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In  a previous communication i t  was report- 
ed that repeated injections of leucogenenol 
(1-3) decrease the time required for 
sublethally X-radiated mice to regain compe- 
tency to form hemolysin in response to injec- 
tion with sheep erythrocytes (4) .  It was also 
reported ( 5 )  that as early as 3 days after 
splenectomy, injection of leucogenenol causes 
splenectomized rats to form normal titers of 
19s hemolysin ( 6 )  in response to the injec- 
tion of sheep erythrocytes. Since i t  had been 
found that leucogenenol increases the rate of 
maturation or transformation of cells of the 
granulocytic and erythrocytic series (7-9), it 
was suggested (5 ,  6) that leucogenenol in- 
duces splenectomized rats to form normal 
titers of hemolysin in response to the injec- 
tion of sheep erythrocytes by increasing the 
rate of transformation of precursors into anti- 
body-reactive cells. An increase in the con- 
centration of antibody-reactive cells would 
not be expected to affect the peak titer, pre- 
sumably regulated by a feedback mechanism 
that is dependent on the concentration of 
hemolysin in the serum (10). Indeed leu- 
cogenenol does not affect the peak titer of 
normal animals and only induces the forma- 
tion of normal peak titers in splenectomized 
rats that are injected once with sheep eryth- 
rocytes and daily with leucogenenol. 

It was considered that if leucogeneol stim- 
ulates the formation of antibody-reactive 
cells it could be predicted that leucogenenol, 
by increasing the concentration of antibody- 
reactive cells, would cause an animal to reach 
a peak titer a t  a period earlier than normal 
and cause both normal and splenectomized 
animals to show an increase in the concentra- 
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tion of antibody-forming cells in their lym- 
phatic tissues and possibly in their bone mar- 
row. 

Materials and Methods. Sixty-four intact 
and 64 splenectomized rats (Wistar, 250 g 
wt) were injected intraperitoneally 3 days 
after splenectomy with 2.5 x los sheep eryth- 
rocytes suspended in 0.25 ml of pyrogen- 
free isotonic saline (McGaw Laboratories, 
Glendale, CA). At approximately the same 
time and at 24 hr intervals thereafter, 32 of 
the intact and 32 of the splenectomized rats 
were injected intravenously with 1 pg of the 
calcium salt of leucogenenol (1, 2 )  dissolved 
in 0.2 ml of pyrogen-free sterile 8.4% aqueous 
sodium bicarbonate (Abbott Laboratories, 
Chicago, IL).  The remaining intact and 
splenectomized rats were injected in- 
travenously with 0.2 ml of sodium bicar- 
bonate solution to which no leucogenenol had 
been added. From each of the 4 groups of 
rats so obtained; viz (a) intact rats injected 
with sheep erythrocytes and leucogenenol, 
(b) intact rats injected with only sheep eryth- 
rocytes, (c) splenectomized rats injected 
with sheep erythrocytes and leucogenenol, 
(d) splenectomized rats injected with only 
sheep erythrocytes; 4 rats were selected at 
random at the time of injection with sheep 
erythrocytes and a t  3,  4, 5, 7 ,  14, 29-32, and 
45-46 days thereafter and exsanguinated un- 
der ether anesthesia by cardiac puncture. 
The blood of each rat was allowed to coagu- 
late overnight a t  4'. The serum was then 
removed, frozen and stored at -20". When 
all the rats had been sacrificed, the sera were 
thawed at  room temperature and aliquots 
(0.2 ml) of the sera from each of the 4 rats 
that had been treated in the same manner 
were combined, inactivated a t  56', and titrat- 
ed for hemoIysin ( 5 ,  6, 11) in the usual 
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TABLE I. Titers of Hemolysin" in  the Serum of Intact  and Splenectomized Rats at Intervah 
Following One Injection with Sheep Erythrocytesb and Daily Injections of Leucogenenol.od 

Time after injection with sheep erythrocytes (days) 

0 3 4 5 7 14 29-32 

Intact rats 1/50 1/180 1/400 1/85Oi 1/120,0 1/500 1/36'0 
(1/32) (1/80) (1/300) (1/1100) (1/200) (1/75) 

Splenectomized rats 1/50 1/130 1/350 1/650 1/1200 1/500 1/300 
(1/40) (1/50) (1/50) (1/50) (1/W 

a Titers of hemolysin were determined on mixtures of equal volumes of serum from 4 animals 

Injected intraperitoneally with 2.5 X l o s  sheep erythrocytes suspended in 0.25 ml of sterile 

Injected intravenously a t  24 hr intervals with 1 pug of the calcium salt of leucogenenol dis- 

Titers following injection of only sheep erythrocytes are given in parentheses. 

that were treated in  the same manner and are given to two significant figures. 

pyrogen-free isotonic saline. 

solved in 0.2 ml of sterile pyrogen-free 8.4% aqueous eodium bicarbonate. 

manner. 
Antibody-forming cells in a number of tis- 

sues were determined by the method of Jerne 
and Nordin (12), using in detail the 
procedure described by Merchant and Hraba 
(13). At the time of exsanguination the liv- 
er, spleen, 4 to 10 lymph nodes from the 
neck region, the mesentary, and lymphatic 
tissue of the gut (Peyer's patches) were re- 
moved from each rat and cut into small 
pieces with scissors. The cells were teased 
out from each tissue into ice-cold Eagle's 
medium (2 to 4 ml) buffered with 0.1 M 
2 -amino - 2 - (hydroxymethyl) - 1 ,3 - propandiol 
(Tris) . Femurs were split longitudinally and 
the bone marrow was suspended in Eagle's 
medium buffered with Tris. Pieces of tissue 
were removed from each of the cell suspensions 
by filtering them through nylon mesh (36 
threads/cm) that had been previously 
washed 6 times and boiled 5 min in distilled 
water. The cells obtained from each tissue 
were separated from suspension by centrifu- 
gation in 4 ml test tubes at  1200 rpm for 20 
min a t  4' in a Sorvall RC2-B refrigerated 
centrifuge equipped with a SM-24 rotor. The 
supernatent fluid was removed with a Pasteur 
pipet. The cells were washed 3 times by 
resuspending them in 1 ml of the Tris 
buffered Eagle's medium and recovering them 
as abolve by centrifugation. At the final wash 
the concentration of cells was determined 

tion the cells were resuspended in a calcu- 
lated volume of the Tris buffered Eagle's 
medium to yield a concentration of approx- 
imately 1 OB cells/O. 1 ml. Dilutions yielding 
approximately 106 cells were also made. The 
actual number of cells suspended in 0.1 ml 
was then determined with a hemocytometer. 

On hundred milliliters of 1.8% agar 
(Difco) in distilled water was sterilized in 
the autoclave for 20 min at 20 psi and added 
to 100 ml of ZX Eagle's Tris buffered (0.1 
M )  medium. To this solution, maintained 
fluid at 56", was added 20 ml of an isotonic 
saline solution of DEAE-dextran (10 mg/ml, 
Pharmacia, Uppsala, Sweden) and 10 ml of 
an isotonic saline solution of fraction V bo- 
vine serum albumen ( 5  mg/ml, Armour Phar- 
maceutical Co., Chicago, IL). The washed 
cell suspensions (0.1 ml, containing a known 
number of approx loG or lo5 cells) and 0.2 
ml of a 50% suspension of sheep erythrocytes 
(Flow Laboratories, Rockville, MD) , previ- 
ously washed with pyrogen-free sterile isoton- 
ic saline, were added to 2 ml of the fluid gel 
described above contained in 4 ml test tubes. 
The cells were mixed with the gel and then 
poured in an even layer into 100 mm diame- 
ter disposable polystyrene petri dishes. After 
standing 1 hr a t  37", compIement (3 ml of 
rat serum diluted 1 : 10) was added. After 1 
hr at 3 7" the complement was poured off and 
the number of hemolytic plaques in each 

with a hemocytometer, and after centrifuga- petri dish was counted under a zoom micro- 
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scope (American Optical, Model 5 6 1 -C-H- 1 ) . 
The number of antibody-forming cells per 
lo6 cells were then calculated on the assump- 
tion that 1 plaque represented 1 antibody- 
forming cell. 

Results and Discussion. Injection of leu- 
cogenenol causes intact rats to reach max- 
imum titers 1 to 2 days earlier than normal 
(Table I) and to show elevated titers of 
hemolysin as early as 3 days after injection 
with sheep erythrocytes. Consistent with this 
finding, Table I1 shows that leucogenenol 
causes a significant increase in the concentra- 
tion of antibody-forming cells in lymphatic 
tissues as well as in the spleen and bone 
marrow as early as 3 days after the injection 
of sheep erythrocytes. Rats that are injected 
with leucogenend show essentially maximum 
titers (Table I )  of hemolysin 5 days after 
injection with sheep erythrocytes, and at  this 
time the concentration of an ti body- f orming 
cells in lymphatic tissues, as well as in the 
spleen and bone marrow, is somewhat higher 
than that of normal rats 7 days after they 
received only sheep erythrocytes. 

Although splenectomized ,rats do not form 
significant quantities of hemolysin in re- 
sponse to the injection of sheep erythrocytes 
3 days after splenectomy (5, 6) ,  repeated 
injections of leucogenenol, in addition to one 
injection with sheep erythrocytes, causes 
splenectomized rats to reach normal max- 
imum titers of hemolysin in a normal period 
(Table I ) .  The hemolysin apparently arises 
from antibody-forming cells in lymphatic tis- 
sue, particularly that of the gut and the bone 
marrow (Table 11). 

The results are consistent with the sugges- 
tion that leucogenenol transforms precursors 
into antibody-reactive cells which then re- 
spond to the antigen, in this case sheep eryth- 
rocytes, to form antibody-forming cells. I t  
would seem that leucogenenol affects precur- 
sors to antibody-reactive cells in lymphoid 
tissues and also the bone marrow. The early 
increase in antibody-forming cells in the liver 
(Table 11) suggests that this organ contains 
precursors to antibody-reactive cells. 

Fourteen and 29-32 days after injection of 
sheep erythrocytes both intact and splenecto- 
mized rats that are daily injected with leu- 

cogenenol show titers of hemolysin (Table I) 
and concentrations of antibody-forming cells 
that are higher than those of animals that 
are not injected with leucogenenol. Presuma- 
bly the increased concentration of antibody- 
forming cells induced by the injections of 
leucogenenol is responsible for the increased 
hemolysin formation. Leucogenenol does not 
maintain the increased concentration of anti- 
body-forming cells indefinitely, and 46 days 
after the injection of sheep erythrocytes (not 
shown) the concentration of antibody- 
forming cells and hemolysin titers of rats that 
received daily injections of leucogenenol 
were indistinguishable from those rats that 
had not. The slower rate of decline in the 
concentration of antibody-forming cells and 
hemolysin might be expected since i t  should 
require a longer period for a larger than nor- 
mal population of antibdy-forming cells to 
be inhibited by the same concentration of 
antibody in the serum. 

Summary. It has been found that daily 
injections of leucogenenol, at the time of and 
following one injectilon of sheep erythrocytes, 
causes a marked increase in the cmcentra- 
tion of antibody-forming cells in lymphatic 
tissues as well as in the spleen and bone 
marrow. In  intact animals this results in ear- 
lier formation of maximum titers of hemo- 
lysin in the serum and causes splenectomized 
animals to respond to the injection of sheep 
erythrocytes with the formation of normal 
maximum titers. 

I t  is suggested that leucogenenol stimulates 
the formation of antibody-reactive cells 
from precursors. 

We thank Dr. B. Merchant, Laboratory (of Immu- 
nology, National Institute of Allergy and Infectious 
Diseases, NIH, for assistance in mastering the hemol- 
ysis-in-gel technique and for many valuable discus- 
sions. 
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