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D iv is ión  [U(h}iii>tuc:i XueL-nr,  M n c m n n l  d e  E n e r g ía  A t ó m i c a  ( C S K A i ,  nncf  C vn iro  d e  E s tu d io s
F a r m a c o ló g ic o s  y  d e  I ’n n c i p i v s  X  ti tu  m i e s  ( C E F A F R I X ) ,  H u c n o s  A i re s ,  A r g e n t i n a

A!iSTHA(.vr. T h e  role of the  ¿*vn->p¿ith*• í n e r \ o u s  svsfem  in 
the control of the Koiíim’etu'* respondo was t 'xanm w d in ndutl 
malo ffif5 s i th jeu ed  to super ior  corva al K.nmiionectornv \S('('i.x> 
7 cay* earüvr. in the  íir>f e<p'rii::etit .  super io r  eervicnl ^anuíi- 
ciifctofnizi-ci (SC(«\) or s ham -one ra ted  am uia is  wero t r e a ’ed 
v i t h  the goi tro^enu'  a ^ n t  met hviim 1 eapiou'i ina/.o le < M MI i íor 
i  d jv s , and  the ir ihvroid  wcivhts and plasma ’i 'SH .veré
m easured  Afte r MMJ a d m ir^ -m u io n .  the  im r e a s e  m th \ r o id  
w-¡t hl v.íts si^iiifiraiHlv ^rea le r  m SCtíx  th a n  in s h am -op e ta ted  
raU. T ho  plasma 'i S i { mereases  a u e r  M M ! were  similar  m hot h 
groupn. T o  m íe  cuit the  po.vsiUe un\iiv< n:ent o- the pineal uland, 
M M l  tr eu ta ien t was . \ i rn ed  out m ra¡s Mihjei' tod to  pinealec- 
to:ny or sh am  pm ealee ton .y  ? davs  eariu-r. T h \ : o u i  wei^hfs ¿me* 
p i n i n a  T'-’H levels al'tei pinenleetomy were  not d d íe r e n '  tro ni 
conWüls in v th i ik -  or  M M l - t i t a ( e d  r.-ts In a thi rd  experirnent, 
the  ¿oitroRenic r ó s e n s e  to T S H  was a>*sessod in SCGx or  shan;-

o p era ted  rnts; the  thyro id  weicht of  SCGx u n ir ía is  incrensed t v 
T‘Jr«' af ie r  T S í I  t r ea tm en t  compf'.rcd u> a 'M>'* in r rease  in ihe  
control* iP  <  i)n i ) .  Seveii davs aftor  M ’tix  i ¡ í j •. i r  i c i i n o ineor- 
puraU on into thvrou l UNA iiv.Ti'j^rvl sicn j lu 'an’ ty l-y aml 
•I weoks aí 'ter SCtlx .  sponta-ienit^ ' .leveluped. l?-!oid ¡Inrv.
csttniare<i from the  ut-take o í  a tracvr d-.'sc v f  " '\ \h  dv« 'va.-* d 
si^nifH'ait’.lv in t:u* : t<> nmi ur.d pinfui ¿lanti a í ’er S( . \ix  Nnr- 
e[r,iu'phnin.'  «wui epiiU't.Uit1 ni' m the  th v -o id  i;!.aod wvre
di 'pri/ssed TO-Wi'. vsühin '.'A h a ú e r  S f í l x ,  w.Mereas <lfipanufsr.* 
ievfls  rem ained unal tered . An inereace ir: rhe nun ih er  ut r«- 
acireííoceutur sui 's,  u-M.-wc-d t-.\- ( H j;lih\ dr íxT^i'crypi ule himhnií 
t»  thvroid  memhranes ,  was íound ui StV»x ra ' s ,  wlule tr.e 
a d r ‘.‘!Hnxptors  ía^ses^ed h>' [ I i j d ih y d r ,-*;iipreno¡<>l hi!ai¡;’.«.’ ' did 
not chance,  l ’he resulta (hat ih<* cervical .svjnpaiheUts
normallv  t'X<‘rt a lU'^aMve mll’je rn ’e en  ti .yroid funvtion in íi\c 
rat.  {K ndocrirw lv f'y  101^: L’llOC, I^oi)

K ANY rtulliors h iw f  stuiíied the  possible involvo- 
í .¡L m e n l  o f  t!u‘ sy:n¡;¡u!u-tir i u t v o u s  svstein in the 

rei;iiiat¡on of thyroici tiiiu-tion xvith contradit-tory results . 
Dopt'ndiiVí \ipon the animal spocios U'stort as woll as the  
cxpenint 'tUnl ap)i!oacli  n.-od, (‘Xoi;i'iiou.<lv inlet ted cate- 
cholamines liavo b ren  found to s ím uila le  ( i-fi), to inhibit 
(7-9), or  not to iiifhii'nce (!t)-l.'t) ¡hym ui  funclion. Com- 
pnnitively less a t ten t io n  has tu-en paid to chanites in 
thyroid  activity nftor stirnical or  c\- m ica l  rcmovnl of the 
thyro id  f,'¡and’s sy iupathe iie  inner \a t ion .  Since th is  pym- 
patlietie  innervation  i-- known to orijíitiate in the  superior  
cervical pm^Ua (SCO), ii is po.ssibie to m an ip ú la te  the 
üeuia!  injuií In a n u m b er  of sicu;\iions l>v si¡r;tit-ally 
exeisinp the  panqtia or  s t ip p n ’ssint: tlieir a t ie ren '  pre^an- 
pUonú- fibers. T h e  prvsvni s iudy  t iesenbes the  e f fe e u  of
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* This  work wj*s su^po-, bv «runt.-i trum th«> ( 'oi.M'jo Nacum ni do 
Jnve.-.ti¿::H-U'nts <’>« un. ’. - v  1'v.rR .^  K ' O M l ' r i ' !  Argentina,  

t !*n»-stitatnr. v 'ON K 'K  J’.
 ̂ l i .ves tv’ator. C’NK.A 
 ̂ líesenn-h KcHow. t'ON’l í ;T.

g CYütn» de lu"e''ti»,,ai,,l»'iies Kndt'en!i»>)i>yie¿«.\ {Hu nos Aires, 
í  d e n t r o  dv Medicina N uí 1; ar.  Univers idad do JUienos Aire».

supe r io r  cervical ganglionectomy (SC G \)  on various af- 
peets  of' thyro id  t’unelion. inf!iu}Í!ig i he  couro^enic  r t -  
spor.se to mcthyiii icrcaptoimida.roif (MM Í),  T S i l ,  ÍÚ \A  
syntlu 's is.  u* anti /J-adrenoceprors, and  catechohun ine  
co iuen t .  T h e  residís ohta ined  s ú b e s e  ih a t  the syiupa- 
tht.'tic ncrvons systoin exerts ar  ̂ inh ib i to ry  iniluence on  
thvroiri aetivitv in ihe  rat.

M a t e r i a l s  a n d  M c t h o d s

A  n irna ls

AduU ni;\U' Wistav r» ts  v e r é  k e p t  in n liuhrcd
eiiv i ro n m en t  he t \ seen  t ) i r  h daiiv  nnd  w<.re pivj'ti ae ro  •'•i 
to l ’ii r ipa c h o w  nnci wní»*r a d  ¡ibitu/t:. SC ' ix. n in ^ a le r to m y .  or  
yhnni j p r r n t i o p s  w»*re p e r fo n n o d  unejer liaht c t h e r  anosrhi/si:*.. 
a s  dos 'Mibod previousiy  (M 15) A n im á is  r e l a m e d  a r t iv i ty  
w i th i a  10 o r  20 n ú n  a t t e r  suruerv .  a n a  Uvrt? w as  i'ío ni»>ri;\htv v̂ r 
h rn tn  darnngo (as in s p e r ted  m ncroscop ica l ly  w tv ’ii tiu* a n u n a i^  
wcrt* kiHod) piodvicod by th e  p incn icc íon iv  procedurt».

( io iter  proiluctum

U b ( s  w ere  í’ ivort four r o r i M ’c u f i v » ?  dai lv  ip ín jo r t ions  o f  -1 m c r  

M M I  d i lu te d  iu ().”> tnl salino, ín ioc t ions  w< r<? s ta r to d  at dií foront 
fimcjí pos* npe rm io n .  ' l \ v r n i y ‘fi»ur h o u ts  aí>»»r t ! ; í > t  M M Í  
ín jec t ion ,  th e  uuiuui. s  w cre  k\tL\S, au d  ú \v  th y r o i d  g u m l s  \wre .
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carefullv dissected f.nd wei^hed.
ln a n o ih e r  serie? of experimonts, the rata were injected se 

with 100 m l ' / d a y  T S H  (N1H-139) for 4 daya,

*7?¿> uptake

T'vo mininos nfter iv injection in the  ju b i l a r  vein of 1 ¿iCi 
^ R b  d i s o lv e d  in 0.2."> mi sanne. nuiioisotope uptake was detor- 
mined as an estunation oí the poreent chance in blood How 
iaust*<l by SCVix (16). Thyroid and pineal j:land> as well as a 
biood sam ple  were rapidiv obtumed, and their radioactivity was 
m easured  in an Automatic y-spectrometer.  Results were ex- 
pressed as thyroid to biood or pineal to blood radioactivitv 
ranos. In a piiot expenm ent,  a platean in '"Rb uplake  was 
reached l min a í ter  injection which persisted for at least 1 min.

[ 3H / l ’n d in c  incorporarían in to  R N A

T h v ro id  UNA synthesis was estimated from ['’HJuridine in* 
Corporation into RNA. Kach lube was sliced with a razor blade 
and incubated  in Krebs-Rinner bicarbonate-tducose at 37 C 
underVKYí O.-.Ve CO.>. A lte rco  min, a tracerdose  oí [ 'HJuridine 
tJ.V'M juridine: 28.3 Ci/mmol)  w;*s added (usually 3 /iCi/ml),  
and the  incubación was continuad for 60 min. T he  glands were 
carefullv washed with coid satine and homogenized in water  
wuh an ail-ulass motor-driven l ’otier-Klvehjem-type apparatus. 
RNA w as extraeled according to the m ethod  of M unro  and 
Kleck (17). as described for the thyroid (18).

C atecholam ine assays

T he  norepinephrine, epinephrmo, and dopamine contenta  of 
the thvroid idands were measured by a radioenzymatic proce- 
tíure (10‘. iineflv. the  iliyroids were homogenizcd in 0.3 N 
perchloric arid. the homo^en/ite* were centrifu^ed, and aliquots 
oí the supe rna ian ts  wcu- incubated at 37 C for 60 min with a 
nvxture eontaimn<¿ T ri>H C l-K liT A  buffer, p l l  9.6; Mg Cl2; 
parnaiiv purifivd cateehol-()-melhvUransferase, and S-[1H]ad> 
9fivs\ inuthione. The tn t ia íed  CMnethyl ca techolamine deriv- 
anves w ere ext ractcd into toluene-isoamyl alcohol (3:2, vol/vol) 
and subu-cted to tnin laver chromatography usinjí the solvent 
sv ' te in  chlorofomi'e tlianol-eihylamine (16:3:2). Hadioactivitv 
u ;í > m easured  by liquid sciníillat ion spcctrometry a í ter  scraping 
oft ihe corresponding chromatogram zones into vials. Meta* 
nephnne  and normetanephrine w*>re oxidi/.ed with sodium per* 
kxiate to  [ ’i l jvaniiim and extracied into lohiene-üm nifm or  
before counting.

Adrcnoccptor■ oinding assays

Bindin.ü studies on thyroid adrenocepíors were carried out 
arrordinp  to s tandard  procederes (20). a- and /vadrenoceptors  
were assaved u.'ing f ’H ]<lih\'di oer^ocryj)tine ( ( ' i í j l )H K . 2 .*>. 7 
C) m m o l» and ( I i jdihydroalprenotol hydiochioi ide (I ' i l  ]l)H A, 
511 ( ’i, mmol) bindinj,7 to crude 1‘.. pellets. respectively. 'I‘he 
ñr.al pellet was resuspended in 75 rnM 'J'ris-Hí'l buffer, pM 1A , 
coriiaimnj: 25 niM MpCI-j. I’hentolamine and propranolol were 

as competi tors ior <*- an(i /^-adrenoceptur bimbn^. respec- 
tively. In each experiment.  a paridle! series of blank prepara- 
lioná was run  as controís. Incubations were carrieti out under

optimal conditions (30 min at 2.r> C for «-adrenoceptors; 10 min 
at 37 C for /í-ndreno< t-ptors). Si-paration of free from bound 
Ij^and was achíeved by rapid tdtra tion throu^h W hatm an  GFB 
jjlass tiber  lilters (W haiman, Inc., (' iitton, NJ).  winch in the 
case of l H |Dl IK binduu: Mudu*s '•sere preMtaked in coid bviffer 
contamina 5 niM liopanune, 1 ipm pyrocatechol.  1 iiim pyrogal- 
lol, 0 l'f ascorbic acid. and O.Ti albumin. Aíter  washinj; with 
10 mi Jco-cold luitier, the radio.tctivity left on the fdter was 
m easured  l)v Ihjuui scintillation spet trometry. In all of the 
exper imenta,  the d iüerem  e bet ween t he total radiohgand bound 
and the total radiulii:and bound m  the presente  of 10 ;»M 
conij>etitor tnonspecific bindin^) was taken as the ainount of 
specific rudioUpuid bindir*';. Ivpnivbvimn bindinj; constanta 
were calculated by Scatchard  anal>sis a í ter  the transformador) 
oí da ta  (20).

D vtcrm ina tion  o f  p la sm a  T S H  levet

l int plasma T S H  concentrations were measured by RIA 
usiatf a double antibods procedure /md reagents provided by 
the Kat l ’i tuitarv  Hormone Distr ibution Tro^ram (N1AMDD). 
Uestilts are expressed as nano^rams of  ' rSU-H P*l per  mi 
plasma. 'I 'he assay sensit ivity was 10-20 ng.

S tu tis tic a l a n a ly s is  o f  the  da ta

Hcsults from the experimenta on the effeets of SCGx or 
pinealectomy on the ponro^enic responso were analyzed by & 
factorial analvsis oí vnriance. followed by a modiñed t test  (21). 
lañe slope and intercepts of Scatchard analysis of equil ibrium 
bintlmg constants  were calculated by re^re.^sion atialysis, íol- 
lowed by an analysis of covaiiance (21). Kesults derived from 
the experiments on M'Hl) uplake, catecholamine levéis, and 
U NA synthesis were analyzed by S tu d en t ’s t test.

Rcsults

E ffe c ts  o f  S C G x  on th e  g o itro g en ic  response  to M \ ! í

R a t s  s u b j e c t e d  to  S C G x  o r  s h a m  o p e r a t i o n  7 d a y s  
e a r l i e r  w e re  t r e a t u d  w i th  M M I  for  -1 d ays ,  a n d  th o i r  
t h y r o id  w e i í íh ts  a n d  p l a s m a  ’l 'S H  leve ís  w e re  m e a s u r e d  
(Tablc* 1). S C G x  (lid no t  af fec t  a n v  o í  ih e  p a r a m e t e r s  
s t u d i e d  in s a l in o - in jc o te d  a n im a ls .  F a c to r ia l  a n a ly s is  
(S C ( íx  X  M M I )  re v e a lc d  a s i | :n if ican t  i n t e r a r t i o n  (P  < 
0.01) b e t w e e n  M M I  a n d  S C G x ,  i . c .  a í t e r  M M I  admiti ia-  
t r a t io n ,  t h e  i n c r e a se  in th y r o id  w e ig h t  w as  s ign i f ican t ly  
p r e a t e r  in s u p e r i o r  ce rv ica l  g a n ^ l io n c c to m iz e d  (SC G x)  
a n i m a l s  t h a n  in s l i a iu - o n e r a t e d  r a t s .  T h e  p l a s m a  T S H  
r e s p o n s o s  to  M M I  t r e a t m e n t  w ere  e s se n t ia l ly  s im i la r  in 
b o t h  ex{)er i inen ta l  p ro u p s .  a s  r e v e a lc d  bv  th e  a b s e n c e  o f  
t h e  i n t e r a e t i o n  s u r g e r v  X  M M I  in t h e  fac to r ia l  a n a ly s is  
( T a M e  I).

W h e n  M M I  t r e a t r n e n t  w a s  s t a r i e d  2 o r  4 d a y s  a f te r  
SC'Cix, a  t e n d e n e y  ío r  th v r o id  w oi^h t  to  be  j^renter  t h a n  
t h a t  in C on tro ls  w a s  dele r tah l t* ;  th e  d i í í e re n c c s ,  h o w c v c r ,  
d id  no t  a t t a i n  s i ^ n tn c a n c e  (d a t a  no t  sh o w n ) .
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T aü le  1. Kffect of SCGx (Kxp 1) or pm ea lec to m y  (Px) (Exp  2) on  the  
goit rogenic responso to M M l in rata

T r e a t ­
m en t

n
T h y ro id  wt, 

(mg/100 g RYV)
P la sm a  T S H  

(ng/m l)

Kxp 1
SC Gx Sal ine 7 5.78 ±  0.74 501 ±  82

M M I 8 10.07 ±  1.38 1317 ±  306

S h a m  opera t ion Saline 8 5.00 ±  0.56 492 ±  88
M M I 8 7.68 ±  0.86° 1124 ±  299

Exp 2
Vx Sal ine 6 7.73 ±  0.69 625 ±  180

M M I 6 9.67 ±  0.66 1475 ±  382

S h a m  opera t ion Saline 7 6.89 ±  0.69 685 ± 9 2
M M I 6 9.67 ±  0.66 1775 ±  584

H ats  m b je c t e d  to su rp ery  7 days  e¡irl ier  were  in jected  with  M M I (4
m g /d a y  for 4 days). Result-s are expressed as the  m e an  ± «KM. Sta t is tica l
analys is was pe rformed by a factorial analys is of var iance,  folíowed by
a  modified t  test (21).

* Significantly difft *rent from SC Gx ra ts  in jected  w ith M M I (P  <
0.01).

T a m .E 2. Kffect of SCGx on the  goit rogcnic response  to  T S H  in rat s

G roup T h y ro id wt (m g/100  g 
BW)

SCGx
S h a m  operat ion

10.1 ± 1.6 
7.7 ±  0.5

R ata  subjec ted to SCGx or s h r m  opcra t io n  7 days  ea rl ier were 
injcc tcd with  T S H  (HX) m l J / d a v  for 4 days). Resul ta  a re  expressed  as 
th c  mean ±  skm. T h e  difference be twccn th e  groups  is significan! {P  
< 0.01, by S t m i e n t s  /  test).

Effcct  o f  p in ea te c io m y  on the  g o i trogcn ic  responso  to 
M M I

R a ts  sub jected  to p inea lcc tom y or sh a m  o pc ra t ion  7 
days earlier were t rem ed  with MM I for ■! days, and  their  
thyroid  weights and p lasma T S H  levels were  m easu red  
(Table  1). Pinenlectoiny did nol tnodifv anv  of the  p a ram -  
e ters examined in saline-injected rats; the i r  responses to 
M M I t rea tm e n t  were not affected e ither,  as revealed  by 
absence of thc in ternetion  surgerv  x  M M I in the  factorial  
analysis.

Effec t  o f  S C G x  on  ¡he go itrogcn ic  responso to T S H

SCGx ra ts  w e re  mote- se ns i t ivo  to T S H  t r e a t m e n t  th a n  
their  s h n m - o p e r a t e d  C ontro ls  ( 'P ab le  2 ). Alter  th e  injec- 
t ion o f  UX) m i!  T S H / d a y  for -I d a y s ,  t h y r o id  w e ig h t  
¡nereased by 78’r in SCGx rat.s and  bv  35 'r  in Controls;  
the  d i f fe ren ces  b e tw e e n  th e  two groups was significant 
( P < 0 .0 1 ) .

Effcct  o f  S C G x  on th yro id  R S 'A  svn th cs is

Althouph SCGx did not affect. thyroid  weipht when  the  
nnimals were killed 7 days  afler  xurgerv (T ab le  1), a

significant increase in ['’H lu r id ine  ¡«Corporation in to  t h y ­
roid HNA was de tec ted  a t  this t im e  (T ab le  3). S pon ta -  
neous geiter  was apparen t  in a n o th e r  g roup  of SCG x rat« 
sub jec ted  to surgery  4 weeks earl ier  (8.07 ±  1.22 a n d  5.2¿j 
±  0.9S m g/100 g B\V for SCGx and  sh a m -o p e ra te d  C o n ­

trols, respectively; P  <  0.01).

E ffcc t  o f  S C G x  on mR b  u p tu k e  by th y r o id  a n d  p i n e a l  
glcinds

“’Rl) u p take  was m easu red  as an  e s t im a tio n  o f  the  
o rgan 's  blood llow (16). After  SCGx, a  s ignificant de- 
c rease  in tissue to blood radioact iv ity  ra tio  was de te c ta b le  
in th e  thyro id  and  pineal glands (Fig. 1).

E ffcc t  o f  S C G x  on the  con ten í  o f  no rcp in cp h r in e ,  epi- 
n cphr ine ,  a n d  d o p a m in e  in the  th y r o id  g l a n d

A tim e-course  experim en t  on the  effect of  SC G x on the  
thy ro id  ca techolam ine  c o n ten í  is show n in Fig. 2. B o lh  
n o rcp incphr ine  and  ep inephrine  reach ed  m in im al  va lúes 
24 h  af te r  SCGx and  rem ained  low for a t  least  7 days.  An 
effect of  surgical s tress  on the  thyro id  d o p am in e  c o n te n t  
was observed.

E ffcc t  o f  S C G x  on th yro id a l  a- a n d  f i-a d ren o cep to rs

T h e  effect of SCGx on a- and /?-adrenoceptors  is sh o w n  
in Fig. 3. T h e  binding s tudies  ind ica ted  t h a t  the  specific

T ab l e  3. Effect of SCGx on p H lu r u i in e  incorpora tion  in to  th y ro id  
U N A  of ra ts  sub jec ted  to su rg ery  7 days  eariier

Group H N A  svn thcs is  ( d p m /  
ug H NA)

SCGx
S h a m  operat ion

16.0 ±  4.2 
9.7 ±  2.7a

d Sigmficant ly  different from SCGx ra t s  (P  <  0.01, by  S t u d e n t ’s  t  
test).

i------- [ s w

I SCGx
THYRC ID

0
1  OZ

P IN E A L

Fig.
to SCO 
rndioact 
S tu d e n t

wUb up take  by  the thyroid  and pineal gland» o f  ra ts  s u b jec ted  
x 7 days  earlier.  Result s  are t*xpreved as  ti ssue to  blood  
ivity ratioa (mean ± s f . m ; n  -  6  in each  group*. *, P  <  0.05, by  
s t test.
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F i e .  2. T im e  course for thyroid  ea teeholamine  depíeiion a l to r  SCGx 
m  ra t s .  Kesults are expressed  as  the  m ean  ±  skv. (n “  6 in ea rh  p-oup). 
*. P  <  0.01. by S tu d e n t ' s  t test.

T in  3. Kffert of S C G x  (Gx), perfornied ? dnvs bc íore  th e  animals  were  
fcii;ed. on  the thvroid  gla nds  of adul t male rats.  o- and /? -adrenoropto is  
»  e r e  pssayed bv [ ‘H | O H K  and [ ’H jD H A  b indm r.  respectively, as 
e o s c r ib e d  in the lexí.  S en tchard  plots oí the  da ta  are shown; slopcs and 
ir.UTCepi!» were ea lcula ied  bv rogresMon analysis. '1 he maximal nuii iber  
o :  t»-fldrono< ep to is  s it es  in SCGx ra ts  (ÍHW ínn>I,'ni£ p ro te m) dilTercd 
s^rni ficaní lv  fioni t h a t  in sham -ope ra ted  Controls <4V#0 ím ol/ iug  pro te in ; 
í P  <  0.05. by analys is of convariance) .

i H J D H E  and f 'H J D H A  binding wore sa tu rab le  in thv- 
ro id  m em b ran es  from both  SCGx and sh am -o p era ted  
l a t s .  Sentchard  analysis of  the  sa tu ra t io n  curves indi- 
c a t e d  an  npparen t  single populat ion  of binding siles with 
t íissoria t ion  co n s tan ts  (K,.) of aboui 21 nM for [ ' 'HJDHK 
ar .d  10 n.M for [ ‘II ]U l !A. In the  case of o -adrenocep tors .  
K.i valúes re ina ined  approx im ate iy  unchanged  after  
S C G x ,  a ithouph the  maximal nu m b er  of binding sites 
lí'™>) increased significantly by 21'.' (P  <  0.05, by a n a l ­
y s is  of  covarian te) .  No changes in affinity or n u m b er  of 
t h v ro id  / í-ad renocep to r  si tes were  observed af te r  SCG x 
iF ig .  3).

D i s c u s s io n

T h e  m aior  findings of the  p resen t  work are: 1) the  
g o i te r  induced by  M M I or T S H  t rea tm e n t  is lnrger in

ra ts  sub jec ted  to SCGx 7 dnvs earlier  tha! that  in shatn- 
operate i i  C on t r o l s ;  2) T S H  ievels in M M I-trea ted  ra ts  
increased to the  sam e  extent as those  in vehic le-injected 
an im als  rcgnrdlcss of w h e th e r  the  ra ts  liad the  SCO 
intac! or  excised; 3) pinealectoir.y  did not afl'cct M M I- 
induced goiter or plasma T S H  Ievels; 1) UNA synthosis 
increased in ihe thyroid  g lands of ra ts  which liad heen 
su b jec ted  to SCGx 7 days earlier,  and -1 weeks after  
SCGx, sp o n ta n eo u s  goiter was observed; 5) SCGx de- 
p ressed  thvroui  ca techolam ine  levéis, increased o-adre- 
n o cep to r  sites, and  depressed  " Kb uptake.

T h e  role of the  sy m p a lh e t ic  nervous sys tem  in the  
contro l of  thvro id  function has  bcen exam ined bo th  in 
vivo  and  in vitni .  Acule  iv injection of epu icphrine  or 
n o re p in ep h r in e  to dogs (12) or sheep  (13) affccted thyroid  
blood flow without  changing labeled horm one secretion. 
In rabb its ,  a con tinuous  intusion of ep inephrine  causod 
thy ro id  vasoconstrictioti  as wcll as depression of the 
radio iodine  u p tak e  (22). A similar  decrease  in radioiodine 
u p tak e  was found in ra ts  a f te r  svstemic epinephrine  
a d m in i s t r a r o n  (7). In hum ans ,  bo th  s t im u la to ry  and  
inh ib i to ry  effeets of ep inephrine  were reported; an acute  
in jection  increased '"1 up take ,  whereas n continuous 
infusión depressed  ¡i (23). In vitro  and in vivo  exper i­
m en ta  have  show n th a t  ep inephr ine  and norepinephrine  
can  s t im u la te  (1-G), inhibit  (7-í>), or be devoid of activity 
on thy ro id  function (10-13). For example, (i /tM norep i­
nep h r in e  adtted to the  m cuha t ion  médium  of thyroid  
g 'an d s  inhib ited  T S H -in d u ccd  secretion  of thyroid  h o r ­
m ones  (9).

E xtensive  s tud ies  by M e lan d e r  and coworkers (1, 2) in 
mice have  show n th a t  ep inephr ine  and norepinephrine  
increase  tlio n u m b er  of colloid droplet.s and the  release 
of radio iodine  in pre labeled  T.,-trc;\ted animals . In mice 
n o t t r e a t e d  with Tj,  ep inephr ine  and norepinephrine  
eit l ier decreased  thyro id  h o rm one  release (1) or were 
ineffective (11). Unilatera l  st inuila tion  of t h e S C G  in T<- 
t re a te d  mice caused a significan! increase in the  num ber  
of colloid d rop lets  in the ipsilateral thyro id  lobo and an  
increase  in blood ‘"1 radioactivitv  (G). Injection of 6- 
hydroxydopam ine  increased colloid droplet form ation  
short ly  afti-r t r ea tm en t,  an effcct which d isnppeared 2-1 
h later.  C hronic  SCCíx did not a lte r  the  slope of 1,111 
release from the  giand ur.der similar experimental  con- 
d i t ions (24).

T h e  presen t  results  sugge.st th a t  the SCO of the  rnt 
norm ally  p rovides an inhib i tory  input for thyroid activ- 

. ity. T h e  injection of the  goitrogcnic agent MM I to SCGx 
a n im a ls  caused  sigmíicant increases in thvroid  weight 
con ipa red  to C o n t ro l s .  Ik -s idcs  mneivati : ig  the  thvroid  
gland, th e  SCG supplies sy n ipa the t ic  innerva tion  to ce- 
phalic  st roe  tu res  like the  pineal and  subm axil larv  glands 
(25), provides vasoconstr ic tor  control to b n u n  and  pif.ii- 
t a ry  blood vessels (26), and  Controls secretion  by the
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choroid plevus (27). Since un d e r  cer ta in  c ircum stances ,  
the  pineal gland m ay att'eci thyroid  funciion vía a n e g a ­
tivo influcnce exerted e ithe r  central ly  or  per ipheral lv  at 
thc  leve! of  the  gland (28, 12D), these  results  could be 
¡subjected thooretically to anv  of the  followmg in terpre-  
tations: 1) SCGx romoves a direct inhib i iory  signa! ex­
erted  at the thyro id  level; 2) SCGx ncts indirectly  vía a 
funetional pinealeciomv (or anv o th e r  cen tra l ly  origi- 
n a ted  phenom enon  nfU'Ctin^c T S H  release); or .'i) SCGx 
modiftes tht* sensitivity of the thyroid  gland to MNil.

A subseouent  experiment,  in which th e  goiter induced 
by M M I in p inealectomized ra ts  was indis tinguishable  
from th a t  found in sham -opera ted  animals, suggests (h a t  
the  pineal gland was not involvod ¡n the  observed p h e ­
nomenon. A possible centra l  nervous sys te in  m echan ism  
affecting T S H  reiea.se could be also ruled out, since 
p lasma T S I I  levels were the  sam e  in M M l- t re a ted ,  SCGx, 
or  M M I-trea ted  control ra ts  as well as in M M I-trea ted ,  
pinealectomi/.ed, or  M M l- t re a ted  and sham -pinealec-  
tomizcd rats. In addition, SCGx a ppea red  to exert its 
progoitrogenic effect. even in the  absence of M M I, be- 
cause  T S H  t rca tm en t  of d enerva ted  ra ts  also resulted  in 
g rea ter  iban  norm al thyroid  weight com pared  to simi- 
larly t rea ted  C o n t ro l s .  Seven  davs af te r  SCG removal,  
thyroid  RNA synthesis  incieased bv 65fc, w i thou t  sig- 
nificant changos in thyroid  wcight. E ventua l ly  sponta-  
neous goiter developed m SCGx ra ts  4 weeks af te r  sur- 
gery.

How may the sym pa the t ic  nervous sys tem  affect t h y ­
roid function locally? An intuitivo atiswer to th is  quest ion  
is tha t  the  removal of  the  SCG results in changos in blood 
flow, namely vasodilaiation,  thercbv  enhanc ing  the  re ­
sponso of the thyroid gland to norm al c iieula ting  levels 
of  T S H .  T o  assoss w he thor  SCGx affocts thyro id  blood 
flow. we vised an iv t racer  dose of N Hh, an  aceep ted  
m ethod  for blood flow e s i im ation  (lt>). T o  our  surprise, 
SCG x did not inciense thyro id  blood flow, b u t  decreased  
it significantly, not onlv in the  thyroid  gland but also in 
nno ther  sym pathc tical ly  innerva ted  s truc ture ,  thc  pineal 
gland. A similar de r iv ase  in Hb u p tak e  by the  pineal 
gland of SCCix ra ts  was reported  bv G o ldm an  ( 1(¡). Thore-  
fore, our results  tend to rule out the  conclusión th a t  the  
progoitrogenic effect of SCGx is due to an  incrcase in 
blow flow; ra ther,  thev  support  a d irec t  link of innerva- 
tion with acini function. probably  in the  sam e  way as in 
o ther  neuroendoerine  t ransduce r  cclls (30).

T w enty-four  hours af te r  SCGx. tlie endogenous  nor- 
epinephrine  and c p m ep ln in e  s tores of  thc  thyro id  gland 
became dopleted. Kvonuially this led, as in o th e r  adre- 
nergically innerva ted  organs (20, 31). to an  increase in 
tile num ber  of thyroid  o -ad renocep to r  sites; in th e  pres- 
ent experiments,  the  num bei of />-adrcnoeeptor si tes 
rom ained u iu h an g e d  in the thyroid  glands of SCGx rats. 
T h e  m ediation by o-adronocoptors  of the  act ton  of cate-

cho lam ines  on  the  thy ro id  should  be  s tressed  (1, 3, 4. 6, 
9). D epending  upon the  exper im en ta l  design a n d  param - 
e te r  used, catecho lam ine  act iv ity  is synorgistic (1. 3, 4, 6) 
or  antagonist ic  (S, 9) w i th  T S H .  Incidentally ,  previous 
resu lts  from this l ab o ra to rv  have  show n th a t  t h e  acute  
s t im u la t ion  by T S H  of UN A  synthesis  in calf  thyroid 
si ices is lmked to an a-adr<‘iiergic m echan ism  (4). F u r th e r  
experim enta  are needed  to assess w h e th e r  an tv-adrener- 
gic supersensi t iv i ty  develops  in the  thyro id  g land  after 
SCG ablation.

Sum m ariz ing ,  our  resu l ts  sup p o r t  th e  conclusión tha t  
the  no rep inephr ine  reloased from the  thyro id  sympa- 
the t ie  nerves impairs  th e  thy ro id  responso to T S H  and 
th a t  a f te r  removal of  these  postganglionic sy m p a th e t ic  
fihers, s t im ula tion  of thy ro id  growth ensues. H o w  this 
m ech an ism  is l inked to t h e  physiological regu la tion  of 
thy ro id  function awaits  fu r th e r  inves t iga ron .
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