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Optimization of Extraction and in vitro Sugar—lowering Activity of Physalin from the
Calyx of Physalis alkekengi L.
LI Cheng—hua', FU Yan-yan®", XUE Chang-song'", CHEN Jian—yu', ZHU Fang—rao'

(1. Laboratory for the Development and Utilization of Superior Crude Drug Resources in Changbai Mountain,,
Tonghua Normal University, Tonghua 134001, Jilin, China; 2. Department of Nephrology, Affiliated Hospital
of Changchun University of Chinese Medicine, Changchun 130021, Jilin, China)

Abstract: Deep eutectic solvents (DESs) coupled with ultrasound-assisted extraction (UAE ) was employed to
extract physalin from the calyx of Physali alkekengi L. and the sugar—lowering activity of the extracted physalin
was analyzed. Five different DESs were used for extraction and their performance was evaluated. On the basis of
single factor tests, the response surface methodology was employed to optimize the extraction conditions of
physalin from the calyx of P. alkekengi. The sugar—lowering activity of the extracted physalin was analyzed based
on the inhibitory effects on a—glucosidase and a—amylase. The results showed that DESs ( choline chloride :
glucose = 2 : 1) exhibited the highest extraction yield, which was significantly higher than that with 75%
ethanol as the solvent. The conditions for physalin extraction were optimized as follows: solid—to—liquid ratio of
1:10 (g/mL), ultrasonic power of 320 W, ultrasonic time of 30 min, and water content of 15%. Under these
conditions, the yield of physalin extracted from the calyx of P. alkekengi was (8.96+0.15) mg/g. The physalin

extracted from P. alkekengi had sugar—lowering activity.
Key words: the calyx of Physalis alkekengi L.; physalin; ultrasound; deep eutectic solvents; extraction; sug—

ar—lowering activity
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R 3 | Physalis alkekengi 1. var. franchetii (Mast. )
Makino] 51|24 L8 IR AT RE 4655 )L AR L HES )T,
J = RN, B AR AR LT BRIV NS
VO] PG A Y, S 2 B AR, R e (R
PERH R MEFE AT BT M BR S D, BB PR
SR HHARAS TR, BEXT BRI 5 R B AR, 1R
R R RMIE h — R R B AEYIE Y IR R
A3 3 A5 5 A S AR A 2 SR DR R G i
BGOSR, BRI R A AT LB Nef2 LA
FERE DR R 175 e ik D e 1 242 3K i HL A BT e LA S
FEIE HIIEAES . FRIKE 2R B W B I A FL AR 20 i
ST IS R N R DR W N i
AT, FRIETTE B.DJ A1 P REAH AR TR 5
FHOAFESE , BA B PTEAE T, BRI RES
0 v OB 0 P NI 9 K A 2 2 B ) 98 i 2 1y A
PR, B S O e 1 S

b 157 l"J(deep eutectic solvents, DESs )VE & 35T
RUSLIEIR A0, HAT a8 R T B SRR IR e 3 |
A WIARZS I AT A AT RS 22 A AR, 2R A
T R 1 AR IR . DESs IR OCHTFEI8
B LI, IEANER) D K SRR B . DESs it 5 %5 5
T RSB RT3 IR L B CHL 5 K BV A o DESs B RR
TR R AP Sy B ST R ) BT B AL O B A RGR AR
DESs i ) 82 A il s P RO AZ R e 22 1 A
HUER T2 BRI VIS T AT o P B 4
B (ultrasonic—assisted extraction, UAE )J&—Fl B &L [ 2
HHOAR , BRAB DU 5] e RE S A0 A , 4 Dl i BBUIRS ]
R P I A B AR IO AT R L 2 I T
TR IBGECR o I, DESs-UAE $2IUEY h 2ifig
PR B3 IR TR ) e S T B

H Tt B2 IO 1R 0K iy 2 1A% e B IOy i e, Y it
AFENE, M DESs J&—Fl e B ar (5] . DESs-UAE
PRI AR H P IR BRI L S8 = HA K
R R GG PERF IR D AT AR IR A =25y 5t
B, 2R ] DESs—UAE RE I 5 3 MSURHH U BT
S, TR e 1 T O A B BT 28 G ek X oo AR
it ou— T Hoy il 1) 41 ) 6 T V-0 TR O 2 AR S B I
P, it — DI R IR TR A 25 5%

1 #R5FE=*
L1 ARG

R 1 2 < >R Al AR T, 30 CAIRTR ML T, B ik
60 Fii, %M.

B HS X HR it oy £t 24 A A e P B 5 - T
K =10 000 U/g o -0 %) Bl i 0 1R £h 22 vh %
‘Wﬁi(phosphate buffered saline, PBS) =50 U/mg: RGNS

AR BT R RS EE (YR b4l ) -
KEME AL TARAF,
1.2 {5

UV1900 4] UL BT T« L ifg 35 AR B AY
A PR E]; JASO03N AU KA« LI TN AR AT FR
N RE-52AA TG 78 & 2% : DI SR AEARALER 5
Thermo Forma fFR1Y : 55 F Bio—-Rad 22 F] o
1.3 ik
1.3.1 BRI R MR

Bt IR 22 )« P S P i i B = S Tt L
1.0 mg IFEZA T 5 mL A5, 73 0.2 mg/mL -4+ f
Pl IR 2890, TR K 200 nm~1 000 nm 34, 13
386 nm N E A, I E 2, Bic ] 0.0.1.0.2,
0.4.0.6.0.8 1.0 mg/mL FRF A & X FE G 75 W T 25 1 i
W TR R A I R RS L, DA
FE A STHREE ¢ 1A 7 #2454 =0.791 7€-0.051 2, R%=
0.999 3, Z5H IR, B-7 B BT HE SIS HEAE 0.1 mg/ml~
1.0 mg/mL HA&& RAFEME X R

AR 5 700 1) i 2 B AR M s A 3R A e 95
SALRERE S 2 w1 BB Ty I 4 S5 SR LR
R .1,4-T 20 FrER HA R — B BE R LIRS,
BT 85 Tk PR B HE R IR A PiEReE Y, BAR
R 700 0 o S B BE R U B L35 1

R REEFBOFRLR LB

Table 1 Types and ratios of deep eutectic solvents

¥ GiES FEIR LT
DESs-1 SR FLR 1:2
DESs—2 ERIANTHIES 12
DESs—3 AANAGE:1,4-T —FE 1:4
DESs—4 SAACNNGEATRR IR 1:1
DESs—5 SRR A 2:1

FE SR IRIE R IS S BRI EM AR 1.0 g
TR IR L% IR 1220 (g/mL) A &K% 20%
BRI A7) (IR 7] 16 mL+28487K 4 mL),80 °C
FABFE 30 min , A HR T FLIBEEUE , RIS IRIE T 241
U o WERA M BRI % A S 2 mL T SO,
HNAA T 2 mL, I3 5E 10 min, 4 HEZE , INA 282
B 2 mL, IRJE 10 min, LR L BREWT, A i
SEMAL TS S mL A2, FENE 386 nm A
W R SRR BE T R RS BRI (mg/g ) o
132 HRRERZERLE

TEAR A DIEE 200 W 5 7K & 30% 5 I [E] 40 min
BT, Z 8O [ 5.1 :10.1 : 15,1 : 20,
1025 (g/mL)]RFFR A v 2R 45 BCa: 1) 52 ) 5 76 BHAR LL
1:10 (g/mL) & 7K & 30% 75 B A] 40 min () 5514
T, 2 7 1% (150.,200,250,300.350 W) X iz 3¢
TR PP R 7ERRREE 10 10 (g/ml) JEA TR
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300 W i 7 Bif i) 40 min SR T, B85 7K (10% |
20% .30% 40% .50% ) X} TR 7 25 $L U 1 52 M 5 76k
WL 1210 (g/mL) G T4 300 W, &% 7K 2 20% 5%
R, B EGE A B E] (10.20.30.40 .50 min) X 8 3 38
RERPUREM . AT 3 R TIRE
1.3.3  HRALHE 7 4 B AR v PR AR

M L R R IR 25 R, R PRI H (A ) A T %
(B) JBAHHE (C) 7K (D)4 A Z F i L T
AR PR BRI A S R IR I 5 R T8
VIR S R 3 05 R B B Ay o o (Y A T B 15,
FARFIEE 2,

®2 EZAFET

Table 2  Factors and levels of test design

A BHR e/ B C M -
AF <§ﬁt>t miﬁv aﬂiﬁ/r:in D eI %
-1 1:5 250 25 15
0 1:10 300 30 20
1 1:15 350 35 25

134 FEMETE P 2

il %% 0.062 5.0.125.0.25.0.5 . 1 mg/mL FFRIKE 5 H
B S A T ,0.031 25.,0.062 5.0.125.,0.25.0.5 mg/mL [
AT S TR BT 1A X6 RV, AT IR I o R AR SRR 1 4
W .
1340 X o~ S ZPHH it #0600

) oA AR T LR 3,

F3 0 o BEEETERGIGIT

Table 3  Experimental design for a—glucosidase inhibition

wL

THEN e XA HEA "

W v “‘E@ﬁ BEHL oDt ﬁ”’;ﬁﬁ
i3 SEakaiiacs

gl 112 20 50 20 80

M4 112 20 LRFE IR 20 80

RGBT
THA 112 SRR 50 20 80
ERGR

S 3 SE A IR , I AR R il
FRHe—B-D ML A AT 1T 5 43 BIAE 37 CIUAL 15 min,
IIABRIR AN LA SV, T 540 nm AEKGI OGRS, 1
H1Cs fH.

o= BT B R 22/%0=(A 1yue—(A ses=A 50 VA 4ex100

P A gy R IR G A e AR ZH RO
BE A o A FAMOBEE
1.3.42 X a-JERy AR AE 7 I 2

T - VE Ry BRI T IR 4,

SRR kil a4 3, 5- ANk R (3, 5-
dinitrosalicylic acid, DNSV&W . S MR 4 HEATHH R,

x4 M - EHERRIEIEIT

Table 4 Experimental design for a—amylase inhibition

rL
, o SR I Sy 1
GBI PR o R imgg
A 50 50 50 50
R BR 21 50 SEKFR PBS 50 50
XTHEAL SEURB PBS 50 50 50
ZEENRA SRR PBS AR PBS 50 50

5, P mA a—VER RS 7E 37 CIN 10 min, T A
DNS J&7 , T 540 nm AN WOGRE , THEF 1Cs B0 o—TE
W B IR A AR
o JERS TG A 28/ %= (A gyp— A s piaem ) -
(A ea=A peaarn) V(A spp=A 5135 )x100

FH A g AR R R S A e SRR i A RO
BE A s 2 AN BREL S BE 5 A g g g A i X HE
MR,
14 HfEab

K H Design—Expert 8.0.6 . Excel \SPSS13.0 BG4
R

2 RS54
2.1 SRR 7 700 1) s 1

SAACNEREFNAG HLIR RN 22 0 4% AH N ) B8
IR HCECHI 5 Fh2ERIAY DESs, H iR R, DESs ¥ 5L i H0A
HR , 25 1 DESs 286 B XS BV AR FIRCR IR
FERUITEEIUY DESs 75K &8 20%, LA 75% T2
ELP2 AR] DESs XSRS v RAEBCR 2 m an i 1 iR
7.0¢
6.5 a
6.0F ¢ c
55 d d
5.0F
RN
4.0 '

9@%%/\9@%‘59’0@%5”39@“{Ag)@%ﬁ’:) 50101»&
AR F RN RS i R A U 25 7 1 7 (P<0.05)
Bl RS E R RRE
Fig.1 Effect of different solvents on physalin yield
il 1 AT, 7E 5 Ff DESs Y, SALAEG - H2HE=
2 L(BEIR H) A U DESs—5 $RBGCRFels , BRI R
PRI (6.370.19) mg/g. 33X AT AR i1 TS0 AL 068 7
HIEE U DESs-5 SRR R T 4E1L . DESs
AR R RBUR & T 75% L v g T DESs fig
SRS R Z A U s ZU Y SR ™, A
JIEGR - f A =2 « 1R B ) il 45 1) DESs-5 H T Je 4L

PR v R FE U/ (mg/g)
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MR T 2k
22 RS,
2.2.1  BHBHEO TR v 2R SR I 52
R O RN o R AR IR A2 ) LI 2.
7.0¢
6.5}
6.0}
55t
sof
45t
a0t
35t
30

PR 2R P/ (m/g)

1:I10 1:I15 1:‘20 1:I25 1:I30
FHB HL/ (g/mL)
N TR TR TR i AR 22 57 1835 (P<0.05 ).
B2 Rkt BEERRIENHMN

Fig.2 Effect of solid—to-liquid ratio on physalin yield

FhIET 2 AT R, — 3 P TR e 3R B U Bt
DESs AR Iy g i, S G0 B 3 m , Refg 1
TR A = A ) 22 TR BRI v 3R e E 22, AT T
RSN T, A7 45 TRRIE W R A P, DESs MBI K
SRR RO TR, T RER REE SR UA R Ry 1
I B B R R R LI ) 1210 (g/mL)
11T ARS8 T SR A BRI B 7 0 e BV Ik AR
XU TRV ARS8, AT S BRI 2R B
RS P SERRENE L 1:5.1:10.1: 15 (g/mL)
HATIR SRR
222 EPYIRXTRIEE R AU BRI

JRE P I AR IR vy 2R S B2 LI 3

701

0 1:5

6.5r
6.0r
55¢

50r
451
401

PRI R AU (mg/g)

35¢

3.0 1 1 1 L 1 J
100 150 200 250 300 350 400

B TIRIW
[T FR RN 1 2 I 2 57 3 (P<0.05) .
B3 BEENEREEERENENRMN
Fig.3  Effect of ultrasonic power on physalin yield
HY L 3 AT, PR 0 iy 3R 4 Mo it o o 75 D 232 1 3
IS LS TR, RT3 300 W, iR
AL/ en iod N SRR GEN I NS
PeBhfier™ A 25 A RBTUIRON A R T NS B A ¢,

EGE 7= TR ad K, S MR N S 45 k20, (R, e
BRI 250,300,350 W 75 S48 .
223 ARIAAEE S KRR IR 1 R U 5
AR 7 3] 5 7K X IR S 7 2% B B A R i) D
K 4,
8.0r
T5¢F
7.0F
6.5F
6.0F
55F
50F
4.5+t
4.0
3.5F
3.0

PRI R AU (mg/g)

0 1I0 2‘0 3I0 4I0 5I0 6‘0
K%
AR TR R BRI R I 22 57 8.5 (P<0.05)
B4 EkENBEERRNENZM
Fig.4 Effect of water content on physalin yield
& 4 AT, B KR 2090, 3K T R R B
kB F . DESs #7KiE £/ 5 DESs 1Y% R P
A, HEMIRZ N DESs B3R ICERE™, 23 B I PR Al g2
IKIIMAREAR T DESs FIFERE . 15 YFERAT RS A
RARTHE B R NS . 45 KeE R T
20%H , BRI A R AR E S T % . DESs &k s K
23 I 59 L 2 400 A A A N AU 2 R 2 ] Y SRR
F LSRR DESs 188 73 14548 , (45 20% 57 DESs
) B B DRI, DT BRI v R AR BRI, PRI, i
PR 15% .20% 25%3E 1 T Ie 24056
2.2.4  EEFE IS R]XT R A 2R AR IR (1 5
FEE Pl B AR T AR A ROR R L 6 T DESs
USRI 25 B3, R I (AR R R R I v R
PEPCER R E BN E P B ] R R AR IR A5
i WLIET 5
8.0r
7.5
% 7.0t

a a

= 6ot b

R 55t
¥ 50
45}
4.0

0

o

10 20 30 40 50 60
B I (] /min
AN PR AR BRIE v AR B U 25 5 .35 (P<0.05)
5 EEEENBREERRNENZN
Fig.5 Effect of ultrasound time on physalin yield
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& 5 AT, BB A I ] R 10 min~30 min B, R 3K
TR ARG B LT kSR A K S ] R G
T V22, 30 min AFRICT [RIREAEAE KR o0 1 R H
EYNI S AR L e E R AT i
FEAFE] K 25,3035 min #HFT /R SHAL
2.3 Wl TR E DL AR I i R SR U T 2 &

RV I R SR IE 5.

x5 MERTHIRARRER
Table 5 Results of fitting test

) — s ms CEr DAk WREER
RS AL o o R R (mge)
1 -1 0 0 1 7.37
2 0 1 0 1 7.96
3 0 0 0 -1 7.27
4 0 -1 0 8.16
5 -1 0 0 0 9.15
6 0 0 1 7.92
7 0 1 0 -1 7.27
8 0 0 0 -1 8.83
9 -1 -1 0 0 8.81
10 0 0 1 0 8.73
11 1 1 0 0 7.26
12 1 -1 1 0 8.86
13 0 -1 -1 0 8.89
14 0 0 0 0 7.76
15 -1 0 0 0 8.55
16 0 0 0 1 7.32
17 0 0 1 0 8.57
18 -1 -1 0 1 8.79
19 0 0 -1 -1 7.37
20 1 0 -1 0 8.98
21 -1 0 0 0 7.16
22 -1 -1 0 0 8.76
23 0 1 0 0 7.89
24 1 0 1 -1 7.94
25 0 0 0 0 8.77
26 0 -1 0 -1 7.47
27 0 0 -1 0 7.34
28 1 0 0 7.82
29 0 0 1 1 8.78

SR I SO T 23 A i 3 i 2 R, AR o R i

PRI R (mg/g)

B Ay A, PRI B s A T ik 28 S
P50 5 % - TR 2% v R PR =8.77-0.234 +0.093B+
0.057C -0.12D -0.354AB +0.114C -0.184D +0.64BC +
0.048BD+0.25CD-0.8742-0.37B*~0.11C*~0.020D?, R*=
0.991 5 M L7 [AT 25 XoF T ¢ 15 2 4 BB i 1) 77 22 43 D
%6,

F6 MEEEMBEEERNENTEM

Table 6  Analysis of variance of orthogonal test

TiH FARL AdE By FAH PE

FEEHY 8.67 14 0.62 6.47 0.000 6
A 0.63 1 0.63 6.54 0.022 8
B 0.10 1 0.10 1.07 0317 7
C 0.039 1 0.039 0.40 0.535 8
D 0.017 1 0.017 178 0.203 2

AB 0.50 1 0.50 5.20 0.038 8
AC 0.95 1 0.95 9.86 0.007 2
AD 0.42 1 0.42 498 0.042 4
BC 0.33 1 0.33 5.50 0.034 3
BD 0.011 1 0.011 0.19 0.671 8
Cch  2.500x10° 1 2.500x10° 0042  0.841 4
A 4.89 1 4.89 51.14  <0.001 0
B 0.90 1 0.90 9.39 0.008 4
o 0.083 1 0.083 0.87 0.366 4
D 2.488x10° 1 2.488x10°  0.026  0.8742
Bz 1.34 14 0.096
Jeqtl 2% 1.32 10 0.13 34.83 0.0019
R 0.015 4 3.800x10°
R 10.01 28

H:P<0.05 FnE RN E

H 2% 6 AT, [0 9 77 2 2 PRI P=0.000 6, 3%
W% — K O RSN I 3 (P<0.05 ), [81 )5 5 R AR 78 5 52
BRAUL G PR BT, iS58 22 /0N , TR I AT T AZASE AU X6 2
TR MRS T ST . 5 DR SRR v R A
B RS2 g 1 KM A CRH LG )>D (57K i) >
BOHA IR )>CGA A ) o

W3R 6 rh AR A T e Nz iR ST, AR 2 A
SBHONTRIE A R PR S AR MR Rl 7 7
2 g 1oy TR AARL L B A m AR, A 4 AN R
XFRIE 3 AR IR s ), 25 SR LA 6.,

PR3 2 P (mg/g)

350

B R IW

1:7.5 1:10.0 11125 1:15.0
A B/ (g/ml)
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PR 2R B/ (mg/g)

PRI R AR BUR/ (mg/g)

PR R/ (mg/g)

32.5
30.0

C/@’ & 27
Mﬁy /1;37/])]1.
n

5 2502 275
.0 250 BK‘&?

C #8755} [A] /min

1:5.0 175 1:100  1:125  1:15.0
A BHR L/ (g/ml)

PR Z R U/ (mg/g)

D K%

1:7.5 1:100  1:125  1:15.0
A BRE H/(g/mlL)

TR v AR (mg/g)

C B a] /min

B TIRIW

6  ERRREREZEEMAX % HERR RS N 6 B E

Fig.6 Response contour plots and surface plots showing the effect of factor interaction on physalin yield

3D 0] o7 p T L AT P T L S 4% PR 2K 58
A FXE BRI 2 AR O e i) 1) B S5 R 7 3D [,
pHb T P B A b T T 2 R L 38 A FH
o TR R S LR bR 20 A 58 D0 79 A4 T
BN EAERBE . mE 6, SHE
N R A, A BRI AN B BRI A B LR C
AR A CBHE LA D FoK B A TR C
T IR ) 43 31) A5 1 2 0 2R B T P I ) = 2 il v [
TERE I, Wi 7 (L% S ., FL45 i 4k B i IR , 22
AR R I S R AR U R R AR K, 53K 6 5 %
SRS AR

2.4 RIS SE R

H Design—Expert 8.0.6 #XAF 74T, 15 BRI 5 2 4
BUWEAESRAM . 25 R BN, RIS RN 4
JpBRBLE 1210 (g/ml) H 75 D)% 322 W 75 B[]
30.45 min  F5 7K 15.35%, IEAS 5 B AR I 77 R JL U
$79.070 77 mg/g. 45 G RIRHERAENE I AL kL
W 1:10 (g/ml) ARSI 320 W A [E] 30 min
TR 15%, TR T ZERMTF 2647 3 IREHIE, 1R
W R BUR - A(E M (8.96+0.15) me/g, 5541 151l
EHRIRZEN 1.22%, UtZ 7 5K REEBUAL
T A AT
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RN R A A R LR 7

RT BEERMEEIEER
Table 7 Sugar-lowering activity of physalin
1] oA 1Co {6/ - VEREE 1Cs {H/
- (mg/mL) (mg/mL)
[I7E 80 0.086 2+0.012 4 0.775 9+0.109 8
BT 0.046 5+0.021 3 0.092 6+0.029 8

HH 2R 7 AL, BRI 5 2% 55 BT W x5
BEIE T, 28 X oo— ) 26 0 T oo — TR A9 TR PR 4110 T 45
WEATIIREAS T AR50, % o3 26 AR 17 il 1 100 1
25 3 (1=3.599 . P=0.069 ) , X o—TE H5 il 14 411 1
1225 8 ¥ (1=8.477 .P=0.014) ,

3 i

DESs—UAE $2 i3 e b iR 3K v =, UL
AR« A= 2 0 TCEEZR HE ) A ) DESs—5 MfefER
Ji1@eaS | I VAT 2 VR e B G S Y il Wi 2L
T L [ T R LA LA R I 5 22 T R ) Y sR A &R
T84 38 1A B B R S U 2 A DA R i) o7 A P
FEH . A2 ] DESs $ERRIK A 2 IR 7 3, 45
A W TR AT AL T DESs—UAE 482 HURR 3¢ 15 % 1Y
T2 M AL G H B R MK 35 2, DESs-UAE $2HUR
WA RGO BRI R IG5, 5 T 75% O BE
2 o - TERT T oo 2 R 550, BERREAIG 2 U IR
SEE TR BORE J5 s U . BRIR 2 FUBE PRI 1) H60
25K RS S s RIS kR ETE A R A
VEHT 5 24545 HL 28 A W RO B ARG P = Bk
A AZA 29 RIVE R AT TisAe . TRIEEFZATR
U (A KR TS 1, T LA B3R 2 BUBE R 1) 55 R 245 Pk
A AR AR S R I — A i alife JE Y Il
B AL T E SRR 25 T SEhl

S 3k
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