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[ Abstract | Objective; To establish HPLC fingerprint spectra of the pieces, standard decoction,
intermediates, dispensing granules of Rehmanniae Radix Praeparata, and assess the quality correlation among
them, then to evaluate the scientificity and rationality of preparation process based on the yields of dry extract and
the transfer rate of acteoside. Method: Fingerprints of several batches of the pieces, standard decoction,
intermediates and dispensing granules of Rehmanniae Radix Praeparata were detected by HPLC, and the content of
acteoside was determined according to the method of ChP 2015. The fingerprint chromatographic separation was
carried out on Phenomenex Luna 100A C,, (2) chromatographic column (4.6 mm X 250 mm, 5 pm). The

mobile phase was acetonitrile-0. 1% phosphoric acid for gradient elution, with a flow rate of I mL-min "', and the
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detection wavelength was 330 nm. At the same time, the correlation analysis of quality transmission during the
preparation of dispensing granules was carried out based on the yields of dry extract and the transfer rates of
acteoside. Result; The contents of acteoside pieces, standard decoction and intermediates were basically
consistent. The yield of dry extracts of intermediates and dispensing granules, and the transmission rate of
acteoside were all within the range of standard decoction, and basically consistent with standard decoction. There
were 7 common peaks in all fingerprint spectra of 17 batches of pieces, 17 batches of standard decoction, 10
intermediates and 10 dispensing granules of Rehmanniae Radix Praeparata, with a good correlation. The 13 main
chromatographic peaks in the dispensing granules were identified by UPLC-Q-TOF-MS analysis, and 4 of the 7
fingerprint common peaks were identified as 5-hydroxymethyl furfural, acteoside, isoacteoside and martynoside.
Conclusion; The main chemical constituents of Rehmanniae Radix Praeparata pieces, standard decoction,

intermediates and dispensing granules are basically identical. The established HPLC fingerprint method can be used

for the quality control of preparation process of Rehmanniae Radix Praeparata dispensing granules.

Rehmanniae Radix
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Table 1 Physicochemical parameters of pieces,standard decoction,intermediates and dispensing granules of Rehmanniae Radix Praeparata
%
I Bk 43 e %
9> PR KR
W o 1 3 711 o ] 4 Be 7 R BRAE o [a] 4 [ 1Y A (/75 I A TR S
1 AT i B 0.038 0.036 0.035 0.031 68.73 73.90 76.13 64.8 61.1
2 0.033 0.030 0.027 0.024 64.48 68.91 68. 19 62.8 64.2
3 0.028 0.029 0.027 0.023 74.18 77.77 77.30 62.7 61.2
4 0.042 0.037 0.042 0.035 60.75 76.20 74.82 65.0 60.5
5 e A AE 0.026 0.028 0.024 0.021 72.31 72.73 72.60 61.2 62.2
6 0.030 0.033 0.026 0.023 69.06 69.38 69.92 57.3 62.3
7 0.029 0.037 0.026 0.023 78.70 72.25 71.04 56.7 64.5
8 LV I 3 3 0.038 0.032 0.036 0.031 55.26 71.45 72.38 61.1 60.9
9 0.026 0.032 0.026 0.022 78.87 79.39 76.56 58.6 62.3
10 0.059 0.044 0.057 0.052 54.59 78.78 78.98 67.9 64.7
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Fig.1 HPLC fingerprints of 17 batches of Rehmanniae Radix
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Praeparata and its reference fingerprint
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Fig.2 HPLC fingerprints of 17 batches of standard decoction and

its reference fingerprint
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J& /) 206 kPa, 40 )k 3 500 V (1E AR ) Al
3000 V(R flEfE AL T 150 V., — 2% BT vk 1
MS1 A5 2, Br A YLl m/z 50 ~ 1 500, 2% i i
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F2 17T HRF BB EEEME
Table 2 17 Batches similarity of fingerprints of pieces

Eiin=2 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 SI1 S12 S13 S14 S15 S16 S17 R

S1

.000 0.988 0.996 0.994 0.998 0.992 0.922 0.993 0.994 0.995 0.985 0.991 0.967 0.992 0.993 0.987 0.976 0.997
S2 0.988 1.000 0.980 0.986 0.987 0.992 0.956 0.996 0.990 0.998 0.955 0.996 0.987 0.981 0.970 0.966 0.958 0.995
S3 0.996 0.980 1.000 0.989 0.999 0.989 0.914 0.987 0.988 0.990 0.993 0.986 0.962 0.992 0.998 0.990 0.979 0.994
S4 0.994 0.986 0.989 1.000 0.990 0.991 0.901 0.990 0.992 0.991 0.981 0.987 0.951 0.988 0.988 0.989 0.980 0.991
S5 0.998 0.987 0.999 0.990 1.000 0.992 0.930 0.990 0.989 0.994 0.987 0.990 0.971 0.990 0.994 0.985 0.973 0.997
S6 0.992 0.992 0.989 0.991 0.992 1.000 0.933 0.995 0.991 0.995 0.968 0.985 0.971 0.993 0.986 0.985 0.981 0.996
S7 0.922 0.956 0.914 0.901 0.930 0.933 1.000 0.935 0.914 0.947 0.864 0.945 0.985 0.902 0.887 0.866 0.854 0.942
S8 0.993 0.996 0.987 0.990 0.990 0.995 0.935 1.000 0.998 0.998 0.968 0.993 0.978 0.993 0.983 0.981 0.978 0.998
S9 0.994 0.990 0.988 0.992 0.989 0.991 0.914 0.998 1.000 0.994 0.975 0.990 0.966 0.995 0.987 0.987 0.983 0.994
S10 0.995 0.998 0.990 0.991 0.994 0.995 0.947 0.998 0.994 1.000 0.971 0.997 0.984 0.989 0.983 0.977 0.969 0.999
S11 0.985 0.955 0.993 0.981 0.987 0.968 0.864 0.968 0.975 0.971 1.000 0.970 0.928 0.981 0.995 0.988 0.974 0.977
S12 0.991 0.996 0.986 0.987 0.990 0.985 0.945 0.993 0.990 0.997 0.970 1.000 0.984 0.980 0.976 0.968 0.956 0.995
S13 0.967 0.987 0.962 0.951 0.971 0.971 0.985 0.978 0.966 0.984 0.928 0.984 1.000 0.957 0.944 0.930 0.920 0.981
S14 0.992 0.981 0.992 0.988 0.990 0.993 0.902 0.993 0.995 0.989 0.981 0.980 0.957 1.000 0.994 0.995 0.994 0.993
S15 0.993 0.970 0.998 0.988 0.994 0.986 0.887 0.983 0.987 0.983 0.995 0.976 0.944 0.994 1.000 0.996 0.988 0.988
S16 0.987 0.966 0.990 0.989 0.985 0.985 0.866 0.981 0.987 0.977 0.988 0.968 0.930 0.995 0.996 1.000 0.997 0.983
S17 0.976 0.958 0.979 0.980 0.973 0.981 0.854 0.978 0.983 0.969 0.974 0.956 0.920 0.994 0.988 0.997 1.000 0.975

R 0.997 0.995 0.994 0.991 0.997 0.996 0.942 0.998 0.994 0.999 0.977 0.995 0.981 0.993 0.988 0.983 0.975 1.000

F3 17 #AREFH RIS S E B UE

Table 3 17 Batches similarity of standard decoction

Eiins S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 R

S1 1.000 0.996 0.985 0.994 0.996 0.986 0.984 0.995 0.996 0.986 0.984 0.933 0.975 0.995 0.993 0.996 0.999 0.995
S2 0.996 1.000 0.971 0.997 0.995 0.986 0.985 1.000 0.999 0.982 0.983 0.935 0.980 0.996 0.994 0.991 0.995 0.995
S3 0.985 0.971 1.000 0.976 0.986 0.978 0.979 0.971 0.976 0.983 0.989 0.917 0.959 0.984 0.984 0.983 0.988 0.983
S4 0.994 0.997 0.976 1.000 0.997 0.990 0.989 0.998 0.997 0.993 0.990 0.924 0.976 0.995 0.996 0.993 0.995 0.995
S5 0.996 0.995 0.986 0.997 1.000 0.994 0.993 0.996 0.998 0.991 0.995 0.940 0.984 0.998 0.998 0.994 0.999 0.999
S6 0.986 0.986 0.978 0.990 0.994 1.000 0.999 0.987 0.992 0.985 0.993 0.962 0.993 0.987 0.988 0.977 0.990 0.997
S7 0.984 0.985 0.979 0.989 0.993 0.999 1.000 0.985 0.990 0.986 0.994 0.958 0.991 0.985 0.987 0.974 0.988 0.995
S8 0.995 1.000 0.971 0.998 0.996 0.987 0.985 1.000 0.999 0.984 0.985 0.931 0.980 0.997 0.996 0.992 0.996 0.995
59 0.996 0.999 0.976 0.997 0.998 0.992 0.990 0.999 1.000 0.985 0.988 0.943 0.986 0.997 0.996 0.992 0.997 0.998
S10 0.986 0.982 0.983 0.993 0.991 0.985 0.986 0.984 0.985 1.000 0.991 0.903 0.960 0.985 0.988 0.988 0.989 0.986
S11 0.984 0.983 0.989 0.990 0.995 0.993 0.994 0.985 0.988 0.991 1.000 0.933 0.980 0.991 0.994 0.983 0.991 0.993
S12 0.933 0.935 0.917 0.924 0.940 0.962 0.958 0.931 0.943 0.903 0.933 1.000 0.982 0.929 0.927 0.906 0.936 0.954
S13 0.975 0.980 0.959 0.976 0.984 0.993 0.991 0.980 0.986 0.960 0.980 0.982 1.000 0.979 0.979 0.961 0.979 0.991
S14 0.995 0.996 0.984 0.995 0.998 0.987 0.985 0.997 0.997 0.985 0.991 0.929 0.979 1.000 0.999 0.995 0.998 0.996
S15 0.993 0.994 0.984 0.996 0.998 0.988 0.987 0.996 0.996 0.988 0.994 0.927 0.979 0.999 1.000 0.994 0.997 0.996
S16 0.996 0.991 0.983 0.993 0.994 0.977 0.974 0.992 0.992 0.988 0.983 0.906 0.961 0.995 0.994 1.000 0.997 0.989
S17 0.999 0.995 0.988 0.995 0.999 0.990 0.988 0.996 0.997 0.989 0.991 0.936 0.979 0.998 0.997 0.997 1.000 0.997

R 0.995 0.995 0.983 0.995 0.999 0.997 0.995 0.995 0.998 0.986 0.993 0.954 0.991 0.996 0.996 0.989 0.997 1.000
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Table 4 10 batches similarity of intermediates
it S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 R
S1 1. 000 0.997 0.999 0.995 0.997 0.996 0.990 0.997 0.995 0.968 0.998
S2 0.997 1. 000 0.999 0.988 0.993 0.991 0.978 0.991 0.987 0.949 0.993
S3 0.999 0.999 1. 000 0.992 0.995 0.994 0.985 0.995 0.992 0.959 0. 996
S4 0.995 0.988 0.992 1. 000 0.998 0.999 0.995 0. 996 0. 996 0.982 0.998
S5 0.997 0.993 0.995 0.998 1. 000 1. 000 0.994 0.999 0.998 0.979 1. 000
S6 0.996 0.991 0.994 0.999 1. 000 1. 000 0.994 0. 998 0.998 0.980 0.999
S7 0. 990 0.978 0.985 0. 995 0.994 0.994 1. 000 0.997 0.998 0.993 0. 996
S8 0.997 0.991 0.995 0. 996 0.999 0.998 0.997 1. 000 1. 000 0.982 0.999
S9 0.995 0.987 0.992 0. 996 0.998 0.998 0.998 1. 000 1. 000 0.987 0.999
S10 0. 968 0.949 0.959 0.982 0.979 0.980 0.993 0.982 0.987 1. 000 0.980
R 0.998 0.993 0. 996 0.998 1. 000 0.999 0. 996 0.999 0.999 0.980 1. 000
F5 10 #LEL 5 AR HE L E AR LR
Table 5 10 batches similarity of dispensing granules
it S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 R
S1 1. 000 0. 996 0.988 0.999 0.999 0.997 0.992 0.997 0.995 0.918 0. 995
S2 0.996 1. 000 0. 996 0.997 0.999 0.999 0. 996 0.999 0.999 0.939 0. 999
S3 0.988 0.996 1. 000 0.992 0.993 0.995 0.997 0.995 0.998 0. 965 0.998
S4 0.999 0.997 0.992 1. 000 0.999 0.999 0.997 0.998 0.997 0.935 0.998
S5 0.999 0.999 0.993 0.999 1. 000 1. 000 0. 995 0.998 0.998 0.932 0.998
S6 0.997 0.999 0. 995 0. 999 1. 000 1. 000 0.997 0. 998 0. 999 0.940 0. 999
S7 0.992 0.996 0.997 0.997 0.995 0.997 1. 000 0.997 0.999 0.958 0. 999
S8 0.997 0.999 0.995 0.998 0.998 0.998 0.997 1. 000 1. 000 0.939 0.999
S9 0.995 0.999 0.998 0.997 0.998 0.999 0.999 1. 000 1. 000 0.948 1. 000
S10 0.918 0.939 0. 965 0.935 0.932 0. 940 0.958 0.939 0.948 1. 000 0.951
R 0.995 0.999 0.998 0. 998 0.998 0.999 0.999 0.999 1. 000 0.951 1. 000
Al il UPLC (5335 & 5 24l 35 e 05 OkE HPLC 45
21 1 v A (035 U 114 5% S IROSCR: s B A X £ P IR 1]
- FR LE A, 1 o 2 P 0 i e 2 ) Y 0 B SC &R L O Xk
5 HPLC 35 2 [ 3% A7 W e A7 4500, 20 i A B 0% 1

2 6 10 14 18 22 26 30 34 38 42

t/min
A BT B IER T C. UV gk
B 5 ZhithEE 5 FH UPLC-UV &iffn UPLC-MS 2 & Fifi
Fig. 5 UPLC-UV chromatogram and UPLC-MS total ion
chromatograms of dispensing granules of Rehmanniae Radix

Praeparata
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F6 i HEH FH UPLC-Q-TOF-MS 43 #7
Table 6 UPLC-Q-TOF-MS analysis results of dispensing granules of Rehmanniae Radix Praeparata

y — AT — AT TR SRR AR
No. T4 W0 4 SF Py ey I
G BT m/z(8) G BT m/z(8) TR B m/z

1 5% W R B (50 CgHGO, 127.039 2[ M + H]* (1.82) 125.024 4 [M - 125.024 6[ M - H]~,107.014 1
hydroxymethyl furfural) 149.021 1[M + Na] * (1.25) H] ™ (0.14) [M-HCOO] -~

2 5.5 B RRP! (5- CeHgO, 143.033 9[M + H] * (0. 10) TG % 143.033 6 [M + H]*,125.022 9
hydroxymethyl furoic acid) [M+H-H,0]%,99.031 8[ M +

H - HCOOH] *

3 2,5- T B 3Lk 7 CoH, 0, 129.054 6[ M + H] * (0.16) , 127.040 1 [M - 127.040 3 [M-H]109.030 0
(2, 5-bis-hydroxymethyl 151.036 6[ M + Na] * (0.23) H] ™ (0.25) [M-H-H,0]791.020 1[M -H -
furan) H,0]"

4 3-SR (3- CoH;3NO, 234.074 0[ M + Na] * (1.38), 210.075 8 [M - 212.091 5[ M + H]*,166.097 3
methoxytyrosine ) 212.0914[M+H] " (1.58) H] ™ (2.75) [M + H - HCOOH ] *, 151.092 6

[M+H-HCOOH -CH, ] *

5 HHE N C/MRF CysHue 0, 804.290 9 [ M + NH, ]~ 785.249 5[ M - 785.252 7[M - H] ™ ,623.220 9
i %) ( purpureaside €/ (1.46),809.246 9[M + Na]* H 17 ( 1.87 ), [M-H - caffeoyl] ~,461. 167 4[ M -
echinacoside) (0.70),825.221 7[M + H]* 821.2253[M+Cl]~ H - caffeoyl - Glc ] ™, 161.023 6

(0.36) (2.85) [ caffeic acid -H - H,0] ~

6 R F R ZBEH A/ CyHyg Oy 818.306 9 [ M + NH, |* 799.264 1 [ M - 799.265 2[M - H] ~,623.218 9
LB HE 2 WA A, 5 (1.00),823.262 1[M + Na]* H 17 (290 ), [M-H-Teruloyl] = ,461.166 2[ M -
( jionoside A, /jionoside (1.23),839.236 7[M + H] * 835.2437[M +CI] ™ H - feruloyl - Gle] ™, 175.040 3
Ay) (0.42) (0.48) [ ferulic a(:i(17H7H20] -

7 EH T K L BEAF A/ CyHy 0y 818.307 2 [ M + NH, ]~ 799.265 0 [M - 799.267 9[M - H] ™, 623.225 2
LT Z WA A, 0 (0.64),823.262 3[M + Na]* H 17 (202 ), [M-H-feruloyl] ~,461.173 5[ M -
( jionoside A, /jionoside (0.99),839.236 1[M + H]*+ 835.2432[M+Cl]" H - feruloyl - Gle] ™, 175.039 5
A,) (1.14) (0. 11) [ ferulic acid - H - H,0] ~

8 T B M T CuHy O 642.238 6 [ M + NH, ]* 623.195 9 [M -  623.198 3[M - H] ™ ,461.168 8
(acteoside) (1.01),647.193 5[ M + Na]* H 17 ( 2.47 ), [M-H - caffeoyl] ~,315.109 6[ M —

(1.77),625.213 O[ M + H]* 659176 0[M +CI]~ H - caffeoyl - Rha] ™, 161.024 1
(0.49) (1.78) [ caffeic acid -H - H,0] ~

9 B e S CuHy O 647.1955[M + Na] * (1.33), 623.196 1 [M -  623.201 2[M - H]~,461.170 0

(isoacteoside) 625.212 3[M + H]* (0.64), H ]~ ( 2.15 ), [M-H - caffeoyl] ~,315. 110 O[ M —
642.238 9[M + NH, ] * (0.54)  659.170 1[M + Cl] = H - caffeoyl - Rha] ™, 161.024 4
(2.91) [ caffeic acid -H - H,0] ~

10 ¥R LB B,/ CyHy0y 837.278 3[ M + Na] * (0.56) , 813.280 9 [ M -  813.285 4[ M - H] ~,637.233 8
i 4 3 2 7 s B, 1510 832,322 3[M +NH,]*(1.29), H ]~ ( 1.68 ), [M=H - feruloyl] = ,473.170 1[ M -
( jionoside B, /jionoside 853.252 9[ M +K] * (0.23) 849.260 I[M +CI] ™ H - feruloyl - Rha - H,0 ],
B,) (1.36) 175.039 6] ferulic acid -H -H,0] ~

11 FEHL R LB D/K Gy Hyg Oy 661.209 6[ M +Na] * (1.05), 637.212 1 [M - 637.219 0[ M - H] ™, 461.168 7
AL AL (ionoside 656.254 1[M +NH,]*(1.21), H ]~ (2,65 ), [M-H - feruloyl] ~ ,315. 110 2[ M —
D/leucoseptoside A) 639.226 5[ M +H] * (2.74) 673.189 4 [ M + H — feruloyl - Rha] ™, 175.039 7

Cl] 7 (1.59) [ ferulic acid - H - H,0] ~

12 oo FFS) Gy Hy 0 675.2255[ M +Na] * (0.66) , 651.228 2 [ M - 651.232 6 [M - H] ™ 475.187 0

(martynoside) 670.270 7[M + NH, ] *(0.23), H 1= ( 1.91 ), [M-H -feruloyl] = ,329.123 6[ M —
691.199 6[ M + K] * (0. 40) 687.204 7 [ M + g - feruloyl - Rha ] ™, 175.040 2
Cl]7,(2.07) [ ferulic acid -H -H,0] ~

13 5o # OB CyH, 0 675.224 3 [ M + Nal* 1651.227 9[M - 651.233 8[M - H] ~,475.187 0

(isomartynoside ) (2.43),670.270 6[ M + NH,]* H ]~ ( 2.37 ), [M-H —feruloyl] = ,329. 127 4[ M —
(0.08),691.198 7[ M + K]+, 687.2035[M +Cl]~ H - feruloyl - Rha] ™, 175.039 6
(1.71) (2.94) [ ferulic acid - H - H,0] ~
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Fig. 6 Comparison on HPLC fingerprint of pieces, standard
decoction, intermediates, and dispensing granules of Rehmanniae

Radix Praeparata
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Table 7 Similarity of Rehmanniae Radix Praeparata correlation

fingerprint
No. S1 S2 S3 S4 R
S1 1. 000 0.999 0.996 0. 989 0.998
S2 0.999 1. 000 0.998 0.994 1. 000
S3 0. 996 0.998 1. 000 0.998 0.999
S4 0.989 0. 994 0.998 1. 000 0.995
R 0.998 1. 000 0.999 0.995 1. 000

TE:S1 BB IR T 552, BRI A 5S3. Pl 484, JEJ7 BORL

3 itig

AT AL Kb B 25 A A5 R L P A 7 T
T 1M I8 b e R R X, R I A A 2015
R EZj ) ok B R EE, AL E &
SR TR 17 b B 2 R R A B R R,
SR I IAF A 2 B o

ASCR A HPLC @57 7 M ik As 7 A
r ] A K e 5 R Y B S AR B S I Tk
IR A 45 R B IR bR A
rp ] A v B R AR A B i A — 3, B b P ) A
Jic 7 UKL I T 3R B A AR T B R AR
FRBR IS [l 2 9 B 5 A 1 17 77 A — B, 10 B 3
T Uk & T2 AL AR AR

- 154 -
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