
tion was observed with increasing ascorbic acid concentration. 
Thermodynamic parameters were calculated from Arrhenius plots 
at  pH 3.52,4.55,5.45, and 6.60. 
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Pharmacological Aspects of Concurrent Administration of 
Furosemide and Skeletal Muscle Relaxants 

EDWARD REYES and GLENN D. APPELT’ 

Abstract 0 The pharmacological aspects of concurrent administra- 
tion of furosemide and the skeletal muscle relaxants, d-tubocura- 
rine, succinylcholine, and chlordiazepoxide, were investigated with 
respect to the effects on diuresis and skeletal muscle relaxation in 
female albino rats. Administration of d-tubocurarine and chlor- 
diazepoxide concurrently with furosemide produced no significant 
effects on furosemide-induced diuresis. Succinylcholine, when 
administered concurrently with furosemide, caused a decrease in 
the volume of urine excreted; other parameters of renal function 
were not affected. The skeletal muscle relaxant properties of d- 
tubocurarine, succinylcholine, and chlordiazepoxide were investi- 
gated upon concurrent administration of the muscle relaxants with 
furosemide by an in uiuo study and an in situ study. The skeletal 
muscle relaxant action of succinylcholine was significantly po- 
tentiated by pretreatment of the animals with furosemide, both in 
the exercise wheel study and in the diaphragm-phrenic nerve prep- 
aration. A tendency toward an antagonism between d-tubocura- 

rine and furosemide was ob3erved on skeletal muscle relaxation 
both in  viuo and in sitrr. The effect of d-tubocurarine on blood pres- 
sure was also antagonized by treatment of the animal with furose- 
mide. Preliminary spectrophorometric evidence suggests that a 
complex between furosemide and d-tubocurarine exists, which may 
possibly explain an antagonism between the two drugs. 

Keyphrases 0 Furosemide and concurrcnt administration of d- 
tubocurarine, succinylcholine, or chlordiazepoxide-effects on 
diuresis and skeletal muscle relaxation, rats IJ d-Tubocurarine 
administered concurrently with furosemidee-effect on diuresis and 
skeletal muscle relaxation, rats 0 Succinylcholine administered 
concurrently with furosemide-effect on diuresis and skeletal 
muscle relaxation, rats 0 Chlordiazepoxide administered con- 
currently with furosemide-effect on diuresis and skeletal muscle 
relaxation, rats 0 Skeletal muscle relaxants-pharmacology of 
concurrent administration of furosemide, rats 

It has been observed that the effects of d-tubocurarine 
are sensitive to  electrolyte disturbances. Ferrari et al. 
( 1 )  reported that the paralytic activity of d-tubocurarine 

was potentiated in rabbits by pretreatment with chloro- 
thiazide, an electrolyte-depleting diuretic (2). A phar- 
macological interaction between d-tubocurarine and 
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Figure 1-Volume of urine collected 
for each group of six animals is shown 
at four different collection periods. 
Collection Period I is from time zero 
(administration of furosemide) to 90 
miti., Collection Period I I  is from 90 to 
I80 miti., Collection Period III  is from 
I80 to 270 miti., and Collection Period 
I V  is from 270 to 360 rnin. 

COLLECTION COLLECTION COLLECTION COLLECTION 
PERIOD PERIOD PERIOD PERIOD 

I n In Ip 
VOLUME OF URINE 

furosemide, a diuretic acting at the loop of Henle (3-9,  
might be expected due to electrolyte imbalance induced 
by diuresis. Therefore, the use of furosemide concur- 
rently with skeletal muscle relaxants of the curarine type 
has been contraindicated. There appears to be no ex- 
perimental or clinical evidence to substantiate this 
speculation, although it is well founded. 

In this study, experiments were conducted to deter- 
mine if the activity of either furosemide or d-tubo- 
curarine might be altered by concurrent administration. 
In an attempt to understand better the nature of any 
interaction that may occur, additional skeletal muscle 
relaxants with different modes of action when com- 
pared to d-tubocurarine were employed in the investi- 
gation. 

EXPERLMENTAL 

Diuresis and Urine Electrolyte Patterns-Female Sprague- 
Dawley albino rats (230-380 g.) were divided into five groups of 
six animals each and placed on a diet of 12 g. of laboratory chow 
daily. The animals were housed in pairs, and after 1 week the collec- 
tion of urine was initiated. At the onset of the collection period, the 
animals were injected intraperitoneally with 5 mg./kg. of furosemide 
(6). This injection was repeated at 45-min. intervals for a 6-hr. collec- 
tion period. In addition, the animals were injected with a solution of 
one of three different skeletal muscle relaxants or saline. The muscle 
relaxants used were d-tubocurarine chloride (0.03 mg./kg.), suc- 
cinylcholine chloride (0.5 mg./kg.), and chlordiazepoxide hydro- 
chloride (10 mg./kg.). The muscle relaxants, d-tubocurarine and suc- 
cinylcholine, were administered at the same intervals as furosemide 
due to their short duration of action (7, 8). Chlordiazepoxide, pos- 
sessing a more sustained duration of activity (9, lo), was admin- 
istered only at the onset of the collection period. A control group 
received neither diuretic nor muscle relaxant. The doses of the 
muscle relaxants were those that caused a rat to slide off a 30" in- 
clined plane after intraperitoneal drug administration. 

Urine samples were collected every 90 min. for 6 hr. and the 
volumes were measured. The samples were then frozen for future 
analysis. 

The urine samples collected were analyzed for pH, specific 
gravity, osmolarity, total sodium, and total potassium. The pH was 
determined with a pH meter'. The specific gravity was determined 
by weighing 100 p l .  of the urine specimen. The osmolarity of the 

urine specimens was found by a melting-point determination. The 
melting-point method was an adaptation of that used by Jones (1 1). 
The urine samples were analyzed for sodium and potassium using 
standard emission flame photometry (12, 13) on a spectrophotom- 
eter2, employing air as the support gas and acetylene as the fuel. The 
wavelengths used for the determination of potassium and sodium 
were 766.5 and 589.0 nm., respectively. 

Skeletal Muscle Relaxant Properties-In uiuo and in situ experi- 
ments were conducted to monitor skeletal muscle relaxation when 
furosemide and skeletal muscle relaxants were administered con- 
currently. The in uivo experiment, employing an exercise wheel, was 
intended to ascertain the effects on muscular relaxation in the ab- 
sence of anesthesia. 

Exercise Wheel-Female Sprague-Dawley albino rats (60-100 9.) 
were divided into three groups of 14. Representatives of each group 
were matched for weight and then housed together in the same wire- 
bottomed cage. Seven days before the animals were to be tested, a 
regimen of 12 g. of laboratory chow and deionized water was in- 
stituted. The rats then received a daily intraperitoneal injection of 
furosemide ( 5  mg./kg.) or saline. On Day 7, each rat was injected 
with a skeletal muscle relaxant 15 min. following the diuretic and 
then immediately placed on an exercise wheel. The animal was 
exercised until a sharp end-point of paralysis occurred or until 10 
min. elapsed. Paralysis within 10 min. could most likely be ascribed 
to the action of the muscle relaxants (7, 8, 14); if paralysis occurred 
at some time greater than 10 min., fatigue might also contribute to 
the temporary paralysis (14). The doses of the muscle relaxants 
were determined from EDao studies using the criteria already de- 
scribed and were as follows: d-tubocurarine chloride, 0.15 mg./kg.; 
succinylcholine chloride, 0.75 mg./kg. ; and chlordiazepoxide hydro- 
chloride, 15 mg./kg. The fall time for each animal was recorded, and 
the effectiveness of the muscle relaxants was determined for each 
group. 

Urine and serum samples were collected from rats on an identical 
regimen of food and diuretic. These samples were then assayed for 
sodium and potassium content. 

Diaphragm-Phrenic Nerve Preparation-The in situ experiment 
employed a diaphragm-phrenic nerve preparation isolated accord- 
ing to the procedure reported by D'Amour (15). Female Sprague- 
Dawley albino rats (250-300 g.) were fasted for 24 hr. before the 
experiment. Animals were anesthetized with sodium pentobarbital 
solution (25 mg./kg.) administered intraperitoneally, additional 
anesthetic being administered as required. The left phrenic nerve was 
isolated and retained by means of a ligature. The neck incision was 
closed to prevent excessive drying of the phrenic nerve. A thread was 
fastened to the diaphragm, attached to the myograph transducer 
unit of a Physiograph Sixs, and the tension was adjusted to allow 

I Beckman Zeromatic 11. 
2 Beckman DB-G. 
J Narco Bio-Systems, Inc., Houston, Tex. 
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Table I-Effects of Skeletal Muscle Relaxants on Specific Gravity of Rat  Urine in Furosemide-Induced Diuresis 

Skeletal Urine Collection Period6 
Muscle Relaxant I I1 I11 IV 

Saline 1.018 & 0.002b 1.023 d= 0.002 1.027 f 0.001 1.025 f 0.002 
d-Tubocurarine 1.023 += 0.004 1.030 f 0 . 0 0 2 ~  1.028 f 0.003 1.040 f 0 . 0 0 3 ~  
Chlordiazepoxide 1.022 f 0.004 1.026 f 0.003 1.025 d= 0.003 1.030 f 0.003 

1.031 f 0.004 Succinylcholine 1.025 f 0.00% 1.024 f 0.002 1.032 II= 0.004 
~ ~~ ~ 

a See text for explanation of collection period. Each value represents the arithmetic mean from six experimental animals. b Standard error of the 
mean. c Value significant at p < 0.05. 

Table 11-Effects of Skeletal Muscle Relaxants on pH of Rat Urine in Furosemide-Induced Diuresis 

Skeletal Urine Collection Period" 7 

Muscle Relaxant I I1 III IV 

Saline 6.49 zt 0.04b 
d-Tubocurarine 6.25 f 0.02 
Chlordiazepoxide 5.91 =t 0.W 
Succinylc holine 5.98 & 0 . w  

6.51 II= 0.11 
5.79 + 0.2& 
5.82 f 0 . 1 7 ~  
6.37 & 0.35 

6.32 f 0.08 
5.97 f 0.24 
6.02 f 0.16 
6.03 f 0.24 

6.36 f 0.07 
6.06 & 0.22 
6.05 zt 0.21 
6.04 k 0.23 

~ ~~ -~ 

Q See text for explanation of collection period. Each value represents the arithmetic mean from six experimental animals. b Standard error of the 
mean, c Value significant at p < 0.05. 

Table 111-Effects of Skeletal Muscle Relaxants on Urinary Sodium Excretion in Furosemide-Induced Diuresis in Rats 

Skeletal Urine Collection Perioda- 
Muscle Relaxant I I1 I11 IV 

Saline 1.91 f. 0.25b 0.89 II= 0.13 0.46 f 0.08 
0.39 f 0.10 d-Tubocurarine 2.48 =t 0.37 1.01 & 0.22 
0.35 f 0.12 Chlordiazepoxide 1.81 + 0.39 0.83 II= 0.16 

Succinylcholine 2.24 & 0.28 0.60 f 0.14 0.29 3r 0.10 

0.32 =k 0.02 
0.29 f 0.04 
0.23 f 0 . 0 3 ~  
0.25 f 0.04 

~~~~~~~ 

a See text for explanation of collection period. Each value represents the arithmetic mean of meq. Na excreted from six experimental animals X 
10-3. b Standard error of the mean. c Value significant at p < 0.05. 

recording of diaphragm contractions. The neck incision was re- 
opened and the phrenic nerve was cut headward. The isolated 
phrenic nerve was then available for stimulation by means of an 
electric stimulator. 

Following the isolation of the phrenic nerve, furosemide (5 mg./ 
kg.) was administered intraperitoneally. After 15 min. the phrenic 
nerve was stimulated and a muscle relaxant was administered at the 
same dosage level used in the in oivo experiment. The phrenic nerve 
was then stimulated every minute until blockade of the stimulus was 
observed, or for 20 min. The procedure followed for chlordiazepox- 
ide differed from that of the other two muscle relaxants in that the 
muscle relaxant was administered at  the same time as the anesthetic. 
Furosemide was then administered immediately after the first dia- 
phragm response to stimulation, followed 15 min. later by stimula- 
tion at  I-min. intervals. A control animal for each muscle relaxant 
received saline in place of furosemide. Upon termination of the ex- 
periment, the isolation of the phrenic nerve was confirmed by 
autopsy, tracing the nerve from the diaphragm to  the neck. 

Blood Pressure-Male Sprague-Dawley albino rats (250-350 8.) 
were anesthetized by an intraperitoneal injection of sodium pento- 
barbital (35 mg./kg.). The trachea, the jugular vein, and the carotid 
artery were cannulated. The blood pressure was measured from the 
carotid artery4. For each of six animals, the blood pressure was 
measured after the administration of either saline, d-tubocurarine 
(0.09 mg./kg.), or furosemide (5 mg./kg.) via the jugular vein. 
Another group of six animals was pretreated with furosemide (5 
mg./kg.); 15 min. later, d-tubocurarine (0.09 mg./kg.) was ad- 
ministered and the blood pressure was measured. The percentage 
change in blood pressure after the administration of each drug was 
then determined. 

In addition, the blood pressure was monitored after intravenous 
injection of succinylcholine or chlordiazepoxide. 

Absorption Spectrum-The absorption spectrum for furosemide 
was determined from 190 to 400 nm. using 10-6 mole in pH 7.4 
phosphate buffer on a double-beam spectrophotometer, the total 
volume of which was 3.0 ml. The furosemide absorption spectrum 

4 Using the E & M Linear-Core, a fluid-pressure transducer, con- 
nected to a Physiograph Six. 
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was then examined upon the addition of 1 X 10-6 and 1.5 X 10-4 
mmole of d-tubocurarine, succinylcholine, or chlordiazepoxide. 

RESULTS 

Diuresis and Electrolyte Patterns-The effects produced by d- 
tubocurarine, chlordiazepoxide, and succinylcholine on furosemide- 
induced diuresis are recorded in Fig. 1 and in Tables I-V. The 
mean urine volumes collected for each of four consecutive 90-min. 
periods are shown in Fig. 1, with the standard error of the means 
plotted as vertical lines through the points. The volumes of urine 
collected for animals administered furosemide in conjunction with 
a skeletal muscle relaxant are compared with the urine volumes of 
rats receiving furosemide and saline. Significant changes in the 
volume of urine voided were obtained with the combination of 
furosemide and succinylcholine a t  all four collection periods. Chlor- 
diazepoxide in combination with furosemide also produced signif- 
icant volume differences in the last collection period (270-360 
min.), which was manifested as a volume decrease similar to that 
produced by succinylcholine. 

Figure 2-Response of the diaphragm to phrenic nerve stimulation 
after the intraperitoneal administration of furosemide and d-tubo- 
curarine (0.1 7 mg.lkg.1. The S denotes stimulation of phrenic nerve 
with a corresponding diaphragm contraction, sb denotes stimulation 
of nerve without a corresponditig diaphragm contraction, and the 
arrows denote injection of furosemide and d-tubocurarine in respec- 
tive order of administratioir. The numerals refer to the time in minutes 
after the administration of d-tubocurarine. 



Table IV-Effects of Skeletal Muscle Relaxants on Urinary Potassium Excretion in Furosemide-Induced Diuresis in Rats 

- Skeletal Urinary Collection Perioda- ___-- 
Muscle Relaxant I I1 111 IV , 

~~ ~ 

2.32 f 0.18b 0.38 f 0.05 0.35 f 0.05 0.31 i 0.02 Saline 
0.38 f 0.07 0.27 f 0.07 0.26 f 0.05 d-Tu bocurarine 2.46 f 0.34 

Chlordiazepoxide 2.18 f 0.24 0.37 f 0.07 0.36 f 0.06 0.23 f 0 . 0 3 ~  
Succinylcholine 1 .99 f 0.26 0.38 f 0.07 0.20 f 0.07 0.24 f 0.03 

a See text for explanation of collection period. Each value represents the arithmetic mean of meq. K excreted from six experimental animals x 
10-3. 5 Standard error of the mean. c Value significant at p < 0.05. 

Table V-Effects of Skeletal Muscle Relaxants on Osmolarity of Rat Urine in Furosemide-Induced Diuresis 

Skeletal Urine Collection Period" F 

Muscle Relaxant I I1 111 IV 

Saline 
d-Tu bocurarine 
Chlordiazepoxide 
Succinylcholine 

244 f 51b 380 f 75 543 f 92 
354 f 52= 454 i 91 391 f 93 
243 f 54 485 f 124 400 f 98 
262 f 83 389 i 91 445 f 104 

712 3~ 8 
550 f 28c 
510 3t 100 
461 f 285 

a See text for explanation of collection period. Each value represents the arithmetic mean in mosm. from six experimental animals. * Standard error 
of the mean. c Value significant at p < 0.05. 

The effects of concurrent administration of furosemide and skele- 
tal muscle relaxants on pH, specific gravity, osmolarity, total so- 
dium, and total potassium are shown in Tables I-V. No consistent 
significant changes or trends were noted in these diuretic patterns 
when data from furosemide-treated animals were compared to 
values obtained from animals treated with furosemide and d-tubo- 
curarine, succinylcholine, or chlordiazepoxide. 

Skeletal Muscle Relaxant Properties-The effects of furosemide 
on the skeletal muscle relaxant properties of d-tubocurarine, suc- 
cinylcholine, and chlordiazepoxide in the exercise wheel experiment 
are shown in Table VI. The fall times of the animals that received a 
skeletal muscle relaxant along with furosemide were compared to 
fall times of animals that were administered the muscle relaxants and 
saline. The percent effectiveness of the drug combinations was also 
determined. The group receiving succinylcholine concurrently with 
furosemide had a fall time approximately half that of the saline 
control. The fall time for animals receiving d-tubocurarine and 
furosemide was increased significantly from that of animals receiving 
d-tubocurarine and saline. The percent effectiveness of the muscle 
relaxant, succinylcholine, was increased to 100% by concurrent 

Table VI-Effects of Furosemide on Fall Time of Rats Treated 
with Skeletal Muscle Relaxants 

~~ 

Skeletal Percent Affected Percentage 

d-Tubocurarine Saline 47 f 13.3b 

Succin ylcholine Saline 50 f 13.4 

Chlordiazepoxide Saline 57 f 13.2 

Muscle Relaxant within 10 min. (U) 

Furosemidea 13 f 8.9  

Furosemide" 100 f 2 . 7  

Furosemide 78 f 8.2  
~~ 

a Value significant at Z < 1.96. * Standard error of a percent (u%) .  

Table VII-Electrolyte Levels following 7 Days of 
Diuretic Administration 

Saline Furosemide 

Electrolytes excreted 
in urine, meq./6 hr. 

Nan 0.019 f 0.005* 0.085 i 0.003 
K 0.017 f 0.005 0.028 f 0.003 

Serum electrolytes, 
meq./l. 

Na 155.25 * 2 . 5  162.58 i 3.8 
K 5.78 zk 0.32 5.73 Z!Z 0.45 

. nValue significant at P < 0.05. b Represents standard error of the 
mean. 

administration of furosemide, while the effectiveness of d-tubo- 
curarine was decreased to 13%. There was n o  significant change 
in the muscle relaxant properties of chlordiazepoxide. 

Total sodium and total potassium in the urine and the serum 
levels of the two electrolytes after 7 days of diuretic administration 
are shown in Table VII. 

The effects of furosemide on the isolated phrenic nerve prepara- 
tions are shown in Table VLII and illustrated in Fig. 2. The animal 
was pretreated with furosemide, and Fig. 2 shows that blockade to  
nerve stimulation occurred at  5 min. The animal receiving d-tubo- 
curarine with no furosemide showed blockade to nerve stimulation 
at  2 rnin. Furosernide treatment decreased the time for blockade to 
stimulation by 6 min., from 8 to 2 min., for saline-succinyl- 
choline-treated animals. Furosemide was shown to produce no 
change in the effect of chlordiazepoxide on the muscle-nerve 
preparation. 

Blood Pressure-The effects of d-tubocurarine, furosemide, and 
concurrent administration of furosemide with d-tubocurarine on 
carotid blood pressure are shown in Table IX. The mean carotid 
blood pressure was decreased 63% by the administration of d- 
tubocurarine (0.09 mg./kg.). The rats pretreated wih furosemide 
( 5  mg./kg.) showed a decrease in carotid blood pressure of 15% 
when the skeletal muscle relaxant, d-tubocurarine, was adminis- 
tered. The decrease in carotid blood pressure was changed signif- 
icantly by pretreatment of the rats with the diuretic, furosemide. 

The intravenous administration of succinylcholine (0.1 mg./kg.) 
failed to  produce any change in carotid blood pressure. However, the 
intravenous injection of chlordiazepoxide (10 mg./kg.) resulted in a 
decrease in carotid pressure. Since furosemideechlordiazepoxide 
coadministration did not produce significant changes in the muscle 
relaxant properties of chlordiazepoxide, further studies were not 
deemed necessary. 

Absorption Spectrum-Figure 3 compares the spectrum, from 
190 to 400 nm., of furosemide with the spectrum of furosemide in 
combination with two concentrations of d-tubocurarine. Furose- 

Table VIII-Effects of Furosemide on the Rat Phrenic Nerve- 
Diaphragm Preparation after Treatment with Skeletal 
Muscle Relaxants 

~ ~~ 

Skeletal Time for Blockade, 
Muscle Relaxant min. 

d-Tubocurarine Saline 2.6 f 0 76b 
Furosemide" 5 . 5  Z!Z 0 87 

Succinylcholine Saline 8 .8  f 0 86 
Furosemiden 3 .0  f 0 14 

Furosernide >20 
Chlordiazepoxidec Saline > 20 

___ 

4 Value significant a t  p < 0.05. b Represents standard error of the 
mean. c No blockade achieved within 20 min. 
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Table IX-Effects of Furosemide on the Hypotensive 
Properties of d-Tubocurarine in Rats 

Drug or  Percent Change in 
Drugs Administered Carotid Blood Pressure 

Furosemide + 
Furosemide + 
Saline + 

saline 

d-tubocurarine 

d-tubocurarine 

1 . 6  f 1.8a 

-15.3 3~ 6.6 

-63.2b f 8.2  

0 Represents standard error of mean. 1, Value significant at p < 0.05. 

mide produced three absorption peaks: at 330, 277, and 227 nm. 
Upon addition of mmole of d-tubocurarine, the absorption 
peak at 277 nm. was shifted to 271 nm. with a concurrent decrease in 
absorption from 0.68 to 0.50. The peak at 227 nm. was completely 
abolished. Addition of 1.5 X lo-‘ mmole d-tubocurarine produced 
similar results, a peak shift from 277 to 265 nm. and a decrease of 
0.34 in absorption. 

The absorption spectrum of furosemide was not changed with the 
addition of either succinylcholine or chlordiazepoxide. 

DISCUSSION 

These data suggest that an interaction exists between the diuretic, 
furosemide, and each of the skeletal muscle relaxants, d-tubocura- 
rine and succinylcholine. No indication of interaction was noted 
between chlordiazepoxide and furosemide. With the exception of 
reduced urine output in the case of succinylcholine, no other effects 
on the diuretic patterns of furosemide-induced diuresis were noted 
with any of the muscle relaxants. However, furosemide was found to 
have a pronounced effect on the muscle relaxant properties of suc- 
cinylcholine. The succinylcholine fall time was significantly de- 
creased in rats that had received furosemide daily for 1 week as 
compared to saline-injected control animals. However, no significant 
difference in the total serum sodium or serum potassium was noted 
in the furosemide-treated animals as compared to saline-treated 
animals. In addition, it is unlikely that serum electrolyte changes 
could explain the furosemide potentiation of the succinylcholine 
blockage of the rat phrenic nerve preparation because of the brief 
experimental test period. The mechanism for the potentiation re- 
mains to be elucidated. 

An earlier report indicated that chlorothiazide potentiated the 
muscle relaxation produced by d-tubocurarine (1) .  Under the condi- 
tions of these experiments, d-tubocurarine muscle relaxation was 
apparently antagonized by furosemide. An explanation for this ob- 
servation is not available at this time, although the possibility exists 
that an electrostatic attraction between d-tubocurarine and furose- 
mide may result in complexation, thereby reducing the muscle 
relaxant potency of d-tubocurarine. This appears possible since 
furosemide is widely distributed in all tissues, including skeletal 
muscle (16). The reversal of the hypotensive effect of d-tubocurarine 
by furosemide tends to support this speculation. In addition, pre- 
liminary spectrophotometric data suggest complexation, although 
further work is required to explain these observations. 

1.0 - FUROSEMIDE + SALINE --- FUROSEMIDE + ~ - T U B O -  
CURARINE (10-5 mmole) 

CURARINE ( I . ~ x I O - ~  m mole) 
...*.**. FUROSEMIDE + d - T U B O -  

m 

m a 

LT 

I -  - - - - - -{.- 
190 340 

WAVELENGTH, nm. 

Figure 3-Furosemide absorption spectrum. The curves compare the 
spectrum of furosemide prior to arid after the addition of d-tubo- 
curarine. 
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