly depleted intracellular ascorbate
levels /16 . The supplementation of the media with ascorbate
increased intracellular ascorbate and reversed both metal-induced
stabilization of HIF-1 and HIF-1a-dependent gene expression /16/.
Apart from these, the suppression of HIF-la protein levels by
ascorbate at physiological concentrations was demonstrated in tumor
cell lines /17/. Deficiency of ascorbic acid has a direct association
with increased atherosclerosis in the guinea pig, and its intake was
shown to have a relation to increased atherosclerosis in quails,
rabbits, rats, and humans /IB. Low density lipoproteins (LDL)
deposited under the endothelial cell of the arterial walls can undergo
oxidation by oxygen free radicals released from arterial endothelium
and smooth muscle cells /19/. Ascorbate administration exerts an
antioxidant effect in hypercholesterolemic rats and also exerts a
protective role against the peroxidative damage of lipids /20/. Several
studies are underway to determine the effect of antioxidant
supplementation following heavy metal exposure. The data suggest
that antioxidants may play an important role in abating certain
hazards of heavy metals /21-22 .

The present study was designed to ascertain the effect of L-
ascorbic acid on nickel sulfate (NiSO,, 6H,0) induced alteration of
serum lipid profile and to evaluate histological findings of liver in
male albino rats.

EXPERIMENTAL
Adult (aged 60 to 70 days) laboratory-bred male Wister rats
weighing 160 £ 5 g each were fed with laboratory stock diet and

water ad libitum for 7 days. The acclimatized animals were divided
into four groups of six animals each. The chances of nickel toxicity
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occurring by the oral route are remote because a large amount of
nickel is required to produce a toxic effect by ingestion. Nickel salts
administered intravenously, intraperitoneally (i.p.), or subcutaneously
are highly toxic /2/. Hence, nickel sulfate was administered i.p. in this
study. Group I served as an untreated control. Group II rats were
administered nickel sulfate (Sigma Chemicals, St. Louis, Missouri,
USA) in double-distilled water at a dose of 2.0 mg/100g BW. i.p. on
alternate days until the tenth dose /23/. Group III rats were treated
orally with ascorbic acid at a dose of 50 mg/100g BW /24, and group
IV rats received both nickel sulfate (2.0 mg/100g BW, i.p) and
ascorbic acid (50 mg/100g BW, orally) simultaneously on alternate
days until the tenth dose.

The entire experimental protocol was approved by institutional
ethical committee and utmost care was taken during the experimental
procedure, as well as at the time of sacrifice, according to the Helsinki
Declaration of 1964 /26 . The rats were sacrificed at the end of the
last dose after an overnight fast. Blood samples were collected in a
centrifuge tube and allowed to form serum. Serum total cholesterol,
LDL-cholesterol, high-density lipoprotein (HDL) cholesterol, and
triglycerides were assayed using an enzymatic estimation kit (ERBA-
diagnostics Mannheim, GmbH, Germany) /26-27/.

Mean + SEM values were calculated for each group. To
determine the significance of inter-group differences, we analyzed
each parameter separately. A one way analysis of variance (ANOVA)
was carried out at 1% Fisher’s distribution to determine which of the
groups differed among themselves. Duncan’s multiple range test was
applied with the level of significance fixed at P < 0.05 /28/.

For the evaluation of histopathology, liver from each rat was
stored in 10% neutral buffered formalin solution. Three lobes of each
rat liver were processed and sectioned. By following routine histo-
logical techniques, the samples were put into paraffin, and serial
sections of 5 um were taken from tissue blocks. For each rat, three
slides were made and stained with hematoxylin and eosin. The
preparations were evaluated under a photomicroscope and photo-
graphed (Olympus BH-2 with Samsung Digital Color Camera, Model
No. SDC-242).
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TABLE 1
Effect of nickel sulfate on serum lipid profile in rats

Group LDL-C TC HDL-C TG
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
I 46.05+4.84" | 68.13+833* | 1833+1.24* | 80.16 +6.48"
Il 62.55+4.66° | 868+9.48° | 11.36+2.48° | 135.6+10.48"
I 4338+4.74" | 69.66+6.64" | 1553 +4.64° | 84.5+9.46
v 58.89+4.84° | 7533 +7.51° | 15.00+2.48° | 119.3 + 18.42°

Treatment groups: I- untreated control; II- nickel sulfate; Ill- L-ascorbic acid; IV-
nickel sulfate + L-ascorbic acid. LDL-C, low density lipoprotein-cholesterol; TC,
total cholesterol; HDL-C, high density lipoprotein-cholesterol; TG, triglyceride; each
value is mean + SEM of six observations in each group. In each column, values with
different superscripts (a, b, ¢) were significantly different from each other (p < 0.05).
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Fig. 1: Percent change chart of serum lipid profile of nickel sulfate treated
rats. Legend as in Table 1. E I = Group I vs. Group II; E II = Group I
vs. Group III; E III = Group I vs. Group IV
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RESULTS
Biochemical analysis

Table 1 shows that in Group II, nickel induced a significant
increase in serum LDL-cholesterol, total cholesterol, and triglyceride
levels and a significant decrease in the serum HDL-cholesterol level
in comparison with the control Group I. Group IV (nickel sulfate + L-
ascorbic acid) also showed a significantly elevated level of serum
LDL-cholesterol level, total cholesterol, and triglycerides and lower
level of HDL-cholesterol in comparison with Group I, but the total
cholesterol and triglyceride levels were significantly lower and HDL-
cholesterol significantly higher that those in Group II.

Figure 1 shows the percent change increase of LDL-cholesterol,
total cholesterol, and triglyceride and the percent change decrease of
serum HDL-cholesterol in Group IV in comparison with the control
Group 1. But when compared with Group II receiving nickel sulfate
only, the rise in LDL-cholesterol, total cholesterol, triglyceride, and
fall in serum HDL-cholesterol were remarkably less (E I vs. E III).
Rats receiving L-Ascorbic acid alone (Group III) did not show any
significant variation in the parameters studied above when compared
with control (Group I) [E I vs. E II]

Histopathological evaluation

The histological structure of normal untreated rat liver (Group I)
showed a normal architecture (Figs. 2A, 2B). In Group II (+ nickel
sulfate), all six rats showed loss of normal architecture (Figs. 3A, 3B).
Apart from that, large cells with vacuolated cytoplasm, eccentric
nuclei, and Kupffer cell hypertrophy were also seen. In Group III
(L-ascorbic acid), all six rats showed an intact hepatic cellular
architecture but a moderate cellular hypertrophy and enlarged nuclei
(Figs. 4A, 4B). In Group IV (nickel + ascorbic acid), all showed near
to normal histological results except for some sinus congestion (Figs.
5A, 5B).
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Fig. 2: (A)Paraffin section of the liver of an untreated control rat showing
central vein (cv) with radiating hepatocytes and sinusoidal spaces (s).
10x10X

Fig. 2: (B) Paraffin section of an untreated control rat liver. x 45 x 10
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Fig. 3: (A) Section of the liver of a rat treated with nickel sulfate Loss of
normal architecture and fatty changes (?) are seen. 10x10
magnification

Fig. 3: (B) Section of liver from a rat treated with nickel sulfate. Large cell
with vacuolated cytoplasm, eccentric nuclei; Kupffer cell
hypertrophy is seen. 45x10 magnification
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Fig.4: (A) Paraffin section of the liver of a rat treated with L-ascorbic acid.
Congested vessels are seen. Hepatocellular architecture is intact.
10x10 magnification

Fig. 4: (B) Paraffin section of the liver of a rat treated with L-ascorbic acid.
Moderate cellular hypertrophy and enlarged nuclei are seen. 45x10
magnification
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Fig. §: (A) Paraffin section of the liver of a rat treated with nickel sulfate +
L-ascorbic acid. Near normal hepatic architecture is seen. 10 x 10
magnification

Fig. 5: (B) Paraffin section of liver from a rat treated with nickel sulfate +
L-ascorbic acid. Hepatocytes show prominent nuclei. Sinus congestion
is also visible. 45 x 10 magnification
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DISCUSSION

Cholesterol is a soft, waxy substance formed among lipids in the
blood stream and in body cells. The compound is an important part of
a healthy body because it is used to form cell membranes and several
hormones and is necessary for other functions. Cholesterol and other
lipids cannot dissolve in the blood but rather must be transported to
and from the cells by low-density lipoproteins (LDL) and high-density
lipoproteins (HDL). High-density lipoprotein-cholesterol tends to
carry cholesterol away from the arteries and back to the liver.
Therefore, a high level of LDL-cholesterol and a low level of HDL-
cholesterol is a high risk factor for heart disease /29/. High liver
cholesterol levels can be due to hepatic dysfunctioning.

The nickel-induced rise of serum LDL-cholesterol, total
cholesterol, and triglycerides and fall of serum HDL-cholesterol
observed here in Group II could be due to changes in the gene
expression of hepatic enzymes like HMG-CoA reductase (hydroxy-
methylglut-aryl-CoA reductase), which in turn depresses LDL-
receptor gene expression. Defects in the LDL-receptor interfere with
cholesterol uptake from the blood stream, which in turn causes excess
cholesterol synthesis in the liver and high levels of serum total
cholesterol and LDL-cholesterol /30/. Heavy-metal-induced change in
the gene expression of HMG-CoA reductase in rats has already been
reported /31/.

In the present study, the nickel-induced rise in serum triglycerides
(Group 1I) is possibly due to a lack of activity in blood vessels of
lipoprotein lipase, which breaks up the triglyceride inside the
chylomicrons, releasing fatty acids in the process. Fatty acids can
either be used by the muscles as energy or be absorbed by fat cells, in
which they are incorporated again into triglycerides that can be stored
for further energy needs. Although proving conclusively that elevated
triglycerides alone can cause atherosclerosis is difficult, hyper-
lipidemia is increasingly recognized as being associated with other
conditions that increase the risk of atherosclerosis, including a low
level of HDL-cholesterol, insulin resistance, poorly controlled diabetes
mellitus, and small, dense LDL-cholesterol particles /19/.
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In the present study, when compared with Group II, the
significant improvement in lipid profiles in Group IV rats treated
concomitantly with L-ascorbic acid and nickel sulfate agrees with
reports that ascorbic acid can help decrease the levels of total and
LDL-cholesterol and triglycerides and increase the level of HDL-
cholesterol /32 . L-ascorbic-acid-induced increase in LDL-receptors
and facilitation of lipoprotein-cholesterol clearance has also been
reported /33/. In Group IV, ascorbic acid could counteract nickel-
induced changes in HMG-CoA reductase activities and thereby
improve the serum lipid profile/34/. When ascorbic acid levels are
low, the body compensates and manufactures more cholesterol;
conversely, high levels of vitamin C inhibit HMG-CoA reductase and
lower the total cholesterol level. As nickel decreases the cellular
transportation of ascorbic acid and depletes intracellular ascorbic
acid, resulting in intracellular hypoxia and metabolic dysfunction /16 ,
supplementation with L-ascorbic acid could reverse the nickel-
induced alteration of hepatic enzymes activities that regulate
cholesterol biosynthesis.

The liver is the primary organ for the detoxification, bio-
transformation, and excretion of xenobiotics. The results of our histo-
pathological studies show that in nickel sulfate-treated rats, liver
tissue lost its normal characteristics and architectural organization
(Figs. 3A, 3B), and injurious signs were observed in individual
hepatocytes, some of which were swollen with granular cytoplasm
and others showed cytoplasmic vacuolization with giant nuclei or
eccentric nuclei (Fig. 3B). Such histopathological observations clearly
indicate that nickel is hepatotoxic. The change in cellular integrity
could be due to the oxidative stress developed by the nickel-induced
generation of reactive oxygen species (ROS), such as hydroxyl ion
(OH"), superoxide radical (O%), or hydrogen peroxide (H,0,). The
significant improvement in the histopathology of the liver in rats
treated simultaneously with nickel sulfate and L-ascorbic acid (Figs.
5A , 5B) points to a beneficial effect of L-ascorbic acid as an effective
antioxidant to combat free-radical-induced hepatocellular damage.

The moderate cellular hypertrophy with enlarged nuclei and
congested blood vessels observed in the liver of rats treated with
L-ascorbic acid only (Figs. 4A, 4B) was a surprising finding.
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Possibly, an additional supplementation of L-ascorbic acid in normal
rats (who can synthesize ascorbic acid) might be counterproductive.
Antioxidants like vitamin C can have an opposite pro-oxidant effect
under certain conditions, particularly when consumed in large doses
/365 .

Thus, nickel sulfate, a toxic heavy metal, adversely affects the
serum lipid profile and causes degenerative histopathological changes
in rat liver. Simultaneous treatment with L-ascorbic acid partially
improved nickel-induced hepatocellular damage and serum lipid
profiles, but a mild counterproductive effect on the histopathology of
rat liver occurred with L-ascorbic acid supplementation alone.
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