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 Immediate Hypersensitivity Elicits Renin 
Release from Cardiac Mast Cells 

 Seiichiro Kano    a     Eleanor Tyler    a     Mariselis Salazar-Rodriguez    a     

Rima Estephan    a     Christina J. Mackins    a     Arul Veerappan    b     Alicia C. Reid    b     

Randi B. Silver    b     Roberto Levi    a   

 Departments of  a    Pharmacology and  b    Physiology and Biophysics, Weill Cornell Medical College,  
New York, N.Y. , USA 

persensitivity elicits renin release from mast cells, activating 
a local renin-angiotensin system, thereby promoting norepi-
nephrine release. As renin is stored in human heart mast 
cells, allergic reactions could initiate renin release, leading to 
local angiotensin formation and hyperadrenergic dysfunc-
tion. 
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 Introduction 

 We recently reported that mast cells are a unique ex-
trarenal source of renin  [1] . We also found that in isch-
emia/reperfusion, renin is released from cardiac mast 
cells and is pivotal for activating a local renin-angioten-
sin system that promotes exocytotic and carrier-mediat-
ed norepinephrine release leading to reperfusion ar-
rhythmias  [2] . Mast cells are the principal target of im-
mediate-type hypersensitivity reactions, culminating in 
mast cell degranulation and release of a broad spectrum 
of preformed mediators  [3] . Accordingly, we speculated 
that immediate hypersensitivity may also elicit renin re-
lease from mast cells and thereby activate a local renin-
angiotensin system. We tested this hypothesis in ‘cardiac 
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 Abstract 

  Background:  We recently reported that murine and cavian 
heart mast cells are a unique extrarenal source of renin. Isch-
emia/reperfusion releases this renin leading to local angio-
tensin formation and norepinephrine release. As mast cells 
are a primary target of hypersensitivity, we assessed wheth-
er anaphylactic mast cell degranulation also results in renin 
and norepinephrine release.  Methods:  Hearts isolated from 
presensitized guinea pigs were challenged with antigen.
 Results:  Cardiac anaphylaxis was characterized by mast cell 
degranulation, evidenced by  � -hexosaminidase release and 
associated with renin and norepinephrine release. Mast cell 
stabilization with cromolyn or lodoxamide markedly attenu-
ated the release of  � -hexosaminidase, renin and norepi-
nephrine. Renin inhibition with BILA2157 did not affect mast 
cell degranulation, but attenuated norepinephrine release. 
 Conclusions:  Our findings disclose that immediate-type hy-
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anaphylaxis’, an ex vivo model of immediate-type hyper-
sensitivity which enables an analysis of mediators re-
leased from local mast cells  [4–6] . We found that mast cell 
degranulation, elicited by antigen challenge of hearts iso-
lated from presensitized guinea pigs, results in the release 
of active renin and norepinephrine, a process which is 
inhibited by classical mast cell-stabilizing agents and by 
selective renin inhibition.

  Materials and Methods  

 Cardiac Anaphylaxis 
 Male Hartley guinea pigs (300–350 g; Charles River) were pas-

sively sensitized by intraperitoneal administration of 0.8 mg/ml 
rabbit anti-ovalbumin IgG (Rockland Immunochemicals)  [5, 7] . 
Twenty-four hours later, the animals were anesthetized with CO 2  
and euthanized by exsanguination (Institutional Animal Care 
and Use Committee approved). Hearts were isolated and perfused 
at constant pressure (40 cm H 2 O) in a Langendorff apparatus 
(Radnoti) with Krebs-Henseleit buffer (KHB) containing NaCl 
120 m M , KCl 4.7 m M , CaCl 2  2.5 m M , MgSO 4  1.2 m M ,  KH 2 PO 4  1.2 
m M , NaHCO 3  25 m M , glucose 11 m M , and EDTA 0.5 m M , equili-
brated with 95% O 2  and 5% CO 2  at 37   °   C, pH 7.4. Control hearts 
were perfused with KHB for 20 min prior to antigen challenge 
(intra-aortic injection of ovalbumin 1 mg/0.5 ml; Sigma-Aldrich). 
Other hearts were continuously perfused with KHB containing 
cromolyn (300 � ) or lodoxamide (10 �M), immediately upon iso-
lation, or with BILA2157 (100 �M), 10 min before antigen chal-
lenge. Coronary flow was measured by effluent collections every 
2 min up to 12 min. All samples were assayed for  � -hexosamini-
dase, renin and norepinephrine. 

   � -Hexosaminidase Assay 
  � -Hexosaminidase was assayed using a modification of the 

method of Schwartz et al.  [8] . Twenty microliter samples of coro-
nary effluent were placed in the well of a 96-well plate. Fifty mi-
croliters of substrate solution ( p- nitrophenyl-N-acetyl- � - D -glu-
cosaminide, 1.3 mg/ml in 0.1  M  citrate buffer, pH 4.5) were added 
to each well and incubated for 90 min at 37   °   C. The reaction was 
stopped by adding 150  � l of 0.2  M  glycine (pH 10.7). The optical 
density was read at 405 nm on a spectrophotometric plate reader 
using SoftMax Pro 4.8. The mean optical density was calculated 
for each sample (samples were run in quadruplicate) and then di-
vided by the total volume of the original sample. 

  Renin Assay 
 Coronary effluent was immediately concentrated 8-fold by 

centrifugal filtration (Millipore). Concentrated samples were in-
cubated overnight with human angiotensinogen (240 n M ; Calbio-
chem). Renin activity (angiotensin I formed) was determined by 
GammaCoat Plasma Renin Activity  125 I Radioimmunoassay 
 (Dia Sorin). The detection limit was approximately 0.01 pmol  [2] . 

  Norepinephrine Assay 
 Norepinephrine was assayed by HPLC with electrochemical 

detection as previously described  [9] . The detection limit was ap-
proximately 0.2 pmol.

  Results and Discussion 

 Following antigen challenge of spontaneously beating 
hearts isolated from presensitized guinea pigs,  � -hexosa-
minidase, a marker of mast cell degranulation  [8] , was 
copiously released into the coronary effluent ( fig. 1 c). The 
overflow of  � -hexosaminidase was maximal during the 
first 4 min after antigen challenge (approximately 90% of 
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  Fig. 1.  Type I immediate hypersensitivity elicits the release of mast 
cell renin in isolated guinea pig hearts. Time course of overflows 
of norepinephrine (NE;  a ), active renin (i.e. angiotensin-I-form-
ing activity;  b ) and  � -hexosaminidase ( � -hex, a marker of mast 
cell degranulation;  c ) from 8 Langendorff-perfused hearts sub-
jected to anaphylaxis ex vivo. Hearts were excised from guinea 
pigs presensitized with rabbit anti-ovalbumin cytotropic IgG and 
challenged with ovalbumin. Bars represent means  8  SEM of cor-
onary overflows in 3 subsequent 4-min intervals after antigen in-
jection. Neither  � -hexosaminidase nor renin were present in the 
coronary effluent preceding antigen, whereas a minimal amount 
of norepinephrine overflowed in basal conditions (0.23  8  0.01 
pmol/g/min). Ang I = Angiotensin I; OD = optical density. 
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total) and declined to the remaining 10% of total in the 
following 4 min. No  � -hexosaminidase overflow oc-
curred prior to antigen challenge or upon a subsequent 
antigen injection, verifying that a full anaphylactic reac-
tion had taken place. Notably, antigen challenge resulted 
in the overflow of angiotensin-I-forming activity ( fig. 1 b). 
This activity was predominantly ascribable to renin, since 
it was largely (approximately 65%) blocked by the selec-
tive renin inhibitor BILA2157 (100 n M )  [10]  ( fig. 2 b). Re-
nin overflow peaked in the first 4 min after antigen chal-
lenge (53% of total) and then declined over the next 8 min 
(33 and 14% of total was released in the 4–8- and 8–12-
min postantigen intervals, respectively) ( fig. 1 b). No re-
nin overflow occurred prior to antigen challenge or upon 
a subsequent antigen injection. The magnitude of renin 
release was comparable with that previously observed by 
us in isolated guinea pig hearts subjected to ischemia/re-
perfusion  [2] . BILA2157 had no effect on coronary flow 
in control conditions, nor did it modify the decrease in 
coronary flow which is characteristic of cardiac anaphy-
laxis  [5] . Thus, it is unlikely that renin release from local 
mast cells contributes to anaphylactic coronary vascular 
constriction. On the other hand, mast cell stabilization 
with lodoxamide antagonized anaphylactic coronary 
constriction by about 25%. This effect is consistent with 
an inhibition of the release of mast cell-derived vasocon-
stricting mediators (e.g., TxA 2 , PGF 2 �  , LTC 4  and D 4 , and 
PAF)  [5] . Although nitric oxide has been shown to be re-
leased from the anaphylactic heart  [11] , it is unlikely that 
its release is directly related to that of mast cell-derived 
renin. That renin release might indirectly affect nitric ox-
ide production in cardiac anaphylaxis cannot be exclud-
ed on the basis of our present findings.

  Following antigen challenge, there was a large increase 
in the overflow of norepinephrine into the coronary ef-
fluent ( fig. 1 a). Norepinephrine overflow peaked in the 
first 4 min of anaphylaxis (approximately 47% of total) 
and declined over the next 8 min (37 and 16% of total was 
released in the 4- to 8- and 8- to 12-min postantigen in-
tervals, respectively). Norepinephrine overflow prior to 
antigen challenge was minimal (0.23  8  0.01 pmol/g/
min).

  When hearts were pretreated with the mast cell-stabi-
lizing agents cromolyn (300  �  M ) or lodoxamide (10  �  M ), 
the coronary overflow of renin following antigen chal-
lenge was 75–80% lower than that of hearts undergoing 
anaphylaxis without mast cell stabilization ( fig. 2 b). This 
reduction in renin release was associated with an approx-
imately 40% decrease in  � -hexosaminidase overflow in 
hearts perfused with each of the 2 mast cell stabilizers 
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  Fig. 2.  Pharmacological mast cell stabilization inhibits the release 
of  � -hexosaminidase, renin and norepinephrine from isolated 
guinea pig hearts undergoing anaphylaxis ex vivo, while selective 
renin inhibition curtails norepinephrine release. Coronary over-
flow of norepinephrine (NE;  a ), active renin (i.e. angiotensin-I-
forming activity;  b ) and  � -hexosaminidase ( � -hex;  c ) from 30 
Langendorff-perfused hearts exposed to anaphylaxis. Hearts 
were excised from guinea pigs presensitized with rabbit anti-ov-
albumin cytotropic IgG and challenged with ovalbumin in the 
absence (control, n = 8) or presence of mast cell-stabilizing agents 
(cromolyn, 300  �  M , n = 6; lodoxamide, 10  �  M , n = 7) or the selec-
tive renin inhibitor BILA2157 (100 n M , n = 9). Ang I = Angioten-
sin I; OD = optical density. Bars represent means  8  SEM for over-
flow collected over 12 min following antigen injection.  *  p  !  0.05, 
significantly different from control, by 1-way ANOVA with Dun-
nett’s post-hoc test. 
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( fig. 2 c), indicating that mast cell degranulation was in-
hibited. The finding that mast cell stabilization was ac-
companied by a marked reduction of renin release into 
the coronary effluent clearly establishes the mast cell as a 
major source of renin released in the heart by immediate-
type hypersensitivity reactions. BILA2157 did not signif-
icantly affect the overflow of  � -hexosaminidase ( fig. 2 c); 
indeed, one would not expect that, once released, renin 
would influence mast cell degranulation. This also dem-
onstrates that BILA2157 was devoid of nonspecific effects 
on mast cell degranulation. It is unlikely that basophils 
participated in the release of renin, since the hearts were 
extensively perfused with KHB solution prior to antigen 
challenge, so as to wash out any blood cells from the cor-
onary circulation. Furthermore, we had determined that 
rat basophil leukemia cells do not contain renin (unpub-
lished observation).

  The anaphylactic overflow of norepinephrine was de-
creased by cromolyn, lodoxamide and BILA2157, impli-
cating mast cell-derived renin in the release of norepi-
nephrine ( fig. 2 a). We had reported that the intracardiac 
release of mast cell-derived renin activates a local renin-
angiotensin system  [2] , due to the presence in the inter-
stitial fluid of angiotensinogen and angiotensin-convert-
ing enzyme  [12, 13] . Once locally formed, angiotensin 
activates AT 1  receptors on cardiac sympathetic nerve 
endings promoting norepinephrine release by vesicular 
exocytosis and carrier-mediated nonvesicular release 
 [14] . Interestingly, whereas the coronary overflow of re-
nin in cardiac anaphylaxis was comparable with that pre-
viously observed in ischemia/reperfusion  [2] , norepi-
nephrine overflow was 100-fold lower in cardiac anaphy-
laxis than in ischemia/reperfusion. One explanation is 
that norepinephrine release was curtailed by anaphylac-
tic mediators such as prostanoids  [5] , known to reduce 
sympathetic transmitter release  [15, 16] . More likely, in 
the ischemia/reperfusion model, norepinephrine release 
is predominantly carrier-mediated, a process initiated by 
Na + /H +  exchanger activation  [17]  and potentiated by lo-
cally formed angiotensin  [2, 14] . The quantity of norepi-
nephrine released by the carrier-mediated process is 
much greater than that released by exocytosis  [17] . In fact, 
in cardiac anaphylaxis, the relatively minor release of 
norepinephrine is most likely exocytotic  [18] .

  Although cardiac renin has been viewed by some as of 
renal origin and taken up from the circulation  [19, 20] , a 
large body of evidence supports the existence of an inde-
pendent cardiac renin-angiotensin system  [12, 13, 21, 22] . 
Our recent discovery that cardiac mast cells are a novel 
source of renin and that mast cells have the capacity to 

synthesize renin de novo  [1]  is further proof of the exis-
tence of a local cardiac renin-angiotensin system.

  Our present findings have potential clinical implica-
tions. Mast cells are known to accumulate in the hearts 
of patients who succumb to severe anaphylactic reactions 
 [23] , and immunoreactive renin is present in mast cells in 
the human heart (Reid, Silver and Levi, unpublished). 
Thus, it is conceivable that the reported association be-
tween hypersensitivity and cardiac dysfunctions  [24]  
might be related not only to the action of traditional hy-
persensitivity mediators  [5, 25] , but also to the intracar-
diac release of mast cell-derived renin. The consequent 
activation of a local renin-angiotensin system and the 
powerful vasoconstricting and norepinephrine-releasing 
effects of angiotensin  [26]  could mechanistically explain 
the instances of coronary spasm, angina, ST-segment el-
evation and infarction reported in the clinical literature 
 [27–30] . Besides ischemia/reperfusion  [2]  and immediate 
hypersensitivity ( fig. 1,   2 ), other conditions such as stress 
 [31]  and agents known to degranulate mast cells, such as 
endothelin-1  [32]  and thrombin  [33] , could conceivably 
elicit renin release from cardiac mast cells. Whether a lo-
cal renin-angiotensin system could also be activated in 
these circumstances remains to be established.

  In conclusion, we report the novel finding that imme-
diate-type hypersensitivity reactions elicit local release of 
renin as a result of mast cell degranulation. Type I imme-
diate hypersensitivity appears to be as powerful a stimu-
lus for the release of renin from cardiac mast cells as isch-
emia/reperfusion. As renin is stored in human heart mast 
cells, allergic reactions could initiate renin release, lead-
ing to local angiotensin formation, and thus, to hyperad-
renergic and ischemic dysfunction. 
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