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Protective effects of histamine H; and H, antagonists, adenosine and

hydrocortisone on cardiac anaphylaxis?

QIU Rong, GUO Zhao-Gui®

(Research Section of Pharmacology, Hunan Medical University, Changsha 410078)

ABSTRACT Cardiac anaphylaxis was elicited
in isolated working guinea pig hearts in the
presence of the histamine receptor antagonists
pyrilamine and cimetidine, adenosine or hydrocor-
tisone. Histamine antagonists partially inhibited
the occurrence of arrhythmias during cardiac
anaphylaxis, but did not significantly antagonize
the decrease in cardiac function, Adenosine used
in combination with pyrilamine and cimetidine
manifested an apparent anti-arrhythmic effect,
however, the attenuation of cardiac function
was still present, In the presence of hydrocor-
tisone plus histamine antagonists, cardiac anaphy-
laxis, as expressed by arrhythmias and a
decrease in cardiac function, was significantly
inhibited. The results suggest that when histamine
receptor antagonists are used in combination
with hydrocortisone, a good protective effect on
cardiac anaphylaxis can be achieved.

KEY WORDS cardiac anaphylaxis; isolated work-
ing heart; histamine; adenosine; glucocorticoids;
arrhythmia; cardiac output

Heart is an important target organ in
systemically immediate anaphylactic reac-
tion™, “Cardiac anaphylaxis” is a term to
express cardiac dysfunction in systemic
anaphylaxis. We have produced -cardiac
anaphylaxis in isolated working guinea pig
heart®, Three distinct phases of response
were seen after antigen challenge in work-
ing heart sensitized with crystallized oval-
bumin. Our previous results indicated that
the sequence of events in .cardiac anaphy-
laxis was the direct attack of the released
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mediators on the heart, independent of pul-
monary distress and peripheral vasomotor
collapse. We also suggested that multiple
mediators or autacoids, other than hista-
mine, are involved in cardiac anaphylaxis.
Because histamine is closely concerned with
the cardiac dysfunction, the protective
effects of the specific histamine H, and H,
receptor antagonists, pyrilamine and cime-
tidine, on cardiac anaphylaxis have been
observed. In addition, we observed the
action of some non-specific antagonists.
Adenosine inhibits the release of histamine
by human basophils®> and prevents the
release of histamine and SRS-A induced by
antigen in human lung®’, but its action
on cardiac anaphylaxis has not been report-
ed. Hydrocortisone stabilizes the membrane
of mast cells, then decreases the release of
histamine. In this study, adenosine or
hydrocortisone was used alone or in combi-
nation with histamine receptor antagonists
to assess their protective effects,

Materials and methods

The method of sensitization and ex-
perimental model used were the same as
reference (2). Pyrilamine, cimetidine, aden-
osine each at 3 pmol/L, or hydrocortisone
at 30 pmol/L were added to the perfusion
solution 10 min before challenge. Antigen
challenge was accomplished by a rapid in-
tracardiac injection of 5 mg of ovalbumin
dissolved in 0,1 ml warm oxygenated K-H
solution.

Pyrilamine and cimetidine were pur-
chased from Sigma Company. Adenosine was



obtained from E Merck and hydrocortisone
from An-yang Pharmaceutical Factory,
China.

Results

Cardiac anaphylaxis in the presence
of histamine H, and H, antagonists Four-
teen guinea pig hearts were used. Pyrila-
mine (3 pmol/L) and cimetidine (3 pmol)
L) alone had inhibitory effects on cardiac
function. In the presence of these two
drugs, HR, +dP/dtnm,,, —dP/dtn,, declined
by 13, 16 and 16% (P<C0,01 or <0,05),
respectively (Tab 1). Ten min after perfu-
sion, HR and other parameters reached a
steady state. When the heart was chal-
lenged at this time, the amplitude of aug-
mentation in phase I was greatly reduced.
Compared with the untreated hearts, the
increases in LVP, +dP/dtn.,,» and ABF were
abolished, but the increase in HR was not
significantly affected (Fig 1). In phase II,
arrhythmias, with an incidence of 8/14,
including A-V block (8/14) and ventricu-
lar arrhythmia (5/14), occurred 66345 s
after challenge, and lasted for 846 min
(Tab 2). Although the incidence of arrhy-
thmias decrecased in the presence of pyrila-
mine and cimetidine (from 80 to 57%)
(Fig 2), it did not reach a level of statis-
tical significance, and the onset and dura-
tion of arrhythmias were also not signifi-
cantly changed. However, cardiac function

Tab 1.
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Fig 1. The changes in cardiac function para-
meters in the phase of augmentation (phase
1) of cardiac anaphylaxis in the presence of
cimetidine (C) and pyrilamine (P). X-+SD,
*P>0.05, **P-<0.05, “**P<{0.01 vs challenge.
MAX, dP/dt,., -—-MAX, -dP/df.nx. For
details see text and Tab 3,

was reduced. LVP, +dP/dtm,., ABF and
CBF were reduced by 5, 12, 19 and 16%
(P<<0.05 or <C0,01), respectively, 5 min
after challenge. Twenty min after challenge,
arrhythmias ceased completely. Most of the
cardiac parameters recovered to the Icvel
before challenge, however, ABF and CBF
declined continuously (Tab 3).

The influence of adenosine on cardiac
anaphylaxis Adenosine at 3 pmol/L alone
augmented cardiac function. LVP increased
by 7% (P<<0.05), +dP/dtm.x, —dP/dtmax,
CBF increased by 14, 12 and 27% (P<C
0,01) respectively, while EDP decreased
by 26% (P<C0,01). No significant changes

Cardiac function parameters of sensitized isolated working guinea pig heart before and after

administration of pyrilamine 3 pmol/L and cimetidine 3 umol/L, n=14; or adenosine 3 umol/L, n=5,

X-+SD. *P>0,05, **P<I0.05, ***P<10.01

Pyrilamine + Cimetidine Adenosine
Parameter Before After 9% change Before After % change
HR (bpm) 221-+22 19226 ~13** 23027 249420 8"
LVP(kPa) 8.8+0.7 8.2:+0,7 -7t 9.06+0.9 9.7+0.7 7
EDP (kPa) 1.05+0.2 1.094+0,19 4* 0,82+0,14 0.6140.11 —-26%**
dP/dtnax(kPa/s) 310430 260437 —16%** 350457 399+60 14%**
~dP/dt,a.(kPa/s) 230439 194439 ~16%** 26054 29661 12%**
ABF(ml/min) 40410 31+38 ~-22* 33412 35411 6*
CBF (ml/min) 7.02:2.2 6.6+2.5 -5* 9+2 11.7+2.3 27"
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Fig 2. Response of sensitized, isolated working guinea pig hearts upon challenge in the presence of

cimetidine (3 umol/L) and pyrilamine (3umol/L),

were seen in HR or ABF (Tab 1). When
cardiac anaphylaxis was elicited in the pre-
scnce of adenosine, cardiac function was
enhanced 21+3 s after challenge. HR,
LVP, +dP/dfn.,, —dP/dta,x and ABF
increased by 36, 16, 26, 36 and 19% (P<
0.05 or <<0.01) respectively, but the in-
tensities of augmentation of +dP/dix,. and
ABF in this phase were relatively suppres-
sed compared with those of untreated hearts
(control group), except for HR and EDP
which increased remarkably (47%, P<

Note that arrhythmias were inhibited.

0.01) (Tab 3). The onset of arrhythmias
was delayed (from 61 + 32 to 90 +41s,
P<0,05), while their duration (from 844
to 7 &+ 7 min, P>0,05) and incidence
did not change significantly (Tab 2). In
phase II, the declines of +dP/dtm,, and
—dP/dtn.x wWere not very apparent, but
ABF and CBF did decrease significantly
(45 and 229%; respectively, P<C0,05). In
the recovery phase, arrhythmia ceased and
ABF remained at a low level, while EDP
increased (Tab 3). After perfusing the sen-



Tab 2. Arrhythmias upon challenge on sen-
sitized isolated working guinea pig hearts in the
presence of drugs, P, pyrilamine 3 umol/L; C,
cimetidine 3 pmol/L; A, adenosine 3 pmol/L;
HC, hydrocortisone 30 umol/L, X+SD, *P>
0.05, **P<0.05, ***P<0.01 vs control group

Group Incidence Onset of Duration of
of severe 9% arrhythmia arrhythmia

arrhythmia (s) (min)
Control  8/10 80 61432 8+4
P+C 8/14 57% 66+45* 8§+6"
A 4/5 80* 90+41** 7E7*
P+C+A 5/12 42% 81+22** 4,2+2.,2**
HC 6/7 85% 76+28* 2,6+1,5***

P+C+HC 4/6 67% T4+16* 43

sitized heart with adenosine plus the hista-
mine receptor antagonists pyrilamine and
cimetidine, the brief stimulation in phase
I was abolished, however, the increase in
HR was not completely inhibited. These
drugs reduced the incidence of arrhythmias
(from 80 to 429%), delayed their onset
(from 61 + 32 to 81 + 22s, P<0,05),
and remarkably shortened their duration
(from 8+4 to 4.2+2.2 min, P<(.05)
(Tab 2), but the inhibition of cardiac func-
tion was still apparent and was not com-
pletely recovered 20 min after challenge.
The influence of hydrocortisone on
cardiac anaphylaxis Hydrocortisone at 30
umol/L alone exhibited some cardiotonic
effect on isolated working heart, although
no significant differences were observed in
the measured parameters compared with con-
trol values. When challenged in the presence
of hydrocortisone, HR, LVP, +dP/dtn,x,
—dP/dtm,x and ABF in phase I increased
by 38, 18, 20, 31 and 25% (P<0.05 or
<<0.01) respectively, but the intensities of
augmentation of +dP/dtn., and ABF were
relatively suppressed as compared with those
of untreated heart (control group). The
condition was the same as in the presence
of adenosine. The onset of arrhythmias was
slightly delayed (from 61 =+ 32 to 76 +
28 s, P>0,05), and their duration was
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remarkably shortened (from 8 + 4 to 2.6
+ 1,5 min, P<(0.,01) (Tab 2). The car-
diac function parameters decreased obvious-
ly in phase II, with +dP/dtn,,, —dP/
dfm.x» ABF and CBF decreased by 25, 28.
53 and 22% (P<{0.01 or 0,05) respec-
tively, 5 min after challenge. In phase
ITX, the attenuation of dP/dtn,, returned
to the level before challenge, while ABF,
CBF and HR did not recover completely
(Tab 3). When cardiac anaphylaxis was
elicited in the presence of hydrocortisone
plus pyrilamine and cimetidine, only an
increase in HR in phase I was observed.
The incidence of arrhythmia was 4/6
(67 %), and its duration was shorter
(from 8 + 4 to 4 -+ 3 min, P<{0,05)
(Tab 2). Cardiac function was less inhib-
ited in phase II. Twenty min after chal-
lenge, cardiac function returned completely
to the pre—challenge condition, except for
the increase in HR.

Discussion

As observed in our experiments, when
the sensitized heart was challenged in the
presence of pyrilamine and cimetidine, only
the augmentation of contractility in phase
I was abolished. Sinus tachycardia could
not be completely inhibited. This dissocia-
tion of inhibition of the inotropic and
chronotropic action was also seen in the
presence of cimetidine alone, a detailed
study on which has been reported in a
separate paper(®.

Levi et al once reported that in the
Langendorff heart, when cardiac anaphy-
laxis was elicited in the presence of both
histamine H,; and H, antagonists, the
rhythm disturbances could be prevented‘®.
We found this not to be the case in the
working heart preparation. Arrhythmias
which appeared in the working heart during
cardiac anaphylaxis can not be completely
reversed or abolished under the combined
blockade of H, and H, receptors as shown
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Tab 3, The changes in cardiac function parameters of isolated working guinea pig hearts duting
cardiac anaphylaxis, Control, n=10; P+ C, in the presence of pyrilamine 3 umol/L and cimetidine
Inmol/L, n=6; A. in the presence of adenosine 3 umol/L, n=5; P+ C+ A, in the presence of aden-
osine, cimetidine and pyrilamine, 3 pumol/L respectively, n=12; HC, in the presence of hydrocortisone
30 umol/L, n=7; P+C+HC, in the presence of hydrocortisone (30 pmol/L), cimetidine (3 pmol/
L) and pyrilamine (Zumol/L), n=g, XSD, "P>0,05, **P<0,05, ***P<0.01 vs before challenge,
HP<0.05,!1t1tP<<0,01 vs control group,

Before Phase-I (1 min) Phase-1 (5 min) Phase-T (20 min)
Parameter Group
challenge Changes % Changes % Changes %
HR (bpm) Control 236422 7132 30 -17+51 -7° -4+19 -—2*
P+C 192126 45432  24*** -17+52 -9* -6+38 ~—3*
A 249+20 91+24  36*** 34+64 13* 23+26 9+ttt
P+C+A 231+24 3428  14°**tt 15+50 6* -0.5+17 -0,2°
HC 24619 92+12  38*** 42473 17*Mt 31-+18  12%**tit
P+C+HC 233+21 2516  11*ettt -39+61 -17* 14+11  6°*
LVP (kPa) Control 8.2+0.7 1.5+0,7 18*** -0.3%£0,7 -4* -0.8+1,5 -10*
P+C 8.2+0.7 0.3+1,1 3*it -0,5+0,8 -5** -0,1+0,8 -3*
A 9,7+0,7 1.6+0,5 16*** -0.9+0,5 -10** -0,4%+0,4 -~4*
P+C+A 10,1+1,1 -0,1%0,6 ~1°*M —~1,54+0,9 —15***Mt —1,24+0,7 -12***
HC 9.2+1,6 1.6+0,9 18** ~0,7+1,1 -7°* -0.,1+0,7 -1°
P+C+HC 7,4+0,5 0.4+0,7 6*ttt -0.4+0,3 -5** -0,1+0,4 -2°
EDP (kPa) Control (,84+0,15 -0,15-+0,19 ~18** -0,01+0,21 —1* 0.21+0,28 25°*
P+C 1,09-£0,19 —0,05+0,23 ~5°* 0,004+0,19 0,5* 0,01+0,16 2*
A 0,61+0,11 0,29040,11 47***#tt  0,25+0,23 42*tt 0.25+0,16 41**
P+C+A 0.98+£0.24 0.15%0,24 15°*tt 0,20+0,34 20* 0,1540,23 16***
HC 0.90+0.21 0,16--0.23 18°*tt 0,304:0,47 34° 0,08-+0,13 9*
P+C+HC0,86+0,20 0,05-+0,29 7* 0,114-0,49 13* 0.0340,29 4°
dP/dt ., Control 31130 120436  38*** -224+32  -7* ~-494+50 -16**
(kPa/s) P+C 260437 37444 14%0cHt 31446 - 12%* -20+52 -g*
A 399+60 103480 26** -39+53 -10° ~11+34 -3°
P+C+A  347+61 0.4+28  0,1%Ht —73+78 —21***Mt —50430 - 15***
HC 389+50 79472  20** - 96162 —25*** -20+39 -5*
P+C+HC 268+59 21433 gttt — 46460  —17*it -6x+19 -2*
—-dP/dt,.. Control 218434 97444  44*°* ~20+27 ~9** -38+38 - 17**
(kPa/s)y P+C 194439 23+50  12*tt -15+30 -8* ~16+36 -—8*
A 296461 103+54 36°° -48+45 -—-16* ~8+38 -3*
P+C+A 291%61 -8+42 -3ttt —81k+61  —28°**itt _—g3439 —20%**
HC 296+38 91+59  31*** ~84+48 —28***tt 98463 -9°
P+C+HC 223%+40 16422 7ttt —38+44 -17* -204+20 ~Q*
ABF Control 23+3 1144 46*** —-5+4 —23%** ~9+10 —39**
(ml/min) P+C 31+8 2+8 g*it -5+8 ~-19** ~5+8 -19**
A 35+11 7+1 1g9**ett ~16+8 — 45**tt ~7+4 -19**
P+C+A 37414 16 gt -13+15  —36**!! -7%5 -19***
HC 36+7 94 25" %" -19412 -53***tt g4 ~23**
P+C+HC 2448 4%5 18+ttt -7+10 -29* -2+47 -11*
CBF Control 6.6+1.3 —0,9+0,7 —14*** -1,0+0.6 -—~14*** -0.3+1.0 -5*
(ml/min)y P+C 6.6+2,5 -0,4+0,9 —-4* -1,1+0,8 -—-16*** -0,8+0,9 -—13***
A 11.7+2.3 -1.4*2,0 -12° -2,631,9 =—22**ttt —1.8+1.5 -15*Mt
P+C+A 10,5%2.8 ~1.2%1,4 =-12"* -3.4%4,5 -32***1 -3.,3+2,3 -—32°"*MHt
HC 13.0+4,0 -1,5+1,1 -11** -2.,942,3 -—22**tt 1. 74+1,7 —12**t
P+C+HC 9,1+2,2 -0,8+1,6 -9* -1.,6+2,1 -18* -1,3+1.7 -14*




by the fact that about 509 of the hearts
still exhibited the same typical arrhythmias
in time of onset and duration. A possible
explanation is that we induced cardiac ana-
phylaxis in the working heart preparation.
The working and energy consuming heart
is much more sensitive to myocardial is-
chemia. In addition to histamine, other
substances, such as leukotrienes (LTs), pro-
staglandins (PGs) and platelet-activating
factor (PAF) are released from sensitized
heart after challenge(’»®. The potent coro-
nary constriction action mediated by LTs
and PAF was usually an important cause
of arrhythmias(®:!®) and progressive decrease
in cardiac function. Thus, when systemic
anaphylaxis takes place, by using only
histamine antagonists to treat the cardiac
dysfunction, the protective effect is doubt-
ful,

It has been reported that adenosine
diminishes the immunological release of
histamine and SRS-A via stimulating A,
receptors of the basophil membrane(’, and
inhibiting the action of ¢cAMP via inhibit-
ing adenylate cyclase, and then decrease
the H, receptor activity®!’. In addition,
adenosine may also decrease the automati-
city of the sinus node and dilate coronary
vessels'®, According to our results,
adenosine 3 umol/L used alone can only
delay the onset of arrhythmia in cardiac
anaphylaxis, neither the incidence nor du-
ration of the arrhythmia was significantly
reduced. When it was used in combination
with histamine antagonists, arrhythmias oc-
curred less frequently and their durations
was shortened remarkably. It is worth point-
ing out that adenosine alone can antago-
nize the attenuation of dP/dta,, and ABF
as seen in the recovery phase of cardiac
anaphylaxis, however, EDP, one of the
important parameters for interpreting
cardiac function, consistently increased
concomitant with a decrease in CBF through-
out the entire course of cardiac anaphy-
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laxis, indicating that cardiac function had
worsened. This condition did not improve
when adenosine was used in combination
with pyrilamine and cimetidine,

Hydrocortisone is a classic anti-inflam-
matory and anti-immunological agent. It
stabilizes the granules of mast cells, inhi-
bits the influx of IgE-Ca?* and then
interferes with immunological histamine
release¢'®>, In the presence of hydrocortisone
alone, the shortening of arrhythmic dura-
tion can be explained by its inhibitory ac-
tion on the release of histamine and other
mediators and its direct improvement of
A-V conduction. When it was used in
combination with histamine antagonists,
arrhythmias occurred less frequently and
pump function was less inhibited in phase
I1 and recovered more quickly in phase II1
in the presence of these drugs, suggesting
that a satisfactory protective effect was
achieved.
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