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The phytomi togens phytohemagglu tinlin 
(PHA) and pokeweed mitogen (PWM) in- 
duce transformation of human lymphocytes 
from tbe peripheral blood in vitro ( 1, 2 )  and 
morphological changes in f i e  lymph nodes 
and spleen of irodents when administered in 
vivo (3 -5 ) .  Bacillus Calmette-Gubrin (BCG) 
is able to transform lymphocytes from sen- 
sitized persons in vitro, and morphological 
changes are s e n  in bhe lymphoid system of 
mice after repeated treatment with BCG in 
vivo ( 5 ) .  Fulrthepmore a number of animal 
experiments indicate that phytomitogens may 
have an antineoplastic effect (6, 7 ) .  In  ad- 
dition to Ithis, PHA and PWM have been 
shown to exert radliocprobwtive effects (8, 
9). Tlhese observations call for further studies 
of the comlbined effect of phytomitagens land 
radiomimtetic antineoplastic comlpunds. 

A1 ternating or simul tanmus chemo therapy 
and nonspecifilc imrnunotherapy against 
maligniant Idisorders is being tried at  several 
centers (10). Encouraging but so far non- 
conclusive therapeutic results are continu- 
ously being reported, but very little is known 
about the influenlce of irnmunolhrapy on the 
tloxiic side effects of cytostatic agents. The 
present study was undertaken in order to 
elucidate the influence of two phytomitogens 
(PHA and PWM) and BCG on the toxic 
effects of rubidomycin. We chose rubidomy- 
icin because it is a potent cytostatk agent 
used lin the treatment of human leukemia. 
Rubidomycin is an antibiotic of the anlthra- 
cycline group and is an effective inhibitor of 
both DNA and RNA synthesis ( 11). 

1 This work was supported by grants from the 
Schopler Foundation, the Daell Foundation, and 
the Danish MedBd Research Council. 

Material and Methods. Adult male DBA/ 
2 mice 8- to 12-weeks-\old were used. PWM 
(GIBCO) sand PHA (purified phytohemag- 
glutinin, MR 68, Burroughs Welbmmle) were 
dissolved in sterile water. BCG was kinclly 
supplied by Statens Seruminstitut dn am- 
poules whiuh contained 6 X lo6 attenuated 
tubercle baucilli, freeze-dried (3.75 mg tu- 
blerculin). Biefore use the content of each 
ampoule was dissolved to a volume of 5 ml. 

The agents were adlministered ip and 
rubidomycin (Cerubidin, Scandisa Rhodia) 
was given im in various dosages and time 
schedules as described in resul'bs. The con- 
trol animals which received rubidomycin on- 
ly were injected with saline ip. Each group 
of mice in the survival studies consisted of 
20-30 animals. In  other groups (three in 
each) the hemogldbin concentration, leuko- 
cyte count, and spleen weight were determined 
before and with intervals during 15 days af- 
ter the administration of lthe various agents. 

Results. PWM study. Table I presents Ithe 
percentage of nonsurvivors of mice treated 
with 'eibher PWM, rubidomqncin or b ~ t h  
agents. I t  is seen that PWM 'in a dose od 10 
mg/kg body weight markedly inloreased the 
toxic effect of rubidomycin. Thus only 37% 
of mice treated with 10 mg PWM and 20 
mg of rubidomycin per kg body weighit sulr- 
vived for a month, whereas 95% of mice 
treated with rubidomycin alone survived. 
This difference is statistically significant ( p  
< 0.0001). However, PWM was unable to 
increase bhe toxicity of rubidlompcin to sul& 
an extent that rubidomycin in a dose of 10 
mg/kg body weight could be lethal to mice. 
Likewise it is seen from Table I tihat PWM 
in a dlose of 1 lmg/kg body weight was not 
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TABLE I. Mortality of DBA/2 Mice After Treatment with Rubidomycin and PWM. 

Doae of PWM Dose of rubidomy- Per mt Mean survival 
per kg body cin per kg body No. of mortality time of nonsur- 
weight (mg) weight (mg) mice at 30 days p a  vivors (days) p b  

10 
0 

10 
0 

10 
1 
10 (day +6) 
10 (day +3) 
10 (day -6) 
10 (day -3) 

0 
10 
10 
20 
20 
210 
20 (day 0) 
20 (day 0) 
20 (day 0)  
20 (day 0) 

20 
20 
20 

112 
30 
20 
20 
20 
20 
20 

~ 

- - 0 
0 
0 
5.4 

- - 
- 
- 19.5 - 

63.3 <O.CM)Ol 18.3 >0.05 
10.0 >0.05 20.5 

5.0 >0.05 27.0 - 
20.0 > 0.05 26.8 
10.0 >0.015 24.0 
10.0 >0.05 21.5 

- 

- 
- 

a p test for mortality: 2 X 2 teat. 
p test for mean survival time: non-parametric Man Whitney Ranksum test. 

able to intensify the action of 20 mg rubido- 
mycin/kg body weight significantly. Fmm 
Table I i t  is also Seen 'that in mice treated 
with PWM either 6 days before or 6 days 
after rubidomycin, no inorease in mortality 
was Seen as compared to mice treated with 
rubidomycin alone. In mice which received 
PWM 3 days before or 3 days after rubido- 
mycin only a slight increased mortality was 
seen, which was not significant. 

Figure 1 shows that rubidomycin in a dose 
of 20 lmg/kg lbody weight p d u &  a leuko- 
penia (0.76 X lo6 leukocytes/ml-a reduc- 
tion by 71%) followed by an elevated leu- 
kocyte #count after 10 days. Similarly, the 
spleen weightmdy weight ratio initially de- 
creased. About 10 days after the administra- 
tion of rubidomycin an increase in this ratio 
m u d .  Similar findings were made when 
PWM was given together with rubidomycin. 

P H A  study. Table I1 shows that PHA in 
a dose of 10 mg/kg body weight did not in- 
crease the toxic effbct of 20 mg rubidomy- 
cin/kg body weight, nor was PHA able to 
ptotect mice against the lethal effect of I-U- 

bidomylcin given in doses of 30 mg/kg body 
weight. Figure 1 shows leukocyte counts and 
spleen weight/body weight ratios in PHA 
treated animals comparable to those found in 
mice treated with rubidomycin alone. 

RCG study. Table I11 shuws that when 
BCG was given as Ibotlh single and repeated 
injections (with intervals of two weeks) to- 
gether with rubidomycin a slight increase in 

mortality was seen as compared to mice 
which had receivd mbidomycin only. How- 
ever, the differences were not statistically 
significant. As in the case of PHA and PWM 
very little effect was seen of BCG on leuko- 
cyte counts and spleen weight ratios (Fig. 
1). 

Discussion. Recently, several studies have 
appeared which suggest that PHA and PWM 
may exert an effect on the immunological 
apparatus of d e n t s  and influence the effect 
of ionizing radiation in mice. However, many 
of the reports have yielded conflicting re- 
sults. Thus, several authors have demon- 
strated a radioprotective effect of PHA in 
mice (9, 12) and furthermore PHA has been 
shorn to produce an increased number of 
endogenous, hemapoietic colonies in the 
spleen of irradiated mice (12 ,  13). However, 
obhers have not been able to confirm the ra- 
diopmtection of PHA (14, 15). Furthermore, 
it has been shown that PHA suppresses the 
rejection of skin allografts in mice (16) and 
the rejection of renal 'homotransplants in dogs 
and is able to increase the imrnunosuppres- 
sive effect of azathioprine (17). 

The in vivo effect of PWM has not been 
intensively studied. Lozzio rand Comas (18) 
found that PWM markedly depressed (the pri- 
mary immune response in mice and increased 
the number of endogenous hernopietic spleen 
colonies irradiated mice. We have not been 
able to find any studies in the literature deal- 
ing with similar in vivo effects of BCG, How- 
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FIG. 1. Hemaglobin concentration, leukocyte count and spleen weight/body weight ratio in mice 
treated with rubido'mycin and BCG, PH'4 or PWM. (I) 20 mg rulbidomycin/kg im + 5 ml 
d i n d k g  ip; (11) 20 mlg rubidolmycin/kg im + 5 ml BCG/kg ip; (111) 20 mg rubidomycin/kg 
im + 10 mg PHIA/kg ip; ( IV) 20 mg rubidoimycin/kg im + 10 mg PWM/kg ip. 

ever, it has recently (been demonstrated that 
BCG is able to produce morphological 
changes lin the lymphoid tissues of mice in 

In  the present series neiher PHA nor BCG 
had any influence on the effect produced by 
rubidomycin, whereas PWM markedly in- 
creased bhe mortality of mice treated with 
near-lethal doses of rubidomycin. These re- 
sults are surprising as the increased toxicity 
after treatment with PWM and rubidomy- 
cin seems ti0 be inconsistent with the afore- 

vivo ( 5 ) .  

mentioned radioprotective effect of the phy- 
tiomibogens. 

The Imechanisms through which PWM in- 
creases the toxic effect of mbidomycin are 
unknown. PWM is nontoxic to mice when 
given alone in doses used in the present 
study. One possibility might be tihat PWM, 
like rubidomycin, has a cytostatic or cyto- 
cidal effect on the bone marrow cfells and 
lymphoid tissue, and thus the increased mor- 
tality in mice treated with both agents should 
be due to a simple synergistic effecit. How- 
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TABLE 11. Mortality of DBA/2 Mice After Treatment with Rubidomycin and PHA. 
~ ~~ ~ 

Dose of rubi- 
Dose of PHA domycin per Per cent Mean survival time 
per kg body kg body weight No. of mortality of nonsurvivors 
weight (mg) (mg) mice at  30 days Pa (days) 

0 20 112 5.4 - 19.5 
10 20 30 6.7 >0.05 19.5 
0 30 20 95.0 - 11.6 

10 30  20 95.0 - 11.0 

p test for mortality: 2 X 2 teat. 

ever, when PWM was given to mice treated 
with Irulbidomycin, it did not produce fur- 
ther changes in leukocyte count and spleen 
weight than seen in mice (treated with a- 
bidomycin alone. At the same time it may be 
mentioned that PWM in itself does not re- 
duce the leukocyte count and significantly 
increases the spleen weight/body weight ratio 
( 5 ) .  

Another ,possibility might be Ithat l p p h o -  
cytes in the lymph nodes and spleen which 
may have [been Itramformed by PWM are 
more susceptible to the toxic effect of rrubido- 
mycin than untransfonned lymphocytes. 
However, the results of the experiments with 
the mice which received aulbidomycin 3 and 
6 days 'before or after the administration of 
PWM seem to exclude this possibility. The 
finding that PHA produces similar morpho- 
logical changes in the lymphoid tissues of 
mice as PWM (5) also speaks against the 
hypothesis that transformed lymphocytes 
are more susceptible to the toxic effect of 
rulbidomycin than untransformed lympho- 
cytes. In this connection it may be mentioned 
that some evidence has recently been pre- 

sented that PHA and PWM have a different 
effect on murine lymphocytes, PHA acting 
on T-lymphocytes, whereas PWM exerts an 
effect on B-lymphocytes only (19, 20). POS- 
sibly this finding may explain why ithe two 
phytomitogens have different effects on mice 
treated with rurbidvrmycin in the present 
series. 

Further in vivo studies with PWM and 
PHA in d e n t s  are clearly needed in order 
to clarify their effects and mdes  of action. 
However, the present study indicates that 
the combination of rubidomycin treatment 
with PWM is not advisable. PHA did not in- 
crease the toxicity of ruibidomycin, but it 
did not seem to exent any protection against 
the toxic side effects either. Thus, the pres- 
ent study failed to yield any lrational h i s  
for the combined treatment of neoplastic dis- 
orders with rubidmycin and phytornitogens. 
On the other hand, the present experiments 
did not (reveal any contraindications for the 
combined treatment with aubidomycin and 
nonspecific immunoherapy. 

Summary. The effect of PWM, PHA, and 
BCG was studied in lmice treated with tru- 

TABLE 111. Mortality of DBA/2 Mice After Treatment with Rubidomycin and BOG. 

Dose of BCG Dose of rubidomy- Per cent Mean survival 
per kg body cin per kg body No. of mortality time of nonmr- 
weight (ml) weight (mg) mice at 30 days pa vivors (days) p b  

- 5 0 20 0 
0 20 112 5.4 19.5 - 
5 20 30 16.7 >0.05 19.4 > 0.05 
5 x 2  201 (day 0) 32 12.5 >0.05 13.3 > 0.05 

(at day -14 
and day 0) 

" p  teat for mortality: 2 X 2 test. 
' p test for mean survival time: non-parametric Mann Whitney Ranksum test. 
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bidomycin. PWM markedly inloreased the 
mortality of mice which received near-lethal 
doses of ruibidolmycin, whereas PHA and 
BCG did not increase the toxic effect of the 
cytostatic agent significantly. Neither was 
PHA able to protect mice treated with lethal 
doses of rulbidomycin. The ip administration 
of PWM, PHA, or BCG alone produced no 
systemic toxic reaction in the doses given. 
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