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PREFACE

Barbiturates are used extensively in the practice of medi

cine. Over 15,000,000 doses of barbiturates are sold in the 

United States in a year. (1) The drug is given to alleviate 

pain, suffering and periods of emotional instability; however, 

excessive and indiscriminate usage leads to drug habituation 

and loss of faculties and sometimes even death.

The main purpose of the studies herewith reported was the 

demonstration of any abnormal histopathologic changes produced 

in the viscera of rats by the injections of pentobarbital sodium.
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Seventy-five rats of Sprague-Dawley strain were used in 

the study. Numbers h and 5 and 79 and 80 were born on May h, 

1953$ Nos. 1*1 to 76 were b o m  May lb, 1953 and Nos. 77 and 78 

were born on April 26, 1953» The experiment was conducted on 

male rats during the months of June and July. The room 

temperature was recorded and maintained at 27 to 3U° C., with 

an average of 28<> C.

Five to twenty-three injections of nembutal were given 

intraperitoneally daily except on Sundays and holidays in a 

dosage of 6 mgm./ml. per 100 gins, of body weight. One ml. of 

Trypan blue per 100 gm. of body weight was Injected Intra

peritoneally one day before the animals were sacrificed. The 

animals were decapitated and the viscera immediately placed 

in 10 per cent formalin. Routine H and E sections were done 

on heart, liver, kidney, spleen, small intestine, large intes

tine, adrenal, testes, spldldymis, brain, muscle and tendons. 

Special silver# amyloid and trichrome stains were used to 

determine whether any pathologic changes could be demonstrated 

by special techniques. Thirty-nine of the 75 rats were used 

as controls. These rats were exposed to the same environmental 

conditions as the narcotized animals, were given 1 ml. of Trypan 

blue per 100 mg. of body weight one day prior to decapitation, 
and sacrificed in the same manner.

INTRODUCTION



CHAPTER I

A Brief History of Barbiturates

Ever since urea was prepared synthetically by Wohler 

in 1828, its derivatives have occunied an important place in

medicine. Urea is an amino compound and may be readily combined

with acids . A classic example Is the so-called malonic acid

synthesis, in which urea and malonic acid combine to form

malonylurea (barbituric acid).

HOH

NH 0=C NH ——CO
H H

OC C --- ----- 0=C C 2H-0
H H 2

MR 0=C
m  — co

HOH

Urea Malonic acid Malonylurea (barbituric acid)

Malonylurea acts as an acid, forming salts such as 

barbital, phénobarbital and pentobarbital.

In 1903 barbital (diethylbarbituric acid) was first 

Introduced into medicine by Fisher and von Mehring under the 

proprietary name of veronal. Tn 1913 phénobarbital (luminal) 
was introduced and in turn was rapidly followed by other barbi

tal derivatives. The Intravenous and intramuscular use of 

soluble barbital derivatives was begun in about 1923« (2)



CHATTER II

Pharmacological Action of Barbiturates

These compounds produce sedation, hypnotic, anti- 

spa smotic and anodyne action. They are rapidly absorbed from 

the gastrointestinal tract and are excreted almost exclusively 

in the urine, but a large amount may be stored in the brain, 

liver, spleen and kidneys.

When given Intravenously they leave the blood stream 

within a few minutes. Nembutal (pentobarbital sodium) and 

amytal have unstable side chains and are rapidly detoxified,
i

predominantly by the liver.

Location of Action»- Central depression is thought to 

result from action on the cerebral cortex, and probably on the 

subcortical, ganglia, especially the hypothalamic portion and 

diencephalon.

Nervous System.- The threshold for pain is increased. 

Mild doses generally allay nervousness and restlessness and 

produce sleep if given at night. With increase in dosage anal

gesia, followed by amnesia and anesthesia, occurs.

Respiration.- Large doses depress the respiratory 

center, directly reducing the depths and rata of respiration, 

while hypnotic doses produce little effect. Intravenous 

administration may result in shallow, rapid respirations. Small



doses riven rapidly may paralyse the respiratory center.

Tn prolonged narcosis, there may be pulmonary edema folloved 

by pneumonia.

C irculation.- Therapeutic doses given orally, hypo

dermically or slowly by vein produce little or no change in the 

circulation. Rapid administration by vein, however, will cause

a rapid fall in blood pressure, usually followed by prompt 

recovery.

Intestinal tract.- The activity and tonus are diminished. 

The sensitiveness of the stomach is decreased, so that nausea and 

vomiting reflexes are depressed. Barbiturates denress action of 

smooth muscle by direct action on the muscle cells.

Barbiturates in large doses produce reduction of gastric 

and pancreatic secretions, with prompt return to normal flow 

after stopping the drug.

Other_actions.- Temperature is lowered slightly by 

therapeutic doses and markedly by toxic doses. Liver function 

is usually not impaired by therapeutic doses.

Pentobarbital sodium differs from most barbiturates in 

that it has an unstable side-chain, is detoxified by the liver, 

and is not excreted by the kidneys. (2)



Toxicology of Pentobarbital Sodium

Acute poisoning is characterized by mental confusion, 

drowsiness, fall in blood pressure, coma, rapid pulse, moist 

skin, pulmonary edema and collapse. The pupils are usually 

constricted. Some victims have gastrointestinal disturbances, 

nausea, vomiting and diarrhea. (2)

CHAPTER III



CHAPTER IV

Histopathologic Changes Produced by 
Acute Barbiturate Intoxication

Articles in the literature indicate that changes in 

barbiturate intoxication are non-specific. There is edema and 

hyperemia of the lungs, kidney and liver, and brain. In 

delayed death there are usually bronchopneumonia and degenerative 

changes in the renal epithelium. (3) A rare lesion observed 

twice in delayed barbiturate deaths is bilateral symmetrical 

necrosis of the globl pallidi. Other lesions described in the 

brain are small ring hemorrhages, degeneration of neurons and 

perivascular edema, (li)

In nineteen cases of nembutal poisoning reported by  

Koopanyi the estimated dose in humans varied from 13 to 
150 mg./Kg. of body weight. All nineteen patients recovered.

None of the nineteen developed pulmonary complications. (5)
Three hundred cases of barbiturate Intoxication were reported 

by Reed (6), 209 prior to 19li9. Caffeine and amphetamine may 

cause fatal arrhythmias when given in doses to exceed 6 gms. and 

300 mgm./2li hours. He classified the degree of intoxication into 

five groups, 0-IV, According to the degree of sedation, In 

group 0 are persons who are asleep but can be aroused and will 
drink fluids and talk. The group IV are patients whose re

flexes are absent, have cyanosis, respiratory failure and
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circulatory collapse, The mortality was per cent and due 

to hyperthermia, lower nephron nephrosis and secondary pneumonia.

Several interesting facts are known concerning pento

barbital sodiumi

Animals ( C ^  black mice) anesthetized with pentobar

bital sodium appeared to have a lower mortality than unanes

thetized rats when exposed to similar doses of irradiation. (7) 
This may be due to the fact that nembutal in anesthetic doses 

lowers the oxygen consumption. (8)
M. M. Winbury showed that pentobarbital sodium protects 

mice against the autotoxicity of aliphatic and heterocyclic 

quarterary ammonium compounds. (9)
Pentobarbital sodium in narcotic doses causes a sizeable 

depolarization of the central nervous system elements. (10)

The chief depressant action of nembutal in the hypnotic 

state is on the respiratory center. There is a marked reduction 

to resistance to low oxygen tension in narcotized cats. (11)
Ronzoni reports that light anesthesia with nembutal may 

Inhibit epinephrine release, and the release of ACTR can occur 

without epinephrine stimulation. (12)

Adult male rats require larger amounts of nembutal than 

do females for maintenance of deep surgical anesthesia. (13) 

Whether this is true for humans is not known.
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In two cases of post-anesthetic encephalopathy, one by 

ether and the other by a barbiturate treated with 100 cc. of 
25 per cent human serum albumin, immediate improvement and com

plete recovery occurred. (lU)



C H A F E R  V

Histopathologic Changes Produced in Both 
Control and Narcotized Rats

The liver cells in rats normally have an appearance 

that suggests cloudy swelling. This granular appearance was 

present in both control and narcotized animals.

There was congestion and there were petechias in the 

myocardium and in the meninges, but there were similar changes 

in the control animals.

In the neuroglia cells of the basal ganglia of some 

experimental animals and in numerous control rats there were 

changes resembling chromatolysis as seen in human brains.

Granular changes resembling those of cloudy swelling in 

human kidneys were seen in the renal tubules as a rather con

stant finding in both narcotized and control animals.

Phagocytosis of Trypan blue by macrophages appeared 

most pronounced in the interstitial tissues of the testes and 

epididymes of the control rats? in the narcotized animals the 

macrophages were fewer and less active.

There was only slight hyperplasia of the adrenal medullae.

The spleen In all test and control animals appeared 

slightly hyperemic.

In both large and small intestines there were no changes.
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So changes were found In the striated muscle and

tendons.

In the lungs of many narcotized rats there was edema, 

congestion and petechias.



CHAPTER VI

Summary

Thirty-six rats narcotized by pentobarbital sodium 

and injected daily for five to twenty-three days lntraperi- 

torteally, along with controls, were injected with 1 ml. Trypan 

blue per 100 grams of body weight and decapitated a day later. 
The viscera were fixed in 10 per cent formalin.

The only significant, but by no means constant, 

histologic findings in their viscera were pulmonary edema and 

congestion of the viscera.



CHAPTER VII

Conclusion

The hyperemia and hemorrhage involving the meninges 

and the petechiae of the myocardium, which were relatively 

constant in both control and narcotized animals, could possibly 

be due to anoxia, decapitation and exsanguination.

The pulmonary edema and congestion, which are reversi

ble, were apparently due to depression of the respiratory

centers by the drug and decreased cardiac output secondary to 

the nembutal.

It may be concluded, then, that 6 mgm. of nembutal given 
for every 100 grams of body weight in rats, whether for short or
moderate duration of time, produces little or no histopathologic 

change in rats.

The reason for the absence of histopathologic changes 

is probably rapid detoxification of nembutal by the organism, 

principally by the liver. Partial confirmation of this explana

tion is seen in reports of Investigators that very little nem

butal is excreted in the urine after such injections, while most 

other long-acting barbiturates are eliminated by the kidneys.

An additional reason may be the instability of the drug after 

it Is ingested.
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CHART I

SUMMARY OF EXPERIMENTAL DATA

w r

No.
Av. Wt. 
in gm.

- A T T C T T f n j r

of Nembutal 
In mgm.

Total Amt. 
Nembutal 
in mg.

.No. or
Inj.

Trypan
blue

5 222 gm. 2.22 mg. 11.22 mg. 5 X

9 19U gm. 1.9U mg. 9.71 mg. 5 X

11 19l gm. 1.9b mg. 21.33 mg. 11 0 #

13 211 gm. 2.11 mg. 23.26 mg. 11 X

15 216 gm. 2.16 mg. 23.80 rag. 11 X

17 212 gm. 2.12 mg. 23.32 rag. 11 X

19 230 gm. 2.30 rag. 25.39 mg. 11 X

21 221 gm. 2e21 2U.37 mg. 11 X

23 2U6 gra. 2.U6 rag. l a .89 mg. 17 X

25 250 gm. 2.50 rag. b2.6b rag. 17 X

27 230 gm. 2.30 rag. 39.18 mg. 17 X

29 2314 gm. 2.3b mg. 39.89 mg. 17 X

31 236 gm. , 2.36 mg. 5U.37 rag. 23 X

33 250 gm. 2.50 rag. 57.U6 mg. 23 X

35 228 gm. 2.28 mg. 52.53 mg. 23 X

37 2li0 gm. 2.U0 Mg. 5 5 .liO mg. 23 X

39 270 gm. 2.70 mg. 62.11 mg. 23 X

Ul 119 gm. 1.19 mg. 5.95 rag. 5 1-X

1*3 126 gm. 1.26 rag. 6.32 rag. 5 1-X

U5 12b gm. 1.2b rag. 6.2b mg. 5 1-X

U7 127 gm. 1.27 mg. 6.36 rag. 5 1-X

51 151 gm. 1.51 mg. 16.71 mg. 11 1-X

53 119 gm. 1.19 mg. 3.58 mg. 3 1-X

55 152 gm. 1.52 mg. 16.77 mg. 11 1-X

57 lMi gm. l.bb mg. 15 .9U mg. 11 1-X

59 1U2 gm. 1.U2 rag. 15.68 mg. 11 1-X
61 162 gm. 1.62 rag. 27.65 mg. 17 1-X

63 1U9 gm. I.b9 ®g. 13.U6 rag. 9 1-X *

65 176 gm. 1*76 mg. 30.02 mg. 17 1-X

67 195 gm. 1.95 mg. 33.1b rag. 17 1-X
69 176 gm. 1.76 rag. 30.12 mg. 17 1-X

71 209 gm. 2.09 mg. b7.9b mg. 23 1-X
73 191 gm. 1.91 mg. bb.00 mg. 23 1-X

75 lltl gm. l.bl mg. 11*28 8 1-X *
77 259 gm. 2.59 mg. 59.b9 rag. 23 1-X

79 262 gm. 2.62 rag. 60.b3 mg. 23 1-X

* - Expired after Nembutal injection.
X - Trypan blue injected one day prior to decapitation 
1-X - Trypan blue injected at onset of experiment.



F ig .  i  F ig .  n

Fig. I is taken from the myocardium of rat No. 11 and shows petechiae.
Fig. XI is taken from the myocardium of rat No. II4 and shows petechiae. £*■



Fig. Ill Fig. 17

Fig, III exhibits granular appearance of liver in narcotized rat No. 11. 
Fig. 17 exhibits granular appearance of liver in control rat No. lln
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