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Rosemary (Rosmarinus officinalis L.) is widely used as a food material. Although various physiological
activities of rosemary have been reported, there have been no studies on the physiological activity
of solvent extracts with different polarities. Rosemary extracts were obtained by extraction of dried
powder using 0%, 25%, 50%, 70%, and 95% ethanol (EtOH) in distilled water, methanol, ethyl acetate,
and hexane. As these ratios of EtOH are generally chosen by default and scarcely optimized, we in-
vestigated the impact of the composition of EtOH in distilled water on extract-related characteristics,
such as DPPH free radical scavenging and a-glucosidase inhibition, on the differentiation of 3T3-L1
adipocytes and inhibition of tyrosinase. Adipogenesis inhibition was highest at 70% EtOH. DPPH
scavenging activity and inhibition of tyrosinase activity were reduced with 50% EtOH in water. However,
inhibition of a-glucosidase activity was higher in 50% EtOH in water. The best solvents in terms of
DPPH scavenging activity, inhibition of tyrosinase and a-glucosidase, and differentiation of adipocytes
obtained with different concentrations of EtOH, although a lower similar activities were found with
50% ethanol. Considering the extraction solvents, a ratio of EtOH in water gives different content and
constituents of compounds. These differences will give activities inhibition of adipogenesis, tyrosinase,
a-glucosidase activity, and DPPH scavenging activity.
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2 Ao ANEE A4 B 20k (Rosmarinus officinalis
L) FEEUS B(SHA. &=)dA Fdst] AHgstilth. &
A3lo] A4 # 3T3-L1 Ml =& KCLB (Korea Cell Line Bank,
Seoul, Korea)Al T93F% 3, A E uljoko] A-E¢ Dulbecco’s
modified Eagle’s medium (DMEM), fetal calf serum (FCS),
fetal bovine serum (FBS) penicillin/streptomycin, trypsin-
EDTA+ Gibco BRL (Grand Island, NY, USA)$} 10% fetal
bovine serum (FBS) (€1, A& A, &=)ZHE T3t A
&3t th. DPPH (1-diphenyl-2-picrylhydrazyl), DMSO (dim-
ethyl sulfoxide), Folin-ciocalteau reagent, bovine serum al-
bumin (BSA), insulin, dexamethasone, 3-isobutyl-methyl
xanthine (IBMX), oil red-O reagent, MTT (3-[4,5-methyl-
thiazol-2-yl]-2,5-diphenyltetra zolium bromide), potassium
persulfate, trizol reagent= Sigma (St. Louis, MO, USA)°l A

Adate] A8-3 4tk DPPH, ascorbic acid, mushroom ty-
rosinase, kojic acid, glucosidase, acarbose, NaHCO;, HEPESs,
insulin, rosiglitazone, dexamethasone, oil red O &-& Sigma-
Aldrich (Sigma, St. Louis, MO, USA)Z¥-E] 93l AL-&3}
At

X029l F£ =

22028 H2ET 1 g 15 ml conical tubedl ¥-& The
hexane, ethyl acetate, 100% methanol, 95% ethanol, 70% etha-
nol, 50% ethanol, 25% ethanol ¥ &7 10 ml< ¥ 3 AU 7
o] E(JAC-4020P, KODO, Suwon, Korea)oll /| 1A} &9k 52
g b 3,000 rpmol A 15% &< centrifugeste] &5
Ashdth. 5YT PR 35 WEHe F2Y F2ES
Fatel ¥ EFS 30 mE 2T o ZE 0| ¥ (Advan-
tec 5A, 150 mm)E ©|&3te] A} F FEES IHF LY
(Heidolph Instruments Co., Ltd., Schwabach, Germany)& &
e &A3 AAR F 44 FEe A2 A

12 -\

DPPH 2iC|g 2Hs &3

DPPH radical 44842 Blois [7]9] ¥ & %%’3

% 3ttt DPPH (1,1
%@,‘ 190 ploll s =¥ =2 ./]’9,6(} AE 10 pl&
oA 308 A F 517 nmol A FFEE
Negative control> 10 ul¢] 50% DMSO % % & %01 é
3% 3, positive control ascorbic acidE AH&3dt] Th&
Astalol oAt AAGY S Z43FA T DPPH radical &
A% (%) = 100x {1- [(Abs sample + DPPH) - (Abs sample
blank)] / [(Abs control) - (Abs control blank)]

-diphenyl-2-picrylhydrazyl) 0. M9]
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a-Glucosidase EHARIs &

2z2utg] 8o EFFE9 a-glucosidase Z4 A ]L
Angelov 5[4]¢] ¥H & WH3tA, 9% well plated] 7 &
¥ %5 2, 10 pl alpha-glucosidase (1 U/ml), 68 ul phos-
phate buffer (pH = 68, 100 mM)E &§3}e] 37C oA 1587t
TR 20 pl®] p-nitrophenyl a-D-glucospy- ranoside (pNPG,
5 mM)S F7kated Lo A 205 Fk uhS B 50 1o B4
YEE01 M)E H7lsted whss SFH9AAAM substrated]
pNPGERE Fel 5o Y& §-§ A4 EQ p-nitrophenol
< 405 nmoll A S48k a-glucosidase 49 JAZEE
S48t E2TCEE a-glucosidase AHAZ Fe 7
acarbose (Sigma, St Louis, Missouri, USA)E At&-3}% o,
& Aol At &4 =33t a-Glucosidase
inhibition (%) = 100x {1- [(Abs Sample)-(Abs Sample
Blank)]/[(Abs control)-(Abs Control Blank)]}
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A of th3 2zrte] FE&9] MESYLS MTT (3-
4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium bromide) assay

THE
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£ o] g3t Z2A5gth 3T3-L1 AEE 1x10" cells/well9]
FEE 96 well culture plate®] 100 ul®] w2 2} A 244 71
kg g, 22ute F2ES s E Asto 4847
v st Th ZF wellell 10 ple] MTT €94 (5 mg/ml)E H7ts

TN FF et EA S HHEE S en, 100 ul
9] DMSOZ 71t A H formazan A< &35 ot
HA A5 = £33 =7 (BioTek, Winooski, VT, USA)E ©] &

3T3-L1 M Hj U X|atEst 7

s} e] oAl = Zebisch [31]«] ‘ﬂ“ﬁ—% Hydste AL
3ttt 3T3-L1 A Zu ¥-& 10% FCS, 1% penicillin/strepto-
mycin©] %7+ DMEM Hj A9 2x10° cells/ml 552 48-well
platesel] F-F-A1A 48417 &<k w43t confluent 4 El 7} &
S5 37C 9 CO; incubator®l A 3§t} A WA L E 8=
10 uM rosiglitazone (ROS, Sigma, St. Louis, MO, USA), 10
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Fig. 1. The process of inducing cell adipogenesis and drug treatment.

ug/ml insulin (In, Sigma, St. Louis, MO, USA) and 1 uM
dexamethasone (DEX, Sigma, St. Louis, MO, USA)®| & 3}uj
Aol A 8Y FeF ARAZLE AT 2U7 £33 = §F
1 pg/ml9 insulin®] 3% 10% FBSDMEMS.Z 297} uf o
39tk 1 % 2%njt} 43] 10% FBS-DMEMC. 2 w A 3%t}
AN g9 Ale s WA J7F AHFE 2ol At
(Fig. 1).

Oil red-O

AATFAE B3} Aol FAE A FFLS oil red-OF
Aol o) ZAe Gt £3 8Y Foll WiAE AAY | £
stE A ZEW S PBSE 23] Al
hyde (TCI, Tokyo, Japan)E A-20]4] 2
PBSE M &34 th 2 wellol oil red O (Sigma, St. Louis, MO,
USA) 49 1 ml& H718ka 4Tl A 3083 da% o, &
¢ @17 (Moitc, Xiamen, China)2.2 AZ & AT A&
A %, PBSE AASL 77 welloll 150 ml isopropanol
(GENEray, Shanghai, China)ZA] oil red O& £3|3}
ELISA reader (BioTek, Winooski, VT, USA)E o] &34 510
nmol A FFES SAS

& o2 4% paraformalde-

B 3o 1A4%1

Tyrosinase &N &4

Tyrosinase 131 €42 Yagi 5[30]2 WH < WFsto A
£33, 96-well¥ microplate] 118 ul¢] PBS (0.1 M, pH
6.8), 40 ul®] tyrosinase (31 units/ml), 40 ul®] L-DOPA (2.5
mM) 2 220kg] 24749 FEE(125~200 ng/ml) 2 W A7}
g EFEE 37CAA 1083 WA F AXE DOP
Achromes £FZ3EAE 0] 83t 475 nmoll A FHES 3
3t At Tyrosinase A3 &2 th&3 Zo] A4bst At Tyr-
osinase inhibition (%) = 100x {1- [(Abs sample + DPPH) -
(Abs sample blank)] / [(Abs control) - (Abs control blank)]

EANzZ
DE AYL 33 EoE HAAsIg o Ae Hd o
EFUA e ZFAE YUY 94 A4 SPSS

0 (SPSS Inc., Chicago, IL, USA) A Z2 1S o] 43}
AHEA(ANOVA test)e 2A3H3L Duncan® ©574
(Duncan’s multiple range test)& &3l 95% A3 FFolA
UeERh A

S e

27 9 78
ZX0i2| S0f FEE9| M3 g1t
A 2Ed 20 oA B EE free radical®] A8
AsAY 27AE £ BT ofyet ASEES A 5o
%@E‘)ﬂ T A7 Bol FHHL At = FAG
)°ﬂ 9] gk oxidative stress AU A A A oA L
3o 2 X WA E superoxide dismutase (SOD) &4
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22 atsty] Ao ek Ao fTh25]. 2FskHl 2EH 2~

oA AAI BEFY JEE HAY ROSE 243514 &
st o, S, 9nE nEY U A8y FE5E
st Al "oh27]. o] 2 g A H AA TS gAsty] 9

8l 2zulg] A3} 7] EFED §vjFEE tid DPPH
275 AT, 22rHE 43 271 22 hexane,
EtOAc (ethyl acetate), MeOH (methyl alcohol), 95% EtOH
(ethyl alcohol), 70% EtOH, 50% EtOH, 25% EtOH ¥ & F&
o] thate] DPPH &7 %< A8 A3E Table 1914 BE
who} 2ok, 22ukg] & $£E9] DPPH radical 7% ICx
#2 hexane FZF&0°| 48.94+1.53 ng/mlzA FA 44 A
Fo] 7h wokon, EtOAc FE 52 31.74+051 pug/ml ¥
MeOH FZ&E2 25.38+0.13 ug/mlo. 24 &9 F40] F
MEFE %5 FUH At T3 BOHY| 55 9%5%, 70%.

Table 1. Inhibitory effect of DPPH scavenging in Rosmarinus
officinalis L. leaf and stem powder extracts

Solvents Concentration ICso (ug/ml)
Hexane 100% 48.94+1 539
Ethyl acetate 100% 31.74+051°
Methanol 100% 25.38+0.13°
Ethanol 95% 29.24+0.36°
70% 21.53+0.18"
50% 11.73+0.14%"
25% 12.40+0.12"
Water 100% 12.19+0.25'
Vitamin C” 17.01+0.80°

Y Ascorbic acid is used as positive control.

JResults are presented as mean + SD of three independent
experiments.

IMeans with different superscript letters (a-g) within a column
are significantly different at p<0.05 by a Ducan’s multiple
range tests (n=3).
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50%, 25% 2 243 &ujo} & FEEY Gt 2447 29.24+
0.36 ug/ml, 21.53+0.18 ng/ml, 11.73+0.14 pg/ml, 12.40+0.12
ng/ml, 1219025 pg/mlC. 24 EtOHS| =7} 50% ©]3h2]
I FAEY FEE9 ICoftel 13 ug/ml ©|8tEA positive
control¢l HIEFE] C¢ 17.01+0.80 ng/ml Bt} o} 1 Z 37}
o F Tk 2ev BtOHS 5 =7t 50% ol A 95%7HA] 7t
F5E [Cspptol F7Fste] DPPH radical 24 %2 HAste
73 8ol ATt

2 20| (Rosmarinus officinalis)®] 9-& & 43l S4 &
ZHA L Y3, FEEN Tl Je AssdES g
59 #AA A AFAFT} Bol RAHUT3, 23]. Lee T
[17]& 220t 75% WEE FE2EY ICx #tol €5 72
3 50% olehE FERT SolA atksteo] Hrha stgl ot
= 7280 dEs %‘%%EE} DPPH radical®] o3t g4ts
37 EU, 12, 2615 e Bux At oy e Axe
F ZEd e FH2] =25 544 $448 E24 rosmarinic
acid, chlorogenic acid, rutin, % caffeic acid [3, 21]°] &7
wZolgtil it B AFolM e SRl A& =7}
50% o]t ol ICsxgkel 13 ug/ml ©|3tE A positive con-
trol$] ¥IEFY C Rt} Yol DPPH &7 %5°] 9 =9&=H], o=

~

AO,L

oEt&0] 50% ©]3t2 FFFHE L2 2ZEA 0 Faslso] =
& g4 ARl Bol ol U3 WEY A0R 33
o E A7ASe Age QTARE TS Pakse o
Aole FE LW, 2N, FELE 59 BET aclo] @
of st glew, olHd QUSSR N FE=] JETFl
Aol 2 A £A%9 Hol7h g Aoz AZHY

a-Glucosidase EMAN &5
HE QTE A AAA R 5% JE, A2 o
AsA 748t 9lom[15], it 1d

s l:]
o, B AEE, AEAAH, type 2 T 2 ol AW
SO BYAARL $HE JFAAR LAAT ATHIO,

28] 22ty &8 FEE9 a-glucosidase &4 Al &3}

E Gt o2 Hug A3 & Table 2914 B+ vkgk 2t} o-
Glucosidase S AIA 9] positive control$] acarbose 500 ug/ml
S AYPS W AAEHE 27.94+14% EAH 50% ©] 3]
AAEFHE YT 22y 220kE] FEE2 200 ng/
ml o] 3tell A 50% o4 A EFHE YEp o IGits 78
T A=, hexaneF &2 125.02+1.36 ng/mlEA A &
7} o §- voko ), EtOAc 2 MeOH 522 &9 F4 0]
TS JAERE SHEAH. IC @2 100% MeOH,
95% EtOH, 70% EtOH % 50% EtOH &1 FZ%°] 10 pg/ml
o]t Z A ] Z9kon, FtOH 25% % & FE&-& 25 ug/ml
oo g A FAol YR gobd ASdde TH7} adte
Aot & FF e v BE FE=9 a-gluco-
sidase &4 A &3+ 100% MeOH E+= 95%~50% EtOH

Table 2. Inhibitory effect of a-glucosidase in Rosmarinus officina-
lis L. leaf and stem powder extracts

Solvents Concentration ICso (ug/ml)
Hexane 100% 125.02+1.367*
Ethyl acetate 100% 11.630.16"
Methanol 100% 6.09+1.18'
Ethanol 95% 8.78+3.73°
70% 6.49+0.38"
50% 6.41+0.08"
25% 27.63+0.77°
Water 100% 25.33+1.83°
Acarbose at 27.94+1.49

500 ug/ml (%)"

YAcarbose used as positive control is percent at 500 pg/ml.
Results are presented as mean + SD of three independent
experiments.

IMeans with different superscript letters (a-f) within a column
are significantly different at p<0.05 by a Ducan’s multiple
range tests (n=3).

S E FE55 S Wl A F9koh

RHME 23tAH|

B ghE 2] ¥ - A 2 (preadipocyte) 7} A ¥ Al & (adipocyte)
2 BoEo Ax o As SHetu, ARAEY 279
9 F7H 3 Ao g BuHI 14, 32]. 220t &
%S 95%, 70%, 50%, 25% EtOH % &< MeOH, EtOAc %
hexaneFZ=% 50 pg/mls Aglsted AW L35S 34T
A3}, 70% EtOHFEE2 DMSO A & tiHl 355% 2 A
Algol 7H¢ £33, 70% BOH FFE& 7€ 2% 3t EtOH
o 557 ROMAAY wesrE ok 744590 (g 2).
EET'?} MeOH FE &2 371 A9 §0 2, hexaned} EFZ

& ok 15%9 AA LA} YN, EtOAc FZEE 94%9
AEZA A7 A 2dt €4 FE2E2 10 ug/mlY
SolA iz tiul 401% A& YEiAL, e
£ 4% 10 ug/mle] F=lA tiz thul 224%< o
S Yehyo] oehe FEERT A FE2 5 AES
37} 5359 th(Fig. 2). Lee T[18] vixd
7% 10 pg/mle] & Zoll A 155%4 AREst i

g AR B FEESH S T o

Uepitha &gt 22mtes +€54 T8 482
marinic acid, chlorogenic acid, caffeic acid 2 gallic acid 59

2

it £ o 1@ 2 N off 42 rl
o HHN'
o

3 &0 pancreatic lipase®} hormone sensitive lipased] &%

gEHA 9 ]E#E UrE}lHUﬂS] ol Ao A3E Wt
7] W2 AL Z3tAohgl. w3 22ute 9] HwERS
YEl = 4 %—8— rosmarinic acid9} carnosic acido|™, 574
ol A &9 HEo] %< Wl carnosic acid7} Wol FZH
W, ¢Zo| Bl go] Y& = rosmarinic acid’} A FEIY
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Control DM DMSO Water 25%EtOH  50% EtOH 70% EtOH 95% EtOH MeOH EtOAc Hexane

0.300

oD (520n)
°
=
8

0.100

8o

BB 888
8 88888 88

% inhibition of DMSO

o

Control DM DMSO Water 25% EtOH 50% EtOH 70% EtOH 90% EtOH MeOH EtOAC Hexane
Extracting solvents

Fig. 2. Rosemary extracts inhibited adipogenesis in the 3T3-L1 cell line. The 3T3-L1 cell line was maintained in DMEM containing
10% FBS, 25 mM NaHCO; and 25 mM HEPEs (culture medium) and adipogenesis was induced with culture medium including
10 uM rosiglitazone, 10 pug/ml insulin and 1 uM dexamethasone (differentiation medium). All extracts were treated 50 ug/ml
throughout the induction period. Cells were stained with oil red O for photography (A), after which the oil red O was
dissolved using iso-propanol and the OD value was determined (B). Pictures were taken at 200x (A). Values are presented
as the mean * SD (n=3).

I 3FT16]. B ATAME FE S S0 el gy EtOH, 50%EtOH, 25% EtOH % & ®F4 F&%°] tyrosinase
W a7 Aozt A= ol &Y S99 wekA ros- 44 Adfell vAe &3S 28] Hst] FEEE 200,
marinic acid®} carnosic acidv =& T2 A A AHE9 100, 50, 25, 125 pg/ml9] =& A3 thF tyrosinase T4

439 Aolo] 7] Aoz HzET A8 &S S48t (Fig. 3). Tyrosinase 4 A& =
&me 7 % EtOH sxof metA gion, F&=9

Tyrosinase Aoff &4 A E =7}t F7H8EFE tyrosinase BA A &o] FTrtshe
zzrtg] o3t £7] 22 FE29 A7 1Y FHF &4 &S B, 53] 50%9 25% ethanol 3 & FE&0] £
ZA ol& tEAE AES Y 95te dald Ao AFHA 7} £92.1, methanol, 95% %+ 70% ethanol FE &S T4

A A tyrosinase’t L-dopas 7|4 & o] 27|9H3-9| F %, ethyl acetate FZ 52 A EA7 @A 3] Wokth. Tyrosi-
8 HHE FAFITE AL o] 8359 tyrosinase@ A o A 3 naset 9 Fo &= = A4S melanin 4 o FoF

SE 343 A%E Fig 394 B vhe} 2ok 22utg] Y3 SAE EA8 s 98 sl ALE dHA YA IF A
=719 EZS ethyl acetate, methanol, 95% EtOH, 70% W3 AdE AFoA 49 F8 At TAZ AEHL 9
EtOAc MeOH 95% EtOH 70% EtOH 50% EtOH 25% EtOH Water
100 '

g 80 r
S
560t
€
Y
k-
[o]
0 - . = . . | . e

200 100 50 25 12.5 200 100 S0 25 12.5 200 100 50 25 12.5 200 100 50 25 12.5 200100 50 25 12.5 200 100 50 25 12.5 200100 50 25 125 SO

Concentration of rosmary extracts (ug/ml) Kcu:jc
aci

Fi

—

g. 3. Inhibitory effect of tyrosinase in Rosmarinus officinalis L. leaf and stem powder extracts. Kojic acid used as positive control
is percent at 50 ug/ml. Results are presented as mean * SD of three independent experiments.
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AFNNE Zarte RS oo 02 229

11, & %
50% o]3h< ol gh-&

Th5 tyrosinase Al E3E FAE A}
FEEO AV FE& ALE YERT

ol A3s T mxute] Y AYEH HELE ros-
marinic acid, carnosic acid, chlorogenic acid, caffeic acid %
AL H[8, 16], BZE HE& T%J%UH«I
SA metA S st 927] gEo] dFatelr} 9
SHATHLG). £ AT E FE2Em ] FA o] 2 25t -;"r
HE AN AT TF 4 FFY A7t e Aol
m[16]. #4+8}(50%, 25% EtOH, &), a-glucosidase &4 9 A
(50~95% ol g, WehE), A A E B39 A (70% ATE), ty-
rosinase A3} (50%, 25% AHE, =) 5o g H &< &7}
239 dde FEEujd BE 5 489 FFe FFY
atolol 71918 Aoz AZtE

gallic acid 5©]

2dTALdAd 2d)l st o
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