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Abstract
\''oiurnes of cn:de cel1 free fiitate and steps of partiai prifieci phospholipase C rvere prepared fro;n non-toxigenic

B:rilils cereus isolals.l/so concentrations of highly purified preparation (iCN) w'as used. ProphS,la,xis agairut greater

tfi.n i-D5o thrcml-.oplastin (0"0612mlmouse) rer,ealed icco\ery of mice titJt 97'%, 1tl0% and 97Vo for edl fiee
fi,u'me. haemollsin cured & sephadex eluted phosphoiipase C respectir.ely *'ith no signiiicant diflbrences among
i4jeticxt tlme intervals while fie pure prryararion rccovered 97Yo nice ra,ith a significant differarces among time
intenals. Treatrnent by post thrombosis induction revealed that cell free filt'ate, partiai purification steps and the

higily pwified phospholipase C recovercd 98% mice witr no sigriflcant differences among injection time inrcrv*als

.The haematrrlogical parameters PCV. RBC count and platelet count remained witlrin normal range after 12 hows of
ilrjection These results suggested the possibilitv of using partially purified & highly purifled phospholipase C as

pr:phrvlactic agent agalnst infa,.ction in man.
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Introduction
Blood coagulation is the process by

which fibrin strands create a meshwork
that cements blood components together

[1]. Several therapeutic agents are being
used to prevent thrombus forrnation.
Aspirin was used to prevent arterial
thrombi l2). Warfarin, an oral
anticoagulant, acts by decreasing
protlrrombin time tJ]. Heparin is a

thrombin inhibitor t4l. Tissue
plasminogen activator, a thrombolytic
drug which converts pla.sminogen to
plasmin [5]. Urokinase, prepareel from
human kidney celis, it is norv an effective
thrombolyic drug t6l. Sterptokinase
induced both localized and systemic
proteolytic effects since fibrinolysis,
fibrinogenolysis, degradation of plasmin-
sensitive coagulation factors and
proteolysis of other proteins can be
observed l7l. Staphylococcus Gureus

staphylokinase was suggested to be
therapeutic l8]. The fibrinoiytic enzyrne
tibrolase from copperhead venom was a
ner,v fibrinolytic drug used [9]; it has

been shorvn to degrade fibrin clots [10].
Tissue thromboplastin (tissue factor- TF-
or factor iII) is the most potent
physiological trigger of blood
coagulation known; it is a membrane
glycoprotein surrounded by
phospholipids that are essential fot its
procnagulant activity [11J. Nemerson

[12] found that removal af 95% of the
tissue factor phospholipid resulted in a

loss of 98% of its biological activity.
After major surgery and trauma,
thromboplastin rnay be detected in the
general circulation [ 3], and may be
responsible for the thromboernbolic
episodes following such event [14].It has
been shown that intravenous infusion of
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ln rats, a marked activation of factor VII the platelet cr:unt and in the coagulation

and a fall in the activities of factors V, lactors V, VII and VIII. Intravenous

VIil and thrombocl,tes count \.vere administratir:n of purified phospholipase

observed; the main changes during the C effectiveiy prevents all these changes

first 15 rnin. atler injection being and protected rats against otherwise

otrservecl in the lungs were fibrin - lethal doses of tissue thromboplastine

containing thrombi and platelet [15,16]. Phospholipase C was found to

aggregatei [15,16]. In recent years, the protect mice against abortion and

oUitlty of tissue faetor to prornote the intrauterine fetal death induced by

acriyarion of factor VIi by factor VIIa endotoxin (Lipopolysaccharide) caused

has been investigated using both purified fibrinogen accumrtlation, thrombosis and

anc! cell- associated TF [17,t8]. Baciltus ireamorrhage irt the placental tissue then

cereus produces several tlpes of fetal death [27]' R-at, mouser bovine and

phospholifase C specific toward acetone porvdered rabbit brain

phospholipids, these are phosphatidylcholine preparations of tirromboplastin are more

(PC), phosphatidylethanolamin (PE) and sensitive to attack by phospholipase C

phosphatidyserine (PS) all good substrate fcr than human, sheep and standard rabbit

it [19,201. Phosphatidylcholin specific preparations [28]. Highl,v purified

phosphr:iipase C (EC. 3.1 .4.3) is phospholipase C frorn B. cereus reduces

characterized by the site of cleavage of factor VIl activity in pregnant rvomen to

phosphoilpid to diglycericle and the level sirnilar to those in piasma fiom
ptosptro.-,-tcholln 121]. On solici meCia the non-pregnant women 129.141. The

prociuctic,n of phosphatid.vlchclin hl,droilzing infusion of phospholipase C dose

**yo. has often been detected as a zone of behveen 40-50mg/kglhr inhibited most of
opalescence surounding colonies grorvn on the post-traumatic pulrnonary

an egg-yolk emulsion supplemented agar microembolism in pig [30]. This study is

122). B. cerexls phosphaticil'cholin specilic a pari of an investigation the possibility

phospholipase C retained the phospholipase of using B. cereus phosphopiipase C as a

a, but shorved markecl reduced prophf iactic of therapeutic agent in

sphingomyelinase, haemoll,tic, ancl lerhal thrornbosis and intravascuiar coagulation

activiiies 123j. Phospholipase C ied to an inCuced by iruman tissue thromboplastin

increase in the secretion rif the granule in mice'
enzyme lysctzl,rrre from htlutam neriffophils.

Stirnulation olneutrophile degranuiation is a Materials & Methods
potential contributing factor fbr tissue damage Strains: L,ocal soil non toxic isolate of
in infection caused by B. cereus B. cereus (isolate no.17) obtained b.v a

phospholipase C [24]. Gollube [25] lirst previous study [31], this strain is

reported thrt B. cereus phospholipase C negative to enterotoxicity, lethal factor,
protected rabbit against intravenous skin redness, skin necrosis, odema tests

infusion of human thromboplastin. but with supelproduction of
Otnaess et al. 126) showed that exposure phospholipase
of thromboplastin to phospholipase C of C. phospholipase C: obtained as crude,

Bacillus cereus resulteci in rapid loss of partially purified and highly purified
the thrornboplastin procoagulant a"ctivity forms, Crude preparation was obtained as

caused by hydrolysis of ttre essential eell free frltrate in Brain-Hear1 infusion
phospholipids. Infr"rsion of purified tissue broth 1321, Partially purified w.as

thrornboplastin in rats causes the obtaiped aS t\,vo steps of purification, the

accumulation of {ibrin and platelets in first was heamolysin- cured by

the lungs and produce rnarkecl ehanges in
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cholesterol celi free filtrate 133] and the mice recovered represented the %
next step obtained by filtration in recovery). B: By the same method,
sephadex G100 and dialvsis against tris- preparations of 0.05, 0.1,0.25,0.5 and
FICI [331. Pure phospholipase C "'vas 0.75rn1 partiaiiy purified phospholipas C
obtained by (ICN Srveeden) rvith activity (Haemolysin-cured cell-free filtrate). C:
of 50 Units/n:g. l)etermination of, total By the same rnethod, and the same
protein: achieved depending on biuret irreparations of partially purified
method [34] Thromboplastin: phospholipase C (sephadex elution). D:
(Bionrerex), By the same rnethod, preparations of
Mice: albino mice (l4us mus'culas) were 0.005,0.01" 0.02,0.03 and 0.04m1 highly
used as model for thrombosis induction purified phospholipaseC. Treatment
(range rveigirt 30-33gm). Phospholipase protocol: This protocol involved the
C actir in : Celi fiee filtrare, ditlerent prophylaxis b1' cell-free f,ltrate, partiall-v
puritication steos of partially purified and purrified and highiy purified
highil purified Phcspholipase C was phospholipase C al'ter induction cf
tested lor lecithinase actil,ity. Iising rlate tlrrombosis. I)cses of throrntroplastin,
ntethod on Egg-Yolk salt agar, the mean phospholipas C preparations and the time
radii of opalescence in millinieters intenals rvere the same as in prophylaxis
arouncl pores iinpregnated by test protocol. Some blood parameters
solutions was measured [35, 361, Also it includetl packed cell volume PCV [38.1,
was tested turbidometricallv at red blocd cell count [39]. piatelet count
absr:rption spectruin 600nm i.3 7]. l40l ivere achieved to assay the
Determination of tliromboplastin iethai healthlness of survivors after prophylaxis
dose (LDrot Human throiirbopiastin and treatment.
porvder \1'as prepared as mentioned b;i
manufactured company. Different Results
thrrrrhoplastin preparations llf A.2, A.4, The partial purification was started
0.5. 0.6 and 0.7m1 (each preparation fbr a wirh 1250mi cell free filtrate.
single inouse) were applied with l0 phospholipase C activity showecl 24,23,
duplicates were injected intraveirouslS'; 24 and 2l inm opacitv zones for crude.
the preparation doses were 0.0175, 0.035, haemolysin*curecl, dialysis and
4.A437, 0.0525 and 0.0612rng sephaclex eluted samples respectivcly"
throrriboplastin /mor:se respectively. Turbidgrnetrically, they showed activi|y
LD56 was calciliated as the dose, which with 0.88, 0.86, 0,87, 0.59 absorption for
kills 5096 of injected mice. ProphS,laxis purifica_tion steps respectively
protocol: This protocol included the lyhile thc pure phospliclipase C shorved
prophylaxis by injection betbre the 2$mrn-r:pacity zone a1d absorbency l.l2
induction of thromboplastin-meriiated at 600nm.Only crucle preparation shorved
thrombcsis. A: Diffbrent vcilumes o1' haemolysin activity (tablel )" The
chosen celi-free fi1trate, 0.1, 0.25. 0.5, sephadex elutecl samples showed higher
0.75 and 1.0 ml were injected peak at f,raction 14, each frastion of 3ml
intravenously' (each plt:paration for a (figure,i) The lethal dose (LDsoy of
single mollse with l0 duplicates). After thrornboplastin rvas 0.4 ml containing
three intervals (0. 5. 10 min.) an 0.7m1 (a 0.035 mg human origin tissue
dose represents the lethal dose of thromboplastin (tabte 2), which found to
thromboplatin) preparation u,as injected rnake mice died. lt was found that mice
intravenously to each rnousc of l0 cliecl within a period of l -15min
duplications .T'he resLrits were interpreted
as thc mean dead mice Ya (the residual
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Table (l): Partial purification steps of phospholipase C for Bscillus cereus
te 0. cell-liee liltrate.

NO Steps
Volume

(ml)
Opacity zone

FLC mrn.

PLC
Activity

Total protein
mg/dl

Haemolys
in activity

Aian

I L-ell-free filtrate I 250 24 0.88 347
0.12

2
Haemoiysin cured cell

frce filtrate
I 000 23 0.86 289 0.0

Dialvsis 150 1i 0.87 43.t 0.0

4
Colurnn

chromaiography
l5 2l 0.69 5.19 0.0

5 Highly purified 28mm l.t2

(isolate N

* The highly purified ready supplied preparation was included for comparison,

EE"lt i.
DTI[.
Ir"1lE
o c6,

d

No. ol lrtcfon
Figurc {1) Thc phospholipase C activity & Total protcin(mgldl} in partial
purifi€d fracuons of gqoiltus ccrcus isol.tc No-17

Table

Injection of lml cell-free filtrate was the
most convenient prophylactic dose,
which saved mice frorn more than lethal
dose (0.7m1) of tissue thromboplstin.
There was a significant difference
observed among doses of cell-free
filtrates (F:640.2614). and among the
injection time intervals also,

{F:4.A$479). the lower dose of
haemolysin-cured cell free filtrate found
to be prophylactic at 0.75m1psr mouse in
different time intervals, a significant
difference among injections (F:844 "7 07)

and no significant ditference among time
intervals (F=0.176471) were seen.

Injection of 0.5m1 of partially purified
(sephadex elution) phospholipase C per

mollse previous to thrombosis induction
recovered 95% of tested mice from lethal
effect of tissue thromboplastin.
Significant differenees were observed
among doses (F:517 .68367), whereas no
differences appeared among tiine
intervals (F:0.5263). Purified
phospholipase C showed higher
efficiency in prophylactic activity against
lethal effect of thrombosis than crude,

test for human tissue Thnom
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haemolysin-cured and partially purif,ied haemolysin-cured and partially purified
phospholipase C that a dose of 0.04m1 preparation when egg-yoik emulsion was
(150 units/kg) pure preparation per used as substrate (able1). Significant
mouse (5,0 units) cared 98yo mice fron'l differences observed among doses and
thrombosis. Pure phospholipase C was time intervals (F=1408.61l)(Table3).
found to have higher activity than crude,

Table (3): The prophylaxis experirnents by different preparations of phospholipase C
before different time intervals of induction thrornbosis bv tissue throm stin.

Time

itrterYals

(min.)

Cell free filrmt."

HeamollsiD cured"

Parlial purified*

Pure phospbolipsse

c*

Erain Hea( iDfusioE

Injecfed ditferent

phospholipase C

preparations

(mUmouse)

Thrombo

-plastin

(mg/mou

se)

Nlean desd mice (nol recoverd)r/u***

12

32

31

do

I
I

0.M12 
I
!

* 1+)ve control (mioe injected rvith phospholiprise C preparations without thromboplastin).
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*'r, (-) ve control (mice injected rvith brain heart infusion broth and lethal dose of thromboplastin).
;rr'i:t the mean recoverl,% is equal to 100 - mean death %,

Table (4) showed all results of treatment
protocols at three time intervals of
phospholipase C preparation injection
after- induction of thrombosis. The
lmlimouse was the best dose for cell-flee
filtrate with significant differences
among doses (F=608.552) and no
significance with respect to time intervals

€;0.052). The haemolysin-cured cell-
free filtrate was found to have the same
resuits; 0.75m1 injection after induction
of thrombosis was the best, with
significant differences among doses used
(F: 740.126), but with no significant
differences among time intervals even

after 10 min. of induction thrombosis
(F=3.404). It was appeared that 0.75m1 of
partially purified phospholipase C per
mouse- have the best ProPhY'lactic
activity, with a significant differences
among doses used (F:414.9A7) but no

signiftrcance among time 'intervals

(F:0.I I l). The dose 0.04m1; IS0units/kg
of purified phospholipase C show_ed a

besi effectlveness with significant
differences among doses used
(F=699.5001) but no significant
differences among tirne intervals
(F=1.117647).

Table (4) the treatment experiments by different preparations of phospholipase

C after differeut timc intervals of induction thrombosis tissue thromboplastin.
Ihrombo-

plastin

mg/mouse

Injected different
phospholipase C

preparation (ml/mouse)

Time

interv

als

(rrun.)

No. of
mice

injected

Mean Jead mice (nor recoverd)7o*

cell free

filtrate

I{eamolysi

n cured

cell free

filtrate

Partial

purefied(S

ephdex

eluted)

Pure

phosp

holip
ase C

0.0612 0.01 0

5

l0

r0 92

97

97

0.0612 0"02 0

5

10

l0 73

75

0.0612 003 0

5

i0

l0 45

48

53

0.0612 0.04 0

5

t0

10 3

0

0

0,0612 0.05 0

5

l0

10 97

100

r00

9'l
95

95

0.0612 0.1 0

5

l0

t0 97

97

97

82

8'7

90

42

42

47

0.0612 0.25 0

5

10

t0 8?

80

80

45

37

45

13

t7
20

0.4612 0.5 (.)

5

l0

10 52

47

47

l0
ta

1'7

5

5

2

0.0612 0.75 0

5

l0

IU l3
L1

17

7

7

7

2

0

0

0.0612 0 t0 J
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Cell tice filu'ate(1)x
Heamolysin

cured(o.75)*

partial purified(o.5)*
pure phospholipase

q1q{4)1___
+* Brain lleart infusion

hroth
+ (rJve controi (mice injected with phospholipase C preparations withor-rl
thromboplastin),
** (-) ve control (rnice injected lvith brain heart infusion broth and lethal dose of
thromboplastin).
*** ths mean reeovery Y, is equal to 100 - mean death ?6.

There was no effect on PCv, REC by thromboplastin nor phospholipase c)
and platelet count after 12 hr of and positive control (mice injected by
prophylaxis by partiaily purified phospholipase C oniy). Cell free filtrate
phospholipase C, purified phosphollpase was found to apparentiy decrease these
C, negative control (mice neither treated parameters (Table 5).

Table (5): Effect of crude, haemolysin-cured, partial purified and pure
preparations of B, cereus (isolate No.17) phospholipase C on sorne
haernatr:Ioeical arameters in mice after 12 lir of

FLC Treatmcnt
(mVrnouse)

Tfuombcnlastin
(mgrkg)

RBC count
(10''1mm3)

Platelct corirrt
(x lO'irun3l

Pure PLCI0.0.1t
(0,}rlt 824,822

608, 6.01

6.886,85

34.-14

8.95

Discussion
Cholesteroi has an effect on

oereolysin O lvhich is the main
haemolysin (iraernolysin tr) produced by
B. cereus, but it cannot affect the second
haemolysin (haernolysin Il or cereol5,sin
AB) i411. Phospholipase C is a part of
synergistic activity of two enzymes
phospholipase C and sphingomyelinase
worked as a singie toxin (cereolysin AB)
which has less haemoiytic activity differ
from cereolysin O [2i]. Death of mice
after thromboplastin injection may have
been due to a linlb thrombosis nr

cerebrovein thrombosis [28] .The
estimated LDso was 1.05rng/kg mice.
Iniravenous infusion of human or rabbit
thromboplastin was reported to cause
pulrnonary tlirombosis in rats [15,16].
trnfusion of human thrombopiastin to
rabbit caused alteration of the factor V
and Vlli levels, the estimated LD so for
standard human thromboplastin
preparation was 1.5-1.8m1,&g fia]" B.

cereus phospholipase C has a potential
value as a prophylaciic agent against
intravascular coagulation triggered by
thromboplastin I I 5, 1 6] . There was a

Crud(lnrl) i 0.512

Haemohsin C.rred
(0.?inil) 8.695 | 795

Partial nurified PLC
r 0 5nrJ)

6.05. 6.1 I(1000) spore
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clear effect of phosophlipase C in lethal factor activities but it was reported
prophylaxis when compared with to has a rnild haernolysin and elevated
injection by the medium used for phospholipase c activity t3ll. Ir is
phospholipase C production (brain heart known that phospholipase C &
infi:sion broth) which has not been sphingomyelinase act synergistically
prophylacted thromboplastin-induced creating a duplex haemolysin called
mice. Also, the prophylactic dose (lml) cerolysin AB [21,43]. The haemolysin
was not lethal lbr mice when injected activity of the isolale No.17 may be due
without induction of thrombosis, It was to the cereoiysin (haemolysin I) activity
appeared that the prophylactic dose of which is known to have a cytolytic effect
haemolysin-cured and sephdex eluted on mammalian cells in vitro and in vivo
partially purified phospholipase C is [41]. B. cereus phospholipases affect
lower than crude cell free filtrate. Pure membrane phospholipids through
phospholipase C was shown to be the forming pores on the mammalian cells
best prophylactic agent in comparison l22,441.This study revealed that
with other preparations lvhen injected haemolysin-cured cell-free filtrate have a
before induction thrombosis. Al1 three lower effect than uude cell-free filtrate
preparations were tested to know whether with respect to effect on PCV, RBC and
other extracellular factors had a synergic platelet counts when thrombosis-induced
or antagonistic effect on phospholipase C mice tested ,So, there is a mild effect of
or not. Results revealed that haemolysin which lost by treatment with
phospholipase C alone is required as cholesterol [41]. Partial purified
prophylactic agent and there was no any phospholipase C caused less cell lysis
positive effbct by using other 6. cereus than crude and haemolysin cured cell-
extracellular factors such as haemol,vsin free filtrate (Table5), this fall in toxic
and other toxins. The period considered activify- appeared to be due to the further
in application treatment against purification steps, dialysis and column
thrombosis-mediated death is 1-15 min. chromatography, which cured the
which is the period in which death possible cytolltic activity of orher
happened .It was found that partiaily proteins. Incubation of 100fold excess
purified and completely purified (5units/ml) of phospholipase C in
phospholipase C have a prophylactic previous study result in 100%
activity after induction thrombosis. hemoglobin release from erlthrocytes
Gollub & coworkers [25] first reported 1441. So that, purifled phospholipase C
that B. cereus phospholipase C protected was fbund to have a less cytoly.tic effect
rabbits against intravenous infusion of on RBC and platelet count and a mild
human thromboplastin. A protective decrease of PCV. Flitland & coworkers
effect against otherwise lethal doses of [28] reported that haematocrit, platelet
purified human thromboplastin given count and blood pressure remained
intravenously to rats has been constant in monkeys after phospholipase
demonstrated [ 5] at phospholipase C C injection. They demonstrated also that
concentration well below the estimated rabbit's ery'throcytes had more accessible
LDso for the enzyme (i.7Omg/kg of sensitivity to phospholipase C toxicity
rats)[28]. Haemolysin has a potential and heamolysis. The half-life of
letlral effect l42l but cell-free filtrate in phospholipase C in rabbit is about 90
this study has no lethality in spite of its min., the delayed disappearance of
hemolytic activity. Cell free filtrate of "8. phospholipase C in rabbit's plasma is
cereus (isolate No.l7) has no probably lead to increase toxicity than
enterotoxin, vaseular permeability and mice which show half-life of about 5.2-
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5.4 min. [45]. The current resuits were in thrombosis in spite of that previous
agreement with the rvork of, l.ittle et al" reports pointed out phosoholipase C
1461 respected the effect of causes a significant increase of several
phospholipase C oir platelet lysis, ii,hich plasma enzymes in rabhits. but
demonstrated that minimal cell lysis, had forlunately lvith no respiratory or
occurred under conditions of 4-days circulatory changes [28], From this sfudy
irrcubation at 37Cu in vitra. only tlie it was conclueled that there is a
phospholipi<i of the outer layer of the signifrcant prophylactic and treatment
plateiet membrane were accessible to the activity of phosphr:lipase C against
phospholipase C but the phospholipase C thromLrosis in mice. The cell free filtrate
attack to the inner inembrane was limited and partiai purification steps have the

[45]. r,r'hereas reported that erythrocyes same activity on prevention thrombosis,
\,vere not accessible to phosphatidi,lcholin but the pure preparation is typical. There
specific phospholipase C [19]. The marlced was a rnild elfect of phospholipase C
ceii lysis may be dr"re to the fac.t that prepararions on PCV. RBC and platelet
erythrocyte membrane composed of count in mice" So that, the phospholipase
phospholipids, about 400,h of it rry&s C preparations, especially the pure one, is
degraded b5'phospholipase C [45]. It was suggested to applied on infarction-risked
found that phospholipase C is c,f a great humans, as volunteers, to test their
value in proph,vlaxis activity against p;'ophylactic activity against infaretion.
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