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Previous reports [14,15] have indicated a role for cyclic 
AMP in the differentiation of H. culberrsoni induced by 
biogenic amines. The present studies with imidazole sug 
gest that the role of cyclic AMP is that of a second mes- 
senger almost comparable to its action on gluconeogenesis 
in liver and muscle triggered by epinephrine. Moreover, 
during encystment there is extensive degradation of lipids 
(M. K. Raizada, unpublished observations) along with gly- 
cogen [16-191. 
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Cbaractetization of acute tolerance to morphine using rem-pine and 
cycloheximide* 

(Received 13 August 1974; accepted 24 October 1974) 

It has recently been demonstrated that morphine sulfate 
(MS) (25 mg/kg 30min) produces a significant lowering 
of tissue calcium in regional areas of rat brain Cl]. This 
decrease was also shown to be antagonized by naloxone. 
In outlining acceptabk criteria to establish an action as 
directly due to opiate effects it has been necessary to 
demonstrate selective blockade by opiate antagonists, as 
well as dose levels approximating a pharmacological dose 
range. In addition, a major criterion imposed on previous 
investigations has been the production of tolerance to the 
parameter being examined. In continuing an investigation 
into the rok of membrane calcium in the actions of opiate 
analgesics, the present study was undertaken to investigate 
the ability of morphine to induce tolerance to the calcium 
depktion efkct in regional brain areas of the rat. 

Rats (male, SpragutDawley). weighing between 175 and 
250~ were used throughout all experiments. Control or 
drug-treated animals were sacrificed at appropriate times 
(see table legends) by decapitation. The skull was opened, 
peeled back and the brain was removed as rapidly as 
possible into ice-cold isotonic saline. ARer successive rinses 
in this medium to remove any adhering blood, the brains 
were lightly blotted dry, and regional brain dissection was 
performed according to the method of Glowinski and Iver- 

l This work was supported in part by NIH Research Grant 
no. 5001 RR05654005. 

son [2]. Tissues samples in the range of 10-30mg were 
placed in preweighed disposable tubes (Corning disposable 
culture tubes, 16 x 100 mrnb 

Calcium levels were determined by atomic absorption 
spectroscopy using a Perkin Elmer modek 303 unit. Con- 
centrated nitric acid (analytical grade) (2004) was added 
and the total contents of each tube were evaporated to 
a dry ash over a hot plate. ARer cooling the residue 
was resuspended in @5 ml of @IN HCl plus 4.5 ml of 
l-00/, lanthanum (as the oxide) in 06 N HCl. 

Morphine sultate (injectable) was purchased from Lilly 
Laboratories, Indiinapolis, ind.; reserpine was obtained 
from Ciba-Geigy, Summit, N.J. (Serpasil), and cyclohexi- 
mide was purchased from Sigma Co., St. Louis, MO. Lan- 
thanum and calcium standards were obtained from 
Research Chemical Corp., Sun Valley, Cal& and Fisher 
Scientific, Fairlawn, NJ. 

The development of tolerance to morphine’s ability to 
deplete calcium was examined in the following manner. 
Animals were given saline or the appropMte drug and 
sacrificed at the times listed in the table legends. The 
initial dose of morphine was repeated aqd a lesser re- 
sponse was usually observed to the second dose. The 
observation of this lesser response was used as the criterion 
for tolerance in this study. Tabk 1 illustrates the effect 
of morphine sulfate in producing acute tolerance to the 
calcium depletion effect at 4 hr. Two groups of animals 
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were given a single dose of morphine sulfate, 25 m&kg, 
half were sacrificed at 05 hr and half at 4.0 hr. and the 
calcium content in each of eight brain regions was deter- 
mined as outlined above. A third group of animals 
received an initial dose of morphine sulfate at 0 hr followed 
by a second dose 3.5 hr later. This third group of animals 
was sacrificed at 4hr. As shown in Table 1, a single dose 
of morphine sulfate (25 mg,‘kg) produces a significant de- 
crease of regional brain calcium. Four hr after the same 
dose of morphine, calcium levels are returning to control 
values. Those animals receiving morphine at 0 time and 
35 hr later show no significant effect from the second 30- 
min dose of morphine. Animals treated with saline accord- 
ing to the “tolerance regimen” had calcium contents un- 
changed and were not included in Table 1. 

Tolerance to this morphine-induced calcium depletion 
was further characterized using a protein synthesis inhibi- 
tor, cycloheximide, and a biogenic amine-depleting agent, 
reserpine. Both agents have been previously demonstrated 
to alter the development of tolerance to morphine C3.43. 
Reserpine. 5 mg/kg. was administered 2 hr prior to the 
first dose of 25mg/kg of morphine. A second dose of 
25 mg/kg of MS was administered 3.5 hr after the initial 
MS dose. Results of this experiment are shown in Table 
2. Reserpine pretreatment followed by the 4 hr tolerance 
regimen (see table legend) produced no significant alter- 
ation of regional brain calcium levels (see Table I, toler- 
ance column for comparison). In contrast, however. cyclo- 
heximide. 0.5 mg/kg, when used as pretreatment for I hr. 
followed by the 4 hr tolerance regimen (see table legend) 
produced a significant reduction in brain calcium levels 
(see Table I. tolerance column for comparison) in eight 
discrete brain regions. Rcserpine alone at 6 hr produced 
a significant depletion of calcium while cycloheximide 
alone was ineffective. 

Table 1. Acute tolerance to morphine sulfate 4 hr after 
a single dose’ 

Tissue calcium 

Brain region 
(pg/g wet weight, mean + S.E.M.) 
Control 0.5 Hr 4Hr Tolerance 

Hypothalamus 5% 39.5 48.0 50.0 
+_ 2.0 f2.0 k2.5 +4.9 

Hippocampus 59.0 37.1 49.8 51.0 
k2.1 k1.7 k3.6 + 3.7 

Corpus striatum 566 35.3 50.6 51.0 

Cortex 
* 1.9 +24 +I.5 k2.I 
52.1 36s 49.2 47.5 

Cerebellum 
+0.7 +I.0 +0.9 f3.1 
54.8 35.1 44.7 45.7 

Medulla pans 
+0.8 +2.2 i2.3 * 1.2 
54.6 36-o 43.7 48.0 

+ 1.5 + 1.7 *23 f 1.5 
Midbrain 56.0 37.4 51.0 51.0 

+ 0.9 + I.4 k4.0 + 3.8 
Thalamus 34.1 335 46.3 46.6 

f I.1 k2.5 kO.8 + 1.2 

* Morphine sulfate was administered at 25 mg/kg doses 
for 30-min duration. Calcium determinations were made 
at 0.5 hr and 4 hr after a single dose of morphine. For 
tolerance, animals received 25 mg MS at 0 time and 35 hr 
later. Animals were sacrificed 4 hr after the initial (0 time) 
injection. Tolerance saline controls (@9%) were included, 
using equivalent volumes of solutions and comparable in- 
jection schedules of 30 min and 4 hr. and were not different 
from normal saline controls. Values at 0.5 hr are signifi- 
cantly different from controls at P = OGOI. There is no 
significant difference between the values at 4 hr and toler- 
ance values. All values represent the mean of eight to 
twelve animals. 

Table 2. Effect of cycloheximide and reserpine on acute 
tolerance to morphine* 

COIWOl 
10.9". saline) 

Rcxrvinet 
Is&kg) 

Cycloheximidet 

(0.5 mg. ksl 

Rcxrpine: 
15 mg. kg) 

Cycloheximide: 

(0.5 myi kg) 

Tissue calcium 

I&$ wf weight. mean z S.E.M.) 

HY HI CS CX CB UP MB TH 

554 59.0 56.6 52.1 544 54.6 560 54.1 

il.0 *?.I * I.9 50: 204 = I.5 kO.9 *,.I 
38.5 34.4 33.1 34.3 314 33.7 40.0 394 

Cl.4 t3.5 *?6 ~1.7 *a, 50.7 * I.9 + I.0 

50.2 54.9 554 j7,3 52.3 59.3 56-4 561 
i3.6 e1.3 224 =1.6 *?3 =I-2 +I4 t2.l 
51.5 53.3 $44 584 4643 5j.Y 51.3 53.0 

*a.7 t2.8 23.7 =a0 ??.I =1.2 t3.0 *?..I 

34.1 39.6 33.0 X.0 396 34.7 366 36.2 

* Control animals received 0.9?; saline in appropriate 
volumes. Controls for animals given reserpine and cyclo- 
heximide alone were saline treated at comparable time 
courses and with equivalent volumes. Reserpine was used 
as the injectable form supplied by Ciba-Geigy, while cyclo- 
heximide was dissolved in 0.9T.A saline. 

t Reserpine alone at 6 hr produced a significant deple- 
tion of calcium in eight discrete brain regions. Cyclohexi- 
mide alone at 5 hr had no significant effect on cerebral 
calcium. 

: Reserpine (5 mg/kg) and cycloheximide (0.5 mg/kg) 
were used as 2 hr and I hr pretreatment, respectively, fol- 
lowed by the tolerance regimen outlined in the legend 
of Table 1. Reserpine pretreatment followed by the toler- 
ance regimen produced no significant changes compared 
to saline controls. Cycloheximide pretreatment produced 
values significantly different at P c OQOI. 

The ability of morphine to produce acute tolerance to 
the calcium-depleting effect is evident from the data in 
Table 1. Based on the criteria of tolerance that repeated 
doses at the same level produce less effect than the initial 
dose, the calcium levels if no tolerance occurred should 
be similar to the values at 05 hr. However. calcium values 
in eight discrete brain regions were equivalent to the values 
at 4 hr after a single dose of MS, and for the majority 
of brain regions were not significantly different from con- 
trols. Reserpine failed to alter this apparent acute tolerance 
to morphine-induced calcium depletion. Evidence has been 
presented showing that reserpine antagonized the analgesic 
effect of morphine [5.6]. However, Smith rr al. [7], in 
pretreating animals with reserpine. found no effect on 
tolerance induction by levorphanol. Studies presented in 
this paper would also suggest that reserpine is without 
effect in altering the development of tolerance. 

In contrast to the apparent lack of effects using reser- 
pine, cycloheximide has a very significant effect on the 
tolerance development induced by morphine. Cyclohexi- 
mide, a protein synthesis inhibitor. has been reported to 
prevent the development of tolerance and physical depen- 
dence and to block the increase in brain serotonin accomp- 
anything this tolerance and physical dependence [8]. 
Further, Cox and Osman [9] have demonstrated that 
cycloheximide prevented the development of tolerance after 
continuous morphine infusion. Data presented here 
demonstrate that cycloheximide, but not reserpine, pre- 
vents the development of tolerance within a 4-hr period. 
This effect at a lower dose level than previously reported 
for cycloheximide studies (@5 mg/kg). together with the 
lack of effect from a biogenic amine-depleting agent, sug- 
gests that development of acute tolerance to morphine 
may depend on very rapid changes in the protein synthesis 
which may collectively be considered acute cellular 
adaptation. Possible sites of action for this effect must 
include protein synthesis at the neuronal cell membrane. 
Morgan and Austin [lo] have demonstrated that, while 
cycloheximide inhibits protein synthesis in the synaptic 
membrane or synaptosomal cytoplasm;chloramphenicol 
causes inhibition in the mitochondriai subfraction. In the 
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studies of Cox and Osman [9]. chloiamphenicol had no 
effect on the deveiopment of tolerance to morphine. 

The studies here indicate that morphine can cause 
a very rapid development of tolerance to calcium deple- 
tion. The blockade of this cl&t by a protein synthesis 
inhibitor, cycloheximide, indicates that morphine may be 
inducing a rapid alteration of membrane protein synthesis 
in producing tolerance to calcium depletion. 
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Formation of an&ten&n II from tetradecapeptide renin substrate by 
angiotensin-conwrting enzyme* 

(Received 21 September 1374; accepted 29 October 1974) 

Tetradecapeptide renin substrate (TDP, Asp-Arg-Val-Tyr- 
Ile-His-Pro-Phe-His-Leu-Leu-Val-Tyr-Ser) was first iso- 
lated from a partial tryptic digest of renin substrate (angio- 
tensino~n) El]. Although TDP can serve as a substrate 
for both renin [2] and pseudorenin [33 it has not been 
showtt to occur naturally. In the anesthetized, pentolinium- 
treated rat in our laboratory. TDP elicits a pressor re- 
sponse which is different Born that of angiotensin I both 
in intensity (l:SOt) and duration (2 x ). The ratio of pressor 
activity of TDP relative to angiotensin II has been 
reported to be I:37 [4], while the ratio of contractile acti- 
vity in the isolated rat colon has been reported as 1:9 
f.51. A ratio of 1: IS has been renorted for the stimulation 
of-release of catecholamines from the isolated cat adrenal 
gland [a]. Monta8ue et a[. [73 have reported a TDP:angio- 
tensin II ratio of 1:12 for both pressor activity in the rat 
and contractile activity of isolated guinea pig ileum. It is 
not known whether these biological activities are due to 
the complete M-residue sequence of TDP or are a function 
of a smaller peptide (e.g. angiotensin II) produced by hy- 
drolysis of TDP. 

Angiotensin-converting enzyme has been shown to act 
on a wide variety of peptide substrates in &ro by removing 
dipeptide units from the C-terminus of the peptide chain 
[a]. Our present study reports the finding that angiotensin- 
converting enzyme can form angiotensin 11 from TDP 
by the successive removal of three dipeptides: Tyr-Ser. 
Leu-Val and His&u. Since the enzyme cannot hydrolyze 

l This research was supported by the Veterans 
Administration (Proiect No. 7963-01). 

TRatios of bi&lo&al activity of TDP:angiotensin have 
been calculated on a molar basis. 

t Peptide fragments of TDP are numbered accordin 
to their position in the TDP sequence. 

a peptide bond involving the imino group of proline [9), 
further hydrolysis is prevented and angiotensin II is the 
limit peptide. 

TDP and the no~~tide (His’-Ser“‘)$ were synthe- 
sized by the solid phase method as described previously 
[3], and angiotensin-converting enzyme was puritied from 
hog lung [lo]. His&u was synthesized in this laboratory 
[ 111, Leu-Val was purchased from Fox Chemical Co. and 
Tyr-Ser was made by reducing Cbz-Tyr-Ser (Cycle Chemi- 
cal Co.) with H,/Pd. The concentrations of solutions of 
the peptides we&determined by amino acid analysis after 
acid hy~olysi~ The synthetic peptide -c Glu-Trp-Pro- 
Arts-Pro-GM-I&Pro-Pro was a aih from Dr. J. W. Ryan, 
Papanicolaou Cancer Research I%titute. Biological assays 
were performed in the anesthetized, pentolinium-treated 
rat, using angiotensin I as a standard as previously de- 
scribed [ 121. 

Initial reaction rates were determined with a Technicon 
Auto Analyzer using the ninhydrin-reaction procedure de- 
scribed previously [13]. This procedure measures con- - - 
tinuously the formation of new free amino groups as pep- 
tide bonds are hvdrolned. TDP (9.2 x IO-’ M) was incu- 
hated at 37” w&h converting et&me in @05 M sodium- 
Hepes (N-2-hydroxyethylpiprazine-w-2-ethanesulfonic 
acid) buffer. OH 75 with NaCl at the indicated con- 
centration in’a total volume of 10 ml. The incubation 
mixtures were sampled into the AutoAnalyaer con- 
tinuou~y for 18 min, and enayme velocities were calculated 
from the slopes of the recordings. Rates are expressed 
as pmoles dipeptide formed/mitt& of enzyme in terms 
of leucine color eauivalents. Color values of the dipeptides 
relative to leuci& (100) are: Tyr-Ser, 87; Leu-Val, 90; 
and His-Leu, 52. Hydrolysis rates for the nonapeptide 
(Hiss-Seri4) were determined in a similar manner. 

The initial velocity of TDP hydrolysis by converting 
enzyme is dependent on chloride, as shown in Table I. 


