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Skullcap: Potential Medicinal Crop
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INTRODUCTION

Scutellaria species, Lamiaceae, popularly known as skullcaps have been extensively used in traditional
medical systems of China, India, Korea, Japan, European countries, and North America. The most exten-
sively used and documented speciesis baical skullcap (Scutellaria baicalensis) although other species such as
S amoena, S hypericifolia, S tenax, S rehderiana, and S. viscidula have been substituted (Song 1981). Baicalin,
baicalein, and wogonin are major ingredients and have been studied in S. rivularis (Chou 1978; Tomimori et
al. 1984, 198643, 1990), S. discolor (Tomimori et al. 1985, 1986b), S. indica (Chou and Lee 1986; Miyaichi et
al. 1987, 1989), and S. scadens (Miyaichi et al. 1988a,b).

The English name “skullcap” describes the shape of the calyx at the base of the flowers, which resemble
miniature medieval helmets. During the 19th century, the common name used in America was “mad dog.”
Other popular names include scullcap, hoodwort, quaker bonnet, helmet flower, European skullcap, greater
skullcap, American skullcap, blue skullcap, blue pimpernel, hoodwart, hooded willow herb, side-flowering
skullcap, mad dog weed, and mad weed.

Scutellariais alarge genus, about 300 species, growing from Siberiato Sri Lanka. It iswell adapted to
the North American climate where it has over 90 species. Plants are herbaceous, dender, rarely shrubby,
scattered over temperate regions and tropical mountains around the globe. They flourish under full sunlight,
limited feeding, and well-drained soil.

BOTANY

The skullcap (scullcap) is a North American perennial. It growsin wet places in Canada and the north-
ern and the eastern United States. Its generic nameis derived from the Latin scutella (little dish), from the lid
of the calyx. Thefibrous, yellow root system supports a branching stem 30 to 90 cm tall, with opposite, ovate,
and serrate leaves. Theroot is ashort creeper which supports hairy, square, and branched stemsfrom 15 to 45
cm tall, or in small plants, nearly simple, with opposite
leaves, heart-shaped at the base, 1 to 6 cm long with scal-
loped or toothed margins. The blueto lavender flowersare
in racemes and grow from the leaf axils. The flowers are
tube shaped, hooded, with two lips, the upper lip being the
hood and the lower lip having two shallow lobes. Flower-
ing generally occurs from May to August. Above ground
plant parts are collected during summer around bloom time,
dried in shade and stored for later use as medicinal herb.
Skullcaps are now becoming popular in southern gardens
owing to their drought tolerance aswell as bright and showy
blooms (Fig. 1) (E. McDowell, pers. commun.).

FOLKLORE AND USESIN ALTERNATIVE
MEDICINE

Skullcap is a powerful medicinal herb and it is used
in alternative medicine as an anti-inflammatory, abortifa-
cient, antispasmodic, dightly astringent, emmenagogue, feb- &l il
rifuge, nervine, sedative, and a strong tonic. Skullcap is Fig. 1. Scutellaria ocmulgee.

-,

* The authors thank Ed McDowell (President, Georgia Plant Rescue Society), Bonaire, Georgia, for allowing us to use
photographs of S. ocmulgee. We thank Carol Helton, Conservation Coordinator, Atlanta Botanical Gardens, Atlanta, for
providing plants of S. montana.
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also utilized in treating a wide range of nervous conditions including epilepsy, insomnia, hysteria, anxiety,
delerium tremens, and withdrawal from barbiturates and tranquilizers. A medicina infusion of this plant is
used to promote menstruation. It should not be given to a pregnant woman since it can induce miscarriage.
Scutellaria infusion is also used for treating neuralgia, headaches in general as well as those arising from
incessant coughing, without any unpleasant side effects. Normally, it should be used with extra caution since
an overdose of this medicinal herb can cause giddiness, stupor, confusion, and twitching.

Skullcap is well known among the Cherokee and other Native American tribes, as a strong emmenag-
ogue and medicinal herb for females. It is used in some tribes as a ceremonial plant to induct young girlsinto
womanhood. Native Americans used skullcap to promote menstruation, and it was reputed to be effective
against rabies, hence some of its common names. Cherokee women use skullcap to maintain healthy men-
strual cycles, and a root decoction is taken after the birth of a child to stimulate the reproductive system.
Skullcap is also used in purification ceremonies if menstrual taboos are broken. The Iroquois use an infusion
of the root to keep the throat clear. Other Native American tribes use closely related species as bitter tonics
for the kidneys. The herb isused to induce visions and as a ceremonial plant to be smoked as tobacco by some
Native Indians.

Wogon Scutellariae Radix, a well known ancient drug in the traditional Chinese medicine, is prepared
from S baicalensis roots (dry and without exodermis), which is conventionally collected in spring and fall
(Tang and Eisenbrand 1992). Itis officially listed in the Japanese Pharmacopeia JPX 111 and Chinese Pharma-
copeia. It is one of the most widely used crude drugs for the treatment of bronchitis, hepatitis, diarrhea, and
tumors. Chinese physicians use the root of S. baicalensis or “huang gin,” as an antibacterial, diuretic, antis-
pasmodic, and promoter of bile flow. In Nepal, S. discolor leaves are used as afolk remedy for common cold,
cuts, and insect stings (Sinha et a. 1999).

Scutellariaisatraditional treatment for epilepsy in European countries. Homeopaths have reported some
success in the use of this plant to treat chronic fatigue syndrome. It ishelpful for skin and urinary tract infec-
tions and is also used where hypertension is related to over-heated conditions. Note that serious health prob-
lems could arise from incomplete and/or misleading information on the use of traditional medicines. For
example, misidentification of a Chinese herb resulted in the loss of renal function in more than 100 patients
(Betz 1998). Potential problems with herbal preparations are: (a) contamination with bacteria, fungi, insects,
and pollutants, (b) seasonal variation in bioactive compounds, (¢) degradation of active ingredients in pro-
cessing and storage of plant materials, and (d) alack of understanding of the unique physiology of medicinal
plants (Li et a. 2000).

BIOACTIVE COMPOUNDS

Hattori (1930) was first to isolate wogonin
from S baicalensisroots and determined its chemi-
cal structure (Fig. 2). Wogonin is present only in
small amountsin rootswhile baicalin, aflavone gly-
coside, pervades the entire plant (Shibata et al.
1923). Upon acid hydrolysis, baicalin from roots

yields glucuronic acid plus baicalein (Fig. 2), afla- OH © OH O
vone aglycone. There are over 50 flavonesisolated Wogonin Baicalein
from S. baicalensis (Tang and Eisenbrand 1992; HzCO

Miyaichi and Tomimori 1994, 1995; Zhang et al. OCHjg O
1994; Ishimaru et a. 1995; Zhou et a. 1997). Other H3CO O
Scutellaria phytochemicals include flavones, fla O |
vonoids, chrysin, iridoids, neo-clerodanes, H3CO o
scutapins, and isoscutellarein. Shin and Lee (1995), OH O OH O
successfully produced baicalin in callus cultures of
S baicalensis. Using the hairy root culture system,
Hirotani (1999), isolated a brand new flavone glu- Fig. 2. Structure of compounds isolated from S.
coside, along with 15 known flavones and five baicalensis Georgi roots.

Skullcapflavone | Skullcapflavone I
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phenylethanoids from S. baicalensis. Thus it is suggested that hairy root cultures could possibly be used in
herbal medicine as a substitute for Scutellaria Radix (Zhou et al. 1997; Hirotani 1999).

MEDICAL STUDIES

Sato et a. (2000) showed antibacterial properties of apigenin and luteolin in the crude extracts of S
barbata. Constituents were selectively toxic to Saphylococcus aureus, including both methicillin-resistant
and sensitive strains. Flavones isolated from S baicalensis roots were found inhibitory to HIV-1 (human
immunodeficiency virus) by Li et al. (1993), to HTLV-I (human T cell leukemiavirustypel) by Baylor et al.
(1992), and to mouse skin tumor promotion (Konoshimaet al. 1992). Plant extracts of S. rivularis have shown
anti-inflammatory and hepatoprotective activity in test animals (Ching and Den 1996). Akishiro et al. (1992)
were awarded a patent for therapeutic use of a flavone from S baicalensis, as sialidase enzyme inhibitor of
theinfluenzavirus. It has been suggested that baicalin may play a significant role in lipid metabolism through
lipogenic and lipolytic pathways of adipose cells (Eun et al. 1994; Chung et al. 1995). Scutalpin C, one of the
diterpenoids from Scutellaria, has shown strong insect antifeedant bioactivity against the Spodoptera littoralis
larvae (Munoz et al. 1997). Studies have shown that reactive oxygen species (ROS) including superoxide,
hydrogen peroxide, and hydroxyl radicals, contribute to myocardia ischemia-reperfusion injury (Halpern et
al. 1995). Invitro studies revealed that baicalein can directly scavenge ROS (Shieh et a. 2000; Shao et al.
1999) protecting cells from lethal damage.

CULTIVATION

Major species of medicinal Scutellaria grow in the wild, and systematic cultivation methods for crop
production have not been worked out. Skullcaps used for ornamental purposes are established by seeds or
cuttings in sunny garden locations with good drainage. Seeds are sown in early spring when there is no more
danger of late frosts. Although there are no major insect-pests or diseases reported for Scutellaria, it is sus-
ceptible to two virus pathogens: tomato spotted wilt virus (TSWV) and impatiens necrotic spot virus (INSV).

PROPAGATION

Effortsin Scutellaria propagation have been underway at Fort Valley State University. Mature seeds of
S montana and S. integrifolia were collected in late summer from the Wildlife Resources Division of the
Georgia Department of Natural Resources, Social Circles, Georgia. Seeds of two species were planted for
germination in the greenhouse but only S. integrifolia germinated. Some success in micropropagation of
Scutellaria has been reported (Sinha et al. 1999; Stojakowska et al. 1999; Li et al. 2000). Shoot growth from
the S. montana and S. integrifolia plants were cultured in vitro in basal MS (Murashige and Skoog 1962)
medium supplemented with 0.5 mg L2 BA (6-benzylamino purine) and 0.1 mg L NAA (naphthal eneacetic
acid). Multiple shoot clumps were allowed to elongate in the basal MS medium to reach 4-6 cm length.
Microshoots rooted when cultured in MS basal, rooting medium (M527) from Phytotechnology Laboratories
(Shawnee Mission, Kansas), or MS+ 1 mg Lt IBA (Joshee and Yadav 2002).

FUTURE PROSPECTS AND CONCLUSION

Numerous herbal formulations including PC SPES from BotanicLab, Brea, California, Zyflamend PM
and Zyflamend Creme from New Chapter, and Migra-Profen from Gaia Herbs, al of which contain Scutellaria
as an ingredient, are currently available in the market. In recent years, Scutellaria-based herbal formulations
have been employed to establish its medical/scientific value using in vitro cell culture systems (Li et al. 1993;
Shao et al. 1999; Sato et a. 2000; Chen 2001). Scutellaria baicalensis and S. lateriflora are the two species
which have been used in most of the herbal formulations. Since there are over 300 Scutellaria species distrib-
uted all over the world other Scutellaria species need to be evaluated. Our current research here at FVSU
focuses on the Scutellaria species found in and around the state of Georgia (Table 1). Some of these species
are becoming rare or threatened because of population pressure, environmental pollution, and destruction of
their natural habitat (Patrick et al. 1995). Future studies are planned to include propagation, cultivation, and
conservation of native Scutellaria germplasm. Many of the skullcaps have showy, beautiful blooms and there
isagreat potential for these species as ornamentals.

582



Herbs, Medicinals, and Aromatics

REFERENCES

Akishiro, Y., N. Takayuki, and T. Takeshi. 1992. Flavones as inhibitors for therapeutic use. Japan Kokkai
Koho JP 04, 18, 019 (Cl. A61 K31/35) (Patent).

Baylor, N.W., T. Fu, Y-D. Yan, and FW. Ruscetti. 1992. Inhibition of human T cell leukemia virus by the
plant flavonoid baicalin (7-glucuronic acid,5,6-dihydroxyflavone). J. Infect. Dis. 165:433-437.

Betz, W. 1998. Epidemic of renal failure dueto herbals. Sci. Rev. Alt. Med. 2:12-13.

Chen, S. 2001. In vitro mechanism of PC SPES. Urology 58:28-35.

Ching, L.C., and E.S. Den. 1996. The anti-inflammatory activity of Scutellaria rivularis extracts and its
active components, baicalin, baicalein, and wogonin. Am. J. Chinese Med. 24:31-36.

Chou, C-J. 1978. Rivularin, anew flavone from Scutellaria rivularis. J Taiwan Pharm. Assoc. 30:36-43.

Chou, C-J, and S-Y. Lee. 1986. Studies on the constituents of Scutellaria indica root (1). J. Taiwan Pharm.
Assoc. 38:107-118.

Chung, C.P, JB. Park and K.H. Bae. 1995. Pharmacological effects of methanolic extracts from the root of
Scutellaria baicalensis and its flavonoids on human gingival fibroblast. Planta Medica 61:150-153.

Eun, JS,, E.S. Suh, JN. So, and S.H. Oh. 1994. Effect of baicalin on the differentiation of 3T3-Li cells.
Yakahak Hoeji 38:48.

Halpern, H.J.,, C. Yu, E. Barth, M. Peric, and G.M. Rosen. 1995. In situ detection by spin trapping of hy-
droxyl radical markers produced from ionizing radiation in the tumor of the living mouse. Proc. Natl.
Acad. Sci. (USA) 95:796-800.

Hattori, S. 1930. Spectrography of the flavone series. 111. The congtitution of wogonin. Acta Phytochim.
5:99-116.

Hirotani, M. 1999. Genetic transformation of Scutellaria baicalensis. p. 271-283. In: Y.RPS. Bgjqj, J.D.
Peles, and G.W. Barrett (eds.), Biotechnology in agriculture and forestry, Vol. 45. Transgenic medicinal
plants. Springer Verlag, New York.

Ishimaru, K., K. Nishikawa, T. Omoto, |. Asai, K. Yoshihira, and K. Shimomura. 1995. Two flavone 2'-
glucosides from Scutellaria baicalensis. Phytochemistry 40:279-281.

Joshee, N. and A.K. Yadav. 2002. Micropropagation of Scutellaria integrifolia L., a medicinal skullcap.
10th IAPTC& B Congress, 23-28 June, Orlando, FL (Abstr. P-1405).

Konoshima, T., M. Kokumai, M. Kozuka, M. linuma, M. Mizuno, T. Tanaka, H. Tokuda, H. Nishino, and A.
Iwashima. 1992. Studies on inhibitors of skin tumor promotion. XI. Inhibitory effects of flavonoids
from Scutellaria baicalensis on Epstein-Barr virus activation and their anti-tumor-promating activities.
Chem. Pharm. Bul. 40:531-533.

Li, B-Q, T. Fu, Y-D. Yan, N.W. Baylor, FW. Ruscetti, and H.F. Kung. 1993. Inhibition of HIV infection by
baicalin- a flavonoid compound purified from Chinese herbal medicine. Cell Mol. Biol. Res. 39:119-
124.

Li, H., S.J. Murch, and PK. Saxena. 2000. Thidiazuron-induced de novo shoot organogenesis on seedlings,
etiolated hypocotyls and stem segments of Huang-qin. Plant Cell Tissue Organ Cult. 62:169-173.
Miyaichi, Y., Y. Imoto, H. Kizu, and T. Tomimori. 1988a. Studies on the Nepalese crude drugs. X. On the
flavonoid constituents of the root of Scutellaria scadens Buch.-Ham. D. Don. Chem. Pharm. Bul.

36:2371-2376.

Miyaichi, Y., Y. Imoto, H. Kizu, and T. Tomimori. 1988b. Studies on the Nepalese crude drugs. X. On the
flavonoid and stilbene constituents of the leaves of Scutellaria scadens Buch.-Ham. D. Don. Shoyakugaku
Zasshi 42:204-207.

Miyaichi, Y., Y. Imoto, T. Tomimori, and C-C. Lin. 1987. Studies on the constituents of Scutellaria species
X1. Ontheflavonoid congtituents of the aerial parts of ScutellariaindicaL. Chem. Pharm. Bul. 35:3720—
3725.

Miyaichi, Y., Y. Imoto, T. Tomimori, and C-C. Lin. 1989. Studies on the constituents of Scutellaria species
IX. On the flavonoid constituents of the root Scutellariaindica L. Chem. Pharm. Bul. 37:794-797.

Miyaichi, Y. and T. Tomimori. 1994. Studies on the constituents of Scutellaria species XVI. On the phenol
glycosides of the root of Scutellaria baicalensis Georgi. Nat. Med. 48:215-218.

583



Trendsin New Crops and New Uses

'solifeld pue spoom AIp Ul SSALIYY pue
‘spoIpad WoJ) SaSiie SIBMO|H 'SoAed
"elloye YO 01 e10Meq YLoN sso|lley Sk|0soue| Jeaq swes akenbs  Ainp—Ae |y 018 an|g buid3 preuos| s
'SMOpEsW pue SXIILY)
‘spoom Aduems Ul puno+ 'sewadel papis
epeue) UIBISOM 3UO Ul afe SMO|H '912|030UR| 0] 812N
J0o s)ied pue SN Ul pealdsapIpn wou} Arensanes| Asso|b usyjo ‘yoows  1des—aung 8-/ a1ym o1 quid B|0IA “Jelojller| s
'sule|d [e1se0d uo sppl pue SpooM Jo
sabpa uo SMoJS) "sawiedel Buo|

w9 QTG uIsomold ajoned ou 1sow e di| lemo|
Beplio|4 01Sexa] Wol} premyinos UM Sones| Buo|go 01 81e|0soue| Molfeu poeasss yuid afed
pue LINOSSIA 01 I0A MON Bulreaq swess Jopuss ‘Airey Apsuie@  aunp—Ae N €Z Joauymanig®IOIA  “TeljojuBeIS
'sBu11ea o pue seXo1Y} ‘spoom Aip ul
sesue ‘sesuexiy punNo+ "32UBJSAI0 Ul payoue.q
‘ewede |V ‘epLio]d 01 Yyinos e uldiayl sesu Jo e sswedel
‘eMO| 01 YIOA MON M ‘A8sier MoN ulae sPMOl{ 'Sanes|aleAQ  ldes—eunt GZ—8T an|g Joysigeuedul s
'S110S Apues ul sy ‘Buo| ww
G sojoned Uo sanes| feondi|p pleuisd
epLo4 013.A0 ‘swiers Ay ppwlS  AInc—|udy /28T 9{lymolan|qafed enasnuge|b s
'sduwrems puepuid Ul SSALIYL allym
BpLIo[H Ul Sa109ds pausiealy] v ‘Buo| ww 9z pue apim ww € o1dnsanea]  Anp—udy - ‘an|q ‘vloIA3ed ‘widey) eueplio|) S
'SIOXO1Y] pUe SPOOM AJp UISSALIYL "Sawadel
'Sexa] pue epLIo|H 01 pemyinos WO OT—€ UISIBMO|4 9pIM WO G'E€— ‘Buaids xo
pue LINOSSI|A 01 }I0A MON UBYINOS Aq Buoj wo /—ysonea swess Aieyyos  Bny—AeN TZ-GT BOIAWYBIT  CunNedondlp S
'solireld uo pue
"15e9 Byuny spoom Aip uissauy | 'senes| Ay Buiid3 (yesses)
SUO11 1SOW pue BYSRIgEN 01 Sexa | 3eA0 MOJReU ‘swidls Alrey paddn pue|o Anc—Re N 0T-8 an|g SifeJisne g
'SPOOM U RlUNOW Jea ‘sewiedel
"BSSOUUB | puUe Bu1|0eD YINos 0} Buo| wo GT—G uo SMOH "Skeuunl
pJemyinos pue eueipu| 01 aemepd Aq spealids eyy we|d ppwweis Yeap Bny—aune 02—-GT Suympue BoIA fappngeinble s
'SPoOM Apues Ul SBALIYL “XARd ayl
euIj0eD Yyinos ®161099 eplio4 N se buo|seafe sMO|}BY) Jepunsioelg  Ajnp-aung G2 an|q BIOIA  |PWS ej0dIUBIE S
"BPIM WW 02 Jopuexa|y
eUI0RD YINoS eplioH 161009 pue Buo| wuw Qg BuiBene sonea| AlleH Alnp—aung 2202 an|g B|OIA Sisuswegee s
SneIs pue uonnquIsiq eligey pue uonduosep weld  poued woolg  (wwi) 10|00 JoMOH Sa109ds elre|PINSS
9Z1s JOMO|H

161099 J0 81L1S 8Y) puNoJe pue Ul BuimolB pue 01 aAIRU 3.1 Teyl 1R |BINJS JO S9109ds 1Weellid T 9|qel

584



Herbs, Medicinals, and Aromatics

euwrede|v
"eU1[0.1eD UYINOS 1NOSSIA
01 ‘eluIBiIA 1S9 01 HIOA MBN

'S}N|Q pUe SPOOM Yo LI
S9 17 “Buo| wo OT—8 SBwelel Ul S,eMo|H
'SOAE3| 91RNO Y100Ws Y1im Jue|d snoige |9
'sjIn|q ‘sadofs snfel ‘spoom AX00
Buofe puno4 Airey Apsteds ‘fenbueln
Je97 "30UBJSAJO Ul By} Ul spue|b g
yloows Ajpesu S| wels ‘sieuun. Aq spealids
e |d pawiwels Yeam ‘sawiedel W GT—G
'S1S9.10} poompey
JIS9|A Ul puno- ‘sepouJsiul parebuop
pue abe110} snoJge|b Sey Ing euejuow S 0}
Je|iWs SO\ "elj0}I[eno 'S Jo/pue ‘eueljuowl
S ‘elelses S Jo pUgAY [einteu e sdeyled
'S|10S SNoa.eded Ajurew Ylim pareioosse
salire.d pue spoom AIp ul puno4 'ssjoned
10US U0 S9Aea| 91eAQ 'SJagn) OJUI SeARslul
e Ua||oMms swess afenbs [eluozioy wiis
'$3004 BuLleaq wnoed
10 3UOISBW 1| Y1IM paleIo0sse Usljo
pue ure.e) buide) plemisam uo Juepunde
aJow smois) “Buo| wo QT 01 dnsones|
91eA0 pue SWels Aley ‘sswedel W 0T
‘Altey ‘91eusld ‘91eA0 0] puNOoJ SOARS T
'sired joddn uisirey pajino pue spue|d
ale}Iced Yiim InoyBnoayi payio o wels
S04} pUe SPOOM Isiow Ul puno4 “peaipad
wol) Aleinbuis asiie SIOMO|H 'Sones|
JOMO| BWIOS 10} 1d00X0 815535 ‘Sones|
910 0] P10} B Jeaq SWaIS Jopus s Mea
'SaJoys
Jo urJie) uspe| ead pue ‘spi) adAl Bog
‘spue|auld Alp ulsSmoib sones| ale|0aouLR|
B3PI SWass fenpue|f arelided omy 10 suQ
'pl0 S1e8h +002—0., Wol}
abueJ S39.11 3JBYM SpUR [POOM AIOXI 1Y pue
eo ainfew pagJnisipun uisadojs Ao01
uo |ios AIp 1 eligey ‘sswisdel wo GT—0T
'SPOOM Apues
UISM0I9) "BUO| WO GT—G 0UBJSI0 U |

99SSaUUB | pUR BUI[02D YINOS 0]
pJeMUINGS pue eueIpU | 01 3eme e

995SaULB |
‘eul|0feD YUON eweqe|y

ewioye 3O 03 e1oded YHoN

eIUIBIIA 1S9/ Ul pauaTealy)
enbreopnesd "dss ‘euljofed yinos
‘Sexa] 01®10sauUl | 0] pue|Are N
e161099) Ul Sa10ads pauslealy |
995S9UUB |

pue euljosed YLoN 01 pemyines
BMO| pUe 01/eIuQ 0} Assier MBN

e161099) *eplio|4

93SSoUUR | pue 161099
ul puno} saiads pasebuepug

eulj0/eD ynos ‘eiflioss

aunr—e N

‘Bny—aung

Anc—fe N

Anc—Re N

"Jo0-8une

Anc—fe N

Aing—judy

aunt—e |\

AInc—aunp

9¢—¢¢ aN|g SMaIpUY elellss 'S

61—vT SHUYMpuUe BIOIA |PPPIY StiFeXes S

eresesopnesd 5

di| Jemo| uo syods

0T-8  epyuman|g Xyl enaed s
dij ysniym

GZ—€T  yumplolaen|g lIIHereno s

€e aNn[g BIOIA  [WS 336 |NWoo 'S

OT oNn|goafed ‘Usind esoneu s

[lews (‘ureey)

€2-0¢ @uymolanjgaed esonpuelbninw s

Ge-9Z  {lympuean|g ‘wdeyd eueuow s

¢ an|g BIOIA [RWS idweyd!|pw 'S

585



Trendsin New Crops and New Uses

Miyaichi, Y. and T. Tomimori. 1995. Studies on the constituents of Scutellaria species XVI1I. On the phenol
glycosides of the root of Scutellaria baicalensis Georgi (2). Nat. Med. 49:350-353.

Munoz, D.M., M.C. De LaTorres, B. Rodriguez, M.S.J. Simmonds, and W.M. Blaney. 1997. Neo-clerodane
insect antifeedant from Scutellaria alpina ssp. javalambarensis. Phytochemistry 44:593-597.

Murashige, T. and F. Skoog. 1962. Revised medium for rapid growth and bioassays with tobacco tissue
cultures. Physiol. Plant. 15:473-497.

Patrick, T.S., J.R. Allison, and G.A. Krakow. 1995. Protected plants of Georgia. p. 171-174. Georgia Dept.
of Natural Resources, Atlanta.

Sato, Y., S. Suzuki, T. Nishikawa, M. Kihara, H. Shibata, and T. Higuti. 2000. Phytochemical flavones iso-
lated from Scutellaria barbata and antibacterial activity against methicillin-resistant Staphylococcus
aureus. J. Ethnopharmacol. 72:483-488.

Shao, Z-H., C-Q. Li, T.L. Vanden Hoek, L.B. Becker, P.T. Schumacker, JA. Wu, A.S. Attele, and C-S. Yuan.
1999. Extract from Scutellaria baicalensis Georgi attenuates oxidant stress in cardiomyocytes. J. Mol.
Cell Cardiol. 31:1885-1895.

Shibata, K., S. lwata, and M. Nakamura. 1923. Baicalin, a new flavone-glucuronic acid compound from the
roots of Scutellaria baicalensis. Acta Phytochim. 1:105-139.

Shieh, D.E., L.T. Liu, and C.C. Lin. 2000. Antioxidant and free radical scavenging effects of baicalein,
baicalin and wogonin. Anticancer Res. 20:2861-2865.

Shin, SW. and H.K. Lee. 1995. Production of baicalin by cell cultures of Scutellaria baicalensis. Korean J.
Pharmacog. 26:159-163.

Sinha, S., S. Pokhrel, B.N. Vaidya, and N. Joshee. 1999. In vitro micropropagation and callus induction in
Scutellaria discolor COLEBR. A medicinaly important plant of Nepal. Indian J. Plant Genet. Resources
12:219-223.

Song, W.Z. 1981. Studies on the resource of the Chinese herb Scutellaria baicalensis Georgi. Acta Pharm.
Sin. 16:139-145.

Stojakowska A., J. Malarz, and S. Kohlmuenzer. 1999. Micropropagation of Scutellaria baicalensis Georgi.
Acta Soc. Bot. Pol. 68:103-107.

Tang, W. and G. Eisenbrand. 1992. Chinese drugs of plant origin. Springer Verlag, New York. p. 919-929.

Tomimori, T., Y. Imoto, and Y. Miyaichi. 1990. Studies on the constituents of Scutellaria species XIl1. On
the flavonoid constituents of the root of Scutellaria rivularisWall. Chem. Pharm. Bul. 38:3488-3490.

Tomimori, T., Y. Miyaichi, Y. Imoto, H. Kizu, and T. Namba. 1984. Studies on the constituents of Scutellaria
species V. On the flavanoid constituents of Ban Zhi Lian, the whole herb of Scutellaria rivularis Wall
(1). Shoyakugaku Zasshi 38:249-252.

Tomimori, T., Y. Miyaichi, Y. Imoto, and H. Kizu. 1986a. Studies on the constituents of Scutellaria species
VIII. On the flavonoid constituents of Ban Zhi Lian, the whole herb of Scutellaria rivularis Wall (2).
Shoyakugaku Zasshi 40:432-433.

Tomimori, T., Y. Miyaichi, Y. Imoto, H. Kizu, and T. Namba. 1985. Studies on Nepalese crude drugs. V. On
the flavonoid constituents of the root of Scutellaria discolor Colebr. (1). Chem. Pharm. Bul. 33:4457—-
4463.

Tomimori, T., Y. Miyaichi, Y. Imoto, H. Kizu, and T. Namba. 1986b. Studies on Nepalese crude drugs. VI.
On the flavonoid constituents of the root of Scutellaria discolor Colebr. (2). Chem. Pharm. Bul. 33:406—
408.

Zhang, Y-Y., Y-Z. Guo, M. Onda, K. Hashimoto, Y. Ikeya, M. Okada, and M. Maruno. 1994. Four flavonoids
from Scutellaria baicalensis. Phytochemistry 35:511-514.

Zhou, Y., M. Hirotani, T. Yoshikawa, and T. Furuya. 1997. Flavonoids and phenylethanoids from hairy root
cultures of Scutellaria baicalensis. Phytochemistry 44:83-87.

586



