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The Story of Gout
W. S. C. COPEMAN

Middlesex and West London Hospitals, London, England

Introduction
Gout probably has been the best
documented of human diseases
throughout the ages. This may be
because it is easily identifiable,
owing not only to the dramatic
nature of its sudden painful, acute
episodes, but also--which may
have pleased the masses-to its
tendency to pick out rather important and wealthy victims. For the
underdog, seeing that sort of person suddenly and unpredictably incapacitated, with his afflicted foot
swathed in monstrous protective
bandages, the disease assumed a
uniquely comic aspect which has
persisted to this day, although
never shared by sufferers from
what the great Dr. Samuel Johnson
described as "the most diabolic
[pain] to which man may be subjected."
Gout was not a word devised by
the medical profession, but rather a
colloquialism used first by the teutonic denizens of the northern outposts of the Roman Empire, for
what the Greeks termed generically
"arthritis," i.e., disease of the joints.
When it affected the great toe, as
true gout frequently does (Fig. 1) ,
they termed it podagra. The term
was based upon the Latin word
gutta (a drop) . According to their
humoral hypothesis , phlegm, one
of the four constituent humours
which made up the human body,
could be distilled in excess and
would then drop into weakened
joint cavities, the distension thus
caused producing the great pain
and swelling typical of the disease.
The first person in modern times
to distinguish between gout and
2

rheumatic fever as specific entities
was the 16th century French
Royal Physician Guillaume de Baillou, also called Ballonius ( 1642) .
A little later, the great Thomas
Sydenham independently made the
same differentiation in his classic
and often quoted description, drawing largely upon his own sufferings from the former disease.
The basic cause of the gout, like
that of all other disease processes,
was believed by most physicians of
the early world to lie in an alteration or an imbalance of the body
humours (Fig. 2) . A modified view
is attributed to Aretaeus the Cappadocian (fl. A.O. 135) , however,
who asserted that "the basic cause
of this disease none but the Gods
can ever understand." In the 18th
century, the Age of Reason , gen-

era! medical op1mon was summarised by Dr. Walter Harris, who
wrote that a man may have a
"gouty disposition" even when he
is free of "actual fitts" (diathesis).
He thought, moreover, that "The
Common Opinion as to Wine and
Women is proved unjust and uncharitable."
Here the matter rested until Sir
Alfred Garrod discovered, in 1848,
that the "morbid circulating matter" which had always been assumed to be causative of the gouty
diathesis was uric acid . The hereditary and seasonal nature of the
affliction had been remarked upon
by Galen (A.O. 120) , the most notable disciple of Hippocrates, who,
in his writings 600 years previously,
had also noted the association of
the acute attacks with various

Fig. I- True gout in the great toes of an ancient Greek.
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stresses- chiefly those of a bibulous, gastronomic or sexual nature.
He also pointed out correctly that
eunuchs and women who had not
reached the menopause never fell
victim. The distinguished contemporaries of Hippocrates-King Priam
of Troy, King Oedipus of Thebes
and the hero Achilles- were all, he
reported, sufferers from gout. The
Roman poet Lucian wrote a popular burlesque tragedy on the powers of the Goddess Podagra and
the ineffectiveness of human treatment. Tophaceous deposits were
noticed and commented upon by
most of the early medical writers,
including the second century physician Soranus of Ephesus, who
advocated their surgical removal in
selected cases. It was the great
English chemist William H . Wollaston, F.R.S., who, in the 18th
century, was able to demonstrate
that a tophus removed from his
own ear was composed of uric acid.
Prognosis

With regard to the prognosis of
the disease, Aretaeus rightly pointed

out that, once gout is declared in
a person, "the disease sticks to him
until death." Hippocrates stated
that those affected "who are aged
and have tophi in their joints and
those who have led a hard life and
whose bowels are constipated, are
beyond the power of medicine to
cure .. . . Persons under other circumstances may be cured by a
skillful physician." He pointed out
that the younger the sufferer, the
poorer the outlook. These views
remained largely unaltered until
comparatively modern times, when
uricosuric preparations were introduced and the disease process at
last became controllable by chemical means. It is interesting to note
that 50 years ago most insurance
companies took an extremely unfavourable view of the prognosis in
victims of gout, whilst today the
majority of adult cases are accepted
at normal rates. In 1959 John H.
Talbott and Abraham Lilienfeld
showed that the mortality rate
among gouty sufferers in the United
States was similar to that in the
general population.

Classification

Classification remained simple
until the 18th century, because the
early Greek writers regarded all
affections of joints, except those of
directly traumatic origin, as being
of the same basic "gouty" nature,
despite evidence in the surviving
works of Hippocrates that he may
have recognised a difference between the syndromes of true gout
and rheumatic fever. If Hippocrates did recognise a distinction,
it was forgotten by his successors
until the 17th century. Even then,
Sydenham's views were not universally accepted, if we may judge
from his dry remark, "Doubtless
gout and rheumatism were often
confounded by the ancient Greek
physicians; a point which is still
equally applicable to the great
pundits of our present day." Until
that time, the generic term used
was "arthritis," and its evident
varieties were merely classified according to an anatomical plan :
podagra, when it afflicted the foot
(Fig. 3) ; chiagra, the hand ; gonagra, the knee; and so on, through-
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Fig. 2-P ossibly the earliest p rinted
work on gout ( 1577 ) .

F ig. 3- A personal reminiscence of podagra (1799 ) by James G ill ray.
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Fig. 4-Sydenham's notebook ; in possession of the Royal College of Physicians.

out the joints of the body, and including sciatica. This simple convenient authoritarian method of
classification persisted unchanged
for the next thousand years, although occasional murmurs of
doubt could be heard , as when Dr.
Andrew Boorde, who was one of
King Henry YUi's physicians,
warned (1547) that, despite general belief, "All jointe illnesses are
not the goute. " He added in an independent vein, "It is extremely
difficult for a physician who puts
too much trust in what he reads to
form a proper decision from what
he sees," a sentiment which we can
still endorse.
With the 18th century came the
fashion started by Carolus Linnaeus,
the great botanist, for evolving "systems" of classification. Articular
affections received considerable at-

Fig. 5- "Comfort in the Gout" (J. Rowl andson, 1785) .
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tention from leaders of the profession throughout Europe. Gout then
became subdivided into 14 varieties
and species with further subdivisions according to its seasonal variations and its association with
other disorders. Its visceral manifestations also became more generally known and were classified
under the headings "Anomalous,"
"Irregular," "Retrocedent" or "Misplaced" Gout. Such classifications,
however, perpetuated the belief
that gout was the basic prototype
of all joint affections other than
those attributable to rheumatic
fever or Sydenham's further indeterminate class of "scorbutic affections of the joints." It was just over
a century ago (1859) that Garrod
(who should be known as the
"Father of Modern Rheumatology" ), as the result of his studies
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in morbid anatomy, was able to
differentiate between the clinical
entities of rheumatoid arthritis, for
which he suggested the name, and
osteoarthritis. Modern classification
of joint affections bas become
complicated once more with the
identification of an increasing number of disease processes. The syste m most generally accepted is the
one proposed by the A.M.A. , which
seems sufficiently flexible to accommod ate further increases in
knowledge as they occur and includes the various types of gout
currently recognised .
Pathology
The pathology of gout began to
arouse interest subsequent to the
acceptance of Thomas Sydenham's
reintroduction of sound observational medicine into England towards the end of the 17th century.
He clearly and unambiguously
described the clinical fe atures of
gout and its associated pathology,
such as tophus formation ( "stony
concretions like unto chalk") in
the tissues around joints and in the
cartilage of nose and ear, leading
to chronic and sometimes crippling
conditions-e.g. , urinary stone ,
heart disease and apoplexy (Fig.
4) . His influence quickly spread
throughout Europe with the help of
such distinguished admirers as the
Dutchman Hermann Boerbaave and
his pupils William Cullen and Sir
John Pringle of Edinburgh and,
later, Gerard Van Swieten and
Baron Anton Von Stoerk of Vienna.
Increasing interest in the pathology
of gout coincided with the development of the microscope and the
general introduction of postmortem
examination , which, until that time,
had been discouraged by the
Church. This conjunction of circumstances culminated in the first
great work on morbid anatomy
(1761) produced by Giovanni Morgagni, the Italian founder of that
subject. His description of the pat hology of gout was carried further
by Jean Bichat, the father of

French scientific medicine, in bis
splendid work Anatomie Pathologique of 1825.
The interesting "mediaeval" character, Paracelsus, half alchemistquack and half genius, was the
first to suggest that gout might
not be a product of humoral derangement, but might instead be a
" tartarous" chemical abnormality ;
proof was lacking, however. The
first step towards an accurate metabolic conception of the disease
was taken when the Swedish apothecary Karl Wilhelm Scheele di scovered uric acid (1776) in the
course of chemical researches
carried out after business hours in
the kitchen of bis herb shop . The
next step was Wollaston's discovery, noted above, that gouty tophi
contained uric acid . It was this
knowledge which led to Garrod's
demonstration ( 1848) that uric
acid was the eminence grise behind the various manifestations of
gout. For that purpose, he devised
bis famous "thread test," one of
the first bedside chemical tests ever
used for diagnostic purposes.
Subsequently, much further light
was thrown upon the metabolic
complexities of gouty metabolism
as the result of the monumental
work of the German chemist Emil
Fischer (1852-1919) , who first
established the relationship of uric
acid to purine protein bodies. He
worked out the family tree of gout
and showed that the purine nucleus
was the common ancestor of all
the metabolic products of the disease. This was the scientific foundation of our present improved
understanding of the disease process, which has been facilitated by
advances in such important aids as
micromethods of blood analysis
and isometric labelling.
Treatment

The general plan of treatment
for gout systematised by the Hippocratic physicians was based upon
their conception of humoral pathology and varied very little until

comparatively recent times. Its objective was to evacuate the offending matter from the body through
all available routes by purging,
sweating, diuresis and bleeding.
The system would then have to be
built up by proper diet and exercise so that the humoral defects
would right themselves and the
body would act, henceforth, as its
own physician. With minor and
fashionable variations, that system
of management altered but little
until the middle of the last cen tury
(Fig. 5) .
The modem treatment of gout
depends upon the use of powerful
anti-inflammatory substances to
subdue its acute episodes . More
basically important, however, are
the long-term measures which must
also still be used between attacks,
with the objective of lowering the
blood level of uric acid and so, in
time, preventing further attacks.
Such "interval treatment" may
have to be maintained almost
permanently in certain patients by
means of both medication and
regime.
Of the anti-inflammatory substances used for the former purposes, colcbicine is still probably
the most specific. Until 1884 this
alkaloid was obtained from the
corm of the autumn crocus, Colchicum autumnale (Fig. 6). It was
known by the name of hermodactyl
to the ancient Greeks, who employed it as a powerful purgative.
As purgation was considered by
them to be the easiest and best
method of eliminating the " peccant gouty humour," they evidently
obtained good therapeutic results,
although there is no convincing evidence that they recognised the specific effect of hermodactyl upon the
disease. During the Middle Ages
polypharmacy became the fashion ,
but small amounts of hermodactyl
were still used in purgative prescriptions throughout Europe. It
was Sydenham who eventually decided that purgation was inappropriate as a therapeutic measure in
gout. Such was his influence that
5
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the use of substa nces for catharsis,
including colchicum, was discontinued for the next 200 years . As
alternative treatment, dietetic measures, bleeding, blistering, diuresis
and sweating, together with moderate physical exercise and a quiet
routine life, were reverted to with
some degree of success. The names
of the English physici ans William

Cadogan, George Cheyne and William Heberden were particul arly
associated with such regimes during the 18th century.
Reintroduction of colchicum for
the treatment of gout is generally attributed to Yon Stoerk of
Vienna ( 1763) . It seems, however,
that he advoca ted its use principally for the treatment of oedema

Fig. 6-Colchicum , or the Meadow Saffron. From a French herbal.
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of cardiac origin ; its value in
the gout remained forgotten until
a French quack introduced his
secret remedy L 'Eau d'Husson
about 1780. This enjoyed immediate success among the many distinguished sufferers in Europe. The
Prince Regent of England , the
"First Gentleman of E urope," was
a great sufferer, but his physicians refused to allow him to obtain a supply, as it was a "patent
medicine of unknown composition ." Eventually, he used hi s royal
prerogative, saying, "Gentlemen, I
have taken your half-measures long
enough to p lease you. . . . From
now on I shall take colchicum to
please myself." As he had previously been ingesting l ,200 drops
of la ud anum daily without relief of
pain, the immediate results of the
beneficial effect of colchicum were
fe lt indirectly throughout the Continent. The success of this medicament led to a spate of other sec ret
remedies such as the famous "Portla nd Powder," but none of them
achieved permanent success. It is a
curious fac t, however, that although most of the world's leading
physicians thereafter adopted the
use of colchicum , an influential
minority, which included the celebrated Frenchman Armand Trousseau, held out aga inst it in th e
belief that its use would merely
suppress the acute manifestation s
by driving them into other part s
of the bod y, thereby increasi ng the
underl ying viscera l gravity of the
disease.
Other substances of quite recent
introduction which are used in gout
for their anti-inflammatory and
ana lgesic properties are: a) phenyl butazone compounds ; b) indomethac in ; and c) steroid hormones,
although these are now seldom
employed.
For the long-term control and
ma nagement of gouty arthritis, in
addition to instituting dietetic regime it was necessary to find substances capable of lowering the
level of the uric acid present in the
sufferer's blood stream . The first
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substance of this type was cinchophen (atophan) which was synthesised as early as 1887 in Germany and was introduced into
clinical medicine for this purpose
by W. Weintraud of Berlin in
1911. For a time it served its purpose, but eventually its often dangerous side effects severely limited
its use. The only alternative was
sodium salicylate which for this
purpose, however, had to be giwe n
in a dosage so high that most
patients were un able to tolerate it
for long.
Jt was not until 1948-exactly
a century after the discovery of
uric acid as th e fons et origo of
the gouty state- th at a satisfactory
uricosuric substance was discovered, as a side issue, during the
course of ex periments designed to
broaden the spectrum of penicillin.
Jn that yea r William Q. Wolfson
and his colleagues noted that carinamide, give n in doses of 10-20
gm, would lower th e blood level of
uric acid whilst increasing total
urinary excretion. This dosage level
proved too high for safety, however, and it was not until its synthetic proge ny probenecid was develo ped in 195 1 that these results
co uld be obtained with comparative
immunity from side effects. In
1959 benemid was introduced into
clinical practise and since then has
proved to be a safe and effective
uricos uri c age nt. Synthetic varia nts continue to be add ed to our
therapeutic armamentarium for in ducing a prolonged negative uric
balance in the body.
In 1966 a new type of substance, all op urinal, was introduced
wh ich, by enzy me act ion , is able to
effectively suppress the synth esis
of uric ac id in th e body and eliminate purines in their intermediate
synthetic stages of xa nthine and
hypoxanthine, a process which
does not appear to be followed by
unwanted side effects. An impressive secondary result of allopurin al
administration is the gradual reabsorption of fully formed tophi .
Other methods of treating gout

which have had thei r vogue at
times throughout the ages include
magic symbolism, use of the lodestone (magnetism) , counterirritation such as produced by burning fl ax (moxa) or the cautery,
hyp notism , hydrotherapy and use
of electric currents. The earliest
use of electrotherapy was described by the Rom an ph ys ician
Scribonius Largus (A.D . 46), who
sa id th at, "For any type of gout
... a live black torpedo fish should
be pl aced under the feet. The patient must stand on a moist shore
washed by th e sea, and he should
stay like this until his whole leg up
to the knee is numb .. .. " This
treatment was later th e subject of
a commentary by G alen.
Medicinal "specifics" were a
legitimate part of th e stock-in-trade
of many celebrated physici ans
in the past for the treatment of a
number of diseases, including th e
gout. Most of these spec ifics, including th e " Gout Cordial " advocated by Hermann Boerh aa ve, the
" Batavian Hippoc rates," contained,
amon g other ingredients, white
hellebore (Vera /rum album.) or
guaiac um bark. The hosts of itinerant quacks and empirics who
pera mbulated E urope also used
mine ral substances such as antimony, arsenic and mercury which
could be-and often were- hi ghl y
dangerous. During th e acute phase
of a gouty attack, opiates would
naturally be called for by th e sufferer, although, strangely, most orthod ox medical opinion during the
17th and 18th centuries frowned on
th e practise, as it was thought th at
th e disease would only be temporarily miti ga ted and would be likely
to recur thereafter in a more malignant and lastin g guise . The custom
of hot and cold bathin g practised
by the anci ent Greeks led directl y
to the later development of the
va rious mineral water spas which
attracted the wealthier sufferers for
treatment durin g the 18th and 19th
centuries-and still do. To P aracelsus, who first suggested a chemical origin for the disease. these

healing springs represented nature's
laboratories, revealing to men the
hidden virtues and powers of the
vix medicalrix naturae.
The use of external applications
was universal during the Middle
Ages and the Rena issa nce , and
secret recipes for such unguents
and plasters, if th e ingredients were
sufficientl y exotic or expensive,
were often used as gifts by suppliants to ingrati ate monarchs and
potentates. During the 18th century, however, external remedies
were considered undesirable, as
they tended to "fix the inflamm ation" in the affec ted joints; a policy
of laissez-fa ire concerning the outsid e of the body was considered
preferable.
It is interesting to note th at the
treatment of go ut- the best documented disease of mankind and
one which, Sydenham remarked ,
" . .. destroys mo re rich th an poor
persons, and more wise men than
fools " -remained basically unch anged from the earli est days
until the first quarter of the last
century.
Wine
From ea rl y times it had been
remarked that the stresses put
upon metabolism by heavy eatin g
or drinking would often culmin ate
in an episode of go ut. Hippocrates
and his followers , therefore, pl aced
great importance upon moderation
in both food a nd wine. Curiously,
he believed that the heav ier ,
sweeter wines of Salerno and the
South were to be preferred.
In 1688 the French wines popular in England began to be fortified
with brand y as a prese rvative, and
the incidence of go ut markedly
rose. According to one authority,
"Burgundy is, of all wines, the
most certain fuel to the go ut. " In
1703 gouty Queen Anne of England concluded the Trea ty of
Methuen whereby port wine was
substituted for the French wines .
It became very popul ar, according
to Richard Mead , " as an antidote
7
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to the damp climate and fogs of
England, the inhabitants being at
that time unaware of the canker
that lurks in every glass for the
gouty subject. " From the time of
the legendary invention of champagne by a French Benedictine
monk in 1718 , there was almost
unanimous agreement within the
Faculty that this wine above all
others would precipitate attacks of
gout. The 19th century gave rise
to considerable learned and pseudolearned literature upon the subject.
In a lighter vein one may quote a
letter of James Russell Lowell
from Boston . He wrote: "I call
my gout the unearned increment
from my grandfather's madeira,
and think how excellent it must
have been- I sip it from the bin
of fancy , and wish he had left to
me the cause instead of the effect."
As Benjamin Franklin pointed out,
the truth of the matter, if we
exclude those rare persons who
have an allergic sensitivity to certain wines, may have been enunciated by Thomas Sydenham when
he said ( 1682) , " If you drink wine
you get the gout ; if you do not
drink wine-the gout has you."
Historic Effects

Reference was made earlier to
the effect that gout appears to have
exercised upon world affairs. Several of the great Ren aissance Italian
Medici rulers who were sufferers
serve to illustrate the association
between outstanding ability and
gouty diathesi s which has been remarked upon throughout the ages.
Of "Piero ii Grottoso" (Peter the
Gouty) it was written that his disease "caused him often to leave the
affairs of his state to others less
worthy." The great Holy Roman
Emperor Charles V, who suffered
his first attack at the age of 28,
eventually was forced to the unprecedented step of abdicating in
favo ur of hi s son Philip II of Spain,
who married Mary Tudor, Queen
of England, and , in turn, died
crippled of the same complaint.
8

Had not the great Lord Burghley,
Chancellor of England, himself
been incapacitated with an attack
of the same disease, he would have
been able to prevent that marriage
which brought such misfortune to
his country.
The well-known 17th century
statesman Sir William Temple
pointed out that the gout often
affected the outlook and policy
of rulers, saying, "I have seen the
councils of a very great country
(France) grow bold or timorous
according to the fits of gout on its
Governor. " A final example, nearer
home, may be of interest. It concerns the English Prime Minister,
William Pitt, First Earl of Chatham, who by 1763 had concluded
successfully the seven years' struggle with France for the sovereignty
of the New World. The cost of
such victory was high, and it was
thought that the Colonies should
share it. So, taking advantage of
Pitt's absence during an attack of
gout, Parliament passed the Stamp
Act, which threw much of the expense upon the American Colonies
-without their consent, however.
On his return Pitt indignantly had
it repealed, but during a further attack of gout his colleagues substituted a heavy colonial duty on
tea to raise the revenue required.
This culminated in the famous
Boston Tea Party with its wellknown results . Pitt was abetted in
his peaceful efforts by his gouty
American friend and colleague
Benjamin Franklin, who was said
to have introduced the first corms
of colchicum into the colonies on
his return to Philadelphia, where
he wrote his well-known and amusing Dialogue between Benjamin
Franklin and the Gout. It is interesting to speculate on the relationship our two great countries
would be enjoying had the rediscovery of colchicum for the treatment of gout been advanced by 25
years and the War of Independence
therefore not taken plaE:e!
It ·had long been suspected that
gout might be a disease of varying

origins, but it has only been during
the present century that primary or
acquired gout and hereditary gout
have been clearly defined and differentiated. A considerable number
of secondary types are now recognised. Several are of iatrogenic
nature, whereas others result from
disorders of the blood , the bone
marrow and the metabolism, as well
as from associated specific defects
such as those in the Lesch-Nyhan
Syndrome of children. Increasing
knowledge of gout's chemical secrets, however, is resulting in improved treatment, and we can now
assert that gout is perhaps the
disease of which we have the most
detailed specific understanding and
the most effective control. With
cooperation from the sufferer and
a mild dietary regime, we can now
prevent any damage which has already occurred from progressing
and, thus, avoid recurrent or progressive deterioration. In almost
every case we can now terminate
the occurrence of the painful
acute attacks by use of modern
chemotherapy .

O nset of the Immune Response
S. G. BRA DLEY

Department of Microbiology , University of Minnesota,
Minneapolis 55455*

All of the theories set forth to
explain the onset of the immune
response have either a selective or
an instructional basis. Each of these
general theories has been extensively refined, thereby creating a
large variety of auxiliary versions.
According to the selective theory,
genetic diversity preexists among
the immature immunocytes, which
commits each of them to the production of a specific antibody. The
role of the antigen is to activate
particular dedicated clones of cells
to proliferate. All of the antibody
elicited by an antigenic stimulation
will be produced by the members
of these clones and their descendants. There are two implications
of this theory which are subject
to experimentation. One is that
antibody can be formed without
antigen. The second proposes that
each cell is genetically restricted
to the synthesis of one or a few
kinds of specific antibody.
According to the instructive
theory, all of the immature immunocytes are genetically homogeneous, and they are induced by
the antigen to make specific antibody. The instructive theory holds
that no antibody is made in the
absence of antigenic stimulation
and that the immature immunocytes are totipotent.
In our experiments designed to
uncover the genetic and biochemical bases for the onset of the immune response, we have accepted

*Present address: Department of
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the premise that antibody formation
does not violate the principles of
comparative genetics and comparative biochemistry. We have assumed, therefore, that antibody
specificity is controlled by deoxyribonucleic acid (DNA) and that
its synthesis is mediated by messenger ribonucleic acid (mRNA) which
is affixed to ribosomes.
In order to avoid any misunderstanding of the terms used in this
discussion, I will define three
crucial phrases. The primary immune response is an animal's
immune response to its first contact with antigen, which usually
occurs long before the first intentional stimulation with an antigen .
Early antibody is operationally
defined as the antibody formed
during the first few days after an
initial intentional antigenic stimulation. Late antibody is operationally
defined as that which is formed
after repeated antigenic stimulation
or that formed more than one week
after injection of a large, but not
massive, amount of antigen.
In our studies on the primary
immune response, we have used
germfree, colostrum-deprived swine
taken three to five days prematurely
by hysterectomy. These piglets Jack
gamma globulin until they are immunized. Upon antigenic stimulation, early macroglobulin antibody
is produced within 48 hours; subsequently late euglobulin antibody
is produced . Our results have led
me to formulate a new instructive
model for the onset of antibody
formation.
9
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Phage-Neutralization Assay

The assay for antibody activity
used primarily, but not exclusively,
has been the neutralization of a
bacteriophage. We have worked
mostly with actinophage MSP2 and
MSPS, which can be readily purified and reliably enumerated as
plaque-forming units
(Bradley,
1968). Jn the phage-neutralization
assay, sera from normal or immune animals are first heated to
56 C for 30 minutes, because the
neutralization of actinophages is
not complement dependent. Next,
appropriate dilutions of the actinophage and serum are mixed and
incubated together for varying
periods, after which the number of
surviving plaque-forming units is
enumerated (Bradley and Watson ,
1963). The resulting data reflect the
rate of inactivation of the actinophage. Accordingly, the neutralizing potency of a serum is expressed
as the first order rate constant k
(Adams, 1959). The constant k is
calculated from the following formula :
k

=

2 .3.Q log Po
T
P,

where D is the dilution factor, T
is time in minutes, P o is the original
number of viable phages present,
and p , is the number of surviving
phages at time T. The use of the
k value is limited by the fact that it
is an expression for a first order
reaction, but neutralization of a
virus is not a first order reaction.
Nevertheless, the k value provides
a certain basis for comparing the
potencies of various sera or serum
fractions .
Immunologic Status of
Normal Animals

The source of normal antibody is
a critical issue in an evaluation of
the selective and instructive models
for the onset of the immune response. As stated earlier, the selec10

tive theory holds that the antibody
in the serum of normal animals is
made by the genetically committed
clones of immunocytes, whereas
the instructional theory advocates
that this antibody is made as a
result of prior contact with the
antigen. Immunologists have tried
to resolve this question by a variety
of approaches. Muschel , Jackson
and Schmoker (1966), for example,
have reported that induced antibody
formation is inhibited by actinomycin D , but that normal antibody
snythesis is resistant to this inhibitor of DNA-dependent mRNA synthesis. These workers suggested that
normal antibody may be formed
on a stable mRNA, whereas induced an tibody is made on an unstable mRNA. Their experiments
wi th actinomycin D are subject to
several limitations, one of which is
that the therapeutic dose is essentially the same as the toxic dose.
More importantl y, most experiments concerned with suppression
of the normal antibody content of
sera have not drawn samples beyond the eighth day after treatment with an immunosuppressive
agent. It must be recognized that
the half-life of normal antibody is
abo ut five days. Since many of the
assays used cannot reliably detect
a 50 % reduction in normal antibody activity, some of the earlier
studies could not possibly have
detected a significant decrease in
the normal antibody concentration
within one week .
We have examined the effects
of three immunosuppressive drugs
on the normal and induced immune
responses . The drugs chosen were
acti nomycin D , cyclophosphamide
and uracil mustard; the immunosuppressive drugs were given daily
to inbred mice for as long as 30
days. Actinomycin D was the least
effective inhibitor of the immune
response of the three drugs tested.
In fact , actinomyci n D delays the
immune response and does not
appreciably decrease the maximum
titer ultimately achieved (Wust,
Gall and Novelli , 1964). Our ob-

servations on the effect of actinomycin D on normal antibody formation are entirely in accord with
the resu lts on induced antibody.
At first the level of normal antibody drops after actinomycin D is
administered. The decrease in antibody titer probably reflects : (a) the
temporary inhibition of new synthesis; and (b) the decay of preformed normal antibody. Eventually, normal antibody synthesis
returns to the original rate and the
normal antibody titers are restored
to the control values, where they
remain until the animals become
debilitated.
Our data indicate that uracil
mustard causes a release of antibody stored in immunocompetent
cells due to its cytotoxic action.
Thereafter, the concentration of
circulating normal antibody decreases for about a week. Later on
the normal antibody titers return to
control values, perhaps because the
an im als have developed increased
ab ility to metabolize or excrete the
drug. Similarly, the induced immune response is reduced after five
days of treatment but is nearly normal after eight days of treat ment.
Cyclophosphamide causes a long
lasting suppression of the induced

TABLE 1
Phage-Neutralizing Activities of Normal Sera
Animal
man
ox
swine
monkey
dog
sheep
chicken
horse
mouse
calf
goat
rabbit
guinea pig
newborn calf
fetal calf
fetal swine

k value

0.05
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.005
0.005
0.005
0.005
0.0005
< 0.00001
< 0.00001
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response. Of the three drugs used by
us, only cyclophosphamide causes
a prolonged depression of normal
antibody titers. Accordingly, our
experiments indicate that there is
a good correlation between the
effect of an immunosuppressive
agent on the normal and the induced immune responses. Although
not definitive, our results support
the view that induced antibody and
normal antibody are made by the
same cellular system.
In order to pursue our studies
on the true primary immune response, we conducted a survey of
the normal antibody contents in
sera of a number of normal animals. All of the normal adult
animal sera tested had demonstrable amounts of phage-neutralizing
activity (Table 1), and all had rather
substantial amounts of gamma globulin. Notably, however, fetal calf
and fetal swine sera both lacked
measurable phage-neutra lizing activity and detectable gamma globulin. For our further studies on
the onset of the immune response,
we could have chosen either the
fetal calf or fetal swine. It is fortunate for us that the Hormel Institute in Minnesota has developed
a disease-free miniature swine
(Dettmers, Remple and Comstock,
1965) . These pathogen-free animals are housed indoors and are
fed a relatively constant diet
(Young, Underdahl and Hinz,
1955). Most of our recent work on
the primary immu ne response has
been carried out with the miniature
swin e from the Hormel Institute.
Normal Antibody in Swine

Adult swine and conventionally
farrowed piglets contain phageneutralizing activity and detectable
amounts of gamma globulin. In
fact, the serum from a neonatal
piglet fed colostrum contains more
antibody activity per unit volume
than sow serum. Fortunately, the
fetal pig is separated from the
maternal circulation by a placenta
composed of many cell layers . It is

a definite barrier preventing the passage of large molecules from the
sow to the fetus and, of course,
from the fetus to the sow. The
serum of a piglet taken by hysterectomy three to five days prior to
term contains no measurable phageneutralizing activity or gamma
globulin. However, the colostrumdeprived, germfree piglet fed a
diet of cow's milk, eggs and minerals develops phage-neutralizing
activity and gamma globulin within
two weeks. Colostrum-deprived
germfree piglets fed a hypoallergenic diet developed gamma globulin and phage-neutralizing activity
after three weeeks. The amount of
normal antibody in the serum two
weeks after delivery is greatest in
the conventionally farrowed animal
fed a complex diet and is least in
the hysterectomy-taken piglet deprived of colostrum, kept germfree
and fed a hypoallergenic diet. The
colostrum-deprived germfree piglet
fed a complex diet has an intermediate level of normal antibody.
Clearly the concentration of normal
antibody in the piglet serum is proportional to the extent of the animal's exposure to foreign polymers.
Of the first 23 sows that we examined, the sera from all of them
contained demonstrable amounts of
normal antibody . Of 56 piglets
taken by hysterectomy, one possessed detectable gamma globulin
and phage-neutralizing activity. The
piglet containing normal antibody
was taken by hysterectomy in the
same sterile isolator that had previously been used for a sow hyperimmunized with actinophage.
Although the isolator had been
washed between operations, maternal blood from the first sow
could be seen inside the hood.
These piglets are remarkable animals; as soon as they are removed
from the extraembryonic membranes and the umbilicus is clamped
and severed, they run about the
isolator ingesting anything in sight.
In this instance, the piglet apparently consumed sufficient blood
from the preceding sow to give

it measurable circulating antibody.
Subsequently, we have been aware
of the exquisite ability of these
piglets to adsorb orally administered antibody; therefore, we have
exercised great care in denying
them access to maternal blood or
tissue. Among the next 40 piglets
taken by hysterectomy, not one
contained detectable antibody. It is
significant that piglets from sows
hyperimmunized with actinophage
MSP2 did not contain either gamma globulin or phage-neutralizing
activity, whereas piglets from sows
that had been immunized with
bacterial endotoxin, with or without another antigen, contained
both gamma globulin and phageneutralizing activity. This means
that a sow which contracts an infection with a gram-negative bacterium during pregnancy will develop a faulty placenta that allows
antigens and antibody to enter the
fetal circulation. Our work, therefore, has been critically dependent
upon the supply of piglet litters
from the disease-free herd at the
Hormel Institute. These experiments could not be carried out
with field-reared swine.
Immune Response of Piglets

The placenta of the healthy sow
is a tremendously effective barrier.
The phage-neutralizing activity of
the serum from a hyperimmunized
sow may have a k value in excess
of 1,000, whereas the phage-neutralizing activity in the serum of
a piglet taken by hysterectomy is
less than 0.00001. Concentration of
the piglet serum twentyfold still revealed neither gamma globulin. nor
any phage-neutralizing activity.
Moreover, piglets taken by hysterectomy, deprived of colostrum and
kept germfree and antigen-free for
four days, did not develop phageneutralizing activity or detectable
amounts of gamma globulin. The
antigen-free (unfed) piglet must
be fed on day four if the experiment is to continue. As noted earlier, piglets fed a hypoallergenic
11
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diet produce minute amounts of
antibody after several weeks. When
these piglets are injected with actinophage MSP2 on the day of
hysterectomy, they produce phageneutralizing activity and gamma
globulin within 48 hours. The colostrum-deprived, germfree piglet
is immunologically competent.
These experiments constitute a direct test of Jerne's selective theory
of antibody formation. Jerne proposed that antibody formation was
elicited by an immune aggregate
formed by the reaction of an antigen with normal antibody (Jerne,
1955) . Our data are contrary to
Jerne's early clonal selection theory.
Characterization of Swine
Antibodies

Mercaptoethanol has become accepted as a means of differentiating
between early and late antibody
(Deutsch and Morton, 1958). The
phage-neutralizing activity in normal sow serum was 88 % destroyed
by mercaptoethanol; the early antibody from an immunized sow was
65 % destroyed by mercaptoethanol. Late antibody from a hyperimmunized sow, however, was unaffected by mercaptoethanol. Antibody from a 6-day-old, germfree
immunized piglet was 90% inactivated by mercaptoethanol, whereas the antibody collected 44 days
after antigenic stimulation was not
affected by mercaptoethanol. It is
permissible, therefore, to equate
mercaptoethanol sensitivity with
early antibody and resistance to
mercaptoethanol with late antibody.
We also subjected the various
sera to diethylaminoethyl-cellulose
(DEAE-cellulose) elution chromatography. DEAE-cellulose chromatography separates swine serum
proteins into five fractions. The
first fraction contains gamma-2
globulin and some beta globulin;
fraction two contains beta globulins; fraction three contains albumin, alpha globulins and some beta
globulin; fraction four contains
alpha globulins, beta globulins, al12

bumin and gamma-1 globulins ; and
the fifth fraction contains a variety
of nondescript residual material
(Kim, Bradley and Watson, 1964).
Obviously, this method is rather
poor as a general technique for
whole serum fractionation, but it
does give essentially complete separation of the two gamma globulin
fractions.
The phage-neutralizing activity
in normal sow serum is found
almost exclusively in fraction four.
The early antibody activity from an
immunized sow is mostly in fraction four, but significant phageneutralizing activity is seen in fraction one. Late antibody activity
from a hyperimmunized sow is
mostly in the first fraction through
DEAE-cellulose. The antibody activity from a 6-day-old germfree
immunized piglet is all in fraction
four. Accordingly, we can equate
DEAE-cellulose fraction four with
mercaptoethanol-sensitive early
antibody and DEAE-cellulose fraction one with mercaptoethanolresistant late antibody. In addition
we have separated the early and
late antibody classes by gel filtration with Sephadex 200 and have
determined their molecular weights
from their sedimentation velocities
in the analytical centrifuge. The
early antibody has an Sc'Ow value of
6.6 and a molecular weight of
170,000 daltons, whereas the late
antibody has an S20 "' value of 18.5
and a molecular weight of 900,000
daltons (Kim, Bradley and Watson, 1968) .

after antigenic stimulation was
mercaptoethanol-sensitive, was
eluted in fraction four from DEAEcellulose, and had an S-value of
approximately 19 and a molecular
weight of 900,000. Later on mercaptoethanol-resistant antibody having an S-value of seven and a molecular weight of 170,000 was
formed. One of our most significant
findings has been that swine 19S
early antibody and 7S late antibody
give a strong line of identity in agar
gel double diffusion plates with rabbit anti-sow serum in the center
well. Moreover, the antigenically
identical 7S IgG antibody and 19S
IgG antibody are distinctly different
from IgM globulin (,82M-globulin).
This differentiation between 19S
IgG early antibody and 19S IgM
globulin is emphasized by the fortunate fact that piglets do not make
l 9S IgM globulin until about two
weeks of age, whereas 19S IgG can
be induced in observable amounts
in only two days (Kim, Bradley
and Watson, 1966b ). Phylogenetic
confirmation of our demonstration
of the identity of 7S IgG and 19S
IgG antibodies in the mouse and
swine has been provided by Suran,
Tarail and Papermaster ( 1967).
They have shown that the 7S and
17S immunoglobulins of the leopard shark appear identical when
tested with rabbit anti-shark serum,
whereas the heavy and light chains
derived from the 7S and 17S immunoglobulins are indistinguishable
when tested with this serum.
Antigenic Competition

Early Antibody in the Piglet

It was noted earlier that piglets
taken by hysterectomy, deprived of
colostrum and kept germfree produced measurable phage-neutralizing activity and detectable amounts
of gamma globulin within 48 hours
after antigenic stimulation. During
subsequent days following immunization, the sera of these piglets contained increasing amounts of phageneutralizing activity and gamma
globulin. The first antibody found

The selective theory of antibody
synthesis holds that the immunocytes are partitioned into dedicated
clones with restricted · capability to
produce antibody. The role of the
antigen, therefore, is to select for
cells genetically determined to
make particular specific antibody
molecules. If multiple antigens are
presented simultaneously, different
clones of immunocytes should be
selected; hence, the immune response to each antigen should be
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the same, whether the antigen is
presented alone or in combination
with other antigens. Experimentally,
the antigenic stimuli must not represent maximum challenges that
thrust the animal to the limit of its
ability to make protein; otherwise,
the amounts of specific antibodies
elicited by multiple antigens will be
restricted by the supply of protein
precursors and biosynthetic cofactors.
Accordingl y, piglets were challenged with single and multiple
antigens at doses that did not elicit
maximal antibody responses. Piglets given only actinophage MSP2
produced tenfold more phage-neutralizing antibody than piglets simultaneously challenged with actinophage MSP2, bovine serum
albumin and Escherichia coli 08
(Kim, Bradley and Watson,
1966a) . There is competition between these antigens, and it is not
at the level of the ability of the animals to make protein. These results
are consistent wi th the instructive
theory wherein all of the uncommitted immunocytes are genetically
homogeneous and equally able to
react with any presented antigen.
Structure of 75 lgG
lmmunoglobulin

In order to compose an instructive theory of antibody formation
that is consistent with modern biochemical genetics, it is first necessary to consider the structure of the
antibody molecule. Since the first
antibody produced during the true
primary immune response is the
19S lgG immunoglobulin, it is this
molecular entity that is our primary
concern. Unfortunately, though, little is known about 19S lgG immunoglobulin, because most preparations have contained substantial
amounts of the related, but distinctly different 19S IgM protein.
Accordingly, we must use 7S lgG
immunoglobulin as the model protein. The 7S antibody molecule
consists of two identical halves
linked together by two disulfide

bonds between the heavy (H)
chains (Waxdal, Konigsberg and
Edelman, 1967). Each half-molecule consists of a light (L) chain
and an H-chain, which are also
linked by disulfide bonds (Fig. 1).
The L-chain can be subdivided
into a variable portion (the aminoterminal half) and an invariant portion (the carboxyl-terminal
half) . Actually, a given immunoglobulin molecule contains one
of two alternative invariant segments, which are the basis of
the antigenic classification into
kappa L-chains or lambda L-chains
(Putnam et al., 1967) . The allotypic markers, In v of the kappa Lchain and Oz of the lambda Lchain, represent the only known
differences in their respective invariant segments.

Intact 7S IgG antibody is cleaved
by papain to give an invariant
fragment, called Fe, of the H-chain
and a fragment, Fab, which consists of an L-chain paired with the
amino-terminal end of an H-chain.
This latter H-chain fragment is designated Fd. Tentative analyses indicate that part of the Fd portion
of the H-chain is variable like the
amino-terminal end of the L-chain
(Cebra, 1967; Press and Piggot,
1967). The carboxyl-terminal end
of the H-chain, that is, the Fe fragment, is associated with a number
of important biological activities,
such as complement fixation, ability to fix to tissues, ability to cross
fetal membranes, reaction with protein A from Staphylococcus aureus
and immunogenicity for speciesspecific, anti-IgG antibody (Sjoquist
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et al., 1967). The antigen-binding
capability of the 7S lgG molecule
is confined to the Fab portion of
the molecule.

mRNA-Selection Theory
The following proposal for the
mechanism controlling the onset of
the immune response is highly
speculative. Accordingly, minimum
effort has been made to justify
particular steps in the scheme.
An antigen injected into an animal is cleared from the blood in
50 to 100 hours by physiological
mechanisms and immune processes.
Antigen is taken up by a number
of tissues and is retained for a long
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time, sequestered in the niches and
crevices of the spleen and testes,
even though there are substantial
levels of circulating antibody. In
order for a foreign substance to be
immunogenic, it must be partially
degraded to release antigenic determinants (Campbell and Garvey,
1963). If the foreign substance is
not degradable, or if it is completely degraded quickly, then it is
not immunogenic. A complex antigen, therefore, is ingested by a
phagocyte (a macrophage) and
broken down into several fragments, each containing a hapten
or determinant group. Supposedly,
these determinants are coupled
with mRNA molecules that code
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Fig. 2-Diagrammatic representation of an instructional theory of antibody
formation based upon the selective aggregation of specific mRNA molecules
·coding for the amino-terminal ends of the L-chain and the Fd fragment around
an antigenic determinant.
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for the Fe portion of the lgG
molecule. Next, the determinantmRNA (Fe) is transferred to an
immature plasma cell.
In the immature plasma cell,
there are loci concerned with the
synthesis of: (a) the carboxylterminal portion of the Fd fragment; (b) the carboxyl-terminal
portion of the L-chain; and ( c)
the amino-terminal portions of the
L-chain and the Fd fragment. The
Fe fragment, the carboxyl-terminal
portion of the Fd fragment and the
carboxyl-terminal portion of the
L-chain make up the characteristic
structure of the IgG protein, but the
antigen-binding specificity resides
in the amino-terminal portions of
the L-chain and the Fd fragment.
The fundamental premise of the
present theory is that the specificity
of lgG is determined by the specific
order of two protein subunits comprising the amino-terminal ends of
the Fab fragment. These subunits
are presumed to be homologous
polypeptides, coded for by a finite
number of structural genes. As few
as 30 such genes would code for
2 30 or 10 9 antibody specificities. It
is significant that two possibly identical lambda L-chains have already
been encountered in mouse myeloma protein (Appella and Perham,
1967), a highly improbable event
according to the clonal selection
theory, but a reasonable expectation according to the present proposal. All of the genes controlling
each of the three segments of the
lgG protein would produce their
corresponding mRNA molecules.
Each of the mRNA molecules determining the amino-terminal portions of the L-chain and the Fdfragment is released from the DNA.
Each of these mRNA molecules initiates the synthesis of its specific
polypeptide. The cytoplasm of the
immature plasma cell now contains
an antigenic determinant coupled
to the mRNA for the Fe fragment
and about 20 specific mRNApeptides. There is evidence that the
individual chains of the lgG immunoglobulin can each combine
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with the corresponding hapten, so
it is reasonable to propose that the
appropriate polypeptides of the
mRNA-polypeptide complex would
be able to react with the antigenic
determinant of the determinantmRNA (Fe) complex. Those
polypeptide-mRNA complexes that
do not fit the antigenic determinant
will remain free in the cytoplasm
of the plasma cell. In this manner,
two mRNA molecules coding for
unique, antigen-specific polypeptide
sequences are brought together.
Now the mRNA molecules controlling the carboxyl-terminal portions
of the Fd fragment and the L-chain
are arranged about this nascent
antibody-forming focus (Fig. 2).
The H -chain mRNA subunits and
the L-chain mRNA subunits are
joined, ribosomes become attached
to the two completed mRNA molecules, and each initiates synthesis
of its component of the IgG immunoglobulin (Askonas and Williamson, 1967) .
In view of inadequate information about the exact structure of
the 19S IgG early antibody, it is
not possible to refine the description of the initial antibody-forming site. If the cell, producing antibody in response to a primary
antigenic stimulation, is exposed to
additional antigen, it may undergo
allergic death, liberating the pentavalent or hexavalent 19S lgG protein aggregate. Later on, the antibody-producing cell will develop a
secretory system which will pump
out bivalent 7S IgG immunoglobulin. Present evidence indicates that
the carbohydrate component of the
IgG molecule has a role in the secretion of the immunoglobulin
(Kern and Swenson, 1967); this
biochemical event may be correlated with cytologic differentiation
of the maturing plasma cell.
Concl usi on s

Although I started out a number
of years ago to devise experiments
that would test and hopefully definitely establish the correctness of

the selective theory of antibody
formation, our experimental findings have led me to propose an instructional theory wherein the antigen selects for particular mRNA
molecules to form an antibodyforming site.
Three lines of evidence have led
to this conclusion. Most importantly, the germfree, antigen-free,
colostrum-deprived piglet taken by
hysterectomy does not make detectable amounts of gamma globulin . All selective theories currently provide for gamma globulin
synthesis in the absence of antigenic stimulation. Moreover, there
is competition between antigens at
levels below the point where the
animal's ability to make protein is
stressed. According to the clonal
selection theory, there should be
no competition under these conditions, because genetically different
populations are being selected. All
tests that attempt to distinguish between the synthetic mechanism of
early, late and normal antibodies,
including studies using immunosuppressive drugs, have failed to discover any differentiating features.
It is especially significant that 19S
lgG and 7S IgG immunoglobulins
are phylogenetically and ontogenetically related, strongly supporting
the supposition that they are transitional forms of one another made
by genetically related cellular lines.
The present instructive model
for the onset of the true primary
immune response can also account
for immunologic paralysis, or tolerance. Originally immunologic paralysis or nonresponsiveness was
induced by injecting massive
amounts of an antigen. Recently,
however, it has been discovered
that it is possible to induce paralysis by injecting minute amounts of
highly soluble material. It is easy to
see how these small molecules
could be taken up by plasma cells,
where they bind to the polypeptide
of the polypeptide-mRNA complex (coding for the amino-terminal ends of the Fd fragment and Lchain). If there are enough of these

paralysis-inducing small molecules,
they will saturate all of the corresponding polypeptide-mRNA complexes, thereby preventing them
from associating around an antigenic determinant-mRNA (Fe) that
is presented at a later time. At the
molecular level then, immunologic
paralysis resembles the antigenexcess portion of a quantitative
precipitin assay.
The present model explains immunologic memory by supposing
that the antibody-forming sites,
once organized, are rather stable and
that they are inherited semiclonally
in the absence of further antigenic
stimulation. Additional antigen is
required to make new antibodyforming sites. In the anamnestic response, the cells containing specific
antibody-forming sites will start to
proliferate and organize new antibody-forming sites. In addition, uncommitted plasma cells will also be
induced to make specific antibody.
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Investigations on Congenital and
Induced Osteopetrosis
DONALD G. WALKER

Department of Anatomy, The Johns Hopkins University School of
Medicine, Baltimore, Maryland 21205

Osteopetrosis, or marble bone
disease, is a disturbance of skeletal
development in which the rate of
bone resorption fails to keep pace
with the rate of bone formation.
Bone matrix accumulates excessively throughout the skeletal system, causing damage to neighboring tissues-particularly the dental,
hematopoietic and nervous tissues.
The line of investigation on
osteopetrosis which has led to the
current point of view that the thyroid gland represents the primary
site of the disturbance was initiated
soon after an experimental animal
became available. In 1935 Hans
Grlineberg described a mutant of
the house mouse, named the greylethal , whose skele tal system
showed manifestations of osteopetrosis which closely resembled
those in man originally described
by Albers-Schonberg in 1904.
Barnicot (1948), working at University College, was the first to
show that osteopetrosis is an endocrine disorder. His most interesting
work involved the reciprocal transplantation of parathyroid tissue and
bone. In one experiment he took
from a grey-lethal mouse a piece of
calvarial bone and a parathyroid
body, attached the gland to the
surface of the bone, and implanted
the graft intracerebrally in a normal
sibling. A few days later, when the
graft was removed for examination,
the calvarial bone was found to
have been perforated in the region
underlying the parathyroid gland.
When the grey-lethal mouse was
used as host for grafting a parathyMCV QUARTERLY 5(1): 17-19, 1969

roid body and bone obtained from
a normal littermate, little or no evidence of bone erosion was demonstrable at the end of the culture
period.
In another experiment (Barnicot,
1941) , ribs from a grey-lethal
mouse were transplanted into a
normal littermate. When examined histologically two weeks later,
the rib grafts appeared normal.
In the reciprocal transplantation,
in which a rib from a normal
mouse was cultured subcutaneously
in a grey-lethal littermate, the graft
underwent osteopetrotic changes.
From these results it was evident
that the failure of bone remodelling
in the osteopetrotic mouse was not
explicable on the basis of incompetence on the part of either osteoclasts or the chief cells of the parathyroid gland. In an effort to
promote the resorption of the excess bone, Barnicot ( 1945) discovered that the grey-lethal mouse
suffered no ill effects from repeated
injections of parathyroid extract
(PTE) at a dose level that was
toxic enough to kill the normal
siblings after only one exposure.
Thus, Barnicot terminated his study
of the grey-lethal mouse by suggesting that osteopetrosis is a form
of hypoparathyroidism which cannot be cured by parathormone
therapy alone.
There are two reasons why the
"hypoparathyroid hypothesis" is
not tenable. It has long been known
that normal mice which have been
thyroparathyroidectomized at birth
do not develop osteopetrosis. Fur-

thermore, the fact that bone erosion failed to occur, even when the
parathyroid body was in direct contact with the calvarial bone, rules
out the possibility that a parathormone-destroying tissue intervenes
between the gland and its target.
In seeking additional information
as a basis for an alternative to
Barnicot's explanation, I first devoted my efforts to measuring the
plasma calcium concentration in
untreated animals of both sexes at
various ages. All of the grey-lethals
examined, including the younger
well-nourished group, were found
to be hypocalcemic, with a total
plasma calcium averaging 20 % below the mean value of plasma calcium obtained from the normal
littermates. In response to a single
injection of PTE at a dosage of
5 units/ gm of body weight, the
plasma calcium level of normal
mice one to four weeks of age
increased by 100% in 18 hours
and 200 % in 36 hours. Grey-lethal
mice given the same dosage of
PTE showed a maximum elevation
of plasma calcium concentration of
only 25 % , reached within 18
hours. By 36 hours the plasma calcium fell to a tetanic threshold
level. In response to injections of
PTE administered at intervals of
12 hours for as long as eight days,
the grey-lethal mouse never became hypercalcemic, whereas the
normal littermates invariably died
by the second or third day with
extreme hypercalcemia and nephrocalcinosis.
In an effort to locate the basis
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for the great resistance to parathyroid hormone observed in the greylethal, a thorough cytological and
histochemical assessment of osteoclasts was conducted. Bone samples
obtained from grey-lethals between
12 and 24 hours after the administration of parathormone showed
widespread or intense signs of osteoclastic activity, including an exceptionally high level of collagenase (Walker, l 966a). However, in
the untreated mice and at all time
points later than 24 hours in the
parathormone-treated animals, osteolytic activity was subnormal,
whereas the signs of increased osteoblastic activity were most impressive . The endosteum was hyperplastic, containing several layers
of osteoprogenitor cells as well as
a prominent layer of large osteoblasts; adjacent to the endosteum
was a thick seam of osteoid. The
hyperplastic endosteum was distributed over most of the trabecular
surface in the grey-lethal bones. In
order to place the osteogenic evaluation on a quantitative basis, I
employed tritiated proline incorporation studies. Tritiated proline
was administered intraperitoneally
at a dosage of 4µ,c to 8µ,c per
gm of body weight, and the animal
was sacrificed six hours later.
Samples of calvarial and tibial bone
were pulverized, extracted in ether,
suspended in scintillation fluid and
counted by means of a well-type
automated scintillation counter. The
counts obtained from the untreated
animals indicated that the greylethal incorporated 50 % more of
the 3H-proline into bone matrix
than the normal control. Parathyroid hormone was found to depress
incorporation in the normal by
about 50 % but in the grey-lethal
by only about 15 % (Walker,
1966b).
According to our interpretation
of the results of the evaluation of
osteolytic and osteogenic activities
in the osteopetrotic mouse, the imbalance leading to the excessive accumulation of bone is more likely
to be due to increased osteoblastic
18

activity than to decreased osteoclastic activity. In attempting to
locate an abnormally enlarged
source of an osteoblastic-stimulating factor, the pituitary and thyroid
glands were surveyed thoroughly
by means of light and electron microscopy. No evidence of increased
somatotroph or follicle cell activities was disclosed ; however, a
parafollicular cell hyperplasia was
discovered in the parathormonetreated grey-lethals. In electron micrographs the parafollicular cell
differs from the follicle cell in
several respects. It is of a larger
size, has a shape that is oval instead
of polygonal, and occupies a more
peripheral (parafollicular) position, resting against the basement ·
membrane of the follicle but never
bordering directly on the colloid.
Unlike all other epithelial cells, the
parafollicular cells are devoid of
intercellular attachment devices,
such as desmosomes, light junctions, and interlocking processes.
The most distinctive feature of the
parafollicular cells is the abundance
of cytoplasmic secretory vesicles.
These vesicles are about 0.2µ, in
diameter and appear to be empty
but may contain thyrocalcitonin,
a substance of homogeneous appearance and low electron opacity.
Since the parafollicular cell has
been shown to be the source of
thyrocalcitonin, the presence of a
parafollicular cell hyperplasia may
represent an excessive capacity to
produce thyrocalcitonin. Chronic
hypercalcitoninemia would be associated with sustained hypocalcemia, hypophosphatemia, and a
retardation of bone resorption. All
of these signs are characteristic of
osteopetrosis as manifested in the
grey-lethal mouse. The increased
rate of bone formation observed in
the grey-lethal might indicate that
thyrocalcitonin has a dual action on
bone-inhibiting osteolytic activity,
yet stimulating osteogenic activity
-a combination of effects diametrically opposed to the effects of
parathormone.
In addition to the grey-lethal,

three other mutants with osteopetrosis have recently been studied.
The implication of the findings obtained in microphthalmic and osteosclerotic mice is essentially the
same as the implication of the findings obtained from the grey-lethal
(S. C. Marks and D. G. Walker,
unpublished data) .
Rabbits with hereditary osteopetrosis as well as the mice with congenital osteopetrosis are hypocalcemic throughout life. They fail
to develop hypercalcemia even
when placed on an intensive parathormone regimen. However, the
abnormal tolerance · to parathormone in the rabbit does not seem
to be related to parafollicular cell
activity, as it was in osteopetrotic
mice. The parafollicular cell population is not elevated in the rabbits,
and, even after thyroidectomy or
thyroparathyroidectomy, the osteopetrotic rabbits are refractory to
the influence of parathormone. Furthermore, the rabbit mutants never
show increased osteogenic activity;
in fact, according to tritiated proline incorporating studies carried
out at various ages from birth to
one month of age, their capacity to
make bone matrix is only about
half that of the normal littermates.
Osteopetrotic rabbit bones show reduced numbers of osteoblasts, osteoclasts of abnormal appearance
and an abundance of mesenchyme
throughout
the intertrabecular
spaces (D. G. Walker and R . R.
Fox, unpublished data) .
On the basis of the fragmentary
data available at present, the primary defect in hereditary osteopetrosis of the rabbit appears to be
located in osseous tissue rather
than in the endocrine system.
Recently, osteopetrosis has been
induced in normal mice (S. C.
Marks, unpublished data), rabbits
and rats (D. G . Walker and M.A.
Shepp, unpublished data) by means
of daily injections of PTE at the
moderately low dose level of 0.5
units/ gm of l:\ody weight. Throughout the two-week or longer PTE
regimen initiated at birth, the med-
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ullary cavities of the long bones
failed to enlarge, and the cancellous bone of the epiphyses and metaphyses became increasingly dense,
gradually approaching compact
bone in appearance. The experimentally osteopetrotic animals, like
the congenitally osteopetrotic mice,
showed increased extent of osteoblastic activity in autoradiographic
studies and elevated levels of tritiated proline incorporation into bone
matrix as determined by counting
of radioactivity. In general, the
counts indicated that the experimental animals incorporated two
to three times as much of the administered label as did their normal
littermate controls. In addition,
parafollicular cell hyperplasia was
shown to exist in all of the animals
with induced osteopetrosis. The
parafollicular cell population in the
experimental animals was increased
about eightfold over that of the
controls.
The explanation for the mechanism which induced osteopetrosis in
normal mice was as follows. The
daily injection of PTE caused a
transient hypercalcemia. This, in
turn, stimulated the secretory and
proliferative activities of the parafollicul ar cells, leading to an overproduction of thyrocalcitonin. The
explanation received additional support from the finding that osteopetrosis could not be induced in
mice that had been completely
thyroidectomized. In those instances
where the thyroidectomy was not
complete, the degree of osteopetrosis induced by the parathormone
regimen correlated directly with
the number of parafollicular cells
counted in the remnant of thyroid
gland (S. C. Marks and D . G.
Walker, unpublished data).
From these investigations on
hereditary and induced osteopetrosis has emerged the theory that
the parafollicular cell is the source
of a potent osteoblast-stimulating
factor which may be an entity distinct from thyrocalcitonin. According to general consensus, thyrocalcitonin has but one action, namely,

inhibiting bone resorption. Therefore, at the present time we are investigating other possible sources
for the osteoblast-stimulating influence. In order to determine whether
or not the growth-promoting effect
was mediated by the pituitary gland,
rats hypophysectomized at two
weeks of age were injected with
either growth hormone or PTE or a
combination of the two hormones
for a period of three weeks. As
compared with the untreated hypophysectomized controls, hormoneinjected hypophysectomized rats
showed approximately a tenfold increase in the number of parafollicular cells of the thyroid gland
and a threefold to fivefold increase
in the bone label-incorporating capacity. The excessive accumulation
of bone matrix was observed only
in those animals receiving PTE,
but the .osteopetrotic trend developed more rapidly in animals receiving growth hormone in addition to PTE. The disturbance of
calcium homeostasis that leads to
the excessive accumulation of bone
matrix occurs not only when the
endogenous source of parathormone is inhibited, but also when
thyrocalcitonin production is increased. This dual effect is created
by the administration of PTE at a
low dose level. However, administration of growth hormone indirectly stimulates the activities of
the chief cell of the parathyroid
gland as well as the parafollicular
cell of the thyroid and, thus, calcium homeostasis is not disturbed .
The fact that growth hormone acts
synergistically with PTE in producing osteopetrosis can be explained simply by the fact that
growth hormone stimulates chondrogenesis, and the more rapid the
rate of cartilage production by the
epiphyseal plate, the more rapid
the bone accumulation under conditions where bone resorption has
been inhibited.
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Therm odes and Theories*
N. HERBERT SPECTOR
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Many investigators seeking the
nature of temperature regulation
in homeotherm s ( endotherms)
have heated or cooled the whole
or parts of the body by a great
variety of ingenious methods. Their
work ranges from the pioneer work
of Ackermann (1867), who injected cold blood into the jugular
vein of a dog, to the very modern
work of Bligh (1957, 1966) , who
has been studying the effects of
heated or cooled inspired air in
sheep and calves kept at different
ambient temperatures. In this brief
review, only the methods used for
specifically heating or cooling localized areas in the brain will be considered. Five different techniques
for this purpose have been employed, excluding simple electrical
stimulation which has multiple and ,
therefore, ambiguous effects.
These techniques include: ( 1)
changing the temperature of the
blood supply to the head or changing the volume of blood flow in the
head ; (2) perfusion of the ventricles of the brain with warm or
cold saline solutions (Hammouda,
1933); (3) heating or cooling by
circulating fluids or gases (including condensing refrigerant gases)
through tubes planted acutely or
chronically in specific intracranial
areas ; ( 4) heating an area between
two electrodes through which radio
frequency (RF) alternating current
*Supported in part by NSF Grant
GB 7839, NIH 5-FI-GM 15,730 and
BIG 3864 (600).
t Present address: Laboratoire de
Physiologie, Faculte de Medecine,
Universite de Lyon, 69 Lyon VIII,
France.
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is passed; and ( 5) heating or cooling by conduction through metal
probes attached to heat sources or
sinks on the exterior of the head,
e.g., via Peltier biothermodes
(Stuart, Ott and Cheshire, 1962;
Hayward et al., 1965) or water
coils (Folkow, Strom and Uvnas,
J 949a.)
As a preface to this discussion
of local heating and cooling methods, we might consider the work of
Kahn (1904) who, by looping a
tube around the carotid arteries of
the rabbit and passing water of
varying temperatures through the
tube, was able to heat the blood
supply to the entire brain and observe the consequent thermoregulatin g responses. Since that time,
many have used "carotid loops"
for the same purpose; Moorhouse
(1911), Thauer (1939, 1964) and
others have externalized and bathed
the carotid arteries as well as the
jugular veins, thus controlling the
temperature to and from the head .
Sixty years after K ahn's experiment, Downey, Mottram and Pickering (1964) used a similar cuff
on the internal carotid of the rabbit
in order to cool the blood a fraction of a degree, and they observed
increases in 0 2 consumption.
McCook, Peiss and Randall
(1962) and Hayward (1967) have
demonstrated that, simply by occluding the arterial blood supply,
the brain temperature is raised.
Similarly, if cerebral blood flow is
augmented, as in the case of blood
pressure increases induced by high
P co2 (H ayward, 1967), the brain
temperature fa ll s. McCook et al.
also demonstrated that hypothalamic temperature was lowered fur-

ther than aortic temperature by
barbiturate. This lowering of brain
temperature was attributed to increased blood flow to the hypothalamus.
Circulating Liqui d Thermodes

Barbour ( 1912) was probably
the first investigator to heat and
cool a specific area in one part of
the brain. Following the suggestion
of H. Meyer, he placed " thin
metal double tubules" (Fig. 1) in
the brains of rabbits, the tips "meeting the frontal end of the corpus
striatum," and passed hot and cold
water through these thermodes .
These were acute experiments under ether anesthesia, yet they
yielded clear-cut results . Barbour
was able to show rectal temperature responses opposite in direction
to that of induced brain temperature changes, as well as to observe
mechanisms of heat loss and conservation, such as peripheral (ear)
vasoconstriction and vasodilation.
He reported that 42 C was the lowest temperature of the probe that
wo uld produce hypothermia, and
33 C the highest that could produce
fever. Of course, it is now evident
from later work that his limits

Fig. 1-The first thermode used for
heating or cooling specific loci in the
brain . A-probe tubule; B--cylinder
with studs; C-skull; D-brain. (Reprinted with permission from Arch .
Exp. Pathol. Pharmakol. 70: 1, 1912.)
MCV QUARTERLY 5(1): 20·26, 1969
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could have been considerably narrower had his thermodes been
closer to the preoptic area. Bazett,
Alpers and Erb (1933) showed
that a cat with the corpora striata,
cortex and thalamus removed could
still regulate body temperature; this
followed an earlier demonstration
in the same species by Keller and
Hare (1932a, b) that, without the
hypothalamus, there was no temperature stasis.
A very perceptive observation by
Barbour (1912) and, later, by
others, that is frequently overlooked by reviewers was that the
extent of rectal temperature (RT)
change produced by the thermode
was limited by the ambient temperature; thus, during cold weather,
Barbour was able to produce increases of RT of 2.65 C, but in
June and July, he could only produce a maximum increase of 1.1 C
with the same cold probe. Using
similar thermodes, Prince and
Hahn (1918) confirmed Barbour's
work, utilizing conscious animals
(cats) .
Since Barbour's pioneering experiments, the circulating liquid
thermode technique has gone
through many modifications and
has been found to have a wide
variety of usages. For example,
Byck and Dirlick ( 1963) have developed a four-pronged thermode
assembly through which a refrigerant fluid can be passed, thus producing a "wall of cold" which can
serve to anesthetize neural tissue
in the plane of the fork. By this
means, one may produce reversible
cerveau isole or encephale isole.
Cryogenic surgical ablation techniques employing liquid nitrogen or
other freezing agents, which represent further extensions of the
liquid thermode method, will not
be reviewed here.
Adams ( 1964) has described a
prefabricated assembly for chronic
implants in cats consisting of two
liquid-perfused t h ermodes with
nearby thermistors.. These thermodes have been maintained in
healthy animals for as Jong as

two years. As with Barbour's thermode, the one designed by Adams
is not insulated along the shank
and will heat or cool tissues dorsal
to the area of tip placement. Other
investigators (e.g., Satinoff, 1964)
have added insulation, such as
polyethylene, around the shank of
U-shaped needles, but the degree
of heat exchange through the insulation in situ is not known. Using
a technique described by Lilly
(1958), some (e.g., Fusco, 1959;
Fusco, Hammel and Hardy, 1959)
have implanted chronic reentry
tubes into which both a thermode
and a temperature measuring element can be inserted for the experimental period only, and then removed.
Strom (1950c) has employed
rectangular silver tanks attached
to the dura, ventral to the hypothalamic areas of cats, to study
the effects of heating and cooling
upon polypnea, thermal panting,
and peripheral vasoconstriction. He
found more pronounced effects
from heating than from cooling,
but his diagram shows thermode
location beneath the lateral hypothalamus as well as more rostral
and medial placements. As previous workers had discovered , the
temperature of the periphery was
a limiting factor upon the effects
of central thermal stimulation. Andersson and Larsson (1961) employed tubes ending in a wedgeshaped silver tank in goats' brains,
while Baldwin and Ingram ( 1966)
have used stainless steel tubes ending in a copper tank-the assembly
coated with plastic-in the rostral
hypothalamus of pigs. Under these
conditions the respiratory rate of
the pig increased at a high ambient
temperature to over 200/ min.,
whereas cooling the hypothalamus
brought the rate down to 20/ min.
However, the pig did not press a
bar for external heat at high ambient temperatures even when the
hypothalamus was cooled.
Gangs of thermodes straddling
the hypothalamus in a single animal have been used to study more

precisely the loci and magnitude
of specific effects (Hammel, Fusco
and Hardy, 1959; Hammel, Hardy
and Fusco, 1960; Hammel et al. ,
1963) . By means of circulating
water, the hypothalamic temperature was "clamped" at fixed levels
in dogs and monkeys. Ear and
rectal temperatures, shivering, and
panting were monitored while ambient temperature was shifted. In
a cool environment, brain heating
inhibited shivering. Shivering was
also elicited in a neutral environment at the termination of brain
heating, after core temperature had
dropped. As a result of these experiments, Hammel and his colleagues proposed a "proportional
control" of body heat, with a variable set point. Observations of
hypothalamic temperature shifts in
the monkey-of 1.5 C downward
during sleep and upward with waking-convinced them that the control system was not a simple one.
In describing their work, they
stated, "The objective for this study
was to obtain a quantitative relationship between hypothalamic and
skin temperature and the thermoregulatory responses of the animal.
The objective was based on the
assumption that there is a unique
thermoregulatory response for each
combination of skin and hypothalamic temperatures in the resting
animal. The observations, however,
did not support this assumption."
This succinct statement might well
be applied to all other attempts,
to date, to write a simple two-factor
control equation.
Recently another thermode employing circulating fluids has been
designed by Spector (unpublished
data) to heat or cool smaller areas
of tissue than was hitherto possible.
This thermode, which can also be
used for electrical recording from,
or stimulation of, the locus that is
heated or cooled, has been em ployed both for studies of intracranial electrical self-stimulation
(Spector and Hamilton, 1967) and
for feeding behavior studies (Spector, Brobeck and Hamilton, 1968)
21
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under the influences of brain heating and cooling and of changes in
ambient temperature.
Radio Frequency (RF) Heating

Before the turn of the century,
d' Arsonval ( 1898) demonstrated
the thermogenic effect of RF currents in living tissues of man and
rabbit. It was Cloetta and Waser
(1914), however, who applied this
technique to the study of temperature regulation by applying heat
to the head from external electrodes. Another 24 years elapsed
before Magoun, Harrison, Brobeck and Ranson ( 19 3 8) performed their classic experiment in
which many areas were straddled
by RF electrodes in an attempt to
map out the relative heat sensitivities, in terms of physiological responses, of specific loci in the brain.
Extensive searching with RF probes
through many areas of the forebrain and midbrain of the cat revealed only a limited area which,
when heated, elicited occasional
foot-pad sweating and "polypneic
panting" (the authors did not state
whether or not there is any kind of
panting without polypnea). The
most sensitive areas found began at
"the ventrocaudal part of the telencephalon, between the anterior
commissure dorsally and the optic
chiasma ventrally" and extended "a
little further forward than the
preoptic area and the crossing of
the anterior commissure." A less
reactive area extended caudally and
dorsally through the medial portions of the hypothalamus and
ended in the central gray of the
mesencephalon. Rectal temperature
changes were not pronounced beyond the depression resulting from
anesthesia, but these experiments
demonstrated that heat loss mechanisms could be activated even at
subnormal core temperatures.
Hemingway et al. ( 1940) used
a single oval-shaped gold foil electrode implanted on the ventral surface of the hypothalamus near the
optic chiasma of a dog, together
22

with a large indifferent electrode on
the surface of the shaved head .
They reported that centrally applied
heat led to termination of shivering at low ambient temperatures
and an elevation of ear surface temperature as great as 8 C, but they
were unable to elicit panting. They
suggested that, since they could not
replicate the panting seen by Magoun et al. (1938), the heat loss
center was higher up, perhaps in
the thalamus. In retrospect it seems
that Hemingway and his co-workers
did not apply the heat as closely
to the preoptic area as did Magoun et al., and this may account
for the failure to elicit panting.
Folkow, Strom and Uvnas (1949a,
b) using pairs of probes similar
to those of Magoun et al., applied RF heating to the "anterior
hypothalamus" of cats and dogs.
They also reported cutaneous vasodilation after two minutes of brain
heating (~ brain T = ,...,55 C) and
absence of panting. They found
that, while blood flow to the skin
increased, there was no change in
muscle blood flow, and blood pressure did not drop. Because peripheral vasodilation persisted undiminished during long periods of
central heat, they concluded that
it is not a thermal gradient but an
absolute temperature in the brain
that provides the adequate stimulus
for the temperature regulating response. Their results contrast with
the finding of C. L. Hamilton ( unpublished data) that the tail temperature of the rat rises for about
10 to 20 minutes and then slowly
falls during continued RF heating
of the preoptic area. One important
demonstration reported in the paper
of Folkow et al. ( 1949a) showed
that the responses to the RF probe
could not be attributed to electrical
stimulation; the same response was
also elicited with silver probes
heated with hot water by conduction from the outside of the skull.
In a follow-up series (Folkow et
al., 1949b; Folkow, 1955) it was
shown that the loss of peripheral
vasoconstrictor tone induced by

central heating could not be demonstrated in sympathectomized cats
or dogs, although the constriction
could still be evoked by adrenaline
and abolished by acetylcholine or
heating of the sciatic nerve. Experiments with cross-circulated, eviscerated cats demonstrated that the
primary vasodilation was not hormonally mediated. Thus, the pathway from the hypothalamus was
established as being neural, sympathetic, and not mediated via
motor segments of the dorsal roots.
Clark (1950) showed that the
principle effects of RF radiation on
tissues are due to the heat generated. This was substantiated and
further quantified by Murphy, Paul
and Hines ( 1950), Herrick and
Krusen (1953) and Davis and
Mayer (1954). Radio frequency
heat may be employed to make
discrete tissue lesions and has found
application in human neurosurgery
(e.g. , Aronow, 1960), although its
use has been supplanted in part by
cryogenic techniques. D avis and
Mayer further showed that whereas
RF heating in a cold environment
did not produce vasodilation, it did
induce polypnea along with a decrease in O" consumption.. Such
apparently "contradictory simultaneous" effects of so-called contradictory stimuli to the brain and to
the periphery were also seen by
Hardy and his colleagues (Hardy,
1961) . They were able to elicit
simultaneous panting and shivering
in a dog by heating the hypothalamus until core temperature had
dropped. Upon cessation of heating, the dog shivered; with the resumption of brain heating, the
animal both shivered and panted.
In a series of papers, Strom
( 1950a, b, c, d) reported on heating and cooling of the "heat loss
center" in cats, dogs, and rabbits.
In these papers, the relative influences of central versus ambient
temperatures were tested, using
peripheral vasoconstriction and
polypnea as the indices of response.
He found that, in cats, maximum
vasodilation could be elicited by
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central heating at 39.5 C to 40 C,
but that (contrary to Magoun et
al.) panting required a higher temperature. In anesthetized cats, he
observed no response to cooling
the same area. When the skin was
cooled to 30 C, vasodilation in response to brain heating was not
observed. He concluded from these
and other results that thermoreceptors outside the hypothalamus were
involved importantly in shivering
and panting responses. He further
showed that the peripheral responses could be elicited in decorticated animals.
Using RF electrodes in unanesthetized dogs, other investigators
(Fusco, Hammel and Hardy, 1959 ;
Fusco, Hardy and Hammel, 1961)
also attempted to assess the relative influences of central versus
peripheral factors. They found that
the shivering induced by a cool
environment could be inhibited by
brain heating; that shivering could
be produced in a warm environment upon the cessation of brain
heating, after core temperature had
dropped.
Von Euler and Soderberg ( 1957)
studied the effects of RF heat upon
gamma motor activity, electroencephalogram (EEG) and shivering
in cats and rabbits; they concluded
that "hypothalamic thermoreceptors
project upon the activating relay
system of the brainstem." They
found that moderate heat inhibited
gamma motor activity and shivering synchronized the EEG, whereas
excessive heat desynchronized the
EEG. Anesthesia of various types
abolished the EEG effects. Of
course, it was well known not only
that anesthesia may alter the results of any physiological study, but
also that varying levels of heat may
produce quite different effects; this
study, however, pointed to specific
electrophysiological changes.
Von Euler (1964) reported on
the most carefully quantitative experiments with RF heat to date.
Sixteen RF electrodes were implanted about the preoptic and supraoptic regions of the rabbit, and

heat stimuli were applied in very
small increments. Hypothalamic
temperature was increased 0.2, 0.3,
and 0.5 C while skin and rectal temperatures and respiratory rates were
recorded and analyzed. Because a
stimulus in the brain consisting of
l!.. T = 0.3 C could produce a drop
in rectal temperature of 3.0 C, von
Euler called this an "open loop"
gain (response/ stimulus ratio) of
10. He also concluded " ... in conditions where the internal temperature is higher than the set point
the temperature regulation is governed chiefly by the thermodetectors. . . . Cutaneous temperature
receptors as well as the thermoceptive structures in other hypothetical locations outside the pre- and
supraoptic regions are apparently
not able to prevent the considerable fall in body temperature that
is elicited by the slightest temperature increase in the anterior hypothalamus." These latter conclusions
do not seem to be fully justified by
the experimental evidence presented. Barbour ( 1912) demonstrated that, in the rabbit, low ambient temperature attenuated the
hyperthermic response to a cold
brain probe. Strom ( 1950b) showed
that in the cat, ambient temperature affected core temperature responses to thermal stimulation of
the brain. Spector et al. (1968)
showed that, in the rat, high (35
C) ambient temperature reduced
the degree of hypothermia elicited
by a hot preoptic probe.
Von Euler's work raises another
very important problem which is
not mentioned in his 1964 paper.
It is not clear why an artificially
induced hypothalamic temperature
change of 0.3 C should induce a
drop of 3.0 C in rectal temperature,
whereas normal fluctuations in
hypothalamic temperature do not
have any negative directing effect
upon core temperature (Hamilton,
1963 ; Abrams and Hammel, 1964,
1965; Bligh, 1966; Delgado and
Hanai, 1966) unless it is assumed
that the "set point" fluctuates with
every random fluctuation in brain

temperature. In this case the argument becomes circular, and the
term set point begins to lose its
meaning.
Many models have been proposed (e.g., Bligh, 1966; Stolwijk
and Hardy, 1966) to explain the
"set" of the set point, but, as the
model makers concede, none of
these fits all the experimental data.
Te m p erat ure-Sensitive Areas
in t he Brain

In recent years, beginning with
the work of Nakayama, Eisenman
and Hardy ( 1961) , a number of investigators (e.g., Hardy, Hellon and
Sutherland, 1964; Murakami et al.,
1966; Nakayama, 1966; Cabanac
and Hardy, 1967; Eisenman and
Jackson, 1967 ; Wit and Wang,
1967) have studied the firing rate
of a single neuron subjected to
thermal stimuli in various loci of
the brain. Units have been found
in the preoptic area which respond
to a 10 C increase of temperature
by increasing their firing rates as
much as 18 times the resting rate
(010 = 18). Some units respond
only in one portion of the temperature scale, other units in
another portion. Still others have
been found with 0 10 as low as one
and some with negative 0 1 0 • Eisenman and Jackson ( 1967) have
found some of these unusually heatsensitive neurons more dorsally, in
the septal area, but they thought
these probably were second-order
units. In a recent study of units in
the "preoptic-anterior hypothalamus" region of cats, Wit and Wang
( 1967) found some units that responded with increased firing frequency to increases in ambient temperature before brain temperature
was elevated, and others that responded only to brain temperature
changes. Cabanac and Hardy
( 1967) reported temperaturesensitive units in the thalami of rabbits. It has been suggested by
Hardy (1961) and his co-workers
that these specialized cells in and
near the preoptic area might be
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units in a comparator-type thermostatic system.
Heat can serve as a stimulus to
other areas of the brain, particularly the respiratory centers (e.g.,
Holmes, Newman and Wolstencroft, 1960; Hardy, 1961). Indeed,
nerve cells, endings and fibers, as
well as systems in homeotherms,
are, as might be expected in any
biochemical system, responsive to
changes in temperature (e.g., Strom,
1950d; Zotterman, 1959; Thompson, 1964; Gillary, 1966; Hofmann, Parsons and Feigen, 1966).
The particular significance of the
work reviewed here is that the responses of many mammals to heating or cooling a specific area of the
brain are those peculiar to the
mechanisms of thermal homeostasis.
One of the results of the thermode work of the past 57 years
has been to localize the brain areas
that are most responsive to heat and
that are most closely associated
with body heat-regulating mechanisms. These appear to be the
rostral hypothalamic-preoptic and
-supraoptic regions in all mammals
studied.
Recent work on leucocytic pyrogens by Cooper, Cranston and
Honour ( 1966), showing that these
pyrogens act upon the same "centers," but probably not elsewhere,
adds further evidence of the unique
nature of these areas. Additional
anatomical and physiological evidence has been extensively reviewed
(Bligh, 1966; Cooper, 1966; Cranston, 1966).
The quantitative influence of the
temperature regulating "center" or
"centers," as opposed to the influence of thermal receptors elsewhere
in the body, remains to be determined. There still are many conflicting data on the exact necessary
and sufficient conditions for shivering, polypnea, sweating, vasoconstriction and vasodilation, hormone
release, and other indices of reaction to heat or cold stresses.
The identification (nature and
location) of the temperature regulating and behavior regulating
24

centers in the central nervous system appears to have been, and still
is, a long process of zeroing in on
the target, although there are some
investigators today, for example,
Bligh (1966) and Morgane (1961) ,
who feel that this is a futile endeavor, due to the diversity of the
control systems as well as their
interconnections with others. Morgane has gone so far as to call the
search for centers a new kind of
"phrenology" ; but this sophisticated
point of view does little credit to
the majority of the pioneering and
fruitful investigations that have
yielded most of our concrete knowledge in this field.
There are at least two more dissenting voices on the importance of
the rostral hypothalamic complex as
an essential center for temperature
regulation. Thauer (1935, 1939)
and Blair and Keller ( 1946) have
offered evidence, from sectioning
and ablation studies, that mammals
can survive and retain at least partial temperature regulation without
the hypothalamus. Bligh (1966)
has attempted to reconcile the
bodies of conflicting evidence by
proposing a dual temperature regulatory system in homeotherms consisting of a coarse control, which
protects the animal against extreme
fluctuations in body temperature
and is derived from pre-mammalian groups, and a fine control,
which is phylogenetically more recent. The anatomical loci of the
controls for these two systems are
presumed to be quite separatethe first in the rostral hypothalamus, the second in the periphery.
Summary and Epilogue

This brief outline reviews some
of the important studies done with
various types of thermodes employed for heating or cooling loci
in the brain and discusses some
sources of the findings relevant to
our understanding of temperature
regulation in mammals.
It becomes evident that physiological theories cannot be inter-

preted without an intimate knowledge of the techniques used in
accumulating the evidence. The
same data have sometimes been
evaluated differently, leading to
diametric theories (see discussion
of the Andersson et al. papers in
Spector, Brobeck and Hamilton,
1968). There are many other problems that have been only hinted
at here. How "physiological" is an
animal with one or more telephone
poles (electrodes, therm odes, etc.)
jammed through his brain? How
representative are thermal gradients
measured in non-living gels, in
anesthetized animals, in animals
with metallic conductors to the
exterior of the cranium? What
physical, chemical and biological
mechanisms can account for neurons with Q10 of 18? Yet the search
continues, and the tools are still
being refined. In the period between the writing of this paper
and its publication, enough additional publications have appeared
to warrant an appendix as long as
the original text. However, the
basic problems are still the same
and it is my hope that the above
will be useful as an introduction
to this field.
This review neither covers all of
the work of the authors cited nor
cites all the investigators who have
used similar techniques, but attempts to give a representative
sampling of past work in this area.
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Current Concepts in the Field of
Neurochemical Mediation
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Chemical mediators involved in
the integrative activities of the
nervous system operate either at
close range as neurohumors or over
some distance as neurohormones.
As will become evident, the distinction between neurohumoral and
neurohormonal activities is not always clear-cut.
In "chemical synaptic transmission," the conventional mode of
communication, messenger substances elicit strictly localized, postsynaptic responses of exceedingly
short duration. Since the effector
cells are contiguous with the respective presynaptic terminals, minute amounts of these substances
are effective directly at the site of
their release. Furthermore, at least
in the case of adrenergic neurons,
inactivation of the mediator immediately following the completion of
the signal seems to be accomplished
by a return of the active principle
to its presynaptic storage sitethrough a "shuttle service" type of
operation. Apparently the active
principle can be used again and
again, and the amount of mediator
synthesized is, therefore, minimal
in this case.
Messenger substances of this
kind, such as acetylcholine and
noradrenaline, lack essential features of endocrine factors-in
particular, access to and use of
vascular pathways. Therefore, they
are appropriately classified as "neurotransmitters" or "neurohumors"
rather than "neurohormones." The
properties of this class of neuroMCV QUARTERLY 5(1): 27-31, 1969

chemical mediators are so well
known that they require no further
discussion in this article ..
Equally familiar by now are the
ultrastructural attributes of chemical synapses, namely, the clusters
of synaptic vesicles on the proximal
side, the intersynaptic cleft with
its content of variable electron
opacity, and the asymmetrically arranged electron-dense deposits at
the junctional membranes.
In addition to the synaptic transfer of signals, the conventional
mode of communication, there
exists another mode in which neural
elements influence distant "targets"
by means of a second class of
chemical mediators. These substances have much in common with
endocrine factors. They are not as
speedily inactivated as neurotransmitters and do not seem to be
used by the organism more than
once. Furthermore, these special
mediators reach multiple and diverse effector cells in appropriate
concentrations by way of the circulatory system (Fig. 1) . They can,
therefore, be classified as neurohormones (B. Scharrer, 1969).
Sources of active principles with
these properties are not as ubiquitous within nervous tissue as are
those of the first group of chemical
mediators. They form assemblies of
highly specialized neurons which,
instead of establishing synaptic contact with contiguous effector cells,
terminate in close proximity to
vascular channels. Because of the
wide range of distribution of their
27
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products, these neurons must engage in secretory activity to a degree that exceeds by far that of
conventional neurons. Thus, this
function becomes dominant. The
high rate of synthetic activity is
reflected by a decidedly glandular
appearance closely resembling that
of non-neuronal cells that produce
the same kind of secretory products. Typically, these neuronally
derived compounds are proteinaceous, another characteristic distinguishing them from the known
neurotransmitters. In light microscopic preparations, the secretory
products become conspicuous following selective staining procedures ; in electron micrographs they
ap pear as membrane-bounded,
more or less electron dense granules in several characteristic size
ranges.
Neurons of this special glandular
kind have, therefore, been designated as "neurosecretory cells" and
their products as neurosecretory
material. It should be stressed that
these terms were originally proposed solely on the basis of cytological criteria before a physiological explanation for the phenomenon of neurosecretion had been
found. As it has turned out, the
term "neurosecretory" has proved
superior to other terms, such as
"neurocrine" and "neuroendocrine,"
proposed at various times, since it
encompasses activities that lie outside the realm of strictly neurohormonal phenomena . As will become evident later, these activities
consist in the transfer of information at "neurosecretomotor" junctions.
Groups of axon terminals, in
which neurosecretory · substances
are stored before being released,
frequently form neurohemal organs, the best known of which is
the posterior pituitary. These structures, together with corresponding
intracerebral groups of neurosecretory perikarya, in which the active
material is synthesized, constitute
neurosecretory systems such as the
hypothalamic-neurohypophysial
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Fig. 1-Release of neurohormones from hypothalamic neurosecretory neurons
occurs either in the posterior pituitary, from where they reach terminal target
cells by way of the general circulation (right diagram), or in the median
eminence of the neurohypophysis, where a special portal system carries neurohormonal signals to endocrine way stations in the adenohypophysis (left diagram). (Adapted from E. Scharrer, Arch. Anal. Microscop. Morphol. Exp. 54:
364, 1965.)
system. The morphological complexity of these organ systems accounts for some of the difficulties
that beset many early attempts to
analyze the existing structurefunction relationships.
After a somewhat slow start and

a good deal of opposition, the study
of neurosecretory phenomena has
made rapid advances in recent
years. New insights have led to
reevaluations of established data
and to modulations in interpretation as well as terminology. There
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is now an increased awareness of
the theoretical and practical implications of this field of neurobiological research and its significance
within the framework of neuroendocrine integration (E. Scharrer
and B. Scharrer, 1963; B. Scharrer,
1967; Weitzman, 1964-69).
The remainder of my paper will
focus on this special role. At this
point it should be noted, however,
that effector sites of neurohormones
are not always endocrine cells.
Rather, the hormone may act directly on "target" tissues such as
uterine muscle or kidney tubules.
Well-known examples of such firstorder neurohormonal mechanisms
are those controlled by the "posterior lobe hormones" vasopressin
and oxytocin (Fig. 1, right).
The widespread occurrence of
neurosecretory neurons in the animal kingdom bespeaks their basic
function, that of providing a link
between the nervous and the endocrine apparatus . In order to be
effective, these two integrative systems must be capable of a high degree of interaction. Yet, each of
them performs in its own charactenst1c manner. Signals from
glands of internal secretion are conveyed to the nervous system by
way of vascular channels and are
known to be recorded by special
" hormone-sensitive neurons." Messages in the opposite direction are
handled in a more complicated
manner, because regular nervous
stimuli do not serve all of the requirements of the endocrine system. The need for sustained control
mechanisms seems to be met best
by signals of the same kind as those
dispatched by the effector cells
themselves, i.e., signals of hormonal
nature. Therefore, the neurosecretory cell, which combines the properties of a neuron and a glandular
cell, is made to order for this
special task. It, and apparently it
alone, is geared to receiving and
processing information from neural
centers and passing it on to the
endocrine system in appropriate
language (E. Scharrer, 1952, 1965,

1966). Typically, this mode of
operation involves communication
by means of neurohormones that
reach their destinations in effective
concentrations by way of either the
general circulation or a locally restricted vascular pathway, such as
the hypothalamic-adenohypophysial
portal system.
Thus far, the distinction between
conventional and neurosecretory
neurons appears to be rather sharp.
This is where matters stood before
the advent of electron microscopy
and other modern techniques. New
research tools have restimulated in
recent years interest in neuroendocrine problems, clarifying some
areas of uncertainty while also
pointing up new ones. In short, the
"classical" view of neurosecretion
is not the whole story.
Ultrastructural analysis of a variety of neurosecretory systems has
revealed that not all of the terminals in which secretory granules
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Fig. 2-Diagram of neurosecretory
cell whose axon terminal makes close
contact with endocrine effector cells.
This hypothalamic neuron "translates"
afferent signals (arrows) into chemical stimuli to which cells of the pars
intermedia respond. An analogous
situation exists in the corpus allatum
of insects. (Adapted from E. Scharrer,
Arch. Anat. Microscop.
Exp. 54: 363, 1965.)

Morphol.

are stored show direct association
with the vascular system. Instead,
some neurosecretory neurons display close spatial relationships with
cellular elements. These are often
endocrine, as, for example, those
in the pars intermedia of the vertebrate pituitary and those of the
corpus allatum of insects (Fig. 2).
They may also be nonendocrine
elements, such as some muscle
cells in insects. In certain locations,
processes of glial elements intervene between the axonal surfaces
and various structures; in other
locations direct contacts with other
neurons seem to occur. In all
these cases, the adjoining cells are
often no further apart than are
neurons at synaptic junctions;
hence, the intercellular spaces measure roughly 200-300 A (see B.
Scharrer, 1968) .
There are also somewhat transitional situations, in invertebrates
as well as vertebrates, where the
distances between neurosecretory
neurons and adjacent non-neuronal
cells are of the order of several
thousand A or more. These spaces
are occupied by an acellular stromal
matrix which seems to serve as a
vehicle, and, possibly, also as a
temporary reservoir, for the released substances.
Irrespective of the nature of the
tissue components that face them,
the terminals and some non-terminal
areas of neurosecretory neurons
show ultrastructural specializations
resembling those of conventional
presynaptic sites. These consist of
clusters of small clear vesicles
subjacent to the axolemma and
certain densities affiliated with the
junctional areas.
There is now a good deal of
circumstantial evidence showing
that these structural details are related to the mechanisms which release neurosecretory material from
its intracellular storage site. The
small vesicles with their electronlucent contents appear to be the
result of fragmentation occurring
in the larger neurosecretory vesicles
prior to the discharge of their
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products. The diffuse dense material nearby gives the impression
of having been spilled from the
secretory vesicles. Most likely, it is
neurosecretory material in transit.
This means that the areas described
appear to be release sites of neurosecretory substance which merely
mimic synaptic elements but are
not functionally equivalent to them.
Their presence should not be interpreted as an indication of impulse
conduction.
If the "synaptoid" areas just
described do indeed serve this
special purpose, it follows from
their localization that not all of the
neurosecretory material is destined
for direct entry into vascular channels. Since some of these sites occur
directly vis-a-vis adjoining cells,
which may even show "postsynaptic" features, their arrangement cannot be merely coincidental. Especially in cases where such cells are
part of an endocrine gland, viz., pars
intermedia (Bargmann, Lindner and
Andres, 1967), it is reasonable to
conclude that they receive localized
neurochemical stimuli at these
"neurosecretomotor junctions." Under these special circumstances, the
neurosecretory material cannot be
called a neurohormone, because it
acts directly at the site of release
and does not reach the effector cell
via the circulation. On the other
hand, since the material is derived
from a neurosecretory cell, rather
than a conventional neuron, it does
not qualify as a regular neurotransmitter either and should not be
viewed in terms of standard neurohumoral regulation. It seems possible, although by no means certain as
yet, that in loco activities of neurosecretory substances are concerned
with inhibitory control, especially
that of endocrine organs. There are
two known cases in which severance of the nervous connection to
the brain leads to activation of
the respective endocrine tissue.
These are the pars intermedia of
vertebrates and the corpus allatum
of insects. In both organs, neuro~
secretory fibers make contact with
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the glandular cell bodies.
Clearly, one is dealing here with
intermediate situations that require
further exploration before they can
be properly evaluated. One conclusion can be drawn, however, from
the observations made thus far.
While it is still true that all neurohormones are derived from neurosecretory neurons, not all of the
products of these special neuronal
elements are endocrine in the strict
sense of the word.
Comparative studies carried out
in recent years have added yet
another facet to existing views on
neurosecretory activities. It appears
that, in addition to the well-defined
classical neurosecretory neurons,
there are others in which the material to be discharged into the
circulatory system or elsewhere is
of non-peptide character. Such additional active principles produced
"in quantity" are biogenic amines.
Chemically, these can be compared
to neurotransmitters operating in
adrenergic neurons, but, functionally, they are more akin to the
well-established neurohormones of
polypeptide character. Jn fact, cells
producing catecholamines for distribution via blood channels can be
said to resemble classical neurosecretory neurons in all other respects except the chemical nature
of their products .
Therefore, it bas been tentatively
proposed that a differentiation be
made between classical ("peptidergic") neurosecretory A fibers and
"aminergic" B fibers (Knowles,
1965; Bargmann et al. , 1967). It
must be stressed, however, that information on neurosecretory B fibers (not to be confused with the
conventional neuron type for which
the same letter is used in the neurophysiological literature) is still very
incomplete.
The borderline between neurosecretory and conventional neurons
must evidently be replaced by an
intermediate zone for more than
one reason. Ne urosecretory neurons
have turned out to be even more
versati le than they appeared at the

outset. They seem to be able to select, among several possible pathways, the one best suited for conveying each specific type of message
required. They are not restricted to
using one class of chemical mediator, and they can either function
as intermediate links in neuroendocrine events that include a number
of way stations, or they can take
over the role of hormones effecting
direct control over non-endocrine
"terminal targets."
By comparison, the neurochemical interactions between convE:ntional neurons and their effector
cells follow a more uniform pattern, but here, too, some deviations
exist. These refer mainly to special
cases of sympathetic muscular innervation. Slow and relatively sustained signals to non-skeletal muscle fibers lacking neuromuscular
junctions have to traverse a stromafilled area whose diameter (as
much as 2µ.) is many times that of
the regular intersynaptic gap (Barer,
1967). This arrangement compares
precisely with the situation mentioned earlier in reference to special
types of neurosecretory fibers. It is
attractive to speculate that in both
instances such mucopolysaccharide
layers facing axonal surfaces may
serve not only as vehicles but perhaps as extracellular storage sites
for the respective neurochemical
mediators.
Thus, it bas become evident that
deviations from the well-established
functiona l patterns exist among
neurosecretory, as well as nonneurosecretory, neurons. Both, then,
contribute to that gradually emerging intermediate area which includes cells that do not conform
to the standard types of either class
of neurons. Further exploration of
these variants will undoubtedly enrich the spectrum of neurobiology.
However, new insights in this direction do not invalidate the existing
differences in neurochemical mediation. The distinction between
neurohumors and neurohormones
remains conceptually important and
should not be abandoned.
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Abstracts of Theses
for Graduate Degrees
Medical College of Virginia, June, 1968
Studies on Sulfonamides: Physicochemical
Properties in Relation to
Biological Activity
RICHARD CHARLES ALLEN, Ph.D.

Department of Chemistry and Pharmaceutical
Chemistry
The importance of sulfonamides as antibacterial
agents is well known. It is generally recognized that
these agents act by inhibiting the utilization of
p-aminobenzoic acid by bacteria. Currently, the most
widely accepted explanation for the structure-activity
relationships of these compounds is the Bell and
Roblin theory. This theory is essentially a postmortem
of the sulfonamides in that it leads to the conclusion
that the most active compounds have been synthesized.
There is evidence to suggest that this theory is not
totally adequate. The purpose of this research was to
reinvestigate the Bell and Roblin theory, as well as the
interpretations of other workers, in order to explain
more clearly the observed structure-activity relationships of sulfa drugs.
In a reevaluation and critique of the present theories,
it was found that the Bell and Roblin parabolic pKaantibacterial activity relat!onship actually consists of
a series of straight lines, each corresponding to a single congeneric group of sulfonamides. A lack of such
series in the ascending region of the Bell and Roblin
"curve" was noted . A series of NI-Benzoylsulfanilamides was prepared, tested, and found to generate a
straight line in this region.
The Klotz mathematical treatment of the Bell and
Roblin curve was examined and found to hold, not
for sulfonamides as a whole, but rather for the individual linear relationships generated by congeneric
series. This suggests that the " maximum" does not as
it has been construed to mean, constitute a true limi~ on
activity; the Bell and Roblin maximum merely reflects
the interplay between the absolute activity and number
of sulfonamide ions in contributing to observed activity. On this basis, there is reason to believe that
more active sulfonamides can be found. Suggestions
on methods to approach this goal have been made.
The Fujita-Hansch treatment of the electronic and
lipophilic components of sulfonamide activity was reexamined . Contrary to the results of tliese workers, it
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was found that the lipophilic properties of sulfonamides are, in general, not important in determining
antibacterial activity. An analysis of some of the limitations of this technique for structure-activity correlation was presented. It was found that misuse of the
Fujita-Hansch method can lead to meaningless correlations.
The electronic properties of sulfonamides were investigated for their bearing on biological activity. A
series of NI-phenylsulfanilamides and their N 4 -acetyl
derivatives was prepared. Transmission of NI substituent effects to the para-amino position was investigated by use of proton magnetic resonance (p.m.r. )
spectroscopy and infrared spectrophotometry. No evidence could be gained to support transmission through
the S0 2 group. Interesting p.m.r. properties of these
compounds, including diamagnetic shielding of the
sulfanilyl ring protons via a field effect mechanism , as
well as a case of rotational isomerism about the
phenyl-N 1 bond, were studied.
Transmission of substituent effects to the S0 2 group
was investigated by infrared spectroscopy. Lack of
variation of the sulfur-oxygen bond force constant
was found in an extensive series of N1-phenylsulfanilamides with a wide activity range. This did not
support the Bell and Roblin postulate concerning the
role of the SO, group in sulfonamide activity.
Based on the infrared and p.m.r. experiments, it was
concluded that the electronic contribution of NI substituents to sulfonamide activity resides at the NI position and/ or the NI substituent itself. Since the sulfonamide ion is considered to be the active species, the
NI position is likely to be the most important factor.
Jn this regard , the distinct linear relationships observed
for individual congeneric series are explicable in terms
of distinct mechanisms of interaction of aryl rings with
the NI position and/ or the general electronic state of
the N 1 position of the series.

The lncisures of Schmidt-Lanterman
NABIL A. AZZAM, Ph.D .

Department of Anatomy
The primary objective of this study was to establish
the presence of the incisures of Schmidt-Lanterman
within peripheral nerves- both spinal and cranial-of
MCV QUARTERLY 5(1): 32·38, 1969

ABSTRACTS OF THESES

representative animals from fish to man. A secondary
objective was to study the ultrastructure of some of
these nerves, especially the fine structure of the incisures, using the electron microscope.
Several animals were utilized from which a wide
variety of peripheral nerves were removed and studied.
Fresh-frozen, formalin-fixed, glutaraldehyde-fixed, as
well as osmium-fixed sections, were made. Sections
were stained by a variety of histological and histochemical techniques and observed with the ordinary
light phase-contrast and polarizing microscopes. Ultra
thin sections were studied with the electron microscope.
The incisures were present in all the myelinated
nerves investigated. Their number varied from nerve
fiber to nerve fiber in the same and different animals.
The flaring ends of any two incisures faced each other
in any one internode, or their narrow ends lay in opposition. A new type of incisure was observed with
both the light and electron microscopes, especially in
the heavily myelinated nerve fibers. This incisure was
termed the "three lip type."
Several other observations were noted while studying the fine structure of the myelinated nerves, such as
the presence of pinocytotic vesicles in the Schwann cell
membrane, the presence of an axolemma, the absence
of a neurilemma, and the presence of several single
membrane-bound vesicles in both myelinated and unmyelinated nerve fibers. Vesicles were more numerous
in the latter.
It was concluded that the incisures of SchmidtLanterman are a constant feature of myelinated peripheral nerve fibers, since they have been observed in
all the nerves studied. The myelin lamellae are continuous across the incisures and, therefore, the incisures are not natural communication channels. They
are formed, it is suggested , as a result of the linear
growth of the axis cylinders and the attempt of the
Schwann cells to myelinate this increase in length . The
incisures do not follow any particular sequence, but
vary within any one internode. The central cores of
the incisures are rich in carbohydrate, whereas the
peripheral layers are rich in phospholipid.

Loosely Linked Mutations Enhancing
L-Arabinose Utilization
in Escherichia coli B/r
ROBERT G. BOST, M .S.

Department of Biology and Genetics
An unusual revertant of an L-ribulokinase structural
gene mutant of Escherichia coli B/ r has been isolated.
Transduction analyses, using bacteriophage Plbt, and
growth studies indicate that the revertant contains two

mutations. One is in the L-ribulokinase structural gene
at or near the site of the original mutation and enables
partial utilization of L-arabinose. The second mutation
is outside the L-arabinose operon and enhances Larabinose utilization by the intragenic revertant. Enzyme assays show that the extragenic mutation acts by
increasing the rate at which the L-arabinose operon,
containing the intragenic reversion, is translated into
protein . The extragenic mutation probably increases
the quantity of a species of soluble ribonucleic acid
that is complementary to the codon of the intragenic
reversion. The net result, then, is increased translation
of the polycistronic messenger ribonucleic acid of the
L-arabinose operon into protein.

Induction of Fusion in Cultured Cells
in the Presence of Para-influenza 3 Virus
MILDRED KAISER FLEETWOOD, M.S.

Department of Microbiology
Progressive infection of HeLa cells by para-infiuenza
3 virus results in cell fusion or syncytium formation in
cell culture monolayers. Results from the present study
indicated that primary, diploid and heteroploid cells
singly infected with para-infiuenza 3 virus fused with
normal HeLa cells, demonstrating a massive fusion
reaction characterized by syncytia containing 10 to
100 or more nuclei. Conversely, normal primary and
diploid cells, when adsorbed with para-infiuenza 3infected HeLa cells, fused in a minimal reaction
resulting in binucleated or trinucleated syncytia. Normal heteroploid cells adsorbed with para-infiuenza 3infected HeLa cells resulted in a massive fusion reaction. Thus, it seemed that the reaction was mediated
by the fusion capacity of the normal cell. Normal
diploid and primary cells demonstrated low fusion
capacities, while normal heteroploid cells demonstrated high fusion capacities.
Cell susceptibility studies were performed to relate
infectivity to cell fusion. Para-infiuenza 3 virus adsorbed, penetrated and eclipsed in the 24 cell types
tested. Viral hemagglutinin was produced in every
cell type, as indicated by positive hemadsorption
studies. Infectious virus was produced by all cell types
tested except rabbit kidney, L929 and primary embryonic chick tissues. Since the latter cell lines demonstrated massive fusion reactions when infected and
adsorbed with normal HeLa cells, infectious virus production was ruled out as a requirement for cell fusion.
The data indicated that cell fusion induced by parainfiuenza 3 virus required the presence of viral hemagglutinin in the cell membrane of the infected cell. A
normal cell had to adsorb to the infected cell through
mucoprotein receptor sites for the viral hemagglutinin.
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The range of fusion reactions may depend on the number and arrangement of receptor sites, which may vary
from cell type to cell type. Thus, maximum fusion
would result between infected cells and normal cells
with large numbers and compatible arrangements of
receptor sites.

Correlations Between Acid-Base Behavior
and Ion Fluxes in Frog Skin

appears to take place. It is suggested that the inhibitory
effect of Na+ on active Na+ transport results from
the loss of cellular K +, which, for unknown reasons, is
a key element in maintaining the mechanism of active
Na+ transport.
A chemical analysis of glandular secretions showed
that these secretions are alkaline, containing NaHCOa
and KHCO,. Epinephrine stimulated release of thess
fluids , which may have a role in regulation of skin
pH for optimal Na+ transport.

RUTH TORVIK FRIEDMAN, Ph.D.

Department of Physiology
It has been demonstrated numerous times since the
1920's that frog skin can establish and maintain a
tenfold to one hundredfold [H+] gradient from the
epidermis to the corium. Investigations to determine
the nature of the mechanism for developing and maintaining the [H+] gradient have not been made. The
aims of the present studies were as follows : 1) to
investigate the development of the [H+] gradient under
various environmental conditions ; 2) to investigate the
effects of the glandular secretions on pH at the epidermis of the skin; 3) to determine whether the active
transport of Na+ involves a Na+;;:=: H + exchange; 4) to
determine whether the inhibiting effect of NH/ on
active Na+ transport is explained by alteration in the
acid-base properties of the skin.
Experiments were carried out on isolated frog skin
and on intact frogs . Frog skin contains 27.8 ± 2.0
mM CO, per kg of wet weight. The epidermis continuously releases CO, which quantitatively accounts
for the H + produced at the epidermal surface. The
a~kalinity of the corium tissue results from its high
bicarbonate content. The data collected in the present
study show that the operation of the [HC03 -)/[H,C03 )
system is adequate to explain the [H+] gradient. Within
narrow limits, the maximal pH difference across the
skin is from pH 6 to pH 8. In individual skins the
regulation of the surface pH at the epidermis is remarkably precise.
Na+ transport diminishes when the bath is below
pH 6.0. Within the limits mentioned, there is no direct
linkage of Na+ uptake by, and H + release from, the
epidermis. At pH below 6.0, Na+ uptake is diminished,
while H + is absorbed by the epidermis.
Skin in solutions containing NH.Cl (10 mM/ liter)
show a diminished or even reversed [H+J gradient
across the skin. Na+ outflux is increased ; Na+ influx,
net Na+ flux, and skin P .D. are decreased. Oxygen
consumption is reduced slightly, if at all, compared
to control skins. H + ions are absorbed both by the
epidermis of the skin (even at pH 7) and by the
corium. Since K+ was released in nearly equivalent
amounts under these conditions, a H + ;;:=: K+ exchange
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The Mating Pattern of Five Strains
of Drosophila equinoxialis
RAGNIT GEERAETS, M .S.

Department of Biology and Genetics
Speciation, i.e., the formation of new species from
subspecies or races, cannot be observed directly, since
it is a very slow process. Evidence of this process is
available in the race-species borderline cases, in which
races or subspecies have almost reached the degree of
divergence of true species.
In addition to the classical case in Drosophila paulistorum, its sibling species D . equinoxialis was also
found to be a borderline case, although to a lesser
degree. Intraspecific crosses of this species show various results : fertile hybrids, or fertile female and sterile
male hybrids, or no progeny at all.
Previous investigation had led to the assumption
that a sharply delimited receptive period for females
of D. equinoxialis might be a factor in the reproductive isolation between incipient species.
In this study five strains of D. equinoxialis from
Tefe, Trinidad, Venezuela, Honduras and Puerto Rico
were used in order to determine the time and length
of the receptive period. The results confirmed that
this species displays much less sexual activity than
the other species of the genus, and that the overall
rates of insemination are relatively low. However, the
five strains do not show as sharply a delimited receptive period as previously found in the Tefe strain.
This strain may have changed genetically since that
study; Dobzhansky and Pavlovsky have found such
changes in D. paulistorum.
Three of the five strains studied showed similarities
in the bimodality of their insemination distribution
with one maximum of sexual activity occurring about
thre~ to six days after hatching and the other, approximately 10 to 12 days.
The five strains also showed several differences,
namely :
a) in the time when the maxima of their sexual
activity occur ;
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b) in the rates of insemination at the maxima and
in the total percentage of insemination during
the experiment;
c) in the age at which sexual maturity is reached.
Additional experiments with the Puerto Rican strain
disclosed that:
a) the insemination frequency increases not only
when the time of confinement increases from
24 to 48 hours, but also when males are older
than females (up to the seventh day) ;
b) a confinement from hatching for various numbers of days gives anomalous results that are not
amenable to analysis because of heterogeneity
between replicates for each day.

The Intrinsic Back Musculature of

Macaca mulatto
ROBERT M. GEORGE, M.S.

Department of Anatomy
Interest in the evolution of primate locomotor systems has brought into focus the functional importance
of the intrinsic spinal musculature. The anatomical
complexities of this region, however, are such that
previous descriptions are limited and lacking in detail.
The aim of the present study was to determine the
morphology of the epaxial region in the rhesus monkey and to suggest a logical classification and system
of nomenclature for these muscles.
The spinal muscles of three specimens of Macaca
mulatta were dissected bilaterally and described in detail. The observations, when compared with those of
previous investigations, not only revealed several morphological details which had not been previously recorded, but also clarified certain areas of confusion.
The m. splenius cervicis was determined to be a
distinct muscular element, though fused to the more
medial m. splenius capitis. The thoracic portion of the
m. ilicostalis was observed to have a lateral series of
accessory origins arising from the tendons of its own
preceding fascicles. The cervical origins of the mm.
longissimus cervicis and capitis were found to arise
from the posterior zygapophyses of the lower cervical
vertebrae. The division of the m. semispinalis capitis
into a medial m. biventer cervicis and a lateral m.
complexus was shown to result from differences in
attachment of these two parts to the occipital bone.
The m. semispinalis lumbocervicalis ( dorsi) was
shown to form a continuous column from the sacrum
to the axis.

Mechanical Effects of Acoustic
Transients on Tobacco Mosaic Virus
PHILIP EDWARD HAMRICK, Ph.D.

Department of Biophysics
The mechanical breakage of tobacco mosaic virus
(TMV) due to the action of acoustic transients has
been investigated. The acoustic transients were produced by transient heating of a Prussian blue dye
solution (attenuation coefficient of 1000 per cm) when
a ruby laser light (20 X 106 watts) was incident on
the dye surface. A quartz piezoelectric transducer was
used to determine the amplitude and form of the
acoustic wave. The production of acoustic waves by
transient heating is discussed, and the theoretical forms
of the acoustic wave determined for various boundary
and initial conditions are compared to the experimentally measured values.
The electron microscope was used to compare particle length distributions of control TMV solutions and
solutions exposed to the acoustic transients. Two conditions of exposure were studied by varying the boundary conditions of the TMV solutions. In one case,
the TMV solution was exposed to a single acoustic
transient, whereas, in the other, the solution was exposed to an acoustic transient which was reflected
within the solution. Significantly greater breakage was
produced in the latter case, which demonstrates the
importance of boundary conditions in the biological
effects of pressure transients.
Calculations were made of the magnitude of hydrodynamical forces producing tensions in the TMV particle. A laser intensity of 1.6 X 108 watts per cm•
incident on the absorbing dye solution was found to
be sufficient to cause significant breakage at the 5 %
level (Kolmogorov-Smirnov test) . The corresponding
tension on the TMV particle was calculated to be
6.3 X 10-• dynes.

A Comparative Cytogeneti.c Study of
Sex-Determining Mechanisms
in the Acarina
RICHARD L. HEINEMANN, Ph.D.
Department of Biology and Genetics

Meiosis is described in virgin females, inseminated
females, and males of the acarid mite Calogly phus
mycophagus (Megnin). The sex-determining mechanism is an XO-type in this species, and the male is the
heterogametic sex, having a diploid chromosome number of 15. Oogenesis in mated females is regular.
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Pachytene is the earliest meiotic stage observed. Nuclear extrusion is evident during the diffuse diplotene
stage in oocytes while seemingly attached to a central
structure of the ovary by a cone-shaped organelle.
Nurse cells are not evident during the growth period
of the oocyte, and it is suggested that nutrients supplied the oocyte during the growth period may be
derived from the central structure . A similar structure
is also observed in a testis. At metaphase I, eight bivalents are observed. Both products of the first maturation division divide at the second maturation division.
After the fusion of the pronuclei, either 15 or 16
chromosomes are observed in cleaving eggs.
Virgins of this species fail to oviposit. A description
is given of the aberrant morphology and behavior of
bivalents in postdiakinetic oocytes which have not
been penetrated by a sperm.
Meiosis is also described in both sexes of the arrhenotokous strain of the anoetid Histiostoma fero niarum (Dufour) as well as in a thelytokous strain of
this species. Male meiosis consists of a single mitotic
division without suggestion of a pseudomaturation
division. Oogenesis in the arrhenotokous strain is
regular with seven bivalents evident at the first maturation division . At metaphase of the first cleavage
division in unfertilized eggs, seven chromosomes are
observed , whereas in fertilized eggs, 14 chromosomes
are present. The thelytokous strain of H. f eroniarum
is apomictic. Oogenesis in this strain is accomplished
by an ameiotic mitosis with only one pseudomaturation division. Fourteen chromosomes are evident at
metaphase of this division. The same number of
chromosomes is also present in cleaving eggs.
The modes of reproduction in the Acari, the cytological and cytogenetic status of the group, as well as
the possible evolution of sex determination are discussed in light of the above findings.

The Energetics of Contraction of Isolated
Muscles of Frogs as Measured by
Their Consumption of Oxygen
R. J. M. McCARTER, Ph .D.
Department of Physiology
The experiments described deal with the oxygen
consumption of isolated sartorius muscles of the frog.
Double nerve-muscle preparations were used, and the
muscles were stimulated to contract in a moist chamber at 12 C under both isometric and isotonic conditions. In the isotonic series, shortening of the muscles
was not arrested by means of a stop. Separate experiments were conducted under conditions in which the
loads did and did not reextend the muscles in the
relaxation phase of the contraction-relaxation cycle.
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The resting rates of respiration of the muscles,
nerves and pelvic bone (to which the muscles were
attached) were found to be of the same order of
magnitude. Changes in length of the muscles did not
influence the resting rate of respiration. The resting
rate of respiration of muscles in the delta state was
found to consist of two phases-an initial phase, in
which there was a rapid decrease in the rate of respiration with time, and a secondary phase, in which
there was a steady small decrease in rate with time.
In the initial phase, the rate of respiration was approximately 70 % greater than the values obtained
for "normal" muscles. In the secondary phase, the
rate of respiration was approximately 40 % greater
than the normal values. Changes in the length of the
muscles did not influence the rate of respiration .
Under both isometric and after-loaded isotonic conditions, the active oxygen consumption followed the
behaviour already established in earlier investigations.
Heavily loaded isotonic contractions resulted in the
consumption of more oxygen than in the isometric
situation, and lightly loaded isotonic contractions resulted in the consumption of less oxygen than in
the isometric case. The same behaviour was obtained
independent of whether or not the loads reextended
the muscles in the relaxation phase. Hence, the potential energy dissipated by the falling load is not
stored in the muscle as metabolic energy. Qualitatively
similar results were obtained for muscles contracting
from initial lengths corresponding to sarcomere spacings in the range 2.0µ. to 2.5µ.. The implications of
these results, in terms of current theories of the energetics of muscular contraction, are discussed .
The active consumption of muscles in the delta
state was found to be approximately constant under
both isometric and isotonic conditions. The values of
the active consumptions obtained were approximately
50 % less than those obtained for normal muscles.
There was no significant difference between the maximal mechanical efficiencies of normal muscles and
muscles in the delta state . The average value obtained
was about 13 % .

Anaerobic Utilization of L-Lactate by
a Strain of Human Somatic Cells In Vitro
SAMUEL V. MOLINARY, Ph.D.
Department of Biology and Genetics
Minnesota esophageal epithelium (Minn-EE) cells,
a stable heteroploid human cell line of esophageal
origin, are unique in being able to anaerobically utilize
L-lactate, instead of glucose, in the culture medium.
Growth studies showed that Minn-EE cells could grow
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Microscopic morphology proved variable and was
not helpful in grouping the organisms, whereas colonial morphology made it possible to group them into
five types.
All strains were tested for a number of biochemical
reactions with the following results: Only one strain
fermented glucose and a number of other sugars. All
strains were catalase negative. Only one strain was
capable of gelatin liquefaction. Two strains reduced
nitrate to nitrite. All strains were indole negative. A
majority of strains formed hydrogen sulfide. Only one
strain produced an acid reaction in litmus milk. No
grouping of the organisms could be made on the basis
of biochemical test results.
Agglutination tes ts on eight selected strains indicated a heterologous group with only weak cross
reactions.
The results of this study would indicate that the
anaerobic streptococci selected by techniques used for
this study constitute a highly diversified group based
on classic techniques of grouping and study. These
classic techniques have not proved adequate to group
and classify the organisms.
Existing schemes of classification are inadequate,
and the isolants obtained in this study cannot be confidently placed in any recognized species .
The study confirms other published data indicating
that anaerobic streptococci are indigenous to the subgingival crevice area of man .

A Study of Anaerobic Streptococci
Isolated from the Subgingival
Crevice Area of Man

lmmunoelectrophoretic Analysis of Egg
White, Yolk and Plasma Proteins of the
Differentiating. House Sparrow,

under anaerobic conditions when glucose in the medium was replaced by compounds which could supply
reduced pyridine nucleotides, i.e., ,B-hydroxybutyrate
and malate. In no case could these reduced compounds
elevate the growth level to that attained by cells cultured in lactate or glucose. Glucose could not be
replaced by oxidized compounds, such as pyruvate,
under these conditions.
Radioisotope labeling experiments revealed that lactate and pyruvate were equally permeable and were
metabolized in the same manner by Minn-EE cells. It
was shown that these cells contained an endogenous
carbohydrate reserve which could supply the energy
needed for growth . However, this endogenous reserve
could not account for the growth seen.
Studies of the enzyme lactic dehydrogenase (LDH)
indicated that the total enzyme activity increased
during incubation under anaerobic conditions. The
isozyme pattern of LDH remained constant and did
not change, regardless of the type of medium or oxygen tension. The types of LDH isozymes present in
Minn-EE cells are different than those of other cell
culture lines and tend to facilitate lactate oxidation.
Aerobic glycolysis is the predominant means by which
glucose is metabolized by cells in culture. It is suggested that the lactate formed in this process represents
a storage form of reduced pyridine nucleotide which
can be drawn upon, when required, for biosynthetic

Passer domesticus
CHARLES BARKER SABISTON, JR ., Ph .D.

Department of Microbiology

CHARLENE A. SEIBERT, M.S.

Department of Anatomy
Thirty-six strains of obligately anaerobic streptococci
were isolated from the subgingival crevice area of 18
clinic patients. The condition of the oral cavities of
these patients ranged from perfect clinical health to
advanced periodontal disease.
The organisms were studied by a number of classic
techniques, which were modified to harmonize with
the anaerobic environment necessary for these organisms. While studying the general growth characteristics of these organisms, it was found that high peptone
concentrations in the growth media produced substantial increases in growth of the organism . Another
finding of interest was that glucose, in concentrations
approximating 0.5 % , inhibited a large proportion of
the organisms studied . Only one strain studied required
glucose or other sugar for growth, and this same
strain proved to be an obligate serophile.

The objectives of the research were: (1) to analyze
the relationship among egg yolk, egg white and
plasma proteins during ontogeny of the house sparrow,
Passer domesticus; (2) to evaluate developmental
changes by comparing immunoelectrophoretic patterns
of embryo, hatchling and adult plasmas; (3) to study
patterns of males and females to ascertain whether
each sex had unique proteins; and ( 4) to compare
protein moieties of house sparrow, chicken and human plasmas by observing heterologous reactions.
Various aged birds were bled by cardiac puncture.
Total protein content was quantitated by the biuret
method. A quantity similar to human plasma protein
content was determined, and that quantity was used
to elicit the antibody response in white New Zealand
rabbits. Plasmas, egg yolk and egg white were reacted
37
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with rabbit antisera by means of the highly sensitive
immunoelectrophoretic analysis.
Quantitative and qualitative changes occurred in
the plasma proteins during morphogenesis. Neither sex
exhibited any unique precipitate. Albumin and one
alpha1- and two beta,-globulins characteristically occurred after the eighth day of incubation. Prealbumin
was present in embryos, diminished soon after hatching and increased by 14 days after hatching. Gamma
globulin formed by five days after hatching; most
alpha globulins, by nine days; and beta globulins, by
14 days. Beta,-globulins completed the complement
by 23 days. Total protein increased more than twofold within the period between hatching and fledging.
Both egg white and yolk formed the same beta,globulin when reacted with antisera against sparrow
plasma. Yolk formed the albumin precipitate. Both
egg white and yolk seemed to lack gamma globulin.
The protein moieties of house sparrow and human
plasmas were immunologically distinct. Albumin and
certain alpha,- and beta,-globulins were not speciesspecific for either house sparrow or chicken plasmas.
The developmental pattern of proteins synthesized
in the house sparrow and the chicken was comparable
with changes reported in plasma proteins for both
developing rat and human. The processes of differentiation were fundamentally similar for all these species.

The Influence of Alpha- and BetaAdrenergic Stimulation on Sodium
Transport Across Frog Skin
CHARLES 0. WATLINGTON, Ph.D.

Department of Physiology
These studies were undertaken to clarify the nature
of the alterations in sodium transport produced by
catecholamines in frog skin, particularly in relation
to the concept of alpha- and beta-adrenergic receptors. The skin model used to interpret the results is as
follows: Sodium transport inward is thought to be
by a two-step process · across the epidermis, i.e., passive movement across the epidermal permeability barrier into the active transport site followed by active
transport inward into the internal medium. Outflux,
which is small relative to influx (accounting for net
inward transport of sodium), may be primarily a
passive process. The mucous glands offer a possible
pathway for sodium movement, although they are
not felt to be important in the unstimulated isolated
skin.
The effect of catecholamines and adrenergic blocking agents on sodium flux, short circuit current, and
skin resistance was evaluated in isolated frog skin .
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Alpha-adrenergic stimulation (epinephrine following
administration of the beta blocking agent pronethalol)
decreased net sodium flux and short circuit current to
an equivalent degree. Kinetic studies during alphaadrenergic stimulation demonstrated a decrease in
rate coefficient for entry into the skin-transporting
compartment but no change in the rate coefficient presumed to be related to active transport. Beta-adrenergic stimulation (isoproterenol or epinephrine following administration of the alpha blocking agent
Dibenzyline) produced an equivalent increase in sodium
influx and outflux, with no change in net flux, and
development of non-sodium current. The results suggest opposing effects of alpha- and beta-adrenergic
stimulation on sodium permeability, although on different pathways for sodium movement; i.e., alpha
stimulation decreases sodium permeability of the epidermal pathways for active transport, and beta stimulation increases permeability to sodium via another
pathway. The beta effects may be related to mucous
gland stimulation. Other evidence suggests that these
opposing changes in Na• permeability may be mediated by opposing alteration in cyclic 3', 5' AMP production in the cells.
The influence of the intravenous administration of
catecholamines and a beta-adrenergic blocking agent
on short circuit current, skin resistance and sodium
flux was studied in the living anesthetized frog. Epinephrine (alpha- plus beta-adrenergic stimulation) and
isoproterenol (beta stimulation) produced mucous release and an increase in short circuit current which was
not explained by sodium transport change. In contrast to epinephrine, isoproterenol decreased skin resistance and increased sodium outflux. Pronethalol
alone decreased short circuit current net sodium flux
and increased skin resistance. The results indicate that
ion transport across the skin, in vivo, is influenced by
alpha- and beta-adrenergic stimulation. They support
the concept that the two stimuli produce opposing effects on sodium transport, i.e., alpha stimulation decreases and beta stimulation increases sodium permeability of the skin.
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the "spasm reactor" in your practice

The Machine Age man still possesses a Stone Age stomach; sometimes the job of merely coping with today's
environmental stress may prove too much. For some
(the "spasm reactors" in your practice), tension, anxiety and worry may find expression through the voice of
gastrointestinal or other smooth muscle spasm. To treat
these patients with antispasmodics alone is often to
miss the point of origin of their disturbance; to rely
solely on tranquilizers often proves discouragingly slow
or ineffective in relieving spasm and pain.

To quiet and quell

Donnatal can promptly and effectively quell the spasm and quiet the tensions that trigger
it. Prescribed by more physicians thari any other antispasmodic-sedative, Donnatal continues to provide the
classic answer.

The "Donnatal Effect" The characteristic, over-all
effect of Donnatal has been observed in many thousands
of children and adults, clearly establishing its value as
a versatile sedative-antispasmodic. Outstanding in effectiveness, safety, economy, uniformity of composition
and dosage convenience, Donnatal continues to be desired and prescribed by a majority of physicians.

when the
'~ut issues"
get to him
he deserves

In a multiplicity of indications Particularly useful
when anxiety and tension accompany, aggravate or account for smooth muscle spasm, Donnatal is indicated
for the symptomatic relief of recurring, persistent or
chronic visceral spasm.

Brief summary Blurring of vision, dry mouth, difficult urination, and flushing or dryness of the skin may
occur on higher dosage levels, rarely on usual dosage.
Administer with caution to patients with incipient glaucoma or urinary bladder neck obstruction. Contraindicated in acute glaucoma, advanced renal or hepatic
disease or a hypersensitivity to any of the ingredients.
each tablet, capsule or
5cc. of elixir (23 % alcohol)
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each
Extentab®

hyoscyamine sulfate ................ 0.1037 mg.

0.3111 mg.

atrop.ine sulfate ........................ 0.0194 mg.
hyoscine hydrobromide ............ 0.0065 mg.
phenobarbital .................... C*- gr.) 16.2 mg.
(warning: may be habit forming)

0.0582 mg.
0.0195 mg.
(%gr.) 48.6 mg.
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QUIETS THE STRESS I QUELLS THE SPASM
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Whenever anxiety induces or intensifies clinical symptoms
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(chlordiazepoxide HCl)
Quickly relieves anxiety-Helps improve response in
psychophysiologic disorders-Seldom impairs
mental acuity or physical coordination} on proper dosageHas wide margin ofsafety

Before prescribing, please consult complete
product information, a summary of which
follows :
Indications: Indicated when anxiety, tension
and apprehension are significant components
of the clinical profile.
Contraindications: Patients with known
hypersensitivity to the drug.
Warnings: Caution patients about possible
combined effects with alcohol and other CNS
depressants. As with all CNS-acting drugs,
caution patients against hazardous occupations
requiring complete mental alertness (e.g. ,
operating machinery, driving).Though physical and psychological dependence have rarely
been reported on recommended doses, use caution in administering to addiction-prone individuals or those who might increase dosage;
withdrawal symptoms (including convulsions),
following discontinuation of the drug and
similar to those seen with barbiturates, have
been reported. Use of any drug in pregnancy,
lactation, or in women of childbearing age
requires that its potential benefits be weighed
against its possible hazards.
Precautions: In the elderly and debilitated,
and in children over six, limit to smallest effective dosage (initially 10 mg or less per day) to
preclude ataxia or ovcrsedation, increasing

gradually as needed and tolerated. Not recommended in children under six. Though generally not recommended, if combination therapy
with other psychotropics seems indicated,
carefully consider individual pharmacologic
effects, particularly in use of potentiating
drugs such as MAO inhibitors and phenothiazines. Observe usual precautions in presence of
impaired renal or hepatic function. Paradoxical reactions (e.g., excitement, stimulation and
acute rage) have been reported in psychiatric
patients and hyperactive aggressive children.
Employ usual precautions in treatment of anxiety states with evidence of impending depression; suicidal tendencies may be present and
protective measures necessary. Variable effects
on blood coagulation have been reported very
rarely in patients receiving the drug and oral
anticoagulants; causal relationship has not
been established clinically.
Adverse Reactions: Drowsiness, ataxia and
confusion may occur, especially in the elderly
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TORIES
Division of Hoffmann - La Roche Inc.
Nutley, New Jersey 07110

and debilitated. These are reversible in most
instances by proper dosage adjustment, but are
also occasionally observed at the lower dosage
ranges. In a few instances syncope has been
reported. Also encountered are isolated instances of skin eruptions, edema, minor menstrual irregularities, nausea and constipation,
extrapyramidal symptoms, increased and decreased libido-all infrequent and generally
controlled with dosage reduction; changes in
EEG patterns (low-voltage fast activity) may
appear during and after treatment; blood dyscrasias (including agranulocytosis), jaundice
and hepatic dysfunction have been reported
occasionally, making periodic blood counts
and liver function tests advisable during protracted therapy.
Usual Daily Dosage: Individualize for maximum beneficial effects. Oral-Adults: Mild
and moderate anxiety and tension, 5 or IO mg
t.i.d. or q.i.d.; severe States, 20 or 25 mg t.i.d.
or q.i.d. Geriatric patients: 5 mg b.i.d. to
q.i.d. (See Precautions.)
Supplied: Librium® (chlordiazepoxide HCI)
Capsules, 5 mg, IO mg and 25 mg-bottles of
50. Libritabsu•. (chlordiazepoxide) Tablets,
5 mg, IO mg and 25 mg-bottles of IOO. With
respect to clinical activity, capsules and tablets
are indistinguishable.

Also available: LibritabsM(chlordiazepoxide) 5-mg, 10-mg, 25-mg tablets

