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between the infected and the uninfected birds.
None of the birds on Diets I, III, and IV
showed any gross evidence of deficiency
disease.

Mean parasite counts (Table I) in the
biotin-deficient birds (Diet II) at the peak of
their infections were approximately twice as
high as those of the birds whose diets con-
tained a presumably adequate amount of
biotin (Diets (I, III, and IV). It is evident
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from the above results that the peak parasite
counts in P. lophure infections are much
greater in chicks on a diet deficient in biotin
than in chicks on a diet which is identical
except that it contains an adequate amount
of biotin. It is not know whether the lack
of biotin stimulates the multiplication of the
parasites per se, whether it interferes with a
defensive mechanism in the host, or whether
both factors may be involved.
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Effect of Nerve Compression on Wallerian Degeneration in Vitro.*

Paur WEiss AND AGNES S. BUrT.

Department of Zoology, University of Chicago.

Wallerian degeneration is an essential pre-
liminary to successful nerve regeneration in
that it prepares the distal stump for reinva-
sion by regenerating fibers. Physiological
insight into its mechanism, however, lags
greatly behind our descriptive acquaintance
with its morphological features. The follow-
ing experiments represent part of a broader
study of the factors determining the character
and rate of Wallerian degeneration.

It was known that when a nerve locally
constricted by a ligature,! clamp,*? or arterial
cuff,* undergoes Wallerian degeneration,
those parts of the axis cylinders lying within
the compressed zone may fail to break down.
This effect could be ascribed (1) to injury
of the fibers, or (2) to paralysis of the

* This work was done under a contract, recom-
mended by the Committee on Medical Research,
between the Office of Scientific Rescarch and
Development and the University of Chicago; also
aided by the Dr. Wallace C. and Clara A. Abbott
Memorial Fund of the University of Chicago.
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mechanism of degeneration either (a) by the
local ischemia, or (b) by direct pressure
action on the nerve fiber. Alternative a and
b could be decided by reproducing the com-
pression effect in vitro, i.c., with the whole
nerve removed from blood supply; alternative
1 and 2 by the demonstration that fibers
arrested in their degeneration by compression
may degenerate after decompression.

The capacity of nerve fibers to undergo
typical Wallerian degeneration in a properly
composed medium iz vitro has been known.**
Our own observations confirm, with certain
qualifications, the earlier reports: Degenera-
tion occurs promptly in Ringer’s, Tyrode’s
solution, blood serum, but less regularly or
not at all in NaCl solution or blood plasma.
Our present experiments were carried out
with fragments (cca. 1 cm) of rat nerves
(sciatic, brachial, intercostal; 100-200 g
donors), explanted into Ringer’s solution in
Petri dishes at 37" C, with or without com-
pression, fixed after varying intervals sec-
tioned longitudinally, and silver-impregnated
according to Bodian." Criteria of degenera-

5 Ingebrigtsen, Ragnvald, J. Ezp. Med., 1916,
23, 251.

6 Nageotte, Jean, L’Organisation de la Matiére,
Paris, Félix Alean, 1922, p. 274.
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FiG. 1.
Tibial nerve with constrieting arterial cuff (a) after 12 hours in vitro.

sleeve still intact, fibers outside vacuolated and in fragmentation.

Most fibers inside
% 114,

Fic. 2.

Tibial nerve with arterial cuffs (@) after 24 hours in vitro.

% 138.

(a) Constricting cuff. Many intact fibers inside of cuff; practically all fibers outside of
cuff degenerated. Note the sharpness of demarcation line.

(b) Non-constricting cuff.
outside of cuff.

tion were the changes of the axis cylinder. pro-
gressing as follows: swelling = vacuoliza-
tion —» fragmentation —> ovoids.

In a preliminary series, nerves were placed
under 25 g glass slides and compared with
unweighted nerves in the same dish. Nine
nerves thus compressed showed definite delay
of degeneration as compared with their con-
trols after 18, 26, and 48 hours. That the
delay was due to pressure and no other factors
(oxygen lack, accumulation of metabolites,
etc.), is evidenced by 3 nerves kept between
slides propped on silk threads of corresponding
size, which degenerated without delay. In 5
of 8 nerves compressed to only half their
lengths, degeneration in the compressed end
lagged behind that of the free end.

More uniform and effective application of
pressure was achieved by the use of constrict-

Practically all tibers uniformly degenerated both inside and

ing sleeves of live artery (carotid or femoral)
slipped over the nerve fragments as described
previously.®* By a suitable choice of size
combinations of nerves and arteries, various
degrees of constriction were obtained. Nerve
parts left bare or provided with sleeves of
matching size served as controls. In some
cases, the sleeves were removed after varying
periods of explantation as a test of the results
of decompression. Samples for histological
study were taken from the same preparation
at different stages of its in vitro life.

In all cases in which constriction had been
adequate, Wallerian degeneration was marked-
ly retarded in the compressed as compared
with the uncompressed portions of the same
nerve sample. The effect was clearly one of

§ Weiss, Paul, Arch. Surg., 1943, 46, 525.
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TABLE I
Reduction of Degeneration Index by Arterial Constriction of Explanted Nerves.
Compressed Uncompressed
Zone Zone
) o )
Period Degen- Degenera-
of ex- Total eration Total tion Compression
planta- of index of index effect 7
tion, fibers (i,) fibers (i) A=i,—i, A Signifi-
No. Nerve® Arteryt hrs  counted % counted % % Y% r cance
1462 A Tib ear 24 299 32 277 46 +14 4.1 <0l +
3 * ’? 24 328 38 300 34 +16 4.0 <.01 +
C ” . 48 318 27 253 45 —+18 4.0 <.l +
1463\ Per fem 24 103 48 93 43 — 5 7.1 .48 —
C ” ”’ 48 106 31 86 34 + 3 6.8 >.50 -—
1464 A Tib car 24 324 30 260 72 +42 4.2 <01 +
B ” ” 24 293 34 306 49 —+15 4.0 <.01 +
C v aorta 48 305 39 364 33 +14 3.9 <.l +
D »” car 48 308 26 254 50 +24 4.1 <.01 +
1465 A Per - 24 164 47 148 70 +23 5.6 <.01 +
B ” fem 24 122 26 135 34 + 8 5.7 106 —
) » ” 48 89 28 127 29 + 1 6.3 >.00 —
1469 A Br ’? 24 230 74 240 99 +25 3.2 <.01 +
B ” » 24 189 87 179 96 + 9 3.5 KU} *
C i »” 48 244 77 297 7 +20 3.0 <.l +
b » ” 48 161 92 118 07 + 5 3.5 16 —
1470 At Br a4 24 396 52 354 02 +40 3.3 <01 +
B v ” 24 226 80 195 92 +12 3.4 <.01 +
¢ ’” ” 24 187 89 159 92 + 3 3.1 32 -

* Tib — tibial; Per — peroneal; Br — brachial.

t car — carotid; fem — femoral; all arteries from 95 g donors except 1470 (150 g donor).

} Reproduced in Fig. 2a.

delay rather than of arrest, since the difference
tended to disappear in specimens kept long
enough for degeneration to run its course in
both experimental and control stretches (cca.
48 hours). Fig. 1 shows the differential after
12 hours, Fig. 2a after 24 hours, while Fig. 2b
proves the ineffectiveness of non-constricting
sleeves.

As the fiber population of a nerve does not
degenerate in strict synchronism, the progress
of degeneration can be measured by the ratio
of degenerated fibers (axon already frag-
mented) to preserved fibers (axon still con-
tinuous). The percentage of degenerated
fibers may be referred to as the “degeneration
index.” In an average of 5 random sample
sections of each of 19 nerves, the ‘“‘degenera-
tion index” was determined for the compressed
and the uncompressed portions. Table I
gives the results with statistical analysis. In
13 cases the difference between the compressed
and uncompressed parts is of high statistical
significance (9-42%; P < 0.01). Of the 6
statistically not significant cases, 4 are pero-
neal nerves which, owing to their smaller size,

have suffered only minor constriction or none,
and one is a 48-hour case too far advanced to
show a differential.

Decompression experiments have demon-
strated that the released fibers continue to
degenerate, many apparently at a reduced
rate, and evidence of their lag may still be
present 24 hours later. Experiments in which
explanted nerves were subjected to longi-
tudinal stretch produced no obvious effects
on degeneration.

Our results lead to the following conclu-
sions. Pressure impairs, but does not destroy,
the capacity for Wallerian degeneration. The
impairment is not due to vascular interference
since it can be reproduced in vitro in the
absence of all circulation. Of the constricting
and sheathing effects of an arterial sleeve,
only the former affects degeneration, since a
nerve segment insulated from the medium by
a non-constricting artery degenerates without
delay. Variations ia the state of degeneration
along a peripheral nerve course may be but
the result of pressure fluctuations. Pressure
could perhaps also account for the failure of
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nerves to degenerate in plasma-clots® in con-

trast to liquid serum, as such clots develop

strong contractile forces in their interior.”
Summary. Lateral compression of periph-

CeELL GrROWTH ACTIVATING TissUE ExTrAcTs oN WoUNDS

eral nerves delays Wallerian degeneration
of the compressed zone in vitrc.

9 Weiss, Paul, J. Exp. Zool., 1934, 68, 393.
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In previous communications from this lab-
oratory!~* it was shown that extracts of adult
tissues possess pronounced cell growth-pro-
moting power. Moreover, the growth-pro-
moting activity of tissue extracts was found
to be completely independent of the state of
proliferation of the tissue from which they
are made.”® Extracts of certain adult organs—
heart, smooth muscle, and brain—activate the
growth of fibroblast colonies in vitro to a
greater extent than embryonic extract. The
stimulating action of adult tissue extracts in
cell growth is not transient. It is possible to
cultivate cells indefinitely in a medium which
is composed exclusively of adult plasma and
extract of adult heart or adult brain.” The
growth-promoting property of extracts of
adult tissues is not species-specific. The
growth of human skin epithelium can, for
instance, be activated by extract of adult fowl

* Aided by a grant from the Dazian Foundation
for Medical Research, New York.

t Working under the Hadassah Medical Organ-
ization fellowship.
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heart to a high degree® The active principle
in the growth-promoting tissue extracts is
probably a protein or a protein linked group.?

In numerous investigations'®*! it was
claimed that local application of cell growth-
promoting embryonic extract accelerates the
process of wound healing in man and animals.
The extracts of certain adult tissues being
more powerful in stimulating cell prolifera-
tion in vitro than embryonic extract, and
moreover, much easier to obtain than the
latter, the use of growth-activating adult
tissue extracts in wound healing was sug-
gested.® A trial of the effect of the cell growth-
stimulating adult tissue extracts on the
process of healing of wounds under properly
controlled conditions of animal experiments
appeared therefore to be desirable.
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