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Abstract: The present study was aimed to observe the characteristics of sublingual microcirculation and the changes of humoral
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factors in healthy people of three different high altitude populations. Three groups of healthy subjects in Guoluo area of Qinghai
province (4 100 m) were included: Tibetan group: 30 Tibetans, (45.62 + 10.15) years old; Han group: 22 two-generation of Han immi-
grants, (46.23 + 8.59) years old; migrant group: 23 migrants living at high altitude for 2—5 years, (43.45 + 8.31) years old. Blood rou-
tine test was performed to determine white blood cell (WBC) count, red blood cell (RBC) count, hemoglobin (HGB), hematocrit
(HCT), platelet (PLT) count, and neutrophil (NEUT) count. The changes of serum humoral factors including endothelin-1 (ET-1),
CD31, CD34, CD105, vascular endothelial growth factor (VEGF), nitric oxide (NO) and noradrenaline (NE) were detected by ELISA.
Continuous noninvasive hemodynamics monitor was used to continuously measure the changes of systemic circulation indexes: cardiac
output (CO), cardiac index (CI), heart rate (HR), stroke volume (SV), pulse pressure variation (PPV), systemic vascular resistance
index (SVRI), and mean arterial pressure (MAP). Blood oxygen was measured by pulse oximeter. Sublingual microcirculation indexes
including total vascular density (TVD), perfused vessel density (PVD), proportion of perfused vessels (PPV), and microvascular
flow index (MFI) were determined by sidestream dark field imaging. The results showed that there were no difference in systemic
circulation among the 3 groups. Compared with Tibetan group, TVD and PVD of microcirculation in Han group and migrant group
were significantly increased (P < 0.05). Compared with Tibetan group and Han group, WBC, RBC, HGB and HCT of migrant group
were significantly increased (P < 0.05). Compared with Han group and Migrant group, PLT of Tibetan group was significantly
increased (P < 0.05). Compared with the Tibetan group, the levels of serum humoral factors CD105 and VEGF were significantly
higher in the migrant group (P < 0.05), while compared with Han and migration groups, NO in Tibetan group was significantly
increased (P < 0.05). It is suggested that there were significant differences in microcirculation (TVD, PVD), blood routine (WBC,
RBC, HGB, HCT) and humoral factors (CD105, VEGF) among different populations in high altitude area. Importantly, the increased
microcirculation, erythrocytosis and increased pro-angiogenic factors due to hypoxic environment were observed in long-term
residents and migrants, except for permanent residents. These physiological changes have clinical significance in the treatment of septic
shock and chronic altitude sickness for different plateau populations.
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Table 1. Comparison of systemic circulation in healthy people among different populations at altitude of 4 100 m

Tibetan group (n = 30) Han group (n =22) Migrant group (n = 23)
CO (L/min) 6.15+1.16 573 +1.17 6.12 £+ 1.00
CI (L/min/m"®) 3.45(3.17,4.02) 3.30(2.93, 4.23) 3.40 (3.10, 3.70)
HR (beats/min) 78.50 (70.75, 85.00) 79.00 (70.75, 84.50) 78.00 (72.00, 80.00)
SV (mL/beat) 73.00 (66.75, 80.00) 69.00 (65.75, 82.75) 80.00 (65.00, 92.00)
PPV (%) 10.00 (8.00, 13.00) 10.00 (8.50, 15.00) 10.00 (9.00, 12.00)
SVRI (dyne*s*m’/cm’) 1872+418 2037 +420 2087 + 355
MAP (mmHg) 84.50 (81.00, 90.75) 88.50 (82.75, 99.75) 95.00 (81.00, 99.00)
SPO, (%) 91.00 (88.75, 93.00) 92.00 (89.75, 92.00) 92.00 (90.00, 92.00)

CO: cardiac output; CI: cardiac index; HR: heart rate; SV: stroke volume; PPV: pulse pressure variation; SVRI: systemic vascular

resistance index; MAP: mean arterial pressure; SPO,: pulse oxygen. Mean + SD, P50 (P25, P75).
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Fig. 1. Comparison of microcirculation in healthy people from different populations at altitude of 4 100 m. TVD: total vascular density;
PVD: perfused vessel density; PPV: proportion of perfused vessels; MFI: microvascular flow index. Tibetan group: n = 30; Han group:
n = 22; Migrant group: n = 23. Mean + SD, P50 (P25, P75). P <0.05,"P<0.01.
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Fig. 3. Comparison of blood routine examination among healthy people at altitude of 4 100 m altitude. WBC: white blood cell; RBC:
red blood cell; NEUT: neutrophil percentage; HGB: hemoglobin; HCT: hematocrit; PLT: platelets. Tibetan group: » = 30; Han group:
n = 22; Migrant group: n = 23. Mean + SD, P50 (P25, P75). "P<0.05,"P<0.01.
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Fig. 4. Comparison of humoral factors among healthy people at altitude of 4 100 m. ET-1: endothelin-1; VEGF: vascular endothelial

growth factor; NO: nitric oxide; NE: noradrenaline; Tibetan group: n = 30; Han group: n = 22; Migrant group: n = 23. Mean + SD,

P50 (P25, P75). 'P<0.05,"P<0.01.

ARAKENRKE 2, BOHREEILES, B
(138 SRR S IE SN, B b 0% I A BE. )
T 18 e v L s (AN B, IR A0 S O e A B
BABAENAERENANR ", ERRER, 5K
W XA B, R XN rp /D I 10 97 ik
o U0 s LA o T TR S B A 1) B B AR A AR 3R
RN R G046, AW ST 5 BEER ) i it XA [R]
e FRE NG PR B AR R T A2

AL R BN, FAL 4 100 m miEER B IXOR
FNEE (R A SRR R ) 2 AR 763
R R E 5 s (H AR DG KM R R WBC.
RBC. HGB. HCT B & Jt &, [F A PLT ¥ 5 2 AK
T N 5 7B 7E AR08 20 0 I o e IR JE DU
# J& % TVD. PVD B & & F tH Jm e, JF &8
DA DU RN J e 1 ok i B S A1 T e A
B, 4547 E R RBC. HGB. HCT, #E A J& Y
R B A J AR T 35 I OB R 38 1 41 40
IR ARSI ET T AR S I% o AR R e
SRR, BIEREZR CD105. VEGF % HiAh 9 41
B ST, BT S R ) NO e HoAth 3 4L B 5 T
KPR R AEE A B, BE R stk
TR () 385 0 T SE B R RS, I FLid g b
DA 24 i 7 6 R A R 0 IR B, JE e AR R 1
FIB FROESR 0. 20N BRI 22 S5 2 5 AL el
AR, AP T IE B R A B R I A s R

MIFETE 5 SR, R N BB b 5 i A
AT DASE I AR IR ) IR IR B, e 28 58 AR B

TEIEEEON, HEUEE R AL B i 2
FE (PR Ay ) sl (A ) . A4 DE
WG LT B A0 i R AR R AT R 2 R R
LT, AEER 5757 1 15V LA 2 R 4R R
T Ik B A e T A B, O Al PR At
AR BHIMERRE, DAIENEERREX
SRR S . SRR B MR, B i
B A8 M A U Bl A R B s B R M, A
&R (0 S BB 0 T 3 10% M,

I/ G NIy S Bl VA S A Tl o e
AR H RIS m) E], REA S EY i £E
ST 1007 RN R R AR 2 R P 2 B B BRI I IR 4,
i g i A R 2% (1) ZE K AT R ] e 1Y R A IR
i AHEEZ N, R A HEALL TR A R R i &
kYRR R e Y. Rk, XATREMRE T
K2 5 TR R AR A KA T Z AR 1 HGB K &
BYR ™, ZICEE N, HGB ¥ 5 N2 18 hnzh Bk i
ASE s (B2, HCT Aramanimgm s e, ol
WA s FRATHEMIBLAA S T 38 4% S0 RE 77 38 B 1t 41
SHMIG A, TR A e L0 40 B AR L PN R B
> BRI/ INAR PR B S sk /b, X TR ASHIE S 43 3 T HIE
St [RIE, RS N T 41 4 4 S RE D BRI
AIREA T HAR N, 7R AE AR B IE R IR AR



(Gl

PN

ET-1 /& —Ff | 21 A% JE 2 ik Jik 41 Rl 1) v 1k 22
K, F B P RS R, B SR 4 I
EAEM M. ET-1 AT LSk 245 2 i L, R
AL, SINAHL R GERE Y, k2, HLER
M. BEREFES T ET 124" w5 kM
NO HAE#it ET-1 (fEH, EIEWAIRET, W
B AL M ) R AT 4R, dERR IR 5K
B R ML ", AW R B R, kX
JEO% N BE ML NO B 7+ %1, NO H A R4 il ffs 8
AR MR A ER, REMRRsh, WA
i 5 H A Y 4L DU T B B AR ER, AT A R
RHARAS F AL s ERRICERE T, Wk
KHES ET-1 (I ETE.

Pl 4L A 2B A () b v 2 PR R S 1 P 2
40 bRiC ) in CD31. CD34 #il CD105 #EAT 1 i 4
% ¥ (microvessel density, MVD) # Jll ', CD34 /&
—MEBRED, BTSHEAZE, HEMNENE
ST ) 20 PR R T R S R IE, KR KPR LR
WL SR ZH 23 1) MVD, M T Js e i 38 2H 2R 1) f At 1
HPY . CD31 &4y RN 130 kDa (R H, A2
BTN R EEFS 2T 1 (platelet/endothelial
cell adhesion molecule 1, PECAM-1), #% vz FHTi¥
i fib 8 106 25 FE N B2 AwAd BY 5 CD105 A& —F e
MR 85 g, RIS RT RS R
WA R P CD31. CD34 &) V2 (19 4 B2 40 ks
WY, TERTAE IS N B RIS ik . CD105 {XUTE
TS B 1 I PN B A R AN R A G R IR A R e R
ik, EFIRME P ERASR S AREFE P, AT
AR I CD105 2 M8 A s s AR Ie Y, 2Tk
A AE I T A 7, ETNAE A AR CD34 Y,
Miyata &5 P B 52 & B, CD31 1 CD34 {Y #£ VEGF
PR IA B LR PR 8 R R I A BOIRAS, T
EARNLRIZ s T M B R IR 3% 2% 5+ . VEGF
MR, EERMRIMEER. A5
M5 EE VS R AE ] 5 B 53R AR ML &% VEGF
HAWBRESER " AFag RER, EEE
P X A% 8 i B A I CD105 & VEGF BH &
Thim, H5E TRERBEIEPIAE, A REIHLE]
RALAESR B FE S CD105 K VEGF FikH i, M
TEAEIR I B3, LR Rk b

AR FEHRIE, NO 7E gy 18 T A B A5 ) 1] 5 2%
YRR AN S g TR T, IR, A

R HETALIX (4 100 m) AN A i BT BB PRI b H AR 7 A2 1 923

it rp JE e N NO 45 -5 R 00452 380 1) 75 K v
JE N NO AR FE T s i s i — 5 ™, %
B 8 SR 184 00 7 NO AT A 2 55 T4 R Ab & M )
SERL, B T AR IR L X D 78 i B S R 2 )5 P4
RIS Bh A FEASE s 2 bR R iR &%, Sk
o e N\ T 1 S R R . / A R K T BB AT A T
VRIS . PRI, NO 7224 7 & il REAS 2 7
HNFRAT IR, T A N 2R B4 1 2 Ak A B s 7 1) —
By . P AT = NO AKE AT BEA LA TR AR -
(1) BEARIZ B 72 R S SRR R R S SR 2
Q) BRI MF . BeA, FABERIL, NO KF
(T oo 5 O PR I R AR A AT 5%, 3 3t A e T 1
IR RN 2 —, X 0] fE 0 /A 4R
i B FRATTHHE AR e 4 {8 e A RSB Ik 8 i NO >k
3TN R IA ST, (H R0 SR A
HEAT X LT 5T o

1 0 B R A R A8 Th e R S R A 2 s EE R
P A AT AR . IRRRUA PR IR S R E
H SR, WE R T A S S A AU FR kR4t
RAGEYHREYITH RS-/, FHit, R
G5 b R 55 RO 72 2 5 48 AN MR AUIE R I A5 P A0
IR A0 DR T A0E T i 2 PR A S B FR 0 N A T
PERRAR Aok, FEA B THE Brifia T . fEiX
i, ARG R RN, EER X R R
R o R ) L7 T % B v NO B S 1 338 o7 v SR A 37
M A S A B N TS0 3 338 0 A A1 34 & HGB 3& B i
HPARE, FRATIE 7 CD105. VEGF f3 it
BERIB IR G A4 AR 202 . | T8 il A IX
(A% Jm K A DU g e NG 3R 0, 7Rk 25
REPIRIRAS T BT L 5K 77 TR, 4 B 8 R 2
Hm, ARFORASE N E, RGN
I I 7 ML 725 B R S I A v 1 25 5 i e e
ABEHF i NO BT, AR o 0 i 4 A
TEIR A EAF AT, RMBEE RN R, K
ST B ThEe it — D8, Tk m fa
N )T R (SR N, R A
TEA L, T A RS, nTREXT oo o T
JEEw. BRI IEAT . NIE. RIS
AR N BRERUE R, 75 7 AR SR AT 5 H 1
IR N ASFENEEZ 8] 15T e 7.

gE FRTA, mig i X AR A B T ARG
IR R HARTIR 73 B B s, AR AN [ N
BT B % It 55 RO A T DR 1 e A SRS R AR ], 1%



924 HE P2 Acta Physiologica Sinica, December 25, 2021, 73(6): 917-925

FRFAEAE B R AE DR, IR A AN A (9

PSRN, B0 iR XA [F) BRI Gk AR o K 1
RSNV SVARSID RS

FS, Hernandez G, Payen D, Tibboel D, Martin DS, Zarbock
A, Monnet X, Dubin A, Bakker J ,Vincent JL, Scheeren

TWL. Second consensus on the assessment of sublingual

SE 0K

microcirculation in critically ill patients: results from a task
force of the European Society of Intensive Care Medicine.
Intens Care Med 2018; 44(3): 281-299.

De BD, Donadello K, Taccone FS, Tascon GO, Salgado D, 10 Carey D, Thanaj M, Davies T, Gilbert-Kawai E, Mitchell K,
Vincent JL. Microcirculatory alterations: potential mecha- Levett DZH, Mythen MG, Martin DS, Grocott MP, Chipper-
nisms and implications for therapy. Ann Intensive Care field AJ, Clough GF. Enhanced flow-motion complexity of
2011; 1(1): 27. skin microvascular perfusion in Sherpas and lowlanders
Vellinga NA, Boerma EC, Koopmans M, Donati A, Dubin A, during ascent to high altitude. Sci Rep 2019; 9(1): 14391.
Shapiro NI, Pearse RM, Machado FR, Fries M, Akarsu-Aya- 11 Saldivar E, Cabrales P, Tsai AG, Intaglietta M. Microcirculatory
zoglu T, Pranskunas A, Hollenberg S, Balestra G, van Iterson changes during chronic adaptation to hypoxia. Am J Physiol
M, van der Voort PH, Sadaka F, Minto G, Aypar U, Hurtado Heart Circ Physiol 2003; 285: H2064-H2071.

FJ, Martinelli G, Payen D, van Haren F, Holley A, Pattnaik 12 Hepple RT, Mackinnon SL, Goodman JM, Thomas SG, Plyley
R, Gomez H, Mehta RL, Rodriguez AH, Ruiz C, Canales MI. Resistance and aerobic training in older men: effects on
HS, Duranteau J, Spronk PE, Jhanji S, Hubble S, Chierego VO,peak and the capillary supply to skeletal muscle. J Appl
M, Jung C, Martin D, Sorbara C, Tijssen JG, Bakker J, Ince Physiol 1997; 82: 1305-1310.

C; microSOAP Study Group. International study on micro- 13 Farquhar I, Martin CM, Lam C, Potter R, Ellis CG, Sibbald
circulatory shock occurrence in acutely ill patients. Crit Care WI. Decreased capillary density in vivo in bowel mucosa of
Med 2015; 43(1): 48-56. rats with normotensive sepsis. J Surg Res 1996; 61: 190—
Shen YF (JL4E &), Cai GL. Research progress of microcir- 196.

culation disorders associated with sepsis. Chin J Crit Care 14 Beall CM, Reichsman AB. Hemoglobin levels in a Hima-
Intensive Care Med (4 HE L 2 HL T4 &) 2020; 6(2): layan high altitude population. Am J Phys Anthropol 1984;
160164 (in Chinese). 63:301-306.

Gilbert-Kawai E, Coppel J, Court J, van der Kaaij J, Vercueil 15 Houde M, Desbiens L, D'Orléans-Juste P. Endothelin-1:
A, Feelisch M, Levett D, Mythen M, Grocott MP, Martin D; biosynthesis, signaling and vasoreactivity. Adv Pharmacol
Xtreme Everest 2 Research Group. Sublingual microcirculatory 2016; 77: 143-175.

blood flow and vessel density in Sherpas at high altitude. ]~ 16 Mundugaru R, Sivanesan S, Popa-Wagner A, Udaykumar P,
Appl Physiol (1985) 2017; 122(4): 1011-1018. Kirubagaran R, Kp G, Vidyadhara DJ. Pluchea lanceolata
Gilbert-Kawai E, Coppel J, Phillip H, Grocott M, Ince C, protects hippocampal neurons from endothelin-1 induced
Martin D. Changes in labial capillary density on ascent to ischemic injury to ameliorate cognitive deficits. J Chem
and descent from high altitude. FI000Res 2016; 5: 2107. Neuroanat 2018; 94(4): 75-85.

He ZZ (fT5%%1]), Deng L, Ma SQ, Li XH, Wang H. Charac- 17 Dai P, Huang H, Zhang L, He J, Zhao X, Yang F, Zhao N,
teristics of circulation and microcirculation in healthy people Yang J, Ge L, Lin Y, Yu H, Wang J. A pilot study on transient
of Han nationality at different altitudes. Chin J Appl Phys ischemic stroke induced with endothelin-1 in the rhesus
(P B R AR B 2R 24 ) 20215 37(4): 371-375 (in Chinese). monkeys. Sci Rep 2017; 30(7): 45097

Backer DD, Hollenberg S, Boerma C, Goedhart P, Biichele G, 18 Watkins DJ, Besner GE. The role of the intestinal microcir-
Tascon GO, Dobbe I, Ince C. How to evaluate the microcir- culation in necrotizing enterocolitis. Semin Pediatr Surg
culation: report of a round table conference. Critical Care 2013; 22(2): 83-87.

2007; 11(5): R101. 19 Kather JN, Marx A, Reyes-Aldasoro CC, Schad LR, Zdllner
Goedhart PT, Khalilzada M, Bezemer R, Merza J, Ince C. FG, Weis CA. Continuous representation of tumor microvessel
Sidestream Dark Field (SDF) imaging: A novel stroboscopic density and detection of angiogenic hotspots in histological
LED ring-based imaging modality for clinical assessment of whole-slide images. Oncotarget 2015; 6(22): 19163-19176.
the microcirculation. Opt Express 2007; 15(23): 15101— 20 Kong DQ (4LF}7), Wen S, Wang. Research of correlation
15114. between multi-slice spiral CT signs and the expressions of
Ince C, Boerma, EC, Cecconi M, De Backer D, Shapiro NI, VEGF and CD34 in patients with breast cancer. Chin Med
Duranteau J, Pinsky MR, Artigas A, Teboul JL, Reiss I, Equip (H [ 25 525 4%) 2019; 16(4): 66-70 (in Chinese).
Aldecoa C, Hutchings SD, Donati A, Maggiorini M, Taccone 21 Sadri D, Shahsavari F, Hezarkhani M, Shafizadeh M.



(Gl

22

23

24

25

26

Expression of CD34 and CD31 in central and peripheral
giant cell granulomas. J Dent (Shiraz) 2019; 20(1): 10-15.
Gan WG (H THI), Hong YM, Yan DZ, Liang ZY, Xiang Y.
Densities of microvessels marked with CD34 and CD105 in
hypopharyngeal squamous cell carcinoma and their clinical
significance. Chin J Otorhinolaryngol-skull Base Surg (7
FLEMRITRAMEL 44 5) 2015; 21(2): 116-118, 123 (in Chinese).
Fonsatti E, Altomonte M, Nicotra MR, Natali PG, Maio M.
Endoglin (CD105): a powerful therapeutic target on
tumor-associated angiogenic blood vessels. Oncogene 2003;
22(42): 6557-6563.

Mineo TC, Ambrogi V, Baldi A, Rabitti C, Bollero P,
Vincenzi B, Tonini G. Prognostic impact of VEGF, CD31,
CD34, and CD105 expression and tumour vessel invasion
after radical surgery for IB-IIA non-small cell lung cancer. J
Clin Pathol 2004; 57: 591-597.

Miyata Y, Sagara Y, Watanabe S, Asai A, Matsuo T, Ohba K,
Hayashi T, Sakai H. CD105 is a more appropriate marker for
evaluating angiogenesis in urothelial cancer of the upper
urinary tract than CD31 or CD34. Virchows Arch 2013;
463(5): 673-679.

Bai MK (H¥JE #), Guo Y, Bian BD, Dong H, Wang T,
Luo F, Wen FQ, Cui CY. Integripetal rhodiola herb attenu-
ates high altitude- induced pulmonary arterial remodeling

and expression of vascular endothelial growth factor in rats.

R HETALIX (4 100 m) AN A i BT BB PRI b H AR 7 A2 1

27

28

29

30

31

925

Acta Physiol Sin (ZEH2%4R) 2011; 63 (2): 143-148 (in
Chinese).

Shi EY ()i & ##), Jiang XJ, Bai H, Gu TX, Yoshiki N. Effect
of inducible nitric oxide synthase on intestinal microcircula-
tion in endotoxic shock. Acta Physiol Sin (4 %-#) 2005;
57(1): 3944 (in Chinese).

Erzurum SC, Ghosh S, Janocha AJ, Xu W, Bauer S, Bryan
NS, Tejero J, Hemann C, Hille R, Stuehr DJ, Feelisch M,
Beall CM. Higher blood flow and circulating NO products
offset high-altitude hypoxia among Tibetans. Proc Natl Acad
Sci U S A2007; 104: 17593-17598.

Bailey S J,Winyard P,Vanhatalo A, Blackwell JR, Dimenna
FJ, Wilkerson DP, Tarr J, Benjamin N, Jones AM. Dietary
nitrate supplementation reduces the O, cost of lowintensity
exercise and enhances tolerance to high-intensity exercise in
humans. J Appl Physiol 2009; 107: 1144-1155.

Larsen FJ, Schiffer TA, Borniquel S, Sahlin K, Ekblom, B,
Lundberg JO, Weitzberg E. Dietary inorganic nitrate
improves mitochondrial efficiency in humans. Cell Metab
2011; 13: 149-159.

Levett DZ, Fernandez BO, Riley HL, Martin DS, Mitchell K,
Leckstrom CA, Ince C, Whipp BJ, Mythen MG, Montgomery
HE, Grocott MP, Feelisch M; Caudwell Extreme Everest
Research Group. The role of nitrogen oxides in human adap-
tation to hypoxia. Sci Rep 2011; 1: 109.



