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chapter I

INTRODUCTION

Gannon’ s (1 ) concept of homeostasis seems physio

logically  and pathologically unrelated to the general t is 

sue hormone of corticoida as put forth by Hartmann and co

workers (2 ). In the same ligh t , d iversification seems to 

be at hand in a comparison of the maladie poatoperatorie 

as noted by the French surgeon Rene Leriche (3 ), and 

Claude Bernard’ s (4) concept of the consistency within 

the milieu interieur.

Yet, through the e ffort of Selye (5) these seem

ingly unrelated observations were woven together into the 

General-Adaptation-Syndrome after he realized that a ll  

liv ing organisms respond to stress in an identical fashion, 

and that such reaction patterns, or adaptive reactions, 

are identical irrespective of the stressing agent.

The adaptive reactions as included within the 

Generaiwdaptation-Syndrome develop in three stages: The 

Alarm-Reaction, with its primary shock phase and secondary 

eounterehoek phase; the Stage of Resistance; and the Stage 

of Exhaustion. The Alarm Reaction is characterized by 

tissue catabolism, hypoglycemia, gastrointestinal ero

sion, neutrophilic leukocytosis, lymphopenia, and



eosinopenia. During the Stage of Resistance these phe 

nomena disappear only to reappear in the Stage of Ex

haustion.

2

It has been shown that the chief function of the 

adrenal cortex ie to aid the organism in adapting to 

stress (6 ).  Yet, it  is during the countershock phase of 

the Alarm React ion that the adrenal cortex is called into 

play. Hyperactivity on the part of the cortex subsides 

during the Stage of Resistance and the organism shows 

signs of recovery. Should the stressor persist, the 

Stage of Exhaustion enauea and hyperactivity of the cor

tex again comes into play (7 ).

The ab ility  of the cortex to aid in maintaining 

homeostasis is regulated by a number of factors; the la t 

ter being Humoral, Heuro-Humoral and Hypothalamic-Hypo

physeal in origin (8 ).

The Humoral factor depends upon the relationship 

between blood concentration of cortical hormone and ACi’H; 

a decrease in the concentration of cortical hormones 

stimulates the release of ACTH with a subsequent stimula

tion of the adrenal cortex. This supposes a prior in

creased peripheral utilization of cortical hormones, thus 

diminishing blood concentrations. This laechanism fo r  

cortical activation seems to be a alow, prolonged process, 

and occurs only with persistent stresses. Any stimulus
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(stressor) which causea a release of adrenaline activates 

the Meuro-humoral mechanism. Adrenaline seems to act 

directly upon the cells of the anterior pituitary caus

ing the release of ACTH. This process, because of its  

rapidity, seems to be comparable to the fight and fligh t  

mechanism of homeostasis. It has been suggested that 

adrenaline stimulates, either directly or indirectly, the 

release of a Hypothalamic Hormone which is then carried  

by the blood stream to the anterior lobe to stimulate 

AC'fH secretion.

Regardless of the mechanism involved in stimu

lating the adrenal cortex, the end result is always the 

same, that is , increased cortical activity.

At present, no single indicator satisfactorily  

reflects adrenocortical activity. However, the f a i l  in 

concentration of circulating eosinophiles after aCTH, or 

after various types of stress, correlates so well with 

metabolic changes known to be produced by the adrenocor

t ic a l hormones that It is often employed as an index of 

adrenocortical activity, Thorn (9) was so impressed by 

the constant character of the eosinopenia caused by in

jections of ACTH that he considered it to be a test fo r  

adrenocortical function. In the la tter, when the per

centage difference from the in it ia l level of circulating  

eosinophiles exceeds 50 per cent or more, a significant
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adrenocortical response ia considered to have taken place.

Dalton and Selye (10) maintain that an eoalnopenia 

occurs during the Alarm Reaction of the General-Adaptation- 

Syndrome, with a return to normal values during the Stage 

of Resistance. what takes place during the latter periods 

of the Stage of Resistance and during the Stage of jux-  

hauation seems debatable fo r  Selye ( 1 1 ) states that "no 

systematic investigation (of haematological changes) have 

yet been carried through to later periods of the stage of 

resistance and exhaustion." However, Jennings (12) has 

shown an eosinopenia occurring until death in 94 per cent 

of his cases,. Further study during these periods seems 

necessary before certainty can be established.

Wilhelmj, McGuire, and Waldmann (13) maintain that 

realimentation a fter prolonged fasting with lux us consump

tion carbohydrate diets "constitutes a severe cardiovascu

la r, gastrointestinal and general stress," However, adre

nocortical activity was not studied with the aid of one 

of the conventional indices of cortical activity.

It is the purpose of the present paper to repeat 

the above-mentioned study, but, in order to truly deter

mine the status of cortical activity , circulating eosino- 

philes w ill be utilized as indicators. If possible, the 

study w ill  also attempt to d ifferentiate the various adap

tive reactions as they occur within the General Adaptation 

Syndrome,



CHAPTER I I

METHOD

Twelve doga have been studied over a period of 

ten months. During this time the animals were subjected 

to a number of varying dietary regimes. a chronological 

illustration of the dietary sequence is shown in Table 1, 

on the following page.

Manner's stain was employed in counting eosino- 

philes. Counts were made at 11:00 a .M. in the case of 

animals A, B , C , D, K , I, J , and K; and at 8:00 A.M, in 

the case of animals F, G, H, and L. (Table 1)

Following the recommendation of Thorn (9 ), a de

crease in eosinophiles of 50 per cent^more from the mean 

value of the control period is to be considered s ig n if i 

cant.
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TABLE 1

HUMBER OF DAYS OH DIETARY REGIMES

Kennel Experimental
Doga Diet Past Diet

FAT

A (N e llie ) 80 days 28 days 24 days
B (Besee ) 59 " 26 " 31 "
C (Hound) 89 " 19 " 24 «
D (Blackie ) 98 - 22 « 22 11

CRACKER MS AL

E (Dionne ) 88 days 25 days 101 days
F (Mahoney) 51 " 25 « 27 II
G (Red) 66 " 20 ■ 21 IS
H (Manney) 30 " 35 " 62 II
I (Boria) 98 " 20 ■ 76 II
J (M illie ) 88 " 27 " 33 II

RICE

K (Shad) 67 days 27 days 67 days
L (Brownie ) 38 « 33 " 49 "



CHAPTER I I I

DIETS

The animals were fed daily at 3:00 P.M. Water 

was allowed a4 libitum during a l l  periods .

Kennel Diet

The kennel diet, Hutrena Dog Meal, consisted of: 

Crude P ro te in .................. not leas than 27.0%

Crude Fat ..........................» » » 4 .5$

Crude F i b e r ..................  . not more than 4.0%

Hitrogen Free Extract . , not less than 40.0% 

The Quantity of Hutrena fetd to each animal varied. 

In each case, as determined prior to the experimental pe

riod, it was sufficient to maintain the particular animal 

at a stable weight.

Carbohydrate

Cracker meal by analysis, consisting o f : 1
10.0% Protein

6.0% Fat
72.9% Carbohydrate 
9.2% Water 
1.0% Ash

Composition of cracker meal as given in The 
Chemical Composition of American Food M aterials, by 
W. 0. Atwater and A. p. Bryant.
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and boiled rice , consisting o f :1
72*5$» Water 
2.8> Protein 
0,1^ Fat

24,4Ji Carbohydrate (including f ib e r )
0,2^ Aeh

were utilized as a source of carbohydrate.

The caloric value of the carbohydrate diet was

calculated on the basis of 120 cal/meter2/hr,, surface

area (meters2 ) being determined by the formula derived by 
o

Meeh,  ̂ /»fter the calculated quantity had been determined,

5 per cent more was added to account fo r  the specific 

Dynamic Action of Carbohydrate.

A diet so calculated ie considered to be twice 

the normal low maintenance d iet, and in the future such a 

diet w ill be referred to as a Luxus Consumption Diet of 

Carbohydrate (13),

The diets consisting of Cracker Meal were prepared 

by mixing the desired quantity of cracker meal with eu f- 

ficient water to attain a doughy cone latency . In an e f 

fort to make auch a diet more palatable, 30 grams of 

calorically  inert Difco Beef Extract were added.

During each period of carbohydrate administration, 

Hulticebrin, one tablet daily , and two heaping teaapoonfula

1 Ib ld .

^  .112  V5/ W ~(K g )2
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of Brewers Yeast were added in order to compensate for 

any vitamin deficiency which might develop. The yeast 

preparation was added to and mixed with the dietary 

preparation, while Mult icebrin was given separately.

The method of calculating the quantity of rice to 

be administered is  identical to that utilized fo r Carbo

hydrate. However, the rice was prepared by boiling.

Difco Beef Extract and Brewers Yeast were subsequently 

added as in the case o f cracker meal,

Protein

Ground horse meat was used as dietary protein.

The method of calculating the Lux us Consu rapt ion Diet of 

Protein is identical to that of carbohydrate. However, 

in the case of protein an additional 30 per cent is 

necessary to allow fo r  the Specific Dynamic Action.

Pat

Animal suet, previously boiled with water for a 

short time, was homogenized in a „aring Blender with 

30 grams of Difco Beef Extract, and the desired quantity 

of Protein. Brewers Yeast was mixed with this prepara

tion after it  had cooled fo r approximately an hour, Miil- 

ticebrin was administered separately. Once a firm con

sistency was attained, the above preparation was again 

mixed and fed . I f  cracker meal had been selected to
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accompany the suet, one prepared the suet and beef ex

tract in the usual manner. However, the cracker meal is 

prepared separately and then added to the cooled suet. 

Brewers Yeast was added before feeding.

Since the fa t  preparations were very unpalatable, 

it  was necessary to vary the composition of such d iets.

At the start of a l l  periods, 190 grams of suet were ad

ministered, fo r  as long as possible. However, as soon as 

the diets became intolerable, meat or carbohydrate were 

added. Yet, in a l l  cases, the caloric composition of 

suet was always at least twice that of carbohydrate or 

protein. The maximum caloric fat d iet, fed to Bog G, 

fable 2 , following page, consisted of 220b calories of 

suet and 320 calories of meat, while a minimum was reached 

in the case of Bog B to which 855 calories of suet and 

432 calories of cracker meal were fed . The most frequent 

diet administered during the fat period was one consisting 

of 190 grama of suet and 80 grams of protein or cracker 

meal.

Fasting

The periods of fasting varied from 19 days to 

35 daye. In the case of dogs A, B, C, D, B, I , J, and K, 

the fasting periods were continued until "the Blood Pres

sure reaches and remains at the stable fasting leve l." (13)



TABLE 2

EOSINOPHILES EXPRESSED A3 THE. PERCENTAGE DIFFERENCE 
FROM THE MEAN OF THE CONTROL PERIOD

Dog
Control
Period Fast

F .A.Adjustment 
Fasting after Diet

High Fat

A M 413 M 262 Last 6 days M 163
-37* M 148 —64* -60*

B M 291 M 154 Last 6 days M 138
-47* U 76 -74* -59*

C M 200 a l ie Last 15 days M 91
-41* M 64 -58* -54*

D M 448 M 343 Last 20 days M 149
-29* II 283 -37* -67*

Luxus Consumption 
CHO—Cracker Meal

E M 258 M 105
-59*

Last 25 days 
M 68 -74*

M 92 
-64*

F M 397 M 141
- 68*

M 269 
-32*

G M 373 M 85 
-77*

M 199 
-47^

H M 85 M 45 
-47*

Last 19 days 
M 22 -74*

M 45 
-47*

I M 212 M 63 
-70*

M 96 
-55*

J M 336 M 204 
-39*

Last 16 days 
M 170 -49*

M 103 
-69*

Luxus Consumption 
CHO — Rice

K M 242 M 115 
-53*

Last 5 days 
M 78 -67*

M 124 
-49*

Luxus Consumption 
Protein—Horse Meat

L M 127 It 112 
- 12*

Last 22 days 
M 39 -69*

1st 23 da. Entire 
Period

M 33 -74* M 192 
----------------------
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However, "blood pressures were not taken on animals F, G, 

H, and L; here the general appearance of the animal de

termined the maximum time allotted to fasting.



CHAPTER IV

RESULTS

Interpretation of Figures and Tab lea 

A summary of the results Is presented in Table 2.

In addition to the mean eoeinophile values obtained during 

a l l  periods, Table 2 displays the mean eoeinophile values 

of the fasting and luxue consumption dietary periods as 

percentage dilierence from the mean value of the control 

period. It ie to be noted that the fasting period has 

been subdivided in an e ffo rt to contrast the mean eoeino- 

phile value of the entire fasting period to that of the 

terminal cosinepenia.

Figures 1*12 represent the eoeinophile values as 

obtained throughout the fasting periods. The mean eosino- 

phile value of the entire fasting period ie indicated by 

the line running parallel to the a be icca. The mean value 

of the terminal eosinopenia ie indicated by a shorter line 

paralleling the mean eosinophile value of the entire period. 

Control eoeinophile values are indicated by the scatter- 

gram to the le ft  of a l l  figures, the mean value of such 

periods being represented by the line contained within the 

scattergram of the control period.

The eoeinophile values as obtained throughout the 

dietary periods are indicated in Figures 12-24. The mean
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value of the particular dietary regime is indicated by 

the line paralleling the abaieca. The capital letters 

£ and £  symbolize tne mean values of tne control and 

fasting periods respectively.
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Fasting

Of the twelve animals studied, four (animals C,

F, G, and L) show a prompt and continued eoainopenia due 

to fasting. In contrast, seven animals show an in it ia l  

fluctuation of 00sinophilea within a normal range; however, 

as the fasting period continues a terminal eoainopenia en

sues even in these animals. One animal, D, did not re-

epond to fasting, yet it is possible that the faeting 

period was terminated too rapidly.

There does not seem to be any uniform eosinophile 

response through the entire series of fasting, and only 

the individual variability  magnifies it s e lf .  However, in 

view of the above it s t i l l  remains possible to subdivide 

the entire series of fasting animals into (a ) Vivacious 

and (b ) Phlegmatic Reactors. That le to say. that the 

basis of subdivision lies in the promptness or sluggish

ness in which & stressfu l éosinopénie pattern la pre

cipitated.

It is interesting to bring forth the notation 

that the Vivacious Reactors (animals G, G, H, and I )  were

93470
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those which were not capable of withstanding the more pro» 

longed periods of fasting. To he more precise, In Table 1 

it  is shown that the periods extended from 19 to 25 days.

In distinction, the fasting periods extended from 25 to 

33 days in the case of the Phlegmatic Reactors. This would 

seem to indicate that the Phlegmatic organism is one which 

utilizes its bodily reserves with precision and econouy, 

the Vivacious reactors being extravagant mid squandering. 

Disregarding the types of reactors as depicted above fo r  

the moment, let ue move on to an analysis of the eoeino- 

penia incurred by fasting. In a l l  cases, with the excep

tion of animal D, the non-reactor, a significant eoe ino

pen ia occurred (Table 2 ). Here again the Vivacious reac

tors show a markedly significant eosinopenia throughout 

the entire fasting period. The remainder of the animals, 

the Phlegmatic reactors, do not show a continuous eoeino- 

penia. However, as mentioned above, once their capacity 

to adjust is lost they also show a terminal f a l l  (as ex

pressed by percentage difference) in eoainophiles of 

50 per cent or greater, the latter being in accord with 

the degree of significance as depicted by Thorn ( 9).

Since the material presented either shows a prompt 

or terminal eosinopenia, one must deduce in conjunction 

with the work of Dalton and Selyc (10) that the end result 

of fasting only precipitates the Alarm reaction of the
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General-Adaptation-Syndrome, the Stage of Resistance not 

being demonstrated by a return of eosinophile values to 

normal as predicted by these workers. It is possible to 

state with extreme reservation, however, that the marked 

fluctuation of eosinophile values which occurs midway dur

ing the fasting period in the case of animals A and B, 

Figures 1 and 2, respectively, might imply the precipita

tion of the Stage of Resistance. Yet, this contention is  

easily open to debate.

High Fat Diet

Four animals (a , B, C, and D) were subjected to 

the extremely high fat periods, the latter extending from 

22 through 31 days (Table 1 ), Figures 13-16 illu strate  

the eosinopenic response attained during these periods. 

Table 2 shows that the percentage difference in eoaino- 

philes ranged from a -54 per cent to a -67 per cent, and 

as such the eosinopenic response noted in a l l  animals must 

be considered highly significant* Upon a closer analysis 

of Table 2, it  is to be noted that the least significant 

eosinopenic response (-54 per cent) to dietary fat was had 

in the case of animal c., the latter previously being clas

s ified  as a Vivacious fasting reactor. Also, animal JD who 

was considered to be a non-reactor showed the greatest 

eosinopenic response (-67 per cent). This would seem to
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indicate that the greater degree o f response noted to a 

subsequent bod ily  stress in the case o f the non-fastIng- 

reaetor may be a ttr ibu ted  to the la tte r*a  a b i l i t y  to c a l l  

fo r th  a greater proportion o f the body’ s to ta l defense 

forces ( 14,15) than the Vivacious reactor. This degree 

o f  d ifferen ce  may l i e  in the status o f the n u trit ion a l 

reserves fo llow in g  fa s tin g , the Vivacious reactor possess

ing a lower concentration, both qu an tita tive ly  and q u a li

ta t iv e ly ,  than the previous non-reactor. Further work is 

ce rta in ly  necessary i f  the above is to  be substantiated.

huxua Consumption Carbohydrate 

cracker Meal.—The eoainophile response to the 

Luxua Consumption Cracker Meal diet is  Illustrated  in 

Figures 17-22. Table 2 demonstrates the percentage d i f 

ference in eosinophilia noted during this period.

Of the six animals subjected to this dietary  

regime, three show a percentage difference in eoslnophiles 

from a -55 per cent to a -69 per cent. Two show a value 

of a -47 per cent, and one animal shows an eosinopenia of 

a -32 per cent. Since animals 0 and J| tend to fluctuate 

widely, it  would seem ju stifiab le  to consider an eosino

penia of a -47 per cent, as seen in animals G and H, as 

highly significant as one of a -50 per cent. However, the 

terminal eoeinophilla illustrated in Figure 19, animal G,
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indicates that adaptation has occurred and thus an eosino- 

penia of a -47 per cent is misleading. However, the con

stant and continued eosinopenia noted in Figure 20, ani

mal H, ju stifie s  the incorporation of this animal with 

those showing a significant eosinopenia.

From the above we may now consider that four of 

the six. animals showed a significant eosinopenia subse

quent to realimentation with Cracker Meal; however, the 

degree of eosinopenia not being as severe as that pro- 

duced by dietary fa t .

The return of eosinophile values to within the

range of the control period, as noted in Figures 18-19,
\

animals F and G respectively, indicates that a state of 

dietary stress no longer exists and proper adjustment is 

being attained.

R ice.—Realimentation with a Luxus Consumption 

Rice diet, Figure 23, precipitated an eosinopenia of a 

-49 per cent, animal K, Table 2, and this value w ill  be 

considered sign ificant. This point has been discussed 

elsewhere.

whether Cracker Meal or Rice is utilized as a 

source of carbohydrate, the end results are identical.

Luxus Consumption Protein

An eosinophilia of a /54 per cent (Table 2) oc

curred during protein administration. Such a gross
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analysis of the period ia very deceptive in so fa r as the 

terminal eosinophilia, which indicates the appearance of 

the Stage of Resistance, has been included. A subdivision 

of the period at a point Just prior to the terminal eosino- 

philia would include the eoainopenio values as produced by 

the Alarm Reaction, and as such would indicate the in itia l 

severity of large quantities of protein as a dietary stress. 

Such a subdivision indicates that the stimulation of pitu

itary-adrenal axis was sufficient to produce an eoaino- 

penia of a -74 per cent (Table 2 ). This value is as highly 

significant as that obtained by the administration of d i 

etary fa t ; yet, with protein, the fin a l return of the 

eosinophile values to normal indicates that it does not 

act as a prolonged dietary stress. With this in mind, 

diets extremely high in protein cannot be considered as 

great a stimulus as those consisting of dietary fa t  or 

carbohydrate.
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CHAPTER V

DISCUSSION

The concept that fasting is to be considered as 

an alarming stimulus is not unique and. has already been 

brought forth by the works of Lebland e_t a l. (16), Selye 

(17), Keys (18), and Zacco (19), Thus, the material 

gathered in this paper merely adds to the already present 

body of information. However, Lebland et_ j|l. (16) and 

Selye (17) maintain that fasting is to be considered as a 

slow-acting, though typical, stressor. The material 

gathered here seems to indicate that the pattern of re-l
action is variable, the key lying within the nature of 

the organism so exposed.

Fasting has proven it s e lf  to be an effective means 

of increasing the alarming effect of any other stressor 

(5 ). wilhelmj e_t a l. (20), administering extremely high 

carbohydrate diets to a group of dogs previously exposed 

to prolonged periods of fasting, noted a pronounced and 

prolonged response in blood pressure which was not char

acteristic of animals not previously exposed. However, 

carbohydrate ingestion per se , regardless of prior sensi

tization by fasting, precipitates the alarm reaction (21, 

22). The accelerated coagulation of blood noted with the 

ingestion of fat (23,24) suggests that dietary fat per ae
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may stimulate the pituitary-adrenal ax is . More evidence 

to substantiate this view was submitted by the work of 

Wiseman and Akeroyd (21).

The eoainopenic response noted after re alimenta

tion with carbohydrate or fat indicates that the pituitary- 

adrenal system has been activated. Yet, from the d i f fe r 

ence in degree of the eosinopenia one must deduce that the 

high fat diet acts to stimulate the pituitary-adrenal sys

tem to a greater degree, or that the high fat diet pre

sents metabolic products which are more suitable to main

tain a high degree of pituitary-adrenal activation, or an 

interplay ojf both may occur.

The administration of dietary protein produced a 

severe in it ia l eosinopenia with a terminal return to nor

mal. This pattern is certainly not identical to that 

seen with carbohydrate or fa t .  From the eosinopenia as 

produced in a l l  three cases, one would conclude that d i

etary fat and protein are identical non-specific stresses. 

However, the degree of adaptation which occurs with pro

tein administration implies that the metabolic products 

of dietary protein are more suitable fo r defense than 

those of fat or carbohydrate. It then follows that the 

in it ia l eosinopenia of protein ingestion may not be due 

entirely to protein as a non-specific stressor, but to 

protein as a precursor to defense in conjunction with its
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potentialities aa a stressor. A reflection of the period 

of protein administration in totality  substantiates the 

view that protein ie the least significant stressor of the 

entire se ries .

It h&a been observed that diets high in carbo

hydrate content produce a more marked hypertrophy of the 

adrenal cortex than those rich in protein (Pb,14 j . Yet, 

hypertrophy of the cortex does not indicate an acceler

ated exacerbation of cortical hormone.



CHAPTER VI

SUMMARY

Protein administration cannot be considered to be 

as great a stressor as dietary fa t  or carbohydrate. Car

bohydrate and fat act in an Identical fashion, producing 

an in it ia l and continual eosinopenia. Yet, fat produces 

a more highly significant eoeinopenia than does carbo

hydrate, and must then be considered to be a more severe 

stressor.
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