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ABSTRACT—To find antitumor components in the cultured mycelia of Lepiota procera, the protein-
polysaccharide obtained from the mycelia was subjected to DEAE — Sephadex A-50 column
chromatography and Sepharose-4B gel filtration. Of the fractions, the purified Fraction C, was
named lepiotan and examined for antitumor activity against the solid form of sarcoma 180 in
ICR mice. The inhibition ratio of lepiotan was 64% at the dose of 10 mg/kg/day for 10days.
The chemical analysis of lepiotan showed 60% polysaccharide and 21% protein. The polysac-
charide moiety was found to be a heteromannoglucan which consisted of 46.3% glucose, 40.2%
mannose and 11.0% fucose. When the antitumor component, Fraction A, was examined for
immunopotentiation activity, it was found to increase the number of plaques in hemolytic pla-
que assay and to restore the immunity in the tumor-bearing mice up to 89.7% of the normal
level. Also the antitumor acitivity was suppressed by the treatment with carrageenan, an anti-
macrophage agent. These results indicate that the antitumor activity was exerted through im-
munopotentiation, but not through direct cytotoxicity against the tumor.
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ponents.

Many antitumor preparations were obtained
from a variety of natural sources such as higher
plants), fungi?), yeasts?), bacteria® and lichens. It
was Ringler® who first found the antitumor activi-
ty of the basidiomycetes in 1957. Various kinds of
basidiomycetes preparations which inciude:
lentinané. 7, a high molecular weight £-1, 3-glucan
obtained from Lentinus edodes fruiting bodies;
schizophyllan®, a high molecular weight g-1, 3:
1,6 glucan prepared from Schizophyllum commune
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culture filtrates; and PS-K?9), a peptide contain-
ing 8-1,4:1,3 or §-1, 4:1, 6-glucan extracted from
Coriolus versicolorl® culture mycelia, were shown
to exhibit antitumor activity. Although the
mechanism of the antitumor activity of these com-
ponents has not been completely elucidated, it is
suggested that the action is not direct cytotoxici-
ty on tumor cells?, but by host-mediated im-
munity.

In recent years, our laboratory has been repor-
ting on the antitumor components from the car-
pophores and cultured mycelia of Korean
basidiomycetes to find antitumor components with
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lower toxicity!!19. Lepiota procera was new to
Korea and it was reported that this fungus was an-
tiboitic against a fungus cultivated by gardening
ants29, Therefore attempts were made to in-
vestigate components of this fungus.

In the present study, the cultured mycelia of
this fungus were extracted with hot water and the
extract was examined for antitumor activity in
mice. The antitumor components were purified by
ion exchange chromatography and gel filtration
method. It was also analyzed to find its chemical
composition. In addition, to study modes of the ac-
tion, its effects on immune responses were examin-
ed. It was noted that the protein-polysaccharide
fraction affected antibody production and delayed-
type hypersensitivity reaction. Its antitumor activi-
ty was also suppressed by treatment with
carageenan, an anti-macrophage agent.

MATERIALS AND METHODS

Strain and Culture Condition—The strain of
Lepiota procera (the family Agaricaceae) used in
this study was kindly provided by Agricultural Sci-
ence Institute at Suweon, Gyeong-Gi Province,
Korea. The mycelia of L. procera were aseptically
tranferred into a fresh PDA slant and cultured for
seven days at 27 +1°C. The fully grown mycelia
were separated aseptically and homogenized with
a small volume of the culture medium for 10
seconds in a microblender. It was inoculated into
10 ml of the culture medium in a 50- ml flask and
incubated for 10-15days in an orbital shaking in-
cubator at 27+ 1°C, 180 rpm. Then, the mycelial
pellets were aseptically homogenized for 10seconds
and inoculated into a 500- ml flask containing
100 m{ of the culture medium. Incubation was car-
ried out for nine days under the same condition of
the first culture. The mycelial pellets from the se-
cond culture were aseptically homogenized for
10 seconds and transferred into 500 ml of the
culture medium in a two-liter flask (inoculum size:
4 v/v %) and cultured for nine days under the same
condition as previously described (Fig. 1).

Extraction and Separation of Antitumor Com-

Mycelia grown on compost agar slant

Mycelia grown on PDA slant

Homogenization with medium
Incubation on Gallenkamp orbital
incubator (27°C, 180 rpm, 10-15 days)

Seed culture

Homogenization

Incubation for 9days

Main culture

Homogenization

Inoculation into fresh medium
(Inoculum size: 4 viv %)
Incubation for 9days

Culture broth

Fig. 1. Culture method of Lepiota procera.

ponents—The mycelia from 25 of the culture
broth were filtered and washed twice with distill-
ed water (d.w.). The obtained mycelia were
homogenized and extracted with d.w. in an
autoclave (121°C, 2atms) for 30 min. This process
was repeated. After filtration, the filtrates were
concentrated under vaccum and three volumes of
95% ethanol were added to the concentrate. In
order to complete the precipitation, the mixture
was allowed to stand at 0-4°C overnight. The
precipitates were collected by centrifugation at
10,000 x g for 30 min, dissolved in d.w. and dialyz-
ed at 0-4°C for seven days using Visking tube
(36/22). Water-insoluble substances were remov-
ed by filtration and water-soluble substances were
obtained as a dark brownish powder with a yield
of 4.25¢g. It was designated Fraction A. The filt-
rates obtained from the culture broth were also
treated as the above process. It was designated
Fraction E (0.78g/[)(Fig. 2). In order to remove
the protein portion, the protein-polysaccharide (1g)
was dissolved in 50 ml of d.w. and pronase was add-
ed to the solution (100 mg, Yung Jin Pharm. Inc.
Co., Ltd). The mixture was shaked for 45 min at
37°C and 180 rpm and treated by Sevag method.
It was designated Fraction B (12 mg)Fig. 3).
DEAE - Sephadex A-50 (borate form) was
packed into a column (4.4x12 ¢m) with 0.01 M
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Culture broth
Filtration
Mycelia Filtrate
Washing with d.w. Concentration
Extraction with hot water in and autoclave for 30 min Addition of 3 vol. EtOH
(121°C, 2 atms) Dialysis (4°C, 3days)
Filtration
Residue Filtrate Fr. E
Concentration
Addition of 3 vol. EtOH
Standing overnight (4°C)
Centrifugation
(10,000xg, 30 min)
Supernatant

Precipitate

Dissolving in d.w.
Dialysis (4°C, 7days)
Filtration

Water-insoluble substance

Water-soluble substance

Concentration
Freeze-drying

Fr. A

Fig. 2. Extraction and separation of antitumor components from the cultured mycelia of Lepiota procera.

Fr. A

a

Dissolving in d.w.

Addition of pronase
Treatment by Sevag method
Fr. B

Column chromatography
on DEAE-Sephadex A-50
(borate form)

Elution with 0.01 M borate buffer Gradient elution with
Concentration 0.01-1.00 M borate
Dialysis (4°C, 3days) buffer
Concentration
Fr.C Dialysis
Gel filtration on Sepharose-4B Freeze-drying
Elution with 0.01 M
phosphate buffer in 0.5 M NaCl Fr D
Concentration r.
Dialysis
Freeze-drying
|
Fr. C] FI’- Cz Fr. C§

Fig. 3. Purification of antitumor components of Lepiota procera.

The Korean Journal of Food Hygiene, Vol. 4, No. 2

111



112 B.K. Kim, M.J. Shim, O.N. Kim, H.W. Kim and E.C. Choi

borate buffer (pH 8.7). A solution of Fraction A
(2.1 g) in eluant (5 ml) was applied to the column.
Then, it was eluted with 0.01 M borate buffer
(pH 8.7) at a flow rate of 12 ml/hr. Against each
fractions, absorbance at 625 nm was measured.
The anthrone-positive fractions were concentrated,
dialyzed and lyophilized. Thus, the unadsorbate on
DEAE-Sephadex was obtained as a white powder
with a yield of 570 mg. It was designated Frac-
tion C. The adsorbate on DEAE-Sephadex was
eluted with 0.01-1.00 M linear gradient borate buf-
fer (pH 8.7). The pale brownish powder which was
designated Fraction D was obtained (211 mg) (Fig.
3).

Preswollen Sepharose—4B (Pharmacia Co.) was
packed into a column (2.4x30 cm) with 0.01 M
phosphate buffer in 0.5 M NaCl (pH 7.0). A solu-
tion of Fraction C (500 mg) in eluant was applied
to the column. Then, it was eluted with 0.01 M
phosphate buffer (pH 7.0) containing 0.5 M NaCl
at a flowrate of 10 ml per 30 min. Absorbance at
625 nm (anthrone test) and 540 nm (Lowry-Folin
test) was measured. Anthrone-positive fractions
were collected, concentrated, dialyzed and
lyophilized. The white powders which were
designated Frs. C, (62 mg), C, (74 mg), and Cg
(12 mg) were obtained (Fig. 3)

Assay of Antitumor Test—Male ICR mice
(18-20g) were supplied from the Experimental
Animal Farm of Seoul National University. Each
forty milligrams of Frs. A, C, C,, and E were
dissolved in 10 m! of saline for a dose 20 mg/
kg. Also, each twenty milligrams of Frs. B and
C, were dissolved in 10 m! of saline for a dose
10 mg/kg. Physiological saline was used for con-
trol. Sarcoma 180 cells(1 x 106 cell/0.1 mi/mouse)
were implanted subcutaneously into the right-flank
of ICR mice. Seven or eight mice were used for
each group. The test solutions of Frs. A, B, C,
C,, C, and E were respectively injected intra-
peritoneally every day for 10 days at the doses
of 20, 10, 20, 10, 20 and 20 mg/kg/day, starting
on the third day after the tumor implantation.
To the control group, saline was injected. Tumor
weights were measured on the 30th day after

An ICR mouse with sarcoma 180 cells (Ascitic form)

Sacrifieing with CHCl; vapor
Collecting sarcoma 180 cells with
ice cold saline

Centrifugation (400xg, 5 min)

Cytocentrifugate

Washing with ice cold saline (x 3)
Dilution to 1x 107 cell/ml
Inoculation with 0.1 ml of sarcoma 180
cell into right-flank (s.c.)

ICR mice implanted with sarcoma 180 cells

After 3days, sample injection

(i.p., once daily for 10 consecutive days)
Sacrificing on the 30day after the tumor
implantation

Excising the tumors

Solid tumors

Fig. 4. Antitumor test procedure in vivo.

tumor implantation and tumor inhibition ratio was
calculated as follows (Fig. 4).

Cw Ty

Tumor Inhibition Ratio (%)= x 100

Cw
Where, Ty: Average tumor weight of the treated
group
Cw: Average tumor weight of the control
group

To investigate life span, sarcoma 180 cells (1 x10®
cell/0.1 ml/mouse) were implanted into the
peritoneal cavity of male ICR mice weighing about
25g. Twenty mice were divided into two groups: one
control group and the other treated group. The test
solution of Fr. C, was injected intraperitoneally
for 10 consecutive days at the dose 10 mg/kg/day,
starting on the first day after the tumor implan-
tation and physiological saline was used for con-
trol. The survival of the mice was observed for
34 days.

Survival rate (T/C, %)

Mean survival days of treated mice 100
= X
Mean survival days of control mice
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Chemical analysis—Total polysaccharide contents
were quantitatively determined by anthrone test us-
ing D-glucose as standard. After anthrone test, the
polysaccharide content was calculated from U.V.
absorbance at 625 nm.

Total protein contents were determined using
bovine serum albumin(Sigma,USA) as a standard
protein by Lowry-Folin test U.V. absorbance at
540 nm.

For monosaccharide analysis, each fraction
(10 mg) and each standard monosaccharide (5 mg)
was respectively dissolved in 3% HCl-methanol (2
ml) and methanolysed at 80+ 5°C for 20 hours in
a capped test tube filled with nitrogen gas. The
methanolysate was filtered, evaporated and
dissolved in pyridine (1 ml). Trimethylsilylation
was carried out with 0.2 ml of hexamethyldisi-
lazane and 0.1 ml trimethylehlorosilane. Gas
chromatography showed several monosaccha-
rides of the fractions by comparison with reten-
tion times of standard monosaccharides. The
content of each monosaccharide was calculated
from the chromatograms by measuring the pe-
ak area.

For infrared spectra, each fraction (1 mg) was
analyzed by KBr disc method.

Effects on hemolytic plague-forming cells- Ten
mice ( Male ICR mice, 18-20g, supplied from the
Experimental Animal Farm of Seoul National
university) were divided into two groups. For a
treated group, 40 mg of Fraction A was dissolved
in five m! of saline and 0.1 m! of this solution was
injected intraperitoneally once a day for five con-
secutive days. Physiological saline was used for
control group. On the seventh day after the last
sample administration, the mice were immunized
by intraperitoneal injection of 1x107 cells of
SRBC. After five days of immunization, the mice
were sacrificed and the spleens were dissected. The
spleens were homogenized with ice-cold BSS and
centrifugated 400x g for five min. Cytocentrifu-
gates were collected and hemolyzed with 0.83
% NH,CI solution at 37°C for five min. After
hemolysis, the suspension was centrifugated under

the same condition and the cytocentrifugates were

ICR mice

Sample injection (40 mg/kg, 5days, i.p.)

After 3days, excising spleen

Spleen

Homogenization with ice-cold BSS
Centrifugation (400xg, 5 min)
Hemolysis with 0.83% NH,CI soln
Centrifugation

Spleen cells without erythrocytes

Washing with BSS (x4)
Dilution with BSS

20% (v/v) SRBC Complement

Spleen cell suspension L250 ul 500 ul
Mixing and standing
650 ul at 4°C, 30 min
150 ul
Mixing
Filling the microchamber
Sealing

Incubation at 37°C for 1 hr
Counting Hemolytic PFC

Fig. 5. Assay procedure of hemolytic plaque-forming
cells.

resuspended in ice-cold BSS. The spleen cells were
counted directly by a hemacytometer.

In the mean time sheep red blood cells were
centrifugated and resuspended in physiological
saline to adjust the concentration into 20 v/v%.
And then, 500 ul of 20 v/v% SRBC solution and
650 ul of spleen cell suspension, and 100 u! of this
mixture was injected into the microchamber.
After sealing the microchamber with vaselin and
wax (1:1), incubation was carried out at 37°C for
an hour and the numbers of hemolytic plaques were
counted (Fig. 5).

N
c. Vp.a

PFC/108 spleen cells= x 108

PFC/total spleen cells=PFC/106 spleen cells
xex Vg

600 (volume of spleen cells suspension)

800 (volume of incubation mixture)

N: number of plaques observed in one microchamber
e: count of spleen cells in one ml of spleen cell
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suspension

V: volume of incubation mixtre filled into one
microchamber (ml)

V;: total volume of spleen cell suspension (mi)
Effect on delayed-type hypersensitivity—Twenty
male ICR mice (5-6 weeks age) were divided into
four groups: Normal mice group (N), Fraction A
treated group (A), Tumor bearing group (T), Tumor
bearing and Fraction A treated group (TA). For
TA group, sarcoma 180 cells (1 x 108 cell/mouse)
were inoculated subcutaneously into the right-
flank of ICR mice and after three days, forty
milligrams of Fraction A were dissolved in 5 ml of
physiological saline and 0.1 m! of this solution was
injected to ICR mice once a day for consecutive five
days (i.p.). For A group, sample administration was
conducted in the same method as TA group.
Physiological saline was used for N group and T
group at the same time. On the last sample injec-
tion, the mice were immunized by injection of 108
SRBC in 0.05 m! of saline into the right hind foot-
pad. After four days, SRBC (108 cells) was in-
jected into the left hind footpad. After 24 hours,
the thickness of left hind footpad was measured
by vernier calipers (Mitutoyo Co., 0.05 nm) (Fig. 6).
Effects of carrageenan on antitumor activity—
Carrageenan (20 mg/kg, A -form, Sigma) was in-
jected intraperitoneally on the days -2 and 0, then
sarcoma 180 cells (1x108 cell/mouse) were in-

0
Normal mice | 7' 1.1 1.2 days

T T T
groue () SRBC SRBC DTH
Fraction A. i ? 1} }2
by A : SRBE I’;TH

oup (A Fr. A

group (A) r SRBC

Tumor bearing0 ? 11 12

group (T) kil T T F
S180 SRBC SRBC DTH

Tumor bea.ring0 3 7 11 12

+.Fr. A

treated 8180 Fr.A ' _ SRBC DTH

group (TA) SRBC

Fig. 6. Test schedule for effect of Fraction A on DTH
response to SRBC.

oculated into the right flank of male ICR mice,
18-20 g, on the day 0 subcutaneously. Five mice
were used for each group. Fraction A (40 mg/kg)
was injected intraperitoneally everyday for five
days, starting on the first day after the tumor im-
plantation. To control group, saline was injected.
After tumor implantation, tumor weights were
measured on the 18th, 24th and 30th day.

RESULTS

Purification of antitumor components—The
mycelia of the strain were fast grown in shake

culture. When cultured in 15 I of the medium, a
dark brownish power designated Fraction A
(4.25g) was obtained. The elution profiles of the an-
titumor components were shown in Figs.7 and 8.

0.01 M borate buffer (pH 8.7)

E 1.0}
S 0.01-1.00 M borate
g buffer (pH 8.7)
‘f Fr. C ®—e 625 nm
go.5}
<
2
<
Fr.D

0 10 20 30 40 50 60 70 80 90 100

Fraction No.

Fig. 7. DEAE-Sephadex A-50 (borate form) column
chromatography of Fraction A obtained from

L. procera.
—® 625 nm f1.0
51.5. O0—0540 nm | ‘E:
X 5
fl.o— 8
g FrC\/ Fr.C, 1058
2 £
§0'5- Fr.C _§
< <

0 10 20 30 40 50 60 70 80 90 100
Fraction No.

Fig. 8. Sepharose-4B gel filtration of Fraction C ob-
tained from L. procera.
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Table 1. Antitumor effects of the protein-polysacch-
aride fractions of Lepiota procera.

Table 2. Polysaccharide and protein contents of the
antitumor components.

Dose

Sample (mg/kg/day, Tumor weight Inhibition Complete

(g, mean+S.D.)

ip.) ratio (%) regression

Control Saline 3.75+0.46

Fr. A 20x10 1.90+1.34* 49.5 o/7**
Fr. E 20x10 3.42+1.53 8.8 0/8
Control Saline 4.36+0.82

Fr.C 20x 10 2.49+0.44 42.0 0/7
Fr. Cy 10x10 1.57+£0.17 64.0 17
Fr. Cy 20x10 2.12+0.36 51.0 017
Control Saline 3.60+0.95

Fr. B 10x10 1.57+0.85 50.7 07
*p<0.001 ** Number of mice used

100'—E— — Control
—=  ---Fr. C; (10 mgkg)
g’ ad
E :
E 501 L,
= '
n R
l
e e ——-—-
10 20 30

Days

Fig. 9. Effects of the antitumor Fraction C, of L.
procera on the life span after intraperitoneal
implantation of sarcoma 180 in mice.

Fraction A(2.1g) was separated into Fr. C(670 mg)
and Fr. D(211 mg) by DEAE-Sephadex A-50 col-
umn chromatography. Fraction C (500 mg) was
separated into. Fr.C, (62 mg), Fr. C, (74 mg) by
Sepharose-4B column chromatography.

Antitumor activity—Antitumor activity of the
fractions obtained from L. procera on sarcoma 180
in mice was shown in Table 1. Of the six fractions
tested, Fr. C, showed the highest inhibition ratio
of 64.0% and complete regression was 1/7. Fig.9
showed the life span of the treated group and it
was longer than that of control group. Upon ad-

Fraction Polysaccharide (%) Protein (%)
Fr. A 17 10
Fr.B 78 8
Fr. C 53 23
Fr. Gy 60 21

Table 3. Monosaccharide contents of the polysacch-
aride moiety of the antitumor fractions

Fr.A Fr. C,
Glucose 41.24 46.3
Fucose 18.3 11.0
Xylose + +
Mannose 39.2 40.2
Galactose 1.1 +

Table 4. Effects of the antitumor component on he-
molytic plaque-forming cells in the spleen of
ICR mice immunized with SRBC (1 x 107)

Control Treated
Body weight (g) 25.2+1.1* 25.6+ 0.3
Spleen 152.1+1.5 178.0+ 2.8
weight (mg)
Spieen cell 8.5+0.6 24.610.3
count (1x107) * *
PFC/106 spleen 47405 4944+ 14
cells
PFCispleen 4.0+1.0 121.5122.5
(x102) * *

* Mean +standard deviation

ministration of 10 mg/kg of Fr. C,, 20% of the
test mice survived for 30 days after tumor inocula-
tion and the survival rate was 157%. Fr. C;
was named lepiotan.

Chemical analysis—The contents of the total
polysaccharide and total protein of the fractions
were shown in Table 2. As shown in Table 3, the
major monosaccharide subunits were glucose,
fucose and mannose. Infrared spectra of the frac-
tions were depicted in Fig. 10.

Effects on immune response-The PFC counts of
the treated group showed about ten times higher
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Wavelength in microns
2.5 335445 555665775 9 101112 14

Fr. A

Fr. Cl

4000 3000 2000 1800 16001400 12001000 800 600
Wavenumber cm-1

Fig. 10. LR. spectra of the antitumor Fractions A and
C, of L. procera.

Table 5. Effects of Fraction A on DTH response to

SRBC.

G . Footpad thickness DTH response

roups (x0.1 mm+S.D.) (%)
Normal mice
Fr. A treated
group (A) 3.7+¢0.1 97.3
Tumor bearing
group (T) 2.240.3 57.9
Tumor bearing
+ Fr. A treated 3.4+0.1 89.4

group (TA)

* Each group included five mice.

than those of the control group and the results
were summarized in Table 4.

And there was no difference between N group
and A group in the effects on delayed type
hypersensitivity. In T group, DTH was decreas-
ed 57.9% in comparision with N group and was
restored 89.4% in TA group (Table 5).

5.0t
carrageenan

4.0} control
R carrageenan
R
= + Fr. A
%ﬂ 3.0F Fr A
g .
s
E 2.0t
3]

1.0}

0 18 24 30

Days after tumor inoculation

Fig. 11. Effect of carageenan on the antitumor activi-
ty of Fraction A of L. procera.
Each value was mean + S.D.
Each group consisted of five mice.

And the tumor weights of the carrageenan
treated group were higher than those of the con-
trol and the results were summarized in Fig. 11.

DISCUSSION

The protein—polysaccharides obtained from the
cultured mycelia of Lepiota procera suppressed the
growth of implanted sarcoma 180 when they were
injected intraperitoneally into ICR mice. But the
culture filtrate was ineffective. The purified an-
titumor component of Fr. C; showed inhibition
ratio of 64% when administered at the dose of
10 mg/kg/day and was found more effective than
the crude protein-polysaccharide. This fraction con-
tained 60% polysaccharide and 21% protein.
Although Fr. B was removed of its protein by
Sevag method, it contained 8% protein. These
results indicate that the protein and polysaccharide
were bound fairly strongly.

In the IR spectra of Fr. A and Fr. C,;, O-H
stretching frequerncy at 3300-3400 cm-! and C-H
streatching frequency at 2900 cm-1 and C-H, C-
O bending frequency in 1000-1100 ecm-1! and C-O
stretching frequency at 1630 cm-! were observed,
and these characteristics were common to all these
fractions. Although the structural features of the
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extracted compounds were not elucidated, the
characteristics were deduced from methylation, en-
zyme degradation and 3C-NMR spectroscopyz?.
In order to elucidate mechanisms of the an-
titumor activity, the effects of this protein-
polysaccharide on the immune response of mice im-
munized with SRBC were studied. The polymer
was found to potentiate the production of hemolytic
plaque-forming cells of the spleen. In addition, to
examine its effects on cell-mediated immunity,
delayed-type hypersensitivity (DTH) test was con-
ducted. The polymer restored the suppressed
delayed-type hypersensitivity in the tumor-bearing
mice. Also the antitumor activity of Fraction A ob-
tained from L. procera was reduced by treatment
with carrageenan, Carrageenan, a high-molecular-
weight sulfated polygalactose is toxic to
macrophage and inhibits the function of
macrophage tn vivo and tn vitro. Hence it is used
as an anti-macrophage agent in immunological ex-
periments. The results indicate that the antitumor
activity is a macrophage-dependent response in the
mice. Therefore its antitumor effect appears to be
through host-mediated immune mechanism.

These results suggest that the antitumor action
of this fraction can be regarded as an immuno-
accelerating activity, but not as direct cytotoxic ac-
tivity against sarcoma 180.

CONCLUSION

It was found that an antitumor constituent,
named lepiotan, was isolated from the cultured
mycelia of Lepiota procera. Lepiotan consisted of
60% polysaccharide and 21% protein. The polysac-
charide moiety was composed of 46.3% glucose,
40.2% mannose and 11.0% fucose. It was shown
that lepiotan exerted the antitumor activity
through immunopotentiation.
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