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Summary

T would like to suggest that trace nutrients may be defined to be food components with a variety of
healthy functions in addition to nutritional ones and propose that clues for finding these functions may
be in history, society and modern medical science. We have done experiments according to this pro-
posal and succeeded in finding new substances with healthy functions. These are insulin like sub-
stances such as adenosine, pyroglutamate, lithium, vanadium and minus ion, which stimulate glucose
incorporation into fat cells, and anti-cancer substances such as ergosterol and compound X, which
inhibit tumor growth without any side effects. We firstly had doubts about the mechanisms of actions
of insulin and catecholamines accepted by modern medical science and suggested another mechanisms
on these hormones after examining directly biological actions of these hormones without presupposi-
tion of signal transductions on the actions of these hormones. The clues for finding thev trace nutrients
mentioned above were obtained on the way to examining the mechanism of actions of these hormones.

Based on these, I suggested the way to find trace nutrients in natural products.
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ARRLIDETHMTH A, BIAIE, BEOEZ ke y M, 77/, ¥urny s vg?,
7 BT S, BRI B IR EEMBIL, L a— A0S ORISR EIRET S 4 V2 v
BWETHEILEZRAETE2DOTHD. 3) ORI OTIE, WEITOB, BRLEZVWIEE2EY F
1, LRREACERET BIAMERATF R (S AL Y) FRATAIEAETHS, WFRIZL
TH, HRPRBIIYRL T 201E, BREFAIMETELRVEROFHRERLZOE2S, BAE
FroL LEMTEREILETELNS I 2. FEIEE, BREZOFRTEIL4BLTESL
TBREODRTICOWTHERSLZ LIZ Lo,

RAEZOEHEERED

RAERBLEFOEFTEER N TH2HVEITHIAL T W) HEEER, Th50EBICET
LZHAERZEOT 7u—FIlHENH L L xRS E 5,

BOABERIR &, WA R BRI RIS ORI~ 7 b 2 — R D ASICHT 5 1 ¥ R ) AR
TLARETHD, T YR A% LR SET, RABRB2HEBETLIZE, A AU 07N
TI—=ZARYAADOHEMAFH LM I T RIThiE R b v, EWHIRIICS Y20 YHERT 5 &,
NEBEIZHEET B 70V a— A &K (Glucose-transporter-4, Glut-4) 2SHIMBE~BEL, 1 I1—2
DHBA~OB Y AR R BET 52 Lk CHMOATV Do MBI, Y0k 2 HHATGlut-4 255
TEHTHob, BREFOFEEKTIE, 41 R Yida, f-F 722y M » oL 2SRECESL, F1
YrEF-EREHAEL, PB-FF—HOERNF LA TLILICL ST, Glut-40BEHSRI S LI
BoTwd, PIB-FF—EYE2BETLT7— b=V Glut-4 DBEOHET S L) OB Z0OHEATH
5. LHL, 7P VIEPI3-FF—VBIZEFERATEOTIEARL, MIRKEEONa /H F v 2L
FETS L, BHMRAOMEBERTICERL T, YV —BoME~0OEMmz R L CRigHe2IEET s
Lo BELTH, T PRV PGut-4DBEEHET 225 L o T, PI3-FF—EXEE LT
VHLIEVARVDTHD, X1, XVEARANGMESD L, Thid, 1R ¥ EZBREDHERR,
TNA—ZADOHN AR ZIELTERY, oW EREWEETHI LN HTHD, Fig. 1R
TWeZ& v, 4 YR ViIZH#EE (FITC) 244 L, flow cytometry THRIGMINE & FITC- 4 ~ A
VO EDFEEHRTBETH S, BIFHAROATIHILBENE VL ZAICHBIEE > T3 (Fig
1-a). BEFHMERLIZFITC-4 Y R ) Y &Mz A &, HAERMBEOBVWE ZAICHBRIEBE L, FITC-4 » A
U AEMICEES L TVwA I LA ba s (Fig 1-b)e

FITC-A4 YAV » % &AL BIFME%2 25T 4C O Hanks BE R T IEAZTHD &, EALE
FITC-4 ¥ AV ¥ RIS 8RS (Fig 1-c, d)o & &, %H-2-deoxyglucose CH-2DG) #
FAGCTZEDORY AR EZRACTHL L, RMIBIZFITC-4 » A ¥ h & 8¢5 & SH-2DGOI Y A A
L, IEENTEZORIHEEL, EoBOBBMICFITC-4 Y A Y2 MA % EFUR YA
AT DOTH L (Fig 27, ORI, Y VI—AOWNARICEDLL A ¥ A ¥ L SREOK ST
TAZEVTRIE L) 205 EA LA LTV RN L2 RT LD THD, —Ff, FOyrFF—ER
PI3- %+ — ¥ DiFMELIZ M 5 T4k, RIROBEE TIOMBE->TH A » 2 ) D MEHEL iR
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Fig.1 FITC-insulin binding to rat adipocytes quantified by flow cytometry.
a. Control. b. FITC-insulin. c. FITC-insulin and washing at 25°C. d. FITC-insulin and washing at 4C.
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Fig. 2 Effect of washing on H-2DG uptake by rat adipocytes.
Adipocytes were incubated for 10 min with (b) or without (a) FITC-insulin (100 nM) .

Other adipocytes were incubated with FITC-insulin (100 nM), washed with Hank’s-
BSA buffer at 25C and then incubated for 10 min with (d) or without {(¢) FITC-insulin

(100 nM) . Each point represents the mean = SEM of six separate assays. *<0.01.
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BETHbD, BELLBHABEATHS )0 4 VA VEZBEOKEEITE, o THHENZVL DD,

A VIEEREDESTORNIBEEIFEAETIETTH 2. BREFOL VA Y RBEKLEHRT LD
DI, FUYrFF—LRPI-FF —EERLORERTH D I LIZHLTH LA, TV a—2ARY b
A BEZBRETHINE ) PIRMEDOTH 5.

Fik, WERI63EDSIEHHILICHE T HH FI3— V7 I v ORISR ERTE ORPICI Y A TE 22
BRE®TEA 7 I—V7 I VRBMIE LD p-28E (B1, B2 B3) KHAL, G-F 37 &4
LT, TFNY 2 I—EREELL, £LH 427 v 7 AMPAA-FF—E2EH(L, ZOA-FF
— Bl Lo TY =R VEILE R, EHLshsZ Lo TRGHEIRET S EELLRATY
%o HE, eI % Norepinephrine % Isoproterenol & 18§f], 37C Tincubate§ 5 &, FRIFMRODEHE
B Y, Forskolin® ¥ 7F VU INHA2Y v 27 AMP (DBcAMP), 4 27 v 7 AMP% 5§ 54k A
RV ILRAF I —EDRERHTH S Theophylline b Rl iz (R § 5 Z & 2%, LBORREFZOERH %
T2 HMIIC > T WD, £ AD, Fig 3127”77 & 912, Norepinephrine, Isoproterenol, Forskolin,
DBcAMP, Theophylline & incubate LT % IEIFfIlL D 1) 78—+ (HSL) k& HELShTHWiRw»waT
Hbo BHIT, PEHFHIIEAH ST L 2-MiEIc ) =¥ 2 A 72 EMERICYA 2 ) v 7 AMP (cAMP)
% cyclic AMP-dependent protein kinase (PKA) Z#ind % &, V,¢—+ (HSL) PIERE D & ¥ /%
2 (perilipin) 2%V YE{bEh b (Fig 4), ZOK, BHSHIIREL2V0THS (Fig. 5. —7H,
Norepinephrine # = ® &2z % &, HSL* perilipin @Y ¥ @it & 1 ERR I 5@ RET 5
(Fig. 5)o CO XD HREEIE, »7FI— VT I VOERFTA 20 v 7 AMP, U 3—EDiEHL, 7>~
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Fig.8 Effects of various lipolytic agents on HSL activity in rat fat cells.

Fat cells were incubated with 1 4 M norepinephrine, 1 u M isoproterenol, 10 u M forskolin, 1 mM
DBcAMP or 1 mM theophylline at 37C for 1 h. After incubation, each reaction mixture was centrifuged
to separate the medium and fat cells, and the HSL activity was estimated using either trioleoylglycerol
(LD or cholesteryloleate (EZE) as the substrate. Each column represents the mean * SE of four

separate experiments.
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Fig. 4 Phosphorylation of HSL and perillipin in the cell-free system.
A mixture of lipid dropletes and HSL was incubated at 37°C for 10 min with [ y-**P] ATP (1 nM) in the presence
or absence of norepinephrine (NE), cyclic AMP (cAMP) and cyclic AMP-dependent protein kinase (PKA) as
indicated. Incorporations of 32P into HSL (C__J) and perilipin (EBE®) were determined after SDS-PAGE by

autoradiography, quantitated by scanning BAS 3000. Each value was the mean * SE of four separate experiments.
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Fig. 5 Lipolysis of the cellfree with buffer A system in the presence or absence of norepinephrine, cyclic AMP
and cyclic AMP-dependent protein kinase.

A mixture of lipid droplets and HSL in buffer A (100 mM Tris-HCl, pH7.0, 2 mM EDTA, 2 mM dithioerythritol, 10

mM MgCly) was incubated at 37 C for 1h with ATP (1 nM) in the presence or absence of norepinephrine (NE),

cyclic AMP (cAMP) and cyclic AMP-dependent protein kinase (PKA) as indicated. Each value was the mean =*

SE of four separate experiments.
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N0 VEBALREENLTRVRWILERTIDTH S, H7FI—N7 3 VX, RN ME

KEIEAL, TOUREEZ DI LTY NV ELMBLOEMZED THRIDRERETLDTH S,

HEEREY A ARBERLETHRIET A ERVEDERIZEELT 2, il T hoRTI LR

BT o 20 R DEMER, THORLALBERLIMEOMHEE (HiE) 2R VECERICEDbo TV
RN BP0l TH b,

TR DERBAEREI ECADSHUVWEEEFPR AT S

A Y2 v OFENMI T 5 BRI /7 AMIRE, M OSMIIERE L, BB B il 72 X
NTwh, MlEZREY, ZORBEEROpHIE, 742568 F CEBT 5V, Mg TR
RO, NEFOEYPHEELRVPLTHL, ETAHT, MBMEARO pHA 747 6ET T2
E, AR VOERHBELIEES NS, 79 F ROV SO % 4 O pH ® Hanks R & 155
incubate L, 2-deoxy-glucose DELD :AAZFHRTHSL L, pHATAD S 721K TF 35 E850%, 7012
%5 E100%1 v A YOERPHELSNR S (Fig 6) 72, HE WO Na™ % Choline™ 1B Xz 5 &,
pH74TH 4 ¥ A »IZ & % 2-deoxy glucose DIUD AAARHEIZEL RoNi v (Fig 7). L& L, spe-
cific binding#E% H 724 ¥ A1) ¥ L ZEAOREEL, pH70% choline® & BRI L - T L AN
% (Fig. 7)o specitfic bindingECHRZE S NS M4 Y A U &/KIL, F23 v FF— ¥R PI3-F+—EiF
BADZEETIED>TD, FNVA—-2ZMYAAICEDLIZHAETII RN LA, S THhIEHEINS
DTH5b, Fig. 7O THanks B EH RO Na® % choline" lCEZ B L 4 YA v OEHAYE L -BHEIZ
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Fig. 6 pH-dependence of basal and insulin-stimulated 2-deoxy-D-glucose
uptakes by rat soleus muscle.
Rat soleus muscle was incubated in Hanks buffer solution at different pH values
in the absence (O) or presence (@) of 10 nM insulin for 15 min. Then 2-
deoxy-D- glucose uptake was initiated by adding radioactive tracer. Bars show

standard errors of means (n=6-10) .
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FEEThb, pHORBEERRETELDE, 4 Y AY YOV a—ABWMY ARERIC, Na'/H F v H b
FEELTVWEI LA HWNININSOTHL, FE, ZOF v FAVOMEHE L TAMLNS5- (N-
ethyl-N-isopropyl) amiloride (EIPA) ¥, 4 ¥ A ¥ 2 & % 2-DGORRIHIE~DOWY A% HET
% (Fig. 8), Na'/H'F ¥ & Vi, #lasto Na* 2 ilan~, MREOH 2 #lSA~HHT 5 F v 2
THDHD, NatORDbYICLI b REICHD I EHNTE D, HanksBEWONa" 2 Li' CEM®T B &, 1
YAV YBHEFRELE L TH2-DCOMY AANEE S (Fig. 8)o Na™ £ 0 b Li' DETEEPPE DT
FrANLBYRTL, TOEIRILEIEILNTHA). dbbAAL GFUY yFF—E Gt

Insulin Binding ~ 5.840.6 *36.5£3.9 *30,014.6
(pg/mg.tissue) (n=3) (n=8) (n=9)
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(Insulin 1nM) (Insulin 10nM) (Insulin 10nM)

Fig.7 Ralationship of insulin binding, and basal and insulin-induced 2-doexy - glucose uptake by soleus muscle.

Hatched columns show basal uptakes and open columns show insulin-stimulated upatakes.
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Fig. 8 Effect of Li" on 3H-2-DG uptake in rat adipocytes.
Adipocytes were incubated in Hank's buffer or in Na* (=) Li* (+) Hank's buffer with or without insulin (1 nM)
or EIPA (1 mM) . Na* (=) Li* (+) Hank's buffer was prepared by replacing the Na* in the buffer with Li".

Each point represents the mean * SEM of six separate assays. *<0.01
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THI LAV, FuY rEF—ERERLT B2 %L, 2-DCOMBH~OR D AsE TS 2 b
FHOENTWBENF Y Ad, Fig 9ICRT LI, FIPAICL- T, ZoEHSHEESH, Na'/H
TRAVERLTOBEI DG D, 4 ¥ A) V&, Na'/H F ¥ 2V %2 iHMALT 5 2 & T, Glut-4 0#ik
BEAOBEHZREL, FVI—ZAOWMYAARRELTWEEEZ LNEA (Fig 10), OB, #Hiaz
Y HMEABRDOPHAMET L T2 &, HIBEIMBATEL 20, #MiENA, S H A S hizd (,
AVR) DTNV IA—ARY) AK/MEBIET T 5. BAFEL GKH, NE) &, <1 F A+ 5%
RELZZRIN, THBRFOERIERE LT Twd, x4 7244 Y (e) &, HICEFE5XT,
AEREFIZT S (HfLH) TEIEoT, H'2KT &Y, pHEZ LR ¥ 5,

10000

* .
. :p<0.05
I N 1
g 8000 I ._.I._l
0.
Q
N’
@ 6000
Y4
(]
4
Q. /
3 ao000 /
(&}
D. ......
N eee Hfiii /
L DLl
o~ i /
o 2 RN o
Control Insulin

(10nM) (ImM) EIPA(100 M)

Fig.9 Effect of EIPA on Vanadium pentoxide-induced SH-2-DG uptake in rat adipocytes.
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Fig. 10 Schematic model of relation of Na*/H" exchange and glucose transport.
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A FALF OB T, WEMEEpHALERL, 41 A YIiCX AN /H F % 2V OiEHE{LAT A
L=y, TOFVEVIZELZHMBEAOMBEOR Y AAIRBETLIOTHL, £ v A1) Y OEH
BEEESI 220, LiY, NFYTA, Y4 FAL G OBBESRLITEL-DTH 5,

BEEREL L-ERER

20RO AEYEOMIIL, 19K, Buchner " BREZ TV ORL, FFICL->T7 N2
—VREBESRIDZOERR LI EE o7, U, 7T ~OHBIIEALZLOD, §HORLELEN
LREERERTLII Lo/ ANVEVOEREIS T CHBTEDZ L LY TNV F VAT 7 Vg
VEBROBRELZIOTH S, BRI, A7) v AMPR) X—FDY VY BALOZHERTIE
HoTh, BESROENTIE R o072, BIEFBICHELEHTFI—-VT I VOREHRIE, THIDHL
TOENLMFE L -72DTHb. AVEVOEABFEOMREILL, ZEROREESCHELREL TV
oI B, WAENDDEIICELLN, TOL) B SHMAIOVWTERATRE ), 5- 74T
TITYN, YATIFY, TRITRA L EOHERIL, DNAOARRPHREEETLILIZL-T
BT 5. L L, DNADAKRRLERIFEMMIC LR 2BRRDELS, UROT LA, TH,
WE, HmIRFEAD L EORMERAVERT 5. DNAZEDT, #FICELTL, ThET, BREODLD
BRRShTVwARG, BICLrEoREVI O, BMHEORESRETDH D, EHMFA L5 HAL
FTHISHRARIMEIET 525, BARBREEML T, SRIIEEET, &) LA->THET 5, C
OFEMEE & W) BB, MEOREICHRT S, EEMRLEMeoEoMICE, FE L TEE
BB L2k, B LCIENRENTFIET 2O TH D, Lo, ka2 Er
L7-Piseslid, SR T28L, BIERORVLOTHAUEENH S5, &L, KAWL, THI 7R
FoOREES O, B2 2%& L0, BEHOS 2EYEZRB LA, —2RTVvITxA70
—~VTHY, == b=V 2 ECEMICHEEL, REEERZIZE TV RVOT, compound X
EEMITFT WA, ZDcompound XX, HBEHOBEOREREZFD DL L LI, BHELOME
FHEEPHETLZZERWHLNCho/2DTH b, RIERCMETREL, BECENLINBETH S,
BELFEOBBOTTHEBICESIBEICERETAZLICE T, BEHORWE LW HuEH o F A
TEEIZ 2 B DT RD5 9 D%
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