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In vivo antiplatelet effect of
Intravenous alum in rabbits
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ABSTRACT Traditionally known as a haemostatic agent, alum shows a paradoxical effect of increased
prothrombin and partial thromboplastin times. This study investigated the in vivo effect of alum on platelet
aggregation and bleeding time in rabbits. The collagen-induced platelet aggregation of platelet-rich plasma
samples from 14 healthy rabbits was measured turbidometrically using a platelet aggregometer, before and
1 hour after intravenous injection of alum. Collagen-induced platelet aggregation was significantly reduced
after alum injection. Bleeding time from an ear puncture in 8 rabbits was also significantly prolonged after
intravenous alum injection. These results suggest that the use of alum as an oral antiplatelet drug could be
explored further, taking into account possible side-effects especially in renal compromised patients.

Effet antiplaquettairein vivo de I’alun injecté par voie intraveineuse chez des lapins

RESUME Traditionnellement connu comme agent hémostatique, I'alun montre un effet paradoxal
d’allongement des temps de prothrombine et de thromboplastine partielle. La présente étude a examiné
I'effet in vivo de I'alun sur I'agrégation plaquettaire et le temps de saignement chez des lapins. Lagrégation
plaquettaire induite par le collagéne dans des échantillons de plasma riche en plaquettes de 14 lapins sains
a été mesurée par turbidimétrie en utilisant un agrégometre, avant et une heure apres une injection intra-
veineuse d’'alun. Lagrégation plaquettaire induite par le collagéne était significativement réduite aprés
I'injection d’alun. Le temps de saignement aprés incision & l'oreille chez 8 lapins était significativement
prolongé aprés l'injection intraveineuse d’alun. Ces résultats semblent indiquer que I'utilisation de l'alun en
tant qu'antiplaquettaire oral pourrait faire I'objet d’études complémentaires, en tenant compte des effets
secondaires éventuels notamment chez les patients dont la fonction rénale est altérée.
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Introduction

Alum (aluminium potassium sulfate) is a
food additive and traditional remedy used to
stop superficial bleeding from minor abra-
sions or cuts. Its astringent properties con-
tribute to its efficacy in the treatment of
intravesical haemorrhage caused by pros-
tate and bladder cancer [/,2] or hemor-
rhagic cystitis [3]. Alum can also control
haemorrhage from advanced rectal carci-
noma [4] or oesophageal varices [5]. Alum
proved to be safe and effective and thus
remains the drug of choice for persistent
vesical haematuria [6]. In addition, mouth
rinses containing alum have been shown to
reduce dental plaques and can therefore be
useful in preventive dentistry [7,8].

The mechanism by which alum halts
bleeding is not clearly understood. Protein
precipitation and/or vasoconstriction are
proposed mechanisms. Precipitation oc-
curs primarily on the cell surface and su-
perficial interstitial spaces. This leads to
decreased capillary permeability, contrac-
tion of intercellular space, vasoconstric-
tion, hardening of the capillary endothelium
and a reduction in oedema, inflammation
and exudate [9,10].

Only 2 studies have followed its effect
on the blood. Surprisingly, both reported
elevated prothrombin and partial thrombo-
plastin times with high serum aluminium
levels after either intravesical irrigation [ /7]
or accidental exposure to alum at work
[/2]. This paradox in the mechanism of
action of alum is confirmed by our previ-
ous report that human platelet aggregation
induced by collagen, epinephrine, adenos-
ine diphosphate (ADP) and thrombin were
inhibited by in vitro treatment with alum
[/3]. However, to the best of our knowl-
edge, the antiaggregation effect of alum has
not yet been investigated in vivo. There-
fore, to further investigate this apparent

contradiction in the mechanism of action of
alum, we evaluated the in vivo effect of
alum in terms of collagen-induced platelet
aggregation and bleeding time. We aimed to
elucidate if the in vitro properties of alum
were also observed in vivo.

Methods

Ethical approval for the study was obtained
from the Institutional Animal Care Commit-
tee of the University of Jordan, and the
Committee guidelines were followed to
minimize pain and discomfort during the
entire experimental period.

Materials

Local inbred healthy male adult white rab-
bits were used. The animals were main-
tained on a regular diet with a locally
purchased proprietary rabbit food mix and
water ad libitum. The animal treatments
were made between 10.00 and 12.00
hours.

Collagen from calfskin was purchased
from Sigma, St. Louis, Missouri, USA.
Aluminium potassium sulfate (> 99% pure)
was obtained from local sources.

Platelet aggregation study

For the platelet aggregation study, 14 rab-
bits were used with a mean (standard devi-
ation) body weight of 2.2 (0.23) kg, range
1.9-2.7 kg.

The rabbits were injected in the margin-
al ear vein with alum at 5 mg/kg body
weight. Alum was dissolved in normal sa-
line in a concentration of 1 mg/mL, and
thus 5 mL/kg of this solution was injected.
Blood samples were drawn from the cen-
tral ear artery of study rabbits before the
experiment started and 1 hour after injec-
tion of alum.
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Blood was collected into trisodium-
citrated tubes through citrated syringes and
butterflies. Citrated blood was then centri-
fuged at 1000 rpm (250 x g) for 10 minutes
at room temperature to obtain the platelet-
rich plasma (PRP) fraction from the super-
natant while excluding the buffy coat layer.
The PRP was left for half an hour to pre-
vent platelet shock. The remaining blood
was centrifuged at 2500 rpm (1500 X g)
for 10 minutes to obtain the platelet-poor
plasma (PPP) fraction. The PPP was used
as a blank to set the baseline for the aggre-
gometer. Platelet aggregation was induced
by adding 20 pL of collage solution (91 pg/
mL) to 200 pL of PRP. The reaction mix-
ture was stirred magnetically at 1000 rpm
and percentage aggregation was recorded
at 30-second intervals for up to 5 minutes
until aggregation was complete. Platelet ag-
gregation was monitored turbidometrically
with continuous reading of light transmis-
sion using an aggregometer (model PAP-4,
Bio/Data Corporation, Horsham, Pennsyl-
vania, USA) according to the method of
Born [/4].

Bleeding time study

For the bleeding time study, 8 rabbits were
used with a mean (SD) body weight of 2.3
(0.24) kg, range 2.0-2.6 kg. The rabbits
used for platelet aggregation could not be
used at the same time for bleeding time ex-
periments because of the stress of drawing
blood on the animals and the injection site
on the ear.

The rabbits were injected with alum at 5
mg/kg body weight through the marginal
ear vein and the other ear was used for the
measurement of bleeding time. The rabbit’s
ear was punctured using a routine automat-
ic lancet and filter paper and the same ear
was punctured in another place 1 hour after
infection. Skin bleeding time was assessed
before the experiment started and after in-

jection of alum. Bleeding time was mea-
sured using a stopwatch from the time of
puncture until the time bleeding stopped
and was determined by the same person.

Follow-up

The rabbits were followed for several
weeks following the injection. The alum
dose used had a mortality rate of zero and
none of the animals show any gross visual
signs of aluminium toxicity such as sei-
zures, anorexia, vomiting or coma. Alum
toxicity in terms of renal impairment, how-
ever, was not assessed in this study.

Controls

Two groups of parallel experiments were
conducted by injecting rabbits with 5 mL/
kg normal saline. Platelet aggregation in one
group, and bleeding time in a second group,
were measured before and after injection of
normal saline. No changes were noted in
the above parameters due to normal saline
injection (data not shown).

Statistical analysis

The data are presented as mean [standard
error (SE)]. Comparisons between data
from control and alum-treated rabbits were
made with the 2-tailed paired Student ¢-test
and a P value < 0.05 was considered statis-
tically significant.

Results

The results showed that alum significantly
decreased the collagen-induced platelet ag-
gregation of platelet-rich plasma 1 hour af-
ter a single intravenous injection from a
mean of 68.6% to 26.4% (P < 0.05) (Fig-
ure 1). These inhibitory effects were sig-
nificant as early as 30 seconds following
the addition of collagen and reached a max-
imum at 3 minutes (Figure 2). The same
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80 Bleeding time from an ear puncture in
70 T rabbits was prolonged significantly from a
c 1 mean of 2.36 minutes to 3.79 minutes (P <
-(% 60 0.05) after single intravenous alum injec-
g 50 tion (Figure 3).
% 40 Control rabbits were injected intrave-
N * nously with normal saline alone and did not
30 | show any change in platelet aggregation or
20 L bleeding time.
10
0 Discussion
Before After

Figure 1 Mean percentage platelet
aggregation of platelet-rich plasma 3
minutes after collagen induction, before and
1 hour after intravenous alum injection to
rabbits (n = 14). Bars indicate standard error;
*P <0.05

trend of inhibition 0.5 hour and 2 hours af-
ter intravenous alum injection was record-
ed (data not shown).
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% aggregation
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Platelets are believed to play a key role in
the pathogenesis of atherosclerosis and
acute coronary syndromes and therefore
antiplatelet therapy may offer clinical bene-
fits in the prevention of heart attacks and
strokes. The haemostatic platelet function
is mediated through their aggregation re-
sponse to various endogenous agonists
such as collagen, thrombin, adenosine
diphosphate (ADP), adrenaline and 5-
hydroxtryptamine (5-HT) [/5]. In addition,
bleeding time has been advocated as a sim-

30 60 90

120 150 180

Time (seconds)

Figure 2 Mean percentage platelet aggregation of platelet-rich plasma 30 seconds to 3 minutes
after collagen induction, before and 1 hour after intravenous alum injection to rabbits (n = 14).

Bars indicate standard error
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Bleeding time (min)
HH

Before After

Figure 3 Mean bleeding time of an ear
puncture, before and 1 hour after
intravenous alum injection to rabbits (n = 8).
Bars indicate standard error; *P <0.05

ple test for platelet function [/6]. Alum
stops superficial bleeding and is used to
stop intractable haematuria caused by a
multiple array of causes. The mechanism
of this action has not yet been properly in-
vestigated.

The present study focused on the re-
sponsiveness to in vivo administration of
alum in terms of collagen-induced platelet
aggregation and bleeding time. Opposite to
what would be predicted, alum inhibited
collagen-induced platelet aggregation and
prolonged bleeding time when administered
parenterally. The question of why a haemo-
static agent such as alum inhibits platelet
aggregation needs to be resolved. However,
the current findings are consistent with our
previous in vitro results showing that alum
inhibited human platelet aggregation in-
duced by collagen, epinephrine, ADP and
thrombin in vitro [12].

Collagen, being a physiologically impor-
tant activating agent, induces aggregation
through forming thromboxanes. Its mech-

anism of action involves binding to plasma
von Willebrand factor that activates platelet
receptors glycoprotein IIb/Illa (GP IIb/
ITa) [17-19]. 1t is conceivable that alum
inhibits collagen-induced platelet aggrega-
tion through competing for their GP IIb/
IITa surface receptors. Although collagen
and ADP react with the same receptors,
collagen forms thromboxane but ADP does
not. Alum probably works through a mech-
anism different than that of aspirin. For in-
stance, aspirin inhibits collagen but not
ADP-induced platelet aggregation [20].
However, alum inhibits both collagen and
ADP-induced platelet aggregation [ /3].

The importance of our findings needs to
be investigated thoroughly. For instance,
inhibitors of the platelet GP 1Ib/Illa would
be of great clinical value as anti-platelet
agents. Alum is absorbed by the gas-
trointestinal tract when given orally, which
can be enhanced by citric acid [27]. If
alum conforms to this principle it would in-
triguing to explore its potential use as an an-
tiplatelet drug.

Extrapolating data from animals to hu-
mans should be approached with caution.
Systemic toxicity and dose-response stud-
ies on alum would be needed before making
any conclusions regarding its clinical val-
ues [22,23]. Although the safety of alum ir-
rigation has been established in many
studies [//], its toxicity after intravenous
injection has to be addressed thoroughly.
For instance, patients with a damaged uri-
nary bladder wall or renal impairment are at
increased risk of developing aluminium
toxicity. Intact renal function is essential
for rapid disposal of a parenteral aluminium
dose [24]. Therefore, patients with renal
impairment are at increased risk of devel-
oping encephalopathy, which might be a
major drawback against routine use of
alum [2,25].
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Conclusion

This study indicates that alum inhibits
platelet aggregation and prolongs bleeding
time in vivo. Alum could be a cost-
effective anti-platelet agent, but its side-
effects would need to be addressed care-
fully. The dose—response and elimination
rate of alum would need to be studied to
elucidate the clinical importance of these
findings.
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