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ABSTRACT

Chronic environmental stress has been reported in htman subjects to 

cause altered drug activity, duration of action and toxicity. The 

purpose of the present study was to determine the extent to which chronic 

heat and restriction stress would alter barbital activity. Furthermore, 

an attempt was made to elucidate the mechanism of altered drug action 

with respect to speed of drug absorption, distribution and excretion and 

drug metabolism.

Albino rats were stressed for fourteen days by partial restriction 

of novunient in an environment maintained at 32° ± 2° C., relative humid

ity .15-20 per cent. Control rats were maintained under conditions 

which were relatively "strcss-free".

The effects of the above two animal treatments on induction time, 

duration of action and toxicity of barbital sodium (250 mg/kg; I.P.) were 

studied. The drug was injected 2 hours and 26 hours after removal from 

stress. Radioactive b.irbital-2-C-14 injected with the second of the 

above doses. The distribution of tlie tracer was estimated at various 

time interv.ils after injection in brain, liver, kidney and plasma. The 

experimental agent, bota-diethylaminoethyl diphenylpropylacetate hydro

chloride (SKF 525A), a liver microsomal enzyme inhibitor was injected 

into certain stressed and non-stressed rats, 45 minutes before, each of 

the two injections of barbital sodium.

Urine, collected from rats subjected to the above treatments, xzas 

assayed qualitatively tutd quantitatively for the presence of barbital 

metabolites.

Undec the conditions of the present experiment, the following 

observatiors were made:



1. The highest barbital concentrations in brain, liver and plasma 

occurred at about 120, 20 and 20 minutes after injection, respectively 

in each treatment group;

2. The highest barbital concentration in the kidney was found at 20 

minutes in stressed rats, and 120 minutes in non-stressed rats;

3. The highest ratio of brain barbital to plasma barbital occurred 

at 120 minutes in all animals except non-SKF 525A pre-treated animals; 

l',. The excretion of Carbon-14 after injection of barbital-2-C-14 

did not differ appreciably in stressed or SKF 525A pre-treated rats;

5. The urinary excretion of barbital metabolites did not differ 

appreciably in stressed and SKF 525A pre-treated animals;

6. Prolongation of the duration of barbital hypnosis by pre-treatment 

with SKF 525A was correlated with an increase of plasma and brain 

levels of barbital in the SKF 525A pre-treated rats.

iv
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CHAPTER I

INTRODUCTION

The effect of stress on drug activity has been extensively studied 

in recent years. Hypnotic and sedative actions of barbiturates were of 

interest to many workers, because these drugs are used in emotionally 

stressed patients.

Barbital is 5,5 diethylbarbituric acid. The partition coefficient 

is the lowest among the barbiturates; it is l/39th that of pentobarbital 

and l/580th that of thiopental Cl)• The binding ability to plasma 

protein is l/7th that of pentobarbital and l/13th that of thiopental. 

The binding ability to brain protein is l/4th that of pentobarbital 

and l/9th that of thiopental (2). The pK^ of barbital is of the same 

order as that of pentobarbital and thiopental (3). Due, in part, to 

these physicochemical factors, barbital is a Long acting agent and shows 

little distribution to adipose tissue. It is relatively resistant to 

metabolism in the rat.

The distribution of barbital in the body has not been studied in 

depth. Barbital is relatively uniformly distributed in the organs. It 

is found in fetal tissue (4), and gastric and pancreatic juice (5). The 

highest concentrations of barbital were noted in renal and brain tissue 

(6). This is in contrast to the short acting barbiturates, e.g., 

pentobarbital, which is found in highest concentration in the liver. 

According to Vogt (7), the distribution of barbital in t.he brain is 

uniform.

In 1949, Van Dyke and his coworkers (8) studied the distribution 

and metabolism of N-15 labelled barbital. They found uniform distr.ibut.ioLi 
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of barbital in the brain from the injection of 25 mg/kg to 250 mg/kg 

doses; however, there were significant differences between brain and 

serum barbital content when the higher doses were given. Also, they 

found, in the dog, that more than 99% of radioactive N-15 was in the 

non-ammonia, non-urea fraction of the urine. Therefore, they roughly 

concluded that barbital was resistant to metabolism.

" Roth and coworkers (.9) employed the auto-radiographic method to 
yr. *

study barbital distribution in various organs. They used barbital 

C-14 in the mouse and the cat. They showed that the distribution of 

barbital was not uniform in the brain. One minute after administration 

barbital was found in all organs. The kidney showed the highest level 

of radioactivity, followed in decreasing order of activity by cardiac 

muscle, spleen, gastrointestinal tract, and liver. Barbital was found 

in the central nervous system in higher concentration in gray matter 

than in white matter, 'thirty minutes after administration of the drug, 

the body distribution tended toward uniformity, but the central nervous 

system still showed less radioactivity than most of the other tissues. 

After one hour, barbital was nearly uniformly distributed in all the 

organs except in organs involved in excretory processes. The central 

nervous system showed the same activity as muscle and liver. After 

four hours, the distribution in all organs was uniform in nonexcretory 

organs and increased in excretory organs, i.e., the renal pelvis, 

the gall bladder, intestines and na.al cavity. The distribution of 

barbital-C-14 in the brain of the cut was also studied Ly this group. 

The most marked concentration difference occured between gray matter 
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structures, such as the cerebral cortex, and myelinated tissue, such 

as cerebral and cerebellar white tissue, as well as the medullary 

pyramid.

Ogawa, et al. (10) showed that the total barbital-C-14 radio

activity in mouse brain increased after adrenalectomy, but was unchanged 

in other organs. Pretreatment of adrenalectomized animals with hydro

cortisone and desoxycorticosterone (DOCA) reduced the rate of uptake of 

barbital to normal levels. Treatment of intact animals with hydro

cortisone or DOCA had no effect on the tissue distribution of barbital. 

The barbital level differed depending on whether it was given with or 

without a carrier. The C-14-barbital concentration in the brain was 

higher with the carrier than with carrier-free barbital; however, no 

change in the liver concentration could be found.

Lamson, et al. (11) found that a solution of glucose or its metabolites 

such as lactate and pyruvate will restore sleep when injected into guinea 

pigs awakening from barbiturate anesthesia. They called this phenomena, 

the glucose effect. The concentration of barbital in the brain was 

increased by the glucose effect; however, no increase was effected by 

simultaneously injecting acetylcholine. The glucose effect was showi 

in the guinea pig, hamster, and rabbit, but not in the mouse or rat. 

Dogs showed the glucose effect when they were subjected to shock by 

hemmorrhage and high temperature. Only 25% of the dogs showed the glucose 

effect without shock. From these results, it might be inferred that 

stress plays a role in the glucose effect.
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Richards, et al. (12) demonstrated that other compounds which are 

not carbohydrate metabolites exerted the glucose effect. They suggested 

the importance of osmotic factors in the glucose effect.

Strother (13) reported that feeding glucose to mice for two days 

can prolong the sleeping time of barbiturates. This effect was attri

buted to increased metabolism of the barbiturates and a decrease in_t.be 

elimination rate constant. These findings indicate a possible inhibition 

of drug metabolism by high levels of glucose.

Sotaniemie (14) investigated the influence of environmental temper

ature during barbiturate anesthesia on concentration of pentobarbital and 

barbital in guinea pig liver and brain tissue. Changes in temperature 

affected the pentobarbital, but not the barbital distribution in these 

latter tissues. Three hours of environmental cold, heat, or a normal 

room temperature did not alter the decrease in the concentration of 

barbital in the liver and brain. Neither inhibiting nor inducing 

pre.treatment caused any fall in the barbital content in the liver and 

brain of guinea pigs, while under the three environmental conditions.

In 1934, Pratt et al. (15) found that rabbits poisoned with phosphorus 

or chloroform shovzed prolongation of sleeping time after the administration 

of pentobarbital, but not barbital. They suggested that pentobarbital 

was destroyed by the liver, but barbital was not. In contrast, Koppanyi 

et aT. (16) found that sleeping time of both barbital and pentobarbital 

was prolonged in cats and rabbits treated with chloroform. This investi

gation did not definitely establish that barbital is metabolized in the 

liver, since an alterrcd central nervous system sensitivity to barbital 
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is a possible mechanism. By means of partial hepatectomy, Maso and 

Beland (17) found that araytal, pentobarbital and pentothal were detoxi

fied by the liver of the rat, while barbital and phenobarbital were not.

The detoxification of barbiturates has also been studied in 

bilaterally nephrectomized rabbits. The duration of the action of 

phenobarbital and barbital was prolonged; however, the duration of amytal 

and cyclohexobarbital was not altered. Murphy and Koppanyi (18) reported 

the failure of dogs to recover from barbital anesthesia after being 

rendered nephrotic by means of tartaric acid, potassium chromate and 

uranium acetate. These animals did recover, however, from pentobarbital 

anesthesia.

Only barbital is dependent mainly on renal excretion for the 

termination of its pharmacological action. Renal elimination occurs 

slowly. In normal adults, only 87, of an oral hypnotic doce of barbital 

is eliminated in the urine in the first 12 hours, whereas 20% is elimin

ated in 24 hours, and 35% to 65% in 48 hours. Traces of barbital may 

be detected in the urine as long as 8 to 12 days after the administra

tion of a single hypnotic dose.

The renal clearance rate of the barbiturates depends on a number of 

factors. Glomerular filtration of the drug is reduced by binding to 

plasma proteins and is therefore less for phenobarbital than for 

barbital.

Since the tubular epithelium presents a lipid diffusion barrier to - 

the barbiturates, only the relatively polar compounds, such as barbital 

and phenobarbital escape tubular reabsorption to a significant degree.
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Dorfman and Goldbaum (19) reported that the In vivo destruction of 

barbital in intact animals was about 10%; however, degradation in liver 

slices was not detected. Pentothal was 100% degraded in intact animals 

and 38% in liver slices. They also reported that pentothal alone was 

degraded by the kidney and brain.

The metabolism of barbiturates has been reviewed (20-25). One 

may.conclude that barbiturates are metabolized by four types of processes

(1) Oxidation of the radical in position 5 with the formation of keto, 

hydroxy or carboxybarbituric acid,

(2) Desulphuration of thiobarbiturates,

(3) Loss of the N-alkyl radical, and

(4) Hydrolytic opening of the barbituric acid ring.

Oxidation of the radical in position 5 is the most important of 

the processes of inactivation. Goldsmidt, et al. (26) used labelled 

barbital-C-14 in position 2 for metabolic studies. They found different 

results from Van Dyke's study. Barbital was oxidized to form ethyl 

barbituric acid, hydroxybarbital and conjugates of barbital. This 

finding was confirmed by Ebert, et a 1. (27).

Timar (28) reported that the reticulo-histocytar system takes part 

more actively in the cumulative effects of phenobarbital than in the 

metabolism of barbital.

Tolerance to drugs acting upon nerve tissue may be associated with 

the development of induced resistance or increased threshhold of response 

when increasing concentrations of drug are required to elicit normal 

response. Tolerance may also be associated with increased rate of 
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metabolism or excretion, i.e., nerve tissue responds normally to the 

threshhold dosage level, but effective concentrations of the drug can 

not be maintained because of an increase in the rate of excretion. 

Both types of tolerance may occur with barbiturates.

There is evidence that the tolerance of short acting barbiturates 

is due to increased metabolism; however, the evidence for long acting 

barbiturates is ambiguous. Ebert, et al. (27) found that tolerant and 

non-tolerant rats had the same urinary metabolites and the same ratio 

of intact to altered agent. Driever, et al. (29) found that stress 

decreased pentobarbital sleeping time by increasing its rate of meta

bolism. Clay,e_t_ al,. (30, 31) reported that rats subjected to chronic 

stress, can be come tolerant to barbital. This effect seems to be due 

to an increase in barbital metabolism, since the potent enzyme inhibitor 

SKF-525A prolonged the barbital sleeping time.

The purpose of this investigation was to attempt to determine the 

mechanism of tolerance development in stressed rats. For this purpose 

the distribution of barbital in normal and in stressed rats was studied. 

In addition, the urinary metabolites of barbital were assayed in stressed 

and normal rats.



CHAPTER II

MATERIALS AND METHODS

I. EXPERIMENTAL ANIMALS

Wistar strain rats, originally from Harlan Industries, Inc.a used 

in this study were bred and maintained in the air conditioned animal 

quarters of the University of Houston, College of Pharmacy. Unless 

othenvise specified the temperature was maintained at 24 -t 3° C. and 

the relative humidity was controlled at 30 ± 2 per cent. Noise was 

kept at a minimum and dim or diffuse lighting was used. Purina Labor
atory Chow^ and tap water vzere supplied to all rats ad libitum. The 

above conditions applied at all times, unless otherwise indicated. 

k- Breeding and raising of animals. The method developed in our 

department used a 56 x 51 x 23 centimeter, stainless steel cage, with 

wire mesh front and top. The bottom of the cage was covered with 

three to six cefithr.ecers of processed wnite piiie shavings during 

breeding. The shavings were changed twice, weekly at which time clean 

cages were also supplied. Extreme caution was exercised in transferring 

the female animals from one cage to another in an effort to minimize 

possible injury to gravid animals.

After the breeding animals had been mated for tan days the males 

and females were separated, the female rats being placed in the "strcss- 

free" room, in plastic cages 40 x 25 x 13 centimeters, with removeable 

metal covers. It was in this room that the female animals delivered 

and raised their litters. Only gravid females, females with litters, 

and young ’.-.-.an.ed rats were kept in this room.
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Three to five days following birth, the animals in each litter 

were counted, and the number of nursing rats in each litter was limited 

to a maximum of eight. Any excess animals over the limit in any one 

cage were transferred to a smaller litter of approximately the same 

age. It was necessary to eliminate a certain number of young animals 

at this point. When the young rats were txzenty-two days old, the breeder 

female rats were transferred to another room, where they were allowed 

to recuperate for at least fourteen days before being re-bred.

After weaning, each litter was divided in half, so that there were 

no more, than four animals per cage. The weaned rats remained in the 

"stress-free" room until they were large enough for experimentation. 

The rats used in the experiments were initially thirty-two to thirty- 

seven days old and varied in weight from 120 to 160 grams. Each experi

mental group contained equal numbers of males and females unless other

wise indicated.

Any transfer of animals during the experimental procedures was 

accomplished through semi-dark corridors with a minimum of noise and 

sudden motion.

B. Restriction of movement ah elevated environmental temperature. The 

rats were weighed and placed in individual restriction cages fashioned 

from wire mesh. Those cages measured 18 x 8 x 5 centimeters. They 

were small enough to permit the rat to turn around only with difficulty. 

The restricted animals were then placed in a small plastic cage, 29 x 

18 x 13 centimeters. The bottom of the plastic cage was covered with 

a layer of shavings. Each cage was tagged with the number, sex and 

weight of the animal.
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The above restricted animals were maintained at 32 ± 2° C. in a 

semi-dark heat box for fourteen days. During this period, food and 

water were replenished daily and the shavings were changed every four 

days. On the fourteenth day of stress, the animals were again weighed 

and placed in individual clear plastic cages allowing complete freedom 

of movement.

The control group of rats was maintained for fourteen days under 

exactly the same conditions as during the post-weaning period. After 

this period, they were again weighed and placed in individual plastic 

cages after removal from the "stress-free" room.

II. ADMINISTRATION OF DRUGS

A. Preparation of drugs. A solution of barbital was prepared from 
powdered sodium barbital^. Distilled water was used as the solvent. 

For ease in volume calculations, the concentration of the solution in 

mg. per ml. was adjusted so as to be exactly one-half of the dose of the 

drug in mg. per Kg. of body weight. The concentration of the solution 

was adjusted to 150 mg. per ml. Using this dilution, the weight of 

the animal in grams could be multiplied by two and divided by 1000 to 
(3

give the volume of the dose in milliliters. SKF--525A solution was 

prepared by the same procedure for the barbital solution. Each solution 

was prepared freshly and kept under refrigeration. For the preparation 

of the barbital solution containing barbital-2-0-14, 50 ;ic. of barbital- 
2-0-14^ was dissolved in 12 ml. of 150 mg. per ml. of sodium barbital 

solution. Therefore, each animal was given 8.33 iic. of barbital-2-C-14 

par Kg. of body weight.
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B. Injection procedures. Approximately two hours after the removal 

from stress or the removal from the "stress-free" room, the rats were 

injected with barbital by the intraperitoneal (I.P.) route. A one 

milliliter tuberculin syringe with a 27 guage, one centimeter hypodermic 

needle was used. After 24 hours, the barbital was injected again. 

SKF-525A (50 mg. per Kg.) was injected 45 minutes before each barbital 

injection in selected groups of rats.

III. IDENTIFICATION AND DETEH'IINATION OF BARBITAL

Although there are five types of methods available for this deter

mination, the isotopic and ultraviolet spectrophotometric methods were 

adopted. The isotopic method was used for the identification of meta

bolites, because of its higher sensitivity.

k- Identificati.on of barbital and its metabolites in urine.

1. Urine collection. The ECONO-cage No. 110 Iletabolic Unit® x.Tas 

used. For better separation of urine and food, the pellets of food 

were packed tightly in the food hopper. The urine collection receptacle 

was covered with glass wool. After the animal was injected with drug, 

it was placed in a metabolic unit. At various tinie intervals, the urine 

was collected, the volume recorded, and then placed in the freezer.

2. Paper chromarography procedure. The standard descending chromato

graphic method was employed. A strip of Whatman No. 1 chromatographic 

paper (2.5 x 55 cm.) was placed in the square jar unit with a glass

lid normally used as a chromatographic cabinet. For establishing the 

Pf value of barbital, 50 ml. of a methanol solution of barbital (5 mg/ml) 

was spotted. Fifty ml. of urine without extraction xjere spotted on a 
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base line 8 cm. from the bottom edge of the paper. The chromatographic 

cabinet was placed in.a constant temperature room. After 12 hours, the 

chromatogram was dried with hot air and the spots identified.

3. Spot identification. Location of barbital on the developing 

chromatogram was detected by two reagents: mercurous nitrate reagent 

(2 grams of mercurous nitrate in 5% of nitric acid), and alkaline 

fluorescein reagent (0.0025% of soluble fluorescein aqueous solution). 

After the chromatogram was sprayed with alkaline fluoroescein, the spot 

was detected under short wave ultraviolet light. A violet spot in a 

yellow background was seen.

4. Radioisotopic identification.

a. Autoradiography: The developing chromatogram was mounted 

on X-ray film, covered with black paper and pressed with black glass. 

It was kept in a dark room for two weeks, or sufficient time to expose 

the film to the isotope. The X-ray film was developed with Kodak 

X-film developer for five minutes; then the developer was washed out 

with water. The developed film was fixed with Kodak fixer for twenty 

minutes; then the fixer was washed for thirty minutes with water.

b. Liquid scintillation: The developing chromatogram was cut 

into one centimeter strips. Each strip was place.d into a counting vial 

with 20 ml. of liquid fluor*. The radioactivity of the sample was 
counted with a Packard, Model 3375, Tri-Carb Scintillation Spectrometer^ .1

Liquid Fluor: 16 g. PPO
150 mg. POPOP 
210 g. Naphthalein 
To make 3 liters with Toluene.
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B. Determination of barbital.

1. Sample preparation. The animals were sacrificed by decapitation. 

The blood was collected in plastic centrifuge tubes containing a drop

of Sodium Heparin Injection, IJ.S.P. The contents were mixed and centri

fuged. The upper layer was used for the assay of barbital.

The brain was removed after the blood in the brain was washed 

out by infusion of distilled water through the common carotid artery. 

The kidney and the liver were immediately removed and weighed. These 

organs xvere kept in a freezer before homogenization. The thawed organs 

were homogenized with a quantity of, wate.r equal to twice the weight 

of the organ. If the homogenate was not used immediately for assay, the 

homogenate was kept in a freezer. ' 1 1

2. Ultraviolet spectrometry method. The method described by

Bjerre and Porter (32) was employed with slight modification. Barbital 

was extracted from acidified plasma and brain homogenate with chloroform. 

The barbital was then back extracted into an.alkaline buffer solution 

from which the ultraviolet spectrophotometric readings were made. The 

procedure is as follov/s:

a. Twenty ml. of chloroform, 3 g. of sodium sulfate anhydrous, 

and one drop of hydrochloric acid were placed in a 25 ml. centri

fuge tape equipped with a screw cap. One milliliter of plasma or 

organ homogenate was added.

b. The tube was shaken vigorously for two minutes, then centri

fuged and the upper layer removed by means of aspiration.

c. The chloroform extract was filtered through IJliatman No. 1

fliter paper.
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d. Ten ml. of the chloroform solution were removed, and five 

ml. of 0.1 N sodium hydroxide added. The tube was shaken for one 

minute, then centrifuged.

e. The absorbance of the sodium hydroxide solution was measured 

at 255 mu in a Coleman Hitachi 101 Spectrophotometer .1

f. A standard barbital sodium solution (10 mg/ml in 0.1 N NaOH) 

was prepared by diluting the stock standard barbital sodium solution.

g. A 0.1 N sodium hydroxide solution was used as a blank.

The concentration of barbital in milliliters of plasma was 

calculated as follows:
, DU 20 • 1mg. oarbital/ml. plasma - — x ~ x —;--- ------ :--------- - x SDS 10 ml. of sample assayed

DU: Absorbance of unknown

DS: Absorbance of standard

S: mg. of standard

20-Q-: Dilution factor.

For the assay of brain homogenates, the same method was used; 

however, 30 ml. of chloroform and 5 gm. of sodium sulfate anhydrous 

v.rere used in order to absorb the water.

3. Radioisotopic method. The liquid scintillation method was used 

for assay. The procedure is as follows:

a. An aliquot sample of plasma (0.2 ml.), liver homogenate 

(0.2 ml.), brain or kidney homogenate (0.5 ml.) was removed. 

Methanolic liyamine hydroxide^ (1 ml.) was added.
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b. After the homogenate was dissolved in hyamine hydroxide,

20 ml. of Ditole* was added and the mixture chilled in the dark.

The radioactivity was determined in a Packard Model 3375 Tri-Carb

Scintillation Spectrometer.

500 ml. Methanol

Ditole: 100 gm. Naphthalein
6 mg. PPO

150 mg. POP OP
500 ml. Dioxan

500 ml. Toluene.

Harlan Industries, Incorporated, Cumberland, Indiana.
Ralston Purina Company, Checkerboard Square, St. Louis, Missouri.

C Michael Wood Products, Incorporated, Garfield, New Jersey.

Merck and Company, Rahway, New Jersey.
C Smith Kline and French Laboratories, Philadelphia, Pennsylvania. 

Mallinckrodt/Nuclear, St. Louis, Missouri.
® Mayland Plastics, Incorporated, New York, New York.

Packard Instrument Company, Incorporated, Dov.niers Grove, Illinois.
1 Coleman Instrument Corporation, Maywood, Illinois.

Packard Instrument Company, Incorporated, Downers Grove, Illinois.



CHAPTER III

RESULTS

The data obtained in this investigation are presented on the 

following pages in tabular and figure form. The tables have been 

arranged so that comparisons may be made quickly and easily.



TABLE 1: INDUCTION TIME AND DURATION OF HYPNOSIS OF BARBITAL SODIUM (250 mg/kg) IN

RATS SUBJECTED OR NOT SUBJECTED TO ENVIRONMENTAL STRESS.

Non-stressedStressed

Rat
No.

Induction Time 
(min)

2 hour 26 hour

Duration of Hypnosis 
(min)

Induction 
(min) 

2 hour 26

Time

hour

Duration of Hypnosis 
(min)

2 hour 26 hour 2 hour 26 hour

1 59 38 264 234 66 40 524 328
2 23 24 221 133 38 45. 388 248
3 34 38 270 120 38 52 405 258
4 21 24 280 124 38 34 403 334
5 46 47 254 156 47 34 547 215
6 46 47 254 15 6 39 61 261 100
7 19 38 400 225 50 46 354 270
8 50 40 615 289 50 43 680 294
9 44 32 260 130 50 36 252 148

10 40 50 310 150 50 36 325 253
11 55 46 295 420 51 46 340 416
12 70 32 300 294 51 45 481 235
13 55 30 295 113

Mean 43 37 308 195 47 43 394 ' 269

± S.D. ±13. 5 ±9 ±100 ' ±86 ±11. 3 ±7.8 ±127 ±81



Stressed Non-stressed

TABLE 2: EFFECT OF PRE-TREATMENT WITH SKF 525A (50 mg/kg) ON INDUCTION TIME AND DURATION 

OF HYPNOSIS OF BARBITAL SODIUM (250 mg/kg) IN RATS. ANIMALS TREATED WITH SKF 

525A, 45 MINUTES PRIOR TO BARBITAL INJECTION 2 HOURS AND 26 HOURS AFTER REMOVAL 

FROM STRESS.

Rat
No.

Induction 
(min) 

2 hour 26

Time

hour

Duration of Hypnosis 
(min)

Induction Time 
(min)

Duration of Hypnosis 
(min)

2 hour 26 hour 2 hour 26 hour 2 hour 26 hour

1 31 31 226 675 38 43 210 250
2 19 53 270 327 37 18 483 785
3 30 16 402 1000 36 17 581 887
4 18 14 594 1100 31 42 356 444
5 26 16 344 990 45 13 194 615
6 21 54 263 900 30 38 300 650
7 44 16 208 359 30 50 326 694
8 60 53 283 305
9 12 21 443 1200

Mean 29 30 337 762 35 31 350 6f8

± S.D. ±25 i:17.8 ±113 ±352 ±5.8 ±14.3 ±157 ±203

00



TABLE 3: RADIOACTIVITY OF CARBON-14 IN BRAIN (dpm/g) AFTER
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INTRAPERITONEAL ADMINISTRATION OF BARBITAL-2-C-141 TO RAT

Non-stressed

Injected 250 mg/kg; 8.33 jic/kg.
Heat (32° C. ± 2° C.) plus restriction of Movement for two weeks.

Stressed

3 Time
(min)

SKF 525A

Pre-treated

Not
^4

Pre-treated

SKF 525A

Pre-treated

Not
VA

Pre-treated

14919 14400 14536 21721
14295 16554 20755 20784

20 22287 24858 16416 22861
21565 15274 16031 23127
25690 21717 15915

Mean 1975.1 18560 17930 22123
± S.D. ±4980 ±4520 ±2714 ±1081

24139 18389 25167 23880
24154 21730 25680 32380
24457 26/05 23851 26965
23149 25835 23550 26164
26823 27697 27710

30443

Mean 24544 24071 *• 26066 27347 1
± S.D. ±1364 ±3903 ±2609 ±3600

19951 17461 22995 17008
18495 15073 21443 18653
21697 17572 22856 26546
27006 19111 19945 17766

19610 25786 24749
24718

Mean 21787 17765 22975 20944
± S.D. ±3717 ±1772 ±2120 ±4378

Time after injection.
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TABLE 4: fLXDIOACTIVITY OF CARBON-14 IN KIDNEY (dpm/g) AFTER
INTRAPERITONEAL ADMINISTRATION OF BARBITAL-2-C-141 TO RATS

Non-StressedStressed

3 lime
(min)

SKF 525A

Pre-treated

Not

Pre-treated

SKF 525A

Pre-treated

Not

Pre-Treated

18721 19273 13861 30811
18810 20341 18991 33408

20 19733 19779 26146 19376
26164 19401 16260 19300
21123 21834 20925

Mean 20910 [20125 19236 25723
± S.D. ■±3092 ±1036 ±4701 ±7487

17358 16732 14630 20111
16393 11377 16769 35322

120 14261 19916 22270 21890
18698 15734 ' ^62592 47599
19333 39905 30743

21868

Mean 17208 20612 28145 31230
± S.D. ±2006 ±11144 ±17772 ±7592

17053 15303 15557 15493
11938 18007 14112 19305

300 18714 12338 19917 18156
26436 12051 16926 11105

40086 25029 24294
21127

Mean 18535 19557 18778 17670
± S.D. ±6005 ±11724 ±4022 ±4863

250 mg/kg; 8.33 uc/kg. V i -er'

2 „Heat (32° C? ± 2° C.) plus restriction of movement for two weeks.
3 Time after injection.
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TABLE 5: RADIOACTIVITY OF CARBON-14 IN LIVER (dpm/g) AFTER
INTRAPERITONEAL ADMINISTRATION OF BARBITAL-2-C-141 TO RATS

Non-stressedStressed

Time
(min)

SKF 525A

Pre-treated

Not

Pre-treated

SKF 525A

Pre-treated

Not

Pre-treated

19021 12720 16882 18112
17142 15067 18071 17348

20 17016 19876 15663 18172
22797 14628 17035 19460
22472 18087 18818

Mean 19689 16075' 17293 18273
± S.D. ±2805 ±2866 ± 243 ± 875

16256 12617 16069 16001
16241 13796 17853 20983

120 16187 17294 18113 17390
15559 14975 14521 17632
17443 18196 17717

17741

Mean 16337 15375 17002 18001
± S.D. ± 682 ±2340 ±1332 ±2113

13789 10958 ■ 15734 10893
11385 10546 13963 13056
12738 11631 14753 16810
16481 11376 13397 11849

9258 16384 16510
16724

Mean 13598 10753 15159 1382 3
± S.D. ±2164 ± 932 ±1361 ±2702
1 250 n'g/kg; 8.33 uc/kg •

Heat (32° C. ± 2° C.) plus restriction of movement for two weeks,
Time after injection.
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TABLE 6: RADIOACTIVITY OF CARBON-14 IN PLASMA (dpm/mD AFTER
INTRAPERITONEAL ADMINISTRATION OF BARBITAL-2-C-141 TO RATS

3 Time
(min)

2Stressed Non-stressed

SKF 525A

Pre-treated

Not

Pre-treated

SKF 525A

Pre-treated

Not

Pre-treated

18466 15111 17631 21053
18246 16817 19265 19430

20 22423 21616 18607 21641
25150 17494 20458 23788
27263 25576 19062

Mean 22309/q 19322 19004 21477
± S.D. ±3521 ±4234 ±1028 ±1802

17305 1.4905 17890 16464
18029 16119 18953 23268

120 18007 19765 17582 .19343
18558 19242 17189 19942
19910 19477 20937

18180

Mean 18361 17901 18455 19879
± S.D. ± 835 ±2221 ±1787 ±2602

15973 13114 16473 .12667
13634 . 11295 15037 14024

300 19937 12442 15931 17609
16513 14400 15190 12639

11554 17564 17546
17190

Mean 16514 125_61 16286 14897
± S.D. ±2086 ±1256 ±1036 ±1791
1 250 nig/kg; 8.33 uc/kg.

Heat (32° C. ± 2° C.) plus restriction of movement for two weeks.
3 Time after injection.
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TABLE 7: SUI-1MARY OF RADIOACTIVITY OF CARBON-14 IN BRAIN, KIDNEY,

LIVER AND PLASMA AFTER INTRAPERITONEAL ADMINISTRATION OF
BARBITAL-C-141 2 3 TO RAT

1
250 m^/kg; 8.33 uc/kg.

2
Heat (32° C. ± 2° C.) plus restriction of n,ovement for two weeks.

3
Time after injection.

Stressed Don-stressed
Time
(min)

SKF
Pre-i

525A 
treated

Not
Pre-treated

SKF
Pre-l

525A 
treated

Not
Pre-treated

BRAIN

20 19751 ± 4980 18560 ± 4520 17930 ± 2714 2212,3 ± 1801
120 24544 ± 1364 24071 ± 3903 26066 ± 2609 27347 ± 3600
300 21787 ± 3717 17765 ± 1772 22957 ± 2120 20944 ± 4378

K I D N E Y

20 20910 ± 3092 20125 ± 1036 J 9236 ± 4701 25723 ± 7484
120 17208 ± 2006 20612 ±11144 f8145 ±17772 31230 ± 7592
300 18535 ± 6005 19557 ±11724 18778 ± 4022 17670 ± 4863

LIVER

20 19689 ± 2805 16075 ± 2866 17293 ± 2413 18273 ± 875
120 16337 ± 682 15375 ± 2340 17002 ± 1332 18001 ± 2113
300 13598 ± 2164 10753 ± 932 15159 ± 1361 13823 ± 2702

PLASMA

20 22309 ± 3521 19322 ± 4234 19004 ± 1038 21477 ± 1802
120 18361 ± 835 17901 ± 2221 18455 ± 1787 19879 ± 2602
300 16514 ± 2068 12561 ± 1256 16286 ± 1036 14897 ± 1791
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TABLE 8: THE RATIO OF RADIOACTIVITY OF BRAIN, KIDNEY AND LIVER

TO PLASMA AFTER INTRAPERITONEAL ADMINISTRATION OF 
BARBITAL-2-C-141 TO RATS

Stressed Non-stressed
3 Time

(min)
SKF 525A 

Pre-treated
Not

Pre-treated
SKF 525A 

Pre-treated
Not

Pre-treated

BRAIN

20 0.8853 0.9605 0.9434 1.0300
120 1.3367 1.3446 1.4124 1.3756
300 1.3193 1.4143 1.4095 1.4059

KIDNEY

20 0.9372 1.0415 1.0122 1.1976
.120 0.9371 1.1514 1.5250 1.5710
300 1.1223 1.5567 1.1529 1.1861

LIVER

20 0.8825 0.8319 0.9099 0.8507
120 0.8897 0.8588 0.9212 0.9056
300 0.8204 0.8561 0.9308 0.9279

250 mg/kg; 8.33 uc/kg.
Heat (32° C. ± 2° C.) plus restriction of movement for two weeks. 
Time after injection.



Stressed Non-stressed

Barbital sodium-2-C-14 (250 mg/kg; 20 uc/kg) was intraperitoneally given at second 
dose. Urine was collected for 24 hours.

TABLE 9: URINARY EXCRETION OF BARBITAL METABOLITES BY RATS1

Metabolites 
(Per cent

SKF 525A 
Pre-treated

Not 
Pre-treated Not pre-treated

of total 
activity) Number of Animal

1 2 1 2 3 4 1

I 1.39 1.81 0.73 2.17 1.32 1.91 2.11

II 2.11 3.82 1.40 3.07 1.41 1.92 2.51

III 2.82 7.55 1.00 2.77 1.44 2.11 0.82



TABLE 10: EXCRETION OF CARBON-14 IN URINE BY RATS AFTER INTRAPERITONEAL
ADMINISTRATION OF BARBITAL-2-C-141

Non-stressedStressed

Excretion
SKF 525A 

Pre-treated
Not

Pre-treated Not Pre-treated
Periods
(hours) Number of Animals

1 2 1 2 3 1

0-8 — — 27.11 9 22.12 10.81 30.27
8-16 34.47 48.90 19.90 (47.50) 30.90 (53.02) 50.46 (61.27) 38.79 (69.06)

16-24 36.73 31.54 16.14 17.26 10.87 10.40
24-36 14.06 9.42 13.94 12.99 7.17 8.53
36-48 5.41 2.17 6.87 6.90 5.03 1.86
48-60 1.46 0.56 4.76 (89.47) 1.86 (90.17) 1.53 (84.34) 2.08 (90.85)

(90.67)(92.03)
60-84 0.70 0.26 5.43 1.46 0.85 0.38
84-120 0.10 0.09 3.68 0.21 0.41 0.04

120-144 0.02 0.02 0.36 0.01 0.04 0.01

TOTAL 92.95% 92.96% 98.94% 93.58% 87.17% 93.36%

Barbital-2-C-14 (250 mg/kg; 20 uc/kg) was administered intraperitoneally at second dose. 
Cumulative values in parentheses.
No excretion.

N) 
O



TABLE 11: BARBITAL LEVEL IN BRAIN AND PLASMA AFTER TWO DOSES OF BARBITAL SODIUM
(300 mg/kg; I.P.) ADMINISTERED TO NON-STRESSED RATS1

Time 
(min) 15 30 45 60 90 120 150 180 240 300 360

BRAIN LEVEL (mcg/g)

176 256 226 232 240 274 310 230 175 175 180
104 236 256 226 235 274 226 210 184 175 180
184 206 217 240 223 242 182 186 160

230 170 224 224 210 204 220 218
202 172 213 200 220 208

Mean 154 226 215 224 227 231 230 213 187 172 180

PLASMA LEVEL (mcg/ml)

464 500 424 444 446 452 324 366 280 280
348 464 456 456 384 420 380 380 300 280

310 310 332 390 390 230 290 294
310 234 280
344

Mean 406 428 397 408 407 395 351 302 287 285

1 Assayed by ultraviolet spectrometry metho d.
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CHAPTER IV

DISCUSSION OF RESULTS

Tables 3 through 7 show the distribution of barbital in brain, 

kidney, liver and plasma. In general, the highest barbital levels in 

brain, liver, and plasma occur at about 120, 20 and 20 minutes after 

injection respectively. In stressed animals, the highest barbital 

concentration in the kidney is at 20 minutes compared with 120 minutes 

in non-stressed animals. Chu (33) reported that the maximum content of 

barbital in the brain is at 60 minutes after injection of barbital-C-14, 

0.2 mg/kg, in the rat, with the highest concentration in the hypothalamic 

area. In the present investigation, the maximum barbital content in 

the brain occurs at 120 minutes (Table 11). These different findings 

may be due to the differences in doses which were given to the rats.

V Goldsmidt, et al. (34) reported the highest concentration of barbital in 

kidney, liver and blood at 20 minutes after intraperitoneal injection 

of 120 mg/kg. in rats; but after injection of 30 mg/kg., the highest 

concentration in liver and blood was found at 4 hours and one hour, 

respectively.

Table 8 shows that the highest ratio of brain barbital to plasma 

barbital is at 120 minutes in all animals, except non-SKF 525A pre-treated 

groups. It also shows that the brain has a greater affinity for barbital 

than liver and kidney 20 minutes after injection of barbital. However, 

Ogawa, et al. (10) reported that the liver has the highest barbital 

affinity in mice; liver affinity was greatly decreased by administration 

of eserine, but not that of brain or blood. Lal, et al. (9) reported 

that in the cat, the liver lias a higher affinity for barbital than the brain.
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Achor and Gelling (35) reported that the prolongation of thiopental 

sleeping time in mice after pre-treatment with SKF 525A, is correlated 

with delayed excretion of thiopental-S-35 during the first four hours 

after injection. The final amount excreted was the same in both pre

treated and control animals. They C36) also found the same result with 

excretion of pentobarbital-C-14; but, the final amount of excretion of 

pentobarbital decreased AO per cent. From these reports it is clear 

that SKF 525A can delay the excretion of short acting barbiturates; 

However, in the present limited experiment, there was no appreciable 

difference between excretion of barbital in SKF 525A treated and control 

animals. Ebert, et al. (27) reported no significant differences in 

excretion of barbital in tolerant and non-tolerant rats.

The data of Table 9 show that SKF 525A acted to increase the 

metabolism of barbital; however, only limited numbers of animals were 

used in this experiment. It is, however, recognized that SKF 525A is 

a potent i nhib ’ ^oc of b.-:rbi turate-metabolizing enzymes. Kato, e_t al. 

(37) reported that SKF 525A has biphasic effects on the metabolism of 

barbiturates. When SKF 525A was given to rats, one or two days prior to 

barbiturate injection, the metabolism of barbiturate is stimulated. 

Furthermore, Anders and Mannering (38) reported that chronic administra

tion of SKF 525A for five days increased ethylmorphine and hexobarbital 

metabolism, but the final dose of SKF 525A still inhibited hexobarbital 

metabolism. In the present study, there is no evidence that dose one.

SK.F 525A increased barbital metabolism.
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Sotaniemi (13) reported that there are no differences in liver and 

brain barbital concentrations between SKF 525A pre-treated and non-pre- 

treated guinea pigs, that were maintained at 4° C., 30° C., or 37° C. 

for three hours. However, in the present investigation, the duration 

of hypnosis of the second dose of barbital in SKF 525A pre-treated 

stressed rats was 762 minutes, compared to 195 minutes in non-pre-treated 

stressed rats (Table 2). The difference in sleeping times can be 

partially attributed to higher plasma levels in the former group, 

16,514 dpm compared to 12,561 dpm in this latter group at 300 minutes 

(p-<0.01). In addition, brain levels of barbital in SKF 252A pre-treated 

rats were higher than in non-pre-treated rats at 200 minutes (p-<0.01).

The duration of hypnosis of the second dose of barbital in SKF 525A 

pre-treated non-stressed rats was 618 minutes compared to 269 minutes 

in non-pre-treated control rats. The difference in sleeping time can 

be partially attributed to higher plasma and brain levels in this 

former group; these differences, however, vzere not significant.



CHAPTER V

SUMMARY

Albino rats were stressed for fourteen days by restriction of 

movement at elevated environmental temperature (32° ± 2° C.). The 

effect of this stress and SKF 525A on barbital hypnosis, distribution, 

excretion and metabolism were investigated.

Under the conditions of the present experiment, the following 

observations were made:

1. The highest barbital concentrations in brain, liver and plasma 

occurred at about 120, 20 and 20 minutes after injection, respectively 

in each treatment group;

2. The highest barbital concentration in the kidney was found at 20 

minutes in stressed rats, and 120 minutes in non-stressed rats;

3. The highest ratio of brain barbital to plasma barbital occurred at 

120 minutes in all animals except non-SKF 525A pre-treated animals;

4. The excretion of Carbon-14 after injection of barbital-2-C-14 did 

not differ appreciably in stressed or SKF 252A pre-treated rats;

5. The urinary excretion of barbital metabolites did not differ 

appreciably in stressed and SKF 525A pre-treated animals;

6. Prolongation of the duration of barbital hypnosis by pre-treatment 

with SKF 525A was correlated with an increase of plasma and brain levels 

of barbital in the SKF 525A pre-treated rats.
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