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Abstract
Background: Hawthorn, a commonly-used traditional Chinese medicine (TCM) for treating dyspepsia dysmenorrhea and
hyperlipidemia, etc., has been proven to improve gastrointestinal motility, avoid food retention. Due to its complex
ingredients, the active fractions responsible for the treatment of improving digestion remain largely unknown. To explore
the underlying material and interpret its potential mechanism, the therapeutic effect of extract from different polar parts of
hawthorn on gastrointestinal motility disorder was studied based on the ultra-high performance liquid chromatographytandem mass spectrometry (UPLC-MS/MS) metabolomics .
Materials and Methods: The rat model of gastrointestinal motility disorder was established by subcutaneous injecting with
atropine. The modeled rats were then treated with 4 polar parts (T1-4 in descending polarity, corresponding to water, nbutanol, ethyl acetate and petroleum ether extracts, respectively) of hawthorn for 5 consecutive days. The stomach, small
intestine, plasma samples were collected and then subjected to related measurement (gastric emptying rate and small
intestine propulsion rate), UPLC-MS/MS metabolic pro ling and multivariate/univariate statistical analysis.
Results: The results showed that T3 had the best therapeutic effect, and T1, T2 and T4 with no obvious therapeutic effect,
demonstrating that the effective components of hawthorn should be compounds of medium polarity. T3 achieved good
therapeutic effects due to the gastrointestinal motility promotion activity, and by rectifying the disturbed amino acid
metabolism in gastrointestinal motility disorder model.
Conclusion: This integrated metabolomics approach proved the validity of the therapeutic effect of extract from different
polar parts of hawthorn on gastrointestinal motility disorder, providing new insights into the underlying mechanisms, and
demonstrating the feasibility of metabolomics to evaluate e cacy of herbal drug, which is often di cult by traditional
means.

Background
Hawthorn is the dried and ripe fruit of Crataegus pinnati da Bge. var. major N.E.Br. or Crataegus pinnati da Bge [1]. In
addition to being consumed as a food, it has also been commonly used as a traditional Chinese medicine (TCM) for over a
thousand years. Currently, hawthorn is widely used to improve digestion, avoid food retention [2, 3], treat dysmenorrhea [4]
and hyperlipidemia [5].
Gastrointestinal motility disorder (caused by gastrointestinal or systemic diseases) is characterized by slow
gastrointestinal motility and delayed gastric emptying and cause decreased digestive function [6, 7]. Whether organic or
functional, all gastrointestinal smooth muscle dyskinesias are included in gastrointestinal motility disorders [8, 9].
Pharmacological studies have shown that the total avonoid extract of hawthorn can alleviate TNF-alpha-evoked intestinal
epithelial barrier de cit via the NFkappaBp65-mediated MLCK-MLC signaling pathway [10]. Hawthorn can also improve
gastrointestinal motility caused by atropine sulfate in rats. It contains a variety of organic acids, which increase the
secretion of gastric digestive enzymes, enhance the activity of lipase and protease, and promote the peristalsis of the
gastrointestinal tract [11]. These enhance mechanical and chemical processes related to digestion.
In order to further determine the active ingredient of hawthorn in the treatment of gastrointestinal motility disorder, We used
multivariate statistics to analyze the effect of extracts from different polar parts of hawthorn on gastrointestinal motility
(e cacy index) on model rats. In addition, the UPLC-MS/MS-based plasma metabolomics method was used to study the
changes in plasma metabolites in rats with gastrointestinal dyspraxia (induced by atropine sulfate) treated by hawthorn.
Thus, the possible mechanism of improvement of gastrointestinal motility (atropine sulfate-induced) in rats with hawthorn
was analyzed from the perspective of metabolomics.

Methods
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Materials and reagents
Hawthorn (Batch number: 170801, Guangzhou Zhixin Chinese Medicine Pieces Co., Ltd., Origin: Shandong); Domperidone
tablets (Zhejiang Deend Pharmaceutical Co., Ltd.); Atropine sulfate injection (Tianjin Jinyao Pharmaceutical Co., Ltd.);
Chloral hydrate (Macleans, AR > 99.0%); Petroleum ether (Tianjin Baishi Chemical Co., Ltd., analytical grade); Ethyl acetate
(Tianjin Baishi Chemical Co., Ltd., analytical grade); N-butanol (Tianjin Zhiyuan Chemical Reagent Co., Ltd., analytical
grade); Formic acid (Aladdin Reagent Shanghai Co., Ltd., chromatographic grade); Methanol (Germany Merck shares two
companies, chromatographic grade); Acetonitrile (Germany Merck shares two companies, chromatographic grade).

Preparation of the extracts
Hawthorn was pulverized by a high speed automatic Chinese medicine grinder. Then, 500 g of the coarse powder (No. 4
sieve) of hawthorn was extracted three times with 6000 mL of water, 100 minutes each [12]. Three water extraction
solutions of hawthorn were mixed and concentrated under reduced pressure at 50 ℃. The water concentrated solution of
hawthorn was extracted by three different solvents (petroleum ether, ethyl acetate, and n-butanol), respectively for 3 times,
and then concentrated, freeze dried into powder to obtain four different polarity parts, including water part (T1), n-butanol
part (T2), ethyl acetate part (T3) and petroleum ether part (T4) [13].

Drug administration and model preparation
Equal numbers of male and female SD rats (body mass: 200 ± 20 g) were provided by the Guangdong Provincial
Laboratory Animal Center, China. They were housed at a temperature of 24 ± 2 ℃, a relative humidity of 50 to 60%, and a
12 h light-dark cycle was set in the SPF animal laboratory. Standard diet and water was provided. The animal protocol was
approved by The Animal Ethics Committee of Guangdong Pharmaceutical University.
All the rats were acclimatized for 3 days and then randomly divided into 7 groups (each with 8 rats): a normal control group
(NC group), a model group (MOD group), a domperidone, group (DOMP group), and 4 sample groups of hawthorn extracts
(T1-T4 groups). Rats in the NC and Mod groups were administrated with 0.5% CMC-Na solution, and those in the DOMP
group were administrated with domperidone (2.8 mg·kg− 1). Rats in the 4 sample groups of hawthorn were administrated
with T1-T4 samples (2100 mg·kg− 1), respectively. All the groups received their administrations once a day for 5 days.
After 4 days of treatment, all eating was stopped except for water for 18 hours. After 20 min of administration on the 5th
day, each group was subcutaneously injected with atropine sulfate at a dose of 1.4 mg·kg− 1, except for the NC group that
received subcutaneous normal saline injections. After 20 min, the rats in each group were intragastrically administered the
semi-solid black nutrient food. The nutrient food containing 10 g of carboxymethylcellulose sodium, 16 g of milk powder,
8 g of starch, 8 g of sugar, and 2 g of activated carbon powder was added in 250 mL of distilled water. The mixture was
uniformly stirred to prepare 300 g of a semi-solid black nutrient paste, prepared for animal treatments.

Plasma sample collection and preparation
After the semi-solid black nutrient food administration for 20 minutes, blood was withdrawn from the abdominal aorta
using a sodium heparinized blood collection vacuum tube, and centrifuged at 4000 rpm for 10 min to obtain supernatant,
which was stored at − 80 ℃.
The plasma samples were thawed at 4 ℃, and then 100 µL of plasma was transferred to a new tube and diluted with 200
µL of cold acetonitrile (4 ℃). After vortex for 1 min, the diluted plasma solution was centrifuged at 4 ℃ at 13000 g for
15 min to remove proteins. The supernatant was transferred to a new tube after passing through a 0.22 µL microporous
lter membrane, and then the ltrate was transferred to vials for UPLC-MS/MS analysis.

Measurement of gastric emptying rate and small intestine propulsion
rate
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After blood collection, gastric emptying rate and small intestine propulsion rate were examined by the following procedure.
Brie y, after ligating the gastric cardia and pylorus, the operator took the stomach, wiped it with lter paper and weighed it
(labeled “G”). Then the operator cut the stomach along the greater curvature, washed its contents, and again wiped it with
lter paper and weighed it (labeled “g”). The “G” and “g” values were used to calculate the gastric emptying rate (Formula
1). The total length of the small intestine was also measured (from the pylorus to the ileocecal area, labeled “H”) along with
the distance from the pylorus to the black semi-solid paste front (labeled “h”). The small intestine propulsion rate was
calculated based on the values of “H” and “h” (Formula 2).
Gastric emptying rate (%) = 1-(G-g)/2*100% (Formula 1)
Small intestine propulsion rate (%) = h/H*100% (Formula 2)

UPLC-MS/MS analysis
Chromatography was performed on a UPLC system (Thermo Corp., USA) with an autosampler at 4 ℃. The separation was
carried out on a Hypersil GOLD™ C18 column (2.1 mm × 100 mm, 1.9 µm, Thermo Corporation, USA). The column
temperature was maintained at 40 ℃. The analysis was performed with gradient elution using (A) water with 0.1% formic
acid, and (B) acetonitrile as the mobile phase. Gradient elution was modifed as follows: 0–4 min, 5–30% B; 4–6 min, 40%
B; 6–7 min, 60% B; 7–9 min, 95% B; and 9–12 min, 95% B. The ow rate was set to 0.3 mL/min. The sample injection
volume was 2 µL. Throughout the analysis, all samples were kept at 4 ℃.
A Quadrupole-Exactive Orbitrap Mass Spectrometer (Thermo Fisher Scienti c Corp., USA) was connected to a UPLC system
via an electrospray ionization (ESI) interface. The MS data were collected in a centroid mode from 100 to 1000 Da. The
temperature of the desolvation was 320 ℃. The collision energy was 15, 35, and 55 eV. The sheath gas ow rate was 45
arb and the auxiliary gas ow rate was 10 arb.
Aliquots of 3 µL of all the plasma samples were mixed together as the quality control (QC) sample. A QC sample was run
prior to the test samples for six times to condition or equilibrate the system [14]. The replicability of the method was
evaluated by analyzing 6 replicates of QC samples in one day. The post-preparative stability of the samples was tested by
running 6 prepared QC samples kept in an autosampler (maintained at 4 ℃) for 12 h and the freshly prepared QC samples
(n = 6) continuously in a single batch. In addition, QC samples were measured every 10 samples during the testing process
in order to investigate the stability of analytical method by determining relative standard deviations (RSD) of intensity and
retention time of 10 randomly selected characteristic ion peaks of QC samples.

Statistical analysis
The obtained index data were analyzed using GraphPad Prism 6.0. To evaluate the statistically signifcant differences
among multiple treatments for given parameters, one-way analysis of variance with Dunnett’s multiple comparison test
was used for comparison among various groups. Diferences with P values < 0.05 were considered statistically signifcant.
The raw MS data les were processed using Compound Discoverer 4.0 software (Thermo Scienti c Corp., USA) for peak
detection, matching, and alignment. All data including detection of mass, retention time, and intensity of the peaks eluted in
each chromatogram were normalized to the sum total ion intensity per chromatogram to obtain the relative intensities of
the metabolites.
Potential biomarkers had been initially identi ed and analyzed using the MetaboAnalyst (https://www.metaboanalyst.ca)
database for related metabolic pathways. After normalization, principal component analysis(PCA) and orthogonal partial
least squares discriminate analysis(OPLS-DA) analysis were performed using a SIMCA-P 14.1 software. The OPLS-DA
model was evaluated according to the R2Y and Q2 parameters; the potential biomarkers were screened by selecting VIP > 1
and P < 0.05.
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Results

Gastrointestinal motility ability alteration
Figure 1 showed that there had signi cant difference in the small intestine propulsion rate and gastric emptying rate
between the MOD group and the NC group, indicating the modeling was successful. Additionally, The effect of ethyl acetate
part (T3 group) was found to be particularly prominent in the model of rats with gastrointestinal motility retardation caused
by atropine sulfate. The intestinal propulsion and gastric emptying rate for T3 group exceeded that for the DOMP group,
indicating that its e cacy was better than that for domperidone.

Validation of UPLC-MS/MS conditions
The stability and repeatability of the UPLC-MS/MS system were evaluated by examining the relative standard deviation of
the selected ion peak area and retention time in the QC sample. Table 1 showed that the UPLC-MS/MS system was
relatively stable.
Table 1
RSD of the selected ion peak area and retention time of QC
Sample
Ion mode

m/t-Rt

Area-RSD(%)

Rt-RSD(%)

ESI+

242.1758-1.00

10.21

0.33

182.1065-4.18

9.4

0.27

474.8648-6.02

10.32

0.43

346.2158-8.08

6.62

0.06

545.2748–10.08

8.79

0.19

187.9367-0.93

9.32

0.23

244.0880–3.82

7.8

0.15

465.3088-6.49

7.52

0.13

527.3220–8.23

6.93

0.08

568.5431-11.40

8.41

0.17

ESI-

The positive and negative mode total ion chromatogram (TIC) of the same plasma sample under the UPLC-MS/MS method
had shown in Fig. 2. The results of the TIC showed that the method established in this study had strong sensitivity and a
good separation effect.

Multivariate data analysis
In this study, PCA analyses were performed for the NC, MOD, DOMP, and T3 groups. Figure 3 showed that the NC and MOD
groups can be clearly distinguished in the positive and negative ion modes, indicating that the modeling was successful.
Additionally, the DOMP, T3 and MOD groups were also clearly distinguished in the positive and negative ion modes,
indicating that the DOMP and T3 groups were effective in the model rats after administration.
Figure 4 showed the plasma samples of the NC, MOD, DOMP and T3 groups after analysis by OPLS-DA. The NC and MOD
groups were clearly separated in both positive and negative ion modes in the score plot. According to the R2X, R2Y, and Q2
evaluation parameters of OPLS-DA, the predictive ability and interpretation rate of the model was con rmed to be good.
To reveal the mechanism of effective hawthorn polar part and the positive drug to improve gastrointestinal motility
(retardation model of rats induced by atropine sulfate), the OPLS-DA model was used to screen for potential biomarkers
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associated with different effective polars and positive drug treatments. Metabolites with VIP > 1 and P < 0.05 in OPLS-DA
were selected as biomarkers for potential candidates.

Identi cation
The exact single isotope mass was searched in the HMDB (http://www.hmdb.ca) and Metlin (http://metlin.scripps.edu)
databases to match possible biomarkers. The secondary fragment mass spectrometry information of the metabolites was
compared to the database of HMDB, Metlin, and literature to further screen the identi cation. Using the above methods, 23
candidate plasma biomarkers were initially identi ed to be associated with gastrointestinal dysmotility in the model rats
(Table 2 is in the end of paper).The preliminary screening of 23 candidate biomarkers was input into the Meta database
(https://www.metaboanalyst.ca/) for metabolic pathway analysis. If the in uence value of the pathway was greater than 0,
the metabolic pathway was considered to be associated with gastrointestinal motility disorder. The results showed that
phenylalanine, tyrosine and tryptophan biosynthesis, glyoxylic acid and dicarboxylic acid metabolism, tryptophan
metabolism, alanine, aspartic acid and glutamate metabolism, tyrosine metabolism, tricarboxylic acid cycle (TCA cycle),
arginine and proline metabolism, glycine, serine and threonine metabolism, primary bile acid biosynthesis, purine
metabolism, pantothenic acid and CoA biosynthetic pathways are associated with gastrointestinal motility disorders.
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Table 2
List of 23 Candidate plasma biomarkers
Ion mode

No.

Metabolite

Chemical formula

M/Z

Rt

VIP

ESI+

1

Dimethylglycine

C4H9NO2

103.0632

0.98

1.7881

2

Pipecolinic acid

C6H11NO2

129.0789

1.14

1.1577

3

4-Hydroxyproline

C5H9NO3

131.0585

1.62

1.1577

4

L-Glutamine

C5H10N2O3

146.0690

1.19

1.2265

5

L-Lysine

C6H14N2O2

146.1055

1.00

1.6856

6

Uric acid

C5H4N4O3

168.0290

1.19

1.0659

7

5-hydroxy tryptamine

C10H12N2O

176.0290

2.65

1.2287

8

L-tyrosine

C9H11NO3

181.0738

1.65

1.3890

9

L-Tryptophan

C11H12N2O2

204.0895

3.74

1.6977

10

Pantothenic acid

C9H17NO5

219.1103

1.25

1.4390

11

Oleamide

C18H35NO

281.2715

11.99

1.6242

12

Chenodeoxyglycocholic acid

C26H43NO5

449.3136

9.23

1.4347

13

Hippuric acid

C9H9NO3

179.0581

3.81

1.3947

14

Citric Acid

C6H8O7

192.0278

1.19

1.4615

15

Indolyllactic acid

C11H11NO3

205.0737

4.59

1.2198

16

Oleic acid

C18H34O2

282.2557

10.46

1.4581

17

Stearic acid

C18H36O2

284.2714

11.39

1.0257

18

Docosahexaenoic Acid

C22H32O2

328.2401

9.41

1.0943

19

Docosapentaenoic acid

C22H34O2

330.2558

9.65

1.0279

20

Cholic acid

C24H40O5

408.2874

7.04

1.3247

21

Glycocholic acid

C26H43NO6

465.3088

6.49

1.5540

22

Taurodeoxycholic acid

C26H45NO6S

499.2968

5.98

1.5548

23

Sulfolithocholylglycine

C26H43NO7S

513.2758

5.09

1.5356

ESI-

The speci c analysis information of the metabolic pathway was shown in Fig. 5 and Table 3.
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Table 3
The pathway result
No

Pathway name

Match Status

P

-log(P)

Impact

a

Phenylalanine, tyrosine and tryptophan biosynthesis

1/4

0.0640

2.7470

0.5000

b

Glyoxylate and dicarboxylate metabolism

1/16

0.2336

1.4540

0.2963

c

Tryptophan metabolism

2/41

0.1435

1.9400

0.2680

d

Alanine, aspartate and glutamate metabolism

1/24

0.3298

1.1090

0.1497

e

Tyrosine metabolism

1/42

0.5059

0.6812

0.1404

f

Citrate cycle (TCA cycle)

1/20

0.2833

1.2612

0.0535

g

Arginine and proline metabolism

2/44

0.1609

1.8270

0.0441

h

Glycine, serine and threonine metabolism

1/32

0.4145

0.8806

0.0316

i

Primary bile acid biosynthesis

2/46

0.1726

1.7565

0.0297

j

Purine metabolism

2/68

0.3078

1.1781

0.0207

k

Pantothenate and CoA biosynthesis

1/15

0.2207

1.5109

0.0204

Regulation of hawthorn on the metabolic pathway in model rats with
gastrointestinal motility disorder
The analyses of candidate biomarkers by metabolic pathway results was combined with MetaboAnalyst analysis and
literature search. It was found that the metabolic pathways of rats with gastrointestinal dysmotility disorder model caused
by atropine sulfate under the in uence of hawthorn include carbohydrate metabolism, lipid metabolism, amino acid
metabolism, bile acid metabolism, etc. The effects of the metabolites in the plasma of model rats are shown in Table 4.
(Table 4 is in the end of paper).
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Table 4
Plasma biomarkers and their changing trends in different groups (*P < 0.05,** P < 0.01)
Ion
mode

No.

Chemical
formula

Molecular

Identi cation
Metabolite

Rt

MOD/NC

DOMP/MOD.

T3/MOD.

ESI+

1

C4H9NO2

103.0632

Dimethylglycine

0.98

↑**

↓**

↓**

2

C6H11NO2

129.0789

Pipecolinic acid

1.14

↑*

--

↓*

3

C5H9NO3

131.0585

4-Hydroxyproline

1.62

↑**

↓**

↓**

4

C5H10N2O3

146.069

L-Glutamine

1.19

↓**

↑**

↑**

5

C6H14N2O2

146.1055

L-Lysine

1.00

↓*

↑*

↑*

6

C5H4N4O3

168.029

Uric acid

1.19

↑**

↓**

↓**

7

C10H12N2O

176.029

5-hydroxy tryptamine

2.65

↓**

↑**

↑**

8

C9H11NO3

181.0738

L-tyrosine

1.65

↓**

↑**

↑**

9

C11H12N2O2

204.0895

L-Tryptophan

3.74

↓**

↑**

↑**

10

C9H17NO5

219.1103

Pantothenic acid

1.25

↓*

↓**

↓**

11

C18H35NO

281.2715

Oleamide

11.99

↑*

↓*

↓*

12

C26H43NO5

449.3136

Chenodeoxyglycocholic
acid

9.23

↓*

↑*

↑*

13

C9H9NO3

179.0581

Hippuric acid

3.81

↑*

↓*

↓*

14

C6H8O7

192.0278

Citric Acid

1.19

↓**

↑**

↑**

15

C11H11NO3

205.0737

Indolyllactic acid

4.59

↑**

↓**

↓**

16

C18H34O2

282.2557

Oleic acid

10.46

↑*

↓*

↓**

17

C18H36O2

284.2714

Stearic acid

11.39

--

--

--

18

C22H32O2

328.2401

Docosahexaenoic Acid

9.41

--

--

--

19

C22H34O2

330.2558

Docosapentaenoic acid

9.65

--

--

--

20

C24H40O5

408.2874

Cholic acid

7.04

↓*

↑*

↑*

21

C26H43NO6

465.3088

Glycocholic acid

6.49

↓*

↑*

↑*

22

C26H45NO6S

499.2968

Taurodeoxycholic acid

5.98

↓*

↑*

↑*

23

C26H43NO7S

513.2758

Sulfolithocholylglycine

5.09

↓*

↑*

↑*

ESI-

Discussion
Acetylcholine is the most important excitatory neurotransmitter in the gastrointestinal nervous system. It can excite the
smooth muscle of the gastrointestinal tract and thus depolarize the cell membrane of the smooth muscle [15, 16]. Atropine
sulfate can block the excitatory action of muscarinic receptors to inhibit acetylcholine, thereby reducing the excitability of
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the gastrointestinal smooth muscle, and reducing the amplitude and frequency of gastrointestinal peristalsis [17–19].
Therefore, the muscarinic receptor pathway was blocked by atropine sulfate to establish a gastrointestinal motility disorder
model of rats [20].
Studies had shown that in rats with gastrointestinal motility disorders, there were some changes in the amino acids levels
[21, 22]. In this study, L-tyrosine, L-tryptophan, and L-glutamine decreased in different degrees in the gastrointestinal
motility disorder model of rats (caused by atropine sulfate). After intervention at different polars of hawthorn, their content
increased. It is hypothesized that the mechanism may involve increasing the in-vivo content of certain essential amino
acids so that these amino acids can be better utilized. For example, tryptophan metabolism by oxidative denucleation to
produce 5-hydroxy tryptamine (5-HT) can activate the gastrointestinal motility re ex, regulate gastrointestinal motility, and
play a role in gastrointestinal in ammation [23–25]. L-glutamine is involved in the biosynthesis of glucosamine, a
component of mucin in the digestive tract mucosa, and maintain the normal function of the intestinal mucosal barrier [26–
28].
In this study, citric acid content in the gastrointestinal dysmotility model rats (induced by atropine sulfate) decreased when
compared with the NC group, indicating that the TCA cycle metabolic pathway weakened [29–31]. After treatment of
different polar parts of the products of hawthorn in the model rats, citric acid content and TCA cycle metabolism increased.
N, N-Dimethylglycine rapidly absorbs metabolism in-vivo. After emulsi cation, the particles of fat droplets in the nutrient are
reduced, thereby improving the ability of digestive enzymes in the intestine; the intestinal epithelial villi also came in contact
with nutrients to promote digestion and absorption of nutrients [32, 33]. At the same time, the content of (R)-pantothenic
acid decreased, indicating that the synthesis of CoA increased and the amount of the intermediate, acetyl-CoA, also
increased [34–36]. This indicated that the metabolism of the 3 major nutrients returned to normal and improved the
nutritional status of the model rats [37–39].
Cholic acid is the main bile acid produced in the liver. It is usually combined with Glycine or Taurine to form Taurocholic
acid and Glycocholic acid, respectively, the major bile acids in humans and animals [40–44]. Glycocholic acid belongs to
the conjugated bile acid and is mainly distributed in the bile in the form of sodium salts [45–48]. In this study, the amount
of cholic acid and glycocholic acid decreased in the model rats. After intervention at different polars of hawthorn, there was
a de nite increase which indicated that the different polars of hawthorn regulate metabolism of bile acids to a certain
extent. Therefore, it returned to normal, enhanced digestion of hydrophobic nutrients and the absorption of fat in rats, and
helped cholesterol excretion.

Conclusions
In this study, we prepared different polar parts of hawthorn using equal volumes of petroleum ether, ethyl acetate, and nbutanol solvent to extract a decoction and obtain 4 different polar parts. We used a variety of multivariate statistical
methods to analyze the e cacy index of gastrointestinal motility in different sites of hawthorn, and identify the site with
signi cant e cacy. The results showed that the ethyl acetate part of hawthorn had the best effect in improving
gastrointestinal motility disorders.
Based on the UPLC-MS/MS metabolomics method, 23 potential biomarkers such as L-tryptophan, related to
gastrointestinal motility model rats were screened. The data showed that hawthorn improved gastrointestinal motility and
related to phenylalanine, tyrosine and tryptophan biosynthesis, glyoxylic acid and dicarboxylic acid metabolism, tryptophan
metabolism, alanine, aspartic acid and glutamate metabolism, tyrosine metabolism, citric acid circulation (TCA cycle),
arginine and proline metabolism, glycine, serine and threonine metabolism, primary bile acid biosynthesis, purine
metabolism, pantothenic acid and CoA biosynthetic pathway.
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TCM: traditional Chinese medicine; UPLC-MS/MS: ultra-high performance liquid chromatography-tandem
mass spectrometry; NC: normal control; MOD: model; DOMP: domperidone control; T1: water part; T2: n-butanol part; T3:
ethyl acetate part; T4: petroleum ether part; UPLC: ultra-high performance liquid chromatography; TIC: total ion
chromatogram; ESI: electrospray ionization; MS: mass spectrometry; QC : quality control; RSD: relative standard deviations;
PCA: principal component analysis; OPLS-DA: orthogonal to partial least-squares discriminate analysis; VIP:variable
importance in the projection; ANOVA: one-way analysis of variance; HMDB: Human Metabolome Database; TCA:
tricarboxylic acid.
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Figures

Figure 1
The effect of extracts from different polar parts of hawthorn and domperidone on gastrointestinal motility in rat. (A) Gastric
emptying rate. (B) Intestinal propulsion rate. (Data were analyzed by one-way ANOVA (mean SD, n = 6). GraphPad Prism 6.0
was used for statistical analyses. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.)
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Figure 2
TIC of the same plasma sample (a) Positive ion mode (b) Negative mode

Figure 3
Score plot of PCA of the different groups; (a) positive ion mode (b) negative ion mode
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Figure 4
Score plot of OPLS-DA of different groups; (a) positive ion mode (b) negative ion mode
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Figure 5
The pathway impact
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