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Studies of the an~goRism of ~anet~i~ne by rnot~arnpb~~rnine 

(~ece~oed 1 October 1962; accepted 8 November 1962) 

GUANETHIDINE, a well-known antib~pertensive agent, possesses two distinct properties: (I) blockade 
of the adrenergic neuron* and (2) depletion of catecholamine from heart, spleen, and intestine.% The 
former property has been attributed to its bretylium-hike action> i.e. the inhibition of release of the 
neurohumoral agent from the terminals of the adrenergic neuron. The depletion of catecholamine by 
guanethidine requires the presence of the depleting agent in the tissue.8 After a single administration 
of guanethidine, maximal depletion occurs after 4 hr and is maintained for approximately 18 to 
24 hr, after which the catecholamine concentration begins to rise. Kuntzman et a1.3 reported that, 
after a single administ~tion, guanethidine is present in tissue for 18 to 24 hr. lt was reported recently 
that the adrenergic neuronal blocking property of ~anethidine is antagonized by several sympatho- 
mimetic amines* and cocaine. This antagonism appears to be competitive in nature.6 If it is assumed 
that the antagonism between the sympathomimetic amines and guanethidine is competitive, it may 
be possible that the depletion of catecholamiues by ~anthidine and the uptake of guanethidine by 
tissue are decreased in the presence of sympathomimetic amines. This present investigation demon- 
strates that in the presence of the sympathomimetic amine, methamphetamjne, there is a decrease in 
the depletion of the catecholamine and in the uptake of guanethidine. 
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Frc;. 1. Levels of catecholamines in hearts of rabbits pretreated for 4 hr with either guanethi- 
dine (X2.5 mg/kg, i.v.), methamphetamine (20.0 mg/kg, i.p.), or both. Concentration, 
pg/g tissue f SD. Numbers in parentheses represent the number of animals used in the 

experiment. 

New Zealand white rabbits, 2.0 to 2.5 kg, of either sex, were used. An aqueous solution of guan- 
ethidine was injected (I25 mg/kg} into the marginal ear vein; methamphetamine was injected intra- 
peritoneally (20.0 mg/kg). When both drugs were used in one animal, guanethidine was injected first 
and immediately followed by methamphetamine. 

The degree of depletion of c~t~holamine was measured in cardiac tissue from animals pretreated 
for 4 hr with the various test compounds. The ~uorometric analysis of the catecho~~mine was done 
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according to the procedure of Shore and Olin6 with the modifications of Wiegand and Perry7 and 
von Euler and Lishajko.B The distribution of guanethidine was measured in cardiac tissue from 
rabbits which were pretreated for 2 hr with the test drugs. The ~a~th~dine was assayed according 
to a procedure described by Cosmg These time periods--& pretreatment for 4 hr and 2 hr for cate- 
cholamine and guanethidine assay, respectively-were chosen for several reasons. First, it is known 
that maximal depletion of catecholamine from heart occurs in approximately 4 hr.3 Second, the 
knowledge af the distribution of guanethidine is more significant at the time when the depletion is 
actively occurring than when the depletion is maximal. 

The catecholamine concentration (expressed in micrograms/per gram of tissue I.SD) of normal 
rabbit heart tissue was I-80 J. @38pg/g {Fig. I) whereas in hearts from rabbits treated with guanethi- 
dine, fhc catecholamine ~o~~e~tration was 0.35 .!: 0.28 LLg/g,, or 19:,,; of normal. In rabbits pretreated 
with m&amphetamine, the concentration of cateeholamine was 1.59 :I. 023 pg/g, or 88% of normal. 
In rabbits receiving both methamphetamine and guanethidine, the concentration of catecholamine 
was 1.24 I_ 0.21 pg/g, or 68% of normal. The concentration of catecholamines in tissue of rabbits 
pretreated only with guanthidine is significantly different (P < OGO1) from all other groups tested. 

Tissue levels of guanethidine in heart tissue from rabbits which received only guanthidine was 
7.68 & 195 pg/g tissue (Table 1). In tissue from rabbits that were pretreated with guanet~idine and 

TABLE 1. LEVELS OF GUANFXHKDINE IN HEARTS OF RABBITS* 

Drug Concentration 
(pg/g tissue & SD) 

~uaneth~d~ne (12-5 mg/kg, i.v.) 
Guanethidine (12.5 mg/kg, i.v.) and 

methamp~etam~ne (20.0 m&kg, i.p.) 

* Pretreated for 2 hr with either guanethidine or methamphetamine 
and guanethidine. Value, pg/g tissue -i: SD, is the mean obtained 
from four animals. 

me~~~rnp~etarnine~ the level of guanethidine was 4.66 ri_ I-98 ctgig. The difkrence irr fevels of guanethi- 
dine between the two groups is approximately 40% and is significant (P < O-05). 

The results given here indicate that methamphetamine effectively antagonizes the depletion of 
catecholamine by guanethidine and the uptake of guanethidine by tissue. Callingham and Cassr” 
recently reported that bretylium and cocaine reduced the depletion of norepinephrine from rat heart 
and spleen produced by either reserpine or guanethidine. They proposed that bretylium probably acts 
by preventing the release of the catecholamine. The antagonism of guanethidine by methamphetam~ne 
is not likely due to a bretylium-like action since methamphetamine itself causes the release of the 
catechotamine from its stores. Also, methamphet~mine has been reported to antagonim the adren- 
ergie neuronal blocking action of bretyhum. I1 A possible explanation is that there is a competition 
between the adrenergic neuronal blocking agents and the sympathomimetic amines for receptors. 
The result reported here demonstrated that, because of the competition between guanethidine and 
methamphetamine, there is decreased uptake of guanethidine by tissue. Concomitantly, this decreased 
uptake resuttcd in a Iesser degree ofcatecholamiae depfetion from cardiac tissue. 

Ackr?~w,le~~~~rrenfs-Tfiese studies were supported in part by United States Public Health Service 
Pharmacology Training Grant 2G-109(C2) and Grant MY-2435fC3) from the National Jnstitute of 
Mental Health. The authors wish to express their appreciation to Dr. A. J, Plummer of ClBA Pharma- 
ceutical Products, Inc., Summit, N.J., for the generous supply of guanethidine sulfate. 

C. MAT~U~KITO 
A. BXZITA 

REFERENCES 

1. R. A. MAXWELL, A. J. PLUMMER, F. SCHNEIDER, H. POVAIXI and A. I. DANIEL,J. Pharnmcol. exp. 
T/w. 128, 22 (1960). 



Short Communications 297 

2. R. CASS, R. KUNTZMAN and B. B. BRODIE, Proc. Sot. exp. Biol. N.Y. 103, 871 (1960). 
3. R. KUNTZMAN, E. COSTA, G. L. GESSA and 8. B. BRODIE, Life Sci. 3,65 (1962). 
4. M. D. DAY, Brir. J. PharmucoI. 18, 421 (1962). 
5. M. D. DAY. Personal communication. 
6. P. A. SWORE and J. S. OLIN, J. Phartnacol. exp. Ther. 122, 295 (1958). 
7. R. G. WIEGAND and J. E. PERRY, Biochem. Pharmaeol. 7, 181 (1961). 
8. U. S. VON EULER and F. LISHAJKO, Acta physiol. stand. 51, 348 (1961). 
9. E. COSTA. Personal communication. 

10. B. A. CALLIN~IHAM and R. CASS, J. Pharm. Pharntcoi. 14, 38.5 (1962). 
1 I. C. MATSUMOTO and A. HORITA, ~oi[~re, Land. 195, 1212 (1962). 

Effect of ametbopterin and vin~ieukoblastine on urinary 4-amino-5-imidazoiecar~x~ide* 

(Received 29 October 1962: accepted 7 December 1962) 

THE ribonucleotide of 4-amino-5-imidazolecarboxamide (AIC) has been established as a key inter- 
mediate in purine biosynthesis.” AK, a by-product formed by the breakdown of the ribonucleotidc, 
has been shown to appear in the urine of humans and other mammals.*-” In normal individuals, AK 
is comparable to creatinine in the constancy of its excretion,3 suggesting that fundamental homeo- 
static mechanisms govern the rate of purine biosynthesis and the rate of AIC excretion. In acute 
leukemia, however, the excretion of AIC is about two times normal,5* ’ and the recovery of an ad- 
ministered load of AK is much less than normaL These facts imply a heightened rate of purine 
biosynthesis in acute leukemia, which is consistent with an increased rate of synthesis of leukocytes. 

Folic acid derivatives are required for two steps in purine biosynthesis; one is in the conversion 
of glycinamide ribonucleotide to a-N-formylglycinamide ribonucleotide, and the other is in the 
conversion of 4-amino-5-imidazolecarboxamide ribonucleotide to 4-formamidoimidazolecarboxamide 
ribonucleotide.7 The folic acid derivatives in each case act as carriers of a formyl residue. 

Antifolic acid compounds, such as aminopterin and amethopterin are useful in the treatment of 
certain neoplastic diseases, particularly acute leukemia. If these drugs act by interfering with purine 
biosynthesis, one might expect a change in AIC excretion after their administration. This paper reports 
some preliminary studies on AK excretion in rats given amethopterin, aminopterin, and vinca- 
leukoblastine, a third compound useful in the treatment of leukemia but with a completely unknown 
mechanism of action. 

Wistar rats, weighing approximately 200 to 250 g, were placed in metabolic cages, allowed food and 
water ad lib., and the urine collected in dilute acid. Creatinine values on the 24-hr urine specimens 
were determined by Taussky’s modification of the Jaffe reaction and AK determined by the method 
previously described.3 The drugs were administered intraperitoneally, and did not interfere with either 
creatinine or AIt analyses. 

Some representative results on individual rats are given in Table I. After a single dose of amethop- 
terin (I.5 to 5 mg/kg), both the absolute excretion of AIC and the ratio of AK to creatinine increased 
two- to seven-fold. Some 20 rats were studied and each showed this effect. At lower doses the effect 
was transient, lasting only 1 to 2 days, but at 5 mg/kg the value increased until the third day when both 
animals succumbed. In another experiment, two rats were given 2.5 mg amethopterin/kg for 2 days 
and 7 mg/kg on the third. Both rats died on the fifth day, but the AIC excretion did not rise after the 
third day. 

Aminopterin, another antifolic acid compound, was administered to four rats at a dose of 0.2 
mgjkg. No effect on either AIC excretion or creatinine excretion was observed at this dosage. 

A different effect on AK excretion was observed when vincaleukoblastine (VLB), an antileukemic 
drug with an unknown mode of action, was administered (Table 1). Two rats were given 0.5 mg VLB/ 

* This research was supported by Grant H-5664 from the National Institutes of Health and 
Federal-Provincial Mental Health Grant 609-5-128. 


