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Comparison of Noludar (Methylprylon) and Pentobarbital on Respiratory 
Minute Volume in Rabbits.*t (22817) 

HUBERT C. STANTON AND HUGH H. KEASLING 
Department of Pharmacology, College of Medicine, State University of Iowa, l o w  City. 

Noludar (3,3-diethyl-2, 4-dioxo-5-methyl 
piperidine) ,$ has been demonstrated in both 
animal and clinical trials to be a mild hyp- 
notic and sedative with very few side effects 
(1,2). It has been suggested clinically that 
Noludar, when given with morphine, does not 
add to respiratory depression produced by 
the opiate and hence would be a desirable 
agent to he used when combination therapy 
is necessary.§ The purpose of this study was 
to compare respiratory depressant effects of 
Noludar and pentobarbital alone and in com- 
bination with morphine on rabbit respiratory 
minute volume. 

Methods. Rabbits, ranging in weight from 
1 to 2 kg, were used. Respiratory minute 
volumes were determined in 2 L. spirometer 
which coIlected expired air by means of a 

Lucite mask fitted with one-way flutter 
valves. In each experiment, a t  least 3 con- 
trol values were determined before injection 
of the drug. Following control determina- 
tions, the drugs, dissolved in normal saline, 
were injected into marginal ear vein. When 
morphine was used it was always injected be- 
fore the hypnotic drug. Minute volume mea- 
surements were then taken every 15 minutes 
for a 2-hour period after injection. Respira- 
tory minute volume depression was expressed 
as a percentage of control and these percent- 
ages summed for the 2-hour period to yield 
2-hour total area values(3). All comparisons 
were made from these values. 

Results. Fig. 1 represents the calculated 
regression plots for morphine (M) , Noludar 
(N) , pentobarbital (P) and combinations of 
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FIG. 1. Calculated regression plots fo r  M (morphine), P (pentobarbital), N (Noludar), NM 

(Noludar-morphine) and PM (pentobarbital-morphine) . 
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TABLE I. Regression Statistics for Regression Lines Fig. 1. 

hTo. ani- 
mals/rtb- Linearity 
gTe.ssioii - of regres- Signifi- 

x t  sion F cance P Drugs line 3' b 

Morphine (11) 18 3ti0..iti 566.12 .199 54.66 .001 
Pentobarbital (P) 25 271.16 471.35 1.19 27.82 

Morphine-pe1itobarbit:il (JIP) 25 41 I .64 191.75 1.1 8 6.66 .05-.01 

1 )  

9 1  h'oludar (X) 26 269.ti2 318.77 1.66 55.53 

Morphine-Soludar (MS ) 22 X36.37 364.91 1.73 35.83 .001 

pentobarbital (PM ) and Xoludar ( M I )  
with 0.608 mg/'kg of morphine. The data in 
each case were tested for linearity of regres- 
sion and in all cases were found to be sig- 
nificantly linear. These regression statistics 
(4) are collected in Table I. 

Comparisons of slopes of regression lines 
were conducted by means of t test of regres- 
sion coefficients. Morphine had a signifi- 
cantly greater slope than Noludar (t(42, = 
0.01 >p>O.OOl), than pentobarbital-mor- 
phine combination (t,:3!), = 3.50p<0.001) 
and the Soludar - morphine combination 
(tc::G, = 2.00 O.OS>p>0.02). The slope of 
pentobarbital alone was greater than that of 
pentobarbital-morphine combination ( t (40 )  = 
2.41 0.02 >p>O.Ol). Morphine when com- 
pared to pentobarbital and Noludar when 
compared to pentobarbital or Noludar-mor- 
phine were not found to be significantly dif- 
ferent. The slope of Noludar-morphine, al- 
though somewhat greater than that of pento- 
barbital-morphine, was not significantly 
greater (t(43) = 1.80 O.lO>p>0.05). 

The differences in slope among the various 
drugs and combinations do not allow direct 
comparisons of potency. We have therefore 
compared the differences between low and 
high doses of pentobarbital alone and with 
morphine and similarly low and high doses of 

TABLE 11. Conilxirison of Lon. ( S - S M ) ,  High 
(S-XM), LOIT (P-PJI 

Log dose Sigiiifi- 
(s ) Conipa risoii t ~ df ~ cance P 

and High (P-PM) . 

.933 PI-PM, (i.01, 41i ,  .001 

2.226 NZ-NM, 1.42c441 * 2 0-. 10 

1.569 P,-PM, .74,40, .50-.40 
1.285 N,-KM, .58(*4, .6 0-. 5 0 

'r.\ I;Ll? 111. Effect of Intermittent Injections of 
~ ' ~ ~ : ~ t o l ~ : ~ r l ~ i t ~ i ~  :ind Soludar in Sornzal and Mor- 

phiiie-Treated Rabbits. 

qlos:\s of trcatnieiit, Noludar" treatmentt 
So. of Morphine pre- 

tlel~wssaiit mg/kg eff eet 
~ 

li 0 Survived 
8 0 

x .608 Survived 
4 I .220 
I 1.220 
x 1.220 Died 60 min. post-inj. 

19 

I .608 Died 60 min, post-inj. 
, 9  

1 9  

* '% total area (15 min. for 2 h,). t r,og t i ~ ~ e .  

doses of the hypnotics alone and in combina- 

+ All 1)ciitoharhital animals died at end of last 
(10hO. 

t E:ic.h pento1)arbital dose contained 10 mg/kg 
;~:i(l  each Xoluclar dose 35.5 mg/kg as calculated 
fiwui regression lines as producing equivalent res- 
1)iratory minute volume depression, Inj .  rate was 
1 close/min. 

Noludar alone and with morphine. These 
comparisons are detailed in Table 11. Nolu- 
dar-morphine combinations do not differ sig- 
nificantly from Noludar alone a t  either high 
or low doses. Pentobarbital-morphine com- 
binations are, however, significantly more de- 
pressant than pentobarbital alone a t  low dose 
but not a t  high doses. 

In view of the apparent lack of difference 
between pentobarbital and Noludar a t  high 
doses, an attempt was made to compare pen- 
tobarbital and Noludar as to toxicity (i.e. 
cessation of respiration). Simultaneous in- 
termittent injections of equidepressant doses 
of Noludar and pentobarbital were given to 
rabbits with and without morphine pretreat- 
ment. The results are summarized in Table 
111. 

Discussion. There is some indication from 
the toxicity data that Noludar is less toxic 
than pentobarbital at equally depressant 
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tion with morphine. However, in evaluating 
these data, it must be considered that Nolu- 
dar is a much longer acting hypnotic than 
pentobarbital and hence discrepancies in the 
time necessary to produce respiratory arrest 
might be expected. Neverthelw, 4 out of 7 
animals survived for 4 hours or longer follow- 
ing Noludar while all 7 animals receiving 
equi-depressant doses of pen tobarbital ex- 
pired. 

Summary. Noludar and pentobarbital 
alone and in combination with morphine were 
compared as to their respiratory minute vol- 
ume depressant effects in rabbits. No statis- 
tically significant difference could be found 
between Noludar alone and in combination 

with 0.603 mg/kg of morphine. Pentobar- 
bital, on the other hand, was significantly 
more depressant in combination with mor- 
phine a t  low pentobarbital doses but not a t  
anesthetic levels. 
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. Metabolism of carbohydrate is altered in 
ascorbic acid deficiency. Banerjee e t  aZ. ( 1-4) 
and Bacchus and Heiffer(5) observed de- 
creased glucose tolerance in scorbutic guinea 
pigs. Murray et aZ.(6) and Stewart et aZ.(7) 
reported diminished glucose tolerance in scor- 
butic monkeys. Liver glycogen content was 
lower in such animals than in paired fed nor- 
mal controls. Banerjee et  aZ.( 3,8,9) ascribed 
the decreased carbohydrate metabolism to 
diminished insulin content of the pancreas in 
scurvy. Recently Banerjee and Ghosh ( 10) 
reported diminished hepatic and muscle hexo- 
kinase activity in scorbutic guinea pigs pos- 
sibly due to decreased insulin synthesis and 
supply in such animals. Insulin was shown 
to stimulate hexokinase ( 1 1 ) and reduce liver 
glucose-6-phosphatase activities ( 12). Con- 
sidering the possible role of ascorbic acid in 
the biosynthesis of insulin and the functions 
of insulin a t  these levels of glucose metabol- 
ism, the glucose-6-phosphatase activity was 
determined in tissues of scorbutic and paired 
fed normal guinea pigs. Decrease in hexo- 
kinase activity and increase in glucose-6-phos- 

phatase activity might consequently lead to 
diminished phosphorylated intermediates of 
the glycolytic system. The changes in phos- 
phorylation and dephosphorylation processes 
might eventually alter inorganic phosphorus 
content of tissues in scurvy. Studies were, 
therefore, carried out to elucidate the pattern 
of metabolic changes in relation with carbo- 
hydrate metabolism in scorbutic guinea pigs. 
The hexokinases are known to be sulfhydryl 
enzymes, and it is now well accepted that 
ascorbic acid protects and maintains the sulf- 
hydryl groups of the enzymes( 13). As an 
introduction to further study on the role of 
ascorbic acid in carbohydrate metabolism, 
fructokinase activity of the brain tissue of 
scorbutic and paired fed normal guinea pigs 
was determined. 

Methods. Female well-growing guinea 
pigs of weights varying between 230 and 260 
g were distributed into 16 pairs. Feeding a 
scorbutic diet, with or without supplement of 
ascorbic acid, by paired feeding technic and 
care of animals were the same as described 
previously ( 14) . Pairs of animals were sac- 


