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As part of the search for new antimalarial drugs, a screening program was developed using sensitive and chlorguanide
triazine (CGT, cycloguanil) resistant strains of the folate-requiring bacteria, Streptococcus faecium durans, Lactobacilius
casel, and Pediococcus cerevisiae. The activities of 40 compounds have been studied against these strains and
Escherichia coli. Observations have been made on the points of 50% growth inhibition, the fold increase of resistance
shown to each compound by the resistant strains as compared with the parent sensitive strains, and the reversal
of growth inhibition by folic acid with S. faecium and L. casei by folinic acid with P. cerevisiae and by p-aminobenzoic
acid with E. coli. Comparisons have been made of the activities of the test compounds with those of the standard
antimalarial antifolates, CGT and pyrimethamine (PM), and the antibacterial results have been compared with
the activities of the compounds against Plasmodium berghei infections in the mouse and against human malaria
infections where data are available. Of the 17 compounds reversed by folates, five had patterns of activity similar
to CGT and PM in that they were most active against S. faecium and nine compounds exhibited a different pattern,
being highly active against all four test bacteria. This suggests that these latter compounds either have different
pharmacokinetic properties or have additional modes of action. The three CGT-resistant organisms responded to
antifolates in different ways. S. faecium (R) and P. cerevisiae (R) strains were cross resistant to 4,6-diaminotriazines,
2,4-diaminopyrimidines, 2,4-diaminoquinazolines, and active 2,4-diaminopteridines. L. casei (R) was cross resistant
to the triazines but was collaterally sensitive to all the other antifolates. Most of the compounds not reversed by
folates were much less inhibitory for the test organisms; they were most active against L. casei. In general, their
growth inhibitory concentrations varied less for the four test organisms and the responses of the sensitive and CGTg
strains were similar. However, there was some cross resistance to five compounds and some collateral sensitivity
to five others. Comparison of the bacteriological data with the activities of the compounds against Plasmodium
berghei in the mouse showed little correlation between the two test systems; each appears to provide independent

and useful information.

The advent of chloroquine-resistant strains of malaria
in Southeast Asia led to the establishment of the current
antimalarial program under the sponsorship of the Walter
Reed Army Institute of Research.! As part of this study
we developed a screening program for antifolate com-
pounds using folate-requiring bacteria. The purposes of
the program were threefold: (1) to find more active an-
tifolates; (2) to find antifolates with different patterns of
activity from those in present use; and (3) to find com-
pounds which would be active against strains resistant to
treatment with standard antimalarials.

To answer these questions we designed a screening
program using a spectrum of bacterial strains each of which
enters the folic acid cycle at a different point; these in-
cluded Escherichia coli, Streptococcus faecium, Lacto-
bacillus casei, and Pediococcus cerevisiae. E. coli makes
its own folic acid starting with very simple precursors; it
is inhibited by sulfonamides, which compete with p-
aminobenzoic acid (PABA),? but only slightly by active
antimalarial antifolates such as chlorguanide triazine
(CGT, cycloguanil) and pyrimethamine (PM). S. faecium
can use pteroic acid which resembles folic acid except that
it lacks the glutamic acid portion; it can also use folic and
folinic acids. This organism is strongly inhibited by CGT
and PM. L. casei requires the intact folic acid molecule
and can also use 5-methylfolic acid which cannot be used
by S. faecium.® L. casei is inhibited to a moderate degree
by CGT and PM. P. cerevisiae requires not only the
complete folic acid moiety but, in addition, the molecule
must be reduced to tetrahydrofolate.! P. cerevisiae is also
inhibited to a moderate degree by CGT and PM.

In addition to the parent strains of these bacteria, we
isolated substrains which are highly resistant to certain
of the more important antifolate antimalarial agents.® It
was reasoned that these resistant bacteria might prove to
be useful models of some of the drug-resistant (i.e., CGT-
or PM-resistant) malarial strains uncovered in the field.

In the present report we are presenting the results of tests
with the chlorguanide triazine resistant (CGT}y) strains of
S. faecium, L. casei, and P. cerevisiae.

This paper includes data on 40 compounds; about half
are antifolates and the remainder are compounds whose
activity was not expected to be reversed by folates. These
latter compounds were included in order to detect any
possible antifolate action and to see whether they would
exhibit any unusual activity against the antifolate-resistant
strains.

Results and Discussion

The reproducibility of the results with the various test
organisms is illustrated by the data in Table I. Over 200
determinations of activity of PM against the sensitive
strains of S. faecium, L. casei, and P. cerevisiae have been
made over a period of 10 years since this compound was
used as a control with each lot of compounds tested. Less
extensive data on CGT, amethopterin, and trimethoprim
are also included. The means of the micromolar con-
centrations required to reduce growth by 50% (ICs;) and
their standard deviations are listed. The standard de-
viations as expressed in percent range from 22 to 57%, a
range considered quite acceptable for this type of test.

The results obtained with the 40 chosen compounds
against both the parent sensitive and CGTy strains of S.
faecium, L. casei, P. cerevisiae, and E. coli are given in
Table II. The data include the ICs,, the reversal or
nonreversal by folic acid with S. faecium and L. casei, by
folinic acid with P. cerevisiae and by p-aminobenzoic acid
(PABA) with E. coli, and the FIR (fold increase in re-
sistance). The FIR was calculated by dividing the ICs; of
the CGTR strain by the IC;, of the sensitive strain. The
compounds are grouped roughly by structure. The results
obtained with the same compounds in the Rane malaria
test, which employs mice infected with Plasmodium
berghei,®" are given in Table III.
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Table I. Reproducibility of Results Obtained from 1966 to 1976

IC.,°
S. faecium L. casei P. cerevisiae
Compd No. of trials Mean No. of trials Mean No. of trials Mean
PMP? 286 0.008 = 0.004 214 5.0+ 1.49 205 2.75 + 0.66
CGT 138 0.028 = 0.011 18 15.8 = 4.08 12 32+ 6.9
MTX 9 0.0033 = 0.001 8 0.00007 + 0.00004 9 0.27 = 0.15
T™P 10 0.11 = 0.028 12 0.18 = 0.049 10 6.67 + 1.56

4 Micromolar concentration of compound required to reduce growth to 50% of the control. ® PM, pyrimethamine; CGT,
chlorguanide triazine (cycloguanil); MTX, amethopterin, and TMP, trimethoprim.

Compounds 1-4 are 4,6-diamino-2,2-dimethyl-s-triazines;
1 is CGT, the active antimalarial metabolite of chlor-
guanide (proguanil)® and the compound to which the
bacterial strains were made resistant. This compound is
highly active against S. faecium and moderately active
against L. casei and P. cerevisiae, but is not active against
E. coli up to the limits of the test (1000 ug/ml). The CGTg
strain of S. faecium was 194 000 times more resistant to
CGT than the sensitive organism; L. casei (R) was 147
times more resistant and P. cerevisiae (R), 26 times more
resistant. CGT is reversed by folates and is highly active
in the mouse malaria test and in human infections.’

Replacing Cl with an Et yields 2 which is more active
than CGT in the L. casei (R) strain and shows measurable
activity against E. coli. However, this compound has low
activity in the mouse test and is not sufficiently different
from CGT to merit further study.

Compounds 3 and 4 have the phenyl group linked to the
triazine with -OCH,- and -O(CH,);0- and have additional
Cl substitutions. These compounds differ widely from
CGT or PM in activities. They are highly active against
both sensitive and resistant strains of all four test or-
ganisms. The FIR is smaller than that of CGT for the S.
faecium (R) and L. casei (R) strains but the figure is larger
in the case of P. cerevisiae (R). These two compounds are
reversed by folates but not by PABA (E. coli). Both are
highly active against the mouse malaria and have been
tested against simian and human malaria.!®

Compounds 5-7 are 2,4-diaminopyrimidines, 5 being the
well-known drug PM. Against our sensitive organisms, PM
is more active than CGT but has a similar activity profile.
Interestingly, PM has a pattern of activity against the
resistant cultures which distinguishes it clearly from CGT.
Although S. faecium (R) and P. cerevisiae (R) are cross
resistant to PM, the FIR is only !/ 4th that of CGT with
S. faecium (R) and one-ninth that of CGT with P. cere-
visiae (R). The greatest difference is seen in the case of
L. casei (R) where the resistant strain is collaterally
sensitive to PM.!! This interesting and unexplained
phenomenon is under study. The L. casei (R) strain al-
though resistant to triazines is collaterally sensitive to
pyrimidines, quinazolines, and pteridines. PM is reversed
by folates but not by PABA with E. coli. PM is highly
active against mouse, monkey, and human malaria.!?

Trimethoprim (TMP, 6) is both an antimalarial and
antibacterial agent.!® Its pattern of activity against the
test bacterial strains is quite different from that of either
CGT or PM. 1t is only slightly more active against S.
faecium than L. casei and is highly active against E. coli.
Compared to PM it is only one-tenth as active against S.
faecium and one-third as active against P. cerevisiae, but
it is approximately 30 times as active against L. casei and
190 times as active against E. coli. The FIR for S. faecium
(R) is only 15 and for P. cerevisiae (R) the FIR is 6. L.
caset (R) is collaterally sensitive to TMP. TMP is reversed
by folates against S. faecium, L. casei, and P. cerevisiae
but not by PABA against E. coli. TMP is not active in

the mouse malaria test but does show activity in simian
and human malaria, particularly in combination with a
sulfonamide.!®!4

If one replaces the trimethoxyphenyl group of TMP with
a piperonyl, 7, one retains activity against S. faecium, L.
casei, and P. cerevisiae. However, the compound was
much less active against E. coli and was inactive against
mouse and human malaria.**

Compounds 8-13 are 2,4-diaminoquinazolines with
substitutions at the 6 position: 8, 3,5-Cl,C;H;0-; 9,
4/'CICGH4S‘; 10, 4/'CICGH4CHQS‘; 11, 2’-naphthyl-802—;
and 12, 3’,4’-Cl,C;H;CH,NH-, or a benzo[f]quinazoline,
13. These are remarkably active compounds whose pattern
of activity differs widely from that of CGT and PM. They
were highly active against all four test organisms and only
slightly more active against S. faecium than against L.
casel and P, cerevisiae. 12 was moderately active against
E. coli while the remaining members of the group were
highly active, It is difficult to make structure comparisons
within this set of compounds since in most cases more than
one group is varied. In comparing 10 and 9 it can be seen
that substituting a benzyl for the phenyl group lowered
activity against all four organisms and against mouse
malaria. In general 11 was the most active compound; even
against the resistant strains only very small amounts of
this drug were required for growth inhibition. 11 was also
much more active than PM and CGT in the mouse test.
Activities against the resistant strains showed that with
this group of compounds the FIR with S. faecium (R) was
considerably less than that with PM especially with 10 and
11; with P. cerevisiae (R) the FIR of 12 and 13 were in the
same range as that of PM and with the remaining com-
pounds the FIR was higher, being about the same as CGT.
L. casei (R) was collaterally sensitive to all of the group,
being most sensitive to 12 and 13. These compounds were
reversed by folates but not by PABA (E. coli). 9, 11, and
12 were active in the mouse malaria test and have been
tested in simian malaria, and 11 has been approved for
clinical trial in combination with sulfadiazine.!°

14-17 are 2,4-diaminopteridines; 14 has Me,-C;H,— at
the 6 position and NH,- at the 7 position. This compound
has the familiar CGT-PM pattern of activity. However,
its FIR to S. faecium (R) was only one-tenth that of PM,
the FIR to P. cerevisiae (R) was about the same as PM,
and L. casei (R) was collaterally sensitive. It was reversed
by folates but not by PABA (E. coli). It has moderate
activity against mouse malaria, but in human malaria
infection it effected only temporary suppression of the
parasitemia and had some toxic effects.!’

Introducing Me,CH- groupings at both the 6 and 7
positions provided a compound, 15, which had a pattern
of activity similar to CGT or PM and was much more
active against all of the bacterial strains than was 14. The
cross resistance pattern of this compound was similar to
that of 14. It was reversed by folates but not by PABA
(E. coli). It was not active against mouse malaria.

16 is amethopterin (MTX, methotrexate), an active
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antitumor agent. This compound was very highly active
against the three folate-requiring bacteria with a pattern
of activity different from that of CGT and PM in that it
was most active against L. casei.’® It was approximately
10° times as active as PM against L. casei and more active
than CGT but less active than PM against E. coli. The
FIR with S. faecium is much less than with PM and CGT;
the FIR with P. cerevisiae is the same as PM. L. casei (R)
is collaterally sensitive to MTX. It is not reversed by folic
acid against S. faecium and L. casei but is reversed by
folinic acid with P. cerevisiae.!® It is not reversed by PABA
(E. coli). MTX is not active in mouse malaria. Although
a report indicating some activity of MTX in human
Plasmodium vivax malaria has appeared in a relatively
uncontrolled study,'® the results are suspect since extensive
testing of MTX and aminopterin in both blood-induced
and sporozoite-induced Plasmodium cynomolgi showed
them to be totally inactive.!?

17 is sodium tetrahydrohomopteroate. This compound
is highly active against S. faecium, moderately active
against L. casei, and inactive against P. cerevisiae. The
FIR against S. faecium was high and L. casei (R) was
collaterally sensitive. It was reversed by folic acid. It had
no activity in the mouse malaria test but did show activity
against Plasmodium cynomolgi.'® This compound must
be kept in the reduced form which makes it difficult to use
as a chemotherapeutic agent.

Blocking or substituting the triazine amino groups, 18
and 19, greatly reduced activity against S. faecium con-
firming earlier findings.'>'® However, their activities
against L. casei and P, cerevisiae were equal to that of PM.
There was no cross resistance or collateral sensitivity
shown to these compounds by any of the three resistant
strains, Their activities were not reversed by folic or folinic
acids. Both compounds were moderately active in mouse
malaria.

20 and 21 are pyrimidines with no free NH,— groups. 20
had no activity against S. faecium, P. cerevisiae, or E. coli.
It had low activity against L. casei which was not reversed
by folic acid. L. casei (R) was collaterally sensitive to this
compound. 20 had moderate activity in mouse malaria.
21 had activity against all four organisms, being least active
against S. faecium. There was no cross resistance or
collateral sensitivity to this compound and its activities
were not reversed by folates or PABA (E. coli). This
compound had high activity in the mouse malaria test,
being as good as CGT. It was active against human
malaria induced by drug-sensitive strains but was not
effective against drug-resistant strains.!®

22, 23, and 24 are quinazolines without free NH,-
groups. 22 had moderate activity against all four test
organisms. There was no cross resistance shown by S.
faecium (R) or P. cerevisiae (R) and the activities of this
compound were not reversed. It had moderate activity in
the mouse malaria. 23 and 24 were very similar in ac-
tivities. These compounds are higher in activity than 22,
being almost as active as PM against L. casei and P.
cerevisiae. They are much higher in activity than PM
against E. coli. There was no cross resistance with S.
faecium (R) or P. cerevisiae (R) and slight collateral
sensitivity with L. casei (R). Their activities were not
reversed by folates or by PABA (E. coli) and they were not
tested against mouse malaria.

Dapsone 25 was inactive against S. faecium and of low
to moderate activity against L. casei, P. cerevisiae, and E.
coli. There was low-grade cross resistance with P. cere-
visiae (R) and collateral sensitivity with L. casei (R). Its
activity was not reversed by folates but was reversed by
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PABA with E. coli. It was highly active in the mouse
malaria test. Dapsone is effective against leprosy and is
active in human malaria %%

26-28 are the three sulfonamides—sulfalene, sulfa-
thiazole, and sulfadiazine. All three were inactive against
S. faecium and P. cerevisiae.”® 26 (sulfalene) had a very
low-grade activity against L. casei. These sulfonamides
had high activity against E. coli which was reversed by
PABA. They were moderately to highly active against
mouse malaria. Sulfonamides have long been known to
have some antimalarial activity and are particularly useful
in combination with antifolates in human infections ®°

Clopidol (29) had a low-grade activity against S. faecium,
L. casei, and P. cerevisiae and no activity against E. coli.
There was no cross resistance or collateral sensitivity with
the resistant strains. This compound was not reversed by
folates. It was moderately active as a suppressive in the
mouse malaria test. This active coccidiostat had negligible
activity in human malaria.°

The antihelminthic compound 30 had low activity
against all four test organisms, being most active against
E. coli. There was no cross resistance or collateral sen-
sitivity and it was not reversed by folates or by PABA (E.
coli). It had low-grade activity in the mouse and human
malaria.'’

The only interesting aspect of 31, terephthalyldi-
hydroxamic acid, was the unexpected finding of some cross
resistance of S. faecium (R) (threefold) in a nonreversed
and relatively nonactive compound. It had low activity
against mouse malaria.

Cycloleucine (32) is an unnatural amino acid with an-
titumor activity. It was inactive against all four bacterial
strains and mouse malaria. In studies with human malaria
it produced only minimal effects.'’

33-35 are guanidine derivatives. 33 (nitroguanil) is an
antihelminthic agent. The interesting finding with this
compound was the cross resistance exhibited by L. casei
(R) (12-fold). This compound was not reversed by folates
and it had very low activity against mouse malaria. It is
active in human malaria but is judged to have no ad-
vantage over proguanil.’ Dypnone guanylhydrazone (34)
was considerably more active than 33 against all four
organisms. There was some cross resistance shown by the
S. faecium (R) strain, the FIR being 6. This compound
was reversed by folic acid in the case of S. faecium but not
by folates with L. casei and P. cerevisiae or by PABA (E.
coli). It had no significant effect against human malaria
and produced gastrointestinal side effects. The activities
of 35 are in the same range as those of 34. There was no
cross resistance or collateral sensitivity and its activity was
not reversed by folates or PABA. This compound was
more highly active in mouse malaria than 34.

Menoctone (36), a naphthoquinone, had moderate ac-
tivity against L. casei (R), low activity against S. faecium
and P. cerevisiae, and slight collateral sensitivity with L.
casei (R). It was not reversed by folates. In the mouse
malaria it showed moderate activity but in human malaria
it was ineffective.!”

The 4-quinolinemethanol 37 had low and closely similar
activities against all four test organisms. There was no
cross resistance or collateral sensitivity nor was it reversed
by folates or PABA. It was highly active against mouse
and human malaria.!°

The last three compounds are chloroquine (38), pri-
maquine (39), and quinine (40), all well-known antimalarial
quinoline derivatives. Against the test bacteria all three
compounds had low activity, primaquine being the most
active. With S. faecium (R) there was a slight cross re-



Table II.

Folate-Requiring Bacteria and E. coli

IC,,,° FIR? and reversibility®

Inhibitory Concentrations, Increase in Resistance, and Reversibility of Compounds against Sensitive (S) and Chlorguanide Triazine Resistant (R) Strains of Three

S. faecium L. casei P. cerevisiae E. coli
No. Compound S R FIR S R FIR S R FIR S
NH ]
e N/CH
HZN/k\N/*/
1 R=4CIC,HZ? 0.017 (+) 3300(+) 194000 16.3(+) 2400 (+) 147  35(+) 900 (+) 26 >3470
2 R=4-EtC.H, 0.036 (+) >350 >9700  27.3(+) 291 (+) 11 426 (+) >355 >8 1900 (--)
3 R=34-Cl,C,H,CH,O 0.0009 (+) 34 3800 0.057 (+) 3.1 54 0.14 (+) 8.2 59 7()
4 R=24,5-ClLCH,0(CH,),0 0.0001 (+) 0.019(+) 190 0.021 (+) 0.4 (+) 19 0.003 (+) 0.8(+) 267 1.7 (-)
J\/[R
I
HZN)\\N Ry
5 R=4-CIC,H,; R, = Et°¢ 0.008 (+) 10.5 (+) 1300 5.1 (+) 0.24 (+) 0.05 4(+) 12 (+) 3 76 ()
6 R=3,4,5-(CH,0),C,H,CH,;R, = H' 0.08 (+) 1.2 (+) 15 0.19 (+) 0017 (+) 009 11.7(+) 675(+) 6 0.4 (-)
7 R=Piperonyl; R, = H 0.25 (+) 24.2 (+) 96.8 0.94 (+) 0.25 (+) 0.27 12.3 (+) 90.1(+) 7.3 45 (-)
NH
N 2 i
|
HZN N
8 R= 0.009 (+) 1.3(+) 144 0.25 (+) 0.04 (+) 016 0.12(+) 14(+) 117  2(-)
9 R-= 0.001 (+) 0.18 (+) 180 0.028 (+) 0.01 (+) 0.36 0.028(+) 0.4(+) 14.3 0.4(-)
10 R= 0.04 (+) 1(+) 25 0.2 (+) 0.04 (+) 0.2 0.05 (+) 1.4 (+) 28 2.9 (-)
11 R= 0.002 (+) 0.08 (+) 40 0.04 (+) 0.009 (+) 0.23 0.002(+) 0.05(+) 25 <0.2 ()
12 R= 0.006 (+) 2(+) 330 0.4 (+) 0.03 (+) 0.08 0.2(+) 0.7 (+) 3.5 33 (-)
13 N 0.006 (+) 0.7 (+) 117 1(+) 0.06 (+) 0.06 0.04(+) 0.3 7.5 4.8 (-)
S
NHZ
Z N R
N l ji
HN)\\N NP SR,
14 R=2-MeC,H,;R, = NH, 1.1(+) 124 113 68 (+) 1.9 0.03 8.5(+) 44 5 209 (-)
15 R=Me,CH; R, = Me,CH 0.005 (+) 0.3(+) 60 3.2(+) 0.5 (+) 0.16 0.07 (+) 0.5 (+) 7 8.1(-)
16  Amethopterin 0.002(-) 0.01(-) 5 0.00006 (-) 0.00001 (-) 0.17 0.4(+) 15(+) 4 143 (-)
17 Sodium tetrahydrohomopteroate 0.009 (+) 7.2(+) 800 6 (+) 0.2 (+) 0.03 >2900 >2900 Indet?
N/
18 \N\)LNH%O 132 () 128 (-) 0.97 3(-) 3.2(-) 1.1 4.9 (-) 38(-) 1
N
Hs
NHCH,CHNICH 30,
C“ /L ‘CHs
19 N 14.2 (-) 14.6 () 1 5.7 (-) 4.9 () 09  59(-) 75(-) 1
Ct \ / NH \N)\Qc:3
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25
26
27
28
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30
31
32

33

34

35

36

OH

N COOCH,CH3

PNy
HS N

CHs
cl

1.0
d] NHCNH-S NH N,
“H AkN “CH, CHa

NHCHoC HoN(CHoCH3l,
NZ-
PNy
N o]

NHCH,CHoN(CH,CHz)p
Ci
NZT l
X
Cl NH ——]\N
NHCH,CH,CH,oN
g $
NTT I
Ci NH-J\\N

CcisC

4,4"-Diaminodiphenylsulfone (DDS)

2-Sulfanilamido-3-methoxypyrazine
Sulfathiazole
Sulfadiazine

HyC N CHz

1,4-Bis(trichloromethylbenzene)
Terephthalyldihydroxamic acid

1-Aminocyclopentanecarboxylic acid

(cycloleucine)

O NH
i
NHCNHCNH,

CHs NH

| I
@—C:CHC:NNHCNHZ

NH

il
NNHCNH2

OO
o}
OH
S8 Gre

0

zZ=0

|

o=

> 5000

227 (-)

76 (-)

31 (-)

32 ()

>4000
>3600
>3900
>4000

3700 (=)

2000 (-)
1700 (-)
>7700

1300 (-)

11 (+)

64 ()

407 (-)

>5000

121 (-)

67

61

22

>4000
>3600
>3900
>4000

2200 (-)

1900 ()
>5000 (-)
>7700

2500 (-)

60

35 (-)

394 ()

Indet 3000 (-) 574

0.53 65.1 (—) 55.7 (-)
0.9 30 (-) 8

2 12 (-) 5

0.7 10 (-) 5.7
Indet 314 (-) 75
Indet 8200 8200
Indet >3900 >3900
Indet >4000 >4000
0.6 1700 (-) 885

1 1000 (-) 990 (-)
3 2600 (- ) 3000 (-)
Indet >7700 >7700
2 157 (=) 1800 (-)
6 48 (-) 41 (-)
0.6 31(-) 30 (-)

1 61 (-) 19 (-)

0.19 >5000 > 5000
0.85 32(-) 39 (-)
0.27 32(-) 35

04  6.5(-) 8.2

0.6 3.5 (-) 7.9 )

0.24 105(-) >400

1 > 3600 >3600
Indet >3900 >3900
Indet >4000 >4000
0.52 833 (-) 1000 (-)
1 959 (-) 2000 (-)
1 > 5000 > 5000
Indet >7700 >7700
12 83 (-) 197 (-)
1 25 (—) 13 (-)

1 22 (-) 21 (<)
0.3 1000 (-) 570 (-)

Indet

>4

Indet
Indet
Indet

2
Indet
Indet

0.5

0.6

>5000

85 (-)

50 (-)

11(-)

10 (-)

137 (+)
13.5 (+)
7.8 (+)
12 (+)

>5200

262 (—)
> 5000
>7700

>4480

51(-)

17 (-)

>2700
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! Table III. Antimalarial Activity against Plasmodium
Ko berghei® in the Mouse
3 0 3 § Min active dose, Min curative dose,
S = S1° & No mg/kg mg/kg
S lwm = =4 o
: = = 2 ; 1 20 40
K 2 320 > 640
= ® %0
g2 3 2.5
5 E g 4 20 1 28
=~ g 10
) i T 2 : >640 >640
g ~2% 7 640 640
Z 0 2 8 320 640
2 | : Soo s o p 0
3 & g g £ —a i 10 320 64
: " S 3 1.25
X S S 11 0.6 !
- T——%T 12 20 8
0 SOOI 13 640 >640
s ;\L\; 92 14 40 320
’ & R2Z|5 ¢ 15 640 640
HOV®D | g Ny 640
a TETIEY 16 > 640 >
g 17 >640 >640
: S3 320
2 |E jogad 18 160 0
2 2 R 19 80 16
g - B oo S s 20 40 320
g %8 21 20 40
: g —'E 22 160 320
: 0 8 23
HEll = =3 24
y : 2 g g g g 3 25 20 40
8 SHA|Z R 0
R {3 g O |28 26 10
= |~ 2 40 160
= o o 640
. g 28 160
3 T~~~ 2% 29 160 > gig
2 0 ~OOIER 30 640 640
N S 832 3 31 320
5 33823 >640 >640
-~ - W 32
a TeTEd 640 640
Se 3 640
Sy 34 160 >
2s 35 40 160
= g =33 36 40 160
= E(33E 5 20
E 60
<8 39 40 1
£ < }E 40 640 >640
o Sl=1F ivi i he Rane Laboratory,
§ 8 ;; 8 8 § :EB = a'The'zticm?ﬁi:\Vrgsi deltfircr:gﬁdg})vir: a standard inoculum
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was that of Sahyun et al.! to which 0.6% acid hydrolyzed casein
was added. Growth of the test organisms was read as turbidity
in the Klett-Summerson photoelectric colorimeter. The results
are expressed as the micromolar concentration required to produce
50% growth inhibition (IC;) of the strain under the conditions
used. Where sufficient drug was available, concentrations up to
1000 ug/ml were tested; when this was not possible the highest
concentration used was 100 ug/ml.

In addition to antibacterial activity, tests were made for the
reversal of the drug inhibition by PABA in the case of E. coli,
folic acid with S. faecium and L. casei, and folinic acid with P.
cerevisiae. The reversal was indicated as positive when addition
of either 10 ug/ml of PABA or ten times the amounts of folic or
folinic acids normally used produced at least a fourfold decrease
in activity of the compound.

Strains of S. faecium, L. casei, and P. cerevisiae were made
resistant to CGT by serial transfer in increasing amounts of the
drug.® The most highly resistant strains obtained with each
organism were used in the tests reported here. From these data
the fold increase in resistance (FIR) of the CGTg strains compared
to the respective sensitive strains for each compound has been
calculated (ICs) R/IC5 S). Thus, for most compounds ten
quantitative and seven qualitative (reversal) parameters have been
determined.
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Inhibition of Squalene Synthetase by Farnesyl Pyrophosphate Analogues!
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The pyrophosphates of the following farnesol analogues have been synthesized: 2-methylfarnesol; 7,11-di-
methyl-3-ethyl-2,6,10-dodecatrien-1-0l; 3-demethylfarnesol; 4-methylthiofarnesol; 7,11-dimethyl-3-iodo-2,6,10-
dodecatrien-1-ol; 7,11-dimethyl-2-iodo-2,6,10-dodecatrien-1-ol; 7,11-dimethyldodeca-6,10-dien-2-yn-1-ol; phytol;
3,7,11-trimethyl-2-dodecen-1-o0l; 3,7,11-trimethyldodecan-1-ol; and geraniol. The double bonds in all the above
compounds were in the E configuration, except phytol, which was a 7:3 mixture of 2F and 2Z isomers. Each of
the pyrophosphates inhibits the incorporation of labeled farnesyl pyrophosphate into squalene by a yeast enzyme
preparation. Free alcohols and monophosphates are inactive. The analogues, listed in order of decreasing inhibitory
strength, are, by kinetic analysis, competitive or mixed inhibitors. Irreversible inhibition is not observed. The results
suggest that binding to the enzyme is primarily mediated by the pyrophosphate moiety assisted by relatively nonspecific
lipophilic interactions. Decreasing the chain length and saturating double bonds severely reduces binding, while
substitution at the 2, 3, and 4 positions, and lengthening of the chain, is well tolerated.

The incidence of atherosclerotic disorders, a major cause
of death in the United States and other industrial societies,
is closely correlated with occurrence of elevated plasma
cholesterol levels.? Methods for effective reduction of
plasma cholesterol levels are therefore of high interest, even
though the role of this sterol in the etiology of the disease
is not clearly defined.?® In theory, cholesterol concen-
trations can be reduced by lowering the dietary intake of

the sterol, by enhancing its metabolism and elimination,
and by decreasing its rate of biosynthesis. Cholesterol
synthesis, however, is subject to feedback regulation,* so
that decreases in cholesterol levels tend to be compensated
for by increased biosynthesis. Removal of sterols in rats
due to cholestyramine feeding, for example, causes a
200-300% increase in hepatic cholesterol synthesis.® The
most effective approaches to lowering physiological cho-



