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Process Optimization and Quantity Transfer of Sheng Dihuang Formula Granules
YANG Jin', WANG Yiwen', LIANG Xinyue’, XUE Peiyun’, CHEN Ping"’
(1. Shaanxi University of Chinese Medicine, Xianyang, Shaanxi, China 7120465 2. Institute of Industrial Hygiene of Ordnance Industry, Xi' an, Shaanxi, China
710065; 3. Shaanxi Province Chinese Medicine Research Institute, Xi' an, Shaanxi, China  710003)

Abstract : Objective To optimize the preparation process of Sheng Dihuang Formula Granules and research its quantity transfer.
Methods The dry extract yield, total polysaccharides and phenylethanoid glycosides(pyrorehmanniae phenylethanoside Al, verbascoside,
pyractoside Bl and isophorbasin) were taken as the comprehensive evaluation indexes,and the soaking time, water addition, extraction time
and extraction limes were laken as the investigation factors, the oplimum extraction process was optimized by Iy(3') orthogonal test. The
preparation process of Sheng Dihuang Formula Granules was investigated. The effect of quantity transfer among decoction pieces, intermediates
and formula granules was investigated through the content determination of characteristic components. Results The optimal extraction process
was AsB.C.Ds,which was as follows:soaking for 1.5 h,adding 10,8 and 6 times of water,and decocting for 2. 0,1.5 and 1. 0 h,respectively.
The contents of the four characteristic components of phenylethanoid glycosides in the prepared formula granules were in the range of
0.012% -0.018%,0. 004% —0. 006%,0. 006% —0.009% and 0. 007% —-0.010% ,respectively,and their total transfer rates were 25. 69% —
27.72% ,7.32% -7.86% ,31.60% —39.20% and 94. 11% —95. 10% , respectively. Conclusion The water decoction extraction process of
raw Radix Rehmanniae is stable and reproducible. The content of four characteristic components of phenylethanoid glycosides in decoction
pieces of raw Radix Rehmanniae,intermediates and formula granules showes a quantity —value transfer relationship with good consistency,
which provides a reference for the research of formula granules to replace traditional decoctions.

Key words:raw Radix Rehmanniae;formula granules;orthogonal test;optimization process;content determination;quantity transfer
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Agilent 1260 HI m 8 BAH A (SE[E Agilent A F])
KQ - 500DE 5438 68 75 e i vk (RS LUl 75 A A
FRZAT]) 5 CP2102 A HL T RAF (BT AS < H M >
RN &), A5 BE S 0.01 g); SQP B L 7 K (BE A&
QUINTIX224 - 1CN . £ £ & 0.1 mg, M 4% i SECU-
RA125 - ICN A5 £ K 0. 01 mg) , ¥ B 58 £ F i Bl 2%
s <ot > A PR E ;DK - 98 — 11 %0 i P IR K Vs
By (R T R W R e A BRA 7] ) 5 CS101 - 3EB Y HL #4
ST AE (R R IR B B A BR A ) s ZF - C A =
FHEAM AL (i FERSE FAE AT BIRZA 7)) s Mb B RT 37
AR (AR K 4R FRA F]) s ZDHW FY R
A (bt p 2R AR A BRA WL BEAS 4 3 000 mL)
GZL100 — 251 RIFR g kWL Cf 58 FERHBE MU 3 5 4 R
AHL YR 7.5 kW) ; Synergy Y 28 7K il 2K L CBR
i < B > AEYRHEA R AT .

1.2 X%

A= M B TC 5 ORE 3 it (R e A= W s 25 BHEE 03 A5 R
SNE] GRS 4R 01,02, 03, 416543 5 R 20200701,
20200702, 20200703) ; & & 1€ b5 1 X B8 5 (L5 ok
1530 — 200202, B K 20 mg, &4 > 98% ), D — LK Hi
ZpEE R (4165 110833 = 201908, &5 5 >99. 8% ),
Y e £ 2 R I 9 I 5 A L R £ B AL
(L5 K PL6M11S109726, #LA% 7 10 mg, &5 >95% ),
FEH B PR O BETE BL(HE S P16M11S109727, BiA%
20 mg, R >97% ), B EAEREF (SN
W17J10C90785 , 4% 20 mg, & & >98% ), VEHh
A C(Ht 5 PIAM11F109729, BL#s K 5 mg, &
> 95% ), T BRI AR A IR ] L1
BEBR YR ik ali, W EE A 20 A 2k, 7K Ry B R 2K 5 A
BR A 3 A (PP 24 pl b 25108 7 A5 FRZA L L5 20 5]
4 20190101,20190301,20200101) , 2 % P4 45 v I 245 Bf
5 5 v 245 A 5 P 0 ) 5 0 = A R I A O I A i) 8
FIE b
2 HEEER
2.1 IEWREHEE
2.1.1 FTa%

A3 RS 5 B BN K 20 mL, A3 BT TR BT
(7&K ML K& R F 105 C T4 3 h, B T4
A5TPYRAN 30 min, TGRS B AR E T, T TR R
2.1.2 EEE4HE

WO A& FREL 105 C PR EEEN D -1
7K ] 2 G BRGSO B RRE , K e o
FE 1. 737 2 mg/mlL P 2 48 X R T VR o A 2 o UL

30

B 2.0 mL, 2 BN A 8.0 mL Jo/K 2B, I HEIR ST
BB, B0 BT BT DIUE, T 10 mL 80% LBk
2 W, KR, R E R E 10 mL, BISHHR ST

SR O R T EE - 43 RS B TR 7 W 0T R T T
0,0.2,0.4,0.6,0.8,1.2,1.6,2.0,3.0 mL, & 50 mL %
S IR EFE AT, TR B BRI, SR
3.0 mL, 435 & 10 mL 8, A 5% ZREy R
W 1.0 mL, S HETR S, MEHE M HLER 6. 0 mL, iR IETR
A7, F 50 °CKIBTCE 40 min, B, BK R A E R,
TRAT, B R B 4 5k 0,2. 084 6,4. 169 3,6. 2539,
8.3385,12.507 8,16. 677 1,20. 846 4,31. 269 6 pg/mL
R 28 800 1 0 35 8, 452 43 D 6 B 8 (2020 4 i (v [ 24 gt
(—F)IB 3V A), T 490 nm i AL 5E WO BE |, LA
ZHE TRV I (X, pg/mL) AR AR ROGRE (V) Ak
FRIEATERAE BN A EH 7 FE Y =0.045 8 X -0.021 2,
R =0.998 8(n=9), 45 5 3 B, # 4 Wi it & Vi & 78
2.084 6 ~31.269 6 wg/mL 70 [ N5 W06 2616 &
RAf

W P N 2 G 2 i B L AR B VA TS 1. 0 mL,
Tk 2.0 mL, [RI 2P R EIUF Jyik A IMA 5% 7
PRV VR 1. 0 mL"EERAE LI e R, IE T
2.1.3 RXLUBHERLEGE

(o PE 5 B 3ER 2 Diamonsil Plus Cis £ (250 mm x
4.6 mm,5 pm); Ji s AN L (A) - 0. 1% B BR %5 i)
(B), % FE UL (0 ~ 10 min B 10% A—14% A, 10 ~ 32 min
B 14% A —20% A, 32 ~35 min B} 20% A —10% A,
35 ~37 min B} 10% A) ; i3 K 1.0 mL/min &0 3% 4
A 334 nm AR 30 °C s H#EFERE A 10 pl,

VS VBT 25 2 o3 0 BBCEE b BOR SR AL B A AR
T EH IR BT B1 AL B A A B X R A
KR, NG - 0. 1% B PR (16 : 84, V/ V), il
BCEE 1 mL 20 5 & R BT AL CBEEIENE T AR
MR T Bl MBS LT 22. 80,34. 82,59. 36,
45.36 g FATELF %) B VA TR o R 28 BT 45 5 mL,
25 mL R, 4 BN EE 15 mL, #8510 min, ]
H e 25, 450, D8 K 2% i ISR 8 T 10 mL, 78T, 5%
WHONE -0 1% B RER (16 : 84, V/ V)R B &
S5mL ZEP, HHE -0, 1% BRE R (16 : 84, V/ V)
SEAS, PEAT UE Ik AR BT, RISt i VA T o A % R B
5 mL 7K, FAH T RO A 1k i B BP0 R VA TR

FGEE PR « 43 RS 8 W BT 5 o) e T v
T VA VR B BRI 10 L, Je i T ok S R atk
FERE 25 AR A LT AL B AERET R R
CFEAY B1 A AL (0 AR B8 B[R] 43 314 20. 935,
27.399,29. 425,31. 183 min, HIS M K T 5 000, 43
BEHRT LS ERT N 1.16 ~1. 23,37 WK 1,
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BAikEBIEE
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1. pyrodiglycoside A1 2. verbascoside

A. Test solution

B. Reference solution

C. MR &IER

3. pyrodiglycoside B1 4. isoverbascoside

C. Negative reference solution

Fig.1 HPLC chromatograms

LRME R R SRR | R 5 4 B % UR
A% B S 0.2,0.5,0.8,1.0,1.5,2.0 mL, & 2 mL
e, O -0. 1% B R W (16 : 84, V/ V) i
L5, o RS B 10 L, 4% 2.1, 3 WU @35 45
PEREIAE | A 0 M (X, g/ mL) A AR AR A
N T AR CY) S AR R HEAT 2Pk a1 5, 45 815 J5 % A
KRBT, LIEMEEL (S/ N) 2R 3 110 B R
VAR 3 A A A I B R B, S5 R L 1

1 ZULXZESRAR.CERERLER(1=6)

Tab.1 Linear relationship and the results of LOD and LOQ(n =6)

' . HELR Bk ZER
B ERER
(pg/mL) (pg/mL) (pg/mL)
[ ¥Vi=11.42437X,40.50959 0.99999 2.280~22.800 0.380  1.140
[ ¥=17.26697X,+1.90842 0.99994 3.480~34.800 0.580  1.740
Il Vi=12.44727X:+2.07606 0.99999 5.936~59.360  0.990  2.968
IV V.=15.54456 X:+0.97137 0.99999 4.536~45.360  0.756  2.268

E I AR FERCEF AL D ALERES, A B
RTEHF B, NVAFEREF L 2. 4. 6.8,

Note: I is pyrodiglycoside A1, Il is verbascoside, Il is pyrodiglycoside
B1, 1V is isoverbascoside , as well as Tab. 2,Tab. 4,Tab. 6 and Tab. 8.

e % B I8« 43 Tl A %8 W BUORT BRSHVS U 10 pL, 3%
2. 1.3 WU O35 4 A IERE 6 K, FF IS E 6 do4h
AR LT AL BEAERT MR8 C BT BL.
SESEMEST AN BRI RSD 40k
0.45% ,0.45% ,0.25% ,0.13% (n=6) F1 0.29% ,
0.33% ,0.27% ,0.45% (n =6) , TG B BT,

FeE P R 2 W U R VA TR 10 pL, IR T
¥ 2.0 1.3 W R @B 44y 9T 0,2,4,8,12,16,24 h B
BEREIN S 25 AR M TR W AL BT
WOR LB Bl FI SR BESIEME W ALY RSD 43 51k
1.29% ,2.37% ,3.66% ,2.37% (n=7), 3Bt 5
WAE IR T HCE 24 h WEE

T PRI BT W 5 mL, 2k 6 )y 4R il & it

SR, H2 2. 1.3 TR ik A AR I o 25 2R A2
WK O AL ESENEH B R O B fil
T R E & 14 B 129. 08,283. 68,67. 82,
78.27 wg/mL, RSD 43 %K 4.46% ,4.03% ,4.84% ,
4.17% (n=6) R ik EmEER I

TIRE [ S A e B R A B 2. O mL,
Loy, 43 3 41, B 25 mL S, 43 HRE A £E
Mo B TR AR AL X IR A W (237.5 pg/mL)O. 5,
1.0, 1. 6 mL, B &5 16 05 1 X B8 & 75 7 (489. 6 pg/mL)
0.6,1.2, 1.8 mL, £ 2 8 £ B 17 BL XJ BE 5 i W
(148. 4 pg/mL)0.4,0.9,1. 4 mL, 55 & A0 0 1 % B
(113, 4 pg/mL)0.7,1.4,2.0 mL, i % 15 mL, #
7 10min, FFEESEZS, B25T, U R 25 S RIS 10 mL,
KT R ONE - 0. 1% B ER AW (16 : 84, V/ V)V
fig B2 5 mL A5, HOME - 0. 1% BEFR I WK
(16:84, V/ V)EA FB5], Ugad  IREHE W #2 2. 1.3 W R
T S A IR R , I CR JEE R L 2.
2.2 kZEZ®

FRICZG 1 RE 5 (316524 20200101)50. 0 g, 32 3 4y,
WM K 600 mL, $i 2], 1231, 43 %1 F 20,40,60, 80,
100 min J% 2,12,13 h B8 259, e UAFY, B 2 (R
ANFRI D SRR 2R 12 h J5 NG, A
WK 3K 185. 9% , B K INK EATHILT 10 ff i
2.3 EXRKEHLER"-

PR 2 7K < 5% Ml A i 7K R 7 1 32 28 IR R A IR
] B R) kg CRA 280 R R BURL 5 ek
Az 7R DV R Bk, 7 R 00 L A 0k 5 3 15 (]
(A) RIS (B) /K (C) JRLE B (D) 1R N5
HE, TR B2 ROR O 4 D0 & w ey
G EAE bR, R AL 3,

BRI KTy 220 hT A5 R W3 4 3k 5.0 L, &
RIEHBISMKIK I D>A>C>B; K A FIEZE D Xf
A WA AR KA S BRIE BLLR A IR B
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x2 MEEKRKER(n=9)
Tab.2 Results of the recovery tests(n=9)
s g (pg) HAE (pg) Mg E (pg) B (% ) Y(%) RSD(% )
| I I IV | I I IV | I I v I I I IV I I I IV | I I IV
258,16 567.36 135.63 156.54 118.75 293.76  $9.36 79.38 38173 863.58 196.97 238.581 104.06 100.84 103.34 103.35
258,16 567.36 135.63 156.54 118.75 293.76  $9.36 79.38 377.27 866.76 195.17 237.166 100.30 101.92 100.30 101,57
258,16 567.36 135.63 156.54 11875 293.76 59.36 79.38 38246 870.18 194.48 239.253 104.67 103.08 99.14 104.20
258,16 567.36 135.63 156.54 237.50 587.52 133.56 158.76  494.54 1178.88 269.11 317.048 99.53 104.08 99.94 10110
258,16 567.36 135.63 156.54 237.50 §87.52 133.56 158.76 499.05 1153.86 272.31 318.527 101.43  99.83 102.34 102.03 99.95 100.84 100.20 10021 2.97 2.7 L7327
258,16 567.36 135.63 156.54 237.50 §87.52 133.56 158.76  490.56 1140.60 267.52 320.646 97.85 97.57 98.75 10337
258.16 567.36 135.63 156.54 380.00 88128 207.76 226.80 63191 1485.06 345.38 379.518 98.35 10413 100.96 98.31
258,16 567.36 135.63 156.54 380.00 881.28 207.76 226.80  623.85 1416.90 340.61 379.918 96.23  96.40  98.66  98.49
258,16 567.36 135.63 156.54 380.00 881.28 207.76 226.80 627.22 1446.30 339.95 379.847 97.12 99.73  98.34  98.46
*3 BEFRKER x5 FAEDIWMER
Tab.3 The factors and levels Tab.5  Results of ANOVA
K+ BEFAML) BEBMUE) mBEEFch) BEFEDOK) FERR BEFFA AR I E FAA P
1 0.5 10,10 1.5,1.0 2 A 6.163 593 17 2 3.081796 58 64.61 <0.05
2 1.0 10,8 2.0,1.5 3 BGi£Z) 0.09539217 2 0. 047 696 08
3 1.5 8,8 2.0,1.0 4 C 1.007 163 17 2 0.503 58158 10.56 >0.05
E R 3RAAN A 645 F K ALA 1.Oh, % 4 KA A8 e D 6.509 368 50 2 3.254 68425 68.24 <0.05
54%’%7}4\7‘71_% 0.5h, ‘Ji:F(J.US(Z,Z) =19. 00,
Note: Adding 6 times of water and decocting for 1.0 h in the third Note: Fo.0s(2,2) =19. 00.
time. Adding 5 times of water and decocting for 0. 5 h in the fourth time. 56 BIFHRER( 3)
WLV 2w 25 n=
FRBIBIT 5%
R4 EXRBETSER Tab.6  Results of the verification test(n =3)
Tab.4  Design and results of the orthogonal test
— BHE TR 450 FLER()
p T P B3R £LE34() g4 5 7( )Z %wi (;) 1 H”“ *;" ’ e
i . : 1
Vb 0 6 W T 1 oW ) A
1 50.0  68.12 0.53  0.018 0.027 0.008 0.008 0.061
I | | | [ 6333 207 0.013 0.0 0.007 0.008 0.05 16378
2 50.0  72.40  0.59  0.017 0.024 0.008 0.009 0.058
2 | 1 ] 26180 0.97 0015 0.030 0.008 0.008 0.061 15.723
3 50.0  69.25  0.46  0.017 0.029 0.008 0.009 0.063
3 1 3 ] 307 09 0.006 0.0 0.008 0.006 0.053 18.072 _
X 5.0 69.92 0.52  0.017 0.027 0.008 0.009 0.061
4 2 | 1 o829 LI 0.015 0.001 0.007 0.008 0.057 17.379
5 2 J ] [ 6343 0.9 0.01 0.0%6 0.006 0007 0.05 16115 B A A R S R A L AR P A R B ok
i ] N ) 5 gy e W oy
R R e X s T Y R e TN
1 ] | j 20003 090 0.0 0.009 0.007 0.009 0.057 17.789 s e A =t e SN e
TR AERE T & 1 S T R T BRI R I R
§ 3 J | 3o L3 0.04 0.005 0.007 0.007 0.053 20.07 R B ELTRE AT T2 MR e A S 6
: Ei [ ! i e Ay
9 3 3 1 [ 0916 103 0.009 0.006 0.005 0.005 0.035 17.56 ™ K 9*"] g ’ nee ° ’
[ U RV X Z4,mi;?ﬁ“‘ ‘
o543 520 5L 5.5 (—0.09 MPa) 2% 14 ¥ 45 2 A0 X5 % £ R 1.10 ~ 1. 20
S 0% 0l 0 06 (60 °C) VAT, IRITRSTE SR, LORE SHikg (2.5 1,

E A= RLBEFXE
% ¥ x25% .

Note : Comprehensive value = phenylethanoid glycosides x 50% + dry

x50% +F F & x25% + &

extract yield X 25% + total polysaccharides x 25%.

AR 200 AsB.CoDs, BIIE N 1.5 h, 23 %40 10,8,
6 f /K, 3 A3 A& 2.0,1.5,1. 0 he

B B2 MR S (FIE5- R 20200101)50. 0 ¢, 3
30y, He e T AT R W4, M BEE 1000 mL, il

32

m/ m)IRA , SRR, T4, BIASHC 7 BUkL

B 75 WUk B AR A T2 BUZAE 2. 0 kg, DIUKIZ i
2 h, 250N 10,8,6 f K, 43 Al A& 2.0,1.5,1.0 h,
UEIT BRI, vk AN A 1.20 ~ 1. 30(60 C)
FORRE IS R IR SR (2.5 1, m/ m)iR A,
DL BE R AR RL, T8, BIASC 7 UKL 1. 0 keo
2.5 AigifE”

I3 HE2Y B RE R4S 20,0 kg, D) 2.4 TR T2 4%,
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F7 PIRRBER(n=3)
Tab.7  Results of the Pilot test(n =3)
w5 fortky)  RIGR(L) ARF (k) Af(kg) B B (ke)
20200701 20.0 275 20.9 8.6 10. 8
20200702 20.0 281 22.5 8.3 11.3
20200703 20.0 269 21.8 8.2 1.1

15 3 AL ORI AR LR 7,
2.6 IEMRESTEEEERD
Xof B i o1 A < 0 RS A R I 2. 1. 3 WU TR AN IR
W 1. 0mL, B 2 mL R0, O - 0. 1% BRI K
(16 : 84, V/ V)EF il BUEE 1 mL 23l &5 FE M ¥R £ i
H AL B SRR SR Bl F1 R BEEAERE
11. 400,17. 408,29. 680,22. 680 g AR XS TR AT 1.
MRS PRI 3 SRR FE AR 2529 0. 8 ¢,

KB E , BRI R %A B B 50 mL, FRE
JE AR R EEE 1.5 b, A, FRR AR AE i, i H e
R IR Y A B AT R R % L IR 20 mL,
Yl [T WA 700 T, SR FH 1 - 0. 19% B FR AR (16 -
84, V/ V)M, B E S L KM P, HOHE -
0. 1% BETRYAE (16 : 84, V/ V) EZ F25] , UExt , Lk
T, BIASAR B3 T 43 0l B e R A e R 3
L4 3L IR B 2.0 o KRR, AR R A6
VTR 2%, BIAS v (] 4A Bt 3 5 Y VRORT IE 7 R At
AT o

T < BRUE G X BRIV 1 A3 3 A
VRO L HE 2. 1. 3 TRk AR AE I AR R T
AL BT R B8 S Bl A S BB
o &, TR AR 8,

®8 RA-HEGE-BRATHNNRZETERSEEEBER (%)

Tab.8  Quantity transfer results of phenylethanoid glycosides from decoction pieces — intermediates — formula granules(% )
) | Il Ii| I\
A R A
1 2 3 1 2 3 1 2 3 1 2 3
Rk *F 0. 057 0.058 0. 058 0.073 0.071 0.072 0.025 0.022 0.023 0.010 0.010 0.010
TEK A 0. 030 0. 030 0.031 0.020 0.020 0.019 0.012 0.011 0.012 0.010 0.010 0. 009
HHE 53.86 52.41 53.79 27.76 28.09 26.93 48. 00 50. 66 52.32 99.02 95.10 95.96
RTHE 2F 0.016 0.015 0.015 0. 005 0. 005 0. 005 0. 008 0.009 0. 008 0. 009 0. 009 0.009
HHE 51.47 50. 66 47.76 27.45 28.00 27.18 65.83 77.39 67.74 95.05 98. 98 98.95
BEBE 2772 26.55 25.69 7.62 7.86 7.32 31.60 39.20 35.44 94.11 95.10 94. 95

ERE Rk AR 2 A B LR Sl R e AR s S R T A

Note: The transfer rate in the process of quantity conversion is from decoction pieces to intermediates to formula granules. The total transfer rate was from decoc-

tion pieces to formula granules.

3 itig
3.1 FhtRiERE

PO L P H A T S - 0. 1% BE RIS WA O -
0. 1% Wi TR 1 WA U Sl AR IE ) 25 2R 0 52 0, i 5 2 &
BEAF 25 & HE i, DL OG- 0. 1% W B2 1 Wk It 8h AH B
AR PR e Ak Bl a1 8 ROR B MU 1 B -
0. 1% iR 7 WA DA VR I 1 &, OF A0 A 7% 2 e 1 A
FEFF o
3.2 MOEERLSHN

I B COBy, LR B I TE] D 16. 035 min, 73
B R ol Xk R B D FASRRE , TE i A 9 PR AT
IV, AN 2 AT 5 i, 5 R R I 150 5 25 7R
AR 790 T 25 5 A v mg R A ) o e A A A B s
AR, S P 24 25 300 BORERIVE 5 b 0 E IR A I
H, AR 3 P TR C 75 0K P Y B S AE W 5 % R i
%, S+ BRI R e, b T BN N TE
BSAETE T[] 3 S Al AR, A 3 BT R AR v B AL
H A REFR e A 0 S B A AR R R R L

B AL B AEHET A R R B f BAAE
B 4 A0 B 2R A AR VR0 AR b o i S A% 3
IR GE I RRAE B0 S5 B
3.3 HRhEE

K F A 36 A Fac A 2 B 25 R AT A b B A A A A0
PRI, R = 00 5 2 0, R AR R R 2880 A
R R HRFE B2 1 A2 M AR L SR 60 C iR
( —0.09 MPa) ¥ 4 22 A6 25 5 R 1. 20 ~ 1. 30(60 °C ) ;
T 25328 2 BA WM, HOR BN AE 24 SR
RS Z IR A HlRE RS e E TS, FL R
HA TSR ARG AN 2 WO R M SR L ]
VM TE Ry ELAA R AT Al e R e EL W
SRS 03 1 AR 45 R R W L TR T B
PE RBIPEST R 5 WO, OGR BRI VR ik U4
TN A SR R SRR I 2 R 3 1
(m/m)F12.5:1(m/ m)B} %A= b 25 e 5 0kL o i, 45
T R SR LLF R 2.5 0 1 (m/ m) A b BT
I 0k o e A

255 1) Hh 24 R o A i HP 25 T R S Pl R AR

33



