
Brit. 3. Psychiat. (i963), 109, 225-230

Verbally Retarded Depression and Sodium Metabolism

By W. MCC. ANDERSON and J. DAWSON

INTRODUCTION

In g8 depressivesof various diagnostic
categories, Anderson and Dawson (1962) found
thata raisedfastingblood acetylmethyl car
binol(AMC) levelwas associatedwithmarked
verbalretardationand depressivepreoccupa
tion.They alsofound thatraisedfastingblood
AMC levels fluctuated more than normal ones.
It was suggested that the increases in amount
and in fluctuationwere bestregardedassigns
of impaired metabolic homeostasis because
there was no reason to attribute any signs or
symptoms to the effect of AMC itself.

Dawson and Bone (1962) have shown that
the electrolyte concentration in a tissue in
fluences its AMC production; in rat brain slices,
this increases when the intracellular potassium
sodium ratio falls. Furthermore, some depres
sives may have an altered sodium metabolism;
for example, Klein (1950) has shown manic
depressives to retain sodium and water in their
depressed phases, while Gibbons (1960) found
a decrease in sodium space to accompany
recoveryin depressivestreatedwith E.C.T. It
seemed reasonablethereforeto examine the
blood electrolytes and intake-output balances
of sodium and potassium in a series of depressed
patients categorized by the criteria of verbal
retardation and depressive preoccupation. It
was supposed that when these signs were pro
nounced, in addition to the AMC abnormality,
there would be evidence firstly of impaired
regulation of the blood electrolyte levels and
secondly of a tendency to sodium retention.
Itwas thoughtthatthe most representative

sample of metabolism would be obtained if the
subjects were allowed to keep as closely to their
normal eatinghabitsas possible.Dietsofnear
normal composition and range of foodstuffs
were thereforeprovided and freeintakeof
table-salt and fluid allowed.

Also, it was thought desirable to restrict the
biochemicalinvestigationsto as shorta period
as possibleso thatany change in the clinical
statewould be minimal.To thisend, intake
output balances of sodium and potassium were
measured over threedays as well as fasting
plasma and intraerythrocytic levels of these
electrolytes. Packed cell volume (PCV) was
alsoestimated,asan indexofpossiblechangein
hydration.
The relevanceofintraerythrocyticpotassium

levels was suggested by the work of Knowles,
Alverson and Rubinstein (@@) who showed
that there was a positive correlation between
the values for these levels and those for plasma
sodium. Their subjects were normo-, hypo- and
hypernatraemic. A scrutiny of the results shows
that the correlation largely depended on the
values obtained from persons who were under
some metabolic stresswith regard to sodium
which resulted in altered plasma sodium levels.
If the normals alone had been considered, no
significant correlation would have been ob
tained.

CASE MATERIAL

Any recently admitted untreated patient
under 65 years of age who was physically
healthy and considered by their own physician
to have depression of affect as a primary
symptom was accepted when there was a meta
bolic ward vacancy. Thirty patients were
examined; 3 were men and i8 were women
who had passed the menopause. The i women
who could menstruate were examined during
the first half of their cycles, with two exceptions.
These were a woman examined premenstrually
because she was depressed only before a period,
and one four weeks post-partum whose periods
had not re-started. The nutritional state of all
patients appeared normal. All were fully ambu
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lant. The only drugs given were Seconal or
chioralhydrateas nightsedativesifnecessary.

(a) Biochemical

in the 10 minutes counted to provide an objec
tivemeasureofverbalproductivity.

RESULTS

(a) (R+P) Scores and Verbal Productivity

(R+P) scores were from I to 7. 13 were
â€œ¿�lowâ€•and 17 were â€œ¿�highâ€•.Word countswere
from 1,405to 49.The rank coefficientof cor
relation between (R + P) scores and word counts
was R = â€”¿�o@8o(N = 30, t = 7'o6, p< o.ooi).
The bestcorrespondencewith thedivisioninto
low and high (R+P) scores was obtained by a
cuttingscoreof 500 words, which gave x6 high
verbalproductivity(H.V.P.)and i@low verbal
productivity(L.V.P.)patients,with one mis
classified (x2 = 22@57, p < O@00 i). Henceforth,
thepatientswillbe referredtoas â€œ¿�H.V.P.â€•or
â€œ¿�L.V.P.â€•,correspondingtoâ€œ¿�lowâ€•(R+P) and
â€œ¿�highâ€•(R+P).

(b) Fasting Blood AMC Levels
The mean value for highestfastingblood

AMC levelwas 55 @.tgm.percent.intheL.V.P.
and 45 @igm. per cent. in the H.V.P. group
(t= 2@43, N = 30, p<o@05).

(c) The Blood Electrolytes

(i) Variation in Plasma Electrolyte Levels

The data in Table I shows thatthe L.V.P.
patientshad a significantlygreatervariancefor
theplasmasodium valuesthan did theH.V.P.

T@LE I

Plasma Na Plasma K P.C.V.

METHOD

Standardized diets of near normal composi
tion but with no salt added in cooking were
supplied for four days. Duplicates were analysed
for sodium and potassium contents
(mean sodium content: io8 mEq., S.E. 5 mEq.).
Optionally added table-salt was measured.
After analysis of food residues and of urine,
daily sodium and potassium balances were cal
culated for the last three of the four days on
diet.

Urine collection was in 8-hour moieties. A
24-hour output was begun after the bladder
had been emptied on rising in the morning.
AMC levels,intraerythrocyticand plasma
sodium and potassium levels and P.C.V.s were
estimatedon threefastingvenousblood speci
mens, collectedon successivemornings. AMC
was estimated by the method of Dawson, Hullin
and Poole (1954). An E.E.L. flame photometer
was used for all electrolyte estimations.

Some part of the urine output from 3 patients
was lost, so that, although sufficient was ob
tained to allow mean urinary sodium-potassium
ratios to be calculated for all 30 patients, mean
daily sodium and potassium balances could
only be worked out for 27.

(b) Clinical

Afterinitialinterviews,thedegreesofverbal
retardation (R) and of depressive preoccupation
(P) shown by the patients were rated on five
pointscalesand themarks forthesetwo items
added to obtain the (R+P) scores.These
(R+P) scores were divided into â€œ¿�highâ€•â€”four
or moreâ€”and â€œ¿�lowâ€•â€”threeor lessâ€”as de
scribedby Anderson and Dawson (1962).

The initial interviews were tape-recorded to
accustom the patients to the recorder. At
another session, 10 minutes â€œ¿�freeassociationâ€•
was recorded. During this, the interviewer
remained non-directive after his initial instruc
tions, except to encourage the patients to go on
if a silence of more than a minute supervened.
The freeassociativepassageswere transcribed
and the number of words uttered by the patients

L.V.P. .. 74 mEq./l.@ 055 mEq./L 28
H.V.P. .. 8 mEq./Lt 059 mEq./l.2@3t

(N 30, t 2@8,p<o@oi)T@LE

1.â€”The mean fasting plasma Na levels, plasma K
levels and P.C.V. values, the F values of their
variances and their ranges in high and low verbal
productivity cases. (Range = maximum difference
between any two values from the same patient.)
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(d) Sodium and Potassium Balances
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third day +15 and â€”¿�5mEq., in the L.V.P.
and H.V.P. groupsrespectively.The difference
for the thirdday was significant(N = 27,
t = 2@25, p<o.05).
If highestfastingblood AMC levelswere

used to group the patients, then those with high
(50 @.tgm. per cent. or more) levels had a mean

daily sodium balance of +I2@4 mEq. and those
with low (@ .igm.per cent.or less)levelsone
of +â€˜@7mEq. (N = 27,t = 2@07,p<().()5)
Potassium excretion was relatively constant in
any one patient,and allpatientstendedto be
inpotassiumbalance.

(e) Urinary Sodium-potassium Ratios; Sodium
Intakes

Baldwin,Alexanderand Warner (1960)have
pointedoutthatchangesintheurinarysodium
potassium ratio reflect changes in sodium excre
tion when a subject is on a standard diet
because potassium output is then relatively
constant.

In the present study, mean daily sodium
balancesand mean urinarysodium-potassium
ratioscorrelatednegatively(r= â€”¿�o.62,N =
27, p < 0@ 001). Word counts and the mean

urinary sodium-potassium ratios correlated
positively(R = +o@65, N = 30, t = 4@43,
p <0.001) and intheL.V.P.patientsthemean
ratio was i @42,while in the H.V.P. ones it
was 2@2I (N = 30, t = 3.98, p<o@ooi).
Becauseindividualpotassiumexcretionwas

60 in fact relatively constant, these results sup

portedthetrendshown by thesodium balances
and suggested that the L.V.P. patients tended
to retainmore sodium than the H.V.P. ones.
However, the mean dailysodium intakeof

the L.V.P. group was 85.7 mEq. and in the
H.V.P. one, Io5@2 mEq. (from analysisof
variance,F 7.54, I and 25 d.f.,p<O@o2).
Although the L.V.P. patientsate somewhat
less than the H.V.P. ones, the difference was
not significant. The difference in sodium intake
was principally because the two groups used

and consumed different amounts of table-salt;
0@4I Gm. and o @89 Gm. daily were the mean

amounts used by the L.V.P. and H.V.P. groups

respectively(F = 7.77 Iand 25 d.f.,p < 0.02).
The differenceinamount ofsaltusedisshown

ones.The â€œ¿�rangesâ€•shown in thistablewere
estimated by taking the maximum difference
found between any two fasting levels in the same
patient.Plasma potassiumvarianceswere small
and showed no relationshipto verbal pro
ductivity.

(ii) Intraeryt/zrocyticPotassium and Plasma Sodium
Levels

In the L.V.P.group,the correlationcoeffi
cientbetween the valuesforintraerythrocytic
potassium and plasma sodium levels was
r = +o@67 (N = 14,p<o'oi), while in the
H.V.P. group it was r = +Â°@37 (N =
N.S.). Fig. i shows the regression line for values
from theL.V.P.patientsand thescatterofthe
valuesfrom theH.V.P. ones.

INTRA

RBC

mE@/L

.

($0 -

Fio. i.â€”Scatter of values for mean intraerythrocytic K
levels plotted against mean plasma Na levels in
H.V.P.casesand theirregressionlineforL.V.P.
cases(r= +o@67, N = 74,p<o.OI, y = O'4X+46).

In the 74 L.V.P. patients,the mean daily
sodium balance was +10â€¢1 mEq and in 13
H.V.P. ones(@lostbecauseofincompleteurine
collection)itwas + I @5mEq. This difference
in means did not reach significance.
The mean balancesfor the firstday of

investigationwere +3 and +4 mEq., forthe
second day +13 and +5 mEq. and forthe
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in Table II. Furthermore, there was a positive
correlation between mean salt intakes and mean
urinary sodium-potassium ratios (r = +0@46,
p < 0.05).

TABLE II

OptionalSaltIntake
Below 0.55 G. Above 0.55 G.

per day per day

L.V.P. â€˜¿�I
H.V.P.

(x' = 5.5, p<O.02)
(Three H.V.P. patients stated they never took salt and

one was unrecorded)

TABLa 11.â€”The relationship of mean optional salt intake
to verbal productivity.

Analysis of co-variance was therefore carried
out on the data concerning mean urinary
sodium-potassium ratios in the L.V.P. and
H.V.P. groups to allow for the effect of different
sodium intakes. The mean urinary sodium
potassium ratios were still significantly different
(F = 5@64, with i and 24 d.f., p<O.O5). The
â€œ¿�correctedâ€•mean values for the ratios became
I @5I and 2@0O in the L.V.P. and H.V.P. groups

respectively. (For convenience in other cal
culations the analyses of variance and co
variance above included only the 27 patients
for whom balance data were available.)

The day-to-day variability of optional salt
additions was greater in the H.V.P. than in the
L.V.P. group as shown by their greater variance
(F = 2@34,38 and 4! d.f.,p<ooI).

(f) P.C.V.
The changesinP.C.V.betweenthefirstand

last mornings were compared with the mean
sodium balances for the two days between. In
the L.V.P. group the negative correlation was
significant (r = â€”¿�o54, N = 6, p <@ . o@) but
in the H.V.P. group itwas not (r=@ 28,
N = 13).
The mean values for P.C.V. and their

variances in the two groups are shown in
Table I.

DISCUSSION

counts was used to categorize the patients for
the purpose of comparing biochemical findings,
because it was objective and because the classifi
cation obtained agreed closely with that based
on the rating of verbal retardation and depres
sive preoccupation.

When the patients were divided into two
groups according to their verbal productivity,
there was a marked dietary difference between
the groups with regard to the amounts of table
salt optionally added. This meant that the
L.V.P. group had a lower mean sodium intake
and so a lower mean urinary sodium-potassium
ratio than the H.V.P. group. However, when
allowance was made statistically for the smaller
sodium intake, the mean urinary sodium
potassium ratio was still significantly lower in
the L.V.P. group. Considered with the indivi
dual constancy of potassium excretion and the
negative correlation between mean urinary
sodium-potassium ratios and mean daily sodium
balances, this finding suggests that the L.V.P.
patientstended to retainmore sodium than the
H.V.P. ones. There also was an apparent ten
dency for the L.V.P. group to have progressively
more positivesodium balancesthantheH.V.P.
one.This tendencyproduceda significantdif
ference by the third day, although the difference
betweenthemean dailysodium balancesofthe
two groups over three days fell short of signi
ficance.

The mean daily sodium balance was how
ever significantly more positive in the patients
with high fasting blood AMC levels than in
those with low levels. The in vitro findings of
Dawson and Bone (1962) already cited suggest
that this sodium retention may have been
accompanied by an increase of intra-cellular
sodium concentration.

In the particular circumstances of the experi
ment, the mean urinary sodium-potassium
ratiosmay have indicatedtendenciestosodium
lossor retentionmore reliablythan the mean
daily balances. Firstly, an inaccuracy in the
timing of morning urine collection could have
produced a substantial error in a day's balance
without invalidating the mean ratio at all, and
secondly,theshortnessoftheperiodofexamina
tionmust have tended to concealtrendsof
change in balance.

3
93

Verbal productivity as measured by word
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The findings from the blood biochemistry
also suggest that the L.V.P. patients were
metabolically different from the H.V.P. ones.
High fasting blood A.M.C. levels were asso
ciated with L.V.P., just as they were with high
(R + P) scores, in the larger series already cited
(Anderson and Dawson, 1962). Differences in
the L.V.P. group concerning sodium meta
bolism showed in three ways. Firstly, there was
a significant positive correlation between the
values for plasma sodium and for intraerythro
cyticpotassium.AfterKnowles,Alversonand
Rubinstein@ thiscan be takento imply
thatthe patientswith thisfeaturewere under
metabolic stresswith regard to sodium.
Secondly, impairment of regulation was sug
gested by the L.V.P. group's greater variability
of plasma sodium level when compared with
the H.V.P. one. Thirdly,the relationships
between sodium balances and changes in P.C.V.
suggestthatwhen sodium retentionoccurred,
there was a tendency towards compensatory
haemo-dilution unequivocally present only in
the L.V.P. group. This could be taken to mean
that this group was more stressed than the
H.V.P. one and so showed a homeostatic
responsemore clearly,ratherin thesame way
as a correlationbetween plasma sodium and
intraerythrocyticpotassiumisfoundina group
under sodium stress.

Itispossiblethereforethatthenatureofthe
metabolicdifferencewas an impairedcapacity
forregulationofsodium metabolism.The ten
dency to sodium retention may have been
another consequence of this; Schottstaedt,
Grace and Wolff (1956) have shown some
degree of such retention to follow psychic stress
which produceda depressedaffect.

The biochemical changes observed in the
present investigation, however, were not ap
parently related to depression of affect as a
symptom, but to behavioural changes present
in some members of a group which had the
report of thissymptom as itsunifyingfeature.
As wellas loweredverbalproductivity,these
behavioural changes included the features of
depressive preoccupation, such as reduced
responsiveness, fixity of affect and an expressed
train of thought much taken up with self-blame.
These manifestations could be regarded as

evidence of a reduced variabilityof behaviour.

There would thus have been an apparent in
verse relationship between range of behaviour
and the blood biochemical variability. The
more deviant the biochemical changes, the
narrower was the availablerange of behaviour.

For thatmatter,a similarsituationprevailsin
the presence of strong motivation or anxiety;
the greatertheirintensity,the lessvariabledoes
behaviour become, although the behavioural
restrictionis now mediated psychologically
rather than biochemicallyand so likelyto be
more temporary.

SUMMARY

A group of patients characterized by de
pressed affect, low verbal productivity and
depressive preoccupation had

(x) a more variableplasma sodium level;

(2) a correlation between plasma sodium level

and intraerythrocytic potassium concentra
tion suggesting a metabolic response to a
sodium stress;

(@)a decreasedmeanurinarysodium-potassium
ratio;

(@)a tendencyto sodiumretention;
(@)a decreasedoptionalsalt intake.

It is concluded that this group shows the
metabolic response of individuals who have a
decreased ability to maintain a steady plasma
sodium level,and in whom mechanisms are
operatingtending to produce sodium retention
and a correlationbetween plasma sodium level
and intraerythrocytic potassium concentration.
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