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INTRODUCTION 

Inflammation appears to be an attempt by the organism 

to re-establish homeostasis as a response to local reactive 

change in tissues following injury or irritation. This in

jury or irritation (whether caused by micro-orga11isms, toxins, 

antigens, etc .. ) first leads to an increased .Passage of fluid 

through the ,..,alls of the microvasculature , followed by stasis 

of circulation within the affected area. This , in turn, is 

follo\'red by migration of l eukocytes into the area and finally 

concluded by connective tissue proliferation leading to the 

deposition of granulation tissue (1,2, 3). 

Thex•e are ma.."'ly experimental model s e:.mployed for the 

evaluation of drugs \·Tith possible anti-inflammato:cy a.ctivi t;y. 

Since many of these systems employ whole animals , it seems 

r ational t hat; variouB hematological parameters could be ap

plied. Our pu:cpose '<Ja.s to test such pa:rametei'S in two se·

l ected systems (~:.·.£· s adjuvant·~induced arthritis a.nd. co·tton 

pellet grc:muloma f ormation) during drug evaluation~ 'l'he 

parameters under investigation included: t otal 1:ihitc blood 

cell count, diffex·ential leukocyte count, sedimentation rate 

and Be r um protein patterns., 

A number of JrJlO\oJil an.ti-inflanunatory a~ents aJld ce:r·" 

t ain nelceted exper:i.monta.l drugs \·~ere subjected to this in

vestie;at:i.on ... '.rhese eompounds included: phenylbutazone) 
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mefenamic acid, indomethacin, paramethasone, hydrocortisone, 

6-mercaptopurine, benzquinamide, and tetrabenazine (see Fig

ure 1.). 

2 

Of three "unkno\'m." compounds chosen for study, cryogen~· 

ine was selected because of its unusual a .. nti-inflam.matory 

characterist ics. \-fnile most anti-inflammatory agents are 

acidic compounds, cryoge:nine is one of eight alkaloids iso

lated from a plant growing in subtropical-tropical areas of 

South America and 1'1exico (4·,5,6). ~ch~~ plant is !!£.:Unia SD;.}~

ic:i. folia Link and Otto (7) from the famil;y- J;ythraceae. --· 
Since the preliminary pharmacologic studies by 

Robichaud e~ aJ:.o (8 ), a great deal of information has been 

gathered on i.ihe actj_on of er,yogenine and i't;s cmalor;r..:;. E:uch 

actions include selected. CNS depression in h igh doses.> anti-

spasmodic blocking of acetylcholine·~·induced cor;.traction of 

smooth muscle, inhibit ion of pressor effects produced by 

exoe;enously-ad.minister0cl epinephrine , plus rmme an'liihistami -

nic and antib:r.adykinin activity (9, 10). 

In 1966 1 .Jiu noted that ex-t:racti ve.s o:f !!.~S.~ .§21:.·~ 

.i~£2.~1.?~ posse ~:;sed significant c~nti-:Lnflanunatory act ~!. vi ty . 

The modHls he cmplo;yed -v.1ere ;yea.st~.indue ed foot edema in rats 

and cotton :p0llet grm1uloma in guinea pig.3 ( '11).. In 1967, 

Kaplan and J.Vla.lon<::~ pubJ..i shed a paJ:H:~r ( 12) '::hich demonstrated 

that cryogenine vms effective in l'educ:i.ng inf'lam .. mation i n 

the follov1ing infla11rmato :t."'Y models: paw edema .i.nduc ed by 

~~C!.~1 8.:,9_·~_<;r:L·~!!! ad juvant .i.n r .3.ts r carrageenin- and serotonin

i nduced pedal ede110. in rnts , <md histami ne·- i nduced intra.-

dermal wheal r e nponf_;es in th.c rG.l>b:i.t 6 Cr yog cn'inc \'.'as al::;o 



3 



Figure 1--- Chemical structures of compounds 
under investigation . 

a. Tetrabenazine 

b . RO 4-128'~ 

c. Benzquinamide 

.2:_. RO 1-956L} 

e. Phenylbutazone 

.f. Cryogcm.inc 

~· Indomethacin 

h. Hydrocortisone 

i. Mefenamic Acid 

.i· 6-Mercaptopurine 

k.. Pa.ramethasone Acetate 
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sho~m to eY~ibit a low order of analgesic and antipyretic 

efficacy. Other studies in thi s laboratory documented that 

cryogenine lacked fibrinolytic activity, was ineffective in 

reversing stress-induced hyperglycemia , did not deplete cen

tral or peripheral tis sue level s of no:r.epinephrine and sero

tonin, and \<lould not produce his topathologic lesions on 

chronic dosa.ge ( 9,13,14). 

The other t'1o "unkno\'m" compounds under investi ga

tion were: RO Li-1284 (2-ethyl·-2 , 3 ,'-I·, 6 , 7 , 11b-hexahydro--2-

hydroxy-3-isobutyl-9 , 10-dimethoxy-1H-benzo [h] quinol:Lzine 

~lso appearing in the literature as: (i) 2 hydroxy-2 ethyl-3-

isobutyl-9, 10 dimetho:>cyl-1 , 2 , 3 ,'+~ 6, '7- hexahydro-11b H-benzo

quinolizine , (ii) derivative of 1 , 2,3 ,'-l- , 6 , 7-·hexah~y-dro-1'1bH-

benzo [a.] Quinolizine , carbi nol I.~ and HO 1-956LI. (}-ethyl-

2, 3, '+, 6 , 7, 1·1b-hexahydro·-2- hydroxy--2-isobutyl-·9 ~ 10~-dimethoxy-

1II-benz-o [h] quinolizine [also appearin(S in. the literature aB: 

(i) 2 hydroxy-2 isobutyl--3 ethyl~9-10 <li.me-thoxy-·1~ 2 , 3 , Ll· , 6 , 7-

h exab.ydro-"1'1b H-bcnzoquinolizine , ( i i) derivative of 1 , ~2 , 3 , 

'+, 6 , 7-hexahyd:co--11bHh·benzo [a] qui noli z:Lne ~ carbinol I II.)]. 

RO Ll-1284, along with t etrabenazine, beJ.ongs to a distinct 

clas s of ben zoquinolizine ataractic agents ,,,hi.ch depl ete 

serotonin and nore:pinephrine from brain tissue and evoke 

"typical rese:t:·p"Lne-like responses ( 15). Ho't'lever , no 1-9564 

an<.l b en.zquinamide be l ong to anothe r distinct clu.sr..; of b enz.o-· 

quinoli.zine ataractic ae;ents ~1hich do not deplete bra.in 

amincs at therap eutic dosage l evels and possess no rese:r:'pine

l ike s;yn drome ( 16 , 1?). It is of interes t to note that the 
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compound!.4 of the first class, unlike the second, are able 

to stimulate adrenocortical activity ( 18 ) . Cr-yogenine, like 

the second c l a::->s of benzoquinolizirie ataractic agents ~ seems 

to act; by a more direct mechanism than by alteration of mono

amine metaooli3m. There is also some indi rect evidence t hat 

cryogenine may not act via. the adenohyophy s eal-adr enocortical 

axis ( 14). 

Total lllhite blood cell count ~ differential leuko

cyte count s nnd sedimentation rates \-mre studied using the 

adjuvant-induced inflammatory model, since changes in these 

parameters are found in human rheumatoid a r thritis c In this 

method , tubercule bacilli derived from human strains PN, JYI' 

and C \·!ere grO\'JD. for B \'leeks ~ killed by Bt6ClJ.1 , and dried in 

a vacuum _ oven ( 19). 'l~he dead mycobacteria ·t.-rere then sus

pended in a.n oil vehicle ancl injeete<l subcutaneously into 

the subplanta r surfe.ce of a rat 1 s hind })aw. ':f.lhe sever ity 

of the resultin.~ polyarthritis was determined pleth;y·smograph

ically ( 20). 'l'his method. is said to produee a s;y-:ndrome ::nore 

closely relatc~d to human rheumatoid a r·thri.t:Ls than any other 

t est (1 9)., 

Serum proteins Nere studied in r ats \<Jith cotton p el

l et implant3.tions , since chan geE> i n serum protein patterns 

have be e>.n obser ved i n human inflammatory diseases. It is 

generally conside1·ed that the cotton p ellet r;rannl oma asE;ay 

measures ru1 an:ti.-inflrutm1atory agent 1 s ability to interfere 

'\!lith the pr·oliferati ve component of t h e i n flammator;>r process o 

St ero idal ~mo non~-stcroidal inflammatory inhibition has been 

clemon stratc<l in thif.> system by many investigat ors (21 , 22 , 23) .. 
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Tre histological evaluation of cotton pellet granuloma has 

been r eported by Eichhorn and Sniffen (23). In general, the 

granuloma is composed of two l ayers : an outer zone comprised 

of fibroblastic material infiltrated with collagen fibrils 

anc1 new capillaries plus a core composed of a large nwnber 

of fibrin strands. Several studies have indicated that an 

apparent correla:t.i.on exists bet\'leen the appearance of colla

gen and disappearance of h exosamine and the appearance of 

collagen and an increase in the numb er of f i brobl asts (24 ). 

A brief review of the complexi ty of t he 11 normal 11 in

flammatory process may be useful at this po:i.nt o The initial 

vasculaJ~ phase begins \'lith transitory vasoconstriction and 

loca l a nerni a o ~Phis j.s rapidly repla c ed by microvessel dila

tion. ~Chis subseque:at hyperemia i s transj_ tory and eventual~ 

l y gives way to stasis of flow or stagnationo Leukocytes 

begin to orient themselves along the vessel wall in prepura·

tion f or migr ation into the area of inju.ryo 

After the Dtagnation phase , the "walling off11 stage 

of inflammation begins. This event occurs \ •Ti th the impac 

ti.on of pores in the capillarie s cmd lymphatic walls with 

precipitated soft fibrin. This event seems to be necessary 

to allow ·t:tme for the phagocytic c ells to assemble in the 

inflar:uncd area. (25 ). The net re sult can be t>tunmec1 u p i.n one 

word--edema. 

Once the 11walling off 11 process i .s well under \·my, 

the third phase beg.ins. This i.s the i ro.mj.gra tion of leukocytes 

- -start:.Lne; with neut.rophils, follov1ed by Jaonocytes , lym})ho·~ 
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cytes, ru1d plasma cells. Leukocytes seem to help resolve the 

inflammation by ridding the area of the inflammatory stimulus; 

however, on the other hand, they serve to pr.·omote the process 

by releasing inflammation-promoting substances (22, 23 ,2Lt·, 26) . 

The final or organization phase (26) is the repair 

phase of the inflammatory process. This begins with prolif

eration of fibroblasts and small vessels from connective tis

sue and endothelial cells. Tb.e r esu.l t is a highly vasculariz-

ed, reddish mass, or granulation tissue .. 
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MATERIALS .AND 11ETHODS 

A Revised Procedure For the Isolation and Purificati on of 

1 Exl;:r_{l.c!;ion.--The dried overgrou.'11d plc.mt...:. \'las ground 
"") 

to a semi fine powder 'Vri th a \Vi ley !-!ill·~ (2 m.rn mesh screen) .. 

This material v:as t hen defatted by continuous extraction 

with petrole-wn ether, b.p. 30-60°0. \-lith t he lare;e volume 

so:x..'l1leti ·used in this st1.uly , each thimble made of clean 

bleached flour sacks held about; '+00 g;m of po\·IdE:J'ed materi-

done using t.he same pc·i:; roleum ether Bolvent . AfteJ:- about 

eight defatt:Ln~s ~ the :reflux.i.ng soJ.ven'ii becar.1e so saturated 

that bumping occ:urrvd. A fevT boiling stones ( renewed after 

each extraction) p:r.·evcntcd bumping~ 

After the material had been o.efatt;od~ it war:; air 

<h·ie d overnight ana. e:xtrncted Hi th nbsolut(:.! methanol con~· 

tinously for l.f-8 hr (lare;e volume noX:bJ. ~~t). 1'o cheek fo:e 

completion of the 8Xt:co.etion )?roced.ure 1 WatsJ~er ' s I (a non·

spocific o.JJ::a loid stain) \vas used to cheek the thi.mble nolu-

ti.on~ \fuen boiling stones were u sed, this cxti-action could 

S . B. Penick & Co., 

Arthur· 1{. 'f.homas Co .. ~ 

).·;._ r;s 500 ,· Ir + . -" :~.o r~..; e s 'j 
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be done at least six times before chanGing the absolute 

methanol sol vent. · 

The methanol extract Has then concentrated in. vacuo 

with the aid of a rotating flash evaporator. Concentration 

\'ras hastened by using a J+0°C \•iater bath. The inte:crni ttant 

addition of c1iotilled water was useful to completely remove 

all the methanol; however, such additions must o:1ly be done 

after most of the methanol has been re:n.oved.. When the metha-

nol/\'rater rati.o vra.s very high, frothing oc.curred under re-

duced pressure, resulting in the loss of product. 

The remaining aqueous extract \vas then acidified t o 

pH 2 with 10';6 hydrochloric acid using ei thor pHydrionL1
• paper 

or a pH meter.. The acidified aqueous extract was filtered 

through Celi te with sue t:;ion ar.~.d the precip:Ltate v1ashed. vJi th 

distilled \'rater . The aqueou.s a.d.die f.il trate was then f ur

ther defatted in. a continuc,us liQuid·-LLquid ether extractox•2 

(diethyl ether) for at least 2i+ hr or until the ether layer 

bElcame clear., 1'he aqueou.s ac:i.clic layer vms separated f rom 

the ether layer and the pH adjusted to 9 v.;i th a. 28% s olution 

of ammonium hya.roxi.de o 

~·he alkaline aqueous solution \·ms extro.cted continu--

6 ously vl i th a l iQuid···liQuid chloroform extrG.ctor.·- An indi·* 

cation of e:Y..tr·act.ion completion could be noted by a l oss of 

II 

.:.::pHyd.rion s et f/-60783, Van 'da.ters f...:. Hogers , 37'+5 Bay 
Shore Ebtd .. ~ Brisbane , CA. 

2Ethcr E::...'t:raction .Apparatus IIG8'~-0 , 2000 ml; Ace 
Glass Ing * ~. Vin?lc~:·d.J,~ NJ·: _. , . r . • , ,. 

--Chl oro.fou1 .:.:,xtrctctJ.on Appdra.L ...... ..... K-58?000 , 1 000 mJ. ; 
Konte !::l ~ ;·~809 'l:enth Gt ., Ber.·keJ.ey, CA. 
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yellow color in the chloroform layer just belovr the aqueous 

layer . To insure complete alkaloid removal, the extraction 

proceeded 48 hr beyond. the above indication. The chloro

form extract \•las then dried in .~~Q. at 40°C in a rotating 

flash evaporator over a \..rater bath. 

Puri:fication.-~The crude alkaloid mi::>..-ture was then 

taJcen up in. a r.tinima1 amount of methanol and applied to thE; 

top of pre·-pr .... c!ced neut r a l alumina column'l (about .30 (911 of 

alumina per l~rrt of alkaloiC. mixture \vi th the startinc; '<mi ght 

of the total alkaloid mixture about 80 gm). Eluti on \-:as 

conducted \!lith the follo~-<rin.g liQuids in the following se

quenc.e: benzene ('1000 ml)' c/c> ethanol in benzene ( 1000 ml)' 

lJJ}G ethanol in benz.en P. (2000 ml ) , chlorofor.~.n (1000 Ial ), cl.'O.d 

"1: 1 cb.lorofo:em:methanol ( 1000 ml). Fractions of 20 ml eaeh 

v7ere collected :i.n gJ.w:, ::~ contai1~.er:J , :?e.ying particular atten-~ 

tio11 to fra.c tions i~80 ~md beyond ( J.J.). All fractions v.rere 

che eked. .for cr·yoe;en ino b~r thin layer cbrom<:l.togra.phy (TI.~C ) 

techniQUeB.. The T.IJC E>;y·stem consisted of r-~.luminura oxide 
p 

J?lat eH:::'. and a d.evelopement sol vent of 9:1 benzene: eth<mol. 

l"li.g:eation of f;pots woaJ~e obr?ervecl under ;;;lwrt v1ave length 

illumination 1.1.s:ing pui 'e c:cyogenine a.H a sta.ndard. 

Chlo:cofo:cra proved to be the bs nt :i.n:i.tial sol vent 

for crystall:iza:t:i.on u.nd. recrystallization.. ~rhc sa111:ple was 

taken u:p in hot chlorofor.n, air dried to 3/li. of its volume, 

:ZAluw.inum Oxi de , .Active Neut:cal ( Activity I) //1077 , 

ll 

E~ l"lerck JJ.:~.boratorics Ine .. , 5GO Executive Blvd., El m::.;.ford, NY ~ 
8TLC plat es ~ Alurnini1J.t'"~. Oxide (r.I'ype E) li'~l~i+, Pre-coat·:::d , 

:F~. 1'1crck lrab o:::-atorio.s Inc .• , )00 Execut:i. ve Blvd. , Jnmsford ~ NJ: .. 



filtered and coolede The resultant crystals \'le.re collected 

by filtration using a micro bell jar and the procedure re

peated at least 5 to 6 times. Purification \'Ia.s checked by 

the above TLC :procedure and melting point determinations. 

Final recrystallization was accomplished in 95% ethanol. 

The crystals •tJej:'C dried in, .Y_a.S2,-0 at 100°C fo r 4 to 6 hr before 

physical studies \tiGr e made. 

bP~¥.1::~il:...2.f __ QE;ygg,enil..l£.-~2.'he dri ed base :provided 

sharp melting point s o.t 252-2514-°C. :t-1ixed melting points of 

1:9, 1: l~ and 1:2 shov1cd li ttlc variation from the above melt-· 

ing rangee Infrared absorption spectrum (IH) analysis showed 

··1 ( ) among others the p:cesence of bands at 3500 em OH , at 

1720 Crr:-
1 (cn~bonyl) and tv,ro bands at 1605 Clnw•

1 [ll'ld 1510 Cl0-
1 

(indicative of a:r.'orrw.tic rint; absorption) ( Lt- , ;.27). All analy~ 

sis \'Jere ~ad.e usin g u reference standard of c:r.j'Ogeni.ne for 

compari son .. 

The countin g of er;ythrocyter.:; and. leukocytc~s by eJ.ec-

tronic means ·v.ras mor~~ attractive t iTiie ·- and mE".:thoclologjr ... '..,..:Lse 

than methods u s :i n g counting chambers <md h.emocytor:l~rt;c rr> q 

~e:n e Coul tcr Ccn:mtE;:J:' vv-n.s originally developed specifically 

for blood eell enumeration~ ~L:h:Ls instx·umen-::. is capnblc of 

O.eterminine; both the nu.mbe:c and size o f par-t icler:~ suspended 

in some eonc.uet:1.ve mc:-;d.i.a .. The cells are c.ountec. by drav1ing 

a measu:ced volume of t h e suspended cells through a small 

apc:::•tu.rc having an imm<::rscd electl·ode on ei.tlu~r s:i.de . As 

c ell s pa~~ r.:; betv;cen the cJ. eetroclcB and di~>p1ace elcct.rol.yto , 

12 
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they introduce a chru1ge of resistance in t he electrical cir-

cuit. As this occurs, a voltage pulse proportional to the 

particle size is produced \'lhich one can visualize on an oscil-

loscope. Such pulses can be electronically Bcaled and counted. 

Re_d, .!?.1.2.0§_ .Q.e].J: _ _Qountin_g_.~-Blood was taken from the 

heart of rats and placed in test tube pretreated Hi-Gh EDTA.9 

The blood was then diluted by t aking 20 .ul up in an automa~ 

tic pipette-1° which produced a 1:500 dilution in isotonic 

saline . 11 This was followed by taking up '100 )ll of the 1:500 

dilution by the automatic pipette and diluting thi s 1:100 

using isotonic saline again. The rest of the 1:500 solution. 

was put aside for subseQuent use (see methodology for white 

blood cell counting). 

The Coult er Counter cannot distinguish b et\vGen bl ood 

cells and particl es of deb:ris; therefore , alJ. e;l assware and 

di luting fluids had to be free of dust particl es and any 

other contami nating material. I t is pos s ibl e to l i mit the 

backgr ound count due t o debris by use of ·tihe threshol d dial. 

This permi t s select i on of an aperture size consistent with 

the minimal s :L:r,e of the c ells t o be counted~ The di lution 

of cells is n ecessary, s ince the instrument i s only designed 

to count cell nurnbe:rs \.l);> to 50, 000 per 0 .. 5 ml., I t is also 

necessary to di lut e the cells in order to r educe t h e coi n-

9Bl ood Collecting Tube , B-D Vacutainer , #32'7LKif3 , 
Becton, Pi ckinson & Co., Columbus, NB • 

. 1.0Dilutor 2D, manufactured by Dade Heagents I nc o, 
Delawar~ 1 r)arln~ay , I1i ami , PL . 

-~Isoton , manufactured by Coulter Dia€!;no stic Inc .. , 
Hial eah, :B'L e 



cidence of t\vo or more cells entering the apertui·e simul·-

taneously since the instrument counts such incidents as 

single cells. Reduction in count by normal occurrence of 

coincidence can be predicted and a correction table for such 

coincidence is supplied by the manufacturer. 

A Coulter Counter, Model "F 11
-
12 \vas used \vith the at-

tenuator set at 0. '?07, and with an ape:cture setting of 16. 

Two to three runs were made per sample and an average taken. 

Corrections wex·e made from the error t ables for all counts 

over 10,000. 

White Blood Cell Counting.--The remainder of the di

luted blood sample was then u sed to determine the leukocyte 

count. ~~h:r.ee drops of a saline solution conta.i.n~_ng sapon:i.n1.2. 

was added to the sample i.n order to lyse the er.)rthroc~rtes ~ 

The solution \vas lightly swirled to permit very t horoue;h 

dispersion. This so-lution was not allowed to sit for more 

than 20 min .~ since lysing of the leukocytes will then occu:r·o 

The same procedure used in counting erythrocytes was then 

used. Two to three runs v1ere made for each determination 

and an average ·~ras calculated. Corrections v1ere made for 

counts over 10 ~ 000 cells using the error tables provided by 

the manufacturr.::x· c 

The Coulter Counter has been repo:c·ted to reduce the 

time and increase the accuracy of counting erythro cytes and 

.Jkoulter Counter Model 11 F 11
, manufactured by Coulter 

Electronics, Inc. , Hialeah , FI;. 
13u Zap-Iso ton 11 !t~B31Lt-5-) , manufactured by Coulter 

J~lcctronic s, Inc., Hialeah, FJJ. 



leukocytes v1hen compared to traditional methods (28 , 29). 

Tests comparing electronic and hemocytometer counts on sheep , 

swine a...."ld cow blood consistently showed less variati on in 

sets of dupl icate counts by t he electronic method ( 30). How-

ever , erythrocyte counts obtained by the electronic counter 

are consistently l ower than by hand cou..'Ylt ( ?)"1) . 

Differ~tial Lm}_kocyt~ CouE!.§_ 

Di fferentiation of blood cells is general ly conduct

ed by microscope using the high-dry magnification . However , 

dried blood smears were observed in this study without cover

slips and covered wit h a thin fi l m of immersion oil. This 

permitted clear and distinct images. The oil coul d bo re

moved by \'Jiping the slide with facial tissue o:r by im..r'lersing 

the slide in a container of x,ylene. 'l'he u se of oil-i1mnersion 

magnification was considered necessary in ordAr to see the 

f ine details that allow for accurate differentiation of cell s~ 

Blood Smea~o--Making good blood smears is vital for 

successful examination of leukocyte types.. The blood film 

should be made as soon as the sample is clro.HJl .from the animal. 

Such smears may be prepared on either a slicle or on a cover-~ 

slip. 

In the slide method used here? a cl ean microscope 

slide \'las placed on clean , level su.:rface , and a small drop 

of thoroughly mixed.11 blood placed near one end of the slide . 

A round applicator stick Nas used to t r ansfer blood from the 

.1:±-.The blood vms kept; mi xine; by the co:n:tinuous, slow 
rockine; motion of a conventional shaker ( 20 rpm.). 
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vial to the slide and as means of controlling drop size. 

Then, the blood v1as spread in an even film using another 

slide. The spreader slide \>las laid on the inner surface of 

the index finger and held there by the thumb . The slide 

was pushed to\'mrd the drop of blood until contact was 

made. After contact, the blood \'lill spread along the edge 

of the spreader slide vvhich is then moved forvmrd in a 

smooth glidec The angle at which the spreader slide is 

held determines the thickness of the blood smear (thick

ness of the smear is directly proportional to the angle of 

the spreader slide). 1m angle of 30 degrees was used in 

this study. Rapid dry:Lng of the slide was accomplished by 

waving it in the air. Slo''' drying results in loB~ of water 

out of the erythrocyt es, with the movement out into the 

plasmae This results in crenation ( indent ations in the sur

face of the cell) of the erythrocytese 

vfuen slides are made correctly, the smears appear 

smooth, even in appearance , and free of clear areas . clerk

ing movements while spreading the film \·till produce vmvy 

smearso Clear areas :Ln the smear usually are due to grease 

or dirt on the surface of the slide. If clear streaks are 

noticed in the smear, this may be the result of a chipped 

edge on the spl'eader slide. 

\olheneve::r. possible , the smears were stained immedi

ately . Otherwise , they were stored in protected place 

and then st ained vlithin 24 hr. 

S·~?-inin_g_)1~~o--The smears v1er e stained for five 
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minutes i n a stain prepared by dissolving 1.5 gm of Tetra

chrome12. in 1000 ml of absolute methyl a lcohol. During prep

aration, the solut ion was heated to 50°0 (\>ri.th continuous 

stirring) for about 3 min. After heating , the solution vms 

allowed to s tand for at least 2Lt- hr before using . It is 

important to filter this stain each tirr1e before using. Some 

investigators have claimed that prolonged stor age before 

use increases the staining qualities of the reagent. 

After staining had been completed , the s lides were 

transferred to a phosphate buffer for five minutes c 
16 IJ~he 

phosphate buffer solution was prepared by dissolving 1.0 gm 

of the salt in 1000 ml of distilled water. Great care \>Tas 

taken in transferring the slides from the Btain to the buffer 

so that no water v1ould be introduced into the stain. Such 

dilution r·educes the effectiveness of the f>te.ining quali·~ 

t :i.es .. 

After fixinr; in t he phosphat e buffer solution, the 

slide wan subj<~cted to two short rinses: the first i n fresh 

phosphate buffer solution , which was followed by a rinse in 

distilled \vater ~ ~~he slides ivere then allowed to air-dry 

before exa1nination under the microscope .. 

Cel:L_9.2unting_.-,·As blood is spread on the slide , 

there is a tendency for the neutrophils to rush to the edges 

of the smear . Lymphocytes tend to r emain mainly in the body 

.12~Tetrachrome Stain t/637 , manufactured by Allied 
Chemica] ~ MacNeal Corn., New York , :NY. 

1~Phosphate buffer #1W20, pH 6.4· , manufactured by 
(Harlcco) llartman-J.Jed.don Co. , Philadelphia, PA. 
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of the smear, \vhile monocytes and eosinophils t end to be 

distributed throughout. Therefore, there are three general 

methods f or making the differential count for blood smears 

on slides (32). The firs t means of counting is the "straight 

edge method" where one follovJS t he edge of the film. This 

method vrill give cons istently higher neut ro:phi 1 and lower 

lymphocyte counts than the second method or "cross-sectional 

method." The second method consists of counting back and 

forth across t he slide . The las t or !!battl ement" method 

gives values that compare very closely to counts made by ex

amination of the entire blood smear. The battlement method 

consists of counts made of three horizontal edge fields, 

plus two fields toward the interior, followed by two f iel ds 

in a horizontal and then 'G'>lo fields in the vertical direc-· 

tion to reach the edge again. 

~ro :Lnsure reasonable accuracy , t he number of cella 

differentiated should be i n propor tion to the t otal l euko

cyte count, 2.·£· \vhore the total l eukocyt e count i s 10, 000 

or l ess , one should differentiate 100 cells ; and lvhen total 

counts are bet\.;eon 10,000 and 20,000 , tbe r.~.umber of cells to 

be differentiated should be increased to 200. 

~·he differ ential leukocyte cmmt ,,ms expressed as 

the percentage of the numbe:c differ entiated .. 

T.l2~E_£f Leuk2~X.~~s .--There are basi cally f ive types 

of \vhi te blood cells: neutrophils, lymphocytes , monocytes, 

eosinoph:i.l s and basophils ( s ee Figures 2~-8 ).. Neutrophils 

h ave a polymorphous nueleus which is seen in younger c.ells 

as a t ivisted coilo 'j:he cytoplasm i s essentially colorless 

18 



19 



Figure 2 .. -·- hfhi te rat leukocytes: Two ncutr:o:phils 
(right) each vJith a polymorphous nucleus 
plus one lymphocyte Cleft) .. 

Figure 3o--· Human J.eulcocytes: One n0utrophi.l 
(bottom) vri th a l)Olymorphous nucleus 
and one l;ymphocytc (top) • 
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Figure 4.-- Vlh:Lte rat leukocytes: Kid11ey bean
shaped monocyte. 

Figure 5.-- Human leukocytes: Kidney beru1.·~shaped 
monoe;yte u 
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Figure 6.-- vJhite rat leukocytes: T\'1isted U
shaped , granulated eosinophil . 

Figu:ce 7. ~· ·· Human l eukocytes: Granulat ed eosinophil., 



24 

Oil-Imrner·sion --· 1000x 

Oil-Immernion -- 1000x 



25 



Figure 8 o-·- \.Jhi t e r at l eu koc ytes: Neutr01)hil ( l eft) 
and eo s i nophil (right) . 

Ficure 9D-- Huma.n l euko eytcs : Neut r ophil ( top), mono
cy t e ( r:i. [:';ht bottom ) and. lyrnphoeyte (left 
bottom)t 
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and with some granules. Lymphocytes vary in size from that 

equal to a red blood cell to that of a neutrophil. The cy

toplasm stains light blue , and is often clustered ,,,i th azuro·

philic granules when old. Monoc;ytes are the largest of al l 

l eukocytes and have a nucleus that varies in shape, A·~· 

round to kidney bean. Their cytoplasm is basophilic and 

often vacuolated. An eosinophil is generally larger than 

a neutrophi l and has its nucleus commonly in the forill of a 

closed U. Th e nucleus stains a combination of light purple 

and pale blue. Its cytoplasm contains small, round, strong-

ly acidophilic granules. The basophil has a nucleus that is 

almost invisible and a clear blue cytoplasm containing many 

basophilic metachromatic granules of uniform size (3?5) ~ 

Sedimentation Rate ___ ... _.. ... ___ _ 
Thi s test was conducted routinely on all samp1es 

dra\>~n. Blood was taken direetly .from the heart of :cats and 

placed in small test tubes pretreated with EDTA. Tests were 

started \<lithinone hr after the blood had been taken; ho\v-

ever, they could have been delayed for as long as six hourso 

The blood. sample is placed in sedimen1jation tubef-;:!1. kept in 

a perfectly vertical position and the height of the falling 

27 

1 1 d . . . t 1 18 column of e:cyth:r:'ocytes was c 1ec ce at var :LOus t1me 1n ·erva. s.·-

Sedimentation is accelerated ,,,i th a:ny rise in temperature; 

therefore , the temperature of the laboratory \>las maintained 

--------
1.~.rubes and sedimentation tube rack, "Sedirack 11

, man··· 
ufacturod b;y Becton, Dickinson and Co. , Rutherford , NJ. 

~ata for thin study was taken 2 b.r after fil ling 
of the sedimentation rate tubes. 



at 68°F. Sedimentation rate depends on the number of eryth

rocytes per unit volume of blood and the speed of settling 

is related inversely to the number .of red cells. Therefore, 

the smaller the number the greater the speed of settling ~ 

\tlhen many reticulocytes or many young forms of ery

throcytes are present , a hazy reddish plasma \'lithout a clear 

cut line of separation between the settling red cell mass 

ancl the plasma can be noted (3LJ..) . A clear pl a.r:>ma fol l owed 

by a h azy reddish plasma which then g:radually merges \vi th 

the red cell mass is called a diphasic sedimentation reaction . 

Such a diphasic response develops v1hen the blood contains a 

large number of red cells of abnormal shape. 

Hematocrit 

As an alternative to sedimentation rate, hematocrit 

can be deter mined on very l imited amounts of blood. The 

t erm , h ematocrit , means to separate blood. If one separates 

the blood into distinct compartments by centrifugation, 

three l ayers ean be observed. The erythrocyte mass is found 

at the bottom and is called the pa.clced cell volume (PCV) Q 

Just above the PCV is a '\t>Thite or gray layer, u.sually termed 

the huffy coat. This buffy coat is known to contain both 

leukocyt es and thrombocytes. The third l ayer located above 

the buff y coat is the clear serum. 

Mi crohematocrit would be useful in studies of this 

sort since t he time required for the entire procedure is less 

than five minutes and the amount of blood required for each 

sample is m:i.n.i..mal o Struma and Principato (35) have shown 
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areproduceabili ty of .:0.5% by microhematocrit, :!:2.5% by the 

Wintrobe hematocrit method, .:!:5. g>;G by the Klett photoelectric 

colorimeter method and !:6. CJ}b :rep:roduoeabili ty by actual ery-

throcytc count. These data \vere obtained under optimal con

ditions wi t h human blood; hovJever, the investigators felt 

that under routi ne laboratory conditions the reproduceability 

might be even better. 

A capillary tube (75 mm x 1 nun) was filled tvm-thirds 

to three-fourth of its capacity by capillax·y attraction. 

The outside was then vliped dry and one end sealed with clay. 

The tubes were then placed in a special centrifuge 19. and the 

automatic timer set for · four minutes. After centrifugation 

at 11,000 r .p.m., the capillary tubes Here taken oui; and. :ceaC. 

usin~ ru1 Inter national Microcapillary Re ader. 

Total Pr otein ....... _..__ 

The Goldberg refractometer or TS meter wa s de s 1gned 

to provide a simple and accurate measurement of the t otal 

solids in u r ine , s erum and plasma (36). The total s olids 

(TS) met e~'?£ u sed in this s tudy h a d a direct reading scale 

for r ef ractive index. With this s cale and a conversion 

chart , one could calculate protein concentration (gm/1 00 ml 

of :plasma or ser um). The refractive index i s recorded a s 

unity plus four digits t o the right of the decimal.. The •.rs 

~Hematocrit , High Bpe ed, Inter national Hematocrit 
Centrif uge , 11odel 11B ; Var1 Wa t ers & Rogers , 37'+5 Ba;y Shore 
Blvd., Bri s bane , CA .. 

. 20Manufactured by American Optical Company , // 1QLJ.Q1; 
Bu.ff a l o , l\TY ~ 
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meter is compensated for temperatures between 60-100°1!~ , and 

measurements of total solids by this method has been report

ed to be accurate -v.Ti. t hin .!o. 1%. (37). Total protein concen-

tration can be made with a high degree of accuracy, as long 

as the serum or plasma is clear. While the total protein 

scale has been compensated for certain common nonprotein con-

stituents of plasma and serum, lipemic plasma and cloudy 

plasma are not suitable for assay by this instrument. The 

refractive index is markedly increased by lipids, resulting 

in protein values that are erroneously high. 

A single drop of serum or plasma was placed on the 

prism of the TS meter and vi ewed using natural or artificial 

illumination. A reading \'Tas made on the scale when the di

viding line betv1eo:n bright and dark fields cross ed the sca.le .. 

The total time involved with filling, reading~ rmd clea..rJ.in.g 

the instrument takes about three minutes f or a single deter~-

mina.tion~ 

:~rum. Pr_ote~,g_gectro~r.£2£esik~ 

Electrophoresis is the movement of charged molecules 

in an. el ectric fie ld. There are three essen·i;i.al ingredients : 

an el ectric field , a charged particle , and a medium in vJhich 

the movement may occur. There are basi call;t tvJO types of 

systems: fr·ee or "moving boundary 11 el ectrophoresis (where 

the serum proteins move in a liquid without the benefit of 

a solid matrix support) and 11 Zone" el ectrophoresis (\-rhich 

uses a solid support medium , i.~. paper , starch , agar gel, 

ac ry-la.mide ~el, or cellulose acete.te). Zone electrophoresis 
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(cellulose acetate) was used for this study. 

There are many types of cel l ul ose acetate pl at es 

and many factors \olhich account for . the variety (~._g_. the 

length of the cel lul ose chain , the degree of acetylation of 

the cellul ose , pore size , gelation , chain coiling , and re

sidua l contaminents). To expect the same resul ts with two 

different types of cellul ose acetates under common test con

dition is like expecting to see t\oro people with the same 

finger prints (38). Other influences include, elcctro-osmos-

sis, evaporation , temperature , voltage , current and ionic 

strength, al l of which contribute to p rotein movement (39) 

SeP-aration of Serum_Pr.otein Fractions . --Titan III 
2,., 

cel lulone acetate plates--..!.. were found to be very suita'ole 

f or our studies . The Titan III has greater gelat ion which 

results in a matrix more easily trave:csed b y a charged mole·

cule.. High gel ation also a ffords better resolution and r e-

sults in tight er bandse The Titan III c ellulose acetate 

plate is composed of t \10 l ayers o The t1op is cellulose ace-

tate while the bottom is an inert polyester plaBtic sheet 

of mylar. The mylar is a supportive layer to make t he cell

ulose acetate film easier to handle. Otherv.rise the c:ellu-

lo se acetate ,.,.ould be extremely flimsy and fragil e when \vet. 

A Becond advru.1.tage of the myl ar layer is that it rentricts 

evaporation during electrophoresis to j ust one surface • 

. 21JI'i tun III Cellulose Acetate plat e 1/3023, Zip Zone 
( 2 3/ <3 11 y ?>") box of 2) ; Helena l aboratories , P . 0 . Box 752 
Beaumont, TXe 
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\<letting should produce a uniform medium. Titan III must be 

slowly dipped into the buffer, other\.,rise blistering of the 

medium will result. Such air ridges distort protein movement 

through the plate. To make sure each strip was in complete 

equilibritml, they were allowed to soak f or 20 min before 

u sing. The buffer used for this study was a commercially 

available product (pH 8.6 Barbital, Ionic Strength 0.075) • .?2 

B)..Q.t.t_i!,l15 the St r iQ.--The Titan III cellulose 

ac etate has a high affinity for buffer trapped in its pores 

and must be blotted fil."'l1lly enough to remove all excess sur

face buffer. If this blotting is not firm enough, the serum 

sample will not be readily accepted and may run.. After blot-

t:i.ng, the sample should be quickly applied, othc:cwise evap-· 

o ration v1ill cauBe \>li thdrawal of buffer from the gel. If 

\I·Thite blotches occur, one must be sur~ to rtJ.J.ow the strip 

ample time to revTet \vhile resting in the chamber prior to 

electrophor esis .. I f this is not done, air pocketo \·TilJ. occur 

'\llhich caus e a difference in resistance in these areas result·-

ing in very irregular separation. • 

. ~~J2.he }\pplication.-~-\fhen applying the sample, 

it is import ant to keep the application. as nar:r·ovr and uni

form as possible. The Zip Zone Applicato:r~2. can a:ppJ.;y· 8 

samples at a time , vlhich are uniform, narrovr and sharp. The 

applicator should be primed before u sing in order to leave 

.22Electra B2 Buffer f/5207; Helena IJaboratories ~ P .0., 
Box 752 Beaumont, TX • 

. ~Zip Zone Applicator (1'1-'l-080 ), Sample Plate U/408'1), 
Aligninr; Ba se (IJLI-082 ); Helena IJaborat ories , P.O. Box 752, 
Beaumont , 'J~X. 
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a residual layer of protein on the applicator ; this makes 

the second loading much more uniform. 

Dead center application neutralizes the buffer move-

ment forces from each side. Since diffusion begins immedi

ately upon application , electrophoresis should begin as soon 

as possible. 

~1ect2:o~horesis.--Once the strip has been 

placed in the chamber, 24 the voltage power supply~ was set 

at 180 volts. If one exceeds 7 milliamps per 2 3/8" x 3" 

Titan III strip , ice must be used to prevent excess heat 

build up. In this study, the strip was allowed -to run for 

25 min and then stained. 

ptainirill.· -··-Tho Titan III strip \·Ta~: floated cell

ulose acetate side down in the stain (Ponceau S , 0.5% in '7o5% 

TCA?:.6 ). This technique provides even and continuous stain-

ing. The background immediately assumes the color of the 

stain while the prot ein rema.ins white and unstained--this i s 

known as negative staining . \·/hen the staining is complete, 

the protein fractions become the same color as the back~ 

ground. Negative f~taining allows one t;o "preview" separa·-

tion results. 

DastaiJlin&_and Cle,ari,r..e;..···-Destaining was accom

plished by ~ successive washes of 5% ucetic ac:Ld fo r 2 min 

2L• . 
• =-!.zip Zone Chamber t/1283; Helena Laboratories, P .o c 

Box 752~ J1eaumont, TX .. 
~onceau S #5525 ; Helena Laboratories , PeO. Box 

752, Beaumont , TX • 
.2.§Hegulat ed Power Supply , Model ip- 32 ; Heathkit, 

Benion Har bor , MI. 
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.. Figure 10 .. -- Electrophoresis power supply, 
cell and applicator set up. 

Fie;ure 1'1 ~ -- 'l'he "Quick ~kan" electrophoresis 
de nsitometer., 
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each or until the background was white. The strips were 

then :placed in absolute methanol for 2 min to dehydrate. 

Clearing was accomplished by putting the strips in 1: 3 

gl aci al acetic acid :methanol for 10 min. After the clearing , 

the strips v1ere put aside to dry. 

Su.an.tJ.t ~tio.l} ... ~-The most popular method of quantita

tion is to stain the protein 'vi th a visible dye , then mea··· 

sure the intensity of the dye and correlate this intensity 

to the protein concentration~ Ponceau S is the most popu··· 

l ar stain for serum protein studies on cellulose acetate 

strips. It is ine:xpensi ve, convenient to use, and has many 

advantages. A vivid color is produ ced \'Ti th very small 

amounts of protein (as lo\'7 as 0.05 }J.(:;). Poncenu S car::. also 

b e used simultaneously \vi th a fixative agent (i. 2.·, tri·· 

chloroacetic acid) .. In this study , the Quick Scan Densi to-

meter by Helena Laboratories.27 vms employed for all se:f'um 

o.uanti tation. This particular instru.ment i.s relatively lo\.: 

in cost and offerr:> some advantages in regard to speed of 

operation, versatility and precision (l+O) . 

Once the strips have been scanned, it is a. simpl e 

procedure to calcu late the concentrati on of each protein 

fraction.. Chv.rt paper has two tracings : thE~ top trace re·-

presenting the optical density pattern of the seJ:·um protein 

fractions , and the lower trace representing the h1t egrator 

output and recording the area under the cu:eve. iJDua.lly , 

.?1."Quick Scan " Electrophoresis Densitometer , Model 
2~20, //1020; Hel ena Laborutories, P .. O. Box '152 Beaumont ~ TX. 
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the 10\vest point between two peaks is picked as the boundary 

between two fractions. At these valleys, lines are drawn 

parallel to the vertical lines of the chart paper which are 

extended to the bottom of the integrator graph. Lines should 

al so be dravm at the beginning and end of each scan. To de-

termine the peak area , one must remember that the output of 

the electronic integrator is such that the number of spaces 

traversed by the integrator pen is proportional to the area 

under the curve traced by the recorder pen. Once the area 

under the curve has been determined , one calculates the per

centage of each fraction and from total protein studies 

each fraction can be converted to a gram-percent value: 

% Serum ~otal Serum Protein l!'"'ra ction 
Protei n Fraction X Protein (gm/100 ml) = gm/'100 ml 

To insure accuracy of determinations, periodical 
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28 checks \'!ere made by using standard chem:i...stry con.trol serums.--

~,.Shi_~ t_,_ArJ~.hF-~t.t..§. 

Oral admini stration of al l dru.gs started 1 day before 

adjuvru1.t injection and continued daily for 21 days . Do sage 

vehicle \·ms 0.25% agar ( 5 ml/kg). Young c.tdult , Sprague-Daw-

ley female rats \vere lightly anesthetized \'Iith sodium pento

barbital (30 mg/kg , ip) and 0.05 ml o:f adjuvant29 injected 

into the subplantar surface of the left hind paw. The rats 

were maintained 'Vtith free access to Purina l a.boratory rat 

choVT and tap water. Progress of inflammation in the injected 

~-PAK Chemistry Control Serum, Special; Hyland 
Di v., Tr~.2_enol Laboratories, Inc., Costa l.'-1esa , CA. 

- Difco i'l~064·0-33 , 5 mg/ml ; Di fco Laboratories, De-· 
troit , I1I . 



and contralateral paw was measured plethsmographically (1+1). 

CottonjPellet Gra~u~~~ 

This method was similar to that of !'1cier et &· ( LQ), 

and. identical to the procedure currently used in the labo

ratory of Syntex Research (Palo Alto, CA) to screen fo r anti

inflammatory acti vi t:y . Non-sterile, chopped ra\v-cotton pel

lets ( 10.0 mg!o. 5 mg) v1ere hand rolled. Ether-·anesthetized, 

male Sprague-Dawley rats v1ere shaved on their backs and a 

single transverse skin incision was made in the dorso-caudal 

region, \'1here two pellets were placed in the dorso-lateral 

superficial fascia about 2 em caudal to the shoulders. The 

incision was closed with metal wou."ld clips. The rats were 

maintained with free access to Purina Laboratory Chow and 

tap \-w.ter . \fuere adrenalectomized J..~ats were needed, the e..n i -

mals \vere adrenalectomized a..."'ld pellets '.vere implanted \.:i.t::h 

t\'IO i ncisions instead of the one above.. Animals were >11a in-

tain on 1% salt "VIater and dosed ora lly with drugs s u spended 

in 0.25% agar at 10 ml/kg.. To prcven.t infection, 1% potass

ium penicillin G and 1% streptomycin ·Nere inj ect ed subcutan

eously (0. ~1 ml/rat ) .. Six days later , the rats t-wre sacrific

ed by decapitat ion , blood was collected and the cotton pel~· 

l ets <.~xcised.. Both wet and dry vleights of the granuloma 

vJere measured~ Dry granuloma vrei ght vvas determined after 

h eati ng the excised mass in a drying oven at 80°0 f or '1 8 hr 

(/+3) • 

.n~c~ed in Th i s Ir~.Y.£.§.tl:i.G.Q..tion 

The follO\ving drue;s v.rere u s eel in this study: hydro-
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corti sone base (Sigma Chemical Co. t/-H4001), indomethacin 

(Merck Sharp & Dohme t/L-590226-00A104), phenylbu tazone (Geigy 

Corp. t/'1000), tetrabenazine (Hoffmann-La Roche t/C/421), benz

quinamide (Chas. Pfizer & Co., Inc. f/p-2647), paramethasone 

(Lilly #Y03201), 6·-mercaptopurin e (Atlas Chemical Co.), RO 

4-1284 or 2-ethyl-2, 3, 4, 6 , 7 ~ 11b-hexahydro-2···hydro:xy-3~iso~ 

butyl·-9 , 10-dimethoxy-1H-benzo [ h] quinolizine (Hoffmann~La 

Roche ), RO 1-9564 or 3-- ethyl-2 , 3 ,4, 6 , 7 ,11b-hexahydro-2-hy·

droxy-2-isobutyl-9, 10-dimethoxy-1H-benzo [ h] quinolizine (Hoff

mann-La Roche), and mef en amic acid (Parke-Davis & Coc Lot 

#405200). 

Statistics 

All statistical methods in this study were ba.s ed on 

standard analysis of variance methods. 
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RESUJ/PS 

Adjuvant Arthritis 

Sedimentation rates vrere determined at +6, 15 , 21 

ancl 30 days after adjuvant aruninistration. Drugs Here ad

mi nistered orall y daily for 21 days beginning 1 day prior to 

adjuvant i n jection. Al l drugs were given at theoret i call y 

equ:i.ef.fective anti -inflammatory dosages (see Table I ) based 

on preliminary screening. I n animals injected vlith !1;z:co

~t_£riu}}! adjuvant, c:ryogenine , phenyl butazone , hyd.rocorti-· 

sone and paramethaBone ".vere found to be effective in sup~ 

pressing incr(:3ases in sedimentation rate (Figure 12)o The 

increased sedimentation rates of por.;;itive corJ.t:r.ol animals 

( rats reeeiving ad,juvant out no c1rug treatment) \vi thin 6 days 

after adjuvant injection can be associa.tcd H:l.th the primary 

inflammatory :reBponse in the injected foot (53). Increased 

elevation in sedimentation rates vmre also noted on day 15 

(associated. with the a cmte phase of the disease) and on day 

21 (when full manifestation of secondary lesions occurred i n 

the contralate:cal foot and. other tissues).. Such elevated 

rates continued for the remainder of the observation period 

to day 30. 

~P.he dual-phasic inflammatory response also Has 

documented in '.Pable I and Table II ,:,hich shoiv an increase in 

total \·Thite cell count (peaking on da.y 21) associated ·Hi th 
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TABLE I : Effects of Selected Drug Treatment s on Inf l ammation and Total wbit e 
Cell Counts During Adjuvant-Induced Polyartr~itis in Rats 

Treatment Group 

Negative Controlb 

Positive Controlb 

Daily 
D~sage~ 
!!lg/kg ...... 

Cryogenine 100. 0 

Phenylbutazone ~oo.o 

Mefenamic Acid 25.0 

Indomethacin 1 . 0 

Para~ethasone 085 

Hydrocortisone 10~0 

6-Mercaptopurine 2 . 0 

Si<Telli!'lg Inhibi tio~ 
Cont ralateral Foot,% 
Day ~5 Day 21 Day 30 

93-5 86. ·4-

74.2 83 . 1 

112 .. 9 89.8 

71.0 66 . 1 

125.8 105.1 

90 .. 3 86 . 4 

'103.0 91.5 

55.6 

67 .9 

37~0 

45 . 7 

95.1 

59 .3 

75-3 

I1ean Leukocytes( thousands/Itm3) .:!:s .E. 

Day 6 Day 15 Day 21 Day 30 

19.3~0.8 15. 4!0.9 17. 3!1 . 1 15.3!0 . 9 

24 . 7~2.1 25 .2~3.0 29 . 2.:!:1 .1 24. 5!3.2 

16 .6~3 . 4 18 . 3~1 . 9 22 . 0~3-3 20 . 6~1 . 7 

2 + + + o+ 1 .~0.9 22 . 2- 3.0 24.~2 . 0 23 . /-2. 1 

2 + -+ 2 + + 1 .~1.8 25 . ~-0 . 9 9 . 3- 3e1 26. 3- 2 . 0 

23 . 3~3.9 23 . 0~3-3 26 . 421.1 26. 1:2 . 3 

21 .8~2 . 2 10 . 1~2 . 3 ~3 -~0. 3 18 . 3~1 . 8 

12 . 5~1.1 12 . 3~0 . 3 16.5~1 . 9 19. 5!1 . 4 

14 . 2~1 . 9 24 . 2~2 . 1 26.6~2 . 2 25~0!2.7 

aFoot swelling inhibition data were mada available for this study, courtesy 
of Dr. D.S . Kosersky (44). 

bNegative controls were animals receiving no oxug treatment and no adjuvant, 
while positive controls are a~imals receiving aujuvant but no drug treatment . 

.::
.:::> 
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Figure 12 .. ·-- Effects of selected drug treat
ments on erythrocyte sedimentation 
rates in control and adjuvant-in
jected rats . 
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TABLE II: Effects of Drug Trea.t!rients on wni te Cell Co1L'tlts During Adjuvant
Induced ?olya=tnritis in ~ts 

Treatment Group 

Negative Controla 

Positive Controla 

Cryogenine 

Phenylbutazone 

Mefenamic Acid 

I ndomethacin 

Paramethasone 

:S:ydrocortiso!le 

6-tlercaptopurL~e 

Differential wnite 
Day 6 

L;ym.ph . Neutr .. 

83 

51 

68 

65 

57 

51 

46 

'+2 

58 

12 

43 

28 

30 

39 

47 

48 

53 

37 

Day 15 
Lymph. Neutr . 

78 

56 

67 

63 

52 

57 

49 

51 

69 

17 

43 

27 

35 

42 

37 

47 

45 

21 

Blood Cell Counts,% 
Day 21 Day 30 

Lywpho Neutr . L;y-mph . Neutr . 

8'1 

53 

66 

68 

61 

65 

49 

57 

69 

15 

37 

29 

28 

31 

29 

44 

39 

27 

8'1 

63 

71 

74 

59 

63 

61 

73 

6Q .., 

17 

32 

25 

21 

37 . 

33 

33 

22 

25 

aNegative controls were ani~als recei~~~g no drug treatment and no adjuvant, 
while positive controls were anim2ls receiv~ng adjuvru~t but no drug treatment . 

.j;:-
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lymphopenia and neutrophilia i n t he positive control c;roup 

animals . The first cell count inc:rease on day 6 can be as

sociated with primary swelling in the i njected foot . 1~is 

\'Tas follO\ved by a second increase on day 21 ·which could be 

associated with secondary lesion development. 

\ihile all of the agents in Table I were roughly equi

effecti ve at the doses tested ( '"i th the exception of highly 

effective paramethasone) in preventing infl ammation in the 

contralateral foot by day 30 , only hydrocortisone and para·

methasone appeared to prevent l eukocytosis (as seen in day 21). 

Paramethasone actually decreased l eukocyte count bel ow nega

tive control l evel s . Cryogenin e clearl y seemed to have pre

vented the drastic elevation of l eukocyte count s een in the 

positive control [l.Ylir.:lals , \·lhile mefenamic aeid , indomethacin, 

and 6-mercaptopurine clearly did not affect adjuvant-induced 

l eukocytosis. The effect of phenyl butazone et.t this dosage 

l evel \'Ul.S equivocal. Th~re i s some indication that the t1ffec ts 

of 6-mercaptopurine (day 6 ) and paramethason e (day 15 and day 

21) may .be time dependent. 

In Ta'bl. e II , the leukocytosis exhibited above (in 

positive con"!:;rols) seemed to be the result of an i ncrease in 

neutrophils. I_I'h:Ls increase in polymorphonuclear l eukocytes 

seemed to be moderately reduced \vi th cryogenine ~ phenyl but a

zone, mefenamic aci d, indomethacin , and 6-mercaptopurine. 

Ho,.,rever) there did not seem to be any reversal of the increase 

in polymorphonuclear leukocytes seen with the n egative control~; 

by the compounds) hydrocortisone and paramethasone. 



Cotton Pellet Granuloma 

Since a number of serum protein studies have already 

been documented in the literature r egarding adjuvant-induced 

inflammation, this study undertook the inv-estigation of the 

serum protein changes produced by cotton pellet implantation 

(45,46,47,48,53). Positive controls (those implanted with 

cotton pellets but receiving no drug) showed s i gnificant de

creas es i.n all serum protein f ractions except the alJ.?ha2-frac

tion ( E;ce Figure 1 3) c 

Tables III to VII (pages 49-66) and li'i gures 14 to 18 

(pages 51-68) document the effects of phenylbutazone, indo-

methacin, hydrocorti sone and cryogenine on serum protein frac

tions of adrenal ectomized and non·-adrenalec tomi zed ra.ts with 

. d d ti 11 t J rn, bJ V'III ( · c:.9 ) h ~n uce · co :on pe .. ~~ granu . oma~ ... a .. e . . page o s owf..l 

the effects of these drugs in preventing granuloma formation. 

In non-adrenalectomized rats, phenylbutazone (Table 

III to VII I and :B':i.gure 14 to 18) prevented the low·ering of 

album:Ln with all three dosages and possibly on the gar!lrrla-frac

tio:n (median dosage); however, there were no major changes 

45 

in ~_guna~g1obulin l evels \vi th both the low and top dosages~ 

Adrenalec tomized rats showed r eversal occurring i n the alJ?.ha:2-

globultn and a.lbwn:Ln fractions , with overshooting of the a~~1 -, 
beta and !.~?.:~~.§1:-fractions . ~Che dramatic r.i. se in globulin pro

t ein s ( excepting the a l:e.!!..§:2-fraction) in adrenalectomized rats 

was af..lsoc.tat ed mainly wi. th t he lo',,r dosage of phenylbutazone 

and was followed by a decrease in globulin proteins with high

er doses of the dr ug o Non-adrenalectomized (Table III) ani-
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mals shovTed 11.ljJ~ , 23.3% and 22.o/fo granuloma. inhibition 

(corresponding to 10 mg , 30 mg and 90 mg/kg of phenylbuta

zone) , vThile adrenalectomized animals shovred 11 . ?'fo , 21. o/fo 

and 33.1% inhibition, respectively. Granuloma inhibition i n 

both instances appeared to be somevrhat dose-re~;ponsi ve (an 

increase in dosage producin(!; an increased anti·-inflammatory 

effect ) . 

\Vith indometh.acin-·treated (Table III to VII and l!'ig

ure 14 to 18), non-adrenalectomized rats, serum proteins 

seemed. to be elevated towards normal levels in the a l bumin , 

beta ( vThere dose--responsive decreases seemed to occurred) , 

ancl the gamm~-fractions o There appeared to be no reversal 

apparer1t in indomethacin--treated , adrenalectomizeci anima1l3 , 

except possibly vli th the albumin fraction at the hlghef:;t dos

age level. There \'la.s a ful'ther depression in the ~-frac

tion vTith the median dose of 0.6 mg/kg in adrenalectomized 

animals, but this interesting and unexpected effect was not 

seen again with the high dose of indomethacin. In the granu

loma studies (Table VIII) , 1.6%, 12.5% and 25.,39'~ of in.bibition 

was documented in non-adrenalectomized an:Lmr:>.ls, while adrena~· 

lec"tomized animals sho·Ned 3.Ll%, 11.6% and 28~ 5% inhibition 

( corresponding t;o 0.2, 0 .. 6 and 1 .. 8 mg/kg oi.' indomethacin, 

respectively). Granuloma inhibition vla.s somevThat less than 

that seen above with phen;)rlbutazone. 

Hydrocortisone (Table III to VII and Fi.~ure 1'+ to 18) 

seemed to be both very effective in the reversal of serum pro~ 

tein fractions to negative control levels and in the inhibi-
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tion of gra11ulorna production. In non-adrenalectomized animals) 

all ser-um fractions \'tere returned to normal values with sig

nificant overshoots in all fractions. Step-wise increases 

(apparently dose-responsive) \'rere apparent with the alpha1-

and gam.)l@.-globuJ.ins . Adrenalectomized animals showed effec

tive returns to normal values; and 'lrith the high dose of 

hydrocortisone, significant overshoots were noted for all 

fractions except the beta-globulin. All elevations seemed to 

be somewhat dose-related . Corresponding inhibition of gran

uloma formation (Table VIII) was 20.'+% and '-1-0.'+% for non-ad

renalectomized and 23.5% and 28.3% in adrenalectomized rat s 

with 2.5 mg and 7.5 mg/kg of drug given , respect ively. 

Somewhat like indomethacin, cryogenine sh.ovred a near

ly complete return to normal of the _gamm.e_-fract ion in non--ad

renalectomized animals. In regard to albumin, the highest 

dose of cryogenine did not show a significant difference from 

the value seen with the negative controls; however, the al

bumin levels of all cryogenine-treated animals "wre not sig-

nificantly different from positive controls . ~'he data does 

seem to indicate that Hith doses greater than 189 mg/kg of 

cryoe;enine, significant differences from pord.ti ve control 

might be seen in the albumin fraction.. Only the al.J2ha1-serum 

protein fraction seemed to :ceturn to'vlards normal (overshoot

ing at the highest dose) in adrenalectomiz.eC\. r ats . It i s 

interesting to note that albumin levels seemed to decrease 

\vi th i.nc:ceusine; levels of cryogenine, \-Ti th a very significant 

drop noted in animals receiving the highest dose. Granuloma 



TABLE III: Effects of Selected Drue; Treatment s on Serum 
Albumin of Rats \o/ith Induced Cotton Pellet 
Granuloma (gm/100 ml:S. E. ) 

Non-
Treatment Group N Adrenalectomized N Adrenalectomized P 

Negative Control 15 

Positive Control 2L~ 

Phenyl butazone 
(10mg/kg/day) 

Phenylbutazone 
( 30mg/k~/day) 

8 

8 

2 . 6l!2o.OL~* 

2.9~0 . 07~*£** 

---- - ------
Phenylbutazone 
(90mg/kg/day) 8 

8 

7 

7 

8 

8 

<0 . 001 

+ a * 2. 31-0. 08!- <0. 01 

+ d*d"' * 3 . 0ll-0.1l!-=- >0.05 

+ d*o** ..- . ;. 211--0 .1~- -~ • .... 0 .05 

---------------------------------·----------------------------Indomethacin 
(0. 2mg/ke;/day) 

I ndomci;hacin 
(0 . 6mg/kr;/day) 

I ndomethacin 
(1 . 8mg/;c~/day) 

8 

7 

8 

2 . 69:0. 01~ ,..!::. * .. 8 + "'"'a"'* 2 . 38·-0 .0~ - < 0.01 

----------- -·---- -
+ b*c* * 2 .80-·0 . 04-·- 8 

. { a•··*"' 
2 . 39..:0.0~ ~ <0. 001 

7 
---·-------------·---
Hydrocortisone 
(2. 5rog/kg/day) 

Hydrocortisone 
(7. 5me;/kg/day) 

Cryogcnine 
( 21mr;/kg/day) 

Cryogenine 
(63mg/kg/day) 

Cryogcnine 
(189m!)/kg/day) 

7 

8 

8 

8 

b*d** 3 . 24.:o. os-::--

b*d** 3. 2l~O. on-::- -

2 . 60.:!:0 .1 }~*~· .. 

8 

7 

8 

+ c*c* * 2 . 7ll-O . OS:::. - < 0. 001 

' ·'*d** 3.51..::0 .11~- >o. 05 

a*a"'* 2 . 29.:0.0~ -"- <0. 05 

-------------------
8 

· + a*a** 
2 . 24--0 . 10:::. ~- < 0. 001 

-----------------·- ------
8 2 . 78.:0 . 0'1!! .. ~ * * 8 



TABI~ III (continued) 

~Not significantly different (P~ Oe05). 

Esigni:ficantly different (P == 0.01-0.05) .. 

cHighly significantly different (P == 0 . 001--0.01). 

0:Very highly s i gnificantly different (P =<0. 001). 

*Indicates statistical comparison \vi th the negative 
control·~-·animals \-Ti thout cotton p0llet implantation 
and dosed v:ith 0.25% agar (10 ml/kg). 

**Indicates statistical compa rison vtith the positive 
control--animals \vith cotton pellet implantation 
and dosed \vith 0.25% agar (10 ml/kg). 

so 
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Figure 14.-~-.Effects of selected drug treatment on 
serum albumin of rat s with induced cotton 
pellet granuloma. 

Drug Do sage mg/ kg 
____!!:eatmeni:; __ gx.:g~JL .. _ LoH_(L) ~~di~Q-'0. l~~.~.Q!l 

Control (Con) 

Phenylbutazone (PBZ) 

Indomethacin (IND) 

Hydrocortisone (HYC) 

Gryogenine (CRY) 

30.0 

0 .. 2 

21.0 

60.0 

0.6 

90 .0 

1 .. 8 
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TABLE I V: Effects of Selected Drug Treatments on Serum 
~lph 1 -Globulin Proteins of Rats i-/ith Induced 

rt Pellet Granuloma (gm/100 ml~S .E . ) 

Non-
Treatment Group N Adrenalectomized N Adrenalectomized P 

Negative Control 15 

Positive Control 24 

Phenylbut az.one 
(10mg/kg/day) 

Phenylbutazone 
( 30.ng/ kg/ day) 

Ph€nylbut 3zone 
(90mg/kg/day) 

8 

8 

8 

1. 2~0. 04 

+ d* o. 97-o.or 

d* ** o.98~o.or ~ 

8 1 . 1~0 . 05 <0 . 05 

7 + a* '1 . 09-0. 02- <0. 01 

7 
- d*d1'* 

1.8L~O . Oll-- < 0 . 001 

8 + d"'d** 1. 56-'-0 . 07··- --- < 0 . 001 

8 
+ d*d** 1.67··0.0&:=- <0. 001 · 

----------------·-------· ------··---
Indomethacin 
(0 . 2.mg/ kg/ day) 

Indomethac.in 
(0. 6mg/kg/day) 

Indomethacin 
(1.8me;/ke;/day) 

Hydrocort i sone 
(2 . 5mg/kg/day) 

Hydrocor ti sone 
( 7 • 5mg/kr;/ day) 

Cryogen:be 
(2"img/kg/ clny) 

Cryogcn:i.~1e 
(63mg/kg/day) 

Cryogenine 
(189mg/kr;/day) 

8 

7 

8 

7 

8 

8 

8 

8 

8 
+ a*a** 1. 0?--0.0~ - > 0.05 

d *a** 1.o2~o. or - 8 
+ a*a*., 

1 .08-0.0~- > 0.05 

? 

+ c>~-d** 1.43-0. 0}-· - 8 + d*b"'* 1 . 3'1-0.07- ·- >0. 05 

7 + d*d** 1.'1? -0. 0&- - >0. 05 

·----··----~-· 
+ d'-'a"* '1 • 00.-0 . ()Jt= - 8 + a"'a** 1.19-0. 0?--- >0. 05 

--- - - ··-----------
+ d*n*"' 0 . 99-0. 02·- ·- 8 

8 
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TABI.E IV (continued) 

aNot significantly different (P ~0.05) • 

.£significantly different (P = 0 .. 01~0.05) o 

cHighl y s~_ f!,nificantly different (P = 0.001-·0.01). 

2-very highly significantly different (P ==<0.001). 

*Indicates statistical comparison with the negative 
control--animals without cotton pellet implantation 
and dosed with 0.25% agar (10 ml/kg)o 

"'*Indicates statistieal comparison \IJith the positive 
control---animals \tli th cotton pellet implantation 
and dosed \trith 0. 25% agar (10 ml/kg). 
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Figure 1 5. ·- -~Effects of sel ected drug treatment on 
serum §}p).1,na-globulin proteins of rats 
with induce cotton pellet granuloma . 
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TABLE Y: Effect s of Select ed Drug Treat ments on Serum 
Alpha::>-Globulin Pr oteins of P.at s \-lith Indu~ed 
t:otton Pellet Granuloma ( gu/100 ml!s .E.) 

Non-
Treatment Group N Adrenalectomized H Adrenalectomi zed P 

negative Control 

Pos itive Control 

Phenylbutazone 
(10mg/kg/ day) 

Phenylbutazone 
(30mg/kg/ day) 

Ph€:nylbu t azone 
(90mg/kg/day) . 

Indomet hac i n 
(0.2mg/kg/ day) 

Indomethacin 
(0. 6mg/ kr;/day) 

Indometha~:i. n 
(1.8mg/kg/ day) 

15 

24 

8 

8 

8 

8 

7 

8 

+ a • 0 . 41-0 . 01-

+ b*b** 0.36--0.02--

a* a ** 0.37:.:0.02~-

a "' a ** o. 39!0.03- -

o. 36!0 . 0~*-~·. 

8 

7 

7 

8 

8 

8 

8 

7 

a • d* 
0.'~7.:!:0.02- ~ >0.05 

·----------
. .. l ¢ 

o.%o.o2£ £ >o.o5 
·----·---------

+ d*a "-* 
0 . 30-0 . 0 2-- <0. 05 

·--- --------

----·-----------------·-·----·-- -
Hydrocortisone 
(2.5:nr;/kc;/day) '1 8 

--~-----·------------------------Hydrocort i sone 
(7. 5me;/ke/day) 

Cryogcn:i.ne 
(21mc;/ kg/ day) 

8 

8 

b•d** o.%o.or- -

*d'""' o. 35:!.0.01.£. ·-

·------------
Cryogenine 
(63mr,/ kf5/ dny) 

Cryogcnine 
(189mg/ kG/day) 

8 

8 
' ~b ..... 
0.38!0.01~ -

7 

8 

8 

+ a•c•• O. Li·5-0 . 0 2- ·- >0. 05 

+ c"'d*"' 
0. 59-0 . 0~ - > 0 . 05 

+ · · b* a * • 0. 37-0 . 02- - - >0. 05 

+ a *a • • o. 39-0. 02- ·- >0. 05 

·-------------------------------------·-------
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TABLE V (continued ) 

~ot significantly different (P::» 0 . 05). 

£significantly d.ifferent (P = 0.01-0 .. 05). 

cHighly significantly different (P = 0.001- 0.01 ) .. 

&.very highly significantly different (I' =<0.00'1) . 

*Indicates statistical comparison vli th the negative 
control- --animals without cotton pellet implantation 
and dosed with 0.25~6 agar (·10 ml/kg ) . 

**Indicates statistical comparison "~:lith the positive 
control--animals with cott on pellet i mplantation 
and dosed with 0.25% agar (10 ml/kg) . 
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Figure 16.--Effects of selected drug treatment on 
serum .a).pp._a - globulin proteins of rats 
''~i th induceft cotton pellet granuloma. 
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TABLE VI: Effects of Selected Drug Treatments on Serum 
Beta -Globulin Proteins of Rats \hth Induced 
botton Pellet Granuloma (gro/100 ml~S . E . ) 

Non-
'l'reatment Group N. Adrenalectomized N Adrenalectomized P 

Negative Control 15 1.20~0 .03 8 1.12:0 .03 ·)0.05 

Positive Control 24 + c • 1.09-0.02- 7 + b* 1. 01-0. Oll-- )0. 05 

Phenylbutazone 1.0~0.0~·~·· d*d** 
(10mg/kg/day) 8 7 1:55:.0.0&-- <0. 001 

-
Phenylbutazone· b* •• ... c *d** 
(30mG/kg/day) 8 1.07!0.0~ ~ 8 1. 33.:.0.0~- <0.01 

Pheny lbutazone 8 1.09!:0.04~·~·· 8 • a•c•* 
( 90mg/kg/day) 1. 2Lt-O.():S-- - >0.05 

Indorr,ethacin *b** + b*a** 
(0. 2mg/kg/day) 8 1.19~0 .~- 8 o.95-o.o&:.. -- <o.o1 

---·- ·--- ------~-··· 

Indomethacin *a** . + d.*a"'* 
(0.6rug/kg/day) 7 1.10:0.0~ - 8 o. 9lt-0 . 02-- -- <0 . 001 

-·------ ·-----
Indomethac i n * "'* + c*a** · 
(1. 8rag/kg/day) 8 1.04:!:.0 . 0~ ~ 7 0.97-0.03-·- )0.05 

--·---- ------· 
Hydrocortisone c*d** + a*u** 
(2 . 5mg/kg/day) 7 1 . 36:.0. Oll-- - 8 1.09-0. 02·- - <0.001 

----~ ..... 
Hydrocort i sone 
( '/. 5mg/kg/ day) 8 

b"d~· 
1.3~0.0'~- 7 

b* •• 
1.25:!:.0. 0l~ £ )0.05 

Ccyogenine 8 1. 07:!:0.03£·~· * 8 + a•a•• 
( 21mc/kg/day) 1 .10--0.02- - )0.05 

----
____ ... ___ . ___ 

Cryogcnine 8 
+ d"'b,..* 

8 "t . o5:.o . o4-~· ~,... >0.05 ( 63mg/kr;/day) 1.00-0 .03- . .. 

---· --------
Cryogenine 

8 
+ d"'d*'~' 8 

+ a*a .... 
(189mg/kg/day) 0.89-0.01·-- 1.10-0.03- ·- <0.001 

------·· 
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TABI1E VI (continued) 

------
~Not significantly different (P~0.05) • 

.!?.significantly different (P = 0.01..:.0.05). 

£Highly significantly different (P = 0.001-0.01). 

Svery highly significantly different (P =<0.001). 

*Indicates statistical comparison with the negative 
control--animals \•Jithout cotton pellet implantation 
and dosed with 0.25% agar (10 ml/kg). 

**Indicates statistical comparison with the positive 
control---animals with cotton pellet implantation 
and dosed with 0.25% agar ( 10 ml/kg ) ~ 
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Figure '17.--Effects of selected drug treatment on 
serum beta-globulin proteins of rats 
with in.duced cotton pellet granuloma. 

Control (Con) 

Phenylbutazone (PBZ) 

Indomethacin (IND) 

Hydrocortisone (JITC) 

Cryogenine (CHY) 

Drug Dosage mg/kg 
Lo\v(L) Medium. (!'1) __ Hi_gh ( I-Q. 

0.2 

2'1 .. 0 

60 .. 0 

0.6 

90.0 

1.8 

'189 .. 0 



I 
0 . I 

0 . 

j : I 
I 0 

!I;IIJIII ~ 
I ' I 0 
I 0 

I L--- ~ 
if[ ... 
: L-,::----- ---1 

1tlli~~lllil ~ 
I ' 

$ ·-----1: 
! 'l!~i!li]i~lll. ~ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
i-

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
0 
0 

-~ 
t.l. 

0 
0 
0 

+ 
+ 
+ 
0 
0 

+ 
+ 
0 
0 
0 

+ 
+ 
+ 

0 
0 
0 

+ 
+ 
+ 
0 
+ 
0 
+ 
~'I -a 
r..: 
(<) 

•• ·u 
<(( 

v 
>
:X: 

u 
>:c 

0 
z 

0 
~·· 

c 
0 
u 

t: 
0 v 

64 



TABLE VII: Effects of Sel ec ted Dr~g Treatments on Serum 
Gamma-Globul in Proteins of Hats ~lith I nduced 
C()tton Pellet Granuloma (gm/100 ml: s .E. ) 

Non-
~'reatment Group N Adrenalectomized N Adrenal ectomized P 

Negative Control 15 

Positive Control 24 

Phenylbutazone 
(10mg/kg/day ) 

Phenylbutazone. 
(30mg/kg/day) 

Phenylbutazone 
(90mg/kg/clay) 

Indomethacin 
(0 .2mg/kg/day) 

Indomethacin 
(0 . 6mg/kg/day) 

Indomethacin 
(1.8mg/kg/day) 

Hydrocortisone 
( 2. 5mg/ke;/day) 

Hydrocortisone 
(7 .5mg/kg/day) 

Cryogeni nc 
( 2'1 mg/ke;/ day) 

Cryor;cn.ine 
( 63m~;/kg/day ) 

Cryoceninc 
(189mg/kc;/day) 

8 

8 

8 

8 

7 

8 

7 

8 

8 

8 

8 

8 <0 .001 

0 • ~~~0. 02£. 7 + c • 
0. 62- 0 . Qll-=- <0.01 

i c*a** 0.51..:0.04-.- 7 + d*d* * 0;99-0 .0E):.!. - < 0 . 001 

8 o.';4i-o . os£·~· · >o.o5 

+ b*a• • 0. 50-0.06- - 8 

8 

·-----------·---·----
+ ll .. b*"' 0.64-0. 07--- 8 

*b** 0 . 45:!:0 . 0~· - <0.05 

·----·---
7 

+ a*a* * · o. 5!~-o.o.?-- - >o.o5 

+ a•a•• 
0 . 82··0.0~- 8 

*d*"' o . 88!o.1~- 7 
+ b*b** o. 95-0.12-- <0 . 05 

•a •• 0.68!0. 0~...!. 8 

8 

·------·-------------
*b** o.65!o.osf!- 8 
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TABLE VII (continued) 

8:Not significa.rttly different (P~ 0.05) .. 

Esignificantly different (P = 0.01-·0.05) • 

.2-nighly significantly different (P = 0.001-0 .. 01). 

il.very highly s ignificantly different (P = < 0 ~001). 
*Indicates statistical comparison with the negative 
control---animals vTi tb.out cotton pellet implantation 
and dosed with 0 ~25% agar ( '10 ml/kg). 

**Indicates statistical comparison with the positive 
control---animals VIi th cotton pellet implantation 
and dosed \vi th 0.25% agar ( 10 ml/kg). 
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Figure 18o-·-Effects of selected drug treatment on 
sert.un .elarn.rn£-globulin proteins of rats 
with induced cotton pellet granuloma. 
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___ ~r:ea.tJ11£.nt_Gr2llJ?__.J.Jo.wJIJ) I1edi~.JII.(.!J.2 Hif5_h0£)_ 

Control (Ccn) 

Phenylbutazone (PBZ) 

Indomethacin (IND) 

Hydrocortir3one (HYC) 

Cryogenine ( CRY) 

30.0 

0.2 

2.5 

21. 0 

60 .0 

0.6 

90.0 

1.8 

-- '-------~--------~-



. 
1U . 
~") 

·H 
...! 

~ 
0 
0 -....... _ 
0 

2.0l 

1.5~ 

1.0 

0.5 

j~ r::::::: Tr-l t:•:·:·: •:·:·:·: I ;.;.•.·J ....,.j--i • • •.•J. 

Dosage 00 00 · L MH lMH LN\H lNaH Lij 

?ellet 0 0 

Adrenah + 0 

Orug Con 

~. • -r-

+O 

Con 

++_.r 

• • +-t--r 

PB:Z 

-;-++ +++ 
000 +++ 

PBI 2ND 

++J,.. 

000 

~ND 

-:-+ 

++ 

HYC 

T . I 

m? t~=~~~~ ........ . ----~JJti1~ ..... :r:.:r: _______________ _ 
l , • .+., 

. , .... . ·:·:·:.,T(. ... ·.· 

l H lMH LMH 

++ +++ +++ 
00 +++ 000 

HYC CRY CRY 
C/' 
co 



TABLE Vill: Effects of Selected Drug Treatments on Rats 
With Induced Cotton Pellet Gran~loma (Dry 
Granuloma Wt. mg/100 g Body \vt.-S.E. ).?.: 

Treatment Group 

Positive Control 

Phenylbutazone 
(10mg/kg/day) 

Phenylbutazone 
( 30mg/kg/day) 

Phenylbutazone 
( 90mg/kg/day) 

Positive Control 

Indomethacin 
(0 . 2me;/kg/day) 

Indomethacin 
(0 . 6mg/kg/da;y) 

Indomethacin 
(1. 8mg/kg/day) 

Positive Control 

Hydrocortisone 
( 2 .5mr.;/kg/day) 

Hydro cortisone 
(7. 5mg/kg/day) 

-------·--------------
Non

Adrenalectomized Adrenalectomized 
------------------------------

+ 37 .1-2.1 L~ 

+ 31.3-3.50 

+ 32.7-2 .40 

25. 6:!:2 .13 

25 . 2:!.:2.22 

+ 34. 2-2 . 96 

Jo + '"1-8.0-2.78 

------------
+ 43 . 8-3 . 36 

+ 3"1. 3·-1 .17 

---------·---

--· ---·---·------ ... ----------~ ..... -- --------· ---
Positive Control 

Cryogenine 
( 21mg/ kg/day) 

Cryogenine 
(63mg/kg/day) 

Cryogenine 
( 189mg/lq~/day) 

+ 26.7·-2.06 

---... -~--------· ... --------... ·--~--

4 +,.. 8 o .. o-c.o 

------
.ec-r anuloma data iver e made availabl e f or this study 

courtesy of L. DeCato (43). 
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formation ('J.'able VIII) inhibition seemed to correlate \'ti th 

the above data in that non-adrenalectomized animals showed 

15. 9'~ , 11.6% and 28 . 8% inhibition, while adrenalectomized 

rats shovmd 3.2%, 8. 7% and 6 . 8% of granuloma inhibition (for 

21 mg , 63 mg and 189 mg/kg of cryogenine, re.spectively). 

Such results could indicate that part of the anti-inflamma

tory action of cryogenine may depend on the presence of the 

adrenals. 

The r esults of tetrabenazine and HO 4-1284 are sho'Vm 

70 

in Tables IX and X, respectively o Tetrabenazine showed sig-· 

nificant recovery in albumin (overshooting with the high dose) 

and ~lma-fractions while RO 4-1 .284 shovred recovery in albu·

min, .~.- and B;amma~·fractions . In both cuses the serum pro

tein fraction recovery also ap1)eared to b<~ significantly di.f-· 

ferent from negative control va l ues . Inhibition of granuloma 

formation v1i th t etrabenazin e (going from lowest to highest 

dose) were 17.1% , '14. 4% and 28.5% vrhile HO Lt--'128'!· showed 20 . 0% , 

16 . 1% and 35.7% inhibition, :respective l y. There seems t o be 

s ome s irni lari ty between the effects of tetrabenazine cmcl the 

experimenta.l compound , cryogenin e , on serum protein fraction 

chm1ges . 

Benzquinam:i.de and HO 1-9564 sho\twd some similar ity 

in serum protein changes and inhibition of granuloma tissue 

formation ( 'l1ables XI and XII) . \Vi t h ben:6quinamide , there 

was a return (no sir;nificant difference between negative con~ 

trol ond drug-treated animals) to negative control values for 

the fol lowing s e:r.um protein .fractions : beta.- and .G.£1P.!!.!;"?:- globu-
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Treatment Scheme for Table IX. 

Dosage£ 
Treatment Gl'ouo ~gLJ.sgL day) Popul<l~-· --------

Negative Control.!?. 15 

Positive Cont:r·ol 24 

Tetrabenazine 7 8 

Tetrabenazine 21 8 

Tetrabenazine 63 8 

----------·~--··----·------··--- .-----
9::rn 0.25% agar , at 10 ml/kg. 



TABLE IX: Effects of Selected Drug Treat::Jents on Se~ Proteins of Rats With 
Induced Cotton Pellet Granuloma (gm/100 ml- S .E. ) 

Treat:le::::rt Grot:.p Jl.lb"..lmin a
1
-globulin a

2
- globulin p-globulin v-globulin Dry Granul~ma Wt. 

I:lg/100 gtt-S.E.~ 

Negative Co!ltrol2 2•9s.:!:o . o7 (No Drug) 1.26.:0.0.£:. 0 .44.1:0.03 1.2o.:o.o3 0.70.:!:0 . 04 

Positive Control 2. 64.:!:o . ol!£ 0.97.:!:0 . 0~ 0 . 41.:0.01 1.09.:0. 02£ 0 . 46.!0 . 02£ 26. 3.:1.32 (No D:-t:.g ) 

Tetrabenazine 2 . 7o.:!:o .o~ 1.oo.:!:o .o~ 0. 41.:0 . 02 1 . 06.!0.0~ 0 . 62.:0.08 21 . 8.:1.10 (7mg/kg/day) 

Tet::::-abenazb.e 2. 7s.:o.oE,£ 0 . 95.:0. 02£ 0.43.:0.02 1.10.:0.0~ o . 77!o. o:;£ 22.5-!1.66 (21I!'.g/kg/ day) 

Tetrabena zine 3 - 'i?.!0.1~ 1.oo.:!:o. OL;£ 0 . 41.:0 . 03 1.10.:0.0~ + d 18 .8!1 . 23 (63me;/kg/day) o.?a-o.or 

~ranuloma data were ma~e available for this stt:.dy courtesy of L. DeCato (43). 

~'l'o cotton pellet- induced granuloma. 

~ignificantly different from negative control values (P <0. 05). 

£signific~~tly different from pos~tive control values (P <0.05). 

-..J 
('.) 
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' . 

Treatment Scheme for Table X • 

..2:£e.a t]Il.eEi__Gx·~E

Negative Control.£ 

Positive Control 

RO Li-1284 

RO ll·~ '128LI. 

5 

L~5 

PopE_lation 

•15 

7 

8 

5 

-.e.··---·---... -------·----· ... ·---·----·_..,·------
din 0.25% agar, at 10 ml/kg .. 



----c---------- ------

TABLE X: Effects of Selected Dr~g Treatments on Se~ Proteins of Rats With 
I~duced Cotton Pellet Granulona (gm/100 ml-S.E.) 

Treat~ent Group Albunin a
1
-e;lobulin a

2
-globuli=. 13-globulin y-globulin 

b 
Negative Control- 2.98!0.07 

(No Drug) 
1.26!0.04 0.41t-!0.03 1.2o!o.o3 o.7o!o.o4 

Posit(~ve Con-)~rol 2.64!0.0~ 0.97!0.03 £ 0.41!0~01 1 . 09.:!:0.02£ : 0.46!o.o2£ No Drug 

RQ 4-1284 
(5mg/~g/day) 

RO 4-1284 
(45ng/kg/day) 

Ro 4-1284 
(45mg/kg/day) 

3.o9.:o.11~ o.97.:o.o~ o.36.:o.o~ 1.13.:0.06 o.5~o.os£ 

2 + d + c + -r.d 2 + d 9+ ...i1 :;. ~0.0~ 0.90-0.0~ 0.3~0.0~- 1. 5-0.0~ 0.5 -0.0~ 

3.48!o.1o££ o.s5.:!:0.o':cd o.3o!o.o~d 1.16!o.o4 o.73!o.os£ 

D=J Granuloma Wt. 
mg/100 gm!s.E.,!;. 

28.5.:!:1.37 

22.8:!:0.91 

2:;.9.:!:1.43 

18.6.:!:1.81 

~ranuloma data 'l:ere made available fo::- this study courtesy of L. DeCato (43). 

E~jo cotton pellet-induced granuloma • 

.£significantly different from negative contr"Ol values (P < 0.05). 

%ignificantly different fro:n positive control values (P < 0.05). 

I ~ 

......, 
~ 
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Treatment Sc.h eme for 'rable XI., 

. T~-r]-~JL_ 

Negative Control~ 

Positive Control 

Benzquinamide 

Benzquinami de 

Ben7..quinamid.e 

... _ .. _ __,...__, __ 

d Dosage-
-~Js.£:-L.day)_ 

20 

60 

180 

din 0~25?G ugar , at 10 ml/kg . 

15 

24 

8 

8 

8 



TJ..BLE XI: Effects of Selected Drug Treatments on Serx:1 Proteins of Rats With. 
Induced Cotton Pellet Granuloma (gm/~00 ml!S.E.) 

Treatment Grou? AlbU!:lin a
1
- globulin c

2
- globulin p-globulin 

·~.,,.,..., ... i··e Con ... ro' b 
1 .26!0.04 o.l;.4!o. o3 1. 2o!o. o3 ~ ~a"'-" v - " J.- 2 °8+0 07 

(No Drug) " 7 - • 

Positive Control 2. 64!o. oLj.£ 0 . 97!0.0~ 0.41!0. 01 1. 09:!:0 . 02.£. (No Drug) 

Be:1.zq-.:..inamide 
( 20::lg/lq:;/ day) 2 .ao!o.o~ o.9s!o.o~ o •. 4o!o.o3 1.12!0.64 

Benzqui:1.amide 
(60mg/l<g/day) 2.57!0.07.£. 0 .98-!0.0~ 0 . '~2!0 . 02 1 . 22!0 .0~ 

Benz<;uina:nide 2. 7-4-'!0.07.£. + ,. 
0-371:0. 02 "1.2~0.0~ 

(18~g/kg/day) 
1.01-Q.OS::. 

y-glo buli...'"l 

o.?o! o. o4 

0. 46!0. 02.£. 

o . 6ll-!o.o9 

+ eft 0.71- 0 . 0 

o.63!o. ot>£ 

Dry Granul~ma Wt. 
mg/100 gm-S .E.~ 

32.o!2. 32 

27 .~1 . 91 

2?. 8!1 . 98 

24. 6!1.75 

~ranuloma data were made available for this study courtesy L. DeCato (43). 

~io cotton pellet- induced granuloma • 

.£sig:1ificantly different from negative control values (P < 0.05) • 

.£significantly different fro::t positive control values (P < 0.05). 

......, 
0'\ 
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~Preatment Scheme for Table XII. 

_ .T.r.~atnl.<W .• tS~uQ._ 

Negative Controlb 

Positive Control 

HO 1-9564 

RO 1-9561+ 

10 

30 

90 

.1:rn 0 . (.~~5% agar, at 10 ml/kg . 

~-~tion:, 

'15 

24 

8 

8 



TA3!.L :x:;:I: Effects of Sel ected Drug Treatments on Se~ Proteins of Rats With 
Ind~ced Cotton Pellet Granulo~a (gm/~00 ml- S . E.) 

T=eat::ent G:::-oup Alb"JJ!lin 

Negative Control~ 2 . 98! 0 . 07 
(!<o Drug) 

a
1
- globulin c:

2
- globulin ~-globulin y- gl obulin 

1 . ?.6!0. 04 0 .4~0.03 "i . 2o! o .o3 o.7o!o.o4 

Positive Control 2. 64!0.0~ 0 . 97!0.0~ 0.41!0.01 
(No Drug) 

1 . 09!0 . 02~ 0 .46!0 . 02~ 

RO ":- 9564 
(10mg/kg/day) 

RO '1- 9564 
(30::lg/kg/day) 

RO 1- 9564 
(90:ng/kg/da.y) 

7. 2+ d 9 + c + 2cd + 4 ~-0 -0.0~ o. 0-0 .0~ 0.3~0 .0 -- 1.10-0.0 o . 73.:o . o<fo 

·3.o1.:!:o. o?.£ o . 94!o.o,.S 0 . 34!o. o2°d 1.02~0.0~ 0 . 66!0. 11 

3. o1!o.o9£ o.a9!o. o>£ 0.33!o. o2cd 1.12!o.o4 1 . o1! o. o'icd 

Dry Granuloma Wt. 
mg/100 gm!s.E • .i! 

28.5!1 . 37 

25 . 0!1 . 52 

21 . 6!1 •. 60 

19.0!1 . '19 

~r~~uloma data were made available for this study courtesy L. D~Cato (43). 

Js~o cotton pellet.:..induced granuloma • 

.£significantly different fron negative control values (P < 0 . 05) . 

%ignifica.ntly different from positive cont:rol values (P < 0.05). 

"'-J 
C» 



lins. Only ~ and gamma-globulins , ho\'lever , shovred sig

nificant differences from the positive control . Alpha2-. 

globulin level s were not significantly depressed in positive 

control (having cotton pellet implantations) and there ap~ 

peared. to be no effect of benzquinamicle on this globulin. 

The granuloma in...'l.ibi tion data. showed (going from lo'" dose to 

high dose) 11.!·. 3% , 13.1% and 23.'1% inhibition in benzquinam:i.de

treated animal s while compound RO 1-9564 shm·red 20 . 4%, 17 . 1% 

and 29.8% inhibition, respectively. 

In Table XIII , results are summarized regarding the 

effects of various types of stress. There appeared to be 

79 

some lO\'Iering of albumin and alpha1-globulin in she.m- operatcd 

animals ·when compai'ed with the negative control;.:J (no treatment , 

no cotton }?Gll et implantation and vrith intact e.JJ.:'enals). 

These slight changes may indicate some edP-ma formation due to 

the sur(5ery itself. Starvation (off food 2 days) p roduced 

sie;nificant increaBes in albumin , a l pha1 .• , and .5..~~·-globulin::-:> 

from positive control levels; however, only the albumin \-ras 

significantly higher than. the negative control c Dehyd:ration 

(off wate:c 2 days) showed a significan.t increase of all pro-

tein fractions from poBitive control values and a significant 

increase in all fractions except the a lbumin v1hen compared to 

the negative controls. T.his observation in the dehydrated 

animals may be just an indication of reduced blood volume 

which vlOul d e;..-plain the increased proteins. 
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Treatment Scheme for 1'abl e XIII. 

_T:~.ttmen! .. 9:.r.9.YJL 

Negative Controlb 

Positive Control 
c Negative Control-

Bharn Operation 

Off Food 2 Days 

Off \later 2 Days 

15 

24 

8 

8 

6 

__ ,._,.,._, ___ ·--~---~-~--·--.. ---
fin 0 . 25% agar , at 10 ml/lcg o 



TABLE X!IT : Effects of Selected Drug T=eat~ents on Se~ Proteins of P~ts With 
Induced Cotton Pellet Gr~ulo~a (~/100 ml-S. E. ) 

Tree.t:::1ent G:::-o1.:p Albu::1in o - globul:L-1. !:1 - globulin p - globuli:l. y-globulin 
1 2 . 

1 . 26.:!:0 . Ql.;. 0 . 4l!:!:0.03 
~· ... . c t 1° He;a ... ~ve on ro - 2 _98.:!:0•07 (M Drug) 

Positive Control 2 64!o o~ o. Q7.!o .o~ 0 . 41!0. 01 
(No Drug). -· • "' 

Negative Control£ 2.42-0 .0~ 1 . 10-0 .0~ 0 . 45.!0.02 
(No Dru.g) 

b - + s~~ Operatic~ 2 .73.!0 . 07~ 1 .05.!0.~ 0 .~0.03 
(~~o Drug) 

Off Food 2 Days ~. 2s!o .o~de 1 . 29.!o . o&£ 0~42~0.02 
(No Drt:.g) "" 

1 . 2o.:.!:o . o3 o . 7o.:.!:o . o4 

9+ d 1 . 0 - 0 . 02- 0 . 46.:.!:0 . 02~ 

1 . 12.!0.03 + d 
0 . 52-0 .0~ 

1 . 17.!0 . 07 0 . 68.!0. 07 

+ " 
1 .1~0.07 0 .7s!0.1~ 

Off ~(~teDr 2 D)ays ; . o1.!o .o~ 1.5o.!o. o7de o .5~0.02de 1 . 49! 0. 04de '1 .64.!0 .1~ 
••o • rug . 

Dry Granul~ma Wt . 
I:tg/100 sm-S .E.~ 

30. 2.!2. 43 

26 .4-!1 . 79 

27.7.!1 . 35 

~ranuloma data \-7ere r:.ade a.·.-ailable for this stuey courtesy of L. DeCato (43) . 

~No cotton pellet..:._indu.ced gra."lulot:ia . 

~Aerenalectonized but no cotton pellet- induced gr anuloma • 

.£significa.'1tly C.ifferent from first negative cont rol values (P < 0 . 05) 

~icnificantly different from positive cont2~l values (P 0 . 05) . 

co ,.... 



DISCUSSION 

Leukocytes are .formed in the lymph nodes (lymphocytes 

and monocytes) and in the bone marro'v (granulocytes ) . One 

can think of them a.s the protective mobile units of the body 

which can be transported to any area of inflammation. 'l'he 

granulocytes are gr·anular i n appearance and contain poly

morphous nuclei.. There are three types of grru"'lulocyt es: 

polymorphonuclea r neutrophils~ polymorphonuclear eos:Lnophils 

and polymorphonucl ear basophils~ Monocytes along with g ran-· 

ulocytes can ir!gest (phagocytosis) invading organisms that 

threaten the body. There is one ot her type of white blood 

cell knovm as megakaryocyt e which produces platel ets . Plate

l ets are important in t h e body c1efense by act i vating th.e 

blood c l otting mechanism (1+9). 

Chemotaxis is define d. as t he process whereby some 

chemical released at a loco..l site causes tlle movement of 

l eukocytes to or Rvmy from (po sitive and n egative chcmo~ 

tax.i.G, r espectively ) t hat sit e ~ Chemica.l sub::-;tances re-

sponsible fo:r cheruot a:x:Ls gener a lly are bacteria l toxins or 

degenerated tissue pol ysaccharides p roduced by inflammation .. 

Once a.t the site o.f disturbance , l eukocytes accom~ 

pl:i.sh thci.r.' job by phagocyto sis . Macrophages~ \'!h.ich. are 

derived .from monocytes , are t he power houses of phagocyt ic 

cell fJ o Such cells ar·c able to engul f \.;hol e red bl ood cell::;, 
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malarial paras ites, and many other objects simul taneously. 

The neutrophils are only capable of ingesting particles no 

larger than a bacteria . In chronic infections, the macro

phages are very important in removing necrotic tissue . In 

such cases , lymphocytes enter the area~ increase in size 

over a period of hours and become macrophages . 

Proteol ytic enzymes knm·m as l ysosomes are responsi

ble for the digestion of particles once inside the neutro

phil or macropha(5e . Phagocytic cells arc also known to con

t ain lipases and bacteriocidal agents to break do,·m and kill 

bacteria. A single neutrophil can usually phagocytize 5 to 

12 bact eria, and a macrophage engulf 100. bacteria before the 

breakdoV.Jll products of the foreign p articles accumulate and 

kill the cells. 

During inflammation, a globulin substance kno~m as 

the "leukoc;ytosis promoting factor " is liberated (50). This 

can cause neutrophilia by stimulating the bone marro~1 to re

l ease granulocytes , especially neutrophils.. ~J.lhe histocytes 

(tissue monocytes) change to macrophages and migrate to the 

site by ameboid movement. Such histocyteB are k:novm. as the 

body ' s first line of defense . In 6 to 12 hr , monocytes from 

the blood reinforce the firs t line of defense by changing to 

macrophages and move chemotactically towards the damaged site. 

By the 10--12th hour, lymphocytes develop into macrophap;es 

and carry on the fight . In chronic infeetion , the a:ffected 

area becomes acidic vlhich is unsuitable for the existence of 

neutrophil s but very sui table f or macropha{Ses . This is ~1hy 
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neutrophile may only be useful in the initial stages of in

flammation v.Jhile macrophages are advantageous later. 

There is little lmown about the role of eosi nophile. 

They exhibit chemotaxis, but are very weak phagocytes . Since 

they enter the bl ood vJhen foreign protein is injected into 

the system, it has been suggested that thei r function is to 

detoxify proteins (50). They may also release profibrino

l ysin which f orms fibrinolysin, the substance responsible 

for dissolution of clots. There is a profound increase in 

eo s:i.nophils during allergic reactions, and the eos:i.nophils 

seem to collect at sit es of ant igen-antibody react ions in 

the tissues (51). 

Basophil s on the other hand are known to be very 

similar to mast cells. Like mast cells, basoph i l s release 

heparin which funct ions t o prevent blood eoagulation . The 

total number of basophils in t he blood stream ordinarily is 

very small . :tloi,·ever , the population of basoph i. l s does in

crease during the healing phase of inf l ammation. There i s 

a tendency for red blood cells to clump during inflammation , 

and it is thought that the increase in basophils i s a nat ura l 

means of combating agglutination ( 51 )~ 

The utep-\vise increase i n l eukoeytes from day 6 to 

day 21 reported by Ne\lfbould and Pilic:co et ~1. (52 , 53) was 

also noted in the present study (Table I) . Leukoc;ytosis pe:c

sisted t hrough out t he 30 day observation pt~riod. It :i.s evi. ·

dent that cryogenine vJas effective in maintaininG near normal 

l evels during drug treatment . Ji'rom the differential white 



blood cell counts, it \tlas apparent that the increases in 

total leukocyte count in controls and drug-treated rats \vere 

primaril;y due to increases in neutrophils. 'rhis maybe due 

to lymphocytes being depleted from the blood into the site 

of inflammation--a characteristic of the latter phases of 

inflammation. Cryogenine \·Jas effective in modifying the 

r>olymorphonuclear leukocyte increase towards normal. The 

rises in total leukocyte count in adjuvant-injected rats 

with time parallel the increases seen in erythrocyte sedi

mentation rate. This relationship may be due to increased 

electrostatic changes on the erythrocytes induced by increases 

:i.n plasma proteins. Similar changes have been reported by 

Browning and co-vwrker s (54) in patients vi:i.th rheumatoicl a:c~~ 

th.ri tis. 

vii th normal rat serum, elect:rophoj;etic f~cpara.tion 

results in five distinct components. 'I'hese fractions are 

referred to as: the albumin f:ra~tion (H·itl:. the greatest 

mobility---- traveling furthest from the origin tovtards the 

anode), the .Q.bp~1 -, alpha2-, beta- and J3U~~2;-·globulins. 

The globulin fractions are named in ordex' of dec:ccasing mo

bility, the .&~!:!.lll~~·-globulins being the sloHest.. Not 0'!.1ly 

does the albumin have the greatest mobility , but i.t also 

stains the most intensely. 'Jhe al..J2!.~1-globulin forms a nar

ro\v band just adjacent to the albumin. The _?..lf2ha2--globul:i.n 

is just d.:i.st.inguishnblc folloHing the al;p_h.S:.,·-globulin. ~~he 

petB;,--glohulins forms characteristically diserete and compact 

bands~ ~J..lhe .G§J-Tnlll~-glo bulin forms a broad band \vhich , due to 

85 



endosmotic flow (39), usually lines just to the cathodal 

side of the site of application . 

Since electrophoresis of plasma yields an extra band 

(fibrinogen) between the beta- and gamma-globulins, only 

serum was used in this study. Any hemolysed serums were dis-

carded since hemoglobin introduces a band in t he ~-region. 

Normal globulin patterns (negative controls) in this 

study \'Jere in agreement with prior studies (l{-7 , 48). Posi

tive controls were some·what in agreement with granuloma exu-

date values of Glenn et al . (48). D- a -tocopherol-induced 

granuloma exudates have been shown to have reduc ed serum 

globulins in all fractions except the .£12ha2-f'raction \>ther e 

slight increa.ses were noted . Biochemical studies in the 

same paper (4-8) noted that these reduced levels of serum 

globulins might be due to reduced levels of glycoproteins 

and mucoproteins . 

Sunderman (55) has shown that patients \>lith sclera-

derma also exhibit a lowering of all serum globulin fractions . 

Scleroderma is characterized by f ibrosis or fibrous tissue 

formation.. A r el ationship may exist with the fact that gran-

uloma formation occurs ,.,i th an increase p:coliferation of fi-

broblasts . 

Hypoalbuminemia was observed (in posit ive controls) 

in this investigation, which is in a.ccordance Hi th findings 

in serum studies performed using other forms of inflammation. 

Low levels of the albumin serum fraction is very charactoris··· 

ti.c of edema formation. Hodels of inflammation and certain 
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clinical situations that they tend to mimic (~·E· adjuvant 

arthritis and rheumatoid arthritis) show characteristic in

creases in .a.lph~1 -, alph3:2-- , beta.- and li?!!!.T.!!,~-globulin frac

tions. Such increases are directly proport ional to the in

tensity of the disease state . Pi.liero .et _Q;l . (53) has noted 

that rises in bet~- and gamma-globulin fractions in adjuvant 

rats may be related to the production of antibodies . Also, 

they further speculated t hat the increases in a,lpha2-globu

lins may reflect a transport function associated \•Tith anti

bodies. As one vmuld expect if the above is true, al l of 

these fractions are restored following successful drug treat

ment (53). 
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Another trait generally reported fol' experimental in

flanllilatory models is a dec:.cease in calculated a lbumin/globu

lin ratioso In our study of cotton pellet e;ranuloma, decreases 

in albumin and all globulin fractions except the alpha2-glob

ulin were noted (Figure '13) ~ Upon calculation, t he albumin/ 

globulin (Figure '19) ratios appeared to increase in rats \vith 

induced granuloma .. Both observations would seem to be possi·

ble :Lf one takes into account that: (a) cotton pellet gran-

uloma···induced inflammation is not an in.ununological disease 

state like adjuvant arthritis , and (b) granuloma formation 

is a proliferative or repairative phenomenon. One should 

also note that any granuloma tissue proliferation occurring 

i n ad~juvant arthritis , might be masked by the destructive 

elnr.12nts of the "dif.>ease" (i ·~· necrosis induced by lysoso-

mal enzyme release ). 
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Figure 19 . --Ef.'fects of selected drug treatment on 
a.lbumin/globulin ratios (A/G) of a rats \-lith 
induced cotton pellet granuloma.-

Treatn1ent Grouo Code ..__. _______ _._. ·-
Control CON 

Phenylbutazone PBZ 

Indomethacin IND 

Hyd:coco:r::-tisone liYC 

Cryogen=i.ne CRY 

Tetrabenazine TEB 

R0'+- 128LJ. R04 . 

Benzquinamide BEN 

R01-9564 R01 

Sham Operation Sham Op 

:?--see Table III to XIII for loVT (L), medium (M) 
and high (H) dosages of oach compounc.l . 
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Figure 19 also document the effects of various drug 

treatments on albumin/globulin (A/G) ratios. Phenylbutazone-· 

treated, non-adrenalectomized rats · seemed to exhibit an ini

tial A/G increase , with gradual decreases with higher doses . 

On the other hand) phenylbutazone-treated, adrenalectomized 

animals showed an initial decrease of A/G ratio followed by 

dose responsive increases . Both adrenalectomized and non

adrenalectomized , indomethacin-treated animals s hovTed qual-· 

itatively similar, modest, dose-related increases i n A/G 

ratios. Hydrocortisone showed a dose-related decrease in 

A/G ratios in non-adrenalectomized rat s and an apparent dose

related increase in A/G ratios in adrenalectomized rats. 
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'Ibis unusua l dose--response relationsh~-P e:xhibited by hydro~· 

cortisone 1·ms qualitatively exactly opposi·ce to t rw cifec·cs 

produced by cryogenine . Cryogenine-treate cl, non~-ad:cenalec- · 

tomized rats shovred a pattern similar to indomr~thacin , tetra

benazi ne <:md HO 4--1281.;., in that A/G ratio r:> exhibited gradual 

dose-r esponsive increases. However , in adrenal ectomized, 

cryogenine--treated animal s the A/G ratios exhibited decreases 

ru1d \vith an ox i:J rerr,e drop noted with the high est do s e.. Benz

quinamid.e and RO 1·-9564 were somev1hat unusual in that their 

A/G ratios d:i.d not s e em to .follovl a. dose-~rf..: :3ponse depress i on 

or elevation. One a l so notes from Figure 19 that food de

privation :for t'Vm days produced an increase in A/G ratio while 

dehydration (off \•Tater 2 days) produced an decrease in A/G 

ratio. Sham operated animals Bhow·ed no o.pparent changes from 

n er;ati ve (non--adrenal ectomized) control values. 



The relationship between A/G ratio and drug treat

ment probably depends on which protein fraction the drug 

binds to (i._2.· albumin or globulin proteins). 

Cortisol and its analogs are able to suppre ss many 

ma..Ylifestations of the inflammatory process. They have been 

shovnl to inhibit edema, exudation of plasma proteins, l euko

cyte emigration, capillary permeability and the proliferative 

stage of inflammation. Possible mechanisms of glucocorti

coids include lysosomal stabilization, inhibition of kinins, 

alteration of connective-tissue metabolism, alteration of 

the immune response and inhibition of leukocyte response 

( 56). Ho,tever, no universally accepted unifying t!.teory for 

glucocorticoid action has yet been fou:..-1d .• 

Phenylbutazone, an acidic compound, has mart:ed anti·· 

inf'l a.nt111atory action .. IJike cortisol, phenylbutazone 1 s mech

nism of action is unlmo\vn. It has been shown to inhibit 

various endogenous mediators of inflamma t ion , interfere with 

several enzymes or cofactors responsible fo r eellular metab

olism, uncouple oY...idative J?hosphorylation, a.11d inhibit muco

poly::;accharide synthesis (57, 58). Some b elieve the last ac

tion lili[iht b e due to its interactions \vi th rc~acti ve lysyl , 

amine and thiol groups., 

Indomethacin is al so an acidic eompound and i s reput·

ed to have an anti-inflammatory potency 1+. ~ times that of 

hydrocortisone in the cotton pellet g ranuloma inhibition sys

tem (59). As \vith the al:>ove agents, indomethacin 1 s anti-in-· 

i'lammatory mechanim of action is still unlmo-vm . Indometha·-
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cin is able to uncouple oxidative phosphorylation , suppress 

the vascular hyperpermeability proper ties of some endogenous 

mediators of inflammation , inhibit l eukocyte migration, and 

alter serum proteins (21) . 

Both tetrabenazine and benzqui11.amide have no signi-

ficant therapeutic use in treating inflammation at this time. 

'J~etrabcnazin.e is a synthetic analogue of reserpine and also 

t he prototype model from \'lhich benzquinamide (Quantril) was 

constructed. Tetrabenazine has reserpine-like actions on 

the central nervous system and will deplete peripheral tis-

sues of noradrenaline and serotonin. Tetrabenazine is l ess 

potent than reserpine and its actions appear more rapidly and 

persist for a shorter t ime. Serious side affects restrict 

it from being subst:Ltued for r eserpine. Benzquino.midc, be-

side possessing reserpine ' s trcmquilizing effects, has anti~ 

histami nic , anticholinergic and antiserotonin actions. It 

doof3 not , ho· .. 1ever , alter tho levels of brain amines ( 60). 

In this study , non-adrenalectomized rats showed a def

inite !.'eturn of .samEJ.~·-globulin levels ancl possible return of 

albumin levels to ne(jative cont:col values with all compounds 

except phenylbutazone and benzquinamide (i._£e no significant 

difference between drug-treated and negative control, yet 

,.,ith a significant difference bet\'leen drug·-treated and posi

tive control) o With cryogenine and tetrabenazine_, reversal 

of albumin depletion was seen only at the highest dose levels. 

Hydrocortisone \-las the only compound in non-adrenalectomized 

animals which was successful in returning all serum c;lobul i n 
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fractions back to normal l evel s ; there was actually over

shooting beyond the "normal" values of the negative controls. 

Indomethacin~ benzquinamide, RO 4-1284 and RO 1-9564 showed 

some tendency to reverse the ~~-globulin fraction toward 

normal. ~1ere seemed to be some indications that the ex

perimental compound, cryogenine, acts in a manner similar to 

tetrabenazine and possibly to E.O 4--1284 i.~. similar changes 
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in albumin and beta--fraction and a similar shift of A/G ratios. 

DeCato ( 43) has speculated that cryogenine may owe part of 

of its anti-inflammatory action to adrenocortical stimula

tiono The present study seems to provide furthe r support 

for DeCato's hypothesis since in regard to albumin and ~~.~

globulin fr<.>.ct ion.s, adrenalectomized animals given c~t~yogenine 

sho"~ded less return to norma.l (negative control) lev e ls of 

seru.m protein fractions than non-adrenalectomized rats. In 

adrenalectomized animals, hydrocortisone showed complete re· .. 

covery or slight overshoots of globulins over normal levels·--· 

a totally expected effect under the circumstances . Phenyl

butazone seemed most effective in returning a lbumin levels 

ba.ck toward negative control values. In e;eneral cryogenine 

was m.ost sucessful in reversing the ~JilCl.···globulin fraction 

back to nega·t;i ve control levels. 



CONCLUSION 

Sedimentation rates, total \•Ihi te cell counts, dif

ferential leukocyte counts and serum protei ns studies all 

provided valuable supporting data for the validity of the 

inflammation/anti-inflammation system under investigation. 

In the ~1J._cobacteri£_11! adjuvant arthritis study, cryo-· 

genine, phenylbutazone, hydrocortisone and paramethasone \vere 

effective in suppressing sedimentation r ate increases., Indo

methacin and 6-mercaptopurine were somewhat less effeetive. 

The positive control rats (receiving no drug ) shoHed. at~. in

crease in to tal cell count ·v1hich was associ.atE~d vJi t h ly:.npho

penia and neutrophilia. Cryoge:!.line, phenylbutazone, hydro

co:rtisone, and pa:ramethasone vrere effective in reversing in~ 

flammatory ti ssu e changes, \vhile mefenamic acid , indometha~ 

cin and 6-meJ."'ca.ptopurine \·;ere l ess so at t b e dosage l evel s 

tested here .. 

In cotton pellet granulom·a testing , positive controls 

(rec.c i ving no drur;) showed significant decreases in all serum 

prot e i n fractions excepting the ~2-.wglobulin fraction . 

Hydrocorti sone proved to be the most effective agent in both 

adrenalectomized and non-adrenalectomized animals in r evers

ing Berum prote:i..ns back to nega.tive control values. Phenyl

butazone seemed to be the most effective agent in reversing 

albumin leve l s back to normal values in both adrenal ectomized 



and non-adrenal ectomized rats. Indomethacin exhibi ted sig

nifj.c ant mitigating effects in r egard t o a lbumin and £{_~

globulin fractions (cr yogenine-like). 

Like t etrabena~dne and t h e experimenta l compound 

RO 1-9564, ben z quinamide produced a signifi cant r ev er sal of 

l0\'1 ~.?..!.~-globulin an d of low albumin fra c ti ons. RO 4-1284 

als o showed definite r ev ersal of a l bv.min a.nd s i gnificant r e

versa.l in galllll!.8;- globulin. Benzqui nami de , RO 4-1284 and pos

sibly RO 1-9564 may show s i gnificant returns to normal values 

in t he beta-gl obulin frac t ion but such an eff ect was not ex

hibited with t etr a benazine . 

Cryogenine produce d reversal of gr anuloma-lowere d 

albumin e-...nd ~.rnma~globulin serum fractions ; hm·rev(~r, l ib: 

tetrabenazine , c ryogenine did not sh ov1 }2etc..-globulin f:rac·

tion rev ersal. Cryogeni ne \'las less. effec t i ve as an anti~

infln.mmatory agent i n ad.r·Gnalec tomized animal s in t hat albu

min~ ?.5I!9.:~ ru1cl g_a~!§'±-globulin J. ev-els did not return t o nega.

t i ve control value so C:cyogeni.ne and. tetr abenazine also 

ex.hibi tecl s.iniilar c hanges in a lbumi n/globuli n ( A/G) ratioso 

Therefore, thi s study seems to support the hypothesi s of 

DeCato ( 43 ) that cryogenine may owe part of i. ts anti -inflam·

matory acti vity t o a drenocortical stimulationo 
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