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Abstract: Objective To analyze the differences of primary/secondary metabolites of Hippophae rhamnoides vat. sp and H.
rhamnoides, and analyze the changes of their biosynthetic pathways. Methods  Firstly, the ultra performance liquid
chromatography-quadrupole-time of flight-mass spectrometry (UPLC-Q-TOF-MS/MS) technology was utilized to characterize the
primary and secondary metabolites of two species of Hippophae Fructus. Then, based on the plackett burman-central composite

design (PB-CCD), the UPLC-DAD fingerprint of Hippophae Fructus was studied, the liquid phase method was optimized, and the
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common peaks were identified. Next, partial least squares discriminant analysis (PLS-DA), cluster analysis and Kyoto encyclopedia
of genes and genomes (KEGG) pathway enrichment analysis were conducted for the differential primary metabolites screening and
related metabolic pathways enrichment of H. rhamnoides vat. sp and H. rhamnoides. At the same time, multiple reaction monitoring
(MRM) was used to quantitatively analyze the primary and secondary metabolites with differences. Finally, the differential
components of the two species of Hippophae Fructus were analyzed and their biosynthetic pathways were correlated and explained.
Results Based on component characterization and PLS-DA, a total of 11 components with large differences in the content of two
species of Hippophae Fructus were preliminarily identified, including two amino acid primary metabolites and nine flavonoid
secondary metabolites. Conclusion The method established in this study can identify the different components in two species of
Hippophae Fructus. The results showed that the content of total flavonoids was higher in Hippophae Fructus, indicating that
Hippophae Fructus may have stronger medicinal efficacy than H. rhamnoides vat. sp L.; secondly, the determination result of
isorhamnetin was higher in Hippophae rhamnoides vat. sp L., indicating that it may not be suitable for clinical quality control and
application.

Key words: Hippophae Fructus; Hippophae rhamnoides L.; Hippophae rhamnoides vat. sp L.; L-tyrosine; L-phenylalanine;

narcissoside; isorhamnetin-3-O-glucoside; quercetin; luteolin; naringenin; kaempferol; isorhamnetin; rhamnetin; quercetin dihydrate
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98%)~ /KMt Z (35 wkq-21080908, Jii & 5341
97%). ARBEH (L5 wkql8032905, Jfi 7%
98%) M EVU)IA 4 v E A MRHA R AR, X
iR AR (S MUST-21082713, i & 7> %1
99.27%). ARBHEZE (Hb'5 MUST-21072311, i
7340 98.52%) KA (Hlk'5 MUST-20101407, Ji
EE 99.99%) 14 H AR 2 Wik A RHE A TR A
A RRZFER-3-0-MERT (5 HR2711W2, Jit
B 98%). 1L A5y (L5 HR1832W2, i 44k
98%) W H EXGJRICAEMFBHEAIRAF] ;. Rt
(L5 111809-201403, 7141 92.9%) & 22k
(#t5 111521-201809, Jii & 734 94.9% ) #it B 1 (it
5 111538-202007, FiE5r% 93.5%). #itfi:R (it
5 100081-201610, JiiED%L 99.1%). 7T (it'5
100080-201811, JiE7-41 91.7%) 1LIZEMH-3-0-2=
FHEE (IS 112007-202103) 1 4 A £ 5L 25 5
SEBFFLE: XA LR (k'S 0609-0109), L-
EHERE (5 624-200104) W E b E £ 525 s
EWFFRE: AR (S 200824, &% 98%)
W RS RR G A E ARG IR A A . HEE (O3
9, HAESTRIELZERARATD, O Ok,
fit'5 205179, FEEKH/RBHEARAR A7), H
i (Eikgl, MEEBTEAFD, IR (5 205775,
TR RBHEA IR AR AFD, ANHAiK (&
18 Milli-Q Integral 5 F4EKHLHI ).
FESCAARFEF=HIYDIE (R 1), SpeihBEZE R
2G5 A T DR EI B0 % e AR RHE Y AR
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Table 1 Hippophae Fructus information for each batch

M5 FE b 5 FEHL

S1 FRAEYbIE 20201204 HTEE

S2 20200105 ILPEAEE

S3 20200627 117G A

S4 20200105 EIEITHhRE:

S5 20200105 HEBITHOITE

S6 20201105 #EZ R E

S7 20201107 IEZE,E

S8 20201107  BepusEL &

S9 20201204 i ERE

S10 20201210 1LhpE 5%

S11 20210913 J#IL AT RAIA
S12 KEVDEE 20210912 B THRRIGX
S13 20210913  J@#IL T RFHEE- R
S14 20210913 @ IL 7 pRANEE-20

Wk H. rhamnoides LAVKEYYIE H. rhamnoides vat.
sp L. [T A et SR iz
2 &
2.1 H@EETIER

HUS- SR SV AN K RV R S AT B
AR 2 R SE R, #HTAR D, AN
WICHLH I SIMETT, FrAFESAE 60 CHUFET TR
12h, TR, =500, BESHRA,
22 BEEEENEN
2201 AREGEBREIHIE BUS T XS 20 mg,
KRR E, & S50mL £, 6% liFds, B
K B, A, N 60% LBER LI, R
5. MBI 25 mL, B 50 mL #=MiF, KRR
EZE, $£5], BI1E 0.2 mg/mL T 5 IR EATR .
222 HEHASERBIHI S BUR SR L) 2 g, K
FR3E, N 60% 8% 30 mL, HIFAEIA 2h, 04, JE
i, BRI TN 60% L1 25 mL, JHEAERR 2 1K,
B 1h, P8I, &8, E 100mL B,
#H 60% s, Vel N —&HH, FH 60%
CEEMRER A, PR5). MG I 25 mL, E 50 mL
s, WKERZIE, 85, EAMRESmIER.
2.2.3  FRAEMZRRIMIA RS RO ISR 1.2,
3. 4. 5. 6mL, 435 E 25 mL &M, &0 30%
LBEZR 6.0 mL, N 5% WASEREANEIR 1 mL, V2251,
JRE 6 min, FEIN 10%AHERERIAV | mL, #&25), 7K
B 6min. JIEAMEE 10mL, 0 30% 4%
ZIEE, $4, JE 15min, DUHHMIRFI N AH, B
AT Wy e BV GEN 0401), 7E 500 nm (1)
WA EBACREE (4) 1H, PLA AR (D),
JREREE AR AR (XD, 2HIhnE 2L
224 BEERAME % 2327 TURENE 4
B ARPEFRAE A2 v VbRl SR &
24 RO FRIENE
231 XHESIEBEIEIE AR EARES T M
R, BRER. BRER. KFF. MR, K2
R, S, MR, RBEH. &R,
EW-3-0-ZFWEE . RRFR-3-0-HEEE . —K
Wi &= LR AR LB B IR S &, il pRUR
EWRE A 0.15. 021, 0.21. 0.16+ 0.11. 0.13,
0.12. 0.20. 0.17. 0.10. 0.10. 0.11. 0.14. 0.13.
0.16+ 0.14 mg/mL FIXJ BB & &l T 4 C
%M T IRAEE A
232 HEAMEIE S REERRECC2.17 T 14
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L= VPR R % 1.5 ¢ THEEH S, 4301
A 60% FEE 30 mL, 85 ‘C/KIBENAR 1 h, HGA,

VeI, HUERpEW, I, &AL

2.3.3 UPLC ik ft KA 5600 RUBIE{CHEAT
J o AL, (3444 Acquity UPLC® BEH Cis (100
mmX2.1 mm, 1.7 um); FBIAHN 0.1%H BR-7KIEHR
(A) -2 (B), BREZHEME: 0~1min, 6%B; 1~
8 min, 6%~20% B; 8~30min, 20%~95% B; 30~
32min, 95%B; 32~33min, 95%~5%B; 33~35
min, 5% B; i 35 C, HARUE 0.3 mL/min, 3
FEEN S uL.

234 BUESM ETEOVAEmIEE T (ESD,

T, RAME BHOBEREE (IDA). I H
FHIER (DBS) Ml R BT AKES . F1H
HYEFE m/z 100~2 000, A&7 IR HL S
A-4500V, ZfEH L (declustering potential, DP)
N80V, filifEfE & (collision energy, CE) A 35eV,
MR, ZA Gonsourcegas 1, GS1) Fl
B (ionsource gas2, GS2) NES, YN 344.7

kPa, S7i"< (curtaingas, CUR) N 241.3kPa, %

LR (temperature, TEM) 550 C.

2.4 ZKFEHFE (plackett burman, PB) -ERi%
it (central composite design, CCD) % (PB-CCD)
LI

241 Sma Rt SR M ECBIRRE I 2 K

RETEM RS, VAASFE LG FER VAT R R4t
pH . A F AR K. FR.
LRMEBS RET ] . AR R 2SI UE L) At A
WRENE AT R, LL2 g B2 (YRs).
H—ABERF G, Bt EEE (@) Mty
JZ WA B RE CHCRE) AR e 37 A 5181, (K] 6 7K~
3 2.

F 2 BN EF R e R B Fig it
Table 2 Impact factor and response factor design
MR KT (1) K (+1)

FellB K m 254 370
FHR/T 25 3%

LR MBS R [ /min 2 45
R 10 5
AR E S/ (mL min) 03 05
CREHIREL{A11% 2 10
FERLL A% 0.1 02
iR 50mmX3.0mm, 18um 100 mmX2.1mm, 18 m

242 #HESN DRI EAER B4
RFHADE BT RIS, R Design-Expert Version
8.0.7 Guit ik ft, B Jex kA& . AR 6 BE [A] |
R AR BRIREE . LNERIa6 L Fl €
AR AT PB PRl T ik SRS LA CCD Wi B i [T
EREERREAT I, U E RIS E,
W 3.

%3 Plackett-Burman &t LB FE (n=3)

Table 3 Placket-Burman design experimental scheme (n = 3)

s A mm AR/ C O ZRPERE B /min BEREARY UL AR S/ (mL -min™!)  ZIERIUG LG/ % HRR/Y%

(R

1 370 25 45 5
2 254 35 45 5
3 254 35 45 5
4 254 25 45 1
5 370 35 20 5
6 370 25 45 5
7 370 25 20 1
8 254 25 20 1
9 254 35 45 1
10 254 25 20 5
11 370 35 45 1
12 370 35 20 1

0.5
0.3
0.5
0.5
0.5
0.3
0.5
0.3
0.5
0.3
0.3
0.3

2 0.1 50 mm X 3.0 mm, 1.8 pm
2 0.1 100 mmXx2.1mm, 1.8 pm
2 0.2 100mmX2.1mm, 1.8 pm
10 0.1 100 mmX2.1mm, 1.8 pm
10 0.1 50 mmX3.0 mm, 1.8 pm
10 0.2 100mmX2.1mm, 1.8 pm
2 0.2 100 mmXx2.1mm, 1.8 pm
2 0.1 50 mm X 3.0 mm, 1.8 pm
10 0.2 50 mm X 3.0 mm, 1.8 pm
10 0.2 50 mm X 3.0 mm, 1.8 pm
2 0.2 50 mmX3.0 mm, 1.8 pm
10 0.1 100 mmX2.1mm, 1.8 pm

25 EWENEREL

2.5.1 UPLC thif %M i Zorbax SB-Cis
R (100 mmX2.1 mm, 1.8 pm), WEHHN 0.1%
IR KB (A -ZIEHW (B), BAFEEVEFET:

0~3 min, 2%~9% B; 3~20 min, 9%~15% B;
20~26min, 15%~16.5%B; 26~30min, 16.5%~
23% B; 30~33 min, 23%~24% B; 33~42 min,
24%~38% B; 42~43 min, 38%~95% B; 43~45
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min, 95%~5% B. KL 370 nm, #EiE 35 C,
AR R 0.3 mL/min, HEFER S uL.

252 RIS VESIAE  4EIR (PEZH) 2020
TR S TR 24 o R VAR, A S R
TR AN, R MESEIEERIE. a2tk
T PTT S FECE RBREA . (LZR-3-0- 2=
L AKAE . FREFER-3-0-HEM . kR L
PSR SRR R IR, e fe SRS TP 1)
2.6 PRERM S BT (hierarchical cluster
analysis, HCA) R{mix/NZFF|H5 4 (partial
least squares-discriminant analysis, PLS-DA)
2.6.1 HCA A T WU IR 58 5 )2 5 47
TE—ERR, AWFFIEH HCA AT @B T Bk
Xfr e RRYDIREE AT g b, FRR AR
FIEE AR SN simea-p 14.1 i@k E, &5 K HCA
JiEx B MBI AT A

2.6.2 PLS-DA 1 B ELULHL U A A2 Xof A it 1)
IYRAET), W& REE B REAT IR, KR S
A simea-p 14.1 fR¥ A, FH PLS-DA J5iE WL
i ZE GOl ASHIE TR th e . KR VDTIORE S AT R
S S OIS, KIE R R TR, KRV

SHRAE [ 1 1 2 ()W T AR BEAT A0 8, W Ab BRI 41 f5
(K504 % PLS-DA #E4T 20 #7
27 EFREIEENH
2.7.1 JERE UPLC fiffF KM 4500 BYTiE4L
BHTR e, IR “2.6.17 Tifa g B
WA
272 JUEFM @RS TR ESI 7S T
AT, IS 2 BRI (MRMD. &
TUSEABEFHEHEE, fETHR-4 500 V;
SRR TRNE T B FIRIERE 550 C, Fik
AR 413.7 kPa, S AEIIN 241.3kPa, B
TR m/z 100~1 000, FFE#EZ: 200 Dals,
EE T, RUEERRESH. XERE
(declustering potential, DP). #ZfEE (collision
energy, CE) Flfiff#ihtH THL & (cell exit potential,
CXP) FHEEINE 4.
2.8 Sitoh

SPSS 26.0 FHF4iittr. FraEdix+s %
e BRI R FIMSIREAS ¢ K550, A4 BTt
AR FAR3.63 T, #N tidyverse. ggplot2 2
AT ¢ KSR AT AL, Adobe illustrator 2021 238

®4 DB 1 MR, SEBRLESYSRNENSH

Table 4 Multiple reaction parameters of 11 kinds of flavonoids and amino acids in Hippophae Fructu

T EY £ B8 B 18] /min BB T THET DP/V CE/V CXP/V
1 L-FE R R 1.54 180.00 119.10 -70.79 -22.88 -5.97

2 KN 2.88 164.00 103.00 -60.00 —22.00 -6.00

3 KA 27.14 623.20 314.90 -136.09 —40.88 -16.96

4 SERZER-3-0- BT 27.91 477.00 314.10 -116.07 -36.33 -5.35

5 Wiz 2% 33.52 301.00 151.00 -86.79 -28.60 -8.73

6 KEBEE 33.75 285.00 151.00 -101.28 -35.09 -11.54

7 Fil 7 25 36.87 271.00 119.00 -94.83 -30.79 -8.03

8 1 251y 38.21 285.00 187.10 -117.13 -39.04 -5.54

9 FERER 39.02 315.00 300.00 -122.86 -29.18 -11.80
10 RAEER 39.03 315.10 300.00 -103.73 -28.81 -5.20
11 KM R E 4437 337.10 123.10 -134.35 -36.88 -9.87

3 RS54SR RS AEHLEDR, ARDREEESEMNELSR (n = 6)

3.1 BREMEENESER

i “2.3.37 WUF LS bR AERT 28, 1581 1E
[ FEN Y=12.491 X+0.003 8 (+2=0.999 3),
£RPEVE Y 0.008 0~0.048 0 mg/mL. $% “2.3.3”7 1
TNOER 14 HEIDWRE S AT S SR e
ZER WK 5.
32 HARIENELESR

It Peakview 2.2 A KHELHE, UL AB Sciex

Table 5 Determination results of total flavonoids of H.
rhamnoides and H. rhamnoides vat. sp from different
producing areas (n = 6)

s FRIWOCE SEE% |5 FRROE S %
S1 0.2190 7.18 |[S8 0.171 0 5.59
S2 0.1320 427 [S9 0.2340 7.66
S3 0.096 0 3.08 |S10 0.087 7 2.80
S4 0.079 9 2.54 [S11 0.144 0 4.67
S5 0.2770 9.11 |[S12 0.023 3 0.65
S6 0.3170 10.44 [S13 0.0339 1.00
S7 0.1790 5.84 [S14 0.022 9 0.64
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master view 1.1.0.0 2§ 20dEZE (TCM library  MUESEE, WD 4EE B Ay o K R v b &
1.0) VE A ARyD iR R Ryb i ) oy VOO e » it EZERECRIIA 9 MNREIS R 2 N R IR RS
FEXTFEff R A RO RIS E L AR A S 3RE R HE T, ke, METFIREINE 1.

#6 PR, KRBT U ANEERBHS

Table 6 A total of 11 important common components in H. rhamnoides and H. rhamnoides vat. sp

W65 t/min HAEMAH HER A TRE FETFma) R EF(ms) Wk
1084  LBER CoHiNO: 1810739 180 136 (M—CO:—H]) 3,193
218 LARER CHuNO: 1650789 164 119(M—CHO,—H]). 103 (M—CO:NH;—H])

30902 KA CasHnO16  624.1690 623 314 (IM—CrH2nO09—H]) 299 (M—CisHas09—H]") 2,24
4 162 BREEIOHEBE CoHnOn 4781111 477 314(IM—CeHiOs—H) 2
50164 WEE CisHiodr 3020427 301 273((M—CO—H])\ 179 (M—C7HeO2—H]) 151 (M—CsHsO3—H]") 1920
6 1183  ARER CisHioOs 2860477 285 151 ((M—CsHO:—H])» 135 (M—CsHq03—H]") 3
7128 HMEE CisHinOs 2720685 271 151 ((M—CsHsO—HT)+ 119 ((M—C7H:04—H]") 3,21
§ 1295  IZE® CisHioOs 2860477 285 257(IM—CO—H]). 228 (M—C2HO—H]). 183 (M—CsHO:—H]" 19:20
9 132 REZEX CiHnOr 3160583 315 300 (M—CHs—H]"). 283 (M—CH:O—H]). 151 (M—CoHs0s—H]")

0 133  RZE CiHin07 3160583 315 300 (M—CH;—H]). 165 (M—CsHs0s—H]") SRR Lt
1 276 kgL CisHuOs 338063 8 337 123 (M—CoHieO6—H]")

A

t/min

1-L-BRERR: 2-L-KRERR: 3-4KMH: 4-RBER-3-0-HEMWE: SWEER: 6-RBHER: T-MEKR: 8-1LEm: 9-RRER: 10-MEH; 11-
KM R
1-L-tyrosine; 2-L-phenylalanine; 3-narcissoside; 4-isorhamnetin-3-O-glucoside; 5-quercetin; 6-luteolin; 7-naringenin; 8-kaempferol; 9-isorhamnetin; 10-
rhamnetin; 11-quercetin dihydrate.
1 REEDIR (A) MARIDIR (B) WEMD R UPLC-MS/MS 2 ETRE
Fig. 1 UPLC-MS/MS total ion flow maps of characterization of chemical constituents of H. rhamnoides (A) and H.

rhamnoides vat. sp (B)

3.3 PB-CCD HiRit4ER A IR MR AR A S ) DR B I R B S
331 BUHEGEILRE RS BT REAoNY B RBRETHE, PEBERStT R, XSS
R EBE A IR, TSI NBSN SR E AT AR IR S e 2 B AR . Dy 1 BN i A A Y
REShEHERE, HUb, @ ORBIENEIM. A5, Frar, KR E B E N 25~35 C.
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332 PB Rt N7 AEED BRI RE R R
BREMSHRE, EEFTFRIH PB iEER
ik Bt 5k, LA CCD i S ph TE AL JE 6
RitArt ik, PAYRs. . @, HCRF YFANFE
M B RRE, AR (1) ~ (3). ZERIE 7.

P=T (R (D

o= E (log24;+0.5 X1og2R;10.25 X logan;) 2
i=0

HCRF=1 000 000 7210 000 Ry, +(t,—11) (3

R RN 2 WEB] 4p RS s n NERIRIEAREL: Ruin J95/NIT B RS
to—t K G/ MRS 2E; 4 @ISR YRs.
AT il MRS o EIREEEERME, 2
AT N AL BA5 R ZHG: HCRF N5y 2 (il NifE

F TP 7 i 4 B A H ., 3 88 43 A IS [ 1 A

*7 PBUIREFLER
Table 7 PB response factor results

FEA Y Rs r @ HCRF
1 161.97  2.73x107! 646.29 621X 107
2 166.18  7.44X10° 121678  1.18X108
3 137.77  5.11X10°% 102858  9.10X107
4 22382 1.34X107% 46927  4.51X107
5 86.53  7.94X10°  550.16  5.20X107
6 17348  1.10X107'2 97344  8.00X107
7 12458  7.57X107% 39743  420X107
8 103.00  3.71X10° 64470  6.10X107
9 186.58  1.00X107'% 38205  3.91X107
10 7555  1.17X107* 74854  6.00X107
11 13891  1.61X10°  430.13  421X107
12 11402 6.08X10° 51213  4.51X107

PB X451 ANOVA £ %R, @ Nl HCRF 1
() P AE SS9 0.030 9 F10.039 2, /T 0.05, i
& EYS HCRF FIHTTRRRREE . W& RE
(R-Squared) 437124 0.9709 F1 0.965 7, i BALHI
G

R85 53 1] ER] 7 045 e 182 [R] - P e K AL IS B 485
B, K AN B2 (s e R AT B A T AR
e & AE: KO 370 nm, AR 35 C,
PRI EAN 0.3 mL/min; FFERIK A 0.1%3EFE &N
5uL, fiEH25%4 Agilent ZORBAX SB-Cis fiii
£ (100 mmX2.1 mm, 1.8 um).
333 CCD Il 7& PB it 45 KA I,

WX @ F HCRF 500 55 25 (1) R TR K 1R
RV AT T8 RE6 R @ et & it
(Rotatable=6), UL @ F1 HCRF {F yma N [A T HE4T
3 JKF CCD iR3& (R 8). 4RI R, KF @
A HCRF KA

M @ FI HCRF T[] ANOVA A8 & i 1% P
18 B K /NTT LA SE X @ AT HCRF RIS KN, % @
SN 25 R 2N AR (P=0.004 8) AFHIR
&2 (P=0.042 3) MIEIEHEA (P=0.030 5); Xf
HCRF 520 w2 [ N EFEAR R (P=0.007 6).
CHERIIE LB (P=0.0483) FI{hifkkEsM (p=
0.0376). M @ Fl HCRF F3% K (B 2-a. ¢) A
LB, 3REALTEREE, A (HE A
K, K @ A HCRF i RRE (KK B)
WK, K% @ Fl HCRF K .

MRYEAZIFIE IR, FE BT /K R A X i
R RAE . Rk, RIS R, 535
SR SE, A 3 IRE R RAE R T/ 4
B, BEWELERE SR A Agilent
Zorbax SB-Cs i (100 mm X 2.1 mm, 1.8 um),
K%K 370 nm, FEiR 35 °C, BAEER ] 45 min,

&8 CCDMRETFER
Table 8 CCD response factor results

¥EA AL B/(mL-min™') C/% @ HCRF
15 0.3 10 105692 8.80X107
2 3 0.4 6 72177  6.50X 107
35 0.3 2 119361 1.01x108
4 3 0.4 6 776.78  7.11X107
5 3 0.4 6 751.87  6.80X 107
6 3 0.3 6 929.77 8.82X 107
7 3 0.5 6 641.15 6.11X107
8 1 0.5 10 30639 3.20X 107
9 3 0.4 2 803.73 7.41X107
10 3 0.4 6 805.62 7.51X107
11 0.5 2 351.97  3.71X107
12 5 0.5 10 656.02  5.80X 107
13 5 0.5 2 815.68 7.40X107
14 5 0.4 6 964.26 8.51X 107
15 1 0.3 10 484.74  4.51X107
16 3 0.4 10 655.60  5.90X 107
17 1 0.3 2 912.32 851107
18 3 0.4 6 793.66 731X 107
19 3 0.4 6 806.60  7.40X 107
20 1 0.4 6 418.86 4.11X107
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1200
1000 A
B
800 i
(o — C a
& 600 B
400 | A
200 = ol
05 =
0 _ 0.45 0.40~ > : 4
-10 05 0 05 1.0 iy 00037 2 A/uL
deviation from reference point B/(mL-min"") !
(coded units)
1.2X107¢] 1.2X107 \J‘
1.0X107°8, 1-0><10’§',,,,7w/' |
| ‘é _ N W 80X107 |
BOXI0Y = S 6.0x107 ]
% 6.0X 1077 B = 4.0X1077 = ' ‘
A c 20X107F ‘
4.0X107 il |
0.5 < = 5
2.0X1071 | 045 i
-0 05 0 05 10 04 255 3
deviation from reference point B/(mL-min") U031 A/uL

(coded units)

a-® J3 BRI R 3K RN b- WL 47 18]; c-HCRF 43 B RCR MR 3 LU ;- d-HCRF W R T 7047 Pl CA-BEREAARR, B-1A

B, C-ZIERIARLEH).

a-Main effect diagram of influencing factors of @ separation effect; b-@ response surface analysis diagram; c-Main effect diagram of influencing factors

of HCRF separation effect; d-HCRF response surface analysis diagram. (A-Injection volume, B-Flow rate, C-Initial ratio of acetonitrile).

B2 5 BRR SN E 2R 30 K el L B i 53 47 ]

Fig. 2 Main effect diagrams of influencing factors of separation effect and response surface analysis diagrams

BEFEARAR SuL, AFUARE 0.3 mL/min, ZFEWI4GEL
Bl 2%, HERIKE 0.1%.

3.4 iBQUEILELE

340 KEEERE BRI BRI A
% “2.6.17 WU N EIEFAESRE 6 Ik, d3% 370
nm WK R ERER. X 10 AN LIS E LT 2
FPEVEAT, 45 R 10 A ILATIEAE X OR B7 5 (8] RSD
9 0.006%~0.061%, B/NT 1.5%. AT WA XTI
AL RSD 4 0.232%~2.701%, /T 3%, k%5
HR B R GRS K .

342 fEtEelie BRI B A
ST S 04030649, 12,15, 18,24 h #%“2.6.1”7
TR B 2 A HERE , 1E3% 370 nm ik . LA 16 L
BIEVERAT VRO, 45 R 3 B &G W AE X DR B B[]
RSD 4 0.015%~0.134%, /N 1.5%. %30
FIXTHIE AR RSD N 0.325%~2.789%, E/INT 3%,
HE B BE A VRTE 24 h NFRGE .

343 HEEMWRE  BUE-— DB 6 4
A3 AR, 1% “2.6.17 TR ik st
FE, 103 370 nm R i . S H G 04 B HEA T 2
SRV, SRR, % R A AR X R B
I A] RSD A 0.007%~0.103%, /N 1.5%. HLH

U AH XF I TH AR RSD N 0.104%~2.877%, &5 /N T 3%,
HEMERERT RO EIERERK.

344 PBULEESE B 14 $EDBUEST IRIERR,
% “2.17 TR T30 i & A, 3R, il
SRS I SR A I R E A, #fE 10
AW, RIS AT M. KR
B ILEE-3-0-SF/E . KA =R EEER-3-
OB EEE . MR, ILEMATRER, FitiX
FE it B 1 5 ) B P DL 3

35 EHERMMS HCA & PLS-DA 4R

351 EEN SERRESE R WE 4-A. 253
RW, VOBREE S RN 2 35, RARVD RS SN
—K, KRR SR . Ul ARy iR R
R RSy B — e ER.

3.5.2 PLS-DA ZERBFIRT 2 NFERSHITTHRE
993.1%, 15 2 75 B %, AE BN 90.0%,
BRI G P R, MOREGHT 2 AN 32 Lo AT B RS T
T, Sz e R AS ) S TR ot AR B AR R AR . A 2 A
B N, 13EIHUSE (B 4-B). HERTLLE
H TR ARV S N3, TR KRV
FRA—EK, B—EREREMT (H 4-A) 4R
—5. UL, RSV RIAE s EAA R
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SEddEame

5 1304 1957

SRR, |

$26.09 3261
t/min

LB 27915 3-RWR T 4-RBET; 5-IIRH-3-0-5F WA 6 KT 7-7MER3-0- AW 8-WEHK: 9-LZH; 10-7 M

1-hyperoside; 2-rutin; 3-isoquercitrin; 4-luteoloside; 5-kaempferol-3-O-rutinoside; 6-narcissoside; 7-isorhamnetin-3-O-glucoside; 8-quercetin; 9-

kaempferol; 10-isorhamnetin.

B3 HHURIDERAE & X R AR RiE S EE
Fig.3 Fingerprints of each batch of Hippophae Fructus and mixed control solution

Z5¢. FIH VIP (variable importance in projection)
i (VIP>1) 5 MetaboAnalyst 73#71°F & (https://
www. metaboanalyst.ca/) ¥ AbHE 5 F B AT 22 57
VIAER WIS KEGG % & £ 0, did
VIP {EJfik 2] 19 2 AU, KEGG = 57>
Pl 14 #AR0EE (K 4-D). S5R1E3H 2 4 H
B2 AN RAR S LA S 3 M EE
Rh@ie: FNEIR. BREARM ORI A& B
AR R 5 IR .
3.6 ERRBIEESINER

R4 PLS-DA J3#r vh 5 2 1 22 AR 1= 2.
X O 19 31 ) B 22 S ) AR AR K LR AR A
YIBEAT E BT B
3.6.1 FrifEdhZ. B RN IR BRI R IR
“2.2.17 BRI A S B DA FAR A B0
A il 2V, TR IR 26 A AT I RE o RS IR
it il S VU R FEARRRRRRE, RSB 11 MR AN
[7i Jo VA A P82 ) VR 5 0 R VB, 70 R N VBUAH
TR eIk K, DR AL S R
BEAsRR (O, WERIBUAPASS (1), ZxflbrdEthZe,
THE & B B BN T AR AT L Ay b, R
Wikt 11 AR SR LIEIE Y 0.003 6~
30.00 pg/mL, HAHKREIYKT 0.999, FHIZXT
M2 R R RIF. BMLEMEIETTRE . MR
RH BNV KR R AR WAL 9.
3.6.2 AFEERLG  HURE M YD R A
W, % “2.8.17 TUR (il Sf A SRR 6 IR, I

BRRER. LR, WER. &2k, ST,
LB LR NRIRE 11 A0 & B i i
B SRR 11 Rl S P04 THIAR ) RSD 78
1.12%~3.99%, R IR 2 R AT o

3.6.3 FaEMEREe  HURE— = e A R pE
W % “2.8.17 TN S4BT HIE G 0.
2. 4. 6. 10, 14, 20. 24 h #EFE, MEFREE.
W Z5my . Wit R &2MkFE. AT, L-RRER. LA
PRRIREE 11 Ao & il i f7, v 5 b Ae b i
11 Pk & T FA ) RSD 7E 1.42%~4.87%, &
MR A VRAE 24 h WFasEME R 1T

3.6.4 EEVERE  HUE i R AR K
6 1, 1% “2.2.27 WURNJTEEFATH & HHS A 6
B, 3% “2.8.17 TUR R, HEFE, IIAE 5 R
. OInEm. MR, 20T, M T, LBRER.
LRSS 11 A & kg maR, th &gy
e 11 k&Y E S B RSD fE 2.27%~
4.82%, FTIHILITEERH R

3.6.5 MFEEICEHRRLS KRR — 7= e
WA &L 15 g, e, BT 150 mL
HEEM R, 2 S B N HR Ay iR i S 5
I B PRV A 6 R A (R R &S i
FL-BEEIR - RN RIS 114N, 1%92.2.27
T 7 ) 4 A A R, 7E “2.8.17 TR i 2% 1
THRE, THEIFE R . R R IR DL
ot Ja A BT S5 0 R %2 A RSD IS 2R,
PR FRER-3-0-ME . LB, MR,
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A 25%x108
20X 108
1.5X 108
1.0X108

0.5% 10 |
0 . J_ N ! 1

%;I‘)ﬁ‘lf)WWMMM\OOOI\I\I\NNNOOOOOOv—*HHOOOG\O\O\

B
)

REHE

NNAABNNNAADNNNANNNNANNNNZ = ZNADN
! X
B C } @5'-Methylt =Y
3 03 @Sphinganin
2 S§3 0.2 ipha-Lma®° *®
86-813%’2 S1a-3usi2 NP Binidsicide
$13-2 0.1 ®Quercetin
z ! I S | onuh PRI
z 3 0H—4 :
X 0 sg;l 1«510 1--3 ~ 'ﬁz ) =y ®Run o
= sy S 2 01| emosinic BRI oMo
= 1 05513 & 02 hns tnconc ond
) ) thi-3 03 1 @N-Acetylse
-3 \ ;.'54.‘1«3 —04- ®Glyceropho
—4 . -05! ! -
-8 -6 4 2 0 2 4 6 -03 -02-0.1 0 0.1 02
t[1] X103 we[1]
D

phenylalanine, tyrosine and tryptophan biosynthesis I
phenylalanine metabolism N
biosynthesis of unsaturated fatty acids [l Pl
linoleic acid metabolism N ,
ubiquinone and other terpenoid-quinone biosynthesis El 7X10
aminoacyl-tRNA BIOSYNTHESIS &
alpha-linolenic acid metabolism £ 0.2
purine metabolism [
ether lipid metabolism &
sphingolipid metabolism & 0.4
pentose phosphate pathway
cysteine and methionine metabolism
glycerophospholipid metabolism
tyrosine metabolism -~
0 10 20 30 40
enrichment ratio

A-HCA JEE; B-PLS-DA {{miEl; C-Loading M: D-19 MZERAUIN KEGG MH F LR (A B BIHHERPED B THRERD ).
A-HCA cluster plot; B-PLS-DA scatter plot; C-Loading plot; D-KEGG pathway enrichment bar chart of 19 differential metabolites; (In A and B, 1

represents H. rhamnoides L.; Il represents H. rhamnoides vat. sp.)

4 HEEIDER. KRiDER PLS-DA. B%5 KEGG 4R
Fig. 4 PLS-DA, cluster analysis and KEGG results of H. rhamnoides and H. rhamnoides vat. sp
RO 11 WAL, [ERUSYREINESZ&MESRE, LMEE. EERMENRER
Table 9 Linear equation, linear range, quantitative limit and detection limit results of simultaneous determination methods

for 11 flavonoids and amino acids

wEM SRk r LR/ (ugmL™) EER/(ngmL™)  ANR/(ng'mL™)

Wit e 2% Y=4.60X 10" X+1.31X 108 0.999 1 0.07~0.40 0.99X 1073 1.24X107
LB Y=4.72X 10 X—18 958.71 0.999 0 0.05~0.24 1.03%X1073 542X10°°
L-RNER Y=6.86X 108 X+25 700.82 0.999 8 0.44~2.60 0.98X 1073 0.70X 107
FRER Y=1.64X 10" X42.05X 106 0.999 1 0.37~1.76 120X 107 120X 1075
R R R-3-0-H BN Y=1.61X10°X+557 005.55 0.999 0 1.68~10.00 500.00 0.50

1 258y Y=9.91X10°X+15 877.67 0.999 2 0.02~0.13 0.07 0.70X 1073
ABEF Y=3.69%101.X+31 785.93 0.9994  0.003 36~0.02 1.00 1.00X1073
il Y=5.21X10°X—1344.97 0.999 2 5.37~25.60 6.50X 107 6.50X 1074
IKANE Y=1.91X10°X+2.57X 107 0.9992 6.29~30.00 550X 1073 550X 107
RER Y=2.09X10°X+230 156.52 0.999 3 0.20~0.74 0.55X 107 5.50X 107

KM R Y=1.54X 10 X+47 464.60 0.999 3 3.86~23.00 1.00X 107 1.00X 107
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L-BRER L-ARNEIR MR KA AR
KM R E R R B I IR BT ER 4 il
95.32%+ 103.30%. 95.46% . 99.28%. 95.26% -
101.22%. 104.61%. 101.41%- 98.86%- 102.62%-
96.48%; RSD 435114 3.42%- 3.67%- 1.37%- 2.07%
0.87%-2.10%- 0.72%-2.75%- 1.31%- 2.84%+3.12%.
3.6.6 EREEEME N T EHREMH N E

i 56 78} 711
20 24 28 32 36 40 44
t/min

0 4 8 12 16

PEE, P X PLS-DA #5331 2 R ARIE B
¥ O %8 13 3 1 22 A A AR B LR A AR it
TSN, DIEHABTE TR Ay S K S ke 75
Mz, % “2.8.17 TR ERELMR “2.8.27
TR FR 5 i 2544, SR AT MRM AR HEAT SE B0 HT (%
4), WA, BER . AR MRM RIS
MEE 5, 4558 0K 6.

B
3
12 N 56 78910 11
0 4 8 12 16 20 24 28 32 36 40 44
t/min
D
79|,10
| 5
‘ l
4 [
2
17| -‘31 6 8 11

0 4 8 12 16 20 24 28 32 36 40 44

t/min

1-L-BREIRs 2-L-RNEIR: 3K 4-FRAR3-0OFENEL; SMLE: 6-ARBRHEE; 7-Ma; 8-ILEwy 9-mREE; 10-REF: 11-—UKE.

1-L-tyrosine; 2-L-phenylalanine; 3-narcissoside; 4-isorhamnetin-3-O-glucoside; 5-quercetin; 6-luteolin; 7-naringenin; 8-kaempferol; 9-isorhamnetin; 10-

rhamnetin; 11-quercetin dihydrate.

E5 ZA (A). PEDHER B). ARDPEHER (O 1 #HNRZ (D) ABFER MRM RIS FE
Fig. 5 Blank (A), H. rhamnoides (B), H. rhamnoides vat. sp (C), and 11 standards (D) MRM extracted ion chromatograms

under negative ion mode
4 g
4.1 PR RIS BURE ST R IIIE
MR “3.27 TR 7> RALAG 2 & &2 7 BRI
9 NIEASE A 2 DNEEEIREY, 705 8 5 B
ZERVIIER. WEER LR L-RHARE.
PSS o B L DL LR Y SR A LT 2 R
NG, B IEAS [ 1) 70 S0 OGS AR A R
FR Y, W 7, S IER h HE D R DR R YD R
T, KB 2 NP LR =R L-
s IR S BT DO, RRID IR 2 R i
FERAT IR, EEEENERR TR
o9 MR RS B A 2 P SRR ) B BT A
oW, Wt PIAE TASFE RN R bR, HR R
R B B R A
4.2 pEDER. RRIDRP SRS EDN
SRS R, PR SIS B ER
TREWD P DI S8 R RIS R 152

Wit 26 MEERSS, KSR ZERERNE
BRI AT 9 Ay, HAE KRR b & 8w, R
T E B 2R A S B B 38 2 R ARV IO T KR
k.

S A JE R — AT BE R S T R R TE ARV R
WA, TSR R TS AR R R b B B R
ZEREURN 9 AN EEAR RS, R N FIE
TR 7 B 2 A S o SO AR, IR AN REAR
RRRIDTRP SN S8, H TR A B SR R
IrEUD, L 2 AN B B 2 1 2 e LT 1B A
WITs RN T e S R o A BUOSARA
K, RESLIGUESE, MEY)EEHEAEY) & B AT E
ERARF ), # 2 LA Z TR 515 CoA 575 Tk CoA
(coumaroyl-CoA) N EFERTARR, H 4l 5 K5
JE B AR DL A HEBRAR AT 5 . A7 Sz DA AR
FR AR EZARUNERE, BT KEGG 45 RRHEKH
RAIREIE BN RE, Bl sesd Frilifg 76 KR
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Fig. 6 Determination results of 11 flavonoids and amino acids in the H. rhamnoides and H. rhamnoides vat. sp
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LA LALy pykEm —» pPEERE-CoA

L Jcan +3 - E-CoA
LB — > Fopm — & Z8-CoA
CHS
L1158 SN Y- RE R

l CHI
FNS

[%ﬁmz@ JqTA—L[ﬂh&’%% N+ S ]—.

[ EVEES ]

F3H

LIS | pE

l DFR

ANS/ \L‘AR

PAL-ZK N Z IR ARG TAL-BREIRMEENE; CAH-PIHERR 4-F21bEE; CHS-EHE& pil; CHI-ZHER T HA0F; FNS-SEH &8 F3H-2¢HR-3-
AL FLS-HNAREAHE; DFR- S RNIE-4-0 )5 ; ANS-{EO R A E; LAR-LOLORITIRE.

PAL-phenylalanine ammonia lyase; TAL-tyrosine ammonia lyase; C4H-cinnamate 4-hydroxylase; CHS-chalcone synthase; CHI-chalcone isomerase; FNS-

flavone synthase; F3H-flavanone 3-hydroxylase; FLS-flavonol synthase; DFR-dihydroflavonol-4-reductase; ANS-anthocyanidin synthase; LAR-

leucoanthocyantin reductase.

7 AEEUEMERIEE
Fig. 7 Synthetic pathway of flavonoids
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