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Abstract: Objective In order to demonstrate the feasibility of microwave processing as an alternative to traditional methods, the
study aimed to systematically compare that different processing methods affect on the appearance, active components, toxicity and

efficacy of Banxia (Pinelliae Rhizoma, PR). Methods This study systematically compares the active components of different
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processed PR using extract yield determination, UV spectrophotometry, and HPLC. The irritancy of various processed products of PR
was assessed through scanning electron microscopy (SEM)/X-ray diffraction (XRD) characterization, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), and slug irritation tests. Additionally, mouse ammonia-induced cough suppression
and tracheal phenol red secretion assays were employed to evaluate the antitussive and expectorant effects of the different processed
products of PR. Results The experimental results indicate that the water-soluble extract and alkaloid content of microwave-processed
PR are significantly higher than those of traditionally processed products (P < 0.01). However, the total nucleoside content is lower
than that of raw PR, Jiangbanxia (Pinelliae Rhizoma Praeparatum cum Zingibere et Alumine, PRPZA), and Qingbanxia (Pinelliae
Rhizoma Praeparatum cum Alumine, PRPA), but higher than that of Fabanxia (Pinelliae Rhizoma Praeparatum, PRP) (P < 0.01).
Compared to raw PR and traditionally processed products, the content of calcium oxalate raphides in microwave-processed PR is
significantly reduced (P < 0.01), and the lectin protein structure is disrupted. The mucosal irritation was in the order: raw PR > PRPA >
PRP > PRP > microwave-processed PR, and microwave-processed product showed almost no mucosal irritation. Pharmacological
experiments indicated that the cough-suppressing and expectorant effects of microwave-processed PR were comparable to those of raw
PR and significantly superior to those of traditionally processed products. Conclusion Microwave processing retains active
components of PR while rapidly reducing its irritancy, with antitussive and expectorant activities comparable to those of raw PR. This
study demonstrates the feasibility of microwave technology for PR, providing scientific evidence for its industrial-scale production and
clinical applications.

Key words: Pinelliae Rhizoma; microwave preparation; traditional processing; biological evaluation; irritancy; antitussive and

expectorant effects; toxicity; efficacy; alkaloids; nucleoside; calcium oxalate; lectin
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Fig. 1 Crosssection and appearance properties of different processed products of Pinelliae Rhizoma (PR)
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Table 1 Comparison of active ingredients of different processed products of PR (X £ s, n =3)

e KEER U/ % S4AYH(mgg")  IIHE/(nggh) 5 /(pggh)  RH/(ugeg!) 3MEETFAE/(ugg)
AYE 16.91+0.52 0.47+0.07 10.80+0.16 34.02+1.47  49.49+0.56 94.31+0.82
EYE 10.36+£0.36"# 0.40+0.02% 6.241+0.19™%  122.64+6.03"% 73.85+0.11"%  202.73+6.06"#
Z¥E 12.15+0.56"# 0.25+0.02*  929.65+11.17"*  9.76+0.44***  02240.40""*  948.64+10.87"#
E¥E 8.93+0.65"# 0.42+0.02% - 13.36+0.87"*  7.12+0.18"# 20.48+1.01"##
M EE  25.98+0.81™ 1.4240.09™ 9.69+0.52 32.13+2.11 20.61+0.66" 62.43+3.09°

CT ORI HAEEILE: "P<0.05 UP<0.01; SR *P<0.05 #P<0.01:; &2 M.
“~ undetected; "P < 0.05 **P<0.01 vs raw PR; P <0.05 **P <0.01 vs microwave-processed PR; Same as table 2.
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Table 2 Calcium oxalate needle crystal content and lectin
protein band density of different processed products of PR
(Xts,n=3)

FE i EIRESE AR/ %  BEERERER AR AR

R 3.61+0.24 1.5940.01

MOECEE 1.23+0.19% 0.0940.01*
EPE 2.41£0.29 0.6040.06™
=3} 1.77 £0.12**## 0.10+0.01*
R 1.884+0.89**# 1.3540.18%
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Fig.2 SEM pictures of calcium oxalate needle crystals of different processed products of PR
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Fig.3 XRD pictures of calcium oxalate needle crystals of
different processed products of PR
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TANE, EPEMEEEAAER B EA KW,
[ RIE-E Sk S E < P IR PR & 5
wEK WA EER TEN GR2), ERER, &
e (1.5940.01) >yEFE (1.35+£0.18) >iEF
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—
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Fig. 4 Electrophoresis pattern of lectin proteins of

different processed products of PR

5 (0.60£0.06) >ZFH (0.10£0.01) >Hli
5 (0.09£0.01), LA EBFFER, flikbs A2,
SEINIFSOEIRTE/N S i g2y AN
2.6.3  UEIEEL RIS S S BIRE, AR
B2 DL WA A 7 QS I, LR o s = DA
KEGR A EA SRS IEL, R, g o)
AR L SR, AR T 2 S R i
oo BbAb, 52203 g T2 AT A2 R AR A
PRk, AT DUEIGTEAS . BV A R, BEO R
FRBR, VPRI T AR I8 AHE FOR S
TRPSE B [ 4 B2 A1) 5 R A T B i ) PR VAT o

(1) i 50 PR AGT I DU [~ B i i
MR G 450 &8, 7 EHI% 0.2 ¢/mL B &
o B2 mL V&, MIAZE] 90 mmX 15 mm 55
FRIMLHR, 351080, FRCsR i (M) o B R i,
WRHTE (mD), BNEHREREREFRILA,
B9% 60 min. HUH IS, FREAER (m), id3E
WA AR SRS, FRIRRERE IR & (M),
Y GG BE R D0, 5 (| 5) ®W, A
HIEMTEAET R, v HHES), B SR
Widi, Bl E, WEAMERAL, HIREEVE,
DV ES-INREE S -RIE -E FERAL i Py i P K i
J&, RIS HEA SRR .

R RANE = GT7 R IERA TR () ARTTHTIEE
PRI (m)

T A = (Mo — M)/mi

FE R RS (K 3) BoR, Adh 12,19+
1.88) %>1HFH (7.55+1.23) %>EFH (3.08+
2.07) %>3FH (2.04+11.46) %>k EHE

=

HE

5 TH#EJ@%Mm&ﬂEEﬁ*ﬁHﬁE’J
Fig. 5 Effects of different processed products of PR on slug

mucosa
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(-0.4610.26) %. S HAHMIL, H4524HEW ™
BRI (P<0.01). S54FEAME, ik
FH, WEEE. 2AE . R AR R
B RBE (P<<0.01), HAr, Fk 5 A nidiam s
e E K. AR ER AR~ A N
HE, X AT BEAE R i i A BEI W PBS ¥ 5 B0
FRINL SRR ARG R (R 3) BIR, 4
i (84.02+1.53) %<<ihEFH (90.4610.94) % <<iZk
P (92724111 %<EFH (93.89+1.33) %<
R FEE (99.15+£0.93) %, 5K 2 ke 52 24k
R, R, PR E R
K3 IEAFEREMER (X£s,n=3)

Table 3 Results of slug mucosal irritation (X £ s, n=3)

A FRTER% BREENEY% EAREE%

= -9.11£2.64 106.79%2.16 1.1840.53
ACEE 12.194+1.88"  84.02+1.53"  39.71+1.46"
MREE —0.461026"%  99.1540.93"#  6.64+0.73#

WEEE 75511230
FHEE 2.04+ 1465
WE 3.08+2.07#

90.461+0.94"#
93.8941.33"#
92.72+1.11"*

20.36+1.42"#
13.77£1.36"#
11.11+1.75"#

54l *P<0.05 **P<0.01; S4FEEHEE: “P<0.05
#P<0.01.

*P<0.05 ™P<0.01 vs blank group; *P < 0.05 #P<0.01 vs raw PR
group.

(2) EAR SRR FREG RS2 2
F—NMEH 1.5 mL PBS ] 90 mm X 15 mm f55 5%
mr, 4k 60 min, Yo PBS W, #HTHE B
TESN, MHES 3 XK. & PBS HEMIE
M, 4 C. 3000 r/min .00 (B042 6.2 cm) 10
min, Y& BB, T EAFUER. %RTIHA,
0 96 FLAR, BEFLINA 5 uL FE S , 285 A 200
pL Bradford #7fH4, 784505, WE 5 min, {HH
ZINREEERRMXAE 595 nm bR A {f, FEHE 3 KL
01, DAAIIE B B AR R AR 2, R
1 i 2 AR J7 v R B ) 2 037 2R b v VS VR
WFES3 5249 1.500 0+ 1.000 0+ 0.750 0+ 0.500 0+ 0.250
0. 0.1250. 0.0625. 0mg/mL, J&4Ei&E 7%k 5k
a7 VEAR R, DA IR -4 (B 22 ) B 1 bR it
Mizk, ItEERTER SR,

ZER (R 3) Bor, Adh (39.7111.46) %>1H
o (2036+11.42) %>FFH (13.77+1.36) %>
PREE (111 £ 1.7 %> 5k 2 (6.64£0.73) %,
HxEAadMte, £FE. EBrE. 2R, BEE
MR AR R ER I (P<0.01). H5AEE 4

b, S E. ERE. 2P E . R AR
HBCE B R EK (P<0.01).

DL IRERE, LEEARF T 2845,
FLRH BRI B R B, Feh R R ) B LR

TeHIB
2.7 HEZIFMN
2.7 ZAWEREL A AEUEEE . RO E . B

B PR E R E K 137 g, IMAEREKIRE 30
min &, I 10 58K, BIZ 1 h GhEE/DN KR
FrbIE), 2oAmiEit, JEEMA 8 /K, R 1h,

YmyE, G9F 2 RIEW, WR4EE 136.5 mg/mL,

#%H

272 BUZHY  BUNR 42 W, R, e
W, BENLO ORI (10 mL/kg Z8087K) . BHTE
XTREZH(15.16 mg/kg W35 ) B H 41(1.365 g/kg,
PLAZG1H) . i B 4 (1.365 g/kg, PLAEZGTH).
EPEA (1.365 gkg, LAZGIT). P E A (1.365
glkg, DIAEZTH) MIZFE A (1.365gkg, LAAZ
). B4 ig M2 0.01 mL/g, &K 1R, EE:
5d, a2 ER R (REZ ) 2025 R E IR
BHIMR. 55 KA 1 h )G, BETH 02
mL 18%~25%Z /KM ER B B N, FFaRTHET,
TSR/ 1 K H B ()T (] A& 3 min P4 /)N B
(IR IR CRfichnite: RIUN/N RARIWL S, [H
Ik M, A I A A RS ) . B SLIRAE R (R
4) W, SHEAGMLL, 250N BRI
B SE K, MM b . SRR ML,

R E L TEE L 2 E R R B B4R R

*4 AEHEEHREBERZERITN (X£s,n=6)
Table 4 Effects of different processed products of PR in
suppressing cough ( X £ s, n=6)

o 5l &/ . 3 min A
21 51 (eke) TR/ —
T - 8.33+2.65 86.83+8.80
A¥E 1.365 43.33+2.58" 37.00+3.79™
R 1.365 27334423 4367+3.67"
ErE 1.365 23.50+£2.43"%  66.00+4.38*#
L¥E 1.365 36.33+4.68"%  62.67+10.85"
FRE 1.365 40.16£2.71™ 62.671+4.88""
B 24 001516 45.67+3.44™  4233+3.78"

BRI e *P<<0.05

#P<0.01; & 5[,

"P<0.01; HAREALE: *P<0.05

*P<0.05 "P<0.01 vs model group; *P < 0.05 *P <0.01 vs raw

PR group; Same as table 5.
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(P<0.0D), JHFVHE . ZFE . EFE IR
Wi (P<<0.05. 0.01), BLHNEY-HE . £LE . %P
BHZAERS TR, B EHZ RS54
BB ZER, (HJ2HAR K AZ WS Ok 7 T A
BANE. ZEEMEEES.

2.8 HERIEM

2.8.1 ARiEMAMZRSE]  HEFRARIN— 2 =1
2L, A 5% NaHCOs3 &R i, Bl i 2k
5 100 pg/mL B, SR8 IRFRREN 0254 0.5,
1. 3. 5. 10 pug/mL, TK 546 nm ALM1T 4 18,
PLA AR (Y, B4 ik B AR AL AR (XD
ShrAERZE Y=0.123 0 X+0.000 8, »=0.999 9.
2.8.2 /NRMAHLSLE  BUMNR 42 H, #EES
Ao, 6 X, BN ANERIA (10 mL/kg 7519
KO PEMEXT IR (0.6 g/kg FRFFRIE ). B EAH
(1.365 g/kg, LAAZG11) . Tl M- 52 41 (1.365 g/kg,
PLAZG1). iEFER 4 (1.365 gkg, LA ¥
FHAH (1.365 g/kg, PAAEZ T MZEPEH (1.365
g/kg, PIEZGIT). B4 ig MM 254 0.01 mL/g, %
K1, ES:5d. RKIRGZ0.5h 5, ip 0.5%M4L
A FRER KA (20 mL/kg), VESE 0.5 h, ZHED
FABEshY, O e, SRR, A5 HA
B, BN HHRECE BAE 9 SO — B R K
5, TN 3 mL 5% NaHCOs (B D,
TRHEIRE 2 min 58 4P 10 min, 2 000 r/min 25
O (B2k4R 6.6cm) 15min, B EJETRCRF L 4b-
AT WA ERET, TR 546 nm AbINSE 4 (. %
PRI (R 5) KB, SEMAMIL, K42
MR AN FEFREE I R EM R E, KIEE
BAEF . Horb, 5AEEHME, EEE. 2¥E.
2k B A Y 4T HEA R B PR (P<<0.01), W
FEGE I AR RAE R 38 T AR, ik 2 H 41

x5 TEHEBEHRERSTHN (X£s,n=6)
Table 5 Effect of different processed products of PR in
expectorating phlegm (X £ s, n =6)

2H 57 7 E/(gkg™) Ty 41 HEW B/ (ng'mL )

R - 0.23+0.01
AR 1.365 0.49+0.07"
ok 2 1.365 0.55+0.07"
HE¥YE 1.365 0.39+0.06"#
EZ¥E 1.365 0.32+£0.03"#
e 1.365 0.41£0.117#
KERER] 0.6 0.44+0.05™

PYLLHEA R = T AR, (AR B ZER,
T - BRI AR - B AR A
29 HIESI

K H SPSS 24.0 BAFRTHAR AT AL, KR
PAX +s IR, J7Z5FKH One way ANOVA, J5%
ANF5KH Mann-Whitney 65, P<<0.05 o~ 8] 2
B WA . BHEE R E Y SDS-PAGE HLVK 73
MR IR AF Tmage J A0 AR S0 OGRS
3 it

T B BARANE R — Bl % I 2548 7%,
CfE 30 ZM 2tk TG T EMIE, HuEs ]
T EARME. R Mk, RS KT, B
Je M AR R A S AR K S TR s
Fi JER P 3 S ) Y i riL 3 R 3 PR AR A2 A,
WMoy R e R3N . AHELEER, AR E
RE, SCIURL PSR S )y R TR, KR
HIRARY, BT AIZERER R, K HNmAME
i, PRI HERS, 5 TR RISV H o Ak,
WBOET 50 F AR EIER G, AT oYkl )
ML 0 A, R A 2% S B ()T AL RE AR, ik
SR SIHEAT W 5 M SR il 43 1) 43 T 45 A
iR, SRR AT, it A AR M
10 BB, Gl R AR B RO 1 T B AE A I
E) P T2, SBR[ B BT PR R
IR MBRAAGE R, AR TR R s i A
BT g, BRA RN RE S I LRE .
BRI RS, A T — LU FR A b 3 B AR
Fo3 S5 R B AR A T

P BRI, VR T REERA AT A AU 1 2
HRMM A EERE D I R SOER B, R E
W At &, AR ROR B (9 1 S8R 9 RE R 1 TL-1B
IR AR BE R ¥ -0 55 A DR T RE IS 2 B AR Geda i
(1 ek B J5r L 32 S G I 0 N AR R K Ak A IR
i B AR A1), s mBvig e R
AR, PRGBS . ANETAgEH,
W B R IE S N N ARG FIVE B
INELRREG £ i ) SR AR 1), LA ARBlL . TR,
TR LA R . R, OB R R A2 A
G, AFHIE BRI R, HERRTEEAL S, kR
A AE FHU0), HAE TR RN B AT 58 R A, T
T A BRI B A R B R

AR, T A PR 23 BER /K 1
e, HIFR TR SR R, RS
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P 35 [ 5 58 A8 H g v R B e B JBE 4% 7 AR A0 IR ik
55 722 RS PTEAGRE, NI T AZ R KA
B G, fEfEEERFT, T I U R ) T
NI FERE, DR % I A K AR B A
1, AT miZ B R IR B 2 o B B M
R T E R Ak, (H AR A AT
TARGE I, PR SRS S A RE A
Ko WHFRRIN, 5 REM I 2 A
A KR, AL, T B AR K/ BRI AR
95T 2 EAVELE, XRS5 & s s
A2 HESEREAE G, SRREARR AT
i — AR B A S AR P 3 iR e B L AR )
AT

FE SR PR 2 A8 F Draize M4, R0
R R G LT A SR VPAN B S R, (H %
TR, HRA R . A 538 R I 52 2 ]
WS, ARBES S IAREM, 5 N ARG IR A T 15 B
BLAIARARL, e ny e st f At e 1 280 9 20l o % B
RETEEFEAS, VRANRE o B RER7-28], Lenior 52
40 T i 280 ORI BB S0 B 5 R S B T S IR AT 1%
b, S5RBEA 8. dah, 5350 0 A i A
NV [l — R R B8R, R B
FHOCHE, UF BRG] DL T PP 4057 o R 0 il 8
PEBOL, FEAHHE FLr, iy n BH 5 X 432 B A [F] A )
v FRTREOE s HCARSE T K G MR 5 208, R AE 87 5.
RS, HiSa E RIS, 6 b,
B AL B3R JEI, ATk mSEshAE, 2%
RIS VIC IR T, R 2RI VP SRt T
—Mhe g, WEE. SRR AL
4 ZEip

T SR o B R A S AR R A EE N (] . BRI
PERT RIS, PR B KV 1 IR 1 A0 % A ) ol 6 3 12
gy, HERZAERIEE S AL E A Y, A EE T
Tk A = Kl R LR B T R 25

RBAR AL FAREEA AR
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