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Abstract [3 A sensitive isotope derivatization assay was developed to 
quantify morphine in biological fluids in the nanogram per milliliter 
range. Morphine, derivatized with Wdansyl chloride, was separated from 
the reaction products by TLC. The spots were scraped from the plate, 
and the eluted radioactivity was determined by liquid scintillation. The 
standard deviations of this morphine assay were f18.6 ng/ml in 100 p1 
of plasma and f1.86 ng/ml in 1 ml of plasma. The GLC analysis of pen- 
tafluoropropionated morphine in the range of 0-5 ng of morphine/ml of 
plasma had a standard deviation of f0.46 ng/ml when 1 ml of plasma was 
taken. Liquid scintillation spectrometric analysis of 14C-morphine had 
a sensitivity of 1.5 ng/ml of plasma at double the background. There were 
no significant differences among the liquid scintillation, electron-capture 
GLC, and radioisotope derivatization methods for morphine obtained 
from the plasma of a dog given 14.00 mg iv of morphine. Morphine con- 
jugates were assayed as morphine after the acid hydrolysis of plasma and 
urine preextracted to remove unconjugated morphine, and the equiva- 
lence of various methods was demonstrated to monitor plasma and urine 
pharmacokinetics in a dog. 

Keyphrases [3 Morphine-radiochemical TLC analysis in biological 
fluids, compared to GLC and liquid scintillation spectrometric analyses, 
pharmacokinetics in dog Radiochemical TLC-analysis, morphine 
in biological fluids, compared to GLC and liquid scintillation spectro- 
metric analyses 0 Pharmacokinetics-morphine in dog, radiochemical 
TLC, GLC, and liquid scintillation spectrometric analyses compared 
Narcotic analgesics-morphine, radiochemical TLC analysis in biological 
fluids, compared to GLC and liquid scintillation spectrometric analyses, 
pharmacokinetics in dog 

The disposit,ion and pharmacokinetics of morphine have 
been studied in humans and animals (1-12). Assays with 
sufficient sensitivity to determine morphine at nanogram 
per milliliter levels in biological fluids used radioactive 
(13-16), spectrofluorometric (17-21), and GLC (22-29) 
techniques. Procedures utilizing radiolabeled morphine 
are highly sensitive but are relatively nonspecific unless 
accompanied by chromatographic separation. Fluoro- 
metric methods have high sensitivity but lack specificity 
and have high interfering backgrounds. Radioimmuno- 
assay measures picogram amounts of morphine but also 
assays metabolites and analogs (30-32). 

It is necessary to derivatize the polar morphine molecule 
lor reliable GLC assay. Morphine has been converted to 
its trimethylsilyl and acetyl derivatives and quantified by 
flame-ionization detection (22-26,29). Methods utilizing 
GLC-mass fragmentography with a practical lower limit 
of detection of 500 pg were reported (33-35). Electron- 
capture GLC assays of morphine derivatized with triflu- 
oroacetic anhydride (27) and with pentafluoropropionic 
anhydride (28) were applied to biological samples. 

In preparation for detailed studies on the pharmacoki- 
netics of morphine and its surrogates, this paper reports 
the comparison of the modified electron-capture GLC 
assay of pentafluoropropionic anhydride derivatized 
morphine (28), a new radioisotopic derivatization tech- 

nique using 3H-dansyl chloride, and selected extraction 
techniques for liquid scintillation assay of N-methyl- 
labeled 14C-morphine in biological fluids. The methods 
were applied to a pharmacokinetic study of morphine in 
the dog. 

EXPERIMENTAL 

Materials and Methods-Spectral grade benzene', 1-butanol', ethyl 
acetate', toluene', chloroform', isopropyl alcohol', acetone', and meth- 
anol' were used. A toluene-based scintillation cocktail2 was used in the 
radioactive assays. Reagents were pentafluoropropionic anhydride3, si- 
lylating fluid4, :3H-dansyl chloride in benzene solution5 (8.3 Ci/mmole 
and 1 mCi/ml), and dansyl chloride6. High purity hydrochloric acid7, 
sodium hydroxide7, sodium carbonate7, and sodium bicarbonate7 were 
used to prepare buffer solutions. 

N-Methyl-labeled '*C-morphine5 (60 mCi/mmole) and morphine 
sulfate crystallines USP were used to prepare the dose (3.85 mCi/mmole) 
for the pharmacokinetic study. 14C-Ureag (9.76 mCi/mmole) was the 
internal standard for the radioactive assay. Precoated silica gel plates'O 
on aluminum supports were used for TLC separations. Nalorphine8 was 
the internal standard for GLC assays. 

Apparatus-The gas chromatograph" was equipped with a 63Ni- 
electron-capture detector. The GLC separation was carried out with a 
silylated 3.05-m coiled glass column'2 at  215' with a detector temperature 
of 275'. The carrier (nitrogen) flow rate was 30 ml/min. 

Radioactivity of the samples was determined with a liquid scintillation 
counterI3. 

A chr~matograph '~ equipped with a 6000-psi constant-flow pump and 
a 254-nm detector was used for high-pressure liquid chromatographic 
(HPLC) separation of morphine. The column15 was designed for re- 
versed-phase chromatography. 

GLC Assay-An aliquot (0.5 ml) of plasma or urine was placed in a 
15-ml centrifuge tube containing 1.5 ml of freshly prepared 1 M sodium 
bicarbonate adjusted to pH 8.9 with 1 M NaOH. An appropriate amount 
(2-10 ~ 1 )  of the internal standard, nalorphine, in 0.1 M sulfuric acid was 
added and was usually between 3 and 350 ng. The amount of nalorphine 
was chosen to give a peak area ratio of the separated morphine penta- 
fluoropropionate to nalorphine pentafluoropropionate between 0.5 and 
2. Prior radioactivity measurements of radiolabeled morphine permitted 
the best estimates of the appropriate amounts of nalorphine to add. 

The mixture was thoroughly mixed with 2 ml of benzene-1-butanol 
(85:15) on a vortex mixer for 30 sec. The phases were separated by cen- 
trifugation16 for 10 min a t  3000 rpm, and the organic phase was trans- 
ferred with a silylated Pasteur pipet into another 15-ml centrifuge tube. 
The extraction was repeated with 2 ml of solvent. The aqueous phase was 
saved for subsequent assay of morphine conjugates. 

1 Burdick and Jackson Laboratorles, Muskegon, Mich. 
2Scinti Verse, Fisher Scientific Co., Fair Lawn, N.J. 

Reactivial, Pierce Chemical Co., Rockford, 111. 
Silyl-8, Pierce Chemical Co., Rockford, Ill. 
Amersham/Searle Co., Arlington Heights, Ill. 

6 Aldrich Chemical Co., Milwaukee, Wis. 
1 J. T. Baker Chemical Co., Phillipshurg, N.J. 
8 Merck 81 Co , Rahway, N J. 
9 Bionuclear Corp., Sun Valley, Calif. 

lo E. Merck Laboratories, Elmsford, N.Y. 
' I  Model 3920-B, Perkin-Elmer, Norwalk, Conn. 
12 Supelco Inc., Bellefonte, Pa. 
l 3  Model LS 330, Beckman Instruments, Fullerton. Calif. 
l4 Model ALC 202, Waters Associates, Milford, Mass 
16 PBondapak C18 Porasil, Waters Associates, Milford, Mass. 

Model K, International Centrifuge, Needham Heights, Mass 
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Figure 1-Electron-capture GLC analysis of pentaflrLoropropiony1- 
dpriuatized morphine and nalorphine from dog plasma. The  chro- 
matograms represent the injection of I of 200 p1 of the final solution 
from a derii~atized extract of 1 ml of blank plasma (0 nglml) with an  
attenuation O f  64 (a),  the injection o f  1 of 500 p l  of the final solution o f  
derivatized compound from 0.5 F /  of plasma (525 nglml) taken 1.36 min 
after injfction of 0.91 mglkg iu as morphine base but with an attenuation 
of 128 (b),  and the injection of 1 o f  50 ~1 of the finalsolution of deriua- 
tizrd compound from 1 ml of plasma (1.32 mglml) taken 420 rnin after 
injection with an attenuation of 64 (c). 

The combined organic phases, containing morphine and internal 
standard, were back-extracted into 0.5 ml of 1 M HCI by mixing on a 
vortex mixer for 30 sec. The phases were separated by centrifugation for 
10 min a t  3000 rpm, and the organic phase was aspirated and discarded. 
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Figure 2-Thin-layer chromatogram of morphine dansylatp prepared 
from morphine extracted from plasma compared to a deriuatized extract 
of blank plasma and pure morphine dansylate. 

The aqueous phase was washed with 2 ml of fresh organic solvent, and 
the solvent was aspirated and discarded. The acid phase was neutralized 
with 0.5 ml of 1 M NaOH, the pH was adjusted to 8.9 with the 1 M car- 
bonate buffer, and the solution was twice reextracted as already described 
with 2 ml of benzene-1-butanol. 

The organic phases were combined in a vial' (5 ml) and evaporated 
under a nitrogen stream a t  55' on a heating block17. The thoroughly dried 
residue was derivatized with 100 p1 of pentafluoropropionic anhydride 
in 50 p1 of ethyl acetate for 30 min on a heating block at  55'. Excess re- 
agent was evaporated under a nitrogen stream. The thoroughly dried 
residue was dissolved in 50 pl of toluene, and 1 pl of this solution was in- 
jected into the gas chromatograph. This solvent gave much less of a sol- 
vent peak than the previously used ethyl acetate (28) .  

Quantification was based on the peak area ratio of morphine penta- 
fluoropropionate and nalorphine pentafluorapropionate. The peak areas 
were measured by an integrator18. Typical chromatograms of pentaflu- 
oropropionic esters of morphine and nalorphine extracted from plasma 
are given in Fig. 1. Linear calibration curves were established from 
morphine-spiked plasma samples for different concentration ranges. The 
3.05-m column used gave the greater separation of morphine and nalor- 
phine peaks with less interferences at  low morphine concentrations than 
the 1.5-m column used previously (28). 

Radioisotopic Derivatization Method with 3H-Dansyl Chlo- 
ride-Plasma (100 pl) was placed in a 5-ml centrifuge tube containing 
400 PI of the previously described 1 M carbonate buffer (pH 8.9). The 
mixture was mixed with 1 ml of benzene-l-butanol(85:15) on a vortex 
mixer for 30 sec. The phases were separated by centrifugation for 15 min, 
and the organic phase was transferred to a 1-ml vial3 with a Pasteur pipet. 
The extraction was repeated with 1 ml of solvent, and the combined 
solvent extracts were evaporated under a nitrogen stream a t  55" on a 
heating block. 

The vial walls were washed with 100 p1 of solvent, and the contents of 
the vial were taken to dryness. A 100-pl benzene solution of %dansyl 
chloride, which was diluted to about 0.83-Cilmmole specific activity with 
unlabeled dansyl chloride, was added to the dry residue, and the benzene 
was evaporated under a nitrogen stream a t  room temperature. The dry 
residue, containing the mixture of dansyl chloride and morphine, was 
dissolved in 20 p1 of acetone, and 5 pl of 0.1 M sodium bicarbonate was 
added. The mixture was reacted in a dark place for 7 hr a t  room tem- 
perature. Excess reagent was destroyed with 50 p1 of 0.1 M sodium car- 
bonate, and the dansylated morphine was extracted with 200 @I of chlo- 
roform-isopropyl alcohol (3:l). 

After the separation of the phases by centrifugation, the aqueous phase 
was removed carefully with a 50-111 syringe and discarded. The organic 
solvent was evaporated under a nitrogen stream at room temperature for 

17 Reacti-Term heating module, Pierce Chemical Co., Rockt'urd, 111 
' 8  Model 3380A integrator, Hewlett-Packard, Avotidale, Pa. 
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Table I-Regression Analyses ( R  = mC + b)  of Calibration Curves for GLC Morphine Assay: Peak Area or Height Ratio ( R )  a against  
Morphine Concentration ( C ,  mg/ml) in Plasma on Analysis of 0.5 ml 

Internal 
C, Range, Standard, CI', SD, 

nglml ng/ml m (4 unJ b (f ub) OR ng/ml uc % O f C I  

926-3705 2122 4.6 (fO.l)  x 1.27 (f0.04) x lo-' 0.012 2500 26 1.0 
371-936 510 1.70 ( f O . l O )  X 1.27 (f0.78) x 10-1 0.059 500 34 6.8 
18.5-92.6 56.6 1.06 (f0.04) X lo-' 1.9 (52.6) X 0.025 50 2.4 4.8 - .  ._ 

1.8-9.2d 5.65 1.24 (40.11) x 10-1 3.0 ( f 6 . l )  X 0.058 5 0.46 9.2 

Peak height ratios were used only i n  the 1.8-9.2 ng/ml (Fig. 2 ) .  
of fn, from given f n R .  d Plasma, 1.0 ml, was extracted in this rase. 

From variance ahout regression. Value of C1 to suhstitute in regression equation for calculation 

approximately 20 min. The dry residue was dissolved in 20 p1 of chloro- 
form-isopropyl alcohol (3:1), and 10 pl of this solution was spotted on a 
silica gel plate. The plate was developed with methanol (Fig. 2). 

The spot assigned to morphine dansylate was identified under UV light 
(365 nm), marked, scraped, and transferred to a scintillation vial. 
Methanol (0.5 ml) was added and then shaken with the gel for 5 min, and 
liquid scintillation fluid (10 ml) was added. The capped samples were 
dark adapted for a t  least 6 hr before counting. A calibration curve (Fig. 
3) was constructed from spiked plasma samples carried through the 
derivatization and TLC procedures a t  the same time as the samples to 
he analyzed. 

Radioactive Assay of L4C-Morphine-Plasma or urine (0.5 ml) was 
placed in a 15-ml centrifuge tube containing 1.5 ml of 1 M crrbonate 
buffer (pH 8.9) prepared as described previously. The mixture was ex- 
tracted with 4 ml of ethyl acetate-isopropyl alcohol (85:15) by mixing for 
30 sec on a vortex mixer, and the tubes were centrifuged for 10 min at  3000 
rpm. Then a portion (3  ml) of the organic phase was transferred into a 
liquid scintillation vial, and the residual organic phase was removed by 
aspiration. The aqueous phase was saved for subsequent assay of mor- 
phine conjugate. 

The organic phase in the vial was evaporated under a nitrogen stream 
at 55" in a water bath. The dry residue was dissolved in 0.5 ml of meth- 
anol, 10 ml of liquid scintillation fluid was added, and the samples were 
dark adapted for a t  least 6 hr before counting. All samples also were 
counted after addition of a known amount of the internal standard, 
I4C-urea (usually 50,000 dpm), to calculate the counting efficiency. The 
counts per minute values were converted to disintegrations per minute 
by dividing by the counting efficiency after subtracting background. 

Total  Radioactivity-The total radioactivity of a plasma or urine 
sample was determined from an aliquot (0.2 or 0.5 ml) of plasma or urine 
transferred to a liquid scintillation vial with 0.5 ml of water added. Liquid 
scintillation fluid (10 ml) was added to the vial, and the capped samples 
were dark adapted for at least 6 hr. The counting efficiency was calculated 
by the internal standard method already described. The total concen- 
tration of radiolabeled substances as morphine was calculated by dividing 
the disintegrations per minute values by the known specific activity of 
the morphine. 

I4C-Morphine Glucuronide-Morphine glucuronide was hydrolyzed 
by the procedure of Yeh and Woods (15). The previously morphine- 
extracted and diluted plasma and urine samples (0.5 ml) were adjusted 
to about 3.2 M HCI with 4 ml of 6 M HCI. The capped tubes were main- 
tained for 30 min a t  4.54-kg pressure in an autoclave, and the hydrolyzed 
samples were carefully adjusted to pH 8.9 with solid sodium carbon- 
ate. 

300 t 

The free morphine was extracted by the techniques previously de- 
scribed, and the content of the organic solvent was analyzed by liquid 
scintillation counting for morphine derived from its conjugates. For GLC, 
the organic extract was extracted by 3 ml of hydrochloric acid, and 1 ml 
of the hydrochloric acid was assayed by the procedures used in GLC 
monitoring. 

Preparation of Morphine Dansylate-Crystalline morphine sulfate 
(0.125 mM) was dissolved in 2 ml of water, and 2 ml of the acetone solu- 
tion of dansyl chloride (0.250 mM) and 1 g of sodium bicarbonate were 
added. The mixture was reacted for 2 hr a t  room temperature. The yellow 
precipitate was filtered, washed with water, and recrystallized from ac- 
etone-water. The filtrate was extracted with ethyl acetate. This procedure 
gave additional morphine dansylate, and the overall yield was 49%. The 
mass spectrum of the product was taken after TLC purification and 
showed the molecular peak a t  m / e  518 for monodansylated morphine 
(Fig. 4). 

Determination of Extraction Efficiency of Morphine fram 
Plasma-The extraction efficiency of a known amount of TLC-purified 
I4C-morphine added to dog plasma (129 ng/ml) was determined using 
the method described under Radioactive Assay o f  14C-Morphine and 
was 97.3 f 0.9% (SD).  

Preparation of Pharmacokinetic Dose-N-Methyl-labeled 14C- 
morphine hydrochloride5, 60 mCi/mmole (1.197 mg as morphine base), 
was mixed with 20 mg of crystalline morphine sulfate (15.039 mg as 
morphine base) to give a theoretical specific activity of morphine of 4.39 
pCi/mmole. The mixture was dissolved in 3.5 ml of sterile isotonic saline, 
and 3 ml was injected into the dog. The total dose was 13.91 mg as mor- 
phine base. The actual specific activity of the dose was determined by 
HPLC. 

The N-methyl-labeled 14CC-morphine was spotted on a silica gel plate 
and developed with methanol-ammonia (99:l). Each centimeter of the 
plate was scraped, eluted with 0.5 ml of methanol, and counted after the 
addition of 10 ml of liquid scintillation fluid; 87% of the radioactivity was 
found a t  the morphine spot ( R f  0.43). This same method was used to 
prepare the purified 14C-morphine used in studies of extraction ef- 
ficiencies. 

Aliquots of the prepared dose (5 pl) were analyzed for radiolabeled 
purity by HPLC with a reversed-phase column, using 45% methanol- 
0.0002 M dibasic sodium phosphate (adjusted to pH 7.8 withO.l M HC1) 
a t  a constant flow rate of 2 ml/min. The eluate was monitored for UV 
absorbance a t  254 nm and collected in a scintillation vial over the range 
(6-7.5 min) where the retention volume of morphine was 6.7 min. The 
collected fraction was taken to dryness under nitrogen a t  70" and dis- 
solved in 0.5 ml of methanol. 

Liquid scintillation fluid (10 ml) was added, and the pure radiolabeled 
morphine was counted after 6 hr of dark adaptation. The amount of 
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Figure 3-Calibration curve for morphine deriuatized with 3H-dansyl 
chloride after extraction from I00 p l  of plasma. 
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Figure 4-Mass spectrum of morphine dansylate to demonstrate that 
the deriuatization of morphine with cold dansyl chloride occurs a t  only 
one hydroxyl with a resultant product of mass m/e 518. 

1514 1 Journal of Pharmaceutical Sciences 
Vol. 67, No. 11, November 1978 



10.OOOt 

8-  a / "M 
I 
n 

4 [r 

P loo0 
m -. a 
k- z 
3 
0 

2 

- 
E . 
.n 
C 

n 
U 
0 
H 
Y 

. 

L 
Lu 
0 z 
8 

MINUTES 

Figure 5-Plots against time of morphine concentrations in  plasma, 
[MI, assayed by liquid scintillation spectrophotometry (0) and GLC 
(e) of the hexane extract of 0.5 ml of plasma and by dansyl chloride 
derioatization (A) of the hexane extract of 0.1 ml of plasma. The  plot 
against tinw of morphine glucuronide, (MG] ,  was based on the auerage 
of the ualups obtained from the total liquid scintillation counting 010.2 
ml of plasma and the counting of the hexane extract of0.5 ml ofsoluo- 
lyzed plasma from which the morphine had been removed by extraction 
prior to  .solt~o/ysis. The  cumulatiue plots against time of morphine, UM 
(O), and it glucuronide, UMG (01, excreted in the  urine were based on 
liquid scintillation counting of urine before and after hexane extraction. 
The  values, UM (O), based on the GLC assay o f the  hexane extract of 
urine arp  given also. The  lines drawn through the (MI and (MG] data 
are those of best f i t .  The  curue drawn through the UMC data was gen- 
eratpd from UM = Clg" Jot (MI dt, where Clg" was taken as 120 mllmin 
and Jot [MI dt  is thp area under the /MI versus time plot u p  to time 
t. The ('urue drawn lhrough the UMG data was generated from UMG = 
ClGE J-0' [MG] dt,  where ClGe was taken as 60 mllmin and Jot ( M G ]  
dt  is the area under the [MG] versus time plot u p  to time t. The inset 
is for m] and (MGJ on an expanded time scale. The  solid line through 
(MJ is for calculated values based on a sum of two exponentials, which 
ignores the ~ W J  points at the earliest times; the dashed line in the inset 
is based on a sun1 of three exponentials. 

morphine in the collection was determined with respect to a prior HPLC 
calibration of the UV peak heights on HPLC with pure cold morphine. 
Thus, the true specific activity was 29,993 dpmlpg or 3.85 pCi/mmole, 
and 4.216 X 10R dpm (14.0 mg) was administered to the 15.2-kg dog. 

Treatment of the  Animal-The dog was transferred to a metabolism 
cage 1 day before the experiment. It was weighed and anesthetized with 
pentobarbital (30 mglkg iv). One external jugular vein of the neck was 
exposed and cannulated under sterile conditions with 30 cm of a cathe- 
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Figure 6-Regression plots of one assay upon another for the various 
analytical methods used to  determine concentrations of morphine, m ] ,  
and morphine conjugates, mG] ,  i n  plasma; amounts of morphine, UM, 
in urine collections; and cumulatiue amounts of morphine, ZUM, and 
conjugate, VUMC, in the urine o fa  dog administered a 14.00-mg iu dose 
of morphine. The theoretical lines drawn through the points haue slopes 
of unity and intercepts of zero. LSC = liquid scintillation counting. 

teP,  and at  least 20 cm was inserted into the vein. The incision was closed 
after the patency of the cannula was verified, and it was filled with 
heparinized saline. On the following day, the dog was placed on a table 
in a standing position and restrained by two straps around the fore- and 
hindlegs that were fixed to a horizontal bar above. 

14C-Morphine solution was prepared in isotonic sterile saline and in- 
jected into the jugular catheter over 20 sec. The dosing syringe and 
catheter were flushed with 10 ml of normal saline. Blood was withdrawn 
from the jugular catheter, after the dead space of the catheter was filled 
with fresh undiluted blood, into a sterile, disposable syringe containing 
0.01 ml of heparin (10,000 pllmin). The blood sample was transferred to 
a 5-ml centrifuge tube and centrifuged at  1500 rpm for 10 min. Plasma 
was transferred to another 5-ml centrifuge tube with a Pasteur pipet, and 
the tube was stoppered and refrigerated. 

Blood (5 ml) was sampled at  0.5,1,2,4,6, 10, 15,30,45,60,90,120,190, 
240,300,360,420,480,540,625, and 1435 min. Hematocrits were obtained 
on selected blood samples prior to centrifugation. 

Urine was collected from the catheterized animal at  approximately 15, 
30,50,60,90,120, and 190 min and then every 60 min up to 420 min, every 
120 min up to 640 min, and every 12 hr up to 2 days. The volumes of each 
collection were measured. Urine pH was determined, and an aliquot was 
removed to determine total carbon-14. The remaining urine was stored 
in a refrigerator. 

The dog was returned to the metabolism cage 12 hr after drug ad- 
ministration. 

~ ~~ ~~ 

l9 Medical grade tubing, Dow Corning Corp., Medical Products, Midland, MI 
48640. 
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Table 11-Comparisons of Various Assays of Biological Fluids with Time by Regression Analyses [y f uY = m(fu, )x  + b(fub)]  of 
Concentrations of Morphine, M, and  Morphine Conjugates, MG, in Plasma ([ M] and [ MG]) ,  Amounts in a Urine Collection ( UM and  
UMC ), and  Amounts Cumulatively Excreted in Urine (Z UM and E UMG) af ter  a Morphine Dose of 14.00 mg to a Dog 

Assay 3' X n Range rn f am b f a b  ay r2 

[ M I ,  ng/ml GLC assay of organic LSC" assay of organic 6 90-300 0.986 f 0.070 1.4 f 14 10.8 0.981 
10 10-300 0.956 f 0.035 7.9 f 5.4 9.8 0.989 extract of 0.5 ml 

of plasma of plasma 12 10-1400 0.970 f 0.036 17 f 16 45 0.987 
18 0.2-1400 0.979 f 0.027 10 f 9.7 36 0.988 

3H-Dansyl derivati- LSC assay of organic 10 4-350 1.167 f 0.057 -1.7 f 8.5 18 0.981 
- 1 0 f l l  32 0.996 zation of organic extract of 0.5 ml 12 4-1811 1.31 f 0.03 

extract of 0.1 ml 
of plasma 

[ M G ] ,  ng/ml LSC of 4 or 5 of Determination from 11 200-900 0.992 f 0.132 -1.3 f 75 85 0.992 
12 ml of organic LSC (total counts) 20 14-900 0.992 f 0.060 -1.9 f 25 74 0.938 
extract of solvolyzed 
preextracted 0.5 
ml of plasma 

UM. P g  GLC assay of organic LSC assay of organic 5 60-500 0.960 f 0.098 1 2 f 2 4  33 0.970 
extract of 0.5 ml extract of 0.5 ml 13 20-500 0.938 f 0.065 2 2 %  10 27 0.950 

extract of 0.5 ml 

of plasma 

of 0.1 ml of plasma and 
LSC of organic extract 
of 0.5 ml of plasma 

of urine 
GLC assay of organic 

extract of 0.5 ml 
of urine 

GLC assay of organic 
extract of 0.5 or 1.0 
ml of 3 ml of aqueous 
solution from 
material in organic 
extract of solvolyzed 
preextracted 1.0 

S U M ,  gg 

V U M ~ ,  gg 

of urine 
LSC assay of organic 7 0-1100 1.11 f 0.05 - 7 2 f 4 0  23 0.991 

extract of 0.5 ml 13 0-1625 1.23 f 0.05 -213f47  41 0.988 

LSC of 5 of 12  ml of organic 13 0-7000 0.963 f 0.045 1 8 0 f  177 320 0.977 
of urine 

extract of solvolyzed 
preextracted 0.5 ml of 
urine 

ml of urine 

" I S C  = liquid scintillation counting. 

RESULTS AND DISOUSSION 

GLC Assay of Plasma Morphine-The regression analyses of linear 
calibration curves for plasma morphine obtained in four different con- 
centration ranges are given in Table I. In three of the four cases, the in- 
tercepts were not significantly different from zero and the estimated 
standard deviations (in percent of concentration) of an assay from 0.5 
ml of plasma ranged from 1% a t  2500 ng/ml to 9.2% a t  5 ng/ml. 

Radioisotopic Derivatization Method for Morphine-Loh et  al. 
(21) derivatized morphine extracted from biological samples with dansyl 
chloride and separated the dansylated morphine from reagent and other 
reaction products by TLC on polyamide plates. The detection of dansyl 
morphine was effected by fluorescent scanning or by radioactive counting 
when 14C-morphine had been used. The sensitivity was claimed to be 5 
ng. 

The radioisotopic derivatization of morphine described herein was 
based on the reaction of "-dansyl chloride with nonlabeled morphine 
after a single-step extraction from plasma. The facile TLC separation 
was applied with subsequent liquid scintillation counting of the 3H- 
dansylated morphine. This procedure substituted for the extensive se- 
quence of solvent extractions necessary for the cleanup prior to GLC assay 
of derivatized morphine. The radioisotopic derivatization assay of non- 
radiolabeled morphine in plasma demonstrated a linear calibration curve 
(Fig. 3) with a regression equation for the specific activity of 3H-dansyl 
chloride used (0.83 Ci/mmole) of: 

dpm/ml (411 X lo3) = 592 ( f 2 5 ) C  + 3.0(f5) X lo3 (Eq. 1) 

tor a concentration, C', in nanograms of morphine per milliliter of plasma. 
The parenthetical values are the standard deviations. The first two pa- 
rentheses are related to the variance about regression and the variance 
of the slope. The intercept is not significantly different from zero. The 
error about regression permitted an estimation of a concentration, C, from 
a given monitored disintegrations per minute of f 1 8  ng/ml when 0.1 ml 
IJf plasma was taken. The sensitivity could be increased to f 2  ng when 
1 ml of plasma was taken. Calibration curves should be prepared on the 
day of assay since they demonstrated variation among days. 

Comparisons of Assays-The plasma samples from a 15-kg dog in- 
jected with 14 mg of I4C-morphine (30,000 dpm/gg) through a jugular 
catheter were analyzed for morphine concentrations, [MI, as a function 
of h i e  by the electron-capture GLC assay, the radioactive dansyl deri- 
vatization assay, and the direct radiochemical assay after selective ex- 
traction (Fig. 5). Linear relationships were found for both the GLC and 
radioactive dansyl derivatization assays with the direct radiochemical 
assay of the organic solvent extract for morphine (Fig. 6). The regression 
coefficients, rn, were not Significantly different than unity, nor were the 

intercepts significantly different than zero (Table 11). There were no 
significant differences by the t test between the mean values of these 
methods. 

The concentrations of morphine conjugates in plasma, [ M G ] ,  were 
assayed with time (Fig. 5). There was a linear relation with a slope not 
significantly different than unity and with an intercept not significantly 
different than zero for the regression of morphine conjugate concentration 
by liquid scintillation counting of the organic extract of acid-hydrolyzed 
plasma, which had been preextracted to remove unconjugated morphine, 
and the conjugate assayed from the difference between total radioactive 
counts of plasma and the samples extracted as morphine in the organic 
solvent (Fig. 6 and Table 11). 

Similarly, the time courses of amounts of morphine excreted in the 
urine, UM, by the GLC assay and radiolabeled counting of the organic 
extracts of urine were the same (Fig. 5). The regression coefficients of the 
values of the former on the latter (Fig. 6) were not significantly different 
than unity with an intercept of zero. Furthermore, the equivalence of 
methods for morphine conjugates in urine, UMC, was demonstrated. GLC 
assay of the organic extract of solvolyzed preextracted urine plotted 
against the radiolabeled counting of the organic extract gave a slope of 
unity and an intercept of zero (Fig. 6 and Table 11). 

Init ial  Pharmacokinetic Study-The time course of morphine in 
the plasma of the 15.2-kg dog administered 14.0 mg iv of morphine (Fig. 
5) demonstrated a dependency on the sum of three exponentials. If the 
initial two values taken a t  0.75 and 1.6 min were ignored, a sum of two 
exponentials was adequate with respective apparent half-lives of 3.0 and 
48.8 min. If the initial two points were accepted, an additional apparent 
half-life of 0.23 min was indicated. The calculated pharmacokinetic pa- 
rameters for this study are listed in Table I11 for both models, and their 
methods of calculation are given in the footnotes. 

On the premise of the two-compartment body model, the apparent 
volume of distribution of the central compartment for morphine was 31 
liters; it was 1.3 liters for the three-compartment body model. The latter 
value is close to the plasmavolume of a 15-kg dog (0.6-1.2 liters) whereas 
the former greatly exceeds the total body water (9-12 liters) (36). These 
facts strongly indicate that an (7'-phase does exist. This finding is con- 
firmed by achievement of three-fourths of the maximum in morphine 
conjugate concentration in the plasma within 5 min (Fig. 5) after ad- 
ministration when the renal clearance of this conjugate is a relatively slow 
process (58 ml/min). 

The hepatic flow in the 15-kg dog is in the 900-1300-ml/min range (37), 
which corresponds well to the estimated metabolic clearance of morphine 
of 959-1234 ml/min. This result indicates complete metabolism of all 
morphine entering the liver, and an extremely high first-pass metabolism 
on oral administration would be anticipated. The 86-120-ml/min esti- 
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Table 111-Pharmacokinetic Parameters  on Intravenous Bolus 
Administration of 14.0 mi? of Mornhine to a 15.2-ke; Dog 

Body Model" Two Compartment Three Compartment 

A' ,  ngiinl 
A 
R 
d, min-I 

0 
Co, ng/mlh 
V C M ,  ml' 
Cl& mI/mind 
Clg:, mlimin' 
Clt,, mI/min/ 
CIEet, mI/ming 
Fraction of dose renally 

excreted as MG 
Fraction of dose renally 

excreted as M h  
ClM .MC, mI/min' 
kiMGI.LrMOI min-' 1 

V;:, mIk 

(Y 

VEb, ml' 

0 The time course of concentration of morphine in plasma can be described by 
[MI = A'e-O'' + Ae-"' + Re-Pt .  * Co = A' + A + R Volume of central compart- 
ment referenced to morphine concentration in plasma, V C M  = D/Co. where I )  = 
14 X 106 ng. d Renal clearanre of morphine was calculated from the average of 
values, C'/$,, = XU,/J 01 [MI dt ,  where ZU, is amount of morphine excreted in 
the urine up to time t obtained by interpolation of the XU,+, uersus t curve after 
15 min and So' [MI dt i s  the area under the [MI uerius t curve up to time t ,  n = 13. 
e Renal clearance of morphine conjugate calculated similar1 where C l g :  = 
X ( 1  c/ 0' M G ]  dt. /Total  clearance of morphine C/$'= t l / j o m  [MI dt .  where 
Jo-vM{dt !s the total area under the [MI iwrsus time curve and can be ralrulated 
Jrom A ' / d  + A/(r + I?/$.  6 C/& - C / r g .  Value by liquid scintillation counting 
where value by CLC was 0.116. ' Clearance of morphine to analyzed conjugate es- 
timated from fC/ ,' where f = Z / I M ~ / ( D  - XU,) = 0.71. I Estimated from ter- 
minal slope of In w k l  Lwsus time. h Pseudo-steady-state vnlume of distribution 
estimated from C l E g / h [ ~ c l , ~ i ~ ~ .  Pseudo-steady-state volume of distribution 
estimated from C/,z//j 

0 
310 
142 

0.230 
1.42 x 
452 
30,973 
120.0 f 9.9 (SD 
57.9 f 5.5 ( S D )  
1234 
1176 
0.643 

0.102 

840 
7.09 x lo-" 
8166 

86.900 

m 

10,000 
310 
142 
307 
0.230 
1.42 x 
10,452 
1339 
86.2 f 5.2 

57.9 f 5.5 ( S D )  
959 
90 1 
0.643 

0.102 

840 
7.09 x 10+ 

8166 

67.535 

mates of renal clearance of morphine and the 58-ml/min clearance of the 
conjugates are well within the 40-130-ml/min range assigned to glo- 
merular filtration by inulin clearance (36). The estimates of the renal 
clearances are consistent with the observed excretions of morphine and 
its conjugates in the urine (Fig. 5). 
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