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Abstract: Rapid industrialization and anthropogenic activities are main causes of environmental pollution and level of
heavy metals is on the increase in biosphere. These heavy metals have deleterious effects on human health and cause
many abnormalities. In the present study, we investigated the effects of arsenic, chromium and cadmium on the growth
and morphology of HelLa cell. The total protein profile of control as well as treated cells was checked by SDS-PAGE.
Chromium was used to induce the expression of metallothionein protein and expression of protein was detected by SDS-
PAGE. There was reduction in proliferation of cells in chromium, cadmium and arsenic containing medium. Cell necrosis
was observed with the increase in the concentration of chromium and at 0.10 pg/mL concentration of chromium
complete cell lysis was observed. There was change in morphology of cells with increase in concentration of cadmium
and at 1.0 pg/ml cells became round. Arsenic also proved to be deleterious for the growth of HeLa cells and there was
change in morphology of cells at 1.0 pg/ml but it was not as toxic as chromium and cadmium. There was no difference in
protein profile of control and chromium treated cells except lower in concentration of protein due to less number of cells.
Metallothionein were not observed in treated cells by SDS-PAGE. Heavy metal have very deleterious effects on human
cells and with increase in metal concentration there was change in morphology of cells and also great reduction in

proliferation.
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INTRODUCTION

Due to rapid increase in world population and
urbanization, environment related problems are
becoming severe. The bioavailability of heavy metals is
one of the major environmental problems. Heavy
metals are highly bioactive and toxic elements. Human
health and food safety are threatened by elevation in
level of heavy metals in soil and drinking water [1, 2].
Heavy metals effect the living system as teratogen,
mutagen and carcinogen as well as they effect the
respiratory, immune and digestive system [3, 4]. Water
reservoir and large area of cultivated land is
contaminated by cadmium, chromium and arsenic due
to application of pesticides and chemical fertilizers,
precipitation from heavy coal combustion, smelter
waste etc. [5, 6].

Chromium exists in two stable oxidation states that are
more likely encountered in biological system 7].
Chromium (lll) compounds are insoluble and non-toxic.
They are important for body in metabolism of sugar and
fats [8]. Chromium (VI) compounds are highly soluble
and very toxic because these are potent oxidizing
compounds [9]. Cadmium has very diverse toxic effect
on human body. It has very high half life in human body
(20-30 years) and it is secreted in very low amount (1-2
pg/day). It is mainly accumulated in soft tissues of the
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body (liver and Kidney) rather than in bones [10]. In
addition to its toxic effect, cadmium is also classified as
human carcinogen [11]. Arsenic is one of the first
substances known to be human carcinogen as a link
was found between using a medicine containing
arsenic and skin cancer [12]. Recently it is reported
that increasing exposure to arsenic result in great
mortality mainly due to skin cancer [13].

Metallothionein (MT) are stress protein of small
size. These are cysteine rich heavy metal binding
protein, involved in array of protective stress response.
MT function is revealed during exposure to
environmental insults and mainly due to exposure of
cells to heavy metals. Mammalian MT provides
protection against heavy metal toxicity and oxidative
stress. Cell which contain more MT are protected
against heavy metal toxicity and oxidative stress while
those with lower expression leads to more sensitivity to
heavy metal toxicity [14, 15].

As the level of heavy metals especially chromium,
cadmium and arsenic is increasing so it is very
important to know the effect of these heavy metals on
growth and morphology of human cells and to figure
out toxic level of these metal. In the present study we
investigated the effect of chromium, cadmium and
arsenic on Hela cells. Comparison was also made in
protein profile of chromium treated and un-treated cells
and in one experiment we also studied the induction of
expression of MT by chromium.
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MATERIALS AND METHODS

HeLa Cell Culture

DMEM Media (Gibco) was supplemented with 10%
fetal bovine serum (FBS) (PAA), and 100 U/ml
penicillin, and 100 pg/ml streptomycin (ICN). The HelLa
cells were maintained in above culture media, with
incubation at 37°C with 5% CO,, and culture passaging
after three days.

Heavy Metals

Chromium  (potassium  chromate), Cadmium
(cadmium acetate) and Arsenic (Sodium arsenate) was
used for this study. Stock solutions were prepared and
filter sterilized with 0.2 ym filter (Orange Scientific) and
stored at room temperature.

Heavy Metal Toxicity Evaluation

HeLa cells were grown in DMEM medium
supplemented with 10% FBS and 100 U/ml penicillin,
and 100 pg/ml streptomycin for 2 days at 37°C with 5%
COs,. Cells were washed twice by Phosphate Buffered
Saline (PBS) and then detached by adding 1 ml
Trypsin-EDTA. Cells were counted by hemocytometer.
5x 104, 3 x 10* and 3 x 10* Hela cells were added for
chromium, cadmium and arsenic toxicity respectively in
sterilized 24 well plastic plate (NUNC) in 1 ml medium.
After incubating the cells for 24 h, cells were treated
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with 0.02, 0.04, 0.06, 0.08 and 0.10 pg/ml chromium
and 0.2, 0.4, 0.6, 0.8 and 1.0 pg/ml of cadmium and
arsenic respectively for 4 days.

Cell Morphology and Number

After each day morphology of the cells were
observed and images were taken by inverted
microscope (Olympus, 1X51). The numbers of cells
were counted by hemocytometer each day and
recorded.

Protein Analysis

7.5 x 10* Hela cells were added in each well of 6
well plate (NUNC) in 2 ml medium. Cells were
incubated for 24 h and then cells were treated with 0, 1,
2, 3, 4 and 5ug/ml concentration of chromium for total 4
days. After each day, cells were washed twice with
PBS and detached from plate by Trypsin-EDTA
treatment. Cells were centrifuged at 12,000 rpm for 2
min and then washed with 0.5 ml of PBS by repeating
the centrifugation step. The pellet was re-suspended
in100 pl of lysis buffer (2M Urea, 2% SDS, 10mM DTT,
10% Glycerol, 10mM Tris-HCL (pH 6.8), Bromophenol
blue 1 mg, dH,O 3ml and 1% PMSF) for cell lysis. The
solution was heated in boiling water for 4 min and
finally centrifuged at 12,000 rpm for 1 min. 5 pl of
solution was loaded from each sample on 15% SDS-
PAGE to get protein profile. The procedure was
repeated each day for 4 days.
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Figure 1: Effect of chromium on HelLa cells. HeLa cells were treated with 0.02, 0.04, 0.06, 0.08 and 0.10 ug/ml chromium. The
treated chromium concentration is given on each figure. These images are after 4" day of treatment with chromium.
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Figure 2: Graphical representation of effect of chromium on
proliferation of HeLa cells.

Metallothionein Induction Experiment

6x 10° Cells was added in two flasks, one was
labeled as control and other as treated and incubated
for 24 h. In treated labeled flask added 0.1 ug/mi
chromium for metallothionein induction and incubated
the flask again for 6 h. HelLa cells were washed twice
with PBS-Tween (1000 ml PBS + 1ml of Tween)
followed by addition of 1 ml lysis buffer for 5 min. the
solution was taken in microfuge tube and heated in
boiling water for 4 min and then centrifuged at 12,000
rom for 1 min. 10 pl solution was loaded on 15% SDS
PAGE.

RESULTS

Effect of Chromium on Growth and Morphology of
Hela Cells

The morphology of the HelLa cells was totally
changed with increasing the concentration of chromium

resulted in necrosis and apoptosis. At 0.08 pg/ml
concentration cells started becoming round in shape
and at 0.1 ug/ml there was clear change in morphology
of cells as well as complete deterioration in cells shape
(Figure 1) There was also great reduction in the
number of cells with increased concentration of
chromium (Figure 2).

Effect of Cadmium on Growth and Morphology of
HelLa Cells

There was a clear change in morphology and
reduction in proliferation of cells with increase in
concentration of cadmium. Shrinkage in cell size,
change in cells shape to round and cell lysis was
observed at 1.0 pg/ml concentration of cadmium
(Figure 3). The rate of proliferation of cells greatly
decreased with increase in cadmium concentration
(Figure 4).
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Figure 4: Graphical respresentation of effect of cadmium on
proliferation of HelLa cells.

Figure 3: Effect of cadmium on Hela cells. HelLa cells were treated with 0.2, 0.4, 0.6, 0.8 and 1.0 ug/ml cadmium. The treated
cadmium concentration is given on each figure. The above images are after 4" day of treatment with cadmium.
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Figure 5: Effect of arsenic on HelLa cells. HeLa cells were treated with 0.2, 0.4, 0.6, 0.8 and 1.0 yg/ml arsenic. The treated
arsenic concentration is given on each figure. The images are after 4" day of treatment with arsenic.

Effect of Arsenic on Growth and Morphology of
HelLa Cells

There was decrease in number and change in
morphology of HelLa cells with increase in
concentration of arsenic. Arsenic at higher
concentration results in shrinkage of cells size and
change in shape of cells (Figure 5). There was also
decrease in proliferation of cells but effect of arsenic
was not as significant as other metals (Figure 6).
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Figure 6: Graphical representation of effect of arsenic on
Hela cells.

Protein Analysis

It is clear from the figure that with increase in metal
concentration there was decrease in total protein that is
in correlation with the number of metal treated and
untreated cells as equal volume of sample was loaded
on SDS-PAGE. There was no change in protein profile
was observed for treated and untreated sample except

few bands. There was an extra band in control sample
that was not observed in metal treated samples (Figure
7).
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Figure 7: 15% SDS-PAGE of chromium treated HelLa Cells.
1, 2, 3, 4 and 5 are the concentration of chromium in ug/ml. C
is untreated and M protein marker. A. On the left side of
marker are day1 processed samples and on right day 2
processed samples. B. On the left side of marker are day3
processed samples and on right day4 processed samples.

Metallothionein Induction Experiment

No metallothionein (MT) band was detected in
treated cells in MT protein size range (3.5 to 14KDa).
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The protein profile was same in both treated (chromium
exposed) and control samples (Figure 8).

Cc T ¢ € TM CT BProlC
KDa
662 b
45_’- L] L]
35,
25 -
- “ — a
184 & . -
- WS 1R
. — - p——i — — -
—

Figure 8: 15% SDS-PAGE of HelLa Cells treated with
chromium (100 ng/ml). C (Control) and T (Treated) samples.
M is protein Marker and Pro.l is Pro-Insulin band of 8.8KDa to
locate the position of Metallothioneine. Same amount of
samples were loaded in each lane. The experiment was done
in triplicate.

DISCUSSION

Researchers investigated the effect of various
heavy metals on plants [16], animals [17], and Human
[18], but it is easy to study the effect of heavy metals
directly on cells in culture, as it is easy to grow the cells
and all the parameters can be controlled. Researchers
used various primary [19] and established cell lines [20]
to check the effect of various environmental pollutant
on growth and morphology of cells as well as molecular
mechanism of heavy metal toxicity [21]. In the present
study we observed the effect of heavy metals on HelLa
cells.

In case of effect of chromium on growth and
morphology of HelLa Cells, the number of cells
increased from 5.17x10* to 4.56x10° in control but
there was great reduction in number of treated cells
especially at 0.10 pg/ml concentration of chromium.
The cells were almost normal in different chromium
concentration but at 0.10 ug/ml concentration the cells
size greatly reduced and did not adhere to the surface
properly, in addition cell necrosis and lysis was also
observed at this concentration. The results clearly
indicated that 0.10 pg/ml chromium concentration is
very toxic for HelLa cells.

When we observed the effect of cadmium on growth
of HelLa Cells, there was clear difference of normal
cells with treated cells at higher metal concentrations
(0.8 and 1 ug/ml), as normal cells were in adherent
form and in normal shape while cadmium treated cells
squeeze in size and the effect of cadmium was more
drastic after four days of exposure so increase in

concentration and time of exposure greatly reduced the
proliferation of cells in the presence of cadmium.
Cadmium not only reduced the proliferation of cells but
also effected the normal morphology of cells.

In case of arsenic the effect was a little bit different
and we observed that morphologically there was very
little effect of arsenic on growth of HelLa cells as the
treated cells were almost in normal shape as that of
control cells, but the cell number was reduced in
treated cells as compared to untreated cells although it
was not very significant. Only at fourth day and at 1.0
pg/ml arsenic concentration the effect of arsenic on
shape of cells can be observed as the cells greatly
squeezed in size as compared to normal cells.

As we observed in case of treated cells there was
decrease in total number of cells. We also run SDS-
PAGE of chromium treated cells at various
concentrations and it was clearly observed that there
was decrease in total protein contents as the bands of
metal treated cells were not as prominent as in control
cells. It is clear from the figure 7 and 8 that there was
increase in amount of protein with the increase in days
of growth but there was gradual decrease in the total
protein contents with increase in metal concentration
and number of days. There was no change in protein
profile of treated and untreated cells except few bands
that are indicated by arrow. So there is need to conduct
2D gel to have a good comparison of protein profile of
treated and untreated cells.

Cadmium and zinc are the main inducer of
metallothionein (MT) [22]. All the chemicals that
increase the oxidative stress increase the expression of
MT [23]. Expression of MT decrease in malignant cells
as was observed in prostate cancer and hepatocellular
carcinoma [24, 25] as compared to normal cells.

Experiment was done to check induction of
expression of MT in chromium treated cells or not. The
size of MT ranges from 3.5 to 14 KDa. No MT band
was observed in any of the lane on SDS-PAGE.
Instead there is extra protein band in control lane 2 and
3 that was not present in treated. It means that with the
effect of metal there is down regulation in the
expression of 10KDa protein which require further
analysis. As HelLa Cells are cancerous cells so it could
be reason of no detectable expression of MT, or if we
have used cadmium or zinc instead of chromium then
we might have detected the expression of MT. there is
still need of further investigation in this regard.
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In the present study the results indicated that heavy
metals are toxic for human cells in even nano gram
quantities and chromium is the most toxic heavy metal
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