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Because of their complexity, methods for 
quantitation of anaphylaxis in large hyper- 
sensitive animals ( 1 ) are not readily adapted 
for the mouse. Consequently, the occurrence 
of anaphylaxis in mice is customarily deter- 
mined using death as end point. Attempts 
have been made to estimate sublethal ana- 
phylaxis in mice by observing the appearance 
of certain gross signs ( ie . ,  cyanosis and con- 
vulsions). Because of their subjectivity, 
these observations are inadequate. Kind ( 2) 
found that the rectal temperatures of mice 
surviving anaphylactic shock were markedly 
decreased. 

In our laboratory we consistently observed 
that hemoconcentration occurs in mice un- 
dergoing anaphylaxis. We observed signs of 
anaphylaxis similar to those described by 
Weiser et al. (3)  . Immediately after chal- 
lenge most of the mice became quiet and hud- 
dled in one position. The fur became ruffled 
and there was mild lacrimation. There soon 
followed partial paralysis of the limbs and 
marked cyanosis of the limbs, tail, and snout. 
Many animals experienced brief but violent 
convulsions separated by short periods of 
complete prostration. Nearly all mice which 
underwent convulsions died within 30 min- 
utes. Nelson et al.(4) reported that the 
hematocrit of pooled mouse blood was mark- 
edly increased following fatal anaphylactic 
shock. The present study was designed to 
determine whether or not hematocrit change 
might be a suitable criterion for determination 
of anaphylaxis in mice. 

Methods. Sensitization and challenge. Fol- 

lowing randomization, female Swiss-Webster 
mice (22-27 g) were sensitized with 2 IP in- 
jections of 0.25 ml of antigen administered 4 
days apart. Twelve days after receipt of the 
initial sensitizing injection the animals were 
challenged with an injection in the caudal 
vein of 0.25 ml of antigen. Two antigen 
preparations were employed: 1 ) alum precipi- 
tated bovine serum albumin* with Hemo- 
philus pertussis vaccinet (APBA + HPV), 
each 0.25 ml containing 1 mg of bovine serum 
albumin suspended in 2.576 alum (pH 6.5 to 
7.5) with lo9 to 1O1O H .  pertussis vaccine 
cells; and, 2 )  the same as above except that 
H .  pertussis vaccine was not included. This 
antigen preparation is referred to as APBA. 
A single challenge antigen preparation, bovine 
serum albumin with H .  pertussis vaccine 
(BSA + HPV) was used. Each 0.25 ml of 
this preparation contained 4 mg of bovine 
albumin and 109 to 1010 cells H .  pertussis 
vaccine. Controls included groups of mice 
sensitized with one or the other of the 2 sen- 
sitizing antigen preparations and challenged 
with saline, mice injected with saline instead 
of sensitizing antigen preparation and chal- 
lenged with BSA + HPV, and groups given 
saline instead of both sensitization and chal- 
lenge. Hematocrit determination: A modifi- 
cation of the microhematocrit method de- 
scribed by McGovern et al.( 5) was employed. 
Four-tenths mm I D  microprecipitin capillary 

*Bovine serum albu,min, 3076, sterile, for use as 

t Pertussis vaccine (whooping cough bacterin), 

diluent in Rh testing. h o u r  Labs. 

Wyeth Labs. 
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tubes: were heparinized by immersing them 
in a 170 solution of heparin sodium salt.3 
then drying a t  100°C for 60 minutes. The 
dried, heparinized tubes were stored in a des- 
iccator until use. To take the blood sample. 
the tail of an immobilized mouse was severed 
the minimum distance from the tip required 
for moderate bleeding. Following collection 
of blood, one end of the partially filled capil- 
lary tube was sealed by flaming. and the open 
end broken off. The tubes were then centri- 
fuged for 4 minutes a t  10,000 rpm in a stand- 
ard micro-hematocri t centrifuge. Hematocrit 
values were determined by using the standard 
reading template. Two sequential hema- 
tocrits were taken approximately 5 minutes 
prior to administering the challenge injec- 
tion. The mean of these 2 hematocrit values 
is considered to be the prechallenge, normal 
hematocrit of the animal. For approximately 
550 duplicate samples, a standard deviation 
of 2 1.57 units (approximately 3%) was 
observed. I t  can be inferred from this that 
a hematocrit change of 5% or more is not 
likely to be due to chance: therefore, a change 
in hematocrit of 570 or more has been arbi- 
trarily selected as being significant. Approxi- 
mately 5 minutes after the duplicate prechal- 
lenge hematocrits. the challenge dose of anti- 
gen or saline was injected. Blood samples 
were taken at  5, 10. and 15 minute intervals 
after challenge. In earlier studies blood 
samples were taken a t  2 minutes and a t  each 
5 minute post-challenge interval through the 
30 minute period. This was discontinued as 
it was found that the maximum hematocrit 
change occurred, if there was a change, with- 
in 15 minutes post-challen,oe. Hematocrit 
changes were calculated according to the fol- 
lowing formula: 

7 6  change I= 
Mean post-heniatocrit -Mean pre-hematocrit 

Mean pre-hema tocri t 
x 100 

Capillary tubes, 0.4 mm ID, 00 mm long. Sch’iei- 
felin & Co., N. Y. 

0 Liquaemen, Rwhe-Organon, Nutley, N. J. 

1) Internaltional hematocrit centriiuge, Interntl. 
Equipment ~CO. ,  Boston, Mass. 

Results. Sensitivity and specificity of he- 
Test ani- matocrit rise during anaphylaxis. 

mals were treated as follows: 
Approx. 

Srlisitiz:r tioil Ch a llerige No. mice 

BSX + HPV 150 
150 9 )  ,, .\PI;.\ + H P V  

-1 PI:h 

Control animals were treated as follows: 
Approx. 

Stwsiti xi> ti on C‘hnllc~llge No. mice 

Salinc 100 
100 

S;tliiic TZSA + HPV 150 
Saline 100 

7 *  
AT’EA + R P V  
.A r’ r, PL 

Seventy-five % ( 2 2  1 /295) of test animals 
showed a hematocrit increase of 5% or more, 
and 41 o/c (121/295) showed a hematocrit in- 
crease of SOY0 or more (Fig. 1 ) .  In the test 
group. there were 47% (139/295) deaths 
within 24 hours after challenge (Fig. 2 ) .  
Of the 139 test animals that died, 133 showed 
a hematocrit rise of 5% or more. Thirty % 
(88/295) of test animals had a hematocrit 
increase of 5% or more but did not die. Jn 
the control group, 3% ( 12/446) had a hema- 
tocrit rise of 5 %  or more (Fig. 1 ) .  In this 
group 3% (13/446) died (Fig. 2 ) ,  but only 
one of the 13 was among the 12 control mice 
showing a 5*% hematocrit rise. The 12 re- 
maining control animals that died showed a 
decreased hematocrit (Fig. 2). 

Comparison of hematocrit change and mor- 
tality rate as methods for measuring ana- 
p h y l ~ x i s .  In this experiment, 2 groups of 
approximately 45 animals each were em- 
ployed for each of 2 sensitizing procedures, 
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FIG. 1. Hematocrit response of sensitizcd-chal- 
lenged animals vs control animals. 
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FIG. 2. Relationship between anaphylactic death 
and hematocrit rise. 

zliz., sensitized with APBA + HPV, and sen- 
sitized with APBA (Fig. 3 ) .  In both pro- 
cedures, the same challenge antigen (BSA + 
HPV) was employed. Control groups to 
complete the factorial design (as in the pre- 
ceding section) were included. One group of 
mice was sensitized and challenged, and 
hematocrits taken as described previously. 
The second group of mice was sensitized and 
challenged, was observed, and deaths within 
the 24-hour post-challenge period recorded. 
The animals in this group were immobilized 
for the same period of time as was the “hema- 
tocrit group.” 

Comparison of results obtained in this ex- 
periment indicates that the incidence of 
hematocrit rises of more than 5% was higher 
than the incidence of deaths (P< .OOl) (Fig. 
3 ) .  It had previously been observed (unpub- 
lished results) that the 2 hypersensitizing 
technics described above produced signifi- 
cantly different death rates following chal- 
lenge; this was confirmed in the present study 
(P<.O5) (Fig. 3 ) .  The 2 different sensi- 
tizing procedures also resulted in differences 
in the number of animals showing hematocrit 
increases of 5% or more (P<.Ol) (Fig. 3) .  

Discussion. It has been shown that, with 
the technics employed, an increase in hema- 
tocrit regularly accompanies anaphylaxis in 
mice. In a group of animals of which 47% 
died in anaphylaxis, 75% showed a hema- 
tocrit increase of 5% or more. This would 
indicate that increased hematocrit occurs both 
in mice that subsequently die in anaphylaxis 
and in those which survive. Control animals 
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4 
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71%(32/45)4 X 2  
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FIG. 3. Comparison of hematocrit change and 
mortality counts as methods for  determining de- 

gree of anaphylactic shock. 

consistently showed a decrease in hematocrit. 
When the incidence of mortality and hema- 
tocrit change in different groups of mice is 
compared, hematocrit increases of 5% or 
more were found to occur more frequently 
than death in groups of anaphylactic animals. 
Differences were observed in the incidence of 
anaphylactic responders produced after chal- 
lenge of animals made hypersensitive by 2 
different sensitizing procedures when either 
death or hematocrit increase was used as an 
end point. It appears, therefore, that hema- 
tocrit increase may be a more sensitive index 
of anaphylaxis than death. 

Summary. An increase in hematocrit regu- 
larly accompanies anaphylaxis in mice. The 
incidence of hematocrit increase is higher 
than the incidence of death in groups of ana- 
phylactic mice. It is suggested that hema- 
tocrit change is a useful index of ana- 
phylaxis in mice. 
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