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Abstract-Male rats were given orally 2.X-dibenzylcyclooctanone (DBCO) at doses ranging from 0.3 
to 30 mg/kg/day for l-6 weeks. The decrease in serum cholesterol after I week of treatment was 
dose dependent. and was due primarily to a lowering of cholesterol in the serum high density lipoprotein 
(HDL) fraction. Upon prolonged administration. the hypocholesterolemic effect of DBCO became 
smaller; thus. at 30 mg/kg/day. serum cholesterol in male rats decreased bq 83 per cent after I week. 
and by 51 per cent after 4 weeks of treatment. The rate of hepatic cholesterol synthesis was suppressed 
and liver cholesterol was elevated only in rats given DBCO for I week. Similar changes wcrc elicited 
in female rats. The effect of DBCO on serum triglycerides was sex dependent: in male rats. triglycerides 
were reduced on short-term treatment. but elevated when treatment was prolonged. In contrast, DBCO 
was hypertriglyceridemic in female rats, independent of duration of treatment. At doses which were 
hypocholesterolemic, DBCO produced dose-dependent decreases in accessory sex organ weights and 
increased adrenal weights in male rats; these findings were suggestive of estrogenic activity. 

The synthesis and hypolipidemic activity of 2.&diben- 
zylcyclooctanone (DBCO) have been reported by 
Piantadosi et al. [l] and Carlson rt al. [2]. who found 
that the weakly estrogenic DBCO lowered serum cho- 
lesterol levels in rats; in addition, DBCO was also 
reported to lower serum triglycerides. 

In view of its potency and unusual structure (Fig. 
I), we have investigated the effects of DBCO on rat 
lipid metabolism in greater detail. The results of these 
studies are presented in this report. 

Fig. I. Structure of 2.X-dibenzylcyclooctanone (DBCO). 

MATERIALS AND METHODS 

Materials. DBCO was kindly supplied through the 
courtesy of Dr. C. Piantadosi. University of North 
Carolina, Chapel Hill. The compound was suspended 
in either 5% gum acacia or in 2% Tween 80, and was 
administered to rats orally by gastric intubation. Cho- 
lesterol, used as carrier in studies of cholesterol bio- 
synthesis and for feeding, was purified via its 
5,6-dibromo derivative [3]. Sodium [2-14C]acetate 
and [3H]DL-mevalolactone were purchased from New 
England Nuclear Corp. and from Amersham-Searle 
respectively. The mevalolactone was hydrolyzed to 
mevalonic acid prior to use. 

Animals. Male or female albino Charles River CD 
rats were kept under observation for 3--4 days prior 
to each experiment. Only animals with normal food 
intake and weight gain were used. Dietary regimen 
comprised Purina Laboratory chow. 

Lipid unalyses. Total cholesterol levels in nonsa- 
ponifiable lipid extracts were determined by the 
method of Zlatkis er ul. 147 as modified for the Auto- 

analyzer (method Np-24). Phospholipid I-51. triglycer- 
ide [6] and nitrogen [7] levels were measured accord- 
ing to previously described techniques. Serum lipo- 
proteins were separated with dextran sulfate [S] into 
fractions of low density (LDL + VLDL) and high 
density (HDL). 

Cholesterogenic activity in liver homogenates 
obtained from rats treated with DBCO was measured 
as described previously [9] : homogenates were incu- 
bated simultaneously with 5 IICi sodium [2-14C]ace- 
tate and/or 0.67 &I C3H]mevalonate. together with 
appropriate cofactors: cholesterol was isolated, puri- 
fied and counted as its 5.6-dibromo derivative [3]. 

EstroyerGcit~! Estrogenicity in male rats was 
assessed by measuring the weights of the adrenals, 
seminal vesicles. levator ani and dorsolateral prostate. 

RESL LTS 

Eff>ct qfDBC0 WI hotly weight. Groups of ten male 
rats (initial body weight. 7@80 g) were treated for 
l-3 and 6 weeks with daily doses of IO and 30 mg/kg 
of DBCO as follows: the animals treated for I week 
received the vehicle (5:, gum acacia) daily for 5 weeks 
and DBCO in the sixth week. and the 3-week group 
received the vehicle for the first 3 weeks and DBCO 
for the last 3 weeks; the 6-week group received 
DBCO during the entire study. Body weights were 
measured each week. As shown in Fig. 2. body 
weights were lower in all the treated groups. 

&ff;ct of DBCO of2 .swuw mtl liar /ipiu’ levels in 

rnalr rats. Male rats (weighing 14&150 g) were given 
DBCO by gavage (in S’:<, gum acacia). at doses rang- 
ing from 0.3 to 30 mgjkgjday for I week. Animals 
were decapitated, serum lipoproteins were frac- 
tionated, and levels of cholesterol and phospholipids 
were measured. Triglyceride levels were determined 
in whole serum. Liver lipids were also measured. 

DBCO produced dose-dependent decreases in food 
intake and body weight gain. Liver cholesterol was 
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Fig. 7. EKcct of I-. 3- and h-week treatment with DBCO 
on body weight gain in malt rats. 

elevated at the two higher doses (Table I ). Serum cho- 
lesterol was reduced at a dose as low as I m&kg/day : 
the most pronounced decrease was in the HDL frac- 
tion (Table 2). At least IO mg,;kgiday was required 
to lower serum triglyceride and phospholipids. 

weeks with DBCO p.o. at dos~‘x rxnginp from O..: to 
30 mg. kg/day. and cholestcrogcnic acti\it! \,;,s 

measured in liver homogenates Incubated u ith 

[“C]acetate or with [“H]me~alon~~tc. <‘holestsrol 
biosynthesis was suppressed in ;I dw_-dcpendcnt 

I~IIIW in livers of rats trcatcd with DHCO ~‘oI. I 
wwk (Table 3). The primar! site of supprcuion \<;I\ 

prior to the formation of mc\alonatc: ;I secondq 

site was obscrvcd after mevalonatc. Ho\~cvc~-. ulxw 

extending the treatment \\ith DBCO to .: \~cck\. ;~a- 
tatc incorporntion into cholcstcrol rcturncd to th;it 
fbtmd in untreated rats uxcd ;IS control (Table .q I. 

In view of the suppressed rate ofcholestcrol hioscn- 
thesis in rats treated with DBC‘O for I wcel\. LSL‘ IKILC 
also determined the effect on cholcstcrol hiosynthcsi\ 

of DBC0 added directly to normal rat Iivcr homo- 
genates. As shown in Table -I. ;It ;I final cvncentratlon 
of I x IO-’ M. DBCO had no efrcct on chol~\tcrol 
formation from acetate or mevalonatc. 

4 comparison of the eftects of’ ditbcnt dose\ of 

DBCO on serum and liver cholesterol Iwel~ and on 
hepatic cholesterol synthesis (from [“C]acetatc) 111 
rats treated with DBCO for I week I\ prc\ented in 

Fig. 3. While I mg: kg, day sipnificantl) rccluccd the 
cholesterol levels in the xrum. ;I daily dose or IO 

mg/kg was required to elevate cholesterol m the liver. 

DBCO suppressed hepatic cholcstcrol synthesis at 
doses ranging from 3 to 30 mg. kp day. 

Ejj%c.r of /JJYJ/~M~~~ twot,lrcvrf. Strum 11p1d and II\U 
cholesterol levels wcrc also mwsurcd in malt t-ats 

treated with IO rng: kg day of’ DBCO f’ot- pcl-iods ray- 

ing f’rom 3 days to 3 wcks. As prcscnted in Tahlc 
5. liver cholesterol was clevatcd in anini;~ls tl-c;itc‘d 
with DBCO for 3 7 da! s. hut rcturncd to not-ma1 
in rats trcntcd for 2 3 weeks. At the ~tmc‘ t~mc. SCI-um 
cholcstcrol was lowc~- after I wech than after- 2. 3 
and 4 weeks of treatment. Ho\+cvcr. 111 alI tt-cated 

* Results are oxprcssed as mean k S.E.M for ten rats.group. 
t P < 0.05. 
: P < 0.001, 
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Table 3. Hepatic cholesterol synthesis in male rats treated with DBCO* 

* Liver homogenates were prepared and incubated with 5 &i sodium [Z-“C]acetatc with or without 0.67 ttCi 
[3H]m~val~i~ate (and ~~ppropriatc cofactors). Cholesterol was isolated, purified and counted as its S.~-dihromo deriva- 
tive 13.91. 

i P < 0.001. 
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Fig. 3. Serum and liver cholesterol levels. and hepatic cho- 
lesterol synthesis (from [“T]acetate in rifro) in rats treated 

for 1 week with different doses of DBCO. 

rats. serum cholesterol remained significantly lower 
than in controls. This difference in serum cholesterol 
levels was due in part to an increase of LDL choles- 
terol to normal levels in rats treated for 2 to 4 weeks: 
HDL cholesterol remained low in all rats. The magni- 
tude of phosphohpid lowering was inversely propor- 

tional to the duration of treatment. This was due to 
a shift of phospholipids from HDL to LDL; while 
phospholipid levels in the HDL fraction remained sig- 
nificantly lower in all treated rats, prolonged treat- 
ment increased the phospholipids in the LDL frac- 
tion. 

ti’&<i ctj‘ DBCO 011 iipitl ~~i~~~~~bf~~~S}~l ir1 ~I~ZU~~, I’llfS. 

Female rats (weighing 170-180 g) were &cn p.o. a 
2% Tween 80 suspension containing 3, IO or 30 mgi 
k&day of DBCO for I week. Like in male rats. treat- 
ment of female rats with DBCO produced dose- 
dependent decreases in food intake, body weight gain. 
serum cholesterol and phospholipids. liver weight, 
liver triglycerides and hepatic cholesterol synthesis, 
as well as an elevation in liver cholesterol (data not 
shown). However. in contrast to the ~ypotriglycerid~- 
mic effect in males, DBCO either increased or pro- 
duced no effect on serum triglycerides in female rats. 
This apparent sex dependence of the etrects of DBCO 
was then reinvestigated and rats of both sexes (ten 
rats/group weighing 70-80 g) were given p.o. IO 
or 30 mg,‘kg,‘day of DBCO for periods ranging from 
4 to 25 days. The effects of DBCO on serum and 
liver cholesterol and phosphoiipids were similar in 
all animals. The most prot~olillced hyp~lipidemic re- 
sponse was observed in rats treated with DBCO for 
4 days. When the treatment was extended. LDL cho- 
lesterol (Fig. 4) and phospholipid levels were in- 
creased. thus partly reversing the lipid-lowering effect 
of DBCO. However, there were marked scx-depen- 
dent differences in the effect on serum triglyceride 
levels, In male rats. while short-term treatment with 
DBCO decreased the triglycerides, marked increases 

Tahk 4. Effect of DBCO on hepatic cholesterol synthesis iri rifro* 

* A pooled liver homogenate was prepared from normal male rats and incubated sirn~~l~~neousl~ 
with 4.8 @.I? [2-‘JC]ncetate and 0.25 PCi [3H]mev~~l~nate, ~~~propriate cofactors, and DBCO at a 
final concentration of 1 x IV4 M, and the cholesterogenic activity was measured [9]. Cholesterol 
was isolated, purified and counted as its 5.6.dibromo derivatlve[3]. Results presented are averages 
of duplicate incubations. 
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occurred when treutmcnt was prolonged (Fig. 5): the 

initial decrease in serum triglycerides was dose depcn- 

dent. In contrast. DBCO treatment increased strum 

trigl)ceridcs at all time intcrwls in l’cmnlc rats and. 

the longer Ihc trcatmcnt. the grcatcr the increase (Fig. 

5). DBC‘O lo\+cred li\cr triglycerides in both tnalc 

and rcm;& rats. 

E,\rro!/c,~~ic,i/!.. Molt rats L\c’rt‘ trcatcd fol- 3 week:, 

with 1. 3 and IO mg kg da) of DBCO and tht- ucights 

of the adrenals. seminal wsicles. dorsolatcral pro- 

state and levator ani were measured. Treatment with 

DBCO resulted in dose-dependent increases in 

adrenal weight and rlecrcascs in wvights 01‘ the acccss- 

or! SCY organs (Table 6). That changes. coupled with 

lower food intake and hod! weight pain. ;uc sugpcs- 

tiw 01‘ cstrogcnic xti\ity. /\s described in an xcom- 

panying report [I I]. the cstrogcnicity of DBCO wx 

corrohoratcd in female rats. 

The h?pO”holcstcrolemIc cllkt which WC observed 

in normal rats treated with DBC‘O p.o. Ihr I week 
was similar to that reported earlier by Piantadosi (‘I 

o/. [I] in rats treated for 5 days: DBCO lowcrcd 

s&m cholatcrol at doses as IOU :IS I mg.kg. Jay. 

We have also found that. in rats receiving DBC’O 

for I week. the fall in strum cholesterol was accom- 

panied by an incrcasc in liver cholesterol and a con- 

comitant suppression of hcpatic cholcstcrol synthesis. 
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Table 6. Weights of adrenals and accessory sex organs of male rats treated for 3 weeks with DBCO 

* Includes bulbocavernosus muscle. 
t P < 0.001. 
: P < 0.0 I. 
3 17/&Estradiol was given subcutaneously. 

However, when treatment with DBCO was pro- 
longed, the hypocholesterolemic effect was dimin- 
ished, and liver cholesterol levels and hepatic choles- 
terol synthesis returned to normal. Since DBCO had 
no effect on cholesterol biosynthesis when added di- 
rectly to normal rat liver homogenate, it is likely that 
the suppression of hepatic cholesterol synthesis found 
after 1 week of treatment with DBCO was due to 
the increased cholesterol content in the liver. 

As in male rats, oral administration of DBCO to 
female rats produced similar changes in food intake. 
weight gain. serum cholesterol and phospholipids, 
liver lipid levels and hepatic cholesterol synthesis. 
However. the effect of DBCO on serum triglycerides 
was sex dependent. Thus. in male rats, serum trigly- 
cerides were lowered on short-term treatment with 
DBCO and elevated when treatment was prolonged. 
In contrast, DBCO increased serum triglycerides in 
female rats, independently of duration of treatment. 
If the effect of DBCO on serum triglycerides is associ- 
ated with its estrogenicity. then the observed sex 
dependence is in accordance with our findings that 
short-term administration of estrogens causes an in- 
crease in serum triglycerides in female rats [12]. but 
not in male rats.* This phenomenon may be related 
to the sex dependence of the triglyceride secretion rate 
by rat liver [IO]. 

Treatment of male rats with DBCO increased the 
weight of the adrenals and decreased the weights of 
the accessory sex organs; food intake body weight 
gain were also suppressed. 

It was concluded that DBCO is a potent hypocho- 
lesterolemic agent in rats, its effectiveness tending to 
decrease on prolonged treatment. The cholesterol- 
lowering activity of DBCO was accompanied by 
changes in tissue weights which were suggestive of 
estrogenicity. 
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