Elimination Half-life of Methanol During Hangover
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Ahstract- This paper reports the eiminavion half-hie of methanol 1n numan volunteers. Eaperiments were made during
the morning after the subjects had consumed H00- 1300 mi red wine (9.5% wv ethanol. 100 mg:) methinol) the previous
evening. The washout of methanol trom tiie body coincided with the onset of hangover. The concentriations of ethanol
and methanol in blood were determined indirectly by analvsis of end-expired alveolar air, In the morning when biood-

cthanol dropped below the Km of liver alcohol dehydrogenase (ADH) of about 100 mg | (2.2
. I8 and 15 min. in 4 test subjects respectively. The corresponding elimination half-lives of

nalf-lie of ethunol was 21,

mM). the disappearance

methanol were 2130 110, l“ dnd 142 min. in thesc same individuals. The experimental design outlined in this paper can
be used 10 obiain useful data on elimination Kincties of methanol in human volunteers without unduc cthical limitations.
Circumstanuial evidence is presented 10 hnk methanol or its toxic metabolic products. formaldehyvde and formic acid,

with the pathogenesis of hangover.

studies in man on metabolism and kinetics of methanol are
hampered by the high toxicity of its metabolites, formalde-
nde and formic acid (Ree 1982). Most published work
m this field comes from clinical reports about individuals
posened with methanol (Jacobsen er al. 1982). In these
ataions, however. the elimination kinetics of methanol
are confounded because ethanol is almost always adminis-
tered ais a first-aid in treatment (McCoy er al. 1979; Peterson
1981). Other therapeutic measures that tend to complicate
the pharmacokinetic profile of methanol include haemodia-
Iysis 1o clear the blood from low-molecular species and
mfusion of bicarbonate to counteract metabolic acidosis
(Pappas & Silverman 1982).

Both methanol and ethanol are substrates for hepatic
alcohol dehvdrogenase (ADH), although the affinity of the
enzyme is much higher for ethanol than methanol (Mani er
al. 1970). This means that biotransformation of methanol
can b, b]ocked by administration of ethanol. Moreover.

dz.. ¢ 1in the body in the course of mtermedtar\ metabolism
(Eriksen & Kulkarni 1963). the endogenous levels will in-
crease during a perio€ of heavy drinking (Majchrowicz &
“Mendelson 1971; Magrinat ¢t al. 1973). The occurrence of
methanol as a congener in various alcohelic beverages adds
ti this accumulation. it should therefore bs possible to
mvestigate the kinetics of methanol eiimination without
Ifllcrference irom ethanol if experiments are conducted in
e morning after a heavy drinking session when blood-
ethunoi concentrations drop below the Km of ADH about
e (22 mM).

2% puper reports the elimination half-life of methanoi
1t heuithy human volunteers, Experiments were madz in the
Murning afier ethano! intoxication the night bezforc and
““'*“'"0” coinciding with onse! ol hangover. This experi-
------ 212l design aliows coliecting data on methanoi kinetics
humar vojunteers withour having 1o directly administer
*inunol and therefore withou: undue ethical limitations.

Mmeﬁals and Methods

Subjecis and conditions. Four healthy individuals (3 men and |
woman) all accustomed to moderate drinking voluntcered for this
study. They arrived at the laboratory at about & p.m:. and consumed
over the following 2 hours between 1000 and 1500 ml red wine (9.5
£/100 ml ethanol: 100 mg/l methanol) together with potate chips
and cheese. These doses of cthano!l correspond to between 1.2 and
1.5 g ethanol per kg body weight. The peak concentrztions of
ethanol in blood, calculated from breath analysis. were between
1360-1600 mg/l. The 1est subjects slept in the Jaboratory and were
woken up at 8.00 a.m. the next morning. The concentration of
ethanol remaining in the biood was delermined by analysis of ex-
pired breath at 15 min. intervals until a leve] of about 100-200 mg/
was reached. In one experiment, concentrations of endogenous ctha-
nol and mecthanol were determined the day beforc and the day
afier the hangover study to establish basal values. Below a blood
concentration of about 100 mg/l, liver ADH is no longer saturated
with ethanol as substrate and metabolism of methanol can therefore
commence.

In this pilot siudy. no attempts were made to gquantitate the
intensity of hangover symptoms or to relate them to the eliraination
kinetics of methanol. The four test subjects reporied thai they
experienced moderately intense hangover and generally feli red
ang thirsty.

Determination of ethano! and methano!. Trc biood concentrations
of ethanol and methanol were estimatec indirectiv by anaivsis cf
breath sampies. This 1echnique is well estabiishec both in theon

and practice (Jones 1983a & 1985a). Samples of end-expired alveoiar
ajir were anaivsed at 15-20 min. intervals from .00 2.m:.~1.00 p.r..

on the morning of hangover. A specially designed gas chromatogra-
phic method was used for analvsis of preath. This tecnnigue has
been described in detail elsewhere and invoives the use of an on-
co:umn gas sampling device (Jones 1985b). In brielthe test subjects
took moderaiziv ceep inhalztions of room zir anc then exnaied as
much breath as possibie into one arm of a copper T-lube. maintain-
ed z* abou! 50 with heaung 1apes. The exprrec breath was jead
throueh ¢ gas-sumpling loon positioned inside the over (1307) of
tire gas cnromatograph. The voiume of breath passing through this
sampiing svster: was mornnored with & Wright Respirometer, Ar
abiguet of breath (2 mb wzs c..nu.rec for enaivsis when subjects
. Porapal O was usec as station-
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ary phase and methano, and cthanod gave rewennon s of G0
and 34 mn respecineiy =

Calibration of the GO response for ethanol and methano! The re-
sponse of the Name ionization detector was calibrated analvs s
of known strenpth smr-alcohol standards generated witk o breath-
smulator deviee (Dubowskt 19791 This entatls dynan. equin-
bration ol agueons standard solutions ol cthanoi and ‘nianol
held a1 34 . Compressed air was bubbled into these solutiens and
thercalter passed through the gas sumphng loop (2 ml). Aler circu-
lating the air for about 5- 10 scc. a snap sumple of the resuitng aii-
aleohol stundard vapour was taken for analysis. With 1nis pro-
cedure., expired breath from test subjects and calibration: standards
are sampled and analysed in the same way. From the published
values of water:air and bloodiair partition coefficients of cthanol
(2585 and 2300 respectively) and methanel (3330 and 3231 (Jones
1983a: Jones er al. unpublished results), the GC response can be
calibrated and blood-alcohol concentrations calculated indirectly
from breath analysis.

Results

Fig. | shows the washout curves of ethanol and methanol in
one individual subject in the morning after a heavy drinking
session the night before. Note that at the low concentrations
of cthanol (< 100 mg/l) the elimination time course follows
first-order kinetics with a half-life of 15 min. The half-life
of methanol however was almost 10 times longer (142 min.).
This fits with results from in virre experiments on kinetic
properties of human ADH and its relative affinity for differ-
ent substrates (Mani er al. 1970).

Elevated concentration of methanol will therefore per-
sist in the blood for about 10 hrs after ethanol has
reached endogenous levels (5xt%:). An abnormally high
concentration of methanol in blood or breath can serve as
a biochemical marker of recent heavy drinking (Jones
1986). The hall-lives of ethanol elimination in the other
volunteer subjects at low substrate concentrations (below
the Kn of ADH) were 21, 22 and 18 min. respectively and
the corresponding half-lives of methanol were 113, 110
and 133 min.
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g, ncentration-time profiies of ethanol and methano! elimin-
ation i1 one male suhject during the morning of hangover. The
concentralions of endogenous ethanol and methanei are aiso shown
ir. 1ests made the dav before and afier the hangover study. Biood
concentrzuons ol these alcohols were estimated indirectiv by anaiy-
sis of cnd-expired breath. L>=ciimination hali-life.
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Discussion z.
Leaf & Zavman (1952) studied absorpuon. distribution ung
ehmination of methanol and admimsiered small doses of -
methanol (2.5 7.0 ml) 1o human subrests. From analvsis of
methanol m urine sumples. they snowead st order elimyp.
auon kinetics, 1 have caleulated from their data that the
urinary elimination half-life was 179= % min. (mean=§, D)
bused on experiments at 3 doses of methanol in cach of 3
malc subjects. This figure agrees fairly well with hall-ivey
reporied n the present experiments. 122, 213, 110 and 133
min. Furthermore. Jacobsen er al. (1982) reported that dur-
ing haemodialysis in two patients poisoned with methanol,
the climination half-lives were 219 and 197 min.
Majchrowicz & Mendelson (1971} showed that when al.
coholics consumed alcohol over a period of several days or
weeks reaching blood-ethanol concentrations of 15004500
mg/l the methanol levels in blood and urinc progressively
increased 1o 20—40 mg 1. These workers noted that the ¢lim.
ination of methanol lagged behind ethanol by 12-24 hours
and followed approximately the same time course as ethanol
withdrawal symptoms. Majchrowicz (1975) speculated on
the role of methanol and -or its metabolites in alcohol with.
drawal and hangover. My work confirms and extends these
findings by showing a rise in blood-methanol in healthy
individuals even after a single evening’s drinking. This ob-
servation has been used 1o measure the elimination half-life
of methanol in human volunteers. To establish whether
the metabolites of methanol are associated with metabolic
acidosis. previously reported during hangover, one needs to
demonstrate an elevated concentration of formate ions in
the blood. Otherwise it will be impossible to differentiate
formic-acid induced metabolic acidosis from the disturbed_
acid-base balance caused by abnormal concentrations of
lactic acid. ketone bodies and free fatty acids in blootl,-
during hangover (Ylikahri e al. 1974b).
The mechanism whereby acute ethanol mtoxlmtwﬂz
causes hangover remains an unsolved problem in b:ologm(.—.,
alcohol research. Comprehensive studiss with main focula-
on metabolic disturbances during hangover were repor'td*‘
by Ylikahri er al. (19742, 1974b & 1976). These workem e
failed to find any clearcut associazions berween peak bloow:
concentrations of ethanol or acetaldehyde after drinkings
and intensity of hangover (Ylikahri e al. 1974a). The mﬁ
consistent metabolic changes during hangover were dis
ed acid-base balance, iowered blood pH and acidosis (X
kahri er al. 1974b). A later studv. however, demonstra £
that the metabolic acidosis could be counteracted by admlﬂ'“
istration of fructose or glucose together with ethanol
in the morning during hangover. This treatment with su%
failed to alleviate the unpleasant symptoms of hangove:
(Ylikahri er al. 1976).
It is generally known thai consumption of aicoholic be¥
erages rich in congeners (including methznol) causes m""
severe hangover than equivaient doses of pure ethanol o,
vodkz (Chapman 1970: Pawan 1972). Or the other hﬂﬂd-
many individuais deny sueffering irom hangover despis
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oo, odnnkme (Smith & Barnes 1983, The most effective
e ventfor hangover. at least for short perniods. is 10 drink
me - vthanol, The resulung increase in blood-ethanol may
e 10 block the conversion of methanol into formalde-
kade ind formic acid. Formic acid has & pKa of 3.75 and
,-."u!n\u is 4 common finding during ethanol withdrawal in
sivoholics and problem drinkers (Miller ¢ al. 1978; Magri-
st er al. 1973).

Human ADH occurs in muliiple molecular forms and the
woenzyme pattern of a particular individual seems to be
senctically determined (Valiee & Bazzone 1983; Von Wart-
.;ur_c & Biihler 1984). Morcover, the kinetic properties of
11 isoenzymes differ widely in terms of activity coef-
ioont. Km value. and relative specificity for different sub-

25. Some individuals might be equipped with ADH
ww.uzvmes that possess high affinity for methanol as sub-
Jrite leading to a more cffective production of formalde-
sade and formic acid during hangover. The first metabolite
wmethanol, formaldehyvde, is a reactive chemical substance.
[_nder physiological conditions it easily condenses with bio-
senic amines as well as other endogenous species and can
~ossibly vield pharmacologically active products. Moreover,
‘ormaldehyde can bind to proteins in a way that might alter
the structure of cell membranes and thereby change the
:onformation of receptors (Heck & Casanova-Schmitz
4+ %, The lethal dose of methanol in humans shows pro-
wuiced individual differences ranging from 15 ml to 500
nl (Bennett et al. 1953; Pappas & Silverman 1982). This
adicates distinct interindividual differences in sensitivity to
nethanol’s toxic metabolites and could reflect different rates
I enzymatic breakdown.

Considerable circumstantial evidence can be mustere
2 fink biotransformation of methanol with the onset o
:zngover. If this could be confirmed experimentally the
astead of treating hangover with ethanol the orphan dru
-methyl pyrazole (4-MP), a potent inhibitor of ADH isoen
“mes, mmht prove effective. This approach w:ll be morg

ST zot which acts to prolong the hangover or detoxification
rocess. The use of 4-MP has already been recommended as
‘piacement for ethanol in treatment of melhanol poxsomng
liomstrand et al. 1979).
My hypothesis linking methanol oxidation and hangover
n o*‘ tested experimentally if 510 g of pure methanol is
“en to hangover-prone individuals. This dose will result
oeak blood concentrations between 100-200 mg/l (3.1-6.2
1) if methanol, like ethanol. has 2 distribution volume
L7 I'Kg. If hangover develops during washout of this
m-mntoxicating blood-aicohol concentration then this
‘uid strongly incriminate the oxidation products of meth-
Y zither directly or indirectly as a cause of hangover.
"Wever, a university ethical committee will find it difficult
“pprove this study. In the work reported by Leaf &
‘man (1932) the occurrence of unpieasant hangover
Ptoms was unfortunately not recordec. Indeed. the vol-
-%er* may have been among those that normally do not
“enence hangover.

1 metabohites of methanol plan it role i hangover and

il hangover svmprloms can be alleviated by taking d-methyl
pyrazole then pharmaceutical companies might be willing
to set-up the necessary experimental protocol to test this
notion. The orphan drug 4-methyl pyrazole might cventu-
ally become adopied. Hangover is o mujor social-medical
problem throughout the Western World with significant
costs to the individual and socicty in terms of indusinial
accidents and lost working hours.

Acknowledgments
This work was supporied by the Swedish Medical Re-
search Council, grant 25X-07214-03.

References

Bennett. J. R.. F. H. Cary, G. I. Mitchell & M. N. Cooper: Acute
methyl alcohol poisoning; review bused on experience in outbreak
of 323 cases. Medicine 1953, 32, 431-463.

Blomstrand, R., H. Ostling-Wintzell, A. Léf. K. McMartin. B. R.
Toll & K. G. Hedstrom: Pyrazoles as inhibitors of alcohol oxi-
dation and as important tools in alcohol rescarch: An approach
to therapy against methanol poisoning. Proc. Natl, Acad. Sci.

1979. 76, 3499-3503.

Chapman. L. F.: Experimental induction of hangover. J. Sud. Alc.
1970. Suppl. 5. 67-85.

Dubowski. K.: Breath-alcohol simulators; Scientific basis and actual
performance. J. Analyvt. Toxicol. 1979, 3, 177-182.

Eriksen. S. P. & A. B. Kulkarni: Methanol in normal human breath.
Science 1963, 141, 639-640.

Heck. H. & M. Casanova-Schmitz: Biochemical 1oxicology of form-
aldehyde. Rev. Biochem. Toxicol. 1984, 6. 155-189.

Jacobsen. D. H., H. Jansen, E. Wiik-Larsen, J. E. Bredesen & S.
Halvorsen: Studies on mcthano! poisoning. Acta med. scand.
1982, 212, 5-10.

Jones, A. W.: Determination of liquid/air partition coefTicients for
dilute solutions of ethanol in water, whole blood and plasma. J.
Analvt. Toxicol. 1983a, 7, 193-197.

Jones, A. W.: Role of rebreathing in determination of the blood-
breath ratio of ethanol. J. Appl. Phvsiol. 1983b, 55, 1237-1241.

Jones, A. W.: Electrochemical measurement of breath-alcohol con-
centration: precision and accuracy in relation to blood levels.
Clin. Chim. Acia 1985a. 146. 175-183.

Jones. A. W.: Excretion of low-molecular weight volatile substancss
in human breath: Focus on endogenous ethanol. J. Analyt. Toxic-
ol. 1985b. 9, 246-250.

Jones. A. W.: Abnormally high concentrations of methanol in
breath: A useful biochemical marker of recent heavy drinking.
Ciin. Chem. 1986. 32, 124].

Leaf, G. & L. ]. Zatman: A study of the conditions under which
methanol may exert a 1oxic hazard in industry. Brit. J. Industr.
Med. 1952, 9, 19-31.

Magrinat. G.. J. P. Dolan. R. L. Biddy, L. D. Miller & B. Korol:
Ethanol and methanol meiabolites in aicohoi withdrawal. Nature
1673. 244, 234-235.

Maichrowicz. E.: Effect of peripheral ethanol metabolism on the
certral nervous sysiem. Federation Proe. 1975, 34, 1948-1052,
Maijchrowicz. E. & J. H. Mendelson: Blood methanol concen-
trations curing experimenially induced ethano! intoxication in

ai;ohoiics J. Pharmacel. Exp. Therap. 1971, 179. 293-300.
tazi. J. C.. R. Piciruszko & H. Theorell: Methane! activitv of
aiconoi dehvcérogenase from human hiver. horse liver and yeast.
Arch. Biochem. Biophvs. 1970, 140, 52-39.

McCoy. H. C.. R. 1. Cipolle. 5. M. Ehlers. R. J. Sawchuk & D. E.
Zaske: Severc methanol poisoning. Application of # pharmacoki-



220

net niode” 101 ethanot therapy and hemo2ravsis, Armer. J. Med,
1979, 67, M4-507. 2

Miller. P 12, R. E. Hommip & €. Waterhouse: Treiiment of aleoholic
acidosis: The role of dexirose and phosphorous. Areh. Int, Med.
1978, 138, 67-72.

Pappas, 8. C. & M. Silverman: Treatment of methanol poisoning
with cthanol and hemodialvsts, Conad. Med  Assoc, J. 1982, 126.
13971394

Pawan. G. L. 5.: Alcoholic drinks and hangover cffects. Proceed.
Nurrition Soc. 1972, 32, 15A.

Peterson, C. D.: Oral cthanol doses in patients with methanol poi-
soning. Amer. J. Hospit. Pharm. 1981, 38, 1024-1027.

Rae. Q.: Species differences in methanol poisoning. CRC Crit. Rev.
Tuxicol. 1982,.10, 275-290.

Smith. C. M. & G. M. Barnes: Signs and symptoms of hangover;
Prevalence and relationship to alcohol use in a generally adult
population. Drug Ale. Dep. 1983, 11, 249-269,

Vallee, B. L. & T. J. Bazzone: lsoenzymes of human liver alcohol

A W JONES

e
9'2"*;‘

>
)

L

debvdrogense. Ino Jwenzvnics curreni tomes i bologaea)
medieal researcl., Voo » Eds. MO Rauaza, ). G, Scandal
and G. S. Whut, Aler. R Liss Inc.. New York 1983, 219-244"¥

Von Wartburg, J.-P. & R. Bihler Alcoholism and aldchydism: he"“
biomedical concepts. Lah. Invesr, 19%4, 50, 5- 15, -

Ylikahri, R. H., M. O. Huttunen. (. ). P Eriksson & E. A, Nkkﬂi’
Metabalic studies or the pathogenesis of hungover. Lur. J. Cii,
“invest. 19744, 4. 93-100.

Ylikahri. R. H.. A. R, Posd, M. O. Huttunen & M. L. Ihllbom,.
Alcohol intoaication and hangover. Effcets on plasma clccuo}m
concentrations and acid-base balance. Seand. J. Clin. Lub. Invegy,
1974b, 3, 327-336.

Ylikahri, R. H.. T. Lemo, M. O. Huttonen. A. R. Pés6, C. J. p.~
Eriksson & E. A. Nikkili: Effects of fructose and glucose o
cthanol-induced metabolic changes and on the intensity of alke.
hol intoxication and hangover. Eur. J. Clin. Invest. 1976, §,
93-102.

o



