
ture and Function (McGraw-Hill, New York, 
1957), pp. 222-224. 

12. The work of one of us (D. P. P.) was sup- 
ported by the National Institutes of Health 
(B-1312). The work of one of us (H. G.) 
was supported in part by the Muscular Dys- 
trophy Associations of America, the National 
Institutes of Health (B-389C), the National 
Science Foundation, and the United Cerebral 
Palsy Associations. 

* Scholar, Sister Elizabeth Kenny Foundation. 

22 November 1957 

Electrode and Cannulae 

Implantation in the Brain by a 

Simple Percutaneous Method 

In an investigation of the psycholog- 
ically active motivational (reward and 
punishment) systems of the brain stimu- 
lated by electrical means, we have uti- 
lized "roving" electrodes implanted in the 
unanesthetized monkey's brain (1-4). 
The technique of implantation by ham- 
mering sleeve-shaped guides into the 
skull for these movable electrodes ap- 
parently has not been used before and 
simplifies the problem in chronic prepa- 
rations (2, 3, 5, 6). The stereotaxic in- 
strument (7) can be used to place the 
guides. During times when experiments 
are not being carried out on the animal, 
all electrodes and cannulae can be re- 
moved, leaving inconspicuous self-clos- 
ing and self-healing skin lesions. 

The method consists of implanting in 
the skull (but beneath the skin and out- 
side the dura) a hollow tube (sleeve) 
which guides the electrode (or electrode 
array or cannula )through the skull in 
a definite direction into the brain. An 
electrode (8) is pushed through the skin 
and subcutaneous tissues, into the outer 
end of the sleeve in the skull, through the 
barrel, and thence into the brain. 

The sleeves are made from stainless 
steel (type No. 316) hypodermic needle 
tubing (No. 20, 0.90 mm outside diam- 
eter, 0.57 mm inside diameter, in one 
case-a macaque implantation) as is 
shown in Fig. ic. 

In the spot desired for the implanta- 
tion, a small indentation is made in the 
soft tissues and bone with a hardened 
steel spear-shaped tool (Fig. la), which 
is guided through a long tube-shaped 
rigid bearing in a director used in place 
of the electrode carrier in the stereotaxic 
instrument. The director has a cone- 
shaped lower end which is pressed into 
the skin; the spear is lightly pounded 
into the bone (for a distance of about 2 
mm) and then is withdrawn. The sleeve 
is placed on the mandrel (as in Fig. lb); 
the mandrel is inserted in the director; 
the mandrel and the sleeve are driven 
into the bone by light hammering on the 
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is driven into the bone, the mandrel is 
manually tugged lightly upwards; if it 
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comes out of the sleeve easily, the lower 
end of the guide (Fig. lc') has passed 
the inner table of the skull (but not the 
dura). 

After the sleeve is in place in the skull, 
the skin and the subcutaneous tissues are 
allowed to pull together over the upper 
end and to heal. The sleeves are placed 
in definite patterns in the skull by means 
of the stereotaxic instrument and allowed 
to protrude above the skull about 2 mm. 
The operator palpates these ends through 
the soft tissues and finds the opening in 
the sleeve with the spear's sharp tip. By 
pressing the cone end of the spear into 
the guide's outer end, the skin and sub- 
cutaneous tissues are pierced. The skin 
is held in place with a forceps, the spear 
is withdrawn, and a sharp needle is in- 
serted far enough to puncture the dura. 
The needle is withdrawn, and the elec- 
trode or cannula is inserted into the 
sleeve and lowered into the brain. To 
measure the depth of penetration of elec- 
trode or cannula, a pointed scale is used 
to measure the distance from the outer 
end of the sleeve to the outer end of the 
inserted cylinder of the electrode or can- 
nula. The length of the sleeve varies with 
the animal and the loci in the skull. For 
the top of the skull of a macaque of 6 kg 
(13.2 lb) weight, for example, suitable 
lengths are 3I/2 to 42 mm; for the skull 
of a porpoise, 20 to 50 mm. 

After 5 to 6 weeks, a thin plate of bone 
grows over the ends of guides which 
are flush with the skull's surface. This is 
easily drilled out with two beveled hypo- 
dermic needles-first with one smaller 
than and then with one the same size as 
the electrode. Five months after an im- 
plantation the bone has not grown over 
the outer ends of guides which protrude 
1.0 to 2.0 mm above the periosteum. 

From 20 to 60 zones with 1 to 2 mm 
resolution have been explored along each 
track, running from pial cortex through 
the brain to the base of the skull. Previ- 
ously, with a stereotaxic button and rov- 
ing electrodes (4), we explored about 500 
zones in two monkeys, with no problems 
assignable to either intracranial bleeding 
or infection. Currently, two monkeys are 
being investigated, with sleeves in their 
skulls at interguide intervals of 2 mm 
(one with four and one with 20 sleeves, 
to date). Figure 2 shows an x-ray of the 
skull of the animal with 20 implanted 
sleeves (3/2 to 4/2 mm long) and one 
electrode in place. 

The animal is restrained to avoid 
pulling out the electrodes or cannulae 
(9). Self-limited amounts of bleeding 
from penetration of veins does occur but 
does not cause detectable signs in an up- 
right monkey nor in a floating porpoise 
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Fig. 1. Parts used in method of electrode 
implantation described in this report: 
a,a', the lower end of the spear-shaped 
hardened steel tool (41 mm over-all 
length) used for starting the hole in the 
bone; b,b', the lower part of the mandrel 
(41 mm over-all length), with a sleeve 
on the small cylindrical lower end (made 
of tungsten wire, 0.56 mm in diameter) 
(b'); c,c', sleeves (one on mandrel and 
one by itself); d,d', electrode; e, a sleeve 
guide on the electrode, showing a tight fit 
at the tapered inner end. 
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Fig. 2. X-ray photograph of monkey's 
skull (No. 230857, Horatio) containing 
20 sleeves and one electrode; 16 sleeves 
are in the midplane and two are on each 
side, 10 mm lateral to the midplane. The 
latter four sleeves are displaced down- 
ward because of skull curvature, not be- 
cause of deeper penetration. Careful in- 
spection of stereo x-ray pairs shows that 
none of the sleeves penetrates more than 
a small fraction of a millimeter beneath 
the inside surface of the skull. Some angu- 
lation of those sleeves which were started 
on sloping parts of the skull can be seen; 
this "angulation error" has been reduced 
by modifications in the size of the sleeve 
and in the fit of the director on the sleeve 
(see text). 
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signs of tearing of an artery or signs of 
increased intracranial pressure from any 
cause. Infections are avoided by the lib- 
eral use of 70-percent alcohol on skin 
and on all of the aforementioned parts. 
Recently reductions in the hammering 
force required and in "angulation error" 
(Fig. 2) have been effected by reducing 
the diameter of the sleeve guide from No. 
20 hypodermic needle tubing to No. 22 
and by improving the fit of the director's 
channel on the sleeve's outside surface. 
The outside diameter of the roving elec- 
trodes and cannulae is reduced by use of 
No. 27 tubing in place of No. 24, de- 
creasing their stiffness and, possibly, in- 
creasing the danger of arterial puncture. 

Recently, sleeves made of No. 15 hy- 
podermic needle tubing were manually 
hammered into the skulls of two re- 
strained porpoises under only local anes- 
thesia; electrodes in No. 18 needles were 
passed into the brain and used to find 
intracerebral motivational systems in ex- 
periments lasting up to 7 days. 
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Basis of a Genetic Change 
Which Invariably Occurs in 
Certain Maize Heterozygotes 

Contrary to the well-established Men- 
delian principle that alternative genetic 
elements in heterozygotes do not merge 
into, or otherwise regularly transmute, 
each other, the entire class of Rrrr seeds 

resulting from rr 9 xRrRst 8 matings 
are weakly pigmented, whereas standard 
Rrrr kernels within the same inbred 
strain are darkly mottled (1). The atypi- 
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Contrary to the well-established Men- 
delian principle that alternative genetic 
elements in heterozygotes do not merge 
into, or otherwise regularly transmute, 
each other, the entire class of Rrrr seeds 

resulting from rr 9 xRrRst 8 matings 
are weakly pigmented, whereas standard 
Rrrr kernels within the same inbred 
strain are darkly mottled (1). The atypi- 
cal phenotype recurs in orderly fashion 
in subsequent testcross generations, and 
thus is heritable. Corresponding change 
in the stippled character, if any, is slight, 
and hence is difficult to establish (2). 
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Subsequent to these observations it was 
found that a similar, but not the same, 
change in pigment-producing potential 
occurs in Rr derived from RrRmb (mar- 
bled) heterozygotes also (3). 

Theoretically, the basis of the altera- 
tion in Rr phenotype could be either cyto- 
plasmic or chromosomal. It is the pur- 
pose of this report to present data which 
exclude the cytoplasm as the site of the 
hereditary change in question. 

One might postulate that stippled 
(Rst) maize plants carry a pollen-trans- 
missible plasmid or cytoplasmic genetic 
element (E) which is capable of shifting 
the Rrrr phenotype from the standard to 
the altered form. Thus Rrrr nuclei would 
give darkly mottled aleurone in stand- 
ard cytoplasm but weakly colored aleu- 
rone in E cytoplasm. 

It had previously been shown that the 
effect of stippled on the Rrrr aleurone 
phenotype, whatever its basis, did not 
appear at once after RstRst 9 x stand- 
ard RrRr 8 matings (2). That is to say, 
no change in Rr expression occurs in 
stippled cytoplasm immediately after fer- 
tilization. The possibility remained, how- 
ever, that the postulated cytoplasmic 
element (E) becomes effective, in terms 
of altering the Rr phenotype, only after 
Rr and E have been present together 
during development of the sporophyte. 
An adequate test of the plasmid hypothe- 
sis required that allowance be made for 
this contingency. 

Standard RrRr individuals were pol- 
linated by Rstr 8 $. The RrRSt and 
Rrr offspring were identified retroac- 
tively by the kernel phenotypes resulting 
from self-pollination. Each such RrR8t 
and Rrr plant also was testcrossed on 
standard rr 9 9. A control set of test- 
crosses was made by using, as the stami- 
nate parents on rr 9 9, Rrr plants from 
standard rr 9 x standard RrRr $ (that 
is, stippled was not in the ancestry). The 
Rrrr kernels resulting from the three 
kinds of testcrosses may be designated as 
follows, giving effect to the assumed 
plasmid (E). (i) A=Rrrr (E) from rr 
9 xRrRst (E) 8. (ii) B=Rrrr (E) 

from rr 9 x Rrr (E) $. (iii) C=Rrrr 
from rr 9 xRrr (control) $. 

The B and C ears were coded, and a 
random sample of 100 Rrrr kernels from 
each was scored for aleurone pigmenta- 
tion. The scoring was done at 13 x mag- 
nification and involved determination of 
the proportion of seeds in each ear sam- 
ple in which pigmentation in a prede- 
termined area exceeded that of a par- 
ticular kernel of intermediate grade 
selected as a reference specimen. 

Expectation on the plasmid hypothesis 
is that the control kernels (C) will show 
the dark mottling characteristic for 
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borne plasmid capable of changing the 
Rr phenotype from the standard to the 
altered form, this cytoplasmic element 
will be transmitted with the sperm to the 
eggs, and thus to the ensuing sporophyte, 
by the r as well as the Rst pollen grains 
formed by R8tr plants. The significant 
question, therefore, is whether the B and 
A testcross kernels conform in phenotype. 

The experimental results showed that 
(i) the A and B kernels did not conform 
to each other in phenotype but, on the 
contrary, were widely unlike and (ii) 
the B kernels did not differ significantly 
in aleurone pigmentation from the con- 
trols (C). Thus, there is no evidence 
for a plasmid (E) accompanying the r 
gene in the r class of pollen formed by 
Rstr plants. 

All the Rrrr seeds on the nine A test- 
cross ears were much more weakly col- 
ored than the reference kernel, a result 
in accord with earlier observations. Scor- 
ing of the 100-kernel samples from the 
10 ears in the B group gave the follow- 
ing percentages of seeds darker than the 
specimen kernel: 76, 29, 74, 48, 65, 38, 
58, 57, 46, and 50. The average is 54.1. 
The corresponding values for the ten 
control ears (C) were: 43, 48, 76, 31, 
31, 43, 30, 47, 59, and 42. The average 
in this case is 45.0. Thus, the B kernels 
were somewhat more darkly pigmented, 
on the average, than the controls. The 
difference between the means, 9.1 ? 10.21 
kernels, however, lies well within sam- 
pling limits. 

The data, therefore, negate the hy- 
pothesis that the change in Rr pigment- 
producing potential arising in RrRst 
plants is attributable to a plasmid. The 

breeding facts, on the other hand, lend 
positive support to the conclusion not 
only that the phenomenon is chromo- 
somal but also that it is the Rr region 
which is involved. Assortment of the ca- 

pacity to promote heritable change in 
Rr action with Rst, but not r, gametes 
formed by Rstr plants shows that the 
stippled allele, or a neighboring factor, 
induces the transallelic effect. Similarly, 
the regularity with which the change in- 
duced in the homologous chromosome 
subsequently follows Rr in inheritance 
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