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ABSTRACt : Marine environment biodiversity opens up new horizons in the quest for bioactive compounds that could be
utilized as antitumor agents. Soft Coral Sarcophyton glaucum is an important folk medicinal marine. It has anti-oxidant, anti-
carcinogenic. The objectives of present study are to investigatimg in vitro the antiproliferative activity of sarcophine extract on
mouse Leukemia cells (L1210), also, we shall evaluate in vivo the antitumor activity of the soft coral S. glaucum extract against
Mouse Leukemia cells (L1210), on mice (Swiss albino mice). The antiproliferative and cytotoxic activities of the S. glaucum were
determined using the trypan blue dye exclusion and the WST-1 cell proliferation tests. The underlying possible mechanism of cell
death was investigated whether it is necrotic or apoptotic by single cell gel electrophoresis (comet assay) and dual acridine
orange/ethidium bromide (AO/EB) staining. The antitumor activity of the S. glaucum extract against mouse leukemia cell line,
L1210, grown as ascites in mouse model. /n vitro Results showed that S. glaucum inhibited L1210 cancer cells proliferation and
induced apoptosis and that the apoptotic activities. The mechanism underlying cell death was due to induction of apoptosis, which
was associated by DNA damage and morphological changes of the treated cells. I vivo study indicated that S. glaucum has ability to
suppress cancer progression in treated animals. These findings indicate that the S. glaucum extract can be a candidate agent for
fighting cancer.
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I. Introduction

Natural products derived from marine soft corals is predominantly rich in
ecosystem are diverse in their biological cembrane terpenes °). Cembranoids have a
activity as well as chemical structures. In 14-membered macro cyclic skeleton
this regard, The Red Sea acts as a rich exhibiting a broad range of biological
source of marine bio-diversity serving an activity. This includes anti-tumor, neuro-
epicenter of marine natural products. protective, antimicrobial, calcium-
Nevertheless 40% of the 180 soft coral antagonistic, and anti-inflammatory
species that have been identified worldwide activities 1* > ©* 7. Since 1998 studies have
so far are present in Red Sea [']. Soft corals focused on the cembranoid diterpene
are invertebrates present in  marine sarcophine due to its potential role as
ecosystem that produce a wide range of chemo-preventive '™, cytotoxic and anti-
terpenoid  metabolites.  The  terpenes microbial agent ). Additionally, it also
produced are usually cembranoids, used to exhibits competitive cholinesterase
defend against encroaching corals and its inhibition o) noncompetitive
natural predators *). Genus, Sarcophyton of phosphofructo- kinase inhibition "', and
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Na®, K"-ATPase inhibition ', Accordingly,
recent studies concerning the use of soft
corals as potential source of treatment for
numerous human diseases have shown that
sarcophine and sarcophine derivatives (e.g.,
hydroxylated sarcophine) are potentially
anticancer metabolites [ % 13 & 14 18]
Growing interest in chemoprevention of
cancer using on natural compounds that
delay or reverse cancer development ' has
led to the discovery of thousands of marine
natural products in a span of 20 years, most
of which have been assayed as anticancer
agents ' 1. In vitro studies show that
metabolites isolated from soft corals could
inhibit the process of carcinogenesis by
enhancing the activity of detoxification
enzymes such as glutathione S-transferases
(GSTs), quinone reductase (QR), and
epoxide hydrolase (mEH) in addition to
inbition of cytochrome Pys9 1A activity.

In this study, we used extract isolated
from soft coral Sarcophyton glaucum
(sarcophine) of the Red Sea and studied in
vitro anti-proliferative properties. The extract
is an excellent antitumor agent inducing
apoptosis in mouse leukemia cells (L1210).

II. Materials & Methods

2.1.1 Soft Coral Material

Soft coral Sarcophyton glaucum (S. glaucum)
was collected from the Red Sea coast, North
of Jeddah, Saudi Arabia (21°29'33"N,
39°1125"E), at a depth of 5 m. The sample
was collected and identified by Dr. Yahia
Folos, Faculty of Marine Sciences, King
Abdulaziz University. After collection, this
material was immediately subjected to
extraction. A voucher specimen (SC-2014-1)

was deposited in the Faculty of Science, King
Abdulaziz University, Jeddah, Saudi Arabia.

2.1.2 Extraction and Isolation

The collected sample was subjected to
extraction by mincing it and then using
diethyl ether as a solvent. The yield was
viscous blackish residue, which was further
purified by  preparative  thin  layer
chromatography (PTLC) and re-purified by
employing Sephadex LH-20 (F Y4 5, L 4 10
cm, 5 mL each) using a mixture of methanol
and Chloroform MeOH: CHCI3 (9:1).

2.1.3 Tumor Cell Lines and Cell Culture

mouse Leukemia cells line (L1210),
obtained from King Fahd Medical Research
Center, King Abdulaziz University, Jeddah,
were used to study the antitumor activity of
different fractions. The mouse leukemic cells,
L1210 cells were grown and maintained in
RPMI 1640 medium supplemented with 10%
(v/v) horde serum, 1% penicillin streptomycin
antibiotics (10,000 wunits/ml and 10,000
ng/ml) respectively, in tissue culture flasks at
37°C in 95% air and 5% CO..

2.1.4 Trypan Blue exclusion test to assess
cell viability
The effect of S glacum extract on
proliferation on L1210 cells was observed
using 0.4% trypan blue exclusion test. Cells
were cultured in 24 well plates at density of
5x10%/cells and treated with corresponding
concentrations of the extract (25,50, 75 and
100 pg/ml) for 24, 48 and 72 hours. Cells
were collected and mixed with 1:1 trypan blue
for 5 min. Afterwards the cells were counted
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using hemocytometer under light microscope
to observe the percentage of live cells.

2.1.5 Comet Assay

L1210 cells were plated in (4) 6 well plates at
a density of 5x10%cells/ml for 24h. Cells
were treated with S. glaucum extract at
concentrations of 25,50,75 and 100 pg/ml for
24h. Mincing solution consisting of HBSS
Ca"™", Mg free with 20 mM EDTA and 10%
DMSO, pH 7.0 - 7.5 was added, and cells
were scraped and centrifuged at 400xg for 5
minutes, cells were washed once with ice cold
1IX PBS (Ca™ and Mg free) and
approximately 10,000 cells/slide were mixed
with 0.1 ml of 1% low melting point agarose
and loaded on comet slides (Trevigen, USA),
in duplicate. The gel was allowed to solidify.
Afterwards the slides were placed in freshly
prepared cold lysis solution containing 2.5M
NaCl, 100mM Na, EDTA, 10mM Tris, pH
10, 1% sodium sarcosine, 1% Triton X-100
and 10% DMSO and incubated at 4°C for 30
min. Slides were later placed horizontally in
electrophoresis apparatus filled with freshly
prepared alkaline solution, pH > 13 (300
mMNaOH, 1 mM EDTA) for 20 minutes to
unwinding DNA, and electrophoresed at 0.9
Volt/cm for 20 minutes at room temperature.
Following electrophoresis slides were rinsed
for 5 minutes three times with neutralizing
solution (0.4 M Tris buffer pH 7.4) and then
immersed in absolute ethanol for 5 minutes
for drying and DNA precipitation. Slides were

stained with 20pg/ml ethidium bromide and
observed under fluorescence microscope.

2.1.6 Fluorescence Microscopic Analysis of
Cell Death

Acridine orange/ethidium bromide (AO/EB)
double staining assay was performed. Briefly,
cells treated with corresponding
concentrations of the extract were incubated
for 30 min, 1, 2 and 3hr. Cell were
centrifuged for 10 min at 1500 rpm. Pellets
were suspended in 0.1 ml of medium with
0.025 ml of the staining mixture (acridine
orange and ethidium bromide, 0.1 mg ml/1 in
PBS). Cells were placed on slides and
observed under a fluorescence microscope.
Images were obtained at 400x magnification.

2.2 In vivo Study the Effect of L1210 cell on
ascites and sold Tumor

2.2.1 Animal Model

A total of 30 Male BALB/c mice, aged, 8 to
10 weeks, with approximately 25-30 g weight
were purchased from the Animal House in
King Fahad Medical Research center
KFMRC, King Abdulaziz University KAU,
Jeddah. All mice were healthy and housed
according to the guidelines provided by the
institution. Mice were allowed to acclimatize
to their surroundings for 7 days prior to the
experiment.

2.2.2 Acute Toxicity Studies

The extract of S. glaucum was evaluated for
toxic effects on four mice. Incremental does
of 75, 100, 150 and 200 pg/ml, was injected
intra-peritoneal. Observations were made and
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recorded systematically and continuously for
a week and injection.
2.2.3 Transplantable models

A total of 40 male Swiss albino mice were
divided into 4 groups (n=10) with an average
weight of 22-28 gm. Around 1x10* cells were
injected intraperitoneal (i.p) in 40 mice,

2.2.4 Ascites Model and Therapeutic
Schedule

Male swiss albino mice were randomly
divided into 4 groups designated as Gpl,
Gp2, Gp3, and Gp4 (n=10 mice). Gpl did not
receive any treatment or tumor cell injection.
Both Gp 2 and Gp3 received intraperitoneal
injections for 5 days. While Gp4 were
injected with cells and 75 pg/ml of extract.

II1. Results
3.1 Trypan blue exclusion dye

The effect of the extract S. glaugum on the
viability of L1210 cells was evaluated by
trypan blue dye exclusion. Cells were treated
with increasing concentrations of the (25,50,
75,100 and 500 pg/ml) for 24, 48 and 72
hours. The result showed that the incubation
with the extract efficiently inhibited cell
viability in a dose-dependent manner. The
ICsg (concentration which inhibits 50% of cell
growth) after 72 hours of incubation was 75
pg/ml the concentration of 100 pg/ml
significantly decreased proliferation after 48
hours (Table 1 and figure 1). There was no
significant change in ICsy value at
concentration (50 pg/ml) after 48 and 72
hours’ the extract S. glaugum was used as the
reference drug and it produced 100%
cytotoxicity at the concentrations (500 pg/ml)
after 24 hours. Concentration (25pg/ml)

incubation compared with untreated control
cells was significantly increased with time in
this order 24,48 and 72 hours.

3.2 Single cell gel electrophoresis  (Comet
assay)

Representative comet assay images of control
and S.glaucum treated L1210 cells are
presented in (Table: 2 ). Our results indicate
that the cell distribution is does dependent. A
significant difference was observed between
the basal value of the untreated (control) cells
and the cells treated with extract S.glaucum.
There was a gradual increase in the
percentage of damaged cells in a dose
dependent manner. The mean comet moments
(Table: 2) of cells treated with 100 pg/ml was
17.77 compared with 0.02 for control cells.
These results showed a significant (p < 0.05)
increase of DNA damage in cells treated with
extract of S. glaucum Also, the comet tail
moment increased from 0.02 in the control to
29.74. In comparison between dose 75 pg/ml
and 100 pg/ml results showed a significant (p
< 0.05) increase of DNA damage. The
percentage of cells with comet in the S.
glaucum treated cells reached up to 91% at a
dose of 100 pg/ml, compare with the control
which showed comet in 0-3% of the cells
during 120-minute duration. There was a
gradual increase in the comet tail length, tail
moment, tail arm, and percentage of DNA
cleavage of L1210 cells, with increasing
doses of extract S.glaucum as seen Figure(3).
Necrosis could also be observed for cells
treated with 100 pg/ml (Figure: 3).
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B: L1210 Treated With 50pg/ml

C: L1210 Treated With 75ug/ml |

D: L1210 Treated With 100pg/ml

E: L1210 Treated With 500pg/ml

Figure : (1) Photographic images stained with Trypan blue showing the
cytotoxicity of S.glaucum on L1210 cells.
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Table: (1) Effects of S.glaucum on L1210 cells viability assessment by a trypan blue exclusion staining. The results are the mean +
SD of triplicate independent experiments. Results show that strong of S.glaucum inhibits viability and proliferation of 11210 cell in a
concentration-dependent manner

Day 1 Day 2 Day 3
Extract Mean+SD Mean Mean+SD Mean Mean=SD Mean
concentration Number of Number of Number of
(cells/ml) cells/ml1 (cells/ml) cells/ml1 (cells/ml) cells/ml1
Untreated 4 4 4
(control cells)’ | 6.00:0.00 1210 12.00£0.00 | 2410 23.500.71 4710
25 (ug/well) 5.50+0.71 9.00+0.00 11.00+1.41
11 x10* 18x 10* 22x 10*
Significance 0.0001 0.0001 0.0001
50 (ug/well) 3.00+0.00 2.50+0.71 2.50+0.71
6 x10* 5 x10* 5 x10*
Significance 0.001 0.0001 0.0001
75 (ug/well) 2.50+0.71 2.00+0.00 1.0040.00
5 x10* 4 x10* 2 x10*
Significance 0.0001 0.0001 0.0001
100 (ug/well) 1.50+0.71 1.00+0.00 0.50+0.00
3 x10* 2 x10* 1 x10*
Significance 0.0001 0.0001 0.0001
500 (pg/well) 0.00+0.00 0.00+0.00 0.00+0.00
0.00 x10* 0 x10* 0 x10*
Significance 0.0001 0.0001 0.0001

1. Mean of duplicate experiments.

2.The seeding number of cells is 5 x 10*

36
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Figure :(2) Effect of S.glaucum on (L1210) cells viability assessment by trypan blue dye exclusion .
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(A): Image of untreated 11210 cell (B): Image of (L1210) cells treated

with 50pg/ml

(C): Image of (L1210) cells treated (D1): Image of (L1210) cells treated

with 75ug/ml with 100pg/ml

(F): Image show necrotic comet cell showing comet

with no apoptotic bodies at 100pg/ml

Figure: (3) Effect of S. glaucum on (L1210) cells treated for 24h then subjected to single cell gel
electrophoresis by comet analysis system (A) Control. While (B), (C) and (D1,2) cells exposed to
(50,75 and 100 pg/ml) respectively.

38
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Table: (2) Genotoxicity of S.glaucum extract on mouse cancer cells L1210 as determined by comet assay

Treatment time (minute)
Extract
Concentration 60 minutes 90 minutes 120 minutes
Percentage Mean comet Percentage Mean comet Percentage
1
ng/m cells with moments’ cells with moments cells with Mean comet
1 moments
comet comet comet
0,
control 2% 0.02 2% 0.02 3% 0.03
0, 0, 0,
50 pg/ml 40% 314 45% 571 51% 1133
0, V) 0,
75 png/ml 64% 714 69% 13.6 75% 155
0, 0, 0,
100 pg/ml 80% 17.77 85% 2245 91% 2974

1. Number of cells of each group is 100

2. Number of cells of each group is 20

3.3 Fluorescence Microscopic Analysis of Cell
Death

Acridine orange-ethydium bromide (AO/EB)
double-staining test evaluated the apoptotic
potential of extract S.glaucum on L1210 cells.
As  shown in  Figure-4, different
concentrations of S.glaucum extract (25, 50,
75 and 100 pg/ml) caused apoptosis whereas
no significant apoptosis was detected in the
negative control group (Figure:4A) the
circular nucleus was uniformly distributed in
the center of the cell. Early-stage apoptotic
cells, marked by crescent-shaped or granular
yellow green AO nuclear staining, were

detected at 50 pg/ml after 1h (Figure 4B).
Staining was localized asymmetrically within
the cells. With increasing concentrations and
treatment lengths, the number of early-stage
apoptotic cells increased. Late-stage apoptotic
cells, with concentrated and asymmetrically
localized orange nuclear EB staining, were
detected at the concentrations 75 pg/ml after
2h (Figure 4D). Necrotic cells increased in
volume and showed wuneven orange-red
fluorescence at their periphery. The cells
appeared to be in the process of disintegrating
at the concentrations 100 pg/ml) after 2h
(Figure 4D).
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(B)

(€ (D)

Figure: 4 (A) Negative control group (normal cells): the circular nucleus uniformly distributed in the center of the cell.
(B) Experimental group (early apoptotic cells): nucleus showed yellow-green fluorescence by acridine orange
(AO) staining. (C) Experimental group (late apoptotic cells): the nucleus of cell showed orange fluorescence
by EB staining and gathered in concentration and located in bias. (D) Necrotic cells: The necrosis cells’
volume was increased in high concentration, showing uneven orange-red fluorescence and an unapparent
outline. It is becoming dissolved or near disintegration

40
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3.4 In vivo Study the Effect of L1210 cell on
ascites and sold Tumor

Ascites Tumor

Table (3) & Figure(5) show that the survival
of S.glaucum treated animals exceeded that of
the controls. 30 days after the tumor
transplantation not a single untreated mouse
was alive. At the same time, prior treated
animals were alive. The first untreated animal
died 10 days, the last one, 25 days after tumor
transplantation. In two treated groups with
and prior tumor transplantation the animals
were alive (except one/group) 31 days after
tumor inoculation, when the animals were

Table: (3) Survival animals % through experimental days

Groups Gpl Gp2 Gp3 Gp4

Days
0 100% | 100% | 100% 100%
5 100% | 100% | 100% 100%

10 100% | 90% 100% 90%

15 100% | 70% 70% 90%

20 100% | 40% 50% 60%

25 70% 0% 30% 40%

30 40% 0% 10% 20%

sacrificed. The body weight at the end of day
15 was more compared to the day 1 in all the
experimental animals. In contrast, animals in
Gp3 and GP4, that were administration S.
glaucum (75 pg/ml ,0.1 ml ; i.p ) initiated one
days after transplant with L1210, appeared to
have both normal body weight 34.5 , 33.1 and
312 g in addition to normal animal
respectively (Table:4), the non-injected group
Gpl which received only media (0.1 ml; i.p)
showed normal survival rate and body weight
with normal muscular wall (Figure-7).

Survival animals %
§ 10k =0mGpl
T: 100% @ W e e e o)
g B i
2 am A i 4=Gp2
£ .
E o N
% i u
E 4% " A t=Gp3
-
I 20%
1)) H=Gp4
0% . .
0 5 0 15 20 25 30
Days After Transplant

Figure: (5) Survival animals % through the 30 day’s mice
were transplant intraperitonially with L1210, in
days 25 no survive in Gp2 untreated mice,
While Gp3 and Gp4 treated mice were showed
resistant until days 30 comparing with normal
animal in Gp1
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Table : (4) BodyWeights of the animal after the treatment. [llustrates that there is a difference in animal weight per day 15
where untreated Group Gp2 showed recorded the highest weight. As the two groups of treatment Gp3 and Gp4
recorded a body weight nearly to the normal group Gpl.

Group of Dose of Dose of Animal Body Weight Kg
Animals Treatment Transplantation Day 1 Day5 Day 10 Day 15
Normal Animal
GP1 | T | 243 27.3 29.8 31.2
Sample of GP 4
2Control 75 *r‘ngl/ “iﬂ 0.1 L}ii?ls(é XOI? ﬁ)us 250 | 29.5 34.8 40.7
Untreated - 1P >
Sample of
. 4
GP3Treated with | 75 ug/ml ,0.1 | L1210 (1x10%/cells 2% 288 317 345
Transplant ml; i.p /mouse ,0.1 ml)
L1210
Sample of GP4*
. 4
Treated Prior 75 ug/ml ,0.1 | L1210 (1x10%/cells 255 277 305 331
Transplant ml; i.p /mouse ,0.1 ml)
L1210

* Prior treatment before 5 days of injected with L1210 n=10

Figure-6 Normal mice without injection L1210 and
treatment S.glaucum
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Figure-7 Experiment mice Gp2 figure (B and C) group of bearing mice injected intraperitoneal with (L1210) cells
(1x104 /cells /mouse) without treatment we observed copious ascetic fluid the mice have not able to move,
incapable and the firs died recorded in day 10. Gp3 group of mice in figure (D and E) transplant with same
previous dose of (L1210) cells, and the day next treated with S. glaucum extract concentration (75 pg/ml
,0.1 ml/g body weight ; i.p ) every other day the figure showed the amount of ascetic fluid less than that
recorded in the previous group Gp2 and it was able to partially movement .The group Gp4 (F and G) is
prior treatment 5 days before transplant (L1210) cells animal in this group seems close form normal animal
and no copious ascetic fluid observed nearly body weight to normal animal, and recorded highest survival
with normal animal
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IV. Discussion

In vitro confirmation of the extract’s
toxicity was done on mouse leukemia cells
L1210 cell lines. In this study S.glaucum
inhibited the growth of L1210 in a dose
dependent. Our results of the trypan blue dye
exclusion assay indicates that S.glaucum
extract could inhibit the growth of L1210
cells significantly in culture. % 1% 20: 21 22]
S.glaucum extract induced apoptosis and not
necrosis as indicated by the presence of DNA
fragmentation in comet cells and apoptotic
bodies found in the images ** 2. This was
also corroborated by Acridine orange
/ethidium bromide staining. Staining showed
that the S.glaucum extract induced apoptosis
in L1210 cancer cell line. Apoptosis was time
and dose dependent in cell treated with 75 and
100 pg/ml concentrations. Our results are in
agreement with the results of [ ¢
Furthermore, in vivo study indicate that
S.glaucum (75 pg/ml) has the ability to limit
cancer progression in treated animals, owing
to its antimitotic effect. Tumor size and
survival rate were also improved in mouse
treated with S. glaucum extract ¥ **?°} One

of the most reliable ways of
estimating the effectiveness of any anticancer
drug is to observe the survival rate ! Our
results  demonstrate  how  S.glaucum
suppresses the L1210 cells growth, by
significantly reducing tumor size compared
with untreated animals ' %

in addition to
improving survival rate of mice injected with
L1210 cancer cells '),

V. Conclusion

In conclusion in vitro study, we
demonstrated that S. glaucum extract

inhibited L1210 cell proliferation in a time
and concentration-dependent manner by
trypan blue dye exclusion test and
Tetrazolium salt WST-1 kit test. The
mechanism underlying cell death was due to
induction of apoptosis, which was associated
by DNA damage and morphological changes
of the treated cells.

In vivo study indicated that S.
glaucum has ability to suppress cancer
progression in treated animals. These findings
indicate that the S. glaucum extract can be a
candidate agent for fighting cancer.
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