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Study on the Detoxification Mechanism of Niuhuang Jiedu Tablets Based on GC-MS Metabolomics
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ABSTRACT: OBJECTIVE To study the toxicity —reducing effects and mechanisms of Niuhuang Jiedu Tablets ( NHJDT) by gas
chromatography—mass spectrometry ( GC—MS) metabolomics. METHODS 24 mice were randomly divided into control, realgar
(1.0 g+ kg™") and NHDJT (1.0 g - kg™') groups with 8 mice in each group. The liver and kidney of mice were collected for patho-
logic examination after 14 d oral administration to mice. The content of alanine aminotransferase ( ALT) and aspartate aminotransferase
(AST) in liver and creatinine (Cr) and uric acid (UA) in kidney was also determined. The differences of endogenous metabolites in
liver and kidney were further analyzed by GC—MS metabolomics. RESULTS The contents of ALT and AST in the liver as well as the
Cr and UA in kidney of mice were significantly changed after NHJDT intervention ( P<0.05). NHJDT alleviated the pathological dam-
age of liver and kidney in mice. A total of 17 biomarkers related to detoxification were screened, including citric acid, ascorbic acid,
asparagine, levodopa and phenylalanine. The changes of metabolites mainly involved in glutamine and glutamate metabolism, arginine
biosynthesis, tryptophan metabolism, tyrosine and tryptophan biosynthesis, and phenylalanine metabolism. CONCLUSION NHJDT
with compound compatibility could reduce the hepatorenal toxicity of realgar. The detoxification mechanism may be related to the regu-
lation of amino acid metabolism.

KEYWORDS:: realgar; Niuhuang Jiedu Tablets; detoxfication by compatibility ; metabolomics; gas chromatography—mass spectrome-
try; amino acid metabolism

PG NI R BRI P ACRAE TR E A 2 000 RAFRINHDI L, HEB (As,S,) e —Fh & i P2y,

YRS BHA: 2023-03-28

EETE: EHRARPATFEREILETH (82104523) ;LI A ARHA 545 H ( BK20200843, BK20211296) ; g 5t H B= 25 K24 [ 5K F SRR
I TFAE R IE ST £ H (XPT82104523) s VL IR AL L H B TR B H (HhPEESS &

FE—1EH ., D, & W54, E-mail : 18900297731@ 163. com

BIEEE . 25, 0, MHUR, FENF P25, E-mail : xwu@ njucm. edu. cn;
225K B B, N TR ,E-mail : lym-569@ njucm. edu. cn



— 824 —

AT DR BRI R XTI A5 ROmE e R R
A AR YA WAL L 2020 4F R E 24
BN B A R I I R 2k 37 B bR =
ZRNLRIZE ) Hod 2R SR AR I R N
KT IR RS T, R (6. 4%) N T
A A KB S RSB UK FH BN AL,
MBI S mpb iR g8 28 JE R A0 0 s 107 55
IR

AN N - SR R R G o SRR
PR R I AR B S B R A AR S i
B A2 T T 70 A e R XU [ R — 4 ARG, (H A
B ) AR ) R BE ARG, A 4% I mT I i
A7 HF A RE 5 E LA 32 R iE, OF HL AT
RO 9T 3R BA 20 88 A B8 v B2 7 O AL o 2 M
R HHIBE TR B AL A FRR R . Rk, e
AR T A A BC AR EEAIL ) L R A BN 2 A

25 AR R RN 5 /N o AR % VDA
ok, R FIRSA 25 ARk I AL 2 T
2 A LR P R B
PRI EE 22 W7 7 s, T LA B LR 215 i 26 9 25 1 )
25 SR B AR 38 1%, DU S = RO R R B
PER AN, AHIEFE I i N B0 B e A
S5 REE A 2R R R VRN A B R R
IR CREAE 5 2R T GC—MS AR 2 2% 43 B
JHF TV R O v 5 9 B R O 1 A 0 b 2 0 B AR
% e O 24 i B A A IO AR ML, Ry R 75 I 2
527 IR BN PR LR 2 A
1 ##
1.1 3

24 U SPF Z¢ ik ICR /NRL, IR i 18 ~22 ¢,
W78 Je th A A BRA A 77 ATHIES : SCXK (75)
2019-0002, SEEGHIEIFE 7 d iGN FAEE, 6 RR /R .
12 h/12 h, R (22£2)°C AR EE (55+2) %, [
HEREYOK, B shP SEInAT & S50 3 Py inl kA fifi
FHFE TR 3 3k gt v B 2 R AR B S L it
HE (415 . 202203A001)
1.2 245 5ikH

SRR (R RS 005 g, it
18121292, b 5t [Al - s B4 & J e Ay A5 BR 23 71 ) 5 M
B (HHE5. 20321323, [ Fg = 1k T 2 L 257 PR 2
) ;4% 2 B AR (S 21321635, 2 A MR,
HIRZE) 50. 9% 4= #EL K (L5 11821072405, 111

B PR 2 KA 2004 4F 8 H A 40 445 8 1)

IR A R A W) 5 H B (HiE : 1880707710 , 1
Merck AT ) s R H FLAF4EZ 44 ( CMC—Na, [E 24 4
VAL 2F R0 A RS ) 5 2l K (B M e ey il 4 A1 A
FRAT]) 5 AR R e SR MR £ (4L 5. 21323143) (ML HE
(#1t5:22425213) N-0-X( = H #E3) = L WERE
(BSTFA) (#1t5:2324357) . 1,2-"C P G RE MR (it
5:19057321 (IEC 4E (b5 . 21324381) ¥l H 36 [H
Sigma—Aldrich NG ,Wﬁﬁfﬁ%%%%@ﬁt ( ALT) 5
& (H45.20231107) RITA H R AL TG (AST)
A & (20231108 ), WLEF (Cr) 3K 7 & (4t 5.
20231107) JRMR (UA) X5 & (fit 5. 20231108) 3
W H RS =AY TR T
1.3 X2

Trace 1310-TSQ 8000 Evo = PUZ%FF< 5k
X ( & E Thermo 2% &) ; TG - SMS & 40 4% (4 3%+
(0.25 mmx30 m,0. 25 p,m,j%lﬂ Thermo Fisher 2%
F]) ;Allegra 64 R 5 A %O AL (32 E Beckman
5Tl 5 Vortex —Genie 2 JRJiEYR 7 #% ( 3£ [E Scientific
industries 23] ) ; TY92-1IDN 8 75 B WEAN (7 0T 2
AR AR A BR 2 7] ) 5 SPD1010-230 Y 5.0 e
454 ( 32 [ Thermo Fisher 23 ) ; ME230 Hi, T K
( Z[E Mettler Toledo 23 F]) ; SW—CJ-2FD i X T/F
G (IINE A BRA R ) ; AMR-100 514> [ 3l b
AN BB A R AT
2 Fik
2.1 HEBEBEWAEH &

0. 5% CMC —Na % i : PRI 5 ¢ CMC -Na T
1 000 mL Zi7K HinAde FF =9, % H 5 1 i W iR
FUAME ZE 1 000 mL, BI75

T ¥ VAT R R B K I o RIS
BLZHH A 0. 5% CMC—Na ¥, e i 5 5 e
770 mg - mL™" AOIRETR

AR EE R VR RS RO AR R IS
i, SRS EAANHR, A 0. 5% CMC—Na %W,
e il B R A E A 500 mg - mL ™! ARTREST
2.2 W G

24 HUEPE ICR /NERBEDL ST A28 4 T i 2 K
SR AL, 8 H, MR SCERRaE T ik T
Ak, MNRBEESGHN EREERENRN
1.0 g - kg™ MR 8 25 24 70 & S 2 s P 3 o 4
WA F N 7.8 g - kg™', 254 MEMH
FARE R 7 /NS i 0. 5% CMC—Na I
1.0 g - kg HE# 0. 5% CMC - Na Ji & ¥ Ml



ChREH, 5 . BT GC-MS UL 2 1 b B 7 i BCATOs s UL o 26 8 I

— 825 —

7.8 g+ kg™ FHEMHTEH 0. 5% CMC-Na IR EW , &
HER245 1 IR, A 2451005 24 b, S48 25 14 d,
2.3 EYIREARN RS

TARIREG 2 24 h J5 HHERL LS/ SRR/
SUFFIERVE E . GRS 3 S E RS IEAE A T 4% %2
IR v, AR A T - 80 °C VKAR h R AE, T
m
2.4 KPS AR
2.4.1 JFEHLAEAFEFRRT 530 H 20 mg JIF
JEFN 'S HEAH 2R T 5.0 48 A 0. 2 mL 0. 9% 4= 3
ERAKHIF S B A 2050 J R, BRI ik B 43 4 1
/NEUFFIE AST (AST K BFAE Cr UA 4,
2.4.2 JFEHZUHE e Sl 4% 2 5 R
FEM R 40, A I Y) % L HE Qe o )5,
JGBE T WEE IR IE L ZUB 22 AR 4k
2.5 BRI 2EasT
2.5.1 FESHETALFE  HU-80 °CAEAUNTHL B HERE
A VK EFRURIG RSB FRE 2 20 mg, A 200 pl #
afi 7K AR R i B AT B 50 L ZH41A1 W, A
200 pL FEEA (& 12.5 pg - mL™ (9 1,2-"C N
TREMR) IAHEIRAIE T 4 °C .18 000 r - min~' B0
10 min, #2100 pL _EVEW T 204 0H 45+,
A 10 mg - mL™" AR i 26 2 ER A ik BE U
0pL, W EEIR A T H R E % MNP E R
300 v+ min~' PR 1.5 h, JIA BSTFA 30 pL, 4k%:
3% 0.5h 518000 r - min~' .0 10 min , X 50 L
IR
2.5.2 EE(QC)HEAME KEEIASHALK
W10 pL, YWARATEER QC FEA, i 2. 5.1 T[]
BARE, srprid b kg 8 MEAHA 14 QC
A,
2.5.3 GC-MS /Hr&fr ik @igih
TG - 5MS & 41 & & 3% A (0. 25 mm x 30 m,

3.2 HEUB BT

0.25 wm) BN A (L >99.99% ) , T i
H1.2 mLo- min™', SR A WA S, 4 U U G A
24.0 mL - min™", Zr 9 bR 20 01 HERE TR R
250 °C , By FH R AR EE 60 °C,P-4F 1 min 5, LA
20 °C - min~" HRTFE 320 CJ5, HEFE 15 min,
FEARBUN 1 ul,

Fit 40 R H EL B B BE & 70 eV, 1%
BRI 250 °C , BT IR 280 C, &I,
FIHTEE m/z 50~500, RAERE] 3.5~19. 0 min,
2.5.4 BARAEEHH K GC-MS REMREE
TR TR ORI ) 0 5 e, 19 BB B, R
I i A P S A B T Metaboanalyst 3 (ht-
tps://www. metaboanalyst. ca) 1T I W 7 4> By
(PCA) Befidne /N — T3 40 50 43 B (PLS-DA ) , #i2 4
25 (Fold change, FC)>1.2 K P<0. 05 it 2=
SR . AR 2R (B SEE BS A Metabo-
Analyst $0408 EHEAT IR 2L 53 HT , 28 Pareto scaling IH—
LI5S Ward 585815 25 i #4 1], Hypergeometic
test EA 738 [ & £ 44T, HR S Impact>0. 1 J P<0. 05
7 e A 3 1
2.6 Giitrk

HI GraphPad Prism 9. 0 #1751 70 #7 , 2K
Pk xxs R, WAL (8] LEASCR H ¢ K25 734, P<0. 05
NEFHGIHE S,

3 #R
3.1 EAbdRbRsrHT

SERWE L Em SR AR GT RS S A
Y AR DL M 2 S R AL /N U AR P G AST
ALT FIEEHR Y Cr UA ST BB SHAZER B H
(P<0.05,P<0.01) , 47 I 55 B0 I A E I
i, SHERAMEL, 4 S e A2 )E BN
T FRFIEPR L (P<0.05) , K4 iR A
G T IF AR R T A R

40 200
7,30 fn 150
gz % 100
S < 50

0

C N R
TE:C. 25 AN AR R R s ROESE4 ;5 C AR, P P<0. 05,7 P<0. 0155 R 403K, * P<0.05, x+s,n=8,
B 1 /NRAFAE ALT AST #0150 Cr . UA &2
Fig.1 ALT, AST content in liver and Cr, UA content in kidney of mice
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Fig.2 Representative HE staining of liver and kidney of mice ( x200,bar=50 pm)
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Fig.3 GC-MS total ion chromatograms of mice liver samples
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Table 1 Differential metabolites in mouse liver
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Fig. 6 Heatmap of differential metabolites

3.3.3 ARHBEM BT ORI 0 25 AR T
A MetaboAnalyst £ HhfE 47 22 S A1 B% 43 A, &
$% P<0.05 H. Impact>0. 1 fARIEHE BEAE A e i
PRI i, 22 SR P B o A R DL 7~ 8 4R
B BE 3 I 5 A S R R A R AR R =R
8 A 005 TS S e e T S5 S 5 ) s 307
RNAR B 2R M EZR A a2
FIR TR Z R A i 25 AL W . ARhE B A i
ZER R, A B A IR B WK T R R
FERR A ZE L A HE A

0 o
1.8
(<)
1.6
@b
= H
=1
&0
T'o 1.4
& 0
1.21@
O
o
1.0t
0.0 0.1 0.2 0.3 0.4 0.5

THHAI
T o AR BEEAAS AR b, AR IEY & L
E7 FREEFKRHVEREESHSIEE
Fig. 7 Bubble chart of enrichment analysis of liver
differential metabolite pathways
4 iTig
FPERIRA TN = FRIRIAE (TCA ) H A 2 ] 7
W B 25 25 ) /N BRUTF AT B 5 B 25 A1,
TCA ZL, REtm G S L A2 B, A BT K BT s

PR v e o R e A 4 A K et R P
DU 1K, M A7 i 5 2 1 B A S8 B 3
SRJIE SR I RE Y L AR B R A T AR LA
BRI TCA T, 1T RE LA R A , ZE 45

@

~logoP

0.0 0.1 0.2 0.3 0.4 0.5
WA
TE o @ERRICH ;b RITERR | Z AR
ORI A5 0. R ERRICS
B8 BHERKEHMERSESNTSIEE
Fig. 8 Bubble chart of enrichment analysis of kidney
differential metabolite pathways

PO i RS A LA D T 75 F2 E BT e
PO ER AR o S (- SR 1 1< [ 2 i NI 103
N I N 7 R TG 1 R VA i I
AKRI1AT SEPR a5 /N B ORI AR G s 20 1 25
Sy AR L BRI R A R b 28 R Gk
B2 REEMEN AR G 2 R y-
GHE T TR 22356 ST A R 49 300, Sy bt 28 S BRI S R A
L5H8, HS 5ot b BRI S



— 830 —

BT R B POOR IR A A BT L
A IR, RT REE 2o 9 9 ST — I A 4 5 P X i 22 R
G-

BRMRAARN S5 EE R AR A AR
YNNI Y 35 2R aT, B W I Y I R AR BRI fE
TEE 5 R/ BRUE BIE FP Y 28 PN 2R A R A TR T 9
2 YRR Py T e 1] ] S B K R AR SCA I 2R
il FNARR R AN EEMA, EW TS5
AU, KRN E TR AL W 2R , I = R A
Wit U I E R AR I S SR
RABNERREZERR, S HEN AR
i, e I B AR A KA TR R A 1
Pi/NRAY IR R Cr IR EE KT, 38 3 5T S AL 5
ROV B0 A0 2 AR S S L R T
PR S WA S W, 55 2 7 o DDA
JUT AR R S b ROR YRR KA T M A
ZE T 22 LA 5 H PO T 5 | A ) QA B e, DR
P AR A

AHBIRFE A i RE T 0 ALT AST Cr UA
ZAL, DBV A R O P BT 5 0w de e b A
BRIR PIR MR KA BENG Zoie 2 1 RN RS
S IR M S R R Z MR AU R, i
i T e R, R A KR A AT
PP BT I R A H k- R A B 1 S
G PIBCALL A 2R AR ) 2o B 2 P ) 24 HL
PR HTI AT, 2 rh B AR« SO 20617
BCATJG AT« FE LG T " 2 Wb, AWIESE i PR 5 1
B AP A BRSSO A AR

[1] LUO L, LI C F, HUANG N X, et al. Traditional mineral medicine
realgar and Realgar—Indigo naturalis formula potentially exerted ther-
apeutic effects by altering the gut microbiota[ J]. Front Microbiol,
2023, 14. 1143173.

[2] LIUH W, YANY, PANG P F, et al. Angong Niuhuang Pill as ad-
juvant therapy for treating acute cerebral infarction and intracerebral
hemorrhage: A meta—analysis of randomized controlled trials[ J]. J
Ethnopharmacol, 2019, 237 307-313.

[3] XUW F, WANG H F, CHEN G, et al. A metabolic profiling anal-

ysis of the acute toxicological effects of the realgar (As,S,) com-

bined with other herbs in Niuhuang Jiedu Tablet using 'H NMR

spectroscopy[ J]. J Ethnopharmacol, 2014, 153(3); 771-781.

WYSOCKI R, RODRIGUES J I, LITWIN I, et al. Mechanisms of

genotoxicity and proteotoxicity induced by the metalloids arsenic and

antimony|[ J]. Cell Mol Life Sci, 2023, 80(11) ; 342.

[5] farsvs, B, NG, 4. MER0 22 2t ir o ARSI 25 F 52
[J]. FRUPEEZGREAL, 2018, 34(6) : 645-643.

HE R R, LYU X, ZHOU ], et al. Evaluation on realgar safety and
reducing toxicity[ J]. J Nanjing Univ Tradit Chin Med, 2018, 34
(6): 645-643.

[6] WANG JJ, DING L F, ZHOU J, et al. Target lipidomics approach
to reveal the resolution of inflammation induced by Chinese medicine
combination in Liu—Shen—Wan against realgar overexposure to rats

[J]. J Ethnopharmacol, 2020, 249, 112171.

[4

[l

TR P E 2 A2 i 2024 4F 8 F 45 40 3555 8 1Y

[7] KOCH I, SYLVESTER S, LALI VW M, et al. Bioaccessibility and
excretion of arsenic in Niu Huang Jie Du Pian pills[ J]. Toxicol Ap-
pl Pharmacol, 2007, 222(3) ; 357-364.

WU X, WU S H, LIUY X, et al. Health risk assessment of arsenic

in Realgar and NiuHuang JieDu Tablets based on pharmacokinetic

study[ J]. J Trace Elem Med Biol, 2018, 48 81-86.

[9] WU X, GUAN R, LIU Y X, et al. Comparative health risk assess-
ment of realgar and NiuHuang JieDu Tablets based on tissue arsenic
levels after multiple oral administration to rats[ J]. J Ethnopharma-
col, 2020, 249. 112370.

[10] VICH VILA A, COLLIJ V, SANNA S, et al. Impact of commonly
used drugs on the composition and metabolic function of the gut mi-
crobiota[ J]. Nat Commun, 2020, 11(1); 362.

[11] JIANG T, LIU L. S, ZHANG M, et al. Metabolomics reveals the
mechanisms for the pulmonary toxicity of Siegesbeckia orientalis
L. and the toxicity—reducing effect of processing[ J]. Front Pharma-
col, 2021, 12 630319.

[12] SUT, TANY, TSUI M S, et al. Metabolomics reveals the mecha-
nisms for the cardiotoxicity of Pinelliae Rhizoma and the toxicity—re-
ducing effect of processing[ J]. Sci Rep, 2016, 6. 34692.

[13] WANG M, YANG N, WU X, et al. Insight into nephrotoxicity and
processing mechanism of Arisaema erubescens ( wall. ) schott by
metabolomics and network analysis [ J ]. Drug Des Devel Ther,
2023, 17. 1831-1846.

[14] ZHANG S, LIC, FENG T T, et al. A metabolic profiling study of
realgar—induced acute kidney injury in mice[ J]. Front Pharmacol,
2021, 12 706249.

[15] HUOT G, ZHANG W W, YANG J, et al. Effects of chronic real-
gar exposure on liver lipidome in mice and identification sensitive
lipid biomarker model for realgar—induced liver damage[ J]. Toxicol
Lett, 2023, 372 1-13.

[16] ZHANG S, LI C, FENG T T, et al. Proteomics analysis in the
kidney of mice following oral feeding realgar[ J]. J Ethnopharmacol,
2021, 275, 114118.

[17] ZHANG S, CAO S, ZHOU H, et al. Realgar—induced nephrotox-
icity via ferroptosis in mice[ J]. J Appl Toxicol, 2022, 42(11) .
1843-1853.

[18] HU P C, YUAN M, GUO B L, et al. Citric acid promotes immune
function by modulating the intestinal barrier[ J]. Int J Mol Sci,
2024, 25(2): 1239.

[19] CHENG L L. Pharmacologic ascorbate treatment of influenza A in
vitro and in vivo in mice[ J]. Chest, 2016, 149(4) . A83.

[20] YOUNG D R, BODRA N, ROSADO L, et al. The enzymatic na-
ture of ascorbate recycling[ J]. Free Radic Biol Med, 2017, 108:
S21.

[21] KIMURA S, OSAKI T, HOMMA T, et al. The concerted elevation
of conjugation reactions is associated with the aggravation of acet-
aminophen toxicity in Akrla—knockout mice with an ascorbate insuf-
ficiency[ J]. Life Sci, 2022, 304. 120694.

[22] MORETTI M, FRAGA D B, RODRIGUES A L S. Ascorbic acid to
manage psychiatric disorders[ J]. CNS Drugs, 2017, 31(7) ; 571-
583

[8

—

[23] MOLLER N, MEEK S, BIGELOW M, et al. The kidney is an im-
portant site for in vivo phenylalanine—to—tyrosine conversion in adult
humans; A metabolic role of the kidney[ J]. Proc Natl Acad Sci
USA, 2000, 97(3) . 1242-1246.

[24] RAYNOR J L, CHI H B. LCK senses asparagine for T cell activa-
tion[ J]. Nat Cell Biol, 2021, 23(1) . 7-8.

[25] YANG SM, LEE C H, LEE B S, et al. Renal protective effects of
aspalathin and nothofagin from rooibos ( Aspalathus linearis) in a
mouse model of sepsis[ J]. Pharmacol Rep, 2018, 70(6): 1195-
1201.

[26] CHANG K, SUJQ, LICY, et al. Multi-omics profiles refine L—
dopa decarboxylase (DDC) as a reliable biomarker for prognosis and
immune microenvironment of clear cell renal cell carcinoma
[J]. Front Oncol, 2022, 12 1079446.

[27] &7, B8, MARTE, 5. R ARIETIE T s e %
YRR B AYREma[)]. PAERBRZALGR, 2019, 34(8) .
3501-3503.

LU J, HUANG Y, YANG D S, et al. Effects of body regulation on
medical combination called as " contrary" and " quxingliuyong"
[J]. China J Tradit Chin Med Pharm, 2019, 34(8): 3501 -

3503.
(%% A HB)



