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Residual pharmacological activity of cer-
tain insoluble drugs is maintained by injec-
tion of these substances, intramuscularly, to
form a *“depot” from which they are slowly
and continuously released. Other drugs mani-
fest prolonged activity without the need for
such means of injection, and it is known that
in these cases the substances are differentially
distributed in the body. The binding of phar-
macologically active substances in tissues or
cells is not clearly understood and there is
little information on occurrence of this phe-
nomenon in vitro. Pyrimethamine (Dara-
prim) manifests prolonged residual activity
following oral administration(1). Schmidt
et al.(2) determined the concentrations of py-
rimethamine in plasma, erythrocytes, and
other tissues of rats and monkeys. It was
shown that all fixed tissues examined con-
tained significantly higher concentrations of
drug than blood plasma. Smith and Ihrig(3)
have also demonstrated that pyrimethamine
persists for considerable periods in the body of
both man and monkey. We observed previ-
ously(4) that in monkey kidney tissue cul-
tures infected with T'oxoplasma gondii, treated
with pyrimethamine for 7 days, and then in-
cubated for 11 days without drug, cellular de-
generation due to proliferation of the para-
site did not occur. Nevertheless, by inocu-
lation of mice with these cultures immediately
after removal of drug, the presence of toxo-
plasmas could frequently be demonstrated.
These results were explained by possible stor-
age of pyrimethamine, at a level inhibitory
to the parasite, within cells growing in tissue
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culture. Experiments reported here were de-
signed to demonstrate this storage of pyrime-
thamine in cells iz vitro and to define the con-
ditions under which it can occur.

Materials and methods. Tissue culture:
Monkey kidney tissue cultures were prepared
and maintained by the method of Melnick
(5). Mouse mince cultures were prepared by
the method of Chernin and Weller(6). Chick
embryo heart explant cultures were prepared
by standard plasma clot technics. HelLa cells,
KB cells, conjunctival epithelium (Chang),
and human intestinal cells (Henle) were pur-
chased from Microbiological Associates, and
maintained in Eagle’s medium(7) with 10%
calf serum, 100 units penicillin, and 100 pg
streptomycin/ml. (HeLa maintenance me-
dium). Drug Solutions. Daraprim, a brand
of pyrimethamine, was supplied through the
courtesy of Dr. G. H. Hitchings of Burroughs
& Wellcome Research Laboratories, Tucka-
hoe, N. Y. Stock solutions of 100 mg % py-
rimethamine were prepared by bringing 100
mg of pyrimethamine dissolved in 2 ml lactic
acid, U.S.P.-85%, to 100 ml with maintenance
medium. This drug solution was sterilized by
02 Selas filtration and stored at 4°C. All
other solutions of pyrimethamine were pre-
pared from such stock solutions. Mice. NIH
general purpose albino female mice of 14-20
g were used. Protozoa. The RH strain of
Toxoplasma gondii was used in all tests.
Methods of handling the parasite have been
described elsewhere (Cook and Jacobs, in
press).

Results. Preliminary experiments to test
storage of pyrimethamine in cells growing
in tissue culture were performed as follows:
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TABLE I. Duration of Storage of Pyrimethamine in Monkey Kidney Epithelial Cells after
Treatment for 5 Days with Various Levels of Drug. Lysis times of cultures and survival days
of miee inoculated from them following ehallenge* with Toxoplasma on designated days after

removal of drug.t

Day of ehallenge of enltures with Toxoplasma

Cone. 0 1 3 4 5 7 14
ofdrug LT: M{ LT M IT M 1T M IT M LT M LT M
.00 3 5.0 5.0 3 75 3 60 3 50 3 60 3 6.0
05 7 60 6 50 6.0

1 N§ 55 8 60 10 65 3 65 3 50 3 65 3 6.0
5 N 75 N 75 N 0 N 65 8 55 7 7.0 4+ 60
3 X 90 N 90 XN 65 N 95

50 N 105 XN S N 8

* Challenge was with 2 X 10° toxopl:mn;; o

t Day of removal of drug — day 0.

1 LT = lysis time of tissue cultures; M — avg survival days of mice inoculated from cultures.
§ N = No lysis was observed in 13 days of observation of cultures.

Cultures of monkey kidney epithelium were
exposed for one week to 0.5 mg 9% pyrime-
thamine before being infected with T. gondii.
Pyrimethamine-treated cells were washed 3
times and renewed with 1.5 ml of maintenance
medium. These cultures were challenged with
200,000 toxoplasmas immediately after wash-
ing. No lysis occurred within 7-day incuba-
tion period while similarly infected control
cultures showed complete cellular degenera-
tion in 4 days. In another experiment, cul-
tures were infected with 200,000 toxoplasmas
for one or 2 days prior to exposure to pyrime-
thamine at concentration of 0.5 mg % in nu-
trient medium and kept on drug for an addi-
tional day after infection. after which they
were renewed with maintenance medium.
These cultures showed no lysis during obser-
vation period of 17 days while control cultures
lysed in 5 days.

In additional experiments, monkey kidney
tissue cultures were treated with 0.5 mg %
pyrimethamine for one week and then were
challenged with 2,000,000 toxoplasmas. After
9 days’ additional incubation. none of these
cultures showed cytopathic effects and mouse
inoculations with cell suspensions from these
tubes were negative. Other cultures treated
with 0.05 mg % pyrimethamine for 5 days
before receiving the same challenge showed
4} lysis on day 4. Control tubes of untreated
Toxoplasma-infected cells showed 44 lysis
in 3 days and mice inoculated with cell sus-
pensions from these tubes died in 6 days.

Further experiments to define drug storage
in monkey kidney cells relative to concentra-

tion of drug in nutrient medium were per-
formed. The results of one of these experi-
ments are presented in Table I.

At concentrations of 0.15 mg %. pyrime-
thamine was apparently stored for 4 or more
days in the cells. Cultures infected 4 days
after removal of the drug did not lyse during
13 day observation period; cultures infected 5
and 7 days after removal of drug showed some
delay in lysis time. However, concentration
of stored drug was obviously not high enough
to cause death of parasites, since mice inocu-
lated from these cultures died of toxoplas-
mosis. At 0.30 mg %, storage was similarly
evident for periods to one week, and at 0.50
mg Y% for as long as 2 weeks. With the latter
concentration, enough drug was stored to kill
the parasites. In other experiments, some
storage of drug for 3 weeks, but not for 4
weeks. was seen in cultures exposed for 5 days
to 0.50 mg % pyrimethamine, as evidenced by
a delay in lysis of cultures following challenge
with Toxoplasma; mice inoculated from these
cultures died of toxoplasmosis, but there was
an increase in their survival time.

Replicate experiments, performed with dif-
ferent cell lots, showed that these results were
not always consistent. To determine the cause
of these discrepancies, other experiments were
performed to ascertain whether extent of drug
storage could be correlated with age of cells.

Cultures one to 4 weeks old were treated
with pyrimethamine at 0.5 mg % for 5 days
and then were challenged with 2,000,000 toxo-
plasmas after additional intervals of one to 4
weeks. Mouse inoculations were performed to
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demonstrate presence of parasites. A differ-
ence was apparent between 4-week-old cells
and younger cells, in that mice inoculated with
the latter survived the longest, while the old-
est cells showed no difference from non-
treated control tubes. Drug storage appar-
ently was at a maximum in 14-day tissue cul-
ture cells although storage was also demon-
strated at moderate levels in 7- and 21-day-
old cells. These differences possibly are re-
lated to variations observed in previous stor-
age experiments. The supernatant fluid of 7-
day tissue cultures did not show the rapid
drop in pH characteristic of older cultures.
This may have been due in part to smaller
number of cells present in cultures. Possibly
there is a correlation between this difference
in the ability of these cells to lower the pH
and their ability to store pyrimethamine, espe-
cially if the drug is activated in host cells in
some manner. Twenty-one and 28-day cells
had passed their peak as regards cell division
and necrotic areas could be seen in some of
the cell sheaths in these cultures but rapid
drops in pH of medium continued to occur.
The failure to demonstrate storage or the
lower rates of storage in older cultures may
be due in part to presence of necrotic areas
in the cell sheaths.

Additional tissue culture experiments de-
signed to compare abilities of other cells to
store pyrimethamine were performed. In
every case 0.5 mg % pyrimethamine in HeLa
maintenance medium and a 7-day drug ex-
posure time were used. At end of exposure
period the cultures were washed 3 times with
maintenance medium, were replaced with
HeLa maintenance medium and were reincu-
bated for 2 additional days. At the end of
this 2-day “rest” period the cultures received
another medium change, were challenged with
200,000 RH strain toxoplasmas and were re-
incubated for one week. Control tubes were
non-drugged cells receiving a similar inocula-
tion of toxoplasmas. Inoculations into mice
of pools of these cell cultures were performed
at end of this incubation period to check for
presence of viable parasites. All tissue cul-
tures used in these experiments were incu-
bated in stationary racks. The results of one
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TABLE II. Comparison of Ability of Various Tis-
sue Culture Cells to Store Pyrimethamine.

No. of mice dead of 5
inoculated from tissue

cultures challenged
with 200,000 RH toxo-
plasmas
Cells treated
with .5 mg %
pyrimetha- Untreated
Tissue culture system mine cells
Monkey kidney epithelium 0 5
Mouse mince cultures 5(9 ) 5(8 )
Chick embryo heart ex- 0 5(6 )
plants
HeLa cells 0 5(6 )
KB cells 4(10 ) 5( 7.5)
Conjunetival epithelium 5 (10.5) 5 (10.5)
(Chang)
Human intestinal cells 0 5 (11.0)
(Ifenle)

* Figures in parentheses are avg survival days of
mice.

of these experiments may be seen in Table II.

It can be seen that when 0.5 mg % pyri-
methamine is present in the nutrient medium,
monkey kidney cells, chick embryo heart ex-
plants, HeLa cells and human intestinal cells
are able to store pyrimethamine in levels in-
hibitory to the parasite. Slight increases in
survival times of mice inoculated from treated
versus non-treated cultures indicate that
mouse mince cultures and KB cells are not
as efficient as the other types of cells in stor-
ing pyrimethamine, while conjunctival epi-
thelium (Chang) showed no evidence of drug
storage under the conditions used. This may
be due to differences in metabolic pathways
and rates of metabolism in the cells, as well
as to possible differences in permeability of
cell membranes and/or the affinity of proto-
plasmic granules, vacuoles and colloids of the
various cells for the drug.

In addition to the above evidence, storage
of pyrimethamine in monkey kidney cells was
confirmed by microbiological assay technic
using inhibition of growth of Streptococcus
faecalis R as indicator of the presence of anti-
folic acid activity(3). These assay pro-
cedures indicated that pyrimethamine or anti-
folic acid metabolites of pyrimethamine were
present in sonic extracts prepared from mon-
key kidney cells at least one week after ter-
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mination of drug treatment with 0.5 mg %
pyrimethamine. Sonic disruption of cells was
accomplished by exposing the cellular suspen-
sions to oscillations of a 9 kc Raytheon oscil-
lator for 20 minutes at 0°C. The cell extracts
were then centrifuged for 20 minutes at 2.500
rpm to remove gross flocculent material. The
supernatant fluid was further cleared by high
speed centrifugation at 15.000 rpm for one
hour in a Spinco Model L centrifuge. Anti-
folic activity was not demonstrated in cell ex-
tracts prepared by rapid freezing-and-thaw-
ing technics.

Discussion. Ability of a cell to store a drug
or active products of the drug in vitro sug-
gests an explanation for the prolonged activ-
ity of pyrimethamine. The drug or its active
product is probably bound to the proteins in
the cell and thus prevented from rapid elution
from the cell. The failure of conjunctival epi-
thelium to store pyrimethamine must be con-
firmed: at present there is no obvious explana-
tion for this difference. The demonstration of
anti-folic activity in sonic extracts of cells
pretreated with pyrimethamine but not in ex-
tracts prepared by freezing and thawing is
probably an indication of how tightly the drug
is bound to the cellular proteins.

Schmidt ¢t al.(2) have already shown
prolonged activity of pyrimethamine against
Plasmodium cvnomolgi and localization of the
drug and, ‘or metabolic products indistinguish-
able therefrom in tissues of monkeys treated
with pyrimethamine. The present report
shows storage of pyrimethamine at a cellular

Reversal of Oxythiamin Toxicity in Neurospora.

Toxicity IN NEUROSPORA

level in a tissue culture system and defines the

conditions necessary to demonstrate such
storage.
Summary. 1. Storage of pyrimethamine or

active products of pyrimethamine occurs in
tissue cultures of monkey kidney treated with
the drug. This has been demonstrated by
parasite challenges of treated cultures and by
microbiological assay with Streptococcus fae-
calis R. 2. The limits of this storage phe-
nomenon have been defined. 3. Some differ-
ences in storage of pyrimethamine were noted
in monkey kidney cells of various ages. 4.
Chick embryo heart explants. HeLa cells and
human intestinal cells are able to store pyri-
methamine in levels inhibitory to parasite. 3.
Mouse mince cultures and KB cells possess a
slight ability to store pyrimethamine. 6.
Conjunctival epithelium (Chang) shows no
evidence of drug storage.
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Oxythiamin acts as an antimetabolite of
thiamin in the rat and in other organisms(1-
5). De Caro et al.(5, also 3,4,6) investigated
the original finding that oxythiamin increased
urinary excretion of thiamin and level of
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blood pyruvate in the rat, but did not produce
the characteristic neuromuscular syndrome
produced by administration of pyrithiamin.
While both oxythiamin and pyrithiamin could
lower the level of thiamin in various tissues,
pyrithiamin was much more potent in this
respect than oxythiamin. These authors con-



