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Optimization of wine-steaming processing for Boschniakia rossica and efficacy
comparison in kidney-yang-deficiency mice before and after processing
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Abstract: Objective To optimize the processing technology of wine-steamed Boschniakia rossica, compare the pharmacological
effects of raw and wine-steamed B. rossica on mice with kidney yang deficiency, and preliminarily explore the mechanism ofits kidney
yang tonifying effect. Methods Based on single-factor experiments, the AHP-entropy weight method combined with Box-Behnken
design response surface methodology was used to investigate the effects of soaking time, wine dosage, steaming time, and drying
temperature on the quality of wine-steamed B. rossica, with the contents of boschnaloside, total polysaccharides, reducing sugar,
alcohol-soluble extract, water-soluble extract, and appearance as comprehensive evaluation indicators. Hydrocortisone was used to
establish a mouse model of kidney yang deficiency. The general state, organ index, and pathological morphology of the mice were
observed, and the levels of cAMP, CORT, T-SOD, MDA, cGMP in serum and the cAMP/cGMP value were detected. Western blotting
was used to determine the protein expression levels of Aktl and EGFR in kidney tissue, and the mechanism of its kidney yang tonifying
effect was preliminarily explored. Results The optimal processing technology of wine-steamed B. rossica was: soaking for 3 h, wine

dosage of 72%, and steaming for 8 h. Both raw and wine-steamed B. rossica could improve the physiological function and pathological
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state of mice with kidney yang deficiency, increase the kidney and testis index, increase the levels of cAMP and CORT in serum and
T-SOD activity, decrease the contents of MDA and cGMP, increase the cAMP/cGMP value, and regulate the expression levela of Aktl
and EGFR proteins in kidney tissue to varying degrees. The effect of wine-steamed B. rossica was significantly better than that of raw
B. rossica. Conclusion The optimized processing technology of wine-steamed B. rossica is stable and feasible. The kidney yang
tonifying effect of B. rossica is significantly enhanced after wine-steaming, and its mechanism may be related to the regulation of the
EGFR/PI3K/Akt signaling pathway.

Key words: Boschniakia rossica (Cham. et Schlecht.) Fedtsch; wine-steamed; AHP-entropy weight method; Box-Behnken design-

response surface method; boschnaloside; kidney-yang deficiency syndrome; EGFR/PI3K/Akt signaling pathway
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Fig. 1 HPLC chromatograms of raw B. rossica (A), wine-
processed B. rossica (B), reference solution of boschnaloside
(C), and blank solvent (D)
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Table 1 Evaluation criteria of appearance traits of wine-processed B. rossica
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=3 IWERER OD ERIFM (X £s,n=3)
Table 3 Effects of moistening time on OD value ( X £s, n=3)
JCRERT D BN % REH% IKEH% FER % CADIMERIN % OD 18
1 16899400723 17449400347 191164422389 105298+1.0025 7 83468+12358 63471
2 17872400089 17694401874 210511436721 104118+1.0236 7 86233101383 67167
3 18274401345 21613401083 225351423250 127782416371 8 93892404502 7.4823
4 21378400123 20790400724 22.3097+27534 10.9058109268 9 93386402374 73231
5 19926400392 18242400257 216268426351 104538426180 7 83480+0.0923 68934
6 17391401290 20291401468 209104431128 100110412217 8 88929+03224 67642
it il 6h, BUHE 50 C R, AT 3 UORME, It
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O, SREVE i, SO E I AR SN NN B
IR TE DY 50%~90%.

F 4 FEEAEX OD EMFM (X £s,1=3)
Table 4 Effects of amount of yellow wine on OD value ( X *+s, n=3)

HEY A RER% KL% ERRHI%  APEIR % oD ft

10 18320+00347 18276+0.1734 27.3289+2.6387 95231419428 7 11.3871+0.7829 78256

30 20746+01231 1.8053+0.0538 27.3324+1.3627 95429+0.7833 7 10.3278+1.3320 7.8606

50 21234403420 19221+0.1646 28.8327+2.0092 96293109348 8 12.2479+13729 82945

70 20138400834 22963+0.0240 299832430206 10.3234+1.7294 9 12.2390+£09324 87159

90 19234402789 20282+0.2647 28.8398+26831 10.2722+1.5000 9 11.3703+10347 83698

110 18320+02430 21030+0.1302 27.3973+19218 8.7483+1.3481 8 10.7238+2.7381 7.8502
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NFELRF, LLODE WM TER, Wit 3 & 3
ACFILTE 17 eSS, SEI TR Wit K4 Rk
7 Fs

29.2 BIRHEFITEZ ST N Design-Expert
13 A2 7 i E AR IEAT 2 RS, L A,

(SRS

AT 3 YR, HHEGED

WK 6o BRI RN SR A P2

=5

Loy, SR

Wi AN

Z&HIETE % OD {ERIEZNE (X X5, n=3)

B. C HH%E,
Y=9.38—0.016 7 4+0.064 8 B+0.101 4 C+0.118 0

4

Table 5 Effects of steaming time on OD value ( X *s, n=3)

A IR A, G FIE

2 =1

ZEHINTN BN % % K LAY RER Y% CANIHER)N B R OD &
2 1.7923+00782 15998+0.1892 24.6490+24620 9.7665+05367 9 13.7204+08341 74820

4 19347+£01379 23941+01901 23.6246+20305 9.3458+0.0788 9 140145+09987 75489

6 19734+00624 25361+00678 24.1130+1.3248 10.7855+1.4629 10 12.7829+1.7340 7.8782

8 23249101346 27826+01176 29.9771+28462 11.0429+0.8913 11 14792018225 9.2349

10 22372+01590 35799401811 263000138890 9.0623+0.5236 11 12.7432+09559 84922
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Table 6 Effects of drying temperature on OD value ( X *s, n=3)

PR C  SACEIL% SEHEY% KR B2 % CADIHERIN &5 HEY OD f&
40 21274101112 23465+06724 31.7049+15472  10.0670+08233 12 133247+24578 92160

50 2324700069 23701+03590 30.1487+24598 10.2372+1.6400 12 137399407382 90481

60 21729101578 26904401421 310335+24588 11.7429+09278 12 133764409766 94325

70 1934740094 25880400435 326452+39470  9.7456+0.6003 12 123479407881 93213

80 1932640071 27556402856 31.3399+19375 11.0903+26729 11 125936410005 92747

90 1834610478 25338+01292 32.8563+27486 102354429572 11 13.0241+05074 93473

&7 WNERERITRER
Table 7 Response surface experimental design and results

J#5  Ah BY% Ch BORCENRIEI%  BENE%  KREYI%  EEREYIY%  SMMR iEEEE%  OD{H
1 2 50 8 2.466 8 1.8285 28.048 8 10.647 9 9 11.926 8 8.404 1
2 4 50 8 21318 1.6735 27.1373 9.0795 10 11.3249 7.9234
3 2 90 8 2.1408 15162 28.657 1 9.2600 12.9725 8.1735
4 4 90 8 2.2957 1.8841 29.596 7 10.318 5 13.104 9 8.6370
5 2 70 6 2.3280 15959 28.0458 8.368 7 11 11.706 0 8.089 8
6 4 70 6 1.6825 1.960 1 27.7970 9.646 1 10 9.7855 8.007 8
7 2 70 10 27252 14727 27.8519 10.3459 11 11.903 1 8.3970
8 4 70 10 1.956 6 21914 29.305 3 8.987 3 9 11.758 6 8.362 4
9 3 50 1.8885 1.6377 272121 116171 7 8.769 1 7.9397
10 3 90 2.3040 1.767 8 28.4571 8.3671 8 10.9133 8.0355
11 3 50 10 21122 1.8748 29.7326 9.0673 8 8.516 4 8.2390
12 3 90 10 1.686 2 2.1612 30.836 1 10.618 5 7 13.242 4 8.6971
13 3 70 8 22851 2.3886 31.778 0 11,5758 11 13.026 9 9.4227
14 3 70 8 26761 2.3053 31.1746 10.754 1 12 12.832 2 9.3499
15 3 70 8 2.3954 24145 31.6249 10.966 4 10 12.4180 9.2920
16 3 70 8 1.8353 2.506 2 32.266 5 115777 11 13.9537 9.4374
17 3 70 8 2.3530 2.3854 31.7220 11.7752 10 13.2341 9.4169

AB+0.005 9 AC+0.022 6 BC—0.556 4 4>—0.135 7
B2—0.1533 C% [AIJARLALJ7 22 0 pr 4t IR L3k 8. 48t
R P<0.000 1, F=147.58, FWIBABA G212
St R2=0.994 8. Raq?=0.988 0 #kT 0.98, Al
i F=1.16, P=0.4295>0.05, AE&, iR
BAH, AT E] TSR s g R S T
DA T2 MR — IR R B HME RN, &5
FONBE 2R HO B LM T A C>B>4.
KIZ B. CMEEErAREEEZER (P<0.01);
ZIiAH, AB. BC¥JRE (P<0.05), it BH fliE i
V)RS5 P s Y19 P R 28 s s i) 2 i) ) 52 B AR
F%siE; 4% B> CPYJREFEEm (P<0.000 1),
RIPIX 3 MR RGP B —E ML R, M
F Design-Expert 13 32 1] % R 2258 EAF FH e
NI, LB 20 MRPEAA R G 25 BL1 H A A

T2 N jE A 3.016 h, #HiFREEMEA
72.761%, ZEHINFIA] N 8.351 he FEMEIET, 454
AP SbR, B B H T2 N 3 h, B R
RFAEE 72%, 7% 8 ho

293 RETZIUE 3 #LREDREA M, % b
AR H] T ZFATIRAE, 450K 9, 3 R T
BI4E 15N 9.281 8, RSD N 0.89%, KUY
RN T2 AlfT. WA LA
PR TRIIME A 9.410, S BB A TR 2 A] 2 BE 4
AN, REAENVARA AR AT 5, B B i T
BRI 2 AT et L LB 3

2.10 ERFEBRWET & MREIENANERR

2.10.1  ZHVREIHIE AR A H A BN
M 50 g, I EAFRLL 72%50, [iE 3h )5,
BAAHIAMSA, ZHl8h, BUNHT, BRE, 30,
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Table 8 Response surface ANOVA

WiH CPM BJlmE Fia P1a TiH IR HBE BT Fil Pl
FiR 533 9 05925 14758 <0.0001 | A? 1.30 1 1.30 32470  <0.0001
A 0.0022 1 00022 05574 0.4796 | B? 124 1 124 309.05 <<0.0001
B 01344 1 01344 3347 0.0007 | C? 1.58 1 1.58 34921 <0.0001
c 03291 1 03291 8198 <0.0001 | %% 0.028 1 7 0.0040

AB 0.2229 1 0.2229 5551 0.0001 | I 0.0130 3 0.004 3 1.16 04295
AC 0.000 6 1 0.0006  0.1399 07195 | 4a%hiz%E 00151 4 0.0038

BC 0.0328 1 0.0328 817 00244 | M7 5.36 16

&2

Ss
“‘s“‘\\
<>

& [E 832 B R A AE R E E

Fig. 2 Response surface plots of interaction effects between factors

®9 WIERELER

Table 9 Verification test results

75 LS RNRIET% R WEY% KR Y% B2 1% CADSHERN TR JFHEY oD &
1 2.4534 24174 31.216 8 11.389 4 10 10.632 7 9.2324
2 2.684 3 2.368 4 314775 10.7535 11 12.839 4 9.376 8
3 2.2737 2.426 4 30.765 4 11.976 6 10 12.428 4 9.236 3
A . - ‘ * Iﬁg-%ﬂzgﬁ ?.275 g:n&‘l Eié@“%ﬁ, E}Eﬁ o

@ . s By 2102 W, IERRGEZE  ANRIENHERETE 7d

Y JEBEAL o AXTHRAL . AL, BB A (BHME

P i T b s ) 245) 41, A BRI AR B AR AL, AL 12 K

3 ERTEMR (A) MEREERR (B) SMIXILLE
Fig.3 Comparison of appearance of raw B. rossica (A)

and wine-steamed B. rossica (B)
2 o BRI 2 BB RN 10 f5 &K
IR 3 ok, PRI, SR, WR4E R UE
WKIZ 0.808 gmL !, & . PRI 2 il 46 -
BB SO BRI B B iy, 28R K e 1 i

Brxf R4 Ah, HAMBES: 15dip EA T HIFATE
SHE (10 mgkg ™ 15 S B HMEAAL, XA ip 55
H0.9% S AN, 24 22 31/ R B 0
BiE, BRMETOE: 58, 23 B4 B4
FROLPEE R R ENKEEEE TR, ILREE
TR, AR, IRERE, H ER &k
TEFS B E S e e Ry 3 d, BUmr)e 5 pH kg
BRI 85 ). MIERE T2 2 RIFGR, KT HRZEAN
PRI ig SEREZETRK, AR BN R R AR A
A ig FARIKRR (5.3 g'kg™), FHIMEZA ig 4B
BRRGW (1.8 g'kg™), ESAZ15d.
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BB 7 EILIE FDA A S5/ R
i EARRIMANESRE, 5 RH0N 12.33, O
A RRAAREH DR &N 15~30 g2, KAfFFig—
DA H e KR 30 g 1 it . S xs
BRI AT S 2 E R, Si— e H
Hil iR 257 . [N 225 TR R S R 78 i 240 58
NGB ZTFIEN 5.3 gkg o
2103 fEERIEEONE RIRGZAEEEALEK 12N,
PRI UL JE AL B0/ N, BB IEFDS2 A, A 250 5E
B AE AR I AVR R B, S BRI R R R
SERPE 4 Fios, SRR, AN RS T
SRR FFREIL (P<<0.05), HHIBEE N,
SRRV A B, BRPEZG A . A T A 4R B 4%
2H /I BB B R E B 5 e (P<<0.05. 0.01), =2
FIeEH b

45 5 5 = B 2 o /A o
2.0

B 46 %%
= e
o ()]

o
3

SR MU G A g
o K

AR K%

of I AT B A I
LA K

LXTRALEE: "P<<0.01; SHRAALLE: *P<0.05 *P<0.01.
**P <0.01 vs control group; *P < 0.05 *P <0.01 vs model group.
4 FENRBRERENER (X £s,n=12)
Fig. 4 Kidney and testis indices of mice in each group
(X £5,n=12)

2.10.4 HLUREERE B4/ B EME A
S, SET 4% 2 RHESEE, FH
K RIAEA RO Boa s, TR VYR G
T ZHIRA RS, TRARKE-HAL (HE) Y )5 2R TR
AhEE, FH/KEESE, RIS, 7ERAE TS
U R 2 AL 95 B 2 MO8

(1) 'BAFHZRER S % FR A /N BB 4
ZUR DB R AR, BRI TS

(73 5
-

BERIEE, DFEW, BNERCR W RS, Fh
EWNHRIRG S e, RILE R 5KE SR
Py ST RRALAH L, BEALA /N BB I AT IR 4
EREHREYE, B/ANE NIRRT, A7
EENET IR I RIS, SHEAAM, &
[ B S AL AR AR 2H N B I 2H 4 5 R
DL A A PR MR, /IR P B I R AR
YHAALERTERT, B NE N ESRPIRZ S 25, B
RIS, SRR, AR AN
B NER S NS IR B G RS
AL NS A JR AR, (HA IR AT, LA s,

(2) BRALYFEEMF: XN R 20

MG e, B ToEh, AR E AR W
W24, SRAERAREEEE B E8h
Fs SXTIRAAAREL, BRI /N RS2 S B RR 58
B, BEBORIRS A S, LIRS S RS A i L
B0, AHPRHESIZEEL, AR s PN A B
Bits SEAYAAHLG, 4B S AN B ER A /)
B 52 AL U AR GE R FE A IE R, 2S4S 5 55 2
ARG AN M A HE R RN, R DL B VR IR
B, A AREE R 2, HEUR IR 2 PR
Wi, EARMFD; SHEBAM, AR
INBR S AL SV AR 25K S AR AL, S B AR LA
WA, HISTHMEZAMERI, WE 6.
2.10.5  IfyEAAKE I AR EEE KNI S,
4 CZAMFF 1000 r-min™ &0 10 min, H_E3E, F
—80 CRAFo {87 FH B IDE S 2 AUV 5 /)N BRI v
CORT . cAMP. cGMP [J R LK, HitH
cAMP/cGMP f. FFI&EN € /N R MLiEH T-SOD
W, TBA EE MDA & &, 480K 7.

Extia AN b, ARV MIE A CORT cAMP [¥]
T/ R A% (P<<0.01), MDA, ¢cGMP &
ZHm (P<0.01), T-SOD HIiGtEREZERE (P<
0.01), cAMP/cGMP {E I/ (P<<0.01), FBH/NR
B BRI ). SABIARLL, SBUESR
SN o BT Q3

E5 &HENRBEEERN HE RRER (X200)
Fig. 5 HE staining results of renal tissues in each group of mice (x200)
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& 6

AR

FZHENREAAL HE LELER (X200)

Fig. 6 HE staining results of testicular tissues in each group of mice (x200)

HH

~ 20 ~ ow o R 20 "
2 15 '_C'j 15 - wooa
g 10 £ 1w E 10
B s g -
3 g ° g °
0 0 =
PR BT S AR TN HPR AR SR AR L[ AR RT R
OB KR ORE KR
15 = 400 A 5
S e #ooo g
T ,
; 10 £ 300 % s AA
£ S 200 g, 4 #t
s s : 3 -
= @ 100 S 1
2 0 = 0
YRR B S BUE AR JREE 0 TR A GBS AR A XHHR AR SEE AR S
R REE R AR KB KE R OB R
XA LR “P<0.01; S5HMHHK: *P<0.05 #P<0.01; S5ARHRAALE: “P<0.05 ““P<0.0l1.

**P<0.01 vs control group; #P<0.05 #P <0.01 vs model group; “P<0.05 **

E7 FHEPDRMFBENIEIRS cAMP/cGMP EL{ERNZE

P <0.01 vs raw B. rossica group.

ER (X X£5,n=12)

Fig.7 Biochemical indicators and cAMP/cGMP ratio in serum of mice in each group ( X *+s,n=12)

AR LA BN ZE (1) /)N BRI 1 CORT.S
cAMP & &N, MDA cGMP %1% ~iff, T-SOD
FITEPERE 38, cAMP/cGMP {H1¥ K. SR AREL

AL, EAREEZ4 CORT & & B E & (P<0.01),
T-SOD &5 (P<<0.05), MDA. cAMP & & &%
W%y, cGMP 23 FEIK (P<<0.01), cAMP/cGMP

ELfE K (P<<0.05),

2.10.6 R HEPIEVEN E B NE Aktl M1 EGFR &2 H
ML SREH SRR E, R &S A
B HEH Aktl 1 EGFR & HFRIEATIE, 25

WK 8 fran. xR, WAL /N BB AT A
Aktl F1 EGFR HHMFRIAEZE FFA (P<0.01);

15
EGFR ‘Wl 5X10° - 4 i - "
g1 iﬁ 510 #
Akt m-- 560X10¢ & g iy i &&
g 05 £05
B-aCtin s . A A— A 30 < 10 2
0 0
X OB SR R m R B I8 2k 8 R R ST 2
AL OREE O R AR AR AR
R4 “P<0.01: SR *P<0.05 #P<0.01: SAEBKEMALE: “°P<0.0l: S&EESALLE: “P<0.01.
*P<0.05 *P<0.01vs control group; “P<0.05 #P<0.01 vs model group;”“P < 0.01 vs raw B. rossica group; “4P<<0.01 vs Jinkui Shenqi Pill group.

E 8 &4H/INFEEZHEH Aktl #1 EGFR EARIA

(X *5,n=3)

Fig. 8 Expression of Aktl and EGFR protein in kidneys of mice in each group ( X +s, n=3)
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R A L, S BUE SO 5 E R N B
JIErR ¥ EGFR M1 Aktl 1A 8.2 RN (P<0.01),
A% EGFR £k 8% i (P<0.01); 54
BB AALHAH L, RO EGFR & B AT
FKirBRERIL (P<0.01). HERRELMLL,
WK E A Aktl A EGFR & (AN RiA R B &
FEAR (P<<0.01). DA ES5IRAESE, WWHRDAE N BH
RN BB ok E/E A AT ORE R | T A
EGFR/PI3K/Akt {5 Fif %, T Aktl 1 EGFR &
IR 2T SR S
3 Wie

BORAE & 2 PSR, TSRO 5T 2
B T HINREEGE RS 2R, 2 F CHE
SERARENDUME . PrAMSEEENE, Hd,
TR RGN B S B R AR A 0 Tk s 2
2, AERIEVHN P E R bR, B
2 RAUF IR 7T Al -5 B 505024, I8 SRR E A %
PRAEAREE 26 T B =1, R RIEZ MM E
BRI, I IS AR, AT R
PR Z WE 0 iR S AU, b Mo IR 728 T2
R BEVE R o W A& B m LR RO 2K
AT R, HL BRI PR F e FLELT S5 7K
HL2 For X, BT S KB ER By B EER
Wi o P MR SR 256 . PR
LSS I E AL O TR AR, TR PR BRI AR YT 20k e
IOCEERTHE, AEHREZ “HRRIST. FRER”
AL G R BV B R . DRI, ANHIF 90 i 2R BURE AR
BN HSE. RZESE. CEESE. Bak
BHEMSER, KIFHER B R AMPER, BN
M E AN (X cl| B0 R R i = o

AT 5K F 2 R 59 BT 25 5 8 L 166 P A 52
PR, e A0 A 5 R MRS R, AR
R 2 FIRBOTIE RS, S FRAR B E L
Bl G, fERR RS B, LR Z TR
RNEEETENHHE, X BBD-RSM #1156, @
I B R T IE-ROE T 25 A A B IR MR 5 & 0
SRR, R 2 o0 R B1A 77 FEFLA A5 TR 2 5 8L
H P RECR R, AR BRI R R AR 28 T 25
fF: 1 3h, B 72%, Z%H] 8h. £ 3 4P
ITSRIGIE, ZREVEIMEN 9.2818, SHEEALTI
B BT, RUNZSR TR RIT, RGN
U T 2R AT, TIEE, A AR BRI T
ZIIPRHEA S RO AL T ST SRS,

B BH R A P BRI R AR, AR HLN
FHZ R, MLARIRED, 5. SRR, ST
fIff s &4 SR TR IR, R — R
FENER, PR WARFERA . e = 77, AR S A4l
THREIRGR « IERAEVA YR SRR 200 B Bz ot i s mld i 417
MR B E TR R BRI, IR P IR RS [T e
Gy, WIS T FH S e R BT, A
AT (R e 1 R SR AL 1 o R AR 7. AR
SEIR AT IR S KM /N B S7 B BH R A
B, BN RS TR bR AR AL S SRR — 8, R
IR 28, BN R AR AN EHERR 25,
F VGV RS W IE 2 R 2 BB R AR R
TER .. SBRAMLEIL, S@FEIETIE, DREMH
REAHRAR AR 15 B B B0 . B ERE S B B Y
, BAIRE LT, BRHS KRR FANEY
gk T s SRS B R R AR, S AL 2R S ) e
PEPE R AHPRHEDI T R, ARG A s B [ o )
BR45 /N L% 5 CORT.cAMP /K-F &% L7+, MDA
cGMP & & [E1IK, T-SOD &M T+, cAMP/cGMP {H
TN ENE R . HIBZA R AN FiRTabs i s 1R
FHE AR T AR R ZH R T 26 M ) T 3 i R K
FIRANE P22, 5 GERAE) frag “Wm, 47
2437 g TN ARG — S

Aktl 5 EGFR HEEEEMDh R s ARG E
BER . Aktl 1B RGBT S, 8 B AR mELEE
-l (PBK) -Akt 5 5L TGS, S 5E
A K S AR R, ok R R AR BT A
ZREE, HEERTS2MERG. BA4ENE
2 PG IR AR S D AR B3, EGFR BN Aktl _EJiF
WS, Z25BEMKE . B/ kiEd visediss &
B/NE S ARG S E S d 2. EGFR S
Wt & g e AT B S s, i
5 PBBK % TN itE 5 B &Mt — P HuE Aktl, 5k
(1 Aktl 4ksEim FlEfEIs s, i 4ERe B e
AR B SRS . AR R ER, Ak
AT PRIRA TS 5 00 5 BH R /N BSR4 23 Aktl 5 EGFR
HEREBEZES G SEFUE AR R T
G, “HERIBKFHE TR, ARKEY EGFR &£
KEETH, SEESAHSHEEREARARE
ACEBIME T BB A, HE— 2D E Sl 2% O
AN G BAAE LT A2 o

xR, ABEFRIRAL T LA ()M
T8 BHCRA G E R AT A GE S
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