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Summary. — Meclomen (sodium mec lo fenamate )  is  a nons te ro ida l  
an t i - i n f l ammato ry  d r u g  ( N S A I D )  w i t h  d u a l  inh ib i t ion  of b o t h  
cyclooxygenase a n d  l ipooxygenase  e n z y m e s  invo lved  i n  a rach id -
onic  ac id  me tabo l i sm.  Meclomen a t  n o n t o x i c  levels  (10~5 t o  
10~8 mol/1) caused  a 2 — 6 fo ld  increase  i n  i n t e r f e ron  ( I F N )  p r o ­
d u c t i o n  i n  l y m p h o c y t e s  i nduced  b y  Senda i  v i rus .  T h i s  enhance ­
m e n t  w a s  obse rved  i n  t h e  case of all b lood  dono r s  t e s t e d .  Meclo­
m e n  a t  t h e  s a m e  concen t ra t ion  r a n g e  h a d  n o  ef fec t  o n  t h e  a n t i ­
v i ra l  a c t i v i t y  of h u m a n  I F N  a l p h a .  H o w e v e r ,  mec lomen  d i d  
s h o w  s o m e  e n h a n c e m e n t  of an t ip ro l i fe ra t ive  a c t i v i t y  of h u m a n  
I F N  a l p h a  aga ins t  h u m a n  adenoca rc inoma  l u n g  cells. Meclomen 
(10~5 mol/1) i nh ib i t ed  in t race l lu la r  levels of p ros t ag lad in  E 2  b y  
over  9 0 %  w i t h i n  t h e  f i r s t  f o u r  hou r s .  T h e  resu l t s  p re sen ted  h e r e  
s t rongly sugges t  t h a t  inh ib i t ion  of  in t race l lu la r  levels  of P G E 2  
h a s  n o  adverse  inf luence u p o n  t h e  an t iv i r a l  a n d  an t ip ro l i fe ra t ive  
ac t iv i t ies  of h u m a n  I F N  a l p h a .  

* 

Key words: HuIFN-a.; meclomen; antiproliferative activity of 
IFN-a; prostaglandins; nonsteroidal anti-inflammatory drug; cyclo­
oxygenase and lipooxygenase 

Introduction 

I n t e r f e r o n s  ( I F N s )  a r e  a f a m i l y  of p ro te ins  w i t h  d i s t inc t ive  an t iv i r a l ,  
an t ip ro l i fe ra t ive  a n d  i m m u n o m o d u l a t o r y  act iv i t ies .  I F N s  a r e  syn thes ized  
b y  cells in  response  t o  ce r t a in  inducers ,  e.g.  viruses ,  doub le - s t r anded  R N A  
a n d  mi togens  (Lengyel ,  1982). T h e  k ine t ics  of I F N  i nduc t i on  a n d  p r o d u c t i o n  
var ies  w i t h  d i f fe ren t  inducer-cell  sys tems ,  w i t h  I F N  a p p e a r i n g  ex t race l lu -
la r ly  general ly  w i t h i n  4—12 hr s ,  m a i n t a i n i n g  m a x i m u m  levels f o r  a b o u t  
12—18 h r ,  a n d  t h e n  decreas ing r a p id ly  (S tewar t ,  1979). 

N o r m a l  ind iv idua l s  c a n  b e  classified i n t o  3 g roups ,  b a s e d  o n  t h e i r  ab i l i ty  
t o  p roduce  I F N - a  u p o n  induc t ion  of t h e i r  W B C s  w i t h  Senda i  v i rus .  T h e  
g r o u p s  a r e :  1) low p roduce r s ;  2) ave rage  p roduce r s ;  a n d  3) h igh p roduce r s  
( Ikoss i -0 'Connor  et al., 1981). W B C  f r o m  a n y  ind iv idua l  belonging t o  o n e  
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o f  t h e  a b o v e  m e n t i o n e d  g r o u p s  g e n e r a l l y  e x h i b i t e d  t h e  s a m e  p a t t e r n  o f  
I F N - a  p r o d u c t i o n  o v e r  3 y e a r s  o f  o b s e r v a t i o n s  (Ikossi-O'Connor, 1981). It 
h a s  b e e n  d o c u m e n t e d  t h a t  p a t i e n t s  w i t h  m a l i g n a n t  condi t ions,  post-surgery  
pat ients ,  p a t i e n t s  w i t h  A I D S  are  l o w  I F N - a  p r o d u c e r s  (Chadha  et al., 1984). 
R e c e n t l y ,  w e  f o u n d  t h a t  a d d i n g  PGE2 t o  t h e  I F X - i n d u c t i o n  s y s t e m  i n h i b i t s  
t h e  p r o d u c t i o n  o f  IFN-a (Ikossi  ct al., 1980). Such  a n  e f f e c t  c a n  b e  reversed  
b j '  u s i n g  i n d o m e t h a c i n  t h a t  i n h i b i t s  P G  s y n t h e s i s  (Ikossi  et al., 1986). F u r ­
thermore,  w e  found t h a t  indomethacin enhances  t h e  I F N - a  production in 
individuals  t h a t  are low producers b u t  has  n o  ef fect  on  average a n d  high 
I F N - a  producers. Mecloinen (sodium meclofenamate)  is categorized among  
the  non-steroidal anti- inf lammatory drug ( N S A I D )  family .  I n  t e r m s  o f  de­
creasing p o t e n c y  in inhibiting P G E  synthesis ,  meclomen w a s  found t o  be  
3 t imes  more potent  t h a n  indomethacin,  300  t imes  more potent  t h a n  o x y -
phenbutazone a n d  2750 t i m e s  more po ten t  than  aspirin (Flower, 1974). 
Meclomen antagonizes  P G E  a s  well as  leukotriens at  t h e  receptor s i tes  
(McLean a n d  Glickinan, 1983; Burka a n d  Eyre,  1976) and inhibits  ac t iv i ty  
o f  l ipoxygenases  (Buctor  ct al., 1980). Whenever  a PG synthesis  inhibitor 
has been util ized t o  s t u d y  t h e  role o f  arachidonic acid metabol i tes  in various 
physiological a n d  pathological conditions,  t h e  results are of ten  ambiguous  
a n d  inconclusive (Thomas  et al., 1974; Sannoro  ct al., 1976; Jub iz  et al., 
1979). Th i s  is because arachidonic acid metabol ism is converted into  t h e  
leukotriens p a t h w a y  whenever t h e  prostaglandin p a t h w a y  i s  inhibited a n d  
vice  versa (Vermylin and Deckman,  1978). In the  s tudies  reported here, w e  
have  examined  t h e  effect  o f  meclomen 011 I F N - a  production a n d  upon i t s  
antiviral  a n d  antiproliferative activit ies.  

Materials and Methods 

Media and reagents. Minimal essential  med ium (MEM) (Eagle,  1955) and. RPMI-1640  sup­
plemented wi th  500 [Jg/ml penicillin a n d  50 | /g/ml s t reptomycin  were used f o r  cell cu l ture  work.  
T h e  m e d i u m  w a s  supplemented  e i ther  wi th  2 %  o r  1 0 %  h e a t  inac t iva ted  foeta l  calf se rum.  
Foetal  calf s e rum was  purchased  f rom Grand  Is land Biological Company ,  G r a n d  I s l and .  N Y .  
Fieoll-Paque w a s  purchased f rom Pha rmac i a  F i n e  Chemicals,  P i sca taway ,  N J .  Meclomen w a s  
dona ted  b y  t h e  W a r n e r  L a m b e r t / P a r k  Davis  Labora to ry ,  De t ro i t ,  MI .  Rad io immunoassay  k i t s  
f o r  pros taglandin  measurements  were purchased  f rom Seragen.  Inc . ,  Bos ton .  Ma. H u m a n  I F N - a ,  
IFN-f i ,  IFN-[J a n t i b o d y  were prepared  a n d  character ized a t  o u r  Ins t i tu t e  (Chadha a n d  Sul-
kowski ,  1984; Dembinski  a n d  Sulkowski,  1986). I F N - a  a n t i b o d y  was obta ined f rom t h e  
Nat iona l  Ins t i tu t e s  of Hea l th ,  Be thesda ,  MI) .  

Cells. H u m a n  foreskin f ibroblasts  cells (BG-9) were isolated a n d  character ized a t  R P M I  
(Horoszewicz  et al., 1978). Bovine e m b r y o  k idney  cells were purchased f rom American T y p e  
Cul ture  Collection, Bethesda ,  Ml).  H u m a n  lung adenocarc inoma cell line (A-549) w a s  obta ined  
f rom Dr. Fogh of Sloan Ket ter ing  Ins t i t u t e  for  Cancer  Research,  R y e ,  N . Y .  All cell lines were 
grown in MEM supplemented  with  10% FCS a n d  mainte ined at .'17 °C in a humidified a tmosphere  
with />% ( ' ( ) 2 .  

Huffy coats. Lymphocy te s  employed in I F N  st udies  were isolated f rom t h e  b u f f y  coa t s  ob­
tained f rom t h e  donors  a t  Buffa lo  Branch of t h e  American R e d  Cross, Buffalo,  N .Y .  

Viruses. Vesicular s tomat i t i s  v i rus  (VSV) utilized t o  assay I F N - a  an t iv i ra l  ac t iv i ty  w a s  
produced and  p laque  assayed o n  Afr ican  green monkey  k idney  (CV-1) cells in o u r  l abora tory .  
Hendai v i rus  (Cante l ľ s  strain) utilized a s  a n  inducer to  IFN-a w a s  grown in 9-day-old em-
bryonnted <"ggs and assayed b y  haemagglutinin test- utilizing chicken red blood cells. 

Lyrnphaeyte isolation. B u f f y  coats were processed within 2 hr  a f t e r  the tests  lor hepatitis  B 
mid hurniin immunodeficiency v i rus  were completed. Lymphocytes  wore isolated b y  the  Ficoll-
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-Hypaque sedimentation method (Boyum, 1968). The lymphocytes were harvested f rom the  
interface, and cells were  washed twice wi th  P B S  a n d  then counted. Cell concentration w a s  
a d j u s t e d  to  5 x l 0 6  cells/ml wi th  RPMI-1640 media enriched with  1 0 %  FCS. The  v iabi l i ty  of 
leukocytes were measured b y  using t r y p a n  blue exclusion method.  

Interferon production. The lymphocytes  were exposed t o  Sendai v i r u s  (150 HAU/ml) f o r  
IFN-a synthesis.  The meclomen w a s  added a t  different t imes either prior to, during, or post  
Sendai virus induction a s  s ta ted  in the  t e x t .  The I F N  synthesis  w a s  allowed to  proceed f o r  
2 0  hr.  A t  the  end of the  production period, cell suspension w a s  centrifuged a t  400 x g f o r  10 min 
t o  get  r id of the  cells. The  supernatant  w a s  a d j u s t e d  t o  a p H  2.2 t o  inactivate the  Sendai v i rus .  
A f t e r  24 hr, the  p H  w a s  raised to  7.0 and the  I F N  preparation stored a t  — 70 °C un t i l  an t iv i r a l  
assays  were per formed.  

Interferon antiviral assay. I n t e r f e ron  levels were measured  according t o  t h e  d y e  u p t a k e  
m e t h o d  (Fin ter ,  1969). Two-fold serial  di lut ions of I F N  prepara t ions  were a d d e d  t o  t h e  con­
fluent monolayers  of BG-9  cells f o r  18 h r  a n d  t h e n  challenged w i t h  V S V  f o r  36 h r .  T h e  cyto-
p a t h i c  effect  w a s  q u a n t i t a t e d  b y  t h e  n e u t r a l  r e d  d y e  u p t a k e  m e t h o d .  In t e r f e ron  t i t r e s  were 
expressed a s  t h e  reciprocal of t h e  di lut ion t h a t  p ro tec ted  5 0 %  of t h e  cells aga ins t  t h e  v i ra l  
cy topa th i c  effect .  In t e rna t iona l  reference H u I F N - a  supplied b y  MRC,  E n g l a n d ,  w a s  used in  
all  a s says  a n d  resul ts  a r e  expressed a s  In t e rna t iona l  U n i t s  ( IU).  

Antiproliferative activity assay. H u m a n  lung  adenocarc inoma (A549) cells a t  a concent ra t ion  
of 2 x l 0 4 / m l  were seeded in  24 well t issue cul ture  t r a y s  i n  M E M  conta in ing  1 0 %  FCS.  Cells 
were t h e n  exposed t o  meclomen a n d / o r  HuIFN-(3 a t  t h e  indica ted  concentra t ions .  Cells were  
incuba ted  a t  37 °C in  a n  a tmosphere  of 5 %  CO2. For ty -e igh t  h r  l a te r ,  dai ly  cell c o u n t s  were 
pe r fo rmed  using a Coulter  counte r  f o r  u p  t o  7 days .  T h e  d a t a  a r e  expressed a s  p e r  c e n t  inhi­
b i t ion  of t h e  cell g rowth  i n  control  wells. 

Prostaglandin (PGEo) assay. In t ra- leukocyt ic  levels of PGE2  were measured  du r ing  I F N  
induct ion b o t h  du r ing  t h e  presence o r  absence of 10~5 mol/1 meclomen.  A t  indicated t i m e  in tervals  
e i ther  p r io r  t o  o r  a f t e r  t h e  beginning of I F N - a  induct ion,  samples  were cent r i fuged o t  400 x g 
fo r  10 m i n .  T h e  cell pellets were used  t o  de te rmine  t h e  intracel lular  P G E 2  levels b y  t h e  radio­
immunoassay  using commercial ly avai lable assay  k i t s .  Briefly,  l ymphocy te  pellets were washed  
twice  w i th  P B S .  Lymphocy te s  were resuspended in  0.5 m l  of distilled w a t e r  conta in ing 4 mmol/1 
E D T A .  A f t e r  30 m i n  o n  ice, cells were sonicated fo r  10 seconds.  T h e  sonicated p repa ra t ion  w a s  
chilled a n d  t h e n  acidified t o  p H  3.5. T h e  p ro te in  con ten t s  were de te rmined  according t o  B r a d ­
f o r d  (1976). I t  w a s  t h e n  ex t r ac t ed  w i t h  e thy lace ta te .  T h e  aqueous  p h a s e  conta in ing  pros ta ­
g landins  was  removed  a n d  dr ied  u n d e r  v a c u u m .  T h e  residue w a s  recons t i tu ted  in to  0.5 m l  of 
B G G  phospha te  buffer .  P G E  con ten t s  were • de te rmined  using rad io immunoassay  k i t  (Seragen 
I n c . ,  Bos ton ,  MA). T h e  P G E 2  levels were expressed i n  t e r m s  of n g / m g  of pro te in .  

* 

Results 

Toxicity of meclomen to human fibroblasts and lymphocyte cells 

Conf luen t  monolayer s  of h u m a n  foreskin  fibroblast (BG-9) cells o r  
f r e s h l y  i so la ted  l y m p h o c y t e s  f r o m  n o r m a l  h e a l t h y  donors  were  exposed  t o  
a r a n g e  of meclomen concent ra t ions :  0,10 ~4, 10~5, 10~B, 1 0 - 7 ,  a n d  10~8 mol/1. 
I n  t h e  case  of lymphocy tes ,  cell v iab i l i ty  w a s  d e t e r m i n e d  o n  d a y  1, 2, 3, 
a n d  4 a f t e r  exposure  t o  d i f fe ren t  concen t ra t ions  of mec lomen a n d  f o r  fibro­
b l a s t s  o n  d a y  1, 3, 5, a n d  7. T h e  resu l t s  a r e  p re sen ted  i n  T a b l e  1. I t  c a n  
b e  conc luded  f r o m  these  resu l t s  t h a t  mec lomen a t  concen t ra t ions  u p  t o  
10" 5  mol/1 is non tox i c  t o  b o t h  fibroblasts a n d  l ymphocy te s .  I n  all  subse­
q u e n t  expe r imen t s ,  mec lomen w a s  u s e d  a t  a concen t ra t ion  of 10~5 mol/1 o r  
lower .  

Effect of meclomen on synthesis of HuIFN-a. 

L y m p h o c y t e s  were  isola ted f r o m  b u f f y  coa t s  of n o r m a l  h e a l t h y  ind iv id­
uals .  L y m p h o c y t e s  f r o m  each  single d o n o r  were  d iv ided  i n t o  five g roups :  



30 MAHAFZAH, M. et al. 

Table 1. Effect of mectomen on viability of lymphocyte and ilbroblast cells 

ľ ' T  cent cell viabil i ty (lymphocytes) a t  meclomen concentrations (mol/1) 

0 10" 4  10-5 J0-« ]()-7 10-8 

95  82 95  96 95 94 
i)4 60 94 94 92 94 
8 9  50 88 89 90 88 
88 27 91 93 90 90 

P e r  ccn t  cell viabi l i ty (fibroblasts) a t  meclomen concent ra t ions  (mol/1) 

0 1(T4 10"5  10 « 1 0 - 7  1 0 - 8  

Day 1 100 9 0  97 96 96 100 
3 100 85 100 100 100 100 
5 100 77 100 100 100 100 
7 100 51 84 93 98  94 

it) contro l ;  b )  l y m p h o c y t e s  t reated  w i t h  10 5 mol/1 m e c l o m e n  f o r  24 h r  pr ior  
t o  Sendai  v i r u s  i n d u c t i o n ;  c) l y m p h o c y t e s  t r e a t e d  w i t h  m e c l o m e n  a t  t h e  
s a m e  t i m e  w h e n  cells w e r e  i n d u c e d  w i t h  Sendai  v i r u s ;  d )  l y m p h o c y t e s  
t r e a t e d  f o r  24hr  pr ior  t o  Sendai  v i r u s  a n d  d u r i n g  Sen lai  v i r u s  i n d u c t i o n ;  a n d  
(e) l y m p h o c y t e s  t reated  w i t h  m e c l o m e n  G h r  a f t e r  t h e  Sendai  v i r u s  i n d u c t i o n .  

400 

:co 

ROO 

100 

Fi«. 1. 
Lymphocytes  were isolated f r o m  t h e  nor-
mal  hea l thy  donors  a n d  induced wi th  

Sendai  v i rus  
I F N  w a s  harvested 20 h r  pos t  Sendai  
induct ion a n d  assayed f o r  an t iv i ra l  ac­
t iv i ty  o n  BG-9 cells. Average t i t  r e  of 
control  I F N  was  12,500 I U .  A A 
meclomen (10~5 mol/1) w a s  added  6 h r  
a f t e r  Sendai  v i rus ;  A A ,  meclomen 
a n d  Sendai  v i rus  were added  concur­
ren t ly ;  O O* lymphocytes  were t r e a t ­
ed  wi th  meclomen fo r  20 h r  p r io r  t o  Sen­
dai  virus ,  a n d  O O ,  lymphocytes  
wore t r ea ted  wi th  meclomen pr ior  t o  
Sendai  v i rus  a n d  i t s  presence cont inued 
dur ing  I F N  product ion period.  Resu l t s  
presented here a r e  f rom donors  belong­
ing t o  t h e  category of average  H u I F N - a  
-producers. However,  identical resul ts  
were obta ined in t h e  case of low a n d  
high producers .  
Abscissa: meclomen concentra t ion mol/1; 
ord ina te :  h u m a n  IFN-fJ synthesis  ( %  of 
control) .  
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Table  2. Effect of meclomen on intracellular level of PGE2 and HuIFN-a production 

Induction t ime 
(hr) 

Control Meclomen (10  5 mol/1) Induction t ime 
(hr) 

PGE2 1  HuIFN-a (IU) PGE2 1  HuIFN-a (IU) 

- 4  4.65 < 5  4.55* < 5  
- 3  3.95 < 5  0.14** < 5  

0 4.11 < 5  0.04 < 5  
1 3.34 5 0.85 40 
2 5.29 150 0.94 1,100 
4 5.33 540 1.07 1,300 
8 10.70 6,600 2.37 12,500 

20 4.1 11,500 1.40 26.000 

1 PGE2 levels expressed a s  ng/mg protein. Each  number  is a n  average  of four  separate e x ­
per iments  

* Represents  PGE2  levels p r io r  t o  the i r  t r e a t m e n t  w i t h  meclomen.  
** Represen ts  PGE2  levels one  h r  a f t e r  lymphocytes  were t r e a t e d  w i t h  meclomen.  

I n  e a c h  case, Senda i  v i r u s  i nduc t ion  w a s  al lowed f o r  20 h r  f o r  m a x i m a l  I F N - a  
synthes is .  I n t e r f e r o n  induc t ion  w a s  t e r m i n a t e d  b y  lowering t h e  p H  of i n d u c t ­
ion m e d i u m  t o  2.2 f o r  24 h r  a n d  subsequen t ly  ra ised  t o  p H  7.0. E a c h  s a m p l e  
w a s  d ia lyzed aga ins t  s teri le  P B S  p r io r  t o  a s s a y  f o r  i t s  an t iv i r a l  a c t i v i t y  o n  B G - 9  
cells. T h e  resu l t s  a r e  p re sen ted  i n  F i g .  1. A n  ave rage  of s ix  donors  f r o m  e a c h  
ca tegory  of low, average ,  a n d  h igh  I F N - a  p roduce r s  w e r e  e x a m i n e d .  I n  
nea r ly  all cases, t h e  y ie ld  of H u I F N - a  f r o m  l y m p h o c y t e s  t r e a t e d  w i t h  mec­
lomen  w a s  s ignif icant ly increased  a s  c o m p a r e d  t o  t h e  controls .  T h e  increase  
va r i ed  a n y w h e r e  be tween  2 0 0 %  t o  6 0 0 %  of t h e  con t ro l  (Fig .  1). H o w e v e r ,  
n o  increase i n  H u I F N - a  yie ld  w a s  seen w h e r e  l y m p h o c y t e s  w e r e  t r e a t e d  
w i t h  mec lomen 6 h r  a f t e r  Senda i  v i ru s  i nduc t i on  (F ig .  1). 

Effect of meclomen intracellular levels of PGEz and its relationship to IFN-a. 
production 

L y m p h o c y t e s  f r o m  a n  ind iv idua l  d o n o r  were  d i v i ded  i n t o  t w o  g roups .  
L y m p h o c y t e s  in  o n e  g r o u p  were  t r e a t e d  w i t h  10~5 mol/1 mec lomen  f o r  4 h r  
p r io r  t o  I F N - a  induc t ion  b y  t h e  Senda i  v i rus .  L y m p h o c y t e s  i n  t h e  second  
g r o u p  were  u n d e r  ident ica l  condi t ions  i n  t h e  m e d i u m  alone.  A t  e n d  of 4 h r  
t i m e  per iod,  l y m p h o c y t e s  i n  b o t h  g r o u p s  w e r e  in fec ted  w i t h  150 H A U  of  
Senda i  v i ru s  f o r  I F N - a  synthes is .  A t  t h e  t i m e  in t e rva l s  i nd i ca t ed  i n  T a b l e  2, 
samples  of i nduced  l y m p h o c y t e s  were  t a k e n  a n d  s p u n  f o r  10 m i n  a t  400 X g .  
T h e  s u p e r n a t a n t  i n  e a c h  case w a s  u s e d  t o  d e t e r m i n e  an t iv i ra l  a c t i v i t y  a n d  
t h e  cell pel le ts  were  used  t o  d e t e r m i n e  in t race l lu lar  levels of P G E 2  b y  t h e  
p rocedure  descr ibed in  Mater ia ls  a n d  Methods .  I n  t h e  case of l y m p h o c y t e s  
t h a t  were  n o t  t r e a t e d  w i t h  meclomen,  de tec tab le  levels of I F N - a  were  seen 
a s  ea r ly  a s  2 h r  a f t e r  Senda i  v i ru s  induc t ion .  T h e  m a x i m a l  level  of I F N - a  
w a s  de tec t ed  20 h r  p o s t  induc t ion .  T h e  P G E 2  levels i n  t h e s e  l y m p h o c y t e s  
r ema ined  una l t e r ed  u n t i l  4 h r  p o s t  Senda i  i nduc t ion .  A t  8 h r  p o s t  Senda i  
induc t ion ,  m a x i m a l  level of P G E 2  (10.70 n g / m g  pro te in )  w a s  observed .  A t  
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Fig. 2. 
Human lung adenocarcinoma (A549) cells 
were Heeded in 24 well t issue culture 
t r a y s  a t  a concentration of 4 x l 0 4  cells 

per well 
Cells were allowed t o  attach overnight 
and then treated with IFN (500 IU) 
and/or meclome (10~5 mol/1). Cell counts 
were made daily beginning on d a y  2. 
The experiment was  terminated on d a y  7 
of meclomen treatment.  Results  pres­
en ted  o n  average  of th ree  sepa ra te  exper­
iments .  I n  each exper iment ,  cell coun t s  
were m a d e  in  quadrupl ica te .  O O* 
H u I F N - a  (500 I U ) ;  O O? H u I F N - a  
-f meclomen (10~7 mol/1); £ # .  
HuIFN-a meclomen (10~5 mol/1). 
Abscissa:  d a y s ;  ordinate: growth inhi­
bit ion ( %  of control) .  

t h e  peak  of a c c u m u l a t e d  I F N - a  (20 h r  pos t  induc t ion) ,  t h e  level of P G E 2  
d r o p p e d  essent ia l ly  t o  t h e  level (4.1 n g / m g  j)rotein) p r io r  t o  I F N - a  induc­
t ion .  In t h e  case  of l y m p h o c y t e s  t h a t  were  t r e a t e d  w i t h  1 0 - 5  mol/1 of mec­
lomen ,  a significant d r o p  (- '7%) in t h e  level of  PGE2  w a s  seen wi th in  o n e  
h o u r  (Table  2). W h e n  meclomen t r e a t e d  cells were induced  w i t h  Sendai ,  n o  
s ignif icant  r ise in PGE2  level w a s  seen u n t i l  8 h r  p o s t  induc t ion .  A t  8 h r  
p o s t  I F N  induc t ion ,  t h e  P G E 2  levej  w a s  2.37 n g / m g  p ro t e in  which  is a p ­
p r o x i m a t e l y  2 2 %  of control  l ymphocy te s .  A significant  d r o p  in t h e  level of 
in t race l lu la r  PGE2  (78%)  seems  t o  h a v e  n o  bea r ing  o n  t h e  ab i l i ty  of mec-
lomen- t r ea t ed  l y m p h o c y t e s  t o  synthes ize  I F N - a .  On t h e  c o n t r a r y ,  a 2 — 3  
fold increase in IFN-a synthes i s  w a s  seen in meclomen t reated  cells. I t  is 
also significant t o  note t h a t  release of IFN-a into t h e  culture media w a s  
signif icantly greater  in meclomen treated cells a s  compared t o  t h e  control 
cells. 

Effect of meclomen on antiproliferative activity of HuIFN-x 

Human lung adenocarcinoma (A549) cells were  seeded in 24 well t i ssue 
culture t r a y s  a t  a concentration of 2 x l 0 >  cells/well in MEM containing 
1 0 %  FCS. Cells were  allowed t o  a t t a c h  overnight.  T h e  fol lowing morning, 
t h e  cells were  exposed in quadruplicate  sets  t o  a range  of  H u l F X - a  doses:  
10 IU, 100 III, 500 IU, and  1000 IU. A se t  of wells  were  retained a s  controls. 
T h e  cell growth w a s  measured b y  counting cells each d a v  f o r  a total  of 
7 d a y s .  A dose-dependent inhibition of  cell growth w a s  observed (data  
not shown). From these results ,  a dose of 500 IU t h a t  g a v e  a n  average  of 
7 0 %  inhibition on d a y  f> w a s  selected for  s tudies  involving meclomen and 
HuIFN-a. In a separate  se t  of experiments,  A 5 4 9  cells were seeded in 24 
well t issue culture t r a y s  at. the  r a t e  of 2 x l 0 - '  cells/well and  exposed t o  

80 
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60 
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20 
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Fi„. 3 .  
Influence of meclomen on antiviral  ac­

t i v i t y  of H u I F N - a  
Confluent monolayers  of BG-9 cells were 
t r e a t e d  w i t h  different  concentra t ions  of 
meclomen a s  indica ted  a n d  a t  different  
t imes  1000 I U  of H u I F N - a  w a s  t i t r a t e d  
o n  these meclomen t r e a t e d  cells. • ,  
monolayers were treated with  meclomen 
f o r  24 h r  prior to  titration of HuIFN-a; 
| : : : | ,  meclomen w a s  added concurrently 
t o  HuIFN-a t itration; a n d  ///j, meclomen 
w a s  added to  cells for  24 hr  prior to  a n d  
also during HuIFN-a titration. 
Abscissa:meclomen concentration (mol/1); 
ordinate; antiviral  act iv i ty  ( %  of control). 

200 

(00 

HuIFN-a a n d  meclomen a s  fol lows:  a )  medium control; b )  500 I U  o f  
HuIFN-a;  c) 500 I U  of HuIFN-a p l u s  10~5 mol/1 meclomen; a n d  d )  500 I U  
of  HuIFN-a p l u s  1 0 " 7  mol/1 meclomen. Forty-eight  hr  a f t e r  exposure  of  
cells t o  either reagents,  dai ly  cell counts were  m a d e  u p  t o  d a y  7. Biologically 
act ive  HuIFN-a w a s  easi ly  detectable i n  t h e  supernatant  a t  t h e  end  of t h e  
exper iment .  T h e  results  are  presented i n  Fig .  2. I n  t h e  case of HuIFN-a,  
ant iprol i ferat ive  ac t iv i ty  w a s  ev ident  within t h e  first 4 8  hr ,  a n d  i t  reached 
i t s  m a x i m u m  (70%) b y  t h e  d a y  5 a n d  subsequent ly  declined t o  a b o u t  t h e  
4 0 %  level.  T h e  decline in antiproli ferative ac t iv i ty  of HuIFN-a on d a y  7 
m a y  b e  related t o  decline in t h e  t i t re  of IFN-a, since i t  w a s  added  once 
only a t  t h e  beginning of the  experiment.  However,  in case w h e n  cells w e r e  
exposed  t o  b o t h  HuIFN-a a n d  meclomen, a s ignif icantly greater  level  o f  
ant iprol i ferat ive  act iv i ty  w a s  ev ident  (40 — 5 0 % )  on d a y  2 a s  compared t o  
HuIFN-a  alone (approximately 2 0 %  inhibition). This  synergist ic  response 
w a s  maintained throughout  t h e  experimental  period. Concentrations of mec­
l o m e n  10" 5  o r  10~7 mol/1 u s e d  were  ne i t he r  t ox ic  t o  t h e  cells n o r  h a d  a n y  
an t ipro l i fe ra t ive  ac t iv i ty  aga ins t  A549  cells ( d a t a  n o t  shown).  I t  is  i n t e r ­
e s t i n g  t o  n o t e  t h a t  lower concen t ra t ions  of meclomen (10~7 mol/1) i s  m a r ­
ginal ly  super ior  t h a n  h igher  concen t ra t ions  ( 1 0 - 5  mol/1) a s  f a r  a s  e n h a n c e ­
m e n t  of H u I F N - a  an t ipro l i fe ra t ive  ac t iv i ty  i s  concerned.  

Effect of meclomen on antiviral activity of HuIFN-a. 

Conf luen t  monolayers  of B G - 9  cells g rown  i n  24 well t i s sue  cu l tu re  t r a y s  
were  exposed t o  a r ange  of meclomen concen t ra t ions  (10~° t o  1 0 - 8  mol/1) 
e i t he r  a )  pr ior  t o  i n t e r f e ron  t r e a t m e n t ,  b )  s imul t aneous  t o  I F N - a  t r e a t m e n t  
o r  c) pr ior  t o  a n d  s imul taneous  t o  I F N - a  t r e a t m e n t .  Con t ro l  monolayers  
were  t r e a t e d  w i t h  t h e  m e d i u m  alone.  Approx ima te ly  2000 I U  were  a d d e d  
t o  t h e  cells. H u I F N - a  used  f o r  t hese  s tud ies  w a s  p roduced  a n d  pur i f ied i n  
o u r  l a b o r a t o r y  (Chadha  a n d  Sulkowski ,  1984). R e s u l t s  r ep resen t ing  a n  a v e r ­
a g e  of f o u r  s epa ra t e  expe r imen t s  a r e  shown i n  F ig .  3. I t  is  obv ious  f r o m  
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these  d a t a  t h a t  t reat ing  f ibroblast  colls w i t h  meclomen either prior  t o  or 
concurrent t o  t h e  exposure  of cells t o  IFN-a does  not  a l t e r  t h e  ant iv i ra l  
a c t i v i t y  of th i s  J FN. 

Discussion 

T h e  abi l i ty  of the W B O s  of normal,  healthy indiv iduals  t o  synthes ize  
IFN-a upon in vitro s t imulat ion var ies  considerably (Chadha  et al., 1981). 
Such v a r i a b i l i t y  m a y  b e  due  t o  the  suppressor cells or dif ferences in  t h e  
expression of  feedback  inhibition within the  IFN-a s y s t e m  of each indiv idual  
(Stewart,  197!)). T h e  variat ion could also h a v e  a genet ic  bas i s  or b e  a result  
of  undetermined chronic exogenous or endogenous stimuli.  W e  h a v e  observed 
in our  l a b o r a t o r y  t h a t  pat ients  w i t h  A l  I)S or advanced malignancies belong 
t o  t h e  category of  l o w  IFN-a producers (Ikossi-O'Connor a n d  Chadha, 1984). 
II i s  conceivable t h a t  normal, healthy individuals  t h a t  are  classified a s  low 
IFN-a producers might  b e  a t  higher risk of contracting A I D S  or other  
malignancies, provided other  r i s k  fac tors  are  avai lab le .  Thus,  a t t e m p t s  to 
modulate  the l o w  IFN-a production s t a t u s  of apparent ly  healthy indiv iduals  
m a y  b e  of considerable significance. 

In our studies,  meclomen potentiated IFN-a synthes i s  in t h e  case of all 
blood donors regardless of whether  t h e y  were  low or high producers.  W e  h a v e  
earlier reported t h a t  indomethacin similarly potent iates  IFN-a synthes i s  in  
individuals  t h a t  a r e  low IFN-a producers only .  In this  matter,  meclomen 
seems t o  b e  superior t o  indomethacin. On the  other  hand,  meclomen h a s  no 
detrimental  ef fect  on the ant iv ira l  a c t i v i t y  of exogenously  administered 
IFN-a. This  suggests  t h a t  meclomen and HuIFN-a can b e  g i v e n  t o  p a t i e n t s  
without compromising t h e  antiviral  and immunomodulatory  potential  of  
IFN-a and a t  the  s a m e  t i m e  avoid ing  undesirable effects  of excessive P G E  
achieved due  t o  interferon. There  is controversy regarding  t h e  role of pros­
t ag l and ins  in t h e  g r o w t h  of t u m o u r  cells. T h e r e  a r e  several  r e p o r t s  ( J a f f e  
et al., 1974, 1976; J u b i z  et al., 1979) t h a t  i n d i c a t e  t h a t  excess ive  P G E  in­
h ib i t s  t h e  g r o w t h  of va r ious  t u m o u r  cells in t issue cul ture .  Howeve r ,  o the r s  
h a v e  r epo r t ed  (Hial  et al., 1977) t h a t  mec lomen t h a t  s ignif icant ly i nh ib i t s  
endogenous  P G  levels a l so  inh ib i t s  t h e  g r o w t h  r a t e  of t u m o u r  cells i n  t i ssue  
cu l tu re .  W e  h a v e  observed  t h a t  meclomen ( I O - 5 — 1 0 - 7  mol/1) p o t e n t i a t e s  
t h e  an t ip to l i f e ra t ive  effect  of H u I F N - a  o n  t h e  A549  h u m a n  cells. T h e  m a j o r  
differences in cell g r o w t h  inhib i t ion  were  e v i d e n t  a s  e a r l y  a s  2 d a y s  a f t e r  
meclomen t r e a t m e n t .  Cells exposed t o  I F N - a  a lone  w e r e  i nh ib i t ed  b y  2 0 ° o  

o n  d a y  2 a s  compared  t o  5 0 %  inhib i t ion  of cells t r e a t e d  concur ren t ly  w i t h  
t h e  s a m e  dosage  of I F N - a  a n d  I0~7  mol/1 of meclomen.  T h e  dif ferences  in  
t h e  r a t e  of cell g r o w t h  inhib i t ion  were  m a i n t a i n e d  f o r  t h e  t w o  g r o u p s  
t h r o u g h o u t  7 d a y s  of t h e  expe r imen t .  N e i t h e r  concen t ra t ions  of mec lomen 
used a lone h a d  a n y  ef fec t  o n  t h e  g rowth  of A549 cells. T h e  e n h a n c e m e n t  
of  t h e  an t ip ro l i fe ra t ive  a c t i v i t y  of H u I F N - a  b y  mec lomen m a y  b e  r e l a t ed  
t o  t h e  inhibi t ion of I ' G E  levels in those  t r e a t e d  cells. 

O u r  dal,a (Table  2) suggest  t h a t  meclomen enhances  t h e  p r o d u c t i o n  of 
I F N - a  in t h e  t r ea t ed  lymphocy te s  induced  w i t h  Senda i  v i rus .  T h e  p e a k  of 
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IFN-a production i s  around 20 h r  post  induction. Meclomen 10~5 mol/1 
significantly reduces PGE2 levels  (90%) a n d  a t  t h e  s a m e  t i m e  r e s u l t s  i n  
2 0 0 %  increase in t h e  IFN-a synthesis .  This  increase in  IFN-a s y n t h e s i s  
could b e  due  t o  a n  increase in  t h e  level  of IFN-a message in  t r e a t e d  cells 
or due  t o  i t s  slower degradation.  However,  i t  i s  ev ident  t h a t  inhib i t ing  t h e  
level of endogenous PGE2 levels  h a s  no  detr imental  e f fect  on synthes i s  of 
IFN-a b y  the  lymphocytes .  I t  i s  also conceivable t h a t  enhanced synthes i s  
and IFN-a is dependent upon changes i n  levels  of c-AMP a n d  leukotr iens  
t h a t  are  significantly influenced b y  t h e  meclomen in  t r e a t e d  cells. 

I n  conclusion, meclomen a t  nontoxic  levels  s ignificantly enhances 
IFN-a synthesis,  h a s  no detrimental  ef fect  on t h e  ant iv ira l  a c t i v i t y  of 
IFN-a and  moderately  enhances i t s  ant iprol i ferat ive  a c t i v i t y .  These ef fects  
might  not  b e  entirely related t o  modulation of prostaglandins  b y  t h e  mec­
lomen a n d  o t h e r  mechan i sms  m i g h t  b e  involved .  
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