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Blood sugar-lowering effects of Salvia plebeia extracts
in a streptozotocin-induced diabetic mouse model
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Abstract

This study investigated the antidiabetic activity of Salvia plebeia 70% ethanol extract (SPEE) and S. plebeia water extract (SPWE).
The effects of SPEE and SPWE on adipogenesis were evaluated using 3T3-L1 adipocytes. Oil Red O staining showed that SPEE
inhibited adipogenesis in 3T3-L1 adipocytes. Both SPEE and SPWE were analyzed for their total polyphenol contents (TPC),
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activities, and o-glucosidase inhibition. SPEE exhibited significantly higher
TPC and DPPH radical-scavenging activities than SPWE. Next, an oral glucose tolerance test was performed to assess the potential
hypoglycemic effects of SPEE in a streptozotocin (STZ)-induced diabetic mouse model. Blood glucose levels in STZ-induced diabetic
mice decreased 30 min after treatment with SPEE (300 mg/kg) and SPWE (300 mg/kg). Therefore, this study provides a basis for
further investigations into the clinical applications of SPEE as a preventative agent against diabetes.
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ME o] AY=o] A7]= AP FrH T QlET FH] Aok} Qled A
FHoE Qs A7l= AY FroE ERITHKIm et al,

ARIE2] A g a IE e T AR s, 11 # 2013). 3T3- L1 A= AHA20] thAt 7153k SAkslH, Qe
E2 AT 50l 2435 Tt S0, o 2 &2V1A A8 AsAd HRE 59 dY 280 $23 IS S o]Hgl A
I} tiEo] 3t Ao AEHo wiet 11 ot A= thgt A HPA|2S] Bl ARl w3t 2 75 Aot & A0l iE
o] YFEIL UTHKim et al., 2009). B2 G HER-A|2Zof|A A2E G 9 vjeke] el Whs o] Uth(Rosen et al.,
HHlE= Qe 2HPgelet xR tigt led Ages 2002). €@ 2@%5Eo] Aole AlolA k] o] S4E
op7lE I8 FS(hyperglycemia) 02 F HiAE S8 A, A ol& AR 2HolA| ol LEFIENE KA k. wehA 4
%l A St e A ARolchLee et al, 2010) G 0] a-glucosidase®] S AAISR: A2 B 45 RH @
W2 7)ol whet Hpd wER-A ] k) Rl oJsf Qe g 2EL2 FE o] wikto] & 4= lkSeo et al,, 2015). Tt
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o SAIE 7HAdsh] fiet =8y 7ed A 478 2 A5H
B AE 844, HEZEY, o-glucosidase A/SHA] 501 AREE
AL Q1oL ol e AYE, 1 =4, A% Sk 57 B
4, S 59 FA82 FUee R ofs osfE Aokt A=
ERQJo] &t 7t5h AAjQ] WHZo] ¥ Q5T Hwang et al., 2008). I
HHlS(Salvia plebeia Herb. )= E-Z3{Labiatac)2] Folldo| &2 F
= iRkl E2)en, oo Bofo] i Pkl sto] SkH)
Z, WulsAY A el 502 STt (Jeong et al., 2014).
wiHEiE] 221 Mt R 781t oFE] aE YEidle e
homoplantaginic, rosmarinic acid, luteolin, nepetin, nepetin-7-gluco-
side, hispidulin, luteolin-7-glucoside, caffeic acid, coniferyl aldehyde
50] & SUthRen et al., 2014; Jin et al., 2008). FF o EF
2 AAXNZ]AL, B triglyceride@} & cholesterol®] $+F& 74
A7le A At B 7HAlE RS
7-0-B-D-glucoside)7} H L% H]- QIt(Park, 2014). FL BRg FH
Hj5=0] AfE: vge 2250 Akt 84,
2o g A5 RAW264.7 TAA|3E0f|A] nitric oxide®?} pros-
taglandin E2& 5= &2 0= oAelo] 3§95 U YUY =7 &
s Bsl9i o, ukeA viEHE AIE 9 murine leukemia cello]|
ofet Al 9 g 3, elolels g BT A gt &
&, A Gl JIAEFRI AGSO] B 60% et SEE A2
Al B QAR Al U 4 avfel HAH TRt Aot of
Z8% A7 EuEQckKim et al, 2014). 1L} ofF] ZHEHEjSE
o] @ 7y} S Uk TelE A g Agolt) 1
AL B 95 F257 BRE ofEe %%4 29 %
oF B 315} SA9] Fakst EA0| st 715438 dolstn
A SHe.

= cynaroside (luteoline

lipopolysaccharide

O

ERETITE
NE F&
ol ARG Al SEE AU 6do] =%t &
EHHﬁS plebeia Herb.yS 397t AAAZAZE & 5] AR #1960
=2

2= 108(v/w)oll sigsh= 600 mLe] 70% o+ SFE ©f
slo] 24k 308 BRE 95 7} Esisich. 5% % 1 ool B
H]o]5i(150 i, Whatman) o|831o] He] 5 -8oIE 24475}
20CoA SZAA 549 A5E 527427 (lyophilizer, 11-Shin
Co., Seoul, Korea)ol|A] 48A17F ZAARAIZ] FHESE ogk &
E(S. plebeia Herb. 70% ethanol extract, SPEE)Y} FHB|E: & &
E(S. plebeia Herb. water extract, SPWE) ZFZFe] B3 40 9] @A)
Tiof miekEA] Aol ALSSIic

op
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MIZZHY ¥

3T3-L1 A|*(American Type Culture Collection, ATCCYS 10%
fetal bovine serum (FBS)7} 3E3HE Dulbecco's Modified Eagle Me-
dium (DMEM) HiR]o]l 37C, 5% CO, Z7o||A wiUgslgc) AlE=
70% He Bijget F F712 08 Afolo] Aolof A&t &3}
A)717] 9J5to] MZ7} confluence A7 2 wi7A] vieFstict. Con-
fluence (day 0) AMER7} & *] 2¥ & MDI (25 mM glucose, 0.5 mM
3-isobutyl-1-methylxanthine, 1 M dexametasone, 1 pg/mL insulin)
A7t & 48 A7 R B8 S oltk 48 AE & AR sEE
A2]slo] 48 AJZE BRF HISSHAT 694 He E AETEE SISt

MEYEE 3

3T3-L1 A|E (5x10°7))E 10% FBS7} A7FE DMEM HjZ o]l A]
96-well plateo]] 24A]7+ E2F QF-sH A7} AZo] 100, 200 pg/ml
9] g AREE 48A7F B9 ATS T A BEEL Cell
Proliferation MTS Kit (Promega Corporation, Madison, WI, US)&

AFg-EAe) o SYstsltt

Oil Red O Staining

AIZ W AAEFE Oil Red O Aloke

3T3-L1 A|3ZE phosphate-buffered saline (pH 7.H)Z A& & 10%
formaldehydeZ 1A|7F 5<9F 1453} 1A17F & 60% isopropanol
& AIHsIEE AEE 0.5% Oil Red OF 305 59 AL20]4] 305
B FAIAIRTE 302 & A o]2lof] £0i9k= Oil Red O AJoR
HolW7] ff8ll SHr= Akt GXE Axe dvdo=
Zhelal ARl #PE sigith @l ¥ F, 100% isopropanol (3
mLvelly@ A8 3le] Zo] SAEl Ol Red O AIOKS 9] F 2}
well2] 100% isopropanol< 96-well plate®] 271 5] 500 nmo{lA] &
TEE For APYITFS Hlwsigic

2 A4g3le] Zsteck

£ EdNiE g2 =X(total polyphenol content)

% Zd9%= 3ES Folin-Denis HPHS S-8sfo] =459t}
247¥0] A|F 0.2 mLe} 255 1.8 mLE ,_@-OP & 2 N Folin-Cio-
calteau regent 0.2 mLE 7}olo] 687 FA|A|Z] 20% sodium
carbonate 2 mLE 7}5}1 6057 HPZ] S} g%lo_l,l KeR 1A]7]— ol A3
3 ohe B A A1gs1o] 750 o] SRS 2 4sleint
% s P aallic acids o8sto] Ve #E FAHOER
| gttt

DPPH 2iC|Zr A
DPPH A-92tC]Z AAZAL Faller-FialhoQ] HI'H-& 0]-89]

A &4
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2759} DPPHE: 80% HSh2o] 400 M B35, A 22
50 mg/mLseR 32 SR Ho] ARSIt A= 03 mLet
400 M DPPH 11.7 mLE &3t ¥ 1587 ®WX|otal, ELISA
reader (SPECTRA max M2, Molecular Devices Co, Sunnyvale, CA,
US)E °183t9 517 nmoA FB=F S7gsto] Alit4g o]89
a7 S At A X o ®2E 05 M LofAd=H
A Bl ARgSIgeH, Alm 7t HIR7REY E8 At
olE WEE(%)= THIste] LYERfIT

DPPH radical scavenging activity (%) =
[(Blank absorbance-Sample absorbance)/Blank absorbance] % 100

a—Glucosidase Inhibition (%)

o-Glucosidase A 84 272 Zhang 5(2011)2] 1] Js}o]
275130tk 120 £.9] 0.1 M phosphate buffer(pH 6.9)2} 20 xL9] o-
glucosidase (0.5 unit/mL)yS 42 &2}Ho]| SPEE2} SPWE (1 mg/mL)
10 pLE Zo] T35t 3 S3IHL 96 well plateo]] Fo] 37CO)A 15
EZF dkSAIFTE ¥R & 5 mM p-nitrophenyl-a-D-glucopyranoside
|HS 20 pL FRE & 157 71 BESAIFH 0.2 M sodium
carbonate 80 uLE F7Folo] HES-S HAJAIZ] & microplate readerS:

A1g31o] 405 nmolH EHES Zsteick

Inhibition (%) = [1 - (A& -3 HalBlank 3= H3h] x 100

delssE # & 14

2 A5o)A ALS ARERL 45 57 CSTBL6 TF9AE 4]
E}(Osan, Korea)olA] 7-a1] 2129 71 2371742 #71 The A}
SIS, AUEE AGAL 1247 (0w WS FASIIL
L&E 23820, Ft 50£10%S SIS 2 58S 2]
skl F-EAI3710|= (Guide for Animal Experimentation)S &4~5}
of AegEigion, ek SEUNLeSIA] 5L ol A
519t} (Approval NO. WKU22-133). AIFZE thr7<2l CON
(D.W + Glucose), FET) 291 MET (metformin + Glucose)<t, A]
FEJHQl SPEE (S. plebeia Herb. ethanol extract 300 mg/kg +
Glucose)wt, SPWE (S. plebeia Herb. water extract 300 mgkg +
Glucose)=0 2 Eo}3ict.

gk &

A3 SEA 0.1 M citrate buffer (pH 4.5)°] -83A|7] strepto-
zotocin (Sigma Aldrich, St. Louis, MO, US) 120 mg/kg& 73]
13] FA] gies S AF ) STZ (streptozotocin) S Fofslal

ne

ut
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2% ¥ R4 $BY ey o ey HFslel 1oldA

=

(Glucotrend, Roche Diagnostics, Mannheim, Germany)Z <743t &
"o 200 mgidL olslel BEL ALlalglch. 1 7Y F BL A

S7gsto] @3 200 mg/dL oV FA1E SE5 AlEste] AR
t}. Z+ N 89 %L Table 13} 2T}

AP35t HAKoral glucose tolerance test, OGTT)

AT AAE= A A 124)7F oAk FAA7] & meE g
o AFdtel B A BF 55 S 27] FPoR 7 2
ER AES FoIT F 30F F glucose (2 gkg)S BT FoIskL
0. 15, 30, 60, 12029] 20 2R e BF577](Accu-check,
Roche Diagnostics)Z S35t

SHX

E A3lo]] dojz] Azk= SPSS version 12.0 (IBM, Chicago, IL,
US) B2 1248 o} galo] 24519tk 2t AR one-way ANOVA
2 794L 3RI5I.0H, p<0.05 S04 Duncan’s multiple testS:
olg3slo] Almzt ROl Aolg Hlwsiyh Re AR Wt
(mean)+=HFHA|(standard deviation)Z HA|SITE

o
Z7 % 1%

3T3-L1 M&E 4= &3 ZAu

SPEE®} SPWEQ] A2 &g thgt J3rS Lolr] 25t
3T3-L1 AJEo] AIBES 0, 50, 100 pg/ml T2 48417 Jejat
T, MTS assayE o851 S73 Al BEE A= thaat 2ot
(Fig. 1). 27 A3}, SPEES} SPWE X% 0, 50, 100 pg/mLoA=
Az BEEol| 2 FFS 7IXA LSkt

3T3-L1 MEO0IN X|L4dd XM st

SPEES} SPWES] AA|E £3} o452 291517] 98] 3T3-L1
AIEE adipocyteZ E5}A|7]%A] SPEES} SPWES A o] A=t
- Oil red O BARS 5oto] A52E v|ws) & 23}, MDI &
S} REAIRE X2l HEAE 4ARIRLE XY FAo] WEES

Table 1. Total polyphenol and flavonoid contents of SPEE and SPWE

Sample Total polyphenol (mg GAE/g)
SPEE 152.03+£5.96
SPWE 81.12+0.30
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Fig. 1. Effects of SPEE and SPWE on cell viability of 3T3-L1 cells. 3T3-L1
cells were exposed for 24 h to SPWE and SPEE at indicated doses. MTS
assay was carried out as mentioned in materials and methods.

[o
w

v o &=

o, Oil red O FAo]| 2J3] adipocyteo]l A AE3t A
o] AlZ9] Pl A s ot JE7 Aol 29 A
BRI == 19{tt. Control tH] SPEES} SPWE A{Z|of|A] 213
Zo] AAS] Ao, SPEE A2|ito] SPWE A2|Hrt
251900t o1& &3 SPEER} SPWES] M| A52] QAIE 2
olstgithFig. 2).
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Fig. 2. Comparative effect of SPEE and SPWE on lipid accumulation in
3T3-L1 cells. Lipid droplets were measured by Oil Red O staining.
Troglitazone was used as negative control. Values are the mean=*standard
deviation of duplicate determinations from three separate experiments.
#0X0.05, significantly different from blank. *£X0.05, significantly different
from control. Blank is undifferentiated group. Control is differentiated

group.
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SELH=E

Hz4 SRS AEA0 98 250 Qe 23 tAKEER
Al, o= AR 24 5 B EEE & ABA Sth(Lee et al,
2011). & EHlE T gallic acidE o]-&sto] ARt & 3
AowRe gHbeloich A9 A=< SPEES} SPWES| & E2]H|
= SRS &7t 23}, SPEE+ 152.03+5.96 mg gallic acid equi-
valent (GAE)g, SPWEX= SPEEY] 50% 391 81.1240.30 mg
GAE/gO & SPEE7} Bl &2 s 7M1 Ql= 202 YEith
(Table 2). ofgtE 352 EdtEo|E ¥ Hsd sRtad 22
HS, ¥4 3dE9) 5 882 =ol= A= 49A ot
(Dai & Mumper, 2010). Lim 5{(2007)2] G704 Z4% ZRuj=
HEehe 25E0] & ZdE TR 202.3541.26 mg GAE/gO2
UeRtow, & Ao ARgEolXl oeteS2E Bt oF 25%, &
FEE2 % 60% =2 g HERIL

i1

21
my
H

DPPHE oO|8¢t 2tC|d A &4

DPPH= A2} ¥hgsto] Zol gfrjzo] AR HA K
2hiollA] Leeb o 2 SRl iR PAISE S-S Sok=tl A
BEICHNam et al., 2015). SPEES} SPWES] 50, 100, 200 zzg/mL -
TollA DPPH 2t 24 &4 5793 23k, 727 SPEE:=
26.17+0.01, 41.96+0.01, 46.64+0.91%= S OJEH 0= Z7}519]
t}. SPWE E3} 16.67+0.01, 23.96+0.01, 41.96:0.91% 5% OJEH O
2 37Fet3ioH, SPWERTE SPEE7} B =2 S-S Uehilth(Fig.
3). Choi 5{(2014)9] Aol BIIA=7|(FEEIF Y &S
9] DPPH radical 2752 250, 500, 1,000 pg/mL &=of|A] Z¥z}
24.942.5, 40.5+1.1, 57.945.8%5 UEHloH, 57t SV ot
2} 9012191 DPPH radical A27%5-S ¥l Aol JAlslgloH, &
g0l ALgE]oj7] SPEERT} W2 S Uehytt. ExtE ol
+ 2 27 28-S Bl Al £ oo, of= ABRKAET
201 A THd Age] offtof] 7]ofdk 4= QAtk(Heim et al., 2002).

a—-Glucosidase 4 X S1}

o-Glucosidaser= A0l 4] 812 HolE B9 L= S+ =

Table 2. Experimental design for study to oral glucose tolerance test of
SPEE and SPWE

Group Material Dose Material Dose n
1 CON D.W. - Glucose 2 g/kg 6
2 MET  Metformin 10 mg/kg  Glucose 2 g/kg 6
3  SPEE SPEE 300 mg/kg  Glucose 2 g/kg 6
4 SPWE SPWE 300 mg/kg  Glucose 2 g/kg 6

https://www.foodengprog.org
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Fig. 3. Effects of SPEE and SPWE on DPPH radical scavenging activity.
Ascorbic acid was served as positive control. *, # Values are mean+standard
deviation(gX0.05).

5h= AAE(Kim, 2000), ¢-glucosidaseo] 2Rt HF A2 AsH
TogH AAL & Fgo] 43 5ol TS Ak om A
2 9122 51018} 2= QJrkPark et al,, 2012). SPEES} SPWE] a-glu-
cosidase®] B Asls2 27t 3783 Aak= vt EATHFig. 4).
SPEE®]| 7% 50, 100, 200 pg/mLO] F=old B/dS Z42F 2743t
A3}, SPEE= 22} 60.1120.10, 65.80+0.07, 68.95+0.05% AJSiA|Z 0.
™, SPWE+ 50.37+0.12, 59.57+0.15, 62.50£0.10% #|3[j5}lo] 5= 9]
ZEH 07 744519 on|, SPWEK T} SPEE A5 E4Jo] &=A] eyt
t}. ControlQ] acarboseS 5 E A2[51H.2H, o-glucosidase A3 &
/d& H3it}. SPEEZ} SPWEY]| H[SH &2 Akl /S LEhd 21
St roltet Eejuls ool 7] ghelA o siAEH, o=
a-glucosidase Aol 7} JERIA7E Q= Z0& AlRHC

B ot dAt Zit

C57BL/6 AA; ul9-A9} streptozotocin® 2 Gicro] GHbE

120.00 o ESPWE
[ SPEE
B3 Control/Acarbose
100.00 4

;,v
0]
sl

7]

2R
%
et

RIK,
e
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80.00

s
XA
el

.,v
%
A

60.00 - =

PR R
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O
XX
o
e
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Fig. 4. Effects of SPEE and SPWE on a—glucosidase inhibition activity (%).
Acarbose was served as the control. Values are mean*standard deviation

(*p€0.05) .

C57BL/6 W04 SPEEQ} SPWES] i #5fl 4 & 5 2RIS
7] $Jote] BAEEHAAE Al k= thgat Zth(Table 3). 4
7oA glucose 7B o] 30 T n|HH fFso] FFS
7% A3, CON(HZR) Y] B2 2154104 mg/dLE S=| L,
SPEELT} SPWETS] S 717} 177+6.4 mg/dLe} 195+6.4 mg/dL
& SPWE Fol3tof| H|sf SPEE FoiwtollA 3571 A4asiith
S oA FFFRSHEAL AL, glucose - Fof 302 Ff
ngd Zfsto] S S5 Z3F CONTS] 2 4734377
mg/dLE ZA4%|9)31, SPEEZT} SPWERLS] Fhe 7H7} 373+14.5
mg/dLS} 407+16.6 mg/dLE SPWE E0i3Lo]| H]5}) SPEE Foof|A]
o] o] ZHASIAH(Fig. 5). Oh 5(2012)9] streptozotocin @& F-=
H G FERHA ofESEE0lA OGTT A3 Ao oJsid
controli?] S 473429 mg/dLE Z4E|QT, Gl S
330+52 mg/dLE FOJ5HA| 7H45Hl O, controlw} Ag o419
g9 A FA7L 2 AT} fAsH VERASICH

-

Table 3. Effect of SPEE and SPWE on oral glucose tolerance test blood glucose levels

Time (min)
Group
0 30 60 90 120

CON 104+3.5 215+10.4 183+6.7 163+6.1 163+7.2

MET 103+£10.5 139+6.4 129+4.4 118+6.0 104+7.2
Nomal-model

SPEE 106+7.1 177+6.2 147+7.9 131+6.0 122+8.7

SPWE 102+1.2 195+6.4 164+7.4 147+8.7 137+14.6

CON 272+28.7 473+37.7 455+30.1 415+26.6 371+10.6

MET 260+10.8 282+10.6 274+215 256+17.1 229+26.5
STZ-model

SPEE 259+6.7 373+14.5 340+20.3 307+13.3 275+7.8

SPWE 266+17.2 407+16.6 389+14.0 366+28.1 317+24.1

https://doi.org/10.13050/foodengprog.2025.29.1.55
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Fig. 5. Effect of SPEE on blood glucose levels of the (A) normal C57BL/6
mice, (B) streptozotocin-induced diabetic C57BL/6 mice challenged with
glucose. CON(#); D.W. + glucose, MET(M); metformin + glucose, SPEE(x);
SPEE 300 mg/kg + glucose, SPWE(A); SPWE 300 mg/kg + glucose.

of

£ A= SPEER} SPWEQ] 4t} E4o] tigt 71s4ds ]l
ot Ao 9 Aot avtE gRlstarAt sioint 3T3-L1 AlZE
ol-gsto] 54 A}, SPEEQ} SPWE HF 50, 100 pg/mLojl A= Al
I PEE] F FFS 7INA §9keH, Oil Red O Aok ARES
of Al W AAFRES S78% 2 A 9MEE ol
control w0f| H|5] F-24 0 & AAFUZS & & USITh SPEER}
SPWEQ] & Zz|ilis kS 245t A3}, SPEE: 152.03+5.96 mg
GAE/g, SPWE= SPEE®] 50% =<1 81.12+0.30 mg GAE/gO &
SPEE7} B] &2 Z10 =% UERth AelsS B7Fsk= DPPH 2t
o &7 2442 50, 100, 200 pg/ml == 5743 A, SPEE=
Z¥7}F 26.1740.01, 41.9620.01, 46.64+0.91%, SPWE= 16.67+0.01,
23.960.01, 41.96:0.91%% s& & 07 Z75}9 on, SPWE
Hr}h SPEEQ] 348t Edo] o &2 Z o= Y'Th a-Gluco-
sidase B4 AL =743t A1, 50, 100, 200 pg/mLo] SLoflA

60

SPEE: Z}Z} 60.110.10, 65.80+0.07, 68.95£0.05% A/SIA|Z.O.H,
SPWE 50.37+0.12, 59.57+0.15, 62.50£0.10% A35}o] 5= o=
o= 7445l o, SPWERTE SPEE A3l EAJo] A Vel
t}. C57BL/6 URQ-AES o|83}o] SPEES] wis) ATdEsldAl
(OGTT)E ¢ 23}, glucose 7+ F0] 302 Fofl A mh-LoflA
SPEEZY} SPWERQ] Y2 ZHZ} 177464 mg/dLe} 195+6.4
mg/dLE SPWE Fofo] u]af SPEE Folol Ed57Ph 14
SHATE. Streptozotocin 2 YheS FUZE HRLA0A SPEEZ
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