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ABSTRACT

Aims: The purpose of the current study was to investigate the possible anti-inflammatory
properties of the three bryophytes species: Archidium ohioense, Bryum coronatum and Racophilum
africanum with a view to utilizing the extracts of the plant s in the treatment of inflammatory related
ailments.

Place and Duration of Study: The research was carried out in lle-Ife, Osun-State, Nigeria
between May 2012 and March 2013.

Methodology: The study adopted membrane stabilizing technique of red blood cells exposed to
both heat and hypotonic induced lyses with varying concentrations of the extracts (chloroform,
acetone, ethyl acetate and ethanolic) of the plants.
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steroidal anti-inflammatory drugs.

with long term side effects.

Results: The results of the membrane stabilizing activity assay showed that acetone extracts
contained principles that protected red blood cells effectively against heat and hypotonic induced
lyses. A. ohioense extracts protected red blood cells at all concentrations used while B. coronatum
protected better at lower concentrations. However, R. africanum extracts (with the exception of the
acetone extract) promoted lysis of red blood cells at lower concentrations.

Conclusion: The study showed that the anti-inflammatory activities of the extracts of A. ohioense,
B. coronatum and R. africanum were concentration dependent and comparable to those of non-

This study indicates the possibility of generating an alternative source of novel anti- inflammatory
compounds from the studied bryophytes, which might overcome the ever expensive synthetic drugs

Keywords: Membrane stabilization; anti- inflammatory; bryophyte; red blood cells; Archidium
ohioense; Bryum coronatum and Racophilum africanum.

1. INTRODUCTION

Bryophytes are considered to be among the
oldest land plants that do not have true vascular
tissue and are therefore called non-vascular
plants that produce spores rather than seeds [1].
Examples are mosses, liverworts and hornworts.
Due to lack of economic importance, insignificant
number, size and inconspicuous distribution has
made bryophyte apparently of no therapeutic use
when compared to it's tracheophyte counterparts
[2,3]. These small, slow-growing groups of plants
are often associated with disturbed habitat,
barren rock surface and extreme climatic
condition. Bryophytes are abundant in many
different types of plant communities and have a
substantial and distinctive influence on the
functioning of ecosystem where they occur most
especially in moist areas possessing adaptive
mechanisms to survive periods of water stress
[4]. Bryophytes are known to contain numerous

potentially  useful = compounds, including
oligosaccharides, polysaccharides, sugar
alcohols, amino acids, fatty acids, aliphatic

compounds, phenylquinones and aromatic and
phenolic substances [5].

A number of bryophytes have been identified,
classified and reported to express interesting
bioactivities [6,7,8,9,10]. These plants had been
investigated  extensively for their active
constituents and pharmacological activities such
as cytotoxic, anticancer and antitumor activity
[11,12,13], antifungal [14,15], antioxidant [16],
anti-inflammatory  [17] and antibacterial
[16,17,18].

Traditional uses of bryophytes include treatment
of liver ailments, ringworm, heart problems,
inflammation, fever, wurinary and digestive
problems, infections, Ilung disease, skin

problems, tonsillitis, bronchitis, ulcer, tympanitis
(inflammation of inner ear) and as filters and
cleansing agents against pollutants [19,20].
Himalayan Indians use Marchantia polymorpha
or M. palmata to treat boils and Riccia species to
treat ringworm [5]. Sphagnum is used to treat
hemorrhages [21]. Rhodobryum giganteum and
R. roseum are used to treat cardiovascular
diseases and nervous prostration  while
Haplocladium microphyllum is used in treatment
of cystitis, bronchitis, tonsillitis and tympanitis [2].
Also, Fissidens is used as an antibacterial agent
for swollen throats and other symptoms of
bacterial infection [2]. Bryophytes used in
treatment of inflammation include Marchantia
polymorpha (liverwort) used in treatment of
jaundice and as an external cure to reduce
inflammation [22,23], Barbula unguiculata, Bryum
capillare, as well as larger mosses like
Octoblepharum albidum, are used as external
applications for fever and body aches [24]. Also,
Polytrichum commune has been used in China to
reduce inflammation and fever [25].

This study reported, for the first time, the red
blood cells membrane stabilizing potentials of
A. ohioense, B. coronatum and R. africanum
extracts against heat and hypotonic induce
lyses, with a view to investigating the possible
therapeutic potentials.

2. MATERIALS AND METHODS

2.1 Collection and Identification of Plant
Materials

Fresh plants of R. africanum, A. ohioense and B.
coronatum were collected in the Biological
Garden and the base of hill Il near Road 8, O. A.
U Senior staff quarters, Obafemi Awolowo
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University Campus, lle-Ife Osun State. The
plants were identified and authenticated at IFE
Herbarium by Dr A. M. Makinde, Department of
Botany, Obafemi Awolowo University, lle-Ife,
Nigeria.

2.2 Reagents and Chemicals

All reagents and chemicals used were of
analytical grades, and were obtained from
various sources such as British Drug House
(BDH) England and Sigma Chemical Company,
Germany. All solutions, buffers and reagents
were prepared using glass distilled water.
Panadol (Standard anti-inflammatory drugs) were
used as reference drugs, each was weighed and
dissolved separately in distilled water to obtain
concentrations of 0.25 to 2.0 mg/ml respectively.

2.3 Preparation of Plants Extracts

The fresh plants of R. africanum, A. ohioense
and B. coronatum were harvested, rinsed and air
dried. The plants were powdered using manual
grinding machine and 20 g of each powdered
material was soaked separately in 400 ml ethyl
acetate, ethanol, acetone and chloroform for 72
hr. Suspension of each powdered plant materials
was filtered and evaporated to dryness under
reduced pressure at 35°C on rotatory evaporator
to yield ethylacetate extract (EAE), ethanolic
extract (EE), acetone extract (AE) and
chloroform extract (CE). Solutions of each plant
extract was prepared by weighing appropriate
quantity and dissolved in 0.5 ml Tween 20. The
volume was adjusted to 2 ml with isosaline and
diluted further to give varying concentrations
(0.25, 0.5, 1.0, 1.5 and 2.0 mg/ml) of each
extract.

2.4 Phytochemical Screening

Extracts were screened for the presence of
secondary metabolites using standard
procedures as described by Oyedapo et al [26].
Alkaloids (Mayer’'s, Wagner's and Dragendorf
reagents), saponins (froth test), flavonoids
(ethanolic KOH/ethylacetate), cardiac glycosides
(chloroform/H,SO,), tannins (ferric chloride
reagent), xanthoprotein (dilute H,SO./benzene
/ammonia solution), anthraquinones (ethanolic
NaOH), phlabotannins (HNOsz/ammonia solution),
triterpenes  (chloroform/conc. H,SO,) and
steroids (conc. HoSOy).

2.5 Preparation of Bovine Erythrocytes

Bovine erythrocytes were prepared according to
the procedure reported by Oyedapo and
Famurewa [27]. Fresh blood sample was
collected into anticoagulant bottle containing
trisodium citrate (3.8% w/v) and mixed
thoroughly to prevent lysing. The anticoagulated
blood was poured into clean centrifuged tubes
and centrifuged at 3000 rpm for 15 min. The
supernatant was carefully removed with sterilized
Pasteur pipettes. The packed cells of
erythrocytes was re-suspended in fresh
isosaline, mixed carefully and centrifuged at
3000 rpm for 10 min. This process was repeated
until a clear supernatant was obtained. Then a
2% (v/v) erythrocytes suspension was prepared
by adding 98 ml isosaline to 2.0 ml of packed red
blood cells.

2.6 Assay of Membrane
Activity

Stabilizing

The procedure for the membrane stabilizing
assay was carried out according to the method of
Sadique et al. [28] as reported by Oyedapo et al
[29]. The assay mixture consisted of 0.5 ml
hyposaline (0.42% w/v NaCl), 1.0 ml 0.15M
sodium phosphate buffer, pH 7.4, varying
volumes of isosaline (0.85% w/v NaCl), and 0.5
ml erythrocyte suspension.

The drug control was pipette as above without
2% (v/v) erythrocyte suspension while the blood
control contained all the reagents except the
drug or the extract. The reaction mixtures were
mixed properly and incubated at 56 °C for 30 min.
The tubes were cooled under running water and
then centrifuged at 3000 rpm for 5 min. The
supernatant was collected and absorbance was
read at 560nm against the test blank. The
buffered sodium chloride solution served as
blank.

The percentage membrane stability activities
were estimated from the expression.

100 - {(drug test value - drug control value) x 100}
Control value

The control represents 100% lysis.
2.7 Statistical Analysis

Values are expressed as mean = SEM of 3
consistent readings. The statistical significance
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differences were analyzed using Student” t” test,
with p<0.05 taken as statistically significant.

3. RESULTS AND DISCUSSION

The vitality of cells is known to depend on the
integrity of their membrane [30]. Exposure of red
blood cell to injurious substances such as
hypotonic medium caused excessive
accumulation of fluids within the cell and this
result in lyses of its membrane accompanied by
heamolysis and oxidation of heamoglobin. Such
injury to red blood cell membrane will further
render the cell more susceptible to secondary
damage through free radical induced lipid
peroxidation [30,31].

Lysosomes play a key role in the inflammatory
processes. During inflammation, lysosomal
hydrolytic enzymes are released into the cytosol,
causing damages to the surrounding organelles
and tissues with attendance variety of disorders
[25]. Anti-inflammatory agents or drugs normally
act by stabilizing lysosomal membrane by
inactivating already released enzymes into the
cytosol. Since erythrocytes membrane
structurally resembles that of lysosomal
membrane, as such it has been used as a model
system by many workers in the study of
interaction of drugs with membranes. The effect
of drugs on the stabilization of erythrocytes could
be extrapolated to the stabilization of lysosomal
membranes  [32,33,34]. The  membrane
stabilizing activity of red blood cell membrane
exhibited by some drugs serves as a useful in
vitro method for assessing the anti-inflammatory
activity of various compounds [35].

Phytochemical analyses of chloroform, acetone,
ethylacetate and ethanolic extracts of the
investigated mosses (Table 1) revealed that their
chemical  composition include  alkaloids,
flavonoids,  saponins, cardiac  glycosides,
triterpenes and steroids. Investigations have
revealed that flavonoids, triterpenoids, alkaloids
and host of other secondary metabolites
exhibited analgesic and anti-inflammatory effects
as a result of their membrane stabilizing action in
various experimental animal models [36,37].
Flavonoids had been reported to posses’ in vitro
anti-inflammatory property [38]. Also, the
stabilization of erythrocyte membranes and other
biological macromolecules as a result of binding
of saponins to cations had also been
documented [39,40,41,42,43].

In Fig. 1 (a-d) are the membrane stabilizing
profiles of acetone, chloroform, ethanolic and
ethyl acetate extracts of A. ohioense on bovine
erythrocytes exposed to heat and hypotonic
induced lyses. A. ohioense acetone extract, with
biphasic at all concentrations used, exhibited a
minimum activity stability of 24.39+1.53% and
maximum activity of 94.66+28.73%. Chloroform
extract of A. ohioense (Fig.1b) exerted the
minimum stability of 5.08+2.42% and maximum
activity of 84.88+2.78%. It's mode of response
was biphasic except at 2.5 mg/ml which exhibited
monophasic mode of protection. A. ohioense
ethyl acetate extract (Fig.1c) exerted minimum
membrane stability of 11.56% and maximum
activity of 90.95+1.30% while the ethanolic
extract (Fig.1d) exerted minimum membrane
stability of 11.531£0.40 and maximum activity of
64.65+2.52.

Table1. Phytochemical constituents in Archidium ohioense, Bryum coronatum and Racopilum

africanum extracts
Metabolites Extracts
A. ohioense B. coronatum R. africanum
Alkaloids AE, EE, EAE AE, EAE, EE EAE,EE
Flavonoids CE, AE, EAE, EE CE, AE, EE AE,EAE,EE
Saponins CE, AE, EAE, EE CE, AE, EAE, EE CE,AE,EE
Tannins — — —
Anthraquinones — — —
Xanthoproteins — — —
Phlobatannins AE — —
Cardiac glycosides CE, AE, EAE, EE CE, AE, EAE, EE CE, AE, EAE, EE
Triterpenes CE, AE, EAE, EE EAE, EE —
steroids CE, AE, EAE EAE EAE
— - Absent CE — Chloroform Extract AE — Acetone Extract

EAE — Ethylacetate Extract

EE - ethanolic Extract
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Fig. 1a — d. Membrane stabilizing profiles of A. ohioense on bovine erythrocytes exposed to
both heat and hypotonic induced lyses. Each value represented the mean + SEM of 3 readings

Membrane stability profiles of acetone,
chloroform, ethanolic and ethylacetate extracts of
B. coronatum was shown in Figs. 2(a-d). B.
coronatum acetone extract gave membrane
stability 28.56+1.04% and 84.34+2.30% as
minimum and maximum percentage activities
respectively (Fig. 2a). The response was
biphasic at all the tested concentrations (Fig. 2a)

Its chloroform counterpart exerted minimum
membrane stability of 11.21£0.38% and
maximum of 72.95+1.15% (Fig. 2b).The
response of these two extracts was biphasic at
all tested concentrations (Figs. 2a and b).
Ethanolic and ethylacetate extracts of B.
coronatum only stabilized bovine red blood cells

at lower concentrations (i.e. 0.25 and 0.5 mg/ml)
as shown in Figs. 2¢c and d. The minimum
membrane stability exerted by ethanolic extract
was 39.86£16.18% and maximum activity of
58.20+2.01 while ethylacetate extract exerted
minimum membrane stability of 3.63+£0.96% and
maximum activity of 63.05£1.94%.

Fig. 3(a-d) showed the membrane stability
profiles of R. africanum. The profile showed that
acetone extract of R. africanum protected the
bovine erythrocytes at all concentration tested. It
exerted minimum and maximum percentage
stability  activities of 4.01x0.31% and
64.77+2.45% respectively and the mode of
protection was biphasic except at 1.0 mg/ml
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which was monophasic. R. africanum chloroform
and ethylacetate extracts showed similar pattern
of protection [biphasic (Figs. 3 ¢ and d)]. These
two extracts only stabilized bovine red blood cells
at high concentrations. Chloroform extract
exerted minimum membrane stability of
2.57+1.43% and maximum  activity of
47.47+0.96% (Fig. 3b), while ethylacetate extract
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exerted minimum activity of 23.02+3.05% and
maximum activity of 55.38+£0.00% (Fig. 3d). R.
africanum ethanolic extract only stabilized the
stressed erythrocytes at 0.5 and 2.0 mg/mi
(Fig. 3c). It exerted maximum and minimum
membrane stabilizing activities of 1.73+1.45%
and 31.84+0.82% respectively.
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Fig. 2a—d. Membrane stabilizing profiles of B. coronatum, on bovine erythrocytes exposed to
both heat and hypotonic induced lyses. Each value represented the mean + SEM of 3 readings
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Finally, the standard anti-inflammatory drug
(Panadol, Fig. 4) at 1.0 mg/ml and 0.5 mg/ml
exerted minimum and maximum membrane
stability  activites of  50.00£0.00 and
96.57+0.23%, respectively. The response was
biphasic on the bovine red blood cells.

The study showed that all the A. ohioense
extracts, B. coronatum acetone and chloroform
extracts and R. africanum acetone extract
protected the stressed bovine erythrocyte
membrane at all concentration used but did not
compare favourably with Panadol (standard
drug). It was also noted that acetone and
chloroform extracts contains principles that
protected the erythrocyte membrane effectively
compared to ethanolic and ethylacetate extracts.
On the basis of these results, it could be inferred
that the extracts of the studied bryophytes
contains principles that were capable of
stabilizing bovine red blood cell membrane
exposed to heat and hypotonic-induced lyses
and could therefore serve as a useful therapy in
management and treatment of inflammatory
related diseases. However, further investigation
on the toxicity of the plants should be
investigated.

4. CONCLUSION

The results of the study suggest that extracts of
A. ohioense, B. coronatum and R. africanum may
offer some beneficial effects in the management
of inflammatory related ailments.
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