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Abstract — Two specimens of sponges collected from Red Sea, Egypt, were investigated for their contents of
secondary metabolites. The crude extracts of the sponges were tested for their anti-inflammatory and analgesic
effects. The toxic effects of the extracts of the two marine sponges were studied. LDs, determination revealed that
the investigated extracts of ‘Igernella and Ircinia spp’ were 4.69 and 134.7 mg/100 g b.wt., respectively, when
injected intraperitoneally in mice. The toxic signs were recorded within the first 24 hrs after injection. Also the
two marine sponges extracts showed significant anti-inflammatory and analgesic effects.
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Introduction

Among marine invertebrates, sponges have always been
the preferred organisms for study. This is because they are
rich in unusual secondary metabolites and are often easy to
collect.

In addition, many metabolites isolated from these
marine organisms were of interest both pharmacologically
and ecologically and some of them have been applied
practically in a wide range from health care to food
additive (Bongiorni and Pietra, 1996).

Two specimens of sponges collected from the Red Sea,
Egypt, were investigated for their contents of secondary
metabolites. The studied sponges are Igernella sp. and
Ircinia sp., the classification of sponges (class/order/genus/
species) is quite difficult because almost all characteristics
of these organisms are highly variable.

Isolation, purification and characterization of secondary
metabolites from the sponges were carried out using
different chromatographic and spectroscopic techniques.

The structures of the isolated compounds were establi-
shed by applying the advanced spectroscopic techniques
such as one-and two dimensional NMR spectroscopy;
'HNMR, *C. NMR, DEPT, COSY, HSQC, HMBC, NOE
difference, and spin decoupling experiments, in addition to
mass spectroscopy.

Literature survey revealed that most studies centered on
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Ircinia sp. (Anglo er al., 1999) and some other marine
sponges (Gil et al., 1995), while Igernella sp. has been
neglected.

Our interest is focused on the chemistry of bioactive
secondary metabolites of these sponges, for their unique
structures and peculiarities of pharmacological activities in
order to assess their possible utilization in local pharma-
ceutical industry. These two marine sponges are Igernella
sp. and Ircinia sp.

Expermintal

Collection of the materials — The specimens of Igernella
sp. and Ircinia sp. were collected from Hurghada, Red Sea,
Egypt, using SCUBA-diving at a depth from 10 to 20 m. The
samples were immediately frozen at —30 °C until extraction.

Animal material was identified at Istituto id Zoologia,
Universita di Genova, Italy by Dr. M. Pansini, Professor of
marine Taxonomy.

Extraction — The examined specimens were exhaustively
extracted with acetone and using an ultrasonic bath for 10
minutes. The acetone extracts were used in this study as
crude materials after evaporating the acetone (under vacuum).

Animals — Adult rats of both sexes weighing 150 - 200 g
and adult mice weighing 18 - 20 g were used in the
experiments. Animals were housed under standardized
conditions for light and temperature and received standard
rat chow and tap water ad libitum. Animals were randomly
assigned to different experimental groups, each kept in
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separate cage. All animal procedures were performed after
approval from the FEthics Committee of the National
Research Centre and in accordance with the recommen-
dations for the proper care and use of laboratory animals
(NIH publication No.85-23, revised 1985).

Approximate of median lethal dose (LDsg)— The
approximate LDs, of the two tested extracts were
determined using mice. Extracts dissolved in distilled
water were given ip. to groups of 10 mice each. Each
group was given a different dose of the extract i.p., and the
control group received the same volume of distilled water.
Animals were observed for any toxic signs and the
percentage mortality for each group was recorded after
24 h. Results were analyzed statistically and the approxi-
mate LDs, of the two extracts was calculated (Karber,
1931). The post mortem findings were recorded.

Anti-inflammatory effect — The carrageenan rat paw
oedema model of inflammation was used to evaluate the
anti-inflammatory properties of the extracts (Winter et al.,
1962). Rats were randomly assigned to treatment groups
and sterile carrageenan lambda (100 ul of a 1% solution in
saline) was injected sub-planter into the right hind paw of
the rat. The contralateral hind paw received the same
volume of saline and served as a normal control. Carra-
geenan caused visible redness and pronounced swelling
that was well developed by 4h and persisted for more than
48hs (Vinegar et al., 1976). Hind footpad thickness was
measured with a micrometer caliber (Obukowics et al.,
1998; Meng et al., 1999).

Groups of rats were administered either saline (0.5 ml, n
=6, i.p.) and served as control or the Igernella sp. extract
(4.69 mg kg™!, 0.5ml, n=6, i.p.) or Ircinia sp. (134.7 mg
kg™, 0.5ml, n=6, i.p.) or diclofenac (5 mg kg!, 0.5 ml, n
=6, ip) were examined in the carrageenan model of
inflammation. Marine sponge extracts or diclofenac were
given either 1 h before carrageenan as pretreatment or as
post treatment 30 min after carrageenan injection to study
their preventive or therapeutic effects.

Analgesic effect — This effect was evaluated according
to the method of (Charlier er al., 1961) using electric
current as a noxious stimulus. Electrical stimulation was
applied to the rat tail by means of 515 Master shocker
{Laffayette Inst. Co.) using alternative current of 50 cycles
/sec. for 0.2 second. The minimum voltage required to
emit a cry was recorded in all animal groups. Groups of
rats were administered either saline (0.5ml, n=6, ip.
control group) or the Igernella sp. (4.69 mg kg, 0.5 ml, n
=6, i.p.) or Frcinia sp. (1347 mg kg™!, 0.5ml, n=6, i.p.)
or indomethacin (5 mg kg ', 0.5 ml, n= 6, i.p.). The reaction
time was measured one and two hours after the admini-
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stration of the extract or indomethacin (Charlier er al.,
1961).

Drugs — Carrageenan (Sigma USA), indomethacin (Kahira
Pharm. and Chem. Ind. Co., Cairo, Egypt) and diclofenac
sodium (Ciba-Geigy, Egypt). The doses of indomethacin
and diclofenac used in this study were chosen according to
Siham et al. (2002), and Jurna and Brune (2002). The
therapeutic human dose was converted to rat dose according
to Paget converting table (Paget and Barnes, 1964).

Statistical analysis — The results are expressed as
percentage of change from control (Pre-drug) values and
expressed as means + S.E. Students t-test (Kapure and
Saxena, 1972) was used for statistical analysis.

Results and Discussion

Metabolites of Igernella sp. — Analysis of the metabolic
contents of Igernella sp. led to the isolation of three known
bromotyrosine compounds; aerothionin (1), dienone aceta-
mide (2), and 2-(3,5-dibromo-4-hydroxyphenyl) ethyltrime-
thylammonium chloride (3), together with a new compound
which is the sodium phenate of the latter compound (4)
(see Fig. 1).

Metabolites of Ircinia sp. — Further isolation and
purification of the acetone extract of the metabolic
contents of Frcinia sp. led to the identification of the
sesterterpene (—)-wistarin (5) using advanced NMR and
Mass spéctroscopy (see Fig. 2). ‘

Toxicological study —Signs of acute toxicity of marine
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Fig. 1. Bromotyrosine compounds isolated from Igernella sp.
(1) aerothionin. (2) dienone acetamide. (3) 2-(3,5-dibromo-4-hydro
xyphenylethyltrimethylammonium chloride. (4) sodium salt of 3.
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Fig. 2. Chemical structure of (—)-wistarin (5) isolated from Ircinia
sp.

Table 1. Determination of approximate LDs, for Igernella sp. by
Karber method (1931) using constant (1.4)

dose used

mg/100 g b.wt M reaction Z D 7D
9.4 10 10 - - -
6.7 10 8 9 2.7 24.3
4.8 10 5 6.5 1.9 12.35
34 10 4 4.5 14 6.3
2.45 10 2 3.0 0.95 2.85
1.75 10 1 1.5 0.70 1.05
1.25 10 - 0.5 0.50 0.25
27ZD=47.1
aM=DM - 322
M
=94 471
10
=94-471=4.69
LDso=4.69 mg/ 100 g b.wt
‘Where:

aM : arithmatic mean of LDs

DM : the dose by which all the animal reacted

Z - half the sum of the positive reacted animals from 2 successive
doses

D : difference between the number of 2 successive doses

M : number of animals in each group

sponge extracts (Igernella sp. or Ircinia sp.) were increased
respiration, cyanosis of mucous membranes, loss of righting
reflex, convulsions and death. The LDs, of the marine
sponge extract of Igernella sp. was found to be 4.69 mg/
100 g b.wt, LDy, and LD were 1.75mg and 9.4 mg/
100 g b.wt., respectively, when intraperitonealy injected in
mice (Table 1). Post mortem examination revealed general
congestion of all internal organs. On the other hand, symp-
toms of acute toxicity of Jrcinia sp. extract revealed convu-
Isions, nervous disturbance, jumping, shallow and hurried
respiration and finally death. The LDsq of Ircinia extract
was found to be 134.7 mg/100 g b.wt., LDy; and LDy
were 60 mg and 268.9. mg/100 g b.wt., respectively, when
intraperitoneally injected in mice (Table 2). Post mortem
examination showed congestion of lungs and heart.
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Table 2. Determination of approximate LDsy for Jrcinia sp. by
Karber method (1931) using constant (1.4)

dose used .
mg/100 g b.wt M reaction 4 D 7zD
268.9 10 10 - - -
192.0 10 8 9.0 - 769 692.1
137.2 10 6 7.0 54.8 383.6
98.0 10 3 45 392 176.4
70 10 2.0 2.5 28.0 70.0
50 10 - 1.0 20.0 20.0
S ZD=1342.1
aM = DM — 22
M
=689 — 1342.1
10
=268.9-1342
LDsp = 134.7 mg/ 100 g b.wt
Where:

aM : arithmatic mean of LDy,

DM : the dose by which all the animal reacted

Z - half the sum of the positive reacted animals from 2 successive
doses

D : difference between the number of 2 successive doses

M : number of animals in each group

Anti-inflammatory effect “pre-treatment” — Sub-plantar
injection of carrageenan into the rat hind paw elicited an
inflammation (swelling and erythema) and a time dependent
increase in paw thickness. This represented a 133.52 +
7.8% increase in paw thickness compared with the pre-
carrageenan control value. The acute paw oedema response
induced by sub-plantar carrageenan, was significantly
reduced at 1, 2, 3, and 4 h by 39.9, 48.6, 56.0, and 68.0%
respectively is rats receiving diclofenac 1h before carra-
geenan. In rats treated with Igernella sp. 1h before carra-
geenan injection the paw thickness increased by 53.5+
4.3% compared with pre-carrageenan values. The inflam-
matory oedema caused by carrageenan in Igernella sp.
treated rats was significantly inhibited at 1, 2, 3, and 4 h by
36.4, 35.2, 41.4, and 59.9% respectively vs the control
group. The effect of Ircinia sp. was also studied 1 h before
carrageenan injection. The inflammatory oedema caused
by carrageenan in Ircinia sp. treated rats was significantly
reduced at 1, 2, 3 and 4h by 26.5, 22.8, 38.5 and 56.5%
respectively vs the control group (Fig. 1).

Post-treatment — In the control group the paw thickness
increased by 115.4+6.5% 4h after injection of carra-
geenan. Diclofenac showed significant reduction in the
extent of their inflammation compared with control rats at
1, 2, 3, and 4h after carrageenan (46.5, 42.6, 52.5, and
60.0% vs control values). On the other hand, the extracts
of Igernella sp. and Ircinia sp. caused a significant decrease
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Fig. 1. Effect of the extract of the marine sponges (Igernella sp.,
Ircinia sp.) and diclofenac on the carrageenan-induced paw oedema.
Sponge extracts or diclofenac were given 1 h prior to carrageenan
(1%) and rats were evaluated for paw oedema at 1, 2, 3 and 4h
post carrageenan. The results are expressed as percent change

from control (pre-drug) values. Each point represents the mean +
SE of six rats.

in percent of oedema when compared with that of the
control group (38.0, 44.8 and 31.6, 42.3%, respectively at
3 and 4 h) (see Fig. 2) .

Analgesic effect — From Table 3, the investigated marine
sponge extract of Igernella sp. showed a rise in electrical
current threshold in the tail stimulation test. After one and
two hours post-treatment, Igernella sp. extract increased
pain threshold by 34.3 and 58.6% relative to control values
respectively. The electrical current threshold needed to
induce rat cry was also significantly increased following
the administration of Jrcinia sp. at one and two hours in
the test. The pain threshold relative to saline-treated control
group was (33.3 and 56.8% at one and two hours post
treatment, respectively). The two marine sponge extracts
investigated exhibited their highest potency at 2 hours after
single i.p. administration.

Table 3. Analgesic effect
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Fig. 2. Effect of the extract of the marine sponges (Igernella sp.,
Ircinia sp.) and diclofenac on the carrageenan-induced paw
oedema. Sponge extracts or diclofenac were given 30 min after
injection of carrageenan (1%). The results are expressed as percent
change from control (pre-drug) values. Each point represents the
mean + S.E. of six rats.

Discussion

The marine environment has been, and continues to be,
a fruitful source of novel chemical compounds that are not
found in terrestrial and fresh water organisms. These
molecules differ from those of terrestrial organisms in both
chemical structure and peculiarities of biological activities
(Kilagawa and Kobayash, 1989). In the present work, the
toxic effects of the marine sponge extracts of both
Igernella sp. and Ircinia sp. were studied. It was found that
Ircinia sp was of low acute toxicity (as indicated by LDs)
than Igernella sp. Post mortem examination revealed
congestion of the internal organs and change of blood
colour to dark brown, that may suggest an oxidative effect
of a toxic constituent of the extract, thus changing
oxyhemoglobin to methemoglobin which is brown in
colour (Liener, 1980). Igernella sp. and Ircinia sp. extracts,

after one hour

after two hours

group dose mgv\itl 00gb. volts needed volts needed
. mean + S.E. % of change potency® mean + S.E. % of change potency
control saline 82.5+5.0 - - 92.5+438 - -
indomethacine 0.5 1233 +3.6¢ +49.5 1.0 1492 +2.7¢ +61.3 1.0
Igernella sp. 0.47 110.8 +5.1° +34.3 0.7 146.7 +£ 4.4° +58.6 0.96
Ircinia sp. 135 110.0 £ 5.2 +33.3 0.67 145.0 + 6.6° +56.8 0.93

“p>0.05, °p > 0.01, °p > 0.001 vs control.

“Potency is considered as the percent of change of the different treatments. The % change denotes % increase over the control group divided by

the percent of change of indomethacine.
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at the tested dose levels, induced a significant anti-
inflammatory effect. These findings are in harmony with
those reported on some marine sponge metabolites,
including manoalide, which inhibits phospholipase A,
activity from different sources, in vitro. This property
could be responsible, at least in part, for the anti-
inflammatory effects shown in mice using ear oedema test
(De Carvalho and Jacobs, 1991; Marshall ef ai., 1994). Gil
et al. (1995) reported that phospholipase A, activation
represents the point of regulatory control for arachidonic
acid release and subsequent eicosanoid synthesis (Proin-
flammatory mediators). Thus a number of marine sponges
inhibit an enzyme activity possessing a crucial role in the
pathogenesis of the inflammatory processes (Vadas and
Pruzanski, 1986; Angel er al., 1993; Pfeilschifter ef al., 1993).

Furthermore, in the present study, electrical stimulation
of the tail test was used to evaluate pain perception in rats
acutely treated with marine sponge extracts (Igernella sp.,
Ircinia sp.) and indomethacin was used as a standard non-
steroidal anti-inflammatory drug for comparative purposes.
The two sponge extracts as well as indomethacine displayed
a powerful analgesic effect as they increased the pain
threshold significantly. Ferrandiz et al. (1994) reported an
anti-inflammatory activity of two natural products of marine
origin, avarol and avarone, isolated from the sponge
Dysidea avara. These diterpenoids possess a hydroquinone
(avarol) or quinone (avarone) moiety. Other sponge metabo-
lites contain a hydroquinone moiety attached to a terpene
residue, like three 2-polyprenyl-1,4-hydroquinones isolated
from the Mediterranean sponge Ircinia spinosula which
had shown analgesic activity in mice (De Pasquale ef al.,
1991) These compounds also showed moderate antimic-
robial effects in vifro (De Rosa et al., 1994).

In conclusion, the findings of the present study indicated
that the two marine sponge extracts (Igernella sp. and
Ircinia sp.) exerted powerful anti-inflammatory and anal-
gesic effect (approximating standard NSAIDs). These results
may highlight the importance of these marine sponge
extracts in therapeutic purposes.
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