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Hypocholesterolemic effects of green juice from young barley leaves were investigated
on hyperchoiesterolemia in rats fed on a high cholesterol diet (HCD). The n-hexane
extract from a water insolubie fraction of green juice showed hypocholesterolemic activity.
At least two substances responsible for the hypocholesterolemic effects were isolated from
the n-hexane extract and purified by silica gel chromatography. One of them was S-sito-
sterol, and the other n-hexacosyl alcohol which was a saturated higher alcohol having a
molecular weight of 382. In the rats fed on HCD added with n-hexacosyl alcohol at a
concentration of 1%, the plasma cholesterol level was hardly lowered on day 3 but
markedly on day 9. In a similar experiment, p-sitosterol markedly lowered the plasma
cholesterol level of rats on both day 3 and day 9. Through these experiments, we found
that barley leaves contained hypocholesterolemic substances, and that two compounds such
as p-sitosterol and n-hexacosyl alcohol were responsible for the hypocholesterolemic acti-
vity.

Keywords——barley leaf; green juice; hypocholesterolemic effect; n-hexacosyl al-
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1. 3B, EMRUORE 3% (Hordium vulgare L. var. nudum HOOK) %, KBEELEETHREL, B
S 15—25 cm DIEEE AN HUD e L, G AR\ e H I R B TR L b © (GM-SD) % R
¥} & LT Chart 1 R3S HETHE L. LU OBBEHEHE 1kg ZKCE» L, 10000xg T 20 rfEE L
L, P %t CHREEHME L, n-hexane ThiH L7c. RIS % GM-R & L, T4 % fafE L C sample [ %
87-. Sample 1 1%, ¥V A »rArDH 7 ABLCsample I & L, BTV B rvhs AFBLTIV-VIL ©
43 U7z, Sample IV 5 b ufio> X 51 hexacosyl alcohol %#787-. Sample V %, 3o B-sitosterol 7> B7g %03
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GM-SD (1kg)

—suspended in 101 of water, and
centrifuged at 10000x ¢ for 20 min
[

supernatant precipitate
—Ilyophilized
GM!-Ppt (450 g)

‘!——extracted with n-hexane for 30 min
| l

residue hexane extract
GM-R

—concentrated

sample I (10 g)

silica gel column chromatography
column size: 5x100cm
silica gel: 720 g

solvent: benzene—et)hyl acetate
“4:1

| l I [ L

fraction
1 I2 :[’, tll 5 6 7
|

| |
sample 11 sample III (6.3 g)
(3.68)

silica gel column chromatography
I as noted above for sample 1

| | l
sample IV sample V sample VI

(2.8g) (2.4g) (1.1g)

sample VII (1.2 g)
(crystal 1 or hexacosy! alcohol)

Chart 1

hexacosyl alcohol 7z &% & A T\ %. Sample VI (%, A8 B-sitosterol & 7RI DHEEH b 7s 5. KEHEHH
LAE S RICAMBROEREA ) —~ 7B L GROEET 5, I = VAT = — L iiEsTE (HCD) i
1% OBECHEML CHE L.

MRIEUL, =25 VEE CEHS), ¥ 1 A5 =~ (FFFHE), p-sitosterol (£ 1 7 ) BRI,

VAT e -8B (BRE), L Axse-15 (B¥R), HDL-2 v AT o — LB (~S) v e v vy
FHETBIE), 8-V REAR (N0 V- Loy AWBHEHE), V7)Y 251 K5 (GPO-p-7 A7 . s
—VFEEEE) L, BIRBAM S b (FDEMEEER) 2B CRIE L.

2. FARUHEEY H=1v 27 e - (HCD) fkHE, KIEH0HEY #5%1c LT Table I b7
BCHE L. By¥d, Wistar Rt s » + (HA 2 v7) 4 BREBAL, BEHAT K CB2 (B4 7 v 78
TLEMMAE L, 4E 100g §io s orEBIc Uiz, s0kH3, Table II 1k 73#kD> GM-SD + GM-Ppt,
sample I, GM-R RO = =5 vz, WFhb+ ) —7WMcHBBLC1IE1E6 A5 » P Ofs L. =
DL F, control FTIL, 4V — FDOALEAEE Uiz, MOERTOBREIL, +~T HCD fEHE I LB
BR&ei.

3. mFPRUFALATO—LRAE  miERE R HCD fEAEHAENE, 3HE, 6 HE, SRHK
BELI. 7 bE 16 FFHRA (KIZEBCKERL) 2, EBFRETEECEEL, &7 59 DF B - T
WEIR L D 0.6 ml FOBf U7, muyerd, BEESELARE (3000 rpm, 15 min,) %47 - T ik 45 L, i
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BleBAMNE L. FzLvATFe—ix, HKR6H Table I. Composition of High Cholesterol Diet
B L, 2o 1lg 2 LT 20 HED= ) .
%) =A% RECF AR LD, Abell® Components Te(n?sgl;o S M‘(’S/fed
DHECHEL TR 2 VAT v — bEEIIE L.

4. EMEHMHEB  ICR Rk~ v A (A7 Cholesterol 2 !
L7), K 25—30 g B0 b DR AT BEHE, Chollc acid 0 >
iu~7@m%@bfﬁmﬁgb,ﬁgﬁ7?%ﬁ Sucrose 49 50
B EE R CE2 (BA 7 v 7 8), K% H BIcEN Hydrogenated fat 12 10
TR CHBEHELL. Cellulose 4 5

5. SEMEE AEEKRER, Student D t- Vitamins, Minerals 4 4
BB X D FT o fo. Dried fish powder 3 4

& 7

1. E:ll/xiﬂ—lbﬁ*‘:l'@ﬁﬁ 1000 |-

RIE b OFH I & 0 FA% L7 HCD ffa T =
5., L RABTAE, MFR= VAT e~ HHIIE E 8001 it
fED 3fEU I R Lt 7y OFERNS =
mElsh, THE, SELOERAED bhi. Ch 2 ool
RISy b BY, REDOR b0 &R R £
T B D RERICEN D B L BbhicnT, RO = 400}

@k Table 1GR3 & 5 B LT 7o. 8E 2

L7 HCD #8C7 » P 2RBT5 & THL, LED E 200}

SR AE T L7, Fig 1 @md &5 emiho 3

oL AaTe—AfEXZ3AHTHA/MS, 6HET ob— , \ ‘
#W10 i CRA IR, 0 3 6 9

2y — =y ik, =0 HCD k% T Duration of treatment (d)

2 LTe. Fig. 1. Change in Serum Total Cholesterol

Levels of Rats Fed on a High Cholesterol

‘ L Diet

fEROR TN —=Y —(O—, a high cholesterol diet shown by “modified”
Chart 1 T T L GM-SD O KF]H in Table I; —@—, a normal diet (CE-2, see text).

kA3 & ARES RSB D\ CHLUIR A (F A & 3 e

G OKOREHEATEICE DEMENERD bhvie., % TARTNEEAE Y REERET L VR, T
SHHIL, SR sample I & U, Zogia GM-R & Lic. ThZho@Eak+ ) — 7ilcE LTl
1086 AR RHEY Lic. MBI, =25 vBeRvt.

gEmy Table II (R$ & 5 sample I THBH~F v E S iR 2 VAT r — MERET
X BEEFED BT,

# - HCD fi%hc sample I % 1%, 0.5%, 0.25% ¥imL, Ry A A7 v —AZHOTHNTARDS L,
U%%MTméﬁﬁ,9ﬁﬁfﬁﬁﬁﬁ%kﬁbt.&%%%MT@9HEKV4X?u~w5@%Kﬁ%K:
VAT e — ETIEA%ZR LI (Table HI).

= o sample I % Chart 1 i©/RT Lo, Hiev ) arvre< b 757 4 —ICXOHHEL, sample II, 111 &
Lfﬁ&é&(ﬁwm“ﬁ%®m¢%3VX?ﬂ“WﬁTﬁ%ﬁ,mmWﬂHK%@Bht@f,mmmﬂH%E
i« sample IV, V, VI {48 U CHISMEEA O A 7 ) — = v 7 %{T - 1 (Table V). ZDfER, sample VI 123
LA B AR X e o 7o, Sample IV X, 3HETREEAL 2 VAT r —HETEREZRScV2, 6 HR
i LA S E TR L. Sample Vi, 3HH, 6 AH& bFERMBIRZRLL.

%mWﬂVﬂB%ﬁ®ﬁ%T%%I%$%Lt.:@%@%smmeH&Lfﬁﬁmﬁ@m%%&ég,3
HE, 6 BETHMHER =2 LvAT r— A ETFERERS ok, IHB CRAERRGRERLI.
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TasLe II.  Effect of Young Barley Leaves Fractions on Serum Total Cholesterol
Levels of Rats Fed on a Cholesterol Diet

Serum total cholesterol (mg/dl)} (Inhibition %)®

Dose LDso
Treatment (g/kg) Day 6 (g/kg)
Control 528.2+62.6
GM-SD 5 493.14+66.0 ( 6.6) >10
GM-Ppt 5 450.2+44.6 (14.8) >10
Sample 1 1 407.8+33.2 (22.8)® > 8
GM-R 1 454,7+43.9 (13.9) >10
Nicotinic acid 0.5 330.1+67.1 (37.5)»

a) Each value represents the mean+S.E. of 6 rats. b) p<(0.05, significantly different from the control group.

TaBLE III.  Effect of Young Barley Leaves Fractions on Serum Total Cholesterol
Levels of Rats Fed on a Cholesterol Diet

Serum total cholesterol (mg/dl) (Inhibition %)®

Treatment Dose?
Day 6 Day 9
Control 613.0+ 26.5 683.9+37.9
Sample I 1% 510.2+ 37.3 ( 16.8)? 472.3+26.2 (30.9)®
0.5% 564.8+ 33.8 ( 7.9) 506.5+34.6 (25.9)®
0.25% 667.2+101.8 (—8.8) 609.9+82.7 (10.7)
Soysterol 1% 553.6+ 28.1 ( 9.7) 524.3451.1 (23.3)°
a) Each value represents the mean+S.E. of 6 rats. b) Control rats were fed on a high cholesterol diet and other groups of rats
on the high cholesterol diet added sample I or soysterol in the concentrations indicated in the table. ¢) p<<0.05 and d) p<0.005,

significantly different from the control group.

TABLE IV. Effect of Young Barley Leaves Fractions on Serum Total Cholesterol
Levels of Rats Fed on a Cholestero! Diet

Serum total cholesterol (mg/dl) (Inhibition %)®

Treatment

Day 6 Day 9
Control 250.0+13.2 693.3+61.0
Sample 1 176.4+13.1 (29.6)° 438.0+45.1 (36.8)°
Sample 1I 198.0+24.8 (20.8) 502.0+61.8 (27.6)
Sample IIT 142.0+£29.4 (42.8)® 478.0+56.7 (31.0)®
B-Sitosterol 179.0+23.5 (28.0) 346.0+70.0 (50.1)°

Control rats were fed on a high cholesterol diet and other groups of rats on the high cholesterol diet added sample I—III or s-

sitosterol at a concentration of 1. a) Each value represents the mean=+S,E. of 6 rats. b) p<0.05 and ¢) p<0.005, significantly
different from the control group.

I 1g 4o ofe= v 27w~ fli, #4147 5hi sample VII & sample V 235> f-sitosterol & [7]
R, BRRMAF = VAT v — W E TR %R L (Table VI).

3. REEFEFTHhOIL XFO—ILMAENHIKSS OEERT

Sample IV %> VA om< b 757 4 — (Zrakin NvEy  FE=F1=7:2:1) Tk bl
L, BEfg =70 X b B L (RS 78°C o Ea@ i ko 1 287,

ERDOOPVHFERIIUTDOZEL ThH-7. IR pRudel cm~1: 3220 (OH). 'H-NMR (CDCls) 6: 1.15—1.46 (5H,
m), 3.72 (2H, t, J=7Hz). MS m/z: 382 (M*, weak), 364 (M* —H:0), 336 (M* —H,0—C:H,). Anal. Calcd
CaeH540; C, 81.60; H, 14.22. Found: C, 81.62: H, 14.53. =1 X b k&5 113, CH3(CH,)2s-CH,OH T% % n-
hexacosy! alcohol (Ceryl alcohol) TH % = & AVHIBH L7z,
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TaBLe V. Effect of Young Barley Leaves Fractions on Serum Total Cholesterol

Levels of Rats Fed on a Cholesterol Diet

Serum total cholesterol (mg/dl) (Inhibition %)®

Treatment
Day 0 Day 3 Day 6 Day 9
Control 116.2+ 4.5 587.3+21.3 1184.6-+95.8
Sample III 106.2+ 7.1 446.0+£53.8 ( 24.1) 776.4+48.9 (34.5)°
Sample IV 109.8+ 6.1 577.9+29.4 ( 1.6) 883.9+33.7 (25.4)¥
Sample V 99.7+11.5 434.7-:34.9 ( 26.0)? 825.7+95.9 (30.3)?
Sample VI 126.9+11.1 567.8+40.3 ( 3.3) 1051.0£81.7 (11.3)
B-Sitosterol 119.9+12.8  329.0+19.8 ( 44.0)¢ 657.8+41.9 (44.5)°
Control 62.9+ 8.3 656.6+19.2 731.2+16.4 1006.8+79.6
Sample III 66.2+ 5.2 551.4+40.3 ( 15.9) 618.8431.7 (15.4)» 739.7+68.4 (26.5)?
Sample VII 63.5+13.2 664.6+10.3 (—1.4) 695.3+24.8 ( 4.9) 796.1+35.5 (20.9)?
B-Sitosterol 70.3+19.0 563.4+16.1 ( 14.1) 602.0£32.6 (17.7)° 748.6+50.0 (25.6)¥

Control rats were fed on a high cholesterol diet and other groups of rats on the high cholesterol diet added sample III—VII or
p-sitosterol at a concentration of 1%. a) Each value represents the mean+4S.E. of 6 rats. b) p<0.05 and ¢) p<0.005, signi-
ficantly different from the control group.

TaBLE VI. Effect of Young Barley Leaves Fractions on Liver Total Cholesterol

Levels of Rats Fed on a Cholesterol Diet for 6 d

Liver wet /Body Total liver cholesterol

Liver wet weight

Treatment (g) weight / weight
(%) mg mg/g

Control 7.5+0. 4% 5.3%0.3 180+ 8.5 24.2+0.4
Sample 1 7.8+0.4 5.440.2 179+ 6.8 23.2£0.5
Sample II 6.9+0.3 5.1+0.3 166+ 5.7 24.1=0.5
Sample IIT 7.24+0.2 5.4+0.2 167+ 6.7 23.3%x0.5
Sample VII 8.1+0.3 5.9+0.2 183+ 7.7 22.740.3?
B-Sitosterol 7.5%0.2 5.3+0.1 165+ 5.8 21.9+0.49
Control 7.7%0.2 5.5+0.1 161+ 3.3 21.1£0.1
Sample IV 7.7£0.3 5.7+0.3 169+ 5.2 21.94+0.3
Sample V 7.1+0.3 5.4+0.3 133+ 7.8 18.7=+0.5%
Sample VI 7.0+0.4 5.1£0.3 169+10.4 24.3+0.4
B-Sitosterol 7.2+0.4 5.0+0.3 138+ 3.1 19.3+0.49

Control rats were fed on a high cholesterol diet and other groups of rats on the high cholesterol diet added sample I—VII or
B-sitosterol at a concentration of 1%;. a) Each value represents the mean+S.E. of 6 rats fed a high cholesterol diet. b) p<0.05
and ¢) p<0.005, significantly different from the control group.

Sample Vi3, vV »rire<t 757 4 —EOHHLT, 200G % B, 20 123 LR EAUHE

BT THhote. M IEEE = L CTAE S L, BiA 137—139°C oEasPRoMRE BT, - ofdi, o TE
M4, ) — << v RISBECHEB 7 e~ + 75 7 4 — L b g-sitosterol & [F U Rf xR L, BRI GrFHRIX
(IR), 'H BiRt& L1 ((H-NMR, mass) OF5E S 2 v 7 thlo g-sitosterol & HHifEni—FK L, p-sitosterol TH
ok EHR L.

4 2 ¥ F K
GM-SD, GM-Ppt, GM-R i 10 g/kg Dk n#5. ¢, *7: sample I 1% 8 g/kg O N5 TH L OBMZIR D

TR & feds - ez (Table II).

£ =
AP TEE LAV HCD ki, Wistar £7 o F CTTHiR Ex bz VAT = — A ExIEH
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WRERENIC EA S/, 2L, HCD Sk H BREROCHIME 2 VAT v — A {HOZEE)L Table I-V o
control IZ/RT L3 ICire h kEHfER R LI, 2 VAT e — LETHD BIBE L LT gsitosterol & v 1 A5

B EHWIC, VAAT e, RERBEEAL LT, bRAETRERAHE LTHERIR TV DRE
RIEL UCGHAT.

REEZEOFIT OKTEEIENL, B2V ATr— AR TRHBLES » POMBER2 VAT r — AERXET
SELIEMEBT L ENHB L. COKREESEO~F+ v ABETH D sample 1 13, ¥ 1 AT r—
W EHANTH 2 ERGIFR 2 VAT v — L EETIER %% L, LDs b0 #45 T 8g/kg LLETH -7 (Table
11, 111). .

Z @ sample I 1%, Table I—IV IZ/R$ L5102 VAT v — LETIERALSBEGD, CONEY Y A5 Lse
LI E ol BRI L, TR 382 oEAsilE 7 L 2 — L0 n-hexacosyl alcohol (Ceryl al-
cohol) & JEBRIREM 7 v =2 — A TH B B-sitosterol @ 2 DDFELMBEE I, chbDOWEDIERAIMBE LT
HhichobEZ2 bha. FlxiE, sample I 10 g F1icik, hexacosyl alcohol 3 1.2 g, 8-sitosterol 1%, # 1g &
Fh T3, Sample III % [[#Eic B-sitosterol & hexacosyl alcohol OFfE DIERANE N B2 L AT
r— LR FER %R Uiz, Sample IV &, Z i X b4 L7 sample VII (hexacosy! alcohol) ® 2 LA F = — 1
ETFIER R ~% & sample IV 1385 3 HE T, BRI, 6 AECIIEE R EXRL, sample
VII 3R aBR THR A EA% R Ui, /- sample VIIiZ, ffz v 257 e —AfHL#S 6 HH CAERET X
7z (Table V, VI).

Hexacosyl alcohol 1, ZE# 51D TC, AW T2 VAT v —METERYET S E2FB LA, B-si-
tosterol & N2 LIIFRIG O N E BT 50 EFAOHK Rk, S-sitosterol L h B #3155 (Table V). Hex-
acosyl alcohol 1%, fiiH/EER 7 L2 — A TH B E0b BT, 20X 5 elERANED bivic DT Tk
B VART m— o, Bsitosterol O 2 VAT m — WEFEAIL, & LTEERLD VAT e — LR
BEEFE =2 v AT » — L OAHEEA~D RIS X % L#E5 Sh T 5. n-Hexacosyl alcohol D {F R 12
RETH D0, (ERRBED 5% 2 T, p-sitosterol S i34 LR L ERISELY BT LTMESEL S S.

REFEED FIcix, @Ak fAEED, ZREBINESR, FEEHERTY 0BE T IhTW 50,
SEFECKRELEEDFNFO~F v HECE 2 VAT e — LEARTHE LS » POMAFER2 VAT v — fE
ZET X MBOHELXRD, Zohh LES Th 5 n-hexacosyl alcohol & -sitosterol o 2 ffi % BB L
7c. 4%, n-hexacosyl alcohol DHifEMFEIERE DEERF 2B S Lt EE 2 T b,

51 B x #
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