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i, BREREARTIZLEERE LYY,

ZOER®RY I F L ORBEFICE LT, BEIEHE
BE & DBERY, #ERKo histaminase FiE 0 FHD,
histidine decarboxylase ALK /1 ¥, £ < DR
MNiRB & iz, BETIX, Fishel et al.®® £ Munoz
and Bergman® |z X ¥, B-adrenergic blocking {Ef§
BEBFEENTVE, L, EHER Db OBERER
e

KRR, BEHEYV I FUBRES y MEOWT, X
2 T VIC L BBIERFEERL, BIBRERT » b HR
MLk, LT, BAEYZFoEES y Nz,
E 2% UERERBIROHBRET 22 LickEER, ToH
B, BXUY, v2% 1 UEBETFLOBEREREL
7o

X B 7N &

1. RREMEIULE

H#E 150g giitem Wistar R7 o bEEHALK, 272
L, BiRMERIEICE, FE 20080 E0b0EBA,
BHHEY 77 (RERKFEERZEFFRE) 3, 2x10°
organisms/150g & BIERIZEA Lz, TEIR 2 Hk
L, &biz, BHEY 7 F o5 ®ET 2B, FiHik2
HBiz, 927 8% ', KRB L TS L, HSF &

Culture Supernatant

583, &9 protein 25mglkg ¥ A I EAL
oo WTFNOBEEL, WER 4~6 AR ICEREITH -
77

2. M EFH

BOEREE X ERRE: C, f1x Nembutal FF®: (30
my@,E%WEK)TTﬁKOt;ﬁWMEMﬁm
BEERIC A L =z polyethylene tubing (Adams
Clay, PES0) 2L T, BRMES (AFEEH) T
FCER L7z, WERIZ plethysmograph iz X ¥, OERII
BEERZFEEIC X VR LU, ®ilE, DEERC X 32,
Fioid, BEIHIRKICFEA L tubing » 6T/ -7, E
22T i, ERe 243y (E. Merck AG., Germa-
ny) ZEMERE (10mg/kg EADE /13 histamine
base 10 mg/ml) [CABRKKTHEMAEL, Imikg 2B
BiIRE D I5BTEALL, METERIGHE OHED

AR, REIKICHEA LR tubing X V1T o7,

3. & ¥ # %

HSF o888, RRARZERZEHER oKL O
FEK -7z, Fig. 1, 2 it 2ol ERT, Ay
L5EEX, Geyer and Bowie® mHikiz XV flame
photometer (BENXESIOLER QR-50H, RHN
BEERM) TRIE LRk, BfEr vy Y 4%, Toribara
et al.'® O FEERAL, BHERCANh MEE, 5%

B. pertussis cells

disrupted by sonic oscillator
centrifuged at 10,000 rpm for 60 min.

Supernatant

Supernatant Precipitate

added 1M Zn-acetate (1.2%)
settle down at room temperature for 60 min.
centrifuged at 10,000 rpm for 60 min.

Precipitate

dissolved with 0.5 M EDTA solution

dialyzed against distilled water for over night
added solid ammonium sulfate (7095 saturation)
centrifuged at 10,000 rpm for 20 min.

Supernatant

Fig. 1.

Precipitate
dissolved with distilled water
dialyzed against distilled water
then against 0.01 m phosphate buffer

Chromatography on DEAE cellulose

Schematic diagram of preparation of HSF fraction.
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Fig. 2. Chromatogram of crude HSF fraction on DEAE cellulose.
Column size, 6.6cm?X40 cm ; fraction volume, 10ml. Lowry’s
method for protein was employed.
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Dosage-mortality curve.
total 146 unanesthetized rats of 3 groups;
adrenalectomized-pertussis-vaccinated

group, pertussis-vaccinated group, adre-
nalectomized group. Histamine dihydro-
chloride in saline solution was injected

intravenously into 10-18 rats at each level -

of dose. Abscissa: histamine dose expres-
sed as the base on the log scale. Ordinate:
% mortality.

BH

Sampled from

Dose of Histamine °
Sug/kg 10pg/kg 100pg/kg
BP
mmHg \ / ‘\[\
Normal .
50} - =
0 1 1 1 1 1 1 1 i 1
BP . :
mmHg Systolic -
Pertussis-
vaccinated
501 - ’ -
0 1 1 ] 1 1 I 1 1
BP
mmHg .
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50+ - -
0 1 i L 2 1 1 1 1 1
2 4 0 2 4 0 2 A
Time in Minutes
Fig. 4. A drop of the arterial blood pressure

induced by i.v. injection of histamine.
Although 1 pg/kg of histamine did not
change blood pressure, histamine over
5 pg/kg (thresholed) produced a fall of
blood pressure. Abscissa: time course in
min. Ordinate: blood pressure in mmHg.
The upper trace is systolic blood pres-
sure; the lower diastolic.
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B0 0F UHRREDERENRE (n=5) TiX, e x%23
v 500mglkg BHEIC X - THRRTHIN L5 T2, L
L, BEEY 7 F o858 (n=52) T, b R4
ERT2EARBIERAEEDONS, Thbb, LD,
B 9.7mglkg THoir, Z0OHEIE, BIBEBRE (n=61)
» LD, 20.7mg/kg X V&, TE, BIBHERBRICER
BU o F L REE A0 LB (n=33) Tk, LD, A
L4mglkg L X6 IT{EL LB, Tibb, BIBXRIELZS
PFTae, BEABUZF Uik de 2 3 UHERENEL
T35,

b.  ¥IEABHAR M T ke

EENEE BA%RY s 7 RERH, BITHRE O
E3BWEEL, e 2% 3 > | pglkg BIETIE, BROET
BeiZdE S 72hs > 7eo 5 pglkg BETIX, BB OHEIE,
BLUEED THER D -7z, 10pg/kg, 100pg/kg &
BEESHT L, WHSROE THRIWET 5 (Fig.4),
ZTOBREOKRE S, BIVEERER, 3HZELTE
LAEERE,

c. HILRE

b 2% 3 10mg/kg BEROBIRME, R O
B OEILE Fig. 5 iT/R¥T, Nembutal FRE:T T3,
BHEY 77 o BREH, BIUBRIBHBREI 100% k1=

Normal

BP
mmHg

100

50 1 Systolic

Diastolic

Pertussis-
vaccinated

mER

TH50T, UBOKRICZZOBREENICHEM LR,
22 UHEERORBRER, SEFELENZIDLN
v, EENBETIE, SO%IVOECRERAGR

Histamine .
10 min.

| 2 5
SR AR R

0.2sec.
* % [O.va
Adrenx. JM 4“
Fig. 6.

Pt
0.2sec.

Change in the electrocardiogram (Lead
IT) following i.v. injection of histamine
(10 mg/kg). In vaccinated rat, enlarge-
ment of the T wave appeared and seri-
ous cardiac arrhythmia followed. Fibril-
lation is traced in 1/2 scale. Details, see
text.
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Fig. 5. Effect of histamine (10 mg/kg, i.v. injection) on the
arterial blood pressure (BP in mmHg), respiratory

rate (RR in number/min) and the heart rate

in number/min).

(HR
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5, —F, BEBY 77 &5, BIUVBIBERET
X, BER&ZLNT, BEXSETT 3. Kic, @BEED
BA®Y 77 EERTER, REOCELHIEHET, X
& ¥ UBRTERARICOEEENNGE 5\ oD EEMAE
BRHBL, 8FEBEZ &L LT T 5, LDEEMAE
OHBLRWHITE, BEOETIZ 105505 20 S0k
BE LY, MF 20mmHg 2l Y RKEILT S, BIFH
BRECIX, BEOKANRRSRLE S, AFICME 20mmHg
THREIET S,
DEXOZE(LE Fig. 6 ©RT. BEHEY 7 F &5
BT, X4 UBER RRELEBEERTHROHS
PHRL, THROEEIAREILLZ508:8E5 L,
MkESHEL, SEE AN OV TOERES~
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feRED sk, SN HER, BXY, DEEM
Bic X 330x, EEXNREE, B3IV, FIBHEBRETER
oLF 109 N0
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Fig. 7. Changes in hematocrit (Row A), serum

potassium

calcium levels

levels

(Row B) and-serum
(Row C) following i.v.
injection of histamine (10 mg/kg).

Ar-

rows show the start of histamine injec-

. N _ tion.
(Fig. TA), M¥» U v 2 @ES, BHERY 2 7 85,
' Normal Pertussis- Adrenx.
c vaccinated
a
mdb
12
10+ B -
T
8 Non-~diffusible
6=
“r Diffusible -
2 e
n=19| |n=20 n=25{ {n=15 n=22} [n=13|"
0
Before After Before After Before After

Fig. 8. Difference of

serum calcium levels

between control

(Before) and 10min after i.v. injection of 10mg/kg
histamine (After). “Non-diffusible” (upper column): total
Ca—Ca in ultrafiltrate ; “Diffusible” (lower column): Ca
in ultrafiltrate. Bars indicate confidence limit (p=0.05).
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BIBRHRmEEICRVT, AEE0ZHLZ EARTRL, E
BNEEO FRIBETHS (Fig. 7B), MFE» vy
v ABEE, Fig. 7CemT ko, EEFBETRIEZ
EACEBERDRCR, BHRY 7 F UBRE5E T,
S ARICBBIL LAVHRT 2, BTHBRHE TR AR
REET, BERV/FURERLERADLLS,
ShiT, MBIV Y 2 BELREHERT S0, t
24 UBER 0 DOEERMICX Y Bl L, mEE
AN L LBENEI VY ABERBEIEL, Fig. 8ic
CRT. FENRETIE, EX2 T URIBIENRTDS
nizv, BIBHEEBRETE, F8 (pP<0.05) 0 EREEED
52, T LERERE, BHEERY 7 7 v REF TR,
EREBRIIIPCKREL, BBBRELOZEXBERSA
Z (p<0.01) TH3B, P, BrL YA BEOHEN
X, B LY ABEOEMEEFTLTNS,

Ca Normal Rats (A)

mEq/kg, DW. After
Before
o A
6
41~
2 :
Kidney Liver Heart
Before Vaccinated Rats (B)
T
6 After
[. -
2+
% s
Kidney Liver Heart
Fig. 9. Difference of tissue calcium contents be-

tween control (Before) and 10 min after
i.v. injection of 10 mg/kg histamine (Af-
ter). Row A: normal (non-vaccinated)
rats, Row B: vaccinated rats. Bars indi-
cate confidence limit (p=0.05).

®ER

b. By Y sl &t r ooy s HES L
TOEKER:

ERNRE, BIUOHERY 7 7o BEHO, B,
FF, BIUODOI VYD A5BRHE L BREr Fig. 9
“Before” |ZRY, HHEY 7 F VREH T, BTE
fkizL, B, BIUDTEE (p<0.05) o #Ein%=n

.50

E6IT, TRENOBICe X4 I Ve BEL, 1094
CEDHVY Y LhEBEBPE L, EEBE TR, ©
A2 L BENERED v (Fig. 9A), HHAE
Uy FUREETR, DERAETHEH, B BIUF
THE (p<0.05) nELE2B®5 (Fig. 9B),

c. REREL

B X4 UBEROARIRMBUEE (Fig. 10A), &

.In
' 60

4O

IS IS

Ca
mg b
12

45~
40}
¢ 35
LI P 7
30
L1 J : 1
0 1 4 10 day
Fig. 10. Time course of three events after vac-

cination. Shaded bars of each row indi-
cate confidence limit of the control (Row
A, p=0.10; Row B and C, p=0.05). Row
A : frequency of rats in which cardiac
arrhythmia appeared after i.v. injection
of histamine (10 mg/kg). 18-30 rats were
tested at each day, totally 95 rats. Row
B: serum calcium levels 10 min after his-
tamine injection. 10-40 rats were tested
at each day, totally 86 rats. Row C: cal-
cium content of heart. 10-29 rats were
tested at each day, totally 67 rats.
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IUmEL vy LRE (Fig. 10B) 1%, ARV 7 F
VEREEE I HEIRIBEOEME VS, E4HER
RESEICEL, LT, BFI0HECRBREROELE
_EE (p<0.05) DFHEH B, DEI VYTV LEE
(Fig. 10C) 1, B 1 HE»SFE (p<0.05) A
b5, B4EECRRIVREREL, fiELAROR
BEILERT. TLT, ThboEEELIE, vx43
VEGERBOBRRE O —BT 5.,

d. ATHTEA VYD AMEL € 242 T v BRERR

E“’\g .

%k (1.2%) CaCl, % 20ml/kg BHENICEATS
L, EF Y VA, BIUHY Y LBERELALE
ILLBWT, MEDVY Y ARER, A 30 5T 16.2
mg% 2L, DEN EichThins THROMERSE
WENBEDIERD, ALY AMBEREL -7
DRRT, XX IVeBETHL, BERY I FUE
E#icsohic b RARRERALTREOBENRHERT 3,
ZOHEST, WMNIEERHIAL, Hicwk, BEENCDH
EHMBLHRT X5k s (Fig. 1), ZoOREL

Hlstum!nE(l v.)

CaCly(i.p.)
after 30min. 5 min,

OZSec 025":
Fig. 11. Cardiac arrhythmia evoked by iv. in-

jection of histamine (10 mg/kg) under
hypercalcemic condition. The rat was
premedicated before 30 min by i.p. in-
jection of CaCl, (1.2956 water solution,
20 mlfkg).

Table 1.

ERERT TS

HIREE D, anwafzﬁgm%@kmmbrw
(Table 1),

—7%, %K (0.154m) L-7 2,85 LBy Y % 30ml/
kg BEIERBEAL 30 Bz, X% Uiz X BREEIRHE
DEEERE Licdt, B r -7z 0=10), L
b, TEOBEIZIMEL, STHEOEEZ 15
REOEILE, 777 BREBCBESH3O0ERED
LRz > Tz,

3. ERZIVHERETF (HSF) LKBRM

BHRY /F UBE AR EYEEDE RS, TOV
&oTHD HSF 33, BEEV I/ FUEET v b, &
A4 UEREARNRO HREFICEE L T 55k
Bdd, ZOHREEID BT, B HSF 2 Bv
R L. Fig. 2 RLABSEE ThThBERICRS
LcBA, e 22 UHIERE (LD, 1%, ZE B#E
B (n=10) ©ix 59mg/kg, HHE CHEEH (n=10) TR
135mglkg Thotc. —H, FEARSE (n=10), .
BLUDE D EEH (n=10) Tik 200 mg/kg TIRTH
BETH 5Tz,

b X% 3 20mglkg B O RERRIX, HSF Eif
RBEEOSE B, BIOCHBERCHIEL, HSFEK
PREEODE A, BIXUDHEERTIEE- & (HEL
7zvs (Fig. 12A), v 2% 3 L8105 o NiE » v
vy AREYL, 98B, BIXOCHEHTRAR (<
0.05) D LAEFRTH, FEA, BIUDREBTIZE
Aemsiwv (Fig. 12B), DEr oY o 2B, 2
WTEE (p<0.05) o3 % RT
2B, TO®MEX, FEB, BIUOCHREETEL, &
H A, BXUODHRERTIXE (Fig. 120), &8, 08

By v LRI, ﬁ@&%ﬁ?«rkkwfﬁamﬁw
B oTe,

ECG changes after intravenous injection of histamine (10mg/kg)

in pertussis-vaccinated and CaCl, injected rats.

Cardiac arrhythmia

Pertussis-vaccinated

Ca(Cl, injected®

Appeard 16 (53%) 20 (539)
Ventricular extrasystoles ... 10 13
Extrasystoles+ Fibrillation ..o 6 7

Non appeared 14 (47%) 18 (479%%)

Total cases 30 38

* 1.29% Ca(Cl, solution (20 m!/kg) was given intraperitonealy 30 minutes before histamine

injection.
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Fig. 12. Different effects of each fraction on three
events. Rats were treated with fraction
. A, B, C and D (protein 2.5mg/kg, i.p.).
LD;, of histamine was B=59 mg/kg, C=
135 mg/kg, A and D had no HSF activ-
ity.” Shaded bars of each row indicate
confidence limit of the control (Row A,
p=0.10; Row B and C, p=0.05). Row
A: frequency of rats in which cardiac
‘arrhythmia appeared after i.v. injection
of histamine (20 mg/kg). 9-10 rats were

tested in each fraction.

Row B:

serum

calcium levels 10 min after histamine. 10

rats were tested in each fraction.

Row

C: calcium content of heart. 6-8 rats
were tested in each fraction.
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BHERY 77 v BLUVRIBHERIZ, &blcerz iy
BRERARDB, Lirl, Fo/EABFIRIEE THS
LEESNTERY, FRRRICXY, () BERV ST
VREIBHEBR LV VRBRC-ERBERAR DS, (2) BIBRE
REBT 5 L EBERCHENRT S, 8 mEOLX
23 UHIERENRE RS, (4) glucocorticoid 7k
epinephrine RPALEIXEIBHER Z v MEHEH D2,
BHEU 7 F o5y oS THB'!Y, Dbk,
EOIEBBFORI S L2 KRBT BBRE S,

BEHEYVZF L BRES y b REIVRRLBBEED

£z HxR

REX, BIUHRERR, FES v b ORI o7z,
LiedoT, BEEV I FLickb b4t LEEE,
Bic, MERO 24 T Vit s BERoBKIRT
BT LIFITERV, BLA, BFEEDOEXZ T ITXS
FRIBEOERICALh S, MmERksE (Fig. 7A) LIk
Eowsd (Fig. 5) XRTLdic, BROKE, BIW
ODHHEOBOHEERFTHELELLNS, LN
- T, ZOBFEEFR, BRARMRIGOEECH LT
% Bergman and Munoz'? i k3 %, EL,
EHFF % p-adrenergic ‘blocking {5 L+ 3 HicitE
MRb3, a¥ns, 5y b, (1) BEHRYIF
{X epinephrine |z X % .0 A%t n & fEIEY L 72V,
(2) EX22 T XD F L CDODBEENNEERT 3,
(3) p-adrenergic blocking agent (propranolol) |z
X222 I VHEBREDLREIE, HHTHDB,
ZZT, BEBVIFLEES y FizDH, LA T
CEREREIROHR L, MESEA BTSN B RICE
HUlk, TOEKIZ, BRRY 77y, ¥lide2s
VOBEICE VTS, Z0mESKIToWT Bovet et
al.'™ $ &y, LDENEOERAZE, &FLMETE
LEFERRBL TR, ok, ToORREOEY v
LABEBEOEAVDHD LERL TS, LrLl, ZoH
RTINS LBbh3, Blig, e2%I gk
ZMEL VY LABED FRIX, RENROHER EHE%
54) ik, EREVERICH B, 821, FEREEO
RVCEIBHEIRS v FTY, ABRECMEY Y v 28BED
EREMRDHB. BT, ATHEH Y Y AMEDL X4 3
VERRMAERA~OBEERRD Sh s o, ZhicH
L, m&EHv vy s BED LRI, BIBHROLOLY
Bicg< (Fig. 8), Zo@EzEitiz, REIRHIEE
BoRrE/te—H Lz (Fig. 10), Lad, ATHE
ATy AMEREY, 2% UEREREBIRIEHR
L7z (Fig. 11, Table 1), Dl EnZ &2 b, HRAKY 2
FUEES v MEHRBNDB L X2 L UEREREIRE,

MBEANCY LABREOLRRRETLOTHSEY LEX

5,

BEHED 7 F UBES 9 FTIX, EXZ2 2 UiRED,
B, BIUCRHow vy aEGBOEHRBOIBED O
o TOTLhB, LX2IVEREI VYT AMER
EleT oy s RBREELT, B, BIXUHOBEER
KEWELEZ2 D, Ca*® 257 Mulryan et al.' o
MR LB VY &L ORI T2REELAB L,
FEET SRER, B, B, D, M, RETREN
(10 3LIR) 23, &, B, Hor@dTEL, HHEEH
LEHIELED, LER-T, 2y AFTHOENE
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R, ERBHETHSH LIRSS,
BEEhize 24 303, 1598, & BIUFK
BHELLVAEND'S, LVATERIERXE T U,
By VLY ADBHEREITOTHS IR, TOME
IARBETHS, BEAEVsFLOBES » b TR, FF, B
XD r Vv T AEBICENBTD bz, TOEE
i, BABY 7708, BRALROIVY Y sRBOR
BERITILERET S, Zon vy vy aRBEED
FEMN, L4 T XB vy EEOKEFIES
LTWBDTHBI,

BHEY 7 F 855 v b TREIhBSE, HSF

#5559 bTHHALE, Fig. 1, 21z X 3 HH HSF
RN ICREENCE—-0E TR R WY, i,
HSF EHOB\OE THY, HREULEZEARE £ 242
VBRI EE TR b, EXE T LRI BMEN Y
vy A BEO RS, BIURENRHB, HSF offH
ZEFLbDLEEZ S,

Sy MeRBIFBEARY 75D X4 3 U EEER
DB, Brryv v aETHY, ThicERT 3L
Boh3EEBRABROMEI, BFHEOERTHB LE
% b5, FEROHES B OBOHEET, &
EBRHSREALL TRV, B Vvv Yy AMEEET
By ARBRER, ZALPOEERER2ERET
THDOLEEEND, PRBEFANYY AMEZHNE
FTE3—EoW N ARBBRERN, X4 I UBIFEEHY
RKERDBDTHAH9H,

Br&srwdbnrh, KB CTBERZCEERXBR DL
NEHERAR L, BRHBOBERLEI T, %
12, RRAZEREREFROB =B, 250
W, E-EBEEEEFEOERCBLFELETE T,

SUMMARY

1. The mechanism of sensitization induced
by Bordetella pertussis vaccine to histamine was
studied in rats. This mechanism was found quite
different from--that induced by -adrenalectomy.

2. The threshold dose of histamine for a re-
duction of the arterial blood pressure was 1-5
rglkg in both non-vidccinated and vaccinated
rats.

3. 1In vaccinated rats, large dose of histamine
(10 mg/kg, i.v. injection) evoked immediately a

marked rise of the serum calcium concentration

which usually associated with a serious cardiac
arrhythmia and eventually sudden death, while
in non-vaccinated rats this phenomenon could
never be observed.

Further, in the purified HSF-treated rats, a

similar phenomenon was observed.

4. The increase in the serum calcium after
injection of histamine may be possibly the result
of the calcium liberation from both kidney and
liver. This phenomenon was quantitatively ver-
ified.

5. Since the calcium content of the heart as
well as the liver was higher in vaccinated rats,
the pertussis va¢cine may influence on the me-
tabolism of the tissue calcium.

6. The author conclude that the hypercalcemia
induced by histamine in the vaccinated rats is
responsible for an induction of serious cardiac
arrhythmia which might be the primary cause

of acute death.
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