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Abstract

We studied the effect of glycyrrhizin, a compound known as an anti-inflammatory and antial-
lergic drug, on the membrane permeability change induced by phospholipase A2 (PLA2) and on
platelet aggregation. Glycyrrhizin was found to inhibit the PLA2-induced carboxyfluorescein (CF)
release from D,L-dipalmitoyl phosphatidylcholine (DPPC) liposomes. Part of this inhibitory effect
of glycyrrhizin on PLA?2 is accounted for by the physical state of the substrate, the DPPC liposome
membrane. Glycyrrhizin also inhibited collagen-induced platelet aggregation in a concentration
dependent manner, which may in part account for its inhibitory effect on PLA2.
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Abstract. We studied the effect of glycyrrhizin, a compound known as an anti-
inflammatory and antiallergic drug, on the membrane permeability change induced
by phospholipase A, (PLA,) and on platelet aggregation. Glycyrrhizin was found
to inhibit the PLA,-induced carboxyfluorescein (CF) release from D,L-dipalmitoyl
phosphatidylcholine (DPPC) liposomes. Part of this inhibitory effect of glycyrrhizin
on PLA, is accounted for by the physical state of the substrate, the DPPC liposome
membrane. Glycyrrhizin also inhibited collagen-induced platelet aggregation in a
concentration dependent manner, which may in part account for its inhibitory effect
on PLA ,.
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Glycyrrhizin, a glycoside obtained from Glycyrrhizina glaba roots, shows ster-
oid-like action (1) and has been used as an antiinflammatory and antiallergic
agent (2, 3). However, the mechanism of its pharmacological action has not been
analyzed,

For the purpose of clarifying the mechanism of the steroid-like action of the
drug, it is important to detect phospholipase A, (PLA,) activity since changes in
phospholipase A, activity play an important role in various inflammatory pro-
cesses (4, 5) and certain steroid hormones regulate PLA, activity indirectly (6).
It might be postulated that glycyrrhizin exhibits an inhibitory effect on PLA,.

Recently (7) we reported that PLA, activity can be determined by the phase
transition release technique (8), a very sensitive assay method in which a small
amount of carboxyfluorescein (CF) is released from artificial membrane below the
phase transition temperature of its constituent lipid (9). Using this technique, it
was found that glycyrrhizin inhibited the PLA,-induced CF release from liposomes
just like other PLA, inhibitors. In addition to artificial liposome, human platelets
whose aggregation is closely correlated to PLA, activity (10), were adopted in this
study. It was found that glycyrrhizin inhibited collagen-induced platelet aggre-
gation.
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These results indicate that the antiinflammatory and steroid-like actions of
glycyrrhizin might be related to its inhibitory effect on PLA, activity.

MATERIALS AND METHODS

Reagents. D,L-dipalmitoyl phosphatidylcholine (DPPC) and collagen were purchased from
Sigma Chemical Co.. Phospholipase A, from porcine pancreas (800 U/mg) was purchased
from Boehringer. Carboxyfluorescein (CF) was purchased from Eastman Kodak Co. and was
purified by the method of Ralston et al (11). All other chemicals used were of analytical
grade. Glycyrrhizin was kindly donated by Minophagen Pharmaceutical Co., Tokyo, Japan.

Phospholipid vesicles. The unilamellar vesicles containing CF were prepared by the method
of Huang(12). DPPC was dissolved in chloroform-methanol (2:1) at a concentration of 22
mg/ml. One ml of the lipid solution was evaporated in a concentrator (Taiyo TC-8). Follow-
ing the addition of 2ml of 0.1 M NaCl in 20 mM phosphate buffer (pH 6.8) and 0.1 M CF,
the tube was agitated with a vortex mixer for 10 min at 50 C, and then the vesicles were
sonicated for 60 min at 50 C using a Bransonic sonifier (Type 185). The sample became
optically clear within 2-5 min, and 1.5 ml aliquots were applied to a Sepharose 4B column
(1.5 X 25 cm), eluted at 4 C with a solution of 0.1 M NaCl-20 mM phosphate buffer (pH 6.8),
and unilamellar vesicles were collected.

Phase transition release (PTR). The PTR curve was obtained by the method of Weinstein
et al. (8). The unilamellar liposome suspension was placed in an ice cold small cuvette and
transferred to the heated (50 C) cuvette holder of a fluorospectrophotometer (Shimazu, Type
RF-50). The temperature of the cuvette holder was controlled by a digital temperature therm-
istor kept over the light-path in the reaction cuvette which had an attached magnetic stirrer.
The PTR was monitored at 515 nm and excited at 470 nm. To obtain the total fluorescence
intensity achieved by 100 % release of the dye from liposomes, 5 ul of 10 % Triton X-100 was
added to the 2 ml of reaction mixture. PLA, and glycyrrhizin were added at 0 C in a medium
of 0.1 M NaCl-20 mM phosphate buffer (pH 6.8) and 1 mM CaCl,.

Enzyme activity of PLA,. The activity of pancreatic PLA, was assayed by the formation
of lysophosphatidylcholine after incubation of the DPPC liposomes (375 uM) with PLA,
(50 pg/ml) at 10 C for 1 min. Lysophosphatidylcholine and DPPC were separated by thin
layer chromatography, and their amounts were determined by the method of Lowry ef al. (73).

Platelet aggregation. Aggregation of human platelets by collagen (Sigma Type I from Bovine
achilles tendon, dissolved in 0.15 M NaCl) was measured by the method of Yamanaka (14).
Changes in absorbance at 610 nm were recorded with a spectrophotometer (Shimazu, UV-200)
equipped with a 37 C water bath and stirrer.

Protein concentration was determined by the method of Lowly et al (15) using bovine
serum albumin as the standard.

RESULTS AND DISCUSSION

Phase transition release by PLA, and its inhibition by glycyrrhizin. It has been
reported that the phase transition release (PTR) of CF from DPPC liposome is
stimulated in a concentration dependent manner by adding small amounts of
pancreatic PLA, (7). This technique was applied in the present investigation.
A rather large amount of glycyrrhizin also enhanced CF release, and the concentra-
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Fig. 1. (left) The effect of glycyrrhizin on the phase transition release curve of DPPC. CF-
containing unilamellar DPPC liposomes were incubated in a cuvette with various concentrations of
glycyrrhizin in a medium of 0.1 M NaCl-20 mM phosphate buffer (pH 6.8)-1 mM CaCl, at 0T
and transfered to a heated cuvette holder (50 C). The temperature in the cuvette increased to
above 40 C after 200 seconds as indicated. Fluorescence intensity at 515 nm was monitored by
excitation at 470 nm using a Shimazu spectrofluorometer. Total fluorescence intensity of released
CF in the medium was measured after addition of 0.0025 % Triton X-100

Fig. 2 . (right) The effect of glycyrrhizin on the phase transition release curve of DPPC in the
presence of PLA,. Experimental conditions were as in Fig. 1. PLA, (0.1 pg/ml) and various concen-
trations of glycyrrhizin were added to the medium before incubation. Glycyrrhizin inhibited the
release of CF from DPPC liposomes depending on its concentration.

tion required for the maximum release was about 1 mM as shown in Fig. L.
However, the increased CF release by PLA, was inhibited by small amounts of
glycyrrhizin of about 25 M (Fig. 2). Similar inhibition of CF release was also
observed with certain PLA, inhibitors such as trichloroethylene (16) as shown in
Fig. 3. Similar inhibitory effects were also obtained with bromophenacyl bromide
and indomethacin (17) (data not shown).

Inhibition of PLA,-induced CF release from DPPC liposomes by glycyrrhizin. When
DPPC liposomes were incubated with PLA, (0.1 xg/ml) at a constant temperature
(22 C), the time dependent release of CF induced by PLA, was inhibited by adding
glycyrrhizin (Fig. 4). But as previously described in Fig. 1, glycyrrhizin itself
caused some CF release by its surface active characteristics at rather high concen-
trations (0.1- 1 mM). Therefore, compensation for this release was made by sub-
tracting the increased fluorescence due to the surface active effect of the drug from
the curves of PLA ,-induced CF release inhibited by glycyrrhizin, and the corrected
concentration-dependent curve is shown in Fig. 5. The results indicate that the
PLA,,-induced CF release is inhibited by glycyrrhizin in a concentration-dependent
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Fig. 3. (left) The effect of PLA, inhibitor on the phase transition release curve of DPPC liposomes
in the presence of PLA,. Experimental conditions were as in Fig. 2. Trichloroethylene, a membrane
modifying reagent, also inhibited the release of CF from DPPC liposomes by decreasing the phase
transition point of DPPC.

Fig. 4. (right) The effect of glycyrrhizin on the increased CF release of DPPC liposome by
PLA, at 22C. Unilamellar DPPC liposomes containing CF were incubated with glycyrrhizin in
the presence or absence of PLA, (1 #g/ml) in a medium of 0.1 M NaCl-20 mM phosphate buffer
(pH 6.8)-1 mM CaCl,. The temperature in the cuvette was constant (22 C).
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Fig. 5. Concentration dependency of glycyrrhizin in PLA, inhibition. The percent inhibition
by glycyrrhizin of CF release induced by PLA, was obtained from the curve of Fig. 4. The data
were normalized as indicated in the text.
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Inhibition of lysophosphatide formation by glycyrrhizin. The inhibitory action of
glycyrrhizin on PLA, activity was also confirmed by measuring lysophosphatidyl-
choline formation after incubation of the DPPC liposomes with the enzyme in the
presence of various concentrations of glycyrrhizin as shown in Fig. 6. The con-
centration of the drug required for the inhibition of PLA, was quite high compared
to that measured by the PTR technique. This may be due to the high concentra-
tion of PLA, required for detection of the inhibitory action of glycyrrhizin in the
short incubation period (18). Of course, the initial velocity of lysophosphatidyl-
choline formation was very high at such high concentrations of PLA,. Therefore,
low temperature incubation was also required for detection of the inhibitory action
of thedrug (7). Similar inhibition of lysophosphatidylcholine formation was observed
with standard inhibitors of PLA, such as bromophenacyl bromide and indometha-
cin (17, 19) under the same conditions (Fig. 6).
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Inhibition by glycyrrhizin of collagen-induced platelet aggregation. It has been re-
ported that the activity of membrane associated PLA, is stimulated by collagen,
thrombin and ADP and that collagen-induced platelet aggregation is inhibited
by some PLA, inhibitors (10). Since glycyrrhizin inhibited PLA,-induced CF
release and PLA, activity, it was expected that the drug would also inhibit collagen-
induced platelet aggregation. In fact, as shown in Fig. 7, the drug inhibited
collagen-induced platelet aggregation in a dose dependent manner, though the
concentration required was very high. Concerning this inhibitory action of gly-
cyrrhizin on platelet aggregation, it was reported recently that the drug also inhibit-
ed cyclooxygenase activity and inhibited the formation of prostaglandins (20).
Therefore, it is considered that the inhibition of platelet aggregation by glycyrrhizin
is the result of its inhibition of PLA, and cyclooxygenase.

The details of the inhibitory mechanism of glycyrrhizin are still obscure, but
there is a possibility that glycyrrhizin causes changes in the phase transition point
of DPPC liposomes. In fact, there are several inhibitors of PLA, activity which
modify membrane fluidity and lower the transition temperature, such as ethrane,
halothane and trichloroethylene (16).

These results indicate that the antiinflammatory and steroid hormone-like
actions of glycyrrhizin might be attributable at least in part to the drug’s inhibitory
effect on PLA, activity. A more detailed investigation of the mechanism of
glycyrrhizin’s action on membrane events in inflammatory processes is currently
in progress.
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