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Effect of Nalorphine and Levallorphan on Brain Coccentrations of 
Levorphanol in the Dog.* (31947) 
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Departments of Pharmacology, University of Michigan Medical School, A n n  Arbor and 
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The remarkable antagonism of narcotic 
analgesic agents by nalorphine has stimulated 
recent efforts toward elucidation of the mech- 
anism(s) of narcotic drug action and particu- 
larly the afore-mentioned antagonism. One 
possiible explanation of the latter is alteration 
of CNS distrirbution of narcotic drug by nalor- 
phine. Since the absolute amount of most 
narcotic agents present in the CNS is small 
after pharmacologic doses, studies on altera- 
tion of selective CNS distribution depend 
cpon accurate and highly-sensi tive methods of 
drug estimation. The latter requirement has 
now been met with the availability of radio- 
active-labeled narcotic drugs. One such radio- 
active synthetic analgesic, N-C14-methyl lev- 
orphanol, has been prepared( 1) and was uti- 
lized in the present study. This communica- 
tion reports data obtained in experiments 
showing the effect of nalorphine or levallor- 
phan on the selective distribution of radioac- 
tive-labeled levorphanol in the CNS of the 
dog after subcutaneous injection. 

Methods. 1) Synthesis of Cl4-methyl 
labeled levorphanol. Early experiments (Univ. 
of Michigan, 1959-60) utilized labeled drug 
prepared by the method of N-formylation and 
catalytic reduction described previously ( 1) .  
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The more recent studies (Univ. of Iowa, 
1964) were done with Cl4-labeled levorphanol 
prepared by a modification of the synthesis of 
N-C14-methyl labeled morphine( 2 ) .  

A mixture of 120 mg (0.2 mM) of levo- 
3-hydroxymorphinan, 5 ml of absolute-metha- 
nol, 15 mg of C14-paraformaldehyde (0.5 mM, 
approximately 2 mc/mM) and 0.5 ml (13 
mM) 97% formic acid were placed in a 15 
ml flask and heated to reflux for 6 hours a t  
100°C (bath temperature). Then 15 mg of 
non-labeled paraformaldehyde was added and 
the mixture was again heated to reflux for 
another 6 hours. The alcohol and excess for- 
mic acid were removed under nitrogen and 
reduced pressure and the white residue was 
dissolved in 3 ml of 0.25 N HCI. The crude 
product was precipitated from the acid by 
zddition of aq. NH40H. The mixture was 
centrifuged and the precipitate washed twice 
with 1 ml of ice-cold water and dried in vacua 
in an Abderhalden apparatus for 2 hours at  
56°C. The crude product weighed 120 mg 
(88% from the morphinan reactant) and con- 
tained about 10% impurity. A solution of the 
above impure product in 3 ml of absolute 
methanol was passed through a column (400 
x 9 mm) containing 5 g of neutral alumina 
and eluted with 80 ml of absolute methanol. 
After the solvent was removed under nitrogen 
and reduced pressure in the absence of light, 
the residue was dissolved in 3 ml of 0.25 N 
HCl. Insoluble material was removed by 
passing the solution through filter paper and 
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the (base was precipitated by the addition of 
aq. NH40H. The mixture was centrifuged 
and the precipitate washed twice with 1 ml 
of ice-cold water and dried in vacuo for 4 
hours at  56°C. The dried residue was dis- 
solved in 0.5 ml of tertiary butyl alcohol and 
crystallization of the alcohol complex was in- 
duced by seeding and the excess alcohol re- 
moved in vacuo giving a yield of the complex 
of 60 mg. 

The tertiary butyl alcohol complex and 31 
mg of d-tartaric acid were dissolved with 
warming in 0.75 ml of distilled H20. The 
solution was slowly cooled to rotom tempera- 
ture, seeded and allowed to stand for 24 hours. 
The crystals of the C14-labeled levorphanol 
d-tartrate were removed by centrifugation, 
washed with a minimal amount of ice-cold 
water and dried in vacuo for 4 hours at  tem- 
perature 56°C. The yield was 25  mg of a 
product shown to have identical Rf values 
with authentic non-labeled levorphanol on 
chromatography. Radioactivity was demon- 
strated in only one spot, that of levorphanol, 
and the specific activity of the tartrate salt 
was about 1.6 pc/mg. 

2) Estimation of (?“-labeled levorphanol. 
The prlocedure utilized was that described by 
Woods et aZ(1) except that 10 ml aliquots 
of the final EtC12 was evaporated in a scintil- 
lation counting vial on a Fisher slide warmer 
at  55°C in a fume hood. The dried residue 
in each vial was dissolved by swirling with 0.8 
ml of n-amyl alcohol and then mixed with 10 
ml oif phosphor toluene solution9 and each 
sample counted in a liquid scintillation spec- 
trometer for sufficient time to give a counting 
error of less than 2%. All samples were ana- 
lyzed in duplicate. One-third of the experi- 
ments were performed without the “reextrac- 
tion step” described previously ( 1 ) since the 
procedure was specific (shown by paper chro- 
matography) without the extra manipulation. 

Samples (see section on animal experiments 
for origin) of brain tissue were thawed, 
weighed accurately on a Mettler balance and 
holmogenized (Teflon pestle-pyrex tube cooled 

0 A solution of 3 g of 2,5-diphenylloxazole (PPO) 
and 100 mg of 1,4-bis-2- (5-phenyl’oxazolyl) -benzene 
(POP OP) dissolved in 1 liter of analytical grade 
toluene. 

in an ice bath) either in 0.5 N HCI or 0.0107 
M NH40H in a total volume of 110 ml. The 
maximum concentration of tissue homogenate 
was 10%. After the tissue was homogenized, 
4 ml aliquots were transferred to glass stopper 
centrifuge tubes and the flC1 hornogenates 
neutralized with a small volume of conc. KOlH 
(ca 40%) or NH40H and then carried 
through the procedure described previously. 

Compared with aqueous solutions, recovery 
of known quantities oif CI4-labeled levor- 
phanoll added to brain tissue in 10% homo- 
genates was about 99 * 5% (SD) and from 
plasma was 1011 t 4% (SD). 

When samples of CNS tissue amounted to 
less than 501-100 mg, there was appreciable 
variation from animal to animal as, for ex- 
ample, the hypothalamus. The variation re- 
sulted from the low total radioactive counts 
because of the small quantity of tissue, thus 
greater experimental error, although it was 
apparent that on the average the actual coa- 
centrations per unit weight of tissue were sig- 
nificant. Such difficulties were nlot encountered 
for tissues as the cortex, cerebellulm, or 
medulla. 

3) Animal experiments. Dogs weighing 
7-1 1 kg were injected subcutaneously with 
aqueous solutions of each drug in the dorsum 
several inches from the midline. When both 
the agonist and the antagonist were adminis- 
tered, each was given via a separate syringe 
into a different injection area. Drug solutions 
of 0.5% (calculated as free base) were used 
and when both antagonist and agonist were 
administered, the injections were made within 
a few seconds of each other. The doses were 
2 mg/kg for each drug. 

The dogs were sacrificed at  the desired time 
by rapid intravenous injections of 40 mg/kg of 
thiopental sodium followed by immediate and 
extensive incision of the right ventricle. Two- 
thirds of the animals (Univ. of Michigan) 
were perfused immediately with physiological 
saline solution into the aorta under a pressure 
of 80-100 mm Hg, the total perfusion volume 
being 1,000 t 200 ml. The other third of the 
animals (Univ. of Iowa) were not perfused 
and the entrapped blood in brain tissue was 
estimated( 3 ) .  The actual concentrations in 
the central nervous system were corrected by 



1148 NALORPHINE AND LEVORPHANOL BRAIN LEVELS 

TABLE I. Typical Results from Experiments* on Effect of Administration of Nalorphinc o r  
Levallorphan upon Selective Distribution of N-04-Methyl Levorphanol i n  Dog Brain. 

Cone. of C4-levorphanol, ng/g or ml 
Control t C1’-levorphanol C14-levorphanol 

Tissue or  fluid C“-levorphanol with nalorphinet with levallorphan$ 

Frontal  gr?y 

Temporal gray 
” white 

Parietal  gr?y 
” white 

Occipital gray 
” white 

” white 
1860 
1160 
1870 
1280 
2330 
1420 
1920 
1250 

1260 
590 

1350 
850 

1420 
610 

1450 
650 

1300 
550 

1200 
750 

1400 
700 

1450 
600 

MCYIIl cort. gr:ly 
” cort. wliitc 

T 11 a 1 a 111 11 s 
Hypothalamus 

Corpus callosum 
Pons 

Medulla 
Corpora quad. 

Plasma 

2000 1370 
1280 680 

1340 
650 

1510 1110 
4170. 2470 

990 610 
1300 960 
1440 820 
1810 990 

256 277 

1300 
1100 
550 
950 
950 

1400 
220 

* Both the agonist and antagonist were given simultaneously in 2 separate subcutaneous in- 
jections of 2 mg/kg, each. The dogs were sacrificed 30 min after administration of the drug(s).  

t One of 5 animals. t One of 4 animals. $ One of 2 animals. 

the drug in the entrapped blood. The brain 
was removed, cooled quickly below O”C, and 
dissected into individual samples as desired. 
The samples were wrapped in aluminum foil, 
labeled, frozen quickly on solid C 0 2  and 
stored in a freezer until analyses were per- 
formed. Plasma samples were obtained at  
selected intervals, including one at  time of 
sacrifice, and analyzed for concentration of 
C14-labeled levorphanol alone ; 4 dogs re- 
ceived both labeled levorphanol and non- 
labeled nalorphine, and 2 dogs were injected 
with levallorphan and labeled levorphanol. 
Each animal was sacrificed 30 minutes after 
injection of drug(s). 

Results and discussion. Data obtained in 
a typical experiment are presented in Table I ;  
one dog each for control (only radioactive- 
labeled levorphanol ) , nalorphine-levorphanol, 
and levallorphan-levorphanol. The experi- 
mental variation is typical, being relatively 
little for tissues permitting large sampling and 
greater for tissues available in small amounts. 

Since 5 dogs served as control animals and 
4 dogs in the levorphanol-nalorphine group, 
data were ample for statistical analysis of the 

results. Statistical evaluation is given in 
Table 11 for cortical gray, cortical white, 
medullary, and plasma samples at time of 
sacrifice. Each of these biological samples was 
available in adequate quantity to provide very 
reliable quantitative analysis, alt’hough many 
of the other brain samples showed similar 
quantitative differences. An obvious con- 
clusion is that, under the conditions of the 
experiments, nalorphine reduces significantly 
the CNS concentration of levorphanol al- 
though nalorphine has no significant effect on 
the plasma concentrations of levorphanol. The 
experimental data were accumulated in two 
different laboratories by two groups of in- 
vestigators using samples of radioactive- 
labeled drugs synthesized by two different 
procedures. The results from the two labora- 
tories were substantially the same. 

Although only 2 animals were used in 
studying the effect of levallorphan upon brain 
Concentrations of levorphanol, the results of 
the two experiments checked very well with 
each other and fell in the range of the results 
shown for the nalorphine-levorphanol ex- 
periments noted in Table 11. Thus the le- 
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TABLE 11. Statistical Analysis of Effect of Nalorphine upon Selective Distribution of N-P4-  
Methyl Levorphanol i n  Dog Brain.* 

Cone. of C14-levorphanol, ng/g or ml 
C14-levorphanol plus 

C14-levorphanol ( 5  dogs) t nalorphine ( 4  dogs) $ Statistical values 
Tissue or fluid Mean Range Mean Range t value P value 

Cortical gray 2480 1760-3030 1350 1150-1630 3.75 < . O l  
Cortical white 1250 830-1390 760 680- 900 3.63 < . O l  

990 820-1300 3.11 < . O l  Medulla 1680 1140-2100 
Plasma 330 256- 560Q 290 277- 325 .76 >.05 

* Both the agonist and antagonist were given simultaneously in  2 separate subcutaneous in- 
jections of 2 mg/kg, each. The dogs were sacrificed 30 min after administration of the drug(s). 

t 3 dogs were sacrificed in  experiments performed at Univ. of Michigan, 1959 and 1960. Two 
animals were studied at Univ. of Iowa, 1964, using C4-levo~phanol prepared by a new procedure. 

$ 2 dogs wcre studied in each of the laboratories described in  footnote t ) )  a t  the indicated 
time. 

$ 30 min plasma values of additional control animals were included to give a total of 8. 
7 values were in the range 256-378 ; one value was 560. 

vorphanol-concentration lowering action is 
not peculiar to nalorphine but is characteristic 
of “narcotic-antagonist’’ drugs. 

There are several possible explanations for 
the effect of narcotic antagonists on brain 
levels of levorphanol in the dog. One is that 
the antagonist alters the rate of absorption 
and/or detoxication od the levorphanol. How- 
ever, this suggestion is unlikely since the 
plasma levels of free levorphanol were not 
significantly different for the two groups of 
animals : levorphanol only and levorphanol- 
antagonist treated. If purely passive physical- 
chemical relationships existed, the brain 
plasma ratios should be identical in the two 
groups of experimental animals which was 
not the case. 

Another possibility is a difference in phar- 
macological effects of levorphanol in agonist- 
treated vs agonist-antagonist-treated dogs. 
There was no overt evidence for such a dif- 
ference since only one of the total of 11 
animals showed significant depression of the 
CNS, the other 10 animals being active and 
alert although qualitatively showing analgesic 
effects in the agonist-treated group. 

One is left with the explanation that the 
levorphanol-antagonist effects result from an 
action at  the local level, perhaps at  the 
“blood-brain barrier” or by alterations in 
intra-cerebral vascularity. Conceivably there 
could be an interference in passive membrane 
penetration at  the molecular level or an al- 
teration of an active metabolic transport 
mechanism. 

Before becoming enthusiastic about the 
results of the above levorphanol-antagonistic 
studies as an explanation of the narcotic 
analgesic-antagonis t phenomena, one must 
remember that nalorphine tends to increase 
the CNS concentrations of C14-labeled 
morphine in the dog(4). However, the time- 
concentration pattern of morphine shows a 
relative plateau during the 30-minute to 8- 
hour period after injection( 5 , 6 ) ,  whereas 
levorphanol penetrates rapidly to reach 
nzaximum concentrations at about 30 min- 
utes and then equally rapidly disappears ( 7 )  
from the CNS of the dog. 

Summary. Simultaneous administration of 
2 mg/kg of either nalorphine or levallorphan 
with C14-labeled levorphanol, 2 mg/kg, in the 
dog results in a marked diminution of brain 
concentrations of levorphanol as compared 
with control. On the other hand, the antago- 
nist drugs did not alter significantly the 
plasma levels of the levorphanol. The most 
satisfactory explanation at  present is a local 
brain effect, intra-cerebral vascular, physical- 
chemical a t  the molecular level reducing pas- 
sive membrane penetration, or alteration of 
an active metabolic process. The phenomenon 
is not characteristic of all narcotic analgesics, 
the nalorphine-morphine result being a noted 
exception. 
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A recent study of experimentally induced 
herpes simplex virus (HSV) ulcerations in 
the oral mucosa of rabbits showed that the 
lesion not only spread laterally along the 
mucosal surface but also extended down- 
ward for a considerable distance into the 
ducts of the minor salivary glands located 
well below the surface epithelium ( 1 ) . His- 
tologic signs of the infection persisted in 
these ducts several days longer than in 
lesions on the mucosal surface. This obser- 
vation suggested that an inapparent herpetic 
infection of short duration was produced in 
the gland ducts. Since these ducts are only 
approximately 1 mm in length, the susceptible 
epithelial cells necessary for HSV replication 
were rapidly destroyed thus limiting the 
duration of the infection in this site. As a 
result, it was conceivable that an inapparent 
HSV infection involving the longer ducts of a 
major salivary gland, where more tissue would 
be available for viral replication, would per- 
sist for a longer period of time. Therefore, the 
present studies were undertaken to investigate 
this possibility using cultural, serological and 
histological methods. A local infection in- 
volving the ducts of the submaxillary glands 
was induced by direct inoculation of HSV into 
the duct orifice tissue. In  view of reports that 
HSV is readily cultivable from the saliva of 
rabbits with active herpetic infections( 1,2,3) , 
tests were performed on specimens of saliva 
taken after gross oral ulcerations had healed. 
Similarly, serum specimens were assayed for 
HSV neutralizing antibody and ductal speci- 
mens were examined for histologic signs of 

HSV infection. 
Materials and methods. Solution and media. 

Dulbecco's( 4) phosphate buffered saline 
(PBS) was prepared in glass-distilled water 
and sterilized by Seitz filtration. Trypsin 
solution (0.25%), lactalbumin hydrolysate 
medium ( 5 )  , and Eagle's medium (6) were 
prepared as descrilbed in a previous report ( 7 ) .  
Antibiotics (penicillin G, 100 units/ml ; 
streptomycin, 1 0  ug/ml; tetracycline, 10 pg/ 
ml; nystatin, 100 unitsJm1) and sera as re- 
quired, were added to these media at  the time 
they were used. 

Cell cultures. Kidneys of 8-10-week-old 
New Zealand white rabbits (NIH strain) 
were trypsinized ( 7)  and the dispersed cells 
were suspended in lactalbumin hydrolysate 
medium supplemented with 8% inactivated 
calf serum in a ratio of 1 ml of cells per 125 
volumes of medium, yielding an averagp 
viable cell count of 5.4 x 1105 cells per ml. 
Portions (0.9 ml) of this suspension were 
dispersed into disposable(8) 16 X 150 mm 
roller tubes and incubated in a stationary po- 
sition at 37°C for 4 to 5 days. The medium 
was changed (0.9 ml) and the cultures were 
inoculated when a confluent cell sheet had 
formed. A substrain of the S-3 clone(9) of 
HeLa cells was maintained as stock cultures 
in Eagle's medium supplemented with 10% 
inactivated horse serum. Tube cultures were 
prepared using 0.5 ml of cell suspension con- 
taining approximately 1 O5 viable cells. Fol- 
lowing 24-hr incubation at  37"C, the medium 
was changed and the cultures were inoculated 
1 to 2 days later. 




