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controlled by the muscle length. More exact 
methods of reoording length and oxygen con- 
sumption simultaneously will be devised to 
improve the accuracy of the curve showing 
this relationship. This curve should also be 
very useful in determining other theoretical 
energy calculations involved in muscle physi- 

Conclusions. Ryanodine causes a high oxy- 
gen consumption in muscles which do not 
shorten, I n  those muscles that shorten the 
oxygen consumption falls off as the muscle 
shortens. The length of the muscle seems 

ology. 

to regulate the oxygen consumption of the 
Ryanodtine-treated muscle. Complete cutting 
off of the extra metabolism due to Ryanlodine 
occurs a t  30% of the rest length. 

We are indebted t o  Dr.  Raeder and to Merck and 
Co. ior  supplying us with the purified Ryanodine 
powder. 

We wish to  thank Dr. Robert W. Ramsey for 
his helpful advice and interest in this problem. We 
are also indebted to him for making many of the 
microscopic observations on the structure of the 
muscle a t  the conclusion o i  the experiments. 

Receix-ed August 11: 1950. P.S.E.B.M., 1950, v5i. 

Pharmacology of Para-substituted Derivatives of Diphenhydramine. (18112) 
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-Among a number of the derivatives of 2-  
henzhydryloxy-S-S-dirnethylethylamine (di- 
phenhydramine), tested for their antihista- 
mink activity, the para-substituted com- 
pounds were found of special interest from 
the standpoint of the relationship between 
chemical constitution and pharmacological ac- 
tion. I n  this report: a comparison of the 
pharmacological properties will be made of 
the para-alkyl-, para-niethoxy- and the para- 
halogen-derivatives of 2-benzhydrylosy-S, S- 
dirnethylethylamine with a view of apprais- 
ing their therapeutic applicability. 

Materials  and me thods .  The following 
compounds,* p-methyl, p-ethyl, p-n-propyl, 
p-methoxy, p-fluoro, p-chloro, p-bromo and 
p-iodo benzhydryloxy-N, S-dimethylethyla- 
mine as their hydrochlorides, have been in- 
vestigated. They are white crystalline com- 
pounds. freely soluble in water. 

The antihistamine potency of a compound 
was determined: (a )  by protection against 
the lethal toxicity of histamine aerosol in 
guinea pigs, and ( b )  by suppression of the 
histamine - i n d u c e d c on t r ac ti o n of a n isolated 
intestinal strip with procedures as previousIy 

*Kindly made available t o  us b>- Drs. R. W. 
Fleming and G. Rieveschl, Chemical Division Re- 
search Laboratories, Parke. Davis and CO. 
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described ( 1,2). Similar technics were em- 
ployed for estimating anticholinergic and rny- 
otropic spasmolytic activities. Acetyl-beta- 
methylcholine chloride (methacholine) was 
used to produce a fatal cholinergic broncho- 
spasm to gainea pigs(3). At least 48 ani- 
mals, 12 per group for each dose, were used 
to determine a 50% protective dose of the 
drug. 

Acute toxicity was determined in mice by 
intraperitoneal injection. The  LDso and av- 
erage standard error were calculated from the 
mortalities. obtained with 5 doses of the 
drug in groups of 20 animals each, by the 
method of Miller and Tainter(4). 

The potentiation of epinephrine by and 
the atropine-like action of these compounds 
on blood pressure were investigated in dogs 
under pentobarbital anesthesia with standard 
procedures. 

Results and discussion. As the data in 
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TABLE I. Efficacy of p-Xubstituted Diphenhydramine Derivatives in Preventing Faial  Histamine- 
induced and Mecholyl-induced Bronchoconstriction in  Guinea Pigs ; and Acute Toxicity in Mice. 

c \ index$ Anti- 
mg/kg mg/kg cholinergic 
P.D. 50 L.D. 50 Activity ratio mg/kg 
f S.E. Activity -L S.E. -- (P.D. 50, 

Antihistamine Toxicity Therapeutic 

Compound (I.P.) ratio* (I.$’.) Ratio Toxicity ratio I.P.) 
R 

R = n-C3H7 
R CH,O 

R = F  
R = C1 
R = B r  
(R = H) 
R = I  

1 56 2 2.2 
0.73 -+ 0.14Q 2.85 2 0.82 S.E. 150 A 2.0 

2 117 rt 4.0 

(2.08 3. 0.44) 

1 
1 

67 4 1.6 
148 k 2.4 

3 57 2 2.0 
1 79 -t- 2.7 

1.25 k 0.2011 2.16 2 0.64S.E. 108 2.5 

3 92 3- 3.3 
(2.70 & 0.67) 

1 
.37 

.48 

.84 

.38 

.98 

.71 

.50 

.61 

1 
7.7 

4.2 

1.2 

2.6 

3.1 
1.4 
4.3 

4.9 

0.058 
(Atropine) 

25.0 

Ineffective 
at 50 

Ineffective 
a t  50 

Ineffective 
at 50 

1 1  

, I  

I 9  

9 )  

~- 
* The activity of each eompound wa.8 determined simultaneously with that of diphenhydramine with 

t Diphenhydramine. 
$ Assuming that the toxieity in guinea pigs is directly proportional t o  that in mice. 
9 7 experiments. 
[I 3 experiments. 

the same stock of guinea pigs. 

Table I indicate, para-substitu\tion with a 
halogen or an alkyl group results either in 
an enhancement of antihistamine activity, a 
decrease in toxicilty or both. The anticholin- 
ergic action, on the other hand, is greatly 
diminished by the substitution. In  the dkyl- 
substituted compounds, the methyl group is 
the most effective giving a therapeutic index 
seven times that of the parent substance by 
an increase in activity and a decrease in tox- 
?city. The lengthening of the alkyl chain de- 
creases the therapeutic efficalcy. In the halo- 
gen series, with the exception of fluorine, the 
therapeutic index increases with the atomic 

weight. By substitution with fluorine, the 
antihistamine activity is increased, while the 
toxicity remains about the same. The para- 
mathoxy derivative of diphenhydramine is 
equal to the parent compound in activity but 
only half as toxic. 

The in vitro results in Table 11, obtained 
with the isolated ileal strip, are generally in 
agreement with those from histamine aerosol 
and from mecholyl aerosol in guinea pigs. 
The myotropic spasmolytic effect of the para- 
substituted compounds, as determined by sup- 
pression of BaCls-induced contractivn of the 
gut, is approximately of the same magnitude 
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TABLE 11. (’unc.cnti.ations of 1) Ku1,stitutcd Dipheiili!-dl.~trniiip Drrivatives \\‘hich Inhibit the 
Spasmogeiiic Effects of  Histurnin?, .~crt!-l(.lioline, and Barium C31loricte on Isolated Guinea 

Pig Ileum. 

His t a iiiiii k i  Acetylclioliiie Barium chloride 
Coin p o un d ac. t i j-i t y- r :i t i CJ ac. tivit y “ ratio activity” ratio 

0 

2.5.5 y/cct 1 
2.56 ’) 1.04 
1.51 ” 1 
1.40 ” 1.08 
1.47 ” 1 
0.99 ” 1.49 
1.47 ” 1 
1.79 ” 0.82 

0.25 j J  1 
0.38 ’) 0.6G 
3.95 ” 1 
2.30 ’) 1.70 
0.97 ” 1 
1.09 ” 0.89 

4.06 ) ’  1 
2.38 ’’ 1.62 

* The activities of  diphcnhydraniine and the derivative heing compared on the same intes- 

t Concentratiou tliat inhibits 50% of thc niaxiiiial vontrattions by the spasmogenic agent, 
tinal strip. 

c.ach value rcpresenting a n  a r r rage  of 2 dPt[>rminations on cl i f f  erent strips. 

as that of diphenhydramine. halogen, methyl or an ethyl radical a t  the 
para-position of diphenhydramine. The modification of antihistamine potency 

and toxicity of parasubstitution has been re- 
ported for tripelennamine ( 5 ) .  In  tripelenna- 
mine, para-substitution with a methoxy group 
(Neoantergan) increases the antihistaminic 
activity with no change in toxicity. The para- 
bromobenzyl derivative is less toxic but not 
more active than the parent compound. On 
the other hand, the antihistaminic activity is 
somewhat lowered by para-substitution with 
a methyl group, and activity is almost lost in 
the ethyl analog. I n  contrast, an increase 
of antihistaminic activity results by adding a 

5. Viand, P., Produits pharmac. France 21’2, 53-64, 

Like diphenhydramine, the para-substituted 
derivatives produced a slight rise in blood 
pressure in the dog with small intravenous 
doses and an immediate transient fall follow- 
ing large doses. They potentiate the vasopres- 
sor effect of epinephrine and antagonize the 
vasodepressor effect of acetylcholine. Their 
atropine-like action, however, is much less 
than that of diphenhydramine. 

The manifestations of acute toxicity in mice 
of these p-substituted compounds are quali- 
tatively similar to those of diphenhydramine, 
viz., excitement followed by depression. 

1947. The therapeutic efficacy of the para-methyl 
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and para-bromo derivatives of diphenhydra- 
mine has bleen appraised clinically. The col- 
lective data indicate that their antihistaminic 
activity is comparable to that of diphenhydra- 
mine. The incidence of drowsiness and atro- 
pine-like effects is low with the para-methyl 
derivative( 6,7) ; it  is insignificant with the 
para-bromo compound (8). 

1949, v7, 502. 

353. 
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6. Schulman, P. M., and FUCS, A. M., Ann. Allergy, 

7. McGavack, T .  H., et al., J .  Allergy,  1950, v21, 

8. Sharp, E. A., personal communication. 

Summary. The antihistaminic, anticholin- 
ergic and musculotropic spasmolytic properties 
of the para-halogen, para-methoxy and some 
para-alkyl derivatives of 2 - benzhydryloxy- 
dimethylethyl amine have been investigated. 
Para-substitution with methyl, ethyl and halo- 
gen atom results in an enhancement of anti- 
his,taminic activity, a decrease in acute tox- 
icity, or both. I t  lowers the atropine-like 
action but does not produce a significant 
change in musculotropic spasmolytic activity. 

~ ~~ - 
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Hypoadrenalism : Steroidal Mediation of Sodium Action on Blood Pres= 
sure ; Modification of Antiarthritic Response to Cortisone." (18113) 
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the Edward Daniels Fnzdkner Arthrit is  Clinic, Presbyterian Hospital ,  N e w  York .  

Considerable evidence has accumulated that 
both the sodium ion and the adrenal cortex are 
concerned to some extent with the mainten- 
ance of blood pressure levels in hypertensive 
patients( 1-3). Although the rigid restric- 
tion of salt masks the pressor response of 
hypertensives to desoxycorticosterone (4) ? this 
type of observation does not establish the 
fact that alterations in sodium metabolism 
modify the arterial tension through an adrenal 
mechanism. I t  has been noted that the 
adrenals of rats on a reduced sodium intake 
may be smaller and different in color(S), 

*This study was supported in part by a research 
grant from the National Heart Institute, U.S.P.H S., 
and was aided through the generosity of the Albert 
and Mary Lasker Foundation, the Albert H. and 
Jessie D. Wiggin Foundation, and the Masonic 
Foundation for Medical Research and Human Wel- 
fare. 
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temporarily depleted of ascorbic acid (6) ? and 
may show secretory changes(?) and (in 
nephritic animals) subcapsular hyperplasia 
(8) .  Furthermore, excessive salt, or liberal 
amounts in animals receiving desoxycorti- 
costerone, has resulted in progressive struc- 
tural and functional atrophy of the glo- 
merular zone of the adrenal cortex(9,lO). 
Finally, chromatographic patterns of urinary 
steroid excretion may be influenced by the 
salt intake ( 11 ) . 

In order to investigate further the possi- 
bility that sodium influences the blood pres- 
sure through steroidal action, studies were 
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