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SUMAIA ItY

A potent inhibitor’ of dihydrofolate reductase, a substituted 4 , G-dian’iinotriazinme (XSC

113,423; a 1 : 1 compound of -1-[p-(4 ,6-ditimiiio-2 ,2-dimetimyl-s-triazinme-1 (2H)-yl)hydro-
cinnamido]-o-toluermesulfonmvl fluoride amid ethamiesulfonic acid), was founmd to be rttpidly in-
activated by mouse serum. Preliminiary studies on the nmieehanism of this immaetivationm mdi-
cate that a mouse serum proteinm hydrolyzes the sulfonyl fluoride group. However, this

triazine inhibitor was not inactivated by the sera of other species, inciudinmg rat, dog, amid
man. It is suggested that NSC 113,423 and related conmpounmds may still be valuable ehemo-

therapeutic agents against tumors occurrinmg 1mmmttnm.

Certain substituted 4 , G-dian’iinotriazines,

recently synthesized by Baker and Lourenms

( 1), have been showli to be potenit inhibitors
of the enzyme dihydrofolate reductase ob-
tamed from murine L1210 lymphoma cells
(2) and from humami leukemia cells.1 These

compounds were also shown to be extremely
potent inhibitors of growth of the L1210
lymphoma propagated in tissue culture.2
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1 A. Cashmore, D. U. Johns, amid J. H. Bert imno,
ummpublished observations.

2 F. White, personal communication.

Despite timese eneouragirmg results, only omme

of these inhibitors has shown nmodest ehen’io-

ther’apeutic activity �vheni tested againmst the
L1210 lymphoma in vivo (3). F’urthernmore,
these compounds tire toxic to the mouse onmly

in high doses. This communieatiomm reports

the results of studies using NSC 113,423
(a 1 : 1 con’ipoumid of 4-[p-(4 , G-diamino-2 , 2-

dinmethyl - s - tn’iazine - 1(2H) - yl)hydrocimm-

mmamidoj-o-toluenmesulfonmyl fluoride amid eth-
anesulfommic acid) (1’ig. 1) as a nmodel com-

poumid for this series. This compound is
r’ttpidly inmactivated by nmouse serum, but riot

by rat, dog, fetal calf, amid human serum,

thus offering a possible explanation for the

lack of antitumor effect in mice bearing the

L1210 lymphoma.

Deoxyuridine-3H (UdR-3H) , 3. 1 Ci/

nmmmole, was obtained from Schwarz Bio-

Research, lime., New York. NADPH, horse

serum, and fetal calf serum were obtainmed
from commercial sources.



NSC 117664 RBM -III- 25.3

FrG. 1 . S/rue/ores of _VSC 1 13,423 (a 1 :1 compound of 4-[p-4 ,6-iliamino-2,2-dune1hyl-s-1�ia_’ine-1 (211)-

,l)h!,drocinnanlido]-o-loiuenesu/fon!,l fluoride and cthani’sulfonic (lend) , .VSC 1 17,664 (a 1 : 1 compound

of ni-[[p-�3-(2 , 4_diamino-6-me1hyl-5-p��ri1n i(imn!/t)pl’Opox!/]/)hefl!/I ca,-bamo!,ljbenzenes,llfon!/l fluoride (Ind

ethanesulfonic acid) , and RBII-11I-35.3

Time stmnmcl nrc of 11B\I- I I 1-25.3 slmowmn iii t his figure represemnls univ t he paiti�ml fornnnnla, and is idemnti-

cal with that of NS(’ 117,664 except for I he snmbst mt nt iou of I he SO 31 1 gronmp for I he SO2F moiety.
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TAIlr�E 1

Reversal b!/ iulouse sei’uiii of the in/i ibilion of ((lR,iH

�ncorporu1ion into 1)\’.4 caused b,� XSC

113,423

‘I’he L1210 cells were iln(ul)ated as described mi

the text. The conncemntratiomn of NSC 113,423 enm-

plo�’ed was 1,6 X 1O’� in.

Comnlrol (10’ � horse sernmmii)

+ NSC 113,423
Coot rol ( 15� horse serum

amid � nmouse serinnin)

+ NSC 113,423

(�omntrol (1O� � horse serumim

amid l0� � nn)nnse sertnnn)

+ NSC 113,423

Comitrol (2�Y nnonmse serum)

+ NSC 113,423

IJdR-3H Inhibi-
incorporation tion

dpm/106
cells/mm

Inmhibitionn of DNA svnmthmesis in L1210

cells iii lYilPI) by NSC 1 13,423 was measured
by comparimmg time rate of UdR-3H irmcorpora-
tion in the absence and presenmce of this mm-
hibitor (4). I�1210 lvmphoma cells were har-

SO2F

- NHCO-�”�

SO3 H

Veste(1 mm tins ascitie fornm from BDI” nmice 3
days after time irmtraper’itommeal inmoculation of

1 X 10� cells per mmmotrse. Time cells (106/
flask) wei’e inmcubated tit 37#{176}mmEagle’s basal

mediunm ivitim Ear’le’s btiltinmeed salt solutiomm
commtainminmg hom’se serum amid/or’ mouse

serummm, as immdicated mm Table 1 , for 30 nminm;

[dR-3H (9 X l0-� �.tnmole) was therm added

to time flasks anm(l inmeubatiomi wtis continmueci

for anm additionmal GO nmimm. The incorporation
( I of r’adioactivitv into time cells was deter-

nmminmed as described l)reviOusl� (4).

-.- Diimvdn’ofolate reductase activity wa�s

I � nmeasured as described I)reviousl�� (5) . The
enzyme enmployed was partiall�’ purified

20 from a methmotn’exate-n’esistanmt subline of the
L1210 lympimormma, at the Sephadex stage.

This subline differ’s from time wild type tumor

20 used for TJdR-3H inmeubation studies as

described above, mm that the level of dihydro-
-‘4 folate n’educta.se is itmereased but is identical

- � in its proper’ties witim the wild type enzynme

(5). Inmactivationm of NSC 113,423 is’as meas-

tired by a comparisonm of the inhibition of

dihvdrofolate reductase produced by the

inhibitor before mmd after inmcubatiomm with

nmouse serum.
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data.

FIG. 2. Effect of time, temperature, and concen-

tration on inactivation of NSC 113,423 by mouse

serum

NSC 113,423 (1.6 X 1O� in) was incubated in 1

ml of O.9’� NaCl containing 0.25 ml of mouse

serunm (15 nmg of irotein; #{149}-S) or 0.05 ml of
mouse serum (3 mg of protein; Q-O) at the

temperatures shown. At the immdieated times, 0.1-

ml portions were removed and added to a complete

assay mmxtinre (0.8 nil) for dihydrofoiate redtrctase,

less dihydrofoiate. After mixing, dihydrofolate
(0.01 j,irnole; 0.1 mTiTil)was added to initiate the reac-

tion. The control reaction rate gave an absorbance

change of 0.150 at 340 nm�t in 5 minm at 37#{176}.

There was a 77 % decrease in the rate of
incorporation of UdR into DNA in the i)res-

ence of 1.6 X 106 M NSC 113,423; an 88%
decrease was produced by methotrexate at
an equimolar (lose. The addition of mouse
serum to L1210 cells incubated in Eagle’s-
Earle’s media with horse serum reversed the
inhibition of DNA synthesis produced by

NSC 113,423 (Table 1). The inhibitory effect
of mouse serum itself on ILTdR-3H incorpora-
tion into DNA has been previously noted.3

Inhibition of L1210 dihydrofolate reduc-

tase by NSC 113,423 was extremely potent
and was “stoichiometric,” similar to the in-
hibition produced by methotrexate (6). This
inhibition was reduced markedly if the in-

hibitor was incubated with mouse serum
prior to being added to the enzyme assay. As

shown in Fig. 2, this inactivation was found

to be dependent on temperature, time, and
serum concentration.

Studies concerned with the nature and

� W. Hryniuk and J. R. Bertimmo, unpublished

TABLE 2

inactivation of NSC 113,423 by sera from several

nnamnmalman species

Dihydrofolate redtnetase fronn the L1210

lymphonma was assayed as described in the text and

in Fig. 2. The final imihibitor concentration was

1.6 X 1O”� M. In experiment I, the sernrm was in-
cirbated for 2 mimi at 37#{176}with the inhibitor before
the mixture (0.1 nil) was added to the dihydro’

foiate reductase assay system (0.9 ml); mi experi-
ment II, the inmeubation timnie of sernnm with in-

hibitor was 45 nun.

Experimemmt I

Control
Mouse

Rat

Dog

Fetal calf

Horse

Human
Experimnenut II

Comitrol
Mouse

Rat

Iiumarm

Serum Inhibition of
- dihydrofolate

Amount reductase

ml ing protein

mecimanism of this inactivation have been

initiated. The inactivating serum factor is
probably a macromolecule, since it was not
dialyzable, was precipitated by anmnmommium

sulfate, and was partially destroyed by

heating to 55#{176}.Sonme evidence has been ob-
tamed to indicate that the mechanisnm’i of this

inactivation involves binding of the in-
hibitor to the protein, with subsequent slow
hydrolysis of the terminal sulfonyl fluoride

group to sulfonic acid. The following data
support this possibility. Prolonged incuba-
tion (60-130 mm) of NSC 113,423 with
mouse serum resulted in partial regeneration

of dihydrofolate reductase inhibitor activity
(Fig. 2). The same effect occurred imme-

diately when the inhibitor-serum complex

generated by incubation for 30 mm at 37#{176}
was heated at 100#{176}for 2 mm. Once partial

regeneration occurred, the addition of fresh
mouse serum (1 .8 mg of protein per miffi-
liter) failed to inactivate the inhibitor
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further. These data are consistent with the
interpretationm timat NSC 1 13,423 is metabo-

lized to the sulfonic acid derivative ; this
compound, a weaker inhibitor of dihydro-
folate reductase than is the parent com-
pound, cammnot be further inactivttted by

mouse serum.
Additional evidenmce in support of this in-

terpretation was obtained w-ith NSC 117,664,
a 2 , 4-diaminopyrimidine also contaimminmg a

sulfonyl fluoride moiety (Fig. 1), and its sul-
formic acid derivative (RBM-III-25.3). NSC
117,664 behaves as does NSC 113,423 with
respect to dihydrofolate reducta.se inhibition
amid inactivation by mouse serum. However,

the sulfomiic acid derivative, a poorer in-

hibitor of dihydrofolate reductase than
NSC 117,664, was not inactivated by mouse

serum.

The suggestion that an emmzyme-catalyzed

hydrolysis of inhibitors of the sulfonyl fluo-

ride type has previously been made by Baker
and Meyer (7) amid Baker and Hurlbut (8).
These authors showed that a compound

differing from NSC 1 17,664 only in the re-
placemeimt of the methyl group by an amino
group, and a compound differing from NSC
113,423 only in a methyl group, were macti-

vated by a relatively impure mouse liver
preparation of dihydrofolate reductase;

therefore, whether this hydrolysis was due to
dihydrofolate reductase or to another liver
proteili could not be ascertained. These
authors also observed eazyme-catalyzed in-

activation of sulfonyl fluoride inhibitors of
chynmotrypsin, trypsinm, amid xanthinme oxi-
dase. The question as to whether the modest
antitunmior activity of a suifonyl fluoride

conmpound (compound 3, ref. 3) against the

L1210 lymphoma is due to lack of hydrolysis
of this compound by mouse serum or to sig-
nificant activity of the sulfonic acid de-
rivative has not yet been resolved.

The results show-mi in Table 2 are of poten-
tial immiportance to the further evaluation of
these compoummds as chemotherapeutic

agents. Thus, although mouse serum de-

creased the ability of NSC 1 13,423 to macti-
vate L1210 dihydrofolate reductase, the sera
of other species, including rat, dog , and man
had little or imo inactivating ability.4 There-
fore, NSC 113,423 and related compounds

may still be valuable anitinmeoplastic agents

whenm tested against tumors occurring in

man. The ability of a certain mammalian

species but not others to inactivate a drug is
not without precedent ; the rabbit and guinea

pig can rapidly inactivate the antifolates
methotrextite and amimiopterin, while the
mouse, rat, amid man canmnot (9).
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