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THE METABOLISAT AND TONICETY O, METHANOL
N ; GLUE ROE D -

/ L\ Ioge {oepuitinent, Nonedad Hospotals Neamaos, Norway
A Metabaltsoe of Methanol

Absor plivn and destribretion it orgaoisme, Mthouph pokoning with et

is st b cnwssed by oral intake, poironing sfiee inhalation of miethamal wapoc!

been deseribed severnt Omes (523

Animad experiinents have shown lix.\l copsiderahle wiounts of inethooot oo G
absorbed thromdy the Jungs, Sbsorption frome the prrestingd traei Lihes place
within o few hours atter ingestion. Haggard and Greenberg o7 mmui whiorptio
(i foinad

> -

T

eamplete within 6 boursg even adter high doses. Agner sad e lirag

vaximal blosd soseentrtion of methanol 4 hours aftes adoinistraion of i

methanol per kg.to rabbits,
Stveral eaperiments have proves tha methanol is distribnited cvernty e L
tissties aceording to their water content. The lowesUceneentrations weee found i

bone marrow and Fat (17, 53, Kecent investigations with CH-dabelled methaaol

showed the highest concentrations m the liver, the Kidneys and the gustro-

intestingl traet, mndeanly sinad]l_coueentrations in the muoscles, the fat and the
. . y e

brain (3.

— . . . .
Elimination in expived air.

A mneh farger pl'upnri‘ )

s mute than ,Unu Cent
H( 2 adiministration. o

k. more than 50 per eent (2, wnd b rats
(17) was eliminated iy the expired ar ducing
rats given g of CHhdebiod il peE-ht. body werehi, Baritene Ch found

i 8 s, T 1l
i

only 14 per cent esereted unehangel i the expired air during
it Tung

aned Gireenberg (17 showed that dlimiantion them S s siple di

sion prosess dependent apon the coneenteation o the blood and the reapieatory

voline, They Tound that ap te 223 per vent of the vapired methnol might con-

dense oi the fur of the experituents] animad, Fo avoid ihis sowree of eevor, the v
colleeted the expired atr throwgh s trchest canbe, This techuique may pariiy
apired air by Haggard and

feti

explain the high pereentage of wethanol fotind in the
Greepbery, beea=e the treheal cannnl may have visused sonie irritation with
u-anmn( hyperventilation. In contrast 1o ethyl aleobol they did not tind
Widimandos o fretor (decrease in blood concentration perminte expresse dinng,
per ml. of Blood) constant. Enstead, it varied almost proportinnately to the blood
concentration, This cliect conld not be entizely explained by the dependence of
pulmonary exeretion on concentration. The suthors concluded that the rates of
elimination by routes other thin pulmonsry exerecon and by tissae exidation
wire nut vonstani, but were abso dependont on blood concenteation. However,
Bartetts recent esperinents with bibelled methanol have demonst pated that
the rate of oxidation 1o COy s ndepeadent of soneentration. (See below.) The
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décrense in blood concentr \Whm was simthirly vamable inorabbitss Ngner and

Beifragee 1) foumnd thar 3 00T with a hicod concentration of 2 mg. il
but onlv (L0006 when the capeentration was helow g, ‘mil.

Methainol s also exereted Ly the dpeys in amounts up 1o 10 per cent of the
sdinvustered dose (27,230

Eirminaiion by moans of oridation. Sinee Pol's nvestigadions in 18853 (363 1

s been clear that w part of the adndmstered wethanol s oxidized (o forwie aeid,
sl that part of the formme aidd is farther oxidized 1o carbon dioxide and water,
After administration ol 43 g0 ke wdog exereted § per cent as foruete, Tn <imilar
.‘l.-xpvrilnm(.\, Asser 21 reeovared P87 pereent after 2 g0 kg Poht reported that
when mettomol was given orelly or intravenonsbv the maximal amonnt exereted
oin the seeond cnd thivd day was independent of the route of adininistration.
Fand 2550 recovered somewhpt higher amomts, abont 20 per eent, when the
bladders of the experimental dnimals were ciaptied frequently so as to prevent
renh=orption throngh the bl Ul(l( s epithcium, The highest cone entration of farwice
acid in the blosd (30 mg, per Lenty was ol reached wntil 40 to 50 hours after the
administration of 2 g, Kg, illgtll:Lxlt)I toa dog. D
Several expertments on theeapacity of the organizim to oxidize formate have
been made, After the adminisration of 2 g of formate to dogs, Asser recovered

13 1o 20 per cent in the urine .Zl I similar cxperiments Pohl recovered between
5.8 and 18 per rent. A dose of | g, was almost completely oxidized: (336). In dogs,
Lund (2% found nearly half nl a dose of 2 g exereted unchanged if reabsorption
through the bladder was ])l(",'l snted. Determination of the renal elearance made
it seem Jikel¥ that formie ueid 1s not a threshold substance. Rabbits have o higher

Yo fin

eapaeity ta oy iaie 1han dogs. sinee practivally no formate is exereted
in the rabbits urine after doses of 0676 g, kg, 7270,

Pohl gave an experinental subjee ml. of methanol and found the highest
amount of formie acid exercted i the urineon The second day, which s when the
~\mptmuxmlunmn W are usiiadly inost severe. About 3 per cent of the
methanol was excreted ax fornde aeid,

feis generally assipned that both (e rdvo and (o eitre methanol is first oxidized
to formaldelivde, ;’\pp:u'vntl;f the fornuddehyde i further oxidized to formie

acid very rapidly, sinee mostinvestipulors have not been able to demonstrate
even traces of formaldehyde in the organs during the oxidation of methanol (365
Neither is 1t found in blood, upine or cxpived aie (3). Pohl reported that the liver
wiis especially wetive in the gxidation of methanol und formaldebyde, bat that
it was practically unable to asidize formate. Morve recent experiments, however,
indicate that the liver has o ponsiderable capueity to oxidize formate. Bartlett
3 meaured the production of CHO o Warbmrg experiments and found that

the relavive caparcities of rat fissue shices 1o oxidie methanol weres biver 100, kid-
ney 3 ntestme 8, heart 1, cdinpheagm 1 and brain 0.

Pruviog methancl poisoning jnonan the concentration of formie acid in the biomxl
w=oquite variable, n O Jethal PRNTET ranged fromd to 68 e per cent (209, In
three other paiient whe alsg died ic rnged from 3.7 to 19 nue. ber et (o)

oy

When it is adebd that the mdthanaol coneentriction i the blood in 2 Tethal cees
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varicd bevween 31 and 2T g prer cent GH O breonies obe s e e e

concentrations of thesmmstanves wre ot the ondy deciding Feror e thie olinnes
cotrse of the puisoning. This question will be considered farde durige the dse
cussion of the mechunisin of poisoming,

The s chanism of mthanol ocidiived No devals are hnoen st the ey

nuttie processes responzsthle Tor the oxadaiion of acethanol, Lot ik Mo

showed i 1938 that partly purihed aleobol o ldvogeraee srom the fivers o
variety of anitiads s capable o osvehizing metheucl, aithongh o oy i
ethyl aleohol Wawever, Theori! snd Bomnelson 046 and Thegrel and O

e
(173 have Jonnd thid necethanol o oot oxidized by erataling dealiol delivano
ot From horse hver, They suppose that dhe osidation t

S Sy ineaie O
catabase peroside. With this mcbhznam ol cvelation the e of oxalation b
iereased when the concentration ob sabstrste tereases Chaace <10, t'nnrnh(‘; -
that (he shape of the cinimation oree of medeorol fonnd lr_-; \ener and Beifrage
(1 provides support for the eatadascperoxidicrs mechaniem losever, the <l
of the ehinination curve s irgeiy determined Dy ;nnlnnnuul\' creretion, g cun
therefore hardly be asownd Dieis Tor estimating the mte of ostdation. The IS
that the cutadase-peroxide oxidatinos praceeds very vapieiy vz dro while imetha]
oxidation s vather slow i vieo vnghit sdsa seein to argae aginsd the as=utplicn
of o cutalase-peroxide oxidiation of miethanol aceording o Barthett (37, Bece ntly
Hevesy (200 has shown that trewtinent of white mice with massive doses of roe m-
gen rays (100 1) provokes some inerease in the rate of methanol osidation and
sinultaneonsty inereases the activity of eatalise.

Dartieit’s experiments with abelied methanol indicate tha ihe m“.,,..if
oxidation of methunol proceeds ot a constand rate, since the amount of 8 ),
exereted i the expired wir per ufit of tine was ot depenident on ihe coneentra-
tion of methanol in the orgaisim. He adminstersd 1 of methanol per kg of
hody weight to rats, but i€ would have been desivalile to erarey out similar experi-
ments with considerably higher doses, eg0 3 1o b ke Prom his experunent s,
artiett voneluded that methanob i probable oxidized by the same (vpe of
enzymies s ave effective in the oxidation of erhivlalechol €4, 5

The rate of metabolism of methaal s very haportant elimieaiiyv, 11 is genersiy
assumned Gt 1he symptoms of mcthanol poisaiiing are due o the oxidaiion
products formaldehbyde or formie acid, However, i s bevond doubt that the
symptoms develop mueh more rapidly after Bigh doses of methanol fleo aler
fow doses,

N

Ioone of ihe nlorementioned substances s priniarily responsthle for
the symptoms, we must conelude that the rate of oxidation of methaol 1o Uie

toxie intm'lm-(li'll(* inereases with inereasing concentration of methanol in the
i C'Uhe infhienee of cthyl aleobhoT o im0 o bt of tncthanol
\\l“ be diseussed ina subsequent section.

The Tocicily of Methanol
A study of the fiterature on methanol poisoning laves o distinet nopres o
that experimental investigations have nat contribnted maek o ansser e neny
auestionsscanneeted with poisoning in hanemne Phe veenlts of sromsl espesiens
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are fregquendy in direet contradiction to chineal experience. Therefore, 1018 neces-
sy to evainate eritieally the guestion of whethey or not the efiect of methanol
< is the same in man o aningls, For this reason the toxie and lethal doses, the
syinptems, the suest important pathological tindings, and the sffects of different
modes of treatinent i wan and animals will be compared and discussed.
Toxtc and lethal doses. The mauy xx_Mwia_mude at the beginning
ol this century all dewonsteied that ethyl aleohol is niore toxie than methanol.
eied Hunt €213 found that experimental animals died earlier alter administration
ot ethyl adeahol than after equal doses of methanol. According to Schieck (42),
Foevy and vl Hevde showed that ethyl aleohol i murch more toxie to mice and
dog= than is methanol; the sume was shown by, Hammarsten in rabbits. Neymark
i35 states that Nielous and Placet in 1912 demonstrated that the lethal dose of
methanol for rabbits and dogs, was about twice that of ethyl aleobol.
A these investigations show that inexperimental animals Richardson’s rule
is validd: i howologons series of aleohols toxicity inereases as the number of
The lethal dose of methanol is high, Hunt found it to be
9 ml. kg for dogs and 10 mb kg, for rabbies (21). Severa) other investigators
have fonnd about the same leihal doses for these and olher experimental animals.

It i understandable that the results of these and similar investigations con-
gributed 1o the conception that methanol is but slightly toxie. Today we know
that 1hiz coneeption is true only for experimental animals. it is beyond doubt
that in man the toxicity of methanol is an exception to Richardson’s rule since
L kg of body weight or less can_produce blindn > even death,

mmhmml poisoning. The symploms of methano poisoning in
varions experimental animals are rather uniform and indicate decisively that
methmal produces nothing more than a gencral anesthetic effect. After doses of
A mi, kg practically no effect is seen in rabbits, After 7 mbl/kg. or more these
anituals exhibit almost immediate ataxia, loss of righting x’?éiexca, and coma, The
animals that recover after the anesthesin are already much more alert on the
second day and whart eating (8). The symploms provoked by vartous (oses of
methanol administered to mice are as follows (13): After 4 g/ kg slight ataxin
Justing less than one hour is seen; with 5.5 g kg, the ataxis is more pronounced
and i some aninls slight snesthesin is produeed; 7.5 g./kg. of methanol quickly
produces deep anesthesia in some animals, unly slight anesthesin in others; 10
. kg abways induees deep general anesthesia beginning a few minntes after the
injection. Some animals die, but those which recover show practieally normal
activity 48 honrs after thei injection. Fverybody who has adiministered methanol
to experimental auimals will agree with Huut that: #The svmploms of aeute
porsaning of avimials with methyl aleohol are, in general, similar to those observed
i canes of potsoning by ethyland other ateohols of this series” (21)

The setaptoms mentioned have fittde in common with those seen in ma Those
who drink methanal are quite disappointed in the glight infoxieating offect.
Fixvept swhen ethiyl aleohol has been taken together with methanol and geensional
instunees where exeeedingly ’l!l).'(‘ winounta of methanol have been consumed
fe g hadt o itery 1210 18 honts prs hetween the time of ingestion and the onset

carbion stoms nereases.
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alsyinploms, Frequently patients bave been able to continne their noraal aetiv-
itiex for several hours before symiptoms apprar. The et svinptoms are soleeling
of wvakuwﬁ, anurexia, headache ol naoscs. 'l'hrn follon e capnd sequenes

ssinaa e Uy e, pain i the ol

and in many cases exeeedingly violent abdomingd puin. The patient presses ln~
hands against his abdomen, eries loudly, or throws himseli out of bed aned hunehes
up on hands and knees. Sinubtancously with or shortly aiter the onset of severe
mptoms, wnblyopia appears whiel may develop rapidly into ansaros- The
pupils dilate und beeome partindly or taally veactiontess. The ahin develdpe o
reddish cyanotic colour. Sapor and coma thes relieve the patiens of the vioken

paing, thi dyspioea and the ansiety, The vespiration s stowed aoed vviogosis
beeomes more provounced. Usially the hewrt continnes to beat for somee e
after cessasion of vespiration, up vo two hours during artificiad yespivation in the
iron hing:

81 Dneing ihd developuient of the svinptoms the alkah reserve i the
Blood decreases steadily, and serious symptonms o seen andv whien prosogeed
aeidosis is present (7, 11, 39, 400 Immedintely before death, the akali reserve,
measured s the COs content of the blood, is about 10 (o 15 voll per cont or ~osne

tfinwes even less, 11 no trealioent is given, li’lv S SVYIPTams are seeh i pationts
who ha

e taken 100 il as in patients who have taken several tines as gch. e
only difference = that when lurge amount= have been taken, the signs aned
symptorus develop mueh sooner, and the symptom-free interval may be redueed
to a couple of hours,

Isven after lethal doses of nmethanol most auimals do not develop aeidosis,
Iowe

aomoderate acidosis can sometimes be observed (19, 26,4013, The cayse
of this diffe renee lwl\\m aoman and animals is unknown.

ln humsng, amanrosis An(l almh.slnd |)up|||‘ iy e u(l-m\ T sCeN Py ul-ui\'

Nn ¢ lvn REN ST mmr\n( of viston s demnonstig ll l(- i amnml (’\'prnmr‘nl\ (S, l-.
22, 43). Obviously, the pupillary veactions are abolished during the period ¢
:1n(-.~:1,|wsizL but they reappear with the disappearanee of the anesthesia (110,
The inost tmpurtant pathological findings, Seveve ehanges in the ganglion eells
of the reting ave Jound in patients who Have died of methanol poisoning. The
changes are so severe that they st be imreversible, Piek G34) haes stressed that
the pieture is the same as that deseribed by N

=2l " The most pronouneed chianges
are seenn the mielet of the cells. They wre always placed ot the extreme periphery
of the eellsr it often fooks as if the nuckeus protrdes outside the hmit of the cell
Fhe nuelens is Dattened, polygonad and irregulare, and the nueleolus is displaesl
to the outer Tinat of The nueleas. Sjsuse remuants of the Ggroid substogee aee
found v w cirele peripherally i the cxtoplasio. Muny of the colls are eodarged
tind p;lulmi‘l. The dendrites are diflicult o see, even after sibver staining 12, 52,

s H AR,

T hvrv i widely divergent opinions about whether or not pathologica] cisoges
nre present in the retinad ganghion cells of antmals puisoned with methanol. Biveh-
Hirselifeld (8, Seineartzkopt (88 and others elain that suely elinges are prosent.

Hovever, ey fonnd the wost proncuneed clunges in the Goroid substanmes

o
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while apparently the nuclens usoally renained noral. The techuique nsed by
Ahese mvestigators has been evitieiaed by sevirad anthors, Tgersheimer and Verzdr
T fonnd that the sdiinis Gration of methanol in doses 5o high that the aninals
renin m oo prolonged cona was o souree of error heeanse the consequent. anoxe-
i possibly coutd vause chiamges in the ganglion cells, Therefore, they gave only
modernte, net anesthetie, doses during weeks and wonths, In chickens they did
ad viston and no changes in the gaoglion eells. De -
Sehweinitz (8 and Friedenwald (830 also disggreed with Biveh-Tlhrsehfeld’s
tindings. Friedenwald considered that the chinges desertbed were artefaets since
e was able to produas o silar histologieal picture in eyes from normal animals
By using certain nethods of dixation and imbedding. He exmmnined o series of
animal= imcluding dogs, euts, rabbits, miee, rats, and chickens, but i no instance
died T tind ehanges in the votinal gangha o8 B The Tact that impaived vision ean-
ot be demonsteated inaninads with any degree of certainty provides ndditional
evidenee that, in contrasf 1o man, severe retinal changes are not present in uni-
[IHIES :
© Patholugie changes in othier organs aiter pethanol poisoning are not usually
proucitced. No changes which ean be re L,.uq]vd as irreversible are found in the
ganglion eells of the cerebrinn (33). Nee nmn[u! the liver is not found in man al-
though it may oeear in wnimals (32). On the other hand o marked contraction
of the Tower-iteum and of parts of the colon is_fmlm(’).s;l always found at autopsy of
patients (30), but is never present in animals Bennetf ef al, (6) among others have
deseribed hemorvhagic puncreatitis in fatal Ruman cases which they. suppose is
the éanse of the severe abddgminal pain. In the author’s opinion it.is more likely,
however, that the pain is due tothe very pronoune ed intestinal spasms sinee the

s diznnnoenrs umn.uh-nlt'\ ufter ulg-nru\llmum of alleali

net fined any stgn of deseres

D swmemarey, it st be steessed that there s o fundamental difference between the
lovie effects of methanol in man and the loxie effrels dn animals, This fael has been,
el ix still fur too litle realized.

g
Y The Course of the fnlerication

The effeets of cihgl alenhol. Hitherto, the symptomatology of poisoning with
methanol alone has heen deseribed. As mentioned, a symptom-free period of 12
to 18 hours s generally scen. Ouly alter very high doses (eg., half lit.ur) of
wethanal is the latemt period shorter. :

However, whivn several persons in the same party drik methanol, the varia-
tion= i their elinienl cottrse are frequently mueh greater than enn be accounted
fur by differences in the wnbunt of methanal ingested. For exainple, the patient:
who has consumed the smatest muount may rmpidiy become il and die, while
agother patient mnay remain without symptams in spite of the fact that he has
constinied nneh more; a third whe has also eonsumed o large amount way not
beeame Hl for one snd o balt to two days, butanay then rapidly develop the most
ere svmptoms and die within a few ’lnlll"\‘

Thir explanation of thix taet s that whilegonswming the methanol, many pr-
Gents have abso been drinkijys ethyl adeohob, avbiel inhibits the developrunt of

=
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the acidosis 390000 B s the anthor's experience et i cthal aieohol s ke
Atmultanconsly or alinost singdiaeonsty with metianol, e cvmpioms of
methanol porsoning will nol appear notil ot of the ethyvPaleobol is eliminat ed,
Ioat that time wotoxie anomnt of metiiuiol 1= st present s e bawlv puiisnuing
will develop as deseribed. Generally the only effeet of asengle deose of ety aleohiol
= prolongation of the latent period, 1T ethy adechol is tahen repeatediv at aich
intervals that it s constonly prosent in the body togethor <ith saethnol. 1
patient will not develop symptons provided rhint the cotecsitenions of metben
and ethyl aleohol are not oo naveh out of proportion.

Bennett and cinvorkers (i) found that some patients woith nethanol Prodsctting
developed seidosis in spate of sorther high coneenimation of ethivl sleolal i the
blood. However, it cinnot be exeluded tha aone of their pationts had tahoen
ethyl sleabol after the development of their aodasia, M Dut one reeovered . Pl
patient whodied tease No 170 had nomethanol in the Blood when sdraitiod 1o

the hospital, but an extremely Fow T, e, 1, a logh coneentrations of cthyv
aleobol (40 g, per cent) and neeaal pupls. Aiter treatment with 220 g ~ading,
biearbouzte he developed a seviere atkalosi:

3 e LY and died one the thind
day. Foseens justilied toeonelude that neitherthesvimptoms, the conrseof the dis
case har the biochemical tests indicate that thes patient died of methanol poison-
ing. ’

The hypothesis that ethyl aleohol is able to inhibit the oxidation of methanol
(39) hus been contirtned by Jater experiments, Zatiann (50 found that the
oxidation of methanol in vitro by impare aleobol dehvdrogenase was considerahly
inhibited by ethyl aleoshol. Inhibition was secn even when the concentration of
ethyl aleohol was aboui 1 j'(;lfmmfmdﬁums(m%d (.
TR methanol 1o rats and measured the esrretion of (49 )s:

) san index of the
amount of methanc! oxidized o these experiments, as well as in experiniens

with liver tissues incubated with methanol Tor 2 hours i eitro, there was o nirked
deerease of methanob oxidation i the presence of ethyvl weobiol, The inhibitory
effect wies a hnear funetion of the log of the ctiwl aleohol concentration, with 72
per cent inhibition at 0.01 molae.The experiments elearly demonstrate that eiliv
aleohol is a very effective inhibitor of methamol oxidation.

D The Treataent of Methanol ntorication

We owe (o Harrop and Benediety(1520) the demonsteation that acidosis ocenrs
during wethanol poisoning amd the proposad to treat this poisoning with alkali
(18). The same year Isuaces (23) l)|l:~'€‘l'\'('z(] pood results with this Geatment, Ttgs
indeed deplorable that about 30 vewrs elapsed bofore the good effect of this reu
ment. became commonly known, aud unfortunately <ome still donbt its valne,
foseems thet the authors of medieal texthooks have paid meve aftention e he
results of upimal experiinents than to elinieal observations. Animals only rarely
develop o deerense in the alkali veserve and nevier nosevere acidiosi= (19, 260 Some
suthors advise against alkali treatiment beeauwse the animals ireated with wdkad
Lo cantrast . elinyeal
imvestizations bave shinvn that she dewree of seidosis decilfes the ooteote of e

genernily die (19, 25) doubtless from the resultiog alladosis,
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poisonig, and for this reweson Vreatment with alkali s absolutely indieated (7, 1,
'::&), 300, The alkali reserve must be detenimined v intervals of a few hours, because
:\vi‘(h»h can reappear tapidly even when the pitients have veceived the amount
of hivirhonate advised by Vanslyke (40, p. 2533), This fuet is also moxt htnkmgl},
vinphasized it the comprehensive report by Bennett ef al. (6).
As previously mentioned, ethyl aleohol inhibits the metabolism of methanol
St toxie produets, For this resson it bas been propased to administer ethyl aleobol
i order to prevent the ceeurrenee of acidosis (39, 400, A concentration of 160 mg.
of cthyl aleohol per 100wl of blood is sufficient, particalarly in view of Bartlett’s
finding (4 thatl inrals a ('nnl".'llll‘v.liqll of 46 myg. per cent can decrease the rate of
micthairol metabolist by 72 per eente Bthyd aleohol must be given often enough
to keep the ethyl aleohol concenteation reasonably constant, and due u(-munt
wagst b Gken of the vate of dh.\pp(,m.um ol ethyl ateohol which is about 7 g.,
hanr, -—
TR s treatmend with bicart un,ue does inore harm “)d.ll good in animal experi-
ments, =0 wlse 1o benefivial effeet of ethy! aleoliol can be expected in animal ex-
perinients beeatse experimentaid animals do not develop acidosis even when
oxidation of methanol is allowed to procced at a normal rate. It is therefore
not surprising that Gilger of al. (15) found that eihy) aleohol inereased the tox-
teity of methanol, They reported that the LI, of methanol v mice was 103 to
LL0 g kg, 1 i addition 2 g. of ethylaleohol per kg, was given all the mice died.
Sinee the anesthetic poteney of ethyl alcohol is almost twm, that of_methanol,
the anmais mdoubtedly died of The combing 5 Afiect of the two aleo-
hal<. It i incomprehensible why (:1lg(*r et al. on the bw-l‘s of these and similar
experiments, discimrnge the use of ethyl alcohol m(hett‘catmont of human meth-
anol poisoning. They themselves (see ref. 15, p. 113) refer to the use of ethy!
aleobiol wud bicarbonate in the treatment of methanol pois‘oning in the United
States Navy, Chew ef al. (11) have given an interésting report of ihe above-maii-
tioned patients in the Navy. The 26 patients had drunk pure methanol in up
average mmount ofyibont 220 ml, varying hetween 540 and 90 ml. Moreover,
wost of them had tken an unkuown winount of ethyl sleohol. Besides treatment
with alkadi. the patients wore given 30 ml. of whisky every 4 hours. The results
were exeelent ) s only 4 of the patients had decreased vision when discharged
fram the hospital, and 2 of these regained nomal vision after « short time. The
dase of alkali employed (in enses Noo 3,6, 9, 1 and 15) was not nuch more than
half the dose recommended by Van Styke. Apparently, the tendency tovecurrence
of the acidosis was only Slight. To anyone who hiak ad some cxperience with the
treatinent of methanol poisouing, it is quite inequeeivable that a patient (case
No. 31 who presimably dvank as mueh as 360 mbof methanol, and whose alkali
reserve wiss reduced 1o 23 vol. per cent, could eseape a fatal recrudeseence of the
aeidosix aiter the administrution of only 28 . of sdivin bicwrbonate in 24 hours,
sSuch o patient owght to have hren treated with nhout 60 . of sudinm biearhonate
fettiadly, Tt is weore than likely thad the gond results obtained (o spite of inade-
quate dersea of Dicsrbouate ern be aftiilnted to the refaedatinon of wethanol osi-
Cation cansed by the repeated ;uhnig‘;ifﬂ rafion of simall wnounis of ethyl deohol.
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I we are to aveld unnecessary losses of vision orbives i the ianire, tiois vesen-

tal to recognize that all paticnts with methanol poisoning mast be teated in-
tensively with alkali, unless ethy) adeohol il gven repeatediy witer the nendo
has been first corrected. 1o ustrare what telose supervizion s neaded o e
cossfully combatting the tendeney to reuppenranee of the wcidosis, two e his
tories are presented (403, Both puticnts were wiven whout 50 oo of sodinng Lyear-
bonate during the first hours of treatient. "This turned out 1o b tar too sl o
dose, and they developed w severe exacerhatfon of the acidosis within il folioee
g 24 hours, One of the patients died: the gther had o nacrow caeape.

vo. 87 A B9 year old e drash abour ¥ mb of antifeeese dueing 2 dacos, Tl
- soine ihae before hisstarted v drink the gnifeeere he salso toak TEortie of aguevis
eorresponding fo 360 ml. ethiy] aleoholis Not unill thie moruing of the third dus after he

had started his work did heexperieace the first ﬁ,\'mpllnln:: aof severe aeidests . He v wd
mitted 1o the hospital xt 16 a . The alkali romﬁ?‘vv s ool per cent of COLand b
complained of blurred vision, He was given 71 g of sodinm Licarhouie, partly it
venouzly, partly orally, aud 10 mil. of cthyl :xh-ohnil.' The latter was presamahly elinonated
after sbout  hours. At 3 pan. the alladi reserve w ﬁlh 36 vol. per cont CO;and wn addimionad )
13 . of sodium bicarbonaie was administered intravenouste. In ol e received Sy o
sodiun bieerbonate this dav. The morsing of the l'mir(h day the alkali reserve wius 23

F ol
per cent of COz aond an additional 65 0 of soditin hiciorbonate was administersd S
vencusly and orally. AU pon. the aliali vreserve wis 48 voll pee eent and 30 g ol <odiug
bicarhonate was given. Recavery was complete, ! '

Case No. 730 A 33 year old mun took a considerable amount of methanol during u twao s
period. The first day he also drank about 220 ml. of ethy! adeohol. The sccond day he was
completely free from symptoms. The morning of the third day he was dizzy aod had o
typieal “black-out”’. Some hours hefore his ndmisston to the hospital he deank abhout oi
ml. of etiFTTEolol. The slkali veserve was 30 vol. per cent of COyat 130 pan. His vision
was noral. He way given 55 g of sodinm bicarbonate partly intravenously and partly
orally. ‘The alkali reserve was 39 vol. per ceni sl 3 p.n. and wn additional 25 g.of sodiun
bienebonate was given, making o total of 80 5. No further determinyeion
serve was imade that day. The fourth day at 7.30 0., the patient was restless and dvsprocic.
The alkali reserve wag now 16 vol. per eents At 8 o the putient collapsed nnd further
treattient was without effeet. The concentrarion of methanol in the nrine was
per cent. The blogd concentrention ol volatile redueing <abstinees enlenlate
was 0,102 per cent, Y

¢ ehe wlhadi e

shont 0.2

s methinnol

The disproportion between the lang ssmplame-free period and the later persist-
ent temleney of the acidosis o reenr in these twa patients is striking. The lage
amounts of ethyl aleohol taken by the patients had presumably not been elinn-
nated o less than 24 hours, and the syinptom-free period was about one il o
half days, The principal error in treatinent was too infrequent determination of
the alkali reserve. Undoubtedly more Ireqguent depternminations wonld have shown
that more-than 100 g, of rodiunn biearbonate «llln'iug, the first 12 hovrs was re-
quired in hoth eases.

Many physiciins st Ireal patients witle naethanol poisoning nndder conds
tions where delermination of the alkaly veserve s nopossible, THeee cthyl ateolol
' wlthongh
Hosigst be adwitted that some author: {ege Beanett of alal Ui express =onie

may provide very valuable protection against recurrence of the acidosi

doubt coneerning the benedicinl offect of etha] adeolial ) el strongly advise
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ngJi:?st the use of ethyl alohel alone in treatment. Even in s hospilal witly a
well equipped laboratory, however, it may be difficult to obtain a suflicient nuo-
ber of determinations, if o grent auber of patients ave adinitted at the same
tine. (o every case, combinad tregtment w. llh ulk ahi and clhvl gleahol is the sufes
and exsiest treatment,

[ it possible to wse animal vxpeciments in the investigntion of methanol poisoning
moman? 1tis s waste of time to attempt to ivestigate the mechanism of the
toxic eifects of wethanol i man-hy means of snboal experiments until it is clear
why animals do not develop more than @ moderate degree of acidosis. T'o my
knowledge no experiments m this direetion have been earvied out. There is con-
siderable evidenee that the oxidation of methmnol proeeeds in the sanie manner
inman and in ot least some animals, eg., doge, The difference in the tosie effect
may perhaps be due toa greater capaeity of dogs to maintain the pti of the body
fAuidds when a targelond of organie aéld is suddenly imposed. A single investigation
seems o indicate that this is true, Keoh! forud in 1913 (24) that the excretion of
ammonia in the urine of u dog poisoned with methanol considerably exceeded
the corresponding amount of formice acid. The concenteations of the two sub-
stances were proportional, but not equimolecidar.

It s conceivable that the elinjeal picture spen in man wight be produeed in
experimental animals by giving them enough acid to cause severe acidosis and
stmultaneously adminisiering enongh methmnol to produce light anesthesia. If
such an experiment were suceessful, it would be permissible to draw analogies
from animal experiments.

The pathogenesis of the paisoning. Only Imlhm biochemical lll\(hllgdtlullb of
methanol poisoning in man can provide a better understanding of the mechanism
involved. Some of the syniptoms indicate the lines along which such investi-
gations must be conducied.

Cyanosts. The cyanosis is not a pure cyanosis, but rather a misture of eyanosis
and rubeosis. TRis symptom appears during the severe acidosis before the onset. of
lmllmwlmtmu or circulation. AL present it is uncertain whether or not the

~bempglobin is partly inaetivated so that complete oxygen saturation of the hloosd
is inpossible. Two laets speak o favor of this hypothesis. a) By spectroscopic
examination Isaaes found absorption lines similar Lo, but not identieal with,
methemoglobin (233, Rabincviteh has definitely shown that this substanee is not
methemaglobin (G38). b In a eyanotic patieni. the siune investigator found an
axygen deficit of only 9 vel. pel eent in the venons blood (38). According to

Lamdsguard (30, i the arierial blood has been saturated with oxvgen, cyanosis
shonld not appear untila defieit of 13 vol. pereent is reached. Possibly, therefore,
the eyenotic colour during methanol pmsuan ix ot caused solely hy aninereased
amount of reduced hemoglobin,

Thus there seems to be reason to investigale whether sotoe abnormal substupee
i combraing with the hemoglobin iron and to try (o isolate il mahatance n this

Ty pothetieal componnd. 1T Uns were sueeesshd we would be well on the way
towards an explination of the mechanizm of the serious metabolie disturbanees
found inmetlanol poisoning, Fis, fuvthermore, possible that the same substanee
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the differenee between the obeerved vadues and the norged vodies o0
meg,di. Note shat the stkab deien u]ul( s Gf the alicaly reerer

" Cadeulaned
vol. pee cent or 2

cin by ne menos be aseribéd to formie acid o,

or substinees conld combine sl the pyriol ion enzymes i e tseies, g
evtochrome oxidase, peroxidase, wnd cwtaluse, wnd thus produce Heste anovia,

ooz, To some cases a high concentration of Tuetie acid s tound i the Blood
(49, 549, 1 and in the weine (15300 single investigntor (19 b demostrated o
Vers Lu re diference amonnting 1o 3105 meeq. per liter between the total sugon
of Inorganic base and .l(l(l in the DIood WHITh indieates the presence of o high
n“Thv Tloat, According 1o Bennett of al., Vi
Slyke noted an inerease i the ummr; exeretion of luctic, as well as forie acid,
in-a patient with methanol intoxieation, but he showed that most of the weinary
acid was in the form of unidentified orgavic acids which were not formie, lactic or
acetie neids,

As shown in table i, Hu- conceutrations ul Torne ¢

conicenivilion OIorE

4d and methanol are not

i oy faetor ¢ 3

The determination uf the atkuli veserve i+ an important indicator for elinjeal
treatient, but it does not provide information sbout the pr il the Cow tension
is unknown. An isolated defermination in one case gave a blood pllof 708 (14,

Hypotheses concerning the palhogenesis of melthanol intorication. \s a tenta ive
hypoth
tion of some hitherto unidentilied toxic substuance oe substinees with one or o
unportant enzyies in the organisu, The eelation demonsteated between the
degree of acldos

let ws assume that the melabolic changes are caused by the combina-

and the h‘(‘\‘(‘l'll)" of symptoms scems (o indicate that the pil
might be o deciding factor in sueh enaymatie reactions. It is possible that ava
low pH the enzymes might h(- innetivated by asanaller concentration of the toxie
substance than when the pllis nearer to the noral value. Ody when we know
with certainty what substance s primarvily vesponsible for the toxie effects and
what enzyiies are inhibited, can we expect 10 find @ precise explanation for the
influenee of ph.

Abont 60 vears ago Pobl demonstisted i anivnal experiments (363 theat fornmi-
«d that
formaldeh vde intoxication produced symptoms fuilike those of methnol putson-

dehyde s tarwore 1oxie than either formete or methanol, e ciphasiz

g and For thisveason he vomemded that forgaddebvde was prohably s the
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prina®® cruse of the syiptoms of methano! posomng. Cn the other lund he
found the largest wamount of tormate in the urine when the symptoms were at,
their prak. Sinee Pohly myvestigations many have .‘il!!)l)(n‘u‘(,l ihe theory that
formic acid was the real toxie agent, but even more have assimed that the active
substance is formaldehyde. Recently this Jatter coneept has been stressed by
Potts and Johnson (373 who investigated respiration and glycolysis in retina cells
by the Warburg techuigune. They Tound that formaldehyde inhibited oxidation
and espeeially glveolys=i= to o mueh greater extent than did Tormate, and still
tore than did methanol, Hewever, it is doubtind whether it ean be concluded
Trom these experiments that Tormuddehyde is the princey toxie agent in methanol
poisoning. Formaldehyvde is very rapidly oxidized o formie acid in the cells.
S AMany experiments have shown that formie acid is incompletely, or at least very
stowly, oxidized to carbon diexide and water. When sodium fornmate is added to
‘the Warhurg vessels, it will probably not provoke a decreuse of the pil of the
cells. On the other hand, pden fornmldehyde is added so that formic acid is
produced within the cells, the buffer capacity of 1he cells may be insutficient to
“prevent a deerease of the pITThus 108 possible that formie aeid formed intin-
cetlylarly Wil De niore toxie than a corresponding amount of sodium formate
which diffuses into the cells. Theoretically, the toxic effect of formaldelyvde may
be caused by three factors, the formaldehyde per e, the Tormie acid and the low
pli, or any combination of these three factors. For this reason no conclusion can
be drawy aboul the toxie effect. of formaldehyde per se until experiments can be
performed in which the oxidation of formaldehyde (o formic acid in the cells is
inhibited. '

The author has carlier put forward the hypothesis that in man methauol, or
ane of itz metabolites, inhibits oxidative processes, and that this inhibition causes
an accinnulation of organie neids in the tissues, presumably in the hrst place
lactic acid (30, 40)_As long as the pli remains normal, this process is moderate
and does not givdFinteal signs of anoxia. However, if the compensatory mecha-
nisms are overwhelmed by the continued production of acid, the plI deereases.
This in turn provokes en increased inhibition of the enzymatie provesses and acid
production s further inecveased. I this way & vicious crele iy established which
can be broken by the adimni<tration of alkali. The fundamental efieet of cihyl
aleohio) may be that it has « higher affinity for the cuzymes which oxidize moth-
anol than has methanol itself, and thus inhibits the oxidation of methanol
considerably. Sinee formie peid easily forms compounds with ferrous and ferrie
iron (163 it is possible that fornice acid is the substanee which inhibits iron-con- .
taining enzymes. In proportion to its content of iron, reting has & greater oxvgen
consumption than any other normal tissie (517 This might explain why putionts
become blind before they die, and why irveversible damage may be done to the
reting, even if treatment has heen staried in Gme 1o seve the life of the paticut,
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