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The in vitro effect of thyrotropin (TSH) on the osmoregulation 
of surviving thyroid slices 

In  prev ious  stuiliesL2,a,~ of the in vih'o effects of t h y r o t r o p i n  (TStl)  on radioiodide t u rnove r  
in su rv iv ing  beef thyro id  slices, accura te  m e a s u r e m e n t  of the  weigh t  of the t issue slice behwe 
and  af ter  i ncuba t ion  revea led  t h a t  as l i t t le  as 8 - t o  4 I ' .S.P.  uni ts  of TSH (i jig of Armour  "l'Sl-t 
powder) in the  i ncuba t ion  m e d i m n  caused the  final we igh t  of the  slice to be s igni f icant ly  h igher  
t h a n  the  final we igh t  of the  cont ro l  incuba ted  ii1 the absence of TSH. F u r t h e r  s t u d y  of th is  
i~z vilro phenomenon  m i g h t  con t r i lm te  to an u n d e r s t a n d i n g  of the nmchan isms  by which TSf t  
s t imu la t e s  t hy ro id  t i s sue  and in add i t ion  m i g h t  p rov ide  an empir ica l  basis  for the  assay  of TSH. 

Thyro id  slices, o. 4 into th ick,  weighing 0o to ~2o rag, were prepared  in a S tad ie -Riggs  
inicrotoIne from a single fresh beef thyroid .  After  r ius ing  and weighing t h e y  were incuba ted  for 
2I hours  a t  380 C under  air  in a shak ing  metabo l i c  incuba to r  of the Dulinoff type.  The m e d i u m  
was  Krebs -R inge r  p h o s p h a t e  buffer 5 con ta in ing  i o - a k /  penici l l in  al ld ~o-aM propy l th iourac i l .  
Each  incuba t ion  beake r  con ta ined  5 ml of ined imn per  zoo mg  of t issue. : \ t  the  end of i ncuba t i on  
the  slices were removed,  spread  on hard  fil ter paper  for abou t  5 seconds, weighed, and placed 
in ta red  a lunI inum cups and dried to a c o n s t a n t  we igh t  in a vacuum oven at  5 ° :  C to ob ta in  
the  d ry  weight .  Both  wet  and  dry  weigh ts  were also ob ta ined  on u n i n c u b a t e d  slices for compar ison.  

When  slices were removed  and weighed a t  intervals ,  i t  was found t h a t  dur ing  tlne first  
3 hours  the  t issue weigh ts  r emained  r e l a t ive ly  cons tant .  Dur ing  the following 3 ° hours  there  
was a slow decline in both  the  wet  and d ry  weigh ts  un t i l  the  control  slices weighed less t h a n  
t h e y  (lid in i t ia l ly .  TSH in the  incuha t ion  med ium did not  no t i ceab ly  affect the  weigh t  change  
in the  first zo hours, b u t  af ter  2i hours the  slices usua l ly  weighed more than  they  did a t  the  
s t a r t  of incubat ion ,  and  they  un i fo rmly  weighed s igni f icant ly  more  than  the  control  slices. For  
th i s  reason all of the  subsequen t  d a t a  were ob ta ined  af ter  21 hours incubat ion .  

Because  of the  prolonged incuba t ion  period the  QO a was de te rmined  before and  af ter  a 
2I hour  incuba t ion .  In  ~2 obse rva t ions  fresh t issue had an average  OOe of o.471 7{: o.o 7 (/11 O2/mg 
wet  t issue/hour) .  Af ter  2l hours  incuba t ion  the  OO2 decl ined to o.2or N o.09 (24 observat ions) .  
However ,  the  slices t h a t  had  been incuba ted  in TSH, 8. ~o -4 U.S.I'. uni t s /ml ,  decl ined to o.3,,o 
:} o . I I  (24 observat ions)  ; i.e., t hey  were 59 °o above the i r  controls.  

Table  I shows bo th  wet  and  d ry  weigh t  ( l e te rmina t ions  in a t yp ica l  exper iment .  All slices 
had  lost  d ry  we igh t  a t  the  end of incuba t ion  and also increased the i r  percen t  wa te r  content .  
Because  the  d ry  weigh t  was not  affected by  TSH only  t o t a l  weigh ts  are presented  in the  subsequen t  
da ta .  The two larger  doses of TSH shown in Table  I had  a p ronounced  effect on the  final we igh t  
of the  slices (p ~ o.ooi).  

T A B L E  I 

T H E  E F F E C T  OF TSH ON T H Y R O I D  S L I C E  VTEIGHT 

(Thyroid slices i ncuba t ed  21 hours  in 5 ml  of m e d i u m / i o o  mg of tissue. D a t a  in m g / l o o  mg of 
in i t i a l  t issue -~ s t anda rd  error;  7 sl ices/point .)  

Final wt (mg) /ro~ mg initial a:t Change in v,t (rag) 

Total Dry Water Total Dry Water 

In i t ia l  t i ssue  too  -'3 77 

Fina l  t issue 
Control  
TSH, 8. ~o ~ u . /ml  
TSH, 8. lo  -s u . /ml  
TSH, 8. i o  -4 u . / m l  

92 ~ 3.7 17 :! o.q 75 ! 3.5 8 6 -' 
96 ~ 2. 5 I8 g 1.8 7 8 ~ 2.9 4 5 + l 

I I 7  -~ 6.~* 17 ) 1 . 9  IOO -~- 4 .8~ -] I7" 6 ~ 2 3 "  
zJ8 ~ 6 .0*  I6  7~ ~.8 xo2 ± 5.4" -F 18" 7 - i  : 5 *  

* Denotes  t h a t  the  effect of TSH was s t a t i s t i c a l l y  s ignif icant  (p <~ o.oo 0" 

Table  I I  shows expe r imen t s  perfornmd to eva lua te  t i le  t issue speci t ic i ty  of t i le weight  ga in  
response to TSH. TSH did not  a l te r  the  we igh t  change measured  in o the r  beef t issues  inc lud ing  
hea r t  muscle,  liver, k idney  and an te r ior  hypophys is .  Only  thy ro id  slices responded to ti le TSH. 

Table  I I  also shows t h a t  t i le  response  of t hy ro id  t i ssue  to TSH was specific when compared  
wi th  o the r  p i t u i t a r y  pro te ins  inc luding  ACTII  and an te r ior  p i t u i t a r y  powder  known  to be free 
of T S t t  {see acknowledgement ) .  In addi t ion,  both Armour  and Parke-Davis  p repa ra t ions  of TSH 
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gave  ident ical  responses  in spi te  of the  fact  t h a t  t hey  m a y  differ s igni f icant ly  in cer ta in  un-  
identif ied in ter fer ing  ma te r i a l s  e. 

T A B L E  II 

THE SPECIFICITY OF THE \VEIGHT GAIN RESPONSE TO T S H  

(Same as Table  I excep t  d a t a  is the  m e a n  of 5 s l ices /point  in Exp t .  @I,  
and  io  s l ices /point  in Exp t .  @2;  TSH,  5 '  io 4 u./ml.) 

Final wt (rag)/zoo mg initial wt 
Experimental conditions 

Control TSH 

Expt. ~1 
Thyro id  83 ~ 8. 5 117 ~ 9.9 ~ 
Liver  80 -~= 5.9 8i ± 3.8 
K i d n e y  78 ± 6.2 8o ± 4.1 
Ant .  P i t u i t a r y  83 ± 3.1 8t ~ 4.8 
H e a r t  nmsc le  68 ± 2.2 67 ~ 1. 4 

Expt. ~2 
A r m o u r  T S H  84 ± 6.2 113 i 8.1" 
Pa rke -Dav i s  T S H  84 ~ 6.2 113 ~ 7-3 
Ant .  P i t u i t a r y  Po. Tss 84 ~ 6.2 84 -± 6.9 
AC T H 84 ± 6.2 79 i 5 .2 

* Deno tes  t h a t  t he  effect of T S H  was s ta t i s t ica l ly  s ignif icant  (p % o.ool).  

F u r t h e r  e x p e r i m e n t s  s tud ied  the  effect of var ious  condi t ions  and  e n z y m e  inhib i tors  on t he  
response  to TSH.  P re l im i na ry  quick-freezing of t he  t i ssue on d ry  ice, i ncuba t ion  a t  4 ° C, t he  
add i t ion  of d in i t rophenol  (Io -3 M), cyan ide  (io -3 M) or mercur ic  ion (IO 5 M) abol ished t h e  
effects of TSH.  By  con t r a s t  fluoride (lO -3 M), t h i o c y a n a t e  (lO .3 M), or iodide (in concen t r a t i ons  
less t h a n  IO 2 M) did not  interfere  wi th  t he  s t i mu l a t i on  by  TSH.  

P re l im ina ry  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  the  final weight  change  was p ropor t iona l  to 
the  to ta l  a m o u n t  of T S H  in the  i ncuba t ion  m e d i u m  w h e n  the  T S H  was var ied  f rom IO -5 to io 4 
u n i t s / m l  of m e d i u m .  This  s imple  m e t h o d  m a y  be the  basis  of a useful  a s say  procedure  for TSH.  

The  biological s ignificance of the  increased weight  ga in  in the  presence  of T S H  is no t  clear. 
However ,  t he  response  appear s  to be d e p e n d e n t  upon  ox ida t ive  m e t a b o l i s m  because  i t  was  
blocked by  cyan ide  or d in i t rophenol .  The  response  appears  to be i n d e p e n d e n t  of t hy ro ida l  iodine 
u p t a k e  and  organic  b ind ing  since it was no t  a l tered by  th iocyana te ,  propyl th iourac i l ,  nor  b y  
h igh  concen t r a t ions  of iodide in t he  m e d i u m .  One hypo thes i s  for t he  t i ssue  weight  change  is 
t h a t  TSH preserves  thyro id  slice viabi l i ty.  Ano t he r  hypo thes i s  is t h a t  T S H  s t imu la t e s  p ro teo ly t ic  
hydro lys i s  of large molecules  (such as thyroglobul in)  wi th in  t he  t hy ro id  follicle resu l t ing  in 
increased coll igative proper t ies  of the  follicular colloid pro te in  wi th  increased wa te r  e n t r y  and  
weight  gain.  E x p e r i m e n t a l  s t u d y  of these  possibil i t ies will be p resen ted  elsewhere.  
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