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Research progresses on the effects of high altitude on mitochondrial function
and energy metabolism
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[ Abstract] A high altitude plateau is a unique environment with low pressure, oxygen, and temperature. The
plateau environment reduces the metabolism of energy substances and mitochondrial functions, thereby affecting work on a
plateau. In recent years, mitochondrial damage has attracted broad attention. As the energy factory of cells, mitochondria
are closely linked to body movement. We focused our attention on mitochondrial damage at high altitude and summarized
the effects of high altitude on the metabolism of basic energy substances and changes in important enzyme activities and the
mitochondrial structure and function in the mitochondrial biochemical energy supply response. We found that protein,
carbohydrate and lipid metabolism was negatively affected at high altitude, resulting in fatigue, hyperlipidemia, and body

repair. The activities of enzymes related to pyruvate metabolism, the tricarboxylic acid cycle, B-oxidation, and oxidative
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phosphorylation were inhibited, and the morphology and number of mitochondria were changed, leading to impaired

mitochondrial functions and affecting exercise energy supply. Exploration of the mechanism of cell injury at high altitude

may promote research to prevent and treat such injuries.
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Figure 1 Biochemical energy supply responses in mitochondria under hypoxic conditions at altitude



o ] He A PR 2 235 2023 4E 10 45 33 5545 10 ] Chin J Comp Med, October 2023, Vol. 33,No. 10 109

LA NG 7 N1 o U Rl =i 7 S S I R T
( hypoxia-inducible factor 1o, HIF-1a) B9 7K 1fif sk 20
B SR ) 263K, Carvalho 2524 X 40 5 18 M i
SRR B 1T A8 R 5 i (A AT S AR ZS I, A T 46
A NRETI R R LT P U A = N e W | IS A E TN
( glutathione , GSH)) 7K -2, K B ik S0 i oK B 1M 8
5 G A F 2 Sk R il T A 0 R AT 5 e AR KT
e L R 5 T R, SR A TP R AR GSHL 7K - 7 i
LA T TG 25 1 22 5, TR R A A TR B AR, AR ARy
SEPR IR LG H AL IDH R 4T 2R R4 1
{EL p 3 A 8] ) 22 4 T AT 325 G2 5 oA P TR M L
it ) IR AE RS B B — JA T IR 3 R R SRR LA
BARRA T BN EN , IDH TE ST A 40 A v
FIRIMHI 2, FELRLA T UK S B S B
1 oo L R IR A IDH 30 T R,
RIS R SD K B AR K 4300 m 5
MDH 7R3 88 35 [ 1K, 12 3 B R 5 J i A 2
BRI balb/c /N BAERTIEEK 4000 m 1
HEFVKEAE UL S T MDH  SDH i P 12 3% %
G, SN P A K 5 A S S e A A T v A
IR PR R A i 48 5 B0 R B AL A 2 A i
PR, R AN Bk R 8L T SDH 5 MDH R 7%
PEAEE T s (A Rp e s A R i M B B & T
R 00 e DRl A Ao A s O R O e AR AIK R R
BERERCR , B T 80w 55 5z S AL RE Y IR MIC
2.3 B-FALEXE

B-AALIE MR MR AE LML N th — R 5 B 1L
e CBERTEE A gk g LR LG RE R AR, Y
Bl IR 9t 4% 42 1 ( carnitine palmitoyl transferase, CPT)
& BRI AR v Y OBl 7 B SRR DL, i Tt
fitg A it & | [RlEE CPT Wik Sl e, S 8okt
A B-SA AL R BEAL . Kennedy % & B SD K
FUPEALIDLIAR 4300 m Ak, 20 18 PR 55 Jm O IE 5 4
AL CPT-1 36 P4 LA KO IE A 2 B-32 I ot Al
fif A B & ( B-hydroxyacyl CoA dehydrogenas, B-
HAD ) VX LGP J %o B 40 I 35 A1 18 P R R s
DEH LI B-HAD T M 2 AL, S M R R I
FH25 . Dutta VR ILHE AN G REE 1 d &
2 E AR SD K BUVL A AT Hf CPT-1 3% 4, T 534
(V4 B R ) (o 35 R R CPT-T 357k B AR AN v B AR
5% 7 d = FEUILA R CPT-T 35 ¥ 2 FEAT, 1M
¥ 7 8 B S AR LA I CPT-1 3 Mk (B4 1 2548
TR CPT-TE T b R Ve B iR FIv8 Bl A 2

&1 d AT d R ERERNLIR AT B-HAD 3EH:
2.4 SEBEERLIE X EE

FALBEIR I — 2 e A Wb B, A i
PR flad R e LA T 2 A | O A Y S 0 2k
B2 B B, AR A WA . 2
KR 4% 1( NADH-CoQ 3£ J5 i 5% NADH it &
fitg) I (BEFIRR A ) I (46K C R ) |
IV (4% C EAbEf) F1V (F,F,-ATP 4 1l ) ¥4
BT AR AR e BE, H )RR UEAT R AR
W H 538 5ol TCA cycle 7= A= 4l il 5E 18 S AL I
Wik P4z H,0 il ATP, WFZE 20, ¥ AS49 40 i 7E
5 mmol 25 HH 25 mmol A HEAT 10 mmol 2 FLBE
O EREE TR 3% 72 h e, R B0, 2 W R 4 A A
SRS A ATP o 10 2 5 TR I 0 5 2 LM 2k
AR AR RE = A 2 ATPPY | RA S B
PRAE AR IR AT | 33X 5 2R b7 1A P IR 6 il 1% 1k B A
X, B A R METE BALB/ ¢ /N BLEAT R4 i
£ 8000 m B4R 72 h Kb B S K B, G SRR T 4T X L
EAEP ORI RS RN SR AR 3 R L NS 7/l B |
PR AR, AR 9T A, 7E 2ok A B 2 AR B A
B, BN B 405 fR A P G A R iR A T
I VA AR A R R A R RR,
SD R EFFATACAALFE 7 h J5 & B, Bl U R 40 %) L
NECE PN NI = R A RES S AN Rl 7/ B B B
BE TR,

F\Fy-ATP & W X FR Rtk ATP &, 25
TR AL BE R £ ; (7] i) 7E F A% 380 5 7™ A 1Y) i85 JEE ot
TE RS T A ATP, A BFFERR, a8 S
2 Wistar K BUIT 4 ZUERRAR ATP 4 BlF B4 4 A it
PR R S AR, HETE SD KR TR
P11, 3% R BE (SFRUHEE AR 5000 m) (3R IE R4
R A KB, 50 AL, W R sh 4 A
Az dhdl ) ATP A B0 S PE B 2 T e, IREE IR 4L
LRRZ A T T IV ATP A i ) 7% 1 R
7 SRR AT 5 I 408 s AL RN X HR 4 P, 2Rk iR A
G 1 I VAL ATP 5 il 00355 R R 7 e 25 7
w0 RS B X ATP 53R, TN g 2k
A £ 311 A AR AR BE AR G Tl 19 35 2k K P R F a2

i1zWA
3 BEMETERHNAERSEURHEBEEN

R UL, i SEX T AL A S A5 A Al R
PR ERAF AN T, XA R BE R 1 4 L 3% )



110 Hh AR PR 22 2 7 2023 4F 10 H45 33 %55 10 1 Chin J Comp Med, October 2023, Vol. 33,No. 10

FIERACH . BRib =z oh, SR A% H b 5 6l
SER AT T AR A G L ATP BRBCRWA B
M (E 2)
3.1 SRELKEEERD

Levett 25141 S B CXE RIS BA A S g 0 4 | 1 F-
R AR 75 m) FE A JR BRES B) 3 0e KA (TR
5300 m) Xf Pt A7 32 4 BEAT 10 A U , 3 v B UL
ZWLAIEAS (BLARZORLAR 5 B2 T 504 ) 5 I, TR 2%
8 TR EE 19 d J5 , RASE LA A6 v 2ok
TR BT b 2B AL 8 Ll BATE 22 68 TR B4 66 d
Joi | R B AR 21% , 2R IR A /N, L
JRET Y[R LRI AR AR T 14% , M LIS T 244 2 2%
T3% o, WU SRR R 7E S 2 LI 7y 5 1 22
At ATP Jr R B, Hoppeler 252 LIE 5200 m
RAVEAE B 2 6 JiIFR 0 2 85 T 08 I 8000
m P A A BIE SR G, AT LA 3 4 R
B EHATIE A0, 4R RW], SRRSO
Lo, ZR 8 TR 0 LA 2oL A A B B R A T
T 20% . MeAh A IEIE K IR, SRR B3 B 11
REEAPR = 202 T LB R R AR el 2 5 3 i 41 4
[ 2R B AR A AR X /N

AR I 5 T e R Bk A8 2% B I R B2 AR
FEAH DG, 15 i 2 B8 8 5 B00E M 4 (reactive oxygen
species, ROS) M A= B%,, #6173 &5 H IR I 2k {4
DNA K ATP (45 18, M52 0 41 i 1F & g o+
FHWTFEFR, ROS 177 A A Bl A T 4K 00 B T g

HH WD

PEBLR >

Reduced volumes

WA
Ridge swelling/A{

Reduced number =

7E 7000 m DL A T TG A Y ROS
T S S A A T ) O T R 2k A ) T B2 SRR
VA% B3, 437 (- mitochondrial membrane potential, MMP )
RS E Sl R AL IR LT B2 B ATP A9 S e 4%
1 MMP 1) 8 BT 40 1E & R B 2 g, BF 5% AR
MMP 4 Biff e 58 s [] 14 28 4 B0 [ (B MMP #E
HO) , MMP FORERCEN T ATP &8 HLn s 1 Bk 20
MR T , 15 B T LA A AR
3.2 SBEEXNEFRENERENE
Lukyanova %7 SRR AEM =574k (11 000 m) 77
T RIZE 2 min DA A3 28 38 K BRIP4 2 20
(low resistance,LR) , G B B ZE 6 ~ 8 min Sh i B4R
M PE2H (high resistance, HR) , WA [A] 6E 3¢ 25 BE T
PN N o R N R T Gl D R e s =
LHAE NS R, 25 R A B, i BT HR I/ MATR K |
MR A (K BF.0. 14~0.25 0. 5~3 >4 um) Fli
BRSS9 LR AY 1.15.1.31.3.67 DA S 1.18
5, AR ET o R B < B SRR R T ATP
BN £E B MMP TH 5 FL ROS AR 72 8 /0 f L 780 4
ES) S 5 TR AR AR 5000 m B LR 4H/MA
TR H XT L R AR B & 3. 6 % TR, K
3 YIRS R NSy TR AW S IR RS Y TR N £ $ 1N
59 EE AL 7E HR Hh/INORL IR B E X B X IR 4
JLTPARAS K2R A 5 88 1 2ok (R % B B 208 20>
BZRLAART HES) SN 55 % ; TERC AL 4K 7000 m B,
LR H/NRL AR RZORAAR A LR R X Hexf B 4
P 5 2N, A R e B 1.8 1. 4 RN 2.1 f%, £k

gy ATP 2 R A

5 syl Reduced efficiency of ATP synthesis
g ST 3 PG

m; Reduced cell viability

2 A1

=]

(¢

Cognitive impairment

2l RS SR MO A5 A S B AR

Figure 2 Changes in the morphological structure and number of mitochondria after hypoxia in the highlands
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