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Glycyrrhizae Radix et Rhizoma on acute kidney injury (AKI) in rats. All animal experiments were approved by the
Animal Ethics Committee of Shandong Academy of Chinese Medicine (approval No.: SDZYY20200101001). SD
rats were randomly divided into normal group, model group, raw Glycyrrhizae Radix et Rhizoma group (0.9 g-kg")
and honey-processed Glycyrrhizae Radix et Rhizoma group (0.9 g-kg'), 6 rats in each group. The rats model of
acute kidney injury was established by single intraperitoneal injection of cisplatin (CP) and treated with raw and
honey-processed Glycyrrhizae Radix et Rhizoma. The pathological changes of renal tissue were evaluated by
hematoxylin and eosin (HE) and PAS staining, the contents creatinine (Cr), blood urea nitrogen (BUN) and
superoxide dismutase (SOD) in serum were detected. UPLC-Q-TOF/MS was used to study tissue metabolomics to
screen the biomarkers affected by raw and honey-processed Glycyrrhizae Radix et Rhizoma and analyz the
metabolic pathways. The results showed that compared with the model group, raw and honey-processed
Glycyrrhizae Radix et Rhizoma can significantly improve the pathological changes of renal tissue and decrease the
content of Cr, BUN and increase the activity of SOD. In addition, honey-processed Glycyrrhizae Radix et Rhizoma
can also significantly reduce the kidney index. In tissue samples, 45 biomarkers were measured in AKI rats. Raw
Glycyrrhizae Radix et Rhizoma and honey-processed Glycyrrhizae Radix et Rhizoma could simultaneously call
back 11 differential metabolites, which were involved in the regulation of glycerophospholipid metabolism,
tryptophan metabolism, phenylalanine, tyrosine and tryptophan biosynthesis, and glutathione metabolism. In
addition, raw Glycyrrhizae Radix et Rhizoma is also involved in the regulation of glycine, serine and threonine
metabolism and pyrimidine metabolism. In summary, raw and honey-processed Glycyrrhizae Radix et Rhizoma
can participate in the regulation of different metabolic pathways, and play an improvement role in AKI rats by
regulating amino acid, lipid metabolism, energy metabolism and oxidative stress.

Key words: raw Glycyrrhizae Radix et Rhizoma; honey-processed Glycyrrhizae Radix et Rhizoma; acute

kidney injury; metabonomics; mechanism
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Figure 1 Body weight of rats in each group. NOR: Normal
group; MOD: Model group; GLY: Raw Glycyrrhizae Radix et
Rhizoma; HON: Honey-processed Glycyrrhizae Radix et Rhizoma
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Figure 2 Renal index of rats in each group. n =6, x £s. P <
0.01 vs NOR; “P < 0.05 vs MOD

MO, 205, i B /NE AR AR RN, B NS
RIS, B NE A HE S TS, AR, B
AN ZH LSRR AR O B G, 45 LK 3. R R T PAS
Gt Y) b 25 BB NE B ATV, 55X RRALAR L,
BB VP oy B2 T SEEBLA AR L, A SCH AT
o3 53 FEIK (P < 0.05, P<0.01).
3 & REHEI AKIXRMEE WIEIRA N
gERNR 1 AR, S IR AL b, AR A K R I i
i CroBUNJKF 83 FH & (P < 0.01); 54 A4 Eb 4%,
Az H B K R E Hh Cr . BUN K 5 25 BRI (P <
0.01.P < 0.05). 5% FE 4L A0 bb, #5780 41 K § i i
SOD i 1 5. 35 FE&MK (P < 0.01); SER A AL, 4 5 H
B K B IME o SOD v ME B35 7 &1 (P < 0.01).
4 £ RHEFMAKIKREARGEF ST
4.1 BELARGEFRESM RO A A
AR K H R F LA R U T UT

Table 1 The results of biochemical indicators. n = 6, x £ 5. "P <
0.05, P < 0.01 vs NOR; *P < 0.05, P < 0.01 vs MOD. NOR:
Normal group; MOD: Model group; GLY: Raw Glycyrrhizae
Radix et Rhizoma group; HON: Honey-processed Glycyrrhizae

Radix et Rhizoma group

Group Cr/umol-L" BUN/mmol-L"  SOD/U-mol"
NOR 31.88 £2.20 11.6 +£2.12 130.5+10.15
MOD 266.6 +37.03"" 36.8+6.80" 93.68 +3.87""
GLY 188.8 +27.40" 28.22 +3.79" 128.7 + 8.12"
HON 183.6 + 15.09" 29.34 + 4.88" 129.5 +8.01%

Renal injury score
>

NOR MOD GLY HON

Figure 3 Effects of raw and honey-processed Glycyrrhizae Radix et Rhizoma on histopathological changes of renal tissue in AKI rats (A)

and renal tubular injury score (B). HE, PAS staining, x400, the black arrows indicate that the renal tubules are diseased. n = 6, x +s5. "P <

0.01 vs NOR; *P < 0.05, #P < 0.01 vs MOD
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Figure 4 Positive ion mode normal group (A), model group (B), raw Glycyrrhizae Radix et Rhizoma group (C), honey-processed Glyc-

yrrhizae Radix et Rhizoma group (D) total ion current map; negative ion normal group (E), model group (F), raw Glycyrrhizae Radix et Rhi-

zoma group (G), honey-processed Glycyrrhizae Radix et Rhizoma group (H) total ion current map
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Figure 5 Principal components analysis in positive (A) and negative (B) ion modes
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Figure 6 PLS-DA score plot and model verification plot in in positive (A, C) and negative (B, D) ion modes
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Table 2 Acute kidney injury (AKI) rat tissue biomarker. VIP: Variable importance in the projection; RT: Retention time; "P < 0.05, P <
0.01 vs NOR; *P < 0.05, P < 0.01 vs MOD. | : Down; T : Up;/: No change

Variation trend
RT ESI

Metabolite Formula m/z . VIP MOD vs GLY vs HON vs
/min mode
NOR MOD MOD
L-Tyrosine C,H, NO, 182.080 3 4.85 3.34 + L* / /
L-Phenylalanine C,H, NO, 164.071 5 432 11.98 - L* / /
Hippuric acid C,HNO, 178.050 5 3.15 6.00 - 1= / /
Phenylacetaldehyde CH,0 103.053 4 4.26 3.58 + L * / /
Anthranilate C.H,NO, 136.039 6 1.75 1.09 - T o*x L# /
Phenylpyruvate C,H,0, 163.039 2 1.87 1.13 - | #x T4 /
3-Hydroxyanthranilic acid C,H,NO, 154.057 9 5.70 3.58 + T* L # /
3-Hydroxyphenylacetate CH,0, 107.049 8 0.43 4.76 - T #x / L#
Phenylacetylglutamine C,H N0, 328.1202 3.17 1.97 + ok / | ##
N-3-Oxododecanoyl-L-homoserinelactone C,H,,NO, 298.200 1 1.32 1.67 + 1o | ## | ##
Levallorphan C,H,;NO 284.184 6 6.08 1.35 + T #x L ## | ##
D-Xylose CH,,0, 151.060 9 1.79 4.06 + T x | ## L #
N-Acetyl-L-methionine C,H,NO,S 190.053 4 3.29 1.36 - 1* T ## /
Homocysteine C,H,NO,S 136.047 1 5.70 3.57 + T L # /
Vitamin E C,,H,,0, 430.376 6 0.53 1.19 + 1 * T# /
CDP-choline C, H,N,0, P, 489.112 9 7.27 1.22 + 1* / /
sn-Glycero-3-phosphocholine CH, NO P 258.109 8 6.38 20.15 + 1ok / /
Taurine C,H,NO,S 124.007 7 4.89 14.43 - | w* / /
Nicotinamide CHN,0 123.054 4 6.14 2.92 + L* / /
Uracil C,HN,0, 111.020 2 1.74 14.8 - T oxx L# /
Cytidylic acid C,H,,N,O,P 322.0433 7.26 1.68 - T oxx L# /
Phosphatidylcholine C,H,NO,P 734.568 6 2.37 2.93 + L* 1 ## T#
N-Acetyl-D-glucosamine-6-phosphate CH,,NOP 300.038 0 2.87 6.10 - T | ## | ##
Allantoin C,HN,O, 157.036 1 3.06 4.30 - T* | ## L#
Glutathione C,H,,N,OS 288.089 4 1.83 1.85 - T* | ## L #
N,N-Dimethylglycine C,HNO, 102.055 6 6.54 2.80 - 1 * / /
L-Glutamate CHNO, 146.045 9 6.54 7.83 - L * / /
L-Proline CHNO, 114.055 9 5.15 7.58 - | ** / /
Choline phosphate CH NO,P 184.073 6 8.26 7.50 + T #x / /
N-Acetyl-L-tyrosine C,H,,NO, 180.065 7 5.01 438 - | T# /
dUMP C,H,;N,0,P 307.022 0 1.83 1.68 - T s L # L #
Creatinine C,H,N,0 114.065 7 2.82 16.65 + T | ## L #
L-Serine C,H,NO, 104.034 9 6.92 1.11 - L* / /
Urea CH,N,O 61.040 0 1.76 3.75 + T owx | ## /
Uridine C,H,,)N,0, 243.061 6 2.74 9.12 - T o= / /
Cytosine C,HN,0 112.050 0 3.59 4.83 + o / /
Glycine C,H,NO, 76.038 5 3.00 3.70 + T oxx L# /
Phenylacetylglycine C,H,NO, 192.066 3 3.02 16.76 - T L # L#
Kynurenic acid C,H,NO, 188.034 1 3.04 2.20 - T *x | ## | ##
L-Threonine C,HNO, 118.050 6 6.29 1.15 - L * / /
Sarcosine C,H,NO, 88.040 2 6.63 3.36 - L * / /
Formylanthranilate CH,NO, 164.034 5 0.93 1.15 - 1o / L #
Cytidine C,H,;N,O, 242.077 1 3.94 2.62 - L * / /
L-Glutamine C.H, N,O, 145.061 2 6.24 3.25 - | ** / /
Betaine CH NO 118.086 3 4.55 20.50 + | T# /
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Figure 7 Metabolic pathway analysis of the differential metabolite. A: Model group vs normal group; B: Raw Glycyrrhizae Radix et
Rhizoma group and honey-processed Glycyrrhizae Radix et Rhizoma group vs model group. 1: Phenylalanine metabolism; 2: Aminoacyl-
tRNA biosynthesis; 3: Phenylalanine, tyrosine and tryptophan biosynthesis; 4: Glycine, serine and threonine metabolism; 5: Pyrimidine
metabolism; 6: Arginine biosynthesis; 7: Glyoxylate and dicarboxylate metabolism; 8: Glycerophospholipid metabolism; 9: D-Glutamine

and D-glutamate metabolism; 10: Glutathione metabolism; 11: Tryptophan metabolism
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Figure 8 Differential metabolites and metabolic pathway network. Differential metabolites in red and bule represent increase and decrease
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