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The Cornaceae and related families have morphologically been variously defined (e.g., Wangerin
1910; Hutchinson 1967; Takhtajan 1980; Cronquist 1981; Eyde 1988). They have chemotaxonomically
been discussed using iridoids and quinol glucosides (Jensen et al. 1975), iridoids, and hydrolyzable and
condensed tannins (Bate-Smith et al. 1975), fatty acids (Hohn and Meinschein 1976; Breuer et al.
1987). However, the flavonoids compounds were roughly surveyed at aglycone level by Bate-Smith
et al. (1975).

As a part of chemotaxonomical studies of the Cornaceae and related taxa, we have surveyed the
flavonoid glycosides in the leaves of many Cornus species (Iwashina and Hatta 1990, 1992, 1993,
1994) . Recently, the flavonoids of Aucuba japonica Thunb. including var. borealis Miyabe & Kudo and
Helwingia japonica (Thunb.) F. G. Dietrich including subsp. liukiuensis (Hatusima) Hara, which are
other genera in Cornaceae, wére also reported (Iwashina et al. 1997).

In this survey, the flavonoid glycosides in the leaves of Mastixia trichotoma Blume (Cornaceae),
Camptotheca acuminata Decne (Nyssaceae), Alangium platanifolium (Sieb. & Zucc.) Harms var.
trilobum (Miq.) Ohwi and A. premnifolium Ohwi (Alangiaceae) are reported for the first time, and
that of Davidia involucrata (Davidiaceae) is re-observed. These taxa were considered as to be related
to the genus Cornus by many authors. The flavonoid compositions were chemotaxonomically com-

pared with those of the Cornus,- Aucuba and Helwingia species in Cornaceae.
Materials and Methods

Plant materials

Mastixia trichotoma Blume was collected in Java Island, Indonesia, Camptotheca acuminata
Decne in the Forests of Kyushu University, Miyazaki Pref.,, Japan (cultivated), Alangium
platanifolium (Sieb. & Zucc.) Harms var. trilobum (Miq.) Ohwi in Hakone, Kanagawa Pref., Japan,
Alangium premnifolium Ohwi in Ishigaki Island, Okinawa Pref., Japan, and Davidia involucrata Baill.
in Tsukuba Botanical Garden, National Science Museum, Ibaraki Pref., Japan (cultivated). Voucher

specimens were deposited in National Science Museum, Tokyo (TNS).
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Isolation of flavonoids

Dry (M. trichotoma, 12.7g) or fresh leaves (C. acuminata, 90g; A. platanifolium var. trilobum,
130g; A. premnifolium, 108g; and D. involucrata, 70g) were extracted with MeOH, filtered and concen-
trated to small volumes, respectively. After shaken with petroleum ether, the extracts were applied to
preparative paper chromatography (PPC) using BAW (n-BuOH/AcOH/H.O = 4 : 1 : 5, upper
phase), 15%AcOH and BEW (n-BuOH/EtOH/H,O = 4:1:2.2). Isolated flavonoids were purified by
Sephadex LH-20 column chromatography (solvent system: 709%MeOH). The flavonoids were ob-
tained as crystals, powders or pure solutions.

Identification of flavonoids

The flavonoids were identified by UV spectra (Mabry et al. 1970), characterization of acid
hydrolysates from the original glycosides, and PC and HPLC comparisons with authentic specimens.
PC, HPLC and UV spectral data of isolated flavonoids from Mastixia, Camptotheca, Alangium and
Davidia species are follows.

Quercetin 3-O-glucoside (1a). PC: Rf 0.60 (BAW), 0.60 (BEW), 0.34 (15%AcOH), 0.20
(5% AcOH); UV - dark purple, UV/NH; - yellow. HPLC: retention time (Rt) 6.37 min. UV
A MOHLm: 257, 266sh, 356; +NaOMe 274, 331, 411 (inc.); +AICL, 275, 434; + AICL;/HCI 269, 300,
363, 399; +NaOAc 273, 325, 396; +NaOAc/H;BO; 262, 379.

Quercetin 3-O-galactoside (1b). PC: Rf 0.60 (BAW), 0.60 (BEW), 0.32 (15%AcOH), 0.24
(5% AcOH); UV - dark purple, UV/NH, - yellow. HPLC: Rt 6.16 min. UV 1 ¥“"nm: 257, 266sh,
358; +NaOMe 272, 330, 408 (inc.); + AICI; 275, 435; + AlCl;/HCI 269, 298, 362, 402; +NaOAc
273, 325, 391; +NaOAc/H;BO; 261, 378.

Quercetin 3-O-arabinoside (6). PC: Rf 0.58 (BAW), 0.70 (BEW), 0.25 (15%AcOH), 0.15
(5% AcOH); UV - dark purple, UV/NH, - yellow. HPLC: Rt 7.46 min. UV A M©"nm: 256, 264sh,
358; +NaOMe 273, 329, 409 (inc.); +AICl, 274, 437; +AICl;,/HCI 268, 299, 367, 405; +NaOAc
274, 323, 394; +NaOAc/H.BO; 261, 295, 377.

Quercetin 3-O-rutinoside (3). PC: Rf 0.40 (BAW), 0.42 (BEW), 0.45 (15%AcOH), 0.33
(5%AcOH); UV - dark purple, UV/NH, - yellow. HPLC: Rt 5.13 min. UV A MHnm: 257, 265sh,
358; +NaOMe 274, 329, 413 (inc.); +AICIl; 274, 430; + AlICl;/HCI 269, 300, 363, 400; +NaOAc
273, 325, 401; +NaOAc/H;BO; 262, 377.

Kaempferol 3-O-glucoside (2a). PC: Rf 0.66 (BAW), 0.77 (BEW), 0.35 (15%AcOH), 0.21
(5% AcOH); UV - dark purple, UV/NH; - dark greenish yellow. HPLC: Rt 8.93 min. UV A MOHpm:
266, 350; +NaOMe 275, 325, 399 (inc.); + AICl; 274, 304, 352, 393; + AICL;/HCI 275, 302, 347, 393;
+NaOAc 274, 304, 382; +NaOAc/H;BO; 266, 354.

Kaempferol 3-O-galactoside (2b). PC: Rf 0.63 (BAW), 0.77 (BEW), 0.31 (15%AcOH), 0.20
(5% AcOH); UV - dark purple, UV/NH, - dark greenish yellow. HPLC: Rt 7.83 min. UV A MOHym:
266, 349; +NaOMe 275, 326, 399 (inc.); + AlICl; 274, 304, 352, 395; + AICL;/HCI 275, 302, 345, 396;
+NaOAc 274, 309, 386; +NaOAc/H;BO; 266, 353.

Kaempferol 3-O-rutinoside (4a). PC: Rf 0.52 (BAW), 0.60 (BEW), 0.51 (15%AcOH), 0.38
(5%AcOH); UV - dark purple, UV/NH, - dark greenish yellow. HPLC: Rt 7.66 min. UV A MOHpm,.
266, 350; +NaOMe 276, 325, 401 (inc.); + AICl; 274, 305, 355, 396; -+ AICl,/HCI 275, 303, 348, 393;
+NaOAc 275, 315, 392; +NaOAc/H:BO; 266, 352.

Kaempferol 3-O-rhamnosylgalactoside (4b). PC: Rf 0.51 (BAW), 0.60 (BEW), 0.53

(1526 AcOH), 0.40 (5% AcOH); UV - dark purple, UV/NH; - dark greenish yellow. HPLC: Rt 6.57
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min. UV A MOHpm: 266, 352; +NaOMe 275, 324sh, 398 (inc.);+ AlCL; 273, 304, 360, 399; + AICI,
/HCI1 275, 302, 353, 396; +NaOAc 275, 401; +NaOAc/H;BO; 266, 355.

Isorhamnetin 3-O-rhamnosylglucoside (5a) and 3-O-rhamnosylgalactoside (5b). PC: Rf 0.46
(BAW), 0.56 (BEW), 0.51 (15%AcOH), 0.38 (5%AcOH); UV - dark purple, UV/NH; - yellow.
HPLC: Rt 8.33 (3-rhamnoglucoside) and 7.83 (3-rhamnogalactoside). UV 1 MOHnm: 256, 265sh,
355; +NaOMe 273, 328sh, 405 (inc.); + AICI; 272, 303, 362sh, 407; + AIC1,/HCI 269, 299, 361, 399;
+NaOAc 268, 324sh, 407; +NaOAc/H;BO; 257, 360.

Chlorogenic acid. PC: Rf 0.58 (BAW), 0.31 (BEW), 0.67 (15%AcOH), 0.61 (5% AcOH);
UV-blue, UV/NH; - blue green. UV 1 MHnm: 244sh, 300, 328; +NaOMe 262sh, 311, 376 (inc.);
-+ AICl; 260, 312, 358; -+ AICl;/HCI 243sh, 301sh, 329; +NaOAc 297sh, 331, 377sh; +NaOAc/
H:BO:; 255, 305, 350.

Ellagic acid. PC: Rf 0.28 (BAW), 0.24 (BEW), 0.04 (15%AcOH); UV - mauve. UV 1 MOHpp:
255, 350sh, 365; +NaOMe 256, 288, 406; + AICI; 248, 270, 314sh, 383; + AICI,/HCI 255, 348sh, 366;
+NaOAc 253, 277, 355, 366sh; +NaOAc/H:BO; 263, 366sh, 381.

High performance liquid chromatography (HPLC)

HPLC was performed with Tosoh TSKgel ODS 80TM column (i.d. 4.6mm X 150mm). The
flavonoids were dissolved in MeOH, filtered through Maishoridisc H-13-5, 0.45 xm (Tosoh) pre-
cartridge, and eluted with MeCN/H.O/H PO, (22:78:0.2). Detection was at 195-350nm and flow-rate

was 1.0ml min~".

Results

Flavonoids from Mastixia trichotoma

Two flavonoid glycosides (1a and 2a) were isolated from the leaves of Mastixia trichotoma. These
compounds liberated quercetin and glucose, and kaempferol and glucose by acid hydrolysis, respec-
tively. Since UV spectra of original glycosides showed the presence of free 5, 7, 3", 4 -tetraOH (1a)
or 5,7,4" -triOH (2a) and a substituted 3-OH groups, a glucosyl group must be attached to 3-hydroxyl
group of quercetin or kaempferol. Finally, they were identified as quercetin 3-O-glucoside (1a) and
kaempferol 3-O-glucoside (2a) by direct PC and HPLC comparisons with authentic isoquercitrin and
astragalin. In the case of kaempferol 3-O-glucoside, it was shown by HPLC that kaempferol 3-
O-galactoside (2b) was accompanied as very minor compound.

As other phenolic compounds, chlorogenic acid, and ellagic acid or hexahydrodipheic acid
(HHDP) and these derivatives were also characterized by PC and UV spectra.

Flavonoids from Camptotheca acuminata

MeOH extract from the leaves of Camptotheca acuminata apparently gave three flavonoid spots
(1-3) on the two-dimensional chromatogram. Major flavonoid 1 was obtained as yellow powders, and
liberated quercetin, glucose and a trace of galactose by acid hydrolysis. UV spectra of 1 showed the
presence of free 5,7,3 ,4’ -tetraOH and a substituted 3-OH groups. PC properties of original glycoside
agreed with those of authentic isoquercitrin. However, flavonoid 1 was divided into two peaks, major
1a and minor 1b. These retention times by HPLC agreed with those of authentic quercetin 3-O-
glucoside and quercetin 3-O-galactoside, respectively. Thus, it was shown that flavonoid 1 was a

mixture of isoquercitrin (1a) and hyperin (1b).
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Table 1.  Distribution of flavonoids in the leaves of Mastixia (Cornaceae), Alangium (Alangiaceae), Davidia
(Davidiaceae), and Camptotheca (Nyssaceae)

Family .
Flavonoids
Taxa

Cornaceae
Mastixia trichotoma Blume
Kaempferol 3-glucoside and 3-galactoside
Quercetin 3-glucoside

Alangiaceae
Alangium platanifolium (Sieb. & Zucc.) Harms var. trilobum (Miq.) Ohwi
Kaempferol 3-rutinoside

Quercetin 3-glucoside and 3-rutinoside

A. premnifolium Ohwi
Kaempferol 3-rutinoside and 3-rhamnogalactoside
Quercetin 3-glucoside, 3-galactoside and 3-rutinoside
Isorhamnetin 3-rhamnoglucoside and 3-rhamnogalactoside

Davidiaceae
Davidia involucrata Baill.
Kaempferol 3-galactoside
Quercetin 3-glucoside, 3-galactoside, 3-arabinoside and 3-rhamnoside *

Nyssaceae
Camptotheca acuminata Decne
Kaempferol 3-glucoside and 3-galactoside
Quercetin 3-glucoside, 3-galactoside and 3-rutinoside

"Reported by Rast (1968), but could not be found in this experiment.

Table 2. Comparison of flavonoid characters among the genera Cornus, Mastixia, Aucuba, Helwingia,
Alangium, Camptotheca and Davidia

Flavonoid character Cornus Mastixia  Aucuba Helwingia Alangium Camptotheca Davidia

Flavonol
3-monoglycoside + + + + +
3-diglycoside + + + =
3,7-diglycoside +* +
7-glycoside +

Flavone
7-glycoside +
C-glycoside +

*Found only from C. hongkongensis, C. multinervosa and C. florida.















