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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~organisms, toxins,
antigens, etc.) first leads to an increased passage of fluid
through the walls of the microvasculature, followed by stasis
of circulation within the affected area. This, in turmn, is
followed by migration of leukocytes into the area and finally
concluded by connective tissue proliferation leading to the
deposition of granulation tissue (1,2,3).

There arve many experimental models employed for the
evaluation of drugs with possible anti~inflammatory activity.
Since many of these systems employ whole animals, it secems
rational that various hematological parameters could be ap-
plied. Our purpose was to test such parameters in two se-
lected systems (iL.e., adjuvent-induced arthritis and cotton
pellet granuloma formation) during drug evaluation. The
parameters uvnder investipgation included: total white blood
cell count, differential leukocyte count, sedimentabtion rate
and serum protein patterns.

A number of known anti-inflammatory agents and cere
tain selected experimental drugs were subjected to this in-
vestigation. These compounds included: phenylbutazcne,

1



mefenamic acid, indomethacin, paramethasone, hydrocortisone,
e-mercaptopurine, benzquinamide, and tetrabenazine (see Fig~
ure 1.).

Of three "unknown" compounds chosen for study, cryogen-
ine was sgelected because of its unusual anti-inflammatory
characteristics. While most anti-~in{lammatory agents are
acidic compounds, cryogenine is one of eight alkaloids iso-
lated from a plant growing in subtropical-~tropical areas of

South America end Mexico (4,5,6). The plant is Heimia sal-

icifolia Link and Otto (7) from the family Lythraceae.

Since the preliminary pharmacologic studies by
Robichaud et al. (8), a great deal of information has been
gathered on the action of cryogenine and its snalogs. Such
actions include selected CNS depression in high doses, antie
spasnodic blocking of acetylcholine-induced contraction of
smooth muscle, inhibition of pressor.effects produced by
exogenously-administered epinephrine, plus some antihistami-
nic and sntibradykinin activity (9,10).

In 1966, Jiu noted that extractives of Heimia sal-~

icifolia possessed significant anti-inflanmatory activity.
The models he cmployed were yeast-induced foot edema in rats
and cotton pellet granuloma in guinea pigs {(11). In 1967,
Kaplan and Malone published a paper (12) which demonstrated
that cryocgenine was effective in reducing inflammation in
the following inflammatory models: paw edema induced by
Mycobaclerium adjuvant in rats; carrageenin- and serotonin-
induced pedal edema in rats, and hictamine-induced intra-

dermal wheal responses in the rabbit. Cryogenine was also






Figure 1.--~ Chemical structures of compounds
under investigation.
8. Tetrabenazine
b. RO 4-1284
c. Benzquinanide
4. RO 10564
e. Phenylbutazone
f. Cryogenine
&e Indomethacin
. Hydrocortisone
i. Mefenamic Acid
de ©=lMercaplopurine

k. Paramethasone Acetate
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shovn to exhibit a low order of analgesic and antipyretic
efficacy. Other studies in this laboratory documented that
cryogenine lacked fibrinolytic activity, was ineffective in
reversing stress-induced hyperglycemia, did not deplete cen-
tral or peripheral tissue levels of norvepinephrine and sero-
tonin, and would nol produce histopathologic lesions on
chronic dosage (9,13,14).

The other two "unknown" compounds wunder investiga-
tion were: RO 4=-1284 (2-ethyl-2,3%,4,6,7,11b~hexahydro-2-
hydroxy-3-isobutyl-9,10~dimethoxy~1H~benzo [h] quinolizine
@150 appearing in the literature as: (i) 2 hydroxy-2 ethyl-3-
isobutyl-9,10 dimethoxyl-1,2,3%,4,6,7~hexahydro-11b H-benzo-
Quinolizine, (ii) derivative of 1,2,3%,4,6,7-hexahydro=11bH~
benxo[a]quinolizine, carbinol I.ﬂ and RO 1-9564 (%-ethyl-
2,%,4,6,7,1b~hexahydro~2-hydroxy~2-isobutyl-9,10~dimethoxy-
1H-benzo[h] quinolizine [also appearing in the literature as:

(1) 2 hydroxy-2 isobutyl-? ethyl—~9~10 dimethoxy-1i,

.2353‘”‘1657"'
hexahydro-11b H-benzoquinolizine, (ii) derivative of 1,2,%,
4,6, 7~hexahydro-11bH-benzo [a] Qquinolizine, carbinol III.ﬂ.

RO 41284, along with tetrabenazine, belongs to a disbtinct
class of benzoquinolizine ataractic agente which deplete
serotonin and norepinephrine from brain tissue and evoke
typical rescrpine-~like responses (15). However, RO 1-9564
and benzquinamide belong to another distincet class of benzo-
Quinolizine ataractic agents which do not deplete brain
amines at therapeutic dosage levels and possess no reserpine-

like syndrome (16,17). It is of interest to note that the



compounds of the first class, unlike the second, are able

to stimulate adrenocortical activity (18). Cryogenine, like

the second class of benzoquinolizine ataractic agents, seems

to act by a more direct mechanism than by alteration of mono-
amine metabolism. There is also some indirect evidence that

cryogenine may not act via the adenochyophyseal-adrenocortical
axis (14).

Total white blood cell count, differential leuvko-
cyte counts and sedimentation rates were studied using the
adjuvant-induced inflammatory model, since changes in these
parameters are found in human rheumatoid arthritis. In this
method, tubercule bacilli derived from human strains PN, DT
and C were grown for & weeks, killed by stean, and dried in
a vacuum oven (19). The dead mycobacteria were then sus-
pended in sn oil vehicle and injected subcutanecusly into
the subplantar surface of a rat's hind paw. The severity
of the resulting polyarthritis was determined plethysmograph-
ically (20). This mebhod is sald to produce a syndrome more
clesely related to human rheumatoid arthritis then any other
test (19).

Serun proteins were studied in rats with cotton pel-
let implantations, since changes in serum protein patterns
have been observed in human inflammatory diseases. 1t is
generally considered that the cotton pellet granuloma assay
measures an anbti-~-inflammatory agent's ability to interfere
with the proliferative component of the inflammatory process.
Steroidal and non-steroidal inflammatoiry inhibition has been

¥ " . o g ~ - N
demonstrated in this system by many investigators (21,2225}



Tre histological evaluation of cotton pellet granuloma has
been reported by Eichhorn and Sniffen (23). In general, the
granuloma is composed of two layers: an outer zone comprised
of fibroblastic material infiltrated with collagen fibrils
and new capillaries plus a core composed of a large number
of fibrin strands. Several studies have indicated that an
apparent correlation exists between the appearance of colla-
gen and disappearance of hexosamine and the appearance of
collagen and an increase in the number of fibroblasts (24).

A brief review of the complexity of the "normal" in-
flammatory process may be useful at this point. The initial
vascular phase begins with transitory vasoconstriction and
local anemia, This is rapidly replasced by microvessel dila-
tion. ihis subsequent hyperemiaz is transitory and eventualw
ly gives way to stasis of flow or stagnation. ILeukocytes
begin to orient themselves along the vegsel wall in prepara.
tion for migration inte the area of injury.

After the stagnation phase, the "walling off" stage
of inflammation begins. This event occurs with the impac-
tion of pores in the capillaries and lymphatic walls with
precipitated soft fibrin, This event seems to be necessary
to allow time for the phagocytic cells to assemble in the
inflammed area (25). The net result can be swmmed up in one
word-~-edema,

Once the "walling off" process is well under way,
the third phase begins. This is the immigration of leukocytes

~-gtarting with neutrophils, followed by monocytes, Llympho~



cytes, and plasma cells. Leukocytes seem to help resolve the
inflammation by ridding the area of the inflammatory stimulus;
however, on the other hand, they sérve to promote the process
by releasing inflammation-promoting substances (22,23%,24,26).
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. The result is a highly vasculariz-

ed, reddish mass, or granulabtion tissue.



MATERIALS AND METHODS

A Revised Procedure For the Isolation and Purificoation of

Cryogenine

4
Extraction.-~The dried overground planbi was ground

to a semifine powder with a Wiley Mill%S (2 mm mesh screen).
This material was then defatted by continuous extraction
with petroleur ether, b.p. 50-6000. With the large volume

soxhlebé used in this study, each thimble made of clean
bleached flour sacks held about 400 gm of powdered materi--
2l per exbraction. Usually 8 to 12 defattings could be
done using the same petroleun ether solvent. After about
eight defattings, the refluxing soiveni became so saturated
that bumping occurred. A few boiling stones (renewed after
each extraction) prevented bumping.

Liter the material had been defatted, it was air
dried overnight and ewtracted with absolute methancl con-
tinously for 48 hr (large volume soxblet). Yo check for
completion of the extraction procedure, Wagner's I (& none-
specific slkaloid stain) was used to check the thimble solu~

tion. When boiling stones were used, this extraction could

Meinia salicifolia Lot BKC 752; S.B. Penick & Co.,
520 New York Ave., Lyndhurst, Y.

SMiley Mill, Standard lModel #%; Axrthur H. Thomas Co.,
Fhiladelphia, PA.

ZExtraction Apparatus, Soxhlet, X-~58500; Kontes,
2809 Yenth 5t., Berkelcy, CA.
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be done at leas’t six times before changing the absolute
methanol solvent.

The methanol extract was then concentrated in vacuo
with the aid of a rotating flash evaporator. Concentration
was hastened by using a 40°C water bath. The intermittant
addition of distilled water was useful to completely remove
all the methanol; however, such additions must only be done
after most of the methanol has been removed. When the metha-
nol/water ratio was very high, frothing occurred under re-
duced pressure, resulting in the loss of product.

The remaining aqueous extract was then acidified to
pH 2 with 10% hydrochloric acid using either pﬂydrionﬂ paper
or a pH meter. The acidified aqueous extract was Tiltered
through Celitelwith suction and the precipitate washed with
distilled water. The aquesous scidic filtrate was then fur-
ther defatted in a continuous liqQuid-ligquid ether exﬁractoré
(diethyl ether) for at least 24 hr or until the ether layer
became clear. The agueocus acidic layer was separated from
the ether layer and the pH adjusted to 9 with a 28% solution
of ammonium hydroxide.

The alkaline aqueous solution was extracted continu--
ously with a lig¢uid-licuid chloroform exbractorué An indi--

cation of extraction completion could be noted by a loss of

1

épHydrion selb #6078%, Van Waters & Rogers, 3745 Bay
Shore 8lvd., Brisbane, CA.

ZEther Extraction Apparatus #6840, 2000 ml; Ace
Glass Ing., Vineland, Nd. _

ZChloroform Extraction Apparatus K-587000, 1000 ml;
Xontes, 2809 Tenth 5t., Berkeley, CA.

10



yellow ceolor in the chloroform layer Jjust below the aqueous
layer. To insure complete alkaloid removal, the extraction
proceeded 48 hr beyond the above indication. The chloro-

form extract was then dried in vacuo at 40°C in a rotating

flash eveporator over a water bath.

Purification.--The crude alkaloid mixture was then

taken up in a minimal amount of methanol and applied to the
top of pre-pscked neutral alumina co'lumnZ (about 30 gn of
alunina per gm of alkaloid mixture with the starting weighﬁ
of the total alkaloid mixture about 80 gm). Elution was
conducted with the following liquids in the following se-
Quence: benzene (1000 ml), 2% ethanol in benzene (1000 ml),
4% ethanol in benzene (2000 ml), chloroform (1000 ml), end
1:1 ehloroform:methanol (1000 ml). Fractions of 20 ml each
vere cocllected in glass containers, vaying particular atten-
tion to fractions #30 and beyond (4). All fractions were
checked for cryogenine by thin layer chromatography (TLC)
techniques. The TLC gsystem consisted of aluminum oxide
p]aderf and a developement solvent of 9:1 benzene:ethanol.
Vigration of spots were observed under short wave length

illumination

5

using pure cryogenine as a standard.
Chloxroforn proved to be the best initial solvent

for crystallization and recrystallization. The sample was

taken up in hot chloroform, air dried to %/4 of its volume,

B R U T e 7

Liluninun Oxide, Active Neubral (Activity I) #1077,

B. “LrvleabO?&tOTLC” Inc., 500 Executive Blvd., Elmsford, NV

By plates, Aluminium Oxide (Type E) Fosi., lrn—chdt

ik

E. Merck Laboratories Inc., 500 Executive Blvd,, Blmsford, h\u

11



filtered and cooled. The resultant crystals were collected
by filtration using a micro bell jar and the procedure re-
peated at least 5 to © times. Purification was checked by
the above TLC procedure and melting point determinations.

Final recrystallization was accomplished in 9%% ethanol.

The crystals were dried in vacuo at 100°C for 4 to 6 hr before

physical studies were made.

Analvysis of Crvogenine.—-The dried base provided

sharp meliing points at 252-254°C. Mixed melbting points of
1:9, 1:4 and 1:2 showed little variation from tlie above melt-
ing range. Infrared absorption spectrum (IR) analysis showed
among others the presence of bands at %500 em™? (OH), at:

1720 e (carbonyl) and twec bands at 1605 e ana 1510 o™
(indicative of aromatic ring absorption)(4,27). All analy-
sis vere made using a reference standard of cryogenine for

comparison.

Eryvthrocyte snd Leukoeyte Counts

The counting of erythrocytes and levkocytes by elecw
tronic mesns waé more attractive tinew- and methodoliogy~wise
than methods using counbting chambers and henccytoneters.

The Coulter Couvnter was originally developed specifically
for blood c¢ell enumeration. This instrament ig cgpable of
determining both the number and size of particles suspended
in some conductive media. The cells are counted by drawing
a measured volume of the suspended cells through a small
aperture having an inmmersed electrode on either side. As

cells pass between the electrodes and displace electrolyte,

12
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they introduce a change of resistance in the electrical cir-
cuit. As this occurs, a voltage pulse proportional to the
particle size is produced which oné can visualize on an oscil-
1oscépe. Such pulses can be electronically scaled and counted.

Red Blood Cell Counting.--Blood was taken from the

heart of rats and placed in test tube pretreated with EDTA.Q
The blood was then diluted by taking 20 anl up in an automa--
tic pipetteig-which produced a 1:500 dilution in isotonic
saline.ﬂi This was followed by taking up 100 ul of the 1:500
dilution by the automatic pipette and diluting this 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 Coulter Counter cannot distinguish between blood
cells and particles of debris; therefore, all glassware and
diluting fluids had to be free of dust particles and any
other contaminating material. It is possible to limit the
background count due to debris by use of the threshold dial.
This permits selection of an aperture size consistent with
the minimal size of the cells to be counted. The dilution
of cells is necessary, since the instrument is only designed
to count cell numbers up to 50,000 per 0.5 ml. It is also

necessary to dilute the cells in order to reduce the coin-

2Blood Collecting Tube, B-D Vacutainer, #%274Q5,
Becton, Dickinson & Co., Columbus, NB.
A0pilutor 2D, manufactured by Dade Reagents Inc.,
Delawarg Parkway, Miami, ¥FL.
wﬂlsoton, manufactured by Coulter Diagnostic Inc.,
Hialeah, FL.



cidence of two or more cells entering the aperture simul-
taneously since the instrument counts such incidents as
single cells. Reduction in count Bj normal occurrence of
coincidence can be predicted and a correction table for such
coincidence is supplied by the manufacturer.

A Coulter Counter, Model "F"ig was used with the at-
tenuator set at 0.707, and with an aperture setting of 16.
Two to three runs were made per sample and an average taken.
Corrections were made from the error tables for all counts

over 10,000.
White Blood Cell Counting.--The remeainder of the di-

luted blood sample was then used to determine the leukocyte
count. Thrzse drops of a saline solution conbaining saponinié
was added to the sample in order to lyse thne erythrocytes.
The solution was lightly swirled to permit very thorough
dispersion. This solution was not allowed to sit for more
than 20 min., since lysing of the leukocyles will then occur.
The same procedure used in counting erythrocytes was then
used. Two to three runs were made for each determination
and an average was calculated. Corrections were made for
counts over 10,000 cells using the crror tables provided by
the manufacturecr.

The Coulter Counter has been repoxrted to reduce the

time and increase the accuracy of counting erythrocytes and

1§Coulter Counter Model "F'", manufactured by Coulter

Electronjcs, Inc., Hialeah, Fl.
2&”ZapuIsoton“ #B2145-5, manufactured by Coulter
Electronics, Inc., Hialeah, Y.
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leukocytes when compared to traditional methods (28,29).
Tests comparing electronic and hemocytometer counts on sheep,
swine and cow blood consistently sﬁowed less variation in
sets of duplicate counts by the electronic method (%0). How-
ever, erythrocyte counts obtained by the electronic counter

are consistently lower than by hand count (%1).

Differential Leukocyte Counts

Differentiation of blood cells is generally conduct-
ed by microscope using the high-dry magnification. However,
dried blood smears were observed in this study without cover-
slips and covered with a thin film of immersion oil. This
permitted clear and distinct images. The o0il could be re-
moved by wiping the slide with facial tissue oxr by immersing
the slide in a container of xylene. The use of cil-immersion
magnification was considered necessary in order Lo see the
fine details thst allow for accurate differentiation of cells.

Blood Smears.--Making good blood smears is vital for

successful examination of leukocyte types. The blood film
should be made as soon as the sample is drawn from the animal.
Such smears may be prepared on either a slide or on a covers
slipe.

In the slide method used here, a clean microscope
slide was placed on clean, level surface, and a small drop
of thoroughly mixediﬁ blood placed near one end of the slide.

A round applicator stick was used to transfer blood from the

! :
ﬂimhe blood was kept mixing by the continuous, slow

rocking motion of a conventional shaker (20 rpm.).

15



vial to the slide and as means of controlling drop size.
Then, the blood was spread in an even film using another
slide. The spreader slide was laid on the inner surface of
the index finger and held there by the thumb. The slide
was pushed toward the drop of blood until contact was
made. After contact, the blood will spread along the edge
of the spreader slide which is then moved forward in a
smooth glide. 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). An angle of 30 degrees was used in
this study. Rapid drying of the slide was accomplished by
waving it in the air. Slow drying results in loss of water
out of the erythrocytes, with the movement out into the
plasma. This results in crenation (indentations in the sur-
face of the cell) of the erythrocytes.

When slides are made correctly, the smears appear
smooth, even in appearance, and free of clear areas. dJerk-
ing movements while spreading the film will produce wavy
smears. Clear areas in 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 spreader slide.

Whenever possible, the smears were stained immedi-
ately. Otherwise, they were stored in protected place
and then stained within 24 hr.

Staining Methods.—~-The smears were stained for five
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minutes in a stain prepared by dissolving 1.5 gm of Tetra-
chrome12 in 1000 ml of absolute methyl alcohol. During prep-
aration, the solution was heated té 50°C (with continuocus
stirring) for about 3 min. After heating, the solution was
allowed to stand for at least 24 hr before using. It is
important to filter this stain each time before using. Some
investigators have claimed that prolonged storage before

use increases the staining qualities of the reagent.

After staining had been completed, the slides were
transferred to a phosphate buffer for five minutes.jé The
phosphate buffer solution was prepared by dissolving 1.0 gm
of the salt in 1000 mlL of distilled water. Great care was
taken in transferring the slides from the stain to the buffer
so that no water would be introduced into the stain. Such
dilution reduces the effectiveness of the steining quali-
ties.,

After fixing in the phosphate buffer solution, the
slide was subjected to two short rinses: +the first in fresh
phosphate buffer solution, which was followed by a rinse in
distilled water. The slides were then allowed to air-dry
before examination under the microscope.

Cell Counting.--As blood is spread omn the slide,

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

of the smear. Lymphocytes tend to remain mainly in the body

iéTetrachrome Stain #63%7, manufactured by Allied
Chemica%, MacNeal Corp., New York, NY.

_EPhosphato buffer #4020, pH 6.4, manufactured by
(Harleco) Hartman-Leddon Co., Philadelphia, PA.



of the smear, while monocytes and eosinophils tend to be
distributed throughout. Therefore, there are three general
methods for making the differentiai count for blood smears
on slides (%2). The first means of counting is the "straight
edge method" where one follows the edge of the film. This
method will give consistently highexr neutrophil and lower
lymphocyte counts than the second method or "cross—sectional
method." The second method consists of counting back and
forth across the slide. The last or "battlement'" 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 fields
in a horizontal and then two fields in the vertical direc-
tion to reach thé edge again.

To insure reasonable accuracy, the number of cells
differentiatied should be in proportion to the total leuko-
cyte count, e.g. where the total leukocyte count is 10,000
or less, one should differentiate 100 cells; and when total
counts are between 10,000 and 20,000, the number of cells to
be differentiated should be increased to 2C0.

The differential leukocyte count was expressed as
the percentage of the number differentiated.

Types of Leukocytes.-~There are basically five types

of white blood cells: neutrophils, lymphocytes, monocytes,
eosinophils and basophils (see Figures 2--8). Neutrophils
have a polymorphous nucleus which is seen in younger cells

as a twisted coil. %The cytoplssm is essentially colorless
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Figure 2.~- White rat leukocytes: Two neutrophils
(right) each with a polymorphous nucleus
plus one lymphocybe (left).

Migure %.-- Human leuvkocytes: One neutrophll
(bottom) with a polymorphous nucleus
and one lymphocyte (top).
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Figure 4.—- White ralt leukocytes: Kidney bean-
shaped monocyte.

Figure 5.-- Human leukocytes: Xidney bean-shaped
monacyte.
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Figure 6.-- White rat leukocytes: Twisted U=~
shaped, granulated eosinophil.

Figure 7.-- Human leukocytes: Granulated eosinophil.
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Figure 8.-- White rat leukocytes: Neutrophil (left)
and eosinophil (right).

Figure 9.-- Human leukocytes: Neutrophil (top), mono-
cyte (right bottom) and lynphocyte (lefit
bottom).
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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 with azuro-
philic granules when old. lNMonocytes are the largest of all
leukocytes and have a nucleus that varies in shape, i.e.
round to kidney bean. Their cytoplacsm is basophilic and
often vacuolated. An eosinophil is generally larger than

a neutrophil and has its nucleus commonly in the form of a
closed U. The 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 unifoirm size (3%%).

Sedimentation Rate

This Yest was conducted routinely on all sauples
drawn. Blood was taken directly from the heart of wrats and
placed in small test tubes pretreated with EDTA. Tests were
started withinone hr after the blood had been taken; how-
ever, they could have been delayed for as long as six hours.
The blood sample is placed in sedimentation tubeﬁiz kept in
a perfectly vertical position and the height of the falling
column of erythrocytes was checked at various time intervals.jﬁ
Sedimentation is accelerated with any rise in temperature;

therefore, the temperature of the laboratory was maintained

Myves and sedimentation tube rack, "Sedirack'", man-
ufactureg by Becton, Dickinson and Co., Rutherford, NdJ.

I8pata for this study was taken 2 hr after £illing
of the sedimentation rate tubes.



at 68°F. Sedimentation rate depends on the number of eryth-
rocytes ver 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.
When many reticulocytes or many young forms of ery-
throcytes are present, a hazy reddish plasma without a clear
cut line of separation between the settling red cell mass
and the plasma can be noted (34). A clear plasma followed
by a hazy reddish plasma which then gradually merges with
the red cell mass is called a diphasic sedimentation reaction.
Such a diphasic response develops when the blood contains a

large number of red cells of abnormal shape.

Hematocrit

As an alternative to sedimentation rate, hematocrit
can be determined on very limited amounts of blood. The
term, hemztocrit, means to separate blood. If one separates
the blood into distinct compartments by centrifugation,
three layers can be observed. The erythrocyte mass is found
at the bottom and is called the packed cell volume (PCV).
Just sbove the PCV is a white or gray layer, usually termed
the buffy coat. This buffy coat is known to contain both
leukocytes and thrombocytes. The third layer located above
the buflfy coat is the clear serum.

Microhematocrit would be useful in studies of this
sort since the time required for the entire procedure is less
than five minutes and the amount of blood required for each

sample is minimal. Struma and Principato (%5) have shown
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areproduceability of 20.5% by microhematocrit, 12.5% by the
Wintrobe hematocrit method, +5.9% by the Klett photoelectric
colorimeter method and ¥6.0%reproduceability by actual ery-
threcyte count. These data were obtained under optimal con-
ditions with human blood; however, the investigators felt
that under routine laboratory conditions the reproduceability
night be even better.

A capillary tube (75 mm x 1 mm) was filled two-thirds
to three~fourth of its capacity by capillary attraction.
The outside was then wiped dry and one end sealed with clay.
The tubes were then placed in a special centrifugeig and the
automatic timer set for four minutes. After centrifugation
at 11,000 r.p.m., the capillary tubes were taken out and read

using an International Microcapillary Reader.

Total Protein

The Goldberg refractometer or TS meter was designed
to provide a2 simple and accurate measurement of the total
solids in uwrine, serum and plasma (%6). The total solids
(7s) meﬁerag used in this study had a direct reading scale
for refractive index. With this scale and a conversion
chart, one could calculate protein concentration (gm/100 ml
of plasma or sexrvm). The refractive index is recorded as

unity plus four digits to the right of the decimal. The 1S

igﬁematocrit, High Speed, International Hematocrit
Centrifuge, Model l1B; Van Waters & Rogers, 3745 Bay Shore
Blvd., Brisbane, CA.

20Manufactured by American Optical Company, #10401;
Buffalo, NY.



meter is compensated for temperatures between 60—1OOOF, and
measuremnents of total solids by this method has been report—
ed to be asccurate within 30.1%'(57). 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 viewed using natural or artificial
illunination. A reading was made on the scale when the di-
viding line between bright and dark fields crossed the sczle.
The total time involved with filling, reading, and cleasning
the instrument takes about three minutes for a single deter-

mination.

Serum Protein Flectrophoresis

Electrophoresis is the movement of charged molecules
in an electric field. There are three essential ingredients:
an electric field, a charged particle, and a medium in which
the movement may occur. There are basically two types of
systems: free or "moving boundary" electrophoresis (where
the serum proteins move in a liquid without the benefit of
a solid matrix support) and "zone" electrophoresig (which
uses a solid support medium, i.e. paper, starch, agar gel,

acrylamide gel, or celluleose acetate). Zone electrophoresis
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(cellulese acetate) was used for this study.

There are many types of cellulose acetate plates
and many factors which account for Ehe variety (e.g. the
length of the cellulose chain, the degree of acetylation of
the cellulose, pore size, gelation, chain coiling, and re-
sidual contaminents). To expect the same results with two
different types of cellulose acetates under common test cone
dition is like expecting to see two people with the same
finger prints (38). Other influences include, electro-osmos-
sis, evaporation, temperature, voltage, current and ionic
strength, all of which contribute to protein movement (3%9)

Separation of Serum Protein Fractions.-—--Titan III

cellulose acetate platesgi were found to be very suitavle
for our studies. The Tivan IIXI has greater gelation which
results in a matrix more easily traversed by a charged mole-
cule. High gelation also affords better resolution and re-
sults in tighter bands. The litan IIX cellulose acetate
plate ig composed of two layers. The top is cellulose ace-
tate while the bottom is an inert polyester plastic sheet

of mylar. The mylar is a supporitive layer to make the cell-
ulose acetate film easier to handle. Otherwise the cellu-~
lose acetate would be extremely flimsy and fragile when wet.
A second advantage of the mylar layer is that it restricts
evaporation during electrophoresis to Jjust one surface.

Wetting the Strip.--It is important that the

gﬂwitan III Cellulose Acetate plate #302%, Zip Zone
(2 3/8" » 3") box of 25; Helena laboratories, P.0. Box 752
Beaumont, TX.



wetting should produce a uniform medium. Titan IIT must be
slowly dipped into the buffer, otherwise blistering of the
medium will result. Such air ridgés distort protein movement
through the plate. To make sure each strip was in complete
equilibrium, they were allowed to soak for 20 min before
using. The buffer used for this study was a commercially
available product (pH 8.6 Barbital, Ionic Strength 0.075).22
Blottinpg the Strip.--The Titen I11 cellulose

acetate has a high affinity for buffer trapped in its pores
and must be blotted firmly 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-
ting, the sample should be quickly applied, otherwise evap-
oration will cause withdrawal of buffer from the gel. If
white blotches occur, one must be sure to allow the strip
ample time to rewet while resting in the chamber prior to
electrophoresis. If this is not done, air pockets will occur
vhich cause a difference in resistance in these areas result-
ing in very irregular separation.

Sample Application.--When applying the sample,

it is important to keep the application as narrow and uni-
form as possible. The Zip Zone Applicatoréz can apply 8
samples at a time, which are uniform, narrow and sharp. The

applicatior should be primed before using in order to leave

gEElectra B2 Buffer #5207; Helena Laboratories, P.O.
Box 752,.Beaumont, TX.
2%7ip Zone Applicator (#4080), Sample Plate (#4081),
Aligning Base (#4082); Helena Laboratories, P.0. Box 752,
Beauvmont, TX.
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a residual layer of protein on the applicator; this makes
the second loading much more uniform.

Dead center application neﬁtralizes the buffer move-
ment forces from each side. Since diffusion begins immedi-
ately upon application, electrophoresis should begin as soon
as possible.

Electrophoresis.-~Once the strip has been

placed in the chamber,-gﬂ the voltage power supplygz was set
at 180 volts. If one exceeds 7 milliamps per 2 3/8" x 3"
Titan IIT 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.

Staining.--~The Titan III strip was floated cell-
ulose acetate side down in the stain (Ponceau S, 0.5% in 7.5%
TCAgQ). This technique provides even and continuous stain-
ing. The background immediately assumes the color of the
stain while the protein remains white and unstained--this is
known as negative staining. When the staining is complete,
the protein fractions become the same color as the back-
ground. Negative staining allows one to "preview" separe-
tion results.

Destaining and Clearing.---Destaining was accom-

plished by % successive washes of 5% acetic acid for 2 min

éﬁ%ip Zone Chamber #128%; Helena Laboratories, P.0.
Box 752@ Beaumont, TX.

£2Ponceau S #5525; Helena Laboratories, P.0. Box
752, Beaumont, TX.

26Repulated Power Supply, Model ip-32; Heathkit,
Benion Harbor, MI.
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JFigure 10.~- Electrophoresis power supply,
cell and applicator set up.

Figure 11.-- The "Quick Scan' ele¢cirophoresis
’ densitometer.



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%
glacial acetic acid:methanol for 10 min. After the clearing,
the strips were put aside to dry.

Quantitation.--The most popular method of quantita-

tion is to stain the protein with a visible dye, then mea-
sure the intensity of the dye and correlate this intensity
to the protein concentration. DPonceau S is the most popu-
lar stain for serum protein studies on cellulose acetate
strips. It is inexpensive, convenient to use, and has many
advantages. A vivid color is produced with very small
amounts of protein (as low as 0.05 ug). Ponceau S can also
be used simultaneously with a fixative agent (i.e., tri-
chloroacetic acid). In this study, the Quick Scan Densito-
meter by lelena Laboratoriesaz vas employed for all serum
Qquantitation. This particular instrument is relatively low
in cost and offers some advantages in regard to speed of
operation, versatility and precision (40).

Once the strips have been scanned, it is & simple
procedure to calculate the concentration of each protein
fraction. Chert paper has two tracings: the top trace re--
presenting the optical density pattern of the serum protein
fractions, and the lower trace representing the integrator

output and recording the area under the curve. Usually,

gz”Quick Scan" Electrophoresis Densitemeter, Model
2--20, #1020; Helena Laboratories, P.O. Box 752 Beaumont, TX.
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the lowest point between two peaks is picked as the bLoundary
between two fractions. t 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
also be drawvn 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 proportionzl 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 X Total Serum _ Protein Fraction
Protein Fraction & Protein (gm/100 ml) ~ gn/100 m.

To insure accuracy of determinations, periodical

]
checks were made by using standard chemistry control serums.iﬁ

Adjuvant Arthritis

Oral administration of all drugs started 1 day before
adjuvant injection and continued daily for 21 days. Dosage
vehicle was 0.25% agar ( 5 ml/kg). Young adult, Sprague-Dav-
ley female rats were lightly anesthetized with sodium pento~
barbital (30 mg/kg, ip) and 0.05 ml of adjuvanhgg injected
into the subplantar surface of the left hind paw. The rats
were maintained with free access to Purina lsboratory rat

chovw and tap water. Progress of inflammation in the injected

[
£§Q~PAK Chemistry Control Serum, Specialj Hyland
Div., Tr§§enol Laboratories, Inc., Costa Mesa, CA.
ZiZPifco #O6U0~%%, 5 mg/ml; Difco Laboratories, De-
troit, MIL.
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and contralateral paw was measured plethsmographically (41).

Cotton Pellet Granuloma

This method was similar to that of Meier et al. (42),
and identical to the procedure currently used in the labo-
ratory of Syntex Research (Palo Alto, CA) to screen for anti-
inflammatory activity. Non-sterile, chopped raw-cotton pel-
lets (10.0 mgi0,5 ng) were hand rolled. Ether-anesthetized,
male Sprague-Dawley rats were shaved on their backs and a
single transverse skin incision was made in the dorso-caudal
region, where two pellets were placed in the dorso-lateral
superficial fascia about 2 cm caudal to the shoulders. The
incision was closed with metal wouad clips. The rats were
maintained with free access to Purina Laboratory Chow and
tap water. Where adrenalectomized rats were needed, the ani-
mals were adrenalectomized and pellets were implanted with
two incisions instead of the one above. Animals were main-
tain on 1% salt water and dosed orally with drugs suspended
in 0.25% agar at 10 ml/kg. Yo prevent infection, 1% polass~
ium penicillin G and 1% streptomycin were injected subcutan-
eously (0.1 ml/rat). Six days later, the rats were sacrific-
ed by decapitation, blood was collected and the cotton pel-
lets excised. Both wet and dry weights of the granuloma
were measured. Dry granuloma welghl was deteixmined afterx
heating the excised mass in a drying oven at 80°C for 18 hr

(43) .

Drugs Used in This Investigation

The following drugs were used in this study: hydro-
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cortisone base (Sigma Chemical Co. #H4001), indomethacin
(Merck Sharp & Dohme #L-590226-00A104), phenylbutazone (Geigy
Corp. #1000), tetrabenazine (Hoffmahn—La Roche #C/421), benz-
qQuinamide (Chas. Pfizer & Co., Inc. #p-2647), paramethasone
(Lilly #Y0%201), 6-mercaptopurine (Atlas Chemical Co.), RO
4-1284 or 2-ethyl-2,3,4,6,7,11b-hexahydro~2-hydroxy—>%~iso-
butyl-9,10~-dimethoxy-1H-benzo[ h] quinolizine (Hoffmann-La
Roche), RO 1-9564 or 3-ethyl-2,%,4,6,7,11b~hexahydro~2-hy-
droxy-2-isobutyl-9,10~dimethoxy-1H-benzo[h] quinolizine (Hoff-
mann-~La Roche), and mefenamic acid (Parke-~Davis & Co. Lot

#405200) .

Statistics

All statistical methods in this study were based on

standard analysis of variance methods.
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RESULTS

Adjuvant Arthritis

Sedimentation rates were determined at +6, 15, 21
and %0 days after adjuvant administration. Drugs were ad-
ministered orally daily for 21 days beginning 1 day prior to
adjuvant injection. All drugs were given at theoretically
equieffective anti-inflammatory dosages (see Table I) based
on preliminary screening. In animals injected with Myco-
bacterium adjuvant, cryogenine, phenylbutazone, hydrccorti-
sone and paramethasonc were found to be effective in sup-
pressing increases in sedimentation rate (Figure 12). The
increased sedimentation rates of positive control animals
(rats receiving adjuvant but no drug treatment) within 6 days
after adjuvant injection can be associated with the primary
inflammatory response in the injected foot (5%). Increased
elevation in sedimentation rates were also noted on day 15
(sgsociated with the acute phase of the disease) and on day
21 (when full manifestation of secondary Lesions occurred in
the contralateral foot and other tissues). Such elevated
rates continued for the remainder of the observation period
to day 30.

The dual~phasic inflammatory response also was
documented in Table I and Table IT which showan increase in
total white cell count (peaking on day 21) associated with

39



TABIE I: Effects of Selected Drug Treatments on Inflammation and Total White
Cell Counts During Adjuvant-Induced Polyarthritis in Rats
Daily Swelling InhibitionZ W\ *ar
Treatment Group Dossge, Contralateral Foot,% Mean Leukocytes(thousands/mz”)-S.E.
ne/Ke Day 415 Day 21 Day 30 Day 6 Day 15 Day 21 Day 30
Negative Controll —_— _— - —— 19.3%0.8 45.4%0.9 17.3%1.1 15.320.9
Positive Controll  mmm — e OB7ED.q pB b 6 08,051 P4 533.0
Cryogerine 4100.0 93, 86.4 55,6 16.6%3.4 18.331.9 22.0%3.3 20.621.7
Phenylbutazone 100.0 24,2 83,1 67.9 21.420.9 22.2%3.0 24.4%2.0 23.9%2.1
Mefenamic Acid 25.0 412.9 89.8 37.0 21.4%1.8 25.330.9 29.3%3.1 26.3%2.0
Indomethacin 1.0 71,0 66.1 45.7 23.3%3.9 23.0%¥3.3 26.431.1 26.132.3
Paramethasone 0.5 125.8 105.1 95.1 21.832.2 10.1%2.3 13.420.3 18.331.8
Hydrocortisone 10.0 90.3 86.4 59,3 42.531.1 12.320.3 16.531.9 19.5I1.4
6~Mercaptopurine 2.0 “03.0 91.5 975.3 4.2%1.9 2u.2%2.4 26.6%2.2 25.0%2.7

2

of Dr. D.S. Kosersky (44).

=Foot oweL'luD inhibition data were made

available for this study, courtesy

0,
~Negative controls were animals receiving no drug treatment and nc adjuvant,
while DOSltlve controls are animals receiving adjuvant but no drug treatment.

0y
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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: ZIZffects of Drug Treatments on White Cell Counts During Adjuvent-
Induced Polyarthritis in Rets

Differential White Blood Cell Counts,%

Treatment Group Day 6 Day 15 Day 21 Day 30
ymph. Neutr. Lymph. Neutr. Lymph. Neutr. Lymph. Neutr.

Negative Control 8% 12 78 47 &1 15 81 17
Positive Control 51 43 56 43 55 3 63 52
Cryogenine co 28 e7 27 66 29 71 25
Phenylbutazone ©5 30 63 35 68 28 74 21
Mefenamic Acid 57 29 52 42 61 31 59 37
Indomethacin 51 47 57 37 65 29 63 5
Pazramethasonea Lo 48 49 47 49 44 61 33
Hydrocortisone L2 53 51 45 B2 329 73 22
E&-Mercaptopurine 58 37 a9 24 69 27 62 25

—Negat*ve controls were animals recel"lng no drug treatment and no adjuvant,
while positive controls were animels receiving adjuvant but no drug treatment.

£y
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lymphopenia and neutrophilia in the positive control group
animals. The first cell count increase on day 6 can be as-
sociated with primary swelling in the injected foot. This
was followed by a second increase on day 21 which could be
associated with secondary lesion development.

While all of the agents in Table I were roughly equi-
effective at the doses tested (with the exception of highly
effective paramethasone) in preventing inflammation in the
contralateral foot by day %0, only hydrocortisone and para;
methasone appeared to prevent leukocytosis (as seen in day 21).
Paramethasone actually decreased leukocyte count below nega-
tive control levels. Cryogenine clearly seemed to have pre-
vented the drastic elevation of leukocyte count seen in the
positive control animels, while mefenamic acid, indomethacin,
and 6-mercaptopurine clearly did not affect adjuvant-induced
leukocytosis. The effect of phenylbutazone at this dosage
level was equivocal. There is some indication thal the effects
of 6-mercaptopurine (day 6) and paramethasone (day 15 and day
21) may be time dependent.

In Table II, the leukocytosis exhibited above (in
positive controls) seemed to be the result of an inérease in
neutrophils. This increase in polymorphonuclear leukocytes
seened to be moderately reduced with cryogenine, phenylbuta-
zone, mefenamic acid, indomethacin, and 6-mercaptopurine.
However, there did not seem t§ be any reversal of the increase
in polymorphonuclear leukocytes seen with the negative controls

by the compounds, hydrocortisone and paramethasone.



Cotton Pellet Granuloma

Since a number of serum protein studies have already
been documented in the literature regarding adjuvant-induced
inflammation, this study undertook the investigation of the
serum protein changes produced by cotton pellet implantation
(45,46,47,48,5%), Positive controls (those implanted with
cotton pellets but receiving no drug) showed significant de=
creases in all serum protein fractions excepl the alpha,-frac-
tion (sece Figure 13).

Tables YII to VII (pages 49-66) and Figures 14 to 18
(pages 51-68) document the effects of phenylbutazone, indo=
methacin, hydrocortisone and cryogenine on serum protein fracw
tions of adrenalectomized and non-adrenalectomized rats with
induced cotton pellet granuloma. Table VIIL (page 69) shows
the effects of these drugs in preventing granuloma formation.

In non-adrenalectomized rats, phenylbutazone (Table
III tc VIII and Figure 14 to 18) prevented the lowering of
albumin with all three dosages and possibly on the gamma-frace
tion (median dosage); however, there were no major changes
in gamma-globulin levels with both the low and top dosages.
Adrenalectomized rats showed reversal occurring in the alpha,-
globulin and albumin fractions, with overshooting of the alpha,-,
beta and gamma~fractions, The dramatic rise in globulin pro-
teins (excepting the glgﬁgz-fraction) in adrenalectomized rats
was agsociated mainly with the low dosage of phenylbutazone
and was followed by a decrease in globulin proteins with high-

er doses of the drug. Non-adrenalectomized (Table III) ani-
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Figure 13.,--Electrophoretic patterms of serums from
rats with induced cotton pellet granuloma.

4,0 ) j;; Induced Granuloma

Control

3.0 7 l

N\

NN\
1

—

L

NN
4
4

i
01- cz“" 3 Y
Q

imin Globulin Globulin Globulin Globulin

=
=
o-l
&

9%



47

mals showed 11.4%, 23.%% and 22.% granuloma inhibition
(corresponding to 10 mg, 30 mg and 90 mg/kg of phenylbuta-
zone), while adrenalectomized animals showed 11.%%, 21.9%
and %%.1% inhibition, respectively. Granuloma inhibition in
both instances appeared to be somewhat dose-responsive (an
increase in dosage producing an increased anti-inflammatory
effect).

With indomethacin~treated (Table III to VII and Fig-
ure 14 to 18), non-adrenalectomized rats, serum proteins
seemed to be elevated towards normal levels in the albumin,
beta (where dose-responsive decreases seemed to occurred),
and the gamma~fractions. There appeared to be no reversal
apparent in indomethacin-treated, adrenalectomized animals,
except possibly with the albumin fraction at the highest dos-
age level. There was a further depression in the gauma-frac-
tion with 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.%% of inhibition
was documented in non-adrenslectomized animals, while adrena-
lectomized animals showed %.4%, 11.6% and 28.5%% inhibition
(corresponding to 0.2, 0.6 and 1.8 mg/kg of indomethacin,
respectively). Granuloma inhibition was somewhat less than
that seen above with phenylbutazone.

Hydrocortisone (Table III to VII and Figure 14 to 18)
seemed to be both very effective in the reversal of serum pro-

tein fractions to negative control levels and in the inbibi-
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tion of granuloma production. In non-adrenalectomized animals,
all serum fractions were returned to normal values with sig-
nificant overshoots in all fractions. Step-wise increases
(apparently dose-responsive) were apparent with the alpha,-
and gamma-globulins. Adrenalectomized animals showed effec-
tive returns to normal values; and with 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 20.4% and 40.4% for non-ad-—
renalectomized and 23%.5% and 28.%% in adrenalectomized rats
with 2.5 mg and 7.5 mg/kg of drug given, respectively.
Somewhat like indomethacin, cryogenine shoved a near-
ly complete return to normal of the gamma~fraction 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-
bunin levels of all cryogenine-treated animals were not sig-
nificantly different from positive controls. The data does
seem to indicate that with doses greater than 189 mg/kg of
cryogenine, significant differences from positive control
might be seen in the albumin fraction. Only the g;nggqnserum
protein fraction seemed to return towards normal (overshoot-
ing at the highest dose) in adrenalectomized rats. It is
interesting to note that albumin levels secemed to decrease
with increasing levels of cryogenine, with a very significant

drop noted in animals receiving the highest dose. Granuloma



"PABLE III: Effects of Selected Drug Treatments on Serum

Albunin of Rats With+1nduced Cotton Pellet
Granuloma (gm/100 ml=S.E.)

Treatment Group N Adrena¥gggomized I Adrenalectomized P
Negative Control 15  2.9820.07 8  2.41%0.03 <0.001
Positive Control 24  2.64%0.04%" 7 2.31%0.08%"  <0.01
Geniputanone g 2.95%0.002°%77 9 2.53%0.04R"R"" <0007
fggg}g‘é}ig;?” 8  2.98%0.082"4"" 8 3.04%0.128'3"* > 0.05
fadomethacin g5 2.69%0.008"2"" 8 2.38%.092"2"*<0.01
(6 ey any) 7 2.80%0.002%C"" 8 2.39%0.088°2%* <0.001
Tndomethacin = 5 ppolo.0B™ 7 - 2.58%0.008"2""<0.00
Uneroiey 7 oo™ 5 2.ut0.008e <o.0m
Qlrocoriieons & zasto.s® 9 3.51%0.114'9 >0.05
(Pmese/acy) 8 2.60%0.128°2"" 8 2.29%0.062'8"" <0.05
7 8 2.720%.055"" 8 2.24%0.102"2"" <0.001
Cryogenine 8  2.78%0.072'2" -‘% 1.ooio.1ﬁﬂﬁ9"<<o.oo;

(189ug/ke/day)
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TABLE III (continued)

SNot significantly different (P>0.05).

Doienificantly different (P = 0.01-0.05).

Sighly significantly different (P =0.001-0.01).

SYery nighly 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).

¥*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 14.--El{fects of selected drug treatment on
serum albumin of rats with induced cotton
pellet granulona.

Drug Dosage mg/kg
Treatment Group Low(L) Medium(l) High(H)

Control (Con) R RS ——
Phenylbutazone (PBZ) %20.0 60.0 90.0
Indomethacin (IND) 0.2 0.6 1.8
Hydrocortisone (HYC) 2.5 R 75

Cryogenine (CRY) 24 .0 65.0 169.0

e e e
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TABLE IV:

Effects of Selected Drug Treatments on Serum

Alpha
’ Cottoa

-Globulin Proteins of Rats Wj‘:th Induced
Pellet Granuloma {gmn/100 ml=S.E.)

(185mp/ks/day)

Non-
Treatment Group N  Adrenalectomized N  Adrenalectomized P
Negative Control 15  1.26%0.04 8  1.10%0.05 <0.05
; + a* + a*

Positive Control 24 0.97-0.0%— 7 1.09-0.02= < 0.01
Giopeasinese 8 0.98%0.034T 9 4.8ut0.042"47 <o.001

Fhenylbutazone + OFa** - g o

(30mg/kg/day) 8 1.0?—0.9& 8 1.56-0.07 < 0.001

Phenylbutazone - + c¥at* + (3 s s

(90mng/ke/day) a8 1.05—0.Q%— = § 1.67-0.06~ = L0.001.

I d t a 3 : ¥ oy kk s L

i v &  0.99%0.05%'2 8  1.02%0.052°2°" >0.05

Indomethacin + d*a*¥ 4 ava**

(0.6mg/xg/day) 7 1.02=0.0%= = 8 1.08-0.0%= = >0.05

Indomethacin + a*ar* dm snakat®

(1. 8mg/xe/day) 8 1.05-0.0%~ = 7 1.15<0.04= = >0.05

Hydrocortisone + (el G + 4*p*#+

(2. 5mg /X /day) 7 1.43-0.0%+ = 8 1.31=0.07= = >0.05

Hydrocortisone + ot g P el A c

(7. 5mg/ke/day) 8 1.59-0.11— = 7 1.47-0,06 >0.05

1 rary P i * ok

P ey A 8  4.00%0.0n%'8 8 1.19%0.052"3"" >0.05

. * ' Xk
%E%?‘?%é)ﬁa;) 8  0.99%0.024"8" 8 1.21%0.102°8"7 £0.05
Jryopening 8  1.06%0.002°2"" 8 1,38%0.05¢°2" " <0.001




TABLE IV (continued)

ANot significantly different (P>0.05).

HSignificantly different (P =0.01-0.05).

SHighly siegnificantly different (P =0.001-0.01).
gVery 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 nl/kg).
**Indicates statistical comparison with the positive

control—-—animals with cotton pellet implantation
and dosed with 0.25% agar (10 nl/kg).
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Figure 15.--Effects of selected drug treatment on
serum alphaauglobulin proteins of rats

with induced cotton pellet granuloma.

Drug Dosage mg/kg
Treatment Grouo Low(L) Medium(M) High(H)

Control (Con) ——— —— it
Phenylbutazone (PBZ) 30.0 60.0 90.0
Indomethacin (IND) 0.2 0.6 1.8
Hydrocortisone (HYC) 2.5 . .5

Cryogenine (CRY) P8 63%.0 189.,0
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TABLE V:

Effects of Selected Drug Treatments on Serum
Alpha,-Globulin Proteins of Fats U%th Induced
Cottofi Pellet Granuloma (gm/-100 mliS.E.)

Treatment Group N hdrena?gggomized N Adrenalectomized P

Negative Control 15 0.44%0,03 8  0.45%0.02 >0.05
Positive Control 24  0.41%0.012° 7 - o.3r0.0e8" <o0.01
f%ggg}gg}gg;ge 8 0.430.018°2"" o 0.u7%0.002'¢" >0.05
f%g;g}i;}g:;ge 8  0.76%0.022°2"" 8 0.46%0.022°S" <0.007
ooy azone g 0.40%0,122°2" e 0.5420.022'%" >0.05
O ainyy &  0.37%0.028°2" 5 0.30%0.024'2" <0.05
(oomet ety 7 0.39%0.028°2" 8 0.31%0.028'2" <0.05
%2?§$§§ﬁ2§32y) 8  0.3620.052°2"" 7 0.30%0.012'2"* >0.05
%g?g;gﬁﬁ;}gg;? 2 0.51%0.0%2'S"" 8 0.45%0.022'¢ " >0.05
Qlpocorticons 8 o.sa20.032'%" 9 0.59%0.03%"8" >0.05
%ﬁﬁﬁ?mﬁm 8 0.3520.01%" 4" g 0.3720.02%'2"" >0.05
%g%;gjgéﬁgay) 8  0.40%0.022'2"" 8 0.79%20.022°2"" >0.05
Cryogenine 8 0.28%0.012°%"" 8 0.75%0.002'8"*>0.05

(189mg/ki/day)
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TABLE V (continued)

Aot significantly different (P> 0.05).
ESignificantly different (P=0.01-0.05).

SHighly significantly different (P =0.001-0.01).
gvery 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).

**Tndicates 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 16.~-Effects of selected drug treatment on
sexrun alpha?—globulin proteins of rats
with induced cotton pellet granulcoma.

Drug Dosage mg/keg
Treatment Group Low(L) Medium(M) High(H)

Control (Con) —— e ——
Phenylbutazone (PBZ) %0.0 60.0 Q0.0
Indomethacin (IND) 0.2 0.6 1.8
Hydrocortisone (HYC) 2.5 e e eb
Cryogenine (CRY) 21.0 6%.0 189.0
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TABLE VI:

Effects of Selected Drug Treatments on Serum
Beta-Globulin Proteins of Rats Witg Induced
Cotton Pellet Granuloma (gu/100 mliS.E.)

Treatment Group N Adrena?gzgomized N Adrenalectomized P
Negative Control 15 1.20%0.0% | & 1.12%0.03% >0.05
Positive Control 24  1.09%0.02% 7 1.01%0.04%"  >0.05
Clonyipavezone 8 1.05%0.032'2"" 7 als5to.0ed’d <0.001
Gonyloaterose 8 1.07%0.042°2"" 8 q.3320.052"¢" <0.01
(oompibutazone g 1.09%0.042°2"" 8 1.2420.0627¢" >0.05
(gmethacin s 8 1.19%0.042RT 8 0.9520.062°2" 0.0
(plomethacin y 7 1.16%0.0422" 3 0.94%0.024°8"" <0.001
Tndomethacin 5 4.020.0322" 7 0.97%0.03%"2"" >0.05
}(‘gdgg;‘;—‘}i?/gg;‘)’ 7 1.36%0.088°E7 8 1,09%0.02272" <0.001
}(Iﬁf'dggg‘}ig}ﬁggﬁ 8 .3ur0.002°8" 9 q.25%0.00R°C"" >0.05
5 e 8  1.07:0.02%°E"" 8 1,10%0.022'2"" 50.05
%a;«tv;?ér/lgay) 8 1.00%0.03% 2" 8 4.05%0.082"2"* 50.05
Siyomenine 8 0.89%0.01%°Y" g 1.10%0.032"2"" <0.001

(18%mg/kg/day)
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TABLE VI (continued)

2ot significantly different (P>0.05).
PSignificantly different (P=0.01-0.05).

CHighly significantly different (P =0.001-0.01).
Svery 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).

**Indicates statistical comparison with the positive

control—-animals with cotlton pellet implantation
and dosed with 0.2%% agar (10 ml/kg).
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Figure 17.--Effects of selected drug treatment on
serum beta-globulin proteins of rats
with induced cotton pellet granuloma.

Drug Dosage mg/kg
Treatment Group Low(L) Medium(}M) High(H)

Control (Con) N Sont .
Phenylbutazone (PBZ)  %0.0 60.0 90.0
Indomethacin (IND) 0.2 0.6 1.8
Hydrocortisone (HYC) 2:5 —— 7:5

Cryogenine (CRY) 21.0 635.0 189.0
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TABLE VII: Effects of Selected Drug Treatments on Serum
Gamma-Globulin Froteins of Kats With Induced
Cotton Pellet Granulema (gm/100 mliS.E.)
Treatment Group N Adrenalfgg-t-omized N Adrenalectomized P
Negative Control 15 0.70%0.04 8 0.45%0.0% <0.001
Positive Control 24  0.46%0.02%" 7 o0.62%0.008"  <0.01
Clonyiputioone 8 0.51%0.04%2™" 9 0:99%0.068"4"" <0.001
Gonylpusasone: g 0.66%0.042'8"" 5 0.74%0.08%'2"" >0.05
fgggg}igﬁgg;%e 8 0.50%0.062'2"" 8 0.79%0.10%°2"" <0.05
{gdgﬂg;ﬂg%gy) 8  0.63%0.042'8"" 8 0.64%0.102"8"" >0.05
%gdgr“;gf}};gjéﬁy) 7 o.esto.onR7 8 0.4;0.055*-'1"-* ¥ <0.05
o acinyy B 0.6280.05%°%" 7 0.5420.05%'2"" >0.05
%g?g;gjﬁ;igg;g 7 0.82%0.062'%"" 8 0.71%0.058'2" >0.05
?gf;gg?ﬁgi@ggg 8  0.88%0.102"%"" 72 0.95%0.122°2"* <0.05
%’éﬁ{;gj’,{‘;?ga)) 8  0.68%0.0%2°&"" 8 0.58%0.062'2"" >0.05
%gg;gﬁ;é?gay) 8 0.64%0.072'L"" 8 0.52%0.052'2"" >0.05
Ceyopaning 8  0.65%0.08%°Y" 8  0.58%0.052'2"" >0.05

(18%mg/kg/day)
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TABLE VII (continued)

2Not significantly different (P>0.05).

Psignificantly different (P =0.01-0.05).

SHighly significantly different (P = 0.001-0.01).
ery 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).

**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 18.~-Effects of selected drug treatment on
serum gamma-globulin proteins of rats
with induced cotton pellet granuloma.

Drug Dosage mg/kg
Treatment Group Low(l) Medium(M) High(l)

Control (Ceon) — i i
Phenylbutazone (PBZ)  30.0 60.0 90.0
Indomethacin (IND) 0.2 0.6 1.8
Hydrocortisone (HYC) st — s

Cryogenine (CRY) 21.0 6%.0 189.0
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TABLE VIIL:

Effects of Selected Drug Treatments on Rats
With Induced Cotton Pellet Granyloma (Dry

Granuloma Wt, mg/100 g Body Wt.=S.E,)&

Treatment Group Adrena?gggomized Adrenalectomized
Positive Control 41.9%2.8% 48.0%2.78
fﬁggg}ﬁg;gg;?e 30.1%2.14 142.4%%.75
i e 31.33.50 37.5%1.99
fgg;g}ggﬁgg;ge 30.7%2.40 30.1%2.08
Positive Control 25.6%2.13 43%.82%.%6
%g?gggﬁigﬁégy) o5,0%2,22 42.%%3.76
| %g?ggg}igﬁégy) 02.4%1.02 38.7%5%,07
N S oy 19.1%1.61 31.%%1.17
Positive Control 34.2%2.96 48.0i2.78ﬂ
o N 27.243,27 %6.752.18
O e e faass 20.4%1.%3 2. 412,63
Positive Control 40,252 .45 45.835.36
%gﬁ;g;ﬁéﬁgay) 25.4%1.85 u5.2%%, 58
%gg;g?ﬁéﬁgay) 26.7%2.06 50.0%2.08
S 21.5%1.70 40.9%5.85

gGranuloma data were made available for this study

courtesy of L. DeCato (43).
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formation (Table VIII) inhibition seemed to correlate with
the above data in that non-adrenalectomized animals showed
15. 9%, 11.6% and 28.8% inhibition, while adrenalectomized
rats showed 3.2%, 8.7% and 6.8% of granuloma inhibition (for
21 mg, 63 mg and 189 mg/kg of cryogenine, respectively).
Such results could indicate that part of the anti-inflamma-
tory action of cryogenine may depend on the presence of the
adrenals.

The results of tetrabenazine and RO 41284 are shown
in Tables IX and X, respectively. Tetrabenazine showed sig-
nificant recovery in albumin (overshooting with the high dose)
and gamma~-fractions while RO 4-1284 showed recovery in albuw-
min, beta- and gamma-fractions. In both cases the serum pro-
tein fraction recovery also appeared to be significently dif-
ferent from negative control values. Inhibition of granuloma
formation with tetrabenszine (going from lowest to highest
dose) were 17.1%, A4.4% and 28.5% while RO 4-1284 showed 20.0%,
16.1% and 35.7% inhibition, respectively. There seems to be
some similarily between the effects of tetrabenazine and the
experimental compound, cryogenine, on serum protein fraction
changes.

Benzquinamide and RO 1-9564 showed some similarity
in serum protein changes and inhibition of granuloma tissue
formation (Tables XI and XII). With benzquinamide, there
was a return (no significant difference between negative con-
trol and drug-treated animals) to negative control values for

the following serum protein fractions: beba- and gamma-globu-

R -
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Treatment Scheme for Table IX.

])osage-(l
Treatment Group (mg/ke/day) Population
Negative CcntroLH —— 15
Positive Control —— 24
Tetrabenazine Y 8
Tetrabenazine 21 8
Tetrabenazine 6% 8

S 0.25% agar, at 10 ml/kg.



TABLE IX:

Effects of Selected Dru

g Treatments on Serym P
Induced Cotton Pellet Granuloma (gn/100 ml=S.E.)

roteins of Rats With

Dz Granulgma Wt.

Treatment Group Albumin c;globulin a-globulin @-globulin y-globulin ;g/ﬁoo gnis.E.2
Negative Control® 5 9535 09  1.26%0.08  0.44%0.03 1.20%0.03  0.70%0.04
':}-TD DI‘ug - - - - - =D - - - - ——
P°Si"(‘;igeni?ﬁ§r°1 2.64%0.08% 0.97%0.03% 0.41%0.01  1.09%0.02S 0.46%0.02S 26.3%1.32
Tug
Tetrabenazine At c + c vt + c + +
(7mg/xg/day) 2.70=0.05= 1.00~0.04= 0.41=0.02 1.06-0.03%= 0.62=0.08 21.8=1.10
Tetrabenazine + ¢ - c + + e + a +
(21mg/ke/day) 2.78=-0.06= 0.95-0.02= 0.43=0.02 1.10=0.03= 0.77=0.05= 22.521.66
Tetrabenazine art a - G o+ + c + 4 = +
(63ng/ke/dey) 3.717=0.10= 1.00=0.04= 0.41-0.03 1.10-0.0%= 0.783-0.05= 18.8=1.23
8n

—Granuloma data were made available for this s

Jo Jd

%m

o cotton pellet-induced granulonma.

Significantly different from negative control values (P <0.05).

ignificantly different from positive control values (P <0.05).

dy courtesy of L. DeCato (43).

¢l
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Treatment Scheme for Table X.

Treatment Group

d
Dosage—

(mg/ke/day) Population

Negative Controlﬁ
Positive Control
RO 41284

RO 41284

RO 4--1284

— 15
B 24

> 7
15 8
45 5

Srn 0.25% agar,

at 10 ml/kg.



TARLE ZX: Effects of Selected Drug Treatments on Serg.m Proteins of Rats With
Induced Cotton Pellet Granuloma (gm/100 ml=S.E.)

Treatment Group Albumin

e . [T — . - s Dry Granuloma Wt.
a, glebulin 02 glodbulir p-globulin y-globulin 5/100 gmis.E.E

I:ega?§gebggggmlg 2.98%0.07 1.26%0.04  0.44%0.03 1.20%0.03  0.70%0.04 .

POSi?g,‘geDS;;gml 2.6420.08% 0.9730.0320.4110f071 1.09%0.02% | 0.46%0.02% 28.5%1.37
oot s 5.09%0.11 0.9720.05% 0.36%0.028 1.1320.06  0.55%0.08% 22.8%0.91
*E"E"Eg;igﬁday) 3.20%0.09% 0.90%0.03% 0.36%0.0224 1.25%0.032 0.59%0.06 23.9%1.43
ey 3.48%0.10%2 0.8520.04%¢ 0.36%0.024 1.1620.08 0.73%0.08% 18.6%1.81

a

r

C

t]ﬂ,q,

ignificantly different

EGranulome data wers made available for this study courtesy of L. DeCato (43).
b , :
=Zio colton pellet~induced granulonma.

=Significently different from negative control values (P < 0.05).

from positive control values (P<0.05).
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Treatment Scheme for Table XI.

Dosageg
Treatment Group (mgy/ke/day) Population
Negative Controlg —— 15
Positive Control ——— 24
Benzquinamide 20 8
Benzquinamide 60 8
Benzguinamide 180 8

AL L L B A 141 AV A, S CARS B R B

.@;In 0.2%% agar, at 10 ml/kg.



‘TABLE XI: Effects of Selected Drug Treatments on Serum Proteins of Rats With

Induced Cotton Pellet Granuloma {gm/400 ml=S.E.)

Dry Grenuloma Wt.

Treatment Group Albumin  « -globulin ¢ -globulin P-globulin y-globulin ng/100 gmiS.E.2
Higge: §§ b98§5r°* 2.9820.07 1.2620.0&¢ 0.4420.03 4.20%0.03 0.70%0.04 -—

R ,QXQJEEE§"°1 2.6420.04% 0.9720.0%~ 0.4120.01  1.09%0.02% 0.46%0.02% 32.022.32
Be:uq.“. 1amide + =6d + c aot a4 0 o *4
(Conorselaer) 2.8020.03%¢ 0.98%0.04% 0.40%0.03 4.12%0.04 0.64%0.09 27.4%4.91
Benzquinamide * i gt - not s 4 ad d =

(Soms e/ o) 2.57%0.07% 0.98%0.04% 0.42%0.02  1.22%0.045 0.71%0.09% 27.8%1.98
Beﬁzq“inamidi 2.75%0.07% 1.01%0.06% 0.37%0.02 1.28%0.03¢ 0.63%0.06% 24.6%1,75
(180mg/kg/dzy)

Zeranuloma data were mede svailable for this
o ; B
—=io cotton pellet-induced granuloma.

ESignificantly different from negative contr

tlnrm

gnificantly different from positive contrcl

study courte'sy L. DeCato (43).

ol values (P <0.05).
values (P £ 0.05).
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Treatment Scheme for Table XII.

Dosageé
Treatment Group (me/ke/day) Population
Negative Control> —_ 5
Positive Control — 24
RO 19564 10 8
RO 19564 %0 &
RO 1-9554 90 4

L 0.25%6 sgar, at 10 ml/kg.



TARLE XII: E“.‘_‘ ctes of Selected Drug
Induced Cotton Pellet Granuloma (gm/4C0 ml= S Ba)

Treatments on Se

Prcteins of Bats With

Treavnent Group Albumin

-glcbulin c-glcbuhn fB-globulin y-glebulin

Dry Granuloma Whe

mg/100 gm=S.E.2

T o)
Negative Control— *
g 2.98%0.07
(¥o Drug) ° -

Positive Control o _gu*o.ous
(¥o Drug) . .

0 1-956% . s
(10ng/kz/day) 3.02%0.06%
RO 1-9564 ot o
(30mg/kg/day) 3.0120.072
RO 1-9564 ——

(SOmg/kg/day)

1.2620.04

0.97%0.03%
0.90%0.05%
0.94%0.03%

0.89%0.03%

0.4%0.03% 4.20%0.0%

0.41%0.01 1.09%0.02%
0.34%0.02°¢ 1. 40-0 o

0.740.0282 1.02io.062

0.33%0.0258 4.12%0.04

0.7020.04
0.46%0.025%
0.73%0.098
0.6620.11

1.01%0.0u%8

———

28.5%1.37
25.011.52
21.6%1.60

49.011.49

Z5ranuloma deta were made available for this study courtesy L. DeCato (43).

By

=0 cotton pellet—induced granuloma.

ESignific::m‘t:ly different from negative control values (P <0.05).

d

=Significantly different from positive control values {P <0.05).

8L
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lins. Only beta and gamma-globulins, however, showed sig-

nificant differences from the positive control. Alpha,-
globulin levels were not significantly depressed in positive
control (having cotton pellet implantations) and there ap-
peared to be no effect of benzquinamide on this globulin.
The granuloma inhibition data showed (going from low dose to
high dose) 14.%%, 1%.1% and 23%.1% inhibition in benzquinamide-
treated animals while compound RO 1-9564 showed 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
some lowering of albumin and alpha,-globulin in sham-operated
animals when compared with the negative controls (no treatment,
no cotton vellet implantation and with intact éirenals}ﬂ
These slight changes may indicate some edema formation due to
the surgery itself. Starvation (off.food 2 days) produced
significant increases in albumin, alpha,-, and gamma-globulins
from positive control levels; however, only the albumin was
significantly higher than the negative control. Dehydration
(off water 2 days) showed a significant increasec of all pro-
tein fractions from pogitive control values and a significant
increase in all fractions except the albumin when compared to
the negative controls. This observation in the dehydrated
animals may be Just an indication of reduced blood volume

wvhich would explain the increased proteins.
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Treatment Scheme for Table XIII.

Dosage£
Treatment Group (ng/ker/day) Population
Negative Contro:l.-:Q e 15
Positive Control e pazis
Negative Control™ e 8
Sham Operatiion v wns 8
Off Food 2 Days e 8
Off Vater 2 Days e 6

-

""In 002 -i’-'

\
o5
m

2

sar, at 10 ml/kg.



TABLE XII: Effects of S2lected Dmg Treatments on Serum Proteins of Rats With
Induced Cotton Fellet Granuloma {gm/100 ml=S.E.)

Treatment Group Albumin @ ,~globulin az—globuli'n g-globulin y-glebulin D;g/%ggmgiégg?;fg.
“°”"*zjt’;'°f;32“°* 2.9820.07 1.26%0.04  0.4420.03  1.20%0.03 0.70%0. 04 —
TSt e oonsmol 2.64%0.044 0.97%0.05% 0.21%20.01  1.0920.02% 0.46%0.02&8 *  30.0%0.43
Nega&geaggm’*& 2.82-0.03% 1.10-0.05% 0.45%0.02  4.12%0.03  0.52%0.03% o,
Sm(?;egj,ggg“"l 2.73%0.072 1.05%0.06% 0.40%0.03 1.1720.07 = 0.68%0.07 —

off E°2%3-§§‘” 5.26%0.09%8 1.2020.062 0:4220.02  1.43%0.07 0.7620.12% 26.',4:,'_79
CLff Water 2 Days 3.01%0.062  1.50%0. 0'7-—- 6. 5'-'*—0."‘"6‘ 4. 49_0 ouLiE 4045, -1 -

(N¥o Drug)

Zzranuloma data were made available for this study courtesy of L. DeCato (43).
-‘9}30 cotton pellet-induced granuloma. .

Zsdrenalectonized but no cotton pellet-induced granuloma.

gSif_;:i:i.i‘ic:a:m:l;y' different from first negative control values (P <0.C5)

Sgignificantly different from positive contrel values (P 0.05).
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- DISCUSSION

Leukocytes are formed in the lymph nodes (lymphocytes
and monocytes) and in the bone marrow (granulocytes). One
can think of them as the protective mobile units of the body
which can be transported to any area of inflammation. The -
granulocytes are granular in appearance and contain poly-
morphous nuclei. There are three types of granulocytes:
polymorphonuclear neutrophils, polymorphonuclear eosinophils
and polymorphonuclear basophils. Monocytes along with gran-
ulocytes can ingest (phagocytosis) invading organisms that
threaten the body. There is one other type of white blood
cell kmown as megakaryocyte which produces platelets. Plate~
lets are important in the body defense by activating the
blood clotting mechanism (49).

Chemotaxis is defined as the process whereby some
chemical released at a local site causes the movement of
leukocytes to or away from (positive and negative chemo-
taxis, respectively) that site. Chemical substances re-
sponsible for chemotaxis generally are bacterial toxins or
degenerated tissue polysaccharides produced by inflammation.

Once at the site of disturbance, leukocytes accom-
plish their job by phagocytosis. Macrophages, which are
derived frem monocytes, are the power houses of phagocytic
cells. BSuch cells are able to engulf whole red blood cells,
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malarial parasites, and many other objects simultaneously.
The neutrophils are only capable of ingesting particles no
larger than a bacteria. In chronié 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.

Proteolytic enzymes known as lysosomes are responsi-
ble for the digestion of particles once inside the neutro-
phil or macrophage. Phagocytic cells are also known to con-
tain lipases andbacteriocidal agents to break down and kill

5 to

-

bacteria. A single neutrophil can usually phagocytize
12 bacteria, and a macrophage engulf 100 bacteria before the
breakdovwnn products of the foreign particles accumulate and
kill the cells. |

During inflammation, a globulin substance known as
the "leukocytosis promoting factor" is liberated (50). This
can cause neutrophilia by stimulating the bone marrow to re~
lease granulocytes, especially neutrophiis. The histocytes
(tissue monocytes) change to macrophages and migrate to the
site by ameboid movement. Such histocytes are known as the
body's first line of defense. In 6 to 12 hr, monocytes from

the blood reinforcethe first line of defense by changing to

macrophages and move chemotactically towards the damaged site.

By the 10-12th hour, lymphocytes develop into macrophages
and carry on the fight. In chronic infection, the affected
area becomes acidic which is unsuitable for the existence of

neutrophils but very suitable for macrophages. This 1s why
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neutrophils may only be useful in the initial stages of in-
flammation while macrophages are advantageous later.

There is little known about the role of eosinophils.
They exhibit chemotaxis, but are very weak phagocytes. Since
they enter the blood when foreign protein is injected into
the system, it has been suggested that their function is to
detoxify proteins (50). They may also release profibrino-
lysin which forms fibrinolysin, the substance responsible
for dissolution of clots. There is a profound increase in
eosinophils during allergic reactions, and the eosinophils
seen to collect at sites of antigen-—antibody reactions in
the tissues (51).

Basophils on the other hand are known to be very
similar to mast cells. Like mast cells, basophils relecase
heparin which functions to prevent blood coagulation. The
total number of basophils in the blood stream ordinarily is
very small. tlowever, the population of basophils does in-
crease during the healing phase of inflammation. There is
a tendency for red blood cells to clump during inflammation,
and it is thought that the increase in basophils is a natural
means of combating agglutination (51).

The step-wise increase in leukocytes from day 6 to
day 21 reported by Newbould and Piliero et al. (52,5%) was
also noted in the present study (Table I). Leukocytosis pee-
sisted through out the %0 day observation period. It is evi-
dent that cryogenine was effective in maintaining near normal

levels during drug treatment. Irom the differential white



blood cell counts, it was apparent that the increases in
total leukocyte count in controls and drug-treated rats were
primarily due to increases in neutrophils. This maybe due
to lymphocytes being depleted from the blood into the site
of inflammation--a characteristic of the latter phases of
inflammation. Cryogenine was effective in modifying the
polymorphonuclear 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
in plasma proteins. Similar changes have been reported by
Browning and co-workers (54) in patients with rheumatoid ai-
thritis.

With normal rat serum, electrophoretic separation
results in five distinct components. These fractions are
referred to as: the albumin fraction (with the greatest
mobility~~traveling furthest from the origin towards the

anode), the alpha

4~o alphas—, beta- and gemna~globuling.
The globulin fractions are nsmed in ordexr of decreasing mo-~
bility, the gomma-globulins being the slowest. Not only
does the albumin have the greatest mobility, but it also
staing the most intensely. The alpha,
row band Jjust adjacent to the albumin. The g&ggggmglobulin

~glohulin forms a nar-

is Jjust distinguishable following the g}nhaquglobulin. The
beta~giobulins forms characteristically discrete and compact

s e

bands. The gamma-globulin forms a broad band which, due to
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endosmotic flow (%9), 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 the beta-region.

Normal globulin patterns (negative controls) in this
study were in agreement with prior studies (47,48). Posi-
tive controls were somewhat in agreement with granuloma exu-
date values of Glenn et al. (48). D-a~tocopherol~induced
granuloma exudates have been shown to have reduced serum
globulins in all fractions except the alpha,-fraction where
slight increases were noted. Biochemical gtudies in the
same paper (48) noted that these reduced levels of serum
globulins might be due to reduced levels of glycoproveins
and mucoproteins.

Sunderman (55) has shown that patients with sclero-
derma also exhibit a lowering of all serum globulin fractions.
Scleroderma is charscterized by fibrosis or fibrous tissue
formation. A relationship may exist with the fact that gran-
uloma formation occurs with an increase proliferation of fi-
broblasts. |

Hypoalouminemia was observed (in positive controls)
in this investigation, which is in accordance with findings
in serum studies performed using other forms of inflammation.
Low levels of the albumin serum fraction is very characteris-

tic of edema formation. DModels of inflammation and certain
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clinical situations that they tend to mimic (e.g. adjuvant

arthritis and rheumatoid arthritis) show characteristic in-

creases in alpha -, alpha,-, beta- and gamma-globulin frac-
tions. Such increascs are directly proportional to the in-
tensity of the disease state. Piliero.et al. (53) has noted
that rises in beta- and gamma-globulin fractions in adjuvant
rats may be related to the production of antibodies. Also,
they further speculated that the increases in g&pggg—globu—
lins may reflect a transport function associated with anti-
bodies. As one would expect if the above is true, all of
these fractions are restored following successful drug treat-
ment (5%).

Another trait generally reported foxr experimental in-
flammatory models is a decrease in calculated élbumin/globum
lin ratios. In our study of cotton pellet granuloma, decreases
in albumin and all globulin fractions except the alpha,-glob-
ulin were noted (Figure 13). Upon calculation, the albumin/
globulin (Figure 19) ratios appeared to increase in rats with
induced granuloma. Both observations would seem to be possi~
ble if one takes into account that: (a) cotton pellet gran-
uloma~induced inflammation is not an irmmunological 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
in adjuvant arthritis, might be masked by the destructive
elements of the "disease" (i.e. necrosis induced by lysoso-

mal enzyme release).
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Figure 19.~-Effects of selected drug treatment on
albumin/globulin ratios (A/G) of_rats with
induced cotton pellet granuloma.—=

Treatment Group Code
Control CON
Phenylbutazone PBZ
Indomethacin IND
Hydrocortisone HYC
Cryogenine CRY
Tetrabenazine TEB
ROA4-1284 RO4.
Benzquinamide BEN
RO1-9564 RO1
Sham Operation Sham Op

Agee Table III to XIII for low (L), medium (M)
and high (H) dosages of cach compound.
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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-
adrenalectomnized, indomethacin-treated animals showed qual-
itatively similar, modest, dose-related increases in A/G
ratios. Hydrocortisone showed a dose~related decrease in
A/G ratios in non-adrenalectomized rats and an apparent dose-
related increase in A/G ratios in adrenalectomized rats.

This unusual dose-~regponse relationship exhibited by hydro-
cortisone was qualitatively exactly opposite to the effects
produced by cryogenine. Cryogenine-treated, non-adrenalec—
tomized rats showed a pattern similar to indomethacin, tetra-
benazine and RO 4-1284, in that A/G ratios exhibited gradual
dose~recsponsive increases. However, in adrenalectomized,
cryogenine~treated animals the A/G ratios exhibited decreascs
and with an extreme drop noted with the highest dose. Benz-
quinamide and RO 19564 were somewhat unusual in that theix
A/G ratios did not seem to follow a dose-response depression

or elevation. One also notes from Figure 12 that food de-

privetion for two days produced an increase in A/G ratio while

dehydration (off water 2 days) produced an decrecase in A/G
ratio. Sham operated animals showed no apparent changes from

negative (non-adrenalectomized) centrol values.
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The relationship between A/G ratio and drug treat-
ment probably depends on which protein fraction the drug
binds to (i.e. albumin or globulin proteins).

Cortisol and ils analogs are able to suppress many
manifestations of the inflammatory process. They have been
shown to inhibit edema, exudation of plasma proteins, leuko-
cyte emigration, capillary permeability and the proliferative
stage of inflammation. ZYossible 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). However, no universally accepted unifying theory for
glucocorticoid action has yet been fouad.

Phenylbutazone, an acidic compound, haé marked anti.-
inflammatory action. Iiike cortisol, phenylbutazone's mech-
nism of action is unknown. 1t has been shown to inhibit
various endogenous mediators of inflammation, interfere with
several enzymes or cofactors responsible for cellular metab-
olism, uncouple oxidative phosphorylation, and inhibit muco-
polysaccharide synthesis (57,58). Some believe the last ac-
tion might be due to its interactions with reactive lysyl,
anine and thiol groups.

Indomethacin is also an acidic compound and is reput-
ed to have an anti-inflammatory potency 4.1 times that of
hydrocortisone in the colton pellet granuloma inhibition sys—
tem (59). As with the above agents, indomethacin's anti-in-

flammatory mechanim of action is still unknown. Indometha-



cin is able to uncouple oxidative phosphorylation, suppress

the vascular hyperpermeability properties of some endogenous
mediators of inflammation, inhibit leukocyte migration, and

alter serum proteins (21).

Both tetrabenazine and benzquinamide have no signi-
ficant therapeutic use in treating inflammation at this time.
Tetrabenazine is a synthetic analogue of reserpine and also
the prototype model from which 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 less
potent than reserpine and its actions appear more rapidly and
persist for a shorter time. Serious side affects restrict
it from being substitued for reserpine. Benzqﬁinamide, be-
side possessing reserpine's trenquilizing effects, has anti-
histaminic, anticholinergic and antiéerotonin actions. It
does not, however, alter the levels of brain amines (60).

In this study, non-adrenalectomized rats showed a def-
inite return of gamma-globulin levels and possible return of
albumin levels to negative control values with all compounds
except phenylbutazone and benzquinamide (i.e. no significant
difference between drug-treated and negative control, yet
with a significant difference between drug-treated and posi-
tive control). With cryogenine and tetrabenazine, reversal
of albumin depletiion was seen only at the highest dose levels.
Hydrocortisone was the only compound in non-adrenalectomized

animals which was successful in returning all serum globulin
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fractions back to normal levels; 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 beta-globulin fraction toward
normal. There scemed to be some indications that the ex—
perimental compound, cryogenine, acts in a manner similar to
tetrabenazine and possibly to KO 41284 i.e. similar changes
in albumin and beta~fraction and a similar shift of A/G ratios.
DeCato (4%) has speculated that cryogenine may owe part ofl
of its anti-inflammatory action to adrenocortical stimula-
tion. The present study seems to provide further support

for DeCato's hypothesis since in regard to albumin and gamma-
globulin fractions, adrenalectomized animals given cryogenine
showed less return to normel (negative contrel) levels of
serum 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 circumstences. Phenyl-
butazone seemed most effective in returning albumin levels
back toward negative control values. In general cryogenine
was most sucessful in reversing the gamma-globulin fraction

back to negative control levels.



CONCLUSION

Sedimentation rates, total white cell counts, dif-
ferential leukocyte counts and serum proteins studies all
provided valuable supporting data for the validity of the
inflammation/anti-inflammation system under investigation.

In the Mycobacterium adjuvant arthritis study, crydm

genine, phenylbutazone, hydrocortisone and paramethasone were
effective in suppressing sedimentation rate increases. Indo-
methacin and 6-mercaptopurine were somewhat less effective.
The positive control rats (receiving no drug) showed an in-
crease in total cell count which was associated with Lynpho-
penia and neutrophilia. Cryogenine, phenylbutazone, hydro-
corbisone, end paramethasone were effective in reversing in-
flammatory tissue changes, while mefenamic acid, indometha-
cin and 6-mercaptopurine were less so ali the dosage levels
tested here.

In cotton pellet granuloma testing, positive controls
(receiving no drug) showed significant decreases in all serum
protein fractions excepting the alpha,-glovtulin fraction.
Hydrocortisone proved to be the most effective agent in both
adrenalectomized and non~adrenalectomized animals in revers—
ing serum proteins back to negative control. values. Fhenyl-
butazone seemed to be the most effective agent in reversing

albumin levels back to normal values in both adrenalecctomized
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and non-adrenalectomized rats. Indomethacin exhibited sig-
nificant mitigating effects in regard to albumin and gamma-
globulin fractions (cryogenine-like).

Like tetrabenazine and the experimental compound
RO 1-9564, benzquinamide produced a significant reversal of
low gamma=-globulin and of low albumin fractions., RO 4-1284
also showed definite reversal of albumin and significant re-—
versal in gamma-globulin., Benzquinamide, RO 4-1284 and pos~
8ibly RO 1-9564 may show significant returns to normal values
in the beta~globulin fraction but such an effect was not ex-
hibited with tetrabenazine,

Cryogenine produced reversal of granuloma-lowered
albumin and gamma-globulin serum fractions; however, like
Vetrabenazine, cryogenine did not show beta~globulin frac-
tion reversal, Cryogenine was legs effective as an anti-
inflammatory agent in adrenalectomized animals in that albu-
min, beta- and gemma~-globulin levels did not return to nega-
tive control values. Cxyogenine and tetrabenazine also
exhibited similar changes in albumin/globulin (A/G) ratios.
Therefore, this study seems to support the hypothesis of
DeCato (43) that cryogenine may owe part of its anti-iuflam-

matory activity to adrenocortical stimulation,
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