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;,BJTJ.ACT 

'l'o determine the pharmacological importance of acetalclehyde in the 

action s of ethanol, this study 1•1.3 planned to J.efine tbe l evels of free 

acetaldehyde occurrint.; in human blood duri.ne the oxidation of ethanol in 

the bodJ. 

Peripheral venous blood. acetal<lehy<le levels v1ere detE.:r:ninecl by direct 

as say v.hile pub10nary b lood lL:vel:.> weru estir;.·ttt.<l from breath acci,l.luehyde 

l ev els by employint; tLe blood : uir partition ra ti o for acetaldehyde at 

37°C of 1 39 .:!:. 16. Pulmmnry blood �tcetalu.ehy<.l.e levtls were de:terw.ined 
to obtain value s for (a) acetal<lehy<.l.e ou'vput from the liver and. (b) 

acetaldehyde levels in blood. likely to be reaching the brain. 

Sensitive enzymic metl!od.J for the determination of acetalJ.ehyde in 

human blood and breath samples were J.ev.slope<l, allo\ ing levels of 

acetalJ.ehyde as low as 0. 5 Jlmoles/1 and approximately o. 2 nmoles/1 OOml 

to be measured in blood and brenth samples respectively, usi ng either 

yeast or sheep-liver aldeLyde dehydrogena.Jes. The methods were developed 

to be opernted in semi- or fully auto:rnted modes and involved continuous­

flow di sti llation of samples -.vi th fluoror.1etry. 

Two �nethodolot;ic.J.l problems associated. with the direct as3ay of 

acetaldehyde in blood were ::Jtud..i.bd. These were (a) the production of 

acetaldehyde durinG the deproteinization of ethanol-containinG blood with 

nerchloric acid and. (b) the rapid disappen.rance of acetaldehyde in blood 

samples. 

It was found that over 90;-o of the acetaldehyde produced durine the 

processinG of ethanol-containing human blood for assay originates frou 

reacti ons occurring when red blood cells, as distinct from plasma, are 

treated with perchloric acid. 

The disappearance of acetaldehyde nr-..i.ch had been added to human blood 

saraples wns found to result fror:1 thtl rapid metabolism of acetaldehyde to 

acetate by red cells. By contrast , acetaldehyde formed frol!l in vivo 

ethanol metaboli sm did not appear to be metabolized significantly in blood 

samples. It was sugcested that acetaldehyde formed in vivo may be bound 

to blood components. 

ilbile hwnan sub jects were metabolizing standard 1 g/ke doses of ethanol, 

breath acetaldehyde concentrations were found to range from 0.5 to 10.0 
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nmoles/100ml while periph8rnl whole blood acetaldehyde levels ranged 

from 0 - 12 p1! and peripheral plasma levels ranc;ed from 0 - .3 J.ll.�. 
E stimated pulmonary blood and hepatic venous blood levels of acetaldehyde 

fell within the ranges 0.9 - 19 J-l1·l and 1,.5 - 95 pH respectively. The 

changes in the acetaldehyde concentrations of blood and breath durins the 

metabolism of ethanol did not follow any identifiable pattern. ., LOwever, 

the results obtained suceesteU. that there was no free acetaldehyde present 

in the peripheral venous blood of h1unans metabolizinG moderate doses of 

ethanol and the importance of acE: talde hyde in the effects of ethanol in 

peripheral tissues may be negligible. The e stimated levels of acetaldehyde 

in blood passing to the brain way be sufficient to exert sit:;nificant 

pharwacolot:;ical effects on the brain be1t further study of the binding of 

ac�::taldehyde to ti ssue :. is requireU. before a fuller understanding of the 

toxic potential of acetalU.eh.yJe can b8 G:J.ineJ. 

i .... rat-liver perfusion systeJ,;, S8t up to study hepat ic ethallol 
metaboli sm , was u se d to dete1·mine tht! nature of hepatic acetalJehyU.e 

production . Acetaldehyde production by perfused rat livers wa.s 
characterized by a peak of acuti<lde: ,yJ.e, of variable magnitude , appearing 

in the hepatic v enou s pel'fU3nte in the fir st .30 min of the perfu sion 

with medium containinG e th� cnol. After the pea.k in acetaldehy de production, 

the metabo1isu1 of ethanol b.f the perfused livers cave negligible amounts 

of acetaldehyU.e in the per fusate s , 
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TI�RODUCTIO!J 

The ox idation of' ethanol in mCl.IIll'lluls produces acetaldehyde which has 

a reactivity and toxicity much greater thl:ill that.. of ethanol itself (Truitt 

and Duritz, 19G7; Truitt and �'/alsh, 15'71; Hendtlass , 1973; Walsh, 1971). 
Acetaldehyde causes a nwnbel' of pharmaco:;.ocical effects in ti!1sue:;, of' 

experin:ental animals both in vitro and in vivo (for reviews see 'l'ruitt 

and Walsh, 1 971; Deitrich, 1976) and an accumulation of acetaldehyde in 

the blo od of hwnun subjects is believ�::d to be responsible for the adverse 

effects produced in tle disulfiram-ethanol reaction ( for revieVI see Kitson, 

1 977). The toxicity of acet3.ldehyde relat lve to ethanol, and the described 

pharmacological ac tivitie s of' thi s compound have led to speculation that 

a c etaldehyde may be import ant in the development of physical dependence on 

ethanol and may possibly be involved in the production of adverse side­

ef'f'ects associated with ethanol consumption in man (Rahvlan, 1 �71..; Rahv:an, 

1975; Deitrich and Erwin, 1975; Hasumuru et al, 1975; H.askin, 1975; Deitrich, 

1 976) • 

The findine that strains of mice and rats having different preferences 

for ethanol have ansociated differences in blood levels of acetaldehyde 

( Sheppard et al, 1970; Eriksson , 1973) has provided evidence for a 

relation shi p bet ween 1.1 biochemical variable and a behavioural ef'I'ect which 

may be related to the development of dependence on ethanol. 

Ortiz et al (1974) have recently shown that acetaldehyde alone can 

induce withdrawal symptoms clmracteri!!tic of' those induced by chronic 

ethanol administration and sut;cested , on the ba3is of' thi3 finding, that 

acetaldehyde may have an important role in the develo:tment of addiction to 

ethanol. 

Hasumara et al (1975) have found that chronic ethanol consumption by 

rats si�::nificantly reduces the capacity of rat-liver mitochondria to oxidize 

acetaldehyde and have suggested that this effect could lead to increased 

acetaldehyde levels, resulting in liver injury which is knovm to occur as a 

result of chronic etrAnol consumption in man (Lieber, 1975). The recent 

findines of Korsten � (1975) that blood acetaldehyde levels in human 

alcoholics appeared to be signif'icantly higher than those of normal subjects, 

when both groups were administered the same intravenous dose of ethanol, 

have further implicated acetaldenyde in the development of addiction to 

ethanol. 
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Alt hough such studies suggest a possible role f or acetaldehyue in the 

actions of ethanol , more information is re�uired on the actual levels of 

free circulating acE:taldehyd e p resent in mammals while ethanol iz being 

met abol i zed in audition to data on levels of acetaldehyde at potential sites 

of action. If these in vivo levels are not sufficiently high to produce 

pharmacol ocical effects, then the signific�nce of acetaldehyde in the eff ects 

produced by ethanol might be questioned. The need for a dditional infozmution 

has led to much recent work beinc ca rried out to precisely define the levels 

of acetaldehyde present in dif ferent ort.;an3 and in the different areas of 

the circulatory systems of r ats and mice while these animals have been 

metabolizing different doses of ethanol. 

The re::;ul ts of these studies have gEmerally shown that acetaldehyde, 

w1like ethanol (Kalant, 1971), is not evenly distributed throughout the 

v;ater phase of the mrunmalian body and large differences may exist between 

the levels of acetaldehyde at its main site of production in the liver and 

sites of its possible act�on such as the brain. For example, Kesiniemi (1974) 

has found that no acet al deh yde exists in the milk of lactating women after 

ethanol administration even though thi s compound may be mea sured in the 

peripheral blood of the se subjects. By cont rast, ethanol was found to rea ch 
concentrations in milk similar to those found in blood. In pregnant rat s 

metabolizing ethanol, no acetaldehyde could be found in foetal tissue and 

the levels of acetaldehyde in placentul tissue wa::; only 2;11; of the 

acetaldehyde content of t he mate rnal ao rtic blood (l�esaniemi and Sippel, 

1 975). 

Interest in the effect of ethanol on the central nervous system has led 

to determination of ac etaldehyde levels in br ai n tissue of experimental 

animals metabolizing ethanol and t hes e levels have been found to vary, 

depending on the area of the brain stu die d (Kiesslin g , 1962a,b). t.:ore 

recent studies have indicated that the acetaldehyde level in cerebral blood 

and brain may differ in mice ( Ortiz et al, 1 974; Lin, 1 975; Tabakoff �� 
1 976) and Sippel and Eriksson ( 1975) have shown that the level of acetaldehyde 

in th e brains of rats metabolizint; ethanol is m uch lowe r than the level in 

cerebral blood and does not rise appreciably until the level of ac et aldehyde 

in cerebral blood reaches a relatively high threshold level. 

Acetaldehyde levels in liver tissue, hepatic venous blood, arter1al 

blood and pe riphe r al venous blood have been compared in rat5 and it ha5 been 

found that the concentration of acetaldehyde in blood drops markedly after 

the blood leaves the live r ( !.�archne r and Tottmar, 1976; Tottmar and Marchner, 

1976; Forsander et al, 1969; Eriksson and �ippel, 1977). 

The large differences in acetaldehyde levels found between different 

tissues, and blood from diffe rent areas of the body have been att ributed to 
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the ext rahepatic metabolism of acetaldehyde (Eriksson and Sippel, 1977) 

and the demonstrated presence of aldehyde dehydrogenase activity in numerous 

extrahepatic tissues of the rat ( Deitrich, 1 966) supports this sucgestion. 

If the extrahepa tic metuboliS!!l of acetaldehyde in humans is similar to 

that in rats then the measurement of ace:talde:hyde levels in the blood 

flowing throut;h peripheral veins may not be useful when trying to determine 

the levels of acetaldehyde which occur in potentially sensitive organs such 

as the brain. It is important to obtain estimates of the levels of 

acetaldehyde in blood ( a) leaving the liver, in order to determine the 

ma>:imum toxic potential of acetaldehyde in the human body, and (b) presented 

to the brain , since current theories relating to the involvement of 

acetaldehyde in the development of addiction to ethanol involve interaction 

of acetaldehyde with components of the central nervous system (aru1wan, 1975; 

Deitrich, 1976). To date, these have not be en determined in hum�s ��d the 

few studies of acetaldehyde blood levels in humans which have been carried 

out have involved measurement of acetaldehyde in peripheral venous blood 

only. 

Due to the technical and ethical constraints of samplinG blood from the 

hepatic vein or carotid artery in humans, it was decided to raeasure 

acetaldehyde in breath and extrapo late to the required blood levels assuming 

that ( a) acetaldeb�de in pulmonary blood is in equilibrium with alveolar air 

so that measurement of the latter ar.d application of Henry' s law would 

predict the former, 

( b) pulmonary blood is ur.chunged in cc�po�ition in the few seconds it 

takes to be pumped into the carotid arteries and therefore the brain is 

exposed to the acetaldehyde levels in the lung, 

an� ( c) hepatic vein blood is diluted about five-fold with venous blood 

from tLe periphery by the tirte it reaches the pulmonary artery ( Green, 1950). 

From this it is possible to estimate likely hepatic vein levels frora 

measured levels in the lungs and peripheral veins . 

When this study was planned there had been only one published study 

of acetaldehyde levels in the breath of h�ns metabolizing ethanol (Freund 

and O' Hollaren , 1965) and in this study no calculation of pulmonary blood 

levels were made. For this calculation, it is necessary to know the 

blood:air partition ratio for acetaldehyde and this constant had not been 

determined. One of the aims of this study was therefore, to determine this 

constant and use it to estim1:1te pulmonary blood acetaldehyde concentrations 

from breath acetaldehyde concent rations. 

In order to determine the extent of extrar1epatic acetaldehyde metabolism 

it was decided to measure the level of acetaldehyde in pulmonary and 
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peripheral b l ood simul t aneously ,  using a di rec t  bl ood a s sa:,r method f'or t he 

det ermination of peripheral blood ac etal dehyde l evel s .  

Although there appears t o  b e  n o  doub t tha t  acetaldehyde d o e ::�  occur in 

the bl ood of humans me tab oli ziut; e t hano l , b e cau s e  of me thodo l o g i c al probl ems 

a s sociat e U.  wi t h  the determinat i on of G.c e taldehyde in blood, :nu c!1 of the 

pub l i shed w o rk on human b l ood ace tal dehyde l ev e l ;, i s  open to que :Jti on.  
The unreliabil ity of publi shed blood ac etoLldehyde l ev e l :3  det ermined by 

c hemi cal a s say methods has b een reviewed by IJuri t z  and T ruit t  ( 1 964) and 
although cu rrently empl oy ed £5<1. !3  chromatocrn.phic a:; say metho d s  have the 

nece s sary speci fici ty c:Uld sen si tivity for the accurat e  determination of 

ac etaldehyde ( D uri t z  and Tru i t  t ,  1 964; l::rib : son, 1 9 77) , the proc e s sint; of' 

blood sa.opl e s  pri ::lr t o  a s say by t h e  cas chrotnatoera.phic t eclmi.lue ha ::; been 

found to re sul t in the produ c t ion of ' ar t efac tual ' acetal dehyde which i 3  

not relat ed t o  tLe i n  viv o mc t aboli s:n o f  ethanol ( Si ppe l , 1972 ; .i::rik s son , 

1 975) . A s t udy of t hi s  and o t her methodoloci cal prob l em s  a s so ciated with 

t he a s say of acetal dehyde , specifically in human bl ood , wu s considered 

e s sent ial t o  obtain reliab l e  e s t imat e s  of the l evel s of ac et aldehyde derived 

sol ely from the in vivo metab ol i sm of' e t hano l . 



SECTION 2 

DEVBLO� Qli' AN AUTOMATED EN.ZYMIC ASSAY !"OR ACETALDEH'[l)E lli 
HUMAN BLOOD SAM.PLF..S. 

2-1 . INTRODUC TI ON . 

To carry out the planned study , an accurat e ,  sensitive and 

speciric metho d  for the a s say of acetal dehyde in human blood sample s  

was required and since it was expected that large numb er s o f  sampl e s  

woul d need t o  b e  proces sed it was con sidered nece ssary for t h e  method 

t o  be rapid, rel iable and simple to u s e .  

The met hod m o s t  commonly u sed r o r  b l ood acetal deqyde e st imation3 

involve s ga s chromatography ( Duri t z  and Truit t ,  1 964; Korsten et al , 

1 975 ; Eriks son et al , 1 975) and t hi s  t echnique ha s  b een u sed in thi s 

l ab o rat ory ( C ou c hman, 1 974) for t he simul taneous determination of 

e thanol and acetaldehyde in human b l ood sampl e s .  Although s ensitiv e  

and specific , g a s  chromat ography has not b een complet ely rel iab l e ,  

mainly b ecau s e  o r  the binding of acetal dehyde to column packing s . Thi s ,  

and other prob lems as sociated wit h  gas chromatographic e st imations of 

acetaldehyde were summari zed by Crow ( 1975) who decided to develop an 
alternative enzymic a s say f'o r  ace taldehyde ba sed on the rluoromet ric 

measurement of lihDI I ,  follo wing the diffusion of acetaldeqyle rrom 

deproteini zed b l ood sampl e s  int o  an enzyme-cont aining as say system 

( C row, 1 9 75) . The enzyme u sed was sheep-liver aldehyde dehydrogenase 

and dirfu sion wa s ado pted to el iminat e interference by non-volatil e 

c om pounds which might be capab le ot' producing fluore scence in the 

reagent mi xt ure . When t he method was u sed wit hout modificatio n ,  in 

t he present study , it was found to be unsat i sfactory for t he foll owing 

rea sons : -

The proc edure s were time-consuming , b ecause 

( i) al l sample tub e s  had to b e  carefully shaken individually 

at l east twi c e  during the period required ror dif'fu sion to t ake plac e , 

( ii) the blank fluore scence of a l l  sample tub e s  had to b e  

read before the assay ,  

( i ii) c ont inued correc t ion for a ri sing baseline wa s 

nec e s sary while reading the sampl e s  
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and l iv) working at a high sensitivity on the fluorometer 

resul t ed in a low signal to noi se ratio and it was necessa� to monitor 

the fluorescence of each tube for about thirty seconds u sing a chart 

recorder in order to obtain accurute readings. 

Because of these procedural difficulties only a relatively small 

number of samples could be assayed at one time. In addition , 

6 

fluorometer tubes  could be re-used no more than twice , before difference s  

i n  blank fluorescence readings were of the same order as fluorescence 

level s due to the samples .  

Some of these problems could have been avoided if  a larger sample 

size c ould have been u sed ,  permitting a lower sensitivity setting on 

the fluorometer, but the diffusion step could not be used reliably 

with a sample si ze greater than about 1 00  pl . 

It had been suggested by Lundqui st ( 1 95e) that distillation of 

biological sample s  ( such as deproteini zed b l ood supernatant s) followed 

by f'luorometric determination of enzymical ly produced NADH might 

provide a sensitive method t'or the assay of acetaldehyde. While  he 

favoured di stillation only as a means of separating acetaldehyde from 

non-volatile sub stances which might interfere with the assay , it we�.s 

considered that if the diffu sion step in the assay developed by C row 

wa s replaced by di stil lation , a larger sample could be used and a 

sufficient increase in sensitivity might be  achieved to  allow for the 

use  ot' lower fluorometer sensitivity settings.  The conventional 

distillation of l arge numbers o f  samples would have been a time­

consuming procedure , and it was therefore decided to attempt to set 

up an automated continuou s-flow di stillation apparatus capable of 

proces sing large numbers ot' samples . Such a system had been de scribed 

for the determination of volatile aldehyde s and ketone s (Uuncombe and 

Shaw , 1 966) so thi s  procedure was adapted to replace the dti'fusion 

step in the assay de scribed by Crow and the whole assay was completely 

automated. 

The large range of published values for blood acetaldehyde 

concentrations in humans metabolizing ethanol ( Crow, 1 975) l ed t o  

some uncertainty when attempts were made to estab lish a maximum 

s ensitivity level for the assay. However , when this  stuqy began, the 

l owe st measured level s of blood acetaldehyde in the literature were 

approximately 1 - 3 )lM and it was decided that the assay should be 

capable of detecting at lea st 0.5 pM to allow for the dilution of blood 

samples  during deproteini zation ; found to be essential when assaying 

acetal de�de in human blood. 



The automated distillation manifold of Duncombe and Shaw ( 1 966) 

was designed to operate with samples containing relatively large 

concentrations of acetalde!zyde (approximately 1 00 - 2 , 000 )JM) and it 

was anticipated that many modifications could be necessary before it 

would operate satisfactorily with samples containing acetaldehyde in 

the range found in human blood. Since the supply of aldehyde 

dehydrogenase was l imited while the development work was proceding ,  

7 

the use of an alternative , inexpensive analytical method in conjunction 

with the distillation system was necessary to determine the characteristics 

of this system while conserving enzyme. 

Of the chemical methods available for the ass� of aldehydes ,  an 

assay based on the reaction of aliphatic aldehydes with 3-metqyl-

2-benzothiazolone hydrazone to :t'orm a blue dye {Hauser and Cummins ,  

1 964) seemed to  be the mo st suitable in t erms of sensitivity, simplicity 

and reagent cost.  Accordingly , this  method was chosen initially to 

test the efficiency and practicability ot' the distillation system 

before attempting to use the potentially more sensitive enzymic method. 

2-2. REAGENTS. 

All chemicals used were reagent grade except for tetrasodium 

pyrophosphate (analytical grade) and all solutions were prepared in 

distilled, deioni zed water. 

Acetaldehyde and NAD+ were obtained from BDH Chemicals Ltd. (Poole ,  

United Kingdom) . Acetaldehyde was redistilled before use and stored 

at 4°C for up to six months. Dilute solutions were freshly prepared 

when required. 

3-methyl-2-benzothiazolone hydrazone (MBTH) and yeast aldehyde 

dehydrogenase (N. C .  1 . 2 .1 . 5) grade II were obtained from Sigma 

Chemical Co. , St . Louis ,  Mo. ,  U .S .A. 

Sheep-liver cytoplasmic aldenyde dehydrogenase (E. C .  1 . 2 .1 . j) 
was prepared by the methods described by Crow et al , (1 974) and 

solutions containing 500 - 3 ,000 enzyme unit� /ml were stored at 4°C 

for up to two months in 0.05M phosphate buffer pH 7. 3 and 0.1 % v/v 

2-mercaptoethanol .  

1 .  1 unit (defined by Crow (1974) ) = 0.001 absorbance units/min. 

when measured at room temperature and is  equivalent to the 

formation of 0 .483 nmoles NADH/min. in a total volume of 3ml . 



2-3. TESTING THE AUTOMATED DI�TILLATION MANIFOLD. 

2�3-1 , Di stillation and calorimetric analysi s  of acetaldehyde . 

The characteristics of the calorimetric aldehyde assay employing 

3-methyl-2-benzothiazolone hydrazone (MBTH) were determined manually 

b efore setting up an automated system.  The colour development in thi s  

a ssay is  dependent on the condensation of MBTH with acetaldehyde and 

an oxidation step in which the condensation product is oxidized by 

ferric ions to form a coloured compound which has an ab sorption maximum 

at 666 nm .  

2-3-1 -1 .  Optimization ot' reaction conditions . 

Aqueous solutions used for t he assay were : 

MBTrl 0 .05/'0 w/v.  
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:r'eCl_,/sulphamic acid 1 /b/1 . 6% w/v. ( oxidizing reagent) 

Acetaldehyde standards (1 7, 7 - 355 pM) 
In the reaction, 0, 2 ml of the acetaldehyde standard solution 

was preincubated with 3 ml MBTH t'ollowed by a further incubation after 

the addition of 0,6 ml of the oxidizing reagent , The ef�ect s of time 

and temperature on the two reactions  were det ermined as follows : -

After the reaction of MBTH and acetaldehyde t'or 1 h. at room 

t emperature (Hauser and Cummins ,  1 964) , the temperature dependence of 

the oxidation reaction was examined by following the ab sorbance of the 

complete reaction mixture over a period of 1 0  min. at b oth room 

t emperature and 60°C .  At room t emperature , 9 min. elapsed be�ore a 

full colour development was obtained while at 60°C colour development 

took less  than 1 min. although some turbidity occu rred. Cloudines s  

appeared a t  any temperature above 30°C s o  i t  was decided to use a 

1 0  min. incubation period at room temperature for the oxidation step, 

Using these conditions ,  the condensation reaction was found to be 

complet e in less than 1 0 min. it' an incubation temperature of' 95°C 

was used for this step, Cooling of the reaction mixture to  below j0°C 

was nece s sa� before the addition of the oxidi zing reagent so that 

turbidity in the reagent mixture was avoided. The simplicity of the 

method and the short reaction times were considered ideal for a simple 

automated assay. 

A standard curve was produced using the optimum incubation 

conditions described above (Fig. 2-1 ) ,  The ab sorbance of all sample s  

was read a t  666 nm against a blank containing 0 ,2  ml o f  water in 

place of the acetaldehyde standard, 



FIGURE 2-1 . ACETALDEHYDE STANDARD CURVE - MBTH METHOD. 
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FIGORE 2-2. ANALYTICAL MANIFOLD USED TO AUTOMATE THE MBTU ASSAY 
METHOD. 
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2-3-1 -2 . Automation of the MBTH method. 

The MBTH method described in the previous section was reproduced, 

approximately, in the autoanalyzer manifold shown in Fig . 2-2. using 

standard Technicon component s.  

Separation of peaks t'rom aqueous acetaldehyde standards of 355 

and 1 78  pM was adequate at a sampling rate of 60/h. with a 2 : 1 sample : 

wash ratio . The transit time for samples was 5 min. 

This manifold was then linked to a modified version of Duncombe 

and Shaw' s distillation manifold,  shown diagrammatically in Fig. 2-3 

the sample pumping rate b eing increased to allow for incomplete 
0 

di stillation. Using a di stillation t emperature of 85 C ,  a constant 

1 0  

N2 flow-rate of about 200 ml/min. ,  a sampling rate ot' 40/h. ( 2 :1 sample :  

wash ratio) and acetaldehyde standards of 355 and 1 78 pM, a chart 

recording of discrete peaks was produced , showing that acetaldeqyde 

was being t ransferred in the di stillation apparatus from the sample 

to the reagent solution. However , the peaks were not well separated 

and occurred on a rising baseline . Better separation of the peaks 

was achieved by placing water-filled cups between the sample cups in 

the sampler tray, and the rising baseline , which appeared to be caused 

by precipitation of some material in the flow cuvette of the colorimeter , 

was partially avoided by increasing the sulphamic acid concentration 

to 2 • .5')1 and decreasing the MBTH concentration to 0 . 02 % . Nevertheless ,  

peak reproducibility was poor, the ri sing baseline could not be  avoided 

entirely and tailing of peaks occurred. Furthermore , the se problems 

were found to occur j u st as much when the analytical manifold was 

operating alone as when the di stillation and analytical manifolds were 

combined. After many manifold and reagent change s  ( including the use 

of Triton X1 00 and ' Brij 35•
1 

in the reagent line) did not produce a 

sati sfactory solution to  the problems  described , it was decided to 

couple the di stillation manifold t o  a simpler though less sensitive 

analytical method described by Burbridge et al (1 950) . 

2-3-2. Di stillation and spectrophotometric assay of acetaldegyde.  

An an�lytical manifold based on the manual assay method of 

Burbridge � was first constructed and tested (Fig. 2-4) . 

1 .  Polyoxyethylene lauryl ether.  ( BDH Chemical s Ltd. , Poole ,  U.K) 



. FIGURE 2-3 . COMBINED DISTILLATION AND ANALYTICAL MANIFOLDS USED TO 
AUTOMATE THE MBTH ASSAY METHOD . 
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FIGURE 2-4. ANALYTICAL MANI1''0LD FOR THE AUTOMATED SPECTROPHOTOMEI'RIC 
ASSAY OF ACETALDEHYDE. 
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Thi s method involv e s  the measurement of t he ab sorbance at 220 nm of 

acetaldehyde s emicarbazone which is formed rapidly at room t emperature 

from acetal dehyde and semicarbazide in aqueou s  solut ion at pH 7. 0 .  

1 3  

A Unicam SP 500 spectrophotometer with a 1 ml quart z flow cuvette was 

empl oyed. One reagent solution only wa s u sed for t he a ssay and 

cons i st ed of a buffered semicarbazide solution containing 6 . 7  wl 
semicarbazide hydrochloride , 60 mM NaH2Po4 and 1 40 mM Na2HP04• 

Ac etal dehyde st andards used were 89 - 355 �· A s  shown in Fig .  2-5 , 

thi s manifold o perated sati sfactorily within the range of standard s 

used , producing a linear response , good peak reproducibility and stable 

baselin e s .  Having shown that the analytical manifold alone was 

sati sfactory it was combined with the di stillation manifold previou sly 

de scribed with minor change s in pumping rat es as shown diagrammatically 

in Fig . 2-6 . 

Using thi s sy stem, sati sfact ory washout s  between sampl es were 

obt ained , without the requirement for wat e r  cups between samples , using 

a sampling rat e  of 40/h. and a 2 :1 sample : wash ratio.  Peak reproducibility 

was good and a l inear standard curve wa s produced ( see Fig s .  2-7 and 2-8) . 

The efficiency of di stillation at different temperatures wa s 

studied by sampl ing the high standard in duplicat e  at eight different 

heating bath t emperature s ,  keeping other as say condition s  constant.  

From Fig . 2-9 it can be deduced that t he heating bath needs to be only 

at 80
°

C for o pt imum di stillation effi ciency . 

C ompared t o  an equival ent manual method in which the reagent 

mixture and acetal dehyde samples were mixed directly without di stillation , 

the relative efficiency of the automated method , including the 

di stillation st e p ,  was calculated to be 76�& at a heating-bath temperature 

of 80-90
°

C .  

Although t hi s system wa s not suited to the as say of acetaldehyde 

in human blood b ecause it lacked the nece s sary sensitivity and specificity , 

the resul t s  obt ained were very encouraging in showing that the di stillation 

manifold function ed extremely well wit h  sampl e acetaldehyde concentrations 

about t en time s l ower than those for which it was specifically d e signed . 

However , in order to produce an a s say wi th the de sired sensitivity , t he 

di stillation manifold was required to handle sampl e s  containing a 

further ten-fo l d  lower conc ent ration of acetaldehyde. To evaluat e the 

di stillation step at lower level s of acetaldehyde , it was decided to 

develop an autoanalyzer manifold based on an enzymic oxidation of 

acetaldehyde . 
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FIGURE 2-6 . C OMBIW.....D DISTILLATI ON AND ANALYTICAL MANIFOLDS FOR THE 
SPECTROPHOTOMETRIC ASSAY OF ACETALDEHYDE. 
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FIGURE 2-7. REPRODUCIBILITY OF PEAKS OBTAINED FROM AC ETALDEHYDE STANDARDS PROCESSED BY THE 
MANIFOLD ILLUSTRATED IN FIGURE 2-6. 
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FIGURE 2-8. STANDARD CURVE OBTAINED USING THE COMBINED DISTILLATION 
AND ANALYTICAL MANIFOLDS SHOWN IN FIGURE 2-6 . 
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2-4, DISTILLATION AND ENID1IC ASSAY OF ACm'ALDEHYDE. 

2-4_.., . Initial experiment s. 
An automated analytical mani�old, in which the reagents described 

by Crow (1 975) would be used, was constructed to determine whether 
sensitivity in the range required for blood analysis could be obtained 
(Fig. 2-1 0) . Using this manifold with acetaldehyde standards in the 
range of 1 - 1 0  )JM , satisfactory peak height s were obtained over the 
whole range , indicating that the sensitivity of the method was adequate .  
Peak height reproducibility however, was very poor, even when 0.1 % 
Triton X1 00 was included in the buffer (higher concentrations of Triton 
were �ound to inhibit the enzyme) .  Using this manifold,  reproducible 
peak height s could not be obtained, but when it  was combined with the 
distillation manifold ,  as  described for the MBTH and semicarbazone assays ,  
peak shape and height reproducibility were found to b e  comparable to  
those from the analytical manifold operated independently. The 
sensitivity of the combined system was al so sati sfactory . This suggested 
that the distillation system was operating sati sfactorily at low 
acetaldehyde concentrations.  To improve the operation of this  system 
without an excessive use of enzyme, it was decided to set up a semi­
automated as say using the di stillation system in conjunction with a 
manual enzymic assay. It  was thought that by collecting the ' distillate '  
of each sample ( combined with buffer) directly from the second gas/ 

liquid separator (f.  in Fig. 2-3) into fluorometer cuvettes ,  completion 
of the assay might be accompli shed by simply adding a mixture o� NAD+ 
and aldehyde dehydrogenase to  the cuvettes and incubating until the 
reaction was complete .  In this w�, large losses of enzyme due to  
continuous pumping would be  avoided. 

2-4-2 . Semiautomated assay of acetaldehyde. 
The manifold illustrated in Fig. 2-3 was set up excluding the 

analytical section and with the �allowing changes in the distillation 
section : ( i) the sample and air pumping rates  were 1 . 6  and 0.6  ml/min. 

respectively .  
( ii) 1 5  mM pyropho sphate buffer �i 9.3  was pumped in  the 

reagent line instead of the MBTH reagent . 
( iii) t he pumping tube connected to the base of the gas/ 

liquid separator (f )  was pumping buffer combined with 
acetaldehyde �rom the samples and 1 2 x 75 mm borosilicate 
glass  fluorometer cuvettes were used to collect samples 



FIGURE 2-1 o. ANALYTICAL MANIFOLD FOR THE AUTOMATED ENZYMIC ASSAY 

OF ACETALDEHYDE. 
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o� thi s  mixture �rom the open end of the tub e .  

The pumping rate s  u s e d  were cho sen to handle sample volume s of 

approximately 2 ml u sing 5 ml fluorometer cuvettes. 

2-4-2-1 • Phasing of sample coll ection. 

To collect the acetaldeqyde sampl e s  as t hey reached the end of 

the gas/liquid separator outlet pumping tube , it was n ec e s sary to 

det ermine the length of time required for the sampl e t o  pass from a 

sampl e cup to this point . The tran sit time was estimat ed by timing a 

bubbl e  �rom the sampl er to coi l  ( c) of Fig . 2-3 and from s eparator ( g) 

1 9  

of Fig.  2-3 t o  the sample outlet , with two s econds b eing added to all ow 

for the pas sage tirue in the nitrogen stream. Sample col lection v;a s 

pha sed so that collection ext ended from five seconds before the e stimated 

time of appearanc e of ac etaldehyde in the outlet tube to �ive seconds 

after it s e stimated disappearance at the outlet . A sampling time of 

1 min . was used, collection last ed for 70 seconds and the volume of 

buffer c ol l ected was about 4. 5 ml . During the operation of the marrifold,  

a stopwatch was u sed to time sampl e collection. Aft er c ollection, each 

sampl e wa s covered to prevent l o s s  of acetaldehyde by evaporation. 

2-4-2-2 . Development of fluore scence . 

Foll owing the compl etion of sample collection , 0. 5 ml of a fre shly 

prepared solution c ontaining NAD+ (1 . 5 ��) and sheep-liver aldehyde 

dehydrogenase ( approximately 84 uni t s1 /ml)  was added to each sampl e 

and t he two solutions mixed by inversion . The concentrations u sed were 

similar to those in the diffusion a s say which had b e en shown to give 

linear standard curves with acetaldehyde c oncentration range s the same 

as those expected in the buffer- ' di stillat e '  solution . The tub e s  were 

seal e d  with para:film and after incubation at room temperature for 

varying times the fluorescence of each tub e  was determined using a 

Turner (Model 430) spectrofluorometer fitted with a single po sition 

sample compartment ( jf 430-01 1 )� Excitation and emi s sion wavelengths 

used were 350 and 460 nm respec tively . In initial experiment s using 

thi s  method, it wa s found that compl ete conversion o� acetaldehyde in 

the sample to acetate was obtained within 1 5 - 20 min. at room 

1 . Uni t s  defined in S ect ion 2-2. 

2 .  G .K .  Turner and Associat e s  Catalogue No . 
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temperature with acetaldehyde sample s  in the range 1 - 1 0 pM. 

2-4-2-3 . Reproducibility. 

In initial experiment s  t o  obtain a standard curve using the semi­

automated procedure outlined above � the distillation t emperature � gas 

flow-rate and sampling rat e  were fixed at 90
°

C , 440 ml/min. and 40/h .  

( 2 : 1 sample : wash ratio) respectively and tap-water was used t o  cool t he 

condenser coil . Using these condition s ,  sensitivity was satisfacto� 

but reproducibility was poo r ,  e specially when standards were run in a 

random order. Sub sequently it was found that using a sampling rate of 

20/h.  with a 1 : 2  sample : wash ratio improved reproducibility markedly. 

Sat i sfactory result s are now alway s  obtained if sampling b egins after 

the temperature of the heating-bath ,  and nitrogen flow-rate are adjusted 

to defined values and the buffer i s  pumped through the system for at 

least five minutes.  

The lowest standard u sed gave a fluorescence reading sufficiently 

high to allow use of the X1 00 range setting of the fluorometer and a 

sensitivity setting sufficiently low so that the noi se level was <: 0 . � 

of the fluore scence reading of the high standard (1 0  �) . Fluoromet er 

cuvettes  always gave identical blank fluorescence readings and they 

could be re-used many time s before givin� erratic results due to 

differences in blank fluore scence.  

2-4-2-4. Characteristic s  of the di stillation manifold. 

When the distillation manifold was shown to  operate sati sfactorily 

in the desired acetaldehyde concentration range under the fixed 

conditions mentioned above , the se conditions were varied in order to 

determine the optimum operating conditions for the semiautomated assay. 

The effect of nitrogen flow-rate on acetaldehyde recove� . 

Using a flowmeter capable of measurinG the nitrogen flow-rate 

b etween 1 00 and 1 , 200 ml/min . , duplicate 1 0  )lM acetaldehyde standards 

and blanks were taken t hrough the as say procedure alreaqy described 

at four gas flow-rate s.  Tap-water was c irc ulated through the jacket 

of the condenser coil and a constant water-bath temperature of 90
°

C 

was employed. From Fig . 2-1 1 it may be seen that the efficiency of 

transfer of acetaldehyde from sample to buffer ,  at constant temperature , 

increased with decreasing nitrogen flow-rate between 1 , 200 and 1 00 ml/min. 



To obtain maximum sensitivity, the nitrogen flow-rate for sub sequent 

a ssays was routinely set at a single value b etween 1 00 and 400 ml/min.  

The pos sibility of increasing sensitivity further by u sing even lower 

flow-rates  was considered, but using the gas regulation equipment 

available , nitrogen �low was ve� i rregular below about 1 00 ml/min. 

Determination of optimum distillation temperature .  

Duplicate 1 0  � acetaldehyde standards and blanks were taken 

through the assay procedure at six different heating-bath temperatures 

u sing a fixed nitrogen flow-rate of 1 30 ml/min. and tap-water to cool 

the condenser. Fig.  2-1 2 shows that the maximum efficiency of distillation 

under the se conditions was reached at about 80
°

C .  This result compared 

well with the re sul t s  obtained when higher acetaldehyde standard 

concentrations were used in the s pectrophotometric as say ( see Fig. 2-9) . 
Sub sequent assay s were performed with the t emperature of the heating-

bath set at 90
°

C so that any pos sibl e  fluctuation in temperature l e s s  

than �1 0
°

C would not affect the distillation efficiency significantly. 

Condenser temperature .  

Duncombe and Shaw ( 1 966) had suggested refrigeration o f  the water 

entering the condenser coil water jacket as  a means of increasing the 

recovery of aldehydes in their distillation apparatus . I t  was found 

however , that cooling of the condenser coil to 2
°

C increased the 

acetaldehyde recove� by only 6% compared with the use of tap-water 

flowing through the jacket at a temperature of approximately 1 7
°

C .  

Refrigeration was therefore considered unnec e s sa�. 

Efficiency of di stillation. 

Using e stabli shed conditions of temperature and nitrogen flow-rate 

(90
°

C and 1 30 ml/min . ) the efficiency of di stillation compared to the 

direct addition of acetaldehyde t o  the reagent mix was determined. A 

standard curve was pre pared by di stillation of acetaldehyde standards 

using the semiautomated assay procedure and this was compared with a 

standard curve prepared by direct addition of the same standards to  the 

reagent mix containing buffer , NAD+ and enzyme in the same proportions 

and total volume as  used for the semiautomated method. The volume of 

the acetaldehdye standards used for the direct addition method were 

identic al to the volumes sampled and distilled. The results indicated 

that the efficiency with which acetaldehyde was transferred from sample 

to buffer was 46 � 3%. Thi s is c onsiderably lower than that obtained 



FIGURE 2-1 1 • EFF:&;T OF NITROGm FLOW-RATE ON 

RECOVERY OF ACETALDEHYDE. 

FIGURE 2-1 2 .  EFFECT OF DISTILLATION TEMPERATURE 

ON RECOVERY OF ACETALDEHYDE. 
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using t he spectrophotometric assay ( see S ection 2-3-2. ) but may b e  due 

to the fact that there is an order of magnitude difference between the 

ranges of acetaldehyde concentration u sed for each determination. 

Sampling rate .  

An attempt to increase the sampling rate from 20/h. t o  35/h. , 
retaining the 1 : 2  sample : wash rati o ,  re sulted in a 2� decrea se in 

sensitivity without affec ting other aspec t s  of the as say . 

2-4-2-5. Standard curves. 

The standard c urve shown in Fig . 2-1 3 was produced u sing the 

semiaut omat ed assay and by randomly sampling standards and blanks . I t  

wa s found that the maximum error associated with a single measurement 

of acetaldeeyde in the range 1 - 1 0  pM i s  about ,;t 0. 25 }Jl4 allowing a 

minimum detectable level of about 0.25 pM .  The significance of l evel s 

below t hi s  could b e  determined by as saying the sampl es several times.  

For undefined reasons ,  the reproducibility of replicate sample s  or 

standards was found to  b e  variabl e from day to day and Fig. 2� 3 shows 

the maximum variation of replicate standards obtained. 
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The re sponse of the assay sy stem to c oncentrations of acetaldehyde 

up to  1 00 pM is shovm in Fig . 2� 4 and illu strates the flexibility of 

both the di stillation sy stem end the analytical procedure. 

2-4-2-6 . Specificity of the semiautomated a s say. 

Sinc e  sheep-l iver cyto solic aldehyde dehydrogenase react s with a 

numb er of aldehyde s ( Crow et al , 1 974) the method de scribed i a  only 

specifi c for volat i l e  aldehyde s which will react with thi s enzyme. 

Howeve r ,  it is  unl ikely that human blood would contain any volatile 

aldehyde s other than acetaldehyde which it self is usually found in 

mea surabl e  quantities only during the concurrent metabol i sm  of ethanol. 

Aqueous solutions of propionaldehyde could be assayed with the 

same efficiency as  acetaldehyde and butyraldehyde at an 81% efficiency 

compared with acetaldehyde . Formaldehyde wa s found to reac t only 

very slowly with the enzyme when sampl e s  containing 1 - 1 0  )lM 

formaldehyde were carried through the normal assay procedure and stable 

fluorescence readings could not be  obtained. No reaction was obtained 

with acetone at c oncentrations of up to 1 30 pM. 
No interference from ethanol was noted unle ss stock ab solute 

ethanol from which aqueou s solutions were prepared c ontained 



FIGURE 2-1 3.  AC:ETALDEHYDE STANDARD CURVE PRODUCED USING THE 

SEMIAUTOMATED FNZYMIC ASSAY METHOD. 
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FIGURE 2-1 4. ACETALDEHYDE STANDARD CURVE PRODUCED USrnG 

THE SEMIAUTOMATED ENZY1!IC ASSAY lvlETHOD .  
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contaminating acetaldehyde. This acetaldehyde level was always �ound 
to be  extremely low and very high sample concentrations o� ethanol 

26 

had to be used to obtain appreciable inte�erence ( see Fig. 2-1 5) . From 
Fig .  2-1 5 it i s  obvious that fluorescence readings of samples containing 
both ethanol and acetaldehyde may be  corrected for the fluorescence due 
to contaminating acetaldehyde in the ethanol . Since sample ethanol 
concentrations used in thi s  study were never higher than 40 mM ,  
corrections of more than one or two �luorescence units were not 
necessary. 

2-4-2-7. Use of yeast aldehyde dehydrogenase with the semiautomated 
assay. 

While the sheep-liver alde�de dehydrogenase gave good results in 
the semiautomated assay it was not commercially available and considerable 
time was required to prepare it for use in the assay. Although yeast 
aldehyde dehydrogenase was commercially available it was initially 
decided that it would not be suitable because of it s low affinity for 
acetaldehyde and the possibility that it would not quantitatively 
oxidize acetaldehyde to acetate (Lundquist , 1 958) . This latter 
assumption was found to be  incorrect and the yeast enzyme was successfully 
u sed to replace the sheep-liver enzyme in the diffusion assay (Crow, 1 976 , 
personal communication) . fuen this knowledge became available the 
replacement of the sheep-liver enzyme with the yeast enzyme in the 
semiautomated assay was considered worthwhile. 

The yeast enzyme was found to be suitable for use in thi s  assay 
if 1 00  mM pyrophosphate buffer pH 8. 0 was used to replace the 1 5 mM 
pyrophosphate buffer pH 9 . 3 ,  and K+ ( 700 mM) and 2-mercaptoethanol 
(0 . 1%  v/v) were added to the enzyme/NAD+ reagent. The choice  of these 
reagent concentrations was based on the acetaldehyde assay using 
yeast aldehyde dehydrogenase as described by Lundqui st (1 974) . The 
original buffer used by Lundqui st was Tris .  but this has b een found to 
bind aldehydes ( Crow, 1 976 , Personal communication) . Potassium ions 
were necessary since aldehyde dehydrogenase from yeast is a K+-activated 
enzyme.  

An enzyme concentration found to give satisfactory stan4ard curves 
u sing an incubation time of about 20 min.  was 0.05 units1 /0. 5  m1 of 

1 .  Enzyme units  as defined by the Sigma Chemical Co.  i . e .  1 unit will 
oxidize 1 .0 pmole of acetaldehyde t o  acetic acid per minute at pH 
8 0 + + . o  and 25 C in the prescence of NAD , K and 2-mercaptoethanol . 



FIGURE 2-1 5. INTERFERENCE O F  El'HANOL WITH THE S:E:rU ­

AUTOMATED ENZYJHC ASSAY. 
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enzyme/NADT/K+ 
mixture . The effect of ethanol on the as say , using the 

new enzyme was found to be the same as for the sheep enzyme . 

The semiautomated as say method was u sed a great deal for as say of 

acetaldehyde in blood samples aft er b l ood recovery experiments had 

b een performed ( see Se c tion 2-4-4) . Performanc e  of the assay was 

sati sfactory at all times but the need for manual sample collection 

and timing became a l ogi stics problem when large numbers of sampl e s  

were analyz ed per run . Accordingly , with the knowledge that the 

di stillation manifold was working well , another attempt wa s made to 

fUlly automate the assay procedure . 

2-4-3. Fully automat ed acetaldehyde assay. 

2-4-3-1 • The manifol d .  

The same di stillation manifold used for the semiaut omated assay 
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was set up in c onjunction with an analytical manifold shown in Fig .  2-1 6.  
An automat ed-chemi stry adapter (ff 30-035) 1 wa s  used in conjuntion with 

a Turner (Model 430) spectrofluorometer and an RDK pot entiometric chart 

recorder was used t o  monitor fluorescenc e peak s .  Fluores c enc e was 

determined u sing excitation and emi s sion wavelengths of 350 and 460 nm 

respectively .  

With a long wash-cycle ,  continuous pumping of enzyme would have 

re sulted in two thirds of the enzyme solution being wasted. To avoid 

thi s ,  an extra sampling probe was attached to the exi st ing moving arm 

of the aut oanalyzer sampler by an extension arm. Thi s ext ra probe 

dipped int o a container of enzyme solution and aspirated it only when 

the sample was b eing pumped . A s eparat e wa sh reservoir was construct ed 

for the enzyme sampler . The tran smi s sion tubing carrying the enzyme 

solut ion wa s adjusted in length s o  that the entry of enzyme into the 

H3 cactu s c oincided with the entry of acetal dehyde from the sample .  

The enzyme solution was kept on ice throughout the o peration period of 

the manifold. 

2-4-3-2. O peration of the manifold. 

Initial at tempt s to use the sheep-liver enzyme in the fully 

aut omat ed system were unsuccessful . Although sensitivity wa s excellent 

and a good baseline was pre sent , sensitivity dropped markedly with time 

1 .  G . K . Turner and Associates Catalogue No . 



FIGURE 2-1 6 .  ANALYTICAL MANIFOLD FOR THE FULLY AUTOMATED ENZYMIC 
ACETALDEHYDE ASSAY. 
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over a 2 - 3h. running period and it was thought that this may been 

due t o  loss  of enzyme activity in a dil ute solution. Using t he yeast 

enzyme overcame thi s  probl em .  

The final method involved the use of 1 00 mJ.f pyropho sphat e buffer 

30 

pH 8 . 0 ,  1 . 5 mM NAD+ containing 700 m11 KCl , and the enzyme solut ion was 

prepared by dis solving crystall ine yeast aldenyde dehydrogena se in 

P,Yropho sphate buffer containing 700 �� KCl plus 0 .1 %  v/v 2-mercapto ethanol . 

An enzyme concentration of 0 . 4  uni t s
1

/ml wa s initially u sed t o  produce 

l inear standard curves but it was l at er found that 0.1  unit s/rnl was 

sufficient for the succes sful operation of the as say . 

The lag time from initiation of sampling t o  recorder response was 

approximat ely 1 5 min. 

One peculiarity of thi s  system wa s noted in the produc tion of small 

peak s  above the basel ine when blanks were b eing run. This wa s due to 

the int ermittent sampling of the enzym e ;  the enzyme itself fluoresces 

slightly and a peak of fluore scence will occur for each sampl e whether 

acetaldeqyde i s  pre sent or not . The se peaks were consi stent in height 

and were used a s  an artificial baseline . 

Standard curves produced with the fully automated met hod were found 

to be almo st identical t o  those produced using the semiautomat ed sy stem 

with respect t o  fluorescence level and sampl e reproducibility.  A 

typical chart t racing of ac etal dehyde standards is shown in Fig. 2-1 7. 

Up t o  60 sampl e s  per run have b een as sayed using the ful ly 

automat ed proc edure and it was found more convenient and j u st as 

economical t o  use with small sample numbers as the semiaut omated method; 

the fully aut omated method ac tually requiring less enzyme per sampl e .  

2-4-4. Rec oveEY of acetaldehyde from human blood. 

It was envi saged that blood sampl es would be as sayed aft er treat­

ment with an equal volume of 1 M p erchloric acid (PCA) and c entrifugation 

to obtain a protein-free supernatant which could be distilled. Thi s 

method of treatment had been u sed previously in thi s laborat o� and was 

u sed again to determine the recove� of acetaldehyde from b l o od using 

the new as say procedure .  

2-4-4-1 • Methods . 

Concentrated acetaldehyde solutions were added to blood sampl es 

so  that the sample volume was increased by no more than 1 %. 

1 .  Uni t s  as defined by the Sigma Chemical C o .  



FIGURE 2-1 7. Clii\RT RECORDING OF ACETALDEHYDE STANDARDS 

ASSAYED USING THE FULLY AUTOllATED ENZYMIC 

ASSAY SYSTEM. 

90 

80 
... ""' Ill +> 

"§ 70 

� 60 
� +> ·n 50 .0 � cd 

'-' 

Q) 40 
0 s:: Q) 0 30 Ill Q) � 0 20 ::1 rl 
!Xi 

1 0  

The peak3 in thi s diagram represent (from left to right ) 
aqueou5 acetaldehyde standards having the following 

concentrations (pM) : - o. o ,  0 . 0 ,  1 o . o ,  1 0.0, 0.0, 

1 o . o ,  7. 5 ,  5. 0 ,  2 . 5 ,  o.o,  o.o,  2.0,  1 . 5 , 1 . o ,  0. 5,  

o . o ,  2 .0,  0. 5 ,  1 .5 ,  1 . 0 ,  2.0,  1 . 5 , 0 . 5 ,  1 . 0 , and o.o.  

Sampling rate = 40/h. Sampl e : wash ratio = 1 : 2 . 

31 



Deprot einiza tion was carried out with an equal volume of ice-cold 1 M 
PCA aft er t horough mixing of the acetal dehyde and blood. Prot ein­

free supernatant s obtained by centrifugation were then assayed without 

further t reatment . Aqueous standards were prepared in the same way 

except that the PCA wa s replaced by di stilled wat er. 

Blood used for these experiment s was either fresh heparinized 

human venou s blood or outdated b lood bank blood, no difference being 

found b etween the two with re spect to recovery of acetaldehyde . 

2-4-4-2 . Result s .  
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Tab l e  2-1 shows that recove� of acetal dehyde added t o  blood i s  

close t o  1 OO"fo ,  compared with aqueous standard s .  Recovery of acetaldehyde 

f�om blood at concent rations up to 200 �� was never l e s s  than 9��. 

Howev er ,  good recoverie s  could be achieved only if the blood was chilled 

( 0 - 4°C)  b efore acetal dehyde addition. I t  i s  well known that 

acetaldehyde added to blood at higher t emperatures rapidly di sappears 

and that c ooling of the blood samples inhibi t s  this removal (Durit z and 

Truit t ,  1 964; Sto t z ,  1 943) .  A study of t hi s  effect i s  the sub j ect of 

section 4 of thi s  thesi s .  

No c orrection wa s made for the sol id content of b l ood when 

cal culating recoverie s .  Since identical recoveries were ob tained from 

plasma sample s ,  and deproteinized whol e  blood supernatant sampl es t o  

which acetaldehyde was added after deproteini zation , it  seemed that no 

correction was nec e s sary. The excel lent recoveries further sugce s t  

that t h e  efficiency of acetal dehyde di stillation from PGA superna tant s 

i s  t he same as truit from aqueous solut ion s .  Thi s wa s a significant 

finding since it meant that proc e s sing of t he blood sampl e s  could b e  

kept t o  a minimum . 

Acetaldehyde in concentrations of up t o  200 pM wa s found to be 

stable in deproteinized blood or plasma supernatant s for at l east 24h. 

if the se were ke pt in sealed containers at 4°C 
With the same methods used t o  determine acetaldeqyde rec overy 

from bl ood, acetaldehyde concentrations in urine were al so determined. 

The re sul t s  showed that recovery with respect to aqueous standards 

wa s only 431� when the sample s  were as sayed immediat ely after proce s sing 

and only �& when the sampl e s  were as sayed after storage at 4°C for 24h. 

For reas ons not defined , it was obvious that the method was not sui table 

for urine acetaldehyde analy s i s .  



TABLE 2-1 . 

RECOVERY OF ACETALDEHYDE ADDED TO WHOLE BLOOD 

Acetaldehyde added t o  
whol e  b lood. 

Acetaldehyde recovered. 

(Jliilol e s/1 ) 

mean 

o.o  o . ob 

4. 0 4. 0 

1 2. 0  1 2. 0  

20 . 0  1 9 . 8  

a n=4 for ea ch ace taldehyde concentration. 

(pmol es/1 ) 

a 
range 

1 1 . 8 - 1 2 . 3  

1 9 . 0  - 20. 4  

b No significant level s of acetaldehyde were found in the 

blank blood sampl es u sed for this experiment . 

The recovery of acetaldehyde from b l ood was determined a s  

described i n  Section 2-4-4 using the semiautomated en zymic 

as say method. 
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2-4-5. Assay of blood samples containing ethanol . 

Truitt ( 1 970) has noted that ' bound' acetaldehyde i s  released from 

human red blood cell s in the prescence of ethanol and a deproteinizing 

agent , and Sippel (1 9 72 ,1 973) has stated that acetaldehyde may be formed 

from ethanol in supernatant s obtained from rat blood t reated with PCA . 

This assay , being specifically designed for the a ssay of acetaldehyde 

in blood which would al so contain ethanol , would have been seriously 

affected if either of t he se two effects did occur . An experiment was 

performed in which blood ,  containing ethanol in the ranee commonly found 

in human blood (1 0 - 40 mM) was deproteinized with PCA in the manner 

described for the recovery experiment s. \Vhen the protein-free super­

natant s were assayed , variable quantities of acetaldehyde , up to about 

40 pU ,  were measure� The variability and l evel of the interference by 

ethanol was too large for the assay to be used accurately for ethanol­

containing blood sample s .  This problem has b een studied further and 

the resul t s  are presented in S8ction 3 of thi s  thesi s .  

2-5. DISCUSSION. 

The use of disti llation in place of diffusion has overcome all the 

major probl ems as sociated with the operation of a: fluorometer at high 

sensitivity settings .  I n  addition , long incubation times have been 

eliminated as well as time-consuming mi�ing procedures .  Accordingly , 

by using either the semi- or fully automated assay systems , large 

number s of samples may be proce ssed in each run. 

The sensitivity of these methods (minimum detectable level < o. 25 ,JJM) 

i s  a considerable improvement on previously published enzymio methods 

for acetaldehyde determinations (Lundquist , 1 958;  Bernt and Bergmeyer, 

1 974; Tottmar and Mtirchner , 1 976) . The most  sensitive published enzymic 

method (Lundqui st ,  1 958) permits detection of acetaldehyde at a minimum 
level of 0.1  pg/ml ( 2 . 3  )JM) in plasma. The method used by Tottmar and 

liarchner ,  based on a fluorometric measurement of NADH produced from the 

reaction of acetaldehyde with NAD+ and the rat-liver mit ochondrial 

aldehyde dehydrogenase , i s  reported to be capable of detecting a minimum 

acetaldehyde level of 6 pM in rat blood ( Pettersson and Kies sling , 1 976) . 
There is a lack of publi shed data concerning the maximum sensitivity 

obtained with many of the currently used cas chromatographic procedures 

for acetaldehyde estimation but the sensitivity of the automated enzymic 

methods i s  almost the same a s  one gas chromatographic method u sed by 



C ohen and MacNamee ( 1 976) whic h  has b een repo rted to b e  capable or 

measuring acetaldehyde at l evel s  dovm to 0 . 28 �{ in undilut ed rat b l o od 

plasma sampl e s .  
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The di stillation step empl oyed in the automated as says r e s tric t s  

estimations t o  volat i l e s  only and so the procedures are more specific 

than methods involving the direct addition or biologi cal extrac t s  t o  

reactio n  mixture s  (Lundqui st , 1 958 ; Bernt and B ergmeyer , 1 974; Tottmar 

and Marchner, 1 976) . The lat ter methods require that the protein 

prec i p itant be neutrali zed prior to mixing or the sampl e with the enzyme ; 

thi s s t e p  has b een elindnated in the new methods now developed. 

Whil e  thi s work was b eing compl eted , a new c hemical method for the 

analy s i s  of ac etal dehyde based on the reaction of diaminobenzoic acid 

with ac etaldehyde appeared in the lit erature (Beckmann , 1 976) . Thi s 

method appears t o  overc ome the main prob l em s  associat ed \dth previ ous 

chemical method s ( Stot z ,  1 943 ; Burbridge e t  al , 1 950) i . e .  lack or 

specificity and s ensitivity. The method i s  stated to be capabl e  of 

detec ting a minimum blood acetaldehyde conc entration of 2 .5  pM in only 

20 �1 of blood and i s  specific ror aldehydes with an al pha-methyl ene 

group (Velluz et al , 1 948) . Since acetaldehyde i s  the only aldehyde 

likely to be found in human b l o od that fulri l s  this crit erion it would 

a ppear that thi s a s say may b e  an improvement on all previou s methods .  

If t hi s  i s  not the case , the as say could no doub t b e  adapted for u s e  in 

c onjunction with the di stillation sy stem de scribed in thi s  study t o  

increase the s pecificity further. 

One disadvantage of the automat ed a s say s described here i s  the 

relatively large sample si ze requi red . T o  ob tain enough deprot eini z ed 

b l o od supernatant for as say when a 1 : 1  dil ution with the protein 

prec i pi tant i s  u s e d ,  at l ea st 1 .5 ml of blood is required or about 

3 . 5  ml of blood if plasma analysi s is u sed. The new c hemical method 

appears to el iminate thi s need for larger sampl es and c oul d enab l e  

many more deterrninations t o  b e  carried out o n  blood from one individual . 



S:&;TION 3 

FORMATION OF ACETALDEHYDE IN BLOOD SAMPLES CONTAINING ETHANOL 

DURING PEPROTEINIZATION . 

3-1 • INTRODUCTION . 
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The measurement of high level s of acetaldehyde when ethanol­

containing blood was deproteiniz ed and assayed (S.ection 2-4-5) was not 

unexpected. It has been recogni zed by various authors that when 

acetaldehyde-free bl ood samples  containing ethanol are deprot eini zed , 

acetaldehyde can be measured in the protein-free extracts (MacLeod , 1 950 ; 
Truitt , 1 970 ; Korsten et al , 1 975 ; Eriksson et al , 1 975) . This has been , 

and remains a maj or problem as sociated with studies on acetaldehyde 

metabolism in human subjects.  

The mechani sm by which the acetaldehyde production occurs i s  

unknown although different explanations have been put forward t o  explain 

it s formation. MacLeod (1 950) found that large amount s of acetaldehyde 

were formed in ethanol-containing blood sample s  deproteinized with tungstic 

acid. This did not occur with pla sma and it was suggested that the 

ac etaldehyde formation might be ' • • •  connected with some alteration in 

the oxyhemoglobin at the time of denaturation • • •  ' .  Truitt (1 970) 
ob served the same phenomenon when either a Zn( so4) - Ba( OH)

2 
mixture 

or tungstic acid was used to deproteinize whole blood containing ethanol . 

Evidence was pre sent ed to support the idea that the acetaldehyde was not 

formed directly from the ethanol but was ' bound ' acetal dehyde released 

from some macromolecule by the pre sence of ethanol and the deproteinizing 

agent . Sippel (1 972) , however, considered that the acetaldehyde was 

formed directly from ethanol during the incubation of PCA supernatants 

of whole rat blood and liver,  while b eing prepared for gas chromatographic 

analysis .  Auto-oxidation of ascorbic acid with the formation of a 

semidehydroascorbate peroxy radical capable  of reacting with ethanol to 

form acetaldehyde was postulated as  the reaction mechani sm ( Sippel , 1 973) .  
Thiourea was found to inhibit thi s reaction c ompletely in deproteinized 

rat liver supernatant s and t hi s  compound has b een u sed by various workers 

in an attempt t o  inhibit the reaction in both rat (Lindro s et al , 1 975 ; 
Eriksson et al , 1 975 ; Col lins et al , 1 976) and human blood (Kesaniemi , 1 974; 
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Korsten et  al , 1 975 ; Eriksson et al , 1 975) . Thiourea was u sed as a free­

radical acceptor to b reak a radical chain reaction believed to be  

respon sibl e  for the acetaldehyde formation ( Sippel , 1 972) . 
Because of the need to apply relatively large corrections for the 

acetaldehyde artefact in deproteinized blood samples it was decided to 

examine in more detail , quantitative and 4ualitative aspects  of it s 

produc tion specifically in human ve�ous blood. By gaining more information 

on the mechani 5llls involved, it was considered that it might be pos sible 

to eliminate the artefact altogether or at  l east decrease it  to a low 

and con si stent level to permit accurate corrections t o  be made. 

The only detailed investigations of thi s problem , with human blood 

(Truitt ,  1 970 ; Eriksson et al , 1 975) , have relied on gas chromatographic 

assays of acetaldelzyde in head-space gas equilibrated with liquid samples.  

Such methods involve relatively long incubation periods at  high . 

temperatures ( 60 - 65°C)  during which acetaldehyde could potentially be  

produc ed from ethanol .  It was therefore considered e ssential that some 

of the results obtained using these methods be checked with a different 

analytical method. The enzymic assays described in Section 2 were 

considered ideal for this  purpo se. 

Barker (1 941 ) and Stotz ( 1 943) have reported that very large amounts 

of acetaldehyde ( up to 2 ,000 �) can be formed from whole human blood 

treat ed with a CuS04 - Ca( OH) 2 reagent . However , this reaction was found 

to occur when ethanol was not present in the blood. From the pre sent 

study , no acetaldehyde was produced in blank blood samples when they 

were deproteinized with PGA and it was considered unneces sary , for the 

purposes of the present aim s ,  to  examine that reaction further. 

Production of acetaldehyde from ethanol in blood which has not been 

deproteinized has also been ob served (Truitt ,  1 970 ; Machata and Prokop , 

1 971 ;  Luben et al ,  1 972 ; Eriksson et al , 1 975; Crow, 1 975) and has been 

di scussed by Crow ( 1 975) . Study of this phenomenon was not considered 

worthwhile either , at least in relation to the as say of acetaldehyde in 

blood b ecause in this study all samples were immediately deproteinized 

in order to avoid acetaldehyde losses. 

3-2 .  METHODS. 

3-2-'1 , Sample preparation. 

All human blood samples  used were freshly drawn from an antecubital 

vein and heparinized. Ox blood was obtained fresh from a locAl freezing 

works and oxalat ed. Whole bl ood or pla5llla samples c ontaining added 



ethanol were deproteinized with either one volume of 1M PCA or with 
nine volumes of o . 6M PCA to obtain 50;,.; and 1 O';b dilutions respectively. 

38 

The se two dilution s were chosen because t he �� dilution has been routinely 
used in t his laboratory for the preparation of blood samples  prior to 
estimation of ethanol , acetaldehyde , lact�te and pyruvate , and the 1 �� 
dilution has been used for some recent work on acetaldehyde metabolism 
involving the assay of acetaldehyde in human blood (Korsten et al , 1 975) . 

Concentrated ethanol standards were added to the blood or plasma 
samples to obtain the desired ethanol concentrations ( 0  - 40 mM) without 
increasing the volume by more than 1 %. 

Unless otherwise stated, deproteinization was carried out with  ice­
cold PCl- solutions immediately after mixing blood with  the ethanol . 

With one exception which i s  noted in the Results Section , all 
experiment s were performed with blood kept at room temperature . 

Clear, protein-free supernatant s were obtained by centrifugation 
0 of samples at 4 C and the acetaldehyde present in these supernatant s was 

determined by the semiautomated assay described in Section 2-4-2 using 
sheep-liver aldehyde dehydrogenase. 

Samples were kept sealed at 4°C until the as says were carried out . 
In experiment s where thiourea was used as  a possible inhibitor of 

acetaldehyde formation, it was mixed with the PCA solution before 
deproteinization.  

3-2-2 . Control s. 
For all assays ,  aqueous solutions containing ethanol only , and 

PCA mixed with ethanol , at concentrations equivalent to the deproteinized 
blood supernatant s ,  were assayed with the other samples. 

3-2-3. Blanks .  
All blood acetaldehyde concentrations were al so corrected for 

acetaldehyde present in blank blood samples to which no ethanol had been 
added. This l evel was 1 . o .:!:. 0 . 2  )JM (mean and S . D . )  in blood samples 
diluted 5�� but was undetectable in blood samples diluted to 1 Q%. The 
minimum detectable level at this latter dilution was about 2 ��. 

3-2-4. Standards.  
Acetaldehyde standards were prepared in aqueous solution from 

redi still cd acetaldehyde and diluted i n  the same way as the blood samples.  
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3-3. RESULTS . 

3-3-1 . AcetaldehYde production in control s. 

Aqueou s ethanol solutions diluted t o  1 a;� with PCA contained no 

detectab le acetaldehyde , unless the ethanol c oncentration s used were 

greater than 1 00  mM .  However , for control s prepared b y  a 50}� dilution 

with PCA , very small amount s of acetaldehyde c ould be assayed ,  of t he 

order of 0 . 5  )lM and 1 . o J.1M acetaldehyde from 20 mM and 40 mM soluti on s 

of ethanol respectively . Reproducib l e  values for the se acetaldehyde 

level s were obtained if the same ab solute ethanol stock solution was 

u sed and these values did not change with storage of t he control sampl e s  
0 

for up t o  48h. at 4 c .  The same l evel of acetaldehyde c ould be produced 

by replacing PCA with a non-oxidizing aci d ,  e . g . hydrochloric acid (1 M) , 

which suggested that the very small amount of' acetaldehyde being measured 

re sulted from the hydrolysi s of an impurity in the ab sol u t e ethanol , 

such as a vinyl ether. 

In controls c ontaining ethanol alone , small amount s of acetaldehyde 

were al so detected , b u t  only if t he 5�o dil ution was used. This 

int erference has b een mentioned in Section 2-4-2-6 . Since the ac etaldehyde 

produced in control samples wa s always consistent and directly proportional 

to the ethanol concentration , an accurat e correction was po �sibl e . The 

validity of such a c orrection can be deduc ed from Fig. 3-1 . All quo t ed 

acetaldehyde concentrations in this section have been corrected for cont rol 

level s of acetal dehyde ,  if the sub s tance wa s pre sent. 

3-3-2. Ac etaldehyde producti on in whol e b l ood and pla sma using a 5Q% 
dil ution.  

Typical curves obtained by deproteinizing blood sampl e s  containing 

varying amount s of ethanol are shown in Fig . 3-2. The results  in each 

curve were obtained using blood from a different individual . 

For thi s experiment , blood sampl e s  were incubat ed with ethanol at 

37°C b efore deprot einization . However , it was found t hat the same l evel s 

of acetaldehyde were produced if the blood was kept at room t emperature 

before deprot eini zati on. 

The variations b etween individual s is probably not significant sinc e 

similar v ariation s were observed in duplicate experiments on blood from 

the same individual ( see Table 3-1 ) .  By repeating assays on sampl e s  

stored a t  4°C for 24h . , it was shown thut t h e  average l evel of 

ace taldehyde in the protein-free supernatant s remained constant (Tab l e  3-1 ) .  

The corresponding result s  for pla sma are shown in Fig .  3-3 where 



FIGURE .3-1 . PRODUC'l'ION OF ACh'TALDliliYDE IN CONTROL SAMPLES . 

6 

3 
s:: 0 ·ri 5 ...., cd 1-< 

...., s:: Q) 0 s:: 0 0 4 
Q) 't:i 
£ Q) 't:i .--t 

3 al 
...., Q) 0 al 
Q) .--t p. 
� 2 C.l) 

Sampl e ethanol concentration (mM) 

Aqueous solutions containing ethanol only ( .A )  , ethanol in 

o • .5M PCA ( • ) and ethanol in o. 5M PGA plus 5 pM acetaldeeyde 

( • )  were a s sayed using the semiautoma.ted enzymic as say 

method described in S ec tion 2-4-2 . The point s in the above 

figure re pr e s ent single determination s .  



FIGURE 3-2 . PRODUCTION OF ACb'TALDEIIYDE IN WHOLE BLOOD DEPROT.EIN­

IZED IN Tllli PRESENCE OF ETHANOL BY A 5Q% DILUTION 

WITH 1 M PC.A. 
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· TABLE 3-1 . 

ACh"''ALDEHYDE PRODUCTION IN W HOLE BLOOD DEPROTEINIZED IN THE 

PRESENCE OF in'HANOL USING A 5()>� DILUTION WITH PCA. 

Blood ethanol concentration (mM) 

20 

Acetaldehyde produc ed (pmol es/1 of blood) a 

{ i) Data from five different 
individual s .  

(ii) Data from five replicate blood 
sampl es from one individual . 

{ iii)  Samples from ( ii )  as sayed 0 after storage at 4 C for 24h. 

a. Mean .:!:. S . D .  ( n=5) .  

TABLE 3-2. 

27 j: 5 44 j: 5 

27 j: 2 41 j: 9 

27 j: 3 40 j: 5 

THE KFF.EX;T OF THIOUREA ON ACETALDEHYDE PRODUCTION . 

Blood ethanol Acetaldehyde formed (pmole s/ 1 blood) a 

concent ration (mM) 

+ Thiourea - Thiourea 

0 0 0 

1 0  1 4  j: 2 1 4 j: 3 

20 26 j: 9 27 j: 5 

30 36 j: 8 35 j: 7 

40 49 j: 1 4  44 j: 5 

a. Mean j: S . D .  ( n=5) 
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The blood used for thi s experiment was from one individual . 
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FIGURE 3-3 . PRODUCTION OF ACETALDEHYDE ll� PLASMA DEPROTBINIZED IN 

THE PRESENCE OF h�HANOL BY A 50}& DILUTION WITH 1 M PGA . 
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the means of five separate estimations  have been plotted for each plasma 

ethanol concentration. Very low values were obtained after corrections 

bad been made for the control acetal dehyde l evel s .  Plasma samples from 

five different individual s were u sed . 

The l arge variations and non-linearity of the acetaldehyde production 

in whole blood sample s  show that the use of a correction curve would 

be impractical . A recent study of blood acetaldehyde level s in humans 

metabolizing ethanol sugge st s that at a blood ethanol l evel of 40 mM , 
venous blood acetaldehyde level s are about 30 - 45 pM (Korsten et al , 

1 975) . From Fig. 3-2 it is  clear that the necessary correction for the 

presence of artefact acetaldehyde at this ethanol level would b e  

higher than the actual level of acetaldehyde in the blood before 

deproteini zation. Therefore , irreproducibility of the artefact would 

result in a large percentage error in c orrected acetaldehyde values. 

The use of plasma analysis could overcome this problem , since 

acetaldehyde production in plasma i s  negligible compared to  that ob served 

for whole bl ood. It was found however , that no more than 7�; of 

acetaldehyde added t o  blood could b e  recovered when plasma wa s used for 

analysi s .  It was assumed that thi s was due to the metaboli sm of 

acetaldehyde in the blood during the time required to separate the pla sna 

and red cell s.  These findings were studied further and the re sults  

are given in Section 4.  

3-3-3. Effect of thiourea on acetaldehyde production using a 50/� 

dilution of blood. 

Using a 50"� dilution of blood with 1 M PCA containing 50 mM thiourea 

(a concentration reported to inhibit the so-called ' non-enzymic '  ethanol 

oxidati on in PCA supernatant s of rat liver ( Sippel , 1 972) ) , it was 

found t hat the thiourea had no inhibito� effect on the production of 

acetaldehyde from ethanol during deproteinization of human blood 

(Table 3-2) . Thiourea did not increase the reproducibility of the 

acetaldehyde production ,  and it was decided to test the effect  of a 

higher dilution of the blood since  Korsten et  al - (1 975) had reported 

lower l evel s of acetaldehyde production when blood was 

diluted 1 : 9  with 0 . 6N PCA. 

3-3-4. Effect of blood dilution on acetaldehyde production. 

The results  in Table 3-3 show that the level of acetaldehyde 

obtained using a 1 Cl/o dilution of blood i s  approximately 251� of that 

obtained with a 5o.% dilution of blood. The variation in replicate 



TABLE 3-3.  

THE EFF�T OF BLOOD DILUTION ON ACETALDEHYDE PRODUCTI ON .  

Blood ethanol Acetaldehyde formed (�oles/l blood) a 
concentration (mM) 

TABLE 3-4. 

1 O'fo dilution 50% dilution 

0 0 0 

20 6 !. 1 27 !. 2 

1 0  + 1 41 + 7 

a. Means !. S . D .  ( n=5) 
The blood used for thi s experiment was from one 
individual . 

INTERINDIVIDU�� VARIATION IN Tl lli PRODUCTION OF ACETALDEHYDE 

FROM lm!ANOL IN BLOOD WlllN A 1 0'� DILUTION WAS EMPLOYED . 

Blood ethanol Acetaldehyde produced (pmoles/1 blood) 
concentration (mll) 

a 
s . D .  mean range 

1 0  3.9 2-6 1 . 7 

20 7. 3 ( 6) 5-1 1 ( 5-7) 1 . 9  

30 9. 7  7-1 5 2 .4 

40 1 1 . 6 (1 0) 9-1 8 ( 9-1 1 ) 2 . 9 

a. n=1 o. 
The figures in b rackets are corresponding figures for 
one individual (n=5) . 
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5ample s  was al so l ower with the higher dilution. The same resul t s  were 

obt ained whether the bl ood wa s added to the PCA containing ethanol or 

the PCA wa s added to the bl ood containing ethanol . A typical ' correction 

curve ' constructed using the 1 O}b blood dilution i s  shown in Fig . 3- 4. 

The inter-individual variations in ace taldehyde production with thi s  

dilution are given in Tab l e  3-4 and indi cat e that the se are great er than 

int ra-individual variation s ,  in contrast to the result s  obtained for 

5Q% blood di lutions. 

Although a linear correction c urve was still not obtained u sing 

thi s  method, i t  i s  clear that by sub tracting lower and more consi stent 

acetaldeQyde level s ,  a more accurate correction can be made u sing the 

correction curve prepared employing the 1 �� dilut ion of blood.  

3-3-5. Effec t of thi ourea on acetal dehyde producti on using a 1 �  

dilution of bl ood. 

U sing 25 or 50 mM thi ourea in o .6M PCA t o  deproteini z e  blood sample s  

c ontaining added ethanol , i t  was found that acetaldehyde production was 

decrea sed markedly from ab out 1 0  ,umol e s/1 of blood at the 40 mM ethanol 

l evel to about 4 }liilol e s/l .  However , it was also found th&t t he use of 

the above condi tions for deproteini zation resul t ed in a low recovery of 

acetaldehyde added to blood. Using 25 m1! thiourea , acetaldehyde 

recove� from blood decreased by 4%� in relation to recove� from b l ood 

deprot eini z ed with PCA only. Thi s occurred even though thi ourea in the 

ab ove concent rations was not found to decrease acetaldehyde recovery 

from pure aqu eous soluti on s  treat ed with PCA . It wa s con sidered, therefore ,  

that thiourea was not u seful when the present methods were u sed to prepare 

b l ood sampl e s  for acetalde!�de as say. 

3-3-6. Effect of preincubation of ethanol \dth whol e  blood on 

acetaldehyde formation. 

Blood sampl e s  containing different concentration s of et hanol were 

deproteini zed either immediat ely after ethanol had b een added or 30 min. 

after ethanol addition ; the sampl e s  being kept at room temperature . 

Preincubation had little effect on the production of acetaldehyde and 

typical re sul t s  are shown in Fig .  3-5. These indicate that the 

acetaldehyde production must have been occurring during or after 

depro t eini zation.  

3-3-7. Ac etaldehyde production in supernatant s aft er deprot einization. 

Acetaldehyde production from ethanol in protein-free blood 

supernatant s was studied by adding ethanol t o  supernatant sample s  
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FIGURE 3-4. AN ACRI'ALDEHYDE CORRECTION CURVE PREPARED BY DEPROTEINIZING 
V/HOLE BLOOD CONTAINING DIFFERENT AMOUNTS OF ETHANOL AND 

EMPLOYlllG A 1 ofo DILUTION OF BLOOD. 
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. FIGURE 3-5. THE EFFECT OF PREINCUBATION ON Tllli PRODUCTION OF ACh�ALDEHYDE 

IN WHOLE BLOOD DEPROTEINIZED IN THE PRESENCE OF ETHANOL . 
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at 4 C and then a s saying them for acetaldehyde . Supernatant samples 

used for thi s  experiment were obtained by a 50/� dilution with 

1 M  PCA. As shown in Fig .  3-6 , production of acetaldehyde under these 

condition s  was significant but very 5!11all . The small amount s of 

acetaldehyde obtained remained unchanged for at l east 24h. if sample s  
0 

were stored at 4 C .  Thiourea had no significant effect on this type 

of acetal dehyde production .  

3-3-8 . Effect of di stillation temperature on acetaldehyde level . 

Ac etaldehyde formed by the addition of ethanol to bl ood followed 
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by deproteinization in the normal way, usin� a 5Q% dilution, wa s as sayed 

u sing two different di stillation temperature s to determine whether any 

possiblo production of acetaldehyde during the di stillation step was 

temperature dependent . I t  was found that the amount of acetaldehyde 

produced was not reduced by lowering the distillation temperature from 

90 to 60°
C .  

3-3-8 . Acetaldegyde production in ox bl ood . 

During the course of thi s study , a rat-liver perfusion system was 

b eing developed in the laboratory to study liver ethanol and 

acetaldehyde metabolism .  Ox blood red cel l s  were used as the oxygen 

c arrier in the artificial perfu sate and acetaldehyde was measured in 

the perfusate after a PCA deproteinization. It was of interest to 

know whether ox blood behaved in a similar way to human bl ood with 

re spect to the production of the acetaldehyde artefact .  By car�g out 

experiment s with ox blood , similar to those carried out on human bl ood , 

the following results were  obtained . 

U sing the 5�� dilution of blood , the acetaldehyde production in 

whole ox bl ood was large and variabl e  but only about half the amount 

produced in human blood. Thi s quantity appeared to be reduced slightly 

by adding 50 mM thiourea to the PCA solution. 

Production of acetaldehyde in ox blood supernatant s t o  which ethanol 

had b een added after deproteini zation was considerably larger than that 

found in human sampl e s ; 1 0 p.JJ. acetal dehyde was formed at the 20 mM 
ethanol l evel compared to about 1 . 5 ]UJ. in human samples containing the 

same ethanol  concentration . Thi s higher level was found t o  b e  reduced 

approximately to the human l evel in the presence of 25 �J. thiourea in 
t he protein-free supernatant s .  Incub ation of the samples at 60

°C for 

1 5  min .  b efore assay eliminated t he effect of thiourea. 

The l evel s of acetaldehyde in b oth types of supernatant s menti oned 



FIGURE 3-6. ACt.'TALDEHYDE PRODUCTION IN PCA SUP.ERNATANTS OF WHOLE 
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BLOOD W'rlERE ETHANOL HAS BEEN ADDED AFTER DEPROTEINIZATION . 

2.0�-------------------------------------------

1 . 5 

......... 

� ..__, 

1:: 0 •ri � Cll ,.. 
..., 1 • 1:: Q) 0 1:: 0 0 
Q) rd 
£ Q) rd 
� 
..., Q) 0 
< 

0 5 1 0  1 5  20 25 

Ethanol concentration (mM) 

Blood superna tant s were prepared by a 50% dilution with 1 M PCA 
as described in the Methods Section and concentrations refer to 
the amount s of ethanol and acetaldehyde in the diluted blood 
supernatants .  Each point represents the mean of duplicate 
determinations .  



. 0 
above remained constant when samples were stored at 4 C for 24h. 

3-4, DISCUSSION, 
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From the results obtained in this study and others reported in the 

literature it i s  clear that there are major species differences  in the 

amounts of acetaldehyde produced from ethanol during deproteinization of 

blood. Although large amounts are produced in human blood, no production 

of acetaldehyde has been found in blood of mice when PCA deproteinization 

has been employed ( Ortiz et al , 1 974) . Truitt (1 970) also found no 

artefact in mouse blood when ZnS04 - Ba(OH) 2 was used a s  the protein 

precipitant . Negligible level s in rat , dog and rabbit blood were found 

by Truitt using the same deproteinization method but large and comparable 

amount s were formed in blood from humans ,  cows and monkeys. Acetaldeqyde 

formation in rat blood has been found by other authors to be significant 

(Eriksson et al , 1 975) , negligible (Forsander �� 1 969 ; Eriks son , 1 973 ; 

Sippel , 1 973 ; Collins � '  1 976) or nonexistent (Tottmar and Marchner, 

1 975 ; Pettersson and Kiessling , 1 976 ) when PCA deproteinization was used, 

However, when low levels of acetaldehyde are being measured, the 

sensitivity of the assay method used , largely determine s  whether the 

acetaldehyde can be detected or not .  For example,  the assays used by 

Tottmar and Marchner , and Pettersson and Kiessling , had a maximum 

sensitivity of 20 � and 6 � acetaldehyde respectively so this may 

account for the fact that the artefact was not observed. As noted in 

the Results Section , the magnitude of tbe artefact in human blood appears 

to be dependent on the extent to which blood samples  are diluted and the 

different dilutions used by different workers could be responsible for 

the variations in the art efact produced in rat blood as well . For 

example ,  when Eriksson(1 9 73) employed a 1 : 9 dilution of rat blood with 

0, 6 M PCA it was reported that the level of the artefact produced was 

negligible,  However , when a 1 :5  dilution was employed (Eriksson et al , 

1 975) , relatively high levels were obtained (1 2, 4 .:t. 2, 9 pmoles  of 

acetaldehyde/! of blood with a blood ethanol level of 1 0  mM) , Variable 

results have been obtained with human blood and are probably al so due 

to difference s in the methods used to deproteinize blood samples.  

The ob servation that the formation of acetaldeqyde from ethanol 

added to rat liver supernatant s may be almost completely eliminated with 

thiourea ( Sippel , 1 972; Eriksson et al , 1 975) suggest s that the 

mechani sms of artefact production in this  tissue are different to those 
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forming acetaldehyde in human blood sampl e s .  It may be possible that 

different mechani sms are involved in b l ood of different specie s  as well .  

This po s sibil ity wa s suggested by the fact that a high l evel of ' thiourea­

inhibitab l e '  ace taldehyde production wa s found to occur when ethanol 

wa s added to ox b lood protein-free supernatant s .  This did not occur 

in human blood. I t  appears therefore , that any study of the artefact 

problem in one ti ssue of one spec ies may not be applicab l e  to other 

ti s sues from the same or different s pecie s .  Because different workers 

have used different deprot einization proc edures and as say techniques it 

i s  even difficul t to compare· all data obtained from studies of the 

artefact in either human or rat b lood alone . 

Neverthel e s s ,  the re sults  obtained in thi s study , using the enzymic 

method of acetaldehyde analysi s have confirmed some of those ob tained 

by gas chromatographic ( GC) analysi s .  The magnit ude of the acetaldehyde 

l evel s produc ed in human bl ood , deproteinized using a 1 0',...6 dil ution , 

compare wel l  with data published by Korsten et al (1 975) who found that 

4 and 1 0 )lM acetaldehyde was formed from 20 and 40 mM ethanol re spectively 

whereas 6 and 1 0 pM acetaldehyde was fonned from the same ethanol 

concent ration s in the experiments reported in this the si s .  

The higher and more variable l evel s of acetaldehyde produced i n  

human bl ood deprot eini zed u sing a �� dilution were comparab l e  with the 

l evel s reported by Eriks s on � ( 1 975) using a 20'ft dilution of human 
blood and a GC as say method similar t o  that used by Kor sten et aJ (1 975) . 

At thi s dilution , Eriks son � found that 1 6 . 5  .:!: 4.4 pM acetaldeeyde 

was produced from b lood containing 1 0  mM ethanol compared to 1 4. 3  )JM 
found in the present study using a 50fo dilution.  Eriksson performed 

hi s experiment s by adding the ethanol to the PCA and not t o  the blood 

as in thi s study. However ,  since it  was found that identical resul t s  

were obtained using either met hod ( see S ection 3-3-4) hi s study and the 

pre sent one are comparabl e  except for the b l ood dilutions u sed and the 

a s say technique .  The finding of Truitt ( 1 970) that both ox b lood and 

human blood produced acetaldehyde at l evel s c omparable t o  those found 

in thi s  study when deprot eini zed ·with Znso4 - Ba( OH)
2 

in the pre sence 

of ethanol ,  suggest s t hat the important factor in the production of the 

artefact i s  the deproteinizat ion proc e s s  itself and not the deprotein­

i zing agent . MacLeod ' s  ( 1 950) finding t hat tungstic acid de proteinizati on 

of whole human blood re sults in a large artefact al so support s thi s .  

It was originally thought that treatment of blood sampl e s  at high 

temperature ( 60°C for the GC a s s� and 90°C for the di stillation step 
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in the enzymic assay) might b e  responsibl e  for some artefact production. 

The fac t  that no significant artefact is  produced when human b lood 

supernatant s containing ethanol added after deproteini zation , were 

distilled and assayed, rules  out thi s  pos sibility ,  at l east for the 

method u sed in thi s  study , and suggest s that the GC analysis system 

probably does not contribute t o  the artefact formation to any significant 

extent either. The lack of any effect of changing the distillation 

temperature from 60 to 90°C al so suggest s t hat the heating process i s  

not re sponsibl e  for the acetaldehyde production. From these findings , 

it seem s  t hat the large quantities of acetaldehyde in human samples 

which are measured by both methods , are formed during the deprotein­

i zation process only. Supporting trds interpretation i s  the ob servation 

that preincubation of ethanol with human blood did not increase the 

artefact l evel . It can b e  calculated that if a blood sample containing 

40 mM ethanol is deproteini z ed (50}� dilution) , about 9J}� of the 

acetaldehyde present in the supernatant must have been formed during 

the deproteinization reac tion s .  Sippel (1 9 72 ,1 973) and Eriksson et al 

(1 975) have assumed that the acetaldehyde production occurs by non­

enzymic means in protein-free bl ood and liver extract s . The GC method 

used by these authors ,  however , involves a standard 1 5  min .  incubation 

of the extract s  to be analyzed , during which acetaldehyde in the liquid 

sample s  slowly e quilibrat es with a e;as sample v;hich is used for analysis .  

Using thi s method,  no di stinction can b e  made between acetaldehyde 

present in the extract before and after tLe  equilibration period. 

Sippel ( 1 972,1 973) added ethanol to protein-free liver supernatAnt s 

and not to fresh liver tissue  ar1d therefore it may b e  concluded that 

al though some non-enzymatic ethanol oxidation does o ccur in rat liver 

supernatant s ,  t he process  i s  probably not re sponsible  for mo st of the 

acetal deeyde produc tion in human blood. The stability of the artefact 

acetalder�de level s with storage , with the finding that production of 

acetaldehyde in plasma is negligible compared to that in whole blood, 

further sug�e st s that the artefact is introduced by reactions occurring 

during denaturation of the r ed-cell protein. 

The effect of dilution on the magnitude of the acetaldehyde 

produced by deprot eini zation is unknown but may possibly be related t o  

the speed a t  which deprot einization takes place .  It  was found that 

more effective and rapid mixing of the blood with the deproteini zing 

agent could be achieved u sing the 1 O}b dilution. Alt ernatively , if some 

int ermediate responsible for ethanol oxidation to acetaldeeyde , is 

produced during the deproteinization process,  it s reaction with ethanol 



may b e  concentration dependent . The p o s s ibility that ethanol c ould 

be rel ea sing ' b ound' acetaldehyde has not been ruled out by the 

re sult s pres en t ed in thi s section but it i s  generally aEreed in t he 

l i t e rature that the ac etaldehyde i s  formed di rectly from ethanol . 

The ab sence of a thiourea effect on acetalder�de production when 
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a 5�� dil ution of blood was used was expec ted since Eriksson et al ( 1 975) 

had shown t hat thiourea has l ittle effe c t  on acetaldehyde produc tion 

in human bl ood apart from l owering the acetaldehyde recovery. Thi s 

stu� confi rm s  that thiourea doe s  lower acetaldehyde recovery from 

supernatant s of b l ood obtained by a 1 0}� dilution with PCA but no such 

eff e c t  appears to occur with a 5�� dil ut i on ( see Tabl e  3-2) . Korsten 

e t  al ( 1 975) have stated t hat t hiourea ( 25 mM) c ompletely e liminated 

ac etaldehyde formation from ethanol in b lood diluted 1 : 9  wi th PGA . 

Although tbe u :;,e of thi s  proc edure in t he pre sent study more t b.a.n 

hal ved acetaldehyde produc tion , the decrease could b e  explained entirely 

by the l owered r ecovery ;  it did not e l iminate ac etaldehyde formation 

al t ogether.  The reason for such a di screpancy i s  not c l ea r  but could 

b e  related to t he relative s ensi t ivity of the t wo different as say method s 

u sed. 

Al though a ful l expl anation of the acetaldehyde art efact prob l em, 

a s  it occurs i n  human b l o od ,  has not b een found , it was c on sidered 

that satisfac tory blood acetaldehyde data could b e  obtained from human 

volunt eers provided correc tion curv e s  of the type shown in Fig . 3-4 

w e re u sed for each individual studi ed . Thi s procedure ha s been adopted 

by Korst en et al (1 975) . Any previou s studies on ac etal der�de l evel s 

in human b lood which have not empl oyed such a correction ( i . e .  all.  

exc e pt t he stu� carri ed out by Kor sten � ( 1 975) ) must be c onsidered 

unreliab l e  even t hough there is a po s sibility that methods of a s say not 

employing deproteini zation may not re sult in the type of artefact 

production de scrib ed here . However , a s  mentioned in the introduc tion , 

acetaldehyde may be produc ed in large quant i t i e s  in ethanol -containing 

b l ood under c e rt ain conditions if the blood i s  not deproteinized. T hi s  

produc tion has been found to vary accordin& to the degree o f  haemoly si s 

of b lood (Truitt , 1 970) and al so to the bl ood t empe1·ature ( Smal l don and 

Brown , 1 973) . The use of de proteini zation at l east produ c e s  a reproducibl e  

art efact which can be quant itated and corre c t ed for if standard 

deprot eini zation conditi on s are u sed . 



SECTION. 4. 

DISAPPEARANCE OF ACETALDEHYDE IN BLOOD SAMPLES. 

4-1 • INTRODUCTION . 

I t  was noted in Section 3-3-2 that the problems associated with 

the measurement of acetaldehyde in human whole blood sample s  could b e  

overcome by using plasma, the d eproteinization of which gave only 

negligibl e  amount s of acetaldehyde as an artefact . However ,  as was 

also noted in Section 3-3-2 , acetaldehyde added to whol e  blood could 

not be completely recovered if plasma was used for the analysis.  Thi s 

was assumed to be due to the partial metabolism of added acetaldehyde 

during the time required for separation of the plasma from the whole 

blood. 

The time b etween the drawing and sub sequent deproteinization of 
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the blood samples taken from human subjects was approximately 30 seconds 

and so , if the di sappearance of acetaldehyde in whole blood was fast 

enough, significant l o sses of acetaldehyde initially present in blood 

sampl e s  could occur during the sampling procedure and give low assay 

values .  Accordingly , it was considered necessary to determine 

accurately the rate of acetaldehyde disappearance in human venous blood 

during times corre sponding to those required to take blood and separate 

the plasma. 

I t  has been known for some time that acetaldehyde is  removed when 

added to  whole human blood but the rate of disappearance has been 

studied only at much higher concentrations than tho se expected to exist 

in venous blood samples  taken from humans metabolizing ethanol . For 

example ,  Durit z and Truitt (1 964) measured the decay of acetaldehyde in 

human venous blood from initial level s between 0.45 and 2.3  mM .  These 

level s may be contrasted with actual level s of acetaldehyde found in 

human venous blood by Korsten et al (1 975) of between 3 and 45 pM at 

blood ethanol level s up to  54 �J. It was decided , therefore, to  determine 

the rates of di sappearance of acetaldehyde in blood at ' physiological ' 

concentrations and to  study some of the variables which might affect 

the se rates.  

The pos sibility that the ob served acetal dehyde disappearance was 

due ,  at l east in part , to the binding of acetaldehyde t o  blood proteins 



rather than it s conversion to other substances  was considered and an 
experiment was carried out to test thi s  possibility. It was considered 
important to  identify any protein binding since the existence of 
acetaldehyde in ' free' and ' bound' forms could mean that blood levels 
of acetaldehyde determined by gas-chromatographic and enzymic assay 
methods may not represent the total amounts of acetaldehyde present in 

blood. 

4-2, MATERIALS AND METHODS. 

4-2-1 . Reagent s .  
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Ethanol ( 1 -1 4c)  with a specific activity of � .4 mC�mmole and a 
radiochemical purity of 9&fo was obtained from the Amersham Radiochemical 
Centre , Bucks . ,  England. 

Scintillation grade (1 , 4-Di ( 2- (5-phenyloxazolyl ) ) Benzene) (POPOP) , 
was obtained from Hopkin and Williams ,  Chadwell Heath, Essex, England. 

Reagent grade 2 , 5-diphenyloxazole (PPO) was obtained from BDII 
Chemicals Ltd. , Poole , England. 

The scintillation solvent used for radioactivity determinations 
was prepared as  follows : - one volume of Triton X1 00 was mixed with two 
volumes of redi stilled toluene; PPO and POPOP were dissolved in thi s 
mixture to give final concentrations of 4e/l and 0 . 2g/1 respectively. 

4-2-2. Determination of radioactivity. 
Radioactivity determinations were carried out in a Beckman LS 350 

liquid scintillation counter and corrections for quenching were made 
using an external standard. Counting efficiencies for samples were 
within the range of 84 - 877�. 

4-2-3, Blood samples .  
Samples of fresh human venous blood treated with heparin or  EDTA , or 

fresh oxalated ox blood were used for all experiments .  The human blood 
was obtained in all cases from an antecubital vein and , unless otherwise 
stated, the additions of acetaldehyde , ethanol and acetate solutions to 
blood or plasma samples  were made in such a way that the required reagent 
concentrations were obtained in samples without increasing their volumes 
by more than z�. Human blood samples containing endogenous ethanol 
and acetaldehyde were obtained from healthy volunteers who had previously 
consumed 1 g/kg of ethanol as vodka , 1 .  5 - 2h. before the blood samples 
were taken . 



Some experiment s were performed with washed human red blood cell s 
and these were prepared a s  follows : - fresh heparinized human blood was 
c entrifuged and the plasma and buffy coat removed by aspiration. The 
red cells  were washed three times at 4°C with two volumes of Krebs­
Ringer phosphate  solution containing 6 . 7  mM glucose and finally 
suspended in this solution to give haematocrit values between 8 .0  

and 1 5. a:'�. 
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Acetaldehyde disappearance in different blood, plasma or red cell 
samples was determined by assaying aliquots taken at different times 
after acetaldehyde was mixed with the samples.  The incubations of 
acetaldehyde with blood or blood fractions was carried out in all case s 
in sealed containers , to minimize acetaldehyde losses from evaporation . 

4-2-4. Sample treatment and as say methods. 
For all experiments except those involving washed red cell s ,  samples 

were assayed u sing either the semi- or fully automated enzymic methods 
described in Section 2. Samples  to be assayed were diluted with either 
one volume of ice-cold 1 M perchloric acid (PCA) or nine volumes of ice­
cold o. 6M PCA followed by centrifugation. The PCA stopped the 
acetaldehyde disappearance ,  stabilizing remaining acetaldehyde levels.  
The clear protein-free supernatants obtained were assayed for acetaldehyde. 
Aqueous acetaldehyde standards were used in all experiment s .  

\Vhere washed red cell suspensions were used , the assay of acetaldehyde 
was performed using essentially the same method described by Burbridge 
et al (1 950) , the only modification being the treatment of all samples  
with one volume of ice-cold Hl PCA and centrifugation before assay . 
The method of Burbridge � employs tungstic acid deproteinization 
vath no separation of denatured protein from the rest of the sample 
before the assaying of samples . A ssays for acetaldehyde were performed 
on both PGA- treated cell-free supernatants obtained by centrifugation 
of the red cell su spensions at 4°C ,  and protein-free supernatant s 
obtained after treatment of aliquots of the mixed cell suspensions with  
PCA. In both cases ,  2 ml of the PCA supernatant s were placed in the 
outer compartment of the Conway diffusion dishes used for the assay 
method. The recoveries of acetaldehyde from both types of PCA solution 
were found to be 1 00}� compared with recoveries from aqueous solutions.  

Blood ethanol level s were determined by a gas chromatographic 
method involving the analysis of head-space gas equilibrated with PCA 
supernatants of blood samples. Gas samples were chromatographed on a 



Porapak Q1 c olumn at 1 30°C with a carrier gas flow rat e of 40 ml/min. 

Acetonitril e wa s u sed a s  an internal standard. Thi s  method has been 

de scrib ed fully by C o uc hman (1 974) .  

4-2-5. Use of 1 4c-l ab elled acetal dehyde . 

In an experiment to determine whether acetaldehyde i s  metab olized 

by whol e  blood to a non-volat ile compound or p o ssibly b ound t o  blood 
. 1 4  1 4  proteJ.n , the 1 - C ac etaldehyde u sed wa s formed from 1 - C et hanol by 
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the methods de scribed in Appendix I .  Detail s for thi s experiment follow: 

Ac etaldehyde (1 -1 4
c )  was di stilled int o a small volume ( about 1 0  ml) 

of ice-cold wat er using the regeneration t echnique described in 

Appendix I .  To the s ol ution obtained , suffici ent carrier ac e tal dehyde , 

NaCl and wate r  were added to produce 50 ml of a o.�,.; NaCl solution 

containing 46 pM ac etaldehyde . T hi s  solution ( 20 ml) and a sampl e of 

human b lood ( 20 ml) were brought to 37°C in separate sealed containers ,  

mixed and placed in a s ealed fla sk at 37°C .  Aliquot s ( 5  ml) were taken 

from the reaction v e s sel at interval s up to 40 min. aft er the mixing 

of the bl ood wi th the saline solution and added to ice-cold 1 M PCA 

solution ( 5  ml) . A blank sampl e was prepared by deproteini zing a 1 : 1 

v/v mixture of blood and o.�,.; sali ne solution which did not contain 

added acetaldehyde . 

In a c ontrol experiment , one volume of o.�� saline s olution was 

mixed �� th one volume of the saline/1 J 4
c -ace taldehyde s olution 

de scrib ed abov e ;  the mixture being incubated for 40 min .  at 37°C .  Two 

samples were taken from the mixture into one volume of ice-cold 1 M PCA 

(as de scrib ed previou sly) , one at zero time ( i . e .  the time of mixing) 

and one 40 min .  lat e r .  

All PeA-treated sampl e s  were c entrifuged and different al iquot s 

of the pro t ei n-free supernatant s were u sed for 

( a) acetaldehyde a s says 

(b)  determination of tot al radioactivi ty 

and ( c )  determination of radi oactivity i n  non-volatile 

substanc e s .  

For ( b ) , two 1 ml samples of each PCA supernatant were added to 1 0  ml of 

scintillation solven t .  For ( c) , 2 ml sampl e s  of each supernatant were 

added to 2 ml of 1 . 2M  KHC03 to bring the pH to 7.4. Potassium chlorate 

1 .  Obtained from Waters A ssociat e s  Inc . , Framingham , Mass . , U . S .A .  



wa s allowed to c�stallize out and 2 ml of the neutralized solutions 

were evaporated to half their volumes at 40°C .  The solutions were made 

up to 2 ml again and dupl icate 0 . 9  ml aliquot s were added to 1 0  ml of 

scintillation solvent with 0.1 ml of water. 

4-3. RESULTS . 

4-3-1 . C ompari son of the rat es of di sappearance of acetal dehyde in 
0 0 human whole blood and plasma samples at 4 C and 37 C .  

Acetaldenyde di sappearance in blood samples from an initial l evel 

of 1 0  )lM i s  not only dependent on t emperature but is al so dependent , to  
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a large ext ent , on t he pre sence of blood cell s (Fig. 4-1 ) .  T he resul t s  

shovm in Fig. 4-1 are single determinations using blood from one 

individual . As for all sub sequent experiment s de scribed in thi s section, 

the val ues have b een corrected for the very small amounts of acetaldehyde 

detectable in blood sampl es to which no ac etal dehyde had been added. 

Blank l evels in sampl e s  used for this experiment were approximately 

1 .0 pM in whole blood but near zero in plaama . Blood and pla sma ali quots 

were diluted with one volume of PCA and the maximum error for the values 

would be .:t o. 5 pM . 

4-3-2. Individual variation s in blood acetal dehyde di sappearance rat es.  

The di sappearance of acetaldehyde at 3 7°C from an initial added 

level of 20 pM was studied in blood sampl e s  from seven individual s 

( two males and five female s) . Aliquots of the blood sampl e s  containing 

added acetaldehyde were .-deprot eini zed with one volume of PCA . The re sult s  

shown i n  Figs.  4-2 and 4-3 show that there i s  little individual variation 

in the di sappearance rate and that the rate is exponent ial . Some of the 

blood samples used for thi s  experiment were heparinized and for others , 

EDTA was used as t he anticoagulant . No significant difference was found 

between the acetaldehyde di sappearance rat e s  in blood sampl es containing 

different anticoagulant s .  Experiment s were performed separat ely on 

each blood sample and they were stored at 4°C until required. The time 

between the testing of the first and last sample was 5h. and sto rage at 
0 4 C for this time did not significantly affect the rate of removal of 

acetal denyde . 

Blank acetaldehyde level s found in the seven different blood sample s  

were ; 0 . 5 ,  1 . 1 , 4. 8 ,  1 . 1 , O .  7 ,  1 .1 . and 1 . 3  pM. In all ca ses the added 

ac etaldehyde was found to decay almo st to t he se blank level s in 24 min. 

From Fig. 4-3 an average half-life for ac etaldehyde of about 3 min . can 



FIGURE 4-1 • DISAPPEARANCE OF ACEI'ALDEIIYDE ADDED TO HUMAN WHOLE 
BLOOD AND PLASMA SAMPLES AT 4°C AND 37°C.  
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FIGURE 4-2. INDIVIDUAL VARIATIONS ll� ACEI'ALDEHYDE DISAPPEARANCE m 
HUMAN BLOOD SAMPLES AT 37°C .  
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b e  calculated and about 2� of the added acetaldehyde di sappeared in 

30 seconds after mixing acetaldehyde with the blood samples .  

4-3-3. Effect of haemolysi s on acetaldehyde di sappearance in human 

�-
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Acetaldehyde disappearance at 37°C in haemolyzed and non-haemolyz ed 

blood from one individual was determined. A haemolyzed blood sample 

was prepared by diluting 5 ml of whole bl ood to  1 0  ml with distilled 

water and the non-haemolyzed control was prepared by diluting 5 ml of 

blood to 1 0  ml with o . �� NaCl .  Acetalde�de was added to b oth samples 

at 37°C to  increase the acetaldehyde concentration by 20 )Wl and aliquot s 

of the sampl es taken at different times were t reated with one volume of 

PCA. 

Figure 4-4 shows that although haemolysis does significantly lower 

the rate of di sappearance of acetaldelzyde , t his rate is still rapid in 

haemolyzed blood. 

4-3-4. Di sappearance of acetaldeqyde in human blood which has b een 

frozen and thawed. 

The rate of disappearance of acetaldehyde added to  blood which 

had been frozen for 3 day s ,  thawed and brought to 37°C i s  shown in 

Fig. 4-5. Although the rate was significantly lower than that ob served 

with fresh unfrozen b lood , rapid loss still occurred. Thi s indicate s  

that if the mechani sm re sponsible for the acetaldehyde l o s s  i s  enzymic 

then the enzyme responsible must b e  stab l e  to  freezing and thawing . 

4-3-5. Disappearance of endogenous acetaldehyde in blood sample s  

taken from subject s  metabolizing ethanol . 

Althought it was clear that acetaldehyde rapidly di sappears when 

added in vitro to b l ood containing little or no endogenou s acetaldehyde 

or ethanol , it was considered worthwhil e t o  determine whether the same 

rat e  of di sappearance occurred in blood sampl es containing acetaldehyde 

which had been formed from ethanol , in vivo. 

Blood sample s  were taken from subj ect s metabolizing ethanol and 

aliquot s  were deproteinized at interval s prior to e stimating acetaldehyde 

l evel s pre sent . The results of such experiments are shown in Fig .  4-7. 

A 1 : 9  dilution of blood aliquots with PGA was u sed to avoid excessive 

artefact acetaldehyde formation. The l evel s of artefact production 

were determined for each blood sample using a correction curve prepared 



FIGURE 4-3 . SEMILOGARITHMIC PLOT OF TilE DATA PRESENTED 

IN FIGURE 4-2 .  
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FIGURE 4-5. DISAPPEARANCE OF ACETALDEHYDE IN HUMAN BLOOD 

WHI CH HAS BEEN FROZEN AND THAWED . 

FIGURE 4-6 . DI SAPPEARANCE OF ACETALDEHYDE IN FRESH OX 

BL OOD .  
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FIGURE 4-7. CHANGES il-l THE CONCWTR.ATIONS OF ENDOGENOUS ACETALDEHYDE IN BLOOD SAMPLES TAKm FROM SUBJ�TS 

METABOLIZING ETHANOL . 
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by deproteinizing blank blood samples ( obtained before alcohol was 

consumed) containing added ethanol and assaying these,  in the manner 

described in Section 3 .  The artefact level in each sample from sub j ects 

metabolizing alcohol was determined from the correction curve after the 

ethanol level of the sample had been determined. Incubations of blood 

samples  were carried out at 37°C .  The resul t s  obtained were in striking 

contrast to those obtained in the previous experiments .  Although the 

level of acetaldehyde measured above the artefact level appeared to 

fluctuate throughout the incubation period, no significant di sappearance 

was observed. Since these blood samples contained ethanol and, 

presumably , acetate formed from ethanol , it was possible  that the 

presence of these two compounds might be responsible,  in some way , for 

the ab sence of a rapid di sappearance rate in endogenou s  acetaldehyde 

levels .  An experiment was therefore carried out to test this possibility.  

4-3-6 . The effect of ethanol and acetate on the disappearance of 

acetaldehyde added to  blood in vitro . 

Acetate and ethanol were added to blood to  give concentrations of 

1 mM and 20 mM respectively, to determine if their presence alone or in 

combination affected the di sappearance of acetaldehyde which was also 

added to blood. Acetate has been shown to reach levels of about 0 . 5  

1 . 0 �� in human venous blood after ethanol intakes of 0 . 5g/kg bo� 

weight (McLean , 1 975) and 20 mM ethanol wa s found to be a normal level 

after administration of ethanol doses of 1 g/kg .  The blood used for this 

experiment was obtained from one individual and incubated at 37°C with 

the added reagent s .  To reduce artefact acetaldehyde formation from 

ethanol , aliquots of the incubated blood were deproteinized with nine 

volumes of PCA and assayed as described in the Methods section . 

Because this  higher dilution was u sed, acetaldehyde was added to b lood 

at an initial concentration of 1 00 pM in order to obtain a large 

difference between the artefact level and tho actual level of added 

acetaldehyde . A control experiment was al so performed to determine 

whether any acetaldehyde disappearance occurred in an aqueous solution 

containing only heparin at the same concentration present in blood and 

under the same incubation conditions employed for blood samples .  The 

results are shown in Fig. 4-8 and indicate that acetate and ethanol 

alone or in combination do not inhibit acetaldehyde disappearance in 

blood when these sub stances are added in Bl!lounts commonly found in 

human blood during ethanol metabolism.  The higher elevation of the 

curves for samples containing ethanol is due entirely to the presence 



FIGURE 4-8 . THE EFFECT OF ETHANOL AND ACETATE ON THE DISAPPEARANCE OF 

ACETALDEHYDE ADDED TO WHOLE BLOOD IN VITRO .  

....-.. 

� '--' 

«> 'd 
� Q) 'd r-i aS � Q) 0 
4! 

60 

40 

0 5 1 0  1 5  20 

Time (min. ) 

�-

Wat er + heparin + acetaldehyde ( control) ( ... ) 
Blood + acetaldehyde ( . ) 
Blood + acetal dehyde + ac etate (1 mM) ( o ) 
Bl ood + acetaldehyde + acetat e  ( 1 mM) + ethanol ( 20mM) 

Blood + acetal dehyde + ethanol ( 20mM) ( x ) 
Blo od + ethanol ( 20mM) ( . ) 

Blood + acetat e ( 1 mM) ( c. ) 

Acet aldehyde was added t o  sample s  t o  produce initial 

concentrations of 1 00 pM and al l incubations were performed 

at 3 7°C .  No correct ion for art efact acetaldehyde produc tion 

ha s been made . 

67 

25 

( 0 ) 



of acetaldehyde produced from ethanol a s  an artefact . 

4-3-7, Disappearance of added acetaldehyde from blood samples tru(en 

from subject s  metaboli zing ethanol . 

The results of the experiment s de scribed in the previous two 

sections suggested that added acetaldehyde was in some way different 
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to the detected acetal dehyde in blood from sub j ects metaboli zing ethanol . 

Acetaldehyde added to blood in vitro di sappears rapidly while 

acetaldehyde formed in vivo doe s not di sappear . To examine this 

situation further , acetaldehyde was added to  blood sampl e s  containL�g 

acetaldehyde formed fr.om ethanol in vivo and it s disappearance was 

measured .  At the same time , the l evel s of acetaldehyde in blood sampl e s  

containing ethanol were determine� in a sample t o  which n o  acetaldehyde 

had been added. Thi s experiment was performed several times at two 

different temperatures (37°C and room temperature) using blood sampl e s  

taken f rom different individual s .  I n  each case a similar result was 

obtained. A typical result is shown in Fig .  4-9 and indicates that in 

the same blood sample ,  acetaldehyde formed from ethanol in vivo doe s 

not di sappear significantly over a period of 20 min. after the bl ood 

sample has been taken from a subject metaboli zing ethanol , while added 

acetaldehyde disappears rapidly. The di sappearance of the added 

acetaldehyde is temperature dependent while the incubation temperature 

has no effect on the level of acetaldehyde formed from ethanol in vivo . 

4-3-8. Fat e of acetaldegyde added to human blood. 

When 1 -
1 4c acetaldehyde was added to blood samples  the radioactivity 

in volatile compounds declined at essentially the same rate as 

acetaldehyde di sappeared , while the count s in non-volatile compounds 

increased at this same rate (Fig. 4-1 0) . It was clear that acetaldehyde 

was not b eing converted to a volatile product such as ethanol and the 

result s suggested that acetaldel�de was being converted to a non­

volatil e  compound such as acetate . If the decay of acetaldehyde in 

diluted bl ood was due to binding to protein then the t otal count s in 

PGA supernatants would be expected to decline at the same rate as the 

acetaldehyde . However , only a slight decrease in total count s was 

observed in the PGA supernatant s.  In the control experiment no 

significant loss of acetaldehyde or radioactivity occurred during the 

40 min. incubation period at 37°C .  



FIGURE 4-9 . THE DISAPPEARANCE OF ADDED ACE:rALDEHYDE FROM HUMAN 

BLOOD SAMPLES TAKEN FROM A SUBJECT tnn'ABOLIZING 

ETHANOL . 
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Acetaldehyde c oncent rations have been corrected for artefact 

acetaldehyde production and the addition of acetaldehyde to 

sample s  was carried o ut directly after the sample s  were taken. 



FIGURE 4-1 0. THE MEI'ABOLISM OF 1 -1 4c ACEI'ALDEHYDE BY Hilli!AN BLOOD 

IN VITRO. 
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4-3-9. Disappearance of acetaldehyde in washed red blood cell 
suspensions .  

The di sappearance  of higher levels ( 250 )JM) of  acetaldehyde was 
studied with human erythrocyte suspensions by the procedures described 
in the Methods section . The half-life of acetaldehyde in the suspensions 
was found to be directly proportional to the red cell concentration 
(Fig. 4� 1 )  and the rate of disappearance of �etaldehyde in the cell­
free Kreb s-Ringer pho sphate medium was the same as that ob served with 
whole cell suspensions  (Fig, 4� 2) , In cases where the concentrations 
of acetalde�de in cell-free media were determined, acetaldehyde 
di sappearance was considered to have stopped once the cells  were 
separated from the mediUro, Accordingly , acetaldehyde concentrations 
in Fig, 4-1 2 are plotted against time of separation ( or time of 
deproteinization when acetaldehyde concentrations in the whole cell  
suspensions were measured) . Although these results do not prove that 
the erythrocyte fraction of blood is entirely responsible for the rapid 
disappearance of acetaldehyde , they suggest that the red cells  contain 
mechani sms for most of the acetaldehyde removal, 

The high level of acetaldehyde used in these experiment s was 
necessary because of the limited sensitivity of the assay system employed, 
The experiments with washed red cells were carried out b efore the more 
sensitive enzymic assays were developed, 

k-3-1 0, Disappearance of acetaldegyde in ox blood, 
Ox blood red cells were used in the medium for perfusing rat livers 

( see Section 7) and it became necessary to determine the disappearance 
rate for acetaldehyde in this system. It was found that although the 
decline of acetaldehyde in whole ox blood is very similar to that which 
occurs in  hUman blood ( see Fig, 4-6) , the decrease in the amount of 
acetaldehyde added t o  the perfusion medium at 37°C in concentrations 
between 20 and 200 )Ud was much slower and more variable.  This was al so 
true for acetaldehyde produced by the liver from added ethanol . Since 
sampling and deproteinization of perfusate, samples were always completed 
in less  than 1 min. and no significant l osses of acetaldehyde in the 
perfusate occurred within thi s  time , no corrections for acetaldehyde 
loss were considered necessary for perfusion experiments.  

4-4. DISCUSSION, 

4-4� . Disappearance of acetaldegyde added to blood samples, 



FIGURE 4-1 1 • GRAPH OF �TOCRIT VERSUS THE HALF-LIFE 

OF AC.El'ALDEiiYDE IN HUMAN ERYTHROCYTE 

SUSPENSIONS. 
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FIGURE 4-1 2. THE DISAPPEARANCE OF ACETALDEHYDE IN A HUMAN 

ERYTHROCYTE SUSPENSION. 
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Although the decay mechanisms for acetaldeqyde added to  whole 

blood are unknown , it has been suggested by several author s  that the 

removal could be due either to metaboli sm or the binding of acetaldehyde 

to blood con stituents .  

Stot z (1 943) ob served that acetaldehyde decayed i n  whol e  blood 

and not in plasma .  H e  found that this decay c ould be inhibited 

completely for at least 20 min. if bl ood was kept in an i ce-bath and 

it was suggested that c ellular metabolism was responsible .  Tungstic 

acid deproteinization of blood was al so found to  inhibit the acetaldehyde 

loss  completely . No study of the mechani sms involved was made , however. 

Acetaldehyde has been found to be produced as a product of deoxynucleo side 

metaboli sm in human e�throcyte gho st s (Lionetti �' 1 964) in vitro . 

If thi s production occurs in vivo i t  would seem likely that blood cells 

may have some capacity to metabolize  the acetaldehyde , preventing the 

b uildup of this toxic c ompound. Since the distribution of acetaldehyde 

metabolizing systems i s  known to be widespread in other mammalian 

tissues (Deitrich, 1 966) , it i s  possible that such a system could also 

be present in blood cell s .  

Matthies (1 956 , 1 957a ,  1 957b , 1 958) has studied the reduction of 

methaemoglobin by various aldehydes including acetaldehyde and 

considered that thi s  reaction was catalyzed by a NAD
+

-dependent 

aldehyde dehydrogenase present in e�hrocytes.  The physiological 

significance of such a reaction i s ,  however , unknown. J.Iat thies carried 

out all of his experiment s with red cell s treated with NaN02 to ensure 

that all of the haemogl obin was converted to methaemoglobin. Presumably 

this treatment would al so cause other changes to  erythrocyte s .  The 

concentrations of aldehydes used were in the millimolar range.  No 

aldehyde oxidation was ob served in methaemoGlobin-free cel l s  (Matthies ,  

1 957a) and no aldehyde-linked methaemoglobin reduction was ob served 

in red cell haemolysates  (Matthie s ,  1 957b) . From the present study it 

has been shown that haemolysi s of blood has little effect on the decay 

of acetaldehyde at the 20 pllJ. level and it is po ssible that 1'iatthie s 

may have been observing a reqction , po ssibly non-physiological , which 

was different to that investigated in thi s  study. 

Duritz  and Truit t (1 964) , using initial blood acetaldehyde l evel s 

of 4. 5 mM found , as in this  study ,  that the disappearance of acetaldehyde 

was temperature dependent . They assumed that  the di sappearance v�s 

enzyme-catalyzed and attempted, unsucces sfully , to inhibit it \Uth HgCl2• 

However , deproteinization of blood with Znso4- Ba(OH) 2 was found to  

completely inhibit the dec�. No  further study of the reaction 
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mechani sm has b een report ed by these workers.  

Malorny et al (1 965) studied the di sappearance of fonnaldehyde in 

blood obtained from humans and dogs and showed that formaldehyde , in 

concent rations ranging from about 0. 2 - 0 .8  m11 , disappeared very rapidly 

with  a half-life of about 1 0  min . It  was al so shown that formic acid 

was formed almo st quantitatively from the formaldehyde . Because this 

reaction was found to be only partially ��D+- dependent , it was 

sugge sted that oxidation of formaldel�de may be occurring partly in the 

aldehyde dehydrogenase reaction proposed by ].:atthies (1 957a) and partly 

through a peroxidative reaction involving catalase. The signifi cance 

of this study in relation to acetaldehyde decay in blood i s  undefined 

since formaldehyde was the only aldehyde studied. However , i t  seems 

likely , by analogy, that acetaldehyde would be converted to acetic acid. 

The results  of the experiment described in Section 4-3-8 showed that 

acetaldehyde was converted, quantitatively , to a soluble non-volatile 

product which is  probably acetate. 

Freundt ( 1 970) ,  using initial ac etaldehyde concentrations of 

between 0 .45 and 2 .3  mM has studied acetaldehyde di sappearance in 

different blood fraction s of humans , dog s ,  rabbits  and pigs . The maj or 

sites of acetaldehyde renwval were found to be the erythrocytes and 

l eucocyteB  with  negligible ac etaldehyde decay occurring in plasma. 

Exponential decay wu s ob served in Vlhol c  blood and the cellular fractions 

of b lood.  The se result s support tho se obtai ned in the present study 

with much lower acetaldehyde concentrati on s bei ng used. Freundt ( 1 968) 
al so found that 3-Mui no-1 , 2 , 4.-t l·iuzole ,  an effective catalase inhibitor , 

did not affect the disappearance of acetaldehyde , suggesting that 

catal aBe is probably not responsible for the reaction. Thi s is contrary 

t o  the vic\';s proposed by ���alorny et al ( 1 965) . Freundt ( 1 970) showed 

that acetaldehyde disappeared in Lurnan blood with a half-life of 59 min. 

and in rabbit blood with a half-lif'e of about 23 min .  The se times are 

much greate:r than tho se found in the pre sent study. However , no 

incubation temperature was reported by Freundt . The high hal f-life 

values obtained m� have b een due at l east in part to the use of low 

incubation temperatures.  

The ob served quantitative conver sion of acetaldehyde t o  a soluble  

non-volatile product in  blood ( see Section 4-3-8) makes unlikely the 

pos sibility of acetaldehyde binding irreversibly to protein , at l east 

when acetaldehyde is added to  blood in the concentrations used for thi s 

study .  The result s do not rule out the po s sibility of acetaldehyde 

b inding irreversibly to a soluble  compound which i s  not precipitated by 



PGA. However , if such a reac tion occurs during the disappearance of 

acetaldehyde , the unident ifi ed compound would have to  exi st almo st 

exclu sively in the cellular frac tion of b lood sinc e acetaldehyde 

disappearance ha s been shovm not to occur to any appreciab l e  extent in 
plasma . Evidence for t he reaction of ac etal dehyde in vivo with soluble 

c ompounds con taining sul phhydryl groups has b e en reported (Ammon et  al , 

1 9 71  ; Sprince et al , 1 975 ;  Nagasawa et al , 1 975 ; Nagasawa et al , 1 977) 
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and the in vitro ac etaldehyde di sappearance could be due to such a reac tion . 

However , thi s  seems unlikely since in the experiment performed \rith 

l ab el l ed ac etaldehyde , it would be neces sary to postulate that no reaction 

of acetaldehyde with the hypothetical reactive compoUnd occurred during 
heating of PGA supernatant s which were t reated with KHCO

_,-
The pH of 

the se supernatant � was t he same as the b l ood pH and the temperature 

almo st t he same as that u sed for the incubation of the b lood sampl e s . 

It woul d be expected that a simple chemi cal react ion would continue 

under the se conditions.  However , the reaction involved was completely 

inhibited by PGA precipitati on of protei ns and did not continue even 

when the PGA was neutrali zed . It seems l ikely therefore that the 
acetaldeqyde disappearance i s  due to ru1 enzyme-catalyzed conversion . 

C ontrary to the result s obtained in the pre sent study , Gaines et al , 

(1 9 77) have pre sented evidence for the i rreversib l e  binding of added 

acetaldehyde t o  erythrocyte proteir. s .  Human erythrocyt e gho st s were 

incubated at 4°C wit h 5 mM and 1 0  mM acetal deeyde for .30 min . and newly­

formed high molecular wei ght protein was found after the incubation . 

The amount s increased with increased acet aldehyde concentrations .  Using 
1 4c -lab e l l ed acetaldehyde at a concent ration of 1 mM , radioactivity 
wa s found to be a s sociated with the newly-formed prot ein fraction and 

cro ss-linking of protein similar t o  that ob served with formaldehyde 

(Fraenkel-Gonrat and Olcott , 1 946)  was sugge sted. Incubating washed 
0 eryt hrocyt e su spensions with 5 mM acetaldehyde for 30 min .  at 4 C wa s 

reported t o  r e sult in 8�� of the acetaldei�de b eing i rrever sibly bound 

to red cell prot ein and evidence for the occurrence of haemoglobin 

cro s s-linking wa s obtained by polyacryl�ide gel electrophore si s . The s e  
re sul t s  are in c ontrast to  those obtained in thi s study. The difference 

may be explained in part by the fact that Gaine s et al used much 

higher acetaldeqyde concentrations (1 - 1 0  mM) for t heir experiment s 
and under their incubation c onditions little di sappearance of 

acetald ehyde as ob served in thi s study would have been detected. 

4-l}-2 • Stability of acetaldehyde formed in vivo from ethanol .  



The rapid di sappearance of added acetaldehyde in b l o od sampl e s  

c ontaining stable ac etal dehyde l evel s produced from in vivo ethanol 

metabo l i sm ,  and the differential effec t s  of t emperature on the two 

1 type s 1  of acetaldehyde suggest that the ac etaldehyde formed in vivo 

may be rever sibly bound in such a way that it i s  not availab l e  to react 

wit h  the acetaldehyde-metabolizing system but can be released by a PCA 

i s  knovm t o  occur at 

I rreversible binding of ac etaldehyde t o  prot eins 

high ac e tal dehyde conc ent rations (Mohammad et al , 

1 949 ; Scho rmuller .;;e-.t....-al;;; , 1 968 ; Gaines &.!! , 1 977) but there i s  l i t t l e  

treatment of blood . 

evidence for a reversible binding taking plac e .  

Mac hata and Prokop ( 1 971 ) and Liiben e t  a l  (1 972) have suggested 
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that ac etaldehyde can b e  bound t o  erythrocyt e s  and split off by heating 

at 60°C .  The basi s  for thi s sucgestion was the finding that ac etaldenyde 

formed in vivo could be detected only in the red cell fraction of b l ood. 

A gas c hromato graphi c method for ace tal dehyde analysi s wa s u se d  and 

t hi s  inv olved the heating of bl ood sampl e s  t o  60°C to obtai n a sample 

of head- s pace gas enri ched with ac etaldehyde . Becau se no allowance 

wa s made in t heir stu� for the formation of acetaldehyde from ethanol , 

t he r e sul t s  are diffi cult to int e rpret and may be mi sl eading . 

Freundt (1 975) ha s sugge sted that acetaldehyde may bind to b lo o d  

c e l l  prot ein by t h e  formation o f  a Schiff ' s b a s e .  However, n o  direct 

evidence fo r thi s reacti on wa s pre s ented . 

Erik s son et al (1 977) hav e f ound evidenc e for the reversib l e­

binding of acetaldehyde to rat red blood cell s .  All owance was made for 

t he forma t i on of art efact ac e taldehyde and t he bl ood u sed wa s taken 

from animal s metaboli zing ethanol . The bl ood specimens used woul d 

t herefore have been s imi lar t o  the specim en s  containing ac etaldehyde 

formed in v ivo as u sed in t he pre s ent stu� . Ac etaldehyde in rat b l o od 

was found t o  be unevenly di stributed in t he c e l l s  and pla sma wi th the 

acetaldehyde concent ration in the plasma decrea sing with time when 
0 

b lood sampl e s  were st ored at 4 c .  The decr ease was matched by a 

simul tane o u s  increase in the erythrocyte fraction .  Although t he s e  

findings c ould not b e  demon strated with human b lood , there i s  a 

po s sibility that a fixed amount of ace taldehyde might b e  bound i n  

human b l o od before sampl e s  are wi thdravm . 

I f  endogenous acetaldehyde i s  bound in some way i t  woul d  seem 

l ikely that acetal dehyde added t o  blood would b e  simil arly bound . Thi s 

i s  obviously not t he case , at l east at l ow acetaldehyde c oncent rati on s ,  

and i t  seem s  t o  b e  neces sary t o  po stulate t hat the reaction of 
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acetaldehyde wi t h  b l ood in vivo i s  different t o  in vitro reaction s .  

Alt e rnatively , it might b e  sugge sted that what appear s t o  b e  ac etal deqyde , 

formed in vivo , i s  not acetal dehyde but some other volatile c ompound 

capabl e  of producing NADH in t he a s say sy s t em .  Support for thi s 

pos sib i l ity c ou l d  b e  claimed from the ob s ervation that small amount s 

of ' apparent ' ac e taldehyde can b e  detec ted in blank b l ood sampl e s  taken 

from s ub j ect s who were not metaboli zing et hano l .  The blank l evel s were 

stab l e  in the same way as t he l evel s f ound in b l ood from sub j ec t s 

metab olizing e t hanol but were almo st alway s much l ower than t he ' a pparent ' 

acetaldehyde mea s ured during e t hanol metab oli sm .  

I t  may be c oncluded t hat although added acetaldehyde appear s t o  b e  

rapidly and quant itatively metab olized t o  a non-volatile compound in 

human b l ood, the fate of ac etal dehyde produced from ethanol in vivo 

may not be the same and it seem s  that t ra s  acetaldehyde as it appears 

in peripheral venou s bl ood may be rev e r sib ly b ound ,  pre sumably to all 

prot eins . If the r e sul t s  of Gaine s et al (1 977) re sult from a reaction 

whi ch occurs in vivo , there i s  a po s sibi l i ty that some irreversib ly 

bound acetal de hyde may al s o  exi st in human bl ood , provided suffic iently 

high l evel s of acetaldehyde are introdu c ed into t he b l ood from the liver . 

The initial a s sumption t hat the u se of plasma analysis o r  even 

whol e 'u l ood analy si s for ac etal dehyde might re sult in low rec overie s  

of t hi s  compound i s  probably wrong b ecau se it has been shown that no 

rapid decay of a c etaldehyde produced in vivo occurs in human b l o od up 

t o  20 min .  after sampling . For t hi s  reason , it wa s decided to u s e  both 

pla sma and whol e blood analy si s for acetal dehyde in the study of human 

ac etaldehyde metabolism pre s ent ed in S e ction 6 of thi s  the si s .  No 

corrections for ac etaldehyde l o s se s  were made but it was reali zed t hat 

the ' a pparent ' acetaldehyde b eing mea sured might not repr e s ent eit her 

' free '  or total b l ood ac e t al dehyde . 



SECTION 5 

DLVELOPMENT OF A METHOD FOR THE DETERMINATION OF ACETALDEHYDE IN 
HUMAN BREATH SAMPLES . 

5-1 . INTRODUCTION. 
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As outlined in Section 1 , the work described in this section was 

carried out in order t o  obtain e stimates of pulmona� blood acetaldehyde 

level s without direct blood sampling. 

Previous methods for the deter�ination of acetaldehyde in breath 

have involved gas chromatograpqy (Freund and O ' Hollaren , 1 965 ;  Fukui , 

1 969 ; Redmond and Cohen , 1 972 ; Forsander and Sekki , 1 974) but because 

the sensitivity of the enzymic assay methods described in Section 2 of 

this thesi s was found to compare favourably with that of a commonly 

used gas chromatographic (GC) method ( see Section 2-5) it was decided 

to adapt these methods for the assay of acetaldehyde in breath. 

The collection of breath sampl e s  for acetaldehyde assay has b een 

carried out either by bubbling breath through ice-cold wat er traps 

(Forsander and Sekki , 1 974) or by collecting breath in gas-tight 

containers from which smaller gas sampl es could be taken for analysi s 

(Freund and O ' Hollaren , 1 965; Fukui , 1 969 ; Redmond and C ohen, 1 972) . 
No concentration of the acetaldehyde in these samples was possible and 

the sensitivity of the GC methods was therefore restricted either by 

the size of the sampl e collected or by the size of the sample injected 

onto the gas chromatograph. 

The rapid reaction of acetaldehyde wi th semicarbazide at neutral 

or alkaline pH, the non-volatility and stability of the semicarbazone 

derivative and the efficiency and ease of regeneration of acetaldehyde 

from thi s derivative ( see Appendix I ) suggested that trapping of breath 

acetaldehyde with semicarbazide might be an effective way of obtaining 

a breath sample which could not only be stored without ri sk of 

acetaldehyde lo sses but which could al so be  concentrated by evaporation 

of a solution containing the non-volatile acetaldehyde derivative.  In 

this way , sensi ti vi ty might be increased without the need to increase 

the sample si ze . 

After acidifying the acetaldehyde semicarbazone breath sample s ,  

regeneration and distillation of the acetaldehyde took place in one step 



using the automated continuous-flow di stillation system adapted for 

b l ood acetaldehyde assays.  

No measurement of  breath acetaldehyde l evels had previou sly been 

att empted in thi s  laboratory so the actual level s which might be  
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obtained in the study were unknovm. I t  was therefore assumed, for the 

purpo ses  of setting up an ass� method, that the quantities of acetaldehyde 

in human breath quoted by Freund and O ' Hollaren (1 965) would be similar 

to those obtained in t hi s  study. The range of breath acetal dehyde 

concentration s measured by these workers was about 2 - 20 nmoles/1 00ml 

of b reath ( alveolar air) after subjects  had con sumed an oral ethanol 

l oad of 0 . 87g/kg body weight . Since it was intended to u se similar 

ethanol loads for the experiment s in thi s  study , a range of standards 

similar to the range measured by Freund and O ' Hollaren (1 965) was 

cho s en for the initial experiments described in this  section. 

5-2. MErHODS AND RESULTS . 

5-2-1 • Assay of acetaldehyde in simulated breath acetaldehyde traps. 

It was calculated that if the acetaldehyde present in breath samples 

of 1 litre , containing 2 - 20 nmoles per 1 00 ml was trapped a s  the 

semicarbazone and concentrated to a total volume of 20 ml , the range 

of acetaldehyde semicarbazone concentrations in the concentrated samples 

would be 1 - 1 0  pmoles/1 . A ssuming complete regeneration of the 

acetaldehyde, thi s  range would be the same as that used for the 

preparation of the blood acetaldehyde standard curve . It was therefore 

decided that determination of breath acetaldehyde could be achieved 

with sufficient sensitivity provided b reath samples could be concentrated 

fifty-fold and a high and constant regeneration efficiency could b e  

obtained over the whole range of standards.  I n  order t o  determine the 

efficiency of regeneration , breath acetaldehyde traps were prepared 

contair�ng acetaldehyde added directly to the traps and samples from 

these traps were assayed after concentration. 

The acetaldehyde trapping solution used for this and all other 

experiment s involved in the determination of b reath acetaldehyde 

conc entration s  was based on the reagent used by Burbridge et al (1 950) 

for the spectrophotometric a ssay of acetaldehyde , containing the 

following reagent s di ssolved in distilled water to a total volume of 

500 ml . 

Nru1
2Po

4
. 2H20, 2.337g; Na2HPo4, 4.975g ; 

Semicarbazide hydrochloride , 0. 372g. 



Aliquots o� standard acetaldehyde solutions were added directly 

to 50 ml volumes of the above solution in duplicate to give standards 

in the range 0 - 20 nmoles/1 00 ml o� breath,  assuming that all the 

acetaldehyde in 1 litre o� breath would be collected. These samples 

were then rotary evaporated to a volume o� 20 ml at a temperature o� 
0 

between 40 and 50 c .  
Aqueous standards containing the same acetaldehyde concentrations 

as the concentrated traps (i . e .  0 - 1 0  pmoles/1) were prepared as well . 

For the assay ,  1 . 5 ml aliquot s  o� all simulated samples and 
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standards were mixed in 2 ml Auto Analy�er cups with 0 . 2  ml of 5M H2so4• 
The acid was added to hydrolyze the semicarbazone and rel ease the 

acetaldehyde. Acid was added to the standards as well so that a correction 

�or the dilution of the sample s by the acid would be unnecessary. The 

aci�ied samples  and standards were then assayed for acetaldehyde in 
the normal way, using the semi-automated procedure described in Section 2.  

The results obtained for thi s experiment are shown in Fig. 5-1 . 

By u sing the methods described above , it was found that the recovery 

o� acetaldehyde from the semicarbazone derivative compared with aqueous 

standards was satisfactory .  The variations b etween duplicates  were no 

greater than those obtained in the blood acetalde�de assay method and 

recoveries o� acetaldehyde from the sample s  were constant over the 

whole range of standards and almost quantitative (96%) . The high 

recovery from simulated sample s  compared with aqueous standards indicated 

that ac etaldehyde losses  in the c oncentration and hydrolysis steps 

were negligible. The high blank level of acetaldehyde in the simulated 

samples indicated some contamination of the reagent s used in the trapping 

solution. However , since thi s  blank level was constant , no correction 

was needed � the breath sampl es were collected in the same trapping 

solution used for the preparation of standards .  The use of a standard 

curve prepared from simulated samples eliminated the need to correct 

for both the blank level of acetaldehyde in the traps and the regeneration 

efficiency. 

The result s of these experiment s showed that the low level s of 

acetaldehyde expected to be present in human breath could be conc·entrated 

and assayed with sati sfactory sensitivity and reproducibility.  However, 

before the method could be used for the a ssay of actual breath sampl es 

it  had to be shown that breath acetaldehyde could be trapped efficiently 

and reproducibly in the semicarbazide trapping solution. 
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FIGURE 5-1 . COMPARISON OF STANDARD CURVES OBTAINED BY ASSAYING 
SIMULATED BREATH ACETALDEHYDE TRAPS AND AQUEOUS 

ACh'TALDEHYDE STANDARDS . 
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Samples of simulated breath acetaldeizyde traps ( • ) ,  and 

standard acetaldehyde solutions ( • ) , were prepared and 
assayed as described in Section 5-2� . Single determinations 
of the aqueous standard solutions were made Vlhile simulated 
trap samples were assayed in duplicate. 



5-2-2. Trapping o� acetaldehyde pre sent in simulated b reath samples.  

As a �irst step towards measuring the trapping efficiency o� the 

buf�ered semicarbazide solution with actual breath sampl e s  it was 
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decided to measure thi s e�ici ency with simulated sampl e s .  These were 

u sed �irst to determine reproducibility and e��iciency o� t rapping since 

it was not known at t his stage whether actual breath sample s  taken over 

a period o� time �rom a subject metabolizing ethanol would be constant 

with re spect to acetaldeQyde concentrations. To determine reproducibility 

of trapping , a device was required which would produce air sampl e s  

contair�ng constant amount s o� acetaldehyde s o  that any variations in 

acetaldehyde as sayed in  the traps would have been due only to  variations 

in trapping e��iciency or distillation e�iciency in the as say it self. 

A device designed �or the production of air samples containing 

constant amounts o� ethanol had been produced commercially �or the 

standardi zation o� breath alcohol testing equipment (The MK IIA Breath 

Alcohol Simulator: See Fig.  5-2 �or illustration) and was available in 
the laboratory. This device is designed to hold 500 ml o� an ethanol 

solution at a �ixed temperature of 34°C .  Samples o� ethanol vapour 

which are in equilibrium with the aqueous solution at this t emperature 

are obtained � rom the simulator through an exit tube by �arcing air into 

t he ethanol solution through an inlet tube which is submerged in the 

ethanol solution.  The temperature o� 34
°C ,  u sed for the equilibration 

o� air with the aqueous ethanol sampl e ,  has b een normally taken as a 

mean value �or the temperature o� expired human alveolar air . The blood: 

breath partition ratio �or ethanol is  temperature dependent and it is 

important to maintain the temperature as constant as possibl e (Harger 

�� 1 950a) . The concentration o� ethanol used in the simulator i s  

normally set at an equival ent blood ethanol concentration and the 

simulated b reath samples are used as standards  for determining blood 

ethanol concentrations.  To determine the correct ethanol concentration, 

the partition ratios �or ethanol in gas samples  equilibrated with both 

blood and wat er are required and may be ob tained from the literature. 

However, t he se partition ratios were not available �or acetaldehyde and 

it was there�ore not po ssible �o pre��re aqueous acetaldehyde solutions 

equivalent to blood acetaldehyde solutions.  It was assumed that there 

would be little dif�erence between blood and water with respect to the 

liquid : air partition ratio of acetaldehyde , and aqueous acetaldehyde 

solutions covering the maximum concentration range expected in human 

1 .  Smith and Weason Electronics Go. , Eatontown, New Jersey , U. S .A.  
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FIGURE 5-2. APPARATUS USED TO PRODUCE AND TRAP SDIDLATED 

BREATH ACh'"l'ALD.EllYDE SAMPLES . 
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a .  Smith and We sson MK IIA breath alcohol 

simulator.  

b.  Standard acetaldehyde solution . 

c .  Buffered semicarbazide solution . 

The above figure i s  a half-scal e drawing. 
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blood were used in the simulator for the experiment described b elow. 

Since the partition ratio for ethanol di stributed at equilibrium b etween 

air and blood i s  only a factor of 1 . 25 larger than that for ethanol 

distributed between air and water (Harger et al , 1 950a) , it  was thought 

that the above assumption would result in the production of simulated 

breath acetaldehyde samples which would b e  closely similar to sample s  

equilibrat ed with blood. Solutions of acetaldehyde in blood could not 

be used for the simulations  b ecause the rapid loss of acetaldehyde 

shown to occur in human blood would have made production of multipl e 

air sample s  containing the same amount of acetaldehyde impo s sible . 
For the breath acetaldehyde simulation s ,  the following procedure 

was followed. 

Volume s of aqueous acetaldenyde solutions ( 500 ml) in the 

concentration range 1 0 - 50 pM, plu s blaruc solutions ( distilled water 

only) , were placed in the breath al c ohol simulator and the temperature 

raised to 34°C . Air was blown tl�ough the acetaldehyde solutions at a 

rate of about 50 ml/sec . and acetaldehyde in the air was trapped by 

passing t he air through two separate 50 ml aliquots of the buffered 

semicarbazide solution de scribed in Section 5-2� • The trapping soluti on 

was kept ice-cold in gas bubbler tubes  as  shO\m in Fig.  5-2 . Two gas 

bubblers were used in series in order to deten1ine the trapping efficiency 

of the sy stem. The volume of air passed through the bubblers was 

1 . 00 ! 0 . 05 litre s and was measured by connecting the outlet of the 

second bubbler tube to a spirometer .  Only two simulations were carried 

out with each 500 ml volwme of acetaldehyde solution b efore it was 

di scarded to  avoid significant decreases in the conc entrations of the 

aqueous acetaldehyde solutions which could have occurred as a result 

of multiple simulations .  After the simulations  were performed , the 

50 ml trap samples were rotary evaporated to 20 ml at 50°C and aliquot s 

of the c oncentrated samples were assayed after mixing with acid as 

de scribed in Section 5-2� . Fluore scence readings obtained by a ssaying 

the concentrated trap sample s  were converted to ' breath' acetaldehyde 

concentrations using a standard curve prepared by adding known amount s 

of acetaldehyde to 50 ml aliquot s  of the trapping solution and treating 

these samples in the same way as the simulated breath samples . 

5-2-2� . Acetaldehyde trapping efficiency. 

Using aqueous acetaldehyde solutions in the simulator containing 

1 0 ,  30 and 50 p.lwf acetaldehyde , five simula tions were performed with 



each c oncentration. The percentage of the total trapped acetaldehyde 

which was pre s ent in the s ec ond t rap wa s found to range from 2 - �. 
If only one t rap had b een u sed , the mean trapping efficiency for this 

trap would have been 97�. T he high value s showed the effectivene s s  of 

the semicarb azide traps. 

5-2-2-2 . Reproducibility and linearity of simulated b reath sampl e s .  
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The resul t s  plotted in Fig . 5-3 represent simulated breath 

ace taldehyde c oncentrati ons calculated from the c oncentration of 

acetaldehyde in the first t rap only with no correction for the t rapping 

efficiency . I t  was found that as a result of the temperature differential 

b etween the ai r entering the traps from the simulator , cmd the air in 

the spirometer ( a  difference of 9 - 1 3°C depending on room t emperature) , 

the volume s of air measured as 1 litre at room t emperature were ac tually 

1 . 03 - 1 . 04 l itres at 34°C .  Thi s  may b e  calculated using C harle ' s  Law. 

If no correct ions are made for the temperature differential or the 

tra pping efficiency , the introduc ed errors compensate each o ther to the 

ext ent that a maximum error of only !. 2"� i s  introduced at the sample 

coll ection stag e .  
Fig. 5-3 shows that there i s  a linear relationship between the 

c oncentration of acetaldehyde in aqu eou s solution and air equilib rated 

wi th the aqueous solution within the range of concentrations used. Thi s 

indi cated that the breath alcohol simulator wa s a s  useful for the 

simulat ion of b reath acetaldehyde sampl es as for breath alcohol sample s .  

The variation of replicat e samples i s  only slightly greater than that 

obtained when aqueous acetaldehyde standards are as sayed. With aqueous 

standards , a maximum range of ! 2 fluorescenc e unit s was obtained when 

a s saying re plicate sampl e s ,  whil e  the a ssay of replicate simulated b reath 

acetaldehyde sampl e s  re sulted in a maximum range of !. 3 fluore scence 

uni t s , repre senting a maximum error for a single breath acetaldehyde 

determination of ! 0 . 75 nmole s/1 00 ml . It is l ikely however , that the 

error in the measurement of lower breath acetaldehyde l evel s ( 0  - 5 

nmo l e s/1 00 ml) i s  not a s  great a s  that associated with higher l evel s 

( 1 5 - 26 nmol e s/1 00 ml) . This po s sibility i s  sugge sted by the much 

smaller variabi lity in replicate blanks and samples produced u sing a 

1 0  pM acetaldehyde solution in the simulator. 

5-2-3. Determination of the effici ency of trapping ac etaldehyde from 

actual breath sampl e s .  

Breath samples of 1 litre were trapped u sing the double t rapping 



FIGURE 5-3. REPRODUCIBILITY OF SIMULATED BREATH SAMPLES . 
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FIGURE 5-4. SAMPLE PUMPING UNIT USED FOR THE AUTOMATIC 

ACIDIFICATION OF BRKATH ACh�ALDEHYDE SAMPLES . 
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TABLE 5-1 . 

Sample No. 

1 

2 

.3 

4 

5 

EFFICIENCY OF TRAPPING OF BREATH ACETALDEHYDE. 

Breath acetalde�de 

concentration . 

(nmoles/1 00 ml) 

Trap 1 .  Trap 2 .  

1 o . o  0 . 2  

6 . 0  0 . 2  

6 . 4  0 . 2  

6.4 0 .3 

6. 4. 0.1 

5� of total t rapped 

acetaldehyde in 

trap 1 .  

98 

97 

97 

95 

98 

Mean trappine efficiency = 97/o 

See �ection 5-2-3 for experimental details. 
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system employed for the experiment de scribed in Section 5-2-2 . and were 

obtained from an adult male sub j ec t  who had con sumed an ethanol l oad 

(a s  vodka) of 1 g/kg bo� weight . For each sam ple the sub j ect voided 

a mea sured volume of 2 litres and the third litre of expired air was 

pa s sed through the acetaldehyde trap s .  The rate at whi ch the expired 

air wa s b ubbled through the traps varied but was approximately the same 

as that u sed for the simulated breath sampl es i . e .  near 50 ml/sec.  
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The acetaldehyde present in each t rap was assayed as de scribed in Section 

5-2-2. Before the ethanol load was c onsumed by the sub j ec t  a blank 

breath sample wa s ob tained which when assayed , showed no detectable 

ac etaldehyde .  The resul t s  ob tained are pre sented in Table 5� and show 

that the mean trapping effici ency for real breath sampl e s  when a singl e 

trap i s  u sed i s  the same a s  that obtained with simulated b reath sampl e s .  

This meant that a singl e t rap could b e  used f o r  actual breath samples , 

allowing measuremement s of breath acetaldehyde to be made wit hout the 

need to apply a correction for trappine efficiency ;  t he error in the 

calculated concentrations being the same as the error associa ted with 

measurement s of acetaldehyde in simulated breath sampl e s .  

5-2-4. Reproducibility of ac tual breath sampl e s .  

Duplicate breath sampl es were c ollec t ed from 24 male sub j ects  who 

had previou sly consumed varying quantitie s  of ethanol a s  beer,  or spiri t s  

( gin o r  vodka) with no more than 1 min. elapsing between the taking 

of the two sampl es.  The blood ethanol l evel s of the sub j ec t s  varied 

b e tween 1 and 24 ml.l when the breath acetaldehyde samples were taken 

and were e stimated from b reath level s of al cohol using a MK N Intoximet er
1 

calibrat ed to give a di rect readout of equival ent blood alcohol 

concent ration s .  The b reath ace taldehyde sample s  were collect ed i n  a 

singl e trap and assayed by the procedure describ ed in Section 5-2� • 

The fraction of breath sampl ed was the first litre of expired air taken 

after a normal inspiration. 

The mean differenc e between the acetaldehyde concentration s of 

dupli cate s wa s found t o  be 1 .1 nmoles/1 00 ml , with the maximum and 

minimum differenc e s  b eing 6 . 4  and 0 . 1  nmol e s/1 00 ml re spectively .  In 

only three cases wa s the differenc e b etween duplicates ereater than 

the maximum difference which would b e  expected b etween duplicate 

simulated breath acetaldehyde sampl e s  i . e .  1 . 5  nmol e s/1 00 ml .  For 

t he se three cases the differences  were 1 . 8 ,  3 . 8  and 6 . 4  nmol e s/1 00 ml 

1 .  Intoximeter s  Inc . St . Loui s ,  Ho . ,  U. S .A .  
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and were probab ly due t o  ac tual chru1ges in b reath ace talde�de 

concentrations. The re sult s sugge st that there are no significant 

differenc e s  between replicat e s  of simulated and actual b reath acetalde��de 

sampl e s .  

5-2-5. Automation of sample acidification. 

T o  av oid the manual addition of acid t o  sampl e s ,  which involved 

the accurat e . mea surement and mixing of fixed v olumes of sample and acid, 

it wa s decided to automate tlri s step in the a s say proc edure . The sample/ 

air pumping tub e s  in the manifold used for the semi-automat ed a ssay 

wa s replac ed with the unit shown in Fig . 5-4. The singl e mixing c oil 

was included in the sample pumping line to facilitate mixing of the 

sample vdt h  the acid before i t  r eached the distillation sy stem. The 

pumping t ub e  used for the acid was a standard tygon tube and did not 

det eriorate after many hours of use. When thi s system was used i t  wa s 

found to give the same re sul t s  as tho se obtained when the saopl e s  were 

acidifi ed manually . The only difference b et ween standard curv e s  produc ed 

by as saying a range of simulated b reath sample s  by the two different 

methods wa s a small difference in sensitivity which could b e  ac counted 

for entirely by the difference in dilution of the samples with the acid . 

5-2-6 .  Fully automat ed breath acetaldehyde as say .  

When the fully aut omated met hod for the a ssay of acetaldehyde in 

b l ood was found to function sati sfactorily , the method was al so u s ed 

for the mea surement of breath acetaldehyde. The only change s to the 

sy s t em which were required were (a) replacement of the sample/air 

pumping tubes with the system il lu st rated in Fig . 5-2 and (b ) ext en sion 

of the t ub e  carrying the enzyme/1UUD+/K+ 
solution to c orrect for the 

alt eration in the sample pha sing c aused by the presence of the singl e 

mixing c oi l  in the sample line. M odifi cation of the ful ly automa t ed 

a ssay sys t em for the a s s ay of blood or breath was simplified by making 

tv10 enzyme phasing tubes  and two separate sampling sections of the 

manifol d whi ch could b e  readily interclmnged. 

The fl uore scence p eak s obtained when �nalyzine breath sampl e s  with 

the fully autooated a s say system were similar in shape to tho se 

obtained when blood supernatant s were analyz ed and the maximum variation 

in the mea sured ace taldehyde l e vel of ali quots taken from a singl e  

concent rated breath samp l e was found to be � 0 . 25 nmoles/1 00 ml .  Thi s 

variati on was the same a s  that ob t ained u sing the serniaut omated a s s ay 

met hod . 



5-2-7. Stability of samples. 
0 When concentrated samples and standards were stored at 0 - 4 C 

for up to 5 days , no significant change in acetalde�de concentration 
occurred in the samples  when com?e.red with the 3tandards. However , 
storage for much longer periods of time gave variable results . 

A number ai' samples  and standards were assayed and stored for a 
period of seven weeks at -20°C before being reassayed after thawing. 
The result s of this  experiment are sho�n in Table 5-2. Because of the 
inherent variability of the distillation system employed for the assay 

91 

of the samples , differences between the measured concentrations of 
samples before and after storage were expected, however these differences 
were not expected to be greater than 0 . 5  nmoles/1 00 m1 since the maximum 
variation in acetaldehyde assayed in replicate aliquot s  of the same 
concentrated breath sample was found to be .:t 0 .25 nmoles/1 00 ml . 

Of the acetaldehyde concentrations measured after storage at -20°C , 

49% were significantly different to those of' the corresponding unstored 

samples ,  the maximum differences being an apparent increase of 1 • 5 
nmoles/1 00 ml and a decrease of 1 . 7 nmoles/1 00 ml . These differences 
were approximately three times higher than expected maximum figures. 
It was concluded therefore , that concentrated breath samples should not 
b e  stored frozen for long periods. The reason for the losses and 
apparent gains of acetaldehyde in san1ples which were stored for long 

periods in the frozen state is unkno\m. 

5-2-8 . Determination of the partition ratio •of acetaldehyde distributed 
between blood and air at equilibrium. 

Although the methods for the assay of acetaldehyde in both breath 
and blood which have been developed in this study lack the precision 
required for the determination of a precise value for the b lood : air 
partition ratio for acetaldehyde, it  was decided to attempt to determine 
this value. No report s of previous attempts to obtain thi s  value could 
be obtained from the literature and without at least an approximate  
value for  the partition ratio , no  e stimates of acetaldehyde level s in 
pulmona� blood could be made from breath acetaldehyde levels .  

The blood :air acetaldeeyde partition ratio was determined by trapping 
and assaying air san�ples in equilibrium with blood containing an 
initial level of 50 �t acetald�de and simultaneously measuring the 
blood acetaldehyde levels.  Blood and air samples had to be taken 
simultaneously because of the rapid rate  of removal of acetaldehyde 

which occurs in blood. The removal of acetalde�de was found to occur 



TABLE 5-2. 

STABILITY OF COHCBNTRATED BREATH ACETALDEHYDE SAMPLES 
DURING STORAGE AT -20°C FOR SEVEN \'IEE<S. 

Acetaldeqyde concentration 
before storage . 
(nmoles/1 00 ml) 

Acetaldehyde concentration 

after storage. 
(nmoles/1 00 ml) 

o.o  o.o 
4. 2  5.0 
3 . 7  5.0 
4.0 4. 2 
4.6 6.1 
4. 8 4. 6 
4. 9 5 . 6  
3 . 6 3 . 5 
2 .9 3 . 7 
5 . 4  5 .9  
4.9 5. 2 
3 . 5 4. 4 
3 . 5 3. 7 
3. 8 4. 6 
3 . 7  4. 2 
3 . 5  3. 3 
3 .4  3 . 5 
4.4 3 . 7 
2. 7 2 .6  
3 .1 2. 9  
3 . 1  3 . 7  
2 .9 3 .1 
3 . 5  3 . 5 
4. 3 3 . 7 
4.1 3 . 5 
3 . 3  4. 0 
3 . 5  2. 7 
2 . 6  2 .4 
4.1 2 . 6  
4. 1 2 . 4 
2 . 7  2 . 7  

The breath acetaldehyde concentrations tabulated above 
were calculated using standards stored for the same time 

under the same conditions as the samples.  
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more slowly in outdated blood-bank blood than in fresh blood. 

Accordingly, outdated blood-bank blood was used after suf'ficient 

plasma had been removed to correct  for the volume of anticoagulant 

added to the original whole blood sample.  
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A 500 ml sample of blood was placed in the 10C IIA breath alcohol 

simulator and the temperature of the blood was raised to 34
°

C .  When 

the blood temperature was constant , suf'ficient acetaldehyde was added 

in 2 .5  ml of water to give an initial blood level of 50 p1� and the 

system was allowed to equilibrate with mixing for about 5 min. Aft er 

thi s  time , three ·simulations were carried out as described in Section 

5-2-2 using only one trap for each simulated breath sample .  Vfuil e  each 

air sample was being produced and trapped, a small sample of the blood 

wus withdrawn fron1 the simulator ( 2  - 3 ml) and deproteinized with an 
equal volume of 1 M PCA. Acetaldehyde in the protein-free superna tant 

of the blood san1ple was assayed using the semi-automated enzymic assay 

method and acetaldenyde present in the air t raps was determined as  

described in  Section 5-2-2. Six values for the blood : air partition 

ratio for acetaldehyde were obtained by performing three simulations 

with each of two 500 ml blood sample s  containing the same initial 

level of acetaldehyde. 

The results obtained are shown in Table 5-3 and the calculated 

blood : air partition ratios are compared with the water : air partition 

ratios for acetaldehyde which were calculated from the data produced 

in the experiment described in Section 5-2-2. The resul t s  given in 

Table 5-3 show that as the blood level of acetaldehyde decrease s ,  the 

level of acetaldehyde in air equilibrated with the blood decreases at 

a similar rate and the partition ratio for acetaldehyde distributed 

between air and blood at equilibrium at 34°C is  not significantly 

different to that for acetaldenyde distributed between air and water 

under the same conditions. The variations ob served in the measured 

values for the partition ratios could be simply the result of errors  

associated with the assay methods . 

5-2-9. Dependence of the water :air partition ratio for acetaldegyde 

on equilibration temperature . 

In order to determine whether the water : air partition ratio for 

acetaldelzyde is affected by temperature as is the corresponding ratio 

for ethanol , simulated breath samples were produced at several different 

equilibration temperatures using the method described in Section 5-2-2, 

replacing the breath alcohol simulator with a Dreschel Bottle 



TABLE 5-3 . 

COMPARISON OF THE BLOOD :A IR  AND WATER :AIR PARTITION 

RATIOS FOR ACETALDEHYDE AT 34 °C . 
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Simulation Blood {Acetaldehyd� Air /j..cetaldehyde] Partition Ratio = 

No . (nmoles/1 00 ml) (nmole s/1 00 ml) Blood ----��--��� 

1 

2 

3 

4 

5 

6 

Air 

2 , 900 1 4. 0  207 

2 , 400 1 4. 0  1 71  

2 , 000 1 0 . 5  1 91  

3 ,000 1 6.0  1 88 

2 , 600 1 3 . 5  1 93 

2 ,050 1 1 .0 1 86 

Mean Blood :Air partition ratio = 1 89 

Aqueous /}.ceb.ldehydij Air [Acetaldehyde] Partition Ratio = 

(nmoles/1 00 ml) (nmoles/1 00 ml) 

1 , ooo 

3 , 000 

5 ,000 

�----���--�� 

Mean Water :Air partition ratio = 1 90 
Range = 1 74-21 0 

a.  :Mean of five determinations .  



FIGURE 5-5 . DEPENDENCE OF THE \'lATER. :AIR PARTITION RATI O  FOR 

ACETALDEHYDE ON �UILIBRATION TEMPERATURE. 

CV rd 
1? CV •d 
� .p CV 

() 2.50 al 
M 
0 
c... 
0 ..... 
.p 
al 
M 
1::: 
0 
·� .p 
·� 
.p 
� 
p.. 
M 

200 ·� al . .  
M CV .p 
$ -

1 50 +---------�--------T---------�--------�------� 
26 28 30 32 34 36 

Equilibration t emperature ( °C) 

95 



containing 500 m1 of' a standard 30 pl.I aqueous acetaldehyde solution 

and using a single trap. The bottle was placed in a water bath at 
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'five di'f'ferent temperatures between 27 and 36°C and when the acetaldehyde 

solution in the bottle had reached the temperature of the water bath, 

1 litre of air was bubbled through the solution. Duplicate simulations 

were per'formed in this way at each different temperature and 'fresh 30 �� 
acetaldehyde solutions were used for each pair of simulations .  

The results of this experiment are shown in Fig. 5-5. The 

partition ratios shown on the graph were calculated using the means of 

the measured concentrations of acetaldehyde in the air samples  and 

represent the concentration of acetaldehyde in the aqueous solution 

divided by the concentration of acetaldehyde in the air equilibrated 

with it.  

5-2� 0. Determination of' the variation of' breath acetaldegyde 

concentration with the depth of expired air.  

The blood : air partition ratio 'for ethanol varies with temperature 

(Harger et al, 1 950a) and can be used to relate breath ethanol levels 

to  blood levels only if the air has been in equilibrium with the blood. 

As a result , investigators who wished to determine pulmonary blood 

ethanol level s from levels of ethanol in breath have placed considerable 

importance on sampling alveolar air at a fixed temperature in order to 

obtain breath alcohol samples which have been in equilibrium vdth 

pulmonary blood. 

At the time this work was proceeding , there had been no publi shed 

work relating to the effect of breath temperature an�or depth of 

expiration on the level of acetaldehyde in breath. It was necessary 

to determine if either of' these factors were important in determining 

breath acetaldehyde levels ,  before proceeding to measure breath 

acetaldehyde concentrations in volunteers metabolizing ethanol . 

A study was made of the variation in the acetaldehyde concentration 

between the first , second and third litres of' expired air obtained 

'from a subj ect who had previously consumed an ethanol load of' 1 g/kg 

body weight as  vodka. The level s of' ethanol in the same fractions of 

breath were al so determined so that a compari son could be made between 

the effect of ' breath depth' on the levels of acetaldehyde and ethanol 

in expired air. 

Beginning 68 min . after ethanol had been consumed, separate breath 

samples were obtained which were used for the determination of 

ethanol and acetaldehyde . 
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After a deep inspiration, the sub j ect held his breath for 2 - 3 sec . 

t hen breathed through a tub e  connec ted t o  a valving sy stem u sed to 

direct different portions of the expired breath sample either ( a) to 

the atmo sphere ,  (b) to a 1 ml sample loo p  of a Carle AGC21 1 gas 

chromatograph
1 

or ( c )  to a single ac etaldehyde t rap of the type shown 

in Fig .  5-2 . Breath samp l e s  were collected for e thanol analy sis 

immediately aft er one , two or three l it res of air had been expired by 

t he sub j ect and these were pas sed from the sampl e loop onto a 1 50 mm 

Porapak Q column held at 1 20°C .  I�itrogen flow-rate t hrough the column 

wa s 40 ml/min .  and the ret ention time for ethanol was 30 sec . The 

gas chromatogra ph was calibrated u sing the ?.IK IIA breath alcohol 

simulator c ontaining a s tandard aqueou s  solution of ethanol at 34°C • . 

T he t emperature of the breath a s  it left the mout h  of the sub j ect was 

measured el ect ronically with a thermi stor inco rporated into the mouth­

piece u sed by the sub j ec t .  Breath ethanol level s were corrected to a 

standard breath temperature of 34°C u sing the actual recorded breath 

t emperature and the data of Harger et al (1 950a) . The ethanol l evel s 

in simulat ed breath ethanol samples were recorded as peaks by means of 

a chart recorder and the height s of these peaks were reproducible to 

+ o • .:rfo. 
Acetaldehyde pre sent in the first , second and third litre s of 

expired air wa s trapped and a s sayed u sing the methods described in 

S ection 5-2-2 . Sampling of the different fractions of breath was 

carried out so that no more than 2 min. separat ed the collec tion of 

each of the three sampl e s .  Eight set s of three sampl e s  were taken in 

thi s way over a period of 73 min . In addition, six 1 litre sample s  

o f  mainly tidal breath were trapped for acetaldehyde analy si s .  Such 

sample s  were n1ade up of a total of four or five 200 - 250 ml volumes 

of breath which were delivered aft er nonnal inspirations . 

The re sul ts of thi s  experiment are shown in Fig .  5-6 and indicate 

that although the level s of breath ethanol are significantly affected 

by t he frac tion of expired air sampled, the level of acetal dehyde is 

not . If all t he breath samples were identical , the maximum expec t ed 

difference between measured acetaldehyde level s in the sampl e s  would 

b e  1 . 5  nmol e s/1 00 ml ( see Section 5-2-2) . Only the third set of three 

samples exc eed this range . The close similarity between the level s 

of acetaldehyde measured in tidal ai r with tho se measured in the third 

1 . Carl e Instrument s Inc . Fullerton , California , U. S.A. 



FIGURE 5-6. VARIATI ON OF BREATH ACETALDEHYDE AND ETHANOL 

CONCENTRATIONS WITH THE DEPTH OF EXPIRED AIR. 
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Ethanol and acetaldeqyde c oncentrations in the first ( • ) , 

second ( :�t ) , and third ( o ) litres of expired air and the 

c oncentration of acetaldehyde in tidal air ( o )  were 

determined as described in Section 5-2-1 0 .  All samples 

were taken from a single sub j ect during metabolism of a 

1 g/kg dose of ethanol . 
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litre o� expired air which may be regarded as alveolar , sugge st s that 

all �ractions o� expired air may contain the same level o� acetaldehyde 

and �t may there�ore be  unnece s sary to sample alveolar air when 
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assaying breath acetaldehyde. This appears to be true even though the 

t emperature o� the expired breath sample s  varied �rom a minimwn o� 32.0°C 

( tidal air) to a maximum o� 34.5°C ( alveolar air). The temperature s o� 

the breath sample s  used for alcohol analy si s  were 33 . 3  � 0.3°C ,  

33. 7 � 0.3°C and 34.0 � 0.5°C for samples  taken �ter expiration of 1 ,  2 

and 3 l itre s respectively. The above figure s repre sent means and 

standard deviations for eight determinations.  

5-2-1 1 . Level of assayable aldehyde s  i n  spirit s consumed by 

human volunteers . 

Since the enzymic assay method wil l  detect any volatile aldehyde s 

pre sent in breath which will ( a) reac t with aldehyde dehydrogenase and 

(b)  form a stable  semicarbazone derivative which can be rea�ly 

regenerated in the presence o� acid,  the method i s  not speci�ic for 

ace taldehyde. It  was con sidered neces sary therefore , to determine 

whether the spiri t s  a�ni st ered to h�1an subjects involved in thi s 

stuqy contained any volatile aldehyde s a s  congeners and i� the l evel 

of these compounds was sufficiently high �or them to be detec ted in 

b reath samples.  

By assaying diluted samples o� gin and vodka using the method 

employed for blood samples  it was found that the total level · of 

assayable aldehydes in the se spirits  was too low to produce detectable 

aldehyde level s in breath �ter consumption of these spirit s in the 

quantities employed for the experiment s de scribed in thi s sec tion and 

Section 6. The highe st l evel of as sayable  aldehydes was found in 

vodka at 81 �1. Dilution of the vodkn ( approximately 6 . 5  M et��ol )  

i n  the body when a standard dose o� 1 g/kg was used was shown t o  result 

in an initial blood ethanol l evel of approximately 22 �1 ( see Section 6). 

If it is  ass�ed that the v olatile aldehyde level o� vodka i s  diluted 

to the same extent , and that no metaboli sm o� the aldehyde( s) occurs, 

then the expect ed blood level o� volatile aldehydes would be  about 

0 . 25 )JM. Using the calculated blood : air partition ratio for acetaldehyde , 

thi s  blood level may be calculated to give a maximum breath aldehyde 

l evel of' no more than about 0.1 2 nmoles/1 00 ml .  Although this l evel 

may be detect ed by the enzymic assay method described in thi s section 

it is  negligible compared t o  the l evels  norn1ally determined ( see Section 6) . 



It may be assumed there�ore, that when the enzymic breath acetaldehyde 

asaay method is employed with sub j ec t s  con suming gin or vodka in do ses 

o� up to 1 g/kg , the only aldehydes measured in the breath o� these 

subjects  must b e  derived from the metaboli sm o� ethanol. Since the 

only aldehyde produced in t hi s  way i s  acetaldcl1yde ,  for the purposes 

of this stu� the assay may be regarded as specific .  

5-3. DISCUSSION. 
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The assay of breath acetaldehyde by the methods described in this 

section is probably not as convenient as GC methods which have been 

described previously (Freund and O ' Hollaren , 1 965 ; Fukui , 1 969 ; Redmond 

and Cohen, 1 972 ; Forsander and Sekki , 1 974) , the evaporation of the 

acetaldehyde traps being a time-consuming process.  However , the enzymic 

a s say eliminates the problems associated with GC estimations of acetaldehyde 

( see Section 2-1 ) and the sensitivity of the method described i s  similar 

to that of the GC method of Redmond and Cohen (1 972) which has been 

reported to be capable of detecting a minimum breath acetaldehyde 

concentration of 0 . 25 nmolss/1 00 ml .  The enzymic assay would thus appear 

to be ideally suited to the measurement of human breath acetaldehyde 

levels .  

Some o� the analytical problems  associated with the measurement of 

acetaldehyde in blood san1ples are not encountered with breath samples.  

The most important of these problems , the production of acetaldehyde 

from ethanol during sample preparation, does not occur and the storage 

period for breath samples  can be longer than that for blood supernatru1t 

sample s ,  presumably because the semicarbaz6ne derivative of acetaldehyde 

i s  more stable than acetaldehyde it self. 

The ab sence of a significant difference between the b l o od : air and 

water : air partition ratio for acetaldehyde was unexpected and suggests 

that there i s  an even di stribution of acetaldehyde between the liquid 

and solid phases of blood. The situation i s  different for ethanol and 

the blood : air partition ratio for ethanol i s  correspondingly lower 

than that for water : air (Harger et al , 1 950a) . If acetaldehyde i s  evenly 

distributed throughou t the solid and liquid phases of blood , it may 

explain why it is unnecessary to apply a correction fact or for blood 

solid content when determining the recovery of acetaldehyde from blood 

compared to  aqueous  standards ( see Section 2-4-4) .  

Since the water : air partition ratio for acetaldehyde i�  dependent 

on the equilibration temperature it may be  assumed that the blood : air 

ratio varies  with temperature in a similar way. It :i. s  therefore 



important t o  know t he t emperature at which the equilibration of 

acetal dehyde with air and b l ood occur s ,  if a partition ratio is to be 

applied to b reath acetaldeQyde c oncentrations t o  estimate pulmonary 

blood l ev e l s  of ac etaldehyde . Initially , thi s  temperature would b e  

the t emperature o f  the lungs .  However , for ethanol , reequilibration 
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of the sub stance from alveolar air with wat er in the upper re spiratory 

tract i s  b elieved to o c cur (Wright �' 1 975) resulting in an 

equilibration ut a l ower t emperature , i . e .  that of expired alveolar air 

which i s  normally t aken to b e  34°C .  I f  tidal air i s  expired , the b reath 

t emperature i s  l ower than 34 °C and the reequi libration take s place at 

a lQwer t emperature re sul tine in l ower c oncentr·ations of breath ethano l .  

I f  t hi s  situation also appl i e s  t o  acetal<iebyde then the partition rat io 

determined at 34°C may be u sed to calculat e  pulmonary blood acetaldehyde 

l evel s ,  provided alveolar air i s  sampled. However , the inabil ity t o  

det ermine si gnificant differences in acetaldehyde concentration between 

tidal and alveolar air which were at different temperatures present s 

some doub t a s  t o  whether ace taldehyde in the breath b ehaves in a 
similar manner to ethanol . The reason for the apparent l ack of effect 

of depth and t emperature of expired air on b reath acetaldehyde 

conc ent ration i s  unkno\m but may be partly due to large fluctuations 

in breath acetalde Qyde c onc entrations ob s curing any difference s  whic h  

may re sult f'rom the t emperature or the ext ent of equil ibration o f  the 

b reath acetaldehyde sampl e . T he se fl uctu11tions may b e  cau sed by ( a) 

error s a s so ciated with the a s say method and/or (b) actual fluctuation s 

of the l evel s of ace tal dehyde present in t he breath oc curring during 

the time repli cate sampl e s  were taken • 

. For t he purpose s of this study it wa s decided t o  measure breath 
acetaldehyde l evel s in alv eolar ai r and u s e the blood : air parti tion 

0 
rat i o  det ermined at 34 C to cal culat e pulmonary blood acetaldehyde l evel s .  



SECTION 6 

ACETALDEHYDE LEVELS IN THE BREATH, WHOLE VENOUS BLOOD AND PLASMA 

OF �.AN SUBJ:&;TS MEI'ABOLIZING A STANDARD DOSE OF ETH.ll.NOL . 

6-1 . INTRODUCTION . 

The main ob j ectiv e s  in carrying out the experiment s described in 

t hi s  section were outlined in Section 1 .  Some additional areas which 

were investigat ed are discu ssed in thi s  section . 

1 02 

The work of Crow (1 975) , on level s of ac etal dehyde in peripheral 

v enous blood of human sub j ec t s  metaboli zing ethanol , indicated that pla sma 

l evel s of acetaldehyde were lower t han the l evels found in whole blood 

or red-cell sampl es . The reason for thi s finding is not known but may 

have been related partly t o  the fact that no correction wa s made for the 

production of acetaldehyde in ethanol -containing blood samples during 

deproteini zation . As thi s oc cur s to an appreciable ext ent only in the 

pre s cence of red-c ell s ( see Section 3) , it would be expect ed that t hi s  

effect alone might b e  re sponsibl e f o r  the ob served differenc e s  in plasma 

and whole bl ood acetaldehyde l evel s.  

Since no other study on human b l ood similar t o  that of C row ( 1 975) 

has been carried out , it was decided to repeat thi s work empl oying the 

nece ssary corrections for the production of ac etaldehyde as an artefact 

to det e rmi ne if a significant pl asma/whole blood difference in acetaldeqyde 

level does exi s t .  A s tudy of thi s  type was o riginally thought to be 

impo s sible b ecause of the rapid di sappearance of acetaldehyde which was 

believed to oc cur during the proc e s sing time required for a plasma 

sample to b e  ob tained. However,  in the study de scrib ed in Section 4, 

thi s rapid di sappearanc e was shown to be confined to added acetaldehyde 

and the endogenous ac etal dehyde l evel s of whol e blood sampl e s  taken 

from sub j e c t s  metabolizing ethanol were shown to b e  stable over a p eriod 

of up to 20 min , all owing time for plasma separation. 

In a recent review , Deit rich (1 976) ha s suggest ed that the production 

of acetaldehyde in the liver may be more rapid during the first few 

minutes t han in the later , zero-order ,  pha se of ethanol metaboli sm. 

Deitrich po stulat ed that in the initial stage s of ethanol 

oxidation , the amount of alcohol dehydrogenas e ,  rather than NADH 

reoxidation , may b e  rat e limiting for ethanol oxidation . An ini tial 



' spike ' of acet al dehyde in the blood was po stulated t o  re sul t from the 

initial more rapid ethanol oxidation .  I t  was suggested that thi s has 

never been ob served becau se all studies carried out so far have 
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examined blo od ac etaldehyde c oncentrations no earlier than .30 min . after 

ethanol intake . In order to test thi s  hyptthe s i s ,  it was decided t o  

mea sure acetaldehyde i n  a number of early blood sampl es taken within 

a f ew minutes from the beginning of ethanol inge stion . 

Studies carried out on c ertain strains of rat s and mice have 

indicated a p o s sible sex difference with respect to l evel s of ac etal dehyd e  

whi ch occur i n  t he blood (Eriks son , 1 973 ; Erik s son and Sippel , 1 977) 

and b reath (Redmond and C o hen , 1 972) . To det ermine whether such a 
difference oc cur s  in humans ,  it was decided to  employ similar n�ber s  

of b oth mal e an d  femal e volunteer� f o r  t he studie s outlined i n  thi s  

sect ion . Blood l evel s o f  acetal dehyde found i n  huoan sub j ec t s  metab olizing 

ethanol may be rel�ted to the rate of ethanol oxidation (L e ster , 1 962 ; 

Machata and Prokop , 1 971 )  and it was of int ere st to det ermine ethanol 

oxidation rate s  in the sub ject s studied to det ect p o s sibl e correlations 

b etween these rates and the acetaldehyde level s found in both breath and 

b l ood sampl e s .  

The recent claim o f  Korsten e t  al ( 1 975) , that alcoholic s have 

hi gher l8vel s of circul ating ac etaldehyde than normal sub j ec t s  when both 

·group s have similar l ev e l s  of bl ood ethrmol , suggest ed that alcoholic 

sub j ect s might also show higher level s of b reath ace taldehyde , if 

peripheral bl ood ace taldehyde level s indeed refl ect increased hepatic 

production of acetaldehyde . Since confirmation of the work of Korsten 

e t  al ( 1 975) ha s not yet been report ed in the lit erature it  was decided 

to carry out a preliminary examination of acetaldehyde lev el s  in the 

b reath of alcoholic sub j ec t s  to be compared with those found in normal 

voLmteers .  

6-2 . .lli'1'HOD3 . 

6-2-1 . Human subject s .  

Apart from the al coholic patient s involved in thi s study ,  all 

sub j ec t s  were healthy adul t volw1teers , working as student s or staff at 

Ma.ssey University.  The age of the volunteers ranged from 21 to 46 yeara. 

The five alcoholi c s  from whom breath acetaldehyde sample s  were 

taken , had b een admitted to the Det oxication Unit of the Palmerston 

North Public Ho spital a s  a re sult of ethanol intoxication . Breath sample s  

were taken during the period when the patient s were metaboli zing the 

al cohol which they had ingested prior to ho spital admi s sion. No b l ood 
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samples were analyzed from the se cases . 

The dietary state of the heal thy voluntee r s  was known but not 

controlled; some having fasted for up to twelve hours and other s having 

con sumed a l ight lunch or b reakfa st b efore taking part in the experiment s 

described her e .  The di etary state of the alcoholic sub j ec t s  was unlmown . 

6-2-2. Admini stration of ethanol t o  volunt eer s .  

Etl�nol was given to v ol unt eers i n  t he form o f  gin o r  vodka and the 

time taken to c on sume t he ful l amount varied betwe en 1 5  and 75 min .  

The gin o r  vodka wa s alway s  diluted b y  approximately 501� b efore 

c onsumption , with either wat er o r  a carbonated b everage suc h  a l emonade . 

6 -2-3. Bl ood sampl e s . 

Bl ood sampl e s  were taken under medical sup ervi sion by mean s of an 

indwelling cannul a  insert ed in an arm vein and the cannula wa s kept 

patent b etween sampling u sing heparini zed saline . For each b l ood sampl e ,  

the first f. ew ml of b l ood , c ontaining hepari n ,  were discarded �d a cl ean 

syringe used t o  take a 1 0  ml b l ood sampl e for the analy si s of whole b l ood 

and pla sma acetaldehyde , and in mo st c a se s ,  who l e  b l ood ethanol as wel l . 

A b l ank b l o od sampl e  wa s taken from all volunteer sub j ec t s  b efore 

ingestion of ethanol , for the determination of endogenous ethanol and 

ac e taldehyde. 

6-2-4. \Thole blood and pl a sma as says . 

Det ermination of whole bl ood and plasma l evel s of acetaldehyde was 

c arried out u sing the fully-automated enzymic as say method de scrib ed in 

Section 2-4-3 , calib rated with aqueou s acetaldehyde standard s .  \Vhole 

b l ood sampl e s  ( 0 . 5  ml ) were di lut ed immediat ely af ter b eing drawn , wit h  

nine volume s of ic e-c old 0.6 l !  PCA , pri or to analysis o f  the ac etaldehyde 

in the protein-free supe rnatant s of t he se sampl e s .  The large dilution 

was u sed t o  minimi ze the l evel of ac etaldehyde produced during the 

depro teini zati on proc e s s .  In order t o  correct f or the acetaldehyde 

which was produced in thi s  way , corre c tion curv e s  of the type illu strated 

in Fig .  3-6 were constructed for each individual , u sing the methods 

de scrib ed in Secti on 3 .  Duplicat e det erminations of the l evel of 

acetaldehyde produced during the depro teini zat i on of bl ood sampl e s  

c ontaining five different concentra t i ons of ethanol ( o ,  1 0 , 20 , 30 and 40 mM) 
were performed and the means of these dupl icat e s  were u sed to construct 

the correcti on curv e s .  The b l o od sampl e s  u sed t o  produce t h e  c or rection 

curve s were ob tained f rom each indivi dual b efore ingestion of ethanol 
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t ook place. Correction of the acetaldehyde levels in whole blood 

sampl e s  was carried out aft er determining the level of ethanol in these 

sampl e s ,  either by direct GC as say of ethanol as de scribed by C ouchman 

(1 974) o r  by the method of breath ethanol analy si s de scribed in the 

fol l o wing section . Once the blood ethanol l evel s were known , the 

corre sponding level s of artefactually-produced acetaldehyde were read 

from the correction curves and subtracted from t he ' apparent ' l evel s of 

acetaldehyde mea sured by the enzymic a s say . 

Blood pla sma sampl es (1 . 5 ml) were deproteini zed immediately after 

separation from the c ellular fraction wa s achieved and deproteinization 

was carried out with one volume of ice-cold 1 M PCA. 

All whol e b l ood and plasma protein-free supernatants were stored in 

sealed containers at 4
°

C prior to analysi s and no sample s were s tored 

for l onger than 24 h before analysi s . No c orrection for the art efactual 

production of ac etaldehyde in plasma sampl e s  was appl ied as thi s  had 

previ ou sly been shown to be negligible ( see Section 3-3-2) . 

6-2-5. Measurement of acetaldehyde and ethanol in b reath sampl e s .  

The concentrations o f  acetaldehyde i n  the breath sampl es obtained 

from heal thy volunt eers , including a blank sample taken before ethanol 

inge stion ,  were determined in the manner describ ed in Section 5-2� 0 

with t he excepti on that all breath sampl e s  (1 litre) were ob tained aft er 

t he expirJ of at l east 500 ml of air ,  in order to obtain alveolar air 

sample s .  The concentrations of ac etaldehyde in the b reath sampl e s  

obtained from the alc oho l i c  patient s were determined after collecting 

the ac etaldehyde pre sent in 1 litre of mainly tidal air in a singl e  trap 

of t he type illustrated in Fi g .  5-2 .  A calibrated plastic bag c onnected 

to  the gas outlet of the bubbl er tube c ontaining the acetaldehyde 

trapping soluti on wa s used to determine the volume of breath sampl ed. 

The patient s expired direc tly into the inlet tube of the ga s b ubbler tub e  

and alveolar air wa s not sampled becau se some o f  the patient s had 

diffi cul ty in producing a large volume of air in one expirati on .  Most of 

the samples were the sum of 3 - 4 short expirations . 

The measurement of ethanol pre sent in breath sampl es a s  described 

in Section 5-2� 0 was used to determine blood ethanol level s .  Calibration 

of the ga s c hromatograph with simulated breath sampl e s  produced u sing 

the MK IIA breath alcohol simulator facilitated the conversion of breath 

et hanol level s t o  bl ood l ev el s . The b lood : ai r  partition rati o  whi ch wa s 

u sed for t hi s  conver si on wa s that det ermined by l !arger et al ( 1 950b) i . e .  

2 1 1 00 . 



Breath samples taken for the estimation of blood alcoho l  level s  were 
alway s alveolar and usually at 34°C . If samples were not at thi s  
temperature , a correction was made for the t emperature difference as  
described in Section 5-2-1 0 .  'fhe blood ethanol concentrations plotted 
in Figs . 6-1 , 6-2 and 6-3 were determined by analysis of breath alcohol . 
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No breath sampl es were taken from any subject until at least 1 0  ruin 
after ceasing drinking , in order to avoid fal sely high level s of breath 
alcohol or acetaldehyde whi ch could have re sul ted from the pre sence of' 
these co�pounds in re sidual vodka or gin remaining in the mouth. 

6-3. RESULTS . 

6-3-1 . Breath acetaldehyde concentrations after the ingestion of ethanol 
in do ses  of 0,5 and 1 . o  g/kc b ody weight . 

Because most  of the volunteers involved in this study were not heavy 
drinkers ,  it was originally decided to  u se a standard ethanol do se of 
0. 5 g/kg for all experiment s .  This do sage has previously been shown to  
produce maximum blood ethanol l evel s between 7. 2 and 21 mU and doe s  not 
re sul t in severe intoxication (Couchman , 1 97l .. ) .  In two experiment s using 
the above dose of ethanol wi th two male volunteers ,  it was found that breath 
acetaldehyde concentration s produced during the metabolism of thi s ethanol 
load were very low and many approached the limit of det ection for the assay 
method empl oyed. Since Freund and O ' Hollaren (1 965) found that the level 
of acetaldehyde in the breath of humans metabolizing ethanol is at l east 
partly dependent on the amount of ethanol ingested , it was decided t o  
double the ethanol load to  1 . o  g/kg in an attempt to produce larger amount s 
of acetaldehyde in the breath samples. The re sult s  shown in Fig . 6-1 
indicate that breath ac etaldehyde concentrations are dependent on blood 
ethanol conc ent rations ; a doubling of the ethanol load admini stered to the 
sub ject s  resul t ed in a 4 - 5 fold increase in breath acetaldehyde 
concentrations .  The two sub jects who took part in these experiment s drank 
vodka and had fa sted for 1 2  h prior to the experiment s. 

Since the breath acetaldehyde concentrations determined after the 
inge stion of t he higher ethanol dose were readily detectable , it was 
decided to use this  dose of ethanol for all other experiment s .  Although 
ingestion of the 1 .0 g/kg dose of ethanol resul ted in nausea and vomiting 
in two of the sub j ect s employed in these studi e s ,  the other nineteen 
sub j ects  exhibited no obvious ill effect s apart from mild intoxication . 
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· 6-3-2, Intra-individual variation in the l evel s of breath acetaldegyde 

determined after a standard dose of ethanol e 
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In order to  determine whether variation s in b reath concentrations of 

acetaldehyde between different subjects were due to  actual individual 

difference s  or a normal variation common t o  all individual s ,  the level s of 

acetaldehyde produced in the breath of a single male sub j ect were studied 

in three separate experiments after the cons��ption of a standard 1 . 0 g/kg 

dose of ethru1ol ,  as vodka . The time elapsed between the first and second ,  

and the second and third experiment s ,  was three and four months respectively.  

The results  of the three experiment s  are illustrated in Fig. 6-2 

and the means of the recorded breath ac etaldehyde concentrations for each 

separate experiment were calculated to b e  ( in chronological order) : - 4. 7 ,  

4. 3 and 4. 3 ;  the range s  being 3 . 1  - 6.0,  2 . 6 - 5. 9 ,  and 3.2  - 6 . 5  

respectively. Interpretation of these resul t s  is  difficult because of the 

large fluctuations in the level of breath acetaldehyde determined during 

the time course of each separate experiment . However , the close si�larity 

of the means and ranges of the acetaldehyde concentrations measured in all 

three experiment s suggested that the level of acetaldehyde produced in the 

breath during the metaboli sm of a standard do se of ethanol may be constant 

within limit s for an individual . This conclusion is supported by the work 

of Freund and O ' Ilollaren ( 1 965) who found that the l evels  of acetaldehyde 

produced in the breath of an individual after standard do ses of ethanol 

given at different times , did not vary significantly . 

The dietary state of the subject involved in the above experiment s 

was not controlled. For the first experiment , the sub j ect had fasted for 

8 h p rior to drinking and for the second two experiment s ,  the sub j ect had 

eaten a light lunch ��ediately prior to  drinking. The difference in 

dietary state had no obvious effect on the l evel s  of acetaldehyde produced 

in the b reath in the three separate experiments and therefore the ob served 

differences in breath acetaldehyde concentrat ions between individuals are 

probably due to some factor o ther than food intake. 

6-3-3. Inter-individual variation in the level s of breath acetaldehyde 

det e rmined after a standard do se of ethanol . 

Six mal e and three female volunteers cons�11ed an ethanol do se of 

1 . 0  g/� after which both breath ethallol  and acetaldehyde l evel s were 

monitored unt i l  a linear rate of ethanol clearance was evident . Thi s was 

done so that rat e s  of ethanol metabolism c ould be compared with breath 

acetaldehyde l evel s . No compari son of blood and breath acetaldehyde l evel s 

could b e  made because this series of experiment s was carried out b efore 

the development of a reliable me thod for the determination of blood 
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FIGURE 6-2. VARIATION IN THE BREATH ACl.'TALDEHYDE C ONC .:::NTRATIONS OF ONE INDIVIDUAL , AFTER 

THREE STANDARD 1 .Og/kg :E.vr'HftJWL LOADS. 
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acetaldehyde. 

The re sul t s ob tained ar e illustrated i n  Fig s .  6-3a to 6-3e and indicate 

that the inter-individual variation in b reath acetaldehyde leve l s  i s  

larger than the intra-in dividual variation, aft er a standard do s e  o f  ethanol . 

A l t hough the changes in the c oncentration of acetaldehyde in the b reath 

wit h  time during ethanol metab o l i sm do not appear to be co�pl et ely random , 

t hey do not conf o rm  to  any set pattern ,  and as a re sult , quant i tative 

evalua t i on of the apparent int er-individual difference s  i s  difficul t . 

B e cau se the c on c entration s of acetalde hyde produced in the breath of 

human subjects  were not c o n s tant during the linear phuse of ethanol decay 

and b e c ause there was no obvious relationship b etween the rat e of ethanol 

clearance a11d b reath ac etaldehyde l evel s , no attempt was f!lade t o  c o rrelate 

the s e  two variables.  The only indication t ha t  the rate of ethanol metab o l i sm 

may be related to  tLe leNel of ace taldehyde in the breath wa s  the ob servation 

that the two sub j ec t s  havi ng the slowest  rat e s  of ethanol cl earanc e both 

showed the lowe s t  l ev e l s  of breath ac etal dehyde ( sub j e c t s  4 and 8) . 
How ever , the ethanol c l eara�ce rat e in one of the alcoholic sub j ec t s  

studied was 8.  7 mJ:Vh i . c .  approximately twi e e  the rat e normally measured 
in t he heal thy volunteer s . Thi s sub j ec t  exhi b i t ed b reath acetaldehyde 

l evel s wel l  vti t hin the range found. :i n  the n ormal volunteers and i s  further 

eviden c e  for t he l ack of a direct relationship b e tween the rate of ethanol 

meto..bolism and t he l evel of nce tal<ie.hyde ir� t he breath . The rat e s  of 

ethanol clearance for each individual v, ere cclculat ed by l ea st- s quare s 

analy si s of the point s on the linear rortion n of the e thanol c l earance 

curv e s  havinc:; ner;ative slo pe s . 

6-.3-lt-. Bre�'th ac e tul d ebyd e level::; in alcoholic s .  

F i g .  6-4 illu strat e s  t he b reath acetalciehyde levels determined in 

sar.1pl e s  of b reath taken from al coholi c s  duri r:g the metab oli sm of varyine; 

s elf-infl i cted do s e s  of et rmnol . 

An e thanol c l earance rate wa s measured for patient 3 only , u sing 

breath ethc'1nol analy si :3 ,  and Vias found t o  be 8. 7 ml:/h . 

The b reath acetaldehyde l evel s measured in the alcoholic patient s 

were within the rant:;e mea sured in the normal volunteers ( 0 . 5  - 1 0  nmol e s/ 
1 00 ml) except for patient 1 who wa s lmown to b e  suffering from liver 

di ;:;ea s e .  

6-3-5. Ace taldehyde in pla sma, whole v en ou s  bl ood and breath of human 

subjec t s  metab o l i zing a stan�'1rd dose of ethanol . 

A seri e s  o f  experiment s  wa s carried out in which five mal e and f our 

fe'!lale volunt e e r s  c onsLtL1ed a standarcl dose of ethanol (1 . o g,/kg) aft er 



FIGURES 6-3a to 6-3e . DITER-INDIVIDUAL VARIA'l'ION IN THE 

LEVELS OF BREATH ACh'TALDEifYDE 

DETERMINED AFTER A STANDARD DOSE 

OF h'THANOL . 
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FIGURE 6-3b . 
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FIGURE 6-3c . 
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FIGURE 6-3d. 
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FIGURE 6-3e. 
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FIGURE 6-4. BREATH AC ETALDEHYDE L:E.VELS VERSUS BLOOD ETHANOL 

CONCENTRATI Ons Df ALC OHOLIC PATIENTS. 
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which breath alcohol and acetal dehyde l evel s were measured at re&�lar 

interval s for up t o  t hree hour s after ceasing drinking . Parallel 

determinations of plasma and whole bl ood ac etaldehyde , as well as blood 

ethanol l evel s were performed so that blood and b reath acetaldehyde l evel s 
determined at the same time c oul d be c ompared. 

I t  vm.s intended t o  take the same numbe r  of blood sampl e s  froLJ each 

sub j ect . However , difficul tie s were encount ered in taking blood sample s 
from some individual s and as a re sul t , not all breath acetaldehyde level s 
could b e  c or:1pared wi. th corre sponding bl ood levels . 

The bl ood ethanol l ev e l .:;  u ::1ed in c onj unction wi th t he acetaldehyde 

c orrections curv e s  to c orrect for the acetaldehyde produ c ed during the 

depro tei.ni zation of v;hole b l ood sampl e s , were determined by breath ethanol 

analy si s. The correct ed ac etaldehyde conc entrations were found to b e  the 

same ( wi thin the limit s  of experimental error) whether ac tual peripheral 

blood ethanol conc entrations or pulmonary blood ethanol l evel s as determined 

by b reath analysi s were u s ed. 

The re sult s  of thi s seri e s  of experi�ment s are pre sented in Fig s . 6-5a 

to 6-5i . The first point on the ab sci s sa of all graphs repre sent s  the time 

at whic h  al l blank samples were taken , i . e .  immediately b efore ethano l 

was consumed. The breath acetal dehyde and b l ood ethanol level s measured 

in t.b..i s series of experiment s have not b een pr8 sent ec ,  however , they were 

all found to l i e  within the ranees previou sly measured. The measured 

b reath acetaldehyde l evels have b e en converted to pulmonary b lood 

acetaldehyde level s  u sing the average blood : air partition rat io for 

acetaldehyde of 1 89 ,  det ermined as de scrib ed in Section 5-2-8 . No 

stati s ti cal compari son was made of the b reath acetaldehyde c oncentration s 

of male and female volunteerz . With the exception of sub j ect 1 , who 

produ c ed the highe st l evel s of breath acetal dehyde of the nine sub j ec t s  

studied , the l evels of acetal dehyde produc ed by males and female s  lay 

wit hin similar ranges . 

6-j-6 . L evel s  of acetaldehyde in peripheral blood immediately after 

drinking . 

I n  order to det ermine whether blood acetaldehyde l evel s are higher 

durinG the early pha se of ethanol oxidation and to test the hypothesis 

of Deitrich ( see In troducti on) , serial blood samples were taken at short 

interval s (1 - 2 ruin) from two female sub j ec t s  immedia t ely aft er the sub jects 

began t o consume an ethanol load. The bl ood sample s were analyzed for 

both eth·rr..ol and ac etaldehyde and the re sult s  are il lu strat ed in Fig .  6-6 . 



FIGURES 6-Sa to 6-5i . ACETALDEHYDE IN PLASMA , WHOLE Vl'lfOUS BLOOD 

AND PULMONARY BLOOD OF HUMAN SUBJECTS 

METABOLIZHIG A STANDARD DOSE OF ETHANOL. 
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FIGURE 6-5b . 
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FIGURE 6-5d. 
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FIGURE 6-5f. 
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FIGURE 6-5h. 
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FIGURE 6-5i . 
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FIGURE 6-6 . 
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· Although it can b e  s een from Fig. 6-6 that the sampling m ethod employed 

for thi s  experiment enabled the initial rapid ri se in bl ood ethanol l evel s 

to b e  det ected , no large change in acetal dehyde conc entration wa s ob served 

in either sub j ec t .  I t  may b e  a s sumed therefore , that either there i s  no 

initial ' spike ' of acetaldehyde from the l iv er during the first few 

minu t e s  of ethanol oxidation o r ,  if it is produced , it is not ob served in 
peripheral blood. 

It might b e  expected that unless the hypothetical ' spike ' of 

acetaldehyde production was ve� large , and lasted for several minut e s ,  

i t  would not b e  ob served in peripheral blood due t o  dilution and the 

metab ol i sm of acetal dehyde b efore reaching the venou s sy stem .  I t  could 

pos sibly be ob served in the breath b ecau se of the ve� short t ime int erval 

required for bl ood to pass from the liver to the lune s . In order t o  test 

thi s ,  however, an infusion of ethanol would b e  nece ss� so that b reath 

sampl e s  c ould be taken during ethanol admini stration. 

6-4. DISCUSSION . 

The simul taneou s measurement of uce taldehyde concentrations in plasma 

and who l e  blood ha s shown that , in general , plasma l ev el s  of ac etaldehyde 

do no t reflect the level s of acetaldehyde measured in whole blood .  With 

few exceptions ,  whole blood ac etaldehyde l evel s were f ound to be higher 

than plasma l evel s ,  whi ch were c onsi s tent ly lower than 3 p1.1 . The se finding s 

confirm the resul t s  of Crow ( 1 975) but are c ontrary to tho s e obtained by 

Eriks son � (1 977) who found a signifi cant differenc e between the 

concentrations of acetaldehyde in whole b lood and plasma fractions of rat 

blood but not in human blood. The rea son for this di screpancy i s  unkno?m 

but i s  p o s sibly related to differences in the as say methods u sed . 

The uneven di stribut ion of acetaldehyde throughout t he two main 

fractions of human b l ood found in thi s stu�, provide s fUrther evidence 

for t he b indinb of acetaldehyde to erythrocytes and since ethanol-derived 

acetal dehyde pre sent in peripheral bl ood do e s  not decay significantly under 

condi tions in wlri ch free acetaldehyde added to such b l ood is removed 

rapidly ( see Section 4-3-6) , it appears that the ac etaldehyde mea sured in 
both t he plasma and e�throcyt e s  of peripheral blood may be bound in some 

way . If thi s i s  correct , and free acetal dehyde doe s  not exi st in human 
peripheral bl ood , then acetaldehyde may not be availabl e  to exert t oxic 

effec t s  in peripheral ti s sue s .  Ac etaldehyde may have some toxic effect s on 

blood cell s if binding to thi s  fraction of blood doe s  oc cur , as suggested 

by · Gaines et al ( 1 977) , but it s importance in the effe c t s  of alcohol on 

peripheral tissue s may be negligible. 
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The l evel s of acetaldehyde in whole blo od determined in thi s  stu� 

are simi lar to t ho se measured by Korst en et al (1 975) at similar b lood 

ethanol c onc entrations. C ompari son •n th o ther studie s was not considered 

worthwhil e b ecau se no c orre c tions for the formation of acetalde�de during 

the deproteinization of blood sampl e s  have been appl i ed by other worker s .  

A s  a re sul t ,  bl ood ac etal dehyde l evel s much higher than t hose det e rmined 

in thi s stu� have b e en measured ( see C row , 1 975) . Korsten et al (1 975) 

found peri pheral b lood l eve l s  of ac etalde�de to be significantly higher 

in al c oholic sub j e c t s  than in non-alcoholic sub j ec t s ,  sugge sting that the 

higher l evel s were due to decreased catabol i sm  of acetalde�de , po s sibly 

a re sult of ethanol-induc ed l iv e r  damage .  The po s sib il i ty that the 

ac etaldehyde mea sured by Kor sten et al ( 1 975) wa s bound t o  blood c omponents , 

was not c onsidered by the s e  workers and makes the int erpretation of their 

finding s difficult . The re sult s illu st rated in Fig s .  6-5a to 6-5i suggest 

that there is no relation ship b etween the e stimated pulmonary blood 

acetaldehyde l evel s and the l evel s of ac etaldehyde in ei ther pla sma or 

who l e  b l ood therefore it mu s t  be concluded that peripheral b l ood 

acetalde�de l ev el s do no t r efl ect hepatic output of acetaldehyde . 

The b reath ac etaldehy de l evel s mea sured in the five alcoholic pati ent s 

in t hi s  stu� do not indicat e an obviou s difference between al coholic and 

normal sub j ect s vd. th re spe c t  to hepatic acetaldehyde produc tion . To 

determine whether a significant difference does exi st , many more sub j ec t s  

would have t o  b e  t e sted , under controll ed experimental condition s .  

O n  the b a s i s  o f  a :Jt udy o f  hwnan breath acetaldehyde l ev el s ,  Freund 

and O ' Hol laren (1 965) sugge sted that al cohol ic sub j e ct s may hav e higher 

blood ac etaldehyde lev el s than normal sub j ec t s  when b oth groups are 

metaboli zing the same do s e  of ethanol . However , the se workers studi ed 

only five no rmal and t hree al c oholic sub j ect s , with only one of the 

al c o holics showing breath acetal dehyde level s whi ch were significantly 

higher than those measured in the normal sub j ec t s .  

Because o f  the po ssibility that peri pheral blood acetaldehyde level s may 

have l imit ed relevance to hepatic acetaldehyde output , and t he lack of 

data rel at ing to acetaldehyde level s in the b reath of al cohol i c , and non­

alc o holic sub j ect s ,  the exi stenc e of a differ· enc e  in hepatic acetaldehyde 

out put b etwe en the se two grou p s  is questi onabl e . Even if such a difference 

is eventually demonstrated , the probl em of' det ermining whether the increa sed 

ac e taldehyde production i s  related t o  t he cau se of al coholi sm or j u st the 

re sult of liv er damage caused by heavy drinking , would still remain. 

The l ev el s  of acetal dehyde det ermined in blood pla sma sampl e s  in t hi s  

study are l owe r than tho se determined by Lundquist and Wol ther s (1 958) 

and Crow (1 9 75) . The se worker s mea zured pla sma ace taldehyde c onc entration s 
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up to 7. 5 pM in human sub j ec t s  who had consumed exactly half the do se of 

ethanol empl oyed in thi s  stu� . Thi s difference i s  probably due to the 

fact t hat the acet al dehyde a s says employed by Lundqui st and Wolther s (1 958) 

and C r ow ( 1 975) were being u sed at their sen sitivity l imit s .  

Pulmonary b l ooa acetaldehyde level s , determined by b reath ace taldehyde 

analysi s , showed considerab l e  int er-individual variation but for all the 

normal volunteer s ,  f'ell within the range of 0 . 9  - 1 9  pM ,  ·wit h  a mean lev el 

of 4.0 jlM, when 1 . 0  g/kg do s e s  of ethano l  were being metaboli z ed . 

The f'luctuation s  in the breath acetaldehyde l evel s of singl e sub j ec t s ,  

with tim e ,  during t he metab o l i sm o f  ethcmol , could be explained pa.rtly by 

the i nherent variab i l ity of' the as say me thod. However , the int e r-individual 

variati ons were t o o  large t o  b e  ac c ounted for entirely in thi s way . A 

large inter-individual vari ation in maximmn breath acetaldehyde 

conc ent rations af'ter standard ethanol do se s in man has al so b een reported 

by Fukui 1 969) . Since in the pro3ent stu� , there appeared t o  b e  no 

relat ionship b etween ethanol c l earanc e rate and b reath ac etaldehyde l evel s ,  

the i nt e r-individual differenc e s  in ace tald ehyde l eve l s were probab ly not 

due to differenc e s  in the rate of acetaldehyde production in the l iver 

and are pre sumably due to dif'ference s in t he rat e of di spo sal of 

acetal dehyde . Such differen c e s  may be related to hepatic l ev el s o f  

al dehyde dehydro g ena se a s  i t  ha s b e en demon strated in rat s , . that blood 

acetal dehyde l ev el s (whi ch hav e b e en founu to ref'lect hepatic ac etal dehyde 

l evel s (Erik s son and Sippel , 1 977) ) are negntively c orrel at ed wi th 

hepatic al dehyde dehydrog enase l ev el s  (Erik sson, 1 977; Koivula and L indro s ,  

1 975 ; L indr o s  e t  al , 1 975 ; To ttmar and l.iarclmer , 1 975 ; Lindro s ,  1 975; 

Eriks son, 1 973) . 

The dependen c e  of breath ncetuldehyde l evel s on the do se of ethanol 

admini st ered to sub j ec t s  wus clearly demonstrated b ot h  in t hi 3  study and 

that of' Freund and O ' Hollaren ( 1 965) . The v10rk of Freund and O ' Hol laren 

indicated that the b reath l ev el of' acetaldehyde in humans i s  dependent on 

ethanol do se b etween 0.1 g/kg and 0 . 8  g/kr; , and their re sul t s sugge s t ed 

that a further in crea se in ethanol do s e  ha s little effect on b reath 

ace taldehyde l evel s .  The se concl u sion s are support ed by the r e sul ts of 

Fukui (1 969) . Erik.s son (1 977) has al s o  shO\m that , in rat s ,  t here is a 

po s itive correl a t i on between hepatic ac e taldehyde and ethanol c oncentrations 

when hepatic ethanol concentration s  are l e s s  than 30 nM . Sinc e t he 

oxidation of' eth .. mol in the l iver i s  z ero -order throughout the range of 

b l o od ethanol concentrations used in the s e  studi e s  (Kalant , 1 971 ) ,  the 

dif'f'erence s between b reat h acetaldehyde concentrations devel oped during 

the metab ol i so  of different et!�nol l oad s should not be due to dif'ferences 

in the hepa t i c  producti on of ace taldehyde . Unknown fac tors affec ting 
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the di sposal of ac etaldehyde are presumab ly re spon sib l e  for the dependence 

of he patic ac etaldehyde output on the hepatic ethanol concentration . 

Since acetaldehyde c�n b e  mea sured in b reath , i t  must be as sumed 
th..'lt at lea st some of the ac etal dehyde present in pulmonary blood i s  free 

t o  diffuse throu gh the capill ari e s  surrounding t he alveoli and i s  therefore 

pre s ent in an unbound form . However , the po s sib il ity of some ac etal dehyde 

b inding occurring in arterial b l ood , a s  well as to other t i s sue s ,  means 

th..'1- t  e s timati on s  of t o tal hepatic ac et al dehyde out put , based on mea surement s 

of ' free ' acetal dehyue pre s ent in pulmonary blood may b e  erroneou s .  If , 

howev er , i t  i s  a s sumed that all the ac e taldehyde i n  pulmonary blood i s  

pre s en t  in an unbound stat e , and that no free ac e taldehyde i s  pre sent in 

non-hepatic veno u s  bloo d ,  then the conc entration of ac e taldehyde in the 

hepat ic venou s b l ood of the volunteers involved in this study may b e  

cal culat ed to b e  n o  t; reat er than 95 Jll·l , with the mean l evel b eine; 20 pM. 
Thi s cal culat i on i s  based o n  a five-fol d dilution of hepatic v enou s  b lood 

by the time it reaches the l ung s .  L evel s of acetaldehyde in c ereb ral b l ood 

woul d b e  expec t ed to b e s imilar to tho s e  pre s ent in pulmonary blood, i . e . 

no greater than 1 9  J-U>! with a mean l evel of 4 JlM • The level of ac etaldehyde 

pre s ent in the l iver would b e  expe c ted to be very similar to that present 

in hepati c  v eno u s  blood. Forsanuer et al (1 969) have shown thi s to be 

true fo r  rat s . 

T he ext ent of ex trahe patic metab o l i sm of ac etal dehyde i s  diffi cul t t o  

e s t imate from t h e  re sul t s  of t he pre s ent studi e s , since the exact nature 

of t he a c e taldehyde measured in peri pheral b l ood i s  unknown . It would 

appear , however, that no free ac etal dehyde reache s the peripheral venou s 

sy stem in human s and therefore must mu st b e  either metabolized or b ound 

during i t s  pas sage from the l iver, through the art erial sy stem .  

Although m o s t  studie s of the toxic effect s o f  acetaldeizyde have 

inv olved the u se of acetal dehyde concentrations much higher than the 

estimated ma� imum hepatic venous blood lev el s occurring in thi s  study , 

some s tudi e s  have indicated that acetal dehyde may exert toxic effect s  at 
l ev e l s l ower than thi s .  For exampl e ,  al though C ederbaum et al ( 1 974, 1 975, 

1 976) have demonstrated that acetal dehyde concentrations of 0 . 6 - 32 mM 
ar e nece ssa� for inhibi tion of mit ochondrial function in vitro , Ammon et al 

(1 971 ) hav e demonstrated inactivation of coenzyme A by acetal dehyde at 

level s lower than 1 00 pM in the liver and brain of mic e . Acetaldehyde 

concentrations similar to those e stimat ed in pulmonary b l ood of volunt eers 

involved i n  thi s study , hav e al so b e en shown t o  cause the rel ea se of 

catecholamine s from the perfused i sola ted cow adrenal gland ( S chneider , 

1 973) . Therefore , it i s  p o ssibl e ,  tlllit the l evel s of ac etaldehyd e produced 

in the human sys t �1 during the metaboli sm of moderate do s e s  of etr�nol , 
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may be sufficient t o  cau s e  some metabolic di s turbances . Al t hough metab olic 

e�fect s of ac etaldehyde such a s  the relea se of catecholamine s may b e  

important in the effec t s  o f  ethanol o n  the hwna.n system (Truit t  and Wal s h ,  

1 971 ) ,  of primary intere s t  i n  relation to t he addictive properti e s  of 

ethanol is the po s s ibili ty of an in vivo fo rmati on of addic tive alkaloids 

i n  the b rain when ac etaldehyde is p re sent . � uch compounds c an be fonned by 

the di re ct c ondensation of acetaldehyde wi th endogenou s bio benic amine s 

o r  a s  a re sul t of the al teration of b i ogenic amine me taboli sm by 

acetaldehyde (Rahwan , 1 975) . The c onden sati o n  prou.uct of acetaldehyde 

and adrenal ine ha s b e en demonstrated to have pharmacological ac tivity ,  i s  

t aken up by adrenergic nerve t erminal s and may act as a false t ran smi t t er 

( O s swal d et al ,  1 975) . Tetrahydropapaveroline , a tetrahydroisoquinoline 

derived from t he c ondensation of dopamine wi th do pal dehyde , ha s a s t ruc ture 

whi ch clo sely resemb l e s  t hat of highly addi c t iv e ,  naturally occurring 

alkal oi d s  such a s  morphine , and it wa s thi s similarity whi c h  l ed Dav i s  and 

Wal sh (1 970) to pro po se t hat such a compound might form the b a si s of 

ethanol addic tion . Davi s and Wal sh (1 970)  hav e sugge sted that t et rahydro­

papaveroli ne could b e  f o rmed in vivo as a re sul t  of the inhibition by 

ac etaldehyde of dopamine catab oli sm ,  whi ch i s  mediat ed by aldehyde 

dehydrogena se .  

Although the format ion of b iogenic amine derived alkaloids has b e en 

demonstrat ed in vivo in ra ts und man , the experimental c ondition s  employed 

have been such that ti s sue l evel s of the alkaloid precursor s ( acetaldehyde , 

b iogeni c amine s and b io geni c aldehydes) have b een art ificial ly elevated 

either by t he u se of inhibitors of bio geni c amine and ac etaldehyde 

catabol i sm ( l.!ci saa c ,  1 961 ; Daj ani and :Jaheb , 1 973 ; C ol li n s  and Bigdelli , 

1 975) or by chronic admini stration of alkaloid precur sors such as 1 -dopa 

( Turner e t  al , 1 974; Sandl er et al , 1 973) . In a recent study , 0 1 Heill 

and Rahwan (1 977, have failed t o  demon strate the format ion of sal solinol 

( the c onden sation produc t of do pamine and ac etaldehyde) in the brain t i ssue 

of ethanol de pendent mic e . O ' Neil l and Rahwan made no attempt t o  alter 

the level s of alkaloid precur sors by ar tifi cial mean s during the 
metaboli sm of ethanol and doub t was expres sed concerning the po s sib1 l i ty 

of alkal oid formation under the normal phy si ological c onditions exi s ting 

during t he metaboli sm of ethanol . Mice have been shovm by Redmond and 

Cohen (1 972) to devel o p  b reath ac etaldehyde level s in the same range during 

ethanol metab ol i sm , a s  those dev el oped by the human sub j ec t s  in t r i s  study. 

If alkal oid forma t i on cannot be demon stra t ed in rat s , it i s  unl ikely t o  

occur i n  human s ,  si nce the mean l evels of a c etaldehyde in he pat i c  and 

cerebral b l ood e s timat ed in thi s study are approximately one oruer of 

magni tude lower than the level s of ac etaldehyde measured in the hepat ic 
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and cerebral b lood of rats (Eriks son,  1 9T/) when b oth the rat s and humans 

had similar blood ethanol l evel s . 

The work of Tabakoff et al (1 976)  has suggested that brain levels 

of acetaldehyde may be an o rder of magnitude l ower than cerebral bl ood 

acetal dehyde c oncentration s in mic e me tab ol i zing e thanol and Si ppel and 

Eriksson (1 9 75) r�ve shovm in rat s ,  that no acetaldehyde i s  detec tab le in 

rat b rai n until cerebral b l ood acetaldehyde lev el s reach a l evel of 

approximat ely 200 pl.l. 'I'hese re sul t s  indicate that the b rai n may b e  

partially prote cted from c onc ent ration s of ac etaldeh)d e i n  cerebral blood , 

by a metabol ic barri er. Thi s may be the rea son for the lack of alkal oid 

formation in the brain under no rmal c ondi tions of ethanol metaboli sm . If 

thi s si tuati on appli e s  in humans a s  well , t he l evel of acetaldehyde present 

in the brain of the sub j ec t s  involved in thi s  study would be expected to be  

l e s s  than 2 }L�: . Although i t  remain s to be proven that the syn lhesi s  of 

pot entially addic tive alkaloids occurs \'/hen acetaldehyde concentrations 

are as  low as t his Lahti and J,lajchrowi c z  ( 1 969) have shown tha t acetaldehyde ' 

competi tively inhib i t s  the oxidation of 5-hydroxyindole acetaldelzyde by 

rat-b rain mitochondria l  al dehyde dehydrogena se and since the Ki for 

acetaldehyde is 2 . 6  pM , l ev el s  of acetaldehyde lower than 2 JlM might b e  

expected t o  cau se an accur:.ula tion o f  t he ab ov e biogenic aldehyde i n  the 

brain . Such an ac cumulat i on could pos sibly resul t in the f ormation of 

5-hydroxyindole acetaldehyde-derived alkaloids . 

Throughout thi s di scu s sion it }�s been assumed that any ac etaldehyde 

pre sent in ti s sues of the mammalian b o dy wil l hav e been deriv ed from 

hepa tic ethanol metab o l i sc.1 and t herefore extrahepati c-ti s :-mc l E:v d s  of 

ac etaldehyd e cannot he hic;ber than the acetuldehyd.e conc entration in the 

liver . ':'hi s a sSUID}ltion i s  based on the fac t  that in tlte rat , ext rahepati c 

alcohol dehydrogenase l E:vel s are ext remely lov: c ompared to hepat i c  levels 

(. !1askin and Sokol off , 1 972) . Tr..i s  i s  t rue e specially for the b rain 

(Raskin and Sokoloff , 1 972) . J :ukher ji  et al ( 1 975) have shown U.at the 

perfused rat brain doe s not metab olize  ethunol , and Tabakoff � (1 976) 
hav e  shown that the capaci ty of acetaldecyde oxidation in brain ti s sue of 

mi ce i s  greater t han t he rate at \ hi ch acetaldehyde i s  delivered to the 

brair: via the b lood. If t hi s  i s  the case for human s as  well , it would 

appear l ikely that the brain is only expo sed to c irculating acetaldehyde . 

In conclusion , it rr.ay be stat ed that from the present study, the 

human brain i s  expo sed to very l ow l ev e l s  of ac etaldehyde during the 

metab oli sm of moderate doses of ethanol by the liver but these level s may be 

sufficient to exert s or:1e i nhib itory effect s on pathways of biogeni c amine 

metaboli sm in the brain.  However , t h e  task of defining , i n  humans , the 
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level s of ac etaldehyde which mi ght r ccch or�.;an s such as the brain i s  

compli c at ed by the apparent exi � tence o f  acetal dehyde in a b ound form in 
human bl ood. If b indinG of acetal dehyde to bl ood doe s  occur in vivo 

t hen it i s  important to lmow whether thi s bindinB is rev er sib l e .  If i t  

i s , then brain ti ssue may be expo sed tu bieher l ev el s  o f  acetaldehyde 

than t ho se cal c ulated on t he basi s  of ace tal uehyde appe<u·i nt,; in tbe b reath . 

I t  i s c l ea r  that t he methods curren t ly avai lable for the det ermination 

of acetal dehyde i n  b l ood and b r eath sampl e s  of hum;m sub j e c t s  �T.ay not b e  

capab l e  of det ermi ning all the ace tal C..ehyde pre s ent i n  t he human sy st em 

during ethanol metaboli sm .  Therefore , future studi e s  on the significance 

of ac e tal dehyde in the human sy stem shoul d incl ude an i nv e sti gation of 

the po s sible i n  v ivo b indi ng of ac e tal dehyde . 



SECTION 7 

THE PRODUCTION OF ACETALDEHl"DE BY PERFUSED RAT LIVERS 
M1:.'TABOLIZ1NG 1:.'THANOL 

7-1 . IN?RODUCTIOH. 
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\Vhil e  the studi e s , alrea� de scrib ed, on acetaldehyde and ethanol 
metabolism in human s ware prec edin g ,  a rat-l ive r perfusion sy stem wa s b eing 
set up for studi e s  on hepatic ethanol metabo l i sm . The sy stem was required 
b e cause , for ob viou s e t hical reason s ,  t he dire c t  in vivo study of hepat ic 
met abolism in humans is im po s sib l e , 

One advantage of the rat-liver perfu sion sys t em i s  that it permi t s 
the stu� of early ace taldehyde pro duc tion during the first few u:inu te s  
of ethanol oxidati on , and so mak e s  i t  po s si b l e  to test t he hypothe s i s  of 
Dei trich (1 976) , outl in ed in the introduction to Section 6 .  

7-2 .  h!i!.'THODS . 

7-2-1 . Expe rirr.ental animal s and ope rative t ec hni4.ue . 
}o!ale :..lprague-Dawl ey rat s were u sed , weighine 1 50  - 250G and fed on a 

standard l ab o ratory di e t  with wat er ad libi t um .  
The rat s were anae stheti zed f o r  t he operation by intraperit oneal 

inj ection of l';embutal1 ( .30 mg/ml of H20 ; 5 mg/1 00g) . A t rach eal c annula 
wa s insert e d ,  and re spirat ion during the o peration wa s facilita ted by means 
of a mecrillU1ical re s pirat or. C annula t i on of the portal v ein , inferior vena 
cava and b i l e  duct wa s carried ou t as desc rib ed by Hems et al (1 966) and the 
l iver wa s then i solated from the rat by the me thod of Hil l ar ( 1 9 73 ) . Onc e  
i solated , t h e  l iver wa s att ached t o  the perfu sion sy stem and the first 
20 ml of pet-fu sat e  wa s di scarded to renLove re sidual rat b l ood remaining in 
the liver .  The mean wet weight of the livers used in the studies was 9 . 8 g 
and the weight s ranged from 6 .  7 - 1 2 .0  g .  

7-2-2 . Perfu sion syst em. 
All p erfusions were performed u s ing a reci rculation sys t em based on 

that de s c rib ed by Hem s  &E (1 966) . 

1 .  Ob tained from Ab b ot Laboratorie s  (New Z ealand) L t d . , L ower !Iutt . 
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The perfusion medium contained washed b ovine erythrocyte s  ( haemoglob in 

concentration 1 0 g/1 00 ml) , b ovine serLUn albumin1 
(3g/1 OOml) and 

approximately 2 , 000 units  of heparin. The s e  component s were suspended in 
gluco se- supplement ed Kreb s-Henseleit buffer , pH 7.4 ,  having the foll owing 

compo sition : NaCl , 1 1 7. 78 mM ; KCl ,  4. 69 mM ;  CaC12 , 1 .00 mM ; Kli?04, 1 .1 6  mM; 
Mgso4, 1 . 1 8 mM ; NaHCOy 24. 3  m1.!; Gluc o s e , 9 . 94 mM .  The perfu si on medium was 

equilibrated with o
2

: co2 ( 95 : 5) at 37°C and !�d a total volume of 200 ml . 
The medium pE was maintainf'd at 7. 4 with 0 . 5  li Na.Eco

3 
during the course of 

each per�usion by using an automatic titrator. 
'l.'he rat livers were perfused at a rate of 1 0 - 1 2 ml/min and at a 

pressure of 1 2 - 1 5  cm of water . 
All liver s were perfu sed for one hour b efore ethanol was added to the 

perfu sion medi um re serv o ir to produce an initial conc&ntration of 32 mU. 
The hour-long ' pre-perfu sion ' was employeU. to all ow the metab oli c �tat e  of 
the l ive r to stabilize after the short anoxi c  period. ( < 5 min) occurring 
during surcical i !jolation when the organ was not being supplied with blood. 
C ontrol perfu sions were performed by omitting the addition of ethanol t o  
the perfusion medium . 

All perfusat e samples  u sed for analy s i s of metabolites were t aken 

directly from the vena cava c snr.ula .  B il e  production wa s det ermined during 
the perfu sion peri od by measuri ng the volume of bile produced during each 
hour of perfusion. 

7-2-3. .t\nalytical I;J.ethods.  
Lactate ,  pyruvate  and ethanol were de t ��rmined by the methods described 

by CouchrJan (1 974) , in protein-free supernata.nt s obtained by mixing samples 
of perfusate ( 2 ml) with one volume of ice-cold 1 1! PCA . 

Since some ethanol wa s lost from the perfusion medium as a re sul t of 

evaporation in the oxygenator ,  ethanol oxidation rat es cal culat ed for each 
liver > ere corrected by sub tractinG the mean rate of ethanol loss  which 
occurred when a liver was not incorporated in the perfusion circuit .  

Acetaldehyde was determined in  protein-free supernatant s obtained by 

mixi ng 0 . 2  ml sample s  of perfusate with 1 . 8  ml of ice-cold 0 . 6  K PCA. The 
semi - or fully automat ed acetalU.ehyde assay methods previou sly described 
were u se d  and correction curves similar to those obtained for human blood 

ace taldehyde determinations were employed to correct :for acetaldehyde 
Produced from ethanol during deprot eini za t i on of the perfusate samples . 

1 .  Fraction V ,  Obtained from !)iema Chemical C o .  St . L ouis , 1.1o . ,  U. S .A . 

This wa s dialyzed acainst three changes of di still ed water before use.  
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The total volume or perfusion medium removed for metabolite analy si s 

was never greater than 1 3�� of its initial volume and the small change s in 

the volume of the perfusion fluid were taken into account in the 

cal culat ion s  of the metabolite contents of the medium. 

7-3. RESULTS AND DISCUSSION . 

7-3-1 . Ethanol oxidation rate s.  

Ethanol was oxidized linearly b y  t h e  pcrfu sed livers at  a mean rate of 

1 . 7 �oles/min/g wet weight ( s .D . =  0 . 39 , n=1 4) . Although this rate is 

approximately 50t<� l ower than ethanol oxidation rates  ob served in vivo 

(Crow et al , 1 977; Eriks son and Sippel , 1 9 77) , they compared favourably 

with rat es  mea sured by worLers using perfused rat livers where no a t t empt 

wa s made to artificially stimulate ethanol oxidation rat es (Papenberg , 1 971 ; 

Lindro s et al , 1 972; Erik s son , 1 973 ; Lindr o s ,  1 9 75 ; Thu rman et al , 1 976) . 

7-3-2 .  Perfusate concentrations of lac tate and pyruvate .  

Pigs . 7-1 and 7-2 show the lactate and pyruvat e concentrations in the 

perfu sate during the perfu sion of rat livers for t hree hours with and 

without the addition of ethanol to the pe rfu sion medium. The resul t s  show 

that the predominant effec t of ethanol was to cause a lowering of the 

pyruvate l evel of the mediL� . This effect has been noted previou sly by 

Porsander (1 966) who found that in rat liver slices,  ethanol l owers pyruvate 

l evel s wi thout significantly altering lactate concentration s. A similar 

effect was noted in perfu sed rat liv er by Porsander et al (1 965) and 

Papenberg ( 1 971 ) .  Becau se there was no lo.q;e accumulation of lactate 

during the perfusions ,  it was assumed that the oxygen supply to the livers 

was adequate ( Schimassek ,  1 963) . 
Fig . 7-3 shows the change in  lac t ate : pyruvat e ratio durine e thanol 

m e taboli sm . The lactat e : pyruvat e  ratios measured in control perf'usions 

were found to be relativdy stabl e ov er the three hour perfu s i on period 

and were al ways very cl o se to the norrr.al in vivo ratio of 1 1  (Hohors t ,  1 959) . 

�thanol metab oli sm in perfu sed l ivers resul t s  in a large increase in 

the lactat e : pyruvate ratio in the p�,;:rfusion medium , an increase which i s  

characteri stic of hepatic ethanol metabolisw and has b een demonstrated 

many time s . T he maGni tude of the inc1·ease in the lac tate : pyruvute ratio  

while perfused livers  were metabolizin� ethanol was variabl e  but the mean 

increase above the control values was very similar to that reported by 

Bullock et al (1 974) for perfu sed rat livers metabol i zin� e thanol at an 

initial concentration of 27 m:.� . 
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· 7-3-3. Bile production. 

The production of bil e by c ontrol livers and t hose metab oli zi ng 

ethanol i s  illu s trated in Fig. 7-4. The rate s of bile production varied 

c on si derab ly but the mean ra tes are similar to tho se which had been 

mea sured pr eviously in perfu sed ra t l iver sy st em s (Erauer et al , 1 9.51 ;  

Graf et al , 1 973 ; Krone �' 1 974; i'.��rland and 1/;ye ,  1 971.-) and the bil e 

produ ction ratt:l s  mea sured during the fir st hour of perfusi on ( pre-perfusion 

period) are clo se to t hose measured in rat s in vivo (Brauer et al , 1 951 ; 

Graf et al , 1 973 ; Bullock et al , 1 97h) . 

The decrease in bil e flow whic h  o c curred over the four hour perfusion 

peri od had been ob served by other workers (l�rone �, 1 9 74 ; Graf et al , 

1 973) and may re sult froo a redu c t ion in nervous and humoral regulation 

an�or depletion of variou s bile precur sors (Barto�ek et al , 1 973) .  

Although both Us6rland and �ye ( 1 974) and Bullock et al ( 1 971�) have 

found that t he metabol i sr:1 of ethanol by pcrfu sed rat l iver s had no signifi cant 

effect on bile produc tion , the re sul ts obtained. in this stud.y indi cat e a 

difference b etween t he rat e  of bil e  produc t i on in control livers and tho se 
metab o l i z i ng ethano l  in the third (P < 0 . 05 ,  t-test) and. fourth (P  <. 0 .1 0) 
hour of perfusion . Thi s  apparent differenc e i s  not highly significant , and. 

no concl ..1 si on ha s been U.n:mn co ncerninG the effect of ethanol on bil e 

secretion fro� this study .  

7-3-4. Ac e bldehyd.e produc tion by the perf'u sed liver s . 
The produc t i on of ace tal d.ehyde by the l ivers met aboli zing ethanol •vas 

variable but charac t e ri zeu in almo3t all cases by a ' spike ' of acetal dehyde 

appearing in the hepat i c  veno u s  perfus.:tt e at various time s after ethanol 

wa s added to the perfu sion medium . The hepati c acetaldehyd.e output dropped 

very rapidly after thi s initial peak and was often dovm to very l o w  l evel s 

within the fir st hour of ethanol oxid3. tion. Ethanol wa s b eing oxidized at 

a l inear rat e throughout the three hour perfusion period and therefore the 

l O l"l l evel s of acetaldehyde c oming fro:•J the liver in the second and t hird 

hours o:f' perfusion did. not resul t from the ab sence of ethc'lnol , or it s 

oxidation in t he liver.  The nature of the production of acetaldelzyde from 

the pe rfu sed l ivers i s  illustrated by some typical results shown in Fig. 7-5. 

No evidenc e was obtained for the exi s t ence of bound acetaldehyde in 

the perfusat e samples . In c ontra st t o  the :Ji tuation with whol e human or ox 

bl ood , acetaldehyde added to the perfu sat e decayed very slowly and could b e  

compl e tely recovered u sine the a ssay methods des crib e<l . Acetaldehyde 

appearing in tht1 perfu sat e from ethc'1.11ol metnboli srn disappeared in perfu sate 

samples  at a simil ar rate t o  added acetald.ehyde and no siGnificant difference 

was ob served. between the c onc entration ::; of acetaldehyde in whole perfusate 
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sample s  and perfusate ' pla sma ' sample s . 
Since t here i s  no c o rrelation between ethanol oxidation rat e s  a�d 

peak acetal dehyde c oncent rations ( see Fig .  7-6) the variat i on s in hepat i c  

acetal dehyde output do n o t  appear t o  b e  related t o  variations i n  the st eady­
state rate of acetal dehyde forma tion in the liver. A similar lack o f  

c orrela tion exi sted b e tween t h e  peak a c e tal dehyde concentrations and rat 

l iv er weieht and body Ylei ght . If the rate of produc tion of ac etaldehyde 

in t he liver during the f i rst few minu t e s  of ethanol oxidation i s  not 

li.mited b) t he NADH reoxidation rat e  as sugg ested by Deitric h  ( 1 976) then 

it would be expec ted to be di rectly related to the l evel of alcohol 

dehydrogena s e  pre sent in t he l iver .  However , the hepatic output of 

ac etaldehyde i s  dependent not only on the r · t t e  of ethanol oxidation but al so 

on the rate of acetaldehyde oxida t ion and thus refl ect s  the b alance b etween 

these two proc e s se s .  S ince thi s b alan c e  may be readily di s turb ed by small 

changes in eitl er ac etal dehyde produ c tion or catab oli sm in rat s (Lindro s ,  

1 975) the peaks of ace taldehyde production ob served in thi s study may b e  

cau sed by an initial rapid rate o f  ethano l  oxidation o r  by an initial ' la.g­

phase ' during which ac e taldehyde oxidati on i s  sli Ghtly slower than t he 
rat e  of ac etaldehyde formation . 

The l ar ge variation in acetaldehyde output by the livers of rats in 

t hi s  study make s the sy stem unsuitab l e  for the study of factors affecting 

hepatic acetal dehyde out put until the rea son for thi s  variation i s  knovm . 

Previou s studi e s  of in vitro ac et aldehyde production by either 

i s olated rat hepatocyt e s  or perfu s ed l ivers have given inco n si stent re sul t s  

concerning b o t h  the magnitude and time c our..,e of acetaldehyde releu se from 

the whole l iver or liver cell s .  C row et al (1 977) found that negligible 

l evel s o f  a c etal dehyde w e r e  fonaed by i solated hepatocyt e s  metaboli zing 

e t hanol at an initial l evel of 8 ml.: . Ho wev er , acetaldehyde was not 

det e rmined unt i l  60 min af t er ethanol was added to the cell su spension s . 
L indro s  (1 975) found that ac etaldehyde accunulated to l evel s oi' abo ut 

500 pM in hepato cyt e su spen sions aft er a 30 min incubation peri od , when 

the ethanol l evel of the m ediwn was initial ly 28 mM. L indros et al ( 1 972) 

had found t�t 6�� of the acetal dehyde produced in perfu 3ed rat livers 

l eft the l iver s unmetab o l i zed, when the liver s were metabolizing ethanol 

at a simil a r  l ev el to that u s ed in thi s study . It may be calculated from 

the perfu sat e fl ow- rat e s  and ethanol oxidat i on rat e s  occurri ng in the 

pres ent study t hat no mo re than �� of the acetaldehyde fomed in the l iver 

�ppeared in t he hepatic venou s perfu sat e .  Thi s re sult i s  con si stent with 

the re sul t s  of Eriksson and Sippel (1 977) who found that over 95, �  o.!' the 

acetaldehyde produced in the rat liver in vivo is oxidi zed further within 
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the liver. Using perfused liver s ,  Eriksson (1 973) demonstrated that hepatic 

acetaldehyde output gradually increased during the first hour of perfusion 

and no sharp peak of acetaldehyde prouuction was ob served. The amount of 

acetaldehyde leaving the liver was as high as  251� of the acetaldehyde 

produced by metaboli sm of ethanol i� the liver. Eriksson (1 9 73) has al so 

found a large variation in t he rates  of hepatic acetaldehyde output between 

l ivers of different rats.  

Few in vivo studi es  of the variation in hepatic acetaldehyde output 

throughout the time course of ethanol oxidation i n  rat s  have been 

performed , but Hillbom (1 9 70) and &iksson and Sippel (1 977) have shovm that 

hepatic venous acetaldehyde level s decrease during the oxidation of an 

acute do se of ethanol and their result s do not preclude the po s sibility of 

a peak of ace taldehyde occurring in the hepat ic venou s  blood during the 

first few minutes of ethanol oxidation . 

If the results of this study reflect a phenomenon whi ch occurs in vivo 

then future studies of the toxic potential of' acetaldehyde in the mammal ian 

system should include the n1easurement of acetaldehyde level s directly after 

ethanol administrati on in order to determine the maximum hepatic output of 

acetaldehyde . 



APPENDIX I 

PRODUCTIOn AIJD STORAGE OF 1 -1 4c ACE'.rALDBHYDE 

I-1 . lliTRODUCTION . 

The high volat ility and c hemical reac t ivity of acetaldehyde make it 

difficul t to store very small quanti t i e s  of thi s  compound unl e ss 
precaution s a r e  taken t o  eliminate l o s se s  due t o  evaporation , OY�dation 

1 4.2 

or polymeri zat i on. At the time thi s  study was undertaken , few radiochemical 
manufac turing companie s  included 1 4c -acetaldehyde in their cu.talogues and 

o n e  that did (C ommi s sariat a l ' energie atomi que , Franc e) , stat ed that up t o  

30,% o f  the acetaldehyde mi ght b e  pre sent a s  paraldehyde . The polymeri zati on 
o f  acetal de hyde to paraldel.yde o c c urred ev en t hough it was stored under 
nitrogen . 

Since i t was knovm t hat ac otal dehyde reac t s  readily with semi carbazide 

to form a non-volati l e  s emi carba zone derivative (Burbridge et al , 1 9 50) and 

the pre sence of acid favours the fo rmation of acetaldehyde and semicarbazide 

from thi s  derivative ( C onant and Bartl ett , 1 932) , it was thought that small 

quantit i e s of carrier-fr ee radioactive ac etaldehyde could perhaps b e  

stored f o r  l ong periods as  the stable semi carbazone derivative and 

be regenerated by di stil lation in the pre sence of acid, as required . 

E thanol ( 1 -1 4c ) wa s readily availab l e  at the time this work was being 

carri ed out so it was decided t o  att empt to produce 1 -1 4c acetaldehyde by 

an en zymic oxidation , t rap the acetaldehyde with semicarbazide and 

regenerate t he acetal del1yde from the semicarbazone derivative after variou s 

s t o raGe t�es to det ermin e  the stability and efficiency of regeneration 
of acet al dehyde stored in thi s form .  

I n  carrier-free batches o f  radioactive compounds , v e ry  small amount s of 

the compound s are u sually present. For example , only 200 pg of ethanol was 

pre sent in the batch of 1 -1 4c ethanol u sed for this work. Enzymic 

oxidation was considered a simple and appro pri at e method for converting 

t hi s  quantity of ethanol t o  acet al dehyde . 

I -2 .  ?.Tl'HODS .  

I -2-1 . Production of ace taldehyde semicarbazone from ethanol . 
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A reaction mixture de signed. f'or the quantitative conversion o:f' up t o  
200 p g  o f'  ethanol t o  acetalde�de was prepared , c ontaining the following 
reagent s : -

1 ml of' 1 50 mM pyropho sphate buf'f'er, pH 8 .  8 ,  containing 1 50 ml.! 
semi carbazide . 
0. 5 ml of' a 1 4 mril NA.I/ solution. 

1 0 . 5  ml of' a 1 mg/ml solution of' horse liver alcohol dehydrogenase . 
The r eaction mixture was similar to that u sed in the al cohol a ssay method 

of' Lundqui st and Y{ol thers ( 1 958) , wi th NAD + and semi carbazide b eing pre sent 
in large exce ss to ensure the c ompl ete conversion of' ethanol to acetaldehyde . 

Af't er addi tion of 1 4c -lab elled ethano l2 in a total volume of' 0 .  5 ml 
to the above reagent w�xture in amount s between 1 0  and 40 pg , the reaction 
wa s allowed to eo to compl etion. By u sing unlab elled ethanol and carrying 

out the reaction in a spectrophotometer cuvette , the time required for 
the c omplete reaction could be determined by monit oring light ab sorbance 
in the reagent mixture at 340 nm .  

After completion o f  the oxidation , the reagent mixtures were rotary 

evaporated to dryne s s  at 50°C to remove any residual ethanol ,  and stored 
for varying time s a t  -20°C . 

I -2-2. Regeneration of ac e tal dehyde from i t s  semicarba zone . 
Regeneration of acetaldehyde was carried out by !3 t earn di stillation in 

a Markham still u sing H2so4 to hydroly z e  the semi carbazone . 
The dried reaction mixtures were di s solved in water t o  make a to tal 

volume of' ab out 1 0  ml and non-radi oac tive cry stalline ace taldehyde semi­
carb a z one was added in amoun t s  f'rom 0 . 0  to 1 3 . 9  mg a s  carri er . Acid (2M 
H2so4: 3 ml) wa s p laced i n  the stil l foll owed by the aqueous semicarbazone 
solution which wa s inj ected through a rubber septurn placed in the neck of' 
the inlet to the di stillation chamb er . Steam di stillation of' the aci� 
semi carbazone mixture wa s all owt1d to proc eed f'or up to 1 min and the 
di stil late was collec ted in either ic e-cold di stilled wat er or 0.1 r.; 

pho s phat e  buffer , pH 8 . 0 .  The out l et tub e  of' the c ondenser was always 
kept b eneath the surfa ce of' the water or buffer to minimi ze acetaldehyde 
l o s se s  to the atmo sphere .  Yield s of acetal cle�de were det ermined by a ssaying 
the di stillate s u sing either the method of' Burb ridge et al ( 1 950) with the 
diffusion step in t he as say eliminated , o r  the s emiautomated enzymi c  
acetalde�de as say de scrib ed i n  Section 2 .  Recovery o f'  to tal count s was 

1 • Obtained f rom the Sigma Chemical G o .  
2 .  Specific ac tivity = 57 mC i/mmole . 



determined by counting aliquot s of the semicarbazone s olution b efore 

di stillation as well a s  aliquo t s  of t he di stillate and the soluti on 

remaining in the s t i ll after di still ation. Det ermination of t ot al volati l e  

a n d  non-volatile count s in the di stillate at pH 8. 0 was performed by 

c ounting aliquo t s  of t he buffered di stil lat es b efore and aft e r  the se 

di s ti l lates were evaporated to dryne s s  and made up again t o  t heir ori ginal 

volume with water . 

Because t he exact conc entrat ion of the aque ou s 1 -1 4c ethanol solution 

empl oyed for t he se experiment s wa s not !mown , no prec i se determination of 

chemi c al recovery of ac etaldehyde a.f't er di still ation c ould b e  made when no 

carrier serui carb azone was u sed. However , vd. th carrier semicarbazone , t he 

am ount of lab e l l ed a c e t aldehyde was net:lit;ible compare d  to the amount o f  

CA.rri e r  and an accura t e  e stimate of t o tal acetal de hyde recov ery could b e  

ob tained. 

�adioac tivity was mea sured using the scinti l lati on solvent and counting 

equi pmen t  de scribed in Sec tion 4. The error in all c ount s wa s .±. 2;�. 

I -3. RESULT3 . 

I -.3-1 . Oxidati on of ethanol .  

I n  two experiment s employi ng 40 p g  of unlab elled e t hanol , a 91 ;� 
c onversion of the et hanol t o  ac etaldehyde wa s obtained u sing the reagent 

mixture de scribed ab ov e and an incubation time of 40 mi n at room t emperature . 

No further reac tion oc curred after t h i s  t ime . The ac etaldehyde yield was 

cal culated from the ab sorbance of the s olution and the ext ' nction c o efficient 

of NADH , a s suming acetalde�de to be produced in a quantity e qual t o  that 

o f  HADH . 

I -3-2 . Regeneration of 1 -1 4c acetaldehyde .  

Thr ee 1 -1 4c ac etalde�de semicarb azone sampLe s formed by enzymi c 

oxidation of ethanol , were regenerated in the pre sence or different 

quanti ties of carrier s emicarbaz one ove r  a period of 1 3 mont hs . The re sul t s  

are given in Table I -1 . 

Fo r the samples re generated with carrier semicarbazone , the recoveri e s  

of volatile c o unt s i n  the di sti l l a t e  a t  pH 8 . 0 are very clo se t o  the 

chemi c al recov erie s of acetaldehyde . Thi s sugge st s ,  although it doe s  not 

prove , t ha t  t he regenerated acetaldehyde wa s radi oc hemi cally pure . The 

l ow l ev e l  of di stil l ed count s which were non-volatil� at pH 8.0 sugc;e s t ed 

t ha t  very l i ttle acetate or c o2 i s  fo r:::ted from the acetaldehyde during 

di stillation . 



TABLE I -1 .  

REGENERATION 01� 1 -1 4c AC1'TALDEi fYDE FROM 1 -1 4c ACE'l'.ALD�IYDE 

SEJ.!ICARBAZO!m. 

Time o� storage 
at -20 C 

1 day 5 months 1 3  months 

.V eight o:f acetaldehyde 
5 . 5 mg 2 . 2  mg o . o  mg 

semicarbazone carrier 

A c etalde�� u� re covered 4. 9 mg 1 . 9 mg - - - -
by di stil lation 

Efficiency of 89',� 86:;� - - - -
regeneration 

Total c ount s in the 
di stillate u s  a 95 87 94 
perc entage of those 
di stilled 

Percenta�e o:f' c ount s 
in the di stillate 

97 99 98 which v. cre volatile at 
pH 8. 0 
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The sampl e of 1 -1 4c acetaldehyde semicarbaz one which was stored for 
1 .3  months and regenerated without carrier semi ca.rb azone e;nv e a similar 
recovery of volatil e c ount s to tho se sru:1pl e s  regenerated wi t h  carri er . 

It would seem ,  therefore , that the effici ency of the di still atiun system 
u sed i s  independent of the weight of ser.1icarbazone u ned within the range 

of 1 0 p g - 1 .3. 9 m g . 

A dupli cat e sampl e  of the 1 -1 4c acetaldehyde which l'l.ad b e en s tored f or 

1 3  month s wa s u sed for t he experimen t  de sc ribed in Section 4--2-5 .  The 

re sul t s  of t hi s  experiment showed that the v olat il e coun t s  decnyed at the 

same rat e as the ac etalci.ehyde a :.:; sayed in the dil uted b l o o d  and the spec ific 

activity of the acetal ciehyde did not c llilllt;E: sie,nificantly during the 

ac etaldeeyde decay . Thi s is probably the b e st evidence for the l·ad..io­

chGillical purity of t he radi oactive product obtained by the methods 

C.e scribed. Sinc e a lltoL·o.ge period of up to  1 j months had no significant 

effect on the puri ty of the regenerated product compa.red to storage for 

one day only , it may b e  suppo sed that t he s cmi carbazone derivativ e of 

acetaldehyde i s  a rel atively stab l e  compound under the storage c ondi ti on s  

used and therefore very useful for tht: storage o f  small quantit ie s oi' radio­

ac tive ac etaldehyde .  The method of production , storage and regenerati on 

of 1 -1 4c ac etaldehyU.e de scribed here i s  very simple with al l reagent s  and 

equipment readily ob t ainab l e and inexpensiv e .  The hit;h yield of ac etaldehyde 

ob tained froL1 e thanol and the high recovery of acetaldehyde from the 

semi carb azone derivative oeant t hat there wa s only a small lo s s of 
acetaldehyde when these methods we re u :.;ed . 
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