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TABLE T~. -~ORTRIPTYLINE HYDROCHLORIDE EXCRETION AFTER SINGLE DOSES 
___- ~ _____ ___-__-__ _ _  __ ____ 

Collection Nortriytyline “Free” “Bound” 70 of 

25 0-24 Ncdiriblc 4.6 4 . 9  9 . 5  38.0 
T h w ,  mg. Interval, hi-. HC1 Metabolite Metaholite Total IMse 

30 0-24 ‘I 0 3 .2  3 4 
24-48 0.8 2 . 1  2.0 
48-72 0 8  0 7 1 .7  

7 .6  25.3 
4.9 16.3 
3 . 2  10.7 

Totals 2.6 6 .0  7 . 1  15.7 52.3 

TABLE I1 1. --SOKTKIP~ Y L l X E  HYDROCHLORIDE E X -  
CRETION AFI ER 3 S U C C E S S I V E  DAILY 10-mg. I>OSES 

&-ortrip- Nortriptyline Rquivalents, mg.” 
tyline “Free” “Bound” 

Day Dose, mg. HC1 Metabolite Metabolite Total 
1 10 0.96 0.98 1 9 1  3.85 
2 10 0.95 0.84 2.35 4.14 
3 10 0 90 2.36 2 52 5.78 
4 Xone 0.93 2.03 3.22 6 18 

Urine was collected during the 24-hr. interval between 
doses and during the 24~?ii-. interval folluwiug the final dose. 

ratc was found to occur in the 4-8-hr interval after 
dosage. The drug is slowly excreted in the uriue 
and substantial levels were found 2-3 days after 
dosage. Within the 0-24-hr. interval a lower pcr- 
centage of the administered dose is recovered in 
the urinc than from thosc paticnts on chronic 
administration of the drug 

The data in Table 111 show the gradual increase 
in the amount of drug excreted daily as the dosc is 
maintained over a period of 3 days. These data 
were ohtained on thc samc subject as was uscd in 
the single dose study. 
y From the data presented, it is eviclent that the 
assay method described is capable of permitting a 
reliable evaluatiou of nortriptyline hydrochloride 
ingestion. If onc is intercstcd only in whether a 
patient has taken his medication and is not interested 
in the total amount of nortryptyline present in the 

urine, it would be necessary to carry out only 
Method A of the assay procedure. The presence 
of the drug can also be detected by thc TLC system 
described. 

SUMMARY 

1. A quantitative U.V. spectrophotometric assay 
method has been developed for the deterniination 
of nortriptyline hydrochloridc and its principal 
metabolites in the urine of man. 

2. The drug is slowly cxcrctcd in the urine 
primarily as conjugated and unconjugated 10- 
hydroxy nortriptyline. Little unchanged nortrip- 
tyline is excreted. 

3. iln average of 58% of the daily dose was re- 
covered in 24-1ir. urine samples from patients on a 
continuing dosage regimen of the drug. An average 
of 347. of the dose was recovered from thc 24-hr. 
urine of a subject given single doses. 

4. A thin-laycr chromatographic system is de- 
scribed which permits rapid identification of the 
presence of the drug and/or metabolites in the urine. 
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Adrenolytic Activity of Atropine, (+)-Hyoscyamine, 
Atroscine, Homatropine, and Related Compounds 

By F. P. LUDUENA and MARY-JANE BRANIN 

The adrenolytic activity of atropine, (+) and (-) hyoscyamine, (-)-hyoscine, 
atroscine, and related compounds was determined by their ability to antagonize the 
lethal effect of epinephrine in rats. (+)-Hyoscyamine was found to be more active 
than atropine, and atropine was slightly more active than atroscine (racemic hyos- 
cine). The  Zevo-isomers, (-)-hyoscyamine and (-)-hyoscine, were inactive. 
These results indicate that (+)-hyoscyamine and (+)-hyoscine are responsible 
for the effect of atropine and atroscine, respectively. Hornatropine and benztropine, 
but not tropine itself, were active. Benztropine was approxiinateiy one-fiftieth as 
active as phentolamine. A pair of esters of tropine had weak adrenoiytic activity, 
but their pseudotropine isomers were inactive. Atropine aminoxide (genatropin) 

and atropine methyl nitrate had no adrenolytic activity. 

T HAS long been known that atropine, in high epinephrine and sympathetic stimulation on 
doses, inhibited or reduced the effect of various arterial beds (1). Those results included 

I<eccived Piovernbcr 19, 1965, from the Sterling-Wiutlirop the effect of epinephrine on arterial strips from 
horses, oxen, and rabbits and perfused arterial Accepted for publication December 16, 1965. 
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beds of frogs, dogs, and rabbits. Hiissell ( I )  
showed that  atropine reduced the effect of epi- 
nephrine on the blood pressure of thr spinal cat ,  
the dog perfused leg, the cat nictitatingmembrane, 
the perfused rabbit ear, and the rabbit uterus. 
Me found that (-)-hyoscyaminc was inactive 
or had w r y  little activity. LMore recent studies 
have confirmed these results. Crahani (2) demon- 
strated that  atropine and ( -)-honiatropine 
hlocked the constricting effect of epinephrine on 
the duck duodenum, while (- )-hyoscyamine 
and (--)-hyoscine were inactive. He also re- 
ported that  the relaxation of the hen’s caecum 
induced by epinephrine was not changed by 
atropine. Ruegg (3) found that  atropine reduced 
the effect of epinephrine and norepinephrine on 
the rabbit iris dilator in vitro. 

The general conclusion to  be drawn from the 
literature data is that atropine blocks or reduces 
the effect of epinephrine and other catechol- 
amines on sympathetic a-receptors and has no 
effect on P-rcceptors. In other words, atropine 
has adrenolytic (a-sympatholytic) activity. 

The experiments described below were carried 
tout to compare the adrenolytic activity of 
;atropine with that  of related compounds and, 
since (-)-hyoscyamine had been reported t o  be 
inactive, t o  determine whether the activity of 
atropine (racemic hyoscyamine) was that  of the 
iiextvo-isomer in the mixture. 

EXPERIMENTAL 

Method.--The method was based on thc ability 
of adrenolytics to antagonize the lethal effect of 
epinephrine in rats. The rationale for the sclection 
of the rat as experimental animal, the intravenous 
route of administration, and the injection of epi- 
nephrine with the antagonist in the same solution has 
been discussed earlier (4). Two slightly different 
techniques were used. Method A ,  described earlier 

Method A .-Male white rats, weighing between 
80-110 <:m., were injected intravenously with a 
POO-mcg./Kg. (2.7-5 X LDm) dose of epinephrine 
together with om of a series of graded doses of the 
compound to be tested. Using 0.3-log intervals, 
the dose of thc compound under study was varied, 
while the concentration of epinephrine was kept 
constant. To obtain thc EDSo, the percentage 
mortality was plotted against dosc on log probit 
paper. 

Method B.--ilfethod B was employed when thc 
adrenolytic activity of the compound was too 
weak to be observed by Method A .  Similarly, a 
cnmbincd injection of epinephrine and the compound 
to be trstcd was administered intravenously to  malc 
white rats. In this case, howevcr. the dose of the 
compound was kept constant, whilc thc conccntra- 
tion of epinephrine was varied, a t  0.2-log intervals. 
Again, plotting per cent mortality zwsus dose, the 
LDso of epinephrine, as affectcd by the weak adreno- 

(4), folloms. 

lytic, was cletcrmined. I n  comparing this value with 
valucs obtained by dctcrmining the toxicity of 
cpincphrinc alone, slight adrenolytic activity could 
be detected. In Table I1 the results obtained with 
the 2 techniques arc shown in different columns. 
In  the case of Method L I ,  the control LDjo for cpi- 
nephrine, obtained with animals from thesamc batch, 
is included also. Doses of phentolamine, smaller 
than the EDSo obtained by Method A ,  were tested 
by Method B .  The results in Table IT show that 
even thc smaller of the 2 doses used reduced the 
intravenous toxicity of epinephrine. 

Compounds Used.--Atropine sulfate [( zt))-hyos- 
cyamine (Merckj] , ( +)-hyoscyamine 1-2-oxobor- 
nanesulfonate, ( -- )-hyoscyaminc sulfate, hornatro- 
pine hydrobromide (Merck), benztropinc mcthane- 
sulfonate’ (3-diphenyl mcthoxytropdne methane 
sulfonate), apoatropine hydrochloride, and tropine 
hydrochloride. 

Compound I (tropyl cliphenylacetntc hydro- 
chloride), compound I1 (pseudo-tropyl diphenyl- 
acetate hydrochloride), compound I1 I (tropyl-2- 
cyclopentyl - 4 - mcthylpentanoate hydrochloride), 
compound IV (pseudo - tropyl -2 - cyclopentyl - 4- 
methylpcntanoatc hydrochloride), atropine aminox- 
ide chlorhydrate (Amcrican Roland Co.), atropine 
methyl nitrate,2 and ( - )-hyoscine-hydrobromide 
(scopolaminc hydrobromide) (Merck. ). 

( f )-Hyoscine (atroscine) prepared by raccmiza- 
tion of ( - )-hyoscine by Dr. Benjamin F. Tullar, 
dipl~enhydramine~ (Parke, Davis and Co.), com- 
pound V (3-phenyltropane hydrochloride), phentol- 
amirie HCl,4 papaverine hydrochloride (Mcrck), 
and proncthalol hydrochloride5 (nethalide HCI). 

RESULTS 

Examination of the results summarized in Table I 
shows that some of the compounds tested had 
adrenolytic activity. 

Of the 2 optical isomers of atropine. only (+)- 
hyoscyamine antagonized the lethal effect of epi- 
nephrinc; ( -))-hyoscyamine in a dose of 40 mg./Kg. 
failed to protect the rats injected with a 200-mcg./ 
Kg. dose of epinephrine. 

The activity of ( + )-hyoscyamine was low ; 
phentolamine tested in the same nianner was ap- 
proximately 400 times more active. 

The results showed clearly that there is n o  cor- 
relation between choliriolytic and adrcnolytic ac- 
tivities. The cholinolytic action of ( - )-hyoscy- 
amine was found by Long et al. to be 110~ 250 timcs 
higher than that of the (+) isomer. This ( -  )/( +)- 
activity ratio is considerably higher than those 
reported by others (6-8). [Lower ratios may in- 
dicatc (-)-isotner contamination of the (+)- 
hyoscyaniine samplc.] 

Atropine aminoxide (gcnatropinc) and atropine 
methyl nitrate had no adrenolytic activity. 

Scopolamine [( - )-hyoscine] was inactive at thc 
highest dose tested (40 mg./Kg.). Racemic hyos- 
cine (atroscine) was slightly less active than 
atropine ; this indicates that (+ )-hyoscine is the 

1 Ma! kcted as Cogentin hy -VMerck Sharp & Dohmr. 
2 Marketed as b:umydrin by S. B. Penick Co.  
7 Mal-keted as Benadryl by Parke, Davis and Co. 
4 Marketed as Regitime HCI by Ciha Pharmaceutical Co. 
6 Mat-keted as Alder-lin HCI by Impcrial Chemical In- 

dustries Ltd 
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active isomer and that substitution of scopine for 
the tropinc ring in atropinc docs not abolish adreno- 
lytic activity. 

Proriethalol and papaveriiie, at the doscs tested, 
did not protect rats from the lethal effect of epi- 
nephrine. 

The most active of thc compounds testcd was 
benztropine, its activity being approximately one- 
fiftieth of that of pheutolamine. Homatropine and 
2 other tropanol esters ( I  and 111) were slightly less 
active than atropine. The pseudotropanol analogs 
(I1 and I V )  of the last 2 compounds had no activity. 

Substitution ol a dirnetliylamino ethanol group 
in compound 1 for the tropanol moiety abolished 
adrenolytic activity. ( I  zleysza diphenhydramine.) 

Most of the compounds tested had cholinolytic 
activity. Since paralysis of thc vagi and cholinergic 
vasodilators by choliriolytics may increase the mag- 
nitude and the duration of epinephrine hypertensive 
effect, the following expcriment was performed. 
Graded dosrs of epinephrine were injcctcd together 
with a dosr of 1 mg./Kg. of (-))-hyoscyamiue. 4 s  
expected, the toxicity of rpincphrine was slightly 
incrcased. [LDja of epinephrine alone was 37.5 f 
4 nicg./K;g.; when 1 mg./Kg. of (-)-hyoscyamine 
was added to each of the graded doses of epinephrine 
the LDso was 27 =k 2.7 mcg./Kg.] These results 
suggest that the adrenolytic effect of the active 
compouitds tested had to be cxerted against an 
epinephrine toxicity somewhat greater than that 
obtained 011 control rats. 

DISCUSSlON 

The experiments reported above have confirn~ed, 
by a different  neth hod, reports in the literature 
which showed that atropine (I) and hornatropine 
(2) had adrenolytic activity and that ( -  j-hyoscy- 
amime was inactive (1, 2). Although (+)-hyoscy- 
aiiiiiie had not been tested before, the fact that 
( - )-hyoscyamine WRS inactivc strongly suggested 
that thc known weak adrenolytic activity of atro- 
pine was due to (+)-hyoscyamine. Our experi- 
ments have dcmonstrated that (+ )-hyoscyamine is, 
indeed, an aclrenolytic of a potcncy greater than that 
of atropine. 

Since ( -  )-hyoscinc (scopolaminc) is inactive the 
activity of racemic hyoscinc (atroscine j must be 
due, as in the case of atropine, to the action of thc 
destvo-isomer. 

In the series of compounds studied, with the ex- 
ception of atroscine, the adrenolytic activity is 
associated with the presence of the tropanol moiety 
in the molecule, although tropinc itself is inactive. 
Substitution oi scopinc for the tropine ring in 
atropine did not abolish activity but only rcduccd it. 
The presence of a tertiary amine group appears to 
he important--but11 atropine aminoxide and atropine 
methyl nitratc were inactive. 

The activity of ( +)-liyoscyarnine was approxi- 
Iuately 1/400 of that of phentokdmine. ~ssuiiiitig that 
thc activity ol atropine is 50% of that of (+)- 
hyoscyamine, the plientolainine/atropinc activity 
ratio of 800 differs from that reported by Flccken- 
stein (9), who found a molar activity ratio of 375 
in experitnents 011 the perfused rabbit ear. He also 
found that diphenhydramine. inactivc in our test, 
was as active as atropine. Since in Fleckenstcin's 
experiments the adrenolytic was perfused, the con- 
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centration of diphenhydramine a t  the biophase, 
when distribution equilibrium had been reached, 
may have been much higher than that of atropine. 
In our experiments higher doses of diphenhydramine 
could not be administered because of toxicity. 

The steric configuration of the tropyl moiety in 
atropine and atroscine plays au important role, 
since in both cascs only the dextro-isomers are 
active. Cushny (10) reported that atropine was 200 
times more active as a cholinolytic than its desoxy 
analog. This ratio is within the range of the leva/ 
dextro hyoscyamine activity ratios obtained by 
Long et al. ( 5 ) ,  suggesting, in accordance with 
Easson and Stedman’s (11) theory, that the side 
chaiii OH group contributes to thc attachment to  
the parasympathetic receptor. With the informa- 
tion available we can only theorize on the influence 
of the OH group in the tropyl moiety on adrenolytic 
activity. Only one of thc enantiomorphs niay have 
a configuration that provides an extra bond (hydro- 
gen) for attachment to  a-sympathetic receptors. 
Or possibly, adrenolytic activity may occur in 
atropine and raccmic hyoscime only when the OH 
group is “pointing away” from the receptor, as 
appears to  be the case with tfic adrenolytic activity 
of (+)-isoprotereuol (12). I n  this case the OH 
group is not essential since the (3-desoxy analog is 
equally active. The desoxy analogs of atropine 
and hyoscine could not be tested because they were 
unavailable. Howexr, a closely related compound 
of atropine, apoatropine, was found inactive a t  
10 mg./Kg. (The toxicity of the compound pre- 
vented the use of higher doses.) 

In  examining the method uTe employed, the ques- 
tion may be raised of whether the antagonism of 
thc lethal effect of epinephrine is a measure of 
adrenolytic activity (blockade of a-sympathetic 
receptors), or could protection against epinephrine 
toxicity be obtained with other typrs of drugs? 
To investigate this problem, 2 drugs which were 
known to antagonize some of the effects of epi- 
nephrine without acting on a-receptors-a smooth 
muscle relaxant, papaveriue, and a @-receptor 
blocker, pronethanol-were tested. 

As discussed in a previous paper (4), the data in 
the literature indicate that the fatal pulmonary 
edema which follows the intravenous injection of 
high doses of epinephrine is due to  a pronounced rise 
of arterial and pulmonary venous prcssurc. Theo- 
retically, antagonists of the effect of epinephrine 
on the blood vessels or the heart could act as 
epincphrine antidotes. However, pronethalol, a 
preceptor blocker, in doses of 1, 2, or 4 mg./Kg., 
had no antidotal effect when injected together with 
epinephrine (100 mcg./Kg.). Nonadrenolytic vaso- 
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dilators, such as ( - )-isoproterenol (12) and pa- 
paverine, do not reduce the toxicity of epincphrine 
in the rat. 

In addition to  adrenolysis, the only pharmaco- 
logical property which is known to protect rats (4) 
against the lethal effect of epinephrine is that of 
methacholine, ie., muscarinic activity. Obviously, 
the positive rcadings reported above cannot be due 
to muscarinic activity, since the active compounds 
have an antagonistic, not an agonistic action on the 
muscarinic receptors. 

The compounds we tested had weak protective 
action compared with phemtolamine, aud as in all 
cases of weak inhibitory activity, the idcntificatiorl 
of the type of activity involved is not clear cut. 
The EDso of phentolamine and those of othcr 
adrenolytics (4) are considcrably lower than the 
doses required to  reverse the pressor cffcct of 
epincphrinc. Thereforc, il the term “adrenolytic” 
is applied only to those that revcrsc the pressor 
effect of epincphrine, the weakest members of the 
a-receptor blockers may not be included, although 
they may show antiepinephrine effect on isolated 
vessel preparations (rabbit uterus, vas deferens, 
etc.). Atropine and homatropine were known to 
reduce the effect of epinephrine on various tcst 
objects; our tests confirmed the a-receptor blocking 
effect of homatropine and identified the optical 
isomer rcsponsible for the effect of atropine. The 
chemical similarity of hyoscine and the fact that the 
racemic mixture, but not the levorotatory isomer, 
was active strongly suggest that the same mechanism 
of action is involved. Less is known about the 
pharmacological actions of compounds I and 111 
which were found weakly active in our tests. How- 
ever, the chemical relationship withactivecompounds 
in our series and the absence of an alternative mcch- 
anism of action suggest that the protection against 
epinephrine toxicity is due to  a-receptor blockade. 
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