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exper iments  t h e  band  con ta in ing  infect ious v i rus  was 
ha rves ted  by  side punc tu re  and tes ted  und i lu te  for 
ant igenic  ac t iv i ty .  

Sere  used to de tec t  ant igens  were ob ta ined  f rom 3 
sources:  a) h y p e r i m m u n e  r abb i t  sera which  were  prepared  
b y  immuniz ing  rabbi t s  w i th  v i rus  grown in r abb i t  k idney  
cellsL b) sere ob ta ined  f rom rabbi ts  which  developed 
encephal i t is  af ter  immun iza t i on  by  scar i fying the  eye 
and dropping  0.1 ml  of crude virus  into t he  scarif ied 
area  6-10 days  pr ior  to  b leeding and c) ou tda t ed  h u m a n  
p lasma ob ta ined  f rom our  b lood bank.  Micro t i te r  assays 
were  used for de tec t ion  of an t igen  and  vi rus  a c t i v i t y  and  
included complemen t  f ixa t ion  (CF), passive hemagg lu t ina -  
tion, and in fec t iv i ty  procedures  1, 7, s. 

Results and discussion. In i t ia l  expcr iments  were con- 
cerned wi th  separa t ion  of the  in fec t iv i ty  f rom the  soluble 
ant igens  to  de te rmine  whe the r  the  ant igenic  a c t i v i t y  
de tec ted  by  pass ive  hemagg lu t ina t ion  was p r imar i l y  
associated wi th  e i ther  the  infect ious v i rus  or  the  soluble 
antigens.  W h e n  the  v i ra l  p repara t ions  were  separa ted  
by  sucrose ra te  zonal  cent r i fugat ion ,  the  ant igenic  
ac t i v i t y  was found exclus ive ly  on the  top  of t he  g rad ien t  
w i th  l i t t le  separa t ion  of t he  P H A  and CF ac t iv i ty .  The  
infec t iv i ty  was found cons iderably  lower in the  grad ien t  
and separa te  f rom the  ant igenic  ac t iv i ty .  Addi t iona l  
a t t e m p t s  were made  to separa te  the  CF f rom the  P t t A  
ac t iv i ty  using longer  cent r i fuga t ions  i n  sucrose dens i ty  
gradients .  I n  these  s tudies the  infect ious v i rus  was 
r emoved  by  high speed cen t r i fuga t ion  pr ior  to separa t ion  
on sucrose gradients  and the  supe rna t an t  was then  
centr i fuged for 17 h a t  100,000 ×g.  L i t t l e  separa t ion  of 
the  ant igenic  ac t i v i t y  was accomplished.  

Inab i l i t y  to  separa te  t he  P H A  f rom the  CF a c t i v i t y  
on sucrose necess i ta ted t h e  use of equ i l ib r ium centr i fuga-  
t ion in CsC1. Af ter  infect ious virus  was r emoved  as 
described above,  t he  complement - f ix ing  ac t i v i t y  was 

Antibody titers ~ to Herpes virus hominis soluble antigens 

Antigen Rabbit Rabbit Human 
hyperimmune acute infection 
CF b PHA ~ CF PHA CF PHA 

G4F 6-7 a <: 10 <: 40 < 10 640 <: 10 10,240 
G5F 8-10 a 20 640 < 10 160 10 10,240 
G5F 13-14 ~ 40 <40  <10 -<40 20 <40 
SG5 B ~ 320 <40 160 <40  160 <40 
SG8 T~ 320 10,240 160 1280 80 20,480 

Expressed as reciprocal of dilution, b Complement fixation. ~ Pas- 
sive hemagglutination, d PHA positive formalin treated antigens 
separated on CsCI gradients. ~ CF positive formalin treated antigens 
separated on CsC1 gradient, t Virus 'band' separated by sucrose 
gradient. * Soluble antigens on top of sucrose gradient, 

read i ly  separable  f rom the  P H A  act iv i ty ,  ind ica t ing  t h a t  
these tes ts  appa ren t ly  measure  d i f ferent  ant igenic  moie-  
ties. The  P H A  reac t ive  an t igen  was less buoyan t  t han  
the  an t igen  de tec tab le  by  complemen t  f ixa t ion  methods .  
Some dif f icul ty  was  occasional ly  encountered  in localiza-  
t ion of  CF  a c t i v i t y  in to  a single peak,  which  p robab ly  
indicates  he te rogene i ty  of CF antigens.  

Dur ing  these  studies, in teres t  was also d i rec ted  to the  
host  response to the  soluble antigens.  In  the  above  data,  
var ious  ant i sera  reac ted  w i t h  the  ant igens  and gave  
s imilar  results.  More def in i t ive  s tudies were in i t ia ted  b y  
reac t ing  ant i sera  wi th  var ious  an t igen  p repara t ions  in 
order  to de te rmine  whe the r  or  no t  the  t es t  sere had  
ident ica l  specificit ies to the  var ious  ant igen  prepara t ions  
tes ted.  A p p r o x i m a t e l y  30 h u m a n  plasmas  were col lected 
and tes ted  by  b o t h  P H A  and CF  methods .  I t  was no ted  
t h a t  comple te  a g r e e m e n t  be tween  those  2 me thods  was 
ob ta ined :  al l  of the  plasmas pos i t ive  b y  1 m e t h o d  were 
also pos i t ive  by  the  o ther  w i th  good corre la t ion be tween  
ti ters.  The  Table  shows the  resul ts  of a typ ica l  exper iment .  
Inc luded  in the  ant igens  tes ted  were 2 P H A  ant igens  and  
1 CF  an t igen  al l  of  which  were separa ted  in CsC1 gradients ,  
an an t igen  pool  r emain ing  on the  surface of  a sucrose 
grad ien t  and the  opalescent  band  conta in ing  infect ious 
virus.  I t  can be seen t h a t  some va r i a t ion  in P H A  ac t i v i t y  
was appa ren t  be tween  these sere;  however ,  i t  was minimal .  
I t  also should be  no ted  t h a t  in th is  expe r imen t  t he  con- 
cen t r a t ed  v i rus  band  was pos i t ive  in t he  CF  tes t  b u t  
nega t ive  in the  P H A  test.  I t  was subsequen t ly  found 
t h a t  concen t ra ted  v i r u s  was reac t ive  in the  P H A  tes t  
when  used und i lu te  or a t  low di lu t ion  (1:2). I t  was no t  
determined if the  P H A  ac t i v i t y  of t he  v i rus  was a resul t  
of ava i lab le  reac t ive  sites on t h e  in t ac t  v i r ion  or  v i ra l  
degrada t ion  which uncovered  ac t ive  sites. 

Zusammen/assung. Der  pass ive  Hi imagglu t ina t ions tes t  
(]?HA) ist  eine zuverlitssige Methode  fiir die Fes ts te l lung 
yon  An t igenen  gegen Herpesw;rus hominis. P H A - T e s t -  
ergebnisse m i t  denen  des CF-Tes ts  verg t ichen  ergaben,  
dass die Ant igene,  die zur P H A - A k t i v i t ~ t  fiihren, sich 
von  denen  der CF-Ant igene  und des in fek t iven  Virus 
unterscheiden  lassen. 
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Daily Variations in Pigeon Cropsac Responses to 

Dai ly  var ia t ions  in responses to  pro lac t in  in several  
ve r t eb ra tes  h a v e  been described b y  our  l abora tory .  F o r  
example ,  dai ly  inject ions  a t  one t ime  of the  d a y  for 6 
days resul ted in increases (75-500%) in the  l ipid stores 
of fish 1, frogs ~, l izards 2, and birds ~, whereas  inject ions  
a t  ano ther  t ime  of day  caused losses (20-60%) in t h e  
to ta l  body  fat .  Also, da i ly  var ia t ions  in responses to  
prolac t in  h a v e  been descr ibed for the  g rowth  of fish 1 
and l izards 2, locomotor  ac t i v i t y  of birds 3, and the  inhibi-  
t ion of amphib ian  metamorphos i s  4. I na smuch  as the  
pigeon cropsac response is the  basis of pro lac t in  bioassays,  

Prolactin 

i t  seemed of in teres t  to  learn whe the r  there  is a dai ly  
va r i a t ion  in t he  sens i t iv i ty  of t he  cropsac.  

The re  are 2 f u n d a m e n t a l  t echniques  for assaying 
pro lac t in  by  the  cropsac. The  sys temic  ( intramuscular)  
m e t h o d  5 was tes ted  dur ing  June ,  1969, using 7-8-week-  
old wh i t e  k ing  pigeons.  The  in t r ade rma l  m e t h o d  s was  
tes ted  dur ing  D e c e m b e r ,  1969, using 4 -5 -mon th -o ld  
t umb le r  pigeons.  Fo r  each t es t  t he  birds  of m i x e d  sexes 
were caged in indoor  me ta l  coops;  the  t e m p e r a t u r e  was 
ma in ta ined  a t  25 ± 2 °C, and a 12-h photoper iod  (07.30 to 
19.30 h) (100-200 lux  a t  cage level) was supplied.  The  
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bi rds  were  k e p t  u n d i s t u r b e d  b e t w e e n  inject ions .  W a t e r  
and  a commerc ia l  p igeon feed were  avai lable  cont inuous ly .  
The  p igeons  were a l lowed to  ad ju s t  for i week before 
t he  t e s t s  were  begun.  

Fo r  t h e  sys temic  assay,  100 pigeons  were  d iv ided  
equa l ly  in to  4 groups,  3 t h a t  received p ro lac t in  and  1 
t h a t  received saline carrier.  Tota l  4-day doses  of 0, 200, 
400, or 600 ~tg of ovine  p ro lac t in  (1 m g =  28 IU) were  
in jec ted  i .m. E a c h  of t h e  4 dose- level  groups  was d iv ided  
in to  5 subgroups  t h a t  received dai ly  in jec t ions  a t  e i the r  
0, 3, 6, 9, or 12 h a f t e r  t he  onse t  of t he  dai ly  pho to -  
per iods .  On t h e  5th d a y  of t he  t e s t  ( June  30, 1969), 24 h 
a f te r  each  group ' s  las t  inject ion,  t he  cropsacs  were 
r emoved ,  c leaned of fa t  deposi ts ,  and  weighed.  

Fo r  s ta t i s t i ca l  purposes  t h e  e x p e r i m e n t a l  se tup  was 
cons idered  to  be a 4 × 5 (4 levels, 0, 200, 400, and  600 ~g × 
5 t imes ,  0, 3, 6, 9, and  12 h af ter  the  onse t  of t he  pho to -  
period) fac tor ia l  a r r a n g e m e n t  of t r e a t m e n t s  in a com-  
p le te ly  r a n d o m i z e d  design w i t h  5 pigeons per  t r e a t m e n t  
combina t ion .  The  r a n d o m  errors were  a s sumed  to  be 
d i s t r i bu t ed  normal ly  and  i n d e p e n d e n t l y  a b o u t  a m e a n  
of zero wi th  a c o m m o n  va r i anceL  Compar i sons  were 
m a d e  a m o n g  dose levels (linear, quadra t ic ,  and  cubic) 
and  a m o n g  t imes  of day  (linear, quadra t i c ,  cubic,  and  
qu~trtic) by  m e a n s  of a se t  of o r thogona l  po lynomia ls .  

As expec ted ,  a h igh ly  s igni f icant  d i f ference  (p < 0.01) 
was  obse rved  b e t w e e n  a n y  2 dose levels (Table I). The  
cropsae  weigh ts  increased  l inear ly  (p < 0.01) as t he  dose 
levels increased.  A m o n g  t imes  of day,  a h ighly  s igni f icant  
(10 < 0.01) l inear  (10 < 0.01) and  quadra t i c  (p < 0.05) dif- 
ference was observed. In  general, the la ter  in the photo- 
per iod  t h e  p ro lac t in  was in jec ted  the  grea te r  were t he  
responses  (Figure 1). There  was  a decline,  however ,  f rom 

the  9 th  h to  the  12th h. The effects  of t ime  of day  and  
dose level were i n d e p e n d e n t  of one ano ther ,  i.e., t he  
level × t i m e  in te rac t ion  was  no t  s ignif icant .  

For  t he  i n t r a d e r m a l  assay,  27 p igeons  were r a n d o m l y  
d iv ided  in to  3 equal  groups.  In j ec t ions  were  m a d e  dai ly  
for 4 days  a t  e i the r  0, 6, or 12 h a f t e r  the  onse t  of the  
12-h p h o t o p e r i o d  (08.00-20.00 h). On the  r igh t  side of 
the  cropsac each  p igeon rece ived a 0.1 ml  in jec t ion  of 
12.5 ~g of ov ine  p ro lac t in  in 85% saline, while  on the  
lef t  side each p igeon received a 0.1 ml 85% saline (control) 
inject ion.  The  to t a l  dose of p ro lac t in  for 4 days  was 50 ~g 
(1 mg  = 28 IU).  One pigeon in t h e  0-h group  died.  The 
cropsacs  were  r e m o v e d  dur ing  the  5th d a y  (December  27, 
1969), 2 4 h  a f t e r  each group ' s  las t  inject ion.  Us ing  
recen t ly  ref ined t echn iques  s, 4-cm d i a m e t e r  muc0sal  
scrapings  were  t a k e n  f rom each side of t he  crop~ac, 
dr ied  in a v a c u u m  desiccator ,  and  weighed.  The in t ra-  
de rmal  e x p e r i m e n t  was  a spl i t  p lo t  2 × 3 factor ia l  a r range-  
m e n t  of t r e a t m e n t s  in a comple t e ly  r a n d o m i z e d  design 
where  t imes  of the  d a y  (0, 6, and  12 h a f te r  t h e  onse t  of 
t he  photoper iod)  are t he  whole  p lo ts  w i th  8 p igeons  a t  
0 h, 9 p igeons  a t  6 h, and  9 pigeons a t  12 h. Dose levels 
(0 and  50 ~tg of prolact in)  were t h e  spl i t  plots.  Com- 
par i sons  were made  a m o n g  the  t imes  of day  (l inear and  
quadra t ic )  and  be tween  dose levels (linear) by  means  
of a set  of o r thogona l  po lynomia l s  (Table II) .  

A h igh ly  s ignif icant  di f ference (p < 0.01) was  found  
b e t w e e n  the  responses  to  saline in jec t ions  as c o m p a r e d  
to  t he  pro lac t in  inject ions .  A m o n g  t imes,  a h igh ly  
s igni f icant  l inear  d i f ference  ( ;0<0.01)  was found  for  
b o t h  the  sal ine and  the  pro lac t in  in ject ions .  Grea te r  
responses  occurred  when  pro lac t in  was  in jec ted  la ter  in 
t he  pho tope r iod  (Figure 2). The increase dur ing  the  d a y  

Table I. Least-squares analysis of variance in cropsae responses to 
i.m. injections of prolactin (see Figure 1) 

Source of variation Degrees of freedom Mean of 
squares 

Level 3 12.075 b 
Linear 1 36.051 b 
Quadratic 1 0.019 
Cubic 1 0.155 

Time 4 6.851 b 
Linear 1 23.763 b 
Quadratic 1 2.250 • 
Cubic 1 0.157 
Quartic 1 1.236 

Level × time 12 1.481 
Error 80 0.784 

~ p < 0.05. b p <  0.01. 

Table II. Split-plot, least-squares analysis of variance in cropsac 
responses to intradermal injections of prolactin (see Figure 2) 

Source of variation Degrees of freedom Mean of 
squares 

Time 2 862.12 b 
Linear 1 1566.56 b 
Quadratic 1 157.68 

Pigeons/time (error) • 23 114.03 

Level i 3679.64 b 

Level × time 2 208.70 b 
(error) b 23 31.60 

• p.~ 0.05. b p < 0.01. 
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Fig. 1. Daily variations in eropsac responses to i.m. injections of 
prolactin. 4 dose levels of prolactin (0, 200, 400, or 600 rag) were 
given in 4 equal daily injections at one of 5 different times during 
the day {0, 3, 6, 9 or 12 h) after the onset of the daily photoperiods 
(07.30-19.30 h). The broken line represents the mean level (3.35 g) 
of the combined controls. 

1 R. W. LEE and A. H. MEIER, J. exp. Zool. 166, 307 (1967). 
z A. H. MEIER, Gen. eomp. Endoerin. Suppl. 2, 55 (1969). 
3 A. H. MEIER and K. B. DAvis, Gen. comp. Endocrin. 8, 110 (1967). 
4 C. B. BREAUX and A. H. MEIER, Am. Midl. Nat., in press [1970). 
5 O. RIDDLE, R. W. BATES and S. W. DYKSHORN, Prec. See. exp. 

Biol. Med. 29, 1211 (1932). 
s W. LYONS and R. PAOE, Prec. Soc. exp. Biol. Med. 32, 1048 (1935). 
7 G. "vV. SNEDECOR and W. G. COCHEAN, Statistical Methods (The 

Iowa State University Press, Ames 1967), Chapt. 12. 
s C. S. NICOLL, Endocrinology 80, 641 (1967). 



574 Specialia EXPERIENTIA 27•5 

of the  saline in jec ted  sides was less t han  the  increase 
of the  pro lac t in  in jec ted  sides, i.e., t he  level  × t i m e  inter-  
ac t ion  was s ignif icant  (p < 0.01). 

The  basis of t he  dai ly  cropsac va r i a t ion  remains  to 
be expla ined.  However ,  thyroxin ,  prednisone,  and growth  
ho rmone  enhance  the  responses of hypophysec tomized  
young  pigeons to prolact in% D a i l y  r h y t h m s  in hormone  
levels  have  been found in m a n y  ver tebra tes ,  e.g., T S H  
in ra ts  x0, n ;  cor t icos terone in mice 1] ra t s  ~, h u m a n s  x*, 
and sparrowsXS; pro lac t in  in ra ts  ~*, hamste rs  ~, and  
sparrows ~. The  rise and fall  dur ing the  day of hormones  
auxi l ia ry  to a cropsac response migh t  account  for a 
sens i t iv i ty  r hy thm.  As suggested for wh i t e - th roa t ed  

• , ~  l,O 
p~ 

"~  3~ 

"~  ZO 

[ ]  Prolacfin 

[ ]  ConlrOl 

-] - - -  ~iNN 

6 

S£'-- I 

~N 
!!::IN 

lZ b 
lime after the onset oT phoi'operiods 

Fig. 2. Daily variations in responses of the cropsae mucosa to 
intradermal injections of prolactin. Prolactin (50 mg total) and 
saline were given in 4 equal daily injections at one of 3 different 
times during the day (0, 6 or 12 h after the onset of the daily photo- 
period, 07.30-19.30 h). The broken line represents the mean level 
(19.2 rag) of the combined controls. 

sparrows le, sens i t iv i ty  r h y t h m s  in pigeons m a y  be in- 
vo lved  in the  t empora l  regula t ion  of p ro lac t in -dependen t  
phenomena .  Also, the  exis tence of a marked  dai ly  var ia -  
t ion  in t he  response of cropsacs requires inves t iga tors  to 
consider  the  t i m e  of day  when cropsac assays are  m a d e  17. 

Zusammen[assung. Es wird  festgestel l t ,  dass die An- 
sprechbarke i t  des Taubenkropfsackes  ant  Pro lac t in  in 
AbhAngigkei t  v o m  hormona len  Zus tand  des Versuchs-  
t ieres  yon Tag  zu Tag  versch ieden  ist. 
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Growth Hormone Release After Hepatectomy x 
Cont rad ic to ry  reports  on the  par t ic ipa t ion  of the  

p i t u i t a r y  gland in l iver  regenera t ion  have  appeared  in 
the  l i t e ra ture  for some t ime2-4;  b u t  recent  work  has 
th rown some l ight  on t l le  role p layed  by  this  g land in 
this  process 5, s 

W i t h  the  a im of ob ta in ing  more  in fo rmat ion  on this  
subject ,  and  w i t h  a d i f ferent  approach,  we have ,  as a 
f irst  step, looked for changes in the  g rowth  hormone-  
producing  ceils of the  p i t u i t a ry  g land of hepa tec tomized  
mice and we h a v e  observed morphologica l  changes 
indica t ing  a mass ive  release of t he  h o r m o n e ' .  These 
changes reached a m a x i m u m  a t  midn igh t  of the  second 
d a y  af te r  hepa t ee tomy ,  some hours  before the  appear-  
ance  of the  first  peak  of D N A  synthesis  in t h e  regenera t ing  
l iver  (EcHAVE LLANOS et  al. unpubl i shed  results). 

In  a second step of which the  results  arc repor ted  here, 
we have  assayed the  p lasma of hepa tec tomized  mice, 
t aken  a t  midn igh t  of the  second day  af te r  hepa t ec tomy ,  
the  t ime  of m a x i m a l  release changes in the  g rowth  
hormone-produc ing  cells, on the  D N A  synthesis  index  
of the l iver  of in tac t  adu l t  mice. I t s  effect  was compared  
wi th  the  ac t ion  of saline, p lasma f rom in tac t  mice  kil led 
a t  midn igh t  and pure  bov ine  g rowth  hormone .  

Seven ty - two  90-day-old C3H-S inbred male  mice  were  
used for the  exper iment .  T h e y  were s tandard ized  for 

p e r i o d i c i t y  analysis s. 20 of them,  hepa tec tomized  9 a t  

16.00 h ~, were ki l led by  decapi ta t ion  a t  midn igh t  of the  
second day  of regenerat ion,  toge the r  w i th  20 in tac t  m i c e .  
The  blood of each group was collected as a pool  on 1 ml  
of 3% sodium c i t ra te  and then  cent r i fuged a t  3000 × g  
and 0°C. The  p lasma ob ta ined  was s tored for 16 h a t  
0°C unt i l  in ject ion.  

F o u r  groups of 8 in t ac t  mice  were  used as receivers.  
They  were in jec ted  i.p. a t  16.30 h for 3 consecut ive  days,  
w i th  0.01 m l / g  body  weight  of the  fol lowing solut ions:  
1. Buffered  saline (pH:  7.2) wi th  3% sodium c i t ra te  (9:1). 
2. P l a sma  from in tac t  mice kil led a t  midnight .  3. P l a sma  
from hepa tec tomized  mice kil led a t  m i d n i g h t  of the  
second day  af te r  hepa t ec tomy .  4. Growth  ho rmone  
(NIH-GH-B13 .  Bovine)  dissolved (1 lzg/0.01 ml) in a lka-  
l ine medium,  buffered to p H  7.2 and  f ina l ly  added  wi th  
3% sod ium c i t ra te  (9:1). All  t he  animals  were ki l led 
af ter  the  th i rd  in ject ion a t  02.00 h of t he  fol lowing day,  
hav ing  received,  1 h previously,  an  i.p. in jec t ion  of 
t r i t i a t ed  thymid ine  (From N e w  England ,  Chicago. 
Specific ac t iv i ty :  2 C/raM) in a dose of 1 ~C/g body  
weight .  The  l iver  was r emoved  and processed for au to-  
rad iography.  The  D N A  synthes is  index  was  de te rmined  
and  expressed as label led nuclei/10,000 nuclei.  

In  th is  expe r imen ta l  design (Figure), t he  t i m e  for the  
in jec t ion  of the  hormone  (16.30 h) was chosen bear ing  
in m i n d  the  resul ts  of HALBERG 10 -~vho demons t r a t ed  


