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Adjuvant-induced arthritis is thought to be 
a disease of the delayed hypersensitivity 
type (1, 2 ) .  I t  is characterized by a variety of 
clinical features including joint pathology, 
splenomegaly, iritis, urethritis, and many oth- 
er features ( 3 ) .  Various workers (4-9) have 
shown inhibition of the disease with anti- 
inflammatory steroids, nonsteroidal anti- 
inflammatory drugs and immunosuppres- 
sants. One can differentiate these three types 
of drugs in this disease. Recent reports that 
PGEl and PGEz inhibit arthritis of rats (10, 
11), along with other reports that these 
agents are pro-inflammatory ( 12-14), and 
that their synthesis is inhibited in several 
tissues by the anti-inflammatory drugs, aspir- 
in and indomethacin ( 15-1 7 ) ,  prompted our 
investigation of the relative merits of these 
seemingly paradoxical pathologic-pharma- 
cologic observations. This report summarizes 
work concerning the antiarthritic and anti- 
inflammatory effects of prostaglandins. An- 
other summary of their pro-inflammatory 
effects is in preparation. 

Methods. Adjuvant arthritis of the rat is 
produced by the inoculation of 0.5 mg of 
Mycobacterium butyricum (Difco) in 0.1 ml 
of heavy mineral oil into the tail. Most 
references to this disease are appended to 
another report (18).  Prostaglandins are 
made up in 0.5 ml of sterile saline each 
day and injected subcutaneously twice 
each day for 14-15 days. Steroidal or non- 
steroidal drug-treated, nontreated, and ve- 
hicle-treated controls are done simultaneous- 
ly. Ten animals per dosage group are used 
routinely, except in those instances, shown 
here, in which normal, nonarthritic drug- 
treated animals are assessed simultaneously ; 
in which case, five animals per group are 
used. 

When therapy is terminated after 2 weeks, 
animals are scored visually for arthritis; he- 

parinized bloods are removed from the dorsal 
aortas of anesthetized rats and plasma 
inflammation units ( 19) and fibrinogen (20) 
are determined. White cell counts are made 
on H and E stains by routine methods. Vari- 
ous organs are then removed, blotted on filter 
paper, and weighed on a torsion balance. 

Acute inflammation is produced essentially 
by the method of Winter et QZ. (21). Drugs 
are given orally or subcutaneously 1 hr prior 
to inoculation of 0.1 ml of carrageenan 
(0.5% in saline) into the right hindpaw. Five 
hours later, animals are killed with chloro- 
form and both hindpaws are removed with a 
Harvard guillotine, weighed, and the differ- 
ences are expressed as milligrams of ede- 
ma/100 g of body weight. Rats (250 g) are 
fasted overnight for 16 hr prior to treatment 
with drugs and throughout the experimental 
interval. Standard drugs, usually aspirin at 
multidoses, and vehicle-treated controls are 
assessed simultaneously in all acute assays of 
this type and 10 animals/dosage group are 
employed routinely. Results in both in vivo 
systems are expressed as the mean, along 
with the standard error of the mean or the 
standard deviation from the mean. 

Prostaglandins were obtained from Dr. 
John Pike of The Upjohn Company; and all 
other drugs were from other reliable commer- 
cial sources. 

Results. Therapy of both normal and arth- 
ritic rats with PGEl and PGEz at  relatively 
high pharmacologic dosages inhibits de- 
veloping arthritis, produces adrenal hyper- 
plasia (especially in normal rats), and re- 
duces the weights of the spleens and thy- 
muses (Table I).  The underlying plasma 
inflammation units is only slightly affected. 
Routine assays with effective steroidal and 
nonsteroidal drugs are always accompanied by 
significant reductions in this parameter. Giv- 
en to rats with established disease (therapy 
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started twice each day for 2 weeks on day 16 
after inoculation of M .  butyricum into the 
tail) , neither PGEl nor PGEz has antiarthri- 
tic effects (Table 11). 

PGEl and PGE2, at  effective antiarthritic 
dosages (2,O mg/kg, b.i.d. x 15 days), 
reduce the elevated granulocyte counts of ar- 
thritic rats (12.5 X lo3 t 250 WBC/ 
mm?) to 2.5 X lo3 WBC mm3. Neither 
drug has inhibitory effects on the granulo- 
cyte count of normal rats. Both agents 
reduce lymphocyte counts slightly in 
normal and arthritic rats. These latter effects 
are dose related. The total white cell count of 
normal rats is 13.5 X lo3 t 227/mm3, while 
that of arthritic rats, on day 15 after inocu- 
ation of M .  butyricum, is 25.5 X lo3 k 1350 
WBC/mm3. Treatment with the two 
prostaglandins normalizes the elevated white 
cell counts in arthritic rats but does not re- 
duce them below those of normal rats. 

PGAz and PGF2, given at  four multidoses 
(0.5-4.0 mg/kg, b.i.d. sc )( 14 days) to 10 
rats/dosage group, fail to elicit antiarthritic 
effects in rats with developing and established 
disease. PGEI, PGE2, and PGE2, given or- 
ally at  2 mg/kg, PO, b.i.d. x 14 days are 
ineffective as prophylactic or therapeutic 
agents for the treatment of adjuvant arthrit- 
is. Arachidonic acid is ineffective when given 
orally or subcutaneously. 

When compared with cortisol, both PGEl 
and PGE2 inhibit the hindpaw edema elicited 
by carrageenan (Table 111). These acute 
antiinflammatory effects are dose related. 
Histamine and 5-hydroxytryptamine, two 
other vasoactive drugs and "mediators" of 
inflammation, are effective inhibitors also of 
acute inflammation (Table IV)  . Digitonin, 
Filipin, and saponin, all of which are "pro- 
inflammatory" (22 ) produce dose-related in- 
hibition of acute inflammation when given 
intraperitoneally (Table V). 

Since certain of the prostaglandins (PGEl 
and PGE2) are vasoactive (23), the acute 
anti-inflammatory and chronic antiarthritic 
effects of another well-known vasoactive 
drug, alcohol, have been examined. For these 
studies, ethyl alcohol is given orally in vary- 
ing amounts as a 100-proof solution (50%) in 
water. At 4 and 10 ml/kg, b i d .  for 14 days, 



292 PROSTAGLANDINS AND INFLAMMATION 

TABLE 11. Effect of PGE, and PGE, on Established Arthritis. 

Body Arthrit.ic score P IU"  
Dose (nig/kg, wt gains 

Treat men t sc b i d .  X 15 days) (g/rat)  (units) % 11111. (units) $41 Inh. 

95.8 t 8.0 Vehicle - 15 15.8 & 0.2 - 

PGE, 2.3 32 14.6 & 0.G 8 125.3 & 7.0 0 
PGE, 2.2 33 15.0 * 1.1 0 130.2 7.6 0 
No treatment - 3 15.9 + 0.1 - 130.0 & 8.0 0 
Normal 

- - 5.8 f 2.1 - nonarthritic 50 

" Plasma inflammation units (19) ; 10 r:its/group. 

TABLE 111. Effect of PGE, and PGE, on Hindpaw Edenia of the Rat." 

Dose Percentage 
Compound (mg/kg, sc) Edemab SDc inhib. Potency 

Saline vehicle 0.0 

PGE, 

Hydrocortisone 0.433 
0.825 
1.67'4 
3.468 
6.894 

0.415 
0.832 
1.658 
3.320 
6.754 

PGE, 0.416 
0.862 
1.735 
3.420 
6.867 

0.302 

0.235 
0.125 
0.092 
0.07'9 
0.089 

0.262 
0.230 
0.187 
0.155 
0.060 

0.260 
0.226 
0.186 
0.135 
0.069 

0.014 

0.018 
0.005 
0.013 
0.007 
0.013 

0.011 
0.013 
0.014 
0.01G 
0.014 

0.011 
0.011 
0,015 
0.018 
0.013 

0 

22 
59 
70 1.0 
74 
70 

1 3  
24 0.42 
38 (0.3 1-0.56) gGyo 

49 
80 

1 4  
25 0.43 
38 ( 0.32-0.5 7)  05% 

55 
77 

"Diarrhea and sedation at last 3 dosages of both drugs. 
MXigrams/100 g of body weight; 10 rats/dosage group. 
Standard deviation. 

TABLE IV. Effect of Histamine and 5-Hydroxytryptamine 011 Hiiidpaw Edema of the Rat." 

Compound 
Percentage 

Dose (mg/kg, sc) Edema S D  inhib. 

Saline vehicle 0.0 

5- Hy droxytryp tamine 4.0 
9.0 

20.0 

Histamine 4.0 
10.0 
20.0 

Medrol 5.0 

0.314 

0.159 
0.159 
0.085 

0.246 
0.257 
0.187 

0.136 

0.016 

0.016 
0.005 
0.015 

0.013 
0.016 
0.016 

0.011 

0 

38 
49 
73 

22 
18 
40 

57 

a Conditions and description same in  Table 111. 
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T A B L E  V. Effect of l lyt ic  Drugs on Carrageenan-Induced Inflanimation. 

Drug  Dose (nig/kg, ip) Edema" S E M  Percentage inhib. 

- Nolie - 381 23 

Digitonin 4.0 
8.0 

16.0 
32.0 

Fi l ipin 4.0 
8.0 

16.0 
32.0 

297 28 22 
292 16  23 
247 26 35 
182 45 52 

296 22 22 
275 18 28 
245 10 36 
175  11 54. 

S a11 oiii 11 4.0 315 20 1 7  
8.0 300 11 22 

16.0 275 20 28 
32.0 225 1 0  ' 4 1  

"Expressed as milligranis of edema/100 g of final body weight. 

alcohol inhibits developing arthritis (Table many other studies with still another vasoac- 
VI) . Compared to aspirin simultaneously, it tive drug, isoproterenol. Results are similar to 
is an effective inhibitor of acute inflammation those obtained with PGEl. That is, this 
(Table VII) . It lowers temperatures of drug also produces antiarthritic and acute 
yeast-fevered rats (Table VIII) . There are anti-inflammatory effects while eliciting signs 

T A B L E  VI. Effect of 100-Proof Alcohol 011 Adjuvant-'Induced Polyar thr i t is  of Rats." 

Dose (ml/kg, PO, Percentage 
D r u g  b i d .  X 14 days)  F ina l  body wt. Arthr i t ic  score/rat inhib. 

Vehicle (water)  - 214 2 5.0 11.2 * 1.2 - 

E t h y l  alcohol, 50% 1 .0 204 & 5.1 10.1 -L 1.6 - 
2.0 205 & 4.9 9.9 & 1.6 - 
4.0 208 -+ 12.2 7.8 2 1.5 - 

10.0 206 2 6.1 3.7 2 1.6 66 

" Ten rats /group;  all r a t s  weighed 190 g at bcgiiining of experiments. 

TABLE VII. Effect  of 100-Proof Alcohol on Hinclpaw Edema of the  Rat." 

Percentage 
Drug Dose (mg or nil/kg) Edema SD inhib. 

~ ~~ 

W a t e r  0.0 

E t h y l  alcohol, 50% 

Aspirin 

0.6 
1.2 
2.4 
4.8 
9.0 

66 
132 
262 

0.330 

0.337 
0.278 
0.269 
0.229 
0.220 

0.231 
0.222 
0.092 

0.018 

0.032 
0.007 
0.021 
0.014 
0.012 

0.010 
0.028 
0.011 

0 

-2 
16 
1 8  
3 1  
33 

30 
33 
72 

" A l l  d rugs  given orally to  10 r:its/group 1 hr  pr ior  t o  earrsgeerinn inoculations in to  r igh t  
hindpaw. Paws were removed 5 h r  a f t e r  carrageenan;  6 h r  a f t e r  drug. 
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of “stress” or adrenal stimulation at high been reported that prostaglandins are pro- 
dosages. Isoproterenol produces intense inflammatory ( 12-14). Other pro- 
inflammatory reactions at injection sites. inflammatory drugs (digitonin, saponin, and 

Summary and Conclusions. PGEl and Filipin) also elicit nonspecific acute anti- 
PGEz produce antiarthritic and acute anti- inflammatory effects when given intraperi- 
inflammatory effects when given at  high toneally. The high pharmacologic doses of 
dosages to rats. PGA? and PGF2, are inactive prostaglandins required to elicit antiarthritic 
in these tests. All of the prostaglandins ex- and anti-inflammatory effects in animals 
amined here are inactive when given orally to cause adrenal hyperplasia, prostration, and 
rats with acute or chronic inflammation. diarrhea. It is conceivable that their second- 
Other vasoactive drugs (ethyl alochol and ary antiarthritic and anti-infla.mmatory 
isoproterenol) inhibit acute and chronic effects may be related to these primary 
inflammation. Paradoxically, perhaps, it has phenomena. 

TABLE VITI. Effect of 100-Proof Alcohol on Yeast-Induced Fevers of Rats.” 

Temperature drop (OF) in yeast-fevered rats 

No yeast, no treatment 

Yeast (controls) 

50% EtOH, 1.0 
2.0 
4.0 
8.0 

12.0 

0.3 0.2 0.1 0.2 

0.2 0.1 0.5 0.2 

0.5 0.1 0.6 0.2 
0.0 0.1 0.5 0.2 
0.4 0.2 0.4 0.2 
1.0 0.2 0.7 0.2 
1.5 0.3 1.0 0.2 

~~ ____ 

a Ten yeast-fevered rats/group. All rats had starting temperatures in excess of 101.O”F; 
determined by ip thermistor probes. 
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