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Diaryl Pyrroles: A New Series of Anti-Inflammatory Agents 

I n  t he  years  s ince t h e  r epo r t s  of t he  a n t i - i n f l a m m a t o r y  
a c t i v i t y  of aspi r in ,  p h e n y l b u t a z o n e ,  f enama te s ,  a n d  indo-  
me thac in ,  t he re  has  been  a n  inc reas ing  e m p h a s i s  on  t he  
a n t i - i n f l a m m a t o r y  a c t i v i t y  of some a r o m a t i c  or he re to -  
cyclic c o m p o u n d s  of acidic na tu re ,  whi le  on ly  l i t t l e  a t t e n -  
t ion  if a n y  ha s  been  pa id  to  t he  a c t i v i t y  of n e u t r a l  
c o m p o u n d s  ~. 

In  t h i s  paper ,  we wish 'to descr ibe  br ie f ly  t h e  an t i -  
i n f l a m m a t o r y  a c t i v i t y  of a new series of non- ion ic  pyr ro le  
c o m p o u n d s :  2 -a lky l -4 ,5 -d ipheny l -pyr ro les .  T h e y  were  
p r e p a r e d  f rom 2-a lky l -4 ,5 -d iphenyI -pyr ro le -3 -ca rboxy l i c  
es ters  by  e l i m i n a t i o n  of t h e  3 - subs t i t uen t s  w i t h  80% 
sulfur ic  acid.  

A n t i - i n f l a m m a t o r y  a c t i v i t y  of c o m p o u n d s  was e x a m i n e d  
in a v a r i e t y  of a n i m a l  tests .  Some of t he  c o m p o u n d s  in-  
h i b i t e d  t he  e d e m a  response  in r a t s  to  t he  in jec ted  car-  
r ageen in  2, a n d  t h e  e r y t h e m a  response  in  guinea-pigs  to  
t h e  u l t r a v i o l e t  r a d i a t i o n  s. I n  t h e  T a b l e  t he  resu l t s  of paw  
e d e m a  assay  in  r a t s  are s um m ar i zed .  

S u b s t i t u t i o n  w i t h  chloro-  or m e t h o x y - g r o u p  in pars -  
pos i t ion  of b o t h  t h e  p h e n y l  r ings  caused  a p r o m i n e n t  in- 
crease in t he  a n t i - i n f l a m m a t o r y  ac t iv i ty .  W i t h  respec t  to  
t h e  s u b s t i t u t i o n  w i t h  a lky l  g roup  in 2-pos i t ion  of t he  
pyr ro le  r ing,  t h e  c h a i n  l e n g t h  was c r i t i ca l  for ful l  a c t i v i t y  
of t he  c o m p o u n d ,  an d  2 - m e t hy I - 4 ,5 - b i s ( p - m e t hoxyphe -  
ny l )py r ro l e :  ' b i m e t o p y r o l '  was  found  as t he  m o s t  p o t e n t  
c o m p o u n d  a m o n g  t h e m 4  

The  s p e c t r u m  of a n t i - i n f l a m m a t o r y  a c t i v i t y  of these  
c o m p o u n d s  was  genera l ly  in  c o m m o n  w i t h  t h a t  of t he  
o t h e r  non- s t e ro ida l  a n t i - r h e u m a t i c  drugs.  Thus ,  b i m e to -  
pyro l  suppressed  u l t r a v i o l e t - i nduced  e r y t h e m a  in guinea-  
pigs (EDs0 was  9 m g / k g  b y  i.p. in jec t ion)  a n d  acet ic  acid-  
i nduced  w r i t h i n g  in mice, a n d  increased  t h e  p a i n  t h r e sh -  
old a t  t h e  y e a s t - i n j e c t e d - p a w  in r a t s  (13.3 t imes  as 
p o t e n t  as aspir in) .  Also, i t  p r e v e n t e d  t he  e n z y m e  re lease  
f rom t h e  i so la ted  r a t  l ive r  lysosomes,  as aspir in ,  p h e n y l -  
bu t azone ,  a n d  f lu fenamic  acidS. 

On t h e  o the r  hand ,  th i s  c o m p o u n d  was no t  effect ive  on 
t he  va scu l a r  p e r m e a b i l i t y  changes  caused  b y  s.c. i n j ec t ion  
of t he  m e d i a t o r s  such  as s e ro ton in  or b r a d y k i n i n ,  aga in  in 
a g r e e m e n t  w i t h  t h e  cha rac te r i s t i c s  of i n d o m e t h a c i n  a n d  
p h e n y i b u t a z o n e  6. 

The  a n t i - e d e m a  a c t i v i t y  of t he  pyr ro le  c o m p o u n d s  was 
no t  a t t r i b u t a b l e  to  t he  endogenous  glucocort icoid,  because  
t he  ac t i v i t y  was no t  a f fec ted  b y  a d r e n a l e c t o m y  of t h e  
an ima l s  used. B i m e t o p y r o l  was  ve ry  ef fec t ive  in m i n u t e  
a m o u n t ,  w h e n  i t  was  g iven  to  t he  i n f l a m e d  p a w  d i rec t ly  
(dose r equ i red  for 50% i n h i b i t i o n  was 1 tLg/paw). F u r t h e r -  
more,  t h e r e  was a good cor re la t ion  be tween  t he  oral  
a c t i v i t y  a n d  i ts  c o n t e n t  in  t h e  i n f l a m e d  t i ssue  wh ich  
was d e t e r m i n e d  f luoromet r ica l ly .  These  f ind ings  s u p p o r t  
t h e  poss ib i l i ty  t h a t  th i s  c o m p o u n d  i tself  a n d  n o t  t he  
m e t a b o l i t e  wou ld  ac t  on  t h e  t a r g e t  d i rec t ly  a t  t h e  s i te  
of i n f l a m m a t i o n .  As a n  e x p e r i m e n t a l  mode l  of t he  h u m a n  
chronic  a n d  sys temic  i n f l a m m a t i o n ,  we used t he  a d j u v a n t -  
i nduced  p o l y a r t h r i t i s  in  ra ts .  I n  order  to  get precise  
p o t e n c y  ra t ios  be tween  p h e n y l b u t a z o n e  a n d  t h e  two  
ac t ive  pyr ro le  compounds ,  a single se l f -con ta ined  experi-  
m e n t  has  been  made,  specif ied b y  t he  use o f  wel l -es tab-  
l ished a r t h r i t i c  an ima l s  a n d  b y  t h e  se lect ion of doses of 
d rugs  to  f i t  t h e  s t a t i s t i ca l  analysis .  B y  6 p o i n t s  assay,  t h e  
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X Y R % Inhibition Dose required for 
(100 mg/kg, by mouth) 50% inhibition (mg/kg) 

-t~ - K  22 
-OH -OH 1 
-NKCOCHa -NHCOCH a 9 
-CI -C1 46 
-OCH a -OCH a R = -CH a 62 
-OCH a -H 31 
-H -OCH~ 17 
-OCH~ -C1 60 

X = Y = -OCH a 

Phenylbutazone 

-H more than 100 
-CHa 9 
-C2Hs 25 

-iso Call 7 36 
-n  Call 9 60 
- tert  C4H 9 more than 100 

62 

Anti-edema activity of selected pyrroles. Carrageenin (0.05 mI of 1% solution) was injected s.c. into the hind paw 30 min after administration 
of drug (dissolved in olive oiI) by mouth. The effect measured 3 h later. 
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t h e r a p e u t i c  p o t e n c y  of b i m e t o p y r o t  and  i ts  2- isopropyl  
ana logue  were ca lcu la ted  as 8.46 (4.27-17.4) and  0.49 
(0.21-0.91) t imes  as p o t e n t  as p h e n y l b u t a z o n e ,  respect i -  

v e l y .  
Toxicological  i nves t iga t ions  in mice h a v e  shown  t h a t  

t h e  va lues  of acu te  LDs0 of b i m e t o p y r o l  were 3.6 g /kg 
(male) a n d  3.4 g/kg (female) b y  m o u t h ,  and  2.7 g /kg (male) 
and  1.9 g /kg (female) b y  i.p. in ject ion.  In  rats ,  those  were 

% 
,~ 50 s 

~0 
~5 
g 

Bimetopyrol Phenylbutazone 

2 Isopropyl b,rnetopyrol 

' 112 ' 17  ' ' i 3  

Dose(mg/kg/day) 
I00 

Curative effect of selected pyrrole compounds on established arthritis 
in rats. Sprague Dawley female rats were injected intracutaneously 
in the right hind paw with 0.5 mg of heat-killed M. butyricum in 
0.05 ml of mineral oil. 18 days after adjuvant injection, the well- 
established arthritic animals were selected and subjected to the 7 
days therapy with drugs. The mean value of the increased foot volume 
at 18th day after injection was 4.31~-0.11 ml. 3 doses for each drug 
and 7 animals for each group were used. Drugs suspended in aqueous 
tragacanth were given orally, and the foot volume of right hind paw 
of each animal was measured before and after tile therapy. 

2.3 g /kg (male) and  1.8 g/kg (female) b y  m o u t h .  I n  
chronic  t ox i c i t y  tests ,  r a t s  were dosed da i ly  for  6 m o n t h s  
b y  m o u t h  w i t h  100, 50, 25, a n d  5 mg/kg .  D u r i n g  t h e  
course of inves t iga t ion ,  2 of 10 female  an ima l s  rece iv ing  
the  h ighes t  dose died. The  d e a t h  was a s sumed  to  resu l t  
f rom gas t ro - in t e s t ina l  u l ce ra t ion  and  sys temic  per i ton i t i s .  
A t  t he  t e r m i n a t i o n  of t he  expe r imen t ,  none  of t he  ab-  
no rma l i t i e s  were observed  in t h e  an ima l s  wh ich  h a d  re- 
ce ived b i m e t o p y r o l  a t  doses no t  more  t h a n  25 mg /kg /day ,  
whi le  5 of 38 an ima l s  rece iv ing  h ighe r  doses had  ulcers in  
s t o m a c h  or i n t e s t ine  and  also t he re  was a s l igh t  increase  
in l iver  weight .  Dogs t o l e r a t ed  da i ly  dose of 150 m g / k g  
for 3 m o n t h s  w i t h o u t  a n y  s ign i f ican t  signs of a b n o r m a l i t y  
in  pa tho log ica l  e x a m i n a t i o n s .  

Zusammen[assung. Die a n t i i n f l a m m a t o r i s c h e n  Eigen-  
s eha f t en  yon  ve r sch i edenen  D i a r y l - p y r r o l - D e r i v a t e n  wur-  
den  u n t e r s u c h t .  Es  wurde  festgestel l t ,  dass  eine repr~Lsen- 
t a t i v e  Verb indung ,  2 -Me thy l -4 ,5 -b i s (p -me toxypheny l ) -  
pyrrol ,  eine ausgepr~g te  H e m m u n g  gegen das  a k u t e  0 d e m  
u n d  die ch ron i sche  A r t h r i t i s  der  R a t t e  zeigt. 
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Abnormalities of Lung Lipids Following Inhalation of Quartz 

After  i n h a l a t i o n  of q u a r t z  for  e x t e n d e d  periods a n d  
p ro longed  su rv iva l  the rea f t e r ,  specific pa thogen- f r ee  
(SPF)  r a t s  fai led to  acqui re  t yp i ca l  sil icotic lesions b u t  
i n s t ead  r e sponded  b y  t he  d e v e l o p m e n t  of p u l m o n a r y  
a lveola r  l ipo-pro te inos is  1. Analys i s  of th i s  cond i t ion  b y  
h i s tochemica l ,  chemica l  a n d  immuno log i ca l  m e a n s  es tab-  
l i shed t h a t ,  a p a r t  f rom t h e  presence  of quar tz ,  t he  exper i -  
m e n t a l  d isorder  was essent ia l ly  s imi la r  to  t h e  h u m a n  
disease 2. The  same samples  of q u a r t z  were shown  to be  
f ibrogenic  b y  i n t r a p e r i t o n e a l  a n d  i n t r a t r a c h e a l  in j ec t ion  
in to  o the r  rats ,  b o t h  c o n v e n t i o n a l  a n d  SPF.  T he  out-  
s t a n d i n g  fea tu re  of e x p e r i m e n t a l  l ipo-prote inos is  was t h e  
large l ip id  c o m p o n e n t  of t he  a lveo la r  m a t e r i a l  a n d  h is to-  
chemica l ly  b o t h  n e u t r a l  l ip ids  a n d  phospho l ip ids  were 
ident i f ied.  U l t r a s t r u c t u r a l  obs e r va t i ons  on t h e  same 
m a t e r i a l  a d e m o n s t r a t e d  ex tens ive  a lveolar  a c c u m u l a t i o n  
of phospho l ip id  s t r u c t u r e s  wh ich  a s s um ed  severa l  m or pho -  
logical fo rms  cha rac te r i s t i c  of t he  l iqu id-c rys ta l l ine  phase.  
However ,  t he  ear l ier  chemica l  p rocedures  d id  no t  d is t in-  
guish  pa r t i cu l a r  groups  of l ipids  and  we now  r e p o r t  a 
ref ined analysis ,  i nd i ca t i ng  impl i ca t ions  of t he  quan t i -  
t a t i v e  and  q u a l i t a t i v e  changes .  

Methods. Male S P F  r a t s  were exposed  for 8 or 26 weeks 
to t he  i n h a l a t i o n  of Minusi l  q u a r t z  a t  an  a t m o s p h e r i c  con- 
c e n t r a t i o n  of 37 or 12 m g / m  ~ a n d  su rv ived  s u b s e q u e n t l y  
for  20 or 30 weeks. The  lungs  were qu ick ly  r e m o v e d  a n d  
frozen in l iqu id  n i t rogen .  T h e y  were sealed in p las t ic  t ubes  
and  r e m a i n e d  f rozen .under  n i t rogen  u n t i l  r equ i red  for 
chemica l  f r ac t iona t ion .  T he  b iochemica l  p rocedures  
emp loyed  h a v e  b e e n  descr ibed  elsewhere 4. I n  o the r  r a t s  

exposed  to  q u a r t z  s i m u l t a n e o u s l y  i t  was conf i rmed  t h a t  
t he  h is to logica l  changes  were t yp i ca l l y  those  of a lveo la r  
l ipo-prote inos is  and  no t  of silicosis. 

Results. To d e m o n s t r a t e  t h e  overa l l  d i rec t ions  of change,  
the  e x p e r i m e n t a l  an ima l s  are c o m p a r e d  w i t h  con t ro l  r a t s  

Table 1. Quantitative changes in lipid categories 

Cont ro t  E x p e r i m e n t a l  
Mean Mean Increase 
(rag) (rag) factor 

Total lipids 73 1605 22 
Neutral lipids 
(including cholesterol) 27.1 232 8 
Cholesterol 6.1 106 17 
Phospholipids 

Total 35.6 1210 34 
Lecithins 19.1 1056 55 
Dipalmityl lecithin 10.9 699 64 
Phosphatidylethanolamines 7.7 70 9 

Sphingomyelins 4.7 35 7 
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