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Based on urine metabolomicsto study effect of Liuwei Dihuang Wan on
growth and development of rats
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Abstract: On base of traditional physiological studies, building a comprehensive evaluation system for the
efficacy of Liuwei Dihuang Wan (LW) for regulating the growth and development of rats by indicators that the
overall metabolic profile and biomarkers of urinary metabonomics. Sixty-seven day-old Sprague-Dawley rats
were randomly divided into four groups that are the control group and low-dose, medium-dose, and high-dose
groups of LW. At the age of 28 days, different doses of LW extracts were continuously administered for 16
days. On the basis of behavior, body weight, organ index and femur length, a UPLC-HDMS technique was
used to establish urine metabolomics method to characterize the profile of urine metabolism before and after
intervention of LW, analysis and identificate related to drug effects of differential metabolism markers, and
study the effect of LW on the growth and development of rats. LW could improve the overall behavioral ability
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of rats, promote weight gain and the growth of organs and bones, and 36 differential metabolites and 13 target
metabolic pathways of urine under the intervention of LW were identified, and 8 metabolic markers were

regarded as a key marker that LW effect the growth and development of rats.

LW has a significant regulatory

effect on the urine metabolic network during the growth and development of rats. This study interpreted the
scientific implications of the effect of “Nourishing Kidney Yin” on the growth and development of rats.
Key words: Liuwei Dihuang Wan; the growth and development; metabolomics
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Figure1l Results of suspension test (A) and open field test (B).
C: Control group; LWL: Low dose of LW (Liuwei Dihuang Wan)
group; LWM: Middle dose of LW group; LWH: High dose of LW
group. n=15 xX+s. P<0.05 “P<0.0lvsC
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Figure 2 Results of Y-maze test. A: Moving total distance in
each arm of each group of rats; B: Level of spatia recognition
memory ability in each group of rats. n=15, X+s. ~ P<0.01
vsC
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Figure 3 Discrimination index of novel object in the rats of
each group in Novel Object Recognition Test. n=15 X=+s.
"P<0.01vsC
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Figure4 Weight changesin each group rats within 16 days

Table 3 Result of the length of femur among group. n=15,
x+s. “P<0.0lvsC
Group Length of femurs/cm
c 2.40+0.07
LWL 254+005"
LWM 2.46+0.05"
LWH 2.53+006"

3 KERKRBRSEHLED B EEF KGRI
1 \/:-‘E

BIAT N RE L DERR RO KR, W R
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ESI-MS##a k17 4L 3, 3 Ezinfo 2.0 % % 20 K A
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B PREAR B B A2 AL, V£ WL BA, B I X452,
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Tablel Weight changesin each group ratswithin 16 days. n=15, x+s. ‘P<0.05, "P<0.01vsC
Weight/g
Group
od 1d 4d 7d 10d 13d 16d
C 60.19 + 3.81 65.86 + 3.50 84.27 + 4.42 104.15 + 5.97 126.44 + 7.02 146.67 + 8.83 156.89 + 9.45
LWL 61.77 + 4.05 67.02+ 3.77 82.99 + 4.73 102.35 + 7.09 126.68 + 7.63 150.70 + 9.44 163.73+11.14
LWM 60.96 + 3.67 66.76 + 4.25 88.13+4.73 107.06 + 6.05 131.91+6.34°  156.24+6.80" 166.98 + 8.97"
LWH 61.21 + 5.45 66.69 + 3.52 83.59 + 4.26 102.47 +5.62 126.56 + 7.87 150.00 + 7.11 164.11 + 6.29°
Table2 Visceraindex among four groups. n=15, X+s. P<0.05 “P<0.01vsC
Group Thyroid Thymu Adrenal Spleen Kidney Testis Seminal vesicle
c 0.45+ 0.06 2.86+ 0.51 0.24 + 0.02 4.03+0.68 853+ 0.73 10.28 + 1.09 0.79+0.38
LWL 0.58+0.12" 3.07+051 0.23+0.03 3.74+0.81 9.54+ 089" 1117 + 1.16 1.08 +0.30°
LWM 0.52+0.11" 342+ 074 0.32+0.08" 358+ 042" 9.25+ 1.56 10.49 + 1.01 1.18+0.33"
LWH 0.58+0.14" 3.32+ 053 0.26 + 0.05 3.08+ 046" 9.35+0.94" 1152+ 117" 1.03+0.29
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Figure 5 Pattern recognition analysis diagrams. A, B: Score
plot of urine profile of rats before and after oral administration of
LW by PCA scanned; C, D: Score plot of urine profile of rats
after oral administration of LW in the 16th day by PLS-DA
scanned; E, F: The score plot of urine metabolic profiling of rats
after oral administration of LW in the 16th day by OPLS-DA; G,
H: S-plot and VIP of urine metabolic profiling of rats after oral
administration of LW in the 16th day; A, C, E: Gpositive ion
mode; B, D, F: Hnegative ion mode
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Figure 6 Summary of pathway analysis with MetPA. 1
Phenylalanine, tyrosine and tryptophan biosynthesis; 2: Phenyla-
lanine metabolism; 3: Pantothenate and CoA biosynthesis; 4:
Pentose and glucuronate interconversions; 5: Glyoxylate and
dicarboxylate metabolism; 6: Histidine metabolism; 7: Citrate
cycle (TCA cycle); 8: Vitamin B6 metabolism; 9: Alanine,
aspartate and glutamate metabolism; 10: Tyrosine metabolism; 11:
Porphyrin and chlorophyll metabolism; 12: Starch and sucrose
metabolism; 13: Purine metabolism
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Table 4 Urine different metabolic biomarkers of rats before and after oral administration of LW scanned.
lower level in LW rats in comparison with control group, separately. VIP: Variable importance for the projection.

“11” represent higher and
"P<0.05, "P<0.01

vsC
Trend
No. /rtnRin Det;vnfi oy Acd-M rizzr; C;;%'f;sﬁin Postulated identity VP
1 065 1140669  113.0589 ESI+ C4H/NsO Creatinine 5.62 ! ! U
2 065 1450134  146.0215 ESI-  CsH¢Os Oxoglutaric acid 2.27 ! ! U
3 072 173.0083 1741082 ESI-  CgHeOs cis-Aconitic acid 2.20 1" 1 1
4 083 1300869  129.0790 ESI+ CeHuNO;, Pipecolic acid 297 1 1 1
5 08 217.1320 2161222 ESI+  CgH16N4O3 N-Acetyl-L-arginine 2.26 1 T 1"
6 088  167.0214  168.0283 ESI-  CsH4N4Os Uric acid 11.77 1 ! 1
7 089 1390504  138.0429 ESI+  CgHeN:O» Urocanic acid 2.56 ! T 1
8 1.02 3301192 3291112 ESI+  CyHioNOg Dopamine glucuronide 3.69 1" - 1
9 104 1660742 1650651 ESI+  CgH:NsO 7-Methylguanine 452 ! ! 1
10 120 1700813  169.0739 ESI+ CgHuNO; Pyridoxine 2.04 1 o 1
1 1.9 132.0658  131.0583 ESI+  CsHoNOs 4-Hydroxy-L-proline 2.97 1" 1 1
12 201 1660865 1650477 ESI+ CgHuNO, L-Phenylalanine 2.81 1 1 1
13 220 2271028  226.0953 ESI+ CiH14N,O,  Porphobilinogen 231 ! 1 1
14 233 3570881 3580964 ESI-  CyuHx:N,OPS Pantetheine 4'-phosphate 6.48 U 1 1
15 256  109.0288 1100368 ESI-  CeHeO» Pyrocatechol 2.98 ! T 1
16 262 2791352 2781300 ESI+ CyuH»N,O,S  Pantetheine 4.41 1 1 1
17 292  181.0614  180.0786 ESI+  CgHgN,Os Nicotinuric acid 2.02 1 1 1
18 310 1740551  173.0477 ESI+  CioH/NO, Quinaldic acid 2.43 1 1 1
19 320 1100604  109.0528 ESI+  CeH/NO 4-Aminophenol 2.95 1 1 1
20 349 3080779  309.0849 ESI-  CyHisNO; Inodxy! glucuronide 2.28 1 1 1"
21 358 1600398  161.0477 ESI-  CgH/NO, 4,6-Dihydroxyquinoline 3.62 ! U U
22 359 153.0547  152.0473 ESI+ CgHgOs Mandelic acid 2.49 1 1 1
23 367 149.0600  148.0523 ESI+  CgHgO; Cinnamic acid 2.03 1 1 1
24 382 167.0341  168.1467 ESI-  CgHgO4 Homogentisic acid 4.36 1 7 1
25 389 1210999 1200943 ESI+ CoHyp 1,2,4-Trimethylbenzene 2.08 1 1 1
26 397 2630235 2642520 ESI-  CoH120;S 3-Methoxy-4-hydroxyphenylglycol sulfate  2.19 U ! "
27 415 2530521 2540573 ESI-  CHuN,OsS  5-L-Glutamyl-taurine 3.97 " ! "
28 422  151.0391 1520473 ESI-  CgHgOs Ortho-Hydroxyphenylacetic acid 4,01 1 o 1
29 423 2610078 2620147 ESI-  CoH100;S Homovanillic acid sulfate 7.83 1 1 1
30 429 2011131 2021205 ESI-  CioHig04 Sebacic acid 3.94 1" 1 1
31 430 167.1070  166.0994 ESI+  CyoH102 Perillic acid 2.64 1 1 1
32 447 2171074 2181154 ESI-  CioHigOs 3-Hydroxysebacic acid 2.15 1" 1 1
33 451 1730813 1740892 ESI-  CgH104 Suberic acid 2.36 1" 1 1
34 519 2431027  242.0943 ESI+  CisH1403 Equol 454 U s U
35 532  187.0983 1881049 ESI-  CoHiO4 Azelaic acid 2.03 1 1 1"
36 555 2731710 2741780 ESI-  CuHoeOs 3-Hydroxytetradecanedioic acid 2.03 1" 1 1"
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Figure 7 Influenced metabolic network of metabolic markers of rats in growing stages after oral administration of LW.
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