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THE ESTIVATING LUNG FISH

It seems likely for many reasons that there exists in the
world a powerful agent, hormonal in nature, which is capable of
suppressing the metabolle activity of bloliogleal tissues. Thus,
in a sense, it would be the opposite of the thyrold hormone, which
is well known to medical science. The importaunce of such an agent,
if it were obtainable, spreads into many fields. It would certainly
be a basic factor in both the process of growth and of aging. It
may relate to hibernation, with its potential for future space travel
and for the survival of man subjected to intense irradiation. Its
utlliity in the field of mediciue might be extremely great. It is
possible that it would be desirable to combat all the hiﬁh metabolic
reactions whlch occur as gﬁraspmnse to stress of many types, such zs
severe injury, buras, 1ntebtions, and the 1;k§. it may play an lme
portant role 1n the prophylaxis of the arterioselerotic process
(the core of the aging process); 1t might find immediate important
practical application in the inecreasing development of heart surgery
and in the transplantaiion of organs apd tlssues, Obviously, the
agent, 1f broadly applicable biologically, would have lmmense potential.

Iaterest for a number of years has been centered in the
attempt to analyze the secret of the true hibermating mammal, such
as the golden hamster or the ground hog. The basic mechanism of
hibernation is as yet unsolved, but it seems possible that the marked
lowering of the metabolic rate (oxygzen consumption) of the hibermator
when he 1s cold may not be merely due te the lowering of his temperae
ture. On the contrary, it may be due to a basic change in his meta-
bolic rate which, in the presence of a low ambient tunpcrutnri.
reduces his heat production and thus allows his body temperature to
fall, The ground hog, hibernating with a body temperature of 4° ¢
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for several months 1s an extraordinary biological situation.

Ferhaps even more extraordinary is thg abllity of a group
of animals in the world who have the capacity to estivate; that is to
say, to enter a torpid state in the heat nf sunmer. It would appear
that these animals have the capacity to reduce their metabolism in
an amblent environment of high temperature. Clearly, thelr metabolie
reduction is not due to diminution in temperature, although what is

thelr temperature in the estivating state 1s, I belleve, unknown;
in feaot, not much conceraning the body temperatures of estivators is
known. ’

Promiunent in the zoologleal world of estivators is the lung
fish of Afrlca. This extraordirary throw-back to one of the very
earllest forms of fish has a glll aystem incapable of supporting life
under water thus requiring him to surface to utilize his lungs for
respiration. e has shown an almost lneredible degree of adaptivity.
to a warkedly chenging eanvironment.

ils dlstribution is world wide and he is commonly Iound
in Australia, South Ameriea and South Africa. +The lung fish is of
the group Dipmeul, of the family Lepidosirenides. The Lepidosiren
inhabit South American and rarely estivate. The Frotopterug, however,
living in the very cyclic weather of Central Africa, have developed
estivation as a priwery means of survival. 0f the four recogunized
specles, @ollol, sethiopicus, and snnectens are the best known. The
most powerful estivator of the entire group i1e the frotopterus
annectens of Africa, who is an obligate eyelic estivator. However,
Protopterus scthiopicus is also a potential estivator, and does so
whenever the environment becoumes dried out. This depends in the
vageries of cyclic "wet" and "dry" year.

This remarkable animal, which is found in the central
portion of Africa, normally lives in marshes which become wet and
swanpy during the rainy season (Mareh to October), but which dry
out to hard baked mud during the dry season of the year (November to
Pebruary). The Frotopterus which 1s thought to be a fish which as
undergone little change for over 70 million years, solved this proe
- blem as follows: During the swampy period of the year the fish



s

gvime in the murky, muddy waters, glides along the muddy surface
ilke an eel and is omniverous, although most of his diet is
apparently vegetable matter. He burrows in the mud and the female
lays eggs guarded by the male until the larvae appear., As the ralus
csase and the drought begins, the swaupe begin to dry. While the
mud i still slimy, the Protopterus digs a burrow six to tem inches
wide almost directly vertically inte the mud by swallowing the mud
and ejecting it through his gill crevices. In the bottom he rounds
himeself an elliptical den and onc day he colls himself into a coil
with hie tall covering his head. Hls body then bhegins to exerete a
slimy substance which hardens as the mud dries until it is a firm
cocoon. Interestingly, his head is alwaye in the vertical positioz,
faolng uy the tuunel, and a channel forms on the inslde of his mouth
leading to the entrance te his lung: Thms, in the cstivating state,
the aninal is respiring slovwly through this one openming in the cocoon.
He remaing in this condition motionless and in a state of torpor for
three to four menths: Urline formation im suppressed; and high fine
ternal levels of urea acerus: When the reins core gsgain the ecocoon
is diseolved, the fisk re~snlustes and the cyele in the now nuddy
and vatexry swamp beglpe sgein. It is thought that the mecherism of
re-anination 1o the hypoxis of beiug covered by water and thus belng
unable te bresthe,

The metabolism of the estivating gethiopirus wes studied
by Smith, and obscrvations were 2ade on changes in the bedy come
position, con the patiern of exeretion On the oxygen consumption,
and the effect of temperature and of thyroxine on metabolism. The
oxygen consumption fell gradually %o more or less 15% of that in
the active state. In a fish estiveting for 15 months, the 0, conm
sumption was 8¢.e./lg/hr. at compared to 20 o.e. normally. Whem
the temperature was ralsed from 20° ¢ to 30° ¢ in an experimeatally
enoysted lung fish, the 0, consumption rose from 7.8 e.e. [ig/nx. to
27 ¢.o.. However, the animal 41d pgt awaken. After the adainistra
tion of Thyrexin, the metabolie rate rose sharply, reaching a pesk
in 4 to 5 days, then falling to pre-injeetion levels by tke 10tito
- 12%h day. Agaln the fish 4id not avouse. These last results have
been confirmed by other investigators.

the fish tolerates iseradibly long nru« of estivation
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before death ensues. The two fish allowed to progress to final
inanition, the festing perlods were 629 and 473 daye respectively.

It 1s stated that as the dry season approaches, the
animal bullds up increasing amounts of s fatty tlssue which surrounds
the kidneys and the gonads along the posterior portion of his body.
During the poriod of estivation 1t is sald by some that the fat
gradually dissppears and 1t was considered by them to be a source of
energy. It is a2lso sald by others that the fat does not dlsappear
and that the fish metabolizes dowiy his own muscular tissue. In
elther event, 1t is my strong susplelon that, llke the browm fat of
the medisstinum of the ground hog im Canada, this fat represents
the estivating gland of the Frotopterus snd his secret lies in a
hormone elaborated here and released slowly from it.

It is suggested that an inteanse blologie and biochemical
Anvestigation of this material might lead to the demonstration,
Adentification, and the subsequeat synthesis of a potent antimeta-
bolic endoerine ageant.

Sinee 1t is possible to foree the I, setiopious to underge
experinental eugrs twent aand enter “estlvation™ by the siuple process
of allowlng his enviromwent to become dried out (irrespective of the
time of yoesr), this anlmal provides ihe ideal subject for laboratory
finvestigation. His habitat is the hish plalns area of the upper
Hile basin in Sudaa, Uganda, Leayas, depublic of the Congo, and
Tanzanyika. e abounds in the eastern estucries of Lake Victoria,
where he can be easily harvested by unetting whean in the ecitive state,
or by patient diggings when in the cativating state,

It is proposed, therefore, that an expedition be formed to
go to Heaya during the moath of January, 1964, with initlal heede
quarters in Hairobi. After reeorultment of pertinent and ianformed
loecal persomnel (members of the Natural History Museum, native helpers
end fishermen, ote.) the field expedition would move to Kisumu,
Kenya, or to Jinja or Kampola, ﬁmﬂa. to undertake fleld studies
and to collect specimens of PEro s | to bring back to
the United States for further extensive Mn.

If the year has been a dry one, large fish (20 %o 50 1lbs.)
in the matural estivating state may be obtalned by finding the
mouth of thelr holes and digging them out, leaving the cocoon with
its surrounding mud pack iatact. 0, consumption studies of the fish




Se

could be attempted by capping the mouth of the tumnnel, for correla-
tion with subsequent analysis. This has never been done. In
addition, smaller active fish (1/2 to 3 1bs.) can be caught in the
estuaries of the lake and preserved ian muddy water. The fish are
extremely durable (in the experience of Smith) and will tolerate
the trip to the United Stetes easily in 2 and 5 gallon cans half
filled with muddy water.

It 18 hoped that at least 20 large estivating fish and
about 150 smaller active fish could be procured. With proper manage-
ment, at least 907 should survive their journey west, which could
best be achieved, I think, in s millitary plane, preferably a Jet.
The environment must be temperature countrolled, of course. The
pericd required for this expedition should be approximatly six
weeks. The salaried personnel from the U.S.A. would conelst of:

b. Ph.D., Stalf pgralologist
§. Two biochemioal %ﬁbﬁ%&hfﬁﬁ%ﬂf i e
ele DTwo physiologlcel techuicians

The consulting personnel would consist of:

8. Dr. Wilfred Blgelow, Toronto, Cmnade (on lesve from
the University of Toroute)
b. Curateor of the Royal Museum of Fatural History, Nairobi
¢. CUommasnder Morumakers, (of the Royal Marines), (local
expert in the finding and excavation of estlvatiag
asthlopicus)
Upon returning to the United States, a portion of the fish
would be sent to each of three research ceaters:
A. Colorado sState University ( Ir. Swan)
B. Toronto University (Dr. Bigelow)
C. Duke University (Dr. Brown)
Here, vigorous study of the physiology of estivation and the careful
search for au active antimetaboliec agent would be pursued, with free
and constant interchange of information. The direction of further
studies would be determined from the initial experience.
The promise or falsity of the basic premise should be
established withian six moaths, i.e. by July 1, 1964,
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