pine lournal of Seience
T (2:8591, December 2000
ISSN 003 1- 7683

Anti-Blood Coagulant Activity and
Hypocholesterolemic Property
of Philippine Carrageenan

A.V. Briones*, W.0. Ambal, R.R. Estrella, E.A. Lanto
F. Sison and M.A. Villanueva

Industrial Technology Development Institute
DOST Compd.,General Santos Avenue, Bicutan
Taguig, Metro Manila, Philippines

The anti-coagulant and hypocholesterolemic properties of Phi
vere studied. Kappa and iota type carrag

pine carrageenan
jeenan were recovered from Eucheuma

species while lambda type carrageenan was exlvacled cvom Halymenm durwllas’, Bory

de Sainte Vincent. The three types of

vith the specifications set by USP XXII (1990). The aoute oral toxiciy test (LD, for
kappa and iota carrageenan is 10.6610 = 0.1514 g/kg. The lambd/acarrageenan

me test animals. Lambda

tered orally to male Swiss mice, at a high dose of 15 g/kg, did not cause death in

activity (in vitro) than kappa and jota type.

e influence of the administration of carrageenan by different modies in rats
were determined against the coagulation time of blood. By intravenous route, its effect

was instantaneous wl
Subcutaneous administrs

intra-peritoneal

route recorded a time of 4.139 minutes.
on recorded a time of 2.73 minutes.

No traces of deactivated carrageenan were detected in the blood of rais 30 minutes.

afterinjection.
A % concentra

f iota carrageenan added to the specially prepared diet

n
showed an 11.68% decrease in cholesterol level in rats after feeding thern for 4 to 6
wecks. Lambda carrageenan elicited 1.95% decrease in cholesterol level after 2 to 6
weeks feeding. An increase in weight by 14.73% to 20.17% was observed in rats fed
withthe three different types of carrageenan.
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A great number of deaths today is attributed to
vascular diseases of which the most prevalent form is
athero stlerosic heart disease. Within recent years
chdes ol s been bolvod o play an mporan tola

in the intima of medium and lrge arteries (Gennaro,
1990). The degenerationnclues the accumulation of
ipids, complex carbohydales, Bood and blood products
and is accompanied by the fomation of fibrous tissue

in he

“placques”

“Corespudingauthor.bel @pacic ot

artery, reduce its e\asmu . and may create fock !ov
thrombic and subsequentocciision of the blood vessel.
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A lot of drugs were developed and studied to
ascertain their eficacy in the fong-term treatment of this

are ol three general types namely : calcium
sequestrating agenl, heparin and heparin substitute;
ic anticoagulant (Oral

disease (Gennaro, 1990). Yel, the
evidence to indicate that any of these drugs could be
recommended for long-term therapy. In 1969, Tsuchiya
studied the hypocholesterolemic activities of marine

Agar may also have a use inhis respect, Iridoglycan,
the carbohydrate- sulphate esters from Iridophycus
flaccidum (Chapman 1%80) has a similar property. In
solution the sub: incipally as the sodium

algae. The findings confiimed the m
property of carrageenan, agar and alginic acid of which
carrageenan came out to be the excellent one. ‘Among
e

application in the food, pharmaceutical, textile and
cosmelic industries ( Whistler 1973). Considering the
fact thal, in the well-fed part of the world, more people
die from circulatory disturbance, than from any other
disease group. these are good reasons for a substantial
increase in pharmaceutical research on substances
derived from seaweeds and for increase production of
anti-atherosclerotic drugs. This reason alone, the
lowering of blood cholesterol level by carrageenan is
sufficient to warrant an increase in human consumption

Carrageenan is a high molecular weight sulfated
galactan. Thisis oblained by aqueous or alkali exiraction
of some carrageenan-bearing red seaweeds. The term
rom the name of
town carrageenan, in reland where commercial harvests
of Chondus crispus (Irsh moss) were made in the late
19" century (Whistler 1973). The backbone of the
carrageenan polymer consists of .-1,3 and - 1,4 linked
D- galactoypranose units which vary in the degree and
locations of sulphate esterfication (Percival 1979 and
Rees 1972). Kappa carrageenan consist mostly of
alternating polymer of D-galactose-4-sulfate and 3,6-
anhydro-D-galactose. except

sall. The beaulful red seavieed Delesseria sanguinea
also possesses a strong anticozgulating acion which
is as good o even beter then heparin. The effect of
this extract can be stopped inmediately by the injection
of thionin. Attention hasbee ndirected in recentyearsto
this preparafion of synihetic ant-blood coagulant as
substiute for heparin. The sifated derivative of gum
and locust bean gums, agar, laminarins, cellulose,
stareh, glycogen, dextran, polvinyl alcohol, chondroiin
sulfuric acid, xylan and synietic glucose have been
investigated. Some of these derivatives show activity
in-vivo and though noneapproached the activty of
heparin, certain sulfuric acid dervatives such as the
sulfated 2-amine ethyl eher of laminarin showed about

toxic than heparin and its éflect lasts twice as long.
Extracts of Chondlus crispushave about 40 per cent of
the activity of heparin while kcoidin, a fucan sulfate is
inactive (Smith 1959).

A study conducted by Dunelod, 1999 showed that

oo hypoglycemic effect o1 humans.  Resuls of the
short trem i vivostudy pov edthe importance of lambda
carrageenan in the prevenion and management of
metabolic conditions such asdiabetes in man.
The ulilization of carrageenan as substitute for
fhe

that 3,6-anhydrogalactose is sulfated at carbon 2
Between kappa carrageenan and jota carrageenan is a
continuum of galactan with intermedate compositions
differing in degree of sulfaion at carbon 2. In lambda-
carrageenan, i
D-galaclose-2-sulfate (1.3inked) and D-galactose-2,6-
disulfate (1.4-linked). The ester sulfate content of
carrageenan ranges from 18% to 40%. In addition, it
contains inorganic salts that originate from the seaweed
and the process of recovery from the extract. Several
types of carrageenan have been identified due to
differences in their chemical structure (.e., differences
in_altering sugar unit companents ) of which kappa,
lambda and iofa are the industrially important ones.
Another interesting application of polysaccharides
from seaweeds is a discovery by Elsner, Broser and
Bunger in 1937, which may yet prove to be important
from the medical point of view. A water-soluble extract
can be obtained from carrageenan which, even in very
dilute concentration, acts as an anti-blood coagulant
compound. Anii-coagulants are substances or drugs
which delay blood coagulation (Gennaro 1950). They
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since this is an indigenous material. It may also reduce
the bulk of importation of heparin and other anti-

drugs,

Materials and Methods

Kappa and iota carageenan were provided by
Marcel Trading Corporaion. Lambdatype carrageenan
Hamenia i

Vincent. All chemicals and reagents used were of
analytical grad.

Analysis for the physic-chemical properties of
carrageenan was based on the procedures found in
USP XX, 1980,

Heavy metals such as Hg, Cd and Pb were

for Heavy Metals, AOAC, 1990.



Acute Oral Toxi

y (LD,,) Test
Kappa and fota Samples:

Preliminary dosing was done o determine the
expected dose that will cause 50% death of the
experimental animals. Three increasing log doses of
the test substance were given orally in serial to the
animals n four groups of ten including the control. The
number of death and other adverse/abnormal signs and
manifestations were closely abserved and noted for the
firsttwo hours after administration of test sample. This
was continued in the next twenty-four  to forty-
hours, dally up to fourteen days. The median lethal
dose (LD,) was computed using the Probit Analysis
Method by Fisher and Yates, 1952.

Lambda Sample:
Four preliminary increasing doses were done to

of the experimental animals. No death was observed
even at a high dose of 15 g/kg given orally in serial
parts/aliquot to the animals in two  groups of ten
i Th d

manifestations were closely observed and noted for the
firsttwo hours after dosing. This was continued in the
next 24-48 hours and daily up to fourteen days.
Anti-blood Coagulation Tests

Preparation of Sample:

Antibload coagulation activiy of carrageenan

81, Ca-pantohe nate, niacin, 812, 86, A, D, folc acid,
menadion, and bidin), and 5% of cotton seed oil

Procedure:

Swiss FemaleRats were used in the experiment
‘The animals weregrouped into seven with 5 members
per group. Groupl was fed with the basic diet. Group
Il were fed with the prepared basic diet added with
1% cholesterol ard bile sans Group Ill - V were fed

ided with 1% cholesterol
and bile sals ant mived with 3% Kappa, ofa and
lambda carageenan. Group VI was fed with the
prepared basic diet added with 0.034% Lipostat
(commercial antihy perlipidaemic agent). Group VIl
was fed wilh commercial feeds as control group.
Feeding was done for about 10 weeks.

Cholesterol Analysis:

Blood samples were collected from the rats every
after 2 weeks and were submilted to the Department
of Health foranalysis of cholesterol. Standard methods
for determination of cholesterol were used in the
experiment

Results and Discussion

ppa, iotaand lambda carrageenan were
analyzed for inei physicocnerical properties. The

saline TS to give a concentration of 1 mg per ml.

Preparation of Plasma:
Porcine blood samples were collected directly into
a vessel containing 8% sodium citrate solution in the
proportion of one volume to each 19 volumes of blood.
y

the vessel.
and the separated plasma was collected and pooled.

Anticoagulant Activity:
Onem

able1. All
the specmcalronsse\ by USP XXIl, 1990

Acute oral toxicity test LD,, was determined for all
samples. The median lethal dose (LD,,) of the kappa
and iofa sanples administered orally in male Swiss
mice is 10,6610 20.1514 g/kg. Toxidrome ranged from
decreased motor aciivity, increased respiratory rate,
yperemia, passhity, los of ighing reex and grip
strength, tiem ors, convulsion and death of
Details of aute oral toxicity test is shown in Table 2
The sampls, carageenan (lambda), administered
orally to mae Swiss mice, at a high dose of 15 g/kg,
did not cause_death in the test animals. Fur\her

to1mlof

ample

measured. The method is based on the studies
conducted by Kimura, 1941 on the anti-blood
coagulation test for Laminaria japt

he maximun it & mouse can normally take. Since
ineti D,)is depends
)

Hypocholesterolemic Test
Preparation of Basic Diet:

The basic diet consisted of 63.26% of sucrose, 2%
of casein, 5% of celluflour, 4% of a salt mixture, 0.24%
of Choline - HOI, 0.5% of a vitamin mixture (casein, p-
aminobenzoic acld, inositol, tocopherol, ascorbic acid,

of experiment, the results will be erroneous and
doubful, for the cause of death of animals will be
attributed elhe rdue to bloating or to the toxic effect of
the sample/test drug. Toxidrome ranged from
decreased motar activity and respiratory rate, and
excretion ofsarmple after twenty-four hours, No death
occurred wilin lourteen days observation. Detals of
acute oral loxicil test is shown in Table 3.
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Table 1. Physico-chemical properiies o carrageenan.

T o Tl S o
Canean_Cageenan _Caagswan_____ Spesitcations
G e e
Acid-Insoluble Ash (%) 08 1.0 15 <20
Ash (%) 255 27 23 <350
Suitate () s 27 a0 15-i0
Viscosy, 1.5% sauton ep) 82 o 1o 250
Heavy metals (ppm)
" Hg <0.10 <0.10 0.15 -
Fo s s as max. 10
ca 03 o7 is N
Table 2. Acute Oral Toxicty Test (LD,,) of Kappa and lota Carrageenan n mice.
Number of mice with posiive sgn (death)
ity Ratio= ————————— .
Horiliy Rat Total number of animals s ted
Dose (@ia) n bsenation
B o Nosiect
0 10 Five (5) minutes afe dosing, the rice.manilested decraased molor
o y °
Gno (1) mouse cied atter dosingandt anoiher moused cied alter
Covertoen (17) minues. The oghi ) rensining mics recovered afer
ey o (28 hurs.
o8 1

it . fassiy (+4),
[

i wo (2)
mice died afte dosing. and three (3 mics died within three (3) hours.

One (1) mairing t-four (24) hours.
Four (4) of the remaining mice recoreredaiter twenty-four (2¢) hours.

122090 o i
aciiviy, ncreased respiratory rate, hy peremia. 10ss of ip strengih
(++)ang righting reflex (++) passivly (-++++), remors and convuision.
aftr three (3) hours. Four (4) of th rermaning mice cied afer twenty-
four (24) howrs.
o weniyfour Tomen nomal
fndings

“Table 3. Resuls of acute oral toxiciy test (LD, in mice for lambda carageenan.

Number of mice with posiive sign (death]
Mortality Ratio = ! son (death)

Total number of aninals tested

Turibe of Deahs

Group Number __Dose (ghkg) n Dayi  Day?  Days  Day7 _ Dayid
T 0 0 G0 oMo oMo oo 00
i 8 2 [ o2 o2 oz o2
" 10 2 [ oz o oz oz
W 12 2 [ oz
v 15 10 o0 om0 oo ono_ om0




Dose (glkg) n
o o
8 2
10 2
12 2
15 10

Anti-blood coagulation activiy of carrageenan

Observation

No effect

Thirth (30) minutes after dosing, the mice
‘manifested dscreased motor aciivity and respiratory
fate lasting for twenty-fie (25) minules. No other
adverse/abnomal signs or death occurred vithin
the fourtaan (14) days observation.

‘Twenty nine (29) minutes after the lastserial dosing,

the mice manifested docreased motor activly and
espiratory rate. Excretion of the festsubsianc was,

corred witt oo (14) days observation.

Table 4. Effect of varying

, iota, I thblood ety
Concentraon Goaguiation Time L)
% o o - cial A Goagilan!  Goncaniration
i Lamb Control (Henmn) 1000 IUML. 1Y}
01 7752145 51118 €05:118  6a071 121521118 100
05 2325:2165 S5a1LI 7695x1227 95111 1500 £ 1479 500
1 2252968 7202707 144022121 55208 1800 + 1479 1,000
Table 5. Effectof carrageenan on blood chalesterol evel nra.
unberi [
Expermenta
Foung Gloup | OWesk 20Wosk 3Waek ahwesk _oWesk _2naWesk shWesk _oinweek
T B bt I5TN SATe 478 475107 302a107 T82 017 17385027 10022067
s chowserl 5 I S0% W62 4635 1962062 37 06 558 =113 547 £130
(1%) and bile
ats
wonean S % T06 0065 426 220403 38 4135 512154 564107
xcariageenan
N o 5 M0 920 020 40507 2564025 366 065 51362056 4536+ 146
wearagesnan
Ve S MW 322 W6TIO 405085 1702020 282 012 28044081 27652074
icaragoenan
v e S e IS 0GASHS 453 2005059 9025406 4855083 59752005
U connerl
e
VI Commorcallesds 5 are  ouedrs o2 362132 1705041 232 073 28885099 27545119
The effect of varying concentrations of  and some of the 3,6 - anhydro-D-galactose contains
carragoenan (kappa, ioa, lambe) on antrlood 2-sulphate ester groups. /ota carrageenan is

coagulation activity is shown in Table mbda
carrageenan extracted from Halymenia durvrl/am
showed significant activity than kappa and iota
carrageenan. Probably this is due to the difference in
chemical structure. Kappa type carrageenan has a
D-galactose group containing 6-sulphate ester groups

characterized by having 4-suiphate ester groups on

all D-galactose residues and 2-sulphate ester groups

onall 3,6 - anhyﬂm -D-galactose residues. Lambda
from kappa and

by having a disulphated P ( 1-4) - D- galactose

residue and no 4-sulphate in the o 13 ) -
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galactose residue. Instead of 4-sulphate ester groups
Jambaa carrageenan contains variable amounts 01 2 -
sulphate ester groups.

Heparin the most common anti-blood coagulant is
an acidic carbohydrate with a positive optical rotaior
capable of forming salts with metals and has urnic
acid, glucosamine, and sulfate components (Jopes
1939 and Jacques 1966;. Experimental evidence
indicates that N-sulfate groups may be related (o
anticoagulant activity whereas O-sulfate groups may’
determine clearing factor activity. More recent stujes
however, suggest that anticoagulant activity is 10t
produced by individual sulfate groups, but rather by &
combination of such groups with carboxyl functiors i
the molecule. According to Lindahl, 1977 from he
studies of the biosynihesis of heparin, showed hat
single sugars in the chain can vary: for example, bat
sulfamino or acetylamino glucosamine may occur, ancd
iduronic acid and glucuronic acid may occur in batry
unsulfated or sulfate forms. The inhibitory activity vt
respect 10 the blood coagulation system s possibly
dependent on the presence of such variant sugarsancd
that the binding site for AT-IIl involves a
dodesaccharide sequence with a variant sugar.

The degree of sulfation and variations in chemical
structure of heparinoids showed importance onits.
biological activity (Jacques 1978). Since lambdz
carrageenan contains higher amount of sulfate tis
could probably contribute 1o its significant inhibiory
activity of blood coagulation as compared to kappe
and iota type.

Preliminary experiment on the effect of the different

against coagulation time of biood samples was
conducted. The dose prepared was 1 mg/kg. Resulls
showed that intravenous route was lethal, whils
intraperetonal route recorded a time of 4.339 mins.
Subcutaneous administration recorded 2.73 mins,

ambda carrageenan was deactivated by the
addition of acelic acid. A 1 mg/kg dose of deactivaled
carrageenan was injected 1o the rats and after 30
minutes the blood samples were collected and
analyzed for the presence of carrageenan. The result
of analysis showed no traces of carrageenan in bisod
as compared to heparin which has the abilty 1o be
activated in vivo (Jacques 1973)

g .

P h i ding
p1. Groups 1-VI
weight than the control group which is group VIl
The hypocholesterolemic activity of carrageenan
maybe possibly due to the binding of cholesterol with
Thus. in effect I
of cholesterol.

Summary and Conclusion

The three types of carrageenan used in the
experiment coniorm with the specifications set by USP
XXII. 1990. Acute oral toxicity test LD, for kappa and
iola caniageenanis 10.6610 +0.1514 glkg. The lambda
carrageenan administered orally to male Swiss mice,
ata high dose of 15 gikg, did not cause death in the
test animals.

Lambda carrageenan showed significant anti-
blood coagulant activity than kappa and iota type.

islethal while intra-peritoneal route recorded a time of
338 minutes for coagulation time of blood.

Subcutaneous administration recorded a time of 2.73
minutes,

Deactivated caniageenan when injectedin rats did
not show any traces in the blood when investigated.

Al 3.0% concentration of fota carrageenan which
have been added to the diet showed an 11.68%
decreas: of cholesterol level i rats after feeding them
from 4" week to 6" week. Lambda carrageenan
showed 1.95% decrease of cholesterol level from 2%
week foeding to 6" week feeding.

An increase in weight by 14.73% to 20.17% was
observed for rats fed with three different types of
carrageenan.
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rats was determined. Table 5 showed the results of the
study. Among the three types of carmageenan usedin
the experiment lambda carrageenan showed a
decrease in cholesterol level after 6 weeks of feedg

Kappa carrageenan has no significant effect on the
fowering of cholesterol level while jota type showedary
11.68% decreased in cholesterol level rom the 4" wegie
of feeding to the 6 week of feeding, Group Il had 6%
mortality while Group VI had a 20% mortaliy. The
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