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FOREWORD

The work descrilad in this paper was necomplished in the Radiobielogy Branch
under task No. 776703. The work wea performed from November 1085 through
Merch 1966, The paper was submitted for publleation on IV Juiy 1987

The experiments reported herein wore conducted according to the “Principles of
Laboratory Anbtanl Care” of the National Soctety for Medieal Ressarch.

Azathioprine was obtsined from Burroughs Wellcome and Co., Inc,, Tuckahoe, N.Y.
The ICH mnalyses whilized & commaercially svallablz kit, Dermetube 10D, Worthington
Blochemical Corp., Freshold, N.J. SGPT ansiyses are currently performed using &
commercially available kit from Dade Reagents, Inc.,, Miami, Fia. Protein electro-
phoresis was performed using a Beckman Microzone Electrophoreais Syatem, Beckman
Instrumenta, Inc., Fullerton, Calif,

The suthors thank Dr. P. Crump and R. McNee of the Biometrics Branch for
statistical support; Major H. Casey and Captain J. Woodruff for interpretation of the
histologic sections; Stafi Sergeant B. Kennon and Airman First Class H. Samuele of
the Veterinary Sciences DLivision for technical support; and Airman First Class
G. Ford for his asalstance in many aspects of this project.

This report has heen reviewed and is spproved,

GEORGE E. SCHAFER i

Colonel, USAF, MC
Commandsr
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ARBSTRACT

Booa. 2.

Foriy-five rhesus mo s reecived 080 B owhale bhady drradistion from = coball 80
source followed by allogenele bone marrow transplants, The animalz were randomly
divided inte thre. groupe: (1) bone marrow, no drug; (2) bone 1narrow, szathioprine;
and (M) Lo gaarrow, amethopterin,  Supjartive care wax the aamr for all groups.

. Although there was a atatistically significant prolongation of the average survivai
time in the group receiving amethopterin, the net effect was ane of briefly delaying
the onset of secondary disesse as the clinlcal course of these animals ultimately
paralicied that of the other groups, Thore was no aignificant diffcrence in the average
survival time of the szathioprine group ae compared with the contrel group, and by
the criteria cited there were fewer takes effected in the animals receiving nzathioprine.

: The two drugs tested were essentially ineffective in the dose levels snd regimens

‘ utilired.

—-
——
—

B J~'~‘l-fr.3w ) hupiliigh

—

il A et h S




EFFECT OF AZATHIOPRINE AND AMETHODTERIN ON SECOMDARY DISFASE
iN THE RHESUS MORKEY

1. INTRODUCTION

Considerable species variation exiate {n the
course of secondary diseuse after postirradia-
vion allogeneic bune marrow transplantatifon.
In mice iate mortality may range up to 100%,
and in dogs a clinically eevere syndrome has
haen Adaacribas’ h}:’ Thamea et al, (22, 23) and
Cole and Alpen (7). Other species have been
shown to manifest secondary disease, and the
species differences have been summarized by
Van Putten (21). In primates successful post-
irradiation sllggeneic bone marru v transplanta-
tion is followed by the rapid onset of & severe
and uniformly fatal form of sccondary disease.
The clinical syndrome and pertinent pathologic
findings have been well documented in the
rhesvas monkey (8, 9, 10). The similarity
betwren the course of secondary disease in the
monkey and man provides a potentially useful
model to evaluate the ability of various im-
munosuppressive agents to modify secondary
diseane in humans (5).

Uphoff (26) in 1968 showed that amethop-
terin was effective in altering the course of
secondary disease in mice; this finding was
later confirmed by Lochte et al, (14). Thomas
and his aasociates (23, 24, 26) have shown that
in dogs recoiving allogeneic bone marrow trans-
plants it is possible to increase the survival
time by treatment with amethopterin. Treat-
ment regimens included adminigtration of
amethopterin both pre- and posttransplanta-
tion. There is limited information available in
the literature on the effect of immunosuppres-
give agents on the course of secondary disease
in the rhesus monkey. Van Putten (£.) In
1964 reported preliminary results using
amethopterin and azathioprine and suggested

that the drugs might prove useful, Since the
campletion of this atudy, more information has
beeome avallable, Muller-Becat et al. (19) and
Van Bekkum (6) have reported some success
in modifying secondary disease in monkeys by
use of amethopterin and cyclophosphamide,
with & greater degree of succeas using the
latter drug,

The abilitv of azathioprine to suppresa im-
mune responses in humans after organ trans-
plants and the effectiveneas of amethopterin in
attenuating secondary disease in rodents and
dogs prompted & trial of these drugs in the
rhesus monkey.

1. MATERIALS AND METHODS

Forty-five rhesus monkeys (27 males and
18 females), weighing 2.4 to 3.6 kg, wore
divided into 15 sets of 3 animals each. In each
get the animals were of similar weights and
identical sex and red cell type. Erythrocytic
typing in the rhesus monkey has been pre-
vioualy described by Owen and Anderson (20).
Animals within cach set were randomly as-
signed to one of the two drug proups or the
contro!l group. The animals were used as both
donors and recipients, and animals within each
set were randomly matched for this purpose.

The animals were lightly anesthetized with
intravenous es::vm thiopental; both buttocks
and thighs were dhaved and prepared for sur-
gery, and & stab wound was made over the
greater trochanter of one of the femura. A
hole was drilled through the trochanteric fos-
sa using & Steinmann pin (3/,3 or ¥ inch) in
& hand chuck. This route of obtaining bone
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marrow apecimens from the rhesus monkey
has boen described by several authors (1, 12).
A Vim-Bilverman needle (3% inches) was in-
sertad into the marrow cavity and the marrow
axpirated by advancing and retracting the
needie ssvernl times aiong the length of the
marrow cavity. The ngedle was connected to &
vacyum source through a three-way atopcock,
which allowed the marrow to be (ntermittently
mixed with heparinlzed TC-199 medium
{Difeo) during aspiretion. After the marrow
was ubtained from une femur, the animal was
tumed and the procedure repeated on the op-
poaite side. This technic Is relatively simple,
and it is possible to gapirate the marrow from
the fermurs of 8 monkeys in 134 to 2 hours, By
use of this method, the tranaplants were per-
formed four days a week for a period of two
weeka,

The vacuum apparatus is shown in figure 1,
The vacuum pump was connected to a tank,
which served to dampen any marked pressure
changes within the system; the pressure was
held at approximately 14 atmosphere. A bleed-
er valve allowed the pressure to be increased

VACUUM
PUMP

2 g

BLEEDER

above the minimum obtained with the pump
alune, if dealred. A aldearm flask served as
a trap to exclude any fluid accidentally aspirat-
ed beyond the plastic tube used for marrow
collection.  The plastic tube was removed when
partially filled; additional media were added:
then the tube was capped with a perforated top
and stored in fce. Conncctions between the
pump, task, and ather paints within the system
were made with Tyyxon tubing,

After mapiration, the marrow was mixed
with an additionsl 30 ml, of TC-199 medium to
a final volume of approximately 90 ml. Heparin
(10,000 U.8.P. unita), 32,000 units of penicillin,
and 40 mg. of streptomycin were added to cach
liter of TC-199 medium. The aspirated marrow
mixture was stored in ice until centriiugation,
which was performed in & refrigerated
centrifuge (2° to 4° C.) for 20 minutes at
"o > g The majority of {he supernatat
fluid and fat wax aspirated and the marrow
resuspended by aspiration into & syringe
through a 20-gage ncedle, which alao served to
remove any small clots and bone chips. No
other filtration or screening was utilized. The

VIM-SILVERMAN
NEEOLE

30 ce
SYRINGE FILLED

VALVE

SIDEARM
FLASK

WITHR TC-199

50 cc PLASTIC TUBE
WITHIN GLASS SIDEARM
TUBE

FIGURE 1

Vacurm apparatus wsed fur marrow extractions,
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tinal nidrrow suaponsion conatitited & volume
of 20 to 30 ml. and waa atored at 2° to 4" C
until reinfusion, & period of 2 to 3 hours. Total
storage time for the aapirated marrmow was 4 to
6 hours.

After a 2- to 3-hour recovery from aneathe-
sia, the snimals were irradiated using a
cobalt-60 facility, the detuils of which have
been previously described (13). The animals
were Irradiated in 8 wooden box using anterior
and postarior fislds: thay were turned halfway
through the period of irradiation, thus requir-
ing & 1. to 2.minute interruption. A midline
air dose of 980 R was delivered at 98 R per
minute, Approximately 1 to 2 hours poat-
irradiation the animals were again lightly an-
eathetized with Intravenous sodium thiopental,
and marrow from the appropriate donor was
infused in a leg vein. The marrow was [njected
over a period of 1 minute. There waa no direct
morbidity or mortslity associated with the
transplanwuoen peovedure,  Prophyiscuc wnti-
biotics were adminiatered daily from days 2 to
16 posttransplantation and consisted of 300,000
units of penicillin and 40 mg, of tetracycline
intramuscularly once a day. Preliminary work
uaing this tranaplantation precedure in animala
receiving autologous transplants after a mid-
line air dose of 930 or 980 R under similar con-
ditlons resulted in takes in all 14 animals. Two
animala subsequently died at 28 and 37 days;
both deaths may have been secondary to drugy
which the animals were receiving, as the
peripheral bloud counts had returned to normal
before the animals died. The remaining 12
ahimals are alive 19 months after transplanta-
tion.

Since the marrow was obtained from living
donors, the suspensions consisted of a mixture
of bone marrow and blood and the cell counts
have been expressed as “total nucleated celln.”
The number of cells received ranged from
4.1 2 10" to 2.2 % 10* total nucleated cells
(1.2 x 10" to 6.7 x 10* nucleated cells per kito-
gram). Those animals receiving iminune-
suppressive agenta were given the initisl dose
at the time of the marrow infusion (day 0).
Azathloprine (3 mg./ml) was adminiastered
intravenously in & doae of 3.0 myg./kg. on days

0.1, and 2, and 1.0 my.7kg. on days 3 through 14
posttranaplantation, Amethopterin (6 mg./ml.)
wis administered in four aubcutanecus nites
each day on dayms 0, 2, 4, 6, and 8 posttrans-
plantation in a dose of 1.0 mg./kg. A summary
of pertinent transplantation data for each
animal jx presented in table I

All animals wera housed in individual, ad-
jacent wire cages with free acceas to water.
Routine fee ing consisted of a commercial
monkey chow {ntaraperzed with peanuts and
fruit. DUnaily weights and {emperaturcs were
obtained on each animal as well as evalusation
of aclivity, appetite, appearance, and elimina-
tion, If an animal was found dead in the
morning, survival was scored until the preced-
ing day. All animals were necropaied, and the
histopathologic findings will be reported
separately.

Baseline blood sambles were aobtained
two oucasions in the six weeks before trans-
plantation; the msecond sample was obtained
approximately two weeks before transplanta-
tion and has been presented in the following
data as the baseline value. Posttransplanta-
tion, the animals were sampled twice weekly
for peripheral biood counts and once per week
for serum enzyme and chemiatry determina-
tiona. The initial sample was obtained on day
7 with subsequent samples on day 10 or 11
{these puints have been pooled in the data and
presented as an ll-day point), day 14, and in
the few survivors, on days 17 and 21. In ad-
dition, counts were occasionally performed it
an animal was extremely 1l or moribund to
determine if there had been a take. Since
most of the postirradiation data does not follow
a normasl distribution, the data have been cal-
culated and tabulated as the 26th, 50th, and
75th percentiles,

The peripheral blood counta included
hematocrit, platelet, reticulocyte, and leukocyte
counts; serum chemistry and enzyme deter-
minations included isocitrlc dehydrogenase
(ICD), serum glutanmi~ rvruvic tranasminsse
(SGPT), serum glutamic oxaloacetic trans-
aminage (SGOT), alkaline phophatuse, lactic
dehydrogenase, leucine aminopeptiduse (LAP),
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TABLE [

Summary of tranaplantation Jdota

ot and red ool
.”;. el Group Total calls recelved | Number of colls‘kg. Take Survival (daya)
" 1 Control 19 % 1 65 ¥ 100 Yer 12
ABYF Amethoptecin 8.9 1 1.0 v 10t Yeu 271
[ Azathioprine 5.2 w jue 1.7 = 107 Nor R
i 1 Control 1.0 = 108 3H v 108 No 0
- ARCF Amsthopterin a4y gar Kl SR T Yo 16
I Axsthioprine 1.0 < 100 nH w100 Nn ®
3 Control 5B w tie 2.1 w 16Y No 8
BDF Amethopterin 1.2 x 1w 1.9 x 10" Yen 17
\ Azathioprine 1.5 » 10% 4.7 % 10% Yeon 1
" ; ¢ Canirol 8.4 x 100 28 x 10* Nn 7
i BDY Amethopterin 5.7 x U 18 x 10¢ Yo 19
’ l Azxathioprine 8.0 x 10t 3.3 x 104 Yea 10
i ] 8 Cantrol 45 x 100 1.7 > 10 Yer 8
| } BCF Amethopterin 8.4 x 10 2.3 x 10% Yes 17
'y Azatliivprine 5.4 x 1 2.1 - 10 No 14
g . Cor -l 2.2 % 10 87 » 10 Yen i
' BCY Am  upterin 1.3 W 1w &1 < 10~ Yen 14
: Azsthioprine 18 % lue 5.1 x 1o~ Yen 1"
ki Control td > J0d 3.0 x 1o+ Yus 12
Br Amethoptarin 84w ot 27 x 10 No 1
Asathioprine 1.5 » 100 45 x 100 Yey 13
| Centrol 1.6 x 100 6.4 « U Yes 13
BP Ainethopterin 1.1 % 100 3.4 w 1y Yey 15
Azrthioprine 1.4 < 109 54 = 100 Yes 12
9 Cotryl .0 3.4 x 10 Tos 14
- -} A Anethopterin 1.5 x ju 6.3 w 10* Yeu 15
Avathioprine 8.1 x 10% 2.2 % 10" Nu 8
10 Control t.4 x 109 4.2 x 10 Yes 13
BEF Amethoptarin 1.3 x 100 4.1 = 108 Yes 15
Aszathioprine 1l ox 10¥ 41 x 10" No y
11 Control 5.0 x 1~ 1.7 x 10¥% Yes 1
* BF Amethopterin 9.7 x 10 3.1 < 1 Yer 15
! Axathiaprine 94 x 10 43 % 10 Nu 1
| 12 Control 1.0 « 1ov ' 3.3 w 104 Yes 13
BF Amethopterin 8.0 = 10t 29 x 104 Na 12
Azsthioprine 0.8 UM 2.0 x 10 Yes 10
13 Control 41 % 10 ! 12 x 1o No 8
Br Amethopterin 1.1 < 1u? ; SR I 1 No 9
Azathioprine 1.2 w Ju¥ ’ 41 = L0 No 8
14 Contral 92 K W ! 38 x 10 Yon 12
BCK Amethupterin 1.5 14 ' 4.7 » 1 No 13
Azathioprine 44 = 10 i 1.4 % 10 Nu 7
18 Cuntrul L1 ox o 42 x 1 Yus 11
BF Amethopteria 10 » 1 36 x 1ot Yeuu 17
Azathioprine 1.2 Ly 4.8 « 10 Yeu 12
4
S
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blood ures nitrogen (BUN), creatinine, and
total protein with electrophoresis. The methoda
of determination and normal valuea for the
rhesun monkey in our laborstory have been
previously reported by Anderson (3) wil. ‘he
exception of the imocitric dehydrogenase.

1L RESULTS AND DISCUSSION

Several suthors have demonatrated the
alility of transplanted allogencic bone marmow
to proliferate in lethally irmullatsl monkeys
(1, 1b, 19, 27, 28). In earlier work from cut
laboratory, the erythrocytic types in donor and
recipient animals were purposely mismatched
in order to confirin that a take had been
established (27, 28). In the present atudy,
since each set was of the same erythrocytic
type, it was not poasible to use this method of
agscasing a take. In addition, since the animala
in each set were of the same sex, it was not
posrible to evaluate the presence of female
donor cells in males by karyotype or by using
drumstick markers as described by Magliulo
et al. (15). We therefore defined a take as an
increasing reticulocyte count (= 0.8%) or an
increasing leukocyte count (= 1,000 cells)
per cubic millimeter. or both, Justification for
this was based on the results obtained from
two preliminary groupe of animalas in which:
(1) animals receiving autologous transplants
under the above conditions showed beginning
recovery of their peripheral blood elements by
10 days posttransplantation; and (2) 10 ani-
mels irradiated under *he sbove conditions but

not receiving bone marrow tranaplants showed
no evidence of recovery of either reticulocyte
or laukoryte counts before death. which oc-
curred from 10 to 16 daya postir.adiation, with
8 madian of 12 dayr, Per uent dats from thia
#roup have bern Ludyded for purposes of com-
parisun.

By nme of these critérin to define & take,
there were 73% takea in buth the contro} snd
amethopterin groupm and 47% in the azathio-
princ group (tablc i13. These numbers probs.
bly represent minimal figures, as some animals
died before the time that a take was evident
from the periphernl blood counts,

The hematologic data for all groups have
been tabulated in table 111, The hematocrits
declined in all groups postirradiation, as shown
in figure 2, The lenkocyte and reticulocyte
counts (fig. 3) were markedly reduced at day 7,
a8 were the platelet counts (fig. 2), although
the group receiving nu bone marrow showed &
less marked platelet drop at7 days, thus raising
the posaibility that the graft-versus-host reac-
tion in the animals receiving allogeneic bone
marrow tranaplants contributed to platelet
destruction. The group receiving only bone
marrow showed an increase in the leukocyte,
platelet, and reticulocyte counts at day 11. The
azathioprine group showed a similar increase
in platelets by day 11, but no change in the
leukocyte count at that time; the reticulocyte
count was alav incressing at day 11, but not as

TABLE 11
Percenl takes
Raticulocytes = 0.3% WBC == 1,000/ mm.? Total takes
Group®
Number Percent Number Percent Number Percent
Control 9 60 11 73 11 13
Axsthioprine 1 47 1 [ 7 47
Amathopierin 1 73 8 53 11 it §

SPifiaee Laimals in emeh groep.
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Variaiion of hematorrit and platelet coxnt after traxsplantalion.

Hematocrit, platelets, leukocyles, reticulocytes tabulated in
50th (25th, 75th)

pereentiles:

FIGURE 2

TABLE III

Bopne marrow,

Bone marrow,

Day Jrradistion only Bone marrow, no drug azathioprine amethopterin
Hematoerit (%)
Baseline 40.5 (89,0, 42.5) 30.0 (37.0, 41.0) 37.0 (35.0, 39.0) 38.0 (317.0, 40.0)
1 37.5 (86.0, 38.5) 86.0 (83.0, 38.0) 34.0 (32,0, 37.0) 37.0 (83.0, 39.0)
11 34.6 (26.5, 37.5) 88.0 (28.0, 38.0) 29.0 (24.0, 34.0) 33.5 (81.0, 34.0)
14 —_— — — 31.0 (280, 32.5)
Platelets X 108
Baselice 344 (309, 368) 276 (236, 291) 265 (236, 862) 267 (248, 275)
7 188 (133, 206) 2¢ (17, 82) 20 (14, 68) 50 (40, 102)
11 2z (11, 29) 77 (69, 83) 85 (37, 80) 52 (24, 58)
14 — —_— — 98 (60, 136)
_ Lenkoeytes x 103
Baseline 12.3 (3115, 13.9) 9.20 (6.25, 10.9) 8.85 (6.60, 10.9) 1.20 (5.90, 8.4b)
7 CAB (U.22, 0.40) 0.45 (0.25, 0 65) 0.35 (0.15, 0.55) 0,10 (0.06, 0.20)
11 0.11 {0.C5, 0.17) 2,00 (1.00, 2.30) 0.40 (0.28, 0.73) 0.25 (0.15, 0.40)
14 — — -_— 1.06 (0.63, 1.69)
Reticulocytes (%)
Baseline 05 (0.4, 0.5) 0.7 10.4,0.9) 0.6 (0.3, 0.7) 056 (0.3,1.1)
7 1) 0 0 0
11 ] 1.0 (0.6, 2.4) 0.4 (0.05, 1.00) 0.1 (0,02)
14 —— — —— 0.5 (0.4,2.6)
» :
FIGURE 3

Vanation of lewkocyte und raticulocyt: counts after transplantation,
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TABLE TV

ICD, SGOT, SGPT, and LDH tabulated in percertiles: 50th (25th, 75th)

Irrsdiatian nnle

Bone marrow,

Bone marrow,

Bone marrow,

o
=, no drug szathicprine amcthopterdn
ICh
Baseline 10 (8, 17) 14 (10,21} 14 (11, 19) 18 (10, 17)
1 11 (9, 14) 54 (81, 64) 60 (36, 89) 17 (18, 24)
1¢ —_— —_— —_— 41 (24, 62)
SGOT
Basaline 36 (29, 40) 26 (18, 83) 28 (22, 32) 26 (20, 28)
K 23 (21, 2¢) a5 (32, 116) 76 (63, 57) 61 (42, 64)
T} — _— —_— 50 (48, 96)
SGPT
Baseline 19 (19, 22) 27 (21, 30) 25 (28, 30) 22 (20, 31)
7T 27 (23, 29) 66 (42, 91) 76 (65, 106) 52 (32, T¢)
14 o — — ¢4 (41, 98)
LDH
Basaline B56 (890, 680) 415 (360, 510) 895 (820, 565) 480 (349, 46b)
1 448 (385, 485) 1,088 (715, 1,338) 1,145 (840, 1,396) 815 (550, 950)
14 . —_ _— 653 (566, 1,080)
TABLE V
Leucine aminopeptidase (LAP), alkaline phosphatase, BUN, and
creatinine tabulated in percentiles: 50tk (25thk, 75th)
Bone marrow, Bone marrow, Bone marrow,
Day Irradiation only no drug azathioprine amethopterin
LAP
Basaline 190 (169, 209) 175 (147, 217) 177 (149, 221) 231 (1783, 259)
7 171 (138, 185) 305 (169, 357) 250 (165, 412) 170 (1568, 257)
14 —_ - 113 (90, 226)
Alkaline phosphatase
Baseline 19 (16, 21) 14 (11, 17) 16 (12, 22) 16 (12, 19)
T 13 (11,19) 7 (6,9} 10 (6, 12) 8 (6, 11)
1¢ —_— _ —— P (8, 11)
BUN (mg %)
Basaline 19 (17, 21) 18 (18, 20) 19 (17, 20) 19 (17, 21)
7 21 (18, 34) 45 (84, 55) 4% (80, 96) a8 (23, 69)
14 —_— —_— —_— 8 (22, 45)
Creatinine (my. %)
Baseling 0.9 (0.8, 1.0) 0.9 (0.8, 1.0) 0.9 (0.8, 1.0) 09 (0.8,1.0)
ki 0.9 (0.1, 1.0) 1.0 (0.9, 1.1) 0.9 ¢0.7, 1.4) 0.8 (0.7, 09)
14 . —_— _ 0.6 (0.5, 0.9)




sharply an (o the swetn Tecelving no immuno-
suppresaive  agenta.  The group  recelving
amethopterin manifested a suatained suppres.
sion of the lankoesyte and platalat counts at
day 11; howevaer, thes counts increased by
day 14; the reticulocyte counts showed a alight
increase by day 11 and a further increase by
day 14. The reticulocyte counts of all of the
groups receiving transplants were increasing
by day 11, showing the most marked increase
in the group receiving no immunosuppressive
agents. The reticulocyte, leukocyte, and
platelet counts increased during the period of
increasing mortality for each of the groups
receiving bone marrow transplants,

The serum chemisiry sand enzyme deter-
minations have been tubulated {n tables 1V, V,
and VI, nnd the more smignificant results are
shown in floura 4, Tha {saecitris dahvdroganses
(ICD)  remained essentinily unchanged at
7 Jdays in the group recelving no bone marrow
and in the amcthopterin group. The control
group und the azathioprine group showed a
sharp and significant increase in this param-
eter at T days (I' < .01). The SGOT and
SGPT show parallel trends, but differ from
the ICD determination at 7 days as there is a
significant elevation in all of the groups re-
ceiving bone marrow transplants, while in the
group receiving no bone marrow there ia not a

TABLE VI
Total protein and electrophoresis results t. wlated in

percentiles:

50th (25th, 75th)

Bone marrow, Bone marrow, Bone marrow,

Day Irradiation only no drug azathioprine amethopterin
Total protein (gm. %)

Baseline 7.8 (7.2, 8.0) 7.7 (7.3, 82) 8.1 (8.9, 8.3) 17 (7.4,8.1)

7 6.9 (6.6, 7.1) 8.3 (5.9, 6.8) 8.3 (5.6, 6.6) 7.1 (6.8,7.5)

i4 —_— —_— —_— 5.8 (5.6, 6.2)

Albumin (gm. %)

Baseline 4.6 (4.4, 4.8) 4.6 (4.0, 4.8) 4.4 (4.2, 4.7) 4.9 (4.2,6.1)

7 4.6 (44, 4.7) 3.1 (2.8, 3.6) 3.0 (2.8,3.3) 3.7 (3.0,4.2)

14 —_— _— —_ 2.8 (2.3, 3.6)

Alpha; and alpha; globuline (gm. %)

Baseline 0.3 (0.3,04) 0.9 (0.8, 1.1) 09 (0.8, 1.1) 0.8 (0.7, 1.0)

7 0.6 (0.5, 0.8) 1.0 (0.8, 1.4) 1.1 (0.8, 1.5) 1.1 (0.9, 12)

14 —_— —— — 0.9 (0.7, 1.8)
Beta globulins (gm. %)

Baseline 1.2 (0.9, 1.3) 1.3 (0.9, 1.5) 1.2 (1.0, 1.3) 1.0 (0.9, 1.8)

7 1.1 (09, 1.2) 1.3 (12, 1.6) 1.4 (1.3, 1.6) 1.6 (1.0, 1.7)

14 — — ——me 1.2 (1.1, 1.8)

Gamma globulins (gui. %)

Baseline 1.6 (1.3, 1.6) 1.0 (0.8, 1.2) 1.8 (0.8, 1.8) 1.1 (0.9, 1.3)

7 0.8 (0.6, 0.9) 0.7 (0.5, 0.8) 0.6 (0.5, 0.8) 0.8 (0.7, 1.0}

14 R JR— —_— 0.6 (0.3,0.7)
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significant difference between _he baseline
value and the 7-day value, This sharp increase
in the SGOT, SGPT, and the ICD a¢ 7 days is
not seen in animals receiving auologous trans-
plants (11 27). The ICD level is reported to
be & sensitive measure for the deiermination
of hepatic cell injury (2). In this study the
group receiving amethopterin revealed no
significant ehange in the ICD level at 7 days,
while the SGOT and SGPT levels were elevated
significantly (P < .01). At 14 days the ICD
level increased (P < .05), while there was no
significant change in the SGOT and SGPT
levels as compared to the 7-day determinations,

10

Since the objective of the study was to
maintain living animals either in the form of
stable chimeras or as possible reversals, the
parameter of greatest interest was survijval
Examination of the survival curves (fig. 6)
shows no significant difference between the
curves for the control and azathioprine groups,
with no survivors beyond 14 days. Two-thirds
of the group trested with amethopterin were
alive at day 14, but there were no aurvivors
beyond 21 days.

A more meaningful comparison is that of
the sverage survival time, which was 10.5 days
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FIGURE b

Survival after tranaplaniation for the tAree experimental groups.

in the control group, 102 days in the
azathioprine group, and 14,7 days in the
amethopterin group. There is no significant
difference between the average survival times
of the control and azathioprine groups; how-
ever, the net effect of the amethopterin ap-
peared to be simply one of forestalling the
onset of secondary disease as the cliniical course
of this group paralleled the others after a brief
delay. The survival times for the different
blood types showed no statistically significant
relationship with red cell types. In addition,
an analysis of the number of cells received
showed no significant difference among the
treatment group means, indicating no bias in
the survival times due to differences in the
number of cells received. Comparison of the
average survival times of the control and
amethopterin groups yields P < .001.

Figure 6 shows the estimated degree of
cellularity of vertebral bone marrow sections
obtained at necropsy versus the day of death,

Cellularity of vertebral marrow for normal
monkeys in this age group in our colony is
approximately 65% to 70%. Differing sym-
bols have been used to indicate whether a take
was obtained as defined by the peripheral blood
findings. The control and amethopterin groups
show similar pictures, with the latter shifted
alightly in time corresponding to the increased
survival times, The azathioprine group shows
s marked reduction in cellularity as compared
with the other groups. This finding was not
unexpected since animals receiving autologous
transplants with this azathioprine regimen
showed evidence of marked bone marrow de-
pression until administration of the drug was
discontinued. Vertebral marrow sections of
the 10 animals which did not receive marrow
transplants appeared hemorrhagic or had less
than 5% cellularity.

While the dose of radiation used in the
present atudy is supralethal for animals in

11
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FIGURE ¢
Relationship between vertebral marrow cellularity and day of death.

our colony, there were no early deaths in the
nontransplanted group or in the animals treat-
ed with autologous bone marrow, suggesting
that the Jdose used is below that which will
cause & significant number of early deaths
from gastrointestinal damage, An examina-
tion of the number of deaths occurring each
day posttransplantction (fig. 7) shows that
there were several early deaths in the control
and azathioprine groups, Few deaths occurred
during this period in the amethopterin group.

The number of animals is amall, but the
queation may be raised as to whether the
early deaths are the result of severe secondary
digease or additional stress from rejection of

12

the graft superimposed on the radiation
damage. Crouch and Overman (9) have sug-
gested that the decreased incidence of takes in
their lethally irradiated, lower-dose groups
may be due to rejection of the transplant by
the host. In the present study this may be
the mechanism for some of the early deaths
in apife of a supralethal dose of radiation. If
this were true, one might speculate that the
potential action of an immunosuppressive agent
is twofold: (1) suppression of the host's
residual immune mechanisms with an overall
increase in the number of takes; and (2) sup-
pression of the graft-versus-host reaction. In
the present study there was no evidence of an
increased number of takes with the dose reg-
imens utilized,
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Although it ia technically feasible to effect
successful bone marrow transplants in man and
other primates, the fatal secordary disease
which intervenes remains an enormous cbstacle
to practical success. The potential usefuiness
of sallogeneic bone marrow transplants in
man—such as in leukemic patients, individuals
with disseminated radiosensitive metaatases,
or victims of radiation accidents—remains a
considerable stimulus to finding a successful
method of overcoming sccondary disease in
man., Although Mathe and associates (16) and
Beilby et al. (4) have had success in establish-
ing chimeriam in man, the overall resulta to

date have been disappninting. Recently, evi-
dence is accumulating that cyclophosphamide
may be of some value in modifying secondary
disease in primates (5, 11, 19), and it is pos-
sible that more effective immunosuppressive
azents will appear in the future. Other pos-
sihle approaches include antilymphocyte
gserums, better typing of histocompatability,
the use of pooled marrow (16, 18), or modifica-
tion of the immunologically competent celia by
temporary storage of marrow under various
conditions as suggested by Mathe et al. (17)
and Van Bekkum (6). Combinations of these
approaches may poasibly prove effective.

REFERINCES

1. Allen, J. R, J. L. van Lancker, and R, C. Wolf,
The use of bone marrow transplants in the
protection of rhesus monkeys againat total bady
x-frradistion. Amer, J. Vet Res. 26:1740 (1964).

2. Amador, E, and W, E, C. Wacker. Enrymatic
methods used for disgnosis. In Glick, D, {ed.).
Methods of blochemical anslysis, vol. 13, pp. 286-
287, New York: Interscience Publishers, 1845,

3. Anderson, D. R. Normsl values for clinical blood
chemistry tests of the Macaca mulatta monkey.
Amer. J. Vet. Res, 27:14B4 (1064).

4. Beilby, J. O. W, I, 8. Cade, A. M. Jelliffe, D. M.
Parkin, and J. W. Stewart. Prolonged survival
of bone-marrow graft resulting in a blood-group
chimera. Brit. Med, J. 1:06 (1860).

5. Van Bekkum, D. W. Present status of bone mar.
row tranaplantation following whole baedy frrs-
diation. Oncologia (Basel) 20: supp. 60.72 (1968).

6. Van Bekxkum, D. W. The selective elimination of
immunclogicatly competent cells from bone
marrow wnd lymphatic cell mixtures, Trans-
plantation 2:393 (1964).

18

e e g

B A me B 4 A emmpd R b w55

f




i

T = "

8.

10.

18.

14.

15.

16

17.

18,

14

Cols, 1. J., and E. L. Alpan. Homalogous bone
marrow transplantation in doga receiving x.
radistion plus urethan or 6-mercaptopurine,
Blood 21:373 (1943),

Crouch, B, G.. L. M. ven Putien, D. W, van
Bekkum, and M. J. de Vrica, Treatment of
total body x-irradiated monkeyn with autalogoua
and homologous bane marmaw. J. Nat. Cancer
Inst, 27:53 (1861).

Crouch, B, G., and R, R. Overmnn, Mudification
of irradistion injury in the monkey by bone
marrow tranaplantation. Blood 17:444 (1941).

De Vries, M. J., B. G. Crouch, 1. M. van Putten,
snd D. W. van Bekkum. Pathologic changes in
frradiated monkeys treated with bone marrow.
J. Nat. Carnicer [nst. 27:67 (1961).

Eltringham, J. R. Unpublished data.

Hall, A. 8, and A. L. Knesevic. Bone marrow
sampling in monkeys. J. Amer. Vet. Med. Ass.
147:1076 11965).

Hardy, K. A, H, A. W. Spetaler, and R. W. Coch-
ran. The SAM high level cobalt-60 {rradiation
facility, SAM-TR-65-65, Sept. 1965.

Lochte, H. L., A, 8. Lavy, D. M. Guenther, E. D.
Thomas, and J. W. Ferrebee. Prevention of
delayed forelgn martow reaction in lethally
irradiated mice by early administration of
methotrexate, Nature (London) 196:1110 (1962).

Magliulo, E., B. G. Crouch, and M. J. de Vrles.
The aex-linked drumstick appendage f{requency
as & marker for bonc marrow transplantation
in monkeys. Blood 21:820 (1883).

Mathe, G, J. L. Amisl, L. Schwarzenberg,
A. Cattan, M, Schneider, M. J. de Vries, M.
Tubians, C. Lalanne, J. L. Binet, 1. Papiernik,
G. Seman, M. Matsukurs, A. M, Mery,
V. Schwarzmann, and A. Flaisler, Successful
allogenlc bone marrow transplantation in man:
Chimerism, Induced specific tolerance and pos-
aible antileukemic effects. Blood 26:179 (1065).

Mat':, G, J. L. Amiel, L. Schwareenberg, J. F.
Dere, P. Goldstein, M. Sekiguchi, and J. M.
Bechet.  Conditioning of immunologically com-
petent cells by incubation at 37° C. Ann. N.Y.
Acnd. Scl. 129:205 (1968).

Mathe, G, J. [.. Amiel, M. Matsukura, and A, M.
Mery. Restoration of hacmopoletie function in
the irradiated mouse by means of allogeneic
bone-marrow grafts from several donors of dif-
ferent strains. Brit. J. Hasmat, 10:257 (1964).

19

1.

22,

24,

25,

26.

27.

28.

Muller-Herat, C. N, T.. M. van Putten, and D. W,
vann Hekkum. Cytnstatic drugn in the treatment
of accondary disease following homolugous hana
marrow tranaplantation:  Extrapolation from
the mause tn the primats. Ann. MY, Acsd 801,
129:348 (1B&R),

Owen, R D, aad D R Anderson,  Bloed groups
fn rhesus mounkeys. Ann. N.Y. Acad Sel. 97:4¢
(1963

Yan Putten, L. M. Secondary disease In different
apecier and ite modification.  La Greffe des
cellules hemstopoletiquea allogenigues, FParis,
7 o 9 Sept. 1464, Editions du Centre National
de 1a Recherche Sclentitique, C.N.R.S, p. 322
(1965).

Thomas, E. D, C. A, Ashley, H. L. Lochte,
A, Jsretzki, O. D. Sahler, and J. W. Ferrebes.
Homografts of bone marrow in dogs after lethal
total-body radiation. Bloud 14:720 (1959},

Thomas, E. D., J. A. Collina, E, C, Herman, and
J. W. Ferrebee. Marrow transplants in lethally
irradiated dogs given methotrexuate. Blood 19:
217 (1962).

Thomas, E. D, S. Kasanura, J. A. Cavins, and
J. W. Ferrebee, Marrow transpluiis in lethally
irradiated doga: The effect of methotrexate
on survival of the host and the homograft,
Trensplantation 1:671 (1963).

Thomss, E. D, G. L. Plain, T. C. Graham, and
J. W. Ferrebee. Long-term survival of lethally
frraciated dogs  given homografts of bone
marrow. Blood 23:488 (1064).

Uphoff, D. E. Alteration of humograft resction
by A-methopterin in lethally irradiated mice
treated with homologous marrow. Proc. Soe.
Exp. Blol. Med, 99.651 (1958).

Whitcomb, W. H., R. J. Young, G. S. Melville,
J. A. Pitcock, and D. R. Anderson. Chemical
protection of irradiated monkeys in combination
with autologous and homologous marruw trans-
fusion. Radiat. Res. 20:339 (1v6d),

Young, R. J.,, W. H. Whitcomb, G. 8. Melville, and
D. R. Andersun. Transfusion of humologuus
and sutologous bone marrow in primastes ex-
poxed to 900 R whole-budy x-radiation. Bone
marrow therapy and protection in lrradisted
primates, p. 47. Proceedings of a symposium,
15 to 18 Aug. 1962, Radiobiological Institute of
the Organization for Health Research TN.O,
Rijawijk (Z.H.) The Netherlands,

o -




F T = T

Unclanaified
Security Classificetion

DOCUMENT CONTROL DATA - RAD

(Tecurity elagsifemtion af title bmidv of sirdtiaal s tndening anseisiion must b entsrme whan the svesml] rapert i o ineniliod)

e

T ORIGINATING ACTIVITY [Carperate surhor e ABLSART SRCUMITY & LABRINIGA TIM
USAF School of Aercospace Medicine Unclassiried
Awrospace Medical Division (AFSC) 15 smour
Broo e

3 RAPORY TITLE

EFFECT OF AZATHIOPRINE AND AMETHOPTERIN ON SECONDARY DIUEAUE IN THE RHESUS
MORKEY

4 DESCNIFTIVE NOTES (Trpe of 'ﬁ" and inchiaive detes)
Nov. 1965 - Mar, 1966

5. AUTHOM ) (Last ramme, RISt name, initialy
Eltringham, James R,, Captain, USAF, MC
Anderson, Donald R.
DeHart, Roy L., Major, UGAF, MC

6 REPO AT DATH T YOTAL MO. OF Fagus 70 WM. OF ARFy
September 1967
S0 CONTRMACT QM QRANT NO. 20 ORIBIKATOR') REPONT NUMBENS)
b PROJECT MO. SAM-TR=6T-94
. Task No, 775703 Vo QTNER REPONT o) (Any oihar mambers Bat mey bv o4sidned
d

10. AVAILABILITY/LIMITATION MOTICKS
This document has been approved for public release and sale; its
distribution is unlimited,

11 SUPPLEMENTARY HOTES 12. SPOMSORINDG MILITARY ACTIVITY

UGAF School of Aercspace Medicine
Aercspace Medical Division (AFSC)
Brooks Air Force Base, Texas

13- ABSTRACTY

Forty=five :.esua monkeys received 980 R whole-body irradiation from &
cobalt=60 source followed by allogenic bone marrow transplants. The animals
were randomly divided into three groups: (1) bone marrow, no drug; (2) bone
marrow, azathioprine; and (3) bone marrow, amethopterin. Supportive care
was the same for all groups, Although there vas a statisticelly significant
prolongation of the average survival time in the group receiving amethopterin,
the net effect wag one of briefly delaying the onset of secondary discase «s
the clinical course of these animals ultimately paralleled that of the other
groups. There wvas no significant difference in the average survival time of
the szathioprine group as crmpared with the control group, and by the
criteria cited there wvere fewer takes effected in the animals receiving
azuthioprine, The two drugs tested were essentially ineffective in the doae
levels and regimens utilized.

DD ":f:':o 1473 Unelassified

Security Classliication




-~ am e e

Inrlannl £t-2

Security Clasuification

KKY WORDS

lHadiobiology

Pharmacology

Radistion

rimates, rhesus monkerys
Impunosuppression
Azathioprine

Angthoptarin
Transplantation, bone marrow

LiMkK A SLLY ) LINK C

"OLR

e 4 DORE L

wT nuLEK wT

nROLK wY

1. ORIGINATING ACTIVITY: Kater the nsms and sddress
of the comiractor, subconiracior, granies, Department of De-
fonse aciivity o other erganization (corporsie authar) issulng
tha repert.

la. REPORT SECURITY CLARMNFICATION. Knater the vvee
sl security clsseificetion of the regort. Indic mu whether
“‘Restricied Data’" |y included Marking is o be in accord
ance wilh sppropriste security regulatican.

25, GROUP: Awowatic downgrading is specified in DoD Di.
roctive 5200, 10 and Armed Forces Industrial Mamual. Enter
the group number. Alsg, wiwna applicable, show that optional
ll::lul ha.» bean uaed for Group 3 and Group ¢ #8 sukhor-
iand,

. REPORT TITLE: Ester the complete repon title In all
caplial lettors. Tiles in al! casss should be usiciossified
H & meeaingful title cannct be selected without clasaifice
then, show titie clasnification in all capiteln in paranthesis
tmasudistely following the title.

4 DESCRIPTIVE NOTEE Ll appropriste, enter the type of
reuort, e, ialerm, progress, summary, seanual, or flual,
Give the lnclusive daies wiven a specific raporting peried ia
covared

% AUTHOR(SX Esntar the name(s) of suthor(s) ss shown on
or in th réport, Kater 1ot neme, (ir 5t name, middla inltlel
I wilitary, show renk snd branch of seevice The name of
the priscipal avihor in an absoluts minimum requirement.

6 REPORT DATL. Enter the dste of the report ap day,
manih, yeer, or momth, yasr 17 more than one date appaars
on the repoit, wew dete of publication

Ta. TOTAL NURBER OF PAQKS: The tolal page count
shouid foliow normal pagination proceduren, Le., enter the
number of pages conalaing information

75, NUMGLER OF REFERENCER Enuer the total nuroer of
refeconces clled ln the report.

fa. CONTRACT OR GRANT NUMBER: If sppropriste, enter
the applicable number of the cunlract or grant under which
the report was writian,

8, &k, & 8d. PROJECT NUMBER: Enter the appropriste
military dapeariment ideatificstion, such se project number,
subproject number, aystam numbers, task number, stc.

9e. ORIGINATOR'S REPORT NUMBER(S): Ente the ofl.
cial raport mumber by which (he document will be identlfied
and camtrolied by the originating activity, This number must!
be unique {0 thin report,

94 OTHER REFORT NUMBER(S): [ the regort has been
aseigned pay othew report numbera (wither by the otiginator
or by ihe nponsor), sluo witer this number(s)

16, AVAILABILITY/LIMITATION NOTICES FEnter any [lne
itAtions on furthet dinsesmiaation of the repoit, othar than those

INSTRUCTIONS

imposed by mecwrity classificetion, using standard statements
such es:

(1) ""Qualilied requesters may obtain copies of thia
report from DDC. "'

(2) '"Foreign anncuncement and disseminstion of this
teport by DDC ie ot authorized '’

(3) "U & Government agencies may obtain coples of
thin report directy from DDC. Other qualified DDC
vsers shall request through

(4) ""U. & military sgencies may obtain coples of this
repost directly trom DDC  Other gualified users
shall request through

(5) " All distribution of this report is controlied Qual-
ified DDC usérs shall requeal through

I{ the taport has been firnlshed {c the Office of Technicai
Services, Department of Commerce, for sale to the public, indi-
coiw thin fect and ender the price, il known

ik SUPPLEMENTARY NOTES: Use for sdditioral explans.
tory nates

12 SPONSORING MILITARY ACTIVITY: Enter the name of
the deparimantal project office or Jaboratory sponsoring (pPay
ing for) the resesrch and development. Include sddrenn

13. ABSTRACT: Entarsn sbatrsct giving a brief and factual
summary of the document indicative of the report, even though
it may also appesr eleewhere in the Lody of the technical re-

port. If additional space is required, & continustion sheet ahall’

be attached.

It is highly dagirable thst the abstract of classified reports
be uncleasiiiad. Esch paragraph of the sbutract shall end with
an ins :atlon of the military security classificstion of the in-
formation In the paragraph, repressnted 8 (T5), (3). (C). or (U).

There 18 no humitation cn the lenyth of the abstract. How-
#ver, the suggented length in from 150 t2 125 words,

i4. XEY WORDS: Key words are technically meaningful tarms
or short phraaes thal characterize a report and may be used ay
index sntries for cataloging the teport. Key words must be
uelecied w0 that no swcurity classification is reguired. Identi.
tiers, nuch us equipment madel designstion, trade namme, military
projact codo nemae, geographic lovation, may be used ss key
worde tut will be followed by an Indication of technicsl con-
text. The ausignment of links, rules, and welghts in optional

@0 §88- 5381

Unclasaified

Security Clasaification

e sty o n e

s s

|




