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Exper imenta l  and cl inical  observa t ions  show that  thyro t rop ic  hormone  is  not the only s t imu la to r  of 
the thyroid  gland. The function of the thyroid can be regulated d i rec t ly  via i ts  innervat ion and without the 
par t ic ipa t ion  of the pi tui tary ,  i .e . ,  by a parahypophysea l  m e c h a n i s m  [3, 4, 11, 12]. The sympathe t ic  d iv i -  
sion s t imula tes ,  while the pa ra sympa the t i c  d e p r e s s e s  the thyroid gland [1, 17]. However ,  the prob lem of 
the  ro le  of the sympathe t ic  and pa ra sympa the t i c  nervous  s y s t e m  in the regulat ion of thyroid  function has  
not been comple te ly  solved.  Some inves t iga tors  c la im that  the act ion of d i rec t  nervous  impu l ses  reaching  
the thyroid pa renchyma  is m e r e l y  to produce vasomoto r  effects  and they do not influence s e c r e t o r y  p ro -  
c e s s e s  [13-15]. 

Much informat ion  has  recen t ly  been obtained showing that  nervous  impulses  m a y  have a d i rec t  in-  
f luence on the hormone-p roduc ing  act ivi ty  of the thyroid  gland [1-3, 4-16].  Fac to r s  acting on the s y m p a -  
thet ic  innervat ion of the thyroid  produce changes in the functional ac t iv i ty  of the gland [10-12, 17] which 
a r e  re f lec ted  in the absorp t ion  of I TM [16], the l ibera t ion of ho rmones  into the blood s t r e a m ,  the reac t ion  
of the thyroid  pa renchyma  to thyros ta t i c  subs tances  [18], r egenera t ion  of the gland, and the sens i t iv i ty  of 
the thyroid  to thyro t rop ic  ho rmone  [6]. 

However,  in the intact  animal ,  during s t imula t ion  or  blocking of the sympathe t ic  innervat ion of the 
thyroid ,  no apprec iab le  changes take place  in e i ther  i ts  function or i ts  s t ruc tu re ,  and this  is at tr ibuted to 
the action of thyro t rop ic  hormone  which, because  it is  a v e r y  powerful  agent,  m a s k s  the poss ib le  action of 
d i r ec t  nervous  impulses .  If the product ion of t hy ro t r ep i c  hormone is e l iminated o r  d e p r e s s e d  and, conse -  
quently, i ts  influence on the thyroid  gland is abolished or weakened (as by the act ion of ch lorpromazine)  
[5, 7, 9], the action exer ted  by sympathe t ic  impu l ses  on the thyroid  began to be mani fes ted  even in the in-  
tact  o rgan i sm [7, 9]. However ,  these  expe r imen t s  demons t ra t ed  the influence of the sympathet ic  nervous  
s y s t e m  only on the abi l i ty  of the thyroid  to ab so rb  iodine. 

In the p resen t  invest igat ion the effect  of the sympathe t ic  nervous  s y s t e m  on synthes is  of the thyroid 
ho rmones  was studied. 

EXPERIMENTAL METHOD 

Experiments were carried out on male rabbits weighing 2.0-2.5 kg on which the operation of bilateral 
extirpation and chronic stimulation of the superior cervical sympathetic ganglia was carried out. Stimula- 
tion was achieved by wrapping the ganglia in a coil of thin silver wire. Ten days after the operation the 
rabbits received a subcutaneous injection of I TM in a dose of 5 ~Ci. The thyroid was removed 24 h later 
and treated by enzymic hydrolysis in phosphate buffer (pH 8.2-8.4). Chromatography of the hydrolysates 
was carried out on "Leningrad M" paper in a system butanol-ethanol-2N ammonia (5 : 1 : 2). X-ray film 
was then placed on the dried chromatogram and exposed for i0 days, after which the film was developed 
and tested with a densitometer. The iodine-containing compounds of the thyroid were estimated from the 
maxima of the curves and from the Rf values, taken from the book by Pitt-Rivers and Tata [19]. 

E X P E R I M E N T A L  R E S U L T S  

Analysis  of the r a d i o c h r o m a t o g r a m s  (see table) of no rma l  male  rabbi t s  by f rac t ionat ion of the ho r -  
mones  showed that a f t e r  d is t i l la t ion of the hydro lysa tes  of the thyroid gland, iodinated amino acids  were  
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Table 1. Content of Iodinated Amino Acids in Thyroid Hy- 
dro lysa tes  of Rabbits Undergoing Procedures  Directed To-  
ward the Superior  Cervical  Sympathetic Ganglia 

DIT + M_IT l I Tr [ 
Natme of 
p~ocedure x +_.Sx P X.+ S x  P X4 .  S x  p 

CoF.~zol 
Sympath- 
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Stimu- 
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70,02• 1,73 
74,81 • 1,22 
74,4• 1,41 

t 8,97_+ 0,62 

<0,02 I 1,87 + _ 0,68 ] 
<0,05 I 8,3--- 1,08 

I 

--I 1:4,73• t>0~01 
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>0,t I 18,05"~0,94 ]<0,0! 

Fig.  1. Densi togram and chromatograms  of hydrolysa tes  of thyroid of a 
cont ro l  (intact) rabbit  and a rabbit  undergoing prolonged st imulation of 
the super io r  ce rv ica l  sympathetic  ganglia, a) Densi togram (1, control ;  
2, s t imulat ion of super io r  cerv ica l  sympathetic ganglia); b) chromato-  
gram of thyroid  hydrolysate  of a normal  rabbit; c) ch romatogram of 
thyroid hydrolysate  of a rabbit undergoing prolonged st imulation of the 
super io r  ce rv ica l  sympathetic ganglia. 

p resen t  in the following proportion: DIT + MIT* 70.02 • 1.73%, I 8.97 �9 0.62%, and T 4 14.73 • 0.82%. 

After  b i la te ra l  ext irpat ion of the super ior  ce rv ica l  ganglia, an increase  in the size of the DIT and 
MIT bands was observed on the chromatograms  and densi tograms,  for  not only were  they wider  than in the 
control ,  but they produced more  intense blackening of the photographic emulsion.  The I band likewise was 
m o r e  intense.  However,  the T 4 band was almost the same as in the control .  The resu l t s  of the study of 
the iodinated amino acids in the hydrolysa tes  of these  glands showed that the mean content of the DIT + 
MIT fract ions  was increased  by a s ta t is t ical ly  significant degree  compared with the f ract ions  of the iodine- 
containing components of normal  animals  (see table).  The content of inorganic iodine in the sympathecto-  
mized rabb i t s  also was increased .  A dif ference was observed when the percentage  absorption of 1131 by the 
thyroid of normal  rabbits  (20 • 1.3%) was compared with that in animals a f te r  removal  of the super io r  
c e rv i ca l  ganglia (14.6 + 1.025%; P < 0.002). After  r emova l  of these ganglia, the thyro t rop ic  function of the 
pi tui tary  is considerably  increased  [8]. However, the excess  of thyrot ropic  hormone must  have st imulated 
the int ra thyroid iodine metabol i sm and, in par t icular ,  must  have intensified the format ion of iodothyronines 
[20, 21]. The reac t ion  taking place thus shows that a reduct ion in the flow of sympathetic  impulses  received 

* F o r  convenience the iodinated compounds of the thyroid a re  designated by abbreviat ions corresponding to 
the genera l ly  accepted symbols:  thyroxin,  T4; diiodityros~ne, DIT; monoiodi tyrosine,  MIT; and inorganic 
iodine, I. 
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by the thyroid gland prevents  the development  of the effect of the thyrot ropic  hormone,  in agreement  with 
previous  observat ions [6], showing that these  nervous impulses  increase  the sensi t ivi ty  of the thyroid 
gland to thyrot ropie  hormone.  

This conclusion was confi rmed by the resu l t s  of the opposite exper iment  in which chronic  s t imula-  
t ion of the super io r  ce rv i ca l  ganglia was ca r r i ed  out. In this case ,  the thyrot ropic  function of the pi tui tary 
was not increased ,  or  was actually weakened compared with normal .  Despite this  fact,  the ch romatograms  
and densi togram (see figure) showed an increase  in the s ize  of the DIT, MIT, and T 4 bands, thus indicating 
a genera l  inc rease  in the intensi ty of in t ra thyroid  hormone synthesis .  The study of hydro lysa tes  of the 
thyroid glands of these  rabbits  revea led  a significant inc rease  both in the inactive DIT + MIT fract ions and 
in the t rue  hormones  of the T 4 f rac t ion (see table).  Some increase  was also observed in the absorpt ion of 
I TM by the thyroid to 23.7 • 1.5% f rom the normal  level of 20 • 1.3% (P = 0.05). 

The effect  of the sympathet ic  impulses  on hormone format ion  in the thyroid was thus visible even 
during the action of the thyro t rop ic  hormone.  The resu l t s  descr ibed  above show that the influence not only 
of the thyrot ropic  hormone,  but also of sympathetic  nervous  impulses ,  is essent ia l  fo r  the h o r m o n e - f o r m -  
ing act ivi ty of the thyroid  gland. The effect of the sympathetic impulses  is exer ted pa r t i cu la r ly  in the 
final stage Of int ra thyroid hormonogenes is ,  fo r  in the i r  absence the combination of iodothyronines into 
iodothyronines is inhibited. The thyroid gland is thus regulated not only by thryot ropic  hormone,  but also 
by the combined action of this hormone and efferent  nervous impulses .  
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