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those two forms, i.e., the envelope of one system of osculating
ellipses has 4 cusps, the envelope of the other has none. .

Case 2 is to be considered as a combination of Fig. 9 and Fig.
10. a touches (C) in two points, & has two cusps on the line which
connects ) with the points of contact of @ with (C). The dynamieal
problem allows of a single simple vibration. \

Case 3 gives rise to a combination of Fig. 10 and Fig. 11 (or
Fig. 12). There is one system of osculating ellipses.

Case 4 to a combination of Fig. 10 and Fig. 11 (or Fig."12).
There is one system of osculating ellipses. Moreover the dynamical
problem allows of a simple vibration.

In the case p<C0 we have agamn in the first place envelopes
corresponding in the main with those represented in the Fig. 14— 20.
We should, however, bear in mind, that in general the cusps do
not disappear by 8 but by 4 at a time. There is for instance a
transitional form possible between Fig. 18 and Fig. 19 in which 4
cusps occur, and in Fig. 14 and Fig. 15 4 cusps may have fallen
out. In order to obtain the other forms of the envelope we must
make use of the observation about (L’) in §7.

If the branch of (L) lying outside (C) touches (C) in two points,
then the dynamical problem allows of one simple vibration. If (L)
cats (C) in 4 points, then we get one of the two domains of motion
of Fig. 16, etc. ’

Is (K) an hyperbola or a degeneration tlen the various shapes of
(L) may be deduced m the same way from the Fig. 3—8.

Physiology. — “On the reflectorical influence of the thoracal auto-
nomical nervous system on the rigor mortis in cold-blooded
animals.” '), By S. pg Bokr. (Communicated by Prof. C. A.
PEKETHARING.)

(Communi\cated in the meeting of January 31, 1914). ~

The rigor wortis that is caused by hardening and shortening of
the muscles begins in warm- and cold-blooded animals after the
circulation of the blood has stopped for some time, in warm-blooded
ones 5—8 hours, in cold-blooded ones 1—2 days. If with a muscle
that has been removed, we make provision for a sufficient supply
of oxygen, it mortifies without stiffening. A special chemical state

1) According to experiments made in the physiological laboratory of the Uni-
versity of Amsterdam.
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that is caused by a deficiency of oxygen, is consequently an indispen-
sable condition for rigor mortis of the muscles, Hermann showed
moreover that the process of rigor mortis is accelerated from the
central nervous system, whereas Ewarp ascribed this accelerating
influence to the labyrinth. ,

Last year I established, that, both for warm- and cold-blonded
animals, the tonus of the skeleton-muscles is entertained by impulses
reaching the muscles along the efferent, thoracal autonomical rerve-
tracks ). I demonstrated this by the section of the Rami communi-
cantes on one side, after which the muscles of the same side become
atonic. In this way I could fully ascertain, by a physiological ex-
periment, the double innervation established by Borke®) on account
of morphological investigations, and, at the same time, I could
establish the signification, which autonomic innervation has on the
transversally striped mubcles

In the many operations that I made on frogs, 1 was struck by
the fact that, after death, the hind-leg of the operated side was still
supple, when the other hind-leg was already quite stiff. So on
January the 13% T cut the right Rami communicantis and the
sympathetic chain of a frog as high .as possible. The next afternoon

at 6 o’clock the frog was no longer very active. On the 15t of

January 1 found it dead, all limbs were supple. Now I laid down
the frog with both hind-legs flexed in the same way. At 4 o’clock
of the afternoon the right fore- and hind-legs are still quite supple.
The left hind-leg however is, both in hip- and knee-joint, stiff in
flexed position with strengthened dorsalflexion in the foot-joint. The
left shoulder- and elbow-joint are also stiffened. The axis of the
body is flexed with the concave side to the left. These particulars
can easily be observed in the photograph.

At half past five the condition is still unchanged.

At half past eight p. m. there is likewise a beginning of rigor
mortis in the right hind-leg and in the right shoulder. At eleven
o'clock the right fore- and hind-legs are also quite stiffened. On the
18% of January the rigor mortis has entirely ceased. This observa~
tion was made at a temperature of 17° Celsius. Consequently the
rigor mortis began, on the side where the Rami communicantes had
been cut, 7 hours later than on the other side, where the muscles
were still connected with the spinalcord by means of the autonomic
nerve-tracks. This observation induced me to a series of intentionally
Tl"o]io Neurobiologica V11 (1913) 878 and 837.

%) Verslag der Wis- en Natuurk. Afd. Kon. Akad. v. Wetensch. Amsterdam,
April 1909. Deel XVII, p. 1008—1012, .

\
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Frog of which the right Rr. communicantes have heen cut through in
the beginning stage of rigor mortis. The left shoulder and elbow
are stiffened, the left hind-leg is stiffened in flexed position both in
hip- and knee-joint with strengthened dorsal-flexion of the foot. The
axis of the body is bent with the concavity to the left.

The right fore- and hind-legs are still quite supple.
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made experimenis in which I removed, as much as possible, incal-
culable influences. 1 proceeded in the following manner:

A short time before I hung the frog in the damp case, or occasion-
ally a few days previously, I cut, on the right side, the Rami com-
municantes and the right sympathetic chain at the top. By binding
up the heart I killed the frog, then I passed a thread through the
two jaws; and on these T hung the frog in a closed, glass-case that
was kept damp by a wet sponge and by thoroughly wet filter-paper
on the bottom. The damp case was then placed in a room in which
the temperature was raised as high as 30° to 35° Celsius. The frog
was consequently placed in regularly heated damp surroundings.
By this higher temperature the process of rigor mortis is consider-
ably shortened. It could easily be observed in these frogs, that the
right hind-leg hung down suppler than the left one, that consequently
the tonus had disappeared from the muscles at the right side.

A short extract from the protocols may follow here:

I 17 January. All Rami communicantes of the right side are cut.
20 January: After the heart-has been bound up the frog is hung in
the damp case. ’
~ 4.30. Left hindleg is drawn up, stiffness in hip, kneejoint and foot.
The left elbow-joint is stiffened, no diflerence is to be observed in the two
shoulder-joints.
Right elbow and whole right hind-leg are still supple.
5.30. Sitnation still the same.
9.30. The two hind-legs are hanging in stiffened tense and abduction
position; the two fore-legs stiffened in flexed position.
22 January. Rigor mortis has ceased. - °
Il 21 Janucry. 1.15. The Rr. communicantes are cut through.
1.30. The heart is bound up. The frog is hung in the case.
5.30. Left shoulder-joint is stift, other joints are still supple.
7.30. Situation unchanged.
8.30. Beginning of rigor mortis of the left hip.
9. Right, shioulder bezgins to become stiff.
10. Left elbow stiffened.
11.30. Left knee begins to stiffen, the hip is quite stiff.
22 January. Stiffened tense and abduction position in all joints of the
hind-legs. '
28 January. 9 a. m. The rigor mortis has ceased.
HL 79 January. 11.45 a. m. The Rr. communicantes are cut through.
11.30, The frog is hung in the case after the heart has been bound up.
4. -p. m. Lelt fore-leg stiffened in the elbow- and shoulder-joints, left
lind-leg is strongly flexed and stiffened in the hip, dorsal flexion and rigor
mortis of the foot-joint.
4.30. Lelt knee is becoming stiff.
5. p.’m. Right elbow-joint, knee and hip begin lo become stiff.

62
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6. p. m. Entire rigor mortis with abduced and tense hind-legs and
expanded webs. -
24 Jonuary. 12 a. m. The rigor morlis has ceased. '

IV. 22 January. 11.15. The Rr. communicantes are cut through.

11.30. The frog is hung in the case-alter the heart has been bound up.

5. p. m. Beginning of rigor mortis in left elbow and shoulder.

9.30 p m. Left fore-leg entirely stilfened, right one only in the shoulder-
joint. Left hip and knee enlively stiffened in flexed position. Beginning of
rigor mortis of right hip, right knec joint is still supple. Right foot is still
supple, whilst the left one is entirely stiffened. The enlire left Lind-leg
hangs with strong f{lexion in the hip tense foot and expanded webs. The
right hind-leg hangs still in the usual slightly flexed position. ~

10.15. Situation unchanged.

11.30. The left hind-leg shows stiffened tense position, the right hip-joint
entirely stiffened, beginning of rigor mortis in the right knee and foct.
Temp. is 28° Celsius.

23 January 9 a. m. Both hind legs are hanging in completely stiffened
tense and abduction position.

24 January. The rigor mortis has ceased.

V. 23 Jwwary. 8.45 a. m. The Rr communicantes are cut through.

9 a. m. The frog is hung in the damp case after the heart has been
bound up.

1 p. m. Leflt shoulder and lip show more resisiance than right ones.
Left hind-leg drawn up with strong dorsal [lexion of the foot.

2 p. m. In left knee and foot more resistance than in right ones

3 p. m. The right hip becomes also stiffer,

4 p. m. The two hind-legs are hanging in tense and ahduction posilion.

VI 24 January. 845 a. m. The Rr. communicantes are cut through.

9 a. m The frog is hung in (he damp case.

12. Beginning of 11001" mortis of left shoulder-joint.

4 p. m. Left hip shows morc 1esistance than right one.

4 30, Left hind-leg stiffened, with strongly flexed hip, knce and fool

6 p. m. Left hindleg still in stiflened flexed position. The uom one is
still quite supple. Bolh the shouldelJomts are stiflened.

8.30. Beginnirg of 1igor mottis in the right hip.

9.30. Right hip entirely still, the knee is still supple.

10.30. Right knee also entirely stiffened, Lhe wight fool is still supple.

26 January. 10 . m. Bolh hind-legs arc hanging in stilfened lense and
ahduction position.

26 January 5 p. m: The rigor mortis has ceased.

VIL. 24 January. 9.15. The Rr. communicantes are cut through.
10 a. m. Frog hung in the case after the hearl has heen bound up.
5.30. Left hindleg more [lexed in the hip and wilh grealer dovsal flexion
of the foot than right one. ‘
6 30. When lifling the left hind-leg grealer 1esistance than in the right one.
9.30. Stronger resistance in the left hip.
10.30. Left lip, knce and foot are stiff in flexed posilion, right hip he-
giming of rigor morlis; right knee and foot siill quile supple.
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96 January. Both hind-legs arc hanging in stiffened extension- and
abduction-position (25 Jan. not controlled).
26 January. 5 p.m. Rigor mortis has ceased.

VIL 26 January. 9.45. The Rr. communicantes are cut through.
10 a. m. Frog hung in the damp case, after the heart has been bound up.
T p. m. All joints still supple.
6 p. m. Left shoulder and elbow stiffened, slight rigor mortis in left hip.
9 p. m. Left hind-leg completely stiffened in tense position with expanded
webs.
Right shoulder and elbow also stiff, hut less so than left ones. Right hip
stiff in flexed-position, but right knee and foot arc still supple.

So I have made a series of 20 experiments in which I always
found relardation of rigor mortis on that side where L had cut through
the Rr. communicantes. The process of rigor mortis is consequently
accelerated, when the muscles are connected with the central ner-
vous system Dby means of the efferent autonomie nerve-tracks. In
the first operation, which was performed at roomtemperature the
operated side stiffened at least 7 hours after the not operated one.
But also in experiments that I made al a temperature of over 30°
Celsius, the difference was even 1 o 2 hours. The experiments men-
tioned here were made on individuals of Rana esculenta. T made
also some experiments on Rana temporaria, in which the processof
rigor mortis went off quicker. ITn my opinion the reason of this is
1o be found in the much thinner limbs by which the relation be-
lween volume and surface of the muscles becomes less favourable.
Hereby the mortification-process and the process of rigor mortis is
evidently promoted. The same difference between the operated and
the not operated side I observed heve likewise. In all my experi-
ments it struck me immediately that of the fore-legs the shoulder, and
of the hind-legs the bip stiffens first. The knee however was now
sliff before the fool, now the reverse took place. With slight devia-
tions this occurred thus according to the law of Nysren.

Further in all my experiments the flexors stiffened first and afier-
wards the tensors. No exception was made in (his respect for the bind-
legs, so. that al the end of each experimeni the hind-legs were in
a tense position. Further I must point oul thal in all my experi-
menis the rigor mortis was accompanied by a shorlening of the
muscles, first rigor mortis and shortening of the flexors, then of the
lensors.

Hurmany, who first proved that the process of rigor mortis was
accelerated wunder the influence of the central nervous system, took

rigor moriis for a last conlraclion of the muscles. Because, asI have
62*
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j'ust shown, rigor moriis is influenced by the eentral ner.\'oqs
system along the autonomic nerve iracks, as is likewise the case
with the muscle-tonus, I am of opinion that rigor mortis is a last
tonical muscle-shortening. This view is also entirely in keeping with
PERELHARING'S *) investigations, who proved that the perceniage of
creatine of the muscles increases with rigor mortis, as is likewise
the case with increased lonus.

Now the question arises: how is rigor mortis brought about?
The wusual explanation is, that through the mortification of the cen-
tral nervous system the muscles receive stimulants along the nerve-
tracks, and these stimulanis accelerate rigor mortis. Ewarp was of
opinion that ihese stimulants originate in the labyrinth, whilst
Frercasr proved that supply of oxygen makes the muscles mortify-
without rigor mortis. I think 1can now give a more general explana-
tion, corresponding with the facts that are known.

We know that rigor mortis only begins, when the cireulation of
the blood has ceased. We obtain then in all tissues an accumula-
tion of products of melabolism consequenily suffocation. And
now it is known that, if we kill an animal by hemorrhage or
suffocate it by pinching off the trachea, that then, by the influ-
ence of the autonomic nervous system, the body shows manifold
irritation-situations: through tension of the arrectores pilorum the
hairs stand erect in the dorsal skin-regions of the trunk and in the
tail ; the bladder empties itself and also the rectum. In an eniirely
analogous way the sending of more powerful stimulants of the tonus
to the skeleton-imuscies takes place. The stimulants running centri-
fugally, which during life-time entertain the muscle-tonus by means of
the thoracal autonomic nervous system, will now, al this increased
irritability, after death cause a last powerful tonical shortening of
the muscles.

When T had established in this way, that the occurrence of rigor
mortis stands under the influence of the thoracal autonomic nervous
systemn” the question rose,- if, at least in frogs, this influence, just_
like the tonus, as P. Q. Broxperrst ) has proved, is entertained
by stimulanis produced along the posterior roots of the spinal cord.

In this direction 1 made already 10 experiments. 1 eut the pos-
terior-roots 8, 9, and 10 of a frog ai one side. From the doctrine of
segrﬁenta[ analomy we know, that thesc posterior roofs confain the
sensitive nerve-tracts of the hind:leg. '

1) Onderzockingen van het Physiologisch Laboralovium le Utrecht bde R. Xi

pag. L. 1910.
%) P. Q. BronpeEEsT, Over den. lonus der willekeurige spieren, Diss. Utrechil 1860,
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Only snch frogs as could siill leap well after ‘the operation, and
in which from the leg at the operated side no reflexes could be
exciled, whilst it could be done at the other side, and that showed

the

so-called ‘“Hebephaenomenon” of Hurine were used for my

experiments. I add here a few. protocols:

la.

la.

6 February. Rana csculenta, of which poslerior voot 8, 9, and 10 of the
lelt side are cul. The frog continnes leaping after the operalion and makes
good use of the lwo hind-legs. The Jeft lind-leg shows after the leap anew
elevation of the foot as HERING has observed. Reflexes at the left hind-leg
liave ceased, a erossed reflex-movement through strong irritation of the right
hind-foot is observed. The reflexes at the right side ave lively.

7 Iebruary 9.30. The frog which is in a very good condilion is hung at
300 (Cels. in the damp case after the heart has heen bound up.

12.30. The right hind-leg shows increased dorsal {lexion in the foot-joint.

1.30. The dorsal flexion of the right leg has increased; when lfting the
hind-legs a sfronger resislance on the right side than on theleft one, likewise
in the knee and the hip. Left hind-leg still supple. Both lore-legs are likewise
still supple.

2.30. Still the same situation as 1.30.

8.30. In right hind-leg still more resistance, left hind-leg still quite supple.

4 pm. Right hindleg is in stiffened tense and abduction position with
expanded webs, foot-joint still supple,

5.30. The right hindleg is quite stiffened in knee and hip, in the foot.
joint partial rigor mortis. The left hind-leg is supple in all joints. On both
sides there is rigor mortis in shoulder and elbow.

8 February: 10 am. The frog has been hanging from 5.30 last nightin
the damp case at 159 Cels.

The right foot is now likewise stiffened, so that the right hind-leg stands
in entire tense and abduction position with expanded webs. The left Lip is
entively stiffened, left knee and footsjcint are still movable.

"9 February 10 am. The left leg is now aiso stilfened, only the knee
is still somewhat, but very little, less stiff than the right one.

10 February. Little Rana esculenta, of which on the 9t of Febr. posterior
roots 8, 9, and 10 have been cut, on the leftside. Mobility and veflexes
as with the former frog.

10 a.m, The heart is bound up. The animal is placed in the damp case
at 80° Cels. for the experiment.

1.30 p.m. The dorsal {lexion of the right foot has increased, likewise the
hip {lexsion on the right side. Right hip begins to be stiffened, left hind-leg
is still quite supple.

2 p.m. On the right side increasc of the phenomena, on the left side slill supple.

2.30. Right hindJeg almost quite still in still slighily flexed position, left
hind-leg still supple.

3,30. Right hind-leg in stiffened tense and abduction position, the left
one is siilff in the hip; knec- and fool-joint of the left leg still supple.

4.30. Both hind-legs are hanging in stiffened tense- and abductionposition
with expanded webs. .
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Va.

Va.
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Very large Esculent.

10 Febr. 10.45. The right posterior rools 8, 9, and 10 are cut.

11 pomn. After the heart has been hound up, the [rog is p]a.ced in the
damp case at 30° Cels.

3.30 p.m. Rigor morlis in the lell hip...

430, Left hind-foot is enlirely stillened, only the foot is slill a litle
movable, The right hind-leg is stll quilc supple. Both forelegs are sliff.
Now 1 remove the case with the frog to a surrounding of 17.5° Cels.

11 Febr. 10 am. Right hind leg is now likewise enlirely stiifened, ouly,
the foot is still partly supple.

11 Febr. 5 p.m. The right hind-leg is still somewlat supple in the 1oot -joint.

12 Febr. Both hind-legs stiffened in all joints.

10 Felr. The lell dorsal roots 8, 9 and 10 of large chulent are cul.

11 Febr. 9.80. Hung in damp case at 30° Cels

11.30. Right hind-leg with expanded webs, when lifting it the right leg
shows increased resistance. Left hind-leg shil quile supple.

1 p.m. Right hip rvather stiff, left one still quite supple

5 pm. Right hip rather stiff, right knee drawn up. Lelt hind-leg still
quite supple.

5 pm. Right Lip entirely, knee- and foot-joint partly stifl, much increased
flexion position to lhe right. Left hind-leg still quite supple, the webs are
here expanded.

5.30. Right hind-leg still m flexion-position, only the fool-jont is paitly
stiff ; left hind-leg is still supple in all joints. Both fore-legs stiftened. Fiog
is now placed in a surrounding of 15° Cels.

12 Feby. 9 a.m. Situation still exactly the same as lasl night at 5.30.
From this moment temperature at 30° Cels.

12 at noon. Lelt hind-leg begins to become stiff in knee and hip; right
foot-joint still partly stiff.

1.30 p.m. Right hind-leg also stiffened in the foot-joint, entite tense-
position ; left hind-leg in tense position stifl in knee and hip, left fool is
still partly supple.

12 Febr. 9.45 a.m. Right dorsal 100t 8, 9, and 10 cut through.

10 p.m. The frog is hung in the damp case at 30° Cels.

1 pm. The left leg begins to draw up, the flexion in the hip and the
dorsal flexion of the foot inciease.

2 p.m. Left hip strongly flexed ; left loot swongly doisally flexed, on the
left side increased resistance when lifting. Right leg slill supple.

4 pan. Left hip entirely stiff, knee and foot begin to be stillened. Right
hind-leg begins to draw up.

6 pm Right hip and knee now hkewise partly stifl, foot is still supple.
Left hindleg in tense position with slill parlly supple foot, right hind-leg
in {lexion-position.

18 Febr. 10 a.m. Both legs arc hanging in stiffened tense- and abduction-
position with expanded svebs.

From- thesc cxperiments, which I intend to continue it appears
clearly, that the cutting of the appurlenant dorsal roots causes
retardation of the rigor mortis of the muscles.

-10 -
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In this way we have proved that the view of Hermaxn is incor-
rect, according to which the influence of the central nervous system
ou the occurrence of rigor mortis should be cansed by the
mortification of the higher cenira by which impulses should be
driven towards the muscles. For in my experiments in which I eut
on one side the posterior roots, the way from the central nervous
system to the muscle is nowhere interrupted ; only the supply of
veflexstimulants (from the proprioceptores) is prevented. Rigor mortis
is consequently also caused by a reflectoric process.

If we ask now how we are to understand the tonical innervation
for accelerating rigor mortis, the answer must run, in my opinion,
pretty well as follows.

We know from Firrcner and WinTersTEIN that the indispensable
cause of rigor mortis is to be found in a chemical state of the
muscles, which is caused by want of oxygen.

This “chemical state” will certainly depend on the existence of
products ot inetabolism. It is for the present unknown which are
these products. There ave however, I surmise, sufficient reasons to
admit that they are products of partial tramsmutation, for supply of
oxygen, which certainly encourages transmulation, prevents rigor mortis,
and increase of temperature which also promotes transmutation,
accelerates rigor mortis. _

We can reconcile these two facts in no other way than by ad-
mitting that in the first case the ample supply of oxygen causes the
processes of metabolism 1o take their normal courses to the end,
consequently 1 completle oxydations, during which then the obnoxious
intermediate products do notl come into exisience, or do not continue
to exist. In this way it is also comprelensible ‘that increase of
femperatare promotes rigor mortis so much,because with the metabolism,
faking place then with still greater rapidity and intensily, the want
of oxygen, resp. the deficit of oxygen, is felt so mmuch the stronger.

If now in this respect we compare the two hindlegs of o frog
of which on one side the reflex-stimulants fov the tonus have no
longer access, then the leg with inlact reflex-track has inuscles that
are in a state of lonus, whilst the tonus in the other side has dis-
appeared. The leg with muscles in tonus, requiring for the entertain-
meni of fthis sitnation wmorc metabolism will consequently show a
more rapid and intensive accumulafion ol intermediate products of
metabolism than the atonic leg, which does notrequive so mueb
oxygen on account of less .inlensive metabolisni.

-11 -
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Consequently the muscles that are in a state of tonus satisfly
better the indispensable condition of rigor mortis, namely suffocation,
than the atonic ones. The leg with tonus muscles also satisfies
better the 2vd condition namely the condition of being influenced
by the nerves. -

For these muscles constantly receive indeed stimulants by way
of reflection, wheveas the other atonic leg remains without these
stimulants. The consequence of both the more intense alteration of
the chemical state and: the influence of the veflection is that the leg
of which the tonus-reflection track remains uninjured, stiffens sooner
than the leg of which this reflection-track is interrupted at the
posterior roots or near the Rami communicantes. We must thns
consider the rigor mortis of the skeleton musecles as a last vital
demonstration of the muscles under the influence of suffocation,
whilst stinnlants running along the tonus-reflection-track accelerate
this process. That rigor mortis is a last (tonical) contraction of the
munscles is apparent from the fact that the muscles that have lost
their irritability in an atmosphere of oxygen, can no move stillen
or shorten under cireumstances of suffocation.

Chemistry. — “On the reduction of aromatic ketones”. II. By
Prof. J. BéusekeN and W. D. ComeN. (Communicated by
Prof. A. F. HOLLEMAN).

(Communicated in the Mecting of February 28, 1914).

In our previous communication on this subject ') we have assumed
that by reduction of the ketones the half pinacone molecule isin all
cases the sole direct reduction product.

If, in the position where that partial molecule is formed, there are
practically no OH-ions it polymerises immediately to pinacone.

In the presence of OH’, however, there was always found benz-
hydrole and the question arose whether this was caused by direct
reduction or by the transformation of the previously formed pinacone
into benzophenone and benzhydrole by the OH-ions.

These alternatives may be represented by the schemes

(C,H),C0 — (C,H,),00H — (C,H,,CHOH . . . (I
(C.H),C0 > (€,H),00H ~ [(C,H),C0H], — (GH),CHOR +
F(CHLCO . . . . . . . . D

1) Proc. XVI, 91 (1913).
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