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Abstract

The purpose of this study was to determine the pharmacokinetics of codeine and the active
metabolites morphine and codeine-6-glucuronide after IV codeine administration and the
pharmacokinetics of acetaminophen (APAP), codeine, morphine, and codeine-6-glucuronide after
oral administration of combination product containing acetaminophen and codeine to dogs.

Six healthy Greyhound dogs were administered 0.734 mg/kg codeine IV and acetaminophen
(10.46 mg/kg mean dose) with codeine (1.43 mg/kg mean dose) orally. Blood samples were
obtained at predetermined time points for the determination of codeine, morphine, and codeine-6-
glucuronide plasma concentrations by LC/MS and acetaminophen by HPLC with UV detection.

Codeine was rapidly eliminated after IV administration (T%2 =1.22 hr; clearance=29.94 mL/min/
kg; volume of distribution=3.17 L/kg) with negligible amounts of morphine present, but large
amounts of codeine-6-glucuronide (Cypyax=735.75 ng/mL) were detected. The oral bioavailability
of codeine was 4%, morphine concentrations were negligible, but large amounts of codeine-6-
glucuronide (Cpmax=1952.86 ng/mL) were detected suggesting substantial first pass metabolism.
Acetaminophen was rapidly absorbed (Cpax=6.74 pg/mL; Tyax=0.85 hr) and eliminated
(T%=0.96 hr).

In conclusion, the pharmacokinetics of codeine were similar to other opioids in dogs with a short
half-life, rapid clearance, large volume of distribution, and poor oral bioavailability. High
concentrations of codeine-6-glucuronide were detected after IV and oral administration.
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Introduction

Codeine is a naturally occurring opioid with a complex and incompletely understood
mechanism of action. Codeine is metabolized to numerous metabolites including morphine
and codeine-6-glucuronide, which in addition to codeine appear to contribute to analgesic
effects after codeine administration to humans (Létsch, et al, 2006). Human extensive
CYP2D6 metabolizers metabolize approximately 10% of codeine into morphine and
morphine metabolites (Kirchheiner, et al, 2006). In contrast poor metabolizers convert
approximately 0.3% of codeine into morphine. However poor metabolizers still produced a
central miotic effect after codeine administration, which was considered an opiate mediated
effect. The maximum plasma concentrations of codeine and codeine-6-glucuronide were 37
— 56 ng/mL and 626 — 841 ng/mL, respectively in the poor metabolizer group while the
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maximum morphine concentration never exceeded 1 ng/mL. In vitro receptor binding
studies indicate the 1C50 of codeine-6-glucuronide is 2100 ng/mL (Srinivasan, et al, 1997)
however it is important to note that glucuronide conjugates are polar compounds and may
not penetrate well into the CNS to bind with the opiate receptors. Peak plasma
concentrations of codeine-6-glucuronide providing antinociceptive effects were 4176 + 714
ng/mL in rats (Srinivasan, et al, 1997).

Codeine has been recommended as an orally administered analgesic in dogs (Gaynor, 2008),
but no data are available to indicate it possesses efficacy in dogs. These recommendations
however have to be interpreted cautiously as other opioids, such as morphine and
oxycodone, are also recommended for oral administration (Gaynor, 2008), but data indicate
these drugs are unlikely effective in dogs due to their poor oral bioavailability and lack of
active metabolite formation in dogs (Weinstein & Gaylord, 1979; Yoshimura, et al, 1993;
KuKanich, et al, 2005c).

Codeine administered 1 mg/kg SC to dogs resulted in significant antinociceptive effects in
an electrical dental pulp stimulation model, but the duration of effect was short lived with
values returning to baseline in less than 2 hours (Skingle & Tyers, 1980). Increasing doses
(2 and 4 mg/kg SC) resulted in a greater duration of activity, but thresholds returned to
baseline within 3 hours regardless of the dose. In comparison, morphine administered SC,
0.2 mg/kg, produced antinociceptive effects for 2-3 hours (Skingle & Tyers, 1980).

Little data are available on the pharmacokinetics of codeine in dogs. Two male Beagles
administered 1.85 mg/kg codeine (base) PO resulted in an oral bioavailability of 6 and 7%,
but these values are likely overestimated as the radioimmunoassay used had 19% cross-
reactivity with codeine glucuronide which occurred at high concentrations, 600 =700 ng/mL
(Findlay, et al, 1979). Morphine did not exceed 1 ng/mL in one of the Beagles, but the
second Beagle peaked at ~ 2 ng/mL.

The pharmacokinetics of acetaminophen (APAP) in dogs have been previously reported
(Savides, et al, 1984). The elimination half-life was 1.2 hours at doses of 100 and 200 mg/kg
PO with a mean Cpax of ~45 ug/mL and ~90 pg/mL, respectively. No observable clinical
toxicity was noted with the 4 dogs receiving 100 mg/kg PO whereas 3/4 dogs developed
methemoglobinemia and one dog developed hematuria after 200 mg/kg PO.

The purpose of this study was to assess the pharmacokinetics of codeine, morphine, and
codeine-6-glucuronide after 1V administration of codeine and the pharmacokinetics of
acetaminophen, codeine, morphine, and codeine-6-glucuronide after oral administration of a
combination product containing acetaminophen and codeine.

Materials and methods

Animals

The Institutional Animal Care and Use committee at Kansas State University approved the
study. Six healthy Greyhound dogs, 3 male and 3 female were used with an age range of 2 —
4 years and weight range of 27.4 — 39.3 kg.

Study design

The study consisted of a non-randomized block in which all animals received IV codeine
first and oral codeine second. At least 7 days were allowed between treatments. Codeine
phosphate (15 mg/mL, Hospira, Inc, Lake Forest IL, USA) was administered at a dose of 1
mg/kg (equivalent to 0.734 mg/kg codeine base) IV through an aseptically placed cephalic
catheter (Surflo, 20 g x 1.5 inch, Terumo Medical Corp, Elkton, MD, USA) followed by
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administration of 9 mL sterile 0.9% saline to flush the catheter. Blood samples were
obtained from an aseptically placed jugular catheter (Venocath-16, Abbott Ireland, Sligo,
Republic of Ireland) prior to drug administration and at 10, 20, 30, and 45 minutes and at 1,
2, 3,4, 6, and 8 hours after drug administration and placed in tubes containing heparin.
Plasma was separated by centrifugation at 2 000 x g for 10 minutes and stored frozen at —70
C until analysis. The jugular catheters were flushed with 3 mL sterile 0.9% saline after each
collection to maintain patency.

Codeine tablets (Ranbaxy Inc, Princeton, NJ, USA) containing 300 mg acetaminophen and
60 mg codeine phosphate (equivalent to 45 mg base), 1 tablet per animal, were administered
per os to 12-hr fasted animals. Blood samples were obtained from an aseptically placed
jugular catheter prior to drug administration and at 10, 20, 30, and 45 minutes and at 1, 2, 3,
4, and 6 hours after drug administration and placed in tubes containing heparin. Plasma was
separated by centrifugation at 2 000 x g for 10 minutes and stored frozen at —70 C until
analysis. The jugular catheters were flushed with 3 mL sterile 0.9% saline after each
collection to maintain patency.

High-pressure liquid chromatography

Acetaminophen concentrations were determined using HPLC with ultraviolet (UV)
detection at 243 nm. The HPLC consisted of an autosampler, quaternary pump, degasser,
and photodiode array detector (Finnigan Spectrasystem, Thermo Electron Corporation,
Waltham, MA, USA). The mobile phase consisted of 90% trifluoroacetic acid (0.02%) and
10% acetonitrile at a flow rate of 1 mL/min with separation achieved with a 4.6 x 150 mm x
5uM column (Supelco, Discovery C18, Sigma-Aldrich, St. Louis, IL, USA). Standard
curves were prepared daily by fortifying blank plasma with acetaminophen (Sigma-Aldrich,
St. Louis, IL, USA) at concentrations of 0 and from 0.05 to 20 ug/mL and were accepted if
predicted values were within 15% of actual values and the correlation coefficient was at
least 0.99. Solid phase extraction cartridges (Bond Elut C18, Varian, Palo Alto, CA, USA)
were first conditioned with methanol (1 mL), followed by deionized (di) water (1 mL), the
plasma sample or standard was loaded (0.5 mL), the SPE were rinsed with 5% methanol (1
mL), and the drug was eluted with methanol (1 mL). The eluate was evaporated to dryness
in a water bath (temperature = 40 C) under a stream of air for 25 minutes and reconstituted
with 200 pL of 15% methanol. The injection volume was 50 pL. The standard curves were
linear from 0.05 — 20 pg/mL, the accuracy of the assay was within 6 + 4% of the actual
concentration and the coefficient of variation of the assay was 7 + 4% on replicates of 5 at
0.05, 1, and 10 pg/mL.

Liquid chromatography / mass spectrometry

Codeine, morphine, and codeine-6-glucuronide concentrations were determined using liquid
chromatography (Shimadzu Prominence, Shimadzu Scientific Instruments, Columbia, MD,
USA) with mass spectrometry (API 2000, Applied Biosystems, Foster City, CA, USA).
Codeine (Cerilliant, Round Rock, TX, USA) m/z 300—152.2, was quantified with codeine
d3 (Cerilliant, Round Rock, TX, USA) m/z 303—152.2, as the internal standard with the
plasma standard curve linear from 1 — 500 ng/mL. Morphine (Cerilliant, Round Rock, TX,
USA) m/z 286—152.1, was quantified with morphine d6 (Cerilliant, Round Rock, TX,
USA) m/z 292.1—151.9, as the internal standard with the plasma standard curve linear from
1 - 500 ng/mL. Codeine-6-glucuronide (Lipomed, Cambridge, MA, USA) m/z 476—300.2,
was quantified with morphine d6é as the internal standard with the plasma standard curve
linear from 2.5 — 2000 ng/mL. Initially codeine d3 was tried as the internal standard for
codeine-6-glucuronide, but morphine d6 produced more accurate standard curves as the
internal standard.
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The mobile phase consisted of A: acetonitrile and B: 0.1% formic acid at a flow rate of 0.4
mL/min. A mobile phase consisted of 100% B from 0 — 0.5 m with a linear gradient to 70%
B at 6 minutes, which was held until 7 minutes followed by a linear gradient to 100% B at 9
minutes with a total run time of 10 minutes. Separation was achieved with a 3.0 x 150 mm x
5 uM column (Zorbax XDB Phenyl, Agilent Technologies, Wilmington, DE, USA) heated
at 40 C.

The internal standard solution (100 pL, containing 500 ng/mL codeine d3 and 500 ng/mL
morphine d6) was added to 1 mL plasma and 1 mL 0.1 M borate buffer. Solid phase
extraction cartridges (Bond Elut C18, Varian, Palo Alto, CA, USA) were first conditioned
with methanol (1 mL), followed by deionized (di) water (1 mL), the plasma sample or
standard mixture was loaded (2.1 mL), the SPE were rinsed with di water (1 mL), and the
drug was eluted with methanol (1 mL). The eluate was evaporated to dryness in a water bath
(temperature = 40 C) under a stream of air for 25 minutes and reconstituted with 200 uL of
25% methanol in 0.1% formic acid and filtered through a centrifugal filtration device
(Costar, Spin-X, Corning Inc, Corning, NY, USA). The injection volume was 25 pL.

Pharmacokinetic Analysis

Results

Pharmacokinetic analyses were performed with computer software (WinNonlin 5.2,
Pharsight Corporation, Mountain View, CA, USA). The variables calculated included the
area under the curve from time 0 to infinity (AUCy.inf) using the linear trapezoidal rule, area
under the first moment curve from time 0 to infinity (AUMCq.in), plasma clearance (CI),
plasma clearance per fraction of the dose absorbed (CI/F), apparent volume of distribution at
steady state (Vdss), apparent volume of distribution of the area during the elimination phase
(Vz), apparent volume of distribution of the area during the elimination phase per fraction of
the dose absorbed (Vz/F), first-order rate constant (A,), terminal half-life (Ti,1,), and mean
residence time extrapolated to infinity (MRT). The maximum serum concentration (Cpax)
and time to maximum serum concentration (Tpax) were determined directly from the data.
The concentration at time 0 (CO) was calculated by log-linear regression using the first two
time points after 1\ administration. The mean absorption time (MAT) was calculated by
subtracting the IV MRT from the PO MRT. The fraction of the dose absorbed (F) for oral
codeine was determined with equation 1: (AUCq_jns PO * Dose 1V) / (AUCq.jns IV * Dose
PO). The relative fraction of codeine-6-glucuronide formed (Frejative) for oral codeine was
determined with equation 1.

The treatments were well tolerated after both routes of administration. Mild sedation was
present in some of the dogs after each route of administration. No vomiting occurred in
either group. The mean (geometric) dose of codeine (base) administered PO was 1.43 mg/kg
(range 1.13 — 1.62 mg/kg) while the mean dose of acetaminophen was 10.46 mg/kg (range
8.28 — 11.86 mg/kg).

Acetaminophen was rapidly absorbed with a mean Cyax of 6.74 ug/mL occurring at 0.85
hours (Table 1, Figure 1). Acetaminophen was also rapidly eliminated with a 0.96 hour
terminal half-life.

Codeine was rapidly eliminated after IV administration (Figures 2—4, Tables 2-3) with high
concentrations of codeine-6-glucuronide formed. The terminal half-life of codeine was 1.22
hours, the clearance was rapid at 29.94 mL/min/kg, and the volume of distribution was
large, 3.17 L/kg. The Cyax of codeine-6-glucuronide, 735.75 ng/mL, occurred at 1.59
hours after IV codeine administration. The terminal half-life of codeine-6-glucuronide was
2.25 hours after IV codeine administration.
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The fraction of codeine absorbed after oral codeine administration was low, 4%, with a
mean Cpax, 10.01 ng/mL, occurring at 0.91 hours (Figures 5-7, Table 3). Codeine was
rapidly eliminated with a 1.60 h terminal half-life after PO administration. Peak codeine-6-
glucronide concentrations, 1952.86 ng/mL occurred at 1.62 hours after oral codeine
administration. The MAT of codeine was 1.50 hours and the terminal half-life of codeine-6-
glucuronide was 1.94 hours after oral codeine administration. The relative amount of
codeine-6-glucuronide formed after oral codeine administration was 109% compared to dose
normalized codeine-6-glucuronide formation after IV codeine administration.

Morphine was occasionally detected after both routes of administration, but never exceeded
the LOQ of the assay, 1 ng/mL. Morphine glucuronide conjugates were also detected, but
again at low concentrations, indicating morphine is a minor codeine metabolite in dogs.

Discussion

Acetaminophen administered to humans at a dose of 1 gram every 6 hours resulted in an
approximate mean Cpax of 16.6 ug/mL, Cyyn of 3.5 ug/mL, and AUC per dosing interval
of 47.1 hr*ug/mL at steady state (Gelotte, et al, 2007). Antinociception to an electrical
stimulus in humans occurred at plasma acetaminophen concentrations approximately 4 pg/
mL or greater, which coincides with the pharmacokinetic dosing interval recommended in
humans (Pickering, et al, 2006). The amount of acetaminophen in codeine tablets however is
less (300 mg), therefore it is expected a dose proportional AUC (14.1 hr*ug/mL) and Cpax
(4.98 ng/mL) will occur in humans, which is similar to the values obtained in dogs, 13.78
hr*ug/mL and 6.74 pg/mL, administered 10.46 mg/kg PO in this study.

Very low concentrations of free morphine were produced in dogs after codeine
administrations, similar to CYP2D6 poor metabolizer humans (Kirchheiner, et al, 2006).
The AUCq.jns and Cpax Were 0.5 hr*ng/mL and 0.05 ng/mL, respectively for poor
metabolizer humans in comparison to 11 hr*ng/mL and 2.1 ng/mL in extensive metabolizer
humans. The low concentrations of morphine in dogs may be due to the rapid conversion of
morphine to morphine glucuronide conjugates, primarily morphine-3-glucuronide in dogs
(Yoshimura, et al, 1993) and not due to lack of morphine formation. A similar scenario in
dogs occurs with the conversion of dextromethorphan to the active metabolite, dextrorphan
(CYP2D mediated, as is codeine to morphine metabolism), in which dextrorphan was not
detected in the plasma, but dextrorphan glucuronide conjugates were present (KuKanich &
Papich, 2004a).

The pharmacokinetics of codeine in dogs are similar to the pharmacokinetics of other
opioids in dogs including morphine (Barnhart, et al, 2000; KuKanich, et al, 2005b;
KuKanich & Borum, 2008; Henao-Guerrero, et al, 2009), hydromorphone (KuKanich, et al,
2008a; Guedes, et al, 2008), oxymorphone (KuKanich, et al, 2008b), methadone (Garret, et
al, 1985; KuKanich, et al 2005a), and tramadol (KuKanich & Papich, 2004b; McMillan, et
al, 2008; Vettorato, et al, 2009). The plasma clearance of codeine was rapid, 29.94 mL/min/
kg, similar to previously reported values of hepatic blood flow in Greyhounds, 25 mL/min/
min (Mills, 2003). High hepatic clearance drugs are expected to have a large first pass
metabolism and a subsequent low fraction of the oral dose absorbed. As expected, only 4%
of oral codeine was absorbed systemically as codeine. The low oral bioavailability of
codeine is similar to that seen with morphine (KuKanich, et al, 2005c), oxycodone
(Weinstein & Gaylord, 1979), and methadone (KuKanich, et al, 2005a) in dogs.

The AUCq.j s of codeine in CYP2D6 poor metabolizer humans administered 30 mg PO was

180 hr*ng/mL as compared to 30.53 hr*ng/mL in dogs (Kirchheiner, et al, 2006). The Cpax
of codeine in humans was 45 ng/mL whereas in dogs it was 10.01 ng/mL.

J Vet Pharmacol Ther. Author manuscript; available in PMC 2011 February 1.
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The large relative fraction of codeine-6-glucuronide formed after oral codeine
administration, 109%, and the low oral bioavailability (4%) indicate a substantial amount of
first pass metabolism of codeine occurs as little reaches systemic circulation as the parent
compound, codeine. In humans, CYP2D6 poor metabolizers produce large amounts of
codeine-6-glcuronide with typical doses of codeine (30 mg PO) with an AUCq_jnf
approximately 4000 hr*ng/mL (Kirchheiner, et al, 2006) which is approximately half of that
produced in dogs (8157 hr*ng/mL) administered codeine phosphate approximately 2 mg/kg
PO. The Cyax of codeine-6-glucuronide in humans was 628 ng/mL as compared to 1952.86
ng/mL in dogs.

In conclusion, the purpose of this study was to assess the plasma profiles and
pharmacokinetics of acetaminophen, codeine, morphine, and codeine-6-glucuronide in dogs.
The pharmacokinetics of codeine in dogs are most similar to that seen in humans that are
CYP2D6 poor metabolizers, however differences still occurred. Dogs administered
approximately 2 mg/kg codeine phosphate PO had similar acetaminophen and morphine
pharmacokinetics, produced higher concentrations of codeine-6-glucuronide, and lower
concentrations of codeine compared to CYP2D6 poor metabolizer humans. The results of
this study are similar to a previous study in which 2 dogs were administered codeine with
plasma concentrations determined with a nonspecific RIA (Findlay, et al, 1979). Future
studies are needed to assess the antinociceptive effects of oral codeine in dogs to determine
if it can be effectively used.
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Figure 1.

Plasma profile of acetaminophen after 10.6 + 1.5 mg/kg PO to 6 healthy Greyhound dogs.
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Figure 2.

Plasma profile of codeine after codeine 0.734 mg/kg 1V to 6 healthy Greyhound dogs.
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Figure 3.
Plasma profile of codeine-6-glucuronide after codeine 0.734 mg/kg IV to 6 healthy
Greyhound dogs.
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Time (hours)

10

Mean = SD plasma profile of codeine and codeine-6-glucuronide after codeine 0.734 mg/kg
IV to 6 healthy Greyhound dogs. Morphine was not detected in any dog greater than 1 ng/

mL.
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Figure 5.

Plasma profile of codeine after codeine 1.43 mg/kg PO (mean dose) to 6 healthy Greyhound

dogs.
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Figure 6.

Plasma profile of codeine-6-glucuronide after codeine 1.43 mg/kg PO (mean dose) to 6

healthy Greyhound dogs.
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Figure 7.

Mean + SD plasma profile of codeine and codeine-6-glucuronide after codeine 1.43 mg/kg

PO (mean dose) to 6 healthy Greyhound dogs. Morphine was not detected in any dog greater

than 1 ng/mL.
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