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Abstract: The structure and diversity of the intestinal flora in rats exposed to high altitude hypoxia was inves-
tigated. Animal experiments strictly follow the regulations of Medical Laboratory Animal Ethics Committee of
Qinghai University, School of Medicine. SD rats were randomly divided into a control group, a moderate altitude
hypoxia group, and a high altitude hypoxia group. The pH value of the feces was measured and histopathological
changes in the small intestine were determined by HE staining, and the intestinal flora were characterized by 16S
rDNA high throughput sequencing technology on the 3rd, 7th, 15th, and 30th day of hypoxia exposure. Compared
with the control group, the fecal pH value of rats in the moderate altitude hypoxia group and the high altitude
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hypoxia group was decreased significantly. The lamina propria and submucosa capillaries were slightly dilated
and congested on the 3rd day in the moderate altitude hypoxia group. In the high altitude hypoxia group the
submembrane capillaries were dilated and congested, the lamina propria of the mucosa showed mild edema, and
the lymphatic vessels were dilated on the 7th day. The composition and diversity of intestinal flora in these rats
changed significantly with prolonged exposure to the high altitude hypoxic environment. A total of 35 phyla, 87
classes, 205 orders, 337 families, 638 genera, and 256 species were annotated in the three groups of rats, including
Firmicutes, Clostridia, Clostridiales, Ruminococcaceae, Akkermansia, and Lactobacillus_murinus. Compared with
the control group, the intestinal flora of the hypoxic groups showed the most significant changes by the 15th day.
There were 9 microbiota of gut microorganisms with relative abundance in the moderate altitude hypoxia group, of
which Rikenellaceae_RC9_gut_group bacteria was the most common, there were 19 different microbiota of gut
microorganisms with higher relative abundance in the high altitude hypoxia group, of which Ruminococcaceae
bacteria was the most common. The results of this study indicate significant changes in the intestinal flora with
high altitude hypoxia, and establish a foundation for further research on the initiation and development of diseases
and drug metabolism in high altitude hypoxia.
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vs control group

2 INBRRLARSENR

B R AR B K RN B — s s,
VT e o LR R R . R Y R B L KR
TEEE 3.7 R I <, &1 B I Hh sk S0 2035 7 K
BESE 3.7 15 RIHBLE = H k<. HE Jeth gt R
SR, PR FE 2K R /NI 20 2B R TE B, R 4 i
IS, RILEAERFE T ZER M. IR A
KB TR 28 3 R H B B 4, /N W 2H 21 [
HEREETEEBMMNEREY k71, 5 7.15.30



B ERAE: o SRR SR IO K R T 1 T ) 5 -+ 1103 -

REEAREIEH . & LR LR B/ H 26 G
B T I 1) A8 K AE 3.7.15.30 K Y BILAS [\ FE B 45405,
HAp DL 7 RGN B3, N A EMFEE T Z
B IR R Ak TR AL, B G R AR R K, bk A
ok, wE 2.
3 BEHEENE
31 MFER

285k 5 7 ok B 15 R 46 Tags H04 34 6 649 340 %%
F 81, V¥4 AN BE B A7 105 545 + 5 155 457 41,
f) Tags 25 3L 6 617 748 % ¢ %, ‘P F AR A
105 044 + 5 092 % J7 41 . 2 bRtk & M J5 15 2104 208U
LA 6 207 346 25 /741, T3 BN FE LA 98 529 + 6 082
%5, JEEIEH 103 5324 OTU, PR FE M
1643 + 245/~ 0TU.

£ OTU 7K P55 K B a8 B RF E AT 40 A, SLida s thy
35/~7.87 M99, 205 /> H 337 ML 638 4N & Al 256
Flto BEMEIR T, T8 T AE % 53 K22 9 OTU /K7
B R A o, 5 S X R ZE A L, R v e AR
TETT VA H VB & R K- 43 51l 75 61634 .58, 84
F162 A, P PR R S 4 43 il =5 9.40.89.,121, 257 il

113/, $8 755 B 1 T BEAE OTU 7K - 02 1 4o 28 A v Jt
ISR 8T K B 1 B B R & AT 2 R R A AR A
W 1.
32 MEEAERSHSN

e JERAER AL P B A8 DK B 7 0 T 9 4 ) A R
FERARFZNA ., T OTUERS R i K miE
BRI R AT 3 BE AT A, 78 140 KT A G = B
T 20 (R BRT T 43 ) D SR BE BT LT BT SRR T T
5550 J5UxT IR ZH A B, JEEBE TR 1) AF R 3 B 7E o R AR s
UL 30 KT E T T 47.07% (P < 0.05), 1 /& it
IR T REFE T & T 41.31% (P < 0.05). 5-°F
JEGS R AR LE, SUFT B DA X = B A v B2 i A ok R A
%3 KB FEFL T 36.69% (P < 0.05), 45 15 K &% TF
7 50.04% (P < 0.05), 5~ J5ix M4 AH LL, FERk s 11 4R
of = B AE Hh R R B S 2 5B 741530 K 43 S 4 3 BRI
T 90.57% (P < 0.01).95.98% (P < 0.01).98.79% (P <
0.01), 7E fmy B i R S 4 28 31711530 K 43 il it 2 [
ik 7 98.92% (P < 0.01). 94.20% (P < 0.01). 68.89%
(P < 0.05).81.09% (P < 0.01), 1 3A i/ .

T J& 53 I8 7K T iy 1 TR R AR N = 2 R i 2% 10 T R

{oum ML ¥ = i ET

Figure 2  Effect of hypoxia on small intestine tissue of rats. A refers to the control group. B, C, D, E refer to the 3rd, 7th, 15th, 30th day of

the moderate altitude hypoxia group, respectively. F, G, H, | refer to the 3rd, 7th, 15th, 30th day of the high altitude hypoxia group, respec-

tively

Table 1  Statistics of OTU annotations in three groups of rats

Group Phylum Class Order Family Genus Species
Control group 22 36 84 141 248 87
Moderate altitude hypoxia group 28 52 118 199 332 149
High altitude hypoxia group 31 76 173 262 505 200
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Figure 3 The histogram of community structure of intestinal flora in rats at the level of phylum (A) and genus (B). P refers to the control
group. M3, M7, M15, M30 refer to the 3rd, 7th, 15th, 30th day of the moderate altitude hypoxia group, respectively. H3, H7, H15, H30
refer to the 3rd, 7th, 15th, 30th day of the high altitude hypoxia group, respectively
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Figure 6 Principal component analysis of intestinal flora in three
groups of rats. P refers to the control group. M3, M7, M15, M30
refer to the 3rd, 7th, 15th, 30th day of the moderate altitude hypoxia
group, respectively. H3, H7, H15, H30 refer to the 3rd, 7th, 15th,
30th day of the high altitude hypoxia group, respectively. PCol
and PCo2 represent the first and second principal components,
respectively. The percentage of the principal component represents
the contribution rate of this component to the sample difference.
The closer the distance, the higher is the similarity
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Figure 7 Prediction of gene function of intestinal flora of rats in
hypoxia. P refers to the control group. M3, M7, M15, M30 refer to
the 3rd, 7th, 15th, 30th day of the moderate altitude hypoxia group,
respectively. H3, H7, H15, H30 refer to the 3rd, 7th, 15th, 30th day
of the high altitude hypoxia group, respectively
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