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Spinal shock exprem$ itself, as is well known, by severe reflex suppm~ion mainly below the Ieveiof  
sectioning of the spinal cord. Thi~ permits the use of spinal section as a rp.c',hod for d~e temporary exclu,ion of 
nerve center, in the distal portion~ 

Our pmviou~ studies [1] have shown that in rats whose spinal cord had beer. severed at tim C, - T t Ievel 
~nd who had th:Js had induced in them spinal shock, injections cf adre,~lin during this period of shock will ei t l~r 
not ,nduce the development of myocarditis at all or, at most. i::duce it in only a light form. This permits the 
~upposiLton that the inflammato~ myocardial process is suppres'ed !n these experiment~ because the ~pinal cen- 
ter, of cardiac innervation (Tz-T ~ are in the shock zone and. t~erefore, tP.e reflexes associated with them are 
greatly hampered. Such a supposition is supported by the results of e..~perimenu with sectioning of the spinal 
eord at ~ e  lumbar level and with experiments in which decort~cation is performed: severing tt:e lumbar cord 
tJces n~t preve,~t adrenalin myocarditis; decortication, which inter~sifies reflex 8ctivity, also mal~es the adrenalin 
m)ocarditis develop most severely. It still did not clarify the cardiac atteratio,"~ accompanying these three in- 
dicated o~erations and did ~ot reveal ~he relations between tD.e~e changes a~d the development of adrenalin 
rnyocarditis. 

The present study was m~dertaken in an effort to answer ~e** quest.ions, and we have repeated our pre- 
vious studies, with some additional work and use of the ECG machirv~. 

E X P E R I M E N T A L  M E T H O D S  

The spinal cord was severed at the Ct - Tt level in ~7 rats.  ECG't ( th,  fl~rcr standard and fourth chest 
lead0 were taken before the operation and 24 and 48 hours after the oix~rat!on. Then, th,  "m),oc~rditts" dose 
of adrenalin (0.,5 co) was given intramuscularly and the ECG was repeated (40 minutes and 9.4 hours after the 
injection). 

E X P E R I M E N T A L  I~ES ULT$  

o f  the 27 rats operated, 2 died within two days of the operation, 11 ~erished shortly after the adrenalirt 
injection, and the remaining 14 were sacrificed 24 hourJ after the injection of adrenalin. The rat hearts were 
studied microscopically (frozen sectlonl stained with Sudan Ill and hematoxylln). In 7 rats no sign* of myocard- 
lti: could be found, in 6 raw the myocaM!tis appeared to be. quite mild, and oMy in one rat was it marked, In 
the control material, the same dose of adrenalin given to 52 healthy raLt induced myocarditit in 46 rats. 

In our previous experimenta (~,.1 operas. ~ rats) myocardith did not develop in 12 rau, and was only 
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mildly evident in 9. In the control ,'Aeperltrmntt myocardltls d,  veloped as i role (39 out of 43 tat) receiving 
0.5 ce adrermlln and 151 out of 153 receiving 0.8 cc). 

This demomtratei that in t',~o groups of experiment, with sectioning of the ~plnal cord at level Cj - T t 
the respor~e with a development of a myocatditls to an injection of adrenalin wa, almost r 

ECG's taken 24 and 48 hours after the oi~ration (before Injecting the adrenaiir~) thowed coatiderable Jb-  
normalities. All rau had bra~ycardla of varying degree, and ~on~ had ardaythmias, 

The normal rat heart ratr is 480-500 beau per minute. In rats the~ spinal cord of which had been t~vered 
i t  the n i t  t level the pu l~  varied from I~0 to 400 ~ a t t  per minute. 

The ECG cha.-.ges indicated severe melaboltr distuxbances and conduction myocardial disturbances (low- 
eflng or elevation of R ~eave. S-T interval flairs in the chest and. ,omettmcs01n the standard leads, fr~gmentation 
cf  the Qt~; complex in the chert lead, blpha~ir or inverted T}. 

I t  should be r~tcd that after the indicated o~ra t ion  the ECG waves in the ratt altered much at after ln -  
Jectlor~ of large do~es of adrenalin. 

On the ECG taken ~ minu~s after the adren~lin injection, there could be ~.-oted an acceleration of th,  
pulse by 20-60 beau  per minute while In the otherl them could be observed an aggravaiion of those changes 
noted after the o/rotation. Twenty four houm after the injection the pulse either returned to normal peat-operative 
levels or e l ~  "d',e brad~rca~ia ~ecame more pronounced. In rau with a developing m2{oca~dltis ~ e  ECG would 
reveal appearanc~ or deeper in~enions of the T wave, flau not developing a m~ocarditis showed no f ~ h e r  ECG 
alteratior~ (Figure). 

The appearance of the bradycardia after the spinal cord ~ectio~Jag above the level of cardiac innervation 
is evidence in ouz experirrmau of the depressed state of the s)~m/>athetic eentert in this zone. 

~ x ~ i n ~ n t  with intmductlon of adr~nalin after operation ~veHag the spinal co~d at 
level C) - T/a rat No. 1062 (ECG taken In chest lead IV). 
a) ECG before oi',etationo Pulse Is 480 per minute. R ts 0,ti my; b) ECG 24 h ~ m  
after ~ e  operation. Pulse Is 260 per minute. $-T interval thift. R is 1.1 my. 1' is 
inve~ted; c) ECG 24 hov~ after IMecting:0.8 cr adrenalin. Pulse is 170 per minute. 
T iS t*oelectdc. No myocardltis wat ~een hi,tologtcally. 
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II is weLl known ~lat Injuries precisely in the cervical spinal cord region caa give a bradycardlJ ~%wn 
to 40 t),Jtu!es t'~r minute [3, 4]. 

The variations in the btadycardia observed by us may be due to vari=tioas In tim der.ah of thock aa yell 
u due to ,atlaUom In t.h,~ location, of the cardiac sympathetic centers. 

order to ol~r furt3.er cardiac irate and actlv|ty airier section of file spinal cord at level of Ct-TI, 
30 rats w~re I~ept ~ long as po*sJble after the ~urgc~. The tats were catheterized every 8-8 hour~, a hematur[a 
being obj,,erred eady.  In most of d,e rats (26") the bradycardia became more marked and the ECG changes ob- 
served early becarrm mo~ m:.,;~ed and could be seen in all four leads, Tho rats d{ed within I to g days after 

H!stologic examination of the rat l~earts shows that even within the first day after operation the myocar- 
divm reveals a marked hyperemla (tmuroparalytic I) and marked cloudy ,welling of th, m~cular f!bert, In ca~et 
of death in later ~tagcs the myocardium showed extravatatlont and increasing albumino~ dystrophy. 

It mint be assumed ~a t  the muscular changes se~n in the myocardlum ate only a partial expression of 
the profotmd metabolic alterationswhich are reflected in the ECG within the fire day of the operation. It is 
most unll~elj that the adrenalLa~emitive biochemical systen~ within the muscle ceils and the myocardial ra- 
cepto,1 remain intact functionally with such myocardial alterations. For hhis reac~n it is difficult to determiras 
when~ the reflex a~c was se'r and m enabled the ad~naltn not to have file usual myocardlt!s effect. This lJ 
especially difficult in the short experiments where ~ e  ce~ation of the existence of ceataal imputes cannot lm 
dlff,-,reatiated from ~ e  spinal ~ectioa itself affecting the spinal cardiac cente, rt. 

our p,',evto,~ ex/>eri~e~t~ [2] we established that introduction of sympatholin (adrenalin antagonist) a~ 
late as 5-8 minutes br ~ e  adrenalin lnjecticn prevent, the p~ib i l i ty  of an adrenalin myocarditls developing. 
It ~xould be noted that int~am~cular injection of the sympatkolln ls accom;arlted by bradycardla. In son-~ of 
the rats this bradycardla could be obv:rved within 5 minutes of the IMectlon (2 taut, while w~,thin 1 hour tim 
bradycardia was pre~ent in aUg tart. 

It is possible that a pats ~f ~ e  antagonistic action on d~e he~i't by the sympatholl n Is due, to inhibition of 
the sympat~etfc center~ of cardiac lnaervattort. 

T:m data predicated above and ff~e c~nclu~io~ drawn from it seem more convincing when Juxtaposed with 
the results ,r after ~e  spinal cord had been tran~ected at the lumbar level. When this is done, ~e  spinal card- 
iac sympathetic center* ~ma,.'n outride the zone of apt;tat s~ock. The spinal coM was trar~ected at the lumbar 
level in 14 rats. Adrenalin was irJected 48 hours later and the rats wet, sacrificed ~4 bouts after the adrenalin 
injection. 

H!stological examination proved that all thc~ rats had adrenalin myocarditis, in va~lng degre~,s of 
~ ve r i~  Just as is wen in the t~ual control material (uaopr ,ass after adrenalin iMections), 

Aftcr such an o,~erat,ion cardiac lhythm and ECG remain ~u~chan~r After t~e adrenalin is introduced die 
ECG reflect* th~ chano~es characteristic of fl~e oncoming myoca~iti~ (voltage chan~es Its the waves, alterations 
in S-T interval and inve~ian~ of d~e T wave). 

The~ results de~',onsttate ~ e  decisive role played by the level at which the ~pinal section l~ performed 
and t2m significance of tI-~e ~pinal shock in causing cardiac alterat,'ons and the appearance of adrenalin myocaMitis, 

WI~z the goal of [ncrea, ing the rcf3ex ~nsizivity of the spind centen, ~0 ~ata were deconicat~d-pattlai 
removal of ~e  cerebral cortex from she cerebral hetrd~pberes. In ~m e  of t,he~r ~at~ imm~diately after the ,urge~ 
epileptlform con~lMve ~L~ure* were o~erved. All the rats during ~e entire po~L~3perative p~dod had mark,d- 
motor stimularlono 

Adrenaldn (g.5 cO we* lntn~Jueed on fl~e Oth po,t-operat~ve day and the rau were ~actl/Iced ~4 hotir, aft,r 
t~e lancet'on, Adrenalin myocarditiz was present in 18 rat~ In the ma~tlty of them, veiy marked, Rep~ted 
~CG's dot,, after tV~ op~r~tion showed that pulse fluctuatlom in the o~rated rau were minimal and d~e ECG 

c~ange, s ~ete different from fl;~e :~en after spinal cord tran~ectlons, l~steaLly, the wave voltag~t bceamo ~ n ~ -  
what altered, ~ometlrn,s a deep S wave being teen. The S-T interval and the T wave ~,emed staMr which leads 
us to ~up~o~ t,hat decortlcation did not cas~, in lu train ~,~ofound metabolde alterations in the myocardium. 
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Putllng toget|mr the results of this expcrh,ent with tim c:~pcdmemJ In which ti~ tpInal co. t~J :r,m,~r 
t~d at the cervical and lumbar Ipvcls, w~ bellove that the whole complex of alterations evoked by decorticatlott 
Dcrmltted an intemlftcatlon o! t.!~ r myocardltls by reason of a ~elea~e of cortical tr~ltbltlon of tha re- 
flex senfltlvlty of the spinal cord, In part, of course, lnchading the cardiac centers. 

Also, It may lm that the ab~nce o! any basic upset In myocardial metabolism after cerebral decortlca- 
tlon (as far as can be Judged by the EC~ Is anotlu~r pre-condltion for the myocardltls developing after the 
adrenalin Injection, 

The data obtained need further physlolo#cal and pharmacological ~nflysls. In part It Is Important to 
study how spinal shock affects die action of other sub, tanccs capable of producing myocardttis, 

tloweveh it summary of the wOth already done perndts some conclusions. 

When the spinal cord Is tran~cc~ed above dm zone of the cardiac spinal centers (at level C r T ~ ,  the rat~ 
develop bradycardla and ECG changes testifying to changcs In co~trac:lllty and the metabolic myocardial procel- 
tel.  HlstoIoglc studies of s~h  tat hearu reveMed myocardial hypcremla and albumlnou~ dy,tmphy of tlm muscle 
fiben. 

Introduction of adrenalin Into the o~r rats does not cau.~e further qu~llLatlve ECG changes and art 
~drenalln myocardltls either does not develop at all or is minimal. This is a~ociated with the functional upset 
of the cardiac rjmpathetic lnnervatlon, the spinal cardiac ccnter~ being within the zone of ,shock. 

When lumbar level sphlal cord transection Is done,fie cardiac sympatl~etic centers are above the ~ock 
level.  The cardiac fllythm and ECG remain ~'aftrcctcd. Introduction of the same doses of adrenalin produces lit 
the operated rata an adrenalin myocardltls which gives the characteristic ECG changes. 

The extent of the adrenalin myocatditls Is variable and comparable to that seen in tim controL~. 

After decortlcatlon cardiff  14:ytI~m likewise is undisturbed arid the ECG changes are fncot~t~It al~d have a 
different character from that seen after transection of the spinal cord at rim C$-T l level. 

It mint be a~sumed that cardiac contractility and myocardJM n~t~bollc processes arc ba,lcally unaffectec[ 
by such an operation. 

Adrenalin introduced after such surge~ careen an e~pecially l n t e ~  development of a myocardiaL% This 
may be due to the hcightermd Irritability of the ~ubcoztical centers and the ~pinat cord In thc.~e dccortleat~J 
animals. 

The experiments presented above seem to confirm th~ fundamem.~l role played by the nervous system In 
tl'~ development of an adreualln myocardith. It. p~rt, ~.~-,, state of functional cot~dition of the spinal cord cardiac 
centers ~eems to be Ie.,.port~nt. From this It seem~ logical to conclude t~xat the variations ~een In tile adrenalin 
rn),ocardttls produced lit rats after a single Injection of adrenalin lnmt bc a~ociated with individual variations In 
6h, reflex reactions ef die animals. 

SUMMARY 

Adrenalin m/ocardltit was studied In rats. The effects of -~pin,~l cord trar~ectlons ~bove and below tlm 
spinal cord cardiac centers were z~Idled. Tran,~cctfon at Ct-T l level produced spinal cord shock below that level~ 
~nocMng out the cardiac sympathetic centers. Adrenalin myocard/tlt In this group of rats w~J either very hdld 

or absent. 

Tran~ction ~ low the centers (at lumbar level) did not give results differing matelJaliy from the group 
In which the myocatditis was induced by the ,mual single adrenMln injection. "fnh ~eems to b, b,  cau~e the 
spinal cord cardla~ syrup;tittle ccnten remalncd unaffected by ',he tran~ctlon. 

Finally, dccortlcatlon seemed to Intensify flit saline.alia myocardltl$: probably because of the relearn 
of the central Inhibition of the spinal cardiac ~'mpathetlc centers. 
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