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Abstract 

The enzymatic method for ethanol measurement can detect very low concentration of ethanol 
at samples, consequently it can’t be applied for samples with high concentration and implies 
as very sensitive method at limited range of detection.  

The alcohol dehydrogenase method is based on oxidation of alcohol in the presence of ADH 
as enzyme and NAD+ as coenzyme and formation of acetaldehyde and NADH that can be 
monitored by spectrophotometric measurement at 334,340 or 365 nm wavelengths. 

Ethanol +NAD+  ADH
↔ Acetaldehyde +NADH+H+

For optimum conditions of measurements all the parameters that affect the enzymatic reaction 
including temperature, pH, trapping agent for product and proper mixing need to be 
optimized. 

In order to calculate the unknown concentration of ethanol in a sample based on this method, 
it is crucial to find right mathematical model to calculate the unknown concentrations of 
ethanol in the sample using a mathematical equation that generalizes relationships among the 
reactants in the reaction including the reaction products. In most enzymatic reactions many 
parameters are involved meaning that the reaction seldom follows simple linear relation 
between concentration and signal. Four-parameter logistic model is well suited for modeling 
sigmoid relationships frequently found in biology.  

The aim of this project is determination of ethanol at microdialysis samples and the 
fundamental reason for developing the present measurement method was to study changes in 
blood flow in living tissues using wash out of the very dissolvable ethanol as a flow marker 
using the Microdialysis technique.  

Result from this measurement technique for microdialysis samples shows that ethanol can be 
detected at range of 0,5-16mmol/L and whole detected concentration for different samples 
during one microdialysis test follows the inverse relation of blood flow changes in tissue. 

Also the reported result from Urea test as general method for studying blood flow changes 
and ethanol test for microdialysis sample has been compared and leads to this conclusion that 
ethanol techniques is as reliable tool for studying blood flow changes. 

 

Keywords: alcohol dehydrogenase, ethanol, four-parameter logistic model, microdialysis, 
blood flow changes 
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1. Introduction 

Enzymatic quantitative measurement methods employ enzymes as catalysts in transforming a 
substrate into a measurable product which has a concentration related to the analyte intended 
for measurement. There are two crucial factors in the enzymatic assay are: the molecular 
structure specificity of the enzyme reaction which minimizes the risk of interferences by 
related substances and of matrix effects, and the amplification in the reaction provided by the 
rapid conversion of substantial amount of the substrate resulting in a strong signal used in the 
measurement.  

The enzymatic reaction from substance to product is in form of a balanced chemical reaction.  

At balanced chemical reaction, there is equilibrium between products and substances. 

A+B↔P+Q  

A, B are substances and P (as interest product), Q are products. 

Gibbs free energy, ΔG explains two directions at this equilibrium as it stands for sum of free 
energies of formation of the products, ΔGp  minus the sum of free energies of formation of the 
substances, ΔGs , negative ΔG determines tendency of reaction to the formation of product.(it 
provides only some information on direction of reaction). 

ΔG0 =-RTln Keq 

Keq= [P][Q]/[A][B] 

Rate of reaction as thermodynamic parameter, that implies how fast a reaction proceeds, can 
be determined by Activation Energy, which is the energy associated with formation of 
transition state, ΔGF. 

E+R▬L↔E... R...L ↔E▬R+L                          ΔG= ΔGF  +  ΔGD 

            ΔGF                       ΔGD 

The formation of transition state requires energy so activation energy, Eac, always has positive 
sign. 

Rate≈ e-Eac/RT  

The kinetic theory (collision theory) explains that for two molecules to react they must: 

1-Be located enough near to each other in order to collide or forming distance bond. 

2-Have reached to the sufficient kinetic energy in order to form transition stage (overcome 
barrier; decay bond of substance and form distance band of product). 

So anything that increases two above factors will increase the rate of reaction [1]. 

Temperature and substance concentration as two important factors affect reaction rate.  
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Increase of the temperature leads to increase in the kinetic energy of molecules, which leads 
to overcoming of the barrier of activation energy as well as induces increased motion of the 
molecules thus increasing the probability of collision and reaction between the molecules. 

Increase in the substance concentrations increases the probability of collision between the 
molecules since the probability of collision is proportionate to the increase in number of the 
molecules. 

So Rate of reaction as function of concentration can be showed as below: 

nA+mB↔P 

Rate1=k1[A]n [B]m

Rate-1=k-1[P]  

At equilibrium   Rate1= Rate-1 →k1/k-1 = [ P]/ [A]n [B]m  

2. General characteristics of enzymatic reactions and of alcohol dehydrogenase (ADH) 
in particular  

Enzymes accelerate reactions and decrease activation energy (Figure1) in fact with help of 
their specifics structures at active site forming a covalent bond with transition state 
intermediate that make it stable. 

   

Figure.1 Decreasing activation energy by enzyme [2] 

In fact enzymes decrease the Activation Energy by decreasing ΔG‡, the free energy of 
activation and have no effect on Keq and ΔG [1]. 

The mechanisms of this commonly are one or more of the following: 

Acid-base group which transfers proton to or from the intermediate. ADH has an acid group.  
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Charged group (metal ion) that stabilizes intermediate.  

Specific geometry that prepares a proper environment for the substrates to react. 

Acting alone or together, these factors reduce the activation energy and accelerate the reaction 
as well [1,3]. 

2.1 Enzyme characteristics at reaction 

2.1.1 Factors affect enzymatic reactions 
Temperature: Raising the temperature causes increases of the rate of reaction due to increase 
of the kinetic energy of the molecules involved and their collision frequency. Increased 
temperature also eases the attainment of sufficient activation energy. However, increased 
temperature also influences the tertiary structure of the enzyme and runs the risk of 
denaturating the protein structure including the active site. [1] 

Figure 2 shows the general principle of the optimum temperature for enzymatic reactions. 

 

 

Figure 2. Percentage of activity based on range of temperature for enzymes [4] 

The rate of reaction will be doubly for every 10 degree increased at temperature (before 
reaching to denaturation point) [1]. 

pH Effect: Enzymes can recognize and bind to substrates with help of dissociation group 
form salt bridge with substrate. Negative charged group is carboxylate and positive charged 
group is protonated amine. 

Losing or gaining charged group (for example due to changes at pH) strongly affects on the 
structure of active site adversely it means that  enzyme is active at range of pH which keep 
it’s structure stable and active, lower or higher PH cause the denaturation of enzyme, figure 3 
shows optimum activity of one enzyme at exact pH [1]. 
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Figure  3. Optimum pH for enzyme activity [1]. 

For example as ADH contains an acid group in its active site, the most proper pH that makes 
this enzyme more active is about 8-9 [5,6]. 

Substrate concentration: Increase in substrates concentration leads to increase reaction rate 
but this will continue to the point that enzyme is completely saturated with the substrate. At 
this point the reaction velocity is at maximum and then stays constant; Figure 4 shows this 
characteristic for enzyme. This means that further increase in concentration will not affect on 
reaction velocity due to the fact that no further empty active sites are available (saturation). 

 

 

Figure 4. Velocity of reaction based on substrate concentration [1].  

The Michaelis –Menten equation explained this relation.  

Vi =Vmax[s]/Km+[s] 

Km, stand for concentration of substrate at the point that velocity reached to half of maximum. 

If [s] >> Km   so   Vi = Vmax 

If [s] = Km   so   Vi= Vmax/2 
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If [s] << Km  so  Vi= Vmax[s]/Km  and Vi is directly proportionate to [s] [1]. 

 2.1.2 Active site and specificity of enzyme  
An enzyme is a protein which includes chains of amino acids linked together through peptide 
bonds. Amino acid sequences within polypeptides bond make specific three dimensional 
structures for folding at enzymatic reaction; this structure for ADH has been illustrated at 
Figure 5. 

 

Figure. 5 The structure of ADH [5] 

An enzyme not only cause chemical transformation but also transforms one form of energy to 
another [7]. 

In fact specific configuration makes enzyme enough stable through interactions of amino 
acids in different parts of the peptide chains with each other and with the surrounding 
medium. High changes at temperatures, acid or alkaline and polarity of environmental 
solution break down theses weak interaction precisely which is resulted to deconstruction of 
peptides chains or denaturation of enzyme. This capability prepare specific capacity for 
enzyme in order can bind to a very wide range of molecules that leads to form transition state 
consequently breaking and making chemical bonds (from transition state to products) during 
catalytic reaction of an enzyme determines which form of possible formation of new 
molecules as product performed in fact stabilizing of transition state provide this selectivity 
for enzyme. Consequently enzymes are highly specific at their reaction and reactant as well 
[7]. 

ADH from liver has shown to have two different subunits (Figure 6), E and S, consisting of 
374 amino acids and just six residues parts make them different. Combination of two subunits 
lead to two kind of configuration as a homodimer: EE, SS or as a heterodimer: ES. Therefore 
these are isozymes and none of six residues occur in the interface region between the two. 
When ADH isolated from liver, 40-60% of the enzyme is in the EE form. [8]. 
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Figure.6. How two monomers pack together to form a dimmer [8] 

Some enzymes contain a nonprotein component, in the name of coenzyme or prosthetic group 
that can be an organic molecule, vitamin derivative, or a metal ion. Coenzyme plays 
important role at enzymatic reaction, for example, it prepares proper environment that one 
group being transferred from substrate to another during intermediate formation. Figure 7 
shows the attached position of NAD+ as red color to dimer [3, 7]. 

. 

 

Figure 7 Space-filling model, where the NAD+ molecule is visible with red color and has 
attached to ADH [8] 
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Active site of an enzyme is the specific part of the enzyme structure that interacts with 
substrate directly leading to formation of transition state intermediate. This exact part of 
residue, which involve reaction called catalytic group [7].  

This catalytic group serves as special three dimensional cleft or open area for enzyme through 
different part of amino acid sequences and as small part of whole volume structure of enzyme. 
It has unique microenviromental structure and substrate binds through formation weak 
nanoncovalent bonds (-210-460 KJ/Mole). In fact specific configuration of atoms in active 
site determines which possible precisely defined structure of substrate can be matched into the 
cleft. Figure 8 shows this behavior for enzyme [7]. 

 

Figure 8 General behavior of active site at enzyme [7] 

For ADH both two subunits with semi-open conformation at catalytic domain have ability to 
prepare environment of active site and Zn2+play an important role at this regard as it changes 
some elements of secondary structure (Figure 9)[9,10]. 

 

Figure.9 Role of Zn2+at enzymatic reaction of ADH [10] 

 

Binding energy as free energy during formation of intermediate release and precisely just 
correct substrate can cause the maximum binding energy so by this way only specific 
substrate results more binding energy and leads to lowering activation energy [7]. 

According on nature of transition state, readily its bonds breaks and results to formation of 
product or substrate and tendency at direction of reaction exactly depends on difference of 
free energy between substrate and production formation (ΔG reaction)[7]. 
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For ADH each of the two subunits of the enzyme has one binding site for NAD+ and two 
binding sites for Zn2+. Only one of the zinc ions is involved directly in catalysis. It is ligated 
by the side chains of Cys 46, His 67, Cys 174 and a water molecule which hydrogen bonds to 
Ser 48 [9,10]. 

2.2. Principles of ADH method for measuring ethanol in particular 

The enzymatic method for ethanol measurement can detect very low concentration of ethanol 
in samples, consequently it can’t be applied for samples with high concentrate and implies as 
a very sensitive method at limited range of detection.  

The ADH method is based on oxidation of alcohol in the presence of ADH at rate limiting 
enzyme and NAD+ as coenzyme and formation of acetaldehyde and NADH that can be 
monitored by spectrophotometric measurement at 334,340 or 365 nm wavelengths. 

Ethanol +NAD+  ADH↔ Acetaldehyde +NADH+H+

It means that absorption at said range indicates the number of NADH molecules which is 
equal to ethanol. 

For optimum conditions of measurements this reaction has to be driven to the right by the 
addition of a trapping agent such as semicarbazide hydrochloride (preferred since it is 
nontoxic) or hydrazine sulphate (toxic) and high pH about 8-9 can have this affection on 
reaction. 

Incubation at temperature around 25 0 C and proper mixing for 30-90 minutes cater for fast 
and proper conditions for the enzymatic reaction i.e. those cause more probability for 
collision and preparing activation energy for enzymatic reaction, therefore the reaction can be 
shortened [6,11,12]. 

As the reaction is of first order one, substrate concentration must be kept enough low [S] 
<<Km in order that the reaction pass its usual direction so it may require large dilution of 
sample before reaction. 

According the equation: Vi= Vmax [S]/Km+[S]. 

If [S]<< Km  then the reaction is highly dependent on the substrate concentration; [S] 
[1,6] . 
 
A calibration curves based on the result from known concentration of ethanol via absorption 
has been applied to figure out the concentration of unknown samples through it’s related 
absorption, as the other term amount of absorption based on calibration curve leads to 
concentration of unknown samples. 
In order to calculate the unknown concentration of ethanol in a sample based on this method, 
it is crucial to find right mathematical model to calculate the unknown concentrations of 
ethanol in the sample so fit mathematical equation that generalizes relationships among the 
reactants can translate the result to the general equation model.  
The fundamental reason for developing the present measurement method was to study 
changes in blood flow in living tissues using wash out of the very dissolvable ethanol as a 
flow marker using the Microdialysis Technique, this is because microdialysis technique 
alongside calibration curve models have been discussed later . 
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2.3 Results from earlier published ADH methods 

1. Centrifugal analyzer: At this method rate of reaction catalyzed with help ADH and 
aldehyde dehydrogenase (AL-DH) is measured by centrifugal analyzer. AL-DH 
oxidizes acetaldehyde and cause reaction shifted to the left direction so it leads to a 
better evaluation of ethanol. The detection limit is in the range of 0,67 – 1,39 
mmol/L [11]. 

2. Similar procedure (has been explained as major method here) has been done by 
others. The limits of detection and quantification are 0,007 g/L and 0,024 g/L 
(0,5209 mmol/L) respectly [12]. 

3. Amperometric measurement: An electrochemical measurement of blood ethanol 
but for ethanol measurement, NADH oxidized by horseradish peroxidase, and buffer 
depletion which supplying oxygen is measured by membrane oxygen-sensing 
electrode and is directly proportional to the ethanol concentration. There is no need 
for incubation, deproteination, extraction or dilution and result takes just about 1 
minute. Range of measurement is 0,5-5 g/L and the detection limit (at least 5 
microliter of sample must be used) is about 0,2 g/L (4,3 mmol/L) [13]. 

4. Automated Fluorometric method: This method uses Auto Analyzer modules and 
basically uses fingertip blood sample. The sample is quickly transferred to Auto 
Analyzer and diluted with 1 mL water. The time required for this measurement is 
about 16 minutes. Range of measurement is 0,10-3,00 g/ L and detection limit is 
0,002 g/ L (0,043mmol/L) [14]. 

5. Microfluorometry: It is a method used in case of very small sample volumes are 
available i.e.1 µL, or when ethanol is to be measured within minutes, e.g. in brain 
samples. The Range of measurement of method is as the same as method number 2 
[15]. 

6. A Competitive inhibitor procedure: At this enzymatic method pyrazole as 
competitive inhibitor for ADH has been used, concentration of substrate low and 
reaction is first order, volume of sample is so low around 3-5 microliter and the 
velocity of reaction can be shifted to higher in compare of ordinary reaction with 
help of inhibitor, in fact it increases Km, at this method pretreatment and incubation 
is needed (10-60 minutes). The detection limit is 0,12 mmol/L [16]. 

7. Chromatography. 

• Liquid Chromatography: Detection limit is 0,02 g/L(0,434mmol/L/). 

[17]. 

• Gas Chromatography: Detection limit is 1mg/L.0,1 mg/L (2 µmol/L) 
[18]. 

. 
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3 Translation of result to the mathematical equation. 

3.1 Using nonlinear calibration methods and Logistic method  

Calibration is the process by which a collection of data from the assay including responses 
(Yi) of variances (Xi), can find the fitting model to generalize equation [19]. 

In fact with a calibration curve the amount of unknown X from its related Y can be estimated. 

For a linear calibration curve Y=mx +b 

Y=quantity of response for measured variance  

m=slope, which shows analytical sensitivity of the test during responses for every variable 

x=quantity measured.  

b= expected indication of response at the test when x=0 

For linear calibration model all response of each measuring has linear relation with its related 
variance. 

There are uncertainty residues in Y which is not concentrated at single point it means that it is 
distributed normally through out whole length of line. 

The data must be homoscedastic, which means that variation/error in Y is independent of X. 

 Many relationships among reactants are not linear which is e.g. expressed in term of the 
following equation 

Y=ax2+bx+c. 

For a successful assay it is very important to find right mathematical model in order to 
correctly estimate the concentrations of ethanol in the unknown samples from the observed 
signal in the calibration samples. This mathematical model of equation will also determine 
other characteristics of the assay including precision, accuracy and detection limit. 

Nonlinear estimation has different special fitting models that includes many parameters in 
there which precisely can defined any kind of relationship between a dependent (Yi) and a 
range of independent variables (Xi), it can be termed as this special characteristic for the assay 
that just one single parameter not enough to leads to result response. 

Y=F(X1, X2, X3,……Xn)         

Y=a1+b1X1+b2X2+…+bnXn [19, 20,21]. 

Some of the most common nonlinear models are: Probit, Logit, Polynomial, Exponential, 
growth, Breakpoint regression [22]. 

In fact nonlinear estimation can be applied in case that relation of variables can not be 
estimated and predicted just based on the simple linear regression and it is furnished by fitting 
model for any specific kind of reaction. 
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For enzymatic reactions as an assay which many parameters leads to special response and 
relation between variances do not follow single rules so curve based on dose – response 
elements can’t be fitted through linear interpolation between adjacent points. In the other term 
right fitting mathematical model of equation leads to proper utilization of data. 

So which characteristics of enzymatic reaction lead to use non linear estimation? They can be 
summarized as: 

Heterogeneous nature of binding site, no equal behaviour of chemicals at the same reactions 
and  some error regarding preparation of reagent which is leads to failure to reach to usual 
equilibrium as important factors prepare changeable (deprative) behaviour for enzymatic 
reaction so many arbitrary must be involved in order that right fitting model achieved, 
consequently this kind of reaction never follow up just a simple rule and linear regression 
can’t estimate precision of unknowns and predict behaviour of reaction.  

So at such system two important factors have to be considered as most important attributes of 
variance that including: 

• Nonlinearity. 

• Nonuniformity. 

Therefore for finding proper fitting curve, so many arbitrary or unknown parameters for dose- 
interpolation have to be taken into account. 

At this model response variable are interpreted as [23]: 

B= count bound 

BB0= count bound for zero dose 

N=non-specific count 

T=total count 

B/T=fraction bound 

F/T=fraction free 

B/F=bound to free ratio 

F/B=free to bound ratio 

Y=B/ B0

X=dose 

3.2 The Logit-Log method 

The sigmoidal curve of B/B0 vs. logX provides a linear response curve with lowest sum of 
squares of standard deviation from Y axis; it means that it transforms S shape of curve to 
straight line in order to find proper interpolation for curve fitting. Figure 10 shows two 
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symmetrical sigmoidal region which is nearly linear around the centre and slope become 
sharper if one approaches Y=1 or Y=0 . 

Y´=logY=a+b*logX and    0<Y<1 

Y=B/B0  

LogY=loge(Y/1-Y) 

Where a and b are constants. 

At this method accurate responses level for dose when it is 0 and 100 % has to be required (B0 
and N) and equation by utilization of data can not adjust them on the curve. 

 

Figure.10 The logit transformation [24] 

But logit-log method has some limitation for using at enzymatic reaction as it can’t adjust B0 
and N and assume them as constant. In the other term this method for linearity of the curve 
stretches the curve based on this point that % B/ B0 approaches to either 0 or 100% so it 
makes errors in tails and do not precisely cover all information of assay so can’t cover the 
nonuniformity of variance as it is one of the crucial attribute of enzymatic reaction [23,24]. 

3.3 Four -parameter logistic model in particular  

There is a statistical method which adjust initial estimation of B0 and N by using information 
from all points of curves which produce fitting curve model in three sections areas including 
higher and lower horizontal asymptote for the non-specific count, N ( or d)and B0 ( or a) and 
in the middle the part that it’s weights are nearly proportional to the square of the slope of 
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B/B0 vs. logX (the logit-log method) so the central region of curve has the most weight the 
curve and as it can be seen at figure 11 the curve is perfectly symmetrical around it’s 
midpoint(b, c). 

This method makes the curve totally in the S shape. In fact this method is originally regarded 
as a logical extension of the logit-log method.  

The general equation is  

Y=a-d/1+(x/c)b +d 

Where a = B0 predicted response when X=0 

Where d =N or the response when X=∞ 

 Where c=dose when B/ B0 =0,5 (50%intercepet or middle range) 

And b=exponential corresponds to (-1) times the slope of logY (for natural log but for 
common log 2,303) vs. logX (It is also match even response parameters interpreted as free or 
bound counts B/T, B/F, F/T and B/ B0). 

 

 

Figure.11. The Four Parameter Logistic model [24] 

This method prepares an increase in the degree of freedom therefore results to the reliability 
of residual variances which prepare more generality as well as more complexity. In the other 
term it is more recommended when uniformity of variance for the original dose-response 
variable are considerable at tests. 
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The most favourable property of the four parameter logistic method over the log method is 
that it allows the B0 and N to have best possible as well as best weighted least squares criteria 
fit through the entire length of curve. 

Inversely each point from unknown dose can be estimated based on its position on S shape 
curve and its equation [23, 24,25]. 

4. Microdialysis 

4.1 Principles of microdialysis method 

The principles of microdialysis are based on the dialysis concept which stems from a Greek 
word meaning separation. The microdialysis technique was developed more than 30 years ago 
and has proven its value both in preclinical and clinical applications.  

A microdialysis device (Figure12) includes an artificial blood vessel with its special 
semipermeable membrane and inlet outlet cannula (or probe) prepare proper condition for 
perfusion solution to pass through device and exchange some molecules around extracellular 
fluid as perfusion solution has near nature to the interstitial space fluid. This system is placed 
in tissue at extracellular space such as adipose tissue or skeletal muscle. 

In the other term after introducing probe at tissue exchange of substances will be passive 
diffusion across the semi permeable membrane so just soluble molecules can exchange 
between probe and surrounding tissue. [26]. 

 

Figure.12 Diffusion in a microdialysis system [27] 

Small molecules continuously diffused out of the interstitial space fluid into the perfusion 
medium and provide equilibrium condition between liquid perfusate and fluid outside of 
probe(exchange of molecules in both sides) and osmotic pressure prepares the driving force 
(different gradient concentration at two sides) [28]. 
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Figure 13 Analyte be introduced the tissue by implanted probe as perfusate and be recovered 
from outlet as dialysate [29]. 

Finally the dialysate which is as result samples continuously collected as it has been illustrate 
at figure13 and by very sensitive and standard analytical techniques ,concentration of 
interested compounds will be analyzed . In other words, microdialysis technique has this 
specific potential that to determine and monitor some compounds in vivo in tissue, which is 
result to control  chemistry and metabolism at adipose and skeletal tissue such as lung, heart 
and brain and also studying of blood flow and solid tumors e.g. in humans[29,30,31]. 

4.1.1 Analysis of Microdialysis 
There are different approaches for measuring the actual concentration of interest substance at 
interstitial space fluid, however for all different approaches these concept are rules of thumb: 

Relative recovery stand for ‘concentration of interest substance at interstitial space fluid' [26] 
and it depends on:  

• Pharmacological and chemical specification of interested molecule substance. It 
means that exchange of molecules across the permeable membrane depends on the 
charge and configuration of molecules [28]. 

• Membrane cut-off(maximum size of molecules can transfer across the 
membrane):Generally molecules with a molar mass of approximately one quarter of 
membrane cut-off can be recovered at dialysate , so large molecules such as proteins 
can not passed through this membrane and can not enter the probe[26]. 

• Perfusate composition.  

• Flow-rate of perfusate: It can be adjusted based on interval duration of sampling that 
precisely determines the resolution of experiment i.e. longer interval that causes low 
flow rate leads to more resolution between dialysate samples result but more time 
consuming too, in fact criteria of analysis method assay will defined the reasonable 
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resolution and relative recovery for experiment, for example high flow rate decrease 
relative recovery [28]. 

• Blood flow at specifics space of tissue under microdialysis [26]. 

• The area of membrane: membrane with larger area leads to higher recovery per unit 
length. 

• Temperature: it is absolutely necessary to be kept constant because of high influences 
on diffusivity and enzyme activity. 

• Length of Dialysis tube [27]. 

Two recent applicable methods are as follows: 

1-Old approach: at this method speed of perfusion solution decrease gradually and any 
changes at concentration of interest substance is measured, at zero flow rate of perfusion the 
measured concentration will be considered as actual concentration of tissue ,in fact this  
method follows mass transfer concept. Figure 14 shows the typical approach.[26]. 

 

Figure 14, Mass transfer method for measuring the actual concentration of interest substance 
at interstitial space fluid.[27]  

2-The next approach is based on equilibrium and so called; equilibrium dialysis .At this 
method, microdialysis of tissue is started by different known concentration of interest 
molecules in solvent introducing probe. Disappearance rate is determined when the 
concentration of ingoing and outgoing is equal; it will be actual concentration of interest 
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substance at tissue. For this matter linear regression of curve with specification of 
ingoing/outgoing based on concentration substance at perfusate can determined the relation of 
two said parameters. 

For this method sufficiently long wash-out period, long length of probe tip and low perfusion 
rate those prepare recover condition with approximately 100% efficiency, so by this way 
outgoing dialysate will be equal in concentration with ingoing perfusate [27]. 

But in actual microdialysis procedure when probe implanted into the tissue perfusate solution 
establishes incomplete equilibrium with outgoing dialysate so dialysate concentration 
includes some amount of whole actual concentration at extracellular fluid. For this reason the 
probe must be calibrated. 

The following equation can be applied for this situation: 

Recover%=100-(100*Cdialysis/Cperfusate) 

Cdialysis/Cperfusate can be estimated by regression model based on ingoing/outgoing 
concentration which has been explained above [28]. 

It is important that at any dialysis method, the whole volume of the microdialysis sample is 
very low therefore the recovery will be in completed which leads to analyze low 
concentration of interest substance. Thus it is often necessary to use an ultrasensitive analysis 
such as HPLC or Luminescence or Spectophotometry [26]. 

4.2 Using ethanol at microdialysis for measuring blood flow changes  

Three factors as key elements cause any changes at the concentration of a metabolite in at 
extracellular fluid  

• Local production . 

• Local uptake or break down by the cells. 

• Removal by the cells. 

All above parameters are directly related to blood flow and at this regard microdialysis has 
been furnished with special techniques for measurement of blood flow indirectly [31]. 

At this technique ethanol as flow marker is added to the microdialysis solvent (low enough 
that not to influence tissue physiology or metabolism, maximum 5 mmol/L with low flow rate 
(5µL/min) or perfusate which is diffused out of the microdialysis probe across the membrane. 
Disappearance of ethanol by flash out of blood flow can be monitored by measuring the out 
flow/inflow ratio concentration of ethanol (ethanol from dialysate /ethanol from perfusate) 
and this ratio can be applied as indicator of blood flow change. In fact if ratio decreases, 
indicates that more ethanol has been wash out by blood flow so consequently shows increase 
blood flow and vise versa. 

This technique can be applied for evaluation of pharmacological agents to tissue under 
microdialysis and also as device for monitoring of nutritive substance such as: Glucose, 
Lactose, Pyruvat and Urea [26, 31]. 
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5. Aim 

The aim of this thesis is to determine the amount of alcohol in the microdialysis sample based 
on ADH method. Result from this technique has been used to detect blood flow changes at 
tissue by microdialysis techniques; this is because samples from dialysate have been used as 
unknown samples. 

6 Method description for alcohol determination by ADH and NAD 

This method has been exactly followed the basic principles discussed at 2.2 section. 

6.1 Equipment 

• Spectrophotometer suitable for accurate measurements at 340, 334, 365 nm. 
Conditions for maintaining incubation temperature at 25 °C (Thermo Skanlt Multiscan 
spectrum instrument, Thermo electron Corporation, Multi spectrum, Analyzer, 
Detector) Measurement, Shaker and temperature controller. 

• 96 hole microtiter plates (Nunc, Serving life science, made in Denmark). 

• Multi channel pipette (Finnpipette). 

6.2 Reagents 

• Semicarbazide hydrochloride CH5N3OCLH,99%,74mmol/L,CAS 563-41-7, SIGMA 
ALDRICH 

• Sodium Pyrophosphate decahyrate,Na4O7P2.10 H2O, 99%,74mmol/L FW=446.06, 
CAS 13472-36-1, SIGMA ALDRICH 

• Glycine NH2CH2COOH,MW=75,07 g/mol,22mmol/L, K19885201,MERCK 

• Sodium hydroxide, NaOH, 98.5%,6 mol/L,CAS 1310-73-2,EKAchemicals 

• B.Nicotinamide-Adenine Di nucleotide, NAD,C21H27N7O14P2,FW=663.4, free 
acid,98%,10 mg per vial, CAS 53-84-9 , 0,8mmol/L, SIGMA ALDRICH 

• Alcohol dehydrogenase, ADH from yeast, lyophilized; 300 U/mg. protein (25 °C) 
,CAS 9031-72-5,166mg solid, SIGMA ALDRICH, 0,5mg/mL  

• Ethanol standard solutions, MW=46.07,1 liter=0,809 Kg, CAS 1201-72-5 , MERCK, 
95%, 

• Ammonium sulphate(NH4)2SO4, 99.5%,2,2mmol/L, 
MW=132.14g/mol,(703)A172917,MERK 
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6.3 Calibration of test measurement 

Measurement is performed in a 96 holes microtiter plate with a maximum incubation volume 
of 300 µL in each well. Rapid pipetting into the whole plate ensures that kinetics in all 
calibrators and samples for simultaneous reading occurred. 

1. Take out 5 mL of the ADH and NAD+ stock solution from the -80oC refrigerator and 
let it reach too room temperature. 

2. Keep two first holes of plate empty as blanks. 

3. Add 170 µL NGH buffer to two first holes of plate as zero concentration.  

4. Add 100 µL of the NAD+ solution to all wells in the microtiter plate. 

5. Add 50 µL of the ADH solution to all wells in the microtiter plate. 

6. Prepare a calibration curve consisting of altogether 20 calibrators (20 µL each): 
including twice of: blank, zero, and 14 different concentrations which start with 
0,015625and end to 128 mmol/L with interval of double concentration.   

7. Add the calibrators (20 µL each) into the 20 first wells of the microtiter plate. 

8. Add the samples (20 µL each) in duplicates in the remaining wells of the microtiter 
plate as needed. 

9. Shake properly plate for 30 minutes. 

10. Incubate plate at 25 ºC for 30 minutes. 

11. Read the absorbance in all wells of the plate using a microtiter plate reader at 334nm. 

12. Make loop included steps 9, 10, 11 as a block and repeat this block 3 times with 10 
minutes as interval block.  

13. Prepare a sigmoid curve with 4 parameter logistics curve fitting procedure. 

14. Read photometric absorption as above procedure for unknown samples and from 
calibration curve find concentration of ethanol. 

For this purpose; Special Spectophotometry instrument has been applied; Thermo Skanlt 
Multiscan spectrum instrument that has ability to prepare proper condition for shaking, 
incubation and reading photometric measurement as well as supplying different equational 
models for curve.  

6.4 Description of one test for measuring unknown concentration of ethanol 

Plate with 96 microwaves holes has been used with a well volume of 160 µL. Two first holes 
left as blank(A1,A2) ,second two holes(A3,A4) have 10 µL ethanol with concentration of 
0,015625 mmol/L plus 100 and 50 and 10 µL NAD ,ADH and NGH buffer  respectly and 
other holes till B12 with different concentration of ethanol that have been prepared as 
calibrator according plate layout.  
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Holes from C1 till D11 have 10 µL of unknown concentration of ethanol plus ADH, NAD 
and NGH as the same amount as calibrators. 

At this step the whole procedure has been run through protocol with two blocks with 10 
minutes interval.  

Every block includes three sessions  

Shaking: At this step shakes the plate in order to mix the samples, it has been down with 
speed of 12spm (shakes per minutes) and Amplitudes (linear shaking) 2mm. for 30 minutes 

Incubation: It has been down at 25oC for 30 minutes. 

Photometric measurement: It is adjusted to measure absorbance at 334 . 

6.5 Sources of error 

• It is extremely important that experiment has to be run at atmosphere totally free of 
alcohol, aldehyde and derivatives for both solution and glass ware because the test is 
so sensitive and only a very low amount of said material can contaminate test and ruin 
the result. 

• If the blank shows an extinction of more than 0,15 mmol/L, it indicates contamination 
of test . 

• During Pipetting unknown samples it has to be taken into account that use the same 
kind of tips and change tip for every usage. 
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7. Results 

7.1. Results from different concentration for ADH and NAD 

 

Curve1       NAD+=0,8 mmol/L          ADH=0,05mg/ml  

 

 

 

 
Curve1       NAD+=0,8 mmol/L          ADH=0,05mg/ml Photometric 2 
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Plate2 

 

 

 

 

 

 
Curve2 NAD+=0,8    mmol/L         ADH=0,03mg/ml 
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Curve3         NAD+=0,53mmol/L        ADH=0,03mg/ml  

7.2 .Curves based on different models 

 

 
Curve 4     NAD+=0,53mmol/L          ADH=0,03mg/ml 
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Curve5         NAD+=0,53mmol/L        ADH=0,03mg/ml  

 

 

 

 

 
Curve 6      NAD+=0,53mmol/L         ADH=0,03mg/ml 
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Curve 7      NAD+=0,53mmol/L        ADH=0,03mg/ml 

 

 

 

 
Curve 8          NAD+=0,53mmol/L         ADH=0,03mg/mL 
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7.3.Result of the unknown sample of microdialysate based on Four Parametric logistic 
model 
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Curve fit graph  
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Group I Results from pig microdialysis 
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New calibration based on Ringer acetate (instead of NGH buffer) 

 

 

 

Checking the concentration of ethanol at perfusate after preparation 
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Group II 
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Group III: Results for human microdialysis 
 
15 Nov_shahin_unknown_samples for human 
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7.4. Results for measuring blood flow changes using microdialysis  

Groups І&ІІ  

 

 

Final results based on whole experiments for Pigs: 
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Urea 
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Group ІІІ:human tests 

Ethanol concentration(mmol/L) per vial 
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Ethanol O/I per vials(including 3 samples) 
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8. Discussio

Optim play an 
important role
concentratio

al in the 
measurem

0.05mg/mL,
e optimal 

measurem ol/L.  

ed to 

paring 

for this enzym

Some
measurement in microdialysis sample such as:  

• Attention to proper incubation including temperature control at 25oC and mixing.  

• Using a mixed buffer (NGH) is important since it caters for optimum conditions for 
the reaction of the ADH enzyme.  

• Results (appendix 3) show that samples (even after reaction with enzyme) can be kept 
at 4-5 degree with proper cover for 2-3days. 

he optimal range of detection in the present assay is the steep mid part of the S-shaped 
calibration curve. The location of this part is evidently influenced by the concentration of 
thanol and by the absolute and relative concentrations of ADH and NAD. 

ental Animal, pig perfusate had been adjusted with flow 
an just flow rate is almost 2 µL/min and both had 

as 
 
 

 
 

ole at measurement as each unknown concentration of samples is 

n 

al proportional concentrations of ADH as enzyme and NAD+ as coenzyme 

 in the enzymatic reaction when measuring concentrations of ethanol. Less 
ns of ADH lead to better possibilities to measure low concentrations of ethanol 

whereas high concentrations of NAD+ lead to optimal ability to measure the sign
ent system by spectrophotometric measurements. Results from using different 

concentrations of ADH and NAD showed that optimal concentrations were 0.8mmol/L and 
 respectively, for NAD and ADH and also that ethanol will react with them 

giving signal attaining its maximum at the concentration of 16 mmol/L. Therefore th
ent range in the present measurement system is between 0.5 and16 mm

Curves based on different educational models for one calibration test have been perform
figure out the best equation that follow the most crucial nature of enzymatic reaction 
including increasing the signal based on dose, reaching to exact constant signal, com
the result based on equation with actual result lead to choose Four Parameter logistic equation 

atic reaction. 

 other considerations for the test make it proper to use as method of ethanol 

T

e

In experiment at group of Experim
rate of 5 µL/min and for group of hum
supposed concentration of 5 mmol/L that passing through microdialysis membrane and 
dialysate collected around tissue each vials included 40 µL for pig and 20 µL for humans 
unknown samples. It is crucial that for accurate determination the concentration of ethanol in
the dialysate samples have to be adjusted in order that not gets less than 1mmol/L and curves
based on each ratio concentration of ethanol at vial (as unknown samples) per perfusate in
term of time indicates blood flow changes at each time of dialysis and in stand for the part of
ethanol doesn’t flash out by blood flow and still remains at extracellular space around tissue 
and for human Nitroglycerin (NG) and Adrenaline with two concentration have been applied 
in order that manage the direction of blood flow changes at this regard these below important 
points can change expected result: 

1- Preparation of 10 mL of 5 mmol/L ethanol solution is crucial and difficult because addition 
of just 3μL of stock ethanol solution has to be added to 10 mL of the buffer. 

2-For every ethanol measurement of microdialysate samples, running accurate calibration 
curve plays very important r

43 



measured according to it’s absorption. The sample matrix must be as identical to th
calibrator matrix as possible to avoid spurious re

e 
sults. It was very apparent in the present 

study that using the same Carbamide-Ringer-Acetate buffer for the microdialysis studies as in 
the li
dependent on the relative change in the concentrations of the ethanol in the samples it is a 
def e
buffer also as a calibrator. Results for groups A and G on fourth day of microdialysis with 
NGH buffer and retest with Ringer acetate shows these two different behaviors.  

3-Volu  ethanol concentration is equal of 
calibrator (for example if 10 μL of samples has been used, 10 μL of ethanol as standard 

ation 

4-Ethanol is a volatile substance so proper covering for ethanol as calibrator or unknown has 

uffer 

 

For these two groups urea lactate, glucose, pyruvate tests had been run (by the microdialysis 

w ethanol 
concentration follow up the same direction of urea test so it can be uesd as gold standard for 

r 

 
un, 

gistic 
equation the most concentrated assume as 5 and less one as 0.04 mmol/L so the calibration 

mptote 
e of 

der that to reach 
same condition of other vilas as the measurment for these vials showed resonabel results and 

 measurment. 

 ca bration curve was absolutely crucial. Furthermore, since the microdialysis study is 

init  advantage to use the 5 mmol/L ethanol solution in the Carbamide-Ringer-Acetate 

me of samples which is used for measuring of

calibrator must be used for calibration) and at low volume probability from standard devi
is higher so confident volume for calibration and measurement is 20 μL. 

to be considered. 

Group I Includes samples(pig) those ethanol measurment had been runned with NGH b
inspite that buffer of perfusate was Ringer acetate and concentration of perfusate was almost 
around 14mmol/L (as it was supposed to be 5 mmol/L) so result shows some of concentration 
as unknown samples more than 5mmol/L (all microdilaysis samples were belong two pigs)the
volume of samples for measurment was 10 μL. 

Group II Includes same samples(pig) of first group but calibration had been runned with 
Ringer acetate buffer and restest of unknown has been runned and showd more resonble 
results. 

group at Linkoping hospital university) and imply the realtivity of ethanol concentration with 
these other substance at blood around the tissue also curves for out flow/in flo

urea test with considertion of correlation quaficent as measuring blood flow changes with 
ethanol technique can contaminate the blood for long time . 

Group III For this measurment, humans had been microdialysed and hormones applied fo
blood flow changes. Solution as perfusate was supposed to have concentration of 5 mmol/L 
that had been prepared by pharmacy but after checking it was cleared that it had concentration 
of 9 mmol/L and perfusate was Carbamide in physiological solution for solving theses two
problems an calibration based on perfusate solution with 7 times double dilution has been r
it means that calibrators with net perfusate and 8 times dilutions as highest and lowest 
concentration respectively assumed as calibrators and based on Four Parameter lo

curves includes just some part of the S shape of curves and low and high horizontal asy
s are not included in the curve as it can be seen at calibration curves for groups ІІІ volum
samples was just 5 μL.and the hormone had been applied for vials from 22-27 had ethanol 
concentration around 1090 mmol/L so these vials diluted 1000 times inor

vilas number 28-30 had been contaminated by hormonrs too those had higher concentration 
out of the range of
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Microdialysis results for all groups show that Ethanol Urea Glucose, Lactose, and Pyruvat 
have same direction (increase or decrease)at low range of concentration in blood flow .  

Practical problems during experiment: 

1. It was really important to check around to make certain that there were no ethanol 
an 

2. Always using same pipette and tip when pipetting same materials. 

 

le added to the solutions, the 
much caring for this step is important at this step all the stuff needed have to collected 

ar 
ause 

ch one is wrong for me result from first time of calibration 
test was so strange then it was cleared that it was due to my mistake in preparing the 

 as machine’s unexpected stop but some of them 
 first time I had received a real sample from 

checking all calculation I found that all 
 solution at using 
es more 

 

 
suring blood flow changes 

products or their derivates around since their presence even in the tiniest amounts c
ruin the whole procedure and its results.  

 

 
3. Before starting regular tests it is necessary to prepare a schedule for each experiment 

for example: it has to be considered that how much material needed and right now
those are enough even though the first test gets ruined!. 

 
4. Reaction really starts when ethanol or unknown samp

around and the most speed and concentration during pipetting into holes are 
considerable, the completed program on the equipment before starting the test has to 
be adjusted.  
 

5. Spectrophotometric equipment that was used for incubation, shaking and calculation 
at final report, normally has to work according to its adjusted program but regul
checking, every 20 minutes, make it possible to save the sample if it stopped bec
of some unexpected problem. 

 
6. Before running the experiment as much as be familiar with the system makes more 

possibility to handle some equipment or even though some of personal errors. 
  

7. During preparation of solution it is possible to prepare one of them wrong (for 
example at the wrong concentrations) and others right, from the result it can be 
possible to figure out whi

ethanol calibration solution. 
 

8. Some mistakes can be handled such
not for me it happened when for the
microdialysis. 
Result showed that there was not any differences at absorption among samples and all 
of them were in high amount of absorption that leads to this point that ethanol at 
samples was more than expected ones. by 
procedure were right but only during pipetting ethanol for preparing
microdialysis , I had used large scale pipette that resulted in 100 tim
concentrated ethanol than was supposed to be used as the microdialysis perfusate. My
tutor advised me to dilute all microdialysate samples 100 times after that I had 
reasonable result based on calibration curves but unfortunately microdialysis group
reported that they hadn’t reached the right curve for mea
based on my result for ethanol measurement .I think it is because blood flow could 
flash out maximum fix amount of ethanol and much more of it had been left those 
showed very high amount of absorption at first result. 
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9.Conc

The present project has had five different perspectives that had to be addressed 
exp

• oncentrations of the reactants and buffers are 
optimal for the actual analysis of ethanol concentrations in microdialysis samples. 

 

thanol 
d out 

• 
used for the microdialysis experiments 

 

• 

• 

 

 

 

 

 

 

 

 

 

 

 

lusions 

erimentally: 

 
Which absolute and relative c

These concentrations have been optimized in the present study and they turned out to
be similar to what earlier studies have shown. 

• Which mathematical function is optimal for estimating the concentrations of e
in the unknown samples from the concentrations in the calibration curve. It turne
that the four-parameter logistic function fitting a sigmoid curve was optimal. 

Which matrix is optimal for the calibration samples. It was clear that the same 
Ringer-Acetate-Carbamide solution should be 
as in the calibration curve for ensuring equal matrix effects in the calibration curve as
in the samples. 

The present method has its most sensitive measurement range in the interval 0.5 to 5 
mmol/L, so can properly measure in the range 0.05 to 16 mmol/L 

The present ethanol measurement method is well suited for measuring ethanol 
concentrations in wash-out microdialysis measurements aimed at measuring local 
blood flow in vivo 
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Appendix1:Result of retest for one group including unkwon samples after 
40 hours 

 

Results for first experiment 

 

Results for second experiment after 40 hours 

 

 

 

1 



2(2)

 

 

Comparing the results after 40 hours dosen’t shows any unreasonable data so it can be 
resulted samples after two days can be alived.(of course with proper condition:covering 
and keep at 4-5 degree) 
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Appendix 2: Preparation of Solutions 

 

1. Preparation of sodiumpyrophosphate Semicarbazid hydrochloride glycin 
buffer=NGH buffer 

• Prepare  6 mole/L NaOH (MW=40g/mol) 6*40=240g/L  as approx 15 mL are needed 
for each literer buffer so maximum 100 mL NaOH needed, so adding 24g in total 
volume of 100 mL distilled water 

Total volume→ Specification 500 
mL 

1000 
mL 

2000 
mL 

Final 
concentra
tion 

Sodium pyrophosphate 
Na4P2O7*10H2O 

MW=446.06 
g/mole 

16.5 g 33 g 66 g 74 
mmol/L 

Semicarbazide hydrochloride 
NH2CONHNH2.HCL 

MW=111.53 
g/mole 

4.125 g 8.25 g 16.5 g 74 
mmol/L 

(CAS563-41-7) 
Glycine 
NH2CH2COOH (CAS 5

MW=75.05 0.825 g 1.67 g 3.34 g 22 
6-40-

6) 
g/mole mmol/L 

• Weigh the chemicals according to the table above and mix the chemicals in a beaker. 
Add approx. 2/3 of the total amount distilled water and mix the entire contents until all 
is dissolved. 

• Adjust the pH to 8.9 using 6 mol/L NaOH (approx 15 mL is needed for each L buffer). 

• The buffer can be stored in the refrigera
controlled by analysis of the blank) 

2. Preparation of the 97.9 mmol/L NAD+ stock solution 

Nicotinamide-adenine dinucleotide, NAD free acid =NAD+( SigmaAldrich  FW=663.4) 

• Dissolve 10 mg NAD+ in 154 μL distilled water in order to obtain 97.9 mmol/L NAD+ 
as stock solution. Alternatively way weigh NAD+ and add distilled water up to the 
volume 

• Store at -80oC in small portions which will keep it stable for months and years 

Calculation : (10*10-3/663,4)/154*10-6=0,0979 mol/L=97.9 mmol/L 

tor and can be used for 3 weeks (can be 

1 



3. Preparation of the 0.8 mmol/L NAD+ solution 

Adding NAD+ stock solution to the  NGH buffer to a final concentration of 0.8 mmol/L 

 
• solution on ice until it is used for the measurement 

itself 

• Store at –80oC 

Ca r prepar  ; 2* /10  =0,8 mmol/L 

or * 1

5 Prep DH solution 

 

4. Preparation of (NH

MW A

• Prepare 2.2 mmol/L ammonium sulphate solution (NH4)2SO4 by weighing up 29.1 mg 

5. Preparing enzyme 0,05 mg/mL ADH solution 

• 

 

6. Preparation 128 mmol/L Ethanol as base concentration 

The purity of the ethanol must be taken into account at calculation due to the crucial role of 
this substance in the reaction. 

Ethanol 95% MW=46.07 g/mole 1 literer=0.809 kg 

Take 76,73 µL of ethanol stock to 9,23 mL of NGH buffer  to prepare 10 mL  ethanol 
128mmol/L 

40 mL Total volume of 
buffer→ 

10 mL 15 mL 20 mL 25mL 30 mL 35 
mL 

Add 100 mmol/L 
NAD+

82 µL 123 µL 164 µL 205µL 246 µL 287µL 328µL 

2(3)

NAD+ is heat sensitive – store the 

lculation: for example fo ation of 10 mL (97,9*8 10-6) 1 *10-3

for preparation of 40 mL ;(97,9 328*10-6)1/40* 0-3=0,8 mmol/L 

aring enzyme A

4)2SO4 as buffer 

mmonium sulphate (NH4)2SO4=132,14g/mole 

(NH4)2SO4  and dissolving in 100 mL distilled water 

• Calculation:(29,1*10-3/132,14)1/100*10-3=2,2mmol/L 

Alcohol dehydrogenase, ADH from yeast MW=166,3 mg solid/mg protein 

• Dissolve 5 mg ADH in 100 mL buffer ( 2,2 mmol/L ammonium sulphate solution ) 

Freeze the ADH  solution in 5 mL portions at –80 °C 

2 



Calculation: [ (128*10-3*46.07*10-3)*100/95]/0.809/1=7.673*10-3  liter . 

 so it 
is equal with 76.73 µL reach up 10 mL NGH buffer or for simple way 100 µL of the stock 

or preparing ethanol with a concentration of 64 mmol/L just using 128 mmol/L and diluted 
 ethanol with concentration of 128 mL add to 1 mL 
ol with concentration of 64 mmol/L and for 32 

ase .Preparation must continue in order 
to reach to concentration of 0.015625 mmol/L as in the table below. 

 

NG L m 1m

That means that 7.673*10-3  liter has to reach to total volume of 1 liter (with NGH buffer)

H 1mL 1mL 1m 1 L 1mL 1mL L 

Eth rom
128 
mmol/L 

r
64 
mmol/L 

32 
mmol/L 

m  
16mmol/L

m
from 

0.0312 

 

anol 1mL f  1mL f om 1mL from 1 L from … 1 L 1mL from 

0.0625 
mmol/L mmol/L 

Final 
con

 2mL 2mL 2mL ... 2mL 

ol/L 

2mL 2mL
centration 64mmol/L 32mmol/L 16mmol/L 8mmol/L 0.0312 0.0156mmol/L

mm

ethanol to 9.9mL NGH buffer. 

3(3)

F
twice with NGH buffer for example 1 mL
NGH by this way can prepare 2 mL ethan
mmol/L the same procedure just using 64 mmol/L as b

3 
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