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Functions of beta-carotene as antitumour agent, bioantixidant and some other
bioactive agents except for provitamin A have been clarified. However, the carotenoid
mechanisms of digestion, absorption and accumulation, information of which are essen-
tial for the administration of carotenoid as food or drugs, have yet not been known in
detail. In this experiment, we studied the behaviors of absorption and accumulation of
beta-carotene or spinach carotenoids in relation to retinol production, using rats. When
only beta-carotene was dosed, the absorption ratio was about 50%. This ratio was much
lower than that of beta carotene at a dosage of spinach carotenoid. The results indicate
that the beta carotene absorption is prevented by the xanthophylls taken at the time of
dosage.

Beta carotene is the most abundant carotenoid in liver, and neoxanthin is the second.
Lutein, the best absorbable carotenoid, was not detected in liver, but a small amount of
this carotenoid was in blood. These absorption and distribution of both carotenoids are
found only in the carotenoid non-accumulating animals. Just after the dosage of non
carotenoid diet, the retinol concentration showed imediately a transient increase in
blood, while it decreased in liver. These temporary variations of retinol concentration in
blood, however, revived to the ordinary level after a continuous carotenoid dosage. The
net increase of retinol in liver was 474 and 522 ug/rat by the 25 days administration of
beta-carotene and spinach carotenoid, respectively, while blood retinol levels were
almost constant. These facts indicate the presence of some control mechanisms of
regulating blood retinols level to be constant, even if a sufficient amount of retinol exists
in liver. From the above mentioned results, it is concluded that carotenoid administration
strongly affects the retinol metabolism in carotenoid nonaccumulating mammals.
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AL LTI A TEFES L. BEICIG U THSERER & 4 1) retinol &4 & 8H (RBP)
EREAL TP ICREBEINS.,

—F. guT /A FoEIENCEYASAZLOR0HE, I, Firaorvd /4 FL
NI RET R, b M3 uT A FEERT2ESVHAEYTH ), Lz
BXVR, 7H7, /JFXIHFVEE, ZHNLEFEEL T P74 NVEHEEHRT LD
CHLTH, F B PR uT yE2EWHTS. LrLE0RETEL VP2 ) S2w,
Blz (AT /4 FEBERAALNKL/2TSH 555, [-carotene NE&haT /4 FiC
T BRI FINEE’%, AFTIRB% % ->Twa, L2 haT /4 FIEERMRE
Wy LNFEN B REBG DIEIEMIE T ND 1D H B,

INLER~DAT /A FERMP LRI ODIN—7I2BlT 2007 /4 FEHENE
BOMEZEBEETREREOZLTCL) MEEBICBIT2 20T /4 FOBEEME2EHTIT
¥ERE, 2) B-carotene dioxygenase M7 2 7 > RUNXH > b 74 NI B iEH & HEHR
, RU3) FRBEGRLVEY RN AT ONDE. IALICET 2 HEYIS T (T
NDELEN, ZITRIy ML BE T /4 FORN EERNICERERLZ 0T/
A RRFVF /4 FEESTLTT Y bohnT /4 FEERSYWTHLEERICDVTET
DHREZE-DTHET 5.
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Sy bCRT Ty M Wister RAZTEEBY IR5EC3REELZ. ARIZES
7 /7 4 FIX (Blank control), BRiZ&x 7>V 7EIvT /A FK, CKIiZ B-carotene X
Tha, @R saT /4 FEIZIBXA20me/ke, CKXIZ S-carotene5.4mg/kgd L 72, #
DS % Table 112HRT,

Blank #% (A) 2208H#BE5EL20t, &88 (A, B, C) ZWIEIT1IHI8g¥
BOFEE RS L TS EHRBRET T 7. ABRETEMAE (08), 4EMES, RU25
ARSI ER iz zn2nl, 1, 3IEDT v b % o— 7 FEMENEEZ | CIm,
B, N, SRR IRELL COMTICEL 72, NS IR EY & —EIcERL 2.

HPLC 44 ; #0F /4 FRULF /4 FIZHPLC 12 & WV SIFEE L 72 S (1 ~ 5

Table 1 Composition of ingredient in basal diet
Ingredient Content

Starch 650 g Thiamine 6 mg

Cellulose 50 Riboflavine 6

Soy bean oil 50 Ryriodoxal 7

Choline 2 Nicotinic acid 30

Casein . 200 Panthotenic acid 16

Methionine 3 Folic acid 2

Mineral mix. 35 Biotine 0.2

Vitamin mix. 10*2 Cyanocobalamine 0.01

Total 1,000 D, L-Tocopherol 50
Calciferol 0.025
Menaquinone 0.05
Saccharose 9,900
Total*? 10g

*1  McCollum salt No. 185.
*2 Detail components are shown in the last column.
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Fig. t Typical HPLC patterns of spinach car-
otenoid and retinoid
A : Peak1,neoxanthin;2,violaxanthin;
3, anthera-xanthin; 4, lutein; 5, §g-
carotene.
B: Peak 1, retinol ; 2, retinal.

T >V 277 LAEIC Finepack SIL-3000 Cys
BT A ToE Lz, BHIZ95%
AF /=) (nitial) T DT FT4
I FEBTHY, 95% 25— LBk
#6510 min % T100%, 50 min 120 %2
hEHi L7 RER 1nl/min, UV
HIE&E4S0 nm THb, 7o b 77 L% Fig.
1AIZRTY, BELHITT /A FOITHIA
AR E E— 7 L OBFE 72w b
L, fERBICEFRRE Ko (R (1)),

AuT /4 F (@g)

:1/56()())(5)(1’1><f2 ............ (1)

BLSEY—7EHE LiIgnTAv2 1k
Lzt Engrsns /4 FOELE fiz&
ZaT /4 Fo Abs. max/Abs. 450TH 5,

Table 2 I LEEHFICBIT 2EELI 0T
/A kDL e LERT.

V¥ /4 Fo HPLC 454 - FEEIZH o T
A FEELTH S, 3 X250mmD AT >V
2 717 LI Capeellpack C,59G-120% 7%
WL TahZabk L, BHIEZTEM=
FOV 1 BEEERT =4 (81 2)
%20 min ¥ T100%, 30mic0% &L, 7
b=t Uni 4V 7Tas/—n(64)
2100% £ T37 77422 FERET- 7.
W31, 1ml/min, UV #HHEESOnm T
»3, sua=t7Zs% Fig. 1 BIZRT.
VF =N v FF— N DEEEERNT

Table 2 Calibration factor for HPLC analysis of leaf carotenoid

Carotenoid f1* f2**
fB-Carotene 1.12 1.00
Lutein 1.00 1.01
Antheraxanthin 1.07 1.13
Violaxanthin 1.09 1.33
Neoxanthin 0.96 1.23

. e 1% e 1% . '

E lem ©f each carotenoid/E lem of lutein.

** AbSmax/Abssse for each carotenoid.
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Table 3  Absorption of carotenoids by rat
(B group)
: Dose Feces Intestine Absorption
Carotenoid ug/rat ng/rat ug/rat %
B-Carotene 63.4 31.9 39.1 0
Lutein 138.3 26.5 14 79.8
Antheraxanthin 43.3 1.4 24.0 41.3
Violaxathin 96.1 11.8 25.5 61.2
Neoxanthin 11.7 12.3 15.6 =
Total 357.8 83.9 105.6 - 47.0
(C group)
B-Carotene 50.2 20.7 31 52.6
HPLC EAZ P — 7@ DBERAZ
FERIBgIZ KD T (2) RV (3) R%2H
7z,
Retinol (ng) = $/3125 - (2) 3 i
Retinal (ng) = $/2812 - (3) ot | en
{H L ERE I B — 7 EE — 1 + -carot.
D |72
R oz = £

Sy blckdFovrvoEIDFT/
4 FOBIY © AFRHIME (220 ng/10 g)
DERERO s 2T /A P EEA, FO
5 %30 ng (I B-carotene TH 5. Bfak
122009/10 g DRIV > Y IELTT
4 ¥F%#&A, 9 H55d% B-carotene T
»5. CEIRHIS449/10g P B-carotene
D& %= EFL,

#BEBERFEITT /A FDAPIT
Yz % Table 3 IR T, &5 T IRINER
BIEERA T /4 FED L ER~OHEH
BERUVBERNFEEZ RV BREOENE
23 51005 TH 5. BER 25 L
febaenaT /A4 FIREIIH0% T
»H5H, #NDHH [-carotene DIRILEE
IZFEEICIECIZEA Y TH S, L
L7%#s, B-carotene D& EHRE 72 C
Riz B CIERINEIS0% 282 T3
Z &b, 7w bk TlE B-carotene DK
¥ %* xanthophyll 12 & - T BHES L
TWw3E9IcRzb. Z0Z LB

Molar ellipticity ( (8) ) X 107¢ (deg-cm?

300 400 450
Wavelength (nm)

N\,
B

Fig. 2

10 20 30
Cholate conc.. (mM)

Effect of B-carotene on formation of
lutein aggregate dispersed in 10 mM phos-
phate buffer, pH 7.0 containing Na-
cholate.

Curve 1, 188 4M lutein ; 2, 1.63 M
lutein + 0.25 M gB-carotene ; 3, 0.52 uM
lutein + 0.6 xM B-carotene. Molar el-
lipticities at 376 nm were plotted from CD
spectra shown in th inset at upper side.
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BT % p-carotene BREBHEEFCKD
EFNELALRNTCENZ DL LHLLT
& 3. —F, xanthophyll EENIRINERZ
&< (Table 3, BK), Zhiciikiai
DHAVT /A FoaFREEDER O BB
LTwa3nEEZ NS, lutein KU
B-carotene % I — VEREE KA 8
EREERNETIUZBWT, #aF/
A FHFESERDFINZ~RT + VB UH
TEMESE AT P VDTN EEE E TN
% & lutein OGBS f-carotene D%
NERBELTBROTREWI L bD -
7z,

lutein 87 2 &1 B-carotene #
BAELTI-NVEBERIISHIEZLD
- OHTAESEAR7 PLERBEL T
—IVERIRFE & BV FIER (6) DRRAE (376

nm) $ DEFEE7u .y F L7z Fig 2.

ThHb, XT7—NukEELEAEED
FFEAKRE T 5 lutein l2xF L7,
1313E = L7 B-carotene N2 72IBAFR
T X TNVESKIZIT LA SRS NE
W, ZDZ XiF B-carotene AT lutein 7
KEHEAREREHET 52 & 2EK
L, B-carotene H &4 2 — VEBIEIZ 4 BK
LIz wZ &R TWS, NErhER
HicBlT 2, cnbhuT /A FogTF
EAK, ) Te—XidE/ v—DEE
I REATH 5%, SEDERERY» LI
lutein 7Zc ¥ KIGHES FESERETHRT 2
xanthophyll FEAEREICIRE I NS 72
&Iz B-carotene DIRNAREE (1IBIT
BN EEL B,

FFembhar /4 FRULF/AF
LRIVOREEBNEL | REEF LRI
EEE (A&7 v 7, CE2) #5172
S MFIZIE B-carotene H%0.6ux3/ g
HIfEnsae T /4 FiIZEA LD
FloMHEIZIE AT /4 FidsH
TELh oz, ZOREDT» MZASE
B (EroT /4 F) 28575208
Bz B-carotene LUl A

-7z,

Frox T L7 (Fig. 3 9 test breed-

Fig.
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Effect of carotenoid dosage on carotenoid
level in rat liver and blood.

Curve 1, B-carotene ; 2, 8-carotene in B
group liver ; 3, g-carotene in C group liver
; 4, lutein in B group blood ; 5, lutein in C
group liver.
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.4 Effect of carotenoid dosage on retinol

level in rat liver and blood.
Cure 1, blood (A, B, C); 2, A liver ; 3, B
liver ; 4, C liver.
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ing time zero). MW TEER LHBET 2 LFD S-carotene V~ULIIKIEL T< %5, B#
B 5 DIEAIZ B-carotene NDAHITIRIFZE|Z/NE Vv (Table 3) #F~DEHEHEEIICH
BrEZSEawlizkEay, Lo L lutein L-ULIZEWT FTH 5, mHicid B-carotene 13
B TET, lutein 2*BREBRKIZENT 0.0619/ 9 LIEANMEZRL DA TH -7z, FEY
s rad /4 FERBNA AT /4 F& (Table 3) ¢ HELTHINICLD%
vy, ZHUZTRINE 72 B-carotene 7 & UNT lutein 2% & ¥ 3 xanthophyll % 5 % 32
YARBULVF /A FANEBRENTWLILERTLNTH S, #uT /A FIEEHBWIC
BWTizZ o Lk 5z xanthophyll & TL/NBHEETERZEBIZIT LI EHTHY, =
DRI - RBOBEDMZ2ERL T 22 0REVSBRUETH 5.

Skiz, AuF /4 F#&EIC L A& MH o) retinol L 0RREERIELE Fig. 4 1ITRT.
THARERRL 2 5 | 72384 ) retinol KIEIZFFIC B W TH20009/ g, MAEIZBWT0.33/2 T
Hoteht, TNICAERZE5Z 2 UHEBICFICBWTESPICETL, IRICBWT LR

(9.219/g) L7z, ABRZHRELKIT S LD retinol K#EZEEL, MMNENIZTO
Bvok#EICESZ, ZUZ4ELEB, CHABEZHEL 2BE&IELnEHERLL. T2
B BAuT /A FREZOERCFED retinol AEICIHFEICKRELEERZ RITL T
5, Thbb, 20T /4 FOMREI—BINCHEN S EFLUADHEBA~ED retinol #§F
PLERBICHETAINERLEL L L) THY, ZNzHILF retinol @ _LF & B retinol
ETHrE-2LDEEZ LNE, —f&ICILT retinol BEIZFICEHER retinol »"FET 3
AT EEYZE5E (30~50g/100ml) TH B EENT W3R, LirL, 787 ./4 FREE
BENEAICIFALPrOEBAICL - TT v MIMEBICEHBT % retinol 2 ZEICHERT 54
B E L THA ST retinol 2T 23DEEZ BT LH°TE B,

AOF/ A4 FOLBERUWCL 2HDEB~OERDOERE . xvL>VoEIT /4 F(B
R #2HMBELLEE MM, , B, BHEICBIT2E&40T /4 FOEREMEZ
BROEaT /4 FE,PLARNDERZZLIWAMEEL L TRLE (Table 4),

BERHESEIMABOBIERE CRLTW T W) L25HBDELZHERL TZLAEELL VT,
INLOMBEMTFOR ST T 4 FRIZIZITESREICH B L2 T L\, S-carotene ?
AT ORI E I A A (Table 3), EREMOZCIIFICEET 22 E050bh 5,

lutein (ZIRUX S 11721104970 9 HILHIZ0.8Iug A FAET 5 DA THANER D 2% <, IRUY lutein
DREGDVF /A FENDBEREZIT 23N EEZ LN 55, ZORIN - RBOFEMIIAR
BICH 5. lutein % & xanthophyll D/NERHEIZEWTEZ I Y A28V F /4 FAD
EHRVBHETHL T SN T 2727, HIAEWIC BT 2HFRILWEIC DOV E ) TH B,
lutein DBRFERIIMDO L T /4 FLEELCEFICSL, ot RNENRT VD
aF /4 FERZ D,

Table 4 Net carotenoids transported or accumulated into blood, liver, intestine and ovary
of rat administerd with leaf carotenoid for 25 days

Carotenoid Net Carotenoid Increase (ug/rat) Dosage Feces
Blood* Liver Intestine Ovary ug/rat/day pg/rat/day
B-Carotene 0.05 47 39.1 0.02 68.2 32.0
Lutein 0.89 trace 1.4 — 138.5 26.5
Antheraxanthin — — 24.0 — 43.1 0.47
Violaxanthin 0.23 — 255 — 95.9 3.9
Neoxanthin 0.34 1.5 15.5 0.01 11.7 4.0

* Total blood volume was calculated as 1/13 of body weight.
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Riz, B-carotene »A& (CKX) %25H MRS L 23FA&n M, i, B, JRICBIT2ER
ERBE * BRNBE& LERICKD T (Table 5). B-carotene Bt 5 Nz 3 IRINERZ
Bl A (Table 3) %, FICIRBXXITIZE LB B-carotene IEBRRERES S ), I
BUSIEROERE L BX 2 FLL Tv %, B-carotene DAPITHILEL26.549/rat/day &
BEWiz b s TREREBIZBIT AFA? B-carotene FEHEEMMENRYL VY H T
/A FBREDFELIEDLTWEZ Lid, MBHRBEIZBIT2BENV T /A FEREOLZH &
EZ LA,

AT /A4 FREED retinol DEREN | BEREUCERN RS2 E0MHE,
B, BB~ retinol DIEREREEZ 40T /4 FOBALELCAREDEL LTk
72 (Table 6). Af¥ #2585 L7z & & DFF retinol B1332549/ % TH Y, BRI
CHR %2 #%5 L 723549 retinol NIERBMEIZ ZNFNE2 2 4T49 572, DT &
FRDEDICEZ B TEL, CEEHREICLY) B-carotene 5049 %25 HBHERL 72 &
T3 L, 474499 retinol DIFBRERIZ 1 B FEB#5209 7 retinol NDEEICHL T L. Zn 20
“g retinol 13 1 HRE? B-carotene WRINE304g (Table 3) D60%ICHHL L, EAICHBIT S
retinol WE % EZ2 5L 7 v MTBWTRHRE B-carotene DKRESTT retinol I FHB I LT
BLICHFRICEHEEND Z 2% 5, REBITB W T retinal 3B TE Leh - 72,

—7%, BfERES5NHEA, B-carotene DIRNEI S TAH v (Frug/rat/day & H#E%E)

2y b b §5200 retmol H25HRHCERE L 2. T DA, retinol ZH:IC lutein %13
Lé?‘)/rﬁ_l,@ xanthophyll EHEFES L TW a2 E I P RBAEABTH 52, luteinh b7 3
A BTERTA2ZERUFIPLHLNTENS, SBOREAFETHSE. L LLrb, #
u7 /A4 FIEEMEIIC B> T xanthophyll 2VNEASEIC B v Tl » ICBERNE R 221
5T EIEHHL»EL ST, BIET v MicB W T Y xanthophyll 82~ 5 retinol 2T 2 2

Table 5 Net corotenoids transporoed or accumlated into blood, liver, intestine and ovary
of rat administered g- carotene for 25 days

Carotenoid Net carotenoid Increase (ug/rat) Dosage Feces
Blood* Liver Intestine Ovary ug/rat/day pg/rat/day
[-Carotene 0.04 3.9 3.1 0.03 50.0 20.5
Lutein - 0.03 — — 0.32 0.17
Antheraxanthin — 0.10 - — - -
Violaxanthin — 0.03 0.03 — - -
Neoxanthin - —0.11 0.16 ~ 0.01 — -~

* Total blood volume was calculated as 1/13 of body weight.

Table 6 Net retinol transported or accumulated into blood, liver, intestine and
ovary of rat administered with g-carotene and leaf carotenoid

Net Retinol Increase (ug/rat)* Retinol (ugg/rat)
B-Carotene Leaf Carotenoid Blank Control
(C diet) (B diet) (A diet)
Blood - 0.36 0 13
Liver 473.9 522.4 325.2
Intestine 1.2 3.4 ND**
Ovary —~0.96 0.2 —

* Differences between test groups (B & C diet) and carotenoid blank control (A diet).
**ND, not detected.
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EATRENTENY, BLICHL VI L hrNUERRr LN 7o s IV AIRETAE S
CVENEFHIEEYWDHLNILNEEZ LN D,
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EERRICESC&EEND 22T /4 Fo9 b, f-carotene B X372 S 3 > ARLL
My, B EME L EHFEREINTW S, 20T /4 Fojft - IRIUERER U
ARSI BT 2 EBEHM RIS, haT 24 FIEEREM L THINDG T FizowT
B-carotene IR ER U ERTL > VYT HuT /A4 FERREL, #FNFRICBT & 0T
A4 FORINES) & RN A v F /4 FRER retinol OENFELEREE % 5872, §-carotene
IZBEMRICRET 5 X H50%DIRIER & 7 5 5%, xanthophyll XFT Tl %o TIKTT 5.
Z N3 B-carotene NIRIL % xanthophyll ZIFE L T\» 3 Z & #7777, B-carotene I FFEIC
b o kb EL{EBEEEN neoxanthin B2 NERATWE, B - b % CIRILE N7 lutein X
FFRRICIZIZE A CBEBEINT, MBEFIRALEFEL TR, 2L ) R@EAIT /A4 FoE
BiazuT /4 FIEEREMCEEN LD LEZ LN, AuT /4 FEEEhwiEs
#5753 & —FEUIC retinol DMPBRERERL, FEERKT T2 297 ./4 Fz#%
595 SEEWNMEP retinol BEICESLHICRES, S-carotene RUKTL >V 7huT /A4
k%2250 5 L7z & &5 retinol DIEBREMEIZ ZNFNAT 449 X 522497TH BH L F D retinol
LAULIIZ E A EEILL T, 2O Z X IEFIZFHSED retinol 25F7EL TE LM
retinol LU IRIT—REIC RN HEERE DS 2 2 L 2 RL TV 5,
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