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Effect of Exercise on Blood Concentrations of Ethanol, Lactate and
Glucose in Men Showing Facial Flush after Ethanel Ingestion

Young-Ho Cho, Hyeong-Jin Kim, Won-Jung Lee and Young-Eun Choo

Department of Physiology, School of Medicine, Kyungpook National University

To elucidate the effect of exercise on blood concentrations of ethanol, lactate and glucose
in men who show facial flush after ethanol ingestion, 59 healthy male college students
were studied,

After 6 or more hours of fasting, the subjects were administered 3 ml of 25% ethanol
solution(Soju) per liter of total body water. For control experiment Soju was replaced
with the same dose of water. Exercise performed was vertical jumping on a rebounder for
3 min immediately after drinking. The subjects were classified into 6 groups: water inge-
stion(W), flushed(F) and non-flushed(N) groups after ethanol ingestion, water ingestion and
exercise(WE), flushed(FE) and non-flushed(NE) groups after ethanol ingestion and exercise.

Blood ethanol concentration in the exercise groups(NE, FE) was lower until 60 min after
drinking than that in the non-exercise groups(N,F). Factor k representing the rate of
ethanol absorption was markedly lower in the exercise groups than in the non-exercise
groups. The flushed groups(F,FE) showed higher blood ethanol level than the non-flushed
groups(N,NE) from 30 to 120 min after drinking.

Blood lactate concentration in WE group was elevated immediately after exercise and
returned to the resting level at 60 min after exercise. Ethanol increased blood lactate level
from 30 to 120 min after ethanol drinking. Exercise after ethanol ingestion produced a
sharp increase and then drop in blood lactate level which was stilled significantly higher
than the resting level all the way through 120 min. ;

Blood glucose concentration was decreased at 15 min after exercise. Ethanol-administered
groups except F group showed a steady decrease in blood glucose Ievel from 30 through
120 min.

Heart rate was elevated by ethanol only in the flushed groups. Heart rate in F group
was significantly increased at 4 min after ethanol and was maintained at high level until
120 min. In WE and NE groups, heart rate was significantly increased immediately after
exercise and returned to the resting level at 60 min. The FE group, however, showed a

consistently elevated heart rate throughout the 120-min experimental period.
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Taken together, the exercise alone produced a delayed ethanol absorption, a prompt incre-

ase in heart rate and blood lactate level and a decrease in blood glucose level early in the
recovery period from exercise. After ethanol administration, blood lactate was elevated and
blood glucose was lowered from 30 to 120 min. Flushed subjects showed rapid increase in
heart rate after sthanol drinking and higher blood ethanol level than non-flushed ones

from 30 to 120 min after drinking.
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Table 1. Physical characteristics of subjects

Group Age(yr) Height(kg) Weight(kg) TBW*(7) No. of cases

Water 20. 68 116. 86 58. 64 38.33 7
.18 2.11 2.89 1.14

Non-Flushed 20. 58 169.37 60. 30 38.95 15
.10 1.33 1.76 .64

Flushed 20.31 171.61 61.17 39.51 9
.29 1.80 1.32 .53

Water+ 20.95 170.33 60. 50 39.09 8

Exercise .30 1.32 1.04 .44

Non-flushed + 20.99 170. 40 62. 56 39.78 9

Exercise .31 1.65 2.00 .84

Flushed + 20.24 172.64 62.91 40. 21 11

Exercise .29 1.83 2.03 . 86

Values are means and standard errors.

* TBW (total body water) was calculated from Watson, P.E. et al'”. as follows:

TBW=2,447—.09516 Age+. 1074 Height +. 3362 Weight.
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Table 2. Blood ethanol concentration after ethanol ingestion and/or exercise mg/dl
After ethanol ingestion
Group Before I:I:gée()sf
15 30 60 90 120 min
Non-flushed 0 34.62 40.58 34.06 27.27 22.33 13
4.20 3.20 1.61 1.90 2.15
Flushed 0 35.44 48.03 43.15* 31.97 26. 86 9
6.07 4.05 3.37 2.11 2.86
'Non-ﬂ.ushed + 0 24,74 33,76 36.05 26. 23 23.47 9
Exercise 3.01 3.42 1.51 2.23 1.79
Flushed + Exercise 0 27.80 38.56 36.54 29.61 24.89 10
3.49 3.32 2.45 2.29 2.46

Values are means and standard errors.

Sgnificantly different from Non-flushed group: p<C.05.
Dosage of Ethanol: 3 ml of 25% ethanol per liter of total body water.
Exercise: Vertical jumping on a rebounder for 3 min immediately after ethanol ingestion.
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Fig. 1. Blood ethanol concentration after ethanol
ingestion and/or exercise. Vertical bars
represent standard errors. Significantly
different from Non-flushed group: #*p<.05.
Dosage of ethanol: 3 ml of 25% ethanol
per liter of total body water. Exercise:
Vertical jumping on a rebounder for 3 min
immediately after ethanol ingestion.
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Fig.§2. Blood lactate concentration after ethanol
ingestion and/or exercise. Vertical bars
represent standard errors. Significantly
different from values before ethanol inge-
stion: *p<, 05. Significantly different from
Water or Water -+ Exercise group: #*p<.05.
Significantly different from corresponding
non-exercise groups: ©Op<(.05. Dosage of
ethanol: 3 ml of 25% ethanol per liter of
total body water. “Water” groups were
given the same dose of water in place of
ethanol. Exercise: Vertical jumping on a
rebounder for 3 min immediately after
ethanol ingestion.

o 1208¢] NFE 34.62+4.20, 40.587+3.20, 34.06
-+1.61, 27.27+1.90 ¥ 22.3322.15mg/dl 81w ») s}
P& 35.447F6.07, 48.03-54.05, 43.15+3.37, 31.97
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Table 3. Blood ethanol curve analysis after ethanol ingestion and/or exercise

Group k B D to tpeak Cpeak  No. of
(ml/hr) (mg/dl/hr)  (mg/dl) (hr) (min) (mg/dl) cases
Non-flushed 775. 34 12.795 . 826 3.705 28.91 39.22 13
Flushed 871.99 9.022 3.972 5.254 29.75 41. 60
Non-flushed +Exercise 436. 49 12. 298 1. 547 3.854 43.34 35.08
Flushed +Exercise 540. 52 11.177 1.169 4,241 39.37 37.49 10

The blood ethanol function(Eq. 2) of time was fitted to mean values of measured blood ethanol
concentrations in each group.

C, ¢
:Tn‘vp (l_e_kmt)— IIIIBVQ ) 020(2)

k: factor representing the rate of ethanol absorption.

B: factor representing the rate of ethanol metabolism.

D: root mean square of difference between the measured and predicted blood ethanol concentra-
tions.

to: time when ethanol is completely eliminated from the body.

treak: time when peak blood ethanol concentration is reached.

Creak: Peak blood ethanol concentration.

For detailed explanation, see the text.

Table 4. Blood lactate concentration after ethanol ingestion and/or exercise mg/dl
After ethanol ingestion
Group Before No. of
4 15 30 60 90 120 min ©88€S
Water 8.16 6.69 5.96 5,36 6.33 6.09 2
.70 .08 .21 1.32 .94 .02
Non-flushed 10.33 10. 98** 12.88%* 13.15* 12. 89* 13. 90**##% 10
.93 1.05 .85 1.07 .71 .80
Flushed 9.27 10. 84 12. 85* 12.38 13.28 12.42% 7
1.38 1.18 .90 .93 1.07 .71
Water+ 11.42 43.95%*F## 33 g1*t+ 9] 73%t+ 15 55+ 11.16 8.89 6
Exercise 1.90 4.45 5.30 2.65 1.35 1.53 .90
Non-flushed + 8.00 36.75F*FT 28.41%FHF 21.36%FTT 18, 71%Ft  15,93%* 3, 34%*¢ 8
Exercise .88 5.54 3.54 2.77 1.95 1.22 1.12
Flushed + 10.22 32.87HF¥TT 26, 99%* T 22 gowkt+ 16, gO** 15.59**%  13,51%# 6
Exercise 1.12 2.16 2.06 1.37 1.32 1.70 1.33

Values are means and standard errors.

ngnificantly different from values before ethanol ingestion : *p<(. 05, **p<C.01.
Significantly different from Water+ Exercise group: #p<(.05, ##p<.01l.

Significant different from corresponding non-exercise group: *p<(.05, **p<C,01.

Dosage of ethanol: 3 ml of 25% ethanol per liter of total body water.

“Water” groups were given the same does of water in place of ethanol.

Exercise: Vertical jumping on a rebounder for 3 min immediately after ethanol ingestion.

42.11 ¥ 26.86+2.86 mg/dl 24 30E o] Fo] =& 27.80+3.49, 38.5673.32, 36.5442.45, 29.61+2.29
AL vgon ofF 608w =z Aot £ (<L 4 24.8912.462.24 NE T #ls4+& 3085+ 90
.05)3tget. NEF&  24.7443.01, 33.7613.42, o L AP Fell wsiAs 608 olAdd
36.05£1.51, 26.23+2.23 % 23.47+1.79E4 30% < A%gE 2y

o]l NFo #l&l ¥& AL ugr. FEFS el T Tl YA HF deE FEIFHY 2

u L
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Table 5. Blood glucose concentration after ethanol ingestion and/or exercise mg/dl
After ethanol ingestion
Group Before i No. of
4 15 30 60 90 120 min ©35°S
Water 63.83 65. 88 63.94 63.39 62,28 61.19 Co2
4.48 .34 .19 3.19 2.09 4.66
Non-flushed 81.71 76.36 85.02 83.15 76.10* 72.00 11
3.15 5.87 4,59 5. 65 2.83 3.08
Flushed 92. 66 90.73 91.48 90. 53 88.39 86. 58 6
7.92 7.42 8.42 8.26 6. 49 4,81
Water_+ 83.12 82. 26 67.09 73.93 73.31 77.98 82.78 6
Exercise 5.33 4.09 4.85 2.26 2.59 2.99 7.83
Non-flushed + 84.30 83.04 69.72 78. 40 75.87 69. 38 67.08% 8
Exercise 5.02 6.06 5.18 3.90 4.41 5.22 4.89
Flushgd + 88.59 78.99 78.85% 89. 94 83.21 75.98 65.73 5
Exercise 8.14 7.88 5.49 6.59 .95 7.86 4,71

Values are means and standard errors.

Significantly different from values before ethanol ingestion: *p<. 05.

Dosage of ethanol: 3 ml of 25% ethanol per liter of total body water.

“Water” groups were given the same dose of water in place of ethanol.

Exercise: Vertical jumping on a rebounder for 3 min immediately after ethanol ingestion.
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Fig. 3. Blood glucose concentration after ethanol
ingestion and/or exercise. Vertical bars
represent standard errors. Significantly
different from values before ethanol inge-
stion: *p<(,05. Dosage of ethanol: 3 ml
of 25% ethanol per liter of total body
water. “Water” groups were given the
same dose of water in place of ethanol.
Exercise: Vertical jumping on a rebounder
for 3 min immediately after ethanol inge-
stion.
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Fig. 4. Heart rate after ethanol ingestion and/or
exercise. Vertical bars represent standard
errors. Significantly different from values
before ethanol ingestion: *p<(.05. Sign-
ificantly different from Water or Water +

Exercise group: #p<(.05. Significantly
different from corresponding non-exercise
groups: ©p<.05. Dosage of ethanol: 3 ml
of 25% ethanol per liter of total body
water. “Water” groups were given the
same dose of water in place of ethanol.
Exercise: Vertical jumping on a reboun-
der for 3 min immediately after ethanol
ingestion.
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Table 6. Heart rate after ethanol ingestion and/or exercise beat/min
After ethanol ingestion
Group Before I\Cloée(;f
4 10 20 30 45 60 90 120 min a
Water 63.0 64.1 61.6 65. 3% 63.6 63.0 63.6 66.0 66. 4 7
1.7 1.2 1.7 1.6 2.2 1.7 2.1 2.0 2.8
Non-flushed 72.3 73.7 74.4 72.2 71.7 72.7 70.5 72.0 71.7 15
1.9 2.0 2.1 2.2 2.1 1.9 1.7 1.5 1.8
Flushed 64.9 72.0%%  78.9%% 84, BRERF Q3 (FR#R Q4 |WREF 7Q gRRER 77 (FF 77 4% 8
2.2 2.8 5.1 4.1 4.5 4.9 3.6 2.9 2.8
Water+ 68.3 111, 3%%¥+86, g¥#++ 78, 4%+ 75 5%E 72 5% 72.9 70.6 70.4 8
Exercise 2.5 7.1 3.4 2.8 2.7 2.5 3.2 3.0 2.8
Non-flushed + 65.1 01, 3¥*#+79 g¥* 74 2%+ 7] 8% 71.0 69.6 67.6 66.7 9
Exercise 2.8 6.5 3.1 2.6 2.3 2.9 3.1 3.0 2.5
Flushed + 64.2 95, 3¥¥* 77.5%F 78, 7 Qo Gk @) gk gy (wE 78 7HRE 75 7% 6
Exercise 5.2 8.3 5.8 5.0 4 6.9 6.4 4.7 5.0
Values are means and standard errors.
Significantly different from values before ethanol ingestion: *p<(, 05, **p<, 01.
Significantly different from Water or Water +Exercise group: #p< .05, *¥p<.0l1.
Significant different from corresponding non-exercise groups: *p<.05, **p< . 01.
Dosage of ethanol: 3 ml of 25% ethanol per liter of total body water.
“Water” groups were given the same dose of water in place of ethanol.
Exercise: Vertical jumping on a rebounder for 3 min immediately after ethanol ingestion.
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