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Artichoke leaf extract - Recent findings reflecting effects
on lipid metabolism, liver and gastrointestinal tracts.

K.KRAFT

Summary

In various molecular, cellular and in vivo test systems, artichoke (Cynara scolymus L.) leaf ex
tracts show antioxidative, hepatoprotective, choleretic and anti-cholestatic effects as well as in
hibiting actions on cholesterol biosynthesis and LDL oxidation. Recently, active ingredients re
sponsible for the main effects have been identified. Thus, luteolin seems to be of crucial impor
tance for the inhibition of hepatocellular de novo cholesterol biosynthesis. The anti-dyspeptic ac
tions ware mainly based on increased choleresis. Regarding clinical data, lipid-lowering, anti
emetic, spasmolytic, choleretic and carminative effects have been described, along with good tol
erance and a low incidence of side effects. Due to its specific mechanisms of action, the future use
of artichoke leaf extract for the prevention of arteriosclerosis can be expected.

Key words: Artichoke leaf extract, luteolin, lipids, antioxidant, dyspepsia, atherosclerosis,
nausea.

Introduction

Both, traditional and more recent literature make refer
ence to the fact that artichoke leaf extracts alleviate abdom
inal pain and have choleretic, lipid-lowering and hepato
protective effects. However, it has only been possible in the
last few years to evaluate the underlying mechanisms of ac
tion. Experimental and clinical results for artichoke leaf ex
tract complement each other, a rare phenomenon in phyto
therapy. Artichoke leaf extract is suitable for treating
chronic gastrointestinal, metabolic, and cardiovascular dis
eases. Additionally, carminative, spasmolytic and antiemet
ic effects, have been verified through recent investigations,
confirming that the dyspeptic syndrome is a traditional in
dication for artichoke leaf extract. (Monography: Cynarae
folium 1988 [corr. 1990])

Plant, drug and ingredients

The artichoke (Cynara scolymus L.) belongs to the Aster
aceae. It has been used medically since the 4th century B.C.
Theophrast (371 B.v., Lesos), a pupil of Aristotle, was one
of the first to describe the plant in depth. The modern arti
choke is a derivative of the wild artichoke, Cynanara car
dunculus, a prolific composite. Linne also counted Carduus
marianus (milk thistle, today: Silybum marianum) as being

part of this genus (Mayr and Frohlich, 1965). The history
of the artichoke as a medicinal plant has been dealt with in
reviews by Mayr and Frohlich (1965) and by Ernst (1995).

The extract is manufactured from the leaves (Cynarae fo
lium). The 10th edition of the French Pharmacopoeia in
cludes a monograph of the drug. The essential ingredients
of artichoke extract are caffeic acid, chlorogenic acid, cy
narin (1,5-di-caffeoylquinic acid), luteolin and the glyco
sides scolymoside and cynaroside. Modern extracts are
manufactured using highly standardized procedures (Wa
genbreth et al., 1996).

Mechanisms of action

Fig. 1 summarizes the mechanisms of action of artichoke
leaf extract. The graph also includes relevant experimental
findings, although in a very brief form.

Choleresis and dyspepsia

Recent liver cell culture experiments demonstrated a
clear increase of the secretion of biliary substances, and an
elevated number and size of the secreting bile ducts within
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Fig.1. Action mechanisms of artichoke leaf extract.

Table 1. Change in dyspeptic symptoms after 4 weeks treatment
with artichoke leaf extract (Held, 1991).

the active cons tituent group as compa red with the placebo
group. An improvement in symptoms was seen in 50 % of
patients after 14 days of tr eatment with artichoke leaf ex
tract. This confirmed the findi ngs of earlier clinical investi
gation s of similar design (Hammer! and Pichler, 1957;
Strup pler and Rossler, 1957).

In a post marketing sur veillance study, 417 patients with
hepatic and biliary tract disease were treated for four weeks
with ar tichoke leaf extract (Held, 199 1).

Th ey suffered from upp er abdominal pain, bloating,
meteorism, constipation , lack of appetite and nausea. Prior
to the study, the average durat ion of the symptoms was
four months. Th e pat ients were exami ned prior to the
therapy as well as after the first and fourth week of treat 
ment. Improvement of symptoms occurre d after one week
in 65 to 77% of pat ients. After four weeks, th is proportion
increased to 80 to 92 %. Depending on the symptom, com
plaints disappeared in 52 to 82% of cases (Table 1).

the liver cells after administratio n of 0.1 mg/ml artichoke
leaf specia l extrac t. Artichok e leaf extract ca used accumu
lat ion of pericanalicular vesicles which were visualized by
electron microscopy (Gebhardt, 1996 d). Clear dose depen
dency of the choleretic effect was depic ted in the isolated
perfused rat liver (Matuschows ki et al., 1996) . The se find
ings conclusively support the results of experimental and
clinical studies, which have demonstrated stimulation of
choleresis.

In double-blind clinical studies, high-d ose extracts of ar
tichoke leaves caused a considera ble increase in choleresis
(Kirchhoff et al., 1993 and 1994 ) (Fig. 1), mos t likely due
to increased produ ction of bile acids (Kirchhoff et al.,
1993). A do uble-blind, ra ndomi zed, placebo-controlled
clinical study showed that artic hoke leaf extract significant
ly (p < 0.01 ) increas ed the amount of bile secretio n into the
duodenum of healthy volunteers as compared with placebo
recip ients (Kirchhoff et al., 1994 ) (Fig. 2 ).

Th is effect is obviously responsible for the successful
treatm ent of the so-called dyspeptic syndrome (irritable
stomach, nervo us gastropath y, meteorism and flatulence,
irritable colon, functional biliary trac t disease).

In a further randomized, place bo-co ntrolled clinica l
study, 60 pat ients with idiopat hic dyspepsia (non-ulcer dys
pepsia, irri table stomach ) wer e investigated (Kupke et al.,
19 91 ). Sym ptoms, su ch a s upper a bdom inal pain, hea r t

burn, bloat ing, constipation , diarrhea, nausea and vomit
ing were recorded. The volume of bile secretion, measured
with a duodenal probe, increased significantly (p < 0.01) in

Variable

Upper abdominal pain
Blo ating

Meteorism
Constipation
Nausea

No symptoms (%) Improved (%)
(cumulative)

59,2 85,5
5 5 ,1 9 1, 1

52, 1 87,2
56,2 78,4
82,2 90,3
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Fig. 2. Increase in biliar y secretion after art icho ke leaf extract (Kirchhoff et al., 1994 ).

A recently completed post mar keting surveil1ance study
(Fintelmann and MenfSen, 1996; Fintelmann, 1996 a) was
conducted under the conditions of routine treat ment in pa
tients with dyspept ic syndrome (n = 553). In this observa
tion, subjective com plaints declined in a clinica lly impres
sive and statistically significant man ner within 6 weeks of

treatm ent (Fig. 3). The therapeutic efficiency of ar tichoke
leaf special extrac t was assessed by physicians as excel1ent
or good in ca. 87% of patient s, as minima l in 8 patients,
and as insufficient in 6 pat ient s. Thus, the proportio n of
pat ients with below-average effects was ca. 3%.

98% of patients believed that the effect of the arti choke
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Fig. 3. Regression of selected symptoms (mean extent of residual symptom s in % in relation to the baseline value on
admi ssion to the study f=100%]) after approx. 6 weeks of treatm ent with artichoke leaf extract in patients with dys
peptic complaints (p < 0.001 for initiallpost comparison of the presented variables) (Fintelman n, 1996 a; Fintelmann
und MenlSen, 1996) .
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Fig. 5 b. Chemical structure of luteolin.
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lipids was investigated in primary cultures of rat hepatocy
tes. This procedure gives reliable, comparative data on the
relative synthesis rate of cholesterol and sterol precursors
under the effect of test substances. In 1995, a significant (p
< 0.01) concentration-dependent reduction in hepatic de
novo cholesterol synthesis was demonstrated after 2 hours
incubation with artichoke leaf extract (0.01-1 mg/ml)
(Frohlich and Zigler, 1973; Gebhardt et al., 1996) (Fig. 4).
Cytotoxic effects were not observed within this concentra
tion range.

The inhibiting effect was confirmed in numerous studies
on isolated human hepatocytes (Gebhardt, 1996 e). There
fore, artichoke leaf extract not only increases choleresis and
thereby cholesterol elimination (Kirchhoff et al., 1993 and
1994; Kupke et al., 1991; Hammer! and Pichler, 1957,
1959; Struppler and Rossler, 1957; Adam and Kluthe,
1979; Beggi and Dettori, 1931; Cima and Bonora, 1959;
Panizzi and Scarpati, 1954; Preziosi et al., 1959; Preziosi,
1962; Schreiber et al., 1970), it also reduces de novo cho
lesterol biosynthesis. Inhibiting effects which could lead to
a pattern shift of the sterol precursors of cholesterol were
not observed (Gebhardt, 1995 c).

In animal experiments, lipid-lowering effects of the ex
tract and its ingredients have been demonstrated (Frohlich
and Zigler, 1973; Samochowiec et at., 1971; Wojcicki,
1976; Wojcicki, 1978; Samochowiec, 1959 and 1962;
Lietti, 1977).

According to the most recent findings, the constituent [u

teolin plays a crucial role in the inhibiting effect of arti
choke leaf extract on cholesterol synthesis (Gebhardt,
1996 c). Luteolin is released from its glucoside (which has a
weaker effect) by p-glucosidase in the digestive tract as well
as in liver cells and other cells. Luteolin causes inhibition of
cholesterol biosynthesis up to 60% at ECso values of
30JlM. In HepG 2-cells, an 80% maximum effect is
reached with slightly higher ECso values (Gebhardt,
1996c).

Luteolin obviously acts below the level of HMG-CoA re
ductase, the key enzyme of cholesterol biosynthesis. In ad
dition, the total extract shows effects on HMG-CoA reduc
tase, which probably occur via other interactions, indirect-

*
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Fig. 4. Inhibition of cholesterol biosynthesis by artichoke leaf ex
tract: concentration-dependent incorporation of [14C]-labelled
acetate in the fraction of non-saponifiable lipids on cultivated liv
er cells (", p < 0.01; ... control) (Gebhardt, 1995 a, 1995 c).

leaf extract was considerably better, somewhat better or
equal to that achieved during previous treatment with other
drugs. Thus, artichoke leaf extract appears to be a good
therapeutic option in dyspeptic syndrome.

Lipid lowering and anti-atherosclerotic effects

There are numerous clinical hints of lipid lowering effects
by artichoke leaf extract preparations. They work by af
fecting hepatic cholesterol synthesis. The incorporation of
[14C]-labelled acetate into the fraction of non-saponifiable

100

Fig. 5 a. Structure of cynaroside (luteolin-7-0-glucoside), prodrug
of luteolin. Computer calculated 3-dimensional structure (Soft
ware "Lipop"; University of Strafsburg).
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Fig. 6. Inhibition of cholesterol synthesis by artichoke leaf ext ract.

ly via activation of inhibitor y mechani sms or inh ibition of
activating mechanisms (Fig. 6). Thus artichoke leaf extract
appears to inhibit lipid synth esis at several levels. Accumu
lation of undesired stero l compounds described for some
synthetic lipid-lowering agent s is thu s not to be expected
with art ichoke leaf extract (Gebhardt, 1995 c).

In additio n to findi ngs from animal experiments (Froh
lich and Zig ler, 1973; Samochowiec et al., 1971; Wojcicki,
1976 and 1978; Samochowiec, 1959 and 1962; Liett i,
1977), there are many clinical data in the literature proving
the lipid-lowering effects of artichoke leaf extrac ts. Fig. 7
gives a summary in a very simpli fied and shortened version.
Differences between the investigational conditions of the
various studies were not con sidered.

Recently, in a double-blind, monocentre, randomized,
placebo-controlled compara tive group study, the lipid-low
ering potentia l of artichoke leaf extract was investigated in
clinica lly hea lthy volunteers (n =44 ). Volunt eers with total
cho lestero l baseline values above 220 mg/dl experienced a
significant decrease as compared with placebo recipients;
the higher the baseline value, the larger the reduc tion in lip
ids. In contrast, protective HDL cholesterol had a tendency
to increa se (Petrowicz et al., 1996).

In 1995, Fintelmann published the results of a post-mar
keting surve illance stud y (Fintelmann and Menlsen, 1996;
Fintelmann, 1996 a.b), which was cond ucted as a struc 
tur ed, multicen ter investigation of 557 patients who were
treated with a special ext ract from art ichoke leaf. Th e aver
age daily dose in the random sample was ca. 1.5 g extrac t

and the average duration of treatment was 43 .5 days . In
patient s whose choles terol values were routinely deter
mined (n = 302), serum cholesterol and serum triglyceride
concent rations dropped significantly (p < 0.00 1) (d .
Fig. 8).

As early as the 1930s, favorable effects of artichoke leaf
extract on cholesterol-containing deposits in ar teries, ocu
lar fundus , and skin were known (Tixie r, 1939). In rats,
a rticho ke leaf extracts inh ibited rhe increas e in serum lip
ids and the manifestation of atherosclerotic plaques in
duced by an atheroge nic diet (Sarnochowiec, J959 and
1962 ).

The recent demonstration of a concentration-dependent
inhibiti on of LDL oxidation by arti choke extrac t in vitro
(Gebhardt, 1996 e) confirm these earlier findings. As oxi
dized LOL cholesterol plays an import ant role in the patho
genesis of ar teriosclerosis due to its cytotoxicity and athe
rogenicity, artic hoke leaf extracts might be suita ble as a
prophylactic measure (Esterbauer et al., 1990 and 1991;
Steinberg et al., 1989; Wit ztum and Steinberg, 1991; Boby
revet al., 1989; Gebhardt, 1995 d).

Hepatocellular protection due to
antioxidative effects

Previous animal experiments encompassing various liver
damage models (chlorinated hydrocarbons, ethanol) (Adzet
et al., 1987; Samochowiec et at., 1971; Wojcicki, 1978 ) es-
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Fig. 7. Review of clinical data on lipid
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tablished the following after prior treatment with artichoke
leaf extract: an increase in tissue regeneration, an intrahe
patic increase in perfusion, an increase in the number of bi
nucleate hepatocytes and RNA content, and stimulation of
cell division (Adzet et aI., 1987; Maros et al., 1966, 1968).
These observations suggest hepatoprotective systems
showed strong antioxidative effects for artichoke leaf ex
tract (Gebhardt 1995 b,d and 1996 a,b,d,f; Gebhardt et al.,
1996). In liver cell cultures, malondialdehyde production,
which was induced by coumen hydro peroxide (Gebhardt,
1996 a.b) or t-butylhydroperoxide (t-BHP) (Gebhardt,
1995 d, 1996 b) (Fig. 9), was inhibited by artichoke leaf ex
tract in a concentration-dependent manner. Significant ef
fects could be demonstrated even with 1 mg extract/ml in
cubation fluid. At the same time, the death of hepatocytes
triggered by t-BHP were reduced (Gebhardt, 1995 d). As al
ready mentioned, the antioxidatant effect is not limited to
the liver.

A cytotoxic effect of 1 mg artichoke leaf extract
was ruled out usmg cultivated liver cells (Gebhardt,
1995 a,d).

The hepatotoxic effect of carbon tetrachloride is mainly
caused by the cytochrome P450 dependent production of a
CCl3 radical (Recknagel and Glende, 1973; Wolf et al.,
1980). The mitochondrial reduction of a tretrazolium salt
into a dyed formazan (MTT test) is used as demonstration
of cellular damage (cytolysis). if the cells are damaged, the
formazan formation is reduced. After adding an artichoke
leaf extract (10 mg/ml) to a medium containing CCI4, the
death of isolated liver cells could be prevented. Inhibition
was demonstrated within 3 hours and even more so after 24

hours (p < 0.001). The reduction in formazan formation due
to CCl4 was inhibited by 75% (Gebhardt, 1995 b) (Fig. 10).
In this respect, a certain analogy may be seen to a hepato
protective effect of extracts from the milk thistle (Silyburn
marianum) or its extract containing a mixture of flavonoids
(silymarin) (Fintelmann and Albert, 1980; Ferenci et al.,
1989; Salmi and Sarna, 1982). Silymarin also possesses an
antioxidative effect (Bindoli et al., 1977; Muriell and Mou
relle, 1990; Letteron et al., 1990). However, silymarin does
not have any inhibiting effects on cholesterol synthesis or
choleretic effects.

Recently the active substances responsible for the anti
oxidative effect of the extract have been identified. They
represent a mixture of polyphenols and flavonoids, i. e. caf
feic acid, chlorogenic acid, cynarin, luteolin-7-O-glucoside
(cynaroside) and luteolin (Gebhardt, 1996 a). Up to now,
the hepatoprotective effect of artichoke leaf extract has not
been proven in controlled clinical trials.

Further effects

Incubation with artichoke leaf extract prevented choles
tasis, which was triggered by lithocholic acid in liver cell
cultures, and which could be seen under the electron micro
scope as characteristic changes in canalicular membranes
(Gebhardt, 1996 d). Clinical investigations covering the im
portance of this effect of artichoke leaf extract are not yet
available.

Clinical observation of outpatients with dyspeptic syn
drome showed that artichoke leaf extract had a strong anti-
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Fig.8. Decrease in tot al cholesterol and serum tr iglyceride con
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± SEM) (Fintelmann, 1996a).
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emetic effect (d. Fig. 11) (Held, 1991, 1992; Fintel mann,
1996 a). Score reduction, measured in relation to the initial
value was ca. 82% for nausea, 88 % for emesis, ca. 66 % for
meteori sm and ca. 76% for nausea and 88 % for emesis, ca.
66 % for meteorism, ca. 76% for abd ominal pain (Fintel
man n and Menlien, 1996 ). These finding s show tha t this
well tolerated phytopharrnaceurical dru g might also be ap
plied in nausea of other genesis, i. e. as adjuvant medicati on
in oncology.

Tolerability and contraindications

Th e to lerabili ty of arti choke leaf extract ranges from
good to very good in the literature. A post marketing sur
veillance study of 41 7 patients showed a very good to
good tolerance in 95 % of cases (global assessment by the
physic ian) (Held, 1991 and 1992). In a similar investiga
tion on 553 patients, 1.3% of patients experie nced mild
adverse drug reactions such as flatulence, feeling of weak
ness and hunger (Fintelmann and Menfsen, 1996; Fintel
mann, 1996 a.b ). In a placebo-controlled double-blind
study there were also no significant differences between
the artichoke leaf extract and placebo with respect to side
effects (Petrowicz et al., 1996). Interactions with oth er
drugs are unknown (Saller et al., 1995 ). As is the case for
other composite flower s, loca l atopic reactions (type IV)
have been reported after skin contact with the fresh plant
(so-called artichoke harvesters disease, Meding, 1983;
Gougero t, 1936; Sidi and Dobkevitch, 1950; Santori,
1932). Although so far there have been reported allergic

Arti choke leaf extract [~Ig/ml] (+ t-BHP)

Fig. 9. Inhibiting effect of arti choke leaf extract on producti on of
malondialdehyde stimulated by the oxidant t-bur ylhydroperox ide
(t-BH P). Concentration-dependent heparoprot ective effect of vari
ous concentrations of arti choke leaf extrac t (" " significantly dif
ferent to cultures incu bated with t-BHP, p < 0.0 1; <. ,. =significant
ly different to the control, p < 0.01) (Gebhardt, 1995a).

react ions following oral intake of artichoke leaf extract
(Fintelmann and Menlsen, 1996; Fintelmann, 1996 a,b),
caution should be exercised when encountering known al
lergies to other composites.

The following contra indications may be deduced from
the action profile : cholelithiasis, bile duc t occlusion and al
lergy to composites.

The good tolerab ility and the very low rate of side effects
confirm that drug safet y is high in the case of artichoke leaf
ext ract .

Conclusions

• Artichoke leaf extract is one of the few phytopharrna
ceurical dru gs whose clinical effects have been confirmed to
a great extent by basic biomedical research. In particular,
antioxidative, choleretic , anti-cholestatic and hepatopro
recrive effects as well as inhibition of cholestero l synthesis
have been demonstrated.

• Th e major component s responsible for essentia l effects
of the extract have been identified.

• Clinical investigation s show that artic hoke leaf extrac t
has carminative, spasm olytic and choleretic properties.
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Fig.10. Inhibition of CCl4 induced damage of hepatocytes by ar
tichoke leaf extract. Photometric determination of mitochondrial
formazan formation as a gauge of cell damage after incubation
with CCl4 with and without extract after 3 hours (light bars) and
after 24 hours (dark bars) (':- p < 0.01; ",:- p < 0.001) (Gebhardt,
1995b).
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Thus, this phytopharmaceutical drug is very suitable for

treating the dyspeptic syndrome,

• The extract has an antiemetic and lipid-lowering effect

in clinical practice. According to current findings, it affects

the pathomechanisms of atherosclerosis by inhibiting he

patocellular cholesterol synthesis at different levels, by in

creased elimination of cholesterol due to choleresis, and by

inhibition of LDL oxidation. Accumulation of undesired

sterol compounds, as in the case of direct HMG-CoA re

ductase inhibitors, is not to be expected.

• Artichoke leaf extract is well tolerated and has few
side effects.

• Since artichoke leaf extract is a phytopharmaceutical
drug and thus has the basic advantage of a lower starting

threshold for medical intervention than synthetic prepara

tions as well as fewer risks at lower therapeutic costs, it

might possibly be used for primary prevention of secondary

diseases of atherosclerosis.
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