branch to Clostridium in conformance
with our ferredoxin tree.

With respect to Demoulin’s criticism
of our composite tree [figure S in (/)], it is
clear in our references that we had avail-
able to us sequences of 55 rRNA from
Bacillus stearothermophilus and cyto-
chrome cs5; from Pseudomonas fluores-
cens. This brings the number of identical
species appearing on two trees to five.
We regret any confusion caused by our
picturing only representative sequences
on those two trees. For the ‘‘plant
chloroplast’® branch, sequences were
not available from the same species.
However, comparable data in the con-
text of major phylogenetic branches
mean that the sequences and the species
in which they are found are sure to be
directly descended from the same gene
in the first ancestor on the branch. We
assumed that the green algae and vascu-
lar plants share a common chloroplast
ancestor and therefore used the c4 se-
quence from Euglena and the ferredoxin
from Scenedesmus to locate this branch
in the composite tree. In combining the
ferredoxin and 5§ rRNA trees, we as-
sumed that the two coccoid blue-green
algae, Aphanothece and Anacystis,
shared an ancestor more recently than
the time of divergence of both from
PS(’L{C{()I?I()II(IS.

Our suggestion that the development
of aerobic respiration preceded that of
oxygen-releasing photosynthesis is not
proved by sequence data. However, our
reasoning does not involve arguments
about whether the ancestor of Pseudo-
monas and Anacystis is more like one or
the other organism. Most of the Rho-
dospirillaceae, the pseudomonads, Esch-
erichia, and some species of blue-
green algae such as Nostoc sp. strain
MAC can live heterotrophically in aero-
bic conditions. It therefore seems rea-
sonable to suggest that their most recent
common ancestor possessed a rudimen-
tary form of aerobic respiration. On our
composite tree, we place the develop-
ment of some important components of a
respiratory chain slightly earlier, near
the divergence of the Bacillus and De-
sulfovibrio branch froifi the trunk of the
tree.

Both of these organisms possess res-
piratory metabolisms. However, De-
sulfovibrio respires anaerobically using
sulfate as the terminal electron acceptor,
whereas Bacillus respires aerobically. It
is certainly possible that aerobic respira-
tion evolved separately in all of these
lines. However, that is not the simplest
explanation of our composite tree. Con-
trary to Demoulin’s commonsense argu-
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ment, Schopf (8) has pointed out that it is
difficult to imagine the development of
oxygen-releasing photosynthesis prior to
the development in that line of a rudi-
mentary mechanism for coping with oxy-
gen, as oxygen is produced intracellular-
ly in photosynthesis. This is not to say
that aerobic respiration developed in
anything like the present atmosphere.
The high level of free oxygen in our pres-
ent atmosphere is almost certainly due to
oxygen-releasing photosynthesis.

Our composite tree clearly supports a
symbiotic origin for the eukaryotes. It
pictures the branches that contribute to
the eukaryote host and organelles as dis-
tinctly separate, with each being closely
related to contemporary free-living pro-
karyotes. Demoulin states that a resolu-
tion of the question of how eukaryotes
originated “*will have to wait for per-
fectly comparable data coming from the
three eukaryotic cell compartments (for
example, partial sequences of the large
rRNA’s).”” We would welcome the eluci-
dation of additional sequence data for its
value in reconstructing a highly probable
evolutionary schema. However, no in-
formation is perfect. A tree based on par-
tial rRN A sequences might well suffer all
the criticisms Demoulin has made here.
If there is any suggestion of gene dou-
bling in the sequences, the possibility
that nonorthologous segments are being
compared could be raised. One could
raise questions about the accuracy of the
tree in a small region and suggest that the
accuracy of the overall tree is suspect.
Alternative methods, whether or not
sound, could be used to demonstrate the
unreliability of any tree based on the seg-
ments.

In the nearly 3 years since we first pre-
sented our composite tree (9), we have
found it an excellent working hypothesis
with which to organize new sequence

data and our ideas. We hope that it is as
useful to others in the many disciplines
for which it has implications.
ROBERT M. SCHWARTZ

MARGARET O. DAYHOFF
National Biomedical Research
Foundation, Georgetown University
Medical School, Washington, D.C.
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Long-Term Choline Treatment of Memory-Impaired

Elderly Patients

Davis et al. (1) and Sitaram et al. 2)
have reported an improvement in human
memory following thHe administration of
single doses of certain cholinomimetic
agents (1 mg of physostigmine, 4 mg of
arecholine, and 10 g of choline chloride).
In both studies, the enhancement of
memory was demonstrated in normal
volunteers by means of a verbal serial
learning task. These results, coupled
with evidente that reduced cholinergic
function may be related to the memory
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decline of the elderly and senile, led the
authors. of both reports to suggest that
treatmeiit with cholinergic agents might
benefit eldeily patients with memory im-
pairment.

Since there are no clearly efficacious
treatments Currently available for age-re-
lated memory impairment (3), we find
the data in (/) and 2) to be encouraging
and agree that the potential use of cholin-
ergic agents in senility should be investi-
gated. However, the likelihood of suc-
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cess in this endeavor must be tempered
by two considerations. First, cholinergic
agents might not improve cholinergic
function in elderly patients whose cho-
linergic deficits are due to a structural
loss of brain tissue, as would be the case
in patients with Alzheimer’s disease or
multi-infarct dementia. Second, the dem-
onstration of improved memory with a
single dose of physostigmine or choline
chloride does not necessarily imply that
long-term treatment would continue to
produce such improvement. The homeo-
static process of the brain may act to re-
verse a temporary increase in acetyl-
choline availability.

The above considerations may ac-
count for the fact that several clinical tri-
als with choline in elderly subjects have
failed to demonstrate the expected im-
provement in memory or other aspects
of cognition. Boyd ¢t al. (4) treated sev-
en patients who were severely impaired
with Alzheimer’s disease with 5 g of cho-
line chloride per day for 2 weeks and
then 10 g per day for 2 weeks. No signifi-
cant cognitive or clinical changes were
produced. In a placebo-controlled study
with eight normal elderly subjects, Mohs
et al. (5) found no improvement in mem-
ory storage, retrieval, mood, or social
functioning after treatment for 7 days
with 16 g of choline chloride per day.
The memory tests in this study were sim-
ilar to those used by Davis et al. (/) in
their study of the effects of physostig-
mine on normal volunteers. A study con-
ducted in our laboratory (6) also failed to
confirm a memory enhancement with
long-term choline chloride treatment.
Fourteen elderly outpatients suffering
from mild to moderate cognitive impair-
ment received choline chloride treatment
for 4 weeks. The dosage was gradually
increased during the first 2 weeks, with
maximum doses of 12, 16, or 20 g per
day, depending on individual patient
tolerance; dosage at the highest level of
tolerance was maintained during the final
2-week period. Of 26 cognitive test mea-
sures, including both memory and per-
formance tasks, none showed statistical-
ly significant improvement after treat-
ment. There were also no significant
changes in mood or behavior. Finally,
Etienne ¢t al. (7) reported no improve-
ment in three patients with Alzheimer’s
disease after they were treated for 1
month with up to 8 g of choline bitartrate
per day, and in a placebo-controlled
crossover study, Smith ¢t al. (§) found
no cognitive changes in ten Alzheimer’s
patients treated with 9 g of choline bitar-
trate per day for 2 weeks.

It is thus apparent that preliminary tri-

1040

als of long-term choline treatment in the
elderly have failed to demonstrate the
improvement in memory reported for
younger, cognitively unimpaired adults
treated with a single dose of a cholinergic
agent. Although several of the cited stud-
ies were not placebo-controlled, it is not
likely that investigator bias or placebo
effects would produce negative rather
than positive results. Another possibility
is that there is a narrow effective dose-
range because of a curvilinear or bipha-
sic dose-response function. However, a
wide dose range has been used (5t0 20 g
per day), and there is apparently no evi-
dence supporting a presynaptic biphasic
effect. It remains possible, however, that
a subgroup of individuals may respond to
choline; such individuals might have an
underlying cholinergic deficiency but re-
tain sufficient functioning presynaptic
neurons.
STEVEN H. FERRIS
GREGORY SATHANANTHAN
BARRY REISBERG, SAMUEL GERSHON
Department of Psychiatry,
New York University Medical Center,
New York 10016
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Ferris et al. correctly point out some
serious obstacles to the development and
use of long-term cholinomimetic treat-
ments for age-related memory deficits.
Following our report of enhancement in
long-term memory functioning with phy-

sostigmine we investigated the effects of
choline chloride on memory. Doses of
both 8 and 16 g of choline chloride per
day, administered in a double-blind
crossover design, did not significantly af-
fect memory functioning in the same
young normal people who were pre-
viously improved by physostigmine (/,
2). Similarly, neither 8 nor 16 g of choline
chloride per day, administered under
double-blind conditions, significantly en-
hanced memory functioning in elderly
subjects with age-related memory im-
pairments (3, 4). Patients with Alzhei-
mer’s disease have also received 2 to 16
g of choline chloride per day in a double-
blind crossover study extending 56 days,
and also derived no benefit from choline
chloride treatment. In contrast, low
doses of physostigmine (0.25 to 0.50 mg)
administered to elderly demented and
nondemented subjects significantly im-
proved their ability to store information
into long-term memory (2).

These data indicate that if choline
chloride, or presumably lecithin, has an
effect on memory it is quite subtle, possi-
bly affecting only certain kinds of memo-
ry traces (5), and may be apparent only
in subgroups of people, although choline
probably increases striatal cholinergic
activity. These results raise the question
of whether the use of acetylcholine pre-
cursors can increase cholinergic activity
in hippocampal and cortical cholinergic
synapses.

KENNETH L. Davis
Veterans Administration Hospital,
Palo Alto, California 94304
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Cardiopulmonary Changes in Kittens During Sleep

Baker and McGinty (/) asserted in
their title that their animal model showed
‘‘cardiopulmonary failure’” and that this
had important implications for the
sudden infant death syndrome (SIDS).
Whether the heart is primarily involved
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in SIDS is a matter of intense interest to
physicians, scientists, and even lay
groups associated with this tragic prob-
lem, the foremost cause of death in in-
fants during the first year of life. I submit
that Baker and McGinty have based their
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