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

In a previous report it was shown that right ventricular hypertrophy may be produced
by significant exposure to simulated high altitude or by administration of cobaltous
chloride in rats. Then a strong positive correlation was observed between hematocrit
and right ventricular mass. It was thus postulated that hematocrit is important factor
in producing right ventricular hypertrophy. The purpouse of this paper is to investigate
the relationship of hematocrit to the right ventricular mass in more detail. Prior to the
experiment, thirty-five rats were divided into five groups. One group was fed under
natural conditions (group : C), a second group was given a diet containing cobaltous
chloride for 22 days and then changed to a normal diet for 18 days (group:Gl), a third
group was exposed to simulated altitude for 25 days and thereafter ceased the exposure
for 15 days (group : G2), a fourth group was exposed to simulated altitude for 40 days
and was bled to prevent polycythemia from the 26th day to the 40th day (group : G3). A
fifth group was exposed to a simulatide altitude for 40 days (group : G4). In all cases,
hematocrit values of rats were determined by use of tail blood once a week. After the
above mentioned period, twenty-one rats (from groups : C, G2, G3 and G4) were used for
the altitude tolerance test. Then, the respective heart was removed and separated into
two parts of the right and the left ventricular walls for being weighed. The results
were as follows :

1. The relative weights of the right ventricular mass’ were plotted against the
hematocrit values. A strong positive correlation (r=0.08, P<{0.01) was observed between
the former and the latter.

2. After removal of the stimulus which produced right ventricular hypertrophy, a
regression of the right ventricular hypertrophy ensued with regression of the hematocrit
value.

3. In the altitude tolerance test, the survival times were prolonged more remarkably
in the G3 group than in the C, G2 and G4 groups.

4, The optimum value for the altitude tolerance of the right to left ventricular ratio
was determined to be 0.36~0.38. (J. Physiol. Soc. Japan (1977) 39, 479-489)

key words : high altidude, hematocrit, cardiac hypertrophy, pulmonary hypertension.
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Fig. 1. Time course of the hematocrit values
for each treated group. G1l: given a diet contain-
ing cobaltous chloride (1 g/kg) for 22 days and
then changed to a normal diet for 18 days. G2:
exposed to simulated altitude (7,000 m, 6hr daily)
for 25 days and after that time stopped exposure
for 15 days. G3: exposed to simulated altitude
for 40 days and was bled to prevent polycythemia
from the 26th day to the 40th day. G4 : exposed
to simulated altitude for 40 days. Vertical lines
represent+one standard deviation.
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Table 1. Summary of the experiment. Numerical figures are means+tone standard
deviation.

group C G1 G2 G3 G4

N 9 8 6 6 6
i *k *kk *kk
t w vV w 3.28 £0.25 3.21 +0.16 3.65 £0.13 4.55 £0.30 4.96 +0.61

|

: * - dek ok k%
H L VvV W 2.51 £0.22 2.44 £0.15 2.76 +0.11 3.33 +£0.22 3.56 £0.48
*k ok dok ok
R V W 0.76 £0.048 0.76 +0.060 0.88 :£0.072 1.21 +0.088 1.41 +0.18
%k %k *ok ok
R V R 0.307:+0.023 0.314%0.029 0.320%0.029 0.364£0.014 0.398%0.036
Kk k * kK
Ht 48,7 £2.09 53.7 £2.65 50.7 +2.69 53.5 +4.39 71.4 £5.39

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 : ratio of the right ventricular weight ; right/left ventricular weight. Ht :
hematocrit value (%). C, G1, G2, G3, and G4 are the same as in Fig. 1 and 2. *, *¥ and
#k% are the same as in Fig. L.
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Fig. 2. Comparison of weights of the whole, the left and the right ventricle in five
groups. C:cntrol group (untreated). Gl, G2, G3 and G4 are the same as in Fig. 1.
Vertical lines represent+one standard deviation. * : significantly different from control

group (P<0.05). *#* : P<0.0L, *#* ; P<0,001.
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Fig. 3. Comparison of the right to left
ventricular weight ratio and the hematocrit
values in five treated groups. C, G1, G2, G3, and
G4 are the same as in Fig. 1 and 2. *, ** and
*#+% are the same as in Fig. 2. Vertical lines
represent +one standard deviation.

LTz bhHERTH B, ey hEhic
B EERRIC B, BHEOBICIIED T
EVIEDHBARER (r=0.80, p<0.01) AFET
3. oz ipEiba s v REDRIE, KE
RBEOFIEBIMEERBP TOHME L, &
XDMBIZE YV ~< 2 )y MERBAEES
Lxhicflo THRLERROEBE LB TS Z
EERLTELD0THY, MHELECICEE

BRI H B Z L EBEKL T 5.

IRIETE: : BOBODMERIR (ORR) ©
# T4, C, G2, G3, G4 » 4 Fic >\ TERER
MRBRE 1T o 7o, IREMERE B & REE
DHICAN, —EOHE TREEZITY, FFHC
HEAROLBREREGET 5 2 Lick Y £ OB
Birbhiz. Fig. 5i@znk szl Txbhic
FEKO LB OEE T T 7 LI b DTH
5. TORPLLHSRRE YT, LIEKOE
(LI i ik 5,000~6,000m 35 % Tk

045

RATIO

0401

0351

VERTRICULAR

030F ¢
Sea o r=0.50

. <0

(RIGHT /LEFT)

A L
50 §0 10 80
HEMATOGRIT RATIO (%)

Fig. 4. Relation between the right to left
ventricular weight ratio and the hematocrit
values. @ : samples from C group. O : samples
from Gl group. [l :samples from G2 group. A:
samples from G3 group. A :samples from G4
group. r : the correlation coefficient.
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Heart-rate changes in the altitude tolerance test. Cont. : control group. G2,
G3 and G4 are the same as in Fig. 1.
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Table 2.
rance test. Means+SD are shown

The survival time and the onset of P-Q prolongation in the altitude tole-

group C G3 G4
5 6 5
%
40.8+5.4 40.5 — 53.6+6.7 38.0+5.0

67.7+10.4

72.2+6.0 85.1+14.9 69.6+10.1

A : onset of P-Q prolongation (min). B : survival time (min). ** : P<0.01. C, G2, G3 and

G4 are the same as in Fig. 1 and 2.
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Fig. 6. The onset of P-Q prolongation (A)
and the survival time (B) in the altitude tole-
rance test. ** : P<{0.01. Vertical lines : +SD.
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CHAZEESE (1977) 38, 490-499)

BESHTCET I FANERIO=-—DOERICETIHE -
“Co BH T v MOIRIMHKEDHE 612.018: 612.119 : 612.419

BEMEA, L iE, sF RO KB ER
CRAb RIS BAEB )

Study of erythroid colony formation of rabbits in vitro: The effect
of spleen extract from irradiated rats on CFU-E. Shiro Kasai, Waka
MaruvAMA, Takashi TERASAwWA and Masaharu I1JIMA (Department of Physiology,
Tohoku Dental University, Koriyama 963 Japan) )

The rabbit was bled to activate the erythropoiesis, and the serum was stocked for .
culture. After two days, non-adherent bone marrow cells of the same rabbit were have-
sted, and cultured consequently with auto-plasma and auto-serum, which had been pre-
pared, alpha-medium, erythropoietin (Ep) and spleen extract derived from rats sublethally
irradiated 8 days before. The FB-16-24-TC (Limbro Co.) was used for culturing bessel
by the addition of round cover-glass on the bottom of each well. The preparations were
made by the routine Giemsa and hemoglobin stain methods on 3rd, 5th and 9th day of
culture. The erythroid and non-erythroid colonies were calcurated under the microscope
with x200 or higher magnifications.

Small erythroid colonies consisted of 8 ~16 cells were scattered on the 3rd day, and
undifferentiated or granulocytic colonies also frequently appeared on the specimen. On
the 5th day, medium size colonies consisted of 32~64 cells were observed. The most
effective irradiation for active extract was 700R. On the other hand, if the culture
medium did not contain the spleen extract, the number of colonies decreased. Other
results showed that this extract have hardly any enhancement on colony formation
without Ep in the medium. Therefore, it is probable that the extract may have contained
the potentiators for the erythroid, as well as for the myeloid progenitors. Whether these
spleen factors are the same or not as that reported by Knospe et al. or Morley et al. is
unknown. The study is in progress. {J. Physiol. Soc. Japan (1977) 39, 490-499)

key words : erythropoiesis, spleen factor, tissue culture, bone marrow.
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Fig. 1~ 3. Photomicrograph of erythroid (E) and myeloid colonies (M) of culture.

Fig. 1. Two small erythroid and one myeloid colony are shown after 3 days of culture
in the presence of Ep (0.8 u/ml) and spleen extract (10%) from irradiated rats. The cells
in erythroid colonies were all orthochromatic in Giemsa stain.

Fig. 2. A ‘medium size erythroid and two small myeloid colonies after 5 days of
culture are shown. The some nuclei of the erythroid colony were extruding. The culture
medium contained Ep at 0.2 u/ml and the spleen extract at 10%.

Fig. 3. Panoramic view of specimen of 9th day culture in low power is shown. A

large erythroid colony was in the center, and macrophages were scattered on the glass
slip. The medium contained 0.88 u/ml of Ep and spleen extract at 1195.
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Fig. 4. This shows the comparison of colony numbers between the experimental
group recieved spleen extract from irradiated rats, and the control group without the
extract after 5 days of culture. A, B, C and D represent the mean number of each experi-
mental subgroup, and a, b, ¢ and e were in each control subgroup, in which the Ep was
contained to the same amount as in experimental group.
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Fig. 5. The effect of various spleen extracts
on the erythroid colony formation on bth day of
culture, in which the Ep was contained at 0.8
u/ml. The line represents the mean value of each
spécimen from two experiments, one is shown in
black circle and the other is triangle.
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Intraindividual variation of oxygen debt during
submaximal bicycle work
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Since the concept of oxygen dept was
described by Hill and Lupton? in 1923,
many authors have investigated it's me-
chanism and method of measurement.
Recently, Kuroda et al5 determined the
daily variation of maximum oxygen dept,
which indicates anaerobic work capacity of
man, in sprinters and long-distance runners.
They found that the average of the diffe-
rence between the maximum and minimum
values and coefficient variations were 28.0%
and 10.89, respectively. Furthermore, they
have pointed out that the cause of daily
variation was the size of what we call base
line. In this study, therefore, intraindividual
variation of the oxygen debt during sub-
maximal exercise was determined from two
base lines which were obtained at bed rest,
and unloaded cycle work.

Subjects were four healthy males aged
from 30 to 36 years old. The experiments
were conducted on the morning of the same
day once a week at constant temperature
(21+0.5°C db) and humidity (60+ 3 %) in an
artificial climatic chamber.

The exercise was carried out using the
Monark type bicycle ergometer. The sub-
jects came to the laboratory on at least 8
separate days. On the first day, all the
subjects were allowed to familiarize them-
selves with the equipment and testing pro-
cedure. The oxygen debt was determined
four times for each subject when the base
line was unloaded cycle work, and three
times when the base line was bed rest,

BRIEARBA, AR B ERER, RFHE
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(Received for publication July 22, 1977)

respectively.

When the base line was unloaded cycle
work subjects first rested for 30 minutes,
then did unloaded cycle work for 13 minu-
tes, 60 rpmx 0 kp, exercised for 10minutes
at 60 rpmx 2kp, and then unloaded cycle
work for 30 minutes at 60 rpm x 0 kp. when
the base line was bed rest subjects first
rested for 30 minutes, then exercised at 60
rpmx 2kp for 10 minutes and then rested
for 40 minutes. Oxygen uptake was deter-
mined by the Douglas bag technique;
expired gas was collected continuously into
a Douglas bag, and the gas volume was
measured with a wet-gasometer. Gas an-
alysis was performed with the Scholander
micro-gas analyzer. Heart rate was moni-
tered on multichannel recorder.

Fig. 1 shows an example (subj. M. M) of
the oxygen uptake during submaximal
bicycle ergometer work on different days.
The oxygen debt of each subjects obtained
from the two base lines (i. e., unloaded
exercise and bed rest) are shown in Table
1. It was found in this study that the
average coefficient variation of the oxygen
uptake during bed rest and unloaded
exercise were 3.4% and 3.4%, respectively.
These values were lower than that of the
data of Cowan et al.h. This difference
appears to be due to the difference in experi-
mental conditions because we measured
the oxygen dedt at constant temperature
and humidity as described above. Further-
more, it was observed that the average
coefficient variations of the oxygen debt
when base line was unloaded exercise and
bed rest were 17.6% and 13.3% as shown
in Table 1. These values were slightly
higher than that data of Kuroda et al®,

O
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Fig. 1. Oxygen uptake of the subject M. M. during submaximal work on different

days. Oxygen uptake before and after exercise was determined during unloaded exercise

(upper) and bed rest (lower), respectively.

and this may be due to the difference of the
intensity or kind of exercise and subjects.

On the other hand, the mechanism of the
oxygen debt is considered from stand point
of first (alactic) and slow (lactic) com-
ponents®, though how to adopt the base
line as calculate the oxygen debt based on
either bed rest or unloaded cycle work?®,
Kunuttgen® have observed that the oxygen

debt increased with increasing work load
and duration, and its added quantity largely
comes from the slow component. In this
experiment, the quantity of oxygen debt
which was obtained for one or two minutes
after exercise was about the same ; the
variation of first component was very small.
From these results, it was suggested that
the cause of intraindividual variation of the
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Table 1. Individual and mean values of the oxygen debt of each subjects obtained
from the two base line (unloaded exercise and bed rest). : D
oxygen debt andCV,| 1 st 2nd | 3rd | 4 th mean *SD c.v.
subj\_base line (liters)|(liters) [(liters)|(liters) (liters) “lo
M.M unloaded 1.00|0.74 [ 1.18 | T.13 | 1.01 0.17 ] 16.8
bed rest 1.97.1 1.7 1.65 1.78 0.14 7.9
N.F unloaded 4.70 |1 2.94 | 2.60| 2.94 | 3.30 0.82{ 24.9
! bed rest 2.69 | 2.76 | 3.16 j 2.87 0.21 7.3
M.S unloaded 2.13 [ 2.1312.07 | .61 {1.99 0.22 111
bed rest 2,59 | 1.81 1.57 | ¢ 1.99 0.44 | 22.1
K.s | _unloaded 1.14 [ 1.34 [1.04 [pl.e1[1.08 0.19]17.6
bed rest 1.37 [2.02 ] 1.88 [/ 1.76 0.28 | 15.9
totat unloaded by 17.86
mean bed rest o . 13.3
C.V.; coefficient variation
oxygen debt may be not only variation of Muscular exercise, lactic acid, and the supply
base line but also variation of oxygen and utilization of oxygen. Parts IV-VI, Proc. ¢}
uptake during recovery phase, especially of Roy. Soc. B. 97, 84-138

4) Knuttgen, H. G. (1970) Oxygen debt after

slow component. : - ;
submaximal physical exercise. J. Appl. Physiol.
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