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Spinal shock expresses jtself, as is well known, by tevere reflex suppression malinly below the leveiof -
sectioning of the spinal cord. This permits the use of spinal section 25 2 methed for the temporary exclusion of
nerve centers in the distal portion.

Our previous studies {1} have shown that in rats whose spinal cord had been cevered at the G ~ T, level
and who had thus had induced in them spinal shock, infections cf adrenalin during this period of shock will either
not induce the development of myocarditis at all or, at most, induce it in only a light form. This permits the
supposition that the inflammatory myocardial process is suppressed in these experiments because the »pinal cen-
ters of cardiac innervation (T;~Tg are in the shock zone and, therefore, the reflexes associated with them are
greatly hampered. Such a supposition is supported by the results of experiments with sectioning of the spinal
tord 2t the lumbar level and with experiments in which decortication is performed; severing the lumbar cord
oes not prevent adrenalin myocarditis; decortication, which intensifies reflex activity, also makes the adrenalin
myocarditis develop most severely. It still did not clarify the cardiac alterations accompanying these three in-
dicated operations and did not reveal the relations batween these changes and the development of adrenalia
myocarditis,

The present study was undertaken in an effort to answer these questions, and we have repeated our pre-
vious studies, with some additional} work and use of the ECG machine,

EXPERIMENTAL METHODS

The spinal cord was severed at the Cgy ~ Ty level {n 27 rats, ECG s {the three standard and fourth chest
feads) were taken before the operation and 24 and 48 hours after the operation, Then, the *myocarditis” dose
of adrenalin (0.5 cc) was given Intramuscularly and the ECG was repeated (40 minutes and 24 hours after the
fnjection).

EXPERIMENTAL PESULTS

Of the 27 rats operated, 2 died within two days of the operation, 11 perfshed shortly after the adrenalin
injection, and the remalning 14 were sacrificed 24 howss after the infection of adrenalin, The rat hearts were
studied microscopically (frozen sections stained with Sudan I and hematoxylin), In 7 rats no signs of myocard-
f1is could be found, in 6 rats the myocardiils appeared to be quite mild, and only In one rat was it marked, In
the control material, the same dote of adrenalin given to 52 healthy rats Induced myocarditis {n 48 rats,

In our previous experiments (21 operat. i rats) myocarditls did not develop in 12 rats, and was only
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mildly evident in 9. In the control 2xperiments myncardits developed as & rule (39 out of 43 rats recelving
0.5 cc adrenallin and 151 out of 183 recelving 0.8 cc).

This demomtrates that {a two groups of experiments with sectioning of the spinal cord at level G~ Ty
the response with a development of a myocarditls to an injection of adrenalin was almost eliminated,

ECG's taken 24 and 48 hours after the operation (before (njecting the adrenalin) showed considerable ab-
normalitles, All rats had bradycardia of varying degree, and sone had arthythmias,

Tﬁe normal rat heart rate 13 480-500 beats per minute, in rats the spinal cord of which had been severed
at the Cg-Ty level the pulse varied from 160 to 400 beats per minute,

The ECG changes Indicated severe metabolic disturbances and conduction myocardial disturbances (low-
ering or elevation of R wave, S-T interval shifts in the chest and, sometimes, inthe standard leads, fiagmentation
of the QRS complex in the chest lead, biphasic or Inverted T},

It should be noted that after the indicated operation the ECG waves in the rats altered much as after in -
Jections of large doses of adrenalin,

On the ECG taken 40 minutes after the adrenilin injection, there could be noted an acceleration of the
pulse by 20-60 beats per minute while In the others there could be observed an aggravaiion of those changes
noted after the operation, Twenty four houm after the Injection the pulse either retumed to normal post-operative
levels or else ihe bradycardia became more pronounced, In rats with a developing myocarditis the ECG would
reveal appearance or deeper inversions of the T wave. Raws not developing a myocarditis showed no further ECG
alterations {Figure}.

The appearance of the bradycardia after the spinal cord sectioning above the level of cardiac Innervation
is evidence in cur experiments of the depressed state of the sympathetic centers In this zone,
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Exprainent with introduction of adrenalin after operation severing the spinal coid at
level Cy ~ Ty, rat No. 1062 (ECG taken in chest lead IV),

a) ECG before operation, Pulse {s 480 per minute, R is 0,6 mv; t) ECG 24 houn
after the operation. Pulse fs 260 per minute, $-T Interval shift, Ris11 mv, T is
inverted; ) ECG 24 houvrs after infecting 0.5 cc adrenalin, Pulse Is 170 per minute,
T is isoelectric, No myocarditis was seen histologically,
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It {s well known that Injuties precisely In the cervical spina} cord reglon can give a bradycardia down
to 40 syatoles per minute {3, 4],

The variations in the bradycardia observed by us may be due to variations in the derch of shock as well
33 due to variatom n the locations of the cardlac sympathetle centers,

In onder to observe further cardlac etate and activity after section of the spinal cord at level of Cy~Ty,
S0 rats were hept as long as possible after the surgery, The rats were catheterized every 8-8 hours, a hematuria
being cbserved eady. In most of the raty (26) vthe bradycardia became more marked and the ECG changes ob-
terved eatly became mon waned and could be seen in all four Jeads, Tho rats died within 1 to 9 days after

surgery.
Histologic examination of the rat hearts shaws that even within the first day after operation the myocar-

divm reveals a marked hyperemia (neurcparalytic ?) and marked cloudy swelling of the muscular fibers, In casey
of death in later stages the myocardium showed extravazations and increasing albuminous dystrophy,

It must be assumed that the muscular changes seen In the myccardium are only a partial expression of
the profound metabolic alterations which are reflected In the ECG within the first day of the operation, It is
most unlikely that the adrenalin-sensitive blochemical systerms within the muscle cells and the myccardial -
ceptoss remaln [ntact functionally with such myocardial alterations, For this resson it is difficult to determine
where the reflex arc was severed and so enabled the adrenalin not to have the usual myccarditis effect, This Is
especially difficult In the short experiments where te cestation of the existence of central Impulses cannot ba
diff=rentiated from the spinal section itself affecting the ipinal cardiac centers,

Ir our previous experiments (2] we established that introduction of sympatholin (adrenalin antagonisy) as
l1ate 33 §-8 minutes before the adrenalin injecticn prevents the possibility of an adrenalin myocarditis developing,
It should be noted that intramuscular Infection of the sympatholin {3 accompanied by bradycardia, In some of
the rats this bradycardia could be observed within § minutes of the infection (2 ratg, while within 1 hour the
bradycardia was present in all 9 rats,

It is possible that a part of the antagonistic action on the hesrt by the sympatholl n s due to inhibition of
the sympathetic centers of cardiac innervadon,

Tne data presented above and the conclusions drawn from {t teem more convincing when juxtaposed with
the resulty seen after the spinal cord had been transected at the lumbar level, When thisis done, the spinal card-
fac sympathetic centers remnain outside the zone of spfual shock, The spinal cord was transected at the lumbar
level in 14 rats, Adrenalin was infected 48 hours {ater and the rats were sacrificed 24 hours after the adrenalin
injection,

Histological examination proved that all these rats had adrenalin myocarditis, in varying degrees of
severity Just as is seen o the usual control material (unoperatzd rats after adienalin infections),

After such an operadon cardiac thythm and ECG remain unchanged, After the adrenalinisintroduced the
ECG reflects the changes characieristic of the oncoming myccarcius (voltage changes in the waves, alterations
in 5~T interval and Inversions of tie T wave).

These results demonsteate the decieive role played by the level at which the spinal sectlon is perforined
and the significance of the spinal shock In causing cardiac alterations and the appearance of adrenalin myocarditis,

Wwith the goal of Increasing the reflex sensitivity of the spinal centers, 20 7ats were decorticated-partial

removal of the cerebral coriex from the cerebral hemispheres, In some of these rats fmmediately after the surgery
epileptiform convulsive szizures were otserved, All the rats during the entlre postoperative period had marked-
motor stimulation, ’

Adrenalin (.8 cc) was introduced on the 8th post-operative day and the rau were sacrificed 24 hours aftar
the Inject'on, Adrenalln myocarditls was present in 18 rats, in the majority of them, veiy marked, Repeated
ECG's done after the operation showed that pulse fluctuations in the operated ran were minimal and the ECG
changes were different from thoze seen after spinal cord transections, Basically, the wave voltages became some-
what altered, sometimes a deep § wave being scen, The §-T interval and the T wave szemed stable, which leads
us to suppose that decortication did not carry In its train profound metabolic alterations in the myocardium,
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Putting togother the results of this expertent with the expertments In which the 1plnal co. 123 lramsace
ted at the cervical and lumbar Jevels, wo bellave that the whole complex of alteratioms evoked by decortication
penmitted an intenstfication of the adrenslin myocarditis by reason of & releuse of cortical inhibition of the re-
flex sensitivity of the spinat cord, In pan, of conrse, tucluding the cardiac centen,

Alw, 1t may be that the absence of any baste upsct In myocardial metaboltam after cerebral decortics-
tion (es far as can be judged by the ECG I8 another pre-condition for the myocarditls developlig alter the
adrenalin Injection,

The data obtalned need further physiological and pharmacological analysis, In part It Is Important to
study how spinal shock affects the action of other substances capable of producing myocarditis,

However, a suinmary of the work already done permits sume conclusions,

wiien the spinal cord Is transected cbove the zone of the cardiac spinal centers {at level Cg-Ty, the rats
develop bradycardia and ECG changes testifying to changes in contractiiity and the metabollc myocardial proces-
t23, Histologic studies of such 1at hearts revealed myocardial hypereinia and albuminous dystrophy of the muscie
fibers,

Introduction of adrenatin Into the opcrated rats does not cause further qualitative ECG changes and an
edrenalin myocarditis elther does not develop at all or is minimal, This is aseclated with the functional upset
of the cardiac sympathetic Innervation, the spinal cardiac centens belng within the zone of shock,

When lumbar level spinal cord transcction Is done,tle cardiac sympathetic centers are above the shock
fevel, The cardiac thythm and ECG remain unaffected. Introduction of the same doses of adrenalln produces ln
the operated rats an adrenalin myocarditis which gives the characteristic ECG changes,

The cextent of the adrenalin myocarditis s varfable and comparable 1o that scen in the controls,

After decortication cardiae thythm likewlse is undisturbed and the ECG changes are fnconstant apd have a
different character from that seen after transection of the spinal cord at the Cy-Ty level,

It must be 2ssumed that cardiac contractility and myocardial metaboelle processes are basically unaffected
by such an operation,

Adrenalin tntroduced after such surgery causes an especially infense development of a myccarditis. This
may be due to the heightencd trritability of the subcortical centers and the spinal cord In thete decorticated
animals,

The experiments presented above seem to conflrm the fundamental role played by the nervous gystem {n
the development of an adrenalin myocarditts, Ir part, &2 state of functional condition of the spinal cord cardiac
centers scems to be important, From this it scems logical to conclude that the varlations seen In the adwenalla
myocarditis produced 1 rats after a single injection of adrenalin 1nust be associated with fadividual variations in
the reflex reactions of the animals,

SUMMARY

Adrenalin myocarditls was studled In rats, The efiects of spinal cord transections above and below the
spinal cord cardiac centers were studied, Transection at Cy=Ty level produced spinal cord shock below tuat level,
knocking out the cardiac sympathetic centers, Adrenalin myocarditiy in this group of rats was elther very niild
or absent,

Transection bslow the centers (at lumbar level) did not give results differing mateiially from the group
{n which the myocarditls was Induced by the wual single adrenslin {njection. This secins to be because the
spinal cord cardiac sympathetic centers remained unaffected by the tiansection,

Finally, decortication secmed to intensify the adreralin myocarditls; probably because of the releas
of the central Inhibition of the spinal cardiac sympathetic centen,
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