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Presently studies on the metabolism of ethyl alcohol within an organism show that
90-96% of the alcohol is oxidized within the organism 1) and a small proportion is
excreted unchanged via respiration, perspiration and urine. But the knowledge about
the place and intermediates of this oxidation is still unsatisfactory.
People tend to equate the in vitro alcohol oxidation (via aldehyde to acid) with what
happens in the animal body. However, the chemical experience shows, that the nature
of the intermediate(s) and the yield of end product(s) varies with the organism
studied. The animal has a peculiar oxidation ability: some substances are oxidized
almost completely whereas for others the oxidation might be restricted. The different
stages of a substance circulating in the animal body are far away from being certain.
Every single case needs to be verified with an adequate experiment.
According to LIEBIG ethyl alcohol oxidizes first to aldehyde, followed by lactic acid,
oxalic acid, formic acid and carbonic acid. DUCHEK and his scholar KRETSCHY
declare that after ethyl alcohol administration aldehyde was found not only in the
stomach, but also in blood and liver distillates by simple detection with silver nitrate.
BUCHHEIM, MASING, SETSCHENOW, LALLEMAND, PERRIN and DUROY
contradict those findings. A recent observation by ALBERTONI 2) (given it can be
confirmed) is pointing to a more complicated way of alcohol oxidation than
previously thought. He could show, that even small amounts of acetaldehyde (e.g.
1mL diluted solution, taken via mouth or nose) would be secreted unchanged via the
lung or kidney. But he was never able to detect aldehyde in the expiratory air or urine
after application of alcohol. ALBERTONI 3) concluded that an oxidation of alcohol
with aldehyde as intermediate is unlikely, but he did not express an idea how else the
oxidation would proceed. Because these findings were not gained by quantitative
analysis they do not prove the complete inability of the animal body to oxidize
aldehyde.
For the extraordinary interest of alcohol oxidation within an organism I have chosen
methyl alcohol – the simplest alcohol – for several experiments. I would expect the
results to be useful for the fate of ethyl alcohol as well.
I. Physiological effects of methyl alcohol
To begin with I would like to outline the common effects of an intoxication with
methyl alcohol. They are somewhat different to the ethyl alcohol poisoning.
If a strong dog is given methyl alcohol in sufficient amounts and appropriate dilution
(about 40-50 mL methanol per 8-10 kg dog) in the beginning the effects are similar to
an intoxication with ethyl alcohol. After some time the dog exhibits lack of
coordination which culminates in staggering/delirium with increasing urge to move.
After that the animal becomes somnolent and finally sleeps for hours. In contrast to
ethyl alcohol poisoning where the animal seems to awake in its normal condition this

is not the case for intoxications with methyl alcohol. Here the deep sleep continues to
the next day (with short breaks) and even the day after the animal is reluctant to move,
lazy, extremely tired and refuses to eat. Usually only after 3 or 4 days after the
intoxication it demonstrates its normal liveliness. In case of repeated or higher
methanol doses the somnolence increased until the animal died about 3 or 4 days later
(in a warm room next to the fire) of respiratory paralysis. Even rabbits – usually less
suitable for studies on the effect of alcohol – show after appropriate doses (20 g) this
late and long lasting period of methanol influence often finished by the death of the
animal.
Likewise the chronic intoxication with methyl alcohol is very different from
poisoning with other alcohols including ethyl alcohol. During my unsuccessful
experiments to induce liver cirrhosis I learned that you could feed dogs (rabbits not as
good) over months up to a year on ethyl alcohol, isobutyl alcohol or amyl alcohol
without negative effects on the animal. As an example: a young dog (1190 g) received
752 mL commercially available (diluted) amyl alcohol over a period of 220 days.
Despite the many intoxications its body weight increased during this time to 4700 g.
In the beginning 1 mL was enough for the animal to get drunk, but after being
accustomed to the amyl alcohol only 5 mL had the same effect. The dissection did not
reveal changes in the parenchymatous organs of the lower body. Even the microscopic
analysis of preserved organ pieces (Flemming’s solution and alcohol) did not show
differences to normal conditions.
But during administration of methyl alcohol I was never able to keep the dog alive for
more than a few weeks, even though giving doses of not more than 15-20 mL and
two-day-intervals. Usually the animal would lay almost unconscious for several days,
rarely awake. They did not eat and even after having stopped the methanol application
they simply died.
The only regular finding during the dissection was an extremely adipose liver. This is
remarkable not only because of the fast development but also the regularity. The
details are in very good accordance to the results of KAHLDEN 4). To get an idea of
the extent of the fatty degeneration I once retrieved an ether extract from a dried liver
(100˚C) and compared it to the extract of a liver from a control dog feeding on the
same food. The ether residue of the reference dog represents 16.6%. For the methyl
alcohol animal the values of two samples were 37.9 and 37.5% - twice as much.
For every experiment with alcohol the protein precipitation ability has to be
considered. Own experiments regarding the precipitation limit of methyl and ethyl
alcohol using egg white reveal a threshold concentration of about 20% to induce
protein precipitation.
II. Fate of methyl alcohol within the body
During my first experiments on the fate of methyl alcohol in the body I wanted to find
out if there are changes in the urinary composition after administration of methanol:
either the occurrence of oxidation products or methyl alcohol itself. To detect
methanol in urine the samples are distilled under alkaline conditions. Sulfuric acid
was added, and then distilled another time with potassium carbonate. The boiling
point of the distillate was determined. After oxidation with chromic acid mixture, the
volatile porducts were analyzed for formic acid. Methyl alcohol was not found
unchanged in urine. But there was a considerable increase in acidity of the acidified
urine distillates (phosphoric acid). These results were followed by a qualitative and
quantitative analysis of the causal acid. For obvious reasons this volatile acid was

assumed to be formic acid. Every single qualitative reaction could prove this
assumption: reduction of silver nitrate, mercury oxide (mercurius nitricus oxydulatus)
xxx and mercury chloride as well as the color reaction with iron chloride.
For quantitative determination of formate the reduction of mercury chloride to
calomel was used. This method was applied in technology for a long time and just
recently recommended by SCALA 5). Nevertheless its reliability for urinary analysis
needed to be verified.
To determine formate the solution was neutralized or adjusted to be slightly acidic
with acetic acid. In a water bath it was then boiled with the same volume of cold
saturated sublimate solution xxx. After cooling for a few hours the calomel
precipitation was filtered off, rinsed (chlorine free), dried at 100°C and weighed until
constant. 1 g calomel corresponds to 0.09756 g formic acid or the calomel number
multiplied by 0.1442 gives the amount of sodium formate. All results of this study are
converted from calomel to sodium formate.
To prove the applicability of this method in general and especially for urine a few
tests should be mentioned: After acidification with 50 mL 20% phosphoric acid 6)
fatty acids were distilled off until no further acidic reaction of the distillate. Usually
8 - 12 hours were needed, during animal experiments often continuous distillation for
several days. The combined distillates were neutralized with iron free leach xxx or
sodium carbonate and then evaporated in a sand bath. If precipitation occurred, the
distillate was then filtered and a proportion of was used to analyze for formate.
Experiment I
Analysis of sodium formate
target value = 0.3750 g
actual value = 0.3754 g = 100.1%
Experiment II
A) 100 mL urine + 0.5779 g formate yield 4.1209 g Hg2Cl2
B) 100 mL urine (blank)
yield 0.0980 g Hg2Cl2
difference A-B 4.0229 g Hg2Cl2
equivalent to 0.5801 g sodium formate
= 100.3%
Experiment III
A) 70 mL urine + 0.2421 g formate yield 1.7229 g Hg2Cl2
B) 70 mL urine (blank)
yield 0.0763 g Hg2Cl2
difference A-B 1.6466 g Hg2Cl2
equivalent to 0.24068 g sodium formate
= 99.4%
These first results support the applicability of the method for urinary analysis of
formate.
Intoxication experiments

Canine urine always contains small amounts of formic acid. These plus the acidity
were analyzed before intoxication. Blank values should then be subtracted of the
formate amounts found in the urine after application of methanol. Under normal
circumstances the dogs excreted less then 0.01 g formate per day.
Experiment IV
Dog (body weight: 8120 g)
Date

Urine
[mL]

15. Dec.
15. Dec. 7.30 pm
16. Dec.

230
133
195

Acidity of the
distillate [mL
0.1N NaOH]
4.6
39.6
78.4

17. Dec.
18. Dec.
19. + 20. Dec.
21. Dec.

425
225
364
195

434.1
110.0
190
6.6

Formate [g]

Notes

failed
0.055
0.354

7 pm: 60 mL MeOH
The whole day
animal lethargic and
anorexic.
-

0.933
0.684
0.441
0.007

Body weight of the animal on 21. Dec.: 7280 g.
Experiment V
Dog (same as in Experiment IV)
Date

Urine
[mL]

Acidity of the Formate [g]
distillate [mL
0.1N NaOH]
6.3
0.0041

9. Jan.

215

10. Jan.
11. Jan.
12. Jan.

290
118
152

28.6
90.4

0.0479
0.0916
0.3247

13. Jan.

158

-

0.3989

Notes

12 pm: 48 mL
MeOH
Vomitus in the
evening, no feed
intake
-

Animal somnolent, 14 respirations per minute; death by respiratory paralysis at 11
am. Final body weight: 6450 g. The autopsy reveals nothing abnormal apart from a
considerable adiposis of the liver (microscopic analysis).
Experiment VI
Dog (body weight: 8200 g)
Date

Notes

6.
7.
8.
9

300 mL urine with 0.0286 g formate
10 am: 10 mL MeOH, no sign of anesthesia
182 mL urine with 0.0065 g formate
300 mL urine with 0.2932 g formate
305 mL urine with 0.008 g formate

Experiment VII
Rabbit (body weight: 2370 g)
Date
9.
10.
11. + 12.
13.
14.

Notes
61 mL urine with 0.0082 g formate
7 pm: 16 mL MeOH in 40 mL H2O, no anesthesia
85 mL urine with 0.0108 g formate
75 mL urine with 0.0128 g formate
25 mL MeOH
Paresis of hind legs
161 mL urine with 0.0722 g formate

The preceding experiments reveal – especially for dogs - over days after the methanol
intoxication first a gradual increase, followed by a decrease of formate excretion in
urine. During experiment IV the maximum of formate excretion only occurred 4 days
after application of methanol. Furthermore, experiment VI demonstrates, that this is
similar for small amounts of methyl alcohol without causing anesthesia or intestinal
irritations. The maximum of formate excretion occurs between 24 and 48 hours after
alcohol application.
The experiments require discussions and follow-ups in different directions.
Above all should be the question from the beginning about the alcohol oxidation. The
test indicate an excretion of formic acid after intake of methyl alcohol. Would ethyl
alcohol convert to acetic acid? Or would any protracted anesthesia lead to formate
excretion regardless of the alcohol applied? In parts the above experiments answer
those questions. Even small amounts of methyl alcohol induced (minor) formate
excretion without causing anesthesia. The following tests were performed for further
understanding.
Experiment VIII
Dog (body weight: 6650 g)
ethyl alcohol
Date

5. Feb.
6. Feb.
7. Feb.

Urine
[mL]
310

Acidity of the Formate [g]
distillate [mL
0.1N NaOH]
20.1
0.007

Notes

20 mL EtOH in H2O
492

21.8

n.d.

Because of the minimal difference in acidity before and after ethanol application
formate was waived.

A second experiment with ethanol using a different animal lead to the same negative
result.
Experiment IX
Dog (same as in Experiment VIII)
Date

Urine [mL]

13.
Feb.
13.
Feb.

227

13.
Feb.

65

Acidity of the
distillate [mL
0.1N NaOH]
9.0

8.2

Notes

morning: 10 mL paraldehyde + 60 mL H2O
1/2 hour later: animal asleep
4 pm: animal still asleep
urine smells of paraldehyde

The results of the experiment with ethyl alcohol are in accordance with other
experiences about the oxidation of ethanol. Ethyl alcohol is burned up completely
without traces of the intermediate acid in urine. Recently ZUNTZ and MALLEVRE 7)
could again show the easy oxidability of acetate i.v. Nevertheless I satisfied myself
with the following test: 2.7 g sodium acetate were applied. Only 0.003 g of it were
found in the urine the following day, measured by a slight increase in acidity of the
distillate. Therefore the oxidation of ethyl and methyl alcohol in the body is different.
Methanol is not oxidized completely to carbon dioxide and the excretion of the
intermediate formic acid is protracted. There is probably a connection between these
chemical differences and the distinctness in the duration of the anesthesia.
So what is a possible explanation for the protracted excretion of formate? It’s
probably foremost due to its peculiarity concerning oxidability and excretion.
Regarding this matter the following information can be found in scientific literature.
According to GREHANT and QUINQUAUD 8) formic acid is excreted unchanged
regardless of the application method. This is in agreement with the results of
SCHOTTEN 9), who has found up to 26% of the orally applied formate in urine. On
the contrary the research of PELLACANI 10) indicates a degradation of formate within
the body. Of 4 g orally given formate only 0.56 g were detected in the urine over the
next two days. The decide for myself I conducted the following experiments:
Experiment X
Dog (body weight: 7900 g)
Date
8.
8.
9. + 10.
10.
12. Dec.

Urine [mL] Formate [g]
135
0.010

Notes
1.0304 g formate (dried at 100˚C) + 30 mL
H2O

225
95
-

0.071
0.019
0.008

Given the daily formate excretion is about 0.01 g only 0.06 g (5.8%) more were found
in the urine after formate administration.
Experiment XI
Dog (body weight: 7750 g)
Date
2. Feb.
2. Feb.
2. Feb.
3. + 4.
Feb.
5. Feb.

Urine
[mL]
120

Formate [g]

Notes

0.0071
morning: 1.2532 g formate dissolved in water
administered by gavage

71
172

0.1649
0.0834

175

very low

not weighed because of impurities

Given the daily formate excretion is about 0.007 g only 0.2341 g (18%) more were
excreted during the next three days.
Taking into account the results of research mentioned earlier I conclude the following:
Small amounts of formate (less then 1g per 7 kg body weight) will be oxidized
completely within the canine organism. Any surplus will be (partly) excreted
unchanged. By no means should the protracted formate excretion be explained by any
peculiarity of the formate itself, since it – like other salts - has left the body within 24
hours after internal administration.
However, it is still possible that formate is retained in situ – perhaps in a special form
– and is then slowly released into the circuit. Because of this assumption I conducted
the following experiment trying to force a flow through the body to eliminate more of
the existing formate.
Experiment XII
Dog (body weight: 6400 g)
Date
21. Mar.
21. Mar.

Urine
[mL]
170

Formate [g]

Notes

0.0096

22. Mar.
22. Mar.

207

0.0108

22. Mar.
23. Mar.
24. Mar.
25. Mar.
26. Mar.

1130
230
130
166
180

0.3395
0.8752
0.3460
0.0626
0.0122

7:30pm: 30 mL MeOH + 80 mL H2O
administered by gavage
morning urine
The animal is now clamped. Through the V.
jug. 500 mL 1% NaCl are injected followed by
400 mL 2% NaCl solution (warm).
urine collection until 8pm

The higher flux increased the elimination of formate, but the concentration is similar
to the values before the flow through. Only at the next two days high amounts of
formate were excreted in small volumes of urine. The hypothesis of formate being
retained in situ is not supported by this experiment. But still formic acid could be
bound within the organism in a way that a simple flow through would not effect it.
Therefore organs were taken from an animal at the maximum of formate excretion
and the formate content was determined.
Experiment XIII
Animal over 7 kg body weight
Date
1. Jun.
1. Jun.
2. Jun.
3. Jun.
3. Jun.

Urine
[mL]
570

Formate [g]

Notes

0.0106
noon: 25 mL MeOH + 150 mL H2O

400
520
122

0.2442

afternoon urine

The animal is killed by exsanguinations. The minced organs were mixed with
physiological saline and 50 mL phosphoric acid were added. The distillation results
were as follows:
Amount
100 mL
100 g
100 g
27 g
50 g

Organ
blood
liver
muscle
kidney
lung

Formate [g]
0.0004
0.0005
0.0345
0.00044

According to these results retention or storage of formate within the animal body is
out of question.
Thus, the protracted excretion of formate has to be caused by retention and a gradual
oxidation of methyl alcohol itself or its derivative within the body. This aspect leads
to two sets of experiments:
1. Analysis of methyl alcohol and/or formaldehyde within organs of animals
intoxicated with methanol.
2. Gain knowledge about the chemical and physiological effects of an intoxication
with formaldehyde, since it is likely to be an intermediate during methanol poisoning.
The determination of methyl alcohol is much more difficult than the one of ethyl
alcohol, especially taking into account the small amounts needed in these
experiments. The organ was first distilled under neutral or slightly alkaline condition,
followed by another distillation with sulfuric acid and potassium carbonate (to
withhold water). If in the end with fractional distillation a neutral distillate with a
charcateristic smell was yielded at 66°C or 66.5°C it was a strong indication for its
identification. There always has to be a subsequent oxidation to formic acid.

Numerous other organic molecules including volatile urinary components could be
oxidized to formate as well.
Despite the effort I was not able to detect methyl alcohol in the distillates of the
animal organs taken at the time of the expected main formate excretion (2 or 3 days
after methanol administration). With regard to formaldehyde detection (with fuchsin
and sulfurous acid) I was not luckier. Only one experiment pointed to a minor
formaldehyde formation.
Experiment XIV
In the morning of the 17. a dog (5 kg) is given 30 mL methyl alcohol in 120 mL
water. The animal vomits half an hour after administration. In the afternoon a second
dose of 15 mL methyl alcohol in 50 mL water is applied. After a few minutes the
animal reacts with staggering. On the 18. the dog gives a sick appearance. It crouches
down in the kennel, reacts to calls and touches only by lifting the head without getting
up. In the morning of the 19. the dog dies by exsanguinations.
Organ
blood
blood
liver
liver
muscle

Distillation
direct
with diluted sulfuric acid
direct
with diluted sulfuric acid
direct

Fuchsin reaction
no
strong
no
weak
very strong

A parallel experiment with an untreated animal produced similar results for blood and
liver. On the contrast the test done with muscle resulted in a much weaker fuchsin
reaction. Therefore, the only indication for formaldehyde in the intoxicated animal is
the intensity of the reaction. The response of fuchsin to formaldehyde is strong even at
a concentration of 1:1000. Furthermore the strong reaction only occurred in the
beginning of the distillation and later ceased completely. Hence, the formaldehyde
concentration in the muscle of the intoxicated animal must have been minor and it is
unlikely to be an explanation for the protracted excretion of formate 12).
Yet it was not proven that the administration of formaldehyde leads to the excretion of
formate. The next experiment was carried out.
There was a chance of unchanged aldehyde present in urine and distillate, that could
have been oxidized during evaporation under alkaline conditions or be converted to
reducing condensation products. I neutralized the urine distillates with calcium
carbonate solution and evaporated to dryness under slightly alkaline conditions. As
reference I used two equal parts of normal canine urine. One half was minced with a
few drops of formaldehyde. The above described method resulted in almost identical
formate values (difference about 0.02 mg)
Experiment XV
Dog (body weight: 4400 g)
Date
7.

Urine
[mL]
130

Formate [g]
0.0022

Notes

7. morning

4 mL formaldehyde solution (40%)
+ 40 mL NaCl solution (0.6%)
subcutaneous administration

7.
afternoon
8., 9., 10.
11.

75

0.0357

75
95

0.0312
0.002

The results prove the possibility of aldehyde oxidation within the animal body. But
first, the irritating properties of aldehyde only allow for small doses applied
subcutaneous. And second, the determination of unchanged aldehyde in urine was yet
to be done. Because of these two reasons I decided to use sodium hydroxymethane
sulfonate (HO-CH2-SO3Na, a.k.a. aldehyde (sodium) sulfite, sodium formaldehyde
bisulfite) instead of the pure aldehyde 13). Sodium hydroxymethane sulfonate is not
irritating and eliminates formaldehyde in alkaline solution. It is not easy to synthesize
this compound pure enough for analysis. Not even by following the recent instructions
of KRAUT and ESCHWEILER 14). Prof. HOFMEISTER proposed to use bisulfite
instead of pyrosulfite – with great success. The sodium content of the obtained
formaldehyde sodium sulfite was in accordance with the chemical formula above. It
was used in the following experiment.
Experiment XVI
Dog (body weight: 6600 g)
Date
5.
7.
afternoon
6., 7.
8.
9.

Urine
[mL]
137

Formate [g]

Notes

0.0173
5 g aldehyde sodium sulfite in 10%
solution
subcutaneous administration

250
315
467

0.1889
0.0577
0.0256

No unusual aldehyde reaction (Fuchsin and sulfurous acid with silver-ammonia
complex) was observed for a) the urine of day 6 and 7 and b) urine from a second
experiment in which 2 g of aldehyde sulfite were administered subcutaneous to the
animal. The expected value of formate in the urine of Experiment XVI was 2.5 g
(assuming that all formaldehyde was converted to formate).The results show an
increase of 0.2 g formate. The animal never exhibited signs of aldehyde intoxication.
Furthermore the expiratory air did not smell like aldehyde – a results found if
aldehyde is given directly subcutaneous. The results lead to the conclusion that
aldehyde was oxidized to a greater extent than in the preceding experiments. These
experiments can be seen as proof for the fact that aldehyde oxidation occurs within
the animal body.
Another possibility needed to be explored. If very large amounts of bisulfite were
available in the body aldehyde (directly applied or formed from methyl alcohol) could
be bound in a salt like compound. Changes in the course of oxidation (time,

qualitative and quantitative) would be possible. From this point of view the next
experiments were carried out.
Experiment XVII
Dog (body weight: 9800 g)
Date
29. Feb.

Urine
[mL]
308

Formate [g]

Notes

0.044

1. Mar.

370

failed

2. + 3. Mar.
4. Mar.
5. Mar.
6. Mar.

672
312
610
162

3.440
1.284
0.896
0.033

application of 3g sodium bisulfite (aqueous
solution)
no aldehydes xxx in the urine
urine mixed with excrements
determination of formate failed because of
dark coloring of the small amount of
calomel (Hg or HgS?)
12 pm: 3 g neutralized bisulfite in water
subcutaneous administration
directly followed by
30 mL methyl alcohol + 110 mL water
per os

sum 2. to 5. Mar. = 5.620 g formate

Experiment XVIII
Dog (body weight: 6500 g)
Date
7. afternoon

Urine
[mL]
135

Formate [g]

Notes

0.0013
4 pm: 3g sodium bisulfite, subcutaneous

8.
9.
10.
11.
12.

265
300
280
150
190

0.6344
0.5210
2.6910
1.6987
0.0713

sum 8. to 12. = 5.5451 g

These two experiences show the highest formate values of the whole study. In a
similar third experiment 2 g bisulfite were administered. The formate found was in the
normal range. But since the animal suffered from diarrhea this result does not have to
be contradictory to the two before. Bisulfite did not lead to increased dieresis. The
statement of the possible influence of bisulfite on the formate excretion should be
enough at this point. Interpretation would only be based on hypothesis.
The next experiment was carried out to determine the course of the oxidation after
intravenous administration of methyl alcohol.

Experiment XIX
Dog (female, body weight: 5900 g)
Date
10. Apr.
11. Apr.

Urine
[mL]
340

Formate [g]

Notes

0.0134
5 pm: 20 mL methyl alcohol + 80 mL
water
injection into Vena jugularis (30 minutes)
After release minor coordinative problems,
stagger, fully conscious
1/2 hour later animal normal, eats

12. Apr.
13. Apr.
14. Apr.
15. Apr.
16. Apr.

160
150
308
228
300

0.1490
1.0210
2.1152
0.8700
0.4225

There is no difference in the oxidation of methanol and subsequent excretion of
formate regardless of the method of application. After direct administration into the
blood – basically a flooding of the organism with methyl alcohol – the same results
were found compared to oral application.
The next experiment shows briefly that the oxidation of methanol in human is similar
to the one found within the animal body.
Experiment XX
Human (31 years, body weight: 62 kg)
Date

Urine
[mL]

Formate [g]

Notes
10 am: 25 mL methyl alcohol + 125 mL
water

Day 1
Day 2
Day 3
Day 4

1620
1295
1480
1220

0.0531
0.6197
0.1323
0.0431

Concerning the question of methanol oxidation the results of all of the described
experiments can be summarized as follows: A considerable amount of the
administered methyl alcohol is oxidized to formate and excreted with urine. The
intoxication lasts for several days, the intensity first increasing and then slowly
decreasing and corresponds to a protracted formate excretion. Further questions still
need to be answered: Is every alcohol molecule converted to acid before oxidized
completely to carbon dioxide? Or is part of the administered alcohol bound in another
way? Or are intermediates formed that are then not oxidized further? The formation of
glucuronic acid was not observed after methanol intake.

III. Physiological effects of formaldehyde
Recently ALBERTONI stimulated the discussion whether or not methyl and ethyl
alcohol are oxidized to the acid via the aldehyde. Regarding this question and other
clues it seemed important to compare the effects of methanol vs. formaldehyde
intoxication. The results of my experiments in that direction show that at no stage and
in no way of administration of formaldehyde the effects were similar to a poisoning
with methyl alcohol. The general effects of formaldehyde have not been studied yet.
The qualitative results of my experiments resemble the ones found by ALBERTONI
15)
regarding acetaldehyde. Both aldehydes – even in small doses lead to salivation,
vomiting, narcosis, coma and death. The autopsy shows a serious gastroenteritis
probably caused by the local irritating effects of aldehydes. After subcutaneous or
intravenous application the effect on respiration is most remarkable. As an example
sections of the respiration curves are rendered. The dog received 3 mL of
formaldehyde solution in water (10%/90% xxx) over a period of half an hour. Figure
one shows the type of respiration before and figure two after injection (same heart
rate).
Fig. 1. normal type of respiration
Fig. 2. respiration after subcutaneous formaldehyde injection
A few seconds after the injection usually an increase in respiration occurs with a
higher respiratory volume. In some cases the frequency is soon down to normal levels
but sometimes it leads to a continuous, accelerated and deepened type of respiration
as shown in the fig. 2. For dogs there is almost no effect of formaldehyde on the blood
pressure. During periods of heavy breathing the blood pressure is only very slightly
increased. In contrast to that after formaldehyde injection rabbits exhibit a slower
heart rate in the beginning together with an increased blood pressure that then remains
constant. The respiration is slowed down and the animals die due to respiratory
paralysis.
IV. Oxidation of other compounds containing methyl groups
The preceding experiments showed a lower ability to be oxidized of methyl alcohol
compared to ethyl alcohol. At this point it can be explained by the ability to oxidize
acetic acid in unlimited amounts but the capacity to oxidize formate is only limited. It
seemed logical to study this reaction also on other aliphatic fatty acids. If during the
metabolism methyl or formal groups were eliminated a high concentration of urinary
formate is expected after administration. To avoid hasty judgments based on random
similarities it would be necessary to analyze many many bodies. I have only studied
acetone, methyl acetate and methyl amine.
Experiment XXI xxx
Dog (body weight: 5000 g)
Date

Urine
[mL]

Acidity of the
distillate
[mL 0.1N
NaOH]

Formate [g]

Notes

7. Feb.

170

8. Feb.
9. Feb.

3.4

110
190

0.0027

7.1
6.9

0.0217

37 mL acetone (pure,
diluted), per gavage,
inhibition of
oesophagus;
first increased
activity, staggering,
shortly after: asleep
-

Experiment XXII
Dog (body weight: 9800 g)
Date
19.

Urine
[mL]
195

20.
21.

317
377

Formate [g]

Notes

0.0110
10:45 am: 20 mL acetone (pure)
0.0219
0.0123

Experiment XXIII
Date
Day 1

Urine
[mL]
212

Formate [g]

Notes

0.00932
10 mL methyl acetate + 50 mL water
animal soon falls asleep,
back to lively in the afternoon

Day 2
Day 3
Day 4

270
170
150

0.2520
0.2344
0.0064

Experiment XXIV
Dog (body weight: 5000 g)
Date
Day 1

Urine
[mL]
210

Formate [g]

Notes

0.00648
12 pm: 2 g methyl amine HCl in water
per os

Day 2
Day 3
Day 4

196
250
345

0.996
0.0152
0.0025

There is only a minimal formate excretion after acetone administration, whereas
methyl acetate and methyl amine lead to relatively high amounts. The results indicate
a formation of formate only after application of methylated derivatives: methyl
alcohol, methyl ester, formaldehyde, oxymethane sulfonic acid xxx, methyl amine. If
the methyl group is bound to a carbon atom like in the case of ethyl alcohol or acetone
less or no formate is found in urine. This is in accordance to the fact that
carbohydrates, fats and proteins in our food do not lead to formate excretion. The
oxidation of carbon chains most likely is not done step by step by simply removing
one carbon atom after the other. In that case every CH2- and CH3-group would then be
converted to formic acid and later oxidized to carbonic acid, and large quantities of
formate should be found in urine.
V. Location of oxidation within the animal body
In the literature you can find research on the oxidation ability of single organs mostly
for aromatic compounds. According to studies of SCHMIEDBERG and his students
aromatic aldehydes are especially suitable for such determinations. Aliphatic
compounds which are much more similar to our body tissue have been rarely used.
Without success NENEXXX!!! and SIEBER 16) carried out experiments on the
oxidizing ability for glucose and PELLACANI studied the fate of formate.
I have chosen methyl alcohol and formaldehyde for a series of experiments because
the degree of oxidation can be determined by quantitative analysis of formic acid.
To find out which of the organs are most capable of oxidizing alcohols and aldehydes
an apparatus used by M. v. FREY and GRUBER 17) or JACOBJ 18) would have been
most desirable. Unfortunately I could not study living organs with artificial blood
circulation. Since it was not necessary to determine the maximum of the chemical
ability but the proportion between the organs I simply used minced organs of animals
killed directly prior to analysis. In a glass container a solution of the selected
substance dissolved in physiological sodium was added and then shaken vigorously.
After 3 to 4 hours in an incubator or water bath the pulp was strained and washed 3 to
4 times. The combined solutions were acidified with phosphoric acid and distilled out
of a large flask. The oxidation product – in this case formic acid – was determined
quantitatively in the distillate.
In alkaline conditions formaldehyde is converted to formic acid at the above
temperatures. In experiments with expected unchanged formaldehyde in the distillate
(like in the experiments XV and XVI) the distillates were concentrated under neutral
or slightly alkaline conditions (neutralization with calcium carbonate). Furthermore
parallel tests were carried out with a certain volume of aldehyde solution. Sodium
carbonate was added and the mix remained the same time in the incubator. After
acidification the formate content was determined. The obtained values were
subtracted of the formate formed by the organ itself. on purpose the tests were carried
out without the addition of inhibiting substances. The oxidative ability of the tissue
might have been effected. The objection could be raised that the oxidation products
were obtained just from living cells. But after all the experiments were very short. In
addition, control tests were realized by bringing the organs to boil and cool them
without caring about germs. They were analyzed following the same procedures as the
spiked xxx organs – with negative results. In addition to that LOEW 19) could show
that formaldehyde is lethal to lower organisms even at very low concentrations.
The small weight of canine organs – even after killing several big animals for one
experiment – called for a different source. Therefore some experiments were carried

out on organs from the slaughterhouse. Often the organs arrived in the laboratory still
warm.
First of all it should be mentioned that formate is not or almost not affected in the
isolated viable liver. Formate was added to two liver samples. One of them was
immediately strained, rinsed and distilled. The other was incubated for several hours
and then analyzed for formate. Both samples yield almost the same percentages of
formate.
The next table displays the results of the experiments carried out with methyl alcohol
and formaldehyde (0.5% and 1% solutions). Column 5 and 6 contain the weight of the
calomel. Formate values were not calculated because of the very small calomel
weights.
Table to the experiments on the oxidizing ability of viable organs
A. Methyl alcohol
Organ

No.

Animal

Amounts

Calomel
[g]

Muscle

25

Dog

0.0466
0.1200

Liver

26

Dog

500 g
500 g + 500
mL methanol
1%
100 g
100 g + 150
mL methanol
1%
200 g
380 g + 400
mL methanol
1%
200 g
250 g + 200
mL methanol
1%

Calomel per
500 g organ
[g]
0.0466
0.1200

0.0498
0.1303

0.2490
0.4340

0.0097
0.6304

0.0245
0.8196

0.0240
0.0412

0.060
0.082

Liver

27

Beef

Liver

28

Beef

Liver

29

Horse

Kidney

30

Beef

Notes

calomel
not quite
clean

control
missing
500 g + 500
mL methanol
1%
200 g
300 g + xxx
mL methanol
1%

0.1595

0.1595

0.015
0.0342

0.0375
0.0543

B. Formaldehyde
Organ

No.

Animal

Amounts

Calomel
[g]

Calomel per
500 g organ
[g]

Notes

Muscle

Liver

31

32

Dog

Horse

500 g
500 g + xxx mL
formaldehyde 1%
+ 1 g Na2CO3
500 g + 500 mL
formaldehyde 1%
500 g
500 g + 500 mL
formaldehyde
0.5%
+ Na2CO3
500 g + 500 mL
formaldehyde
0.5%

0.0466
0.0555

0.0466
0.0555

0.080

0.080

0.0107
0.0555

0.0107
0.0555

0.1899

0.1899

Interpreting the observed numbers there is no doubt about an oxidizing effect of the
liver. The oxidation of formaldehyde in the muscle is less pronounced and methyl
alcohol is oxidized even less. Still in every case of methanol addition calomel values
increased more than explainable by analytical errors. That means that also methyl
alcohol can be oxidized from cells of isolated organs.
PELLACANI was the first to prove the ability of isolated organs to oxidize formate.
The results of the above experiments support the evidence for two more aliphatic
substances – formaldehyde and methyl alcohol.
The main results of the above study can be summarized in the following sentences:
1. The physiological effect of methyl alcohol is different to the one of ethyl alcohol.
The initial state of anesthesia is followed by a comatose state of intoxication for
several days.
2. Methyl alcohol converts into formic acid within the organism. The formic acid
excretion reaches a maximum only 3 or 4 days after the intoxication. This protracted
elimination is not caused by retention of the formed formic acid, but rather by a
longer stay of methyl alcohol or another unknown intermediate within the animal
body.
3. The physiological effect of formaldehyde is described as a very strong local and
general irritation. Therefore it is unlikely that ever during the oxidation of methyl
alcohol formaldehyde is formed in large quantities.
4. Not only methyl alcohol but also its ester derivatives, methyl amine, aldehyde
sulfonic acid and formaldehyde are converted to formic acid within the body. After
administration of ethyl alcohol, acetone and other aliphatic compounds formic acid is
not detected. Therefore methyl derivatives are not formed as an intermediate
compound during normal oxidization processes in the body.
5. Even the isolated living organs of the animal body sometimes present the ability to
oxidize methyl alcohol and – to a greater extent – formaldehyde. Especially the liver
of warm-blooded animals proves to be very effective.
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