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endocrine glands. Thus,_ the adrenal gland, the pituitary, 

and the thyroid act synergistically to increase the blood 

glucose while the islets of Langerhans act to decrease the 

blood glucose. It should be understood that the effect of 

artificial stimulation or injection of an individual hor

mone will, in the intact organism, be governed by the exist

ing endocrine balance in that organism at the time of 

stimulation. 

In the course of the past century, a great deal of 

emphasis has been placed upon the evaluation of the role of 

the adrenal gland in the control of body metabolism in the 

normal ·individual as well as in the individual during a 
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stress situation. This gland is interesting in that it is 

regarded anatomically as a s i ngle gross structure, yet physi

ol ogically and histologically there are two units, each 

capable of functioning quite independently of the other and 

affecting each other only by way of another gland, the 

anterior pituitary, or by changes in tissue metabolism (103a). 

Therefore, when considering, for example, the effects in 

an intact animal of epinephrine administration of stimulation, 

it is necessary to remember that in addition to the actions 

of epinephrine, one is bound to reveal some of the effects 

of the adrenal cortical hormone, since the former will 

stimulate secretion of the latter by stimulating the anterior 

pituitary to secrete adrenocorticotropin. The beauty of the 



synergism of activity between the adrenal cortex and the 

adrenal medulla is readily exemplified in their effects on 

carbohydrate metabolism. 

Under conditions of general body stress, the 

adrenal medulla is stimulated, either directly or reflexly 

to secrete its hormone, epinephrine. It is the purpose of 

this study to evaluate the role of epinephrine and its 

action on carbohydrate metabolism. The initial body ad

justment to stress sacrifices the homeostasis of carbo

hydrate metabolism in order to meet the higher energy 

requirements of the organism. However, this interruption 

in the homeostasis is quite transient, and a new adjustment 

occurs at a higher level if stress is continued and its 

former level if it ceases. Ever since Blum 's experiment 

in 1901 (11) showing that epinephrine injected into a dog 

produced glycosuria, there has been an overwhelming number 

of reports in the literature which have offered theories 

and proofs of the mechanism of action of epinephrine in its 

effect on carbohydrate metabolism. 

It would be well, in this introduction, to con

sider some of the fundamentals of carbohydrate metabolism 

and to define a few of the terms which will be used in 

the course of this study; for a misuse of terms is one of 

the reasons for the confusing results which are seen. 

The available evidence makes it rather cl ear that 
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rmmber of acid forms, finally ending as pyruvic acid. 

This entire process is anaerobic, and if it continues i n 

an anaerobic state, lactic acid will be formed. In the 

presence of oxygen, the organic acid enters an oxidative 

cycle, whi ch is known as the Krebs' cycle, and finally is 

broken down to carbon dioxide and water . This entire 

process , the transformation of glycogen to its final end 

products, lactic acid, carbon dioxide, and water is an 

exothermic reaction, and is believed by most physiologists 

to provide the ultimate energy for muscular contraction 

{26 , 43a, 6la). This process of the degradation of glucose 

to carbon dioxide, water, and lactic acid , together with 

the ro cess of glyco genesis i n both liver and muscle, \ve 

shall define as glucose uti l ization. 

To complete the carbohydrate cycle, the lactic 

acid is carried by the blood stream to the liver where it 

is c onverted, as described above , t o .liver glycogen. In 

the mammalian organism, the muscle is unable to convert 

lactic a cid to muscle glycogen. How then does the muscle 

replenish its glyco gen? A process exactly the same as 

occurs in the liver also occurs in the muscle; i.e., muscle 

glucose and phosphoric acid are esterified under the action 

of hexokinase to form the Cori ester, glucose-6-phosphate. 

This phase of glucose metabolism, the removal of glucose 

from the interstitial fluids by the tissues, and its 
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THE EFFECT OF ADRt;NERGIC BLOCKI NG DRUGS ON EPI NEPHRI Ni.:

I NDUCED HYPERGLYCEMI A I N HABBITS 



INTRODUCTION 

A majority of the available adrenergic blocking 

drugs are lcno\vn to diminish or block many of the excitatory 

effects of epinephrine, although the positive chronotropic 

effect of epinephrine upon the myocardiwn is not knO\'ln to 

be blocked by any adrenergic blocking drugs. Since an 

excellent extensive revievv on the pharmacology of adrenergic 

blockade has been published by Nickerson ( 92), no attempt 

will be made to revie'"' this subject in this thesis. In 

view of the ability of the adrenergic blocking drugs to 

inhibit so many of the physiologic effects of epinephrine, 

it seems important to know the effects of these drugs on 

hyperglycemia produced by exogenous epinephril1e. Data 

concerning the effect of these drugs upon the metabolic 

effect of epinephrine are limited in quantity and scope. 

If adrenergic blocking drugs could be proved to block some 

specific phase in carbohydra·ce metabolism, they vvould be 

useful research tools for investigating the mechanism of 

epinephrine-induced hyperglycemia as well as other problems 

in carbohydrate metabolism. Consequently, the following 

experiments were made to determine whether or not some of 

the potent adrenergic blocking drugs recently synthesized 

are capable of blocking epinephrine-induced hyperglycemia. 
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RESULTS 

The effects of drugs on epinephrine-induced hyper

glycemia are tabulated in Table l. The administration of 

an adrenergi c blocking drug did not chan8e the time of 

mcucimum rise in the hyperglycemic curve. Therefore , only 

the rise occurring at 15 minutes after the injection of 

e pinephrine is herein reported, although as mentioned above 

blood · samples at 5, 10, 15, 20, and 40 minutes \vere obtained . 

Each a gent was tested for its effect on the fasting blood 

sugar level in 3 rabbits and in no case was there any 

significant change over a period of 150 minutes. 

In most cases the dose of adrenergic blocking 

drug selected for use \vas sev(jral ·cirnes the dose required 

to reverse epinephrine-induced hypertension, since in these 

experiments we are probably dealing with only the excitatory 

phase of adre:nergic activiJcy, while in the blood pressure 

response both the excitatory and inhibitory phas es are 

present , and a slight 1c. eduction in the excitatory phase is 

exaggerated by the presence of the inhibitory phase. 

Di hydroergocornine. The phar macology of di hydro 

ergocorni ne ( DH0-180) hc'1. S been studied by Rothlin (102), 

v.rho found this agent to be a potent b lo cking agent as 

measured by the effect on hypertension i nduced with epi-

nephrine. In· his experiments t o test the effect of the drug 
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on epinephrine-induced hyperglycemia, both the DH0 -180 and 

epinephrine v1ere injected subcutaneously. His rmmlts show 

that hyperglycemia was diminished or blocked. In this 

study his experiment has been repeated, using the same dose 

of DH0-180, but injecting intravenously as described above. 

It is interesting to note that in each of the six: rabbits 

tested this agent produced az:1 effective blockade of the 

bl9od sugar rise in a dose which is smaller than the one 

required to consistently reverse epinephri ne hypertension. 

One wonders if t his means that the compound has a selective 

action on the liver cells. As shall be seen in a subsequent 

part of this study there is further evidence in support of 

the validity of this suggestion. 

The rema inder of the compounds tested belong to a 

series of 2-huloalkylamines. It ha s been found (94) that 

the ethyl hornologues of this series have a greater adrenergic 

blocking a ctivity than the methyl homologues, and if the 

halogen is replaced by an hydroxyl group the resulting com

pound loses its blocking ability (78, 79 , 80 , 94). Several 

ethyl homologues have here been t es-ced for their effect on 

epinephrine hyperglycemia. 

2-0r'chobenzyl:phenoxyethyl. Compound 2( Table 1) 

\'lfas . previously reported ( 65 ) to be a potent adrenergic 

blocking drug. In the present experiments a dose somewhat 

larger than that required to reverse epinephrine hypertension 
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in dogs produced a cornplete .blockade of induced hyperglycemia, 

in rabbits. 

1-Phenyl-2-N- IVIethylbenzyl. Preli minar y experiments 

( 20) have shown that compound 3 will reverse epinephrine 

hypertension in the dog in a dose of 2 mg. /kg. Follmving 

injection of 2.5 mg. /kg . of this agent , there was no change 

in the fasting blood sugar level in response to epinephrine. 

As vvill be shown i n the next series of experiments i n this 

study, this compound also reduced the hyperglycemia resulting 

from an infusion of epinephrine in dogs. VJhen the halogen 

of this compound was replaced by an hydroxyl group (Compound 

11) the resulting agent even in twice that dose did not 

affect the hyperglycemia in rabbits, indicat ing that the 

presence of the halogenated ethylamine gro up is required for 

the blockade of hyperglycemia as well as the pressor reoponse 

of epinephrine. 

9-Fluorenyl. Compound 4 has been found to be among 

t h e most potent of adrenergic blocking drugs ( 71 , 78 ). It is 

a s pecific a gent, antagonizing onl y the effects of epinephrine 

and some of its congeners . This compound in a dose of 2 mg ./kg. 

effe ctively reduced the induced hyperglycemia in rabbits and 

as we shall see l ater, in dogs , although a complete blockade 

did not occur. 

1-NaphthyJJ:nethyl. Previous reports have shcnm -r,hat 

Compound 5 i s a potent epinephrine antagonist (79 , 113), 
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The methyl homologue (Compound 9) and the non-halo genated 

derivatives (Compounds 10 and 11) which are either devoid 

of the ability to reverse epinephrine hypertension or show 

a very weak adrenergic antagonism, were also 'Without effect 

in reducing epinephrine-hyperglycemia. 
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D.ISCUSSION 

As early as 1912, Miculicich (88) demonstrated 

that ergotoxin reduced the hyperglycemia and glycosuria due 

to subcutaneous injection of epinephrine in the rabbit. HO'\If

ever, since that time, other adrenergic blocking drugs have 

been shown to be effective when used in the rabbit. 

18 

In 1929, Hanson (58) studied the effect of yohimbine 

on epinephrine-induced hype r glycemia. The rise in blood sugar 

was elicited by a subcutaneous injection of 0.1 mg./kg. in 

rabbits. This rise was completely suppressed by an intra

venous injection of 1.5 mg. of yohimbine per kg. of body 

weight. vhereas the control blood sugar rose from 115 to 

315 mg . % in 1.5 hours after epinephrine injection, the rise 

in yohimbine treated rabbits was only from 115 to 135 mg. %. 
This slight rise in the yohimbine treated rabbit s could not 

be inhibited, even if the dose of yohimbine was increased to 

25 mg./kg . This study was a confirmation of the previous 

work of Nitzes cu (95). 

The influence of the benzodioxane derivatives vms 

tested by Blancher in 1934 (10). Working with rabbits, he 

injected epinephrine in a dose of 0.2 mg./kg. subcutaneously, 

and obtained exactly the same result as Hanson did using half 

of that dose, namely from 115 to 314 mg. %. This rise, how

ever, was said to occur three hours after the injection 





1,25 mg. % a s opposed to 100 mg. %, and hence a reduction in 

the peak response of 25 mg. % could be shown. In addition, 

due to the hastened peak of response with a rather rapid 

return to normal, the area, i.e., the combination of magni

tude and duration of hyperglycemia, was certainly curtailed 

following treatment with Dibenamine. 

That these small differences could be magnified 

into statistical significance was shown by Grant (49) who 

employed the cross-over type of experiment with 12 rabbits, 

and using the same dosage as Nickerson and Goodman, demon

strated a statistically significant decrease in t he hyper

g lycemia induced by epinephrine in those animals pretreated 

with Dibenamine. 

Hecht and Anderson (62) have found that Dibenami ne 

was ineffective in the blockade of epinephrine-induced 

hyperglycemia in man. 

In 1951 Chen and Clarke (lS) attempted to block 

e pinephr ine-induced hyperglycemia in rats using another 

of the ar yl-2-haloalkylamine series, N-(2-chloroethyl)

N-ethyl -1-naphthaline methylamine. HCl (SY-14). They were 

unable to inhibit the effect of epinephrine given sub

cutaneously in a dose of 0.5 mg./kg. with SY-14 given in 

doses of 6 and 12.5 mg./kg. However, 25 mg./kg. of SY-14 

given 1/2 hour before the epinephrine caused a decrease in 

the blood sugar while 50 mg./kg. blocked it completely. It 
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pas been shown that ergonovine ( 60 ), with no knovm adrenerg ic 

blocking activity , in large doses blocked hyperglycemia in

duced by epinephrine. It is this a uthor's b elief that this 

is due to some i ndirect effect since it \'Ifi ll be shown in 

the next section t here are other agents v-ri thout adrenergic 

blocking activity \vhich will inhibit the hyperglycemia. 

A discussion of the possible mechanisms of action 

of some of these agents will be found in the last oection 

of this thesis. 
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rabbit . However , this effect may have some species speci 

f icity. In addition, some ot her agents without adrenergic 

blocking act ivity may el i cit this response . 
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.RESULTS 

A. Hyperglycemia in Rabbits: 

The effects of antihistaminic a gents on epi

nephrine-induced hyperglycemia in rabbits are listed in 

Table 2. It vms found that when antihistamines were in

jected intravenously and slowly, as they were in this 

series, they did not produce any rise in the fasting blood 

sugar level. Thenylpyramine (Histadyl), N- pyridyl- N'-5-

chlorotnenyl-N-dimethylethylenediamine citrate (Chlorothen), 

Pyranisamine (Neoantergan) , Tripelenamine (Pyribenzarnine), 

N'-2-dimethylruninopropyl thiodiphenylamine. HCl (Phenergan}, 

Chlorprophenpyridmnine (Chlortrimeton) and 1-(10-acridyl)-

2-dimethylaminoethane . HCl (Lilly 01798), have been de 

scribed as being among the most potent antihistaminics (20, 

75, 76, 122) . 

These were found to be the most effective in 

diminishing epinephrine-hyperglycemia in rabbits. Such 

activity cannot be due solely to the ethylenediamine 

structure contained in the five compounds listed in Table 

2, since this structure is absent in the two active com

pounds, Chlortrimeton and Lilly 01798. Furthermore, 

aminophylline proved ineffective even though the amount 

i njected represents at least t1-vice as much ethylenediamine 

as contained in an effective dose of antihistamines of the 
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responsible for their ac.tivity. It .is noteworthy that 

Pitressin, Pitocin and ephedrine were all effective in 

reducing the hyperglycemia. These three agents are all 

known to produce vasoconstriction and other circulatory 

changes. One wonders if these agents could be interfering 

with the activity of epinephrine by a redistribution of 

blood, and a resulting interference with the distribution 

to all parts of the body of any hyperglycemia produced. 

B. Hyperglycemia and Lacticacidemia in Dogs. 

It was important to know whether there were any 

species specificity with regard to the inhibition of · 

epinephrine-hyperglycemia. To this end, epinephrine was 

infused into trained dogs at a physiologic rate (15), and 

the blood sugar was measured at intervals in cont rol and 

drug-treated animals. It was also of interest to know 

whether the lacticacidemia knmvn to occur after epinephrine 

injection would be affected, thereby reflecting an action 

in muscle as well as liver glycogen. The data are tabulated 

i n Table 4. Each dog served as its own control. The peaks 

of the hyperglycemia and l a cticacidemia have been tabulated 

in addition to t.he respective areas under the curves from 

onset to completion. It is suggested that the maximum 

rise most clearly demonstrates the effect of epinephrine 

itself, since t he duration (reflected by the area ) may be 

influenced by a number of other factors such as insulin 
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and adrenocortical hormones. 

The peak response occurred from ten to twenty 

minutes after the end of the epinephrine infusion, and in 

control animals reached a height of about 35 mg. ih . Interest

ingly, Histadyl and Chlortrimeton, which were among the most 

potent of the antihistaminics tested in rabbits, did not 

decrease the hyperglycemia in dogs; on the contrary, they 

potentiated the maximum rise, a lthough they did not alter 

the fasting blood sugar level. However, the total area 

of the hyperglycemic curve was not differen1; from the 

controls. Histadyl produced a significant inc;rease in the 

peak level of lacticacidemia without altering the total 

area of response, while Chlortrimeton produced rio alteration 

in the lactic acid rise following epinephrine. It will be 

noted that while the dose of Histadyl used in rabbits to 

produce complete blockade of the hyperglycemic effect of 

e pinephrine \vas 3.0 mg . /kg ., the dogs rece ived only 1. 5 

mg ./kg. Doses higher than this were found to be convulsive 

to dogs, and 1.5 mg. /kg. was found to be approximately the 

maximum tolerated dose. 

Chlorothen \vas well tolerated by the dogs, and 

a dose of 5.0 mg./kg. si gnificantly decreased the hyper

glycemia both in height and duration wi thouti altering the 

lacticacidemia or the fasting blood sugar. 

It will be noted in the experiment on dogs, that 
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