
ethanol. The ethanol extract was then used 
for the succeeding chromatograms. Fig. 1 
shows the absorption spectra of the materials 
and of authentic acetyl hydralazine as deter- 
mined on the Beckman DU spectropho- 
tometer. The extract froin the rat liver ho- 
niogenate was carried through the siinie puri-  
fication procedure; however it still eshibitetl 
appreciable absorption below 230 mp. But  
in the range 240-250 mp it gave an identical 
spectrum. 

In none of the extracts was free hydralazine 
detectable. When the extracts were evapor- 
ated to dryness, taken up in 1 S HCl and al- 

‘CX131,1.: I. R, Vnlircs of hcc4j l  1lyclrnl;iziirc~ ; i i i 1 1  

V,liitv Flwresccut Zone froni E:thTl Arc.t;itcs I<x 
t r:1 1- t s. 

I 
2 30 240 259 260 270 280 

WAVE LENGTH lvml  

].’I (;. 1. TJltr;iriolr1t :tbsorl)t,ion spcctra of authentic 
:ic*cbtyl Irjtlralazine (solid line), white fluorescent 
111.7 tc1ri:il froiii pigeon liver (dotted line), n i i i l  giiiw 

C:L pig urine (~1;rslied.liiic). 

lowed to hydrolyze on the steam bath for an 
hour, it was possible to demonstrate free hy- 
d ralazine. 

From the above experiments, and from our 
previous ( 1) observations that for appreciable 
hydralazine disappearance from tissue extracts 
all the components of the metabolic acetyla- 
tion system must be present, it seems evident 
that acetyl hydralazine is a major metabolic 
product of hydralazine. 

Suinmary. 1-Acetyl-2-phthalazyl hydrazine 
(acetylhydralazine) has been identified as a 
metabolic product of hydralazine in the rat, 
guinea pig, and pigeon. 

1 .  Douglass, C. D., Dillaha, C. J., Dillaha, J., 
Kountz, S. L., J .  Lab. CZin. Med., 1957, v49, 561. 

2 .  Robinson, J. K., Biochem. J. ,  1949, v45, 68. 

Kcceived January 5 ,  1959. P.S.E.R.M., 1959, v100. 

Action of Biogenic Amines, Aniine Oxidase Inhibitors, and Other Agents on 
Chroinatophores of Squid, Loligo pedii.” (24658) 

Regulation of smooth muscle-chromato- 
phore system in the squid involves neurohu- 
moral mechanisms which bear certain points of 
resemblance to smooth muscle systems in 
higher forms. Chromatophores of cephalopod 

*Aided by grants from U.S.P.H.S. to W. R. and 
Am. Heart Assn. 

t U.S.P.H.S. Summer Research Fellow. 
Established Investigator, Am. Heart Assn. 

molluscs have been extensively studied since 
the original work of Phisalix( 1), but primar- 
ily for their own intrinsic value. Particular 
attention has been given to central neural 
controls. The purpose of the present experi- 
ments was to study local control of smooth 
muscle-chromatophore system in the squid, 
Loligo pealii. Particularly the action on this 
system, of biogenic amines known to be effec- 
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tive in higher forms as mediators of smooth 
muscle reactivity. Components of chromato- 
phore system have the advantage of being 
easily accessible to treatment and observation 
in living, non-narcotized animals. The data 
clearly indicate that work with this prepara- 
tion may shed light on problems of smooth 
muscle function in general. 

Material and methods. Chromatophores of 
cephalopod molluscs (2,3) are pigment con- 
taining cells controlled by smooth muscles, 
which in turn are under the influence of ani- 
mal’s nervous system. When smooth muscle 
fibers contract, the cells expand and the ani- 
mal darkens. Relaxation of muscle allows the 
cells to return to their initial, tiny, spherical 
shape, and the animal acquires a blanched ap- 
pearance. Loligo has red, yellow, and brown 
chromatophores, the latter predominating (3). 
The skin is attached to the underlying mantel 
muscle by a dense adhesive layer. Injections 
made under the skin actually deposit the fluid 
between this adhesive layer and the mantel 
muscle. The injected material forms a cir- 
cumscribed bleb which remains localized for 
a considerable time. Although the chromato- 
phore bearing layer alone has been referred 
to as “skin:” we shall refer to such injections 
as “subcutaneous.” Sereni (4) has shown that 
chromatophores of cephalopods are controlled 
by separate excitatory and inhibitory centers 
in the ganglia in the head of the animal. 
These centers were found to exercise their 
control via nerves to the skin. Bozler(3) 
brought forth evidence for double innervation 
of muscle fibers, one innervation being ex- 
citatory (tetanic) and the other inhibit- 
ing tonus. He also presents microscopic 
evidence( 5 )  that muscle fibers contain 2 types 
of fibrils. He assigns to one set of fibrils the 
function of ordinary contraction, and to the 
other the function of maintaining the fiber in 
a protracted contraction or tonus. In the 
present experiments, the squid were placed 
in confining glass bowl, slightly smaller than 
their fully extended length. The bowl was 
filled with sea water to a depth sufficient for 
animal to breathe, but exposing its convex 
dorsal surface to the air. The temperature 
had previously been dropped to about 10°C 
by placing the bowl in an ice bath. While 

experiments progressed, the water usually 
cooled further, to a minimum of about 5°C. 
Under these conditions, chromatophores of the 
squid generally dilate of their own accord, a 
condition essential for study of constricting 
substances. Test substances were dissolved 
in filtered sea water. The factor of pH will 
be discussed later. Four to 6 injections were 
administered subcutaneously to local areas 
along one side of exposed dorsum of animal, 
using 1 ml syringe and 24 gauge needle. A 
total volume of 0.2 ml was injected a t  each 
spot. Control injections of filtered sea water 
were made at  locations symmetrical with those 
of experimental spots. Serotonin, as creati- 
nine sulfate, was obtained from Sandoz Phar- 
maceutical Co. Iproniazid and Ro-5-0700 
were kindly supplied by Hoff mann-La Roche 
Inc. and PIH by Lakeside Labs. 

Results. Table I indicates substances in- 
jected into the squid, dose range used, and 
effects of injection. It should be kept in mind 
that closure of chromatophores represents re- 
laxation of muscle and opening of chromato- 
phore contraction of the muscle. 

In  viva. A. Agents which can open chro- 
matophores. Since it is well known that elec- 
trical stimulation of the skin, and acetylcho- 
line ( Ach) topically applied ( 3,4,5 ) cause 
chromatophores to open, these agents were 
used to test reactivity of the preparation. A 
3 volt current with duration of 5 milliseconds, 
and with frequency of 60/sec. kept chromato- 
phores of an area approximately one inch in 
diameter in open state during period of stimu- 
lation. The acetylcholine effect was most 
striking on a blanched squid, blanching being 
best obtained by cutting off the head of the 
squid. Injections should follow rapidly 
thereafter. Sea water alone causes a mild di- 
lation in 27 out of 57 cases. The percentage 
of acetylcholine injections resulting in dila- 
tion is, however, much greater (48 out of 64 
cases). In addition, dilation was considerably 
more intense with Ach than with sea water. 
The data are statistically significant, well 
within the 170 level of confidence when chi 
square test of significance is applied, using re- 
sults from control injections as the expected 
results for the experimental series. Acetyl- 
choline was effective in doses of 0.2 pgjml or 



higher. These doses are a t  least 1000 times 
greater than values reported by other inves- 
tigators. The different results may be ac- 
counted for by factors such as makeup of dil- 
uent medium, method of application, and par- 
ticularly order differences. It may be sig- 
nificant that this order of cephalopod (espe- 
cially the species used here) is unusually sen- 
sitive to trauma as contrasted with the octo- 
pus * 

B. Agents which rlost chrowatophorcs. ( 1 ) 
Avzines. Kahr(6) reported that in the octo- 
pus, topical application of Shydroxytrypta- 
mine (serotonin) closed the chromatophores. 
This amine is known to have varied effects 
upon nerve-smooth muscle systems in general 
( 7 ) .  Tn Loligo, serotonin causes blanching of 
skin when administered subcutaneously. 
However, the effective dose range was ap- 
proximately 1000 times greater than that re- 
ported by Kahr ( 6 ) .  Sereni ( 4 )  reported that 
tyramine, administered to the octopus intra- 
venously, caused opening of chromatophores. 
presumably by an effect on ganglionic centers 
controlling chroniatophore activity. In our 
experiments, tyramine HCl. when injected 
subcutaneously, closes the chromatophores. an 
action diametrically opposite to its reported 
central effect. Tryptamine is reported by 
Woolley and Shaw(8) to have a serotonin-like 
effect in other systems. This was substanti- 
ated in the present preparation where it was 
found to close the chromatophores. 

All of the active constricting agents 
(amines, inhibitors, indoles, etc.) . except sero- 
tonin, cause the skin site to blanch to a white 
or near white color, in contrast to surround- 
ing brown area. Although in general the area 
of blanching decreases in size with lower doses, 
minimal effective doses occasionally cause dis- 
proportionately large, pale spots. Occasion- 
ally, several minutes after constriction, scat- 
tered chromatophores open in the otherwise 
constricted area. 

The responses to serotonin seemed qualita- 
tively different from the others, in that the 
areas were uniformly pale but not white. The 
same response was obtained irrespective of 
whether the dose was 20 pg/ml or 2000 pg/ml 
of serotonin. Other agents cause skin areas 
to become white, due to closure of all chroma- 

tophores in the area. Such a reaction devel- 
ops only occasionally with serotonin. More 
commonly, after serotonin, the red and brown 
chromatophores remained open, but the spaces 
between them paled considerably, losing their 
normal, yellowish cast. This yellow color is 
due to yellow chromatophores which are dif- 
ficult to see as distinct entities in Loligo, since 
they are quite small. I t  is probable that the 
characteristic pallor following serotonin treat- 
ment, is due to a constriction chiefly of the 
yellow chromatophores. 

( 2  ) 11 mine oxidase inhibitors. The above 
experiments suggest that an amine might be 
the local mediator affecting closure of chro- 
matophores. Assuming that such an amine 
was continually being destroyed by an amine 
oxidase. administration of an amine oxidase 
inhibitor should bring about the same effect 
as addition of the amine. Three inhibitors of 
monamirie oxidase were used: PIH, iproniazid, 
and Ro-5-0700. All 3, as anticipated, cause 
chromatophores to close down. As can be 
seen in Table I, iproniazid was the least ef- 
fective in this respect. This corresponds with 
the reported monamine oxidase inhibitory ac- 
tivities of these 3 compounds(9). 

( 3 )  Indoles. In addition to being an amine, 
serotonin contains an indole ring. LSD 25 is 
one of the indoles extensively studied with re- 
spect to serotonin-mediated systems. The 
hrom derivative of this compound was tried 
by Kahr(6) on octopus chromatophores and 
he states that ‘( . . . brom LSD opposes the ef- 
fect of serotonin . . .” We found in the squid 
that LSD 2 5  produces the same effect as sero- 
tonin-i.c., i t  closes chromatophores. How- 
ever, LSD 25,  although active, required much 
higher concentrations than serotonin. 

(4) Competitors for choline esterase. 
Eserine sulfate was injected and had an ef- 
fect only in large doses. Under such circum- 
stances, instead of producing an Ach-like ef- 
fect it closes the chromatophores. 

( 5 )  Autonomic blockers. Since amines and 
Ach are both believed to be important medi- 
ators of the autonomic nervous system in 
mammals, it was of interest to observe the ef- 
fects of an autonomic blocking agent, chlor- 
promazine, on squid chromatophores. The 
drug closed the chrornatophores. 
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TABLE I. doses up to 100 pg/ml. A diamine, histamine 
dihydrochloride, was tested in doses similar Dose 

Wo.of range" to those of the active compounds, without any 
effect on the chromatophores. A precursor of Agent exp. (pg/ml) Effect 

In viTo 
Electrical stimulation 
Cholincrgic 

Competitors for acetyl- 
choline esterase 

Eseririe sulfate 
Aiitonomic blockers 

Chlorpromazine 
Kerve blockers 

Procaine HCl 
Monamines 

5-OH-tryptamine (sero- 

Tryptamiiie HCl 
Tpramine HC1 

Catechol aiiiincs 
Epinephrine 
Xorepinephrine 

Acetylcholine chloride 

tonin) 

Iiiliibitors of monamine 
o siclase 

1 -isopropyl-2-isonico- 
tiny1 hydrazine 
(iproniazid) 

pars-isopropyl hydra- 
zine (PIH) 

2.-beiizyl-l-picolinyl hy- 
drazine (Ro-5-0700) t 

Amino acids 
L-lysin e 
L-alanhi I' 

Serotonin precursor 
5-OH-tryptophan 

I11doles 

Uiarnineu 
TiSD 25 

Histamine dihydrochlo- 
ride 

In vitro 
Electrical stimu1:rtjon 
Acetylcholine 
IIistamine 
Serotonin 

20 

fi4 

33 

17 

8 

40 

21 
20 

10 
23 

36 

26 

20 

6 
8 

15 

15 

5 

20 
10 
6 

15  

5 volts 

.2-20 

10 0 0-2 0 0 0 

250 

.2-200 0 

200-2 00 0 
2500-4500 

100 
10 0-200 

10 0 0-20 0 0 

200-4500 

600 

2000 
4000 

20-2000 

100-20 00 

.o 0 02-2 0 

5 volts 
20 
20 

.2-20 

opens 

9 9  

closes 

9 1  

Y f  

Y Y  

9 )  

J t  

none 
J J  

closes 

YJ 

9 9  

none 
9 s  

9 9  

closes 

none 

opens 
none 

closes 
t f  

serotonin, 5-hydroxy-tryptophan ( 7)  was also 
administered in comparable dose ranges and 
had no effect. Two monamines, I,-lysine and 
L-alanine, not known to affect nerve-muscle 
preparations, were used to rule out a non- 
specific property of amines in general, or 0s- 
motic phenomena, and were without effect on 
the chromatophore system. 

( 7 )  Interaction of oppositely acting agents 
on chromatophores. Chromatophores opened 
by acetylcholine could be closed by subse- 
quent subcutaneous administration of sero- 
tonin. The best results were obtained when 
equivalent doses of both agents were used. 
On the other hand, i t  was found that an elec- 
tric stimulus of 5 volts, with duration of 5 
msec. and frequency of 60/sec, failed to open 
chromatophores that had been closed with 
the above agents. The only possible exception 
to this finding occurs in serotonin-treated 
areas. As previously indicated, serotonin af- 
fected chiefly the yellow color. The chro- 
matophores in such areas dilated upon electri- 
cal stimulation, to  the extent that spaces be- 
tween them disappeared. The resulting color 
is a rich brown, presumably due to combined 
effect of open red and brown chromatophores. 
This circumstance obscures any yellow color 
that might actually reappear upon such stimu- 
lation. To interpret the failure of treated 
areas to respond to electrical stimulation, it 
was necessary to determine whether electric 
stimulation normally dilates chromatophores 
because of an effect on muscle fibers directly, 
or because of stimulation of peripheral nerves. 
Bozler(3) reported that the effects of such 
stimulation are due to excitation of peripheral 
nerves. We attempted to corroborate this 

* LOW end of range represents dose of minimal 
tBectivcncss. Only 0.2 ml is inj. i n  single location. 

t IXssolved in propylene glycol and  administered 
: is  oiic p:irt propylpne glycol to 9 parts sea water. 

idea by using procaine, an agent known to 
block nervous conduction. Procaine HCI (1 -  

manner and caused chromatophores to close. 
The chromatophores were then unreactive to 
electric stimulation. 

(8) Effects of p H .  Inasmuch as most sub- 
5tances used in our study were acidic in na- 
ture, it was necessary to rule out the effects of 

4%) was injected into the skin in the usual 

( 6 )  Miscellaneous biogenic substances. The 
amines mentioned above are all monamines, 
m d  the inhibitors were inhibitors of mona- 
mine oxidase. Adrenaline and noradrenaline 
are monamines with no effect, the former in 
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pH per sc on the reactions observed. The 
pH of sea water varies from 7.6 to 7.8. The 
different substances were tested, not only at 
pH they naturally assumed in sea water, but 
also after pH was brought to that of sea 
water (7.6-7.8). by adding small amounts of 
0.1 S NaOH. The results at  pH 7.6-7.8 were 
the same as those at  lower pH values. The 
effects of pH alone were tested by injecting 
sea water acidified with HCl. Chromato- 
phores are not sensitive to pH changes over 
a wide range(5-8). Lowering the pH on the 
acid side as far as 4. has no visible effect. Re- 
low pH 4, injections begin to cause constric- 
tion though this is not consistent until a pH 
of 3 is reached. These observations agree with 
those of Hill( 10) who measured photoelec- 
trically rapidity of response to a dilating elec- 
tric stimulus. He showed no slowing of mus- 
cular response until pH was lowered below 5. 

Chlorpromazine, LSD 2 5 ,  or iproniazid 
could not be neutralized by this method with- 
011 t precipitate forma tion. Chlorpromazine 
solutions were at  an unadjusted pH of 6.7 and 
the LSD was at an unadjusted pH of 6.5. 
Since this range of pH by itself had no effect. 
and since raising the pH of other agents did 
not alter their effects, we believe that the re- 
sponses to LSD 25 and to chlorpromazine are 
probably not pH-dependent. 

Injections of HCl ranging from pH 7 to 4 
had no effect on chromatophores. Many of 
the active chemicals were administered as hy- 
drochloride salts and therefore lowered the 
pH of seawater. Only one (iproniazid) low- 
ered it below 6. Tproniazid lowered the pH 
to 3 . 5 .  Although sea water at pH 3.5 con- 
s t r ic ts chroma tophores, i pron iazid constricted 
them in 33 out of 36 occasions. whereas aci- 
dified sea water was positive in only 5 out of 
32 occasions. Whenever possible, solutions of 
active substances were also adjusted back to 
pH of sea water by adding small amounts of 
. I  S SaOH. In no case did the findings dif- 
fer from those made with solutions whose pH 
had not been adjusted. 

In  vitro. Experiments were also conducted 
with skin. excised from back of squid, and 
with pieces of tentacle. Khen lightly colored 
pieces of skin were stimulated electrically, the 
chromatophores opened. Pieces of skin wen. 

also placed in solutions of either acetylcholine, 
serotonin, or histamine. Both light and dark 
pieces were used. Only serotonin has an ef- 
fect, lightening the dark tissue. The effective 
dose range was the same as for in vivo work. 
Kahr (6) reported findings in isolated skin 
similar to those above for serotonin and hista- 
mine, but in contrast to our study, he ob- 
tained dilation of octopus chromatophores 
with acetylcholine. 

Discussion. The data on amines and amine 
oxidase inhibitors suggest that chromatophore 
control at  the local level is achieved by local 
production or release of an amine, and its con- 
tinual destruction by amine oxidase. Such an 
amine would relax smooth muscle and con- 
strict the chromatophore. Another agent. 
such as acetylcholine, would also be produced 
locally and expand the chromatophore by con- 
tracting the muscle elements. The balance 
between these opposing agents could be upset 
by any one of several contingencies. adding an 
active amine, an amine oxidase inhibitor. 
acetylcholine, or autonomic blocking agent. 

What are the agents concerned at  the level 
of regulation? Of amines investigated, only 
serotonin acted in a dose range low enough to 
make it a reasonable possibility. I t  is of in- 
terest that Florey and Florey( 1 1 )  found both 
serotonin and acetylcholine in the stellate 
ganglion of the squid, Sepia. Other adrener- 
gic mediators, epinephrine, and norepine- 
phrine, seem to have no local influence, al- 
though Sereni (4) found that systemic in jec- 
tions produce an expansion of chromatophores 
apparently through stimulation of the central 
ganglia. We must not overlook the possibil- 
ity that permeability factors are of major im- 
portance here. Agents relatively ineffective 
by subcutaneous route may be much more ef- 
fective by other routes. 

The evidence obtained with amine oxidase 
inhibitors lend further support for local pres- 
ence of an amine serving to relax muscle and 
thereby as an agent closing the chromato- 
phores. Blaschko and Himms( 1 2 )  have re- 
ported presence of monamine oxidase in dif- 
ferent tissues of 2 species of squid. Appar- 
ently, diamines such as histamine are not con- 
cerned with funtcional responses of this nerve- 
muscle unit. 
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LSD 25  contains an indole nucleus, as does 
serotonin. It is known(l3) to oppose sero- 
tonin in some systems and to mimic its action 
in others. Some biological properties of sero- 
tonin may be due to its indole nucleus, rather 
than its amine configuration. This would ex- 
plain why another indole containing com- 
pound, LSD 25, mimics its action in the chro- 
matophore system. The fact that minimal 
effective dose of LSD 25 is much higher than 
that for serotonin points to the highly specific 
nature of the receptor system in the chroma- 
tophore. 

In our experiments, threshold concentration 
of serotonin was 1000 times greater than that 
reported by Kahr (6) for the octopus Eledone. 
He also reports in this cephalopod mollusc 
that brom LSD opposes the action of seroto- 
nin. However, as Page( 7 )  indicates actions 
of LSD and its brom derivative are not always 
the same. The discrepancy in serotonin 
threshold may be due to differences in the or- 
der of mollusc used, or in method of applica- 
tion of the drug. The apparent differences in 
effectiveness of serotonin, as compared to 
other amines? may be due to 2 or more types 
of receptors. Woolley and Shaw(8), for ex- 
ample, have described different receptors for 
tryptamine and serotonin in the carotid ar- 
tery of the dog. Sereni(4) showed that cer- 
tain amines are carried by blood of the oc- 
topus and apparently act on ganglionic cen- 
ters controlling chromatophores. Of the 
agents used by Sereni, tyramine, in the pres- 
ent study, was also found active locally. When 
injected intravenously, tyramine caused open- 
ing of chromatophores, while we found that 
its local administration causes contraction. 
Sereni felt that tyramine acted on ganglionic 
centers controlling chromatophores. He also 
found that acetylcholine, though causing ex- 
pansion of chromatophores when locally ad- 
ministered, causes chromatophores to close 
when administered intravenously. Again he 
assumes intravenously administered com- 
pound to act upon ganglionic centers. The 
dual behavior of a single compound is analo- 
gous to the situation in mammals; where 
agents such as acetylcholine may have a dilat- 
ing effect oi l  end organs. when they come in 
(mi t act with periphmil receptors. such as  

myoneural junctions, but exert a constricting 
effect when they contact more central re- 
ceptors, such as synapse between pre- and 
post-ganglionic fibers. It is also possible, if, 
as Bozler (5) reports, chromatophore muscles 
are doubly innervated, that locally active 
amines may act preferentially on one or the 
other set of nerves. 

A. Szent-Gyorgyi ( 14) has recently empha- 
sized that substances able to transfer electrons 
may be of prime importance in processes lead- 
ing to or synonymous with muscle contrac- 
tion. Isenberg and Szent-Gyorgyi ( 15) have 
shown that tryptophan, serotonin, tryptamine, 
and LSD donate an electron to riboflavin and 
combine with it to form a stable free radical 
complex. I t  is of interest that 3 of the agents 
(serotonin, tryptamine, and LSD) relax 
smooth muscle in the squid chromatophore 
system. With the help of Dr. Isenberg, we 
have shown that PIH, tyramine, and eserine 
also form a red solution with riboflavin. In  
terms of basic mechanism involved in smooth 
muscle reactions, it is therefore suggested that 
some substances which relax the musculature 
of chromatophores in Loligo may act by vir- 
tue of ability to donate electrons to other 
molecules. 

It has been assumed that substances inter- 
acting with enzyme systems ( e g . ,  eserine and 
PIH) have a demonstrable biologic effect be- 
cause of this particular interaction. The pres- 
ent data suggest that the effect may be due 
to some other physico-chemical property, such 
as ability to donate electrons. 

Summary and conclusions. ( 1 )  The multi- 
cellular system that controls chromatophores 
of Loligo pealii has been a useful tool for study 
of smooth muscle function in non-narcotized 
living animals. (2) Acetylcholine opened 
chromatophores. The following compounds 
closed them: Monamine-serotonin. tryptamine 
HCl, tyramine HCl; indoles-LSD 25: mona- 
mine oxidase inhibitors-iproniazid, PTH, Ro- 
S-0700 ; autonomic blockers-chlorpromazine ; 
competitors for choline esterase-eserine sul- 
fate. (3)  Diamine, histamine dihydrochloride, 
had no effect. Other monamines, L-lysine and 
L-alanine, had no effect in comparable dosage. 
('a techol amines epinephrine :tnd norepinc- 
phrine were ineffective. A precursor of sero- 



tonin, 5-hydroxytryptophan. had no effect. 
(4) Closure of chromatophores by an active 
substance was not reversible by electrical stim- 
ulation. (5)  Attention is called to the fact 
that constricting ageiits all share a common 
pro pert^'. that of resonance. a n d  that a num- 
ber of them are c;ipal)le of electron donation. 
( 6 )  Results olitainetl are consonant with the- 
ory that ch~0iiiiitoii1io1.t' control iq  achieved 
by an aniine-amine oxidase ..;!-stem (closiirc) . 
opposed l11 a 11 ;i cc t>- 1 c h ( )1 i n c-ch 01 in e es t era st' 

system (expansion ) .  
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Effect o f  Tolbuta tn ide  on Glucose a n d  Ni t rogen  Metabol i sm in 
To ta l ly  Depnncrea t ized  Dog. (24659) 

The manner in which sul fon>.l~i reas lon-er 
blood sugar has not been full!. elucidated. 
There is considerable evidence that the!, ma!. 
stimulate release of insulin from the pancreas 
when that organ is preseiit a n t i  functionin: 
( 1  - 6 ) .  and it is well estalilishetl that thc rlrut'; 
are ineffective when paiicreas is alisent ( 1.7.3).  
We and others have demonstrated. however. 
that the sulfonylurea. tolbutamide. diminishes 
blood and urinary glucose in tr)tall!- depun- 
creatized dog maintained \\ i t h  sii1):)ptiiiial 
doses of insulin(9-1.3). ('learl!.. then. thc 
pancreas is not essential for the action of this 
compound provided small aiiiomits of  in.siilin 
from other sources are a\*:iil;tl)lth. The yues-  
tion now arises. whet her. r i i i t l t ~  t hrw c-ircuiii- 
staiic-rh. t ~~II~tiIaiiiide 1 ) I I  t eii t iit 1t.3 the in jtAc'te.c I 
insulin or whether, alternativel>*. its actioii 
takes place primarily i n  tissues where insuliri 
1)lays only ;L perinissive role. 1 1 1  out' e s p r i -  
iiients, to ;iiiswt*r this question. c.haiiges i l l  

urinary nitrogen excretion of the inaclequatel!. 

treated diabetic animal were used as criterion 
of insulin potentiation. 

.llvthods. Jlongrel dogs approximately 10 
k y  were subjected to total pancreatectomy. 
('ompleteness of operation was verified a t  
autopsj~. The animals were kept in metabo- 
lism cages and given constant diet (Rival Dog 
Food) in 2 daily feedings with measured 
amounts of pancreatin. Acidified 24-hour 
si)ecimens of wine were collected daily and 
c.onil)ined in 3-day pools for later analysis. 
Feces were collected quantitatively over brief 
Iwriods from 2 dogs. Total nitrogen was de- 
termined in food. pancreatin and feces after 
;tcitl digestion. and also in urine, using steam 
(listillation( 14a) a i i t l  titration with lioric acid 
( IAb). I'ooled urine \ u s  analyzed yuantita- 
tively for glucose( 1 5 ) .  Fasting blood sugar 
( 16)  \\'as determined several times a week. 
I h g s  were weighed periodically. Animals 
w r e  iiiaintainetl on constant suboptimal 
; in iount  of regular insulin ( 2  to 6 units twice 


