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to central adrenergic receptors. 

The action of rubidium on central 
excitability in monkeys has been de- 
scribed (1). The effectiveness of an- 
other alkaline earth cation, lithium, in 
the treatment of mania has been tenta- 
tively associated with the effect of this 
ion on brain amine metabolism (2) 
which is perhaps related to an inter- 
action with other cations intimately in- 
volved in adrenergic neurotransmission. 
In contrast to the effects of lithium in 
both humans and infrahuman species, 
rubidium causes hyperactivity, in- 
creased aggressiveness, and electro- 
encephalographic activation. We ex- 
amined the effects of short-term 
rubidium treatment on gross behavior 
and on the metabolism of brain cate- 
cholamines in rats. 

Our experiments were performed on 
male Long-Evans rats that weighed 
250 to 300 g at the start of the study. 
The rats, housed in groups of four, 
were injected daily with saline or with 
rubidium chloride (0.6 meq per kilo- 
gram of body weight; intraperitoneally) 
for ten consecutive days. Twenty-four 
hours after the last injection, groups 
(n = 16) of both the control rats and 
those treated with rubidium were in- 
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jected with 200 mg/kg (intraperito- 
neally) of the methyl ester of DL-a- 

methyl-p-tyrosine (aMT), an inhibitor 
of catecholamine biosynthesis which 
can be used to measure the rate of uti- 
lization of catecholamines (3). Animals 
were killed at intervals thereafter. 

Brains were dissected into stem 
(comprising diencephalon, metencepha- 
lon, and myelencephalon) and telen- 
cephalon fractions for amine determi- 
nation. After the fractions were homog- 
enized in 0.4N perchloric acid, the 
supernatants were adjusted to pH 6.5 
and passed over IRC-50 resin. Nore- 
pinephrine (NE), dopamine (DA), and 
5-hydroxytryptamine (serotonin, 5-HT) 
were assayed spectrophotofluorimetri- 
cally after elution from the resin by 
0.5N acetic acid. Values for brain NE 
and DA concentrations were subjected 
to regression analysis by least-square 
fitting to obtain rate constants for their 
disappearance after inhibition of cate- 
cholamine biosynthesis. 

In a second experiment, control rats 
and those treated with rubidium were 
given an intracisternal injection of 
[3H]NE (8.3 utc; specific activity, 7 
c/mmole; New England Nuclear). 
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Brain Norepinephrine: Enhanced 

Turnover after Rubidium Treatment 

Abstract. After biosynthesis of norepinephrine was inhibited, treatment of rats 

for 10 days with rubidium chloride (0.6 milliequivalent per kilogram of body 

weight) caused an increase in the rate of disappearance of norepinephrine in the 
brainstem but not in the telencephalon. Also the utilization of intracisternally 
injected tritiated norepinephrine was increased and was accompanied by a shift 
in the pattern of norepinephrine metabolism to normetanephrine. These data 

suggest that greater amounts of neuronally stored norepinephrine were released 
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Groups of six control and rubidium- 
treated rats were killed from 6 minutes 
to 6 hours later. Whole brains were 
assayed for NE and its metabolites by 
the procedure of Schanberg et al. (2) 
by chromatography on alumina and 
Dowex 50W-X8 columns before liquid 
scintillation spectrophotometry. 

There were no differences in the 
growth rate of the two groups of rats 
over the 10-day treatment period. The 
behavior of the rats treated with rubid- 
ium was not noticeably different from 
that of the control animals when com- 
pared within their home cages. Upon 
handling, however, the treated rats be- 
came extremely irritable, displaying 
marked vocalization and aggressiveness 
toward the handler, particularly during 
the last 3 days of treatment. 

Initial concentrations of 5-HT, DA, 
and NE were not altered significantly 
by rubidium treatment, although NE 
concentrations in the brainstem of the 
rats treated with rubidium tended to 
be higher than that in controls (rubid- 
ium, 0.633 ?+ 0.025 ztg/g; control, 
0.580 -- 0.022 ,ug/g; .10 > P> .05). 
Rate constants for the decline of whole 
brain DA and telencephalic NE after 
treatment with aMT were nearly identi- 
cal in both groups. Likewise, calculated 
utilization rates and half-lives were not 
altered by drug treatment. On the other 
hand, brain stem NE in the rats treated 
with rubidium disappeared at a signifi- 
cantly faster rate than in the control 
animals (Table 1). 

The utilization rate of NE is in- 
creased in the brainstem, but not in 
the telencephalon, by rubidium treat- 
ment. Previous studies with psycho- 
active drugs as well as with lithium 
have demonstrated that an increase in 
the rate of metabolism, as measured by 
aMT, may not be synonymous with an 
enhanced release of the "physiologically 
active" NE onto appropriate brain re- 
ceptors. Thus, amphetamine, an anti- 
depressant, increased normetanephrine 
formation, while lithium, which is used 
to control mania, decreased the nor- 
metanephrine concentrations by in- 
creasing the intraneuronal metabolism 
of NE; both agents resulted in an in- 
creased rate of utilization (2, 4). To 
further evaluate the changes induced 

by rubidium, the rate of utilization and 
the metabolic fate of intracisternally 
administered PH]NE was determined 
in the two groups of rats. 

Six minutes after the intracisternal 
injection, both groups of rats had simi- 
lar absolute amounts of labeled NE 
in brain (Fig. 1), an indication that 
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Table 1. Kinetic data on norepinephrine in adrenergic function, physiologically ac- 
the brainstem of rats treated with DL-a- 
methyltyrosine methyl ester (200 mg/kg) after tve NE s released into the synaptic 
treatment with saline or with rubidium cleft by neuronal impulses, thereby ac- 
chloride (0.6 meq/kg) for ten consecutive tivating appropriate receptors. Termina- 
days. The results are expressed as the mean . 
? standard deviation. tion of the activity of released NE de- 

pends on an active reconcentration of Utilization Rate rate Half- the amine by presynaptic nerve termi- 
constant life 
ck (or-) kCo (g (hr) nal membranes and by conversion to k h) 

g-1 hr- ) 
hr 

normetanephrine by the extracellular 
Treatment with saline enzyme catechol-O-methyltransferase 

0.22 ? 0.04 0.13 +- 0.03 3.18 ?+ 0.42 (EC. 2.1.1.6). The increased normet- Treatment with rubidium 
0.29 + 0.03t 0.18 + 0.02t 2.42 ? 0.24t anephrine concentrations in the rats, 

~~- - - ---~~treated with rubidium support the con- * Product of the rate constant and the basal con- 
centration (Co) of NE. tP<.05. cept of increased release of physio- 

logically active NE. Whether the neu- 
.~-.~~ ronal membrane uptake system for NE 

rubidium treatment did not affect the is also affected is not clear, though the 
accumulation in vivo of NE under the 6-minute time point (Fig. 1) and an- 
conditions used. The disappearance rate other report on an in vitro system (5) 
of labeled NE was increased by rubid- indicate that NE uptake was essentially 
ium treatment. At the same time, con- unaffected. 
centrations of labeled normetanephrine Sodium and magnesium are impor- 
increased up to fivefold in the rats tant ions, respectively, for the neuronal 
treated with rubidium (that is, 53 +4 uptake and for the granular storage 
nc/g in rats given rubidium as opposed mechanisms for NE (6). There is some 
to 11 ? 1 nc/g in control rats 3 hours evidence that lithium and sodium, both 
after administration of [aH]NE; P < highly hydrated ions, may share a com- 
.01). The fraction containing the 3H- plementary action in various physio- 
labeled deaminated-O-methylated me- logical systems. Less hydrated ions such 
tabolites was unaltered. Thus, the dis- as rubidium, cesium, and potassium 
appearance rate of NE increased in may also be interchangeable (7). The 
rats treated with rubidium whether contrasting effects of lithium and ru- 
measured by aMT or by radiotracer bidium on catecholamine metabolism 
methods. As shown in the second ex- raises the question of whether the ac- 
periment, the increase in rate is ac- tions of these cations are in any way 
companied by a shift in the metabolism related to those of sodium and potas- 
of NE toward normetanephrine. sium. 

According to current models of Comparison of our results with ru- 
bidium to those with lithium on [3H]NE 
metabolism shows that the two alkaline 

500 -earth cations cause different effects on 
catecholamine metabolism. Lithium in- 

300 - \creases uptake of NE into synapto- 3 
0\ somes (8) and increases the intra- 

Q - \3kneuronal metabolism of NE, as re- 
o % flected by a decrease in normetaneph- 

b4^-u~ \2 Yrine accompanied by an increase in 
-o 100- ,.^both the deaminated and deaminated- 

| I \ T<Z,'^ Control methylated metabolite fractions. This 
- \ ^^ s spectrum of changes has been inter- 

' 
50. preted to reflect a decrease in the con- 

0z _ _Rubidium centrations of active NE on the trans- 
neuronal receptors (2), but also may 
be an alternate mechanism controlling 

0 1 2 3 4 5 6 either intraneuronal or transneuronal 
Time (hours) 

processes in catecholamine-containing 
Fig. 1. Concentrations of [3H]norepineph- neurons (9). In most instances lithium 
rine in whole brain after intracisternal treatment did not affect NE turnover 
injection of 8.3 uc of [CH]NE in rats given t , 
short-term treatment with rubidium chlo- although some reports indicate that an 
ride or with saline. Each point represents increased turnover after treatment with 

I 
r 

i 

t 
1~ 
I 
? 

c 
t 
t 

the mean (-+ S.E.M.) from six animals. this cation may be a reflection of the 
The values are expressed in nanocuries of enhanced intraneuronal catabolism of 
radioactive NE (isolated by alumina NE (4). The contrasting efects of 
:hromatography) per gram of whole . . . 
brain. Animals were killed at the indicated lithium and rubidium on NE metabo 
time after injection of the labeled amine. lism suggests more detailed pharma- 
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cological studies of rubidium and re- 
lated cations, such as cesium, with 
possible evaluation for their use in de- 
pressive states. 
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How Much Food from the Sea? How Much Food from the Sea? 

We have read with interest John H. 
Ryther's recent article "Photosynthesis 
and fish production in the sea" (1). 
Ryther's estimate of annual fish produc- 
tion (about 100 million tons) falls with- 
in the range (80 to 2000 million metric 
tons) estimated in the past few years 
by other scientists (2). It is, however, 
at the lower end of this range. The im- 
portance of his contribution must be 
viewed in the light of whether or not 
his work provides a better focus on the 
yield of fishes that may be anticipated 
from the world's ocean. 

The technique used by Ryther and 
other scientists who have derived esti- 
mates based on the flow of material 
through the food chain involves three 
primary considerations: the amount of 
carbon fixed annually; the efficiency 
with which nature transfers material up 
through the food chain; and the trophic 
level selected for calculating fish pro- 
duction or yields. Apart from the un- 
:ertainty surrounding the total amount 
)f oceanic carbon fixed, such estimates 
)f potential fish production are based 
i) on the assumption that the complex 
nd variable food web in the sea can 
e treated as a simple chain of trophic 
vels and that fish production can be 
,signed to a specific level in the chain, 
i) on the belief that it is possible to 
duce the variable values for efficiency 
transfer of material from predator to 
:y to a single set of values represent- 
: ecological efficiency, and (iii) on a 
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guess as to the percentage of produc- 
tion at present available to man. 

Estimates obtained by this technique 
are extremely sensitive to the values as- 
signed these parameters. Ryther's table 
1 (1) represents a matrix of ecological 
efficiency and trophic levels. The choice 
between two adjacent levels involves a 
possible error of an order of magnitude 
or more, depending on the ecological 
efficiency factor chosen. The choice 
within a given range of ecological effi- 
ciencies involves error factors ranging 
from approximately 2 to 15. Even when 
other sources of uncertainty are ig- 
nored, Ryther's estimates could easily 
be in error in either direction by a fac- 
tor of 1 to 2 orders of magnitude. 

The sensitivity of this technique for 
estimating fish production has been rec- 
ognized by most workers who have 
used it. Ryther departs from his prede- 
cessors in that he categorizes the ocean 
into "provinces," using relative primary 
productivity as a criterion, and subse- 
quently examines the potential fish har- 
vests of these provinces. His relatively 
low figure for total potential production 
of fish results from his selection of the 
third and fifth trophic level in calcu- 
lating fish production from the coastal 
and oceanic provinces, respectively, and 
from the small total area suggested for 
the upwelling province. 

Ryther presents little explanation for 
his use of trophic levels three and five 
steps removed from primary production 
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for the coastal and ocean areas. We 
doubt that there are any plankton ecolo- 
gists who would agree "that virtually all 
the copepods, many of which are them- 
selves carnivores, must be preyed upon 
by chaetognaths," even in the open 
ocean. For fishes in general, Ryther fol- 
lows the logic of other biologists who 
have based trophic levels on the feeding 
habits of adult forms only. In many 
species, including the tunas and dol- 
phins, the greatest net growth of the 
population occurs during the early life 
history of the species. It is common for 
many species of fish to attain the maxi- 
mum weight potential before the species 
reaches maturity and relatively early in 
its life span. In fact, for adults, the 
weight added to the population in any 
time period is often exceeded by losses 
due to natural mortality. Thus, adults 
degrade net productivity rather than 
add to it. Fishing normally will change 
the population structure toward smaller 
sizes which have a higher ecological effi- 
ciency and which feed on organisms 
lower in the food chain. At any rate, 
there is considerable evidence that some 
important pelagic fishes feed on inverte- 
brates which are largely herbivorous. 
For example, over a great part of the 
eastern tropical Pacific the summer diet 
of adult yellowfin tunas (Thunnus al- 
bacares) is dominated by the herbiv- 
orous pelagic crabs Pleuroncodes 
planipes (3). 

Also, the works of other authors sug- 
gest that the number of trophic levels 
proposed by Ryther may be too high. 
Blackburn (4) suggests two fewer links 
than Ryther does for the chain of 
trophic levels between phytoplankton 
and man in the open ocean environment 
of the tuna fisheries. Steele (5) has 
shown that the observed fish catches 
in the North Sea could be supported by 
primary production only if the fish were 
feeding mainly at the second trophic 
level (not at the third, as suggested by 
Ryther). Since Steele's paper was writ- 
ten, North Sea catches have been in- 
creased to over 3 million metric tons, 
in 1967 and 1968, or to more than 5 
ton/km2-well above Ryther's estimate 
of total production. 

On examining Ryther's table 3 (1), 
it becomes obvious that a small error in 
calculated productivity could make a 
considerable difference in the final esti- 
mates. For example, in recent work the 
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mates. For example, in recent work the 
English scientist Cushing (6) suggests 
a much greater size for the area of rich 
upwelling water than Ryther does. Ry- 
ther admits the possibility of error re- 
garding this matter. 
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