sists. I believe that this is a direct de-
scendant of Met. jacksoni, and 1 distin-
guish it under the specific name nyanzae
[“Pronotochoerus’’ nyanzae, Leakey,
1958 (18)], which has page priority over
the rather more typical upper Bed II suid
that Leakey called Notochoerus com-
pactus. It is not clear where White and
Harris place this material, but I suspect
that it forms part of what they call ‘‘Met.
modestus,”’ whereas I regard modestus
as belonging to the genus Phacochoerus
and to be a synonym of P. antiquus.
Phacochoerus modestus (=antiquus) oc-
curs at DK 1 at Olduvai and continues to
Bed IV, along with Met. nyanzae. 1 am
at a loss to decide what White and Harris
mean by Met. hopwoodi, the type of
which I consider to be a synonym of the
advanced M. andrewsi (the ““‘meadowsi’’
form).

White and Harris designate the very
distinctive suid that I term Stylochoerus
compactus as Met. compactus. This in-
volves a taxonomic problem if the mate-
rial termed ‘‘Notochoerus’’ compactus
actually belongs within the genus Me-
tridiochoerus, whether as a synonym of
Met. nyanzae or of ‘“Met.”” modestus.
As I regard this peculiar suid as deserv-
ing separation at the generic level be-
cause of the unusual structure of its ca-
nines and the fact that they emerge at
right angles to the axis of the skull and at
an angle of about 45° to the palatal plane,
the nomenclatorial problem does not
arise in my taxonomic scheme.

Finally, in this group I place as a sepa-
rate genus and species, confined to
South Africa, the Makapansgat suid
Potamochoeroides shawi. White and
Harris apparently consider it a synonym
of Met. andrewsi and regard it as repre-
senting a stage in this lineage corre-
sponding to Omo Member C. It is true
that there are some structural features of
the molar dentition that resemble early
stages of the line leading to andrewsi,
and I believe that these resemblances
demand descent from a common an-
cestor.

However, there are also major dif-
ferences that cannot be overlooked when
one considers the skull and dentition as a
whole. At least three premolars are re-
tained in the adult (sometimes also the
upper first premolar), and they are nor-
mal teeth, much the same size as in Sus
scrofa and with somew it Sus-like mor-
phology, although stouicr and with the
fourth premolars a littl modified; in con-
trast, even fairly early Metridiochoerus
specimens have only the third and fourth
premolars, both of which are reduced.
The muzzle in Potamochoeroides is
shorter than in the bushpig, with little or
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no constriction of the mandible or palate
in the region of the canines. The facial
profile is steep. The parietal constriction
is narrow and the occiput is also con-
stricted, as in Sus and quite unlike the
broad occiput characteristic in Metridio-
choerus. The upper canines are short,
stout, strongly curved teeth, with a
broad ventral band of ribbed enamel, un-
like the more or less phacochoerine ca-
nines of Metridiochoerus. It is thus very
difficult to place the Makapansgat type in
the same genus as Metridiochoerus jack-
soni (or early andrewsi), let alone in the
same species. Furthermore, this form is
not confined to the Makapansgat local-
ity, which could be contemporary with
the early Shungura and thus provide a
possible early stage. It is also found at
Bolt’s Farm and Gladysvale and may
possibly occur at Taung. Metridiochoe-
rus andrewsi (sensu stricto) occurs at
Bolt’s Farm, and so does Phacochoerus
modestus (= antiquus), although they
are from different patches of breccia and
are not necessarily contemporary. It
thus seems preferable to maintain Pota-
mochoeroides shawi as a distinct form,
confined to South Africa; unfortunately
this placement precludes its use for com-
parisons of age, except in a very general
way.

Despite the fact that my taxonomic in-
terpretation differs in so many details
from the views of White and Harris, 1
must emphasize that this has little or no
impact on the correlations that they have
derived, as the correlations are based on
the occurrences of similar morphological
entities and are little affected by the la-
bels that are attached to those entities,
except in a few rare instances. Theirs is
the first definitive consideration of corre-

lation problems within the Koobi Fora
Formation, and their analysis is both
timely and valuable. I await with interest
the appearance of the detailed system-
atic revision to which they refer.

H. B. S. CookE
Department of Geology,
Dalhousie University, Halifax,
Nova Scotia, Canada B3H 3J5
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Enkephalin-Like Material Elevated in Ventricular Cerebrospinal

Fluid of Pain Patients After Analgetic Focal Stimulation

Abstract. Enkephalin-like activity has been measured in the ventricular cerebro-
spinal fluid of patients with intractable pain. Electrical stimulation of periventricular
brain sites resulted in significant decrease in persistent pain in these subjects. This
analgesia, which was blocked by naloxone in 80 percent of the cases, was accom-
panied by a significant rise in ventricular enkephalin-like activity, as measured by
two different methods. The results present evidence of in vivo release of enkephalin-
like material in humans and suggest that stimulation analgesia may be partially due

to this release.

The enkephalins and endorphins (/)
produce analgesia when administered in
pharmacological doses to nonhuman
mammals (2). The potential role of these
endogenous opioids in regulation of pain
perception has been suggested (3), and
an endogenous pain inhibitory system
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with opioid and nonopioid components
has been proposed (¢). We now report
that electrical stimulation of peri-
ventricular brain sites in humans suf-
fering from intractable pain leads to
relief, and is accompanied by a signifi-
cant increase in enkephalin-like material
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Table 1. Changes in concentrations of enkephalin-like material (methionine-enkephalin equivalents, picomoles per milliliter) in ventricular
cerebrospinal fluid on electrical stimulation in man. Percentages shown are percentages of baseline. N.C., not collected. For the statistical
evaluation, the paired t-test, between stimulation and baseline values, was used.

Change at intervals (min)

Baseline A B C D
0toS Sto 10 15t020 20 to 30

Subject

Radio receptor assay

Level 1 0.50 (100 %) 0.25 (50 %) 0.30 (60 %) 0.75 (150 %) 0.63 (126 %)
Level 2 0.55 (100 %) N.C. 1.10 (200 %) 0.75 (136 %) 0.67 (122 %)
Level 3 1.63 (100 %) 0.40 (25 %) 1.55 (95 %) 2.00 (123 %)
Level 4 0.25 (100 %) N.C. 0.50 (200 %) 0.50 (200 %) 0.60 (240 %)
Level 5 0.50 (100 %) N.C. 0.35 (75 %) 0.66 (132 %) 0.50 (120 %)
X = standard error 0.69 = 0.2 0.33 £ 0.1 0.76 = 0.2 0.67 = 0.6* 0.9 = 0.3%
% X + standard error 100 = 0 37.5 £ 12.5 126 + 30.7 154 = 15.6 146 + 23.5
Bioassay
Level 6 Undetectable N.C. 1.0 0.7 i
Level 7 1.32 (100 %) 1.49 (113 %) 1.67 (127 %) N.C. 2.98 (226 %)
Level 8 2.98 (100 %) N.C. 2.72 91 %) 2.65 (89 %) 4.21 (141 %)
X + standard error§ 2.15+0.8 22+0.5 3.60 = 0.6
% X + standard error§ 100 = 0 109 + 18 183 + 42.5

* = 9.86, P < .001. tt =3.57, P < .02,

in the ventricular cerebrospinal fluid.
The subjects (seven males, one fe-
male, No. 5) are part of a series of 30 pa-
tients suffering from severe, intractable
pain who underwent stereotaxic surgery
for electrode implant in the peri-
ventricular gray region. This procedure
is based on extensive animal work (5)
and on a human study which determined
the site that produced the most potent
analgesia with minimal side effects (6).
The surgical procedure and its overall
clinical success have been described (7).
The first stage of the surgery consisted of
stereotaxically implanting an electrode
at a site near the posterior aspect of the
third ventricle medial to the nucleus
parafascicularis, and in close proximity
to the posterior commissure (8) (Schatel-
brand and Bailey coordinates: Fp=10,
Ht=0, Lat=2 to 5). During this stage, the
patient was under local anesthesia and
was able to report on the intensity of
pain before and after stimulation. The
site was chosen empirically, such that its
stimulation produced the most potent re-
lief with the least side effects. The elec-
trode was then secured to the skull but
remained externalized for further test-
ing. The second stage was carried out
several days later with the patient under
general anesthesia. At that point, the
electrode was internalized and con-
nected to a Medtronics receiver im-
planted in the chest pectoralis region. A
Medtronics transmitter was given to the
patient to allow him to self-administer
the current. Each patient was assisted in
the selection of stimulation conditions
(that is, duration, frequency, amplitude)
that brought about maximal control of
pain while minimizing the side effects.
In our study, the cerebrospinal fluid
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tIrreversible by naloxone.

§For subjects 7 and 8.

(CSF) samples were collected in stage 1
by an intraventricular catheter in-
troduced into the third ventricle so that
we could inject a Conray dye and visual-
ize the commissure for the purposes of
the stereotaxic implant. Four to five
samples of ventricular fluid (approxi-
mately 4 ml each) were withdrawn. The
first sample was obtained prior to any
electrical stimulation and constituted the
baseline control. All the other samples
were collected at intervals of approxi-
mately 5 minutes after the onset of elec-
trical stimulation. Some variability in the
procedure was dictated by the patient’s
response and the necessity to adjust the
stimulation amplitude or frequency:
however, all patients exhibited signifi-
cant analgesia to the stimulation during
the procedure and for several months
thereafter.

The CSF samples were frozen immedi-
ately after being collected. Prior to assay
they were immersed in a boiling bath to
halt the action of degradative enzymes
and were then either lyophilized and
shipped for the bioassay or they were im-
mediately chromatographed and as-
sayed. Two separate procedures were
used to assay enkephalin-like activity.
The first consisted of applying the sam-
ples to XAD-2, eluting in methanol, and
measuring opiate-like activity in a
bioassay of the vas deferens (9). The sec-
ond procedure consisted of applying the
samples to an anion exchange resin
(AG1-X2), eluting in 0.2N acetic acid,
and assaying portions of each sample in
duplicate in a labeled receptor assay with
[*H]methionine-enkephalin and a radio-
immunoassay (RIA) that specifically
measured methionine-enkephalin. Both
chromatographic techniques (XAD-2

It = 6.49, P < .05.

and AGI1-X2) optimize the recovery of
enkephalin rather than larger peptides,
particularly g-endorphin.

All patients reported significant or
complete pain relief with periventricular
stimulation. In these and other patients
the procedure is adaptable for use for
several months or years; the analgesia is
partially reversible by naloxone in 80
percent of the patients tested; further a
tolerance-like phenomenon could be ob-
served with sustained use of the stimula-
tion over several hours. However, it can
be avoided by intermittent use of the
stimulator.

Opiate-like activity obtained from
eight patients under the various condi-
tions is shown in Table 1. The baseline
activity (0.59 = 0.2 pmole/ml, expressed
in methionine-enkephalin equivalents)
appears somewhat lower than the mean
value in lumbar CSF in a group of nor-
mal male control subjects assayed in the
same manner (mean = 3.4 = 1.1 pmole/
ml). At the end of 20 minutes, most pa-
tients exhibited a significant rise in opi-
ate-like activity as compared to their own
baseline (paired ¢-test at 15 to 20 min-
utes, t = 9.86 and P < .001; at 20 to 30
minutes, t = 3.57 and P < .02). A num-
ber of subjects exhibited a transient de-
crease in the early period after stimula-
tion followed by the rise.

Both procedures, bioassay and bind-
ing assays, led to similar conclusions;
thus the effect was probably not due to
an artifact of the assay system. Further-
more, our use of the receptor assay and
the RIA have yielded a correlation coef-
ficient of .9, suggesting that the material
measured by the opiate receptor proce-
dure is very similar to methionine-en-
kephalin (10).
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The demonstration of an increase in
enkephalin-like activity upon electrical
stimulation appears to be the first dem-
onstration of in vivo release of an endor-
phin, and it supports the view that stim-
ulation-produced analgesia in humans
may be, in part, due to activation of an
endogenous pain modulation system
with opioid components since it is par-
tially blocked by naloxone (7, 11) and is
accompanied by apparent release of
opioids into the CSF. Further, it is con-
sistent with animal findings (/2) showing
changes in concentrations of brain
opioids upon electrical stimulation. Fi-
nally, the findings that baseline levels in
these patients are lower than normal sup-
ports the finding (13) that concentrations
of endogenous opioids in the CSF in pa-
tients with persistent pain may be de-
pressed.
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Central Nervous System Dysfunction Due to Lead Exposure

Abstract. Central nervous system dysfunction was investigated in workers at a
secondary lead smelter by means of performance tests. Correlations between test
scores and zinc protoporphyrin levels, a biological indicator of lead toxicity, are
statistically significant. This correlation should prove to be useful in current efforts to

evaluate effects of lead exposure.

Long-term lead poisoning has been
shown to cause neurologic injury (I, 2),
to reduce nerve conduction velocity in
adults (3), and to lead to mental retarda-
tion (¢-7) and hyperactivity (8) in chil-
dren. The question of what, if any, level
of lead exposure is acceptable without
risking central nervous system (CNS)
dysfunction has remained unanswered,
in part because of a paucity of quan-
titative data relating CNS effects to the
magnitude of lead absorption. The study
reported here provides such data.

With recent advances in understand-
ing the biochemical effects of lead on
various enzyme systems, particularly
those involved in heme synthesis, the
zinc protoporphyrin (ZPP) level in blood
has emerged as a useful biological in-
dicator of long-term lead effects (9, 10).
We report here correlations between
scores for several performance tests for
the evaluation of brain dysfunction and
the concentrations of ZPP and lead in the
blood of lead-exposed workers. Correla-
tions between performance test scores
and ZPP levels were found that were
highly significant within the test popu-
lation.

The data were obtained in the course
of a clinical field survey of 90 workers at
a secondary lead smelter in California
(11). Each worker’s occupational history

Table 1. Performance test scores, corrected
for age, correlated with blood lead and zinc
protoporphyrin (ZPP) levels.

ZPP

Lead

Slopet
Test " 7 - > (%)
BD .207 <.03 .294 <.003 16
DS .061 N.S.f 244 <.02 7
EF 216 <.03 .296 <.003 5
DH .007 N.S. .005 N.S. N.S.
BH .003 N.S. .007 N.S. N.S.

*Multiple correlation coefficient of the fit with Eq.
. TPercentage drop in scores for the first 100
pg of ZPP per deciliter. £N.S., not significant.

was recorded, and he was given a thor-
ough medical examination, as well as
hematological, biochemical, and other
clinical laboratory tests (/2). The neuro-
behavioral tests used in this study in-
cluded the block design (BD) (13), digit
symbol (DS) (/3), and embedded figures
(EF) tests (I4) and the Santa Ana dexter-
ity test for the dominant hand (DH) and
for both hands (BH) (15). In the BD test
the subject is presented with a set of
cubes whose faces are half red and half
white, the halves being separated by a di-
agonal. The subject is asked to arrange
the cubes within a time limit in a way
which duplicates a pattern shown to him.
In the DS test the subject is given a list in
which symbols are associated with the
digits from 1 to 9 and is asked to enter
the symbols into the blank spaces next to
a list of random digits. In the EF test the
subject is shown four sets of ten super-
imposed outline drawings of common
objects and is required to identify as
many as possible. The Santa Ana dexter-
ity test uses a metal plate with an array
of square holes. Each hole holds a
square peg, and the subject is required to
lift, rotate through 180°, and replace as
many pegs as possible within 30 seconds.
This test is performed first with the
dominant hand and then with both
hands.

Blood lead levels were measured by
atomic absorption spectrophotometry.
The ZPP concentration in blood was
measured by a hematofluorometer (Aviv
Associates, Lakewood, N.J.). This in-
strument provides an accurate value for
the concentration of ZPP from a small
drop of blood obtained by finger punc-
ture (16-18).

Before attempting to compare ZPP
and blood lead as indicators of biologi-
cally active lead, it is useful to review
briefly the origin of ZPP during erythro-
poiesis. Lead ions interfere with the fer-
rochelatase system, which catalyzes the
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