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Relat ive  and A b s o l u t e  Goblet  Cell  N u m b e r s  in Intes t ina l  Crypts  
F o l l o w i n g  Irrad ia t ion  or A c t i n o m y c i n  D 

M a m m a l i a n  in t e s t ina l  c ryp t s  can  be  s u b d i v i d e d  in to  
p ro l i fe ra t ive  a n d  d i f f e r en t i a t ed  c o m p a r t m e n t s  (goblet  
cells, m a t u r i n g  c o l u m n a r  cells, P a n e t h  cells, a r gen t a f f i n  
ceils). The  la rges t  g roups  of n o n - d i v i d i n g  c r y p t  ceils are 
goble t  ceils and  m a t u r i n g  c o l u m n a r  cells. Fol lowing 
i r r ad ia t ion ,  t h e  i n t e s t i n a l  mucosa  a t t e m p t s  to  c o m p e n s a t e  
for d a m a g e  b y  e x p a n d i n g  t h e  p ro l i f e ra t ive  c o m p a r t m e n t  
a n d  s h o r t e n i n g  t h e  cell cycle ~,2. The  p ro l i f e ra t ive  c o m p a r t -  
m e n t  e x p a n d s  a t  t he  expense  of t h e  m a t u r i n g  c o l u m n a r  
cell c o m p a r t m e n t ,  wh ich  v i r t u a l l y  d i sappears .  Severa l  
i nves t iga to r s  h a v e  r epo r t ed  changes  in goble t  cell n u m -  
bers  (bo th  increases  and  decreases)  d u r i n g  th i s  post -  
i r r a d i a t i o n  per ioda-K I n  order  to  f u r t h e r  i nves t i ga t e  th i s  
p h e n o m e n o n ,  a study was u n d e r t a k e n  u t i l i z ing  X-  
r a d i a t i o n  and  a c t i n o m y c i n  D as cy to tox ic  agen t s  to  a l t e r  
t he  c r y p t  cell popu la t ions .  

Mater ials  and methods. Male C57 B 1 / J  mice,  100-120 
days  old, were used in b o t h  expe r imen t s .  In  t he  f i rs t  
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Fig. 1. Total cells per ileal crypt following X-radiation or actino- 
myein D administration. Mean ~2 1 standard error. 
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Fig. 2. Total goblet cells perileal crypt following X-radiation or 
actinomycin D administration. Mean =~ 1 standard error. 

e x p e r i m e n t  25 mice were i r rad ia ted ,  a b d o m e n  only, w i t h  
600 R of X - r a d i a t i o n  (HVL 1.8 m m  copper).  Groups  of 5 
mice  were sacr i f iced b y  cerv ica l  d i s loca t ion  a t  8 t h r o u g h  
96 h pos t - i r r ad ia t ion ,  a n d  samples  t a k e n  f rom t h e  lower 
i leum. The  samples  were f ixed in cold (4~ e t h a n o l :  
acet ic  acid (3:1), s t a ined  b y  t he  Feu lgen  reac t ion ,  c ryp t s  
d issec ted  free, and  c r y p t  squashes  p r e p a r e d L  Goble t  
cells were s t a ined  w i t h  a lc ian  blue, 0 .1%, p H  2.5. 

In  t h e  second expe r imen t ,  25 mice  were i n j ec t ed  i.p. 
w i t h  a c t i n o m y c i n  D (Cosmegen | Merck,  Sha rp  a n d  
Dohme) ,  750 Fg/kg b o d y  weight ,  a n d  c r y p t  s q u a s h  
p r e p a r a t i o n s  m a d e  as before.  To ta l  cells and  t o t a l  goble t  
cells pe r  c r y p t  were d e t e r m i n e d  for 20 c ryp t s  per  a n i m a l  
for b o t h  expe r imen t s .  The  re t a t ive  n u m b e r  of gob le t  cells 
for each  a n i m a l  was d e t e r m i n e d  b y  d iv id ing  goble t  
ce l l s /c rypt  b y  t o t a l  ce l l s /c rypt  (expressed as percent ) .  

Results  and discussion. Fol lowing 600 of X- r ad i a t i on ,  
t o t a l  cells pe r  c r y p t  were decreased  for t he  f i rs t  48 h 
pos t -exposure ,  and  b y  96 h t he  c r y p t  was  in a hype r -  
p las t ic  s t a t e  (Figure 1). To ta l  goble t  cells also decreased  
for t he  same  period,  b u t  no t  as d ras t i ca l ly  as t o t a l  c r y p t  
cells (Figure  2). The  resu l t  was  an  increase  in t he  per-  
cen tage  of c r y p t  cells wh ich  were goble t  cells (Figure 3). 
A s imi la r  p a t t e r n  was seen fol lowing a d m i n i s t r a t i o n  of 
a c t i n o m y c i n  D, b u t  r ecovery  was de layed  a b o u t  1 d a y  
in compar i son  w i t h  X- rad i a t i on .  The  m a x i m u m  goble t  
cell pe rcen t age  the re fo re  occur red  1 d a y  a f t e r  t he  p e a k  
w i t h  X - r a d i a t i o n  (Figure 3). 

This  p h e n o m e n o n  can  bes t  be exp la ined  b y  differences 
in  s ens i t i v i t y  be tween  c ryp t  cell popu la t ions .  P ro l i fe ra t ive  
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Fig. 3. Relative number of goblet cells in ties1 crypts following 
X-radiation or aetinomycin D administration. (Goblet cells/crypt)/ 
(Total cells/crypt), in percent. Mean ~ 1 standard error. 
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cells are in cycle and  t h u s  are sens i t ive  to  cy to tox ic  
agen ts  ; goble t  cells are n o t  in cycle and  t h u s  are res i s t an t .  
The i r  decrease  in abso lu te  n u m b e r  is p r o b a b l y  due to  
ki l l ing of t he i r  p ro l i fe ra t ive  precursors ,  coupled  w i t h  
c o n t i n u e d  m i g r a t i o n  ou t  of t he  c rypt .  

Differences in  s ens i t i v i t y  m a y  also exp la in  ~VIERNIK'S 
da ta ,  wh ich  descr ibes  a wave  of goble t  cells m i g r a t i n g  
ou t  of t he  c r y p t  fol lowing i r r ad ia t ion .  Since goble t  ceils 
and  p ro l i f e ra t ive  cells are n o r m a l l y  i n t e r m i n g l e d  in the  
c rypt ,  an  agen t  wh ich  kills a po r t i on  of t he  i n t e r v e n i n g  
p ro l i f e ra t ive  cetIs, c rea tes  a g roup  of goble t  cells wh ich  
m a y  t h e n  m i g r a t e  t oge the r  as a wave.  

All  p rev ious  work on  goble t  cetI k ine t ics  ha s  been  done  
w i t h  t i ssue  sections,  wh ich  m a y  give a mis l ead ing  impres -  
sion of d r a m a t i c a l l y  increased  goble t  cell n u m b e r  because  
of an  increase  in t he  size of these  cells fol lowing i r r ad ia t ion .  
Most  i nves t iga to r s  h a v e  been  cor rec t  in  r e p o r t i n g  a 
goble t  cell increase,  b u t  h a v e  fai led to  d i s t ingu i sh  be tween  
abso lu te  and  re la t ive  number s .  

Rdsumd. Les modi f i ca t ions  a p p a r a i s s a n t  dans  les 
cellules cal ic i formes de i ' i lgum des souris  apr~s i r r ad i a t i on  
ou l ' a d m i n i s t r a t i o n  d ' a c t i n o m y c i n e  D son t  en p remie r  
l ieu la r6percuss ion  des c h a n g e m e n t s  su rvenus  dans  la 
zone de prolif@ration. 
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E f f e c t  of  H y p e r v e n t i l a t i o n  o n  t h e  P l a t e l e t  A g g r e g a t i o n  I n d u c e d  b y  A D P  

It was found  prev ious ly  1 t h a t  c i rcu la t ing  p la te le t s  show 
a h ighe r  respons iveness  to  A D P  before  t h e i r  passage  
t h r o u g h  t he  p u h n o n a r y  vessels t h a n  a f t e r  i t ;  in fact ,  t h e  
p la te le t s  of t he  a r t e r i a l  b lood  show a lesser e x t e n t  in  t he  
m a x i m a l  aggrega t ion  c o m p a r e d  to  t he  p la te le t s  of t he  
venous  blood. This  d i f fe ren t  b e h a v i o u r  is r e l a t ed  to  a 
p l a sma t i c  c o m p o n e n t  re leased or m e t a b o l i z e d  d u r i n g  t h e  
passage  of b lood t h r o u g h  t he  p u l m o n a r y  vessels 2. Th i s  
resu l t  gives an  a c c o u n t  of t he  i n t e r a c t i o n  be t w een  t he  
lungs  a n d  t he  p l a t e l e t ' s  func t ions  also obse rved  b y  o the r  
au tho r s  3-s A d d i t i o n a l  ev idence  of these  connec t ions  is 
p r o v i d e d  b y  t he  effect  of a n  ar t i f ic ia l ly  p roduced  hype r -  
v e n t i l a t i o n  on t he  aggrega t ive  b e h a v i o n r  of the  pla te le ts ,  
wh ich  is repor ted  in th i s  paper .  

Methods. Adul t  r a t s  of b o t h  sexes were a n a e s t h e t i z e d  
w i t h  e the r  a n d  t h e n  w i th  u r e t h a n  (Carlo E rba ,  Milano,  
400 m g / k g  body  wt.) and  Na  N e m b u t a l  (Abbot ,  Apri l ia ,  
30 m g / k g  body  wt.) 

Ven t i l a t i on  was pe r fo rmed  b y  in f l a t ing  t he  lungs  w i t h  
a i r  b y  means  of a s m a l l - a n i m a l  r e s p i r a t o r y  p u m p  (Scien- 
t i t ic  a n d  Resea rch  I n s t r u m e n t s  LTD,  Croydon,  Sur rey)  
connec t ed  to a c a n n u l a  inse r t ed  in t he  t r achea .  The  
v o l n m e / m i n  was ad ju s t ed  to 0.6 1/min (85 b r e a t h s / m i n  
for 5 min),  in  r a t s  h y p e r v e n t i l a t e d  a n d  to 0.3 1/min 
(35 b r e a t h s / m i n  for 5 rain) in t he  controls ,  a va lue  wh ich  

Maximal extent of platelet aggregation by ADP in PRP obtained from 
hyperventilated rats (8 experiments) and from normally ventilated 
rats (8 experiments) 

Hyperventilation Control 

51.40 34.80 
49.04 30.80 
50.00 41.60 
49.20 40.40 
46.20 36.00 
41.32 41.00 
55.40 39.20 
55.32 40.92 

Mean 49.72 (S.D. • 4.62) 

t = 5.664 > 2.120 for P 0.05. 

Mean 39.21 (S.D. ~- 2.48) 

agrees w i t h  n o r m a l  qu ie t  resp i ra t ion .  T h e n  t he  ches t  of 
t h e  an ima l s  was  opened  and  t h e  a r t e r i a l  b lood  was  
col lected b y  ca rd iac  p u n c t u r e  f rom t h e  left  vent r ic le .  
S o d i u m  c i t r a t e  (3.8% mixed  1:9) was  used as t he  an t i -  
coagu lan t .  

The  p r e p a r a t i o n  of p l a t e l e t - r i ch  p l a s m a  (PRP)  a n d  
p la t e l e t -poor  p l a s m a  (PPP)  a n d  also p l a t e l e t  c o u n t  were 
car r ied  ou t  as p rev ious ly  descr ibed  1. 

The  p la t e l e t  agg rega t ion  was s tud ied  b y  m e a n s  oi an  
aggregomete r  (169 P la t e l e t  Aggrega t ion  M e t e r - E v a n s  
E lec t rose l en ium Ltd )  to  measu re  t he  changes  in t he  op t ica l  
dens i ty  (O.D.) of P R P  d u r i n g  aggrega t ion  induced  b y  
A D P  (NaaADP - C F. B o e h r i n g e r  a n d  S6hne  H - M a n n h e i m  

f ina l  c o n c e n t r a t i o n  9.2 • 10 ~ M) .  
h r  two groups  of expe r imen t s ,  sod ium l ac t a t e  (The 

Br i t i sh  D r u g  Houses  L t d -  B .D.H.  L a b o r a t o r y  Chemica l  
Div is ion  - f inal  c o n c e n t r a t i o n  20 mEq/1)  was added  to  
b lood j u s t  before t he  P R P  p r e p a r a t i o n ,  or to  P R P  and  
i n c u b a t e d  for 3 ra in  a t  37 ~ in t hc  aggregomete r  before  
a d d i n g  A D P  

The  aggrega t ion  cu rve  was m e a s u r e d  in the  fol lowing 
way  : t he  m a x i m u m  curve  h e i g h t  was measu red  f rom t h e  
base l ine  to t he  m i d p o i n t  of t he  h ighes t  s egmen t  of t he  
curve,  to  e s t ima te  t he  e x t e n t  of aggrega t ion .  S t a t i s t i ca l  
ana lys i s  was  pe r fo rmed  w i t h  t he  2 sample  t - tes t  for t he  
l imi t ing  va lue  of 0 0 5  p r o b a b i l i t y  9. 

Results. Pla t e l e t s  of h y p e r v e n t i l a t e d  an ima l s  show a 
g rea te r  degree of r espons iveness  to  A D P  in c o m p a r i s o n  
w i t h  p la te le t s  of n o r m a l l y  v e n t i l a t e d  animals .  The  values  
o b t a i n e d  in t h e  e x p e r i m e n t s  are r epo r t ed  in t h e  T a b l e ;  
the  m e a n  va lue  of t h e  m a x i m a l  e x t e n t  of aggrega t ion  was 
49.72% (S.D. -4- 4.62) in t he  h y p e r v e n t i l a t e d  r a t s  
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