
1104 Specialia EXPERIENTIA 29/9 

Antineoplastic Activity of Lipid-Soluble Dialkyl Esters of Methotrexate 

T h e  fola te  a n t a g o n i s t  m e t h o t r e x a t e  (4-amino-4-deoxy-  
NX0-methy lp te roy lg lu t ama te ;  ~ T X ) ,  a p o t e n t  i n h i b i t o r  
of t h e  e n z y m e  d ihydro fo la t e  reductase ,  is wide ly  used  in 
t h e  t r e a t m e n t  of acu te  l y m p h o c y t i c  l eukemia  a n d  o the r  
fo rms  of neop las t i c  disease 1. W e  h a v e  r ecen t l y  p r e p a r e d  a 
series of d ia lky l  es ters  of t h i s  c o m p o u n d  for  use as mode l  
s u b s t r a t e s  in  d rug  m e t a b o l i s m  s t r u c t u r e - a c t i v i t y  s tud ies  
in  v i t ro  2. Since t he  phys i cochemica l  p rope r t i e s  of t he  M T X  
esters  were found  to  differ  m a r k e d l y  f rom those  of t h e  
l ip id- insolubIe  p a r e n t  drug,  we fel t  i t  to  be  of i n t e r e s t  to  
assess t h e  pha rmaco log ic  a c t i v i t y  of these  c o m p o u n d s  as 
a n t i t u m o r  agen t s  in  r i v e ,  a n d  also as i n h i b i t o r s  of t h e  
t a r g e t  e n z y m e  for MTX,  d ihydro fo l a t e  reductase .  The  
resu l t s  of these  s tud ies  are r epo r t ed  below. 

Mater ials  and methods. T he  ca rboxy l i c  acid groups  of t he  
g l u t a m y l  m o i e t y  of M T X  were ester i f ied b y  a s y n t h e t i c  
m e t h o d  descr ibed  e lsewhere  3. Di -n -a lky l  es ters  of cha in-  
l eng ths  f rom i to  8 c a r bons  were p repared .  D i h y d r o f o l a t e  
r educ ta se  f rom mouse  L1210 /A (XL) l eukemia  ceils was  
pa r t i a l l y  pur i f ied  b y  a m m o n i u m  su l fa te  f r ac t i ona t i on  and  
gel f i l t r a t i o n  on  S e p h a d e x  G-200;  e n z y m e  a c t i v i t y  was  
a s sayed  s p e c t r o p h o t o m e t r i c a l l y  as p rev ious ly  descr ibed  3. 
Specific a c t i v i t y  of t h e  e n z y m e  p r e p a r a t i o n  used  was  
34 Exmoles/min/mg. C o m p o u n d s  were t e s t ed  for in  v ivo  
an t i neop l a s t i c  a c t i v i t y  in  ma le  C D F  1 mice  bea r i ng  L1210 
l eukemia  cells; t h e  size of t h e  i n o c u l u m  was  2 • 10~ cells 
for an ima l s  rece iv ing  t he  t u m o r  i n t r a c e r e b r a l l y  and  
4 •  cells for an i m a l s  rece iv ing  t he  t u m o r  in t r a -  
per i tonea l ly .  D r u g  t r e a t m e n t  was  s t a r t e d  24 h l a t e r  b y  t he  

Table I. Inhibition of dihydrofolate reduetase from mouse L1210 
leukemia ceils by MTX and N[TX di-n-alkyl esters 

Inhibitor Drug concentration (M) required 
to reduce rate of reduction of 
dihydrofolate to tetrahydrofolate. 
to 50% of control value s 

MTX 1.0 • 10-9 
IV[TX, Dimethyl ester 3.8 • 10 -7 
MTX, Diethyi ester 1.3 x t0 -7 
MTX, Di-n-butyl ester 5.4 • 10 -9 
MTX, Di-n-amyl ester 6.0 x 10 -9 
MTX, Di-n-hexyl ester 1.0 • 10 -s 
MTX, Di-n-oetyl ester 1.3 x 10 -s 

Control rate : 0.024 absorbance units/min at 340 nm. 

i n t r a p e r i t o n e M  rou te  a n d  was  c o n t i n u e d  once  da i ly  for  
10 days .  Because  of l imi t ed  w a t e r  so lub i l i ty  of t h e  d ia lky l  
esters,  a non- ion ic  s u r f a c t a n t  (Emulphol :  E L  620) was  used  
in p r e p a r i n g  d r u g  so lu t ions ;  t h e  so lven t  s y s t e m  used  was  
e t h a n o l :  E L  620 : w a t e r :  : 5 : 5 : 90 v /v .  The  s ens i t i v i t y  of 
t h e  t u m o r  to  a d m i n i s t e r e d  d rugs  was d e t e r m i n e d  f rom 
p r o l o n g a t i o n  of s u r v i v a l  t i m e  of d r u g - t r e a t e d  an ima l s  
over  t h a t  of s o l v e n t - t r e a t e d  con t ro l  mice.  S e r u m  levels of 
M T X  a n d  M T X  es ters  were  d e t e r m i n e d  b y  t he  d ihyd ro -  
r e l a t e  r educ t a se  i n h i b i t i o n  t i t r a t i o n  m e t h o d  of BERTINO 
a n d  FISCHER 4. 

Results.  The  d ia lky l  es ters  were effect ive  i n h i b i t o r s  of 
d ihydro fo l a t e  r educ t a se  f rom mouse  L1210 l eukemia  
cells; t h e i r  i n h i b i t o r y  ac t iv i ty ,  however ,  was  less t h a n  
t h a t  of t h e  non-es te r i f ied  p a r e n t  compound ,  M T X  
(Table  I). "Within t h e  es te r  series, e n z y m e  i n h i b i t o r y  
a c t i v i t y  increased  w i t h  es ter  c h a i n - l e n g t h  up  to a max i -  
m u m  w i t h  t h e  4- a n d  5-carbon  es ters ;  f u r t h e r  increases  
in  cha in  l e n g t h  were a c c o m p a n i e d  b y  a decrease  in inhi -  
b i t o r y  ac t iv i ty .  

I n  c o n t r a s t  to  t h e  resu l t s  o b t a i n e d  in  t h e  d i h y d r o f o l a t e  
r edue t a se  i n h i b i t i o n  assay,  t h e  a n t i t u m o r  a c t i v i t y  of t h e  
es ters  in  vivo,  in  t e r m s  of ex tens ion  of l i fe-span,  was  equa l  
to  t h a t  of M T X  w h e n  t e s t ed  aga ins t  b o t h  t he  i n t r a -  
ce rebra l ly  a n d  i n t r a p e r i t o n e a l l y  i m p l a n t e d  t u m o r  (Table  
II) .  The  m a x i m u m  effec t ive  dose of t h e  esters  was  also 
t h e  same  as t h a t  of t h e  p a r e n t  c o m p o u n d  (1.5 m g / k g / d a y  
i.p.) excep t  for t h e  d i e thy l  ester ,  w h i c h  was m a x i m a l l y  
effect ive  a t  a dose of 4 m g / k g / d a y .  

Since t he  in  r i v e  a c t i v i t y  of t he  M T X  esters  was  
a p p r o x i m a t e l y  equa l  to  t h a t  of M T X  despi te  t he  m a r k e d  
differences  in  t h e i r  ac t iv i t i e s  in  t he  in  v i t r o  t e s t  sys tem,  i t  
was  fe l t  to  be  l ike ly  t h a t  hydro lys i s  of t h e  es ters  was  
occur r ing  in  vivo,  w i t h  release of t he  p a r e n t  drug.  To t e s t  
t h i s  hypo thes i s ,  ma le  C D F  1 mice  were g iven  t h e  es ters  i.p. 
a t  a dose-level  of 5 mg/kg,  a n d  se rum levels of es ter i f ied 
a n d  free M T X  d e t e r m i n e d  a t  15, 30 a n d  60 m i n  b y  
p a r t i t i o n i n g  depro te in ized  s e r u m  b e t w e e n  n - b u t a n o l  a n d  
w a t e r  a n d  d e t e r m i n i n g  a c t i v i t y  in  b o t h  phases  b y  t he  
d ihydro fo l a t e  r educ t a se  i n h i b i t i o n  t i t r a t i o n  assay.  As  
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Table II. Effect of i.p. administered MTX and MTX di-n-alkyl esters on survival time of male CDF 1 mice inoculated with L1210 leukemia ceils 

Compound Route of tumor cell Optimal daily dose Averagesurvival 
implantation (mg/kg) (days ~ SE) 

None Intraperitoneal (IP) 8.6 4- 0.1 (30) 
MTX IP 1.5 17.1 :~ 0.5 (28) 
MTX, Diethyl ester IP 4.0 16.1 + 0.7 (10) 
IV[TX, Di-n-amyl ester IP 1.5 16.8 4- 0.4 (10) 
MTX, Di-n-octyl ester IP 1.5 18.3 i 0.6 (10) 
None Intraeerebral (IC) 8.5 :[_ 0.1 (30) 
MTX IC 1.5 12.6 :j= 0.2 (29) 
MTX, Diethyl ester IC 4.0 11.8 4- 0.2 (10) 
MTX, Di-n-amyl ester IC 1.5 13.2 4- 0.3 (10) 
MTX, Di-n-octyl ester IC 1.5 12.5 ~ 0.4 (10) 

Values in parentheses indicate nmnber of animals in each treatment group 
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ear ly  as 15 m i n  a f t e r  i n t r a p e r i t o n e a l  in jec t ion ,  more  t h a n  
90% of t he  a c t i v i t y  in  t he  s e rum was found  to be  p r e sen t  
as free M T X  e x c e p t  in  t h e  case of t h e  d i e t h y l  ester ,  for  
wh ich  hydro lys i s  was  81% comple t e  a t  t h i s  t ime.  A t  t he  
l a t e r  t imes ,  more  t h a n  99% of t h e  s e r u m  M T X  a c t i v i t y '  
was  p r e sen t  as t h e  noI~-esterified p a r e n t  con lpound .  

Discussion. These  s tud ies  i nd i ca t e  t h a t  whi le  d i -n -a lky l  
es ters  of M T X  e x h i b i t  s ign i f ican t  a n t i t u m o r  a c t i v i t y  in  
t he  mouse,  t h i s  a c t i v i t y  is due to r ap id  hydro lys i s  to  t h e  
p a r e n t  drug.  A s imi la r  conclus ion  was r eached  b y  EISEN- 
FELl) e t a l .  s in  s tud ies  w i t h  t h e  d i m e t h y l  es ter  of MTX.  
E x t e n s i o n  of these  s tud ies  to  o the r  m a m m a l i a n  species 
would  h o w e v e r  be  of i n t e r e s t :  c o m p a r a t i v e  s tud ies  h a v e  
i nd i ca t ed  t h a t  p l a s m a  es terase  levels in  t h e  m o u s e  are 
s ign i f i can t ly  h ighe r  t h a n  in la rger  species such  a s  monkey ,  
dog, and  mail6, and  t he  poss ib i l i ty  the re fore  exis ts  t h a t  in 
t h e  l a t t e r  species t he  es ters  would  pers i s t  for a suff ic ient  
l e n g t h  of  t i m e  to r each  t u m o r  s i tes  inaccess ib le  to  t he  
l ip id - inso lub le  p a r e n t  drug.  R e p l a c e m e n t  of t h e  es ter  
groups  of t h e  p r e sen t  series w i t h  chemica l  s t r u c t u r e s  
h a v i n g  e q u i v a l e n t  l ip id  solubi l i ty ,  b u t  r e s i s t an t  to  
biological  hydro lys i s ,  would  also a p p e a r  to  offer p romise  7. 

R~sumd. L ' a c t i o n  b ioIogique  de 6 es ters  l iposolubles  
d i -n -a lky le  de la  m 6 t h o t r e x a t e  (MTX) a ~t6 compar6e  
celle du compos6 n o n  est6rifi6. E n  t a n t  q u ' i n h i b i t e u r s  de la 
r6duc ta se  d ihyd ro fo l a t e  de cellules leuc6miques  L1210 de 

la souris, les es ters  on t  6t6 moins  efficaces que !a MTX.  
I n  vivo,  los esters  d ia lkyles  o n t  eu une  ac t ion  6gale ~ celle 
de  la  M T X ,  en p r o l o n g e a n t  la  su rv ie  des  souris  inocui6es 
p a r  l ' i n j e c t i on  de cellules leuc6miques  L1210. Pu i sque  los 
es ters  son t  r a p i d e m e n t  hydro lys6s  in  v i v o  on  conc lu t  que  
Fac t ion  a n t i t u m e u r  chez la souris  est  due k la l ib6 ra t ion  
de la MTX.  
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The Effect of Quinidine bis-(7-Theophylline Acetate) on the Isolated Papillary Muscle 
of the Rabbit Heart 

I n  t he  p rev ious  papers ,  a c o m b i n a t i o n  of d i p h e n h y d r -  
a m i n e  a n d  t h e o p h y l l i n e  ( d i m e n h y d r i n a t e )  was  found  to 
h a v e  a s ign i f ican t  a n t i a r r h y t h m i c  ac t ion  1, 2 w i t h  none  of 
t he  undes i r ab le  effects of d i p h e n h y d r a m i n e  a lone 3. These  
o b s e r v a t i o n  caused t h e  a u t h o r s  of t he  p re sen t  commin ica -  
t i on  to i nves t i ga t e  t h e  p roper t i e s  of a chemica l  combina -  
t i on  of t h e o p h y l l i n e  a n d  qu in id ine  r s. 

Methods. Quin id ine  bis-(7-theophylline ace ta te )  (QTA) 
has  been  o b t a i n e d  b y  re f lux ing  qu in id ine  (0.01M) a n d  
theophy l l ine -7 -ace t i c  acid (0 .02M) in e t h a n o l  solut ion.  
Af te r  r ec rys t a l l i s a t i on  f rom e thanol ,  i t  me l t ed  a t  201-  
203~ lit. m.p.  be ing  203-207~ 

The  e x p e r i m e n t s  were pe r fo rmed  on t he  pap i l l a ry  
muscles  i so la ted  f rom t he  r i g h t  ven t r i c l e  of t he  r a b b i t  
hea r t ,  pe r fused  With o x y g e n a t e d  w a r m  (35~ T y r o d e ' s  
solut ion.  The  p r e p a r a t i o n s  were d r i v e n  w i t h  r ec tangu la r ,  
doub le  t h r e s h o l d  pulses  a t  a r a t e  of I Hz. The  e lectr ical  
a c t i v i t y  w a s  recorded  b y  m e a n s  of i n t r ace l lu l a r  micro-  
electrodes,  a n d  t he  c o n t r a c t i o n s  of t h e  p r e p a r a t i o n s  w i t h  
a t r a n s d u c e r  RCA 5734. T he  record ings  were t a k e n  before  
a n d  10-15 ra in  a f te r  a d m i n i s t r a t i o n  of QTA in a concen t r a -  
t i on  of 5 m g •  1-1. 

Results and discussion. The  resu l t s  are shown  in t h e  
Tab le  a n d  t he  Figure.  As resu l t s  f rom Tab le  a n d  Figure ,  
QTA prac t i ca l ly  does no t  affect  e i t he r  t h e  a m p l i t u d e  of 
t he  r e s t ing  and  ac t ion  p o t e n t i a l  or t he  r ap id  u p s t r o k e  
in t he  . ven t r i cu la r  fibres. Thus ,  i t  c a n n o t  cause  a n y  
s ign i f ican t  change  in t he  ve loc i ty  of t he  impulses  p ropaga -  
t ion.  On t he  con t r a ry ,  qu in id ine  a lone m a r k e d l y  slows 
down  b o t h  t he  r ap id  u p s t r o k e  a n d  t h e  ve loc i ty  of pro-  
pagat ionT-% P r o l o n g a t i o n  of t h e  r e f r a c t o r y  per iod  a f t e r  
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Investigated parameters in control conditions and after QTA administration 

Resting potential Action potential Effective Mechanograms 

(mV) Anlplitude Duration of Duration of AP refractory period Amplitude Duration 
(mV) phase 0 (msec) period (msec) (%) (msee) 

(msee) 

Control 87 i 6.3 123 ~= 8,5 1.9 4. 0.08 220 -4- 16.7 170 =L 12.5 100 300 4. 10.6 

QTA (5 mg]l 90 4. 4.1 121 ~ 5.5 1.9 4. 0.1 310 -t- 21.2 280 4. 17.2 98 4- 11.8 380 :t: 15.5 


