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Abstract: The current study explored the hepatotoxicity among closed-ring genipin, open-ring tautomer of
genipin and gardenia blue that generated from genipin and amino acid reaction using HepaRG cells to identify the
material basis of genipin-induced hepatotoxicity in vitro. The effects of temperature, pH value and different kinds
of amino acids on the chemical structure tautomerism between closed-ring and open-ring tautomer of genipin and
the production of gardenia blue were investigated firstly, which aimed to explicit the conditions that could
distinguish the closed-ring genipin and its open-ring tautomer, and the conditions generating gardenia blue, which
were applied to prepare different kinds of gardenia blue; the CCK-8 kit was employed to analyze the hepatotoxicity
of closed-ring genipin, open-ring tautomer of genipin and gardenia blue. From the results, it was found that, the
structure transformation from close-ring to open-ring of genipin could be inhibited under the condition with acid
environment; being essential groups to generate gardenia blue, the primary amino group and the open-ring
tautomer of genipin reacting to generate the dihydropyridine ring was probably the key structure of gardenia blue;
the structure characteristics existed apparent distinction at the reactive temperature of 37 °C and 80 °C; compared
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to the culture condition with pH = 7.4, the concentration of genipin with close-ring in culture medium was

significantly increased at pH = 5, but the cell viability did not decreased; the cell toxicity of gardenia blue was

apparently lower than open-ring tautomer of genipin, and even some kinds of gardenia blue showed growth

promoting effect on HepaRG cells. Here, it was suggested potentially that open-ring tautomer of genipin be the

important material basis to induce hepatotoxicity, which could provide a cue and lay a foundation for the

elucidation of the underlying mechanism of genipin-induced hepatotoxicity.

Key words: genipin; open-ring tautomer; gardenia blue; hepatotoxicity; material basis

7 JeF (genipin, GP, I 1), KA, B HFEZ
FERIZG B35 M, FBRIETHEF AP VB AR AR
W R 2, e 3 B AU 1B P (geniposide, K
1) & 18 B %) 05 1 B K =9, R e~ F i m i
TCHR AT . WFICR M, HJe T B PR AL R R
JUE  BUAAR 70 8 R T A S5 2 A 24 B 1, R R DR
S0 5 BT S P s 5 T E T A 2R G050 B R 7
LA AV o] R K i B s S5 R G R
PR I 98 S5 H B R G DA R R R e S 38 A
JTAERUY. A, A E AR N R IR A, F T 57 |
AWM R L2 R AR TR . W, B e T R
SR Tz, R AR B R AR ST RAR .
SR, I AR 7 R R, 56 P 2 WA O S,
BRI T 8 S 2 A O R 2 O R R A

I
o._0O

H
H A ” o go\ O. _O—
(o} ! -D-
TH Glucosidase 2.1} L H H
OH === & ‘230 > Ho
H
OH HO o)

H
H6 0.0
. L "H
HO' ‘OH HO—*

OH Open-ring
Geniposide Genipin tautomer of genipin

Amino acid/Protein | NH -R

®R-N__O
al A [ 0O
OR
N-RO —==> ,NLSHNR N
H H N ~N-R®
HO N—R® e

HO NHR

Gardenia blue
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Figure 2 The chemical construction of 7 different amino acids
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Figure 3 The effect of temperature on the genipin concentration (A), the solution and powder color (B) and the UV-VIS absorption spectra

after genipin reacted with different amino acids at 37 °C and 80 °C (C). n = 2, x + 5. GP: Genipin; N.F.: Not found, the genipin concentration

under the LLOQ of HPLC/MS/MS
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Figure 4 The alterations of genipin concentration (A) and solution color (B) after genipin reacted with different amino acids at different

pH value for 12h.n=2,x+s

Table 1 The concentration of genipin after genipin reacted with amino acids with different molar ratios. n =2,x + s
Molar ratio : Genipin concentration/pug-mL"
Arg His Pro Met Gly Phe Lys
111 1415+ 1.35 11.09 £ 0.90 45.12+ 1.31 22.71+1.76 9.87 £0.62 21.97+2.72 N.F.
1:2 N.F. 0.92 +0.50 46.92 +0.021 13.38 +£3.23 N.F. 14.27 £0.40 N.F.
1:4 N.F. N.F. 39.48 + 12.08 2.86 +0.96 N.F. N.F. N.F.
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Figure 5 The cell viability of HepaRG cell (A) and the genipin
concentration in culture medium detected by HPLC/MS/MS (B)
under the conditions of pH = 5 and 7.4 with the culture concentra-
tions of genipin at 200 and 400 pg'mL". n=8,x+s. “P<0.01 vs

control group
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Figure 6 The cell viability of HepaRG cell (A) and the genipin
concentration in gardenia blue (B). n =8,x +s. P < 0.01 vs 100

ug-mL™ genipin culture group
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Figure 7 The schematic diagram about the potential mechanisms of genipin open-ring tautomer-induced hepatotoxicity
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