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Studies on the right ventricular hypertrophy in high altitude. The
relation between hematocrit and right ventricular hypertrophy in
rats (I). Akio SAKAIL (Department of Physiology, Institute of Adaptation Medicine, Faculty
of Medicine, Shinshu University)

It is well known that chronic hypoxia due to high-altitude exposure causes right
ventricular hypertrophy. A’ designed experiment was conducted to determine the rela-
tionship of hematocrit to the right ventricular mass. Rats with different hematocrit
values were prepared by the following treatment. Thirty-five rats were divided into five
groups. One group was fed under natural condition, a second group was exposed to
simulated altitude (7000 m, 6 hr daily), a third group was exposed to simulated altitude
(7000 m, 6 hr daily) but was bled (1~ 2ml of tail blood at 2-to 3-day intervals) to pre-
vent polycythemia, a fourth group was given a diet containing 1 g of CoCl,+6H,0, 600
mg of FeCl;+5H,0, 40 mg of MnSO,-4H,0 and 25 mg of CuS0,+5H,0 in each kilogram
to facilitate blood building and maintenance of polycythemia. A fifth group was exposed
to simulated altitude (7000 m, 6 hr daily) and at the same time given a diet containing
cobaltous chloride of the same amount as the fourth group.

All groups received each treatment for 18 days and were examined for hematocrit
values of tail blood samples once a week, Immediately after the above-mentioned period,
all animals were killed. The respective heart was then removed and separated into two
parts of the right and the left ventricular walls. When the relative weight of the right
ventricular mass of the individual rat was plotted against the hematocrit value, a strong
positive correlation (r=0.78, p<{0.01) was observed between hematocrit and right ventri-
cular mass. It is concluded that an increase of hematocrit value is an important factor
in producing right ventricular hypertrophy without regard to airway hypoxia and also
one significant factor in. the cardiac hypertrophy induced by high altitude.

(J. Physiol. Soc. Japan (1977) 39, 431-4413

key words : high aititude, right ventricular hypertrophy, hematocrit.
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U CTIRALE DR (9 T), GL:45H 6 B, WK
7000 m FHY DIKEREE 1T v, »oERBA
#%, 6, 9, 12, 15H Hic&E & & R
&Y enEn 25, 26, 31, 39HOMmKE
BiLEs ¥ 72 #F (T0%), G2:fGH 6rFH, Wik
7000 m FHY DIRERFE & 1T - = & (6[L),
G3: Y EIc L S MERRBZSE 2 2 ®
iz, ERfFE 1kg F1 iz CoCly«6H,0 (1 g),
FeCl,«5H,0 (600 mg), MnSO,+4H,0 (40 mg),
CuS0,+5H,0 (25 mg) & LBAFRE CHE %
1T o 728 (TIL), G4:45H 6 WL 7000 m
HYDRERFE LT, o G3 LRAREOHEL
AN NEF OB CHREETo 28 (6]L)
Th5. RBEH»LME ¥z Gl #icow
T, FEEOMIREHKME ¥k, ~vF=

FORBMEEL Z LItk ) Bl &Ik S ¥k,
F - e 131k 0.04 ml iYL, Lit4m
DH & Fh 8.7, 8.2, 9.5, 11.1 ml/kg.
bw L7115, EARERBITEW SR L B
Blwiz, #1HHX4000m, 2 HHi 5000
m, 3 HB#X6000m, 4 H FLI#4E 7000 m ff
WK & 75 B X 5 I O FEBE & BEREM I TR

LU THTo7e. (7-EOBRER L OCRBEKT
BORKECRTEE X h b 200m/530
EETIT- 1z,

FEBAEE R & LT LB 1, 4
FEIC > THEEB L~ 27 Y v FORIE
BT olc. EBRHIMKE T RCEEMEKIE >V T
FEBLEA~= 27Uy bORERTY, 0
BERL, DEEHH L. WL oDBIE R
BAWETIEZHCTOERLGOAL L, TOLE
A D\ TRAERD FEDIC Lie B - T, £
DERWEHERE L 2 R DSOS LI SR, 4y
Bt S N7 BDERIF10% 7 3 b= U VIETIIL &
AEEEL, BRI TREDOKSEREL, B
ECHLEERPIE L. B~ 7 Uy
t OWEZ R bERILL, BHEERCLY,
3000[E]fz, 304y DfE THRIZE L 7z.
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Fig. 1. Time course of the body weight for
each treated group. C:control group (untreated).
G1 : exposed to simulated altitude (7000 m, 6 hr
daily) and bled (1 ~2ml of tail blood at 2-to
3-day intervals for 18 days) to prevent polycy-
themia. G2 : exposed to simulated altitude (7000
m, 6hr daily) for 18days. G3: given a diet
containing in each kilogram 1 g of CoCl;«6H,0
and, to facilitate blood building and main-
tenance of polycythemia, 600 mg FaCl;«5H,0, 40
mg MnSO,-4H;0, and 25 mg CuS0,+5H,0 for 18
days. G4 :exposed to simulated altitude (7000 m,
6 hr daily) and at the same time given the same
diet as G3 containing chobaltous chloride for
18 days. Data represent meansd-one standard
deviation.
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Fig. 2. Time course of the hematocrit values

for each treated group. C, G1l, G2, G3 and G4
are the same as in Fig. 1. Data represent means
-tone standard deviation.
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BIXUCALEOHEMAHK & & (ALEEER/E
DEER) COWTHEL, HRBE L. #&
Bx Table 1 k¢t Fig. 3 o< ¢ d» 5.
1) &LEEE BORELEEZR L0 R
G2 DEERBLT, xR D 3.28 mg/g-bw
XL T 443 mg/gebw L7V, RHBEL V35
%DEREFRL TV 5. EEERE+H Lo
G1 #Ti% 3.92mg/gebw &7V, HFHBEICSE
LT%DEAkTHS. 20 G2 & Gl zov
TR bAEERBRERLTWS, 2
LT G2k Gl o CrlmiE s b HaB oM
HMEZFTWBIEL20b 5T GI<G2 D%
Chy, TOBVEHRLEESZZ Lick > T

JERDOBENBERSNDZ LERLTVS, —
¥, G3 3kt G4 Bz oV Tkt iREE L o
CHBERA DAV, 2) ELEER: Z0
EL2LEERORA L&Ak, G2 #T
ERHROARE L, *HHRIED 2.46 mg/g-bw i3}
LT 3.23mg/g:bw Th v, 31%DIEKRERL
Tv3, %7 Gl §£Tix 3.03 mg/g-bw THER
B L TL7%DERTHS. £ LTI OmME
DIEXRTHEHFHICLERETHS. £ GI<
G2 DER L ELEEROEAELELFAIL T
5. G3 BXU G4 izowTikehBEE L oRilic
BEENA LN, 3) ALEER : Fig. 3
POHLHLMAL S, GL, G2 ZowTiEY

Table 1. Summary of the experiment. Values are standard deviations and means.
group C G1 G2 G3 G4
N 9 7 6 7 6
£33 * k% ’
w VvV w 3.28 +0.10 3.92 £0.53 4.43 £0.60 3.32 £0.22 3.55 £0.47
* %k * %k
L vV W 2.46 £0.10 3.03 +£0.35 3.23 £0.48 2.37 £0.18 2.52 +£0.35
*kk EEtd %k ok * %k
R VW 0.80 +0.04 1.05 £0.12 1.17 +0.12 0.95 £0.07 1.02 £0.14
* % EE LY k%%
R V R 0.32540.016 0.348+0.030 0.371+0.029 0.399:£0.031 0.408+0.027
*% KKK Ekk kK
Ht 43.3 +4.23 49.2 *£1.95 57.8 +1.37 54.1 £5.10 64.3 £5.22

The symbols, C, G1, G2, G3 and G4 are the same as in Fig. 1. *:significantly different
from control group (P<0.05). *¥ : P<{0.01. *#** : P<0.001. N : no. of individuals. WVW :
whole ventricular weight/body weight, mg/g. LVW : left ventricular weight/body
weight, mg/g. RVW : right ventricular weight/body weight, mg/g. RVR : relative
weight of the right ventricular weight, right/left ventricular weight. Ht : hematocrit

value (%).

WHOLE VENTRIGLE

TISSUE,mg PER BODY WEIGHT, ¢

G 61 62 63 Gt

| LEFT VENTRIGLE

G 6 62 3 6

[ RIGHT VEMTRIGLE

C 61 62 63 G4

Fig. 3. Comparison of weights of the whole ventricle, the left ventricle and the right
ventricle for each treated group. C, G1l, G2, G3 and G4 are the same as in Fig. 1. *,

*% and *** are the same as in Table 1.
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Fig. 4. Comparison between the relative
weight of the right ventricular weight and the
hematocrit value for each treated group. C, G1,
G2, G3 and G4 are the same as in Fig. 1. *, **
and *** are the same as in Table 1.
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m< s, ZofEixC, Gl, G2, G3, G4 t%h
Zh, 033, 0.35 0.37, 040, 0417 C<Gl<
G2<G3<G4 DIz s> T 5. = OEGIE
BERUIc~<= 127V v FOIENLE G & A E—F
LTRY, ALEOHIIMKRES LA I
v FABEICBERLTY 5 Z & 2REBLTY
5. Thbb, KERRE+EE=2 AV IMEED
G4TAv b7V y MERED & &, ALEE

KOBELELAEY. 2hnG3, G2, Gl, C
N~ b 7Yy MEDECWEIZA DI LR
> THLERKROBEL/NE L koTa. &
DT LM ~< 27 v ME, 2 THikcA
DEOMEHAE SR LY, 2FKE—ELT
Fry FLTHB L—EHL2LTHS (Fig. 5).
Fig. 53z nXsicL Tz bhicERTH 5
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Fig. 5. Relationship of the relative weight of
the right ventricular weights to the hematocrit
values. @ : samples from C group. A : samples
from Gl group. O :samples from G2 group. A :
samples from G3 group. + :samples from G4
group. r : the correlation coefficient.
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feo ERZED LELEEREBICALEER
IRBEBAAATE 7B E F CIERA I L, D
B—EEE 50 L, EOEEEINRIE
ELL, BlkokvZdRRTv5. £
Van Liere et al53 5 v b % fv CEBIAR
ICEBDIER LIRERFEIC X 2 LEROECE
WAt L, ATEEE « ARLEOERERL T
LOEKLT, BFEEL LTHLEDEKIZ
LoTw2Z LML, £ EBDL
&5 1 H 20, Mtk 6000 m F1Y DKEIC
2 AMOZRBEORERTLLIERS L OAHLE
BEXERDTVSE., Z0L5REERERICY -
TLEIIEARL, LAbZoBRiEEL LTH
DEOPERIZE > TWEZ 3G THSD. =
DT L u%‘im{iﬁjf‘))m)%)%)%), %Fﬁ,\@%’,ﬁz&
19)38)43), E%iﬁ@j%m)%)%)w) iz ‘l) ;j\;:‘@ LTH
DRBBERTH Y, BIEREEERICL > THD
HEAR b/ b6E8N5 2 LICERGNE Y. F
LTAREIOFER GIRERE I & » TELEE
&, BEORER, ALREERB I CALEOH
HPRESOCFRLREL Y K& Lfiz R
LTw3. %72 Gl & G2 0TIz TDIEHE
THIZ GI1<G2 0ffRicd 5. Gl HEE+H
MOEETHY, Tk 5 BENMIERERTD
G2 XL V/NEWERZTTEVS T &, Hifiic
Lo TLBERDOBELZEBEIE2HE B 52
EEBWHLTVS. £t MEEIC
5G3RLVGL OALEERB L CALED
IR E S SO EBMAERLTYS. &
DFERIT Swigart!Dic X 5345 L L igiF—5L
TBY, Hb=a Vv b EERZEZ~ 2
MEDEAPALERKRZ L 726LTV5H0
LIERENhE., 2L TG3 L G4 ofcR4eT
DEEHIZ W THIZGI<GLDE GiIch 5. G4
BHE = N NEEHRERBE T2 TH
v, RGELHBHCERTS b o, G3<
G4 DRRIIMRDOIERT & 5. @FEELT
FOEOHERAE SOMGEE» 5 L, Fig. 4
PELHALNE LI IC<GI<G2<G3<G4AD
R m->Tw3. ZoFEFkER bR~ X
502, ERUWBOBECICE > THELZ~AT Y

Uy MEDOKEFIL BIEF—FK LTV, LabZ
DEFIOHIZE G3 D X 5 (KBTI & 13
BROBLEETNTEY, ALSEEREILTL
LIERROEEBEOMC L - THEISh 24D T
BAEVWZLERLTVS., 22 CHEESh3D
BT b7 Yy NERLEEXKED BETH
5.

~7 27 Yy FEADRIEX : BEBRETIC
B o3 ALERRIT T CIcl~_7z X 5 ic—%
ZRBD b, THIREFTRECKHT 3 —Eou
ISR L L LTHBB T 22 M T&E 3. &
DEFTC B 24 0BBKOIEENRH LMt
> TS, JRIRMEIH I i — BRI BIRR DR 52
WHMMF bRz, LM LEEL B I ORI
P oV TRMEE LV REXREDY, 3o
ED LEFRALENTY 2T Ty, %
I TEHATRET BT 2 —HOMERZ % Fl
ELRMEREEL T A % kol x
B. Tiabb, ABEN, JEREEMNZE» X4
TEDHEENHEELEDb h 52X kHEHL L T
1%, BOEIEXKEMmOZ L ELE, R
BHLOBER, BRI O JEE 3 X OVitifn &
DR TH 5. SFMimiiEiz > Tix Rotta
et al.3®) 23¥Edk 4,540 m OFEMYER 12 oV Tl
EL, ZOEEEZWHLMc L TP, Sime et
al4®, Pefialoza et al.?D, Hultgren et al.ID &,
2 & - TRBICEER IS TS h, &
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