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Oxisuran, 2-[ (methylsulfinyl) acetyl] pyri- 
dine, is a new immunosuppressive agent 
which has been reported to have the unique 
property of inhibiting cell-mediated immu- 
nity without any concomitant suppression of 
humoral antibody formation (1, 2).  The 
mechanism of action is not yet known. It is 
not cytotoxic nor antiproliferative, and it 
does not exhibit anti-inflammatory activities, 
Published studies on its effects on cell- 
mediated immunity have been performed in 
allograft models using skin grafts in mice, 
rats, and dogs, fetal hearts in mice, and 
mammary glands in rats. Humoral antibody 
responses have been measured in normal 
and graft-bearing mice and dogs. 

The present investigations were under- 
taken to further evaluate the effects of oxi- 
suran on humoral and cellular immunity in 
rats undergoing organ transplantation. The 
experiments were done in an in vivo and 
in vitro kidney transplantation model which 
permits selective study of cellular immuno- 
logical response, cytotoxic antibody re- 
sponse, and blocking antibody response (3, 
4). In addition, the effects of oxisuran upon 
functional survival time of heterotopic car- 
diac allografts in rats were studied. 

Materials and Methods. Two groups of 
experiments were performed in which inbred 

1 Supported by research grants from the Vet- 
erans Administration, by grants RR-0005 1 and 
RR-00069 from the General Clinical Research 
Centers Program of the Division of Research Re- 
sources, National Institutes of Health, and by 
Grants AI-10176-01, AI-10334, AI-AM-08898, 
AM-07772, and HE-09 110 of the United States 
Public Health Service. 
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Wistar-Furth (WF) rats served as donors 
of kidneys or hearts which were transplanted 
to inbred, female Brown-Norway (BN) 
rats. All experiments were performed under 
anesthesia with pentobarbital sodium (Nem- 
butal) , 30 mg/kg intraperitoneally. When 
necessary, this was supplemented by ether 
inhalation. 

Kidney-Transplant Experiments. The don- 
ors were male or female and weighed 150- 
200g while the recipients weighed 200- 
250 g. Two groups of animals were studied: 
(Group 1) Controls (10) received no im- 
munosuppressive therapy; (Group 2) treated 
animals (10) received oxisuran 150 mg/kg 
daily for 14 days, intraperitoneally, com- 
mencing 4 hr before transplantation. Renal 
transplantation was performed by the 
method of Lauschke and Hermann (5) ex- 
cept that the ureter was not anastomosed 
to the bladder but was left lying free in the 
peritoneal cavity. The recipients’ own kid- 
ney were left undisturbed. The allografts 
were removed after 5 days. Sections of the 
kidneys were stained with hematoxylin and 
eosin and studied by light microscopy. 
Peripheral WBC and differential counts were 
performed on Days 0, 5, and 14. 

Samples of peripheral blood and thoracic 
duct lymph were obtained from recipients 
14 days after transplantation. Fresh or heat- 
inactivated serum and/or thoracic duct cells 
(TD cells) were added to cultured donor- 
strain kidney cells, which had been grown 
in monolayers for 20-23 days without sub- 
cultivation (3). These target cells were 
labeled with 51Cr sodium chromate and were 
suspended in Eagle’s medium in flat-bottom 
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TABLE I. Addition of Thoracic-Duct Lymphoid Cells and/or Serum to lo6 %r-Labeled WF 
Kidney Cells.” 

Tube  NO.^ 
Control tubes 

WF cells + 0.3 nil WF normal heat inactiiated serum 
WF cells + BN normal T D  cells + 0.3 nil BN nornial heat inactiiatctl seriiiii 

WF cells + 0.3 ml BN recipient serum + 0.1 nil BN nornial serum 
WF cells + BN recipientTD cells + 0.3 ml BN recipient heat inactitated serum 
WF cells + BN recipientTD cells + 0.3 ml BN recipient serum 
WF cells + BN recipient T D  cells + 0.3 ml BN normal heat inactivated serum 

WF cells + 0.3 ml BN recipient serum + 0.5 nil BN normal serum 
WF cells + BN recipient T D  cells + 0.4 ml BN normal serum 

Tubes with test lymphoid cells and/or serum 

Complement control tubes 

1 
2 O  

3 
4 
5 
6 

7” 
8” 

“ T h e  number of thoracic duct (TD) cells was always loG. Serum was always fresh except when 
indicated as heat inactivated. 

All sera were added 15 niin before the lvmr>hoid cells. 
, I  

“ Experiments were performed in five animals in 

test tubes to which recipient serum and/or 
TD cells were added in various combinations 
as shown in Table I. The volume in each test 
tube was made up to 1.5 ml by the addition 
of Eagle’s medium. Cytotoxicity was mea- 
sured by the release of W r  from the target 
cells as previously described (4). The re- 
lease of radioactivity at different time inter- 
vals was measured in 0.5-ml samples of the 
supernatant removed from each tube. In 
each instance, the removed fluid was re- 
placed with an equivalent volume of Eagle’s 
medium. The radioactivity measurements 
were made in a well-type scintillation 
counter. All tests were done in duplicate. 
The isotope release values were calculated 
as percent release of the original total target 
cell radioactivity and, also, as “corrected 
release” which was the percent release above 
the spontaneous release of radioactivity (6). 
The “corrected release” values in the two 
experimental groups were compared using 
the Student’s t test when SDI2/SDz2 was less 
than 3.2 (Table 111). 

With the exception of one experiment, the 
serum and cells which were incubated to- 
gether with the target cells were taken from 
animals belonging to the same experimental 
group. In the exceptional study (Tube X, 
Table 111), 0.3-ml samples of pooled heat- 
inactivated serum from BN recipients be- 
longing to Group 1 or 2 were each incu- 

each group. 

bated with lo5 WF target cells and lo6 
thoracic duct cells from 4 different BN re- 
cipient rats from Group 1. 

Heart-Transplant Experiments. The don- 
ors were male or female and weighed 
200-250 g; the female recipients weighed 
250-3OOg. As in the kidney transplant ex- 
periments, two groups of animals were 
studied: (Group 3)  Untreated controls 
( 10) ; (Group 4) oxisuran-treated rats ( 10) 
( 150 mg/kg per day). The hearts were 
transplanted heterotopically into the abdo- 
men as described by Ono and Lindsay (7) .  
The graft aorta and pulmonary artery were 
anastomosed end to side to the aorta and 
inferior vena cava, respectively. All other 
major vessels in the donor heart were ligated. 
Total ischemia time ranged from 45 to 70 
min. 

The functional status of the homograft 
was assessed daily by palpation and, if nec- 
essary, by electrocardiography under ether 
anesthesia. When regular heartbeats could no 
longer be detected by these methods, the 
abdomen was opened and the heart exam- 
ined. The presence of cardiac standstill, 
fibrillation, or very feeble pulsations was 
indicative of failure of graft function (8). 

Peripheral WBC and differential counts 
were performed on Days 0 and 7. 

Results. In the kidney transplant experi- 
ments, thoracic-duct lymph flow in Groups 
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TABLE 11. Total White Blood Cell (WBC) and Lymphocyte Counts in Peripheral Blood and 
Thoracic-Duct Lymph in the Kidney-Transplantation Experiments (per mms). Mean k SD. 

Peripheral blood Lymph 
5 Days post- 14 Days post- 14 Days post- 

Pretransplantation transplantation transplantation transplantation 

Groups 1 
WBC count 15400 k 3300 20600 k 5500 21000 2 5600 36000 t 3800 
Lymphocyte count 12000 2 2900 I1200 2 4900 14300 4700 35300 2 3700 

WBC count 17400 2 3700 20400 2 6500 22400 7000 33500 2 5800 
Lymphocyte count 13900 2 2700 13900 k 4800 14300 2 6000 32500 & 5500 

Group 2 

t Valuea 

t Value 
WBC Groups 1/2 1.22 0.11 0.46 1.15 

Lymphocytes Groups 1 /2 1.40 1.20 0.02 1.26 

a Homogenous variance, df = 18; * * *  P < 0.001, t > 3.610; * *  P < 0.01, t > 2.552 (significant); 
“ P  < 0.05, t > 1.734. 

1 and 2 was approximately 0.5 ml/hr. The 
total WBC counts and the numbers of lym- 
phocytes in the peripheral blood and 
thoracic-duct lymph are shown in Table 11. 
Oxisuran treatment had no effect on the 
total WBC or lymphocyte counts. 

At the time of transplant nephrectomy, 
the vascular anastomoses were patent in 80- 
90% of the animals in both groups. Histo- 
logic examination of the transplanted kid- 
neys showed that lymphoid cell infiltration 
was of moderately greater degree in the 
controls than in the oxisuran-treated rats. 

In the in vitro cytotoxicity tests, the con- 
trol tubes, which contained 51Cr-labeled WF 
kidney cells alone or together with normal 
BN TD cells and heat-inactivated normal 
BN serum, showed approximately 25% 
spontaneous release of the isotope into the 
supernatant in 24 hr in Groups 1 and 2 
(Table I, Tubes 1 and 2). After this time, 
spontaneous cell death occurred at an ac- 
celerated rate. 

BN recipient TD cells from Group I con- 
trol animals had a definite cytotoxic effect on 
the WF target cells after 12 hr of incubation 
(Table 111, Tube 6) .  This effect was sig- 
nificantly reduced ( P  < 0.001 at 12 hr) 
when heat-inactivated serum from a BN 
recipient was added 15 min before the lym- 
phoid cells (Table 111, Tube 4). The addi- 
tion to target cells of complement-contain- 
ing fresh recipient serum without lymphoid 

cells also caused a cytotoxic effect which 
was demonstrable after 2 hr (Table 111, 
Tube 3 ) .  It should be noted that all iso- 
tope release values in Table I11 are “cor- 
rected ones,” i.e., they express percent 
release above the spontaneous release of 
radioactivity. 

Recipient TD ce!ls from Group 2 animals 
caused a diminished isotope release from 
the target cells as compared with those from 
Group 1 rats (Table 111). According to ki- 
netic studies performed earlier, the change 
corresponded to a 1 5 2 0 %  decrease in the 
number of sensitized TD cells that were 
present (4). The cytotoxic effect of fresh, 
complement-containing recipient serum was 
not altered significantly by oxisuran therapy. 

In the “exceptional experiment” in which 
pooled heat-inactivated recipient serum from 
Group 1 or Group 2 rats was added to the 
target cells before the introduction of stand- 
ard samples of sensitized TD cells, the block- 
ing effect of serum on cell-mediated cyto- 
toxicity could be compared better than in the 
“Tube 4” experiments (Table 111, Tube X )  . 
The blocking effect was similar when either 
serum was used. This indicates that the 
blocking effect of heat-inactivated recipient 
serum was not altered by oxisuran therapy. 

In Groups 1 and 2, when fresh recipient 
serum and TD cells were added to the target 
cells in combination (Tube 5), the isotope 
release pattern in the first 4 hr was similar 
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to that obtained with fresh serum alone. 
After this time, the release curve resembled 
that obtained with lymphoid cells alone. 

Both in Groups 1 and 2 the addition of 
fresh, complement-containing serum from 
normal BN rats did not significantly alter the 
cytotoxic effects of either fresh recipient 
serum or recipient TD cells (Table I, Tubes 
7 and 8) .  These results indicate that the 
need for complement in the tubes with fresh 
recipient serum was satisfied and that cell- 
mediated cytotoxic effects were independent 
of complement. 

Heart-Transplant Experiments. The pe- 
ripheral WBC and lymphocyte counts were 
not significantly different in the two experi- 
mental groups. The functional survival time 
of the cardiac allografts was 7.8 & 1.1 days 
in the controls and 11.9 & 2.7 days in the 
oxisuran-treated rats (Table IV) . The differ- 
ence was highly significant ( P  < 0.001) as 
determined by the rank-sum test (9).  

Discussion. The basic kinetics of the test 
system used in the kidney-transplant experi- 
ments in the present study have been de- 
scribed elsewhere (3 ,  4) .  The animals 
treated with oxisuran showed a diminished 
cellular immune response to the kidney allo- 
grafts. This was not caused by a decrease in 
number of lymphoid cells in the peripheral 
blood or thoracic-duct lymph but by a de- 
creased cytotoxic effect of the cells. This may 
have resulted from an actual decrease in the 
number of sensitizled lymphoid cells or from 
a decreased ability of all the lymphoid cells 
to attack the target cells. In contrast, it has 
been demonstrated previously (3)  for cyclo- 
phosphamide that there is a “quantitative” 
rather than “qualitative” depressive effect, 
with reduction in total number of thoracic- 
duct lymphocytes and with about the same 
cytoaggressive effect as for nonimmuno- 
suppressed TD cells when the same numbers 
of cells are used. 
TABLE IV. Prolongation of Functional Survival of 

Heterotopic Cardiac Allografts by Oxisuran. 

Group 
Survival (days) 
(Mean 2 SD) 

Control 
Oxisuran treated 

7.8 +_ 1.1 
11.9 f 2.7” 

* P < 0.001. 

Oxisuran therapy did not alter the cyto- 
toxic effect of fresh recipient serum nor the 
blocking activity of heat-inactivated re- 
cipient serum, indicating that the antibody- 
producing cells and their precursors were 
left undisturbed by this treatment. The re- 
sults of the kidney-transplant experiments, 
which showed a selective depression of cellu- 
lar immunity, are in keeping with the findings 
in the heart-transplant studies, in which pro- 
longation of graft survival occurred with oxi- 
suran therapy. 

These findings confirm the results of pre- 
vious workers (1, 2) that oxisuran’s im- 
munosuppressive qualities are through its 
effects on cellular immunity. The previous 
studies showed its efficacy in prolonging 
skin-graft survival. The present work extends 
these findings to other organs with the dem- 
onstration of decreased in vitro cytotoxicity 
of thoracic duct cells in kidney allograft ex- 
periments and prolongation of functional sur- 
vival time of cardiac transplants. 

Compared with other immunosuppressive 
agents, the effects of oxisuran at the doses 
used in the rat are relatively weak. In the 
kidney-transplant model, it has been found 
that antilymphocyte serum, methotrexate, 
and corticosteroids all can have more potent 
suppressive effects on cellular immunity (4) .  
In addition, cyclophosphamide, in a dose of 
10 mg/kg/day, caused significantly greater 
prolongation of WF + BN cardiac allograft 
survival, 15-16 days as compared with 11.9 
days with oxisuran (Husberg, unpublished 
data). A great virtue of oxisuran, compared 
with many other immunosuppressive agents, 
is its lack of toxicity on the bone marrow. It 
is possible that oxisuran in combination with 
smaller than usual doses of other immuno- 
suppressive drugs may provide effective and 
safer control of alIograft rejection. 

Summary. Oxisuran, 2-[ (methylsulfinyl) - 
acetyllpyridine, is a new immunosuppres- 
sive agent which is reported to act as a dif- 
ferential inhibitor of cell-mediated immunity. 
Published studies have shown that it pro- 
longs skin graft survival in mice, rats, and 
dogs. The present experiments demonstrate 
that it is also an immunosuppressive agent in 
the transplantation of other organs. Oxisuran 
produced significant prolongation of func- 
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tional survival time of heterotopic cardiac 
allografts in rats. In addition, using a rat 
kidney-transplant model, there was signifi- 
cant reduction of in vitro cytotoxicity of 
thoracic duct cells against target kidney cells, 
whereas the humoral antibody response was 
unchanged. 

We thank Dr. H. H. Freedman of Warner- 
Lambert Research Institute, Morris Plains, NJ, 
for helpful advice and data concerning oxisuran 
and for generously supplying us with this im- 
munosuppressive agent. 
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