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containing digested fat was discarded. The n-hexane phase 
was washed with distilled water until it was neutral to 
litmus and concentrated to a suitable volume. Residues 
were identified and quantified in a Packard gas-chromato- 
graph (Model  7624) equipped with a tritium source elec- 
troncapture detector and using a glass column, 1 m by 
3.2 mm packed with the mixture of  1,5% SP-2250 and 1.95% 
SP-2401 on 100-120 mesh Supelco-Port.  Detector, column 
and injector temperatures were 200, 190 and 210 ~ respec- 
tively. Nitrogen at 70 m l / m i n  was used as a carrier gas. 
Recovery of  isomers of  BHC and metabol i tes / isomers  of  
p ,p ' -DDT from the spiked samples was above 80%. The 
results were not corrected for recovery. In addit ion to gas- 
chromatography, the identities of  the pesticides were con- 
firmed by TLC using silver nitrate-incorporated alumina 9. 
The fat content of  the milk was estimated by following the 
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method described by Polishuk et al. 3 and ranged from 0.72 
to 4.98% with a mean level of  2.54. 
Results and discussion, D D T  and BHC residues were pre- 
sent in all 75 samples of  human milk. The range and mean 
levels of  residues on a whole milk  basis are depicted in the 
figure. D D T  residues mainly occurred as p ;p ' -DDE and 
p,p ' -DDT, while minor  amounts of  o ,p ' -DDT were also 
detected. The major  part o f  the BHC residues consisted o f  
the t - i somer  along with small quantitiejs of  a- and 7- 
isomers. DDT-residues (eDDT)  ranged from 0.04 to 
2.25 ppm and that of  e -BHC ranged from 0.014 to 0.820 
ppm. Residue values when expressed on a fat basis ranged 
from 1.4 to 102.2 ppm in the case of  e D D T  and from 1.25 to 
27.52 ppm in the case of  eBHC. 
The mean level o f  DDT-residues (0.51 ppm) found in 
human milk in India was more than the level reported from 
USA, Canada, Europe and Australia F2J~ though, the 
highest concentration (4.07 ppm) of  D D T  in human milk 
has been observed in Guatemala  11. BHC residues in human 
milk in India have also been found to be higher than those 
reported from most of  the countries of  the world, except 
Japan n. D D T  present at an average level of  0.5 ppm in 
milk represents an infant intake of  0.09 mg/kg /day ,  which 
is 18 times the acceptable daily intake (0.005 m g / k g / d a y )  
recommended by the W H O  ~3. As no acceptable daily 
intake for BHC has been established, it is difficult to assess 
its potential hazards. However,  these results as well as the 
earlier investigations 5-8 suggest the need for the reduction 
of  body burdens of  these insecticides. 
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Anatomica l  evidence for cross regeneration of  motor axons in a cockroach I 
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Summary. The technique of  electrophoretic application of  intracellular markers is used to demonstrate that motor  axons 
can regenerate into the contralateral l imb of  a cockroach after the nerve has been crossed to the contralateral side. 

Recent  studies have demonstrated that regenerat ion of  
neural elements in the cockroach occurs when the nerve 
roots o f  thoracic ganglia are manipulated so that their 
processes grow into the contralateral limb. By rotating the 
mesothoracic ganglion 180 ~ and using a cobalt filling 

technique, Bate demonstrated that axonal processes o f  
regenerating motor  neurons could penetrate their original 
contralateral l imb 3. More  recently, Fournter  et al. devel- 
oped a procedure by which the proximal stump of  one 
metathoracic leg nerve (right nerve 5) was crossed to the 
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Photomicrograph of the metatho- 
racic ganglia in cross-regenerate 
organisms. A Ventral view of a 
ganglion stained with CoS. Note 
the heavily stained nerve (5) 
crossing from the left to the right 
side and the population of cells in 
the anterior, contralateral region. 
B Ventral view of metathoracic 
ganglion filled with Lucifer yel- 
low. This is a negative photo- 
graph again showing contralater- 
ally filled motor neuronal soma- 
ta. In only this preparation did 
we see an ipsilateral soma filled. 
Bar = 200 rim. 

opposite side and placed end-to-end with the distal seg- 
ment of its contralateral homologue (left nerve 5) 4. After 
3-4 weeks functional regeneration of the trochantoral hair- 
plate-to-femoral-extensor reflex occurred; the reflex now 
consisting of the peripherally originating left side afferents 
and a centrally originating right motor neuron (Ds). 
However, using a Co ++ backfilling procedure, they were 
unable to demonstrate a direct anatomical continuity be- 
tween the distal segment of nerve 5 and the motor elements 
in the fight hemiganglion. In the region where the ends of 
the nerves ajoin, a substantial scar tissue developed and 
Co + + never progressed through this region. This inability 
of cobalt to traverse this region did not permit direct 
anatomical observations confirming the physiological evi- 
dence that contralateral regeneration occurred. Using in- 
tracellular iontophoresis of Co + +, Fourtner et al, demon- 
strated anatomical evidence that the cell body of one motor 
neuron, Ds, was contralateral with respect to the muscle it 
innervated. However, no evidence was available to: 
a) demonstrate the number of motor neurons which may 
have regenerated and grown into the contralateral limb; 
and b) that only those motor neurons contralateral to the 
reinnervated limb regenerated via the crossed nerve 5. 
Therefore, we have re-examined the cross regenerates using 
a more thorough experimental procedure to investigate the 
regeneration of motor axons to the left leg in the cross 
regenerate organisms. 
The surgical procedures for producing the crossed-regener- 
ates and the testing paradigm for successful regeneration 
have been described previously 4. After the regenerating 
animals had developed positive reflexive tests, they were 
pinned ventral surface upward and nerve 5 in the left leg 
was exposed in either the femur or the distal third of the 
coxa. A short section of the nerve was dissected free and 
cut; the proximal stump was placed in either a small pool 
or a polythy_lene tube of backfilling solution. Two solutions, 
10% COC125 and 4% Lucifer yellow-CH 6, were used. The 
solutions were electrophoresed into the cut axons using 
direct current. 
Electrophoresis for periods of less than 8 h did not produce 
any stain past the scarred region. However, if a constant 
current of 100 nA was applied for 24 h, both the cobalt and 
the Lucifer yellow traversed the scarred region and filled 
cell bodies in the right hemiganglion. In 5 preparations (2 
with Co ++ and 3 with Lucifer yellow) contralateral cell 
bodies were filled with marker. In 1 case there was a single 

cell body ipsilateral to the limb innervated; this anomalous 
result may be due to an inadvertant backfill of a motor 
axon from an ipsilateral nerve. The figure illustrates an 
example of successful experiments using Co + + and Lucifer 
yellows. The cell bodies filled with the marker are located 
in the region expected for motor neurons innervating the 
distal segments of the leg such as the fast flexors of the 
tarsus and pre-tarsus 7. There were at least ten somata filled 
in each of the 5 preparations. 
It was necessary to electrophoretically drive the markers for 
much longer periods of time compared to normal passive 
backfilling (i.e. applied electrical current) which occurs 
within 4-8 h. The slow movement of cobalt and Lucifer 
yellow through the scarred region may be due to the small 
size of the neural processes in this region. This conclusion is 
supported by physiological data in which the compound 
afferent action potential is much wider in the regenerate 
organisms and preliminary ultrastructural studies of the 
scarred regions which demonstrate that axons in this region 
are much smaller in diameter than axons of nerve 5 from a 
normal animal (Fourtner, unpublished). 
These data support the hypothesis that in cross-regenerat- 
ing organisms the motor axons grow through the scar tissue 
and directly innervate the muscles of the limb and that the 
cell bodies of these regenerating motor axons are localized 
in the contralateral hemiganglion. Furthermore, these data 
support the previous physiological studies that demonstrat- 
ed the reflexes formed in the cross regenerate organisms are 
from afferents from the right limb and motor axons whose 
cell bodies are in the left hemiganglion. 
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