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FIGURE 1

The follow ing figure shows the character
is t ic  pattern o f changes shown by adrenal de- 
nervated dogs when subjected to prolonged fa s t 
ing immediately followed by a luxus consumption 
carbohydrate d ie t . The segments of the curves 
to the right o f the f igure represent the changes 
occurring when isoca loric  protein was substi
tuted fo r  the luxus consumption carbohydrate.
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LUXUS CONSUMPTION ISOCALOR IC 
FAST CARBOHYDRATE PROTEIN



STATEMENT OF PROBLEM

The syato lic  and d ia sto lic  blood pressure and 
pulse rates of normal dogs f e l l  s ign ifican tly  when sub
jected to prolonged fastin g . When these animals were 
realimented with luxus consumption carbohydrate imme
diately  follow ing the fa s t , these indices rose s ig n i f i 
cantly above control lev e ls . The elevated levels were 
maintained fo r  as long as 108 days. isoca loric  substi
tution of protein (horsemeat, beef or casein) resulted 
in a return o f these indices to control values. (1)

In contrast, b ila tera lly  sympathectomized dogs 
d iffered  from normal dogs in two ways: (a) the sy s to lic  
pressure remained at control levels or s lig h tly  elevated 
with l i t t l e  or no change in d ia sto lic  pressure during pro 
longed fasting  (the pulse rate decreased as in normal 
dogs), and (b) on realimentation with luxus consumption 
carbohydrate follow ing a prolonged fa s t , there was no 
sign ificant change in the sy sto lic  or d ia sto lic  pressure 
(the pulse rate was elevated as in normal dogs). (2)

In attempting to delineate the source of the radi 
cal differences between the sympathectomized and normal 
dogs when subjected to  extreme dietary stresses, we have 
performed a unilateral adrenalectomy and denervation of 
the contralateral adrenal gland; throughout this work
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these dogs w ill he referred to as being adrenal de - 
nervated. A fter recovery these dogs were subjected 
to the same dietary stresses as the aforementioned 

animals.

i.



INTRODUCT10 IT

Several years ago Wilhelmj £t_ a l. undertook the 
study of the e f fe c t  of the three principal fo o d s tu ffs , 
protein, f a t , and carbohydrate, on blood pressure and 

heart rate in dogs.(1 ,3 )
By varying the proportions o f these three sub

stances in the d ie t , one would no doubt get changes in 
these indices, at least over a period of years. In or
der to lessen the period necessary to produce the changes 
that may occur, Wilhelmj et, a l .  chose to  use a concept 
promulgated by Selye. (4) This principle of Selye is that 
by subjecting an animal to fastin g  the stressor e ffe c t  of 
other alarming stim uli is  much increased. In other words, 
the threshold fo r  release of a trigger mechanism by the 
s tre ss , other than fasting , decreased.

The method used by Wilhelmj then was to train  a 
number o f dogs and establish  control values of blood pres
sures and heart rate on them; these procedures were car
ried out while the animals were on a kennel diet which 
maintained a constant weight. This kennel diet consisted 
of Uutrena^- dog food which constitutes a balanced diet 

fo r  dogs under these conditions. After su ffic ien t con
tr o l values were obtained, the methods used were (as the

1-T rade name.
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ones used in this p ro ject, enumerated and described un
der "Methods" on page 16 of this paper) to subject the 
dogs to s tr ic t  fasting  whereby their only intake con
sisted of a desired amount of water. The duration of 
these fasts  was three to seven weeks followed by r e a li-  
mentation by various proportions of the three primary 
food stu ffs .

The indices o f blood pressure and heart rate were 
continued daily throughout the entire experiment and are 
s t i l l  being maintained on several of the dogs.

During fasting  the blood pressure and heart rates 
of the dogs were found to pass through two stages: (a) 
the descent of the blood pressure and heart rate charac
terized by marked fluctuations which were dependent on 
the level of the prefasting food intake, and (b) a stable 
fasting  level in which our two indices plateau at a low 
lev e l, which level is independent of the prefasting nu
tr it ion a l l e v e l . (5)

The variations in the general pattern of the in 
dices occurred when d ifferen t foodstu ffs were substituted, 
qualitatively  and quantitative l y , immediately follow ing 
the fa s ts , fo r  the prefasting maintenance levels of ken
nel d ie t .(1 ,3 )  Low maintenance diets (60 cals/M2/h r2 ) 
high in protein (horse meat ) or carbohydrate (cracker 
meal) resulted in prompt and sim ilar rises in blood
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pressure and pulse rate s ign ifica n tly  above the stable 

fasting  levels but not to the control le v e ls .
When fasted normal dogs were re alimented at luxus 

consumption levels (120 cals/M2/h r ) on protein the blood 

pressures and heart rates soon descended be low the control 
lev e l; but i f  carbohydrate were used at these levels a 
sy sto lic  hypertension and tachycardia resulted which was 
maintained as long as this leve l of carbohydrate intake 

was continued.
If the preliminary fasts  were avoided the high 

carbohydrate diet caused a temporary rise in blood pres
sure and pulse rate which returned to the kennel diet con
tro l value within about two weeks. High protein diets un
der these same conditions resulted in no change or an ac
tual decrease in the value of these in d ices. Wilhelmj e_t 
a l . (3) have carried out repeated *fat episodes'1 con sist
ing of alternation o f  fast and re alimentation with diets 
containing 50 per cent or more of the ca lories from beef 
suet or butter, a s  this experiment progressed, the f a l l  
o f blood pressure characteristic of normal dogs subjected 
to fasting did not occur; instead, it  was maintained or 
rose to higher levels . Following the last "fa t episode" 
Wilhelmj has replaced the high fa t  d iets with the quantity 
of Uutrena^ kennel diet which maintained th e ir  weight and

4  rade name.
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condition prior to any fasting episodes. Even though 
they are returned to  the kennel d ie ts , three o f four 
of these dogs have maintained a sy s to lic  and d ia sto lic  
blood pressure equivalent to those of essential hyper

tension. (6)
In attempting to  elucidate the etio logy  of the 

sy sto lic  hypertension and tachycardia resulting from 
fasting and realimentation on luxus consumption levels 
of carbohydrate, Wilhelmj, Carnazzo, and McCarthy (2) 
proceeded with this same dietary regime on to ta lly  sym- 
pathectomized dogs. Six adult dogs were subjected to a 
complete b ila tera l para vertebral ganglions cto my which 
resulted in severing of central connections of the pe
ripheral d istribution  of the sympathetic nervous system 
as well as denervation of both adrenal glands. Follow
ing recuperation from th eir operations these animals were 
trained fo r  blood pressure, heart rate, weight, capillary 
resistance, and éosinophile and white blood c e l l  deter
minations. Control values fo r  these indices were taken 
and the dogs were subjected to  fasting  and realimenta
tion sim ilar to those previously mentioned. On these 
operated animals the control values f o r  the heart rate 
and systo lic  pressure were essentia lly  normal, while the 
d ia sto lic  pressure tended to be at the lower lim its of 
normal. During fastin g , instead of the f a l l  m  blood
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pressure characteristic of normal Clogs, i t  tended, to rise 
s lig h tly , while the pulse rate decreased. Fasting normal 
dogs on realimentation with high carbohydrate d iets have 
blood pressures and heart rates elevated above the con
tro l levels . Sympathectorn!zed dogs under sim ilar circum
stances responded with increased pulse rate but no change 
in blood pressure from th eir  respective fasting  leve ls .
It was found that the heart rate decreased from a time 
shortly a fter  feeding until shortly before feeding, at 
which time i t  was the slow est; from this we considered 
the rapid pulse to have a metabolic orig in .

Luxus consumption diets of horsemeat caused no 
change in the blood pressure from the fasting  values o f 
sympathectomized animals.

Since the capillary  resistance and to ta l eosino
phil counts were closely  followed during most of these 
experiments, an introduction to their sign ificance is 
quite in order.

Robson and Buthie (7 ,8 ) , of England, observed a 
d irect relation between the levels of adrenal co r t ica l 
activ ity  and capillary resistance; they postulated that 
cortisone was the predominant mediator o f th is a ct iv ity . 
Kramar (9,10,11) followed capillary  resistance m rata 
while subjecting them to  d ifferen t stresses (co ld , pro
longed fa s t , trauma, ether anesthesia, severe emotional
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upset, and forced muscular ex ercise ). From this experi
ment he found that the capillary  resistance was intimately 
dependent on pituitary-adrenal c o r t ica l a ctiv ity  and that 
cortisone and somato trophic hormone are involved in this 

dependency.
Wilhelmj (12) found that when dogs were subjected 

to a prolonged fast there was a progressive rise in ca p il
lary resistance and a f a l l  in circu latin g  eosinophils. 
Realimentation of fasted dogs with luxus consumption d i 
ets of carbohydrate tended to maintain the fasting levels 
of capillary resistance and eosinophils; i f  these carbo
hydrate diets are immediately follow ed by isoca lor ic  
quantities of protein, the indices return to control 

values.
Sympathectomized (13) dogs when fasted showed a 

leaser elevation in the cap illary  resistance even though 
in the latter part of the fa st a plateau was maintained 
at about 40 mm. of mercury. The eosinophil count, as it  
usually does, varied inversely with the cap illary  re s is t 
ance . On realimentation at luxus consumption levels the 
capillary  resistance quickly returned to normal. The 
eosinophil count raised above the fasting  level but s t i l l  

remained below the control level.



RESUME OF SPHYGMOMAEOMETRY

As one observes the physician taking blood pres
sures on each patient as a routine procedure, one may not 
realize the years of research that went into the making 
of the modem sphygmomanometer.

About one hundred years a fter  Harvey elucidated 
the mechanism of c ircu la tion , Stephen Hales (14), in 1733, 
performed the f i r s t  blood pressure measurements. Hales 
used a d irect method by canulating a crural artery of a 
horse and connecting the cannula to a glass tube nine 
feet in height. The f i r s t  improvement on this technique 
was made about a century later when, in 1828, Pouiaeuille 
(15,16) used a U-shaped tube containing mercury and an 
anticoagulant. The shorter arm of the U-tube was a t 
tached to the in tra -a rteria l cannula and the blood was 
allowed to force the mercury d irectly  around the vertical 

U-tube.
Carl Ludwig (17), in 1847, was the f i r s t  to 

register d irectly  in the in tra -a rteria l blood pressure 
and its  variations on a kymograph; this is  essen tia lly  
the method fo r  d irect a rter ia l blood pressure measurement 
used today in the physiology laboratory.

With the instruments thus fa r  mentioned arteria l 
cannulation was necessary, rendering them useless fo r
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human blood pressure measurement. A system manifesting 
the force and changes in arteria l pulsations was in tro 
duced by Julius Herrison (18); it  consisted o f one-half 
o f a hollow metal sphere with a membrane stretched across 
the cut surface. To the metal surface was attached a 
capillary  tube and the whole system was f i l l e d  with mer
cury. By pressing the membrane against the radial ar
tery , the a rter ia l pulsations were manifested by o s c i l 
lations of the upper surface o f the mercury in the ver
t ic a l  capillary tube.

A German physiologist, Karl Vierordt (19), in 
1855, measured the counter-pressure necessary to o b l i t 
erate the pulsations in an artery peripheral to the ap
plied pressure. This princip le , of course, was the fo r e 
runner of the modem sphygmomanometer but was a very cum
bersome machine.

Marey (20,21) used the same principle aa Vierordt 
but sim plified  the technique and instruments very much.

The instruments thus fa r  mentioned were grossly 
inaccurate and measured only the sy sto lic  pressure.

In 1878, Marey (22) devised an apparatus m which 
the arteria l pulsations o f a finger were measured; these 
pulsations produced oscilla tion s in the mercury column. 
Marey considered the maximum and minimum manometric read
ings taken when the osc illa tion s  of the mercury column

«
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were the greatest represented the maximum and minimum 
blood pressures. This experiment , then, was the f i r s t  
successfu l attempt at indirect measurement of the d i 
a sto lic  pressure in man. The disadvantage, though, was 
that the volume changes in one fin ger were so small that 
the results were often not accurate.

In 1878, von Basch (23), a Viennese physician, 
constructed a cumbersome device which u tilized  the same 
principle fo r  blood pressure measurement as our modern 
sphygmomanometers . Von Baach’ s device consisted of a 
pelote connected to a mercury manometer with a tube 
f i l l e d  with water. The pelote was forced against an 
artery overlying a bone just until the d is ta l pulsations 
of that artery disappear; the reading on the manometer 
at that point indicated the sy sto lic  blood pressure.

Potain (24), in 1889, modified von Basch’ s in 
strument, making it  portable and more compact.

Riva-Rocci (25), in 1896, made a marked advance 
in c lin ic a l sphygmomanometry by introducing a compressing 
mechanism, consisting of a rubber tube or bag, 5 cm. in 
width, which encircled the middle of the upper arm, and 
was in flated  by means o f a hand bulb . The rubber bag 
was connected with a mercury or anaeroid manometer. As 
pressure was introduced into the bag the radial artery 
was palpated at the w rist. The systo lic  pressure was
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read, just at the disappearance o f the pulse at the w rist.
In 1897, H ill and Barnard (26) constructed an in 

strument sim ilar to that o f Riva-Rocci hut attached an 
anaeroid manometer instead of a mercury manometer to the 
c u ff . H ill and Barnard recommended the mid-point of the 
maximum osc illa tion  of the needle as being the mean blood 

pressure.
The next great advance toward modem spbygmoman- 

ometry was that of Korotkow (27) in 1905. Korotkow in 
troduced the application of the stethoscope over the ar
tery below the compressing c u ff ; m this position four 
d istin ct phases of sound could be heard and clearly  d i f 
ferentiated: phase I , the sudden appearance of a clear 
faint tapping sound, growing in in tensity ; phase I I , the 
sound assumes a h issing, muraurish quality ; phase I I I , 
the murmur disappears and the sound becomes c lea r  and 
louder; phase IV, the sound suddenly becomes muffled, 
and phase V, the sound disappears. Korotkow suggested 
that the sy sto lic  pressure be recorded at the very be
ginning o f the f ir s t  phase, and that the d ia sto lic  pres
sure be recorded at the end of the fourth phase, i  .e . ,  

when the sounds disappear.
In 1939, the Committee on Standardization of 

Blood Pressure Readings of the American Heart Associa
tion , and of Great Britain and Ireland (28) recommended
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that the point of muffling o f the sounds he accepted as 
the d ia sto lic  pressure.

In 1951, the Council for  High Blood Pressure Re
search of the S c ien tific  Council o f the American Heart 
Association (29), through the committee to revise "Stand
ardization of High Blood Pressure Readings," concluded 
that the point of complete cessation of the sounds is the 
best index of the d ia s to lic  pressure . When there is no 
cessation of sounds the point of muffling should be taken 
as d ia sto lic  pressure, i f  d is tin ctly  heard, and should be 

recorded as such.



AUTONOMIC NERVOUS SYSTEM

Since the theme of this paper centers around the 
sympathetic nervous system, a short resume of that system 
of which i t  plays so integral a part, the autonomic nerv
ous system, is well in order.

The autonomic nervous system is  divided function
a lly  and anatomically into two portions, the sympathetic 
and parasympathetic nervous systems. The sympathetic 
component may he further divided into neural and hor
monal portions. The neural aspect of the sympathetic 
nervous system consists of the rami communicantes, para
vertebral sympathetic gangliae and the peripheral neurons 
branching out from them; the hormonal aspect consists of 
the adrenal medullas and th e ir  secre tion s .

Already, in 1892, Von Noorden (30) realized a 
functional difference between the two systems. He de
scribed c l in ic a l  en tities  which were associated with 
vagal ir r ita b il ity  and labeled them vagal neuroses. 
Eppinger and Hess (31), in 1909, f i r s t  formulated the 
concepts o f vagotonia and sympatheticotonia and further 
elaborated on them in later papers. According to their 
theory, the sympathetic and parasympathetic d iv isions of 
the autonomic nervous system are to me a lly  stimulated 
and act synergistic a lly  or antagonistically to bring 
about a physiological balance, which may be shifted  to
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one side or another depending on changes in tonus of each 

or both d iv is ion s .
Cannon (32), in 1930, f i r s t  described with experi

mental proof the functional balance between the sympathi- 
co-adrenal medullary and the vago-insulin systems . He 
called this balanced mechanism, which maintains the body’ s 
internal environment in a re la tive ly  constant sta te , the 
homeostatic mechanism. He described the "figh t or flig h t"  
mechanism, which, in e f f e c t , is  absolute dominance of the 
sympathetic system. The result is d ilation  o f the pupils, 
inhibition of p e r is ta ls is , vaso-dilation in the skeletal 
muscles, vasfo-constriction elsewhere, increased heart rate, 
increased cardiac output, and increased blood pressure.
This dominance provides the means to res ist any change 
from the external environment. Resistance to any change 
of the internal environment is accomplished by a balance 
between the two systems.



METHODS

Four dogs, three females and one male, were used 
fo r  this experiment. They were observed and screened 
from others on the basis o f : (a) good appetite , (b ) gen
eral appearance and mood of s p ir i t ,  (c) clean line as and 
adaptability to cage l i f e , (d) greater length of hind 
legs fa c il ita t in g  blood pressure measurements, and (e ) 
clearness of the ventral abdominal skin fo r  capillary  re
sistance determinations.

The right adrenal gland was removed to ta lly  from 
each of the dogs while the le f t  was deprived o f its  in 
nervation. On recuperation from their operation each of 
the dogs was trained during one to three months fo r  the 
experiment. Training consisted of s t r ic t  routinization 
o f the daily procedures f o r  taking blood pressures, pulse 
rates , weights , to ta l white and eosinophil blood c e l l  
counts, and cap illary  resistance tests .

Blood pressure was determined by the auscultatory 
method of Allen (33) with certain  modifications and pre
cautions .(5 ,34 ) This method is an indirect one quite 
sim ilar to the sphygmomanometric method used on humans.
A cloth  cu ff enclosing an in fla tin g  bag is  attached to a 
mercury manometer and a hand-inflating bulb. A small dia
phragm connected to a stethoscope is  attached via two
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rubber bands to the right leg just above the ankle jo in t . 
The d ista l margin of the blood pressure c u ff , then, over- 

lies  the diaphragm.
A daily  series of ten to  fifte e n  blood pressures 

were taken consecutively and th e ir  average was considered 

to be the true value fo r  that day.
The pulse rate was determined by palpation over 

the proximal portion of the femoral artery of the right 
thigh. It was taken just before the blood pressure each 
day by counting the rate fo r  each of four consecutive 
half minutes and computing the average rate per minute 
from these determinations.

The roam fo r  blood pressure experiments is sound
proofed, well insulated, and equipped with a heater and 
a ir-conditioner to maintain a nearly constant tempera

ture .
I trained and made the daily readings myself 

each day to overcome any emotional changes due to a l 
ternation of experimenters .

Each of the dogs was weighed daily just prior to 
the blood pressure determinations. The scales used fo r  
weighing was correct to one-fourth pound. In order to 
reduce daily fluctuations in weight the dogs were placed 
in a specia l pen f o r  ridding themselves of body excreta 

just prior to weighing.
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The blood, fo r  the to ta l eosinophil and white blood 
c e l l  counts was obtained by vena puncture of the veins on 
the anterior aspect of the upper fo re leg s . Regulation 
pipettes, Spencer "Bright-LineM hemacytometers and a b i 
nocular microscope were used fo r  both types of counts.

One-tenth normal hydrochloric acid with several 
crystals of gentian v io le t per pint was used as the d i
luent fo r  the white blood c e l l  count. The solution  de
scribed by Manners (35) was used as the diluting flu id  
fo r  the eosinophil c e l l  counts; it  consisted of a two 
per cent phlox in and 50 per cent urea solu tion .

Capillary resistance was measured daily by the 
method and machine developed by Kr&mar (36 ). The machine 
consists of a vacuum reservoir connected with a mercury 
manometer on one side and a small p lastic suction cup 
with an inner diameter of 7 mm. on the other s id e . The 
method consists of determining the least negative pressure 
necessary to produce at least one petechia on the ventral 
abdominal w a ll. The negative pressure is applied for  one 
minute to the skin through a auction cup. In order that 
the ruptured cap illaries would have su ffic ien t time to 
heal the four quadrants of the ventral abdomen were a lte r 
nated from day to day.

Each o f these procedures was carried out at ap
proximately the same time and sequence each day. One can
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hardly overemphasize the absolute necessity of careful 
training and s t r ic t  rou tin iza tion , especially  in relation 
to the blood pressure experiments. Wilhelmj has made 
specia l note of this in an a rtic le  , "Emotional Elevations 
o f Blood Pressure in Trained Dogs. "(34)

The duration of the control periods extended fo r  
six  weeks on one dog to three months on two other dogs. 
These control periods are long and become quite tedious 
to continue, but , in order to  determine a mean as w ell 
as the average variations and fluctuations o f each in 
dividual animal, they must be quite extensive.

Following their individual training and control 
period, each dog was subjected to  a s tr ic t  fa s t , the diet 
consisting only of the desired intake of water.

The duration o f the fast varied according to  the 
condition determined by the general appearance and de
gree of weight loss , lassitude, and weakness, as well as 
his indifference to his environment.

Immediately follow ing his fa s t , each dog was re
alimented with a "luxus consumption d ie t ,"  consisting o f 
cracker meal or rice at the rate of 120 cals/M ^/hr., i . e . ,  
120 ca lories per square meter of body surface per hour. 
The area was computed by the formula (Area in M̂ ) =
(Kg. of body wt. )■§• x (0 .112). The equivalence of their 

e ffe c t  on our indices of cracker meal and r ice  has been
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previously established in our laboratory, even though 
cracker meal tends to cause a more intense temporary 
diarrhea on re aliment at ion a fte r  fasting .

Ordinarily the dogs were given their daily intake 
in one feeding, but during the f ir s t  few days o f realimen
tation several smaller portions were given da ily .

When dogs are fed prior to our experiments there 
are increases in the blood pressure and heart rate o f 
normal dogs as the time of feeding approaches the time 
of determination of these fa c to rs . (6) In order to over
come this elevation , these animals received their tota l 
daily portion several hours a fter the experiments were 
concluded. Also, i t  is not desirable to feed them imme
diately  a fter  the experiments since an emotional anxiety 
fo r  the food may result from this practice. (6)

In order to render the diet more palatable DIFGÔ  

beef extract and Brewerfs^ yeast were added. Neither o f  

these factors influence the ca loric  value. One Multice- 
brin^ vitamin capsule was given daily to o ffse t  the ob

vious deficiency without supplementation.
We continued the luxus consumption leve l of high

Lr rade name.
^Trade name.
^Trade name.
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carbohydrate intake until i t  became obvious that our re 
sults were constant in their levels or fluctuations. At 
this time we returned to the kennel diet that maintained 
our dogs at a constant weight during the control period 

prior to fastin g .



RESULTS

Pour dogs, three females and one male , were sub
jected to prolonged fasts im ed iately  followed by luxua 
consumption levels of carbohydrate ; the la tte r  was f o l 
lowed by is oc alo rie protein d ie ts . Figure 1 shows the 
typ ica l changes that occur in blood pressure, heart rate, 
weight, capillary resistance and the to ta l eosinophil 
blood c e l l  count of these four adrenal denervated dogs 

during the above experimental regime.
During fasting the blood pressure f e l l  to a 

stable fasting lev e l which has been described previously 
by Wilhelmj . (5) The Korotkow sounds became quite faint 
during the la tte r  part of the fa s t , varying in intensity 
from day to day; this fa ctor  made it  very d i f f i c u lt  to 
obtain the stable fasting  level characteristic of normal 

dogs during the la tter part o f a fa s t .
On realimentation with luxus consumption carbo

hydrate immediately follow ing th e ir  fa s ts , each dog’ s 
blood pressure immediately ascended to control values or 
above. This high level o f blood pressure remained quite 
constant until the termination of the carbohydrate diet 
with isoca lor ic  meat d iets ; at this time there was a 
gradual descent of the sy sto lic  pressure to their respec
tive control levels (which is  characteristic of normal
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dogs). One dog, W hitecollar, fa ile d  to  have a s t a t is t i 
ca lly  sign ificant decline during the time of isoca loric  

meat feeding.
The disappearance of the Korotkow sounds charac

teriz in g  the d ia sto lic  level o f blood pressure was absent 
very frequently during control values and absent more fr e 
quently during fastin g ; this disappearance occurred quite 
often during realiment ation o f high carbohydrate d iets 
but occurred with decreasing frequency as the d iet was 
changed to protein . This frequent absence of d ia sto lic  
changes makes i t  too d if f ic u lt  and uncertain to evaluate 
any sign ificant conclusions concerning this index.

The pulse rate of each of these animals decreased 
quite s ig n ifica n tly  (p < 0 .0 5 ) during th eir fasting state. 
The pulse rate o f three of the four dogs showed a charac
te r is t ic  stable fasting  level whereby there was very l i t 
tle  variation in the readings from day to day, whereas in 
one of the dogs, B e ll, i t  tended to rise  during the la tter 

portion o f her fa s t .
Realimentation with luxus consumption levels o f 

carbohydrate produced a very signif icant (p< 0.01) e leva
tion of the pulse rate in a l l  four of the dogs. Protein 
had a counter-effect of a pronounced f a l l  in the pulse 

rate (p < 0 .0 l)  in a l l  four of the dogs.
There was a gradually decreasing rate of weight
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loss of each of the animals as they progressed through 
their fa s ts . The average rate of weight loss was 186 
grams per day with extremes of 116 and 230 grams per day. 
In general, the animals with the lower rate of weight 
loss were able to withstand the fa sts  fo r  a longer pe

riod of time.
The to ta l eosinophil blood c e l l  counts in each 

of the dogs f e l l  markedly (many counts being zero) dur
ing fasting . On re alimentation with luxus consumption 
levels of carbohydrate three of the four dogs had a s ig 
n ifican t (p^O.05) increase of eosinophils. The e ffe c t  
of the isocjaloric meat diet was to elevate the eosino
phils in a l l  four dogs but only two were s ta t is t ic a lly  

s ign ifican t (p < 0 .0 5 ).
During fasting  the cap illary  resistance rose 

slowly at f ir s t  and more rapidly during the middle third 
of the fa s t , reaching a peak toward the end of the fa s t . 
The luxus consumption diet of carbohydrate tended to main
tain this peak level of cap illary  resistance fo r  several 
days, at which time it  gradually declined to the control 
value within two to three weeks. During its elevation 
and depression, the capillary  resistance underwent marked 
fluctuations. The curve patterns of the capillary  re
sistance represent a parabolic function with no leveling 
o f f  except at the control value; hence, s ta t is t ics  are
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valueless and the changes are beautifu lly  manifested in 

Figure 1.
The to ta l white blood c e l l  count f e l l  markedly 

during fasting ( p < 0 .01), and on realimentation with 
lux us consumption levels o f carbohydrate immediately re 
turned to levels not s ig n ifica n tly  d ifferent than the 
control values. There was more fluctuation  in the white 
blood c e l l  count during realimentation with high carbo
hydrate diets than during kennel diet con tro ls . There 
was no consistent change in the white blood c e l l  count 
among the four dogs when isoca loric  meat diets were sub
stituted  fo,r the high levels of carbohydrate .



A COMPARISON OF THE RESULTS SROM ADRENAL DENERVATED 
AND NORMAL DOGS WHEN SUBJECTED TO FASTING AND 

DIETARY STRESSES

The sy sto lic  blood pressure of normal and adrenal 
denervated dogs followed sim ilar patterns during these 

dietary stresses .
The pulse rate of the adrenal denervated dogs 

ascended to high levels when the luxus consumption carbo
hydrate was given a fter  the fast but returned to the con
tro l values within 18 days; the pulse rates of the nor
mal dogs were maintained at s ig n ifica n tly  elevated levels 
under sim ilar circumstances as long as the high level of 
carbohydrate was given to  the dogs.

The cap illary  resistance and eosinophil counts 
of the two types o f dogs followed sim ilar patterns ex
cept that the former f e l l  and the la tter ascended to con
tro l values in the adrenal denervated dogs while on the 
luxus consumption carbohydrate follow ing a prolonged 
fa s t ; under sim ilar circumstances in the normal dog these 
indices maintained th e ir  elevated and depressed levels 
respectively .



DISCUSSION

Four adrenal ¿enervated dogs were subjected to 
prolonged fasting  followed immediately by luxus consump
tion carbohydrate diets ; an isoca lor ic  diet of protein 
was substituted fo r  the la tter  f o r  several weeks . I he 
in d ices , blood pressure, pulse rate , weight, eosinophil 
blood c e l l  count, and capillary  resistance were taken.

Since there is essentially  no difference in the 
pattern o f blood pressure between the normal and adrenal 
¿enervated dogs when subjected to these dietary stresses 
we may conclude there is l i t t l e ,  i f  any, permanent d is 
turbance of the blood pressure regulating mechanisms by 
this operation. As mentioned in the introduction, b i 
latera l sympathectomy practica lly  abolishes any sy sto lic  
blood pressure changes in dogs when subjected to these 
dietary stresses . These two facts taken together tend 
to incriminate the neural aspect of the sympathetic 
nervous system as the part of th is system necessary for  
the blood pressure responses characteristic of the nor
mal dog under the aforementioned dietary regimes.

It is generally accepted that one of the ch ie f 
e ffe cts  of adrenaline is  acceleration of the cardiac rate. 
The ch ief source of c ircu latin g  adrenaline in the body is 
the adrenal medulla and denervation of this gland results

k
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in an absence of neural re flex  release of adrenaline so 
that there is a relative deficiency  of circu lating medul
lary hormones . (37) Therefore, one may expect a defect 
in the acceleration of the pulse rate in the adrenal de - 
nervated dog; this was found to be true during the period 
of realimentation with a luxus consumption carbohydrate 
diet follow ing a prolonged fa s t .  The pulse rate was e le 
vated early in this period, indicating that the animals 
were not grossly incapacitated or unable to react to  this 
stress in this manner, but soon f e l l  to control values; 
whereas the pulse rate of normal dogs is maintained at 
s ig n ifica n tly  elevated levels under sim ilar circumstances.

It is also generally accepted that adrenaline is 
a hyperglycemic agent, its  actions showing an antagonism 
to that of insulin . (38) Also, the release by the adrenal 
medulla of adrenaline is easily  stimulated by hypogly
cemia. (39) Without other mechanisms fo r  the maintenance 
of blood sugar levels , one would conclude that the ab
sence of the functioning adrenal medulla would result in 
death from hypoglycemia. Since the re were no indications 
o f hypoglycemia, even after prolonged fasting  (up to 40 
days), one must conclude that the other mechanisms were 
e ffective  in maintaining blood sugar lev e ls .

From the results comparing adrenal denervated and 
normal dogs we found that the adrenal medulla must be



intact to maintain elevated capillary resistance and de
pressed eosinophil levels during re aliment at ion with luxus 
consumption carbohydrate fo llow ing prolonged fastin g ; each 
o f these indices tend to return to  control values in adre
nal denervated dogs while they are maintained at s ig n i f i 
cantly elevated and depressed levels respectively during 
the periods indicated in normal dogs.

It has been shown that elevation of cap illary  re 
sistance and depression of the to ta l eosinophil blood c e l l  
count may be considered under certain conditions as in 
dices fo r  increased a ctiv ity  of the pituitary-ad renal co r 

t ic a l  systeip. (9)
Since adrenal ¿enervated dogs f a i l  to maintain the 

elevated capillary resistance and depressed eosinophil 
counts during luxus consumption levels of carbohydrate a f 
ter  a prolonged fast (which is  characteristic of normal 
dogs), we may conclude that they a re incapable of maintain
ing a prolonged elevated lev e l of pituitary-adrenal c o r t i 
ca l a ctiv ity  or there is a decrease of the reactiv ity  of 
the target organs .

A fa ilu re  to maintain an elevated level o f p itu i
tary-adrenal co rtica l a ctiv ity  may be due to an inherent 
d e fic it  of the system i t s e l f ,  or a fa ilu re  of a stimulator 
to maintain its  elevated a ctiv ity . The former is probably 
not the case since we secured supposedly normal dogs prior

29
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to the operation, hence the probability o f a fa ilure of 
an activator substance is more correct.

There are no gross abnormalities of the general 
appearance of these adrenal ¿enervated animals; their be
havioral reactions are normal and their capability  to 
withstand the severe stress of fastin g  and re alimentation 
on luxus consumption levels of carbohydrate does not seem 

diminished.
In general, the dog is capable of compensating 

to a great extent to adrenal denervation.

i



CONCLUSION

1. From the general appearance we may conclude 
that the dog is capable o f compensating fo r  adrenal de
nervation when subjected to prolonged fasting  and dietary 
stresses .

2. The nerves to the adrenal glands o f dogs must 
be intact to maintain the elevated pulse rate and c a p il
lary resistance and depressed to ta l eosinophil blood c e l l  
count during realimentation with luxus consumption carbo
hydrate diet follow ing fastin g  in dogs.

3. These results may indicate an insu fficiency  of 
sustained ad t i  vat ion of the pituitary-adrenal co r t ica l 
system or a fa ilure of the target organs to respond to 
their hormones .

4. The sy sto lic  hypertension present in normal 
and adrenal denervated dogs but absent in sympathecto- 
mized dogs when each type is realimented on luxus con
sumption carbohydrate follow ing prolonged fastin g  is 
probably dependent on the neural aspect of the sympa
thetic nervous system but not on the hormonal aspect, 
the adrenal medulla.

5. The sim ilarity  of the responses of cap illary  
resistance and eosinophil counts of sympathectomized 
and adrenal denervated animals , yet a marked difference
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from the same in normal dogs under the same conditions 
indicates that these responses are dependent on the adre
nal medulla and independent of the neural aspect of the 
sympathetic nervous system.
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