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The mechunisms responsible for anaphylaxis
in the mouse are not known. Histamine, which
is thought to be the principal mediator of acute
anuphylaxis in such histamine-sensitive animals
as the guinea pig, rabbit and dog is of doubtful
importance in anaphylaxis of the histamine-
resistant mouse (1),

Fink (2) has proposed that serotonin (5-hydrox-
ytryptamine) is the mediator of the Schultz-
Pade reaction in the mouse uterus. She observed
that the uteri of both sensitized and normal mice
are LOHO times more sensitive to 3-hydroxytrypt-
amine (5-HT) than to histamine. Moreover,
the scasitivity of the uteri to 5-I{T and to the
Schaltz- Dale renction was abolished by the 5-HT
antagonists, lysergic acid diethylamide (LSD)
and reserpine. Fox and co-workers (3) subse-
quently reported that the “5-HT antagonists,”
chlorpromaazine, promazine, reserpine, and LSD,
were effective in preventing anaphylaxis in the
actively sensitized mouse. '

T'ne above results are of interest in view of the
report of Weissbach et al. (4) that, whereas guinea
pig lung has a low 5-HT content and high mono-
amine oxidase activity, mouse Iung has a high
5-1II'T content and low monoamine oxidase ac-
tivity. Since monoamine oxidase could rapidly
convert any 5-HT freed by the antigen-antibody
(Ag-Ab) reaction to the pharmacologically in-
active product 5-hydrolyindolencetic acid, these
observations are consonant with the hypothesis
that 5-H'T is important in anaphylaxis of the
mouse but uot of the guined pig. The hypothesis
that 5-H'T is released by the Ag-Ab reaction is
supported by studies in vitro (5) and in vivo (6)
on the rabbit, showing that the reaction of Ag -
anwd Ab in the presence of platelets causes the
release of S5-I
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In the present investigation several experi-
mental appronches were undertaken to deter-
mine the role which 5-HT may play in anaphy-
laxis of the mouse. These included pretreatment
with reserpine, 5-HT antagonists, 5-HT, and
5-hydroxytryptophan (5-HTP), respectively.

MATERIALS AND METHODS

Unless otherwise stated the materials and
methods used were similar to those employed
in previous investigations (7, ). »

The animals used for most of the work were
“eolony inbred” white mice of the Swiss-Webster
strain. Mice of this strain have been maintained
in our laboratory for the past 10 years. They
were from 6 to 8 wecks old and weighed from
22 to 28 g. The mice of the inbred DBA/2 strain
were recently obtained from the Jackson Me-
morial Laboratory at Bar Harbor, Maine.

The soluble “Ag-Ab complex” of erystalline
bovine serum albumin (BSA) and antibovine
serum albumin (antiBSA) used for producing
anaphylaxis was prepared from time to time by
adding pooled heat-inactivated antiBSA rabbit
serum to a solution of BSA containing 8-fold
antigen excess (7, 8). The preparation contained
1.520 mg of antibody nitrogen (Ab N) and 5.
mg of BRA per ml. This “standard” preparation
is hereafter commonly referred to as *“the com-
plex.” The complex and the antiBSA rabbit
serum were stored at =20 C. The challenge
dose of the complex that was commonly required
to produce fatal anaphylaxis in 80% or more of
the mice tested was 0.4 ml. The material was
administered  intravenously into the tail vein

using a 27 gauge needle and a tubereulin syringe.

R4

The resulting shock  was  indistinguishable
froni typical anapliylaxis as produced in actively
sensitized animals by challenge with Ag alone.
In mild shock the mouse appears normal for
the first 2-3 wiin aiter challenge and then starts
to serateh the nose and cars. The lips and snout
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begin to swell and the cars beecome flushed. The
animal  becomes  sluggish  and  <hows  slight
dyspnea and cyanosis which may persist for
10-20 min. In severe shoek, the above symptoms
are followed within the next 10 min by severe
dyspnea, marked eyanosis and prostration. When
the animal attempts to walk, the gait is unsteady.
In the terminal stages of fatal shock, prostration
and paresis charaeterized by convulsive kicks
and characteristic “frog-like” movements are
observed (9). Although death usually occurs
within 30 min, the interval may vary from 10
min to 1 hr. Anaphylactic death was used as
the criterion of the anaphylactie response. Deaths

- after 1 hr were rare and were not recorded as

anaphylactic deaths. Diarrhen was often noted
after 15 min and frequently occurred in animals
given sublethal doses of the complex.

Ear skin, subcutancous tissue and mesentery
were stained and examined for mast cells. The
subcutaneous tissue and mesentery were spread
by teasing on microscope slides, sir-dried and
stained with May-Gruenwald-Ceimsa or Wright's
stain. The car skin was immersed for 3 min in
Wright’s stain, washed in buffer and placed on
a microscope slide for examination.

In certain experiments, mice were injected
intraperitoneally with 0.1 ml of Bordelella per-
jussis vaceine, containing 48.8 X 10° cells per
ml, 4 days before challenge with the complex.?

The Chi square test with Yate’s correction
(10) was used in several instances to determine
the significance of data.

RESULTS

Experiments with reserpine. Sinee it has been
shown in vurious animals that one of the activi-
ties of reserpine is that of releasing 5-HT from
certaint body cells and tissues such as the entero-
chromaffin colls (11}, mast cells (I®), and plate-
lets and brain (13), an experiment was conducted
w determine the effect of treatment with reser-
pine on anaphylaxis of the mouse. A dose of
0.25 mg of reserpine was injected subcutancously
into normal mice 18 to 22 hr before challenge
with the standard preparation of the complex.®
At the time of challenge the animals were in

* The pertussis vaccine was generously supplied
by Merek and Company, Rahway, New Jersey.

“The reserpine diluent consisted of 5% poly-
eth leneglyveol and 5% benzyl aleohol in physio-
logr - =uline.
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moderate sedation. Whereas 21 of the 28 diluent-
treated control mice died of anaphylaxis, all of
the 28 reserpine-treated (reserpinized) mice sur-
vived, Twenty of the latter group xhowed no
evidenee of shock and ecight showed symptoms
of mild shock. Although the protective effect of
reserpine may have been due to its 5-HT de-
pleting action, other possible modes of action
which were considered included: sedation (14),
depletion of body stores of the catechol amines,
epinephrine, norepinephrine and dopamine (15),
anti-thyroid action (16) and hypothermia an.

Carlsson and associates (15) reported that the
body stores of 5-HT and the catechol amines
that arc depleted by reserpine appear to be
restored by the administration of their respec-
tive precursors, 5-HTP and 3,4-dihydroxy-
phenylalanine (DOPA). In view of these findings,
experiments were conducted to dctermine the
role which a deficiency in the body stores of
5-1T and the catechol amines may play in the
resistance of the reserpinized animal to anaphy-
laxis. Various concentrations of DOPA and -
HTP were prepared in distilled water. Dusage
volumes ranging from 0.2 ml to 0.756 ml were
administered intraperitoneally 18 to 22 hr follow-
ing reserpine treatment and 3 to 30 min before
challenge with the complex. The reserpinized
control mice received similar volumes of distilled
water instead of DOPA and 5-HTP. Normal
control animals were also included.

The DOPA-treated animals were hyperactive
at the time of challenge with the complex. On
the other hand, the 5-II'TP-treated aniinals were
in moderate sedation due to the cffects of reser-
pine. The results presented in Table I show that,
whercas the DOPA-treated animals were re-
fractory to anaphylaxis the 5-HTP-treated ani-
mals displayed the same susceptibility to ana-
phylaxis as control animals. When both 5-HTP
and DOPA were administered, the animals were
refractory to anaphylaxis.

Protective action of catechol amines. Since the
anaphylactic response of the reserpinized mouse
was not restored to- normal by either DOPA
alone or a combination of DOPA and 5-HTP,
experiments were conducted to determine the
cfficcts of treatment with the catechol amines
on anaphylaxis in the normal mouse. The cate-
chol amines, epincphrine, norepincphrine and
dopamine, were diluted in saline and administered
intraperitoneally in volumes of 0.2 ml either
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TABLE I
Influence of lreatment with §-hydrozytryplophan
(6-HTP: and 8,4-dihydroxyphenylalanine (DO-
PA) on the anaphylactic response of reserpinized
"mice lo challenge with soluble antigen-antibody
complex®

Interval between
Material Used for Treatment Anaphylactic
Treatment an Deathst
Challenge .
. min
DOPA, 2 mg 15 0/10
DOPA, 6 mg 30 0/10
DOPA, 15 mg 15 0/10
Distilled H0 (con- 15 . 0/30
trols)
None (controls) 22/26%
5-HTP, 2 mg 5 0/10
5-HTP, 2 mg 15 18/30
Distilled Hz0 (con- 15 0/20
trols)
None (controls) 20/24%
DOPA, 2 mg plus 5- 15 0/12
HTP, 2 mg
Distilled H,0 (con- 15 0/12
trols)
None (controls) 9/10%

* All test mice were given 0.25 mg of reserpine
by the subeutaneous route 18 to 22 hours before
challenge.

1 The numerator denotes the number of mice
that died of anaphylaxis and the denominator,
the number of mice challenged.

1 Control mice received no treatment of any
kind prior to challenge with the complex.

before or after challenge with the complex. The
results, presented in Table 1I, show that pre-
challenge treatment with any onc of these amines
rendered the animMs markedly refractory to
anaphylaxis. The combined results, shown in
Tables T and 1I, were consistent with the con-
cept that the protective effect of reserpine de-
pends primarily on its action of exhausting body
stores of 5-HT.

Protective effect of histamine prelreatment on
anaphylaxis. Since histamine has been shown to
stimulate the adrenal gland (18), the effect of
trontment with histamine on the anaphylactic
response to soluble Ag-Ab complex was studied.
Histamine phosphate was dissolved in 0.2 ml
of M/100 Sorensen’s phosphate buffer, pH 7.2,

containing physiologic saline (PBS) and adminis-
tered intravenously 20 to 25 min before challenge
with the complex. Although the amounts of
histamine used were not lethal, it was noted
that immediately after administration of the
drug the -animals showed =ome hyperactivity

- followed by prostration. However, at the time

of challenge, the mice had recovered and appeared
normal. The results, presented in Table III,
show that the histamine treatment afforded good
protection against anaphylaxis. Perry and Darsie
(19) did not note any effect of histamine treat-
ment on anaphylaxis in the mouse. These varying
results may have been due to differences’in the
drug dosages used and the time intervals between
treatment and challenge. An alternate possibility
is that the differcnce in results was due to the
systems used, namely active anaphylaxis 8
passive anaphylaxis provoked with soluble Ag-Ab
complex.

Susceptibility to histamine and 6-IT following
hislamine treaiment. Because of the observation
that the histamine-treated mouse shows in-
creased resistance to anaphylactic shock, the
effects of histamine treatment on challenge with
either histamine or 5-HT were studied. The

TABLE I1

Influence of treatment with epinephrine, norepi-
nephrine and dopamine on the anaphylactic
response of the mouse to challenge with soluble
antigen-antibody complex

'i Interval between

!
Material Used for | Treatment | Apaphylactic
Treatment : and ! Deaths
: ! Challenge ‘
T : —::c i i
Epinephrine: ;
0.010 mg I 30 (before) | 1/28*
0.010 mg 300 (before) : 0/10*
0.010 mg 300 (after) | 14/20
0.001 mg

Saline (controlsy 30 (before) 23/28

Norepihephrine, 0.10 30 (before) T/28*
mg
Saline (eontrols)

30 (Licfore)

1

30 (before) \ 13/20
|
I 22730

1

30 (before) i T/30*
30 (before) | 16/26

* These values differ significantly from their

Dopamine, 0.321 mg
Saline (controls)

- respective control values.
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TABLE IIT
Influence of treatment with histamine on the response of mice lo challenge with soluble antigen-antibody
(Ag-Ab) complex, histamine und serolonin

Interval between
Treatment and
Challenge

Material Used for Treatment

min .
Histamine, 1.0 mg 25
Histamine, 3.0 my 25

PBS (controls) 25
|
Histamine, 3.0 myg 25
PBS (controls) 2
Histamine, 3.0 mg 25
P’BS {controls) 25

Challenge Preparation Anaphylactic Deaths
Ag-Ab complex 4/10
Ag-Ab complex 1/20°*
Ag-Ab complex 12/20
Histamine, 8 mg 7/10%
Histamine, 8 mg 7/10t
5-HT, 4 mg 6/20%
5-HT, 4 mg 9/261

* ‘This is the only value which differed significantly from the respective control value.
t These deaths oceurred at periods between 2-10 min after challenge.
PBR8 = phosphate buffer, plI 7.2, containing physiologic saline; 5-HT = 5-hydroxytryptamine. -

animals were given 3.0 myg of histamine-phos-
phate intravenously 25 min before intravenous
challenge with either histamine or 5-HT. The
controls were treated with a similar volume of
PRS. The results of this experiment, presented
in Table III, show that histamine treatment
did not modify the susceptibility of normal mice
to further intravenous challenge with histamine
or 5-HT. They provide no evidence to indicate
what the response of the animals might be to
the local liberation of these agents.

Protective action of §-IIT antagonists. Lysergic
acid diethylamide, its bromine analogue (BOL)
and chlorpromozine have been shown to possess
anti-53-HT activity in the mouse (2, 20, 21).
Experiments were  conducted  to determine
whether treatment of normal mice with these
compounds wonld protect against anaphylaxis.,

LSD, (.5 mg in a volume of 0.2 ml of saline,
was given subeutaneously to 22 mice 2 hr before
challenge with the Ag-Ab complex. Jix of the
animals died from the LRI treatment. The
survivors were hyperactive at the time of chal-
lenge. A second group of mice received an in-
travenous dose of 0.1 mg of BOL in a volume
of 0.2 ml of saline 90 min before challenge with
the complex. Although the mire given BOL
also became hyperactive mmediately after in-
jeetion, they appeared normal at the time of
chadlenge. A third group of mice were treated
intruvenously with 0.125 mg of chlorpromazine
1 nin before ehailenge. This amount of chlor-

promazine caused slight sedation. The results of
these experiments, presented in Table 1V, show
that treatment with the 5-FIT antagonists, BOL,
LSD, and chlorpromazine afforded good pro-
tection against anaphylaxis. The protective ac-
tion afforded by LSD and chlorpromazine was
in good agrecement with the results obtained by
Fox et al. (3).

In view of the report of Kelemen (22) that the
anti-inflammatory agent sodium salicylate may
be a 5-HT antagonist, this compound was used
to treat groups of mice before intravenous chal-
lenge with either soluble Ag-Ab complex, his-
tamine or 5-HT. In this experiment a subcutane-
ous dose of 7.5 mg of sodium salicylate in
physiologic saline was given 3 to 4 hr before
challenge with the various preparations. The
control .mice received the saline diluent before
challenge. The results of this experiment, pre-
sented in Table V, show that sodium salicylate
afforded significant protection against anaphyli-
axis but failed to protect against shock with
histamine or 5-HT.

Enhancement of anaphylazis by treatment with
5-HIT and §-HTP. Waalkes and Coburn (23)
have rccently shown that the intravenous in-
jection of 5-HT results in an increase in the total
amount of 5-HT in the lung. In a trial designed
to test the hypothesis that an increase in the
stores of 5-HT may enhance the susceptibility
of mice to anaphylaxis the effect of treatment
with 5-HT on the anaphylactic: response was
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TABLE 1V

Influence of treatment with anti-serotonin agents on the anaphylactic response of the mouse to challenge with
soluble antigen-antibody complex :

Material Used for Treatment Route Used for Treatment hg:::’.:f‘af"‘“:;::" Anapbylactic Deatbhs

BOL:

0.025 mg Intravenous 30 min 7/10

0.025 mg . Intravenous 90 min 8/10

0.10 mg Intravenous 90 min | 11/32*
Saline (controls) Intravenous 90 min | 19/22
LSD, 0.5 mg Subcutaneous 2 br _4/16*
Saline (controls) Subcutaneous 2 hr 11/14
Chlorpromazine, 0.125 mg Intravenous 10 min 1/12* .
Saline: (controls) Intravenous 10 min 8/10

* These values differ significantly from their respective control values.
BOL = bromine analogue of lysergic dcid diethylamide (LSD).

determined. Twenty-four mice were treated
intravenously with 1.0 mg of 5-HT in 0.2 ml of
physiologic saline 30 min before challenge with
0.4 ml of a dilute solution of the complex con-
taining 0.144 mg Ab N and 0.5 mg BSA. This
dosage of complex resulted in a low mortality in
the control animals that received the saline

diluent before challenge. The 5-HT used for

treatment produced immediate mild to severe
symptoms of “shock’ which subsided completely
before challenge with the complex. At the time
of challenge all of the treated animals appeared
to be slightly sedated, and some showed diarrhea.
The results presented in Table VI show that
treatment with 5-HT increased the susceptibility
of the mice to challenge with the complex.

To test the above hypothesis further another
experiment, was ~onducted in which the animals
were treated witn the 5-HT precursor, 5-HTP.
The animals were given an intraperitoneal dose
of 2.0 mg of 5-HTP h a volume of 0.25 ml of
physiologic saline 15 min before challenge with
the same diluted preparation of soluble Ag-Ab
complex used in the preceding experiment. Since
all the mice showed diarrhea and scdation at
the time of challenge, it is probable that apprecia-
ble amounts of 5-HT had been produced from
the injected 5-HTP (24). The results, which
are also presented in Table VI, show that treat-
ment with 5-HTP markedly enhanced the sus-
- ceptibility of the animals to anaphylaxis.
Altempts to protect against anaphylazis with

TABLE V
Influence of treatment with sodium salicylate on the
response of mice challenged with soluble antigen-
antibody (Ag-Ab) complez, histamine and serolo-
nin®

. . Anaphy-
Mn%rrl::g:lﬁ for Challenge Preparation I;:ttll;:s
]
- . !
Sodium mlicylate, 7.5 mg | Ag-Ab complex, 0.4 8/30%

ml
Ag-Ab complex, 0.4 20/36
ml

Saline (controls)

Sodium salicylate, 7.5 mg | Histamine, 8 mg 8/10
Saline (contruls) Histamine, 8 mg 5/10
Sodium salicylate, 7.6 mg | Serotonin, 4 mg 8/16
Saline (controls} Serotonin, 4 mg 6/18

* The sodium ealicylate waa administered subcutsaeously
34 hr before challenge.
t This value differs significantly from the control value,

pyrilamine maleate. Since pyrilamine maleate
bas been shown to afford good protection against
histamine shock in the mouse (25), the anaphy-
lactic response following treatment with this
antihistaminic agent was determined. The com-
pound was dissolved in PBS and administered
subcutancously in various dosage levels in a
volume of 0.2 ml. Control mice received & similar
volume of PBS. The results, presented in Table
VII, show that pyrilamine maleate administered
20-40 min before challenge with the complex
did not significantly alter the anaphylactic re-
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TARBLE VI
Influcnce of {reabment with 5 hydrorytryptamine
(5-HT) and 5 hydrorytryptophan (6-HTP) on
anaphylactic rexponse of the mouse to challenge
with soluble antiyen-antibody complex®

l d
} 1
Material Used for ! ‘ll;ent:vivgar: Syrprploms‘at Anaphylac-
Treatment ; Treatment | Ch;“‘&‘:‘: tic Deaths
‘and Challenge :
ISUUTRNUNN RPN SRR LS ——
i min i * .
51T, 1 mig ' KV I Dinrrhen, 20,241
! ! alight sc-
: I dation
5HT,. 2.0 mg ; 15 Diarrhea, 19/22¢
i ‘ slight se-
: \ dation
i None 12/36

. Saline (contruls) | 15

* The mice were chisllenged with n diluted preparation of
complex designed o produce a low fatulity tate.
t These values differ significantly from the control value.

sponse of the animals, These results differ from
those of Cueron (23) who reported that this
compound uffords goud protection against active
anaphylaxis in the mouse. Although the reagon
for the difference in results is not apparent, it
should be noted that the mice used in the present
experiments were of a different strain than those
used by Cameron. In addition, the manner of
producing shock was not the same.

Studies with pertussis-vaccinated mice. Since
it was observed that the 3-HT-antagonists and
the cutechol amines exert protective action
agsinst anaphylaxis in normal mice, tests were
conducted to determine whether these com-
pounds alsy possess the eapacity to protect
pertussis-vacvinated  animals. The  challenge
material uxed was made by diluting the standard
preparation of soluble Ag-Ab complex  with
PBS to give 0.144 mg Ab N and 0.5 BSA
in a total volume of 0.4 ml. The results, presented
in ‘Tuble V1II, show that, among the agents
tested, epinephrine was the only ~ compound
capable of protecting the pertussis-treated mouse
against anaphylaxis. This is in marked contrast
to the results previously observed in normal,
nonvaceinated miee in which it was noted that
prechailenge  treatment with either reserpine,
BOL or dopamine was also effective in preventing
snaphylaxis. Since pertussis vaccination alters
the physiologic reactivity of the mouse in many
other ways than by increasing their susceptibility
to ansphylaxis and 5-HT (26), the above results
provide no dependable clues to the mechanisms
of ansphylaxis in the normal mouse.

]
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Refractoriness to anaphylazis Jollowing sub-
lethal doses of the complez. It is an old observation
that animals of various species may become
refractory to anaphylaxis with a specific antigen
following treatment with sublethal doses of the
antigen or following sublethal shock produced
with antigen and antibody of an unrelated system
(27). In the course of the present investigations
it was observed that mice challenged with sub-
lothal doses of soluble complexes of BSA-anti-
BSA become highly refractory to further chal-
lenge with lethal doses of this complex or to
challenge with lethal doses of complexes of a
different antigen-antibody system, such as those
of bovine y-globulin-antibovine vy-globulin. The
refractory state lasted for 48-72 hr. Refractory
states in mice following challenge with soluble
antigen-antibody complexes have been previously
reported by others (28, 29).

In the present work preliminary attempts were
made to abolish the refractory state produced
with the complex by the administration of cither
mouse complement of 5-HTP or a combination
of both substances. The development of diarrhea
in the animals treated with 5-HTP indicated
that the quantitics of scrotonin induced were
appreciable. Nevertheless, neither 5-HTP nor
mouse complement nor a combination of both
substances abrogated the refractory state.

Studies on mast cells following anaphylasis.

TABLE VII
Influence of trealment with pyrilamine malcate on
the anaphylactic response of the mouse to chal-
lenge with soluble antigen-untibody complex

{::tcrval
W .
Material Used for Treatment Tregitl.‘ré::t Mﬁﬂmﬂ'c
Challenge
min

Pyrilamine mateate, 1.0

o7 SR 20 8/10
PBS (controls). ......... 20 8/10
Pyrilamine maleate,’1.0

ME e 40 9/22
PBS (controls). ..... .. 40 13/21
Pyrilamine maleate, 1.5

117 ST 40 &/10
PBS (controls)........ 40 9/10

PBS = phosphate buffer, pH 7.2, containing
physiologic saline.



S. TOKUDA AND R. 8. WEISER {vou. 86

TABLLE VIII .

Influence of treatment with various drugs on the anaphylactic response of pertugsis-vaccinated mice to
challenge with soluble antigen-antibody complez®

i P — YRR - R

Material Uned for Treatment Route Uned for Treatment Interval betw: Chareat- | Anaphyluctic Desthia
e , L -
ROL: Intravenous 45 min i 10/10

0.10 mg ) :

0.10 mg Intravenous 90 min ! 9/10°
Naline (controls) Intravenous 90 min ! 13/14
Reserpine, 0.50 mg Subcutancous 18 hr : 0/12
Saline (controls) Subecutancous 18 hr /8
Pyrilamine maleate: .

1.00 mg Subecutaneous 20 min w'ln

1.50 mg Subcutancous : 40 min 910
PBS (controls) Subcutaneous : 2 min 10710
Dopamine, 0.67 mg Intraperitoneal i 1 min Wl
Saline (controls) ] Intraperitoneal ! 1 min i)
Epinephrine, 0.01 mg Intraperitoneal | 30 ~e¢ /31
Saline (controls) Intraperitoncal ‘ 30 see INAIS

* The mice were challenged with a diluted preparation of the complex.
# This is the only value which differed significantly from the respective contral valae
BOL = bromine analogue of lysergic acid diethylamide; PBS = phosphate buffer, pbl 7 2 ontaining

physiologic suline.

Since it has been reported that the mast cells
of the mouse and rat contain scrotonin as well
-as histamine (30) and that morphologic changes
oceur in the mast cells of certain animal species
following the Ag-Ab reaction (31-33), experi-
ments were conducted to determine whether
morphologic changes occur in the mast cells of
the mouse following challenge with soluble Ag-Ab
complex. .

In the first experiment, fatal anaphylaxis was
produced in mice by challenge with the standard
preparation of the complex. Immediately follow-
ing death, the skin of the cars was stripped off,
stained with Wright's stain and examined with
the light microscope. Skin from the cars of normal
control mice killed by severing the cervieal spinal
cord was also stainedwind examined in the same
manner. Since the limited cell disruption and
degranulation observed in these specimens was
patchy in distribution and present in prepara-
tions from both the test and control groups,

careful mast cell counts were not made. Appar-

ently the mere handling of the specimens was
responsible for the changes observed.

Mast cells in the subeutaneous tissues pre-
pared by the air-pouch method of Carter and
associates (34) were also examined using the
May-Gruenwald stain. The test materials in-

.

jeeted into the uir poneh were soluble Ag-Ab
complex, Ag alone and Ab wome Ninee there
was no difference in the distuption of mast ecells
in preparations of control nnd experimental
animals no significanee eould be attached to the
results.

Mast cell studies of the mesenteries of unrmal
and pertussis-treated mice conducted aecording
to the method of Riley (357 immedisg -y follow-
ing anaphyiuetie death likewise gave no indien-
tion that meorphologie clunges in mast cells
accompany anaphyiasis

In another series of experinents mice were
challenged intravenously with soluble comples,
Immediately after death the skin of their prws
wag removeid, fised, seetioned aud stained with

‘toluidine blue aceording to the mothod of Bowley

and Benditt (36). Exuination of these sectins
did not reveal any morphoiogie alteration u, the
mast cells. ,

Anaphylactie suseeptibiiity of different straing
of mice. Preliminary trinds hzove shown that miee
of the DBA/2 strain are highly refractory to
anaphylaxis and exbibut, oy mild symptoms
following injection of three times the standard
dose of complex. '

Wherens. pertussis vaceination fuilel to -
erease the suseeptibility of DRA 2 muee to ana-
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phylaxis produced with the complex, vaccinated
animals beeame  highly susceptible to active
anaphylaxis,

DISCURRION

The responses of animals to injeeted medlators
are commonly regarded to be highly meaningful
with respeet to the mechanisins concerned in
anaphylaxis. However, it seems important to
recognize thut the injection of mediators may
in no sense simulate the natural events leading
to anaphylaxis. Indeed, the effectiveness of any
biologie medintor(s) responsible for anaphylaxis
may depend on its liberation in high concentra-
tion in tissue loet where it 1s {ree to act on target
cells, and at the same time remain sheltered
from exposure to destructive enzymes and antag-
onists such as those present in the circulating
blood (37).

The similarity of action of histamine treatment
and salicylute treatment in protecting against
snaphylaxis but not against intravenous chal-
lenge with histamine or 5-IUT does not neces-
sarily mean that the mechanisnis by which these
agents act are similar. It is possible that the
state of refractoriness observed may have been
on n basis similar to that which underlies the
reiractoriness induced  with  Ag-Ab  complex.
All of these treatments could conceivably involve
exhaustion of stores of some unknown medi-
ator(s). It is also possible that the protective
action of these treatments results from stimula-
tion of the adrenal gland. The refractoriness
to anaphylaxis induced in mice by either chronic
or acute shuttlebox stress (35) may also be on a
similar basis.

The results obtained with pertussis-vaceinated
mice fail to provide relinble evidence on the
mechanisms of anaphylaxis in the normal mouse
becuuse pertussis-vaceination alters the physio-
logic reactivity of mice in muny ways other than
by increasing their susceptibilitygto anaphylaxis
and 5-HT. For example, such mice also show
inereased sensitivity to histamine, cold shock
and other forms of stress (26) and display a
murked decrease in histaminase activity of the
lung (39). For these reasons the failure of the
present attempts to protect pertussis-vaceinated
mice against anaphylaxis by prechallenge treat-
ment with either reserpine or BOL lacks meaning
with respeet to the mechanisms of anaphylaxis
in the normal mouse.

Morphologic studies on the mast cells of the

mouse, which are known to eontain appreciable
quantities of serotonin (30), gave no indication
that these cells are significantly altered during
anaphylactic shock produced with soluble Ag:Ab
eomplex, Although this finding is contrary to
the finding of Carter ef al. (34) in their studics
on “local anaphylaxis” of the actively sensitized
mouse, it is to be noted that Fink and Rothlauf
(40) were unable to detect any morphologic
change in mast cells of the actively sensitized
mouse uterus subjected to the Schultz-Dale
reaction. Since the release of mediators from
mast cells can take place without apparent mor-
phologic change (41, 42) the present results do
not provide certain evidence that 5-HT is not
released by challenge with soluble Ag-Ab -com-
plex.

Since reserpine produces multiple effects in
animals the observation that prechallenge treat-
ment of normal mice with reserpine affords good
protection against anaphylaxis does not by itself
provide conclusive evidence that 5-HT plays an
important role in anaphylaxis of this species.
However, the observation that the only agent
which restored the anaphylactic sensitivity of
the reserpinized mouse was 5-HTP, supports
the hypothesis that the resistance of the reser-
pinized mouse to anaphylaxis results from defi-
cient body stores of 5-HT. The observation that
the 5-HT antagonists, LSD, BOL and chlorpro-
mazine proteet the mouse against anaphylaxis
likewise indicates that 5-HT is an important
mediator of the reaction. The increased suscepti-
bility to anaphylaxis induced in normal mice
by prechallenge treatment with either 5-HT or
5-HTP is also compatible with the hypothesis
that 5-IIT scrves as an important mediator of -
anaphylaxis of the mouse.

Although the evidence obtained in the present
investigation appears to be compatible with the
hypothesis that 5-HT serves as an important
mediator of anaphylavis of the mouse, it is ob-
vious that further information will be necessary
to prove this hypothesis.
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SUMMARY

The influence of various treatments on the
anaphylactic response of the BSwiss-Webster -
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mouse to challenge with o soluble antigen-anti-
body complex composed of bovine serum al-
bumin-antibovine serum albumin was studied.

Protection against anaphylaxis was afforded
by prochallonge treatmont with either reserpine,
epincphrine, norepinephrine, dopamine, his-
tamine and sodium salicylate or with the “sero-
tonin antagonists” lysergic acid diethylamide,
its bromine analogue and chlorpromazine. The
antihistamine agent, pyrilamine maleate, was
without effect.

The protective.effect of reserpine can be abol-
ished with 5-hydroxytryptophan but not with
3,4-dihydroxyphenylalanine. Histamine or so-
dium salicylate did not affect the response to
intravenous challenge with serotonin or his-
tamine. Prechallenge trcatment with 5-hydrox-
ytryptamine or 5-hydroxytryptophan increased
the susceptibility of the animals to anaphylaxis,

The highly sensitive
mouse was protected against anaphylaxis by
prechallenge treatment with epinephrine but not
by prechallenge treatment with reserpine, the
bromine analogue of lysergio acid diothylamide
or dopamine.

The refractory state induced by prior sublethal
doses of antigen-antibody complex was not re-
versed by the administration of mouse comple-
ment or 5-hydroxytryptophan or a combination
of both substances.

Mice of the DBA/2 strain show only mild
symptoms of anaphylaxis following doses of
antigen-antibody complex three times those
necessary to produce fatal anaphylaxis in a high
percentage of Swiss-Webster mice.

Examination of various tissues following ana-
phylactic death produced with the complex gave
no indication that morphologic changes in mast
cells accompany anaphylaxis.
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