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c o n c e n t r a t i o n  of t he  s a m p l e s  was  expressed  in p e r c e n t a g e  
in re la t ion  to t h e  p a t t e r n  s e r u m .  T h e  abso lu t e  va lues  of 
t o t a l  p ro te ins  of each  g roups  were used  as wi tnesses  in 
re la t ion  w i th  those  va lues  of g a m m a  globul ins  as a w a y  
of a l lowing t h e  c o m p a r i s o n  b e t w e e n  t he  g roups  s tud ied .  
T h e  s t a t i s t i ca l  ana lys i s  of t he  s amp le s  was  m a d e  b y  t he  
t - t e s t  m e t h o d .  T h e  c o n c e n t r a t i o n s  of t o t a l  p ro t e ins  
s t ud i ed  d u r i n g  the  cycle did n o t  h a v e  s ign i f i can t  va r i a -  
t ions :  the  va lues  were found  in the  r ange  of 5.47 to 8.04 
mg /m l .  The  h i g h e s t  va lues  of t o t a l  p ro te in  in the  va g ina l  
f luids of e x p e r i m e n t a l  a n i m a l s  was  found  in t he  c a s t r a t e d  
and  e s t r o g e n - t r e a t e d  a n i m a l s  a f t e r  8 d a y s  of t r e a t m e n t .  
I n  th i s  g roup  the  p ro te in  c o n c e n t r a t i o n  was  found  in a 
r ange  of 3.48 to 12.74 m g / m l  (table). A cons iderable  de- 
crease of t h e  g a m m a  globul in  f rac t ion  of the  vag ina l  f luids 
was  fo u n d  in t h e  s a m p l e s  o b t a i n e d  d u r i n g  t he  e s t ru s  in 
c o m p a r i s o n  wi th  t he  va lues  f ound  in d ie s t rus  (p < 0.001). 
T h e  v a g i n a l  f lu ids  of the  mice  in g roup  I I  s t ud i ed  3 a n d  
8 d a y s  a f te r  e s t rogen  t r e a t m e n t  showed  a s ign i f i can t  de- 
crease (p < 0.001) of g a m m a  globul ins  f rac t ion  in re la t ion  
to  the  n o n - t r e a t e d  c a s t r a t e d  an imals .  The  lowest  va lues  
were fo u n d  af te r  8 d a y s  of t he  e s t rogen  t h e r a p y  (table). 
P rev ious ly ,  we h a d  found  t h a t  t he  p l a s m a  cells in t he  
l a m i n a  propr ia  of the  mice vag ina l  m u c o s a  show a cyclical  
a n d  e x p e r i m e n t a l  v a r i a t i o n s  1~. Th i s  p h e n o m e n o n  h a d  also 

Relation between of the total proteins and gamma globulins content 
in the mice vaginal fluids 

Group Total proteins Gamma globulins 
(mg/ml) c/o pattern serum 

Diestrus 7.00 -E 1.06 5.54 4- 1.42 
Proestrus 8.04 i 1.91 4.24 ~- 1.21 
Estrus 5.47 i 0.42 1.16 ~- 0.20 
Metaestrus 5.99 ~ 2.02 3.36 • 1.03 
Castrated 3.48 i 0.94 2.51 • 0.93 
Castrated + estradiol 3 days 6.66 ~ 1.76 2.43 ~- 0.97 
Castrated + estradiol 8 days 12.74 ~= 2.52 2.99 i 0.60 
Castrated + estradiol 32 days 5.32 i 1.27 1.93 ! 0.46 

been  found  in h a m s t e r  17 a nd  in w o m e n  is a n d  it  is ap-  
p a r e n t l y  cont ro l led  b y  es t rogens .  The  resu l t s  of t he  
p r e s e n t  r epor t  show cyclical  a n d  e x p e r i m e n t a l  v a r i a t i o n s  
of t h e  g a m m a  globul in  f rac t ion  in t he  p ro t e in  c o n t e n t  of 
t he  m o u s e  va g ina l  f luids.  I t  is of i n t e r e s t  to  p o i n t  o u t  t h a t  
t he  g r e a t e s t  c o n t e n t  of g a m m a  g lobul ins  f ound  in t he  
d i e s t ru s  a n d  c a s t r a t e d  mice  coincide w i t h  t he  g r e a t e s t  
n u m b e r  of p l a s m a  cells in the  l a m i n a  p ropr ia  in t he  vagi -  
na l  mucosa .  Our  resu l t s  sugge s t  t h a t  t h e  va r i a t i on  of 
g a m m a  globul ins  f ound  in the  va g ina l  f lu ids  is re la ted  in 
p a r t  b y  t he  presence  of va g ina l  p l a s m a  cells a nd  in- 
f luenced  b y  es t rogens .  
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V i t a m i n  C and the i m m u n e  r e s p o n s e  
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Summary. T h e  inc lus ion  of v i t a m i n  C in the  d r i nk ing  w a t e r  of B A L B / c  mice was  w i t h o u t  effect  on t he  h u m o r a l  a n t i b o d y  
response  to sheep  red blood cells and  bac te r ia l  l ipopolysacchar ide .  However ,  the re  was  a s ign i f i can t ly  increased  cell- 
m e d i a t e d  i m m u n e  response  as d e t e r m i n e d  b y  increased  T - l y m p h o c y t e  responses  to  c o n c a n a v a l i n  A. Th i s  m i g h t  sugges t  
a m e c h a n i s m ,  a long  w i th  in te r fe ron  e n h a n c e m e n t ,  for t he  possible  p ro t ec t i on  b y  v i t a m i n  C a g a i n s t  some  vi ra l  infect ions .  

P r ev io u s  r epor t s  3, 8 h a v e  s u g g e s t e d  t h a t  the  pa r t i c ipa t i on  
of v i t a m i n  C in p ro t ec t i on  a g a i n s t  some  vi ra l  in fec t ions  
m a y  be in t h e  e n h a n c e m e n t  of in te r fe ron  p roduc t ion .  
W e  h a v e  r epor t ed  an  inc reased  response  to in t e r f e ron  
i n d u c t i o n  in mice fed a d ie t  c o n t a i n i n g  v i t a m i n  C 2 a nd  
h a v e  also obse rved  a s imi la r  p h e n o m e n o n  in m o u s e  cell 
cu l tu r e sK  There  h a s  been  some  evidence  r ecen t ly  t h a t  
in te r fe ron  m a y  h a v e  a m o d u l a t i n g  effect  on t he  i m m u n e  
response  4. I t  was  the re fo re  of i n t e r e s t  to  d e t e r m i n e  
w h e t h e r  ascorbic  acid m i g h t  also p l ay  a role in t h e  
m e d i a t i n g  of t h e  i m m u n e  response .  

Materials and methods. B A L B / c  mice,  ma l e s  2.5-4.5 
m o n t h s  of age, were used  e xc e p t  where  ind ica ted .  Expe r i -  
m e n t a l  a n i m a l s  were fed L - a s c o r b a t e  (250 m g  %) in the i r  
d r i n k i n g  w a t e r  ad  l ib i tum,  a nd  s imi la r  se t s  of con t ro l  
a n i m a l s  r e m a i n e d  on u n t r e a t e d  water .  V i t a m i n  C a n d  
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cont ro l  mice were immunized  i.p. w i th  sheep red blood 
cells (SRBC). 4 and 5 days  la ter  mice were killed, and the  
n u m b e r  of a n t i b o d y  or p laque  forming  cells (PFC) in the  
spleen was de te rminedK For  car ry ing  out  the  assay in 
spleens of l ipopolysacchar ide  (LPS, Difco, E.  coli 055 : B5) 
immunized  animals,  SRBC employed  in the  subs t r a t e  
m e d i u m  were first  coa ted  wi th  L P S  which  had  been 
hea t ed  at  100~ for 2 hK 
W i t h  regard  to  mi togenic  response studies,  mouse  spleens 
were r emoved  and p repared  as descr ibed prev ious lyL 
Briefly, ny lon  column-f i l tered spleen l y m p h o c y t e s  were 
cu l tured  at  a dens i ty  of 2 x 108/ml in 25 mM H E P E S -  
buffered  m ed ium 199 wi th  2.5% dec0mplemen ted  fetal  
calf se rum and  added  ant ibiot ics .  A concen t ra t ion  of 
2 txg/ml concanava l in  A (con A, Sigma, St. Louis, MO) 
was  used  in the  exper imenta l  cultures.  5/100 ml of med i u m 
conta in ing  1.0 [xCi of t r i a t ed  t h y m i d i n e  wi th  specific ac- I 
t i v i t y  of 6.7 Ci/mM (New Eng land  Nuclear ,  Boston,  MA) 
was added  to the  cul tures  24 h pr ior  to  ha rves t ing  a t  72 h II 
of cul ture  a t  37 ~ The cell cul tures  were t e r m i n a t e d  and  
p repa red  for scint i l la t ion count ing  as previous ly  de- III 
scr ibed 7. Rad ioac t iv i ty  of the  samples  was de t e rmined  in 
a P a c k a r d  Tri-Carb l iquid scint i l la t ion spec t rome te r  and 
the  mi togenic  response  for each indiv idual  expe r imen t  
expressed  as t he  difference in radioact iv i t ies  be tween  
s t imu la t ed  and  uns t imu la t ed  cultures.  
Endogenous  colony forming  cell assays 8 were pe r fo rmed  
b y  exposing mice to  400-600 R whole b o d y  x- i r rad ia t ion  
(Picker-Vanguard ,  71 R / m i n  at  277 kvp  and  15 ma  wi th  
a hal f -value  layer  of 1.9 m m  Cu). 9 days  later,  spleens 
were ha rves t ed ,  placed in Bouin ' s  f ixat ive,  and  the  
colonies counted .  Da ta  is p resen ted  as t he  mean  4- s tan-  
da rd  error  of t he  mean.  The S t u d e n t  t - t e s t  is employed  
to  compare  expe r imen ta l  resul ts  and  the  resul ts  con- 
s idered to  be s ignif icant ly  d i f fe rent  when  p values 
< 0.05 are obta ined .  
Results and discussion. The possibi l i ty  t h a t  v i t ami n  C, 
earl ier  d e m o n s t r a t e d  to  enhance  in te r fe ron  fo rma t ion  2, 3 
m i g h t  also p lay  a role in modu la t ing  the  immune  response  I 
was inves t iga ted .  In  th is  regard,  there  did no t  appear  to  
be a n y  s ignif icant  effect  on the  responsiveness  of t he  bone 

II 
mar row-de r ived  l y m p h o c y t e  (B-cell) as de t e rmined  by  
hum ora l  a n t i b o d y  responses  to sheep red  blood cells and 

III 
to  bac ter ia l  l ipopolysacchar ide .  As shown in table  1, there  
was  l i t t le effect  on spleen a n t i b o d y  p laque  fo rmat ion  in 
B A L B / c  mice a f te r  dr inking v i t amin  C for per iods  of 9 to  
67 days  pr ior  to  SRBC immuniza t ion .  
SRBC is a t h y m u s - d e p e n d e n t  ant igen,  t h a t  is, for the  
induct ion  of a n t i b o d y  response a col laborat ion be tween  
t h y m u s - d e r i v e d  l y m p h o c y t e  (T-cell) and  B - l y m p h o c y t e  
is necessary,  the  former  prov id ing  a he lper  func t ion  to  
t he  a n t i b o d y  precursor  B-cell. In  con t rad i s t inc t ion ,  the  
response  to  l ipopolysacchar ide  an t igen  is T - l y m p h o c y t e  
i ndependen t .  The d a t a  in table  2 indica te  t h a t  the  ant i -  
b o d y  response  to  LPS ,  un ique ly  a B - l y m p h o c y t e  re- 
sponse,  was no t  s ignif icant ly  d i f ferent  in the  v i t ami n  C 
and  contro l  animals.  
E n d o g e n o u s  colony fo rmat ion  in t he  spleen, a measure  
of t he  hemopoie t i c  s t em cell popu la t ion  in act ive g rowth  
cycle 9, is also no ted  wi th  a n u m b e r  of s t ra ins  of mice to 
paral lel  the  e x t e n t  of the  humora l  i m m u n e  response  1~ 
E n u m e r a t i o n  of colony forming  uni ts  (CFU) in t he  spleens 400 
of mice i r rad ia ted  a t  400 R, 500 R or 600 R (table 3) 500 
showed  no s ignif icant  differences be tween  v i t ami n  C 600 
t r e a t ed  and  contro l  mice, in accord wi th  the  observed  
a n t i b o d y  responses  (tables 1 and  2). 
The  mi togen  con A s t imula tes  T - lymphocy t e s  select ively 
and  m a y  be used as a ' sensi t ive  p robe  to  de tec t  mouse  
splenic T-cells. I n  such  expe r imen t s  in which  spleen 
l ym pho id  cells were  s t imula ted  in v i t ro  wi th  con A 

(table 4), cells ha rves t ed  f rom animals  on a v i t amin  C 
reg imen for 2-8 weeks showed s ignif icant ly  greater  t hy -  
midine  incorpora t ion  t h a n  controls ,  indicat ive  of enhanced  
T-cell ac t iv i ty .  
T - l y mp h o cy t e s  pa r t i c ipa te  in ce l l -media ted  i m m u n e  
(CMI) processes.  These include the  release of a va r i e ty  of 
soluble effector  molecules, or !ymphokines ,  which are 

Table 1. Effect of vitamin C on antibody response to SRBC 
in BALB/e mice* 

Experiment Treatment Days on vitamin C PFC/spleen • 10 .8 
before immunization mean -4- S.E.M. 

Vitamin C 9 163.7 4- 4.359 
control 146.2 4- 17.21 
Vitamin C 26 175.1 4- 55.90 
control 160.7 4- 38.40 
Vitamin C 67 86.2 -1- 7.93 
control 73.6 4- 6.09 

*Mice were placed on a vitamin C regimen (250 mg%) at 3.5-4.5 
months of age. After the indicated number of days, animals were in- 
jected i.p. with 0.20 ml of a 1 : 10 suspension of washed sheep red 
blood cells (SRBC) and vitamin C treatment continued. Direct spleen 
plaque forming cells were assayed on days 4 or 5. Each value re- 
presents the mean for 3-5 mice. Differences between vitamin C and 
control mice were not significant (p>0.05). 

Table 2. Effect of vitamin C on the response of BALB/c mice to im- 
munization with E. coli lipopolysaccharide* 

Experiment Treatment Days on vitamin C PFC/spleen • 10 .8 
before immunization mean -1- S.E.M. 

Vitamin C 9 11.9 -l- 1.69 
control 15.6 4- 1.10 
Vitamin C 17 23.3 4- 2.20 
control 27.4 4- 4.08 
Vitamin C 29 25.9 -4- 5.85 
control 24.7 4- 3.02 

*Mice were placed on a vitamin C regimen (250 mg%) at 2.5-3.5 
months of age. After the indicated number of days, animals were in- 
jected intravenously with 5 p~g E. coli lipopolysaccharide and vitamin 
C treatment continued. Direct spleen plaque-forming cells were as- 
sayed on days 4 or 5 using LPS-eoated SRBC as substrate. Each 
value represents the mean for 3-5 mice. Differences between vitamin 
C and control mice were not significant (p > 0,05). 

Table 3. Endogenous spleen colony formation (CFU) in BALB/e 
mice treated with vitamin C* 

X-ray Vitamin C Control 
dose (R) Spleen wt (mg) CFU/spleen Spleen wt (mg) CFU/spleen 

60.54-2.46 22.4• 64.3-t-4.15 18.2-t-3.63 
36.5-t-2.41 2.4-4-0.59 43.2-t-1.30 5.2-t-1.76 
35.1-t-2.72 0.504-0.22 30.14-1.40 0.204-0.17 

* Mice were started on a regimen of 250 mg % vitamin C in the drink- 
ing water at 2.5 months of age. Four weeks later animals were ex- 
posed to the designated x-ray dose and spleen colony formation and 
spleen weights measured 9 days later. Differences were not significant 
between vitamin C and control mice (p > 0.05). 
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Table 4. Effect of vitamin C on response of spleen lymphoid cells to con A* 

395 

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  

A. C o n s t a n t o p o u l o s ,  V. Kafas i ,  N. Doulas ,  D. L i a k a k o s  a n d  N. M a t s a n i o t i s  

1st Pediatric Clinic, University o/Athens,  Aghia Sophia Children's Hospital, Athens (Greece), 29 July  1975 

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). 


