
assessment cue. Molting, common in 
many animals, can cause such variation 
(19). 
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Coronary Artery Spasm Induced in Atherosclerotic 

Miniature Swine 

Abstract. Angiographically demonstrable coronary artery spasm could be pro- 
voked repeatedly by giving intracoronary or intravenous injections of histamine to 
miniature swine with experimentally induced atherosclerotic lesions of the coronary 
artery. The spasm induced in this way subsided either spontaneously or after the 
administration of nitroglycerin and was prevented by a culcium antagonist or an 
agent that blocks histamine HI receptors. This model, which suggests that athero- 
scierotic changes may be one of the primary factors in the occurrence of coronary 
artery spasm, should facilitate studies on the pathogenesis o f  this condition. 

Coronary artery spasm causes not 
only variant angina but also certain 
forms of effort angina, acute myocardial 
infarction, and sudden death (1). Be- 
cause the pathogenesis of coronary ar- 
tery spasm is unknown, its prevention 
and treatment remain important clinical 
problems. However, the induction of 
coronary artery spasm in an animal mod- 
el has not been successful. In the pres- 

ence of severe stenosis, drastic coronary 
flow reduction may occur with minimal 
reduction in the stellotic area, probably 
not only as  a result of physiologic 
changes in arterial tone but also because 
of minimal platelet aggregation. We 
therefore believe that an experimental 
model of coronary artery spasm should 
fulfill the following criteria: (i) no signifi- 
cant, angiographically demonstrable ste- 

Table 1. Number of pigs in which coronary artery spasm was induced before and after 
endothelial denudation of the left circumflex coronary artery and before and after the 
intracoronary (LC.) or intravenous (i.v.) administration of various drugs. The doses of each drug 
were as follows: histamine, i.c. 100 or 400 kg and i.v. 10 or 100 kglkg; cimetidine, i.v. 60 mglkg: 
serotonin, i.c. 60 pg and i.v. 30 pglkg; phenylephrine, i.c. 20 pg and i.v. 3 pglkg; ergonovine, 
i.v. 0.2 or 0.4 mg. 

Route of Before After denudation 
Group adminis- denu- . - - - - 

tration dation 1 month 3 months 

Total 0115 519 516 
Histamine i.c. 01 1 112 212 
Histamine i.c. 013 516 313 
Histamine plus i.v. 017 217 214 

cimetidine 
Serotonin i.c. or i.v. 013 114 014 
Phenylephrine i.c. or i.v. 013 014 015 
Ergonovine i.v. 0115 018 015 

nosis before induction of the spasm; (ii) 
transient and reproducible provocation 
of total or near total obstruction that can 
be documented by coronary arteriogra- 
phy; and (iii) regional myocardial isch- 
emia in the spastic coronary territory. 

We previously reported that experi- 
mentally induced atherosclerotic lesions 
in the canine coronary artery constrict 
more extensively with ergonovine than 
do non-atherosclerotic lesions in the 
same dog (2). We have now succeeded in 
provoking coronary artery spasm associ- 
ated with ischemic electrocardiographic 
changes in miniature swine. 

Fifteen male miniature swine (4 to  6 
months of age) were fed on a diet con- 
taining 2 percent cholesterol after they 
were subjected to  endothelial balloon- 
denudation of the left circumflex coro- 
nary artery. Such treatment promotes 
the development of selective coronary 
atherosclerotic lesions (2, 3). Before the 
denudation, and 1 and 3 months after the 
operation, selective coronary arteriogra- 
phy was repeated after intracoronary or 
intravenous administration of various 
vasoconstrictive agents, such as  ergono- 
vine (4), phenylephrine (3, histamine 
(6), and serotonin (7), all compounds that 
seem to be potent agents of coronary 
artery spasm in humans. 

Coronary artery spasm in these ex- 
periments was defined as  the transient 
excess vasoconstriction that subsides ei- 
ther spontaneously or after the adminis- 
tration of nitroglycerin and that is char- 
acterized by a decrease of over 75 per- 
cent in coronary diameter compared 
with that after the intravenous adminis- 
tration of nitroglycerin (20 pglkg). Sig- 
nificant ischemic electrocardiographic 
changes were defined as  more than 0.1 
mV ST-segment elevation or depression 
from the control level. At the end of the 
experiments, intact and denuded por- 
tions of the left coronary arteries were 
examined histologically. 

Coronary artery spasm was provoked 
repeatedly by intracoronary or intrave- 
nous administration of histamine, with or 
without cimetidirie (a histamine-H2 re- 
ceptor blocking agent), in doses of 100 to 
400 pg or 10 to 100 pglkg, respectively 
(Fig. 1). 'The other three drugs were 
ineffective, except in one animal in 
which serotonin as  well as  histamine 
provoked the spasm. The spasm oc- 
curred only in the denuded portion of the 
left circumflex coronary artery, although 
the portion was angiographically normal 
before the spasm. Spasm was induced in 
none of 15 pigs before the endothelium 
was denuded, in five of nine pigs after 1 
month, and in five of six pigs after 3 
months (Table 1). Significant electrocar- 
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Fig. 1. Coronary arteriograms in miniature swine fed an atherogenic diet. (A) Before and (B and C) after intracoronary administration of 
histamine (200 pg) in the presence of cimetidine administered intravenously in doses of 60 mglkg. Coronary artery spasm, with associated 
electrocardiographic ST-segment elevation in the precordial lead, was provoked at multiple sites in the circumflex branch of the left coronary 
artery where skip-lesions of coronary atherosclerosis were observed histologically in accordance with the sites of the spasm. 

diographic changes occurred simulta- 
neously with the coronary artery spasm. 
The configuration of the spasm varied 
from a single- or multifocal type to a 
diffuse spastic type, although the same 
configuration was observed repeatedly 
in the same pig. Coronary artery spasm 
never occurred when diphenhydtamine, 
an agent that blocks histamine HI recep- 
tors, was given intravenously in doses of 
1 mg/kg ( N  = 3) or diltiazem, a calcium 
antagonist, was given in doses of 100 kg/ 
kg ( N  = 3). In contrast, when indometh- 
acin was injected intravenously in doses 
of 2 m a g ,  coronary artery spasm was 
intensified rather than prevented 
( N  = 3).  

Histological examination revealed that 
the atherosclerotic changes were pre- 
dominantly in the denuded portions of 
the left circumflex coronary artery, and 
consisted of intimal thickening with 
abundant accumulation of foam cells and 
migration of smooth muscle cells to the 
intima (Fig. 2). There was no thrombus 
formation or hemorrhage in the fibrous 
plaque. There was a close coincidence 
between the site of coronary artery 
spasm and the portion of coronary ath- 
erosclerosis. That is, coronary artery 
spasm occurred only in the atheroscle- 
rotic portion; there was one focus of 
coronary atherosclerosis in the one-focal 
type, multiple foci in the multiple-focal 
type, and diffuse atherosclerosis in the 
diffuse spastic type. 

Since the first report of a relation 
between coronary artery spasm and vari- 
ant angina appeared in 1959 (a), numer- 
ous attempts have been made to deter- 
mine the role of coronary artery spasm in 
the pathogenesis of ischemic heart dis- 
ease, mainly in the clinical field. Several 
experimental studies were also done to 
determine the pathogenesis of coronary 
artery spasm. Nevertheless, coronary 
artery spasm similar to that observed in 

Fig. 2. Histology of A 
the left circumflex 
coronary artery. (A 
and B) Site of in- 
duced coronary ar- 
tery spasm. (C and D) 
Left anterior de- 
scending coronary ar- 
tery (controls) (A and 
C, x32; B and D, - 
x 80). Atherosclerotic 
changes, character- 
ized mainly by intimal * 

thickening, are dis- 
tinct, yet these 
changes were not ap- 
parent angiographi- 
cally . 

humans has not been reported in animals 
(9). In previous work, we demonstrated 
the augmented response of the athero- 
sclerotic canine coronary artery to ergo- 
novine but failed to produce myocardial 
ischemia (2). In the present study, we 
succeeded in developing a working ani- 
mal model of coronary artery spasm in 
miniature pigs, in which coronary ath- 
erosclerosis can be produced in a short 
period and tlie atherosclerotic changes 
bear many similarities to those observed 
in humans (3). In our model, histamine 
proved to be the most vasoactive agent, 
whereas in humans, ergonovine, which 
was largely ineffective in pigs, is most 
frequently used to provoke coronary ar- 
tery spasm (4). Histamine is also a potent 
vasoactive agent in humans (6, 10). 

Coronary artery spasm was provoked 
repeatedly only in the area of the experi- 
mentally induced atherosclerotic lesion. 
Henry and Yokoyama stated that, in the 
rabbit, the atherosclerotic aorta con- 
stricts more potently in response to ergo- 
novine (11). The important finding is that 
the coronary artery spasm occurred only 
in the denuded portion, histologically 
defined as being atherosclerotic, even 

when the degree of atherosclerosis was 
too slight to detect angiographically. 
Thus, coronary atherosclerosis is proba- 
bly the primary factor in the pathogene- 
sis of coronary artery spasm. 
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Deformed Whiskers in Mice Infected with 
Certain Exogenous Murine Leukemia Viruses 

Abstract. Mice infected at birth with replication competent Friend, Moloney, Cas- 
Br-M, C2S-M, and 1504-A murine leukemia viruses developed abnormalities of the 
vibrissae consisting of erratic curvature, shortening, and loss. A number of  other 
virus strains, a5 well as endogenous AKR-type ecotropic virus and AKR-type, mink 
cell focus-inducing (MCF)  viruses, did not produce t h e ~ e  abnormalities. In  mice with 
erythroid and myeloid leukemia, the perivibrissal sinus is the site of extramedullary 
hematopoiesis, but this did not appear to  be the basis of the deformities. Genetic 
evidence indicated that newly arisen MCF-type recombinant viruses are involved in 
the pathogenesis of  the abnormalities, at least with some of  the virus systems 
studied. 

Although interest in mouse retrovirus tations of infection with nondefective, 
infections has naturally focused on cells replication competent murine retrovirus- 
of the hematopoietic system, various re- es have not been observed. 
troviruses can infect a wide variety of In the course of examining mice that 
cell types in vivo. Other than hematolog- had been infected at birth with a replica- 
ic malignancies and a form of demyeli- tion competent Friend helper virus, free 
nating brain disease (I), disease manifes- of the spleen focus-forming component, 

tropic Friend murine leukemia virus 
(MuLV), F-S, also induces the whisker 
abnormalities, but with a longer latent 
period and less marked effects. 

We have examined mice infected with 
a number of exogenous and endogenous 
murine retroviruses for the whisker anom- 
alies (Table 1). Four viruses consist- 
ently induced the changes: Friend and 
Moloney viruses, which are laboratory- 
passaged, highly pathogenic variants, 
and two horizontally transmitted viruses 
recovered from wild mice, Cas-Br-M and 
1504-A. Another isolate from wild mice, 
C2S-M, also induced the changes in a 
small proportion of mice; this low re- 
sponse rate was probably due to the 
effect of a gene segregating in the study 
mice, as described below, rather than to 
inefficiency of the virus. In contrast, 
other highly pathogenic viruses, such as 
Gross Passage A, SL3, and a variety of 
thymomagenic recombinant MuLV's of 
the mink cell focus-forming (MCF) type 

Table 1. Frequency of abnormal vibrissae in mice inoculated as newborns with various helper-independent MuLV's and in mice carrying life-long 
high titers of endogenous AKR-type MuLV. The inoculated mice were of genotypes that are permissive for replication of the inoculated virus; 
most of the animals were NFSJN or AKR, or hybrids derived from them. All viruses were grown in tissue culture and had been biologically 
cloned by two cycles of limiting dilution purification. Mice from cages in which there was any suspicion of barbering were excluded. 

Virus 

Number of mice with abnormal vibrissaelnumber examined (%) 
Major --- 

type of All mice by age 
disease Leukemic 
induced 3 to 6 mice only 

< 2 months 2 months months > 6 months 

lnoculated mice 
Friend MuLV-NFS Erythroleukemia 28133 (85) 16117 (94) 33134 (97) 
Friend MuLV-C57BL-derived strains T lymphoma 415 22122 (100) 111 

with resistance to erythroleukemia 
Moloney MuLV 
FM-12* 
Gross MuLV 
SL3 (3) 
Class I MCF viruses 
Cas-Br-M (4) 
C2S-M (5) 
1504-A (4) 

T lymphoma 
T lymphoma 
T lymphoma 
T lymphoma 
T lymphoma 
Neurologic 
Myeloid leukemia 
Lymphoma 

Uninoculated high-ecotropic carriers 
AKR and AKR Fl ' s  T lymphoma 1125 (4) 1/30 (3) 1119 (5) 
NFS congenic for various ecotropic T and B lym- 0120 (0) 3180 (4) 0118 (0) 

V loci phomas 

*FM-I2 is an in vitro recombinant between molecularly cloned Friend and Moloney viruses constructed by P. Chatis and N. Hopkins. 
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