
SHORT COMMUNICATIONS 

Studies on the transport and distribution of diaminopyrimidines in 
L5178Y lymphoblasts in cell culture 

Diaminopyrimidines kill tumour cells in tissue culture 
[l. 21, animals 13351 and man [68]. Methodichlorophen 
(2-4-diamino-5-(3’-4’-dichlorophenyl)-6-methylpyrimidine) 
(DDMP) is the most effective analog in some exper- 
imental systems [3.4]. The antitumour effect of these agents 
has been ascribed to their ability to inhibit the cmyme 
dihydrofolate reductasc 1991 I]. However. since they are 
much less effective inhibitors of this enzyme than in metho- 
trexatc (MTX) [2]. it is possible that their cytocidal cffcct 
may be associated with some other loci or mechanisms of 
action, The way in which antifolates (particularly MTX) 
penetrate cells has been widely studied [I2 141. However. 
little is known of the mechanism of translocation of dia- 
minopyrimidincs across the tumour ccl1 membrane. 
Recently. it has been suggested that MTX and pyrimetha- 
mine (5.p-chlorophcnyl)2.4-diamino-6-ethyl pyrimidine 
(PRM) may bc transported through different sites. and that 
they do not compete for uptake [2]. The present study 
reports preliminary results on the transport of PRM and 
DDMP into L5178Y lymphoblasts. 

Cherniculs und rea<+~~ra. [‘JC]PRM (sp. act., 14.7 mCi.! 
mmole) and [“‘CIDDMP (sp. act.. 13.8 mCi/mmole). both 
radioisotopically labelled in the 2-position, were checked for 
radioactive purity and kindly provided for these studies by 
Dr. C. A. Nichol. The Wellcome Research Laboratories, 
Burroughs Wellcome Co., Research Triangle Park, N.C., 
U.S.A. Burroughs Wellcome Co. also provided gifts of non- 
radioactive PRM and DDMP. MTX and folinic acid. as cal- 
cium leucovorin, were obtained from Lederle Products Ltd., 
Montreal. Quebec, Canada. [‘4C]inulin carboxylic actd (sp. 
act., 8.6 mCi/mmole) was obtained from the Radiochemical 
Centre, Amersham, England. as was radioactive methotrex- 
ate 3’5’T sodium salt (sp. act., 250 mCi.!mmole). 

Ccl/ culturrs. L5178Y lymphoblasts were grown in sus- 
pension culture as described previously [Z]. 

TI.LIII.S~O~~ .studies. L5178Y cells selected from culture in 
logarithmic growth were used. Experimental design and 
analytical techniques have been described in detail pre- 
viously [2. 151. The following modificattons were made. A 
cell concentration of 2 x IO” cclls.!ml in Hank’s balanced 
salt solution, pH 7.4. without added serum. was employed. 
“C-labelled diaminopyrimidincs were added to aliquots of 
these cell suspensions resulting in a final drug concentration 
of 5 x IO-‘M and a radioisotope conccntratton of 
0625 pCi/ml. The concentration for MTX was S x IO- ’ M 
(I ~Ci/ml). Radioactivity was determined using Aquasol 
(NEN. Dorval. Quebec Canada) scintillant in a Nuclear 
Chicago scintillation counter Unilux II model 6853 at 63 
per cent efficiency for ‘V. 

For measurement of drug uptake at 4 . the cell suspcn- 
sions were prccooled in ice for I5 min prior to drug addi- 
tion. 

The rate of etllux of diammopyrimidincs from L517XY 
cells at 37 was determined by pre-incubating cells with 
drug for 30 min. The cells were then pelleted by centrifuga- 
tion at 35Og for 2 min at room temperature. washed free of 
rJC-labcllcd drug not associated with the cells. and finally 
resuspended to the same volume in fresh Hank’s solution 
without drug at 37 Aliquots were removed at later time in- 
tervals and their radioactive content was determined. 

The intracellular water content was estimated as the dif- 
ference between the total water content of the cell pellet and 
the extracellular water. as determined by incubation with 
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Fig. 1. Rates of uptake of “C-labelled PRM and DDMP 
expressed in nmoles of drug/IO” cells as a function of time 
(min) of incubation at 37” and 4”. Each figure represents the 
mean of eight determinations. Overall scatter not in excess 

of 10 per cent. 
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Table I. A comparison of the “steady-state” levels of PRM. DDMP and MTX 
achieved in L5l78Y lymphoblasts during influx In the presence of 5 x IO ’ M drug 

and after efflux in drug-free medium from “preloadcd cells”* 

Vrug 

Influx “steady state” 
intracellular drug 

concnt 

(M) 

Efflux “stead) state” 
intracellular drug 

concnt 
(MI 

DDMP 
PRM 
MTX 

* 2 x lOh Cells/ml were incubated in the presence of drug for 30 min at 37 to 
achicvc a “steady state” intracellular concentration. The cells were then rc-incubated 
in the presence of fresh drug-free medium at 37’ for a further 30.min period. after 
which the level of drug/ccl1 was calculated. 

‘r The intracellular drug concentration values were calculated using mcasurcments 
of intracellular free space, determined as described in Methods. The intracellular 
water content was 6.1 k 0.3 x lo-’ mg (S.D. over six estimations). 

Each figure represents the mean value of tight cstimatlons. 
Overall scatter was not greater than 10 per cent. 

[‘4C]inulin. according to the method of Goldman et 
al. 1161. 

Iu//u~ 41 diumii~opyri,,~idinrs. The rates of uptdkc of 14C- 
labelled PRM and DDMP are shown in Fig. I. The pattern 
of influx is similar for both drugs. Initially there is a rapid 
association of the drugs with the cells (within I min) which 
is not temperature dependent. This is followed by a period 
during which the amount of the drugs within the cells in- 
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Fig. 2. Rate of efflux of “C-labelled PRM and DDMP 
froni “preloaded” cells expressed in nmoles of drug/lo’ cells 
as a function of time of reincubation in drug-free medium 
at 37”. Each figure represents the mean of six determina- 

tions. Overall scatter not in excess of 15 per cent. 

* S. Simmonds, personal communication (1973). 

creases linearly as a function of time. This increase is tcm- 
perature dependent, being reduced at 4”. Subsequently a 
steady state concentration 1s reached (after 20 min at 37 ). 
The more lipophilic derivative, DDMP. is taken up over the 
linear portion of the curve at a faster rate (6.8 nmoles:lO” 
cclls!min) than the parent compound PRM (3.2 nmoles~l0” 
cells/min). The final extent of uptake bq the cells was greater 
for DDMP than PRM. The time course of uptake of these 
diaminopyrimidincs follows three phases, similar to those 
described previously for MTX transport into LIZ10 mouse 
leukaemia cells [ 161. However. the size of the rapidly asso- 
ciating fraction of diaminopyrimidines is much grcatcr than 
that reported for MTX. This finding may be related to the 
more Ilpophilic nature of diaminopyrimidincs. DDMP is 
taken up more rapidly and accumulated to a greater cxtcnt 
than PRM bq these L517XY cells. This ih in agreement with 
previous studies which showed a significantly greater con- 
centration of DDMP than PRM throughout the whole 
brain of animals.* 

Table 2. Kinetic properties of the transport of PRM and 
DDMP hy L5178Y lymphoblasts* 

Drug 

Concn. 
range 

(iOmiM) K ,,,* V ,,I.,,: 

PRM 
DDMP 

I-10 0.49 k 26”/;, IX.1 * 18.1% 
I-10 0,131 + x:; 18.4 k 6”:, 

*The data were derived by calculation of enzyme 
Michaelis-Menten parameters with standard errors by the 
statistical method of Wilkinson 1171. The data presented 
represent the mean values from viplicate estimations and 

duplicate cwpcrimcnts. 
t The z intercept of the Lineweaver-Burk plot = - 1 :K,. 

K, is in millimolar concentration. 
$ The J’ intercept of the Lineweaver-Burk plot = I/C,,,,,,. 

C’ Ill.,\ is expressed as nmoles. min: IO” cells. 
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~jhx of’ditr,,ri,lop),~i/)linif7es. L5 I78Y lymphoblasts were 
preloaded with clther PRM (20 nmoles,/lO” cells) or DDMP 
(to approximately 43 and 31 nmoles;l0’ cells) by incubation 
for 30 min at 37’. Aliquots of cell suspension were removed 
at the times indicated in Fig. 2, which illustrates the rate and 
extent of eRlux of these drugs from the cells. There was a 
rapid eflux of both agents. but’the final steady state level 
of drug was achieved more quickly for PRM (within 2 min) 
than for DDMP (bq 5 mm). The final amount of drug asso- 
ciatcd with the cells was higher (x 2 approx) for DDMP 
than for PRM. These differences in cfflux characteristics 
between PRM and DDMP were still noted when the cells 
were prcloaded with each drug to comparable con- 
centrations (approx 20 nmoles. IO” cells). 

Table 3. Effect of various folate derivatives on the extent of 
uptake of PRM and DDMP by L5178Y cells after 30-min 

incubation at 37’* 

Extent of uptake (“‘<,)t 
Concn. 

(M) PRM: DDMP$ 

PRM 
DDMP 
MTX 
Folinic acid 

5 x IO_’ 98 
5 x 10~~ 92 
5 x IO_’ 89 x5 
5 x 10.” 56 76 

10-1 27 48 
5 x lo-5 25 

It is interestmg (see Table I) that the final steady state in- 
ternal levels of both PRM and DDMP both during influx 
and after &XIX. following initial exposure to an extracellular 
drug concentration of 5 x 10m5 M was greatly in excess of 
the levels achieved after exposure to 5 x I Om ’ M MTX un- 
der comparable experimental conditions. These results sug- 
gest that, under these conditions, the intracellular con- 
ccntrations of diaminopyrimidincs may be considerably 
greater than those required to inhibit the enzyme dihydrofo- 
late reductase. 

* Incubations were carried out in Hank’s balanced salt 
solution using 2 x 10h cells/ml as described in Methods. 

+ The extent of uptake in the absence of added folate com- 
pound = loo”,,. 

$ The drug concentration was 5 x IO- ’ M. 

k’i/lc,/ic,,\ of i/iu/,li,lop~~i/llitli/lc uprchc. For these kinetic 
studies involving dctcrminations of the initial velocity of 
drug uptake. the reactions were terminated after a 5-min in- 
cubation at 37 uhcn the rate of influx was approximately 
linear (Fig. I). Uptake of both PRM and DDMP approxi- 
mated Michaelis Menten kinetics for drug concentrations 
from 1 to IO x 10 ‘M. The kinetic parameters are de- 
scribed in Table 2. 

mechanism. which is not shared by MTX. This observed in- 
hibition of uptake of diaminopyrimidines by folinic acid 
may be of importance in the designing of clinical schedules 
using these agents. and ma) perhaps explain the previously 
noted ready reversibility of the effects of these drugs by the 
addition of reduced folates 161. 

The Michaelis constant (K,,) for uptake of PRM 
(0.49 mM) is approximately four times greater than that for 
DDMP. indicating a lower degree of saturability. The maxi- 
mal levels of velocity of uptake achievable for both drugs 
were comparable, being of the order of 18 nmoles.min: 10’ 
cells. 

A~l\r~onvledgrmc~~r.s-J. H. Goldie wishes to acknowledge the 
support of the Ontario Cancer and Treatment Research 
Foundation, Canada. The authors are grateful to Drs. R. C. 
Jackson and L. I. Hart for their valuable help in carrying 
out the statistical evaluation of the kinetic data. 

Compcririorl hrrwcwr wrious jiilic atdoyuc~s,for the truns- 
par/ of i/iur,lirlop~rirllidi,les. To establish whether these two 
diaminopyrimidines. PRM and DDMP. were transported 
by the same mechanisms. we investigated the possibility that 
they might compete with each other for entry into the cells. 
The effect of equimolar unlabelled diaminopyrlmidines on 
the influx of ‘“C-labelled materials was obtained following 
incubations at 37’ for 30 min (by which time the “steady sta- 
tc” level has been reached: see Fig. I). The uptake of PRM 
and DDMP in the presence of MTX or folinic acid (5.for- 
my1 tctrahydrofolatc) was also measured. The results (Table 
3) show that the presence of equimolar PRM did not in- 
fluence the influx of [‘“CJDDMP or vice versa. Similarly. 
MTX at a concentration equimolar to that of either of the 
diaminopyrimidines was without a significant effect on the 
influx into cells. However. the addition of cquimolar folinic 
acid markedly reduced the uptake of both PRM and 
DDMP. This inhibition was more noticeable with PRM 
than DDMP. 
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A possible role for cyclic AMP in the regulation of histamine 
secretion and the action of cromoglycate 

(Receicrd 8 Augu.st 1974 

The sccrction of histamine from mast cells and basophil leu- 
cocytcs is inhibited by the application of substances (adeny- 
late cyclasc activators. phosphodiesterase inhibitors and 
cyclic AMP analogues) which lead to the accumulation of 
intracellular cyclic AMP [l&7] and it has been shown that 
the antiallergic drug. cromoglycate inhibits cyclic AMP 
phosphodiestcrase from several tissues [Xl. 

Application of a specific antigen to sensitized mast cells 
triggers the secretion of histamine in a calcium-dependent 
manner [9, IO]. The secretion of histamine is also accom- 
panied by an increase in calcium uptake by the mast cells. 
and cells made sclectivelv permeable to calcium by treat- 
ment with the divalent cation carrier substance (ionophore). 
A 23 I X7. release histamine when subsequently provided 
with calcium [I I]. It has been suggested that the antigen- 
antibody reaction on the mast cell membrane opens calcium 
gates in the membrane [II]. and the response of the mast 
cells to calcium followin! antigen stimulation. decreases 
rapidly with time: indicatmg that the gates do not remain 
open. The response of the cells to calcium has almost com- 
pletely disappeared 4 min after antigen stimulation [ 131. It 
has therefore been proposed that the control of histamine 
secretion following the antigen-antibody, stimulus is 
brought about bq time-dependent changes m the calcium 
permeability of the mast ccl1 membrane. It must be pointed 
out. however, that whereas histamine secretion is complete 
in I min. the decay of the response to calcium following 
antigen stimulation is not complete before 4 min although 
it is hubstantlally manifest after I min. Supporting the idea 
that the decdq in the response to calcium is related to the 
control of histamine secretion is the observation that phos- 
phatidgl serinc prolongs the release process and slows the 
decay of the calcium response [l3, 147. In view of these 
observations. it was of interest to examine the role of cyclic 
AMP in relation to the action of calcium in rat peritoneal 
mast cells. 

The source of the cells together with the methods of 
scnsltlting them and of inducing and measuring histamine 
rcleasc from them have been described [IO. 151. Dibutyryl 

uccrptrd 30 August 1974) 

cychc AMP (Sigma) produced a graded inhibition of 
antigen-evoked histamine release as the concentration was 
raised in the range from IO lmoles.!l to IO m-moles,‘1 (Fig. I). 

001 0.1 I IO 

of dlbutyryl cyclic AMP, m-moles/liter 

Fig. I. Concentration-response relationship for the action 
of dibutyryl cyclic AMP on histamine release induced by 
antigen. IO pg/rnl (0) and A 23187. 5 pmoles;‘l (0) from the 
same cell population. Response is expressed as a fraction of 
control histamine release from cells suspended in a medium 
containing calcium, I m-mole/l and no dibutyryl cyclic 
AMP. Control histamine releases were: 22 + 5 per cent 
(mean 2 SD.) of total for antigen and 77 + 4 per cent of 
total for A 23187. Cells with or without dibutyryl cyclic 
AMP were preincubated for 30 min at 37 before the addi- 
tion of the histamine releasing agent. Each point is the mean 
from four experiments and the vertical bars represent 

S.E.M. 


