
SCIENCE 

changcd and the birefringence with square wavcs sliould bc 
cqual to  the stcady state value with a n  equivalent stcady 
ficld, and this is consistent with our ohscrvations. Bccausc 
tlre conductivity of the dispersing ~ n c d i u n ~will affect thc 
ionic atmospllere and the elcctric field in thc vicinity of a 
particle, a change of birefringcncc with buffcr conccntra-
tion is  to hc expccted. Thc obscrvcd result, a decrease in 
bircfringencc with incrcasing buffcr co~~centration,is illus-
tratcd in Fig. 2, curves a and b. The complcx ilaturc and 
revcrsal of sign of the bircfringcncc a t  higher conccntm-
tions (curve c)  might be duc to interactions bctween tlrc 
particles and tlrcir ionic atmospheres. 

Whatevcr may 1,e the orienting nrcclraiiisrns involved, i t  
is  clear tlrat tlre bircfiingencc and its decay arc vcry 
sensitivc to  the size and slrapc of t l ~ cparticles. For  this 
rcason, tllc method shows promise of application in aggrc-
gation studics and otllcr investigations in which the size 
of large colloidal particles is important. 
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The Induction of Resistance to 4-Amino-
N1O-Methyl-PteroylglutamicAcid 
in a Strain of Transmitted 
Mouse Leukemia1 
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and M. N. Kushida 

Section on Leukemia of the Divisioa of 
Experimental Chemotherapy, 
The Sloun-Kettering Institute for Cancer Reseurch, 
New .York City 

Lt has bcen shown previously (2, 3 )  tlrat therc is  a. 
marked prolongation of thc survival tirnc of mice inocu-
lated with transplantcd leukcrnia Alc 4 when thcy arc 
trcated with 3 mg/kg of 4-anrino-Nu-mcthyl-pteroylglu-
tamic acida (6) tlrrec t i ~ r ~ c swcekly to a total of tcn doscs. 
Even wllcn treatment is continued until death, howcver, 
thc rnice eventually die of lcukcr~iisbetween tllc 28th and 
40th day. I n  vicw of thc ultimatc failure of tllerapy ob-
scrvcd with this and closely rclated substances in many 

1 This investigation was supported in part by a rescarcli 
pr:clrt from The National Canechi- Institute of Thcb National 
Institutes of Health. United States 1'ul)lic Health Servic(?, 
;rlr(l in part hy a rest-arch grant frorrr The Alncbriran Canccr 
Society. 

Wc are indchted to Dr. J. 13. \Villianrs of  the 1,wlerlv 
Laho~ntoric~sfor our supply of this coml~ound. 
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clinical trials in acute Icukemia, the mccllanism of this 
eventual lack of responsc in mousc leukcrnia was dee~ncd 
worthy of further invcstigation. 

EXPERIMENT I 

0;C O N T R O L S  

= 4 - f i M m o  NUMETHYL 

I . 1 (:cnc:~logy of 4-amino-N1O-mcthyl PGA-resistant 
strains. l'hc fignrc~sin the rircles represent the ilverage 
survival time in clays of groups of ten untreated mice; those 
in tlrc squares the average survival t in~eof groups of tcn 
mice treated with 4-amin0-N~~-metlryl-I'GA3 mg/kg intm-
peritoneally thrcc, timcs weekly. 

Many exa~r~plcsof thc development of drug-fast strains 
in ~r~icroorganismsundcr drug treatrncnt in vitro and in 
oivo have becn notcd in thc history of chc~r~otherapy(1, 
4, 7). Unpublished work clscwherc has shown a similar 
drug fastness to dcvclop in cclls of t u ~ r ~ o r sof chloroleu-
kcmia Ak 1394 in rnicc treatcd with bcnzene (5). 

Thc cxpcrirncntal studics undcrtaken to develop such a 
drug-rcsistant subline in ~ r ~ i c care hercwith reported. 
A k ~ nmice inoculated with leukernin Ak 4 in from the 21st 
to tlrc 35th transplantcd gencration were uscd in these 
cxpcrirncnts. Saline suspcnsions of s ~ ~ l c n i ctissue, which 
had bccn obtaincd from mice dying of lcukemia Ak 4 
despite continued tllerapy with 4-amin0-N'~-mcthyl-PGA 
in doscs of 3 mg/kg given tlrrec times wcclcly, were in-
oculated intrapcritoncally into 20 A k ~ nmice. Forty-cight 
hr latcr these were divided into two groups of ten mice 
cach. One group was considered as  a control and re-
ceivcd no treat~ncnt.  The othcr group was trcated with 
4-arnino-Nm-methyl-PGAin closcs of 3 mg/kg givcn intra-
pcrito~icallythree timcs wcclrly until death. Thc average 
survival tirnc of trcated and control rnicc was noted and 
trnnsfcr of thc linc continued through one of the treated 
mice. Tlrc gcncalogy and differing rcsponsc to therapy 
of suhlines after repeated passages through treated or 
untreated mice can be seen in  Fig. 1. 

I n  esper i~r~ent1, a subline of this lukemia developed 
co~r~pleteresistance to 4-amin0-N~~-rnethyl-PGAafter throe 
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passages through treated mice. This can be contrasted 
with identical generations in which passage of the leu- 
kemia was continued through tlie untreated mice. I n  
these, a s  would have been expected, the sensitivity of the 
disease to therapy continued unchanged (Fig.  1). I n  a 
second experiment using the same original strain of Ak 4 
leulremia, a marlred drop in the survival tirne of tlie 
treated mice occurred after the first passage through 
treated mice. For  tlie next two passages no further in- 
crease in resistance was noted, but af ter  the fourth trans- 
fer  a drug-fast strain developed which showed no signifi- 
cant difference in the survival time of treated and 
untreated mice. Roth groups died approximately 12 days 
af ter  tlie inoculation of the leulre~nia. This subline i s  
now in the ninth transfer generation through treated mice. 
All continue to  be resistant to tlie usual therapy with 
4-amin0-N~~-methyl-PGA. This procedure has been re-
peated with a third subline with similar results. 

No morphologic differences between the cells of the 
sensitive and of the resistant sublines of this leukemia 
have been observed, and sections taken a t  the time of 
death from mice inoculated with the normal or tlie re-
sistant sublines were indistinguishable. Studies are in 
progress in an  attempt to demollstrate biochemical differ- 
ences between these cells. 

It is felt  tliat this demonstration of tlie ability of a 
hitherto sensitive leulremic strain to develop resistance to  
4-amino-N1n-methyl-pteroylglutamic ex-acid may help to  
plain tlie eventual failure of this type of therapy in pa- 
tients with acute leukemia. 
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Hemin Synthesis in Spleen Homogenates 

Kurt I .  Altman and Kurt Salomonl 
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It has been demonstrated by Altman et al. ( 3 )  tha t  
the alpha carbon atom of glycine is  incorporated in tlie 
hemiii and globin moieties of the hemoglobin molecule 
when glycine labeled with CI4 in the methylene carbon 
atom is fed to rats. Several instances of hemin synthesis 
in vitro are  known. It has thus been shown tliat hemin 
synthesis from methylene carbon-labeled glycine takes 
place in rabbit bone marrow homogenates (3).  It has 

1This paper is based on work perfor~ned under contriict 
with the U. S. Aromic Energy Commission at  the University 
of Rochester Atomic Energy Project, Rochester, New York. 

also heen shown tliat nucleated avian erythrocytes are 
capable of hemin synthesis in vitro when glycine labeled 
with NIVs  added to the incubation mixture (9). Since 
there exists histological evidence of extra-medul1:lry 
hematopoietic activity in tlie spleen ( 6 ,  7 ) ,  i t  was thought 
of interest to test with biochemical methods tlie possibil- 
ity of hemin synthesis from labeled glycine in spleen 
homogenates in the manner previously applied to  bone 
marrow homogenates (3) .  

Rabbit spleens were chosen as  tlic source of the ho- 
mogenates, spleens from several rabbits having been 
pooled fo r  each experiment. A spleen homogenate from 
three rabbit spleens, 8-10 g wet weight in toto, was pre- 
pared as  follows: The spleens were homogenized in the 
microcup of the Waring blender with 25 ml of 0.9% NaCl 
solution. To the resulting liomogenate were added 
0.15 millimoles of glycine (containing concentrations of 
C14H,NH,COOE-IZ indicated in Table 1)) 0.06 millirr~oles 
of sodium acetate, and 1.5 ml of ~ / 2phosphate buffer 
pEI 7.3. Tlie homogenates were then incubated a t  38" C 
for  appropriate periods of time. After addition of 10 
mg crystalline hemiu as  carrier, either hemin or proto-
porphyrin IX dimethyl ester was isolated, hemin accord- 
ing to Nencki and Zaleslri ( 8 ) and protoporphyrin accord- 
ing to Grinstein ( 6 ) .  The protoporphyrin dimethyl ester 
was recryxtdlized three times froin ehlo?oform and once 
from pyridine (mp 223-225"). Hemin was recrystallized 
once as described by Fischer (5). The determination of 
C1' activity was carried out with tlie ionization chamber 
apparatus of Bale and Masters, as  previously described 
(1). The rehults obtained are shown in Table 1. 

C14 activity 

of C1' activity of proto- 
porphyrin IXof glycinc dirnethyll,":; 106 disinte- C./C.Fester

in grations/min/ 104disinte-
millimolc~ 
 nrations/min/ 
millimole 

* 1sol:rtc.d .ts h?miir. 
f' Co/C = ratio of C14 activity of cornpound added (CO) to C" 

activity of carnpoimd isol;lted ( C ) ,  Lc.,the dilation constant. 

One experiment (3-hr incubation) was carried out in a 
large Warburg vessel permitting the collection of evolved 
CO, in 5A7 Na011 ni th  sul)sequelrt isolation a s  RaCO,. 
The C1' ac t~vi ty  of the BaCO, thus obtained was quite 
low (4.8 x 10' disi~~tegrations/min/millimole),indicating 
tha t  only very small amounts of tlie methylene carhon 
atom of glycine were converted to CO, in spleen homoge- 
nates. The C,,-C,, fa t ty  acids isolated in scveral cases 
cor~tained significant C" activities, although the dilution 
of the radioactivity was somewhat higher than tha t  pre- 

,The authors are indebted to Dr. B. M. Tolbert, of the 
Radiation Laboratories, University of California, for milking 
available the labeled glycine used in these experiments. 


