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Screening for potential bioactive components of Yin-zhi-huang using
high bilirubin HepaRG cells incubating with serum from animals
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Abstract: A hyper-bilirubin cell model was established for its relevance to the pathological state of jaundice
in human. This model was used to screen for the pharmacological components of Yin-Zhi-huang (YZH). Total
bilirubin, indirect bilirubin in cells, and direct bilirubin in extracellular fluid were quantified after HepaRG cells
were incubated with serum from rats injected with multiple components of YZH. Cellular uptake was determined
by dynamic multiple reaction monitoring (DMRM) using LC-MS/MS. We found that the stable hyper-bilirubin
HepaRG cell model could be established by incubating cells with 40 pug-mL" bilirubin and 50 pug-mL" probenecid.
When the hyper-bilirubin cell model was incubated with serum from rats of YZH injection, there were 52.4% and
60.1% decrease in intercellular total bilirubin and indirect bilirubin, respectively, and 52.5% increase in extracellular
direct bilirubin. Using DMRM mode, 53 components could be determined, and 8 potential bioactive candidates
were identified from the serum. This method could be used to screen for bioactive metabolites of YZH. This

strategy is simple, highly active, sensitive and specific, providing a new method for high throughput screening of
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therapeutic or toxic metabolites from traditional Chinese medicine. The regulations of Ethics Committee in the

First Hospital of Lanzhou University were abided in the rat experiment of this study.

Key words: high bilirubin; HepaRG cell; dynamic multiple reaction monitoring; Yin-zhi-huang; pharma-

cological substance
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Figure 1  Cell viability of HepaRG cell incubated with different

concentration of bilirubin for 24 and 48 h. n =3, x+ s
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Figure 2 Concentration of total bilirubin (TBIL, A) and indirect bilirubin (IBIL, B) in HepaRG cells incubated with different concentra-
tions of bilirubin for 24 h. n = 3, x £ 5. “P<0.01 vs control group; *"P<0.01 vs 20 ug-mL" group

A

w

[N}

Concentration of TBIL in
HepaRG cells/pmol .L™!

S
L

Control 12h 24h 48h

N
w

N
=
L

%3
L

o
L

o
n

Concentration of IBIL in
HepaRG cells/pnmol»L'1

0.0 -

Control 12h 24h 48h

Figure 3 Concentration of TBIL (A) and IBIL (B) in HepaRG cells. Control: cell incubation with normal culture medium. 12, 24 and 48 h:

cell incubation with 40 pg-mL"! of bilirubin for 12, 24, 48 h. n =3, x 5. *P<0.01 vs control group; “"P<0.01 vs 12 h group
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Figure 4 Concentration of TBIL (A) and IBIL (B) in HepaRG cells. Model control group: incubated with 40 pg-mL"' bilirubin for 12 h.
Medium group and probenecid group: incubated with 40 pg - mL"' bilirubin and 50 pg - mL"' probenecid for 12 h, subsequently incubated
with normal medium or 50 pg - mL" probenecid for 48 h, respectively. n = 3, x £ 5. ¥P<0.05 vs model control group; “P<0.05 vs medium
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Figure 5 Concentration of TBIL (A), IBIL (B) in HepaRG cells and direct bilirubin (DBIL, C) in extracellular fluid. Control group: cell
incubation with normal culture medium. Probenecid group: cell incubation with 40 pg-mL" bilirubin and 50 pg - mL"' probenecid for 12 h,
subsequently incubated with probenecid for 24 h. YZH group: cell incubation with 40 pg-mL" bilirubin and 50 ug-mL"' probenecid for 12 h,
subsequently incubated with 720 pg - mL™ Yin-zhi-huang (YZH) injection and 50 pg - mL™" probenecid for 24 h. Phenobarbital group: cell
incubation with 40 pug-mL" bilirubin and 50 pg-mL" probenecid for 12 h, subsequently incubated with 400 pg-mL"' phenobarbital and 50
ug-mL" probenecid for 24 h. n =3, x = 5. *P<0.01 vs control group; “*P<0.01 vs probenecid group
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Table 1 DMRM settings for YZH injection. No., C + The number of the chromatographic peak in DMRM figure (seen as Figure 6). Frag:

Fragmentor; CE: Collision energy; * Compounds identified by standard material

Molecular ~ Precursor and ty Aty Frag CE
Mode No. Compound . . K

weight/Da product /min /min /eV eV
Negative mode *’Cl 6,7-Dihydroxycoumarin 178.14 177 — 133 7.96 2.5 100 18
*)C2 Caffeic acid 180.16 179 — 135 2.69 2 80 14
C3 Unknown - 192 — 192 3.41 3.7 120 0
*C4 Baicalein 270.24 269 — 137 8.57 4.8 120 30
Cs Naringenin 272.07 271 — 151 8.53 2.5 120 20
Co6 Unknown - 283 — 183 2.89 25 100 20
*C7 Wogonin 284.27 283 — 268 8.73 2.3 100 14
’C8 Luteolin 286.23 285 — 133 13.34 3.8 140 36
(o) Protocatechuic acid-3-glucoside 316.06 315— 153 2.67 2.5 120 20
C10  Gentiobiose/the isomer of gentiobiose 342.30 341 — 179 2.41 2 120 20
CIl  Gentiobiose/the isomer of gentiobiose 342.30 341 — 179 3.36 2.8 120 20
C12  Prerocrocinine acid 346.16 345 — 165 2.65 3.8 120 20
*C13  Chlorogenic acid 35431 353 — 191 2.73 2.5 80 14
Cl4  Unknown - 357 —297 2.26 3 120 20
C15  Villosolside 362.16 361 — 181 2.65 2.5 120 20
*Cl6  Geniposidic acid 374 373 — 211 2.65 22 100 8

C17  Unknown - 381 — 381 2.15 2 120
C18  The isomer of geniposide 388.37 387 — 207 2.73 3.5 120 20
C19  The isomer of geniposide 388.37 387 — 207 10.17 3 120 20
C20  5,2-Dihydroxy-7-O-glucuronylflavone 430 429 — 253 8.69 2.5 120 20
C21  Emodin-1-O-f-D-glucopyranoside/the isomer 432.11 431 — 225 10.071 2.5 120 20

of emodin-1-O-f-D-glucopyranoside
C22  Emodin-1-O-f-D-glucopyranoside/the isomer 432.11 431 — 269 14.10 4.5 120 20
of emodin-1-O-f-D-glucopyranoside

C23  Not identified - 433 — 389 2.15 3.5 120 20
*C24  Baicalin 446.37 445 — 269 8.55 3 80 16
C25  The isomer of baicalin 446.37 447 — 225 8.57 2 120 20
C26  The isomer of baicalin 446.37 447 — 225 10.22 2 120 20
*C27  Wogonoside 460.39 459 — 283 8.75 22 100 10
C28  Unknown - 461 — 285 5.95 4.5 120 20
C29  Unknown - 461 — 285 8.74 4.5 120 20
C30  The isomer of isoquercitrin 464.10 463 — 271 21.93 5. 140 20
*C31  Isoquercitin 464.10 463 — 300 9.32 4.5 140 26
C32  Isorhamnetin-3-O-glucoside 478.11 477 — 271 22.37 5 120 20
C33  Unknown - 479 — 479 4.95 2 120 0
*C34  3,5-Dicaffeoylquinic acid 516.13 515 — 353 5.81 5.5 120 12
*C35  3,4-Dicaffeoylquinic acid 516.13 515—353 2.73 5.5 120 12
*C36  Genipin 1-f-gentiobioside 550.51 549 — 225 9.02 2 100 10
C37  6"-O-P-Coumaroylgenipingentiobioside 696.23 695 — 469 12.471 2.2 120 20
Positive mode *C38  L-Pyroglutamic acid 129.04 130 — 84 2.54 4 80 10
*C39  D-Pyroglutamic acid 129.04 130 — 84 3.90 4 80 10
C40  Unknown - 186 — 186 3.65 35 120 0
*C41  Scoparone 206.20 207 — 151 35.44 53 100 26
C42  6,8-Dimethoxy-7-hydroxycoumarin 222.05 223 — 208 34.81 53 120 20
*C43  Rhamnocitrin 300.27 301 —106.8  7.60 5.2 120 46
C44  The isomer of rhamnocitrin 300.27 301 — 286 32.86 4.8 120 20
C45  Cirsimaritin 314.08 315 — 282 7.65 5.3 120 20
*C46  Capillarisin 316.26 317 — 1529 31.37 6.5 140 40
C47  Unknown - 359 —359  34.96 3.5 120 0
*C48  Geniposide 388.37 411 —217 3091 3 140 22
*C49  6-a-Hydroxygeniposide 404.14 427 — 265 15.00 3 140 24
*C50  Scandoside methyl ester 404.14 427 — 265 22.16 3.5 140 24
*C51  Gardenoside B 404.14 427 — 265 30.97 32 140 24
C52  Genipin 1-f-gentiobioside 550.51 573 — 573 30.22 3 120 0

C53  Saftlor yellow A 594.16 595 — 595 36.83 3 120 0
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Figure 6 DMRM figures for 53 analytes in YZH injection. The length of the baseline of each analyte corresponds to each delta retention

time. A: The YZH injection in negative mode; B: The YZH injection in positive mode

Table 2 The unambiguously identified potential pharmacodynamic substances in HepaRG cells incubated with YZH drug-containing

serum

Unambiguously identified Molecular weight/precursors Concentration in YZH Concentration in

Product ion

substance (+ or — mode with ESI) injection/ng - mL"! serum/ng- mL"!
Wogonin 284.27/283" 268, 163, 110 141.17 18.4
D-Pyroglutamic acid 129.11/130* 84 357.04 100.6
Genipin 1-f-gentiobioside 550.51/549" 225,123,101 494.8 254.7

Table 3 The tentatively identified potential pharmacodynamic substances in HepaRG cells incubated with YZH drug-containing serum

Molecular weight/precursor The S/N in YZH

Tentatively identified substance Product ion The S/N in serum

(+ or — mode with ESI) injection
Safflor yellow A 594.16/595* - 27.0 16.2
6,8-Dimethoxy-7-hydroxycoumarin 222.05/223* 208 18.7 13.5
Not identified -/461° 285 16.7 6.4
5,2-Dihydroxy-7-O-glucuronylflavone 430.36/429 253 191.2 31.2
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TE 77 A2 AU e 4K 5 4 6 40 IR A B0 ) MIRP2 HE 021,
BT PR il &7 & MRP2 28 #0501 77130, S b 2R A2 42 1
FE 3 77 5 IO VAT #0] MRP2 Dy R, BT 0] JIH 21
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