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Dehydration of Atractylon Autoxidation Product B with Phesphorus Oxychloride POCl; (0.8 g.)
was added dropwise with stirring to a solution of atractylon autoxidation product B (0.10g.) in dry
pyridine (2ml.) at 0°. The mixture was set aside for 15 hr. at 0° and for a further 2 hr. at room
temperature, poured on crushed ice, and extracted with Et,O. The product was crystallized from EtOH
to give the dehydrated product (X) as colorless needles, m.p. 106~108°, Anal. Caled. for CisHi:0,: C,
78.23; H, 7.88. Found: C, 78.44; H, 7.87, UV : ABO 275 my (log & 4.32), IR(KBr)em™ : 1765, 1665,
1649 (butadienolide), 895 (vinylidene).

The dehydrated product (0.08 g.) was dissolved in N NaOH (5ml.) on the steam-bath. Acidification
with HCl deposited a precipitate which was crystallized from AcOEt giving the autoxidation product B
(V) as colorless needles, m.p., 193~195°. The identity was established by the usual criteria,

The authors are grateful to Dr. K., Takeda, Research Laboratory, Shionogi & Co., Ltd., who pre-
pared a specimen of octahydrodeoxylinderene and to Drs. I. Iwai and K. Tanabe, Takamine Research
Laboratory, Sankyo Co., Ltd., who provided specimens of tetrahydroalantolactone and the butenolide (V)
and gave them the valuable information about the stereochemistry of the butenolide (). Thanks are .
also due to Institute of Scientific and Industirial Research, Osaka University, and Research Laboratories,
Takeda Chemical Industries, Ltd. for nuclear magnetic resonance spectra and to Analytical Laboratories,
Faculty of Pharmaceutical Sciences, Osaka University, and Analytical Laboratories, Pharmaceutical
Institute, School of Medicine, Tohoku University, for microanalyses and infrared spectra.

Summary

Atractylon, the sesquiterpenoid oxide isolated from the rhizomes of Atractylodes
Japonice and its related plants (Compositae), has been proven to have constitution I on
the basis of spectral properties and its conversion into 8,12-oxido-eudesmane. Autoxi-
dation of atractylon has given two crystalline compounds, the autoxidation product A
and B, which have been established as shown in formulae (V and V), respectively, from
the degradative and spectral evidence.

(Received April 8, 1964)

Chem. Pharm. Bull.
[12 em, Pharm. Bull UDC 612.015(611.846. 4]

106. Motosuke Kikutani and Kazuko Hirose: Studies on
the Harderian Gland. III.** Purification and Properties of
the Principle in Bovine Harderian Gland that increases
the Serum Alkaline Phosphatase Activity.

(Faculty of Pharmacy, University of Nagasaki*?)

It was previously reported that six protein fractions affecting serum alkaline phos-
phatase activity of rabbit were extracted and isolated from bovine Harderian gland.*
Of these, fractions designated as A-40, CS-3, and CS-5*® increased serum alkaline phos-
phatase activity and, threefore, each of them is considered to be the effective principle,
because this enzyme activity level decreased markedly in a rabbit from which the
Harderian gland was removed.?

*1 Part Il : Yakugaku Zasshi, 81, 1154 (1961).

*2 Showa-machi, Nagasaki (FATE, KEMT).

* A-40=409% EtOH precipitated fraction; CS-3=30% (NH,);SO, pptd. fraction; CS-5=50% (NH,)SO0,
pptd. fraction.

1) M. Kikutani, Y. Takeuchi, Y. Nakamura : Yakugaku Zasshi, 80, 1115 (1960).
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Among these three fractions, fraction CS-5 was investigated, because it was isolated
in a comparatively good yield without contaminating impurities. CS-5 was not homo-
geneous but a mixture of proteins and was separated at least into four components by
paper electrophoresis. The chromatographic purification of CS-5 was carried out with
DEAE-cellulose column and a greater part of the activity was eluted into CS-5d fraction.

This paper presents the results of chromatographic purification of CS-5, and of the
electrophoretic and sedimentation analyses of fraction CS-5d.

Experimental

Materials——Lyophilized fraction CS-5 was used, which was obtained by means of fractional pre-
cipitation with (NH,),SO, as described in the preceding paper.*

Protein concentration was determined by spectrophotometric measurement at 276 myp, using an extine-
tion coefficient for each fraction with a Shimadzu QR-50 spectrophotometer.

Preparation of the Adsorhent and the Adsorption Procedure——DEAE- and CM-cellulose were pre-
pared with Toyo Roshi Powder (100~200 mesh) by Peterson’s method.?

In the adsorption procedure, 1g. of DEAE- or 1g. of CM-cellulose suspended in 0.05M acetate buf-
fer (pH 5.8) was added to the same buffer solution in which 10 mg. of CS-5 was dissolved to make a
total volume of 20ml. Then the mixture was shaken for 10 min. and centrifuged. In order to ascer-
tain adsorption, protein concentration of the supernatant was measured. A good adsorbent was examined
to measure the eluting degree in various buffer solutions of different pH.

Purification with Column Chromatography Three grams of bufferized DEAE~cellulose in 0.05M
acetate buffer (pH 5.8) was placed in a column (1.5 x 10.5 cm.) and the same buffer solution containing 30 mg.
of the sample was passed through it. Elution of the column was made with stepwise increase in the
concentration of acetate, Acetate buffers of 0.15M(pH 6.15), 0.25M (pH 6.5), and 0.5M (pH 6.9) were
used as eluent. Each eluate was filtered and then lyophilized.

Paper Electrophoresis——Each of CS-5 and other fractions from the foregoing column chromato-
graphy was dissolved to make 49 solution of protein, and electrophoresis was carried out for 19 hr. in
a Verconal buffer of pH 8.5, ionic strength of 0.045 at 400 v., 5.5 mA., with Toyo Roshi No. 2 of 5x40
cm. in size. After the electrophoresis, the paper was dried and stained with bromophenol blue solution.

Electrophoretic Analyses——Solutions of 1.59% were prepared by dissolving the sample in a Veronal
buffer of pH 8.7, 1+ =0.2, and acetate buffer of pH 4.9, 5.1, and 5.5, p=0.2. These solutions were dialyzed
against several changes of buffer over a period of 24 hr. at 0° just before each experiment. Electroph-
oretic patterns of these dialyzed solutions were observed by the use of a Hitachi Tiselius Electrophoresis
Apparatus, Type HT-B. For measuring the specific conductivity, Shimadzu Kohlrausch Bridge was
used under the cell capacity of 3.0ml. and the cell constant of 1.0404 in 0.1V KCl solution as a standard.

Ultracentrifugation The experiments were performed in a Spinco Model E Ultracentrifuge and
Hitachi Analysing Ultracentrifuge. For testing the homogeneity, these fractions were dissolved in a
Veronal buffer (pH 8.09, n=0.2) so as to make approximately 19 concentration. For measuring the
sedimentation constant, the samples were dissolved in a phosphate buffer (pH 6.8, p=0.1) to make ap-
proximate concentration of 0.5 and 0.29%. The apparent sedimentation constant was measured based
on the rate of sedimentation with Hitachi Analysing Ultracentrifuge.

The molecular weight was calculated by Archibald’s method®* with Hitachi Analysing Ultracentri-
fuge.

Biological Assays——The samples dissolved in desalted water were injected subcutaneously in
a rabbit. The serum alkaline phosphatase activity was measured by the method mentioned in the
previous paper.D

Results and Discussions

Chromatographic Purification of Fraction CS-5 using a Column of Jon-exchange Cel-
lulose

As Fig. 1 (a2) shown, fraction CS-5 contains 2 or 3 components besides the main
component, as indicated by the paper electrophoresis. Therefore, an attempt was made

2) E.A. Peterson, H. A. Sober : J. Am. Chem. Soc., 78, 751 (1955).
3) W.J. Archibald : J. Phys. Colloid Chem., 51, 1204 (1947).
4) S.M. Klainer, G. Kegeles : Arch. Biochem. Biophys., 63, 247 (1955).
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purify CS-5 with ion-exchange cellulose.
(a) As a result of adsorption procedure, CS-5
was completely adsorbed on DEAE-cellu-
(b) . lose in 0.05M acetate buffer and was eluted
remarkably with 0.5M acetate buffer, but

+ - it was not adsorbed on CM-cellulose at
Fig. 1. Paper Electrophoretic Pattern all.
(a) Fract. CS-5 Therefore, CS-5 was purified on DE-
(b) Fract. CS-5d AE-cellulose by stepwise elution and CS-5
Veronal buffer, pH 8.5, n=0.045, 400 v., . ] '
5.5mA, 19 hr. was divided into four components as shown
in Fig. 2.
ﬁ;t 276mpu
0.05M 0.15M 0.25M— | —-—0.5M
pH 5.8 pH 6.15 pH 6.50 pH 6.9, AcONa
1.0r
0.91-
0.5
C
01~ b

20 40 80 104 182 350 ml.
Effluent volume

Fig. 2. Stepwise Elution Diagram of Harderian Gland Extract
(Fract. CS-5) on a DEAE-Cellulose

30 mg. of CS-5 in 4 ml. 0.05M acetate buffer applied to 3 g. of adsorbent; efluent
collected in 2ml. fractions; flow rate, 14 ml./hr.; DEAE-cellulose column, 1.5X10.5
cm.; PZ4, this fraction increased alkaline phosphatase activity.

It was found that CS-5b fraction, the eluate in 0.15M acetate buffer, and CS-5d
fraction, the eluate in 0.5M acetate buffer, had the activity that increase the serum
alkaline phosphatase activity, as shown in Table I.

TasLe I. Effect of Each Fraction obtained from CS-5
on Serum Alkaline Phosphatase Activity

Fraction Protein concn.® Phosphatase act. dec. or inc. %
No. (mg.) (dose : 0.25 mg./kg.)
CS-5 29,364  4+13.43
a — —
b 1.449 +18.09
c 2.066 —16.00
d 16. 928 +19.17

a) Calculated from calibration curve of protein at 276 mu.
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As the rate of nitrogen recovery of CS-5d by this procedure was approximately
609, it seems that fraction CS-5d had almost activity that increases the serum alkaline
phosphatase activity contained initially in CS-5.

Ultracentrifugal and Electrophoretic Analyses

The sedimentation and electrophoretic patterns of CS-5d are illustrated in Figs. 1
(b), 3, and 4. They are shown to have a single symmetrical peak in each.

- -—
, : ; ascend. descend.
Fig. 8. Ultracentrifuge Sedimentation Fig. 4. Electrophoretic Pattern of Fract. CS-5d
Diagram of Fract. CS-5d Veronal buffer, pH 8.7, u=0.2, 44v., 10mA, 60 min.

Veronal buffer, pH 8.09, 64 min, after re-
aching full speed (56,100 r.p.m.).

Then fraction CS-5d is affirmed to be almost homogeneous protein through ultra-
centrifugal and electrophoretic analyses.

The electrophoretic mobility of CS-5d was measured and the isoelectric point was
found to be between pH 4.7 and 4.8. The lyophilized fraction CS-5d was almost in-
soluble in strong acidity and the neutral or weakly acid solution of it became cloudy
in acidity below pH 4.7 and CS-5d precipitated in strong acidity. Since the mobility
was not measured in acidity below pH 4.7, the isoelectric point was determined by drawing
a curve as in Fig. 5 and getting the intersection of the curve and the horizontal axis.

Uxio°
_8 -
R Si S A R
_6 -
_4 -
_..2 -
. | .
6.0 Fig. 6. Ultracentrifuge Diagram of CS-5d
with Solution-air Meniscus and Solution-
+2F silicone Meniscus
. Key: R, reference; A, air; S, solution;
Fig. 5. Mobility-pH Curve of Fract. CS-5d Si, silicone

The sedimentation constant of CS-5d was estimated and s,,, value was 2.26x107%%,
This value seems to indicate that its molecular weight is smaller than 30,000 and its
molecular shape is assumed to be globular, because the concentration dependence of
sedimentaticn rate is not relatively clear.

NII-Electronic Library Service



764 Vol. 12 (1964)

The molecular weight was estimated by the Archibald’s method and an approxi-
mate value of 27,000 was obtained. A part of the sedimentation pattern and a part of
the calculation are shown respectively in Fig. 6 and Table II.

TasLe II. Calculation of Molecular Weight of CS-5d by Archibald’s Method

Time Dimension of Value of dc/dx Molecular weight
(min.) (cm?) & (em.)

16 1.32 1.95 2.97 x 10%

26 1.79 1.94 2.88

36 2.02 1.74 2.74

46 2.19 1.64 2.67

56 2.39 1.53 2.61

66 2.63 1.43 2.70

mean : 27,000

- RT | dc/dx
T(A=Vp)e? xc
M is the gram molecular weight, R the gas constant, T the absolute temperature,
V the partial specific volume of solute, here it was taken as 0.720 tentatively, p
the density of solution, o the angular velocity, ¢ the solute concentration, and x
the distance measured from the center of rotation to the top of the liquid column.

The authors are deeply grateful to Dr. K. Kakiuchi of the Institute for Protein Research, Osaka
University, for this advice in ultracentrifugal analyses., Thanks are also due to Professor K. Hirose
of Medical School, University of Nagasaki, and to Mr. T. Teshigawara of the Kowa Co., Ltd. for finan-
cial aid in this work.

Summary

1. The fraction CS-5, extracted and isolated from bovine Harderian gland as the
protein compcnent increasing the serum alkaline phosphatase activity of rabbit was
further purified by column chromatography using DEAE-cellulose. Resultant fraction
CS-5d had almost activity that increases the serum alkaline phosphatase activity con-
tained initially in CS-5, and was affirmed to be almost homogeneous protein through
ultracentrifugal and electrophoretic analyses.

2. The sedimentation constant of CS-5d was 2.26 x 10712,

3. The isoelectric point of CS-5d was found to be between pH 4.7 and 4.8.

4. The molecular weight of CS-5d was estimated as be 27,000 by the Archibald’s
method,

(Received December 2, 1963)
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