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hold in thc mucosa of the naso-pharynx. Tt is 
further reasoned that the ;\I protein is then 
p r i m ar i 1 y r espon si bl e Eo r the ul ti ma t e co LI r se 
of the infection as is the case with streptcicoc- 
cal cells intro'duced intraperitoneally. Facts 
tending to support this hypothesis are: a)  The 
dissimilarity of aerosol infectivity and intra- 
peritoneal virulence of a strain as shown by 
('oburn ( 5 ) , b)  failure of hyaluronidase 
treatment to appreciably modify virulence of 
intraperitoneally injected streptococci (4) and 
c)  as shown by this study, the apparent non- 
infectivity by the aerosol route of streptococci 
producing hyaluronic acid but not detectable 
hI protein, o x  of cells producing 34 protein but 
not detectable hyaluronic acid. 

Recently Foley et aZ.(6) have reported that 
virulence of group A streptococci was related 
to resistance to surface phagocytosis and that 
this anti-phagocytic capacity was determined 
by the concomitant presence of large hyalu- 
ronic acid capsules and h l  protein production. 
Enzymatic destruction of either of these sub- 
stances resulted in a marked and similar in- 
crease in phagocytosis of streptococcal cells 
by rat  leukocytes. It was the opinion oi these 
authors that capsular gel, as well as A/I pro- 
tein, plays a significant role in streptococcal 
pathogenicity. The evidence obtained from 
our experiment supports their opinion. 

Lastly, although there seems to be good 
evidence that production of HA is essential 
for aerosol infection, the cause for the high 
level of HA in broth supernatants of certain 
highly mouse infective strains has yet to be 
investigat ect. T<xperiments are in progress to 

determinc whether formation of HA is in- 
versely related to hyaluronidase protlucetl. 

S,mzmary. Of the 16 group A streptoccrc- 
cal strains tested, only 9 exhibiting type-spe- 
cificity and production of hyaluronic acid pos- 
sess 2d capacity to induce aerosol infections in 
mice. Conversely, the remaining 7 strains 
which lacked either one or the other of these 
attributes failed to demonstrate infectivity by 
aerosol challenge. A statistically significant 
rela tionship between HA production and 
mouse infectivity was observed. 
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Specific Liver and Brain Monoaniine Oxidase Inhibition by Alkyl- and 
Arylalkylhydrazines.* (25660) 

A. HORITA AND W. R. ICICGRATH (1:itroduced by T. A. Loomis) 
I)@. of Pharmacology, University of Wash k g t o n  School of Mrdicinu, SvattlP 

Inhibition oif the monoamine oxidase thc catecholamines( 1). This increase is be- 
lieved to' be the mechanism by which ipronia- 
zid (1 - isonicotinyl - 2 - isopropylhydrazine, 
3hrsil id) exerts its psychic stimulant action. 

*This study was supported 1 ) ~  grant from Sir ce these earlier findings with iproniazid 
other hydrazine derivatives have been investi- 

(NAO)  enzyme of the brain has been dem- 
onstrated to result in an increase in brain 
levels of serotonin ( 5-hydroxytryptamine) and 

U.S.P.H.S. 
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gated for similar anti-MA0 activity. Among 
those tested, the compound P-phen~lisopropvl- 
hydrazine [ PIH)  t has been found to be an es- 
tremely potent inhibitor (2 ) . In  addition, 
Gogerty and Horita( 3) demonstrated that 
T’TH administered subcutaneously in graded 
doses to rats displayed greater brain than liver 
31.40 inhibition. indicating a greater selectiv- 
ity of the agent for brain tissue. In contrast 
iproniazid was found to exert an opposite pat- 
tern of selectivity: i.e., liver 31-40 was more 
effectively blocked, and only by raising the 
dosage was the brain enzyme affected. These 
findings were of interest in view of recent re- 
ports concerning the possible hepatotoxic ef- 
fects of prolonged therapy with iproniazid 
(4.5) .  The present paper is concerned with 
investigations to explain the difference be- 
tween PTH and iproniazid in their relative 
anti-lIAO actions of brain and liver in c~lis~o. 
During these studies a number of related hy- 
drazine derivatives have been employed. and 
evidence of a relationship between chemical 
structure and brain M A 0  inhibition has been 
found . 

Methods and rnaterials. JTale Sprague- 
Dawley rats weighing 200-300 g were used as 
the experimental animals. All drugs were 
injected subcutaneously 2 hours prior to sac- 
rifice of the animals. Livers and brains were 
rapidly removed, ground with Teflon honioge- 
nizers and made up to concentrations of 20% 
and 337% respectively. All procedures were 
carried out in an ice bath. One milliliter ali- 
yuots of the homogenates were incubated with 
4 pnioles of serotonin creatinine sulfate and 
0.5 31 phosphate buffer a t  pH 7.0. Total 
volume of the incubation mixture was 3 ml. 
All incubations were carried out in a constant 
temperature shaker a t  38OC for 30 minutes 
(liver) or 60 minutes (brain). Residual sero- 
tonin of these mixtures were then extracted 
m d  assayed colorirnetrically using the nitro- 
sonaphthol method described by Udenfriend 
et aZ.( 6) .  Degree of M A 0  inhibition was cal- 
culated on ability of the drug to decrease rate 
of serotonin breakdown under conditions em- 
ployed. The compounds investigated are 
shown in Tables 1 and 11. Except for methyl- 

t Beta-phenylisopropylhydrazine (PTH) is com- 
- 

pound J H - S l h  (Catron), Lakeside 1,ahs. 

hydrazine ( Eastman Chemicals) and ipronia- 
zid (Hoff mann-LaRoche, Inc.) the hydrazine 
derivatives were kindly supplied by Dr.  J. H. 
Biel of Lakeside Laboratories, Inc. 

In  the first series of experiments 
4 compounds were studied. Their chemical 
structures are seen in Table I. In  addition to 
PIH and iproniazid the compounds isopropyl- 
hydrazine and 1-isonicotinyl-2-phenylisopro- 
pylhydrazine (isonicotinyl-PIH) were used. 
I’IH showed marked brain M A 0  inhibition a t  
a dose of 2.5 x 10 (; moles/kg while liver M A 0  
activity was inhibited only to the extent of 
2 5 %  (Table I ) .  A similar trend was seen at 
both lower and higher dose levels. Tn the 
iproniazid treated rats a greater inhibitory ef- 
fect of liver enzyme was seen a t  all dose levels 
used. Even a t  doses as high as lo-; moles/kg 
when liver M A 0  was inhibited some 7576, 
brain M A 0  showed essentially no inhibition. 
It’hen brains and livers from animals pre- 
treated with isopropylhydrazine and isonico- 
tinyl-PTH were assayed, both agents had pro- 
duced a greater blockade of liver than of brain 
MAO. Isopropylhydrazine was found to be 
a highly potent inhibitor, showing potencies 
equal to that of PIH: however the pattern of 
brain and liver inhibition was reversed as 
compared to PIH. e.g., whereas PIH exerted a 
76% brain and 257L liver M A 0  inhibition a t  
2.5 x 1 Or ri moles/kg, isopropylhydrazine 
exerted a 25% brain and a 73910 liver M A 0  
inhibition a t  the same dosage. 

These results indicated that the aromatic 
structure of PTH was important for selectivity 
for brain M A 0  in vivo. This led to the study 
of other alkyl and arylalkylhydrazine deri- 
vat ives, met hylhydrazine, benzyl hydrazine, 
ethylhydrazine and P-phenylethylhydrazine. 
The chemical structures of these compounds 
are seen in Table IT. The purpose of the sec- 
ond series of experiments was to demonstrate 
the influence of the benzene ring on brain and 
liver M A 0  inhibitory effects by  the hydrazine 
compounds. The results are shown in Table 
TI. Both benzyl- and p-phenylethylhydrazine 
exhibited much greater brain M A 0  inhibition 
as compared with the liver enzyme, while their 
alkyl congeners showed the opposite picture, 
supporting the results obtained with PIH and 
isopropylhydrazine. Although the brain-liver 

Results. 
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M A 0  inhibitory pattern of these compounds zine. In contrast to either of the above pairs 
was related to presence of the benzene ring both 9-phenylisopropylhydrazine (PTH) and 
there was no such relationship in their polten- isoprcpylhydrazine exhibited about the same 
cies. Benzylhydrazine was much more effec- degree of in vivo potencies. 
tive than its alkyl congener methylhydrazine, Gogerty and Horita ( 3 )  dem- 
while ethylhydrazine showed about a 10-fold onstra,ted that PIH exerted a more effective 
greater potency than P-phenyl-ethylhydira- inhibition of brain than of liver M A 0  in the 

Discussion. 

TAHTdE I T .  Liver and Brain M a o  liiliibition In  Pi go b Y Sonic Hyc1r:nzine Compounds. - 
q o  inhibition 

TJiver Dose (nioles/kg) ’Brain 

CH,CTf,-NHNH, 

Ethyl11 yctrazine 

2.5 x 1 0 - 6  ( 2 )  12 (18,ti) 25 (25 ,251  
5 x ” (5) 35 & 11 58 If: 7 
1 x ” (5) 64 -+ 13  86 & 3 



intact rat, while iproniazid showe(l an 01’- 
posite pattern of inhibition. There art1 ;it 
ledst 2 possible mechanisms to explain this 
phenomenon of tissue or organ selectiL7i ty by 
these 2 drugs. The first it; that the ljrain and 
liver AIAO are difi’erent enzymes and that 
they differ in their affinities for driigs. This is. 
however, unlikely since there is no evidence 
that brain and liver M A 0  are different en- 
zymes(7).  The fact that in ii? ~1ifr.o systems 
both brain and liver 3IXO are inhibitetl 1))- 
iproniazid(8) or PIH( 2 ) sugqests that the 
enzymes are not markedly different. The 
second possibility is that the chemical st ruc- 
tures of the drugs are sufficiently different t o  
permit a different distribution to the various 
tissues. The l m i n  is especially resistant to  
passage of certain types of agents because of 
i t s we1 1 -known 1) u t poor 1 y - u nde r s t ood bl ( ) (1 - 
brain barrier. This study supports the \Tiew 
that the chemical structures of the AlAO i n -  
hibitors are important not only for potency 
but  also for their abilities to esert more or 
less selective effects on brain JIAO. 

Vpon finding the difference k tween  iproiii- 
azid and PTH with respect to brain-liver 3lAO 
inhibition in z~izlo, we examined the isonico- 
tiny1 derivative of PTH (isonicotinyl-PTH ) for 
its 3IAO effects. As reported earlier this com- 
pound was a much weaker agent than I’IH 
but somewhat more potent than iproniazid ( 9  ) . 
In the intact animal it also displayed a greater 
effect on liver than on brain htAO, thus re- 
sembling iproniazid. This finding suggested 
that the isonicotinyl grouping hindered pas- 
sage of isonicotinyl-PTH or iproniazid into 
the brain. TI’hen the compound isopropylhJ-- 
drazine was tested, however. it was found that 
i t  also showed a much greater effect on the 
liver NAO,  and brain effects were quite small 
until much larger doses were used. From the 
experiments on these 4 compounds. the follon- 
ing has been concluded: ( 1 ) iproniazid is coiii- 
posed of 2 structural components Lvhicli 
tended to prevent ready access to the brain 
cells, i.e., the isonicotinyl and the isopropyl- 
hydrazine groups ; ( 2 ) the isonicotinyl group 
not only hinders brain accessibility but also 
reduces potency of the compound; (3) the 
benzene ring of PIH is essential for the drug 
to exhibit brain selectivity. 

The fact that the henzene ring is important 
for these compounds to exhibit brain selectiv- 
ity is seen in the experiments with the alkyl 
and arylalkylhydrazines. I n  all instances aryl 
derivatives exerted greater brain than liver 
3L40 inhibition, while alkyl compounds ex- 
erted more marked effect on the liver enzyme. 
It is possible that the aryl compounds, be- 
cause of the presence of the benzene ring, are 
more lipoid soluble and therefore pass more 
readily across the blood-brain barrier. The  
benzene ring, however, does not alone influ- 
ence ability of these compounds to exhibit 
brain selectivity. The  presence of certain 
other groupings may prevent this effect, e.g., 
with imnicotinyl-PIH. where the isonicotinyl 
moiety markedly decreased the preferential 
brain 3IAO inhibiting property of PIH. This 
is also true with substitutions of other chemi- 
cal groupings on the ring, the side chain or 
the terminal hydrazine group (unpublished 
results). Of the numerous hydrazine com- 
pounds studied thus far i t  appears that  the 
optimum structure for more selective inhibi- 
tion of brain I IAO in vivo consists of an  un- 
substituted benzene ring, a 2 carbon side 
chain and an  unsubstituted terminal hydrazine 
group. An alpha methyl group does not a f -  
fect the brain selectivity, but in fact increases 
potencjr of the X 4 0  inhibiting property. 

These findings may be of clinical signifi- 
cance since higher brain selectivity of the 
JIAO inhibitors would be desirable for 
therapy of central nervous system disorders. 
Compounds such as iproniazid or isopropyl- 
hydrazine which act more effectively against 
liver XAO would thus be expected to exert 
greater peripheral effects, and for adequate 
central effects to be produced much higher 
doses would be required. It is possible that 
recent reports concerned with hepatotoxic ac- 
tions of iproniazid during treatment of de- 
pression(4.5) may be the result of an exces- 
sive effect of this drug on the liver. 

Summary.  Ability of several hydrazine de- 
rivatives selectively to inhibit liver or brain 
monoamine oxidase (MAO) in the intact rat 
has been compared. Of those studied, the 
compounds possessing an unsubstituted arylal- 
kylhydrazine structure, such as benzyl hydra- 
zine, p-phenylethylhydrazine, and /j-phenyl- 
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isopropylhydrazine showed greater brain than 
liver AIAO inhibiting properties. Substitution 

group reversed the brain-liver M A 0  inhibiting 
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brain. 
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Influence of Local Hypothermiai on Abso:i-ption from Isolated Intestinal 
Segments.* (25661) 

W. 0. GRIFFEK, JR., A. CASTANEIIA, D. ill. NICOLOFF, N. H. STONE AND 

0. H. WANGENS'I EEN 
Dept. of Surgery,  University of Minnesota Medical School, Minneapolis 

The transport of substances from the lu- 
men of the small bowel to the blood stream 
under varying environmental conditions has 
always represented a fascinating physiolaigic 
problem. Some effects previously recorded 
are: interference with vascularity of an  isol- 
lated loop of bowel slows absorptioln of strych- 
nine ( 1 ) ; anoxemia increases absorption of 
water ( 2 )  ; drug-induced decrease of motility 
of the bowel impedes absorption of radioso- 
dium and heavy water (4) ,  vagotomy which 
reduces intestinal motility decreases glucose 
absorption from isolated jejunal loops, while 
sympathectomy has the opposite effect ( 5 ) .  
The reduced intestinal motility (6)  attending 
hypothermia suggested that the effect of hy- 
pothermia upon venous return and absorption 
from isolated canine intestinal loops should 
be assessed. 

hilethods and matcriuls. The effect of hy- 
pothermia was determined on 1)  venous out- 
flow from closed jejunal and ileal loops, 2 )  
strychnine absorption, and 3 )  removal of ra- 
diwactive iodine ( P I  ) and radioactive iodi- 

* Supi)ortrri hy 1T.S.P.H.S. Kcsearch Grant, l>onal t l  
J . ('owling Fund lor Surgical Kcscarch, Jay and Rose 
Phillips Fund for Surgical Research. 

natec serum albumin from isolated intestinal 
loops. Adult mongrel dogs weighing 6-10 
kg, a nesthetized with intravenous nembutal 
(30 nig/kg) were used in the study. Throlugh 
a midline abdominal incision, a loop of ileum 
or jejunum was delivered through the wound. 
A 15 to 20 cm segment was isolated between 
2 ties of umbilical tape. In  the blood floiw 
studies a Y cannula was placed in the mesen- 
teric vein which drained the vascular arcades 
coming from the obstructed loop. The dogs 
were given heparin, 1.5 mg/kg. By placing 
clamps a t  appropriate sites, the flow could 
contiiiue into the portal system without ob- 
strucl ion except when interrupted during 
timed periods ( 2  minutes) for measuring ve- 
nous return. Tn the absorption studies, it 

polyethylene catheter was placed into the iso- 
lated segment through a small enterostomy 
opening for introduction of materials tol be 
absorbed. When measurement of radioactiv- 
ity in portal blood was needed, a catheter was 
threaded through the splenic vein into the 
porta vein, and 4 cc samples taken a t  appro- 
priatt- intervals. I n  the normothermic 
{ 38.5 'C') dogs, similar procedures were pcr- 
formed and the segment allowed to remain in 


