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Liver Toxicity of Rare Ginsenosides in Rats after 13 Weeks of
Oral Exposure

CAO Yuqing, TAO Feiyan, GAO Hui, CAI Yuging, YU Yuan, SONG Linmeng, XUE Peng’
(School of Public Health, Weifang Medical University, Weifang 261200, China)

Abstract: Objective: This study aims to evaluate the hepatotoxicity of rare ginsenosides in rats after 90 days of oral
administration using heat-transformed rare ginsenosides as the primary material. Methods: A total of 48 male and female
rats were randomly assigned into four groups: High-dose rare ginsenosides (600 mg/kg), medium-dose rare ginsenosides
(200 mg/kg), low-dose rare ginsenosides (60 mg/kg), and a blank control group. After 90 days of oral gavage treatment,
ultra-high-performance liquid chromatography-mass spectrometry (UHPLC-MS) was employed for metabolomic analysis
of rat serum and flow cytometry analysis of liver apoptosis to evaluate the potential liver damage comprehensively in rats.
Results: A significant difference in hepatocyte apoptotic rate was observed between the high-dose group and the control
group in both male and female rats (P<0.01). Metabolomic findings revealed no significant differences in metabolites
between the low-dose and medium-dose groups compared to the control group (P>0.05). However, 23 differential
metabolites, such as histidine, glutamate, proline and arginine were identified in the serum of female rats in the high-dose
group, affecting the histidine and urea cycle metabolic pathways and causing hyperammonemia and liver damage. Ten
differential metabolites affecting the alpha-linolenic acid and linoleic acid metabolic pathways were found in male rats, such
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as linoleic acid and arachidonic acid. High concentrations of arachidonic acid showed inflammatory and toxic effects,

which could be absorbed into the portal vein system through blood and cause liver damage. Conclusion: High-dose rare

ginsenosides mainly cause slight liver damage in male and female rats mainly due to the changes of histidine, a-linolenic

acid and linoleic acid metabolic pathways. Hence, no adverse liver effects were observed at doses less than 200 mg/kg in

both male and female rats.

Key words: rare ginsenosides; Sprague Dawley rats; metabolomics; liver; flow cytometry analysis
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Table 1 Effect of ginsenoside dosage after thermal transformation on absolute organ weight in male and female rats (g)
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Fig.2 Effect of ginsenoside dosage on blood biochemical indicators in male and female rats after thermal transformation
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Fig.4 Hepatocyte apoptotic rate in male and female rats
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Fig.6 OPLS-DA diagram of blood metabolites in male and
female rats
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Fig.5 HE staining sections of the liver of male and female rats (200x, 50 pm)
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Table 2 Serum differential compounds in female rats

oy LI &S ¥R s REEE (min)  PE BREEEMNSIE ERAER B
Sphinganine LEay CisHyNO,  299.2822 12.16 0.00 248 -7.50 !
N-Methyl-2-pyrrolidone N-FF -2 S o i C;HoNO  145.0739 5.83 0.02 2.34 —6.72 !
1-Benzofuran-3-ylmethanol 1=k g -3 - e F i CoHgO,  117.0791 12.20 0.00 1.92 -5.82 !
2-Chromanone 2- i CyHgO, 232.1057 12.23 0.00 1.82 —5.46 l
11,12-EET L2 AE T =IRIR CyHypOy 14101153 13.55 0.01 1.43 —-5.30 !
(10)-SHOGAOL (10)-Z ks C, Hy,0;  232.1057 11.38 0.00 1.34 -4.67 !
7a-Hydroxypregnenolone To- Y2 TP IR C,H;,0;  188.1153 11.38 0.00 1.19 —4.56 !
(3B,24R 24'R)-fucosterol epoxide  (38,24R24R)-MHMERE  C,H,0,  188.1160 18.26 0.00 1.11 -4.41 !
Tretinoin AR CyoHy0, 3622096 13.18 0.00 1.07 -2.28 !
2-Allyl Benzylalcohol PR ISR Ui CH,0  189.0630 11.78 0.00 1.02 221 !
4-Phenylbutanal 4-RIETE CioH,O  131.0583 12.23 0.00 1.02 -1.91 !
trans-Anethole P W 5 CioHpO  169.0139 11.78 0.00 1.26 1.11 1
Isoleucine Sos AR CH;3NO,  117.0579 1.74 0.01 1.31 1.07 1
DL-Phenylalanine DL- AR C,H;)NO,  297.0898 5.97 0.00 1.44 1.02 1
Proline it 2R CsHNO,  264.1107 1.88 0.00 1.69 1.02 1
D-(+)-Tryptophan D-(+) -t 5 iR C,,H,N,0, 210.1250 6.54 0.01 1.17 1.26 1
Cytosine i v C,HN,0  270.0528 1.93 0.00 1.37 1.31 1
DL-Arginine DL-ME R CH N0, 176.0545 1.63 0.01 1.56 1.44 1
Allantoic acid FRAYEMR C,HgN,O,  150.0680 1.58 0.00 1.47 1.99 1
L-Histidine L-AHE R CeHoN;0,  270.0528 1.62 0.00 1.17 2.00 1
DL-Lysine DL-#i & 2 CeH,N,0,  133.0488 1.58 0.00 1.06 2.01 1
Taurine ERE C,H,NO,;S  270.0525 1.74 0.00 1.18 2.05 1
L-Glutamic acid LEWER AR CsHNO,  176.0538 1.78 0.00 1.19 2.08 1

£ 3 MERILE2ZE R LEY
Table 3 Serum differential compounds in male rats

HE HhCAA R ¥ sy REETE(min) PH BCEEEMNME ERAR BEH
Sphinganine LiE=Y I CgHyNO,  299.2822 12.239 0.00 1.06 —4.37 !
2-Allyl Benzylalcohol PR DSES L CioH,O  145.0739 14.731 0.02 1.47 -3.55 !
4-Phenylbutanal A-REET e CH,,0  131.0583 12.592 0.00 1.29 -2.51 !
Eicosapentanoic acid i R /307 CyoH;00,  232.1057 13.602 0.00 1.14 -1.51 !
11,12-EET ILI2-BME B =HRIR CoHyO5 2321057 11.847 0.00 1.36 -1.05 !
1-Benzofuran-3-ylmethanol 1=k g -3 - 25 FH i C,H;0, 117.0791 12.285 0.00 1.16 1.52 1
Arachidonic acid ACHE DUJATR CyoH;,0, 1411153 5.853 0.01 1.26 1.67 1
Linoleic acid DA C;sH;,0, 3342142 10.474 0.00 1.45 1.78 1
L-Phenylalanine LA AR C,H;NO,  297.0898 5.986 0.00 1.28 2.37 1
N-Methyl-2-pyrrolidone N-F -2 Mg o 7 CH,NO  188.1153 12.263 0.00 1.30 3.55 1
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Fig.7 Pathway enrichment analysis plots of male and female rats
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