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Abstract

Acetylshikonin, a naphthoquinone isolated from the Chinese herb medicine, tzu ts’ao, was demonstrated to inhibit the
polymyxin B-induced hind-paw edema in normal as well as in adrenalectomized mice. Liver glycogen content was increased in
adrenalectomized mice pretreated with dexamethasone, but not with acetylshikonin. Like diphenhydramine, methysergide and
isoproterenol, acetylshikonin reduced the plasma exudation evoked in dorsal hind-paw skin by antidromic stimulation of the
saphenous nerve, and in passive cutaneous anaphylactic reaction, bradykinin-, substance P-, compound 48 /80-, histamine- and
serotonin-induced ear edema. Indomethacin was ineffective in these respects. Bradykinin- and substance P-induced plasma
exudation were also significantly reduced when [Thi>®,p-Phe’Jbradykinin and [p-Pro?,p-Trp”°Jsubstance P were coinjected with
bradykinin and substance P, respectively. In isolated rat peritoneal mast cell preparation, acetylshikonin produced a concentra-
tion-dependent inhibition of histamine and pg-glucuronidase release from mast cells challenged by compound 48/80. In
compound 48 /80-pretreated mice, acetylshikonin and isoproterenol produced significantly more inhibitory effect on bradykinin-
and substance P-induced plasma exudation than did diphenhydramine in combination with methysergide. Pretreatment with
diphenhydramine /methysergide in compound 48 /80-pretreated mice significantly further reduced the bradykinin- and substance
P-induced plasma exudation if [Thi>®,p-Phe’]bradykinin and [p-Pro?,p-Trp”?Jsubstance P were coinjected with bradykinin or
substance P, respectively. The results suggest that the inhibitory effect of acetylshikonin on the edematous response is due
neither to the release of steroid hormones from the adrenal gland nor to the glucocorticoid activity, but probably partly to the
suppression of mast cell degranulation and partly to protection of the vasculature from mediator challenge.

Keywords: Acetylshikonin; Hind-paw edema; Cutaneous anaphylaxis, passive; Neurogenic inflammation; Vascular permeability;
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1. Introduction

Tzu ts’ao, the dried purple roots of Lithospermum
erythrorhizon Sieb. et Zucc., Arnebia euchroma (Royle)
Johnst, or Macrotomia euchroma (Royle) Pauls
(Boraginaceae), has been used for the relief of wounds,
burns, bleeding, dermatitis and constipation since an-
cient times in the Far East. Chemical investigations of
the roots of the former species have led to the isolation
of shikonin, acetylshikonin and several other naphtho-
quinones (Kuroda, 1918; Majima and Kuroda, 1922).
Shikonin and acetylshikonin have been found to pos-

* Corresponding author.

0014-2999 /95 /$09.50 © 1995 Elsevier Science B.V. All rights reserved

SSDI 0014-2999(94)00627-X

sess antibacterial, antitumor, antipyretic, analgesic and
anti-inflammatory activity (Motohide, 1977; Ushio et
al., 1977; Tanaka et al., 1986).

This study investigated the anti-inflammatory effect
of acetylshikonin on paw edema, and on plasma ex-
travasation in the passive cutaneous anaphylactic reac-
tion and in neurogenic electrical stimulation. We have
also determined the anti-inflammatory activity and the
liver glycogen content in acetylshikonin-treated
adrenalectomized mice in order to assess the role of
glucocorticoid activity. The effect of acetylshikonin on
mast cell release reaction in vitro, and on several
chemical mediator-induced plasma exudation in nor-
mal and in compound 48 /80-pretreated mice in vivo,
were also tested as part of the investigations into the
mechanism of action of acetylshikonin.
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2. Materials and methods
2.1. Materials

Acetylshikonin was isolated and purified from
Lithospermum erythrorhizon as previously described
(Majima and Kuroda, 1922). Sodium pentobarbital,
polymyxin B, diphenhydramine, indomethacin, com-
pound 48 /80, monoclonal anti-dinitrophenyl antibody
(clone no. SPE-7), dinitrophenyl-bovine serum albu-
min, Evans blue, bovine serum albumin, isoproterenol,
histamine, serotonin, bradykinin, [Thi>® p-Phe’]-
bradykinin, substance P and [p-Pro?,p-Trp” Jsubstance
P were purchased from Sigma Chemical Co., St. Louis,
USA. Dimethylsulphoxide was obtained from Merck
Taiwan, Taiwan. Methysergide was supplied by Sandoz
Pharmaceutical, Basle, Switzerland. Acetylshikonin and
indomethacin were dissolved in dimethylsulphoxide,
other substances were dissolved in normal saline.

2.2. Hind-paw edema

Mice (ICR, 20-25 g) were used in this and other
studies. Hind-paw edema was induced as previously
described (Wang et al., 1992). Briefly, a single subplan-
tar injection of 5 ul of 0.2% polymyxin B or sterile
saline was given in the right and left hind-paw, respec-
tively, of normal or adrenalectomized mice. The vol-
umes of both hind-paws of each mouse were measured
with a plethysmometer at the beginning and at various
time intervals after induction of edema. Hind-paw
swelling was calculated as follows: paw swelling (%) =
{[(right paw volume — initial volume) /(right paw initial
volume)] — [(left paw volume — initial volume)/(left
paw initial volume)]} X 100. The data were analyzed to
compare the area under the time-paw swelling curve
(AUCQC) based on the Trapezoidal rule (Tallarida and
Murray, 1987).

2.3. Adrenalectomized mouse

Adrenalectomized animals were operated as de-
scribed (Waynforth, 1980), except that mice were used.
Briefly, pentobarbital-anesthetized mice were carefully
adrenalectomized bilaterally from the shaved dorsal
region. Adrenalectomized mice were given normal
physiological saline to drink ad libitum. On the 4th
postoperative day, the animals were used for experi-
ments.

2.4. Glucocorticoid activity
On the 4th day after the operation, the adrenalec-

tomized mice were deprived of food and saline for 18 h
before intraperitoneal administration of the test drugs,

and then 8 h after drug treatment the mice were killed
(Schiatti et al., 1986). Liver glycogen was isolated and
determined (Good et al., 1933; Fong et al., 1953).

2.5. Ear edema

In the 48-h passive cutaneous anaphylactic reaction,
monoclonal antidinitropheny! antibody 0.1 wg or ster-
ile saline was injected into the right and left ears,
respectively, of pentobarbital-anesthetized mice (Wang
et al,, 1994a). After 48 h, 0.5% Evans blue with 1.5%
sodium pentobarbital in saline (4 ml/kg) was intra-
venously injected followed 5 min later by dinitro-
phenyl-bovine serum albumin (10 mg/kg iv.) chal-
lenge. In the non-immunological phlogist-induced
edema, a single injection of a phlogist (3 wg histamine,
1 pg compound 48/80, 0.3 pg bradykinin, 0.1 pg
serotonin or 0.1 wg substance P) or sterile saline into
the right and left ears, respectively, at 5 min after the
intravenous injection of 0.5% Evans blue and 1.5%
sodium pentobarbital in saline (4 ml /kg) (Wang et al.,
1994a). The animals were killed 45 min after the induc-
tion of edema.

A sample of tissue (9 mm diameter) was punched
out from both the right and left ears. Exuded blue dye
in the tissue sample was extracted as described
(Katayama et al., 1978). Briefly, the tissue sample was
soaked in 1 N NaOH at 37°C overnight and the dye
was extracted with a mixture of 0.6 N H;PO, and
acetone. After centrifugation, blue dye in the super-
natant was measured by spectrophotometry at 620 nm.
In order to evaluate the volume of exudative plasma,
an absorbance-plasma volume standard curve was pre-
pared by measuring the absorbance of different vol-
umes of plasma isolated from mice pretreated with
Evans blue. Therefore, the volume of plasma leakage
of each tissue sample was calculated by interpolation
on this standard curve. The intensity of the inflamma-
tory response was monitored by measuring the differ-
ence in the volume of exudative plasma between the
two tissue samples from each animal.

2.6. Neurogenic plasma exudation

The saphenous nerve on one side of a pento-
barbital-anesthetized mouse was carefully exposed, cut
at the thigh, and the distal end was placed on bipolar
platinum electrodes (Wang et al., 1993). The nerve was
covered with paraffin oil. Evans blue (25 mg/kg i.v.) in
saline was given and 5 min afterwards the nerve was
stimulated for 10 min (1 V/10 Hz per 20 ms). The
animals were killed 30 min after the stimulation, and
dorsal skin of the hind-paw was then removed. Exuded
blue dye in the skin was extracted as previously de-
scribed.
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2.7. Mast cell release reaction

Rat peritoneal mast cells were prepared as previ-
ously described (Wang et al., 1989). Briefly, hep-
arinized Tyrode solution was injected into the peri-
toneal cavity of exsanguinated rats (Sprague-Dawley,
250-300 g). After abdominal massage, the cells in the
peritoneal fluid were harvested and separated in 38%
bovine serum albumin in glucose-free Tyrode solution.
The cell pellet was washed and suspended in Tyrode
solution of the following composition (mM): NaCl 137,
KCl1 2.7, NaHCO; 12, NaH, PO, 0.3, MgCl, 1.0, CaCl,
1.0, dextrose 5.6 and bovine serum albumin 0.1%, to a
final concentration of 1-1.5 X 10° cells /ml.

The cell suspension was preincubated at 37°C with
dimethylsulphoxide or acetylshikonin for 3 min, and
then the release reaction was triggered by the addition
of compound 48/80 (10 pg/ml). The reaction was
terminated 15 min later by the addition of ice-cold
Tyrode solution and the mix was then centrifuged for
10 min at 1000 X g. The contents of histamine and
B-glucuronidase in the supernatant were determined
by fluorescence spectrophotometry at 350/450 nm
(Hakanson and Rénnberg, 1974) and by spectropho-
tometry at 550 nm (Barrett, 1972), respectively, and
expressed as % release of the total content. The total
content of histamine and B-glucuronidase was mea-
sured after treatment of the cell suspension with Triton
X-100.
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Fig. 1. Effects of acetylshikonin, diphenhydramine and indomethacin
on polymyxin B-induced hind-paw edema in mice. (a,f) Control, no
pretreatment with anti-inflammatory drugs; acetylshikonin (b) 3 and
(c,g) 10 mg /kg; (d,h) diphenhydramine 10 mg /kg; (e,i) indomethacin
3 mg/kg, were given intraperitoneally 30 min before subplantar
injection of 10 pg polymyxin B into the right hind-paw of (A) normal
or (B) adrenalectomized mice. Responses are presented as the area
under the curve (AUC) measured in the 6-h period after induction of
paw edema. Values are expressed as the means + S.E.M. for seven to
ten animals. Statistically significant differences from the correspond-
ing control values (a,f) are noted as P <0.05, * P <0.01.

2.8. Depletion of histamine and serotonin

Mice were injected with compound 48 /80 or sterile
saline into the right and left ears, respectively, twice a
day for six doses (Wang et al., 1993). The dose of
compound 48/80 was 1 pg for the first three injec-
tions, and 3 wg for the last three injections. After these
treatments, the histamine content of the ear, a mea-
surement based on the method described by Shore et
al. (1959), was reduced to about 18% of the control
value.

2.9. Statistical analysis

The data are presented as the means + S.E.M. The
statistical significance of changes was analyzed with a
one-way analysis of variance (ANOVA) followed by the
Newman-Keuls test. P values < 0.05 were considered
to be significant. Analysis of the regression line was
used to calculated the IC,, values.

3. Results

3.1. Hind-paw edema in normal and adrenalectomized
mice

A single subplantar injection of 10 pg polymyxin B
induced a 28.0 + 1.0% and 28.2 + 0.8% hind-paw vol-
ume increase in normal and adrenalectomized mice,
respectively, at 6 h after induction of the edematous
response. These responses were significantly reduced
in normal as well as in adrenalectomized mice by
pretreatment with diphenhydramine (10 mg /kg i.p.) or
indomethacin (3 mg/kg i.p.) (Fig. 1). Intraperitoneal
administration of acetylshikonin (3 and 10 mg/kg i.p.)
30 min prior to the injection of polymyxin B into the
paw resulted in a dose-dependent inhibition of paw
swelling in normal mice (39.6 + 3.3% and 94.1 + 3.9%
inhibition, respectively, in AUC, P < 0.01). Moreover,
the inhibitory effect of acetylshikonin 10 mg/kg was
also demonstrated in adrenalectomized mice (91.7 +
4.6% inhibition in AUC, P <0.01) (Fig. 1B). Dexa-
methasone (0.5 mg/kg i.p.) greatly increased the liver
glycogen content (21.80 £5.75 vs. 0.66 +0.15 mg/g
liver in control, P <(.01) in adrenalectomized mice,
whereas acetylshikonin (3 mg/kg i.p.) was ineffective
in this respect (1.07 + 0.31 mg/g liver).

3.2. Plasma exudation in immunological and non-peptide
phlogist-induced ear edema

In the passive cutaneous anaphylactic reaction,
plasma exudation was significantly reduced in mice
pretreated with diphenhydramine (10 mg/kg i.p.),
methysergide (3 mg/kg i.p.) or isoproterenol (3 mg /kg
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i.p.), but not with indomethacin (3 mg/kg i.p.) (Table
1). In addition, mice pretreated with these compounds
produced an inhibitory profile for plasma exudation in
compound 48 /80-induced ear edema similar to that
they had in the passive cutaneous anaphylactic reac-
tion. A dose-dependent inhibition of plasma exudation
was also observed with acetylshikonin (3 and 10 mg /kg)
treatment in the passive cutaneous anaphylactic reac-
tion (47.9 + 8.8% and 74.6 + 2.6% inhibition for 3 and
10 mg /kg i.p., respectively, P < 0.01) and in compound
48 /80-induced ear edema (45.1 + 6.6% and 62.4 +
10.9% inhibition for 3 and 10 mg/kg i.p., respectively,
P <0.01).

Fig. 2 shows that histamine- and serotonin-induced
ear edema were significantly inhibited (P < 0.01) by
diphenhydramine (10 mg/kg i.p.) and methysergide (3
mg/kg i.p.), respectively. Both histamine- and sero-
tonin-induced edematous responses were also greatly
reduced (P < 0.01) by isoproterenol (1 mg/kg i.p.) but
not by indomethacin (3 mg/kg i.p.). Mice pretreated
with acetylshikonin (3 and 10 mg/kg i.p.) had a dose-
dependent inhibition of edema formation caused by
injection of histamine (56.0 + 5.9% and 66.1 +7.7%
inhibition for 3 and 10 mg/kg i.p., respectively, P <
0.01) or serotonin (56.3 + 6.5% and 85.7 + 5.7% inhibi-
tion for 3 and 10 mg/kg i.p., respectively, P <0.01)
into the ears.

3.3. Neurogenic plasma exudation

Plasma exudation from the vasculature of dorsal
hindpaw skin was evoked by electrical stimulation of
the saphenous nerve. Neurogenic plasma exudation

Table 1

Effects of acetylshikonin, diphenhydramine, methysergide, indo-
methacin and isoproterenol on plasma extravasation in 48-h passive
cutaneous anaphylactic reaction (PCA) and in compound 48 /80-in-
duced ear edema

Drugs * (mg/kg)  Plasma exudation ® (1)
PCA Compound 48 /80

Control 9.2+0.6 55403
Acetylshikonin 3 48+08¢ 3.0+03¢

10 23+02¢  20+06¢
Diphenhydramine 10 6.2+03° 3.7+05°¢
Methysergide 3 25+039  20+02¢
Indomethacin 3 8.5+0.8 42+0.5
Isoproterenol 3 26+08¢ 35+03°¢

? In the passive cutaneous anaphylactic reaction, anti-dinitrophenyl
antibody (0.1 pg) was injected into the ear 48 h prior to dinitro-
phenyl-bovine serum albumin challenge. Drugs were intraperi-
toneally administered 30 min before intravenous injection of dinitro-
phenyl-bovine serum albumin (10 mg/kg) in the passive cutaneous
anaphylactic reaction, or 30 min before injection of compound 48 /80
(1 wg) into the ear in the compound 48/80-induced ear edema.
® Values are expressed as the means + S.E.M. for six to nine animals.
Statistically significant differences from the corresponding control
values are noted as < P < 0.05, ¢ P <0.01.
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Fig. 2. Effects of acetylshikonin, diphenhydramine, methysergide,
indomethacin and isoproterenol on histamine- and serotonin-induced
mouse ear edema. (a,g) Control, no pretreatment with anti-in-
flammatory drugs; acetylshikonin (b,h) 3 and (c,i) 10 mg/kg; (d)
diphenhydramine 10 mg/kg; (e.,k) indomethacin 3 mg/kg; (£,)) iso-
proterenol 1 mg/kg; (j) methysergide 3 mg/kg, were intraperi-
toneally administered 30 min before (A) histamine 3 ug or (B)
serotonin 0.1 pg injection into the ears. The animals were killed 45
min after induction of ear edema. Values for plasma exudation are
expressed as the means + S.E.M. for six to eight animals. Statistically
significant difference from the corresponding control values (a,g) is
noted as " "P < 0.01.

was significantly reduced (P < 0.01) in mice pretreated
with diphenhydramine (10 mg /Kkg i.p.), methysergide (3
mg/kg i.p.) or isoproterenol (1 mg/kg i.p.), but not
indomethacin (3 mg/kg i.p.) (Table 2). Acetylshikonin
greatly suppressed the plasma exudation in a dose-de-
pendent manner (70.1 + 4.5% and 80.4 + 2.5% for 1
and 3 mg/kg i.p., respectively, P < 0.01).

3.4. Plasma exudation in peptide phlogist-induced ear
edema

Intradermal injection of substance P and bradykinin
into the ears evoked a local plasma exudation at the
site of injection. Pretreatment with diphenhydramine
(10 mg/kg i.p.), methysergide (3 mg/kg i.p.) or iso-
proterenol (3 mg/kg ip.), but not indomethacin (3
mg /kg i.p.), reduced (P < 0.01) both the substance P-
and bradykinin-induced edematous response (Table 2
and Fig. 3). When [Thi>® p-Phe’Jbradykinin (1 xg) and
[D-Pro?,p-Trp™Jsubstance P (1 pg) were coinjected
with bradykinin and substance P, respectively, into the
ears, the volumes of exudative plasma were signifi-
cantly reduced (P <0.01) to 41.6 +3.5% and 64.2 +
4.5% of the control values for bradykinin and sub-
stance P, respectively. Acetylshikonin markedly attenu-
ated (P < 0.01) the plasma exudation caused by sub-
stance P (32.2 + 6.4% and 71.1 + 0.9% inhibition for 3
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Table 2

Effects of acetylshikonin, [p-Pro?,p-Trp’Jsubstance P, diphenhy-
dramine, methysergide, indomethacin and isoproterenol on plasma
extravasation in neurogenic inflammation and in substance P-in-
duced ear edema

Drugs @ (mg/kg) Plasma exudation (ul)®
Neurogenic Substance P

Control 58+0.2 65+0.3
Acetylshikonin 1 1.7402°¢ nd.

3 1.1+0.1°¢ 44+04°

10 n.d. 1.8+0.1°¢
Diphenhydramine 10 35402° 49+404°¢
Methysergide 3 24+402° 46+03°
Indomethacin 3 5.7+0.3 6.8+0.2
[D-Pro?,D-Trp”Isubstance P n.d. 42+403°¢
Isoproterenol 1 0.840.1° n.d.

3 n.d. 0.6+£0.1°

 Drugs, except [D-Pro?,D-Trp’Jsubstance P, were intraperitoneally
administered 30 min before electrical antidromic stimulation of
saphenous nerve (1 V /10 Hz per 20 ms) for 10 min in neurogenic
inflammation, or 30 min before substance P (0.1 wg) injection into
the ears in substance P-induced ear edema. [p-Pro2,p-Trp”*lsub-
stance P (1 wg) was coinjected with substance P. ® Values are
expressed as the means+ S.E.M. for seven to nine animals; n.d., not
determined. Statistically significant differences from the correspond-
ing control values are noted as © P < 0.01.

and 10 mg/kg i.p., respectively, P <0.01) and by
bradykinin (44.4 + 2.6% and 82.1 + 3.2% inhibition for
3 and 10 mg/kg, respectively, P < 0.01).

3.5. Mast cell degranulation

Histamine and B-glucuronidase were released from
mast cells stimulated with compound 48 /80. Acetyl-
shikonin inhibited compound 48 /80-induced mast cell
degranulation in a concentration-dependent manner,
with 1Cy, values of 11.3 + 2.2 uM and 11.7 + 3.7 uM
for histamine and B-glucuronidase assay, respectively
(Fig. 4).

3.6. Plasma exudation in compound 48 /80-pretreated
mice

In compound 48 /80-pretreated mice, the histamine
content of the ear was greatly reduced (0.22 + 0.03
ng/punched ear sample from compound 48 /80-pre-
treated mice vs. 1.25 + 0.03 ug/punched ear sample
from control mice). Under these conditions, isoprote-
renol (3 mg/kg i.p.) greatly inhibited, whereas indo-
methacin (3 mg/kg ip.) had no effect on, the
bradykinin- and substance P-induced ear edema (Fig.
5). Pretreatment with diphenhydramine (10 mg/kg i.p.)
in combination with methysergide (3 mg/kg i.p.) did
not affect the ear edema caused by bradykinin, whereas
a slight but significant (P < 0.05) change was observed
in response to substance P. Moreover, in these diphen-
hydramine /methysergide-treated mice, the bradykinin-
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Fig. 3. Effects of acetylshikonin, [Thi>® b-Phe’Ibradykinin, diphen-
hydramine, indomethacin, methysergide and isoproterenol on
bradykinin-induced mouse ear edema. (a) Control, no pretreatment
with anti-inflammatory drugs; acetylshikonin (b) 3 and (¢) 10 mg/kg;
(e) diphenhydramine 10 mg/kg; (f) indomethacin 3 mg/kg; (g)
methysergide 3 mg/kg; (h) isoproterenol 3 mg/kg, were intraperi-
toneally administered 30 min before bradykinin 0.3 wg injection into
the ears; (d) [Thi*® p-Phe’lbradykinin 1 pg was coinjected with
bradykinin into the ears. The animals were killed 45 min after ear
edema induction. Values for plasma exudation are expressed as the
means + S.E.M. for five to six animals. Statistically significant differ-
ence from the control value (a) is noted as * * P < 0.01.

and substance P-induced plasma exudation was further
inhibited when [Thi*® p-Phe’lbradykinin was coin-
jected with bradykinin (73.3 +2.7% and 913 +2.9%
inhibition for 0.3 and 1 pg [Thi*®,p-Phe’bradykinin,
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Fig. 4. The concentration-response curves for the inhibitory action of
acetylshikonin on the release of histamine (O) and B-glucuronidase
(O) from isolated rat peritoneal mast cells stimulated with com-
pound 48 /80 10 ng/ml. Values are expressed as the means + S.E.M.
of seven to eight separated experiments. Statistically significant dif-
ference from the corresponding control values is noted as * P < 0.01.
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Fig. 5. Effects of acetylshikonin, diphenhydramine, methysergide, {Thi®>®,p-Phe’ [bradykinin, [p-Pro?,0-Trp”?lsubstance P, indomethacin and
isoproterenol on bradykinin- and substance P-induced ear edema in compound 48 /80-pretreated mice. (a,i) Control, no pretreatment with
anti-inflammatory drugs; acetylshikonin (b,j) 3 and (c,k) 10 mg/kg; (g,0) indomethacin 3 mg/kg; (h,p) isoproterenol 3 mg/kg, were intraperi-
toneally administered 30 min before injection of (A) bradykinin 0.3 ug or (B) substance P 0.1 ug into the ear of compound 48 /80-pretreated
mice. Diphenhydramine 10 mg/kg in combination with methysergide 3 mg/kg was intraperitoneally injected 30 min before intradermal injection
of bradykinin 0.3 xg (d) alone or combined with [Thi>? p-Phe”Jbradykinin (¢) 0.3 g and (f) 1 ug, or before intradermal injection of substance P
0.1 pg (I) alone or combined with [p-Pro2,p-Trp”°Jsubstance P (m) 0.3 pg and (n) 1 pg into the ears. The animals were killed 45 min after ear
edema induction. Values for plasma exudation are expressed as the means + S.E.M. for five to seven animals. Statistically significant difference
from the corresponding control values (a,i) is noted as " “P < 0.01, from the diphenhydramine /methysergide-treated values (d,l) is noted as

" P<0.01.

respectively, P < 0.01), and [p-Pro?,p-Trp”’Jsubstance
P was coinjected with substance P (83.4 + 5.1% and
93.6 + 2.3% inhibition for 0.3 and 1 ug [D-Pro®p-
Trp”?lsubstance P, respectively, P < 0.01). Acetyl-
shikonin (3 and 10 mg/kg) significantly inhibited the
ear edema caused by bradykinin (60.1 + 9.8% and 73.9
+ 4.8% inhibition for 3 and 10 mg/kg i.p., respectively,
P < 0.01) and by substance P (83.4 + 5.1% and 93.6 +
2.3% inhibition for 3 and 10 mg/kg i.p., respectively,
P < 0.01) in compound 48 /80-pretreated mice. More-
over, acetylshikonin as well as isoproterenol produced
significantly more inhibition (P < 0.01) of plasma exu-
dation than diphenhydramine /methysergide did.

4. Discussion

Polymyxin B-induced hind-paw edema is mediated
by prostaglandins and the mast cell released mediators
such as histamine and serotonin (Bertelli and Soldani,
1979; Wang et al., 1992). In the present study, acetyl-
shikonin, indomethacin, a cyclooxygenase inhibitor (In-
sel, 1990), and diphenhydramine, a histamine antago-
nist, inhibited the polymyxin B-induced paw edema in
normal as well as in adrenalectomized mice. Besides,
acetylshikonin did not increase the liver glycogen con-
tent as had dexamethasone, which enhanced the pro-
cesses of gluconeogenesis and glycogenesis (Haynes,
1990). These observations indicate that the anti-in-
flammatory effect of acetylshikonin was probably medi-
ated neither by glucocorticoid activity nor by the re-
lease of steroid hormones from the adrenal gland.

Mast cells release chemical mediators in the passive
cutaneous anaphylactic reaction and in compound
48 /80 challenge, which in turn increase vascular per-
meability and then evoke plasma exudation from the
nearby vasculature (Maling et al., 1974; Perper et al.,
1975; Saria et al.,, 1983; Saria et al., 1984). Acetyl-
shikonin, like diphenhydramine, methysergide, a sero-
tonin antagonist (Garrison, 1991), and isoproterenol, a
B-adrenoceptor stimulant, reduced the plasma exuda-
tion in both the passive cutaneous anaphylactic reac-
tion and in compound 48 /80-induced ear edema. Indo-
methacin was ineffective in these respects (Perper et
al., 1975; Taira et al., 1988; Wang et al., 1994a; Wang
et al.,, 1994b). B-Adrenoceptor stimulants have been
reported to inhibit the mast cell degranulation and the
vascular permeability changes probably through an in-
crease in the cellular cAMP level (Assem and Schild,
1969; Winslow and Austen, 1984; Kennedy et al., 1989;
Morikawa et al., 1993). If histamine and serotonin,
both preformed mediators stored in the secretory gran-
ules (Sjoerdsma et al., 1957), were released from mast
cells during cell activation, they are proposed to act
through the specific receptors on the nearby vascula-
ture and to induce plasma extravasation (Heltianu et
al., 1982; Owen, 1987). Mice pretreated with acetyl-
shikonin, diphenhydramine, methysergide, indometh-
acin or isoproterenol had inhibitory profiles for plasma
exudation in histamine- and serotonin-induced ear
edema similar to those they had in the passive cuta-
neous anaphylactic reaction and in compound 48 /80-
induced ear edema. These results indicate that acetyl-
shikonin may act directly on the vasculature to pre-
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vent histamine- and serotonin-induced permeability
changes.

Activation of sensory nerves by antidromic electrical
stimulation causes vasodilation and an increase of vas-
cular permeability (Jancsd et al., 1967). Substance P,
probably with other peptides released from sensory
nerve endings mediates this neurogenic inflammation
(Lembeck and Holzer, 1979; Gamse et al., 1980). The
bradykinin- and substance P-induced plasma exudation
is partly through a direct action on the vasculature and
partly through the release of chemical mediators from
nearby mast cells (Erjavec et al., 1981; Marceau et al.,
1981; Saria et al., 1983; Foreman and Jordan, 1984;
Wang et al., 1989). Acetylshikonin, like diphenhy-
dramine, methysergide and isoproterenol, reduced the
plasma exudation in neurogenic inflammation, and in
substance P- and bradykinin-induced edematous re-
sponses. Indomethacin was ineffective in these respects
(Lembeck and Holzer, 1979; Wang et al., 1993). Re-
cently, the inhibitory effect of B-adrenoceptor stimu-
lants on neurogenic and bradykinin-induced inflamma-
tion was also proposed to be exerted partly through the
presynaptic inhibition of the release of substance P
from sensory nerves (Advenier et al., 1992; Morikawa
et al, 1993). The reports that the tachykinin NK,
receptor is involved in the mediation of substance
P-induced plasma extravasation and inflammation
(Andrews et al., 1989; Watling, 1992) are in line with
our observation that [p-Pro?,p-Trp”®lsubstance P, a
tachykinin NK; receptor antagonist (Lembeck et al.,
1981; Appell et al., 1992), significantly antagonized the
substance P-induced ear edema. Moreover, the finding
that [Thi>®,p-Phe’Jbradykinin, a bradykinin B, recep-
tor antagonist (Regoli et al., 1986), suppressed the
bradykinin-induced edematous response is consistent
with our previous reports (Wang and Teng, 1988; Wang
et al., 1989).

Mast cell degranulation in vitro was examined as
part of the investigations into the mechanism of action
of acetylshikonin. Acetylshikonin produced a concen-
tration-dependent inhibition of preformed mediators
of mast cell release, such as histamine and B-glucu-
ronidase. From this result, it is assumed that the in-
hibitory effect of acetylshikonin on the passive cuta-
neous anaphylactic reaction, neurogenic, compound
48 /80-, substance P- and bradykinin-induced inflam-
mation is probably partly through the suppression of
chemical mediators released from mast cells.

In order to assess whether acetylshikonin also pro-
tected the wvasculature from the challenge with
bradykinin and substance P, plus histamine and sero-
tonin, the compound 48 /80-pretreated mice were used.
In compound 48 /80-pretreated mice, the role of his-
tamine and serotonin in the edema formation is much
reduced because of the depletion of mast cells after
several doses of compound 48 /80 (Wang et al., 1993).

In compound 48/80-pretreated mice, the treatment
with diphenhydramine and methysergide is expected to
minimize the participation of histamine and serotonin
released from the residue mast cells during induction
of the edematous response. In this situation, brady-
kinin- and substance P-induced plasma exudation is
proposed to occur largely through the activation of the
bradykinin B, and tachykinin NK, receptors, respec-
tively, on the vasculature, since the responses were
greatly reduced by [Thi>® p-Phe’bradykinin and [p-
Pro?,p-Trp”?Jsubstance P, respectively. Like [Thi*® p-
Phe’ Jbradykinin, [p-Pro?,p-Trp”’Jsubstance P and iso-
proterenol, acetylshikonin produced significantly more
inhibitory effects than diphenhydramine /methysergide
did. Isoproterenol has been reported to prevent pas-
sage of the large molecules and, therefore, to improve
the barrier function of endothelial cells through the
increase of cellular cAMP and disappearance of F-actin
content (Langeler and Van Hinsbergh, 1991). These
observations indicate that acetylshikonin may also sup-
press the direct action of bradykinin and substance P
on the vasculature. However, to assess the action
mechanism of acetylshikonin on endothelial cells needs
further investigation.

In conclusion, the anti-inflammatory effect of acetyl-
shikonin is exerted neither through the release of
adrenal hormones from adrenal gland nor through
glucocorticoid activity. It is proposed that acetyl-
shikonin suppressed the plasma exudation partly via
the inhibition of preformed chemical mediators re-
leased from mast cells near the vasculature and, proba-
bly, largely via protection of the vasculature from medi-
ator challenge.
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