
Bioassay of Hypocholesterolemic Steroids 
By R. M. TOMARELLI, T, M. DOUGHERTY, and F. W. BERNHART 

The hypocholesterolemic activity of a number of natural and synthetic steroids was 
determined in a 3-day oral assay using male rats with hypercholesterolemia of 
dietary origin. The  reduction in  serum cholesterol was linearly related to  the log 
dose of the administered natural or modified estrogen; the effect was evident 6 hr. 
after oral administration and had reached a maximum in 24  to 30 hr. Active steroids 
lowered the elevated serum phospholipids, cholesterol/phospholipid ratios, tri- 
glycerides, CY and p lipoproteins, and p / ~  lipoprotein ratios, but not the elevated 
serum globulins. The effect of the steroids on body weight permitted a semiquanti- 

tative estimation of feminizing activity. 

HE LOWER incidence of atherosclcrotic heart 
discase in premenopausal women than in men 

and the demonstration that estrogen administra- 
tion will lower serum lipids in man and animals 
have prompted a search for antilipemic steroids 
that have little or no feminizing activity (1,z). 
The present report describes the development of a 
8-day bioassay for the screening of orally active 
hypocholesterolemic compounds and presents 
the results obtained with a number of natural 
and synthetic steroids. 

EXPERIMENTAL 

Analytical Procedures.-Thc following methods 
wcre used for determinirig serum constituents: 
cholesterol, Zlatkis et al. (3 )  and Technicon Auto- 
Analyzer procedure (4) ; triglyceride, van Handel 
and Zilversmit ( 5 ) ;  phospholipid, Whitley and 
Alburn procedure (6 ) ;  protein, Lowry et al. (7). 

Serum lipoproteins were estimated from the cho- 
lesterol content of serum protein fractions separated 
hy paper electrophoresis. The rehtive proportions 
and locations of the protein fractions were deter- 
mined on strips stained with azocarmine G ;  cho- 
lesterol associated with these arcas was eluted from 
duplicate unstained strips arid determined colori- 
metrically. The designation of protein fractions as 
01 or p lipoproteins was according to Searcy et al. (8). 

Assay Procedure.-The assay animals were male 
rats with serum cholesterol levels elevated 7 to 10 
times normal by the feeding of a hypcrcholcs- 
ternlemic diet. The diet used was essentially that 
of Nath et al. (9); it consisted of 18%> casein,' 

hydrogenated coconut 4y0 salts, (U.S.P. 
) 176 cholesterol, 0.55% cholic acid, 0.2% choline 

chloride, an adequate amount of all required vita- 
mins ( lo) ,  and sucrose to make lOOc/b. Groups of 
70 to 80 young male Sprague-Dawley rats, 100-120 
Cm. body weight, were prepared for assay by- feeding 
this diet ad libitum for 3 weeks. Average weight 
gain during this period was 70--10O Gm. Average 
serum cholesterol levels determined on 0.01 ml. of 
serum from tail blond varied from 600- 1000 m g . ~ ~ , .  
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The rats were divided into groups of six with 
nearly equal average body weights and serum cho- 
lesterol levels. Steroids were given orally for 3 days 
in 0.2 nil. cottonseed oil solution; the control group 
received oil vehicle alone. Three groups received 
graded doses of an appropriatc standard steroid; 
test compounds were administered a t  a single 1-mg. 
dose levcl. On the morning of the fourth day the 
rats were weighed and serum cholesterol was deter- 
mined. The average serum cholesterol values of the 
three standard groups, plotted against the log dosc, 
gave a linear relationship from which the hypocho- 
lesterolemic activity of the test compounds were 
evaluated. Activity was expressed relativc to the 
standard. 

The effect of the test steroid on body weight was 
also evaluated by comparison with that of the 
standard. Since estrogen administration to  a male 
rat will inhibit food consumption and retard body 
weight gain in a young animal or cause weight toss in 
an adult (ll),  a lack of effect of the steroid on body 
weight was accepted as an indication of a low degree 
of feminizing activity. Loss of weight, being non- 
specific, could be considered as only suggestive evi- 
dence of feminization. The effect of the estrogenic 
steroids on body weight and food intake was roughly 
proportional to the log dose, particularly in young 
animals (Fig. 1). For semiquantitative evaluation 
the effects were graded 0 to +3, with 0 equal to the 
control value and + 1 to that of the standard steroid. 
Pair-feeding experiments showed that the reduction 
in the intake of food (and cholesterol), comparable 
to that found in rats trcated with estrogen for 3 days, 
had no appreciable effect on serum cholesterol con- 
cen tration. 

Fifteen days after the completion of a test, scruiri 
cholesterol was again determined and the rats rc- 
grouped for the next test which started 4 days later. 
Each group of hypercholesterolemic rats were rou- 
tinely used for 4 to 6 assays. 

The 3-day assay period followed by thr 10-day 
rest period was selected after time studies revealed 
that serum cholesterol levels ( a )  decrease measurably 
about 5 hr. after oral administration, ( b )  drop to a 
constant value within 24-28 hr., and (c)  return to 
pretest levels 5 days after the last dose of the steroid 
is given (Fig. 2). In earlier assays ii i  which tllc 
stcroids wcrc administered for 3 weeks, no significant 
tliffcrences were found in the scrum cholestercil levels 
determined a t  weekly intervals (Fig. 3 ) .  

The steroid used as a standard in all the tests 
reported in the present study was dl-136-ethyl-3- 
methoxy-Sol-gona-l,3,5( lO)-trien-l7@-0l (U'y-33.59). 
This recently synthesized compound (12) has an 
antilipemic activity by subcutaneous injection 2.6 
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because of the unfasted state of the animal. The 
increase in the serum proteins was in the globulins, 
particularly in the B fraction (Fig. 4). 

The oral administration of 0-estradiol or Wy-3359 
reduced all the lipid constituents (Table I) ; the  
decrease in cholesterol was relatively grcatcr than 
that  of phospholipids resulting in a reduced choles- 
terol-phospholipid ratio. Both 01 and p lipoproteins 
were rcduced, the B considerably more than the 01 

(Fig. 4). With increasing doses of Wy-3359, the 
R/CY lipoprotein ratio of the liypercholesterolernic 
rat  dropped from 1.08 to 0.59. approaching that  of 
the chow-fed controls, 0.41. However, steroid 
administratiori had no cffcct on the elevn ted globulin 
fractions (Fig. 4); i .e.,  only tlic cholesterol moiety 
of the globulin fractions was decreased. 

Comparative Hypocholesterolemic Potencies.- 
Table I1 prcscnts the hypocholesterolemic ac- 
tivity, as determined by the :3-day oral assay, of a 
number of natural and synthetic steroids. Mamy 
of these compounds have been studied previously by 
other investigators for antiliprmic activity in thr  
rat  (see references in table). The most active cotri- 
pourid by far was ethinyl estradiol, followed by 

0.25 0.75 2.25 
rng STEROlDlDAY 

Fig. 1 -The effect of 6-estradiol(0) and Wy 3359 
(0 )  on serum cholesterol, %eight gain, arid food 
consumption of tiypercholesterolemic rats 

tinics that  ol  d-estrone but only 1% nf its estrogenic 
aclivity (13). Oral administration of Wy-3359, 
0.25 to 2.25 mg./day, resulted in a reasonably re- 
producible drop in serum cholesterol, 197 & 10 
mg;./100 ml. (21 three-dose assays with six rats per 
group). This response, when cxprcsscd as per crnt 
of the control, did not appear to be influenced either 
by thc body weight in the 200-350-Ctri. ranze, the 
iui.tial serum cholesterol level, the season of the year, 
or the use of the animal in previous assays. 

'The confidence limits of the assay valuc could be 
cstimated by  any convcntional procedure for a 4- 
point assay (thrcc standards and one unknown) such 
as that  nf Gadclum (14). In practice, a convenient 
estimate of confidence limits was deviscd from thc 
observation that the standard error was proportional 
to the average serum cholesterol level (9.2% & 
1.7). This va!w was calculated from the data 
obtained from 32 groups, six rats per group, which 
included controls arid groups treated with a variety 
of :steroids of differcnt hj.poctiolesterolemic activity. 
The 95'5 confidence limits were as follows: for 
compounds having activity near 25'35, 7-75",' /o,  . 
tieitr 100'70, 68-160';; ; and mar  SCJO:);, 145-2X076. 

Serum Constituents.-Seri~Iii samples taken under 
routiue assay conditions, i.e., from unfastedrats after 
3 days of oral steroid administration, were analyzed 
for a nurnber of constituents in addition to choles- 
terol. Typical results are presented in Table I and 
Fig:. 4. Compared with Purina chow-fed controls, 
I he l~ypereholesterolernic rats had elevated scruni 
pritvius, phospholipids. cholesterol phospholipid 
ratios, w and 13 lipoproteiiis, and lj-to-a lipoprotciu 
ratios. %mini triglycc>rirles were slightly- clev:ttcd 
with corisitlerablc iudividud variation prcsuiiiably 
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cstriol, i3-c-stratlio1, estroiic, zquilin, and rcluilciiiii, 
all with approximately cqual activity. This order 
of activity is similar to that  rrported for oral estro- 
genicity (26). 17a Estradiol was about half as 
active as the B isomer. The 3-methyl ethers of es- 
trone and B-estradiol were slightly more activc than 
the parent compounds. The A4 steroids, methyl- 
testosterone, progesterone, arid norbolcthonc were 
inactive. The ineffectiveness of met hyltestosterone 
corroborates the results obtained by Ahel and Mos- 
hach ( Z O ) ,  w h o  found that while the steroid had 
hypocliolesteroleniic activity in rats with uormal or 
slightly elevated serum cholrsterol. i t  was inactive 
iii li ypcrcliolcsteroleinic anitirals. 

Compared with the standard, Wy-3359, all o f  the 
natural sternid estrogens and diethylstilhestrol had a 
relatively grcatcr adverse effect on body weight than 
on serurri cholesterol reduction. The favorable 
separation of antiliprmic and estrogenic activity 
found in the synthetic stet-oids, Wy-3271, Wy-3714, 
and Wy-6012, lius previously been repurted (21-23). 

DISCUSSION 

The hypocliolesterolerriie activitj. of a number of 
steroids, dctermined by this 5-day procedure with 
l ~ y l ~ e r e h ~ ~ l ~ ~ s t c r o l e ~ ~ i i c  t-ats. was in general agreement 
witli valucs obtained by other procedures, indicating 
that a :<-day assay pcriotl is o f  adequate duration. 
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TABLE I.-EFFECT OF HYPOCHOLESI'EROLEMIC STEROIDS ON SERUM CONSTITUENTS UNDER ASSAY CONDITIONS 

7 -Serum Constituent/100 ml. zt S. E. 7 

Protein. Cholesterol,c Phospholipid, Chol./Phosp. Triglyceride, 
Dietary GroupD Steroidb Gm. mg. mg. Ratio mg. 

Hypercholesterolernic Xone 8.9 f 0.3 643 f 3 3  342 f 4 1.87 f 0.06 181 f 36 
Hypercholesterolernic U'y-3359 8.8 f 0.2 251 z!r 16 235 f 7 0.98 f 0.06 70 f 19 

Hypcrcholesterolerr~ic 0-Estradiol 8 .9  zt 0 . 2  247 f 37 267 f 33 0.91 f 0.05 39 f 14 

Chow None 6 . 8 f 0 . 1  7 3 f  4 1 6 3 f  10 0 . 4 6 h 0 . 0 5  843~21 

a Six rats pel- group; average body weight 320 Gm.. * Daily oral dose lor 3 days. 

0.75 mg. 

0.75 mg. 

Total cholesterol; the free cholesterol 
proportion of ZOyo was not affected by steroid admmstratiou. 

D AND B LIPOPROTEINS 

Fig. 4.-Effect of Wy-3359 on scrum proteins 
a i d  a and 8 lipoproteins. The 8 / r~  ratio was 0.41 
for chow-fed rats and 1.08 for the hypercholestero- 
lemic rats, but decreascd in the latter to 0.87, 0.67, 
and 0.59 with the increasing doses of the steroid. 

In addition to saving in time and material, the pro- 
cedure has several other advantages over assays of 
longer duration with rats fed diets containing no 
added cholesterol. The small amount of hyper- 
cholesterolemic blood required for chemical analysis 
does not necessitate sacrifice of the animals; they 
can be used for a series of assays, and determinations 
can be run on the same animal before and after 
steroid administration, permitting a more precise 
mcasurcment of effect. The decrease in food con- 
sumption, resulting from estrogenic steroid admin- 
istration, did not lower serum cholesterol, presum- 
ably because of the high content of cholesterol in the 
diet and the brevity of the treatment. 

While the rats varied in their response to the 
hypercholesterolemic diet, with serum values rang- 
ing from 400 to 1300 mg./100 nil., daily variations 
were small and the response to  an antilipcrnic ster- 
oid was not related to the degree of existing hyper- 
cholesterolemia. The seasonal fluctuations in serum 
cholesterol in male rats fed diets without added 
cholesterol, noted by Thorp and Waring (24) and 
Edgren (27), has not been notcd in our animals 

TABLE II.-HYPoCHOLESTEROLEMI~IIC ACTIVITY O F  NATURAL AiVD SYiYTHETIC STEROIDS 
~ - 

Common Kame 
wy-3359 (std.) 

d-Estrone 
@-Estradiol 
17a-Estradiol 
Estriol 
Equilin 
Equilenin 
d-Estrone-3-methyl ether 
p-Estradiol-3-methyl cther 
l7a-Estradiol-3-iiiethyl ether 
Ethinyl p-estradiol 
Met hyltestosterone 
Progesterone 
Norbolethone 
Wy-3271 

Wy-3514 
Wy-GO12 

Diethylstilbestrol 

Hypocholes- 
terolemic 

Chemical Name Activity 
dl-13~-Etliyl-3-1nethosy-8ol-gona-l,3,~( 10)- 1.0 

d-3-Hydroxyestra-l,3,5( lO)-trien-17-one 2 . 0 
d-Estra-l,3,5(10)-trien-3,1T@-diol 1 . 8  
d-Estra-l,3,5(10)-trien-3,lTa-diol 1 .0 
d-Estra-l,3,5( 10)-trien-3, l G a ,  178-trio1 3 . 5  
d-3-Hydroxyestra-l,3,5( 10),7-tetraen-17-011e 2.3 
d-3-Hydroxyestra-l,3,5(10),G,8-pentaen-li-one 2 .3  

9 5 d-3-Methoxyestra- 1,s ,5 (10)-trien- 17-one 
d-3-Methoxyestra-1,3,5( 10)-tricn-l7~-01 3 . 8  
d-3-Methoxyestra-l,3,5(1 O)-trien-l'ia-ol 0 . x 

d-17a-Methylandrost-4-eii-1 ifi-ol-3-one 0 
d-Prcgn-4-cn-3,20-dione 0 

dl-13-Ethy1-3-methoxygona-1,3,5(10)-8,14- 1.2 

dZ-13-Ethylgona-l,3,6(10)-triene-3,17@-diol 0 . 3  

4-4'-Dihydro,xy-a,p-diethylsCilbene 2.9 
Conjugated equine estrogens' 1.3 

1- 1p- (~-Diethylairiinot.tlioxy)plieiiyl I - 

trien-170-01 

d .  

d- 17a-EthynyIestra-l,3,5 (1 O)-tricn-a,l 7p-diol 65-90 

dl-138,17aY-Diethyl-17@-liy~roxygon-4-en-B-on~ 0 

pentaen-17-onc, cyclic ethylene acetal 

dl-3-Methoxy-6-oxa-8N-cstra.-l,3,5(10)-trien- 0 .9  
178-01 

'> ,- 
0.0l)i ~Stliyl(~-chlorophe~ioxy)isobutyrate~~ ,. 1 race 

1 (p-tolyl)-2- (p-chlorupliriiyl)etliaiiul~ 

Body 
Wt. 

Effect Ref 

1 (12) 

3 11.5, 16) 
>3 (17-19) 
2 

>3 (z,'i7) 
>3 . . .  
> 3 . . .  
3 . . .  

> B  . . .  
1 . . .  

> 3  (19) 
0 (20) 
0 (17) 
0 
1 ( 2 i j '  
0 . 3  (22) 
0 . 9  (23) 

>3 (17, 19) 
> 3 . . .  

0 (24) 
2 (25) 

_ _  
a Marketcd as Premai-iu by Ayerst. Activity ielative to estrone sulfaLe content. CPIB. Imperial Chemical Industries. 

Daily dose, 2C-50 mg. Trademarked as Triparanol by Merrell. Daily dose, 25 mg. 
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prcsuniably bccause these chaiigcs arc inconsc- 
quential in relation to the high concentration of 
serum cholesterol. 

I t  should be ncitcd that the above itssay proccdurc, 
i s  uiisuitahle for the scrcctiing of compounds that 
1owc:r scruni cholrstcrol b y  iiitcricring with cl~o- 
Ivstcml biosyi~thcsis, since this process is markedly 
rcdirccd in rats fed high cholestcrol diets (28, 29). 
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Interaction of Substituted Benzoic Acids 
with Cationic Surfactants 

By LUCY S .  C. WAN 

The interaction of benzoic acid and a series of hydroxy, amino, chloro, and nitro- 
benzoic acids with surfactants of the quaternary ammonium type was studied by 
means of viscosity measurements. Only salicylic acid was found to interact with 
the surfactants leading to an increase in viscosity which reached a maximum at ap- 
proximately the concentration at which the surfactant solution became saturated 
with sarlicylic acid. Apparently the interaction is specific and is limited to the ortbo 
hydroxy substitution of benzoic acid, as no viscosity effect was observed with the 
ortbo, %*eta, and para isomers of amino, chloro, and nitro substituted benzoic acids. 
In addition, sodium lauryl sulfate and cetomacroeol 1000 did not exhibit viscositv 
changes in the presence of salicylic acid. 

ICNZOIC ACID and its substituted isomers have B been found l o  interact wi th  a varied nuuiher 
of rktrnidccutical coinpounds. Salicylic acid, 
r i i d t r ,  alitl guru liydrox) bcnmic acids have bccri 
SllUWll to coin1 llcs with pulycthyleiic gll cols 
(1) and btiith ~~olyvinyl~~yrrolitioiic (2). In 
atldition, the hydroxybenzoic acids ha\-e been 
found to interact with caffeine (3 )  and with 
theophylline and theobromine (4). Goodhart 
and Martin ( 5 )  reported that the solubilities of 
bmzoic acid arid its substituted isomers were 
greatest in the least hydrophilic of the poly- 
ethylene stearates. The solubilities of benzoic 
acid salicylic acid, and p-hydroxybenzoic acid 
have also been f mind to increase in the presence 
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The viGosity effect was not related to pG. 

of their sodium salts and the addition or a hy- 
droxy grtiui) to the acid lcd to the loriliation ol 
coiiiplexcs (ti). 

Chclation o f  felric siitl aluuiiiiuiii ioiis witli 
salicylic acid ant1 its amino, chltrro, and iiitro 
derivatives lime bccn dciiionslrsted by I‘oye aiicl 

‘rurcotlc (7). Results h n i  the irivestigalitrii 
of thr action of Schardinger dextrins on benzoic 
acid and hydroxybenzoic acids did not seem to 
indicate a clear cut mechanism of the complexa- 
tion involved. Apparently hydrogen bonding 
is an important factor in the cyclodextrin-hy- 
droxybenzoic acid interaction (8). Schlenk and 
Sand (9) showed that the molecular ratio of 
cyclotlextrin to certain benzoic acid derivatives 
was a lunction of the physical state of the com- 
plex. Monohalogenated benzoic acids and 




