Chapter 88

Research on ACE Gene I/D Polymorphism
of Men and Effects of HiHiL.o on SPO;

Duo-qi Zhou, Yang Hu, Yan-chun Li, Long-yan Yi and Jing Nie

Abstract Purposes To explore the association between Insertion/Deletion polymor-
phism of the angiotensin converting enzyme (ACE) gene and the effects of Living
High-Exercise High-Training Low (HiHiL.o) on arterial oxygen saturation (SPO»), so
that sports practitioners comprehend better individual hypoxia training effects, coach
can constitute individual training program. Procedures and Methods 71 healthy
men of Han nationality in northern China underwent HiHiLo training for 4 weeks
Training programme was as follows: exposure in hypoxic environment (14.5-14.8 %
0, 10 h/day), three times hypoxic training per week (15.4 % O;), and training at
sea level. Resting, exercising and resuming SPO, were measured before and after
the protocol, and the ACE gene I/D polymorphism was detected by PCR. Results
There was no significant differences were in the baseline SPO, among groups before
HiHiLo. Exercising and resuming SPO; both increased significantly in total and II,
ID after training than those before the training (P < 0.01), but no significant changes
showed in DD (P > 0.05). Conclusions HiHiLo could be helpful for developing indi-
vidual exercising and resuming SPO,. Moreover, SPO; of men carrying 2 and ID
probably were more sensitive to the hypoxic training than those carrying DD.

Keywords ACE gene polymorphism ¢ Living high-exercise high-training °
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88.1 Introduction

The human renin—angiotensin—aldosterone system (RAS) maintains circulatory
homeostasis and melody some organs development as cardiac muscle with fat. As
part of the RAS, ACE degrades vasodilator kinins and generates angiotensin II.
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A polymorphism in intron 16 of the human ACE gene has been identified in which
the presence (insertion, I allele) rather than the absence (deletion, D allele) of a
287 bp fragment is associated with lower serum and tissue ACE activity [1]. George
thanked I allele could help reduce ACE and depress ACE activity, leading to allevi-
tate blood vessel resistance, enhance cardiac output and capillary vessel, increase
blood supply, improve physical performance [2]. There were significant differences
between subjects reside at high altitude and resident lowlanders about ACE geno-
types, the subjects reside at high altitude had significantly greater numbers of the
IT homozygotes and the ID heterozygotes than the DD homozygotes, the II geno-
type could be associated with altitude adaptation [3]. Woods [4] and Bigham [5]
found that I allele of ACE could help individuals maintain high Arterial Oxygen
Saturation ascending to High Altitude. But there were significant differences
between Chinese Han population and those in Europe and America in genotype and
allele frequencies about ACE gene I/D polymorphism [6].

We explored the association between Insertion/Deletion polymorphism of the
ACE gene and the effects of HiHiLo on SPO, by observing SPO, changes before
and after four weeks HiHiLo protocol. This would helpful for forecasting Hypoxia
training effect and exploring individual Hypoxia training project.

88.2 Participants and Methods

88.2.1 Participants

The sample consisted of 71 biologically unrelated healthy male volunteers from
northern China, who had no experience of hypoxia exposure. The mean (standard devi-
ation (SD) age was 21.10 (0.9) years, the height was 177.93 (5.26) cm and the weight
was 69.80 (7.80) kg. Written informed consent was obtained from each participant.

88.2.2 HiHiLo Training Protocol

Subjects had rested in hypoxia condition (O2:14.5-14.8 %, about 3,000 m altitude)
for 10 h per day. Hypoxia training were carried out (02:15.4 %, about 2,500 m
altitude) 3 times per week for 4 weeks. The participants exercised on Monark
845E bicycle with an intensity of 75 % VO; max for 30 min, ordinary aerobic
training was carried out in plain.

88.2.3 Arterial Oxygen Saturation Testing

SPO, was measured before and after HiHiLo by NONIN 8,500 (America). The proce-
dure was as follows: first, subjects had been rested on cycle ergometer (Monark 845E,
Swden) until their HR, SPO; level off in hypoxia condition (O5:15.4 %). Then, resting
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SPO, were measured every minute for 5 min. Nest, subjects warmed up, and after
their HR were in 90-100 b/min, subjects exercised on cycle ergometer with an inten-
sity of 75 % VO, max with 60 cycle/min for 15 min. At last, subjects recovered on
cycle for 5 min. Their SPO; every minute during exercise and recovery were recorded.

88.2.4 Blood Index Testing

Elbow vein blood was selected one day before HiHiLo and the last date. The RBC,
HB and HCT were measured by automatic blood corpuscle instrument (Bayer
ADVIA120, Germany).

88.2.5 Genotype Analysis

DNA was extracted from blood cells by a protocol recommended by the kit manu-
facturer (Promega, Madison, Wisconsin, USA). Primer pairs for polymerase chain
reaction (PCR) in accord with Rigat [7] were synthesized. Forward primer: CTG
GAG ACC ACT CCA TCC TTT CT, reverse primer: GAT GTG GCC ATC ACA
TTC GTC A. The amplification protocol was (1) one cycle of denaturation at
94 °C for 5 min; (2) 30 cycles of denaturation at 94 °C for 40 s, annealing at 50 °C
for 40 s and extension at 72 °C for 60 s; and (3) one final elongation cycle at 72 °C
for 5 min. Preventive contamination measures were taken by the inclusion of PCR
mixture without DNA (negative control). The resulting fragments were separated
by horizontal electrophoresis on 2 % agarose gels. Each gel was run for 45 min
at 100V, stained with ethidium bromide and photographed under ultraviolet light.

88.2.6 Statistical Analysis

Pearson’s x2 test was used to determine whether the observed genotype frequen-
cies were in the Hardy—Weinberg equilibrium. The paired t test was used to exam-
ine the differences in variables before and after training. Differences in variables
between the three genotypes were tested by one-way analysis of variance and
retrospective multiple comparisons. These tests were performed with SPSS soft-
ware for Windows 11.5 package. P Values < 0.05 were considered significant. The
results are presented as mean (standard difference).

88.3 Results

The observed genotypic frequencies of ACE in men of Han nationality in north-
ern China were 39.4 (I), 50.7 (ID) and 9.9 % (DD), in agreement (p > 0.05) with
those expected under the Hardy—Weinberg equilibrium.



674 D. Zhou et al.

Table 88.1 The variables before and after HiHiLo

Variables Before After P
Resting SPO; (%) 9497 £ 1.57 9491 £ 1.33 NS
Exercising SPO, (%) 90.46 + 2.37 91.74 £ 1.912 0.000
Resuming SPO; (%) 9242 £ 1.44 93.52 £+ 1.95% 0.000
RBC (x 1012 cell/L) 4.89 +0.03 5.02 £ 0.03* 0.000
HB (g/L) 152.72 +1.02 157.69 4+ 1.052 0.000
HCT (%) 43.56 £0.23 4492 +£0.27* 0.000
4 Means p < 0.05

88.3.1 Arterial Oxygen Saturation Change After HiHiLo

Table 88.1 shows that exercising SPO,, resuming SPO,, RBC, CHB and HCT
increased significantly after training (p < 0.05), but no significant difference was
found in resting SPO; (p > 0.05).

88.3.2 Arterial Oxygen Saturation Change After HiHiLo
Among ACE Genotypes

Table 88.2 summarises the association between the ACE genotype and SPO; vari-
ables. No significant differences were observed in baseline resting, exercising
and resuming SPO, and RBC, CHB, HCT among three genotypes before training
(P > 0.05). After HiHiLo, the exercising and resuming SPO, and RBC, CHB, HCT
all increased significantly in II and ID genotypes (p < 0.05), but no significant dif-
ference was found about those in DD genotype (p > 0.05). Meanwhile, no signifi-
cant difference was found about resting SPO, among ACE genotypes (p > 0.05).

88.3.3 Effects of HiHiLo on Arterial Oxygen Saturation

Arterial oxygen saturation is arterial oxygen arterial oxygen percentage of arte-
rial oxygen capacity, which reflects state of physiological oxygen supply. Study
reported that individual arterial oxygen pressure and arterial oxygen saturation
depressed gradually meanwhile increase of intensity [8, 9]. Furthermore, individ-
ual VO, max is association with his SPO;. VO,max decreased by 4.4 % during
SPO; depressed by 4 % [10]. SPO, is an important factor which limit perfor-
mance. Thus, individual SPO, during exercise in hypoxia condition could reflect
how subject adapt to hypoxia environment.

We found that subjects’ exercising and resuming SPO, in hypoxia condition
increased significantly after HiHilLo, which implied that HiHil.o could increase
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Table 88.2 The variables before and after HiHiLo among the genotypes

Genotypes

Variables 11 (28) 1D (36) DD (7) P
Before resting SPO; (%) 95.17 £ 1.71 94.89 + 1.54 94.57 £1.25 NS
Exercising SPO; (%) 90.49 £+ 2.56 90.34 +2.37 90.96 + 1.37 NS
Resuming SPO» (%) 92.26 £+ 1.67 92.39 £ 1.25 93.23 £ 1.37 NS
RBC (x1012 cell/L) 4.96 +0.05 4.87 +0.04 4.76 £ 0.07 NS
HB (g/L) 153.93 +1.93 152.39 + 1.27 149.57 £2.35 NS
HCT (%) 43.82 + 0.44 43.47 +£0.28 42.99 + 0.64 NS
After resting SPO> (%) 94.79 + 1.43 9491 + 1.24 95.38 £ 1.41 NS
Exercising SPO; (%) 91.58 +2.142 91.79 £+ 1.79% 92.15+1.75 NS
Resuming SPO; (%) 9342 +1.01* 93.51 + 1.28* 94.00 £ 1.43 NS
RBC (x1012 cell/L) 5.13 £ 0.06" 4.97 +0.04* 4.85+0.08 0.026
HB (g/L) 159.79 4+ 1.85% 156.81 4+ 1.38% 153.86 + 2.16 NS
HCT (%) 45.42 + 0.46* 44.61 £ 0.38% 44.50 £ 0.57* NS

aMeans p < 0.05
"Means p > 0.05

individual oxygen supply and their performance. Studies [11, 12] reported resting and
exercising SPO» increased significantly after intermitted hypoxia training. Lvshaojun
found that subjects’ resting, exercising and resuming SPO; increased significantly
after HiHiLo [13]. Niejing approved that HiHiLo was helpful for athlete improve
their exercising and resuming SPO» in hypoxia condition [14]. Those showed that
training combined with hypoxia exposure could increase individual hypoxia load,
which made athlete adapt to hypoxia environment and improve their performance.

88.3.4 Association Between ACE Gene Polymorphism
and the Effects of HiHiLo on SPO;

Study reported that there was significant difference about effects of hypoxia train-
ing between athletes [15]. Moreover, heredity paly an important role during the
individuals adapt to hypoxia environment [16, 17]. Some gene polymorphisms
could make clear these differences [18-20].

We found that subjects’ exercising and resuming SPO, in hypoxia condition
increased significantly after HiHiLo in II and ID groups, but no significant differ-
ence was found in DD genotype. This implied that ACE gene I/D polymorphism
may be association with individual SPO, adjustability to HiHiL.o. Those with II
and ID genotypes may be more helpful individuals for maintenance SPO, during
exercising in hypoxia environment and resuming SPO, Woods found that indi-
vidual SPO, change when athletes climbed rapidly mountain was association with
ACE gene I/D polymorphism, association of I allele with the maintenance of SPO»
at high altitude [4]. Bigham reported that individual resting and exercising SPO»
was association close with ACE II genotype (P = 0.008).
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Angiotensinogen

Renin
Angiotensin
Inactive fragments4—— Bradyk:nm Angiotensin II
| Vasodilatation (via increased endothelial Sodium and volume homeostasis via:
| nitric oxide) ADH, ACTH and Aldosterone release
Increased glucose and amino acid uptake Direct renal effects and stimulation of
| into muscle thirst
Increased myocardial glycogen and Vasoconstriction
energy rich phosphate stores Vascular and cardiac growth factor
i Antiproliferative effects

Fig. 88.1 Summary of the RAS. (Cited by Woods, 9)

Subjects’ SPO; with II genotype were high by 2.3 % than other genotypes [5].
The mechanism of subjects with I allele maintenance SPO, during exercising in
hypoxia environment and resuming SPO, was as follow. One, I allele was associa-
tion close with less ACE activity blood serum and tissue [1], lower ACE activity
could accelerated capillary hyperplasia and increased oxygen reserves (Fig. 88.1).
Thus, less arterial oxygen has been absorbed when subject exercised at some a
load leading to decreasing SPO, descend [21]. The other, subjects” RBC, CHB,
HCT with II and ID genotypes had been improved significantly after HiHiLo,
which was helpful for maintenance SPO, during exercising at some a load in
hypoxia environment and resuming SPO,.

88.4 Conclusion

We found that HiHiLo lasting for 4 weeks could improve individuals adapt to
hypoxia environment. Effects of HiHiLo on SPO; may be association with ACE
gene I/D polymorphism. Subjects with II and ID genotypes may be helpful for
maintenance SPO; during exercising at some a load in hypoxia environment and
resuming SPO,.
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