
after 30 minutes, the PMN were pres- 
ent at the margins of synovial venules. 
At this time numerous PMN were frag- 
mented and had released dense bodies 

(Fig 2) and many had lost dense bodies 
but were otherwise intact. By 31/2 
hours, specimens exhibited much less 
degranulation. No degranulation was 
seen in controls injected with saline. 
In four dogs injected with urate crys- 
tals each week for 4 weeks and again 
31/2 hours before being killed, a 
chronic synovitis was produced and 
intraluminal degranulation of PMN 
was still very prominent 3/2 hours 
after the last injection. 

Most investigators of experimental 
inflammation have not reported such 
intraluminal degranulation (3). How- 
ever, in systemic anaphylaxis (pro- 
duced by injection of immune aggre- 
gates) in the rabbit, Movat et al. (4) 
noted that intraluminal PMN phago- 
cytized the immune aggregates and 
also that they gradually degranulate. 
This suggested that the rise in serum 

cathepsins and acid proteases in ana- 

phylaxis might be a result, at least 

partly, of an intraluminal release from 
the PMN's (5). Fragmentation of 
PMN has been observed in pulmonary 
capillaries after injection of endotoxin 
which produces the generalized 
Schwartzman reaction (6); we saw 
some similar disruptions of PMN's 
in synovial vessels. The relation of 
this fragmentation to the more com- 
mon form of degranulation of other- 
wise intact cells in not clear. Periph- 
eral blood with bacterial infection (7) 
did not have PMN with decreased 
numbers of granules but the PMN 
did degranulate in vitro more quickly 
than did c6ntrols where no bacterial 
infection was present. Degranulated 
PMN in vessels located at sites of in- 
flammation may not survive to be re- 
flected in any large numbers in the 

peripheral circulation. 
The variety of diseases which are 

accompanied by intraluminal degranu- 
lation suggests that this occurrence is 
not a specific one, but we propose that 
intraluminal release of PMN granules 
that contain histamine, kinins, and 
other mediators of inflammation (8) 
may be an important mechanism in 
vascular injury in many diseases and 
at many sites. 
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Material that is involved in rapid 
axonal flow and is synthesized in the 
neuronal perikarion migrates at speeds 
greater than 40 mm/day and reaches 
the presynaptic nerve terminals (1). 
Ganglion cells of the retina provide a 
good experimental preparation for 
axonal flow studies (2), particularly in 
birds whose optic fibers are generally 
considered to be completely crossed 
(3). A few hours after intraocular in- 
jection of radioactive amino acids, 
labeled proteins can be detected in the 
optic nerve terminals (4). The role of 
this migrating material in the presynap- 
tic terminals is unknown, although in- 
vestigations on adrenergic neurons sug- 
gest its involvement in catecholamine 
metabolism and in formation of dense 
core vesicles (5). Interference with the 
supply of this fast flow material to nerve 
endings may shed light on synaptic as 
well as axonal functions. 

Colchicine has been shown to in- 
terfere with axoplasmic transport, es- 
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pecially with the rapid flow processes 
(6). When injected intraocularly in the 
pigeon, colchicine inhibits the appear- 
ance in the optic tectum of labeled pro- 
teins after introducton of [3H]leucine 
in the vitreous humor 24 hours earlier. 
This effect induced by colchicine is 
evident within 1 day, reaches a maxi- 
mum at 4 days, and disappears after a 
few weeks (7). Moreover, intraocular 
injection of colchicine in the pigeon 
causes reversible alterations in the ultra- 
structure of optic nerve terminals (8); 
within a week synaptic vesicles enlarge, 
fibrils aggregate, mitochondria swell, 
and glycogen granules accumulate. The 
first ultrastructural alterations are evi- 
dent 4 days after colchicine injection 
and disappear gradually by 4 to 6 
weeks. These changes are strikingly 
similar to those observed after retinal 
ablation, except that colchicine-induced 
effects are reversible (9). 

These observations suggested that the 
rapid phases of axoplasmic transport 
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Fig. 1. (A) Optic tract A B 
responses and (B) tec- 
tal responses (depth, 23810 
500 Am) to optic 
nerve stimulation 3 
days after injection of 108 25 
colchicine (100 Mg) in 
the vitreous humor of ^ 
one eye. Stimulus in- 
tensity, 1.0 ma; in 245 16 
both (A) and (B), 
upper trace from con- 
trol side, lower trace 
from colchicine-treated side. Numbers indicate mean amplitude (,uv) ? S.D. (i = 10): 
vertical calibration, 200 uv; horizontal calibration, 5 msec; positivity upward. 
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Synaptic Transmission Depressed by 
Colchicine Blockade of Axoplasmic Flow 

Abstract. Colchicine, which inhibits axoplasmic transport and induces organelle 
alterations in nerve terminals, was injected intraocularly in pigeons. Electrical 
stimulation of the optic nerve yielded normal evoked potentials in retinotectal 
fibers, whereas postsynaptic responses recorded in the tectum were reduced. Post- 
synaptic depression suggests a deficit of synaptic transmission, presumably depen- 
dent on colchicine interference with migrating material. 
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may contribute to the formation or CONTROL 
maintenance of normal synaptic vesi- 
cles and perhaps other presynaptic con- A --_ 
tents implicated in synaptic transmis- 
sion. We injected colchicine into one 
eye of a pigeon, stimulated the optic 
nerves electrically on both sides, and 
recorded evoked potentials in the ret- 
inotectal fibers and in the middle and 
deep layers of the optic tectum to de- 
termine integrity of the pre- and post- 
synaptic parts of the system (10). The 
contralateral visual pathway served as 
the control. 

Colchicine (Fluka), in doses of 10 
/ig or 100 jug in 20 li of Ringer solu- 
tion, was injected into the vitreous 
humor of one eye of each of 13 pi- 
geons (Columba livia) under methoxy- 
flurane (Pentrane, Abbott) anesthesia. 
After 1, 3, 7, 14, 42, and 56 days, the 
animals were anesthetized with Equithe- 
sin (Jensen-Salsbery: chloral hydrate, 
MgSO4, pentobarbital sodium), para- 
lyzed by gallamine triethiodide (Flaxedil, 
Specia) and artificially ventilated. For 
the optic nerve stimulation, bipolar elec- 
trodes were inserted into the papilla of J 
each eye after removal of the cornea 
and aspiration of the lens and crystal- 
line body. Single square-wave pulses of 
1 to 2 ma, 0.1 msec duration, and a B 

frequency of 0.3 or 100 per second 
were delivered by a Grass S-8 stimula- 
tor. The posterior part of the telen- 
cephalon and anterior part of the optic ered into the 
lobes were exposed bilaterally and two striking differeJ 
tungsten electrodes (5 to 25 pfarad) on the two sil 
were placed successively in the optic days after mor 
tecta and then in the optic tracts. Tek- chicine. From 
tronix equipment was used for ampli- downward, the 
fication and display of the evoked po- tentials was re( 
tentials. The electrode tracks were his- cent on the sic 
tologically verified for placement of .eye that was i 
electrode tips [technical details in (4, and 3). No la 
8, 11)]. in the directio 

Responses evoked in the optic tracts 
did not differ in their shape, polarity, 
latency and amplitude by more than 100 
+ 10 percent between the colchicine- 
treated side and the control side (Fig. 
1A). Similarly, with supramaximum 
stimulation, responses recorded at sym- 
metrical points on the surface of the 50- 
tectum were essentially identical (Figs. , 
2B and 3). These observations show 
that intraocular colchicine injection does \ 
not interfere with conduction along 
optic nerve fibers. In agreement with . 1 
our observations, colchicine was found 
to have little effect on nerve fiber con- Fig. 3. Time c 

stimulation of c 
duction in short-term experiments per- sg (solid line) c 
formed in vitro (12). response in the 

When the tectal electrodes were low- 500 Am (A) and 
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Fig. 2. Response of optic tectum to elec- 
trical stimulation of optic nerve 7 days 
after injection of colchicine (10 4gg) in the 
vitreous humor of one eye. (A) Responses 
from the surface of the tectum to a depth 
of 1600 /tm to a single shock of 1.0 ma. 
(B) Surface response to a single shock of 
2.0 ma. The early negative waves, pre- 
sumably corresponding to fiber activation, 
have the same amplitude on both sides. 
Positivity upward. 
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optic tectum, however, 
nces between responses 
des were evident by 3 
locular injection of col- 

a depth of 300 /xm 
amplitude of evoked po- 
duced by 65 to 85 per- 
le corresponding to the 
injected (Figs. 1B, 2A, 
.tency changes or shifts 
n of evoked potentials 

were observed. This implies that im- 
pulses conducted along the optic nerve 
fibers were not being adequately con- 
veyed to the tectal neurons. From this 
experiment, the possibility of a partial 
block in the fiber terminals cannot be 
excluded and may play a role, although 
a deficit in synaptic transmission seems 
the more likely explanation. 

This colchicine-induced synaptic fail- 
ure was studied with different doses 
and time intervals between injection 
and physiological assay. With both 10 
jug and 100 j/g of colchicine, the effect 
is evident 1 day and maximum 3 to 
8 days after injection. After the 10-~/g 
injection, normal potentials can be re- 
corded from the depth of the tectum 
after 14 days, whereas with the 100-ig 
dose, recovery does take place within 
6 to 8 weeks (Fig. 3). The effects of 
intraocular injection of colchicine, pre- 
sumably by affecting synaptic transmis- 
sion in the optic nerve terminals, reach 
a maximum within a few days and are 
reversible. 

On the surface of the tectum, the 
response evoked by supramaximum 
optic nerve stimulation (1.5 ma) is 
characterized by a large, late negative 
wave that was practically not affected 
by colchicine (Fig. 2B). This response, 
although diminished by stimulation at 
a frequency of 100 per second, fol- 
lowed such a frequency better than the 

14 42 56 days 
:ourse of colchicine effect on tectal potentials evoked by electrical 
)ptic nerves after intraocular injection of 10 ,ug (dotted line) or 100 
)f colchicine. Amplitude of potentials expressed as percent of control 
same animal, recorded on the tectal surface (0) and at depths of 

I 1500 /m (). 
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deep tectal, positive response. Con- 
trary to the usual interpretation, this 
wave may be due to activation of slow 
conducting fibers. The deep response 
was depressed by both threshold and 
supramaximum stimulation. 

The contralateral visual pathway 
used as control excludes a systemic ef- 
fect of colchicine. One hour after direct 
colchicine application to the tectum the 

postsynaptic response to optic nerve 
stimulation was unaffected. It thus 
seems unlikely that the depression of 
synaptic transmission could result from 
a direct effect of colchicine on the 
nerve terminals, as might be anticipated 
from its prompt and drastic inhibitory 
effect on the release of catecholamine 
in the adrenal medulla (13). Intraocular 
injection of Ringer solution (20 pi) did 
not affect the tectal potentials recorded 
7 days thereafter. 

There is a striking convergence 
among the effects of intraocular injec- 
tion of colchicine, that is, reduction of 
axonal transport (6, 7), alteration of 
organelles in the nerve terminals (8), 
and depression of synaptic transmis- 
sion. The time course of these altera- 
tions is similar; the effect on protein 
transport appeared earlier than the 
other two, and all three were reversible 
within the same period. From the early 
appearance of these effects, we are 
tempted to conclude that protein's or 
other components migrating with the 
fast flow are more likely to be impli- 
cated in synaptic transmission than the 
material migrating slowly. Colchicine 
interference with slowly migrating ma- 
terial may contribute, however, to the 
relatively slow recovery of the phenom- 
ena. It should be noted that length of 
the nerve segment distal to the site of 
sectioning determines the time of onset 
of synaptic failure; the longer the axon, 
the later the alteration of the post- 
synaptic response (14). These observa- 
tions point also to the dependence of 
the synaptic transmission on material 
supplied by the axon. In conclusion, al- 
though other effects of colchicine can- 
not be excluded, our results would be 
consistent with the notion that material, 
which is normally provided by the 
ganglion cell body to nerve terminals 
and which may be arrested by this 
drug, plays an essential role in the 
maintenance of synaptic functions. 
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Table 1. Mercury partitioning at 25?C; S, sandy sediment; 0, highly organic sediment. Both 
sandy and highly organic sediments are from Nagog Pond, Acton, Massachusetts. The mois- 
ture contents of the sandy and highly organic sediments were, respectively, 27 and 79 percent; 
the losses on ignition of the sandy and highly organic sediments were, respectively, 0.804 and 
44.3 percent. Both types of sediments released some H.,S upon acidification; the highly organic 
sediments released more H2S than the sandy sediments. 

Salt added Hg2+ content (ppm) 
Sedi- 
ment r Amount Dry (Hg2+)2/ pH 
type Formula (g/liter) sedi- Water d 

ment 

S None 41.2 0.024 5.8 X 10-4 6.7 
O None 1430 < 0.00002 < 1.4 X 10-8 5.2 
O None 2670 0.0044 1.65 X 10-6 5.1 

S NaCl 35 45.4 1.70 3.75 X 10-2 6.6 
O NaCI 35 800 0.004 5.0 X 10-6 4.8 
O NaCI 35 2670 25.0 9.4 X 10-3 4.6 
O CaCl2 165 800 1.58 1.9 X 10-3 3.7 
O CaCl2 165 1535 215.0 0.14 3.6 
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