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ABSTRACT 

A series of normal and tumor mice were injected with stilb~dine~ 

amidine-c24. .After 96 hours, the livers were removed and analyzed for 

radioactivity. Much higher and distinctly abnormal concentrations of cl4 

Were found in the tumor-bearing A and dba strain mice as compared to the / 

controls. Some data for C57, Bagg and McDannel strain mice are also 

present. 

The relation of this phenomenon to possible abnormalities in nucleic 

acid concentration in tumor-bearing mice is discussed. 
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John C. Weaver$ Bert Mo Tolbert and Barbara Jo Kreuckel _ 
. . ..... 

. - : 

~oll.Iler Laboratory of Medical Physics ** and 

Radiation Laboratory9 University of California~ Berkeley. 
0 

October 23 9 19.50 

During t~e cours~ of studies with radioactive ~tilbamidine, certain 

findings ~ve appeared that are of sufficient interest to warrant a pre~ 

liminary reporto 

Kopac {1) reported that stilbamidine destroyed the neoplastic cells 

in cultures of rat mammary adenocarcinoma and transplanted lymphosarcoma. 

Snapper (2) further studied this drug and found inclusion bodies co~tain­

ing stilbamidine in the cytoplasm of plasma cells in patients with multiple 

~yeloma. Accordingly~ c14-labeled stilbamidin~ was prepared and it's me~­
bolic distribution in normal mice and a patient with multiple m,yeloma was 

undertaken (3s4) 0 . ··Thes'e experiments established that the oxidation to 

cl4o2 of stilbamidine by the body.is negligibleo 

These studies suggested the possibility of'investigating the locali-
. . -

zation and distribution of activity in mice witH various types of tumors. 

(j Accordingly9 normal and tumor bearing mice were injected intraperitoneally 
if 

* Supported in part by the Atomic Energy Commission. 

** Division of Medical Pbysics 9 Department of Physics. 
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with Oo4 mgo (4o50 x 106 diso/mg~) of stilbamidineaniidine~¥ dis;:~p~ved in ·.. '·. 

Oo05 mlo salineo The c14 ... labeled-stilbamidine used for ·t}lis experiment was 
-, ' . . .• -· . 

synthesized by Dr o J o C. Reid -{5·}i,. <:: 
< 1 ~ •• ' 

l•' ... 

. . . . . ' ~ . ', . 

Ninety=six hours after inj,.e.ction the ~{lice were killed with ether and 
-· . 

autopsiedo Liver~ spleen~ kidneys 9 pancreas arid tumors were removed~ dried 

in vacuum9 weighed and burned over copper oxide and the resulting carbon 

dioxide ~a~ converted to barium carbonate and the radioactivity measured 
. ' '_... : l .· : ":.. " . i - ~ 

.:, 

with a proportional counter*(6)o The mice were kept in separate cages de~ 
.. ,, .. 

:...:-- . .. 

signed to prevent contamination of food and water with excretao ·· 

Tables I and II show the total concentration of radioactivity present• 
:} 

in the livers of normal and-tumor mice 96 hours after injectiono The-total 

liver activity is given as percent of injected doseo It is evident that 

very much higher and distinctly abnormal concentrations of radioactivity are 

present in the livers of the tumor bearing mice as compared to the controls 

for the ! and ~ strainso With the number of animals used9 no correlation 

between tumor weight and liver concentr~tion of 'radioactivity can be esta ... 
) ' 

blishedo However 51 there appe,ars to be some correlation between mouse· weight. 

and liver eonc.entration of radioactivity. Thus;· there is a small increase 

in liver concentration in the nor~al group with increasing mouse weightso 

Conversely2 there appears to be a drop.in liver concentration in tumor mice 
~· ~ \ . 

with increasing mouse weightso The number of such mice is inadequate to 

definitely establish-this correlation. The three mice with lymphatic leu­

.. kemia were found to have elevated levels of :radioactivity in the liverj but 

* Nucleometer~ Radiation Counter Laboratories 9 Ghicago 2 Illinoiso 
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·TABLE I 
. · .. ~ 

Activity found in the :Liyers .of. ~umor Mic,e ,99 ¥ours after 
} . . . • ' . • ' ·. . ' ... . ' ·. • -~ _;. . . .' ~~ ! . . . -

·Injection .of ·.Labeled Stilbamidine . . . : 

... . . 

' Age IIIQuse Tumor Liver·· Total Liver Type· of. "' '• ' ... 
'. '" : 

Noo Stra:i-n Sex {Months) w.~ight, Weight,' ' Weight, Activity (% Tumor 
wet,gltlS·o dry,gmso of Injected '. 

gmso . ' 

Dos~ 
i 

... 
" 

XSl A male 6 24 4.45 0.272 40 Sarcoma.· ' 

' .. ''\ 

XCWl A male 6 23 2.09 0.265 2.3 MaJDDlary 
.. 

·' 
X2Sl A male 5 23 4o45 0.321 23 Sarcoma 

' 

X3Sl A male 5 21 3.39 0.310 30 
•. 

Sarcoma .. ' 

.. 
X4Sl A ·' -male. 5 22 4.26 0.299 : 31 Sarcoma 

X5Sl A male 5 24 4.76 ·0.326 31 Sarcoma 

X6Sl A male 6 21 large 0.176 19 Sarcoma •'( ' 

X7Sl A male 6 21 lar~e Ool84 21 Sarcoma 
' 

·, 
,,t 

XG2 dba . male 10 24 2.27 0.407 19 Melanoma 

XG3 dba male 8 32 4o67 0.559. 12 Melanoma 
" 

XG4 dba male 8 29 7o06 0~547 11 Melanoma 
" .. 

: 
\ 

XLLl McDowell female 6 26 Oo06 0.430 12 LYmphatic' . leukemia , .. 
' 

XLL2 McDowell female 18 20 0.30 0.;296 35 Lymphatic -. 
; 

.~ leukemia 
,r . . .. 

XLL3 McDowell female 6 19 Ool6 0.258 33 Lympha~ie 
' leukemia 

XMLl C57 male 6 30 0'o58 0.573 24 My'elogerioua 

XCBl C57 female 6 36 6.,03 Oo659 41 Mammacy. ' ~ 

·-.: 
. ·' 

.,·, I 



No. 

SC43 

_SC48 

sc49 

SC50 

~SC57 

:sc58 

SC59 

SC60 

SC40 

SC41·· 

SC42 

ISBl 
I 
iSC46 

SC47 

SC5l, 

SC52 

: S053. 

S0 54 

S0 55 

SC56. 

., ~·-. 

·'· 
-?­

TABLE-II 
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. , A:¢ti~ty Found in 'the LiV:ers of .'.Normal' Mice 96 Hours after 

\.:· •· • ·; ti, • > ·.\::;> 'r"r1j~cti6xr'lot· Labeled·;s'tilba'rrd~dlri~ · ;~·i. :. -~ ,· .. : "· .. 1•1 ;• 

-
' 

.. ,, .•... 

! . Age . Mouse Liver Total Liver Activit) 
strain 

.. 

(Months) Weight~ .Weight, '; Sex (% of Injected Dose 
:- . gms. dry, gms. 

A '' male : '"· 10 24 .356 2.5 
' 

A 
. ~ ' ; 

male 12 27 .496 7o7 
' ( 

A .. 
,, ma].~ 6 24 .535 7.7 

'. -~ ~- ! 

A male 6 24 .539. 7o5 
' 

A male 5 20 .336 4.4 .. 
I·, 

A male 5 22 .380 4.8 

A male 5 22 .389 2.0 
"\: 

A '' maJ.e 5 22 .408 3.0 ; 

·-

Bagg male 1() 32 .512 5.1 
., 

male 10: 34 .513 7.5 Bagg_ ' 

' ' ·Bagg male 10 32 .579 6.4 

dba-- f;emale 18··· 28 .336 8~0 . '' 

dba mal~ : 8 23 o473 4.6 
'' ' ·' 

d~ • male 8 25 .5~7 5.0 

. ' 

C57' ·· female 6 23 .. 406 30, 

057 f-emale 6 '21 .420 .. 17 0 
; 

057 m'ale 6 
' 

24 .459 24o . -

057 male 6 24 o443 34o 

057 male 13 32 .575 36, 
.. .. ._ . .. ~ 

'057 male 13 32 
' 

o57 30. 

'' 

f-.-··· 

' 

' 

\ 
L 
I 
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the si~ificance of this 'gl'OUp is not known sittcehb .control ·determinatj.ons 
; '.", ~ 

have been niade~ fdr mice of the ~C=58 strai!n 

It is of considerable' interest that' th~--n~~al C=57 str~in mice have 

liver concentrations .,or .radioactivitY in the -same range as mice- with neo-
, . •. . . . .. 

plasmso-. Whether this' is unique· for mice which develop spontane_ous non­

epithelial neoplasms or'whether it is coincidental. remains' for furt~er 

studyo Here increasing mouse weights-appears to be associated '!'~thin­

creasing liver concentrations of radioactivity following· the pattern of the 
. ,- . ·, . 

other normals in this respecto ·.More mice with tumors will need to be studied_ 

' before the ef~·ect of' tumors on liver concentration in this strain can be 

knOwrlo 

The specific activity of liver·ror the tumor mice averaged 3-,464 diso/ 
- J 

mgo/mino and :f.or the strains A9 dba ·and Bagg. coi?:trols 498 diso/mgo/mino _For. 
. . . . 

: ,., 

·. t 

the normal str.ain. C-57 Iidce the specific actiVity averaged 2,726 ~iso/mgo/mip.o _: , 
·:0.··. 

No definite correlation could pe established between tumor-weight· or mouse 

weight and specific activityo 

The. concentrations of aetivi ty 'in the k~dneys::~and spleens of the tumor 

mice averaged 7o5 and Oo24 ·percent of injected dose respectively and are~ 

little greater thancinthe normals, but the.differences are not Significant 

for the number of ammals studiedto dateo The-concentration of radio-

activity in the pancreas' was found to be: intermediate betwe.en spleen and · :.: · 
., ~ ; J 

" kidney and is in the same range for both control:and tumor miceo None of 

the tumors contained more· than' traces of >activity ·which ·compares with Snapper 1f{ .. '. . ' 

qualitative results in w:hi:ch he fOund no e:viden~e of: localization of stil- . ·j 

bamidine in transplantable lymphosarcoma and mammary carcinoma, (7)o· 
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Kopac ·.bas shown :that stilbamidine disso.ciatef? px:otamine-nucleate_ com­

plexes with the release of partially den~tured protamine ~o~_ecules and 'the 
.;.-_;- __ !'.t.\~.·-: .· i,. ·;· \'_ r-·· ~··-· .. ·~ _ ·--t i_. ~,.,/·.:"i .. ~_ .. ;···(-.~ ... ~·:·:.:·<~;_ .. _·:· ..... ~.~~·-,:·.-····-::~.:-~----~--~. 

formation of ·an insoluble stilbamidine-nucleate complex (S~.o~_ Snapper· and 

his group have presented evidence that stilbamidine .. is capable of specifi­

cally combining with ribose nucleic acid·in the cytoplasm of myeloma cells (2). 

Kelly and Jones (9) have found a considerable increase in turnoverra:tes of 

desoxypent'dse nucleic acid in the liver, spleen and kidneys of tumor mice 

with transplanted· mammary cancer as compared with turnover rates in norma1 

mice.; · The ·behavior· of.· :d bose nucleic in this regard . is not known o 

It seems possible, then, tbat.stilbamidine precipitates in the liver 

cells as an insoluble stilbamidine-nucleate complex and the increased amounts 

present in .tumor bearing animals are related to increased formation ~f ·cer­

tain nuclei·c acids in these. liverso .Studies are being made to determine the 

cbemical'.nature of-the stilbamidine-complex or. 4erivative that bas_co~qen­

trated in these livers and in· what elements of the liver this mat_erial is 

locatedo 

In a patient-with-multiple myeloma, wh.o was injected with C~-labeled 

stilbamidine,·it was found that an unexpectedly high concentration of .radio-
~ . . 

activity was present in the liver 'at autopsy three months- later (4) o .Whil~ 

this fits the pattern ofthe·mouse results, more studies of,humans with and 

without malignant ·disease will be .necessary before· significance can.,be 

attached to this isolated findinge · ·. ' 

. The·authors wishto thank'Professors J~-H. Lawrence, ~o B. Jones and 

Mo Calvin.for their interest and help in this work an<i Mro Saburo Ikeda 

for radioactive measurementse 
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