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ABSTRACT

Capsule application of Diamidino Yellow (DY) to tohat end of the sciatic nerve
immediately followed by capsule application of Fakte (FB) resulted in about 95%
double-labelled dorsal root ganglion neurones (DR&w motoneurones (Mn). Nerve
injection of DY followed either immediately or twoonths later by capsule application of
FB resulted in about 90% double-labelled DRGn amj iMdicating that DY and FB label
similar populations of DRGn and Mn, and that infigant DY fading occurred during this
period. Inversing the order of application, however. nerve injection of FB followed
immediately by capsule application of DY, resultedlouble labelling in only about 10% of
the DRGn and Mn. These percentages increased tao7@% DRGn and 60% of the Mn
when the FB injection was followed one or two mandffter by the DY application,
indicating that DY uptake is blocked by recent adistration of FB. The results indicate that
DY and FB might be useful for sequential labellbejore and after nerve injury as a tool to

investigate the accuracy of sensory and motor exgéan.



INTRODUCTION

Regrowth of injured peripheral nerve axons to appabe nerve branches after nerve
injury is likely to be important for the restoratiof adequate motor control and stimulus
localisation. The extent to which such regrowthasrect has been indirectly studied by
several anatomical methods. In one of these mettfddskogius and Thomander, 1986;
Aldskogius et al., 1987), retrograde tracers apied to regenerating axons in a branch of
an injured peripheral nerve. As the motor cell lbadif origin of the axons belonging to the
different branches are normally topographicallyamiged, a disrupted organisation after
regeneration reflects inappropriate regrowth ofrégenerating axons. In another method of
investigation that involves several steps, a retrdg tracer is first applied to an uninjured
branch of a peripheral nerve. After a few daysw¥ival to allow retrograde transport of the
tracer to the cell body, the parent nerve of thellad branch is injured such that the injured
axons may grow either into the previously injuresve branch or into other branches. Then,
a second retrograde tracer with different labelthgracteristics is applied to either the
previously labelled nerve branch (Madison et &96), or to another previously unlabelled
branch (Shenaq et al., 1989; Molander and Aldskdi@92). The proportion of cell bodies
with axons that have regrown into the original melovanch or into a new branch can then be
determined by counting the number of cell bodiéglled by both tracers or either tracer
alone.

Much of the reliability of these methods dependswbether or not the tracers label
the same fibre populations with similar efficacésl, if used in combination, whether or not
they interact with each other. Similar labellin§jecies have been claimed for the
combination of fluorescent dyes coupled to dextnarines (Fritzsch and Sonntag, 1991), for

Fluorogold and Dil (Harsh et al., 1991), and fooflogold and HRP (Brushart, 1993). These



tracer combinations have the disadvantage, howthadrthey can not be observed by the
same microscopic illumination conditions. Furthereyalextran amines and Dil are not taken
up by undamaged axons and therefore require apphda a transected nerve rather than nerve
injection. This may be a disadvantage in experisefitere the method of successive labelling
is used, as described above, as it requires aaiapry.

With the aim to study the rate of appropriate reghoof injured axons to nerve branches
after injury to the parent nerve, we were intekgtdinding a pair of fluorescent tracers which:
(1) are likely to have similar labelling efficacigg) may be administerelly either nerve
injection or in a capsule applied to the proximal ef a transected ner\@i) can be observed
at the same time with the same filter combinatipshiwing different colours and by
accumulation in separate compartments of the odly.bThe combination of True Blue (TB)
or Fast Blue (FB) which show a blue stain primanlyhe cytoplasm, and Nuclear Yellow (NY)
or Diamidino yellow (DY) which show a yellow stgmimarily in the nucleus, both in
ultraviolet (UV) light (Kuypers et al., 1980), isch a candidate. The combination of FB and
DY has previously been used for tracing in theregéniervous system (Bentivoglio et al., 1980;
Keizer et al., 1983), for simultaneous tracinghaf tonnections of multiple peripheral nerves
(Crockett et al., 1987; Gordon and Richmond, 19f0)quantitative studies of the sympathetic
reinnervation of the eye (Hendry et al., 1986), fancstudies of the relative amount of
appropriate motor reinnervation of the anteriaatibomuscle (Rende et al., 1991). For DY and
TB used together, it was reported that DY seere tess efficient than TB for retrograde
labelling of sciatic neurones (Haase and Paynd))188t so far there is no such information
available with regard to the combination of DY &®lin the same nerve.

The aim of the present study has been to tesisttkeliness of the combination of FB
and DY for retrograde tracing from the same penghaerve as a tool to investigate the

accuracy of sensory and motor regeneration. Mugeifically, we have tested the hypothesis
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that they are taken up and transported by the samm@nal populations after both nerve
injection and capsule application to transectedesrand also the possibility that application of

one tracer affects the uptake and transport odttiner.

MATERIALSAND METHODS

Nineteen Sprague Dawley rats weighing 270-350 weedl in the present study. All
animals were obtained from Harlan Interfauna l@e8cA., maintained in the Animal Care
Service, Faculty of Medicine, University of Barce#y andreated in accordance with the
ethical guidelines of the University. Anaesthesaswnitiated with ether and then continued
with chloral hydrate (300mg/kg) during surgical gedures and perfusion.

Unilateral injections showed that no contralat&RIG labelling of the injected tracer
occurred (unpublished). This enabled the use atdaihl experiments, thereby reducing the

number of animalsgsed.

Tracer application
Capsule application of DY to transected nerve followed by capsule application of FB
Three rats (bilateral or unilateral experiment$)naere used to examine the possible

interaction between FB and DY after successiveuta@pplication to transected nerves. The
sciatic nerve was exposed at the level of the targhtransected by means of pairs of sharp
scissors. A swab was placed below the nerve talalasyy spread of tracers. The proximal cut
end of the nerve was then inserted into a plaapsue containing 18 of 5% of DY
(EMS-Polyloy), kept in this position for 30 minutasd then removed. After that, the nerve was
directly (without wash or new nerve transectiorseited into a new capsule containingdl.6f

5% FB (Sigma), kept in this position for 30 mirsigend removed. Finally, the proximal cut end

was cleaned, the skin was sutured and the ratNeasd to recover from the anaesthesia. In
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this study, we did not do capsule application offél®wed by capsule application of DY (see

discussion).

Nerve injection of tracer immediately followed by capsule application of a second tracer to the

same nerve after nerve transection

Another serie of experiments were designed to exaihi tracer administration by
nerve injection labels the same neuronal popula@sadministration by capsule application to a
transected nerve. In the first subgroup (four rat$) the tibial nerve was dissected at the level
of the knee joint and swab was placed below the nerve. The tip ofga2§e needle attached
to a 10ul Hamilton syringe was introduced about 4mm diidhe origin of the gastrocnemius
branches, pushed 1-3 mm in proximal direction fe#id by injection of Lul of 5% DY
(EMS-Polyloy). After this, the tibial nerve wasrsected just distal to the point of needle
introduction and the proximal cut end was placattdma capsule containing fl'®f 5% FB for
30 minutes. After that, the capsule was removexdistal cut end cleaned and the skin sutured.
In the other subgroup (three rats, n=5) tracerg wererted. Thus, fil of FB was injected and

1.5ul of DY was placed in the capsule.

Nerveinjection of tracer followed by delayed capsule application of a second tracer to the same
nerve after nerve transection

The final series of experiments were designed &onaxe the possibility of tracer
interactions after nerve injection followed by deld capsule application. In the first subgroup
(5 rats, n=9), 1l of 5% DY was injected in the tibial nerve aboun#h distal to the origin of
the gastrocnemius nerves, and the rats allowesttiver. After two months, the previously

injected tibial nerve was reexposed, transectededmately proximal to the DY injection and a



capsule containing 5% FB was applied at the cienend. In the second subgroup (5 rats,
n=10), the tracers were inverted so that injeatiohpul of FB was followed one (n=4) or two
months (n=6) later by nerve transection and aficaf a capsule containing DY to the

transected nerve end.

Fixation, sectioning, microscopic examination and statistical analysis

Five days after the last tracer application thensere anaesthetised as described above
and a thoracotomy was performed. An intracardjatiion of 1000 Ul of heparin/kg body
weight was followed by perfusion through the asaapdorta with 100 ml saline and then with
1000 ml 4% paraformaldehyde and 10% sucrose ingblads buffer (PB, pH=7.40) for twenty
minutes. The lumbar dorsal root ganglia (DRGs) L&8 corresponding spinal cord segments
were removed, postfixed for three hours in the sixagve and then immersed in 15% sucrose
in PB at 4°C overnight. The L4-6 DRGs were cut @nyastat in 1Qm thick longitudinal
sections, and the spinal cord and L3 DRGs weran@@pum thick serial longitudinal sections.
Sections were all thaw-mounted on chrom-alum getad (5%) slides and coverslipped using
an antifading solution containing 1% paraphenylamiine and 10% phosphate buffered saline
in glycerol.

The sections were examined in an Olympus Vanoxdkeent microscope equipped
with violet light filters (DM 455 dichroic mirrorrad BP 405 exciter filter which gives 405 nm
excitation, and 455 nm emission wavelengths). Allnonal profiles with an identifiable nucleus
were counted in every tenth DRG section and inyefaenth spinal cord section. The counting
was performed the same day as the sectioning faok.prhe counting was not carried out in a
blinded fashion.

At short survival times after administration, DYgitove cells showed an intense

yellow fluorescence in the nucleus and less stgiimirthe cytoplasm. At two months,



however, many of the DY positive cells also showeaense granular labelling in the
cytoplasm. FB labelled cells showed an intense thiogescence in the cytoplasm and
usually also in the nucleus. Because of the intg$ithe FB nuclear labelling, it was
sometimes difficult to identify DY nuclear labeljnn FB/DY double-labelled neurones. In
those cases, identification was facilitated by expg the sections with violet light filters for
up to half a minute until the nuclear FB had fadad the DY could be observed more
clearly. The DY nuclear labelling was found to bsd intense but more resistant to fading
than FB. The cytoplasmatic FB labeling was st#lilvie after this procedure. The total
number of labelled profiles counted in each casegusvery tenth section of DRGs L4-6 as
well as means and standard deviations from toliat@ents and percentages are presented in
the table. No corrections were made for the pdgsiloif counting split cells twice in
different sections.

Paired Wilcoxon W tests were used to compare meahlé labelling percentages
between DRG and spinal cord in the same rats, \Whalen-Whitney U tests were used to
compare percentages between different experimboiigl cell counts after different exposure
periods were compared by means of Student’s &ftstverifying the normality of the variable
by the Kolmogorov-Smirton test. Some animals (RER5, R126, R141) showed very faint
FB cytoplasmatic labelling in most DRG cells. Thiedlence in labelling intensity between
these cells and those labelled from axonal tratspas very striking, and was not considered
to cause any problem regarding identification. Tliisse cases were also included.

No such FB labelling was visualised in any casspinal cord. None of the cases

showed DY labelling of this kind in the DRGs orrsgiicord.

RESULTS

Capsule application of DY to transected nerve followed by capsule application of FB



Capsule application of DY followed by a secondstég with FB to the proximal end of
the transected sciatic nerve resulted in doubldlia (FB/DY) in 96.6% of the dorsal root
ganglion cells and 96.7% of the motoneuronese&thnal cord (Table I, Exp 1; Fig 1 A and
B). No significant difference (p=0.6858) in the gemtages of double labelling was found
between motoneurones and DRG neurones. In the DR@, of the neurones were only FB
positive and 1.5% showed only DY. Similar resulesevfound in the spinal cord; 0.7% of all

labelled cells were only FB positiamad 2.4% of all positive cells were single [aelled.

Nerve injection of tracer immediately followed by capsule application of a second tracer to
the same nerve after nerve transection

Injection of DY in the tibial nerve immediatelyllmved by nerve transection and
capsule application of FB resulted in double labgl{(FB/DY) of 97.3% of all DY labelled
DRG neurones, and of 93.7% of all DY labelled metaones (Table I, Exp 2). No significant
difference (p=0.0679) in the percentages of dolaltlelling was found between motoneurones
and DRG neurones.

The inverse procedure, i.e. injection of FB imnaégly followed by capsule application
of DY on the transected nerve, resulted in dowddselling (FB/DY) of 10.6% of all FB
labelled DRG neurones, and of 13.3% of all FBllabdemotoneurones (Table 1, Exp 3). No
significant difference (p=0.6858) in the percensagkdouble labelling was found between
motoneurones and DRG neurones.

The differences in the rate of double labelliegulting from injection of DY followed
by capsule application of FB and vice versa (tdbtexp 2 and 3) were significant, both for

DRG neurones (p=0.0079) and motoneurones (p=0.0079)



Nerve injection of tracer followed by delayed capsule application of a second tracer to the
same nerve after nerve transection

Injection of DY in the tibial nerve followed two mths later by nerve transection and
application of a capsule with FB resulted in dodbleelling (FB/DY) of 92.3% of all DY
labelled DRG neurones and 86.9% of all DY labeltemtoneurones (Table I, Exp. 4). The
difference in rate of double labelling between DR&€&irones and motoneurones in this
experimental situation was found to be statistycsilgnificant (p=0.0109). In all these cases,
many nuclei appeared to be slightly less staingld @¥ than the short survivors.
Furthermore, intensely stained granules which ajgoet® have a slightly different colour
than the nuclei, were found in the periphery ofrtheleus and/or evenly distributed in the
cytoplasm in some DY labelled cells. Such granwaee never observed in cells without DY
nuclear labelling. In these cases, other doubleHadh neurones showed a diffuse mixture of
FB and DY in the both the cytoplasm and nuclei (ER). No significant difference in the
total number of DY positive DRG neurones (p=0.98jnotoneurones (p=0.130) were
found when comparing counts obtained five dayszanbnths, respectively, after injection

of DY.

The inverse procedure, i.e. injection of FB follalxee otwo month later by capsule
application of DY on the transected nerve, resutietbuble labelling (DY/FB) of 73.2% of all
FB labelled DRG neurones, and of 59,5% of all Aigzlked motoneurones (Table I, Exp 5).
The cell counts obtained from the rats that suvieee and two months, respectively, from
nerve injection to capsule application are presktdgether here, as we did not see any
differences between these groups, neither in tteeafadouble-labelled neurones (DRGs,
p=0.6698; motorneurone pool, p=0.8312), nor intti@l number of FB labelled neurones

(DRGs, p=0.3938; motoneurone pool, p=0.6698). rEselts after delayed application of

10



DY are significantly different from the correspondiresults obtained after FB injection
immediately followed by capsule application of Cfgr both DRG neurones (p=0.0013) and
for motoneurones (p=0.0027). No significant differe in the total number of FB positive
DRG neurones (p=0.425) or motoneurones (p=0.714 feend when comparing counts

obtained after five days, and after one or two ingntespectively, following injection of FB.

DISCUSSION

The main results of the present study show tleahtimber of neurones retrogradly
labelled by FB and DY after successive adminisireto a peripheral nerve depends on both the
way of administration and the order in which tteedérs are administered.

Capsule application of DY followed by capsule aailon of FB, each for 30 minutes to
the proximal end of the cut sciatic nerve, resulbeal high rate of neuronal colocalisation of
tracers in the DRG (96.5%) and spinal cord veihioah (96.7%). A small number of neurones
were single labelled with either DY or FB. This gagts similar tracer efficacies for these
tracers when used with this technique, i.e. uptgkiajured axons of DY does not seem to
obstruct subsequent uptake of FB. The failuredaching a 100% of double labelling is most
likely due to technical limitations such as incoetplnerve contact with the dyes inside the
capsules or to reduction in the ability of somerexio take up tracers as a result of axonal
damage during transection and introduction of #gr@einto the capsule.

For technical reasons, it is reasonable to asshatelye administered by nerve injection
reaches fewer fibres than administration by capspidied to a transected nerve (Taylor et al.,
1983).We tested the validity of this assumption in a selcgeries of experiments where
injection of one dye was followed by either imméeliar delayed nerve transection and
application of a capsule with a second dye to tbgimal nerve end. Injection of DY into the

tibial nerve immediately followed by nerve trang@etand application of a capsule with FB
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resulted in DY labelling in more than 90% of all EBelled neurones. This finding indicates
that most neurones previously labelled by DY readike up and transport also FB.
Furthermore, less than 10% of all FB labelled neessovere FB single labelled, showing that
most of the fibres labelled by capsule applicaibRB had taken up and transported the
previously injected DY. This indicates that injectiof DY is nearly as effective as capsule
application of DY after nerve transection for ldingl as many fibres as possible in the nerve,
given the amounts and concentrations used inttiity SThis finding is of interest in
experimental situations where a reduction of tfeces of nerve trauma is desired.
Unexpectedly, when the procedure was invertetaialite injection of FB was followed
by immediate transection and capsule applicatidd\gfthe resulting rates of double labelling
were considerably lower. Only 10.6% of the FB pesiDRG neurones and 13.3% of the
motoneurones contained also DY. This suggeststbanjected FB blocked the uptake and/or
transport of the subsequently administered DY, ggestby a toxic effect or by a competition at
the transport level, favouring FB. This findingpigssibly related to an earlier report that
injection of a mixture of DY and TB into the sc@tierve resulted more neurones labelled with
TB than with DY (Haase and Payne, 1990). In thiggtwe did not test whether a similar block
would be obtained by capsule application of FBoketd by capsule application of DY, mainly
because we did not expect this approach to belusedur future regeneration experiments after
realising the blocking effect of FB in the injectiexperiments as described above. We did,
however, test the hypothesis that such negatieetsfbf FB on subsequent uptake of DY would
be decreased if the DY were administered at a eélagne point when less FB would be
expected to be present at the administrationlsitupport of this hypothesis, we found that the
rate of DY labelled FB neurones rose to 73.2% @ DRG and 59.5% in the spinal cord ventral
horn after delayed administration of DY, but wal ansiderably lower than after injection of

DY followed by capsule application of FB. The irmse was unrelated to the number of FB
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labelled cells which was found to be unaltered camag to the short survivors. This is in
agreement with previous reports showing that FBarasin the cell bodies for long periods of
time (Shenaq et al., 1989; Garret et al., 1991 alddr and Aldskogius, 1992; Novikova et al.,
1997).1t should be noted, however, that the blocking ¥flly FB may depend on the source of

DY. We have tried to use also samples of DY oatlynobtained from Dr llling (kindly
supplied by Dr. Gonzalo, Centro Médico, Soria, 8paiith higher yield of double labelling
together with FB. Unfortunatly, DY from this sournseno longer available.

We also tried to inject DY followed two months laby capsule application of FB. In
these cases, the mean percentage of FB labellatkDiones was 92.3 % in the DRG and
86.9% in the ventral horn of the spinal cord. Theseentages are similar to those observed
after immediate capsule application. Furthermiyefinding that the mean number of DY
labelled neurones was similar after five days amrhonths indicates that the tracer remained
in the labelled neurones and did not spread stgmifly to surrounding neurones. This finding is
in accordance with Keizer et al. (1983) who demanstl labelling in neurones of the central
nervous system for at least three weeks aftertiojeof DY, which was the longest survival
time used by these investigators. However, oultseate not in accordance with a previous
report in the axolotl (Wigston and Kennedy, 198hpwing a considerable increase in the
number of DY labelled motoneurones two-three mofahswing DY administration to a
peripheral nerve, compared to nine-eleven daysselaathors suggested that the increase they
observed may be explained by transfer between axitinis nervesen route to the spinal cord
or a direct transfer of DY to adjacent neuronesgliadwithin the spinal cord.

Our interpretation that the number of DY labelledirones in our material did not
increase is also supported by the finding of a hegé of double labelling, indicating that only
neurones in the same originally labelled peripheeabe were included.

The cellular distribution of DY at short survivahes after adminstration was mainly
13



restricted to the nuclei. This is in accordancén\pitevious reports (cf. Keizer et al. 1983).
However, at two months after DY administration ititensity of the nuclear staining appeared
fainter. In addition, yellow granulae appeared aishie cytoplasm. This does not seems to have
been reported previously. The yellow granular langlvas seen only in neurones with yellow
labelling in the nucleus, indicating that the phaeaon was restricted to neurones previously
labelled with DY. The granulae did not show thadgplipofuscin color, but it is not possible
from our results to exclude that some of the granabelling in these cells is lipofuscin rather
than cytoplasmatic accumulations of DY. Even ifghenulae reflect a general degradation
process in these neurones, the high rate of dtalidding found indicates that the transport
capacity is preserved. Furthermore, as the nunfli2¥ dabelled neurones was similar to that
found five days of exposition to the dye, it is cewvable that cell death did not occur or was
insignificant at this time point. Thus, we findéasonable to assume that the results of the
countings in this study would have been very sinmégardless of whether the granuale
correspond to DY or accumulation of lipofuscin ihieh case it would have been restricted to
neurones previously exposed to DY. Further experimare needed to assess whether exposure
to DY changes the regenerative capacity of thessones.

An attractive approach to study regeneration aoguafter peripheral nerve injury is to
retrogradly label cell bodies of afferents andreffés in a particular nerve branch before and
after injury to its parent nerve trunk using twlietent tracers. This approach has been tried in
several previous studies (Madison et al., 1996sl&at, 1993; Fritzsch and Sonntag, 1991).
Theoretically, a high rate of double-labelled agd Single labelled cell bodies would indicate
that the injured axons have regenerated acrossjting into their former nerve branch. The
results of this study where we tested the usefslagthis method for uninjured axons show
important aspects of the methodological difficdteand advantages involved in the use of FB

and DY for such studies. Capsule application ofibhediately followed by capsule
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application of FB resulted in a high rate of dodhaleelled neurones, indicating that both tracers
label the same types of primary afferents and neatomes. Both FB and DY were found to
remain in the neuronal cell bodies in the DRG gndad cord ventral horn for months after
nerve injection, suggesting that either one mightiged as a first tracer to label original normal
connections before experimental nerve injury. Farrtiore, a high rate of double labelling
results from injection of DY followed two monttegér by capsule application of FB to the
same nerve whereas the inverse approach, injexftieB followed two months later by capsule
application of DY resulted in fewer double-labelleElirones, indicating interaction between
these tracers. Thus, in experiments designed &siligate regeneration accuracy using DY and
FB, administration of DY before administration @ s to be preferred in order to reduce the
risk of such tracer interaction.

Further potential problems associated with theaisequential injections of
fluorescent dyes for studies of regeneration acyuaéter nerve injury are possible toxic
effects of the long-lasting tracer in regeneratiegrones, different ability of regenerating as
compared to uninjured neurones to take up the skitaoer, and the possibility that injected
dyes remain available for uptake at the injectite\when regenerating fibres reach the

previously injected nerve branch. These problerasiaw under investigation.

ACKNOWLEDGEMENTS

We thank Dolors Fuster and Nieves Cayuela focieffit technical assistance. We also
want to thank Dr. Francesc Calafell for statistasdessment and Dr Josep M2 Estafiol and
Professor Oriol Bachs for their collaboration iriahing pictures. We are grateful to Professor
Gunnar Grant for reading the manuscript. This @tojeas supported with the grants of the

Programa Sectorial de Promocién General del Corienibm (project No PM96-0059), the
15



Fundacié Marat6é TV3 (project No 003/97) and the &isle Medical Research Council

(project No. 11566).

LITERATURE CITED

Aldskogius, H. and Thomander, L. (1986) Selecteianervation of somatotopically
appropiate muscles after facial nerve transectimhrageneration in the neonatal rat, Brain
Res., 375: 126-134

Aldskogius, H., Molander, C., Persson, J. and Thateg L. (1987) Specific and
nonspecific regeneration of motor axons after sciarve injury and repair in the rat, J.
Neurol. Sci., 80 (2-3): 249-257.

Bentivoglio, M., Kuypers, H.G., Catsman-Berrevo@<., Loewe, H. and Dann, O.
(1980) Two new fluorescent retrograde neuronaktsawhich are transported over long
distances, Neurosci. Lett., 18 (1): 25-30.

Brushart, T.M. (1993) Motor axons preferentiaynnervate motor pathways,
J.Neurosci., 13 (6): 2730-2738.

Crockett, D.P., Harris, S.L. and Egger, M.D. (1pBlantar motoneuron columns in
the rat, J. Comp. Neurol., 265 (1): 109-18.

Fritzsch, B. and Sonntag, R. (1991) Sequential lddabelling with different
fluorescent dyes coupled to dextran amines as éot@stimate the accuracy of tracer
application and of regeneration, J. Neurosci. Mdsh39: 9-17.

Garret, T.W., McBride, R.LWilliams, J.K. and Feringa, E.R. (1991) Fluoro-Gsld
toxicity makes it inferior to True Blue for longrte studies of dorsal root ganglion neurons and
motoneurons, Neurosci. Lett. 128: 137-139.

Gordon, D.C. and Richmond, F.J. (1990) Topograpltlge phrenic motoneuron

nucleus demonstrated by retrograde multiple-laigetiechniques, J. Comp. Neurol., 292 (3):
16



424-434.,

Haase, P. and Payne, J.N. (1990) Comparison dfticeencies of the True Blue and
Diamidino Yellow as retrograde tracers in the peeial motor system, J.Neurosci.Meth., 35:
175-183.

Harsh, C., Archibald, S.J. and Madison, R.D. (39¥duble-labeling of saphenous
nerve neuron pools: a model for determining thei@ay of axon regeneration at the single
neuron level, J. Neurosci. Meth., 39: 123-129.

Hendry, L.A., Hill, C.E. and Watters, D.J. (19&@®)ng-term retention of Fast Blue in
sympathetic neurones after axotomy and regenera@nonstration of incorrect reconnections,
Brain Res., 376: 292-298.

Keizer, K., Kuypers, H.G.J.M., Huisman, A.M. andrid, O. (1983) Diamidino Yellow
Dihydrocholoride (DY:2HCI), a new fluorescent regrade neuronal tracer, which migrates only
very slowly our of the cell, Exp. Brain. Res., 5191191.

Kuypers, H.G., Bentivoglio, M., Castsman-Berregp€L.E. and Bharos, A.T. (1980)
Double retrograde neuronal labelling through dieatgaxon collaterals, using two fluorescent
tracers with the same excitation wavelength whattel different features of the cell, Exp. Brain
Res., 40: 383-92.

Madison, R.D., Archibald, S.M. and Brushart, T(#996) Reinnervation accuracy of
the rat femoral nerve by motor and sensory neutbmgeurosci., 16 (18): 5698-5703.

Molander, C. and Aldskogius, H. (1992) Directiogpécificity of regenerating primary
sensory neurones after peripheral nerve cruskaesdction and epineurial suture. A sequential
double-labeling study in the rat, Restor. Neunodl Bleurosci. 4: 339-344.

Novikova, L., Novikov, L. and Kellerth, O. (199Prsistent neuronal labelling by
retrograde fluorescent tracers: a comparison betkast Blue, Fluoro-Gold and various

dextran amines, J. Neurosci. Methods, 74: 9-15.
17



Rende, M., Granato, A., Lo Monaco, M., Zelanoa@d Toesca, A. (1991) Accuracy of
reinnervation by peripheral nerve axons regengatomoss a 10-mm gap within an
impermeable chamber, Exp. Neurol., 111: 332-339.

Shenaq, S., Mendelow, M., Shenaq, J.M. and S¢ir§1989) Evaluation of axonal
specificity of the regenerating rat sciatic nersag a fluorescent labeling technique,
Microsurgery, 10: 210-213.

Taylor, D.C.M., Pierau, F.K. and Schmid, H. (1988 use of fluorescent tracers in the
peripheral sensory nervous system, J. Neuroschaddet 8: 211-224.

Wigston, J. and Kennedy, P.R. (1987) Selectivenewation of transplanted muscles

by their original motoneurons in the axolotl, JuNesci. 7 (6): 1857-1865.

18



TABLES

Table 1. Numbers of FB, DY, FB/DY and percentages of FB/@ble-labelled profiles of the
L4-6 DRGs and spinal cord segments in the diffeegperimental situations (Exp.). Note that
the numbers given resulted from counting in evenytt DRG section and every fourth spinal
cord section and do not represent estimationsedftie total numbers of neurones. In Exp.
2,3,4, and 5 the percentages of double-labellelgsas related to the total number of cells
containing the tracer injected. Exp.1: capsuleiegtbn of DY followed by capsule application
of FB; Exp. 2: DY injection in the tibial nerve ingediately followed by capsule application of
FB just distal to the injection site; Exp. 3: FBeiction in the tibial nerve immediately followed
by capsule application of DY just distal to theettjon site; Exp. 4: DY injection in the tibial
nerve followed two months later by capsule appbeadf FB just proximal to the injection site;
Exp 5: FB injection in the tibial nerve followedeto two months later by capsule application

of DY just proximal to the injection site.
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DRG SPINAL CORD
Exp 1. %FB/DY FB DY FB/DY |%FB/DY FB DY FB/DY
Mean 96.6% 25.0 248  1425.496.7% 40 156 4754
+SD 18% 188 31.3 217.8 2.5% 26 19.0 126.9
Exp 2. FB/DY FB DY FB/DY FB/DY FB DY FB/DY
FB/DY +DY FB/DY +DY
Mean 97.3% 94.6 228 882.2 |93.7% 224 10.0 179.0
+S.D 18% 82.3 152 169.8| 4.0% 18.8 6.6 68.6
Exp 3. FB/DY FB DY FB/DY FB/DY FB DY FB/DY
FB/DY+FB FB/DY+FB
Mean 10.6% 903.4 538 95.2|13.3% 203.6 1.0 336
+S.D 12.3% 2755 4.1 105.8 |11.2% 65.51.1 27.1
Exp 4. FB/DY FB DY FB/DY | FB/IDY FB DY FB/DY
FB/DY +DY FB/DY +DY
Mean 92.3% 57.67 67.56 836.0086.9% 19.4 40.1 2112
+S.D 15% 31.10 18.15 233.545.2% 27.3 30.1 62.4
Exp 5. FB/DY FB DY FB/DY | FB/DY FB DY FB/DY
FB/DY +FB FB/DY +FB
Mean 73.2% 227.1 68.4 679.4|59.5% 95.2 29.1 152.0
+S.D 18.6% 138.5 117.5 257.3|23.7% 19.5 22.2 72.9
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FIGURE LEGENDS

Fig. 1.

A. Photomicrograph of part of longitudinal sentif the lumbar spinal cord showing
retrogradly labelled motoneurones after sequecaiasule application of DY and FB to the cut
end to the sciatic nerve. Note that the DY nudigaelling is surrounded by FB labelled

cytoplasm.

B. Photomicrograph of part of longitudinal sectadra lumbar DRG showing
retrogradly labelled cell bodies of primary affdreaurones after sequential application of DY

and FB to the cut end of the sciatic nerve. Mostorges are double-labelled (FB/DY).

C. Photomicrograph of part of longitudinal sectdm lumbar DRG showing
retrogradly labelled cell bodies of primary affdreaurones after nerve injection of DY
followed two months later by capsule applicatiof-Bf Many neurones show yellow
cytoplasmatic granules, which often appear moens# than the nuclei (large arrows; compare
with figs A and B). The apparent difference in cddetween these granulae and the more faintly
labelled nuclei is a result of differences in irsién These granules may also appear evenly
distributed in the cytoplasm (arrowheads). Somékslabelled cells showed a mixture of FB

and DY labelling in both cytoplasm and nuclei (tamows).

Scale bar: 5¢um in all sections.
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