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STUDIES ON PLATELETS AND HEPARIN

DURING SENSITIZATION AND ANAPHYLAXiS

By

STK;-ARNE JOHANSSON

In 1909, Achard & Anyand (jbscrved lor tlie tirst time that
platelets in the blood of a horse, ininiuni/cd with do^ serum,
were agglutinatctl hy iloj.; sertim, i.e. the corresponding an-
tij;en. Rocha c .Vi/̂ vi in I95<t recortlcti that platelets were ag-
glutinated and could he duma^^etl hy the antiji;en-antibody reac-
tion and finally ly/.ed in the capillaries. An indication ot this
damage is the release of 5-hydroxytryptamine from the plate-
lets {Humphrey & Jaques 1955).

A correlation between the severity of the shock and the
degree of thronihocytopema in rahhits has been demonstrated
by Kopt'loff & Kopi'loff (1941). A marked decrease in the
number of circulating platelets has been observed in guinea
pigs as early as five tlays after sensiti/ation without atiniini-
stration of the anaphylactic shock dose {Nilzi'n, 1959). In
earlier studies the author described the effect of beparin on
platelet counts ami as well as on the release of 5-hydroxytryp-
taniine in anapbylactic shock, food allergies and burn injuries
{Joliiirisson 1960, a, b, c). 'I he decrease in the ntimber ol cu'-
culating platelets after anaphylactic shock ami burn injuries
could be prevented by pretreating the animals with heparin. In
human beings heparin was able to prevent the tiecrease in pla-
telet count which accompanies allergic reactions elicited by a
specific allergen. Heparin also inhibited the release of -^-hydro-
xytryptaniine in anaphylactic siiock ami btirn injuries in rab-



bits and most of the local response reaction to the intradermal
injection of a specific allergen in man. Blomhdck, Johansson &
Sjohcrg (i960) observed that most of the coagulation factors
were consumed during an anaphylactic reaction. There are
thus some indications that the changes observed during anaphy-
laxis might he due to an increascil intravascular coagulati(jn
with consumption of coagulation factors. Also in the Saranelli-
Schwart/.man reaction a decrease in some of the coagulation
factors has been noted (McKay & Shapiro 1958, Kle'inmaicr
et al. 1959). This reaction was prevented if the animals were
pretreated with heparin or high doses of dicumarol [Good &
Thomas 1953, McKay & Shapiro 1958). Phati, I.asch & Gun-
ther (i960) succesfully treated a woman during shock pro-
bably due to a Saranelli-Schwart/.man reaction with a state of
hypocoagulability with heparin. There are a variety of patho-
logical coiulitions in which the changes in coagulation factors
present some similarities with those reactions mentioned above.
I hus in liver cirrhosis pcriotis of multiple deficiencies in
thromhocytopenia are observed [Bergstrom, Blombiick &
Klcen i960). The present author in i960 treated a woman
with bleeding tendency due to liver cirrhosis during two hleetl-
ing crisis with heparin. A state of hypocoagulahility was also
found in this case {Johansson 1962). Also purpura fulminans
has been succesfully treated with anticoagulants as reported
hy Little { 1 9 5 9 ) a n d by licrnstick & Ilirson ( i 9 6 0 ) .

The object of this investigation was to study if heparin couUl
prevent the changes in coagulation factors observed in connex-
ion witli anaphylactic shock.

M A T F R I A I . A N D M E T HO P S

Rabbits of both sexes weighing 2.5-3.5 ^Z ^verc used. The raliliils were sen-
sitized with 1 ml horse serum intraperitoiieally siven daily for six tiavs according
to Waalkes et al. (1957) and Saiiyal &: If'ist (11)58).

Collection of lihod samph's. Hlood was drawn from an car vein or throuRh a
teflon catheter in a carotid artery. The first k-w ml of hlood were descarded to
prevent any possible effect of tissue juice in the experiments. Trisodium citrate
X 211/' 'If heparin were used as anticoagirlants.
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Preparation of plasma. Nine volumes f)f blood were collected into plastic cen-
trifuge containing one volume of 3.13 per cent trisodiiun citrate. In some ex-
periments O.I |Ufi iif hepariii (V'itrum, S"cden) pr ml blmici was used as anti-
coagulant.

Platelet-rich plasma was obtained by Cfiitrifiiging bcparinizei! blood at 185 ^
for 5 min. immediately after collectloii.

Plateltt-deficient plasma was prepared by CfiitrifuKing platelet-ritli p!asm:i at
J6OOO K fT 30 iniii. '!> plastic tubes at 4° C.

The supernatant plasma was tben drawn off witbout disturbing tbe layer of
blood cells. Mixtures of tbe two plasmas in different proiiortions were made to
obtain the dê sired nuinber of platelets.

All glassware was silicone treated (Siloxan 300, T'ddebolms AH, Sweden).
Protliromhin-profonvcrfin (P-P) activity was determined according to OwrfJi

& Aas (1951)- Human thromboplastin was used.
Fibrinogen was determined as described by Bergsirom, Blombdck Si. Kleen i960.
Platelet counts were performed on blood drawn from an ear vein or thnuigb

a catbeter in a carotid artery. Tbe first few ml of blood were discarded, because
it has been stated by Stffanini (1950) that admixture of tissue juice to tbe blood
may give irreversible aggregntion of thrnmbucytcs. One ml of blood wns then
collected into siliconizod tubes contnining 0,1 ml 2 per (•(.•(it disodium ethylene
diamine tttraacetic acid solution (EDTA) adjusted to pH 7.4. The blood was
tben aspir;ited into a sillcoue treated Ellermann pipette up to the 2$ fil mark and
was tben blown into a silicone treated tube, containing 475 fi of the reagent used
by Kristenson (1927), (10 g urea, 2.5 g trisodium citrate zU- 0.5 mercuric chlo-
ride, in 500 ml of distilled water).

Tbe tube was rolled for a few minutes and set aside for about 30 min. The
suspension was transferred into a Blierker counting chamber and allowed to
settle in a moist chamber for about 15 min. The number of platelets was counted
in 16 rectangular square is 1/800 /it. The counting was done with a dry lens
magnification 500 of an ordinary microscope. The determinations of platelet were
alhvays done ITI duplicate.

R E S i; L T S

In 20 animals platelet counts were performed every second
day from the 6th to the 21st day after the onset of sensitiza-
tion. The results of the first group of 5 sensitized rabbits.
which received 0.9 per cent saline intravenously into an ear
vein are shown in Table i and Fig. r.

A decrease in the number of circulating platelets was ob-
served already a few days after the sensitization bad been
completed.
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TABLE I
Plaleli't Counts in ThuusanJs per (il during the First P,-riod of Sensitization of

n Vntreated Rabbits.

Befote

Rabbit
Rabbit
Rabbit
Rabbit
Rabbit

Mean

sensitization

1

2

3

4

5

values

325

3'5
3 [o

3 0 0

285

307

7 th

320

310

285

2 8 0

2 8 0

295

9 th

295

2 9 0

2 7 0

245

245

263

Days after the onset

11 th

2 7 0

265

2 4 0

2 3 0

2 4 0

249

13 th

2 6 0

2 6 0

215

225

215

237

of sensitization

I! ih

300

285

2 0 0

90

23s

2 2 0

17 th

305

2 9 0

225

-

2 5 0

268

19 th

3 0 0

300

2 4 0

-

265

276

21 th

295

3 1 0

275

-

27 s

289

TABLE 2
Platflet Counts in Thousands per fil daring the First Period of Sensitization in

5 Heparin Treated Animals.

Befure sensitiz

Rabbit 6
Rabbit 7
Rabbit 8
Rabbit 9
Rabbit 10

Mean values

tion

3 2 0

3 '5

3 '5
305

2 9 0

309

7 th

3 2 0

3 2 0

3 2 0

3 1 0

305

315

9 th

325
3 1 0

3 2 0

305

300

3 ' 2

Days after the onset of sensitization

11 th

310

315

325

3 2 0

295

313

15 th

310

295

325
3 1 0

305

309

15 th

315

3'S
3 2 0

3 1 0

3 '5

315

17 th

325

325

315
305

3 1 0

316

19 th

3 '5
3 2 0

315

2 9 0

30s

309

21 th

3 1 0

31a

305

315
295

307

In one rabbit which died on the I5tb day with symptoms
resembling those of anapbylactic schock, only 90,000 platelets
per /xl was observed in tbe circulating blood.

A second group (5 sensitized animals) was treated in the
same way except that tbey were given 10 mg of heparin {ioo
i.u. per mg) instead of 0.9 per cent saline into an ear vein.

The results of tbe platelet counts are sbown in liable 2 and
Fig. I. In tbe beparin treated animals no decrease in the num-
ber of circulating platelets was found.

A tbird group (5 sensitized animals) received 10 mg of
beparin intravenously on tbe I2tb, i^tb, i6tb ami I7tb day
after tbe onset of sensitization in order to study wbether or

10 Acta Allrrgolonk'a. XIX, 2
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Platelet counts in thousands per j j l
350

300

250

2(0

10&

50-

0-
Before 7 9 11 13 15 17 19 21

Days after the onset of sensitization

Pig- I.
Mean values during the first period of sensitization in 5 untreated rahbits
• A, 5 heparintreated rabbits % 0 , 5 rabbits which received
10 mg of heparin only on the 12th, 13th, i6th and 17th day O O, and in

5 nonsensitized control rabbits A A.

not an increase in tbe number of circulating platelets could be
detected following administration of beparin at intervals during
tbe sensitization. A more rapid return to normal values seem-
ed to occur in tbis group as compared witb tbe untreated group.
Tbe platelet counts in these experiments are shown in Table 3
and Fig. i. In five unsensitized control animals which only
received 0.9 per cent saline intraperitoneally and intravenously
no change in platelet counts was noted (Fig. i ) .

In order to study the influence of beparin on the platelet
count during anapbylaxis tbe following experiments were made.
Blood from 5 sensitized and 5 unsensitized rabbits was drawn
from ear veins six weeks after the sensitization wben the fixa-
tion antibody titre was suspected to be high {IFaalkes et al.
1957). No difference in platelet count was observed in con-
trols and sensitized animals 6 weeks after the sensitization
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Nine volumes oi blood were collected into plastic tubes con-
taining I volume 3.13 per cent trisodium citrate.

TABLE 3
I'taleict Counts in Thousands ptr fil during tlir First Period of Sensitizalion in
5 .Iniinals ivhich Received JO mg of Heparin only on Ihe I2tii, iph, /6lh and

lyth Day after ihr Onset of Sensilizalion.

Before sensiiization

l^ahbit I 1 325
Rabbit 12 315
Rabbit 13 310
Rabbit 14 300
Rabbit 15 2<)5

Vleati values 309

Days after die onset of sen&itizacion

7 th

305

3 0 0

275

2 8 0

2S9

9 i h

2 7 0

2 7 0

245
2 6 0

275

262

11 th

2 3 0

2 6 0

2 3 0

255
235

2 4 2

l i t h

2 8 0

285

265

265

285

276

15 th

375

285

2 6 0

2 6 0

275

271

17 th

285

295
285

290

285

2oo

19 th

2 9 0

2 9 0

2 9 0

295
2 8 0

289

21 th

2 9 0

3 0 0

295

305
3 0 0

298

The blood was diluted with equal volumes of 0.9 per cent
saline and platelet counts were performed. 2 ml of diluted
blood was incubated at 37° C in vitro and o.i ml of a solution
of heparin in 0.9 per cent saline was added. The tubes was
swirled every 2nd min. After 10 min. of incubation <j. t ml
horse serum (diluted i : 10 with 0.9 per cent saline) or 0.9
per cent saline was added. The mixture was then incubated
for 30 min. at 37° C and the tubes were swirled every 5 min.
Platelet counts were made before and 30 min. after tbe diluted
borse serum had been added to the diluted blood.

In Fig. 2 are shown tbe platelet counts of diluted w'hole
blood from 5 sensitized animals and 5 controls after adding
a specific antigen or u.9 per cent saline to samples of diluted
whole blood containing different concentrations of heparin.
A concentration of less than o.i mg heparin per ml diluted
blood was sufficient to prevent a decrease in tbe platelet count
after addition of tbe antigen in vitro. In the blood samples
without heparin a marked decrease in the number of platelets
was observed. No change in platelet count was found in diluted
blood from these tw ô groups wben (j.9 per cent saline was
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s.
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1,0 10,0

Hepann concentration, rr^ ptr ml.

Fig. 2.
counts of plasma containing different concentrations of heparin after

addition of horse serum in vitro.
{ ) Mean values from 5 sensitized rabbits.
( ) Mean values from s normal rabbits.

added instead of the antigen in vitro, hi vivo less than o.i and
more than 0.0 r mg heparin was necessary to prevent a decrease
in the niimher of platelets during anaphylactic shock.

In order to study if an antigen-antibody reaction might in-
fluence on the coagulation time measurements experiments
were performed in vilro. By the aid of a teflon catheter in the
carotid artery blood was withdrawn from 5 sensiti/.ed rabbits
on the 14th day after the onset of sensitization and from 5
control animals.

Three ml of blood was put into each of the silicone treated
tubes, which contained o.i ml of horse serum or o.i ml of 0.9
per cent saline and the onset of clot formation was recorded.
The effect of the specific antigen (horse serum) upon the
coagulation time of blood from sensitized rabbits and control
animals was studied.

The results are shown in Table 4. The coagulation time of
blood from normal rabbits was not changed by different con-
centrations of horse serum and was of about the same magni-
tude as that observed in the experiments with 0.9 per cent sa-
line. The sensitized group showed throughout a shorter coa-
gulation time hoth with 0.9 per cent saline and with different
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concentrations of the antigen. A shortening of the coagulation
time was noted with rising concentrations of the antigen.

The role of platelets for the decrease in the coagulation time
of heparinized blood from sensitized rabbits was studied in
the following way.

TABLE 4
Effect of Horse Serum on the Coagulation Time {in Sitiione) of Blood from

Sensitized and Normal Rahhits.

Normal rabbits

Avera^f

Sensitized rabbits

A V era fie

Number
of

rabbits

5

5

O(NaCI)

3S
34
32

31

30

33.O

3 0

30

27
24

2 1

26.4

Coaguiation lime, minutes
Concenlcaiion of horse serum (nK.nll)

! 0,01 I

34

34

30

35
30

32,6

2 7

2+

27
2 1

3 2

24,2

0,1

34

32

30

34
30

32,2

2 2

23

34
2 0

2 2

22.2

1.0

32

i^
31

34
30

32,6

2 0

23
21

iS

2 0

2O|4

5.0

30

31
30

3"
28

30,0

i S

'9
)6
16

17

17,2

To silicone treated tubes containing 0.1 ml of diluted horse
serum or 0.9 per cent saline, 2 ml of platelet-rich plasma or
platelet-deficient plasma was added. The onset of clot forma-
tion was recorded. The coagulation time of platelet-rich plas-
ma obtained from sensitizeil animals was inversely propor-
tional to the antigen concentration. The shortening of the coa-
gulation time was significant compared to the measurements
ilone with normal plasma and with platelet-deficient plasma
from sensitized animals (Table 5 and 6).

For further coagulation studies one ml of horse serum was
given to 10 sensitized animals (5 untreated and 5 heparin



treated) on the 14th and on the 15th tlay and to 5 control
animals. Nine volumes of hlood were collected from an ear
vein into centrifuge tubes containing one volume of 3.13 per
cent trisodium citrate at i hour before ami at i, 2, and 4 hours
after the anaphylactic doses.

TABLE 5
Effect of Horse Serum on ihe Coagulation Time (in Silicone) af Platelet Rich

Plasma ami Platelet Poor Plasma from Five Normal Rabbits.
{0,1 fig Heparin/ml used as Anticoagulant).

Number
of

rabbiis

Coagulation time, minutes
Concetitcation ot horse scrum (us, ml)

0 (NaCI) 0.01 0,t 5.0

Platelet rich plasma
i83

176

171

169

'94
1S4

181

172

• 63

180

183
169

186

'71
169

'75

Average '7') 180 '77

Platelet poor plasma

198

192

189

184-

'73

193
201

'74
196

182

190

191

'79

190

i8[

195

'71
]8t

184

Average .87 189 '83

Counts (if platelet rich plasmas were 160-200000 platelets/iU and platelet poor
plasma were 5—10000 p]atelets//il.

Platelets, prothronibin-proconvertin and tibrinogen were
determined. The results are shown in Fig. 3, and in Table 7,
8, 9, 10, [1,12 and 13. A marked decrease in the number ot
circulating platelets in the untreated sensitized rabbits was
noteti within one hour after the intravenous dose of horse
serum. The untreated sensiti/.ed animals showed lower pla-
telet values before the horse serum injection than did the
control animals. A slight decrease in the number of platelets



was also found in the controls. The decrease in the platelet
count of the sensiti/.ed animals was significant compared with
the controls.

TABLE 6
Effect of Horse Serum on tin- Coagulation Time (in Silicone) of platelet Rich

Plasma ami Platelet Poor Plasma from 5 Sensitized Rabbits.
(0,1 fig Heparin/ml used as Anticoagulant).

N umbel
of

rabbits

Coagulatiot) time, minutes
Concentration of horse secum (n g, ml)

0 (NaCl) 0,01 0.1

Platelet rich plasma
169

'57

171

172

164

166

'45

166

160

160

157

148

151

T48

142

121

'37
129

'34

Average 16; 153 133

Platelet poor plasma

191

187

'74

172

169

189

19+

169

176

167

184

186

161

174.

IS9

174

182

160

169

160

Average '79 '79 '73 169

Counts of platelet rich plasmas were 150-200000 platelets/
plasmas were 5-10000 platelets/^1.

and platelet poor

The prothrombin-proconvertin determinations are shown in
^'S- 3 (Table 8). A decrease in the P-P level was noted al-
ready at one hour after the intravenous horse serum injections
to untreated sensiti/ed rabbits. The decrease at four hours was
marked in all cases. The decrease noted in the control group
was small. The fibrinogen levels in these experiments are given
in Table 9. A slight decrease in the mean fibrinogen content
was found at 4 hours after the first injection of the antigen.

After 24 hours the fibrinogen level had increased to values
above the initial ones. A second dose of antigen again pro-
duced a small decrease within 4 hours.



TABLE 7
Platelet Counts in Thousands per fil from 5 Sensitized Rabbits and 5 Control
Rabbits before and at Intervals after Intravenous Injections of one ml of Horse

Serum on the 14th and i~:th Day after the Onset of Sensitization.

Sensitized
rabbits

Rabbit A
Rabbit B
Rabbit C
Rabbit D
Rabbit E

Average

Control
rabbits

Rabbit F

Rabbit G
Rabbit H

Rabbit I
Rabbit K

Average

before

275

275
2 6 0

295

2 8 0

277

305

295

295

3'5

305

14 (h day
hours after borse serum

1

105

1 7 0

2 1 0

123

165

155

2

130

165

2 3 0

2 0 0

190

'99

14 th day

1

375
2 9 0

295

2 9 0

255

2S4

2

2 6 0

27 s
3 0 0

2 9 0

2 9 0

283

4

195

205

235
2 9 0

2 0 0

225

4

305

2 7 0

305

3 0 0

3 1 0

2 9 8

15 th day
before hours after horse

3 0 0

265

320

2 7 0

2 9 0

289

3 1 0

2 9 0

3 0 0

3 0 0

305

302

i

'65
9 0

2 0 0

1 2 0

2 1 Q

157

2

140

1 2 0

'95
195
2 1 5

'73

15 th day

I

275
285

2 8 0

3 1 0

2 So

286

2

275

2 7 0

295
2 7 0

265

275

serum

•k

140

165

180

225

2 2 0

186

4

3 0 0

295

2 8 0

305

3 0 0

2 9 2

TABLE 8
Prothroiiibin-Proionvertin .htivity per eent of Plastna frotri 5 Sensitized Rahhits
heforf and at Intervals after Intravenous Injertion of one ml Horse Serum on

thf 14th and i^tb Day after the Onset of Sensitization.

Setisitizeil
labbiis

Rabbit A
Rabbit B
Rabbit C
Rabbit D
Rabbit E

Average

14 th da\
before bouts after horse serum

1 1 2

106

I C O

98

91

1 0 1

1

64

79
58

51

76

66

2

62

65

56

54
69

60

4

61

67

52

S3
61

59

15 th day
before bours after borsc serum

1 0 4

93

')9

l O I

97

1 0 0

1

62

68
4 2

57

7 '

69

2

57
61

46

59
68

S8

'1

53
64
46

52

63

56



1 ^

15 th day

•

1 3 0 •

0.20'

0,10

0

A
100-

75-

50-

25-

0'
Before 1 Houf5

- S-
Mean values in 5 sensitized rabbits and in 5 ctjntrol rabbits of platelet counts
(IO') ( 0 # sensitized, O O controls}, prothrnmbin-prticonver-
tin activity (per cent) (A A sensitized, A A controls) and in
fibrinogen content (g/100 ml) ( • • sensitized, • D controls)
before and after i.v. injection of horse serum on the 14th and 15th day after the

onset of sensitization.

TAHLE 9
Fibrinogen Content {g per Joo ml) of Plasma from 5 Sensitized Rahhits hefore
and at Intervals after Intravenous Injection of one ml of Horse Serum on the

14th and i$th Day after the Onset of Sensitization.

Sensitised
rabbits

Rabbit A
Rabbit B
Rabbit C
Rabbit D
Rabbit E

Average

14 tb day
before hours after horse serum

1

0,29

0,34
0,23
0,36

0,38

0.3'

2

0,28
0,32
0,24

0,34

0.33

0,30

4

0,27

0,32
0,22
0,27
0,26

0,27

15 th day
before hours afiet horse serum

1

0.36

0,42

0,34
0.39
0,36

0,37

2

0,35
0,39
0,29
0,38

0.37

0,36

4

0,27

0,30
0,22
0,27
0,29

0,27

Control experiments were made under identical conditions
but omitting the antigen injections. Small changes in fibrinogen
were noted (Table 10).
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TABLE II
Platflet Counts in Thousands per fil nf Blood from 5 Heparin Treated Sensitized
Ammals before and al Intervals after Intravenous Injedion of a Spccifie Antigen

on the 14th and ifth Day after the Onset of Sensitization.

rabbits

Rabbit I.

Ralil.it M
Rabbit N
Rabbit 0
Rabbit P

AvtTajje

Before hours after horse serum

295

265

2 5 0

265

2 4 0

2 6 3

I

2 7 0

2 7 0

255

2 6 0

265

264

2

2 6 0

2 6 0

265

2 5 0

2 5 0

2 5 7

4

275

2 5 5

265

2 4 0

245

2 5 6

Before hours

2 8 a

275

2 6 0

275
2 7 0

272

1

2 7 0

245
2 5 0

265

2 6 0

258

fter horse scrum

2

285

265

265

2 6 0

265

2 7 2

4

275
2 8 0

2 7 0

2 5 0

245

264

TABLE 12
I'rntiirnmhin-Proium-irtin loiitent (per rent) of I'lasma fioiii 5 Hfparin Treated
Rabbits hefore and at Intervals after Intravenous Injfttion of a Specific .Intigcn.

rabbits

Rabbit L
Rabbit M
Rabbit N
Kahbit O
Raliliit P

Average

Before

89

94

99
92

I O l

95

hours

1

93
9 0

93

94

94

93

sftet horse serum

2

86

87
9 0

9 0

83

87

-1

85

89
86

83
80

85

Before hours afier horse serurn

95

87

97
104

98

96

1

89

81

91

97

9S

91

2

84
80

90

96

93

89

4

81

80

84
92

89

85

TABLE 13
Fihrinogen content {g per 100 ml) of Plasma from 5 Heparin Treated Sensitized
Rabbits before and at Intervals after Intravenous Injection of one ml of Horse

Serum on the 14th and i^th Day after the Onset of Sensitization.

Sensitized
rabbirs

14 ih day
Before hours after horse serum

2 4

15 ih day
Before hours after hotse serum

2 4

Rabbit L
Rabbit M
Rabbit N
Rabbit 0
Rabbit P

0,23

0,28

0,34
0,32

0,29

0,25

0,26

0,29

0,32

0,31

0,23

0,24

0,30

0.33
0,30

0,22

0,24

Di32

0,30

0,32

0,21

0,23

0.33
0,30

0,30

0,20

0,23

0,32

0,29

0,29

Average 0,29 0,29 0,28 0,28 0.27 0,27



In the heparin trcatetl group no significant changes of pla-
telet count, prothronihin-proconvertin and fihrinogen was noted
(Tahlc r i , 12, 13).

D i s c r s s i O N

It is well known that in anaphylactic shock the number of
circulating platelets decreases. According to Rocha c Siha this
decrease depends on at least two factors: i. Trapping of pla-
telets into the capillary beds—a property restricted largely to
the lung. 2. Damage and lysis of platelets by the antigen-anti-
body reaction. Antigen-antibody reactions have also been shown
to cause clumping or agglutination of the platelets in vivo
{Rocha e Siha 195*), Stetson 195 i) as well as in vitro {Mie-
schcr & Sty as sic 1956).

A variety of agents such as polysaccharides, endotoxin, tryp-
sin, peptone and a large number of tirugs injected intravenous-
ly will produce a drop in the number of circulating platelets
(Scroggic, Jaqiics & Roiha e Siha 1947, Rocha e Siha 1950,
If'fil & Spink i()Sl, Acroyd 1955). In human heings Nilzcn
(i953» 1958) and Stonk, Hoignc & Ko/ler (1955) have re-
ported that intravenous injections of an antigen into patients
sensitive to this antigen will cause a fall in the numher of pla-
telets in their hlood.

It would therefore be of importance to establish the role of
the decrease in circulating platelets due to various agents and
antigen-antibody reactions. If destroyed the platelets distribute
substances eg. platelet factor 3 to the hlood which contribute
to the clotting mechanisms (see synopsis hy van Crcvcid 1954,
Johns tone & Scegers 1 9 5 8 ) .

I leparin prevents the decrease in circulating platelets during
anaphylaxis and burn injuries in the experimental animals
[Johansson i960 a, h, 1961) and is also considered to have a
pretective action in anaphylactic shock in hurn injuries and the
Saranelli-Schrawt/.mann reaction (Kyes & Straiisscs 1927, El-
rod, Me Cleerly & Ball 1951, Ha/I berg & Pilzele 1959) .

The antithromhic effect of heparin is well known. A hypo-
thesis regarding the physiological role of heparin is according
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to Mfliatihy in i9;,4, that heparin is secreted locally by the
mast cells to prevent intravascular clotting due to entry of
thromboplastin into the blood due to tissue damage {cf. Ja-
qitcs 1955). The platelets contain substances which can trigger
hitjod clotting when released. In the anaphylactic reactions such
substances are most probably released from the platelets and
would therefore be able to initiate a transient intravascular
coagulation of blood. The beneficial effect of heparin in ana-
phylactic shock might then be due to inhibition of the sequence
of reactions leading to intravascular clotting.

The mode of action of heparin, as an anticoagulant, is con-
troversial. It inhibits the agglutination and desintegration of
blood platelets {Best, Campbdi & Mcit-an 1938, Zuckcr 195 i ) .
Low concentrations of heparin prevent the formation of blood
thromboplastin from its precursors {Biggs, Douglas & Me
Farlanc 195,?). According to Jorpes heparin as a consequence
of its strong negative electric change in some way inhibits all
stages in blood coagulation. Heparin is also together with a
cofactor in plasma a strong antithrombin. ()'Brien (1958)
suggested that heparin acts by combining with Christmas fac-
tor ( IX) . Whether heparin acts directly on the platelets or
intlirectly via plasma factors such as Hageman factor (XII) ,
plasma thromboplastin antecedent (XI) is not known. Evi-
dence have been put forward {Liluher 1956) that thrombin
IS necessary for producing "viscous metamorphosis'" of the
platelets. However, heparin also produces a marked increase
in the negative charge of platelets in citrate huffer {Ross &
Ebert 1959), which diminishes their ability to agglutinate.

In a preliminary work (Blombdck, Johansson & Sjoherg
1960) found that coagulation factors such as platelets, fibri-
nogen, factor V, Christmas factor and prothronibin and/or
proconvertin were consumed during an anaphylactic reaction in
rabbits. The findings were compatible with the view that the
disintergrated platelets released substances initiating a diffuse
intravascular coagulation, which was of such a magnitude as
to cause consumption of most coagulation factors.

Some of the results in this investigation are compatible with
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the hypothesis of an intravascular coagulation, i. The decrease
found in the number of platelets when a specific antigen was
given to the animals on the 14th and on the 15 th day after
the onset of sensitization. 2. A rapid decrease in prothrombin-
proconvertin activity was observed following the anaphylactic
shock. This decrease may might well be associated with coa-
gulation. Another possibilty would he a depressed synthesis
in the liver due to oedema. But in view of the rapidity of which
the decrease occurred this does not seem to be very likely. 3.
A decrease in the fibrinogen level of hlood following the ana-
phylactic reaction. 4. Pretreatment of the animals with heparin
prevented the decrease in platelets, prothromhin-proconvertin
and fihrinogen.

It is known that aggregation of the white cells of hlood
occurred during anaphylaxis in rabbits. This could explain the
rapid occurrence of throuibocytopenia after an anaphylactic
reaction. The aggregated hlood cells in the capillaries dis-
integrate and release thromboplastic substances to the blood
and the subsenquent coagulation is started with consumption
of the coagulation factors. Similar defects in the coagulation
have been described in other conditions with intravascular
aggregation, such as hypothermia {Ellis et al. 1957), chruch
injury {Bergenlz & Nilsson 1961) Schwartzmann reaction
{Pfau, Laseh & Giinther i960), and after injection of hac-
terial endotoxin {Shapiro & McKay 1958).

The present investigation has further shown that the coagu-
lation time in silicone of blood drawn from sensitized animals
is shorter than that of blood from normal rabbits. This study
shows that the platelets may be involved in the processes which
shorten the coagulation time of the blood from sensitized
rabbits. The antigen further had no ability to affect the coa-
gulation time of heparinized platelet-deficient plasma from
sensitized animals. During a sensitization period a continuous
decrease of the platelet count occurred for several days after
the last injection of specific antigen. These results are in good
accordance with those found in guinea pigs (Nilzen, I959)-
To exclude tbe possibility that the decrease in the platelet
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count occurring during sensitization was due to an infeetion,
control animals were given daily injections of 0.9 per cent
saline into an ear vein during 3 weeks. No change in the num-
ber ot circulating platelets was observed.

In an earlier study, the present investigator has showed that
heparin prevented the decrease in the platelet count during
anaphylaxis and allergic reactions {Johansson, 1960 a, b ) .The
present study is in accordance with these results. Heparin given
to the animals during sensiti/ation prevented the decrease in
the platelet count. This work shows that less than o.i mg
heparin per nil diluted blood is sufficient to prevent the de-
crease in the platelet count after atldition of a specific antigen
in vitro. A result in accordance with an earlier investigation
{Johansson, 1961) is that heparin also inhibited the release to
5-HT when an antigen was added to whole blood from sensi-
tized in vitro, and the release of 5-HT seems to be a good in-
dication of platelet damage by an antigen-antibody reaction
{Humphrey & Jaqiies 1955).

s i; M M A R Y

During a sensitization periotl and after an anaphylactic
shock a decrease in tbe number of circulating platelets was
found in experiments on rabbits. If tbe animals bad been pre-
treated with beparin i hour before tbe anapbylactic shock was
initiated, no decrease in the platelet count was observed. 0.1
mg of heparin per ml blood was sufficient to prevent in vitro
and in vivo clumping of platelets after addition to tbe specific
antigen to blood from sensitized animals. Tbe coagulation
time, measured witb silicone technique, was found to be sborter
in sensitized rabbits than in control rabbits. A shortening of the
coagulation time, varying witb the antigen concentration, was
observed in wbole blood and in platelet-rich plasma from sen-
sitized rabbits. In platelet-deficient plasma from sensitized
rabbits, as well as in whole blood and in platelet-rich and pla-
telet-deficient plasma from normal rabbits, no cbange in tbe
coagulation time was observed. A decrease in tbe number of
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platelets, in protbrombin-proconvertin activity and in fibrin-
ogen was noted after injection of tbe specific antigen in vivo
at 2 weeks after onset of sensitization. Pretreatment of the
rabbits witb heparin inhibited tbe decrease in fibrinogen, pro-
trombin-proconvertin and in number of platelets. It is sug-
gested that a transient intravascular coagulation may occur
during anapbylaxis.
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