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Analysis chemical constituents and components into blood and brain
from Paeonia rockii pollen based on UPLC-ESI-Q-TRAP-MS/MS
widely targeted metabolomics
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Abstract: This study aims to analyze the components absorbed into the blood and brain after intragastric
administration of Paeonia rockii pollen in rats, and to explore the pharmacodynamic material basis. The chemical
constituents of Paeonia rockii pollen, as well as those in medicated serum and brain tissue, were investigated using
ultra-performance liquid chromatography-electrospray ionization-triple quadrupole-linear ion trap mass spectrometry
(UPLC-ESI-Q-TRAP-MS/MS) based on widely targeted metabolomics technology. Differential components were
screened using principal component analysis and orthogonal partial least squares discriminant analysis, followed
by functional annotation and pathway enrichment analysis, and the mass spectrometric fragmentation patterns of
blood-brain barrier-penetrating components were deduced. A total of 340 components were identified from Paeonia
rockii pollen, primarily including flavonoids, terpenoids, and phenolic acids. In the medicated serum, 38 prototype
absorbed components such as methyl gallate, myricetin, trachelogenin, tyrosol, and albiflorin, along with two
metabolites (inosine and hypoxanthine) were identified. In the brain tissue, 15 prototype components such as gallic

ek H #: 2026-03-13; &1l 1 3: 2026-05-08.

SEEIH: HR A R R — SR ERITH (18YFIFA041); Hft & 2 i A A QUFTIE (2021-RC-112).
*E A Tel: 86-931-2302664, E-mail: shixiaofeng2005@sina.com

DOI: 10.16438/j.0513-4870.2026-0276



S 3T UPLC-ESI-Q-TRAP-MS/MS J 32 $E [a) AR 15T 4 24 1 SR B4 FHE R Ak 22 1 K
N N0 B 5343 B - 3151 -

acid, isorhamnetin, 4-hydroxycoumarin, resveratrol, and paeoniflorin were detected, and the plasma concentration

was the highest after 2 h of intragastric administration. These components were mainly enriched in pathways such

as longevity regulation, microbial metabolism in different environments, biosynthesis of secondary metabolites,

flavonoid degradation, nicotinate and nicotinamide metabolism, and purine metabolism. The animal experiment

protocol was approved by the Experimental Animal Ethics Review Committee of Lanzhou Institute of Food and

Drug Control, Gansu Province (Approval No. 2023-010).

Key words: Paeonia rockii pollen; UPLC-ESI-Q-TRAP-MS/MS; widely targeted metabolomics; entering the

blood and brain; migratory component
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Figure 1 Total ion current diagram and multivariate statistical analysis. A: Total ion current diagram; B: PCA score plot; C: Pearson corre-
lation analysis heat map; D: Hierarchical clustering heat map; E: OPLS-DA model. P: Positive ion mode; N: Negative ion mode. n =3, x % s.
P <0.01, P < 0.001. Blood samples were collected at multiple time points after administration (0.5, 1, 2, 3 h). PRP: Paeonia rockii

pollen; PRPS: Paeonia rockii pollen serum; PRPB: Paeonia rockii pollen brain; NC-S: Normal control serum; NC-B: Normal control brain
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Figure 2 Analysis of chemical composition and composition of Paeonia rockii pollen
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Figure 3 Venn diagram and heat map of components into blood and brain of Paeonia rockii pollen. A: Components into blood; B:

Components into brain; C: Components into blood and brain in positive and negative ion mode
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Table 2

Information of components into blood and brain of Paeonia rockii pollen. All constituents are blood-entering components, ‘Brain-

entering components. P: Positive ion mode [M+H]'; N: Negative ion mode [M-H]

No Compound Mode  Formula (I::/sz) MS/MS (m/z) Compound class
1 L-Tyrosine P C,H, NO, 182.08 165.05, 136.05, 123.04, 147.04 Amino acids and derivatives
2 L-Theanine P C,H ,N,O, 175.11 158.08, 129.10, 84.04 Amino acids and derivatives
3 Gallic acid” N CHO, 169.03 125.02, 136.03, 108.03 Phenolic acids
4 Methyl gallate N CH,O, 183.03 124.02, 168.01 Phenolic acids
5 p-Nicotinamide mononucleotide P C, H,N,O,P 33506 123.06,97.03, 80.05 Nucleotides and derivatives
6 Hypoxanthine P CHN,O 137.05 119.04, 110.04, 94.04, 82.04 Nucleotides and derivatives
7 Inosine P C,H,N, O, 269.09 137.05,110.03,119.03 Nucleotides and derivatives
8 Phloretin N C,H,O, 273.08 167.03, 125.02, 179.03, 123.04 Flavonoids
9  Pinocembrin” N CH,0, 255.07 213.06,227.07,240.03, 177.02, 151.00 Flavonoids

10 Naringenin® N C,H,0, 271.06 151.02,145.04, 169.03, 121.04 Flavonoids

11  Aromadendrin’ P CH,O, 289.07 153.02,107.05, 243.07,271.06, 195.03, 215.07 Flavonoids

12 Nobiletin P C,H,0O, 403.14 388.11,373.10, 355.08 Flavonoids

13 Luteolin’ N C.H 0O, 285.04 151.02, 133.04, 286.04, 239.05 Flavonoids

14 Apigenin’ P C,H,O, 271.06 153.02,119.05, 121.03, 145.03, 163.04 Flavonoids

15 3-O-Methylquercetin” N C,H,0, 315.05 300.04, 283.04, 297.20 Flavonoids

16 Syringetin N C,H,O, 345.06 330.04,315.01,301.03 Flavonoids

17 Galangin’ N C,H,O; 269.05 169.07, 171.04, 143.05, 197.06, 213.06 Flavonoids

18 Limocitrin” P C,H,O, 347.07 332.17,346.19 Flavonoids

19 Morin N CH/O, 301.04 151.00, 125.02, 163.00, 229.05, 273.04 Flavonoids

20 Kaempferol N C.H 0O, 285.04 185.06,229.05, 151.00, 169.07 Flavonoids

21 Myricetin P CH, O 319.04 153.02,273.04, 165.02, 245.04 Flavonoids

22 Isorhamnetin” P CH,0, 317.06 153.06,302.04, 274.05, 257.05 Flavonoids

23 Trachelogenin N (C,H,O, 387.14 329.14 Phenylpropanoids

24 4-Hydroxycoumarin N CHO, 161.02 117.03, 119.03, 89.05 Phenylpropanoids

25 Tyrosol N CH,0, 137.06 119.05, 106.04, 81.03, 106.04, 93.03 Others

26 Resveratrol” N C,H,0, 227.07 185.06,157.07, 143.05, 117.03 Others

27 Piceid N C,H,0, 389.12 227.08,371.13,239.09, 269.10 Others

28 8-Debenzoylpaconiflorin p  CH,O, 377.14 151.08 Terpenoids

29 Mudanpioside F N C,H,0O, 343.14  59.01 Terpenoids

30 Paconiflorin” N C,H,O0, 479.16 121.03,357.10, 449.14, 327.12 Terpenoids

31 Oxypaeoniflorin N C,H,O, 495.15 137.03 Terpenoids

32 Albiflorin P C,HO, 481.17 319.12,197.08 Terpenoids

33 Paeoniflorgenin P C,HO 319.12 105.03 Terpenoids

34 Paconiflorigenone” P C,HO, 319.12 105.03 Terpenoids

35 Paeonilactone A p  CH,O, 199.10 107.09 Terpenoids

36 Paconilactone B P CH,0, 197.08 133.06 Terpenoids

37 Paeonilactone C P C,,H, O, 319.12 105.03 Terpenoids

38 Lactiflorin P C,H,O, 463.16 105.03 Terpenoids

39 Mudanpinoic acid A N C,H,O, 453.34 409.35,435.33,311.24 Terpenoids

40 Palbinone P C,H. 0, 359.22 323.20 Terpenoids

I e SR LN 8], T A JiE R % R g3 245 X8 0 A R AT
FEIRAAK I -
6 EFIHFEMAMARESONEIRSER
o

N T RN ML RN 2 5 1 £ Z AR AR,
MR G = T 1) WYL AE B 1E B, AR R A
KEGG ¥l E AT DU RETERE . 45 RR I, 47 31 sy
FEHE P 25 1) 3 1D, 18 /N B/ 19 BVE R, JLIERE 2
15 2534, 7 Sk BT R, TR 2R A 10
WG AT IR AR IR B AT 1A, TR 2SR B
A& BB R A 9N, R BIR ARG
i, B T B P 2 470 5 R 288 T I A i A ) 2 5

A6, TR RS A IR A A& B R
W A ) 1l PR AR L A R AR AR I B %
20, VERE B AS [5) 20 5 o 1) kA AR K A 1 Y
% ER T TH A 5 IR O TR R O I e A b <
TRIBIEIT AT & 1A o SR JE B 30 1 1 43 3 47 2%
WA AT, R I O L AR A 58 1) P-value {H T
5, & AR H -log, (P-value) TH 5 . a7 <E K
Bz, N LB N B 2 22 4 3 SR AR A5 1 1 i i
AN TR PR35 R AR AR AR IR AR D I A= 0 6 1l 2
B A TR 56 R A P Jre A X MR AR A2

7 EBHAEH MR ITR SR BRI RE S

7.1 EEISE R TP A LS %



S 3T UPLC-ESI-Q-TRAP-MS/MS J 32 $E [a) AR 15T 4 24 1 SR B4 FHE R Ak 22 1 K
N N0 B 5343 B - 3157 -

o OH O OH
o P8 HQ OH HE) I .\\\/
e i S e = Woase
'Q\/O;pgo' I HO' OH HO HO OH
HO 0® "OH 8 8
OH 5

(6]
NH,
H
1
NH

2
a
2 H 3 R=OH R; OMe
HO N 3 M
M ~ 4 R=OMe R, O Ry eO. O Q 0
(6] (6] H 0.0
2 o Rs
R, Re 2
9 g
(0} R;

OH O
15 R;=OMe, Ry=R,=OH, R,=Rs=Rs=H

Ry
16 R,=R,=OH, R;=Rs=OMe, R,=R¢=H
OH O L 17 R,=OH, R,=R,=R,~Rs=R¢=H
9 R;=R,=H 12 R=R,=R;=R;=Rs=R=OMe 18 R;=R;=OH, R,=R;=OMe, Rs=Rs=H
10 R;=H,R,~OH 13 R;=R;=Rs=R&OH,R,=R,=H 19 R,=R4=R¢=OH, R,=R;=Rs=H
11 R,=R,~OH 14 R=R;=R;=OH, R,=R;=R;=H 20 R,=R,=OH, R,=R;=Rs=R,=H
21 R=R;=R,=Rs=OH, R,=Rs=H
OH z 22 R,=R,=OH, Rs=OMe, Ry=R;=R=H
Oy, =0
" OH = OH =
OH 0 1) B o
28 HO % =v0 By T 0
OH OH
O, A (0] (6]
H _& 30 R=H 32
OH =]
HO * ho 0 31 R=OH

0 & o 2 i 20 m
B H tn, T Y
35 36 37 38

Figure 4 The structure of components into blood and brain of Paeonia rockii pollen

| B i, Fk— 45 F CH,, 7 5|90 IE 5 F 8 miz 302.04
o] [ e R e [M+H- 1T, i P 85 T R A AR 2
0 —5 1 CO, 155 m/z 274.05 [M+H-43]", SR )5 F i 4 54
=" R4k S T % — 45 O, 73 BRI 15T m/z 257.04 [M+
Saf I H=60]' I, 14 8 F th i 47 424 CHF (HESF)
g F0 05 5k 2 37T /R 485 (RDA) A7, 74 C,-C, B Al
2207 s C,-C, i, AFF (5,7- B IEHUAY) W4 o i — KA 1Y
o NS B B me L3A"E T (CH,0,%, %48 T BA A AR LI 45
N FRI 7 T 2 4 I 4 A AT A % 5L

e }}z;s.sig ’plissizg S RO T2 AL A R R 2

ample

7.2 BEEE AHE TN BEAE PR N I 53 R
B 134 (28~40); MK 73 v 245 0l H il 2
J% 53 24> (30.34), %K NS BEALPHIE R AL N
S AR RS 154 (8~22); MR o e s e FROREST PRI . LML E ) 30 Jull, Rt B AL &
B 25 B4 10 (9~11, 13~15, 17~19, 22), 1% 24 Ve o v BRI R . 1B 8B P, Ak ) 30 7 i i
S5 BEAE FHE B NI N B A . DU S 22 BB A5 3R A AR T 4 T RS T I m/z 479.16
S, KRR AL A0 S R AR . i 8A  IM-HT HEI 7 A 0N C,H,0,, E BRI A miz
FioR, A0 22 76 R 1F 35 PR T A ke 5 1 HE 4> 449.14.327.12.357.10.121.03 . Jii 1% 24 fit i 72y e 43
T8 T g m/z 317.06 [M+H]", #EMl 4 TRoAC H,0,,  TETRAEANLGHITHRIERME, ZX—0THETPIR,
FE G AN m/z 302.04.274.05.257.05. 153.02. IR 2 4 W FRANBE 2R C-6 £ 2 F L R AR RRIE A, 25
ISR RE SRR RS T E T RRAEREENRER R0 THEE. 456 002U A5G STk, #E

Figure 5 Change trend of relative content of components entering

blood and brain of Paeonia rockii pollen
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Figure 6 Change trend of relative content of blood-brain transitional components in Paeonia rockii pollen. A: Gallic acid; B: Apigenin; C:
Isorhamnetin; D: Pinocembrin; E: 3-O-Methylquercetin; F: 4-Hydroxycoumarin; G: Naringenin; H: Galangin; I: Resveratrol; J: Aromaden-
drin; K: Limocitrin; L: Paeoniflorin; M: Luteolin; N: Morin; O: Paeoniflorigenone. n = 3, x £ s. Different lowercase letters on the bar chart

showed significant differences (P < 0.05)
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Figure 7 KEGG pathway sankey diagram and bubble diagram of components entering blood and brain of Paeonia rockii pollen
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Figure 8 Secondary mass spectrum and possible cleavage pathway of blood-brain transitional components of Paeonia rockii pollen. A:

Isorhamnetin; B: Paeoniflorin; C: Gallic acid; D: 4-Hydroxycoumarin; E: Inosine; F: Resveratrol
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