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Study of serum metabolomics in tamiflu intervention
kidney-yang deficiency syndrome mouse model
infected with influenza virus A°
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Abstract Objective: To study the intervention effect of tamiflu on kidney-yang deficiency syndrome mouse
model infected with influenza virus A by LC-MS technique in positive and negative ion mode based on serum
metabolomics study and explore the metabolic pathways regulated by tamiflu in the course of influenza treatment.
Methods: 36 Kunming mice were randomly divided into normal group, model group, and tamiflu group. The

kidney—yang deficiency syndrome mouse model was established by intraperitoneal injection of estradiol benzoate.
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The disease—associated kidney—yang deficiency syndrome mouse model was established by nasal infection with

influenza virus A. The tamiflu group were intervented with a dose of 9.75 mg kg™ +d™', once a day for 6 days,
other two groups were given the same amount of saline. Serum samples were collected from each mouse of the three
groups 24 h after the last administration, and the LC—MS original data were collected and statistical analysis were
performed. Results: Compared with the model group, the body weights and rectal temperature of the tamiflu group
tended to increase. Twenty—two biomarkers with significant difference were identified in the serum samples. Eight
of them were in positive ion mode and fourteen were in negative ion mode. Levels of the substances such as amino
acids, glycerophospholipid, hormones and arachidonic acid were regulated with tamiflu intervention. Conclusion:
Tamiflu has an intervention effect on kidney—yang deficiency syndrome mouse model infected with influenza virus
A and has regulatory effect on glycerophospholipid metabolism, retinol metabolism, energy metabolism during the
intervention.

Keywords: .C-MS; metabolomics; tamiflu ; kidney—yang deficiency syndrome mice model infected with influenza

virus A
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9~15 min, 45%B — 100%B; 15~17 min, 100%B;
17~22 min, 100%B — 2%B ), & 1% & 4. Wi %
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Tab.1 Lung index and changes in rectal temperature of mice in each group

it % ARES

AT ( rectal temperature ) /°C

215
( grotii ) (lung indix )/ (mortality TS FRES B3R FUES RS 6K
(mg-g") rate ) /% (Day 1) (Day?2) (Day3) (Day 4) (Day5) (Day 6)

IEHAH 6.80 +0.51" 0 36.01+0.29 36.06+0.39 36.77+0.36 36.26 +0.15 36.5+0.42 35.77+0.34
(' normal group )
AR 18.82 +4.23 33.30 35.03+0.72  3321+150 33.01+0.82 33.10+ 1.19 33.69 +0.71 32.67 +1.01
( model group )
kAR 15.62 +3.96° 0 3525+0.56 3315198  34.22+0.76 3452078  34.64+0.78"  34.28+0.78"

( tamiflu group )

1 (note ) : FiFEEL = flifi i (mg )/ T (¢ )| lung index=lung mass ( mg )
* P<0.05

32 fiifREk WEGREE T LM E R, 8]
ALl A AE , i 48 H50bk =y , R SIE ™ 8, AR 1
AL UL A ZH il 50 T B H 4 (P<0.01 ), Ui B AL A
ZH/INEUIR A JRAE 5 8 A8 50K T A4, i i
252 I IR AR A W84 ( P<0.05 ),

33 LC-MS BB il R LC-MS K& &4/
UL T RE ARG , 7581 3 40/ RUE s TR T B
B (TIC), WA 1,

34 BRI SRR RIS EE & A L, RS

/body mass (g ) J; SRR EL ( compared with model group ), **#P<0.01,

43 9 2% F PCA Fll PLS-DA J5 1 X 55 95 3t 47 43 #7
SR WRERE TR EHEATES R FE &
RESE 40 B, IR B TR R°X=0.588, R'Y=0.98,
(0’=0.836; T B T RX=0.501,R’Y=0.938, (’=0.829,
RY 5 Q(cum) Z 0] (9 25 {H / T 0.3, JF H Q°
(cum) KT 50%, 2% W A65 50 (9 F5000 B g B4 i
F 2 1) PLS-DA 2 #1] {5 A %, ol gk — 25 o0 #r. WL
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Fig. 1 Total ion chromatograms of the samples under positive ( A ) and negative ( B ) ion modes
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Fig. 2 PLS-DA map of mouse serum of each group

35 WHEAYKREYREE i PLS-DA 48T
5 E B VIP>1 508, 45 A ¢ K 5% A1 ANOVA 45 Bt
( P<0.05, FC>2.0 ), 3 3= 495 5t A8 46 At S i Bb M [e) 437 2

A EHEY (tamiflu group )
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Tab.2 Serum differential metabolites in positive ion mode
$4 =
1D tp/min ERES ( rilﬂeijvfiffciar featy R B
( molecular formula ) mass) ( compound ) ( metabolic pathway ) (‘trend )

1 0.693 961 5 CyoH,N5O,P 347.06 B PR R (adenosine  TNZEMRII (alanine metabolism ) 1

monophosphate )

2 0.695844 4 CeHN,0, 174.11 D- K54 ( D-arginine ) D- K5 & B2 1 D- 1% & W 1t 1
(D—arginine and D-ornithine
metabolism )

309928888 C;H 0, 92.05 Hith (glycerol ) HhAEFiH ( glycerol metabolism ) 1

4 1.647839 CyoH N, O 284.08 HE I 4 K FF (xanthine  TER3T ( purine metabolism ) 1

nucleoside )

5 12.009 388 C,,H,,NO,P 451.27 LysoPE (0:0/16: 1) H Bk AR 1% ( glycerophospholipid 1
metabolism )

6 12614812 CoHs,NO,P 521.35 LysoPC(18:1) Hr i A5 1R 38 ( glycerophospholipid 1
metabolism )

7 13.446 39 CayoH300 286.23 Y2 A (vitamin A ) BRI (retinol metabolism ) i

8  14.82282 C,H,sNOSP 755.55 PC(18:2/16:1) H- ik a E 1L 38F ( glycerophospholipid !

metabolism )

1 (note ) : SHIRIIA L, IEH A AGA AR S LTS TR ( compared with model group, the markers in normal group and tamiflu group were

increased and decreased, respectively )
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MS/MS 3% 15 1) 8 7 [ mz 17512 (1,=0.69 min )] F
1B F 85 XN LC-MS/MS 3515 19 55 [ m/z 304.23
(14=10.96 min ) | 4 191, fd] 2 A 4 WG £ A W dn K W)
25 # i ad B2, E B TSN, FE mi 174411
(tg = 0.69 min ) &b & B — 2% 5t 3% B (& 3-A), BN
T B UL MH 1° R 17512, HARAE 6 88 1

R, 456 ik A, Nz A A ey X an &l
4 iR U AR 7E m/z 304.23 (1 =10.96 min )
A HEE TR (WLE 3-B ), 4> TR g [ M-H ]
b 30424, FARFAE§E R B T 0 m/z 259.24, 5 7% SCHk
[12 4Nz AL & 0 o0 A6 28 DU 9 R, HE 24 iy =X I
K5,
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Tab.3 Serum differential metabolites in negative ion mode
Vi N AR 237 . '
: o fetrty fRig s s
1D ty/min ( molecular ( relative molecular ]
( compound ) ('metabolic pathway ) (trend )
formula ) mass )

1 0.772 97 CeH 504 180.06 D—- Fi%HE D—glucose ) A ( carbohydrate metabolism ) 1

2 0.815 632 CsHyNO, 147.05 L- 4R ( L—glutamate ) AR ( alanine metabolism ) l

3 0.894 147 C3H,04 83.02 PEATR ( pyruvic acid ) FrERRIEI ( tricarboxylic acid cycle ) i)

4 1.941887  C H;NS0, 251.10 MR ( deoxy adenosine ) 04 ( purine metabolism ) 1

5 2.093 287 CoH,,0, 184.07 Vanylglycol Fi% R 1L ( tyrosine metabolism ) 1

6 3.666 65 Cy Hy,05 362.21 F2 51 ( cortisol ) K[ Z ( steroid hormones ) l

7 3.803 857 Cy Hy05 360.19 [ ( aldosterone ) K[ 2 ( steroid hormones ) l

8 4.077 102 CyHs,05 364.23 Dihydrocortisol R [E L (steroid hormones ) !

9 6.990 021  C,H,NO,P 47930 LysoPE(0:0/18 : 1) Hah B A5 AR 35 ( glycerophospholipid 1
metabolism )

10 8.869 075  C,,Hy,NO,P 495.33 LysoPC(16:0) Hih R R ( glycerophospholipid 1
metabolism )

11 9.836 408 CoHsNOg 465.31 H B R (CH 2 BB B2 ) [ glyeyrhizic  BHVFRRAEH5 8 (bile acid 1

acid ( glycocholic acid ) | biosynthesis )

12 9929591  CyH,NOP 509.35 LysoPC(17:0) HIhBERE 1R ( glycerophospholipid 1
metabolism )

13 10.962 62 CyoHpn0, 304.24 AEE VUM (arachidonic acid ) AEAE DR (arachidonic acid 1
metabolism )

14 11.064 42 C,,Hy,05 366.24 JU 4R B ( tetrahydrocortisol ) J5[HIFEE (steroid hormones ) 1

1 (note ) : SHAILUH L, 15 AR SEA AR B0 TS5 R FE 3 ( compared with model group, the markers in normal group and tamiflu group were

increased and decreased, respectively )

iibaESid
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Fig. 3 Extraction of secondary mass spectrum in positive ( A ) and negative ( B ) ion modes
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Fig. 5 m/z 304.23( £,=10.96 min ) cracking mode in negative ion mode
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Tk 2, W P A I 10 382 T 140075 P 5, 1T el g g A2
Y R A0 RV IR Bk 2 e ( LysoPE ) 121 ARHF
Foh BRI B RS R B i B T, 4424
TR %20 B W b T, ek e I 25
P, 2x 45 5 40 R A G B H I B S 26 B AR ghE
.
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