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Effect of Hypocholesteremic Agents on Protozoa.* (27125) 
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C'omlmmls that interfere with sterol s y i -  
thesis in mammals have been described re- 
cently: triparanolt (NER-29. 1- [4(diethyl- 
aminoethoxy) -phenyl] -1-ptolyl) - (p-chlor- 
phenyl) -ethanol) prevented the reduction of 
desmosterol to cholesterol in both the rat and 
man ( 1 ) , and benzmalecenet (X-methyl-2 :3- 
di-p-chlorophenylpropyl) -maleamic acid) in- 
hi bited in zlifro conversion of mevalonic acid 
to cholesterol (2).  Triparanol lowered seruni 
cholesterol in rat and man(3) as did benz- 
malecene(4). IVe tested the effect oi a group 
of hypocholesteremic compounds on the mul- 
tiplication of several protozoa; sterol-synthe- 
sizing and non-sterol-syn thesizing protozoa 
were included(5) to compare inhibition of 
growth with inhibition of cholesterol synthe- 
sis as seen in mammals. This comparison 
would make protozoa useful for screening hy- 
p o ~  holes teremic agents. 

Procedure. We used the phytoflagellates. 
Ochrontonas dnnicu, 0. malhamensis, and 
Euglc?zcz gracilis var. Z: and the cili- 
ate Tetrultyv)tcna pyri,fornzis, var. 1, mating- 
type 11. The phytoflagellates were grown in 
the light a t  26°C in 5 ml of nutrient media 
(6) in 10-ml micro-Fernbach flasks, covered 
with plastic caps; Tetrahymena was grown 
in the dark at 26°C in 5 ml of nutrient me- 
dium( 7 )  in 25-ml micro-Fernbach flasks. All 
chemicals were obtained from commercial 
sources. Purified fatty acids were purchased 
from Applied Science Laboratories, Tnc.. 
State College, Pa. 

Reszrlts. Besides triparanol and benzmale- 
cene, 2 other compounds reported to lower 
serum cholesterol were tried: nicotinuric acid 
(8) and 3-pyridylacetic acid( 9).  Neither 
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nicotinuric acid nor 3-pyridylacetic acid has 
proven useful in lowering serum cholesterol 
in humans. The latter 2 compounds had no 
effect on multiplication while the former 2 
compounds, especially triparanol, inhibited 
the 4 protozoa at  relatively low concentration 
(Table I ) .  Detailed results are presented for 
0. danica. 0. malhamensis responded to 
these anti-sterols as did 0. danica; the effect 
of hypocholesteremic agents on Euglena and 
y'utrahymena was not studied in detail. 

The effects of sterols, sterol precursors, and 
impure fatty acids and fatty-acid mixtures on 
triparanol inhibition are presented in Table 
I I. Farnesol, squalene, cholesterol, and er- 
gosterol prevented inhibition by 0.3 mg % 
of triparand as well but no better than did 
the impure fatty acids, e g . ,  palmitic, stearic 
or deic acid, while complex lipid mixtures 
such as the Tweens or TEM-4 (a diacetyl 
tartaric ester of tallow monoglycerides) pre- 
vented the inhibition of 10 times more in- 
hibitor. Comparison of the effectiveness of 
pure fatty acid in preventing triparand in- 
hibition is shown in Tables I11 and 1V. The 
only effective compounds were the saturated 
12-carbon acid, lauric acid, and the unsatu- 
rated 18-carbon acids : oleic, linoleic, and 
linolenic acids. ' On a molar basis, deic and 
linolenic acids best prevented inhibition by 
triparanol. The low activity of linoleic may 
be attributed to the low activity of esters in 
this system: methyl oleate was much less ef- 
fective than deic acid. We suspect that these 
phytoflagellates lack an esterase, although 
our evidence is indirect; they do not hydro- 
lyze acetylcholine, propionylcholine or buty- 
rylcholine. 

Discussion. In mammals, benzmaltxene 
inhibits cholesterol synthesis at the mevalonic 
acid stage(2), and triparanol inhibits at the 
reduction of desmosterol to cholesterol( 1). 
Low concentrations of these agents inhibited 
multiplication in both sterol-synthesizing pro- 
tozoa and in the non-sterol-synthesizing pro- 
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TARTAE I. Effect of Hypocholesteremic Agents on Multiplication of Protozoa. 

T ripam I I (  1 I .%.6 * I  2.0 .3 
Jh?nz tnalrc.1~llc~ 3.0 :!.I1 20.0 .:I 
Nirot,iiiuric uci (z 

3-Pyritlylacetic acid X. Y X 

I! i X 

" No inhibition a t  50.0 mg YO. 

tozoan, Tetrahymena. In Ochromonas spe- 
cies this inhibition was prevented by the 
sterols, cholesterol and ergosterol, as well as 
TARLE 11. Effect of Lipids on Inhibition of 0. 

danica by Triparanol. 

Highest Conc. of 
cone. t riparanol 

tested (mg YO) 
Compound (mg %) .3 1.0 3.0 

Sterol precursors 
Mevalonic acid lactone ; geraniol 10 - - - 
Farnesol; squalene 10 + - -- 

Cholesterol ; ergosterol 10 + - --- 
Tlnnosterol ; pitosterol  ; 10 - - -  

Tween 20 ; Tween 80 100 + + - 

Sterols 

s ti gmasterol 
P'att!l acids (impure) 

Tween40; Tween60; TEM 100 + + + 
P:ilniitic mid;  stenric acid; 100 + - ----. 

Abovc 3 + cholesterol each at 1 + - - 

T-4 

oleic acid 

+ =. prevents inhibition. 

TABLE 111. Effect of Pure Fat ty  Acids on Inhi- 

Cone. of tripar- 
an01 (mg 70) 

Fatty acid" .6 1.0 3.0 

bition of 0. danica by Triparanol. 

Acetic ; propionic ; butyric ; val- - - - 
eric ; caproic ; cnprylic ; cap- 
ric ; myrstic ; palmitic ; stearic ; 
Mix No. 1 ; Mix No. 2 ; Mix 
No.3 

Lauric + + -  
Oleic + + +  
Methyl oleate; methyl linoleate; + - - 

linolenic 

* Fatty acids used in a concentration of 10.0 nig 
% except for 2-6 carbon acids which were used to 
100 mg %. 

Mixtures of odd and even numbered fat ty  acids; 
No. 1 z mixture of 6-11 carbons, No. 2 = mixtcre 
of 11-15 carbons, No. 3 = 15-19 carbons. + = prevents inhibition; - = no effect. 

TABLE IV. Ability of Fat ty  Acids to Prevent In- 
hibition of 0. danica by Triparanol. 

~~~ ~~ ~ ~~ ~ 

Optical density 
Conc. of triparanol 

Coinpouiid Conc. (mM) .0069t .023 t .OB9 
(mM) 

0 

Oleic acid 
11 *1  

9 9  9 9  

9 9  9 9  

Methyl linolc ate 
9 9  9 9  

I 9  9 9  

lAinolenic acid" 
9 9  1 9  

.035 
375  
.750 
.0035 
.035 
.lo5 
.350 
.0034 
.034 
.34 
.036 
,108 

2.03 

2.68 
2.69 
2.75 
2.15 
2.81 
2.88 
2.93 
2.60 

2.72 
2.84 
2.90 

- 

0 0 

0 0 
2.54 0 
2.76 0 
0 0 
0 0 
2.81 0 
2.85 2. i3  

0 0 
0 0 
0 0 
0 0 
3.02 0 

* 3 6  mM toxic. t .0069 mbl= .3 mg YO. 
.023 mM = 1.0 mg VO. 

by the sterol precursors, farnesol and squal- 
ene. This suggests a partial inhibition of 
sterol synthesis at mevalonic acid. The main 
site of inhibition was the synthesis of unsat- 
urated fatty acids; either oleate or lindenate 
alone was more effective than the sterols in 
preventing inhibition by benzmalecene or tri- 
paranol. Combination of oleate with sterols 
or their precursors was no more effective 
against the inhibitors than oleate alone. The 
in terrelat ia nship bet ween sterols, fatty acids, 
and especizlly unsaturated fatty acids in re- 
versing of the inhibition of protozoa induced 
by the hyymchollesteremic agents remains un- 
clear. However, a nutritional requirement 
for both a sterol and unsaturated fatty acid 
has been reported for several protozoa: 
Trichoinonas gallinae, T .  gallinarum( 10)) T .  
foetus ( 1 1 ) , Hypotrichomonas acosta ( 12 ) , 
Peranemn trichophwum( 13) and Tetrahy- 
mena corfissi T'h-X ( 14). 

Since the protozoa described here were in- 



l i i l l i  t ~ Y I  I )y h!.l )och k s t  c w n i i c  ;igm t s Fc , t i  mI 
to l w  ; i c - t i v c b  in hitinatis tliv!. twt!' l w  r i w f r i l  

for screening comi)ound~ inhihit iiip sterol o r  
fatty acid synthesis. 

Summary. The hypocholesteremic agents. 
triparanol and benzmalecene, inhibit the niul- 
tiplication of the sterol-synthesizing phyto- 
flagellates, Ochroiitonas dantc-0, 0. u r t r l h i I n i -  

emis,  Euglentr gracilis, and the non-sterol- 
synthesizing ciliate. 1'etrchTme.w Pjviforniis. 
The inhibition of multiplication of the Uchro- 
monas species may be prevented hy choles- 
terol. erpos terol. farnesol. squalene. lauric 
acid. oleic acid. linoleic acid, and linolenic 
acid. Oleic acid an(! linolenic acid were most 
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Permeability of Ehrlich Cells to Uracil, Thymine and Fluorouracil.* 
(27126) 
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Ehrlich ascites cells( 1) and human eryth- 
rocytes( 2 )  are highly permeable to adenine. 
Little is known about the permeabilities of 
cells to the pyrimidines although the work of 
Bosch et d ( 3 )  and Heidelberger et d ( 4 )  
suggests that uracil and fluorouracil readily 
enter Ehrlich ascites cells. This paper reports 
our studies on the permeability ot Ehrlich as- 
cites cells to uracil. thymine and fluorouracil. 

Methods and tnaterials. The Ehrlich as- 
cites used was a hypotetraploid line carried 
in Swiss albino mice by weekly intraperito- 
neal injections of 0.1 ml of ascites. For ex- 
periments, 6-day ascites was collected into 50 

*This  work was supported b>- grants from h i .  
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in 1 Krebs- Ringer bicarbonate " KK B ", con- 
taining 0.2 mg heparin. Obviously bloody 
ascites was discarded. Faintly pink ascitic 
fuid containing small numbers of erythro- 
cytes was accepted for use. The resulting 
suspension was diluted with an equal volume 
of IiRH and centrifuged to collect the cells. 
.After one wash, the cells were resuspended 
in KRB. Osmotic hemolysis(1) was not 
used. 

Details of the technics utilized have been 
described (5 ,6) .  Experiments were conducted 
a t  5°C and 39°C. Heinicke reaction vessels 
were used. Three ml of cell suspension was 
1)laced in one arm and 3 ml of a solution of 
pyrimidine in KRB in the other arm. Glu- 
cose was not added to the medium because it 
was found that uracil and uridine were meta- 
bolized at it considerably higher rate than 


