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Study on stir-frying process of Platycodon grandiflorum and its protective effect on acute lung injury in
mice before and after stir-frying

HAN Xiaotian, WANG Lei, WANG Yaping, YANG Yaling, QI Bin(School of Pharmacy, Changchun University
of Chinese Medicine, Changchun 130117, China)

ABSTRACT OBJECTIVE To optimize the stir-frying process of Platycodon grandiflorum, compare the protective effect of P.
grandiflorum on lung injury in mice before and after stir-frying, and preliminarily explore the characteristics of “enhanced efficacy
through processing” of stir-frying P. grandiflorum. METHODS On the basis of single-factor experiment, the stir-frying time,
temperature and frequency were taken as factors, and the comprehensive scores of appearance traits, platycodin D content and
alcohol extract content were taken as indexes. Box-Behnken response surface experiment was designed to optimize the stir-frying
process of P. grandiflorum and verify it. The mice were divided into blank control group, model group, dexamethasone group
(positive control drug, 5 mg/kg), P. grandiflorum low-dose and high-dose groups (0.6, 1.2 g/kg), fried P. grandiflorum low and
high dose groups (0.6, 1.2 g/kg), with 8 mice in each group. The treatment was given once a day for 10 consecutive days. After
the last administration, acute lung injury model was established by intratracheal instillation of lipopolysaccharide. The levels of
interleukin-6 (IL-6) , IL-1B, tumor necrosis factor-a (TNF-a) in serum and superoxide dismutase (SOD), myeloperoxidase
(MPO) and malondialdehyde (MDA) in lung tissue were detected, lung wet/dry weight ratio and thymus index were calculated,
and the pathological changes of lung tissue were observed. RESULTS The optimum processing conditions were as follows: stir-
frying temperature of 120 °C, stir-frying time of 12 min, stir-frying frequency of 19 r/min; the comprehensive scores of the three
batches of process verification were all greater than 97 points, RSD<<3% (n=3). The results of pharmacodynamic experiments
showed that compared with blank control group, the lung dry-wet weight ratio as well as the levels of IL-6, IL-1B, TNF-a, MPO
and MDA in the model group were significantly increased (P<<0.01), the thymus index and SOD level were significantly decreased
(P<<0.01) , and the lung tissue was significantly damaged. Compared with model group, above indexes of the mice in each

administration group were significantly improved (P<<0.01), and the lung tissue injury was significantly reduced. At the same
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grandiflorum on acute lung injury in mice is better than that of raw products at the same dosage.

KEYWORDS Platycodon grandiflorum; fried Platycodon grandiflorum; stir-frying process; lung injury; pharmacodynamics;

processing enhance curative effect
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1B I8 R B Kl F o (tumor necrosis factor-o, TNF-o ) i
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dismutase, SOD) . A . [#% (malonaldehyde, MDA ) | ## 1
A4k W (myeloperoxidase , MPO) #6132 71 £ (Fg 5T 2t
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R AR R (415 A231213) g [ 2= T R MR A
FHRRAF], A B 2 K2 252 e TR A e
FEAERHEYIFEAE P, grandiflorum(Jacq.) A.DC. [ TR o
1.3 zh¥

AT 58 B FH 34 0 e SPF 4 KM /IR, 42 1
PR 25~30 g, I { L T RAEAYFE AR A RAR,
A PRI S SCXK (A1) 2020-0001, T4 sh# 47
TR (2442) °C AHXTIEEE (50 +5)% 12 h B fE/12 h B
B 2B IR RIS . ARG i K AR v B 2 R 25
I shYIe B2 S HILHE 5k 2025354
2 HEDEIZMRL
2.1 HEEEDHWSENE
2.1.1 X BE A A

%% FR HORS A 524 D X B 5 1.00 mg, Jin FF 2 mL
VA, B A 1 mL & A A 2 AT D 0.50 mg Y X R
B o
2.1.2  FESEW &

Bt — S0 A R R 2 g, i 50% H % 50 mL
e, R TR S S (ZhE 250 W, B0 % 40 kHz) kb FH 30
min, 5 FRRFR T, DL 509% FFEEAM L 8 2 1 TR
18 BUEEIE T 25 mL KIS 28T, R INIK 20 mL %5 5
FHAKR AN IE T B AR B 3 WK, AF 9K 20 mL, A IFIE
TEEUE FH U 50 mL VeV, 35 R EE B LUK AR
IE T B 50 mL PRk, 35 2K, 1T B R
FZE T FRIE NP BLA R, BT 5 mL &b, B
FEZS 330 0.22 pum PR, IUEEE M , IS,

2.1.3 s

& H Agilent ZORBAX Eclipce Plus Cis (250 mm X
4.6 mm, 5 wm) A RERE, LZJE (A)-/K (B) R i shAHEAT
FAEEBERL(0~2 min, 25%A—27%A ; 2~20 min, 27%A—
28%A; 20~21 min, 28%A—25%A ) ; #1430 °C ; A FH
Wi o~ 0.8 mL/min; #EFE A 10 WL s 28 7N I3 4 0
210 nm,

2.1.4  Jrikegdesg

D5t RN A R N RS AR T D Y g 5 A0
LR [R] () 43 B B > 1.5, B HRECAIR T 3 000, £k (Al
IH7 2R Y=2 015.7X—37.389(+=0.999 6) (X X i
FEFREHRE , Yo L) 2RV HT A 1.0~6.0 mg/mL.
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AT D FBEE PRI W i . SEg A AR K s ]
k1 8.10. 12 min B} i) OD {55 i1 , 43 31 4 93.64.,96.72.
91.193. Kk, ARMFFEBE S Hil B 4] 8 .10 12 min #E4 T
M )37 [F 5256 o
2.5.2 IO

FRIBURS R R, 18 22 40 1 BoF 8] 2 10 min, B 20 4 %
k18 t/min, $ 2455 200 g 43I0 A 1P i R R 80
100,120,140 ,160 °CH} T A3 5t 1 SMIRAHAR P53 LA K A
PR D MR Y i, S5 R 0 KR N
100, 120, 140 °CH} OD {H % = , 43 %1 &7 92.80., 95.56
77.374y . PIL, AWFFE RIS R EE 100,120,140 °CiE
AT W I T SE 565
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2.5.3  BHBhAR

FRIBURS AR R, 18 22 0 i1 BsF 8] 2 10 min, 0 il 3 B2
120 °C, #2550 200 go A BN BHShAE R 6 .12,
18,24 .30 r/min B} T A3 i (14 S DA R I 20 LA B A A9 2
D AR o 500 BIsh IR 12,
18,24 r/min i} OD (B4 5 , 43514 88.01,94.16 ,92.90 43,
PRI, AR5 18 CRH B0 4% 12,18 .24 r/min 24710 3 1]
2.6 Box-Behnken N 57 H LA AEHE N HI TE
2.6.1 WA o [ 43y

HRAE LR R A5 I LU IR E] (A4, min) KBl IR
JE(B,°C) . BEh#% (C, t/min) WA Z , LA OD i 645,
K FH Design-Expert 13 F {41531 = K Z = 7K 71 i 7 117
SRS MR TS T S A SR W 1, Oy 2T A R L
#2,2D/3DZE H.E LA 1,

F1 MEESKEZITSER

ST Afmin BIC (/(r/min) oD/

| 8 100 18 90,63

2 10 120 18 96.58

3 10 120 18 95.62

4 1 140 18 8371

5 10 100 1 84.08

6 8 140 18 86.18

7 10 120 18 96.65

8 10 140 u 85,39

9 8 120 % 84,52

10 10 120 18 96.65

11 10 100 % 86.03

1 10 140 1 B0

13 1 120 % 85.50

14 10 120 18 96,97

15 1 120 1 76.88

16 8 120 1 83.33

17 1 100 18 93.82

T2 HESHER

FHERR Tl L3 i F P
fRAl 87561 9 979 6035 <0.0001
4 8489 1 84.89 52.66 00002
B 28 1 28 175 02075
C 7158 1 7158 4440 00003
4B 8.1 1 801 497 00611
AC 2611 1 2.1 1620 00050
BC 1380 1 1380 8.56 00222
£ 8.3 1 8.3 51.56 00002
B 69.60 | 69.60 $.18 00003
& 461.63 1 46163 28636 <0.0001
73 1128 7 161
K 8.28 3 276 368 01203
ik 3.00 4 075
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Z Il 75 4N : OD=97.07—3.264—0.593 8B+2.99C—
1.424B+2.554C+1.86BC—4.444°—4.07TB°—10.47C*, i@
13 2 iy 2T EE T A AR R P<<0.05, HLAT B M
JAUIT P>0.05, AN HL I 3%, Ul B I 7 (RS A 5 S B
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C.BE s H A
Bl SEZEMmEEERSESLE

OV G R 22BN WG B . ZRA T 225 s M
2D/3D 28 H. K W] ARl — R I 4 . CH M A0 H
Wi AC . BCH 1 2k HXTEE RS 55K ; ki 4° . B* . C*
Y . A B CRY FAE W, Hx i T 255
Wi ) B R E T A>C> B, ZE4a DL B2 AT
Z R AR R 700y SE 0 R el AT, T
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Design-Expert 13 500 H A 1250 Kbl
117.255 °C, kb1 a] 12.020 min, 1z 18.615 r/min.
SEA SRR PR BT AT R B S T2 UEIE D - 1
R 120 °C, KBl B A 12 min, $HZh45% 19 r/min.
2.6.2 AT IR

FABE S5 1 e f: T2 Ml 3 #HEAbAS A8 (B4t 200 @)
PEATIAIESCES . 255 (36 3) o, 3HLER AN 1) OD (H 1
T9745 ,RSD/NF 3%(n=3) , UtHIZ T 2 FE I 17,

x3 REIZHEIEXBLER

BAES  DUENENA  REEEDARY EEMEDAEY  ODWR
i
3

9 0.20 302 9796
9 0.19 298 9735
9 0.20 301 97.78
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3 EIEIO SRS/ R R RGN REFEE M
3.1 ZikHE

39 WA o R AR RIAR 8 117 SC R AR T 20 48 1 A0 A
R ik 50, A 8 A /K R 2K VBRI 1 h, 2
UE, AIFIEM R AR BT . B8, KA, il 88 BT
R N 0.5 g/mL 25T, %51 .
32 YN BEHRE

INERICIE R PEMETE T do K 56 /N FRFR 5T I Bt AL
I R7S X RELL (Con 4H) , B FIZH (Model 2 ) , b ZE KA
ZH (PHAEXTREZYS  Dexa 41) , AL L S 75422 (SL.SH4)
FUDAEREAR | v 77 4 (FL FH 4H) , 4340 8 H . Dexa 4l
/NEEE 5 mg/kg ML ZEKA , 752 SCRk[14] K A58
25 R 5 SLOSH AL M FL . FH 41/ R Y43 51 HE S 0.6
1.2 g/kg KD REREZGW, 43 3 i Nl R A 85050 1 1 0.5 .1
£ ; Con 21 . Model 41/ FRUHE 1 A5 AR FUAE 3R K, B R 45
IR EZ10do S INEIEEIRE
3.3 T

KRG Ja X /NREEEAER K 24 h, 25 SCHR[15—
16] 5 14545 TR S50 1Y S Bl Dl A 738 24 I 2L, SR
fig Z 4 (lipopolysaccharide , LPS ) /< 45 ik 13- B 7 2 Mk il
AR« S SRe RN BRUBR IR, /N BRBER 40 6 7
/S e B AN R B B e A W R R A P e
JEA5FL s FVE ST %8 4H A LPS I8 ¥ 0.1 mL ( Ji & ik B
2.4 mg/mL, EFRE N 6 mg/kg) B/ BN R 5
10 s, fiff LPS W A H i 3350 70 A 5 e Jm A 148 6 IR L
] 5 AR SR AR A R N 5 P S R S T
FEIREE, 57 1E /N BURRI 5 AR AL AR
3.4  HARM RIS

WAL 2 d e, BUNERER BRI, K i AEAE 4 °CTR A3 500
r/min B0 15 min, W JZ M35 , AR 38 AE R 3875 & d
P LB A 1t 3 i 98 AE - (IL-6 . IL-1B . TNF-at)
Ko BUNSUZEM BB T 4% 28 EE
VAT ) F 54T 5 00 HE YL (0 )5, WEEE i 2H 2095 B 2
Al s BUNRRZET R L2 AR 2 AT i IR AR
7 32 7 £ 1 B A5 B A A I A 28 20 Hp SR AR R T EE A
(SOD .MPO MDA ) 7K V- ; BN AT it 20 2, FR i 1 (0
) M PR (), TR R e (R T
) s UM R ZY, BRI, 31530 B 5 OB A o
HRE) o BN SLIGRE H AERI E 1UR/INRRARHER
35 BETUMNELER

0L 2) o, 18 N PR SR A T, 25 2/ BRL AR e 44
s 25 25 3R], 454/ R B e 5 B L bR Con 441
AR A/INRIR T B, For DL Model 21 /) B R 3
BRI
3.6 M RE L B BRIE RN E L R

5 Con 41 FL#5 , Model 2 /)N BT 1 . Hb w35 7 5
(P<<0.01), M et B0 Z P& (P<<0.01) ; 5 Model 4 Lt
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- = Con#l
45 o Model 4
') A Dexafl
A ——4 v SL4
- > 4 SH4L
40 1 A ’ = —% "L
3 M > FH4]
o -
20 /
35 s
&
L]
301 <
¥
K4
v
251 4
0 5 10 15 20
I fi/d

B2 scfAE/MNREETN

B A G/ IN U 1 B LYY 25 BRI (P<<0.01) , g
JE 48 K4 3 Th i (P<<0.01) 5 5 SL2H oA, FL 2H /B
T R 5 2 T (P<<0.05) 3 5 SHZH HL# , FH 41/ ER
J RS B 2 T (P<<0.05) . ZEHR WL 4,

F4 BHNBRMTZERSHRREHILER (x £5,n=8)

43 MTREN Hide 5 (mgg)
Confl 2431021 1.91+0.07
Model 41 7524034 0.630.10*
DexaZll 357039 161£0.11°
SL4l 53540.75° 091£0.07°
SH4L 4831028 123£0.04°
FLA 5.0310.26° 133£0.12%
FHA 4671042 1.61+0.02%

a: 5Condl L #, P<0.01;b: 5Model4] b4, P<<0.01;c: 5SL4
H#, P<<0.05;d: 5 SHAL HAE, P<<0.05.
3.7 & IL-6.IL-1B . TNF-a KFMELE R

55 Con 4 L35 , Model 20 /> BRI ¥ H IL-6 . IL-1B .

TNF-o /K -3 2 % T+ (P<<0.01) 5 15 Model 41 L4, 7%
25 25 20 /N BRI b3 B KT 2 3 BE AR (P<
0.01) ;5 SL 41 F %% , FL 41/ BT ik $8 ki K E1y
BEERK(P<0.05) ; 5 SHAL A, FH 4L/NBUILTE b 1
WEEFRAKT ) i EFRAR (P<0.05) . Z5HLILES,
®5 BFAHNMNRMBFPRERFKFLLE (xts,n=8,

ng/L)

Eib] 1.1 IL-6 TNF-a
Conffl 3534169 29.13+231 30711983
Model 41 12218474 90444617 433041904
Dexafl 55.70+3.66° 55034462 420593181
NE 88.014557° 77804304 653.05£ 28,67
SH 79.32£2.49 70.1043.03° 5738012407
FLAL 82834467 64.0242.95* 565.67£35.28"
FHA 72.16:+4.79" 59.70+4.20% 493132051

a: 5 Condl L4z, P<0.01;b: 5 Model 4 45, P<<0.01;c: 5SLA
&z, P<<0.05;d: 5 SHA L4k, P<<0.05,
3.8 FhZHLth SOD . MPO MDA 7Kk 46 il 45 5
5 Con 4 He % , Model /) U 2H 21 SOD 7K i
% [ ik (P<<0.01) , MPO, MDA /K ¥ i 3 T & (P<
0.01) ; 5 Model 41 b3 , 45 25 25 40/ Ut 41 21 SOD 7K
34 5 35 THE (P<<0.01) , MPO . MDA 7K -1 i &A%
(P<<0.01) ; 5 SL#H kb4, FL 20 /)N Uil 40 22 SOD 7K -
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% T+ (P<<0.05) , MPO MDA /K V-3 I 2 %Ik (P<
0.05) ; 5 SH 4 g, FH 41/ Bt 41 21 v SOD /K1 (. 3%
T+ & (P<<0.05) , MPO, MDA 7K 3 ¥ i 35 % ik (P<
0.05), 4R UZ%6,

*6 VANMRMHALDEUMBETFKELS (x+s,

n=8)

415 SOD/(nmol/mg prot) MPO/(Ulg) MDA/(nmol/mg prot)
Con 50931125 2028+0.74 198+0.12
Model 41 20.65+1.51* 68.341249 6954031
Dexa4ll 467311.62° 29.53£2.06° 32140200
SLAl BATHLIP 479341.65 51140220
SHAl 40294207 39554344 4254045
FL4l 36691157 43761197 423+026"
FHYL 44761 1,68 37322280 3.96+0.28"

a: 5 ConZl HL# , P<<0.01;b: 5 ModelZH 4%, P<<0.01;c: 5SL4L
M, P<<0.05;d: 5 SHAH 4%, P<<0.05,

3.9 HFHALBGERMNELER

Con 41/INERUITZH 2L Z5 A6 05 BT . 58 8, Byt 3 b ] AL
TCARAE A0 IR . Model 2H /1N Bl 2H 4 22 B 2% ¥ Wil
IR, SRE AN IR 1 S P H IR g 200 7 17 4
H o, 5 Lh 2L/ R U0 05 B 34 Pl s, Jerp )
FH 20/ B A B A O, A B /0 18 4 A 240 i 32 1)
AL RRE 7%, 10 FL 2H /)N BRUT 28 23 4 A 240 e 333 A 4 i
5t 7 1 100 L FH 20 /)N BU™ 5 5 SH 4H /)N BRI 2 20 L
DAL H I, 758 0 R 200 s ) R 400 J 3 % 5 SL 2 i %5
Ry 0 A N CB2 S A i 1 Ui o S
FILE 3,

4 it

AT IR 2020 4F RR 25 M) (—3) “ At A 1
N R HTER bR IFEE A T 2R Y AR e B SR
TPEEATE E T AL TR AR e . Af
5% & H Box-Behnken W 7 [f172: , DAAMRPARDYE 53 R 12
T D & MR B & i 3 N R AR S AP0 R i Ry
8, A TR T2 MM eS8, 158 THRAET 2
ZHL (IO HNRE 120 °C, K61 A] 12 min, B 84503 19
r/min) , FFE B0 UESEEAE I T T AR E AT,

LPS & % [ FF 4 B 20 i A1 5 1 32 2 0, B
1R RIE RN, T B AAE K- (A1 IL-18 . TNF-a Fl11L-6)
Gy, FEAC SE TR o R S
A il 2H AU AR A S B AR AL T U BB T SOD
MDA MPO ¥ b N F bR &4 , Al S Wil sz A4k
R R B B G R BET S ARSI AR 2
THIPRZE T RO B AR AR, 25 R R A i
TR R B B kN BRI i 2 B UK s D -9 1
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