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and diptera 6 is well established; similarly, ongoing attempts 
to characterize chemically such materials from the tobacco 
horn worm Manduca currently indicate substantial chemi- 
cal similarity between the active substances from these 
species and the ~lucagon of vertebrates with intra-specific 
biologic activity '~. We therefore believe that a family of 
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peptide hormones, closely resembling the hyperglycemic 
hormones of crab and scorpion, may be generally operative 
as hormones in many insects. I t  will thus be of considerable 
interest to characterize such molecules from a great variety 
of arthropods, and to examine the effects of currently 
available materials in additional species. 
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Summary. A small number of neurones with electrophysiological properties of  dopaminergic neurones and which were 
located in the pars compacta of the substantia nigra were antidromically activated by stimulation of  the contralateral 
striatum. The characteristics of this response resembled closely those observed in other compacta neurones following 
ipsilateral striatal stimulation. These data indicate the presence of  some crossed nigrostriatal fibers. 

The dopaminergic nigrostriatal pathway is well document- 
ed anatomically, neurochemically and electrophysiological- 
ly and has received considerable interest regarding its 
possible dysfunction in extrapyramidal disorders such as 
Parkinsons's disease 3. This pathway is generally regarded as 
being ipsilateral although some anatomical studies have 
suggested the presence of a small crossed constituent 4'5. The 
present study was therefore undertaken to investigate 
whether any neurones located in the pars compacta of the 
substantia nigra could be antidromically activated by stim- 
ulation of  the contralateral striatum. 
Experiments were performed on male and female albino 
rats weighing approximately 200 g, anesthetized with ure- 

1 0 thane (1.2-1.4 g / k g -  i.p.) or halothane (0.5-1.0~ in ox- 
ygen). Extracellular recordings were obtained from nigral 
neurones using glass microelectrodes filled with 4 M NaC1 

0 or 0.5 M Na acetate and 2% pontamine sky blue dye, as 
described in detail previously 6'7. The central cores of  the 
ipsilateral and contralateral striata were stimulated 
(0.3 msec pulses, 0.05-3.0 mA delivered at 05-500 Hz) 
using stainless steel bipolar electrodes 6. All electrode place- 
ments were confirmed histologically 6. 
Recordings were obtained from 65 neuror~es in 18 rats 
which had the electrophysiological properties of  dopa- 

lC nl trl 7 8 minerg' "gros "atal neurones ' and which were predomi- 
nantly located in the ventral pars compacta of  the substan- 
tia nigra. Of these, 34 cells were antidromically activated 
following ipsilateral striatal stimulation, in the manner 
described previously 7. None of these 34 cells were anti- 
dromically invaded by contralateral striatal stimulation. Of 
particular interest, however, was the finding that 2 of  the 
ceils, recorded in separate rats, that could not be antidromi- 
tally activated by ipsilateral stimulation did respond anti- 
dromically to contralateral stimulation (fig.). The nature of 
this antidromic response was very similar to that seen with 
the ipsilateral projection in this and other studies 7-1~ Thus, 

these 2 cells had long latency antidromic spikes 
(13-19.5 msec) which were highly fractionated and there 
were frequent failures of the full antidromic action poten- 
tial. In 1 cell there were considerable variations in the 
antidromic latency in response to both constant (fig. H) and 
altered stimulus strengths. This feature was often seen with 
the ipsilateral projection 9, presumably due to the axons 
being unmyelinated and highly branched. With both cells, 
the antidromic spike followed frequencies of stimulation of 
250 Hz or more (fig. B), and invariably showed cancellation 
following collision with an appropriately timed spon- 
taneous action potential (fig. D and F). 
These results provide electrophysiological evidence that a 
small proportion of presumed-dopaminergic neurones 
located in the pars compacta of  the substantia nigra project 
to the contralateral striatum. Anatomical studies have also 
suggested the existence of  a minor crossed nigrostriatal 
projection 4'5'11, since in cat and rat a few neurones have 
been labeled in the pars compacta following injection of 
horseradish peroxidase or Evans blue into the eontralateral 
striatum. Furthermore, labeling was not observed following 
injection of tracer into the overlying cortex, indicating that 
the pathway terminates in the striatum rather than just 
projects through it 5. Although the 2 cells could only be 
antidromically activated by contralateral striatal stimula- 
tion it is possible that they projected to both striata and that 
the ipsilateral stimulating electrode was positioned in 
regions not innervated by that cell. Alternatively the projec- 
tions of these neurones may be exclusively contralateral. 
The extent to which contralateraUy projecting neurones 
also project to the ipsilateral striatum could probably best 
be resolved using double-label tracing techniques. 
The existence of  crossed dopaminergic nigrostriatal fibers 
has implications in studies in which unilateral manipula- 
tions of  the substantia nigra have been employed in, for 

12 example, studies of  extrapyramidal motor function . They 
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Responses of compacta neurones to contra- 
lateral striatal stimulation. Records A-D are 
single oscilloscope sweeps of the 1st cell 
recorded. In A, a full antidromic spike was 
evoked with a latency of 13.5 msec in re- 
sponse to 0.2 mA striatal stimulation. (The 
position of the stimulus is shown by an 
arrow below the record and is followed by 
the stimulus artefact in this and subsequent 
records.) B illustrates frequency following of 
the initial segment (IS) spike in response to 
paired stimuli delivered at an interval of 
3 msec. (Note the smaller amplitude and 
longer latency (15.5 msec) of the 2nd IS 
spike, presumably caused by a residual in- 
crease in conductance of the initial segment 
resulting from the 1st IS spike.) C illustrates 
frequency following to paired stimuli at a 
5 msec interval (latency of 2nd IS spike was 
14 msec). In D, the response to the 1st 
stimulus of the pair is absent due to collision 
with the action potential which occurred 
spontaneously just prior to stimulation. E is 
a single sweep from the 2nd cell illustrating 
occurrence of an antidromic IS spike with a 
latency of 13 msec. (Note the inflexion on 
the rising phase which may correspond to 
the axonal spike�9 F illustrates 4 superim- 
posed consecutive sweeps in which stimula- 
tion, at the same intensity as E, was triggered 
by a spontaneously occurring action poten- 
tial (partially illustrated at the extreme left of 
trace). On all occasions the antidromic spike 
was absent due to collision by the spon- 
taneous spike. G and H are both lower gain 
records of 5 consecutive superimposed 
sweeps of this same cell. In F, the IS spike 
invariably occurred at a constant latency 
(13 msec) and led to a full spike on one 
occasion. In G, the IS spike occurred at this 
latency on 3 occasions, at a longer latency 
(15.5 msec) on 1 occasion and was absent 
once due to the presence of the spontaneous 
action potential�9 In all records positivity is 
upwards and full spikes had amplitudes of 
approximately 4 mV. Duration of all traces 
was 40 msec. 
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may  par t ly  explain the contra la tera l  reduct ion  in str iatal  
d o p a m i n e  levels fol lowing uni la tera l  pal l idal  lesion 13 and  
also contra la tera l  changes in d o p a m i n e  release fol lowing 
infusion of  drugs into the n igra  14. P resumab ly  o ther  pa th-  
ways are also involved in the complex  changes  in d o p a m i n e  
release in bo th  str iata and  nigra  fol lowing uni la tera l  admin -  
is t rat ion of  drugs to one of  these structures. Indeed,  str iatal  
s t imula t ion  was somet imes  observed  to result  in the or tho-  
dromic  exci tat ion a n d / o r  inh ib i t ion  of  neurones  in the 

contra la tera l  pars  compac ta  and  ret iculata  ( unpub l i shed  
observat ions) ,  suggesting the presence of  o ther  crossed, bu t  
p robab ly  polysynaptic,  projections.  
In conclusion,  this repor t  has  demons t r a t ed  the existence of  
neurones  which  project  to the cont ra la tera l  s t r ia tum but  in 
all o ther  respects are s imi l a r  to ipsilaterally project ing,  
nigrostr ia tal  d o p a m i n e  neurones .  Fu r the r  studies are 
requi red  to de t e rmine  the exact extent  and  func t iona l  
significance of  this cont ra la te ra l  nigrostr ia ta l  project ion.  
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