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The effective range of the competitive ELISA for detection of forskolin content in clonally
propagated plant organs of Coleus forskohlii using monoclonal antibodies extends from 5ng/ml
to Sug/ml.

Shoot tips of C. forskohlii were cultured repeatedly on the MS medium supplemented with
NAA(0.5mg/1) and BAP(0.5mg/1) at 25°C under the 16hr irradiation for 1 month to form multipe
shoot complex. A correlation between the forskolin accumulation and the growth rate was
investigated using the clonally propagated shoots. An increase of forskolin content was noted,
begining at week 6. Flowers, rachises, leaves, stem, tuberous roots and roots were analyzed.
Tuberous root and the stem base contained a higher amounts of forskolin than other organs. The
forskolin content in the stem decreased gradually towards the top of the shoot. Quantitative
determination of forskolin content in the plants cultivated in different temperature was
investigated by ELISA. The temperature clearly affected the production of forskolin,
demonstrating that the contents of forskolin was highest at 20°C than at 15C and 30°C.

An immunoaffinity column chromatography using anti-forskolin monoclonal antibodies
appears to be far superior to previously published separations based on crystallization and
chromatography.The capacity of the column is 9xg/ml of gels.Forskolin has been isolated

directly from the crude extractives of tuberous roots and the callus culture of C. forskohlii.
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Fig.1 MALDI co-mass spectrum of forskolin
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Fig.2 MALDI mass spectrum of monoclional
antibody against forskolin
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Fig.4 Structures of forskolin and
related diterpenoids
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Table.2 Cross reactivities determined
using forskolin analogs.
Analogs Cross reactivity(%)
1-DF 0.63
1,9-DDF 1.30
6-A-7-DF 1.13
7-DF 5.57
PS-3 0
PS-4 0
PS-7 0
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Fig.6 Distribution of forskolin in one-
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Fig.7 Distribution of forskolin in tissues
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Table.3 Distribution pattern of forskolin
in different tuberous root segment
in clonally propagated coleus
forskohlii' .
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1) Singte clonally propagated plant as irdicated in Table 1 was used for analysis,

2) The main tuberous roots cultivated at 15 and 30°C were sectioned into pieses (10 mm
each). and those at 20°C were cut into pieces as indicated in the shape, respectively.
Section No.! shows the base of tuberaus root.

3) A single plant was tested individually, and the content was expressed by the average
of 3 measurements.

4) Standardized tuberous root was selected and used for analysis.

Fig.8 Elution of forskolin by methanol
solution
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TLCIZ & DARETL 7= DD Fig. 10TH %, T DIER.
KiBE D forskokinh BE A THEN T 5 & 3kic
B 7R P KRIEDLEMENRET 3
CERKEELTWA I ENPHL D E N - T,
TBRICHKEAK, BHBRESMT 2L T
forskol in®AH L TWB Z EMHEBIL 1z, b,
B D T-deacetyl forskolindiEt b S 7z,

¢ 2 B

K5 FALEW It T 2HADE/ERIS 21272
INTTF o —F e YT =5 R DRABNLATSH
M. WERNTT L OESHOEEIRYETH -
72o AR TIIFig 1IC/ART & 5 2EMALDI = R %
ETARICIDNTSTFUHBEIVEEEL /2, £
foo BRIL g bRABICEFDORBREAERT 2
FNAFEE S0 | MALDI = R D AR E 75 -
730

AR THF L 72ELISAD cross-reactivityid
BUMLEHM DA, T-deacetylforskolind 5, 6% T
H5DHT, tOLEMHF L TIBEELTES
T HEHOBWT v A HRTH B, T, AIE
BRELE. BREELRVWVENLT v t1 REE
Z 5,

tRAEMVTEIAREELT 255, Bk
HEOREITOEANLERBERTH D, £F
OR.MFOTa=F L ZTNH oA FIZEFIE
MeoHTBEICLYKEKEHT I LEHSH
L TEEN. BLOHEMITB O TEFRIPCA
BHIRVE, o HYOEIFIC L D BRI HKE
KEHT2F3EBHcBBEKRE, Coic®
C forskoblii AT W T O AR E R I —1+ T 3
B Ho B BB SHRIMAL LS D,
AHEWEA L E L 0DRTIA 7 aF oy —
va s LBERLkEEBNREB-TERLE
BERORENBRALLIZIGAHMSEENY
Frigml., Z202RICNELZBEH S IIA»SBE
¥m»n#EL < forskolinZd &5%0.5 # g/ng dr. wt.
ERDBIENPEONENL 72D T, ERATE
RFEEHEE L. P E BILAMBIE L. ELISA
TT7 vtA4 LT, BRKEBIKT 2727 L%
W T2ENEKI, KXo ba—iciy-T
HEERKOBIREEKY TS 2,

RIS/NA A b o o i THEEE L foBkic i ZELISA
TS BRITEIT > 1245 R . fEX i forskolinid
MECROLBRICEAETSZLEL SN TOH,
ARREENISCZICOLZRBEHF I, TORIEIR
ZLOELDOPROBERTH 2 &AM
Ltco RTICRERG ESEEREE. BLOHEN
HAROERABOE VS FHMREBI, Th
S5 DRBIIEMHEIL IcHOTFEAELAIL KL .
WET v FIC2 B0 HREHMEEEZ %,

TI4 2T A5 LEBHTHRENB VL
B, ¥ 255 HHDOLENE—EDH 5 LT
B4 2 2 ENA[EEE B SN D, C Lorskoh! /1D
REPHEREME - HEOMEM T F ZEKT 7 4
ZF—AS LIt TEICLD., forskolinE g 3
B KT,

LD L. AHAbA T-deacetylforskolinicxf L T
#59% Dcross-reactivity o> FEH S KILEY
MNforskolin@ A ICiR&HKF L T hic, £
CTIDREMEACT. £ U o hdkBiE s K
[GCExH 5T &Ik D T-deacetyl forskolink



HEP)IE BARRE » BEIC L ATEHRADEE L EMEYOEMICE T 2R — 45 Forskol inl kM) Co/eus forskoblii \~>\\T

1-deoxyforskolin,
1,9-did eoxyforskolin == ©O o

O <€—-forskolin

6-acetyl- 4 >8 = <€—-7-deacetylforskolin
7-d eac etylforskolin
L4
washing
binding elution
structure
\ R, Ra Ra
H Ac OH 1-deoxyforskolin
H Ac H 1,9-dideoxyforskolin
OH H OH 7-deacetylforskolin
OH H OH 6-acetyl-7-deacetylforskolin

Fig.10 Identification of forskolin and
its derivertives

forskolin~ & & L. #i¥7iforskolin% 4 5%
Nihk 1z, A3 forskol indBERREI g nl
FT, BURFBESB TH »1co F+ /80 7 —3K
x {TWAY, A S forskolinZ B E T 2 HE.
HMEDAS LI o< bTRMVED OEIEEDERL
BRI 2LENS 205, KEEICHATHIE—ED
HSLTERSND,

F7-, forskolinl@ 2 FWICT & £ RFEZSMEH
T2ENS, KFEREROER IR THE LB
TNTVWD, CDEBEAT 7427 —H5 LIk
ZRENBOCHALEZ SN, ZOIGHE bAEFT
hTH D,

Forskolinld 7 ¥ =— ¥ 5 —E&iEMHILL.
CAMPE M 2 &ic kb 2 DAIIERII BUGIC
hic-THh. BERBARDY -5 v F&HE-T

WRHIIAMPTH 5, Lh LEFEMARICREER
EFTHERAICFVTREYAONTES T AR
ROBMD—2NIDEICH B & &N, T
DY O ITIT VT b forskol indN LB A S
BN BREMNEEL DT, S%IENIICET
L. 224 oy —0&ificALizneEsLT
W5,

5 ¥ 1&

tE AR - MIBR RS R MI &S L Tforskolin
REHC forskonlii DEBMEZREATTH 5,
AMRTIBROBA L L 2BEETHEN. B
HHRIFL, £/ EL7 v 21 EEL T,
MAbE FHWVZ<ELISA%RBARE L7z, CHERIC I 2 —



7 rORKTA I VI ERPEIC L, 1.
v A va7ranyF—y 3 s TESNIcsao— UK
WMERIE L, FEEERROMEE L+ 205
forskolinZHis> THfEICHBET 2 Ak 2 HESL L
fo 2l &S, forskolind EHAHE DB
NIZEBZTWVD, o, RKFRERD SHADY
ARTEZHMICANAREL C & 288 §5F
N Rfc, BET AN TAHOAL R 2704
FUTAOAL KD KERES' O ZONAbD/ER
NERIBHTH B, 12, MADD A[ZERS D cDNA
/70— 79T, COFALERTTSH S,

AWtRAS a2 4 bo Y —HRIREHE OBKE
KhomshieFEEL L, BOBAHBLETE
£l

51 3k

1) Bhat SV, Bajwa BS, Dornauer H, et al.
: Structures and stereochemistry of new
labdane diterpenoids from C(oleus fors-
kohlii Briq., Tetrahedron Let?, 19 1669
-1672 1977.

2) Seamon KB, Kenneth B, Seamon HB, et al.
:Forskolin : unique diterpene activator
of adenylate cyclase in membranes and
in intact cells, Proc. AMaz/ Acad Sci.
Js4 78 3363-3367 1981.

3) Shoyama Y, Sakata R, Isobe R et al. :
Direct determination of forskolinbovine
serum albumin conjugate by matrix
assisted laser desorption ionization,
Org  Mass Spectr:, 28 987-988 1993

4) Sakata R, Shoyama Y, Murakami H, :Pro-
duction of monoclonal antibodies and
enzyme immunoassay for typical adenylate
cyclase activator, forskolin, C(yrote-
chnology; 16 101-108 1994

5) Yanagihara H, Sakata R, Shoyama Y et al.
: Rapid analysis of small samples con-
taining forskolin using monoclonal anti-
bodies, Planta Med.,

6) VYanagihara H, Sakata R, Shoyama Y et al.
: Relationship between the content of
forskolin and growth environments in
clonally propagated Coleus forskohlii
Briq.; Arotronics 24 1-6 1995

7) Yanagihara H, Sakata R, Shoyama Y et al.
:Immunoaffinity column chromatography
using antiforskolin monoclonal antibody
and its application, 4ma/, Chim Acta
submitted. : #IE 3K E U S :Hiforskolin
T/ 72 0—FIRKDT 7 4 =F4—HF L~
DA, IAEFSKRIERBHES E.
p. 252 1995

8) Shoyama Y, Fukada T, Murakami H :Pro-
duction of monoclonal antibodies Anal.
Chim, Acta and ELISA for thebaine and
codeine, Crtotetechnology, in press, 1996

9) Tanaka H, Goto Y, Shoyama Y, monoclonal
antibodies based enzyme immunoassay for
Marihvana (Cannaloinoid) compounds, ./
/mmunoassay;, in press, 1996

10)Ishiyama M, Shoyama Y, Murakami H, et al

Production of monoclonal antibodies
and development of an ELISA for solow-
argine Cytotechnol/ogy, 18 153-158 1996





