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ABSTRACT AIM: To investigate the relationship be-
tween plasma concentration of B-hydroxybutyrate, acetoac-
etate, lactate, pyruvate, [-hydroxybutyrate lacetoacetate
(H Y ratio) and lactate /pyruvate (L P ratio) and alcohol
by population PD analysis after oral or intravenous admin-
istration of alcohol. METHODS: An oral dose of alwhol
equivalent to 1.02 g ‘L' total body water was adminis-
tered to 14 normal human subjects and an IV infusion (30
min) dose of alcohol equivalent to 0. 83 g L " total body
water was administered to 8 normal subjects. Venous
blood was sampled for determination of alcohol ( BAC),
B-hydroxybutyrate, acetoacetate, lactate and pyruvate for
380 min after oral administration and for 340 min after IV
administration. RESULTS: After oral administration,
the average of Co for BAC was 666 +81 mg"Lil, and it
was significantly lower than 1 020 mg"L7l (P<<0.001).
The slope B for eliminate-phase was 2.29 = 0.50
mg°L '*min . After IV administration, Co was 756 &
109 mg°L71, and the slope f3 for eliminate-phase was
2.454-0.51 mg°L ' “min . The C, was not significant-
ly different from the expected value of 830 mg“Li1 . After
oral or IV administration, the relationship between BAC
and B-hydroxybutyrate, acetoacetate, lactate and pyruvate
concentration and H/A and L /P ratio were investigated by
population physiologic indirect response model, and the
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parameters were presented. Meanwhile, the HA did not
reach maximum at the end of the elimination phase of the
alcohol, and it suggested that the liver continue to accu-
mulate NADH at zero-orden metabolism phase of alcohol.
The plot of BAC versus the plasma concentration of lactate
showed an apparent counter-clockwise hysteresis. CON-
CLUSION: In general, venous blood L/P ratio is mot a
suitable index for the real time reflection of liver redox
status because of the time lag change in concentration of
lactate after administration of ethanol. The parameters
provided here can be useful for future researches on the
effect of alcohol on liver redox status.
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Alcohol ( etharol) elimination by liver cytoplasma
ADHs leads to a more reduced redox state of the free cy-
tosolic NADH-NAD system and increased the NADH /
NAD ' ratio. This shift is associated with changes in the
rates of gluconeogenesis, fat synthesis and stewid hor-
mone metabolism'"? . The raised NADH concentration in
the cytoplasm of liver increases the lactate byruvate ( L/P)
ratio because of the increased activity of lactate dehydro-

[3]
genase

, and this increase is reflected in the increased
blood lactate /pyruvate ratio. The reducing equivalents
produced in the cytosol are transporied to mitochondria
using the malate-aspartate shuttle and other shutiles .

This process increases the mitochondria NADH NAD  ra-
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tio and subsequently increases the mitochondria and plas-
ma B-hydoxybutyrate lacetoacetate (H A) ratio by in-
creasing the activity of B-hydroxybutyrate dehydrogenase.
Many goups have investigated the changes in the re-
dox state in the presence of alcohol, and mostly in vitro.

A number of studies also used blood L P or H/A ratio as a

1
. However, whether or

index of hepatic redox status ~
not the blood ratios can accurately reflect the liver redox
status have not been fully proved. And no study has ever
focused on the relationship between blood alcohol concen-
tration and blood L P and HA ratios, especially in hu-
mans. So it is necessary to study the relationships between
blood alcohol and lactate, pymvate, B-hydwoxybutyrate,
acetoacetate, H/A and L P ratio to verify whether or not
the blood ratios can be used as a real-time marker for liver
redox status.

It is well known that alcohol distribution is limited to
total body water and that alcohol elimination from the
blood follows Michaelis-Menten kineticd'"® . In this
study, an oral dose of alcohol equivalent to 1.02 g°L71
total body water was administered to 14 nomal human
subjects and an IV infusion (30 min) dose of alwhol
equivalent to 0.83 g ‘L total body water was adminis-
tered to 8 nomal subjects. Blood was sampled for deter-
mination of alcohol, 3-hydroxybutyrate, acetoacetate, lac-
tate and pyruvate. The relationships between blood alco-
hol concentration ( BAC) and the plasma B-hydroxybu-
tyrate, acetoacetate, lactate, pyruvate, HA and LP ra-
tio were examined 380 min after oral administration and
340 min after IV administration.

1 MATERIALS AND METHODS

1.1 Subjects Fourteen, healthy, non-alcoholic volun-
teers (aged 27.4 £6.8 years, height 170.0 £8.2 an,
weight 67.8410.3 kg, 9 males, 5 females) participated
in the oral study. Subjects did not consume any alcholic
beverages and medications for at least 3 days and 2
weeks, respectively. Subjects fasting from midnight ar-
rived at the outpatient clinic at about 8: 30 AM. Women
were lested for pregnancy and undertook the urine drug
screen. After about 30 min bed rest, 5 ml venous blood
sample was taken through an intravenous catheter placed
in the antecubital vein, and the catheter was kept patent
by using a slow saline drip. The oral dose of alwhol
equivalent to 1.2 g ‘L total body water was adminis-
tered to subjects based on the calculation published“s] .
At about 9: 30 AM, the alcohol mixed in orange juice ( 1

‘3, v/v) was consumed within 20 min. 5 ml venous

blood was taken at. 20, 40, 60, .80, 100, 120, 180,
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200, 220, 240, 260, 280, 300, 320, 340, 360 and
380 min after administration. 1 ml venous blood was kept
for blood alcohol determination. About 4 ml venous blood
was immediately centrifuged and the plasma was frozen in
dry ice, and it was kept for the determination of the H A
and L P ratios. Plasma samples were stored at —80 C
until assayed and blood samples were kept refrigerated. 1
hour after the alcohol consuming, subjects were allowed to
eat or drink nomcaffeinated beverages at random time.
Food /]iquid was limited to 250 calories per hour, and food
composition was chosen fiom a tray provided by nutrition
services.

Eight healthy subjects participated in the IV study
(aged 31.4=7.1 years, height 170.617.8 cm, weight
69.2 £ 14.1, 5 males, 3 females). Among the eight
subjects, six subjects also participated in the oral study,
and the intewval between two studies was at least one
week . The dose of alcohol equivalent to 0.83 g°L ' total
body waterm] was formulated as a 7.5% solution in sa-
line and infused ( Gemini PC-1 infusion apparatus, Imed
Co., San Diego, CA) over 30 min into one antecubital
vein of subjects. Blood was sampled from the other ante-
cubital vein as described above. Subjects emained in the
supine position during the infusion. Blood was taken at 0,
10, 15, 20, 30, 32, 35, 40, 45, 60, 75, 90, 120,
150, 180, 210, 240, 255, 270, 285, 300, 320, 340
minutes for whole blood alwhol concentration assay.
Larger blood samples at 0, 15, 30, 45, 60, 90, 120,
180, 240, 270, 300, 320 and 340 minutes were taken
for plasma and processed as described in the oral study.
Food and drink were provided as described above.

1.2 Methods BAC in heparinized tube was assayed
by the Sigma (St. Louis, MO) diagrostic kit ( multiple
test vial. cat no. 332—30) and calibrated by the stan-
dard solution ( 800 mg°L l) purchased from the same
company. A calibration cuve was linear with the concen-
trations as follows: 12.5, 25, 50, 100, 200, 400 and
800mg°L ' (#=0.999). The detection limit was be-
tween 5 and 10 mg“Li1 . BAC was detemined within one
week after sampling. Plasma -hydroxybutyrate and pyru-
vate were also assayed by Sigma kits according to the di-
rections. 80 M plasma was used for the detemination of
B-hydroxybutyrate. Plasma cncentrations of acetoacetate
were assayed according to the directions’ . All sanples
from one subject were assayed together. All enzymatic as-
says were time controlled and pefomed by Beckman DU-
65 spectophotometer ( Fullerton, CA). Plasma lactate
was assayed by Analox micro-stat GM7 analyzer according
to the (instructions of the eagent kit ( Analox Instruments
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USA, Lunenburg, MA). The detection limits for the
pyruvate, B-hydroxybutyrate, acetoacetate and lactate
were 0.005, 0.005, 0.004 and 0. 15 mmol"Lil, respec-
tively . The inter-day coefficients of variation for pyruvate,
B-hydroxybutyrate, acetoacetate and lactate assay were
10%,13%, 20% and 10%, respectively. The inter-day
coefficient of variation for ethanol was less than 6%.

1.3 Data analysis
rate of alcohol was calculated fiom a single linear regres-
— Co-br'”

The parameter 3 was the slope of the pseudolinear elimi-

The pseudo—zew-order elimination
sion equation ( the Widmark equation): G

nation phase of the blood alcohol concentration-time
curve. This and all subsequent equations were analyzed
with Statistica 3.0 b by the computer.

The time when the pseudolinear elimination phase
ends (t *) was predicted for the average alcohol data by
the following equation e,

U =—[(1—1l) Nuul Cot Ky N

eis the base of natural logarithm, K, and V.. are

Equation 1

estimated by the Michaelis-Menten elimination kinetics on
blood alcohol concentration in the post-absorption-distri-

bution phaseI 7,

=—(CNuw) + (Ku Nuw) * In(Co £1) +Co N
Equation 2
1.4 Population PD analysis
stimu lation-K;, model was used to describe the relationship
of BAC to Lactate, 3-hydroxybutyrate, H A and L/P rati-
os''" in both oral and IV studies.
dR EnaC
a K0 et o)
Kin and Kau are the input and output constant mn-

Eua 1s the

maximum effect and ECso is 50% stimulatory concentra-

A physiologic indirect

—KaR Equation 3

trolling the response variable R, wespectively.

tion. R is a response variable.
A physiologic indirect stimulation-Kou model'” was
applied to fit the relationship of BAC to pyruvate and ace-

toacetate in both studies.

ﬁ Em(L\’C
a Ko K (1T g TFG

The actual BAC observed was applied to fit the pop-
ulation indirect response model. Population sofiware
NONMEM ( Version 5.1) was used to fit the PD model.
Comparison between individual time groups was analyzed

with ¢ test. P<0.05 was considered as significant.

)R Equation 4

2 RESULTS

2.1 Oral alcohol study result The Cua for alwhol

was, between 20 and. 80 minutes and peaking time for most
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( ten subjects) was between 40 and 60 minutes. Using the
Widmark equation, the calculated average (SD) Co was
666181 mg°L ' (range 548—805 mg°L ').
age B value was 2.29 40.50 mg“Li1 min
1420—3.29 mg°L ' °min ).

The fitted K., Vua and Cy by equation 2 for alcohol
metabolism were 65.6 =+ 30 mg"Lil, 3.84 = 1.79
“'and 768 149 mg L ' (#=0.993) by
using the alcohol ncentration data, respectively. Thus
the time (t ) at which the pseudolinear elimination phase

The aver-
' ( range

“1, .
mg°L  °min

for the average alcohol concentration ends ( first-order
elimination beglns) was 153425.5 mmutes The average

BAC at time t was 320 =53 mg ‘L (Fig 1).
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Figl Log transformation of the average( SD) blood alcohd
concentration( BAC) after oral dose of alcohol equivalent to 1. 2
g’ L' total body water administered to 14 human subjects.

t " The time that first-order elimination begins

The relationship of single compounds and blood alco-
hol was investigated by population indirect physiology
model( Fig 2) .
inTab 1. A dightly time-lagged increase was showed by

Values of the PD parameters were shown

lactate concentration, and the hysteresis curve was shown
in Fig 2C. The average H Y ratlo and LP ratio were cal-
culated as 2.3 and 21.1 at t , respectively. Assuming
ethanol concentration can reach infinity, a maximum re-
sponse ( Ruw) would be generated. Thus function 3 wuld
be rearranged to dR =K, (1+Sua) Ku R, at Ry,
dRt=0, therefore, since Ro= Ki, Kui, Row = (1+
Sua) X Ro. The maximum response ( Rux) was calculated
by the function as followed: Ruwa = ( 1+ Euna) X Ro.
Therefore, the average maximum HA ratio and L ratio
were 4.1 and 25.1, respectively. L/P ratio at t  time
showed & % of maximum Lp ratio, and H A ratio at t
time showed only 56 %) of maximum H IA ratio. Tt indicat-
ed that L/P and H /A ratio were still increased at zero-or-
der ethanol metabolism phase. The fiting curves from a

represeniative individual were shown in Fig 3.
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Fig 2 Plots of the single compounds versus blood alcohd concentration after oral dose of alcohol equivalent
to 1.02 g° L' total body water administered to 14 human subjects

A: average plasma[3-hydoxybutyrate concentration; B: average plasma acetoacetate concentration; C: average phsma hctate concentration;

D: average plasma pyruvate concentrations E: average plasma H/A ratie; F: average plasma LIP ratio
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Fig 3 Plots of the single compounds versus blood alcohd concentration after oral dose of alcohol equivalent to 1. 02 g° L ' total
body water administered to a individual subject. All curves were drawn by the population physiologic indirect response model
A B-hydroxybutyrate concentration; B: acetoacetate concentrations; C: lactate concent ration;

D: pymvate concentration; E: plasma H A ratio; F: plasma LIP ratio
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Tab 1 Parameters of3- hydroxybutyrate, acetoacetate, lactate, pyruvate, H/A ratio and L/P ratio data after oral and IV adminis-
tration by using population method. Values in parenthes indicated the inter subject variability (CV'()

Ki, ECso Kou

fnmol *L™" min~ ! Eo Imgdl ™! Jmin™!
Oral beta-hydoxybu tyrate 0. 0282(13%) 3.63(59%) 15. 9(267%) 1.5(—)
acetoacelate 0. 084(35%) 3.95(—) 64. 3(—) 1.17(—)
lactate 0. 0259(30%) 0.789(—) 6(—) 0.0388( —)
py mvate 0. 0489(41%) 1.93(—) 143( 55%) 0.663(—)
H/A mtio 0. 205(—) 18.1(—) 27. 6(—) 0.944(—)
L/P ratio L2(—) 2.09(35%) 10. 1(113%) 0.147(—)
IVbeta hydoxybutyrate 0. 0238(31%) 3.01(—) 1L 1(—) 0.95(—)
acetoacelate 0. 0374(27%) 1.89(—) 39. 3(—) 0.612(—)
lactate 0. 00586(21%) 1.47(—) 12. 6(—) 0.0112(—)
py mvate 0. 0256(51%) 2.35(54%) 127(—) 0.405(—)
H/A mtio 0.313(—) 10.2(—) 23. 1(—) 0.812(—)
L/P ratio 0. 65(—) 2.04(—) 7.49(—) 0.0756( —)

*, for matio of H/A and L/P, the unit of K;, is min '

2.2 IV Alcohol study result The Cy calculated by
Widmark equation was 756 =109 mg oL ( range 645—
912 mg ‘L '), and it is ot significantly different than
the expected value of 830 mg°L ' (¢ test, P=>0.05).
The B was 2.45 =0.51 mg ‘L '*min ' and ranged
0.153—0.314. No significant difference was found be-
tween the oral and IV studies, and these values were also
similar to those reported by others " .

The fitted K., V. and Co by equation 2 for alwhol
metabolism were 29.7 +17.7 mg°L ', 3.2 0.7
“"*min ' and 806 =97 mg°L71, respectively by
using alcohol concentration data. The values were similar
to that reported by others'™ . Thus t ~ was 169.9 +26.8
min( Fig 4) . The alcohol concentration at time t " was 324
451 mg °L ', and it is almost identical to that of oral

study

mg°L

Plots of the average BAC versus the averaze H A ra-
tio, L P ratio, B-hydroxybutyrate ( A), acetoacetate (B),
lactate (C), and pyruvate ( D) cncentrations are pre-
sented in Fig 5. The fitted population PD parameters were
shown in tab 1. The lactate concentrations at 15 min
(0.64 £0.18 mmol°L7|) were significantly lower than
that at 45 min ( 0.86 1-0.24 rrmol“Lil) or 60 min
(0.800.21 mmol*L ') by paired 7-test, and the etha-
nol concentrations at these time points were vely similar
(P>0.05, t-test). These results further confimed the
hysteresis in alcohol-lactate relationship. However, mo
hysteresis was observed for the relationships of other com-

pounds and alcohol. The fitted curves for one representa-

tive individual ( same subject as presented in Fig 3) were
shown in Fig 6.
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Fig4 Log transformation of the average blood alcdhol concen-
trations ( BAC) after 30 minute intravenous infusion of alcohol
equivalent to 0.83 g°L ' total body water administered to 8
human subjects.

*

t : The time that firstorder elimination begins

The average H /A ratio and L /P ratio were calculated
as2.7 and 22.9 at t , respectively. The maximum re-
sponse ( Ru.) was calculated based on the function as fol-
lowed: Ruw = (11 E..) *Ry. Therefore, the averaze
maximum H/A ratio and L P ratio were 4.3 and 26.0,
respectively. L/P ratio at t  time was 88% of maximum
LP ratio, and HA ratio at t time was only 63% of
maximum H /A ratio. It indicated that L P and H A ratio

did not reach maximum at t time in IV study.
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Fig5 Plots of the single compounds versus blood alcohol concentration after 30 minute intravenous
1

infusion of alcohol equivalent to 0. 83 g°L ~ total
body water administered to 8 human subjects

D: average plasma pymuvate concentratiors E: average plasma H/A mtie; F. average plasma L/P ratio

A: average plasma3-hy doxybutyrate concentration; B: average plasma acetoacetate concentration; C: average phsma hctate concentration;
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Fig 6 Plots of the single compounds versus blood alcohd concentration after intravenous infusion
of alcohol equivalent to 0. 83 g° L ! total body water administered to a individual subject.
All curves were drawn by the population physiologic indirect response model
A B*hydn)xyllltyrate concentration; B: acetoacetate concentration; C: lactate concent ration;

D: pymvate concentration; E: plasma H A rwatio; F. plasma L/P ratio
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3 DISCUSSION

In the 30 minute infusion study, there was no signif-
icant difference between the measured Co and the expected
value of 830 mg ‘LIt suggested that the anthropomor-
phic calculation for total body water was valid.

In the oral study, the average C, calculated from
both Widmark equation or equation 2 were significantly
lower than 1 020 mg"Lﬂ, the value expected when the
bioavailability of alcohol was 100%). In another oral
study, the Co were lower than 800 mg"Li1 in both men
and women when an alcohol dose of 1 141 mg"L71 was
adminited . This result agrees with our study.

It is well known that alecohol undergoes first-pass me-
tabolism before raching the systemic circulation! A

Although fasting can decrease the degree of first-pass
metabolism'™ , our data shows that the significant first-
pass metabolism still exists and the prolonged absorption
phase may be anmother explanation for the lowered Co.

In both studies, the BAC versus H/A ratio, LP ra-
tio, B-hydroxybutyrate, acetoacetate, lactate and pyruvate
were investigated with population PD indirect physiology
model. To the best of our knowledge, no study has de-
scribed such a relationship in either human or animal.
The four compounds and H A and L /P ratios for individu-
al subjects usually fluctuated after intake of alcohol.
Higher standard deviations in the ratios were also seen in
other studies *” . The fluctuations were not caused by as-
say or degradation of the compounds. It may be due to
food intake as diet might affect the L/P ratio'® . Howev-
er, the effect of food on the H A and L/P ratio seemed to
be negligible compared with that by alohol . We cate-
fully compared the time of food intake to the ratios and
found that some fluctuations occurred before food intake.
Also, the decreasing phases not seemed to be changed by
food intake. Thus changes of ratio may largely reflect the
unique effect of alcohol on the liver redox status.

Although no hysteresis was observed in plasma alco-
hol-H A ratio relationship, we obsewed a counter-clock
wise hysteresis loop in the alcohol-lactate relationship,
over half of subjects in oral study showed appawent hyster-
esis in the alcohol-lactate relationship. This is pwobably
due to delaying equilibration of lactate between the liver
cytoplasm and the plasma due to the larger pool sizes of
lactate, plasma lactate concentrations are more than 10~
fold greater than pymvate concentrations, and not a delay
in alcohol when it reach the effect site, but there was no
lag in changes in pyruvate concentration. The hysteresis

in the alcohel-lactate .relationship after IV administration
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was momwe apparent than that after oral administration.

This difference is due to the more rapid increase in alco-
hol concentrations after IV administration. For alcohol can
stimulate splanchnic releasing of lactate into blood ', the
BAC versus lactate concentration cuwve was fit by the
physiologic indirect stimulation-Ki model developed by
Jusko and Ko ", which was able to solve the hysteresis
when assuming the blood concentration of lactate was de-
temined by a zero-order release rate constant from the or-
gans and a first order uptake rate constant by the organs.

As alcohol can stimulate splanchnic uptake of pyruvate
from blood ', the BAC versus pyruvale concentration
curve was fit by physiologic indirect stimulation-Kau
model'” . Assuming the input of pyruvate into blood at a
constant rate( Ki,), alcohol was assumed to stimulate K,
with parameters of E,.. and ECsy. There were many good
agreements in K;, and K, for pyruvate between oral and
IV studies. As many ozans such as muscle, heart, liver,

etc can release and uptake lactate and pyruvate, the Ki,
and Kou just reflect a combined wrlease and uptake rate to
and from blood by those ogans in nomal condition. Re-
gardless of the actual mechanisms that maintain blood lac-
tate or pyruvate conceniration, the increase or decrease of
concentration in blood was driven predominantly by alco-
hol. ECsois 50% of stimulatory concentration of alcohol.

Our finding on the hysteresis in the alcohol-Lactate rela-
tionship indicates that it must be cautiously taken when L /
P ratio was used as a real time weflection for liver redox
status, although it is used in many studies”” " . Current-
ly it is unclear that whether alwhol stimulate release or
inhibit uptake of lactate and whether alcohol stimulate up-
take or inhibit release of pyruvate in individual organ,

therefore the models for relationship of alcohol vs lactate
and pyruvate are based on our assumption mentioned
above. However, we can use physiologic indirect stimula-
tion-K;, model to fit the relationship of alcohol and the L /
P ratio. As it is known that liver can deliver the ratio
change to blood from cytoplasma in the presence of
alcohol™ . The disparities in some values between oral
and IV studies probably due to the variability of the sam-
ples or some unknown rasons.

The BAC-B-hydroxybutyrate and BAC-acetoacetate
relationships are also described by population PD model,
although it is unclear that whether alcohol stimulate re-
lease or inhibit uptake of B-hydroxybutyrate and whether
alcohol stimulate uptake or inhibit release of acetoacetate
in each organ. We assume alcohol stimulate release of 3-
hydroxybutyrtt to blood from organs and stimalate uptake
of . acetoacetate, from jowans. The assumption described
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above for lactate and pyruvate was made by the K; and
the fitted parameters for BACH-
hydwoxybutyrate relationship and BAC-acetoacetate rela-

Kou. In general,

tionship between oral and IV studies are similar except
two times difference in ECy for B-hydroxybutyrate. This is
pobably due to deviation of the samples. As many owzans
such as kidney, muscle, heart, liver, etc can release and
uptake B-hydroxybutyrate and acetoacetate, the K, and
Kou just reflect a combined release and uptake rate to and
from blood by those organs in normal condition. Regard-
less of the actual mechanisms that maintain blood -
hydwoxybutyrate or acetoacetate concentration, the in-
crease or decrease of concentration in blood was stimulat-
ed predominantly by alcohol, and ECso is 50% of the
stimulatory cncentration of alcohol. When the concentra-
tions of alcohol appwached zero, the acetoacetate concen-
trations were higher than zew time and B-hydroxybutyrate
concentrations and H/A ratios were slightly lower than ze-
ro time although there was no statistical significance be-
tween these time points and zero time in some subjects. If
it was twe, the phenomena are pwobably caused by the
rebound of activity of the B-hydroxybutyrate dehydroge-
nase, due to changes in mitochondrial homeostasis by eth-
anol. In gereral, these phenomena need to be further
confimed by larger sample size. The physiologic indirect
stimu lation-K;, model was used to analyze the relationship
of alcohol and the H /A ratio. As it is known that liver can
deliver the ratio change to blood from mitochondria in the
presence of alcohol. Our study shows that H /A ratios was
still increased at zero-order ethanol metabolism phase and
that the NADH continue to accumulate, and that the po-
ducing capability of NADH exceed the removing capability
of it at zero-order alcohol metabolism phase. This conclu-
sion is also confimed by L P ratio which did not reach the
maximum value at t  time in both studies. The elevated
NADH might function as a rate-limiting factor in alwhol
melaholism. There is a opinion that a higher NADH con-
centration can inhibit ADH activity and play a important
role as one of rate-limiting factors in ethanol metabolis-
m'™ . On the other hand, it is suggested that there is no
single rate-limiting step in the alwhol metabolism pathway
and contol is shared anong several steps o,

A physiologically-based compartmental pharmacody-
namic model is not able to be established. Some parame-
ters such as the pyruvate and acetoacetate clearance rate
and lactate and B-hydwoxybutyrate appearance rate, efc,
in liver are not reported previously after literature search,
and they are necessay to fit the model. Therefore we used

a simple way-indirect. physiology model o fit these rela-
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tionships. The models assume that the drug (alwhol in

our case) is the predominant driving force for blood sub-

[17

stances change ~, considering the effect on the change

from other factors minor or neglectable. This assumption
is also employed in our case. Strictly, it follows “empiri-
cal” approach rather than mechanism based. Physiologic
indirect response models are increasingly used by re-

searchers in clinical pharmacology field due to its simplic-
ity and capability to solve the hysteresislzg]

In general, it must be cautiously taken when using
verous blood L P ratio as a real time reflection for liver
redox status because of the time-lagged change in lactate
concentration after ethanol administration. The parameters
provided here can be useful for future researches on the
effect of alcohol on the four chemical compounds in blood

and on liver redox status.
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