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scribed for isolation of human thrombin from
plasma Fraction III in 40-50% yield. Aver-
age specific activities of these preparations are
10,300 “Iowa’” units per mg protein, 69,000
units per mg nitrogen, and 99,400 units per
mg tyrosine. The higher activity of human
thrombin indicates that it is either a smaller
molecule or more active than bovine or equine
thrombin.
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One of the most pressing problems in the
study of delayed hypersensitivity is whether
there is an adequate in vitro model of this
state of altered reactivity. Rich and Lewis
(1) reported that explants of spleens and
lymph nodes from tuberculin sensitive ani-
mals grow out poorly in the presence of tuber-
culin, but do quite well in its absence. Simi-
lar observations have been made(2) on the
outgrowth of cells of animals with delayed
hypersensitivity to other bacteria. Inhibition
was not seen with cells from animals anaphy-
lactically sensitive to soluble antigens(3).
Chase(4) noted that tuberculin hypersensi-
tivity, though not transferred with serum,
could be transferred with spleen or lymph
node cells. Miller and Favour(5) attempted
to provide a simple iz vitro model of tubercu-
lin sensitivity with a system of peripheral
blood or splenic sensitive leukocytes, serum,
and complement, in which lysis of cells was

*Supported by grant from Nat. Inst. Health,
USPHS.

noted when the cells were made to tumble for
relatively short times in a rotating drum at
37°C. Evidence accrued(6), however, that
Favour’s “cytolytic” effect could be seen with
normal cells in the presence of added antigen,
antibody, and complement, and doubt has
consequently been expressed that the model
really represents delayed sensitivity.

Interest in macrophages as cells implicated
in delayed hypersensitivity has gradually de-
veloped. Rich(7) pointed to the disposition
for macrophages to collect in the lesions of
tuberculous animals, and commented upon
the ability of the wax of the tubercle bacilli
to evoke this type of cellular response. Injec-
tion of tuberculoprotein together with tuber-
culowax has been reported by Raffel(8) to re-
sult in development of delayed hypersensi-
tivity to the protein, while immunization with
tuberculoprotein alone evoked only anaphy-
lactic hypersensitivity. Gangarosa ef al.(9)
pointed out that addition of antigen to spleen
cultures from animals with delayed sensitivity
to tuberculin or to mumps virus had a demon-
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strable effect on outward migration of macro-
phages, but not of lymphocytes. Waksman
and Matoltsky(10) have implicated macro-
phages both in tissue culture and in transfer
experiments,

The present studies were constructed to
provide further information on the possibility
of using macrophages in an iz vifro model for
delayed hypersensitivity. The effect of spe-
cific antigen on the migration of peritoneal
exudate cells, spleen cells, or lymph node cells
from sensitized animals has been tested. For
comparative purposes, the migration studies
have been accompanied by tests for serum
antibody in the animals donating the cells and
by assessment of their skin test reactivities.

Materials and methods. Immunization.
Two means of immunization have been em-
ployed. White male guinea pigs (300-400 g)
were injected subcutaneously with 4 mg of
live BCGt in saline. After about 3 months,
the animals were used for skin testing or to
provide cells for tissue culture. Some of the
animals were injected at this time with 2-5
mg of egg albumin intravenously or intramus-
cularly on each of 4 occasions at intervals of
3 to 4 days; these animals were sacrificed for
study 5 days after the last egg albumin in-
jection,

Another group of animals were immunized
with egg albumin in Freund’s adjuvant. Two
dml of egg albumin (250 pug Ea N/ml) was
homogenized in 7:5 ml of mineral oil, 4.5 of
aracel A and 8 mg BCG. Animals were in-
jected with 0.1 ml of the mixture in each paw.

Collection of cells. Four to 5 days before
an experiment, 25-30 ml of mineral oil was
injected intraperitoneally to induce exudates.
Three to 4 days later half the animals were
skin tested with 10 ug of PPD or egg albumin
nitrogen in 0.1 ml. After observing the skin
reaction for 24 to 48 hours, both skin tested
and non-skin tested animals were bled from
the heart and sacrificed by a blow to the head.
The peritoneal exudate cells were collected by
washing them out with 200 ml of balanced
salt solution. The spleens and lymph nodes
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were removed and cells collected from them
by forcing the diced tissues through a Baxter
stainless steel 60-mesh blood transfusion fil-
ter. Alternatively, the organs were teased
carefully, releasing the cells into balanced
salt solution and the gross tissue fragments
separated by pouring the suspension through
the stainless steel sieve. The cells were
washed 3 times, an aliquot counted in a he-
mocytometer, and the remainder suspended
in a volume of nutrient medium sufficient to
provide the desired cell density.

Passive transfer (cf. 6, 18). 1 X 107 cells
were mixed with varying concentrations of
PPD! in total volumes of 0.1 ml and immedi-
ately injected intradermally into 350-400 g
normal white male guinea pigs. The conse-
quent skin reactions were measured at 24 and
48 hours. Two diameters at right angles to
each other were measured by a centimeter
ruler. The skin thickness at areas of indura-
tion and at adjacent normal skin areas was
measured with slide calipers. The volume of
the skin reaction was calculated by multi-
plying the 2 measured diameters by the cal-
culated thickness of the lesion and by =/4
(10).

Migration studies. 1.5-1.8 X 107/ml of
cells were mixed with varying concentrations
of PPD in modified Eagle’s medium contain-
ing 159% normal homologous serum. Capil-
lary tubes of 7.5 by 0.07 cm were filled in
replicate with these cell suspensions. One
end of the tube was closed with soft paraf-
fin. The tubes were then centrifuged at 500-
600 rpm for 5 minutes, after which they were
broken off at the interface between the
packed cells and the supernatant. The broken
ends containing the cells were placed in Mack-
aness chambers(11) on the bottom coverslip
and held in place by means of a small spot of
silicone lubricant. The silicone was found to
be harmless for the cells. The top coverslip
of the chamber was fixed in place with paraf-
fin and the chambers filled with about 1 ml
of nutrient medium containing PPD in the
amount used in the original suspending fluid.
The chambers were incubated for 24 and 48

t The BCG preparation used was a lyophilized
vaccine obtained from the Research Foundation,
Chicago, IlL.

1 PPD (Lot No. 95923) was provided by courtesy
of Dr. J. R. Robinson, Merck Inst. for Therapeutic
Research, Rahway, N. J.



CeLL MiGraTION IN DELAYED HYPERSENSITIVITY

TABLE I. Reaction Volumes* at 24 Hours in the Skins of Normal Guinea Pigs Injected with
PPD Mixed with Peritoneal Exudate or Spleen Cells from BCG Sensitized and Non-sensitized
Animals.

Non-sensitized

Sensitized donor animals donor animals

PPD cone., Non-skin tested Skin testedt
ug/ml 1 2 3 4 1 2 3 4 1 2 3 4
Peritoneal exudate cells
0 11.2 10.8 5.1 2.4 10.9 .5 0 1.6 0 0 2.5
7.5 73.2 341 296 982 20.8 27.6 15.0 9 0 7.3 4.1
15 69.6 47.7 50.0 75.0 3L.7 18.5 11.0 1.2 4.1 0 3.9
30 33.5 28.7 21.8 51.0 13.0 8.5 5.0 0 0 6.4 1.4
60 13.2 0 17.9  15.0 10.4 112 24.0 0 0 36 0
Spleen cells
0 0 0 0 0 0 0
7.5 0 8.8 0 1.35 <1 0
15 0 6.5 0 2.7 <1 0
30 0 5.9 0 ¢ 0 0
60 0 0 0 0 0 0

* See Passive Transfer under Materials and methods.
t Skin tests with PPD were performed 3 days prior to harvesting eells from the donors.

hours at 37°C. The cells migrated out, fan-
like, from the broken capillary onto the lower
cover glass. An image of the area into which
the cells had migrated was projected onto
drawing paper with a Bausch and Lomb arc
projector. The projected area could then be
measured by a planimeter and the absolute
area of migration in the chamber calculated
by the known magnification factor.
Antibody formation in vitro. 3.5 X 107
washed cells were put into 10 ml beakers in
duplicate in 1 ml of modified Eagle’s medium.
One of each duplicate was frozen and thawed
twice to serve as a control. All were incu-
bated at 37°C in 5% CO, and 95% oxygen
for 48 hours. The cells were removed by cen-
trifugation in the cold and the supernatants
were analyzed for hemagglutinating antibody
by tanned cell hemagglutination(12).
Results. In all the observations to be re-
ported, unless otherwise indicated, cells were
collected from animals on which no prior di-
agnostic skin testing had been performed, as
it was felt that skin tests might significantly
effect the in vitro behavior of the subse-
quently harvested cells. Accordingly, all ex-
periments were done with two sets of animals
identically prepared, one set for the skin
testing and the other for cell donations.
When peritoneal exudate cells from guinea
pigs sensitized with BCG 3 months previously
were mixed with PPD and immediately in-
jected intracutaneously into normal animals,

skin reactions exhibited by erythema and in-
duration resulted at the sites of injection at
24 hours (Table I). Spleen cells from the
same animals, and cells from non-sensitized
animals, failed to give significant skin reac-
tions under the same circumstances. Cells
from donors which had had skin tests 3 days
previously gave lesser reactions than those
from animals which had had no previous skin
tests. In experiments not shown in the table,
serum from the same donors, mixed with the
various concentrations of PPD, failed to in-
duce observable skin reactions.

In migration studies iz vitro (Table II),
peritoneal exudate cells from sensitized ani-
mals were strikingly inhibited in the presence
of PPD. This was less conspicuous or ab-
sent with spleen cells from the same donor
animals. Peritoneal exudate cells from non-
sensitized guinea pigs grew out quite well in
the PPD.

To compare the behavior of peritoneal exu-
date cells and spleen cells from BCG sensitive
animals which also were anaphylactically
sensitive to a different antigen, a set of BCG
sensitized guinea pigs (infected with BCG 3
months previously) were immunized with
alum precipitated egg albumin by injections
of 2-5 mg every third day for 4 times. The
first and the last injections were intravenous;
the middle 2 intramuscular or subcutaneous.
On the day after the last intravenous injec-
tion, half the animals were given mineral oil
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Infected or Normal Animals.

Time of

Areas (mm®) occupied

by migrating cells

Spl. cellst P.E. eellsi

PPD/ml in PPD (%

Migration
of
P.E. cells

of control)

Bxp. observa- PPD/ml
No. tion(hr) 0 30y 0 30y
Sensitive donor animals
1 24 2.5% <1
2.2% L1
48 6.2 <1
4.6 <1
2 24 5.2% 5.0 3.0 12
5.0% 4.9 2.2 1.0
48 5.2 5.6 45 1.5
5.6 5.4 3.6 1.3
3 24 7.2 3.5 8.5 2.5
74 3.3 6.3 2.3
48 8.5 4.2 8.8 3.5
85 4.5 75 3.4
4 24 88 7.2 40 <1
88 7.5 35 <1
48 8.8 8.3 8.2 25
8.8 8.5 7.9 25
5 24 2.2 <1
2.0 <1
48 6.8 <1
6.6 <1
6 24 7.7 5.5 2.7 <1
53 5.0 — <1
48 82 7.2 5.0 1.8
7.0 6.8 — 1.6
Normal donor animals
1 24 55 4.8
5.7 4.6
48 — 7.2
— 7.0
2 24 9.2 9.0
9.0 9.5
48 9.5 9.2
9.2 8.5
3 24 2,5 2.8
2.7 2.6
48 58 5.8
59 5.3
4 24 3.5 4.8
3.6 5.2
48 55 5.2
5.7 5.3
5 24 9.2 9.0
9.0 85
48 9.5 9.2
9.2 85

<43
<19
43
35

33

42

<27

31

48

<15

<37

<34

84

101

140

94

96

95

* Duplicate determinations, single chamber,

t Spleen cells.

t Peritoneal exudate cells.

intraperitoneally. Peritoneal exudate cells,
spleen cells, and lymph node cells were col-
lected from them 4 days later. The other half
of the animals were skin tested with 10 y of
PPD and 10 y of egg albumin nitrogen. The
characteristics of the skin tests were given in
the left side of Table ITI. Strong early, ede-
matous reactions against egg albumin were
seen, and well-developed delayed, indurated,
erythematous reactions were seen with PPD.

In in vitro studies, migration of the peri-
toneal exudate cells was inhibited by PPD,
but not significantly by 2 different concentra-
tions of egg albumin (left side of Table IV).

Spleen cell migration was not significantly
affected by either Ea or PPD in these experi-
ments. On the other hand, the spleen cells
were capable of producing antibody against
egg albumin iz vitro. Equal numbers of the
peritoneal exudate cells did not make anti-
body under identical culture conditions. The
sera of all animals showed good titers of he-
magglutinating antibody to egg albumin.
Hemagglutination of tanned cells coated with
PPD, however, was not demonstrable, save in
sera from animals that had been skin tested
3 days previously (cf. 13).

To ascertain whether a different mode of
immunization with egg albumin makes any
difference in the types of skin reactions and
in vitro migrations seen, a group of normal
350-450 g guinea pigs were injected with egg
albumin in Freund’s adjuvant. On the sev-
enth and twelfth days after these injections,
half of the animals were skin tested with egg
albumin and PPD and the other half were
sacrificed to collect the serum and the peri-
toneal exudate, spleen, and lymph node cells.
Portions of the cells were cultured for anti-
body production iz vitro and other portions
were set up in chambers for migration studies.
The results are shown in Tables III, IV, and
V.

The skin test results (Table IIT) closely
resemble the patterns emphasized by Gell
and Benacerraf(14) and by Salvin and Smith
(15). Animals skin tested 7 days after im-
munization showed delayed type skin reac-
tions against both PPD and egg albumin. At
12 days, PPD still gave rise to delayed reac-
tions with little or no early edematous phase.
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TABLE III. Skin Test Responses in Animals Sensitized by Two Methods.

BCG-infected animals im-

munized with alum preeipi-

tated Ea and tested 5 days
after last antigen inj

Animals immunized with Ea in Freund's
adjuvant

Tested at 7 days Tested at 12 days

6-hr 24-hr 3-6-hr 24-hr 3-6-hr 24-hr

Skin test antigen edema induration cdema induration edema induration
mm — —

10 ug Ea N i.c. 28 X 27 — tr 16 x 18 30 X 30 18 x 18

28 X 28 e —_ 12 x 14 22 x 22 18 X 18

20 X 22 — tr 15 X 16 18 X 20 12 X 15

— 15 X 20 30 X 30 25 X 28

30 X 30 15 X 15

30 x 28 15 X 14

10 ug PPD i.c. — 15 %X 17

5 X8 18 X 19 tr 14 X 15 8 X 10 18 X 17

— 22 %X 25 tr 13 X 14 8 X 10 12 X 15

— { 1 tr 15 X 16 — 18 X 14

— 18 X 20 — 15 X 16

However, egg albumin at this time provoked
vigorous early as well as delayed responses.

In in vitro migration (Table IV), egg al-
bumin significantly inhibited the migration
of peritoneal exudate cells from adjuvant-
injected animals. The figure of 80% was
taken to represent the dividing line between
significant and insignificant findings in sup-
pression of cell outgrowth, since in previous
observations non-sensitive cells had always ex-
hibited in the presence of antigen 80% or
more of the outgrowth of the control cells.
Inhibition by egg albumin was best seen in
experiments performed with cells taken from
animals 7 days after immunization. In ex-
periments performed at 12 days, inhibition of
migration by egg albumin was seen in only
half the experiments. Inhibition by PPD
was seen in all experiments at 7 days and in
5 of 6 instances at 12 days.

Spleen cells of the adjuvant-sensitized ani-
mals also appeared to be inhibited in migra-
tion both by PPD and by Ea in 3 experiments
performed at 7 days. The results with spleen
cells generally, however, were totally irregu-
lar. This irregularity cannot be explained
and casts doubt on the reliability of using
spleen cells as an indicator in this study. The
data, therefore, have not been included in the
tables. Tt may be significant, however, that
hemagglutinin was demonstrated irregularly
and only in low titer in the sera of adjuvant-
injected animals at 7 days, but regularly and
in high titer at 12 days (Table V). Spleen
and regional lymph node cells at 12 days
made demonstrable antibody in vitro in 3 of
5 and in 5 of 7 instances, respectively. Peri-
toneal exudate cells in vitro made no detect-
able hemagglutinin in any instance.

Discussion. Since Rich and Lewis(1) re-

TABLE IV. Inhibition of 24-Hour Migration of Peritoneal Exudate Cells in Tissue Culture.

BCG-infected animals immu-
nized with alum precipitated
Ea and tested 5 days after last
antigen inj

Tested at 7 days

Animals immunized with Ea in Freund’s adjuvant

Tested at 12 days

v EaN/ml v PPD/ml v Ea N/ml v PPD/ml v Ea N/ml ~ PPD/ml
10 20 30 10 20 30 10 20 30
87* 42 57 39 58 59 135
100 120 49 62 40 43 44 63
111 55 50 20 108 109 42
99 29 83 40 122 122 45
123+ 30t 52 40 59 85 88 50
48 53 49

* Migration as % of control.

t Examined after 48 hr in wvitro.
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TABLE V. Hemagglutinin Titers in Supernatants

of 48-Hour Cultures of Cells from Guinea Pigs

Immunized Previously with Egg Albumin in
Freund’s Adjuvant.

Lol
. Ei ~3
Days Animal g 2 3 8
after £ g% Ea=
immuni- Serum L2 233 % g':w
zation  No.  titer 2% AkT ghY
7 644 80 0 0
645 80
646 40 0 0
647 0
648 0 0 0
649 0 0 0
650 20 0 0
651 0 0 0
12 866 5120 0 320
867 >10240 40
869 >10240 20 0 20
870 >10240 80 0 40
879 >10240 0 0 640
607 160 0 0 0
G614 10240 80 0 0

ported that antigen is able specifically to in-
hibit migration of cells from hypersensitive
animals in tissue culture, there have appeared
conflicting reports of the usefulness or valid-
ity of this as an in vitro model of delayed
hypersensitivity. Some belief has grown that
the results might have been entirely facti-
tious, depending upon some toxicity inherent
in the antigens themselves, and that there is
no such thing as “cytotoxicity” as an expres-
sion of delayed sensitivity. This impression
probably has been derived in part from the
fact that some workers have sought evidence
of and found no “cytotoxicity” with cells out-
side of the lymphoid tissue, e.g., epithelial
cells(16), a finding more likely indicative
that such cells are not directly involved in
delayed hypersensitivity. Studies on lymph-
oid cells in the presence of antigen have some-
times been performed with antigens which
certainly must have been so toxic (e.g., ex-
tracts from B. coli cultures, reference 17) as
to obscure any results that might be attribut-
able to hypersensitivity itself. The demon-
stration that Miller and Favour’s “cytolytic”
breakdown of leukocytes(5), when they are
tumbled in the presence of antigen, can also
be brought about by classical antigen-anti-
body systems has emphasized that Miller and
Favour’s phenomenon probably did not truly
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reflect tuberculin hypersensitivity, but rather
the presence of humoral antibody to tuber-
culin and interaction of this antibody with
tuberculin at the cell surface.

The present report, and some further ex-
perience with conjugated proteins, has em-
phasized to us that significant inhibition of
migration of peritoneal exudate cells in tissue
culture is seen restrictively with cells from
animals in which delayed type skin reactions
can be demonstrated. When only immediate
type skin responses occurred, no inhibition
occurred.

It will be recognized that the precise speci-
ficities involved in the skin test responses
and the hemagglutination reactions have not
been defined. Tt is possible, for instance, that
only impurities in the egg albumin are in-
volved in the reactions observed. This has
not seemed to us, however, to invalidate the
fact that the stage, or state, of the animal’s
immunological responsiveness (delayed hy-
persensitivity vs. immediate hypersensitivity)
to a soluble, non-bacterial antigen could be
correlated with a given type of behavior of
the animals’ cells 7n vitro.

Both with the Metaxas technic(18) of pas-
sive transfer and with in vifro inhibition of
migration, peritoneal exudate cells have pro-
vided better systems for inhibition than have
spleen cells. A lack of correlation of in vitro
inhibition of cell migration with level of se-
rum antibody in the donor animal emphasizes
the probability that delayed hypersensitivity
and én vitro inhibition of cell migration are
not mediated by ordinary antibody. It is
noteworthy that the peritoneal exudate cells,
cells very susceptible to iz vitro inhibition of
migration, failed to make demonstrable
amounts of the humoral antibody in tissue
culture; spleen cells, poorly inhibited in mi-
gration, made antibody in good quantity.

On these bases, support is built for the
postulation that inhibition of in vitro migra-
tion of peritoneal exudate cells is an equiva-
lent of delayed hypersensitivity and is a phe-
nomenon probably different from Favour’s
“cytolysis.” The in vitro model should there-
fore be useful as a tool for controlled studies
of delayed hypersensitivity, especially for an
assessment of some of the critical variables
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influencing delayed hypersensitivity. It is
possible that the mineral oil used in eliciting
the exudative peritoneal response is such a
critical item in the system. Marks(19) has
presented evidence that inhibition of migra-
tion of cells by antigen requires some con-
comitant compromise in cell function, such
as an atmosphere deficient in oxygen. It may
be that ingestion of oil droplets by the exu-
date cells in the present study imposes upon
them an increased metabolic demand that
would give in essence the hypoxia that Marks
described.

It is unfortunate that cytological studies
so far have failed to define precisely which
cells are involved in the inhibition. Since the
peritoneal exudate suspension generally con-
sists of 70% or more macrophages and the
spleen cells of 70% or more lymphocytes, it
seems likely that these respective cells are
responsible for the gross migrations observed.
Attempts to differentiate cell types after 24
or 48 hours in vitro were unsuccessful, as the
cells in all cultures tended to round up, be-
come pyknotic, and thereby lose their differ-
ential morphologic characteristics. The prin-
cipal cell of the peritoneal exudates is referred
to as a macrophage, since it is a large cell
with ingested oil particles and has a large,
irregular, open nucleus. It may be, as sug-
gested by Rebuck’s studies(20), that this is
actually a type of lymphocyte which has dif-
ferentiated into a macrophage. Under any
circumstance, it is a cell that makes little or
no antibody (Table V). There are no data
to indicate what might be the relationship be-
tween these peritoneal exudate cells and the
stromal cells of the spleen, which Eisen ef al.
(21) have noted to have a greater capacity
for transfer of tuberculin sensitivity than is
exhibited by splenic lymphocytes.

Waksman and Matoltsky’s descriptions(10)
of stimulation of macrophage proliferation i»
vitro by tuberculin are descriptions of later
cellular events than those described here. It
cannot be told yet whether the macrophage
proliferation described by Waksman and Ma-
toltsky is due to a primary stimulation by
antigen of the macrophages to proliferate, or
whether the antigen-cell interaction releases
growth supporting substances similar to those
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obtained from cells of a feeder layer(22) in
tissue culture.

Tuberculin inhibits migration of peritoneal
exudate cells in tuberculin hypersensitivity.
Egg albumin also inhibits, when delayed skin
reactions to egg albumin exist. Raffel(23)
has properly emphasized, however, that it
may be prudent not to equate too hastily bac-
terial hypersensitivity and the delayed hyper-
sensitivity inducible with simple proteins
such as egg albumin after their injection in
Freund’s adjuvant. Raffel has preferred to
designate the latter as Jones-Mote hypersen-
sitivity (23), because of the more evanescent
characteristic of this phenomenon, and for
other reasons. The present findings never-
theless point up a characteristic to be added
to those by which the two types of hypersen-
sitivity are indistinguishable.

Although emphasis has been placed on the
peritoneal exudate cells in these studies, in-
hibition of spleen cell migration was some-
times noted. These results, however, were
highly irregular. In some of the spleen cell
experiments the control cells migrated signifi-
cantly less well than the test cells. It is pos-
sible that active antibody formation by the
spleen cells provides a way to neutralize the
antigen and protect the cells from injury by
antigen (cf. 24). It is also possible that the
observed variability of spleen cell migration
is due to variable physical damage to the
spleen cells incurred during sieving, a pro-
cedure not necessary in preparing peritoneal
exudate cell suspensions. A third possibility
is that delayed and immediate hypersensitivi-
ties are functions of primarily different cell
types, i.e., the macrophage on the one hand
and the lymphocyte-plasma cell on the other.
Experiments to clarify these uncertainties are
needed.

Summary. A study has been made of the
abilities of peritoneal exudate cells and spleen
cells to migrate from capillary tubes in a tis-
sue culture system. In the presence of PPD,
peritoneal exudate cells from animals sensi-
tive to PPD failed to migrate normally, while
spleen cells show no consistent response. In-
hibition of peritoneal exudate cells in the
presence of egg albumin occurred if sensitiza-
tion had been performed so that delayed skin
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reactions to egg albumin existed. Inhibition
did not occur when early (3-6 hr) edematous
reactions to skin testing existed, when signifi-
cant amounts of circulating antibody to egg
albumin were demonstrable. Thus the ability
of antigen to inhibit cell migration in tissue
culture has been confirmed with peritoneal
exudate cells for tuberculin hypersensitivity
and this in wvitro characteristic has been
shown to apply also to the delayed hyper-
sensitivity that develops after immunization
with a protein antigen in Freund’s adjuvant.
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Distribution and Excretion of Aminonucleoside-8-C!* in Normal and

Nephrotic Rats.*

(27842)

CarL S. ALExANDER, HERBERT T. NaGasawa AND DoroTHY FILBIN
Medical and Radioisotope Service, Veterans Administration Hospital, and University of Minnesoia,
Minneapolis

The discovery by Frenk et al.(1) and sub-
sequently elaborated by others(2) of the abil-
ity of the aminonucleoside (PA) of the anti-
biotic puromycin to induce the classic neph-
rotic syndrome in rats as typically seen in
the spontaneous disease of children has
spurred a large number of investigators to
‘study its mechanism of action in the hopes of
understanding the etiology of the natural
disease. Rats of different strains were suscep-
tible to the action of this drug whether given

* Supported by U.S.P.H.S. grant.

subcutaneously or orally(3,4), but mice,
guinea pigs, rabbits and dogs were found to
be resistant to short term treatments(3). The
nephrotoxicity of PA in primates (Rhesus
monkeys)(5) and in humans(6) has been re-
corded.

Bartlett and Shelata using tritiated PA(7)
and later with the aid of the more stable car-
bon-14 labeled material(8) have studied the
incorporation of the label into nucleic acids
and acid soluble nucleotides of the rat liver
and kidney. Wilson ef al.(9) have compared



