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INTRODUCTION 

The presence of a substance(s) in extracts of eosinophi1 

leucocyte suspensions "lith antihistamine-1ike action was first reportecl 

in 1950 (Kovacs,. 1950). 

In the past 16 years these finclings have been confirmed 

and considerab1y extendccl (Vercauteren, 1953; Archer, 1963; Francis 

~h, 1963 and Kovac.s &..:'Û.!.. 1963). Recent ly it was observed that 

extracts of horse eosinophi1s can antagonize gerotonin and bradykinin­

induced wheal formation as weIl as histamine-induced bronchoconstriction 

(Archer, 1963). It has arso been reported (Kovacs and Melville, 1962, 

1963) that extracts of human and animal urine exert similar activities 

and can antagonize the effects of histamine, serotonin and bradykinin 

not only in vitro but also in viY.9..:.. 

This wide range of activity suggestecl that the biological 

actions of tissue and urine extracts differ basically from actions 

exerted by synthetic antihistamines. In the light of these observations 

it was therefore of interest to investigate the possible action of urine 

extract under experimenta1 conditions in which synthetic antihistamines 

are ineffective, for example, histamine-induced gastric acid hyper­

secret ion. 

1 

The experiments described in this work deal with the effects -'. 

of partia1ly purified urine extracts, obtained from fractions of pregnant 



2 

mare urine, on histamine and gastrin-induced gastric acid hypersecretion. 

Furthermore, the action of the extract \V'as investigated on experimentally­

induced ulcer formation. 

In the course of these experiments it"becamc evident that the 

partially purified urine extract is capable of inducing definite actions 

on the central nervous system and the latter part of the results, presented 

in this thesis describe these effects. During these studies drugs eliciting 

a central effect were also used in an effort to establish the possible site 

of action of the urine extract. 
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HISTORICAL REVlmoJ 

A. GENERAL INTRODUCTION 1'0 GASTRIC PHYS IOLOGY 

The two main functions of the stomach are muscular and secretory. 

The lTluscular function allm.,s the stomach to act as a reservoir to retdin 

the ingested food long enough for digestive activity and thon to expel the 

rosulting chyme in small amounts through the pyloric canal into the duodenum. 

The digestive pm.,er of the stomach is based upon its secretory 

products, which form the gastric juice. The chemical composition of gastric 

juice is rather complex, containing most of the time free hydrochloric 

acid (further referred to as I-ICl), a mixture of a11 the inorganic ions, 

found in other body fruids and a number of organic constituents. lncluded 

among the latter are several enzymes and their precursors, lllucin and in­

trinsic factor. 

There are two different types of glands in the stomach, the gastric 

glands and the pyloric glands. The gastric glands are located in the corpus 

of the stomach, whilc the pyloric glands are located in the antral portion 

of the stomach. A few cardiac glands, which are almost identical with 

the pyloric glands, are located immediately beneath the cardia, 

Different eeU types are found at the surface of the mucosa and 

in the neck portion and body of a gastric gland (Myren, 1963). The mucosal 

surface and the neck portion of the glands are covered by mucous-producing 

cells. The surface cells produce the unsoluble' mucous, ~.,hich covers and 

protects the mucosal surface. The neck cells produce a fluid mucous con­

taining muco- and glyco-proteins. In contrast to the surface cells they 

respond to histamine stimulation. 

In the body of gastric glands ,are the chief cells ~.,hich secrete 



.pepsinogen, the inactive precursor of pepsin. 

Acid is secreted by the parietal cells, which are located both 

in the body and neck of these glands (Hollander, 1952; Myren, 1963). 

The pyloric and 'cardiac glands do not produce acia. 

The stomach 18 the only organ \vhich produces large quantities 

of a strong acid. The acidity of the gastric juice varies; the higher 

the secretory rate the greater the ad.c1ity and the lOiver the pH. 

The composition of gastric juice changes, depending on whether 

the stomach is at rest, or whether it secretes in response to a meal or 

other stimuli. 

4 

Ivy et al. (1950) dividcd the secretion of Hel into the following 

periods and phases: 

Period 1. 

Period II. 

Interdigestive secretion. 

Digestive secretion. 

Phase 1- The cephalic phase 

a) unconditional reflexes 

b) conditional reflexes 

Phase 2. The gastric phase 

a) mechanical distention 

b) secretagogues 

Phase 3. The intestinal phase 

a) secretagogues 

This subdivision, however, proved to be a rather rigid classification, 

which did not talce int9 consideration the interplay between phases. 
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On the basis of experimentai evidence, ,.,hich ,.,as discussed 

by severai investigators, and ,.,hich will be presented in detail, pure 

vagal (cephalic phase) or pure antral (gastric phase) mechanisms do not 

exist in the intact stomach. 

In recent years a new scheme was presented by Perey (1963) in 

which the "parietal cell massIf i8 the central factor (Fig. 1) upon ,.,hich 

the vagus, gastrin, histamine and local nerve reflexes act. 
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Fig. 1. 

The scheme offered by Perey involves the action of three agents 

on the parietal cell mass. They are aIl present in the mucosa of the stomach 



6 

and are aIl very potent in stiwulating gastric acid secretion. The sub­

stances are: acetylcholine, histamine and gastrin. 

Vagal activity is still the most important single mechanism in 

the secretory response to meals. The vagus nerve~ constitute the entire 

cranial outfloto., of the parasympathetic nervous system. Its anatomie rc" 

lationship to the stomach ls a dual neuron system, with a central and a 

peripheral ganglion, the latter located in the wall of the stomach (Hoodward 

and Nyhus, 1960). The parasympathet le system is cholinergie, with acetyl­

choline as the chemo-effector. Both the secretory and motor effect of 

the vagus on the stomach can be duplicated by exogenously g:i.ven acetyl­

choline. 

The role of the vagus \-7as established by Pavlov in 1889. He 

prepared a dog \V'ith cervical esophagostomy and gastric fistula. Hhen the 

animal was fed (sham feeding) the food escaped through the opening i.n the 

neck. Sham feeding \olaS folloi-7ed by a copious flOH of highly acidic juice 

from the gas·tric fistula. The mere sight, smell, thought or taste of 

appetizing food will elicit secretion of gastric juice. After section of 

the vagi, sham feeding "lill not be followed by a gastric secret ory response. 

Gastric secretion can also be activated through stimulation of 

the vagus, by insulin-induced hypoglycemia. The response is abolishcd by 

vagotomy. 

Nerve reflexes also stimulate gastric secretion through the vagus. 

The afferent stimuli originate from mechano- and chemoreceptors in the 

stomach. 

Vagal stimulation activates both the acid and the enzyme-forming 
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,cells; in fact a high enzyme activity generally serves to identify a 

specimen as vagal or vagomimetic in origin. Electrical and pharma-

cological stimulation of the vagus trunks evokes the output of viscous 

" mucous also, but only if the intensity of stimulus is low. Othenvise 

the secretory product is typically fluid with high acidity and pepsin 

activity (Hollanc1er, 1952). 

The vagus also releases much of antrai gastrin and potentiates 

markedly the effect of a11 types of stimuli on the parietal cells. 

B. STIMULATION OF GASTRIC ACID SECRETION 

In many of our experiments either histamine or gastrin scrved 

as stimulants to induce gastric acid hypersecretion and ac:cordingly a 

more detailed review of their history -in connection to acid secretion-

will be given. 

Whether histamine is the final, local, cornrnon, chemostimulator 

of parietal cell is a much debated question that has still not been fully 

ans\vered. In the present review we will try to give an account of ex-

periments, which in most cases are [or, but in sorne cases asainst this 

theory. 

1. Histamine 

1. Effect of Histamine on Gastric Acid Secretion 

It is weIl knoun that the parenteral administration of histamine 

causes a marked stimulation of gastric acid secretion in mast species. 

This effect of histamine was first observed by Popielski (1920) 
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,and by Keeton .c:.!= al~ (1920). Popielski described the effect of (!> -ind.da­

zolylethylalldne or " p -i", and stated that a strongly acidic gastric juice 

was obtained in dogs, after a s.e. injection of histamine, with no ob­

servable side effects. Hm-1ever, he did not observe any augmentation of: 

gastric secretion, when histamine was injected intravenourüy. From the 

evidence that increased gastric secretion in response to histamine was 

still present after cutting the vagi or administering atropine, Popielsld 

concluded that histamine acts d:i.rectly on secretory glands and not through 

nervous stimulation. Keeton ~~ (1920) estahlished the gastric secretory 

effect of histamine in several species, including that of the dog, cat, 

rabbit, duel< and frog. In most specics peak secretion occurred ,vithin 

the first hour. 

Ivy et al~ (1923) ,,,ere the first to shm" that histamino i8 also 

effective after oral administration. 50 mg histamine ,,,as sufficient to 

provoke gastric secretion in a Pavlov pouch dog, while 150 mg histamine 

produced a gastric secretion that was qualitatively and quantitatively 

equivaleni: to secretion provoked by a meal of meat. Although these were 

large doses, no toxic side effects were noted. 

Though Popielski (1920) failed to obtain gastric acid hyper­

secretion in response to Lv. histamine, Ivy and Javois (1925) had obtained 

positive results. They shm"ed that lm'1 concentrations of histamine in­

fused at a sIm" rate definitely stimulated acid secretion in dogs, provided 

with Pavlov pouches. 

The fact, that histamine acts directly upon secretory cells in 

the gastric mucosa was shmm by Ivy and Farrell (1925). They transplanted 
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.fundic pouches into s.e. mammury glands of femalc dogs, and obtainecl an 

increase in both free HCl and total acid in response to histamine, although 

the latent per.iocl was longer thall that observed in Heidenhain pouch dogs. 

There arc only few specie.s w'hich are relatfvely insensitive to 

histamine. One of them iB the rat (Friedman, 195.3) in which doses as high 

as 3.5 - 5.5 mg/kg fail to stimulate an :lncrease in gastric acic1 secretion. 

Kaplan (1947) made similar observations in mice using the. pylorus ligation 

method. 
/ 

Ho~vever, Davenport and Chavre (1950) were able to demonstrate 

in yitro. an increase in ucid secretion by the isolatecl mouse stomach, if 

histamine was placecl :i.nto the incuLating medium in sufficiently large 

concentrations. 

The amounts of histamine which can incluce gastric acid sec~:etion 

are exceec1ingly small, according to Hanson et al. (1948) and ~brink (1948). 

Hanson et ah (l9t~8) established that the minimal effect:i.ve s. c. dose of 

histamine is 0.03 ..ug/kg/min, both in intact dogs and dogs with denervated 

pouches, while the minimal effective 1. v. dose is 0.045 ..ug/kg/min. Man 

is highly se.1sitive to histamine; the continuous Lv. administration of 

0.004 ..ug/kg/min produces an increase in gastric acid secretion. According 

to Obrink (1948), there is no threshold value for the effect of: histamine 

on gastric aeid secretion, 1. e. the slightest amountof histamine will 

initiate secretion" This applies, hotV'ever, only to exogenous histamine, 

because histamine can be found in the blood of most species (Rocha e Silva, 

1955a) which has no secretory effect. On the other hand extremely large 

amounts of histamine (100 mg) are required, to induce acid secretion when 

the drug is topically applied (Lim et al. 1925). 
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The characteristics of the secretory response to histamine are 

the following: after the s.c. administration of an average dose (0.5 -

1.0 mg in the dog or eat, also in humans), the volume and acidity of the 

gastric juice begins to rise above the basal level after a latent period 

of up to 15 minutes. There ls a rapic1 climb in the volume, the rise in 

acid secretion j.s somewhat more graduaI; similarly the volume will first 

dec1.ine to basal values, while the cttrve of total acid output shows a 

8lower down-slope (Ivy and Bachrach, 1966). 

2. Ef~ect of Histamine on Pepsin Secretion 

The effect of histamine on the body chief ceUs, \v1lich elaborate 

pepsin, has becn the subjeet of mueh controversy. Babkin (1950) stated 

that the initial, relatively hlgh pepsin content of gastric juiee fo11 o\ving 

the administration of histamine is due to the "washing-out" of the enzyme 

from the glandular tubules, where presumably it aceumulates while the 

glandular eell i8 at rest. In the absence of a stimulation the parietal 

cells practiea~ly cease to secrete, whereas the peptie cells continue to 

elaborate zymogen granules. Babkin (1950) cited, among others, the ex­

periments of Bo,·lÏe and Vineberg (1935). These \'701'kers stained pepsinogen 

granules in the cells of the gastric mueosa of dog, prior to and following 

stimulation with histamine and stimulation through the vagi. When sections 

of control and stinlulated mucosa were .compared it could be seen that the 

quantity of granular pepsinogen in the eeUs did not diminish during 

prolonged stimulation with histamine, while during vagal stimulation they 

have disappeared. 

Code (1956) also eoncluded that "the predominant, if not the entire 
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.secretory effect of histamine on the gastric mucosa is one of stimulation 

of the production of acid". 

Long and Brooks (1965) compared gastric ad.d and pepsin secretion 
,. 

in response to histamine, insul:i.n hypoglycemia and feeding in dogs, having 

vagally innervated ga~tric pouches. They concluded that while the greatest 

acid output occurred after a maximal dose of histamine, the greatest pepsin 

output was induced by stimulation with insulin. A submaximal dose of 

histamine elicited a persisting pepsin secretion, while the maximal dose 

resulted in lower pepsin output, being therefore a relative inhihitor of 

pepsin secretion. However, the pcpsin output follmving even the submaximal 

dose of histamine ~vas less than peps:i.n values observed after stimulation 

either through insulin hypoglycemia or feeding. 

3. Presence of Histamine in Gastric Hucosa 

Studies by Gavin ~:.-.El:... (1933) have revealed that histamine is 

present in large amounts in the gastric mucosa of normal dogs. They showed 

that 80% of the total alllount of histamine found in the stomach .is in the 

fundic mucosa. 

Hollander (1952) established that the parietal cells are con-

centrated in the neck of the gastric glands. This is also one of the main 

areas where the mucosal histamine concentration is the largest, as sho~vn 

by Feldberg and Harris (1953). They prepared horizontal plane seriaI 

sections of both the mucosa and submucosa, which were assayed for their 

histamine content, and exalllined microscopically. Their work revealed that 

the body of the stolllach contains t,vo histamine peaks, one i8 near the lumen 
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. in the region of the maximal concentration of parietal cells, while the 

other peak occurs in the muscularis mucosae. Feldberg and Harris (1953) 

performed similar. experiments along the G.1. tract and found relatively 

high histamine content throughout it, although the over.a11 histamine con·· 

tent decreased from stomach tm"a'rds the colon. 

Quantitative differences in histamine distribution between 

fundic mucosa and antral mucosa ,,,ere documentec1 by Stubrin et al. (1965) 

in the dog. 

Murray and WyJ.1ie (196L~) found hm"ever, no differences in histamine 

distribution in human stomachs. They also noted that in man, as distinct 

from the dog, the muscularis m'ùcosae is not particularly rich in histamine.. 

Histamine is present in large concentrations in the mast cells 

in most organs, but there is a large fraction of histamine in the stomach 

that does not originate from this source. Riley and West (1956) determined 

the mast cell content and histamine content of both mucosal and submucosal 

tissue, and found that while there is a rapid fall in mast ce11 content 

in the mucosa compared to the subinucosa, no corresponding fall occurs in 

tissue histamine concentration. They found an almost four-fold difference 

between histamine and mast cell ratio in submucosa and mucosa. 

4. Relationship bet~"een Gastric Histamine Content and Gastric Acid 

Secretion 

Recent work by Shore (1965) and Haverback ~.!: (1965) have re­

vea1ed, that there is a close relationship in the rat, between histamine 

levels in the stomach and acid secretion. 
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Shore (19,65) demonstrated, that reserpine administration or 

insulin indueed hypoglycemia, both acting through central vagal stimulation, 

lowered the histamine levels in the stomach in association with gastric 

aci,d secretion •. Vagotomy blocked both histamine release and acid secretion. 

Similar ohservation l'lere 'described by Haverback ~ al. (1965) 

inducing a.cid hypersecretion hy gastrin, Urecholine and betazole hydrochloride 

(Histalog). Kahlson and Rosengren (1965) sho\-led, that wheu fasting rats are 

fed, or when gastrin is injected into rats, histamine is liberated from 

preformed mucosal stores, and the mucosal histamine forming capacity is 

greatly increased. 

5. Maximal Acid Output and its Relation to Parietal Cell Population 

Popielski (1920), was the first who observed that larger doses 

of histamine, administered subcutaneously, gave a response which could be 

characterized by: (a) higher volume of secreted gastric juiee, (b) higher 

acidity, and (c) longer duration, compared to a response that was elicited 

by a smaller dose of histamine. 

Ho~.,ever, to see the secretory capacity of the stomach, with 

regard to "maximal", "submaximal" and "supramaximal" secretory responses 

the secretory maximum has to be determined. 

Obrink (1946) found that about 1. 7 .ug/kg/min of histamine, ad­
ministered intravenously produced maximal acid secretion in a Heidenhain 

pouch. 

Minimal and maximal histamine doses were also determined by 

Hanson et al. (19/+8) in intact dogs and in dogs provided with a vagotemized 

peuch. 



Kay (1953) was the first who established a method in human 

subjects, by which the maximal secretory capacity of the stomach could 

be determined. He administered subcutaneously single and multiple body 

,wight doses of histamine (one body weight dose refers to 0.1 mg histamine 

acid phosphate/IO kg body weight) and observed the response, which w'as 

dose··dependent. The administration of four body "7eight doses of histamine 

resulted in maximal HCl output. If the dose of histami.ne ,vas further in­

creased no appreciable change in acid output occurred. Kay suggested, 

that with increasing doses of histamine, increasing number of parietal 

cells are stimulated, until the entire parietal ceU population is functioning. 

The dosc-response curves ,vere S-shaped and the usual interpre­

tation of such curves is a relationship of the "aIl or none ll nature, i. e. 

there is no secretion by the parietal cell untH an effective stimulus is 

applied, then the cell secretes maximally. This observation is not in 

agreement with that of ~brink (1948), who stated that there is no threshold 

value for the effect of histamine on gastric acid secretion. 

Adrun et al. (1954) also described the secretory maximum as the 

most important parameter for defining a secret ory response. Although the 

secretory maximum implies that aU acid secreting ceUs have been stimulated, 

the maximum could vary under conditions which enhance or depress the rate 

of acid formation, but which do not alter the number of secreting cells. 

The maximal acid secretory response to a given dose of histamine 

is related to the number of parietal ceUs both in man and dog, as ,vas 

shown by several \oTorkers. 

Human subjects ,vith a proven gastro - intestinal disease were 
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observed by Card and Marks (1960). They found a highly significant eor·· 

relation bet''lecn the maximal acid output and the number of parietal cells 

of the resected stomach. 

Ragins et al. (1957) studied the secretory characteristics of 

total innervated fundic pouches of the stomach in dogs by three mcthods: 

(a) the 2l~-hour collection, (b) the resp'onse to a standard insulin test, 

and (c) the response to a standard histamine test. 

The pouches were resected in three stages proceed:i.ng towards 

the cardiac end. The nerve supply ''las kept intact. Secretion was studied 

after each operation. An almost direct relationship was founù to exist 

bet''leen the amount of fundic mucosa present and the 24-hour daily gastric 

secretion. 

Marks et al. (1958) determined maximal histamine response and 

parietalcell mass in acute experiments on anesthetized dogs, and in a 

later study in non-anesthetized, trained dogs (Marks et al. 1960). They 

concluded that maximal histamine response is a linear function of the 

total number of p!1rietal cells. 

II. GastriI2 

The existence of a gastric secretory hormone in the antral mucosa 

was first postulated by Edkins (1905, 1906). He prepared extracts from 

pyloric and fundic mucosa and observed, that the Lv. injection of the 

pyloric extract led to an increased secretion of gastric juiee, while the 

fundie extract did not possess this property. Edkins s~ggested that the 

substance, which oceurs in the cells of the pylorie mueosa, passes into the 

blood'and later stimulates the secretory eells of the stomaeh. 



The gastrin supposition was subject to controversy during the 

next 40 years. Edkins' work was criticized on the grounds that the rcs­

ponse observed was due to the presence of histamine. 
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New iti.terest in gastrin started by the work of Komarov (1938, 

1942), who reeognize~ that the antra1 hormone might be of protein nature. 

According ta his method, gastrin was preeipitated by trich10racetic acid 

from an acid aqueous extraet of antra1 mueosa and it was free from histamine. 

Upon Lv. injection it eU.cHed an increased secretion of gastrie juiee, 

which ",as rieh in acid and had lo~" peptie activity. The effect ~"as elicited 

only by cxtracts of the pyloric mucosa, and to a nruch sma11er cxtent by 

extracts of the proximal duodenal lUucosa. Uvnas (1943) confirmed Komarov's 

results, but could not observe any activity in extracts from the duodena1 

Ill11Cosa .. 

In the last decade, Gregory and Tracy (1961) have devoted much 

effort to the extraction and identification of gastrin. Recently they re­

ported the isolation of two gastrins frorn hog antral mucosa, and evaluated 

their physiological properties (Gregory and Tracy, 1964, 1966). Porcine 

gastrins, namely gastrin land gastrin II, are heptadecapeptides, with 

icIentica1 amino acid constitution and sequence. The on1y difference between 

the 2 gastrins is that gastrin II contains a su1phate group attached in an 

ester linkage to the tyrosine residue. 

Out of the seventeen amino acid residues of the total molecule, 

on1y the C-termina1 tetrapeptide: Try. Met. Asp. Phe. NH
2 

is required for 

the full range of physiological activity, but the amide group is of vital 

significance. 



The inactivation of gastrin is not yet kno~vn, but possible 

routes of metaholism are (a) removal of the C-terminal amide group, or 
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(b) oxidation of the S in the methionine resic1ue. The action of gastrin 

on gastric secretion is as follows: a single s.e. injection, in the range 

of 0.75 - 2.5 }.lg/kg, given to a conscious dog provided IIlith a denervated 

fundic pouch, will stimulate the secretion of a highly acidic gastric 

juice containing little pepsin. The magnitude of the response is proportional 

to the dose. However, high doses of gastrin inhibit acid secretion, but 

stimulate pepsin secretion. 

Gastrin land gastrin II arc many times more patent than histamine 

(Gregory and Tracy, 1961~) in stiululating gastric acid secretion both in man 

and dog. For example, a single s.e. injection of 20 ).lg of gastrin l in a 

conscious dog, will give a total acid output of 2.3 mEq HCl, compared to 

1. 2 mEq HCl obtainecl in the same preparation after the injection of 360 ).1g 

of histamine. 

Makhlouf ~t al. (1964) found that the s. c. administration of 

gastrin II in a dose of 0.5 ).1g/kg, and of histamine in a dose of l~O ).1g/kg 

to normal subjects and ulcer patients, elicited acid secretion Hhich re­

sulted in essentially equal peak values. They also noted a slower rise 

of secretion with gastrin as compared with histamine. In an attempt to 

establish the dose of s.c. gastrin that produces a maximal response, în­

creasing graded doses of gastrin up to 4 ).1g/kg ~vere given to three patients. 

They found that responses to 3 and 4 ).1g/kg subcutaneously were similar to 

the responses obtained from 2 ).1g/kg subcutaneously. Thus, 2 ).1g/kg appears 

to represent the. s.e. dose of gastrin II that produces a maximal secretory 

response. 
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If the effectiveness, in tenns of equal response of gastrin 

ta histamine hase, are compared Height for Height, it seems that gastrin 

is some 30 times more effective. If the comparison of gastrin ta histamine 

is made on a molar basis, then it seems that gastrin is some 500 times more 

effective than histamine. 

8emb and Myren (1965) also found that 2 J1g/kg of gastrin LEO 

(,,,hich is a mixture or gastrin l and II by Gregory) eHcited maximal acid 

secretion in human subjects. 

III. Influence of Choli}1ergic Stimuli on Gastric Secretory Rcsponses to 

Histamine and Gastrin --_._-------
As mentioned earlier, acetylcholine, histamine and gastrin are 

three potent stimulants o[ gastric acid secretion. 

While gastrin and histamine potentiate each others effect (Passaro 

et al., 1963), both will be potentiated by cho1iner~ic stimuli although to 

different degrecs. 

If parasympathomimetic drugs are given in stimulating doses 

during a secret ory response ta histamine, or if histamine is superimposed 

on parasympathomimetic stimulation, an augmentation of secret~on is observed. 

Necheles et al. (193&) reported that both histamine and acetyl-

choline or histamine and acetyl-~-methyl-cholineact synergistically in 

Heidenhain-pouch dogs. However, a significant depression of secretion occurs 

when the administration of either drug is discontinued. 

Robertson and Grossman (19Lf8) observed a marlced increase in aeid 

production when subthr~shold doses of ur~choline or prostigmine were super-
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imposed on a steady secretory rate established by histamine. The experJ.mcnts 

were 'performed in dogs provided ~:,ith a vagotomized pouch of the entire stomach. 

Grossman (1961) determined the maximal rate of acid secretion in 

response to both gastrin and histamine. The stimulants were aclministered 

subcutaneously every 15 minutes to dogs ~oJith totally denervatcd fundic pouches. 

When mechothane was also administcred every 15 m5r'Utes for 3 hours prior to 

and during stimulation ~oJj.th eithcr gastrin or histamine, an augmented response 

was measured. 

The maximal rate of secretion in response to the combined adminis­

tration of gastrin and mechothane was 2-8 times highcr than that achieved 

~'1ithout mechothane. Hm"ever, the maximal rate of acid secretion in rcsponse 

to histamine and mechothane \olélS only 1. 2 - Ll~ times higher than observed 

~oJithout meehothane. The author coneluded, that cholinergie stimulation 

potentiales the action of gastrin more than the action of histamine. 

Gillespie and Grossman (1964) noted that the pattern of poten­

tiation differed between urecholine and gastrin, and between urecholine and 

histamine in ttoJO respects: (a.) the maximal potentiation \olélS greater betHeen 

urecholine a.nd gastrin, and (b) the dose of urecholine to produce maximal 

potentiation was more critical in the case of gastrin than of histamine. 

While the authors observed equal maximal acid secretory response to both 

gastrin and histamine in vagally innervated pouéhes, in Heidenhain-pouch 

dogs the maximal response to gastrin was lower, indicating a decrease in 

cholinergic tone, to which gastrin is more sensitive than histamine. 

Marks et al. (1966) investigated the influence of cholinergie 

stimuli on gastrie secretory responses to histamine in dogs, which werc 
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provided \-Tith a vagally innervated gastric fistula. The authors firs!: 

deterlllined the dose of 11istamine lvhich gave a ma:d.lual acid respons<=! and 

then combined histamine with phannacologicéll vagal stimulation (mecholyl) 

or physiological vagal sUmulation (sham feeding). They noted that the 

maximal acid output, in response to cOlllbined histamiue and cholinergic 

stimulation \'18S greatcr than to histaml.ne alone. 

This finding, hOlvever, \vas not considered as a direct evidence 

agahlst the vimv, t11at histamine is the final, common, local chemostimulator 

of the parietal cells in the gastric mucosa. The authors suggest t\vO pos-

sible mechanislUs ta explain their observations: (a) cholinergic activity 

may incrense sentivity of the. parÎ(~tal 'celIs to histamine, or (b) vagal 

stimulation may release suffic"ientIy large amounts of histamine in the . . 

vicinity of the parietal cell membrane which will augment the response to 

Illaximal histamine stimulation. 

C. INHIBITION or GASTRIC ACIO SECRETION 

Gastric secretory inhibition may be class~fied as physiological, 

pharmaco10gical and patho10gica1 (Code, 1951). The pathological gastric 

secretory inhibition is not \-lithin the scope of t11is review. However, 

sorne aspects of physiologica1 and pharmaco10gica1 gastric secretory inhibition 

will be discussed. 

1. Physiologic.a1 Gastric Secrctory Inhibition 

1. Effect of Vagal Innervation on Histamine or Gastrin-induéed 
Gastric Acid Hypersecretio~ 

(a) Histami~ It is genera1J.y knO\VIl that vagotomy decreases 
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t.he gastric secret ory response to histamine. However, the extent of the 

reduction depends upon the extent to which the vagi are sectioned, i.e. 

whether the entire stomaeh or only the pouch is vagotomized. 

" The carly observations of Popielsld (1920) and Keeton ~t al. 

(1920) shoHed, that hista1Iline was able to increase add secretion aftar 

sectioning the vagi, however, no qttantitative comparisons Here made. 

Oberhelman and Dragstedt (l9l~8) observed a significant decreasc 

in both volume and acid output in response to histamine after vagotomiz:tng 

innervated total gastric fistu1as. The authors noteel similar effects in 

peptic ulcer patients, in whom vagotomy markeelly reduced the gastric secretory 

response to a standard dose of histamine. 

Vagotomy produced a similar decrease in aciel secretion in re8-

ponse to the augmented histamine test in ulcer patients, as observed hy 

Gillespie et al. (1960). 

Muren (1959) hO\vever, founel no change or on1y small reductions 

in gastric aeid secretion in dogs, in response to histamine, when the 

Pavlov pouch was transformed into a Heidenhain pouch~ 

Similar results were described by Anderson and Olbe (196l~), who 

investigated acid output in response to increasing doses of histamine. 'l'he 

authors noted no differènce in aeid output between Pavlov and Heidenhain 

pouches in response to a given dose of histamine. 

In the experimenr:s dCGcribed by Huren (1959), and also by Andersson 

and Olbe (196l~), vaga1 denervation \vas limited to the pouch, whi.le the rest 

of the stomaeh, including the antrum ~vas innervated. This meant that (a) sub-
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threshold vagal impulses were conUnuously reaching the parietal cells and 

(b) continuous vagal impulses released antral gastrin (l'hein and Schofie1d, 

1959; Nyhus ~al., 1962; Olbe, 19(3) which is known to potentiate the 

effect or histamine (Passaro et ..!!:l:.., 1963). 

Hm'lever, if the vagotomy included llOt only the pouch, but the 

main stornach as well (OberheJman and Dragstedt, 191[8; Gillespie et al. 1.960), 

a marked reduction of the histamine-inducecl secretion ""DS observed. Gillespie' S 

work also showed, that the sam~ reduction in acid secretion \vas obtained \0711811 

the pyloric gland area was surgically removed. 

Similar results were claillled by Andersson and Grossman (1966). 

Increasing acid responses were obtaincd by the administration of increasing 

doses of histamine in dogs; which \ven~ prov:i.dC'd both\vith I-leidenhain and 

1 innervated autral pouches. When the antra1 pouch \vas either denervated or 

resected, the acid response to aIl doses of histamine was markeclly reduced. ~ 
1 

HOtvever, no differences ,vere noted bet'i'leen the denerVéited and resected res-

ponses. 

(b) Gastrin: As it was indicated in the foregoing references 

gastric acid responses to endogenous gastrin are greatly dependcnt upon 

intact vagal innervation; although to a lesser extent gastrin can be released 

in response to local mechanical or chemica1 stimuli, tvhich are independent of 

innervation. 

The physiological significance of vagal release of gastrin ~vas 

110t accepted for a long period of time, because of the observation that in 

dogs, provided with innervated antrulll and denervated fundic pouch, neither 

sham feeding nor insulin could induce acid secretion from the pouch. If 



gastrin were releasec1 from the innervatcd antrum into the blood stream, 

it should elicit acid secretion from a denervated pouch. 
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With more sophisticated techniques l'hein and Schofield (1959) 

showed that central vagal activation Csham feeding) produces n slight but 

definite acid secretion in Heidenhain pouches. Their preparation consisted 

of a Heidenhain pouch and an innervated antral pouch, the latter wus sepa· .. 

rated by a lllucosal septum from the main stollluch. The lllucosai septum en­

sured the avoidance of acidification of the antrum, which is knmm to block 

gastrin release, Under the conditions described, sham feeeling increased 

acid secretion. If however, they acidified or denervated the antral pouch, 

the l'esponse ,vas completely abolish8d. Theil' ,.,ork establi:;hed: (a) thp. 

antrum as the principal source of vagally-rcleascd gastl'in, and (b) the role 

o[ the vagus in liberating gastrin. 

Nyhus rt~ (1962) demonstrated, that gastrin can be released 

from the antrum thl'ough (a) vagal stimulation (illsulill hypoglycemia), (b) 

mechanical stimulation (pressure via inflated balloon), and (c) chemical 

stimulation (10% alcohol), These investigators also shmved that antro­

neul'o1ysis, i. e. the separation of antral mucosa from submucosa, which 

disrupts intl'amura1 nerve connections caused a 20 to 80% drop in Heidenhain­

pouch secretion, indicating that gastrin released by vaga1 stimulation 

represents the nlost significant portion of the total re1eased gastrin. The 

chemical and mechanica1 release of gastrin was 1arge1y undisturbed by this 

procedure. 01be (1963) shmved that gastrin released by mechanica1 means 

from a denervated antrum and physiological vagal excitation (sham feeding) 

act in a synergistic manner in Pavlov pouch dogs. 
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Uvnas ~.s~L. (1966) reportec1 that electrical stimulation of 

the vagus for l~ hours (20 impulses/sec) resultecl in a significant reduction 

of the gastrin content of the antrum in cats. 

Several workers showed that the gastric sccretory response to 

either exogenous or enc1ogenous gastrin was drastically reduced after vagotomy. 

Andersson and Olbe (1964) determinec1 acid output in response to 

graded doses of gastrin in Pavlov-pouch dogs. Each dORe of gastrin elicited 

a much smaller response, ~oJhen the Pavlov pouch ~.,as transformed into a Heidcn­

hain poueh. In the presence of cholinergie st~nulus (carbaehol) the response 

,to gastrin could be ü1creased and the acid output from the Heidenhain pouch 

beeame almost equal to the aeid out.put from the Pavlov pouch. 

Passaro and Grossman (l96!~) ohtained almost equal maximal acid 

responses to histamine and gastrin, in vagally innervated gastric fistulas, 

vlhile in a denervated poueh the maximal secretion ~oJas ahoJays signifieantly 

10\oJer in response to gastrin. They assumed that the effeets of vagotomy 

are attributable to a decrease in cholinergie aetivity, whieh causes litt le 

or no interferenee Hith histamine, but markedly impairs the responsiveness 

of the parietal eell to gastrin. 

Baron et al. (1965) observed a "paradoxical" inerease in aeid 

output, in response to food, aleohol or histamine in a Heidenhain poueh, 

following transthoracie vagotomy of the main stomach. This \oJas due, according 

to their postulation, to the following effects: ~ the parietal cells of the 

main stomaeh are less sensitive to histamine in the absence of a "background" 

cholinergie st l.muli. Accordingly, less acid is produced, raising antral pH, 



that ~.,ill increase gastrin relcase, ,.,hich in turn acts on the parietal 

eclls of the Heidenhain pouch. 

De La Rosa ~al. (1966) induced acid secretion in response 

to endogenous gastrin. The dogs ",ere provided with a Pavlov pouch and 

an innervated antrum, separated from the corpus. Infusion of a liver 

solution into the antrum, liberatecl cnclogenous gastrin, that stimulatccl 

acid secretion from the Pavlov pouch. After vagotomy of the pouch, the 

response to the same stimulus decreased by 50%. 
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The abolished or strongly reducecl secretory response to vagal 

impulses after curtai1ment of antral function, as weIl as the lm., sen­

sitiv:i.ty of the vagus clenervatecl fundic mucose to exogenous or endogenous 

gastrin il1ustrate the inability of the nervous and humoral mechanisms 

to operate effectively and independently of each other. 

2. Enterogastrone 

Enterogastrone is a hormone, which is released main1y by the 

mucosa of the upper, small intestine, wheu an adequate concentration of 

fat is in contact with the mucosa. 

The fact that the ingestion of fat inhibits gastric secretion, 

was demonstratecl as early as 1886 by Ewald and Boas (Code 1951). 

However, Farrell and Ivy (1926) were the first to show that 

the effects inducecl by fat ingestion were humoral. in nature. They fecl 

olive oil to a dog with a subcutaneous1y autotransplanted pouch of the 

fundic portion of the stomach, Hhich inhibited the motor activity of the 

pouch. Thus they estab1ished that nervous connections between the duodenUffi 



26" 

~nd stomach ,vere not necessary for this effect. 

The inhibitory effect of enterogastrone on gastric acid secretion 

was f:i.rst demonstrated by Kosaka and Lim (1930), 'vho also suggested the name 

of the hormone. These investigators ligated the small intestine of an anes­

thetized dog, in 10 cm segments, and introduced oil into alternate segments. 

Extracts were prepared both from exposed and unexposed mucosal segments and 

injected into lleidenhain-pouch dogs, \vhich were secreting in response to a 

meat meal. 

Extract prepared fromthose segments, \vhich \<lere exposed to oil 

inhibited acid secretion, while I:he "extract prepare.d from the unexposed 

segments was inactive. They also demonstrated that the inhibitory effect 

of the extract \vas removed \o1he"ll it ,vas heated for 10 minutes at 80-l000 C. 

Recently, Kaulbers? and Konturek (1962) compared the gastric 

inhibitory potency of various sections of dog and hog intestine. Constant 

gastric secretion ,vas maintained by subcutaneous dose9 of histamine. 

Enterogastrone derived from the initial parts of the small intestine 

elicited the s~rongest inhibition during the first hour of stimulation. 

Enterogastrone extractcd from the terminal ileum and of the large intestine 

was a more potent inhibitor in the second hour. Extracts from the middle 

section of the small intestine did not inhibit gastric secretion and in 

some cases stimulated it. Enterogascrone derived from dog intestine was 

more potent, than enterogastrone from hogs. 

Data in the literature dealing with the chemical properties of 

"enterogastrone are insufficient and rather contradictory. Therefore it is 

hard to make conclusions about the possible chemical nature of the hormone. 



Gray ~~ (1937) showeel that enterogastrone is an oelorless, 

water-soluble, orally totally ineffective substance, which elecreaseel 

gastric aciel secretion in elogs, provieled ~.,ith a vagotomizeel pouch of the 

entire stomach. 
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Millen ~~ (1952) ielentified 13 amino .aeiels in the entero­

gastrone molecule, glutamic acid, lysine, arginine and leucine being the 

most prominent. The ether-soluble component of the substance was very 

small. If the aqueous solution of entcrogastrone was repeatedly shaken 

by chloroform, more than 92% ~.,as recovered from the aql1eous solution, \vith 

no change in activity,and less than 5% of the stm-ting material occl1rred 

at the interf.acial bOl1nc1ary. Enterogastrone was eas:i.ly dialysable. It 

did not manifest pyrogenicity.-

The hormone is digested by pepsin (Spector, 1956). 

Enterogastrone ie a potent inhibitor of gastric acid secretion 

in several species. It inhibits acid secretion in the' dog (Kosaka and 

Lim, 1930; Mao Chih Li, 1934; Gray 2~ 1937j Ferayorni el al. 1948), 

in the pylorus ligated rat preparation (Katz et al. 1948), and in cats 

(Obrink, 1950; Howat and Schofield, 1948, 1954). 

In contrast to results obtained from animal experiments, entero­

gastrone seems to be much less p.otent in hum an subjects. Kirsner et al. 

. (1948, 1949) investigated the effect of intramuscularly administered entero­

gastrone upon nocturnal and 24-hour gastric secretion in patients with 

duodenal ulcer. Enterogastrone given intramuscularly in doses up to 2000 mg 

1eft the Hcl output unchanged, whi.le doses of 5000 mg caused a slight re­

duction. Inhibition consisted chiefly of a marked reduction in HCl con-

'" 

... 



eentration, the ,volume was only slightly or moderately reduced. Lev in 

et al. (191~8) sho\"ed that enterogastrone in doses up to 2000 mg did not 

influence hist.amine-induced gastric acid hypersecretion. 

Ferayorni et al. (1948) also ~bserved the lack of inhibition 

of acid secretion against the double histamine test follm,,:i.ng the Lm. 

administration of 200 mg of enterogastrone. 
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Linde et al. (1952) shOl"ed that the administration of entero­

gastrone, to Heidenhé.d.n-pouch dogs caused an inhibition of the volume out­

put of gastric juice. If HCl output ,,,as plotted against the rate of secre­

tion a linear relationship existed, where the points of observation were 

the satue ,,,hether the experiment was performed in the presence or absence 

of enterogastrone. The authors concluded from this work that the rela­

tionship which normally exists bet'veen acidity and secretion rate ,_'as un­

disturbed by enterogastrone, and the decrease of acidity was a consequence 

of the decreased volume output. 

The work of Kaulbersz et al. (1954, 1962) suggested that entero­

gastrone and urogastrone are separate entities. Urogastrone prepared from 

the urine of hypophysectomized dogs failed to inhibit histamine-induced 

gastric acid hypersecretion (Kaulbersz, et al. 1954); while enterogastrone 

prepared from the duodenum of hypophysectomized dogs gave the same inhibition 

as enterogastrone obtained from normal dogs (Kau1bersz et al. 1962). 

On the basis of paper electrophoretic studies Queisnerova and 

Svatos (1961) also suggested that enterogastrone and urogastrone have dif­

rerent characteristics. The enterogastrone and urogastrone activity was 

present at different spots. 
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In surnmary, enteroga8trone (1) is a naturall y-occurring, water­

soluble substance, formed mainly in the mucosa of the upper small intestine, 

(2) potently inhibits gastric Rcid secretion in experimental animaIs when 

given Lv., Lm., Ol" s.c" but i8 ineffective on oral administration, (3) 

8eems to be far less effective in man, (l,) is digested by pepsin, and (5) 

does not cause changes :i.n body temperaturo. 

3. Urogastr~ 

Three groups of investigators reported in 1939, that extracts 

of human urine were able to inhibit gnHtric ad,d hypersecretion. 

The first group, Gray et al. (1939), who described a method for 

the extraction of enterogastrone frolU hog cluodenal mucosa (Gray ~ al. 193.ï) 

thought of the possibility"that enterogastrone was excreted in the urine, 

and could be extractcd from this source using the same (tannic acid pre­

cipitation) mcthod. They noted that the material extracted from the urine 

was nearly 16 tiIlles as potent as the material obtained' from hog duodenal 

mucosa. The extract was very potent in inhibiting gastric acid secretion, 

even in those dogs, which have become refractory to the duodenal mucosal 

preparation. The dose which blocked gastric acid secretion had no effect 

on gastric motility. The extract did not exhibit gonadotrophic activity 

and was unaffected by boiling for 5 minutes. 

'The work of the second group (Friedman et al. 1939) was initiated 

by reports of Sandweiss et al. (1938) who found that extracts prepared from 

urine of pregnant women as \oJell as from urine of normal, non-pregnant women, 

'exerted a strong protection against Mann-Williamson ulcers. The latter 

workers also observed thci.t extracts of urine fr,om ulcer patients did not have 
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~he protecting action on this experimentally induced ulcer. 

Friedmmi ~al. (1939) used urine obtained from both normal 

female subjeets and duodenal ulcer patients. Vsgotomized dogs with gastric 

[istulas of the \"hoJ.e stomach were useel. Acid secretion was induced by 

hourly s.e. injections of histamille phosphate, ,,,hile the extract "TaS given 

intravenol.lsly. AU extr.acts effoct:i.vely inhHd.t:cc1 acid secretion, re­

gardless of: whether they \-lerE: admilliste)~ed prior to or fo11m"ing histamine. 

The extract remainnd active after boiling for 30 or 60 minutes. 

The thirc1 group (Necheles et a!..,_ 1939) used extracts, which 

,,,ere obtained from normal, human urine. The antisecretory activity ,vas 

assayed on dogs, provic1ed with <1 Pavlov pouch, following a standard l\Ieat 

meal. Doses capable of inhibiting f,8stric acül secl"etion were not large 

enougb to block gastric moti1:i.ty. Sind.lar observation ,vas made by Gray 

et al. (1939). Necheles et a~. (1939) "Iso noted the lack of inhibition 

upon oral administration of the exlract. 

The preparation and properties of urogastrone were later des­

cribed, among others by Gray et al. (1942), Gregory (1955) and Mongar and 

Rosenoer (1962). 

Gray et al. (1942) described urogastrone chemica11y as a watcr 

soluble substance, which is completely insoluble in organic solvents, such 

as ether, chloroform, benzene, etc. These investigators observed an ef­

fective inhibition of gastric acid hypersecretion in response to histamine, 

when urogastrone was given intravenously, or in larger doses subcutaneously 

. to dogs, provided with a vagotomized, entire stomach pouch or a Heidenhain 

pouch. Hm"ever, urogastrone was ineffective, cven in large doses, when it 

was placed directly into the duodenum by a tube. 



A further purification of urogastrone W'as achieved by Gregory 

(1955). His method W'as based upon the fo110wing prineip1es and steps: 

granular chareoa1 removed the aetivity from untreated urine. The active 

princip1e could be e1uted, togethcr W'ith prote in and pigment, by acid 
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80% aeetone. When the pH of the e1uate ,.,ras acljusted to 5 - 5.5, a heavy, 

tan-co1oured protein precipitate fe11. The W'et precipitate W'as a1most 

comp1ete1y soluble :Ln strong1y acid methanol and could be precipitate.cl 

from this solution by ether. This ether precipitate contailled aIl of the 

activity W'hich ,.,ras od.ginally present in the urine. The product ,vas a tan­

coloured powder, freely soluble in water. 

Its activity W'as preserved for days at 0 - SoC in a ncutral 

or faintly acid solution, pncl no appreciable loss ofactivity occurred 

in 2l~ hours at room tempcrature, if the pH of the solution was not above 

7 - 7.5. 

0.10 .' 0.15 mg urogastrone W'hich W'as equ:i.vqlent to 1 liter of 

urine, promptly inhibited secretion in dogs, in response to histamine, 

W'hen given as a single Lv. dose. Gregory ë.lso noted, that the inhibition 

depended on the rate of secretion, and that a grcater degree of inhibition 

W'as obserl7ed following submaximal secretory rates. Urogastrone appeared 

to have no specifie inhibitory effect on the secretion of gastric HCl as 

distinct from W'ater, the depression of acidity ,.,rps no greater than ,.,ras 

expecterl from the effect on the volume-rate of secretion. Gregory' s ex­

tract was pyrogen-free, causing no changes in body temperature of conscious 

rabbits at a urogastrone dose that eorresponded to lS - 20 lite~of urine. 

Another method for the purification of urogastrone W'as recently 
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described by Nongar and Rosenoer (1962). They percolated clear, acidified 

urine through a Cabunite column. The active material w'as eluted ,~ith 10% 

anunonium acetate buffered with ammonium hydroxyde to pH 9.5 in 1~0% etllano1. 

Urogastrone was then precip{tated by rnising the ethanol concentration of 

the eluate to 85%. The precipitate was dried, ground up and dissolved in 

distilled WRter. It ,~as effective in inhibiting carbachol-stimulated 

gastric Rcid hypersecretion in anesthetized rats. This urogastrone prep­

aration was a1so pyrogen-free. 

Rosenoer (1962) also established that urogastrone is ft polypeptide, 

which is destroyed by pepsin and chyrnotrypsin, ,~hi1e trypsin only slightly 

inactivates it. The faet that reducing agents, such as sodium sulphite and 

o(-cysteine inactivate urogastrone i8 a strong evic1ence for the existence 

of one or more disulphide bonds in the molecule. 

In summary, urogastrone (1) is a naturally-occurring, water­

soluble substance, found in urine, (2) can be obtained from aqueous solutions, 

by precipitation with ether or concentrated ethanol, (3) potently inhibits 

gastric aeid secretion when given intravenously, intramuscularly or sub-

cutaneously, but is ineffective on oral or duodenal administration, and 

(4) does not cause changes in body temperature. 

IL ~ha!"macological Gastric Secretory Inhibition 

1. Effect of Atropine on Histamine or Gastrin-induced Gastric Acid 

..!:!Y.E..ersecretion 

(a) Histamine: In genera1 atropine i8 not an effective in­

hibitor of histamine-induced gastric acid hypersecretion. Hm~ever, a re-
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lationship exists between the dose of atropine and the degree of inhibition. 

Larger amounts of atropine produce a greater reduction of secretion, but 

atropine never seems to erase completely the effects of histamine (Code, 1951). 

(i) Effects observecl in humans. Pol1and (1930) reported a marked 

decrease in the secreted volume of gastric juice wh en atropine and histamine 

were concomitantly given, compared to values obtained after histamine alone. 

Ho~.,ever, the changes in acid output were small due to an actual increase in 

the titratable acidity. 

Atkinson and Ivy (1938) reportec1 that 2 mg atropine reduced the' 

volume of gastric juice, secreted in rtsponse to 0.5 mg histamine aciel 

phosphate, and consequently the acid output ~.,as also lmvered, although the 

titratable acidity c1id not,change. The authors noted, however, that in order 

to obtain a elepression of gastric secretion, atropine had to be given in 

amounts, which caused systemic, toxic effects. 

Kirsner and Palmer (1940) observed a decreased volume and un~ 

changed pH in p~tients with duodenal ulcer when they tried to suppress 

histamine-induced hypersecretion with orally administered atropine. 

(H) Effects observed in dogs. Gray (1937) found in dogs, vlhich 

were provided with a vagotomized entire stomach pouch, that at a steady rate 

of HCl production, maintained by repeated s.c. injections of histamine, in­

creasing doses of atropille resulted in increased inhibition. When the rate 

of secretion was increased in response to histamine the inhibitory potency 

of atropine decreased. The maximum inhibition of acid secretion, ho~.,ever, 

l.;ras never more than 60%. 

Atkinson and Ivy (1938) reported a 50% decreasc of the secreted 



volume and a 33% decrease of total acid output. in Pavlov-pouch dogs aftel' 

atropine administration, compared to controls receiving only histamine. 

Ivy and Bachrach (19l~0) also noted a deiinite, but limited in­

hibition of acid secretion in Pavlov-pouch dogs after the administration 

of atropine. The inhibition caused by a given dose of atropine was less 

with increasing doses of h:i,stam:tne. 
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Gregory and Tracy (1961) observed in Heidenhain-pouch dogs, that 

a single Lv. dose of atropine, which was able to completely abolish the 

acid secretory response to gastrin, had little or no effect on histamine­

induced acid hypersecretion. 

(b) Gastrin: It was shown by Bennett (1965), that the ad­

ministration of 0.1 - 4 pg/ml gastrin to the isolated guinea-pig ileum prep­

aration, elici.ted a rapid contraction. The antihistamine Mepyramine (O.l~ •. 

100 ng/ml), the 5-HT antagonist methysergide (la - 100 ng/ml) and the 

ganglionic blocking agent hexamethonium (la pg/ml) had no effect on the 

respOUfle to gastrin. On the other hand, hyoscine (2 - 200 ng/ml) eithcr 

completely abolished or greatly reduced the contractions induced by gastrin. 

Grossman (1961). observed in dogs ,,,hich were provided with denervated 

fundic pouches, that submaximal acid secretion in response to gastrin fell 

almost to basal levels after the i.v. administration of 1.2 mg atropine. 

Submaximal acid secretion in response to histamine, was only slightly in­

hibiteù by the same dose of atropine. Gregory and Tracy (1961), found that 

in dogs which were proviùed either with a gastric fistula or with a denervateù 

funùie pouch, Lv. atropine considerably reduced both volume and acid output 



in response to repeated s.e. injections of gastrin. In the same animaIs 

a similar acid secretory response to histamine was hardly affected. 
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Gregory and Tracy (1961) sho,ved in man that atropine, adminis" 

tered intramuscuiarly greatly reduced the acid secretory response to gastrin, 

in a dose which caused no toxic side effects except for suppression of 

salivation. 

2. Antihistamines 

It is well~knmm that the synthetic antihistamines are able to 

antagonize the effects of histamine hy competitive inhibition. Hmvever, 

histamine-induced gastric acid hypersecretion or experimental ulceration 

could not be prevented by the administration of synthetic antihistamines, 

although many trials are recorded in the literature. 

Loew and Chickering (1%1) tried out Fourneau' s compound (929F) 

in dogs which \Vere provided with a Heidenhain pouch. 'The antihistamine did 

not reduce histamine-inducecl hypersecretion, on the contrary, it augmented 

the response. 

Loew et al.!.. (1946) investigated the effect of another antihistamine 

preparation, Benadryl, in Heidenhain-pouch dogs. This antihistamine decreased 

both volume .:md total acid output in large doses (10 mg/kg) in 3 out of 4 

dogs. Hmvever, evidence of inconsistency in the results and lack of a 

pronounced inhibitory effect, reduced the probability that a direct antagonism 

of the secretagogue action of histamine was involved. 

Friesen et al..:.. (1946) examined the effect of Benadryl in dogs 

provided "tvith Heic1enhain and Pavlov pouches, and Sangster et al. (1946) in 
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dogs provided with entire stomach pouches. Neither group of investigators 

observed any inhibitory effect of th:i.s antihistamine against histamine~ 

induced hypersecretion. 

NcGavack et al. (19l~6) reporteù a significant ùecrease' both in 

free and total acidity, follo .. ling chronic (2"7 weeks) admi.nistration of 

Benadryl. However, in these experiments acid sec:r.etion was stimulated by 

a 7% alcohol moal. 

Hartman and Noore (19 l f8) found no inhibition of aciù secretion 

in human subjects with peptic ulcer, follO\.,ing chronic administration (up 

to 30 days) of Pyri.benzamine. 

Wood (1948) and Paton and Schachter (1951) reported an augmentation 

of gastric acid secretion follo,.,ing treatment ,·Tith mepyramine, compared to 

control studies, \.,here only histamine ",as given. 

Rocha e Silva (1955h) and Ash and Schild (1966) put forward the 

hypothesis, that ,.,hile one type of histamine receptor 'can be specifically 

antagonized by low concentrations of antihistamine drugs, gastric aciù 

secretion, induced by histamine, cannot be antagonized by antihistamines 

suggesting that these actions are mediated by other receptors. 

3. Effect of ,EnzYmes· ... Conce;rned with the j'roduction or Breakdown ot 

Histamine - on Gastric Acid Secretion 

. (a) Effect of histidine decarboxylase inhibitors: The enzymes 

which are responsible for the formation of histamine, from its amino acid 

precursor, L-histidine, are the specific and non-specific histidine de­

carboxylases. The specific histidine decarboxylase was found to be present 

in rat and rabbit gastric mucosa. Potent inhibitors of the enzyme are l<nOloll1; 
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~uch as a hydrazine analogue of histidine, and l~-bromo-3··hydroxy-benzyloxamine. 

Lavine (1965) obse):ved that pretreatment with these inhibitors greatly redncec1 

acid secretion in the Shay rat preparation. He investigated the effect of 

the folJ.O\vingsecretagogues: reserpine, insulin, gastr:tn and bethanechol. 

The finding, that the inM.hition of histamine formation significantly rednced 

gastric acid secretion in response to a11 stimulants, wou1d indicate that 

histamine :i.s invo1ve.d :i.n the acid~secreting mechanism of the.se agents. 

(b) Effect of histamine cata~o1ic enzymes..:.. The i.nactivations of 

histamine occurs a10ng several metabolic path~vays. 

Histaminase, f:ixst ShO\ffi by Best and McHem7 (1930) b1.ocks oxiùative 

deamination into imidazole acctic acid. 

The effect of a'highly purified histaminase proparation of low 

toxicity upon acid secretion, was investigated by Grossman and I~obertson 

(19l~8). They showed that the Lv. administration of histam:i.nase greatly 

depressed acid secretion in response to histamine, mecho1yl and urecholine. 

The experiments wcre performed in dogs, with vagotomized, entirc stomach 

pouches. Lv. histaminase similarly depressed acid secretion in response to 

a meal in Pavlov-pouch dogs. 

On the other hand, the inhibition of the enzyme can cause an 

accumulation of histamine. Indeed, Lin et al. (1956) were able to demonstrate 

that the L.v. administration of aminoguanidine (a histaminase :i.nhibitor) 1ed 

to acid secretion in an untreated Heidenhain-pouch dog, and augmellted the 

effect of exogenous histamine. 

Ivy ~~ (1956) reported, that the gastric acid secretory res­

ponse inc\uced by a histaminc~free, cooked oat test meal could be potentiated 
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b.y amilloguanidine pretreatment. 

Furthermore, Ghosh and Schild (1958) observed a strong poten~ 

tiation of histamine-induced acid secretion in the rat, after the i.v. 

administration of aminoguanÙ1ine or semicarbazide. 

Another major catabolic path;vay of histamine is ring' methylation, 

by the enzyme N"methyl-tran,sferase, ~.,hich cau bo inhibited by chlorpromaz:i.ne. 

Amure and Ginsburg (196l~) demonstrated an enhanced acid secretory 

response in the rat, to exogenous histamine, following pretreatment with 

chlorpromazine. 

These observations supported the hypothesis that histamine has 

an important role in the chain of events of gastric acid secretion. l-Iowever, 

the assumption that histamine is the final, local, common, chemostimulator 

of the parj,etal cell could be proven only, if histaminase were chemically 

known, and both the histaminase activity and the gastric secretory depressant 

activ:ity were. due to the same substance. 



39 

D. GENERAL INTRODUCTION 1'0 TEMPERATURE REGULATION AND ANESTHESIA. 

In homeothermic species temperature varies considerably from 

one part of the body to another. The temperature of the slein of the 

extremities varies wii:h the environment, while the temperature of deeper 

structures in the trunk and head varies much less. 

Central body temperature is controlJ.ed by balancing heat production 

and heat loss. 

Heat is produced by metabolic activity, and to the basal rate of 

heat production is adcled that due to activity, the metabolism of food and 

perhaps emotion. For purposes of thermal rcgulation heat production may 

be increased rapielly by increased muscular activity or shivering. 

Heat 108s may be increased most pm-lerfully by sweating, which is 

largely controlled by sympathetic efferents and also by evaporation of t-later 

from the respiratory tract in panting. 

Radient hoat loss is largely a function of skin blooel flow and one 

may consider the regulation of skin blood flow as a fine adjustment mechanism 

for controlling temperature with shivering and sweating as relatively coarse 

adjustments (Cranston, 1966). 

The regulation of body temperature occurs in the hypothalamus. 

Itis believed that there is a "heat loss center" in the rostral hypothalamus 

and a "heat production and conservation center" in the caudal hypothalamus 

(Patton, 1965). 

Lesions in the rostral hypothalamus render the animal incapable 

of lowering its body temperature in WArm environment, that is, nei.ther cu­

taneous vasodilation nor panti.ng will occur. Lesions in the caudal hypo-



thalamus render the animal poikilothermic, which means that Hs abHity 

to maintain normal body temperature is seriously impaired in both \'1arm 

and cold environment. 

1''10 receptive mechanisms are available for detecting changes in 

tempernture, the ~kin and the central receptors. 
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Skin receptors respond to both heat and cold. It is a reflex 

pathway, the affercnts arise from the slein and extend above the cervical 

cord, but it is uncertain \'1hether they extend to the hypothalamus (Cranston 

1966). The efferent path\'1ay is sympathetic. 

l'here is good evidence from several studies that central receptors 

axist in the hypothalamus which are sensitive to very small changes in their 

temperature. Von Euler (1963) described these hypothalnmic thcrmoceptive 

structures as true receptors, which sho\'1 specifie therrnosens itivity, gene­

rator potential and impulse discharge directly related to the stimulus. 

He demonstrated in unanesthetized rabbits that when the thermoceptive reglon 

of the hypothalamus \olas heated \dth diathermy the temperature increased a 

few tenths of Oc above control \'1hich induced a decrease in body temperature. 

Johnson and Spalding (1966) demonstrated the existence of central 

temperature receptors in man. The subjects of these experiments had spinal 

cord transections. During the experiment their feet and lower legs were 

placed in a mixture of ice and water which induced an artificial 10\'1ering 

of core temperature. Areas of the slein which had nervous connections to 

the brain were \'1ell covered with clothes. Shivering and increased metabolism 

.was evoked \'1hen the central temperature fell and ceased when the central 

temperature rose again. 
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These observations are compatible ,dth the view, that there are 

central receptors ,.,hich can cause shivering ,.,hen stimulated by a faU in 

core temperature. 

Changes in enviroDmental temperature inducc a number of responses 

to compensate this change. For ch:ample, normal body temperature will be 

maintained in cold exposure by vasoconstriction, piloerection and metabolic 

responses which al~ise from shivering and non-shiveri.ng thermogenesis 

(Hemingl.,ay 1963). During initial exposure to cold heat production is in-

creased by shivering ,.,hich is an emergency mechanism. 

KeUer (1959) demonstrated tho absolute dependence of shivering 

not only on the central nervous system, hut on the hypothalamus in particular. 

He showed that an intact dçg exposed to cold shivered violently but main-

tained its normal body temperature. HO~'7ever, lesions in the caudal hypo-

thalamus, depending on their location, greatly impaired or abolished shivering 

and the body temperature fell dramatically. 

When the brain stem was tql.l1sected through the lower pons sparing 

however, the pyramidal bundles, the dog exhibited shiver~ng when its core 
o temperature fell to 35 C. This indicated, that at the level of the pons 

the efferent nerve fibers descend in the pyramidal bundles. The fihers must 

join these bundles somewhere caudal to the hypothalamus. 

Davis (1959) demonstrated in mice that' shivering is regulated 

mainly by the skin temperature but is aiso influenced by the thermal state 

of the core. 

(a) o 0 If the core temperature of mice ,.,as between 34 and 40 C, 

shivering could be demonstrated providing skin temperatures were lm·,. I!m.,ever, 

raising the skin temperature inhibited shivering. 
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(b) o· If the core temperature was more than 40 C shivering ,,,as 

inhibited and there was a reflex peripheral vasodilation. 

(c) o If the core temperature was 1ess than 31~ C shivering cou1d 

not be inhibited ·even if the skin temperature was above 400 C. 

On the basis of these experiments, Davis suggested that in nonno-

thermfc animaIs shivering is stimu1ated fundamenta1ly by a fall in slein 

tomperature but its quantitative regulation may be dependent upon changes 

in core temperature. In the truly hypothermie homeotherm, however, shivering 

is stimu1ated entirely by the 10'" central temperature. 

During shivering due to an increase in muscular contraction the 

rate of ATP hydrolysis is increased. The greatly elevated ADP concentration 

stimulates the electron trànsport system and oxygell consumptioll. Thl.ls, 

substrate is utilized at a much higher rate. Heat is also releasecl from 

the increased hydrolysis of the terminal pyrophosphate bond of Arp. 

Apart from shivering-induced heat production, thermogenesis can 

also be ülitiated by an increased release of biologically active substances, 

mainly norepinephrine. 

Rats, exposed to co1d, excrete large amounts of norepinephrine 

and slightly lesser quantities of epinephrine (Leduc, 1961). In cold exposure 

norepinephrine is also released at nerve endings (Hsieh et al. 1957). The 

release of norepinephrine and epinephrine sets off a series of thermogenic 

activities, such as activation of glycogenolysis, activation of lipase in 

fat depots and release of free fatty acids into the general circulation 

(Smith, 1963). 

In the unacclimatizzd rat non-shivering thermogenesis contributcs 



about 45% of the cold-induced metabolism. In the acc limatized rat aIl of 

the metabolism is arising from non-shivering sources (Davis, 1959). 
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Maickel et al!., (1963) sho~ved the absolute necessity of the pre­

sence of epinephd.ne and norepinephrine in the rat to survive cold cxposure. 

Adrenal demedullated rats did not shO\-, an elevation of blood glucose con­

centration and their survival time was greatly decreased. Administration 

of epinephrine restorec1 the ability to mobilize glucose and the rats 

survived their stay in the cold. Similarly, following repeated administra­

tion of reserpine neither blood glucose, nor plasma free fatty acid levels 

lvere increased. Vasoconstriction, piloerection and shivering were also 

abolished. These experiments shOlvcd thàt :i.n the absence of sympathetic 

function the animal cannot .mobilize energy substrates and is incapable of 

conserving body heat. 

The hypothalamus contains a relatively high concentration of 

norepinephrine and 5-hydroxytryptamine. The possibili.ty that these substances 

might be concerned in temperature regulation was raised by Brodie and Shore 

(1957) and by von Euler (1963). 

The hypothesis received support from the ,york of Feldberg and 

coworkers. Feldberg (1965) showed that the injection of norepinephrine and 

epinephrine into the cerebral ventric le lmvered rectal temperature for several 

hours, while the injection of 5-hydroxytryptamine caused a rise in rectal 

temperature lasting for many hours. The hypo- and hyper-thermia, which ,vas 

observed, resulted from the action of the amines on the anterior hypothalamus 

because the same changes occurred when the amines were applied by micro­

injections to this part of the hypothalamus. HOIvever, 'vhen the microinjcctions 



'tere made on the posterior or ventromedial hypothalamus, the amines did not 

affect body temperature. 

It is now apparent that wakefulness results from cnhanced activity 

of the different parts of the brain, while sleep represents lac k of adequate 

brain excitation. 

Wakeflllness, llnder normal circllmstances, is associated with 

consciousness which according to Cobb (1948) is "awareness of environment 

and of self." If onè is not fully m'lare either of environment or of oneself, 

sorne degree of unconsciousness is present. Unconsciousness occurs ''1hen one 

slceps, faints or is anesthetized. Sleep and anesthesia are tl'lo clos~ly re­

lated phenomena, the main difference between the t,'lO is that a sleeping 

person can be t'lOlŒll up. Until ,the late 19l~O' s, prior to the description of 

the ascending reticular actïvating system, it l'las thOllght that consciousness 

was exclllsively a function of the cerebral cortex. However as e~rly as 1892, 

Goltz succeeded in removing both cerebral hemispheres in a dog and observed 

that the animal t'las able to walk in a perfectly normal' fashion. Removal 

of the cerebral cortex produced a loss of aIl understanding, intelligence 

and memory but the dog had periods of sleep and wakefulness, of unconsciousness 

and consciousness, although the content of its consciousness ''las enorrnously 

different from that of a normal dog. 

Throughout the years also more and more clinical evidence ac­

cllmulated, which showed that disturbances of consciollsness are not necessarily 

associated with' lesions in the cerebral cortex but rather other parts of the 

central nervous sytenl. Tumors of the cervical cord as high up as Cl do not 

cause disturbances of consciousness as long as they do not invade the medulla 

oblongata'(Feldberg, 1959). 
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Haemo:crhages Bround the pons and medulla Qblongata, in the 

substance of the pons or in the fourth ventricle produce deep coma and 

unconsciousness. Furthermore, unconsciousness is characteristic of 

lesions in the upper brain.st:em and thalamus (Feldberg, 1959). In the 

central core of the brain stem is a system, which begins st the upper 

end of the spinal cord and extencls into the posterior part of the hypo­

thalamus, to the sides of the thalamus and upward through the central 

portion of the thalamus. This system is the reticular formation. 

Those portions of the reticular formation and thalamus that 

enter into the wakeful~ess response are callad the ascending reticular 

activating system. Although this system has Httle intrinsic activity 
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it is stimulated by sensory signaIs from collaterals of a11 ascencUng 

fibers, and the cerebral cortex too. Direct fiber path"18Ys enter the 

reticular activating system from almos~ ail parts of the cerebral cortex. 

Large number of nerve fibers from the motor regions of. the cerebral cortex 

ente.r the reticular forIlla.tion and therefore motor activity is particularly 

associated with a high degree of wakefulness. During anesthesia afferent 

stimulation loses its normal capacity to evoke EEG, behavioral and emotional 

arousal, and there is an equivalent failure of EEG arousal upon the direct 

excitation of the ascending reticular system in the brain stem (Magoun, 

1958). 

The loss of ,.,akefulness and the incapacity of afferent stimuli 

to induce EEG on behavioral arousal in anesthesia have been attributed to 

a depression of activity Hithin the ascending reticular system (Magoun, 

1958) . 
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Anesthetics are apparently able to block transmission across a 

synapse llluch more readily than conduction along a nerve fiber and the re-

ticular formation is characterized by its multisynaptic organization so 

that impulses have to pass bne synapse after another. 

This does not mean that the reticular activating system is ex" 

clusively susceptible to aneathetic agents, although they have a predilection 

for the system (Feldberg, 1959). 

Newer concepts of anesthetic activity suggest that Interference 

with transmission of impulses iù the reticular activating system is the 

primary event and if cerebral oxygen consumption is decreased it is only 

a manifestation of decreased neural activity. The reticular activating 

system modifies central trrinsmission of pain and other sensations, controls 

the state of consciousness, and regulates reflex activity in the spinal 

cord, thus it is not unreasonable to locate the site of anesthetic action 

hCJ:e (Vandam, 1965). 

E. EFFECT OF DRUGS ON BODY TEMPERATURE AND ANESTHESIA 

1. Picrotoxin 

Picrotoxin is a powerful central nervous system stimulant, which 

exerts its main cffect in the midbrain and medullary region. 

1. Effect on Body Tempera~ 

Picrotoxin injected in convulsive doses into experimental animaIs, 

inereases body temperature (Trendelenburg, 1920). 

On the other hand, subconvulsive doses of the drug lowered body 



47 

temperature in normal animaIs as was observed as early as l89lj. (Trendelenburg, 

1920) • 

The hypothermic action of picrotoxin is more pronounced than that of 

pentylenetetrazol (Hahn, 1943), and is mainly due to an increased 10ss of heat 

(Hahn, 1943), butthere i8 also a reduction of heat production. 

The pypothermic action of picrotoxin is of central origin, as l'las 

first demonstrated by Rosenthal ~Ub. (1925). They found that picrotoxin 

did not 101.,er body temperature in animaIs in which the cervical cord had been 

transected. Rosenthal (1941) a1so showed that the injection of subconvulsive 

doses of picrotoxin into the paraninfundibular region of rabbits, lovercd 
o body temperaturc by 4 C. 

In spite of its ,:001ing action in normal animaIs, picrotoxin pre-

vents or antagonizes the fal1 in body temperature normally caused by anesthetics, 

especially by barbiturates. 

This l'las sho\;111 by Naloney and Tatum (1932) i!l rabbits, by Koppanyi 

et al. (1936) in dogs and by Hahn et al. (1963) in mice and rabbits. 

Rosenthal (1941) was also able to demonstrate in rabbits that the simultaneous 

administration of phenobarbital and picrotoxin caused a significantly smaller 

drop in body temperature, than the hypothermia observed after eithcr of the 

drugs was given alone. He concluded that because the cooling effect of piero·· 

toxin cou~be suppressed by the barbiturate, it could not be due to paralysis 

of the temperature center, but acted probab1y through the stimulation of a 

cooling center in the hypothalamus. Hhen he injected simu1taneously picro-

toxin and aconitine, he observed a much greater hypothermia than the algebraic 

sum of the action of each drug. This potcntiated effect suggcsted that both 

drugs stimulated the same (cooling) centers. 



2. Antiallesthetic Action 

Although the mutual antagonism bet~.,een picrotoxin and variol1s 

hypnotics '"TaS knmvn in the last century, only the discovery of its very 

pronounced antagonism to the barbiturates (Maloney ~al.:.. 1931) led to 

its widespread clinical use. 

Maloney ~b.. (1931) found that picrotoxin was effective against 

aCl1te poisoning induced by the shorter acting barbiturates, Nembutal and 

Amy ta 1 , both in rabbits and dogs. They also found that the process of 

treatment was reversib le, that is, picrotoxin ~.,as effective against harbi­

turate depression, and the barbiturates ,.,ere effective in controlling picro­

toxin convulsion. 

Animal experiments by several investigators demonstrated the life­

saving effect of picrotoxin after pretreatment with lethal amounts of barbi­

turates. 

Barlo~., (1935) investigated the analeptic effect of pentylene­

tetrazol, picrotoxin and nikethamide against both a maximal hypnotic dose 

and a 100% lethal dose of several hypnotics (pentobarbital, chloral hydrate 

and tribromethanol (Avertin» in adult, albino rabbits. He found that the 

degree and duration of effect of each analeptic was inverse to the depth 

of anesthesia,. and the order ·of antidotal efficiency of the series of agents 

was the sarne for each of the hypnotics. Picrotoxin was the most potent 

arialeptic, with pentylenetetrazol and nikethamide following in this order. 

Chakravarti (1939) compared in mice amphetamine, pentylenetetrazol, 

picrotoxin and nikethamide as "awakening" agents against a narcotic dose of 

Nembutal and as antidotes in barbiturate poisoning. Amphetamine ~.,as the most 
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potent in arousing animaIs from Nembutal narcosis, pentylenetetrazol and 

pi.crotoxi.n \V'ere almost equipotent, while nikethamide proved to be much less 

effective. Ho~vever, only picrotoxin and pentylenetetrazol were able to 

antagonize barbiturate poiscning; both amphetamine and nikethamide even 

increased mortality. These observations indicated that true pharmacological 

antagonism existed only between picrotoxin and pentylenetetrazol on the one 

hand and Nembutal on the other. 

Werner and Tatum (1939) found that picrotoxin and pentylenetetrazol 

were able to arouse depressed rab bits injected Hith sublethal doses of 

Nembutal. Picrotoxin was the lUore effective analeptic in theix studies. 

Jarvinen and Vartiainen (1949) demonstrated in rabbits that 0.5 g/kg 

barbital sodium, administered subcutaneously, caused 100% mortality. In the 

presence of picrotoxin only 1 g/kg barbital sodium proved fatal to aIl animaIs. 

Doses of barbital sodium greater than about double the lethal dose coulel no!· 

be overcome by any amount of picrotoxin. 

Lavenson ~.-1!:.h (1958) were able to reinstate spontaneous respira-· 

tion in cats with picrotoxin after the animaIs receiveel twice the "respiratory 

arrest dose" of pentobarbital sodium. 

Hahn and Oberdorf (1963) determined in mice the LD 50 of pheno­

barbital and hydroxydione alone and in the presence of picrotoxin. Pre­

treatment with picrotoxin considerably raised the LD 50 dose of both drugs. 

In surmnary, picrotoxin (a) causes hypothermia in normal animaIs 

in subconvulsive doses; (b) reverses hypothermia in barbiturate pretreated 

animaIs, and (c) potently antagonizes sublethal and lethal doses of anesthetic 

agents. 
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Pentylenetetrm:ol was inlrocllJcecl illl:o ther<lpy ilS an éllwlcpl:ic 

agent hy German ~\lo):lwn; in t11,_, miel 1920 rEl. 

Sc1mepel (1928) \<las the first lu sho\·/ tl/al pUIll:y]('nel:ct:rn:~(l] 

clccrcasecl hody temperal:urc:! in subc:onvuls:i.ve closes and pOlC!llLiaU"cI Urf.! 

c[[eel: of antipyretic agenb: (Pyl:amidon) in experjmnuta] (]lül/wln. 

lIahn (1.9 L}3) shoHec1 that the. hypotbcnllia inclueetl b)' Hubcol1vul:-::ive 

closes o[ pcntylenetetl.'azol HélS close c1epcnc1enf:, lai;tec1 for f:ev('.rnl hour s 

and boeélllle 1888 pronouncec1 Hi.th incrc<.l.ld.ng the environmeml:al l:Olllpl~J:<1[l11:c·. 

In subsequent years tlds hypoLhenn:i.r.. action (l[ pentylonetctr'm',o] 

\\las clemollstrate.cl in several species (Hahn, 1960). 

She111ano and Nickerson (1959) ohservecl in c1ogs, \'lhich Wl!re comploleJ)' 

paralysed ,·7Ïth a neuromuscular blocking agent, that the cffect of repeatec1, 

convulsive doses of pentylenetetrazol produced either hypothornda or 

hyperthermia~ depenc1ing on the ambicnt tempel:ature ai: Hhich they ~vorC! 

ac1ministered. o . If the ambie.nt temperaturc Has beloH 23 C, hypothermi.a ~i'as 

obscrved, which Has probably the result of an incre.ased cutancous bloocl 

flow resulting in 109s of body heat. nœ llyperthermic rcaponse was noted 

above 2So
Ca.nc1 appeared to be duc to an increased hoat production, in-

dcpendent of skeletal muscle act:i.vity. Neither sld.n tcmperature, nor reclal 

tempcrature wa.s affected by pent:yle.noletra:-~ol in C to C
6 

spinal corcl 
l~ 

sec t ionecl dogs, which ind:i.cal:ecl thal the thenll.:ll rcsponses of pentylcne-

tetra%ol wore of central origin. 
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Bm:c-.solzas (19 /,0) cll:!scr:i!J(;cl ChaL thE' ndl1dn:i.sL.ral.ion or pentylew:.·· 

tet:ca%ol :i.nto rabbits resHIted ill pantin!.';; the phenomenon rcscmbled Chat 

813011 [If ter :i.ncJ:C:.as:i.ng the rOOl\! temperatnre. Similarly, pentylenetetra%ol 

p1:etreatecl clogs sho,,,ecl tachypnca at lmlCr rcel:al tClllperatnres than cl1d 

conU:ol animaIs. . These oh~Jcrvat:i.ons !:llggested that tho central 1'og111ato1')' 

11l2c.hmd.sm ,'JaS acljusl:ed to a lmlel' temperature by pentylenctetra%ol. 

Bnll1l g_t;._~!.!.:.. (1963) shOl-,ed in rahbits, which \07131'0 anesthct:i.zed \·,Hll 

ba~bital sod:i.um, that analeptic agonts (pontylenetotrazol and picrotoxin) 

raised hody temperature in connection l'71th their arousal Dcl:ion. In tlw 

case of l'(·m!:ylcnetetraz:ol, this oven led ta hypcrthermia, while aftel' 

p1cJ:otoxin, rectal tcmperature of rabb1ts 1'eturnecl ta normal bul: clid n(IL 

cxceecl pretreatment levels: This hyperthermie effecl: of penty1enctetril%ol 

WélS cOllsiderecl to he an expression of él tomporary lability of I:ho. heal 

regu1al:ory systeTii cluring the arousal of I:he narcol:izcd animal. 

2. [tntianesthetiC:~S!;.!EE. 

The arousing and life-saving effect of pentylenetetl'azol againsl 

the ancsthetic and lethal doses of several anesthetic clrugs has becn in­

vestigate.d, but much less extensively than its antagonism 1:0 barbiturates. 

In general, the antagonism offered by pentylenetetrazo1 against paraIc1ehydo, 

chloral hydrate, ure~hane, ch1oralose and ethyl ether appears ta be weaker 

than that àgainst barbiturates (Hahn, 1960). 

The 1ife saving effect of pentylenetetrazol against lel:hal doses 

of the barbitural:es ,-laS clescrihec1 by severa1 investigal:ors ('Harlow, 1935; 

Chakravarl::i., 19:19; Herner and Tatum, 1939; l,ocHe, 1955; Kimura and 

Richards, 1957 and Hahn and Obcrdor f, 196 J). 



PiCl."otoxin ancl p(mtylcmel".etl"él%ol manifest muny sil\lilD1:jl:ie~; :Lu 

antagonizing oithcr the hypnotic or the lethal affects of bar11ilurntcH, 

and accorc1:i.lIg1y sevora] of the foregoing refcrenco8 vIere. dü;cw;secl i11 

detail in the previous chapteL 

<':') .. ) ~-

The finclings of Carlsson and Thedncler (19 /,.6) \vero no!. i.n agrC(~l\Icl1l. 

\-lith the provious references. These Horkers :i.nvestiga1:üd tlw effec:1: of 

PClll:ylenetetrazol in guinea-pigs, which were depressecl or anesthetizcc1 

with barbital sodium. The analeptic potency of pentylenetetrazol was 

increasecl by increasing the close but only to a certain lim:Î.t anel a f1.lrL:llc,r 

increase induced a depression rather than an éll'ousal. Furtherlllore Carlni;on 

and Theander (19/,6) notcc1 that the dose of the harbHuratc was also vc:cy 

~uportant in evaluating the analeptic potency of pentylenctetrazol. 

Kimura and Richards (1957) obserVl~d in mice that the stilllulant 

action of pentylenetetrazol rcsulted hoth in the reduction of the elepth 

and in the shortening of the duration of pentobarhital sodium induced 

anesthesia. A transitory peak within one minute of analeptic administration 

could he noted with pentylenetetrazol prior ta its rcal awakening effect 

in contrast to picrotoxin, ~lhich dic1 not ShOH such transitory peak. 

In sununary,pentylenetetrazol (a) causes hypotherl1lia in subconvulsive 

doses in normal animals; (h) reverses hypothermia in barhiturate prctrcatec1 

animaIs oEten causing even hyperthermia,and Cc) is an effective antagonist 

to barbiturates. 

Nikethalld.de was synLhetiseel in the miel 1920 1 s in Gonnan)' and 1.n-
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{:rodllced aE; [l brninsLelll stil!lulanl:. !loW(!VCJ:, iLs Hl1<'.h:j'>tü: polene)' :1.:.; 

genc-!J:ally considered to be much less effective ~"hcm compm:ed ta picroLox:Î1l 

or pentylenetetrazol. 

Subconvulsive doses of rd.kethamidE\, in contrast to picrotox:in 

and pentylenetetrazo1, Her.e [ound to raise the body temperatuY.'c of several 

species. Hahn (19l~3) deseribed the hyperthermie effect of ni1cethaJllide ·in 

rabbHs, Flaeke ~LEl.!... (1953) h1 mice, and Frollunel E:.t __ ~:... (1963) in guhlOa·· 

pigs. 

'l'he hyperthermie effect of n:iJcethamide ~vas Ilot strong enough 

however, to counteract hypothennia :i.ndu~ed by barbi.turatc anesthesia. 

Instead, the aclministratioJ) of ni1cethamide to an:i.mals anesthetized b)' 

barbiturate accentuated and prolonged the fall in body temperature (Hahn, 

1%3). 

Hahn (191+3) observed an inereased motor. act:i,vity t-lhieh aecompaniecl 

nikethamide-induced hyperthermia, and suggestec1 that the hyperthermie effcct 

\vas due to stimulation of 10",er mot or ecnters. 

On the other hand, nikethamide augll1ented hyperthermia in gllinea­

pigs., which Here pretreated with faver eausing vaechles. This augmentation 

of hyperthernda occurrcd in the absence of any Illuseular exorcise (Frommel 

~Uh, 1963). 

2. Antianesthetie Action 

'l'he antagonistie action of ni1cethamide to barbiturates had becn 

studied in several species but most authors agrecd that nikethalllide is a 

mueh weaker antagonist than cither pi.croto:d.n or pcntylenet:etrazol. 



Herner and Tatum (1939) perfol'luecl experim<.:mts in rabbits, élnd 

sl:atec1 that n:lke,thamic1e ",as neithe1' able to cause complete arous~ll ,·,hen 

animaIs ",ere anesthetized ",ith hypnotie doses of Nembuta1., nor dicl il: have 

life sav:tng or 1ife pro10nging effeet against 1etha1 doses of Nembutal. 

Chs.lcravaxti (1939) deseribed nikethamide as a ",eak "mvakening" 

agent eompared to pentylenetetrazol or picrotoxin, and observed that 

nikethamide :i.ncreased 1lI0rta1ity in rabbits, ,.,hieh ",ere pretreated \Vith suh·· 

1ethal doses of Nembutal. Airaksinen and Mattila (1962) found in miee, 

that nikethamide \\Tas able to deerease the sedative and 1ethal effects of 

o 
reserpine bath at room temperature and in co1d (9 C). They suggested thal 

nikethandde probab1y acted as a non·.specifie stimulant by inereasing mo!.:o/' 

activity, thus inereasing peat production and antagonizing hypothermia. 

Brazda !:.!_ a1.
1 

(1965) observed that nikethamide deereased the 

pentobarbita1 sleeping ti11le in rats and rabbits. This eEfect ,.,as due to 

an inerease in the activity of 1iver mierosoma1 enzyme's, which are res-

ponsib1e for the oxydation of pentobarbital. Hotvever, in poikilothennie 

animaIs, furthermore in chiekens and guinea .. pigs, nikethamide did not 

influence liver microsoma1 enzyme activity, consequent1.y the drug did not 

reduce pentobarbital sleeping time in these species. 

In summary, nikethamide (a) is a weak hyperthermie agent, which 

in exper:i.mentally-induced hypnosis rather potentiates than reverses hypo·· 

thermia; (b) its m:ousa1. aetivity i8 weak, and beeause of its deprcssanl 

effects, the inHial excitation is mostly followed by a relapse into a 

'prolonged depresslon. 



Although the synLhcsis of <lllll'hetéllllinc \-las clescl:ibccl as CHely ,1S 

cr' J.) 

1912 and 1913, syGtcm:i.c studics on its phal'lllac:01ogic:al affects clic! not tal,;ü 

place unU.l the late 1920 ' s. 

The cent:ral stimulant: action of Dlllphctmnine ,·]i.lS fir:3t ohserVNl 

by Alles (1933). 

Severa1 investigators obf:crvod and descr.ibcd the hyp8rthennic 

effect of amphetamine in experimcnta 1 animaIs (Jacobsen, 1939; Hcr.ner, 19/1 1; 

Kiess:i.g, 1941, and Simonyi and S%cutgyorgyi, 19/f9). 

According to Jacobsen (1939), hypcrthermia· imluced by amphetélll1:i.tw 

is probably due to incrcase in motor activity in combinat ion \o7i1:h vaso·· 

constriction. 

Feite1ber.g and Pic1( (19ft·0) noted th<1t mnphetandne :i.ncreased heat 

production in the brain. The effect was duc to central stinru1ation but was 

not specific for the amine, since analept i.cs ,,,hich cause a fall in body 

temper.ature, have the same effect. 

The fall in body temperature follov.ring the administration of 

ethan01, was effective1y antagonized in rabbits by amphetamine, more e[-

fective 1y than by penty1enetetraz01 or picrotoxin (Herner, 19Lfl). 

In contrast to penty1enetetrazo1 and· picrotoxin, hm"ever, amphetf.lllline 

did not ant:agonize the fall in body temperature induced by phenoharbital. 

On the contrary, Simonyi and Szentgy~rgyi (1949) described a c011apse-1ikc 

drop in temperal:urc accolllpmd.ec1 by dccp narcosis, \olhen phclloharbit;:t] and 
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amphetam:i.ne \'7ere simultaneotlsly ndmin:i.sterec1. In' recent m~perimelltB Heiss 

aild 1a.ties (1963) investigated the effect of arnphetamine on behav:i.oral 

thermoregulation. Rats were exposed to cold but they had access to a lever 

that turned on a heat lamp. Amphetamine greatly increased the frequency 

\\7l.th which the rats turned the lamp on, compared to controls, even though 

their skin tell1perature \Vas driven above normal values. The authors suggested 

that amphetamine apart from its effect upon heat production, impaired be­

havioral therll1oregulation. 

Several inve.stigators concluc1,ed on the basis of thedr experill1ents 

that amphetall1ine antagonized sublethal amounts of nearly aIl anesthetie 

age.nts. 

Hjort: et_.È...!.. (1938) investigated the effeet of a number of analeptic 

drugs against hypnotic doses of a urea derivative (unsYll1metrical n-propyl-o­

tolyl-uraa) and pentobarbital in mice. They found that amphetamine closely 

followed the effeetiveness of pentylenetetrélzol and pierotoxin. Hm'lever, 

they .aIso noted that the tnxicity of these drugs vlélS differently affectcd 

by anesthesia. Hhile the minimal lethal dose of picrotoxin decreased more 

than 2 fold, the toxicity of amphetamine increased 5 fold in anesthetized 

animaIs. 

l'revan (1938/39) described the analeptic potency of amphetamine 

in mice \\7hich \Vere anesthetb:ec1 ",ith paraldehyde, and found that amphetamine 

greatly recluced the sleeping time. 

Chakravarti (1939) fOl.lud amphetamine to be the most potent drug 

to arouse Illico from a pentobarbit:ol anes'tlwsia wJ1Cl1 cOlllparcd ta pcntylenc-
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.tetra~ol, picroto:d.n. and njJ<etham:tde. 

'l'a:i.nter ~._E..~.!.. (1939) noted that lo~v doses of amphetamine reduced 

the time interval bet~'lecn the loss and the recovery of the rtghting reflex 

in rats follo\ving pretreatlll~:nt ~v:tth chloral hydr.ate, Avertin or pentobarbital 

sodiulll. Higher doses of amphetamine rather prolonged the depression re·· 

duced by chloral hydrate or. Avertin than shortened it, and only against 

pentobarhital sodium was there a clear analeptic effeet. 

The ab:tlity of amphetamine to antagonize aleohol .. induced nareosis 

in rabhits was described by Reifenstein (19L~1). Hess (19L~1) made similar 

ohservation using methamphetamine (pervit in). 

Lum:i.èn~ and Meyer (1938); Chakravarti (1939) and Re:i.fenstein (19lj·l) 

noted that the effcctiveness of amphetamine, as an analeptic agent, c1eclined 

rapic11y Hith increasing depth of anesthesia, and not only did it laek a 

protective nffeet against lethal doses of narcotic drugs, but it even increased 

their toxieity. 

The analeptic potency of amphetamine cou1d not be restored by in­

ereasing the dose for synergism ~vith the anesthetie agent was then observed 

(LulUi~re and Meyer, 1938; 'l'r ev an , 1938/39; Chakravarti, 1939, and Tainter 

E!....3!..1,.!.. 1939). 

The possible mechanislU of action, by whieh amphetamine brings 

about its central effect, have been recently investigated by several ~vorkers. 

Grana and Lilla (1959) compared the stereoisomers of amphctamine 

and l-phenylethylamine as centnl1. stimulants and as inhibitors of monoamine 

oxidase (HAO). They found no correlation hetHcen these two effects. While 

the tHO agonts HCTC almost: cqu<llly potent in inhi.biting i\lAO, (+) -l-phenyl-
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ethylam:lne \'l<'Ui 5 M 6 times less potent in antagonizing chloral hydl'ato M 

induced slcep in rats than dexamphetamine. The authors coneluded on the 

hasis of their findings that il: is unlikely that the central stimular.::tng 

action of amphetamine is due to inhibition of MAO. 

Horle of Hel,ean ancl McCartney (1961) in rats and of Sanan and 

Vogt (1962) in l:abbits, revealed that amphetamine 1m"ered the norep:i.nephrine 

content of: the hrain, although large doses (20 mg/kg or more) ,,,ere required 

for pronounced affect. Recent work hy Stein (1964) and Hanson (1966) 

claimecl that the central action of amphetamine was mediatec1 via catecholamine 

liberatioll. 

Stein (l96 t f) descr ibed exper iments in mala rats \"hich \Vere based 

upon the self stimulation f\lethod. Amphetamine induced él high rate of self 

stimulation \-Ihich clec1ined as the drug effeet Hore off. The effect of 

élmphetamine Has c1iminished or shortent:!d "lhen the rats were pretreatec1 \'li.th 

. reserpine. The time course of the dd.minished response. and the time course 

of depletion of catecholamines by reserpine roughly follovled the sarne pattm:n. 

The facHitating effect of amphetamine on self stimulation ",as strongly 

potelltiated by NAO inhibitors. Furthermore, amphetandneMlike facilitation 

of self stimulation \Vas ol)served after the administration of -:':{-lUethyl-meta­

tyrosine (o( -NNT), which is knoHn to liherate catecholamines rapidly [rolU 

hl-ain stores. 

Hanson (1966) showed that untreated, trained cats responded to a 

conditiol1C!d stimulus in 100'!. of the trials, Reserpine greatly decreascd 

thi.s per forrnancc, but amphetamine ,,,as able to restore it by liberating the 

small amOlll1ts of catecholamines that Hcre available. If (..'v: -methyl-tyr()sin(~ 



59 

( c< .~.MT), an agent ~.,hich acts by inhibit:i.ng the biosynthes:ls of DOPA frolll 

tyrosine, ,.,as simultaneously administered \Vith reserpine, the cats did not 

respond to the conc1itioned stimulus at all and amphetamine \.,as unable to 

restore the:i.r performance. J-Im.,ever, amphetamine \Vas active agal.l1 if small 

amounts of catecholamine precursor (0< -DOPA) Has given prior to amphetamino. 

These experimcnts supported the idea that the central stimulating 

action of amphetamine ,.,as mediated by the release of catecholam:i.nos. 

In summary, amphetamine (a) causes hyperthermia in normal animaIs; 

(b) is unable to restore barbiturate-induced hypothermia, but reverses a1cohol·· 

inducec1 hypathermia; (c) antagonizes hypnotic doses of anesthetic drugs; 

(d) potentiates sublethal doses of anes~hetic drugs,and (e) according to 

recent exper~nental evidençe, mediates its central action by the release of 

catecholamines. 

Iproniazid, together \Vith Isoniazid, Has origina1ly introduced 

into therapy in the early 1950's as an antituberculotic agent. 

It was noted, that in tuberculotic patients, iproniazid produced 

euphoria and sometimes conditions resembling lllaniac psychoses. 

The possible mechanislll of this action \Vas firat izwestigated by 

Zeller et 3~. (1952) and ZeUer and Barsky (1952). Tho80 authors [ounel 

that iproniad.d ",as able to inhibit monoélllline oxidase (l'JAO) bath i~:!:.S.~.~ 

and in vivo. ---'-
Borm·!Ïtz and North (1959) observed that pretreatmont wHh iprorliazid 

potentiated the taxicity and increased the lllortaU.ty of intravenously ~lc1mini.s-
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t:ered epinephrine and norepinephrine. 

Spector ~~ (1958, 1960) lIleastired norepinephrine concentration 

in rabbit brain. Iproniazid, at doses of: 25 or 50 lIlg/1(g, increased bra:i.n 

norepinephrine concentration which rcached a plateau by the 3rd day. 

According to Green and Erickson (1960) in the rat brain, maximal 

increase in norepinephrine concentration was obtained 8 hours after oral 

administration ~f 100 mg/kg of iproniazid but norepinephrine 1evels returned 

to. normal only after about 7 days. 

Similar observations ,.,ere made in human subjects by Ganrot ~._~L: .. 

(196~). Determining, postmortelll, the n~repinepl~~le concentration in the 

hypothalamus, they found that in patients who ,.,cre under iproniazid treat­

ment, the norepincphrine concentration was about 2 times as high as in un·· 

trcatcd subjects. 

Spector ~_~ (1960) observed that the repeated administration 

of iproniazid increased spontaneous motor activity and intensified motor 

respOllses to tactile stimuH. in rabbits. The time of increased spontaneous 

motor activity coincided with the increase in brain norepinephrine concentration. 

E1therington and Horita (1960) found that iproniazid was able to 

reverse reserpine induced sedation. 

On the other hancl, Furgiue1e ~h (1962) noted that the ad­

ministration of iproniazid induced an immediatedecrease in spontaneous ac­

tivity in mice. The decrease in motor activity was inverse1y proportional 

to the dosage used. 2lf hours 1ater however, no appreciahle difference in 

activity was observed bet,.,een control and treatcd groups. 
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Cllodera (1963) invest:tgated the effect of morphine alone and 

thal: of iproniazid and morph:i.ne on the rectal temperature of female rats. 

He found that iproniazid pretreatment enhanced and prolonged morphine-induccd 

hypotlw1:JlI:i.a. 

Iproniazid potentiates barbiturate anesthesia as ,,,as observed by 

several invest::i.gators. 

Goldin 2!..~,L.. (1955) measured sleeping time in mice in response to 

pClll:ohurbit<.'1l alone and :i.n response to the combined effect of pentobarbital 

and :i.proniazid. They noted that iproniazid prolonged pentobarbital-induced 

ancsl:hesia. The drug ~"as also able to induce anesthesia in animaIs ",hich 

\vcre prc!t:rcal:cd ,,,ith subanesthetic doses of pentobarbital. However, iproniazid 

alonc clic1 not cause anesthesia even in such high doses as 1500 mg/kg s.c. 

Fouts and Brodie (1956) found in mice that iproniazid pretreatment 

causec1 a 3 [old increase in hexobarbital sleeping time. Hhen they deter-

minec1 the cOllcentration of hexobarbital in the ",hole animal, they found that 

il HélS 2 times as high in the iproniazid pretreated group than in mice re-

cciving only hexobarbHal. This shm"ed that iproniazid inhibited the meta-

bolism of the barbiturate. If they injected iproniazid into mica which just 

recovered [rom hexobarbital hypnosis, none of the animaIs returned to sleep. 

'l'hus, l:hey concluded that iproniazid increased the duration of action of 

hcxobarbital only by inhibiting its mctabolic transformation. 

1 

Bttclwl and Levy (1960) describe.d the hcxobarbital potentlating effect 
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GI :i.pronia:d.c1 :Ln rats, ~llüch effect \·ras more pronounced in fe.male animals. 

Thoy concludec1, s:i.milarly to Fouts and Brodie (1956), that the mechanislll 

of this potentiation \olas due to inhibition of the enzymes responsible for 

dctox:i.fying the harbitu1'ates. The same authors noted, hO\\Tever, that ip1'o·· 

niaz:i.d potcntiated chloral hydrate anesthesia. Although the exact mechanism 

:i.B not known, iproniazid did not: il1t:erfere Hith cloraI hydrate metaboJ.:i.sm. 

In suulluary, iproniazid (a) j.ncreases spontaneous l1\otor. activity 

hy :i.nhihi!:ing MAO; (h) enhances and prolongs morphine induced hypotherm:i.o, 

and (c:) potcntiates hexobarbital anesthesia which effect is duc. 1:0 inhibition 

of detoxifying enzymes and not ta a direct central eff(~ct. 

The f:i.nding of Smith (1.959), that ç/, -methyl-Dopa lOHe)~ed tissue 

levels of se1'otonin, prompted Hess ~J:_§.l.!" (1961) to investigate the action 

of 0( -methyl··meta-tyrosine (referred to as 0( -MMT), \\Thich is a closely re-

l.atec1 analogue of c::.(-methyl-Dopa, on tissue levels of serotonhl and norep:i.-

nephrine. They found that eX-MMT depleted endogenous norepinephrinc i.n the 

brail1 and heart of rats and guinea-pigs. The results Here confirmed by 

Costa el: al. (1961.), Costa ~~ (1962) and Carlsson and Lindqvi.st (1962), 

who all shO\ved that c{-NNT caused a long lasting depletion of brain norepinephrine 

whUe serotonin ,\Tas only mildly and transientIy affected. 

Udenfriend ~_al.!.. (1961) sho~led that in the presence of a de-

carboxylase inhibitor, ,\Thich blocks the conversion of 0< -HMT to co( -methyl-

meta-tyramine, norepinephrine depletion still takes place, suggesting that 

eX-NNT itself i8 the effective llorepinephrine releasing agent. 
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Later. \vor.k hm<lever, inc1:leated that c(-NNT, '<lhieh is deearboxy1ated 

i.l:.~_"I{.j:y.9.. to a<-methyl-meta-tyralld.ne and subsequently p -hydJ:oxylatèc1 to metar­

am:1.n01, does not aet E.~_~: .. _.~<:' but through its c1eearboxylated derivat:Lves 

(Cessa .q.L.§!.h 196.2; Carlsson and Lindqvist, 1962:, and Carlsson, 1961.,). 

Carlsson and Lindqvi.st (1962) reportcd that ~<lhen they inje.eted 

!~OO mg/kg ,::;'<-:Ml-'ff into m:i.ce, withi.n 21., hours the norep:i.nephrine content hael 

alJJlost cOlllpletely disappeared from the brain. Metaram:lnol ,.,as found hm<lErver, 

in. the brain and its alUOtlnt corr.esponded approximately ta the m:l.ss:i.ng nore­

p:i.nephril1G. 

The 'cffect of r:.:-( ··NMT on motor activity and hehav:i.or Wél.S inves­

U.gatecl hy Costa ~.~él.t~. (1961), Carlton (1963» Van RosSUIll (1963), Scheckel 

and Boff (1964) and Moore (1966). 

Costa St .... iÜ..!.. (1961) porformed their cxperiments iu miee. After 

the adminis t:ration of a :t>LA.O inhibitor (MO- 911) c< ··MM'L' FélS injectecl. The 

behavior of the animaIs Has sim:i.lar to that ohserved after amphetamine 

treatment. Their movernents wore weIl eoordinatec1 and they Hero hyporactive, 

running up and dotm in their cages. 

The animaIs also ShOt'led other effects associated with stimulation 

of adrenergic centers, 'such as an extreme exophtalmos and hyperthermia. 

The authors conctuded that the remarkable behavioral affects resulted from 

released nbrcpinephrine. Van Rossurn (1963) also reported that the i.p. 

admini.stration of t::X -Ml'lT induce.c1 greatly increasec1 motor activity comparable 

to th(~ action of amphetamine. Both the behavioral studios and the biochemical 

. investigations reported by Soudees g_~ (1961) suggested that the increaso 

in mol:oT activity occllTred t\1hen hrain no;-epinèphrine ~'JaS sclective1y released. 
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should no!: occUJ~ in animaIs '-7hich are nearly devold of cndogcnous nore·· 

p:i.nephrine, if the assumptioll :i.s true thé1.t th:i.s st:imulation is due to the 

selective rclcasc of norcpiriephr:i.ne. Indeed, the.)' obscrved that ,·,h:i.le a 

marJœd increase in the rate of avoic1allce respond:i.ng occurred 45 minutes 

aftel: the ac1m:i.nistJ:ation of (..)e; •• M}1'L', in C>( -MMT p:r:etreatecl animaIs a second 

inj('!ct:i.oll 16 hours latcr dic1 no!: eause stimulation. In sunuuary, ç< -1-1~f'.I.' 

relc::wef: brain nOJ~ep:i.nephrine acting probably through :i.ts c1ecarhoxyléll:ed 

derJvat:i.vûs. The c1rug causes :i.nercasec1 motoT activ:i.ty, stimu.1atecl bdwv:i.uj:al 

üffecLs and hypcri:bermié\. JiU thc:!se effccU; m:e probably brollght <'Ihoul: 

througl1 the re lcase (lf norep:i.n r:!pln::i.nc. . 

F. STEUOJDS 

'J.'he effect of sl:m:oic1s on body temperature and tll1:d.r anesthetic 

action Has reviel-le.t1 brief1y, because our e}~periments \>IerG perfonned with 

extr:Jcts obtainec1 [rom pregnant mare urine and il: is known 1:hat steroicls 

and/or thcïr mctab01ites are present in hum an and animal urine. 

The 1II0st extensively stuclied steroic1s are thOS8 possessing hOl:monal 

properties. The fact that hormonal stero:Lds exert neuropharmacological ef­

fects· as \'7e11 was first observed and reported by Selye. 

L Effec_t on .. Body......I~l~rat..1:!.~ 

(a) Hype~the~!~ Progesterone appears to be the Erst steroid 

shO\m to have temperature elevating properties. Its thel.-mogenic activity 

has been thoroughly confirmed. Intramuscular administration of thls steroid 
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c..ons:i,stcntly inclucccl 8m<:111 but signif:i,cant :i.nerease in tempcl'at:ure boUt 

in hUllléll1S anel in several ~;pec:i.es of ex:perimental animaIs. Th0 :i.ncrease 

in t.muperature WLl.O uS'Uéll1y 1 - L SOF, '\Illich devc::loped seveJ:aJ. hours after 

the injection of the hormone, and lastecl for lt,8 hours 01' more (Palmer and 

Kappa,c;, 1963). 

The L~~ __ y.iv.c::. metabolitcs of JUany steroids ",erc looked upon for a 

long t:i.me ilS "vTélste products", devoid of sign:i.f:i.cfll1l: phys:Lologü~él1 aetJ.vj [',y. 

Recent stlld:ies by KHppas et _~.h, (1961) and ).JaImE!): and Kappas (1963) shmwd 

howevcr, that fl number of steroid mctabolites pOSSCGS fcver inducing act:i.v:i.ty. 

The f.ollo\d,ng steroül der:i.vatives are tho prototypes of: Ud.f; 11 m,,' 

c laf:s of pyrogens: et::i.ocholanolone (C19 steroic1.), pregnano10ne (C
2 

1. stero:td) 

and 1 itocholi,c acic1 (C
2lf 

steroid). The firs!: two m(:~tabolHes are clc:d,ved 

frolll gonadal and aclrenaJ. hormones, litoehol:i.c acicl :i.8 a clegradation procluct: 

of clwJ.cf;teroJ.. 

(b) liyP.E.!=J~ïllia~. Selye. (1.9 /,1) rcp01:tecl first that severa1 steroic1s, 

which \Vere capable of inducing ge110ral anesthesia, caused peripheral vaE;O" 

dilation, resulting in hyperemia of the pmoJs and ears, and a 81ight decl'ease 

in hody temperature at the 11eight of anesthesia. 

Overbeck and Bonta (196 l ,) invcst::Lgated several. steroids, ,\Illich 

act on the central nervous system, but are devoic1 of hormonal. acU.vity. They 

found that androstane derivatives, that contained a N function on C
16

, amI 

pregnane and pregnene compounds, Hhich possessec1 and -NH
2 

group on C3l ",ere 

able to lower body temperature in mice after s.c. aclminis!:ration. The firs!: 

group Has synthetical.1.y prepaJ:ed, "Thile the second group Has ohtained [rom 

pl.ant leaves. 
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2 • b.-.~_?lÈ~.fj.~s._12_u.~:E~1;. 

Selye (1941) reportcd that the i.p. administration of deoxycorti­

costerone, progesterone, and tcstosterone induced general anesthesia in 

rats, while o<-estradiol \\las inactive. In a later ,.,orIc Selye (19l~2) studJ.ed 

and dcscr1bed the anesthetic property of 75 steroids in partia11y hepatecto­

mized rats. Pregnanedione, which is found in urine and is hormona11y in­

active, manifested the most pronounced anesthetic action. Selye concluded 

that the h1ghest anesthetic effect was exhibited by steroids, oxygenated at 

the t\.,ro extrema ends of the molecule, and the activity depended on the rate 

of absorption. Esterification could render any compound more potent or less 

potent, depending on whether it incrcas~d or dclayed its absorption. 

P'An ~~~ (1955} describcd the anesthetic action of a water 

soluble steroid, hydroxydione (2l-hydroxypregnanedione sodium succinate). 

This compound possessed a pronounced central nervous sytem depressant property 

in a number of species, but was devoid of a11 hormonal- activity. 

Overbeck and Bonta (1964) and Bonta and Overbeek (l96l~) described 

several hormona11y inactive steroids "lith central depressant activity. 

Some compounds - wl:ich had a pregnane nucleus - caused sedation and augmented 

barhiturate anesthesia. 

Atkinson et al. (1964) investigélted the possible central nervous 

system activity of 1112 synthetic prcgnane derivatives. They found that 67 

of these possessed hypnotic activity. 

In summary: A number of naturally occurring steroids, steroid 

metabolil:es or synthetic steroid derivatives, can induce hyperthermia, hypo-

therllda, hypllosis and élnesthesia. 
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h._ Extraction of Pr~gnant: Mare Urine 

AlI experirnents described in this work, were carried out with 

extracts obtaincd from pregnant mare urine. Our starting rnaterial \-las a 

hexane-hexanol fraction of the pregnant mare urine which ~vas obtained as 

by-product in the course of the isolation of estrons. This partially purified 

fraction is a dark brown, viscous substance and each gram of the preparation 

corresponds to approximately 5 li.ters of horse urine. The fraction ls in­

soluble in water but is readily soluble in organic solvents, such as 

chloroform, ether, petroleum, etc. 

In order to eliminate simple phenols (phenol, cresol, etc.) l g 

residue was dissolved in 50 ml chloroform and extracted 4 tirnes with 0.1 N 

NaO!f, then l. times with distilled ~-later. The volume of the extracting fluid 

was 100 ml in each extraction. 

The t-latery layer \vas discardp.d and the chloroform layer which con­

tained the biologically active substance, retained. The chloroform \olas 

evaporated under vacuum using a flash-evaporator, and the substance dried 

to constant weight. 1 g of the original hexane-hexanol fraction yieldcd 

420-460 mg of chloroform soluble extract. 

The rnaterial was stored in a 250 ml quicl<.fit flask under Argon at 

-IOoe until further use. 

-

When the antisccretory effect of the urine extract was investigated 

in Heidenhain-pouch dogs, large quantities ~-lere needed. The steps of the 

extraction tvere the same as described above but instead of 1 g, l. g starting 
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material ~vas extracted at one time. This aIllount ~·ms c1issolved j,n 200 ml 

chloroform and extracted 4 timcs with 0.1 N NaOH, then 4 times with c1istilled 

v7ater. The volume of the extracting fluid was l~OO ml in each e.xtraction. 

The evaporation and storar;c procedures \vere unchanged. 

A male guinea-pig, weighing between 200-300 g, was sacrificed by a 

blmv on the back of the neck. The abdomen \.,as opened and a piece of terminal 

ileum, 20-30 cm· long, ~.,as rernoved by stripping from the attachec1 mesüntel'Y. 

lt \.,as gently washed through with Tyroc1e solution then subdivided into segments 

of: approximately 6 cm in length. 

A segment was suspenc1ed in a 20 ml organ bath. A platinum hook on 

the oxygen inlet, which was suspendec1 above the bath, providec1 a means for 

attaching the gut within the bath. The other end was passed through a small 

hook attached to a thread which fixed this upper end of the gut to the writing 

lever located directly above it. This lever recorded the isotonie contractions 

of the strip of ileum on a slllokecl drull1 using the same lever and the same 

magnification of 1:2. o The bath contained Tyrocle solution at 3l~ C through 

v1hich a mixture of 95% oxygen and 5% CO
2 

was bubbled. 

The Tyrode solution con~ained the follo~ving. constituents pel' liter: 

NaCI, 8.0 g; KCl, 0.2 g; NaHC0
3

, 1.0 g; dextrbse, 1.0 g; CaC1 2 , 0.2 g; 

NgC1
2

, 0.2 g; NaH
2

P0
4

, 0.05 g. The. 20 ml organ bath ~vas situated in a 

plastic water bath of 30 x 20 x 23 cm (Palmer Co.), and its solution was 

replacec1 by fresh Tyrode after eech addition of histamine. The Tyrode solution 

was pre-circulatcd through a series of coils placed inCo the water bath; the 
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o ,lattm: \Vas heated to 3l~ C aud kept at t111s tel11peJ~al:ure, 

l'he ileum was allol'7cd to stabilize for one··halE hour ln the 

organ bat]). The l'csponse oE the ileum \Vas standal'd1zed by injections 

of doses of standard hlstal11'lne c1:i.hydrochlod.de, ranging from 0.1 .. O,!I .. ug 

depellding on the sensltivHy of the preparation, 

The standard do~e of histamine \Vas repeateclly administered inlo 

the organ bath at 3 minutes 1nte:rva1s. Histam:i.ne was left in contact \.Jith 

the i1eu111 for 20 seconds, during ",hich time the seg1nent cont):acted, and 

then the drug ~'lBS ~.,ashed out for 10 seconds. '1\-10 minutes and 30 seconds 

",cre allol'7ed to elaps~ befol'e the next injection. The extract was injected 

into the bath after three close1y identica1 responses were obtained witll 

the standard dose of histamine. 'l'he extract was dissolved in ethan01 

(la mg/0.5 ml) il111necliately prior to Hs introduction into the bath. The 

ethanol solution vas diluted vith Tyrode in t~-lO steps: the "stode solud.on" 

contained la mg/ml, the "test solution" 1 mg/ml of the extract. The ef-

fect of "test solutions" which did not contail1 the extract ~.,ere also in-

vestigated using identical volumes. 

Graded doses of the extract ,.,ere introduced iuto the bath and 

left in contact \dth the tissue for 2 minutes and 30 seconds prior to 

histamine administration. The standard histamine injections vere repcatcd 

until contractions ~.,ere the same as those beforé the exl:ract, that is the 

same as the control contractions. 

3. Gastric_~etion 

A. Anim.~~ 

(a) Gttinea-pigs: multicolorcd, short haired variety of bath 



sexes. The males \veighûcl 320 - 1,·20 [:;, the foma] es weiglwd 280 -. 3aO r; 

at the time of the experiment. 

(h) Rats: hoodecl, male Heighiu[:; hro\tHeen 180 - 200 g at tllo 

time of the experiment. 

Bath the guinea··pigfJ and the rats ,vere purchascd one \veele prior 
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to (-!3.cper:i.mentation from the Quehec Breeding Farlll IllC.. or l{abidoux J"aboratory 

Animal Farm. They ,vere kept on a normal diet (Purina guinea"pig ch 0\'1 , 

Purina Labena) and ,'later ad libitum. 

(c) Dogs: one male dog ''leiglling 60 lbs (27 kg) and one fcmale dog 

weighing 31~ lbs (15.3 kg) at the time of the operation (preparation of 

He.'!Ïdenhain pouch) tv'ere used. The dogs received nonllal dog fooù (Pur ina 

Dog ChoV! and 1<en.L Ration dog food) and Haler ad lihitum. After each cx­

ped.ment they also received half a quart of milk. The dogs \o7ere purchasecl 

from J.B. Gauthier's Kennel, Ste. Anne de Plain. 

B. QEerative Procedure and Anal.Y.§ii~-'2.f Géls.!!:ic ~Tui('~ 

(a) ~a-t>lB":L!lnc.LE~.~ The animaIs \o1ere fasted for 21~ hours 

before the experiment; Hater was allO\ved at all time. 

To induce anesthesia, a mixture of 10% urethane and 5% sodium pento­

barbital (NembutaJ.) solution (ratio 19: 1) was used. The mixture \olélS injected 

intraperitoneally in a dose of 4 ml/kg 20 minutes prior to the opeiation. 

When necessary this dosage was supplemented with additional quantities. 

The method used for collccting and analysing the gastric juice 

was sinlilar to that described by Herr and Porszasz (1951). Through a midlinc 
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'incis:i.on the. stomach l·TaS gently pulled out, following which the duodern1.ln 

l'las ligated about 2 cm distal from the pylorus, carefuUy avoiding aU 

nearby blood vessels. Through a small incision, 1 cm proximal to the pyloru~ 

a polyethylene tube (10 cm long, 3 mm d:tameter) was inserted into the stomach, 

The position of the tube l'laS carefully fixed by a thread in such a \-Tay that 

:i.ts tip penetrated no deeper than 2 to 3 mm into the cavity of the stomach. 

A soft rubber catheter (Ingram-Bell, No.S) was :i.nserted orally and the 

o sl:omach was lvashed with physiological saline kept at 37 C, until al! food 

part:i.cles lvere removed and the \-lashing fluid seemed clear. The abdominal 

cavity l'laS then c losed. 

The animaIs ,vere placed on an elevated holder, face dmVl1, and 

remained in this position, throughout the exper:i.lIlent. Heating lamps ,vere 

used to maintain normal body temperature. 

The stomach was washed with 3 ml saline (37
0

C) at 15 min intervals. 

To assure a complete recovery of the fluid, 2 ml air ·Has gently pushed 

through the catheter after the fluid, taking care not to cause any lIlechanical 

distention. The gastric salllples were collected directly from the poly-· 

ethylene cannulae into a graduated cylinder; and the actual volume of 

gastric juice was then obtained by subtracting the 3 ml lvashing fluid from 

the total volume lIleasured. 

The amount of free and total acid was determined hy titrating 

against 0.01 N NaOH, with T6pfer's reagent and phenolphthalein as indicators. 

The amount of ac:i.d secreted was expressed in mEq per 15 minutes. Total 

acidity, considered a t,ruer reflection of parietal cclI secretion than free 

acidity (Shay et __ ~l.:.. 1950), \vas chosen to illustrate the acid output in 

aIl expe)~iments. 
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Basal acid output was determined for at least 30 minutes. In 

the experiments in ,.,hich dose-response curves tolere determined, the stimulant 

(histamine or gastrin) ,-laS in je ct cd as a single s. c. dose, and collections "''4t, 

were made every 15 minutes until the secret ory rate returned toward basal 

levels. In the experiments in ,.,hich the gastric acid inhibitory effect of 

urine extract was determined, the cxtract (or vehiclc) was injected as a 

single i. p. dose and 60 minutes later the secretagogue ,.,as injected as a 

single s.c. dose. Collections were made every 15 minutes until the secrctory 

rate returned toward basal levels. 

Both male and female guinca-pigs received histamine dihydrochloridc 

(calculated as a base) in doses ranging fro111 0.1 to 0.8 mg/kg. Histamine 

was dissolved in distille~ water and the concentration of the solution was 

such, that aIl animaIs received 0.5 ml/IOO g body ",eight. 

Gastrin (Leo Pharmaceutical products) which was prepared according 

to the method of Gregory, was used in al! experiments". We used bat ch number 

65031 which contained 160 1"eo units per vial. One Leo unit was equivalent 

to 1 ).1g of the highly purified gastrin, and Has standardizcd by the manu­

facturers according to rAI's method. 

The male guinea-pigs reccived gastrin in doses ranging from 

0.5 ).1g/kg to 400 ).1g/kg. The female guinea-pigs received gastrin in doses 

ranging from 2.0 ,ug/kg to 400 ).1g/kg. Gastrin was kept in sealed vials at 

-4 Oc and dissolved immediately prior to use in distilled ,mter; the con­

centration of the solution was such that the guinea-pigs received betwcen 

"0.25 and 0.5 ml/lOO g body weight. Hooded rats received gastrin in a dose 

of 2.0 ).1g/kg. The concentration of the solution was such that the rats 
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.received 0.2 ml/lOO g body weight. The extract \~as 'administered intra­

peritoneally in a dose of 1.5 g/kg. It was dissolved in isopropyl myristate 

in a concentration of 500 mg/ml. 

(b) Dogs: The dogs were fasted for 2t. hours preoperatively. 

Lv. sodium pentobarbital (Nembutal) prov:i.ded satisfactory anesthesia. It 

w'as given in the following dose: 1 ml/5 lbs. body weight from a 6% solution. 

Nm~utal was easily supplemented as required during operation via the large 

sublingual veins. 

The abdomen \~as shaved first \~ith an electric clipper, then \,71th 

a razor, and the skin was disinfected \dth Metaphen (Nitrolllcrsol N. F.) 

tincture. Sterile drapes were applied'to coyer !:he entire animal except 

for the operative field. 

As guide-line in the operative technic we re1.ied upon the methods 

described by Friedman (1.951.) and de Vito (1959). 

A midline incision [rom xiphoid to umbilicus was made, first 

cutting the skin, then the muscle layer and finally the peritoneum. A 

self-retaining retractor was placed into the abdominal cavity to provide 

exposure of the stomach. The right gastroepiploic artery was tied off on 

the greater curvature, several cm proximal to the antrulu. The small vessels 

were divided bet\~een ligatures for a distance of 1 cm. Two curved Mayo 

Robson stainless steel gastrointestinal clamps (10 inches long) were used; 

the "arms" of the forceps were covered with soft rubber tubing. 

The clamps were introduced through the devascularized area and 

directed cephalid to divide the stomach lengthwise. The stomach was kept 

stretched and flattened while the clamps ,l"ere applied so that optimal placement 



·was possible. The placement of the forceps resulted in a gastric segment 

composed of the greater curvature and anteriOl." and posterior \valls of part 

of the corpus. Next, aIl layers of the anterior and posterior walls of 

the stomach were eut by passing scissors between the clamps. The clamp on 

the main stomach t'las l110ved back from the edge, taking care to avoid spil1:i.ng 

of any gastric content. The nrucosal layer was closed by a continuous suture, 

the muscular and serosal layer by single stitches. The clamp t'las removed 

and the inc is ion 1 ine covered "toT:tth omcntum. The c lump on the segment was 

moved back from the edge and the segment formed into a pouch by inverting 

continuous sutures of .the mucosal layer, starU.ng at the cardiac end. Th(! 

stainless steel cannula (3 inches longi with a diameter of 9 mm) was placed 

in the central portion of the 'pouch through a small incision in the anter:i.or 

wall. A single, rather looso purse-string held it in place. The muscle 

and serosal layers were closed by single stitches. 

A stab wound was made on the left side of the abdominal wall near 

the midline and the cannula was drawn through it. The pouch t'las covered 

with omentum. The abdomen was closed in layers. The peritoneum was closed 

with continuous sutures, both the muscle and skin layer8 by single stitches. 

Postoperative care: the dogs were given 500 ml of a 5% glucose 

solution in normal saline, by Lv. drop infusion, lasting for about 2 hours. 

They also received an Lm. injection of Fortimy(;!in-~ suspension (vials of 

2 ml). The 2 ml dose contained l~OO.OO.o 1. U. of Penicillin G Procaine in aqueous 

suspension with ~ g of Streptomycin sulfate (as base). This dose of anti­

biotic was repeated 2l~ and 48 hours postoperatively. Follmving the operation, 

the dogs received only water for 24 hours. They tvere kept on mille and tvater 
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. for thE! next three days. On the fifth postoperative day the adm:tn:i.stration 

of semisolid food ,.,as started, slo,.,ly increasing the solid content. From 

the tenth day on, the dogs received normal dog food and water ad lib. 

Not less than four weeks after the operation the dogs were trained 

to stand'quietly in an up-right position, looscly strapped in a Pavlov frame. 

Before each test the dogs were fasted for 18 hottrs. On the morning of each 

test, the pouch was gently ~'18shed vith luke-warm distilled ",ater. Histamine 

dihydrochloride (calculated as base) was injected subcutaneously into the 

hind leg. The dose of the histamine ~.,as 0.175 mg/kg, using a solution ,.,ith 

a concentration of 5 ~g/ml. The gastric juice was collected from the cannula 

at 15 minutes intcrvals throughout the experiment, directly into a 50 ml 

Erlenmeyer flask which was kept in place by a rubber tube loosely tied 

around the animal. 

The volume of each specimen was measured to the nearest 0.1 ml and 

the acidity determined by titration with 0.1 N NaOH, uS,ing Topfer' s reagent 

and phenolphthalein as indicators. The amount of acid secreted was expressed 

in mEq per 15 minutes. 

Experiments were performed at weekly intervals. The response to a 

single s.e. dose of histamine was determined iI! five experiments. The extract 

or vehic le ,.,as administered o1'a11y two hours before stimulation with his­

tamine. Four experiments were performed with t!1e vehicle+histamine and 

four experiments with the ext1'act+histamine in each dog. The vehicle or 

extract ,.,ere administered at alternative weeles. ' 

The dose of extract administercd to the dogs was 1.3 g/kg. It was 

dissolved in isopropyl myristate, in a concentration of 1 g/ml. 



'4. Ul!:er Production in Experimental AnimaIs 

A. Shay Method 

AnimaIs :. Malo, hooded rats .voighing between 160 and 180 g at 

the start of the experiment, • .,ere used. 
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Procedure: The method of Shay et al. (1945) was used with slight 

modification. For l~8 hours before each experimcnt the animaIs were fasted 

in cages providod with wimmesh bottoms to prevent coprophagy, hO,vever, 

• .,ater was allm.,ed during this period. The water • .,as removed from the cage 

at the start of the experiment, at Wllich time the animaIs were weighed. 

This wcight was used in all subsequent calculations. Under light ether 

anesthesia the abdomen • .,as opened, through a mid-line incision, and the 

pylorus exposed .'lithout ha'ndUng the stomach. A fine thread was thon tied 

around the pylorus, care being taken to avoid inclusion of adjacent blood 

vessels. The wound was then closed and the animal returned to its cage 

where it regained consciousness. 17 hours later tho animal was agaill 

anesthetized, the abdomen opened and the stomach removed after tying the 

esophagus, following which the animal was killed without regaining cons­

ciousness. By opening the stomach along its greater curvature gastric 

juice ~las collectod individually in graduated centrifuge tubes. The stomach 

was' microscopically examined. Ulcers appeared in the ruminaI part. The 

severity of ulceration .vas graded a.nd expressed according to Pauls et al. 

(1947). lVith increas ing severity the ulcer was graded from +1 to .+~~; +1 

described a few small ulcers; +2, several small ulcers and 1 or 2 large 

ulcers; +3, several large ulcers, while +4 a perforated ulcer. By rnultip'lying 

the averagc -1- ulceration in a given group by the percentage of animaIs shOlvi.ng 
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.ulceration in that group, the "index of ulceration" is obtained. 

The gastric juiee was centrifuged and ita volume measured in mil­

lilitcrs. AlI rats were excluded from the experiment, when the gastric 

juice collected from theirUstomaeh, contained 0.5 ml or more of solid 

partiele after centrifuging the sample. The acidity ,.,as determined by 

titrating the sample with 0.1 N NaOH, using T~pfer's reagent and phcnolph­

thalein as indicators. Acid output of the whole sample was determined 

and expressed in milliequivalents. 

Urine extract was administered either orally, 6 or 24 hours prior 

to pylorus ligation, br intraduodenally imnediately after ligation. 

Oral administration was performed with the help of a soft rubber 

catheter (Ingram-Bell, No! 8); intraduodenal ln je et ion was given \o1ith a 

23-gauge needle distal to ligation. Control animaIs received the corres­

ponding volumes of the vehiele both orally and intraduodenally. The ex­

tract was dissolved in isopropyl myristate and was administered in the 

following doses: 2.0, 2.5 and 3.0 g/kg orally, and 0.5, 1.0 and 1.5 g/kg 

intraduodenally. 

B. Restraint (Stress) Method 

AnimaIs. Female albino rats weighing between 170 and 190 g at 

the start of each experiment were used. They were purchased from the Quebec 

Breeding Farm Ine. 

~edu~ The method of Bonfiis and Lambling (1963) was used 

with slight modification. For 2l~ hours before each experiment, the animaIs 

were fasted in cages provided ,.,ith a ,'lire mesh bottom to prevent éoprophagy. 
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pnly \<later was aUowed during this period, which was discontinued at the 

start of the test at which time the animaIs \<lere \<lelghed. This \<leight was 

used in aU subBequent calculations. Under light ether anesthesia the 

animal '<las rcstrained by placing around its body a wire mesh screen so that 

it could not move. The shape of the screen \<las formed to be identical with 

the shape of the allimal's body. Thus the restriction volume closely cor­

responded to the rat's body volume. After 24 hours restraint the wire mesh 

was removed and the animal \<las anesthetized. Its stomach \<las removed, opencd 

along the greater curvature gently washed in saline and examined macros­

copically for las ions of the gastric mucosa. The lesions appeared in the 

glandular part of the rat stomach. They \<lere evaluated according to the 

"aU or nothing" criterion of Bonfils and Lambling (1963). According to this 

classification aIl lesions· present, regardless of their severity and number, 

are considered to be "positive", while aIl stomach samples without lesion, 

are considered to be "negative". Ulceration is expressed as percentage. The 

extract was dissolved in isopropyl myristate and administered either intra­

peritoneally or· intramuscularly, irnrnediately prior to irnrnobilization, in the 

foUo\<ling doses: O. 75 and LOg/kg intraperitoneally and 1. 0 and 1. 5 g/kg 

intramuscularlYi2.0 ml physiological saline was injected subcutaneously im­

mediately prior to irnrnobilization, to avoid dehydration. 

5. Recording of Blood Pressure and Electrocardiogram 

The cardiovascular effects of urine extract were tested in both 

rats and guinea~pigs. Male hooded rats, weighing 300 - 370 g, and male 

guinea-pigs, weighing 380 - 440 g \<lere used. 

AlI animais \'lere anesthetized \<lith urethane 30 minutes prior to 
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operation. Urethane was given in a dose of 1 g/kg intraperitolleally, as a 

20% solution. 

Heparin was given in a dose of 1. mg/kg intravenously as a 0.1% 

solution, to preveut clotting. Carotid arterial pressure was measured in aIl 

experiments with a Statham P 23 M blood pressure transducer. Recordings 

were made on a Gilson polygraph. Electrocardiogram (LEAD II) ,.,as taken on a 

Sanboru Visocardiette. 

Artificial respiration was maintained ,.,ith a Palmer respiratory 

pump, the rate of respiration being keJt at about BB/minute, and the tidal 

volume between 4.5 - 5 ml. The mean arterial blood pressure was calculated 

according to the follOl.,ing formula: 

systolicpressu.re + 2 time.ê_th~_Èiasto1ic pressure 
3 

Blood pressure and electro'cardiographic readings were taken every 15 minutes 

throughout the experiment. 

Control readings ,.,ere taken for 30 minutes prior to the i. p. ad-

ministration of the urine extract. The rats received the extract at t,.,o 

dose levels, 1.0 and 1.5 g/kg; the guinea-pigs received the extract at a 

dose of 1.5 g/kg. Following treatment with the extract, blood pressure and 

electrocardiogram were measured for two hours. 

The blood pressure and heart rate, recorded at 15 minutes intervals, 

was statistically compared to values obtained prior to the administration of 

the extract. 

6. Investigation of Central Nervous System Activity 

A. AnimaIs ----,--

Nale, hooded rats \-,ere employed as test animaIs in aIl experiments. 
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,Their weights ranged from 120 - 160 g. They were kept on a normal diet 

(Purina Labena) and lvater ad libitum for one week prior to the experiment. 

AlI food and l-later ",as taken mvay from the animaIs on the morning 

of the expcriment. No animal was used more than once. The great majority 

of experiments lvere conducted in an environment of 20' - 22 0 C, and a L~O - 60% 

relative hum:i.di.ty. 

B. ~~~cnt of Body TemEe~att~~ 

Rectal temperature \vas measured in aIl experirnents hy using a 1'ele-

thermometer apparatus (Yollow Springs Instrument Co.). 

The rat was held in the left hand and the probe \vas inserted rectally, 

13.; inch dcep, using vaseline. The reading Has takenwhen the tcmperature 

became stable, i.e. after 30 seconds. 

The temperature was measurcd before starting an experiment and l, 

2, 3, 4, 5 and 2L~ (sometimes L~8) hours after the administration of the urine 

extract. 

C. lli~~onmental Temperature 

Some of the experiments were performed at elevatedenvironrnental 

temporature. A wooden box \vas build in our laboratory for this purpose, 

50 x 30 x 32 cm. A wire-mcsh was build in, one 'inch from the bottom, to 

prevent coprophagy. The top was made of glass, which enab1ed the experi-

menter to observe the rats without opening the box. 

A 100 W bulb served as heat source, while a built-in thermostat 
o maintained the temperature between 30.7 - 31.6 C. 
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.D. Estimation of the HypnotiS: ... lm 50 

The procedure was based upon the method of Miller and Tainter 

(1944). Groups of 5 rats each werc injocted intraperitonoally with graded, 

logarithmic doses of the urine extract. An equal volume of the vehicle 

(isopropyl myristate) was administered ta the control group. 

The animal was considered asle(:!p w'hen it had losl.: Hs righting 

reflex, that is thc ability to right itse lf from the dorsal ta the ventral 

position for at least one minute. The percentage of sleeping animaIs was 

plotted against the dose administered. The doses employcd wcre rather 

close to each other and it ~-las impossible ta plot themoIl a 10garithl1dc 

scale. Therefore 't-le plotted the dose on an ordinary mm scale against the 

percentage probability. 

In drawing the best fitting line, one has ta bear in mind that 

the points farthest from 50% have the least weight per animal in fixing the 

true position of the line. Accordingly the lino best fitting the points 

of observation yas drmm. The estimated ED 50 was the dosage value at 50% 

and was read directly from the graph paper in original dosage units. 

The exact position of points representing the 0 and 100% effect, 

was corrected on the basis of a correction table taken from Litchfield and 

Wilcoxon (1949). In the course of this experiment we also determined acute 

mortality, that is death occurring within 24 hours, and mortality occurring 

after L~8 hours and after one 't-leek. Body weight changes were also recorded 

for the same length of time. 

E. Potentiation of SubI:!,ypnotic Doses of Hexobarbital 

The method used was similar ta the one described by 'l'oman and 
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Everett (1958). The rats ",ere dividecl into 3 groups, ",ith group 1 receiving 

the vehic1e, group 2 the hypnotic ED 5 dose of the extract, and group 3 the 

hypnotic ED 95 dose of the extract. All these injections ",ere given intra·· 

peritoneally. 

30 minutes 1ater all groups receivecl a subhypnotic dose of hexo­

barbital sodium. The sleeping time ",as recorded until spontaneous \"aking 

occurred. The same experiment \"as per formed both at room temperature (20 -

22 oC) and at e1evated ambient temperature (30.7 - 31. 60 C). Rectal temperature 

",as measured in a11 anima1s throughout the experiment. 

F. Antagonism of UriI!0'~~t:ract-Inducecl HYI~nosis and Hyp_othermia 

A numher of clrugs ,,,ere investigated ",ith respect to their effect 

upon hypnosis and hypothermia lncluced by the i.p. injection of the hypnotic 

ED 50 dose of the extract. 

(a) Drugs: A11 solutions were fresh1y preparecl on the day of 

the experiment and ",ere administered intraperitoneally or subcutaneous1y, 

by means of a tuberculine syringe and a 23 gauge need1e, and ora11y, by 

means of a tuberculine syringe and a rubber catheter (Ingram and Bell, 

No. 8). 

The concentration of a11 solutions ",as 80 prepared that between 

0.3 and 0.8 m1/100 g body ",eight represented the ~oses intended, ",ith the 

exception of eX -methy1-meta-tyrosine ",here the dose/100 g body ",eight \"as 

in 1.6 ml. A11 drugs ",ere disso1ved in disti11ed water. 

The antagonist drugs ",ere j.nvestigated at the fo11o",ing dose 

1eve1s: 

picrotoxin: 0.25, 0.5 and 1.0 mg/kg; 



pentylenetetrazol: 5.0, 10.0, 20.0 and 40.0 mg/kg; 

nikethamide: 15.0, 30.0 and 60.0 mg/kg and 

amphetamine: 3.75, 7.5, 15.0 and 30.0 mg/kg. 

The dose of the extract was 1110 mg/kg, in a concentration of 

200 mg/ml. The extract was dissolved in isopropyl myristate. 
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(b) Experimental arrangement 1.: The experiment consisted of 

tllë! follovling steps: oral administration of graded doses of the antagonist 

drug; 30 minutes later i. p. administration of the extract ancl observation 

of the occurrance of hypnosis and hypothermia. 

(c) Experimental arrangement II.: Rats ,,,crc divided into 3 

groups: group 1 receivecl the extract; group 2 iproniazid, 100 mg/kg sub­

cutaneously for 3 consecutive days and the extract on the thircl clay, 4 hours 

after the last injection of iproniazid. Group 3 received iproniazicl, 100 

mg/kg subc'l,ltaneously for 3 consecutive days,o(-methyl-meta-tyrosine, 500 

mg/kg intraperitoneally in the morning of the third clay and 4 hours later 

the extract. 

G. Spontaneous Hot il it y 

Spontaneous motility was determined only on a qualitative basis. 

~o rats were p1aced into a cage prepared from a ha1f inch wire mesh and 

measuring 13 x 13 x 13 cm. Each cage was suspended on a flexible iron b1ade. 

The bottomof the cage was attached with the he1p of a hook and thread to 

a Gilson Force Transducer. Recordings were made on a Gilson po1ygraph. 

Each recording channel was set to the same sensitivity. Recordings were 

started at the end of the first hour fol10wing administration of the extract, 

and were carried on throughout the subsequent 4 hours. Hotility of normal 
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. control and antagonist-pretreated "control" rats ,,,as a1so observed. 

In the extract treated groups, the 2 rats ,.,ere se1ected according 

to observations made during the first hour fo110,.,ing administration of the 

extract. Anima1s who 10st their righting reflex were paired wi.th those in 

whom hypnosis was not induced. 

7. Statistica1 Ana1ysis 

In the statistica1 eva1uation of the resu1ts, Student's "t" was 

used as a significant test, except in the "restraint" method, where the 

resu1ts ,.,ere eva1uated according to the Chi Square test. 

!h_Agents and Drl1gs Used . 

Ethyl Carbamate (Ethyl Urethane), Fisher Scientific Co., Montreal, Que. 

Pentobarbita1 Sodium (Nembuta1), May and Baker Ltd., Dagenham, Englancl. 

Histamine Dihydrochloride, Matheson Coleman & Bell, Nùrwood, Ohio, East 

Rutherford, N. J. 

Gastrin, Leo Pharmaceutica1 Prodl1cts, Denmark. 

Picrotoxin, The British Drug Houses Ltd., Poole, Eng1and. 

Penty1enetetrazo1 (Metrazo1), Bel1- Craig Pharmaceuticals, Toronto, Ont. 

Nikethamide (Coramine) liquid, Ciba Co. Ltd., Dorval, Que. 

d-Amphetamine (Dexedrine), Smith, Kline & French, Montreal, Que. 

Iproniazid (Marsilicl), Hoffman - La Roche Ltd., Montreal, Que. 

DL-alpha-methy1-rneta-tyrosine, Regis Chem Co" Chicago, Ill. 

Pentobarbita1 Sodium, 6%; Siegfried S.A., Zofingue, Switzerland. 

Metaphen (Nitromerso1 N.F.), Abbott Laboratories Ltd., Montreal, Que. 

Fortimycin-l/2 suspension, Ayerst Laboratories, Nontrea1, Que. 



RESULTS ...---.--

1. Antihistamine Activity of Urine Extract on the Isolated Guinea-Pig 

n~ 
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As a routine procedure, every extract was tested on an isolated 

guinea-pig ileum preparation in or der to establish its antihistamine ac-

tivity. The potency of the extracts was standarc1ized by this method. Only 

thosc extracts were used in ln vivo experiments, which were able, in a dose 

of 1 mg or less, to exert a complete inhibition against the histaminc-induced 

contractions' when introduced into the 20 ml bath. 

A typical example of the results obtainec1 by the extracts, is 

shown in Fig.2. 

The administration of the extract in a concentration of 1.25 x 10-5 

g/ml elicited about a 50% reduction in the contractions induced by 0.2 pg 

of histamine. The addition of the extract in a concentration of 2.5 x 10-5 

g/ml produced about a 90/0 inhibition. After repeated washing, hm"ever, the 

gut regained its original sensitivity to the standard dose of histamine. 

The administration of equal volumes of the vehicle had no effect 

upon the histamine-induced contractions. 

II. Studies on Gastric Secretion 

A. Effect of 9raded Doses of Histamine and Gastrin on Gastric Acid 

Secretion in,Male and Female Guinea-Pigs 

1. Effect of Histamine 

Gastric secretory changes recorded in response to increasing doses 

of histamine in male and female guinea-p~gs, are illustrated in Fig.3 A and B 

respectively. 



Fig.2: Response of guineà-pig ileum preparation to histamine 
(white dots) before and after the administration of 
horse urine extract (as marked at arrows) in increasing 
concentrations (12.5 ug/m1 and 25 ug/m1). In each 
instance the drum was temporarily· stoppeqafter washing 
and restarted 20 sec before the next test. After each 
administration of the extract the record was taken 
continuous1y for 3 min. 

86 





·16 A 

z 14 
~ 
III 

" 12 N 
Q 
M 
0' 

W 10 
E 

... 
:> Il no ... 
::> 
0 

e G 
0 
ct 
-' 
~ 4 
0 ... 

2 

z 
~ 
If) 

B :;: 10 
N 

0 
K 
0- 0 l!J 
E ... 
::> 

6 no ... 
::> 
0 
0 ;; 
0 
ct 

-' 
ct 2 ... 
0 ... 

MALE 

•• __ ••• O.Omgll:g (G) 

_._._ 0.4mO)/to (10) 

___ 0.2mg/kQ (0) 

__ 0.1 mo/kg (0) 

.; 
d 

v 

. /1\ 
1 . 

/, '. 

i:'" ~ , ., \ 

l' '. \ 
Il \. \ 

l/ Il''''''' \\. i: '\ ' . .:' --..... '",~. 
/, / ..... ~~ 
;: / ','. ' . ,." / , \ 
.' ,. " \ ., l '\ . 

J' 1 
.~?/ .~'\,: 

----.J----.•. --- .... ----.---- .. -- __ 1/ / 
~~:~1,~_..~....:.-~~.- . .-·-~. 

-~--~'~ 

FEI\1ALE 
_____ •• 0.0 mg/kg (II) 

_._._0.4mg/kg (10) 

___ 0.2mg/kg (S) 

__ 0.1 mg/kg (9) 

.; 
d 

-GO -45 ·30 -15. 0 15 30 45 GO 15 90 105 120 
TIME IN MINUTES 

.l-lean total acid output (mEq x 10-2/15 min) in male (Fig. 3/ A) 
and female (Fig.3/n) guinea-pigs in response to graded doses 
of histamine given in a single s.e. injection. Number in 
parenthesis refers to number of animaIs at each dose levei. 
For details see text. 

87 



88 

The results of this experiment are discussed in detail in the 

chapter dealing with the sex difference in gastric acid output in response 

to histamine. 

Identical doses \-lcre employed in the 2 sexes. Follm-ling a single 

s.c. injection of histamine, acid secretion increased rapidly at a11 dose 

levels, reaching a peak and then declining tmvard basal levels at the end 

of the second hour. Even the smallest dose of histamine used in this ex­

periment, O. l mg/kg, induced a ,,,ell-defined increasc in ad.d output in 

both sexes. 

Higher doses of histamine induced correspondingly higher acid 

output. Maximum histamine response ,,,as attained at a dose of O.l~ mg/kg in 

both male and female gUinea-pigs. A higher dose of histamine, 0.8 mg/kg, 

proved to be a supramaximal dose, inducing a lower acid secretory response 

when compared to the maximal dose. In the female guinea-pigs, peak acid 

secretion was reached 60 minutes after the injection of histamine, except 

with the supramaximal dose ,-lith which acid secretion rose slower and 

reached the peak only 90 minutes after the administration of histamine. 

In the male animaIs peak secret ory values were recorded either 

60 or 75 minutes after the administration of histamine. 

2. Ef.fect of Gastrin 

Gastric secretory changes recorded in response to increasing doses 

of gastrin in male and fcmale guinea-pigs are surnmarized in Table 1. and 

illustrated in Fig.4. 

i. Response in male guinea-pigs: Table l/A shows that the in-
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.;!;.?_ble..l.!. EFFECT OF GASTRIN ON GASTRIC ACID SECRETION IN GUINEA-PIGS 

Section A shows total acid output in male, section B in 
female guinea-pigs during basal secretion and during peak 
secretion (30, 1~5 and GO min) fo11O\ving the administration 
of 0 single s.c. dose of gastrin in graded doses. 

l''-~~o:'-'~f -~--'-r-'- NOY.-":~--"'-[ Total acid output mEqxl0-2/15 min ± S.E 1 
1 Gastrin animaIs .--- Basal L fucl:'(~f'~r gastrin) --; 

1 )lg/kg 1 30 1 115 '1 60 1 r--·---"-----~~----- -1- -1- -1- 1 -1- 1 

A. 0.5 4 2.89 - .61 2.61 - .70 3.32 - .9812.46 - .5~ 

1. 0 l~ 1. 51~ ± .22 l,lf/f ± .02l~ll1. 25 ± .10; 1. 16 ± .111 
-1- + + i + 1 

2.0 4 2.12 .51 2.10 - .50,'2.98 -1.2 11.82 - .68i 
-1- + -1- 1 +1' 10.0 4 2.66 -lA4 3.29·· .95

1

3.01 - .95,2.72 - .05
1
' 

-1- 1 + +' + 60.0 4 1.85.·· .3915.81 - .77
1

5.14 - .99:5.08 ··1.2: 
+ 1 + ' --J. 1 -1- 1 100.0 10 1.73 - .24 6.JA·· .691~ 7.L~2 .76;4.90 - .69; 
-1- ! -1- -1- i -1- 1 

2.36 ..• 97 9.15 -1.85 110.09 -2.65 8.01 -2.0; 

1. 02 -k • 32 -1- i + i -1- 1 1.45 - .49·1.97 -1.1 1 3• 77 -2.2 1 

-1- 1 + ! + ! 
6 2.02 + .29 1.27 - • 14 j' 1. l f8 - .23! 1.22 - .161 

1 
+ -1-, -1- 1 -1- : 

, 7 1.68 .32 Lf.67 -,.82i5.18 -1.0613.89 - .58 i 
200.0 4 1 1.l~2 -1- .29 8.60 ±2.S5'1! 7.00 ±2.0 1,

/ f.09 ±1.01: 
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jection of gastrin in doses of 0.5, 1. 0, 2.0 and 10.0 ).lg/kg did nqt induce 

a significant increase in acid. secretion. Each dose of gastrin was ad­

ministered to li· guinea-pigs, and the results express the mean total acid 

output. The administration. of 60 )lg/kg of gastrin to 4 guinea-pigs induced 

a well-defined acid secretory response. Total acid output r~ached a peak 

30 minutes after the administration of gastrin, then declined slowly reaching 

basal levels in 2 hours (Fig.4/A). 

The administration of 100 ,ug/kg of gastrin to 10 guinea-pigs and 

200 pg/kg of gastrin to 4 guinea-pigs, induced increasing acid secret ory 

responses. Peak values wcrc obtained at lj.5 minutes with both doses (Fig. 4/ A). 

Maximum response was attained with 200 )lg/kg of gastrin in the 

male guinea-pigs. 

400 pg/kg of gastrin in je ct cd into 3 guinea-pigs provccl to be 

a supramaximal dose. The acid secretory response was slight and delayr:d 

wheu compared to responses elicited by the lower dosel>, but a peak could be 

observed 60 minutes after thq administration of gastrin. 

ii. Response in feI!!~uinea-pigs: In the female animals, 

among the smaller doses 2.0 ?g/kg was the only dose of gastrin tested 

(Table liB). The administration of this dose of gastrin to 6 animaIs did 

not result in any gastric acid secretory response. 

100pg/k~ o~ gastrin, administered to'7 animaIs, induced a well­

defined increase in acid secretion, while 200~g/kg administered to 4 guinea­

pigs induced maximal acid secretion in the female animaIs as weIl (Fig.8/B). 

Acid secretion ~emained virtually unchanged following the injection 
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of l~OO )lg/kg of gastrin and only a s light increase could be observed 

after 60 minutes •. This dose of gastrin was tes1:ed in 3 guinea-pigs. 
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B. Effect of Q,8strin on GastE,.lc Acid Secretion in._Male,_Hooded Rats 

Fig.S illustrates the effect of a single s.c. injection of 

2.0 )lg/kg of gastrin on acid secretion in 10 male hooc1ed rats. This small 

dose of gastrin el:i.cited a "lell-c1efined incr.ease in ad.d secretj.on. Maximal 

acid output occul"1:ed l~5 minutes after the administration of gastri11. The 

effect WolS relatively shor.t lasting and in 90 minutes acid output declined 

to basal leve ls. 

C. Effect._oLJ!.~!D.~Extr~S:.L_çm H:!-..?_téllni~lnduc~~ Gastric Acid 

lJl,Eer s.~~! t ion 

1. Exp~!iIneEts,,1E......l1a1<:;-..9Ein~Pigs 

The result of the expcrimcmt obtained in 10 treated and la control 

male guinea-pigs is surnrnarized in Fig.6. 

prior to the administration of the extract neither total acid out­

put, nor the volume of the gastric juice secreted w~s significantly dif­

ferent between the 2 groups. 

After establishing basal acid output and the basal rate at which 

gastric juice was secreted, 10 animaIs ,,,ere injected intraperitoneally wHh 

the extract, 1.5 g/kg; the control animaIs received an equal volume of 

the vehicle. 

One hour "18S alloHed for absorption. During this period acid out-

. put gradually declined in the treated animaIs but in the controis it remained 

virtually unchangec1. Thus, 60 minutes after the administration of the extract;, 
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,acid output t'las already significant ly 10Her (p < 0.01) in the treated 

group prior to the administration of histamine. The volume of gastric 

juice secreted t'las also 10Her at the end of this one hour period, though 

not significantly. After a·single s.e. injection of 0.4 mg/kg of histamine, 

acid secretion and the rate of volume secretion Has stimulated in both 

groups, although to greatly different degrees. The values of the 2 

parameters under investigation increased to a peak, and then decreased 

tOl'lard basal levels. 

Peak secretion Has observed 60, 75 and 90 minutes after the ad­

ministration of histamine. These three samples Here therefore used for 

statistical analysis and comparison of·the secretory changes occurring in 

both groups. 

The analysis shOl'led that total acid output Has significantly dif­

ferent (p < 0.001) betHeen treated and control guinea··pigs in aIl three 

samples obtained during peak secretion. 

Acid concentration did not differ bett"een treated and control 

guinea-pigs, prior to the administration of either the extract or histamine, 

but became significantly 10Her folloHing stimulation Hith histamine (P< 0.01 

after 60, P< 0.001 after 75 and 90 minutes) as shoHn in Table 2/B. 

The volumes secreted were not significantly different at 60 minutes, 

only 75 and 90 minutes (P < 0.05) after the administration of histamine. 

AU control guillea-pigs responded to histamine Hith an increase in acid out­

put. 

The extract Has able to supress gastric acid secretion in 8 out of 

10 treated guinea-pigs. In 2 of the animaIs acid output reached values 

similar to those found in control animaIs. 
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Table 2: EFFECl' OF URINE EXTHACT ON HISTAHINE-INDUCED GASTRIC 
SECRETION IN MALE GUINEA-PIGS 

Section A shows the difference in total acid output, section B 
the difference in acid concentration, and section C the dif­
ference in the volun~ of gastric juice secreted between control 
and treated guinea-'pigs prior to and 60, 75 and 90 minutes after 
the administration of histamine. 

,

-·----------r=---iotaî-;;;;-id-;;;;t put mEqxl0-2 /1S ';fu~~ 

G r 0 u p B l 1 Pre- min. after histamine 
asa histamine 6'0-- -'--:i5~----9ô~-l 

r.' ~tro~-' 1 1.82 -_.~;:- 14.38 15.82 12.40-

1

1 
-.t.20 t.25 ±1.6 iL 8 -.t1.9 

Treated 1.62 0.9lb 4.98c 4.08c 3.20c , 
1 1.30 1.10 -1:1.7 :1:'1.4 iL 3 ( 

B. 

C. 

!:9È..._EED.centration (mEg/~ ± S. E. 1 

125.53 i 
il7.53 j 

Control 

Treated 

39.65 
ilO.35 

25.08 
i2.8l 

26.ld 
±3.49 

18.56 
14.28 

112.72 
t6. ll~ 

b 
63.32 

±13.l5 

115.23 
111. 76 

l~7.82C 
13.64 

43.04 c l 
18 .l~8 i 

Volume of gastric juice secreted ml/15 min ±S.E.! 

Control .64 .68 
-.t.08 t.06 

Treated .64 .50 
1.06 1.07 

a = P < 0.05 (treated versus control) 

b = P < 0.01 (treated versus control) 

c = P < 0.001 (treated versus control) 

1. 32 1.27 1.10 
±.14 ±.22 t.18 

+.98 .70
a 

.68 a 

_.10 :1:.07 t.07 
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Numerical values ef the statistical analysis are summarizecl in 

Table 2. 

2. Exp~riments in De&~~evided with a Heidenhain"'p'euch 

Neither the male ner the female cleg, previded with a Heidenhain 

peuch, secretecI gastric juice prier ta stimulatien ,.,ith histamine. Several 

closes ef histamine were administered te the male deg in erder te establish 

the dese which induces a ,.,ell-defined increase in beth tetal acid eutput 

and volume secretien, but ,.,hich is suhmaximal and dees net induce unclesirable 

sicle effccts besicles the stimulatien of gastr:i.c secretien. 

1.4 mg/kg histamine given in a single s. c. injectien, induced a 

leng lasting gastric secretory respense and acid output clid not return to 

normal, even 3 hours after the administration of histamine. The dog mnni-

fested salivatien, vomited several times and had difficulty in breathing, 

shortly after the administratien ef histamine. Peak secretion eccurred 

120 minutes after the injection ef histamine. The tetal acid eutput "laS 

-1 
17.8 x 10 mEq in the 15 minute sample which was cellected during this 

peak secretien. 0.35 mg/kg histamine given in a single s.c. injection, 

induced a well-defined acid secretery response which declined by the end 

of the second hour. 

However, the dog vomited once, shortly after the injectien of 

histamine. Peal;: secretion occurred 60 minutes after the administration of 

histamine. 
-1 

Total acid output was 12. 7 x 10 nŒq in the 15 minute sample 

'collected during this peak secretien. 

0.175 mg/kg histamine given in a single s.c. injection did not 

result in any undesirable side effect, but stimulated gastric secretien 



t'rom the Heidenl1é1in pouch. Both total acid output and the volume of 

gastric juice secreted increased to a peak and then decreased toward 
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basal levels. This dose of histamine was therefore chosen as the secret ory 

stimulant dose in aIl experiments performecl in both dogs. 

i) Hale dog: The changes in total acid output and volume were 

investigated under 3 different experilllentai conditions as shotvn in Fig. 7. 

(1) The response of the pouch to histamine (5 experiments); (2) the res­

ponse of the pouch to histamine, 2 hours after the oral administration of 

the vehicle (4 experilllents) and (3) the response of the pouch to histamine, 

2 hours after the oral administration of the urine extract (LJ. experilllcnts). 

Peak secretion occurred 30, 45 and 60 minutes after the administra­

tion of histamine in aIl 3·exper.imental arrangements. Therefore, from samples 

collected during these periods total acid output and the volume of gastric 

juice secreted t.;rere statistically analyzed and compared. 

Total acid output in response to histamine and to "vehicle -1-

histamine", reached the maximum L~5 minutes after the administrat ion of 

histamine. Total acid output was essentially the same under both experimental 

conditions, except at 30 minutes, wheu the total acid output in response 

to the '~ehicle -1- histamine" was ~ignificantly higher than in response to 

histamine alone (P< 0.05). 

Total acid output in response to "extract -1- histamine" reached the 

peak 30 minutes after the administration of histamine and started to declinc 

thereafter. During the peak secretory period acid output in response to 

"~xtract -1- histamine" was significantly less than acid output in response 

to"vehic1e -1- histamine" (P < 0.01 at 30 and 45 minutes, P < 0.05 at 60 
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(male dog) in response ta histamine (Hist.), vehiele + histamine 
(V + Hist.) and urine extraet + histamine (E + Hist.). Number 
in parenthesis refers to number of experiments pel' treatment. 
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Plinutes). Hm"ever, the concentration of the acid did not change significantly 

in response to the.various trcatments (Table 3/D). 

The volume of gastric juice secreted was not significantly different 

at any time in rcsponsc to histamine or to "vehicle + h:i.stamine". Howcver, 

the volume of gastric juice secrcted '-laS significantly less 5.11 samples col-

lected 30 and ll·5 minutes after the admini.stration of histamine ,,,hen the dog 

received the extract as compared to the vehicle (P < 0.01 at 30 and ll·5 minutes). 

At 60 minutes no significant differences were obtained. 

Numerical values obtained during peak secretion are smmnarized in 

Table 3. 

ii~ Female d~ Changes in total aci.d output and the volume of 

gastric juice secreted by the female dog, provided with the Hcidenhélin pouch, 

were investigated under similar experimental conditions as prcv10usly 

described for the male dog. The results are summarized in Fig.8. 

Total acid output in responsc to histamine and to "vehicle + h1s-

tamine" reached the maximum 45 minutes after the administration of histamine. 

Both total acid output and the volume of gastric juice secreted in response 

to only histamine or to "vehicle + histamine" were essentially the same ... 

throughout the experiments. 

Total acid output in response to the "extract + histamine" also 

reached the peak at 45 minutes but maintained a plateau during the next 15 

minutes and started to decline only after the 60th . ml.nute. When the dog 

was pretreated with the extract as compared to the vehicle, acid output 

was significant 1y 1m"er (P< 0.01), both 30 and 45 minutes after the injection 

of histamine. No diffcrcnce \olas noted, however, after 60 minutes. 
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.Tabie 3: EFFECT OF URINE EXTRA CT ON HIS'I'ANINE-INDUCED GASTRIC SECRETION 
IN A MALE l-ŒIDENHAIN-POUCH DOG 

A. 

B. 

C. 

Section A shows the differences in total acid output, sectionB 
the differences in acid concentration and section C the dif­
ferences in the volume of gastric juice secreted 30, 45 and 60 
minutes after the administration of histamine. 

Total acid output mEq x 10- 1/15 min 

Treatment ~ min. after histamine - S. E : .• ___ . ___ + 1 
30 45 60 

. --

II 7.31 12.21 Il. lrft· 
-h.33 t.86 -.t.81 , 

V-I- H 11.61
a 

13.27 10.65 
t.61 t.8 /r -~. 62 

E -1- H 8.55
b 8.00b 

5.7S a 

t.38 t.74 -h.97 

Ac i d_.Ç2..~1 cc n t r §..tJ:..on (ITÙ~q/1l..~ s. Jh. 

II 111.57 139. 74 l lr 7.49 
±14.ft·7 t6.56 t3.78 

V-I-H 12lr .lrO l lr9.08 149.85 
-.t2.59 -.t3.46 i17.1 

E -1- H 131.lr 7 145.47 126.05 
±3.20 t4.87 tl7.96 

Vo~f gastric juice sec,Ectcd ml/15 . -I-S E mln ::,._._. 

H 6.86 8.88 7.80 
-1:1. 56 ±.90 ±.66 

V+ H 9.40 8.90 7.10 
t.50 t.51 ±.37 

E -1- H 6.50b 
5.55b 4.95 

±.21 ±.64 t1.52 

H histamine a = p< 0.05 (E-I-H versus V+H) 

V vehic1e (isopropyl b p< 0.01 (E+H versus V+H) 
myristate) a' p< 0.05 (V+I'I versus H) 

E = urine extract 
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gastric juice secreted (~1/15 min) in a Heidenhain pouch (female 
dog) in response to histamine (Hist.), vehicle + histamine 
(V + Hist.) and urine extrD.ct + histamine (E + ilist.). Number 
in parenthesis refers to numbcr of cxperiments per treatment. 
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The concentration of the acid did not change significantly in 

response to the various treatments (Table 4/n). Acid concentration was 

significant ly 10lvor (p.( O. 01) only in response to "extract + histamine" 

as compared to "vehicle + histamine" 30 minutes after the administration 

of histamine. 

The voltime of gastric juice secreted was also significantly less 

at 30 and 45 minutes whhn the dog received the extract as compared to the 

vehicle (P< O. 01 at 30 minutes and P< 0.001 at l~5 minutes). At 60 minutes 

no significant differencos wereobserved. 

Numerical values obtained during peak secretion are summarizecl 

in Table /j .• 

Both total acid output and the volume of gastric juice secreted 

returned toward basal levels 105 n'inutes after the administration of his­

tamine in the male dog and 90 minutes after the administration of histamine 

in the female dog. 

Hi) Side eff~c_~ No toxic side effects were observed in the 

dogs throughout the experimentation cIespite the fairly large doses of urine 

extract administered~ 

The only side effect ~vhich was observed occurred in the female 

animal. After the second administration of the extract the dog lost aU 

hair from a round area on its bac1\: (diameter about 3 inches, close to the 

tail). The area seemed strongly inflamed and was constantly licked and 

scratched. Ten days of treatment with antibiotics and tranquilizers allOlved 

for complete healing. No experiments were performed during this period. 

Neither dog lost any weight but rather gained a·few lbs. by the 

end of the experimental period. 
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'!ëb 1~..!!,...!.. EFFECT OF URINE EXTRACT ON HISTANINE- INDUCED GAS TRIC 
SECRETION IN FENALE HEIDENHAIN-POUCH DOG 

Section A shows the differences in total acid output, section B 
the differences in acid concentration and section C the dif­
ferences in the volume of gastric juice secreted 30, 45 and 60 
minutes after the administration of histamine. 

,_ min. after histamine 

30 45 
Treatment <--__ T-:o::-t_a_1_a_c_id._O_u_t_p_u_t: __ m_E~q_:_x-1-0---1-/-1-5_m_i_n_+_-_s'_6' EO' • 1 

,

f-! -A-. H-------~-+--~7-.· 3-1-- 8. 50 ------·-.. ··~~-o----I 

t.89 t.62 ±.95 1 
i t 

I v + II 6.95 8.80 5.74! 

1 
±.39 t.45 t.85 1 

E+lI 4.38 a 6.00a 6.18, 

j B. 
II 

V + H 

E + H 

C. 
H 

V + H 

E + II 

II = 
V .. 
E 

histamine 

1- 1 + j 
:.34 ~.45 _.67 1 

+ . 
·Acid concentration (mEg/L) - S.E. 1 

121.44 138.49 142.91 
~'3. 91 ±3.49 13.29 

132.94 147.65 142.69 
±2.89 ±2.84 t2.24 

119.04a 139.86 
t1.76 ±3.22 

152.01 
±7.35 

Volume of gastric~ice secreted ml/15 min -t S.E. 

5.96 
±.56 

5.25 
±.28 

3.68a 

t.28 

6.12 
t.36 

5.95 
t.20 

b 3. l,. 9 
t.35 

4.88 
::-.60 

4.00 
t.53 

4.05 
±.35 

vehic1e (isopropy1 a p< 0.01 (EHI versus V+H) 

myristate) b p< O.OOl(E+lI versus V+H) 

urine extract 
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On each occasion, 25-30 minutes after the oral administration 

of the extract both dogs manifested tranqui1ity ~vhich 1asted for about 

one hour. 

D. Effect of .Urine Extract 0E_.Q~.~rin-Induced Gas!.ri<:....A~id.1!.'Œ~ 

secretion ~n Male Guinea_:R.!g.~. 

The effect of urine extract upon gastrin-induced gastric secretory 

changes \vas investigated in male guinea-pigs. The resu1ts obtained are 

summarized in Fig.9 A and B. 

1. Response ta a êubm~"SJ]EE.l Dose of Gastrin 

Acid secretion ~vas stimu1ated 'by 100 )lg/kg of gastrin, whieh in-

duces a submaxima1 gastric se~retory response in male guinea-pigs. 

The results of the experiment obtained in 8 treated and 8 control 

anima1s are i11ustrated in Fig. 9/A. 

Prior ta the administration of the extract, heither total aeid 

output nor the volume of the gastric juice secretecl Has significant1y dif-

ferent between the hlO groups • 

.. 
After establishing basal acid output and the basal rate at Hhieh 

gastric juice was secreted, 8 anima1s were intraperitonea11y injected with 

the extract, 1. 5 g/kg; the control anima1s received an equa1 volume of 

the vehic1e. One hour was allmved for absorption. During this period, 

acid output gradua11y dec1ined in the treated aninlals, whi1e in the contro1s 

it remained virtually unehanged. Thus, 60 minutes after the administration 

'of the extract acid output \vas already significant1y 1mver (P< 0.01) in 

the treatcd group prior ta the administration of gastrin. 



10 

8 

2 

~7. 1.0 
~;ïË 
~~ 0.8 

~Ë 0.6 

~~ 0.4 

~::; 0.2 

A 

10 B 

... 
:> 8 
~~ 
:>~ 
010 

e5- 6 

~Q 
>< 

-la 
clW 4 
... e 
o ... 

2 

o 

~Ë 0.6 
OW 
...i~ 0.4 
0:> 

a 

f- w 
U .J 
<t u 
0: 1: f-
x w 
w 2: 

~j l~ u -1 
cl U 
0: :ï: 
1-' ltJ 
X > 
W ~ 

u 
.,; 
z '" '" 0: ..... 
~- g: 
cno 
<t 0 
Cl -

~j' '" Z . ..: - ..... 
0: '" 
1- =t 
cn O 
<t 0 
1.0 N 

~-­. ._-~ 

>-, 02 . 

< __ TREATED (0) 

._ ... CONTr/OL(O) 

_.TREATED(3) 

N' - .,.CONTROL(4) 

~~ ~"~L"" 
~----~---~--~-

-75 -60 -30 0 30 
TIME IN MINUTES 

-2 Hean total acid output (mEq x 10 /15 min) and mean volume of 
gastric juice secreted (ml/15 min) in control anim:,ls and in 
guinea-pigs treated with horse urine extract he[orc and after 
the administration of 100 pg/kg of gastrin (Fig.9!A) and 
200 pg/kg of gastrin (Fig.9/B)~ Numbcr in parenthesis refers 
ta numbe~ of guinea-pigs in each group. 

106 



107 

FollmV'ing a single n.c. injection of gastrin, acid output in­

creased in both treated and control groups, reaching a peak in 30 minutes. 

Without maintaining a plateau, acid otitput declined after the pcak and 

reached basal values ,.,ithin 90 minutés. Although acid output detcrmined 

from the peak l5-minute samplc ''laS slightly 10\01cr in the treatecl group, 

this difference was not statistically significant. 

The volume of gastric juice secretecl by the trcated ancl control 

animals was not significantly cliffcrent, neither prior to the administration 

of the extract nor prior to the administration of gastrin. The volume of 

gastric juice sccretecl by the trcated guinea-pigs "laS significantly lm.,cr 

(P < 0.05) 30 minutes after the administration of gastrin as compared to 

the volume secreted by the controls. Hm-lever, 45 and 60 minutes after the 

administration of gastrin the volume of gastric juice secreted was cven 

somewhat higher in extract-pretr\3ated animaIs. 

2. Response to_a Maximal Dose of Gastrin 

Acid secretion was stimulated by 200 )lg/kg of gastrin ,.,hich induces 

a maximal gastric secretory response in male guinca-pigs. The result of 

the experiment obtained in 3 treatecl and l~ control guinea-pigs is summarized 

in Fig. 9/B. 

Prior to the administration of the extract, neither total acid out­

put nor the volume of the gastric juice secreted was significantly different 

be t,.,een the 2 groups. 

After establishing the basal secretory response, the extract was 

administcre~ iÏltrapcritoneally in a close of 1. 5 g/kg; control animals re­

ceived an equal volume of the vehicle. One hour ,.,as allowecl for absorption. 
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During this period acid output decl:i.necl in. both groups. The dec1ine was 

more pronouncecl in the treated guinea-pigs but not significant1y lower 

when compared to control values. 

Fo1101"ing a single' s.c. injection of gastrin, a we11-defined aeid 

secretory rcsponse was obtained in both groups reaehing a peak in 45 minutes. 

Total acid output returned to basal 1evels in a11 guinea-pigs 90 minutes 

after the administration of gastrin. 

In a11 samp1es co11ected during the 90-minute period, total aeid 

output l"as even higher in the treated group \'1hen compared to values obtained 

in the control group. IIowever, none of the differences \'1ere statistically 

significant. 

The volumes secreted did slightly increase in both groups after the 

administration of gastrin. This inerease was a1so more pronounced in tlœ 

treated anima1s but not significant1y different. 

E. Differences in Gastric Acid Out.2.ut in Response to His ta.!!.line and 

~in in Male and Female Guinea-Pigs 

1. Differences in Response to Histamine 

Fig.10 suuullarizes the differences which were observed after 

comparing total acid output and volume of gastric juice secretecl in male 

and female guinea-pigs, fo11O\'1ing the administration of increasing doses 

of histamine. 

Peak secretory values were obtained in samples co11ecteà 60, 75 

and 90 minutes after histamine administration. These 3 samples were, therefore, 

used for analysis and comparison of the secretion changes for each dose. 
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.Results obtained after the administration of 0.1 mg/kg of histamine to 

8 male and 9 female guinea-pigs are sho\o1n in Fig. lofA. With respect 

to acid secretion, histamine at this dose level brought about a \V'ell-defincd, 

moderate and identical increasc in both sexes. However, the volume of 

gastric juice secreted remained unchanged throughout. 

Fig. 10/n summarizes the results obtainod in 8 male and 8 female 

guinea-pigs after the administration of 0.2 mg/kg histamine. Total acid 

output, determined from the sec~eted gastric juice of male guinea-pigs, 

\o1<1S higher than that of female guinea-pigs. This difference, hOvlever, \V'as 

not statistically significant. The volume of gastric juice also sho,:V'cd a 

definite increase in both sexes. In females, hOlV'ever, the volume of gastric 

juice returned to normal v:alues 90 minutes after the histamine administration, 

yet during the same period in males, the volume of gastric juice was still 

well above the control values. This noted difference bet\V'een the 2 groups 

was statistically significant (P< 0.05). 

Fig. 10/e illustrates the effeet of 0.4 mg/kg of histamine in 10 

male and 10 female guinea-pigs. This dose of histamine elieited a maximal 

response of aeid secretion in both sexes. It is illustrated that the acid 

output of males and females became signifieantly different under conditions 

of maximal histamine stimulation. In three subsequent samples whieh were 

collected during the peak of the secretory response, the total acid output 

values were found to be significantly greater in males than in females 

(P<O.Ol for the 60 and 75-minute samples, P<..0.05 for the 90-minute samplc). 

The difference betwecn the sexes was also clearly manifested in 

the volume of gastric juice seereted. The males, in general, secreted nruch 
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bigher quantities of gastrie juiee, and this differenee was highly signi­

fieant in samples colleeted 60 minutes after the administration of histamin~ 

(P< 0.01). 

The administration of 0.8 mg/kg of histamine to 6 male and II fcmale 

guinea-pigs proved to be a supramaximal dose in both sexes. The resulcs 

obtained in this experiment are shmm in Fig. 10/D. The ad.d output and 

the volume of gastric juiee secretecl ,vas signifieantly different bet'\veen 

the 2 sexes (P< O. 05 for aeid output and P <0.001 for volume)) in the smnple 

colleeted 60 minutes after the administration of histamine. 

Aeicl secretory responses obtained in lI· male and 1+ female guinea-pigs 

were compared after the s,'c. administration of 200 }lg/kg of gasld.n, Wh:lCh 

incluced a maximal aeid seeretory response in both sexes, Fig. Il shows that, 

although aeid secretion in rcsponse to gastrin cleelincd earlier in the female 

guinea-pigs as compared to males, none of the differences notccl ,,,cre sta­

'tistically significant. Similarly no signifieant differenees '·]8re observed 

in the volumes of gastric juice seereted. 

F. Effect of Urine Extraet in the Shay Rat 

1. Act~.on Ulcer Formation 

Table 5 summarizes the results whieh were obtained when the effect 

of urine extract was investigatcd in the Shay rat preparation. 

In the first series of cxperiments urine extraet was administered 

in a dose of 2.0 and 3.0 g/kg orally 6 hours prior to pylorus ligation 

(Table 5/A). Though in the treated animaIs ulcer formation was strongly 
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!.~È1.~~.1_~. EFFECT OF URINE EXTRACT ON ULCER ,FORNATION IN SHAY RATS 

The extract or solvent was administered orally 6 hours 
pd.or to pylorus ligation (Section L); 2L~ hours prior 
ta pylorus ligation (Section B), or injected intraduodenally 
inunediately aiter pylorus ligation (Section C). AnimaIs 
were killed 17 hours after ligation. 
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~;:;; No. of Dose ---Ulcerati~:---~-~l~'~~-l 
animaIs g/kg ncex 

-j --_.--~ ~--_.. ------

lA. Solvent 6 (1.0 ml) 1.56 ± .67 99.9 

Extract 6 2.0 0.58 t .30 38.6 

Extract 6 3.0 0.17 ± .10 5.7 

B. Solvent 35 (1. ? ml) 2.54 ± .22 225.0 

Extract 6 2.0 2.08 + .56 208.0 

Extract 5 2.5 1. 00 + .49
a 

60.0 

Extract 20 3.0 0.85 -t .30
b %.0 

! C. Solvent 22 (0.6 ml) 3.0 t .24 286.2 

Extract 6 0.5 2.0 ± • 78 133.2 

Extract 20 1.0 0.75 '± .25b 
If5.0 

; 
J 

a = P<O.Ol (extract versus solvent) 

b P<O.OOI (extract versus solvent) 
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,inhibited, these results could not be fully evaluated, since traces of 

the substance could be seen in the stomach of sorne animaIs during autopsy. 

Thus the possibHity of a local effect could not be excluded. 

Table s/B summarizes the reslllts of those experiments in \vhich 

the cxtract \Vas givell ora1.ly 24 hours prior to pylorus ligation. lt is 

shOlvn that the administration of 2.0 g/kg extraet to 6 rats produced a 

slight protection. However, \Vhen the dose ,vas increased to 2. S g/kg (S rats), 

ulceration became signifieantly lower (P<O.Ol) in the extract treated rats 

as compared to untreated animals. The administration of 3.0 g/kg of extract 

to 20 rats resulted in a highly significant reduetion in ulceration (P< O. 001). 

In order to excluùe any possibility of a local effeet in a series 

of experilllents, the extrac.t \Vas in je ct cd intradllodenally into rats inUllediately 

follOlving pylorus ligation. Table sic illustrates the results obtained 

after the intraduodenal administration of O. Sand 1. ° g/lçg urine extract. 

lt is shOlvn that extract adlllinistered in a dose of O.!> g/kg to 6 rats did 

'Dot produce any significant reduction in ulcer formation, while the injection 

of 1. ° g/kg of extract to 20 rats resulted in a highly significant protection 

(p < 0.001). 

2. Action on Acid Secretion 

Gastri.c juice, \vhich accumulated in the stomach during the entire 

periocl of ligation (17 hours), was indiviclually analyzed after centrifuging 

the samples. Significantly lower volumes of gastric juice were secreted 

(P( O. 001) by rats which received the extract orally 24 hours prior to 

ligation (Table 6/A) when comparecl to rats which received the vehicle. 

Silllilarly, the total acid output was significant ly lower (P< O. Dl) in these 



:fable 6: EFFECT OF URINE EXTP-ACT ON GASTRIC SECRETION IN SI-IAY RATS 

The extract or solvent was administered orally 24 hours 
prior to pylorus ligation (Section A), or in je ct cd intra­
duodenally inuncdiately after pylorus ligation (Section B). 
AnimaIs were killed 17 hours later. Determinations were 
macle individually, results express mean values and standard 
errors. 

,----------~~-------------

Treatment No. of 
animaIs 

Dose 
g/kg 

Volume of 
gastric juice 

ml 

Total acid ,. 
outp}Jt 

mEq .10-2/17 hrs 
-----·---1 

A. 
Solvent 15 1.5 ml 7.3 ± .65 68.9 ± 8.5 

l~. 4 + .3l
b 

39.ll ± 4.0a -Extract 8 3.0 

B. 
Solvent 14 0.6 ml 8.6 + .9 86.5 ± 3. li· 

Extract 4 0.5 6.7 + 1.5 + 77.l~ _18.2 

Extract 16 1.0 4.8 -t .2
b 

60.4 t 3.2b 
i 
1 

1 
-1 

a P«O.Ol (extract versus solvent) 

b ~ P«O.OOI (extract versus solvent) 
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,animaIs. When the extract was injected intraduodenally (Table 6/n) in 

a dose of 1. 0 g/kg, the volume of 'gastric juice secreted w'as significantly 

lmver (P<: O. 001) than in response to the vehic le. The total acid output 

was similarly greatly reduced (P< O. 001) in treated animaIs. 'l'he lower 

dose of the extract (0.5 g/kg) caused only insignificant reduciions in bath 

volume and total acid output. 

G. Effect of Urine Ext:r..~....EE..Eg~i-n~-Induced pastric lJlcer in Rats. 

The action of urine extract against restraint-induced ulceration 

was investigated in a total of 57 female albfno :r.ats, while 30 animaIs 

served as controls. 

Table 7/ A illustrates the protective cffect of 0.75 and 1. 0 g/leg 

of extract, administerecl intraperitoneally immediately prior to inu110b il izat ion. 

'l'he 2l~-hour inunobilization periocl led ta ulcer formation in 66% of the control 

rats. In rats treated with 0.75 g/kg of the extract ulcer formation was 

found ta be reduced and occu1'red in only 38% of the ariimals. In rats 'vhich 

received 1. 0 g/kg of the extract ulceration was found in 21% of the animals. 

'l'able 7/B shows that the Lm. injection of the vehicle led ta 

ulcer formation in 80% of the rats. In animals treated with 1. 0 g/kg of 

the extract ulceration was reduced to 50%; in animals receiving 1. 5 g/leg 

ta 37%. 'l'he protective effect of the extract ,vas significant ly different 

(P(0.05) from the controls, both after Lp. and Lm. administration at 

the highe1' dose levels. 



1'.~le 7: EFFECT OF URINE EXTHACT ON ULCER FORHATION IN IM1:10BILIZED RATS' 

The extract or solvent \Vas acIministered either intra­
peritonealJ.y (Section A), or intramuscularly (Section B) 
immediately prior to immobilization. AnimaIs ",ere killed 
24 hours later. 

I-~~reatment 
,,------ .----- % sho~~in;·-l No. of Dose 

animaIs g/kg Ulceration 1 l 
! 

A. Solvent 15 0.3 ml . 66.66 

Extract 13 0.75 38 .l~6 

Extract Il~ 1. 00 21.l~3a 

B. Solvent 15 0.3 ml 80.00 

Extract 16 1.0 50.00 
i 

Extract 14 1.5 37.71
a J 

a P < 0.05 (extract versus solvent) 
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The effect of the urine extract \VélS investigatecl on the carclio-

vascular system both in male rats and male guinea-pigs. 

1. ~esponse in Rats. 

The extract was given intrapcritoneally Ht a close of 1. 0 g/kg 

to 6 rats and 1.5 g/kg to 3 rats. 

+ . The control mcan arterial bl.oocl pressure was 95 - 4.9 ancl the 

heart rate 390 ± 21.1 in rats treatecl with the lower dose; + 102 - 6.0 and 

38 0 + 0 0 d . h h è h d f h 2. in rats treate \nt t e lig er ose 0 - t e extract. Follol'ling 

tIre administration of the urine extract the blood pressure remaincd es-

sentially u?changed, whilc th~ heart rate decreased slightly but not sig-

nificantly during the 2 hour observation period at both dose levels. 

2. Response in Guinea-Pi.&~ 

The extract was administered in a dose of 1.5 g/kg to 3 male 

guinea-pigs. -1-The control me·an arterial blood pressure was 63 - l~.l~ and 
. + 

the heart rate 290 - 10.8. During the 2 hour observation period follmving 

the administration of the extract both blood pressure and heart rate re-

mained virtually unchangecl. 

IV., Studies on the Central Nervous System 

A. Hyenotic and Hypothermie Effect of Graded Doses of Urine Extract in 
Hooded Nale Rats 

1. Hypnosis 

The hypnotic effect of the urine extract was cIetermined in 



50 rats, which were divided into groups of five. The rats were injected 

intrapùritoneal1y with graded doses of the extract (Fig.12). 
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The occurrence of hypnosis was dose-dependent, and was induced 

by the extract ,,,it:ldn 10-20 minutes fo11O\"ing Hs administration. AIl rats 

were awake at the end of the first hour. 

The extract injected into la rats in a dose of 1000 mg/kg 

proved to be subhypnotic since none of the animaIs 10st its righting reflex 

for 1 m:i.nute; the criterion defining IfS 1eep". (This dose will be referred 

to as the hypnotic ED 5). 

The administration of 1050 mg/kg of cxtract caused sleep in 2 

out of 10 rats (20%); 1102 mg/kg in 4 out of 10 rats (40%); 1157 mg/kg 

in 8 out of la rats (80%),. while 1215 mg/kg caused s leep in aIl 10 rats. 

(This dose ~ill be referred to as the hypnotic ED 95). 

Figure 12 illustrates that in male rats the intraperitoneal 

hypnotic ED 50 dose of the urine extract is 1110 mg/kg. 

2. Hypothermia 

Table 8 surrunarizes the results obtained in rats, when the ef­

fect of graded doses of urine extract was investigated on body temperature. 

A total of 30 rats, divided into 6 groups of 5 rats each, were injected 

intraperitoneally with the extract, while 5 rats received the vehicle. 

The injection of the vehicle itself caused a slight fall in 

body temperature. 

The extract in a dose of 200 mg/kg induced hypothermia, which 
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Each dose of the extract Has administered intraperitonea11y to 10 male hooded rats. Dose administered is p10tted 
against the per cent of rats which lost their righting 
reflex. 
For details see text. 
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Table 8: TEMPERATURE CHANGES FOLLOWING THE ADMINISTRATION OF GRADED DOSES OF URINE EXTRACT 
The vehicle or the extract was administered intraperitoneally. Rectal temperature of rats was recorded at hourly intervals for the first 5 hours as weIl as at 24 and 48 hours. Peak hypothermia occurred either 1 or 2 ~ours after the administration of the extract. 

-~ ~------ -- - --- - - . ~6 -+- . -
-~--, Extract No.of Rectal temperature (C - S.E.) ; . mg/kg rats Control' Hours after i. p. injection of extract . 

i 
\ Control 
1 (Vehicle) 
i 
! 
\ 200 

! 1000 

1 
1 1050 
1 
1 

1102 

! 1157 

11215 
1 

1 2 5 24 48 

5 38.2 37.6 37.6 37.4 36.7(1) 37.5 "t.29 ~.23 :1:-.33 :1:-.24 :1:-.43 -t.20 
5 38.4 36.6 35.7b 

36.6
a 37.2(11) 38.0 "t.06 ±.44 -t.20 "t.24 "t.30 -t.16 

5 38.4 31. 2c 31. lC 33.9c 36.2(11) 36. 7 t.15 t.20 :-.41 "t.63 t.48 "t. 57 
5 38.3 31. 3c 

31.8
c 

34.7c 36.3(11) 37.4 "t.14 t.25 t.26 -t.l7 t.39 ±.29 
5 38.3 30.5c 

29.7c 
32.0c 36.1 (111) 36.6 -t.18 ±.16 t.36 ±.46 "t.40 :t.22 

5 37.8 30.8c 
31.4c 

34.3e 37.1(11) 37.4 "t.14 t.75 -t.70 ±.48 ±.16 t.25 
5 38.1 31. gC 30.7

c 
32.7c 35.8(11) 37.2 t.32 t.29 ±.3l ±.45 t.54 t.33 

a = P< 0.05 (extract versus vehicle) (1) P < 0.05 (24 hrs versus control within group) 
b = P< 0.01 (extract versus vehicle) (11) P < 0.01 (24 hrs versus control within group) 
c = P< 0.001 (extract versus vehicle) (Ill) P < 0.001 (24 hrs versus control within group) 

1-' 
N 
1-' 



reached, its peak after 2 hours, at ,.,hich point the rectal temperature 

of the extract-treated animaIs \Vas significantly different (p < 0.01) 

from the controls (vehicle). The temperature ,vas still significantly 

10\.,er (P < 0.05) after 5 hours. 

Following administration of the extract in doses of 1000, 

1050, 1102, 1157 and 1215 mg/kg, the temperature fell rapidly, often 

by more than SoC within one hout" of the injection. 

Maximal hypothermia was observed either 1 hour or 2 hours 
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after the administration of the extract. The rectal temperature of a11 

rats was significantly decreased (P<O.OOl) after the administration of 

these high doses of the extract, compared to controls, even 5 hours later. 

Twenty four hours after the injection of the extract the rectal temperature 

was found to be essentially identical with temperature values recorded 

in control 'rats. However, rectal temperatures measured 2L~ hours after 

the administration of either the vehicle or the extract, were signi­

ficantly lower, when compared to values meastlred during th8 control periocl 

within each group. Rectal temperatures measured 48 hours later were 

somewhat higher in a11 groups compared to values recorded after 24 hours, 

but still did not reach control values in any of the groups. 

AlI animaIs which received the high doses of the urine extract, 

were observed for a period of seven days. For the first 24 hours following 

the administration of the extract no mortality occurred, even with the 

highest dose of the extract. Only 1 rat died ,vithin 48 hours from the 

group, ,.,hich received 1157 mg/kg of the extract. 

Within 7 days none of tl~ rats died in the control group or in 
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~he group which was treated with 1000 mg/kg of extract. 

One animal each was lost from 3 groups and 2 animaIs from 

the group \vhich received 1102 mg/kg of extract. 

This indicatec1 that with increasing doses the mortality did 

not increase in the dose range used. 

However, the gain in weight was significantly less in aIl 

groups after 7 days, compared ta control animaIs and an actual loss in 

weight of 4.0 g occurred in rats treated with the highest dose. 

B. l!YP..!.~ç>tic and J!.YE .. ~g!.erIllic Eff!:ct of Urine Extract at Elevated Environmental 
Temp' .. ~ature 

Ten rats were placed for 24 hours in a box maintained at an 
. 0 ambient temperature of 30.7 - 31.6 C. 

lnunediately prior ta placing the animaIs into the box, 5 rats 

were injected intraperitoneally \vith the vehicle, while 5 rats received 

the extract (hypnotic ED 50 dose). Table 9 shows that 40% of the extract-

treated, but none of the contro~ rats lost their righting reflex. Fig. 13 

summarizes the changes which occurred in the rectal temperature·of both 

control and treated rats. Rectal temperatures decreased in treated animaIs 

60 minutes after the administration of the extract, and the recorded values 

were significantly lmver (P< O. 01) than temperature values measured in 

control rats. 

After this initial decrease, rectal temperatures increased in 

. the treated group and were maintained at slightly, but not significantly, 

higher levels than thosa of the contraIs: 



• Ta!?.L~._.2..:.. ACTIVITY OF URINE EXTRACT (HYPNOTIC ED 50 DOSE) AT ELEVATED 

ANBIENT TEMPERATURE 

The vehicle or the extract was administered intraperitoneally 
immediately prior la placing the rats into a box maintained 
at an elevated ambient temperature. Table also sho,-1s the 
mortality for 48 hours observed within the groups. 

G r 0 u p 

Control 

Treated 

% hypn. 

No. 
rats 

5 

5 

% 
hypn. 

o 

% Mortal~ ____ . 
24 hrs. 48 hrs. 

o o 

60 80 

% of rats that lost righting reflex 
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In the control group no mortaU.ty occurred within l,8 hours 

(l'ab le 9). Howcver, 60% of the treated animaIs died \.,ithin 2 l,. hours, 

and 80% within 1+8 hours. 

C. Potentiation of the Hypnotic Effcct of ~IexobaE..bital Sodium by Urine 

Extract 

1. Deter.!!~lnation of the Subll.YE!!0tic Dose of Hexobarbital Sodi.u1~ 

Hexobarbital sodium was administered subcutaneously in doses 

of 80, 100 and 125 mg/kg to 3 groups of 5 rats each. From the group of 

rats trentcd \.,1th 80 mg/kg of hexobarbital sodium, no animal lost its 

righting reflex. One rat lost its righting reflex after the injection 

of 100 mg/kg, and 3 rats lost their righting reflex after the injection 

of 125 mg/kg of hexobarbital sodium. On the basis of this experiment, 

·80 mg/kg hexobarbital sodium was chosen as the subhypnotic dose in sub--

sequent experiments. 

2. Potentiation of the Hypnotic Effect of Hexobarbital Sodium at 

Room Temperature and at Elevated Environmental Temperature 

Table lOfA illustrates that after the administration of hexo-

126 

barbital sodium at a dose of 80 mg/kg, and urine extract at a dose of 

1000 mg/kg, none of the rats lost its righting reflex. Following the ad­

ministration of 1215 mg/kg of extract aIl rats lost their righting reflex, 

and the mean duration of sleep was 9 ± 2.5 minutes. 

The potentiating effect of the extract was investigated at 

room temperature (Table 10/B) and at an elevated environmental temperature 

(Tab le 10/ C). 
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.Table 10: POTENTIATION OF THE HYPNOTIC EFFECT OF I-ŒXOBARBITAL SODIUM 

BY URINE EXTRACT 

A. 

B. 

C. 

a ::: 

b 

b'= 

c ::: 

The vehicle or the extract was administered intraperitoneally, 
followed 30 minutes later (in Sections Band C) by a sub­
cutaneous injection of hexobarbital sodium. For details see 
text. 

G r 0 U P 

Hexob. 
E EDS 
E ED9S 

v + Hexob. 
E EDS + Hexob. 
E ED9S + Hexob. 

V + Hexob. 
E EDS + Hexob. 
E ED9S + Hexob! 

No. 
rats 

S 
S 
S 

6 
6 
6 

S 
S 
S 

------------
Sleeping 

time 
min. 

o 
o 

9 ± 2.S 

o 
6t~ • 3 "t lt~ b 

136.7 -k 20.6c 

o 
SO.O ± 17

a 
b' 

89.2 t 21.3 

Ambient 
temperature 

(oC) 

20 - 22 

20 - 22 

30. 7 - 31. 6 

P < 0.05 (E EDS+Hexob. versus V+Hexob. at elevated ambient temperature) 

P< 0.01 (E EDS+Hexob. versus V+Hexob. ) 

P < 0.01 (E ED9S+Hexob. versus V+Hexob. at elevated ambient temperature) 

P < 0.001 (E ED9 5+ Hexob. versus V+Hexob. ) 

Hexob = hexobarbital sodium: 80 mg/kg s.c. 

E EDS - extract EDS ::: 1000 mg/kg 1. p. 

E ED9S extract ED95 = 1215 mg/kg 1. p. 

V ::: vehicle (isopropyl myristate) 



Three groups of 6 rats each were used at room temperature, 

and three groups of 5 rats ench ",'cre used at the elevated temperature. 

None of the rats injected with the vehicle + hexobarbital 

sodium (coritrols) slept either at room temperature or at the elevated 

temperature. 

Pretreatment \vith the hypnotic ED 5 dose of the extract in-

duced sleep in 5 out of 6 rats at room temperature, and in a11 5 rats 

at the elevated temperature. + The mean duration of sleep was 64.3 - 14 
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minutes at room temperature and 50.0 ± 17 minutes at elevated temperature. 

Bath values arc significantly different from contraIs, P< O. 01 and P< 0.05 

respectively. However, the sleeping time \olithin the 2 treated groups did 

not differ statistica11y from'each other. 

'Pretreatmcnt with the hypnotic ED 95 dose of the extract in-

duced sleep in a11 animaIs, bath at room temperature and at the elevated 

environmental temperature. 

The mean duration of sleep was 136.7 ± 20.6 minutes at room 

temperature and 89.2 ± 21. 3 minutes at the elevated environmental tempe-

rature. Bath values are significantly different from contraIs, P<:O.OOI 

and P<O.Ol r~spectively. Hmolever, the sleeping time in the 2 treated 

groups did not differ statistically from each other. 

3. The Effect of Hexobarbital Sodium and Urine Extract on Rectal 

Temperatures 

Rectal temperatures were also measured in the above-mentioned 

experiment. The changes observed are summarized in Table 11 and Fig.14/A 
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.(room temperature), and Table 12 and Fig.14/B (e levated tempcrature). 

At room temperature, rectal temperatures decrcased significantly 

(P< 0.001) in both groups pretreated with the extract, when compared to 

the temperature of rats recéiving only vehicle + hexoharbital sodium. 

This highly significant decrease in body temperature was observed both 2 

and 5 hours after the injection of the extract. Furthermore, rectal tempe·· 

ratures of rats pretreated with the hypnotic ED 95 dose of the extract, 

~lere signif:tcant ly 10\\1er tvhen compared to rectal temperatures of rats 

pretreated tolÎth the hypnotic ED 5 dose, hoth after 2 hours (P< O. 05) and 

after 5 hours (P< 0.001). 

Twenty four hours after the administration of the hypnotic ED 95 

dose of the extract, rect~l temperatures of rats were still significantly 

lower thanthose of vehicle + hexobarbital, and extract ED 5 + hexobarbital 

treated rats at P<:O.Ol and P<:0.05 levels respectively. 

At the elevated ambient temperature, a slight but significant 

(P~O.05) decrease was noted in rectal temperatures in the extract ED 5 + 

hexobarbital sodium group, l hour after the administration of the extract. 

Twenty four hours later rectal temperatures of this group \vere slightly 

but significantly higher (P<0.05) when compared to vehic1e + hexobarbital 

controls. 

No significant differences were obsetved at any time in the 

rectal temperatures of control animaIs and animaIs treated with extract 

ED 95 + hexobarbital sodium. -
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·Table 11: TI-ll~ EFFECT OF IŒXOJ3ARJ3ITAL SODIUM AND URINE EXTRACT ON RECTAL 

TENPERATURES AT ROOM TENPERATURE. 

G r 0 u p 

The vehicle or the extract was administered intraperitoneally 
fo11owcd by a s.c. injection of hexobl1rhital sodium 30 minutes 
later. 

No. 
rats 

v -1- Hexob. 6 37.3 -!.- • la 36.8 ± .37 36.9 + .19 35.8 + .12 -
E EDS+ Hexob. 6 37.2 + .11 32.1 + .53

c 
%.9 + .15c 35.9 + .19 

1 1 

.22
bal 

E ED95 + Hexob. 6 37.LI ± .14 30.4 + .24 ca 31. 8 + .5lc 35.0 + -
----

b :: P < O. 01 (cxtract versus vehic1e) 

c :: P<O.OOl (extract versus vehic1e) 

ai:: P < 0.05 (E ED95 versus E ED5) 

Cl:: P < 0.001 (E ED95 versus E ED5) 

Hcxob. hexobarbita1 sodium: 80 mg/kg s.c. 

E ED5 :: ex~ract ED5 :;;: 1000 mg/kg 1. p. 

E ED95 :: extract ED95 :;;: 1215 mg/kg 1. p. 

V == vellic1e (isopropy1 myristate) 
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Table 12: Tl-li EFFECT OF HEXOnARJ3ITAL SODIUM AND URINE EXTRACT ON RECTAL 

TEMPERATURES AT ELEVATED ENVIRONMENTAL TEMPERATURE 

Group 

v + Hexob. 

E ED5 + 
Hexob. 

E ED95 + 
Hexob. 

E 

The vehicle or the extract was ac1m:i.nisterec1 intraperitoneally 
follO\ved by a s.c. injection of hexobarbital sodium 30 minutes 
later. 

No. 
rats 

5 

5 

5 

_ . ___ .... _ ..... _ .. ________ . __ .. ~~ç:_~'l LJ:.~l}!P.~XB.t.l,~~_é'_c __ ~_ . .s. .. li~_L_~=~·~·~~~_~~~1 
Control Hrs after l.p. injection of extract (vehicle); 

38.3 ± .09 

+ 38.5 • 31+ 

+ 38.4 .08 

-, ------1---.-----·------------··24----·-----------1 

+ 38.6 .10 

8 0 + .15 a 
3 • 

38.l~ + .09 

37.1 ± .19 
'·-1 

! 
38 • 0 -k • 11 a 

1 

37,11 -.' 2l~ + J 
---------- ---_.~ 

a P< 0.05 (extract versus vehicle) 

Hexob. hexobarbital sodium: 80 mg/kg s.c. 

E ED5 extract ED5 = 1000 mg/kg 1. p. 

ED95 extract ED95 ::: 1215 mg/kg i.p. 

V = vehicle (isopropyl myristate) 
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D. Effect of Picrotoxin on Hypnosis and Hypothennia lnduced by Urine~ 

1.!!xt~ 

1. BYP.nos is 

Table 13 sunmarizes the results obtained after the oral admi­

nistration of graded doses of picrotox:i.n 30 minutes prior to the :i .• P'I 

administration of the extract in the hypnotic ED 50 dose. 

The administration of the extract to 9 vehicle pretreated rats 
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caused a loss of righting reflex in 55.5% of the animaIs. Picrotoxin given 

to 5 rats in a dose of 0.25 me/kg did not antagonize extract-induced hyp-

nosis and gave essentially the same results as \l1as obscrved in the vehic1e 

pretreated group. However, 0.5 mg/kg of picrotoxin given to 5 rats caused 

loss of righting reflex only in 20% of the animaIs \I1hiJ.e 1. 0 mg/kg of 

picrotoxin givcn to 10 rats caused a 10ss of righting reflex in 10% of 

the animaIs. This indicated that increasing doses of picrotoxin effectively 

antagonized extract-induced hypnosis. 

Table 14 shows that picrotox:in was unable to fnf:luence the extract­

induced hypothermia. AlI rats, whether pretreated with picrotoxin or the 

vehicle, manifested the same dramatic drop in rectal temperatures. Peak 

hyp'othermia was recorded 2 hours after the administration of the extract. 

No statistical differences were noted between c6ntrol and treated groups. 

Five hours after the administration of the extract rectal temperatures of 

aIl groups were still low with no differences between groups, although 

. slightly higher when compared to values recorded during peak hypothermia. 



,Tab le 13: EFFECl' OF PICROTOXIN ON URINE EXl'RACT- 1NDUCED HYPNOS 18 

The vehicle or graded doses of picrotoxin were administcrcd 
oraUy follO\'led 30 minutes later by the 1. p. injection to 
all rats of the hypnotic ED 50 dose of the urine extract. 

Picrotoxin 
mg/kg 

Vehicle 

0.25 

0.50 

1. 00 

No. 
rats 

-----------

9 

5 

5 

10 

% 
Hypn. 

55.5 

60.0 

20.0 

10.0 

% Hypn. % of ~ats, that lost righting reflex 
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l'abl.~:.. EFFECT OF PICROTOXIN ON URINE EXTRACT ... INDUCED HYPOTllERMIA 

lO.25 

f 0.50 

L 

The vehicle or graded doses of picrotoxin were administered 
orally followed 30 minutes later by the 1. p. injection to 
aIl rats of the hypnotic ED 50 dos~ of the urine extract. 

5 

5 37.4 ±.11 
5 37.5 ± .25 
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.Hithin 24 hours rectal temperatures of aIl groups returned toward normal 

but ,vere still 10\'7er \"hen comparecl to control values within groups. No 

mortality occurrcd during this period in any of the groups. Identical, 
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graded oral doses of picrotoxin did not elicit significant )lypothermia in 

normal rats (Table 24) when compared to controls. 

E. Effect of )Jentyleneteti'azoJ.-EE..JiYJ?P2..l?is and Hypothermia Induced by' 

Urine Extract 

Five groups of 5 rat s cach were used. Four groups were pre·' 

treated with increasing, oral doses of pentylenctctrazol (5.0, 10.0, 20.0 

and 40.0 mg/kg) 30 minutes prior to the administration of the extrélct in 

the hypnotic ED 50 dose. .The results are summarized in Table: 15. The 

administration of the extract to 5 vehicle pretreated rats caused a 108s 

of righting reflex in 40% of the rats. One out of a group of 5 animaIs 

(20%) 10st its righting reflex when pretreated with the lowest dose of 

pentylenetetraz:ol (5.0 mg/kg). However, the pretreatment of rats with 

higher doses of pentylenetetrazol entfrely prevented the 10ss of righting 

reflex following the administration of the extract. 

Table 16 illustrates that there was no difference between control 

and treated groups in the degrce of decrease of rectal temperatures fol10wing 

the administration of the extract. Peak hypothermia was recorded 2 hours 

after the administration of the extract. Rectal temperatures in pentylene­

tetrazol pretrea~ed animaIs did not differ from those of vehicle pretreated 



Table 15!.. EFFECT OF PENTYLENETETRAZOL ON URINE EXTRACT-INDUCED 

HYPNOSIS 

The vehjcle or graded doses of pentylenetetrazol \vere 
administerecl orally follo"weel 30 minutes later by the 
i.p. injection ta aIl rats of the hypnotic ED 50 dose 
of the urine extract. 

---------. 
Pentylcnetetrazol No. % 

mg/kg rats Hypn. 

Vchicle 5 L~O 

5.0 5 20 

10.0 5 0 

20.0 5 0 

1~0. 0 5 0 

% hypn. - % of rats that lost righting reflex 
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lab1.Ui!. EFFECT OF PENTYLENETETRAZOL ON URINE EXTRACT-INDUCED 

I-IYPOTHERHIA 

The vehic1e or graded doses of penty1enetetrazol were 
administcred orally follmvecl 30 minutes 1ater by the 
i.p. injection to al1 rats of the hypnotic ED 50 dose 
of the urine extract. 
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-::~;~:~~c - r:~~ Ico;t-,:a-=--iïO;;~»Ê~;J~~~:'1il1~~ t Sif,-!b~i~-:-~=I 
---_. ---~..-, 

Vehic1e 5 37.2 + .16 29.7 + .l~0 32.2 + .lj.8 36.3 + .40 

5.0 5 37.8 + .71 30. 1 -.t .37 33.1 t .86 36.6 -.t • 2L~ 

10.0 5 37.8 -1; .19 30.3 -.t .18 32.9 -.t .13 36.3 t .15 

20.0 5 37.5 t .17 30.0 t .28 32.0 t .66 36.5 + .20 

l~O. 0 5 37. L~ + .18 30.1 + • L~8 31. 9 + .89 36.1 t .10 .- -



rats, neither during peak hypothermia nor 5 hours after the administration 

of the extract. Rectal temperatures returned toward normal in aIl groups 

\"ithin 2LJ- hours, hut were still lm"er when compared to control values 
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within groups. .No mortality occurred during this period in any of the groups. 

Identical, graded oral doses of pentylenetetrazol did not elicit sign~ficant 

hypothernd.a in normal rats (Table 2Lf) Hhen compared to controls. 

F. Effect of Nikethamide on HYE.!!Q.sis and Hypothermia Induced by Urine 

Ex~ 

1. Hypnosis 

Four groups of 5 rats each were used. Three groups were pre­

treated with increasing oral doses of nikethamide (15.0, 30.0 and 60.0 

mg/kg) 30 minutes prior t6 the administration of the urine extract in the 

hypnotic ED 50 dose. The results are summarized in Table 17. In the control 

group, 4 out of 5 rats (80%) lost their righting reflex following the ad­

ministration of the extract. Nikethamide pretreatment reduced, but could 

not entirely antagonize the occurrance of hypnosis. Two out of 5 rats (LfO%) 

lost their righting reflex following pretreatment with 15.0 mg/kg of 

nikethamide and 1 out of 5 rats each (20%) lost its righting reflex fol­

lowing pretreatment with 30.0 and 60.0 mg/kg of nikethamide. 

2. Temperature 

The effect of nikethamide on urine extract-induced hypothermia 

is summarized in Table 18 and Fig.15. Peak hypothermia occurred 2 hours 

after the administration of the extract in aIl groups. Niketh~mide po­

tentiated hypothermia. Rats pretreated with the lm" (15.0 mg/kg) and middle 



..lEJ21e 17: EFFECT OF NIKETlIAMIDE ON URINE EXTRACl'-INDUCED HYPNOSIS 

The vehic1e or graded doses of nikethamide werc administered 
orally fo11ewed 30 minutes later by the i.p. injection to 
aIl rats of the hypnotic ED 50 dose of the urine extract. 

Nikethamide No. % 
mg/kg rats Bypn. 

Vehicle 5 80 

15.0 5 40 

30.0 5 20 

60.0 5 20 

% Bypn. % qf rats that lest righting reflex 
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Table 18!.. EFFECT OF NIIŒTBAMIDE ON URINE EXTRACT-INDUCED HYPOTHERMIA 

Vehicle 

15.0 

30.0 

60.0 

---" 

The vehicle or graded do~es of nikethamide were administered 
orally follmved 30 minutes 1ater by the i. p. injection to 
aIl rats of the hypnotic ED 50 dose of the urine extract. 

5 37.6 + .13 + 31.0 - .30 + 33.9 - .53 36.2 + .15 

5 37.9 + .18 30.0 ± .0Sa 32.1 ± .57
a 

36.1 + .20 

5 37.4. ± .15 30.1 + .25a " 31.5 + .2S
b 

35.6 + .1S
a -

5 + 37.3 - • 12 29.6 + .24
b 

30.9 + .36
b 36.0 -k .11(. 

---- -----------

a = P < 0.05 (Nikethamide versus vehicle) 

b = P < 0.01 (Nikethamide versus vehic1e) 
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dose (30. ° mg/kg) of nikethmnide showed signif:i.cant1y lower (P<0.05) 

rectal temperatures than did controls; the high dose (60.0 mg/kg) had 

an even more pronounced potentiating cffect (P<O.Ol). Even 5 hours 
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after the injection of the extract rectal temperatures of the nikethamide 

pretreated animaIs \Vere significantly 1mver than those of the control rats 

(P<0.05 at 15.0 mg/kg dose; P<O,Ol at 30.0 and 60.0 mg/kg dose). 1\(Tenty 

four hours after the administration of the extract only one group (30.0 

mg/l~g) showed slightly but sJgnificantly lot<ler (P<0.05) rectal. tempera-

tures \Vhen compared to the control group. No mortality occurred in any 

of the groups within 24 hours. 

It \(Tas shown in control studies (Table 24) that identical, gradcd 

oral doses of nikethamide induced slight but significant h~1pothermia in 

normal rats. Two hours after the administration of nikethamide the rc-

corded rectal temperature were significant1y 10wer (P<0.05 at 15.0 and 

30.0 mg/kg and P«O.Ol at 60.0 mg/kg) from that of vehicle (water) pre-

treated animaIs. 

G. Effect of Amphetamine on Hypnosis and Hypothermia Induced by Urine 
Ex.tEE.tt 

1. Hypnosis 

Five groups of rats were used. One group, consisting of Il rats, 

served as control. Increas ing doses of oral1y administered amphetamine 

(3.75, 7.5, 15.0 and 30.0 mg/kg) were given to the other groups. Amphetamine 

had a varying effect on urine extract-induced hypnosis depending on the dose 

administered. The results are sunmwrized in Table 19. Of the control animaIs 



Table 19: EFFECT OF AMPI-ŒTAMINE ON URINE EXTRACT-INDUCED HYPNOSIS 

The vehicle or graded doses .of amphctamine were administered orally follOived 30 minutes later by the i. p. injection 1:0 aIl rats of the hypnotic ED 50 dose of the urine extract. 

Amph(!tamine No. % 
mg/kg rats Bypn. 

Vchicle 11 5l~. 5 

3.75 5 60.0 

7.50 11 18.2 

15.00 5 80.0 

30.00 6 83.3 

"----

% Bypn. = % of rats that lost righting reflex 



54.5% lost their righting reflex aft~r the administration of the extract. 

The lm'1 dose of amphetamine, 3.75 mg/kg given to 5 rats, caused loss of 

righting reflex in 60% of the animaIs. Amphetami.ne given in a dose of 

7.5 mg/kg to Il rats decreased hypnosis, as the lOBS of righting reflex 

occurred only in 18.2% of the rats. Amphetamine, Ina dose of 15.0 and 

30.0 mg/leg, given to 5 and 6 rats respectively potentiated urine extract 

induced hypnosis causing loss of righting reflex in 80% of the animaIs at 

the 15.0 mg/kg dose and in 83.3% of the animaIs at the 30.0 mg/kg dose. 

2. Tel~peratur.~'=. 

Amphetamine was able to prevent and to reverse the extract-inclucecl 

hypothermia. These results are sununarized in Table 20 and 21 and Fig.16/A 

and B. 

. Table 20 and Fig.16/A summarizes the results obtained ",hen the 

rats were pretreated with amphetamine 30 minutes prior to the administration 

of the extract. Table 20/ A sho,'1s in 4 groups of 5 rats each that a progres­

sive decrease in the degree of hypothermia ",as observed as the dose of 

amphetamine was raised from 3~}5 ta 15.0 mg/kg. Peak hypothermia occurred 

2 hours after the administration of the extract in aU 4 groups. Rectal 

temperatures of rats which received the vehicle were much lower than those 

of ,amphetaml.ne pretreated rats the difference being highly significant 

(P<:O.OOl). The difference in rectal temperatures between rats receiving 

the vehicle or amphetamine ,vas still significantly different 5 hours after 

the administration of the extract. 

Table 20/B summarizes the results of another experiment in 3 

groups of 6 rats each. The administration of amphetamine in a dose of 
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Table 20: EFFEC'l' OF AMPI-illTAMINE ON URINE EXTRACT-INDUCED HYPOTHERMIA 

, 

The vehic le or graded doses of amphetami.ne Ylere admin:i.sterec1 
orally follmved 30 minutes later by the i. p. injection to 
aIl rats of the hypnotic ED 50 dose of the urine extract. 

1 Amphetamine 
mg/kg 

-··No j ._._-== __ .. B~ct .• L.t~,.p-"r."I:VF~ . (Oç_D,~ ,) .... _= ... m •••• 

rat ~ Con t roI _ Hour ~~f!..~~~._ p~ __ ÏlÜ~.c t .!~I!. .. _~L_e._xt x.-.9-~J::. ___ . __ 
2 5 24 1 

i ~... - . 
1 A. + + + + Vehicle 5 37.8 .11 28.9 .39 32.1 .71 36.0 .33 

1 
3. 7.5 5 37.7 t .17 32.9 t .27

b 
34..8 ± .37

a 
35.9 ± • L,. 7 

+ ± b t .17
b + 1 7.50 5 37.9 .17 33.7 • L~3 35.8 35.7 .10 1 

, - -
1 15.00 5 38.0 + .13 36.6 t .87

b 
37.4 + .31 b 36.2 ± .37 J 

1 1 

1 BVehicle 6 37.5 + .22 28.4 + .26 29.6 + .56 35. If + 
• 16 

1 

! 

~.5 6 37.5 + • lL~ 34.0 t .56
b 

34.6 t .20
b 

35.2 ± • 16 
î 
1 

.68
b 

.29
b 1 

30.0 6 37. ~ -t .11 37.9 t 36.2 t 35.8 ± 1 
.55 1 

-.1 

a = P < 0.01 (Amphetamine versus vehicle) 

b::; P < 0.001 (Amphetamine versus vehicle) 



Tab le 21: EFFECT OF AMPHETAMINE ON URINE EXTRACT- n.rnUCED HYPOTHERMIA 
The hypnotic ED 50 dose of urine extract was injected intraperitoneally to all rats fol1owed 60 minutes later by the vehicle or graded doses of orally administered amphetamine. 

Rectal temperature -(oC t- S.E.) 
Amphetamine 

mg/kg 
No. 

rats • JiQ.Qr..sJ..f.t.~x--pJ::§..Li.ni~..Ç.t.i_O!L9_f_gmp h.~J;.élI:l!.j,.!l.e~_~_~, _____ ---.l Ext:ract ÜlQ1!ced 1 2 3 4 24 i 
Vehicle 

3.75 

7.50 

15.00 

1 hypotherm~a 

~ 
5 

5 

5 

4 

+ 31.0 - .34 

+ 31. 3 - .28 

+ 3l. 2 - .36 

+ 3l.0 - .29 

29.6 + .29 

+ 30.2 - .12 

+ 30.7 - .60 

29.5 - .34 

31.2 ± .07
b 

31.8 ± .82a 

31.4 ± .60a 34.3 ±1.29b 

a = P < 0.05 (Amphetamine versus vehic1e) 
b = P< 0.01 (Amphetamine versus vehicle) 
c = P < 0.001 (Amphetamine versus vehicle) 
o = single animal 

30.5 + .38 

32.5 ± .1Sb 

33.0 ± .74a 

36.2 ± 1.64 b 

..L. 
3l.2 ' .34 

33.5 + 2 c • 1 

34.6 ± .49c 

36.9 ±1.32b 

: 
+ ! 37.1 - .38 1 

! + ! 36.2 - .27 1 

! 
35.6 ± .38 a 

1 
1 
1 

36~8° ! 

..... 
~ 

" 
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~ig.16/A: }~an rectal temperature changes in response to urine extract (hypnotic ED 50 dose) in rats pretreated with graded doses of cmphetamine (AlvIPH) or vehicle. Number in parenthesis refers to number of rats in each group. Fer detail see text. 
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.7.5 mg/kg significant.J.y reduced (P<O.OOl) the faU in body temperature 

induced by the administration of the extract comparcd to the vehi.cle pre­

treatcd group both at 2 and 5 hoOllrs~ 1.ilne results obtained by this dose 

are well comparable to the results described in Table 20/A. Those rats 

\vhich receivcd 30.0 mg/kg of amphetam:i.ne did not manifest any hypothcrmia, 

on the contrary, their rectal temperatures increased slightly 2 hours aiter 

the injection of the extract and were close to normal aiter 5 bours. 

Temperatures returned toward normal in aU groups invcstigated (Table 20/A 

and B) 24 hours after the injection of the extract and no differences were 

observcd among amphetamine treated and control groups. Mortal:i.ty occurred 

in all groups within 24 hours. Two rats diec1 from both the control group 

and the group pretreated with 7.5 mg/kg of amphetaminc, each group con­

sisting of II animaIs. 1\'10 out of 5 rats dicd :i.n 2 groups, \vh:i.ch were pre­

treated with 3.75 and 15.0 mg/kg of amphetamine respectively. Half of the 

group c1ied which received the highest dose of amphetamine. 

Table 21 and Fig.16/B summarizes the results obtained \vhen the 

effect of different doses of amphetamine was investigated on cstablished 

hypothermia. Four groups of 5 rats each were injected intraperitoneally 

with the extract in the hypnotic ED 50 dose. An equal drop in body ternpe­

rature occurred in aIl groups. Sixt Y minutes after the inject:i.on of the 

extract, the rats werc treated orally with amph,etamine in doses of 3.75, 

7.5 and 15.0 mg/kg; the controls received water. Rectal temperatures v,ere 

recorded in aIl groups at hotirly intervals for the next 4 hours and at 24 

hours. The hypothermie effect of the extract was rapidly reversed by 

amphetamine. One hour after its administration the mean rectal temperature 



pf the group rece.ivj.ng the highest close of amphetamine (15. ° mg/kg) ,vas 

significantly different (P<:0.05) from that of controls while 2 hours 

later aU treatecl groups shmvecl significant 1y higher temperatures than 

dicl controis. T~is significant difference was maintained during the 

subsequent 2 hours as weIl. 'l'\vcnty four hours after the injection of 

the extract the treated groups had slightly lmver rectal temperatures 

than clid the control group. In one of the groups (7.5 mg/kg) this dif­

ference was significant (p<O. 05). 

Mortality increused \olith increasing doses of amphetamine. 

Only 1 rat survived in the group which receivecl the highest close of 

amphetamine (15.0 mg/kg). Identica1, graclecl oral doses of amphetamine 

clid not induce significant changes in the rectal temperature of normal 

rats ('l'able 2L~). 

3. .ê..E.<.?ntaneous Motility 

Due to the weIl known fact that amphctamine greatly increascs 
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the spontaneous motility, which might influence body temperature, it seemed 

of interest to investigate the effect of arnphetamine on spontaneous motility 

in extract treatecl rats. Fig. 17 illustrates the spontaneous motility of 

normal, amphetamine + extract, and extract treated rats. 

A slight hypermotility was noted when the 2 normal rats were 

first introduced into the test cages, however, this hypermotility soon 

decreased. The 2 rats moved and sniffed around the cage in the next 3 hours 

and no great differences could be observed in their spontaneous motility 

,between the subsequent hourly intervals. Rats \vhich were pretreated with 

30.0 mg/kg of amphetamine, 30 minutes prior to the administration of the 



AMPHE TAMINE(30m9/k91* EXTRACT 

AMPHETAMINE (7.5m9/k91+ EXTRACT 

• 1 

EXTRA CT 

1 ~ 1 t Il U "If t , 

NORMAL CONTROL 

~'I' ~,~ ~. 

1- 2 2-3 3-4 4-5 

>--------0 1 MIN HO URS 

,Ki8!..l:I;.. Spontaneous motility observer! in 2.mphetallline (30 lIlg/ke) -1-
extract, all1phctamine (7.5 mg/kg) + extract, onlyextract 
treated and normal rats. 
The record represents the spontaneous lIlotility of 2 rats 
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in each group. Continuous recordings Hcre taken throughol'.t 
the experiment for 4 hours. The samples shown represent 
the typical motility observed for each hour. Recording 
speed: 25 mm/min. 
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extract, sho\ved a tremendotts hypermotility in the cou.rse of the second hour 

follmoling the administration of the extract. This hypermotility gradually 

decreased duringthe next 3 hours but was still considerably greater than 

the motility shown by normal' rats. 

Rats which received amphetamine in a dose of 7.5 mg/kg 30 minutes 

prior to the administration of the extract manifested essentially the same 

pattern of spontaneotts motility as observed in rats t:i:"eated with 30.0 mg/kg 

of amphetamine + extract, although to a le8ser degree. 

Rats receiving only the extract shmved complete tranquility in 

the 2nd and 3rd hour foJ.1owing the. administration of the extract. During 

the 4th and 5th hour the rats started to move around in their cage. The 

administration of ampheta~ine alone at both dose levels gave essentially 

the same response as observed following treatment 'vith amphetamine + extract 

and is therefore not shown separately. 

H. Effect of Iproniazid and o(-~ethyl-Meta:1:xrosine on Hypnosis and 

Hypothermia Induced by Urine Extract 

1. Hypnosis 

Three groups of 6 rats each were used. Group 1 was injected 

int,raperitoneally with the extract in the hypnotic ED 50 dose. Group 2 was 

pretreated for. 3 consecutive days with iproniazid, given subcutaneously, 

and the extract was administered in the hypnotic ED 50 dose 4 hours after 

the last injection of iproniazid. Group 3 was pretreated for 3 consecutive 

days ~lÎth iproeiazid. On the morning of the 3rd day c< -MMT was injected 

intraperitoneally, followed 4 hours later by the injection of the extract. 
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The results are sUl11marized in Table 22. After the injection 

of the extract 50% of the animaIs lost their righting reflex.. Pretreatment 

both ,,,ith iproniazid and iproniazid + c>{ -MMT potentiated the effect of the 

extract, since 66.6% of the "animaIs in the iproniazid pretreated group 

(4 out of 6 rats) and 83.3% of the animaIs in the iproniazid +0( -MNT pre­

treated group (5 out of 6 rats) lost their righting reflex. 

2. Temperature 

The effect of iproniazid and iproniazid + 0( -MMT on urine extract­

induced hypothermia ia. summarized in Table 23 and Fig.18. 

Iproniazid pretreatment ~.,as unable to prevent extract-induccd 

hypothermia. Rectal temperatures of rats pretreated with iproniazid ~"ere 

even lower, although not significantly, than rectal tcmperatures of extract 

treated animaIs both 2 and 5 hours after the injection of the extract. 

Iproniazid + w. -MMT pretreatment ,,,as able to antagonize hypothermia induced 

by the extract. The maximal decrease of rectal temperature in this group 

occurred 1 hour after the injection of the extract (sec Fig.18). Rectal 

temperatures ,.,ere significantly higher (P-é.. 0.01) when compared to control 

animaIs both 2 and 5 hoursafter the administration of the extract. The 

temperature of this group was significantly IO~'7er (P<0.05) 24 hours after 

th~ injection of the extract when cornpared to both extract and iproniazid + 

extract treated animaIs. 

3. Spontaneous Notility 

The spontaneous motility of rats treated with iproniazid +D(-NMT + 

extract, iproniazid + extract, e~~tract, iproniazid +c'-MMT, and iproniazid 
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Table 22: THE EFFECT OF IPRONIAZID AND IPRONIAZID + 0<. -METHYL~META'" 

TYROSINE ON URINE EXTRACT-INDUCED HYPNOSIS 

For details see text 

G r 0 u p s No. % 
rats Hypn. 

a.k 
E 6 50.0 

Ipr.
y + E 

-:~ 

6 66.6 

Ipr. y + 0< -t-'lNT
z + E 

~\: 

6 83.3 

% Hypn. = % of rats that lost righting reflex 

"'l\ 
E = urine extract, hypnotic ED 50 intraperitoneally 

IprY = Iproniazid, 100 mg/kg subcutaneously 
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d.. - J.1MTz ~ d.. -methyl-meta tyrosine, 500 mg/kg intraperitonea1Ïy 



. Table 23: THE EFFECT OF IPRONIAZID AND IPRONIAZID + cl... -METHYL-~mTA­
TYROSINE ON URINE EXTRAC'l'-INDUCED HYPOTHERMIA 

For dctai1s see texte 

Rectal o + 
No. temEerature{ C - S.E.} 
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G r o u p rats . Control Hours after Lp. injection of extract 
2 5 2l~ 

'"it~ + + + + E 6 36.7-.12 30.1-.21 31.8-.46 35.9 - .22 

IprY+ E 
'Ok + + + + 6 36.7-.32 29.5-.31 30.6-.35 35.6 .27 

IprY+ ~,( -r-IMTz 
~~ 

37.8"t. 26 35.6±.3lb 36. 3±1. 03b + .68
a + E 6 33.8 -

a ;::: P<: 0.05 (treated versus extract) 

b ;::: P-<. O. al (treated versus extract) 

a':::: P< 0.05 (Ipr. + c-(-MMT versus Ipr.) 
-/( 

E ;::: urine extract, hypnotic ED 50 intraperitonea1ly 

IprY = Iproniazid, 100 mg/kg subcutaneously 

e>t.-NMT
z 

;::: <><:"-methyl-meta-tyrosine, 500 mg/kg intraperitoneally 

a' 
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.Fig.!.l..8..1.. Nean rectal temperature changes in response to urine extract 
(hypnotic ED 50 dose) in rats pretreated with iproniazid 
(IPR), iproniazid + oZ-methyl-meta-tyrosine (IPR + 0<.. -NNT) 
or vehicle. 
Number in parenthesis refers to number of rats in each 
group. For detail see text. 
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is shown in Fig.19. 

It is illustrated that 2 and 3 hours following the administration 

of the extract in the iproni.azid + po( -~lMT treated group the behavior of the 

rats was charactcrizecl by a hypermotility 'vhich decreased slightly during 

the course of the 1+1:h and 5th hour. 

The spontaneous motility of rats trcated 'vith ipruniazid -1- extract 

was characterizecl by the sam~ pattern, alt.hough to a lesser degree when 

compared to the previous group. 

Rats treated wit.h extract alone were completely quiet for 2 hours 

while during the l.th and 5th hour thcy started to move around. Control 

stuclies shmved that ",hile the administration of iproniazicl -1-,'..( -:M}-lT gave 

essentially a similar response in the presence or absence of the extract, 

the spontaneous motility of rats pretreated with iproniazid alone, was 

characterized by a dcpression of activity if comparecl to the spontaneous 

motility of normal animaIs, shawn in Table 17. 



IPRONIAZIOH"-MMT t EXyRACT 

IPRONIAZIO • EXTRACT 

EXTRACT 

,.1",-,,' . 

IPRONIAZIO + '" - MMT 

• I.I·I~~~ ~.,.~~I'~ ~~,~~~, 

IPRONIAZIO 

~~ ~~ qfo",' I~J' ~-

1- 2 2-3 3-4 4-5 

- ... .1 MIN 
HOURS 

Spontaneous motility ohservcd in iproniazid + 
oC-methyl-meta-tyrosine (<.--.( -HNT) + extract, 
iproniazid + extract, and only extract treatcd 
rats. 
Record also shows the spontaneous motility of rats 
treated with iproniazid + '--< -methyl-meta-tyrosine 
(c-( -MNT) or iproniaz id. 
The record represcnts the spontaneous rnotility of 
2 rats in euch group. Continuous recordings were 
taken thl-oughout the experiment for. 4 hours. The 
samp les sho\'ln represent the typic;) l mot il ity ob­
served for (~ach hour. - Record ing speed: 25 mm/min. 
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Table 2L~: TEHPERATURE CI-IANGES IN RATS, FOLLOHING THE ADHINISTRATION 

OF VARIOUS DRUGS 

Gradec1 doses of various drugs ,vere administered ora11y to 
rats. Rectal tempcrature was measured prior to and 2 hours 
following drug administrat:i.on. The values in the table 
express the c1ifference obtained by subtracting 2-hour values 
from contro1s. 
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A. General Discussion 

The results presented in this work showed that urine extract 

prepared from a fraction of pregnant mare urine exerted strong biological 

aetivity. 

It ,vas shOlvn that the extract possessed a strong antisecretory 

aetivity antagonizing histamine-induced ad.d hypersecretion in guinea­

pigs and dogs, but interestingly ·it rather potentiated than inhj.bited 

gastrin-induced acid hypersecretion in guinea-pigs. The extraet also 

exerted a strong anti-ulcerogenic effect both in the pylorus-ligated and 

irrunobilized (restraint) rat. 

The extract elicited a definite hypnotie action both at room and 

elevated telllperature. Since the strong hypothermie effect of the extract 

was almost eompletely abolished at elevated temperature it seems reasonable 

to assume that both the hypnotie and hypothermie action are primary and 

independent effeets of the extract. 

Investigations using eentrally acting agents seemed to eonfirlll 

this observation, sinee a certain class of drugs (brain stem stimulants) 

antagonized hypnosis but were without any effect on the hypothermia. On 

the other hand, prevention of hypothermia did not inhibit hypnosis, the 

number of rats that lost their righting reflex ,vas even inereased. 

The results presented in this thesis, hOlvever, ,vere obtaincd with 

a purified but not a ehemically pure substance. Thus it could not be 

stated with eertainty that the effeets deseribed are the property of a single 
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• DISÇ!2§S lOli 

A. General Discussion 

The results presented in this \<1ork showed that urine extract 

prepared from a fraction of pregnant mare urine exerted strong biological 

activity. 

lt was shown that the extract possessed a strong antisebretory 

activity antagonizing histamine-induced acid hypersecretion in guinea­

pigs and dogs, but intercstingly ·it rather potentiated than inhibited 

gastrin-induced acid hypersecretion in guinea-pigs. The extract aJ.so 

exerted a strong anti-ulcerogenic effect both in the pyJ.orus··ligated and 

immobilized (restraint) rat. 

The extract eJ.icited a dcfinite hypnotic action both at rcom and 

elevated temperature. Since the strong hypothermie effect of the extract 

was almost completely abolished at elevated temperature it seems reasonable 

to assume that both the hypnotic and hypothermie action are primary and 

independent effects of the extract. 

Investigations using centrally acting agents seemed to confirm 

this observation, since a certain class of drugs (brain stem stimulants) 

antagonized hypnosis but "t-lere without any effect on the hypothermia. On 

the other hand, prevention of hypothermia did not inhibit hypnosis, the 

nunilier of rats that lost their righting reflex was even increased. 

The results presented in this thesis, however, \<1ere obtaincd with 

a purified but not a chemically pure substance. Thus it could not be 

stated with certainty that the effects described are the property of a single 
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. substance. The possibility exists that it may be due to the combined ef­

fect of various constituents of the extract. This possibility is remote 

however, if one considers that (a) the cxtract was highly active in an­

tagonizing histamine-induccd acid hypersecretion, while it had no effect 

on gastrin-induced acid hypersecrction; (b) hypnosis (ED 5 - ED 95) was 

obtained within a relative1y narrow dose range (1000 - 1215 mg/kg of 

extract), and (c) small doses of extract induced a significant drop in 

body temperature. It is questionable furthermore, even if one assumes that 

the effects are due to a single substance, \·,hether this is of known or un­

k11O\vn chemical nature. 

It is ,vell knoNli that certain steroids or steroid metabo1itcs 

have anesthetic property. If is a1so known that both huma11 and animal 

urine contain large numbers of steroids and/or steroid metabolites and the 

possibility existed that hypnotic activity ,vas brought about by pregnane 

and pregnenc derivatives. However, the analysis of the extract using gas 

chrrnnatography (kindly performed by Dr. D.J. Marshall of Ayerst Laboratories) 

revea1ed that "the samp1e 'vhich ,vas chromatographed under several conditions 

contained traces of estrogens (estrone, equi1in, l7c(-dihydroequi1in) to­

gether with possible traces of pregnanes, terpenes and many unknmms". 

This determination exc1uded the possibility that 10ss of righting reflex 

was due to known steroids present in the urine. 

B. Detailed Discussion 

1. Effect of Graded Doses of Histamine and Gastrin on Gastric Acid 

Secretion in Nale and Female Gui!1ea-pi&§. 

Prior to the investigation of ,the effect of urine cxLract on his-



.tamine or gastrin-induced gastric acid hypersecretion experiments were 

carried out in male and female guinea-pigs to establish the dose range 
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f;)r both histamine and gastrin which induces a submaximal, maximal and 

supramaximal acid secretory response. The experiments demonstrated that 

a single s.c. injection of histamine, at the dose levels used, unifo:r.mly 

induced a well-defined acid secretory response. The results obtained were 

in agreement with the established effect of histamine in most marnmalian 

species w'hen similar doscs ,,,cre used. Progressive increases in histamine 

dosage resulted in correspondingly higher acid output in both sexes. 

Haximal acic1 secretory response ,,,as obtained following the administration 

of 0.4 mg/kg of histamine in both male and female animaIs; 0.8 mg/leg of 

histamine proved to be a supramaximal dose because acid secretion dcclined 

in both sexes ",hen comparec1 ,vith the results obtained after the administra­

tion of 0.4 mg/kg histamine. This Hnding hOiV'cver, is in accord with the 

observation of Lin et al. (1962) who found thal: when histamine was intra­

venously infused in Heidenhain-pouch dogs dose-response curves were obtained 

which rose to a lllaximum and then fell off with further increase in dosage. 

The experiments performed with a highly purified gastrin prepara­

tion (Gastrin Leo) clearly shOived that guinea-pigs are much less sensitive 

to gastrin than sorne other species. 

,Gregory and Tracy (l96l~) have reported that gastrin l and II 

stimulate the flOiv of a highly acidic gastric juice in a conscious dog when 

given subcutaneously in a dose range of 0.25 - 2.5 ).1g/leg. Doses of 2.0 

)lg/kg of gastrin were described by Halehlouf et ~ (196L~) and 8emb and Hyren 

(1965) as potent stimulants of acid secretion in man. (The latter investi-
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gators used the same purified gastrin preparation (Gastrin Leo) in humans 

as ,.,re did in the guineu-pigs.) However, gastrin in doses reported to be 

able to stimulatc acid secretion in other species had no effect on gastric 
, ...... 

acid secretion in male or female guinea-pigs. In guinea-pigs gastrin \'las 

able to induce maximal acid secretion only in the dose range of 1.00-200 

}lg/kg. ThiEl dose i8 about 100 times larger than the doses ,.,rhich produced 

maximal effect in humans and dogs. The extreme sensitivity of the guinea-

pigs to histamine is \.,rell knmm. Therefore it was unexpected to find that 

the guinea-pig ,.,ras so insensitive to gastrin. 

When dose-response curves obtained in guinea-pigs, were compared 

in response to either histamine or gastrin the following striking differcnces 

were noted: 

(i) the secretory response became evident e.arl ier in 

rcsponse to gastrin, 

(ii) peak secretion was reC01'ded ea1'lier in response to 

(iii)' 

gast1'in, 

the secretory response declined earlier in response to 

gastrin, 

(iv) maximal total acid output ",as higher (although not 

significantly) in response to histamine in the male 

g!linea-pigs, 

(v) the dose which induced a maximal secretory response 

fo11O\.,ring the administration of gastrin was only half 

the dose of histamine on a \veight basis, 

(vi) a supramaximal dose of gastrin hardly stimulated acid 

secretion; a supramaximal dose of histamine induced 

a smaller response than the maximal dose but only 

slightly so. 



In human subjccts Kay (1953) observed the maximal gastric 

secl"etory response between 20··lj.O minutes after the s.c. injection of 

large doses of histamine; Semb and Myren (1965) found that on gastrin 

stimulation maximal values ~.,ere not reached until 40-60 minutes after the 

administration of the hormone. 

Differences in maximal responses to gastrin and histamine are 

dcscribed in the literature but in most cases the maximal response to 

gastrin is greater than to histamine (Makhlouf, 1964 and Konturek and 

Grossman, 1966). 

The results obta:i.ned in the experiments do not explain the striking 

lack of sensitivity of guinea-pigs in response to gastrin. Hm.,ever, from 

data available from the literature certain comparisons can be made ~.,hich 

may enable one to drm., sorne conclusions. 

The mechanism by Hhich gastrin stimulates gastric acid secretion 

i3 not knmm. Most experiments in which the possible mechanism of action 

Has inv':\stigated \olere performed in rats. Haverback et al. (1965) observed 

a decrease in gastric histamine content in association Hith acicl secretion 

. fo11o\.,ing injection of gastrin. Kah1son and Rosengren (1965) reported a 

greatly increased histamine forming capacity in the stomach after the ad­

ministration of gastrin. On the basis of these observations, it ~ .... as suggested 

that the effect of gastrin on the acicl-producing ce11s might be mediated 

through histamine, thus rendering histamine the final conunon pathway in the 

stimulation of acid secretion. 

It is also knmm that histamine metabo1ism is dynamic in the acid­

secreting gastric mucosa of the rat and the stomach has the highcst histamine 
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forming capacity of any organ. Histamine forming capacity is a measure of 

histidine decarboxylase activity and specifie histidine decarboxylase has 

not been identified in the gastric mucosa of species other than the rat 

and rabbit. 

All the se observations indicate that histamine formation is cHf­

ferent in the rat stomach from that of other species. Thus, the suggestion 

that the effect of gastr:i.n is mediated via histamine might be true in the 

rat, but it seems very unlikely that the mechanism of action of gastrin 

,.,ould be the same in other species particularly in the guinea-pig. 

The existence of highly puriUed and synthetic gastrin is fairly 

new and most studies recorded in the literature describe the effect of the 

hormone in humans, dog and rat. \ve did not find data with reference to the 

effect of gastrin on acid secretion in the guinea··pig. 

The administration of gastrin (same batch as used in guinea-pigs) 

to hooded male rats in a dose of 2.0 }lg/kg was able to induce acid secretion 

and peak secretory responses were recorded 45-60 minutes after injection. 

No other doses of gastrin ,.,erc investigated in the rat: the only aim of 

the experiment ,.,as to establish whether 2.0 .J1g/kg of gastrin (,.,hich is a 

secretory stimulant in other species) is able to stimulate acid secretion 

in the rat. The experiment provided an affirmative answer. 

In summary: gastrin had to be administered in large doses to guinea­

pigs in or der to stimulate acid secretion. The earlier secretory response, 

and earlier peak secretion, the lower maximal secret ory response, and finally 

the earlier return .ta basal secret ory levels (as compared to responses fol­

lowing histamine) suggested that: (1) in the guinea-pig gastrin-induced acicJ 



secretion ,.,as not mediated via histamine and (2) the guinea-pig is a 

species highly insensitive to the antral hormone. 

2. T1!.e Effect of Urine Extract on Histamine and Gastd.n-induced 

Gastric Acid Hypersecretion 
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On the hasis of the results presented, it is evic1ent that urine 

extract ohtainec1 from fractions of pregnant mare urine, antagonized histaminc-

induced gastric acid hypersecretion both in anesthetized male guinea-pigs 

and in conscious dogs provided ,.,ith a Heidenhain pouch. The extract 

however, c1id not antagonize gastrin-induced gastric acid hypersecretion 

in anesthetized male guinea-pigs. 

The dose of histamine usec1 induced maximal acid secretion in the 

guinea-pigs and submaximal"acid secretion in the dogs. Gastrin-inc1uced 

gastric acid hypersecretion ,.,as investigated in response to both a maximal 

and a submaximal stimulatory dose. 

It is evident from the results presented that although urine ex-

tract inhibited histamine-inducec1 acid hypersecretion in both guinea-pigs 

and dogs, this inhibition was both quantitatively and qualitatively dif­

ferent. In the guinea-pigs the extract decreased total acid output during 

peak secretion by an average of 71%. Furthermore, in extract-treated animaIs 

the concentration of the acid was also signific:antly depressed by an average 

of 56%, calculated similarly for the entire peak secretory period. 

In contrast to this total acid output was decreased by 38 and 34% 

respectively from the pouch of the male and female animal. 

Thus % inhibition of total acid output, follm-ling treatment ,.,rÏth 

-, 
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the urine extract, was less in dogs than in guinea-pigs, although the 

decrease was highly significant in both species. 

Hm"cver, acid concentration was not decreased following treatment 

with the extract"as compared to treatment with the vehiele. The reason for 

this differenee ls not known although similar discrepancies ,,,ere recorded 

for example in response to enterogastrone. "Kirsner (19l~8, 19l~9) noted in 

human subjects that enterogastrone markedly deereased HCl concentration 

and only slightly the volume; Linde (1952) shm"ed in Heidenhain-pouch dogs 

that enterogastrone in response to histamine :.nhibited the volume output 

and consequently acid output, ,,,hile acid concentration remained unchanged. 

According to severai '-1Orke1's, hm"ever, inhibition of histamine-

induced acid hypersecretio!l by urogast1'one in dogs (Gregory, 1955), by 

atropine in either humans (polland, 1930; Atkinson and lvy, 1938; Kirsner 

and Palmer, 19l~0) or dogs (Atkinson and lvy, 1938) ,,,as usually confined to 

a decrease of volume and acid output, while acid concentration remained 

unchanged. 

lt should be taken into consideration that several differences 

existed in the experimental conditions, under ,,,hich investigations were 

carried out in guinea-pigs and dogs, besides the species difference: 

(i) the dose of extract/kg ,,,as Im"er in dogs; 

(ii) guinea-pigs ,,,ere kept under light anesthesia, the dogs 

were conscious; 

(Hi) 

(iv) 

the guinea-pigs received the extract intraperitoneally, 

the dogs orally, and 

the dose of histamine induced a maximal secretory response 

in guinea-pigs and a fiubmaximal seereto1'y response in dogs. 



This latter difference, hmvever, \<lould mean a disadvantage for 

the guinea-pigs. Gregory (1955) noted that in general a greater degree 

of inhibition is observed following submaximal secret ory rates. 
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Due to the fact that there is a considerable lack of knowledge 

concerning the intimate details of the secret ory process in the cells of 

the gastr~.c mucosa it is not possible to drmv conclusions concerning the 

mechanism of action of the extract. 

It ,vas shmvn by Gray ü-E.h (1939); Friedman ~h (1939) and 

Necheles et al. (1939) that human and animal urines contain a substance, 

called urogastrone, 'vhich inhibits gastric acid secretion. Hmvever, the 

active principle present in our extractA and urogastrone are 1Il0st probably 

two d:i.fferent substances b.ased upon comparisons as follm\7s: urogastrone 

is a \Vater soluble substance (Gray ~t al. 1942) Ylhich can be precipitated 

byether (Gregory, 1955) or by 85% ethanol (Mongar and Rosenoer, 1962). 

Urogastrone is a polypeptide, digested by pepsin and ch~notrypsin (Rosenoer, 

1962) and i8 consequently not active on oral administration. It causes no 

changes in body temperature of rabbits. In contrast to these properties 

the active principle present in the extract is soluble in organic solvents, 

insoluble in water; is active after oral administration (dogs, rats) and 

causes a profound hypothermia as shown in conscious rats. 

lVhen acid secretion was stimulated by gastrin, 1. 5 g/leg of extract 

given intraperitoneally was unable to inhibit hypersecretion in lightly 

anesthetized male guinea-pigs. 

Treated animaIs secreted slightIy, but insignificantly Iess acid 

in response to a dose of gastrin which ~nduced submaximal secretion. In 
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:response to a dose, ,,,hich inducecl a maximal secret ory response, total acid 

output was even somewhat greater in treated animaIs as compared to controls. 

There are several data in the literature which inclicate that responses in­

clucecl by gas trin or histamine, both in-y~tl":.2. or in viY.2" are different ly 

affected by the same pharmacological agent. 

Bennett (1965) shm"ed that gastrin-incluced contractions of the 

guinea-pig ileum ,,,ere unaffected by the antihistamine Hepyramine, ,,,hile 

hyoscinc either completely abolished or greatly reducecl the contractions 

induced by gastrin. 

Gregol'y and Tracy (1961) showed both in man and dog, and GrOSE:man 

(1961) in dogs, that while histamine-induced acid secretion was only slightly 

affected by atropine, gastrin~induced acid secretion was almost completely 

abolished. 

In the experiments presented it was shmvn that the extract ef­

fectively inhibits acid secretion in response to histamine, while it has no 

effect upon acid secretion in response to gastrin under identical exper'imental 

conditions in guinea-pigs. 

In sunmtary: it was shown that the urine extract is a potent in­

hibitor of histamine-induced gastric acid hypersecretion in both guinea-pigs 

and dogs, provided with a Heidenhain pouch. It is more potent in guinea­

pigs in which it significantly decreases the volume, total acid output and 

acid concentration. The volume and acid output are significantly decreased 

from the pouches as well, but acid concentration remains unaffected. 

Under identical experimental conditions the extrac.~ has no effect 

on gastrin-induced gastric acid hypersecretion in male guinea-pigs. 



3. Differences in Gastric Acid Output in Response to Histamine 

and Gastrin Between Male and Female Guinea-Pig.~ 

170 

Gastric acid secretion in response to graded doses of histamine 

has been the subject of many investigations in experimcntal animaIs, yet 

the possible significance of the influence of 'sex has not been studied 

though it has been reported in man. 

The results of our experiments clearly indicate that there is a 

basic difference in acid secretory capabil ity bet\"een male and female 

guinea-pigs under conditions of maximal histamine stimulation. 

The results show a remarkable sind.larity to the pattern of acid 

secretion obscrved in man. 

Clinical studies' performed by Vanzant et a~~ (1932, 1933) shm"ed 

that arter a test meal the values obtained for both volume and free and 

total acidity were higher in men than in \"omen. After the introduction 

of the Kay test, similar experiments were carried out under conditions of 

maximal histamine stimulation (Baron, 1963; Vakil and Mulekar, 1965) 

confirming the original observation. 

Investigations carried out in man and dog showed a direct cor­

relation between the parietal cell mass and maximal secret ory response 

(Card and Marks, 1960; Marks et al. 1958; Marks et al. 1960). It was 

also shown that the number of parietal ceils was greater in males than in 

females (Cox, 1952). 

It seems likely, therefore, that a similar diffcrence might also 

be found bet\veen male and female. guinea-pigs. There is only one objection 
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,to this possible explanation namely, the finding that the administration 

of 0.2 mg/kg of histamine brought about a definitely greater (though 

statistically not significant) response of acid secretion in the male than 

in the female .. Since this dose of histamine was belmV' that which induced 

a maximal secret()l"y response, it is possible that (a) the sarne stimulus 

elicits a lesser response in females, or (b) female guinea-pigs are less 

sensitive to the smne dose of histamine. 

Differences in acid secretion between male and female guinea-pigs 

in response to gastrin were investigated only under conditions of maximal 

stimulation. Although the differenecs \-lere not statistically significant 

it was shown that total acid output wBS less in females and declined earlier 

tmV'ards basal levels. The dose of gastrin which inc1uced a maximal acid 

secretory response was investigated only in l~ male and 4 female guinea-pigs, 

and the large variation in the response obtained i8 probably responsible 

for the fact that the c1ifferences were not statistically significant. 

HmV'ever, there was a definite tendency in female guinea-pigs to secrete 

less acid in response to gastrin, as was seen in response to histamine. 

4. The Antiulcerogenic Effect of Urine Extract 

In the past 40 years several experimental procedures \-lere devised 

to produce gastric ulcer in animaIs. Two of the established methods \V'ere 

used in our experiments: the pylorus-ligation and the restraint-induced 

gastric ulcer methods, both of which use th8 rat as experimental subject. 

However, the pathogenesis of the ulceration, produced by these 

methods differ and the protectiort afforded by the urine extract in both 



.the restraint and Shay rat was probnbly due (at least in part) to dif­

ferent pharmacological actions of the substance. 

172 

Shay !:.!...al:_ (19L~5) demonstrated first that an acute ulcel'ative 

process takes place in the forestomach of the pylorus-ligated rat. The 

lesions appear when unbuffered juice is present in the stomach in suf­

ficient amounts and for a sufficient period of time. lt is suggested 

that the rumenal ulcers in the pylorus-ligated rat are merely the result 

of corrosion of those parts of the stomach which normally are not exposed 

to strong acid. Sun and Chen (1963) described that certain surgical 

procedures and a numbcr of drugs nfforded protection against ulceration 

in the Shay rat. These were as follows: bilateral vagotomy; adrenalectomy; 

hypophysectomy; anticholinergic drugs (atropine sulfate, scopolamine methyl­

bromide, propantlœline); urogastrone and enterogastrone, and chlorpromazine. 

The decreased incidence of ulceration was always accompanied by a decrease 

in both aeid output and volume of gastric juice seereted. These observations 

suggested that the depression of gastric secretion is the major mechanism 

by whieh ulceration is rcdueed in the pylorus-ligated rat. 

The results of our experiments elea1'ly sho'iVed that the volume of 

gastric juiee eolleeted over the entire period of ligation and total acid 

output were greatly and significantly redueed in rats treated with the 

urine extraet either 24 hours prior to ligatio1'1 or in correspondingly lower 

doses if given intraduodenally inunediately following pylorus ligation. 

Parai lei to the decrease of volume and aeid output, ulceration was ah"ays 

significantly reduced. 

The long duration of ae~ion was a striking feature of the anti-
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.ulcerogenic action of urine extract. Administered in sufficient amount:s 

the effect of a single oral dose could exert an inhibitory affect for at 

least 30-40 hours. 

Thus the results df the ~xperiments indicate that the protection 

against ulcer formation afforded by the urine extract in the Shay rat was 

most probably due to the suppression of acid secretion. 

Bonfils and Lambling (1963) have extensively stuc1ied the factors 

\.,hich contribute to the induction of restraint-inducec1 experimental ulce.rs. 

According to Bonfils and Lmnbling (1.963), acute vascular lesions 

of the gastric mucosa observed half an hour after the application of 

restraint, are of primary importance. 

Furthermore the pn~sence of excess acid i.n the stomach and a 

"central nervous system component" are also involved in restraint-induced 

gastric ulceration (Brodie, ~~:_ 1963). 

Brodie ~t al::.. (1963) remarked that because the lesions do not 

penetrate into the serosa and do not produce scarring on healing they are 

not true gastric "ulcers" as the tenn is applied in clinical gastrointestinal 

pathology. "Erosion" would be a better term but the word "ulcer" is firmly 

established in stress literature. 

The finding that anticholinergic drug~ significantly reduced the 

incidence of ulceration (Hanson and Brodie, 1960; Brodie et al. 1963) 

shm.,ed the importance of acid in the stomach and pointed to the faet that 

it played a role in the pathogenesis of the ulcer. Central nervous system 

depressants also significantly decreased the incidence of ulceration. 



· Pentobarbital, benactyzine and chlorpromazine were investigated by Hanson 

and Brodie (1960) .and chlorpromazine was the most potent among these drugs 

in inhibiting ulceration. The results of our experiments performed in 

female albino rats shmved that the incidence of ulceration following a 

2l~ hour iImnobilizatioll period led to 66 and 80% ulcer formation respectively 

in the 2 control groups. This was in good agreement ,..Tith the ulcer in­

cidence of 86% as reported by Bonfils and his group. The urine extract, 

as was shown in the course of other experiments, significantly decreased 

gastric acid secretion and exerted a strong depressant effect on the central 

nervous system. 

Based on these observations, it is suggested that the protection 

afforded by the urine extract against restraint-induced gastric ulceration 

was most probably due both to its ability to decrease gastric acid secretion 

and to ils depressant effect upon the central nervous system. 

5. Effect of Drine J:!:xtr§l..ct Deon the Central N~J~~st~ 

The experiments performed 'vith the urine extract can be divided 

into 2 groups: 

(1) determination of the action of urine extract upon the 

central nervous system and the intensity of these actions; 

(2) possible antagonism of these actions by centrally acting 

drugs. 

In general, all the actions of the extract were "depressant". 

It induced hypnosis, potentiated the hypnotic effect of hexobarbital sodium, 

decreased the body temperature and greatly suppressed spontaneous motility. 

Due to the observation that the extract induces hypnosis within 



·a relatively small dose range it 8eems reasonable to assume that this 

is a specifie pharmacological action. 

The effects of the urine extract on the central ncrvous system 

are well comparable to th08c of chlorpromazine but are unlike th08e of 

reserpine. This comparison is based upon data from Lessin and Parkes 
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(1957) who described a~d compared the effects of chlorpromazine and reserpine 

upon sedation and body temperature in the mouse. 

They found that chlorpromazine caused a faU in body temperature 

and peak hypothermia was reached between l~ - 3 hours after the administra­

tion of the drug. II: Great ly clecreasecl spon.taneous activity and potentiated 

pentobarbital sleeping time both at room temperature and at an elevatecl 

ambient temperature. HOIv.cver, chlorpromazine had no sedative or hypothermie 

actions at 32
0

C. 

Like chlorpromazine, the extract potentiated hexobarbital sleeping 

time at both room tcmperaturc and elevated environmental temperaturc. The 

maximal °fall in body temperature was also obscrved between 1 and 3 hours 

after the administration of the extract. 

UnliIee chlorpromazine the extract caused a loss of righting reflex 

in 40% of the rats given at the hypnotic ED 50 dose at an elevated ambient 

temperature. 

The hypothermie effect of the extract was extremely marked. Even 

a smaU dose caused a significant drop in rectal temperatures while 1arger 

doses caused a dramatic fal1 of often more than aOc. 

At e1evated envl.ronment;al temperature the hypothermie effect of 

the hypnotic ED 50 close was significanb 1 hour fol10wing its administration, 
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,while during the subsequent hours the temperature rose to even higher 

levels than observed in the vehicle-pretreated group. Although the drop 

in body temperature, 1 hour after the administration of the extract, was 

statistically significant it should be emphasized that the hypnotic ED 50 

dose caused a drop in body temp0.rature of about 8
0

C at room temperature 

and 1. 20 C at the e levated ambient t o. 

Although separate extracts were used for each experiment throughout 

this study, the repeatability of experimental data was extrcmely good. For eX9m-

pIe the fall in rectal temperature, follmdng administration of the hypnotic 

o En 50 dose was always around 8 C and the peak of the temperature decreasing 

action occurrec1 at about 2 hours. 

The hypothermie effect of the extract was more pronounced than 

its hypnotic effect. Less than 1/5
th 

of the hypnotic ED 50 dose inducec1 

a significant drop in body temperature. 

In none of the experiments performed did the rats exhibit shivering 

o with rectal tempcratures as low as 29 C. It is knm<ln that anesthesia 

abolishes shivering, hm<lever shivering was absent in aIl animaIs, regard less 

whether they lost their righting reflex or were conscious. 

Davis (1959) suggested on the basis of experiments performed in 

miee that in the truly hypothermie homeotherm shivering is stimulated only 

on the basis of core temperature. (Mice with rectal temperatures belm-l 

o 
34 C were designated as "truly hypothermie"). 

Ke 11er (1959) demonstratec1 the absolute dependence of shiverine 

. upon the integrity of the caudal hypothalamus. 
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It is possible the~efore that the extract induced the profound 

hypothermia through its depressant cffect on the caudal hypothalamus where 

the heat conserving mechanism is located. Efferent nerve fibers, res­

ponsible for shivering arealso kno\Vll to enter this area. 

It is more probable that the heat conserving mechanism of the 

caudal hypothalamus \Vas inhibited than to suggest stimulation of the 

rostral hypothalamus, \Vhich promotes heat loss. 

This suggestion is based upon the observation that at elevated 

ambient temperature extra'ct-treated rats manifested higher rectal tempera-­

tures than did controls and at the end of the 2l~ hour period 60'% of the 

rats died, while none of the control animaIs \Vere dead. This showed that 

extract-treated animaIs Here l.tUable to handle a heat-load. HOHever, if 

the extract stimulated the heat loss center (rostral hypothalamus) the 

foregoing observation could probably not have occurred. 

In further experiments it \Vas investigated if centrally acting 

drugs were able to antagonize extract-induced hypnosis and hypothermia. 

The experiments established that pretreatment Hith sraded doses of drugs, 

classified as brain 'stern stimulants, either entirely prevented hypnosis 

or reduced the frequency of loss of righting reflex, which normally fol­

lowed the administration of the extract. 

Picrotoxin, pentylenetetrazol and nikethamide were used in these 

expcriments. 

Most data in the literature revealed that nikethamide is a much 

weaker antagonist than eitlœr picrotoxin or pentylenetetrazol. The latter 

t\-lO drugs \Vere describcd by sorne \-lorlcers as almost equipotent (Chakravarti, 



.1939); other investigators found picrotoxin more potent (Bar lot." 1935; 

Werner and Tatum, 1939). 

In our experiments pentylenetetrazol was the most potent in 
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antagonizing extract-induced hypnosis. Pentylenetetrazo1 t.,as administered 

at If different dose leve1s and, exc.ept for the smaUest dose, it entire1y 

prevented the 10ss of righting reflex in rats fo11O\'ling administration of 

the extract. 

Increasing doses of picrotoxin and nikcthamide cou1d partially 

antagonize hypnosis but in the dose range usad neither drug entire1y pre­

vented it. 

PentyJenetetrazol and picrot:oxin had no effect on e2:i:ract--iè1duced 

hypothermi.a. 

These drugs are èallûcl "cooling clrugs" and in subconvulsive doses 

they 1mver body temperature of normal animaIs. Hm.,ever, if they are con­

comittantly administerec1 \'lith barbiturates they prevent a fall in body 

temperature (Hahn, 1943). 

Rosenthal (1941) suggested that this effect is due to a true 

pharmacological antagonism; picrotoxin on the one hand and barbiturates 

on the other prevent each others action. On the other hand the hypothermie 

action of other drugs than barbiturates will be potentiated by picroloxin 

(Rosentha1, 1941), because probably both stimulate the same (cooling) center. 

Due to the fact that picrotoxin and pentylenetetrazo1 neither 

potentiated nor antagonized extract-induced hypothermia, no conclusion 

could be reached fromthese experiments for the site of hypothermie action 

of the extract. 

Hahn (1943) observed thal hypothermia induced by several drugs 
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,could be potentiated by nikethamide. Nikethamide also potentiated sig­

nificantly the extract-induced hypothermia. Hovlever, nikethamide itself 

caused a significant drop in body temperature in normal rats 2 hours aiter 

its administration. This finding was in contrast to the general obser­

vation that n:i.kcthamide causes hyperthermia in subconvulsive doses. 

Amphetamine was the only drug which was tested under 2 different 

experimental conditions. It was investigated (a) ,,,hether amphetamine \vas 

able to prevent loss of righting reflex and hypothermia, (b) ,,,hether it 

antagonized established hypothermia. 

Although according to the literature amphctamine antagonizes the 

hypnotic effect of nearly aU anesthetic agents (Hjort, 1938; Trevan, 

1938/39; Chakravarti, 1939 ,and Reifenstein, 19 ld) its antagonism against 

the urine extract was not marked. The nunilier of rats which lost thcir 

righting reflex, was decreased by the administration of 7.5 mg/kg of 

amphetamine hm"ever, j.ncreasing doses of amphetamine even potentiated the 

effect of the extract. 

Amphetamine potently antagonized extract-induced hypothermia tmder 

both experimental conditions. Higher doses were more pote nt and the highest 

dose investigated even caused hyperthermia. 

The effect of iproniazid and iproniazid +0( -:Nl-lT pretreatment was 

also investigated on extract-induced hypnosis and hypothermia. The time 

of injection of iproniazid and ':< -MNT were based upon observations in the 

literature. Spector et al. (1958, 1960) found that brain norepinephrine 

concentration reached a plateau by the 3rd day fo11m"ing treatment with 

iproniazid. Plummer and Furness (1963) noted that maximal changes in activity 
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and behavior of an animal occurred follm"ing pretreatment of iproniazid 

for 3 days. Costa et al. (1961) noted that 4 hours after the injection 

of cl:. ··MMT l1Iore than 80% of brain norepinephrine \'las releasac1. Such animals 

manifestec1 hyperactivity and hyperthermia. ° 

The behavior of the rats fo11ol'7ing pretreatment Hith both iproniazid + 

cl.. -MMT, and also with amphetamine \"as very similar to that described by 

Costa ~.:. (1961). Hm"ever, neither iproniazid alone, nor iproniazid + 

c;o(-MMT could prevent the loss of righting reflex in rats, but rather poten­

tiated the effect of the extract. 

It is knmom that NAO inhibitors potentiate anesthetic agents 

(Giarman, 1965) by an inhibition of the oxidative enzyme system in liver 

microsomes and the potent~ating effect obscrved in our experiments was 

possibly due to this action of iproniazid. Hhile iproniazid +,;.(0 -NHT pre­

treatment prevented hypothermia, iproniazid pretreatment alone potentiated 

it, although not significantly. 

When animaIs \'lere placed into motility cages from groups which 

received (i) amphetamine, (ii) iproniazid + c{ -MMT and (iii) iproniazid 

prior to the extract, a tremendous hypermotility was noted in aIl 3 groups. 

However, \'lhile the hypothermia \'las significantly antagonized by (i) amphe­

tamine and (ii) iproniazid +~~ -~~lT it was potentiated by iproniazid pre­

treatment alone. This observation largely excluded the possibility that 

the increase in body temperature \"as due to heat production arising from 

an increase in muscular activity. Work of Stein (1964) and Hanson (1966) 

suggested that the central actions of amphetamine were mediated via 

catecholamine release; c( -NNT is knm"n to cause a long-lasting depletion 

of brain norepinephrine. 
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Catecholamines, particularly norepinephrine, are knm'ln to induce 

an increased mobiJ.:lzation of metabolic substrates, this is manifested in 

both an increase of blood glucose and an increase of plaAlua levels of 

free faLty ac:tds (Maickûl !.:Uh 1963; Smith, 1963). 

It is suggested that amphetamine and iproniazid + eX -1'-IT-rr both 

antagonized extract-induced hypothermia by releasing catecholamines which 

illduccd an increased metabolism with consequent heat production. Unfor­

tunately no biochemical experiments werc performed which could support 

this suggestion. 

In summary, it is suggested that urine extract-induced hypnosis 

and hypothermia are of central origin, and are 2 separate effccts not 

produced as a result of one another. No direct experiments were performed 

to ascertain the central orjgin of the effects, hm'lever, the observation 

that both actions were antagonized by centrally acting drugs is a good 

indirect support of this hypothesis. 



SUMNARY 

Experiments ~.,cre performed with partially purificd extracts, 

prepared from pregnant mare urine to de termine (1) whether the extract 
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is capable of antagonizing histamine and gastrin-induced gastric acid 

hypersecretion, (2) whether the extract is capable of antagonizing ex­

perimentally-induced gastric ulceration, (3) whether the extract has any 

effect 'llpon the cardiovascular system and (4) aftcr establishing that the 

extract excrts definite actions upon the central nervous system, vlhether 

these actions can be antagonized. 

'l'he-results may be summarized as follows: 

1. The efficacy of the extracts, which arc soluble in organic 

solvents, was routinely tested and stanclardized on the isolated guinen·· 

pig ileum preparation by determining their antihistaminic activity. 

2. The extract given intrapcritoneally 1 hour prior to histamine 

potently inhibited histamine-inc1uced gastric acid hypersecretion in anesthe­

tized male guinea-pigs. Total acid output, the volume of gastric juice 

secreted and acid concentration were significantly decreased. 

3. The extract, given orally 2 hours prior to histamine, potently 

inhibited histamine-induced gastr:i.c acid hypersecretion in conscious dogs, 

provided "1ith a Heidenhain pouch. Total acid output and the volume of 

gastric juice secretcd were significantly decreased, hm.,ever, the acid con­

centration remained esscntially unchanged. 

4. The extract administered intraperitoneally 1 hour prior to 

gastrin did not antagonize gastrin-induced gastric acid hypersecretion in 

anesthetized male guinea-pigs. 
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5. The extract prevented or strongly reduced ulcer formation 

in the Shay rat \vhen given either ora,lly 6 or 2l~ hours prior to, or intra-

duodenally immediately follmving pylorus ligation. 

6. The extract potently antagonized gastric secretion in the 

Shay rat when given either orally 24 hours prior to, or intraduodenally 

inunediately follmving pylorus ligation. Roth volume and total acid output 

were significantly decreased. 

7. The i.p. or Lm. administration of the extract into rats 

reduced ulcer development induced by the restraint (stress) method. 

8. The extract given intraperitoneally did not induce significant 

changes in the mean arterial blood pressure and heart rate of anesthetü:ed 

male rats and guinea-pigs: 

9. The extract administered intraperitoneally into rats induced 

hypnosis. The hypnotic ED 50 dose was determined by a graphical method. 

10. The hypnotic ED 50 dose of the extract induced hypnosis at 

an elevated ambient temperature as \ve11. 

Il. The extract induced hypothermia. Doses which induced hypnosis 

caused a profound fall of rectal temperatures. Even a sma11 dose of the 

th 
extract, about 1/5 of the hypnotic ED 50 dose, significantly decreased 

rectal tenlperatures. 

12. Peak hypothermia was recorded either 1 or 2 hours follOlving 

the administration of the extract. Rectal temperatures returned tOlvards 

normal 24 hours after the administration of the extract but did not reach 

pretreatment values. 
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13. The hypnotic effect of hexobarbital sodium was significantly 

potentiated by the.extract. 

14. The urine extract significant1y potentiated the hypnotic 

effect of hexoharbital E:odium at an elevated ambient temperature as weIl. 

15. Graded doues of pentylenetetrazo1, administercd orally 30 

minutes prior to the extract (given intraped.toneally in the hypnotic ED 50 

dose), decreased or prevented hypnosis. 

16. Graded doses of picrotoxin, administered oral1y 30 minutes 

prior to the extract (given intraperitoneally in the hypnotic ED 50 dose), 

decrcased hypnosis but did not prevent it. 

17. Graded doses of nikethamide, administered oral1y 30 minutes 

prior to the extract (given intraperitoneally in the hypnotic ED 50 dose), 

decreased hypnosis but did not prevent it. 

18. PentyJenetetrazol and picrotoxin, in the dose range used, 

neither prevented nor potentiated extract-induced hypothermia. 

19. Nikethamide, in the dose range used, significiantly poten­

tiated extract-induced hypothermia. 

20. Graded doses of runphetamine: administered ora11y 30 minutes 

prior to the extract (given intraperitoneally in the hypnotic ED 50 dose), 

exerted a variable effect on hypnosis. A medium dose decreased, whereas 

higher doses rather potentiated the effect of the extract. 

21. Amphetamine pretreatment significantly decreased the clegree 

of extract-induced hypothermia in the close range usecl. Amphetamine given 

orally 1 hour after the administration Qf the extract potently reversed 

established hypothermia. 
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22. Iproniazid, given subcutaneously for 3 consecutive days, 

potentiated both the hypnotic and the hypothermic effects of the extract. 

23. Iproniazid, given subcutaneously for 3 consecutive days, 

+ ri ... -methyl-meta-tyrosine, given intraperitoneally 4 hours prior to the 

extract (given intraperitoneally in the hypnotic ED 50 dose), potentiat.ed 

hypnosis but antagonized extract-induced hypothermia. 

2l~. Rats pretreated ~'lith amphetamine, iproniazid and iproniazid 

+ 01... -methyl-meta··tyrosine exhibited hyperactivity 2 and 3 hours aft.er the 

administration of the. urine extract. Rats treated with the extract alone 

exhibited, during the same period of time, a complete lack of spontaneous 

motility. 

Results are also presented on experiments in ~."hich the secretory 

responses of guinea-pigs were investigated to histamine and gastrin. It 

was found that: 

25. Under conditions of maximal histamine stimulation the secretory 

response (V Jlumoe, total acid output) of male guinea-pigs was significantly 

higher than that of females. 

26. Under conditions of maximal gastrin stimulation the secretory 

response (volume, total acid output) of male guinea-pigs was slightly but 

not significantly higher than that of females. 

27. Gastrin was not found to be a potent stimulant of gastric 

acid secretion in male and female guinea-pigs. The doses of gastrin which 

stimulated acid secretion in guinea-pigs were about 100 times larger than 

doses which were found to be effective in humans and dogs. 



On the basis of thase observations it is suggested that 

(a) urine extracts contain a highly effective substance(s) 

which is capable to exert a ,'lide range of pharmacological actions. 

(b) The substance(s) is soluble in organic solvents and in­

soluble in water. It is effect ive when orally administered which seeu1f.l 

to indicate that the active principle is not a polypeptide. 

(c) The observation that the extract effectively antagonizes 

histamine-induced gastric acid hypersecretioll in several species, \o7hile 

it: is ineffective againsi: gastrin-induced gastric acid hypersecretion 

supports the assumption that the antagonism of hypersecretion is due to 

one substance and not to the coniliined effect of various constituents of 

the urine extract. 

(d) Based on the observation that centrally··acting drugs ef­

fectively antagonized either the hypnosis or the hypothermia, ,,,hich the 

administration of the hypnotic ED 50 dose of the urine extract induced, 
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it is suggested that (i) both hypnosis and hypothermia are of central origin 

and (ii) the induction of both hypnosis and hypothermia are priluary actions 

of the urine extract and are not brought about as a consequence of each other. 

(e) It was established that under conditions of maximal his­

tamine stimulation the secretory response of male guinea-pigs was signi­

ficantly higher than that of females • 

. (f) It was established that the guinea-pigs are extremely in­

sensitive to the action of gastrin, the antral hormone, and that the doses 

'which do induce an increase in acid secretion are about 100 times larger, 
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J:han doses reported in the 1iterature for other species. 

(g) It l'JaS suggested that gastrin does not stimu1ate gastric 

acid secretion in the guinea-pigs via histamine. 

': 
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,f.!AINS OF ORIG INAL HORK 

An antihistamine-like ac~ivity of urine extracts, obtailled 

from manunalian sources, has becn previously estahlished. 

The work presented in this thesis on the pharmacologicai ef-

fects of purified urine extract, extended the rcsearch into areas which 

had not been investigated previously. lt wes established that the urine 

extract: 

(1) exerts a 8trong antisecretory activity in severai anÎlllal 

species (dog, guinea-pig, rat); 

(2) exerts a st1:ong antiulcerogenic activity in rats; 

(3) docs not s.ignificantly alter cardiovascular functions, and 

(l~) exerts èl depressant effect upon the central nervous 

system. 

lt \-!aS established that the "maximum" response to histamine of 

gastric secretion is significantly greater in the male than in the fe-

male guinea-pig. 

It was established that the guinea-pig is highly insensitive to 

the gastric aeid stimulant action of gastrin. The doses capable of in­

dueing increascd aeid secretion \;lere found to be about 100 times larger 

than those reported in the litcrature to induce similar increase in 

other species. 

.. 

.-
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