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Abstract

The clerodane diterpene trans-dehydrocrotonin extracted and isolated from the stem bark of
Croton cajucara Benth. was investigated for its lipid-lowering effect in mice fed on a high-fat
diet. Mice fed on a high-fat diet for a two-week period demonstrated significantly increased
blood levels of total cholesterol and triglycerides, compared with normal controls. Oral
treatment with trans-dehydrocrotonin at a dose of 25 or 50 mg kg~ daily markedly suppressed
the high-fat-diet associated rise in total cholesterol and triglyceride levels. The hypo-
cholesterolaemic effect of trans-dehydrocrotonin was more prominent at the dose of 50 mg
kg~" with significant decreases in high-density lipoprotein, very-low-density lipoprotein and
low-density lipoprotein cholesterol levels. The lower atherogenic index of the trans-dehydro-
crotonin-treated groups suggests the hypolipidaemic potential of this plant-based drug. These
results indicate that orally administered trans-dehydrocrotonin is effective in suppressing high-
fat-diet-induced hyperlipidaemia in mice and suggest its likely beneficial use as anti-
atherogenic agent.

Introduction

Abnormalities in blood lipids and hypercholesterolaemia are well established as
major risk factors for coronary heart disease and atherogenesis (Ross 1993 ; Superko
1996). Most lipid-lowering drugs currently used in the treatment of hyperlipidaemic
patients can modify plasma high-density lipoprotein (HDL)-cholesterol and sub-
fraction distribution (Sirtor1 & Franceschini 1990) and these drug-induced changes
in the HDL system have been associated with a reduction in cardiovascular risk
(Manninen et al 1992). Many traditional plants are claimed to be useful in the
control of hyperlipidaemia and associated pathologies (Choi et al 1991a; La Cour
et al 1995; Craig 199Y; Wang & Ng 199Y). One of these plants, Croton cajucara
Benth. (Euphorbiaceae), commonly known as ““Sacaca’ in many parts of Brazil, is
a traditional remedy for the treatment of diabetes, hypertension, and high blood
cholesterol (D1 Stasi et al 198Y). Several clerodane diterpenes have been isolated
from the bark extracts of this plant which include trans-dehydrocrotonin, trans-
crotonin, cis-cajucarina B, cajucarina A and sacacarina (Maciel et al 199%). In
recent years, the bioactivity of the principal constituent, trans-dehydrocrotonin
(Figure 1) has been extensively studied and it has been found to possess anti-in-
flammatory and anti-nociceptive (Carvalho et al 1996), anti-ulcer (Brito et al 199%),
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Figure 1 Molecular structure of trans-dehydrocrotonin, a 19-nor
clerodane diterpene.

anti-tumour (Grynberg et al 199Y) and anti-oestrogenic
(Luna Costa et al 1999) properties. Further investi-
gations confirmed that zrans-dehydrocrotonin is neither
genotoxic nor cytotoxic to mouse bone-marrow cells
(Agner et al 1999). Our previous studies have demon-
strated significant hypolipidaemic activity in the crude
ethanolic extract of sacaca in rats fed a high-fat diet
(Farias et al 199¢) and a hypoglycaemic effect of
trans-dehydrocrotonin in alloxan-induced diabetic rats
(Farias et al 1997). This study extends our previous
investigation to verify whether frans-dehydrocrotonin,
the major diterpene present in Croton cajucara bark, can
exert a hypolipidaemic effect in mice fed on a high-fat
diet.

Materials and Methods

Animals

Mature male Swiss mice, 25-30 g, were used. The mice
were housed in polypropylene cages at an ambient
temperature of 22-24°C with a 12-h light-dark cycle.
They were fed a standard pelletted diet (purina chow,
Brazil) and were given free access to water. The ex-
perimental protocols were approved by the Institutional
Animal Care and Use Committee of the Federal Uni-
versity of Ceard, Fortaleza in accordance with inter-
nationally accepted principles.

Isolation of trans-dehydrocrotonin

trans-Dehydrocrotonin was extracted and isolated as
described previously (Maciel et al 199%) from the bark
of Croton cajucara Benth. collected from Jacunda-PA

(Amazon region, Brazil) after its authentication by Dr
Nelson A. Rosa, Museum Paraense Emilio Goeldi
(voucher specimen No. 247). The isolated material was
characterized by spectroscopy (IR, UV, MS and 'H
and *C NMR) as recently described (Maciel et al 1998).

Treatment of animals

Thirty-two male mice were divided at random into four
groups of eight. The first group served as normal con-
trols and received normal pelletted feed and free access
to water. The mice in the other groups received, in
addition to pelletted diet and water, a hyperlipidaemic
diet which was a combination of sunflower oil (10 mL
kg™, 5% cholesterol and 0.5 % cholic acid daily by oral
gavage (Arichi et al 1982) for two weeks.

trans-Dehydrocrotonin was administered orally once
daily to mice in groups three and four at a dose of 25 or
50 mg kg™!, respectively, 4 h after feeding. The body
weights of animals were recorded initially, and also at
the end of the second week. frans-Dehydrocrotonin was
dissolved in dimethyl sulfoxide and further dilutions
were made in distilled water. The final concentration of
the solvent did not exceed 5 %. Control animals (second
group) received the same volume of vehicle that con-
tained no frans-dehydrocrotonin.

Analysis of serum lipids

At the end of two weeks, following an overnight fast,
blood samples from the peri-orbital sinus were collected
under ether anaesthesia in ice-chilled tubes, and allowed
to clot before serum was obtained by subsequent centri-
fugation at 2500 g for 20 min. The separated serum was
stored at —20°C before analysis of lipids. Serum total
cholesterol (TC), HDL-cholesterol (HDL-c) and tri-
glyceride (TG) were analysed by the colorimetric method
in a semi-automatic analyser (RA-50, Bayer, Brazil)
using diagnostic kits (Labtest, Brazil). The serum low-
density lipoprotein-cholesterol (LDL-c) concentration
was calculated using the Friedwald formula (Friedwald
et al 1972), where LDL-c = TC—(HDL-c+ VLDL-c)
and VLDL-c = TG/5 (VLDL: very-low-density lipo-
protein). The atherogenic index (AI) was expressed as
LDL-c+VLDL-c/HDL-c.

Statistical analysis

Data are expressed as mean +s.e.m for eight animals.
Data on lipid parameters were analysed by analysis of
variance. Values of P < 0.05 were considered to be
statistically significant.
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Results

Serum lipids

The serum lipid profiles of mice after a 2-weeks normal
or high-fat diet are shown in lable 1. The normal group
of mice fed on normal chow diet had serum total
cholesterol and triglyceride levels of 122.214+10.35 and
82.174+4.80 mg dL™!, respectively as against 197.75+
1.86 and 342.48+13.76 mg dL™', respectively, in mice
on the high-fat diet. Orally administered trans-dehydro-
crotonin significantly (P < 0.05) decreased the high-
fat-diet-induced increases in total cholesterol and
triglyceride levels, respectively, by 20 and 30 % at a dose
of 25 mg kg™' and by 50 and 51 % at a dose of 50 mg
kg™!. The effect of trans-dehydrocrotonin on total chol-
esterol appeared to be dose-related but the effect on
triglyceride did not. The cholesterol fractions HDL,
LDL and VLDL were significantly increased by a high-
fat diet. trans-Dehydrocrotonin had a significant inhi-
bitory effect on these atherogenic lipoproteins, more so
at a dose of 50 mg kg™'. Although the level of HDL-c
tended to decrease at this dose, the serum HDL-c level
remained similar to that of control rats. frans-Dehy-
drocrotonin significantly lowered the atherogenic index
at both doses employed.

Body weight

The initial mean body weight of the control group of
mice fed on normal diet and that of the high-fat diet
group that received vehicle were in the order of 30.50 +
0.50 g and 25.7540.56 g, respectively. At the end of the
experimental period, an increase of 30 % in mean body

Table 1
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Figure 2 Initial ([(J) and final () mean body-weight of mice fed on

normal pelletted-diet or high-fat diet with or without trans-de-
hydrocrotonin (--DCTN) treatment (25 or 50 mg kg™! daily). Body
weights were recorded at the beginning and at the end of experiment
period (2 weeks). Each column represents the mean+s.e.m., n = §.
**P < 0.01, compared with initial body weight.

weight was observed in the high-fat-fed control group of
animals (Figure 2). This increase in mean body weight
was not observed in the groups of animals treated with
25 or 50 mg kg™! of trans-dehydrocrotonin.

Discussion

In this study, trans-dehydrocrotonin, a clerodane diter-
pene isolated from the stem bark of Croton cajucara
Benth. markedly suppressed the high-fat-diet-associated

Serum lipid parameters in mice fed or normal or high-fat diet and the effects of trans-dehydrocrotin treatment.

Lipid parameter Normal diet (control)

High-fat diet and treated

Vehicle
control

trans-Dehydrocrotin
50 mg kg~! daily

trans-Dehydrocrotin
25 mg kg™! daily

Total cholesterol (mg dL~") 122.21+10.35

197.75+12.86*

158.9447.64+ 120.87 +6.407

Triglyceride (mg dL™) 82.17+4.80 342.484+13.76* 171.33+18.16F 166.80+13.167
HDL-c (mg dL™") 43.83+4.75 58.3841.75*% 61.40+4.96 47.24 +1.56F
VLDL-c (mg dL™") 16.42+0.97 68.50+2.75* 34.26+3.63F 33.34+£2.637
LDL-c (mg dL™") 52.3246.60 72.5349.13* 70.3647.68 43.50+4.38+
Atherogenic index (Al) 1.8840.25 2.3840.18* 1.50+0.147 1.524+0.10%

Serum lipids were measured enzymatically two weeks after feeding mice a normal pelletted diet or high-fat diet with or without rrans-
dehydrocrotin treatment. Each value represents the mean +s.e.m., n = 8. The atherogenic index (Al) was expressed as LDL-c/HDL-c. *P <
0.05, compared with normal diet-fed control value. TP < 0.05, compared with vehicle control value.
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rise in total cholesterol and triglyceride levels in mice at
oral doses of 25 or 50 mg kg™' daily. Most lipid-lowering
drugs currently used in the treatment of hyperlipidaemic
patients can modify plasma HDL-c levels and sub-
fraction distribution (Sirtor1 & Franceshint 1990). The
effect of trans-dehydrocrotonin was therefore analysed
on cholesterol subfractions. The hypocholesterolaemic
effect of trans-dehydrocrotonin was more prominent at
the dose of 50 mg kg™' with significant decreases in
HDL-, VLDL- and LDL-c levels. Although the level of
HDL-c tended to decrease at this dose, its level remained
similar to that seen in the control group. Our study is the
first to demonstrate that trans-dehydrocrotonin can
affect the serum lipid parameters of diet-induced hyper-
lipidaemia in mice. Our data also show that the Al was
significantly lowered in the trans-dehydrocrotonin-
treated group of mice compared with the vehicle-treated
control group. A decrease in Al is believed to be
beneficial, since the HDL level is inversely correlated
with coronary heart disease and its elevation is con-
sidered to be an anti-atherosclerotic factor (Marx 1979
Choiet al 1991b; Manninen et al 1992). The lower Al of
the trans-dehydrocrotonin-treated groups suggested the
hypolipidaemic potential of this plant-based drug.

It is interesting that trans-dehydrocrotonin markedly
lowered (50%) the levels of serum triglycerides and
VLDL-c. The decrease in triglycerides may indicate
increased oxidation of mobilized fatty acids or inhibition
of lipolysis. Nicotinic acid and fibric acids, widely used
for the treatment of various forms of hyperlipidaemia
(Fattore & Sirtor1 1991), similarly significantly reduce
serum triglycerides and VLDL-c. Disturbance of lipid
metabolism is also a common complication of diabetes
mellitus. Thus, increased mobilization of triglycerides
and release of unesterified fatty acids from adipose tissue
into the blood stream is common, especially in type II
diabetes (Kunjathoor et al 1996). The hypolipidaemic
action of trans-dehydrocrotonin is advantageous since
it lowers blood glucose in diabetic rats (Farias et al
1997). The decreased free fatty acid levels brought about
by trans-dehydrocrotonin treatment may suggest the
inhibition of lipolysis which is further indicated by the
maintenance of body weight.

Different species of Croton are noted for their
tumourogenic and pro-inflammatory effects due to their
phorbol ester diterpene content (Schmidt 198¢). Inter-
estingly, C. cajucara presents only clerodane diterpenes
that possess anti-tumour and anti-inflammatory effects
(Ichihara et al 1992; Carvalho et al 199¢; Grynberg et al
1999). The established lethal dose (oral LD50) in mice is
555 mgkg™! (Carvalho et al 1996), 10-20 times the doses
employed in this study. Thus, the absence of phorbol

ester activity and overt toxicity is advantageous in its
therapeutic utility as a hypercholesterolaemic agent.
In conclusion, the data indicate that orally admin-
istered trans-dehydrocrotonin is effective in suppressing
high-fat-diet-induced hyperlipidaemia in mice and sug-
gest its likely beneficial use as anti-atherogenic agent.
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