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Effect of rhubarb on gut microbiota-host co-metabolism in rats

GAO Yu, YIN Shan, PANG Yue, LIANG Wenyi, LIU Yumin
Instrumental Analysis Centre, Shanghai Jiao Tong University, Shanghai 201100, China

[Abstract] Objective- To study the effect of rhubarb administration on the balance between intestinal flora and the body. Methods*
Wistar rats were randomly divided into 4 groups (n=8), which were given extractions of rhubarb 0.1 g/kg (low dose group), 2.5 g/kg
(medium dose group), 4.5 g/kg (high dose group) and normal saline (control group) by intragastric administration for 5 d, and the
daily change of fecal water content of rats was observed. Gas chromatography/time of flight mass spectrometry (GC/TOFMS)
approach was used to detect the metabolites in serum, colon tissue and fecal of rats on the 5th day of administration. Principal
component analysis (PCA) and partial least squares discrimination analysis (PLS-DA) were used to analyze the differences of
metabolites between different dose groups and the control group. The metabolites with statistical significance were obtained by z-
test. Results-The water content of rat feces in the dose group gradually increased with the time and dose after rhubarb
administration. Compared with the control group, 28, 18 and 20 differential metabolites were obtained in serum, colon tissue and
fecal samples from different dose groups, which showed significant changes (P<0.05) on the 5th day. At the same time, the levels of
17 serum metabolites, 2 colon tissue metabolites, and 10 fecal metabolites altered significantly in a dose-dependent manner. Among
these differential metabolites, some gut microbial-host co-metabolites, including neurotransmitters, indoles, and bile acids, were
observed to alter significantly after rhubarb administration. The levels of fecal catechol and indole-3-acetic acid increased while the
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levels of fecal phenylalanine, 4-aminobutyric acid, L-DOPA, and indole-3-propionic acid decreased. Deoxycholic acid level was
significantly elevated in colon tissue samples from the high-dose group. Compared with the control group, phenylalanine, tyrosine,
and tryptophan levels in serum samples also increased in different dose groups. In addition, the levels of fumaric acid (one of
organic acids related to energy metabolism), was down-regulated in fecal samples but up-regulated in colon tissue and serum
samples. With the increase of dosage, the level of glutamic acid (one of amino acids) significantly increased in serum samples but
gradually decreased in colon tissue samples. Except for 6-phosphogluconic acid, the levels of carbohydrates and lipid metabolites,
including fructose, pyruvate, lactic acid, glucose-1-phosphate, D-glycero-1-phosphate docosenic acid, 13-docosenoic acid, 1-
monostearoylglycerol, and cholesterol increased in the serum samples, while those of D-glycero-1-phosphate in colon tissue and
lactic acid, glucose-1-phosphate, and linolenic acid in fecal samples decreased. Conclusion - Rhubarb affects brain-gut axis and bile
acid metabolism through the gut microbial-host co-metabolism, and further affects the body's energy metabolism, amino acid
metabolism, glycometabolism and lipid metabolism.

[Key words] rhubarb; gut microbiota; co-metabolism; gas chromatography/time of flight mass spectrometry (GC/TOFMS)

Jio 38 TR R A HLAAC S B RGBS R PP i B A RO M il T - i RS A R, U

EMYEENMAEG . EERRET, M5B IER
FEAHE AR . MBS, R T AR P, —
BP9 eI, W38 i B 18 R - 32 A E 5
AR —ZRFN RN . BT, Wi gl &2
Py ) R T A AL R b 8 R G 0 — NI R
Bk

KERIGIR EryE ey, FEa8 5 R
FEONORE K (Rheum
tanguticum Maxim. ex Balf.) 1 2§ FH K # (Rheum
officinale Baill.) T 1M LARZE, PEok%E, HAy
EHRFHR ., ERE ST EAMEEH, K
WRENS A AR S 1 VR Ll B
e B, SRR EMEER R, . B
RS, AR E A RS Y, LR T
N e PR | B S G I\ 2 (N N DO N /78
A A TRIVE R, T ELRE S I i R0 PR 7 R
IR . TEQIEE B S 0T, Il Y bt
YRR TE BN, R I 40 T LA SN 35 38 0 A I TR AT
W, BIE RN TR A A0S AL, IF5] Rk
PR 40 i PR T — S 8 RE A 5 4 3 RN . K R
SN fi7 B A AN IR, 3 B R R HE s D i 1
RS AE I, AR RS R B AR AR N R N 2R
MNP 5E 28 S B0 I B RSB B A IR . KRBk
A T B R R A AL, T ECE A R ARG R
S T A s DO R NI s S el A T OB S AW )
YEHA IR EZ R,

A LAR RO 4, RS A - AT
B} 8] % % (gas chromatography/time of flight mass
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W2 IRAE, FHUASMERL AL SE . FTIFRE I, HLA B s
Ja ) IF, BUIEES B 5 em A 0945 i, T )5 08
JAARELEF, SERVE THAT, RAFT-80 °CTF 4 Ml

1.3 Al oK Gk i &
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TETIEAR A E . BT RTS o BFce s, A5 25
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(AN i — 38 ) AR
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1.4 MTEFES AT S EACSCE Y, BB
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20 min (4 °C, 17 225xg) . B W 35 W 300 wL, fin
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F o SRIE A 15 mg/mL HY 42 J I e 7 0 80 L, %%
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300 pL 4& B il [0« Wl =1: 3], g
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15 min; % FARRIZIREE 270 °C.
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Tab 1 Significant metabolites in rats of the control group and the rhubarb administration groups

Class

Metabolites of gut
microbial-
proteins, peptides
and amino acids/
gut microbial-host
co-metabolism

TCA cycle

TCA cycle-
amino acid

TCA cycle-
glycometabolism

Significant metabolite Related bacteria

Catechol

Phenylpropionic acid

2-hydroxyphenylpropionic

acid
L-DOPA
Phenylalanine

Tyrosine

4-aminobutyric acid

Ornithine
Spermidine
Tryptophan

Indole-3-acetic acid

Indole-3-propionic acid

Indole-3-lactic acid
Kynurenic acid
Xanthuric acid

Nicotinic acid

Deoxycholic acid

Cholesterol

Isoleucine
Leucine
Valine
Isovaleric acid
Caproic acid
Fumaric acid
Malic acid
a-ketoglutaric acid
Citric acid
Isocitrate
Glutamic acid
Glutamine
Aspartic acid
Asparagine
Pyruvate
Lactic acid

Fructose

6-phosphogluconic acid
D-glycero-1-phosphate
Glucose-1-phosphate

B-glycerophosphate

Ethanolamine phosphate

Lactobacillus ™™
Clostridium

Clostridium )

Escherichia coli ™™

Bifidobacterium "

Lactobacillus "™
Bifidobacterium
Bacteroides "
Escherichia coli ™™
Clostridium"

Bifidobacterium
Lactobacillus '™

Bifidobacterium ™
Bacteroides ")
Lactobacillus ™™

[7,15-17]

Fcl

1.01

1.12
1.41%

1219

1.07

1.08

1.75%

1.18
1.15
1.21

229"
1.607
133

1.487

1277
2,15
1317
1.17
1.09
1.16
1.08
-1.09"
1.45
1.05

Serum

Fc2

1.75%

120"
1.53%

131

1.41%

1.36"

1.847

1.18
1.19
1.19

2.84@)
2.28"
1.34
1.41%
1.64%
1.31%
237"V
1.46"
1.59"
137
1.46"
123V
-1.10"
1'95@;
0.85
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Fc3

1.487

1.237
1.58%

2.03@

1.467

1.43%

2.46%

1.227
1.247
1267

3.837
3.49"
1.60"
1.74"
1.77%
1.43%
3.08:'0
1.60"
1.40"
1677
1.46"
1.417
_1.335)
2.033)
1.427

Fel

5.27'\1)

1.29%

-1.11

-1.03

-1.85

1.28
1.04

173
1.71%

-1.03
155V
1.46"
1.34

-1.357
131

-133%
121

Fe
Colon

Fc2

8.35%

1.44%

-1.11

417

1.02
437"
1.28

-1.06"

1.47
-1.07
220"
1.557
-1.37
1.22
1.00
-1.67

Fc3

5.44%

-7.14%

2.85®

2.88%

—3.85@

-2.94%
430"
1.25%
1.00

2.48%
-1.05
3.417
-10.00%
-1.69"
-2.637
-1.56%
-1.967

Fcl
1.09

-2.087

1.10
-1.28

-1.30
-2.087
1.587

1.00

-1.09

=112

-1.26
-1.17
-1.21

-1.857

-1.647

-1.23

_3.52@‘

{©}

2023,43(8)
Fecal
Fc2 Fc3
-1.06 1.427
-233Y 2337
-1.447 -130"
-1.43% 149"
-1.797 -1.35
-1.857 -2.007
2170 230"
2060 1.927
-1.10  -2.00%
-1.25%Y —1.47%
-1.25%Y -1.28%
-1.287 -139"
-1.25%Y -1.26%
-1.58% -1.67"
-1.797 -1.757
217" -2.04%
-1.61Y -1.72%
-2.68Y -1.05Y
-129® -131%
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Continued Tab
Fc
Class Significant metabolite Related bacteria " '*'7) Serum Colon Fecal
Fcl Fe2 Fc3 Fcl Fc2 Fc3 Fcl Fc2 Fc3
Phosphoenolpyruvate 1.547 1.32 -1.56%

Linolenic acid 104 -1.537 -1.527
TCA cycle-lipid Docosanoic acid Bifidobacterium " 1.32 3297 1.92%
metabolism 13-docosenoic acid ~ Lactobacillus ™ 143 1807 2277
1-monostearoylglycerol -1.30 1.01 153V

Note: Fold change (Fc) is the ratio of the mean value for measured fecal samples obtained from each rhubarb-dosed group to the mean value for the control
samples obtained from the control group. Fc (>0) indicates a relatively higher concentration present in rhubarb-dosed group compared to the control group,
whereas a value of Fc (<0) means a relatively lower concentration. The value of Fcl is obtained from the low-dosed group and the control group. The value of
Fc2 is obtained from the mid-dosed group and the control group. The value of Fc3 is obtained from the high-dosed group and the control group. UP<0.05. [+]
indicates a promoting effect on the growth of intestinal bacteria; [—] indicates an inhibiting effect on the growth of intestinal bacteria; [+-] indicates the effect

on the growth of bacteria was first promotion and then inhibition.

A B
Fructose
Fructose Glucose-1-phosphate
; Glycerophosphate
Glucose-1-phosphate V
Glutamic acid \ ' Phosphoenolpyruvate
Lactic acid <——Pyruvate <«—Tryptophan
P at
o Tyrosine S
Nicotinic acid Phenylalanine
Acetyl-CoA Leucine Acetyl-CoA
Isoleucine
Tryptophan )
Cholesterol =e----Citric acid Oxaloacetate (_{Asparalgme' Cholesterol =€---- Citric acid Oxaloacetate
Aspartic acid
Isocitrate Malic acid Isocitrate Malic acid
Aspartic acid TCA-Cycle TCA-Cycle
Phenylalanine

Fumaric acid

/

}—> Succinyl-CoA  Succinic acid
-~

Glutamic acid —® a-Ketoglutaric acid Tyrosine

Glutamine
Isoleucine
Valine

Glutamic acid -<e—»Pyruvate

|

a-Ketoglutaric acid

\

Succinyl-CoA
~

Fumaric acid

Succinic acid

Phenylalanine
Acetyl-CoA Leucine
Isoleucine
Citric acid Oxaloacetate
Isocitrate Malic acid
TCA-Cycle

Glutamic acid —»a-ketoglutaric acid

Isoleucine
Valine

Note: A. Serum.B. Colon. C. Fecal. Red indicates a relatively higher concentration present
blue means a relatively lower concentration.

4 REHEBRITTEE

Fig 4 Schematic diagram of metabolic pathway analysis
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