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Pharmacokinetics, Bioequivalence, and Spray
Weight Reproducibility of Intranasal

Butorphanol After Administration With 2
Different Nasal Spray Pumps

Daniel P. Wermeling, PharmD, Jodi L. Miller, PharmD, MS, Sanford M. Archer, MD,
Mary K. Rayens, PhD, and Anita C. Rudy, PhD

Systemic nasal delivery is dependent on many fac-
tors. Lipophilicity, concentration, and molecular

weight of the drug and formulation characteristics such
as pH, osmolality, and viscosity have an impact on na-
sal absorption.1,2 The delivery device also plays a criti-
cal role in absorption by determining nasal deposition
patterns and systemic exposure.3-7 However, there is a
paucity of in vitro/in vivo data correlating nasal
delivery characteristics and systemic exposure.

Butorphanol tartrate (BT) NS is a multidose (MD),
intranasal (IN) spray pump product delivering a potent
synthetic analgesic agent that exhibits both agonist and
mixed agonist-antagonist activity at the κ-opioid and µ-
opioid receptors. This product delivers approximately
14 to 15 (1 mg/spray) doses following the initial prim-
ing procedure.8

An MD pump may not be the most suitable spray
pump for administration in some situations. Pump prim-
ing may affect proper patient use and self-administration,

results in wasted drug, and adds another step to the
dosing procedures. Microbial contamination of liquid
contents can occur with multiple uses. Providing mul-
tiple doses of BT in a single unit may encourage inap-
propriate use by the patient, health care personnel, or
others who have access to the unused portion.

A unit dose (UD) nasal delivery device for IN BT
would alleviate the concerns listed above while offer-
ing other potential advantages such as (1) a sterile
product, (2) removal of potentially irritating
antimicrobial preservatives,9-11 (3) eliminating product
contamination after single use, and (4) prescribing and
dispensing based on individual patient requirements.

This study was designed to compare the influence of
the accuracy and precision of spray weight delivery of
UD and MD pumps on the single-dose pharmaco-
kinetics of butorphanol. The UD and MD pumps were
used to administer the identical BT nasal formulation
and compared standard bioequivalence (BE) parame-
ters, inter- and intrasubject variability of the
pharmacokinetic parameters, and reproducibility and
precision of the spray weight delivery of the 2 pumps.

METHODS

Subjects

Healthy volunteers participated in this randomized, in-
complete block study. All subjects were nonsmoking,
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between 20 and 40 years of age, and within 20% of ideal
body weight. Subjects were excluded based on clini-
cally significant laboratory values, including a drug
abuse screen. Female subjects (n = 7 out of 16) were ex-
cluded for positive urine pregnancy test results. Volun-
teers were determined to be in good health following a
physical examination, nasal examination, and medical
history review. Written informed consent was obtained
from all subjects. This study was conducted in compli-
ance with the tenets of the Declaration of Helsinki and
was approved by the University of Kentucky Institu-
tional Review Board.

Drug and Spray Pump Systems

Two intranasal spray pump systems, 1 UD and 1 MD,
containing an identical BT 10-mg/mL solution (Stadol
NS, lot 9H09013, Apothecon) were compared. Both
pumps are intended to deliver 100 µL, providing 1 mg
of BT per spray. The MD pump (model VP3, Valois
S.A., Le Neubourg, France) was used as the commer-
cially available reference spray. Each MD pump was
primed according to the manufacturer’s guidelines on
the morning of dosing. The UD test spray pump (UD,
Pfeiffer unit dose system, Pfeiffer of America, Prince-
ton, NJ) was filled with BT using a pipettor and assem-
bled by hand. The filling volume of the UD was 125 µL
for a nominal delivery of 100 µL. No priming was
required for the UD pump.

The UD and MD spray pumps were weighed using a
Mettler (Mettler Toledo, Columbus, Ohio) balance
(model AG204) prior to and after patient doses were ad-
ministered.Target delivery weight of 2 sprays was 0.2 g.

A separate in vitro spray weight evaluation was per-
formed for UD and MD pumps. The UD spray pumps
(n = 30) were filled using pipettors with 125 µL of
deionized water and assembled by hand. The MD spray
pumps (n = 30) were hand-filled with 2.5 mL deionized
water. Each MD spray pump was actuated 10 times for
priming before obtaining spray weight data. After
priming, net spray weight measurements were taken
for 10 consecutive actuations. Target delivery weight
for each single spray was 0.1 g.

Clinical Procedure

This was a consecutive, 3-period, partial replicate in-
patient study with a 1-week washout between treat-
ments. Subjects fasted for 8 hours prior to and 4 hours
after drug administration. Water was allowed ad lib ex-
cept within 1 hour of dosing. Caffeine and alcohol were
not permitted within 48 hours prior to the start or
throughout each treatment phase.

Subjects were administered BT in a semirecumbent
position for 3 consecutive periods according to a
pregenerated randomization schedule (UD:MD:UD,
MD:UD:UD, UD:MD:MD, or MD:UD:MD). Subjects
gently blew their nose before administration and were
not allowed to blow their noses again for 60 minutes. A
standard BT 2-mg dose was given by the same physi-
cian during each period. Subjects received either 2
sprays, one per naris, from a single MD pump or 2 UD
pumps.

Blood samples were collected from an indwelling
intravenous catheter, and blood pressure and pulse rate
were obtained at 0, 5, 10, 15, 20, 30, and 45 minutes and
1, 2, 3, 4, 6, 8, 12, and 16 hours after dosing. Nasal ex-
aminations were performed at predose and 2 to 4 hours
after drug administration. Subjects were continuously
monitored for adverse events.

Analytical Methods

Plasma samples were stored at or below –70°C prior to
analysis. Butorphanol and added internal standard,
levallorphan, were extracted from plasma samples us-
ing solid-phase extraction, separated by reverse-phase
high-performance liquid chromatography (HPLC) and
detected by a PE/Sciex API III + liquid chromatography/
mass spectrometry/mass spectrometry (LC/MS/MS)
system in MS/MS mode. Quantitation is achieved by
monitoring the product ions (m/z 310 for butorphanol
and m/z 199 for levallorphan) of precursor ions m/z 328
and m/z 284 for butorphanol and levallorphan, respec-
tively. The lower limit of quantitation was 20 pg/mL
of plasma. Coefficients of variation for within- and
between-batch analyses ranged from 2.0% to 13.3%
and 7.4% to 10.9%, respectively.

Pharmacokinetic Evaluation

Values for the maximum concentration (Cmax) and time
to Cmax (tmax) were determined by inspection of the con-
centration versus time data. Standard noncompart-
mental methods were used to calculate pharmaco-
kinetic parameters using WinNonlin (Pharsight Corp,
Palo Alto, Calif). The area under the concentration ver-
sus time curve from time 0 to infinity (AUC0-∞) was cal-
culated by a combination of the linear and logarithmic
trapezoidal rules, with extrapolation to infinity by
dividing the last measurable serum concentration
by the elimination rate constant (λz). Clearance/
bioavailability (CL/F) was determined by dividing the
dose of butorphanol base by AUC0-∞. Volume of distri-
bution for elimination/bioavailability (Vz/F) was deter-
mined by moment curves.12
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Statistical Analyses

Bioequivalence statistical criteria from the Food and
Drug Administration (FDA) guidance were used to ana-
lyze both average and individual bioequivalence.13

WinNonlin was used for analysis with fixed effects for
sequence, treatment, and period for replicated cross-
over designs. For average BE, ratios and 90% confi-
dence intervals (CI) of the geometric means for Cmax and
AUC values were calculated. The CI within the 80% to
125% range was considered BE. Within-subject vari-
ances for each spray pump were determined by
WinNonlin. Subject-by-treatment interaction variances
are from analysis of variance (ANOVA) with factors sub-
ject, treatment, subject-by-treatment interaction, and
period. Individual BE was assumed for any individual
difference ratios (IDR) <1.25. Using the first 2 treatment
periods, the Pitman-Morgan F test14 was used to com-
pare variances of tmax and log-transformed Cmax, AUC0-t,
and AUC0-∞ parameters at a significance level of
0.05. Note that we use the variance term subject-by-
treatment, whereas the references refer to this as the
subject-by-formulation, because in this study, the same
formulation was used in 2 different spray pumps.

Mean weights of the actual spray delivered from the
2 pumps were compared with a 2-sample t test. The t
tests were also used to evaluate differences between in-
dividual spray weights from the UD pump (ie, spray 1
vs spray 2 for each dose) and for comparison of each
mean weight to the target delivery weight. Coefficients
of variation and 95% confidence intervals were calcu-
lated with respect to a target delivery weight of 0.2 g. A
Pitman-Morgan F test was used to compare variances.
For the separate in vitro spray weight comparisons, a t
test was used to compare mean values for each pump to
the target delivery weight (0.1 g). Variances were com-
pared using an F test. A P < .05 was considered signifi-
cant for all comparisons. McNemar’s test was used to
consider differences in adverse event frequency for
each pump for the first 2 periods. The linear correlation
between total spray weight and AUC0-∞ was calculated.

RESULTS

Fifteen of the 16 subjects enrolled completed all treat-
ment periods. One subject was withdrawn from partic-
ipation in the third phase due to nausea and vomiting.
The mean (range) age and weight of all subjects was
26.3 (20-40) years and 68.5 (50.5-86.3) kg, respectively.
Of the 16 subjects, 14 were Caucasian, 1 was African
American, and 1 was Asian.

No serious adverse events occurred throughout the
study. Frequently reported side effects are reported in

Table I (online-only version). Statistical tests of the ad-
verse events indicated no significant differences in
adverse event frequency. Nasal exams revealed no clin-
ically significant changes.

Mean plasma concentration-time plots for butor-
phanol for MD and UD pumps are shown in Figure 1.
The mean profiles are parallel, but higher concentrations
were observed after UD BT delivery. Pharmacokinetic
parameters are listed in Table II.

Average BE methods did not support bioequivalence
for Cmax or AUC values (Table III, online-only version).
The upper BE limit of 1.25 was exceeded by the 90% CI
in all cases, suggesting that greater exposure occurs after
administration with the UD spray pump. Individual BE
methods did show equivalence for the 2 pumps based
on IDR <1.25 for AUC0-∞ and AUC0-t. However, Cmax was
not found bioequivalent using this technique. The UD
within-subject variation was much smaller than the
within-subject variation observed following MD ad-
ministration. The Cmax parameter was the most vari-
able, as evidenced by the largest subject-by-treatment
interaction in comparison to AUC interaction values.
The F tests for equality of variances were significant for
log-transformed Cmax (P = .005), AUC0-t (P < .0001), and
AUC0-∞ (P = .002), with lower variance favoring the UD
pump. tmax variances from the 2 spray pumps were found
to be equal. Carryover effects for the pharmacokinetic
parameters were not significant (P > .1).

Spray weights taken during the clinical trial demon-
strated statistically significant differences in both the
mean weight delivered (P < .001) and the variance (P <
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Figure 1. Mean plasma butorphanol concentrations (0-4 hours) fol-
lowing 2 mg butorphanol tartrate intranasal administration using a
unit dose (filled circles) or multidose (open diamonds) spray pump.
Error bars represent standard deviation.



.001) for the UD versus MD pumps (Table IV, online-
only version). No statistical difference was detected in
delivery weight between the first (n = 23, mean =
0.1038 g) and second (n = 23, mean = 0.1022 g) UD
spray pumps that were used in each individual (P = .3).
The UD test pump delivered 3% above the target
weight (P < .001), whereas the MD reference pump de-
livered 10% below the target weight (P < .003). The
95% CI for the UD pump is narrower and closer to the
0.2-g weight than the MD pump, suggesting less vari-
ability and more precise delivery. Figure 2 (online-only
version) contains a graph of the actual spray weights
delivered from each pump for each dose. A significant
linear correlation (Pearson correlation coefficient =
0.55, P < .0001) exists between spray weight for each
dose and AUC0-∞ (Figure 3, online-only version).

DISCUSSION

In this BE study, statistical differences were observed
in the pharmacokinetics of BT administered by the UD
and MD nasal spray pumps. Higher Cmax and AUC val-
ues were observed following BT administration with
the UD versus the MD pump. Average and individual
BE methods demonstrated that the pumps did not gen-
erate equivalent pharmacokinetics.

Data from Table II can be compared to a previous re-
port and the product label for a 2-mg nasal BT employ-
ing the same MD pump.8,15 Shyu et al15 reported a Cmax

of 2740 pg/mL, tmax of 15 minutes, and an AUC of
10 900 pg•h/mL. This study reported similar mean and
standard deviation data for tmax and AUC for the MD
pump, but not Cmax, compared to the Shyu et al study.

Clinical spray weight observations suggest that at
least 5 of the sprays delivered via the MD pump were
considerably less than the target spray weight. The
spray weight data indicate that variations in the dose
weights delivered from each spray pump appear to be
the source of these pharmacokinetic differences. There
was a correlation between spray weight and AUC0-∞.
The UD pump delivered a spray weight very close to
the target weight. The MD pump was much more vari-
able in weight delivery and had an underdosing bias.

The additional in vitro spray weight comparisons
support our initial findings of below-target delivery
with the MD pump. The variability and the low mean
spray weight delivery are most likely related to me-
chanical performance of the pump. Although the man-
ufacturer’s priming guidelines were followed during
this study,8 and all spray pumps were used for adminis-
tration within a 3- to 4-hour window, it is possible that
the pumps did not retain their primed state. Independ-
ent of priming, other mechanical factors may affect per-
formance. For instance, consistency in piston recharg-
ing, volume of solution drawn up into the dip tube, and
actuation force are factors influencing spray weight
uniformity and variability. The MD pump is operator
dependent because it allows variation in actuation
force by patients, which contributes to variability in
the emitted spray volume. For this reason, the FDA rec-
ommends using automated actuation for providing
product specifications. This UD pump has a more oper-
ator-independent actuation because a certain consis-
tent force is required to initiate actuation. The actual
cause of inconsistent and below-target delivery with
the MD pump in the present study cannot be
determined with the data at hand. Further in vitro
testing is needed to explain these differences in spray
weight reproducibility.

Due to the design of the UD pump, the primary factor
in the amount of spray delivered is the filling volume.
A residual volume of approximately 22 to 23 µL re-
mains in the UD device after actuation. The filling vol-
ume used in the present study was 125 µL. Therefore,
the actual expected delivery weight per spray would be
0.102 to 0.103 g. This is consistent with the observed
mean delivery weights for the UD pump, suggesting
that manipulation of fill volume will allow on-target
delivery.

As summarized in the FDA guidance on nasal sprays
for local action, “in vitro methods are less variable . . .
but the clinical relevance of these tests . . . cannot al-
ways be clearly established.”16 This experiment clearly
demonstrated a pharmacokinetic difference for BT
when administered via these 2 pumps. The potential
clinical relevance regarding the efficacy rate in treating
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Table II Pharmacokinetic Parameters After
Intranasal Administration of 2 mg Butorphanol

Tartrate

Unit Dose Multidose
Parameter (n = 23) (n = 24)

tmax, ha 0.167 (0.083-0.5) 0.167 (0.167-0.5)
Cmax, pg/mL 5562 (37) 4216 (42)
AUC0-t, 11 281 (29) 9298 (38)

pg•h/mL
AUC0-∞, 12 111 (31) 10 009 (38)

pg•h/mL
t1/2, h 5.1 (22) 5.4 (47)
CL/F, L/h 122 (30) 177 (84)
Vz/F, L 789 (37) 1715 (214)

Values are presented as arithmetic mean (% coefficient of variation).
a. Median (range).



a migraine headache would be speculative but could
favor the UD product, assuming better dosing precision
and accuracy. Adverse event rates were similar
between the UD and MD pumps.

In conclusion, these findings have demonstrated
that administration of BT intranasal via the MD and UD
pumps results in delivery weight, pharmacokinetic,
and bioequivalence differences. The UD pump demon-
strated more accurate spray weight delivery and re-
sulted in less pharmacokinetic variability. Additional
research directed at understanding the pharmaco-
dynamic, efficacy, and safety implications of nasal
spray pump performance characteristics is warranted.

The authors would like to thank Mr Thomas Clinch for his assis-
tance in data analysis.

REFERENCES

1. Chien YW, Su KSE, Chang S. Nasal Systemic Drug Delivery. New
York: Marcel Dekker; 1989.
2. Behl CR, Pimplaskar HK, Sileno AP, deMeireles J, Romeo VD. Ef-
fects of physiochemical properties and other factors on systemic na-
sal drug delivery. Adv Drug Deliv Rev. 1998;29:89-116.
3. Kublik H, Vidgren MT. Nasal delivery systems and their effect on
deposition and absorption. Adv Drug Deliv Rev. 1998;29:157-177.
4. Newman SP, Morén F, Clarke SW. Deposition pattern of nasal
sprays in man. Rhinology. 1987;26:111-120.
5. Cheng YS, Holmes TD, Gao J, et al. Characterization of nasal spray
pumps and deposition pattern in a replica of the human nasal airway.
J Aerosol Med. 2001;14:267-280.

6. Thorsson L, Borga O, Edsbäcker S. Systemic bioavailability of
budesonide after nasal administration of three different formulations:
pressurized aerosol, aqueous pump spray, and powder. Br J Clin
Pharmacol. 1999;47:619-624.
7. Mygind N, Vesterhauge S. Aerosol distribution in the nose.
Rhinology. 1978;16:79-88.
8. Stadol NS (butorphanol tartrate) nasal spray [product information].
Princeton, NJ: Bristol-Myers Squibb; 2001.
9. Berg ØH, Henriksen RN, Steinsvåg SK. The effect of benzalkonium
chloride-containing nasal spray on human respiratory mucosa in vi-
tro as a function of concentration and time of action. Pharmacol
Toxicol. 1995;76:245-249.
10. Bernstein IL. Is the use of benzalkonium chloride as a preservative
for nasal formulation a safety concern? A cautionary note based on
compromised mucociliary transport. J Allergy Clin Immunol.
2000;105:39-44.
11. Hallén H, Graf P. Benzalkonium chloride in nasal decongestive
sprays has a long-lasting adverse effect on the nasal mucosa of
healthy volunteers. Clin Exp Allergy. 1995;25:401-405.
12. Gibaldi M, Perrier D. Pharmacokinetics. New York: Marcel
Dekker; 1982.
13. US Food and Drug Administration. Guidance for Industry: Statis-
tical Approaches to Establishing Bioequivalence. Rockville, Md:
Food and Drug Administration, Center for Drug Evaluation and Re-
search (CDER); 2001.
14. Chow S-C, Liu J-P. Design and Analysis of Bioavailability and
Bioequivalence Studies. New York: Marcel Dekker; 2000.
15. Shyu WC, Pittman KA, Robinson D, Barbhaiya RH. Multiple-dose
phase I trial of transnasal butorphanol. Clin Pharmacol Ther.
1993;54:34-41.
16. US Food and Drug Administration. Draft Guidance for Industry:
Bioavailability and Bioequivalence Studies for Nasal Aerosols and
Nasal Sprays for Local Action. Rockville, Md: Food and Drug Admin-
istration, Center for Drug Evaluation and Research (CDER); 2003.

BRIEF REPORTS/PHARMACOKINETICS 973

PK, BIOEQUIVALENCE, AND SPRAY WEIGHT REPRODUCIBILITY OF BUTORPHANOL




