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Rather recently a class of anti-melancholy drums, or
"psychile enersizers", have been made clinically available.

These agents seem to =ct as antl-depressants by virtue of

their monoamine oxidase antacgonizing rroperticss,

It was atrange, thersfore, to note in the literature
that a clinical psychotherapeutic incompatibility existead

between concurrent thyroid and monoamine oxifasze inkhibitor

=
§ ).\

2ication., Pecullar chanpes in thyroid function, hlood

nressure, and hlood zlucoses levels were also noted clinicelly

with the latter medicaments. The present research was
vodertaken, using blood slucoss, blood pressure. and acute

an?d subacute toxicity studies as parameters, to evaluate



ES

thess paradoxical reports. Male, albino rats were smployved
as subjects.

<

Two chemically dissinilar, irreversibly acting, moncamine
oxidase inhibiteors, iproniazid (Marsilid) and M0-911, were
selected as test cowmpounds. The daily intraperitonesl
injection of iproniazidi {175 mg/ke) and MO-911 (10 and 2%
mg/kg) for a three wesk period elicited only inconsequential
blood sugar changes in both euthyroid and hyperthyroid animsls.
Systolic pressures hecame signiflcantly elevated upon continued
injection of either druz, and the pressor effecta were enhanced
by feeding a 2 2 thyrolsd dies.

Limited dopamine excretion studics in hyperthyroid rgts

i

Pei]

revealed no particular chances, whereas massive. daily dos

)

cf iproniazid prevoked incere

O]

ed excretion of the catecheclamine

{

approximately 200 to 200 % after fifteen days of enzyme
inhibitor treatment. These urinary results did not parallel
the hypertensive effects.

Weight loss, sluggishness, and gross and mlcrosconic
evidence of vital orgsn damage occurred with massive, daily
doses of ipronlazid. The acute lethal effects of MO-911 were
angrmented by thyreld feeding.

These results seem to suggest strongly that the direct
and indirect pharmacologic actions of iproniazid and MC-211,
given in high daily doses to rats, are aggravated by a hyper-
thyroid state; these experimental findings have obvious

clinical significance.









Figure
1. Blood glucose standardizetion curve. . . . .
2. Graph of mean body welght changes of rats
under MAQ inhibitor and/or thyroid medication.
3. Blood pressure, blood glucose, and urinary
dopamine levels of rats fed 2% thyroild.. . .
4, Effect of delly intraperitoneal doses of
iproniazid (175mg/kg) on rat blood pressure,
blood glucose, and urinary dopamine levels..
5, Effect of dally intraperitoneal doses of
M0-911 (26mg/kg) on rat blood pressure and
blood glucose levels.s « « ¢« « o o o o o o &
6. Effeoct of dally intraperitonesl doses of
M0-911 (10mg/kg) on rat blood pressure
and blood glucose levels.: « « s ¢« o s o & &
7. Effect of daily intreperitoneal doses of
M0-911 (26mg/kg) + 2% thyroid feeding on
rat blood pressure and blood glucose levels.
8. Effect of delly intraperitoneal doses of
M0-911 (1O0mg/kg) + 2% thyroid feeding on
rat blood pressure and blood glucose .levels.
I-A. Graphic configurations of the MAC inhibitors
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believed that the Cnlass=:, many centuries before the birth
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Paumann ahowsd that about hwenty-Tive percent of gil the
iodine in the mammaliac body was foun?d 1a the thyroid cland,

and that it was firwly bound to a colloidal protein.live
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named it thyroszlobulin., Py hydrolyais «F this sobstannce
Fencall (1915a,b,c) obtained small quantitiss of s

crystallineg, iodinated material which wsas trerspevticeily
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ctive In hypothyroid nmatienteg it was
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Pitt-Rivers, 12953; Inzbar, 1250). 3iznificant advances have

alse been made in the chemis*ry and physiclegy of the thyroid
stimulating hormene (TSH) (White, 1945; Albert, 12119; Rawson,
1945 Harris and Woods, 1947; Nelson and Bradley, 1960;
Senenberg and Honey, 19603 Caraten and Wynstorn, 1962}, and

in the description of the role thensrvcus aystem plays in

the control of thyrotd fuacticn {(Greer, 1257; Tasurcz et al.,

k.

o~

1957¢ Greer et al., 19 67% . Unfovtunately, the wmechaniam of

©

chbion of thyroxine and its snalozu
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s& has not yet been clesriy
detfined., Blocd borne thyrorine can be converted to

triicdothyronine (TRIT) in the thyroidectomized rat {(Gr

-

and Leblond, 1951} and human (Pitt-Rivers et al., 1255},
? B

and there 1s some evidsncs to indicate that this coaveraion
may be an essential step in forming the "active™ hormone
(Lardy et al., 1957). A number of compounds have been
Implicated as the peripherally acting hormone. TRIT is
without question, at least in mammals, the more rapid
cting (Barker, 1956,1957), and with chronic dosage, the

more potent (Gross and Pitt-Rivers, 155l Roche and Michel,
355). Several acetyl derivatives of thyroxine, viz.,
tetralodothyroacetic acid (TETRAC) and triicdoacetiz acid
(TRIAC) have recently been isolated; they are less activs

biologically than thyroxine or TRIT {Trotter, 1955; Goolden,
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C. Zmploying rat liver homosenates Tipton and Nizon {[1945)

heve demonstratad thast cyvteochrome oxidase actlvity is decreased

hyroxine. Howsver, other workerg have been unable to duplicate

theso results (Smith and Williams-Ashman, 120L2). It is
sceciflcity of action

on cytochrome £ since adrevalcctomy, lilke tnyreidectowy, will

produce 8 fall in total bedy crvtochrome ¢ {(DrabWin, 1950L)

tochromes oxidase has alse been shown o ozid -5 eplinepbrice
in the presencs of eytnchrome I {Limschie % al., 10450,

More recentiy the hypothesis has been pregentel that the
icdothyronines may exert their metebolle effscts bty "soccupliae™
a gpecific oxidative phosphorviation thus allowine rhe
oxidative ayster to funciicn wore roplidly but  leszs sffectiveiv
{Lardy and Maley, 1954). snd this may account for the higher
basal metabolic rate and ecreased work efficlency of

hyperthyroid animals (Larcy, 1957). Indeed, 1t has been

found that thyroxine in vitro deprerses the ratio of esterd
i.c. high energy, phogphorus bto cxygen {Leblond and Grad,
19483 Hiemeyer et al.. 1951; Martius and Hess, 1951,1952;
Hoeh and Lipmann, 1252). Diiodothyronine and iodine, but

13t icdide, have a similar action {Xlemperer, 1951).

A number of additicnal facts support this oxidative
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phosphorylation hypothssis. Of significance is the recent
observation that mitochondrial swelling and contraction
eycles are induced by thyroxine (Tapley et al., 1955).
Evidence indicates that the mitochondrial swelling requires
electron transport and this effecct is promotdd by thyroxine
as well as by phosphate, calcium ions, and reduced glutathione,
whereas contraction occurs in the presence of adenosine
triphosphate (Lehninger, 1960). This becomes important in the
light of the fact that there 1s a decreased oxygen consumption
in enlarged mitochondria, which is in turn attributed to a
decrease in adenosine triphosphate levels (Aebi, 1952}.
However, a great deal of opposition has arisen to the
oxidative phosphorylation hypothesls since the thyroxine
concentration to produce these effects in vitro is several
orders of magnitude greater than that normally present 1n
vivo. In addition, in vltro responses have not been consistent
and sufficiently reproducible (Rawson and Sonenberg, 1959).
Thyroid hormone exerts a significant action on the
mammalian nervous system. The nervous instabllity of patients
with Graves' disease (exophthalmic goiter) has been noted
since the disease was first recognized (Grave, 1835; Parry,
1835; von Basedow, 1840). Similarily, the apathy and
sluggishness of cretins has been known for centuries
(Major, 1939). PFurthermore, various psychoses have been
associated with both hyperthyroidism and myxedema {Dunlap
and Moersch, 1935; Jamieson and Wall, 1936}. Volunfary

muscle reflexes are diminished in thyroidectomized animals
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(Brudy, 194la,b), and electrocencephalograms of athyrectic
patients show diminished voltage, slow frequency, and an
absence of cortical alphs waver, In anyperthyroid patients
the alpha rhythm is increased (Bertrand et al., 1938).
Some correlation has been found hetween the bassl metabolic
rate and the rate of alphs wave emanation from the nervous
system (Ross and Schwab, 1939). 1In contrast to the effects
on general metabolism, most investigators have been unable to
detect a change produced by thyroxine in the rate of oxyaen
consumption of brain slices (Harington, 194k4), 1t
is felt that alpha wave frequency measurements during
artificially induced hyperthyroidism are indirect measures
of carbohydrate metabolism in the brain {Rubin et al., 1937).
Bowman (1925) and Hoskins (1916) found lowered basal metabolic
rates in a large number of schizophrenic patients. They also
described unusually high clinical tolerance to the effects
of dried thyroid. Brody and Man (1950), however, hsve
reported normal serum protein-bound lodine lsvels in similar
patients while Cranswick (1955) has described abnormally
elevated thyrold uptakes of Ij3] In a majority of schizophrenic
patients. The administration of TRIT to various psycho-
pathologically affected, but euthyroid, patients evokes the
appearance of formerly latent or absent hostile emotions and
sexual unrest (Flach et al., 1960). Significant emotional
changes, however, were not always observed (Flach et al., 1958).
Paralleling the advances in thyroid research, stimulated

by the introduction of radioactive lodine, has been the progress



1z
which has been made in neurochewmistry as a consequence of the
f{ntroduction of iproniazid, a "psychic snergizer". This
hydrazine derivative was cripinally synthssizsed by Roche
Laboratories for Lias chemotherapy of tuberculosis. It was
soon evident, however, that the greatest value of the drug
lay in its ability to create a sustained feelinp of "well-
being" in psychicallydepressed patients (Crane, 1956).
Selikoff and others (1953) attributed this effect to central
stimulation. Zeller et al. (1952a) discovered that iproniazid
was a potent Inhibitor of the intracellular enzyme monoamine
oxidase (MAC), an enzyme incriminated in the mode of action
of certain anti-depressant drugs.

MAC has been found in significant amounts in lilver,
kidney, and other organs and tissues (Richter and Tingey,
1939), and is present chiefly in mitochondrial and microsomsal
cell fractions (Cotzias and Dole, 1951; Hawkins, 1952).
Enzymatic studies have shown that iproniazid irreversibly
blocks MAC activity In the autonomic nervous system, brain,

liver, and kidney, both 1n vitro and in vivo (Zeller and

Barsky, 1952; Zeller et al., 1952b).

The psychiatric value of ipronlazid and other MAC
inhibitors has been clearly demonstrated and has led to the
Introduction of a large number of chemically heterorenous
anti-depressants (Delay and Buisson, 1958; Geyer, 1958;

Tobin et al., 1959). DLvidence indicates that MAC 1is important
in the metabolism of serotonin (5-HT) and the catecholamines,

and that the anti-depressant effects elicited by the MAO



inhibitors are related to the central nervous system changes
in these monoamines (Pletcher, 19_ sdenfriend et al., 1957;
Spector et al., 1958). The relation of MAO to catecholamine
metabolism was first recognized by Blaschko st al. (1937)
who demonstrated that the enzyme oxidatively deaminated
epinephrine. Brodle et al. (1959) have shown that after
single, large,oral doses of MAC inhibltors both 5-HT and NE
levels increase significantly in dog and rabbit brain.
However, contrary to previous reports it has been found that
O-methylation probably coustitutes the major pathway for the
catabolism of this amine (Armstrong et al., 1956; Axelrod,
1657). MAOQO has also been incriminated in the metabolism of
tyramine and dopamine (Spector et al., 1958; Resnick, 1959).
It 1s known that thyroid hormone potentiates the action
of eplnephrine on oxygen consumption and basal metabolic rate
(Lardy, 1957), and heart rate (Gravenstein and Thier, 1960).
This potentiation of the activity of epinephrine on the
resting blood pressure (Gerlei, 1938) and on 1solated arteries
(Smith, 195l) has been explained as the ability of thyroxine
to elicit a fall in tissue amine oxidase levels. Likewise,
Burn and Marks (1935) showed that thyroidectomized rabbits
were slightly less responsive to epinephrine induced
hyperglycemia than normal animals. More recent experiments
have shown that feeding of desiccated thyroid causes hepatic
MAO of rabbits to diminish, whereas thyroidectomy causes MAO
activity to rise. The rise in blood glucose caused by

Injected epinephrine is greater in rabbits fed thyroid extract,
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after twelve days o¢f tresaltnment.

i'seding allowed MACO activity to return to normal within
fourteen days, and consequently the reverazible decresse in
MAC activity by thyroid hormone vz considered to be an

indirect suppression of the enzyme, perhaps thrcugh a

reculstion of synthesis of the enzyms. This supposition
is aleo shared by others (Czaki et al.,, 1762}, 1In contrast
to the work of Spinks and BRurn (1752), it has beern shown

that there 13 no correlation in HMAC activity andblood sucazr

levels in the froe (Smith, 19460).
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iproniazid proves interestin
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when one considers the c¢linical
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S9; *asters and Donoso, 1959),

Several hypothezes have % to the umechanism
of the anbi-anginal effects inhibitors, Hagters

. RS [ £ & v g *,,m,,. S s PO )
and Doncsoe {1959) Iind that 1lproalazid cavasss an elsvaticn of

myocaraial 5-FT, and that relief from aucing i3 medisated
through myocardial and cerebral autonomic nerves., Cezarman
(1957,19589) propozes that iproniazid may influence cardiac

metabolizm throush some enzymatic mechanism, Pletcher and

>

Fellmont (1550) have demonstrated that a atriking rises in

myccardisl catecholamines occurs in iproniszid treated gonea

%
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lgs, and they have related these changes to the thorapentic

o

ffectes of thig compound., In certain hypothyroid patieats

however, thyroid in doses as low as eight to sixteen



milligrams has produced severe anginal pain. With concomitant
therapy with an MAC inhibitor, it was found that thyroid
dosage coul be gradually increased to relieve the myzedema
without aggravating the cardiovascular complaint (Wolffe and
Shubin, 195%).

The administration of desiccated thyroid has been
shown to elevate the cardiac output whereas myxedematous
patients show a subnormal output (Scheinberg et al., 1950).
Hyperthyroidism appears tp increase the mean systolilc
ventricular pressures and the resting blood pressure of
rabbits (Fullerten and Harrop, 1930; Spinks, 1952). 1In
contrast, ipronlazld regardless of 1ts moncamine sparing
effects, has been shown to cause severse orthostatlic hypotension
(Randall, 1958) possibly through ganglionic blockade (Gertner,
1959). It has, for this reason, been suggested for the
treatment of hypertensioun (Harnes, 1958).



MATERTALS AND METHODS

Subacute Studies

Sixty male, albino rats of the Wistar strain, ranging
in weight from 170-210 g, were divided 1into 10 groups of 6
animals each {Table 1). Each group was housed separately.
The environmental temperature was maintained between 250-27°C,
Initially, all 60 rsts were placed on a control diet consisting
of water ad 1lib, and specially repelleted tablets of Purlna
Laboratory Chow! for 7 days. On the eighth dey, groups I
through V were continued on this control diet while groups
VI through X were placed n a zimilar diet which, In addition,
contained 2 % powdered Thyroid U.S.P.2 The animsls were
then maintained on these respective diets for anm additional
21 days. To prevent vitamin A deficit, due to increased
utilization of this vitamin during the thyroid treatment
(Hague ot al., 1948) and to retard weight loas (Logaras and
Drummond, 1938), all animals were given 3 drops of Oleum
Perceomorphum 3 (vitamin A and D) orally every third day of
the study. On the eighth day, normal blood pressure and
blood glucose levels were taken. Subsequent blood pressure
levels were recorded dally, and blood sugars were measured

svery third day.

E Pt

B Ralston Purina Co., St. Louls 2, Missourl.
2 Armour Laboratories, Kankakee, Illinois.

3 Mead Johnson and Coa,lEvansville 21, Indiana.
27
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Diet. The incorporation of thyrold extract into the

diet was considered the most satizfactu., methed of hormone
treatment (Anderscn et al., 194 , although it presented
certain technical difficulties which required the extempo-
raneous repelleting of the animal feed. The food product
as manufactured L contalns no exclplent to bind the fibrous
meal, Instead, molisture in the form of ateam 1s added
directly to the mix, and the moistened meal is forced through
a die under high pressure. Our facilities 414 not permit
high compression tableting so that molsture alone was not
a sufficlient adhesive for the fibrous and resilient meal.
Starch, dextrin, sucrose, glucoss, lactose, or other
similiar carbohydrate~like exciplents commonly employed to
prevent crumbling, were inappropriate to use as these would
have a tendency to modify certaln metabolic effects of the
thyroid treatment. A method found simple and expeditious
to produce an acceptable remade chow tablet, using limited
and easlly accessible equipment, was to crush the hard,
brittle pellets by use of a Wiley laboratory mills, passing
the coarse material thence through a Mikro Samplmill6
(model 579A) to give a number 60 powder or finer. To
each 100 g of this powder was added L0 ml of a warm,

L Letter from Speclal Chows Research Division, Research
Department, Ralston Purina (c¢., St. Louls 2, Missour!.

5 Standard Model Number 1, distributed by 4.H. Thomas Co.,
Philedelphia 5, Pennsylvania.

6 Pulverizing Machinery Co., Surmit, New Jersey.
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te 100 ml with glass distilled water. Seven concentrations
were employed and ranged from £0 to 210 wer /1070 ml (Table T-A).
Five readings of each concentration were made by takine 0.1
ml of the sample and addineg it to 1.5 ml of diztilled water.
To this mixture was added 0.2 wl of 5§ % ZnSOu and 2.2 ml of

0.3 N Ba(on) All chemicals were of reagent quality. The

5
suspension was centrifuged for 5 wminutes at 000 rpm's. One
ml of the supernatant ligquid wae then pipetted into a Folin-Wu
sucar tube which had been previously filled with 1.0 ml of
alkeline ceopper tartrate solution. The nmixture was heated in
boiling water for 20 minutes and then cooled in ruaning tap
water for 2 minutes. To the coccled solution was added 1.0 ml
of arsenomclybdate reapent and the sclution wasg nixed and
allowzd to stand for approximately 2 minutes. After adjusting
the vclume of the resulting colored solution to 8.0 ml with
distilled water the solution was placed into the cuvette., A
blank determination was prepared in the same manner usine

0.1 ml of glass distilled water in lieu of the dextrose. The
blank cuvette was then placed in the colorimeter and the
instrument adjusted to an optical density of zerc and a wave
length of 500 mu. The sugar sample was then substituted for
the blank anc¢ the resultant optical density read. The mean

of the 5 readings for each sample was plotted acainsgt the
concentration (Table I-A; TFigure 1). The resultant plots

were then adjusted using the line regression metho!d as

described by Ostle (1956) and the mathematically der

e«

(97

=
<3

s}

line was plotted.



Blood samples were obtained d1 -ct Intracardiac
puncture with a 0.25 ml syrinpe and a number 7 gauge-*
inch hypodermic needle. 1In order to obviate blood samplines
difficulties and possible epinephrine release (Weil, 1952),
the samples were taken while the animals were lightly
snesthetized with pentobarbital sodium (20 mg/kg). To
eliminate variances in blood glucose levels, due to
differences in the food intake of the snimals, all animals
were fasted for 17 nours prior to the blood eollections.
The blood samples were processed Iln the aforementioned method
employing a blank with sach group of samples. The blood
glucose concentration o. each sample was determined from
instrument readings and che respecti . concentration in mg/100
m. read from the line graph (Figure 1).

Histologle Studies, Samples of liver, kildney, spleen,

and thyrold tissue were remcved from one reprssenuative
ahimal in sach group studied. These tizsues were fixed in
Boulnt's solution, dehydrated, cleared in xylol, mounted in
paraffin, and slliced into 10 u sections. The sections were
stalined with hematoxyllin and eosin and examined for general
pathology.

Urinary Dopamine Studles. Twenty-four hour urine

samples from groups II, V, and X were collected in 2 N stou
on the elghth and fifteenth day of the studies. The pooled
samples were filtered and processed for extraction of
catecholamines (Crawford and Law, 1958). An aliquot of the

urine extract was passed through a strongly acidlc, cationic



exchange resin (Dowex 50W-X8, Na+ form)13 and the dopamlne

was eluted with 8.0 ml of 2 W Hi (Bertler et al., 1958).
Urinary dopamine levels were dstermined y the trinydrexylndole
method of Carlsson and Waldeck (1958) employing an Amnlnco-Bowman
spectrophotofluorometerlu.

Acute Toxlcity Studles

As a consequence of the subacute MAO inhibltor and thyroid
interaction studies, an apparent augmentatlon was observed in
the mortallity of hyperthyroild rats recelving high daily
parenteral doses of the hydrazide {iproniazid) or the
non-hydrazide (MO-911l) enzyme inhibitor (Table 1). To
evaluate thls possible hormonal sensitlzatlon, 73 male rats
(Wistar strain) ranging in initlal welght from 133-190 g were
employed in an acute mortality study. Four groups of fasted
animals (172 g mean weight), & animals to a group, previously
fed on a 7 day countrol dlet ad llE"ls were 1lnjected
intraperitoneally with doses of MO-911 differing by .03 log
units (Table L). Four other groups (127 & mean welight),
previously made hyperthyroid by a 7 day desiccated thyroid
(2%) ad 1lib. dietlé, were treated in an identical maenner. Nine
additional hyperthyroié rats (130 g mean weight) were injected
solely with normal physiological saline solution and served as

controls. All animals were housed at a temperature of 250.270C

13 7.7, Baker Chemical Co., Phillipsburg, New Jersey.
1k Anerican Instrument Co., Inc. Silver Spring, Maryland.

15 control diet was 1dentical to that used in the subacute
study.

16 Thyroild dilet was 1dentlecal to that used in the subacute
study.




and were provided prior to MAO inhibitor medication with

oral vitamin A and D supplementation at 3 day intervals.
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Sporadic incidernce of diarrhes was comaon to all the
enzyne inhibltor treated rodents and wa. particularly
prevelent in thoszse animals receiving aceaicented thyroeide.
The feces cof MAD inhiniter trestod animals were coated with

w =

conslderable intestinal mucus. With iproniazid therapy,

gross observations of urine samples chowed considerable
hemoslobin; blood specimens used for zlucose determinations
contained laked erythrocytes. Reddish colored ocular
discharges, resembling dried blood; wsre also regularly
apparent with iproniazid, but they were present less frequently
with MC-811l. An abnormal degree of salivation occurred with
both iproniazid and 1.0-9ll treatments in the euthyrold and
hyperthyroid animals, but it appeared umore prevalent in those
individusls treated with the latter compound.

Subeacute Toxicity. Symptoms of iproniazid tcxicity

rapidly developed. A number of einithyroid rodents given the

250 mg/kg dose of iproniazid died on the second day of
injection and all died within 8 days {Table 1); concurrent
administration of thyroid to & similar rroup produced
expiretion within the 21 day study period whereas concomitant
thyroid feeding sand iproniazid treatment resulted in all

deaths within 6 days. Although no deaths followed thyroid
feeding (group V), or M0-911 administration (groups III and IV),
a combinetion of these substances caused all animals to die
within 15 days (groups VIII and IX).

Tissue Pathology. Livers removed from 21 day, iproniseszid

treated enimals displayed small lesions; kidneys appeared dark






9011 ., horizontal lines. The glucose mean gstandard deviation
was calculated to be + 11.20 wg o and is represented by the
dashed lines. All readings, inclusive sf che greater
percentage of their individuel standard deviations, when
present outalde of these areas, are noted as statistieally
significant changes.

Three week dally treatment with elther enzyme inhibitor
and/or desiccated thyrold elicited no significant changes 1in
blocd glucose levels, and only in those animals near death 4id
the conecentrations fall (Pigures _ to 8).

Blood pressures were °levate by both thyrold and MAO
Inhibitor trestments., Elevations in mean arterlal pressure
were witnessed with thyroid fter L8 hours of feeding, rose
to peak levels by the sixteenth day, with a plateau occurring
at approximately 157 mm Hg. Blood pressures >f euthyroid
subjects after L8 hours of iprontazid (175 mg/kg) medication
produced significant elevations, followed by a sharp increass
to & peak reading of about 165 mm Hg within 5§ days. Preassures
remained stable until the elighth day when they fell precipi-
tously below normal; readjustment to normal values occurred
by the thirteenth day (Figure li) even with continued daily
medication.

A similar blood pressure pattern was exhibited in MO-91ll
treated euthyroid rats. In contrast to iproniazid, MO-91l
treatment produced an initial transient hypotensive effact
lasting 3 to I} days. This hypotensive pattern appearsd

similar at both dose levels, but was of shorter duration at
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the 10 me/ke dose. UWithin 7 to 8 days of datly MO-911
treatment blood pressurss of both doesed ~roups rose to

approximately 155 mm Iiz. This wmarked hyperteansive state,
g8 with iprontazid treated subjects, persisted for several
days. The post-hypertensive pressures with MO-911, nhowever,
iid not fall below ncrmotensive levels but stabllized slightly
above the mean normal pressures (Figures 5 and 6).

Treatment of hyperthyroid animals (3 day thyroid feeding)
with M0-911 produced a marked hypertenslve response after 2
days o drug adminlstratlon, with higher peak systolic
pressures prevailingthan during enzyme lnhibitor or thyrold

e

administration alone (Figures 7 and 8). Blood pressure

o)

£

levels fell erratically after the oleventih day of treatment,
and all animals expired eithar on the fourteenth or fifteenth
day.

Urinary Analyses. Urilnary dopamine values appeared to

be within normal values in rodents made hyperthyroid by the
21 day feeding of 2 % desiccated thyr>id (Table 2). To the
coutrary, however, these values were seemingly elesvated in
hypertensive, euthyroid animals treated with daily doses of
iproniazid (17% mg/ke). An extremely high value was observed
at day 15 where peculiarly enough the blood pressure values
were within normal limits (Figures 2 and L}.

ACUTE TOXICITY STUDILS

The acute toxlcity results are presented in Table 3.

e

Because a perfect statistlical analysis of the respective

LDSO?S was not possible, due to the limited number of animals
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employed and the one group aberrantly re¢:zponding to MO-911

at 175 mg/kg, only an approximation to bhis dose for the enzyme
inhibitor in the euthyroid animals could be made; this value
was found to be 183.5 + 15.0 (S.E.) mg/kg by using a graphic
method of analysis (De Beer, 1945). It should be noted that

in the thyroid-MO-911 treated group all deaths, save one at

the 152.4 mg/kg level, occurred within 2 hours. These results
show rather conclusively that the intraperitoneal toxicity of
MO-911 in hyperthyrold rats 1g markedly increased and that the
LDgg of the drug lles well below 152 mg/%g under these

circumstances.
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on the other hand, to explaln the apparent lack of correlation
between high urinary dopamine levels and the pressor responses
in response to high dally doses of iproniazid. It may simply
be a case of cardiovascular sdaptation of the drug treated
animal.

The original intention was to administer both iproniazid
and MC-911 to both hyper- and euthyroid rats in equimolar
concentrations per kilogram of body weight. Since we
originally employed iproniazid at 250 and 175 mg/kg dose
levels, this necessitated the use of equimolar MO-911
concentrations at 175 and 123 wg/kg. 1In our preliminary
observations, the subacute administration of MO-91ll at these
doses produced total mortality after the second injection.
Subsequent information received from Abbott Laboratoriesl7
indicated that subacute intravenous administration of 25
and 10 mg/kg of MO-911 was well tolerated in rats. Therefore,
these new doses were utilized and found to be satisfactory.

Of significant interest was the acute and subacute
potentiation of MAC inhibltor toxicity in hyperthyroid animals.
The administrgtion of desiccated thyroid or thyroxine is known
to modify the susceptibllity of animals to the poilsonous
.effects of a number of substances. Thyroid hormone increases
the toxiclity of alloxan (Houssay and Sara, 1945), cocalne
(Glaubach and Pick, 1931), morphine (Hunt and Seidell, 1910),

dinitrophenol (Glaubach and Pick, 193l), epinephrine

17 Letter from Dr. G.M. Everett, Abbott Laboratories,
Chicago, Illinois.
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It is well-established that the calorigenic, metabolic, and hemodymneamic
effects of norepinephrine and epinephrine are diminished or lacking in
hypothyroid animals (Sawyer and Brown, 1935; Reab, 1945; Brewster, 1956).
On the other hand, although there are some contraindications as to an
enhancement of native sympathomimetic amine activity during hyperthyroidism
(Macmillan and Rand, 1962), thyroid hormone generally potentiates the
action of epinephrine on oxygen consumption and basal metabolic rate
(Lardy, 1957), and heart rate (Sawyer and Brown, 1935; Hoffmann et al.,
1957; Gravenstein and Thier, 1960). The potentiation of epinephrine's
activity on the resting blood pressure (Gerlei, 1938; Spinks, 1952) of
rabbits and on isolated swine arteries (Smith, 1954) and rabbit duodemum
(Trendelenburg, 1953) has been interpreted in terms of a decrease in tissue
monoamine oxidase (MAO) levels or a reduction in the enzyme's activity

engendered by thyroid hormone.

Similarly, Burn and Marks (1925) have found that feeding thyroid to rabbits
increases their sensitivity to epinephrine-induced hyperglycemia. This
hormonal 'priming" effect was later ascribed to the ability of thyroid
hormone to diminish hepatic MAO activity (Spinks and Burn, 1952;
Trendelenburg, 1953). Although there have been some reports to the con-
trary (Westermann, 1956; Holtz et al., 1956), this in vivo inhibitory
action of thyroid hormone on hepatic MAO in rodents seems reasonably
well-established by the work of Zile and Lardy (1959, 1960), Calvert and
Brody (1961), and Novick (1961). The hypothesis of zile and Lardy (1959)
that thyroid hormone regulates the biosynthesis of hepatic MAO has been

supported by others (Ozaki et al., 1960).
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Further, whether the action of thyroid hormone is primarily upon MAO,
O-methyltransferase, or both, the fact remains that the administration

of thyroid elevates catecholamine blood levels and increases their urinary
excretion in animals (Zile and Lardy, 1959; D'Iorio and Ieduc, 1960) and

man (Diwani et al., 1960).

Bailey et al. (1959), Kline (1961), and Saunders (1962) have found that
melancholic patients medicated for several days with both thyroid and
iproniazid, an irreversible MAO inhibitor and antidepressant, peradoxically .
became apathetic and sluggish, ashen and cyanotic in appearance, and
showed evidence of a fall in blood pressure. These adverse behaviorsl and
gross physical or somatic effects necessitated withdrawal of the antide-

pressive agent.

In light of these seemingly peculiar and contradictory effects, the present
investigation was designed in preliminery fashion to determine what action
thyroid feeding had, if any, on the pharmacodynamic actions of irreversible
acting MAO inhibitors, and to attempt to explain, at least on a gross
somatic basis, the reason for the reported psychotherapeutic incompati-

bility between concurrent thyroid and MAQO inhibitor medication.

MATERIALS AND METHODS
Animls o =

Sixty male albino Wistar rats, ranging in weight from 1T70-210 gm, were
randomly divided into 10 groups of 6 animals each. All groups were caged
separately and the envirommental temperature was kept between 25-27° ¢
throughout the study.



Drugs and Dosage Protocol.-—

Iproniazid (l-isonicotinyl—2-isopropylhydrazine) phosphaté (Marsilid(l))
and pargyline (N-benzyl-N-methyl-2-propynylamine hydrochloride; MO-911;
Eutonyl(g)) were used as irreversible MAO inhibitors. Both drugs were
freshly prepared by dissolving the respective salts in physiological saline
solution. Injections were given intraperitoneally. Starting on the eighth
day of drug diet feeding, animal groups I and VII received 250 mg/Kg of
iproniazid phosphate, and groups II and VIII received 175 mg/Kg daily.
Groups III and IX received 25 mg/Kg of pargyline hydrochloride, and IV and
X received 10 mg/Kg daily. These latter doses were selected because pargy-
line in vitro is almost 8 times (Taylor et al., 1960) and in vivo (intra-
peritoneally) about 12 times more potent an irreversible MAO inhibitor in

the rodent than iproniazid (Everett, 1962).

The remaining two groups (V and VI) were not medicated with the synthetic

enzyme inhibitors.

Diet and Feeding Protocol.~—

Control group V, which received neither an MAO inhibitor nor thyroid sub-
stance, was given Purina Lab Chow (Ralston Purina Co.) ed libitum in a
special retsbletted form. A 2 % thyroid drug diet was prepared by homo-

geneously combining desiccated thyroid U.S.P., with the powdered lab chow

(l)Registered trademark of Hoffmann-La Roche, Inc., U.S.A.

(Q)Registered trademark of Abbott Laboratories, U.S.A.
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and retabletting the granulation using suitable excipients. Incorporation
of thyroid substance into the diet of the rats was felt most suitable in
that it would allow gradual medication and continuous absorption to take

place.

Initially, all 60 rats were fed the control diet for 7 days. On day 8,
groups I through V were continued on this diet while groups VI through

X were fed the thyroid ration. Consequently, groups VII and VIII receiving
iproniazid also received 2 ¢ thyroid, while groups IX and X were fed the
thyroid diet and received daily injections of pargyline. All animals were
maintained on their respective diets for an additional 21 days or, where
fatalities occurred, until the entire group died. To prevent or retard
vitamin A deficit and weight loss normally evoked by hyperthyroidism, as
well as for purposes of dietary standardization, all animals were given
orally 3 drops of Oleum Percomorphum (Mead Johnson) every third day. The

animals had free access to water at all times.

Histopathologic Studies.—

Immediately after death or sacrifice, samples of liver, kidney, and spleen
were removed from one or more representative animals of groups II, III,
IV, and V. The tissues were fixed in Bouin's solution and, after pre-
paration and section (10 microns), were stained with hematoxylin and

eosin and examined for general morphologic changes.

Blood Pressure Studies.—

Indirect systolic blood pressures of each animal were taken daily using
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a precalibrated photoelectric tensometer; the technique of Kersten et al.,
(1947) was followed. Fright and other like interfering stresses were
avoided by training all animals to accommodate the pressure cuff before
beginning the drug studies. Direct instrument values were read in mm Hg;

in no case were they read greater than the closest 5 mm Hg. When fatalities
due to drug treatment occurred, readings were taken for not less than 3
surviving animals of the particular group. The normal, mean systolic

blood pressure and standard deviation of the entire 60 rats was calculated.
Confidence intervals were calculated according to standard statistical
procedures (Ostle, 1954) for the true mean pressure of such untreated

animals.

Urinary Dopamine Studies.—

Twenty-four hour urine samples from groups II, V, and VI were collected

in 2N sulfuric acid on the eighth and fifteenth days of drug administration.
The pooled samples were filtered and processed for the extraction of
catecholamines (Crawford and Law, 1958). An aliquot was passed through

a strongly acidic, cationic exchange resin (Dowex 50W, X-8, Na' form)

column, and the dopamine was eluted from the resin by 8 ml of 2N hydro-
chloric acid (Bertler et al., 1958). Dopamine concentrations were determined
by using the trihydroxyinaole-fluorimetric method of Carlsson and Waldeck
(1958) and an Aminco-Bowman spectrophotofluorometer (American Instrument

co.).

Fasting Blood Glucose Determinations.—

Blood samples were obtained every third day by direct intracardiac puncture
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and were made, immediately following blood pressure recordings, from

lightly anesthetized (pentobarbital sodium, 20 mg/Kg i.p.) rats. All animals
were fasted for 17 hours prior to the blood sampling. Blood glucose concen-
trations for each animal were determined colorimetrically (Nelson, 19Lk4;
Somogyi, 1945) using a precalibrated Spectronic 20 colorimeter (Bausch and
Tomb) and 12.7 mm diameter cuvettes. Individual concentrations were read

as optional density units, and these were transformed into mg/lOO ml by
referring to a calibration curve. The individual values were averaged to
obtain group means, and standard deviations were calculated. Confidence
intervals, as before, were calculated for the true, untreated, rat mean

blood glucose concentration.
RESULTS

General Observations.—

The MAO Inhibitor-treated animals exhibited a somewhat diminished random
motor activity and were easier to handle than unmedicated controls. Within
3-4 days, all thyroid-fed rats became considerably irritable, but in those
groups where both enzyme inhibitor and thyroid were administered the hyper-
excitability was less apparent. 1In fact, the sluggishness and asthenia of
these dually medicated animals became increasingly pronounced as the drug

treatments continued.

Food and water consumption was generally decreased in the MAO inhibitor-
treated groups, but this effect was less pronounced with the pargyline
treatments. Thyroid-fed animals ate and drank avidly, while hyperthyroid

rats given either of the enzyme inhibitors seemed restrained in their
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feeding habits. Death of the MAO inhibitor-treated animsls was always
preceded by complete inanition. Mean body weights of euthyroid rats

under iproniazid medication fell steadily éspecially during the first 9
days of injection, while the body weights of similar animals under pargyline
showed either slight decreases or moderate increases. A relatively slow,
but progressive weight decline also occurred in the thyroid-fed rats after
an initial 5-day increase. Untreated animsls maintained on the control
diet showed normal weight gains, and at the end of 3 weeks weighed, on thé
average, 45 gm more than the hyperthyroid control animals. A sporadic
incidence of diarrhea was common in all enzyme inhibitor-treated rats;

it was particularly evident in thyroid-fed animals. The feces of MAO
inhibitor-treated rats were coated with considerable intestinal mucus.
Considerable blood was noted in urine samples from iproniazid-treated rats;
blood specimens contained laked erythrocytes. Iproniazid-medicated rats
regularly showed reddish-colored ocular discharges that resembled dried
blood; this effect was less frequently observed with pargyline. An ab-
normal degree of salivation occurred with both iproniazid and pargyline
treatments in euthyroid and hyperthyroid animals, but this effect appeared

more prevalent with the nonhydrazine compound.

Subacute Toxicity.—

Symptoms of iproniazid toxicity rapidly developed. In group I, given
250 mg/Kg of iproniazid daily, a few rats died on the second day of in-

jection; all animals of this group died within 8 days (Table I).




[Teble I Here]

The lower dose of iproniazid (175 mg/Kg) was considerably less toxic. The
feeding of 2 % desiccated thyroid concurrently with injected iproniazid at
both dose levels (groups VII and VITII), however, hastened their deaths

3- to h-fold. Although the feeding of thyroid alone (group VI) or the
administration of pargyline at 10 (group IV) and 25 mg/Kg (group III)
alone caused no fatalities, the concurrent administration of both thyroid
and MAO inhibitor (groups IX and X) resulted in the deaths of all animals

within 15 days.

Histopathologic Studies .-

Livers removed from rats which had received iproniazid for 21 days showed
small superficiel lesions. The kidneys of these animals appeared abnormally
dark red in color; spleens, on the other hand, were &lmost black. Histo-
logic examination of these organs revealed hepatocellular damage, renal

tubule necrdsis, and considereble erythrocyte fragmentation in the spleen.

Rats sacrificed after 21 days of pargyline dosing exhibited none of these
tissue changes; several of the spleens in these groups, however, appeared
abnormaelly dark red in color. Tissues from thyroid-MAO inhibitor-treated

animals were not examined.




Table I

Subacute Toxicity in Rats of Desiccated Thyroid, Iproniazid,

and Pargyline, Alone and in Combination

Daily Intraperitoneal Dose
Group of MAO Inhibitor (mg/Kg) Diet Deaths
I Iproniazid PO, Control All within 8 days
250
II Iproniazid Poh Control 2 within 21 days
175
III Pargyline HC1l Control lfone
25
Iv Pargyline HCl Control None
10
\'4 None Control None
VI None 2 % Thyroid None
VII Iproniazid PO, 2 % Thyroid All within 2 days
250
VIII Iproniazid PO), 2 % Thyroid All within 6 days
175
IX Pargyline HCl 2 % Thyroid All within 14 days
25
X Pargyline HCl 2 % Thyroid | All within 15 days
10
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Blood Pressure and Urinary Dopamine Studies.=—-

The normal, mean systolic blood pressure and standard deviation (S.D.)
of the 60 rats were calculated to be 110 + T7.66 mm Hg. Confidence limits
(99 %) of 107.4-112.6 mm Hg were calculated for the true mean in the un-

treated rats.

It can be seen from Figures 1-I that a slight time factor exists in the
response to drug or thyroid treatments. Moreover, most animals in the MAQ
inhibitor groups did not show synchronous changes in blood pressure so that
the intragroup variability, for any given day, was. generally more marked
than that observed in control or pretreatment periods. Therefore, the
following very conservative statistical procedure and reasoning was adopted:
the S.D. of the mean of a sample of 6 animals, drawn from the same popu-
lation as the 60 control observations, would be the S.D. of the general
population divided by the square root of 6, i.e., 2.4495. Any mean of a
sample of size 6 that differed from the population mean by more than 2.58
times the S.D. divided by 2.4495 would be significantly different at the

1 % level. When,.as in the present situation, the true S.D. is not known,
the estimated value (7.66 mm Hg) may be used if the normal distribution
critical value of 2.58 is replaced by the critical value of Student's "t"
with the appropriate number of degrees of freedom, i.e., d.f. = 59;

"t" = 2.660. Thus, making the conservative assumption that the true mean
is as likely to be at the upper boundary‘of the confidence interval as at
its center, any mean of a sample of 6 that lies outside the calculated con-
fidence interval by more than 2.660 times the S.D. divided by 2.4495 is

significantly different from the true mean of the control population,



-10-

at the 1 % level, if indeed the confidence interval does contain the true
mean. Since we have 99 % confidence that it does contain the mean, we can
say with not less than 98.01 % confidence that any such outlying small
sample (6) mean comes from a population other than that of the untrested
rats, and is, therefore, a true difference. Applying these calculations,
98 9 "ecriticel limits" were determined for the control mean blood pressure

and are represented by the continuous, horizontal lines in Figures 1-k.

The 24-hour pooled urinary dopamine concentrations of the nonmedicated
controls (group V) were estimated on days 8 and 15; these quantities were
found to be 362 and 475 jg/l of urine respectively. In our laboratory,
these amounts are considered representétive. The mean arterial blood
pressures taken on these same days were 110 + 8.5 and 112 + 7.9 mm Hg

respectively.

As shown in Figure 1, iproniazid at the 175 mg/Kg daily dose level (group

II) uniformly caused statistically significant pressor effects after day 1.

[Figure 1 Here)

Blood pressures continued to rise until day'S when they plateaued. On
days 9 and 10, the systolic pressures fell precipitously and, except for
a rise on day 11 of treatment, became rather erratic and remained only
barely sbove or within normotensive levels for the remainder of the treat-

ment period. The urinary dopamine level for this same group was almost
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twice the normal on day 8. On day 15, where the mean blood pressure, sur-
prisingly enough, was almost normal (116 + 27.0 mm Hg), the excretion was

approximately 5 times greater than customary.

The blood pressure effects of pargyline at the 25 mg/Kg daily dose level

are shown in Figure 2.

[Figure 2 Here]

In contrast with iproniazid, pargyline produced an initial, transient
hypotensive effect that reached a maximum on day 3. After day 6, mean
pressures rose for 3 days and attained a mean peak of about 155 mm Hg on
day 9. Pressures fell on day 10, but they stabilized slightly gbove
normotensive levels thereafter. At the lower dose (10 mg/Kg daily, group
IV), pargyline elicited somewhat similar blood pressure effects, but the
mean, peak pressor effect (163 mm Hg) did not occur until day 13. On
days 16 and 17, mean pressures fell to about 127 mm Hg, whereupon a
pressor effect (up to 145 mm Hg) again supervened on day 18 that per-

sistedq until the end of the treatment period.

The feeding of desiccated thyroid caused a definite, gradually developing
pressor effect first noted on day U4; peak pressures of about 160 mm Hg

occurred on day 16 (Figure 3).



[Figure 3 Here]

Individual blood pressures in this group were much less variable than in
any of the MAO inhibitor-treated animals. There was no evidence of a

return to normotensive levels while thyroid feeding was continued.

Irrespective of the pressor responses, pooled dopamine excretion values on
days 8 and 15 were 482 and 517 pg/l of urine respectively. These values

for the thyroid-fed group were not considered abnormally high.

The feeding of 2 % thyroid to iproniazid-medicated animals (groups VII and
VIIT) decimated the respective groups in such rapid fashion (Table I)
that the recording of the erratic blood pressures and blood glucose concen-

trations was made almost impossible and gave little basis for interpretation.

Figure L shows the blood pressure effects in rats treated with 25 mg/Kg of

pargyline and 2 % thyroid.

[Figure 4 Here]

It is obvious that although the variation in blood pressures among the

individual animals of the group was large, a definite pressor effect began
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after the second day and, except for a fall on day 9, was maintained until
day 12 when the blood pressures of the surviving animals of the group fell
sharply thereafter to normotensive or slightly hypotensive levels. No
evidence of any initial transient fall in blood pressure as in éhe pargyline-

treated rats was detected.

The collateral treatment of rats with 10 mg/Kg of pargyline and 2 % thyroid
gave effects roughly equivalent to the higher dose of pargyline and thyroid
feeding. The peak mean pressure occurred on day 6 and thereafter fell
slowly, but erratically, to a minimum of 88 mm Hg on day 12. The blood
pressures stabilized at sbout 105 mm Hg thereafter. The entire group died

between days 14 and 15.

Fasting Blood Glucose Studies.-—

The blood glucose mean and standard deviation of the 60 control measure-
ments were calculated to be 104 + 11.20 mm %. Confidence limits (99 %)

of 107.9-100.1 mg % were calculated for the true mean in the untreated
rets. Employing the same statistical reasoning as adopted for the blood
pressure studies, the 98 % "critical limits" were determined for the
control mean and are represented by the broken, horizontal lines in Figures

1-kL.

As readily evident from the figures, 3-week daily treatment with either
one of the enzyme inhibitors and/or desiccated thyroid generally failed
to statistically modify mean blood glucose concentrations although fluctu-
ations did occur; only in those animals near death from MAO inhibitor

treatment did the concentrations fall.
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DISCUSSION

Although not quantitated, both hydrazide and nonhydrazide MAO inhibitors

in the doses employed did not eiicit any gross evidence of hyperexcitability
or an increase in general random motor activity. Certainly one explanation
for the generalized depression of activity may be simply a reflection of
subacute toxicity. The hyperirritability of the hyperthyroid rats, as

well described by a number of other workers (French, 1912; Watanabe and
Nomura, 1937), was completely reversed in those animals receiving both
thyroid and an MAQO inhibitor. The somato-motor weakness and sluggishness

of these animals most likely is a reflection of gerneral apathy and an

index of an accelerated toxicity in animals whose general metabolism has

already been seriously disturbed.

The general increase in food and water intake of the thyroid-fed rats,
irrespective of their hampered weight gains, agrees with the reports of
Carlson et al. (1912), French (1912), and Barker (1951); these effects
are undoubtedly accounted for by an increased metabolic rate and the con-
stant need to satisfy such a demand. No doubt the collateral use of
vitamins A and D offset, to an extent, some of the adverse effects of
high doses of thyroid. The exaggerated weight decline in the animals
dosed with both hormone and an MAQ inhibitor is most likely a nonspecific

symptom of drug-induced toxicity.

The diarrhea noted in almost all thyroid-fed rats is a commonly observed
untoward effect (gastrointestinal hypermotility) in thyroid-sensitive

animals (Carlson et al., 1912; French, 1912). The marked diarrhea in
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the MAO inhibitor-treated rats is difficult, however, to reconcile with
the frequently reported constipating effect of iproniazid in man (0'Connor
et E&" 1953; Alexander and Berkeley, 1959; Weiss et gl., 1959). The
elimination of fecal matter coated witﬁ mucus was also a common finding

in the iproniazid- and pargyline-medicated rats. Hypermucosity has been
reported with the clinical use of other MAO inhibitor antidepressants
(Sainz, 1959); this side effect in both man and rat may bossibly indicate

incipient gastroenteritis.

Hematuria and the presence of laked erythrocytes were commonly found in
blood samples from iproniazid - but not pargyline-treated rats. The
hemolytic effects of hydrazine and its analogues are well-documented,

and the above toxicity we observed may be related to the hydrazine moiety
of iproniazid. Hemolytic anemia has only rarely been reported to occur
in man (O'Connor et al., 1953) with iproniazid use. Moreover, histo-
pathologic studies in other rodents medicated with relatively high doses
of hydrazides have shown signs of increased erythrocyte destruction, as
evidenced by hemosiderosis of the kidney, liver, and spleen, and hyper-
emia or darkening of the latter organ (Benson et al., 1952; Zbinden and
Studer, 1959). These reports, the hemolysis noted in our study, and the
reported hepatic and splenic accumulation of iproniazid after parenteral
administration (Koechlin and Iliev, 1959) may explain the organ darkening
and injury observed by us. The lack of gross hemolytic changes with
pargyline contributes presumptively to the impression that such toxicity
is most probably due to the hydrazine moiety of iproniazid. A rather
singular toxic effect was the reddish ocular discharges (chromodacryorrhea-

like) that occurred with subacute administration of both iproniazid and
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pargyline. The only comparsble effect, known to us, is the report of an
ocular discharge of a porphyrin-like material in rats given subacute doses

of etryptamine acetate, & new indole MAO inhibitor (Gray, 1961).

‘The rapid onset of iproniazid toxicity was not particularly surprising

as the intraperitoneal doses used were very high. What was unexpected,
however, were the rapidity and high incidence of fatslities in the simul-
taneously enzyme inhibitor- and thyroid-medicated rats. The administration
of desiccated thyroid or thyroxine is known to modify the susceptibility

of animals to the toxic effects of a number of drugs. Although large

doses of thyroid may. produce liver damage (Barker, 1951), the rapid onset

of toxicity and high incidence of fatality in those animals receiving

either one of the synthetic MAO inhibitors and thyroid seems to imply that
the metabolic effects of the latter accentuate the direct, subacute toxicity
of large doses of the antidepressants. This assumption is further strengthened
by our previous findings that hyperthyroidism increases the acute toxicity
of pargyline in rats (Carrier and Buday, 1961). Whether these toxic effects,
acute or subacute, are in any way related to a combination of the in vivo
MAO inhibitory effects of thyroid hormone and the synthetic enzyme in-
hibitors with a resultant elevation of catecholamines (ILeduc et al.,

1955; zile and Lardy, 1959) or serotonin (Put and Hogenhuis, 1962), no
conclusion can be drawn at this time; further work (behavioral and enzymatic),
however, is in progress to study these possible causal relationships. In
any event, the stress of impending thyrotoxicosis in the MAO inhibitor-
treated animals in our study may, in some superficial fashion, parallel

the clinical reports of a pharmacotherapeutic incompatibility during
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simultaneous medication with thyroid extract and irreversible MAO inhibitors

(Bailey et al., 1959; Kline, 1961).

The blood pressure responses to prolonged administration of both iproniazid
and pargyline showed large variations and may be explained on the basis of
oscillating responses and the small sample size. Because of the great

dose difference between iproniazid and pargyline, little comparative
importance can be given to the latter drug's minor primary hypotensive
effects. What is perhaps of some importance is the fact that a pressor
effect induced by repeated dosing with both drugs did occur. Hypotension

is a common side effect during protracted medication with the MAO inhibitors
and when given acutely to animels in relatively low doses (Cahn and Herold,
1962). Single, massive parenteral doses of iproniazid, however, cause &
rise in rabbit blood pressure (De Palol and Lemberg, 1962). Dopamine, the
biqgenic precursor of norepinephrine and epinephrine, is a weak pressor
material in the rat (Vogﬁ, 1959). Its metabolism is reduced or blocked

by MAO inhibitors (Horwitz et al., 1962), and we speculated that the
pressor effects persisting from the second to eighth day with iproniazid
dosing might be correlated with the urinary excretion of the catecholamine.
No such correlation was able to be made, however. Dopamine excretion
values were elevated approximately 100 % on day 8 when the mean systolic
blood pressure was some 55 mm Hg above the normal, but on day 15, when
dopamine excretion values were increased sbout 400 %, the mean blood pressure

was within normal limits.

Hypertension is a frequent concomitant of clinical hyperthyroidism (Logan,
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1930). In rats, thyroxine-induced hypertension was explained by Samiy (1952)
as due to an altered receptor sensitivity to dopsmine. Dopamine excretion
was not significantly elevated in our thyroid-fed rats, however, and hence
the pressor effects in the hyperthyrold rats may have no relationship to
this catecholamine. Purthermore, hyperthyroidism inhibits hepatic dopa
decarboxylase, the enzyme responsible for the rapid conversion of 3,L4-
dihydroxyphenylalanine (dopa) to dopamine (Clark, 1959). Considering this,
and the avidity of MAO for dopamine, it is tempting to speculate about

these mutually antagonisfic properties of thyroid hormone on those enzymes
playing a significant role in the biotransformation of dopamine and the

reason for the normal dopamine excretion values in hyperthyroid rats.

Whereas the daily injection of pargyline alone uniformly elicited a slight,
primary depressor respbnse lesting as long as the fourth aay of medication,
the administration of pargyline to thyroid-fed rats obliterated this
initial effect; a pressor effect was evoked as early as day 3 and although
temporary, the pressor effects were somewhat greater than that with either
hormone or drug given alone. The‘sudden and precipitous fall in blood
pressure occurring on days 11 and 12 in those groups (IX and X) receiving
both pargyline and thyroid cannot be readily explained. Certainly cardio-

vascular collapse, a prelude to death, is a possibility.

Parenteral administration of hydrazine sulfate in large doses elicits hypo-
glycemia in animals (Underhill, 1911), and clinical reports of diminished
blood glucose levels during iproniazid therapy have been published (Weiss

et al., 1959; Aksel, 1960). Contrary to expectations, however, no statistically
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significant blood glucose changes occurred with iproniazid; no significant
changes occurred with pargyline. Similarly, thyroid feeding elicited no
blood glucose changes in rats; ordinarily the feeding of large quantities
of thyroid to dogs and rats (Houssay, 194k) or hyperthyroidism in man
(Geyelin, 1915) results in a definite hyperglycemia. The reason for our

inability to duplicate these effects in our study is obscure.

SUMMARY

Daily intraperitoneal injections of massive doses of iproniazid rhosphate

and high doses of pargyline hydrochloride for as long as three weeks markedly

reduced the general motor activity and body weight of male rats. Both of

these effects, the general malaise, and the incidence of mortality was

increased by the daily feeding of a high concentration of desiccated thyroid.

Limited gross and microscopic studies showed that iproniazid (175 mg/Kg
daily) caused hepatic, splenic, and renal injury, and hemolysis. Pargyline
(10 and 25 mg/Kg daily), other than causing splenic darkening, showed no

comparable effects.

Although exhibiting large fluctuations, systolic blood pressures rose
rapidly, but only temporarily, in iproniazid-treated rats. Significant
pressor effects in pargyline-dosed rats began only after T days. The
collateral feeding of thyroid to pargyline-treated animals accelerated the
onset and accentuated the pressor effects. The feeding of fhyroid alone
elicited a slowly developing and uniform pressor effect. ILimited dopamine
studies in normel, iproniazid- and thyroid-medicated rats showed that there

was no apparent correlation between the pressor responses and the excretion
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of dopamine. No significant changes in fasting blood glucose concentrations
occurred during subacute administration of the MAO inhibitors or thyroid

alone, nor when the treatments were concurrent.
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