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Optimization of Ethanol Extraction Process of Platycodonis Radix Leaves and Study on the

Antitussive and Expectorant Activities of Different Parts
SUN Jie'?,ZHAO Hongyu'?,LI Xiaolan',YANG Jinmei',WANG Huimin',GUO Lili',ZHANG Shuosheng'*
(1. College of Traditional Chinese Medicine and Food Engineering ,Shanxi University of Chinese Medicine ,Jinzhong ,Shanxi,China 030619;
2. Shanxi Key Laboratory of Traditional Chinese Medicine Processing ,Jinzhong ,Shanxi,China 030619)
Abstract: Objective To optimize the ethanol extraction process of Platycodonis Radix leaves, and to study the antitussive and
expectorant activities of different extraction parts of the ethanol extract. Methods Based on the single factor test, the ethanol
extraction process of Platycodonis Radix leaves was optimized by the Box — Behnken design — response surface methodology , with
the ethanol volume fraction, liquid = solid ratio, extraction time and extraction temperature as the investigation factors,and with the
comprehensive score of yield of extract, extraction amount of total flavonoid and extraction amount of total saponin scores as the
evaluation indicator. Then, the verification test was carried out. The mice were divided into the blank group [group A,equal volume
of 0.5%carboxymethyl cellulose sodium (CMC — Na) ], the model group (group B, equal volume of 0.5%CMC — Na),the Qiangli
Pipa Syrup group (group C,5.65 mL/kg),the petroleum — ether extraction part group (group D,360 mg/ kg),the dichloromethane
extraction part group (group E,6.67 mg/ kg) ,the ethyl — acetate extraction part group (group F,228 mg/ kg) ,the n — butanol
extraction part group (group G, 106 mg/ kg) and the water extraction part group (group H,449.54 mg/ kg). The mice in each

group were given the corresponding drugs or 0.5%CMC - Na by gavage once a day for continuous 7 d. The cough mouse models
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were replicated by the ammonia — induced cough method,the cough frequency and cough latency within 3 min after inducing cough
were recorded. The excretion of phenolsulfonphthalein (PSP) was determined by the PSP excretion test. The pathological morphology
of lung tissue in mice was observed by the hematoxylin — eosin (HE) staining. Results The optimal ethanol extraction process of
Platycodonis Radix leaves was as follows:the ethanol volume fraction was 44%,the liquid - solid ratio was 23:1 (mL/g),extracting
twice at 56 °C,each time for 43 min. Under these conditions,the yield of extract was (29.84 + 0.93)%,the extraction amount of
total flavonoids was (65.3 + 1.93) mg/ g, the extraction amount of total saponins was (122.9 + 4.51) mg/ g, the average
comprehensive score was 108. 68 points, which was similar to the predicted value. Compared with those in the group B,the cough
frequency within 3 min in the groups C — H significantly reduced, and the cough latency significantly prolonged (P < 0.05).
Compared with those in the group B,the excretion of PSP in the groups C and F significantly increased (P < 0.05). Compared
with those in the group B,the degree of alveolus fusion and inflammatory cell infiltration in the groups D — H alleviated,and those
in the group F changed more significantly. Conclusion The optimal process is simple and feasible, and the ethyl — acetate
extraction part of the ethanol extract of Platycodonis Radix leaves has more obvious antitussive and expectorant effects compared

with other parts.

Key words: Platycodonis Radix leaves; response surface methodology; ethanol extraction; process optimization; antitussive and

expectorant;activity
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PRI, [F]3k 0, THAR BT 3 i ARS B2 AT D X
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F1 FFEZEERSHIHRIR MM (X £ 5)
Tab.1 Effect of ethanol with different volume fractions on the

extraction results (X +s)

LRABM(%) RTRE%) EXRRRZ(ngly) REFRRE(ngly)  HAHS
30 23.03£0.40 41.96+2.37 93.15+5.56 98.62+3.10
40 23.50£0.32 41.72£3.09 104.34£5.21 106.47+0.48
50 21.90+0.64 46.23+0.33 109.27+2.36 103.69+1.16
60 20.40£2.41 45.580.44 99.37£3.20 99.45£2.17
70 18.59+1.81 41.45+0.73 111.33£2.62 94.94+3.51

TR EL « BB WO} LAY 22 8 5, R R T % o
BB SR AR SRS T}, SR} Ll i 20+ 1
(mL/ g, FIDJ , bR TP28, 55 6 P4
ASARIR BB BORORH L R 20 1. TR LR 2.

®2 AEBEREIHRIE RO (X +5)
Tab.2 Effect of different liquid — solid ratios on the extraction

results (X = s)

£3 AEERIA BRI R IE(X £ 5)
Tab.3 Effect of different extraction time on the extraction

results (X = s)

RRERAmn)  AFFE%)  EEERRZ(ngld)  REERRE(nglg)  BAHD
2 25.36+0.54 S1.75¢1.51 109. 54 £ 4.60 91.74£0.20
30 26.40£0.30 59.05+0.48 106. 78 +2.26 101.13£0.58
40 26.71£0.06 03.97¢1.29 136.00£0.72 104.250.69
50 26.07£0.56 60.30£1.52 133.59£1.48 101.46+1.20
60 2.77£0.44 60.49+1.94 135.48 +0.61 102.48 £ 1.01

SR IBOIR P < Bt S BBOURLE 1) T v, RS A v 45 1
B3R U SR T A R BT, 255 AR 1 60 “CIY
Hy , SR UL B 60 Co PRI 4.

F4 FERBUEEITRIRZM(X +5)
Tab. 4 Effect of different extraction temperatures on the extraction

results (X = s)

RIGBE(C) RERE(%) RHARRE(ng/g) BLFRRE(mg/g) %4HD
30 23.96+1.00 45.54+1.28 94.32+4.07 80.47+2.47
40 25.96+0.91 8.77+1.64 104,57 +7.34 97.22+3.31
50 26,36 +0.40 51.30£0.35 110.86+5. 69 98.34+2.26
60 20.17+0.24 65.67+3.03 100. 61 +3.36 106.46 +2.49
70 20.15+1.25 49.21+0.59 112.20 +5.46 97.08 +3.60

RAtknl/g) BRFRE) RERRRZ(ng/y) REFRRE(mgly)  BAHD

10:1 21.96£0.45 81414 98.260+2.09 80.32£1.57
15:1 25.68+0.39 $5.12£2.10 130.45£2.42 99.93£1.10
20:1 27.42:0.38 59.65£3.45 135.26+1.9% 106.17+2.92
A 27.07£0.42 02.21£2. 44 133.13:4.39 105.51 £ 1.54
30:1 21.76+1.82 56.01£0.47 140.28 £ 1.01 105.75+3.04

SR IR 1]« Bt 35 S FROE [ Py i 4, G A I v 25 18 O
B IR X 255 AR B R R BT 7E 40 min I 255 3
Oy ER R, MR RS AT AR U [], LA R br o JC W] 8
e, SCER IR TR L 35 40 min BEILE 3,
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JE(HZE D) RN E, ULEE T (V) BI85, R
FH M T 9 A B A R T2 o P R S K L3R 503K
Wizt 54 R ILE 6.

x5 EESKE

Tab.5 Factors and their levels

KE BEA%) BWEBmL/g) HEC(min) HZEDCC)
-1 30 15:1 30 50

0 40 20:1 40 60

1 50 25:1 50 70

F 4G« SR FH Design — Expert V8. 0. 6. 1 84 X
R B AT 434 AR A2 Y = 106. 95 + 0. 0124 +
3.83B-0.064C~1.00D+4.45AB+1.28AC~2.72AD +
2.70 BC +0.11 BD - 1.82 CD - 4.62 A> - 6.05 B> -
5.75C2-0.51 D*,

J5 250 Mt AR () a1 VA S 804707 225007, 45
DL 7 [l A5 7Y Ry % 82 25 /K - (P < 0.000 1), 2k $1 30
ANEEP>0.05), HAIFHE RE(R?) M 0.959 9,
BEPE FA(R2, ) 40.919 9, BERA AT fif B 91. 99%
N AR A, FR AR B 37 25 R 1Y) i 2 AR IR R
— K I B, 8 HI AB, AD, BC, V- J5 5 A2, B2, C2 ¥ 5%
Pk B K- (P <0.01), —KI D A HI CD 15
M) 35 4 2 7K F (P < 0..05) o 45 PR 28 58 i [0 EL ) 52 il A
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%6 Box — BehnkeniI§iZit 54 R
Tab. 6 Design and results of Box — Behnken test

%7 Box - BehnkeniXI B FEE FE MR
Tab.7 Results of ANOVA of regression model of Box — Behnken test

s BE RERE BAMRRZ RRLERRE I
A B c D (%) (mg/g) (mg/g)
-1 -1 0 0 2430 57.44 92.46 96. 05
2 -1 0 0 20.40 58.00 87.30 88.51
3ol 1 0 0 2820 SL69 74.15 93.62
4 1 1 0 0 249 57.36 114.41 103.89
5 0 0 -1 -1 254 63.46 86.25 98.97
6 0 0 | G/ 54.51 119.40 103. 88
7 0 0 -1 1 2568 60. 60 91.63 99.54
§ 0 0 l 1 25.33 64.70 79.40 97.16
9 -1 0 0 -1 2.4 49.79 98.30 99.17
10 1 0 0 -1 2438 62.40 108. 60 104. 04
1 -1 0 0 1 28.00 61.20 98.00 105.52
12 1 0 0 12599 57.00 95.70 99.52
13 0 -1 -1 0 2430 57.60 88.00 94.72
14 0 I -1 0 25.40 62.90 82.50 97.34
15 0 -1 1 0 22.86 60.20 69.70 87.95
16 0 1 l 0 2567 69.50 83.70 101.39
m -1 0 -1 0 25.4 63.46 86.25 98.87
18 1 0 -1 0 212 66.20 83.20 95.58
9 -1 0 1 0 25.4 56.13 88.80 96. 02
20 l 0 | 0 24.07 59.60 95.97 97.85
21 0 -1 0 -1 238 53.31 103.55 98.69
n 0 l 0 -1 2677 60.10 110.50 106.98
23 0 -1 0 12370 65.90 77.80 94. 64
24 0 l 0 1 2440 69.63 97.40 103.36
25 0 0 0 0 27.50 62.20 104.90 107.39
26 0 0 0 0 2047 64.30 109. 10 108.12
27 0 0 0 0 2630 66.40 99.30 105. 80
28 0 0 0 0 259 67.80 104.90 107.62
29 0 0 0 0 25.04 67.00 104. 80 105.83

FERR  BERAR AWK Wik Fla Pl
BA 802.13 14 51.30 23.9 <0.0001
A 1.633x 107 1 1.633x107%  6.831x10°* 0.9795
B 176.49 1 176.49 73.81 <0.000 1
C 0.049 1 0.049 0.021 0.8877
D 11.98 1 11.98 5.01 0.0420
AB 79.30 1 79.30 33.16 <0.0001
AC 6.55 1 6.55 274 0.12
AD 29.54 1 29.54 12.35 0.0034
BC 29.21 1 20.27 12.24 0.003 5
BD 0. 046 1 0.046 0.019 0.8914
() 13.29 1 13.29 5.56 0.0335
A 138.20 1 138.20 57.80 <0.000 1
B! 237.69 1 237.69 99.41 <0.000 1
¢ 207.24 1 2A7.24 90. 85 <0.0001
D’ 1.70 1 1.70 0.71 0.4131
A 347 14 2.39
KA 28.87 10 2.89 231 0.1984
Wiz 4.61 4 115
B 835. 61 28

], XS24 S A/ NIFE A B> D > C > A,

) Jo7 187 5 < A FH Design — Expert 825437 91 )5 7
T, 1545 R 3R 52 B 52 e Rl R I 2586 DY 1 = 4 i) 7 T
ELO(E DT, HEAEBASD.B5C.CH
DA HARH 2, R W5 A BAE X275 VR o5 i 7
FER, 5 20 Irai R —30
2.5 BRI ZWIE

CERRAF T A A I B A T 20N SRR AR AR
44. 2% R 22, 8: 1 HEHUEE] 42. 81 min ., 2 BUR
55. 68 C i A1 M 108. 567 43 o % i 3 52 bR/ i mf
TPk ¥ et T2 55000 8 R SRR 3 50 449% FEHL
TR 56 C R 231 FEEC2 K, BHIR 43 min, #H1731K
SEATREALS , LA T IR R R (29. 84+ 0. 93)%,

SRR N (65.3 + 1.93) mg/ g, BB HEUR N
(122.9 = 4.51) mg/ g LAV F-IIEN 108. 68247,
S HOAE R
2.6 X GEREENE

5 A I i B ) A B AN ] 2% - B 210 o A A R
K F AL T2 AR, B IR0, T 2 B 4 7545 5
(62 g) , HWORFEL 20 195 F 7K v, 4350l FHAS [l A 1 5 541
SERFAEI 3 YR, I RN ), F 60 CH i B E
TR B AR AR AT B A7 0 ik (23. 76%) . — & e
(0.44%) . TR £ T (15.04%) . 1E T B% (6. 99% ) Fl /K
(29. 64% ) R o

ST SR K 80 K KM/INRBENL /> A as AL (A 4L,
R FL0.5%CMC - Na) , B2 A 41 (B 41, % /K
0. 5%CMC - Na) , 5 Sy A @8 240 (C 41, 5. 65 mL/ kg) ,
1 AR A 2H (D 4,360 mg / kg) , — %8 P e A G
P4 (E4L,6.67 mg/kg), LR LBEABGRAT 4L (F 41,
228 mg/ kg) , 1E T EEAHUAR A4 (G 24, 106 mg / kg) , 7K
MR 2H (H 2H , 449. 54 mg / kg) , %% 10 H & 2H/N L
TS 0. 5%CMC - Na 825y, BER 1K, LT do 4
G FEAR A, LD L K RS A B 10 ¢
(SRS HERY B HOIG IR ) , A T it 2 GR35k
23.76%, 0 D 41 1 %5 25 & 2 360 mg/ kg (10 x 9.1 x
23.76% /60 kg) .
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f. FREBCET A] 53R BUR E
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a. Ethanol volume fraction and liquid = solid ratio b. Ethanol volume fraction and extraction time c. Ethanol volume fraction and extraction temperature

d. Liquid — solid ratio and extraction time e. Liquid — solid ratio and extraction temperature f. Extraction time and extraction temperature

Fig. 1 Response surface diagrams of the interaction of various factors

BN I 2 WA SRR 17 ], 7681419 500 mL BEAR
FOCA LA R 0.5 g AR ER , Bl S 13 A 300 wL 2
K ML T min Ji5 TGHURE R UK 45 24 30 min S5 1Y /)N BRUIE
AFr 45 s TR B T 53— MBI TR AR
IE SR/ G IS 3 min PN A I K 50 2% i v AR 0
1 3 min DA 3 mini1) o & GraphPadPrism 8. 0. 2 #4-4k
PEREBRECHE (R IR 255, 5 BAL b, C - HAL/MR
3 min PN IR VR BI04 B S ek /L v R ) e e K
(P<0.01). 7 WFKS8,

KL S 1) B 2T HE WA 2 o AR K45 2 30 min Ji7 , /1
BN S 3 S M 20 R BN RS L T A R
K5 NaHCO, 1R & TR 7%, J5 LA 3 000 1/ min 25
O 15 min, B3 T 560 nm i 4 A0 0 5 W 0
IR B L HE S 25 5 Bl g, C4l . F4l/NRR
P 2T HEMA i S BB H (P < 0. 01) L 3E WL 9.2) i 41 41
LA BN RS KB UK S B, 55 2 E,

56

®8 HH/NRIZMBORE R BRI (n =10)
Tab.8 Comparison of cough frequency and cough latency in

each group (n =10)

WA FF(mg/kg) FTRBEPX +s,s) FTRARI(X £5)
Azl 180. 00 = 0. 00 0

Ba 16. 00 + 3. 24" 48.20 +2.78"
(oF:: 1 15.1 37.20+2.78" 12.60 + 1. 52"
D#a 360 31.80 +3.35" 15.40 + 4. 34
E48 6. 67 33.40 +5. 13" 19.80 £ 1.79™
F4a 228 43.60 + 4. 04" 15.60 +2. 19"
G4 106 38.80+5.07" 20. 60 + 1. 52™
HZ8 449. 54 47.60 + 5. 94 19.60 +2.79™

E: 5 AP < 0.01;5 BALE, P < 0.01.&9F,
Note: Compared with those in the group A,*P < 0.01; Compared
with those in the group B,”P < 0.01(for Tab.8 - 9).

FHAE B K3 U IR AR T K, BT H— 023 A5 il B
490 22 T W I [0 5 o H AL L SR IR AR — YL (HE) Bt
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®9 BHNBRBIHEPEILE (n=10)

Tab.9 Comparison of PSP excretion amount in each group (n=10)

HE Bt g ME Bt g
ekl - Rl -
(mg/kg)  (X+s,pg/mL) (mg/kg)  (X+s,pg/mL)
A4 0 E4 6.67 0.95+0.10
B4 0.75+0.012" | Faa 228 1.13+0. 14"
ca 15.1 1.13£0.16” GA 106 0.94 £0.006
D& 360 0.95+0.02 H4  449.54 0.90 £ 0. 06

0, AR WL/ BRI L SRl L 2 4 il I
D it 96 B LA B ) 8 P R R T A 9 B s 7 g TR A
o PR A B, A /N BRI S R L R DL BR AR
1o B2/ SRR 205 BEAS A S, 1 B 0 BE FE I
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