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Effects of different processed products of Crataegi Fructus on hyperlipidemia rat
model by "H-NMR metabolomics
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Abstract: Objective To investigate the difference of lipid-lowering effect of raw and processed Crataegi Fructus, and to select the
optimal antihyperlipidemic product. Methods The hyperlipidemia model of SD rats was induced by high fat diet. After administration of
Crataegi Fructus (1.5 g/kg), fried and coked Crataegi Fructus (1.5 g/kg), the changes of serum metabolites were analyzed by "H-NMR
technique combined with multivariate statistical analysis. Results Different processing products of Crataegi Fructus can significantly
reduce the levels of TC, TG, LDL-C in hyperlipidemia rats, among which Crataegi Fructus had best hypolipidemic effects. The serum
contents of lactate, pyruvate, lysine, creatine, glycerol, ornithine, TMAO, o-ketoisovaleric acid, O-acetylglycoprotein,
N-acetylglycoprotein, leucine and isoleucine were increased in model group, while choline, acetone, threonine, scyllitol, glutamine,
glutamic acid, MUFA, PUFA, GPC, and glucose were decreased compared with control group. After administration of different processing
products of Crataegi Fructus, endogenous metabolites were recovered significantly. The effect of Crataegi Fructus on hyperlipidemia was
superior to those of fried and coked Crataegi Fructus according to the degree and number of the metabolites recovered. Conclusion There
are differences between the raw and processed Crataegi Fructus, and raw Crataegi Fructus showed the best effect on hyperlipidemia, the
effect may be achieved through regulating oxidative stress, energy metabolism, amino acid metabolism, and gut microbiota.
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K H ELISA y:ill s &% 4 KRG+ TC. TG.
LDL-C. HDL-C /KF (FZl7 & il AR ).
2.3 MiEZRGE S & RN E &1

B B3R IS 450 uL F 1.5 mL EP &, FHIIA
350 uL D20, i€ 30's, 13 000 r/min 0> 15 min,
B _Ei&EW 600 L F 5 mm AZREE T, . RH
CPMG (Carr-Purcell-Meiboom-Gill) kM F4, %
%N 12 019.2 Hz, FAHEIRECH 64 K.
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KH MestReNova A% #f P 1 4 b b 3 3044 X
4230 "TH-NMR B 3% DUILER (9 3.04) Aybm i) B itk
AT R AL I, AT AR . LR R,
PLS 0.01 NEAL, XTS5 0.70~9.00 [X ek i) 3 & 3¢
ITEREEE], YIB 6 4.50~5.10 KIELLK §
1.21~1.26 1 6 4.05~4.11 FREEFUE, xF B AT
o BARGY, B BRI — R, AT EZ0s
T

2.5 GItESR

K FH SIMCA-P 13.0 4K NMR R AL 3 1177
SRR RS, T2 TS, B
FEER 30T (PCA), HE—25 F hid /> 35 5
#t (PLS-DA)D LA J IE 52 fi #5 /Iy = 3¢ 2 1) 43 #r
(OPLS-DA) Ak 4 [H] 2 7, LA OPLS-DA #5%4! VIP
(variable importance in the projection) {H KT 1 fEA
ZE AR RSy . R SPSS 22.0 #AF One-Way
ANOVA it 22 s AU AT 2 YA 56
3 4£R
3.1 XEREILFEX R IS /K FaI SN0

LRI LA, AERYZH KBRS TC TG LDL-C
ACFIE R (P<0.05. 0.01), HDL-C 7K %
(P<0.01); SHAIALLE, BLAZGHMIGRRE TR
FUMJE TC. TG LDL-C /KF (P<<0.01), %} HDL-C
KT EIEPER o LLiAd 5 i) it ZELX v i TR A K
UM A A A FREE R . S5 R 1.

F1 UHETRERE @S MERE KR MASKFHEMm (X £s,n=8)

Table 1 Effects of different processed products of Crataegi Fructus on serum lipid level of rats (X s, n=8)

24 5 HE/(gkeg™) TC/(mmol-L™) TG/(mmol-L1) LDL-C/(mmol-L™")  HDL-C/(mmol-L™)
Xof — 1.50£0.05 0.55+0.06 0.2240.02 0.80%0.06

B — 1.6940.05" 0.67%0.11" 0.51%+0.07" 0.5140.11"
LA 1.5 1.20£0.09% 0.45+£0.10% 0.37£0.06" 0.24£0.07
I Ll 1.5 1.4040.11% 0.48+0.10% 0.3440.12# 0.254+0.06
L 1.5 1.43£0.10% 0.53+0.10% 0.45+0.12 0.29+0.04

SRANE: "P<0.05 "P<0.01; SEMAHLLE: *P<0.05 #P<0.01, FFH
"P<0.05 "P<0.01 vs control group; *P < 0.05 *P <0.01 vs model group, same as below
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Table 2 '"H-NMR assignments of major metabolites in serum of rats
5 A SH 5 Ry S

1 LDL/VLDL  0.88 (m), 1.28 (m) 20 NEAERER 2.37(s)

2 RRER 0.94 (t,J=7.2Hz), 101 (d,J=72Hz) | 21 BEIME 2.41 (s)

3 AR 0.96 (t,J = 6.6 Hz) 22 LR 3.04 (s), 3.94 (s)

4 HER 0.99 (d,J=7.2Hz),1.04 (d,J=72Hz) | 23 FHH 3.20 (s)

5 o-ffiFREE  1.07 (d,J=7.2 Hz), 3.0 (m) 24 TEMEAHAR 3.21(s)

6 3-$FETHE  1.20(d,J=6.6Hz) 25 HIMBEEERRER 3.22 (s)

7 R 1.31 (d, J= 6.5 Hz), 4.22 (m) 26 —H% 2.92 (s)

8 FLE& 1.33(d,J=7.2Hz),4.12(q,J=72Hz) | 27 TMAO 3.27 (s)

9 2-NEKER  1.44(d,J=6.6 Hz) 28 B 3.35 (s)

10 A% 1.48 (d, J=7.8 Hz) 29 EENE 3.45 (m), 3.74 (m), 3.82 (m), 3.90 (dd, J=1.8,
11 #ER 1.70 (m), 1.88 (m), 1.50 (m) 12.0 Hz), 5.24 (d, J=3.6 Hz)
12 Y%Em® 1.72 (m), 1.87 (m), 1.92 (m) 30 HmAg 3.57(dd,J=4.8, 11.4 Hz), 3.66 (dd,/=4.2, 12.0 Hz)
13 BAR 1.92 (s) 31 SR 3.26 (s), 3.93 (5)
14 BAW 2.05 (m), 2.35 (m) 32 HIEHEER 3.70 (s)
15 ARG 2.15 (m), 2.44 (m) 33 HEm 3.55(s)
16 N-ZEEHEEE 2.05(s) 34 PUFA 2.78 (m)
17 O-4BFEEE 2.14(s) 35 MUFA 5.30 (m)
18 TARH 2.23 (s) 36 AR 7.04(s),7.74 (s)
19 ZWoR 2.28 (s) 37 Hg 8.46 (s)

LDL-&% FEAE 8 H: VLDL-HARH NG E E: TMAO-AAL = iZ; PUFA-Z AMUMARHTER: MUFA- SRR TR
LDL-low density lipoprotein; VLDL-very low density lipoprotein; TMAO-oxidation of trimethylamine; PUFA-polyunsaturated fatty acids; MUFA-monounsaturated fatty acids
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Fig.3 OPLS-DA score plot (left) and S-plot (right) in serum of rats

TR SRR ) OPLS-DA HUA R RE/R  a-BiRKR. O-ZFEA. N-ABHEA. =&
PR B0 FF, REMR ). 3 KB 40751, R, BREQRSEE, mEE. AR, 5FER.
5550 FRAH L, BB A g 22 ANINVRTEARI =R B BRI A 2R  H I i BE AR (GPC)
FREWER (P<0.05), HPAR. WEEE. B  #&EE. 2 A 0WMIEDIR (PUFAD. SAHAE D
TR VR Hil g D& S =H I (TMAO). R (MUFA) &M%k, SHEAALE, il



Chinese Traditional and Herbal Drugs 25 50 % 25 10 #§ 2019 5 A

FLER AR
154 0.257
’ 0.204
IE 10 i
4 =5 — 40157
= 12010
E 5- —'Q
= 0.051
0 - - 0 -
A B C D E E
R
1.5 0.8
0.6
i 1.0 i) s
4 T 4T 0.4
£ 05 5 i u E 02
0 . . . 0 -
A B C D E E
AR TMAO
0.08 2.0 1
mm()% Em 1.5 4 -
4 i . T
EOM = 1.0
— jusag
= 0.02 0.5 1
0 T 0o - T T
C D E
PUFA MUFA
0.10 0.10-
0.08 0.08-
i} I
41 0.06 a 0.06+
% 0.04 >< £ 0.041 T T
0.02 = 0.021
0 0o -
A B C D E

A-XHIE B-BRY C-iilifd

* 2367
iR TS PR
03 0.8 1
g 0.2 g 06 T T
& - -<E. 0.4
= T - ' L
= 0.1 i = |
E= 0.2
0 —— 0 — -
A B C D E A B C D E
B Hhig
0.31 0.25+
0.20- T
18 0.2 i T o
o <r:[ 0.151
201 T % 0.104
= i = %08
0 : T 0 T
A B C D E A B C D E
i BEM
0.5 0.20
iz 04 T 0.15 T T
4103 " T
2 o 400,10
_% 0.2 5 ’
0.1 70.05
0 T T T 0 . T T
E A B C D E
a- Fﬁﬂﬁﬂzﬁx TR
0.25 0.25
. 0.20 T 0.20 - T
41 0.15 < 0.15
E i
=010 Z0.10
0.05 = 0.05
0 - 0
E A B C D E

D-JhiliE  E-fEiliE

A-control group B-model group C-hawthorn group D-fried hawthorn group E-coked hawthorn group

& 4

FHARMBESRKGHIENDE (X £5,n=8)

Fig. 4 Relative content of different metabolites in serum of rats in each group (X s, n=28)
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Fig. 5 Heat maps of different metabolites of rats in each group

NGRS (2 NN IR N AL TSR e
4.1 FANH

SEALBORTRIE TR (ROS) PRI AL DY
Az TR) ) B R AT, R LA PN B T RE R RS DL K Bl ik
SREIE AL R R I R LI, = MR R 1 R A HE
1% B-% L2 ROS [ HE ZRIEI, Jiang S5 52 2
T B ML S A PUFA/MUFA 18 R F%, mlREs
FAL BB DA KR TS A 5. ARSI, B
") PUFA J MUFA 7KV~ & n] fe 5 80 R i 2L
PUFA i A MBI 5¢, PUFA /b /& NAFLD &
P 1 2 ZLPR 2R U5, Martin S5EUOIE SGF FL ) o) 4
BN AEEAL 2 e BB T ORI, R A T DT T
AT B sh Bk REREAL, FRES T HE A FEEM
22 ANVRLRD I 7 R DA R VAN T O R 2 e O BBE = . kAL
AHIE T 2 = B R 75 5 AR R A K R A R Ik
HHRAMIKT TR BEaMEFR 2R S RAPTUA
eI H K (GSHY & IRTAR, AT RELE S
PrEMB R B . A H s i 8D
HO KA A0 4, HAFEuH S8 ROS ZK-T-38 i,
Sl e Lt AL, W LDL &4k A AL R 25 7 g 2R
F1 Cox-LDL) . o m # i P 5z 48 B il — 44 4
(NO), RN EE (ET) MAERAMBRE, M
HE A WCAR AT LA R G 5, SRR AR AL
ML DD R . LA B AR PUFA.
MUFA LR A5 S Bt e A SR 17K, R 1 L
& AT BT v R B 5| I AR e A DA B SR A B
BERER
42 HEENRiH

AR A CPEIREAR SHE 3D =R

g3k (TCAY REEIIACE R4, A AT,
PR R T 3 O P R S MR O LR AL HE
TCA (&35 SR1, e i TIUAE AT 3 S50 o 7 2 S PO ik
b, G NI 7 LI A BORAL, T EUAEIR
AT, A E R A AR . Besh, FETE
FSRAETN, AERAEILIR AN (LDH) fiEfL T#%
WAFLIR, SR The, Al BRI TR B-4
o SXIRA LR, BRAPER. FRAKTRE
Thim, KW AR FECCRBE RS RTL. M,
PUFA i A6 51 2 H KT B B v i I AE A 2R K
SR AT AEJE L AR o A LIRS BE o B i A AT AL
W e DAy T RE S BORE AN KL, IS 40 T
3 A AN W e 4 IR R T X Sl K A
BEACAE S MiS, DR, i BT SE A iy E e
KR, I A S BUR M EE S S A AR L R 1)
A FFE, s LB KT &2 N R, T PUFA JK
i B, EHRACT IR R AR, R
LA B AR e I JIILAE 51 A O AL A R A KA 3L
4.3 SEBKH

AR ER (TDH) ML, iR
SN 2-8 -3 T IR, HRPBE R H &R AN 4
Al AR ZMEANE A FENRITIR M A& K
AR B A 1 P ke A A AR R . AW T
e i I AR TR K B 5 2 R AT WL R B, IR
R GHEF A RRACT W T, TR TR ERIR 7
AR ACE N R BRI, LA A] BE I ) 05 2R
I AR R G A vt AR B S B BLAR AR 2K L

BRI PR AR R (e A Y, S
I e R B 3 1 i G ILAE A BRI % 2 R KT



%4

Chinese Traditional and Herbal Drugs 25 50 % 25 10 #§ 2019 5 A

* 2369 °

TR o S S R ) A AR KR R
TR, T AR KR TR R A AL, BOE R D 2 2
Ui 25 1 J0 R AR H ek 1 6 B TENLAR RE AR 2
HEREARY, FILERIT 4 BT T SEIR
AT s 3, 2 B L LR T i T v R U 5 i
1) Jig o AR G B 1 DA 22 e B AR 25 5L, S n SR 1T
A A 1 I I 99 R R R RN R Jo 1A 5 B E AR b
HEW,

AR 3 AR AR 1 B 2 7= ) o S e A2,
IR E SRR B 2V LBt A E
L, AT R R A S BR AU AR OGBS 1, P
e I HLRE 5 A K BRI A st B A 358 L . ks,
HEEMEIEEE B100 (ApoB 100) ki A #ia
P P = AR A SR = s it — D A1), Y
S 3 IR KT 0 7 s T R B v T IR K BROBE
AR DA K AR AR S o 5 LA T 2 T v R Ut
TR K, AR e i MORE 6 2 B AR 3L
51 S IATLAARE AR AN i o A I P 1
44 MHEEREKE

TMAO KIET &A= e, ERRARI a1
B AR B p 72 A W i (DMA)D i = H %
(TMA) . A5 K R HH R K T B S B,
B8 TMAO 7KFI 7t & i 1L A& YR T ) » BB TMAO
K250 T o) B [ ] () 34 o X 3R IR 7 v i I
R, REN FHFERAEY X RGNS
PR AT B SR A 2 AR 7 2% BA i 1
W SR EFESENETIAER, SHERRE
S FEGEA AR, FEREY W TMA
TMAO 2 38124261, TMAO FAR AT g i i 1 35
Wk £ 5 T 975 008 R A2 ks, (R gk Bl ks i i ik
PR3, i3 o AR ) #E 8 ] B3R BA i 18 AR A AR
Ak, FE TMAO KF 55 s, e 1 &
Ut LR PR S 6 12 o AR 72 3% B L i R A R A i i
B RS H 5 TMAO AKFTH&E, 8% = e MUAE
S AN WK FERE AL IR AT BE R oAb, AL KR
& LR KT SR FEAR . 2 USRI ARt A2 vh 45 i i 3
FEA R S e R R B R LA R A )
AP42 AYEMTE A LR T R E I Y T e
TR PR T g LT i LR, A2 KR AR 7K
{E2 T B LB 500 1038 500 1A % R AT i, A
T EE— B SR I R R m IR IR B SR &
JULIEE R 38 (I AL o

AW TR THANMR VAL & 2 u gt ik o g

LGB EART T %, o 7RG v R IUAE A BT
YERS . L3R i) JURMEAE (0 AL AR S AT REA BT
R et I HILAE P A R B L U 1 I g S A
AL o LA B AT 2B v i I A UL TC TG
LDL-C /K1, Jf H Al A [F A i 42 #7330
Fere A A A 2L, S AR IS IR R IR
WEE ALK v Al B SRS X 3 Mk A A T A 2 s £
KR, BEAh, s A TR AR AR AL 2 Rl 2%
B LR DR TR 4 S 825, ez, R
LS. WIAARIPINHE PRI G (&2
PR MRS =R A (RRARIR. FPICR
W) A5 PLE e I, i1 I 6 LA P v ik
5971 fe 5 B R A & BRI R

LA 7 R T I T AR B 5 K T
'"H-NMR  H1 - HAG I PR vy 3 B0k A 0 2 A
b, JEBEE TR P I F AN FL i i S 2 24 ¢
ATt —22 o0 b, amRR LR R AL, S
SERRHETE IR IAR S, 1 LR rp B — b
R R R U et s A 2B AT, il R
R BB -

£ 3Rk

[1] &N, dHKE, fKAEF, S J2yu sk s e
[J]. "F#E24, 2017, 48(17): 3636-3644.

[2] HEZ [S]. —#. 2015.

31 %= fh, & E LERMEEETR (1] FEPARE,
2004, 29(6): 12-15.

[4] BT, £ 45, XA, % b At am e i
B FUER [7]. T2, 2018, 49(3): 512-520.

[5] T 2yl (M) dbat: v E B2 H AR A,

2012.

[6] #hm, BEEE, T8, & 3 TIRUH A5 £
SHEGEG MW [ B R 25, 2013, 44(22):
3177-3181.

[71 Nicholson J K, Connelly J, Lindon J C, et al.
Metabonomics: A platform for studying drug toxicity and
genefunction [J]. Nat Rev Drug Discov, 2002, 1(2):
153-161.

[8] BN, 2 W, & W, % HEKEYTH DA
PEECEZ KRR 2 AL (7). R, 2017,
48(17): 3545-3553.

(91 xPRFF, x| X, Bk, 4. 3T 'H-NMR AU
FR G A fUBURE M LA AL FE (7], 25, 2016,
47(7): 1142-1148.

[10] Oorni K, Pentikainen M O, Annila A, ef al. Oxidation of

low density lipoprotein particles decreases their ability to



© 2370 ¢

¢ £#% Chinese Traditional and Herbal Drugs

HS50% E 108 201945 H

[11]

[12]

[13]

[14]

[15]

bind to human aortic proteoglycans: Dependence on
oxidative modification of the lysine residues [J]. J Biol
Chem, 1997, 272(34): 21303-21311.

Al-Waiz M, Mikov M, Mitchell S C, et al. The exogenous
origin of trimethylamine in the mouse [J]. Metabolism,
1992, 41(2): 135-136.

Khatri J J, Johnson C, Magid R, et al. Vascular oxidant
enhances and

stress progression

Circulation, 2004, 109(4):

angiogenesis  of
experimental atheroma [J].
520-525.

Browning J D, Horton J D. Molecular mediators of
hepatic steatosis and liver injury [J]. J Clin Invest, 2004,
114(2): 147-152.

Jiang C, Yang K, Yang L, et al. A '"H NMR-based
metabonomic investigation of time-related metabolic
trajectories of the plasma, urine and liver extracts of
hyperlipidemic hamsters [J]. PLoS One, 2013, 8(6):
€66786.

Araya J, Rodrigo R, Videla L A, et al. Increase in
long-chain polyunsaturated fatty acid n-6/n-3 ratio in
relation to hepatic steatosis in patients with non-alcoholic
fatty liver disease [J]. Clin Sci, 2004, 106(6): 635-643.
Martin J C, Canlet C, Delplanque B, ef al. '"H NMR
metabonomics can differentiate the early atherogenic
effect of dairy products in hyperlipidemic hamsters [J].
Atherosclerosis, 2009, 206(1): 127-133.

Ahmed N, Thornalley P J. Chromatographic assay of
glycation adducts in human serum albumin glycated in
vitro with

by derivatization 6-aminoquinolyl-N-

hydroxysuccinimidyl-carbamate and intrinsic

fluorescence [J]. Biochem J, 2002, 364(1): 15-24.

Guo W, Jiang C, Yang L, ef al. Quantitative metabolomic
profiling of plasma, urine and liver extracts by '"H NMR
spectroscopy  characterizes  different  stages  of
atherosclerosis in hamsters [J]. J Proteome Res, 2016,

15(10): 3500-3510.

[19]

[20]

(21]

[26]

Catala A. A synopsis of the process of lipid peroxidation
since the discovery of the essential fatty acids [J].
Biochem Biophys Res Comm, 2010, 399(3): 318-323.
Guerranti R, Pagani R, Neri S, et al. Inhibition and
regulation of rat liver L-threonine dehydrogenase by
different fatty acids and their derivatives [J]. Biochim Et
Biophys Acta Gen Subj, 2001, 1568(1): 45-52.

Sugino T, Shirai T, Kajimoto Y, et al. 1-Ornithine
supplementation attenuates physical fatigue in healthy
volunteers by modulating lipid and amino acid
metabolism [J]. Nutr Res, 2008, 28(11): 738-743.

BtasR. Sk s e A A R AR AL 2 BT 5T (D
O R, 2013.

Rebouche C H. Carnitine metabolism and its regulation in
microorganisms and mammals [J]. Ann Rev Nutr, 1998,
18(1): 39-61.

Kim I Y, Jung J, Jang M, et al. '"H NMR-based
metabolomic study on resistance to diet-induced obesity
in AHNAK knock-out mice [J]. Biochem Biophys Res
Comm, 2010, 403(3): 428-434.

Holmes E, Li J V, Athanasiou T, et a/. Understanding the
role of gut microbiome-host metabolic signal disruption
in health and disease [J]. Trends Microbiol, 2011, 19(7):
349-359.

Jung J, Kim 1 Y, Kim Y N, et al. '"H NMR-based
metabolite profiling of diet-induced obesity in a mouse
mode [J]. Bmb Rep, 2012, 45(7): 419-424.

Sun Y, Zhang G, Hawkes C A, et al. Synthesis of
scyllo-inositol derivatives and their effects on amyloid
beta peptide aggregation [J]. Bioorg Med Chem, 2008,
16(15): 7177-7184.

ZotiE, VI, TR, S5 KRR IR A RO
SEIGWFAT [J]. EZE, 2002, 33(1): 52-54.

kR, ZEM, I ZE, S MHI L 3 B A R
s m I K&EFEYRKF ¥R, 2014, 30(1):
31-34.



