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Effects of Geraniin on Platelet Aggregation and Interactions
between Platelets and Neutrophils

CHEN Peng” , LIFan”, HEBo", WU Hong - Xiang') , YANG Jian - yuz) , ZHANG Xiao — chao" ,
SHEN Zhi — qgiang "
(1) School of Pharmaceutical Science, Kunming Medical University, Kunming Yunnan 650500; 2) Dept. of
Pharmacology, Haiyuan Faculty of Kunming Medical University, Kunming Yunnan 650106, China)

[ Abstract] Objective To investigate the effects of geraniin on platelet aggregation and platelet—neutrophil
interactions. Methods Platelet aggregation, in vitro and ex vivo, was determined by use of Born’s method,
and the binding of thrombin—stimulated platelets to neutrophils was observed based on the rosette assay. Intracellular
calcium concentration of platelets was measured by using Fura-2-AM. Results
inhibited arachidonic acid ( AA) -, adenosine diphosphate ( ADP)

—induced platelet aggregation,

Geraniin in vitro significantly
—, or platelet activating factor ( PAF)
in a concentration—-dependent manner. The medium inhibitory concentrations
(ICs) were 2.4, 0.4 and 1.1 pmol/L, respectively. Intragastric geraniin at 5 mg/kg markedly suppressed platelet
aggregation induced by AA, ADP, or PAF. Geraniin decreased the total rise of [Ca®], Ca® release, and Ca®
influx, in a concentration—dependant manner. The ICs values were 71.9, 84.9, and 62.9 pmol/L, respectively.
Geraniin decreased the binding of thrombin-stimulated platelets to neutrophils, and significantly inhibited washed
platelet aggregation stimulated by fMLP-activated neutrophils. The ICsy values were 3.2 and 10.2 pmol/L,
respectively. Conclusion Tt is suggested that geraniin inhibited platelet aggregation in vitro and ex vivo,
decreased the calcium mobilization of platelets, and suppressed the interactions between platelets and neutrophils.
[Key words] Geraniin; Platelet aggregation; Calcium; Platelet—neutrophil interactions
osteoclastic  bone  resorption .

Previously, platelets were considered to be the inhibition  of

main cells involved in the pathogenesis of thrombosis, Interestingly, geraniin showed potent inhibition of

whereas only a minor role was attributed to neutrophils. platelet aggregation in the in vitro screening of

However, many recent investigations realized that antiplatelet agents. In the present study, the effects of

neutrophils not only participate in thrombus formation
but may also exert a direct action on the extension of
myocardial infarction by releasing several cytotoxic
factors!". The interactions of platelet and neutrophil may
be one of the key factors in the development of

2 It is more valuable,

thromboembolic diseases
therefore, to develop an antithrombotic drug especially
at an angle of influencing multiple cellular interactions.

Geraniin was extracted and isolated from Phyllanthus
urinaria, a Chinese medicinal herbal plant rich in
Yunnan Province. In our previous study, geraniin was

found to show anti—osteoporotic effect due to its

geraniin were investigated on arachidonic acid (AA)
—, adenosine diphosphate ( ADP) -, or platelet
activating factor (PAF) —induced platelet aggregation
in vitro and ex vivo, platelet calcium mobilization,

platelet—neutrophil adhesion, and washed platelet
aggregation induced by N—formyl-methiongl - leucyl —
phenylalanine (fMLP) -—activated neutrophils.

1 Materials and Methods

1.1 Animals
Healthy rabbits weighing 2.0-3.0 kg, were offered
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by the Experimental Animal Center of Kunming Medical
University ( SCXK2009008). The protocol of this
study was approved by the Ethics Committee of Kun—
ming Medical University.
1.2 Drugs and chemicals

Geraniin was extracted from Phyllanthus urinaria,
a Chinese medicinal herbal plant rich in Yunnan
(purity: 99%)  (Fig.1). It was
dissolved in dimethyl sulphoxide (DMSO) , pH 7.0.
Crystalline aspirin was purchased from Sigma Chemical
Co. It was dissolved in 100 mmol/L Na,CO; before use.
ADP, AA, PAF, human thrombin, Fura-2-AM,
and fMLP were all from Sigma Chemical Co.ADP,
AA, and PAF were dissolved in phosphate buffer solu—
tion ( PBS) , 100 mmol/L. Na,CO;, and Tris—NaCl

buffer solution containing 0.25% bovine serum albu—

Province of China

min, respectively. fMLP was dissolved in DMSO.
HO OH OH
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Fig. 1 Structure of Geraniin

1.3 Preparation of platelets

Blood sample from rabbit carotid artery was col-
lected into plastic tubes, anticoagulated with 2.7%
edetic acid (for the binding of platelets to neutrophils)
or 3.8% sodium citrate acid (for platelet aggregation ).
Platelet-rich plasma (PRP) and platelet—poor plasma
(PPP) were obtained by the centrifuging the blood at
180 x gand 1 000 x g, respectively, for 10 min. PRP
was further spun to pellet platelets at 1 000 x g for 10
min. Platelet pellets were washed three times and re—
suspended in PBS (containing 1.0 % bovine serum al-
bumin and 1 mmol/L. CaCl,). Cell viability by Typan

blue exclusion was above 95% and cell counter was ad-

justed to 10® cell/mL.
1.4 Preparation of neutrophils

Neutrophils were isolated from the remaining blood
by dextran sedimentation and followed by Ficoll-Hy—
paque ( specific density 1.077 g/mL) and hypotonic
lysis of erythrocytes. The cell pellet was resuspended
in an erythrocyte lysis buffer composed of 155 mmol/L
NH,Cl, 2.96 mmol/L KHCO;, and 3.72 mmol/L edetic
acid. The tube was gently inverted and after 5 min the
suspension was centrifuged at 350 x g for 10 min,
and the cell pellet was washed in PBS lacking calcium;
then resuspended in Hanks solution containing 1
mmol/LL CaCl,. Cells were adjusted to a count of 2 x
10°cell/mL. Cells prepared in this manner contained 98
% neutrophils and were 96% viable.
1.5 Platelet aggregation
1.5.1 Platelet aggregation in vitro Platelet aggre—
gation in PRP was measured as described by Born ™.
The maximal aggregation was monitored ~(final concen—
tration of ADP 3 pmol/L, AA 0.35 mmol/L., and PAF
7.2 nmol/L)) in a Lumiaggregometer. Percentage inhi—
bition by drugs was calculated by use of the following e—
quation:

A=-B 100

Inhibition of aggregation (%) =

Where A is the maximum change of tubidity when

the control  (saline) is added and B is the maximum
change of tubidity when the drug (geraniin or aspirin)
is added.

1.5.2 Rabbits

were randomly divided into 3 groups of six. Group A

Platelet aggregation ex vivo

was given intragastrically the same volume of saline.
Group B was administered intragastrically 5 mg/kg
geraniin, and group C 5 mg/kg aspirin. PRP and PPP
were prepared before administration and at 60, 120,

180, and 240 min after administration,
Platelet aggregation induced by ADP, AA or PAF was

respectively.

monitored as in vitro test, respectively.
1.6 Measurement of cytosolic Ca*

The above prepared washed platelets were then
loaded with 3 pwmol/L Fura—2—AM by incubating the
suspension at 37 °C for 45 min. The external calcium
was adjusted by addition of 1 mmol/L. CaCl, or egtazic
acid, respectively. Intracellular Ca** concentration of
platelets was measured by using Fura—2—-AMY with a
spectrofluorophotometer (Model RF-5000, Shimazh-
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u, Japan) at 37 °C and magnetically stirred.

AA (200 pmol/L) -stimulated rise in [Ca*]i was
measured separately in the presence of 1 mmol L CaCl,
or egtazic acid. The rise in [Ca®]i in the presence of
CaCl, 1 mmol/L. represents a combination of Ca*
release and influx of Ca*. The rise in the presence of
egtazic acid 1 mmol/L reflects Ca* release. The
difference between these two measurement reflects the
influx of external Ca*.

1.7 Rosette assay

The method of Hamburger'®was modified. Briefly,
50 wL aliquots of platelet suspension were placed in
microtiter wells and exposed to 10 pL of 1.2 U/mL
human thrombin (final concentration: 0.2 U/mL) for
15 min at room temperature without stirring. The
then fixed with 50 pL of 2%

paraformaldehyde for 30 min at room temperature.

platelets were

When required, 50 pL of 0.9% saline or drug solution
was added before thrombin activation. Platelets were
washed three times with PBS and resuspended in 50 pL
PBS. Then 100 wL of neutrophils was added to the
platelet suspension and incubated for 30 min at 4 C
under rocking condition. One hundred neutrophils were
scored for the presence (two or more platelets per

neutrophil) or absence (zero or one platelet per

neutrophil) of platelets. Neutrophils bearing two or
more platelets were thus defined as rosettes. For each
assay, done in triplicate, the rosetting score was
assessed by two different observers.

1.8 Platelet aggregation induced by the sup-

ernatant from activated neutrophils

Activated neutrophil supernatant was obtained by
adding fMLP (2 pmol/L) into neutrophil suspension
for 10 min at 37 °C, and then centrifuged at 3 000 x g
for 1 min. Washed platelets were incubated with 0.9%
saline or drug solution for 10 min at 37 °C, then added
5 pL of the cell-free

neutrophils.

supernatant of activated
Platelet aggregation was determined as
above described.
1.9 Statistical analysis

The data were analyzed by the software bag of SPSS
(Version 13, SPSS Inc., USA).All the data were exp—
ressed as X £S5, and analyzed by one way ANOVA and
least—significant difference (LSD) test, respecti —
considered

vely. Differences  were statistically

significant when P < 0.05.
2 Results

2.1 Effects of geraniin on platelet aggregat—
ion in vitro

Geraniin = significantly inhibited AA-induced
platelet aggregation in a concentration—dependent man—
ner. The ICy value was 2.4 pmol/L. On ADP-or PA-
F-induced platelet aggregation, geraniin also had
significant influence, obtaining 0.4 and 1.1 pmol/L of
ICsy values, respectively. Aspirin concentration —
dependently suppressed platelet aggregation induced by
AA (ICs = 6.3 p,mol/L) , but not by ADP or PAF

(Table 1).

Tab. 1 Effects of geraniin on AA-, ADP-, or PAF-induced rabbit platelet aggregation in vitro [n=6,(x+s)]

Platelet Aggregation (%)

Drug (pumol/L) AA ADP PAF

Geraniin Aspirin Geraniin Aspirin Geraniin Aspirin
0.5% 782+ 6.7 73.7+7.5 65.3+7.1 69.2+34 69.6+2.3 67.2+3.7
DMSO
0.16 74.7 £ 6.1 653 +5.2 42.7+2.5° 66.3+5.5 52.7+58 67.3+24
0.8 492+54 51.5+£3.3 223 +4.4" 67.2+4.1 31.5+1.8" 60.7 + 4.2
4 31.8 £3.6" 37.4+29" 13.7+ 1.6 60.6 + 6.1 209 +£5.7" 629+ 1.8
20 104 +2.2" 28.5+4.2" 46=+1.17 67.9+5.7 9.6£2.7" 59.8+ 6.6
100 1.7+£0.2" 15.6 +3.6™ 0.8 +0.2" 62.9+49 1.8 £1.17 64.9 +4.1

"P<0.05, "P<0.01, compared with 0.5 % DMSO.
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2.2 Effect of intragastric geraniin on platel-

et aggregation ex vivo

5 mg/kg of geraniin and aspirin showed marked in—
hibitory effect on AA—induced platelet aggregation dur—
ing 60 ~ 180 min after administration. Geraniin also had
markedly inhibitory effects on platelet aggregation in—
duced by ADP as well as PAF, during 60-180 min and
60 -120 min after administration, respectively. As—
had no significant effect either by

irin, however
b b

Tab. 2 Effect of intragastric 5 mg/kg geraniin on AA-,

ADP or by PAF (Table 2).
2.3 Effect of geraniin on platelet cytosolic
calcium
Geraniin decreased the total rise of [Ca*];, Ca*
release, and Ca* influx, in a concentration—dependant
and 62.9
pmol/L, respectively. Varapamil significantly lowered
[Ca*] elevation (Table 3).

manner. The ICs, values were 71.9, 84.9,

ADP-, or PAF-induced rabbit platelet aggregation

[N=6,(xxs)]
Platelet Aggregation (%)
Drug Dose(mg/kg)
0 min 60 min 120 min 180 min 240 min

AA

Saline - 75.6+5.9 729 = 6.7 782 = 3.7 742+ 5.1 73.8 £6.4

Aspirin 5 73.6 6.1 33.5+3.8" 19.8 +4.7" 425+6.2" 704 +£6.6

Geraniin 5 77.1 £5.5 30.7 £4.27 10.5+2.8™ 29.5 +4.4" 728 +1.4
ADP

Saline - 62.3+3.9 66.4+5.7 60.8 +4.9 65.0 4.6 59.8 +3.3

Aspirin 5 60.8 +4.1 628 +1.5 63.7+4.8 60.4 +£5.5 63.7+2.9

Geraniin 5 65.0 £3.7 504 +4.6° 30.7 £2.4” 369 £2.77 559 +6.7
PAF

Saline - 61.3+5.1 648 +2.4 624+1.9 60.8 £ 6.9 61.7+2.5

Aspirin 60.5+2.2 63.9+7.1 69.6 + 6.5 62.2 +41 629 +5.5

Geraniin 64.8+5.5 46.9 £4.3 38.7+2.1" 59.6 £33 63.7 £3.8

"P<0.05, "P<0.01, compared with saline or 0 min.

Tab. 3 Effect of geraniin on cytosolic calcium induced by arachidonic acid (200 pmol/L) in washed rabbit

platelets [n=6,(Xx=+s)]

Drug Concentration (pmol/L) Total rise of [Ca®]i (nmol/L) Ca* release (nmol/L) Ca* influx (nmol/L)
0.5% DMSO 0 282.3 +46.8 143.8 +29.4 1694 +31.2
0.16 293.5+51.2 156.7 +30.4 172.6 £40.2
0.8 273.6 325 131.8+31.5 155.4 +24.1
4 219.6 + 38.5" 120.6 + 19.5" 1352 +27.6
20 208.9 + 28.6" 115.8 +27.5" 120.3 £ 21.7°
100 182.9 +22.2™ 112.8 +20.7" 129.6 + 24.6
Varapamil 100 153.8 £23.4™ 99.6 + 19.4™ 95.3 +18.5™

"P<0.05,"P< 0.01, compared with 0.5 % DMSO.

2.4 Effect of geraniin on the binding betwe-
en platelets and neutrophils
Geraniin and aspirin significantly decreased the
binding of platelets to neutrophils with ICsy of 3.2 and
25.5 pmol/L, respectively (Table 4).

2.5 Effect of geraniin on washed platelet ag-
gregation induced by activated neu-
trophils
Geraniin markedly inhibited washed platelet ag—

gregation induced by the supernatant from fMLP-acti-
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vated neutrophils. The ICs value was 10.2 pmol/L.
Aspirin had no inhibitory activity on platelet aggregation
stimulated by fMLP —activated neutrophils (Table 5) .

Tab. 4 Effect of geraniin on the binding of throm-

bin-activated platelets to neutrophils [n =6,

(x£9)]

Adhesion (%)
Drug ( mol/L)

Geraniin Aspirin
0.5% DMSO 70.5 +12.3 72.9 +£10.5
0.16 65.8 £8.2 60.3+9.7
0.8 413 £5.17 523+49
4 22.8 +4.3" 45.6 24"
20 159+ 1.8 36.5+4.57
100 10.2 +3.4™ 30.8+£2.6™

"P<0.05, "P<0.01, compared with 0.5 % DMSO

Tab. 5 Effect of geraniin on washed platelet aggrega—
tion stimulated by the
fMLP-activated neutrophils in rabbits [n =6,
(x£9)]

supernatant of

Platelet Aggregation (%)

Drug (pmol/L)

Geraniin Aspirin
0.5 % DMSO 552+3.6 543+3.7
0.16 56.2 2.7 53.3+3.1
0.8 42.6+3.9 51.6+2.2
4 204+ 3.7 59.6 +3.7
20 12729 52.7+18
100 8.6 +1.4 56.9+4.6

"P<0.05, compared with 0.5 % DMSO

3 Discussion

ADP, AA, and PAF can cause platelet activation
and result in platelet aggregation through different path—
ways"’. In this study, geraniin in vitro significantly
inhibited AA—, ADP-, or PAF-induced platelet ag—
gregation, in a concentration—dependent manner. In—
tragastric geraniin had a significant inhibitory effect on
AA-induced aggregation 60-120 min after administra—
tion. Differing from aspirin, geraniin also significantly
inhibited ADP-or PAF-induced platelet aggregation
60-180 min and 60-120 min after administration, re—
spectively. Platelet hyperfunction is believed to be as—
sociated with thrombotic disorders. It is suggested that

geraniin showed a nonspecific inhibition on platelet ag—

gregation and might be useful for antithrombosis.
After activation of platelets by thrombin, platelet
selectin is rapidly redistributed to the cell surface during

granulation, and mediates the binding of activated

platelets to neutrophils '

Aspirin was reported not to
inhibit expression of platelet selectin "'. However, it
strongly inhibited ADP-stimulated platelet release of
both granule and dense granule contents. Our data in—
dicated that aspirin inhibited platelet—neutrophil adhe—
sion. Aspirin may suppress secondary expression of
other adhesion molecule on platelet surface and reduce
platelet—neutrophil  adhesion. Geraniin significantly
decreased the binding of platelets to neutrophils obtain—
ing a lower ICs, value to that of aspirin. Platelet—neu—
trophil adhesion is obviously increased in some cardio—
vascular diseases ”. The adhesion between these two
kinds of blood cells are involved in the process of throm—
bomodulation™. Activation of platelets increases neu—
trophil adhesion to foreign surfaces, neutrophile aggre—
gation, lysosomal enzyme release, etc. Platelet—derived
products are able to promote neutrophil chemotaxsis,
enzyme release, and phagocytosis and to inhibit oxida—

On the other hand,

products can promote platelet aggregation,

tive burst. neutrophil-derived
serotonin
release and generation of thrombotic materials .
Thrombus formation is mediated by the platelet—neu—
trophil interactions including cell binding and platelet
aggregation. Clinical studies showed that platelet—neu—
trophil rosette in patients with thrombotic disease signif—
icantly increased " Our resulis suggest that geraniin
showed the ability to suppress the binding of activated
platelets to neutrophils, and may be beneficial to the
treatment of thromboembolic disorders.

Bioactive substances derived from activated neu—
trophils can challenge platelet aggregation, thrombox—
ane A, formation, and cytoplasmic Ca* movement .
Aspirin, however, had no influence on platelet aggre—
gation stimulated by activated neutrophils, suggesting
that cyclooxygenase may not be directly involved in neu—
trophil-induced platelet aggregation.  Toxic oxygen
radicals, cathepsin G, elastase and PAF have been
suggested to act as mediators of neutrophil-dependent
platelet activation "”. Geraniin exerted a concentra—
tion—dependent inhibitory effect on platelet aggregation
induced by the cell-free supernatant from {MLP -

activated neutrophils. Briefly, geraniin suppressed
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platelet—neutrophil  interaction  through  different
mechanism from aspirin.

Calcium is an important mediator in platelet
activation as well as in the process of platelet —
neutrophil interactions!". In this study, the increase
of [Ca*]i induced by AA in the presence of CaCl, was
much larger than that in the absence of extracellular
Ca?,
AA-induced increase in [Ca*]i is caused by the influx of

C a2+

concentration—dependently lowered the increase of

suggesting that the major component of the
ions across the plasma membrane. Geraniin

[Ca*]i stimulated by AA in the presence of CaCl, or
EGTA, respectively. This demonstrated that geraniin
inhibited both the influx of extracellular calcium and the
mobilization of calcium from intracellular stores.
Decreasing cytosolic calcium is one of the mechanisms
of geraniin in suppressing platelet hyperfunction and the
interactions between platelets and neutrophils.

In conclusion,

geraniin  inhibited  platelet

aggregation in vitro and ex vivo, decreased platelet —

neutrophil  adhesion, and suppressed platelet

aggregation induced by activated neutrophils. Geraniin
may be developed as an antithrombotic agent due to its
antiplatelet effect and suppression of platelet—neutrophil

interactions.
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