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(17 was eliminated o the expived oo doeingg several doas ratton. {n
e cilvonod ;lv: R Dody weiphi, Baridero s fonnd
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ol 1 per cent esereted nnehunsed iooche expired o
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) shovwed that clamse o throust e fan
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SO0 Process «l(];n'mh HEupon fhe coneentration i lh‘» Pood and the ieapliatory

veed el he -

voltime, They fourdd thar wn e 220 per cent of the

shis sonres ol error

prined . o e i

dense on the fur of the experitent:
collected the expired air throtsh o Gacbeel connule This technique may par

yired e by Hagggaasd oo

explain the high perventigge of tethunol fewnd it

Greenherg, because the tracheal connela may have caased =ome rritatien woth

e to ethay aleohol they did noe find

consequent hyperventilation. Too cont
Widinark s 2 fuctor fdeerease i biood consentration per minute expressed i g,
per mlof blood i constant. Tretead, i ared ahiost proportionsaely to the blood
concentration. Piis effect could noi be ertively explained by the dependence of

prhmonary eseretion on cotieentration Phe awuthors soachnded thet the rates of

el ion by rentes other than pulbonary ciere o and by tssae oxudation
wire notl constans, but o wers oo depend nton blooas concentration. However,
BartletUs reeent experiments woth cbelied nethanol have demonstested hea

the rte of osddation to COL Leedependent of conceniration. (See helow ) The
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decrense in blood concentee: 1“|nn was siilirly vanable inorabbitss Agner and
Belfrage 1) Tound that 14
but ondy 0.0006 when the cope

v

LOMT with a biood concentration of 2 g, 'mil,

nteation wis below 1o, ‘mil,

Methanol is adso exereted B the Kidneys in amoants up to 10 per cent of the

sdmbistered dose (27,2807

Fiiminabion by moans of aciadation. Sinee Polil's investigntions in 1894 (36) it
has heen clear that a part of the adininistered wethanol s oxidized 1o f()l'“li(‘v:l(‘i(]:
and that part of the Tornne a@id is further oxidized (o carbon dioxide and water.

After administration of 4.5 ¢ ki a dog exereted 3 per cont as fornte, In similar
. Cxperiments, Asser (20 recovered D ta 87 per cent after 2 g, kg, Pohil reported that
k\\lu ‘- methanol was given oradly or intravenously she maxinal amount esereted

on the second cnd thind day was independent of the route of administration.

Land (28} recoverad some \\lml higher mmounts, about 20 per cent, when the

bladders of the experinmental dnimals were captied frequently so ws 1o prevent

reabhsorption through the bladder epithdium. The highest coneentration of formic
acid in tie blood (50 mg. |n~r!~;vnl) wias not reachied until 40 to 50 hours after the
hanol to a dog. B

Several experiments on thei
been made, After the administration of 2 g of formaie to dogs, Asser recovered
15 10 20 per cent in the ul'in(e‘(]ﬂ:). I similar experiments Pohl recovered between
5.8 and 18 per ceut. A dose of 1 g, was almost completely oxidized- (36). In dogs,
Lund (28) found nearly half nl a dose of 2 g, excreted unchanged if reabsorption
through the bladder was pr ented. Determination of the renal cléarance made
it seem likely that formie acid is nat a threshold substance. Rabbits have o higher
capaeity to oxidize Sariade Hmu dogs, since practically no formate is exercted
in the rabbit’s urine aiter doses of Q676 g kg (27).

Pohl gave an experimental subjeet25 mil of methabol and found the highest
amount of fftwrid exercted in lhv\ummtl'w which is when the
svimptons of methanol poisouing are nsually st severe. Ahout 3 per cent of the
methanol was exereted as formie acid.

1t is generally assumed lh.at both & edeo and D ritro methanol is first oxidized
to formaldehvde. Apparently the formaldehyde is further oxidized to formic
weid very rapidly, sinee nnwlln\(-sl;;;ulmn have not been able to demonstrate
even traces of formaldehyde in the organs during the oxidation of methanol (36).
Neither is it found in hlaod, upine or expired air (3). Pohl reported that the fiver
wis especially aetive in the gsidation of methanol and formaldehyde, but that
it was practicaily unable to okidize formate. More recent experiments, however,
indicate that the Hver has o (‘()lhl(]('ldl)l(‘ capacity 1o oxidize formate. l&nthtt
(3) megsured the production vf CB0, in Warburg experiments aud found that
the relative (~~1|1.‘l<‘ilil'~:uf i Hissue slices to oxidize methanol were: liver 100, kid-
ney 3boantestine §, heart 1)« nphnmn {and braio O,

administration of 2 g ke, g

apacity of the organism to oxidize formate have

Druariog me (lmxml Poisoning, pn man the concentration of formie acid in the l)]mxl

ix quite vaniables Ju 5 Jethal ¢oses it 1 ll){.':l‘(] framd to 68 me. per cent (29). In

three other paients who ¢ nl’gn died 1t mn;,mh from 3.7 to 19 nye. per cent (40):
When it s added that the lm‘th.nml cotcentriction in the Blood in 23 lethal cases
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varied between 51 and 27 ent CH O becomies becrons thet b e

coneentrations of Vhese st G That the onlyv decsding fevors o thie clinend
courss of the posoning. This question sl be considered farther diring the dis-
cussion ol the mechanism of poisomung,

The nchanism of mcthanol orvditions. N details e kuows abont e DA
mattic processes responsible for the oxidation of methanol, Favasade: Man 73
showed i 1988 that peertly puritivd sdeohol deledrogennse tron the e of o
variety of wnimals is capadile of ovadizog ethasol, wthongds v dovdy tha
ethyl alechal. Hhowever Theareil sd Bommele e o3 and Theorell and ¢l e
G7y have Tound that methanol oo oxidized by erygsfollon aleoliol delivaro-
genase rom horse hver, They suppose that the oadation tahe - place b e Gl

catalase-peroside. With this mevhanan of cudation the moe of osedanion o

nere,

Iawhien the concentration of snb=trate inereases. Chanee 10 cotisndiy -

that the shape of the elimination curve of methanol Toned b Sunerand Belirage

(1 provides support Tor the catubiac peroxidose mecbanizng Hoaever, the e

of the elimination eurve b largely determined by paimonary everetion, snd i
therefore hardly he i sound Dasia for estimating the rate of oxidation. The o 1l
that the catiduse-peroside oxidation procecds very rapidly v citra while methanil
oxidation s rather slow (o rivo nnght alsd secnn to argue againt the assnplion
of & eataluse-peroxide oxidation of methanol wecording to Bartlett (5. lmvnll\
Hevesy (20) has shown that treatiment of white siiee with massive doses of roer l‘ -
gen vays (1,500 1) provokes some increase in the tate of methanol oxidation aid
sitnultancously increases the activity of eatalase.

Daciicitts experiments with iabelled methznol imdicate tha ihe Lo
oxidation of methanol procecds at a constant wate, sinee the nount of CHO,
exereted in the expired air per ufit of vime was ot dependent on ihe concentr-
tion of methanol in the organisi. He administerad T g, of methanol per kg of
hody weight to rats, bhut it wonkd have been desirable to carey out similar “xpuri-
ments with considerably higher doses, e, 3 10 4 g kg From his experinents,
furtlett concluded that wethanol is probably oxidized by the same tvpe of
enzymes as e effective in the oxidation of cthvlaleohol €3, 5.

The rate of metabolisin of methanal s very fmportant elinieally. 1 is gencradly

asstied that the symptoms of tethanol poisoning are due to the oxidation
products formaldebyde or formic acid, However, it is bevond doubt that the
symploms develop much more rapidly after high doses of wmethanol (e altor
low doses. 11 one of the aforementioned substanees is primarily respousible for
the s nproms, we st (nm]u(l( that the rate of oxidation of metly mnl o the

I'hie influence of ethyl .‘ll('()h()l O et : methanal

Wil Be diseussed in a subs seauent secetion,

The Toweedy of Aicthanol
Astady of the literature onwethanol poisoning leaves o distinel inipres aon
thut experimental investigations= have not contribuled el Go answer the IATHYIRS
questions connected with poisoning in hanans The

salts of aromal experiaen s
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. are frequenty in direct contradiction to clineal experience. Therefore, 1t is ueres-

srary to evahite eritically the 'question of whether or not the effect of methanol

s the same in man and animads. For this reason the toxie and lethal doses, the
syinptoms, ithe most inportant pathological tindings. and the elfects of differcut
modes of treattment inoman and anitals will be compared and discussed.

Toric and lethal doses. The many animal_experiments made at the beginning
of this century all demounstesied that ethyl aleohol is niore toxie than methanol.
Retd Hunt 21) Found that experimental animals died carclier after administration
of vthyl adeohol than after equal doses of methanol. According to Schieck (42),
Loevy snd vl Thevde showed that ethyl aleohiol is much more toxic to mice and
dogzs thaw is methanol s the sspe was shown by Hammarsten in rabbits. Neymark
13540 states that Niclous and Placet in 1912 demonstrated that the lethal dose of
methanol for rabbits and dogs, was about twice that of ethyl alcohol.

Al these investigations show that in_experimental animals Richardson’s rule
is valid: in a homologous series of aleohols toxieity inereases as the number of
curbon atoms inereases, The lethal dose of methanol is high. Hunt found it to be
9 ml ke for dogs and 10 ml kg, for rabbics (21). Severn other investigators
have found about the same lethal doses for these and other experimental animals.

It ix understandable that the results of these and similar investigations con-
tributed 1o the conception that methanol is but slightly toxic. Today we know
that this conception is true ouly for experimental animals. It is beyond doubt
that i man the toxicity of methanol is an exception to Richardson’s rule since
Lg ke of body \\mght or b can_produee blindness or even death.

Symptoms o] methanol polsoning. The symptoms of methano poisoning in
various experimental animals are rather uniform and indicate decisively. that
methanal produces nothing more than a general anesthetic effeet. After doses of
A mi. kg, practically no effect is seen in rabbits, After 7 ml/kg. or more these
animals exhibit almost iamediate ataxia, loss of righting x“iéluxms, and coma. The
animals that recover after the anesthesia are alveady rauch more alert on the
second duy and sbart cating (8). The symptos provoked by various doses of
methanol adminis tvml to mice are as follows (13): After 4 g./kg. slight ataxia
lasting less than one hour is seen; with 5.5 g kg, the ataxia is more pronounced
and in some animalds stight snasthesiais produeed; 7.5 g./kg. of methanol quickly

produces deep anesthesia in some animals, only slight anesthesia in others; 10
g kg, ahways induces deep general unesthesia begiuning a few minutes after the
injection. Some animals. die, hut those which recover show practically normal
activity 48 hours after the injection. Fverybody who has administered methauol
to experimental animals will wgree with Tunt that:“The symploms of acute
potsaning of animials with methyl aleobol are, in general, similar to those observed
in cases of poisoning by ethyl and other aleohols of this series™ (21).

The =cmptoms mentioned have ‘it.tlb in common with those seen in man. Those
who drink meibanol are quite disnppointed b the slight intoxicating effect.
foxeept when ethyl aleohol has been talken tggether with methinnal and oceasional
instancees where execedingly large amounts of methanol have been consumed
ey i Ditery 1210 18 honrs pass betveen thy: time of ingestion and the onset
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ol symptoms. Frequently patients have been abie to continue their norinal aetie

ities for severnl hours before symptonss appear. The first =visptons wee o fecling

canorexin, headache and nausea. Then Tollow o ragnd sequenes

It I 1 I
Jitoia G g i

FE O

ety pab aptien
and in many cases exceedingly violent abdominal pain. The paticnt presses his
hands against his abdomen, eries loudly, or throws himselt out of bed and hwehes
up on hands and knees. Simultancously with or =shortly after the oneet of seviere
symploms, amblyopia appears which way develop rapidly into somanross e
pupils dilate and hecome partindly or taally reactiontess. Tl shin deselope o
reddish cyznotic colonr, Bopor and comg then relieve the paticnt of the violen
pains, thie dyspuoea and the anaety, The respiration v osdowed and eviosis
becomes ore pronouneed  Usually the heart contines to Lo for some tane
after cessation of respivation, up to two howrs durving artificiad vespiration m e
ron hunge CR)L During thd developaient of the syvinptoms the alkadi reserve un the
bloud decreases steadily, and serious seymplons are seen ondy when pronogeed
aeidosiz is present (7, VE 39,000, Immediately bofore deathn, the alkali teserves
measired as the COw content of e blood, is about 10 to 13 vol. per cont or sone-
times even less. 11 no treaboent is

riven, the saime SyYnptoms are seen n paiient s
who have taken 100 ml s in patients who have taken several tines as meh. The
only differcuee is that when huge amounts have been taken, the signs and
symptans develop mueh sooner, and the svimprom-free interval many be reduceed
to a couple of hours.

Fven alter lethal doses of methanol most animals do not develop acidosis,
However, o moderate acidosis can sometimes be observed (19, 26, 41, The ennse
of this difference hetween man and animals s unknown,.

In humans, amaurosis and abolished pupillioy veactions are seen regulaniy

during meth
g !

nal paisoning with severe geidosis (less than 200 val per cent (0
No clenr-cut impairment of vision is demonstrable in animal experiments (8, 12,
22, 43). Obviousdy, the pupillry reactions ave abolished during the period of
anesthesia, but they reappear with the disappescance of the anesthesia (1),
The mast important pathological findings. Severe changes in the ganglion ceils
of the reting are found in patients who have died of methanol poisoning. The
changes are so severe that they must be irreversible, Piek (30 has stressed (hat
the picture is the same as that deseribed by

The most pronounced changes
are scenin the nuelet of the cells. They are always placed at the extreme periphery
of the cellsz it often looks as i the nucleus protrudes ontside the limit of the el
The nuelens is flattened, polygonal and irregular, and the nielealus is displaeed
t the auter TimaT ol The nueleus. Sparse remnants of the tigroid substanee wre
found inn eirele peripherally in the evtoplasin. Many of the colls are enbrged
andd globoid. The dendrites wee difliculi to see, even after ~ilver staining (12, 3o,
3. 41, AR).

Theee e widely divergent aopinions abont swhether or not pathological clinzes
are present in the retinal ganglion cells of animads pooned with methanol. Biveh-
Hirsehfeld 83, Sehwartzkopf (5 and othevs elaim that sucly chanpes are presen

=

However, chey fonnd the mosC pronouneed changes i the Garcid sabstanee,

e
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while apparently the uoclens usnally remained norwal, The techuique used by

Jthesemnvestigatons has been eriticized by severnd authors, Tgersheimer and Verzar

(223 tonnd that the adminstraton of methano! in doses so
renin i a prolonged comae was a souree of ervor hecause the consequent anoxe-
miz possibly coulil cause changes in the ganglion cells, Therefore, they gave only

maderate, not anesthetie, doses during weeks and months. In chickens they did

not find any sign of decreased vision e no changes in the gaoglion cells. De

Sehweinitz C8D sod Priedenveatd (130 alse disagreed with Bireh-Hirsehlelds
findings. Fricdenwald considered that the changes deseribed were artefacts since
he wis able to produee o siunlar histologieal picture in eyes from normad animals
hy s certain methods O fisation and imbedding. He exiunined @ sevies of
autmal= including dogs, cais, rabbits, mdee, rats, aud chickens, but in no instanee
did he tinad changes in the vetinal ganglin (L. The faet thar impaired vision ean-
not be demonstrated inaninads with any degree of certainty provides additional
evidence that, in contrast 1o man, severe retinad changes are not present in ani-
mals, . '

Pathologie changes in other orghns after pethanol poisoning are not usually
pranounced. No changes whicl can be x‘vgurJ]l‘(l as irreversible are found in the
gunglion cells of the cerehrum (35). Necrosidof the liver is not found in man al-
though it may ocenr in animals (32). On the other hand a marked contraction
of the lower-itenum and of parts of the colon isialmbst always found at autopsy of
paticuts (10), but is never present in animals. Bennett et al. (G) among others have
deseribed hemorrhagic pancreatitis in fatal Buman eases which they suppose is
the canse of the severe sbdgminal paiv. In the author’s opinion it is more likely,
however, that the pain is due tosthe very pronounced intestinal spasms sinee the
i :!35;3; nours nn\lumll-nlnl\ after ~n|uun|~lln||(n| of alleuh

D swmmary, it must be steessed thal there s a fundamental difference between the
torie effects of melhanol 2 man and the locie effeels in andmals, This fael has been,
and is still far {oo little realized.

~don

o

O The Cowrse of the fntocication

The cflects of ethyd aleohol. Thitherto, the symptomatology of poisoning with
miethanol alone dis been deseribed. As e ntioned, a symptom-free period of 12

VI8 hours s generadly seen. Only after very high doses (e, half a h!m) of
uu‘lh.uml 15 the latent period shorter,

However, whien several persons in the sume party drink methanol, the varia-
tions in their elinieal conrse are frequently mueh greater than can be accounted
for by differences in the amount of methanol mgmlml. FFor example, the patient
who has comsumed the smadlest amount may rapidly become il and die, while
another patient may remain without syipioms in spite of the faet that he has
consuted mueh more; o thind wha has also consumed alnege awmount may not
hecorne ] for one and o hali to two dayvs, hutanay then rapidly develop the most
severe svmptoms and die within o few hours,

Phee explanntion of this faet is that while gonstming e methanal, iy i
ents lave aiso heen deinking ethyladeohol, swhich inhibite the developent of

i
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the acidosds (39, 400 T b the wuthor's expericnee that 0 ethyd aieohol 1< tden
sinltaneously ar almost sialtaneously vith methanol, e syviptos of
i the ethy
I at that Gie o toxic mmount of metianol s =i prreseot s the baddv polsoning
willdevelop as deseribed. Generally the only eifect of o sogie dose of ethv aleolol
ix w prolongation of the lutent period. If ethylbaicehol is tuken repeatediy at ~neh
intervals that it is vonstantly present in the body together sl niethanol, the

wleohol s elitninated,

nethinol poisoning will not appear nutil o=t

patient will not develop symptoms provided it the conecntrations of et hinol
and ethylaleohol ave not too wmnch out of proportion.

Bennett and cosworkers (4) found that <ot patients with methanaol poisoning
developed acidosis in spite of aoather high coneentration of ethvl aleobol i the
Llood. However, it cannot be exeluded thea ‘\\Hlnl' of ther paticnts had taken
ethyl sleohol after the development of theiv sedosie, AL bt ane recovered . Tl
patient who died (ense No 17 had no methisol in e Dlood w hen wdimitted 1o
the hmpn(ll but an extremely 18T, G ieg. 1), high coneentration o cthyi
aleobol (410 mg. per cent) and normal prpds
hicarbonate he developed o severe alkalosi:

viter treatment with 220 g ~odinm

H6omed. LY and died on the thind
day. It secius justitied toconelude that neither the svimptomes, the conrseof the i<
case nor the hiochemical tests ndieate that the patient died of methanol poison-
mg. ’

The hypothesis that ethyl aleohol is able (o inhibit the oxidation of methanol
(39) has been contirmed by later experiments. Zatmann (34) found that thie
oxidation of methanol (i eitro by impure aleohot dehyvdrogenase was consideral Iy
inhibited by ethyl alcobol. Inkibition was s¢en even when the concentration of
ethyl aleohal was about 1 gth That of methanol. Bartlett (1) administered (-
Taneled me thanol to rats and measured the £xcretion of CYO, as an index of the
amouni of methano! oxidized In these experiments, as well as i experiments
with liver tissues incubated with methanol for 2 hours in ritro, there was a markid
deerease of methanol oxidation in the presence of ethyl adeohol. The inhibitory

effect was a linear function of ihe log of the ethyl aleohol concentration, with 72

per cent inhibition at 0.01 molar. The experiments elearly demonstrate thid e thyl
alenhol is o very effective inhibitor of methanol exidation.

The l'realment of Methanol Intorication

We owe to Harrop and Benediety( 1920) the demonsteation that ae l(l(l\l\ DeeNEs
<lmm;, methanol poisoning and the proposal to treat this poisoning with alkali

18). The same year Isaaes (23) observed good results with this treatment, 11 s
ill(,ll'i‘(l deplorable that abont 30 years elapsed hofore the good effeet of dhis et
ment became commonly known, aud anfortunately some stil doubt its value,
froseems that the authors of medical texthooks huve paid more attention o 1hie
resuts of animal experients than (o elinical observations, Animals anly ey
develop a deerease in the alkali reserve and never a severe acidosis (19, 265, Some
authors advise against alkali treatinent beenuse the animals Geated with alkal
generaity die (19, 25) doubtless from the resulting alkadosis, D contrust. elingeal
investigations have shown thai the degree of seidosis decittes the outeome of the
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pnixunin}. and for this res=on treatment with L\llulll s abwolutely indicated (7, 11,

SR, TheadRali reserve must be determined an intervals of a few hours, because
acidosis can reappear tapidly even when the paticnts have received t!w amount
of hicarbonate advised hy VanSlyke (10, p. 2530 This fact is also most htnhmglv
emphasized in the comprehensive report hy Bennett of al. (8).

As previousty mentioned, ethyl aleohol inhibits the metabolism of ethanol
1o tovie produets. For this reascn it has been proposed to administer ethyl aleohaol
i order 1o prevent the ceenrrence of acidosis (39, 403 A concentration of 100 mg.
ol ethyt aleohol per 100 ml. of blowd is sufficient, particularly in view of Bartlett’s
fiding o+ that in vts aconcentration of 46 mg. per cent can decrease the rate of
methanol metabolism by 72 per cente. Ethyl aleohol must be given often enough
to keep the ethyl aleohol concentration reasonably constant, and due um'mm(

st be tiken of the vate of disappearance of ethyl aleohol which is about 7 ¢.;
hour, : —_—

TIRCas treatment with bicurbonute does more harm (lmn good in animal experi-
menis, ~0 also no beneticial effeet of (_\.l,h)l aleohol can be expected in animal ex-
perimients beeatise experimentdl animals do not develop acidosis even when
oxidation of methanol is allowed to proceed ut a normal rate. It is therefore
not surprising that Gilger ef al. (lo) found that ethyl aleohol increased the tox-
icity 'of methanol. They reported that the LD g of methanol in mice was 10.5 to
L0 g kg I inaddition 2 g. of ethylaleohol per kg, was given all the mice died.
Siuee the anesthetie_potency of ethyl aleohol is almost twu'e that of methanol,
the ammats undoubtedly died of the combined ane sftect of the two alco-
hals. It is incomprehensible why Gilger et al. on the basm of these and similar
experimenits, discourage the use of ethylaleohol in ‘the treatment of human meth-
anol poisoning. They themselves (see ref. 15, p. 115) refer to the use of ethyl
aleohol aud bicarbonate in the treatment of methanol pummmg in the United
Stutes Navy, Chew el al. (1) have given an interésting repori of the abo i
tioned patients in the Navy. The 26 patients had drunk pure methanol in an
average mnount ofsabout 220l varying hetween 540 and 90 ml. Moreover,
most of then had taken an unknown aount of ethyl aleohol, Besides treatment
with alkadi, the patients were given 30 ml. of whisky every 4 hours. "The results
were exeellent, as only 4 of the patients had decreased vision when discharged
from the hospital, and 2 of these regained normal vision after o short time. The
dose of wlkali employed (in cases No. 3, G, 9, 14 and 15) was not much more than
hali the dose recommended by Van Slyke. Apparestly, the teadeney to recurrence
of the acidosis wos only slight. ['n anyone who has ha ul some experience with the
treatient of methanol polsoiing, it is quite ine qn((n able that a patient (case
Na. 3 who presiiably drank as much ay 360 mll of methanol, and whose alkali
reserve wis reduced 1o 25 vol. per cont, could eseape a fatal reerudescence of the
weidosis after the adiministration of only 28 g ot sodium bicarhonate in 24 hours,
Such iopaitent ought to have heen trented with abput 60 g, of sudium bicarbonate
feitrally, 1 is more than likely that the good results obtained in spite of inade-
Crpate desses of bicsrbonate can be altrilnited to the retardation of methanol oxi-
T dation caused by thie repoated euhnie;i:ﬂ ration of smadl amounts of ethyl aleohol.

I
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Howe are to avoid unneees by losses of vision ar Bves i the futare, i1 s eeeen-

tial to recognize that all paticats with methinol poisoming must be Ueaied -
tensively with alkali, unless ethyl aleohiol i siven repeatedls after tie neidoss
has been fivst corrected. To ilnstrate w hat elose supervizion 1 needed 1or e
cesstully combatting the iendeney to reappeariiee of the geidos

LW case ke

tories arve presented (40). Both patient s were riven whout 80 . of <odinn biear. -
houzte duting the first hours of treatment. This turned out to be far tou st o

dose, and they developed o severe exteerhat|on of the acidosis within te folio
dng 24 hours. One of the patients died: the gther had HEITOW Caei e,

Chase Noo 570 A 39 year old man drank shout fio whoof wntiirecae dinring 2 duve, Thae
first duey, soie time before he started vo drink (he wmi"
(eorresponding to 300 mwl. ethyl aleoholi Not untdl (hie maorning of Ohe tied de
haud started his work did het experience the first SY T o
mitted 1o the hospital wt 10 0 m. The alkali r(ss»*.‘rve;“\-,u.

ze he alsotook 1 hotie of gt

voalted he

soof s widosis He was il

Ve

Sovol per cent of CLond e
complained of blubved vision, He wus gven 71 g of sodium Licarhonate, partdy it
venously, partly orally, and 40 ml. of ethyl :tlrnlm;], The latter was presumably elinnnated
after shout -+ hours. At 3 pam. the uikali reserve \\'?r& 36 vol. per cent COand an addiion

13 g of sadinm hicarbonate was ndministered intravenously. In wll he ree
sodinm bicwrbonate this dav. The morning of the fourth dayv the alkali reserye wis 27 v ol
per ceat of OOy and an additional &6 . of sadivan hicarbonate wis administersd

ri
venously wind orally. AUS pon. the wlinli reserve wis i8 vol. per cent and 30 g of <odivm
bicarbonate was given. Reeovery wes complete. ‘ . ’
Case No. 731 A 33 yvear old man took o considerable amount of methanol during a twa
period. The
completely free from symptoms. The morning of ‘the third duav he wis dizzy wod had o
typical “black-out”. Some hours hefore his admission to the hoxpital he drank abour
ml. of et i¥T ARGl The alkali reserve was 30 vol. per cent aof COy at 130 pan. His vivi
was normal, He was giveu 55 1 of sodium bicarhonale partiy intravenously and paly
orally. The alkali regerve was 39 vol. per eent ut 3 po and an additionzl 25 g of sodim
bictrhonate was given, making u total of 80 . No furiher determingio
serve was made that diy. The fourth day wt 7.80 a e the pationt was res les
The alkali reserve was now 16 vol, pereent. A9 aon the patieut collupsed and further
treatient wig without effeet. The concentration of wethanol jn the wrine was whout 0.2
per cent. The blood concentrntion of volatile reduciag substances ealenlited as msthanol
was 192 per cent

s v

ke wthadi en

and dyspnocice,

The disproportion hetween the long sympton-ivee period and the later persisi-
ent tendeney of the acidosis to reenr in these (wo prlients is striking. The Jarge
winounts of elthyl aleohol taken by the patient= had presumably not been elini-
nated in less than 24 howes, and the syimptom-free period was about one and o
half days, The principal error in teeatment wes oo inleequent determination of
the alkahi renerve. Undoubtedly more frequent determinations would have <hown
that moecthan 100 g, of sodinm bicarhbonale lllm'ing the first 12 hours was e
quired in hoth cases, Do

Many plussicians must freat pationt: witle sictlumol poisoning under cond;
tions where determination of the alkali vesermde is inpossiblel Here vethyl aleohal
may provide very valuable proteetion against feeverence of Ui acidosi=, althoneh
ot be adiaitted that some authors g, Bovnett of alsh sl expross some

doubt coneering the honeficial cffect of ethiat adeohal, and strongly advise

ived NE oo

st day he also drank about 220 ml. of ethyl aleohol. The second day hiewas
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- faganst the use of ethyl abeohol alone o trestments Bven s haspital with o
: .

well equipped Ithoratory, liowever, it may be diflicudt to ablain w suificient nuo-
ber of determinations, it a great muober of patients ave adinitted at the sune

“time. Inevery case, combinesd trentment with wlkaliand ¢ ll\vl uleohol is the safest
and vasiest treatinent. :

[« 0t pussible to use aimal eoperiinents in h'u' ‘e estigalion of methanol poisoning
toman? T ds 2 owaste of time to adiempt to investigate the mechanism of the
toxie vifects of methznol i man-by means of eniial experiments until it is elear
why animals do not develop more than o moderate degree of acidosis. To my
knowledge no experiments m this dicection have been carvied out. There is con-
siderable evidence that the oxidation of methtinol proceeds in the same mamer
in man and inoat least some animals, e dogs, Thi difference in the toxie effect
may perhaps be due toa geeater capaeity of dogs to maintain the pil of the body
fluids when a largelond of organie aétd b suddenly imposed. A single investigation
seemns (o indicate that this is true. Keohl fownd o 1913 (24) that the exeretion of
ammonia in the urine of 1 dog poisoned with methanol considerably exceeded b
the corresponding amount of formie acid. The concenirations of the two sub-
stanees were proportional, but not equimolecalar.

It is conceivable that the clinieal picture seen Boman might be produced in
experimental animals by giving them enough acid to cause severe acidosis and
simultaneously adminisiering enough methanol to produce light anesthesia. If
such an experviment were successful, it would be permissible to draw analogies
from animal experiments.

The pathogenests of the paisoning. Only lulihor biochemical investigations of
methanol poisoning in man ean provide a better understanding of the mechanism
involved. Some of the syniptoms indicate the lines along which such investi-
gations must be conducied.

~ Cyanesis. The eyunosis is not a pure eyanosis, but rather a mixture of eyanosis
and rubceosis. TEis svinptow appears during the severe ac idosis be fore the onset of
lulllm\;uh\tl()ll or circaation. At present it is unecertain whether or not the
- bemoplobin W&Lh W complete oxygen saturation of the blood
i unpossible, Two fiets speak in favor of this hypothesis. a) By spectroscopic
examination lxn'u‘\ fornd absorption lines similar to, but not idenlical with,
methemoglobin (235, Rabinoviteh has definively shown that this substane is not
mncthemoglobin (_.m). by In a eyvanolic patient. the swme investigator found an
oxyeen deficit of only 9 vell pep eent in the venons blood (38). According to
Lundszaard (30), if the arterial blood has heen saturated with oxygen, eyanosis
should not appear untila defieit of U3 vol. pereent is reached. Possibly, therefore,
the evanotic colour during methanol poisoning is not caused =olely hy an increased e

amount of reduced hemoglobin,

Thus there seems to be reason to investigate whether sotae abnormal substanee .
i5 combining with the henwzlobin iron and 1o try Lo isolate Ilfmfé
Fyvpothetical compatnud, [ this were sneeesaful we would he well on the way
towards an explanation of the mechanizm of the serious metabolic disturbances

found in methanol poisoning. Tt s, Tnethernore, possible that the sane substasee
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Calenlated ws the differenee Letween the obeeesoed sadies sond the normad s odaee g0
vol. per cent, or 27 meeq 40 Note that the alkady detici 4-]!« rease G the abivadr reserve
can by nsemenns be aserithéd 1o fornie acid o,

ar sihstanees conld combine witly the pyvolion cizvimes mothe o

s, LN/

evtochrome oxidase, peroaidase, and catubin, aod this produace Gsane aioa,
Aeidosia T some cases ahigh concentration of Leetie acid s found in the Blomd
(9, 59, 4= wnd i the meine (1850 A single invesidgator (195 has denvonstrated o
very kurge difference simonnting 103015 neeg. per titer hetween the total saaonn
winnie base and acid in the MO WD hudicates the presenee of o high
concentralion ororgamc aeids Tttt Dlood, Accordmg to Bennett o al,) Van g'
Slyke noted an Inerease e the urinary exerction of lactic , s well as Tormie (uu! :
ina paticnt with methanol intoxication, but he showed that most of the urinary
acid was i the formof nnidentified organie 2cids which were not formie, lactic or
weetic acids
Ax shown in table 1, lhv coneentrations of formie acid and methanol arve 1ot

of nory

||ll‘ determination of the alkali reserve is an important. indicitor for elinjeal
treatiment, bt it does not provide information ahout the pIif the CO (ension
I8 unl\n(mn. An isolated determination in one case gave ablood pllof 7.08 (195,
Hypotheses concerning the pathogencsis of methanol intorication. As a tentotive

fypothesiz, let ussesime that the metabolic ehianges are caused by the combina-
‘ tion of =ome hitherto unidentified tosie substanee or substanees with one or niore
Ny tpartant enzymes in the organisin, The relation demonstrated between the
degree of acidosiz and the severity of symploms seems to indicate that the pll
might be o deciding factor i such enzymatic reactions. It is possible that st
low p“ the enzymes might be ingetivated by o smaller concentration of the tosice
substanee than when the pllis nearer to the normad value. Only when we know
; with certainty what substance s primarily vesponsible for the toxie elfects amd
whatt cnzyvimes are inhibited, crn we expect 1o find o precise explanation for the
: iflucnce of pif.

: About 60 vears ago Pobl demonstimted in avinial experiments (363 that formad-
«d that
A formaldeb vde intoxication produced semptons fmlike those of metTanol poizoii-

dehyde is tar more toxie than either formate or methanol. e enplisiz

ing aned for thisTeason he eonemded that forgaldehyde was probably nat the
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" i cause of the symptoms of methanol poisomng. On the other hand he

. lmmd the | .llp"-( amnunt of formate in the urine when the symptoms were at
_ SHnee Pobls investigations, many have supported the theory that
farniie se ul was the real toxie agent, but even more hive assumed that the ae tive
substance s formaldehyde mm.m this latter concept has been stressed by
Potts and Johnson (373 who investigated respivation and glyeolysis in retina cells
by the Warburg tee !mnlmn They found that formaldehyde inhibited oxidation
and espeeially glycolysis 1o 0 much greater extent than did formate, and still
wore than did methanol, However, it is doubtful wheihier it ean be concluded
From these experiments that Torimadgdehyde is the primary toxic agent in methanol
poisoning. Formaldehyde is very rapidly oxidized to formie acid in the cells.
Many experiments have shown that formie acid is incompletely, or at least very
/kf\\l\ oxidized to carbon dicxide and water. When sedium immlte 15 added to
Jithe Warburg vessels, it will probably not provoke a deerease of the pH of the
©eellss On the other hand, wbhen fornmaldehyde is added so that formie acid is
produced within the eells. the buffer capacity of (he cells may e insutficient th
prevent a deerease of the pIT, Thus 1€ 1= possible that formic acid formed intra-
TR Wil Toe more toxic than a corresponding amount of sodium formate
which diffuses into the cells. Theoretically, the toxic effect of formaldehyde may
be caused by three factors, the formaldehyde per se. the formic acid and the low
pll, or any combination of these three factors. For this reason no conclusion can
be dla‘\n about the toxie effeet of formaldehvde per se until experiments can be
performed in which the oxidation of formaldehyde to formic acid in the cells is
inhibited.
The author has earlier put forward the hypothesis that in man methanol, o
one of its metabolites, inhibits oxidative processes, and that this inhibition causes
an acenmulation of organie acids in the tissues, presumably in the hrst pluce

lactic acid (39, 40) As long as the pH remains normal, this process is moderate

and does not givé#Einical signs of anoxia. However, if Hw compensatory mecha-
nists are overwhelmed by the continuned prodae tian of ac idd, the pIt decreases

This in tirn provokes an inereased inhibition of the enzymatic processes and m‘ul
production is further inereased. In this way & vicions cirele is established which
can be broken by the adiministration of alkali. The hmdamental eficet of ethyl
aleoho) may be that it has a higher affinity for the cnzyimes which oxidize meth-
anol than has methanol itself, and thus inhibits the oxidation of methanol
considerablyv. Since fovmie acld easily formas compounds with ferrous and ferrie
iron (16) it is possible that formie acid is the substanee which inhibits iron-con-

taining enzymes. In proportion to its content. of jron, reting has a greater osygen

consnmption than any other norinal tiscue (51). This might explain why patients
become blind hefore they die, and why irreversible damage may be (lmw to Lhe
reting, even if treatinent has bheen started in time o =ave the ifo of the patient.,
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