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Leucogenenol, first isolated from cultures 
of Penicillium gilmanii (1) and later from 
bovine and human liver (2),  stimulates the 
formation of the progenitor cells of the circu- 
lating leukocytes in both normal (3) and 
irradiated (4) animals. Within 24 hr after 
the injection of leucogenenol, granuloblasts 
and mlore immature cells are provided with 
higher than normal proliferation and matura- 
tion rates ( 5 )  ; and, consequently, injection 
of irradiated recipients with bone marrow 
from mice previously injected with leu- 
cogenenol causes an increased rate of colony 
formation in the spleens of the recipients 
( 5 ) .  The maturation rate of each of the mor- 
phologically recognizable progenitors of the 
circulating neutrophil and erythrocyte is in- 
creased by leucogenenol (6)  and neutrophils 
are released into the circulation to be later 
sequestered by such tissues as the spleen (7).  
The proliferation and maturation rate of 
lymphocytic cells is also increased (6, 7) by 
leucogenenol ; and, consequently, there is a 
decrease in the time required for sublethally 
irradiated (8) and splenectomized (9) mice 
and rats to become capable of forming hemo- 
lysin antibodies. 

Addition of leucogenenol to a tissue culture 
of lymphoblastoid cells increases the respira- 
tory quotient (RQ) ( lo) ,  increases the rate 
of replication, decreases the rate of oxygen 
consuniption ( 10) and induces approximately 
60% blastoid transformation in leukocyte 
cultures of human peripheral blood ( 11). 

We wish to report that although leu- 
cogenenol increases the RQ and decreased the 
rate of oxygen consumption of lymphoblas- 
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toid cells that originate from the peripheral 
blood of normal humans, i t  decreases the RQ 
and increases the rate of oxygen consumption 
of lymphoblastoid cells that originate from 
the blood or bone marrow of humans suffer- 
ing from neoplastic diseases. The RQ and rate 
of oxygen consumption and the effect of 
leucogenenol on the RQ and rate of oxygen 
consumption is also characteristic of the neo- 
plastic origin of the lymphoblastoid cells. 

Materials and Methods. Cultures of Cee 
8068 and Papermeister 1788F were obtained 
through the courtesy of Dr. G. E. Moore, 
Roswell Park Memorial Institute, Buffalo, N. 
Y. Other lymphoblastoid cell lines were ob- 
tained from the Tissue Bank of the Naval 
Medical Research Institute, Bethesda, Mary- 
land. In  addition to Cee 8068 and Papermeis- 
ter 1788F, cells of normal human origin 
were: Huly-47 (O’Donnell) , Huly-17 (Lev- 
ine) and Huly-49 (Ostrander). Cells of neo- 
plastic origin were: Huly-6 (Burkitts lym- 
phoma, Raji) , Huly-2 2 (acute myelogenous 
leukemia, RPMI-8866), Huly-23 (multiple 
myeloma, IM-9), Huly-1 (chronic myelo- 
genous leukemia) and Huly-3 1 (chronic 
myelogenous leukemia). 

As previously described (8), cultures were 
maintained on Eagle’s minimum essential 
medium with added fetal calf serum (20%) 
and buffered with bicarbonate to pH 7.2. The 
respiratory quotient and oxygen consump- 
tion was determined in the same medium, 
buffered, however, with N-2-hydroxyethyl- 
piperazine-N’-ethanesulfmic acid (HEPES) . 
Either 0.2 ml of pyrogen-free isotonic sa- 
line or 0.2 ml of pyrogen-free isotonic 
saline containing pg of the calcium 
salt of leucogenenol was added to 3 ml of 
medium (approx lo6 cells/ml) in Warburg 
respirometer tubes (15 ml) ; and the RQ and 
rate of oxygen consumption were determined 
as previously described (8). 
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Results. Each of five strains of lympho- 
Mastoid cells of normal human origin (Table 
I )  showed an average RQ of 0.82 t_ 0.05 and 
an average rate of oxygen consumption of 
1.80 t 0.1 p1 of 02/10G cells/hr. The aver- 
age RQ increased to 1.13 I+. 0.08 and the 
average rate of oxygen consumption de- 
creased to 1.55 t 0.1 p1 of 02/106 cells/hr 
when leucogenenol was added to the medium. 
Lymphoblastoid cells of neoplastic origin 
showed a significantly higher RQ (p<O.OOS 
for difference) than cells of normal human 
origin with a range of from 1.12 t 0.05 to 
1.42 t 0.05; and, on the addition of leu- 
cogenenol to the medium, the RQ decreased 
to the range 0.44 t 0.05 to 0.82 -+ 0.05, The 
rate of oxygen consumption of lymphoblas- 
toid cells of neoplastic origin was significant- 
ly lower (p<O.OOS for difference) than that of 
cells of normal human origin with a range of 

cells/hr. However, when leucogenenol was 
added to their medium, the rate of oxygen 
consumption increased to approximately the 
values found for cells of normal origin 
growing in a medium without added leu- 
cogenenol. The two strains of lymphoblastoid 
cells that originated from cases of chronic 
myelogenous leukemia (Huly-1 and Huly- 
3 1) were indistinguishable as regards the RQ 
and rate of oxygen consumption and the 
effect of leucogenenol on the RQ and oxygen 
consumption. Lymphoblastoid cells that origi- 
nated from a lymphoma showed the same RQ 
as cells that originated from a chronic myel- 
ogenous leukemia. However, the addition of 
leucogenenol to the medium containing these 
cells caused a decrease in RQ to 0.44 t 0.05, 
which is approximately one-half the corre- 
sponding RQ of cells that originated from a 
chronic myelogenous leukemia (p<O.OOS for 
difference). The RQ of lymphoblastoid cells 
that originated from an acute myelogenous 
leukemia (Huly-22) was approximately that 
of cells that originated from a chronic myelo- 
genous leukemia. However, on the addition of 
leucogenenol to the medium, the RQ became 
significantly less (p<O.OOS for difference) 
than the corresponding RQ of cells that origi- 
nated from a chronic myelogenous leukemia. 
Cells that originated from a multiple mye.10- 

1.13 t 0.05 to 1.41 -+ 0.05 pl of 02/106 

ma had a significantly higher RQ (p<O.OOS 
for difference) of 1.42 t 0.05 than cells that 
originated from a chronic myelogenous leuke- 
mia, and, on the addition of leucogenenol to 
the medium, showed a significantly lower RQ 
(p<O.OOS for difference) of 0.68 t 0.05 than 
did cells that originated from a chronic myel- 
ogenous leukemia growing in the presence of 
leucogenenol. 

Discussion. The RQ and rate of oxygen 
consumption of each of five strains of lym- 
phoblastoid cells that originated from normal 
humans are indistinguishable both with, and 
without, the addition of leucogenenol to the 
culture medium. I t  would appear therefore 
that, so far as the response to leucogenenol is 
concerned, there are no significant differ- 
ences between strains of lymphoblastoid cells 
of normal human origin. However lympho- 
blastoid cells of neoplastic origin may be 
characterized by the RQ and rate of oxygen 
consumption and the magnitude of the effect 
of leucogenenol on the RQ and rate of oxygen 
consumption. The fact that leucogenenol 
causes an increased rate of maturation (5, 6) 
of the progenitors of the peripheral leu- 
kocytes and also increases blast formation of 
human peripheral leukocytes in tissue culture 
(11) suggests the possibility that leu- 
cogenenol acts on an enzyme system that in 
tissue culture results in a change in RQ and 
oxygen consumption, while in the animal the 
same system is associated with the matura- 
tion or transformation of blood cells. The 
uniformity of action of leucogenenol on lym- 
phoblastoid cells of normal human origin 
compared to the variable and characteristic 
action of leucogenenol on lymphoblastoid 
cells of neoplastic origin suggests the possibil- 
ity that malfunctioning of the system that is 
affected by leucogenenol is responsible for 
neoplastic blood diseases. 

SzLmmary. In  tissue culture leucogenenol 
increases the RQ and decreases the oxygen 
consumption of lymphoblastoid cells that 
originate from normal humans, while i t  de- 
creases the RQ and increases the oxygen con- 
sumption of lymphoblastoid cells that origi- 
nate from humans suffering neoplastic blood 
diseases. Strains of lymphoblastoid cells that 
originate from normal humans are indistin- 
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TABLE I. The Effect on the Respiratory Quotient (RQ)" and Oxygen Consumption" of Add- 
ing loc3 pg of Lmcogenenol t o  Lymphoblastoid Cells 09 Normal and Neoplastic Origin Grow- 

ing in  a Medium' buffered with HEPES." 

0, coneumption 
RQ ( p l  of O,/lO' cells/hr) 

Without With Without With 
Cell type leucogenenol leucogenenol leucogenenol Ieucogenenol 

Normal origin 
Cee 8068 
Papermeis ter 

1788F 
Huly-47 
Huly-17 
Hdy-49 

Av 

Neoplastic origin 
Huly-6 (lymphoma) 
Huly-22 (acute 

m yelogenous 
leukemia) 

(multiple 
myeloma) 

Huly-1 (chronic 
my elogenous 
leukemia) 

Huly-31 (chronic 
myelog enous 
leukemia) 

Huly-23 

0.815 0.015 
0.80 2 0.02 

0.82 2 0.015 
0.82 k 0.05 
0.81 t 0.05 
0.82 +- 0.05 

1.24 0.015 
1.10 0.05 

1.42 t 0.015 

1.16 t 0.05 

1.21 t 0.05 

1.12 -t. 0.03 
1.011 & 0.03 

1.16 -+ 0.05 

1.17 -+- 0.05 
1.13 t 0.08 

0.44 2 0.05 
0.56 2 0.015 

1.201 k 0.105 

0.68 2 0.015 

0.80 & 0.05 

0.82 -+- 0.015 

1.90 k 0.07 
1.80 .t 0.08 

1.76 t 0.05 
1.83 2 0.05 
1.72 2 0:06 
1.80 -+ 0.10 

1.41 t 0.05 
1.33 & 0.05 

1.25 2 0.05 

1.13 -L 0.05 

1.23 +- 0.05 

1.61 -+ 0.04 
1.63 -+ 0.12 

1.43 -+ 0.10, 
1.65 2 0.015 
1.44 k 0.10 
1.55 0.1 

1.81 +- 0.0'5 
1.64 I+ 0.05 

1.70 2 0.05 

1.73 2 0.05 

1.76 t 0.015 

" Standard deviations calculated from results on a minimum of 6 experiments. 
'Approximately 3 ml of Eagle's minimum essential medium with added fetal calf serum 

" N-2-Hydroxyethylpiperazine-N'-etha.nesulf onic acid obtained from Calbiochem., LOS An- 
(2101%) containing approximately l o @  cells/ml. 

geles, Calif. 

guishable so far as the effect of leucogenenol 
on them is concerned. Lymphoblastoid cells 
that originate from neoplastic tissues, howev- 
er, show a RQ and rate of oxygen consump- 
tion and the effect of leucogenenol on the RQ 
and rate of oxygen consumption that is char- 
acteristic of the neoplastic origin of the lym- 
phoblastoid cells. It is suggested that leu- 
cogenenol affects those enzyme systems that 
are associated with the transformation of 
cells and perhaps malfunction of the same 
systems is associated with neoplastic diseases. 

The authors thank Dr. K. U'. Sell, Naval Medical 
Research Institute, Bethesda, Maryland, for the 
Iymphoblastoid cells. 

~~~~ 

1. Rice, F. A. H., Proc. SOC. Exp. Biol. Med. 123, 

2. Rice, F. A. H., and Shaikh, B., Biochem. J. 
189 (19166). 

116, 709 (1970). 
3 .  Rice, F. A. H., and Darden, J. H., J. Infec. 

Dis. 118, 76 (1968). 
4. Rice, F. A. H., Lepick, J., and Darden, J. H., 

Radiat Res. 36, 144 (1968). 
5 .  Fossati, G .  C., Fumarola, D., Cevra, E., and 

Cavali(eri, E., Riv. Emoter. Immunoernatol. 16, 91 
(1969). 

6. Rice, F. A. H., McCurdy, J. D., and Aziz, K., 
Proc. SOC. Exp. Biol. Med. 136, 56 (1971). 

7. Rice, F. A. H., Connolly, J., Aziz, K., and 
McCurdy, J. D., J. Infec. Dis. 123,117 (1971). 

8. Rice, F. A. H., Lepick, J., and Bepner, P., 
Radiat. Res. 42, 164 (11970). 

9. Rice, F. A. H., and Ciaverra, R., Proc. SOC. 
Exp. Biol. Med. 137, 567 (1971). 

10. Rice, F. A. E., Blum, M. L., and Rene, A. A., 
Proc. SOC. Exp. Biol. Med. 135, 623 (1970). 

11. Fumarola, D., De Rinaldis, P., and Maruccio, 
L., G. Batteriol. Virol. Immunol. 18, 11 (1970). 

Received AG. 29, 1971. P.S.E.B.M., 1971, Vol. 137. 


