(Chemical and physical properties)
(ethanol)

aliphatic monohydric alcohols CHXHDOH € HOH 46.07

1173 .C © 785 C°

(Units of alcohol concentration)3

(alcoholic beverages)!!

L
11 100
1.2

100 v
13 (Proof spirit) 100 50

50



2.1 Statutory Instrument (International system of
units, Sl) (mole or millimole)
dite) / /
2.2 / /
/ / /100 ( )

(primary agricultural origin) (

3-6
4-7
8-10
12-14
8-10
20-30
15-20
35-40
30-32
60-70



(Pharmacokinetics )
( )
(Absorption)
(90-98 %)
15 54
EXOGENOUS EENTEI(;(,B\‘%NLOUS
ETHANOL
EXCRETION
IN EXPIRARD AIR
DISTRIBUTION
STOMACH ] THROUGHOUT BODY ) METABOLISM
WATER IN THE LIVER
SMALL /
INTESTINE t
EXCRETION
EXCRETION IN SWEAT
INURINE



(Factors affecting alcohol absorption)4
2

( 30 1100 )
(Superficial erosions & hemorrhages)

(pyloricspasm & paralysis of smooth

muscular system ofthe stomach)

2.
distilled spirits
3.
(peak alcohol concentration)
4,
(gastric emptying
non-selective anticholinergic drugs
5. 404
15
30-90
6.
1.

(Intra-individual variation)

(stage of menstrual cycle)



(Distribution)

inferior vena cava

portal vein
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1 2
1.00
1.12-1.20
0.85
1.10-1.27
( ) 13
1/2100
0.85
3. b
(Metabolism, excretion and first pass metabolism)

95-98 alcohol
dehydrogenase (ADH) microsomal ethanol oxidizing
system (MEQS) catalase 2-5

ADH
(systemic circulation) "first pass metaholism" FPM4 FPM
(0.15-3.00  / )
ADH
FPM
5
passive process clearance rates
09-127 / !

circadian rhythmicity

chronopharmacokinetic variations

(heavy drinkers)
100 /



1

' 5
068 / p- slope 9 / /
p- slope 36 / /
4 MEOS
3
1. alcohol dehydrogenase (ADH) (cytosol)
2. microsomal ethanol oxidizing system (MEQS) (endoplasmic
reticulum)
3. catalase (peroxisome)
(3 citric acid cycle
NAD+ N ADH

\ NADH
C¥_5> T¥_5>

ETHANOL S (ACETALDEHYDE)—P ACETATE
\\\\\\\iTALASE///////f ALDH
MEOS

NADPH NADP+




Alcohol Dehydrogenase (ADH)

nicotinamide adenine dinucleotide (NAD+)

NADH ADH primary, secondary , tertiary aliphatic alcohols
cyclic alcohol ADH
zero order kinetic
ADH Km 19 /
Microsomal ethanol oxidizing system (MEQS)
( 10 % MEOS
MEQS activity MEOS Km 36-46 /
Catalase
HD2  hd
CHILHDH CHICHO
Catalase
Catalase Oxidase
glycollate oxidase, amino acid oxidese  rate oxidase
(rate limiting factor) (D2)

(Genetic control of alcohol metabolism rate)

q
(1dentical twins)
(fratemal twins)

(ethnic differences) k)

(Caucasians)



4000

3000

2000

1000

3848

1039

<
LaanNodan

ANTWL

2578

YUAN AR

. 241

13
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38 4

L (Chemical oxidation methods)

.. 1922 Widmark'  micromethod Erik MP

Widmark

(potassium dichromate)
(sulfuric acid)

2KijCr2 7+ 8H2 4+3CHIOH-—> 2Cr 48+ 2K, 4+3CHjCOOH + 11 HD

( ) AW
(iodometric
titration) 1
(false positive)
.. 1950
(spectrometry) oxidizing agent Leifheit H
(optical density, OD) 600
(spectrophotometer)
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2. (Enzymatic methods)
1940 ADH
ADH
methods
ADH
(iso-propanol)
(n-propanol)
(perchloric aicd, HC104) (trichloroacetic acid, CCljCOQOH) pH
9.6 (semicarbazide buffer)
(NAD+) NAD+ NADH
NADH NADH
NADH 340
CHiCHjOH +NAD+ Afticy*my CHiCHO + NADH +H+
ADH methods
Enzyme multiplied immunoassay technique (EMIT)
Enzyme multiplied immunoassay technique test system plus, ETS Plus ( 5 )
Fluorescence polarization immunoassay (FPIA) Therapeutic
drug excellent, TDX( 5 ) Abuse drug excellent, ADX Spin-off method

Radioactive energy attenuation (REA)
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TDX

)

(

ETS Plus

)

(

ADH methods



17

3. (Gas chromatographic methods)

(gas
chromatography, GC)
injection port
( mobile
phase) stationary phase
stationary phase
retention time (R?)
retention time
(peak height) (peak area)
GC 4B (n-propy! acetate)
(distillation) (internal standard solution)
15 1:10 GC (direct injection)
GC
(headspace technique) GC
gas chromatographic headspace (GC-HS) (  12) !
Y
50-60 °c
60 C
( non-enzymatic oxidation
oxyhemoglobin)
(sodium azide) (sodium dithionite)®
(40 C 50 °c)
(inorganic salt) (sodium

chloride) (potassium carbonate)
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GC-HS
3
4, (Other methods)
GC
(detector) electrochemical sensing, metal oxide semiconductor device

GC-HS fuel-cell sensor

biosensors alcohol oxidase immobilized enzyme
(bioelectrodes) amperometry,

colorimetry spectrophotometry
fourier transform infrared spectrometry (FTIR)
GC
proton nuclear magnetic resonance spectroscopy (NMR)

freezing point depression osmometry
0.2

near-infrared spectrometry

computer-aided pattern recognition technique

gas chromatography - mass spectrometry (GC- MS)
(6 (m/z)
(mass spectrometer) 31,45 46



(deuterium)
NooBLR)

GC-MS

GC 8000 sries

gas chromatography - mass spectrometry (GC-MS)

19



(blood)

blood-brain barrier

100 3 6
(cubital vein) (jugular vein)
heart) (portal vein)

( )3

Femoral vein  Cubital vein ~ Jugular vein
Cubital vein  6.3563"

Jugularvein  15.0203" 8.4840™

Left heart 16.5213" 9.9850™ 15009+

Rightheart  29.0776- 22.5413™ 14.0572"™

Portalvein ~ 30.3824- 23.8461" 15.3621™
* 001 P<0.01

- 0.001 P<0.001

+

20

(femoral vein)
(left heart) (right

Left heart  Right heart

12.5563"
13.8610™  1.2649+



ffnau? 1 1

{{ 21
(water
content) 10
' 80.4 %
(=71 ( :775-806% 5  :79.9-82.3 %)
24
24 A
1.
5
B
5 Pseudomonas sp. Serratia marcescens
2% WIV Pseudomonas sp
Serratia marcescens Serratia marcescens
( 4°)
278 anaerobe

normal flora
Escherichai coli, Staphylococus aureus @

Candida albican ® *

2.

alcohol dehydrogenaseZ23) catalased microsomal ethanol oxidizing enzyme%

(putrefied body)

(decomposition)

(autolysis)
(putrefaction)



7
0t
\
Lactate

Acetaldehyde

1

4,
(glycolysis)
QuMaiitea 20C°£2C%)*  1oop
10}
E
5
o IF
3
E
2
0.1}
Glucose
Days g ]‘0

15

Moiisiled oo
\{):r'uvqfe
20 2545

ay 2§

o < y /.  a 4 & 2 yyd
51 7 uaasmswdvunasvesnnududuueansged luideanmw ioasna ingungiivios

Y



(urine)
6 2327
(bone marrow)9
L
(hip)
2
fraction)?)

1%

(rib)

(sternum)

Y%

1.3
2000 /
(fermentation)
G
(femur)

23

(tibia)

(agueous



(skeletal muscle)

0 (femoral muscle)

(brain and cerebrospinal fluid, CSF)B

GC-HS
819

(liver)

(variation)
(diffusion)l

24



25
(vitreous humor)

(9

turnover time

(¢
04 LPCCRa

SOV LPC
CRV SpC
0V CRA

8 () ()

SOV = superior ophthalmic vein ; 10V = inferior ophthalmic vein ; LV = lacrimal vein i = vortex vein ;
CRV = central retinal vein ;

IC =internal carotid; OA = ophthalmic artery 1CZ =cricle of Zinn ; SPC = short posterior ciliary atery :
CRA = central retinal artery ; LPC = long posterior ciliary artery ; PP = pial plexus

(Inner retinal circulation)@
ophthalmic artery (OA) central
retinal artery (CRA) ophthalmic artery

(retinal capillary) endothelial cell,
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basement membrane mural cell
(cerebral capillary) tight junctions
blood-vitreal barrier

Vitreous
Aqueous hutor

humor

Sclera

Fovea

Cornea Optic nerve
i e Retina
Ciliary body Choroid
9
(Physical properties)@
(hydrogel)
(9
ciliary body
213
3/4 o 39
3.9 98 % 99.7
1.0053  1.0089 freezing point depression
-0.554°C  -0.518°C pH 15

4.2 / (refractive index)
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1.3345 1.3348

(visible light) 90
300-350 300
34
99 %
1%
L vitrosin
vitrosin glycine 18 %, proline 8.4%, hydroxyproline 15.4%
cystine
2. Hyaluronic acid mucopolysaccharide 1
glucuronic acid N-acetyl glucosamine hyaluronic acid
3 2 glycoproteins albumin
4, ( 3)
3 B

Water and organic constituents (mg/100 mi HjO)  Inorganic constituents (mmol/kg HjO)

Water 99,000 Sodium 137.0

Total nitrogen 235 Potassium 38

Protein 40 Chloride 1128

Glucose 30t 70 Bicarbonate 19.6 to 32.4 mEg/kg HjO

Lactic acid 70
Pyruvic acid 13
Citrate 19

4

blood-retinal barrier blood-vitreal barrier
blood-brain barrier

blood-vitreal barrier
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(vascular endothelium of retina vessels) (Pigment
epithelium of retina) ciliary (the inner layer of ciliary epithelium)
(pump) organic anion
4 &3
(m mollkg HD)
Substance Plasma Vitreous
Sodium 143,00 134.00
Potassium 560 9.50
Chloride 97 1047
Total C02 20.60 26.00
Phosphate 2.04 040
Ascorbate 0.04 0.46
Lactate 10.30 12.00
Glucose 570 3.00
NPN 34.00 17.00

&
(turnover time)
tritiated water tritiated water
10 15 T
85
: ( )

agueous humor  vitreous humor

blood-vitreal barrier



L
2.
vitreous base (
15 )

3.
4,

1

2.

10

38
5.

turnover time

3-4 mm.,)

(full autopsy)

29

4B

vitreous barrier

51 (

37
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(postmortem formation) (in vivo ingestion)
101 b
30
83 (
10 ) 50
99 (
10 )
( 30 )
( 10 )
50
10
Bl B
40 92

40-50
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(postmortem alcohol formation)

(germ-free mice)

@
2-3 150
130 23
19 70 4 110
220 K3
5
(fermentation)
1-8 /100 1-4 /100
70 - 130 /100 ( )
90 /100 -6-

| ( 150 - 650
00 )
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glyi\ogen
glucose\fl- phosphate
A
glucose\{ 6 - phosphate glucose__ 3 alcohol

pyruva% Iactatg dehydrog/gnase +0 ’ | acfate

10

24

Candida alhicans
3

(terminal hyperglycemia)
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. .1959
(Postmortem interval)
o/
.. 1966 48
(
1 )
(
)
(blood alcohol
concentration, BAC) (vitreous humor alcohol

concentration, VHAC) 5



19664

19685

19696

40 GC BAC VHAC
1- 40
)
20 BAC VHAC
27 0.74 1
BAC =
VHAC
2.
27
VHAC BAC

BAC/VHAC

25

0.79

(
78 =0.79
99
(25 )

11



BAC = 0.73 VHAC



19707

()
174

0.89 L

+ 95% Cl
(Subclavian BAC=0.89VHAC (£ 0.023)
vein) 2.
BAC/VHAC
0.85- 0.95
BAC VHAC
VHAC

v



19808

()
110

0.95

GC

+95% C|
BAC = [ (VHAC - 0.029)/0.96] + 0.102 g%
BAC  VHAC (N

0.92

BAC/VHAC =0.95 (r= 0.92); BAC/BramAC
= 1.16 (r=0.91); BAC/Bile AC = 1.01 (r=0.92);
BAC/CSF AC =0.88 (r=0.96); BAC/UAC =086 (r=
0.88)



19819

()
30

0.93

GC

GC

BAC/BMAC = 1.26 (r= 0.981);
BAC/VHAC = 0.93 (r = 0.966); BAC/Bile AC = 1.00 (r
= 0.927); BAC/UAC = 0.82 (r=0.913)

»
CD



conversion factor

BAC =093 VHAC

BMAC

VHAC

BAC/VHAC



1983 1 43 0.95 6C 1.
0.81
BAC = 80.0 =0.81
VHAC 98.7
2. BAC VHAC (r=0290)
BAC = 0.76 VHAC + 35.7 mg%
3. BAC/VHAC
himodal BAC/VHAC



19841

43

0.8

GC

Inferior
venacava,
innominate

vein

2.

1
BACIVHAC 0.94-1.37
BAC=0.89 VHAC+ 29.7  (r=0.92)

2
BAC/VHAC 0.72-0.90
BAC = 0.8 VHAC +3.90  (r=0.98)

t
0.8+ 0.4
BACIVHAC
1983 10

0.57 - 1.75

himodal



1984 12

44

0.77

GE))

BAC = 0.57 VHAC
GC 2
1> 100 mg% = 44:
BAC=0.77 VHAC t (0.34) ...(1)
2 <100 mg% =13:
BAC=0.63 VHAC + (0.32) ...(2)

2 (1)



1985 13 75 0.81 GC 1.
BACIVHAC bimodal 1983 1

BAC = 0.81 VHAC (£ 0.16)

35% + 10 %
61% ( +10 %
) 4%

( -10% )



()

1989 U 35 0.9 GC 1
18
0.90£0.38
0.41-3.71
2. 35 t
0.91+0.14 0.72- 1.20
3.
10 120
BAC/VHAC

(371 0.41)



()
19905 205 085 GC : L

0.85
0.75-1.10

(>10
mg%)
BAC <30 mg% 83 %

BAC > 50 mg% 99 %

vin



()
19906 86 08 GC L BAC  VHAC

( (r=098)
) BAC = 0.76 VHAC + 4.7 mg%
2. UAC/BAC = 1.2
2
1
UAC/BAC < 1.20
BAC = 1.09 VHAC
2

UAC/BAC > 1.20
BAC =0.80 VHAC



1993 I/

()
200

GC L UAC/BAC = 12

UAC/BAC < 1.20
BAC = 1.29 VHAC
2
UAC/BAC > 120
BAC =0.89 VHAC

UAC/BAC



11 UAC/BAC< 12 BAC = 121 VHAC
12 UAC/BAC > 12 BAC =0.84 VHAC

2)
2.1 UAC/BAC <1.2 BAC = 1.34 VHAC
2.2 UAC/BAC > 12 BAC = 0.94 VHAC
1994 B 345 0.85 GC
1 95% ClI
BAC=3.03+0.852VHAC+ 0.019VI7157272+(VHAC-189.7)2
mg%
BAC = blood alcohol concentration BMAC = bone marrow alcohol concentration
VHAC = vitreous humor alcohol concentration Bile AC = bile alcohol concentration
UAC = urine alcohol concentration Brain AC = brain alcohol concentration
r = correlation coefficient CSFAC = cerebrospinal fluid alcohol concentration

95% CI = 95% confidence interval



100

@0

49



150

200

300

400

90

(euphoria)

(reaction time)

33

60

50
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2541 (1)
( 2516
9,675 26 )
810 Mo (5
10
150 - 250 189
0.760 ( =810)
TUKNNIANY
MAMEBNY 7,159 910 (74 %)  QUAIMAIIINT 2,516 91U (26 %)
:: X V‘/\:iﬁ
N W :’:;I:‘:l\.lu)ﬂﬂ‘l,!'\u 10927
10 SuRoianm 440
k== T I EEEEE EREEE T

wa 1 a d
IMWIZINUPUAMAINNITIATINAAIICH

anududuieanssed 810 510

aududunonnozodludon Ginaniunlodidud)

HaUINIDANDBIDE 440 518 (54 %)

HAAULDANDEDA 370 51U (46 %)

1

2541




. .2524-2540

2524-2521
2528-2532
2531-2532
2533

2533

2530-2535
2539-2540

e

253

&)

141

209

I
62.23

5.1
%3
904

150 - 250

(mg%)
50-150
151-200
> 150
151-200
101-200
101-200

>80

2541

20-40
21-30
21-30
21-30
21-40
21-30
25-34

[

4

16

8
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00

00

20

50

0

100

32



50

. 2522

.. 2522

. 2537)

16( .

.. 2522

.. 2542
.. 2535
.. 2536

.. 25228

43 (1) (2) 3) () ()

47

43 (1)

46

T~

— ~— ~— ~—

13 ()

13 (1)

46

473)

—_~ Y~ /~ /Y~

—_— — — ~— S~ ~
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. .2522 8

—_— — = ~— ~



16( . . 2537)

.. 25223
5 .. 2522
4) .. 2535
(Breath analyzer test)
3) (1)
1(3) 1
50
2000
1 13

15 .. 2531

56



L8
‘ 6 142
L2522 (&) .. 2%
B(1) @
B(1) @
L2535 @
2522
17 .. 2535
102

(4 .. 2%

57

.. 2522



2522

3

58

(Breathalyzer)

.. 2536 9

. 2536

17 .. 2535

50



2535

102
(4 .. 25%

(Breathalyzer)

50

17

59
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