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Abstract: Objective: The anti-aging effect of the fruits of Rosa xanthina Lindl (RF) was investigated by the 'H NMR based
metabolomics using D-galactose-induced aging rats. Methods: Rat subacute senile model was established by subcutaneous
injection of D-galactose (400 mg/kg), and the anti-aging effects of RF were studied at three different doses (1.6, 3.2,
6.4 g/kg). On the 30th day, rat serum was collected and the serum superoxide dismutase (SOD), lipid peroxide (LPO) and
hydroxyproline (Hyp) were determined. The anti-aging effects of high, middle, low dose of RF were investigated by 'H
NMR metabolomics, and combined with multivariate statistical analysis. Results: When compared with the model group,
RF extracts could increase serum SOD and Hyp levels (P<0.01) and decrease LPO level (P<0.05, P<0.01) significantly. For
the rats in the model group, 13 differential metabolites in serum were changed (P<0.05, P<0.01) significantly. After
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treatment by RF, seven metabolites including lipid, arginine, glycerol, trimethylamine N-Oxide (TMAO), glycine, alanine

and N-acetyl glycoprotein were regulated in the high dose group, and then three metabolites including TMAO, N-acetyl

glycoprotein and leucine were altered in the middle dose group, while only phosphatidylcholine (PC) was decreased in the

low dose group (P<0.05, P<0.01) significantly. The best ranking of Efficacy index (EI) in three groups was high, middle

and low, indicating that the high dose of RF showed the best anti-aging effect. Conclusion: RF exhibited the anti-aging

effect probably through regulating oxidative stress, promoting collagen synthesis, and also related with various metabolic

pathways, such as amino acid metabolism and gut microbiota metabolism.

Key words: Rosa xanthina Lindl fruits extract; metabolomics; anti-aging; D-galactose

WO B RS B I R BORIE (Rosa
xanthina Lindl.) i1 il s SRS, 5 Fe Ml XAR R “ o
a7, JZ oA IR E A T 454 09 L XU e g
U EHIBCR S S R R E AR ST, LR
2 ZEORNE RIS o AR, AT B L SR,
HEABSIE I . PSRN0 T3 B ERI ST 2R
B, wORIBCEAT b . P S E Y mrar
SRR, BRI BCR AT DASE R SR 1, I 0T g
1 Y P AR S A B AL (SOD) AT e H ket &2 fk
Yyl (GSH-Px) A% 11, i RS sy, 5 A8
FERAHUPEA R 61%7, WM FLah ¥ s fzr A2, o
B SHRLsh ) 5t HA B B B 2R,
VLB AR R iV E ML A, H TR DLHGE o

R 22 RG24 3, REE S i), R
. SR NE RSN AL R B O ELRS N AR
PR BE A 34N 25 59877 . B RESEPR ('H NMR)
FARBEAGSHEEEP ., R . AR IO TG
IS, HRTE) 2 is AR 28 25580 N IF
I, WE SR AP A E ™ DRk i RUISE (4 b 1
YEFIS ., S K BE I BBEAE DO | 3 b o5 1E
FAUT 2% R g aE A QA AR R PR AR T PR
R As Ak, SR 22 A S T SR A DCAT
W3 i, 25V E LT BRI HE AL T — R e
%o AWt D-2FZUNHA S W S0k 2 3 R Rl
U, SR HH'H NMR AT 24 AR5 SO BOR S2 bt
WEAEF RARRAERPLS] . BG5S 2 AH 2k
AFEFRPENAE, 4G5A 2 25 AR M BAR SCH LR, N
BORIE A — 2 B PR T A PR ARl .

1 MREREE
1.1 MRS

WG SD K. 50 W, HEME, ARE 180£20 g,
Fh 3T D1 A (b0 A= AR A BRAS B AE, BRI
SCXK( 5 ) 2019-0010; Bl 427 55 56 71y 18 W P4 4] 3= 1
JE, B B EAOK, FEEIR(20+2) °C, TR 40%~
70%, 12 h BRI T TR, SC8E v By
5 Rl BETE I R sh W) S wS T R, Bt
JHFRTHIES SYXK (7%)2017-0001

FORIECR SR A WP A, & TR
B Ry BOR ST ToK LBEGrHral)  REETT 2
TG By Al D-2ZLME sigma 2\ 7 5 Bl &R
(Hyp) . ALY AL HE (SOD) 36 M | i S Ak g it

(LPO)IXF & ma sl @A o2 ir; 57K (99.9%)
T W eI R A B F o

R R KIS Y JE st B K 2SR A R
T]; 92SM-202A-DR HL F 43T K- Fij 1= Precisa;
Allegra 64R G E I ZREN L SEHE D = /R
A BRA A 4 A shlifF e b i 351E AWAR-
ENES 2\ 7J; Bruker 600 MHz Avance [l A% w5 LR
AL JBFHi% 600.13 MHz) %= Bruker 237,
1.2 SKWHE
1.2.1 BERIEGEEIEE S IEASHUEIZH Sk [12]
PEH, KBRS, A 10 fif i 70% B,
IR 3 YK, FEUR 1.5 h, $E ORI e 48 2 T4,
JITAS I BN S50 P AR b o
1.2.2 SE5G4r4H SD K RadE M R —JE S, FEPL
5y Ras FARXTRRZH (K | BERIZH (M) | BRI B B %
FlEH (D), FHREAH(Z) EHIEHE(G), F4
10 Ko BRZS F4H5h, HER R BB R IE 400 mg/kg™!
Je R ST D-2E2URE, ELRST 30 d, 25 AT RIER
FRABER K . W, BRZS A4 SHBERI4# F8 1 mL.
100 g %E B %4 TAERERK, SEORIBCRIBUIC. H . =7
SRR 1.6, 3.2, 6.4 g/kg F M B 45T H00)
HAREUY), EEE45 2 30 do SRS HE, L 5% K&
S S TE SRR (0.75 mL/100 g), € =50 kAL,
3500 r/min &5.0> 10 min, B2 L7, 5023, RAETF
—80 C VKFE ™, FiH . SRR IR E, 1154
MERSFEEL
1.2.3 FEERMEL S K
1.2.3.1 —BIEF2EMEE ARG, B
KEBAIEN . FEPRES . PP L S ARG 15 O o
FFCFEE 0. 7. 13, 21, 30 d 1A,
1.2.3.2 Afkdgbriiae FeRERGR Ui, 317K
BRUM Y& SRR (Hyp) . ML AL (SOD) | i
FEALNB R (LPO) AN RE o
1.2.3.3 'H NMR Ui 2H 22 A6 ) K B3 Ab 38 53 H7
MLYE R L 7E VKO R il R, RS 25 I B 450 ul &+ EP
A, IR 350 ul D,O, i€ 30's, T+ 4 °C, 13000 r/min
B0 20 min, B FVE W 600 pL #8225 mm RS
Hr, IARE- TR H] 600 MHz AZREASGIF TR RE ST HT 4
IMLYERE SR Carr-Purcell-Meiboom Gill(CPMG) ik
HIFE, MEAFR 600.13 MHz, $4H R ECH 64, HiAh
FURSH S M. 1% 56 12019.2 Hz, SRAEEHHA] 2.7263 s,



<12 - £ Tl B4

2023 4F 6 A

SHERINTE] 1.0 s, SRAEEE 2 65536, i MestRe-
Nova(version 6.1.0, Mestrelab Research, Santiago de
Compostella, Spain) A4 XF &5k L ILET A1k 22100 52
83.04 SEFR, P HEILLL | AR, MRYE HMDB(the Hu-
man Metabolome Database, http://www.hmdb.ca/) Fl1
BMRB( Biological Magnetic Resonance Data Bank,
http://www.bmrb.wisc.edu/) 52 L K SCik [15—17]
LSS | SRR IR SRR X RS T TR
EWEERGEEE .

HZREETELL 0.01 252K XT 6 0.60~6 9.00 43 B¢
BT, [A]S K ER ML 53 Th 5k 4K (6 4.56~6 5.00),
1SN LHAZMERR S, FER)A—bS S A SIMCA-
P14.1(Umetrics, Sweden) %4, B 54T PCA 4347
(Principal Component Analysis, == 8434347 ) , FI T
AT Y SRR DL LA S A S A SRR
JH PLS-DA (Partial Least Squares Discriminant Analy-
sis, /)N € B 43T ) X R R AT I8, KT
AR 25 AT s B i FH OPLS-DA (Orthogonal PLS-
DA, 1EAS e/ NSRBI o3 AT ) X A S A 15028
J&, 83t S-plot K1 Az VIP {H>1 G gL ) 43244 .35 5T
MRAAS B, RIAE Sh TRV i 22 A Qi . e &649)
T7E'H NMR EE 55 oK 58 21 & DX E ARk
%, XSRS AR A —A0 5 e A T B AR B 53T,
ZERSA GraphPad Prism 6.01 AP VERRIRIE

SRt 205E B OB [R) A BRZH (19 245 205355, A
WFEE 51 A 255038 %48 E1(Efficacy index)!* "1, H -4

El=)" m__l\é ‘ % 100

Hrh: G RN I AR TE S FHZH (K 4H) HAH
XJ A S0 M 2R s AH A A A A Y 2]
(M ZH) PR & 1 - 24018 X FRos i R rEA
[F&A 2520 A ARX & B i P AME
1.3 HiEALE

P EaRH SPSS21.0 #EAT434, PIZH BdE
b, £7 8 B R ¢ K56 AR IEA A R HAES:
¢ (Mann-Whitney U) £ 56 . 0 HE DL x+s R~ , P<
0.05 FoRA AEIEZER, P<0.01 WIZERI B EM 2R
2 EREH
21 —RIEEFENE

Wi 5 YA R] B SRS, 555 FHZHA0, HAs AR

ERIT 4Gt B0 3B 5 B A ¥ L AL L ARSI | st L
TG IOV RS, B2 ST A BT Ao 3FL
ARG [AIAAHERS | BRAR | FLHEEN S . BEE LA 20T
[aje N, &I HIBH | SR EH LS 25 3~4 JEXT
KE TR TAT M A It .
2.2 ERIBGREIR KRAERSID

H K BUARTEASMGAN T 2 1 s, B AR
25 2B TR A B, 452 R BRI SR Y0 e in . 51256
21 d Jm, 525 U4 AH b, AR ZH R BUA B 5 35 R AIK
(P<0.05), 457 3 DHIE M EORIEUS, BAR K FRIAE
AL TG 4245 (P>0.05), {B S5ARRIZH AR
ST A
2.3 KRMBFBENIEIRS T

KB TE AL Febror g R 1 53 2 r
No SOD JEHLAH B Z YT AL, RE/HA B
PERIFERIE [ AR, AU ANZHZRR0, s
AL, BIRILE BN SOD TH AN 22 4k (P<0.01);
EREARIZ A L, BEORIECER U | R A T b
PEFFREUMIEF SOD /K- (P<0.01), {HALF FgH -S43
HIZH 2 A B 22 5 (P>0.05) . H g 3kE—35H.
= EEIE R 0T, AR AR (AR, SR AN
YRR IHBRIE B LPO, ATt fise | s i85 m=
AEEM, A R3S R FE AW R, SEvtky
RZEWiFE R, 525 4 AR b, BRI 4 A RN 7

A

: A MM
1.05 0.95 Al_J v\\mL

C 27 6

31 29 28
7304 27 /
MLL 6 17 1y 1
85 80 75 70 16 hols 7
. . . . 23 ‘13U\M

858075 7.0 65 605550454035 3.02520 15 1.0
f1 (ppm)
1 KR A AY 600 MHz 'H NMR &l
Fig.1 Typical 600 MHz 'H NMR spectra of rat serum in the
comtrol group
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F 1 HUHKBRKEAL(n=12, x+s)

Table 1 Changes of body weight of rats in each group (n=12, x+s)
] (d) K4 (g) M4 (g) D#l(g) Z41(g) G#l(g)
0 197.6545.72 195.51+6.33 200.87+7.38 198.62+7.30 195.96+7.74
7 261.6047.72 255.84+8.19 263.45+12.21 261.08+11.74 262.1149.29
13 320.934+8.99 310.78+16.86 324.50+17.88 319.06+21.26 323.56+14.92
21 371.78+14.44 355.73+20.48° 374.98425.72 359.84427.28 369.23+17.94
30 425.39+20.62 403.82+27.00° 422.42+30.65 412.38429.20 420.30+26.51

52 A4, "P<0.05,
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Table 2 Contents of SOD, LPO and Hyp in rat serum

%3 KRB HNMR B E 2 AL R

Table 3 Identification of main metabolites in rat serum from

(n=12, x+£s) "H NMR spectrum
el SOD(U/mL) LPO(nmol/mL) Hyp(ng/mL) i R g s
K4 2.1840.23 15.20+1.54 202.38+18.33 N B 0.89(m), 1.28(m), 2.76(m), 5.32(m)
M4 1.60+0.15™ 19.12+1.71" 147.07+8.91" valine 0.99(d, 6.9Hz), 1.04(d, 6.9Hz)
D# 1.76+0.20 17.44x1.74" 158.53+12.99 isoleucine 0.94(t, 7.2Hz), 1.01(d, 7.2Hz)
Z4 1.84+0.19" 16.84+2.14" 181.06+15.74" leucine 0.96(d, 6.6Hz), 0.97(d, 6.6Hz)
G4 1.98+0.24" 15.70+1.63" 175.41+19.08" 1.20(d, 6.0Hz)

T 525 4L, "P<0.05, " P<0.01; S RIZHAH L, *P<0.05, #P<0.01,
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Fig.2 PCA scatter plot of serum samples from all rats
TE: K 2H-25 FIL 2 M2 -RERI A D 2R IR 1 25 Z 21 -+ )
H; G A

BE— 20 B R 20 5 25 2 =2 [E] A R 25 5%,
SR PCA 00T (8] 3A) WSS FEAS I 43 k4

1

2

3

4

5 3-hydroxybutyrate
6 lactate 1.33(d, 6.6Hz), 4.12(q, 6.6Hz)
7

8

9

alanine 1.48(d, 7.2Hz)
arginine 1.90(m), 1.73(m), 1.58(m)
acetate 1.92(s)

10 NAG" 2.04(s)

11 OAG’ 2.14(s)

12 acetoacetate 2.28(s)

13 pyruvate 2.37(s)

14 succinate 2.41(s)

15 glutamate 2.06(m), 2.35(m)

16 glutamine 2.14(m), 2.44(m)

17 citrate 2.53(d, 15.9Hz), 2.70(d, 15.9Hz)

18  dimethylglycine 2.92(s)

19 choline 3.20(s)

20 PC* 3.22(s)

21 GPC® 3.21(s)

22 TMAOP 3.28(s)

23 creatine 3.04(s), 3.94(s)

24 glycerol 3.66(dd, 4.2Hz, 11.4Hz), 3.59(dd, 4.8Hz, 11.4Hz)

25  scyllo-inositol 3.35(s)

26 glycine 3.56(s)

27 glucose 5.24(d, 3.6Hz), 4.65(d, 8.4Hz)

28 tyrosine 6.89(d, 7.8Hz), 7.19(d, 7.8Hz)

29 histidine 7.75(s), 7.04(s)

7.32(m), 7.37(m), 7.42(m)
8.46(s)

#: a. s: singlet, d: doublet, t: triplet, q: quartet, m: multiplet, dd: doublet of
doublet, b. NAG: N-Zi#HHE H; OAG: O- LM H; PC: BENEHEADGH;
GPC: H il B AR f; TMAO: &4k =Hi e,

30  phenylalanine

31 formate
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Fig.4 Comparison on relative contents of different metabolites in each group
TE: 5725 U4 I, *P<0.05, **P<0.01; SHEBILIAH L, *P<0.05, #P<0.01.

# 4 ZRNYTES A S B IE R AR R4 R
Table 4 Mean contents of different metabolites and efficacy
index in each group

AN T AR (% 100) (%)

P
K4l M#4 DA z#H G4l D#  Z#H G4l

BEBR Bt 40.15 27.64 3130 32.58 39.78 2925 3952 97.03”
AR 2442 1400 1655 16.15 21.64 2451 2061 73277
HER 1635 2140 1936 18.61 18.44 4034 5514 5853
SSERIR 19.95 2326 21.79 2274 2245 4435 1546 2435
HAE 1833 21.44 2092 2088 19.08 1684 1811 75.76”
TMAO  61.98 89.98 92.05 63.15 54.31 - 9586" 127.417
HERR 5223 6507 66.77 59.82 52.72 - 4089 96.15°
WERR 3823 46.62 4560 4323 42.10 1222 4037 5387
PC  57.07 64.20 5896 64.96 63.51 73.51° - 9.70
OAG 5853 66.05 62.87 62.87 63.06 4235 4235 3982
NAG  61.07 55.17 54.12 59.30 62.83 - 70.04" 129.757
SEREIR 3433 4034 37.75 35.03 3672 43.01 88.42° 60.24
GPC  33.68 36.95 3471 39.17 36.76 6825 - -
EHE%L 394.61 526.75 845.90

e SRR ML, "P<0.05, T P<0.01,

R b RO
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XF, B LPO 5 PC. LPO 532 4% . SOD S5 HAE .
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Fig.5 Correlation analysis between biochemical indicators and
different metabolites
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