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Autoimmune Diseases and Tha lidomide 

j II. Adjuvant Disease, 

Experimental Allergic Encephalomyelitis and 

Experimental Allergic Neuritis ofthe Rat 1,2 

M. Goihman-Yahr, M. A. Req uena, E. Vallecalle-Suegart and J. Canvit J 

There is con t rove rsy about the possible 
immunosuppre ss ive effect of thalid omide 
( 1.'.7. U). It seems clear, though. that this 
drug does not have <In :Ill·inclusive effect 
over immune responses. It is vcry active on 
signs and sy mp toms of reactional leproma­
tous leprosy ( 6) but does not have any direct 
effect on A1ycobllcterium leprae ( IJ. 10). 

Reactional lepromatous leprosy has many 
of the clinical and hi stologic features of hy­
persensitivity reactions (II. J~ ). 

We decided to explore the possibility o f 
a suppressive action of thalidomide on e;'(­
perimental autoimmune diseases due to de­
layed hyperse nsiti vity mec hani sms. and 
where tissue components and mycobacter ia 
had to be administe red together (as they 
occur in lepromatous lesions). In a prcvious 
paper (9). we studied the effects of thalido­
mide on experimen tal autoimmune diseases 
of the guinea pig. We found the drug to be 
inactive in experimental allergic encepha­
lomyelitis (EAE) and expe rimen tal a llergic 
neuritis (EAN) of this animal. Since drugs 
may act d ifferenlly on different species, it 
was thought in teresting to explo re the effect 
of thalidomide in the same diseases in rat s. 
In this ani mal. the drug has sedative effects 
and its metabolism has been studied (I). We 
also tested the action of thalidomide on ad­
juvant disease. This is a condition thought 
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to be peculi ar tn the rat. It is produced when 
mycobacteria. or other acid-fast orga nisms. 
sus pended in an oily vehicle such:l s Freund's 
incomplete adj uvant. are injected into the 
animal. Adj uva nt disease is mediated by de­
layed hypersensitivit y mechanisms ( J .• ) and 
has features in common with reactional lep­
romatous leprosy to wit: the existence of a 
eonsidcrable mass o f mycob:leteri:t in the 
tissues: fever, malaise, inflamma tory feac­
tions in and around the joints. skin and eyes. 
It s main fcaturcs ha ve been desc ribed 
( I. U ! ). 

MATER IAI.S AND METHODS 

Thalidomide was. su pplied in powdcr form 
by Chemic GrUen thal GMBH, Stolbcrg 
Rheinland . Germa ny. It was given as a sus­
pension of 40 mg of drug per rnl of"ve hiclc" 
(0.5% carboxymelhy1cellulose [CMC Baker 
& Adams] in phosphate-buffered sa line. O. J 5 
M. pH 7.0). Thc dose of thalidomide em­
ployed was 400 mg per kg dail y. The sus­
pensio n was administered int o thc stomach 
by means of a pol yeth ylene cathcter passed 
through the animal's mouth. 

lncom pletc Freund's adjuvClllt and dessi­
cated killed mycobacteria (M. blllyricUl II 
and M . IIIbNculosis H 37 Ra) were pur­
chased from Difco LClb o ratories. Detroit. 
Michigan. 

Albino roltS were used throughout the ex­
periments. They were kept in galvanized or 
stain less stee l cages and fed rat pellets and 
water ad libitum. For initial experiments 
wi th adjuvant disease. Sprague-Dawley rats 
from a loca l colony were used. The bulk of 
the work was donc wi th Wistar or Lewis! 
Mai rats kept as ra ndom-bred closed colo­
nies. Colonies were begun wi th animals pur­
chased from Microbiol ogical Associatcs Inc., 
Walkersville, Maryland . 

Nonspecific experime nt al granu lomas 
were produced by the intradermal injection 
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of 0.1 Ill i of incomplctc I-rcund'!> adjuvant 
int o each nank . I heir si,e and micro!>eopic 
fcature~ WCfC c\ a luated a!> previou:.ly de­
scrihed I ~ ) . 

Induction and (' \'alua liu n of autoimlllune 
dis('as('!>. Erpnim('l/wl tlllnKie (',u'('I'I/(Ilo­
IIIrdil i.1 was ind uced by the injection of 
whole guinea pig spinal cord em ulsified in 
fortificd Frcund':-. adj uva nt ( 10 mg of dessi­
c,lIed mortar-ground mycobactcria pcr ml 
of incompkte Fruend·:. adjuvant). A clinical 
cla:.sification from 0 (no sign~ of EAE) to 4 
(wpie;!1 EAE) was e:. tablished. Detai ls of 
in'duetio n of [AE and fca tu re:. of cI:h!>ifica­
lion h;t\ c bccn previously ck:.crihed (~) . At 
th e end or th ~~ cxp~·r imeJlt. or when animals 
died of the- disc:!:.c. thc~ \\ere- autop:.ied and 
:-.ample:-. ta h'n from co rd. cc rcbcllum and 
sciatic ncnc:.. 

Centra l ncnou:. system Ie:-.ion:. \\cre c\a l­
uated mi:.cro~copi cally as 1'0110\\ :.: 

o no lesions. 
0.5 mod erate lascular dilatation . 

modera te \ :\seular dilatation plu!> 
mild perivascular infil trate . 

2 defin ite \ascular dilatation a nd 
moderate perilascu[ar infiltrate. 

3 markcd and d iffuse vascular dila ­
tation with marked peri\a!>cular in­
filtrate. 

4 simi lar to J. hut infiltrate becomes 
granuloma to us. There may be 
necrosIs. 

Periphe ral nerve le!>io lls were also cl ass i­
fi ed. Fea tures will be descri bed in connecti on 
wi th experime nta l allergic: neurin., I!>ee he­
low). 

Experim(> lI w/ al/('rKic n('/lriTis was in­
duced by the injec tion of dog sciatic nerves 
and brachial plexi. ground and em ulsified 
in fortified Freund's adju\anl. A cliniC;11 
classificat ion from () to 4 and :-.eria l ill \'il 'o 
determi na ti ons of velocity of ncrvc conduc­
t ion (VNC) were do ne a s pre vio usl y de­
scr ibed (Q). At the end of the ex periment s. 
a nimals \\ere autopsied. sa mples were taken 
and. as descri bed for EAE and ce ntral ncr· 
vous system. lesions \lere cla,sified as men­
tio ned above. Sciat ic ncn e !>ection:. \INC 

evaluat ed as fo ll ows: 

o no lesions. 
0.5 somc vascular dilatation in peri­

ncural tissue. 
mode rate vascular dilatation : wi th 

blood-fillcd \e'sel!> \i!>ible inside 
IIl'n e ti!>:-.tI~·. 

2 \' a ~cula r dilatation in and an)und 
nerve tissllc plu!> moderate perivas­
cula r infiltratc formed mainly by 
Iym phocytcs. 

3 m;l rked I;\!>eular dilatation. Defi­
nite infiltrate fo rming .. islal1d:-. ... 

4 "cry marked vascular d ila tatio n. 
Frank peril a sc illar infillra tc that 
ill\ adc' nen e and di!>rllp" nene 
architecturc . 

lit/iI/Willi di.I{'flSl'. In in itial experime nt :.. 
Spraguc- Dawlq rab and varying concelHra­
tions of .\I. hl/lyr inlill or M . /II/wrell/wi.I' 
H 37 Ra. tip to J mg per anima! \I~'rl' u:-.ed. 

!-or all furthcr ex pcriments onl~ I c\li:-. 
Mai or Wi:.tar r:lI:. I\erc cmplo~ed. Each ani­
mal receil cd 0. 1 Illl of :Idjuva nt containing 
10 mg pcr ml of .\1. hlllyriC'llIl/ in th(' right 
rcar f(lo t pad and in t he neck (t h u~. each 
animal recei ved ;t total I'o luml' of 0.2 ml 
cont aining 2 mg of ll. hwyrimm). 

Thc follo\ling data \lere recorded at pra c­
ticall y daily intcrva ls: hody wcight. t hickness 
of injcctcd fo ut pad. thiek nes:-. of contralat­
cral noni njeetcd foo t pad. and numbe r of in­
nlllnmatmy lesions in fee l. tai l. eye:. ;IIHI ears 
becondary le:-.ions). 

Thicknesses were estimated using calli­
pers which give an a cc ura cy of 0.0 1 mm. 
Lesions \~ere counted with the aid of a hand 
lens when needed . E:leh lesion was gi\ell the 
numerical va lue of o ne. Dat ;i were rl'corded 
using a special form. 

RF,SU I.TS 

Hrec ls or thalid omide o n experimental 
nonspecific granu lomas. Wbtar rat s we re 
d ist ributed in lO th ree groups of eigh t ani­
mals each. The first group recei ved tha lido­
mide 400 mg kg \I eight daily. beginning 
three da ys before adj uvant injectio n. rhe 
second recei\'ed vehicle alone and the third 
received no treatmen t. Incom plete Freund's 
adjuvan t was injeetcd and int ensi ty of re­
sponse estimated . There \lcre no significan t 
differences in the magnitude of inflamma­
to ry responses between grou ps. Microsco pic 
exa mination showed typical p;mlffi nomas in 
all grou ps. In sum . thalidomide showed no 
detecwble effect on nonspecific granulomas 
in the ral. This :llso has been ou r ex perience 
in the e:lS(: of guinea pigs ('I). 
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FIG. 2. Clinic:11 evolution (A) and lethality (8 ) of EAE in W;Slar ralS. Comparison between thulid­
omide-trea ted and control animals. 
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FIG. 3. Velocity of nerve conduct ion in EAN. 
Comparison betwecn thalidomide-treated and 
control animals. 

Experimental allergic encephalomye lil is 
of the ra t; effects of thalidomide. We wished 
to compare evolution of EAE in untrea ted 
animal s of our two strains ofrals. Six Lewis/ 
Mai animals wi th a mea n weight of 233 gm 
were sensitized with guinea pig co rd and 
evaluated as described . Figure I shows evo­
luti on of EAE in such rat s as co mpared with 
Wislar fals and Rockefeller gui nea pigs. 
the latter from previous work (9), It will be 
noted that Lewis/ Ma i rats suffered no deaths 
and the intensity of their disease was not 
greater than that of Wistar rats. EAE in rats 
appears even earlier than in gui nea pigs and 
becomes severc. but in time. signs tend to 
lessen or dis'lppear. 

Experiments with Wistar rats. Animals 
were distributed in lo th ree groups as in the 
nonspecific g ranulomas eKper iment. but 
each group had ten animals. Thalidomide 
was given daily. begi nn ing fivc days befo re 
sensiti/ation. Dise,lSe was evalua ted as pre­
viously mentioned. The eK periment was ter­
min.n ed after 5 1 days. Surviving animals 
were autopsied and sam ples taken from ran­
domly selected a nimals for hi stologic stud y. 
Figure 2 shows that the disease had simi lar 
features to th ose obse rved in Lewis/ Ma i rats 

with. however. some deat hs. 
Thalidomide s howed no therapeu ti c ef­

feel: if a nyth ing. letha lity wa s greater in 
thalidomide treated animals. Histologica lly. 
lesions were milder than those see n in gui­
nea pigs. and there was no significan t dif­
fe rences between groups. There were mild 
bu t definit e lesions in sciatic nerves. 

Experiment al a llergic neuritis. We wished 
to find out the fo ll owing: a) evolution of 
EAN in the ra t co mpa red with EA N in the 
gui nea pig. b) magnitude of histol ogic le­
sio ns in sciat ic nerves and presence o r ab­
se nce of lesions in ce ntra l nervous system. 
and c) therapeutic va lue of thalidomide. 

Thirty-nine Wista r nils were injected wi th 
em ulsified peripheral dog nerve tissue. For 
logistic reasons they were injected in two 
sessions. Twenty anima ls received thalido­
mide daily. beginning eight days before sen­
sitization: nineteen received ve hicle o nly. 
An imals were evaluated at almost daily in­
tervals and VNC determinations were also 
performed at intervals shown in Figu re 3. 
The eKperime nts lasted 9 I or 97 days in the 
two grou ps respective ly. At the end. o r when 
animals died . autopsies were done and sam­
ples were tak en fo r histological ana lysis (t he 
ce rebellum was not studied in all animals 
and no samples were ta ken fro m a nima ls 
dyi ng early in the experiment). Figu re 4 
shows that EAN in the ra t has an irregula r 
evolut ion similar to that of gu inea pigs. with 
11 tendency toward progressio n. EAN is not 
lethal by itself. Deter mi nati o ns of VNC 
show 11 defi nite loweri ng with progressio n of 
the di sease (Fig. 3). which appears ea rlier 
than in guinea pigs. Microscopic lesions are 
summari zed in Table I . Lesions were mod­
era te. somewhat milder than in guinea pigs. 
There was no evidence of cen tral nervous 
system involvement . Thalidom ide had no de· 
tectable effect on clinical features. histology 
or VNC. 

Adjuva nt disease. The disease was 111-

duced and data reco rded as previously de­
scribed. 

At the end of the ex periment s. random 
samples were taken for microscopic eKami­
na tion. These were processed for routi ne 
hemlit oKylin and eosin staining. Bone-con­
taining sa mples were decalcified. 

In init ial eK pe rim e nt s usi ng Sprague! 
Dawley ra ts. we werc a ble to obtain a few 
lesions ill only 2 of 16 '!!lima ls. Such rats 
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FIG. 4. Evolution of EAN in Wistar rats (A & S). Comparison between Ihalidomide·trea led and 
control animals. 

were deemed unsuitable for further wo rk. 
Definiti ve e:l( perimellt s were do ne wilh 

Wislar a nd Lcwisl Mui ral s. The former were 
divided into three grou ps of ten animals 
each. receiving respectively. thalidom ide, 
ve hicle on ly or no treatment. Drug trea tment 
bega n 14 days before se nsit i7.ntion. Lewis 
Mai rats were distributed in the same way 
exce pt that the grou p which received no 
treatment wa s com posed of on ly live rats. 

Rat s gained no weight during the period 
of Ihe experimen t. There wa s no increase in 

thickness of the noninjecled root pad. In­
jected pads showed gre,lI inerease in thick­
ness. The abovc data provided no not e­
worthy differences between st rains or ex­
perimental groups. 

Of much grea ter interest was the num ber 
of lesions see n rar from the injected areas 
(secondary lesions). Figure 5 shows the C\'O' 

lut ion of d isease. expressed as number of 
secondary lesions. in untreated Wista r a nd 
Lewis! Mai rats. Lesions appeared in the 
former al a later dale and Ihey had fewer 

TAIILE I . Micro.\·copic It'.fiot/S in ('Xperiml'lIfa/ allergic Ileuritis of the rl/t . 

Cerebellum Dorsal Lumbar Right sciatic Left sc;al;c 
Group and pons cord ,oro nerve ncr.'e 

Vehicle alone 0.40' 0.32 0.38 1.36 1.68 
(Cont rol) (S}b (14) ( 13) ( II ) ( 16) 

Thalidomide 0.25" 0.10 0,20 1.58 1.38 
(4) ( 14) 1(5) ( 12) (18) 

• Mean of numerical value of teslOns. 
bFigurcs in bnlckel~ indicate the number of animals cXlImincd. 
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lesions than Lewis! Mai animal s. We have 
alread y mentioned the lack of response on 
the part of Sprague Dawley rals. 

Thalidomidc-trealcd Lewis Mai rats had 
fewer lesions than untreated con trols (Fig. 
6). Differe nces. however. did not reach sta ­
tist ica l significance. 

Thalidomide-treated Wistar animals had 
fewer lesions than vehicle treated or un­
treated cont rols ( Fig. 7). The difference be­
tween treated and untreated animals was 
significa nt (p ~ 0.05. Hest) at 29. 30. 35. 
36.37.38.39. 41. 44. 45. 46.49,50.51. 52. 
53. 55. 57 62 da ys: and highl y significant 
(p';' 0.01)",35.36.37.38.39. 4/. 51. 52. 53. 
55 and 57 days. Vehicle-treated animals al­
so had fewer lesions than untreated ones: 
the difference was significant. at 35. 36, 38. 
42. 43. 52. 53. and 55 da ys. The effect of ve­
hicle was much less than that of thalidomid e. 
Animals trea ted with this drug had signifi­
cantly fewer lesions than those receiving ve­
hicle only. on days 29.30.36.38.46.50.5 1 
and appro:lching stati s tical significance 
(0. 1 > p > 0.05) on days 35. 37. 39. 41. 48 
and 62 . Furthermore. there was no instance 
in which animals recei vi ng vehicle alone had 

signific.1ntly fewer lesions than those treated 
wi th the drug. 

Hi stologic features we re determined at 
the end of the e;'l:perimenl. There was no 
intention of quantitating the in tensity of 
respo nse. In general. there wa s vascular di­
latation with hyperemia. and a n infiltrate 
formed almost c.'(clusively by mo nonuclear 
histiocytes: there were a few lymphocytes 
and practically no polymorphonuclear leu­
kocytes. In the casc of the eyes. lesions oc­
cu rred o n the iris and ciliary processes. In 
the cars. the infiltrate was located around 
dermal blood vessels with no invol vement 
of cartilage. In joints there was not only in­
volvement of synovium but also of periartic­
ular soft parts. There was not only arthritis 
but also periarthritis. 

DISCUSSION 

The presen t work is a continuation study 
of different autoimmune di seases in diverse 
animals: it includes the effect of drugs such 
as thalidomide on autoimmune diseases. 

EA ! was simi1;lr in nus and in guinea 
pigs. EA E wa s a self-healing condition in 
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rOIl s. Tha lid omide ha s no therapeutic effect 
on any of these d iseases. Neither d id it show 
nons pecific anti -i nflammat ory act io n. 

The resul ts o btained with adju va nt dis­
ease afC of in teres\. There was a definit e 
influence of strain factors on the int ensity 
of thi s d isease. Thal id o m id e signifi cantly 
diminis hed Ihe intensit y o f adj uvant di sease 
of Wista r ra ts. The effect on this co nd itio n 
in Lewis! Ma i ra ts was not stati stica lly sig­
nifi cant. The mi lder but noticeable effect of 
ve hicle may be ex plained by the stress in­
volved in restraining the an imal s dail y and 
passing :.a ca theter thro ugh the mouth int o 
the stomach. Adrenocort ical hormones arc 
effecti ve in adj uvan t disease ( 10 ). 

The re arc similarities between this ex pe r­
imental ma lad y a nd reactio nal lepromatous 
leprosy. In both the re is fever. malaise, in­
flammat ory lesions o n s kin, joint s and eyes 
and an important mass of mycobacteria in 
tiss ues. Inflammatory lesions a re not fixed, 
but wa x and wan e. lind the di sea se may 
fo ll ow a si nusoidal curve. While adjuvant 
disease is supp osed to be due to d e la ye d 
hypersensitivity mec hani sms. the ant igens, 
mycobacterial o r otherwi se. which lympho­
cytes rea ct to are no t kn o wn: m o reo ve r, 
the re is a stro ng admi xture of po lymo rpho­
nuclea r leukocytes in early lesion s (1). 

While our ex periment s do not cla rify the 
mec ha ni s m of actio n of thalidomid e, they 
suggest t hat the re are intermediat e steps in 
adju vant di sease th:1I are sensit ive to thalid o­
mide; these may be common to th ose occur­
ring in reactio nal lepromatous leprosy. 

The intensity of adj uva nt di sease in di f­
fe rent st rai ns of a nima ls is also of interest. 
It ma y be pointed out tha t genetic factors 
arc th ought to be important in susceptibil­
it y to lepromatous leprosy and to reacti onal 
episodes. 

SUMMARY 

No nspecific g ranul o m as, ex pe rim ental 
all ergi c encephalo myelitis, ex perimental al­
lergic neuritis. and adj uvan t disease were 
induced in rat s. Different st rains of animals 
were tested a nd the effect of thalidomide 
ex pl ored . The re were no detectable effects 
of the drug on experimental allergic ence ph­
a lomyelitis, neuriti s or granuloma formation , 
Intensity of adj uvant disease was very much 
dependent on Ihe strain employed . It was 
almost impossib le to ind uce it on SpragueJ 

Dawley rats, it wa s moderat e in Wislar a ni­
mal s and very marked in Lewis l Mai rat s. 

Tha lidomide was active in dim inishing in­
tensit y of adj uvant disease. This effect was 
statistically s ignificant in Wi star rat s. The 
interesting sim ila rities between adj uvant dis­
ease and rea c t ional lepro mat o us leprosy 
arc pointed o ut. 

RESUM EN 
$e inj udo 1;1 EA E. la NA E. gra nulomas ines­

peeifieos y enfc rmcdad por adyuva nte en ra tas 
de d ifefentes eep'ls. Se ex plont asimismo cl even­
tual efecto de la thaJidomida. Esta droga no mos­
IrO ni nguna accion tcrapeu tica cn 1<1 EAE, la 
NA E ni los granulomas. 

La in tensidad de la enfcrmedad por adyuva nte 
era funcion de la cepa em pleada. Fue muy d ificil 
prod ucirJa en ratas Sprague DlIw ley. en! de in­
tensidad moder;tda en r,lI as Wist:l r y era de gra n 
intensidad en ra tlls Lewis; Mai. La thalidomida 
tuvo accion tera peUl iea en esta cntidad . LI ac­
eidn fu e estadlst iea mentc significat iva en d e:lso 
de la en ferm ed a d por ad yuvan te de la s ra ta s 
Wista r. 

Se menciona la interesa nte simili tud (jue ('xistc 
entre la enfe rmedad por adyuva nte y ta lepra 
lepromatosa reaccio na l. 

Ri:sUME 
Des granulomes non-spc!cifiq ues. de la EAE. 

de la NA E et la maladie pa r adj uvant, on ctc pro­
duits dans des rOIlS de souehes different es. L'cf­
fet de la tha lidomide :wa it etC explorc. La thal i­
d omide n'avail pa s a ueu ne action cvidente sur les 
gr.lIlu!omes. Ia EAE 011 hi NAE, L' intensi tc de la 
malild ie pa r adj uvant dcpenda it de la sout he 
em ployee. Elle cta il pl us ma rq uee dans les f,II S 
Lewis/ Mai q uc dans les an irmlux Wista(. II et:l il 
presq u'im possible de produ ire la malad ie da ns 
les ra ts Sprague/ Dilwley. La thli lidom ide avail 
une lIe tion thera peut ique d,ms celie maJadie. 
Celi e action etait sta tis tiq uement significat ive 
da ns les rat s Wist.lf. On fai l compt e des poinls de 
simi Jarite elllre la ma lad ie par adjuv,lIlt et la 
I~ pre lepromateuse reaet io nne!. 
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