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INTRODUCTION

In 1956, Pearson (1) observed the deve1opment of

both gﬂneralized and loeal arthritis, synav;tis, peri-

ostitis, and tendonitis in rats approximatbly Lo weeks
after an intracutaneous inoculation of tubarcle bacilli in
mineral oll. The incculation was made in. the posterior -

cervical region. :Subsequent studles desoribed the ocour-

~rence of subcutaneous nodules, ocular, and genlital. tract

lesions,'temporally correlated with the arthritis and

reriarthritis {(2,3).. The development of these delayed

‘leslens following the inoculation of a Freund-type adjuvant

in rats constitutes an experimental diseasse syndrone kpown

as adjuvant arthritis (&A)é

In 1960 Waksman et al, (4) preduced A4 by inoculating
rats 1ntradermally in the hindpaw wiith the sanme adjuvan*
used in Pearson’s study. An immediate swelling peocuryed
in the 1noculatéd extremity which peaked in about four
days and began to recede thereéfter. Ward and Jones (5}
have reported e similar acute reaction following the
hindpaw injection of_tqberclé bacilli-in saline but these

authors alsc noted that the delayed AA leslons falled to

b déveiop. Glenn'and'cray (6} confirmed.that the hindpaw‘“

1 For a 1iating of abbreviations usad in the text and -
their respective deflnitions see Appendix Ao

1
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1noculatiom with the mineral oll adjuvaﬂ proﬂu sed a local,

severe and immediate response.“ Pearuon (?) reported that

erythema and nodularity developed at the height of the

swelling. This led to 1005ening_and then sloughiﬂg of the

akin overlying the nodules by the seventh to elghth post-

inoculation Gay, In some. animals. ) vnailorg purulcnt

_ ulcer with & red, granulating base occurred. %okoloff (8}

reported suppuration about oil vacuoles seen in the
1nocu1atéd hinﬁpaw. ‘Newbould (9} reported that the peak
'in hindpaw swelling co-incided with & leukoocytosis. It
was noted that an lncrease in the total leukocyte couné
was attributed to increases in the polymarphomucléar
fraction,.'Glenn snd.Gray(lo};reporteﬁ a sinilar finding '

for rats inoculated with adjuvant 1n the tall. These

"authors found depressed aibumin/gldbulin ratics co-incident

with a.deorease in the albumin.fraction and an increase.in'
glycoproteinb, muccprofeins, alpha~1, ajg ha~2, and beta

globulins. The erythrocyte sedlmentation rate (nSR) was

" similarly increased. These changes occurred between the

gecond and s1xth days. Gamma globulin Dlasmalgoncentratiéns
decreased between the sixth and eighth days.: |

~ Waksman gt al. (&) recorded that on or about the
tenth day. the 1noculated hindpaw became swollen again. 

- Swelling devaloped in the contralateral hindpaw followed by

_forepaw arnd tall swelling. Wkaman.contiﬁued'his obserﬁaf

tions through the 40th post-inoculation day noting that the
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- extent and magnitude of the_éwelling in the inoculated

hindpaw Was always greater than that of ths other extrem-

ities. Disseminated "arthrltis"'peaked'&pproximately

between the 18th and 25th day. A gradual recession

occurred towards ﬁhe 30th day.
Between the ll-léth day, Pearson (7) described the

arthritis/periarthritis as pink, edemstous swellings along

the tarsal or carpal bones, on the heel or over one or

gseveral of the small digital joints. A predilection

~ existed for jJoints of the hindpaws. It was noted that a

fusiform swelling of the 1nterphaiahgeal'joints W2S COnmOon.
These clinlcal signs co-incided with an early hypo-
cellular, edematous response in the connective tissue

plenes. Para-articular subsynovisal tissues. as well as

tendon shesths and areas between muscle planes were

involved., Synovial fluid'volﬁme and protein content

increased. This edematous'phase gave way to a cellulaxy

. phase involving several inflammastory cell typess monocytes,

small, round mononuclear cells which were either undifferen- - -

tiated connective tlssue cells, histiqcytes, and lymphocytes.

‘Neutrophils were only sparingiyffound;: The appearaﬁce of

fibroblasts was noted.

An acute synovitis in conjunction with synoviocyte

proliferatian. moderate Joint effusion énd plecocytosis

~occurred next. This appeared to be a'manifestation of the

. previous inflammatory cell_infiltration; ?earébn.dld'not



-'reéord purulent'effusions; The subsjnovial-tissues
-.remﬁined'edematous and perfﬁaed.bj'a fe% polymbwphonuclear
1eukocytes (PMNs) and many mononuclear cells niqtiocytes.
"lymphocytes_agd plasma cells., This. conditlon beaamﬂ
coupled with an intense proliferatlon of f;breblasts.
Peritendonltiu and bursitis were. recorﬁea. .

Glenn and Gray (10) « observed an 1ncreas& in muco- and

'glycoprotelns and the total leuﬂocyte'count during this
time period (11-16th day). Newbould (9) and Piliero et-al.
{11) confirmed the leukocytosis and indicated that 1t was
assoclated with a relative lymphopenia and neutrophixia.

' Piliero further observed a significant decrease in thef
albumin/globuilin rétio.cdnincident with dapréﬁéion of the
‘albumin fraction and elevation of the §;gg§f2 and beta
Hglobulin'levels._ A statistically 1nsignificant.rise

| occurred in the gamms globulin level. Plasma:fibrinogen

'.levels and the ESR were elevgted.- Piliero in a separate 

'study documented increases in serum lysozyme levels on

- day 14 (12).

The clinical morphology of the articular/periarticular

;_1esions reached a plateau between the l&th and 25th day (13)._’
The tall developed segmental radial swellings or ridglngs |
~ which encircled the tail adjacent to the-intervérfebral
“discs bf the caudal vertebrae. The afqrementlcﬁedjfibrof
._bléstic proliferation gave rise tb an_lnvasive conneétive

tissue pannus in the tendons, subchondral bone and articular .




cartilage. Ostecblastic prolifera*ioﬂ “csultcd'in osteolid
' -formation on bones ad jacent to the Jointu. The ccnnective
tissue reactlons contributed to_a cliniecal ankglosis.'_ln
somE.animals & spondylitis developed whichlwas detectable
cnly by radiologic or patholcgic analygis.' Thc hiStcicgy
was like that already described for the limbs and tail

regiona.
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Fearson énd Wood (13) observed that while 90% of the
ad juvant-inoculated animals (ranbes (5»100ﬂ) developed
arthritis. the incidence of nonmarticula:.lcsicns was aboub
-:25%} These authors steted that the non-articular lesions
- ogecurred 1ﬁ conjunction with-the arthritis and rarely in |
its absence. Indufated erythematous nodules developed on
the ears, tall surface,; prepuce and cﬁposed surfaces of thc
feet. The nodules presented a focal sdcma, vasoular -
engorgement and a poorly demarcated_infiltratlon of histio-
.cytes. lymphocytes and a few FMNs.

Waksman and Bullington (2) reported conjunctivitis,
c _episcleritls. 1ridocyclitls and keratitis characterized -
histologically by a relatively non- specific mononuclear
1nf11tratlon accompanied by varying degrees of Tlbrinous
and polymorphonuclear exuﬂation. |

Pearson et él- (3) reported that the genitalla
' prescnted balanitis,-periurethritis. frequent inflammation
of the periurethral glands and conmective tissue ?roiifera-

tion in the vascular corpora cavernosa. Femaele rats



developed leuk orrhea 9nd occasionally ur@thri*is.‘ Aé71nf
the other 1es10ns. varying nuabers of fibroblasts, plasma
"cells-and neutrophiis Wére present.. Othér:nowmérticular.'
'_leuions observed during this interval (18- 25ti) included

- an acute dermatitls and diarrhe&.'

| Newbould (9} indicated that on the 21lst day total'

blood leukocyte count was aeclining, bu stili elevated

relative to the 14th day. Glenn and Gray (10} noted that
the ESE, glycoproteins and mucoproteins Were . @till elevated,
while the albumin/globulin ratio appeared to remain depressed
co-incident with a decrease in the albumln fraction.
Péarsoh, Waksman'andaSharpe-(B} observed that the
: non-artioulaf symptoms, noduléf; ocular, genital, etc.,
subsiaéd towards ths‘25tn:day, while the arthritic/ﬁeriﬂ
_érthritiq symptoms 1hﬁoiuted more.slbwly. beginning on the.
© 30th day. |
~ Pearson (7) charted a fluctuating course in about
' 25% of the animals beyond the 30th day. Fibrous adhesions
between articular surfaces and thickening of joint capsular
structures, ?roliferaﬁi§n énd.reduplication_of synovial
‘villt, ossification of_ostéoid-and_bocaSiOnal bridging
acfoés'Joint nargins especially in the tall and bony
ankyldsis across-articular éﬁrfaoés were obsexved'durihg
this late perlod., Additionally, a low grade inflammatory
réaction in and about some joints.occurred, The predominatex

cell type found was the lymphocyte, with occasional
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eolléctioﬁs'of ﬁlasma‘célls. _These underlying events

intensified the earlier ankylotic condition seen between

the 18th and 25th day and left the limbs snd tazil perma-
nently deformed. - |

Pearson examined seme animalﬂ nzarliy 3565 days after

'the'adjuvant inoculation (7). A loeal proliferstion of

__connective tissue. elements tissue edewa, fibrin deposition

inte the joint sp&ce or edematous tissue aﬁd}some foci of

acute and subacute inflammatory cells were recorded.

Some authors {6) have failed to obeefve any evidence of e

' cyclic regression/exacerbatlon pattcrn beyond the 30th

post-inoculation day. It will be helpful to fastmt@ these

observations into a more coherent sequence of bilologle events:

A biphasic response has been descrlibed
which follows the intradermal inoculatlion of a
Freund-type sdjuvant into the rat hindpaw. The
first phase 1s represented by an inmediats
sWwelling in the hindpaw, which peaks in four
days and recedes between the seventh and elghth
day. Clinical features of this phase include
erythema, edema and (less often) ulceration and
a purulent dischasrge at the site of inoecuvlation.
Polymorphonuclear-induced leukocytosls, depressed

albumin/globulin ratics, elevated serum glyco-
and mucoproteins, alphs-~-1, alghan2. beta globulins
and erythrocyte sedimentation rates tend to co-
1ncide with the peak in primary hindpaw swelling.

- The second phase is delayed, beginning :
around the tenth post~-inoculation day and tapering
of f by the 30th day. This second phase can be
roughly divided into early (11-16th day) and.
late (18-30th day) stages based upon histological
changes. The early stage involves the develop-
ment of articular/periarticular lesiong --
clinieally apparent as erythema and swelling.
These appearances are temporally correlated with:
(1) exudation of plasma fluld and proteins into

TR L | R e G H TR N



- the synovial and subsynovial regions, (ii)-
localization of infleammatory cells, including
. lymphocytes, plasma cells, monocytes, histio«-
cytes and some neutrophils, and {111) an acute
synovitis, periarthritls, and peritendonitis,
The late stage of the second phase is
‘marked by: (i) continuvance of the early stage
inflammatory resection, {ii) a proliferative
connective tissue reaction, and (Lil) the
development of non-articular lesions. The
connective tissue resction includes: (1)
proliferaticn of fibroblasts and osteoblasts,

_(ii) pannus tissve_invasion of tendons, zub- .. D

a2 WAl — O L S
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- chondral bone and articular cartilage, aﬁd (iii)
an ankylosis of both the limbs and tail.

The non-articular lesions involve muco-
cutaneous tlssues of the tall, ears, eyes and
genitalla., The lesions are coupled with histo-

- logical features common to the articular lesions,
with perhaps a greater neutrophil contribution
and fibrinous deposition.

The hematological profile for both stages
of the second phase approximates: (i) =a }vmpho-
penia/neutrophilia=related leukocytosis, (ii) a
hypoalbuminemia/hyperglobulinenis-related :
depression of the slbumin/globulin ratio,
excluding. partielpation by the alpha-l and gamna
globulin fractions, and (1i)) elevated fibrinogen,
ESR, and lysosome levels. 1t was noted that the
leukoocytosls appeared to be declining tOﬂaTdS the
end of the late stage.

In genexral, the non-articular lesions tend to
be more transient than theilr articular countsirparts,
usuglly fading off on the 25th day. FPearson (3)
4id record a chronlec dermatitis emerging betwesn
the 30th and 40th day. These non-articular lesions
tend to occur in abtout 25% of the population and
are rarely present in the absence of the artlcular
lesions.

Subsidence of the articular lesions by the
30th day 1s co-incident with recession of the
‘underlying inflammatory and connective tissue
regctions. When the syndrome progresses beyond
the 30th day, fibrous and bony ankylosis are
predictable outcomes. :

Earlier studies indicated that the first phase (day one to
day eight) could be categorizZed as a nonfspecifid adute'iﬁflamma-

tory reaction mediated by the intradermal intrusion of the



tubercle bacilll adjuvant'(h 8). - This deduction can. be based -

' uponz (i) the rapid onset and short duration. {ii) the clinical

signs of a transient erythema/edematous response, iii) a

hematological profile Charactefistic of peneral 1nflammatory
processes (14), (iv) an apparent suppurative-related neutrophil

reaction, and (y) the absence of any true functional disabilitj._

following the inflammatory reaction.,

il

il

~ The second phase presents both erythemd/edema and general
1nflammatbry hematology, but differs in saverﬁl'respects: (1)
the response beglins in 10-14 days and lasts about 20 days and

sometimes several months, (il) while the first phase involves

~the inocculated sres only, the second.phaée involves all four

paws, the tail, spinal coiumn and-includes the developnent of

various mucocufaneous lesions of the tall, eyes, ears, genitals
énd sk1n, (1;1) the histologlical features include primerily a
mononuclear inflammatory cell reaction in contrast to the_
greater granﬁlécytic-involvemént in the first phase, (iv) the
intense connective tissue reaction (fibré- éhd ésteoplasia}

produces s severe and disabling ankylotic condition, and (v) a

-_general decrease 1n total body weight gain occurs during the :

course of the second phase (?)

This analysis indicates that while the second phase includes
an acute inflammatory component, the overall picture suggests a
chronic. 1nf1ammatory classification.

. Pathogenic inquiries have focﬁSed on both:immune-and noh-

1mmune mechanisms. - The evidence apppars to favor an immune

mechanism..presumably delayed hypersensitivity (DYS).

Jones and Ward (15) intradermally inoculated rats in the
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:tail with-a mineral 011.SUSW€n§10h'Df MVﬁnhactﬁrlum

yricum. blosynthetically labeled with 1’La Noteworthy

" ¥Was the 1ocalization of radioactivity in reglonal and

megenteric lymph nodes as well as periSJnovial tisuues of

- the feet,

Newbould (16) inoculated rats in the hindpew with

tubercle baelilll adjuvant and measured'lymph node weight

TR TR IR

on days 1-15. Popliteal, inguinal, and peva-aortic nodes —

1ncreased rapidly in welght during thé Tirst flve days. The -
weight of the internal axillary node, whiéh 15 move remoté
from the 1noculation.site; increased gradually dnxiﬁg the
experimental period. in snother experimenﬁ, Newbould

removed all major lymph nodes draining the right side of test

- rats: popliteal, inguinal, para-asortic, renal and internal

agxillary. Thesge animais then recelived an inoculation of

‘ad juvant in the right hindpaw and were observed for the

presence of secondary lesions. Two cut of three animals

falled to present secondary leslons. When secondary 1esioné

did develop, it was noted that they were of a mild type and
that the left para-aortic node.weighed 120 mg in contrast to

_ 30-40 mg for those of'refractory'animals: thus, the occurrence

of secondary lesions was apparently assoclated with dissemi-

nation of ad juvant to the contralateralllymph node,

Removal of the draining lymph nodes up te the fifth post-

“inoculation day prévented the delayed, secondary lesions (16)_o

However,‘removal_on the seventh day did not impalr the'

- formation of secondary lesions. Turk and $E5ﬁe {17) noted
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that the de%elopmenﬁ of hypersenéitivity té chemical
sensitizing agents in guinea'ﬁigs was inhibited when
&rainihg lymph nodes Qere removed up_to_the fbufth dgy,
while removal after four days had no effeét. Thess authors

recorded the development of larga'pyroninophilio'cells in

the draining node four days poqt ~inoculation. They

believed these cells to be precursors of the 1mmunologicallj

b

oAb by

competent lymphocytes induced in the skin reaction.
Newbould specﬁlated that the increase in lymph node welght
in rat during AA may have been a Ieflection of increased
aotivity Within the nodes.

Waksman and Wennersten (18) removed living lymph node

cells from'adjuvant-inoculated, inbred rats seven to ten

- days, post-inoculation. These cells were then trans ferred
into normal unsensitized recipients of the same inbred

strain., In four to eight days, AA developed in the recip-

lents, The pathology was qualitatively identical to that

of adjuvant arthritic controls, although of a somewhat less

5_severe character, Transfer of killed cells (;.g.: heated
" for 10 minutes at“&8°0) or cells from control ddnors'

_(seﬁsitized by injection of o1l alone) failed to produce

arthritis.- These results were corroborated by Pearson and

Wood (19). It was noted 1n this 1atter study thats (1)
transfer of "debrls" composed of & few viable'and_many-
non-viable cells and stroma from elther nodes, spleen or

‘thymus falled to induce AA.'(;;) while spleen cells were
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capable of trensferring the diseaée, thymocytes-were not,
(111) lymph node and spleen cells were not competent to

trahsfer the disease befdre the eighth nor after the 1h4th

: post ~inoculation day, and (1v) the lymph nodes removed for-

cell harvesting 8-11 days after 1noculation were enlarged
and often quite firm,-while towards the 14th day}\tha'nodes

became smal] and Flabby.

\.Ei u! wie 1i oLy ol

waksman, Pearson and Sharpe (Q) di?Covered earljer

that serum from AA donors failed to transfwr the &ic sease to

normal reciplent rats.

In deflning the DHS reaction, Movat (20} states the

- following:

#H

see &0 Immunologically det@ mlﬂed inflamma -
tory response characterized by the relatively slow
developrment of a grossly and histologically typical
lesion following local injection of antigen into
an appropriately sensitized animal. The reac=
tion 1s further defined as one which can bs
-transferred to normal recipients by mononuclear
cells from sensitized donors, but not by serum.

The reaction is usuzlly elicited by Aintradermal
injection, but can also be produced 1n a variety

of other tlssues, such as cornea and jeoint spaces.”

It was concluded that AA constitutes an immunologic resction

~of the delayed or cellalar type (18,19).

Additional evidence in support of thls conclusion

Ancludes (L) administration of Freund adjuvant is a potent

seneitizing and antlbody—promoting technique (21), (11) an

anamnestic response occurs to a ‘second lnjectlion of adjuvant

(4,22), (1i1) young rats are refractory to AA (6,22).:(;1)

AA lesions:are_intensified followihg-the:application”éf non=
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specific stimuli on oF alfter the &eventh'poat_indculation-
day (22), (z}_aﬁjuvant inoculaticn'offimmunologiCally
immature rats prevents later 1ndﬁctioﬁ of the diseasge (4),

1) chobacterium admixed with saline given to adult rats

prevents 1ater induction of the diseasa (23), {vii) seven
week post-treatment protection frem AA is provided for rats

__glven heterologous anti-lymphocyte serum administered one

day prior and 21 days following injectlon with tubercle

bacilli adjuvant and this protection is not sssocliated with

increases in corticosterone serum levels (24),
While the delayed inflammatory syndrome appeérs
amenable to & DHS classification, the &ntigen rmsponslble
:‘fer triggering thls immune response has not been fully

characterized. waksman; Pearson and Sharpe (&) propdsed

an exogenbus.antigen.';.g. some constituent of the tubercle

bacilll. These workers ciaim&d'that the sﬁppr&ssion of_
arthritis by pietreatment with tubercle bacilius constit-
uents in rats which, nevertheless, retained thgir'ability
to develop allergic endéphalomyelitis (an sutoimmune-
. disease) waé strong evideﬁce in favor of_a'specific
relationship betwéen_t'he arthritis and tubercle bacillus
constituents.' quever, evidence eiists whlch supports an
avtolmmune mechanlsm involviﬁg sbme co?stituent of the rat:
tlssue., | | |

AA has been ﬁroduced repeatédly.by a Wax D fraction -
- of'the'tuﬁerclé baéilli (19),' The Wax D fraction is
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~¢capable of produclng tol&fance'té AA in both immunologically

immature rats (4) and in adult vats (25)., The Wax D fraction
is clagsified as a peptidqglycblipid coﬁtaining'minimal .
.amounts of.protein (26). . A préparatlon of the Wax D fréction
has been reported to induée AA, while faillng_to elleit a
tuberculin reacticn in guinea_pigs injected fﬁyée.ﬁeeks

previously (19) . 1t has been shown that the Waz D fraction

and Wood (28) found a dose§r§lated inhibition of AA

associated with the 1n vitro admixture of hen egg albumin

- (HEA) with adjuvant prior to inoculation in rats. The
addition of 10 mg of HEA reduced the incldence of AA from

95% to 18%, while 5 mg reduced 1t to 38%. This suggested

that the HEA.protein was adéorbed by the Wax E fraction

'thus pre—empting'oombining sites otherwlsge availahle_for
~comb1nation with an arthritogenic molety supplied by the rat.
- . Analogous results for bovine samma globulin and rat gamma

‘globulin were obtained.

Gery and Waksman (29) produced evidence which lends
a different interpretation to these results. These workers

pretreated rats wlth seluble bovine gﬁmma globulin and later

_iﬁoculated them with an admixture of bovine gamma glebulin

and ad juvant. An inverse relatlionshlip was found between

.. the development of arthritis and sensitizatlion to bovine
gamma globulin. Where pretreatment with bovine gamna

 globulin inhibited later sensitization to bovine gamma
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globulin, AA was well expressed, desplte the admixture -

with this protein. Where sensitizatlon to the admixed

protein occurred, the arthritis wés 1nh1bited..'This‘

relationship was confirmed in another study in which boviﬁ33 

- serum albumin (BSA) senslitization was abolished by neonatal

)

thymectomy. As before, arthritis developed despite admix-

inhlbition of AA was due to oompeﬁition of antigens. This

would not necessitate that the protein admixed with adjuvaht

pre-enpt combining sites on the tubercle bascllli or the Wax

D-fractibn; thereby preventing adéorption of some arthrito-

- genlce molety_supplied by the rat. This evideﬁce tends to

- pefute an auvtolmmune mechanism involving adsorption of

tissue constituents at sites of inoculation, Further

- negatlon of this theory‘is provided by studies in which

' arthritis developed in rats inoculatad in the tall after

smputation of the tail, proximal to the inoculation site
within two houré (15); _ |

Rheumatold arthritis (RA) generally is regarded as
an eutolmmune disease (31), Supporting'evidehce.includes
the presence of circulating antibodies directed against
altered gamma globuliﬁ and a vafiety of;macromolecular

elements,; nuclear components and connective tissue break-

down products, large polypeptidé fragments and denatured
' protein (31,32). Bland and Fhillips (32) hypothesized the

following etiology and pathogenesls for RA: (1) an

s I TrE T T
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endogenous or exﬁgenous éntigeﬂ"(é.ga.-ﬁirus,'bacterla,

foreign protein, altered natural protein, or physiCal
agent ) locates acutaly or chronieally in extr“vascular

| connective tissue spaces. (;i) antlbody is pr@duaﬁd, (111)

anﬁigen cOmbihes wlth antibcdy‘activating'the complement

gequence, 1eéding'to preclpitatioh-of the antigen--

complement-antibody 1mmune complex and 1n1tiqt;on of an

01 s e )

inflammatory response {iv) phagocytosis of immuna comple}éé
results in the intfa- and extrawleukocytic rel@aue of
lySOSOmal.cnzymes ( strong hydrolytic enzymes, protsases,
collégenase,-and depolymérases). and:(gj lysosomal enzymes
denaturé or otherwise alter & spectrum of cells and extra~
cellular tissue components which become antig@nié fbci-
leading to the produétion'of éutoaﬁtibodies.

| =w’eiqsmgnn (31) first proposed tha-oohce?t that degra-
dative enzymes released from lysosombs might densture tha
natlve constltuents of cells of connective tissue and
.thereby effect the production of autoantibod;es;' This
auﬁhor emphasized that this autoimmune_fESponse should ﬁe
congidered as parf of thernormﬁl immune response and that
thé autoantlbcdies1wculd'be directed.not'only mgainst
denatured.constituents. but also agalnst antigenically
'relaf:d normal tissues as well, Kaplan.(BB) studied an
 interesting autoimmﬁne-phenomenon which suggested én |
antigenic rﬁlmtion between components of hemolytlc |

streptococci and human cardiac tissu Antlbﬁdies-were
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 found to"chsswreact‘with the inveding b&ctéria_an@'the.'

" host cardiec tissue to induce tigsue damage. Katz'(B&)'hasﬁ

reported finding a circulgtiﬁg autonantibody in the serun
of adjuvant-injactéd rats. It was stated earlier that

serum lysozyme levels increase in adjuvant arthritic animals.

~Pearson et al. (3) compared the peripheral joint lesions in

AA agalinst those of rheumatoid arthritic patients and found

103 sl

‘a striking slmilarity in most subclinical featur&s. The

close asSociation betweeﬁ the intensity of'th@ enyly acute

'1nflammatory reaction at the site of inoculation and3the

~later induction of the 1mmune-mediated, delayed inflammatory

syprdrome in £A tend to further support an autolinmune
mechanism involving some lysozyme-induced altered constituent

of . the rat tissue-(lZJq However, the evidence presented by

Ward and Jones (15) also detrmcts from this sutolumune

altgrnative. As mentioned before, these workers obserVed
the'development of arthritls in animals inoculated in the

tail followed in two hours by amputation of the tail

- proximal to the slte of inoculation. 'Perhaps an autoimmune

mechanism pléys g role in augmenting the established,

delayed inflammatory syndrome and perhaps explains the

" ocomsional continuation of arthritis beyond the ususl 30

day perlod.-
Definitive 1dent1fication of the antigen mist await

further studies."The concept of DHS as the m&chanism which

o underlies the delayed response 1sg ncﬁ génerally'accepted.
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: waever, non~immune mechanisms have been proposed in the

past. Sokoloff (8) submitted that the delayed articular/

periarticﬁlar lesions were manifestatlons of disseninated

‘adjuvant into the subcutahéous tissues of the paws. A

diffuse 1nflammstory reaction character*zed-as a cellulitis
was observed in conjunction Wlth granulomatous les 1ons

similar “to those found at”phe site of adjuvant inoculatione

)0 7 T T 1

It was nuggested that the pathogenesis of the so=called

'arthritiv was the same &8s that involved in the depot -site,

i.e. a non-specific inflammatory. reaction to the btubsrcle -

“bacilli. Sokoloff explained the invariable 10-14 day

1atency pericd as a reflectlon of a protracted transport
time rather than a delayed tissue responsiveness. TFearson

(35) responded that this theory falled to explain that:

(1) an inoculation of adjuvant in the posterior cervieal
- reglon leads to a much more severe 1nflammatory raaction in
- the hindpaws, and (ii) a:hindpaw-inoculatlon leads to a

later flare~up of inflammation in all four paws at the same

time.

"Pearson (72) and Wood (13) confirmed the presence of

. granulomstous foci in the subcutansous tlssues of the paws,

in lungs and liver in about 10, 50, and 5%, respectively,
of AA animals. IWaksman and Bullington (2) reported

granulomatous leslons 1n the ocular regions in about 25p of

.AA animals._ However, Pearson found that 1t was not posslible

-itq-correlate the frequency of appearance of granulomas With
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the severity of the arthritis., The previously mentioned

 successful transfer of AA using viable sensitized 1ymphoid

cells seémS'to confifm the lumunological character of AA

and precludes the suggestlion that the lymphoid cells

cbntained disseminated adjuvant (&) ~= especlally since
non-viable sensitized lymphold cells were ineapable of  '

transferring Ad.

RN AL TR AT T

Streptobacillus moniliformis (36) and certaln strains

of Mycoplasmatacesze (pleuropneﬁmonia-like organlsms, FFLO)

commonly fOund'in rats (37) can prbducé a form of arthritis.

It has been suggested that the accidental transfer of a

similar endogenous infection or the activation of a dormant
infection'might account for the production of disease in

rats subjected to the stress of inoculatlon with adjuvant

(4). Pearson and Wood (22) have reported finding PPLO-1like

organisms in a small prbportion of AA animals, Waksman‘and

Bullington_(2)ﬁhave'summarized the evidence against this

_infective hypothesls: (1) the disease is readily produced

with freshly avtoclaved adjuvant, (ii) while PPLO were

_ observedfih a shall number of AA-animals, it has been

1mpdssib1é in a large number of AA rats to culture elther

'_bacteria:of'PPLO—like organiéms from the bleoed, eyes, Joints,'
~or from thejinoculation site itself, elther during the

latent period or during the acute phase_of the disease,

(111) the.injectlion of blood or involved jolnt tissue even

- as & sﬁspensioh in oil into normal raﬁs falled to produce=_'

sl
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any arthritis. (iv) AA_is characterized by noﬁpufulent
.1esions. unlike those caused by érthritis«pro&uéing strains
of PPLO-like organisms, and (y) the disease is mnot sﬁppressea
bﬁ penicillin, streptomycin or tetracycline whén given in
high dosage throughout the iateht‘pexiod.

A compromise between a strictly lmmune and & non-immune

-pathogenesis has been suggested by-Kapusta, gg,gk; (38).

These workers studled the effect of pyran cop@lymer, a
synthetlc polyanionic 1nﬁerferon inducer in AA. Notéworthy
was that, (1) pyran SuppreSSed arthritis.in both Sprague-
Dewley and CDF (trade name for a highiy_inbreé rat species)
rats, (i1) single 1njéctions of'pyran effectively inhibited

' arthritis_befcre,-but n§t efter the onset of clinical'
inflammation, and {(1i11) pyfan induced interferon in both

] ‘specles of rats. Since interferoh can inhibit the intra-

cellular replication of virus (39,&0)} these authors
proposed that the pathogenesis of AA involves an immune
regponse to myéobacteriallantlgen(s) and activation of a
latent virus by this 1mmune~résponse( Such'a mechénism

exists for the activation of latent herpes simplex virus

Ll e gy i o gk

in the brain or cornea following_an immune reaction (41,42).
They indicated that_this pathogenic mechanism would explain
several oflfhegimmunological findlngs fof Ahe The 1mmuné
phase would account for the 1nh1b1t1ﬁg effect of tolerance
to_mycobacterial antigen(s), the_effectivenéss of anti-

lymphocyte serum and. 1n'part, the characteristienlétent




21

- period. Antilymphocyte serun does not inhiblt As if

administered during the entire second post-induction week
(43), whereas pyran was highly effective if glven on the

seventh post-induction day. The pdiyoma virué system in .

- adults requires the use of intact tumor cells Tor success-

fully transferring the disease to other animals (4#)

P I [ T

_Assuming that the virsl agent is fully pathogenlc during

the second post-induction week and is located Within
lymphold cells, then the transfer of 4AA via intact lymphoid
cells only during the second post-induction week would be

reconcllable with a virsl hypothesis. These gmthors noted

 that these dats only ralse the question of the role of a

viral agent in what 1s presumed to be an immune disease.

Substantiation of this viral theory must await studles

demonstrating that purified rat interferon direotly inhibits

ad juvant disease,. |
Borrowing from Movat's deséription of the pathogenesis
of the delayed reaction (20}, the apparent events in the
delayed AA reaction will now be summarized.
"The first exposure to antigen stimulates the
proliferation of immunologically competent cells
in lymphold tissue, ‘some of which enter the
¢irculation. _
An intradermal inoculation of the tubercle bacilli
is made in the rat hindpaw which rapldly disseminates to - -
_ " _

regiona) lymph nodes as evidenced by C studies. This

causes an apparent proliferation of 1mmunologically
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_competent cells as suggested by an 1ncrease in 1ympn node
welght and strongly supported by tranofer studies with
visble lymph node cells. These cells seem ‘to be released
into circulation 8-14 days post-inoculation as evidenced
by the fallure to tréhsfer-AA With lymph node 0e11s befér&
the eighth and after the 1l4th day.
"Following the challenging 1njeution, a
“few of thesde ¢irculating cells coune in contact
with antizen, which results somehow in an
inflammatory resction characterized by accumu-
lation of cells which are not immunologically
competent. Most of these infiltrating cells
are mononuclear cells derived from rapidly
dividing precursors in the dbone marrow."
o Presumably, the release of immunologically competent'
1ymph node cells between the elghth and 1hth day are
'attracted to residual adjuvant in articular/icn-articular
areas. Ward and Jones (15) indicated that while the
highest concentration of adjuvant was found at the site
of 1njeotion, ‘disgemination into other tlssues occurred.
| The sensitized lymph node cells then react with the
disseminated antigen in the articular/non-articular regions
beginning sometime between the tenth and 14th day. This
~event then initiates the chronic inflanmatory syndrome;:
characterized by a primary mononuglear cell response.

“The delayed reaction has two major compo-
nents: (1) the contact of a few specifically
sensitized cells with antigen, and (il) the
ensuing immunologically non-specific inflamma-'

- tory reaction.” -
A4 has been of'lnterest_to pathologists:and.
pharmacologists as a. possible animal - modal for the

rhgumatoid variantu_ most notably Reiter rE syndrome and
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rheumatoid arthritis {13). Based upon this possible link,

AA has been w;dely cmployed a8 a pre- clinical anti- 1nflamma~

‘.!Qi"Hi"ﬂ “[ Z"'.IZ'ZlZHLII S

 tory screen in-conjunction With a nonwimmune agute inflamma-

_ tory model the carrageenin pedal edema aqsay in rats (45,

Ll

-

46), Traditionally. anti- 1nflammatory drug ars ’dmini;tered
Tor two to three Weeks and evaluations ofuefféntiveness

nade at or near termination of therapy In this WAY AA

-has been shown to déﬁect clinically effeciive antli~ inflammam 7

tory (Al) steroids, non-sterolds as well as 1mmunosappressxve - ;
..(ISJ agents (47, 48 &9 50, i1, 52'12 53,54, 55 56, 57) ¥inder

et g_ (53)?EW@ reported that the use of &4 for pharna-

cologioal sereenling yields valid bioassays for_clin¢cally

prescribed drugs. Using paw volume and body growth as

S | B

. experimental parameters the fenamates and phenylbutazone

gave dose-graded effects in bdﬁh'prophylactic'and-thera—

‘peutic treatment regimens and at dose levels comparable

ko thoSe uged in'the.clinic. Since the ewelling in the
feet of AA animals reflects the final result of R variety

'of_histological and hematologlcal parameters, suppression

Tk

‘of this outward manifestation should correlate with

[

'.suppression of thesge underlying précesses. Fillero _g'_;-;
(11) fcund ﬂignificant 1nh1b1tion of the development of
adjuvant -induced 1nf1ammation and concomitant total or
: partial'normalization of the_blood picture, fibrinogen
levels and various protein fractlons in Tats trested with

gpaxamethaSOne.1phenyibutézéne. dxyphenbutazqng, 1pdomethaeln.
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amethopterin and 6~mercaptépurihe. In ancther study, A4
rats presénting increased serum 1ysozyme levels and
decreased serum turbidity measuréments as detérmiﬁed'by

the stability of serum prot@in egatnst heat denaturation

were normalized by paramethasona, phenyloutazone and
-1ndomethac1n (12). However, orally adninistered aspirin

at 200 mg/kg/day was found to be ineffective against these

underlying parameters and agalnst the 1nflammatory rbsponsé.
This agrees with the observations of Ward and Cloud (49).
However, Graamé {58} using the same dosags did obserﬁe

some inhibition of both the acute paw swelling snd the

delayed lesions. Bogden ef al. (59) observed suppression

‘of the delayed lesions with 82 and 166 ng/keg of aspirin

administered orslly twice daily; thus, fallure to effect

an anti-inflammatory response may be related to dosage.

.ward_and Cloud (49) noted that the averasges human
dose of aspirin is 3,600-6,000 mg/day. Thus._zoo mg/kg/day
in rats would be equivalent to 14,000 mg/day for a 70 kg

- human. This discrepancy may reflect a difference in

- metabolic handling of the drug in the two species, rather

than a difference in'pathophysiological méchanisms. Such
a precedent exists for indomethacin (60) which 1is known
to be metabolized differently in the rat than 1n man. As

'.anothex example_gf species variation, phenylbutazone-s
~ blologlc half-life is six hours in the rat in contrast to

" three days in man {(61).
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specificity of AA using agents from a variety of pharma=
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Chloroguin réprésents a notable exauple of ‘a pharma-

cologle false negative in AA. Most WOrKers-agree that this

elinleally effective antirheumatic drug ls not active in AA

except when significant body weight 1oss is also noted (@9,'
51,58).

Waltz et al. (56) have explored the pharmacological

Y T

cological classes; anti-cholinesterase, anti-cholinergice,
CHS depressant.'hypotensi#e. hypoglycemlc, tiﬁsﬁe irritant
{phenol, fofmalin, cfoton 0i1l), hepatotoxic (carbén'tetra?.
chloride),. antihistaﬁine. antihistamine-antiserotonin,
analgesic, nephrotoxid, CNS stimulant, sympathcmimetid, |
monoemine oxidase inhibitor, antidepressant, trangquilizer

and diuretic. Agents were administered orally for 17 days.

Evaluations of “anti-inflammatory” activity were made

elther three or 16 daye aftér the - ad juvant inoculzatlon.

Agents from all,classes cbuld be detected as-falée positives

 by evaluvating hindpaw volume of both the inoculated and

non~inoculated extremity and the change in body welght.
These workers stated that the pharmacologic spscificity'of

AA appeared to be somewhat greater than that of other

‘anti-inflammatory assays.

'_Recently, pharﬁacblogical studies coﬁducted-using'AA
have atfempﬁed té discriminate between'ponventional'AI and
IS drugs (55.56).

-Standard IS agants.'azathioprineﬁ(j'and 30 mg/kg) and :
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© gyclophosphamide (10 mg/kg), orally administersd starting
on the day of adjuvant inoculation and continued until thé
12th post-inoculatlon day, totally inhibited the secondary

lesion in the non-inoculated hindpéw on day 21 (55). Using

B the same doslng reglman, standard AI agents, indomethacin

(0.5 mg/kg) and phsnylbutazone (100 mg/kg), were found to be

.,1neffect§ye in preveq@{pg_t@grdigease in the monminoculated _

hindpaw. Paramethasone, a compound with both AI and I3
activity also inhibited swelling of both hindpaws at
0.5 mg/kg, Thus, treatment'of developing AA appeared to

permit the selective detection of IS activity. .

If aninals were alloweﬁ to develop AA and then trsated'

from the 18th until the 29th_post~inoculation day, the_same
I8 drugs were found to be inactive.’ However; 1ndomcthacih
given at 0.05, 0,025, 1.25 and 3.0 mg/kg yielded dose-

. related reduction 1n.swellingfin.the'1noculated'hindpaw;,
" While reduction in ﬁhe'non»inoculated hindpaw oceurred;
this effect was not dose-related. Phenylbﬂtazone was
active against both hindpéw swellings as was'paramethasone.
" Thus, treatment of the established disease permitted
detection of standard AI agents.

' Waltz et sl., (56) confirmed this work in a later
study. Daily orsl administration of cyclophosphamide

(5 mg/kg) between either 10-llith or 14-18th post-inocﬁ-
latlion day yilelded negative_resulﬁs. Th;s was in cdntrést

to phenylbutazone (SO:mg/kg); indomethacin (1 mg/Xg) and
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prednisoléﬁe (QOmg/Rg) nmléil of whlch_éignifiaantly reduced
-ﬁhe delajed.arthritis. In anotherlexperiment,.éll'agents
were administered through the induction period and into the
established period. Treatments were stopped on'the 17th
ébstfinoculation day and evaluations of various parameters

were made on the third and the 16th day. Noteworthy was

the absence of any anti-inflammatory action on the inoculated

hindpaw on the third day 1n_ratsrg1ven.5 ng/kg of cyclo-
ﬁhOSPhamide. 'However, standard'AI drugs, indemethseln and
predniéolone. were effective agalinst the early acute .
reaction. Waltz (56) noted that this selectivity
facillitates the pharmacoiogic differentiation bpetween Al
and IS activity.

Wheﬁ evaluations were made on day 16, all agents were
found to-suppréss glgnificantly both inoceculated and non;.
-.inoculated hindpaw swelling. Thus, a standard I3 agent
: such'as cyclophosphamide could be observed #o bg "antiFI
inflapnstory” while a sfandard AT agent_such.as indomethacin
might be susplicioned to possess IS potentiai. |

Since 1964, Teports in the literature have indicated

that Heimlas ssllcifolls Link & Otto (Lythraceas) possesses

ten. structurally related alkalolds (62,63,64,65). Ali but

_bne of the compounds possesses a diphenquuinolizidine

lactone.' Abresoline, a minor alkalold has been recently o

characteriéed 85 a diphenquulnollzidine ester. The majqr"'

alkaioid. cryogen1he,'1s structurally dé?ibted in Fig. 1.
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- Robichaud gﬁ.éi,-(éé)-have briefly reviewed the folk
literature. concerning the pharmscological properties

_associated with the oral consumptiqn_df hydroalcohclio-

JER E OO R 1 (T (DS B 0 3 M ol

| extracts of Helmia salicifolia. Suech concoctions have
been reported to possess emetic, antisyphllitic, hemostatic,
febrifuge., diuretfc, laxative, vulnerary, sudorifice, tonic,

as well as h&llucinog&niCHIike.properties.‘

A preliminary study of the powdered crude material

_and extracts containing the total alkaloids of Heimia | -

 3311011"0113.9 Indicated that the plantldld roSsess pharma»
cqlogical potential, thus supporting certain of these
folklore accounts. These workers indicated that cryogenine

mimicked qualitatiﬁely and semi-quantitatively the action

of the total alkalold extracts of Helimigz salicifolls,
| Subsequent investigations indicated that this alka- =
loid possessed some selective CNS depressant astlivity, but |
~unlike that ceen with reserpine and chlorpromazine (67,68).

Hypotension, skeletal muscle relsxation and extrapyramidal

silde effects were not observed thus indicating that

' 'éryogenine might be pharmacologically unigue and perhaps

'therapeutically.advantageous. However, cryogenine's
‘neuroleptic~act1ﬁity hés only béen doeumeﬁted'upOn'
parenteral‘administration.. Therapaut1c index ealculations
_(I?‘LDSQ/IP Neuroleptic'Doseso) indicate a value 6f only
.3'3.9 fﬁr cryoganlne-(chlorpremazin¢ = 6@) thus sﬁggesting

thaé th@'central effect can be regarded as insignificant
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(66,68,69). | |
In 1966, Jiu (70) reported that lyophilized extracts

~of Heimia salicifolia were anti-inflamuabtory ageinst yeast-

induced foot;edema and cotton-wad granulomsa in Tats. An

éxtensive-antiuinflammgtory_evgluation publish&d 1n 1967

by Kaplan‘gg'g;.-(71) indicated that cryogenine was equi-

potent to phenylbutazon& in preventing experimentally -

induced carrageenin and AA inflammatory respenses., Further

publications (72,73,74) corrohafated the antl-acute |

inflammatory property of cryogeniﬁe in the carrageenin model._
DeCato (74) indicated that the initial edematous

response seen in the carragesnin-injected foot i1s more

susceptible to the effects of autonomic stimulation and

autonomically acting drugs. Cryogenine sigﬂific&hﬁly

inhibited this early phase by 31%. However, a 63% suppression

of the later non-autonomlic stage was also recorded.
Early sutonomic and cardiovasculsr studiecs of ecryogenine
have 1ndicated that its actlivity is not wedlated via

sympathetic or-psrasympatheticultk@-receptnrs {75). DeCato

‘hes indicated that cryogenine 8 anti inflammutsrd activity

" canmot be assoclated with depletion of whole brain or

heart monocamines (76).

in relatedfexperiments,~DeCato {7%) has reported - -

“that adrenalectomy almost totally reduced cryogenine’s

-effects agalnst the early-stage swelllng.in the carrageehln

' modél, while'iaterstége swelling was rveduced by 50%.

TR IR
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“Adrenalectomy was alsoc found to feduce markedly the alka~

':loid‘s activity agaiﬁst a,proliferatrve'model of inflamma=-

AR CVIES L

tion ~- cotton pellet granuloms in the rat.

" Kocialski et gl} (73) have reported that cryogenine

EORS D A

- accentuated blood glucose“levels in'rats'w1th carragéenlnn
induced inflammation, énd in normal and alloxan-disbetic

rats. Thess effects were seen upon oral sdministration

using the standard anti-inflammatory dose éf 100 mg/kgs
Kellett (77) has reported that alioxanwdiabetic rats are | -
significantly mpre,resistant'to the inmedimte zand delayed
1nflammétgry.responses in AA. .DeCato.has-congluded that
part of oryogeniﬂa‘s antli-inflammatory activity nay be
°-mediated by stimulation of the pitultary-adrenal axis {(74).

. This theory would not apprear to be in agreement with

1 histopathological studies of rats oraily recelving 100 mg/kg - _i
. of cryogenine for 21 days (76). Noteworthy in this study i
waé the absence of any alterations inradrenal andrthymus
glands. : _
Winder et al. (78) have reported that ultraviolet-

induced erythema_in gulnea pilgs will detect clinically

T TR
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effective non-steroidal AI drugs, bubt is insensitive to Al

_steﬁolds. Kosersky et al. (79) found cryogenine to be

- effective in this selectivéignti-inflammatory screen,
whereas hydﬁocortiéone and 6-mcrcaptopurin¢-were 1neff30t1ve}
Winder et g&.-(?B) have noted that:thls'model detects'oﬁly

"agents-affecting blochemical and phyéiplogiéal:@vents_
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'oceurring_early in'tha mﬁltiéphasic.inflammatery_Qroceés._
In vitro studies indlcate cryag@ﬁlﬁa.to hé & a@mpetitive
antagonist of both histémine and}bradykiﬁin,_ﬁwd suspected.
mediators of the 1nflémmatbry responsé (80’8135; a
 Ina recent review, Whitehouse (82) oted that the
distinction between AI agents and I3 drugs haﬂ’become.

blurred, as a'résult of1 (1) P clearer reallization. that

certaln chronlc inflammatory studies 1n man anﬂ experlmantal
animals may be initiated or sustained by malr@gulated
'1mmuno¢ompetent célls,-aﬂd {;i} the'increasing recognition
that some of the immunoregulatory drugs may confer great
clinical benefit in both human disease an&*exp@rimenﬁal_
animal modeis'chéraoterized by progressive debilitation’
With chronic inflammation (arthritis, demyelinating diseaée,
myositis, ete.). Preliminary reportu have indicated that
‘cryogenine was equipotent to phenylbutazone in reducing the
inflammatory symptomology of A4 (71). In a more thorough
investigation (83), cryogenihe's-activity in ﬂA was again
confirmed., Cryogenine was orally édministered each day 1in
100 mg/kg.désﬂs beginning one déy.pr1or to ad juvant 1nbcu¥
lation. Dosing was continued through the 20th post-inccu-
lation day. It was observed that cryogenine: (;) achieved'
”"ah éarly arfest of swelling in the 1noculated‘h1hdpéw; _
(11) 1nh1bi£ed fhc delayed leslons in the non-inoculated
‘hindpaw and.nonfar£1¢ulér areas (ear and tsil) during-

 treatment, and (iil) provided a relatively long lasting

T ATmeEmER | )
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anti-inflanmatory effeét-afﬁer.terminafioﬁ of7tréétment.
This act;ilty-was-equivalent to that bbtained b& para-
methasone, 6—mercaptopﬁrihe-énd phenylbutazén@, The early
protedtion agalinst the ascute inflammatory réaation in the

inoculated hindpaw 15 consiétenf with previous studies

utilizing non-immune models of inflammation, as is the

: 1nhib1tion achieved during treatment. Since cryogenine

| was administered throughout the induction period and 1nt

"_'the established perlod of disease, the possibility arises

that part'of cryogenline’s activity may have been medisted

by immune suppression. This might explain partislly the

long lasting post-treatment protection afforded by the

- compound.  In conjunctidn with thls same study, several

- animals with established arthritis were treated for a week

| with cryogenine. The drug appeared to inhibit the already

established lesiOﬂs -= this could have been predlcted from.

“the earlier studies documenting cryogenino g non- 1mmune,

anti-inflammatory properties (71.72,73,2&).

However, up to the present'tlme no studiés have been

 conducted to establish unequivocally whether cryogenine-

-possessesa (1) only Al activity.'or (11) mixed AI-IS

' activities. Since Perper et al. (55) were able to

~discriminate between standard AI and I3 drugs by adminis-

- tering them during elther developing (1-12 days)'or

'.__established periodb (18-29 days) of As disease, it ueemed :

'feasible to subject cryogenine to this differentiated

CLRE
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model to define“itsifelative anti-infl&mmatoryfimmgno— L
sﬁppressﬁve'&étivity. In addition, stéﬂdardﬂ&I drugs.
(ph&nylbutazbne.and hydrocortisore) and an I8 agent _
(cyclophosphamide) in non-toxic, effective doses wlll be.
studied for reference purposes.

Wiebelﬁaus (84) reoent1y has claimed that"lythriﬁe.

(Fig. 1), one of the Lythraceae alkaloids found in Heimia

(T

salicifolla, may have potent diuretic activity, Since

“eryogenine and lythrine appear to be structurally relatéd,

dally water consumption and urine volumes for_cryOgenlne-
treated animals and controls will be recorded during the

present study.

-~ M
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Flgure 1.-- Two Mz jor Alkalolds of Helmia salicifolia.
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MATERIALS AND METHODS

I. Adjuvant Arthritis

Animals,-- Appi‘oxima‘tely seven-week-old, nale, élbi_no,
Sprague»Dawley rafsl-weighing between 120 and 170 gn weré
allowed at least éix days-ih our rat:quarters after_shipment
_to acclimate.with the environment before experimentation.
"Daily body welilghts weré checked to document whether or hbt
normal growth patterns were present. BRat quartefs-consisted
 fofan 8.5 méter X 5.2.ﬂeter.roomikept at constant.%mmperafure
- {70°F) and humidity and supplied ﬁlfh natural 511umin ation
from a frosted Window_3.& rmeter x 0.8 meter. Cages were‘
positioned to apprcximate uﬁiform 1ight1ng, Artificial
' lights were kept off, except during actoal experimentation.'
Block lab chowé (placed on the cage floor) and tap water :
(bottles attached to cages)were supplied ad 11bitume

Animals were elther paired.in double cageu or housed in

T

= Horton Labovatories Ince, 411 Pendletcn Way. Oakland.
2 California.
Purina Laboratory Chow. Crude prot 1n not Yess than.
23.0%; crude fat not less than 4.5%; crude fiber nct
- more than 6.0%; and acsh not more than 9, O%

IF - e

T

MRS L e ] (1O A

TSR



single eagesl'depending-upon expéfimental cbnditi#ns_
described undar the Treatment uection. Double”éages were
24,1 em x 17.8 e x 17.8 cm wlth galvanizad sheet metal
sidés and wire-mesh floors; Single housling was of mueh
the same design but with the following modifications (1}

stalnless-steel éonstruction. (11) a 20,3 on x 11, b cm X

11.4 em main cage, (1ii) & 12.) em x 5.1 em. x 5.1 cm one-way

corridor leading from the back of the cage to a food
reservoif..opening froi thé floor at the end of the corridor,
and (1#) g urih&-collecting funﬁel‘attached uriderneath .

the cage, opening into a removable glass vialn. The Tood

reservolr was not used. Labnchow was,placed-on the vage

- floor.

Ad juvant Preparation and Inoculstion.-- The methods

used were eﬂsentially those described by quersky {(83). The

contents of an ampule labeled as containing 100 mg of heat~

"killed desiccated mycobacterium buty*icumg was triturated

S oin o . glass mortar with Light Mineral 0il, N F. to a final
"danentration'of 5 mg/m1. This suspension was then more
finely divided and uniformly suspended with a hand tissue

‘homogenizeriﬂahd pestleﬁ.fittédfto an electric motor& and’

L Acme Research Products, 5500 Muddy Creek Rd.. Cincinnati,
Ohio. '
£ Difco Laboratories, Detroit, Michigan. Catalog.number
0640-25. _ _
3 Kontes Glass Co., Vineland. New Jcroey. Kontes glass
oy Jacketed tissuve homogenizer, mortar #71, pestle #52. :
< Tglboys Engineering Corp., Emerson, New Jersey, nodel 106.

T
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spun’ at approximately 1500 H P M, -The péstle wés moved up

and down about 10 times. The adjuvant was poured into 10 ml

parenteral visls, covered With rubber-serum capu and autOw_
claved at 120°F, 20 1bs of pressuré for 20 minutes. The
freshly sterilized adjuvant was stored at 49C no more than
one week prlor to use., |

To make pedal 1njections, ratq were pre-doged with
sodium pentogaéﬁigéil 30 mg/S ml/kg 1P and allow&d to -
develop marginal loss of the righting-reflex. A 25 gauge,
3/4 inch'needleg.attached to a 2 ml capacity micfamete;“x
syringe? was introduced ﬁndernéath the subplantar surface
of the right hindpaw, distal to the metatarssl reglon and ;
directed mediﬁlly to the metatarsal region and .05 el |

injected of either mineral oil vehicle or ad juvant. Care

was taken to prevent backward seepage of the injected

material and injection into apparent blood vessels.  The

day.of'injection was designated-QS'Déy G,

1I. Treatment of Ad juvant Arthritig

- Drugs.-- All drugs were suspended in 0. 25% agard and

orélly administered using a constant 10 ml/kg dosage volume.

'Préparation of drug suspensions and-storage conditions were

1 Robinson Ilaboratory Ine., San ¥Franclsco, Californis,

Sodium Pentobarbital Fowder, U.S.F. Control SCB8603,
Becton, Dickinson and Co., Butherford, New Jersey.
 Hyperchrome stainless hypodermic needle with regular point.
RGI Inc., Vineland, New Jersey. _ _
Diico Laboratories. Detroit, Michigan. Catalogue numbeyr .

- 0140-01. ‘ S
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as follows: cryogenine basek, 100 mg/kg; wa€ made up dally

 just prior to use phenylbutazoneg. (Butazalidin;g 100 ng/¥s,

::.and hydrocortisone alcoholi 10 mg/kg, were prepared every
- four to five days and stored at 4°¢; and cyclcphogphamide&,
(Cytoxan), 6 mg/kg, was reconstituted in doubly distilled

water and stored as a stock solution at'aoc'fer'not_more

than six days. At the time of preparation, a measured

volume was removed and suspended with agar;

Develoning;Adjuvaﬁt Arthritis.-- Animals were
randomly diﬁidad 1hto‘negative controls (pedai injection of
minerél 01il) and positive controls (pedal incculation of
adjuvanf) receiving the agar vehicle:anﬁ.adjuvant?iﬁoculated

enimals fecéiving either;cryogenine. phenylbutazone, hydro~

~~ cortlsone or eyclophosphamide. Four nsgative control rats

were housed in single cages and 12 negative controls in
double cages. Ten positive controls and ten cryogenine-
'treated animals were housed in single cages and &ll other
drug-treated éﬁimals (teﬁ'animals/treatmeht)'were housed in
double cages. Qh Day -1, rats were dosed with elther the

agar vehlclé_or'oné of the drug treatments. Dosing vontinued

i Cryogenine was isolated from Helmia salleifolis, Link &
Otto according to the revised procedure used by Cmaye (85).
. Extraction and purification detalls are summarized in

2 Appendix B.
Clba Pharmasceutical Co., Div. Ciba Geigy Corp., Summit.

3 New Jersey. Control SN52731.

: Nutritlonasl Biochemicals Corp.,-Cleveland Ohio. Control
2912,

& Mead Johnson Laboratories. Evansville. Indiana. - Each vial.
contains 100 ng. cyclophosphamide and 45 mg. sodium chloride,
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._daily through the 12th post~- -inoculation day.' Urine volumes
and water bottle waights Were—recorded every zhthours for all

rats housed 1n the single. cages.

Establishpd Ad juvant Arthritis.--— Upon armval ten

animals were randomly seleoted. designated as negative -
cohtrols; and;housed in double-cageée The ?4 remaining
énimalé were designated positive controls and plahed aé
péiré-in double cages; éﬁwéhé'iStﬁ ﬁdé%wiﬁédﬁi@fiéﬁ_déf;
these animals were screened for degree of AA in?olvemeﬁt.
Animals with & left hindpaw voiume (as determined under the
Evaluation section) of less than 2. 09 ml or mﬁre than 4. 35 ml
were elimlinsted frem further study {but kept Wwith their
cage mates)., This left a population of 50 AA animals,
Graph paper was markéd off on the x-co-ordinate in 0,16 ml
intervals étarting from the left side. The 1eft hindpaw '
volume for ‘each animal was then plotted individually. A;
table of random numbers (86) was obtained. The last digit
of each number less than oné'or greater fhan five wes lined
_ ouﬁ.- Since five experimental groups were needed, numbers
one, two. three. four and five were assigned. respectively,
to the posltive control group receiving the agar vehicle._
and the cryogenine. phenylbutazone, hydrocortisone and
' cyc1ophospham1de.groups,_ Starting.from thé'top of the”.
'cdlumh'cf random.numbefs and the left side.of'the graph__'
paper, the first.dot (or'ratj_waé éssigned ﬁolthe.gfoup'

. Whose number appeared.first_in the'¢olumn," Thls procedure

O OO IR bra I | (I (s o A T T

RGN

1.

SIAFEE T



40

" was continued until ‘one animal had been assigned to each of

the_fivergroups.':The sé1ect1on proéess Was repeatedfplacing

' a second animal in esch of the five groups, while moving

down‘the column of random numbers and across the x-co-ordinate.

Since 50 dots (or rats) were plotted, this selection

'-proeedufe produced five groups of ten randomiy selected

animals/group -- each group composed of rats representing

- the complete range'bf ieft hindpaw volumeé:“mﬁhiﬁéig ﬁéfé'

i A1 L N1

'dosed-with either the agar véhicle or a test drug beginning

on the 18th post-inoculation day and continued daily through

:the 29ﬁh bost-inoculation day.

III. Eveluation of Adiuvant Arthritis

Experimaﬁtai neasurenents begarn just prior to.the

| adjﬁvant 1noculation on Day C and continued gensrally every

‘third post-inoculation day,

Body Weight«--'Animal-weights were facorded for
pﬁrposes of assessing drug efrfects on body growth and for
establishing drug dosages.'

Inflammogran Scoring.=-- In order to evaluate drug

.effects on the extent and-sevérity-of the géneralized

Anflammatory manifestations of AA, a Subjegtive.sqorihg

system was devised, based‘upén thoée used by other workers

(58,83,87,88). 1t has been the author's experience that

-the inflammetory expressions of AA are difficult both to

' qualitate and quantitate, except in the fore- and hindpaws,

T T | (R BT
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tail and ears. In general ternms, 1nflammcgfam scoring was
- as follows: (i) the forepaws were *dlvided” inte carpal,

metacarpal and pha anx regiona end graded with ?eﬁneut to

SAE L T

| severity.of_swelling, (i1) the hindpaws wers "leldcd".into
tarsal, metatarsal and phalanx reglons and gr&ﬂbd with
_respeyt-to severity of swelling, (11i1) exrythema cf the paws

. Was normally generaltzed and therefore, all three regions

of each paw were graded together in terms of sever;ty of

rednessg, (iv) the tiblotarsal joint of the hindpews was -
- graded ip terms of the severity of ankylosis, {v) egmental

radial swelllngs of the'tgil.were graded in terms of extent

and-severity'afISWelling. {(vi1) round, firm nodules seen on -

the tall were graded in terms of number present, (yil)

AL (R [

-erythema of the ears was graded in terms of extent and

severity of redness, and (v1ii) nodules of the ears were
graded in terms of the number present. The original inflammo-
granm scoring form 1s shown in Fig. 2. Anatomical regions and

parameters not considered in the present study are lined

out, Flgures 3 through 7 depict bphotographic examples of

“each anatomical region evaluated and the range of possible

. scores. Using this system, each animal on a given day
- ecould develop a score ranging from 0 to 50.

Plethxsmographic Determination of Hindpaw Voiume.—-_

The method was similar to that-described by Winter and Nuss
(51}, A line was drawn 8CTOSS thé top edge of the lateral

:malleolus of both hindpaws using an indelible puncil lightly |




bz

wetted With_water, Hindpaw volumes were then determined

 to thig mark using the apparatus shown in Fig. 8 . The

‘opposlte page defines the WOrking.procéduré fcr calibration
of the plethysmograph. Once the. machihe Was calibrafed
each hindpaw wWas dipped twlce, from Which an average could
.be_calculated. Drug effects were translatﬁd in terms of
percentage change . of 1ncreased hindpaw vclume a8 -

deseribed by Newbould (89):
~percentage change © = 100 ‘{1 - [}a¢x}/(b»y)]}

. where y = mean hindpaw volume of pqsitive control rats

immedistely prior to adjuvant inoculation, b = mean hindpaw

T LA

" volume of positive control rats on a particulzr day, x =.
‘mean hindpaw volume of drug-treated rats immediately prior _ "5
to adjuvant incculation. and a = mean hindpaw volume of

drug~treated rats on a particular day.

il
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Figure 2.-~- Original Xerox Inflemmogr
Used During Experimentat
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a.=- Erythemas 0 = ghsent, 1 =
light-dull red, 2 = bright

red.

De== Swelllng:
moderate,

o
2

L

absent,
severe.,

1

Sh



c,»~ Swelling: 0 = absent, 1 = mild- d.-~ Swelling: 0 = absent, 1 = mild-
moderate, 2 = severe. mederate, 2 = savere,

Figure 3.-- Inflammogram Scoring of Forepaws.



a,-- Erythema: 0 = absent, 1 =

light-dull red,

&

bright red.

Vem= Hwalling:

dull red,

0
2

=

absent, 1 =
= bright red.

tight~



C.-= Swellling:
dull red,

0
2

= absent, 1 = light- d.-- Swellings 0 = absent, 1 = light-
= bright red. dull red, 2 = bright red.
Figure 4.,-=- Inflammpogram Scoring of Hindpaws. ﬁ;



A -.' 'l!:'
% ANKYLOSIS

right hindpaw
tibiotarsal
,] 2

N a
; i /@ i .~ {/ ‘.-") , '

Figure 5,-=- Inflammogram Scoring of Hindpaw Ankylosis (0 = 150° movement,
1 = )60- {150° movement, 2 = 30-~60° movement, 3 = ¢ 30° movenent).



NODULES
SWELLING
tail
tail 1

a.==- Swellings O = absent, 1 = rild- b,-~ Nodulest 0 = absent, 1 = 1-2,
moderate and { 504 of tall area, 2 = )2,
2 = gevere and % 50% of tall axea.

Figure 6.-- Inflammogram Scoring of Tall.

un
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a.=-- Erythema: 0 = absent, 1 = light- De== Noduleg: ©
dull red and { 50% of ear area, 2 =72,
2 = bright red and ) 50% of ear area.

Figure 7.-=- Inflammogram Scoring of Ears.

sghsent, 1 = 1-2,



e & =

]
O N0 @™ O\ 0
L] - L] -

ot
N 1
L] -*

(]
-

15.
s -8

17.
18.

19.

20|
21,

Stepwise Calibration of FPlethysmograph
Flip toggle switch A te "venous™
Flip toggle switch B to “off"
Flip toggle switch C to "normal"”
Flip toggie switch D to “"average®
Turn XKnob E to "2 mv/exm" (approximate setting)
Turn knod F to "x.l mv/cm" {approximate setting)
Flip toggle switch G to "out™

|4

Depress button I to "1 mm/sec”

Turn knob 1 to "operate” and allow at least 30

minutes for machine warm-u

Open clemp J and ad just mercury level in tube X

with mercury level in reservolr L using syringe M

Close clamp J

mur*: knob N and position pen 6 cm from top of paper
lip tﬂ”*’ﬂ switeh B to "=-©

Turn knob 0 and position pen 6 cm from top of paper

(pen should remain in position for step 12 at all

tines, a :d for step 14 only through step 14)

Inmerse calibration rod= to the i1 mi m

Turn ﬁnob QO and position pen 5.5 i

parer.

Immerse calibtration rod to the 2

Turn Knob P and position pen 5.0

paper

Continue to immerse calibration »

increments, turning knob P to kee

at 0.5 cm intervals

Withdraw calibration rod

Keep repeating steps 15-19 untli]) linesarity is

achieved and each 1 ml = 0.5 cns

rk

m top of

)
B

O K
B -
B
¢
+H
5

od
e

i The Fersrex calibration rod of 1l.27 cm dilameter was
scored using an electric lathe at 0.156 inch inter-
vals. Volume =1rr<h; therefore, when the radius =
0.635 cm, the height must = 0.790 cm for a 1 ml
volume (0.156 inch = 0.5 ml voluzme).

= Machire must be checked for calibration and linearity
frequently. When calibration is lost, repeat steps

12, 16, and 17-19. If 211 else fails, follow directions.



. Preamplifier type L61B,

1

I'd

Dynograph anmplifier type 462,

g
-

Control panel type A560.

=

Reservolr: depth = § cm, dia. = 4.3 cm.

1O

Balarnce.
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1. Developing Adjuvant Arthritis.-~- The clirical

course of adjuvant arthritis is illustrated in Figs. $-13.
Fositive control animals 52T and 49K are comparsd with the
same negative control animal (43T) on post-incculation days
6,9,15,21 and 27. Inflemmogram scores (IS), left (non-
inoculated) hindpaw veolumes (LEPV), right (incculated)
hindpaw volumes {(RHPV) and body weights (BW) cf each animal
are noted. Animal 52T represents a strong reactor to the

ad juvant inoculaticn, whereas animal U4GH represents a weaker
reactor. This difference can be noted in the progressively
higher IS, LEFV, RHPV values and a greater decrease 1in the
BW value for animal 52T during the 27 day pericd. An anipal
is depicted in Figs. 14-16 which received an inoculation of
ad juvant and developed an acute reaction in the right
(inoculated) hindpaw, yet failed to develop the delayed
inflammatory symptoms. This refractory animal appears
essentially equivalent to the negative control animal (43T)
on day 27 (Fig. 16).

Cn day O there was no significant difference retween
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"
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]

£ vitl o

b.-- 43T vs. 451,

Figure 9.-- Negative vs. Fositive Control on Day 6.



431 © DAY 9
NEG. CONTROL
0 1.S.
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.86 RHPV.

B.W.
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8- MBT EE- 52To
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O ZT |
POS.

7

1.03
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178
I

(AT DAY /o Ao )
NEG. CONTROL POS.
0 .S, 5
168  LHPV. 162
186  RHPV  3.43

B.W. 202

bo"’"‘ M‘BT Y_:.c_‘:_' ’+9II.

Figure 10,-- Negatlive vs. Positive Control on Day 9.
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TAZTEERDAY 1STHES 2T
NEG. CONTROL  POS.

.S. 20
LHPV. 187
RHPV. 385

B.W.

Figure 1ll.-- Negatlve vs.,

43T | DAYI 15
EG.  CONT

be== 43T vs. 4YH.

Positive Control on Day 15.
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Figure 12.-- Negative vs.

NEG. CONTROL

( 43T 7 DAY 21

0 ; LS.

191 LHRV.

183 | RHPV

be=- 43T vs. 49H.

Positive Control on Day 21.
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0
171

275

= k3T vs.

1.82

W
i,

& |

NEG. CONTROL

1.S.
LHPV.
RHPV.
B.W.

Y,

"I

23

2.43
4,30
13

43T 7 DAY 27 T49H

NEG. CONTROL POS.
O’ el l.S. 16

LZ 1S L HRYV, 270
182 ' RHRV. 3.94

2758 B\ 046

be== 43T vs. 494.

Figure 13.,~- Negative vs. Positive Control on Day 27.
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N DAY s ) A3 TNDAY 953 H "
R cORYR3L Fgos NEG. CONTROL  POS.

0 1.S. 3 is: |

131 1 LHPV 19 | 168  LHRV. 123

1.54  RHPRV. 1.95 1.86 RHPV. 2.03

:x"”3

- e

B.W.

196

158 213 BW.

- A

Qg =~ 43? VS 53H on dﬂy 6. Bigiwme @BT vS. 53ﬂ on d&y g.

Figure 1l4.-- Negative vs. Positive Control on Deys 6 and 9.
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Filgure 15.-~- Negatlive vs. Posltive Control on Days 15 and 21,
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Figure 16.-~ Negative vs. Positive Control on Day 27.
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¥
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Cyclophosphamide on Day 27.

Figure 17.~- Post-Treatment Effects of Cryogenine and

Cyclophosphanide on Developing AA.
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Figure 18.,-- Effects of Cryogenine Treatme
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b.-- Agar vs. Cryogenine on lay 34,

nt on Developing and Established AA.
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all treatment groups in terms of body WCight {mnmle I)L.

inflammogram score {Table III}. inoculated Qxig&t) hindpaw

‘Hf H‘f : I\HN T

volume (Table VII), and nqh-inoculated {left) hindpaw

valume\(Table XI)."Beginning on day 3, negative_cbntrol
animals (doubly housed) welghed slgnificantly more (§1<.01)
than positive control animals. 'NEgative controls (singly

housed) weighed significantly more than posiuive eontrols

beginning on day 9 (P ( 05). A significant difference for
both negative control groups continued {(relative to the
poslitive contral.grcup) throughout the balance of the
expérimental periocd. On day 30, the overall mean'gain in
body weight for the négative.control animéls (singly housed}
wag 170 gﬁ versﬁs G4 gm for tbe pogitive control grbup1

The mean inflammogram sdore-foi positive controi _
animales during experimentation (Tables.lli«lv) followed a
biphasic pattern as shown in Fig.‘zog The first pha%e o R
{days 1-9) reach&d a peak.dn day 9. The secmnd phase
(days 12-30) reached a peak on day 21 and began to recede
towards the 30th day.

The mean inoculated hindpaw volume for positive
' control-animals'during experimentation (Tables VII«VIII)_

followed a biphasic response roﬁghly equivalent to that of

=

= For convenience, Tables I-=XIV are grouped together on ‘
2 pages 6%-82,

-~ For convenience, Figs. 19=-22 are grouped togethar on
pages 83-90 and Figs. 23-26 on pages 100- 10?
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the mean 1nflamm0grém séore as . shown in Fig. 2. The”
inoculated hindpaw”fér the positive-contibl:group reached
a pezak in voiume-dn day 9 (first,ph&se);“_The volume then
inereased again to a maximum on day 24 (second phase) and
began to recede towards the 30th.day,- |

The non?inoculated hinapaW'volume for positive

_qggﬁ;glranggﬁ;gmq§xipgfgxperipentatioﬁ (Tebles XI-ZII)

followed a monophasic response as-shoﬁn in Pig. 22. This

résponse began on day 15,rraadhed_a max lmum on'day 21 and -

~ began to recede towards the 30th day.

Body welights for eryogeniné, phenylbutazone'and

hydrocortisona-treated groups were never significantly

~ different from positive control group weights (Tables I~II),

" excepting for the hydroéortisdne group on day ¢ {signifi-
cantly higher, P £.05). This lack of signifiégnce Was
noted for the cyclophosphamide-treate@ group only through
the 15th day. On day 18 the cyClophosphamldeetreated

group showed & significantly greater (P £ .05) mean body

. weight when compared to the positive éontrol group. This

difference remained si@nifiﬂant-throﬁghout the-experimenﬁal

: pericd.,

The first phase (days 1-9) of the inflammogram

'_respbnse was significantly depressed.on day 9 by cryogenine

and on days 3-9 by phenylbutazéhe (Table III), Hydrocortisone
and cyclophosphamide did not significantly'reduce"the

inflammogram score during the first phase'(Tablé I11)..

LT )

Lis

illi w '5!1"\ H(hl' k
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Cyclbphosphamidé.aefualiy ap?eared to-enhénée inflammation
on day.j (Table IXI}. The second‘phase (Gays 12-30) of the
inflammogram.respbhse was not significantiy depressed.by
'erogenine,‘phenylbutaﬁone or hydrocortisone oﬁ:any day, .
whereas cyclophcsphamide caused.a.significant”lowering on
days 15-30 (Tables III-1V). | |
~ The first gbgggwof the 1nocu1atea hlndpaw swelling
was significantly lowered by cryoganine on days 3,6,9 and
12 and on days 3,6 and 9 by.phenylbutaZOﬁe {Table VII).
Hydrocortisone aﬁa cyclophosphamide did not significantly
reduce the-inocuiated hindpaw swélling during the first
phase {(Table VII)., The second phase (days 15-30) was not
significantly reduced by eryogenine, phanylbthZOne or
" hydrocortisone. Cyclophosphamide significantly reducead
the second phase only on day 21 (Table.VIII). |

The monophasic response (days 15 -30) of the non-
' 1nocu1ated hinﬁpaw Wwas not significantly decreased by either
cryogenine, phenylbutazone or hydrocortisone {Tables XI-XII).
Cyclophosphamide significantly.reduced this phase on days‘
©15-24 (Tables XI-XTI). B

Appendix D lists the data collected during the first
13 days of developing AA for "Water ‘comsumption" and “urine
volded” of negative (NC),énd positive (FC) controls and
cryOgenine.(CGN)_treated animals. The valﬁes'listed_under
"water consumption" represént.the mean_dlfference_in water‘

‘ béttle (containing,watér}'weights for a.particular group

DT A

aan
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recorded between 24 hr intervals, "Urine voided" represents

HT H‘I - I \H\I i

the mean volume of urine collected at 24 hr 1ntervals for a

particular group;

HI}



 Table I.-- Drug Effects on Body Weight in Developing Adjuvant Arthritils

Mean Body Weight, gm +3.El

| Trestment Group  Day ©  Day 3 Day 6 bey 9 Day 12  Day 15

. Negative Control 144 + 5 163 +7 180 + 7 207 + 8% 226 + 82 248 + 102
(singly housed) . o a _ _ ? _

Negative Control 152 +3 166 + 42 189 + 52 213 + 6% 235 4+ 7© 256 4+ 8%
(doubly housed) : ' ' _
‘Positive Control 1'1_&2 + 4 248 + L 163 + 5 179 + 5 188 +7 198+ G
.-Cxl'yogenlne | 140 :_;i-_ 5 0+ 5 158 + 5 175 ¢ 5 182 ;E, 5 191+ 5
" Phenylbutazone W8 &5 15345 1Pk 46 19 7 210+ 8 220 &+ 8
Hydrocortisone 155+ 3 159 x4 176 3 4 19k 3 42 198 £ 4 198 & 6
Cycldphbsphamide' 155 +2 154 + 4 171+ 4 187 + 5 203+ 6 219+ 6

. Significantly different from Positive Control valuess & P {.05-),01;
B p¢.o1- > 001; ¢ P (.00, o _
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Table I1.-- Drug Effects on Beody Welght 1in Develovning Adiuvant Arthritis

Treatment Group

7

30

Negative Control
(singly housed)

Kegatlive Control
(doubly housed)
Fositive Control
Cryogenine
Phenylbutazone

Hydrocortisone

Cyclephosphamide

I+
S T N £

|4

I+

12t

10S

14

11

11

f..‘J

\n

(5

=y g
I+

W

I+
’-.J
od

1o

1+

I+
o)

j=4

|+

I#

I+

-+

-

%

10

19

Significantly different from
D P ¢.01-7.001;

P {.001.

Positive ContTrol values: 2 P (.05 ).01;

04



Teble III1.-- Drug Effects on Inflammogran Scoring_ih Developing A@juvant Arthritis

Mean Inflammogram Score +S:.E.

Treatment Group Day 0 Day 3 Day 6 Day G Day 12 Day
Negative Control 0 0 0 0 0 0
{singly housed)

Negative Control 0 0 0 0 0 0
{doubly housed)

Positive Control O 542 # 0.3 6.1 + 0.6 6.3 + 0.6 0.2 + 2.6 248
Cryogenine 0 4.6 + 0.3 4.8 + 0.4 L.5s + 0,42 8.3 # 1.7 5082
Phenylbutazone 0 4.2 + 0.22 3.7 + 0.42 4,1 + 0.52 6.5 + 1.1 - 15.30%
Hydroccrtisone 0 5.8 + 0.4 L.5 + 0,6 b,7 + 0.5 9.4 £ 1.4 18.6
Cyclophesphamide O 6.1 + 0.32 6.6 + 0.4 6.7 + 0.4 6.1 + 0.4 R

I+

I+

|+
m
[0

Significantly different from Positive Control values: = P {.05-7 .01;
QE(-Ol‘}.OOl.

T



Teble IV.=-=- Drug Effects on Inflammogrem Sceoring in Developing Ad juvant Arthritis

Mean Inflammogram Score #+S.E.

Treatment Group Day 18 Day 21 Day 24 Day |27 Day 30
Negative Control O 0 0 0 0

(singly housed)

Negative Control 0 0 0 0 )

(doubly hcused)

Positive Control 17.5 + 3.0 18.0 + 2.4 16.4 + 3.0 15.3 & 2.9 14,6 + 3.3
Crycgenine 16.7 + 2.7 18.0 + 2.4 17.1 + 2.8 14,9 + 2.0 14,3 + 2.2
Fhenylbutazone 17.6 + 2.4 15.6 ¢ 2.1 14,2 + 1.9 13.0 + 1.8 g 0T 2,
Evdrocortisone 19.0 + 2.0 19.8 + 2.2 18.1 + 2.6 18.0 + 1.7 17.8 +. 3.5
Cyclophosphamide .0 + 2.02  10.% + 2.42 4,8 + 0,72 5.0 + 0.72 6.4 + 1.8

ignificantly different from Positive Control values: = P<.05-7% .01;

Sig
b p¢.o1-).001.

Zd



Table V.-- Drug Effects on Inflammogrem Scoring in bevelopinq Ad juvant Arthritis

Treatment Group

Percent Change in Inflammogram Score2

Day

0] Day 3 Day 6 Day 9 Day 12 Day 15

Negative Control
(singly housed)

Negative Control
{doubly housed)
Positive Control
Cryogenine
Fhenylbutazone

Hydrcecortisone

Cyclophosphamide

-12 =21 -28 -19 =11
-19 ~39 =35 -36 + 3
+12 -26 -25 - 8 +26
+17 + 8 + 6 -40 -57

2 percent change

calculated from Positive Contrel values.

€L



Table VI.-- Drug Effects on Inflammoaran Scoring in Developing Adjuvant Arthritis

Percent Change in Inflammogram ScoreZ

Treatment Group Day 18 Day 21 Day 24 Day 27 Day 30
Negative Control - - - - -
(singly housed)

Negative Control ——— -— -— - -——
(doubly housed)

Fositive Ceontrol —-—— —— —— —— -—
Cryogenine -5 0 + b -3 - 2
Phenylbutazone 0 =13 =13 -1i5 -17
Hydreccortisone + 8 +10 +10 +18 +22
Cyclophosphamide  -49G -42 -71 -67 =56

a

Percent change caleculested from Positive Control values.

1l



Teble VIiI.-- Drug Effects on Hindpaw Swelling in Develcoping Ad juvant Arthritis

Mean Incculated Hindpaw Velume, ml 4+ S.E.

Treatment Group Day O Day 3 Day 6 Day ¢ Day 12 Day 15
Negative Control 1.08+£0.16  1.46+0.06% 1.46+0.07% 1.95+0.092| 1.86+0.112 1.66+0.062
(singly housed)
Negative Control  1.1240.04  1.4840.06= 1.65:0.05%  1.71+0.05%| 1.7440.05& 1.80+0.06%
(doubly hnoused)
Positive Control  1.03+0.05 2.7640.1C  3.1740.20  3.37+0.24 | 3.26+0.24  3.4140.30
Cryogenine 1.0540.06 2.3340.122  2.5040.092  2.5540.082 | 2.5940.13% 2.84+0.12

, b
Phenylbutazone 1.1640.04  1.97+40.07%  2.3240.10°> 2.62+0.12% | 2.71+0.12  3.0240.13
Hydrocortisone 1.0340.04 2.8640.12  3.0140.16  3,1240.17 | 3.04+0.15  3.70+0.16
Cyclophosphamide  1.18+0.03 2.86+0.16  3.18+40.i1  3.3440.16 | 3.0940.16  2.61+0.18

Significantly different from FPositive Control values: - P{.05~ 2.01;
b p¢.01-).001; & P ¢.001.

5L



Table ViII.-- Drug Effects on Hindpew Swelling in Developing Ad juvent Arthritis

Meen Inoculated Hindpaw Volume, ml +S.E.

Treatrent Group Day 18 Day 21 Day 24 Ley 27 Dey 30
Negative Control 1.86+0.062 1.74+40.092 1.77+0.062 1.85+0.072 2.0140.102
(singly housed)

C o ~
Negative Control 1.8?10.049- 1.8110.069' 1.7740.06— 2.0240,06— 1.61+0,06=
(doubly housed)
Positive Control  3.69+0,32 L,1240.38 4.,36+0.42 4,20+0,.45 4,20+0.58
Cryogenine 3.2040.11 3.73+0.20 3.97+0.21 L.00+0.28 £,10+0.32
Fhenylbutazone 3.88+0,.18 4.2040.21 4.15+0.24 4.,1840.25  3,98+0.31
dydrocortisone 4,1240.21  4.4940.25  4,5740.21  5.06+0.21 5,13+0,22
Cyclophosphamide 3.2740.25 3.1240.162  3,40+0.33 3.3440.25 3.0240.21

ignificantly different from Positive Control values: §-§14.05~‘7.01;
P £.01-).001; & E ¢.CO01.



Teble IX.-- Drug Effects on Hindpaw Swelling in Developingz Ad juvant Arthritis

Fercent Change of Inocculated Hindpraw Volume

Treatment Group Day 0 Day 3 Day 6 Day 9 Day 12 Day 15

Negative Control - P —— . i e
(singly housed)

Negative Control - -— — s P o
{doubly housesd)

Positive Control —-——— - —— -—— —— kit
Cryogenine -—— -256 -32 -36 | -31 -25
FPrenylbutazone -——— -53 ~L6 -38 -30 «29
Hydrocortisone -—— + 6 - 8 -11 ~10 | +12
Cvclophosphamide - -3 -7 - 8 -1k -27

L



Table X.-- Drug Effects on Hindpaw Swelling in Developing Ad juvant Arthritis

Percent Change of Inoculated Hlindpaw Volume

Treatment Group Day 18 Day 21 Day 24 Day 27 Day 30

Negative Control -—— | -—— —— —— -
(singly housed)

Negative Control -—— —— ——— P ) L
(doubly housed)

Positive Control - —— - S Py
Cryogenine -19 -13 -12 - 7 -5
Fhenylbutazone -2 -2 -10 - 5 -12
Hydrocortisone +16 +12 + 6 +27 +28

Cyclophosphanide -22 -37 -33 -32 -43

~3
(¢



Table XI.~- Drug Effects on Hindpaw Swelling in Developing Ad fuvant Axrthritis

Treatment Group

Mean Non-Inoculeted Hindpaw Velume, ml +S.E.

Bay 0 Day 3 Lay 5 Day 9 Day 12 Day 15
Negative Control  1.1240.04 1.23+0.15 1.24+0.07 1.65+0.09 1.71+0.0 1.6040.08
(singly housed)
Negative Control 1.19+0.05 1.304+0.04 1.36+0.05 1.46+0.05 1.49+6.03 1.63+0.06%
(doubly housed)
Positlve Control 1.07+0.04 1.27+0.07 1.3040.07 1.4140.06 1,78+0.14 2.18+40.21
Cryogenine 1.0740.04  1.23+0.07 1.18+40.07 1.30#0.06  1.44+0.13 1.72+0.16
FPhenylbutazone 1.2140.04  1.3540.07  1.45+0.06  1.43%0.06  1.60+0.06 1.9440.1
Hydrocortisone 1.1540.03  1.4240.07  1.5040.04  1.4140.03  1.68+0.09 2.2940.1
Cyclophosphamide  1.3040.93  1.2830.06  1.34+0.03  1.3340.04  1.%44:0,04% 1.&?10.049

Elg ificantly different from FPositive Contrel values: 23 P L.05- 2.013
= P {.Cx- 2 .0001.



Teble XII.-=- Drug Effects on Hindpaw Swelling in Developing Ad juvant Arthritis

Mean Non~Inoculated Hindpaw Volume, ml +3.E.

Treatment Group Day 18 Day 21 Day 24 Day 27 Day 30
Negative Control 1.68+0.98 1.72+0,.08 1.65+0.06 1.75440.05 1.87+0.07
(singly housed)
Negative Control  1.68+0.052  1.67+40.052 1.65+0.042 1.75¢0.052  1.67+0.088&
(doubly housed)
Positive Control  2.2040.21 2.4640.23. 2.4140.25 2.33+0.22 2.30+0.30
Cryogenine 2.,09+0.20 2.6040,.30 2.66+0.33 2.65+40.33 2.43+0.35
Phenylbutazone 2.2440,16 2.41+40,20 2.40+0.24 2.59+0,30 2.53+0.35
Hydrocortisone 2.6940.22 2.74+0.30 2.6740.25 2,.95+0.32 3.36+0.42
Cyclophosphemide  1.61+0.03%  1.62+40.052  1.6020.042  1,81+0.15 1.86+0,19
Significantly different from Positive Control values: = P {.05- 2.01;
2P (.01-).001.
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Table XIIT.-= Drug Effects on Hindpsw Swelling ir Developing Adjuvant Arthritis

Percent Change of Non-Inoculated EHindpaw Volume

Treatment Group Day © Day 3 Day 6 Day ¢ Day 12 Day 15

Negative Control - PR s e — —_— v )
(singly housed)

Negative Control —— - —— P PRSI, s
(doubly housed)

Positive Control —— - - - —— e
Cryogenine -—- =20 -52 -32 -48 -42
Phenylbutazone - =30 + 4 -35 -L5 -34
Hydrocortisone -— +35 + 9 -24 -25 + 3
Cyclcophosphamide -—— +110 -83 -91 ~-80 -85

8



Table XIV.=-= Drug Effects on Hindpaw Swellilng in Developing Adjuvant Arthritis

Percent Change of Non-Inoculated Hindpaw Volume

Treatment Group Day 18 Day 21 Day 24 Day 27 Day 30.
Negative Control - - ——— s P
(singly housed)

Negative Control -——— —-—— - i - -
(doubly housed)

Fositive Control -——— - —— i Rl
Cryvogenine =10 +10 +21 +25 +10
Phenylbutazone -9 -14 -1 +10 + 7
Hydrocortisone +36 +14 +13 +413 +80
Cyclophosphamide -73 -y -78 -60 -54

28



Figure 19.-- Drug Effects on Body Welight During Deveioping AA.

Key -- Negative Control (doubly housed} 0.25% agar 10 ml/kg O--O:
Positive iControl 0.25% agar 10 nl/ks @—@: ‘
Cryogenine 100 mg/kg A-A; Fhenylbutazone 100 kng/ks 3
Hydrocortisone 10 mg/kg [F-{J:; Cyclophosphamidel 6 mg/ke B—H.
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Figure 20.-- Drug Effects on Inflaxmogram Sceoring During beveloping Afd.

Key -- Negative Control (doubly housed) 0.25% agar 10 ml/kz O-0O:
Positive Control 0.25% agar 10 ml/ke €—@;
Cryogenine 100 ng/Xg & -A; FPhenylbutazone 100 mg/lg A—A;
Hydrocortisone 10 mg/kg [F-{1: Cyclecphosphamide 6 mg/kg S—8.

$8
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Key -- Negative Control (doubly housed) 0.25% agar 10 ml/kg C~-O3

Positive Control 0.25% agar 10 ml/kg &—@;

Cryogenine 100 mg/kg & -A; Fhenylbutazone 100 mg/kg & A

Hydrocortisone 10 mg/kg [(F-[0; Cyclophospnamide 6 mg/k

|
&
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!
Figure 22.-- Drug Effects on Non-Inoculated Hindpaw Volume Du&‘ing Developing AA.

Key -- Negative Control (doubly housed) 0.25% agar 10 ml/kg Q——o.

Fositive Control 0.25% agar 10 nl/Xs ©—@;

Cryogenine 100 mg/kg A —A; Phenylbutazone 100 mg/kg A4 ;

Hydrocortisone 10 mg/kg [—-J: Cyclophosphamide

6 mg/kg B—4.
|
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2, Established Adjuvant Arthritis.-- Between days

16 and 31, the negative control animals weighed signifi-
cantly more (P &.001) than the positive control animals
(Table XV)Q and had signifiecantly lower inoculated (P ¢.001)
and non-inoculatedl(g‘:.OI) hindpaw volumes (Tables XVIII
and XX). On day 16, (prior to actual drug treatment) all
positive control and drug treatment groups were notsignifi=
cantly different in terms of the various experimental
parameters, (Tables XV, XVI, XVIII and XX) with the
exception of the crycgenine group which weighed signifl-
cantly less (P ¢ .05) than the positive control group.

During the experimental period, all drug treated
groups remalined egulvalent in body welght to the positive
control group. While the cryogenine-treated group welghed
significantly less before and during drug admninistration,
this difference became not significant on day 31 (Table XV).

The inflammogram score was significantly reduced
(P¢ .05) on day 31 by phenylbutazone, but remained equivalent
to the positive control group for all other drug-treatment
groups (Table XVI).

The mean inoculated hindpaw volume was significantly
reduced on days 28 and 31 by cryogenine and hydrocortisone

(P¢ .05) and on days 22-31 by phenylbutazone (P < .0l) (Table

3 For convenience, Tableg XV-XXI are grouped together on

pages 93-99.
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XVIII). Cyclophosphamide did not significantly reduce the
inoculated hindpaw volume Auring the experimental period.

The mean non~inoculated hindpaw volume was signifi-
cantly reduced only by phenylbutazone on days 22,25 and 28
(P¢ +05-» .,01). While cryogenine and hydrocortisone

reduced the response, this activity was not significant

(Table XX).




Table XV.-=- Drug Effects on Body Weight in Established 4d juvent Arthritis

Mean Body Welight, gm +S.E.

Treatment Group Day 16 Day 19 Day 22 Day 2% Cay 28 Day 31

Negative Control 261 + 102 281 + 102 298 + 112 310 + 122  [323

|4
}=
-
[=g
(o}
™
0
1+
pord
N
o’

Positive Control 203 + 6 168 + 6 194 + 7 200 + 8 208 + 10 212 + 12
Cryogenine 177 + 72 171 + 82 164 + 92 169 + 102 174 + 138 174 + 16
Phenylbutazone 166 + 10 187 + 9 192 + 12 208 + 12 209 + 1k 231 + 15
Hydrocortisone 192 + 7 193 + 8 202 + 7 220 + 9 233 + 11

i o 203

Cyclophosphamide 186 + 6 180 + 7 178 + 9 181 + 11 184 + 13 204

|4
E
-

gignirlcantly different from Positive Control values: = P { .05- ) .01;
2 p ¢.001.



Table XVI.-- Drug Effects con Inflemmograem Scoring in Esteblished Adjiuvant Arthritis

Mean Inflammogram Score +S.E.

Treatment Group Day 16 Dey 19 Day 22 Day 25 Dsy 28 Day 31
Negative Control 0 0 0 0 0 0
Positive Control  18.3+2.6 20.3+42.0 19.4+1.5 20.1+1.5 16.9%1.6 20.1+1.7
Cryogenine 21.942.7 21.942,7 20.1+2.3 -18.3+2.5 18,5#2.7 16.1+3.0
Fhenylbutazone 20.743.0 19.6+2.5 18.43#2.0 16.6+2.0 1b.4p2.2 13.6+1.82
Hyarocortisone 19.242.5 21.4+42.3 19.9+2.4 19.042.3 18,142, 4  16.4+41.7
Cyclophosphamide  18.1+2.3 19.442.0 19.3+41.9 16.5+2.6 18.0%2.9 16.8+3.0

Significantly different from Positive Control values: = P<£.0p~7 .01,



Teble XVII.-- Drug

Effects on Inflommogram Scoring in Esteblished Adiuvant Arthritis

Treatment Group

Percent Change in Inflammegram Score

Day 16 Day 19 Day 22 Day 25 Day ‘28 Dey 31

Negative Control

Fositive Control

Cryogenine

Fhenylbutazone

Hydrocortiscne

Cyclophosphamide

- + 8 + kb -9 a1 -20
- -3 -5 ~17 -28 -32
s + 5 + 2 -5 -G ~-18
S— -4 o} -18 -10 -16

2 percent change calculated from Positive Control values.

Gh



Table XVIII.-- Drug Effects on Hindpew Swelling in Established Adjiuvant Arthritis

Mean Inoculated Hindpaw Volume, ml +S.E.

Treatment Group Day 16 Day 19 Day 22 Day 25 Day 28 Day 31

~

Negative Control  1.750.05% 1.75+0.03% 2.01+0.06% 1.9140.05%| 1.89+#0.07% 1.86+0.05%

Positive Control 3.59+0.18 3.99+0.20 L,20+0.22 4.57io.25 L,56+0,27 4.63+0.25

Cryogenine 3.80+0.23 L.0240.26 3.63+0.24 3.78+0.32 3.?1i0.26§ 3.53+0,38%
Phenylbutazone 3.90+0.22 3.67+0.17 3.18+0.132  3,12+0.18% | 3.01+0.17% 3.20+0.21%
Hydrocortisone 3.87+0,22 4.00+0.21 3.96+0.24 3.91+0.25 3.7440.228  3,73+0.272

Cyclophosphamide 3.54+0.24 L,034+0.25 4,03+0.32 4,10+0.39 3.9840.35 3.72+0.38

ignificantly diffe

S T or Positive Control values: £ P .05~ .01;
2 P.01-).001; &P :

ent fr
¢ 001

= O



Table XIX.=-- Drug Effects on Hindpew Swelling in Established Adjuvant Arthritis

Percent Change of Inoculated Eindpaw Volume

Treatment Group Day 16 Day 19 Day 22 Day 25 Day 28 Day 31

Negative Control -——— -— - ——— | - | soen
Fositive Control - - - —— e e
Cryogenine - + 3 -19 -24 -25 -33
Fhenylbutazone -— -13 =37 -46 50 -45
Hydrocortisone -—- -2 -19 -22 ~28 -30
Cyclorhosphemide - + 2 - 6 -15 -18 -28

L6



Table XX.-- Drug Effects con Hindraw Swelllng in Established Ad juvant Arthritis

Treatment Group

Mean Non-Inoculated Hirndpaw Volume, ml +S.E.

Day 16

Pay 19

Day 22

| Day 25

Day 28

Negative Control

Positive Control

Crycgenine

Fhenylbutazone

Hydrccortisone

Cyclcphosphamide

1.63+0.062
2.58+0.26
2.85+0.29
2.82+0.33
2.67+0.29

2.65+0.22

1.64+0.,06%
2.9240.24
2.,79+0.24
2,6240.20
2.7740.26

2.88+0.18

1.79+0.07%
3.03+0.25
2.60ip.1§
2,35+0.148
2.8140.22

2.81+0.20

1.75+0.092
3.07+C.30
2.60+0.23
2.30+0.11%
2.87+0.32

3.0240.27

1.66+0.04%
3.07+0.28
2.4740.19

2.18+6.132

Significantly different from Positive Control values: §-E_<.05— 7 013
B P £.01> ».0013 & P .,00L.
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Table XXI.-- Drug Effects on Hindpaw Swelling in Established Adjuvant Arthritis

Percent Change of Non-Inoculated Hindpaw Volume

Treatment Group : Dayv 16 Day 19 Day 22 Day 25 Day 28 Day EE‘
Negative Control —-_—— —_—— —— o i — ——
Positive Control ——— -—— -—— -—— -—— -———
Cryogenine ——— - 3 =21 =23 -30 ~27
Phenylbutazone - -1¢ 40 =Ll -52 -40
Hydrocortisone —— -11 -14 -13 -18 - ¢
Cyclophosphamide -—— -1 -11 -1 +16 -3

66



|
Figure 23.,-- Drug Effects on Bcdy Welght During Established AA.

Key -- Negative Control (doudly housed) 0.25% agar ;0 rl/kg O~--Os

Positive Control 0.25% agar 10 ml/kg ©—@;

ryogenine 100 mg/kg & A ; Fhenylbutazone 100 ‘mg/r:g; A—A

Hydrocortisone 10 mg/kz O--{1: Cyclophosrhamide

6 mg/kg B—@.

00T
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Figure 24.-- Drug Effects on Inflammogram Score During Esltablished AA.

Key -- Negative Contrecl (doubly housed) 0.25% agar 10 m;./kgo—o,
Fositive Control 0.25% agar 10 nl/kXg @—@:
Cryogenine 1C0 :ng/kt, N -A; Pnenylbutazone 100 '“g/ kg A—A
Hydrocortisone 10 mg/kg [1-{J; Cyecl ophosphamide 6 mg/kg E—E3.

20t
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Figure 25.-- Drug Effects on Inoculated Hindpaw Volume During Esteblished AA.

Key =- Negative Control {doubly housed) 0.25% agar 10 "v"/kg@—-o;
Positive Contrel 0.25% agar 10 ml/l'g o—Q;
Cryogenine 100 mg/kg A& -A; Phenylbutazone 100 mg/kg A———A-
Hydrocortisone 10 mg/kg [(--{1: Cyclophosphamide 6 mg/ﬁa E—EE.

#0T
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Figure 26.-- Drug Effects on Nen-Incculated Hindpaw Volume During Established 2A.

Key -- Negative Control (doubly housed) 0.25% agar 10 ml/kg O--QOj;
Fositive Control 0.25% agar 10 ml/kg ©—©: ‘
Cryogenine 100 mg/kg A--A; Fhenylbutazone 100 mg/kg &—A;
dydrocortiscne 10 mg/kg C+--; Cyclophosphamide 6 mg/kg &E—H.

901
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DISCUSSION

The present investigatidn is directed towards
resolving the question of whether cryogenine possesses:
(1) only Al activity, or (il) mixed AI-IS activities. A
drug administered in conjundtion with an cngoing lmmune
process and which significantly prevents the development of
correlated inflammetory manifestations is defined in this
study as an IS drug. A drug administered in conjunction

with an ongolng inflammatory process and which brings about

“a slgniflicant reduction in the inflammatory manifestations

correlated with that process is defined here as an AI drug.
Drugs administered during developing AA (days -1 to 12)
are present during the formation of immunocompetent

lymphoeytes and obviously not present during the subsequent

establishment (days 18-29) of the lmmune-medisted inflammation.

This statement 1ls further supported by the observations that:
(1) AA can only be transferred via sensitized lymph node
cells between the 8th-14th post-inoculation days (19), and
(11) the immune-mediated inflammation never appears before
11-14 days after inoculation (4#)., A true IS drug admin-
istered during developing AA should significantly prevent

the development of the immune-mediated inflanmation.
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Cyclophosphamide represents the most widely used alkylating
agent in both experimental and human therapy (90). Experi-
mental autoimmune encephalomyelitis and thyrolditis in rats
and systemlic lupus erythematosus and rheumatoid arthritls in
nan represent immune-mediated, chronic inflammatory disorders
amenable to ﬁreatﬁent with cyclophosphamide (90,%1). The
secondary responses §eep_in the inflsmnogrem score (Fig. 20
and the non-inoculated hindpaw volumes (Fig. Z2) represent
quantified expressions of lumune-mediated inflammation. In
the present study, cyclophosphamide administered during.
developing AA significantly prevented the development of
jmmune-mediated inflammation. This is evidenced in Filgs., 20
and 22, These results are in agreement with those reported
by Perper et =2l. (55). A significant reductlion in the
inoculated hindpaw occurred only on day 21 with cyclophos=-
phamide (Table VIII). It was noted by Ward and Jones (15)
relatively high concentrations of adjuvant remain at the
site of inoculatlion throughout the observation period.

The reletively greater inoculated hindpsw volume (compared
to the non-inoculated hindpaw voluwe, (Tables VII vs. XI

and VIII vs. XII) undoubtedly reflects protraction of the
earlier non-immune-medlated, acute inflammatory reaction.
Therefore, an IS drug would not be expected to be completely
effective since the inflesmmation is only partially attri-
butable to an immune reaction. Posltlve control animals

grew at a reduced rate relative to negative controls during
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the.coursa of AA (Fig. 19). Since a decreased weight gain
1s conslstent with a severe chronic inflammatory disease,
and since cyclophosphamide significantly prevented the AA
disease, it was also predictable to find cyclophosphamide~
treated animals developing a much larger overall mean gain
in body weight (cyclophosphamide~treatment = <140 gm,
agar-treatment = +94 gm), =

Phenylbutazone and hydrocortisone represent clinically
effective Al drugs useful in a variety of chronic inflamma-
tory disorders. Paulus et gl. (92) have indicated that
while the glucocorticoids cause a lymphocytopenia and are
capablq of modifying delayed hypersensitivity responses,
this action is believed to result from & non~gpecific, antl~
inflammatory effect rather than direct suppression of the
underlying immunologicsl phenomenon. In the present study,
phenylbutazone and hydrocortisone administered during
developing AA provided no significant profection against
the development of the immune-nediated inflammation (Figs. 20-
22). Consistent with this lack of protection was a lack of
significance between body welights of positive control animals
and drug treated animals. These results are in essentlal
agreement with those of Perper et al. (55).

As previously discussed, Koserky et él. (79) have
shown that cryogenine provided a relatively long lasting

anti-inflammatory effect after termination of treatment in

AA. In this instance, the drug was administered during the
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developing periocd (days -1-12) and through the 20th post-
lnoculation day. Two explanations are possible for this
long lasting effect:s (1) since the drug was administered
through the sensitizing period (days 1-14) and during the
period of established inflammation (days 15-20), this
observation was due to an unusually long scting anti-
inflammatory effect, or (il) since the drug was administered
during the sensifﬁzing period this observation was due to
mixed immune suppression and anti-inflammatory effectiveness,
In the present study, cryogenine administered during
developing AA provided no significant protection ageinst

the development of the immune-mediated inflammation (Filgs, 20;
22), nor reversal of decreased body welght gain. Thus, it
can be deduced that cryogenine's long lasting effect in

the study by Kosersky et al. (83) was due to a specific
suppression of the chronic inflammation and not to immune
suppression.

Drugs administered during established AA (days 18-29)
are present during the course of a chronic 1nf]ammatory
reaction. The histological features include a mononuélear
inflammatory cell reaction coupled with an intensive connec~
tive tissue reaction (7). The inability to transfer AA after
the 14th post-inoculation day (19) suggests that this periocd
1s not associated with an immune reaction, Therefore, a
true AI drug adninistered during established AA should

slgnificantly reduce the inflammatory symptoms. In the
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present study, cryogenine, phenylbutazone and nydrocortisone
significantly redubed this established inflammation in the
inoculated hindpaw as shown in Fig. 25. On days 28 and 31
cryogenine reduced the inoculated hindpaw volume by =25%

and -33% (Table X1X). Also on days 28 and 31 hydrocortisone
reduced the inoculated hindpaw volume by -28% and -30%
(Table XIX). Fhenylbutazone was effectlve on days 22 (-37%),
25 (-U6%), 28(:55%) and 31 (-45%). Morecover, phﬁﬁylbutazone
produced a significant lowering of the inflammogram score on
day 31 (-32%) (Tables XVI and XVII), and brought about a
significant reduction in the non-inoculated hindpaw on days
22 (~40%), 25 (-44%) and 28 (-52%) (Tables XX and XXI). The
overall effects for all three‘drugs ¢can be seen in Figs. 2L
26. Cyclophosphamide did not produce any significant
reduction in the established inflammation which would appear
to be conslistent with its ilmmunosuppressive effects during
developing AA. These results are in essentlal agreement
with those of Ferper et al. (55).

Since the acute inflanmation which follows the hindpaw
inoculatlon (days 1-9) does not depend upon an immune
reaction, AI drugs adninistered during this period should
reduce the inflammatory symptoms. The first phases of the
inflammogram score (Fig.20) and the inoculated hindpaw volume
(Fig. 21) represent quantified expressions of this non-immune
inflammatory reaction. Cryogenine and phenylbutazone

significantly reduced this acute inflammation as shown in



113

Flgs., 20and 21. Cryogenine was active against the inoculated
hindpaw volume on days 3 (=-26%), 6 (~32%), 9 (-36%) and 12
(-31%). Phenylbutazone was active on days 3 (-53%), 6 (-46%),
and 9 (-38%). Both drugs also significantly reduced the
inflammogram scofe: cryogenine on day 9 (-28%) and phenyl-
butazone on days 5 (=19%), 6 (=39%) and 9 (-35%). Hydro-
cortisone and cyclophosphamide were not slgnificantly active
during the acute phase. These results are consistent with
those of Waltz et al. (56) and generally confirm the AI
activity of eryogenine and phenylbutazone determined during
established AA. Hydrocortisone appeared to have some
anti-inflammatory effect but the degree was not statistically
significant. A higher dally dosage of hydrocortisone
probably would have ylelded a positive anti-inflammatory
reaction, since hydrocortisone has been shown by Kaplan et
al. (71) to reduce this response.

In summary, cryogenine at an effective anti-inflamma-
tory dose possessed no capacity for suppressing an immune
reaction of the DHS type. However, cryogenine did suppress
the acute inflammation and the chronic, estéblished inflamma-
tion during developing and established AA., This confirms
previous studles theorizing cryogenine's non-immune anti-
Inflammatory activity.

As seen in Appendix D, during developing AA, sigﬂifi-
cantly less water was consumed by both cryogenine-treated

animals (CGN) (P { .05~ ) .01) and the positive control group
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(PC) (P ¢ .01~ ».001) relative to the negative controls (NC).
There was no significant difference in urine voided between
groups. Despite the facts that lythrine 1s a geometric
isomer of cryogenine (Fig. 1) and has been reported to
possess potent diuretic activity (84), cryogenine itself
does not appear to possess diuretic potential., Further

studies should be done %o establish this in normal animals.
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CONCLUSION

The interval between the lst-12th post-inoculation
day in rat AA represents the time needed for the induction
and release of lmmunocompetent lymphocytes. The generalized
articular (non-inoculated hindpaw) and non-articular (tail
and ears) inflanmatory symptoms occurring between the 12th
and 30th day represent manifestations of a delayed hyper-
sensitivity reaction mediated by these immunocompetent
lymphocytes. In the present investigation, cyclophosphamide
administered only during this induction perioed, signifi-
cantly prevented the development of both articular and non-
articular inflammatory manifestations (Fig. 17b). This
protection was also indirectly evidenced by the slgnificant
body welght gain seen in cyeclophosphanide-treated animals
(relative to untreated, positive control aninals) between
the 18th and 30th day. Cryogenine as well as clinically
effective Al drugs (phenylbutazone and hydrocortisone)
administered during the induction pericd provided no
protection against the delayed immune-mediated inflammation
(Fig 17a).

Since the sustailned chronic inflammation present in

rat AA between the 18th and 2%9th post-inoculation days
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occurs after the seﬁsltizing pericd, true AI drugs admin-
istered during this interval act only to reduce the
inflammatory symptomology. On the other hand true IS drugs
administered in this time period would not be expected to
be effective. Cryogenine, phenylbutazone and hydrocorticone
were effectlve during this 1ﬁterva1. while cyclophosphamide
was without any significant effect (Fig. 18b).

The inoculated hirndpaw between days 1-G presents an
acute inflammstory resction mediated by the non-specific
intradermal intrusion of the mycobacterium ad juvant.

Again, since this reaction is not assoclated with a
sensitizing period, then one should expect results analogous
to those for AI and IS drugs administered only during the
established periocd (18-29). Cryogenine and phenylbutazone
provided significant reduction of the inoculated hindpaw
swelling during the acute period, hydrocortisone was only
marginally effective, and cyclophosphamide provided no
anti-inflammatory activity (Fig. 18a).

Past investigators have documented cryogenine's
anti-inflammatory activity in non-immune medlated experi-
mental inflammatory models (e.g., carrageenin pedal edema
assay). The present investigation forwards the thesis
that cryogenine's anti-inflammatory activity in experi-
mental rat AA 1s not attributable tp immune suppression,
but appears to result from suppression of one or more of

the non-specific mediators and/or events of the inflamma-

tory process.,
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Cryogenine does not appear to have any dluretic

activity during the treatment of developing& AA.
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AFPENDIX A
Definitions of Abbreviations Used in the Text

AA = adjuvant arthritis
AGR = agar

Al = anti-inflammatory
b.p. = boiling poinﬁ

BSA = bovine serum albumin
BW = body welght

OC = degree Centigrade

CDF = trade name for a highly inbred rat specles

Q
=
=
1

= cryogenline

cm = centimeter

CNS = central nervous system

CFM = cyclophosphamide

PDHS = delayed hypersensitivity

dia = dianeter

ESR = erythrocyte sedimentation rate
°F = degree Fahrenheit

gm = gram

h = height

H = head
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HEA = hen egg albumin
hr = hour

IF = intraperitoneal

IR = infrared

IS = immunosuppressive
18 = inflammogram score
kg = kilogram

1bs = pounds

LD = lethal dose

LHFV = left hindpaw volume
meg = mlcerogram

mg = milligram

ml milliliter

i

millinmeter

L

Iom
mv = millivolt

NC = negatlve control

N.F. = Natiocnal Formulary

P = probability

FC = positive control

pPH = negative logarithm of the hydrogen ion concentration

FMNs

i

polymorphonuclear leukocytes

I

PELO pleuropneunonia-~like organisms



r = radius

RA = rheumatold arthritis

Rp = relative fractional distance

RAFV = right hindpaw volume
R.P.M., = revolutions per minute
S.E. = standard error

sec = gecond

T = tall

TLC = thin layer chromatography

120



APPENDIX B
Isolétion'and Purification of Cryogenine$

1+ Petroleuvm IFther Extraction.-— A Wiley milla reduced the

dried overground plant1 to a semifine powder which was
defatted by continuous extraction using petroleum ether,
b.p. 30-60°C and a large volunme soxhletg.' Elght to twelve
defattings (400 gm of powdered material defatted/extraction)
were accenplished using the same petroleum ether solvent,

The defatted material was air dried overnight.

2. Methanol Extraction.-=- The materisl was extracted with

absolute methanol continuously for 48 hr in a large volume
soxhlet. Six extractions were accomplished with the same
absolute methanol. The thimble solutlon was checked with

Wagner's 1 for completion of extraction. The methanol

L petroleum ether and methanol extractions were previously
done by Stanley T. Cmaye and Roy G. Knickelbein. The
present work began with the methanol extract and proceeded
according to the general scheme used by Omaye (85) while

2 incorporating several modifications.

= Arthur H. Thomas Co., Phlladelphia, Pennsylvania. Standard

3 model #3, 2 wm mesh screen,

S.B. Fenick & Co., 520 New York Ave., Lyndhurst, New York.

y Heimia salicifolia Lot BKC 752.

Kontes Glass Co., 2809 Tenth St., Berkeley, California.
Extraction apparatus, Soxhlet K-58500.
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extract was poured into large evaporating dishes, placed

under an exhaust hood and allowed to sit for about one year.

3. Diethyl Ether Extraction.~-- One part warm (40°C) singly

distilled water and one part methanol extract were mixed
together, acidified to pH 21_(10% hydrochlorie acid) and
stirred for about one hour. This acidified agueous extract
was diluted spproximately 1l00% in singly distilled water
(pH re-ad justed to 2) and filtered through celite? with
suction. The precipitate was washed with singly distilled
water producing an approximate 50% increase in the filtrate
volume., The filtrate (pH re-adjusted to 2) was defatted in
a liguid-liguid ether extractord for at least 48 hr. Upon
completlon, the clear ether leyer waeg removed and the

agqueous layer basified to pH 9 (8% ammoniuvm hydroxide).

L, Chloroform Extraction.~~ The alkaline aqueous suspension

was extracted in a liguid-liquid chloroform extractorﬂ for
. 48 hr. The chloroform was evaporated in vacuo at 10°¢
(constant temperature water bath) with a rotating flash-

evaperator. The resultant light yellow residue represented

s

Corning Glass Works, Medfleld, Massachusetts. Corning
Scientific Instruments pH meter, mecdel 10.

J.T. Baker Chemical Co.,, New Jersey. Cellte 503, Lot No.
2_3?23l ‘
Ace Glass Inc., Vineland, New Jersey. Ether extraction
apparatus #6840, 2000 ml,

Kontes Glass Co., 2809 Tenth St., Eerkeley, California.
Chloroform extraction apparatus K-587000,

Hav]

=
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an approximate 4% yield from the methanol extract.

5. Column Chromatography.-- The dry chloroform extract was
reduced to a fine powder in a glass mortar. The powder was
dissolved in a minimum volume of boiling chloroform, and
passed through a Buchner filter under suction. The filtrate
was reduced in volume using the flash-evaporator and added

in increments to a warm evaporating dish containing neutral
alunina oxideL (pre~treated with chloroform). Residual
chloroform was removed in an oven (60°C) leaving an admix-
ture of chloreform extract to alumina of 1:2. The admixture
was sprinkled into a glass column (length = 65 cm, dlawmeter =
4.5 em) containing neutral alumina oxide wet packed with
benzene (an excess of benzene was allowed to accumulate at

the top of the alumina so that the admixture would settle 1in
even layers). The chloroform extract to elumina column
packing represented a ratio of 1:30. Elution was accomplished
with the following sequence of solventst: (1) benzene (1000
ml), (131) 2% absolute ethanol in benzene (1000 ml), (1i1) 4%
absolute ethanol in benzene (2000 ml), (iv) chloroform

(1000 ml) and (v) 1:1 chloroform to absolute methanol (1000 ml).

Fractions collected were spotted with reference cryogenineg

i Brinkmann Instruments, Inc., Cantiague Rd., Westbury,

New York. EM reagents-aluminum oxide active neutral
(activity 1)« AYt. 1077,

= Supplied by Dr. A.E. Scnwarting, School of Pharmacy,
University of Connecticut, Storrs, Connecticut,
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on thin layer chromatographyL (TLC) plates and developed
using a Gil, benzene to absolute ethanol solvent system.
Fractions contalning cryogenine were collected in 30 ml
volumes, (in general, the alkaloid was first detected Jjust

after 2,85 liters of effluent had been collected).

6. Crystallization.-- Column fractions were flash-evaporated

B e e

dissolved in a minimum of boiling chloroform. A 100% excess
of chloroform was added and the resultant scolution passed
through a Buchner filter under suction. The filtrate volume
was reduced spproximately 75% by boiling and the solution
placed in the cold. Crystals were collected on a Buchner
filter under suction and washed two to three times with cold
chloroform. Re-~crystallization involved the following
unvarying procedﬁre: (1) the crystals were dissolved in a
minimum of hot chloroform using a water bath malntained
between 52°C and 54°c, (11) the solution was covered and
placed in the cold, and (311) the résulting crystals were
collected as bvefore on a Buchner filter, washed two to three
times with c¢old chloroform and air dried on the filter under
reduced suction. This procedure was repeated five to six
times. Esch yield was checked for purity using the

previously described TLC system. Final re-crystallization

1 Brinkmsnn Instruments, Inc., Cantiague Rd.,, wéstbury.
New York. TLC-plates-aluminum oxide (Type E) Fogys
pre-coated, 5 x 20 cm.
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was accomplished with elther $5% ethanol or absolute methanol.
The procedure was the same gs before, except that the water
bath was increased in temperature to the bolling poinﬁ of

the solvent. Using methanol, the solution volume had to be
reduced by about 50% (by boiling) and the vessel seratched
and/or seeded to effect crystallization. The final batch

of crystals were dried in vacuo at 110°C with phosphorus
pentoxidel. The yield from'fhe methanol extf%ct was about

0.3% ox about 4% from the chloroform extract.

7. Analysis.-~ Cryogenine base melted at 248-250°C
(reference cryogenine reported at 25300).§

Rp valueg were determined using the previously
described TLC system with the following modifications:
(1) 24 mcg spotted on activated alumina oxide plates, (11)
the solvent sysﬁem consisted of a 93] mixture of benzene
and 95% ethanol, (iil) a pre-saturated developing tank
(16 em x 6.5 em x 19 em) filled to a depth of about 1.5 cm
and (lv) the allowance of a 10 minute overrun for the
.solvent after a distance of 10 cm had been covered,
Cryogenine ran as a single spot; Rp 0.70 (reference
cryogenine, 0.71).

Amounts of 48 meg and 96 meg of cryogenine were

=

Fisher Scientific Co., Falr lawn, New Jersey. Fhosphoric
anhydride (purified), F.W. 141.95, lot 702704,

Arthur H. Thomas Co., Phlladelphia, Fennsylvania.

Thomas Hoover capillary melting point apparatus.

1o
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spotted on two-dimensional TLCL using absolute methanol

and 95% ethanol as developing solyents. As before, the
alkalold migrated as a single spot with some tailing, being
more noticeable with the larger sample.

Infrared absorption spectrag (IR) for both cryogenine
and the reference standard are deplcted on pages 127-8.
Blomster et al. (67) have reported the presence of major
absorption band; at 3500'cm'1 (OH), 1720 em” (carbonyl)
end two bands at 1605 em™! and 1510 em™! (indicative of
aromatic ring absorption).

It was noticed on TLC that after final re-crytalli-
zatlion some samples of cryogenine contained a second,
lighter» spot running about mid-way between cryogenine and
the origin., Thiz spot was generally detectable only when
sanple amounts of 100 meg or more were spotted. The
presence of a small amount of impurity might be consistant
with the slight reduction seen in both RF and melting point

values,

=

Brinkmann Instruments Inc., Cantiague Rd., Westbury,

New York. TLC plates silica gel, pre-coated, 20 x 20 cnm.
The Perkin-Elmer Corp., Norwalk, Connecticut. Fart No.
137-1280. Scan Speed = F, slit = N, XBr pellet.

o
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APPENDIX C

Infrared Spectra of Reference and Isolated Cryogenine
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AFPENDIX D

Effects of Cryogenine on "Water Consumption” and
“Urine Volded" During Developing Adjuvant Arthritis

Mean ml Mean ml
Day Water Consumption Urine Volided +S.E.
NC pc2 CGN2 NC PC CGN
0 28 32 25 5.140.5 4,7+0.8  5.141.5
1 23 25 23 4,3+0.6 6.8+2.2 4.,0+1,2
2 30 28 2L 3.840.4  L4,640.6  4.8+41.4
3 25 31 23 8.740.9  9.720.7  9.641.7
n 31 27 27 11.1+1.5  9.2+40,7  8.241.0
5 37 28 20 8.3£0.9  8.240.9  6.611.0
6 29 28 30 7.442.0  6.6+0.8  5.641.2
7 36 30 31 8.241.9  5.540.7 6.241.2
8 34 26 37 6.941.3  5.8+0.7 6.240.9
9 36 28 25 74141.0  5.130.7  3.740.6%
10 30 23 27 9.640.9  8,6+0.7 7.240.9
11 38 32 31 12.8+1.9 13.641.1 10.5+3.L
12 32 30 25 10.040.6 11.140.8  6.4+1.2
13 36 30 | 27 8.641.5 11.641.8 8.3+2.9
a

o

o

Significantly different from Negative Control P ¢ .01~ }.001

(days 0-13).

Significantly different from Negative Control P (.05~ ) ,0l

(days 0-13).

Significantly different from Negative Control P ¢ .02-) .01

(day 9).



e —

b,

W

7
8.

9-
10,

11.

8 5

3.

14,

15.

16,

130
REFERENCES

Pearson, C.M., Proc, Soc. exp. Biol, Med,, Gl: 95-101
(1956).

Waksman, B.H., and Bullington, S.J., Arch. Ophth.,
641 751762 (1960).

Pearson, C.M., Waksman, B.H. and Sharp, J.T., J. exp.
Med., 1131 485-509 (1961).

Waksman, B.H., Pearson, C.M. and Sharp, J.T.,
Jo Immunolsy 85+ 403-417 (1960 )+

Ward, J.R. and Jones, R.S., Arthritis Rheunm.,
51 125-126 (1962).

Glenn, E.M. and Gray, J., Am. J. vet, Res.,, 261 1180-

11G4 (L965),
Pearson, C.M., J. Chron. Dis., 16: 863-874 (1963).

Sokoloff, L., Mechanlisms of Hypersensitivity, Eds.:
Shaffer, J.H., LoGrippo, G.A., and Chase, M.W.,
Little, Brown and Company, Boston and Toronto, (1959%),
ppu 692“696-

Newbould, B.B., Brit. J. Pharmscol., 24: 632-640 (1965).

Glenn, E.M., Gray, J., and Kooyers, W., Am. J. vet.
RQS;. éé’ 1195”1203 (1965)-

Plliero, S+J«s Graeme, ¥.L., Sigg, BE.B., Chinea, G.,
and Colombo, C., Life Sci., 5t 1057-1069 (1966).

Piliero, S.J. and Colombo, C., J. Pharmac. exp. Ther,,
165: 294~29G (1969).

Pearson. C.M. and w00d| F-Dn; Al Jl Fath.; Eai 73"95
(1963).

Koneman, E.W., Pathoblology, Eds: Minckler, J.,
Anstall, H.B., and Minckler, T.M., C.V. Mosby, Saint
Louis, Missouri, (1971), pp. 200-201.

Jones, R.S. and Ward, J.R., Arthritis Rheum., 5 650~
651 (1962),

Newbould, B.B., Ann, rheum, Dis., 23: 392-396 (1964),




17,

18.
19

20.

21.
22,
23,
24,
25,

26,
27,

28'
29.
30.

31,
32,

33.

131

Turk, J.L. and Stone, S.H., Cell-bound Antibodles,
Eds: Amos, B, and Koprowski, H., wWistar Institute
Press, Philadelphia, (1963), p. 51,

Waksman, B.H. and Wennersten, C., Int. Arch. Allergy,
231 129-139 (1963).

Pearson, C.M. and Wood. F.D., J. exp. Med., 1201 547-
573 (1964),

Vassalll, P, and McCluskey, R.T., Inflammation Immunity
and Hypersensitivity, Ed: Movat, H.Z., Harper & Row,
New York, Evanston, San Francisco, and London, 1971,
P. 180, 3 ] ' ] s

Freund, J.. Cassls, J. and Hosmer, E.P., Froc. Soc. eXp.
Blol. Med., 37:+ 509-513 (1937).

Pearson, C.,M. and Wood, F.D., Arthritis Rheum,, 2: 440~
k59 (1959).

Gery, 1. and Waksman, B.H., Int. Arch. Allergy, 31t 57-
68 (1967).

Currey, H.L.F. and 2iff, M., Lancet, 2: 889-891
(Octover 22, 1966).

Wood, F.D. and Pearson, C.M., Sclence, 137: 544-545
(1962).

Tanaka, A., Blochim. Biophys, Acts, 70: k83-584 (1663).

Shinozaki, 8., Bull., Res. Inst. Disc. Chest. Kyushii
University, 1l: 79 (1966),

Pearzon. X.M. and Wood, F.D., J. Immunclogzy, 1l6: 157-165
(1969).

Gery, I. and Waksman, B.H., Arthritis Rheum., 10: 240~
244 (1967).

Isakovic, K. and Waksman, B.H., Proc, Soc. exp. Blol.

Med., 119: 676-678 (1965).

Welssmann, G., lLancet, 2: 13?3413?5 (December 26, 1964),

Bland, J.H. and Fhillips, C.A., Seminars Arthritils
Rheum., 1: 339-359 (1972).

Kaplan, M.H., Bolande, R., Rakita, L., and Blair, J.,
New Engl. J., Med., 2711 637-645 (1964),




— AAEE= - LT

34,

35.

36:

37.

38\

39.

Lo.

41,

Lz,

“3-

bl

4s.

L6,

L7,

L8,

Lg.

132

Katz, L.H., Dissertation Abstracts, 28-B: 3937B-5134-B
(1968).

Shaffﬂr. J OH "y LOGI‘1PPO| G-la; .y f:lr..d C‘hﬁ.se ) I"l "W, LN ) thtle y
Brown, Boston and Toronto, (1959), pp. 698-699.
Lerner. E.M. and S°k010ff. Ln. ég&h_gﬁggl; §23'36u”3?2
(1959).

Tripi, H.B. and Kuzell, W.C., Stanford Ned, Bull., S
98-103 (1947).

Kapusta, M.A. and Mendelson, J., Arthritis Rheum,, 12
L63-471 (1969).

Levy, H.B., Snellbaker, L.F. and Baron, S., Life Sci.,
31 204-209 (1963). '

Cocito, C,, De Maeyer, E., and De Somer, P., ibid,, 12:
753 (1962). Ly . h

Good, R.A. #nd Campbell, B., Proc. Soc. exp. Biol, Med.,
681 82-87 (1948).

Anderson, W.A., Margruder, B., and Kilbourne, E.D.,
ibid., 107: 628-632 (1961).

Ccurrey, H.L.F. and Ziff, M., J. exp. Med., 127: 185-203
(1968).

Benyesh-Melnick, M., Revlew_of Medical Microblology,
Ed. 9, Lange Medical Publications, lLos Altos, California,
1670, p. 434,

Juby, P.F. and Hudyma, T.W., Annual Reports in Medical
Chemistry, Ed.: Cain, C.K., Acadenlc Press, New York
and London, (1971) pp. 182-1G1.

Juby, P.F. and Hudyma, T.W., Annual Reports in Medical
Chemistry, Ed: Heinzelman, R.V., Academic Press, New
York and London, (1972), pp. 208-216.

Nuss, G.¥. and Winter, C.A., Pharmacologist, 7: 181
(1965).

Ward, J.R., Cloud, R.S., Krawitt, E.L., and Jones, R.S.,
Arthritis Rheum., 7: 654~661 (1964),

Ward, J.R. and Cloud, R.S., J. Pharmac. exp. Ther,,
1523 116-121 (1966).




50.
51.

52,

55.
56.
57,
58,
59.

60.

61..

62,

63.

6“.

65.

66.

133

Glenn, E.M., Am, J, vet. Res., 271 339-352 (1966).

Winter, C.A. and Nuss, G.W., Arthritis Rheum., 9 394-
hoh (1966),

Rosenthale, M.E. and Nagra, C.L., Froc. Soc. exp. Biol,
Med,, 12535 149-153 (1967).

Winder, C.V., Lembke, L.A. and Stephens, M.D., Arthritls
Rhewn,, 12s 472481 (1969).

Brown, J.H., Schwartz, N.L., Mackey, H.K., and MNurray,
H.L., Arch. Int. Pharmacodyn.  Ther. 183+ 1-11 (1970).

Perper, R.J.,, Alvarez, B., Colombo, C. and Schroder, H.,
Proc. Soc. exp. Riol. Med,, 137: 506-512 (1971).

Valtz, C.T., DiMartino, M.J. and Misher, A., J. Pharmac.
exp. Ther., 178: 223-231 (1971).

Wong, S« Gardooki, J.F., and Pruss, T.P., 1bid., 185
127-138 (1673). _

Graeme, M.L., Fabry, E. and Sigg, E.B., ibld., 1531+ 373-
380 (1966).

Bogden, A.BE., Glenn, E.M., Koslowske, T., and Rigiero,
C.8., Life _Sci., 61 965-973 (1967),

Harman, R.E., Meisinger, M.A.P., Davis, G.E., and Kuehl,
F-Aog JJ‘:‘.. J 1 Phar}l}_’iﬂ. eXD. Th......ﬁ:;:.!..' ..!;ﬂ'j‘l 215"'220 (196“)-

Goldstein, A., Aronow, L., and Kalman, S.M., Principles
of Drugx Action, Harper & Row, New York, Evanston, and
London, 1969, p. 268,

Blomster, R.N., Schwarﬁing, A.E., and Babbitt, J.M.,
Lloydia, 27: 15-24 (1964).

Appel, H., Rother, A. and Schwarting, A.E., 1ibid., 28:
8489 (1965).

El-Olemy, M.M.,, Stohs, S.J. and Schwarting, A.E.,
An. Soc. Pharmag. Abstr., 1ll: 6 (1970).

Horhammex, R.B., Schwarting, A.E., and Edwards, J.M.,
Abstracts of Papers Presented at the Joint Meeting of
Amer, Soc. Pharmacog. and A.Fh,A. Acsd,. Pharm. Seci.,
Blologlcal and Natural FProducts Section (1973) p. 35.

Robichaud, R.C., Malone, M.@.. ard Schwarting, A.E.,
Arch. int. Pharmacedyn. Ther., 150: 220-232 (1964).




134

67. Robichaud, R.C., Malone, M.H. and Kosersky, D.S., ibid.,
157: 43-52 (1965).

68. Nucifora, T.L. and Malone, M.H., ibild., 191: 345-356
(L971).

69, Malone, M.H.s Personal communication (1973).
70. Jiu, J., Lloydia, 29: 250-259 (1966).

71. Kaplan, H.R., Wolke, R.E., and Malone, M.H., J. Pharm,
Seiyy 567 1385~1392 (3967 )~ —

72. Chang, Yi1-Chi and Malone, M.H., ibid., 601 416-419
(1971).

73.. Koclalski, A.B., Marozzil, F.J., Jr., and Malena, M.H.,
ibid., 611 1202-1205 (1972).

74. DeCato, L., Jr.,: Pharmacologie Investiration of the
Anti-Inflowmatory Activity of Cryogenine and Selected
Benzogquinolizine Derivatives. Ph.D. Thesis, Unlv., of
the Facifie, . Stockton, California, (1972). Manuscript
accepted for publication: European J., FPharmac., 1974
(in press).

75. Kaplan, H.R. and Malone, M.H., Lloydla, 29: 348-359
(1966) .

76. DeCato, L., Jr., Trottier, R.W. and Malone, M.H.,
Pharmacologlist, 12: 203 (1970).

77. Kellett, D.N., J. Fharm. Pharmacol,, 17: 184-185 (1965).

78. Winder, C.V.y Wax; J«; Burr; V., @een, M.y and Roslere,
C.E., Arch. int., Pharmacodyn. Ther., 1161 261-292
(1958).

79. Kosersky, D.S., Watson, w)c.. and Malone, M.H., Proc.
West. Pharmacol. Soc., 161 249-251 (1973).

80. Trottier, R.W., Jr. and Malone, M.H., J. pharm. Sci.,
§§| 1250-1253 (1969).

8l. Malone, M.,H. and Trottier, R.W., Jr., Br. J. Fharmac.,
481 255-262 (1973).

82. Faulus, H.E. and Whitehouse, M.W., Ann. Rev. Pharmac.,
13: 107-125 (1973).




e TSt e==

TS

83.

84,

85.

86.

87.

88,

89.
go.

91.

92.

135

Kosersky, D.S., Brown, J.K., and Malone, M.H.,, J, Pharm.
Sci., 623 1965-1968 (1973).

Kaplan, H.R.: Personal Communication {1973); information
attributed to: Wiebelhaus, V. '

Cmaye, S.T., Hematologic Effects of Cryogenine and
Certain Selected Anti-inflammatory Agents. M.S. Thesis
University of the Pacific, Stockton, California, (1972

"
J e

===, Scientific Tables, Eds.: Diem, K. and Lentner, C.,
J«R: Gelgy, S.A., Basle, Switzerland, (1970), p. 131,

swingle, K.F., Jaqués, L.W. and Kyam, D.C., Eroc. S0C.
exp, Blol. Med., 1323 608-612 (1969).

Rosenthale, M.E., Arch., int. Pharmacodyn. Thér,, 188:
Ly=22 (1970).

Newbould, B.B., Br., J. Pharmac., 21: 127-236. (1963).

Gerebtzoff, A., Lambert, F.H., and Miescher, P.A.,
Ann. Rev, Pharmac., 12: 287-316 (1972).

Camiener, G.W. and Wechter, W.J., Progress in Drug
Research, 16 67-156 (1972).

Paulus, H.E. and Whitehouse, M.W., Search for New
Drugs, Ed: Rubin, A.A., Marcel Dekker, New York, (1972),
ppo 1“11“’-




	Effects of cryogenine and selected anti-inflammatory and immuno-suppressive agents on developing and established mycobacterium-adjuvant polyarthritis in the rat
	Recommended Citation

	tmp.1523157331.pdf.0XY5o

