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Effects of Levorphanol and Levallorphan on Olsmolality of Serum from 
Water Loaded Rats.” (28622) 

JAMES M. FUJIMOTO, RONALD J. FRENCH, JOHN K. GRAHAM 
AND CHARLES E. INTURRISI 

Department of Pharmacology, Tulane University School of Medicine, N e w  Orleans, La. 

It has been shown by measuring the ex- 
cretion of a standard water load(1) that 
tolerance develops to the antidiuretic action 
of levorphanol administered to rats. In  an- 
other report ( 2 ) ,  using one dose level of levor- 
phanol, measurement of osmolality changes of 
serum to a water load was used in studying 
the effect of levorphanol on water balance. 
The present investigation involves studies on 
the osmolality of the serum of water loaded 
rats treated with levorphanol and the effect 
of levallorphan, an antagonist, on the changes 
produced. 

Methods. Male Sprague-Dawley rats weigh- 
ing 200 to 3001 g were fasted for 18 hours 
(with free access to water) and treated S.C. 
(4 ml/kg body weight) with distilled water 
levorphanol tartrate and/or levallorphan tar- 
trate solution. For brevity, salt forms of the 
drugs will be referred to respectively as levor- 
phanol and levallorphan. Specific treatment 
of various groups of rats (number used is in 
parentheses) was as follows: Group A (35) 
control injected with distilled water; B (30) 
3 mg/kg levorphanol; C (29) 5 mg/kg levor- 
phanol; D (19) 3 mg/kg levorphanol and 1 
mg/kg levallorphan; E (19) 3 mg/kg levor- 
phanol and 5 mgJkg levallorphan; F (20) 
5 mg/kg levorphanol and 10 mg/kg levallor- 
phan; G (18) 5 mgJkg levallorphan. The 
time of injection is taken as zero. Immedi- 
ately preceding drug injection, the rats were 
gavaged orally with lukewarm tap water, 5% 
of body weight. At various times the rats 
were sacrificed by decapitation, blood col- 
lected in tubes and allowed to clot. The blood 
samples were centrifuged and 0.2 ml aliquot 
of serum transferred to osmometer test tubes. 
Osmolality was estimated in the Fiske Os- 
mometer. Animals which were sacrificed at  
time zero were given the S.C. drug injection 
but were not gavaged with tap water. 

* This investigation was supported by Training 
and Research Grants from USPHS. 

For determining total water content of the 
stomach and small intestine, female rats were 
fasted as above and treated as follows: Group 
1 ( 5 )  control injected with water; 2 (5) 
3 mg/kg levorphanol; 3 ( 5 )  5 mg/kg levor- 
phanol; 4 ( 5 )  5 mg/kg levorphanol and 10 
mg/kg levallorphan. They were gavaged or- 
ally with tap water immediately preceding the 
drug injections (zero time), sacrificed one 
hour later and the stomach and small intes- 
tine separately ligated and excised. Total 
water content of each stomach and intestine 
was estimated by subtracting from the initial 
wet weight of the organ, the final dry weight. 
The organ was dried in an oven (about 80°C) 
and considered to be dry when 2 successive 
weighings over a 1 2  hour period changed no 
more than 0.1 g. These groups were all run 
in one day. 

Results and discussion. In Fig. 1, Panel A, 
changes in osmolality of the serum to the 
water load are seen. In the control the water 
load depressed the osmolality over a 2 hour 
period, then the values returned to the initial 
level. With 3 mg/kg levorphanol, the degree 
of drop of osmolality was the same as in con- 
trol but the drop persisted for a longer pe- 
riod. This effect was probably due to the 
antidiuretic effect of levorphanol(1,2) and 
the absorbed water was retained for a longer 
period. 

The next curve with the 5 mg/kg dose of 
levorphanol gave a smaller peak drop than 
either the control or the smaller dose of 
levorphanol. At the 1 hour point, p was less 
than .05 (by the “t” test) for the 5 mg/kg 
levorphanol group compared to control. Per- 
sistence of “antidiuretic” effect was main- 
tained in that p was less than .05 comparing 
the 5 mg/kg group with the control a t  the 
5 hour point. 

It was shown previously(2) that a known 
antidiuretic agent, pitressin, produced the an- 
ticipated effects on the osmolality curve. No 
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FIG. 1. Effect of levorphanol and levallorphan on changes in serum osmolality in  water 
loaded rats. I n  control group each point is based on 5 rats. Elsewhere the numbers used are 
indicated in  ( ). Vertical lines indicate standard deviation. A. Effect of 2 different doses of 
levorphanol on control response. B. Antagonism of effect of 3 mg/kg levorphanol by leval- 
lorphan. C. Effect of 5 mg/kg levallorphan alone. D. Antagonism of effect of 5 mg/kg 
levorphanol by levallorphan. 

effect was found on the initial part (first 
hour) of the osmolality curve. The recovery 
or ascending limb, however, was so affected 
that the drop in osmolality was maintained in 
the pitressin treated group. Since pitressin 
may be expected to work primarily on the 
kidney, the results in retrospect may indicate 
that the initial part of the curve reflects 
primarily rate of water absorption from the 
gastrointestinal tract and the ascending limb 
reflects primarily rate of excretion of water 
by the kidney. Although this hypothesis is 
crude (absorption and excretion occur simul- 
taneously) it gave a clue to what might have 
happened with the 5 mg/kg dose of levor- 
phanol a t  the 1 hour point. Possibly, the large 
dose of levorphanol had partially inhibited 
the absorption of water because the initial 
part of the osmolality curve was affected. 

In Panel B, administration of levallorphan 
is shown to antagonize the levorphanol effect. 
Levallorphan was not effective at  1 mg/kg. 

In Panel C, levallorphan a t  5 mg/kg, by it- 
self, had no noticeable effect. 

In Panel D, 10 mg/kg levallorphan an- 
tagonizes the effect of 5 mg/kg of levorphanol. 
These results are of particular interest in 
that the levallorphan antagonized both effects 
of levorphanol. At 3 hours, the combination 
is no different from the control. This result 
indicated that the prolonged osmolality de- 
pressant effect of levorphanol was antago- 
nized as in the previous example. The effect 
of the 5 mg/kg dose of levorphanol a t  1 hour 
was antagonized downward to the control 
value. Levallorphan antagonized the effect of 
the levorphanol on both the initial and re- 
covery or ascending parts of the curve. 

Partial support for the conjecture that the 
5 mg/kg dose of levorphanol inhibited rate 
of absorption of the oral water load is given 
in Table I. The total water content of the 
stomach and intestine from the 3 drug treated 
and the control group were measured at the 
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TABLE I. Total Water Content of Stomach and 
Intestine in Control; 3 mg/kg Levorphanol; 5 
mg/kg Levorphanol and 5 mg/kg Levorphanol, 10 

mg/kg Levallorphan Groups. 

Water content: mean k S.E. (g) 
Levor 5 

Control Levor 3 Levor 5 Leva1 10 

Stomach 4.5& .6 5.921.1 6.5”+ .4 5.1k .1 
Intestine 10.221.1 10.821.2 8.8 + L O  1O.Ok1.0 

~ 

* Indicates p <.05 by “ t ”  test. Each value is 
based on 5 rats. 

1 hour point as described in Methods. The 
only significant difference in water content 
was found for the stomach of the 5 mg/kg 
levorphanol group compared to the stomach 
of the control. This levorphanol treated group 
retained more water in the stomach than con- 
trols, possibly indicating that less water had 
been absorbed. Levallorphan apparently an- 
tagonized the effect of levorphanol. These 
conclusions must be made with reservation. 

Had the stomach and intestine been taken 
together, it appears that no such difference 
would have been found. 

Summary. Levorphanol altered the control 
serum osmolality response to a 5% oral water 
load in rats. The change at  a small dose of 
levorphanol was consistent with retention of 
water systemically owing to the antidiuretic 
effect of levorphanol. At a high dose, another 
component appeared in the osmolality curve 
suggesting that inhibition of water absorption 
from the gastrointestinal tract was occurring. 
All effects of levorphanol were antagonized by 
levallorphan. 
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Effects of Hypophysectomy on Steroid-C14 Metabolism in the Rat.” (28623) 
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Edsel B. Ford Inst. for Medical Research, Henry Ford Hospital, Detroit, Mich. 

The hypophysectomized rat, in contrast to 
the normal, easily accumulates large concen- 
trations of serum and liver cholesterol when 
given a dietary supplement of this sterol ( 1 , 
2 ,3 ) .  Either a faster rate of absorption or a 
slower rate of elimination could account for 
this difference. 

The present study investigates the relative 
turnover of steroid-C14 in normal and hypo- 
physectomized rats. Mevalonic a ~ i d - 2 - C ~ ~  
was used as the sterol precursor because this 
makes it possible to obtain information on 
steroid-C14 synthesis, as well as on rates of 
tissue p-ster01-C~~ elimination and fecal ste- 
roid-C14 excretion. Use of this precursor also 
circumvents the problem of choosing a suit- 
able cholesterol-4-C14 emulsion. 

Met  hods. Female, albino, Sprague-Dawley 
rats, normal or hypophysectomized, were fed 
Rockland rat diet ad lib. throughout all ex- 

periments. Rats were hypophysectomizedt a t  
3 months (215-225 g) ,  after which their 
weights and C02 production were checked 
periodically for a 4-month period. Eight hy- 
pophysectomized rats, with weights plateaued 
at  185-197 g, were then selected for the ex- 
periment. The 8 intact rats used as controls 
were 7 months old and weighed 250-290 g. 

Four of the hypophysectomized and 4 of 
the normal rats received intraperitoneal injec- 
tions of 101 pc dl-mevalonic a ~ i d - 2 - C ~ ~  (1.2 X 
lo6 counts/min./pc as determined by our in- 
struments). One hour later the animals were 
sacrificed by decapitation, and samples of 
blood, liver, small intestine, lung, kidney and 
muscle removed. These tissues and the re- 
maining carcasses were quick frozen, and sub- 
sequently analyzed for cholesterol and cho- 
lesterol-X-CI4 concentrations. 

The other 4 hypophysectomized and 4 nor- 

* This work was supported in part by grants from 
Amerkan Heart Assn. and Nat. Inst. Health, 

t The Endocrine Laboratories of Madison, Inc., 
Madison, Wisc. 


