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Introduction

ABSTRACT

Background: Anticoagulants have been used in the treatment of several circulatory
diseases and thrombotic disorders, and in the blood sampling for hematologic analysis.
Sulfated polysaccharides (SP), which have anticoagulant properties, are found in most
seaweeds, including Caulerpa spp.

Objective: The study generally aimed to evaluate the potential anticoagulant property
of Caulerpa lentillifera.

Methodology: The whole plant of fresh C. lentillifera was washed thoroughly with
distilled water and manually expressed to obtain the extract. C. lentillifera extract
was tested in two phases. Phase one utilized nine male albino rabbits, which were
randomly and equally allocated into three groups: (1) negative control (oral distilled
water and subsequent in vitro mixing of extracted blood with normal saline solution),
(2) positive control (oral aspirin and subsequent in vitro mixing of extracted blood
with normal saline solution), and (3) experimental group (oral distilled water and
in vitro mixing of extracted blood with C. lentillifera extract). Blood coagulation
was evaluated by measuring the clotting time using the slide and tube methods. In
phase two, peripheral blood from three apparently healthy adult dogs were used.
Blood collection was performed thrice. In each collection, the sample was divided
into five aliquots: (1) negative control (normal saline solution), (2) positive control
(ethylenediaminetetraacetic acid [EDTA]), and (3-5) experimental treatments at 0.1,
0.15, and 0.2 ml of C. /entillifera extract. Coagulation was evaluated by measuring
the clotting time using the tube method.

Results: Phase one results revealed significant differences on the clotting time between
the negative and the positive and experimental groups (P < 0.05), and no significant
differences on the clotting time between the positive and the experimental groups
(P > 0.05). In phase two, all blood samples mixed with EDTA did not clot, while the
negative control had an average clotting time of 2.01 min. Blood mixed with 0.2 ml
of C. lentillifera extract had the longest coagulation time (15.49 min). Simple linear
regression revealed a positive significant correlation (multiple R = 0.9450, R*>=0.8931,
P = 0.02) implying dose-dependent anticoagulant potential. The study showed that
C. lentillifera extract may have a potential anticoagulant property due to its component SP.
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including atrial fibrillation, pulmonary embolism, deep vein
thrombosis, venous thromboembolism, congestive heart

Homeostasis, the ability of the body to maintain a relatively
stable environment, is essential for survival. This includes the
normal blood circulation, characterized by the continuous flow
of’blood to the different organ systems of the body. A substance
(heparin) present in the plasma prevents blood from clotting
to allow normal circulation.® This substance is called an
anticoagulant.® Anticoagulants are used in the treatment
for several circulatory diseases and thrombotic disorders,

failure, stroke, myocardial infarction, and genetic or acquired
hypercoagulability.! It has also been used for treatment against
snake venoms. '’

In routine human and animal disease diagnosis, complete blood
count (CBC) is usually performed. This procedure necessitates
blood extraction and mixing with an anticoagulant, usually
ethylenediaminetetraacetic acid (EDTA)."” EDTA, currently
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considered as an environmental pollutant,' is usually the
preferred chemical substance for blood samples for CBC.
EDTA has been shown to cause hemolysis in common carp
blood.'®

Anticoagulant therapy may be expensive, and alternative
cheaper medicines from natural sources may be explored.
The search for alternative sources of anticoagulants has risen
as a result of the increasing demand for safer anticoagulant
clinical therapy.” While several studies have demonstrated
the antithrombin and anticoagulant properties of marine
algae Caulerpa spp.,*'*'® no studies have been conducted
investigating Cualerpa lentillifera as a potential anticoagulant.
Hence, this study was conducted.

The study generally aimed to evaluate the anticoagulant
property potential of C. lentillifera. Specifically, it sought to
assess the in vitro anticoagulant effect of C. lentillifera aqueous
extract in the blood of male rabbits (Oryctolagus cuniculus)
under experimental conditions and in the blood of dogs (Canis
familiaris) under field conditions.

Methodology

Research design and subjects

The experimental study on rabbits utilized a completely
randomized design. Briefly, 9 male albino rabbits (4-6 months
old, 1.0-1.25 kg) were used and randomly divided into 3
groups: Aspirin (positive), negative control (normal saline
solution), and experimental extract (C. lentillifera). Individual
cage placement of rabbits was also randomly assigned.
Rabbits were acclimatized for 1 week before the start of the
actual experiment. For the field testing of the in vitro effect
of C. lentillifera extract in canine blood, 3 apparently healthy
dogs were used. Blood samples were treated with the following
concentrations accomplished in triplicate: 0.10 ml of the extract
in 0.5 ml whole blood, 0.15 ml of the extract in 0.5 ml whole
blood, and 0.20 ml of the extract in 0.5 ml whole blood. The
negative control had no additives while the positive control
was mixed with EDTA.? Consent was obtained from the owner
of the dogs.

Plant sample collection, identification, and
research environment

Plant samples were obtained from a plantation in Brgy.
Kalawisan, Lapu-lapu City, Cebu, Philippines. The identity of
the samples as C. lentillifera was confirmed by experts from
the Bureau of Fisheries and Aquatic Resources (Region VII)
and the Biology and Environmental Studies Program of the
University of the Philippines Cebu. Crude extract was prepared
at the University of Southern Philippines Foundation, while the
conduct of the experiment in rabbits and dogs were performed
at the Pharmacy Laboratory of the University of Southern
Philippines-Foundation, Salinas Drive, Lahug, Cebu City,
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and at the GPY Veterinare Animale Veterinary Clinic, Tres de
Abril, Punta Princesa, Cebu City, respectively.

Preparation of extract and aspirin administration

Fresh samples of the entire plant of C. lentillifera were washed
thoroughly with distilled water and allowed to drain. Plant
extract was obtained by the manual expression method using a
muslin cloth. Extracted juice was placed in an Erlenmeyer flask
covered with cork and stored (refrigerated) until further use. On
the other hand, locally available aspirin (80 mg/tablet) was used
and crushed using mortar and pestle, and was placed in another
Erlenmeyer flask and added with commercially prepared normal
saline to a final volume of 24 ml to a make an approximately
3 mg/ml concentration. The solution was prepared on the day
of the oral administration to the positive control rabbits, which
were fasted for 12 h before the procedure.

Blood extraction and tube transfer

Two hours after oral administration of solutions to the rabbits,
blood was aseptically extracted from the marginal ear vein.
Before extraction, the collection site was disinfected with 70%
alcohol. Blood was extracted using a sterile 3 ml syringe with
gauge 21 needle. Before transferring to the designated blood
tubes, the needle was removed to prevent hemolysis. Blood
was gradually transferred to the tubes at 45° angle. The same
protocol was followed in the blood extraction in dogs, except
that the collection site was the saphenous vein.

Evaluation of anticoagulant potential

For the experiment involving rabbits, an arbitrary dose of
0.5 ml C. lentillifera per 1.5 ml of collected blood was used in
the positive (aspirin) and experimental groups. Blood from the
negative control used sterile normal saline solution at a similar
dose of 0.5 ml per 1.5 ml blood. Two methods were used to
evaluate the anticoagulant potential: (1) the test tube method,
where the coagulation time of the collected blood (1.5 ml) was
recorded after mixing with the test solution (observation time
was within 30 min, every 3-5 min), and (2) the slide method,
where blood samples were placed in a slide (after mixture
with the test solution as required) and observed regularly until
clotting or the presence of fibrin is seen. In the latter method,
the blunt part of the needle was used to stir blood in the slide
and to check for fibrin presence. Before the administration of
test solutions, baseline mean clotting times of each treatment
group were also obtained. For the canine samples, freshly
collected blood samples were evaluated for the presence of
clot in a 0.5 ml microtainer every 3-5 min after mixing with
the C. lentillifera extract. Before the transfer of the collected
blood to the tubes, the extracts were already placed in advance.

Data processing and analysis

Clotting time was manually recorded on a tally sheet and
was subsequently transferred to Microsoft Excel. Data were
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analyzed using one-way ANOVA with subsequent post hoc
analyses (Tukey HSD) for comparison between groups. For
the canine sample data, simple linear regression was also
performed to determine the correlation between average
clotting and concentration of extract in the mixture. Results
indicating P < 0.05 were considered as significant.

Ethical considerations

The procedures performed in this study were guided by the
principles of animal welfare, Animal Welfare Act of the
Philippines (RA 8485) and AO 45 of the Bureau of the Animal
Industry. The study was also approved by the Institutional
Animal Care and Use Committee and Research Office of the
University of Southern Philippines-Foundation, Salinas Drive,
Lahug, Cebu City, Cebu, Philippines.

Results and Discussion

In phase one, baseline clotting time of the different treatment
groups revealed no significant differences regardless of the
evaluation method. In the post-treatment, highly significant
differences were absorbed in both evaluation methods
(P < 0.001). This difference was accounted between the
negative and the positive control, and the negative control and
the experimental group. There was no significant difference
observed between the positive control and experimental group
in both evaluation methods (Table 1). Results imply that the
C. lentillifera extract was able to prolong the clotting time, with
similar results with the positive control (aspirin). Aspirin has
properties that can reduce the ability of the blood to clot, and
thus, it is often used in the treatment of conditions associated
with blood clots, including heart attacks.’

In phase two, all blood samples that were mixed with EDTA
did not clot, while the negative control had an overall average
clotting time of 2.01 min. Blood mixed with a concentration
of 0.2 ml of crude extract was found to have the longest
coagulation time, followed by 0.15 ml and 0.1 ml (Table 2).
Simple linear regression revealed a positive significant
correlation (Multiple R =0.9450, R?=0.8931, P=0.02). On the
other hand, analysis on the comparison between concentrations
revealed a highly significant difference (P <0.001, F'=62.33,
df=3). Post hoc analyses further revealed that except between
0.1 ml and 0.15 ml concentration which revealed a significant

difference (P < 0.05), high significant differences (P < 0.01)
were found between all other concentrations (table not shown).

The inability of the blood samples mixed with EDTA to clot
indicates that blood sample collection was done appropriately.
The overall average clotting time of the negative control
shows that the dog sources were within the normal range,?
indicating normal clotting functions. On the other hand,
blood mixed with the highest concentration (0.2 ml) had
the longest coagulation time (Table 1), which may imply
that higher concentrations of the crude extract may lead to
longer coagulation time of the blood. This finding is also
supported by the simple linear regression result. In a study
by Rodrigues et al.,'® the anticoagulant property of a related
species Caulerpa cupressoides var. lycopodium was found to
be dose-dependent. The aforementioned study also extracted
sulfated polysaccharides (SP) from the selected seaweed.

SPs are structural components of the cell wall of marine algae,
in which they are found in high concentrations.'*'> The use
of these molecules as alternative sources of anticoagulants
is justified by the fact that algae are phylogenetically distant
from mammals, significantly reducing contamination by viral
particles.’

Another study evaluated the in vitro anticoagulant activity
of SP fractions from red alga Halymenia pseudofloresia
using citrated rabbit plasma and observed marked changes in
activated partial thromboplastin time.'* The fractions obtained
in the first (464.20, 211.60, 103.50, and 101.70 IU/mg) were
more active compared to those from the third extraction
(137.10,96.50, and 89.20 IU/mg). Its actions were considered
superior to the existing heparin standard (100 IU/mg) and SPs
from the same genus species Halymenia sp."

Comparing between concentrations, the analysis revealed a
highly significant difference (Table 2). Post hoc analyses using
Tukey HSD further revealed that except between 0.1 ml and
0.15 ml concentration which revealed a significant difference
(P <0.05), high significant differences (P < 0.01) were found
between all other concentrations (table not shown). Results
show that the crude extract of C. /entillifera has a potential
anticoagulant property. A study by Rodrigues et al.'® isolated an
antithrombin-dependent SP from the green alga C. cupressoides

Table 1: Mean clotting time (seconds) of rabbit (Oryctolagus cuniculus) blood treated with C. lentillifera extract (3 per group; n=9)

Treatment group

Test tube method

Clotting time (seconds)

Baseline

Negative (normal saline)™® 146+19.1
Positive (aspirin)* 150.7£22.5
Experimental (C. lentillifera extract)® 165.3£12.9

Mean+SD
Slide method
Post-treatment** Baseline Post-treatment**
14321 72.3+6.4 62.3+9
504.3£23.1 7545 152.745
492.7+48 71.7£1.5 150.7+7.6

**Highly significant,  *Pair with significant difference, C. lentillifera: Caulerpa lentillifera, SD: Standard deviation
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Table 2: Mean clotting time (minutes) of canine blood mixed
with C. lentillifera extract

Replicate Clotting time
Extract Negative With
concentration (ml) control EDTA
0.10 0.15 0.20
1 1 6.78 9.02 15.95 1.95 -
2 4.57 7.67 14.95 1.67 -
3 49 8.4 13.58 1.77 -
Average 5.42 8.36 14.83 1.80 -
SD 1.19 0.68 1.19 0.14 -
2 1 792 1098  16.58 1.97 -
2 8.00 1047 1645 2.08 -
3 7.98 7.38 16.88 1.82 -
Average 7.97 9.61 16.64 1.96 -
SD 0.04 1.95 0.22 0.13 -
3 1 6.40 1452  17.87 2.93 -
2 6.17 11.55 1458 2.17 -
3 6.12 10.00 12.53 1.75 -
Average 623 12.02  14.99 2.28 -
SD 0.15 2.30 2.69 0.60 -
Overall 6.54 10.00 15.49 2.01 -
average
Overall 1.30 1.86 1.00 0.25 -
SD

C. lentillifera: Caulerpa lentillifera, SD: Standard deviation

that has in vivo anti- and pro-thrombotic effects. It will be
interesting to explore similar study to C. lentillifera.

Conclusion

The crude extract of C. lentillifera has a potential in vitro
anticoagulant property. The results of the study necessitate
further studies. The potential of C. lentillifera as an in vitro
anticoagulant for diagnostic purposes must be explored using
SP, concentrations or different fractions of the seaweed. Its
use as a potential therapy for thrombotic disorders must also
be explored in vivo.
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