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ABSTRACT

Three plants (Protorhus longifolia, Bulbine natalensis, Rapanea melanophloeos)
commonly used by Zulu Traditional Healers to treat blood-clotting related diseases
were screened for anti-platelet aggregation, antioxidant and cytotoxic activities.
Extracts of air-dried and powdered plant materials showed, to varying degrees of
efficacy, antioxidant activity as they scavenged DPPH and ABTS radicals, and
exhibited Fe2+ chelating activities. The anti-platelet aggregation activity of the
extracts was separately investigated on thrombin, ADP and epinephrine induced rat
platelet aggregation. The extracts exhibited a concentration dependent anti-platelet
aggregation activity. The highest activity, exhibited by the hexane extract of P.
longifolia (IC50 of 0.59mg/ml) and the chloroform extract of B. natalensis (IC50 of
0.43mg/ml) was observed on the thrombin and epinephrine induced platelet
aggregation, respectively. All the extracts showed little cytotoxic effects on brine
shrimp. Thus Protorhus longifolia, Bulbine natalensis, Rapanea melanophloeos can
be used in the management of blood-clotting related diseases.
Keywords: Zulu plants; Antioxidant; Anti-platelet aggregation.

INTRODUCTION
Platelets play a central role in the process of blood clotting and are regarded as
key regulators of both haemostasis and pathogenesis of cardiovascular diseases
(Bakdash and William, 2008; Xiang, et al., 2008; Fabre and Gurney, 2010). It is
therefore important to prevent platelet dysfunctions that could lead to cardiovascular
events. Despite the progress made in finding better and effective anti-platelet
aggregation agents, cardiovascular diseases are still responsible for a large number of
deaths and morbidities. Mode of action and efficacy of the current anti-platelet agents
are still clinically doubtful and they are associated with the risk of severe or fatal
bleeding (Hsieh, et al., 2007; Fabre and Gurney, 2010). This has fuelled the search for
alternative medicine. This trend is a growing interest in finding safer and effective
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new natural anti-platelet agents (Amrani, et al., 2009). Besides other traditional
medicinal uses, ethnobotanical survey revealed that P. longifolia, B. natalensis, R.
melanophloeos have been used and recommended by most Zulu traditional healers for
management of blood-clotting related diseases (Personal communication and
questionnaires, 2008).
Protorhus longifolia (Benrh.) Engl. (Red beech) of Anacardiaceae family is
an ever green indigenous tall tree. The bark of P. longifolia has been traditionally
used to cure various diseases such as heartwater and diarrhea in cows (Dold and
Cocks, 2001), hemiplegic paralysis, heart burn, and bleeding from the stomach;
unspecified parts have been used to strengthen the heart (Hutchings, et al., 1996). The
leaves extracts of P. longifolia have been reported to possess antimicrobial activity
(Suleiman, et al., 2009; 2010). A 10.2 – 18% tanning material and 7% tannin from the
bark of P. longifolia has been reported (Hutchings, et al., 1996).
Rapanea melanophloeos (L.) Mez (Cape beech) of Myrsinaceae family is an
evergreen tall tree. The grey bark or sometimes roots are used medicinally for
respiratory problems, stomach, muscular and heart complaints. It is used as iNtelezi (a
charm to protect against evil spirits) by Nguni people (Van Wyk and Van Wyk, 1997)
R. Melanophloeos has been reported to have molluscicidal and antifungal (Ohtan, et
al, 1992) and anthelmintic activity (Githiori, et al, 2002).
Bulbine natalensis Baker (Asphodelaceae) is a frost tender evergreen perennial
plant. The leaves are used for treating wounds, burns, rashes, itches, ringworm,
cracked lips (Pujol, 1990; Rood, 1994; Watt and Breyer-Brandwijk, 1962) and herpes.
Extracts of the roots are taken orally to ease vomiting and diarrhea (Pujol, 1990) and
also to treat convulsions, venereal disease, diabetes, rheumatism, urinary complaints
and blood disorders (Pujol, 1990; Rood, 1994; Watt and Breyer-Brandwijk, 1962).
In this study, we investigate the anti-platelet aggregation, antioxidant and
cytotoxic activity of these three plants.
MATERIALS AND METHODS
Chemicals and reagents: Unless otherwise stated, all chemicals and reagents were
obtained from Sigma-Aldrich Chemical Co. (St Louis, MO, USA). All the chemicals
used including the solvents, were of analytical grade.
Animals: Adult rats (Sprague-Dawley) of either sex were collected from the animal
house in the Department of Biochemistry and Microbiology, University of Zululand.
The animals were maintained under standard conditions (temperature 23 ± 2oC and
12h light dark cycle); had free access to standard pellet feed and enough drinking
water. Approval for experimental procedures was obtained from Research Animal
Ethics Committee, University of Zululand.
Plant collection: Bulbine natalensis Baker was obtained from Twin Stream Nursery,
Mtunzini, SA. The other plants (Protorhus longifolia (Benrh.) Engl., and Rapanea
melanophloeos (L.) Mez were collected from Empangeni muthi market. The plants
were identified and confirmed by L Ntuli, Botany Department, University of Zululand
and voucher specimens (RA01UZ, PE01UZ and GGL01 respectively) were prepared
and deposited in the University herbarium. The leaves of B. natalensis, the bark of P.
longifolia and the bark of R. melanophloeos were thoroughly washed with tap water
and then air dried. The air dried plant materials were ground into powder (2mm mesh)
and stored in sterile brown bottles at 4°C until used.
Phytochemical screening: The powdered plant materials were screened for the
following phytochemicals: saponins, tannins, flavonoids, alkaloids, terpenoids,
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cardiac glycosides, steroids, phlobatannins and anthraquinones using standard
procedures of Harborne (1973); Odebiyi and Sofowara (1978) and Sofowara (1984).
Extraction: The powdered plant materials were separately extracted (1:5w/v)
sequentially with hexane (HE), chloroform (CE), ethyl acetate (EAE), methanol (ME)
and water (WE) (24h on platform shaker per solvent, 150 rpm, room temperature).
The extracts obtained after filtrations were concentrated under reduced pressure using
rotary evaporator (40 ± 2oC); the water extracts were freeze-dried and were stored in
sterile bottles at 4oC.
Determination of total phenolic content: Phenolic content of extracts was determined
by the Folin-Ciocalteu reagent method (Kähkönen, et al., 1999). Various
concentrations of gallic acid (0.01- 0.1mg/ml diethyl ether) and 0.5mg/ml diethyl
ether of each extract were prepared. The diethyl ether was evaporated off and to the
separate residues 1.5ml of Folin-Ciocalteu reagent (10%) and 1.2ml of sodium
carbonate solution (7.5%) were added. The samples were thoroughly mixed and
stored in the dark for 30 min. Absorbance of the blue colored mixtures was recorded
at 765nm against a blank containing the Folin-Ciocalteu reagent and sodium
carbonate solution. The total phenolic content of the extracts was calculated as gallic
acid equivalent and expressed as mg/g dry plant material.
Flavonoid content: The method reported by OrdonEz, et al., (2006) was adapted to
determine the flavonoid content of the plant extracts. Different concentrations of
quercetin (0.01- 0.1mg/ml diethyl ether) and 0.5mg/ml diethyl ether for each extract
were prepared. The diethyl ether was evaporated off and to each residue 0.5ml of 2%
alcoholic AlCl3 solution (prepared with 80% ethanol) was added. The samples were
thoroughly mixed and allowed to stand for 1h at room temperature. Absorbance of
yellow colored mixture was read at 420nm against a blank containing 2% AlCl3
solution. The flavonoid content of the extracts was determined as quercetin equivalent
and expressed as mg/g dry plant material.
Antioxidant activity
DPPH radical scavenging assay: The DPPH radical scavenging activity of the
extracts was investigated using the method described by Brad-Williams (1995). Two
milliliters of the crude extract (0-5mg/100ml CH3OH) were added to 2ml of DPPH
(2mg/100ml CH3OH). The mixture was allowed to stand for 30-60 min with
intermittent mixing. Absorbance was measured at 517nm against CH3OH as blank.
ABTS radical scavenging assay: The method reported by Re, et al., (1999) was used
to determine the ABTS radical scavenging activity. ABTS (7mM) was prepared and
mixed with 2.45mM potassium persulfate. The mixture was incubated at room
temperature in the dark for 16h. The generated ABTS radicals were diluted with
methanol (1ml ABTS+: 60ml CH3OH). One milliliter of the crude extract (05mg/100ml CH3OH) was added to 1ml of ABTS+ and the samples were thoroughly
mixed. After 6 min the absorbance at 734nm was read against CH3OH as blank.
Reducing power: The reducing power of the plant extracts was determined by the
method described by Oyaizu (1986). One milliliter of the crude extract (0-5mg/100ml
CH3OH) was mixed with 2.5ml of phosphate buffer (pH 6.6) and 2.5ml of 1%
potassium ferricyanide. After 20 min incubation at 50oC, 2.5ml of 10% trichloroacetic
acid (TCA) was added. After 5-10 min the mixture was centrifuged (1000 x g; 10
min) and 2.5ml supernatant was collected and diluted with 2.5ml distilled water. The
sample was mixed with 0.5ml of 0.1% FeCl3 and the absorbance was measured at
700nm. The higher the absorbance reading is the higher the reducing power.
Chelating activity on Fe2+: The metal ion chelating activity of the plant extracts was
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tested using the method reported by Decker and Welch (1990). One milliliter of the
plant extract (0-5mg/100 ml CH3OH) was diluted with 3.75ml deionized water. This
was mixed with 0.1ml of 2mM FeCl2 and 0.2ml of 5mM 4,41-[3-(2-pyridinyl)-1,2,4triazine-5,6-dryl] bisbenzene sulphonic acid (ferrozine). After 10 min the absorbance
was read at 562nm. Ethylenediaminetetra-acetic acid (EDTA) and citric acid (CA)
were used as standards.
Unless otherwise stated commercial antioxidants butylated hydroxytoluene (BHT) and ascorbic acid
(AA) were used as standards. The experiment was replicated thrice and the mean ± SEM reported.
Percentage inhibition of each parameter measured was calculated from the formula:
% inhibition = (1– At/A0)100
•
•

Where At is the absorbance of test sample, A0 is the absorbance of the fully oxidized system sample.
IC50 values were determined using statistical package Origin 6.1.

Brine shrimp lethality bioassay: Cytotoxicity of the extracts was determined
following the method described by Meyer et al., (1982) with some modification.
Brine shrimp (Artemia salina) eggs were hatched in a 5L bucket half-filled with
artificial sea water (3% sea salt). Two grams of brine shrimp eggs were added to 2.5L
artificial sea water at 24-28oC. The bucket was covered in black on the sides, light
was provided from one source and oxygen was also provided using a million air
devices. After 48h shrimp larvae were hatched.
To 50µl of different concentrations of the plant extracts (1- 25mg/ml prepared in 1%
DMSO) in different petri dishes set in triplicates, 25ml of artificial sea water was
added along with 10 shrimp larvae. Artificial sea water medium containing 1%
DMSO was used as control. After 24h the number of surviving and dead shrimps was
counted. Percentage mortality rate was determined. In the case of mortality in the
control, the corrected percentage mortality was calculated using Abbott’s formula
(Abbot, 1925). The resulting data was transformed to probit analysis (Probit Program
Version 1.5, USA) to determine LC50 values of the extracts.
Anti-platelet aggregation activity
Blood platelets: The method of Tomita et al., (1983) was followed to obtain platelets.
A rat was killed by a blow to the head and blood was immediately collected from
abdominal aorta. The blood was mixed (5:1 v/v) with anticoagulant (acid-dextroseanticoagulant-0.085M trisodium citrate, 0.065M citric acid, 2% dextrose). The
platelets were obtained by a series of centrifugation and washing of the blood. The
platelets were finally suspended in a buffer (pH 7.4; containing 0.14M NaCl, 15mM
Tris-HCl, 5mM glucose). The platelets were then divided into untreated and enzyme
(trypsin, bromelain, and papain) treated platelets.
Enzyme treated platelets: The enzymes-trypsin, bromelain, papain (0.1mg) were
separately incubated with 25ml of a 2% suspension of platelets for 60 min at 25ºC.
The cells were then washed (3 times) and a 2% suspension prepared.
Anti-platelet aggregation activity: The method of Mekhfi et al., (2004) was followed
with some modifications. The anti-platelet aggregation activity of the extracts was
separately tested on thrombin (5U/ml), ADP (5mM) and epinephrine (10mM) induced
platelet aggregation; similar experiments were also carried out on enzyme (trypsin,
bromelain and papain) treated platelets. The platelets (100µl) were incubated for 5
min with different concentrations of the crude extracts (1, 3, and 10mg/ml) and an
aggregation inducer (20µl) was introduced to the mixtures. Aggregation was
determined with the Biotek plate reader using Gen5 software by following change in
absorbance at 415nm. DMSO (1%) was used as negative control and heparin was
used as positive control.
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Tannin Removal: The method described by Toth and Pavia (2001) was adapted to
remove tannins from the crude extracts. The extracts were separately mixed
(10mg/ml) with polyvinylpolypyrrolidone (PVPP) and the mixtures were incubated
for 15 min and centrifuged (3000xg; 10min) several times to reduce tannin to a
negligible concentration. The tannin-free extracts were screened for the anti-platelet
aggregation activity by the method of Mekhfi, et al., (2004), described above.
Calculation of percentage inhibitory effect of plant extracts on platelet aggregation,
All assays were replicated three times and the mean slope (A) ± SEM reported.
Unless otherwise indicated, the inhibitory effect of the extract on each parameter was calculated as:
% Inhibition = {(A0 – A1)/A0 x 100}
•
•

Where, A0 is the mean slope of control and A1 is the mean slope of the extract.
IC50 values were determined using statistical package Origin 6.1.

RESULTS
Phytochemical screening: The powdered plant materials were qualitatively screened
for common phytochemicals. The results are shown in Table-1. The results revealed
the presence of most of the phytochemicals that were screened for. The plant
materials lacked steroids and the presence of flavonoids, tannins and alkaloids was
worth noting.
Total phenolic and flavonoid content: Total amount of phenols and flavonoids in the
extracts (determined as gallic acid and quercetin equivalent, respectively) are
presented in Table-2. Except R. melanophloeos and water extract of P. longifolia, the
total phenolic and flavonoid content of P. longifolia and B. natalensis generally
seemed to decrease with increase in polarity. The two groups of compounds were
extracted more by the non-polar solvents.
Antioxidant activity: The results of the free radical (DPPH and ABTS) scavenging
activity and chelating activity on Fe2+ are given in Table-3. The reducing powers were
also tested. The extracts exhibited to varying degrees of efficacy, a concentration
dependent reduction potential, chelating activity on Fe2+, DPPH and ABTS
scavenging activities. The highest radical scavenging activity (IC50 0.07mg/ml) was
observed in the methanol extract of P. longifolia and the ethyl acetate extract of R.
melanophloeos also showed the highest reduction potential and chelating activity on
Fe2+ (IC50 0.93mg/ml). The IC50 values were even less than or comparable to those of
the standards used.
Brine shrimp lethality bioassay: The cytotoxic activity of the plants extracts was
determined using brine shrimp lethality test. The cytotoxicity levels (IC50 µg/ml)
ranged from 2 210 to 54 700µg/ml. The LC50 (µg/ml) values of the extracts of B.
natalensis, P. longifolia and R. melanophloeos were as low as 2 210, 36 700 and
41 580 respectively.
Anti-platelet aggregation activity: The anti-platelet aggregation activity of the
extracts (with tannins and without tannins) is presented in Table-4 and Table-5. Most
of the extracts showed a concentration dependent inhibitory activity on the
aggregation induced by thrombin, ADP and epinephrine. The activity of the extracts
was comparable to that of heparin (IC50 7.4 mg/ml), a commercial anticoagulant.
Most extracts showed anti-platelet aggregation activity in the presence of tannins but
the activity was lost or reduced when tannins were removed.
DISCUSSION
Despite the availability of the current therapies to prevent platelet dysfunctions,
atherothrombotic diseases continue to pose a threat to human health. The search for
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new and more effective anti-platelet aggregation agents of natural origin is rather
timely and appropriate. Literature reports that plants such as Urtica dioica (El
Haouari, et al., 2006), Ocimum basilicum (Amrani, et al., 2009) and Nepeta juncea
(Hussain, et al., 2009) have anti-platelet aggregation activity.
The results obtained from this study suggest that the medicinal plants (P.
longifolia, R. melanophloeos and B. natalensis commonly used by Zulu Traditional
Healers to manage blood-clotting related diseases) possess the ability to inhibit
thrombin, ADP and epinephrine induced aggregation of platelets (Tables- 4).
Free radicals have been reported to stimulate platelet aggregation by interfering
with several key steps of platelet functions (Ambrosio, et al., 1997; Bakdash and
Williams, 2008). The beneficial effects of antioxidants on the inhibition of platelet
activation and aggregation have also been reported (Krotz, et al., 2004; Sobotkvá, et
al., 2009). Furthermore, researchers (Mary, et al., 2003; Lin and Hsieh, 2010; Anjana,
et al., 2010) have linked the anti-platelet aggregation activity of some plants with their
antioxidant activity. However, except the extracts of R. melanophloeos that showed
some antioxidant activity, the extracts of P. longifolia and B. natalensis that exhibited
anti-platelet activity were poor antioxidants (Table-3). It is apparent from our results
that the anti-platelet aggregation activity of the plants in this study may not
necessarily be attributed to their antioxidant activity.
The anticoagulant or anti-platelet aggregation activity of tannins has been
demonstrated by various researchers (Dong, et al., 1998; Mekhfi, et al., 2006; Kee, et
al., 2008; Tognolini, et al., 2006; Kim and Choi, 2008). The phytochemical
composition of the plants, particularly the presence of polyphenolic compounds
(Table-1 and Table-2), is therefore worth noting. The anti-platelet aggregation activity
was observed mainly in the extracts of the non-polar solvents with the hexane and
chloroform extracts of P. longifolia and B. natalensis, respectively, showing the
highest activity (Table-4). Thus the anti-platelet aggregation activity of the extracts
could partly be attributed to their relatively high phenolic and/or flavonoid content
(Table-2). However, the tannin-free extracts maintained activity. It is apparent that the
observed activity of the extracts was due to components other than tannin. The
reduced activity of the tannin-free extracts (Table-4) could be an indication of
synergistic effect of the plant components.
The proteolytic enzymes (trypsin, bromelain and papain) catalytically hydrolyze
proteins (fibrinogen) into smaller fragments (fibrin monomers) with generation of
new functional groups. The formation and exposure of the new functional groups
stimulates aggregation. The degree to which the extracts inhibited the aggregation of
the enzyme-treated platelets (Table-5) does suggest that the extracts may not only be
inhibiting thrombin and the other platelet agonists, but may also be preventing
aggregation of degraded platelets. However, the platelets’ loss of sensitivity to the
agonists cannot be ruled out (Vellini, et al., 1986; Metzig, et al., 1999).
Extracts with LC50 values less than 250µg/ml are considered significantly active
(Rieser, et al., 1996). The extracts of the plants showed relatively weak cytotoxic
effects on brine shrimp nauplii. The insignificant toxicity of the plants extracts
encourages their use in the concoctions that manage blood-clotting related diseases.
CONCLUSION
In conclusion, the results from this study suggest that Protorhus longifolia, Rapanea
melanophloeos and Bulbine natalensis have compounds that exhibit anti-platelet
aggregation activity. The poor antioxidant activity exhibited by some of the most
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active extracts suggests that mechanisms other than antioxidant activity could be
mediating their anti-platelet aggregation activity. These results support the use of the
plants in folk medicine to manage blood-clotting related diseases. Further studies are
necessary to isolate and characterize the active components of the extracts and also to
elucidate their mechanisms of action in preventing platelet aggregation.
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Table-1: Results of the phytochemical analysis of the plant material of P. longifolia, R.
melanophloeos and B. natalensis.
Phytochemical
P. longifolia
R. melanophloeos
B. natalensis
Saponin
+
+
+
Tannins
+
+
+
Steroids
Terpenoids
+
+
Alkaloids
+
+
+
Anthraquinones
+
Flavonoids
+
+
+
Cardiac glycosides +
+
+
Phlobatannins
+
•

+ = Present; - = Absent

Table-2: The total phenolic and flavonoid content (mg/g dry plant material) of the extracts of P.
longifolia, R. melanophloeos and B. natalensis given as gallic acid equivalent.
P. longifolia
R. melanophloeos
B. natalensis
Extract Phenolic
Flavonoid
Phenolic
Flavonoid Phenolic
Flavonoid
HE
2.41 ± 0.01 1.71 ± 0.01 0.40 ± 0.06 0.8 ± 0.01 5.03 ± 0.04 3.29 ± 0.05
CE
2.04 ± 0.08 1.24 ± 0.17 1.00 ± 0.05 0.8 ± 0.02 4.55 ± 0.67 2.42 ± 0.07
EAE
0.99 ± 0.13 2.02 ± 0.05 1.00 ± 0.02 0.7 ± 0.00 4.63 ± 0.15 2.84 ± 0.10
ME
0.63 ± 0.09 0.55 ± 0.00 1.20 ± 0.03 1.4 ± 0.01 3.40 ± 0.15 1.78 ± 0.06
WE
2.39 ± 0.00 0.81 ± 0.18 1.00 ± 0.10 0.9 ± 0.08 1.15 ± 0.02 1.89 ± 0.02
•

Results are expressed as mean ± SEM, (n=3).

Table-3: The IC50 (mg/ml) of chelating activity on Fe2+, DPPH and ABTS scavenging activity of
the extracts of P. longifolia, R. melanophloeos and B. natalensis.
DPPH
Plant
HE
CE
EAE
ME
WE
BHT
AA
P. longifolia
>5
>5
>5
0.07
>5
1.43
0.49
R. melanophloeos
3.05
4.32
4.83
3.31
3.89
4.06
4.57
B. natalensis
>5
>5
<1
>5
>5
1.29
3.10
ABTS
Plant
HE
CE
EAE
ME
WE
BHT
AA
P. longifolia
0.27
>5
>5
0.16
2.0
0.42
0.15
R. melanophloeos
3.31
3.22
2.79
1.44
>5
3.73
3.43
B. natalensis
4.72
<5
>5
<5
>5
1.52
>4
Fe2+ Chelating
Plant
HE
CE
EAE
ME
WE
EDTA
CA
P. longifolia
>5
nd
nd
nd
nd
3.68
3.85
R. melanophloeos
4.23
3.55
0.93
3.22
>5
3.31
3.89
B. natalensis
>5
>5
>5
>5
>5
0.73
3.81
•

nd- not detected; results are expressed as mean ± SEM, (n=3).
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Table-4: Platelet aggregation inhibitory activity (IC50 mg/ml) of the extracts of P. longifolia, R.
melanophloeos and B. natalensis with tannins and without tannins in parentheses.
P. longifolia
R. melanophloeos
B. natalensis
Extract
a
b
c
a
b
c
a
b
c
HE
0.59
1.56
>10
7.10
9.25
7.02
>10
>10
5.46
(9.10) (>10)
(>10)
(nd)
(9.85)
(nd)
(>10)
(>10) (1.77)
CE
>10
4.48
2.38
1.45
>10
9.11
>10
5.32
0.43
(>10) (5.86) (4.57)
(nd)
(9.24) (8.13) (>10) (0.37) (>10)
EAE
2.13
>10
2.09
1.15
1.59
1.64
>10
1.90
2.52
(nd)
(nd)
(nd)
(2.40) (2.27) (1.86) (>10) (0.18) (>10)
ME
nd
nd
2.21
nd
nd
nd
nd
1.81
>10
(>10)
(nd)
(nd)
(nd)
(nd)
(nd)
(>10)
(>10)
(>10)
WE
nd
nd
>10
2.83
nd
>10
9.71
>10
1.02
(>10)
(nd)
(nd)
(nd)
(9.24)
(nd)
(0.62) (0.39) (>10)
Heparin
7.40
•
•
•
•

nd- not detected; data were expressed as mean ± SEM, (n=3).
a-Thrombin-induced platelet aggregation
b- ADP-induced platelet aggregation
c- Epinephrine-induced platelet aggregation

Table-5: IC50 (mg/ml) values of anti-platelet aggregation activity (enzyme-treated platelets) of the
extracts of P. longifolia, R. melanophloeos and B. natalensis.
Thrombin-induced platelet aggregation
P. longifolia
R. melanophloeos
B. natalensis
Extract
x
y
x
y
z
x
y
z
z
HE
9.19
5.19
>10 nd
2.63
nd 6.77
0.92
8.53
CE
2.21
2.67 9.14
1.90
2.21
8.21
6.61
nd nd
EAE
2.17
2.63
2.05 3.38
0.84
1.11 2.30
0.98
2.69
ME
2.42
2.01
nd 41.6
7.22
7.79 1.85
1.51
>10
WE
7.52
8.11
8.46 1.10
1.98
nd 1.07
1.68
9.89
ADP-induced platelet aggregation
x
y
z
x
y
z
x
y
z
HE
1.36
7.77
5.54 nd
7.59
>10 >10
0.28
nd
CE
7.84
nd 2.60
3.92
nd
2.42
2.34
2.46 nd
EAE
>10
8.29
2.66 4.93
3.41
1.12 2.73
7.78
nd
ME
9.49
nd >10
5.59
nd
>10
1.61
2.90 5.94
WE
>10
>10
>10 4.17
6.22
nd 1.94
>10
nd
Epinephrine-induced platelet aggregation
x
y
z
x
y
z
x
y
z
HE
2.82
9.4
nd
nd
>10 6.47
8.09
nd
nd
1.77
nd
CE
nd
>10
8.98 5.46
EAE
7.12
2.42
1.36 3.67
3.79
3.67 2.38
2.12
nd
ME
>10
>10
2.66 nd
>10
nd 2.52
>10
nd
WE
nd
2.17
nd 7.59
>10
nd 2.47
>10
nd
>10
>10
nd
• nd- not detected; data were expressed as mean ± SEM, (n=3).
• x- trypsin treated platelets; y- bromelain treated platelets; z- papain treated platelets.
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