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Summary. Chloral hyd ra t e ,  Equi thes in ,  Al thes in ,  R o m p u n ,  Sagata l  and  e the r  anaes thes ia  lowered the  concen t ra t ion  
of p l a sma  g rowth  h o r m o n e  in i m m a t u r e  cockerels. Han d l i n g  and  serial b leeding of t he  conscious controls  had  no effect  
on the  g rowth  ho rmone  concen t ra t ion .  

To faci l i ta te  hand l ing  and  bleeding procedures ,  anaes the -  
t i sed  an imals  are of ten  used  for physiological  s tudies .  
However ,  in m a m m a l s  i t  is well es tabl ished t h a t  an-  
aes thes ia  has  a ma rked  effect  on m a n y  endocr ine  sys- 
t e m s l - K  In  par t i cu la r  the  secret ion of p la sma  g rowth  
ho rm one  m a y  be h igher  "-8 or lower s, 9 t h a n  in conscious 
coun te rpa r t s ,  depend ing  on the  species and  anaes the t i c  
used. In  cont ras t ,  in birds  ve ry  li t t le is known  of the  ef- 
fects  of anaes thes ia ,  and  s tudies  on g rowth  ho rmo n e  
phys io logy  have  been  h indered  due to  the  lack of ade-  
qua te  assay  sys t ems  capable  of measur ing  its p l a sma  con- 
cen t ra t ions .  However ,  t he  recen t  d e v e l o p m e n t  of a sensi- 
t ive  and  specific r ad io immunoassay  for chicken g rowth  
ho rmone  has in i t i a ted  s tudies  on g rowth  ho rmone  secre- 
t ion  in conscious and  anaes the t i sed  domes t ic  fowN~ n ,  
a l t hough  the  inf luence of anaes thes ia  has no t  been  as- 
sessed. The a im of t he  p resen t  communica t ion  was, there -  
fore,  to  inves t iga te  the  effects  of a n u m b e r  of c o m m o n l y  
used anaes the t ics  on p l a sma  g rowth  ho rmone  levels in the  
domes t ic  fowl. 
Materials and methods. All t he  birds used in th is  s t u d y  
were 6-week-old cockerels  (Thornber  909'S). Birds  were 

bled f rom the  wing vein by  ven ipunc tu re  and  1-1.5 ml of 
b lood t a k e n  immed ia t e ly  before,  30, 60 and  90 rain af ter  
t he  i.m. in jec t ion  of t e s t  subs tances .  The anaes the t ics  
used were Equ i thes in  ~* 3 ml /kg  b.wt ,  Sagatal  (sodium 
pen toba rb i tone ,  May and  Baker  Ltd)  30 mg (0.5 ml)/kg,  
R o m p u n  (2% 2-(2,6-xylidino)-5,6-dihydro-4H-1,3 th ia-  
zinc hydrochlor ide ,  Baye r  Agrochem Ltd)  4 ml/kg,  
Al thes in  (0.9% a lphaxalone ,  0.30/0 a lphadolone  ace ta te ,  
Glaxo Labora tor ies  Ltd) 6 ml /kg and  Chloral h y d r a t e  
(Chas. F .  T h a c k r a y  Ltd)  300 mg/kg.  All anaes the t ics  ex-  
cept  Al thes in  were in jec ted  in a to ta l  volume of 4 ml /kg 
and di lu t ions  and  contro l  in jec t ions  were made  wi th  
0.9% saline. Tile doses of the  anaes the t ics  used were the  
m i n i m u m  requi red  to achieve anaes thes ia  t h r o u g h o u t  the  
per iod of s t u d y  and  in t he  case of R o m p u n  and Al thes in  
were cons iderab ly  higher  t h a n  those  required in mammals .  
In  a second e x p e r i m e n t  a group of cockerels were an-  
aes the t ized  wi th  d ie thy l  e the r  vapour  and  ma in t a ined  
under  anaes thes ia  for 80 min.  A similar un t r ea t ed  group 
served as controls .  1 ml  blood samples  were t aken  before, 
5, 10, 20, 40 and 80 min  af ter  t r e a t m e n t .  The concen-  
t r a t ion  of p l a sma  g ro w t h  hormorte was  de t e rmined  b y  

Table 1. Effect of 5 anaesthetics on plasma growth hormone levels 
in 6-week-old cockerels 

Treatment Time after treatment (min) 
30 60 90 

Saline 120.34- 9.0 (5) 108.64- 4.4 (5) 125.34-11.4 (5) 
Sagatal 45.4i10.6"+(5) 57.94-14.0"+(5) 55.0i12.2"+(5) 
Equithesin 37.04- 7.5"+(5) 37.64- 8.3"+(5) 35.44- 5.7*+(5) 
Rompun 36.84- 9.3*+(4) 22.54- 6.5*+(4) 27.24- 9.4*+(4) 
Althesin 18.54- 6.3*+(4) 31.44-10.8"+(4) 28.84- 7.9*+(4) 
Chloral 
Hydrate 24.14- 9.7*+(4) 19.44- 5.5*+(4) 19.84-10.5"+(4) 

Figures refer to the plasma growth hormone concentration, expressed 
as a percentage mean -t- SEM (number of cockerels) of the pre- 
treatment level. * Significantly different from the saline controls. 
p < 0.01; +significantly different from the pretreatment levels, 
p < 0.05. 
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Table 2. Effect of ether anaesthesia on the levels of plasma growth hormone in 6-week-old cockerels 

Treatment Time after treatment (rain) 
5 10 20 40 80 

Saline 106.7 -/- 14.8 (4) 102.2 4- 3.7 (4) 93.3 -4- 12.6 (4) 107.9 4- 8.8 (4) 92.6 -t- 23.5 (4} 
Ether 22.4 i 5.0 **+ (4) 18.8 4- 1.8 **+ (4) 23.3 4- 3.5 **+ (4) 24.4 -4- 7.1 **+ (4) 20.0 -4- 1.9 *~ (4) 

Figures refer to the plasma growth hormone concentration; expressed as a percentage mean 4- SEM (number of cockerels) of the pre treat- 
ment level. Significantly different from the saline controls, *p < 0.05, **p < 0.002; significantly different from the pre-treatment levels, 
+ p < 0.001. 
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r a d i o i m m u n o a s s a y  1~ a n d  the  resu l t s  expressed  as a per-  
c e n t a g e  of t h e  p r e t r e a t m e n t  level  because  of v a r i a t i o n s  
in  basa l  concen t r a t i ons .  S t a t i s t i ca l  dif ferences  were de-  
t e r m i n e d  b y  S t u d e n t ' s  t - t e s t .  
Results and discussion. I t  can  be  seen f rom t ab l e  1 t h a t  
i n j ec t ion  a n d  ser ia l  b leed ing  of conscious  b i rds  h a d  v e r y  
l i t t l e  effect  on  t h e  levels of p l a s m a  g r o w t h  ho rmone .  
H a n d l i n g  a n d  b leed ing  ha s  been  s h o w n  to  increase  13 or 
decrease  ~ t h e  p l a s m a  g r o w t h  h o r m o n e  levels in  m a m m a l s  
a l t h o u g h  n o t  in t he  r a b b i t  ~*. I n  con t r a s t ,  in th i s  s t u d y  
a n a e s t h e s i a  r e su l t ed  in a m a r k e d  depress ion  of t he  p l a s m a  
g r o w t h  h o r m o n e  levels ( t ab le  1), The  c o n c e n t r a t i o n  of 
p l a s m a  g r o w t h  h o r m o n e  was s ign i f i can t ly  lower t h a n  t h e  
p r e t r e a t m e n t  levels in all a n a e s t h e t i z e d  b i rds  30, 60 a n d  
90 m i n  a f t e r  t r e a t m e n t .  T h r o u g h o u t  t h e  per iod  of s t u d y  
t he  levels of p l a s m a  g r o w t h  h o r m o n e  in these  b i rds  were 
also s ign i f i can t ly  d i f fe ren t  f rom t he  conscious controls .  
T h e r e  were no  s ign i f ican t  d i f ferences  in  the  levels of 
p l a s m a  g r o w t h  h o r m o n e  in b i rds  t r e a t e d  w i t h  d i f fe ren t  
anaes the t i c s .  The  effects  of Al thes in ,  R o m p u n  a n d  
Chlora l  h y d r a t e  on p l a s m a  g r o w t h  h o r m o n e  levels h a v e  
n o t  b e e n  r epo r t ed  in o t h e r  an imals .  However ,  whereas  
s o d i u m  p e n t o b a r b i t o n e  is k n o w n  to be  a p r o v o c a t i v e  

s t imulus  of g r o w t h  h o r m o n e  secre t ion  in t h e  r a t  8, Saga ta l  
a n d  E q u i t h e s i n  (sodium p e n t o b a r b i t o n e  based)  h a d  t he  
oppos i te  effect  in  these  expe r imen t s .  The  effect  of e the r  
anae s the s i a  can  be  s e e n  in t a b l e  2. The  c o n c e n t r a t i o n  of 
p l a s m a  g r o w t h  h o r m o n e  was s ign i f i can t ly  lower t h a n  t he  
p r e t r e a t m e n t  levels  in a n a e s t h e t i z e d  b i rds  5, 10, 20, 40 
and  80 m i n  a f t e r  t r e a t m e n t .  Moreover ,  ser ial  b leed ing  of 
the  con t ro l  b i rds  h a d  no  effect  o n  t h e  p l a s m a  g r o w t h  hor -  
m o n e  levels  a n d  were s ign i f i can t ly  h igher  t h a n  t h e i r  an-  
a e s the t i z ed  c o u n t e r p a r t s .  S imi la r  resu l t s  of e the r  an-  
aes thes ia  h a v e  been  seen in t he  r a t  a n d  mouse  s, ~ a l t h o u g h  
in p r i m a t e s  e t h e r  t r e a t m e n t  e l eva tes  t he  c o n c e n t r a t i o n  o f  
p l a s m a  g r o w t h  h o r m o n e  6. 
The  resu l t s  of t h i s  i nves t i ga t i on  c lear ly  d e m o n s t r a t e  t h a t  
severa l  c o m m o n l y  used a n a e s t h e t i c s  h a v e  a p ro found  a n d  
c o n s i s t e n t  effect  on  t he  secre t ion  of p l a s m a  g r o w t h  hor -  
mone.  F u r t h e r m o r e ,  phys io logica l  s tud ies  in  t he  domes t ic  
fowl m a y  be  af fec ted  b y  t he  use of anaes the t i c s .  
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Summary. A n o n l i n e a r  d i f fe ren t ia l  e q u a t i o n  is used to deve lop  a m a t h e m a t i c a l  model  descr ib ing  t he  t i m e  course of 
t h y r o t r o p i n  (TSH) c o n c e n t r a t i o n  in h u m a n  p l a s m a  a f t e r  t h y r o l i b e r i n  (TRH)  s t imu la t ion .  The  app l i c a t i on  of t he  mode l  
to  rea l  d a t a  shows t h a t  p i t u i t a r y  respons iveness  to  T R H  is h ighes t  in eu thy ro id i sm,  r educed  in p r i m a r y  h y p o t h y r o i d i s m ,  
a n d  lowest  in  h y p e r t h y r o i d i s m .  

T h e  secre t ion  b y  t he  a n t e r i o r  p i t u i t a r y  g land  of t h y r o -  
t r o p i n  (TSH) is s t i m u l a t e d  b y  t h y r o l i b e r i n  (TRH)  
o r i g i n a t i n g  f rom th e  h y p o t h a l a m u s ,  a n d  is i n h i b i t e d  b y  
t r i i o d o t h y r o n i n e  a n d  t h y r o x i n e ,  wh ich  feed b a c k  f rom 
t h e  t h y r o i d  g land.  T h e  t h y r o t r o p i c  sec re to ry  capac i ty  
of t he  p i t u i t a r y  is t e s t ed  b y  t he  increase  of p l a s m a  T S H  
a f t e r  i n j ec t ion  of T R H .  The  d y n a m i c s  of T R H  a n d  T S H  
t o g e t h e r  w i t h  t r i i o d o t h y r o n i n e  a n d  t h y r o x i n e  in p l a s m a  
c a n  serve  as d a t a  to  f o r m u l a t e  a m a t h e m a t i c a l  model  of 
t h y r o t r o p i c  secre t ion  in man .  
Origin o/ biological data. 20 h e a l t h y  male  a n d  female  
v o l u n t e e r s  (group A), 12 h y p e r t h y r o i d  p a t i e n t s  (group B) 
a n d  7 p a t i e n t s  w i t h  p r i m a r y  h y p o t h y r o i d i s m  (group C) 
were d iagnosed  b y  cl inical  s igns a n d  b y  a T R H  t e s t :  
A b o u t  8.00 a .m.  samples  of venous  b lood  were w i t h d r a w n  
for c o n c e n t r a t i o n  m e a s u r e m e n t s  of ba sa l  T S H  in p l a s m a  
(ho), of t o t a l  p l a s m a  t r i i o d o t h y r o n i n e  (T~), of t o t a l  p l a s m a  
t h y r o x i n e  (T4) b y  r a d i o i m m u n e  assay,  and  for e s t i m a t i o n  
of r e l a t ive  s e rum b i nd i ng  c a p a c i t y  (R) for  r ad i oac t i ve  
t r i i o d o t h y r o n i n e  b y  equ i l i b r ium d i s t r i b u t i o n  in presence  
of resin.  Therea f t e r ,  a t  t i m e  t = 0, 400 ~g of T R H  (r0) 
were  i n j ec t ed  i.v. as a bolus  in  order  to  s t i m u l a t e  T S H  
secre t ion .  I n  genera l  t he  r eac t ive  p e a k  level of p l a s m a  
T S H  is r e ached  b e t w e e n  20 a n d  35 m i n  a f t e r  T R H  
in jec t ion .  H e n c e  t = 20 ra in  was usua l ly  chosen  as a 
second  t i m e  p o i n t  to  measu re  T S H  in p l a s m a  h(t) .  
Mathematical description. T he  f eedback  i n h i b i t i o n  of T S H  
in t h e  t h y r o t r o p i c  cells of t he  p i t u i t a r y  is b r o u g h t  a b o u t  
b y  a m o i e t y  of t r i i o d o t h y r o n i n e  a n d  of t hy rox ine ,  t h e  
i n t r a c e l l u l a r  c o n c e n t r a t i o n  of w h i c h  (x 3, x4) is n e a r l y  

equa l  to  t h a t  of t he  free p l a s m a  f rac t ion  of T 3 a n d  T~ n o t  
b o u n d  to  p l a s m a  pro te ins .  The  respec t ive  c o n c e n t r a t i o n s  
of t he  free f r ac t ions  we call  F 3 a n d  F 4. 
The  b o u n d  f r ac t ion  of T 3 is se t  equa l  to  t h e  b o u n d  
f rac t ion  p of r ad ioac t ive  t r i i o d o t h y r o n i n e  of p a t i e n t  
serum.  A n o r m a l  s t a n d a r d  s e r u m  y ie ld ing  a b o u n d  
f rac t ion  of P0 = 0.7 served  as con t ro l  for m e a s u r e m e n t s  of 
R. W i t h  R = P/P0, R < 1/p 0 = 1.42, T 3 ill ng/dl ,  a n d  c 
as p r o p o r t i o n a l i t y  fac to r  we def ine  

x 3 = T 3 - p T  3 = Ta(1--p0R) ~ cF 3. (1) 

As T 4 b inds  r eve r s ib ly  to p l a s m a  pro te ins ,  m a i n l y  t o  
t h y r o x i n e - b i n d i n g  g lobul in  (TBG),  t he  law of mass  
ac t ion  is app l icab le  as soon  as equ i l i b r ium is ob ta ined .  
W i t h  [TBG] a n d  [TBG-T4] s t a n d i n g  for c o n c e n t r a t i o n  
of T B G  a n d  T B G - t h y r o x i n e  complex  respect ive ly ,  a n d  
K 1 = const . ,  we h a v e  

KI[TBG'T4] . 
F4 = [TBG] 

N o r m a l l y  99.97% of t o t a l  p l a s m a  T 4 is b o u n d  to TBG.  
Therefore  [TBG-T4] is essen t ia l ly  equa l  to  T i. F u r t h e r -  
more  free [TBG] is a p p r o x i m a t e l y  p r o p o r t i o n a l  to  
p = p0R. W i t h  ETBG] ~ K~poR we can  wr i t e :  

K1T4 
F 4 ~ - - .  

K2p0R 

W i t h  K 3 = K~p0/K 1 we def ine (T 4 in vg/dl) : 

T4 
x 4 = - -  ~ KsF4. (2) R 


