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Abstract: Objective To determine the material basis of the properties, taste and efficacy of Dihuang (Rehmanniae Radix, RR), and
to clarify the cold and heat properties of RR and its separated components, as well as the internal fine structure of each traditional
Chinese medicine. Methods By using water decoction, water extraction and alcohol precipitation and chromatographic separation
techniques, the main chemical components of RR were separated. On the basis of establishing a rat model of cold syndrome, the
physiological and biochemical indicators closely related to energy metabolism and material metabolism were measured. At the same

time, metabolomic analysis was performed on rat urine to screen out differential metabolites in the urine of rats treated with each drug,
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thereby identifying potential biomarkers and metabolic pathways. Results Decoction, polysaccharides and iridoid glycosides showed

the same medicinal effect tendency on cold syndrome model rats, and they could reduce Na*,K*-adenosine triphosphate (ATP) activity

in liver and levels of 3,5,3'-triiodothyronine (T3), thyroxine (T4), pyruvic acid (PA), dopamine (DA), norepinephrine (NE) and succinate

dehydrogenase (SDH) activity in plasma, and increase acetylcholinesterase (AchE) activity in plamsa. Oligosaccharides showed

opposite medicinal effects on cold syndrome model rats, and could increase Na*,K*-ATPase activity in liver and levels of T3, T4, PA,

DA, NE and SDH activity in plasma of rats, and reduce AchE activity in plamsa. Conclusion Decoction, polysaccharide and iridoid

glycosides inhibit energy metabolism and material metabolism, and have cold and cooling properties; Oligosaccharides promote energy

metabolism and material metabolism, and have warming properties.
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Fig. 2 Total ion chromatograms of Rehmanniae Radix and its split components in urine of rats under positive (A) and
negative ion (B) modes
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Fig. 3 PCA diagram (A, B) and permutation test chart (C, D) of Rehmanniae Radix and its separated components in urine of

rats under positive and negative ion modes
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Table 2 Differential metabolites of rats in model group and control group
5 /min T ¥156 VIP FEAIAH vs S HEZH MGk Ry RE (X107
1 6.65 3.02X1073 2.52 ! 2R TN R PR CoHs03 2.76
2 6.18  7.69X1073 2.11 ! I pR1R CoH9NO;3 2.41
3 5.81 1.23X1073 291 ! TR C3sHsO4 -0.79
4 5.35 1.44%107 3.84 ! R CoH100s -4.29
5 470  0.043 1 1.37 ! JiERehEg Ci10H14N204 0.56
6 4.45 7.63X107 3.12 1 4-BEIE T R CeéH1iNO3 4.77
7 4.26 3.92X107° 4.41 ! gt C10H12N40¢ 4.13
8 412 297X10™* 3.53 1 JREF 5"-FRTE IR CoH13N200P -5.34
9 374 9.85X107° 4.01 ! 1- A BE PR 1R CsHeN4O3 1.24
10 3.61  9.04X107 3.04 ! AN AT S Ci0H12NsO6P 0.89
11 3.43 1.33X10™ 3.88 ! JIINES C10H12N40s -0.01
12 3.10  0.0333 1.48 ! T 2 S PR C6HOs 1.49
13 302 2.80X1073 2.55 ! BRHATR C4HeOs4 9.47
14 296  9.72X107* 3.01 1 B AW R R CsH14N205S 243
15 293 596X10°6 5.22 ! AICAR CoH1sN4OsP 9.81
16 265  4.00X10 3.40 ! PC(24 : 1(152)/18 : 0)  CsoHosNOsP -9.59
17 264  3.42X107* 3.47 ! FrEmR CeHsO7 1.00
18 2.16 1.47X1072 2.83 ! SRR CsHaN4O3 1.22
19 213 4.69X10 3.33 1 PR CoH12N206 -0.19
20 202  3.08X1073 2.51 1 LW C4HeOs 423
21 1514  521X107° 4.28 ! RBEBT C10H12N203 -1.35
22 15.13 8.18X 107 3.09 ! AL R CsHgOs 2.87
23 1409  233X1075 1463 1 4-NE IR CsHoNO4 0.48
24 1120 2.55X1077 6.59 ! Rl B ngEng C7HsN4O -6.91
25 1.84  7.98X10°° 4.10 ! IR B NENS CsH4N4O -5.25
26 159 2.48X107? 2.61 ! 1- R B g CsHsN4O2 -8.14
27 132 0.0208 1.68 ! BRI PR Ci0H13N409P -5.31

“17 R LR, <L R TR, %36 .

“1” means up-regulated, “|” means down-regulated, same as tables 3—6.

%3

IKARLA TR B K R AE R KB

Table 3 Differential metabolites after intervention with water decoction in model rats

%5 mw/min T k56 VIP KRR vs BT R 5 F 3 ®ZE (X107
1 097 4.63X103 233 ! | B g C7HsN4O; -5.68
2 649  1.52X10°5  4.82 ! 17-B-0HE -3 2 T R C24H320s 2.90
3 6.18  0.0129 1.89 ! 11- i &0 52 5 il C21H2304 8.76
4 6.18  424X1073 237 ! 5 J5 Ml C21H3004 8.21
5 250 1.51X1073  2.82 ! BT CioH12N4O6 0.91
6 8.63 0.0109 1.96 1 17-$2 52 C21H3003 5.10
7 1.03  433X103  2.36 ! RBEBT C10H12N20s 0.28
8 296 1.80X10™* 3.75 ! JiERE Ci10H14N204 0.12
9 0.85 1.46X103 2.84 ! A4 CsH1406 -1.43

10 0.88 1.55X1072 2.8l 1 MigE CioH12N20 -1.41
11 6.13  820X10* 3.09 ! M CsHsO 1.06
12 0.98 7.30X107 214 1 D-ARHAHE CsH100s 6.04
13 0.87 3.63X107° 244 ! IR CsHaNsO —4.26
14 0.98 1.58X10* 3.80 ! o-FLbE C12H201 -0.73
15 208 7.52X107 212 ! i 2 2 CsH1003 6.62
16 628 1.73X1073% 2.76 ! PC[16 : 1(92)/P-18 : 1(112)]  C4HsoNO7P 6.48
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Table 4 Differential metabolites after intervention with polysaccharide in model rats

G5 m/min | T  VIP  ZHEA vs HRIL R sl W% (X107
1 1498 1.50X107° 2.82 1 12,13-EpOME C1sH3203 -0.46
2 203 435X10* 3.36 1 N-ZBER AR 2R C11H16N20s -2.15
3 490 0.0362 1.44 1 LT N-F k-5 - F C13H16N204 -0.90
4 664 3.52X103 245 ! R C21H3004 8.44
5 190 7.01X10* 3.15 ! HHE 1,6- R CsH14012P2 4.64
6 1407 2.56X1073 2.59 ! 13-L-$2 35 WM R CisH3204 -5.06
7 241 00185 1.73 ! L-3-F2 5 R R AR Ci1oH12N204 2.74
8 630 0.0394 1.40 ! P C20H300:2 0.14
9 266 00120 1.92 ! WA C10H12N4Os 2.38
10 5.54 0.0152 1.82 1 2- B 5 R CioHnNO3 0.95
11 080 0.0140 1.85 ! A AR AT (18 ¢ 1/12 1 0) C36He9NOg 1.90
12 874 0.0421 1.38 1 17-$2 3 24 C21H3003 5.71
13 1.13 0.0120 1.92 1 BYBT Ci10H12N20s -0.77
14 255 582X103 224 ! Cyclic AMP C10H12N507P 1.95
15 252 831X1075 4.08 1 4T 1R CsHoNO4 0.40
16 090 3.19%X1073 250 1 IR Ci0H12N20 8.70
17 646 727X1073 2.14 ! R C21H300s 9.61
18 1512 2.58X1073 2.59 1 g i ST £ CsHi13N20sP -5.36
19 190 0.0440 1.36 ! EZNTHSEg C10H12N506P 1.07
20 231 820X1074 3.09 1 AR CoH12N205 0.79
21 1405 5.87X10* 3.23 1 JHTR A% C1iHisN20gP 131
22 212 842X1073 2.07 ! R 2 Sk B CsHeOs 2.44
23 9.60 4.60X10% 3.34 ! i C20H2s0 —4.38
24 132 225X10° 5.65 ! SRR CsHaN4O3 3.42
25 236 691X10* 3.16 1 D-ARHAHE CsH100s 1.44
26 129 1.29X10*% 3.89 1 JREF CoH12N206 0.49
27 270 1.07X10% 3.97 ! il§=3 C10H12N4Os -2.24
28 090 2.17X1073 2.66 ! TR A CsHaN4O -2.82
29 222 556X1073 226 ! LEBE=N L C6H1003 1.22
30 227 4.89X10* 331 1 liluh=3 Ci0oH14N20s 0.99
31 1.90 133X10% 3.88 ! IR CeHsO7 1.72
32 644 2.58X107°% 259 ! PC[18 : 2(9Z,122)/P-16 : 0] C42HsoNO7P 6.60
33 1.23 3.43X107°% 247 1 L3RR C4HeOs 5.52
34 218 230X10° 4.64 1 RIS C4HeO4 1.18
35 130 2.66X107% 257 ! A CsHqOs 3.99
36 533 0.0251 1.60 ! AR IR CioH14N507P -3.19
#F5 REHEETIEREXRNERNKIRY
Table 5 Differential metabolites after intervention with oligosaccharide in model rats
B9 w/min - T VIP KB v BRI TR RE (X109
1 271 5.11X10°% 5.29 1 1-FE I R IR CsHeN1O3 3.06
2 088 1.26X107° 4.90 1 1- B B Iy CsHeN4O2 2.57
3217 935X107 6.03 ! (R)-Fit 3¢ 1 CsH 140282 0.38
4 1.00 3.91X103 241 1 FRl| 4 M C7HsN4O: -2.37
5 209 9.77X10* 3.01 l N-CB R A A B R C1Hi6N20sg -5.71
6 6.86 691X1073 2.16 1 5-FR AR L5 e 2 B i CuH1INO3 -0.65
7 7.61 2.69X10* 3.57 1 B LIRE C10H15sNO;3 1.90
8 2.11 1.35X10° 4.87 1 3-HEHA- BRI G TR RER CisHao0m0 0.27
9 599 631X1073 220 1 B C21H3004 0.47
10 275 3.43X1073 247 1 A C10H12N4Os —-4.97
11 5.63 4.86X10* 3.31 1 2-FRJE I pRTR CioHiNO3 -1.48
12 5.06 1.39X1073 2.86 1 R R CoHoNO3 0.44
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M5 mmin  THEK VIP (KRR vs BRI Rl Y ®E (X107
13 874 845X103 207 1 17-}2 520 C21H3003 3.44
14 1.14 1.10X105 496 1 RBEBT CioH12N20% -4.30
15 260 1.76X103 276 1 4-HE % R CsHoNO4 0.57
16 086 0.0124 1.90 1 L AL CsH1406 2.32
17 6.02 3.50X107% 246 ! J I T C21H300s -3.78
18 2.07 0.0167 1.78 ! Y- B AW R CsH14N205S 3.18
19 1513 1.63X103  2.79 1 LN i 5'-BERR £ CsH13N20sP -1.50
20 636 438X10*  3.36 1 K CsHsO -0.10
21 838 3.13X10°  4.50 1 AT ZI R % Ez C20H320s -3.21
22 248 2.84X10°% 555 1 AN AT S Ci0H12NsO6P —4.07
23 239 6.12X10° 421 ! JUt SR CoHi12N20s -1.87
24 201 8.03X107  6.10 ! JOR ok A% C11H1sN20gP -3.46
25 131 5.58X10* 325 1 SRR CsHaN4O3 3.92
26 243 4.11X10%  3.39 ! DK CsH100s -1.89
27 090 297X10* 3.3 1 BN CsHaN4O -0.54
28 195 142X10%  5.85 1 FriEg CsHsO7 2.14
29 14.09 1.84X1073 1274 1 PC[22 : 0/P-18 : 1(112)] CagHosNO7P -0.37
30 127 240X107°% 262 1 L3RR C4HeOs -0.25
31 224 894X10°  8.05 1 BRIAR C4HeO4 -5.85
32095 536X10%  3.27 1 AR =% CsHgOs 3.09
# 6 IFEBAGEEA T IRE KR MNERRBEY
Table 6 Differential metabolites after intervention with iridoid glycoside in model rats
M5 m/min T VIP RGBS ve BRI NGEZ 5T WRE (X107
1 479 224X1071° 9.65 1 WA R CsH12N2038 3.19
2 097 331X10°5 4.48 ! el C7HsN4O2 —4.08
3 203 4.87X10° 431 1 N-CHRA BB RIR CiiHi6N20sg -1.31
4 7.01 4.88%X1073 231 1 5- F AR Wk 2, R T CuHiNO3 2.45
5 344 190X10° 572 ! B BB R C9oH100s 3.35
6 14.08 5.88X1073 223 1 13-L-F2 W3 R CisH3204 -5.21
7 0.80 439X10°8 7.36 ! MR BRI 218 © 1/12 1 0) CisHeoNOs -5.33
8 127 5.66X103 225 1 2-FRIEL IR CsHsOs 4.29
9 129 0.0194 1.71 1 T R M CisH2205S 2.61
10 256 2.59X107% 2.59 ! Y C10H12N4Os 2.30
11 542 127X103 2.90 1 2-FBE B pR1R CioHnNO3 2.35
12 1.05 230X107* 3.64 ! BEEHET C10H12N20s 3.13
13 298 4.63X107° 4.33 1 T 2% LR IR C12H17N404PS 1.07
14 294 5.08X107* 3.29 ! JIH £, 2% )57 C10H14N204 1.65
15 242 9.82X10™* 3.01 1 4-NE P B2 CsHoNO4 2.72
16 090 6.45X10* 3.19 1 A R CsH100s 0.85
17 1512 1.67X1073 2.78 1 RS % 5T iR £ CsHi3N20sP —5.44
18 224 1.99X1073 2.70 1 JB AR CoH12N205 0.68
19 123 7.75X10* 3.11 ! I Sk g CsHeOs 3.02
20 123 422X107° 4.37 ! PR CsHaN4O3 3.38
21 1.23 7.55X107* 3.12 1 JRE CoH12N20¢ 3.10
22 090 1.32X1073 2.88 ! WIS CsHsNsO 3.38
23 330 4.05X107° 4.39 1 i Er Ci10H14N20s 4.28
24 127 2.94X107 453 ! ¥R CsH307 2.67
25 652 0.0417 1.38 ! PC[18 : 2(9Z,12Z)/P-16 : 0] C42HsoNO7P 8.66
26 3.17 9.98X1073 2.00 1 FEIR S C10H14NsOgP -5.01
27 2770 2.54X1073 2.59 1 JREF 5- PR CoH13N209P 6.21
28 1.20 2.56X107* 3.59 ! TR C4HeO4 1.02
29 533 0.0326 1.49 1 BT IR R C10H14N507P -1.93
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Fig. 4 Metabolic pathway bubble diagram in model group (A), Rehmanniae Radix decoction group (B), polysaccharide

group (C), oligosaccharide group (D) and iridoid glycoside group (E)
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Table 7 Effects of Rehmanniae Radix and its split components on physiological and biochemical indicators in rats with cold

syndrome (X £ s,n=38)

HA) HE/(g'kg™) Na',K-ATP fif/(umol-mL™) PA/(umol-mL™") SDH/(U'mL™")  AchE/(pmol-mL™")
X — 128.713 +6.794 0.259+0.024 24.629+4.367 401.930+60.384
et — 118.674+9.026" 0.22340.031* 18.437+6.691%  477.437466.570"
AR W T K BT 7.560 101.0154+9.589** 0.1801+0.039* 11.212+5.983"  551.212+65.104"
EZ) 0.144 108.174+8.318" 0.178+0.037* 13.619+6.443 549.619466.839*
A T s 0.218 110.976 £11.236 0.18110.038* 10.563+6.468"  550.563 £79.095
REVE 2431 129.615+10.851" 0.268+0.040" 30.618+5.039™  400.618+64.865"

) HlEA(gkg ™ DA/(pg-mL™") NE/(pg-mL™") Ts/(ng:mL™") T4/(ng-mL™")
it B — 471.263+63.404 685.245+77.792 2.09840.174 76.1271+11.204
Y] — 401.437+65.679% 601.729+75.389%  1.412+0.223% 63.565+12.011%
A Hb B K BT 7.560 329.204 4 61.944* 529.549478.408 1.0234+0.289" 47.356+11.863"
e 0.144 349.682+66.039 578.865+86.174 1.114+0.213* 48.631+10.122°
PRI ks 1 0.218 330.112+64.842" 512.874+82.950°  0.991+0.191 52.035+11.301
RS 2431 489.260+68.583" 689.3624+78.384* 236140232  79.971+10.631"

5xtHEA b *P<0.05; SHAIALE: "P<0.05 "P<0.01.

#P <0.05 vs control group; “P < 0.05

**P <0.01 vs model group.
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