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Abstract: [Objective] To investigate the alterations in gut microbiota and their associations
with the biomarkers of myocardial hypertrophy induced by continuous normobaric hypoxia in
rats. [Methods] Sixteen specific-pathogen-free female Sprague-Dawley rats were randomly
assigned into two groups: the normoxia group and the hypoxia group. After adaptation for 1
week, the rats in the hypoxia group were immediately placed into the hypoxic chamber with the
oxygen concentration at 10% for 30 d, and the rats without hypoxia treatment were set as the
control. We monitored the body weight of each rat daily, determined the haematological and
biochemical parameters as well as the organ coefficients at the end of the experiments. Further,
we collected stools from each rat before (day 0) and after hypoxia challenge (day 30) to test the
gut microbiota by using 16S rRNA gene sequencing. Quantitative real-time polymerase chain
reaction (qQRT-PCR) was employed to determine the mRNA levels of gene ANP (atrial
natriuretic peptide), BNP (brain natriuretic peptide), Myh6 (myosin heavy chain 6), and Myh7
(myosin heavy chain 7), the biomarkers of myocardial hypertrophy in the right ventricular
tissue. Spearman correlation analysis was performed to explore the links between intestinal
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microbiomes and parameters. [Results] Hypoxia reduced the body weight, increased the
erythrocyte count, hemoglobin level, and hematocrit, and failed to affect the counts of
leukocytes and platelets. Hypoxia increased the right ventricular index, enhanced the activities
of creatine kinase (CK) and lactate dehydrogenase (LDH) in the serum, and up-regulated the
mRNA levels of BNP and Myh7 in right ventricular tissue, which suggested pathologically
myocardial hypertrophy after hypoxia challenge for 30 d. Hypoxia significantly altered the
alpha diversity and beta diversity of gut microbiota in rats. The results of linear discriminant
analysis effect size (LEfSe) showed that the rats exposed to hypoxia had lower relative
abundance of Prevotellaceae and Lachnospiraceae and higher relative abundance of
Lactobacilliaceae and Lactobacillus than the control rats. LDH was positively correlated with
Monoglobus and Papilibacter and negatively correlated with Defluvialeaceae UCG-011. CK
was positively correlated with strain RF39. The expression of BNP was positively correlated
with Ruminocochaceae UCG 009, and that of Myh6 was positively correlated with
Prevotellaceae. NK3B31 group and Helicobacter. [Conclusion] The species richness,
evenness, and composition of gut microbiota in rats are greatly affected after exposure to
continuous normobaric hypoxia. The changes of gut microbiota have correlations with the
biomarkers of myocardial hypertrophy induced by hypoxia, indicating that gut microbiota plays
a crucial role in hypoxia-induced myocardial hypertrophy.

Keywords: hypoxia; myocardial hypertrophy; organ coefficient; gut microbiota; brain natriuretic
peptide (BNP); myosin heavy chain (Myh)
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*1 KRALEHLH qRT-PCR BN EFE S
YIFF5
Table 1 Primers sequence of qRT-PCR for the

target genes in right ventricular tissues in rats

Prism 8.0 2K H (ECKT ¢ Ke B A T, ZL0A] Hhis 2
SAEGHEE X (P<0.05), XS HT# ] Spearman
correlation T153 5%, LIAHIC RELXHE>0.7
P<0.05 Sy HA 5 25 AH G A bR o

Gene Sequence (5'—3)
ANP Forward: GTGTCCAACACAGATCTGATGG
Reverse: GCCAGCGAGCAGAGCCCTCA 2 é:él: %’t—j é}*ﬁ—
BNP Forward: TGGGAAGTCCTAGCCAGTCTC
Sil—y S EAERIEyY
Reverse: GCCGATCCGGTCTATCTTCTG 21 FHEEEREARKREEY
=) = 215
Myh6  Forward: GCCCTTTGACATCCGCACAGAGT {&ﬂﬁlﬂﬁ EMZIKE Eﬁ A l}% ’ Fﬁ}é/ﬁ fxﬂ‘
Reverse: TCTGCTGCATCACCTGGTCCTCC i, ABIRZAR T H A (K 1A). R4S R RLAL
Myh7  Forward: GCGGACATTGCCGAGTCCCAG M (F 1B). ML E AW E(E 10). 241
Reverse: GCTCCAGGTCTCAGGGCTTCACA ML Z5(E DY B TS, X 5eRrmit 4
Gapdh Forward: GACATGCCGCCTGGAGAAAC ﬂﬁz[&zm“], {B \%ﬁﬂﬁ |i[ ZH}H@*H 1ML /J\Wﬁﬁ(lg 1E.
Reverse: AGCCCAGGATGCCCTTTAGT 1F)o JX%%HE, ﬁ)fﬁ%ukﬁ*ﬁ@*@@ﬁ}w]o
A B C
-~ Normoxia (n=8) 12~ 5 v
325r o Hypoxia (n=8) » ok 20 L - &
% 300 F10} 5 _ =
= 275 Ll & S
g vl 3 ISk ogho
B 250 o8 x 8F o @
* S S 10 | ©
Z 225 = o
S Y
m 200 Pe) 5+
175 L1 1 1 1 & 1 1§11 ¢ 113 ,
1 1 1
oS 12Hd]6 i 2e &% Normoxia Hypoxia Normoxia Hypoxia
D E F
80 - 45 20 1500
®
60 - ’__1_: 15 ® ~
S | eafoo R . 5 T’"
40 |- 10} =
g _g- S _$_° ® &
ks 5 500
20 f = 5k i ¢ = i
o]
1 1 0 1 1 010
Normoxia Hypoxia Normoxia Hypoxia Normoxia Hypoxia

E1 HEEERENKRAERMRFIEFHEN

Alterations in body weight and hematology after normobaric hypoxia exposure in rats. A: Data of

Figure 1

body weight was expressed as meantstandard deviation. The standard deviation reflects the dispersion degree
of data average. Statistics was carried out by one-way ANOVA in GraphPad Prism 8.0 software. B-F: Blood
routine test was performed by IDEXX ProCyte DX® analyzer, and the data was statistically analyzed by paired

test with GraphPad Prism 8.0 software, **: P<0.01.
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PRZ (K 3E). WLEF(E] 3R BT, (A
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% I AM L [R] (brain natriuretic peptide, BNP) . 0>
AUEREE 1 E 5% 6 JE A (myosin heavy chain 6,
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FERIEIEE . FEF AL UniFrac 2047 (I SA)FI
FERATHT(PCoA, K 5BYERM, (K KM
EREY) p ZHMR B BRI, $ORIRES
R IE A IR 4k R A T HORE . 1Edi
R EEACE b, i FEBARTFEEET 20 MR &
W, MEEFERETSNEEAR Lactobacillus
(P=0.02) . Bacteroides (P=0.04) . Monoglobus
(P=0.03)f11 Romboutsia (P=0.01), A F+=E %)

A . B 40r . O s
Normoxia @ - : y
H HHH H §3-5— .T w OOF P
a - ¥ P
Hypoxia Eﬂ oo _L 3 ol 2
e 2
. Normoxia Hypoxia 0.0 ;

o
es]

Normoxia Hypoxia

-]

9 40 3.5
= * D o @D o
=z - @ T 38 Sy ®
i T g . 2 25}
2 R 36F _glo :F @~ $ T
=7k X3 5 o 8D ald>
) e &b o
£ o o & 34r i = L5F _%_ '—l—.
O S o e 5
g g =z 32F 2 o
R — &

5 30 1 1 15 1

Normoxia Hypoxia

E2 HEEEREXNKRFJERBOIM

Normoxia Hypoxia

Normoxia Hypoxia

Figure 2 Changes in organ coefficients after normobaric hypoxia exposure in rats. A: Each group of rat hearts.
B: Cardiac index. C: Right ventricle index. D: Lung index. E: Liver index. F: Spleen index. The organ
coefficient was estimated by the ratio of organ wet weight (mg) to body weight (g). The level of right
ventricular hypertrophy was evaluated by the ratio of right ventricle (RV) weight to left ventricle plus septum
(LV+S) weight. The data was statistically analyzed by paired ¢ test in GraphPad Prism 8.0 software, **: P<0.01.
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Figure 3  Alterations in serum biochemical parameters after normobaric hypoxia exposure in rats. A: Creatine
kinase. B: Lactate dehydrogenase. C: Alanine transaminase. D: Aspartate transaminase. E: Urea. F: Creatinine.
The serum biochemical parameters were detected by BECKMAN COULTER AU480 analyzer. Data was
statistically analyzed using paired ¢ test in GraphPad Prism 8.0 software, *: P<0.05, **: P<0.01.
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Figure 4 Changes of hypertrophic biomarker mRNA expressions in the right ventricle after normobaric hypoxia
exposure in rats. A: ANP gene expression level. B: BNP gene expression level. C: Myh6 gene expression level. D:
Mpyh7 gene expression level. Relative mRNA expression levels of the biomarkers in right ventricle in rats were
measured by quantitative real-time PCR method. The relative expression of target genes was calculated and
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Atrial natriuretic peptide; BNP: B-type natriuretic peptide; Myh6: Cardiac myosin heavy chain a-isoform; Myh7:
Cardiac myosin heavy chain B-isoform; PCR: Polymerase chain reaction. Data were expressed as mean£SD.
Statistical significance was performed by GraphPad Prism 8.0 software using paired ¢ test, *: P<0.05, **: P<0.01.
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*2 REMNKBREEBEY o SHMERIRM

Table 2 Alpha diversity analysis of gut microbiota in hypoxia rats

Group Shannon Chaol Observed OTUs Simpson Pielou e
Normoxia 6.07+1.20 634.52+282.29 631.62+283.68 0.89+0.17 0.66+0.14
Hypoxia 5.44+1.17" 475.13+464.59"  472.00+462.00”  0.92+0.03 0.63+0.06"

Compared with normoxia group, *: P<0.05; **: P<0.01.
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Figure 5 Alterations in gut microbiome after normobaric hypoxia exposure in rats. Gut microbiome in stools
of rats were characterized using 16S rRNA gene amplicon sequencing. A and B: The QIIME2 software was
used to calculate the UniFrac distance and the R software was used to plot the PCoA map. The Anosim function
in QIIME2 software was used to analyze the significant difference of community structure between groups. C:
Top 20 species in relative abundance at genus level. Statistical significance was performed by GraphPad Prism
8.0 software using paired ¢ test. D: LEfSe software was used to complete the LEfSe analysis, with the LDA
score threshold set to 4 by default.
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Table 3 Correlation analysis between gut microbiota and cardiac injury markers

Cardiac injury marker Associated gut microbiota Related coefficient P-value
LDH Monoglobus 0.72 0.002
Papillibacter 0.74 0.001
Defluviitaleaceae_UCG-011 -0.71 0.002
CK RF39 0.75 0.001
Myh6 Helicobacter 0.72 0.002
Prevotellaceae_ NK3B31_group 0.76 0.001
BNP UCG-009 0.72 0.002

Using Spearman correlation analysis.
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