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PREFACE

The study and development of new modes of therapy for man's
afflictions is, perhaps, onc of his oldest undertakings. In this quest
two main svenues of endeavor are open. The first stems frox the dewm
of eivilization. It continues even today with doctors or laymen meking
empirical observations that administrsﬁticm of certeln substances
alleviates diseaze in man or animsls, The second, the scientific
approach, is of more recent development, With the latter method a
deliberate attempt is made o examine the effect of varicus agents in
altering the course of artificially produced discase states in vitre
or in vive., In this rational approach to the discovery of effeetive
therapeutic agents, it is often necessary that the dissase syndrome
be duplicated as eclosely as possible to that existing in man by setting
up experimental Ymodels® in animals (83). In the case of infecticus
diseases this is easily accomplished, Wore diffiecult is the replieation
in animals of chronic organic diseases such as congestive myocardisl
failure, nephritis, cirrhosis, or chronie rheumstold arthritis, When
diseare "models" in amall animals are devised which can be easily
reproduced and provide measurable means for evalualing the course of
the disease process, it will then be possible to accurately assess the
effectiveness of druge used for treatmiunt of these diseases,

Progress in developing suitable and effective medicatione for the
therapy of rheumatceid arthritis has been notably slow, Without asdeguate

experimental methods for evaluating the many remedies suggested, resort
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to the empirical method of trial and error has resulted. WNo specific
therapy is available today after years of research both at the clinicel
and laboratory lewel.

Several factors hinder a more complete lnowledge of the plysic-
pathologic processes and the biochemical and metabolic changes taking
place in rheumatoid arthritis. To start with, information as to the
a#act etiology of this disease would provide an atback point in devising
more specific therapy. Fortumately, as more is learned about the
mechanisms of action of the various drugs now employed in treating
rheumatold arthritis, more facts are revealed as to the underlying
pathology and basic etioclogy of the disease. Ancther difficulty has
been the inability to foretell and follow the natural fluctuaiions
ovecurring during the course of the disease. In rheumatold arthritis
periods of exmcerbations of the acute inflammatory process alternate
with remissions of variable length for no explainable physio-patholegic
reagon so far known. This makes the evalustion of drug therapy doubly
hasardous since it is uncertain whether lmprovement represents the
result of therapy or is simply & remission which would have occurred
anyway. Similarly, extraneous subjective factors such as emotional
upsets, climatic changes, occupational activities and capabilitles as
well as endogenous physio-pathologic alterations influence the course
of the disease process in rhemmatoid arthritis. Not only do these
several factors render difficult an accurate assessment of the value
of drug therapy in this disease but they point out some of the problems
that must be faced in reproducing a typical pattern or "model” of the
disease in animale.
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THTRODUCTION

The high incidence of chronic rheumatoid arthritis in man and the
crippling disability this disease causes bear out the need for finding
better methods for its treatment and alleviation of symptoms. The
following pointe out important facts about the tremendous significance
of arthritis as a disease(35). If arthritis and related diseases are
considered under the broad category of "rheumatism', at least one person
out of twenty in the United ﬁtaieé has some form of rheumstic disease.
Among the chronic dissases, rheumatism eripples the largest mumber bub
kills the fewest leaving the afflicted person erippled or umnable to
work giinfully and to suffer pain more or less constantly. From the
standpoint of days lost from work it is surprising to find that
arthritis surpasses injury from automobile and other accidents. lore-
over, rheumatism ranks second to nervous and mental diseases as a cause
of days lost from work due to chronic disease. Certainly the soclal, as
well as the economic significance of rheumatism and arthritis eall
attention to the need for further knowledge of the etlology, pathogenesis
and, especially, the treatment of these disabling and painful diseases.

The research work reported in this thesis deals with three phases
of endeavor. The first concerned the problem of producing experimental
arthritis in small animals which would accurately duplicate in its physio-
pathologic features and amatomic findings the changes found in rheumatoid
arthritis in man. The second problem was to develop a simple, reproducible,

objective, evaluation technigue for measuring and grading the stage and



severity of the inflammatory process. With these first two phases
satisfactorily produced and allowing gquantitation, it would then be
possible to continue with the next step in this research. The third
endeavor concerned the practical application of the "model® arthritic
disease;, together with the severity grading system, in & couparative
study of the effectiveness of the various anti~inflammatory agents
available today as anti-arthritic agents.

The present reeearch required a survey and laboratory trial of
several different procedures used to reproduce the pathologie changes
resembling arthritis in emall animals. During this preliminary study
it became evident that inflammatory arthritis in animals is a progressive,
worsening condition sc that landmarks would have to be set up and
calibrated periodieslly during the active process in order to establish
a bime-disease relationship. This partitioning of the progressive
pathologic process would then permit evaluation of the effects of drug
therapy at eauy particular stage of the disease in the “model®, It was
with these requirements in mind that the experimental procedure, later
~ described, was selected for producing and studying the development of
experimental arthritis in the white rat.

In seleciting suitable methods for reproducing inflammatory disease
in smwall animals, it seems logical that attention should be given to the
sticlogy of rheumatoid arthritis. Unfortunately, there are & number of
theories as to the etivclogy of rheumatoid arthritis and, consequently,

& variety of experimental procedures have been tried. Over the years
one sees a striking relationship between the experimental models devised
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and the theory of the etiology of rheumatoid disease in vogue &t that
time. A discussion of the possible etiology of rheumatold arthritis, which
Short (86) has grouped inte seven broad classifications, follows.

THEORIES OF THE ETIOLOGY OF RHEUMATOID ARTHRITIS

1. HNewrogenic - At the turn of the century one of the more popular
theories was the neurogenic theory of etioclogy. Evidence which supported
this proposition was the clinical-syndrome of muscle wealmess, tremor, |
paresthesias, muscle and skin atrophy, and certain changes in the deep
 reflexes.

2. Yascular ~ Many clinical signs and symptoms in the arthritic
patient indicate instability of the vasomotor funection. Some patients
give a history of Raynaud's Phenomenon while others demonstrate a very
labile vascular system. At autopsy many arthritiec patients show the
pathologic picture of a vasculitis or an arteritis. However, a pertinent
question which arises is whether the vascular lesion is a primary or
secondary change, in the disease. Perhaps it is secondary to & neurc~
genic etiology which may be on an autonomic nervous system basis rather
than a central nervous system origin.

3. Infection ~ For years attempts have been made to isclate an
organism or organisms which might be responsible for the production of
rheumatold arthritis. The few reports suggesting this possibility (3)
have not been confirmed and the conecensus today is that infection is not
the primary cause of the disease although it may play & role in the

pathogenesis.
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ke Psychogenic - Untlil recent years, the theory that stress could
serve &s an etiologic backzround for rheumatic diseases was hardly
considered (31), (33). Proponents of the psychogemic theory of etioclogy
peint to the mmerous clincial cases where emotional stresses seem to be
directly related to the onset of rheumatoid disease or to exacerbations
of the disease (73). Perhaps the emotional stimulus results in certain
vasomotor chénges or muscular "tension®™ which then gives rise to the
elinical signs and symptoms (28). Some authorities believe that a
consistent personality pattern has been demonstrated in psychiatric
studies of groups of rheumatoid patients (42). Whether the psychological
makeup is the result of the disease rather than the cause is not known.
This theory is under investigation currently, especially regarding the
gtate of "contracture” and resultant arthritic symptoms.

The last three classifications of etioclogy pointed out by Short (86),
those of hypersensitivity, metabolic and endocrinological sbnormalities,
seem to be related. Certainly they do reflect the influence of the times
and the various techniques of study which have become available relatively
recently.

5. Hyperseneitivity - The theory that rheumatoid arthritis is a
menifestation of hypersemsitivity has been present for at least twenby~
five years. According to this theory the patient develops antibodies to
some component of his own conmective tissue or articular tissues so
that an antigen-antibody reaction results. This, in turn, gives rise
to the chronic inflammatory lesions which can be seen. Why the patient
develops these antibodies is unlmown. It is postulated that this may be
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due to ingestion or injection of foreign proteins, At one time foei of
infection were thought to be possible sources of the antigen, With the
digcovery of the pleurowpneumonia-like-organisms (PPLO) (89) further
studies were cbnduete& without success to try to determive if they might
be the responsible antigenic agent.¥ The discovery of the rheumatoid
factor and the development of multiple serological tests to determine its
presence have provided some evidence in fevor of the hypersensitivity
theory (98). Other eviciénce C@mis‘b# of the profound effect of the
adrenal @rtiaal steriods which are known to alter antibody production,

6. HMetabolic Abnormalities ~ This theors is based upon the elinical

analogy of gouty arthritis in which ther: is a known iﬂher:itéd disturbance
in metabolism of uric acid, Also, coertzin electrolyte abnormalities have
been postulated in paticnts with rheumsaiocld disease, The presence of marked
tissve wasting, negative nitrogen balence, hypoalbuminemia, hypergamma-
globulinema and mild impairment of hepatie glycogenolysis has suggested

some hepatic dysfunction with varied metabolic sbnormalities postulated

2s eticlogic agents. Although some btwenty to thirty-three per cent of
rheuma.téid patients have evidence of some minor hepaiic dvefunciion at

some time, there is no evidence for anmy primary dysfunction as the

*In, spite of negative resulis to date, Bawer states that persistence
of an altered breterial form ie compatible with the eurrent concept that
immune mechanisms play an important role in the pathogenesis of the
disease (2).



etiology in rheumatoid diseame (19).

7+ Endoerine ibnormalities =~ The final theory is the proposal that
endocrine imbalance serves as an etiologic ag&ﬁ@. At an early date, it
was noted clinically that a certain per cent of rheumatoid patients demon—
strated a low basal metabolic rate and also there appeared to he an ine
erease in incidence of the disease at the time of meonopause. Selye's
work, which resulted in his theory of the "Diseases of Adaptation",
played a large part in the development of this theory (81)s In his work
with the stress concept Selye observed that tre production of endoerine
abnormalities resulted in widespread systemic diseass in his experimental
animels among which was a form of arthritis. FHe believed that the disecase
was the result of sn excessive output of the electrolyte regulating
~hormone {desoxycortisone) of the adrenal corbex plus a relative decrease
in the production of the pluco=corticoids (cortisone). These animal
experiments have met considerable crilbicism and are scmewhat controversial,
but have done much to arouse interest in this possible etiology of
rheunatoid arthritis (33) (7h).

s Hereditary Predisposition = An eighth broad classification

might be added, hereditary predisposition, perhaps based upon the lack

of some as yet unknown enzyme needed for normal connective tissue
metabolisme Various studies have demomstrated the tendency for arthritic
symptoms to occur in fapilies as well as for serclogic abnommalities to
be present in the asymptomatic relative of rhewmatoid patients (Sh), (95),
(111). The production of a strain of rats which is particularly suscepti=

ble to arthritic disease is an interesting possibility for further study.



Further factors which may be related etiologically include sex,
race and climate,

METHODS USED TO PRODUCE EXPERIMENTAL ARTHRITIS

In order to provide a besis for the selection of the tectmiqzza‘
used in this study, & review of the various methods used to produce
exparimental arthritis fellows.

1. Physieal Methods - Physical methods for producing arthritis
were used as early as 1850 when changee in cartilage cells of damaged
Jjoints were described (27). Methods of direct local trauma have
included compression and distortion of lmee joints in guinee pigs;
vrearra.ngmnt of tendons to produce local trauma; epiphyseal displace~
ment and femoral subluxation; local resection of bone, cartilage or
synovia; and injection of irritant fluids (such as blood)}. Other sub-
stances used have been kaolin suspension, turpentine oil or tale in
water. Obther techniques for causing local trauma include direct
cauterization with hot needles; local electrolysis; wltrasonic vibra-
tion; deprivation of nerve or blood supply; and local cooling.

Bxperimental trawmatic arthritis more closely resembles the
pathology of degenerative jJoint disease seen in the mman rather than
true rhewmatold arthritis. Although these methods for producing local
trauma result in ostecarthritic like changes, they are still used today
for inducing pathologic changes in animals for evaluating anti-arthralgic,
anti-rheumatlic, analgesics.



2. Infective Methods ~ Many forms of infective arthritis have
been studied experimentally. However, none have shown similarity in all
respects to hman rheumatoid arthritis with the latter's symmetrical,
yet migratory joint involvement, and its chroniec course characterized
by exacerbations and remissions and lack of bacteremia at time of onset,
Joint abscesses or exmdate.

Most widely kmown is the work dealing with streptococels This is
of especial interest because of the postulated streptococcus infection
preceding rheumatic fever. In 186l septic arthritis was produced in
rabbits following intravenous injection of virulent hemolytic streptococci
(25). In 1913 Jackeon (37) found that experimental arthritis could be
produced in rabbits by intravencus injection of beta~hemolytic streptococel
obtained from & milk borne epidemic of sore throat.

Later, in 1939, Cecil (12) reported that chronic arthritis in rabbits
could be produced by streptcococci, pneumococci, staphylococei, and para-
typhold A. He also confirmed that the type of disease from which the
streptococcus was isolated was unrslated to its capacily to produce
arthritis. The arthritis appeared within a few days after intravenous
injection during the stage of bacteremia and was never migratory.

Although these organisms could cause lesions microscopically similar to
rheumatoid arthritis, Cecil questioned if such lesions were non-specific.
It would appear that such is the case, especially in the light of Selye's
work with regard to non-specific responses to stress.

Brinch (6) emphasized the resemblance of streptococcus-induced
arthritis to degenerative joint disease rather than to rheumatoid



arthritis. In spite of this disparity such medels nre still under
investigati n for use in drug evaluation as illustrated by the report
of Pershin in 1559 (6k). Pershin found that introvenous injections of
gtreptococel and staphylococei in rats lead (o the formation of umltiple
osteomyelitie foei and polyarthritis in seventy to ninety per cent of
animale, It is evident that the pathologiecal pieture of rheumsioid
arthritis is not simulated with this technique.

Following the discovery of maturslly-occurring swine arthritis
due to Erysipelothrix rhusipathiae, it was found that Joint disease could
be produced following intrawarticular, subsutaneous, intradermal or intrae
venous inceulation of this organism into rabbits. This particular model
yilelds many of ‘he nonespecific histelogical chrnges found in human
rheumatoid ax*“i:hriiia but is not thought to be related since no organisme
have been idam}.:ifieti in he human dissase, It is moteworthy that elinieal
recognition of this experimental arthritis was difficult and drew
attention to the need for hlstological ponfirmation.

In 1930 a deseription of a pol'yarthritis of the vertebral column
and subcubaneous nodules following spontanecus or experimental infection
of mice with “treptobacillus moniliformls appeared, This disecase was
aharactaristicélly fatal and in the spontanesus form amputation of the
infected limbs was seen. It was shown by work in the chick that blood
stream invasion was followed by loeslizatisn of the organisms in the
synovial membrane of the joints where they funetionmed as facultative
intraceliular parasites. Because of the loealization of organisms in

synovial membrane snd subsequent histological changes Gardmer (27)
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states that ¥, ., , Streptobacillues moniliformis may be thought to provide
ag satisfactory a replica of the human disca e as any other lmown organism.”

Jones (L3) found that crude polysaccharides from Klebsiella
pneumoniae ond Shigella paradysenteriae given intraverously to guinea
plge produced acute arthritic lesl ns of one to two weeks duration,
Changes ineluded increased mucold material in the joint caviiy,
vacuoligation and incresse in the mumber and gize of gynovial cells.

In subsequeni studies polysaccharide complexes were lebelled with Gn“

The tagged material entered the Joint space immediately from the plasma
and histologic changes ¢loscly followed l1ts appsarance in the joint,

The ¢l was found to eoncentrate in the synovium, The author hypothesized
a direct local eiffeect on the mynovium lerding to production of none
suppurative exudate which in turn caused proliferation of synovial cells
with further extrusion of plasma or protein into the joint spaces (Ll).
Although chronic, remitting arthritis was not reported with this method
further studics seem warranted.

Finally, there has been extensive work with pleuro-pneumonia-like
organisms (PPLO), Sabin (76) reported development of a progressive,
proliferative polyarthyitis in mice with a filtrsble, PPLO isolated
from a mouse brain, Following intraperitonesl injection, migratory
Joint swelling with fusiform swelling of isolated digite sppeared in
four to five days, Ssbin found proliferatinn of ‘he joint capsule,
gynovium and changes in articular cartilage.

In 1942, Preston (69) found that the lesions were primerily

periarticular, Later workers agreed that the animel PPLO infection
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provided & useful experimental model for evaluation of therapeutic agents
{gold, aurecmycin, sulphonamides, cortisone, ACTH) and effects of cold
and ultra~violset light etc., but that this method did not produce a
replica of any particular human disease. Parkes (63) in 1951 concluded
that the method could not be used as a valid screening test because of
the purulent nature of the peri-articular changes and spontaneous
resoluﬁion of the lesicns which did not r_asamble any rheumstic disease.
Despite this fact studies still appear with this method. In 1956, a
polyarthritis in the white ret following injection of exudate from a
Murphy xfat lymphosarcomsa pouch was deseribed. Later this was found to
be due to PPLO contamination. This exemplifies the need for consideration
of infection in the role of experimental arthritis regardless of how
induced. This point is elso emphasiged by Ward (106) who deseribed
pathological changes following PPLO administration as indistinguishable
from other forms of experimental suppurative arthritis except by isolation
of the pathogenic agent.

3. Chemical - Many inorganic and organic chemicals have been used
over the past one~hundred years to induce experimental arthritis but
noné has been found to duplicate ths pathogenesis of rheumateid arthritis.
Jorden (45) produced microscopic changee in rabbit lmees synovium by
injection of xylene or turpemtine. Koy {46) injected guinea pig knee
joints with ecarbolie acid, iodine, or alecohol and concluded that the
nature of the injected substance was not important provided that damage
was caused. This demage, if conbinuved, would then result in deforming
arthritis.
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Perhaps the best lnown example is the "formalin® arthritis or
“gopical”™ arthritis techmivue of Selye (82) (83). By injection of
dilute formalin into the joint or adjacent area Selye produced initial
hyperemis and edema which progressed to a chronic arthritis in white
rats. Bourne {5) confirmed the observations of various investigators
that the arthritis so produced was more accurately described as a peri-
arthritis. Bourne claimed that the Joints were not directly involved
and neither cartilaginous erosion nor gramulation tissue could be found.
Part of this discrepancy may be due to the difficulty of making true
intre-articular injections of the protein-dematuring agent into small
rodents. This techmique has beer and contimues to be used as & scresn~
ing process for evaluating new anti-~inflammatory compounds, cortisone,
salieylates, phenylbutasone, ete.

Other substances which have been used range from distilled water
or normal saline to caustic injections of acid or alkali. The organic
chemicals which have been used unsuecessfully include indole, trypta-
pine, various toxoids, tyramine, trypsin, hyaluronic aecid, histamine,
proprionitriles, papain, carsgheenin and sustard.

Of particular interest is the recent use of hydralaszine (Apresolineﬂj
following reports of a “rheumatoid-arthritis-like” gtate in patients
treated with large doses for hypertension over long period of time (49),
(78), (92). If hydralasine therapy was continued this syndrome pro-
gressed into a condition simulating systemic lupus erythematosus.
Unfortunately this syndrome has not been duplicated in animals and no



joint changes analogous to those of the mman disease have been
produced (14) (57) (60).

k. Endoerine - The concept of producing arthritic changes re-
sembling those of rheumateid arthritis secondary to endocrine imbalance
is largely the result of Selye's work (80). He postulated that stress
resulted in the release of some factor from the anterior pituitary which,
in turn, caused the release of certain hormones responsible for the
adaptation to stress. In his work Selye used adrenalectomiged animals
and the various hormones and extracts known. He found that high deses
of desoxycortisone acetate produced nephrosclercsis, changes in electro-
lytes and increased blood pressure. Then he discovered that unilateral
nephrectony (later showm by Harrison (32) %o be due to damsge to the
arterial supply of the adjacent adrenal) and one per cent sodium chloride
fluid intake enhanced these toxic effects of the hormone so that rare
cases developed arthritis. HNext, he found that adrenalectomy or
thyrolidectory plus & large dose of desoxycortisone acetate produced
arthritis evidenced zrossly by swelling, hyperemia, increased temperature
of the affected paw; and, microscopically by pronounced edema of the
peri-articular connective tissue, hyaliniszation and necrosis of the
gynovial membrane and granulastion tissue. Selye concluded that the
adrenal cortex may play @ role in the pathogenesis of rheumatoid
conditions in mamn, which he caltegorized as "Diseases of Adaptation®.

Thies work has given rise to considerable controversy since many
animals died from intercurrent infection and the possible role of
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infecticn in causing the arthritis was pot adegquately studied. Various
workers have sither been unable to confirm his resulis or feel that the
inflasmatory reaction produced ie not snalgous to the human disease (75).
Subsequent investigators have studied experimental arthritis and such
factors as the effects of descxycortisone acstate in normal, adrenalecto-
mized, thyroidectomized, and thyroparathyroidecbomized rats. Yors recent
investigations used anterior piltuitary hormones (27).

Reinhard: and Li (71) recorded sluggishness, decreased muscle tone,
iryitability, and evidence of Iknee and ankle joint tenderness, along
with transient episodes of jJoint swelling, in growth hormone-treated,
adrenalectomized, ovariéctomized rate. They observed radiclogical
abnormalities gt the emd of six months, especially of the knes, with
this technigue. Although interference with the pitulbary-adrenal axis
or endocrine imbalance was considered as a possible ehiology, the authors
noted that semsitiszation to growth hermone or production of Ilyper-
sehsitivi‘bg to other allergenic factors had not been ruled out.

Jasmin {39) {41) rsported the production c¢f an acube polyarthritis
in Sprapgue-Dawley rats using Prolactin® with or without growth hormone
in 1959. The latber method will be deseribed in detail under the methods
sectlon.

5. Immwnological - Although there is no direet evidence that rheuma~
toid arthritls is the result of altered immnological mechaniems, or
hypersensitivity, serological changes ave associated with the sondibion.
The separation of experimental methods for indueing Immmnological

sbnormalities from bacteriological or endocrinclogical procsdures ls
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somewhat arbitrary as various agente and organisms may be used in all
three teclmiques.

Studies based on immunclogical voncepts consider that the organisms
or the proteins i'uncs:i.én indirectly as antigens leading to & hyper-
sensitivity reaction rather tham as direct, local invaders of the joint.
This work is based on the theory that arthritis may be a manifestation
of allergy (aitered reactivity) to joint tissue. That is, the host
becomes allergic to antigens present in his own joint tissues whieh
leads tc a reaction resulting in the manifestations of arthritis and
release of additional antigen.

@ork in this field dates back t¢ 1913 when sterile homologous
serum was injected into the knee joints of censitiszed rabbits (27).

It continues with injection of foreign proteins other than serum; local,
followed by systemic injecticn of antigenic material and, finally, the
injection of homologous tissue with or without adjuvant (20). The
latter method is perhsps more widely known at the present time.

In 1959 Pearson {(65), (66}, (68), (105) reported the development
of arthritis in the rat following injection with an adjuvapt. His
adjuvant contained mineral oil, normal seline, essmlsifier, and acid fast
bacilli (Mycobacteriwm phlei). Ninety percemt of the rats developed
evidence of arthritis in eleven to sixteen days. No rats developed the
digease prior to ten and one-half days. This is significant if an
antigen-antibody reaction is the mechanism causing the arthritis. The
arthritis was recurrent and fluctuant for several weeks, which is
reminiscent of rheumatoid arthritis. However, Silverstein(87) has
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presented evidence th t the i~flamm~to:y swelling of the rat's paw
produced by this technique is not a true arthritis but rather a
periostitis and periarthritis secondary to migration of the adjuvant
materiale from the depot site. The explanation of this locallszation
is not known,

Surprisingly, the most direct approach to a model of this type of
disesse has produced negntive results, Favour (2L) conducted studies
based on the model of nephrotoxic pephritis wherein anti-rat kidney
serum from rabbits is injected into rats with resultant nephritis. In
hig studies rabbiis were immunized with guinez pig synmovia and, secondly,
guinea pige were immunized with guinea pig synovin both with and without
adjuvant, The anti-Joint serum was tagged with 1331 gng glven intraw
venously or inira=articularly. Io evidence of localizmatio-n of the
material in the joint or synovial tissue could be obtained, (It has
been suggested that the lack of response to homologous transplants of the
vascular tree in humens may represent o similay lack of antigenwantibody
response).

In spealdng of immunological mechsnisms of inducing arthritie
Gardner (27) states, "Like the varisties of arthritis induced by
chemical and physiecal agencies, they retain some value in the testing
of analgesic druge, but it cannot be accepted that they have as yet
thrown light on the pathogenesis of rheumatold arthritis.®

The present investigation does not propose to investigate the

pathogenesis of ‘he disease proeess as alrveady stated,
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METHODS OF HAUSATIQH IN CLINICAL ARTHRITIS

Problems and considerations encountered in clinical evaluation will
be briefly discussed before reviewing experimental methods of evaluation.
Methods must be sensitive enough to indicate changes for individuals as
well as groups. Manifestations of the disease must be selected which
are readily observed and representative of total disease activity in
termes of systemic and articular involvement. Many of the apparemtly
obvious changes of inflammation are very difficult to measure objectively,
egpecially when more than ene obserwver is concerned.

JOINT CLASSIFICATION

An early gttmph to consider total amount or spread of disease
activity consisted of inseribing "eciphers” (symbolizming signs and
symptoms such as tenderness, swelling, etc.) over the appropriate joint
on an outline of the human form (38). It provided no means of numerical
scoring or sumsation. lLansbury (51) (52) devised a numerical scoring
system {Articular Index) based upon the mmber and size of involved
joints. His technigue pmvide& & quantitative measure, permitting
sumuation, correlating with total amount of joint activity, with
inaignitimt intra~observer variabtion. Obther clinicians belleve such
& technigue gives undue emphasis to larpe joinbs where accurate clinieal
evaluation is impossible. Suyth (93) claims that expressing total
inflammation on & simple one to fouwr plus scale permits summation and
gives equally reliable results.
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FUKCTIONAL CLASSIFICATION

Early schemes of classification consisted of vague deseriptive
categories such as "severe, moderate or slight” (101). PFollowing the
separation of functional class from anatomical stege and therapeutic
response (97) & number of set tasks were devised to provide quantitative
measures o£ performance and muscle weakness (90). To date no tests have
been developed for evaluation of overall function in experimental
arthritis. |

Steinbrocker and Blazer (96) were among the first to assign
numerical values., In his review Lamsbury (53) cites wealmesses of
most elinical index systems to date. Thesc weelmesses are squally true
of experimental methods and include: use of arbitrary mumbers, lack of
adequate guantitative definitions of the severity of component items,
and the preponderance of jJoint findings. In spite of these criticisms
such methods have produced sncouraging results in elinical comparison
of therapeutic responses to anti-inflammatory compounds. An example is
Smyth's (91) (93) comparison of response between phenybutazons, aspirin,
cortisone, and others. Suyth used an Inflammatory Index based upon &
qualitative four plus scale and & Puncbional Index based upon only three
eriteria.

Perhaps the most widely lmown method of evaluation is the combination
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of articular and systemic indexes devised by Lansbury (5¢). He was
the first to quantitate the functional criteria of stiffness and fatigue
which subsequent investigators heve shown to be valuable (10L). The
chief contribution of Lansbury’s work is the method of summation and the

de-emphasis of a single variable.

METHODS OF EVALUATION IN EXIPERIMENTAL ARTHRITIS

fne of the chief problems in experimentsl work is the lack of
quantiteative methods. This difficulty ie encountered in studies regard-
ing pathogenesis of a particular experimental arthritis or evaluation
of the therapsutic response of the disease process. The most frequent
procedure is to report inflammatory changes on the basis of one to four
plus scales.

Various attempts have been made to quantitate the degree of joint
swelling which include: 1) simple weight change in the swollen joint
conpared to a control (requiring amputation) (18), 2) velumetric deter-
mination by the use of a plethysmograph technigue (requiring anestheti-
gation) (17), and 3) direct measurement of the involved joint with
calipers (subject to considerable inaccuracy as suitable landmarks in
the small laboratory animal are diffiecult to definej.

Possible methods of objectively measuring pain threshold of swollen
Joints have becn suggested by the work of Brodie (7) and Randall (70).
Quantitative technigues have not been applied to study of experimental
arthritis to date.

Bigne and symptoms of joint inflammation have been the chief
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manifestations observed in experimental arthritis. 8abin (77) was the
first to devise a system which indiecated extent or "spread” of the
arthritic process. He observed the joints of all extremities in mice
given PPLO arthritis and reported use of a diagrammatic record of the
afflicted joints which he called an "arthrogram". This consisted of a
square for each mouse containing symbols for each small joint involved.
The thickneses of the symbol indicated the severity of the arthritis.

Ho criteria were given as to how severity was graded nor were methods
of sumation proposed. |

Tripi and co-workers (102) modified this arthrogram system to
signify the extent of arthritis in terms of mmerical values. They
assigned values from zero to four for each anterior extremity and from
gero to five for each posterior extresmdity. Thus, the arthrogram scors
for the individual rat ranged from gero, indicating no demonstrable ar-
thritis, to eighteen indicating all four extremities invelved to a
meocimum degree. Single composite arthrogram scores were calculated
for esch animal and group of animals to represent the maximum group
involvement during the six month period of observation. Illustrations
included the larger joints (elbows, shoulders, knees and hips) plus the
factor of paralysis but the criteria on which the symbols wers based
were not defined. Agein, no method of sunmation was proposed and
constitutional factors were not considered.

In an atbtempt to increase sensitivity of this technique Pearson (63),
in hie investigation of adjuvent induced rat arthritis, applied a scale
of sero to four for each joint of the four paws and itail, in which grade
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four represented the most severe iuvelvement, The maximum score possible
for any animal on any given day was one hundred and eighiy points,
even though the larger joints were not considered. Ageln, observations
are limited to inflammatory findings in the jeints wiiich are never
clearly defined., Pearson has attempted numerical summation of the
extent of jainﬁ involvement which may be graphed against time. This
approaches the "Articular Index" uaafui in human disease butl does not
sgcount for any of the factors considered in the "Funetional Index®,

Other evaluation techniques include radiologieal, patholeogical and
serological studies, Mos! Xeray changes require months to appear and
have chiefly been referrcd to in a descriptive mannar'wd%h no attempt
at guantitation, Pathologieal changes might be assumed to be amenable
to some ranking system so that a mumericsl index might be applied,

Few attempts to do this or form & basis for summation of results have
been reporteds

The discovery of serclogical changes in rheumatoid diseave at {irst
seemed o provide a model for experimental evaluation (L), However,
stuﬁiés have been disappointing in this regard, Lerner et. al. (55) (56)
reported discovery of positive benionite floeculation tests and sheep
cell sgglutination teste in rats developing infectlous arthritis follow-
ing injection of broth culture of Streptococcus moniliformis, There
wag no eorrelation beiween the level of ihe bentonite {locculation test
regponse an¢ the severity of Joint disease, It was later found that
the presence of human protein in the culture medium used for the microbe

was essential for the production of the elevatsd bentonite flocculation
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test titers in the sera of infected or immunized rats. The factor
responsible for the bentonite flocculation test reaction was dietinet
from human rheumatoid factor and appeared to be an antibody to lnman
protein rather than an auto-immmumne responss on the part of the experi-
mental animal. In 1952 Svartz (99} found that certain enterccocei and
pneumococci were capable of inducing antisheep cell agplutinems in
rabbits, but the significance of this finding is uncertain. Nore
recently, Svarts (100) reported formation of a protein similar to
rheumatold factor, in white rats with experimental arthritis, induced
by injections of beta streptococci (Streptocoeccus agalactiae). This
work needs confirmation but suggeste that further atitempts in thie
direction may provide objective means of studying experimemtal disease
processes.

Facters of deersased range of motion, muscle weakness, pain and
fatigue are significant in rheumatoid arthritis. Technical factors have
obviated measurement of range of motion in the small laboratory animal.
Tests of muscle weakness or fatigue would have ¢ be based on maximum
~ performance (such as stress tests using swimming time in cold water,
ability to perform on & forced rumiay, ability to grip a rotating rod,
etc.) which would be very difficult to standardige and interpret. (In
addition, adrenslectomized animals would not be expected to perform such
tasks without considerable mortality).

Various technigues have beem reported in the literature for measure-
ment of gross motor activity in the emall animal. It was hypothesised
in this study that gross motor activity might provide a measure of
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nPunctional capacity” whether it relates specifiecally te muscle weakness,
fatigue, or simply decreased activity due to Joint tenderness and pain.
Such meagurements have not been previcusly applied in the study of
experimental arthritis.

METHODS OF MEASURING GROSS ACTIVITY

The two most widely used methods of measuring gemeral activity are
the revolving drum technique or "running wheel" and the tambour mounted
cage technique (62) (88). The rumming wheel has been widely used in
psychological and pharmacological research with many modifications (40).
The usual activity wheel provides a measure of the total mumber of
revolutions or the total distance traveled in & given time period. The
tambour mounted cave provides a measure of the time of occcurrence of
the rat's movemente and the duration of rhythms which appear throughout
the day.

Selulte (79) recorded with a wire cage suspended from a spring which
moved up and down in response Lo each movement or shift in balance of
the animal. Although movement could be sumated for several hours with
this technique, it raises the question of how an unstable enviromment
affects activity.

Each (22) used a techmigue of open field counting. The open field
was marked with six inch squares, the measure of activity being the
mumber of squares traversed in & stated perioed.

Winter and Flataker (109) were among the first to use the principle
of recording interference of & light beam by the animals movement. Their
appsratus consisted of a box lined on two sides with mirrers. 4 light
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bear was admitted through an opening in one mirrer, was reflected twice,
and struck a photo-slectric cell. This call operated a solenoid counter
which registered the mumber of times the beam was interrupted. Counts
for a ten mimte period were taken as an index of activity. Similar
deviees have been cited by Munn (62). Melander (59) reported use of
four pairs of photocells placed centrally on the sides of the cage and
in both diagonals., This author obtained a mumerical value for activity
using only & five minute counting period before and one hour after drug
administration. His study is noteworthy because of the combination of
the photocell techniqgue and & photographic technique. Individual mice

were painted with & dye which emitted visible 1ight when exposed to
ultraviolet light. NMovement was recorded on panchromatic film for a
five minute period immediately after the corresponsding photoeall count
was obtained.

LABORATORY TECHNIGUES FOR EVALUATION OF ANTI-TNFLAMMATORY AGENTS
Laboratory evaluation of anti-inflammatory drugs has been chiefly
based upon effects following peri-articular injections produecing acute
edena (hsj (70), "topieal arthritis” (83), cotton pellet implantation
(10) (21), dermal application or injection of irritants (8) (23) (103),
dermal exposure to ultraviclet light (107) (108), or the related model
of the gramloma pouch (18) (72) (&3).
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PHELIMINARY METHODS

Preliminary studies were conducted using five methods to produce
an arthritic model in the rat as follows: high dosage administration
of desoxyecortisone acetate in adrenalectomised white rats; formalin
"topical arthritis” technique; granuloma pouch technigue as modified by
Robert (72); high dosage administration of hydralazine; and, finally,
Prolactin® injection in adrenalectomised, desoxycortisone acetate
naintained white rats as described by Jasmin and Bois (39).

The first four methods were discarded either because no arthritic
lesions could be cbeserved (such as following hydralasine) or becsuse of
the fleeting and mild nature of leslons produced. The method of Jasmin
and Bois (39) was selected since the geverity of involvement ranged
from mild to fatal.

METHOD OF PRODUCING ARTHRITIS

The original method of Jasmin and Bols consisted of treating
125 - 150 gm. female, Sprague-Dawley, adrenalectomized, white rats with
subcutaneous injections twice daily of Prolactin® {Lactogenic Hormone)
in the following dosage:

15 International Units {in 0.2 cec. physiclogical saline)

for an eight day period followed by
30 International Units (in 0.2 cc. physiclogical saline)

for a seven day period,
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In addition animals were givem 1.0 mg. desoxycortisone acetate
every other day (ecrystalline suspension in 0.2 c¢c. physiologic seline)
to maintalin salt and int& balance.

'i‘hn method was modified as follows:

Pirst, Prolactis® treatment was mot inttisted immsdiately following
adrenalectomy because of the alteration in gemeral ac:%ivity level after
the trauma of surgar},r. 8ince the activity level was one of the chief
criteria of arthritic involvement in this study, it was necessary to
pmvidn’an v:»ppartuniﬁy for the activity to return to pre-—@arative
levels or at least to become stabilised. This modification plus the
time necessary to obtain pre-operative activity levels accounts for
elightly older age of our animals at the time of treatment.

Second, it was desirable to find ways to increase the total number
of moderately and severely invelved animals in order to be able to rank
those anti-inflammatory druges with varying degree of therapeutic effect.
Although Hall (30) found no alteration in incidence or severity of
arthritis in parabiotic female rats given one per cent saline to drink,
other authors have reported the enhancement of severily and incidence
of hormonally induced arthritic lesions by the substitution of one per
cent saline ad 1lib for drinking water (39) (€0). Since hormonally-
induced arthritis was the object of the study, all animals received one
per cent saline ad lib for their drinking water.

Third, in the initial phases of thie study, desoxycortisone acetate
was administered in sesame oil. In later experiments it was given as
a micro-crystalline suspension in physiologic saline.
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Fourth, the natural course of the induced disease was cbserved over
& period of time rather than sacrifiecing the animals at fifteen days as
was done by Jasmin and Bois. Upon death of the animal dus to the disease
process or other natural causes, autopsy was performed with especial
attention given to the state of all joints, kidneys, heart, lungs, and
to the perirenal area to be sure that no adremal tissue remained.
Appropriate tissues were taken from these organs and fixed in ten per
cent formalin., Hematoxylin and sosin sections wers then made of

selected specimens.
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GENERAL METHODS

Clinically, rheumatold arthritie has a sex raile of occurrence of
about four femele patients o one male, Female rate have been shovm
to be more suseeptible to experimental arthritis than male rats by
previous investigators (65). In this study only female Sprague-Dawley
rats were used. |

All animals were housed in standurd 7x7x9% inch wire cages and
given Purina sat Chow ad lib, The temperature of the animal quarters
varied from summer to winter but during amy given experiment was
maintained as nearly constant as possible. Dluring activity measurements,
the diiference in rat room temperature and actiiri‘cy room temperature was
kept between O to 13° C, with few exceptions.

Adrenalectomy wae performed by lumbar approach (16} vVari-us
anesthetic agents used incinde: Trilene® alone, ether alone,
Nembutal® (35 mg.kg.) alone, and with Trilene® or ether supplement,
The most satisfasctory combination, from the standpoint of short but
adequate duration of anesthesia plus low movtality rate, wos intram

peritoneal injectisn of 2L mg./kg. Hembutal® in 108 aleohol,

METHOLS OF EVALUATION OF ARTHRITIS

1., Arthrogram « Jolnt involvement was recorded and transeribed
into & numerical system which permitted pummation and comparison between

different animsls, In the scoring system deviped values were assigned
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to the degres of redness, swelling, tenderness, heat, flexion, flaccidity,
and gait disturbance. It was scon evident that certain factors could be
broken down into four gradations whereas others were limited in variation
and only cne or two gradations could be determined. As shown in Table I
those factors with limited variation were scored on a O to 24 scale and
the remaining factors scored on & i+ scale.

After each Joint had been evaluated a method of correlation between
the number and size of invelved jointes was required. This was done by
using the multiplication gystem noted in Table I; Part B. The total
score for each factor, such as redness, was multipled by 1/2, 1, or 2
dependent upon the mmber of joints inwelved in each extremity, with
the exception of the variables with an asterisk {where a maximum of 2+
per extremity could be observed). When all joints of the metatarsal-
phalangeal, all of the netatarsal-tarsal and the emtire anile joint were
involved, these jointe were considered as three groups and the maximum
mlbiplication factor wes six. This system was adopted because of the
need to emphasize maxinum or near maximm involvement in spite of the
difficulty in determining exactly whether all of the jJoints of these three
groups were involwed.

The longest period of observation and scoring was performed for the
initial study done on ten animals. Dally observations and arthrogrem
scores were computed for the first two months and subsegquently observa-
tions were made every third day for the next two months. In all sub-
sequent experiments data was collected daily for the first month after
mlmmn was started. In some casee cbservations were then continued
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every other day for the next month. At this time, the arthritic process
had stabiliged with minimum influmatory activity and observations wers
concluded unless animals were to be retresated. Body welght was recorded
at the same time observations were being made for the presence of in-
flammatory changes.

2. Actophotometor ~ Gross activity of the animal was measured with
the Acophotomster® activity recording chamber. This device econsists of
a metal cylinder thirteen inches in diameter with six photo-electric
celle placed so that any movement within the chamber irterferes with a
light beam which activates a solenoid counter.

411 measurements were made in a darkened room in order to insure
identical light conditions for each run and also becsuse the animal
might be expected to run maximally in the dark,

Initial experiments with this apparatus revealed that a period of
three to four sham runs was necessary before the animal became accustomed
to the recording chamber. Following these "rehearsals™ the animal no
longer became unduly exeited and reproducible results could be obtained.
It was also found that sctivity measuremente had to be done at leagt
once every seven days or else the “strange® surrcoundings influenced the
animal’s activity.

In preliminary experimemts activity was recorded for 3, 5, 10, 15,
20, 30, 45 and 60 minute pericds after the animal wae placed in the
Actophotometer®, It was determined that the largest mean activity with
the least deviation between animals and between different days was
present when activiity was measured for a period of twenty or thirty
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minutes, A thirty minute period of obeervatinn in the activity chamber
was used throughout this study.

3. Photography ~ Gross photographs were taken of selected animals
prior to, duriug, an. sfter Prolactin®™ treatment in order to obtain a
farther objeetive record of the degree of swelling, flewion and site of
involvement,

he Pathology = At autopsy sections of heart, lungs, kldney, muscle
and the involved Joints were placed in ten per cent formelin., Hematoxylin
and eogin stains of these tissues woere Lhen made following decaleification
where necessary. 1t was suggested that apec‘ial comeciive~tissue stains
such as the Mallory stain would not sid greatly in interpretation.

5. Blectromyography - Because of the recent reports of eleciromyom
&

graphic changes present in rheumatoid arthritic patients (1) (29) (3L)

(61) attempis to record potentials over the experimental rai's lower

extremity werc made., Unfortunately these records werc unsatisfactory

i‘cr technic:l reasons. In addition to sixty eyecle interference the

necessity for anesthetizing animals prevented further pursuit of thie

technigue. The use of a general anesthetic was fuolt wo be conlra=

indicated because the animals were already subject to increased risk of

palmonary infectlon and the severely involved cases wers guite debilitated,
6, Hematology and Serolopy - The mean blood volume in adult male

Sprague-Dawley rats has been reported to be L.95 c¢./100 gm, of body
weight (8li). The aversge weirht of the oldest animals included in this

study did not exceed 290 grams st the completi n of Frolae tinft injections.
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It was felt that the removal of slightly over 1 ce. of blood in
order to determine sedimentation rate, red cell count, serclogical re-
activity, and serum protein electrophoretic pattern would produce severe
anemia and would be inadvisable. The risk of secondary infection was
alsc a contraindication to venipunciure. In addition, until the recent
report of Svartz (100), results of serclogical studies in mrimmtal
arthritis have been negative.

7. Badiclegy - The purpese of this arthritic model was to provide
a means of evaluvating anti-inflammatory drugs over a relatively short
period of time. Because radioclogleal changes require months to appear
such examinations were not performed.

HMETHOD CF IRHG EVALUATION WITH "MODEL" ARTHRITIS

Two types of experiments were performed to test the effects of
administration of anti-inflammatory compounds upon the "model” disease.

In the first, the anti-inflammatory agent was withheld until the
animal had developed maximum involvement with inflammation of all
extremitios and signe of impending death. 4 single subcutaneous injection
of the drug was then given and changee in the arthrogram recorded. This
technique was limited because of the low incidence of severely involved
animals. |

The second experiment was designed to test the effects of adminis-
tration of the anti-inflammatory agent prophylactically. The anti-
inflammatory agent was administered for & 15 day period simultaneously
with the Prolactin® treatment. All agente were given in & single sub-
eutaneous injectien in 0.2 ce. physiclogic saline. Comparison was based
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upbn whether the agant altered the time of onset, rumber of invelved
animals, severity (mortality), or the course of the inflasmatory changes.

To determine if this method was semsitive emough to distinguish
between different types of anti-inflammatory compounds, test drugs were
selected from three broad categories as follows:

Test drug number 1 Sodium salicylate - representative of the

classic Tanti-rheumatic” activity of the
ealicylates.

Test drug number 2 Phenylbutasone - representative of a new

class of gynthetic anti-inflammatory agents
of the pyrazolone group of compournds.

Test drug number 3 Hydrocortisone - representative of the

potent anti-inflammatory steriods.

Selection of Druz Dosage - Dosage of salicylate was based upon
comparison with the usual maintemance dosage in the human rheumatoid
arthritic patient which varies between 2.6 and 5.8 gm./day. The usual
dosage is approximstely 50 mg./kg./dsy of sodium salicylate which was
selected for use in this study.

The human maintenance dose of phenylbutazone is 100 - 200 ng./day,
or approximately 2.1 mg./kg./day. Becanse of the more rapid rate of
bio-transformation of this drug in the ret, as compared to the human (9),
the equivalent dose is about 24.2 mpg./kg.fday. Most experimental studies
report use of doses four to eight times this value. Studies have shown
that following two subeutanscus doses of 150 mg./kz. of phenylbutazone,
50 out of 50 rats will develop gastric uleers within 24 hours after the
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firet injection. To avoid this complication, and to provide & means of
comparison with sodium salicylate on a weight for welght basis a lower
dose of 50 mg./kg./day of phenylbutagone was selected (approximately
twice the mhman maintenance dose).

In a study of the effect of hydrocortisone upon the mycobacterial
adjuvant type of experimental arthritis, Pearson and Wood (66) used a
dose of 2 mg./kg./day for a 16 day period. To enable comparison with
their study as well as with the dose of phenylbutazone selected abave,
a dose of 2.5 mg./kg./day of hydrocortisone was selected (approximately
twice the human maintenance dose).

The design of this second experiment is shown in the following

protocols
Humber of Young Anti-inflemmatory
Controls 6 Adrenalectomy + NONE
‘ DOCA and saline maintenance (saline only)
Controle 10 Above + Prolactin® treatment NONE
; {saline only) |

Group A 9 Above + Sodium salicylate

| 50 mg./kg./day
Group B 8 Above + Phenylbutazone

50 mg./kg./day

Group C 10 Above + Hydrocortisone

2.5 mg./kg./day
Arthrogram scores were computed and body weighte recorded daily for
all rats over a 30 day period. Actophotometer counts were obiained prior
to treatment and on days 2, 5, 9, 12, 16, 19, 23, 26, and 30 following
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initiation of Prolactin®™ and drug administrstion. ALl activity measure~
ments were cbtalined at approwimately the same time of the day by the

same cbserver for each animal.
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RESULTS

ARTHROGRAM STUDIES

In the initial study ten young adult rats whose average weight
was 146 gm. wers started on Prolactinf injections. lNo changes were
evident in the appearance of the rats until the 12th day when signs of
an inflasmatory process eppeared. These began with slight te moderate
redness ocourring usually in the metatarsal-tarsal joint and progressing
to involve the tarsal bones. In the more severely invelved animals, the
process continued to spread and involved the interphalangeal Joints,
metatarsal-phalangeal, tarsal and tibio-tarsal joints. He changes were
evident in the kmee, shoulder, spinal or tail joints. The hind paws
wers affected most frequently but, with maximal involvement, the distal
Jjeints of the upper extremities were similarly affected.

Swelling was the next change noted and it usually appeared in the
metatarsal or tarsal area firet. In progressive cases swelling was
observed in the interphalangeal, metstarsal-phalangeal, tarsal and tibio-
tarsal joints (see Figure 1). Ib was associated with tenderness, warmth,
vagodilatation and altered gait in severely involved animals. Some cases
did not progress beyond redness and swelling. In most instances the
arthritis was migratory and involved mmltiple joints. Unless swelling
involved the entire foot it infrequently produced fusiform ewelling of
the inter-phalangeal joints.

The signs of inflammation usually remitted in the reverse order of
their appearance but occasionally swelling and stiff geit persisted after
all other signs had disappeared.



Pigure 1

CROSS APPEARANCE
of
PROLACTINE TREATED RAT!S FOOT

&, Hormal plantar view of rat!s foot prior to Prolactin® treatment.

EI”Q'*D‘ ’
Lateral, plantay, and dorsal views of same animal on the 13th
day after Prolectin® treatment was started. At ghis tinme

all extremities were I3+ red, 3+ swollen, both feet were tendex,
warm and some flexion deformity was present.
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In one animal showing progressive inflammatory changes, death
occurred on the 16th day. 7This animal had & generaliged inflamatory
reaction with all extremities red, swollen, painful, and warm. Bven the
ears, tail and macous membranes appeared inflamed. This condition was
associated with severe debility of the animal, diarrhea, econjunctivitis
and mucoid to blood-tinged nasal secretions (see Figure 2). Inmability
to feed itself in the terminal stage m perhaps a chief cause of death
as the animal appeared too weak to 1ift its head.

The incidence of involved animals reached a maximum during the 15th
to 25th day following injection. During thies same peried involvement
in individual animals reached & pesak. The maxdimum group average arthro-
gran ocourred on the 16th day. Reference to Table II shows that all ten
animals in Experiment I developed some signe of arthritis. Nine had
moderate involvement, and only one had maximum involvement (an arthro-
gran scors over 20). The death of the severely inwolved animsl partially
accounts for the sharp drop in group average arthrogran scors as depicted
in Figure 3. It should be emphasized that Figure 3 represents the average
degree of inwelvement for the ten rats and that a great range existed in
individual involvement.

Following the acute polyarthritis, the animals developed a low grade
migratory arthritis usually invelving the metatarsal-phalangeal or
metatarsal-tarsal jolnts. In some instances all signs of invelvement
disappeared completely only to exacerbate at a later date. At sixty
days, because very few alterations in the signs of arthritis were apparent,
cbservations were extended to every third day and continued for the next



Figure 2

GROSS GENERAL APPEARANCE

of
NORMAL AND PROLACTINE TREATED RAT

A. Hormgl rat:
Hote stance, swooth fur and especially, the size and
appearance of the hind pav.

B. Prolactin® treated rat:
Severe, generalized inflarmatory reaction was present
when the picture was taken on the 13th day after
Prolactin®™ was started.

Hote the listless, weak stance, the ruffled fur and
especizlly the swollen, flexed hind paw.
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TABLES II and IIX
A SUIMMARY OF CBSERVATIONS WITH THE ARTHROGRAM

Correlation of Onset of Appearance, Severity and Peak Incidence

BEp. No.

Ep. No.

of Arthritic Changes, and Mortality

TABLE IX
I : ‘ Procedure: Prolactin® Regimen
lumber of rats started: 10
Average weight when Prolactin® starteds 146 gn. (range LL0-150)
Onset of arthritis day: 12
Total Number of rate developing arthritis; 10
Total Wumber of rats dying in first month: 2 '
Peak incidence of arthritis in group: days 15 {8/10) to 22 (9/9)
Variation in severity: |

Arthrogram score fhanber of rats
G sosnsossssonvsssssssnse O
Gis to 5‘ﬁ!#&w&ti@ﬂ&‘l'intliqoﬁs 0
5+ 20 2D cosssssnvsesenasrsrnass 9

30+ SEEGOPRORPELOOEIVBERIELED l

Highest arthrogram BeOr@cssccssses 19
Mortalities on days 16 and 26

TABLE 11X "
1 Procedure: Prolactin™ Regimen
retreatment
Humber of rate started: 6

Average weight when Prolactin® started: 272 gn. (range 240-2950)
Onset of arthritis day: &
TPotal nmumber of rats developing increased arthritiss 5

Total number of rats dying in first wonth: O
Peak inecidence of arthritis in group:s days 10 (6/6) to 18 (5/6)
Variation in severitys

Arthrogram score Number of rats
G GGV HIBEFELBEC OO HEDE W a
D5 20 5 sevescsscnsonssasscense £
5* tﬂ 2@ AT R EERY RN LR NS R AR X 3

20'}" BRPEBIDPLBEESLIRSDNEHBIISR 1

Highﬁﬁt arthrogram SCOre ssssscses 2



Figure 3
VARIATION IN BEVERITY OF ARTHRITIS

(Showing correlation of the average arthrogram, the mumber of
arthritic animsls and fatalities following Prolactink
treatment of 10 young adult rats.)

A total of 2 fatalities occurred, The average arthirow

ROLEs
gram was computed for the remaining animals.
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seven weeks, A slight increase in redness and swelling of t}aa Jower
extremities occurred at three and one-half months. At this time cbserva-
tions were recorded every second day. During this interval minimal
aativiﬁym present but it was so slight that drug evaluation would not
have been possible. Therefors, at four months the six surviving animals
were retreated with the same dosage schedule of Prolactin®,

The retreated group showed a definite shortening between trestment
and appearance of increased signs of arthritis (see Figure ). That is,
appearance of increased arthritis on the 8th day cccurred in twoe out of
six animals, compared to cnset of arthritis on the 12th day in the
initial experiment. On the 9th day a third animal showed increased
inflammation. Only one animal failled to show some increased response.
This data is suggestive of an "anamnestic response”. Table III shows
that five of the six animals developed inecreased peri-articular in-
flammation. Three animals had moderate involvement and one animal had
maccimum invelvement. The peak group average arthrogram occurred on the
1lth day of retreatment. WNo fatalities occurred during the retreatment
period.

In the next study seven mature rats averaging 256 grams weight
were started on Prolactin® injections. Late om the 1lth day of the
experiment, one animal developed slight redness of both metatarsal-
tarsal joints. On the 12th day six animals had minimal evidence of
redness with no swelling. Ninimal signe of infilammation were present
in six andmals with & peak incidence during the 12th to 22nd day as
shown in Teble IV. Only one animal developed moderate disease activity



Figure 4
VARIATION IN SEVERITY OF ARTHRITIS

(Showing corvelation of the average arthrogram and the number of
animals with increased arthritic involvement following re-treastment
with Prolactin® four months after the initial period of Prolactin®
treatment. No fatalities occurred.)

WOTE: The shorter period between the time of treatment and
exacerbation of the arthyitis and the slightly increaged
peverity of the process when compared to results of imitial
treatuent {see Figure 3) are suggestive of an "anmmestlc®
responses
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TAELES IV and V
A SUMMARY OF OBSERVATIONS «WITH THE ARTHROGRAM

Correlation of Onset of Appearance, Severity and Peak Incidence

Ep. Ho.

Bp. No.

of Arthritiec Changes, and Mortality

TABLE IV
11 Procedures Prolactin® Regimen

lhumber of rate starteds 7

Average weight when Prolactin® started: 256 gu. (range 230-260)
Onset of arthritis on day: 11

Total number of rats developing arthritiss 7

Total number of rets dying in first month: O

Peak incidemcs of arthritis in groups days 12 (6/7) to 22 (5/7)
Variation in sewverity:

Arthrogram score umber of rats
Gﬂuﬁﬂﬁ‘l‘ﬁﬁb‘.l.ﬁ.’.i'ﬂi! g
0.5 to 5iﬂaoqlotiwiﬂnDﬂvﬂané'ﬁ&i é
5”}" tﬂ' 2&.QGQ&@WH#‘.Q’O‘Q."Q"“Q l

mﬁhﬁl&ﬁt&gtmﬁbiﬁﬂb..‘b.“. e

Highest arthrogram SC0rG.ssscessss 1lo5
Mortalities on days 72 and 82

TABLE ¥
11 Procedures Prolactin® Regimen
Humber of rats started: 10
Average weight when Prolactin® started: 230 gu. (range 210-260)
Onset of arthritis on days 10
Total mmber of rats developing arthritis: ¢
Total mmber of rats dying in first month: 3
Peak incldence of arthritis in groups days 15 (8/9) to 23 (5/7)
Variation in severity:
Arthrogram score Bumber of rats
6"&*0‘*&:é@&'l.ll't'll't 1
D05 80 Bacsevsssusssassssnsesses 3
Bt 40 20cevsccsssssnscvnsssnscas 3

m'btlﬂpﬁwﬁﬁ&liiﬁé@iiliﬁﬁlﬁﬁ! 3

Highesﬁ arthrogram SCOI@csocsacescs 190
Hortalities on days 12, 20, 22
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with a maximum arthrogram score of 11.5 on the 16th day. The peak group
arthrogram of 3.4 oceurred om the 16th day. There were no progressive
fatal cases. There was no increase in signs of inflammation at three
and one~hali months.

A second group of ten mature rats with an average weight of 230 gm.
was sbtarted on l?rolac‘binn. Onset of arthritis ocourred on the 10th day
in two rats. One animal developed progressive, generalised signs of
severe inflammation and died on the 12th day, with an arthreogram score
of 190, A second animal was treated with 2mg. of the corticosteroid
tbrdeltraaoln because of simllar progressive inflammation. 4 single dose
was glven subecutaneously on the 13th day. The subsequent course for this
animal is depicted in Figure 5. In contrast to these two animals with
severe involvement, one animal failed to develop arthritis, three
developed minimal involvement and three developsd transient modarate
involvement (see Table V). The peak group arthrogram score of 22 occurred
on the 12th day and the peak incidence oecured between the 15th to 23rd
day. Figure & represents the average group arthrogran for the seventeen
mature rate. The apparent inecrease in activity on the 27th day shown
in Pigure 6 is due to the fact that one animal developed marked rednsss
and ewelling in one extremity following intramuscular injection of
tetracycline for a respiratory infection. It is likely that this
reaction was due primarily to the drug injection but the role of the
respiratory infection or the local stress in precipitating latent in-
flammatory processes in this animal can not be disregarded. lNone of
the four control animals given desoxycortisone maintenance and saline
ad lib following adrenalectony developed any signe of inflammation.



Figure 5
ALTERATION OF PROGRESSIVE INFLAMMATION
I THREE ASIH&LS
Y ﬂﬁR}?ICﬁSTEROIB&

{Bach line represents the arthrogram score for a single animal.
Corticosteroid therapy was withheld until the arthrogram score
was greater than 100, representing a severe, progressive,
inflamnatory condition.

in two animals the single subcutaneous dose, as indicated, was
sufficient to rapidly ameliorate the signs of inflammation.
One animal vecelved two doses of triamcinalone, as indicated,
and then glowly returned te minimal arthritic activity.)
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Figure €
VARIATION IN SEVERITY OF ARTHRITIS

{Showing correlation of the average arthrogram, the nunber of
arthritic animals gnd fatalities following Prolactin® treatment
of 17 mature rats.)

HOTE: & total of 3 fatalities occurred and 1 animel received
steroid thevapy. The average arthrogram was computed
for the remaianing animsls.
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In contrast to the minimal involvement in the seventeen mature
animpls shown in Figure 6, Figure 7 shows the response of eighteen
young adult rats (welght 160 gm. when Prolactin® started). Three
animale developed slight redness of the metatarsal-tarsal and heel
jolnte on the eleventh day. This was rapidly progressive in one case
with death on the twelfth day. Death was associated with redness,
swelling, warmth and tenderness of both lower extremities resulting
in an arthrogram score of 60. On the twelfth day ten enimals had
doveloped some signs of inflammation. The pattern of redness followed
by swelling in the metatarsal-phalangeal, metatarsal-tarsal and heel
joints appeared as descaribed previously. It was progressive with warmth,
tenderness, vasodilatation, and altered galt in five animals. Three
mortalities occourred during the first month. Seventeen of the sighteen
animals developed migratory inflamatory changes with a peak incidence
for the group between the 13th and 2lst days as shown in Table VI.
Predilection for the hind paws was evident with upper extremities
involved only in the severe cases. The maximm individual arthrogram of
190 appeared on the lith day shortly before death. The maximum group
arthrogram of 23.5 cccurred on the 1l4th day. 4 second aniwal rapidly
progressed to an arthrogram of 120 on the 15th day. This animal was
ziven 0.05 mg. of the corticosteroid trismcinalons, subeutanecusly,
and the dramatie reversal of inflamatory signs is illustrated in
Figure 5. Figure 5 also depicis the second steroid treated andmal givem
the same dose of trismeinalone on the 18th day and repeated on the 22nd
day, Following the acute phase signs of inflammation regressed in all



FPigure 7
VARIATION IN SEVERITY OF ARTHRITILS

(Showing correlation of the average arthrogram, the number
of arthritic animals and fatalities following Prolactin®
treatment of 16 young adult rats.)

NOTE: A total of 3 fatalities occurred and 2 animals received
stercld therapy. The average arthrogram was computed
for the remaining animals,
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animals in reverse order of appearance with some persistence of swelling
and altered galt and & minimal chromic arthritis.

None of the twelve desoxycortisone, saline maintained, adrenal-
ectomlzed animals developsd any signs of inflammation. HNo changes were
apparent in five uncperated control animals.

The sbove sxperiments were designed to demonstrate the natural
course of the disease in both young adult and mature rats and to observe
the effects of steroid edministration after development of arthritis.

The results described below refer to experiments designed to
evaluate the prophylactic administration of anti-inflammatory compounds
given simultaneously with the arthritogenic agent in young adult rats.

Ten control animals (weight average 21l gm. when Prolactin™ started)
were not given any anti-inflammatory compound. As shown in Table VII,
onset of arthritis oeccurred on the 12th day. All ten animals developed
arthritis with & peak incidence between the 15th and 25th days as illustrated
in Pigure 8. Six animals developed moderate or marked involvement. The
maxcimm group arthrogram of 24 occurred on the 20th day. The highest
 individual arthrogram scere of 108 occurred on the 20th day. There were
two mortalities during the first month, on the 18th and 20th days.

Hone of the six desoxycortisone, saline maintained, adrenalectomized
control rats developed any signs of arthritis.

Bight rats (average weight 196 gum. when Prolactin® started) were
glven phenylbutagone 50 mg./kg./dsy, subcutanecusly, during the fifteen
day Prolactin® treatment period. Onset of redness of the metabarsal-

tarsal joints ococurred in one rat on the 12th day. As shown in Table VIII
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TABLES VII and VIII
A SUMMARY OF OBSERVATIONS WITH THE ARTHROGRAM

Correlation of Oneet of Appearence, Severity and Peak Incidence

Exp. No.

Ep. Ho.

- of Arthritic Changes, and Mortality

TABLE VII
v Procedures Prolactin® Regimen

Humber of rats starteds 10
Average weight when Prolactin® starteds 211 ga. (range 190-220)
Onset of arthritis on day: 12
Total number of rats developing arthritis: 10
Total number of rats dying in first monmths 2 '
Peak incidence of arthritis in group: days 15 (8/10) to 25 (5/6)
Variation in severitys
Axthrogram score Humber of rats
O covconscsssnensnsssonss U
Ou5 B0 5 sessvasssscsasassssense b
5 0 20 cuvoceosiosssconvensses 3

20+ 3
CEDFUDBIVIBCHEFAaGOVEBR DD ‘j‘

Highest &'thm&‘m SOOI'E sovsensse 158
Mortalities on days 18, 20, 36

TABLE VIII
v Procedure: Prolactin® Hegimsn
+ Phenylbutazone

Humber of rats started: 8
Average weight when Prolactin® astarteds 196 gm. (range 170-220)
Onset of arthritis on days 12
Total number of rats developing arthritiss 4
Total mmber of rats dying in first months O
Peak incidence of arthritis in groups days 15 (3/8) to 18 (4/8)
Variation in severitys
Arthrogran scors lumber of rats
0 osssncascsesosrenbessn e !;.
OB 50 5 covsssvsstsvusannsnsase I3
5+ 0 20 sescvsavecsservsssanses 1

2{}*‘ [ZXEERERE RN NN RN EEEEES ] ﬁ

Pﬁ.gh@s‘b mmm"ﬂm SEOTS ccsncsvscsssns Tud



Figure 8

VARIATION IN SEVERITY OF ARTHRITIS
and
IN MOTOR ACTIVITY

(Showing correlation of the average arthrogram, the mmber of
arthritic snimals and fatalitles, the sverage 30 minute Actophow
tometer count and the growth curve following Prolactin®
treatment of 10 young adult rats,)

HOTE: The mean counts per minute {(c./min.) + 1 3.D. for the
30 minute observation period is illustrated for each
day that activity was recorded. The mean ¢./min. is
designated by the midepoint of the enclosed vertical
bar; the two extremes of the vertical bar represent
the range of the mean c./min. + 1 5.D,

This convention will be used in all subsequent graphs
of results of activity wmeasurement.
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four animals developed minimal arthritis. The average group arthrogram
is shown in Figure 9. The peak incidence occurred between the 15th and
18th daye with a maximum group arthrogram of 1.3 on the 17th day. The
maximmm individual arthrogram of 9.5 occurred on the 17th day. There
were no mortalities during the first month.

Ten rats (average weight 211 gm. when Prolactin® started) were
glven subcutaneous injections of hydrocortisone 2.5 mg./kg./day for the
fifteen day periods Onset of redness of the metatarsaletar=al Jjoints
oscurred in one rat on the 12th day. As showm in Table IX three
animals developed minimal to moderate arthritis. The average group
arthrogram is shown in Figure 10. The peak incidence oeccurred between
the 17th and 23rd days with a maximum gmap‘ arthrogram of 3.7 observed
on the 17th day., The maximum individual arthrogram of 19 occurred on
the 17th day. There were no mortalities during the firet monih.

Nine rats (average weight 127 gm. when Prolactin® sta:ted) were
given subeutaneous injections of sodium salicylate 50 mg./kg./day for
the fifteen day period. Onset of slight redness of the metatarsaletarsal
Joint oeccurred in one animal on the 19th day. As shown in Table X three
animals developed minimal arthritis. The average group arthrogram is
shown in Migure 1l. The peak incidence occurred on day twentyesix
when two animals showed minimal involvement. The maximum group arthro=
gram of 0.2 ocourred on the same day as well as the maximum individual
arthrogram of 1.5, There were no mortalities during the first month.

Comparison ef the three different drug groups with the control



Figure 9

VARIATION IR SBVERITY OF ARTIRITIS
and
IN MOTOR ACTIVITY
‘ with
PROPUYLAGTIC PHENYIBUTAZONE TREATHENT

(Showing correlation of the avevage arthrogram, the mmber of
arthritic animals and fatalities, the average 30 minute Actow
photometer count and the growth curve following Prolactin® and
prophylactic phenylbutazone treatwent of & young adult rats,)

ROTE: These animals received a single subcutaneous dose of
phenylbutgz@na, 50 mge/kg./day, simultancously with
Prolactin™ injections for a 15 day period.

(The mean cofmin, + 1 8.D. for the 30 ninute activity count
is illustrated as in Figure 2.)
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TAHBLES IX and X
4 SUMMARY OF OBSERVATIONS WITH THE ARTHROGRAM

Correlation of Onset of Appearance, Severity amd Peak Incidence

m' Hﬂq

mg Ho.

of Arthritic Changes, and Mortalities

TARLE IX R

v Procedure: Prolactin™ Regimen

, + Hydrocortisone
Humber of rats starteds 10
Average weight when Prolactin® starteds 211 gm. (range 200-220)
Cnset of arthritis day: 12
Totel mmber of rats developing arthritiss 3
Total mumber of rate dying in first month: O
Peak incidence of arthritis in groups days 19 (3/10) te 23 (3/10)
Variation in severity: |

Arthrogram score Humber of rats

O enensssassansennnssssse 7
C.5 to 5 cosessvsnssacsccasesvanrs A

5"" %:0 m DOV RVIRVOCCTITHERIRERIRS 2

m‘l‘ FRGIVTRBL IR VR ROIEATLD S Q

Highest arthrogram S60re cssssesseld

TABLE X
Y Procedure; Prolactin® Regimen
+Sodium salicylate
Number of rats starteds 9
Average weight when Prolactin® starteds 177 gm. (range 150-230)
(nset of arthritis on day: 19
Total number of rats developing arthritis: 3
Total mmber of rats dying in first month: ©
Peak incidence of arthritis in groups days 26 (2/9)
Variation in severity:

Arthrogranm score Humber of rats

ﬂ..“ﬂﬁ*..*lh‘ﬁ‘t’ﬁD“iﬁ. 6

9a5 to 50‘!'!*‘Q.Ctt'l"&#!t’ll‘! 3
5“"*@ Assscsssovnsrvsosenasases O

20"'0"‘0-.‘0.‘Qﬁ.llméaﬂilii'ﬁi g

Highest arthrogram $00r€.cssaesacs 1.5



Figure 10

VARIATION IN SEVERITY OF ARTIRITIS
and
IN MOTOR &CTIVITY
with
PROPHYLACTIC H’IDEGCGR‘I‘ISWE TREATMENT

(Showing correlation of the gverage arthrogram, the number of
arthritic animals and fatalities, the average 30 ninute Actow
photometer count and the growth curve following Prolactin® and
prophylactic hydrocorticone treatment of 10 young adult rats.)

NHOTE: These animals received a single subcuteneous dose of
hydrocortisone, 2.3 ug./kg,/day, simultanecusly with
Prolactin® injections for a 13 day periocd.

{The mean c./min. + 1 8.0, for the 30 ninute activity count
is illustrated as in Figure .
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Figure 11

VARIATION IN SEVERITY OF ARTHRITIS
and
IN MOTOR ACTIVITY
with
PROFHYLACTIC SODIUM SALICYLATE TREATMENT

(showing correlation of the average arthrogram, the mumber of
arthritic animals and fatalities, the average 30 minute Actoe
photometer count and the growth curve following Prolactin® and
prophylactic sodium salicylate treatment of 9 young adult rats.)

HOTE: These animals received a single subcutaneous dose of
sodium salicylate, 50 mg./kg./day, simultaneously with
Prolactin® injections for a 15 day period.

(The mean c./min, + 1 S.D. for the 30 wminute activity count is
illustrated as in Figure 8.)
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group was based upon the eriterion of the number of animals with an
arthrogram score equal to, or greater than, oneehalf. HNo animals
developed arthritis prior to the 12th day. Therefore, the number of
animals with arthritis during the perind of nineteen days from the
12th to the 30th day was used in comparing drug effects (see Table XI),
Using the Chi Square method a statistical analysis of these results
revealed the followings

A1l three drugs used to amellorate the arthritic condition pro-
duced a signifiecant decrease in the severity of the disease and the
number of animals involved, Sodiuwm salicylate produced the most con=-
gistent decrease in incidence of arthritis with a probability level of
0.01 or greater on 11 of the 19 days. During the 15th to 22nd days,
when the incidence and severity of arthritis reached a pesk in the
control group, the decreased number of animals showing arthritis in
the salioylate treated group wae significant at the 0,001 level on
6 of the 8 days. WNo significant difference was observed on lj of the
19 days.

In eontrast to salicylate, phenylbutazons failed to producs a
significant difference in the number of involved animals on 12 of
the 19 days. A significant difference (at the 0,01 level or greater)
was present on 5 of the 7 days between the 17th and 23rd day of ob-
servation.

Comparison of the number of arthritic animals in the hydro=

cortisone and the control group revealed a significant difference
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(st the 0,01 level or greater) for 6 of the 8 days between the 15th
to 22nd day of cbservation. During this time the peak incidence of
arthritic involvement oceurred in the control group withheld from
hydrocortisone, The difference in incidence wes not significent on
7 of the 19 days.

On the basis of the above analysis the three drugs which were
given in approximately equivalent dosages might be ranked in de-
creasing order of effectiveness as follows: sodium salicylataZj@
hydrocartisoné:> phenylbutazone. To determine if this apparent
ranking represented a significant difference between drugs, the
incidence of involved animals was compared between paired druge
trezted groups. Chi Square analysis was used to test the hypothesis
that the difference in incidence between groups receiving different.
drugs was gre-ter than expected by chance alone.

ks shown in Tsble XTI there was no significant difference
between animals recciving prophylactic sodium salicylate or hydro-
cortisone. Similaxly, Table XIII shows that there was no signif-
jeant difference between the animals recsiving pro hylactic hydro-
cortisone or phenylbutazone,

In Table XIV the effect of sodimm salicylate is compared to
the effect of phenylbutazone. On three days the nmumber of involved
animals in the salicylate group was significantly lower at the
0.2 or 0.1 level of gignificance., This partially confirms the

impression gained from comparison of the two drugs with untreated



TABLE XI1
COMPARISON OF THE INCIDENCE OF PROLACTIN' INDUCED ARTHRITIS
I ANIMALS RECEIVING PROPHYLACTIC

SODIUM SALICYIATE OR HYDROCORTISOWE

? Values Obtained f£rom Chi Square Analysis

Prolactin® Prolactin®
5 +=
Sodium Balicylate lydrocortisone
9 Bats i0 Rats
Rats With Rats With Chi Square

Day Arthritis Arthritis P

12 g i Hebs
i3 O 2 HeBe
14 0 b4 Hbe
13 ¢ 2 N.S.
ie 4] 2 HeS.
17 ¢ 2 .8,
ii_% ﬁ 2 dﬂ 'y 3 *
20 i 3 H.5.
21 i 3 N.5.
22 & 3 H.Se
23 0 3 .8,
24 1 1 N8
25 o 1 N.B.
26 2 G K5,
27 1 1 HeSa
28 g g HeSe
29 0 g N.8.
30 L4 1] Hebo
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TABLE XI1X

COMPARISON OF THE INCIDENCE OF PROLACTIN® INDUCED ARTHRITIS
I ANIMALS RECEIVING PROPUYLACTIC

HYDROCORTISONE OR PHENYLDUTAZONE

P Values Obtained from Chi Square Analysis

Prolacein™ Prolactind
+ +
Lydrocortisone Pheny lbutazone
10 Rats § Rats
Rats With Rats With Chi Square

Day. Arthritis Avtheicis P
i2 i i Hess

3 2 2 Mol
1% 2 4 HoSe
15 2 3 1.5,
16 2 4 HaB,
17 2 2 Hele

‘ﬁ'.lo 2 é *ﬁ L] S L
9 3 2 .6
26 3 i HeBs
21 3 2 Ha8a
22 3 2 Hede
23 3 i HeBs
2;&- i 2 H.5,
25 i 2 H.8.
26 0 i N.B.
a7 i ) Ha8.
26 U o Hee
29 1 0 H.8.
30 4] 7] He8e




TABLE X1V
COMPARISON OF THE INCIDENCE OF ?Hﬂﬂiﬁ‘i’lﬁ& : INDUCED ARTHRITIS
IN ANIMALS RECEIVING PROPHYLACTIC

SODIUM SALICYIATE CR PHENYIBUTAZONE

P Valuas Obtaiped from Chi Square Analysis

Prolactin™ Prolactin®
+ -+
Sodium Salicylate Phenyibutazone
9 Rats 8 BRats
Rats With Bats With Chi Square

Day Arthritis Arthritis .

12 0 i .S
13 0 2 .8,
14 ¢ 2 H.8.
15 4] 3 0,01
16 0 & 0.02
17 4] 2 H.8.
18 g 4 ©.02
19 i 2 He8a
20 i i H.8,
21 1 2 H.8,
22 L] 2 H.8.
23 G i K8,
24 1 2 H.8.
25 0 2 MN.8.
26 2 i He8a
27 i 0 H.8.
28 o g H.8.
29 g g M.5.
30 Q 0 .85,
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animals showm in Table XI.

A final ranking might be expressed as salicylate being equal
to hydrocortisone, with both drugs slightly more effective than
phenylbutazone. To provide conclusive data a larger series would

be required,
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ACTOPHOTOMETER STUDIES

Table XV illustrates the effect of measuring activity over different
periods of time (time intervals) in seven untreated control rats. The
mean and standard deviation of counts per minute (c./min.) is shown for
each duration of activity weasurement. The shorter periods of measure-
ment have the largest mesns which might be desirable if a decrease in
activity is to be readily demonstrated after treatment. However, the
5 and 10 minute intervals have large standard deviations which would
make small changes in activity almost negligible. That is, only &
marked decrease in activity for any one rat in the group could be shown
to be statistically signifieant. At the opposite end of the scale the
60 mimute measurement has a standsrd deviation of only 8.88 counts per
minute (e./min.) but the mean for this period is so low (27.70 c./min.)
that activity would have a very limited range over which a changs could
be demonstrated. The 20 or 30 mimubte duration of measurement avoids
these factors with & relatively high mean activity and yet the standard
deviation for these periods is small. Since the peried of 30 minutes
duration had the smallest deviation in this and subsequent experiments
it was selected for all activity measurements reported in this paper.

Some rats seemed to require & "warm up” period in order to become
accustomed to & new enviromment before attaining their usual activity.
Others seemed to start immediately with maximum activity when placed
in the counting chamber. The question thus arose as to whether or not
the first few mimutes should be excluded. Table XVI shows the resulis
of tabulating the 30 minute mean and standard deviation of counts per



TABLES XV and AVI

TABLE XV MEASUREMENT OF RAT ACTIVITY (ACTOPHOTCMETER COUNTS)

EXPERIMENT VI

{Seven Rats « Three Chservations)

COUNTS PER MIRUTE FOR VARIQUS TIME PERIODS
5 min, 10 min. 2i} min, 30 min. &5 min. 60 min.
MEAL 89,29 70.00 52,19 43,35 34.25 27.7C
8.0, 17.15 16.08 11.79 10.02 9.09 8,88

TABLE XVI MEASUREMENT OF RAT ACTIVITY (ACTOPHOTOMETER COUNTS)

EXPERIMENT VII

(Sixteen Rats » Three (bservations)

EFFECT O VARIANCE OF FIRST TEN MINUTES

Counts Per Minute Counts Par Minute
TOTAL THIRTY MINUTE PERIOR THIRTY MINUTE PERICD
LESS FIRST TEN HMINUTES
MEAN 34,04 HEAN 23.48
8.D. 16,01 E.Da 9,49
VARIARCE 190,154 VARIANGE 50,150
F Batie = 1900184 = 1,111 Hot Sigo

00.150

68
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ninute for sixteen rats on three different daysz in the left column. The
right colwm shows the mean and standard deviation of countes per minute
for only the final 20 minutes of the same 30 minute pericd. In this case
the counts for the first 10 minutes after placing the rat in the counting
chanber have been disregarded. To determine if the variance estiuate
might be less, or at least different, for these two methods of recording
activity the F Ratio was computed for both determinations (58). 4s
shown: in Table XVI the F Ratio was not significant. Thus the elimination
of the initial 10 mimute counting period does not cause a significant
difference in the standard deviation, even though the means differ. A
similar result was Dund in e duplicate study performad later. On this
basis the total 30 minute activity count was selected for use in all
subgequent measurements.

Since it has been demonstirated that muscles of adrenalectomlized
rats fatigue more quickly than those of normal rats (36), and ocur
animals had been subjected to this procedure, it seemed of interest to
study the effect of adremalectomy alone upon activity. In earrying out
this experiment a second vardable, the age of the animal entered into
consideration. Table XVII indicates the mean and standard deviations
for the activity of a group of six young adult rats, during three pre-
operative observations and on post-operative days 12 and 19. Using
the analysis of variance ("P Test®) technique (58) no significant
difference in mean activity between individual rats or between pre-
operative observations and post-operative perlods was noted. Table XVIIX

presents the mean and standard devistions for the activity of seven
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TABLE XVI1 MEASUREMENT OF RAT ACTIVITY (ACTCPUOTOMETER COUNTS)

BEFORE AND AFTER ADRENALECTOMY

EXPERIMENT XIX
(8ix Young Adult Rats)

BEFORE SURGERY AFTER SURGERY
COUNTS PER MINUTE COUNTS PER MINUTE

POST-0P DAY
DAYy 12 DAY 19

MEAN 43.99  43.34 42.70 39.28 35.24
8.0, 9.71 5.36 6.12 7.25 6.82
F TEST

Detween Runs » Mot Sig.
Between Ind., « Not 8ig.

TABLE XVIII MEASUREMENT OF RAT ACTIVITY (ACTOPHOTOMETER COUNTS)

EXPERIMENT VI
{Seven Mature Rats)

DEFORE SURGERY APTER SURCGERY
CUUNTS PER MINUTE COUNTE PER MINUTE
POST-0P DAY
DAY 16 DAY 23
MEAN 43.83 46,646 39,50 17.3% 41,76
8.D. g;é‘l- 3«22 8.3453 3»&3 “5.?5
F TEST

Between Rung - 0,001
Between Ind. - Not Sig.

BEFORE SURGERY AFTER SURGERY

COUNTS PER MINUTE COUNTS PER MINUTE
POST-0PF DAY
DAY 23 baY 29

MEAN 43.83 46,64 39,30 %1.76 43,72
S.D. S 64 8.22 8o40 4o 75 7.58
F TEST

Between Runs - Het Sig.
Between Ind. - Hot 8ig.
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mature rats during thre¢ pre-operative observations and on posteoperative
days 16 and 23, While there was no significant difference between the
performance of individual animels, a definite decrease in activity post-
operatively occurred which was significant at the 0,001 level., To see
whether or not this difference remained permanently, further post-
operative sctivity counts were recorded for this group. When the data
for posteoperative days 23 and 29 were compared to the pre-operative
econtrol data for this group, no signifieant difference between pree
operative and postecperative activity existed., Apparently, older mature
animsls with a less rapid growth rate recover less x!apiﬂlj from the
traums of surgery than do young animals. Most young adult rats return te
their normal activity about two weeks post surgery. Therefore, in young
adult rats the effect of adrenalectomy upon activity may be disregarded,
This enables the use of post-operative activity in comparison with
activity after Prolactinf treatment in the evaluation of the "model®
disease, Since no pre-operative period of activity messurement is
required younger animals may be selected for Prolactin® trestment, Here-
after, all references to "control® activity are based upon post-operative
measurements beginning approximately two weeks postesurgery.

Since rats are known to be nocturnal animals it might be expected
that the time of day when activity was meagured would correlate with
changes in aetivity. Table XIX, Part I shows the grand mean and standard
deviation of six rats whose activity was measured at the same hour, plus
or minus 30 minutes, for each animal, In Table XIX, Part II the same
animals were obgerved during different four hour periods of the day.

Each animal contributed the same number of activity counts in the two

parts of Table XIX., Ii is evident that the grand mean and standard
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TABLE XIX MEASUREMENT OF HAT ACTIVITY (ACTOPHOTOMETER COUNTS)

EXPERIMENT XXII

{Six Rats)

PART I: Variance Estimate With Activity Measurement

Taken At Same Time Of Day

Anixal No.

RPN

58,27
42,70
29.20
38.73
34470
£0.67

COUNTS PER MINUTE

50.13
L3.20
22.70
25.67
40,30
3543

40.37
41.00
24,60
2577
27.40
29.60

26.23

31.03

GRAMD MEAN 35.58
S.D. 9.22
VARIANCE £5.0760

PART II: Variance Estimate With Activity Measurement
Taken At Different Time of Day

dnimal ¥Ho.

o W B W b

F Ratio = Z1l.43 = 1.075

85.08

11 am
3

52.83
47.80
28.13

25.23

11 pm
3 am

COUNTS PER MINUTE

36,33
30,17
38.23
30.33

GRAND MEAN 37.11

3 p 7 pm
Tpn 1l pm
58527 50‘73
37.67  L1.80
22.97 29.20
36.83 38.73
26.43 34.70
35.00 40,67

ot Sig.

S.Ds 9 afbé
VARIANCE 91.4313
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deviation for the two activity measurements sre very close numerieally.
The F Ratio test shows that there is no signifieant difference between
the standard deviations of counts per minute for the two groups of data.
I is probable that if all other variables could be controlled a
significant difference could be demomstrated correlating with time of
day. No correlation could be demonstrated in this investigation.

The influence upon activity of the temperature where the rats were
housed and where thelr activity was counted was also considered. It has
been shown that adrenalectonmiged rats exhibit & markedly increased rate
of cooling when exposed te cold air (26). Ome theoretical explanation
for this rapid eooling is that there is a dscrease in muscular activity
and shivering. &ith the method of measuring activity used in this
investigation, no correlation between individual or group activity and
room temperature could be demonsirated.

The poesibility of variation in activity being caused by the fact
that different observers handled the animals was also considered. In
a separate comparison, the group means amnd standard deviations obtained
by two different observers were computed. There was no statistically
significant difference between the data of the two cbservers.

In the final group of experiments the measurement of rat activity
was applied in the evaluation of three anti-inflarmatory agents, as
follows. |

To show the reliability of the method and, also, to rule out an
infectious etiology of arthritic changes, a control group of six young



h
adult rate was employed. The ftop half of Table XX shows the compubabion.

of the mean and standard deviation of counts per minute for six post-
operative activity counts. Ne significant difference betwesen counts was
noted although there was & definite difference between animals which was
sipnificant at the C.001 level. This merely represents the biological
varigtion existing between animals. In the bottom half of Table XX
computation of the mean and standard deviation of counts per minute for
additional activity measurements for these rats is shown. These measure-
ments were made during the month corresponding to the 15 day treatment
period and subseguent obsarvation period in drug treated groups. Again,
there is no significant difference betwesn mean counts per minute during
the second month of observations. PFigure 12 illustrates the activity
(mean ¢./min. £ 1 8.D.) and body weight of these control animals. It
may be compared with the activity and body weight of Prolactin® treated
animals shown in the lower portion of Figure 8. Table XXI shows the
comparison of each animal's econtrol mean ﬁ 1 8.D. and subsequent achivity
counts for that animal. At the bottom of the table the data is
sumarized in terms of per cent of animals with activity above, below,

or within the range of the control mean 1 1 8.D. On only one occasion

do more than 33 per cent of animals show a decrease in actlvity below
the - 1 8.D. range.

To serve as a basis for comparison with drug treated groups a
group of tem young adelt rats received Prolactin® treatment only (see
Figure &). Table IXII shows the computation of post-operative control
gctivity. In this instance the difference between means was significant
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TATLE XX MEASURFMENT OF RAT ACTIVITY (ACTOPHOTCHMETER COUNTS)

DURING POST-QPERATIVE PERIOD

(EXPERTMENT XXIT)

Animal Numbey Counts Per Minmnte and Date of Measurcment
# 1/19 1/25 1/28 2/1  2/10 2/17
1 58.27 52.83 50,13 5073 36,80 140437
2 k2470 h7.80 43,20 11.80 34,50 L1.00
3 29,20 28.13 22,70 16.87 32,70 2k 60
b 38.73 36.83 25.67 2717 30617 37.13
5 3470 27453 L0430 38.23 32.23 27.40
6 40467 26,30 35443 3033 29497 29,60
GRAND
MEAN 0,71 36457  36e2  3he2h  32.80  33.35 MEAN 35,65
SeD. 9.85 11.42 10.52 11.90 2467 TeOli SaDe 9ebs5
Ievel of Big.

F Test Between Runs Not Sig.

F Test Betwsen Individuals 0,001

CONTINUED POST=OP CONTROL ACTIVITY

Animel Number Counts Per Mimute and Date of Aetivity Ueasurement
# 2/2  3/3 310 3/a1  3/20
1 36,10 28.27 36.13 42,03 15.63
2 37.87 35.73 32,70 3597  L0.27
3 22,97 26423 110,93 28.13 36433
L 28483 29.77 33.63 33.27 27.23
5 264113 31.03 27.30 30.80 3413
& 29493 36473 30,83 35457 31.40 .
| GRAND
MEAN 39035 31.29 33059 3&-39 3§083 RAN 33006
2.D. Se69  Lelb he65 heB1 6o 52 SeDe  Le55
Level of Sig.
F Test Between Runs Hot Big.
F Test Between Individuals 0,001

F Test Between Two Control Periods Not Sig.



Figure 12
VARIATION IN MOTOR ACTIVITY
AFTER ADRENALECTOMY

(Showing normal variation of the average 30 minute Acto-
photometer count and the growth curve following adrenal-
ectomy in 6 young adult rats.)

NOTE: These animals received no treatment other than
maintenance desoxycortisome, 1 mg. every other
day, and 1 per cent saline ad 1lib for drinking
water. "Sham" injections of 0.2 cc. physiologic
saline were given on days when cther animals
received injections.

{The mean ¢./min. + I 8.D. for the 30 minute activity count
is illustrated as in Figure 8.)
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at the 0,01 level. This is probably an artifact secondary to the £ifth
observation when several animals appeared depressed for no apparent reason.
The individual difference between animals was significant at the 0.001
level. Table XATIX shaws the computation of mean and standard deviation
of counts per minute for nine additional studies during and after
Prolactin® treatment on days 2, 5, 9, 12, 16, 19, 23, 26 and 30. During
the first six studies the difference betwesn means was not significant
and the difference betwesn individuals decreased to the 0.05 level of
significance. The difference between the grand mean (33.16 ¢./min.) of
the control activity period and the grand mean (29.65 ¢./min.) of the
treatment period is signifiecant at the 0,001 level. Table XXIV shows
the comparison of esach animal's control mean £ 1 5.D. and activity counts
for that animal on nine subsequent days. The data is summarized as in
Table XXI in terms of per cent of animals with activity above, below, or
within the range of the control mean % 1 S$.D. Varistion tabulated in
this manner shows litile deviation from the untreated group with activity
in 50 per cent of animals below - 1 $.D. on the 16th day only.

In the following three drug treated groups the computations from
raw data will not be shown but results will be summariszed using the
same methods illustrated for the control groups. Figures 9, 10, and 13
show the activity and body weight of the three drug treated pgroups.

Table XXV shows the resulits in eight young adult rats receiving
phenylbutagzone simultaneously with Prolactin®. The difference betwsen
means of the six contrel observations and of the nine observations

during and post therepy was significant at the 0.05 level. The difference
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TABLE XXIY MEASURFMINT OF RAT ACTIVITY (ACTOPHOTQUFTER COUNTS)
DURING POST=-OPERATIVE. PERIOD
FXPFRIMENT XX

(Ten Rats)
Animal Mumber Counts Per Mimie and Date of Measurememt
i /17 1/20 1727 2/3 2/6 2/10
1 29.97 27,80 31.53 30.43 33.50  23.83

>

26493 30490 25057 17.53 21.93 264,30

3 h3.77 h1e33 37467 38,57 23413 Lll.67

h 36403 17430 h8.33  LhehO  LS.50 35,50

5 28,70 35,97 28,47 28.90 10.83 22,80

6 17497 1783 17.37 16420 11.20  2hali3

7 3he63 hBel7 36.h7 h1e97 29487 33633

8 27,07 31s00 29480 37.57 27460  31.07

9 10e27 h8.93 h0e60 1353 L0677  L2.60
10 52490  LS.67 56407  37.47 2he07  hl.SO

MEAN 33.82  37.19 35.19 3366 26483  32.28 G;‘.-mm 33.16
S+De 998 10,19 11.27 10,19 11.27 7085  SeDa 10.19
Level of Sige
F Test Between Runs 0.01

F Test Between Individuals 0,001
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between the grand mean of the control period {36.05 c./min.) and the
grand mean (31.94 c¢./min.) of the treatment period was significant at
the 0.01 level. The sumary in terms of per cent of animals with
activity below control mean ~ 1 S.D. shows that 50 per cent or greater
were in this category on five out of the nine days.

Table XXVI shows the results in ten young adult rate receiving
hydrocortisone simmltanecusly with Prolactin®. The difference between
means of the six control rune is significant at the 0.00L level. This
variation ie a reflection of intercurrent respiratory infection in the
colony. The infection largely cleared prior to the treatment period
and the difference belween means of the treatment period iz not
significant. In both groups the difference between individual animals
was significant at the 0.001 level., The difference between the grand
mean of the control period (27.96 e¢./min.) and the grand mean (30.01
¢./min.) of the treatment period is significant at the 0.001 level
and probably can be explained on the basis of the respiratory infection
since group activity during the treatment pericd did not vary signifi-
cantly. The sumary in terms of per cent of animals with activity
below control mean - 1 S.D. shows that a maximum of 10 per cent fell
into this category on five occasions, whereas, more animals showed
increased activity.

Table XXVII shows the results in nine young adult rats receiving
sodium salicylate similtaneously with Prolactink, The difference
between means of the three control observations is not significant.

The difference betweon means of the nine runs during and post therapy
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[

is significent at the 0.05 level. The difference between the grand
mean of the control period {29.2k c./min.) and the grand mean

(27.33 co/min.) of the treatment period is significant at the 0.05
level only. The summary in terms of per cent of animals with ac:tivityr
below control mean - 1 S.D. shows that & maximm of 33 per cent fell

into this categery on only two occasions.
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HISTOPATHOLOGICAL STULILS

Microscopic changes were evident as early as 16 days aiter
Prolactin® injection (Figures 13-B, 15-A, B, C and 16-B) and were also
present in a 335 day specimen, The earliest joint changes included
edema, increased vascularity and proliferaii-n of the synovial membrane,
FIn some insgtances the symovial changes included infiltrati-n of he
gynovium with mononuclear cells (plasme cells and lymphoecytes). There
wag no evidence of agute infection and few polymorphomuclear cells
invaded the inflamed area. In some instances the hypertrophied synovium
appeared to form mmltiple papillae projeeting into the joint cavity
(Figure 1L~B, C anc Figure 15-4, B, C) similar to pannus formation in
the human rheumatoid arthritic patient (LT).

Symovial changes were seen in the tarsal bones most frequently but
were algo present in the metatarselephalangeal and interphalangeal joints,
the tibio-caleaneal joint and the knee Joint in wore severely involved
cases, Examplee of involvement in these locations are illustrated in
Figures 13, 1 and 1, No similar changes were present in the control
snimals illustrated for comparison with pathological cases.

Mieroscopic changes were present ln most animals with elinieal
involvement as recorded by the arthrograme A few animalsg did not appear
to have migroscopic chenges. This does not rule out abnormality as only
selected joints weve examined in each animal and serial sections night
wave missed minimal pathology. The importance of serial sections is

shown by Figure 15-f, F which demonstrates changes in a lknmee jJoint
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Figure 13

PHOTOMICROGRAPHS :
HISTOPATHOLOGICAL CHANCES IN THE

INTERPHALANGEAL AND METATARSAL JOINTS

Hormal proximal interphalangeal joint.

Proximal interphalangeal joint 16 days after Prolactinf
was started.

Note the periarticular edema and proliferation of the
synovium with extention into the joint cavity,

Higher magnification of section B.

Hote the increased vascularity and edems of the Pro=
liferating synovial uembrane.

Hetatarsal-phalangeal joint 251 days after Prolactin®
was started.

Changes shuum are similar to these in sections B and C,
plus the additional finding of resorption of the
articular cartilage.

Higher magnification of section D.
Examination reveals hypertrxophied synovium with in

creased vascularity and multiple throwbi, edema end
mononuclear cell infileration of the synovium,
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Figure 14

PHOTOMICROGRAPHS :
HISTOPATHOLOGICAL CHANGES IN THE

TARSBAL JOINTS

Hormal tarsal joint.

Metatarsal-phalangeal joint 251 days after Prolactin®
was started.

Hote the proliferation of the synovium with invasion
and destruction of the articular cartilage and periosteum,

Higher magnification of section B.

Note the increased vascularity of the synovium and the
associated periosteal reaction.

High power view of hypertrophied synovium extending
between two tarsal bones 55 days after Prolactio® was
started.

Increased vascularity, mononuclear cell infiltration
and "£ibrin" deposgition on the surface of the invading
synovium ave apparent.

Tarsal Joint 251 days after Prolactin® was started.
Synovial changes are similar to changes described above.
Higher magnification of section E,

This section also shows increased vascularity of the syne
ovium with edema of the synovicl adipose tissue.
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Figure 1;
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Figure 15

PHOTOMICROGRAPHS 1
HISTOPATHOLOCICAL CHANCES IN THE

CARPAL AND KMEE JOINTS

Carpal joints 16 days after Prolactin® started.

A severe, generalized inflammatory reaction was clinically
evident in this gnimal. The synovium appears to project
into the two articulations visualized.

Higher magnification of the upper articulaticn in section A.
Multiple synovial papillae (simulating pannus formation)
are seen projecting into the joint cavity in association
with edema, increased vascularity and mononuclear cellular
infiltration of the synovial tissue.

Higher magnification of the lower articulation in section A,
Changes are present as described above.

Hormal knee joint.

lligher magnification of knee joint 18 days afcer Prolactin®
was started,

Some synovial reaction and distortion of the articular
cartilage are suggested.

Serial section adjacent to tissue shown in E.

The extent of destruction of the articular cartilage by the
synovium is demonstrated.
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18 days after Prolactin® injection. The extent of invasion of the
articular eartilage of the femur is only fully apparent in the second
serial section. Conversely microscopic examination revealed pathological
changes in some joints where no clinical involvement had been cbserved.

In association with the synovial reaction there occurred remodeling
of the bony trabeculae and in one case fibrous anklyosis of the tibial-
calcaneal joint. The latter was clinically apparent as a persistent
stiff gait. The change was present at the time of death om day 55
following Prolactin® trestuent. This animal also demonstrebed a "fibrin
deposit” upon the surface of the invading synovium (see Pigure 14-D).
Other changes cbserved ineclude edema and mononuclear cell infiltration
of the surrounding muscle and peri-articular tissues. No lymphoid
nedules were observed in muscle sections. |

Pathological changes were also present in the joints of the forepaws
in animals with extensive clinical involvement (see Figure 15-4, B, C).
No sections were obtained of spinal articulations. Pathologlcal sbtudy
of the jointe correlated with clinical arthrogram scores especially in
the severely involved animals.

Examination of the heart did not reveal any changes of the pyo~
cardium, aortic or mitral valves. In one case & perivascular infiltrate
of mononuclear cells was seen in relation to a coronary vessel but there
was no consistent evidence of vasculitis im the heart, mscles or kidneys
exanined.

Probably unrelated changes found in the kidney include: occasicnal
collesction of lymphocytes (lymphoid nodule?) near arteriel vessels,
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hyslinigation of glomeruli and some increase in cellularity. There was
no consistent evidence of glomerulonephritiz in these animals.

In many cases the lungs grossly appeared to contain multiple
abscesses which on cut section revealed yellowish to green caseous
material. The gross appeerance of the lungs in Prolactin® treated
animals was similar %o the lungs of rats treated with Freund’s adjuvant
{87)« A large proportion of the microscopic sections examined revsaled
some evidence of chronic gramulomstous lung infection with inecreased
vasculature, congestion, lymphocytic infiltration, abacess formation
with necrosis, and in one case, "giant cells” (see Figure 16~A, B, G, D).
The cellular infiltration sometimes appeared to have a perivascular
location but in most cases assumed the form of an abscess in the lung

parenchyma.
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Figure 16

PHOTOMICROCRAPHS :
HISTOPATHOLOGICAL CHANGES IN THE

LUNG TISSUB

Hormal rat lung.
Lung tissue obtained 16 days after Prolactin® was started.

Consolidation, mononuclear cellular infiltration and
phagocytosis are present.

Lung tissue obtained 251 days after Prolactin® was started.
This section shows marked destruction and distortion of the
lung parenchyma by chromic granulomatous inflamatory
reaction. The border of a necrotic abscess iz demonstrated
in the upper portion of this fleld.

Higher magnification of the lower right portion of slide C.

This view shows further evidence of a chronic granulomatous
reaction with numerous "giant" cells demonstrated.
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Figure 16
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DISCUSSION

An acute polyarthritis has been experimentally induced in the
adrenalectomized white rat maintained on desoxycortisone and saline
and following treatment with Prolactin®, as described. Young adult
rats seem more susceptible to this procedure then mature animals ss
showmn by the difference in the severity of lesions. The disease
typically follows a pattern of onset of the arthritis in a few animals
on the 12th day follcﬁ.ng treatment. The peak incidence of afflicted
animals occurs between the 15th and 22nd days after starting Prolactink
with from 80 to 100 per cent of the animals showing some sizne of
inflamation. Initial signs of arthritis consist of redness followed
by swelling uwsually Jlocated in the metatarsal-tarsal or metatarsal-
phalangeal joints of the hind limbs. Thie process may either regress
or continue with spread of the inflammatory signs to all joints of the
lower extremity distal to the lmee. With severe involvement joints of
the upper extremity are involved in a similer distribution. In severs
cases the redness and swelling is associated with tenderness, heat,
vasodilatation, and in some cases flexion deformity or flaccidity without
true parelysis. In terminal stages severe debility with weight loss and
wealness may be fatal unlese anti-inflammatory drug therapy is administered.
The process continues as a low grade migratory a.rtiu-itis in 70 to 90 per
cent of the animals after the first month of observation. |

The arthrogram system provides a useful means of sumation and
comparison of the degree of the disease involvement in individual animals.
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Although it is subject to the eriticism of an arbitrary numerical system,
results are relativ ly reproducible once the eriteria are defined for
scoring. Attemple at quantitation of the signs of inflammaticn by the
use of a color seale (%o match degree of redness) or calipers (to
quantitate swelling) did not provide more relisble resulis than the
arthrogram mumerical scoring system based upon eliniecal observations.
It is possible ‘hat use of a ‘hermistor mipght be a useful modification |
of the evaluation procedure to provide an objective measure of increased
temperature over involved Joints. Ome disadvantage of the arthrogram
method is the length of time required for transcription into the
numerical score.

The resulis obtained using the Actophotometer activity measurement
device show that the method is reproducible when activily is messured
over & total 30 mimute time period., There is a definite trend for motor
activity to decline as signs of inflammation appear. However, beecause
of the multiple factors which may alter activily, group mean activity
before and after Prolaetin® does not always dewmonstrate a significant
deerease, All individual animale with severe inflammalion developed
significantly decreased motor activity, whereas, the moderately involved
or minimally lnvolved animals sometimes showed increased motor activity.
Further study with this technique under temperature contrelled, humidity
controlled, soundproof end light eontrolled eonditions would be ideal
and might be expected to show a better correlati-n between activity and
inflammatory changes,

Treatment with Prolactin® apparenily caused a slowing down (plateau)
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in the normal growth rate. However, decrease in body weight did not
correspond to the degree of inflammatory involvement exespt in severe
terminal stages where weight loss was a censistent finding.

Comparison of the results we obtained with the Prolactin-induced
arthritis and Myccbacterial adjuvant-induced arthritis deseribed by
others (65), (66), (67), (68) reveals many similarities. In the latter,
enset of arthritis ocours on the 10th day or later with a peak incidence
between the 1ith and 16th days. In both types of experimental arthritis
the hind paws are affected more severely and consistently. In contrast
to the Prolactin®-induced arthritis, reported in this research, the
Yadjuvant® type of arthritis is deseribed es producing fusiform znlling
about the proximal interphalangeal region {66). In both experimental
methods severely involved animals appear generally debilitated with
welght joss and coarse, ruffled fuwr. o subeutaneous nodules or genital
tract lesions were cbserved in this study in contrast to findings with
vadjuvant” arthritis (66) (68). With both techniques & scaling skin
lesion appears about the tall, head and face of cceasional rats. In
Prolactin®™ disease we found no correlation between this dermatitie and
the severity of the arthritis. In addition, some control animals in
thie study developed 2 similar dermatitis with no inflammatory Joint
findings. In "adjuvant® type arthritis, however, there ls an assoclation
between the severity of the dermatitis and the arthritis (66).

Oeccasionally, an animal develops a conjunctivitis with or without
purulent secretion when the "adjuvant” technique is used. In this study
conjunctivitis was noted but it was a self limiting, transient process.
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Also, conjunetivitis was observed in contrel animals without arthritis,
and in the experimenisl animals without apparent relationship to arthritic
legions or altered motor sctivity. Probably, the conjunctivitis wacs
secondary to an endemic infeciion or perbaps Vitamin A deficiency. In
Madjuvant® type arthritis the eonjunctivitis coincides temporally with
the development of arthritis and hes been shown to be associated with
intrascular lesions by slitelamp examination (66).

The results of the histopathological studies in the Prolactin®e
induced arthritis did not reveal evidence of cellulitis or a purulent
arthritis., Synovial hypertrophy with extecnsicn into the joint cavity
and round cell infiliration was observed, comparabl: to the findings of
Pearson (66) in Madjurant® arthritis, Pearson describes early lesions
of synovitis, perlarthritis, peritendonitis, joint exudation, fibrin
deposition in the periarticular tissues and jJoint lumen, invasion of
subchondral bone with panmus and late lesions of fibrous and bony
anklyosis in adjuvent disease, He congluded that these findings represent
an acute arthritis (67). Siimrstaiﬂ has suggested that these legions
of adjuvant arthritis should be classified as 2 periarthritis and
periostitis (67).

Collins (13) has pointed out that there is no single pathonomonic
histopathological chonge characteristic of rheumatoid arthritis. ‘The
prineiple lesion is a chronic synovitis with proliferation of the
gynovium and massive lymphoia or plasma cell infiltration forming foel
frequently. Although lymphoid nodules were not ldentified in tissues

from Prolactin® treated animals the gynovial resetirn is compatible with
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an arthritic process similar to rheumatoid disesse. An example of the
rheumatoid symovial reaction is shown in Copeman's text (15). Neither
sogmental vasculitis nor muscle and nerve lesions characterised by focal
lyphocytie infiltration and focal degeneration of the invelved tissues,
comparable to the human rheumatoid disease process (47) (94) were seen
in the experimental Prolactin® disease.

In this study desoxycorticone was employed in an attempt to maintain
normal elsctrolyte balance following adrenalectomy. It was not thought
to contribute to the arthritic changes. The absence of microscopic
evidence of an acute interstitial myocarditis, vasculitis, glomerulo-
nephritis or other changee found in the hypertensive "hyalinosis
syndrome” (75) (€l) in our experimental animsls tends to discredit the
role of desoxycortisone in produeing the arthritic changes. It would be
of interest to know whether blood pressure was altered significantly
following the treatment regimen used im this study.

Ward (106) has emphasizmed the need to comsider infectious agents
in experimental arthritis. The finding of gramulomatous lesions in the
lungs of Prolactin® treated rate raises the possibility of Mycoplasmal,
or FPLO organisms contributing to the inflammatory changes cbserwved.
Microscopic examination of the invelved joints in Prolactin® treated
animals did not reveal evidence of & purulent arthritis typieal of PPLO
arthritis (63) (106). PPLO organisme are known to be susceptible to
tetragyeline. Treatment of our experimental animels with psnicillin,
totracyleine or chloramphenicol did not alter the ecourse of the arthritic
disease. If an arthritogenic infectious asgent were present in the
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experimental andmals it might be expected that some control animals
would develop inflammatory joint changes. No such changes were cbserved
in any control animals in this study. Pinally, trestment with hydro-
cortisone was demonstrated to suppress inflammatory changes following
Prolactin® treatment. However, Silverstein (87) has noted that suppress-
ion of inflammatory joint disease by cortisone is not compelling evidemce
that the disease iz due to hypersemsitivity rather than t¢ infection. If
an infectlous agent was responsible for the arthritis it is unlikely that
it would have produced the "anammestic" response observed in retrsated
animsls. This respouse is suggestive of a hypersensitivity reaction.

No passive transfer eperiments were performed or cultures talken in thie
- sbudy.

dpplication of this experimental "model” for eomparing the anti-
inflammatory efficacy of several drugs shows the following:

A definite suppression of inflammatory activiiy, in terms of the
mmber of animals affected and the severity of involvement, was observed
following prophylactic drug treatment. All three compounds tested
(sodium salicylate, phenylbutagsone, and hydrocortisone) produce a
statisbically significant decrease in the incidence of arthritiec animals
when compared to the control group. Seodium salicylate and hydroecortisone
appear to exert a slightly greater anti-inflammatory effect than phenyl-
butasone.

Interpretation of the motor activity measurements is less clear-cut.
A decrease ln overall group activity was partially suppressed in comparison
to the contrel animals in the case of salicylate and phenylbutasone treated
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animals. Hydrocortisons treated animals appeared to show an increase
in activity lewvel following treatment probably related to an inter-
current respiratory infection during the pre-treatment period.
The anti~inflammatory druge did not completely inhibit the decrease
in rate of growth of animals during the Prolactin® treatment period.



SUMMARY

An acute polyarthritis has been experimentally induced followe
ing Prolactin (Lactogenic Hormons) treatment, as described, in the
adrenalectomized, desoxycorticosterone and saline mainbained, white
rate The "model" disease first appears in a few animals on the 12th
day following Px‘alac’bina treatment and reaches a peak incidence
during the 15th to 22nd days after treatment is initiated., Low
grade migretory arthritis is present in 70 to 90 per cent of animals
after the first month. Signs of inflammation appesr in 80 to 100
per cent of treated animale and renge from very mild to severe,
generalized, progressive, fatal diseéae. Histopathological studies
revesl perirrticular and synovial changes compatible with the none
specific pathological changes obgerved in rheumatoid arthritis.

An arthrogram scoring system was designed to permit summation
and gomparison of inflammatory involvement on & numerical basis.
This system was found to provide a reproducible means of summation
and comparison of the degree of inflammatory involvemeni in ine
dividual animals or groups of animals,

The Actophotometer recording device was used to measure changes
in motor activity as a reflection of albtered "functional eapacity™
in the "model" diseasse. A definite trend for motor activily to
decline as signs of inflammation occurred was observed. Bacause

of the multiple factors which may alter sctivity, group mean active
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ity before and after development of the arthritic process did not
glways decreass significantly. All individual animals with severe
inflammation developed significantly decreased sctivity as recorded
by this methods Further study with this technique under tempere
ature controlled, light eontrolled, humidity controlled, scundproof
conditions might provide a more direct correlation between the degree
of inflammetory changes and alteration iﬁ motor activity.
Application of this experimental "model® disease for compare
ison of anti=inflammatory efficacy of three eommundﬁ showed 2
definite suppression of inflammatory sctivity as measured by the
arthrogram technique. Sodium salicylate and hydrocortisone appeared
to exert a slightly grester snti-inflammatory effect than phenyle
butezone in terms of decreage in the incidence of arthritls in
Prolactin® treated snimals. Dats is suggesiive but not conelusive,
that the anti-inflammatory compounds partially suppressed the
decrsase in overall group activity associated with Prolactin®
digease. Further studies are indicsted to see whether or not this
tochnique might be used te provide a laboratory method of ranking

anti-inflammatory compounds with different degrees of effectivencas.
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APPLNDIZX

DEFIRITICHE OF TURMS USED IN THESIS

In this thesis references have been made to the terms "arthritis"”,

“polyarthritis®, "true arthritis®, “gzax’isrthritia?’, "msdel® disease,
"pannus", "anamnestic response® and "arihrogramt,

Arthritis or true arthritis may be defined as inflammation of the
Joint structures. The synovitis {or inflommation af the symovial
membrane of the joint cavity) found in rheumatoid arthritia might be
ci’md as an example of a2 true arthritis. The term afthrit:is is
modified by the prefix Pperi® to indicate inflammatory pathological
changes present arcund the joint structures per se. The prefix "poly®
is added to indicate inflammotory involvement of wmultiple joints.

The term "model" disease was used in this study to indiecate a
disease process deliberately produced in the experimental animal in
an atiempt to produce a replica of the human disease process. That
is, some feature of the human disease was duplicated in the experie
mental "model® disense.

Pannus is defined as "a layer of conmective tissue ﬁarive;i from
the margin of synovial membrane where it Joins with cartilsvge“.}‘
Pannus appesrs grossly to be & reddish, roughened, tongue~like

protirusion of tissue extending into the joint cavity.

1Rcsenbarg, Edward ¥e The pathology of rheumatoid arthritis, In
Julie Hollander (BEd,) Arthritis and allied conditions: a textbook of
rheumatology. Fhiladelphia, Penn.: Iea & Febiger, 1960. p. 183.
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The term anammestic response refers to an immmological phenomenons
Foliowing a seeond injection of antigen a much more rapid rise in antie
body titer is obtained and the gquantity of cireculating antibodies
usually is minﬁaixmd at a high level for a 1ongér period of time than
occurs after a primery injection. The prompt and efficient production
of antibodies following secondary injections is referred to as an
anamnestic raactien.?

The term arthrogram was used in this investigation to refer ito the
mumerical scoring system devised for description of the semerity of

Joint inflammation,

2Smith, @tTtg & ‘Ggﬂaﬂ.}ﬁ, }\hf!?'., et, al, (?‘7@.) Eac‘beriﬂlﬁ@rv
New Yorks Appleton-Century-Crofte, 1957. pe 13L«135,
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CIASSIFICATION AND DESCRIPTION OF MAJOR FORMS OF ARTHRITIS

Hollanderd has stated that most cases of arthritis fall into ome
of five major groups as follows:

1. capes that are possibly infectious but of unproved etiology

(examples rheumstoid arthritis)
2. cases repregenting degenerative forms of jJoint disease
(examples osteoarthritis)

3. copes in which the arthritis resulis from metabolie

sbnormalities (example: gouty arthritis)

L. cases in which the arthritis results from direct trauma to

the joint

5« frankly infectiouns cases of barthritis caused by specific

organisms (example: gonorrheal arthritis)

Because of the numerous references in this thesis to the differ-
ences between rheumatoid arthritis and ostecarthritis a description
of their elinical and pathological characteristics is included in
this appendix,

Shorbl‘ has provided a useful although somewhat general define
ition of rheumatcid arthritis as follows: YEheumatold arthritis is
& chronle inflammatery disease of unknown eticology and pathogenesis

3Mollander, J.L, Introduction to arthritis and the rheumatic
diseases. In J.L. Hollander (Ed,) Arthritis and allied eonditiones
& textbook of rheumatology. Philadelphia, Penn.: Iea & Febiger, 1960,
Pe 2021,

ignoyt, C.L. Rhewmstoid arthritis: historical aspects.
Jde Chron, Disga, 1959, 10, 375.
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which is systemic in nature and characterized by the manner in which
it involves joints." MHe also notes that it is a familial disease in
that it occurs more frequently in the relatives of patients than of
controls. Synmonyms for rheumatoid arthritis include atrophic arthe
ritis, proliferative arthritis, chronic infectious arthritis, and
others,

Degenerative joint disease ls defined as a chronie awtﬁmpath?
(pathologic change of the joints) characterised pathologiecally by
degeneration and hypertrophy of cartllage and bone. Synomyms for
degenerative Joint disease include ostecarthritis, hypertrophic
arthritis, arthritis deformans, senescent arthritis and others,

The following teble adapted from MoEwen> permits easy compare
ison of the features of rheumatoid arthritis and osteoarthritis.

Fheumatoid Arthritis Oatecarthritis

Age of onset Usually between 20-L5  Most often after L0
years years

Involvement of Especially proximal Especially terminal

hands interphalangeal and interphalangeal jJoints
metasarpophalangeal but proximal interpbalenw
Jointey very rarely geal Jointe also,

distal interphalan-
geal Joints.

SMoEwen, Currier, The diagnosis end differential diagnosis
of rheumatold arthritis., In J.L. Hollander (Ed,) Arihritis and allied
conditionss a textbook of rheumatology. Philadelphia, Penm.: Iea
& Febiger, 1960, p. 239-2L0,



Number of joints
involved

Joint involvement
Type of onset

Congtitutional
synptomg

Type of joint
swelling

Huseular atrophy

Jdoint effusion

Subeutansous
nodules
Sedimwentation rate

Yeray findings

Primary patho-
logical changes

Ehoumatold Arthritis

f}stcoarthritis

Usually many

Most often symmetrical

Usually insidious; may
be abrupt

Fever, weight loss,
anemla, tachycardiaj
enlarged lymph nodes
and spleen

Usually fusiform op
spindle shapsd

Ugually present and
may be marked

Usually present; may
be marked

Present in 15 per cent

Usually rapid

Barlys fusiform peri-
articular soft tissue
swellings rarefaction
of trabeculated ends
of bones and gystemie
decaleification

Later: decrease of
Joint space, lipping
and osteophytes,
punched out areasg of
bone at articular mar-
gins, and possibly
w}.ﬂgia’ gsubluXe
ations, ete.

Synovitis

Usually few

Often asymmetrical
Insidious

Usnally none

Usnally irregular or
knobby

Hot frequent; not
marked

Usually none unlesgs
trauma superimposed

Abgent

Usnally normel

Early: narrowing of the
Joint space due te
destruction of cartilage;
formation of osteg-
phytes and lipping

ILater: e¢ysts at ends
of bone, deformities
from prespure and
tractiony no ankylosgis

Degeneration of hyaline
articular cartilage;
no inflammatory changes





