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Prevention of Toxicity of 
Amethopterin for Sarcoma-180 
Cells in Tissue Culture 

The present paper is a preliminary re- 
port on the finding that sarcoma-180 
(S-180) cells grow normally rvhen the 
Function of folic acid is prevented by 
amethopterin (Methotrexate), if the me- 
dium ii supplemented with products of 
the biosynthetic reactions dependent on 
folic acid cofactors. It  is known that cer- 
tain microorganisms which require folic 
acid for growth-for example, Strepto-
coccus faecalis 8043-can grow in the 
absence of this vitamin in a medium con- 
taining thymine and adenine or guanine 
( I ) .  That folic acid is one of the nutri- 
tional requirements for the growth of 
mammalian cells in tissue culture was 
shown by Eagle (2) .  The inhibition of 
the grorvth of sarcoma-180 cells in such 
a medium by amethopterin has been 
demonstrated ( 3 ) .  

The techniques of Eagle (2, 4 )  were 
used. The medium contained 5 percent 
thoroughly dialyzed horse serum. Thc 
cells were grown in the experimental 
media for 7 days. The growth of thr 
cells in the prpsence of amethopterin in 
a medium containing hypoxanthine, thy- 
midine, and glycine is shown in Table 1. 
Disintegration of the c ~ l l s  occurred if 
hypoxanthine or thymidine was omitted 
from the mixture. In the absence of gly- 
cine, some growth was observed, indi-
cating either a small amount derived 
from the dialyzed horse serum or some 
formation of glycine, possibly from the 
exogenous L-threonine (5) .  When gly- 
cine was added to this medium, the 
growth was comparable to that of the 
control. The complete mixture fully sup- 
ported the growth of sarcoma-180 cells 
even in the presence of amethopterin at 
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concentrations 10,000 rimes that ordinar- 
ily required for complete inhibition 
(Table 1 ) .  In body fluids, the concen-
trations of such compounds could be criti- 
cal to the effectiveness of arnzthopterin 
on neoplastic cells in vivo. Similar com- 
pounds in the crude medium (chicken 
plasma clot) might also explain the fail- 
ure of amethopterin to inhibit sarcoma- 
180 cells, as reported by Biesele ( 6 ) .  

\$'hen the function of folic acid was 
prevented by amethopterin, it was found 
that sarcoma-180 cells were able to util- 
ize adenine, adenosine, deoxyadenosine, 
hypoxanthine, and inosine equally well; 
guanorine supported slower growth of 
sarcoma-180 cells under these conditions; 
that is. there was onlv a threefold in-
crease in 7 days, whereas xanthine and 
xanthosine were inactive. These results 
indicate that some "adenine" was de-
rivi,d from guanosine, but the extent to 
which "~uanine" or "adenine." or both. 
were derived from xanthine and xantho- 
sine was insignificant. 

I n  the prerence of amethopterin, thy- 
midine, and glycine, the cells disinte-
grate if purines are not supplied in the 
medium (Table 1 ) .  Under such condi- 
tions it is unlikely that purine synthesis 
de novo occurs. Th&, the single purine 
in 	 the medium must serve as the sole 
source, not only of adenine and guanine 
of nucleic acids, but also of all the co-
enzymes containing purines as structural 
constituents. Accordinyly, this technique 
appears to be useful for the study of the 
pathways of purine metabolism. The 
present work demonstrates for the first 
time that mammalian cells (sarcoma-
180) are fully capable of usiny exoqen- 
ous purines for growth and multiplica- 
tion. 

Further work demonstrated that thr- 
midine could be replaced by thymidylic 
acid for the growth of sarcoma-180 cells 
in the presence of amrthopterin, ylycinc, 
and a purine, but thymine and thymine- 
riboside had no activitv in this resnect. A 
mixture of thymin~ and deoxyadeno~ine 
did not rrplace a mixture of thymidin? 
and adenine, indicatinq that this type of 
transdeoxyribosidation did not occur. 

It  is seen that the presence of amethop- 
terin creates new requirements for the 
growth of the tumor cells in vitro. When 
these requirem~nts are met by preformed 
purines, thymidine, and glycin~, inhibi- 
tion of growth might still be achieved if 
the utilization of even one of these com- 
pounds were prevented. Logical com-
binations for chemotherapy are thus sup,- 
gested. The new requirements created 
bv amethopterin probably differ in dif- 
ferent species and tissues I t  is alreadv 
known that differences exist in the abili- 
ties of various tissues and species to 
utilize preformed purines in vivo ( 7 ) .  
In 	 addition, rabbit fibroblasts, unlike 
sarcoma-1 80 cells, require exogenous 

Table 1. Growth of sarcoma-180 cells in 
tissue culture in the presence of amethop- 
terin. Folic acid (pteroylglutamic acid) 
was present at a concentration of 
2 x 10-?M. 

Varied supplements in the medium Degree 
-- of cel- 

Ameth- lularHypoxan- Thymi-

terln"op- thine dine 9; multi-


3x10"M 3x10-SM 1x10-4M 

" 4-An1ino-lO-n1ethyl-pteroylglutamicacid. 
.t Referred to inoculum as 1; determined by the 
method of Oyama and Eagle (11) ; correlation of 
the protein determinations with cell counts is dis- 
cussed hy Oyama and Eaele (11).  
f Control. 
8 The culture has been carried for 3 weeks under 
these conditions and is being maintained. 

L-serine for growth in tissue culture (8) .  
Thymine or thymidine increased thc 

rate of the development of amethopterin 
resistance in Streptococcus faecalis 8043 
( 9 ) . The effect of similar factors on the 
development of amethopterin resistance 
in mammalian cells is under study (10). 

MAIRET .  HAKALA 
Department of Experimental 
Tlzerapeutics, Roswell Park Memorial 
Institute, Buflalo, N e w  York  
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Gastric Secretagogue Effect of 
Lysine Monohydrochloride 

There have been recent references in 

medical literature to the use of lysine 

monohydrochloride as a nutritional sup- 

plement ( 1  ) .  Certain clinical responses, 

such as increase of appetite, weight gain, 

and rapid restoration of hemoglobin val- 

ues, have been reported. Such effects 

might be produced by either or both of 

these mechanisms: ( i )  correction of pre- 




- - 

rxisting lysine dcficicncy and (ii j phar-
macoclynamic properties of lysine. In atr 
attempt to ~ v a l u a t ~what influ~nce the 
ingpstion of l y s i n ~  has on human physi- 
ology, we h a v ~  undertaken a number of 
studies. T h e  one reported here concerns 
t h ~influ~nce on gastric secretion. 

T\\.cntv-onr adult volunteers rvprc 
givpn trvo tcst meals ~ a c h ,  the first con-
sisting of bread and rvater and the s ~ c o n d  
of an  q u a 1  amount of bread and water 
rvith 5 g of lysine monohydrochloride 
added. T h e  two meals w r e  s~para ted  
by an  intrrval of 1 week. Fractional gas- 
tric analysis followed each t ~ s t  meal, and 
the amounts of free hydrochloric acid 
and pepsin lvere determinpd in samples 
taken cvrry 15 minutes for 1 hour. T h e  
m net hods used for t h ~ s p  analysrs arr  those 
descrihid by Hawk, O e r ,  and Su~nmer -  
7011 ( 2 ) .  

'Thr sigr~ific;~~lc,c all figurrs ob-of 
tained by analysis was determined by f 
and P values obtained from t h ~  formul:1 

LTalues of P arc charted from Fischer's 
table. V a l u ~ s  are considered significant 
when t h ~  P value is less than .0 l .  

Eightpen of the 21 subjects s h o w ~ d  
significant diffcrenc~s of gastric secre-
tions aftcr the trvo test meals. IVhenev~r  
the addition of lysine Tvas accompanied 
by an alteration, the change was an in- 
crpase. T h e  mean values of all data are 
given in Table I .  T h e  incidence of eff~cts  
on pepsin and hydrochloric acid secrc- 
tion t & e t h ~ r  or spparately is as follorvs: 
incr~ased p ~ p s i n  and increased FICl, 12 
subjects; increasrd prpsin but no in-
crease of FICl, three suhjects; no increase 
of p ~ p s i n  but increased FICI, three sub- 
jects; no incrcasc of prpsin or HCI, 
thrcc suhjects. 

Tho addition of 5 g of lysine mono-
hydrochloride to a bread and \vatpr tpst 
meal significantly incrcasc~d gastric secrc- 

Table 1. Eff cct of addition of lysint mono- 
h\drochloride to diet 

-

Mean values 
(units) Differencc 

Time Yo With Mean 
(min) llsine lysine S.E.* 

Pepsin 
15 -48 5 53  2.31 
30 1 102 101 5.35 
G O  30 169 139 8.51 

~-

" The \tandard error was determinrd fl.om ~ h r  

\ ~ ( s D . ) '  @D"+formula -
N N 

tion of hydrochlo~~c ,\cid and p ~ p s i n ,  o~ 
hoth, in 18 of 21  suhjects rtudi~cl. F ~ I -  
t h ~ l  r \ o ~ k  is beinq don? to pxplain and 
localize this action. I t  ma1 he of sonlc 
significance that previous work has de- 
veloped evidence that amino acids, pither 
by action in the intpstinal tract (3 )  or 
when given intravrnously by systemic 
action (41, promot? gastric secr~t ion.  
T h e  prpspnt study may indicate that part 
of the effect of lysine given as a nutri- 
tional supp lem~nt  r~su l t s  from t h ~  stimu-
lation of gastric secretion. This, of 
course, d o ~ s  not preclude or comppte 
with any importance ~vhich l y s i n ~  may 
habe as a paltiripant in anabolic proc- 
e.ses ( 5  1 

ARTHURA4. SACKLER 
L ~ W R E X CE H. SOPHI~N 

ran Ofihriijc(~n Inztitritc, N ~ u 'Y o l k ,  
,\If 7 0  Yo7 i; 
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Delayed Pain as a 

Peripheral Sensory Pathway 

The  pxistpnce of "second pain" as a 
"genuine sensory phpnompnon" rvas rp-
cently questioned ( 1) .  T h e r ~was also the 
more int~resting implication that a dp-
layed typc of "C-f ib~r  pain" does not 
exist at all as a separate pain spnsation. 
"Douhlc pain" can he aroused by an ap- 
propriate noxious stilnulus if it is applied 
to thc skin far rnough from t h ~  central 
nprvous systrni (2 ,  3) .  Thf: "second' or 
sloxvcr pain is ff,lt at a distinct time in- 
terval after the first or fast component, 
and it is usually cjualitatively differpnt 
from the first, being rnorp a diffuse ache 
than a s h a ~ p  prick, more unpleasant, 
longer la\tinq, and l i k ~  the pain that I \  

a ~ o u s ~ d  structure? b ~ l o \ \ ~  froni d e ~ p ~ r  thr 
\kin ( 4 ) .  Landau and Birhop ( 4 )  point 
out that this delayed type of pain has n 
greater thleshold for most t)per o i  
stiniuli than dops sharp prickinq pain. 
althouqh itr threshold is lower for c ~ r t a i n  
stimull. They also prespnt evidence (ebi- 
dently niisrpd h) Jones) that the delayed 
pain spnsation can be masked by the 
faster rharp pain; this maker it difficult 
to detect double pains under certain con- 
dltions of stimulation. 

I ruggest, therefore, that what the ex- 

pcrirncntal \\-ork reportcd by J o n ~ s  ( I )  
amounts to is a careful description of 
sump conditions of stimulation in which 
second pain is not d~monstrahle.  For 
e x a m p l ~ ,  threshold electric stimuli will 
never elicit second pain, e v ~ n  in "480 
separate det~rminations," if those rpcep- 
tors and nerve f i b ~ r s  subs~rving fast pain 
arc el~ctrically more excitable than those 
subsprving slow pain sensations. Thc  
more slowly conducting, amyelinated C 
f ih~rs ,  as well as their rpceptor endirlgs 
(41, have a h i g h ~ r  elpctric threshold than 
any other nerve-fiber group. 

Jones concluded that second pain, 
when it dors apppar, is an  cxp~rimpntal  
"artifact" r a t h ~ r  than a "gpnuine sen-
sory phenomenon." These distinctions 
have l i t t l ~  m ~ a n i n gwithout c a r ~ f u l  defi- 
nition for this context. Joni,s' main con- 
~c'niiorl rvorllcl appear to br that if a nox-
ious sti~rrl~lus were dclivercd at  the salllc- 
instant to any of the rccc,piors that sulj- 
serve pain, only a fast single, and not a 
double, pain could h~ produced-that is, 
that there is only one type of pain-sensory 
system; but her n~ga t ive  results do not 
provp this. If it is difficult [although not 
impossible ( 4 ) ]  to find a stimulus which 
pxcites the rpceptors that suhs~rve slo\\. 
pain ~vithout also exciting other types of 
receptors, this difficulty cannot be used 
as proof that slow pain is not a "genuine" 
and distinct sensory modality. More drfi- 
nitive evidence on this point must bc-
sought from other exp~rimental  procc7- 
dures. I t  is important, therefor?, to 
analyze some of the criticisms ( I ,  . i ) of 
thrse other, more positive lines of evi-
dence. 

Although t h ~total r~ac t ion  timp for 
perception of pain is obviously not a 
measure of conduction timp, t h ~  increasr 
in reaction time found when the stimulus 
is moved to a morp distal point (2)  can 
be a rneasure of conduction v~loci ty  in 
the sensory fibers. Jones dismisses such 
e v i d ~ n c ~by citing a more recent report 
( 6 )  to shorv that the inc rcas~  in reaction 
t i m ~with a more distal stimulus is small 
and relatively insignificant. But thic: 
negative finding concprned touch sensa- 
tions, not pain ( 7 ) .  If the impulses that 
are responsible for touch spnsation arc 
t ransmit t~d in group ,4 fibers of even thc 
sniall variety, for example, a t  10 m/sec, 
thpn the increase in reaction time that 
could be exppcted rvhen the stimulus is 
m o v ~ d  50 cm distally would b~ only 0.05 
second, and difficult to detect. O n  thc 
other hand, if delayed pain is m e d i a t ~ d  
by C fibers, at 1 m/spc, the difference in 
reaction time x1~ould be 0.5 second. This 
interval, which is rasily detectable, rvas 
found to be t h ~  actual difference in re-
action time to slorv pain for the condi- 
tions stated (2 ) .  

Although all cutani,ous senses show an 
increasing delay in perception during 
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