
15. 3. 1977 Specialia 

Table 4. Effect of vitamin C on response of spleen lymphoid cells to con A* 
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Experiment Treatment cpm & cpm & cpm Significance 
Unstimulated con A mean 4- S. E. M. 

2 weeks 
I Vitamin C 827 i 49 12866 :}z 264 12039 11692 -ix 283 

609 i 42 11955 =~ 127 11346 
p < 0.025 

Control 121 i 5.5 1447 4- 52 1326 
426 4- 17 5778 i 178 5352 3403 • 1163 
340 i 8.5 3873 -- 340 3533 

4 weeks 
II Vitamin C 399 i 6.4 41353 4- 731 40954 

1250 i 31 53984 • 521 52734 42490 i 4784 
682 -E 40 34465 4- 712 33783 

p < 0.05 
Control 613 4- 18 30277 4- 342 29664 

341 • 25 21460 • 335 21119 21068 j_ 4311 
436 4- 27 12856 ~_ 342 12420 

8 weeks 
I I I  Vitamin C 1427 • 8.5 56724 4- 1544 55297 

879 4- 29 57079 zc 399 56200 47666 ~ 7003 
456 ~_ 20 31957 4- 261 31501 

Control 387 j_ 16 6179 4- 198 5792 p < 0.05 
485 • 48 8996 -V 90 8511 12975 4- 5089 
573 :t_ 21 25197 -t= 45 24624 

*BALB/c mice were placed on a vitamin C regimen (250 mg% in drinking water) at 2.5 months of age. At 2 weeks (inales) and at 4 and 8 
weeks (fenlales) spleen lymphoid cells were harvested for con A stimulation. Values presented are of assays for individual mice carried out in 
groups of 2 3 vitamin C and control animals. The different tilne points represent 3 separate experiments. Assays of ~ H-thymidine incorporation 
were performed in triplicate in each ease. 
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p r o b a b l y  r e spons ib l e  for  e f fec t ing  CM111. F o r  e x a m p l e ,  
e n t r a p m e n t  of m a c r o p h a g e s  b y  s u c h  l y m p h o k i n e s  as  
m a c r o p h a g e  i n h i b i t o r y  f a c t o r  (MIF)  a n d  h e i g h t e n e d  ac- 
t i v a t i o n  b y  m a c r o p h a g e  a c t i v a t i o n  f a c t o r  (MAF) r e s u l t  
in  m o r e  r e a d y  inges t i on  a n d  d e g r a d a t i o n  of i n fec t ious  
agen t s .  T h u s ,  t h e  ce l l -med ia t ed  i m m u n e  r e s p o n s e  is con-  
s idered  to  p r o v i d e  a m e c h a n i s m  for  e n a b l i n g  t h e  in fec ted  
h o s t  to  r id i tself  of v i r u s e s  a n d  o t h e r  i n t r ae e l l u l a r  p a r a -  
sites.  Conce ivab ly ,  t h e n ,  t h e  e n h a n c e m e n t  of i n t e r f e r o n  
s y n t h e s i s  a n d  t h e  a u g m e n t a t i o n  of T - l y m p h o c y t e  a c t i v i t y  
w o u l d  s u g g e s t  a dua l  role  for  v i t a m i n  C in i ts  p u t a t i v e  
p r o t e c t i v e  p a r t i c i p a t i o n  a g a i n s t  v i ra l  disease.  

The effect of l evamiso le  on phosphodies terase  act ivi ty  
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Summary. P h o s p h o d i e s t e r a s e  a c t i v i t y  of m o u s e  l iver  h o m o g e n a t e s  w a s  e s t i m a t e d  in p r e sence  a n d  absence  of levamisole .  
T h e  e n z y m e  a c t i v i t y  w a s  1394 a n d  1399 n m o l e s / m g  p r o t e i n / 3 0  m i n  respec t ive ly .  O u r  d a t a  s h o w  t h a t  l evamiso le  does  
n o t  af fec t  t h e  p h o s p h o d i e s t e r a s e  ac t iv i ty .  

Levamiso l e ,  a w ide l y  u sed  a n t h e l m i n t h i c  d rug ,  w a s  f o u n d  
to  r e s t o r e  h o s t  defense  m e c h a n i s m s  b y  s t i m u l a t i n g  p h a g o -  
cy t e s  a n d  l y m p h o c y t e s  w h e n  t h e y  are  defec t ive ,  a n d  i t  
h a s  a p o t e n t i a l  t h e r a p e u t i c  va lue  as  a n  i m m u n o - m o d u -  
l a t ing  a g e n t  in  d o m e s t i c  a n i m a l s  a n d  in m a n  1. I n  m a n ,  
e n c o u r a g i n g  r e su l t s  h a v e  b e e n  r e p o r t e d  u n d e r  a wide  
r a n g e  of cond i t i ons ,  m a n y  of w h i c h  are  to  u n k n o w n  
e t io logy,  b u t  all w i t h  s u s p e c t e d  defec ts  in h o s t  defense  
m e c h a n i s m s  2. 

T h e  m o d e  of a c t i on  of l e v a m i s o l e  is n o t  k n o w n  a n d  m a n y  
h y p o t h e s e s  h a v e  b e e n  f o r m u l a t e d .  T h e  v a r i e t y  of cells a n d  
t h e  m u l t i t u d e  of  f u n c t i o n s  t h a t  are  a f fec ted  m a k e  it  l ikely 
t h a t  l evamiso le  in f luences  a bas ic  m e c h a n i s m  c o m m o n  to  

1 Editorial: Lancet 7, 151 (1975). 
2 J. Symoens and J. Brugmans, Fogarty International Center Pro- 

ceedings, Washington 28 (in press). 
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all  cells. I t  is i n t e r e s t i ng  to no t e  t h a t  t heophy l l i ne  de-  
pressed  immuno log i ca l  phagocytos i s ,  where  as levamisole  
s t i m u l a t e d  3. T h e o p h y l l i n e  i nh ib i t s  phosphod ie s t e r a se  a n d  
m a y  t h u s  increase  in t r ace l lu l a r  cyclic adenos ine  mono-  
p h o s p h a t e  (cAMP). H a d d e n  e t  al.* also d e m o n s t r a t e d  t h a t  
levamisole  increased  cel lular  levels of cyclic guanos ine  
m o n o p h o s p h a t e  a n d  decreased  levels of cyclic A M P  in 
mouse  l ymphocy te s ,  a n d  cor re la ted  th i s  w i t h  increased  
respons iveness  in  v i t ro  to  p h y t o h a e m a g g l u t i n i n .  I t  t he re -  
fore seems possible  t h a t  levamisole  could ac t  b y  mod i fy ing  
nuc leo t ide  levels  t h r o u g h  a c t i v a t i o n  of phosphod ie s t e r -  
ase3~ W e  the re fore  s tud ied  t he  effect  of levamisole  on  
phosphod ie s t e r a se  ac t iv i ty .  
W e  used 10 female  mice  as source of l iver  phosphod ie s t e r -  
ase. The  l iver  of each  mouse  was homogen ized  in 0.25 M 
sucrose c o n t a i n i n g  1 m M  E D T A ,  cen t r i fuged  a n d  t he  

Phosphodiesterase activity of mouse liver 

Number of Phosphodiesterase activity 
experiment (nmoles cAMP bydrolyzed/mg/30 rain) 

without levamisole with levamisole 

1 1395 1365 
2 1465 1475 
3 1425 1450 
4 1355 1375 
5 1389 1370 
6 1405 1395 
7 1375 1410 
8 1365 1380 
9 1386 1340 

10 1435 1380 

Mean4- 1399.50 1394 
S.D. 33.85 40.87 

s u p e r n a t a n t  was used as e n z y m e  source. P h o s p h o d i e s t e r -  
ase a c t i v i t y  of t he  h o m o g e n a t e s  was e s t i m a t e d  b y  us ing  
a p rocedure  p rev ious ly  descr ibed  wh ich  is based  on  
m e a s u r e m e n t  of t he  d i s a p p e a r a n c e  of t r i t i a t e d  cyclic 
(3H) A M P  5. The  f r a c t i o n a t i o n  of t he  t r i t i a t e d  aden ine  
nuc leo t ides  was o b t a i n e d  b y  c h r o m a t o g r a p h y  on a l u m i n a  
column.  Dup l i ca t e  samples  w i t h  a n d  w i t h o u t  levamisole  
were assayed  for phosphod ie s t e r a se  ac t iv i ty .  P ro t e in  con-  
c e n t r a t i o n  of t he  l iver  h o m o g e n a t e s  was d e t e r m i n e d  colo- 
m e t r i c a l l y  b y  t he  p rocedure  of L o w r y  e t  al. ~. Levamiso le  
solut ions  were p r e p a r e d  each  d a y  before  use in 50 m M  
Tris-HC1 buffer  p H  7.6. 
As s h o w n  in t he  tab le ,  t he  levels of phosphod ie s t e r a se  
a c t i v i t y  of mouse  l iver  d id  n o t  change  s igni f icant ly  in  t he  
P resen t  of va r ious  c o n c e n t r a t i o n s  of levamisole.  The  
m e a n  levels of phosphod ie s t e r a se  a c t i v i t y  of mouse  l iver  
was  1399.50 nmoles  of cyclic nuc leo t ide  hyd ro lyzed  pe r  
m g  p r o t e i n  pe r  30 min ,  a t  37~ I n  the  presence  of 10 .3 
to  10 .7 M levamisole  t he  e n z y m e  a c t i v i t y  was 1394 nmoles  
c A M P / m g  p ro te in /30  min.  
P r e - i n c u b a t i o n  of homogena te s ,  a t  37 ~ for 30 min,  w i t h  
d i f fe ren t  c o n c e n t r a t i o n s  of levamisole  before  assaying,  
gave  no  a l t e r a t ions  on  e n z y m e  ac t iv i ty .  However ,  t h e r e  
was a cons iderab le  increase  in t he  level of phosphodies -  
te rase  a c t i v i t y  w h e n  we a d d e d  imidazole.  
I t  is c lear  f rom our  d a t a  t h a t  levamisole  does no t  af fec t  
t he  phosphod ie s t e r a se  a c t i v i t y  in  vi t ro.  I t  seems w o r t h  
i nves t i ga t i ng  w h e t h e r  levamisole  m a y  s t i m u l a t e  i n t r a -  
cel lular  phosphod ie s t e r a se  a c t i v i t y  in vivo.  
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N e u r o e n d o c r i n e  e f f ec t s  of a n o n - s t e r o i d a l  c o m p o u n d  of t e s t i c u l a r  o r i g i n  1 
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Summary. The  effects  of t he  c o m p o u n d  ( + ) - l , 4 - d i p h e n y l b u t a n e - 2 ,  3-diol (DPB,  s y n t h e t i z e d  in the  testes)  on gonado-  
t r o p i n  secre t ion h a v e  been  s tud ied  in c a s t r a t e d  ma le  ra ts .  D P B ,  w h e n  in jec ted  subcu t aneous ly ,  does n o t  modi fy  s e r u m  
levels of L H  a n d  F S H .  On t h e  con t r a ry ,  t he  local i m p l a n t a t i o n  of D P B  in t he  m e d i a n  eminence  of t he  h y p o t h a l a m u s  
resul t s  in  a s ign i f ican t  e leva t ion  of s e r u m  F S H .  I t  is sugges ted  t h a t  D P B  m a y  p l a y  a physio logica l  role in t he  con t ro l  
of F S H  release. 

The  m e c h a n i s m s  w h i c h  con t ro l  g o n a d o t r o p i n  secre t ion  in 
male  an ima l s  are st i l l  con t rovers ia l .  Tes to s t e rone  is gen-  
era l ly  be l ieved  to  suppress  t he  secre t ion  of L H  a f t e r  
h a v i n g  been  c o n v e r t e d  in t he  a n t e r i o r  p i t u i t a r y  and  in 
t h e  b r a i n  in to  5~-andros tan-17f l -o t -3-one (d ihydro te s to -  
s terone,  DHT)  and  5~-andros tan-3~ ,  17~-diol 4-~. A n d r o -  
gens also exe r t  a n  i n h i b i t o r y  effect  on  F S H  release 5-s. 
Th i s  effect  is p r o b a b l y  l inked  to  t he  ' a r o m a t i z a t i o n '  to  
es t rogens,  a process  w h i c h  occurs  b o t h  in t he  p e r i p h e r y  
a n d  in  t he  cen t r a l  n e r v o u s  s y s t e m  (main ly - in  t h e  h y p o -  
t h a l a m u s  a n d  in t h e  l imbic  s t ruc tures )  9,10. The  poss ib i l i ty  
t h a t  a p ro te ic  f ac to r  ( Inh ib in )  o r ig ina t ing  in t he  tes t i s  
m i g h t  specif ical ly i n h i b i t  F S H  secre t ion  has  r ecen t l y  
been  r ev ived  11-15. 

The  non- s t e ro ida l  c o m p o u n d  ( + ) - l , 4 - d i p h e n y l b u t a n e -  
2, 3-diol (DPB)  ha s  been  i so la ted  f rom bul l  and  r a t  tes-  
t i cu la r  t i ssue  le a n d  f rom dog s p e r m a t i c  ve in  bloodlT, ls. 
The  a m o u n t s  of th i s  c o m p o u n d  h a v e  b e e n  shown  to  be  
h igher  in  t h e  t e s t e s  of sexua l ly  m a t u r e  an imal s  t h a n  in  
those  of p r e p u b e r a l  onesl~. The  p r e sen t  s t u d y  was a imed  
a t  i nves t i ga t i ng  w h e t h e r  D P B  m i g h t  exe r t  any  a c t i v i t y  
on  g o n a d o t r o p i n  secret ion.  
Materials and methods. 3 t y p e s  of e x p e r i m e n t s  were per-  
formed.  E x p e r i m e n t  1: A d u l t  ma le  r a t s  of the  Sprague  
D a w l e y  s t r a i n  ( ini t ia l  we igh t  200 g 4- 12) were c a s t r a t e d  
and  D P B  (dissolved in sesame oil) was  a d m i n i s t e r e d  sub-  
c u t a n e o u s l y  in 2 da i ly  doses of 50 ~g / ra t  for 8 days  begin-  
n ing  t h e  d a y  of cas t r a t ion .  T r e a t m e n t s  were pe r fo rmed  a t  


