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"Among the remedies which it has pleased Almighty God to 
give to man to relieve his sufferings, none is so universal and 
so efficacious as opium." 

Thomas Sydenham, 1624-1689 

THE ABOVE QUOTATION preceded the current serious American drug culture by 
some ten generations. Hallucinations, social withdrawal, dysphoria and other 
symptoms of opium addiction are now very well known and have become a 
frightening problem of our society. A possible shortage of potent analgesics is 
therefore not the main concern to the pharmaceutical industry and the clinical 
therapist, We must find new potent pain-relieving drugs that are not addicting. 
There is great urgency in this quest. 

Following the Second World War, nalorphine was developed as a morphine 
antagonist, but Lasagna and Beecher found that it had strong analgesic proper- 
ties as well. 1 It caused respiratory depression and a high incidence of hallucina- 
tions which precluded extensive clinical evaluation as an analgesic. Subsequently, 
levallorphan was developed as an antinarcotic, but it was only effective for aug- 
menting respiration in the presence of considerable narcotic-induced respiratory 
depression, and it also caused respiratory depression as well as dysphoria, drow- 
siness, miosis, nausea, pallor and hallucinations, when used as an agonist. More 
recently, naloxone has been added to the market of effective drugs that relieve 
respiratory depression due to the narcotic analgesics. This compound is an essen- 
tially pure narcotic antagonist in that it does not possess the agonistic properties 
of morphine associated with nalorphine and levallorphan, which become manifest 
in the absence of prior narcotic administration. Naloxone has a shorter period of 
activity than most of the narcotic analgesics. Therefore, a patient who has taken 
an overdose of an analgesic must be observed closely for several hours when 
reversal therapy is employed. In addition, naloxone may cause nausea and vomit- 
ing when it must be given repeatedly.'-' 

After 1960, a series of drugs with a benzonlorphan nucleus were developed. 
These had antinarcotic properties and were potent analgesics with a very low 
propensity to addiction, low abuse liability, and were essentially devoid of proper- 
ties causing severe respiratory depression, constipation and urine retention. Un- 
fortunately, cyclazocine, the most potent among these analgesics, caused halluci- 
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FICURE i. Structural formula of hutorphanol compared with pentazocine and morphine. 

nations; while pentazocine, which had fewer undesirable properties, was much 
less potent than morphine, a,4.5 Its efficacy in treatment of severe postoperative 
pain was somewhat limited because the dose required for good relief (40-60 
nag) caused excessive side-effects, and it was found to be much less efficacious 
than morphine, meperidine and fentanyl for balanced general anaesthesia be- 
cause of the postoperative occurrence of nausea, vomiting, abdominal cramps and 
recall. G Broad experience with pentazocine also showed that drug dependence 
and abuse occurs more frequently than was anticipated. 

Butorphanol (levo BC-2627), shown in Figure 1, was synthesized by Bristol 
Laboratories of Canada. 7.s It is a totally synthetic narcotic antagonist analgesic 
which does not require opium alkaloids for its synthesis. In man the analgesic 
activity of butorphanol (expressed as weight of free base) appears to be ten 
times the potency of morphine sulfate and forty times that of pentazocine when 
injected intramuscularly. The duration of analgesic action appears similar to that 
of morphine. These findings agree with the preclinical pharmacological evalua- 
tion of butorphanol in animals :ua which estimated the butorphanol analgesic 
potency as 4 to 10 times that of morphine sulfate and 25 to 70 times that of 
pentazocine. As a narcotic antagonist in animals, butorphanol is approximately 
equivalent in potency to nalorphine, 30 times that of pentazocine and 1/40 that 
of naloxone. 

Butorphanol physical dependence liability has been estimated to be low in 
animals. It precipitates withdrawal symptoms in morphine dependent mice and 
shows less suppression of withdrawal jumping than pentazocine in the withdrawn 
morphine dependent mouseJ ~ Also, butorphanol does not substitute for morphine 
in the withdrawn morphine dependent rhesus monkey, u The evaluation of butor- 
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phanol physical dependence in man is currently under investigation at the Ad- 
diction Research Center in Lexington, Kentucky. 

In dogs, respiratory depression as evaluated by measuring arterial PaCO2 did 
not occur after an intravenous injection of 5 mg/kg of butorphanol. Doses of 
1 mg/kg  intravenously or 10 mg/kg  orally did not produce any significant cardio- 
vascular effects in dogs. Butorphanol was found to be one-tenth as potent as 
morphine in its effect on the gastrointestinal propulsive activity in mice. As an 
antitussive it is 20 times more potent than codeine in dogs, using electrical stimu- 
lation of the tracheal mucosa to induce coughing. 12 Both the analgesic and anti- 
tussive activities of butorphanol are reversed by naloxone. 

Rapid intravenous injection of 2 mg/kg  morphine sulfate in beagle dogs causes 
sham rage and an elevated blood histamine level. In a crossover study, neither 
sham rage nor an elevated blood histamine occurred in the same dogs after the 
rapid intravenous injection of 0.5 mg/kg  butorphanol. 1~ 

On the basis of the above data, butorphanol has been undergoing evaluation 
as an analgesic in patients with moderate to severe pain. In "open" evaluations, 
it appeared to be as effective as 10 mg of morphine at a dose level of i mg. Doses 
higher than one milligram may produce lightheadedness and slight nausea and 
unsteady gait in normal volunteers. In patients with pain, only drowsiness has 
been noted as a side effect. 

Our obiective in this study was to evaluate the analgesic properties and the 
side-effects of butorphanol. This report deals with a double-blind evaluation of 
two corresponding dose levels each of butorphanol and morphine in patients who 
have had major surgical operations and complained of moderate to severe pain 
after recovering ~cakefulness from inhalation anaesthesia. 

MATERIALS AND METHODS 

On the day preceding each study, several male and female patients were chosen 
from the surgical list according to the site and expected severity of the elective 
operation (usually major abdominal and maior orthopedic procedures such as 
cholecystectomy and total hip replacement). Informed written consent was al- 
ways obtained in the presence of an auditor witness (senior nurse or member of 
the patient's family). Minors, pregnant females, patients undergoing neurosurgery 
or cardiac, surgery and those iudged to have limited mental competence or who 
might have difficulty answering questions at interviews were excluded at the out- 
set. Patients participating in other drug studies were also excluded, as were those 
with a history of drug tolerance or addiction to narcotic drugs, and patients with 
a history of overt or suspected renal, liver or haematological disease. A narcotic 
analgesic was not given for premedication unless the patient had preoperative 
pain. Diazepam or hydroxyzine with atropine was ordered for premedication. 
Inhalation anaesthesia with enflurane-nitrous oxide was selected in the majority 
of cases to avoid interference with the drug evaluations by persistence of anal- 
gesia due to the anaesthetic. 

Bristol Laboratories prepared identical vials containing 1 ml of solution. Of 
these, 30 contained 0.73 mgm butorphanol tartrate (0.5 mgm base) and an equal 
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number contained 1.46 mg butorphanol tartrate ( 1 mg of base), 5 mgna morphine 
sulphate and 10 mgm morphine sulphate. The vials were numbered consecutively 
from 1 to 120 according to a random number table. As each consenting patient 
complained of pain after recovery from anaesthesia the degree of pain was deter- 
mined by asking the site and its severity (slight-mild, moderate or severe). If the 
pain was described as moderate or severe and the patient again consented to 
relief with medication, admission to the study was initiated with a single intra- 
muscular injection of the numbered medication in consecutive order of the ran- 
dom assignment. The patient was then kept under direct surveillance for at least 
two hours. Blood pressure, pulse rate, tidal volume, respiratory rate and other 
vital signs were measured and recorded as necessary. A record of pain complaints 
was kept on the recovery room chart. A pain score, a pain relief score, and any 
side-effects of the medication given were recorded on the study protocol at 30, 
60 and 120 minutes. After the end of an additional three hours, and again the 
next day, the nurses' notes were reviewed to determine whether the patients 
requested and received further medication for relief of pain. These data were 
also entered on the patient's protocol. 

Pain intensity was scored numerically as 3 (severe), 2 (moderate) and 1 
(mild). Pain relief was scored: 0 (no relief), 1 (slight relief), 2 (moderate 
relief, 3 (good relief) and 4 (complete relief). A pain intensity difference (PID) 
score was calculated by subtracting the pain intensity at each time-interval from 
the initial pain score. During the two-hour post-medication period, each patient 
was encouraged not to request additional analgesic medication unless severe 
pain resumed. All additional analgesic medication was recorded on the protocol 
up to five hours after initiation of each study. At the conclusion of the study, 
all the information was tabulated, the code was revealed, and the data were 
analyzed statistically. The parameters of interest (summed scores over the two- 
hour observation period) were analyzed by the parallel-line assay method de- 
scribed by Finney ~3 employing a modification of the computer program he 
developed. TM This analysis encompassed variance analyses, linear dose-response 
regressions and estinaation of butorphanol potency relative to morphine. 

B.ESULTS 

Informed consent for postoperative pain medication was obtained fi'om over 
350 patients, of whom 120 complained of moderate to severe pain and requested 
medication. Most studies were initiated within one hour after the patient reached 
the recovery room. The majority of the patients (>110) had been premedicated 
with diazepam with atropine and received enflurane-N20 or halothane-N20 
anaesthesia. 

The vital data for each of the patients are summarized in Table I. Ten subjects 
required additional analgesia before completion of the initial two-hour observa- 
tion period. In these instances subsequent pain scores were adjusted to 3 (severe) 
and pain relief scores to zero (no relief). One patient appeared twice (No. 56 
and No. 103) having received 5 nag and 10 mg morphine respectively. Two 
patients were removed from the statistical analysis: one (No. 61, who received 
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TABLE II 
SUMMARY OF MEAN PAIN SCORES IN THE 4 GROUPS OF PATIENTS 
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Butorphanol Morphine 

0.5 mg 1.0 mg 5 mg 10 mg 

Hrs. Mean S.E. Mean S.E. Mean S.E. Mean S.E. 

Pain 0 3.00 0 3.00 0 2.97 0.03 2.97 0.03 
�89 1.17 0.18 0.69 0.17 1.33 0.18 0.97 0.19 
1 0.90 0.19 0.83 0.19 1.13 0.21 0.59 0.19 
2 1.10 0.21 1.24 0.19 1.50 0.23 0.86 0.21 

Total 6.17 0.50 5.76 0.51 6.93 0.56 5.38 0.52 

Pid �89 1.83 0.18 2.31 0.17 1.63 0.18 2.00 0.19 
1 2.10 0.19 2.17 0.19 1.83 0.21 2.38 0.19 
2 1.90 0.21 1.76 0.19 1.47 0.23 2.10 0.21 

Total 5.83 0.50 6.24 0.51 4.93 0.57 6.48 0.51 

Relief �89 2.63 0.23 3.17 0.19 2.57 0.22 2.97 0.20 
1 2.90 0.24 3.10 0.21 2.70 0.26 3.31 0.21 
2 2.70 0.28 2.59 0.26 2.33 0.27 3.07 0.23 

Total 8.23 0.65 8.86 0.61 7.60 0.71 9.34 0.54 

1 mg butorphanol) had received meperidine intravenously at the end of the 
operation and one (No. 67, who received 10 mg morphine) had received pro- 
chlorperazine to relieve marked nausea and vomiting during the initial two-hour 
observation period. Three of the four groups were very well matched in all 
respects. The group of patients that received butorphanol 1 mg happened to have 
a significantly greater mean body weight and had more male patients than in the 
other three groups. 

The blood pressure and pulse rate varied after analgesic medication, with a 
general trend to a small reduction in systolic blood pressure and pulse rate, but 
the changes appeared not to be significant. No patient developed evident respi- 
ratory depression euphoria or hallucinations after any of the medications. Sub- 
stantial pain relief was seen in most instances at the 30 minutes observation 
period. Approximately 90 per cent of all of these patients required no further 
medication within two hours of the study drug. 

Means and standard errors for pain intensity, pain intensity difference (PID) 
and pain relief scores, by drug group for each observation point and total, are 
listed in Table II, with graphical representation in Figures 9. and 3. 

Observe that the response to 1 mg butorphanol was of somewhat briefer dura- 
tion than with the smaller dose. However, the responses were subject to the usual 
psychic and physiological variations seen among patients, which could markedly 
influence the assigned mathematical scores in a relatively small group even if only 
a small number of patients said they had mild pain instead of moderate pain! As 
noted before, there was also an uneven proportion of male to female patients in 
this group compared to the other three groups, with a corresponding greater 
mean body weight. All of these chance factors could explain the discrepant 
scores at the second hour, resulting in overlapping standard error of the means, 
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FICURE 3. This is the graphical representation of the sum of the pain scores, which again 
indicate that the effect of bntorphanol (base) and morphine (sulphate) are closely compar- 
able in the doses tested. 
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TABLE III 
SUMMARY OF SIDE-EFFECTS OBSERVED FOLLOWING ADMINISTRATION OF 

BUTORPHANOL AND MORPHINE FOR RELIEF OF 
POSTOPERATIVE PAIN 
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Side Effect �89 Hr 1 Hr 2 Hrs 

B utorphanol Drowsy/Sleepy 7 11 8 
0 .5  mg Asleep 2 3 - -  

Dizzy 1 - -  - -  
Nausea 1 2 1 
Cramps and Nausea - -  - -  1 

Butorphanol Drowsy/Sleepy 14 12 10 
1.0 mg Asleep - -  - -  - -  

Dizzy 1 - -  - -  
Nausea 1 - -  - -  

Morphine Drowsy/Sleepy 5 9 6 
10 mg Asleep - -  - -  - -  

Nausea 2 2 2* 
Emesis 1 - -  - -  

Morphine Drowsy/Sleepy 8 11 2 
10 mg Asleep - -  1 1 

Nausea 1 1 - -  
Cramps and Nausea - -  - -  1 

*1 after additional medication. 

and rendering the two butorphanol dose levels clinically indistinguishable. Ac- 
cording to the computer  analysis, the estimated relative potency of butorphanol 
base was determined to be of the order of ten times that of morphine. In terms 
of the salts, the ratio was approximately 7:1. 

Side-effects are listed in Table III. The only significant effect of both medica- 
tions, besides analgesia, was the development of drowsiness. This occurred 
oftener, earlier and persisted longer with butorphanol than with morphine; such 
differences, however, were not statistically significant. The occurrence of other 
side-effects was negligible. 

Based on the observations, butorphanol appeared to be a satisfactory and safe 
drug for postoperative relief of pain. 

DISCUSSION 

The evaluation of pain and its relief is one of the most difficult judgments that 
has to be made in therapy. 15 The factors that influence the occurrence and inten- 
sity of pain after surgery and anaesthesia are numerous, including mainly the 
psychic atti tude of the patient toward his disease, the site and extent of the 
surgical wound and the degree of manipulation of organs rich in sensory fibers. 16 

The analgesic potency and duration of action of the anaesthetic used, as well 
as the amount  of sedative drugs given previously, also have a significant influence 
on the overt response to pain. Exogenous fac tors (env i ronmenta l ) ,  as well as the 
age and sex of the patient, also play a role. Elderly patients and females generally 
do not require much analgesic medication. Lasagna and associates have reported 
on the high incidence of "placebo reactors" - as high as 45 per cent. These were 
patients who admitted relief of pain after receiving only a saline injectionY 
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Papper and associates showed that as many as 30 per cent of surgical patients 
do not complain of any pain after major surgery. TM Of the remainder in his study, 
about half the patients complained of moderate to severe pain and the rest had 
pain that was easily relieved by infrequent doses of narcotic analgesics. There- 
fore, it appears that only about one-third of patients who have undergone major 
surgery request or need at least one injection of a potent analgesic. These re- 
sponses make it difficult to determine the efficacy of analgesic drugs until a large 
number of dose-effect observations have been made under carefully controlled 
conditions. 

In this double-blind study it was evident once again that only about one-third 
of patients who have undergone major surgery have, or complain of, severe pain 
postoperatively and desire medication for its relief. It is evident that analgesic 
medication with 0.5 or 1.0 nag butorphanol given in the early postoperative period 
in response to a patient's complaint of moderate to severe pain, provides relief 
comparable to that obtained with 5 or 10 nag morphine given intramuscularly. 
As noted, the analgesic action of each drug was evident at the 30-minute obser- 
vation period and, in 90 per cent of the patients, analgesia lasted at least two 
hours. Aside from drowsiness, the incidence of side-effects with butorphanol was 
negligible. In postanaesthetic care of patients who have had major surgery these 
properties of butorphanol are eminently acceptable. ~'~,~~ The safety and efficacy 
of the new compound therefore appears to be highly probable. If accumulation 
of a large number of case studies establishes that butorphanol is indeed non- 
addicting, is not subject to abuse, and lacks appreciable respiratory or circulatory 
depressant properties, it will be an appropriate addition to our analgesic drug 
armamentarium. 

SUMMARY AND CONCLUSIONS 

Informed consent was obtained from over 350 patients scheduled for major 
elective operations to accept either 5 or 10 nag morphine or 0.5 or 1.0 mg butor- 
phanol (inta'amuscularly) under double-blind conditions according to a random 
assignment schedule, if they should complain of moderate to severe pain while 
in the recovery room. Of those consenting, 120 patients were entered in the study. 
The remainder either denied any pain, stated that they had only slight or mild 
pain, or in a few instances, refused analgesic medication although they stated 
they had more than mild pain. Pain intensity and pain relief were scored for each 
treated patient at 30, 60 and 120 minutes. Scores were analyzed statistically after 
tabulating the data. The data show that in virtually all these patients appreciable 
pain relief was admitted at the first observation period (30 minutes after admin- 
istration of the drug) and it persisted for at least two hours in 90 per cent of 
them. No consistent alteration in the vital signs (blood pressure, pulse rate, rate 
of respiration or tidal volume) was evident in these patients during the two hours 
they were kept under close surveillance. Approximately 10 per cent of the patients 
receiving butorphanol, and 15 per cent of those receiving morphine, did not 
request more analgesic medication; 52 per cent (butorphanol) and 42 per cent 
(morphine) respectively requested additional medication two to five hours after, 
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and 25 per cent (butorphanol) and 34 per cent (morphine), respectively, re- 
quested it only after 5 hours. Analysis by the parallel line assay method pro- 
duced an estimate that butorphanol (base weight) was on the order of ten times 
more potent than morphine sulfate. Due to uncertain factors, the effect of the 
two doses of butorphanol tested could not be distinguished two hours after 
medication. 

Drowsiness occurred early in one-third of the patients receiving butorphano] 
and usually persisted for several hours, whereas this effect was less prominent 
with morphine and was of shorter duration. Dizziness, nausea or emesis occurred 
in less than 5 per cent after either medication. If extensive experience with 
butorphanol shows that it is non-addicting and does not cause appreciable res- 
piratory depression, it will indeed be a useful analgesic drug. 

Nous avons au prdalable, obtenu la permission de 350 malades subissant une 
chirurgie 61ective majeure , de les inclure dans une 6rude comparative de deux 
analg6siques soit le Butorphanol et la Morphine. Ils avaient accept6 de recevoir 
l'un ou l'autre de ces m6dicaments en cas de douleur mod6r6e ou importante, dans 
la salle de r6vei], tout ceci dans le cadre d'une 6tude ~t double-insu. Les doses 
administr6es 6talent de 5 h 10 mg de Morphine ou de 0.5 mg ~t I mg de Butorphanol. 

De ces 350 malades, 120 furent effectivement 6tudi6s, ayant re~u l'un ou rautre 
des mddicaments ~t l'6tude. Les autres n'ont pas pr6sentd de douleur ou n'ont 
accus6 qu'une douleur 16g~re ou encore ont refus6 un calmant tout en admettant 
une douleur plus clue 16g~re. 

Chez tous ceux ayant re~u run ou rautre des analg6siques, rintensit6 de la 
douleur et l'efflcacit6 de son soulagement rut notde 30, 60 et 120 minutes apr~s 
l'administration du mddicament. Les r6sultats ont d6monta'd dins pratiquement 
tous les cas qu'il y avait soulagement apprdciable de la douleur trente minutes 
apr~s radministration de l'un ou l'autre des agents et que cette analgdsie persistait 
au moins 2 heures chez 90 pour cent d'entre eux. Pendant cette m6me pdriode de 2 
heures, les signes vitaux demeur~rent stables (frdquence cardiaque, pression 
art6rielle, fr6quence + amplitude de la respiration). 

Environ 10 pour cent de ceux qui re~urent du Butorphanol et 15 pour cent de 
ceux ayant regu de la Morphine n'ont pas requis d'autxe analg6sique; 52 pour cent 
des patients ayant re~u du Butorphanol et 42 pour cent des sujets ~ la Morphine 
ont requis une dose additionnelle de m6dicament entre 2 et 5 heures apr~s. 

Enfin, 259 des malades ayant re~u du Butorphanol et 34 pour cent de ceux ayant 
re~u de la Morphine ont requis une dose suppl6mentaire plus de 5 heures apr~s 
la premiere administration. On estime que, poids pour poids, le Butorphanol est 
10 lois plus puissant que la Morphine. Deux heures apr~s l'administration on ne 
pouvait faire de distinction entre les effets des deux dosages de Butorphanol 
utilis6s. Chez environ 1/3 des patients, le Butorphanol produit de la somnolence, 
effet qui persiste quelques heures et semble plus marqud et plus prolongd, qu'avec 
la Morphine. Moins de 5 pour cent malades des deux s6ries ont prdsentd des 
dtourdissements, des naus6es et des vomissements. 
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Si ~ rusage, le Butorphanol ne montre pas de propri~t~s addictives et ne cause 
pas de d6pression respiratoire importante, ce sera un m6dicament utile. 
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