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Abstract- The hypolipidemic effect of an a-monoacylglqcerol analog. ;c-mono-p-myrist~losy-r -mcrh> I- 
cinnamoyl glycerol (LK-903). MX studied in rat\. Its hypolipidemic activity m normal rats was about 
twice that of clofibrate. It did not produce hcpatomegaly. Its free acid form. p-m~ristvlou~-r-meth~t- 
cinnamic acid. was also active. although less acti1.e than the monoglyceride form. LK-903 ~‘a\ effecrivc 
in fructose-. cholesterol-. and Triton-induced hyperlipidemias and phenobarbital-induced fatty Il\rr. 
LK-903 differs from clofibrate m that it invariably depresses the triglyceride concentration of rhe liver. It> 
pharmacological effect seems to be ascribable to Ihe depression of circulating free fatty acid\. 

Clofibrate is currently the most widely used drug for 

the treatment of hyperlipidemias. but its therapeutic 

as well as prophylactic effects on atherosclerotic 

diseases are still controversial [I]. Its serious draw- 
back is its relative inefficacy in Type Ha hyper- 
lipidemia. 

The present investigation was initiated to search 
for more satisfactory hypolipidemic agents. In the 
course of screening studies with rats a series of p-alkyl- 
oxy-substituted cinnamic acid derivatives were found 
to possess potent hypocholesterolemic activities. Out 
of these compounds was selected cc-mono-p-myristyl- 
ox-y-a’-melhylcinnamoyl glycerol (LK-903) for further 
studies on the basis of its therapeutic index. This 
report deals with detailed studies of its hypolipidemic 
effect in rats in comparison with clolibrate. The fea- 
tures of this hypolipidemic agent are its structural 
similarity to a-monoglyceride and its depressing 
effects on circulating free fatty acids (FFA) and liver 
triglyceride. 

During the preparation of the manuscript of this 
paper, a report on hypolipidemic activities of p- 
myristyloxy-cinnamic acid methyl ester and other 
fatty acid-like alkyloxyarylcarboxilic acids has ap- 
peared [2]. 

\IATERIAI.S AND METHODS 

/Inir~tr/s. Male Sprague-Dawley rats were pur- 
chased from Nihon CLEA Co..Tokyo, and maintained 
on commercial laboratory chow (Nihon CLEA CE-2 
pellets) for at least 1 week before use. 

Grouping of the rats. blood sampling. and caicula- 
tion of the hypolipidemic effect were performed as 
described previously [3]. When administered in the 
diet, the drugs were thoroughly ground in a mortar 
manually with a small amount of powder chow 
(Nihon CLEA CE-2 powder), diluted to a desired 
concentration by mixing with a mechanically driven 
pestle in a larger mortar, and fed ad Lib. In the long 
term experiments, rats were bled from the abdominal 
aorta under ether anesthesia and the liver was 
excised. 

Determination @‘serum and liver lipids. The methods 
for determination of total cholesterol [4]. triglyceride 
[5], and phospholipid [6] in serum and liver are rriven 
in the previous paper. Serum FFA was determined 
by the method of Itaya and Ui [7]. 

Chemicuh. a-mono-p-myristyloxy-a’-methylcinna- 
moyl glycerol (LK-903) and its free acid (LK-903 acid) 
were synthesized by Watanabe er al. [X] at the 
Products Formulation Research Laboratory of 
Tanabe Seiyaku Co., Ltd. Triton WR-1339 was 
obtained from Rohm and Haas Co. The hydrogen- 
ated fat used for the fatty liver experiment was Cocolin 
(baker’s shortening) of Taiyo Yushi Co., Ltd.. 
Yokohama. 

RE.SI’I.TS 

Effkcts 017 serut?I nnd liver lipid cotzcentrurions irt 

normal mu/e rats. The hypolipidemic activities of 
LK-903, LK-903 acid and clofibrate are expressed in 
mean percent decreases in the concentration of serum 
cholesterol and triglyceride of rats which were main- 
tained for one week on the experimental diets as shown 
in Table 1. LK-903 is effective at a dietary concentra- 
tion of 20 mg per 100 g of the powder chow. equivalent 
to about 20 mg per kg body weight per day. This 
activity is roughly twice that of clofibrate. Its free acid 
(LK-903 acid) is less active than the a-monoacyl- 
glycerol form. Serum triglyceride was lowered by all 
the three drugs to a greater extent than serum 
cholesterol. 

Effects of the addition of LK-903 and clofibrate in 
the diet for one month on serum lipids (cholesterol. 
triglyceride, FFA and phospholipid) and liver lipids 
(cholesterol, triglyceride and phospholipid) are shown 
in Tables 2 and 3. The two drugs depressed all the 
serum lipids. Among the liver lipids, triglyceride was 
lowered markedly by LK-903, but not by clofibrate. 
The latter drug depressed the concentration of liver 
cholesterol, while it elevated liver phospholipid. 
Unlike clolibrate, LK-903 did not produce hepato- 
megaly in the rat (Table 3). 

It was noted that LK-903 was more effective when 

2631 



2632 K. TA~ASHIMA PI ctl. 

Table I Mean percent decreases in serum lipid concentrations in normal malt rat\ treated with LK-903. LK-903 acid and 
clofibratc 

Serum 
hpids 

mg; 100 ml Mean ‘I (, decrease in serum lipids* 

Drugs Control LK-903 LK-903 acid (‘IrA’ihrarc 
0o in diet for 7 days 0.02 0.05 0. I 0.02 0.05 0. I 0.05 0. I 

Cholesterol 84 + 1 14 & 3 2s + I 45 I’ * 4 17 * 2 I6 I4ii 72,7 
(25)t (81 (141 (I) (41 (71 12) (31 iSI 

Triglyceride 79 * 3 33 + 6 43 * 6 s2 3x + x 26 f x 15 35 +_ I h 4 I - h 
(25) (8) (14) (1) (41 (71 (2) I.11 is1 

* Means f S.E.M. 
* The number of experiments performed is given in parentheses. 

Table 3. Effects of LK-903 and clofibrate on serum lipid concentrations in rats 

Dose of compounds 
( “,, in diet for 

one month) 
Cholesterol 
(mgj100 mll 

Serum lipIds* 

Triglyceride Phospholipld 
(mg/lOO ml) (mg/lOO mll 

None 

LK-903 

Clofibrate 

79 * 5 79 * x 153 + 7 
0.03 63 + 3# 53 i h# I23 _t 51’ 
0.1 45 * 3* 26 f 3’ x0 * 5’ 
0.3 41 * 3’ 31 ) 3’ 70 * 3’ 
0. I 4x * 3’ 47 + 4)/ IO1 + 5’ 
0.3 39 * 3’ 35 i 211 86 5 3’ 

.~~~_ __ 

* Means of 10 rats per group k S.E.M. (initial body weight approx. 130 g). 
-F P<O.l. 
: P < 0.05. 
a P < 0.02. 
11 P < 0.01. 
’ P < 0.001. 

I- FA 
(jlmolrs~ 100 mll 

Table 3. Effects of LK-903 and clofibrate on liver lipid concentrations and liver weight In rat\ 

- 

Dose of compounds Liver lipids (mg/g)* 

( 3, in diet for one month) Cholesterol Triglyceride Phosphohpld Likcr weight (g. l-at)* 

None 3.1x * 0.09 x.05 + 0.59 73.2 * 0.X 13.x5 + 0.74 
0.03 3.19 * 0.1 I 6.63 f 0.98 32.0 * 0.5 I?.XO r (1.5h 

LK-903 0.1 2.9x + 0.09 4.45 * 0.419 31.x f 0.x 13.05 r 0.16 
0.3 1.7x & O.lOl 5.33 * 0.29$ 34.3 * I.5 l-t.03 + 0.33 

Clofibrate 0. I 2.97 + 0.06t 7.93 f I.12 37.5 * O.6# 17.5X 7 rj.31 
0.3 2.61 * 0.06: 7.1x * 0.76 40.5 + O.S$ 16.iS I 0 h-J2 

* Means of 10 rats per group +_ S.E.M. (initial body weight approx. 130 g). 
t P < 0.1. 
; P < 0.01. 
9 P < 0.001. 

it was administered in the diet than when given once other groups of fasted rats were placed on diets con- 
a day with stomach tube. If a drug is added to the diet taining LK-903 in such concentrations that the rats 
and ingested by the rats ad MI., more steady blood should consume in each 4 hr the same doses of LK-903 
concentrations of the drug would be maintained than as the former groups of rats received through stomach 
when the drug is administered once a day. In order tube. The doses of 100 and 300 mg/kg of LK-903 
to give less fluctuation in the blood concentration of were high enough to exert the lipid-lowering effect 
LK-903, groups of fasted rats were administered a within 24 hr in either mode of administration. The 
suspension of LK-903 with stomach tube in three hypolipidemic effect was again greater when the drug 
divided doses at four-hour intervals. For comparison, was incorporated into the diet (Fig. I ). 
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Fig. I. Difference in the efficacy of LK-903 between the two 
modes of administration. 

After overnight fasting, rats (ca. 400 g, 10 rats per group) 
acre administered 100 and 300 mgjkg LK-903 in three 
divided doses at 4 hr intervals either by stomach tube or in 
the diet. The quantity of powder chow for the diet was 
restricted to insure complete consumption within each 4 hr 
interval. AI1 the groups of rats received the same amounts 
of food (either basal diet or LK-903 diet) and Nikko1 solution 
by stomach tube under the same time schedule until the 
third interval and then fed cjd iih. durinp the 4th interval. 
after which all the rats were bled for the determination of 
serum cholesterol (open column) and triglyceride (closed 

column). 

E&Y on erfwrim~wtcrl~y iniirrcc4 ~7~,p~~r~ipi~~~i~~.s 

and fbtty liwr in ruts. Inclusion of IO’., fructose in 
drinking water is known to elevate serum triglyceride 
in rats [IS]. In our experiment the mean concentration 
of serum triglyceride of the rats supplied with 10°g 
fructose for 2 weeks was about twice that of control 
rats. This increase in serum triglyceride was completely 
prevented by simultaneous administration of 0.05 “n 
LK-903 in the diet (Fig. 2). A slight, concurrent in- 
crease in serum cholesterol by the treatment with 10”; 
fructose was also prevented by LK-903. 

The dietary hypercholesterolemia in the rat was 
also ameliorated by inclusion of LK-903 in the diet. 
Addition of 2 T0 cholesterol and I “lr, sodium cholate 

OrInking Tap water 10% fructose 
water 
Diet Basal BOSOI 

LK-903 
O.Q5% 

Fig. 2. H~polipid~mic effect of LK-903 on fr~l~tose-induced 
hyperlipidemia in rats. 

Hyperlipidemta was induced by giving IO”,, fructose in 
drinking water NJ lib. for 2 weeks to two groups of 10 rats 
(ca. 115 g): one group was placed on a diet containing 0.05 I’,) 
LK-903 and the other on the basal diet for this same period. 
Serum cholesterol (open column) and triglyceride (closed 
column) were determined at the end of the 2-week period. 

in the diet caused a three- to four-fold increase in 
serum cholesterol in one week. On continuation of 
the same diet for another week there was some, but 
statistically insignificant, decrease in serum choles- 
terol, while supplementation of this hypercholesterole- 
mic diet with either 0.1 “4 LK-903 or 0.2 y0 clofibrate 
during the second week brought the pre-medication 
level of serum cholesterol down to nearly a half 
(Table 4). On the other hand, the hepatic cholesterol 
level was not significantly affected by the medication 
with LK-903. while clofibrate significantly elevated the 
total cholesterol content of the liver (Table 4). 

LK-903 and clotibrate were examined in Triton- 
induced hyperlipidemia in rats. Triton WR-1339 is 
known to interfere with the removal of triglyceride 
from the circulation [lo] and therefore the rate of 
plasma lipid accumulation after the intravenous injec- 
tion of Triton reflects the rate at which the lipids are 
entering the circulation. As shown in Fig. 3 these two 
drups. when fed to rats for 3 days prior to the injection 
of Triton. greatly inhibited the accumulation of both 

Table 4. Effects of LK-903 and clotibrate on dietary hypercholesterolemia in rats 

Additions to the Serum cholesterol* Liver cholesterol* 
hypcrcholesterolemic diet? mgj 100 ml mg;g liver mg@iver 

nay 7 Day 14 Day 14 Day 14 

None 334 -i_ 39 274 + 22 5. I & 0.3 67.1 3.9 1 
LK-903 0. I I’,) 353 _+ 31 181 + 183 5.5 f_ 0.2 66.5 4.4 _+ 
Clofibrate 0.2 (I<, 334 + 24 149 i x1; 4.9 :i_ 0.2 74.1 *3.1: 

* Means of 10 rats per group rt S.E.M. 
t Rats (ca. 130 g) were placed on the hypercholesterol~mic diet containing 2”; cholesterol and i “, sodium cholate for 2 

weeks. The drugs were administered in the diet during the second week. 
: P i 0.05. 
9 P < 0.01. 
// P < 0.001. 
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Fig. 3. Hypolipidemic effects of LK-903 and clofibrate on 
Triton-Induced hyperlipidemia in rats. 

Rats (ca. 200 g. X rats per group) were fed the control diet 
(open circle) or experimental diet (closed circle, O.?“,, 
LK-903: open triangle, O.?“,, clotibrate) for 3 days before 
the intravenous Injection of Triton WR-1339 I225 mgikg). 
and blood samples were obtained from the tall tip at the 

times indicated on the graph 

serum triglyceride and cholesterol, suggesting that 
the hepatic secretion of plasma lipids was greatly 
reduced under the influence of these drugs. 

Since LK-903 has a marked depressive effect on 
liver triglyceride. it was expected that this drug might 
prevent the development of fatty liver. The pheno- 
barbital-induced fatty liver described by Sorrel1 et al. 
rll] was chosen as the experimental model of fatty 
liver. Repeated i.p. injection of phenobarbital for 
three consecutive days to rats on a high-fat diet 
resulted in a “fatty liver” whose triglyceride content 
was 2 to 3 times higher than the control level. Inclusion 
of 0.2 9{, LK-903 in the high-fat diet during the above 
treatment period depressed this elevation of hepatic 
triglyceride by 31 “0 (Table 5). 

DISCIISSIOiY 

LK-903 is unique as a hypolipidemic agent, for its 
structure resembles a-mono-fattyacylglycerol (x- 
monoglyceride). Since LK-903 acid is also active, it is 
likely that LK-903 exerts its effect after hydrolysis 
in the body. However, the possibility that LK-903 
may act as such or in other forms is not com- 
pletely excluded because it was found by Mizobe 

and Kohno that LK-903 acid behaved as a false fatty 

acid and was incorporated into mono-. do-. and tri- 
glycerides after absorption from the gut [I:], The 
reason why LK-903 is more effective than 
LK-903 acid is unknown. Judging from the 
blood concentration of LK-903 derivatives after 
oral administration. Mizobe and Kohno observed 
that LK-903 was more readily absorbed than its fret 
acid (LK-903 acid) when orally administered to heapit: 

dogs in the form of pure powder or tablets [ 121. They 
also demonstrated that intestinal absorption of LK- 
903 was more efficient in fed dogs than in fasted dog\ 
[12]. This latter observation seems to correlate v,lth 
our observation that LK-903 was more effective 

when given to rats as a constituent of the diet than 
when administered in suspension through stomach 
tube (Fig. 1). Probably LK-903 is more thoroughI! 
dispersed, and therefore mol-e efficiently absorbed. 
in the gut by grinding it with powder chow in ;I 

mortar before administration than hy administering 
it in suspension and letting it mix with the intestinal 
contents inside the gut. In this respect LK-903 maq 

be more easily dispersed to form micelles than LK-003 
acid. since monoglycerides of long-chain fatt) xi& 

are well-known emulsifying agents. the 2-monoaql 
glycerols are the major end product of fat digestion 
[13, 141. 

LK-903 lowers serum FFA in rats. The posslblllt> 
that this depression of serum FFA is due to an inhibi- 
tion by LK-903 of lipolysis at the adipose tissue has 
been explored in irk vitro experiments [15], and WC have 
obtained evidence indicating that I-K-903 xid 

inhibits cpinephrinc-induced lipolyhl\ by rat epl- 
didymal adipocvtes by a mechanism analogous to 
that of the inhlbition 01‘ lipolysis bj, fatty acid\ 
(inhibition of adenylate cyclase) [lh]. It IS mo\t likeI> 
that a shortage in apply of circulating FFA to the 
liver uould limit the rate of hcpatic triglyceride 
formation. resulting in the decrease in hepatic tri- 
glyceride contents followed by the attenuated sccre- 
tion of VLDL into the circulation. Clol’ibrate also 

depressed the circulating FFA (Table 2). [ 171 and this 
has been ascribed to the inhibition of lipolysis by this 
agent by way of inhibition of ndcnylate cyclasc [ 181. 
This sequence of events leading to the suhstratc 

deprivation for hopatic lipoprotein synthesis has been 

Table 5. Effect of LK-903 on phenobarbital-induced fatty liver 1n rati 

Additions to the basal diet PR Serum lipids mg,;lOO ml* I_ivcr !ipid\ mp g* 
for 3 dayst injection Cholesterol Triglyceride Cholesterol Trlglyccrlde 

None 72 * 3 3x & IO 3.13 + 0.1’ 7 0 f 0.5 
LK-903 (0.2”,,) _~ 30 * 4’ 20-t 3 3.28 + 0.1x 4.8 t 0.6,~ 
Hydrogenated fat (29 “J + 70 * 3 91 * II 3.43 + 0.1 I 176 + ‘2 
Hydrogenated fat (29”“) 

and LK-903 (0.2 “,,) + 4x +- 3’ 53 f I?# 3.73 -f- 0.15 12 I t 11; 
_ 

* Means of 8 rats + S.E.M. 
-I- Fatty liver was induced by injecting i.p. to rats 50 mg/kg sodium phenobarbital (PH) twice a day for 3 day5 while the 

rats were maintained on the fat-rich diet. In the experimental groups LK-903 was administered in the diet during the 3 days 
: P < 0.1.. 
$ P < 0.05. 
II P < 0.02. 

(in comparison with the respective non-medlcatcd group 1 

” P < 0.001 



proposed as a mechanism of the hypolipidemic effect 
of this drug [lS]. 

Differences were observed between the effects of 
LK-903 and clotibrate on liver lipid concentration. 
Although LK-903 invariably reduced liver triglyceride 
concentration, clofibrate was without effect (Table 3). 
Previous workers observed an increase [19-211, a 
decrease [22] and no change [23] in the triglyceride 
concentration of rat liver when 0.2 to 0.3 ‘(, clofibrate 
was administered in the diet. Clofibrate has been 
reported to inhibit not only the formation of liver 
triglyceride [?O, 241 but also the secretion of lipo- 
proteins from the liver [25]. This latter effect would 
counteract the triglyceride-lowering effect and shift 
the balance toward accumulation. 

hepatic contents of triglyceride and does not produce 
hepatomegaly in the rat. In addition to these merits 
as a therapeutic, the structural similarity of LK-903 
to a-monoglyceride and the behavior of LK-903 acid 
as a false fatty acid give impetus to further studies 
on this hypolipidemic agent. 
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