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o Introduction: The aim of this research is centered on phytochemical analysis and anti-
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inflammatory activity of Cladophora aegagropila extract.

Methods: Total flavonoid content in the appropriate ethanol extract of C. aegagropila was
determined using spectrometric method. Anti-inflammatory activity was evaluated by
the models of carrageenan-induced and allyl isothiocyanate-induced (AITC-induced)
inflammation of hind limb in rats. Experimental animals were divided into 3 groups, 5 animals
each: 1% group - control; the animals without therapy of induced inflammation, 2™ group -
animals were treated with application of 5% ointment containing C. aegagropila; 3" group -
animals were treated with application of 5% ibuprofen. Evaluation of anti-inflammatory activity
was performed by determination of dynamic change of thickness and volume of affected animal
limb for carrageenan-induced inflammation for 8 days (with daily registration of records), and
for AITC induced inflammation for 24 h (with registration of records after 30 min, 1 h, 2 h, 3 h,
6 h and 24 h since phlogogen was introduced).

Results: Flavonoids content in C. aegagropila extract varied depending on ethanol concentration:
usage of 40% ethanol led to 18.2 mg of flavonoid recovery on 1.0 g of dry raw material; 70%
ethanol - 39.5 mg and 96% ethanol - 35.5 mg. Therapy of 5% ointment based on C. aegagropila
extract decreased inflammatory response caused by subplantar introduction of corresponding
phlogogen.

Conclusion: The ointment from C. aegagropila extract shows anti-inflammatory activity by
inhibiting inflammation caused by AITC and carrageenan.
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Implication for health policy/practice/research/medical education:

Cladophora aegagropila extract possesses significant anti-inflammatory action and might be used as an effective natural agent
for inflammation treatment.
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Introduction

Despite vast experimental and clinical experience, there
is a problem of inflammatory processes that remain in
the modern theoretical and experimental medicine.
Inflammation is a pathological process that develops
in case of tissue damage and involves in disturbed
circulation, blood and connective tissue changes by
alteration, exudation, proliferation. Sense of this pathology
is a cascade of cause-and-effect process that elements of
damage and defence are always present. Pharmacological
regulation is one of the most difficult and the least
developed problems of modern pharmacology. Therapy
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of inflammation is focused on elimination or limitation of
lesion and its pathogenic agents (1,2).

Intensive development of chemistry of the synthetic
medicine cannot eliminate the practical need of the herbal
medicinal products. Both of these sources enrich and
expand the assortment of medication for medical therapy.
Algae is actively used as herbal remedy for obtaining the
biological active substances (BASs) in medicine. Various
investigations have demonstrated that algae has anti-
inflammatory, analgesic, anticancer and regenerative
activities. Korean scientists showed that usage of
Laminaria japonica led to the inhibition of carrageenan-
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induced oedema and infiltration of inflammatory cells in
the active phase of inflammation by inhibition of TNF-q,
interleukin-1p and interleukin-6 production (3).

It has been shown that Dichotomaria obtusata possesses
dose-dependentanti-inflammatoryand analgesic activities
based on the model of mice (4). Anti-inflammatory
action of sulphate polysaccharide complex of fucoidan
obtained from such algae as L. japonica and Cladosiphon
okamuranus and extract of Cistanche tubulosa by their
synergy was shown in vitro and in vivo (5).

Our attention settled on the alga Cladophora aegagropila
that lives in the Black Sea. Therefore, the aim of this
research is centered on phytochemical analysis and anti-
inflammatory activity of C. aegagropila extract.

Materials and Methods
Extract preparation
Ten grams of dried (at room temperature) and milled
raw material from alga that passed through a 2 mm
sieve, was then extracted with 50 ml of ethanol with
different concentration (40, 70 and 90%, appropriately).
Extraction was carried out during 14 days by infusion at
room temperature without access to direct sunlight. The
obtained extracts were filtered and filled up to original
volume by corresponding solvent. Then, the flavonoid
content of the extracts was determined. Total flavonoid
content as rutin equivalent in an ethanol-aqueous extract
was performed using spectrometric method (6,7). The
method was based on the flavonoids ability to form
complexes with aluminium chloride solution in ethanol-
aqueous medium. Measurement of optical density of
tested solutions was performed in 413 nm with length
of the absorbing layer 10 mm using spectrometer UV-
2401PC (Shimadzu, Japan).

Dry extract was used for 5% ointment compounding.
Calculated amounts of corresponding extract were
introduced into the ointment base containing from a
mixture of polyethylene glycol (PEG 1500), polyethylene
oxide (PEO 400) and 1,2-propylene glycol, taken in mass
ratios of 3:4:2 (8,9).

Wistar rats weighing 180-200 g were used for
experiment. Anti-inflammatory activity of the obtained
5% ointment was studied on the model of carrageenan-
induced inflammation (10,11). Therefore, 0.2 mL
0.2% aqueous solution of carrageenan was introduced
subplantarly (sub-plantar aponeurosis) into the left hind
limb of the rat. Experimental animals were divided into 3
groups, 5 animals each:

o 1% group - control, the animals with induced
inflammation  without therapy;

o 2" group - animals were treated with application of
5% ointment containing C. aegagropila on the affected
limb during 4 days after the start of inflammation;

o 3" group - animals were treated with application of
5% ibuprofen on the affected limb during 4 days after

the start of inflammation.

Measurements of width and volume of the affected
rats limbs were conducted for evaluation of anti-
inflammatory activity daily for 8 days. For evaluation of
anti-inflammatory activity using model of AITC-induced
inflammation (8,12), the rats were similarly divided into
groups.

o lst group - control, animals without therapy.

o 2nd group - animals treated with the application
of 5% ointment 1 hour and 24 hours prior AITC
introduction into the hind limb.

o 3rd group - animals were similarly treated with 5%
ibuprofen ointment.

After subplantar introduction 30 pl of AITC solution
in 1,2-propyleneglycol (dose of 100 mg per rat’s limb),
2" animal group had therapy of obtained ointment.
Thickness and volume of the affected limb was measured
in animals from both groups after 30 min, 1 h, 2 h, 3 h,
6 h and 24 h after phlogogen introduction using digital
calliper and plethysmometer correspondingly.

Statistical analysis of the obtained results was made by ¢
test (following Student’s ¢-distribution), arithmetic mean,
standard deviation, validity coefficient in order to establish
the presence of statistically significant differences between
the values of experimental and control animals.

Results

Quantitative flavonoid content in C. aegagropila extracts
depending on ethanol concentration was established. As
it is apparent from the presented data (Table 1), usage
of 70% ethanol as an extractant in maceration provided
the maximum flavonoids extraction from C. aegagropila.
Based on the obtained data, 5% hydrophilic ointment in
terms of a dried extract containing 2 mg of flavonoids per
1 g of extract was developed.

Anti-inflammatory action of the obtained ointment
was evaluated using the model of carrageenan-induced
inflammation. Inflammation was observed after
phlogogen introduction resulting in erythema and
increasing of volume and thickness of affected rat’s limb
(Figure 1).

After 2 days of ointment application reduction of the
volume of the affected limb was occurred by 24% according
to the values of animals without treatment. After 4 days
of ointment application the reduction of inflammatory
reaction (volume of affected limb) was occurred by 30%-
39% comparing to non-treated animals. After 7-8 days of
the experiment the values of the volume of affected limb
almost returned to the normal intact values. Application

Table 1. Flavonoid content in Cladophora aegagropila extracts depending
on ethanol concentration

Flavonoids, mg per 1 g of dried alga
Ethanol 40% 70% 96 %
Quantity 18.2+0.2 39.5+04 355+0.4
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Figure 1. Anti-inflammatory activity of 5% ointment with extract and
5% ointment with ibuprofen using carrageenan-induced inflammation
(M £ m, n=5; *P<0.05, **P<0.01 compared to the control group with
inflammation).

of 5% ibuprofen ointment during the whole experiment
provided essentially the same identical anti-inflammatory
activity except 2 and 3 days of the experiment, in which
ibuprofen was more effective compared to ointment with
C. aegagropila extract.

Dynamic change of second morphological factor
— thickness of affected limb - also demonstrated anti-
inflammatory activity of ointment starting from the third
day and until the end of experiment (significant difference
of values from non-treated animals). Anti-inflammatory
activity of experimental ointment during the whole
experiment was on a level with action of the reference
medicine.

Anti-inflammatory activity of the ointment using
the model of AITC-induced inflammation was also
investigated. Subplantar introduction of AITC into
the rat’s hind limb led to increase of the morphological
characteristic of the limb (Figure 2). The increasing of
the volume and thickness of affected limb occurred in
the non-treated animals and the growth was registered by
96% and 50% prospectively after 30 min according to the
measurements of the intact values of the rat’s limbs.

Both volume and thickness gain of affected limb,
indicating inflammation, achieved their maximum values
2 h after the phlogogen introduction and achieved 100%
and 66% prospectively to intact values of limbs.

Pre-application of ointment on the limb prior AITC
introduction and subsequent treatment of the affected
limb after phlogogen introduction led to inflammation
reduction. Hence, after 30 min, decrease of the volume
of affected limb was occurred by 39% and decrease of
the thickness — by 20% comparing to the values of non-
treated animals from the control group. Two hours after
phlogogen introduction and during the whole experiment
the inhibition of inflammation was observed in the
animals treated with 5% experimental ointment. Anti-
inflammatory activity of ointment with ibuprofen slightly
surpassed the effect of ointment with extract over the
range 1 h to 2 h after the start of the experiment by the
two morphological values.

Phytochemical analysis of C. aegagropila
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Figure 2. Anti-inflammatory activity of 5% ointment with extract and
5% ointment with ibuprofen using AITC-induced inflammation (M *
m, n=5; *P<0.05 **P<0.01 comparing to the control group with
inflammation).

Discussion

Various investigations showed that 70% ethanol was
the most effective extractant for BASs receiving and at
the same time it was the most effective for flavonoids
extraction from C. aegagropila. For 14 days approximately
39.5 mg of flavonoids per 1 g of dried alga as rutin
equivalent could be extracted by maceration method.
Presence of flavonoids in C. aegagropila allowed to use
obtained dried extract for the ointment preparation with
anti-inflammatory activity.

Polyphenolic compounds are secondary plant
metabolites that exist as oligomers,
polymers and they are presented as simple phenols,
hydroxycinnamic and hydroxybenzoic alcohols, aldehydes
and acids, flavonoids, lignans and their derivatives,
tannins etc. Various studies determined that plant
polyphenols have wide range of pharmacological activity
including antiallergic (13), antiviral (14), anti-oxidative
(15,16), anti-inflammatory (17), vasoconstrictive and
antimicrobial action (18). Different concentrations of
ethanol (40%, 70% and 96%) were used for flavonoids
extraction. Quantitative total flavonoids content of the
obtained extracts was spectrometrically defined using
standard method in terms of rutin equivalent.

Anti-inflammatory activity of 5% ointment as dried
extract equivalent was demonstrated using two models
(short- and long-acting) of inflammation as phlogogenic
agents. In both cases application of ointment led
to inhibition of inflammation. Mechanism of anti-
inflammatory activity of phytogenic BASs is the polyvalent
process and is conditioned by presence of the complexes of
lipophilic and hydrophilic substances of various chemical
structure. These substances had impacts on different
pathogenetic chains of exudative stage of inflammation.
Anti-oedematous action of the extract in our opinion is
related to flavonoids effect on synthesis, deposition, release
and transformation of the inflammatory mediators as well
as capillary protective action of the phenol compounds.

Besides, it was indicated that animals that had therapy
by application of ointment on the limb with inflammation,

monomers,
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especially on the 2™ day of the experiment in terms
of carrageenan-induced inflammation and 2 h after
AITC introduction could step on an affected limb even
without pressing the limb, unlike non-treated animals. It
is probably related to inhibition of inflammation induced
by corresponding phlogogen. On the other side, it is
related to action on TRP channels that are sensors of the
pain stimulation. It should be noted that carrageenan is
an agonist of TRPV1 receptors and AITC is an agonist
of TRPA1 receptors (19). Various researchers indicated
the mechanism of analgesic activity of phytogenic BASs
especially with polyphenol structure that is implemented
through the binding of these substances with
corresponding TRP receptors (20). Therefore, it appears
probable that flavonoids from C. aegagropila extracts might
bind to TRP receptors by indicating the analgesic and
anti-inflammatory activity of the ointment. Discovered
pharmacological activity indicated the promising outlook
of the tested alga and should be profoundly investigated
further.

Conclusion

In consequence, it was revealed in research that 70%
ethanol was the optimal extractant for extracting the total
flavonoids from C. aegagropila by maceration method.
Nevertheless, it was demonstrated that 5% ointment
based on obtained dried extract had anti-inflammatory
activity on the models of carrageenan- and AITC-induced
inflammation by inhibition of the inflammatory process
on the two morphological values of affected rat’s limb
for the whole experiment, only slightly surpassed to the
reference medicine in the relevant experimental duration.
In sum, C. aegagropila extract possesses significant anti-
inflammatory action and might be used as an effective
natural agent for inflammation treatment
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