TOXICOLOGY AND FORENSIC MEDICINE

ISSN 2474-8978

()penventio

PUBLISHERS

http://dx.doi.org/10.17140/TFMOJ-2-121

Research

‘Corresponding author

Balik Dzhambazov, PhD
Professor

Department of Developmental Biology
Plovdiv University

24 “Tsar Assen” Str., Plovdiv 4000
Bulgaria

Tel. +359-32-261535

Fax: +359-32-261-566

E-mail: balik@uni-plovdiv.bg

Volume 2 : Issue 2
Article Ref. #: 1000TFMOJ2121

Article History

Received: September 15, 2017
Accepted: September 26", 2017
Published: September 27", 2017

Citation

Batsalova T, Teneva |, Belkinova
D, Stoyanov P, Rusinova-Videva S,
Dzhambazov B. Assessment of cad-
mium, nickel and lead toxicity by us-
ing green algae Scenedesmus incras-
satulus and human cell lines: Potential
in vitro test-systems for monitoring of
heavy metal pollution. Toxicol Foren-
sic Med Open J. 2017; 2(2): 63-73.
doi: 10.17140/TFMOJ-2-121

Copyright

©2017 Dzhambazov B. This is an
open access article distributed un-
der the Creative Commons Attribu-
tion 4.0 International License (CC
BY 4.0), which permits unrestricted
use, distribution, and reproduction
in any medium, provided the origi-
nal work is properly cited.

Toxicol Forensic Med Open J

Open Journal

Assessment of Cadmium, Nickel and Lead
Toxicity by Using Green Algae
Scenedesmus Incrassatulus and Human
Cell Lines: Potential In Vitro Test-Systems for
Monitoring of Heavy Metal Pollution

Tsvetelina Batsalova, PhD'; lvanka Teneva, PhD?; Detelina Belkinova, PhD??3;
Plamen Stoyanov, PhD?*; Snezhana Rusinova-Videva, PhD?; Balik Dzhambazov, PhD"

#These authors have contributed equally

'Department of Developmental Biology, Plovdiv University, Plovdiv 4000, Bulgaria
2Department of Botany, Plovdiv University, Plovdiv 4000, Bulgaria

3Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences, Sofia
1113, Bulgaria

“Department of Pharmacognosy and Pharmaceutical Chemistry, Faculty of Pharmacy, Medical
University of Plovdiv, Plovdiv 4000, Bulgaria

ABSTRACT

Background: Pollution of aquatic ecosystems with heavy metals leads to decrease of the bio-
diversity and accumulation of toxicants in the food chain. Species of the genus Scenedesmus
are sensitive indicators of environmental changes and have been used for the evaluation of risk
factors for contamination of aquatic ecosystems. The microalga Scenedesmus incrassatulus
can remove chromium and cadmium from the growth medium. Also, mammalian cell lines are
another type of test system that has been used to study the mechanisms of heavy metal toxicity.
However, little is known about the sensitivity and potential application of different human cell
lines for bio-monitoring of heavy metal contamination.

Aim: To investigate the toxicity of increasing concentrations of cadmium, nickel and lead on
the green microalga Scenedesmus incrassatulus and the human cell lines HeLa, A549, FL, and
Caco-2.

Materials and Methods: To evaluate the toxic effects of Cd, Ni, and Pb, two test systems were
used: an algal culture of S. incrassatulus and four human cell lines. For the algal system, the
growth of the algae and the features such as “cell number in the coenobium/single cells”,
“position of the inner cells in the coenobium”, and “shape of the peripheral cell”, were assessed.
For the human cell cultures, the methyl-thiazol-tetrazolium (MTT) and neutral red assays were
performed. In both the systems, the effects were measured at different time points (24, 48, and
72 hours) of treatment.

Results: The experimental observations showed that lead exposure in maximal permissible
levels (MPL) inhibited the growth of the green algae S. incrassatulus, while cadmium had a
stimulating effect even at lower test concentrations. Cadmium and nickel treatment affected the
morphological features “cell number in the coenobium/single cells” and “position of the inner
cells in the coenobium”. Regarding “shape of the peripheral cell”, lead had the most significant
effect after 24 h of treatment, which was expressed in reduction of the type “incrassatulus”
compared to the type “obliquus”. Cytotoxic effects of the heavy metals were also observed for
all tested human cell lines. HeLa, FL and Caco-2 were most sensitive to cadmium compared to
lead, while A549 cells showed equal sensitivity to all three heavy metals.

Conclusion: The reported data presented specific impacts on the studied parameters for both
the test-systems. The present study concluded that the green alga S. incrassatulus could be used
as an effective test system for the biomonitoring of lead pollution. The cell line A549 can serve
as a sensitive test system for the presence of cadmium, nickel and lead.

Page 63



http://dx.doi.org/10.17140/TFMOJ-2-121
http://dx.doi.org/10.17140/TFMOJ-2-121

TOXICOLOGY AND FORENSIC MEDICINE

Open Journal

ISSN 2474-8978

() penventio

PUBLISHERS

http://dx.doi.org/10.17140/TFMOJ-2-121

KEY WORDS: Cadmium; Lead; Nickel; In vitro cytotoxicity;
Biomonitoring; Scenedesmus incrassatulus; Human cell lines.

ABBREVIATIONS: MPL: Maximal Permissible Levels; MTT:
methyl-thiazol-tetrazolium; IARC: International Agency for
Research on Cancer; NR: Neutral Red; DNA: Deoxyribonucle-
ic acid.

INTRODUCTION

Heavy metals are the main contaminants of soil and water ba-
sins. Their high concentration in nature affects the biodiversity
and poses a serious threat to human health."> Anthropogenic ac-
tivity is the general cause underlying the constantly increasing
levels of different toxicants including heavy metals. The rapid
development of the industry is an important factor attributed to
the elevated concentrations of heavy metals in the environment.
Direct disposal of industrial wastewater from factories associ-
ated with the production of fertilizers, textile, batteries, paper,
installations for metal covering and mining, is responsible for
causing a significant percent of the pollution on account of
heavy metal contamination. In contrast to the organic pollutants,
heavy metals are not biodegradable and accumulate in living or-
ganisms. Because of their high degree of toxicity, these elements
rank among the priority metals that are of great significance to
public health. These are all systemic toxicants that are known
to induce multiple organ damage, even at lower levels of expo-
sure. Tons of many known heavy metals (zinc, copper, nickel,
mercury, cadmium, lead, chromium) are carcinogenic. Accord-
ing to the International Agency for Research on Cancer (IARC),
these metals are also classified as either “known” or “probable”
human carcinogens based on existing research. Epidemiological
and experimental studies demonstrate an association between
heavy metal exposure and incidence of cancer in humans.* Un-
doubtedly, these pollutants pose a serious threat that needs to be
resolved and scientists are actively working to find solutions.* It
is necessary to develop sensitive methods for biomonitoring of
heavy metals in the environment in addition to the conventional
chemical analysis because essential parameters like bioavail-
ability, cytotoxicity and genotoxicity can be examined only in
live cells.

There is a growing interest in the application of al-
gae for the elimination of organic and inorganic contaminants.
Biotechnological tools and techniques based on the activity of
growing algae cultures could be applied effectively in the pro-
cess of heavy metal extraction from industrial and wastewater.
The ability of microalgae, including species from the genus
Scenedesmus, to remove heavy metals from the environment by
accumulating these chemicals is currently being investigated.>”’

On the other hand, exposition to heavy metals induces
synthesis of specific products (pigments, lipids, phytohormones,
exopolymers and others) in some algal species. Stimulation of
such production depends on many factors: the type of heavy
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metal and its concentration, strain specificity, culture conditions
and growth medium composition.? A promising new approach is
the combination of processes of heavy metal removal and bio-
synthesis of specific products of interest induced by heavy met-
als exposition. Many studies are directed to explore the microal-
gae phenotypic plasticity in response to the exposition to heavy
metals. Their general objective is to clarify the potential applica-
tion of microalgae as bioindicators of this type of pollution.*!?
Species from the genus Scenedesmus (Chlorophyta) are widely
spread in freshwater basins and are convenient test-objects for
scientific research including the evaluation of the impact of
heavy metals.'*'® The algal growths, morphology, pigment con-
tent, photosynthetic and biochemical activities are affected by
heavy metals.

The potential application of algal cultures for the de-
tection of heavy metal pollution is unambiguous. Investigation
of specific responses of different algal strains against grading
concentrations of heavy metals is needed to enhance our knowl-
edge on algal test-systems and apply it in some biotechnological
manufactured products.

In addition to algal cultures, mammalian cell lines pres-
ent a useful research model for the examination of the mode of
action of toxic agents and monitoring their levels. The use of
this model organism allows for the visualization of the uptake
and distribution of heavy metals, identification of cellular tar-
gets and metabolic processes that are affected by the toxicants.
Also, it facilitates the examination of the level of response to the
toxicant concentration and thus, could serve as a tool for bio-
monitoring environmental pollution. In cell culture systems, the
humoral, neural and other control mechanisms are absent, thus,
an examination of the concentration gradient and secondary ef-
fects of bioaccumulation are not applicable. Cell lines constitute
a homogenous system comprised of specific cell types allowing
for the direct investigation of different cellular processes under
well-defined and reproducible experimental conditions exclud-
ing secondary effects induced in specific locations of the whole
organism.'” Mammalian cell lines have been used to analyze the
target organelles and cellular molecules for heavy metal toxic-
ity.'® Heavy metals like nickel (Ni), lead (Pb) and cadmium (Cd)
have been shown to induce reactive oxygen species production
and oxidative stress in cultured mammalian cells.'*! Different
types of heavy metal ions have been found to interact with de-
oxyribonucleic acid (DNA) and nuclear proteins eliciting con-
formational changes and damage to the key cellular molecules.
Overall, these processes affect all the phases of cell cycle but
mostly the synthetic phase'’ leading to carcinogenesis or apop-
tosis.'®?> Depending on the studied cell type, specific effects of
heavy metals at the cellular level can be elucidated using differ-
ent cell lines.’

In the present study, the cytotoxic and growth inhibi-

tory effect of cadmium, nickel and lead were analyzed using
the two assays—methyl-thiazol-tetrazolium (MTT) test which
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is based on the ability of metabolically active mitochondria to
reduce tetrazolium salts, and Neutral red (NR) assay used to as-
sess cell membrane integrity and cellular viability. These assays
were standardized in numerous studies and were used to assess
cytotoxicity.?***

The discussed experiments aimed to investigate the im-
pact of increasing concentrations of cadmium, nickel and lead
on the green alga Scenedesmus incrassatulus and the human cell
lines HeLa, A549, FL, and Caco-2. The choice of these two test-
systems allowed for the comparison of the effects of heavy met-
als on the density and growth of the plant and mammalian cells.
The observed results raised interesting conclusions about the in-
fluence of Cd, Ni and Pb on the morphology of S. incrassatulus,
the affected physiological processes and their targeted structures
in both plant and human cells and elucidated their potential ap-
plication like tools for biomonitoring of heavy metal pollutants
as lead, cadmium or nickel .

MATERIALS AND METHODS

Algal Culture and Exposition to Different Concentrations of
Heavy Metals

Scenedesmus incrassatulus BOHLIN used in the present study
was obtained from the algological collection of the Plovdiv
University (Plovdiv Algal Culture Collection, PACC). The
algal strain was stored under the reference number PACC 7069.
The algae were grown in BBM1-Bold's Basal Medium? under
optimal growth conditions for the species: 28 °C temperature
and light regimen 15:9 hours (light:dark period). A 72-hours
intensive cultivation was conducted for the experiment involving
exposition to heavy metals. Scenedesmus incrassatulus
cultures were grown in BBM1 medium containing different
concentrations of Cd**, Ni** and Pb?'. Stock solutions of nitrate
salts of each heavy metal (Cd(NO,),, Ni(NO,),, Pb(NO,),) were
used. The heavy metal concentrations were selected according
to the maximal permissible levels (MPL) established by the
Bulgarian law (in accordance with the National regulation for
standards of environmental quality for priority substances and
some other contaminants), which was based on the European
legislation for water quality.”’ 100%, 75%, 50% and 25%
of the MPL for cadmium, lead and nickel were tested in the
experiments. Overall, 13 main samples were assayed: control
with standard growth medium; growth medium with 0.45 pg/L
Cd?** (corresponding to maximum permissible level /MPL/);
growth medium containing 0.3375 pg/L Cd** (corresponding
to 75% MPL); growth medium with 0.225 pg/L Cd* (50%
MPL); growth medium containing 0.1 pg/L Cd** (25% MPL);
growth medium with 20 pg/L Ni** (corresponding to MPL);
growth medium with 15 pg/L Ni** (75% MPL); growth medium
containing 10 pg/L Ni** (50% MPL); growth medium with
5 pg/L Ni** (25% MPL); growth medium with 7.2 pg/L Pb*
(corresponding to MPL); growth medium containing 5.4 pg/L
Pb* (75% MPL); growth medium with 3.6 pg/L Pb* (50%
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MPL); growth medium containing 1.4 pg/L Pb** (25% MPL).
All tested concentrations represent the free heavy metal content
corrected from the nitrate formula weight.

All experimental variants were assayed in Ackerman’s
vials with 25 ml algal suspension, consisting of 20 ml of growth
medium or growth medium plus heavy metal followed by a 5 ml
algal inoculum (Density of 200x10* cells/mL).

Measurement of Algal Growth

The growth of algal cultures was determined spectrophotometrically
at three time points: 24 h, 48 h and 72 h. Extinction at 663 nm
wavelength was measured using the Visible Spectrophotometer
M107 (Spectronic Camspec Ltd., Leeds, UK).

Morphological Analysis of Scenedesmus incrassatulus

The morphological analysis was performed on a standard light
microscope Magnum-T equipped with high definition digital
camera Si-3000 and software (Medline Scientific, Chalgrove,
Oxon, UK). The following taxonomical parameters were ana-
lyzed at a maximal magnification of 400x: number of cells in
the coenobium/single cells, position of the inner cells in the
coenobium, morphology of peripheral cells. One hundred coe-
nobia/single cells were examined in order to determine the first
taxonomical sign (number of cells). To evaluate the parameters
“position of the inner cells” and “morphology of the peripheral
cell”, 50 coenobia were analyzed. The morphological variability
of S. incrassatulus was documented using the digital camera.

Assessment of Cytotoxicity on Human Cell Lines In Vitro

MTT and NR assays were performed in order to evaluate the
toxic effects of Cd*", Ni* and Pb*". Four different human cell
lines were used for performing the experiments, namely: FL
(ATCC CCL 62) derived from human amniotic cells; A549
(ATCC CCL 185) isolated from lung carcinoma; HeLa (ATCC
CCL-2) established from cervical adenocarcinoma, and Caco-2
(ECACC 86010202) derived from colorectal adenocarcinoma.
The cells were incubated in the presence of different
concentrations of heavy metals corresponding to 100% MPL,
75% MPL, 50% MPL and 25% MPL for 24, 48 and 72 h at
37 °C, 5% CO, and high humidity. Stock solutions of nitrate
salts of each heavy metal (Cd(NO,),, Ni(NO,),, Pb(NO,),) were
added to the cell culture medium (Dulbecco’s modified Eagle’s
medium, DMEM) supplemented with 10% fetal calf serum and
antibiotics (all from Sigma-Aldrich, Germany) to achieve the
appropriate concentration of Cd?*, Ni** and Pb*" in the assayed
samples. The control cells were incubated for the same time
periods in supplemented DMEM devoid of heavy metals. All
samples were assayed in triplicates.

All cell lines were expanded in 75 cm? culture flasks
(TPP, Trasadingen, Switzerland) following which the cells were
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detached from the culture vessel. The resulting suspensions
were adjusted to 1x10° cells/ml concentration and the cells were
seeded on 96-well plates (TPP, Trasadingen, Switzerland) using
a 200 mL suspension/well. The cells were cultured in standard
supplemented DMEM for 24 h at 37 °C, 5% CO, and high
humidity. Then, the culture medium was replaced with complete
DMEM containing 100%, 75%, 50%, 25% and 0% MPL of Cd,
Ni or Pb. At the end of each test-period (24 h, 48 h, 72 h), MTT
(3-(4,5-dimethylthiazol-2-yl)-2,4-diphenyltetrazolium bromide)
(Sigma-Aldrich, Germany) solution in a final concentration of
0.5 mg/ml was added to all samples. The cells were incubated
for 3 h in a humidified incubator at 37 °C with 5% CO, content.
During this period, live cells with functional mitochondria were
able to reduce MTT to an insoluble formazan product. The
quantity of accumulated formazan corresponded to the number
of viable cells in the sample. Subsequently, the MTT containing
medium was removed and 100 mL DMSO were pipetted into
each test-well. The cells were incubated for 15 minutes at room
temperature on a shaker in order to dissolve the accumulated
formazan crystals in the cells. Absorbance was measured at 570
nm wavelength using Synergy-2 reader (BioTek, Winooski,
VT, USA). The percent rate of inhibition of cell growth was
calculated using the absorbance units from each test sample and
the data from the control cells incubated in the absence of heavy
metals.

For the Neutral red (NR) assay, FL, HeLa, A549 and
Caco-2 cells were expanded, subcultured, seeded on 96-well
plates and treated with heavy metals in the same way as described
for the MTT assay. The NR stain bound to the lysosomal matrix
only in live cells. Therefore, the NR assay was used to evaluate
the cell culture viability and growth after treatment with the test-
agent. In the described experiments, after 24, 48 and 72 hours
treatment with heavy metals, the cells were stained with 0.5 mg/
mL NR solution for 3 h at 37 °C and high humidity. Then, the
medium containing unbound stain was aspirated and 100 mL
extracting solution (50% ethanol-1% acetic acid) was added to
all samples. The culture plates were incubated for 15 min on
a shaker and then absorption at 540 nm was measured using
Synergy-2 reader (BioTek, Winooski, VT, USA). Similar to
the MTT assay, percent inhibition was calculated based on the
detected absorbance units.

Statistics

The non-parametric Mann-Whitney U-test was applied to
determine statistically significant differences between the
assayed samples using StatView software (SAS Institute, USA).
The Mann-Whitney U-test compares the median of two groups
of data, i.e., control group and treated group. It is used to test the
null hypothesis whether two sample groups come from the same
population/have the same median and it converts the scores
on the continuous variable to ranks, across the two groups.
Calculated p values lower than 0.05 were considered statistically
significant.

Toxicol Forensic Med Open J

RESULTS

Cd%, Ni** and Pb?* Effects on the Growth and Development of
Scenedesmus incrassatulus

The studied heavy metals exerted different effects on the growth
of S. incrassatulus. The presence of lead in the culture medium
in concentrations corresponding to MPL inhibited the growth
and development of algae (Figure 1A). Low concentrations of
cadmium (corresponding to 25%, 50% and 75% of MPL) had
a stimulatory effect on S. incrassatulus growth (Figure 1B);
however, all tested concentrations of nickel did not affect the
density of the algal culture (Figure 1C).

Figure 1: Influence of Lead, Cadmium and Nickel on the Algal
Culture Growth.
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Cd?#, Ni** and Pb?* Influenced the Morphology of S.
incrassatulus

The changes in S. incrassatulus morphology were evaluated
by analyzing the taxonomical characteristics “cell number in
the coenobium/single cells”, “position of the inner cells in the

coenobium” and “shape of the peripheral cell”.

S. incrassatulus reacted to the presence of cadmium
and nickel by formation of single cells and reduction of the
percent coenobia. These alterations were detected already 24
h after treatment with the heavy metals (Figure 2). The effect
was stronger when the algal cultures were treated with 100%
MPL concentrations of Cd (Figure 2B) and Ni (Figure 2C).
Dissociation to single cells has been shown on Figure 3.

Figure 2: Reaction of S. incrassatulus Concerning the Taxonomical
Sign “Cell Number in the Coenobium/Single Cells”.
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Figure 3: Dissociation of S. incrassatulus to Single Cells
after Exposure to Cd. Control Culture (24 h) with
Predominance of Coenobia (A); in Growth Medium with Cd?*
(MPL, 24 h) with Predominance of Single Cells (B).

Cadmium and nickel affected the arrangement of
inner cells in coenobia, increasing the percentage of irregularly
positioned inner cells compared to the linearly arranged cells. In
the presence of nickel, this effect is observed even at 24 hours
(Table 1).

The reaction of S. incrassatulus to MPL concentrations
of cadmium and nickel 24 and 48 h after treatment concerning
the sign “shape of the peripheral cell” led to the predominance of
the typical species shape “incrassatulus” (Table 2). On the other
hand, 24 h treatment with Pb reduced the type “incrassatulus”
and led to an increase in the occurrence of the morphology type
“obliquus”. At longer exposition to Pb, percent cells with “other
location” were detected while the type “incrassatulus” decreased
(Table 2).

Treatment with Cd?*, Ni** and Pb%* Reduced the Growth and
Viability of Human Cell Lines

MTT and NR assays were performed using different human
cell lines. Accumulation of formazan and NR in the cells were
measured after three time points (24, 48 and 72 h) of exposition
to Cd*, Ni** and Pb*. The recorded results demonstrated
significant cytotoxic effects of heavy metals, which were most
prominent at the highest test-concentrations (100% MPL) of
Cd?*", Ni** and Pb** for all cell lines.

A549 cells showed well established dose-dependent
response to treatment with different concentrations of heavy
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Table 1: Reaction of S. incrassatulus Concerning the Taxonomical Sign “Arrangement of the Inner Cells”.
. Arrangement Control Lead Cadmium Nickel
Exposure time . o
of internal cells (%) MPL (%) MPL (%) MPL (%)
Linearly 58 46 64 26
24 h Alternately 24 10 22 12
Irregularly 18 44 14 62
Linearly 42 30 8 22
48 h Alternately 28 32 26 28
Irregularly 30 38 66 50
Linearly 56 26 16 26
72 h Alternately 26 34 28 36
Irregularly 18 40 56 38
MPL: Maximal Permissible Levels; h: Hours.

Table 2: Reaction of S. incrassatulus Concerning the Taxonomical Sign “Shape of the Peripheral Cell”.
Exposure time Shape of peripheral Control Lead Cadmium Nickel
cell (%) MPL (%) MPL (%) MPL (%)
Type’incrassatulus” 38 30 56 56
24 h Type“obliquus” 40 68 30 36
Other type 22 2 14 8
Type”incrassatulus” 52 44 60 94
48 h Type”obliquus” 36 40 26
Other type 12 16 14
Type”incrassatulus” 10 0 6
72 h Type“obliquus” 50 30 74 60
Other type 40 70 20 34
MPL: Maximal Permissible Levels; h: Hours.

Figure 4: Inhibition of A549 Cells Growth after Treatment with Cadmium, Nickel and Lead.
MTT Assay (A), (C), (E); NR Assay (B), (D), (F). The Graphs Display Mean+SE. *p<0.05.
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metals (Figure 4). The highest percent inhibition of cell growth
was determined after treatment with 100% and 75% MPL
concentrations already at the shortest exposition period (24
h). The results from the NR assay demonstrated an interesting
trend—higher inhibition of cell growth at 24 h test-period
compared to the longer exposition times (48 and 72 h). On the
other hand, the results from the MTT assay did not show time-
dependent level of response. These data indicated a stronger
effect of heavy metal exposition on cellular lysosomes, which
was partly reduced by developed compensatory mechanisms

when the cells were treated for a longer period. Conversely,
such tendency was not observed in HeLa cells, which showed
the highest percent inhibition and clear dose-dependent
response after 72 h treatment with all three heavy metals when
measured by NR assay (Figure 5). Caco-2 cells also displayed
stronger inhibition after 72 h of exposition measured by MTT
assay (Table 3). The NR assay did not show a time-dependent
response. Overall, cadmium and lead treatment induced a
stronger inhibition of Caco-2 cells compared to treatment with
nickel. Interestingly, only the MTT assay results showed time-

Figure 5: Influence of Nickel, Cadmium and Lead Exposition on HelLa Cells. MTT Assay (A), (C), (E);
NR Assay (B), (D), (F). The Graphs Show Mean+SE. *p<0.05.
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Table 3: Inhibition of Caco-2 Cells Growth Induced by Cadmium, Nickel and Lead Treatment. Data has been
Displayed as Mean Percent Inhibition.
Nickel Cadmium Lead
Caco-2

24h 48 h 72 h 24 h 48 h 72h 24h 48 h 72h
100% MPL  12.94 8.74 2216 1259 1119 3892 1259 1224 2841
75% MPL 2.80 3.15 18.19 7.35 7.00 29.83 7.00 3.50 25.57

MTT assay
50% MPL 2.45 7.70 15.63 6.65 1049 21.31 8.50 245 25.86
25% MPL 245 4.55 11.94 5.60 6.99 19.60 5.59 1.40 23.87
100% MPL  24.60 30.67 21.09 3420 4010 3196 3460 2248 31.96
75% MPL 23.20 1856 1413 3320 36.41 2174 34.00 3259 2457

NR assay
50% MPL 22.60 11.92 10.87 29.20 18.63 18.27 27.60 0 21.52
25% MPL 11.60 10.94 5.92 21.60 2.85 14.78 0 5.74 13.74

MPL: Maximal Permissible Levels; h: Hours; MTT: methyl-thiazol-tetrazolium; NR: Neutral Red.
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Table 4: Inhibitory Effects on FL Cell Line Determined after Exposition for Different Time-Periods to Nickel, Cadmium
and Lead. Data has been Ddisplayed as mean Percent Inhibition.
FL Nickel Cadmium Lead
24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h
100% MPL 5.29 7.28 4.97 18.81 5.55 9.15 16.18 9 4.05
75% MPL 7.52 1.92 497 6.43 1.34 0.78 5.32 4.98 1.83
MTT assay
50% MPL 6.10 1.34 418 6.43 0 2.16 4.59 1.34 3.01
25% MPL 4.58 0 1.96 5.95 0 0.59 2.41 2.3 2.87
100% MPL  13.82 15.3 10.78 1491 19.09 3518 14.07 10.75 23.25
75% MPL 7.79 9.24 3.79 13.57 8.79 22.36 9.80 15.23 0
NR assay
50% MPL 6.53 0.76 6.59 14.91 5.00 19.96 11.56 9.09 1.30
25% MPL 6.37 0.46 419 5.19 5.23 10.38 3.18 6.97 0
MPL: Maximal Permissible Levels; h: Hours; MTT: methyl-thiazol-tetrazolium; NR: Neutral Red.

dependent response with a prominent increase in percentage
inhibition after 72 h exposition to heavy metals.

Table 4 presents the data from MTT and NR
assays performed with FL cells. The recorded observations
demonstrated a higher sensitivity of the NR assay. The highest
percent inhibition was induced by exposition to cadmium.
MPL concentrations of lead and cadmium induced significant
inhibition after 24 h exposition measured by MTT assay, but this
effect was not evident at longer test-periods. Therefore, heavy
metal toxicity was predominantly directed to cellular lysosomes
in the FL cell line similar to A549. Lead and nickel treatment
resulted in lower inhibition of cell growth. Like HeLa cells,
the strongest percent inhibition of FL and Caco-2 growth was
measured after 48 and 72 h exposition to Cd2+. These results
demonstrate higher sensitivity of HeLa, FL and Caco-2 cell to
cadmium treatment, while A549 cells exhibited similar level of
response to all three heavy metals.

DISCUSSION

The present paper demonstrated the specific effects of selected
concentrations of cadmium, nickel and lead on the green algae
Scenedesmus incrassatulus and four human cell lines. Exposition
to Cd*", Ni* and Pb*" led to a different influence on the growth
and development of S. incrassatulus. Lead treatment inhibited
the algal growth, exposition to cadmium-induced stimulatory
effect, and neither of the tested nickel concentrations influenced
the growth and development of algae. Data from existing reports
discuss about the influence of heavy metals on species from the
genus Scenedesmus which supported the observations of the
study and suggested species specificity with respect to algal
reaction to heavy metals. Mercury (Hg) in concentrations 2.5-5
mg/L inhibited completely the growth of Scenedesmus acutus."
Cadmium caused 50% inhibition of Scenedesmus armatus
growth after 24 h exposition to concentrations ranging from 0.46
to 0.54 mg/L.'* On the other hand, low concentrations of Cd and
Pb induced stimulatory effects on the growth of Scenedesmus
quadricauda, Scenedesmus pectinatus and Scenedesmus
acuminatus *%'¢

Toxicol Forensic Med Open J

In some algal species, heavy metals influenced specific
morphological characteristics. For example, Scenedesmus
ernardii underwent morphological changes in response to Zn,
Cd and Pb exposition: up to 82% dissociation to single cells
after exposure to zinc, formation of unusual coenobia, extensive
secretion of mucilage and clustering of cells and coenobia as a
result of Cd and Pb treatment. "

The present study demonstrated the influence of three
types of heavy metals on the morphology of Scenedesmus
incrassatulus  BOHLIN. The chosen test-object generated
coenobia composed of 2, 4 or § cells. The inner cells in four- and
eight-cellular coenobia acquired a serial, alternative or irregular
orientation. The shape of the cells ranged from narrow to wide
spindle-shaped, gradually thinning with sharp edges of the cells,
bent to the center of the coenobium (more prominent in the outer
cells compared to the inner ones). Intercellular connections
spanned from 1/2 to 2/3 through the length of adjacent cells. The
variation in the taxonomical characteristics of S. incrassatulus
have been described previously.”® A stable taxonomical sign
for the discrimination of S. incrassatulus from other closely
related species was the “shape of peripheral cells”. Typical S.
incrassatulus peripheral cells were spindle-shaped gradually
thinning with pointed ends bent to the center of the coenobium.
Except the shape of peripheral cells, the experiments conducted
in the present study aimed to analyze two other taxonomical
characteristics—number of cells in the coenobium/single cells
and position of the inner cells in the coenobium.

Concerning the sign “cell number”, S. incrassatulus
reacted to the presence of cadmium and nickel which supported
the formation of single cells and reduced the coenobia
composition. This effect was evident even after 24 h of
treatment, at MPL concentrations and was more pronounced with
cadmium treatment (Figure 2). Similar reaction of Scenedesmus
incrassatulus after exposition to divalent copper and cadmium
was detected.'® On the basis of related experiments, the divalent
Cu and Cdinduced single cells commonly from four-cellular
Scenedesmus incrassatulus, while being exposed to hexavalent
chromium (Cr) led to the appearance of coenobia without sheath
that corresponded to the formation of autospores.
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MPL concentrations of cadmium and nickel affected
also the position of inner cells in the coenobium by increasing
the percent of coenobia with irregularly positioned cells and
decreasing the composition of coenobia with linearly positioned
cells. In the presence of nickel, these changes appeared already
after 24 h. These observations demonstrated that the heavy
metals Cd and Ni influence the development of S. incrassatulus
even after a short exposition (24 h) by varying the characteristics
“cell number” and “position of inner cells in the coenobium”. But
these taxonomical traits can be influenced also by environmental
factors and vary considerably. Therefore, these morphological
reactions cannot serve as reliable markers specific to the presence
of cadmium and nickel.

The morphology of peripheral cells of S. incrassatulus
was influenced by the exposition to lead. The effect of lead
was the strongest compared to the other two heavy metals. The
peripheral cell type “incrassatulus” decreased already following
24 h of exposition and after 72 h at MPL concentration of
Pb*, typical for the species in which peripheral cells were not
present. This finding supported the conclusion that Scenedesmus
incrassatulus manifested highest sensitivity to lead exposition,
which negatively influenced the algal growth and significantly
changed the morphology of the species in concentrations
corresponding to MPL. Based on these data, S. incrassatulus can
be recommended as a test-object for the presence of lead in fresh
water basins.

A general objective of the present study was to
suggest new sensitive test-systems for biomonitoring of Cd, Ni
and Pb pollution that react to MPL and even lower than MPL
concentrations of the heavy metals. Therefore, in addition
to Scenedesmus incrassatulus other test-objects were also
examined. Three cancer cell lines (HeLa, A549, Caco-2) and a
cell line (FL) derived from normal amniotic cells were used to
evaluate the effect of Cd, Ni and Pb on human cell growth in
vitro. These experiments aimed to investigate whether the heavy
metals exert cytotoxic and growth inhibitory effects on different
cell lines and determine the most sensitive cell type.

Different assays were performed for the evaluation of
cytotoxic effects in vitro — MTT assay, XTT assay, LDH assay,
NR test, assays determining cell number and total protein content,
etc. Several of these assays were compared and it was suggested
that MTT and NR tests showed the highest sensitivity.29 This
accounted for the reason to choose NR and MTT assays for the
evaluation of in vitro growth inhibitory and cytotoxic effects of
heavy metals.

Mammalian cell lines have been extensively used to
study the mechanisms of heavy metal toxicity17,20,21,29 and
data from in vitro cytotoxicity assays have been reported for the
cell lines A549, HeLa and Caco-2 treated with different heavy
metals and heavy metal compounds.17,25,30 However, to date,
evaluation of the inhibitory effect of MPL and lower than MPL
heavy metals concentrations have not been reported and little is

Toxicol Forensic Med Open J

known on the potential use of human cell lines for detection of
heavy metals. The results led to the conclusion that all tested cell
lines (A549, HeLa, FL and Caco-2) could be used for detection
of cadmium, nickel and lead MPL concentrations after 72 h
of exposition. Among the four cell lines, A549 showed almost
equal sensitivity to all three heavy metals, while the other cell
lines were more sensitive to cadmium relative to lead. Moreover,
A549 demonstrated the highest percent inhibition and this strong
response was evident even at 24 h exposition to either Cd?", Ni**
or Pb?". Therefore, it was concluded that A549 cell line showed
the highest sensitivity to MPL concentrations of the three heavy
metals compared to HeLa, FL and Caco-2 cell lines.

CONCLUSION

The present study provided an insight for the potential application
of new test-systems (algal culture of Scenedesmus incrassatulus
and human cell lines) for biomonitoring of pollution with
cadmium, nickel and lead. The reported data demonstrated that
these heavy metals have different effects on the tested cells,
and these effects were dose and time-dependent. The cadmium,
nickel and lead influenced different morphological features of the
algal system during the exposure. Based on the reaction of the
algal culture by changing the evaluated morphological features
some of the heavy metal pollutants could be detected very early,
especially when the reaction was metal-specific. All four tested
human cell lines may be used as test-systems for assessment
of heavy metal toxicity or for biomonitoring of pollution with
cadmium, nickel and lead. The observations of the present study
demonstrated that the cell line A549 was the most sensitive for
the tested heavy metals.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
REFERENCES

1. He M, Wang Z, Tang H. The chemical, toxicological and
ecological studies in assessing the heavy metal pollution in Le
An River, China. Water Research. 1998; 32(2): 510-518. doi:
10.1016/S0043-1354(97)00229-7

2. Narula P, Mahajan A, Gurnani C, Kumar V, Mukhija S. Mi-
croalgae as an indispensable tool against heavy metals toxicity
to plants: A review. Int J Pharm Sci Rev Res. 2015; 31(1): 86-93.

3. Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ. Heavy
metal toxicity and the environment. EXS. 2012; 101: 133-164.
doi: 10.1007/978-3-7643-8340-4 6

4. Fu F, Wang Q. Removal of heavy metal ions from wastewa-
ters: A review. J Environ Manage. 2011; 92(3): 407-418. doi:
10.1016/j.jenvman.2010.11.011

5. Franklin NM, Stauber JL, Lim RP, Petocz P. Toxicity of metal

Page 71



http://dx.doi.org/10.17140/TFMOJ-2-121
http://doi.org/10.1016/S0043-1354(97)00229-7
http://doi.org/10.1007/978-3-7643-8340-4_6 
http://doi.org/10.1016/j.jenvman.2010.11.011

TOXICOLOGY AND FORENSIC MEDICINE

Open Journal

ISSN 2474-8978

() penventio

PUBLISHERS

http://dx.doi.org/10.17140/TFMOJ-2-121

mixtures to a tropical freshwater alga (Chlorella sp): The effect
of interactions between copper, cadmium, and zinc on metal cell
binding and uptake. Environ Toxicol Chem. 2002; 21(11): 2412-
2422. doi: 10.1002/etc.5620211121

6. Pena-Castro JM, Martinez-Jeronimo F, Esparza-Garcia F,
Canizares-Villanueva RO. Heavy metals removal by the mi-
croalga Scenedesmus incrassatulus in continuous cultures.
Bioresour Technol. 2004; 94(2): 219-222. doi: 10.1016/.
biortech.2003.12.005

7. Shanab S, Essa A, Shalaby E. Bioremoval capacity of three
heavy metals by some microalgae species (Egyptian Iso-
lates). Plant Signal Behav. 2012; 7(3): 392-399. doi: 10.4161/
psb.19173

8. Miazek K, Iwanek W, Remacle C, Richel A, Goffin D. Effect
of metals, metalloids and metallic nanoparticles on microalgae
growth and industrial product biosynthesis: A review. Int J Mol
Sci. 2015; 16(10): 23929-23969. doi: 10.3390/ijms161023929

9. Belkinova D, Mladenov R. Influence of lead on the taxonomi-
cal characteristics of Scenedesmus pectinatus Mayen (Chlo-
rophyta, Chlorococcales). Scientific researches of the Union of
Scientists in Bulgaria - Plovdiv, series B. Natural sciences and
humanities. 2003; TV: 158-163.

10. Dimitrova-Dyulgerova I, Belkinova D, Mladenov R. Influence
of Cu2+ on the development and morphology of Scenedesmus
bernardii. Trav. Sci. Univ. Plovdiv, Plantarum. 2007; 40: 79-88.

11. Dimitrova-Dyulgerova I, Ivanova D, Stoyanov P, Teneva I,
Belkinova D. Scenedesmus bernardii G.M. Smith — a sensitive
bioindicator for heavy metals in water. Trav Sci Univ Plovdiv
Plantarum. 2011; 41(6): 125-140.

12. Mladenov R, Kiryakov I, Dimitrova I. Influence of lead on
the morphosystematic parameters of Scenedesmus acumina-
tus (Chlorophyta, Chlorococcales). Scientific researches of the
Union of Scientists in Bulgaria - Plovdiv, series B. Natural sci-
ences and humanities. 2003; 11I: 96-101.

13. Pena-Castro JM, Martinez-Jeronimo F, Esparza-Garcia F,
Canizares-Villanueva RO. Phenotypic plasticity in Scenedes-
mus incrassatulus (Chlorophyceae) in response to heavy metals
stress. Chemosphere. 2004; 57(11): 1629-1636. doi: 10.1016/j.
chemosphere.2004.06.041

14. Bascik-Remisiewicz A, Tukaj Z. Toxicity of inorganic cad-
mium salts to the microalga Scenedesmus armatus (Chiorophy-
ta) with respect to medium composition, pH and CO2 concen-
tration. Acta Physiologiae Plantarum. 2002; 24(1): 59-65. doi:
10.1007/s11738-002-0022-8

15. Capolino E, Tredici M, Pepi M, Baldi F. Tolerance to mer-
cury chloride in Scenedesmus strains. Bio Metals. 1997; 10(2):
85-94. doi: 10.1023/A%3A1018375005791

Toxicol Forensic Med Open J

16. Starodub ME, Wong PTS, Mayfield CI. Short term and
long term studies on individual and combined toxicities of
copper, zinc and lead to Scenedesmus quadricauda. Science of
The Total Environment. 1987; 63: 101-110. doi: 10.1016/0048-
9697(87)90039-8

17. Fischer AB, Skreb Y. In vitro toxicology of heavy metals
using mammalian cells: An overview of collaborative research
data. Arh Hig Rada Toksikol.2001; 52(3): 333-354. doi: 10.1007/
s11738-002-0022-8

18. Wang S, Shi X. Molecular mechanisms of metal toxicity and
carcinogenesis. Molecular and Cellular Biochemistry. 2001;
222(1/2): 3-9. doi: 10.1023/A:1017918013293

19. Das KK, Das SN, Dhundasi SA. Nickel, its adverse health
effects & oxidative stress. Indian J Med Res. 2008; 128(4): 412-
425.

20. Tchounwou PB, Ishaque AB, Schneider J. Cytotoxicity and
transcriptional activation of stress genes in human liver carci-
noma cells (HepG2) exposed to cadmium chloride. Mol Cell
Biochem. 2001; 222(1-2): 21-28. doi: 10.1007/978-1-4615-
0793-2 3

21. Yedjou CG, Tchounwou PB. N-acetyl-1-cysteine affords pro-
tection against lead-induced cytotoxicity and oxidative stress in
human liver carcinoma (HepG2) cells. Int J Environ Res Public
Health. 2007; 4(2): 132-137.

22. Beyersmann D, Hartwig A. Carcinogenic metal compounds:
recent insight into molecular and cellular mechanisms. Arch
Toxicol. 2008; 82(8): 493-512. doi: 10.1007/s00204-008-0313-y

23. Combes RD, Balls M. Integrated testing strategies for toxic-
ity employing new and existing technologies. Altern Lab Anim.
2011; 39(3): 213-225.

24. Walum E, Balls M, Bianchi V, et al. ECITTS: an integrated
approach to the application of in vitro test systems to the hazard
assessment of chemicals. Altern Lab Anim. 1992; 20: 406-428.

25. Zapor L. Evaluation of the toxic potency of selected cadmium
compounds on A549 and CHO-9 cells. Int J Occup Saf Ergon.
2014; 20(4): 573-581. doi: 10.1080/10803548.2014.11077080

26. Archibald PA, Bold HC. Phycological Studies XI. The genus
Chlorococcum MENEGHINI. Austin, Texas, USA: University of
Texas; 1970:115.

27. Directive 2013/39/EU of the European Parliament and of
the Council of 12 August 2013 amending Directives. Directives
2000/60/EU and 2008/105/EU as regards priority substances in-
the field of water policy. Official Journal of the European Union.
2013; L 226: 1-17. Web site. http://www.fao.org/faolex/results/
details/en/c/LEX-FAOC127344/. Accessed September 14, 2017.

Page 72



http://dx.doi.org/10.17140/TFMOJ-2-121
http://doi.org/10.1002/etc.5620211121
http://doi.org/10.4161/psb.19173
http://doi.org/10.4161/psb.19173
http://doi.org/10.3390/ijms161023929
http://doi.org/10.1016/j.chemosphere.2004.06.041
http://doi.org/10.1016/j.chemosphere.2004.06.041
http://doi.org/10.1007/s11738-002-0022-8
http://doi.org/10.1023/A%3A1018375005791
http://doi.org/10.1016/0048-9697(87)90039-8
http://doi.org/10.1016/0048-9697(87)90039-8
http://doi.org/10.1007/s11738-002-0022-8
http://doi.org/10.1007/s11738-002-0022-8
http://doi.org/10.1023/A:1017918013293
http://doi.org/10.1007/978-1-4615-0793-2_3
http://doi.org/10.1007/978-1-4615-0793-2_3
http://doi.org/10.1007/s00204-008-0313-y
http://doi.org/10.1080/10803548.2014.11077080
http://www.fao.org/faolex/results/details/en/c/LEX-FAOC127344/
http://www.fao.org/faolex/results/details/en/c/LEX-FAOC127344/

TOXICOLOGY AND FORENSIC MEDICINE

Open Journal

ISSN 2474-8978

() penventio

PUBLISHERS

http://dx.doi.org/10.17140/TFMOJ-2-121

28. Belkinova D, Ilieva G. Variability of the sign “cell number”
in Scenedesmus incrassatulus Bohl. (Chlorophyta). Scientific re-
searches of the Union of Scientists in Bulgaria - Plovdiv, series
B. Natural sciences and humanities. 2000; 1: 333-336.

29. Fotakis G, Timbrell JA. In vitro cytotoxicity assays: Com-
parison of LDH, neutral red, MTT and protein assay in hepa-

Toxicol Forensic Med Open J

toma cell lines following exposure to cadmium chloride. Toxicol
Lett. 2006; 160(2): 171-177. doi: 10.1016/j.toxlet.2005.07.001

30. Calabro AR, Gazarian DI, Barile FA. Effect of metals on
B-actin and total protein synthesis in cultured human intestinal
epithelial cells. J Pharmacol Toxicol Methods. 2011; 63(1): 47-
58. doi: 10.1016/j.vascn.2010.04.012

Page 73



http://dx.doi.org/10.17140/TFMOJ-2-121
http://doi.org/10.1016/j.toxlet.2005.07.001
http://doi.org/10.1016/j.vascn.2010.04.012

