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hibition (HI) ,  and gel-diffusion. The HA 
reactions in general were quite spedic, al- 
though cross-reactions were observed. The 
extent of cross-reaction was greater with B 
antitoxins and A botulinal toxoid-sensitized 
red blood cells. The different antitoxins be- 
haved similarly in H I  and gel-diffusions, 
though the reactions of the NCDC and Inter- 
national antitoxins were weaker than those 
of rabbit antitoxins in gel-diffusions. Hemag- 
glutination inhibition and gel-diff usion reac- 
tions with ~bxic  cultures suggested that the 
in vitro specificity of the A toxin-antitoxin 
did not involve neutralizing antibodies. Hem- 
agglutination inhibitions and geldiff usions 
with B toxins did n d  resolve the question 
of the involvement of neutralizing antibodies 
in in vitro specificity, since fairly toxic cul- 
tures inhibited HA and formed bands believed 
to *be associated with type specificity, whereas 
a virtually non-toxic B culture neither in- 
hibited HA nor formed a line of identity with 

the type specific systems in geldiffusion. 
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Thyroid State and Vascular Reactivity in Rats.* (32589) 
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The assumptian that changing the thyroid 
state alters the responsiveness of the organism 
to catecholamines has been prevalent for many 
years ( 1 ) . Alrrterial blood pressure studies have 
suggested that the vascular responses to 
catecholamina, and perhaps to other agents as 
well, are d a n c e d  by hyperthyroidism and 
diminished in hypothyroidism( 1,2). H o m e r ,  
recent reports indicate that the responsiveness 
of myocardial and vascular smooth muscle to 
catecholamines may not always be augmented 
by hyperthyroidism in dogs (3,4). 

The following studies describe the effects 
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of altered thyroid state on the sensitivity of 
rats to the vasoconstrictor actions of nor- 
epinephrine and angiotensin. Changes iln 
vascular resistance, independent of changes in 
systemic arterial blood pressure, were es- 
timated usling an auteperfusd hindquarter 
prqxra t ion. 

Materials and methods. Male Sprague- 
Dawley rats (initially weighing 2 0 0  to 250 g) 
were used in this study. Hypothyroidism was 
produced in 9 rats by radiothpidectumy 
(850 ,pc Na1131 I.P.) at le& 2 weeks prior to 
the experiments. These rats were fed a 
Rmington iodine deficient diet for 1 week 
prim to radiothyraidactmy and F’unina Lab 
Chow thereafter. Rats of other groups were 
similarly fed the iodine deficient and then the 
standard diet. ,4t autopsy, no functional 
thyroid tissue could be detected histologidly 
in these animals. Hyperthyroidism was in- 
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duced by 12 to 16 daily injections af L- 
thyroxine (100 pg/day, S.C.). The average 
increase in basal metabolic rate in 6 represent- 
ative hyperthyroid animals (3 different deter- 
rnimtions) was 27%. The average daily 
wdght loss of each of these rats was 4 g. 
Euthyroid rats were given the solvemk in the 
same manner as those receiving thyroxine and 
gained, on the average, 3 g per day. 

Each rat was anesthetized with pentobar- 
bital sodium (60 mg/kg, I.P.) and the trachea 
was cannulated. A segment of abdominal a& 
was isolated, cannulated, and the hindquarten 
perfused with Mood using a finger pump 
(Harvard, Model 500-1200) by the method 
described by Brody et aZ(5). 

In this procedure, blood was passed from 
the centrally cannulated aorta through rthe 
pump and returned to the aorta at constant 
flow. Perfusion pressure, measured distal to 
the pump, was adjugted Ito be approximately 
equal to systemic aortic pressure. Drugs (0.05 
ml) were injected into the perfusion stream. 
Pressures were measured with Statham 
P23Db transducers coupled to a Orass Model 
7 polygraph recorder. All drugs were prepared 
in saline. Angiotensin was obtained in am- 
mercially available form (Hypertensine, 
Ciba) . 

Statistical analyses were performed by 
standard methods(6) using the program 
EXBIOL(7) at the Common Research Com- 
puter Facility.$ 

Results. Relationship of perfusion pressure 
to  vascular response. The mean mntic blaod 
pressures and perfusion pressures determined 
in ~ t s  from each thyroid-state group are il- 
lustrated in Fig. l. The perfusion pressures 
were slightly lower than the corresponding 
aortic pressures in all cases. The aortic blood 
pressures, and hence the perfusion pressures, 
were significantly higher in hyperthyroid and 
lower in hypothyroid rats than in eukhyroid 
animals. Linear correlation analysis indicated 
that angiotensin and norepinephrine-induced 
vasoconstrictor responses (increases in per- 
fusion pressure) were directly related in 
magnitude ,to the level of perfusion pressure. 
The vasoconstrictor responses elicited by 
angiotensin and norepinephrine were therefore 
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FIG. 1. Initimal s.ystemic aortic blood prassw 
measured proximal to the perfusion pump (sdid 
bars) axxi initial hindquarter perfusion pressure 
measured distal Do the pump (light bats). Bars reg- 
resent group meam of: n o d  = 9, hyperthyroid 
= 11, hypothyroid = 9 rats. The vertical T a r s  
represen( standard errors. 

adjusted by analysis of covariance to r e m e  
the influence of initial perfmion pressure. 
These adjustted responses were used for sub- 
sequent comparisons. 

Responses to trasoactive agents. The linear 
relationships between increasing dwes of 
norepinephrine or angiotensin and the vas- 
cular resistance of hindquartm preparations of 
eu thp id ,  hypdthpid, OT hyperthymid r& 
are illustrated in Fig. 2. A regression equation 
for each log dose-effect curve was calculated 
and the dose needed to induce a designated 
mm Hg increase in perfusion pressure (ED) 
was deknnined fnrm the equations. Paraan- 
e t a  related to these calculations are sum- 
marized in Table I. The slopes of the curves 
obtained with angiotensin or with norepi- 
nephrine from euthyroid, hypothyroid, or hy- 
perthy-roid rats were not significantly dif- 
ferent from each other. However, norepineph- 
rine dose-effect curves were steeper in all c i r -  
cumstances than those obtained w i h  an- 
giotensin. Angiotensin and mrepinephri~lle 
were more active in hypothyroid than in eu- 
thyroid rats as &awn by the dose-effect 
curves m Fig. 2 and the ED values in Table I. 

The responses from euthyroid and hyper- 
thyroid animals treated with angidtasin oa; 
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FIG. 2.  Dose-effeot curves relating perfusion pressure i n c m  t o  log doses af ncr rephqhke  

or angidensin. The v e k a l  lines at each point represent standard e m s .  me perfusion pressure 
responses were adjusted to la common initial p e r f e n  pressure by analysis of covariance. 
Normal = 9 &, hyperthyroid = 11 rats, hypothyroid = 9 ruts. 

norepinephrine were not significantly different sure were also compared, but nat tabulated in 
(P>O.OS), although the data suggests that this report. The unadjusted responses of 
the hyperthyroid rats were less responsive to euthymid, hypothyroid, or hyperthyroid rats 
norepinephrine than controls. The vascular to angiotensin were not significantly different 
responses to norepinephrine or angiotensin be- (P>O.OS) . Norepinephrine was mwt active in 
fore covariance adjustment for perfusion pres- hypothyroid preparations although the &f- 

TABLE I. Summary of Data Used to Estimate Vasoconstrictor Potency. 

Thyroid state vaso- 
conetrictor Parameter Euthyroid Hypothyroid Hyperthyroid 

~~~ ~~ ~~ ~~ 

Angiotensin Dosage range (pg) 
No. observations 
Regreasion coefficient 2 SE 
ED,, ( p g )  with SE range 

Norepi- Dosage range (pg) 
nephrine No. observations 

Regression coefficient f SE 
ED, (H) with SE range 

~~ 

0.0 0 *5-0.08 
34 

10.8 2 2.2 
0.035 (0.028-0.045) 

0.05-0.8 
24 

51.7 & 8.3 
0.22 (0.18-0.26) 

~ 

0.0 05-0.08 0.0054.08 
27 33 

16.4 e 1.4 12.2 & 2.1 
O.O13** (0.012-0.015) 0.032 (0.026-0.038) 

0.05-0.8 0 . 0 . 8  
27 33 

O.ll* (0.10-0.13) 0.39 (0.32-0.48) 
72.2 & 8.1 46.1 & 7.3 

No. observations refers to number of responses used to calculate the regreeaion equation. ED, and 
ED, rafer to the doee calculated from the regreasion equation needed to induce a 15 or 50 mm H g  hcreaae 
in perfugion pressure. SE refers to staiidard error. * or ** significantly differs from euthyroid controh, 
P c0.05 and 0.01 respectively. 
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ferences were not statistically significant 
(P>O.OS). 

An additional radiothyroidectomized group 
af rats received replacement injections of L- 
thyroxine ( 1  pg/100 g bw/day, S.C.) until 
use. The adjusted vascular responses to nw- 
epinephrine were not significantly different 
from euthyroid controls. However, thyroxine 
maintenance did not alter the response of 
the athyroid rats to angiotensin and the re 
placement animals were significantly more 
responsive (P<O.OS) than the euthyroid and 
hyperthyraid preparations. 

The vasodilator responses to isoprotmenol 
and papaverine were also studied with ithe rat 
hindquarter preparation. Hypdthyroid ani- 
mals s e e d  more sensitive than euthyroid 
controls although the dilator responses were 
too small and too variable for definitive con- 
clusions. Similar studies seem indicated, using 
preparations more suitable for evaluating 
vasod;ila t i on. 

Discussion. The results of this study, when 
considered with those obtained by others, sug- 
gest that hyperthyroidism does not enhance 
the reactivity of resistance vessels to vasocon- 
strictors in certain species. Using perfused dog 
hindlimbs, Zsijter et  d ( 4 )  reported that the 
vasoconstrictor activity of norepinephrine was 
diminished in hyperthyroid animals, although 
the mpnses to angiotensin and vasopressin 
were not altered. These findings are similar 
to our results obtained with rats. Van Der 
Schoot and Moran(3) reported that the vas- 
cular response to norepinephrine was similar 
in the perfused hindlimbs of euthFoid and 
hyperthyroid dogs. 

Page and McCubbin(2) noted that sys- 
temic arterial blood pressure responses to 
norepinephrine and angiotensin were dimin- 
ished in hypothyroid dogs. In OUT studies with 
hypothyroid rats, the responses of the hind- 
quarter resistance vessels to norepinephrine 
and angiotenslin were enhanced. It is in- 
teresting that Buccino et aZ(8) reported that 
papillary MUSC~~S taken from hypathFoid 
cats were mare responsive to the positive in- 
otropic actians of norepinephrine and srtro- 
phanthidin than euthyroid codtmls. The 
responses to these drugs seemed to be re- 

duced in muscles taken fm hyperthyroid 
cats. 

Although the auto-perfused rat hindquarter 
preparation provided a31 indication of the 
vascular reactivity to vasocolnstrictm, i t  was 
quite unsatisfactory for evaluating vasodi- 
lators. Other studies on the effect cuf thyroid 
state on vascular reactivity seem indiated, 
particularly if larger animals were used and 
specific regional vascular beds were studied. 
Less surgical trauma would be involved if 
non-cannulatillg electromagnetic flow sensing 
devices were employed. Vasodilatars such as 
isoproterend should be further studied and 
the effect of thyroid state on the sensitivity 
of specific adrenergic alpha and beta vascular 
receptors better defined. 

Sumrrtary. The sensitivity of resistance 
vessels to the action of norepinephrine d 
angiotensiin in hypothyroid, hyperthyroid, and 
euthyroid states was determined using auto- 
perfused rat hindquarter preparations. lrhe 
vasoconstrictor responses were adjusted for 
perfusion pressure using analysis of co- 
variance. Hypothyroid animals were more 
responsive to the vasoconstnictors than eu- 
thyroid controls. The responsiveness to an- 
giotensin was unaltered in hyperthyroid rats 
but the sensitivity to norepinephrine was 
slightly reduced. 
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