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Study on the Intervention Effects of Huangqi Injection on Leukopenia Model Mice Based on LC-MS
Metabolomics

LIU Teng', XU Jinfang', LU Xiaolin', HOU Hongbao', LI Zhenyu®, QU Tingli', ZHAO Zhengbao' (1. School of
Pharmaceutical Science, Shanxi Medical University, Taiyuan 030001, China; 2. Modern Research Center for
Traditional Chinese Medicine, Shanxi University, Taiyuan 030006, China)

ABSTRACT OBIJECTIVE: To study the intervention effects of Huangqi injection on leucopenia model mice. METHODS:
Kunming mice were randomly divided into normal group, model group and drug group, with 8 mice in each group. Model group
and drug group were given intraperitoneal injection of cyclophosphamide to induce leukopenia model. Normal group was given
intraperitoneal injection of equal volume of sterile water. After modeling successfully, normal group and model group were given
intraperitoneal injection of equal volume of sterile water; drug group was given intraperitoneal injection of Huangqi injection 0.04
mL/10 g, once a day, for consecutive 7 d. Based on the detection of blood routine indexes (leukocyte, lymphocyte, neutrophil,
monocyte count) of mice in each group, the metabolites in serum were analyzed by LC-MS. Principal component analysis (PCA),
partial least squares discriminant analysis (PLS-DA), orthogonal partial least squares-discriminant analysis (OPLS-DA), HMDB,
METLIN, KEGG and other databases as well as related

literatures were used to identify the differential metabolites.

A FEGIE P [ B~ A BURHIT S B35 H (No.2017-017) 5
Ho 7 e 2 A BT S R L PG 4 R S A TP e 0 H s 1Ly
KAL) 50y F T RRE SR A 920 = TP

* BT . BESE Oy AR AL . HLUEG £ 0351-3987249.
E-mail: 1345733930@qq.com

S TSRS BT . BFSET7 1 - 25 250 5 R PO analyzed on the basis of Pearson correlation coefficient.

The metabolic pathways of differential metabolites were
analyzed with MetPA online tools, and the correlation of

blood routine indexes and differential metabolites were

% H135:0351-3987249,, E-mail : qutingli@126.com RESULTS: Compared with normal group, blood rountine
Ho MV 2P LA S, . BFSE T TR 2 2 R indexes of model group were decreased significantly (P<<
HhRifE. HLIE:0351-3987249, E-mail: zhengbao_z@163.com 0.01). Compared with model group, above blood rountine
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indexes of drug group were all increased siginificantly (P<<0.01). LC-MS chromatogram of serum samples in normal group and
model group were significantly different, and LC-MS metabonomics data of serum samples in drug group were similar to those of
normal group. Multivariate statistical analysis and correlated database analysis revealed that compared with normal group, serum
contents of 17 metabolites as L-isoleucine, eicosapentaenoic acid were increased significantly in model group, while the contents of
4 metabolites as spermidine were decreased significantly (P<<0.05 or P<<0.01). Compared with model group, Huanggi injection
could reverse the serum contents of 9 metabolites in mice, such as citric acid, L-proline, acetylcarnitine, L-isoleucine,
L-phenylalanine, sphingosine-1-phosphate, lysophosphatidylinositol, eicosapentaenoic acid and linoleic acid (P<<0.05 or P<<
0.01) , which were associated with linoleic acid metabolism, biosynthesis of phenylalanine, tyrosine and tryptophan, and
phenylalanine metabolism (metabolism pathway influential values were all higher than 0.1). Correlation analysis showed that there
was a significant correlation between blood routine indexes and the contents of D-sphingosine, linoleic acid and citric acid in model
group (the absolute values of r were generally greater than 0.5). CONCLUSIONS: Huanggi injection can increase the counts of

leukocytes, lymphocytes, neutrophils and monocytes in leucopenia model mice. The increase of leukocytes may be related to

linoleic acid metabolism, biosynthesis of phenylalanine, tyrosine and tryptophan, and phenylalanine metabolism.
KEYWORDS Huangqi injection; Leucopenia; Cyclophosphamide; LC-MS; Metabolomics; Mice
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OIFTEL S s P<0.05 M ZEFA G E . 45,5
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20 (P<0.01) 5 SRIRIAL A, 2541/ R BRIl
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Tab 1 Comparison of routine blood indexes of mice in
each group(x*s,n=8,x10° L")

45 WBCiH4 NEHH LY MO
E#4 9.71£0.46 4882050 3414041 1.14£0.14
euikil 5974082 2324020 270044 030£0.03°
7 11441157 47010427 396%025% 246%036"

S IE R A, *P<0.01; SR A, *P<<0.01

Note: vs. normal group, “*P<<0.01; vs. model group,”P<<0.01
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3500 V; BANEIRIE 320 °C; #5/Hi i : 35 Arb; iUl
B 10 arb; VG m/z 100~1 500,
244 LC-MS Kl RS A ot AEdE T/ R
THAE AL LC-MS AR 22 0 A it R v, 45 LT A B 5
B 6 UK, T BEMLAS I QC A i 1 Yk AW LC-MS K& 2
SRR M. AWFFEREHLERE 6 SN CF R 9 S5 b
DA B ad0de A, R 1)) 64 740 BT 8 LC-MS i
TR 1Y) “Raw” % X S0 A Compound Discover 3.0
BRI A TR ORI TRAL B, PR T A5 4500 FH Excel 2010
BAFEA T R — Ak AL PR | 38 o Simea-P 13.0 84 3F
T F5e /N — 3R 3 - H0 3] 43 B (PLS-DA) |, HiA5 43 & UL ]
Lo P L] 0L, IF 2 AR 4 /)N BRI T R 5 A QC A
A R AE— R, BN 1% LC-MS RIS 2246 I 2R SE Y
FE Ik R A,
2.4.5 AU RA“2.4.3750 F LC-MS &4, F
1E GRS AT SR AR IE W 4 AR R /N UL TR 1)
MEFRE(TIC), B LE 2 K 3, 45 5os, R
B T IA] Y AT B ARG H o 5, AR IE AR AR O

HEZED 2020455 31 5 21 1

| @ i UlbES
60 000 4 | | f‘%’ﬂfﬂ#éé
3 (L) A QCH:

40 000 3

20 000 3

07 o
—20000 3
—40 000 3
—60 000

B e My e =
—150 000 —50000 0 50000 100 000

i

1 EEAE RBH/NRIMEF MmN QC# MmA) PLS-
DAZHE

Fig 1 PLS-DA score plot of serum samples and QC

12]
|

w

>

samples in normal group and model group

AR N RIS O A BT AR . 2T it A
FEiE— R Z2 UG 3 M AR X IE B LR T 2 2
[ (9 22 52 4 T 0 A

S
= 60
.H‘_
= 40
=
= 2
0 .
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
B[R], min
AIEHH
100 665
. 80
S
= 60
.H‘_
= 40
= Y
=

20

0 2 4 6 8 10 12 14 16 18 20 2‘2 2‘4 2‘6 2‘8 3‘[) 3‘2
B[R], min
BRIZ
2 NRILFHREE TIC B (EEEFER)
Fig 2 TIC chromatograms of metabolites in the
serum of mice (positive ion mode)

100 1671

FAXF R, %

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
FRF{E], min
AR

HAXF R, %

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
IRFE], min
BB

B3 /NRImiE S TIC B (55 FX)
Fig 3 TIC chromatograms of metabolites in the

serum of mice (negative ion mode)

China Pharmacy 2020 Vol. 31 No. 21 - 2629 -



2.4.6 ZILGi M B LC-MS JEIA KU 19 “Raw” #%
KOOI “2.4.47 W F kAL PR , 4 ] Simea-P 13.0 %
PFREAT RS20 (PCA) \PLS-DA FIIIE 5 fii fie /) —3fe
2:-F0150 531 (OPLS-DA) % 2t gt 43 #r LA -4k 22 AR
W DUIE B 4 AR R4 e 45 ) OPLS-DA R fir {5y
AR AR Y B (VIP)(E (VIP> 1.0) s e e v e 1
2E SR,

T, X IE R AL 250 AN R B R A T
OPLS-DA 434, HAS /A FE UL 4., i & A ] I, 25941 5
1E B B A BT, HLIX R & SR A B o A 7
ARG BR 578 B B T RO PRI I e A 850N BT 35
BLHEA — 5 By TR AE

@ IEH AR
A W BURZLRE

60 000 4 A QCHES:
v v AL
E V,; Qo
0 7 T

—20 000 3
E E 2
— =40 000 3

—60 000 7

—80 000 T T T T
—100000 —60 000 —20000 20000 60 000

1.003 4 * 1]

B4 EFA KRBAMAYH/NRIMFFR OPLS-
DA fF45rE

Fig 4 OPLS-DA score plot of serum samples of mice

40 000 3
20 000 3

1655 * 2]

in normal group, model group and drug group

VR, % 1E H AL RN AR Y 21 /N B I YA AR S R AT
PCA, HAF I WK 5A . FH B 5A AT AT, IEH 4 S Z]
/N B A A AT 3 e B I X 43, 2 BH 3 A5 24 1) A
ol Fede % /0N BRI ¥ PR R AT 7 A T B R s . R
TR AT IR A R S BT IR T T HES
Bk (n=200) , B ek 55455 UK 5B FH & 5B AT AT,
FCA T 1 R AN OME (53 3| 3B R i g Tl e 07 )
AR T 5 R, 3R WA B A B RS E L T AR T R
Gt S, X I A RS TR 4 /N BRI R S R T
OPLS-DA, HAF /I LK 5C., & 5C AT 41, IEH# 45
A ZE /N BRI A QI T G i 53, 10 W
2 A R 22 5 . 7Eif 3 Compound Discoverer 3.0
AR WA P 16 m/z TR 31 )5, 454 S-plot K]
(& 5D) 71 Y VIP{E (VIP>1.0) Fl ¢ A& 5 (P<<0.05) , F|
HMDB (http://www.hmdb.ca/) , METLIN (http://enigma.
Ibl.gov/metlin/) . KEGG (https://www.kegg.jp/kegg/path-
way.html) S5 7E 2 $5d e x) 22 A k1 100 28 43 4
N, 5 R IRAE S B A DG SR b AR
TE B TR b, 2R 22 AR 21 A4, PR L AR 2
(Fer, O B ) DADE 5 R S R ), 45 2 AR i) &
IR MR E o RR) . hER2IL, 5
TE R 20 b, AU 2 /N BRI 3 Bl 2 e | S e
MR \L-H 2 1R | T R BAL KR TBERY | L- 50 2 R L- RN 2

- 2630 - China Pharmacy 2020 Vol. 31 No. 21

© EHAREM

100 3 W BORLREA,

50 3

12]

X7

—50 3

N

—100 J

B e o e e =

—200 —150 —100 —50 0 50
(1]

A. PCATRSYE

o ’fii
] e ® O'fff
- o *¢
-
0.8 -
o641 B @& g .- &
b=t = H L
S 0.4 1 4
= 024
& ° b
04 + <
—0.2 4 .
—0.4 F+ T
0 01 02 03 04 05 06 0.7 08 09 1
HEFN B
B. PLS-DA F- ek 5 &
| © LR
L W ORI
100 000 3
50 000 f
N 09 ‘
a : o W
'8 —50 000 3 ) o
—100 000 3
—150 000 FrrrrrrrrrreeeeererrTT T o
—150 000 —50000 0 50000 100000
1.005 72 * (1]
C. OPLS-DA 13434l
| MI-P(corr)[1]
0.5 4 I
0 0.5
T —05
i ° ’
a
14
—0.5
—15 +r—Tr-rr-r—rrrr—trrrrrrr-r

i0,25 —0.15 —0.05 0 0.05 0.1 0.15 0.2 I
P[1] 1
D. S-plot %]

Eb5 IEEAFERENRMFFERN S THRIT TSR
Fig 5 Multivariate statistical analysis results of
serum samples of mice in normal group and

model group

PR | 1-Tf i i 24 Pt D8 2 P 1~ I 7O 56 -sm- T 9l - 3-
Wi 2. T I NE T UL 1=+ e Fe-sn-H i -3- Wk 2
JEAE Bk TR AP R TR AR R
T I R 55 17422 AR G & 38 2 e T
KM EIEBE ORIR TS 44 22 A G 1 i 1Y
1AL (P<<0.05 3 P<<0.01) ; SR 4 o, 38 5 E
SFPRAT B 5 T I R 9 2= AR e B i, 4 B
FPEEIR (L-H 2 1R « Tk R BA L L- 550 2R  L- R N 24 B2
- TR e A I I I IR R AL . — Bk IS TR I S iR
(P<<0.058% P<<0.01),

FPEZG 20204555 314555 214



®2 EFRAE BERAMAMANRNEFHESREURELE (xLs,n=06)

Tab 2 Differential metabolites and their serum contents of mice in normal group, model group and drug group

(xts,n=06)

5 BRI PREAET ], min VIPE LIRE m/z TR el fil wma
1 Ak 120 1.06 CHWN; 145.158 1 ESI* 0.5083£0.1257 0311840050 7" 04082+0.128 1
2 T 1.24 379 CHN.O 1140795 ESI 10909402369 1429240265 5" 1242902170
3 Ak 137 760 CHOs 180.063 2 ESI' 141938219190 11.195 1 £2.347 0" 13.5703£4.3042
4 FriEd] 146 3.00 CHINO; 1170793 ESI 5741 1£1.0023 7.286 5+ 1.066 2° 6.1504£15297
5 KR 150 334 CHN.O; 168.0280 ESI 5661 7£0.707 5 42703+0.895 7" 3296 1£0.8363
6 il 151 494 CHO, 192.026 8 ESI” 1.001 605622 185760124 1" 1399 740,206 0°
7 LR 1.94 385 CHINO, 117.079 3 ESI 1.1956£02419 1718 5£04683" 12023£0226 8
8 LEEAH, 1 218 CHNO, 2031160 ESI 4674040599 5 6.9272+2.108 8° 4568413853
9 ilEiis 231 410 CHN.O 122,048 3 ESI 1.0679£0.4952 1.791240.364 7" 1751 6:£0.662
10 [REER 326 280 CHiNO, 131,094 9 ESI 145284142683 27974318945 8° 16490 4£4.505 7
11 L AR 571 235 CHNO; 165.079 1 ESI 11981927299 15498823127 11.8040£2.6159°
12 |- 1375 157 CiH:NOP 379249 1 ESI 481272£22787 7701740986 7* 4477240983 4%
13 D-HiEw 1435 2.04 CiHaNO, 2992825 ESI 0.2278+0.0995 052730201 7° 04534£0.1678
14 1B on-H -3 BRAR L B 1534 173 CHNOP 4813170 ESI 1890002463 26577+0.568 7° 22764404800
15 I I 16.55 128 CuHs0,P 6202970 ESI” 1.508 5+0.426 6 2586340938 4* 1547 1+04479°
16 1B on- -3 BERANA 18.28 1.10 CHoNOP 509.348 7 ESI 76553415963 11.684 83298 0* 92477+1.8602
17 “REAR 1841 1.01 CyH30; 3020048 ESI” 141560+ 15719 19339244373 0° 13826 8£4.1592°
18 AR TR 1955 .14 COs 2781520 ESI 5.5960+0.6873 9524 6:+2.404 0 8336330749
19 Ak 1959 1.06 GH.O; 148.0162 ESI' 8.9763£0.805 0 14.7072+3342 1 12463 614271 6
2 QAT 2641 155 CiH:0 2802404 ESI' 0388 80061 3 0.7995+0.118 1 0,623 7+0.003 4°
21 biiiis .13 .14 CHNO 3373346 ESI 113095408320 8690413671 113886434973

TE: SRR AL, P<<0.05, " "P<<0.01; S 4L ,"P<<0.05,%P<C0.01

Note:vs. Normal group, *P<<0.05, **P<<0.01; vs. model group, P<<0.05,*P<<0.01
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Fig 7 Correlation analysis results of rountine blood

indexes and differential metabolites
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