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streptozotocin diabetes. It was postualted 
that streptozotocin may interfere with NAD 
formation in the beta cell and that treatment 
with nicotinamide reverses the streptozotocin 
effect by reversing its effect on levels of NAD 
within beta cells. 
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Periarthritis of the hind paws in rats re- 
ceiving oral 6-sulfanilamidoindale ( 6-SAI ) 
was first described by Mielens and Rozitis 
( 1). They reported the isolation of mycoplas- 
ma from the inflamed joints using blind pas- 
sage techniques. However, the isolates were 
not characterized and serologic studies were 
not undertaken. Mice which had been simi- 
larly treated succumbed to bronchopneumo- 
nia. B$ause old rats and mice may harbor 
potentially pathogenic mycoplasma (2-6), 
Mielens and Rozitis suggested that the 
effects of 6-SAI were due to activation of 
latent mycoplasmal infections. I n  a later 
study by Sigg et al. this hypothesis was ac- 
cepted although no attempt was made to iso- 

*Supported in part by Grants AM-02255 and 
AM-05016, National Institute of Arthritis and Meta- 
bolic Diseases, U. S. Public Health Service. 

late or characterize the suggested etiologic 
agents (7). In  contrast, Ward et al. reported 
preliminary observations indicating that my- 
coplasma could not be recovered from rats 
with arthritis induced by 6-SAI (8). 

The present study was undertaken to ex- 
plore in detail the possible role of mycoplas- 
ma in 6-SAI arthritis. The principal purpose 
was to examine for active infection by myco- 
plasma as the cause of the arthritis. 

Materials and Methods. Animals. Male al- 
bino rats weighing 400-500 g were obtained 
from a local supplier or from Holtzman Com- 
pany (421 Holtzman Road, Madison, Wis- 
consin). They were housed in individual 
cages and fed Purina rat chow and tap water 
ad libidum. 

Induction of arthritis using 6-sulfanil- 
amidohdazole (6-SAI) . Oral administration 
was carried out using a 15% (w/v) suspen- 
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sion of 6-SAI, in a 1% (w/v) aqueous sus- 
hension of gum tragacanth. The animals were 
fed daily with 250 mg of 6-SAI/kg until 
arthritis developed. Administration was per- 
formed using a gastric tube on animals anes- 
thetized with ether. 

Subcutaneous (s.c.) injections of 125 mg 
of 6-SAI/kg were carried out using 3.0 g of 
6-SAI dissolved in 30% (v/v) propylene gly- 
col, 10% (v/v) ethyl alcohol, and 60% nor- 
mal saline at  pH 8.0. Daily injections of 2.0 
ml were given until onset of arthritis. 

After treatment each animal was examined 
daily for redness and/or swelling of joints 
and other evidence of disease. The arthritis 
was scored as previously described (9).  

Induction of arthritis by  Mycoplasma arth- 
ritidis. M .  arthritidis was cultured and 
prepared as previously described (9) .  Organ- 
isms were given by intravenous injection. 

Culture media. The following media were 
used for culture of mycoplasma: (i) KN 
agar or KN broth consisting of Difco PPLO 
agar or broth supplemented with 0.25% 
(w/v) yeast extract (BBL), 0.2 pg/ml of 
deoxyribonucleic acid, sodium salt (calf thy- 
mus, Mann Research Lab., New York), 10% 
(v/v) horse serum and 1000 units of penicil- 
lin/ml; (ii) DPN agar consisting of KN 
agar with the addition of 0.1 ml/ml diphos- 
phopyridine nucleotide (added from a sterile 
2 mg/ml solution: DPN-102, Sigma Chemi- 
cal Co.) ; (iii) Sheep blood agar; (iv) KN 
broth adjusted to pH 6.0; and (v) Thiogly- 
collate medium (BBL, Code No. 01-135. 

Isolation procedure. Joints for culturing 
were skinned and pieces of tissue were re- 
moved aseptically and minced with 1-2 ml of 
sterile Difco PPLO broth containing 10% 
(v/v) horse serum. Lung tissue was also 
minced in PPLO broth. The resulting suspen- 
sions were plated in duplicate onto KN agar, 
DPN agar, blood agar, and into thioglycol- 
late broth. Heart blood was plated directly 
onto these media. Plates were incubated aero- 
bically and anaerobically at  37" and exam- 
ined at  intervals for up to 10 days of incu- 
bation. 

Blind subcultures were carried out by inoc- 
ulating 2-3 drops of the tissue suspensions or 

blood into KN broth, KN broth adjusted to 
pH 6.0, and DPN broth. After 5 days of 
aerobic and anaerobic incubation, 0.5-ml 
amounts of the broths were transferred to 
fresh media. This was repeated for 8 trans- 
fers. Sterile broths were similarly transferred 
as controls. After the first transfer, all subse- 
quent transfers were plated onto KN agar to 
check for growth. Isolations from mycoplas- 
ma-induced arthritis were carried out by plat- 
ing joint fluid, lung tissue suspensions, and 
heart blood onto KN agar only. 

Characterization of isolates. Isolates from 
6-SAI arthritis were compared with M .  arth- 
ritidis, 14124 (American Type Culture Col- 
lection), and M .  arthritidis, strain P N  (iso- 
lated by the authors from a spontaneous rat 
abscess) . The biochemical methods used were 
as described by Cole et al. (9). Antisera 
were prepared in rabbits using the method of 
Morton and Roberts ( lo) ,  employing anti- 
gens grown in rabbit infusion broth (11)- 
The relationship of strains isolated from 
6-SAI arthritis to other mycoplasma strains 
was investigated by agar gel double diffusion 
and growth inhibition by antiserum (12). 

Antibody studies. Circulating antibody in 
the rat sera was measured by the complement 
fixation technique of Kolmer et al. (13). 
Antigens of M .  arthritidis and M .  pulmonis 
were prepared as described previously( 14). 

Results. Isolation of mycoplasma. Twenty 
male rats from a local supplier were fed 
6-SAI orally until arthritis developed (Expt. 
1 ,  Table I ) .  Samples from 3 rats were cul- 
tured for mycoplasma at onset and 3 rats at 
maximum arthritis. Of the latter, both an 
arthritic joint and a normal joint were cul- 
tured. Samples from normal animals were 
similarly cultured. By the direct plating of 
suspensions of tissues, mycoplasma appeared 
in 60% of all lung cultures, including the 
normal control animals. On the basis of 
growth characteristics and colonial morpholo- 
gy, these isolates were identified as Myco 
plasma pulmonis. Growth of *these strains was 
considerably enhanced on the DPN agar. 
Mycoplasma were not isolated from any of 
the joint or blood samples by direct plating 
onto agar. Bacteria were not encountered in 
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TABLE I. Comparative Effect of Tetracycline on Ra t  Arthritis Induced by 6-Sulf anilamidoindazole 
(&SAT) and Y. artfiritidis. 

Mean Extremi- 
Incidence Onset of Maximum score at ties Involve- 

of arthrit.is arthritis maximum involved ment of 
Experimental group Route arthritis" (days) (days) arthritis (mean) forelimbs 

Expt. 1. Local rats 
6-881,250 mg/kg/dsy Oral 20/20 3-5 6-8 15 2 1/20 

Eff ect of re-feeding Oral 6/6 2-5 6-8 14 2 2/6 
250 mg/kg/day 

Expt. 2. Holtzman rats 
6-SAI, 125 mg/kg/day S.C. 5/76 6-7 6-9 6 2 1/7 
6-SAI, 125 mg/kg/day ; S.C. 7/8b 6-9 7-9 5 2 0/8 

Y. arthritidis, strain P N  i.v. 10/10 2-3 6-10 26 4 10/10 

Y. arthritidis, strain PN i.v. 0/10 - - 

20 mg/kg of tetra- 
cycline i.m. daily 

2 x 1 0 w u  
- - - 

1 X lo8 cfu with 20 mg 
/ k g  of tetracycline 
i.m. daily 

" Number of rats with grossly visible arthritis/number of rats in  experimental group. 
Rats in each group were sacrificed for culture a t  onset of arthritis. Because these animals were ran- 

domly selected, some did not have arthritis and the proport.ions shown represent the number with arthri- 
tis throughout the experiment. 

any of the isolations. In the second blind 
passage of joint specimens taken at  maximum 
arthritis from all three rats, a few mycoplas- 
macolonies appeared on the agar transfer 
from the anaerobic, pH 6.0, KN broths. All 
three cultures showed colonies with well- 
defined central areas (Fig. 1 A), and one con- 
tained, in addition, colonies resembling M. 
pulmonis. The latter could not be maintained 
in culture. The three isolates were desig- 
nated lA, 2A, and 3A, respectively. All of the 
other cultures were negative for mycoplas- 
ma. Mycoplasma did not appear in subse- 
quent blind passages. 

During the course of the first experiment, 
one of the animals developed a small puru- 
lent abscess on one of the terminal inter- 
phalangeal joints: Mycoplasma were readily 
isolated from the purulent material by direct 
plating onto KN agar. This strain was desig- 
eated PJ. 

When the arthritis had subsided, a group 
of rats were retreated with 6-SAI. The onset 
and severity of arthritis was similar to that 

obtained during the first feeding of 6-SAI 
(Expt. 1, Table I). Samples from 6 rats were 
cultured at maximum arthritis but no 
growth of M .  arthritidis was identified. 

In a second experiment, Holtzman rats 
were used. Two groups of 10 rats each were 
given S.C. injections of 6-SAI. One of the 
groups was also given daily i.m. injections of 
20 mg of tetracyclinelhg. The incidence and 
severity of arthritis was similar in the two 
groups (Expt. 2, Table I). Joints and heart 
blood were cultured from control rats and 
from rats of both groups at  onset and max- 
imum arthritis. All cultures were negative for 
m ycoplasma. 

For comparison purposes, two groups of 10 
Holtzman rats, weighing 400-500 g, were 
injected with 1 X lo9 colony forming units 
(cfu) of M. arthritidis, strain PN. One group 
was given daily S.C. injections of 20 mg of 
tetracycline/kg. All animals injected only 
with M. arthritidis developed arthritis, while 

1 Achromycin, Lederle Laboratories. 
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FIG. 1A. Colonies of M. arthritidis isolated by blind passaging of a joint sample taken from a 
rat with 6-SAI-induced arthritis. (B) Arthritis of tibiotarsal, metatarsophalangeal, and interphalan- 
geal joints of a rat hind paw produced by the intravenous injection of a culture of virulent 
M. avthritidis. (C) Diffuse arthritis and Friar-thritis of a rat hind paw produced by the oral 
administration of 6-~~Ifanilamidoindazole. (D) Norma1 rat hind paw. 

those injected with M. arthritidis and te- 
tracycline remained healthy (Expt. 2, Table 
I). Joints and heart blood from three animals 
in each group at onset and maximum arthri- 
tis were cultured directly onto KN agar. In 
all animals injected only with M .  arthritidis, 
mycoplasma appeared in the joint cultures in 
large numbers, and a few colonies were also 
present in all cultures of heart blood. The 
tetracycline treatment completely inhibited 
the development of the arthritis. 

Clt.aracteriza.ti0-n of isotates. All mycoplas- 
ma strains isolated from the joints were 
found to be identical in their biochemical 

reactions and growth characteristics to the 
strains of M. arthritidis, with which they 
were compared (9). All strains were closely 
related serologically by gel diffusion. The 
growth of strains 3A and PJ was inhibited 
when grown in the presence of antiserum 
prepared against M. arthitidis, strains 141 24 
and 3A. 

A suspension of strain 3A was injected 
intravenously into a group of 6 rats weighing 
400-500 g each. An inoculum of 1 x loo 
cfu/animal resulted in a 100% incidence of 
arthritis. The time of onset was 3-5 days, the 
mean score at maximum arthritis was 13, 
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TABLE 11. Relation between 6-SAI Arthritis mid Complement-Fixing Antibody Titers against 
Mycoplasma." 

Reciprocal of mean 
Mean arthritis scores complement-fixing titers 

After initial No. of 
feeding animals At maximum At time of M. pulmonis M. nrthritidis 

tested arthritis autopsy antigen antigen ( W s >  

2 

3 
4 

7 

10 

14 

21 

Control 3 

Control 2 
Control 2 

Control 3 

Control 2 

Control 3 

6-SAI 1 

6-SAI 2 

6-SAI 2 

6-SAI 3 

6-SAI 
G-SAI 4 

0 
0 
0 
0 

11 
0 

29 
0 

23 
0 

20 
11 

0 
0 
0 
0 
11 

0 
29 

0 
16 
0 
8 
4 

80 
40 
80 
40 

320 
40 
'SO 
80 
80 
80 
80 
80 

5 
5 

<5 
10 
5 

10 
<5 
<5 

5 

<5 
<5 

<5 
__ ~ ~~ ~ 

"For comparative purposes, three rats were injected with 1 X 10" cfu of virulent M .  arthriti- 
dis. After 21 days complement-fixing antibody titers of 1 :5000-1:20,000 were detected. The 
mean score at maximum arthritis waR 17, and at the time of autopsy (21 days) was 7. 

and 5 out of 6 animals had involvement of 
the forelimbs. Mycoplasma could be readily 
isolated in large numbers from the joints of 
these rats by direct plating onto KN agar. 

Serologic studies. Three animals from the 
first experiment were bled at the time of 
maximum arthritis (6-8 days) and at  decline 
of arthritis (10-14 days). Three control, un- 
treated animals were also bled. Similarly 
three animals which had received a second 
feeding of 6-SAI were bled upon decline of 
the ensuing arthritis. The sera obtained were 
tested by complement fixation against an an- 
tigen of M. arthritidis strain 3A. No titers 
were detected after the first feeding, but 2 
out of 3 animals which had been re-fed 6-SAT 
produced titers of 1 : 80 and 1 : 40, respective- 
ly, against 3A antigen. 

The serologic tests were repreated on the 
Holtzman rats given 6-SAI only and 6-SAI 
plus tetracycline (Expt. 2, Table I ) .  Animals 
were bled prior to administration of 6-SAT, 
as well as at  maximum arthritis and at de- 
cline of arthritis. Another group which had 
recovered from 6-SAI arthritis was re-fed 
6-SAI and the animals were bled at  max- 

imum arthritis. None of the animals de- 
veloped antibodies against M .  arthritidis. 

In order to investigate further the possible 
development of antimycoplasma antibodies in 
rats given 6-SAI, serum was collected from 
the animals used in a sequential histopatholo- 
gical study to be reported elsewhere. Groups 
of Holtzman rats, weighing 430-550 g were 
sacrificed after 2, 3, 4, 7, 10, 14, and 21 days 
following the oral administration of 6-SAI. 
Animals fed gum tragacanth alone served as 
controls. The sera obtained were tested by 
complement fixation against antigens of re- 
cent isolates of M. pulmonis and M. arthri- 
tidis. The antibody titers obtained, together 
with the severity of arthritis, are recorded in 
Table 11. Some of the sera were slightly anti- 
complementary, but all had titers of less than 
1 : 10. All animals including the controls were 
found to have low liters against M. pulmonis. 
Antibody titers against M .  arthritidis were 
negligible. No correlation was found between 
the presence or absence of arthritis and com- 
plement-fixing antibodies against M. pdmonis 
or M. arthritidis. 

The fact that animals which had recovered 
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from 6-SAI-induced arthritis were still sus- 
ceptible to the subsequent administration of 
6-SAI, indicated the absence of any immuni- 
ty. In  order to investigate this further, a 
group of 6 rats weighing 400-500 g recently 
recovered from the 6-SAI disease, was inject- 
ed with 1 x lo9 cfu/animal of M. arthritidis. 
All developed arthritis which was identical 
with that produced by the injection of M. 
arthritidis into previously untreated animals. 

Gross appearance. Multiple joint involve- 
ment usually affecting all four limbs occurred 
in mycoplasma-induced arthritis. The inter- 
phalangeal joints were often involved even 
when no arthritis was visible in the ankle or 
metacarpal region (Table I ;  Fig. 1B). Arth- 
ritic joints were usually filled with purulent 
fluid. In the case of 6-SAI arthritis, involve- 
ment of the forelimbs was rare. The inter- 
phalangeal joints were rarely involved, but 
when this occurred, severe arthritis of the 
ankle or metacarpal joints was always present 
(Table I ;  Fig. 1C). Irregular areas of ery- 
thema were present in the skin overlaying 
involved joints.These were absent in myco- 
plasma1 arthritis, in which a general inflam- 
mation occurred. There was no purulent ma- 
terial in any of the arthritic joints caused by 

Discussion. The data of the present experi- 
ments do not support the suggestionsof 
Mielens and Rozitis (1) that the arthritis 
produced in rats following the administration 
of 6-SAI was due to the activation of a 
latent mycoplasma infection. Although myco- 
plasma were occasionally isolated from the 
joints of locally supplied animals used in the 
first experiment, subsequent enquiries and in- 
vestigations showed that the colony was sub- 
ject to spontaneous outbreaks of arthritis 
and that many apparently healthy rats har- 
bored M. arthritidis. This would account for 
the presence of this organism in the 6-SAI- 
treated animals and for the presence of an- 
timycoplasmal antibodies. I t  is significant 
that the Hdtzman rats which were used in 
subsequent experiments were negative in 
these respects, although arthritis could still 
be induced with 6-SAI. 

Although mycoplasma were regularly iso- 

6-SAI. 

lated from the lungs of most rats examined, 
the observation is of little significance as old- 
er rats commonly harbor M. pulmonis ( 2 ) .  
The presence of low titers of complement- 
fixing antibody against M. pulmonis in both 
control and arthritic rats is consistent with 
this observation. The inability to correlate 
complement-fixing antibodies against M. pd- 
monis and M. arthritidis with the presence or 
absence of 6-SAI arthritis does not support 
anetiological role for these organisms in this 
disease. On the other hand, we have observed 
that rats injected intravenously with viru- 
lent cultures of M. arthritidis produce high 
titers of complement-fixing antibodies against 
M. arthritidis antigen (Cahill, J. F., Cole, 
B. C., Wiley, B., and Ward, J. R., unpub- 
lished observations). The finding that rats 
which have recovered from 6-SAI-induced ar- 
thritis are still susceptible to the further ad- 
ministration of 6-SAI is in contrast to the 
immunity which develops as a result of my- 
coplasma-induced arthritis ( Cahill, J. F., 
Cole, B. C. Wiley, B., Ward, J. R., unpub- 
lished observations: 15). Furthermore, ani- 
mals which have recovered from 6-SAI- 
induced arthritis are as equally susceptible to 
mycoplasmal arthritis as control untreated 
animals of the same age. 

Tetracycline treatment, which completely 
inhibited mycoplasma-induced arthritis, had 
no effect upon that caused by 6-SAI. 
Furthermore, the distribution of arthritis was 
markedly different in the two cases. No evi- 
dence of suppuration, which is characteristic 
of the mycoplasmal disease, was present in 
the 6-SAI-treated animals. The ease of isola- 
tion of mycoplasma from arthritis induced by 
M. arthritidis contrasts with the infrequency 
of isolation from 6-SAI-induced arthritis. 
Other workers have been unable to isolate 
mycoplasma from the 6-SAI disease (16). 
Mielens’ isolates were not described or char- 
acterized and so it is possible that they could 
represent some species other than those con- 
sidered in this paper. That mycoplasma are 
involved at  all is unlikely in view of the 
observations in regard to tetracycline thera- 
py. M. arthritidis and M .  pulmonis could 
occasionally occur, as secondary invaders, in 
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6-SAI-induced arthritis, but they had no sig- 
nificant role in the etiology of this disease. 

Summary. Arthritis could be induced in 
rats by the oral and subcutaneous adminis- 
tration of 6-sulfanilamidoindale (6-SAI) . 
M. arthritidis could be occasionally isolated 
from involved joints, but the results obtained 
from tetracycline therapy , his to pathology , 
and serologic studies, in comparison with my- 
coplasma-i nduced arthritis, indicated that 
these organisms were not the etiologic agent 
of the disease. I t  was concluded that myco- 
plasma could appear in 6-SAI arthritis as 
secondary invaders. 
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