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T h e  E f f e c t  o f  V i t a m i n  D 3 a n d  2 5 - H y d r o x y c h o l e c a l c i f e r o l  o n  I n t e s t i n a l  T r a n s p o r t  o f  C a l c i u m  i n  v i v o  
a n d  i n  v i t r o  

Fol lowing the  admin i s t r a t i on  of v i t a m i n  D~, the  lag 1, 2 
is pa r t l y  due to the  t ime  needed  for tile deve lopmen t  of 
cer ta in  b iochemical  changes  in t he  mucosal  cells 3-~, 
resul t ing in an increased t rans fe r  of calcium. On the  o ther  
hand,  th is  lag is pa r t l y  accounted  for by  the  t ime  needed 
to  t r ans fo rm cholecalciferol to  more  polar  metabo l i t es  9711. 
One .of  t h e m  is 25-hydroxycholecalciferoP2,13 which  
s t imula tes  calcium t r a n s p o r t  sooner  t h a n  v i t amin  D e 14. 

However ,  th is  p h e n o m e n o n  has been  d e m o n s t r a t e d  in 
ra t s  using e i ther  in v i t ro  sy s t em or indi rec t ly  by  measur ing  
the  ac t iv i ty  in blood following the  oral admin i s t r a t ion  of 
labelled calcium. The p re sen t  expe r imen t s  were under-  
t aken  to  examine  the  d e v e l o p m e n t  of the  effect  of v i t ami n  
D3 or 25-hydroxycholecalciferol  by  a more  direct  in vivo 
t echn ique  and to  compare  these  resul ts  w i th  t h a t  of in- 
v i t ro  tes t .  

Rachi t ic  male  albino ra t s  bred  in our  l abora to ry  were  
used. The deve lopmen t  of v i t a m i n  D deficiency was 
checked by  de te rmin ing  fas t ing  se rum levels of calcium. 
A modif ied  in v i t ro  m e t h o d  descr ibed by  SCI~ACHTER 15 
was used to  inves t iga te  calc ium t r anspor t .  Calcium ab- 
sorp t ion  was inves t iga ted  in vivo by  l igat ing the  duodenal  
segment  of the  small  in tes t ine  and  in jec t ing  a known 
a m o u n t  of 45Ca labelled CaC12 into  the  lumen in the  anaes-  
the t i zed  animals  ~e. The r ad ioac t iv i ty  and the  to ta l  
calc ium con t en t  r emain ing  in the  lumen  of in tes t ine  af ter  
20 min  were de t e rmined  and  the  r a t e  of absorp t ion  was 
calcula ted f rom the  decrease of t he  rad ioac t iv i ty .  The 
var ia t ion  in the  leng th  of the  ind iv idua l  loops was also 
t a k e n  in to  account  in t he  calcula t ion ~7. D a t a  on the  
a m o u n t  of to ta l  calcium of the  lumen  were no t  i l lus t ra ted  
because t h e y  showed s imilar  p a t t e r n  to t h a t  of the  radio- 
ac t iv i ty  measurements .  The signif icance of the  results  
were assessed by  S t u d e n t ' s  t-test ,  t he  resul ts  are given as 
the  mean  • SD. 

V i t amin  D 3 (Koch-Light)  and  25-bydroxycholecalci -  
ferol (kindly suppl ied f rom Dr. Kodicek,  Dunn  Nutr .  Lab. ,  
Cambridge,  England)  were admin i s t e red  i.v. 8 or 24 h 
before the  calcium absorp t ion  or calcium t r a n s p o r t  
assays.  

U n d e r  in-vlvo condi t ions ,  8 h af ter  the  admin i s t r a t ion  
of the  subs tances  only  25-hydroxycholecalc i ferol  (HCC) 
exhib i ted  a mode ra t e  but  s igni f icant  rise in calcium ab-  
so rp t ion  : 

Vitamin D 100 IU of D 3 100 IU of HCC 
deficient 

Percentual 
absorption 51.8:k8.4 (111 53.9=t_13.0 (9) a67.0:k9.5 /9) 

a Statistically significant difference to the untreated rats. 

W h e n  tile per iod be tween  the  in ject ion of the  v i t amins  
and  the  examina t ion  of calc ium absorp t ion  las ted for 24 h. 
this difference d i sappeared  and calcium absorp t ion  was 
found to  be similar  e i ther  af ter  v i t a m i n  D a or af ter  
25-hydroxycholecalci ferol  : 

Vitamin D 50 IU of I)~ 50 IU of tlCC 
deficient 

Percentual 
absorption 31.7• (12) a45.0-t-9.2 (12) a43.8~k8.3 (12) 

As presen t  in-vi t ro  results  indicate ,  100 IU  of 25-hydro- 
xycholecalciferol  had  a more  p ronounced  effect  on calcium 
t r a n s p o r t  8 h af ter  its admin i s t r a t i on  t h a n  v i t a m i n  D 3. 

Vitamin D 100 IU of D 3 100 IU of HCC 
deficient 

S/M value 2.27-4-0.61 (9) 3.39=k0.81 (6) a4.70+0.91 (5) 

24 h af ter  the  appl ica t ion  of the  v i t amins  the  increase 
in calcium t r a n s p o r t  was s imilar  in b o t h  cases: 

Vitamin D 50 IU of D~ 50 IU of HCC 
deficient 

S/M value 2.08• (6) a3.18• (5) a3.29~0.54 (6) 

Statistically significant difference to the untreated rats. 

The m e t h o d s  used to compare  the  t ime lag following 
the  admin i s t r a t i on  of 25-hydroxycholecalci ferol  and vi t-  
amin  D are f r equen t ly  indi rec t  ones. In  the  p resen t  exper-  
iments ,  th i s  ques t ion  was inves t iga ted  bo th  in vivo and in 
vi t ro .  According to  the  results  presented ,  25-hydroxy-  
cholecalciferol  s t imula tes  in tes t ina l  calcium t r anspo r t  
fas ter  t h a n  v i t a m i n  D3; however ,  th is  difference has 
d i sappeared  by  24 h. The da t a  ob ta ined  by  in vivo loop 
m e t h o d  or ever ted  in tes t ina l  sac t echn ique  are in a good 
agreement ,  suggest ing t h a t  the  capac i ty  of the  mucosal  
cells of t r a n s p o r t i n g  calcium was increased due to the  
t r e a t m e n t .  These d a t a  are in accordance  wi th  the  theory  
t h a t  25-hydroxycholecalci ferol  exer t s  more  di rect  effect  
on the  t a rge t  t issue t h a n  v i t a m i n  D3, bu t  do no t  exclude 
the  possible role of o ther  metabo l i t es  in the  physiological  
effect  of v i t a m i n  D ls-20. 
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Zusammen/assung. 8 S t u n d e n  n a c h  I n j e k t i o n  y o n  
25-Hydroxycholeca lc i fe ro l  be i  r a c h i t i s c h e n  R a t t e n  stei-  
ger te  s ich de r  K a l z i u m - T r a n s p o r t  des D u o d e n u m  in v i v o  
wie a u c h  in  v i t ro  b e d e u t e n d .  WA hr end  dieser  Zei t  wa r  
V i t a m i n  D 3 wirkungslos .  24 h n a c h  der  I n j e k t i o n  s t imu-  
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M e c h a n o r e c e p t o r s  on the A n ten n a  of the T o b a c c o  

A l t h o u g h  insec t  m e c h a n o r e c e p t o r s  a p p e a r  in m a n y  
diverse  forms,  t he  s imples t  appea r s  to  be  t he  sensi l la  
t r ichoidea .  These  s t r u c t u r e s  are  i n n e r v a t e d  b y  a s ingle 
b ipo l a r  n e u r o n  w i t h  t he  cell b o d y  j u s t  u n d e r  t he  cuticle.  
The  dend r i t i c  po r t i o n  of t h i s  n e u r o n a l  a r r a n g e m e n t  
genera l ly  t e r m i n a t e s  w i t h i n  t he  l u m e n  nea r  t he  base  of t he  
sensory  ha i r .  I n  some ins tances ,  t h e r e  m a y  be  t h r ee  neu-  
rons  t e r m i n a t i n g  in a single hair ,  one of wh ich  dendr i t i c -  
a l ly  t e r m i n a t e s  in to  a disc and  is mechanorecep t ive ,  
whi le  t he  o the r  two h a v e  a chem os ens o r y  func t i on  1. 

N u m e r o u s  func t ions  h a v e  been  sugges ted  for the  sen- 
silla t r ichoidea ,  some of which  inc lude  1 p ropr iocep to r s  in  
t h e  cockroach  leg ~; 2. sound  r ecep t ion  in locusts  3 ; 3. con-  
t a c t  chemorecep t i on  in tlies *, a n d  4. recep tors  for h u m i d i t y  
changes  in t h e  t se t se  flyS. 

P r e l i m i n a r y  s tud ies  h a v e  i n d i c a t e d  a lack of chemo-  
r ecep to r  f unc t i on  for t he  t r i cho id  sensi l la  on  a n t e n n a e  of 
t h e  male  tobacco  h o r n w o r m  m o t h ,  Manduca sexta. I n  
v iew of t h i s  i n io rma t i on ,  these  sensi l la  were t h e n  inves-  
t i g a t e d  for t h e i r  m e c h a n o r e c e p t i v e  qual i t ies .  Only  ma le  
m o t h s  were used for th i s  s t u d y  because  female  a n t e n n a e  
are r e l a t i v e l y  vo id  of a n y  large sensory  setae.  

Method. I so l a t ed  h e a d  p r e p a r a t i o n s  of ma le  t obacco  
h o r n w o r m  m o t h s  were securely  f a s t ened  to  a pa ra f f in  
m o u n t i n g  b lock  b y  m e a n s  of 2 d issec t ing  needles.  The  
pa r i e t a l  a rea  of t he  head  cut ic le  was  r e m o v e d  a n d  pha -  
ryngea l  p u m p  muscles  cu t  away.  All  a n t e n n a l  m u s c u l a t u r e  
was  severed,  l eav ing  on ly  t h e  a n t e n n a l  ne rve  as the  p r i m -  
a ry  connec t ion .  

Af fe ren t  responses  were r ecorded  b y  m e a n s  of a hook  
s ta in less  s teel  e lec t rode  in c o n t a c t  w i t h  t he  a n t e n n a l  nerve .  
The  ind i f fe ren t  e lect rode was p l aced  in  t he  c o n t r a l a t e r a l  
eye, whi le  t he  g round  was p laced  in t h e  head  muscu la tu re .  
T h e  a n t e n n a l  ne rve  be t w een  t he  r ecord ing  e lec t rode  a n d  
t h e  d e u t o c e r e b r u m  was severed  to  e l i m i n a t e  a n y  possible  
e f fe ren t  ac t iv i ty .  

The  a n t e n n a  of t h e  ma le  t obacco  h o r n w o r m  m o t h  is 
a p p r o x i m a t e l y  'key  hole '  in  cross sec t ion  w i t h  2 rows of 
h a i r  sensi l la  on  2 of t he  3 sides. A V-shaped  fork was 
fo rmed  f rom fine wire and  sized so as to  engage these  ha i r s  
as t he  fork  was m o v e d  a long  t h e  a n t e n n a .  T he  t ip  of t he  
a n t e n n a  was w a x e d  to  a wire  loop holder ,  s t a t i o n e d  in t he  
wax  m o u n t i n g  block.  The  a n t e n n a  was  t h u s  m a i n t a i n e d  in 
a n  e x t e n d e d  posi t ion,  p e r m i t t i n g  ti le wire  fo rm to  displace 
t he  ha i r s  in  se lected areas  a long i ts  l ength :  T he  fork was 
a t t a c h e d  to  a 4 inch  h i g h  compl i ance  loudspeake r  b y  
m e a n s  of a p las t i c  cross piece c e m e n t e d  to  t he  speaker  
cone. The  a p p a r a t u s  was m o u n t e d  on  a m e c h a n i c a l  s tage  
to p e r m i t  c o n v e n i e n t  pos i t ion ing  w i t h  respec t  to  the  m o t h  
a n t e n n a .  

H o r n w o r m  Moth  (Manduca sexta) 
St imu lus  was a d m i n i s t e r e d  b y  feeding a square  wave  

s ignal  f rom a Grass  $4 s t i m u l a t o r  to  the  speaker .  B y  
a d j u s t i n g  t h e  vo l t age  a n d  t i m e  base  of t he  signal,  a 
s t imu lus  h a v i n g  t he  des i red  m a g n i t u d e  and  d u r a t i o n  could 
be  p r o g r a m m e d .  The  s ignal  to  t he  speaker  was pa ra l l e led  
to t h e  lower t r ace  of t he  oscilloscope to p rov ide  a s t imu lus  
a r t i fac t .  

The  ha i r  sensi l la  on  one a n t e n n a l  s egmen t  were d isp laced  
d i s ta l ly  fol lowed b y  a n  equa l  p r o x i m a l  d i sp lacement .  Tile 
v e l o c i t y  of d i s p l a c e m e n t  was  5.4 mm/sec .  

The  oscil loscope was o p e r a t e d  a t  a sweep speed of 
0.2 sec /cm a n d  sens i t i v i t y  of 1 mV/cm.  I n  some cases, re- 
sponse  t r aces  were supe r imposed  to  s t u d y  fo rm a n d  
cons i s t ency  of i n t e r sp ike  in te rva l .  A 3 ra in  t i m e  i n t e rva l  
was  m a i n t a i n e d  be tween  successive s t imul i  in t h i s  s tudy .  

A n t e n n a l  s egmen t s  for h is to logical  e x a m i n a t i o n  were  
f ixed in s i tu  in  cold (4~ 4 %  g lu t a r a ldehyde  so lu t ion  
buf fe red  to a p H  7.4 w i t h  s-coll idine buffer  6, r. The  t i ssue  
was  t h e n  excised a n d  p laced  in a b e a k e r  c o n t a i n i n g  t h e  
cold buf fe red  f ixa t ive  for 2 to  3 h. Af ter  f ixa t ion,  t h e  
m a t e r i a l  was  t r a n s f e r r e d  to  s-coll idine buffer  a t  4~ for a 
pe r iod  fo 12 h. D e h y d r a t i o n  was car r ied  ou t  t h r o u g h  solu- 
t ions  of m e t h y l  cellusolve,  me thano l ,  e thanol ,  p r o p a n o l  
a n d  e m b e d d e d  in 2 - h y d r o x y m e t h y l m e t h a c r y l a t e .  Sec t ions  
were cu t  a t  2 p.m w i t h  a s teel  knife,  m o u n t e d  a n d  s t a ined  
w i t h  acid fuchs in  a n d  m e t h y l e n e  blue. 

Results (s t ruc tura l ) .  The  difference in ex t e rna l  morpho l -  
ogies b e t w e e n  a n t e n n a e  of ma le  and  female  h o r n w o r m  
m o t h s  is s t r i k ing  (Figure  1). The  ma le  a n t e n n a  ha s  t he  
shape  of a key  'ho le '  in  cross sec t ion  and  is a l igned  w i t h  
2 d i s t i nc t  rows of sensi l la  t r i cho idea  on  2 of t he  3 sides. 
These  sensi l la  form a n  arc as t h e y  m e e t  a t  t h e i r  d i s t a l  
ex t remi t i es .  B e t w e e n  these  large sensory  hairs ,  a d d i t i o n a l  
smal le r  sensi l la  (s. chae t ica ,  s. basiconica)  are found.  The  
female  a n t e n n a  is genera l ly  sho r t e r  and  c i rcular  in  cross 
sect ion.  I t  does no t  possess a n y  of t he  larger  s. t r i c h o i d e a  
n o t e d  in t he  male,  b u t  on ly  se tae  closely appressed  to t h e  
a n t e n n a l  surface.  
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