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Anti-inflammatory Constituents, Aloesin and Aloemannan in Aloe Species
and Effects of Tanshinon VI in Salvia miltiorrhiza on Heart
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Cinnamoyl, p-coumaroyl, feruloyl, caffeoyl aloesin, and related compounds were isolated from Aloe species. The
antiinflammatory and antioxidative activities of these compounds were examined based on the structure-activity
relationship. It was suggested that the bioactivities may link to acyl ester groups in aloesin, together with those of aloe-
sin-related compounds. However, investigations using the contact hypersensitivity response indicated a preventive effect
of aloesin on the UV-B-induced immune suppression. Furthermore, aloesin inhibited tyrosine hydroxylase and di-
hydroxyphenylalanine (DOPA) oxidase activities of tyrosinase from normal human melanocyte cell lysates. These
results show that aloesin prevents not only UV-B-induced immune suppression, but also could be a positive pigment-
altering agent for cosmetic application. In preclinical study, aloe extract was investigated using phagocytosis and nitrob-
lue tetrazolium chloride (NBT) reduction in adult bronchial asthma, and high molecular-weight materials, such as poly-
saccharide and glycoprotein fractions, were identified as active ingredients. The neutral polysaccharides, aloemannan
and acemannan showed antitumor, antiinflammatory and immunosuppressive activities, and glycoprotein fractions with
bradykinindegrading and cell proliferation-stimulating activities were identified from the nondialysate fraction of the gel
part of Aloe species. Verectin fractionated from Aloe vera gel was examined biochemically and immunochemically, and
verectin antibody was used in the appraisal of commercial A/oe vera gel products. It was reported that aloesin stimulates
the proliferation of cultured human hepatoma SK-Hep 1 cells. Thus aloesin, related compounds, and high molecular-
weight materials, such as aloemannan and verectin, may act in concert to exert therapeutic properties for wounds, burns
and inflammation. The biodisposition of fluoresceinylisothiocyanate (FITC)—labeled aloemannan (FITC-AM) with
the homogenate from some organs in mice was demonstrated, and FITC-AM was metabolized to a smaller molecule
(MW 3000) by the large intestinal microflora in feces. The modified aloe polysaccharide (MW: 80000) with cellulase un-
der restricted conditions, immunologically stimulated the recovery of UV-B-induced tissue in jury. Thus the modified
polysaccharides of aloemannan, together with acemannan (MW: about 600000) , are expected to participate in biologi-
cal activity following oral administration. The effects of tanshinone VI, a diterpenoid isolated from Salvia miltiorrhiza,
on the heart are reviewed. First, the effects on the posthypoxic recovery of contractile function of perfused rat hearts
were examined. Hypoxia/reoxygenation induced a release of purine nucleosides and bases (ATP metabolites) and
resulted in little recovery of contractile force of reoxygenated hearts. Pretreatment of the perfused heart with 42 nMm tan-
shinone VI under hypoxic conditions attenuated the release of ATP metabolites during hypoxia/reoxygenation. Treat-
ment with tanshinone VI enhanced the posthypoxic recovery of myocardial contractility. These results show that tanshi-
none VI may protect the heart against hypoxia/reoxygenation injury and improve the posthypoxic cardiac function. Se-
cond, the effects of tanshinone VI on in vitro myocardial remodeling were examined. Cardiomyocytes and cardiac
fibroblasts were isolated from neonatal rat hearts, and simultaneously prepared insulin-like growth factor-1 (IGF-1) in-
duced the hypertrophy of cardiomyocytes. IGF-1 increased the collagen synthesis of cardiac fibroblasts, that is, in vitro
fibrosis. The hypertrophy of cardiomyocytes was attenuated in the presence of tanshinone VI in the culture medium. The
fibrosis of cardiac fibroblasts was decreased by treatment with tanshinone VI. When tanshinone VI was added to cardiac
fibroblast-conditioned medium, the medium-mediated hypertrophy of cardiomyocytes was also attenuated. These

OB R AFERE IR AR SR R (T729-0292 & ILTT#EN] 985), O SRl RopsRag iy — S0 2 = (T192-0392 /\
ETHIRDON 1432-1)
e-mail: yagi @ fupharm.fukuyama-u.ac.jp

FAKTUITL 14 FEREICH LD, ERTOREEZPOLCRESNZEDTHS.



518

Vol. 123 (2003)

results show that tanshinone VI may attenuate in vitro cardiac remodeling. The series of studies has shown that tanshi-
none VI protects the myocardium against hypoxia/reoxygenation injury and attenuates progression of in vitro my-
ocardial remodeling, suggesting that tanshinone VI is a possible agent for the treatment of cardiac disease with contrac-

tile failure.

Key words——aloesin; antiinflammation; aloemannan; verectin; cell proliferation-stimulating activity; hypoxia/reoxy-

genation injury; myocardial remodeling; tanshinone VI
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1. BEaFEH, 70l LZ0OMELEY
[Z2oWT

7 OLY > OREEMITIE Y O @YW S FANE
MERTEAMRY O >0 NzkICHE
L., 7040 ICRETH8EMWETOTL >
(aloeresin) DOREEIL, 7OA1 s HEINZN
JVNTOA > OREEDYGIRE & U TIEH RO C—RlhE K
THDZENHBL I EITHWT, C—hlBE AR
EEFODIZOEAMEMTH D ERESI N, FAE
HBRIFFYFTOLOHBENSTYOLL > OHED
C, fi71Z p-coumaroyl & feruloyl 22D T X 5 )1
MZEHEEL, TATIVESMERELR. Y
FHYFT7OLELFANERCEANREZRT Z
EEE <ML NTWT, BHES v T —2FEH
ORI E L THWSN, FOELDZERMIN
oA EInNTWeE RREBIFIATZ> (Eu-
melanin ¥ Pheo-melanin) 23 F O >Mn6F 0O
F—FIiZkD, DOPA ZRTEEAT /¥ KT
RSN 2@EETyOIY > & OEELEYD,

NbnNoA > ERBRF O F—EiEkERET S Z
EERWHLZ.Y TOIXRTEIZDWTHREKMD
e Z2frvy, YOI > D7 x /) —)VENAFIV
N, ¥ED C, L)Y p-coumaroyl 2 TIT XA F)LL X
nmno, QISHOD AV R )V FENEIC S 117z isoaloe-
resin D (S—ELfL % Co fZICFFD) ZHEEL, —m
@ isoaloeresin D BEL &M D F O ¥ F —FRHERE
PEEmEt L7z (Figs. 1,2).6°9

Lee K. 5137 O IXRTENS Cy L DELALAH
D aloeresin D ITDWT, Tv MUFEYX— %
AWz gEmmgIne 7y NiFvA 70y —L%
FH U /= free radical assay 21TV, ZDILEMIT o-
tocopherol &[5 DHIELLIEMEZHD 2.2 S BIT,
Hutter 5137 0L > D Cyo 2R BLAL T, HED
2'fL1Z cinnamoyl N T XA FIVE AL, D7 T
J=IERAF IS N LG ZEHEEL, Zofk
AW D 200 ug/mouse ear TD X 7 A B A i~ D#%
WL T, NA ROa—FY > ® 200 ug/mouse
ear &[5 DHIRIEN R ZR/-. 10
UEoyox P EE{bEMOFIL - HTiRIEE
137 0 T3 > @ cinnamoyl, feruloyl, p-coumaroyl
HicksFHEHESN S b LN, LirLAR
M5, TOLYYHARKRICHLFITRT KD IREHE A
TR ERIELZD, SAARICE > THESIN
BB O TR S 5 T ENGEEIHE Nz,
EOAMAROYOILY EEITOL - 7FIVEICHE
HL, AT ZEHRET 2KEEKRT TH 5.
HODT TR/ A RRTIVTF >, ATDHIZED
AT U ER EE> Ty Oy VidEE (2
g/kg ) nia<, ZRFEWE (P TFay
PEBOF) SREREE QY PBof) ek
WF O P F—YHEH (ICs 193 uMm) T L-dihydro-
xyphenylalanine 2% U JES S IR HER L 2R T
(Tables 1, 2).

XX BigF1 AT/ —<H#ifdZE Wz in vitro &
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Fig. 1. Structure of Aloesin and the Related Compounds

Table 2. Percutaneous Absorption of Aloesin by Human

Table 1. In vitro Inhibition of Various Tyrosinase Enzymes Cadaver Skin and Franz Diffusion Cells

by Aloesin and Other Putative Pigment Modulators

i 0
IG5 (mM) Absorption and mass balance (% of dose)
+
Inhibitor | Mushroom? Murine? Human® Total absorbed 0.021 +0.027
i +
Arbutin 11.13 0.205 3.02 Dermis 0.086+0.047
. . N
Aloesin 0.193 0.167 0.71 Epidermis 1.480+0.393
+
Kojic acid 0.010 0.131 0.41 Surface wash 88.56+ 14.47
+
A summary of results from in vitro (mushroom), cell lysate (human Total recovery 90.15+14.15
melanocytes) and in sifu (murine) assays. Aloesin applied in a finite dose to human cadaver skin. Results for cu-
@) Mushroom: One unit tyrosinase activity=4A, of 0.001 per min at mulative penetration in 32 h are shown.

pH 6.5 at 25°in 3 ml reaction mix containing r-tyrosine (Sigma Chemical
Co.), b) Murine B16 melanoma cells (ATCC # CRL 6323), ¢) Human
primary melanocytes (lysate), African-American donor (University of
Cincinnati) .
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Fig. 2. Anti-tyrosinase Activity
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A: Inhibitory action of compounds 1—3, aloesin, p-coumoroylaloesin and ascorbic acids against tyrosine oxidation by mushroom tyrosinase. B: Inhibitory ac-
tion of compounds 6—13 and ascorbic acid against tyrosine oxidation by mushroom tyrosinase.

kLT, WIEEREELELZ. €I T, “"C—F
FUSIIVERNWE AT Z UIBREERIE 2170,
BRERIEENED 51z (Fig. 3).
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Fig. 3. Effect of Aloesin on Melanin Formation /n Situ
Murine melanoma cells were treated with aloesin for five days. Melanin
production was stimulated with a-MSH.
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OLS > EZDURT —LENA T Z 2Bk EHE
L7z, 70X > Img D7)V aA—)VEHKIZE M3E
RO RELMGE (B 0.25mm) ZHWN/-EERT,
32 BERINIC A B2~ 1.48%, NEZ 0.086% 12 A L
72, ARSI EERRIZ 1% 7 0T > 2SO EKIN
wFEERL, ZF DM (PP T7HRAL) TO
B2 & (NI EF2) &2 AWK T Z F THikAa s
WiE 3 EENMNSHEENMREOONZ., YOI 2D
ERRNEAGEEINS (Table 2). 1D

EIAT, PIRENRERT 7 OIXNT T IV
12, %4 (UV-B) 12k > T ﬁéné%%Lﬂ
B DN 2 77§ PRI R DS B Z EIZBEICFED
nNTWie 2227T, B% 17D1«7L%®
A. androgenesis Z=T.F 212 DWW T C57BL/6Cr ¥
A T, 7 L JV 4 >z fluoreseinylisothiocyanate
(FITC) #izMY, UV-BIZX-> TiHEIND K
J& 2l BOE O MR R 2 at L, 2 O/E, &
EFAOAETOLY VICEREKGFENICEERS
T ABENEBDOIRIE (AR ¢ HEREEOE S DR
MENED SN, TLT, UV-BIZX> TiAEX
N2 EAGE SR D 2B HH A 71 Z X LIZDNT
RURATZF A4 SHRMIEKTDH % PAM212
Mgz HWERET, sEFvoq o270 >
W7 >V > AR Thy—-1+ 8K 2% & #i i
(Thy-1* DETC) 72 & @ & J& % A2 I B D 5
H DAL Z Jii 9 5 & S G REMERER 2 L T

WwsEEZSNZ

YOLERIZ, 7OIXT - FIVENAE (4
5, K5, BWEGRE) BEEEDNRZRT Z LA
<HSNTAWT, ZOERERICL T F U AREADN
RELHFELEL TS, REDBRITYOINT - FILER
KEENS 7O 2 E#E LS Y O antioxidant,
free radical scavenging %) F: & FLISENE FH O 217
o7, FTOMRE, —#E#OY OI R isoaloeresin
E BEAL S D W T ORGETE MEHHEI OREn 5,
caffeoyl T Z 7 )| % D isorabaichromone [Z 58\ 5]
FELEA 23807, 3512, 7OIL > D p-cou-
maroyl O feruloyl TA 5 )L, bOo>RFH >
(Tx) A, BEEEFEZRL, »O7O0ILICHE
WA 704 F 57— (Cox-2) FHEIEMEN
DN ENS, TOINRT - FILERO RIS
FIL, AR5 &5 Ty DX S1ERIC
ZTO—EIE 7 0L 2 BE DK \¥4KA%7355§5L
TN Z&%mLJ (Table 3, 4). 4

2. EAFES—SWEE (7o FleTt
YT L) EEER (TAILYFORLTFL)
—(Z2WT

FHYFT7OTICHREINDEZO 1| DITHUEE -
PIRIEERNH 2. FHF 70113 90% LA DK
SrEEH, MOFMEEICIZEOEEEE 5 F
Y O TIGRERHFE S ICHAEL TWD) BNaEn
5, BMOAOY U —HroBEYa—RAE2EN

Table 3. Antioxidative and Radical Scavenging Activity of Aloesin Derivatives

ICs”
Lipid peroxidation Radical scavenging
Compound® Microsome Mitochondria DPPH radical Superoxide anion
NADPH- ASA- NADH- ASA-
dependent dependent

1 >100 >100 >100 >100 20+0.3 >100

2 >100 >100 >100 >100 26+0.9 >100

3 >100 85+1.0 >100 95+2.8 26+£0.2 >100

4 23.0+0.5 >100 >100 20£0.2 4.0+0.1 7.0£0.2
5 >100 >100 >100 >100 >100 >100

6 >100 >100 >100 >100 >100 >100

7 >100 >100 >100 >100 >100 >100
Barbaloin >100 64+1.0 51+1.7 65+0.1 68+0.9 >100
a-Tocoph. >100 98+1.3 >100 >100 14+0.2 >100
Quercetin 21.8+1.9 19.0+£0.2 >100 13.4+1.6 3.0+0.2 53.8+4.2
Catechin 14.5+£1.6 29.3+3.1 48.6+3.4 12.7+1.8 4.3+0.3 0.8+0.1

a) The test samples and positive controls were used at a maximum concentration of 100 um in DMSO. b) Inhibitory activity is expressed as the
mean of 50% inhibitory concentration of triplicate determinations, obtained by interpolation of concentration—inhibition curves.
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(MW10000 cut off) L, #55N7=BEHT Nk Z 55
IR T S, MAREZEESIVIEMRZREDVERLT, 14
p-D-mannan (—F 7 F)MkInizryor< >+
2) B TOIRIFUIE MW 15000, Sy,
1.55S (0.IN NaCl) Q¥ —E—2/%Z/xL/Z 7OIL
X 2T O AT BHUREENEIC DWW TR
DOFHITH% (Table 5). 19

T viR>OhA (A. saponaria) VI\NTJA - 70O
DAMICEAET 2 RBOYOLT, TOADNRT X
DI DEDKITFAIFEENET, TOREITIIH
WEZRTY 20 EELEYNEENS. +5
F7 O ERBEOENNIFFSNZDT, LEDIX
ERWE T 57 = > % W T2 O M0 R % fa ks
I E Z TV, EPEE 4 As—mannan (MW15000,
Syw=1.29S) %/ L /=. As-mannan 1 3% D¥)
FRAL 2 M PR A 5 D-mannose O — A7 & FIL AL
(6 Xmannose ¥ D 1X Ac £ mannose @ 6 fif & &
4) U7z 1—4 p~D-mannan & #%E L 7~. As—man-
nan 2 {¥ MW66KD, S,,,=1.21S T, D-Man & D-
Gle £E2719: 1 DEIET, 122 & 1248550, —
7 = F )Lk (12X mannose 50 1X Ac 7% man-
nose M 6 fif & #%4A) U7z, f-D-mannan &HE L

Table 4. Cyclooxygenase—2 and Thromboxane A, Synthase
Inhibition by Aloesin Derivatives

Compound® Cyclooxygenase—2 Thromboxane
A, synthase

1 >100 >100
2 >100 58.0£5.0
3 >100 13.6+0.42
4 > 100 >100

Nimesulide 2.5£0.4

1-(7—-Carboxyheptyl) - 9.0+0.7

imidazol HCI

a) The compounds were tested at a maximum concentration of 100 um
and DMSO was used as a solvent for the assay.

Table 5. Anti-tumor Effect of Aloemannan

7=. As-mannan 1 O 7 5% = > EMHIHFIZ,
Ji6 e N7E 4 C 1 indomethacin & [RIFR S OIE 1 % 7=
L7eh, #O%5TIIEYTH >z, As-mannan
1RO G TR DI EEZE R 517, 19

FHYFTOTLIFAN EFGERRICLDER SN
7o BT VRSB E R 2R (2 DR AL
A>T —LRaAt> N/l ETiITbik).
ZL T, ZOoXTFAPMHEOERKFNSAT, &
W (51 FLALE) FOBEL HOARMED, LT,
Z O EDBEIZATOA REAIZFHL I LD
WERHICEMZRLE., £2T, INSBEOERM
MmHEIMmERDORTEREE (phagocytosis) & nitro blue
tetrazolium (NTB) JEICREZHEIE & L /o E 21T
5T, YTOLIFAZRKEL THLE—ZHEA L
WEH—ICEE 2802 (Table 6). 17

ZTIT, F¥YFTOIRDLHEK, A, B, C L
EHZ7E L.

A : 1-6-0-f-D—glucan

B:C, & Cg THIEL 7= Gal I (1—2)—0-arabinose
& (1—2)-0-galactose D3HE & L 7= 4 I B
C:18%D AcE#% C, & C4i2HD (1—4)-0--D-
mannan O & 5%

PEEBE S B Y I B ER (34:4:57)
MHIE5.

INsbEY O EEERMIML - BBk - & ER
DEAF/REE NBT ECHICH T AR N S, LHEK
C EHEBETIC, HEKENICHERRITENRD
5N —F, ZOBEEABNMINLRY —LE
fifg, (BHK) 21 ffifa® DNA &k zEid s o
FUHPETHHD, F¥YF7OLOHRENRE
ARYED 1 DTHB. 19

FHTFTOIOHRIENRD 1 DITHEREIERNH
. TOERXMED 1 DEE X 5N S Bradykinin
(Bdy, nanopeptide) D4 i#i% 2 15H21Z guinea pig

Sample dose Inhibition Complete Mortality Average body Av. wt. of
mg/kg/day ratio (%) regression (died/total) wt. change(g) tumor (g)
Aloemannan
5x10 38.1 2/10 1/10 +4.68 7.75
100 x 10 48.1 1/10 0/10 +7.60 6.50
Control 1/10 1/10 +3.57 12.53

(a) Tumor: Salcoma 180, Animal: mouse (ICR), Route: i. p. vehicle, aq. dest.
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15 (in vitro) Z R W/iE (Magnus i) 2170,

S EAE ) 257, Tkbb, F¥F70L
DFEHT IR D W THL Bdy &M 2 R IZ 70 L,

BTN 0 L 10.7 5 O 4T Bdy % /R 978 & 1 [ 5
1 2157~ BEEREEZ 113X MW40000, Sy ,=3.34S,
10%SDS PAGE EH—/)N> RZ/;RL, ¥ &EH
(28.5:50.7) T, Z=OfklZ Man : Gal : Glc : N-
Glc : N-Gal : N-Acetyl Glc (2:2:1:1:4:1),

hexosamine Z & 5% Z /R L7z, BEEHME 1 &
Bdy Z}%5#% L THEKR 2 K%, HPLC TH#Y
TRt U7=A5 8, BEE #5113 Bdy (Arg!'-Pro-
Pro—Gly—Phe—Ser—"Pro—8Phe—°Arg) ® 'Arg X%
‘Arg Z Y)W (des—Arg-Bdy) L, 7»nD’Pro—*Phe %
Y79 % protease (carboxypeptidase N—X i3 P—££)

Table 6. Response of Aloe Extract for Chronic Asthmaticals

No. of No.of effective
subject case (%)
11—30 11 3(27.3)
Age 3150 14 4(28.6)
51— 8 5(62.5)
Exogeneous 12 2(16.7)
Type
Endogeneous 21 9(42.9)
Corticosteroid no 27 11
dependence yes 6 0
Total 33 11(33.3)

* Five ml of the solution in which aloe extract was dissolved at a con-
centration of 20% with saline, was administered twice a day for six
months.

LHEE I N (Table 7). 20

TOINRT « FIVIZDOWTOWFFEIE 1994 4, &
FH UK NEEY O ZRE#2 (International
Aloe Science Council, IASC) TEHE#EZT-o /=
FriCthE 2. O, HlROTYOINT T )& AF
L, b b kil & BHK-21 #ilfid o B s 4 % 45
BEE UG OB e To /2. 7OINT T )L
DOBHTNIITIEE 2D, DNWTHERKEZITo
Te. T ORGSR, &M 2R 9 HEER B 20 13 MW29000,
%% i pl6.8, 15%SDS PAGE LB~/ — > %#/R7
BEEH (verectin, ## : &H, 10.7 : 80.0) TH >
7= . Verectin [ 73 & SDS-PAGE % @ immuno-
blotting T, MW14000 @ subunit 2 {7 5 # kS 1
TWBZEMNHBAL =, Z LT, verectin 433 B
SO R TR 2R L T MW 13000 O & I 5 % 5 2
77. 2D Verectin @ subunit (MW14000) 1%, radical
scavenger & L CEH 9 % & [FKFIC, Cox-2 % Tx
A, GREEFREHE LHIRES R Z R L2, 2

Verectin [l 73 1% & b b Kl il O $E5iEE M &2 R 9
n, —Fh, BaFbtaworyoLs iz, LeeK.
Y. 513t M SK Hep-1 #iifid 2 F W= WF9E T,
DNA &k % EEKRFINICHET 5 2 & 2580 /.
7 O I 2% SK Hep-1 #fl}ld T @ cyclin E, CDK2
& CDC 25A OEHL NV &S &, cyclin E/
CDK2 FF — {5 % up-regulate 975 Z & 2D
fz. E5IT, TOILY ViFETO DNA GRkhMeitE
N, ZOEANE cycloheximide THI&EI S /=, 7
OT 3 >is#% T, cylinE/CDK2 E & K &

Table 7. Bradykinin-Degrading Activity of Fractions on an Isolated Guinea Pig Ileum

Sample Carbg)%y)drate Protein  Unit/g®  Ratio ‘({%’/il?
Crude extract (Nondialyzable material) 50.0% 23.6 130.4 1.00 101
20% Ammonium sulfate precipitate
0.02 M NH,HCO; eluate 78.0 0.2 16.0 0.12 3x10-3
0.3 M NaCl eluate 24.7 40.8 1148.0 8.8 6x10-4
20 to 60% Ammonium sulfate precipitate
0.02 M NH,HCO; eluate 94.7 3.0 131.0 1.01 10-2
0.3 M NaCl eluate 34.0 47.4 1020.0 7.85 2x10°2
Glycoprotein fraction 1 (aloe glycoprotein) 28.5 50.7 1400.0 10.7 4x10°4
fraction 2 20.3 51.8 87.0 0.66 6x10-¢
Bromelain 1180.0 9.05

a) One kininase unit is defined as the amount of enzyme necessary to degrade 1 ug of bradykinin in 1 min at 30°C at pH 7.4. For
statistical purposes, 4—5 guinea pigs were used for each assay. b) The content of carbohydrate and protein does not account for
100% of the material. This may be due to water, since this polymer is extremely hygroscopic.
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CDC25A OEAR LNV ar hOo—)lEnTnhs
Z&z,RL7% (Fig. 4).% yoxs Tk b SK
Hep—1 i fil TG % 3D 7= ) DFI T H 5.

Verectin ZHi R & L TRICH IR 2 ERK S &,
verectin antibody Z 57z, HIZEILEKISNITEL D A.
arborescens (% F 7 1O TI), A. chinensis, A. vera
D E BN NIEH D verectin ZFRL, MDOHIKD
A. vera gel L5, D E 27> /2. A. chinensis 7
A. vera DEFETH 2 Z EMFEHI N Y

DT, verectin JifkzZ HWT, A. vera ZEIZH
FN 5 verectin &%, ZFEEIT & (BHEAD 12—1 H
LXxE-ABHOS—6H) OEHMLT L& GMIZE
PEOLHERE) ITERLE. TOME, YOI
N T Do B O SRS i 1 e K @ verectin & 738
D537z, Verectin fiifk z W 7 LA E B %
T, 1. A. chinensis 13 A. vera DEFETH 5 T &
2. A. vera TEIXEHFES TIE 5 4R THMUZE % £
B9 570, FEANVEFA LD verectin &L N T
E 3 7OIRTOrO— Y (WIVAZERKT
BAE I N2 Y <> micropropagation 12 & > Thi &
INHEY) — TN ERILEICES>TA R
L A %313 T %—TI verectin B2WEA L TW5
T EAVHIBH L 7z, 29 Verectin O %) 8 & — 8 O 5 E (L
FROS DR EA, 51 [A IASC Bl 828 (1997
) OHREES Tz

350
—@— Aloesin
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Fig. 4. Inhibitory Effects of Cycloheximide on the Aloesin-
Induced DNA Synthesis

SK-HEP-1 cells were seeded in DMEM in the presence of 5% CS for 24
h and then incubated in serum-free medium containing 1.5 mm hydroxyurea.
Increasing concentrations of aloesin and 1 um cycloheximide were added and
incubated for 24 h. [3H] thymidine was added to each well for 8 h and [*H]
thymidine incorporation was assayed as a measure of DNA synthesis. Data
are expressed as percentage changes.

TOINTGHDOEHER—T <>+ > (AM,
— ) —OERICHAANITZ <#HEINT, 2O
BRMENFEFHINTWS, 2620 Lsl, 72T
> DERNEREIZ D W T OA#R TR, hDO7 k&
RFEOHDN, HEZVWERBIONTNNE
k2 RT DN, ITDNTOIEMRHRE T 2 0.

B EBIXTRERMIC FITC TEHLAEZY <> F
> (FITC-AM, MW500000) D <™ ZIZH1T 518
#MEMF L2, ZOFSE, FITC-AM 3% lEss TR
WEZITT, FICBICEE L, TORTEMIREN
DFENMECTR#EZZTDEZMEHALE T
T, b NEEMEYEDERT, T FINnE
DEIITRH(HY R XL INDhEREL 7.
Z D #E S catabolite 1 & 2 (MW 30000 & 10000)
MNoEEI N2 DWT, FITC-AM O~ ™7 2 #(H
DI0BKRETY F— M EDEEET, BHNMEICLD
IRRBELSARH (WY RU L) 2207k 20
catabolites X MW800 (24h, K53#) & MW3000
(6h, 53&) THD I &AY, TOF-MS 73 Hf Dkl H#
MSHBIL /=, T35 catabolism DFEREN S, 7
< > F > (MW500000 BL b)) 1305 NHIE T
catabolism Z 37 T TIN5 EFEBH I N /=
(Fig. 5). 29

TR F ORI T —YHIREESHETE SN
7= fRFEY)—modified Aloe vera polysaccharide
(MW 80000, 7kiEtE)—3, EIEHRERITIERL T,
UV-B THGZZ 7= HBOBEZRET S EED
WEMD BN, 0 7Y oFroRkOKS (ER)
DG, 7T ERE DS BEN D, &M
BN G T2 2 AR I N DLE7OIAUR
TR E U COIGERM, ZHHAD Y AR,
HEg L EESEMHE L TO7 LY LAY D
PURAL - PIRIE - MG HEME RIS D W TR Nz,

3. #2327 VIOLIRICRESER

DRVE 2 B O B I 2 (56T 2 AR IR N O
RIR>TTHD, ZOHAEK 5N ORREREE
AT D, LHEEEME T T AERERO 1 DIZR il
DEEND S, ZORMELEREDEERD DAL
iM% THO, MERIHEBORKFERTHD0AR
EORERERS. DBEIIEGERER, HICRETRD
BKALIC & O fEBR B R D R FE B NV RIE S % 81
DHDEWEREZET DBIEREFERIIHR A THEM
THEBHRINTND, ZDD, ZOMREEISEE
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Fig. 5. Chromatogram of Feces Sample after Administration
of F-AM In Vivo (A) and Incubated Sample of F-AM with
10% Feces Homogenate In Vitro (B)

A: The feces sample 24 h after oral administration of F-AM at a dose of

1200 mg/mouse. B: The incubated sample of F-AM with 10% feces

homogenate at 37°C.

K9 Y OB FEE, AIEDOE (QOL) % HMaf:
TEHEOICHEBERFELL> TNS,

% (Salvia miltiorrhiza) 1%, #5075 Tl
FET /RO BB MIEEERRICHNWS NS EFETH
%, ZOfMNB1T, diterpene O —F&E T dh 5 abietane
RtaFEEGH, INSERPFOPICEELELTOA
M B EEZONTER., AFh, RbEfF
D& ) tanshinone 11A 1213, low density lipopro-
tein (LDL) Oz 5 I &3, 30 cryptotan-
shinone (213 B M IEE N S lEds Z Ri&E T 5 Z LAUR
X T W %, 3 Dihydrotanshinone & tanshinone
I }% U cryptotanshinone |2 13 lipopolysaccharide T
1% Mt & 117~ macrophage 7 & @ interleukin 12 @
&t %, limph node cell 72 5 @ interferon-y i & %
ZTNENMHNTLERANHEINTNS. P DX
IITFBITE EN D diterpene BT kE & 7x A2 HVE M
EHTDHIENMEINTBO, FizEY&ERE
LTHHINEZRNEAEKD 1 DTHD. ABETIX
tanshinone %8 0.0l & N2 N & #ERL T 2 I i
FTEIRIZOWTHH L, tanshinone VI @ 1) EIfi/
HEREEICHT 200 RERN R E 2) LA2NEEE
HEREREOOHY ET Y I KT TIERICDOW TR
9% (Fig. 6).

Fig. 6. Chemical Structure of Tanshinone VI

L
U7=& 51T, IR0 LR T o0 ik Ak
NOBFE RO F —EAEDOREGHGEIMEIET S
2, S b RUTHEREMETNL, ODIHEA2IZ
ffa . 343 Z ORI 2VE R TRER I N, FHE
WAMTHON S SOEEEITESNCEET S, 20—
#, Bk D 5 —ERHEILL LR T 5 &, P
MZEIT >IN nd S T LML OEIENFHEFH S
N, OEERIIIERT MR REEZ 2T 5,30 ZnE
RE I/ R ED D WIXEICHERREE & IER
(Fig. 7).

5. Tanshinone 0 E 10 B {RE(E A

M2, Bz pIE L BUNMER 2 %ET S HT
HIMEIRICER E SN TWS, £ 2T, ikt o
abietane L&) 2 HAE - KEL, F v MEHERD
fi ® hypoxia/reoxygenation E5 )L Z Y, B
DS BERE 1T KIE T abietane (L& ¥ D) 3 2 3
L7 £9, v MMEH &2 Langendorff £ T
#EWE U hypoxia/reoxygenation % 17— /=, FilHik; %L
& 1 7= tanshinone %8 % hypoxia HfH 4 0o 12 E H
¥ % &, tanshinone I, cryptotanshinone, tanshi-
none VI |, reoxygenation [ .0\ HE 11 [EI1E % 2
it X & 7. 32 Tanshindiol B, tanshindiol C % Lb#gHY
EREEH S 2 &9 R IR 7 0118 (e i A R
é’hf:' 38,39)

—7J;, tanshindiol A, tanshinone IIB, dihydrotan-

4. LEEBOEN/ BEREE
il

&
4

shinquinone, methylenetanshinquinione, tanshino-
nal, methyltanshinonate, 3-a-hydroxymethylenetan-
shinquinone % £l & & T % reoxygenation Ef @[>
I HE 7 BB Ve X N7z Dy o 7z, 3839 Tanshinone
VI, 42nM & WS KIRE TH reoxygenation Kf D
DI IR ZRHEL 72.® ZORREERE AT
tanshinone VI 0.0 i 12549 2 /B AT D W TREMIIC
figFid % (Table 8).
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Fig. 7. Schema of Ischemia/Reperfusion (Hypoxia/Reoxy-
genation) Injury of Cardiomyocytes

6. Tanshinone VI QI /BERFDO LT X )LF—
RBCRETHR

F v Mg HEER O Z glucose-free 70D N, + CO,
R LU 72K S M N CTHEW L, hypoxia 2179 &
DN O ARG N EMEA D, 0K, I O
PRUTTOZRIIF—EAEMEILL, M
TRIVF—ARRICKE O O EB TR ITF IR
% (Fig. 8).40

Hypoxia [, OHMiEANTIRI ba> RU Y
TORALEY > BALRIEAMEIES 5 DT, ADP 7

5 ATP NOBAEITONR W, ZTDkH, ATP
12 ADP & T8 AMP % #% T adenosine, inosine, hy-
poxanthine 374> %5 ATP metabolites ~\ & fU# & 11
% .4 ATP metabolites {34155 T Tl salvage
synthesis 72 £ T, ATP NE FHAEE I N D0,
hypoxia I3 LR D X S 728 H T ATP NOH
EFEIRIT DN, 92 TS ARBYNIIRAE DK L D
THINOIE 2 %5 5125858 U passive diffusion 12 O #l
fas~ &5 (Fig. 9). 44 Hypoxia 20 4
#, Z OLEIZ reoxygenation & 1T \Y, glucose %
KO, 24 L TH, reoxygenation f‘ﬁ@:bﬂ%{”ﬁ’j}lﬁl
2213 hypoxia i D7 20% D [EI{E1C i)
LA DFREE D #R IRAR 1134 2 512 B 7 b, lh\ﬁ'ﬁﬂlfﬁfﬁ’

@ Hypoxia/reoxygenation

© Hypoxia/reoxygenation with tanshinone
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Fig. 8. Effect of Tanshinone VI on Changes in Contractile
Force of Hypoxic/Reoxygenated Hearts
Perfused rat hearts treated with (O) and without 42 nm tanshinone VI
(@) were subjected to 20-min hypoxia/45-min reoxygenation. For the pur-
pose of comparison, hearts treated with (A) and without (A) tanshinone
VI were perfused under normoxic conditions.

Table 8. Effects of Tanshinone Derivatives on Post-Hypoxic
Contractility of Isolated, Perfused Rat hearts

Post-hypoxic
recovery of

Compounds Concentration contractile force
(9% initial)
Untreated 15.3+3.8
Tanshindiol A 25 uM 24.4+1.9
Tanshindiol B 25 um 34.3+0.5*
Tanshindiol C 25 um 27.5+0.3*
Tanshinone I 9 nM 42.5+3.6*
Cryptotanshinone 30 nm 40.5+2.4*
Tanshinone VI 42 nM 49.4+3.5%
Tanshinone 1B 42 um 14.5+£1.5
Dihydrotanshinoquinone 42 um 15.2+£2.7
3;?;é\§gthylenetanshlno- 500 um 16.2+1.9
Tanshinonal 500 um 7.0+0.8
Methyltanshinonate 500 um 6.1+1.2

Each concentration means the concentration that exerts the maximum
post-hypoxic contractile recovery of the reoxygenated heart pre-treated
with various concentrations of tanshinone derivatives. Each value
represents the mean =SEM of 3 to 6 experiments. * Significantly different
from untreated group (p<0.05).

K OHERBERE O 4 3 S /- (Figs. 8, 10). 4
Hypoxia I HITIZ O AR D Ca2t SEEML,

reoxygenation #1795 LI SITHINL, WHWD S Ca
overload MBI I 7= (Fig. 11) , 4540 42 nM tan-
shinone VI % hypoxia HIffiH, LAFHMICIER S
% &, hypoxia K DD ITHE JAEK T ROVl ATP &
BETIREZELE2>Zb0D, HEREND
ATP metabolites D2 W L 7= (Figs. 8, 12).
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Fig. 9. Effect of Tanshinone VI on Release of Purines and
Bases (ATP Metabolites) from Hypoxic/Reoxygenated
Hearts.

Perfused rat hearts treated with (Tan) and without 42 nm tanshinone

VI (Un) were subjected to 20-min hypoxia/45-min reoxygenation (hatched

columns). For purpose of comparison, hearts treated with (Tan) and

without (Un) tanshinone VI were perfused under normoxic conditions

(open columns) . Each value represents the mean+SEM of 10 experiments.

*Significantly different from the value of the heart treated without tanshi-

none VI (p<0.05).

@ Hypoxia/reoxygenation

O Hypoxia/reoxygenation with tanshinone
A Normoxia

A Normoxia with tanshinone

| Hypoxia | Reoxygenation

Cardiac resting tension (g)

Perfusion time (min)

Fig. 10. Effect of Tanshinone VI on Changes in Resting Ten-
sion of Hypoxic/Reoxygenated Hearts

Perfused rat hearts treated with (O) and without 42 nm tanshinone VI
(@) were subjected to 20-min hypoxia/45-min reoxgenation. For the pur-
pose of comparion, hearts treated with (A) and without (A) tanshinone
VI were perfused under normoxic conditions. The initial value for the resting
tension of perfused hearts was adjusted to 1.5g (n=40). Each value
represents the mean+SEM of 10 experiments. Statistical significance was
calculated at the end of hypoxia/reoxygenation. There were no significant
differences in the resting tension between tanshinone VI-treated and untreat-
ed groups.

Tanshinone VI {L{& i @[ i IZ reoxygenation % {7
5 &, DI D Ca overload 2SR S 21, LMINHE
711& hypoxia RijDF) 50% % TIalE L 7= (Figs. 8, 11). 49

Hypoxia #if## @ tanshinone VI IZ &% ATP me-
tabolites B3 ATP metabolites 730l ll i N
e Z & 27RY (Fig. 9. OO

n

il |

Un Tan Un Tan Un Tan Un Tan

Myocardial calcium content
(umol/g dry tissue)

—1 Normoxia
=3 Hypoxia or Hypoxia/reoxygenation

Fig. 11. Effect of Tanshinone VI on Myocardial Ca?* Con-
tent at the Ends of Hypoxia and Hypoxia/Reoxygenation

Perfused rat hearts treated with (Tan) and without 42 nm tanshinone
VI (Un) were subjected to 20-min hypoxia/45-min reoxygenation (hatched
columns) . For the purpose of comparison, hearts treated with (Tan) and
without (Un) tanshinone VI were perfused under normoxic conditions
(open columns) . Each value represents the mean+SEM of 5 experiments.
*Significantly different from the value of the heart treated without tanshi-
none VI (p<0.05).
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NIRIRENEN

Un Tan Un Tan Un Tan Un Tan

Myocardial ATP content
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=3 Hypoxia or Hypoxia/reoxygenation

Fig. 12. Effect of Tanshinone VI on Myocardial ATP Con-
tent at the End of Hypoxia and Hypoxia/Reoxygenation

Perfused rat hearts treated with (Tan) and without 42 nm tanshinone
VI (Un) were subjected to 20-min hypoxia/45-min reoxgenation (hatched
columns) . For the purpose of comparison, hearts treated with (Tan) and
without (Un) tanshinone VI were perfused under normoxic conditions
(open columns) . Each value represents the mean+SEM of 5 experiments.
*Significantly different from the value of the heart treated without tanshi-
none VI (p<0.05).

CHE O, N EI a2 RUTIZED
ATP metabolites I TR F—HE L L THHIN
5EZEZB5ND (Fig. 12). 44D H3JE, reoxygena-
tion I} {Z tanshinone VI Y& & O EFR K~ D ATP
metabolites HEBEAI MG = 17z (Fig. 9). ZTH 65D
#5513 tanshinone VI 7% hypoxia B 0.0 FH IR
EiEETTHEEIGIT S 2 EERRT 5.

7. Tanshinone VI O EM/CEHRZEDHR

S haCRYTIFMBNTIZ RV F—EEZITD
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FUTr<, ME TO free Ca2t EEDFEHICE
kB EHTHEEZLNTVWS, DFED, 2 b
I RY ZIZMIIEE D Caxt ZELDADRE I ATE W
ZEMHSGNTNS. W LHMETIEI a2 RY
TEZMREEEDO DB EDH 5% 2 HD .9 Lin
>TC, T PIARUTITLS Ca?t D IAAIZ IV
DU LEE R I L, R ETEA SO 2 R
#E3 D EHEHIXN S, Tanshinone VI ALE (Mg T D
reoxygenation FfD ATP S EHEIXI I RU Y
WRENFEFEIN TWS 220 TS (Fig.
12). Z O ffR#EHICIS tanshinone VI IZ X %
R A 38 OD PR 7 (R AR RS 3t PR LR D) 720 T <
2 har RY TR (ZRI)VF—PEARE R OMAEN
Ca* [EHH MR REEDEEGETLEEZI N5,

8. Tanshinone VI @ Free Radical Scavenging {E
A

Hypoxia/reoxygenation S5 2 & 6 /= 0 igk D i 1
/PR BT, FHEVRIFIC free radical D F AN
HHENTND, 0D —fIT free radical ZiHKT %
radical scavenger \ZRZIM.OGREER N D 5 Z &1
Z< OMEHICID@MESNTH D, 53 Tanshi-
none VI % O E/n 5 B 5 & radical scaven-
ger E U CHEBE T B RlEEMEIZ H 5.9 L L)
5, ARWFFED X S 725285 % T radical scavenger 12 &
ZEEMOHREERZHEESE5I2313FE mm
F—5 —DIEHENERINS. O ik L2k DI
tanshinone VI 13 42 nM T ifREMER 2 BEL T
W5, ZOHEED free radical Z2HET B ITIEH X
DIZHDETH D=9, tanshinone VI DR IO 5
{3 /£ Fi 1% radical scavenging & WS KDL A%
NUSNDOHEFENT D 2 & 2R FIIRIET 5.

9. DAL E In Vitro LERYETY 4

OAE RSN DRI K D LiED R > 7 ke
METL, 20K TRz i TE7x
LT8O TIREEDRIT, TEIRERFER O mAIREER D
ZETHA. DARIIIERELLHE, SLRELOS
JEMOZN S DMERREMRLIIERN DS, Ih
S5OARRFEDHERERIIZLHY BT Y > 7 LML
N5 MMFHIELNOHEMCHEFEINS (Fig.
13). LHYETFY 7 OREZ2DHD, 1 D13
DERTHO, 75, LEFHEETH S, DERIEX
FBO DY A AMRKRESBLEKRTHS. — &I
By CIXH RS, ONEZ HER T 2 0o i A U i A JE

Humoral factors

Angiotensin Il,Insulin-like growth factor-1,
Endothelin-1 etc.

v

Cardiac fibrosis

@@ @@M@g
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- .
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Fig. 13. Schema of Cardiac Remodeling and Development of
Heart Failure

MZEFIEL, BUOpREEETO Z&idneEn
TS, LY A XK E <7221V a1 5E &
9 2 M DI &MY AR ELBRDEKR
D2DOOREMNEZOND. AR LIZLDIT, L
HRS D HEFE L I WD TR D Y1 AWK EL
I3 OIERNZ DR EEFTh D Z &
MEGITHEINDS. —F, MO+
DAL T 2D B O MAIC K DFEFH I N
%, @EH, DIERICEDOLEHANO LN ERTN
MIND DT, NFEETR OEEINT#EIN T 5 72 0
MESFRRL Y O 5 —7 > & A UL il R i o f & 78
Ez bA S5 BRI ZORIRITE D0
WHEMRE I N, MRAR > 7T OMREZE /-3 2 &n
TEDM, DM X a5 —7 ARG
ELdEEAINZIT—T K20 HMIEHE
D 58 [ 724 B AV A A D I A st A% S B DB & 7
DOEEEZK T I®2EEZEASNTNDS, 060D 7z
235 T, ORI AE A K VO kAL 2 Jfil 2 2 &
WO BT Y T ETEIHIL, DAZRDERD
BHIE 3 2 WIEHE B EE O TR SN 5, 609 @
W, R A TSARIRPE RIS 5 S B BOB YR < Dl
IR 2 2 Lo W T N FTE 7 BLEE O
LY B > TR OB K D in vitro B %
ELTHHZNS. B ZD Ty NTEFNS D0
3 e B i R TR ME S I © BB 2 Z &Y e]
RETH S, & IC, O Ml B O 25 el oD Tl
% BiEE L, tanshinone VI O 0B K Fz TNk ML
WRIESTERICDOWTHREL 7.
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10. FRMEERFECH)ET) Y

WA, DY ETY 2T OEFTITRIRMEIR 7V E
BIsE zRiTEEAOGNDE DT LA
2 T3 Ifi % @ angiotensin II, noradrenaline % (8
natriuretic peptide |ZJ&9 % atrial natriuretic peptide
(ANP) %> brain natriuretic peptide (BNP) DjEE /N
FRTLZENMBESHESNTNS (Fig. 13), 6560
DARERF DD HERERE FE /N EEE 1272 % & tumor necro-
sis factor (TNF)—a OEED EFH I3, 67.69 ’h%
RIRTER T OZEENL, AR REERE O30
ez RET S HMITERT 20, ZhsK l?@ﬁ
W D IRBE N Fife 3 % SAUBRET & fhe S 0 IX
WARICHS., LEN>T, OV ETY 724
9% Z SIXRERL S LALANDOBITZ 1 1E
U, DEEZRGTO-DICEEREKEZRED
(Fig. 13).

11. Insulin-like Growth Factor-1 & /LY EF
7

Maki et al.5? |Z & ¥ insulin-like growth factor
(IGF) -1 3Ll K EFEHRT 5721F Thr<,
DFRHESE O a5 —7 > Gk e RiET 21EHZ2 A
THIENHSMITENZ. S 51T, IGF-11Tb
PHEZF I T A S 4, paracrine /E ] L0 A i
AEK % 3% e Mt S/ % 721 T72 <, autocrine
VEF T e 2 i O i AE F Z2 (2 975 (Fig.
14). 269 § /35, IGF-1 130N TOLARE
39 FIE T B IR 12 0 e e TN il 2 e 2 [T 12 A
AL, DY ETY > & S 5K ERT T
HBHIENRBEINK. £ I T, tanshinone VI @
IGF—1 1T &k 20 fif i e A DK e OV 6 e 237 0 i gl e
B KIETERIC D W TR 2o 7.

12. In Vitro 0ER ) ©F Y > 4 (2 & (E$ Tanshi-
none VI DR

SO LA K R T LM e 2 A Rk 97 % R I A B
9 5DT, EHGKZEEISHIEERNFMTE
% . Tanshinone VI % IE# D MALICER S BT
b, TOEHAMREIELEN S, TaD5,
tanshinone VI I, 0l id O & H & Bk Z 1B B4 il
Lia/no 7z (Fig. 15). (OfiARIC IGF-1 ZALET
5 EEAGHRNAE I N, HHET I /8O leucine
DEANOIRDABZNEML = (Fig. 16). Z®
IGF-1 12 & 2.0l @ & H & B e tEMER 13 10 um
WX oMEl TN, —J, tanshi-

tanshinone VI

Autocrine

CEx
Par(:crlne ‘a
'I F-1
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Fig. 14. Schema of Autocrine and Paracrine of Insulin-like
Growth Factor-1 on Hypertrophy of Cardiomyocytes and
Fibrosis of Cardiac Fibroblasts

none VI Z.05EHEZERIIICER S5 &, 10uM £
WClEa s —7 > EREEIIZE L sh > 728, 10
uM tanshinone VI Z{EfH &2 &, a5—7 &
FRAVHIEI X 7= (Fig. 15). OFRFEZFMALIC IGF-1
EERSI® S E, 77 AT X 2 Mk
b Zg I N/ (Fig. 16). Tanshinone VI I IGF-
LT X 2 LM IER kO fifa o 0 5 — 4
CHRMREERZF v IV Uiz, 0 # R
IGF-1 Z 88k - M LR WD T, il EMH
§ % IGF-1 {30 il DA O e i i3k 9% para-
crine ¥ Z N9 5 LHEHIES NS, 2603 £Z T, IGF
=1 2979 2 LA &R 2 i o cross talk 12
DNWTHF L., D#RHEZFMILO culture medium
Z[EY L (fibroblast-conditioned medium), Z# %
O @ culture medium & EH#i9 % &0 5 #l T
HEKA3#% % & 17~ Fibroblast-conditioned medium
IZ IGF-1 HANHiR Z I g 2 & i il B AE K % S
MNiIEdT 52 &n5, 2O medium H121E IGF-1
MEEL, OWifIIC paracrine k&% /v L CIEH
LizEEALNS. O

Tanshinone VI 3 fibroblast-conditioned medium
KX20MMiEERZzMH Lz XD, IGF-1
DA R Y R 2 JfEs S e CHERIE Nz,
Tanshinone VI 2 X % IGF-1 fEH D 59113 1)
IGF-1 O DARMEZEMIRE 2> © D s lil, 2) IGF-1
ZRERANOREGIH, 3) IGF-1 Z XA LI O
NIERIRZERNDIERANE A 5N D, AT
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Fig. 15. Effects of Tanshinone VI on Protein Synthesis of Cardiomyocytes and Collagen Synthesis of Cardiac Fibroblasts
Protein synthesis of cardiomyocytes and collagen synthesis of cardiac fibroblasts were estimated by [3H]-leucine and [*H]-proline intakes into the acid-insolu-
ble fraction in the presence (Tan) and absence (Un) of 10 um tanshinone VI, respectively. Each value represents the mean =SEM of 5 experiments. *Significantly

different from tanshinone VI-untreated group (p<{0.05).
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Fig. 16. Effects of Tanshinone VI on Insulin-Like Growth Factor—1-Induced Hypertrophy of Cardiomyocytes and Fibrosis of

Cardiac Fibroblasts

Protein synthesis of cardiomyocytes and collagen synthesis of cardiac fibroblasts were estimated by [3H]-leucine and [*H]-proline intakes into the acid-insolu-
ble fraction in the presence (Tan) and absence (Un) of 10 um tanshinone VI, respectively. Each value represents the mean =SEM of 5 experiments. *Significantly

different from tanshinone VI-untreated group (p<<0.05).
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