
Dugas Club Number
BULLETIN

OF THE

UNIVERSITY HOSPITAL
(Affiliated with the University of Georgia School of Medicine) 

Vol. 4 Augusta, Georgia, April, 1942 No. 2

CONTENTS
Page

The Dugas Journal Club-——___________.________________ 1 
Philip Dow

Some Fundamental Aspects of the Autonomic Nervous System with 
Specific Reference to the Billiary Tract....—___.___._.....................__ 3

William F. Alexander, Ph. D.'
Some Observations Upon the Chemical Composition and Method of 

Formation of Renal Calculi.__._______._ _ _ ________ 6
W. R. Brown, Ph. D. 

Discussion of the Paper of Dr. W. R. Brown....——————————.______ 7
J. Z. McDaniel, M. D.

A Comparison of Gonadotropic Hormones in Reptiles and Mammals.——. 9 
E. Norton Bradley, Ph. D.

Inherited Abnormalities in Mammalian Embryos.._:_._______.__.....11
G. Gordon Robertson, Ph. D. 

The effect of Metrazol Upon the Blood Pressure on Man and Dog.———13
R. A. Woodbury, W. F. Hamilton, Hervey M. Cleckley and 

Perry P. Volpitto

THE DUGAS JOURNAL CLUB

By PHILIP DOW, Department of Physiology and Pharmacology, 
University of Georgia School of Medicine

Autumn of the year 1934 found many new faces among the 
faculty of the School of Medicine and many new research programs 
in the laboratories. Lively mutual interest and curiosity resulted in 
the first formal steps recorded in the minutes. "On the call of the 
Dean, twenty members of the faculty met in the Hospital and dis 
cussed the organization of a journal club. November 15, 1934." 
Opinion favored a society to be modeled along the lines of a journal 
club conducted with much success several years before by Dr. Hous 
ton. Dr. W. F. Hamilton was elected president and Dr. Joseph 
Krafka, Jr., secretary-treasurer. The president and secretary were 

• made responsible for arranging programs, a custom which has been 
maintained.
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The names of fifty-eight doctors were listed in the attendance 
records of the first regular meeting, December 10, 1934. At that meet 
ing the decision was made to name the club after Dr. L. A. Dugas, 
illustrious teacher and physician of Augusta in the early years of the 
school. The choice was appropriately memorialized by reminiscences 
of associations with Dr. Dugas, presented by Dr. Hull. It was decided 
to hold meetings on the third Monday of each month during the 
academic year.

In the minutes of the December meeting, an example was set 
for the informality which has characterized the organization, by the 
following laconic substitute for a constitution and set of by-laws: 
"Dr. Hamilton entertained a motion to discuss the policy of the society. 
Moved, seconded, and passed to continue as outlined by the President 
and Secretary." Subsequent officers have thus successively inherited 
wide latitude of choice in their annual plans. The evolution of the 
programs has reflected changes in the school and in the abundance 
and variety of research problems under way. It has also been influ 
enced, quite naturally, by the interest and contacts of the following 
doctors who have served as presidents and secretaries: 1935-36, Carl- 
ton H. Maryott and Everett S. Sanderson; 1936-37, John H. Sherman 
and Robert A. Woodbury; 1937-38, Joseph Krafka, Jr., and C. Good 
rich Henry; 1938-39, Fred A. Mettler and Hervey M. Cleckley; 
1939-40, Hervey M. Cleckley and Perry P. Volpitto; 1940-41, Everett 
S. Sanderson and Alfred P. Briggs; 1941-42, Richard Torpin and Philip 
Dow.

The early program arrangers enlisted talent with a prodigality 
shocking to one who has recently had that responsibility. A single 
meeting was often devoted to the work of an entire department, with 
as many as four or five papers presented. That research develop 
ments do not change rapidly enough to keep up such a pace is attested 
by the variety of programs that have filled the meetings of the club's 
eight years. In some years the club has brought many distinguished 
speakers to Augusta from neighboring schools and more remote parts 
of the country. Besides the reports of experimental work by the 
members, programs have included motion pictures, both local and 
imported, studies of series of clinical cases, reviews of literature on 
timely topics, historical surveys, and various special events. Members 
of the Science Club of The University of Georgia at Athens attended 
one meeting and furnished the speaker for another, and the Dugas 
Club reciprocated by putting on programs at two of the Athens 
meetings, to which many interested members journeyed. It is to be 
hoped that future amelioration of transportation problems will see a 
re-establishment of these friendly relationships.

Few meetings have not been attended by members of the staff 
of the Lenwood Facility, who have entered regularly and spiritedly
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into the discussions and on one occasion furnished the whole program. 
At recent meetings the club has welcomed as guests officials of the 
Army Medical Corps stationed at Camp Gordon and the Daniel Field 
Air Base.

The club has been most fortunate in having the cooperating of 
the management of the Alumni Tavern. The suppers preceding the 
meetings have been a convenience for many and a pleasure for all who 
have attended them, while the use of the Tavern as a place for the 
meetings has been a potent factor in maintaining the friendly inform 
ality which has always been the spirit of the society. Increasing 
use, before and after the meetings, of the enlarged recreation rooms 
nearby has also served to add a spontaneous social feature.

The retiring officers express their gratitude to all who have so 
generously contributed to the success of the programs this year, and 
anticipate an interesting series in 1942-43 under the guidance of Dr. 
Ralph H. Chaney as president and Dr. Lane H. Alien as secretary.

NOTE:—Dr. L. A. Dugas, for whom this club was named was the originator of Dugas' 
Sign.-Ed.

SOME FUNDAMENTAL ASPECTS OF THE AUTONOMIC
NERVOUS SYSTEM WITH SPECIFIC REFERENCES TO

THE BILLIARY TRACT
By WILLIAM F. ALEXANDER, Ph. D., Department of Anatomy, 

University of Georgia School of Medicine

Three concepts exist concerning the fundamental structure of the 
peripheral or postganglionic antonomic nervous system, viz., 1) the 
classical neuronistic, 2) the terminal reticulue, and 3) the ground or 
fundamental plexus with interstitial cells. In view of more modern in 
terpretations of the relation of specific chemical substances in nerve 
metablism during nerve activity, the chemical mediation of nerve im 
pulses, the structure and activity of smooth muscle—a syncytium, it 
seems apparent that the third of these theories fits best.

Tangentially cut sections of the wall of the cats' gall bladder, 
(Fig. 1), stained by the activated protargol method (Bodian, 1936), 
reveal a plexus of nerve fibers quite similar in structure to that dem 
onstrated in the gut of amphioxus by Boeke (1938). The smallest 
fibers of this plexus when traced to the smooth muscle, form there, 
a fine, interconnected plexus which ramifies amongst the smooth mus 
cle cells, (Fig. 2). No fibers or branches of these fibers have been 
observed to end intarcellularly or around individual muscle cells. 
These same fibers neither give rise to still smaller ones which form 
a reticulum touching each and every cell, nor is this ground or funda 
mental plexus beyond the resolving power of the oil immersion com 
bination of lenses of the compound microscope.
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A network of small and medium sized nerve fibers is located im 
mediately subjacent to the basement membrane of the cells lining the 
folds in the mucosa of the gall bladder, (Fig. 3). The large fibers are 
quite similar in structure to the afferent fibers described in the human 
by Hogg (1941). These fibers are interpreted as probably being affer 
ent in function in the gall bladder. The small fibers are probably an 
efferent type or secretory in function. No branches of either type 
were observed to pass through the basement membrane into the cells 
or between them.

Fif,«ir« 1. Hish Dry. X +50.

f'4?

I

Mgura 4. High Dry. X 450.

Branches of the cystic artery possess a dense plexus, (Fig. 4), com 
posed of coarse and fine fibers. The coarse fibers form a plexus in 
the adventitia and between it and the media. The finer fibers of
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the plexus are located in the outermost cells of the media. Fibers 
forming the meshes of this plexus, generally course in the direction 
of the muscle cells, (Fig. 5), and are in intimate contact with the 
membrane of the adjacent smooth muscle cells, between which 
they course, but never become intracellular. These smaller fibers 
emanate from small node points at which is usually located a nucleus, 
and branch from this point most frequently at a right angle, (Fig. 5). 
This plexus does not contact all the outermost cells of the media, 
seemingly depending for its effect upon stimulating a few cells 
directly, then permitting the inherent capacity and the structural 
potentiality of the muscle to accomplish the activity.

Ganglion cells are present at the points of.bifurcation in the nerve 
fiber bundles in the gall bladder wall. These ganglia are most 
numerous in two regions, viz., the neck and fundus. Single ganglion 
cells and groups of two to six or seven cells are present at wide inter 
vals in the submucosal plexus of nerve fibers.

The plexuses in the portal canals of the liver are similiar in struc 
ture to those of the gall bladder. The vessels, hepatic artery and

portal vein, possess nerve plexuses resembling that on the cystic 
artery; the plexus on the vein being more sparse. An analysis of 
these fibers has been made previously, Alexander (1940).

In accordance with the experimental data presented by Boeke, 
Lawrentjew, Van Esweld and others, the ground or fundamental 
plexus with the intermediary or interstitial elements is the most 
logical form for the peripheral structure of the postganglionic portion 
of the autonomic nervous system. Our preparations substantiate this
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and the histological pictures as seen in this work bears out this con 
clusion. The only difficulty, is in fitting the interstitial or inter 
mediary elements (interstitial cells of Cajal) into the picture. There 
seems to be little doubt that they are present in other parts of the 
gastro-intestinal system and by virtue of its connection and derivation 
from this same system the biliary tract need be no exception. Perhaps 
the small triangular node points, seen best in the preparations demon 
strating the cystic artery, (Fig. 5), are these elements. In complete 
denervation experiments these structures are not visible. This may 
be a fault in the technic used, for our preparations, for these struc 
tures have been amply demonstrated by Cajal, Boeke, Lawrentjew, 
Leeuwe, Meyling and others.

SOME OBSERVATIONS UPON THE CHEMICAL COMPOSITION 
AND METHOD OF FORMATION OF RENAL CALCULI

By W. R. BROWN, Ph. D., Department of Chemistry. 
University of Georgia School of Medicine

The history of kidney stones begins in antiquity, and though ob 
servations have been numerous, and the literature voluminous, the 
real causes of their formation are as yet mysterious. Until quite re 
cently the knowledge of stones was retarded by inadequate chemical 
analysis, some authorities analyzing calculi by visual inspection.

In preparing this report, 35 stones (19 ureteral, 10 renal, 4 blad 
der, and 2 prostatic) were sectioned and each layer analyzed. All were 
mixed stones, the chief component being calcium phosphate (in 78 
per cent of the stones) with calcium oxalate and triple phosphate next 
(in 10 per cent each) and calcium carbonate trailing. Uric acid was 
found in traces in several stones, but never in appreciable quantities.

A review of the literature shows numerous theories for the forma 
tion of renal calculi, most of which are inadequate, not in explaining 
the formation of stones so much as in the relative rarity of stones. 
There are numerous factors: (a) mechanical, as stasis, the anatomy of 
the kidney, the presence of foreign bodies serving as nuclei; (b) chem 
ical, as the saturation of the urine, protective colloids, pH; and (c) 
metabolic, as hyperparathyraidism, lack of vitamin A, or character of 
the diet.

cussed.
Color transparencies of a dozen stones were shown and dis- 
^
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DISCUSSION OF THE PAPER OF DR. W. R. BROWN 
By J. Z. McDANIEL, M. D.

The very excellent paper which Dr. Brown has just given us 
illustrates again very clearly the dependence of clinical medicine and 
surgery upon the laboratory. Without a careful chemical analysis of a 
calculus no intelligent post-operative care can be carried out.

Formerly it was felt, in some quarters, that the physical appear 
ance of a calculus revealed its contents. We know now that one can 
not rely solely upon the appearance of the stone in the matter of 
analysis.

From the appearance of the calculus on the X-ray plate one -is 
sometimes able to distinguish between oxalates and phosphates. The 
oxalate calculi have a feathered appearance while the phosphates 
are deposited in concentric rings.

The pathology of all calculi is two fold. Certain abnormal 
functions must exist else a calculus would never form. Just what these 
abnormalities are and just how they come about is not always exactly 
clear. They undoubtedly are multiple and varied since it is obvious 
that salts which are deposited in strongly alkaline urine would not be 
deposited in strongly .acid urine.

The pathological changes which are brought about by the pres 
ence of a calculus are well known and are adequately described in all 
the better class text books on pathology.

The management of urinary calculi resolves itself simply into this, 
which in itself is anything but simple:—

1—Remove all the calculi as quickly as possible.
2—Eradicate all infection both local and focal.
3—Place the patient in the very best possible general physical 

condition.
<

Generally smooth calcul one centimetre or less in their greatest 
diameter will pass down the ureter and can be delivered transure- 
thrally. There are three constrictions of the ureter namely, at the 
uretero pelvic juncture, at the brim of the pelvis and the intramural 
portion of the ureter. If a calculus negotiates the first two constric 
tions it is fairly safe to attempt removal of the calculus with some of 
the various stone extractors. (At this point a number of lantern slides 
were shown illustrating the transurethral removal of urethral calculi 
with the various stone extractors.)

Usually ureteral calculi greater than one centrimetre in diameter 
unless they are very smooth, are best removed by open operation. 
This is particularly true if there is much evidence of general reaction 
due to urinary obstruction or infection.
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Larger stones located in the renal pelvis must of course be re 
moved surgically. Sometimes when it is impossible to remove all 
the fragments of a calcium phosphate (which most of ours are) or other 
calculus forming in a neutral or alkaline urine one may leave in a 
nephrostomy tube and irrigate the renal pelvis with an acid producing 
solution such as that described by Dr. J. Dellinger Barney. It consists
of

Citric acid (Monohydrate) . ..................___..._____________..32.25. gms.
Magnesium oxide (Anhydrons) .—..„..„„.„.„„.„.„„.. 3.84 gms. 
Sodium carbonate (Anhydrons) ____________________________ 4.37 gms.
Water ...._....-............-...-....--.................................Up to 1000 cc
The Ph is adjusted to 4 with acetic acid.
Urinary calculi, particularly if of long standing, may be accom 

panied by infection, ordinarily this infection is secondary and is due 
to the presence of the stone. But it may be a prime etiological fac 
tor in the genesis of part or all of the stone. Infections due to 
organisms, such as the proteus ammoniae or certain forms of the 
staphlococci which have the power to split urea in the urine and form 
Ammonium-Magnesium-phosphate is an example. Regardless of the 
type of infection it must be eradicated if possible.

Focal infection whether it be chronic prostatitis, chronic sinus 
itis or apical abscesses has no just claim to existence and should be 
eradicated. Its role in calculus formation is not certain. Some feel 
that it is the sole cause of the so called primary or aseptic calculus. 
They reason that toxins liberated into the blood stream may come to 
rest near the papillae in the terminations of the renal arteries and 
that nature throwing up a calcium barrier about the toxin unwittingly 
forms the nidus of a stone.

Finally, the general physical condition of the patient must be 
scrutinized closely, obesity or malnutrition should be corrected. A 
full, well balanced diet with adequate intake of fluids should be pre 
scribed. Our observations with the use of special diets has led us 
to the conclusion that they are not of too great practical value.

Endocrine and metabolic disorders, such as gout, hyperparathy- 
roidisin should not be forgotten or overlooked. A simple means of 
detecting hypercalcinuria is the Sulkowitch test. This consists of 
mixing 5 C. C. of fresh urine with 5 C. C. of a Sulkowitch's solution. 
A positive test is indicated by a heavy milk precipitate. It is assumed 
that the patient has not been on a diet heavy in calcium immediately 
before the test.

Sulkowitch's solution consists
2.5 gms. oxalic acid
2.5 gms. ammonium oxalate
5 C. C. glacial acetic acid.
made up to 150 C. C. with distilled water.
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A COMPARISON OF GONADOTROPIC HORMONES IN 
REPTILES AND MAMMALS

By E. MORTON BRADLEY, Ph. D., Department of Gross Anatomy, 
University of Georgia School of Medicine

The mammalian hypophysis may be devided grossly into an 
anterior and posterior lobe. The two lobes are separated by a thin 
layer, the pars intermedia. The object of our present interest, the 
anterior lobe, contains three principal cell types: acidophiles, baso- 
philes and chromophobes.

Atland, '39, finds that the hypophysis of the fence lizard also 
consists of an anterior and posterior lobe separated by a thin pars 
intermedia. The pars anterior contains the three characteristic cell 
types arranged, as in the mammals, in cords with the chromophiles 
peripheral and choroinophobes central in position. Unlike the mam 
malian anterior lobe where the chromophobe is the predominant type, 
in the fence lizard the acidophiles are most numerous. In the female 
there is a marked increase in the number of basophiles, however, dur 
ing the breeding season.

Hypophysectomy
The hypophysectomy of female mammals results in a degenera 

tion of the larger follicles and in some animals of the corpora lutea. 
Growth of the primordial follicles, however, does not cease. Houssay, 
'35, finds that hypophysectomy of pregnant dogs causes abortion. 
Hypophysectomy of rats and guinea pigs in the second half of preg 
nancy, on the other hand, does not terminate pregnancy and may 
even prolong it. In these animals, the corpora lutea, essential to the 
maintenance of pregnancy, must be kept in an active state by some 
agency other than the anterior lobe of the hypophysis.

Hansen & Tabb, '39, indicated a greater reduction in the size of 
turtle ovaries following hypophysectomy. Clausen, '35, finds that re 
moval of the hypophysis of water and garter snakes (viviparous forms) 
in early pregnancy results in resorption of embryos. Ablation in later 
stages of pregnancy produces abortion or resorption of the young. 
Significance is added to this observation when we find that Rahn, 
'40, has described corpora lutea in the ovaries of several species of 
snakes which also possess either a yolk-sac placenta or a primitive 
allanto-placenta.

Removal of the hypophysis of male rats, Smith, '30, and of male 
monkeys, Smith, '38, results in reduction of the germinal elements of 
the seminiferous tubules, producing a picture quite similar to that of 
the immature testis. As in the female, the primary germ cells are 
uninhibited.
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Like the mammal, ablation of the male garter snake hypophysis 
also causes a decrease in size of the testis and an atresia of the semi 
niferous tubules, Schaefer, '33.

Anterior Lobe Implants and Injections of Extracts

The implantation of anteroir lobe tissue into immature female 
rats and mice produces superovulation, precocious sexual maturity 
and great increase in ovarian weight. Similar implants placed in 
hypophysectomized adults restores their ovaries with respect to size 
and activity. Hisaw and his co-workers have been successful in the 
isolation of two gonadotropic factors from the anterior lobe of the 
mammalian hypophysis. One factor, FSH, stimulates the Graafian 
follicle. The other, LH causes luteinization in some animals when 
used alone but in others it must be combined with FSH to achieve 
this result. Similarly ovulation may be produced in some mammals 
by injection of either LH or FSH; in others a combination of the 
two factors is necessary.

A number of workers have injectejd whole sheep or hog hypophy- 
seal extracts into a variety of reptiles, obtaining increases in ovarian 
size and stimulation of the oviducts, Forbes, '37, Risley, '39, Mellish 
& Meyer, '37. Ovulation in the female lizard, Evans, '35, and in a 
South American snake, Houssay, '31, has been obtained following 
autotransplants of the hypophysis.

Smith, '30, finds that implantation of anterior lobe tissue into 
hypophysectomized male rats completely restores atrophied testes. 
FSH stimulates the tubular epithelium of the testis whereas LH has a 
similar effect on the interstitial tissue.

A number of workers including Forbes, '37, and Risley, '39, have 
tested the effect of injections of whole gland extract on the testes of 
various reptiles. Their observations agree in general, all finding some 
stimulation of the testis and gonoducts.

Pregnant Urine Extracts
The effect of pregnant urine extracts on the mammalian ovary 

is variable, producing ovulation and luteinization in the rabbit and 
only luteinization in the hypophysectomized rat. Injections in the 
monkey cause follicular degeneration and in the human, arrest of 
follicular development.

Evans, '35, and Turner, '35, have shown that pregnant urine 
extracts produce hypertrophy of reptilian ovaries and oviducts.

Engle, '32, reports that injections of pregnant urine extract into 
male monkeys cause an increase in interstitial cell mass, growth of 
seminiferous tubules and descent of the testes.
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Great weight increase of the testis and epididymis have been 
obtained by Turner, '35, and Evans, '35, in male lizards following 
injection of Antuitrin S. Bradley (unpublished) finds that Antuitrin S 
injected into immature garter snakes causes an increase in testis size 
and in seminiferous and epididymal tubule diameter. The epididymal 
increase is probably indicative of greater interstitial cell activity.

This work on the reptiles seems to indicate that there are in this 
group of animals the same type of gonadotropic factors found operat 
ing in mammals. It is probable that their effects may not be as com 
plex in the reptile as in the higher group, a condition which may be 
of considerable importance in obtaining a working knowledge of the 
influence of the anterior lobe of the hypophysis on the mammalian 
gonad.
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INHERITED ABNORMALITIES IN MAMMALIAN EMBRYOS

By G. GORDON ROBERTSON, Ph. D., Department of Microscopic Anatomy, 
University of Georgia School of Medicine

For many centuries students of biology and medicine have been 
fascinated by the various malformations which appear in the new 
born young of man and higher mammals. More recently, coincident 
with the advance of the sciences of embryology and genetics, investi 
gators have been studying the embryonic development and heredity 
of many of these malformations. At present, it is known that some 
of these abnormalities are definitely inherited in typical Mandelian 
fashion while others are evidently the result of accidents during de 
velopment. To the experimentalist the importance of the study of 
inherited abnormalities in mammalian embryos lies' in the fact that 
the comparison of the development of normal embyos with genetically 
abnormal embryos offers a convenient method for the analysis of 
developmental processes. It is difficult or impossible to employ the 
usual extirpation, explanation and transplantation techniques of the 
experimental embryologist upon the mammalian embryo. In our 
case the "mutant gene" (hereditary unit which has undergone a change 
from normal) performs the experiment which not only can be con-
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trolled in an inbred line but also has none of the variations of the 
operations performed by the human hand. Most of the work in this 
field of investigation has recently been reviewed by Dunn (1).

An example of such an inherited abnormality is the failure of 
implantation in utero and subsequent death of a certain percentage 
(25 percent) of embryos resulting from yellow x yellow matings in 
the house mouse, Mus musculus. Yellow mice are always heterozy 
gous (AYA) and never breed true (2, 3). Breeding experiments show 
that inheritance in yellow mice is as follows (AY = genetic factor for 
yellow coat color; A = genetic factor for agouti coat color which is 
recessive to the yellow factor):

AYA O x AYA O*<r

heterozygous • heterozygous 
yellow I yellow

25% AY AY : 50% AYA : 25% AA

homozygous yellow heterozygous yellow homozygous yellow 
(inviable) (viable) (viable)

Preliminary work on the fate of the homozygous yellow embryo 
shows that this "lethal" embryo dies approximately at the time of 
implantation in utero (4, 5). More recently, the development of the 
homozygous yellow mouse embryo in the carefully inbred strain 
101AY has been described (6). This embryo develops normally 
through cleavage and blastocyst formation. Just after normal embryos 
have begun to implant (end of the fifth day after insemination) the 
homozygous yellow embryo appears as a small mass of vacuolated 
cells in a decidual crypt in which the uterine epithelium has persisted 
although the uterus is in the progestational phase. Death of the 
abnormal embryo occurs after the trophectoderm of the blastocyst 
has come in contact with the uterine epithelium of a decidual crypt. 
The implantation mechanism has failed and the dead embryo dis- 
intergrates and is resorbed within 36 hours.

Once the typical course of development of the "lethal" embryo 
is known it is possible to employ methods of experimentation and 
study the abnormal development under altered conditions and thus 
by inference learn more about the relations of the embryo and the 
endometrium at the time of implantation. In this case the "lethal^ 
embryos were studied in a new uterine environment, that of the agouti 
mouse (AA). This was accomplished by the successful transplantation 
of ovaries from heterozygous yellow mice to homozygous agouti
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mice, and the subsequent mating of the agouti hosts with heterozy 
gous yellow males (6, 7). In the agouti uterus the "lethal" embryos 
develop further than in the heterozygous yellow uterus. This is 
indicated by the occurrence of approximately twice the number of 
cells at implantation time, by the development of a small ectopla- 
cental cone and a primary implantation membrane, and by the dis 
integration of the decidual epithelium associated with a more 
advanced development of the implantation site. Death of the homozy- 
gous yellow embryos in the agouti uterus occurs after implantation 
has begun, whereas in their usual uterine environment the implanta 
tion mechanism fails entirely. From this it is evident that the develop 
mental phenomena peculiar to this embryo are a result of its uterine' 
environment as well as the hereditary factors inhernt in the embryo 
itself. Since the genetic constitution of the heterozygous yellow 
mouse differs from that of the agouti mouse in only one factor, AY, 
it can be concluded that the environmental effect, which acts through 
the maternal endometrium to influence the development of the hom- 
ozygous yellow embryo, must be due to the action of the AY locus 
in the maternal genotype (genetic constitution). To conclude, it is 
evident that the failure of the "lethal" embryo to implant in utero is 
determined by its inherent genetic constitution but the genotype of 
the maternal endometrium influences the expression of this fate. This 
illustrates the fact that the development of an organism is controlled 
by its inherited constitution, but that environmental factors may in 
fluence, within limits, the ultimate expression of the intrinsic factors 
of the organism.

LITERATURE CITED
1. Dunn, L. C.: The Harvey Lectures, Scries 35, pp. 135-165, 1940.
2. Cuenut, L.: Arch. zool. Exper. et. Gener., 4e Series, T. 3, pp. 123-132, 1905.
3. Castle, W. E. and Littlej C. C.: Science N S., vol. 32, pp. 868-870, 1910.
4. Kirkham, W. B.: J. Exp. Zool., vol. 28, pp. 125-135, 1919.
5. Ibsen, H. L. and Steigleder, E.; Am. Nat., vol. 51, pp. 740-752, 1917.
6. Robertson, G. G.: J. Exp. Zool., vol. 89, pp. 197-231, 1942.
7. Robertson, G. G.; Proc. Soc. Exp. Biol. and Med., vol. 44, pp. 302-304, 1940.

THE EFFECT OF METRAZOL UPON THE BLOOD PRESSURE 
OF MAN AND DOG

By R. A. WOODBURY, W. F. HAMILTON, HERVEY M. CLECKLEY 
and PERRY P. VOLPITTO

From the Departments of Physiology and Pharmacology, Neuropsychiatry and Anesthesiology, 
University of Georgia School of Medicine, Augusta

Blood pressure studies on man following convulsant doses of 
metrazol are incomplete (for review of literature see Messinger and 
Moros (1)). It has been impossible to measure the arterial pressure 
during the convulsions with the usual clinical methods. Immediately 
after the convulsions the arterial pressure has been reported either 
increased, decreased or unchanged. However, at this time the pri 
mary action of the drug may be obscured by the many secondary 
effects of the convulsion or of the drug.
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In cats (2, 3), dogs (4, 5) and rabbits (6) the blood pressure changes 
have been investigated on anesthetized, decerebrated, and spinal 
animals. These studies showed that metrazol excites definitely the 
vasomotor and cardiac accelerator centers and to a lesser extent the 
vagal center. They have provided the basis for the statements con 
cerning the mechanism of action of the drug in man. Such state 
ments disregard the possibility of species variation.

Methods
Using the hypodermic manometer (7, 8) on five humans (patients 

with mental disorders) and six dogs, continuous records of the femoral 
arterial pressure were obtained and show the effects of intravenous 
injections of convulsive doses of metrazol (9, 10). By repeating the 
studies on different days, it was possible to vary the technic so that 
the patients and dogs were studied without premedication, and after 
preliminary medication with either curare, erythroidine, atropine, a 
spinal anesthesia or ergotoxine.

Results and Discussion
Effects in man. A definite parallelism exists between the eleva- 

vation of the arterial pressure and the muscular activity of the con 
vulsions. The arterial pressure suddenly rose with each seizure dur 
ing the early clonic phase and the late clonic phase. It remained 
high throughout the tonic phase. These elevations of the arterial 
pressure which frequently exceeded 100 mm. Hg. were accom 
panied by similar simultaneous rises in the intra-abdominal pressure 
(the intra-gastric which differs only slightly from the intra-abdominal 
pressure was recorded from a balloon and "Levine" tube which were 
put through the nose down the esophagus and into the stomach). 
Since pressure changes in the intra-thoracico-abdominal pressure are 
promptly transmitted to the heart, viscera and cerebro-spanal fluid 
(8, 11, 12, 13), blood vessels supplying the heart, viscera, brain and 
spinal cord are not subjected to any increased stress from this rise 
in arterial pressure. In some instances the blood pressure continues 
to rise despite a static or even diminishing intra-gastric pressure. In 
these cases a moderate increase in the net pressure (arterial minus the 
intra-thoracico-abdominal pressure) is present and causes some in 
creased stress upon the blood vessels to the vital centers.

A dose of metrazol (680 mgm.), which had regularly produced 
convulsions in one patient, failed during one experiment to cause 
typical convulsions. The maximal rise in the arterial pressure was 
only 26 mm. Hg. Apprehension was present and most of this small 
rise was probably psychic in origin.

The administration of curare or beta erythroidine prior to the 
injection of metrazol produced marked asthenia and reduced or 
eliminated the changes in the blood pressure which were secondary
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to the muscular contractions. During the weak convulsions when 
metrazol was given after these premedications, the rise in blood pres 
sure was small or absent. These data show that in man vasocon- 
striction plays only a minor role in the elevation of the arterial 
pressure produced by convulsant doses of metrazol. The large rise 
is dependent upon the presence of the convulsion.

High spinal anesthesia (T= - Ti) limited the convulsions to the 
cephalic end of the body, prevented the increase in the intrar-thoracico- 
abdominal pressure and blocked most of the sympathetic nerve roots. 
The blood pressure was not increased by the convulsions but de 
creased to values such as 60/30 mm. Hg. The pressure returned to 
the pre-injection values only after the lapse of five to ten minutes. 
Bradycardia was present and lasted from 30 seconds to four minutes. 
Cardiac arrest for 17 seconds occurred in one patient. These data 
show that high spinal anesthesia allows full manifestation of the para- 
sympathetic exciting action of metrazol. Spinal anesthesia which 
has been advised as a means to prevent vertebral fractures (14) may 
lead to dangerous complications in patients of the vagotonic type.

In man convulsant doses of metrazol produce a rise in the arterial 
pressure which is chiefly a reflection of the increase in the intra- 
thoracico-abdominal pressure. Excitation of the sympathetic and 
parasympathetic systems occur, but the effects mingle and balance 
each other. The balance is sometimes imperfect and one effect or 
the other may predominate.

Effects in dogs. During the convulsions in unanesthetized dogs 
the intra-thoracico-abdominal pressure in dogs showed an average 
rise of less than 30 mm. Hg. Nevertheless convulsant doses of metra 
zol elevated the arterial pressure 100 or even 200 mm. Hg. The return 
to the pre-injection level was slow and required more than 10 minutes.

After paralyzing doses of curare (3 mgm. per kgjn.) convulsant doses 
of metrazol (15 to 20 mgm. per kgm.) were without effect upon the 
intra-thoracico-abdominal pressure, but still caused the prolonged 
rise in the arterial pressure. This differs from the results in man.

These data show that convulsant doses of metrazol elevate the 
arterial pressure in man and dogs by diferent mechanisms. In dogs 
an increase in the intra-thoracico-abdominal pressure plays only a 
minor role, whereas in humans it accounts for most of the rise in the 
arterial pressure. In dogs metrazol increases the blood pressure by 
vasomotor (sympathetic nervous system) excitation.

Studies in dogs during spinal anesthesia prove that the para- 
sympathetic nervous system is also excited by convulsant doses of 
metrazol as was previously reported (6). High spinal anesthesia (C=) 
limited the convulsions to the head and neck muscles and paralyzed
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the sympathetic nervous system. With the onset of the convulsions 
the arterial pressure decreased and returned to the pre-injection level 
only after the lapse of three minutes. Bradycardia was present for 
25 to 30 seconds. These vagal effects were disclosed when the sym 
pathetic nervous system was blocked by the procaine hydrochloride.

Summary and Conclusions
The species variation is pronounced with respect to the effect of 

metrazol upon the arterial pressure of man and dog.

In man convulsant doses of metrazol increase the arterial pressure 
by an average maximum of 100 mm. Hg. The contractions of the 
skeletal muscles elevate the intra-thoracico-abdominal pressure, 
squeeze the blood vesesls, elevate the gross arterial pressure, but do 
not increase significantly the effective arterial pressure to the vital 
regions (brain, spinal cord, heart and viscera). The blood vessels of 
these vital regions are not subjected to additional stress.

In man metrazol excites the parasympathetic and sympathetic 
nervous systems. The effects upon the arterial pressure and heart 
rate are mingled and tend to balance each other. The balance is 
sometimes imperfect and one effect or the other may predominate 
depending upon the constitution of the patient and the type of pre- 
medication.

In unanesthetized dogs metrazol produces large prolonged ele 
vations of the arterial pressure chiefly by vasoconstriction. Para- 
sympathetic excitation also occurs, but this is completely masked 
unless the sympathetic nervous system is rendered ineffective by high 
spinal anesthesia or by ergotoxine. The convulsions themselves in 
crease the intra-thoracico-abdominal and arterial pressure only 20 
or 30 mm. Hg.
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