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ThE METABOLIC EFFECTS O? ANALOOU 
o i' AhTEiENO L D COiJUTIO N WITh 

VAhIOUS MONONAMI1E 0X1 iASE I14HIBI)LS 

IliTRO LU CTIO N 

Within the past years there Las been an increased 

interest in the etabo1isr of opinephHne na sorto reliitod 

an1ogues. T1osc3 sttdied Lere are iecprotererol, ethyl 

norepi. i ephrii.o nd i-isoropyi ethyl arterenol1 . mi a 

interest ha rared rrom nttd1ei o: the possIble different 

metabolic steps in the n2.iy metabolism of these arialegues 

to their fzt.l degradation (26,p. 37-38O) (3,p. l26) 

(54,p. 25P) (42,p. 593). 

roghoLt the literatare very little has boon said as 

to causes the breaLdon or oxidation of epineprie 

and other syrnputhomimotics. hiolter, In 1940, listed fIve 

possIble enzyme systots respnaible for the inactivtion of 

epIrophrine tri ViVO (56,p. 361). TFteso five yossble 
enzyrre systems ere: 

1. Catechol oxidase 
2. Gytochrcro oxidase 
3. Mino oxidase 
4. 'eroxidase 
5. 'sedo henylaae 

¶these Live enzmnes tiay oxidize epinepbrine as foliow: 

L LET$1ir (T;o . rotoerol ), Bu tanephri ne (ethyl nor- 
ephrine) and Win-3046 or Isootharine (h-ieoropy1 ethyl 
arterenol) are trade names of Wirthrop-Stoarns Cepany. 
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A stdy of past and ourrort literature indicates there 

1 t1:L1 a pzoat deal of oo i troversy n to whch of those 

onzyr.e rytems or oobinttor. of ytern te the rnoet 

Iriportazit Lox the 1ractivtion or e)5.ner)hrirM tnu its 

ana1ogiea. o8t theorlos 1ave ceurpinted dtx1n the pt 
docath; orch theory oxp11iin a pos$iblo trto nechnnin 

hoxebr o')inephrIno and tti anaIouea may be degrdated. 

Bcq favors catochol ox1dao (4,p, 343) while Gadduin 

and Kitoskt favo' wno oxidtuio (30,p. 98). Other 

t2vestiator3 (l1,p. 2187-2190) favoi cytochromo oxidase 

nnd finally }dchter (55,p. 25P) tatod that epinephxie 

is not oxidized by nr enzyme but la esterlfied invvo 

res1ti.n in a az3fate or a ;lutznnte. 

Pa early as 1937, B1aoehio, ï1chter and ±loaamann 

(ll,p. 2187) came out 'with the iuea as has A11, eta). In 

1943 (ip. 487) t1at opIrothri: o o;idae (Alchter'a catecol 

oxidase), tyraznine oxidase (amiflo oxidase) and a third 

enzyme, ali*Latc amine oxidase were one and te aae en- 

zyme, amine oxIdase. PollowIn this roaso.ing, vonEulor 

ocently (1955) su.:octod txat peroxidase may be the 

enzyme in lieu of anine oxIase. lie believes his theory 

to be spportod by te fact that pevoxi.. ase has the power 

to tranefer catechol amines into innctive eompot.nde 

(?2,p. 27). All these t1oorles ae atteiipts to oxnlain 

te means by woh epinorine iS acta1?y dereiated. 
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Thteioit Ing tud1os 'aadc by Schayer, Sri1oy aic a1a 
In 1952 (58,p. 55O-551) and 4ehayor ii 1Th5 (60,p. 286) 

indicate tt at 1ent 50 oeroert of epne:thrthe administer- 
ed to rats was thactivn ted by the 1os of' the ÌLG1i3 group, 
pi'esunably through the ct1cn of amine oxidase. Thia icrk 

done with racioact1ve ci4 on the alpha carbon of 
eine hrne. 

Schayor, thie time using radioactve rrnino (5'l,p. 
GO-63 ) va able to obtain p-hydroxyhenyiacotcacid after 
tirilne oxiiao had oxidized tyranina. Thus, ho as able to 
show that an enzyme, amine oxidase, had produced the 

foll'wing reaction: 

H H 

C C 

cJtJ > 
OH H 

TYRA14I p-HYDR()XiTI1ENYLAfETIC 
A CID 

In this rouction the2o is the inteiinodiato i'oxination 

o f tho cori'esponding nictohydo , phyc1roxyphonylaootaldeirdo. 

The possibility also exists that ari intermediate sihstaxco 

is formed midway betwoon tyam1ro and p-hydroxyenylacot- 

aldohyde. This being p'hydroxyLerylacotimne, 
iQe6H4ci2cHtUi. Intere st : ngly o r icugh thi won la be the 

product of Jichter's peroxidaso (56,p. 361). Other wcrl 

has been done te sppt the concept that amine oxidase is 
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the main efectivo inactivating enyme for catechol anirea 

(16,p. 317) (19,p. 784ii7137), 

thor upiorter f the rnine 0X1C1930 noch am of 

epinep1 1ne de,1 radation are riorcenva1d and Herrmann (28, 

p. 413414). Their method to teat the oxygen tptffl:o 

in tißsuos 8tbjocted to cyantue, which atppress 1110 

cytocLvo o )XiÜaOO sya tort, and wnphetnmino , which supproasos 

the amino oxidase system. Toy ' that cyanid hack zio 

effect on oxyton uptaic, bt that amphetamine coniplotoly 

euppiosed the oxygen uptahe in ti80. Therefoie, they 

attribute the oxidation of opinerino to aulne oxidasu. 

Also, there aro many atudlee which oint ÖLt the 

possibility that amine oxid*øO has nothing to cb vith 

epinophrine oxidation. i3ncq, (3,p. 126) as mentioned 

above, favore the theory t1z t entecho? oxidaoc is the in- 

portant eriyme in the deraóation oi epnepbrine and its 

vo1ativo. Ills zeasoninC for this is btsed on the ox1uaton 

or ep1nep1rtne to indole, 

1H 

-.--- HO-(H 
a 

HC-Ç,) liN 

EP INEP riRi NE IN-i:x) LE 

H2 

NH 

iJowever, he does not completely connit iinsolf t: the 

catechol oxivaso sy'torn. !e also mentioned that ichtor 'e 



sullo-co ugton 1 a r;ood poss5.bfllty. 

vonEulor (71,p. 25) (72,p. 27) could rind no 8ipiftcat 

effect upon te.itirg livor nd splooz. ror opeÎrno a:d 

norepioprino after amino oxiaio inibitora. Groiezïor 

arid Velùi (32,p. 284) found t2at inctivntior ol the enzyme 

moxo-ouino oxidase does not tilto tLo action of 

enOy :i'iiO tU paXt18COlOtCal zy3tem3. It can readily be 

soon that thoro 1 till. much controversy concerning the 
actiox of amino oxidase and the degradatIon of opineirine 

arid Its anzlc;uos. 

Bacq (3,p. l-2ti) arid Ilascixko (7,p. 415-453) have 

pointed out that the rìocessuy chorilcol. 3triicture for the 

inibition Oi aziie oxicaw is an Isopropy). wnino grou.ping 

in the molecule, The folloiin, containing such groupinse, 

are the inhibitors cf amIno oxidase Used Iii this stut' 

L) } 

3 

H H 
e2- - (HCCXD 
IC- 

SHCOOC6HS 

H2 H H9 

c.iim 

R 

H H 
CH3 

IAZID 

Areas in rod aro the molecular çroupings (isopropyl aminee) 

wiIch Bacq and Ifl.Si tho say aight pos3ibly causo the 

inhibition of amine oxidase. 

laschio and Lutie (12,p. 3483/iO ) In 1945, nado a 

study of the Inhibition of anine cxiva8e by using ar1Idre 
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.uÇ*NH , type 3trt.cturee. They fou.A that pentanddino wa 

NH2 

a powezÍul n vitro inhibitor of arilno oxiLa8e. Their 

niethod waa to uae rabbit 1ivo (which contairz the onzytte) 

and test it for tyramno oxicatlon before and after treat- 

mont iitb pentamidine. 

Ar.other theory in the structra1 roquirerionts for io 

Inhibition of amine oxidase bu boon put forth by e11or, 

(79,J). y). They ttato that :tìeny1h; flainr ia a 

good inhibitor not only of mono-niine oxidase btt a10 cf 

dt-onne oxidaso. They foI1ti the line that tpronlazid is 

a strong mono-arnire oxidase Inhibitor. It cax be ieor. that 

i1)r()fliaid is a rdrazde structtro i s pteriyihydrazine. 

Ze110 stato that the main requialto for rnono-mine ox5th3e 

inhibitors is the hydraone 5txtcthze3 *N-'NH2. It can be 

seen hovevor, that eìedrxe and cocaine lack any typo of 

nitropen-ri trogen bonding. Even so, these trio coripot.ride 

have boon found by various invostigator3 to have ar inhIbit- 

Ing typo action on mono-amine oxidaae (2,p. 596) (3O,p. 98) 

(47,p. 407-4CC) (49,p. 301) (6d,p. 593). 

In 1U40, Phil pot (49,p. 301) found that by ueing guinea 

pig livor as a sc:rco Of iono-amine oxidase it could be 

shown that the oxidntion of tyraxiine and epino'ohrne could 

be inhibited from 6O to 100% by ephodrlro, cocaine and some 

relativos of cocaine. Philpot 3tates that the poerible 

rnochaisrn of action in epinephrine potentiation r cocaine 



and ophedriLe ù that they competo wit the peprine 

for absorpttoL ora thØ enzyme sr:aee. TÌis .s sImilar to 

Gac1c.uni arid wiatowzk. 's theory that ehedrine inhbit the 

orzy1o, mono -nruine oxidase, thereloro allowing epirierne 

to (oc.mLiato anti pr'o&ce s ipttoi5nietic effect (30, 

p. 93). It zn t be kept in mind that Pii3.pot's work wts 

done eomp1ttt)iy in vtro. 

There has bGoL otL'ar oxk complotad thit agrees with the 

above in shwi that cocaine hai ux inlìibitory action on 

xono-axnirie oxidase ad thus allows opinehrine to concen 

trate and produce it3 typical action (45,p. 224) (68, p. 

334). 

It cm a10 o seen that numerous at. thors have 

directly controvertc the above C1ndins. For oxam1e, 

.OWXi and Ioxill (14,p. 654) could demonstrate no abnormal 

bypertensl ve effocto d th epinophrinc after pretreatrion t 

wi th co caine 21 ay athnin iteren erinep1rine four di ferent 

waya. Sin;1e doses of the drug before an. after cocaine 

and pX'ogX'0531V017 increasing doses or epinop1rino before 

and after cocüe. They stato that there v:as no sinifi- 

cant change in blood pressure. 

The work of anothei' gIOUP, Po1onovaJ, Connard and 

Schmitt (51,p. 1980) paaliela the rosoni ch oÍ Brown and 

Boxill. Their views are that cocathe, in hiç1; concentra 

tions, oos not ;xtotiate mputhomimetic fiction on blood 
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piesuro. A fo'w studies ol the aetioi or eocuìi. 5Lvit3o 

also seei to indicate that it uoe not potentinte 

siptthomietic arn1re (51,p. 1980). 

There is t.iso ooi'lIcting evidence rvding the 

action oì ejethio .n ccib1nat1on with eprìap1rtre anti 

80mo analogues. Blsch10 in 1938 (3,p. 7P) nade t3e thte 

iient that ephedrino is not oxidized by monoaxnne oxidase, 

vLeroas epizerino is oxidized by the enzyme. This was 

the buic deve1oporìt or u tLeoxy that Isopropyl aiino 

dorivntivos act a in1ibitors tì:tt eth :1 aiiine dezlva. 

tivos act aa subaLutos for »ono-w!iir1e oxìdaae. Again, in 

1938 (}adüwi, et a (30,p. 98) postulated that the mechanism 

of epinoririe potulLtiation ly ej:iedrine 13 analaus to 

acotyicholiLo poto tzìt ion by phy3oatiino Their oxpeii 

non ts were uOflO by per Lsin, the compoun1 through the oar 

voiia of 'abbita. 

On the negative side, ?urchgott (291p. 1e3265) ca.1d 

aho%J in only experinents any donoestrablo tontia- 

tion or opinoìriio with ood:ir.o in vasodilation oÍ' 

rabbit aovta. Burns (18,p. 237) also raely observed any 

potontiation with snail *rter1es of rats. 

Up to tia point :t is clear tLat the are volunes f 

oonflicti evidence on the sibjoct of ionoinine 

oxidase irthibition by ephodrino and cocaIne. There rtiso 

appears ta be conflicting evitonce with regard to 



1i8onIcot.ny1-2tsopropy1 hdrazixe (1proriIazd, 

ai95i(i2 ) 
Aithou ipi'oniazid Is recent dr (1951) uuch 

clinical work arid vxperinontation hí&s boon done with it. 
Th e drug wa s í1r t pro (LL cod th 10 51 by Dr H H. Fox ol' 

the Hofftwn-aioc1ìe Ttbcrntoric roi ltLi po3b10 action 

iii tuborcu1os. The reaionn behind this was that tiO 

pai'et compound or ipnatd i isoniazid, a compoLnd used 

3UC003aJ.\].ly in tuboIcu1osi8. kiowevor, proniazid aa 

found to be of 1os valLe in tLboxou1osia thai. &r1azLd 

a ooi3oquorco, was nea1y lost from the medical 

profossion (24,p. l-3). 

During ita application as a ttbercL.lo8tatc afent it 

?)a2 found that a few iovorely de. rosaod patieta exhibited 

a atinlat1on of the cental rorvus system. This stimula.' 

ti()n uas said to can)e to mood of tuo individual. Tht.a 

t'.LO tO115 I1OOd elevator" and "psychic onerle" ivere 

coined (24,p. 3). Since that tinte it lASS been &iown that 

iproniaz5.d Iad a re,arab1e effect on the pez9oIlalitiez of 

certain depreaìed ationtz (13,p. 11). 

E.A. Zeller, fron North*estun University i;dil 

Sehool, dO3OIVOß mucki credit for .;ivinL. the thpotun to the 

inveatiation into the inhibit:ion oi' mono-amine oxidase 

by iproniazid. Among the numerous investigations completed 

2. Morat1 is the trade name of Hof fmarm-LaRoche, Inc. for 

iproninzid. 
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by e11er, irzportant onea htvo beoi hia work with iproniazid 

on the inhibition of the erizyrio Inì btcteria (7G,p. 350), in 

wnooth mu3cle preparations (33,p. 182), in the 3trctura1 
requirements foi irtMbition (79,p. y) an moro x-eont1y in 

In vitro mltochronthi.al solation methods (771p. 273). The 

rostits of Corno (22) agree Ith Zollor in the fact that 

those rnitochindria1 tot oíowecì ari inhibition of nono 

amIne oxidase within two 

agreement with Elay and 

that by treating dopnos 

iprorLiazid it tabes from 

weoIa for any observable 

In 1953, ;elloi and 

hours. However, this 
Bulason (25,p. 51-55) 

d psychiatric pationt 

a f ovi cnys to as riany 

ehanre to be noted. 

Grieemor studied the 

Is not in 

who ound 

s Z 

na thee 

possible 

pototiatirig efect with Iproniazict on syipathoriiinotic 

amines. V!ith a doso of 0.18 mlllirioles of Iproriiazid per 

kilogram of cat they found a strong potertiation in the 

contraction of the nictitating membrane. i!owevor1 they 

:.ound no potentiation in blood preamro (31,p. 901). 

Other work done by 7 .eller and assöciatos Indicate 

that iponiazId is i very effectIve rnono-nmire oxidase 

inhibitor ir. mitoobrondrial isolation tests (77p. 273) 

(78,p. 460). 

Hairiijo, ot c]. iii 195G (39,p. 218) fou.. that 

iproniazid fIrst depresses thon potontiatos iba action on 

the nictitating membrane oi the oye of the cat from both 
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cervical siipr&thet io trt.rk tiznL1a tion arid thtra-artor Ial 

Injectiana of opinophrine, noropIrephrine nd tyrniIo. 

Thi. group also romd thu t rnoro -axiIrio 0x1 dsc de 1n1 tely 

InhIbited in the livor, brain and kdney. Thc:; state that 

the depresaicn obtaied CIvEt i the rIctItatin zembrsne 

V1fl3 due to adrenergic blockage. The rcaoring beIrni thIs 

potetIatthg property ii rot ttt onzyrnttIc thhlbitlon 

occura but rather ai interieroce with the penetration of 

the amino to the Intracellular sito and, as a consequence, 

a prolonged action at the receptor sito. 

Other worera vtho have fourìi possible potentiation of 

ympathontme tics by iproniazid uo: 

1. Corne, et who found that doses of 0.4 
tiiliino!o por kIlcgrarri of Iproniazid In 
dogs ( sub-outaneousiy ) compie toly IzthIbi ts 
nnoanino oxidase in the livor (22,p, 339). 

2. Grlosomor, wIle working with iproniazid 
pretroated aortic strips found 60% lesa 
contractin with epinephrine. He also 
stated, like Eamijo, that there Is the 
es1WIlIt7 of some adronex'gic bioc1Cn; 

action (33,p. 182) 
3. Schayer end 1th who found that ipronlazid 

produces a signifIcant Increase in the 
total tryptaniiio level of the urine (58, 

p. 63). 
4. Tickner, while scIrL ariire oxidase 

inhIbition by antihistaninics postulated 
that the ayìnpathorninotic action ethibttod 
by sorre antfl.IstatiInos Is due to their 
inhibition of ino-amir.e oxidase (65,p. 
609). 

To support the ardu1ont that Iproniazid does not po ten- 

tInto syripathomluotic amInes, the following references aro 

cited: 



1. I3erjson, et a , h11e t1ng the toxicc10 
of tpronlaz founc only iirìoz pharrnaco1ogt 
cal e..oete (5,p. 38&.u.&j6). 

2. }Iend, while givth infuaion ol' nor- 
OpjrØp:4C boo2 O nd after 1proniazU in 
ran found no significan t di ffer'rces in 
b1oo(. iC3L1C (2'7,p. 63). 

3. Grîaenor, e a].., this tiro studying blood 
proa3tuo ir cntì £oun.i no inoieso in the 
presiu::EJ with iproniazid and epinohrine 
(33,p. lEJ). 

4. Schmitt, Lile doing the awno type of vork 
as Karlijo (39,p. 218) ftund quite the 
oposite effects. at le, ScLniitt found 
that z: pr&injection c iproniazid not only 
did not 1nceae the nictitatii2L; ccntrao 
tiona In cate but ctLahly decx'eaaed the 
contractions when treated with opinephrine 
(63,p. 2574). 
U donrrioc VeishacL rd Ioyusk found 
tnt iprcn azicl a ri poor In vitro irhibitor 
of sexotonIn (5 rczjtrypturiinJ in 
peipLoral tIs3ue8. They atato that 
arj*iotaniie nn pro cain amide are not 
o:!cctivo In vivo (6,p. 259), 

In the ziajo rl ty o f experiments liver , bra in , aploen and 

other o 
.: 
;ans toro :eed other to test oen uptake or 

ammonia release (28,p. 005) (32,p. 284) (77,p. 27$) (78,p. 

4GO). Yoiever, it la íolt tiat renovinj, an organ fron Ita 

natural habitat tt effect its oIdattve bljtIe, in 

an attempt to (letoridne 1other one o:2yne or another, or 

a combination of enzyme aytezio, rire actin;, the teat riy 

betteì' be donc Ir VIVO, The action of the dtfferont aystoma 

rizi; ho a000L2ted for If ti er aro elinInated b a 

pharmacoloGIcal IthIbItion. That is, to produce a 

pharmacoloIca1 inactIvation of ono o' several erzo 

systoms and tost tLe aubsoqtent rosults, 
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It wa f oit that 1f one ysten could be elitilnated and 

this syster't was rosposibio Co epinepirine oxidation, thon 

a potontcttion of epinepr1no ou1d cecur due to ! ts 

decreased oxidation. 

Avdne oxidase woo the 8yton1 selected for ro800rch Loz 

the folkwing retLSLo2 

1. ¶1ez1e 1crße variety ol' drugs tYrt 
irthibit araine oxidase in vitro. A few 
that 1avo been shown to act n this 
munner are &ietamine (28,p. 413'414), 
bttyn (&3,p. 298), CoCaine (49,p. 307) 
(G6,p. 331), ep3.edrine (30,p. 98), 
iproniazid (35 p. 262-203 ), net.y1eno 
blue (75,p. L3P5, siiThydral groups (7,p. 
4l5458), entihistrtrninez (7,p. 415- 
458). 

2. : esulto of the re3earch dorio In this field 
are extremely varied, 

3. The majority of work done has Seen czirried 
out by nvitro ?tlOt2OdS. it WOO felt at 
more woI'kmu8t be done in vivo to contri- 
bute to the knowledge of the enzyiatic 
oxidation of epinoprine. 

The in vitxo studies that have been dono may ho surred 

up by quoting 1ichtor (56,p. 361): 

ttit i thoro;oro impo5oi4n to ira riy con- 
olusiors as yet trcri the3 in vitro 
expcxizients .s to the wç, v ich aena1in is 
1Cti.VatOd n the tissues in vi". 

In tIl i s o ti c the onu 10 oxidase Inh ibi tor s ipron bid, 
cocaine and ephed.rine wore ised it.h the fo11owng 

syripathomirnotic cori,ouns: 



9H 

(r 
if 

HN 

CH3 

IN}ffiINE 

cH H 

HQ-ft( 
HO-) 

ETHI1-DREPIN?HBINE 
(BUTANEPHRINE) 

9-i 
H 

H 

HC 9H2 HO H3 

HO- H1 H CH3 HN H CH3 

C'H3 w 
N-ISOPROPYL ARTERENOL ETHYL N-ISOPROPYL ARTERENOL 

(IsuIEL) (WIN-30b6) 

iese four syr!1pathomiiotic ubtancos tero chosen be- 

cause each Is ax acìx'enorgio compound, they ae rel*ìted 

cemici11y (8torica11r ), thoir vol at1ci- to imoo-ai.i o 

oxidase has not bt:on previously sttdied arc1 they elicit 
both 8Ii1ar ttr Vr1ed effecta (70,p. 526) (l'7,p. 2l- 
221') (43,p. 45) ('73,p. 552). Some er:ects pio&iced by the 

conipotnda navo beo .rnaz'eci by et ai.(43,p. 45) 

For example, Win-3046, I3uprel and Ikitanorine nil iwo- 

duce de3ressor e$pon3øS. Accoiding to Lands their 

depre ssor order i: 



1G 

isupol i 
Win»3046 10 tes loss eíoct1vo 
&itanoohrino 100 t.m iO sfrective 

the roaonaea obtinoc rrcrn tho8: syrcipathonilmetic 

5bstanco3 it 5 potti1atoc1 tLat i!? tono-aiine oxidase was 

responsible for theli oxiat1oii, ai iu 1f the inhibitors of 

mono'amine oxlda3e cited UbçfVO iero taeci, ther. a otont1a- 

t1or of sjapathomîmetie effects coLid be expccted. 
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JP}flIÍENTAL 

METhOD I 

Twenty onre1 de of itor $oX botweer 

seven and rirteen 1ögraiis iiera uod in titis study. Each 

v's aneetuietized iti: 3tng/Ïg pentobnrb5tal intra 

perltonealy. This ia8 8Lp)1e1ented, if nooded, vith amoil 

'baos of pentobarb!tal intravorlou8ly. TLc arilmala were 

fnsted for approxirnatoly 18 hot.rs prior t the oxporlrmnt 

and. between ezperttlent8 the an.ra18 v?ere allowed to exer- 

ciso frooly AflCL to take food az.J te2 adUb,dr. 

A total of four experimonts voro done per anha1. 

These four exper1moìte constituted ne ooipleto cycle. A 

total of fotr crclos rorosenta one completed cerios as 

sLov1 in Table I. 

TABr4E I 

Cycle I Oyole II 
p. I EPI control ØJT control 

Exp.II EPI4COO T4OOC 
1;p.III E'I4EPii 
Exp.IV FPI4IPh BUT'IPT 

EPI :Epineplirine 
IL T zButanoprine 
IJ slsuprel 
WIN :Win-3046 

Cycle III 
I3U control 

I 4Q00 
IJ4BP1 
ISU4IPr 

Cycle IV 
WXN control 
WIN0oC 
WIN4EPH 
WIN4IPB 

coo :Cooaine 
EPI1 :Ephediine 
Ip s Iprniaz Id 

Controle shown in 'on the basi, of stardard curves 

to be correlated with to three subseqtw.t exrxr5xonts 1ieh 

wore run after the thjuibltors iid ucen given. 
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All the inhibitors wore given intramu3O1ar1y except 

&soe imned1.a tely prece1ìng tho expe2irient whic e 

adnirietered intravenously. The following regime was 

used: 

:i. Cocaine 
50 mg (IM) wet; «iven the uay be foro the experiment 
tmd 50 mg (IV) as given inediato1y preceding the 
experinent. 

2. Ep3iodrine 
50 rn (IM) ven te Jay bei'oio the experiment 
arid 50 mg (IV) vins ivei.ì inediately preceding the 
oxperinent. 

3. Iproniazid 
50 (IM) Was given every day for teo days 
before the exporitient arai 50 mg (IV) was given 
immediately preceding the experiment. 

Ipiiedririe and cocaino Lavo been kwn to act within 

a relatively short period of time (G4,p. 571) (40,p. 6(35) 

whereas iproniazid takes a considerably longer period of 

time to act (32,p. 179) (3?,. l90193). Therol'oro, 

ophodrine and cocaine viere given ono day prior to the 

experiment and iproniazid was f;iven tree deys prior to 

expnr irion ta ti on . 

Thcerimorit s in conjunction wit iprorilazi d were always 

ocndactod last bocauo of the extended time n000sesry for 

the cru to act (52,p. 179) (37,p. 190-193). 

The inLibitors viere dissolved in distilled water and 

kept in a refrigerator at 0 Centigrade. The amines were 

dissolved in a proservatvo of 0.1 por cent cLlorobatano1 

nr c 0.1 per cent sodium bisLlfito. The amines wore all 



CONSTANT VOLUME INFUSION PUMP 

FIGULE I 

1nfuod it travcnous].y. 

Constant rifuaiona of the dngs ero rnde by tLo ùso 

a iíarvnid Cona tant Volunm Infusion Pump (Fiux'e I). 

The speeds of iiiistratlon were other i ml/2.5 rilnutes 

or 1. ml/5 riinutoa, The solutions of wiinos were diluted 

1th ph:-rsiolotical saline &id administered at either 
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of the two 8peeds to acicvo the correct dosage per 

rnirute. 

The amine doue may bo 11ated as follows: 

TABLE U 
SMPMOMIMETIC AMIiE ixSAE PEF. MINtTE 

EI'I WT WI1 

1.5 r 25.0 r 1.06 r 29.5 r 
3.0 r 50.0 r 5.40 r 5.0 r 
6.0 r 67.6 r 10.30 r 118.0 r 
11.5 r 101.4 r 20.00 r 236.0 r 
15.0 r 250.0 r 40.00 r 472.0 r 
30.0 r 500.0 r 1.07.60 r 958.0 r 
74.0 r 808.0 r - 

Each dose level Indicated In Table II wa iniXaed for 

fiftoen minutes. To total 1onth of o Infusior tino 

was botwoon 90 ninutos and 105 minute3 depending on the 

drug used. 

At the end of each fifteen minute infusion period a 

two rijililitor blood sample was taLon. TLis was usod for 

the determination of blood nçar and lactic acid. Both 

blood sgar ard lactIc aciu wore quantitatively determined 

from venous blood samples by the Nelson test for reduced 

sugars (48,p. 375-380) and tbe kial:er and Summerson test 

for blood lactic acid (30,p. 569). 

Blood pressure, rospration, pulso and tetiperature 

voro recordod as follows: 
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1. Blood pressure 
F3lood pressLro as obtained 1th a mercury 
mano:ieter us1n so.thrn citrato (4%) in the 

system. Lecortina weo made on a akod 
ctnm of an electric 3ymogra t1UoLççhout 

the entire experiment. 'ftc caro ttd or 

femoral artery veas exposed throu4i an 

incision and cannulated viith a class 
artori1. cannula. 

2. tespiration 
A nasal cannula connected to a tanibor iaa 

used to record resp: ration during the first 

three experiments of a series. or the 

fourth experiment in each serles a 
trseheotor sas Dorformod. ¶Lis wa done 

to facilitate the caiotid carinulation. 

3 Pulse 
The puls* was obtained by placing a 

stethoscope on the loft chest of the 

ni;ial and timing the contractions of the 

heart with a stop atch. 

4. Temperature 
Temperature was recorded rectally in degrees 

centigrade. 

Leparin was used as an anticoagulant throughout the 

experiments a dosage of 3 mgJg. Preliminary expon- 

monts wore dono to teat the poas4bility that heparin may 

hayo an ofeot on blood sugar and blojd lactic acid. ¶de 

resLita of thIs preliminary sthuy proved nectivo (seo 

Table iiI). 
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TABLE III 

¶iE MEAN EFFECT 0$ ii1PAiJi ON 13TfY D SUGAh AM) LACTIC ACID* 

CONThOL Po STahEPARIN 

BOD LOAR 71.8 rn 67.00 rig% 
LACTIC ACID 9.12 g; 10.13 mg 

Avora:a of ovon tia1 

It can be seen 'om tho following that the differences 

botvoen te controls and the findings after heparin are not 

eini ficant. 

BIØOD GMS A1ALYSIS C) VArIANCE 3? BLOO]) SUGAflS 

With 6 and 6 degrees of Croedori nnd 5% 
CON POST4LEP significance level F) 0.1718 nd 

F< 5.8197. 
72 66 
69 69 CON P)ST.EP 
76 76 
84 83 y 503 468 
6G 54 T 

)2 25009 219024 
84 06 jjJ 36144 289 
58 55 n 

2 36707 320'79 
SS 653 792 

108,8 132 

0.8242 with 6 and G degrees of 
freodorn. NOT SIONIk. 
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LACTIC ACTh AÌAt2SIS oF VAi IALCE O? LACTIC ACILS 
(ui;%) 

WIth 6 arid 6 dereos of froodoxn and 
CON POSTUEP 5 sinificnnco levol F) 0.1718 arid 

i'< 0.8197. 
8.78 7.79 
15.64 10.99 CON POSTU4JEP 

9.52 20.10 
7.13 7.19 63.83 70.96 
9.14 10.11 4074.27 5035.32 

582.03 719.33 

y2 653.00 852.24 
'/0.96 132.91 
11.82 26.15 

P, 0.4520 with 6 and 6 deroos of 
froodom. NOT 810141 ICAT 

Th08e flruìings auppox't J. Ex'ick Jorpos (38,p. 93) who 

states ti.t Lepax"5.nlzod b1cod appea to be normal and nay 

be t aed for the dotexinination of blood aLgar. Sinco the 

ros1t3 of the trials wore not 3irlificant Lo'arin was 

uod throuout the work. 
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BIA3OD PE3Si.E 

Te action or opiro.rine on blood presro Iow t1e 

t7Pical prossor reapon8e. According to M1quist (2,p. 596) 

arid lttor b; Vinder 'ol (7O,p. 526) t Is hypertenaien occurs 

largely fron alpba receptor stiriLlation. The groitost 

preisor reonse occurred wk:on the last arid roato8t doso 

as jnftsed, At this point the dose wa8 74 r/rninute and 

the blood pvoauxo reached 160 i Hg. ìi s represon t a 

riso of 37 Hg above the initial pressure. When corpar 

Ing the rise in blood pressure o1 epinephrine to that ot 

ep&nephiIne preceded by the monoanine oxidase irthibitors, 

the following iiay be seen. 

TABTE IV 

rIFFLiEìcEs bLWEEN INITIAL A1D FIAr UCL PM3UFES OF 
EPI IIIOEN 00 NRD L AN!) EPINEW HI!B PLUS I NHII!ITO RS* 

INITIAL FINAL I}C1EMET 
T)HUG PJOESSUkE P}tESSt LE I)IFPENCE PhOM CONTROL 

EPI control l25 160 437 - 

E?I4EPII 131 188 457 420 
EPIC0C 107 173 463 429 
EPI4IPR 120 137 4].'? 

*Avorages of three oxperirients for each drug. 

Epied'ine Lon used witt epinophririe potentiatos blood 

pressure. This riay be soon In Table IV. There is an 

increase in blood pressure that is 20 i greater than t 

riso soon in the epineprii..e Con tri. SInce e*iecirIne bee 
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buon ostab1isìed aa a rionoamtho oxidase inhibitor (30,p. 

98) (8,p. 7P) .t xcy be ostulated that th18 ef.ect on 

blood pressure, thexi used t1i epineìrino, is dio to 

inLibition or the enzyne. k1unz, Bobb and (Jreen (41,p. 

453) also obtained a zwrked degree or potontintion in the 

vasoconstriction of arteries of xits with opir ehrine 
oedrine combination. 

TABtE V 

DIFFEìECE3 BE1'ViELN INITIAL AJL) ILAL FUX)D P'ISStïS OP 
BUTANEPHRINE, ISUPhEL A1) IN»3O46 CONTROLS 

¡j) fli CCLJU ICTION WI'1H IMThXTOi$* 

INITIAL FINAL INCREf4YNT 
NJ15G PJSJiiE PSJRE NIEECE8 FROM )JT}L 

ILT control 111 81 3() 
EJT4EPH 128 93 '35 4 5 
BUT400C 123 79 '44 4 14 
B1.T4IP1 137 91 -4 4 16 

Isu control 113 39 74 
ISU4EPH 133 55 -?3 4 4 
ISU4COC 105 41 '-64 3.0 
ISU4IPE 135 41 -94 ¿ 20 

WIN control 110 1 -49 -- 
WINJEPIi 114 4 '.'SO i 1 
V'Ii'4C00 117 52 -55 4 6 
WIN4IPR 106 44 -62 4 13 

*Avoragee of three exporiroets for each dng. 

Ì;o significant potentiaticn was eon with eodrine as 

an inhibitor bei,ro hutanopbrine, Isuprol or Win-3046. In 

the doo tiat were L:SOd in this study these three sympatho- 

rnmotic amines cause a deoressor action. ¶Ie descending 
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EFFECTS ON BLOOD PRESSURE FROM EPINEPHRINE & EPINEPIERIN: 
PU'S T:'JTn; 

(AvEiGs OF THREE LCGS) 
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FURE 2B 

EFFECTS ON BLOOD PRESSURE FROM BUTANEPURINE UTANEP1-tRINE PLUS INHIBITORS 
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4-6o = 

60-75 = 250 

75-90 = 500 

90-105= 888 

. : ' C0NTL 
¿= j' EP!! 

oBUT 4- CO(: 

BUT + IPP 

CON CONTI.)L 
AFTER INHIBIIDR 
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order of this depressor tictior is Iso1> Vin ) 
flutanopuirine (seo Table V). \ith epedr1ne this order of 

deo83or OCtiOfl IS urchan;oc1 hovovtr, there i no 

iIeroa3ed depressox' action. Th9t Is, an inect1on of 

eedrine pxovloua to InftalOn of isuprol, Win-3O46 or 

Butane*rine 1 ireffectivo In a1tor1r the blood pesre 

responso soon %vtho%t lt (i.res 213, 3A nd 3D). Thic 

would tond to indicate thtt either epiedrine doea not not 

ar n znono-amlne oXidase tnhS.bltor or ti1 i not tLe 

mochani3ni by hZc toso thret cìrugs ae oxidized. I3ut 

it iist be remeibered thnt epinp i'ino prodtoes a strongor 

alpha effect than I8uprel, 'iin-3O4 or Butanop.rine *th 

rtra predominantly beta &tiiu1atos (44,p. 45) In the 

order given. This, iii efoct, ritay possibly be the reason 

foi, the potontiatlon Of einophrino ar.d not that of the 

beta stlrnt.lator3. An Interesting item n iegad to 

Butzrnephrtne l& that in ver7 large doso5 it produces an 

a1a nction (]). ¡t can 1) soon rom Table V thttt the 

;reatost decrease blood poaore of tht throv demosor 

substance s i. cornbi:at ion with ephedrine is flutanephrine. 

'is is 5 rim lip; whereas isuprel tì ' d Wln-3046 tcs 4 and 

2. nm, rcpective1y, Tbi8 increased depreßsor resoieo 

with Btancpr1ie is perhapa negligible; however, it la 

greater than either Im.. urel or Wln-3046 and may be attribu- 

ted to the fact that Butnriephrixe possesses stronger 



FIGURE 3A 

FFECTS ON BLOOD PRESSURE FROM ISUPREL & ISIJPREL PLUS INUIBITORS 

I 
(AvEw. OF THREE DOGS) 
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FIGURE 3B 

CTS ON BLOOD ?RESSURE FROM JIN 3O & .IN 3046 PLUS INHIBITORS 

(AVEniGES OF THREE toGs) 
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al!a reccr)toI st1rnulton. 

uith Isup el and Win-3046, both 3tron beta 8timula- 

tor3, te preaure differ oncee betveein the control and 

those with ephedrine are not significant. 
The action of cpheirine on yrpnthornn tic amines eems 

to depend upon the amine that is oed. Those comoL..s 

tat are preconinantly nipha recotor st1Liators appear 

to be potentated while the beta receptor stinu1ators ave 

not affected. Pollowing this rea3cning then, it r.ay be 

postulated that the enzyne, ino''amino oxicia5e, is 
irthibited by e±iodrine in respect to the aoticn of ari 

alpha typo adrenorgic drug. 

Cocaine, as an inhibitor before epiriephrine, othibitod 

the greatest degree of :potetiation in bioou pre82r'O, 

Heo a :1so or 66 mm H; veas seen which is 29 nvi Ai above 

the control iìcerent. Other authors have stated that 

cooaine definitely potentiatea the pr euor action of 

opinepirine (15,p. 192) (45,p. 224) 301) (&4,p. 571) 

(3t3,p. 331). In a very recent study (1959) Trenco1enborg 

(V7,p. ¿34) found an increase in responso to blood pressure 

'when usin& cocaine in conjunction w th 

Tuo rnchaniam of the potontiation of a rise in blood 

pressure by opinephrinocoonino ccmbi.xmtion may be stmned 

up .s either or both ol the follcvving (47,p. 407) (60,p. 

331) (21,p. 143) (49,p. 301): 
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1. Cocaine prevents the destruction of 
ep1neprine by coripotiri with the enzyme 
responsible foi epinep rine destruction, 
i.e., oncarnine oxiÙae inhibition. 

2. Cocaine may caueo an increased sensi- 
tivity or permeability in the receptor 
coli to epine. nine. 

'hilpot (49,p. 301) wa the first to indicate that 

cocaine inhibits rtoio-cniine oxiase. As stated above, a 

potoì..tiatod blood prosstro wa seen with epinepirthe 

cocaine cb1nation, This potentiation may be said to be 

clue to the action of cocaine claired by ilpot. 
Althou it appears in Table V that utaenine 

plus cocaine exhibits a xìtentiated blood prosst re, Iigure 

213 s3!owa flO such potortiation. This graph reveals a 

control Bu tanephrine.-cooaine 12 mrm Hg above the 

Btanephrine control and 2 mm h lover at the ixal pos- 
eure. This may be considered negligible. Theieore, it 
may be tatod that thoro is only a slight incication of 

Po tontiation o 1' blood piesuro with &itanerine-coca1no 

combination. 

The sano is also truo for 1sprel amid Wiri-3046. In 

fact, with I&ìprel tho cor:trol drop i.n blood pressure 

exceeds the Isuprol-cocaino &rop by 10 rm H. It cai be 

seen from the graph, 'igure 3Â, that tIte difference is 

negliible amici, themefore, cocaine has no efect on the 

depressor action of Isuprel. i.i5 is in areoment with 
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Landa (44,p. 14) who found Umt cocaine increases the 

presser aesonse of opinepbrine but 1ts no ef.ect cn the 

depressor response o r i spie1. 
The action on blood press.re of Win3O46 proceded by 

cocaine is defInitely negligible. The increment of the 

control when compared to the Win-cocathe combination 

increment is but 6 rmi ,. H. Figure 3H shows that t1is coibi- 
nction cLi sely parallela the contro i Win-3046. 

Therefore cocaine appears to act very arailar1y to 

epiedrino on blood pieastre. Tat is, it potentiAtos 

alpha type stiulîtth synpathorietics and apears to 

have no of:oct on the beta type aniines. 
Vbcn comparing Table V with kigt e 2A it can he soon 

that ipronlazid does not potetiate tie blood pressure rise 
of opinop! r Inc but, or-i the coztriny, appears to do,rosa or 

blocic the presser action, This acrees with G:iesemor, 

et al, (33,p. 182) who found that ao tic strips pretreatod 
with iproniazld produood a 5O per cent less contraction 

with lO M eoinephrino. They state that o2e appears to 

be sorno adrenergic blocking action from ipronlazicl. In 

wthor study by Grisenior (30) in tth1ch cats were ised, no 

Increased blood pressre was found *ith epinophrim plus 

iproniazld. lobhum, i1einbor'g and Zellor (53,p. 218) 

however, found a potontiation with toxic doses of 

opinerine-ipxniazid combination over opinophrine alone. 



Iiond (2?,p. 63) couic find rio aiin1ficrtt diÍ'forerice In 

blood pressure wherL usir arterorici w th and 1 thout 

Iprcniazid. 

1t may tLen seem ro&sonabio at this point to acree 

with La Broiso (42,p. 593) who states that the reason 

epinorThrine is not potentiated by iproriiazid Iï vivo Is 

that no.'ariine oxi.tase is not the principal orizyto 

responsible or epinepLrino metabolism. 

\ihen the animal was petr-eatod with iproniazid and 

then infused with Butanephrine the af..eot on blood pros- 

sure exhibited no otentiation, vhoreas with ViIn-3046, 

tiero Is a s11itly potoritatod deprossor action, An 

intorcst5n ito!n is that the depressor relation between 

t1oso three drujça still exists, i.e., I> WIN)BUT. 
!iie blood pressure e:ect with Isuprel exhibits an 

increased depression oí' 90 mm ui whioh Is 20 mm lower than 

the Ieupel control (Labie V). This may ho ccnsidered a 

otorìtiation sxce the initiai blocd presse of the 

Istpvel-1.proniazid ccmbination is much greater than the 

correspondIng Isuprel CoitX'Ol p:: essure anu the t?5 al 

press;res are very close. It car be seen from figure 3A 

that as the third infL.. Sioz was started (10.8 r/ininute ) the 

curve follows the control very closely. 

However, fron Table V and Itre 3, t cari be seen 

that Win'-3046 exhibits only a slight potentlation tri 
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blood pre3re fall when the aral v:ss pretreated with 

iproniazid. 

These animRii that lave been iiuùsed with the 

3ympathorn.rnetic aznlnee after pretreatient with 1p 

cppear to be falling into a definite pattexn. XsLjwel, 

the most powerf]. beta drug Laed, exnibteu tie reteet 

cez'ee of potentiated blood pxeeure fall; Wln-3046, lesa 

depressant than I3Lp1el, sLowo a fair jotent.atiori n 

preaaLe fall after iproniaztd; 13tanephrixo, a still 

milder beta type drug, showod no change ovei t c control; 

and, epinephrine, an al)ha tyuo drg, exhibited an inhibi- 

tcn of blood prossre r se 4en ieed vith iproriazd. 

In suz2rnlary, the blood pressure efiocte may ho stated 

as follows: 

1. EI4EPL : 4 4 1. 131 T4Eiii g - 

2. 1?I4COC : 4 4 4 2, !LT4000 s -* 

3. PI4fl'h : - - 3. JT4IP Z 

1. WIN4EPH g 

2. Wfl4400C g 

3. WTh4IPI 

i s degree of 
o : flU of«ect 
- t degree of 
* : slitt ac 

o 1. 

o 2. 
4 3. 

Po tentiation teyond 
beyord cortrol. 
adronor;io blocl ade 

b io n 

I4EPli s O 
ISU4CDC s O 
IsU4I?F : 4 4 

cant rol 

Again it can be sacri that if one follows Ahlqist5 

theory, alpha type drugs (EPI ) &ow an increased rise in 

blood preasre with ephetttrine and cocaLe but a blcolade 

in blood pressLre vvith iprcniaztd. On the other hand, 
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beta type drugs (WIN, ISU) aho no efreot beyond the 

control with ephedrine aru cocaine but a potentiatlon 

with iproniazid. 

It can be seer thut the more powerful the beta stImula- 

tor the ¿router Is the potentiation by iproniaid. A one 

floves n the 4roctior of more alya pe tri;.s loss 

potontiation cmr4d creator blockage occurs. 
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R ÍJE 

Since pulso ay be considered as ben do to . cL*re 

in poaaure within a sytern of elastic tubes, t up by 

the b1.od being pumped by tho )wirt, a change In pulse may 

resilt fDorn a reflex re8por8o to pres3tre chan;es clue to 

vaoocorl$ trlctlon cr vtsodi1at1cn len consider thg drug 

action another )o3.bi1ity of cuo In pt1e rato ex1ate 

Drugs iay have a cfrect action on the thrcrotrop1c 

receptors in cardiac tissos tiï..s effecting p15e rato. 

Under noa1 c::.it1ona In atarlal blood 

pressure stimulates thE va.L s nei's'e ca ain ca r.iac 

(.!rey Law). iwevor, unior actioi of 

drugs this ay or may not taLo place. 

In the case of the epinophrirto infusion tLIs phenomenon 

appears to hold wtI1 the Thst dose was admnitered 

(Figuro 4Â), At this poInt a vn,a1 escape m st have 

occurred since the blood pressìre was still climbing 

throughoi.t the last thfieion. 

Figuro 4A SLows the pulse ratos of epinep 21ro and 

epino*trino preceded by the enzyme inhibitors. It oar be 

soon that the co.tro1, the e1nepErtho plus ephedrine and 

the opinephrino plus 1prcniazid follOW Mercy 's Ya xela'.' 

ti vo ly c].c se ly up to the po mt o f the 15 r/minu te in fu s c. n. 

The inciemont of the epirìephririo oontrl showed a total 
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TI)IE DOSE 
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FIGURE liB 
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decrea3e of 22 beate per r1ntte. I3oth apinephrine 

pooeded with ephodririe ind ep1rtophriro Ì)zocecÀed by 

iproniazid a:ow ìn increase of 40 and 35 beats por minute, 

respectively. Aleo by stucing the Grapbs .n riuro 4A 

it appears that this potentiaton la mediated by a va al 
escapo. A otontiated v,al escape ray result fron: 

1. A decreased paraayrioathetic ef;:ect. 
2. A decreased blooi ,resstre. 
3. An thoroasod s,matJo tic ef ect. 

The first and second possIbilities risr Ue r.lod out 

for the following icasone: 

1. A docoaaod parasnnpathetic of oct an 
Increased sympa the tic efrect proQuce siiilar reslts and aixce a sympathetic substance 
was bothg nfusod a decreased parssypathetic 
ofiect seems urlle and may be ruled out. 

2. A decreased blood pressure Is not occurring. 

Euling out these two posabilIties, the third may be 

considered w)tic1 is an increased sym3athotic ofiot or 

potentlation of pulse rate ncer ep'nephrtne in conjunction 

with ephedrine arid iprontazid. 
One other possIbility does exIst, 3owovor, and that is 

that the mcro-anmne oxivaso 'rh5bitora ophecirine and 

ipio'nlazld nay cause a stirm1atorL of chronotropic 

receptors of the eart. The ovicienco or this may ho 

that the epinephrino control curves of blood presuro and 

pulse exhibit Marey 's Law. With e irbltors both the 
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blood preasure and pulse rate cl1b which nullifies iliuey 's 

Law, indicìting a possil.1. stimulation of chrcnctropic 

recePtors. 
The effect of cocaire on pulse, ví.hoi used as a pio- 

treatment with epieir ins , are vais ed and dif cul t to 

interpr'et. One 01' the first oflects noted is the euly 
escape of th va;us occurrirg at t'e end of te seccnd 

i'iftøefl minute infuiori (3 r/zninute). e p1se ton 
cimba iapidly sn: ateacily tCi a rate of 166 beate per 

minute, or a rate of 31 beats creator than the crve oV the 

epinepLrine-cocaiie control snw. Lo to t is po.rt a 

potontiated pti].so ate ria be asued. I3ut as can be seer. 

from Figure 4A du lug the last Infusion t dcci oese in 

pul8e IStO OCCUTed. This cecrease extends iovi. to the 

control level of 135 boats/minute. Since tlìo blood possure 

was stili. r sing ur' . o tLo sympathomimotic efroct of the 

amine, ahd a va,sl escape was present, tho va.us probalìly 

woild not core baci. into lay. Without the vaua the 

possibility exist3 that with Vis particuls' ose of 

epinopz'ine precoeu by cocar.e ari inhibitory action of 

the chronotropic receptors el' tho heart occurs. ¶L s, then, 

could accourt for the bradycoruia ta1iri place, wLoreas 

with the other combinations of drugs an apparent atirnlatbn 
of these receptors occurred. 
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TABLE VI 

tIFhCE$J BKTwEN LITIAL AìD ?INAL PULSE i.ATES 
OP EIE"HiINE, I3TAEP1IÌNE, I$UhEL 

ANI) WIN.'3046 C(UTJOLS 
ALI) IN OONJUJWTICÍN WITH INHIBITO].S 

INITIAL FINAL INCFE!T 
DEJa TATE FATE DI 1?B'JNCS 1BOM GONTRO L 

EPI control 1'70 148 -22 

EPI4EPIi 159 199 440 466 
EPI4CÛC 135 135 0 0 
E'I4IPlt 150 185 435 457 

JT control 142 200 453 
BtJT4EPH 14]. 235 494 436 
BUT400C 139 208 469 41]. 

&T4IPh 136 223 48? 429 

ISU eontx1 156 246 4 90 -- 
ISU4E! 142 266 4124 434 
ISU400C 130 235 4105 415 
ISiJ4IPR 148 211 4 63 27 

WIN control 148 176 428 -- 
WIN4EP 152 236 484 46 
WIN400C 147 215 463 440 
WIN4It 145 209 464 436 

*Avora;e of frree oxporirtonts for eac. 1rug 
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The effoct of umoitniino oxidase lthlbitors iì cor- 

junct!on 'with epnop trine ori pu1e ho'ìed a poter t1ttion 

in two of tho iru used and a poss.b1e potentlation in a 

tI Ird (cocaine). This pototiatioxi was caus'd by an 

ir1ci eaaoU ef.ect of the s pa oxüo tic substULCO prø 

ainab1 through the inhibition or flono-amino oxidase. 

Pi'lso rato under &tanephrino ioi,ed two inteetri 
iteris. The ixst s tIe appaxerit ineff'ectvezAes of 

cocatho arid i)1oniazid wien i.sed prior to the Butaoprtno 

infusion. As aeon in tiure 413 these cu ves lie close to 

to control curve. Tht other iten or interest is te 
Po tentia t2.on occuriing fro the iktanephrino-epheurine 

oonb5rmtion. It can be soe:. in the curve that thore i a 

definite and proçre3sivo z. se in tLe u10 well above the 

incioase assciated with the control. Since the blood 

p1easui.o decreases while the pulse rate increases urdor 

Butaephrino, it can be aaaried that r vo . effect 

occurs and a vasoLi1ation Is rospoxÄaible loi the hypc- 

tension. The heart thon, must ncease in iate to cornpen 

øate for tMs bypotensS.on. }owever, this uecoaae in 

blood p:osst. o under Btaneirine plus epbedrinø e not 

;roat. Therefore, the potentiateci pilse could he iuo to a 

direct action on the heart. That is, an increased action 

of t o cr1ne through the inhibition of the enzyme mono- 

ctrnine oxidase by eplodrine. 
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The ?11m uidei Win-3046 (Picuro 513) shows a rootn- 

blanco to the ,u1ge nder BLtarobriI1e, Etieth1io oaj be 

seen to ciofirite1y jxterìt«ato t o 1e oi' W1n3O46. 

Table IV irui! cates an increase oÍ' 34 beate/minute w.ich is 

56 over the control increase. T1 tacthycardia may be a 

ro.1ox action occur-rIng from vasociliation. 

Ir reviewIng the blood 7ressures of Figt.ue 3B, it can 

'os seen that Win'-3046, Win3O46 plus opedrine and Win'-3046 

pls cocair.:e arO exceptionally close to one anot1or in the 

hçpotoisIon piodtced. Consierin tLis a normal iosponso, 

one would aesie that the corresponding pulse rates ?o.ld 

inciesas J)DOpoXti(fl5tO1y. Obvious1, this la not the 

case ai ca be seen in Figure SB. With ephedrine protreat'- 

mont to ptlo of WIn-3046 is definitely potentiated. With 

cocaine pietreatment, there is a potentIaton but te a 

smaller dereo than vil ti-i epìec3r$..ne o roter 

vasodilatiori occurs with Win-3046 In combination iith 

cocaine c tite blood presmo'e3 indIcato; and oic i& no 

;reater vc;al eponso elicited ns oen by the p].se rates. 

Therefore, it hi;h1y possible that the potontiation 

that i cocrring is a rea.1t of an e:cos8ive action 

Wbi-O4G on the cardiac muscle. TIS coLic] be broigit 

about by an inhibition of mono-amine oxidase. 

Iproniazid fails to elicit eny potontlation on ptlse 

rate with Win-3046 until the last infusion. At this point 
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there ia a surge ix pulao with co2reßponLa to a1itiy 

potetitted hypoteLalon. Tho action or iproniazid i;ion 

u30d a a pretreatnerit before the ix 3tons ows 

ro poctac1r action on blood piessre or p1o. 

lÀofl moasurinß the pLiso ato unior Isupiol (Fiuz, 

5A) o±edrtho pctreatrnert aoar3 to induce a iijht 

otont1ation. Cooaine p'otroatnent baa no fi'oct while 

tpronizid before I3Lprel exhibits a slight inhibitory 

action on pLise. ¡oro aßn5n, the quostion arices as to 

the action of iproniazid. i aono areas t appears to have 

definite potetiatin cIuailtie3; in other areas the effect 

seea to DloeL te adronergic action of tho ìmi.o. is 

blookin action o iprniazid appaax to bo tLo case ven 

consid,ring pulsee Thø izic.uaao in ptloe rae of lauprel- 

iproniazid cobIration 'was 5oriewhat le thax the inc.. oao 

aßen in the control, being 27 beats/minute bolow the con- 

trol level. liera c.. ai vo :avo a atuaton that nullifies 

Mtiroy'8 T,aì, d apoars to bo dreet1y opooaito to 

iproniazid in oonbinaton 1t opinephrino. That is, on 

iproniazid is 30d as a pretroatnent to opinejìuine ìn 

increased blood pre38ire and ari ircieaaed pulso were soon. 

hon iproniazid i sed 1th Isuprel a decreased blood 

pre33Axo and a decreased pulso rato . 
SE:on. This nay be 

intoiprotod b; aayin :at ti'oì, alpha typo drugs vihon 

in comb.iati.n with iproniazid tond to stintleto the 
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chroriotrcic ooeptcrs of th :'ext, bîi strong beta 

type drugs In combInation with iprc'niazid tend to inhibit 

Cr depres3 these receptors. 

Mono-amino oxiCise InLihitor in oibLation with 

eynipathaiio tiC minea 6: ibit varied pulao rato 

rospoxiaoa Tho c respoaes a.o a oUows: 

:i.. r.r14E7'H t 44 
2. JPI4COC t 4 
3.1 I4IPB ¡ 44 

1. ISU4EP1 : 

2. IJ4COC 
3. I4I:'r 

j : dereo of 
O : no effect 
- t dereo ol' 

1. ILT4EI'}i s 444 
2. BUT4CcC i O 
3. BUT4IPIt i O 

4 1. WIN4EP t 444 
O 2. WIL1jC()C t 44 

3. WTh4IPh t O 

potentlatiori beyond ccnt 
beyond centrol 
adrenor;ic blockade 
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BIFOL &f GAIt 

Th dogs, noxma1 blood su;ars are irL the viciì1ty of 

75 to 80 r1Lç%. Walicor, Boyd d A3ioV (74,p. 487) and 

Griffith (34,p. 151-137) 8thto thit opirM)hrino eauuos 

livor arii nçlo glcogonolysis th roaulting hyper» 

(1l7Cern1a. In rev1ewng t1t to r000ptol theory of 

AIilquit (2,p. &aG-coo) it t seen that he placea 

(lyooex1()ly3i3 as p.uly an alpha typo *enornenon. Iat 

is, i. :por1yooria j_s brought about through atimulatlor.. of 

the tlj;ìa receptors by the yrnpatLorniriotic amines. If 

t:.5.a :3 tìo cajo, it is soe tLt all of t10 arilnos te3ted 

oxhihitod an aloLu typo response, i.e., byper1ycen1a. In 

o thor torda, the livor appears to be predoithantly cort- 

po3ed of !ilJ3ha type receptora. ¶Loro ayrpathoiitme tic 

arnio3 causo !yporL1yceia b incroasîn the bzoadowr of 

g1yco;ox to C,lC0ø0 i.n thO livor. Walkor, 3oyd ar ¡1mov 

('74,p. 487) feel that opinojui'io eìit c typo 03. 

catalytic action In lycoenolyaia. Tikia elps to explain, 

on a biocLeriical level, t'.:o noohaniarn of hyper ;lycerna 

produced by epirophrine. 

Tablo VII reveals only tvo ca3oa of axiy typo of blood 

acgar potontl.ation; ono witi cocaine flflu the ot}e with 

iDroniaid. Cocaine soweU a roater potortition of blooc 

when ueed with epinopLrine (Figure GA) and a nuder 
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pote:..tThtod hpeg1yoeií. tb 'fin-3O4G (FS.uve 7t). 

Ip1OX1t17i, WhO1L ed tL the two beta dru3 Win-3046 

*id :upro1, appears to ca.se a z1iht poentiatioÀ 

(Pitxt 7A ctnd 713). 

lloro aa1n, as 'with blood thì uAin 

potontation occtrs 1th an alpha th. :t cw. al& 

be aeon from iJ:rÜ GA t;t the cpi ophZ'inc-ep1ìodr1xo 

combition apprnrs tø prodcc a potentition of blood 

$gar. }Iovìover, the thcxomet betwoon the thitial md 

f1ral level oxctly the arno g the 1ic:onct of the 

control, vî is 1GO ria. 

The effect of' p3onazid i eobtnation with botta 

typo smpaUciriot1c aninea oi blood t;ar exhibits a 

slijit deL:;ree of poteut1atio idicatin &:izio 

en:yraatic i ] 1hitiorL. The slitly dec3caed hypel'p,lycorLia 

dLxir1; the irfu1on 01' the thiid, fouith fif'th doseü 

of epti eprine can be 300fl to rise rapi.ly to attaiL 

£nLil ircrorntrt or but 1 t% 1938 thBfl the coitiol ûdth 

i neliible. 

The effect of IL7thr.opxiro nftcr petroatnt v1tuì 

t,7o rnono-3rIno oxicL1tac Iìibitor8 on blood sg&r proets 

a differont &rid 1rteroatLng roponse. A cu be sewì 

fror: the graplI8 ri FiLro GB fl(flO of the ihìbitoi 

potent1tted the effect. Ir Lact, ul ap:*ai'ed to c 3e 

do)1e38od hportlyeoii wLon comparing ter. to the eortrol. 
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effect on b1crc ry be brought bcn;t y a 

thcveaed outptt of gLcoae from the liver or tri 

¶rcrea,ed ut11tation oÇ lucoee by the rueo1. Under 

oond1tion of Arob1c.rtabo1isn riy tcreased ttt11z- 

tion of glucose by the tiuoies v:11i cae r corcorn1t9nt 

tnareqBa tri b1od lnotie rtcid. Ir: reviewtrg the blood 

lactic acid rai cf Btariepi'1ne (iigure a) it cr be 

gee that no 1ncrencd 1aotoIden1 oocur3beyond the 

ontrnl. There.oie, lt may be asauned that the iypr 

gcei1 roducod by Butnop1riie In conjunction w th the 

inbibitor 1 lee,ned because or a decreaod lucoae out 

put from t livor. 

This $ooms to incìicto typo of 'denergic blockade. 

The ihovo interpretation is osm1r, tt blood sugar 
is te direct causo of blood lactIc qj:, It g conceivable 

that the opposite may be true. Hoevor, nt t'is point, 

the xocetor of the liver tiro 1nown to ho mainly al'a 

(26,p. 8O) while tho8o of th iscies retniri unolenr. 

Under Isuprel lt can he soon from Table VII and 

Flure ''A that cocaine has no effect on blood sar above 

thit of tfe contro , 'wJile Iproniazid ad a tendency to 

causo a slight potentiatlon. Howevei , witi. the mono.. 

amine oxicae inhibitor ephodrine an eLect Is seen that 

sloilar to l3utane nne nius ephodrino. And that is, 

a blockade of the liver receptors. This same effect 15 
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TABLT VII 

r;I1yic& :.iv:::.; 1ITIAL AND £INAL IÌrIDO2) SUGA3 
o;? BUTA 1;?IIRINE, IJPJL 

A1D Wflu.3O46 C iTLCLS 
AND IÌ1 CON$UNCTI(. WITh IN1iIFITOi3* 

INITIAL FI!ZAL ___ 
:io rGA} 8tJGAI DIFFlCE FOM CONTROL 

EPI control 67 173 4106 
Pi4Et 95 201 4106 0 

EPI4ccTC 137 2'7 4102 ¿86 
BpI4p1; 68 173 4105 - i 

flUT Cortroi 73 222 4149 
BUT4EPII vo 178 4 83 '-61 

JT4CflC 76 202 412G 
13UIPR 72 188 4116 .33 

Isu control 84 133 4 99 

IU4EPH 93 162 4 ( -'3C 

Isuicoc 84 131 4 97 - 2 

IstY.IPR '76 193 411i' 4113 

WIN coitro1 c 232 4142 - 

WIN4EPH 98 223 4125 -17 
WTh4CC CC 2C4 4176 434 

wIN4I1'} 7 247 4171 ¿29 

*Ayerre cf three oxpeI1morìt8 fox eac irt,;. 



FIGURE 7B 
EFFECTS ON BLOOD SUGAR FROM WIN-3046 & WIN-3046 

PLUS INHIBITORS 

u 

(ÀVEEAGES OF THREE DOGS) 

26O 

TIME DOSE 
(mm) (7'/min 

00-15 29.5 
240 15-30 59 

30-45 118 

220 
45-60 
60-75 

236 
472 

75-90 958 

200 

180 

12) 

iOU 

C? 
E 

TI ME(r 

CON CONTROL 
AFTER flHIBI TOR 
.=WIN CONTROL 

WIN4EPH 
o WIN+C0C 
a WIN#IPR 

FIGURE 7A. 
EFFECTS ON BLOOD SUGARS FROM ISIJPREL & ISUPREL PLUS 

INHIBITORS 
(AVERAGES OF THREE 1)305) 

2 O 

221) 

22 :) 

i (' 

oo 

: 

TIME DOSE 
(mm) (i'/min) 

00-15 1.06 
15-30 5.4 

30-45 10.8 
45-60 20 

60-75 40 

75-90 107.6 

CON CONTROL 
AF2ER INHIBITOR 
s WISU-CONTROL 

¿ :ISUtEPH 
oISU+COC 
CISUIPR 

o 
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secn with Win-304C i conjunction with ephedrino 

(Fur '713). Ieu1t2 ieoi to iLicate tiat epedrine 

an adronoric hicc in ofect on llood ars when 

aed v'1th beta t?jpe QTuS. 

I1ood &,ar was iiìt1ç ?otentiaied by tho eoïibination 

of 1pronitz1d plus 1Nin-3O4 and 000a1n plus Win-3046. 

awiiiary o' ofCeoti on blood sur nia o 

tabLiatod as f011Ow 

is iPI4EPii : X 1. Ï3UT4EI'U : - 
2. EPI4C?C 444 2. I3UT4CDC : - 

3. 1,I4Ip : O 3. 3UT4IPi : - 

, 1MT 1r 
J.. .L*I .LjL 

2. ISU4GOC 
(3* IsU4I'E 

X : addit.vo 
4 : degree C)f 
o : ria effect 
-. : doroe 

i. 
o 2 
4 3. 

.ffoct. 
j)otortiation boyonL 
beyond control. 
adrenorglc bloekage 

WIN4EPH : - 
V}4CC : 4 
W1N41P ; 

control. 

s 
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LACTIC ACh) 

1'ne tietabolian oi' blood sua nc lactic aed is evi- 

dortly clo3eiy :oltod. Tz:;e formation and rcrnovl of lactic 

acid fron t)e circulation is 3OWfl by the Cori Cyclo: 

BLOOI LACTIC ACIL 

/ 
W SCLE GLYLX) UI LIVER GLYCO GEN 

1/ 
BLOOD $UGAR 

II; can be soon that any inorease in inctic acid is due 

to an increiso In muscle glycogenolysii ox ar: i:croso 

the formation of blood glucose fron tho live. 

Under cpinephrino, Fiures 8A and GA s ow that bo th an 

inc eased lacthcidemia nd a 1typorglycona occur. ThIs may 

be thterpr atad as a definito marease in metabolism of the 

livor and the niacloa. 

A1on; with this increased rietabolism of t e liver and 

nnscles tite body la attempting to compensate f'or the 

iriereued acidity by ncreasin the amount of available 

oxygen b:, an zcrense Lì respiration. It is known that if 

oxyner is available to the öranisn no great increso in 

lactic acid vill ordina3ily cccur (26,p. 726). Under 

epnethx'ir.e, then, an inoreaaod blood a..ßar and lactic acId 

occurs 'while the inceased respiration le probably a roflex 

mechanism duo to the Incronod acIdity of the blood, 
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Ep]8hItfle p2eceded by ephedrine socria to ,rodtoe a 

1ozsor increase . motaboliem than the eontrc1. It haa been 

ion IThat this ceribitiox exhibits no gxot potartintton 

on blood ucr arid, na cn be seen from Figuro 8A, the 

dogoo of increased 1*ctac1emis Is '7.24 mg% 1033 than the 

control. Sixce lyoogenolys1, according to A1lqist, i 

nn l)ìa type reaponøo to adreneric stizrnlat1tn, ephedrine 

may be con8ìderod ta have artiai1y blocked this action. 

In ipronazid p2etrea ted aiiirnls epthephrine prode cod 

n sidlar eect, ojover, the amount of adreneiic biock 

ade is not as roat as tLat sLown with the epinepbrine» 

ephed.rine combination, Under the .ornor, an ircrca3od 

lnctacidea occurs iwch Is above that prodtoed by the 

ephodrine coibnnt1on btt still below the control (guro 

8) tth erreot on blood eu;ar (Figtre GA) indioat1r a 

lesser do':;oe of blockade. 

iican b, aeen from :lgure OA that epinep1rine plue 

ccaine has xo greater eri'o.ct on lactic acid fórmation than 

opinephrine nione. The fact at cocaine with epinephrine 

prodtcae a tremendous hypo;lycem1a ( Figure GA ) may 'be 

explained by the fact t.at cocaine may prevont the mscles 

fro; t tilizi.nç the available sugar. ¶e eugar then 

accwnulites in the blood. Concomitantly, the muscles aro 

producing inctic acid at a normally iroreas1n rate under 

the effect of the 
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TABLE VIII 

flIFRFJNCE8 BETW INITIAL A} i) FIhAL BLOOD LACTIC ACID 
oi EPI2:..E'i 1flJE, BUTANWiLINE ISU P1EL 

Â)W WIN3O48 COÌTL 
AND Th CO)JUNCTION VITH INIEi S* 

INITIAL FINAL 
DhItsG ACID ACID DIEh14CE F}0M COiT!Ot 

EPI control 6.32 34.63 28.31 
EPI4EPII '7,93 29OO 21.07 - 7.24 
EPI4C)C 7.91 34.95 2'?.04 1.27 
EPI4IP}t 10.91 33.2O 22.2v) 6.02 

IThT cortr"o1 8.23 41.00 32.7? 
B1;T4EPH 8.35 33.79 25.44 7.33 
BUT400C 7.02 37.50 30.08 2,69 
BUT4IPi: 7.18 39.10 31.92 0.05 

IJ. ci:ntro1 9.67 46.25 36.28 
ISU4E 7.16 37.81 30.65 5.63 
ISU4C i C 7,72 37.46 29.74 
IS4IPL 10.71 4.96 39.25 4 2.97 

WIN control 10.65 47.04 36.39 
WIN4EPi 12.73 43.79 31,06 - 5.33 
WIN4COC 7.06 40.43 33.37 3.02 
wm4xPr 11.66 36.30 24,64 -11.75 

IA?ez'*ße of three experimente for each ciru. 

Vkien oonser1ri 1Stanepriie lt can be soon that the 

$*_ t-pe oC mttoxn 13 followed but to a -n1 .. 1er doreo. 

-iedrite lr con13unctlon with )3tanephilno :an cue a 

1ave thaige In lna ' eiorit a seen 1r Table VIII. ¶Ljs 

efícct may be attribttod to the seme etab11c procescs 

as were &n under te epthephrine pitas ephedrine coibtha-' 
tion. Also, as under the epthep1uirìe'cooa1.ne cobination, 

F3utenopì.ine pxoceded by cocaine produces a nop1llb1e 

change or lactic selci pioductlon, znechax.in, howvex, 



EFFECTS ON LACTIC ACID F)M EPINEPHNE & EPflEPHRINE PLUS DBITORS 
501 (AVGES OF DOGS) 

40 

20 

io 

O 

00 15 30 4s 60 75 90 

TI(nanutes) 
FIGURE 8A 

fl DOSE 

(m5n) (7'/ntn) 

00-15 = 1.5 
15-30 = 3.0 
30-45 = 6.0 

45-60 = 11.5 
60-75 = 15.0 
75-90 = 30.0 
90-105= 74.0 

I =EFI C0NTL 
L=EPI+EPH 
o EPI+COC - -EPI+IPR 

105 CON NT3JL 
AFTER INHIBI1OR 

EFFECTS ON LArIC ACID FPM BUTANEPHIE & BtYI'ANEFHRINE PLUS INBIW 
50 I 
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40 
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o 

00 ]5 30 45 60 

Tfl(nt.nutes) 
'IGLTE 8 

75 90 

U DOSE 
(xiûn) (7'/ntin) 

0-15 = 25 

'5-30 = 50 
30-45 = 67.6 
45-60 =ioi.4 
60-75 =250 
75-90 =500 
90-105=888 

a=BUT CONTFJL 
=BUT+EFH 

G =BUT+COC - n=BUT+IPR 
105 CONRDL 

AFTER INHIBITOR 



appeare to be dlí'forent froi thnt w:rIch oceurred rdez the 

epinoÌ 'x irie-eocc&ino combination. With J3utanephrine ir.d 

coca1re it appctra that the rc1ø trc abre to tti1Ize the 

available øai, ereBe nier epineririe nid cocaire it 
was stated tiat the ra scle wore ziable to ttilizo the 

eugar. iis can be seen froui the Uood sugar 

Piguroe M arAd 61, respoctvoly. 
The lactic acid production, however, was not aented 

in eit1io ease by the ae of cocairAs. Thts, t may be 

stated that oocane when aed with ar al,hc typo yrìpatho- 

mimetic aiine, such a opine phrine, tonds to Inhibit the 

usclos from utilizing excosa sugars zhoioas, under a mild 

beta typo drue, Butai e*irino, utilization of blood. suar 
is not I poded. 

It can be seer.. from Figure that in iproniazid pro- 

trotod animals with 3tanophrine I usion there is very 

little effect on lactic acid prodtotion beyond the control. 

It i a steadily Inoreasin state similar to the Ettanep. rina 

oontrol. As a conoequonco, t ' e decreased hyperglyceiia 

seen under Butanopiwine plus iproniazid can lo attributed 
to an inhibition o: the sugar output from the livor, I.e., 

)artial adrenerio blockade or te liver receptora. 

Isuprol and Win-3O4(, as atated previously, as c'ni- 
erod to be predominantly beta type apaomtmotics. In 

¶ï&1.o VIII it 'e seen that with those two syrcipntomimetics 
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zzll 1nerouonte but te J..sLprol 1p2oriazid ao loas 

tLSI4 the control levols. isprel in conjtnction with 

Ipronizid is oonsiderod to be iailol t2e crtrol. 
Thoe decrossod increnents Indicate a dec2 eased 

gly'cogenolyai in the ìnusclea. ?en conaiderin. te blood 

sLar ìraphs, Figures 7A aci 7L, ephedriz.e decreases the 

hyperglyoenia pro1Lxced by both leuprel and In3O46. This 

is interpreted as a decrease n liver ycoeolysia. This 

decreased bloo.: suaz' bì twü beta typo ariiros appears to 

e another case o' frener4o blocl:ade. 

Vihon cocaine is aed beroic inÍa.one of Isuprel or 

v;in-3046 a picture is presented that is sIi;htly dif1'eri;. t 

tian w.en epherine io soci. in all four casos the lactic 

acic1s aro similar in that they aro o1ihtly blocked, but 

tho blood suara aro different. n10 j conjunction 

WI th cocaine exhibit no change in blood sugar beyond the 

control. 1ioiover, when Laod with sphedx'ine both isuprel 

and Win-304& ahoy a úecieaaod hyperlyceria. Cocaine then, 

seems to produce a decrease In the nobilization of muscle 

lyco;on with very little effect on livor ¿lycorenolysIs. 

can be seen £'ori the following table tha comb5.na- 

tion of dru1e fall Into a definite pattern. :t should be 

noted that under ali. conditions both the lactic acids 

and blood sugars sì,wet. a rise under the action or the 

amines, When uod with the inhibitors a sise in lactic 



EFFETS ON LACTIC ACID FP)N ISUPHEL & ISUPREL PIflS IN}BITORS 
(AVERAGES OF THREE DOGS) 

3( 

o 

00 j_ _U '- tU i:' 5#%) 

TI}'(i.nutes) 
FIGURE 9k 

'lt 

TI DOSE 
(ntn) (7'/Ì?dn) 

00-15 1.06 

15-3C 
30-45 = 10.4 

45-60 = 20,0 

60-75 = 40.0 

75-90 =107.6 

. =ISU CONTIL 
=ISU+EPH 

o iiuISU+COC 

' =ISU+IPR 

CON= CONTROL 
AFTER INHIBITOR 

EFFECTS ON LACTIC ACID FN WIN-3046 & WIN-3046 PLUS INIUBITORS 
501 (Av OF THREE DOGS) 

40 

30 
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o 

00 15 30 4 6o 

TINE(rtinutes) 

75 90 

TI DOSE 
(ITtin) (7/nün) 

0O-1 = 29.5 

15-30 59 
30-45 = 118 
45-60 = 236 

60-75 = 472 
75-90 = 958 

. =WIN CONTIL 
L =WIN+E1'H 

o =WIN+COC 
o =WIN+IPR 
CON = CONTROL 
AFTER INHIBITOR 
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ac5ds m1 blood eunrs st:k.1l took place btt varying 

deCreo3 from the controls. 

TAB LE IX 

A CI1ED SUMMAiY OF IIWThITOhS O1 TflE lOESE OF 
BWOD JQAR AND r4ACïIC AGIL 

DLUO CILINATiON LACTIC ACID BLOOL SCCA1 

EPI cor1trol O O 

IUT control O O 

WIh control O O 

ISU control O O 

FPIi-EPH Xt* 
BUT+EPi - 
WIN+E 
ISUEPH 

EPI+000 O 

1UTiC(C s. 

WINi-C)C s-G 

ISL4-CDC - O 

EPIXPII s- O 

BUT IP} O s- 

wIi IPI s- s- 

ISU IPlk -I- 

+ z degree of potentiatton beyond control. 
O s rio offoct beyond control. 
- s deree of drenergic blockade. 
* : slight action. 
**: additive effect. 

As can ho seen fron Table IX the action of oedrino 
on beta type drugs deci eases both rnscle glycogenolysis and 

liver giyConolyi. The ir:ibitory type action on lactic 
acide by beta type 'trgs piotreated with ephcdrino Is also 

soon with alpha type ampatAomimetice, but to a larger 

extent. That i, as one moves ir a diroction away from 



the more betn type dru.;s thward the raor alpha type the 

lactic ac.d proUuction movo8 from slight Izhibition to 

a £ratev ir. ibiton. o blood a;ars novo In the 

opposite IrectIon, or).y at a slower rate. 

V1ien cocaIro pretrentment is sod, beta type dru:s act 

similarly to the alpha type under epÌiedrize. Tiws, 

is a decreased Lacle lyoogerAolysi wtL little ehnrige in 

liver glyooenoiyais beyond the control. As the thuEs 

become uro aipLa in action, wìon used with cocaine, the 

m scie ;lycaen breakdown becomes mole 11ko the control 

curve while the livor -1yco:;erA breakdown passes throu a 

state of slightly uocrensed glycogenolysis (13utanep-irine) 

to a stage or x1ed hyperglycemia (epinephr ix e). 

)hen iproniazld is used as a mono-ariine oxidase 1r*ibi- 

tor witk synpathomimetic a2tnes it can ho seen that strong 

beta typo drugs show a po thntiated blood sugar. 2i.e more 

alpha type dIugs have either ro erloct beyond the control 

or a slight 1n'x1bitory action. 1th the exception of a 

slight increase in lactic acids &on with the Isuprel 

after iproniazid, The over ail affect Is a oepression of 

lactic acid formation. 
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EESPI1ATIoN 

The eífect on resp1ratio or 8y2)atI()fl1tI1CtiC Um1rC5 

is that of 3tim11tion. Throuictit 1 the cxperi.mer,tt8 an 

thcroaeed reepiration was noted. ¶Lia incroazo rospira. 

tiorì Is prøbably brGugì.t nbout through the doceased pii 

of te b1oo i1ch is a direct action of incxcaed lactic 

ncï. It has been shown that all the eympathorrthictic8 

acd in tri8 won licreas 1îctic acid content of the 

blood. 

With 11 the experiments no roater irc'eazie in 

osp1ra tion vas noted phon t an mais oro petrea ted 

pith a mono'-amino oxidase inlibitor than uncer the control 

conditions. This indicates that as tho orzynies woie 

being inhibited, ellowin: the s'zpathomimetic s tbstances 

to acot mulato, there was little change in effect on 

respiration. 



TEMPEhAYU }OE 

The effects of these drug cornbinatiore on tonpei att. e 

is not ;reat, i1ure3 lOA, 1, liA arid liB 1.ndicate that 

there is rio ïreat variance fx'om o control er: the ani- 

mais were pietrea ted ith the amino oxtdse tnÌibitors. 
With epinetrine thee appo to be a stead state 

in and around 390 Ceritirado. Isuprel, however, tends to 

oaLse the tempeìaturo to increase with or ithoLt te 
Inhibitors. Thi8 %oLlLi indIcato that Isuprol caused either 

an increased nietabolisr or a vasoconstriction. flowver, 

vasoconstrictii ctoos not occur with Isiprel crd thor.. 

is no apparent crease in motaholisn with or ithout the 

thÌ'ihitors. i2e cse of the rise of tozipeiatre bj_ 

Isuprel s obscure and firther research iS needed to 

elucidate the 09L50. 

The Butanephrino control, after one hoLz' of thftzsion, 

apocare to causo a Lypex'theiìn.a toz'eas kon the inhibitors 

are used before the infusion the increased temperature did 

not occur. Sico Caxnei oria Ot 91 (20,p. 326-331) found t1:at 

Butanobrio was an extrenoy powertui vasod5.la thx, the 

hyporthermia that occurs is probably due to an increased 

metabolism. When the inhit)itors wore sed before the 

EutaneçÈrine infusion a decrease in both blood sugar end 

lactic acid proìuct1on occurred. Ths decrease in 



Otnbo1l3m may ex Lí1.r the 3eaon wh7 I3taxìepr1re in 

conjunction 'with the irthibltos was Ineffective in cmslrg 

a toripor'ature reaporo like tLe control. 

Under' Win3O46, lt mai be considered that the control, 

the Win'3O46 plus cocaine and the Vin-3O46 pl*.e iprorlazlc1 

dici not oftect ternperatìre. Ho'wever, ehen ephedrlìe is 

used before the inftsion of Win.».3046 an lrcreased tempera- 

ture oocur. 'ii L:;rpertierla is probably co to a 

coibination of vaocostrictlon an an ircreased notabolian 

caused by the drug combInation. 
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EFFECTS ON TP.ATURE P)N EPINEPHIUNE & EPINEPHRINE PLUS IN}ttBITORS 

39 (AYGFS OF THREE DOGS) 

3E 
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=EPI+EPH 
y; o =EPI+COC 

D=EPI+IPR 

3E. 
TI? DOSE 
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L) 

TI(ntinutes) 
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15-30 = 3.0 
30-45 = 6.0 
4s-6o = 11.5 

FIGURE 10k 60-75 = 15..) 
75-90 = 30.0 
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EFFECTS ON TERATURE FM B7TANEPHNE & BEPFF PLUS INhIBITORS 

39 i 
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( 38 
t,, 

37 
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z__, UJ i;ì ' ' 

TI(ftnutes) 

FIGURE lOB 

.=13U'T CONTL 
L =BIJT+EPH 

o =BJT+COC 
D =BTJT+IPR 

Tfl DOSE 

jv5 (mm) (7/nn) 
00-15 = 25 
15-30 = 50 
30-45 = 67.6 
45-60 =ioi.4 
60-75 =250 
75-90 =500 
90-105=888 



EFFECTS ON TPERATURE F)M ISUPREL & ISUPREL PLUS INHIBUORS 

o 
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=I5U OONTL 
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a .ISU+IPR 
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4i i 
AVPAFS ÓF TH DJGS) 

o 

q 3C 

o 

38 

37 
00 15 30 45 60 75 90 

TINE(ininutes) 

FIGURE liB 
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s:x 4i 1) OO)W8ZN 

The preced1n; cm pez 64 ard E35 auranrizo the 

ro1attonaaip between tho ozpertenti vLues &id thoae of 

tLo cortro1e for t11 f the oxpezinoxit. fle cortt r'o1 vìiuea 

roprearit tu oor;trol crvos ith are tbe reaulta of 

inr1one o f 8yipathotnetc wdnes withott the 1z*1bi- 

Ewh iv the avere o f thzeo ezporints. 

I Vther epinetr ma i thfu ed ter eiiedine 5. t s 

concluded thet no iribition of mono4na oxi3ase 

take3 piace. in tollowe troii the ft thnt even 
thou there i3 7otentitition of bico pressure id 

pulse under those cordittors, theze ic ro inez'ette in 

b1oo $;E1! and lactic *ci vthtcb ouId probably occur 

if the enzyne wore ir*tbited. 

It e corol4ed that sortie thhib2.tton of no*sitne 

oxidase may oscr *øri epinethrtne te Th:eed bito n 

aninal pretz'eated iith 000aire. Thie is roaeancd fron 

the tact that not only are t e blood preare and pl8e 

auietted but aleo tIere Is a riss lu blood glucose 

thfle the nuaole eiain at the control levai of acid 

øutpu t, 

It is siso concluded that eben epinej*rine s 

in fu sed after ipro nl azid sone type o f *adrenegic 

blockode aocux, Thi3 is appaezt from the lcssend 

bleod ps8u'* riso ard conoomttant pulee increase and 
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decrei3ed lactic acid ottput &r. tO eo of i blood 

unr equa1 to to control level. 

2. When eedrtne i. t; prior to the Infusion of 

Butnep}rino two ochnni occtr. 1) Az adrenergic 

blockade onues a decraBed potottor &d n decroased 

neo ot blood suan ard lctc acid, 2) t1im.lation 

or the chrrìotropic rece'to oi the Loort etixrnlatea 

pt1ße rata. 

It la corcludod tt t-o sdrenoric reßponse8 of 
utarotriio irtaion aftoD cocalre or ipionlazid are 

blocked. thui ttanoj*nino 1one produced a 

;1t;ht h:poten3lon, when used with the inhibitors the 

blood preaee does not decrease t the extent of the 

eitnol ove tkough the pulso retmlns unciwed. Also, 

the fact that the blood sugar aixl laetio acid curvea 

rise to c leeeer eztont than the control, points to the 

concI iou that ven &tauephrioo la 5r1't aed aftei' 

treatment with cocaine o' lrcniazld ali drenozic 

bloel ade cccuxa. 

3. After ephedrino, Win-Z5046 rcti s1rfl,arly to 

r3Lta-,o )hrifle a'ter ephodrino, hat is, tiere apesxs 

to be t stiilation of the chronotropic receptora of 

the heart. It can also be concluded thnt the decreased 

lactic acid Lzidicatea redteed &lity of te aaelos 

to ke use of the slight exceea of the glucose in the 



c1rc1at1ori. This be tnterpzeted a mild degree 

or mono-aid.ne OZ1dft3e 1Xtibi tion. 

Very slight orzyrnat1c iriibit1ori is soon #ion the 

coribtnattan ot W.n-3O46 md lproniazid are ueed. It 

res1tod ir a a11ht ine:oaae in both blood. preesure 

and blood augar above the ocmtl. Lactic acid produc- 

tior dropped below the cortvcl curve thdicating the 

rIL8clea WOX effected to a le ae extant than the 

livor, 
4, leuprel intuaicn aiter epI'edriie pi'otreatment shows 

an action V02'y hdlar to Wii"3O4E or utanephrine after 

ephodrine, only to a nilder egree. This action rnf be 

due to a tiriulat1on o1 the ohrortropïc recepto of 

the heart and a i1d adronergic blockadø, 

When cocaine ia uaed befo'e Iaupre3. xi zppreciabie 

responso ocrred beyond the ctro1. 
A !mono'.arnine oxidase inhibition appeaed to be 

present tri the Ieuprel'-iproniazid oombinetion, since 

the bloc d pressure decrese s po ton ti a ted and the 

increased pulse rate wa partially bloched, it soeria 

reasonable to assuma that this is due to an increase ir: 

the effect of Isuprel. Potentlation of blood euar aleo 

pointe toward an enzymatic inhibition by ipronlazid. 
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