
Protection of Sympathetic a-Receptors In Vho 
By F. P. LUDUENA and M. J. BRANIN 

An intravenous dose of 100 mcg./Kg. of phenoxybenzamine in rats completely 
blocked the lethal effect of 1 mg./Kg. of epinephrine injected intravenously 3 hr. 
later. Alpha-sympathetic receptors were protected against the effect of phenoxyben- 
zamine by the simultaneous injection of competitive a-adrenolytics. Ifthea-receptor 
protection was maximal, a 100 per cent mortality followed theinjection ofthe 1 mg./ 
Kg. dose of epinephrine. Graded degrees of receptor protection were obtained by 
the administration of graded doses of a-adrenolytics. A rank correlation coefficient 
of 0.902 was obtained between the a-receptor protective dose50 and the adrenolytic 
doseso of 1 7 compounds tested including dextro-isoproterenol and dextro- 

h yoscyamine. 

ETA-HALOALKYLAMINES produce a long-last- B ing inactivation of the sympathetic a- 
receptors (1). I n  1949 Seed and McKay ( 2 )  
demonstrated that previous administration of 
piperoxan in  the anesthetized dog prevented the 
development of the adrenolytic action of W ( 2 -  
chloroethyl) dibenzylamine. Nickerson and 
Gump (3) reported that the injection of epineph- 
rine in anesthetized cats reduced the developing 
of the a-receptor blocking effect of p-haloalkyl- 
amines suggesting a certain degree of a-receptor 
protection. Clear evidence of a-receptor protec- 
tion in vitro by both agonists and antagonists was 
provided by the results reported by Furchgott (4). 

The experiments described below were carried 
out in order to quantitate a-receptor protection 
activity in vivo and to  determine the relationship 
between this activity and adrenolysis. 

METHODS 

All injections were made in the tail vein of male 
white rats weighing approximately 100 Gm. Doses 
were expressed in terms of the bases. 

Adrenolytic Activity-The technique, reported 
previously (5), consists of injecting intravenously a 
dose of epinephrine (200 mcg./Kg.) simultaneously 
(procedure A )  with one of three or four graded doses 
of the experimental compound and plotting per cent 
survival against the dose on probit-log paper; in 
some experiments the compound was injected 
approximately 5 min. before epinephrine adminis- 
tration (procedure B ) .  

Sympathetic WReceptor Protection Test-Alpha- 
receptors were protected by adrenolytics against 
the long-lasting inactivation produced by phenoxy- 
benzamine (0.1 mg./Kg.) injected intravenously. 
The “protectors” were injected in the same solution 
(procedure C) or 5 min. before phenoxybenzamine 
(procedure D). After an interval of 3 hr. a dose of 
epinephrine of 1 mg./Kg. was injected intravenously. 
If the sympathetic a-receptor had been protected 
and the adrenolytic effect of the “protector” had 
worn off, epinephrine would reach the unchanged 
a-receptor causing all the rats to die. With graded 
doses of the protector, the higher the a-receptor 
protective effect the higher the mortality. The 
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EDN was obtained by plotting mortality against 
dose on probit-log paper (Fig. 1).  

RESULTS 

In an effort to develop a test to measure the 
ability of certain compounds to protect sympathetic 
a-receptors from the inactivating action of phenoxy- 
benzamine, the following variables were studied : 
dose of phenoxybenzamine, dose of epinephrine, 
dose of the a-receptor “protector,” and the time 
intervals between the administration of the “pro- 
tector” and phenoxybenzamine and between the 
administration of phenoxybenzamine and epineph- 
rine. The results obtained using phentolamine 
as the “protector” are summarized in Table I. 

Experiment 1 showed that the 20-min. interval 
between injections of phenoxybenzamine and epi- 
nephrine was too short, as 80% mortality resulted. 
When the interval was increased to 40 min. in exper- 
iment 2, only 30% of the animals died, indicating 
that a higher proportion of a-receptors had been 
inactivated a t  the time of epinephrine injec- 
tion. Using the time interval of 40 min. between 
the injection of graded doses of phenoxybenzamine 
and a dose of 0.20 mg./Kg. of epinephrine (2.7 - 
5 X LDm), the adrenolytic ED= of phenoxyben- 
zarnine wasdetermined to be0.014 =!= 0.003 mg./Kg.* 
Further experiments with increasing doses of epi- 
nephrine (experiments 3-7) indicated that once the 
adrenolytic ED100 of phenoxybenzamine had been 
reached further increases in the dose of epinephrine 
could not surmount the blockade of a-receptors. 

The effect of the time interval between phenoxy- 
benzamine and epinephrine administrations is shown 
in the results of experiments 8-11. When the doses 
of phenoxybenzamine were 0.1 mg./Kg., high doses 
of epinephrine partially surmounted the blockade 7 
hr. after phenoxybenzamine (experiment 1 0 )  and 
killed all the rats 11 hr. later (experiment 1 1 ) .  
While the time parameter remained constant (18 
hr.) in experiments 11, 12, and 13, the dose of epi- 
nephrine was varied. Both 5.0 mg./Kg. (experiment 
1 1 )  and 1 mg./Kg. (experiment 12) of epinephrine 
resulted in 1 0 0 ~ o  mortality. However, a t  a still 
lower dose of epinephrine (0.20 mg./Kg., experi- 
ment 13)  none of the treated rats died, demonstrat- 
ing that even a t  this prolonged time interval there 
was still some a-receptor blockade produced by 
phenoxybenzamine. Experiments 14, 15, and 16 
showed that the adrenolytic effect of phentolamine 
(5 mg./Kg.), a competitive adrenolytic, did not last 

2 Only one of the four doses of phenoxybenzarnine used to 
calculate the EDso is presented in Table I. 
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Fig. 1-Dose-effect curves of adrenolytics. 
Protection of a-sympathetic receptors in 
rats against the inactivation produced by 
intravenous phenoxybenzamine (0.1 nig./ 
K g . )  ,Per cent protection = the per cent 
mortalzty following an intravenous high 
dose of epinephrine ( 1  mg./Kg.) in- 

jetced 3 hr. after phenoxybenzamine. 

0.01 mg. 0.10 rng. 1.0 mg. 10 mg. 100 mg. 
DOSE/Kg. 
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TABLE I-INFLUENCE OF PHENTOLAMINE ON THE ADRENOLYTIC ACTIVITY OF 
PHENOXYBENZAMINE ( PH) IN RATS“ 

Epinephrine Interval 
P H  Phentolamine (E) Dose, Between No. of No. of Rats 

Dose, mg./Kg. Dose, mg./Kg. mg./Kg. PH and E Rats Killed 
0.025 . . .  0.2 20 min. 10 8 
0.025 . . .  0.2 40 min. 10 3 
0.20 . . .  1 .o 40 min. 10 0 
0.20 . . .  5.0 40 min. 10 0 
0.10 . . .  10.0 40 min. 6 0 
0.10 . . .  20.0 40 min. 5 0 
0.05 . . .  20.0 40 min. 5 1 
0.10 . . .  5.0 3 hr. 5 0 
0.10 . . .  5.0 5 hr. 4 0 
0.10 . . .  5 . 0  7 hr. 10 3 
0.10 . . .  
0.10 . . .  
0.10 

. . .  5 ( 5 ’ m i n . ~  

. . .  5 i l  hr.Y’ 

. . .  5 (3 hr.jb 
0.10 5c 
0.10 5 
0.10 1 
0.10 0.2 
0.10 0.05 
0.10 0.025 
0.10 0.050 
0.10 0.035 
0.10 0.025 

5.0 
1 . 0  
0.2 
5 .0  
5.0 
5.0 
5.0 
5.0 
5.0 
5 0  
5.0 
5.0 
1 .0 
1 . 0  
1.0 

18 hr. 
18 hr. 
18 hr. 

. . .  

. . .  

. . .  
5 hr. 
5 hr. 
5 hr. 
5 hr. 
5 hr. 
5 hr. 
3 hr. 
3 hr. 
3 hr. 

5 5 
5 5 
5 0 
5 3 
5 4 

10 10 
10 10 
10 10 
5 5 
7 7 

10 10 
10 7 
10 9 
10 3 
10 2 

% 
Mortality 

80 
30 
0 
0 
0 
0 

20 
0 
0 

30 
100 
100 

0 
60 
80 

100 
100 
100 
100 
100 
100 
50 
90 
30 
20 

~ ~ 

a Adrenolytic Elho of phenoxyhenzarnine, 40 min. before epinephrine: 0.014 + 0.003 mg./Kg. bTime interval between 
Phentolamine was injected 15 min. before phenoxybenzamine, in experiments 18 to 25 phentolamine and epinephrine. 

the two drugs were injected in the same solution. 

3 hr. against a high dose of cpinephrine (5 mg./ 
Kg.). The injection of phentolamine together with 
phenoxybenzamine abolished the long-acting adreno- 
lytic action of the latter (experiments 18-25; experi- 
ment 9 wersus experiments 18-20). It was clear 
that a t  the doses used there was a “protection” of 
the sympathetic a-receptors. Experiments 22-25 
showed that graded doses of phentolamine produced 
graded degrees of receptor protection and that an  
EDa value could be obtained. 

On the basis of the results obtained with phentol- 
amine, the procedure previously described was 
adopted to test the a-receptor protective activity of 
a series of adrenolytics. Compounds were chosen 
which had weak, moderate, and strong adrenolytic 
activity. 

The doses of phenoxybenzamine and epinephrine 
(0.1 and 1 mg./Kg., respectively) and the 3-llr. 

interval between the two injections, which the 
authors adopted to test thc 17 compounds in the 
correlation study, may not be the most satisfactory. 
For example, although the adrenolytic effect of 
phentolamine disappears within 3 hr., the effect of 
trifluoperazine and tolazoline lingers beyond the 
3-hr. interval giving false a-receptor “protection” 
readings. For this reason these two compounds 
could not be tested by the method described above. 
Another difficulty was the result of differences in 
onset of action between some adrenolytics and 
phenoxybenzamine. In order to demonstrate “pro- 
tective” activity compounds I and 111 had to be 
injected 5 min. before phenoxybenzamine (Table 
11, procedure D). The time of onset of action 
might have been reduced by increasing the dose of 
the “protector.” However, in the case of com- 
pounds I and I11 the increase in dosage prolonged 
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TABLE 11-RELATIONSHIP BETWEEN ADRENOLYTIC AND SYMPATHETIC WRECEPTOR PROTECTIVE 
ACTIVITIES IN RATS 

Sympathetic a-Receptor 
Adrenolytic Activity Protective Activity 

I HCI 0.020 f 0.002a 0.032 f 0.006” 
Compd. Form EDSO, mg./Kg. EDm. mg./Kg. 

Phentolamine HCl 0.022 f 0.004 0.035 f 0.003 
I1 HC1 0.024 f 0.012 0.090 f 0.042 

I11 Maleate 0.033 f 0.006= 0.037 f O . O I O y  
Perphenazine Base 0.036 f 0.007 0.255 f 0.053 

IV Base 0.040 f 0.008 0.034 f 0.007 
Promazine HC1 0.041 f 0.010 0.094 f 0.025 

V Base 0.048 f 0.009 0.053 f 0.012 
VI Base 0.062 f 0.011 0.039 f 0.013 

Phenindamine Hydrogen tartrate 0.080 f 0.028 0.350 f 0.083 
Piperoxan HCI 0.230 f 0.054 3.85 f 0.57 
Yohimbine HC1 0.60 f 0.041 3.35 f 0.47 
Benztropine Methanesulfonate 1.14 f 0.21 2.07 f 0.26 

( + )-Hyoscyamine 1,2-Oxobornanesulfonate 8 . 5  f 1.5  6.75 f 0.45 

( + )-Isoproterenol d-Bitartrate 12.2 f 2 . 4  29.5 f 0.95 

VII HCl 8.3 f 1.3 7.3 f 1.3  

VIII HC1 10.4 f 1 . 9  9 . 2  f 1.3 

~~ 

These compounds were administered approximately 5 min. before epinephrine (procedure 8, adrenolytic test) and phenoxy- 
benzamine (procedure D ,  sympathetic or-receptor protective test), 

TABLE 111-CHEMICAL STRUCTURE 

Phenothiazines 

Compd. 

I 
I1 

I11 

n 

3 
2 
6 

Compd. 

IV 
V 

V I  

n 

1 
0 
4 

Hydroxyphenyl Amines 

HO 

R Ri Rz Rs Salt 
V I I  (=I=)- OH OH H -CH,--CH, -CH,-CH3 HC1 

VI I I  OH H H  -CH, HCl 
/CHs 

CH3 
I X  (+)- OH OH H -CH,-CHs 

,CH3 

‘CH, 
H OH H -CH X (+I-  

XI (&)- OH OH H - 7 3  

-CH --CHI 
‘CH, 

HCl 

I-Bitartrate 

Methanesulfonate 

/CHJ 

‘CH, 
/CHs 

XI1 (-)- OH OH H -CH - CH, d-Camphorsulfonate 

-CH H C1 
‘CH3 

XI11 (f)- OH OH Et 

their adrenolytic effect beyond the 3-hr. interval. EDso values obtained in this manner (procedure B, 
The adrenolytic activity of these two compounds see under Methods) were lower than those obtained 
was also determined in the same manner; i .e . ,  by the standard method (procedure A ) .  The values 
by injecting the compound 5 min. before epineph- in mg./Kg. were for compound I:  0.020 f 0.002 
rim. It is interesting to note that the adrenolytic ( B )  versus 0.032 i 0.008 ( A ) ;  and for compound 
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TABLE IV-EFFECT O F  ( -) AND ( +)-EPINEPHRINE MIXED WITH PHENOXYBENZAMINE 

7 First Injection 

Dose, mg./Kg. Agonist 

Phenoxy- 
benzamine 

0 . 2  ( -)-Epinephrine 
0 . 1  ( -)-Epinephrine 
0. l a  ( -)-Epinephrine 
0.2 ( +)-Epinephrine 
0.1 ( +)-Epinephrine 
0.15 ( + )-Epinephrine 

7 2nd Injection 
3 hr. Later 

Dose, (-)-Epinephrine No. of No. 
mg./Kg. Dose, mg./Kg. Rats Inj. Killed 

0.05 0.2 10 0 
0.05  5 . 0  10 0 
0 . 2  5.0 8 0 
1.0 5.0 10 0 
4 . 0  5.0 10 0 

12.0 5 . 0  4 0 

a Several rats died following the first injection. 

111: 0.033 =!= 0.006 ( B )  versus 0.11 =!= 0.022 ( A ) .  
It is obvious that the full effect of these adrenolytics 
could not develop when injected simultaneously 
with epinephrine. 

Correlation Study-The degree of association 
between adrenolytic activity (EDSO) and sympa- 
thetic a-receptor protective activity (EDm) of 17 
compounds was determined using the Spearman rank 
correlation method (6). The rank correlation 
coefficient found was 0.902. The ED5n values ob- 
tained are listed in Table I1 and the chemical struc- 
tures of some of the compounds are shown in Table 
111. 

In addition to some standard adrenolytics, a few 
weak adrenolytics were tested in order to widen the 
activity range of the groups of compounds studied. 
Among the latter (+)-hyoscyamine, which is re- 
sponsible for the adrenolytic activity of atropine 
(7), and (+)-isoproterenol (8, 9) were found to be 
weak a-receptor protectors. 

Other (+)-isomers of sympathomimetic amines 
were tested, but since the two EDm values could not 
be obtained, they were not included in the correlation 
study. The dextro-isomer of N-ethyl norepineph- 
rine (compound IX, Table 111) was found to have 
a very weak adrenolytic activity (17.5 + 8.9 mg./ 
Kg.). Partial protection (37.5% mortality) of a- 
receptors was obtained at a dose of 80 mg./Kg. 
Higher doses were not tested. The other com- 
pound (X, Table 111), the dextro-isomer of the meta- 
desoxy analog of isoproterenoi, protected a-receptors 
(EDm: 40 + 3.2 mg./Kg.), but its adrenolytic EDm 
could not be determined by the standard method. 
However, in rats receiving 40 mg./Kg. in the same in- 
travenous injection with epinephrine, the LD50 of 
epinephrine was increased to  0.1 4~ 0.011 mg./Kg. 
from a control value of 0.05 + 0.008 mg./Kg. 

Effect of Agonists on the Adrenolytic Activity of 
Phenoxybenzamine-Adrenergic agonists in high 
concentrations protect sympathetic a-receptors 
from the inactivating action of N-(2-chloroethyl)- 
dibenzylamine in vitro (4). The authors tested the 
effect of (- ) and ( + )-epinephrine mixed with 
another haloaikylamine, phenoxybenzamine, to de- 
termine whether agonists could occupy a sufficiently 
large proportion of receptors to allow epinephrine 
injected 3 hr. later to  produce its lethal effect (Table 
IV). 

The results in Table I V  show that the isomers of 
epinephrine could not protect the a-receptors. If 
the dose of the agonist injected together with 
phenoxybenzamine was increased, some of the 
animals died. From these experiments it may be 
concluded that  if the proportions of a-receptors 
occupied by the agonists in competition with 

phenoxybenzamine are sufficiently large, the rats die, 
and that in the animals that survive (Table IV) 
an insufficient number of receptors were protected 
from the action of phenoxybenzamine. 

Effect of Catecholamines with No PReceptor 
Activity-Since in experiments with the dextro- 
isomers of catecholamines, very large doses had been 
used, it was of interest to test as controls, com- 
pounds which have strong @-receptor agonist activity 
and no action on a-receptors. Compound XII ,  the 
Lev0 form, is one of the most potent P-receptor 
agonists. At a dose of 20 mg./Kg. it had no 
adrenolytic activity when injected together with 
epinephrine (0.2 mg./Kg.). Injected with phenoxy- 
benzamine (20 mg./Kg.) it had no a-receptor pro- 
tective activity. On the other hand, the racemic 
form (compound XI) had an approximate adreno- 
lytic E D 3  of 15 mg./Kg. and an a-receptor protec- 
tive EDso of 17.8 =k 2.4 mg./Kg., indicating that in 
both tests the dextro-isomer was responsible for the 
observed activities. Compound XI11 at 50 mg./ 
Kg. had neither adrenolytic activity nor any protec- 
tive effect on the receptor. Since XI11 is the racemic 
form of the compound, it may be concluded that 
a-ethyl substitution in the molecule of (+)-iso- 
proterenol abolishes its a-receptor blocking activity. 

DISCUSSION 

The results reported above have demonstrated 
that complete protection of the sympathetic a- 
receptor in vivo can be obtained by the injection 
of adrenolytics in intravenous doses as low as 0.1 
mg. (or less)/Kg. The correlation study indicated 
a close relationship between adrenolytic and receptor 
protective activity. This strongly suggests that the 
degree of affinity of the competitive adrenolytic for 
the sympathetic a-receptor is involved whether the 
compound blocks the access of epinephrine (adreno- 
lytic test) or phenoxybenzamine (a-receptor protec- 
tive test) to the receptors. 

The results obtained with the a-receptor protec- 
tive test confirm the findings indicating that (+)- 
isoproterenol is a sympathetic a-receptor blocker 
(8, 9) against the negative results reported by Levy 
and Ahlquist (10). It has been reported (11) 
that in the series of N-alkyl analogs of norepi- 
nephrine the ethyl, propyl, and isopropyl analogs 
have intrinsic activity between 1 and 0 (partial 
agonism) and that the same was true for the N-tert- 
butyl and the N-propyl analogs of octopamine. 
When the adrenolytic activity of ( + )-isoproterenol 
was discovered, it was suggested (8) that the partial 
agonism of isoproterenol shown by the racemic form 
was due to the mixture of an agonist (Lao-isomer) 
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and an antagonist (dertro-isomer). The results 
obtained with ( + )-isoproterenol and compounds 
IX, XI, XII, and XI11 strongly suggest that the 
same explanation applies to all the compounds in the 
sympathomimetic amine series reported as partial 
agonists by Ariens and Simonis (11). 

CONCLUSIONS 

Phentolarnine, trifluoperazine, prornazine, phen- 
indamine, benztropine, and other competitive 
sympathetic a-receptor blockers injected intra- 
venously with phenoxybenzamine in rats blocked 
the long-acting adrenolytic effect of the latter. A 
highly significant correlation was found between the 
sympathetic a-receptor protective and adrenolytic 
activities of 17 compounds. 
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Inhibitors XCII 

Inhibition of Xanthine Oxidase by Some Purines and Pyr midines 

By B. R. BAKER and J. L. HENDRICKSON 

Twenty-six selected compounds were investigated as inhibitors of xanthine oxidase, 
the enzyme that can also detoxify 6-mercaptopurine; these compounds consisted 
of 1 9  purines, four pyrimidines, two 8-azapurines, and one imidazole. Among the 
inhibitors that complexed to xanthine oxidase as well or better than the substrate, 
hypoxanthine, were thioguanine, adenine, and 6,8-dihydroxy-2-methylthiopurine 
(XXVI). The larger 2-benzylthio-6,8-dihydroxypurine (XXVII) was synthesized 
and found to inhibit equally as well as XXVI. Then 2-benzylthiohypoxanthine 
(XXVIII) and 8-benzylthiohypoxanthine (XXIX) were synthesized; these two 
compounds were complexed elevenfold and threefold better, respectively, to the 
enzyme than the substrate. Thus the enzyme showed bulk tolerance for the benzyl- 
thio group of XXVII-XXIX; the benzylthio group is a logical group for place- 
ment of electrophilic groups to give candidate active-site-directed irreversible in- 

hibitors of xanthine oxidase. 

ANTHINE OXIDASE is a catabolic enzyme in- 
volved in degradation of purines in a cell; 

the enzyme normally oxidizes hypoxanthine (I) 
and xanthine (11) to uric acid (111) (1, 2); the 
latter is then either excreted or further catab- 
olized depending upon the species. The enzyme 
can also oxidize 2-hydroxypurine (IV) or 8- 
hydroxypurine to uric acid (111) (3) and adenine 
(V) to 6-amino-2,8-dihydroxypurine (VI) (4). 
The enzyme slowly oxidizes 4-hydroxypyrazolo- 
[3,4-d]pyrimidine (IX) to the 4,6-dihyd*oxy 
derivative (X),  both of which are good inhibitors 
of xanthine oxidase (5 ,  6); in fact, IX is now 
marketed1 for the treatment of gout since IX 
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slows formation of uric acid. Other known in- 
hibitors of xanthine oxidase are an assortment 
of N%ubstituted 2-hydroxyadenines (XI)  and 
S6 - substituted 2 - hydroxy - 6 - mercaptopurines 

Of interest to cancer chemotherapy is the 
oxidation of the anticancer agent, 6-mercapto- 
purine (VII), to thiouric acid (VIII)  (8-10) by 
xanthine oxidase in mammals, thus detoxifying 
the drug. It has been proposed (11) that the 
selective action on cells by 6-mercaptopurine 
(VII) may be due in part to selective detoxifica- 
tion; if a cell can activate 6-mercaptopurine 
(VII) to its lethal ribonucleotide (12-14), but 
due to a lack of sufficient xanthine oxidase can- 
not detoxify V I I  by oxidation to the nontoxic 
thiouric acid, then the cell will be killed. Those 
normal and cancer cell lines that can oxidize 
VI I  to V I I I  would be less affected by VI I ;  thus 
some cancer cell lines that can activate 6-mer- 
captopurine (VII) to the ribonucleotide may not 
respond to the drug due to the rapid detoxifica- 
tion of VII.  (Scheme I.)  

(XII) (7). 




