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SUMMARY 

Ihe appkatiion of reversed-phase high-performance liquid .c&oma@sphy 
to the measrrremertft of 3,64acetyhnorph @MM) hydrocErlori& and its d&-ad& 
tion products is described- This rnetkod has been applied to study the kin&i+ @he 
D&G hydrolysis at 26 f 0. I 0 and 48 & 0.1 O_ ?Tbe hydrolysis of DAM invokd a twp 
step first-order sequential mechanism +tween PEE 3 and 8.6. 7%~ i&&order rate 
constants of each step at alI pH levels have beeir determined- The plXra&z pro& was 
constructed f&m l&&c measrrrements and demons&x@ ..t@t SEL$&& _of ti$M- 
hydrochloride solutions was optimal at pH 4.3. This info-nnation is being applied t& 
t&e development -of parenterai dosage forms of.DAF@ hydrocbIo6de; _. 

_- 

lNTRODUCTHDN 
. . : -. . . 

Tke hydrolysis of 3&-diacetylmorphine @AM’) hydreokde to morphine 
(M) hydrocbforide has been quaIit&ve~y conf@med by varjoe in~e&ptors!?- j3o.w: 
ever, these procedwes do not provide convenient sim++e+s measu.ren++ of DA.&& 
and its hydrolysis products. A kinetic study of the hydrolysis of DAM hydro&loric+ :. is 
in an aqueous system may eiucidate the nature of the drug witi rt$pect to its strkta& 
stability at vadous pHs. The results of such an investigation t&imakly cq be +zd 5 
a guide in 1312 formulation of the drug in a &able delivery system. W&iIe &s+iq+d 
ckromatographic techniques have been utilized for this purposb, talky reguire ~~&OUS 

1: 
T 

extraction procedures from basic media 54. Since DAM is unstable at al&&e, Prr, 
this approach is a poteentia~ -source of error. AkrnativeIy, hi.&-perfonnapce -Li+id ‘-r 
chromatography (HPLC) may provide many of. the advarkages &s& &ecfive, 
efFiciernc aLTd precise) that are desirable in quantitative studies. ‘. I 

Liquid chromatography has been used previously tq SeparGe koqhk 
detivativesg-xl, However, these methctds genera& used gradient. eiution zg$ : an 
alk&ue mobile phase PA* The method &x&M he;e &mt. the s&~~~us . 

l To whom correspondence should be adckesie& 
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cpmtitation of DAM hydrochloride and its hydrolytic products by simple isocratic 
eiution on a single analytical column. The separation was carried out in an aqueous 
solution at a pH which showed minimal degradation of DAM hydrochloride and 
eliminate’d time-consuming extraction procedures. 

E:U’ERI,MENTAL 

Equipment 
A’ modular high-pressure liquid chromato_mph, including a constant-flow 

pump (Model 35ClOI3, Spectra-Physics, Santa Clara, Calif., U.S.A.) w-as used to 
deliver eluent at a rate of 1 ml/mm to a stainless-steel column (300 x 3.9 mm I.D.) 
pscked.with fulIy porous IO-pm silica particles bonded with a monomolecular layer of 
octadecylsilane &Bondapak Ci8, Waters Assoc., Milford, Mass., U.S.A.). No 
attempt was made to control the temperature of the column. Injections were made 
with a rotary valve injector equipped with 2 lO+l’injection loop (Valco, Houston, 
Texas. U.S.A.). A variable wavelength ultraviolet detector, set at 235 nm and 0.1 
a.u.f.s., was used to detect eiuted compounds. The output signal was recorded with 
a strip chart recorder (OmniScribe, Houston Inst., Austin, Texas, U.S.A.). 

Reagehts 
M hydrochloride, 6-monoacetylmorphine (MAPI hydrochloride, 3-mono- 

acetylmorphine hydrochloride and DAM hydrochloride were provided by the National 
Institute on Drug Abuse (Rockville, Md., U.S.A.). 1.8~Bis(dimethylamino)naphtha- 
ltne (Aldrich, Milwaukee, Wise., U.S.A.) was used, as received, as the internal 
standard. Acetonitrile, “distilled in glass” quality (Burdick & Jackson Labs., 
Muskegon, Mich., U.S.A.) and distilled water were filtered through 0.22-pm solvent 
resistant filters (Millipore, Bedford, Mass., U.S.A.). All other chemicals were of 
anaIytica1 reagent grade and were used without further purification. 

Preparation of solutions 
DAM hydrochloride was dissolved in 0.1 i%f phosphate buffer to yield a 0.5 rni%f 

concentration at the foliowing pH values: 3.0,3.5, 3.9,4.5, 5.2, 5.9 and 7.0. A 0.01 AM 
phosphate buffer was used at pH 8.6. The above solutions were filtered and promptly 
dispensed (1.2 ml) in 2-ml flint ampules, sealed and stored at 26 -& 0.1 o or 48 & 0.1’. 
PeriodiCally, 4%~1 samples were removed and diluted to 2.0 ml with the mobile 
phase containin g 140 &ml of the internal standard, 1.8-bis(climethylamlno)naph- 
thalene. 

The mobile phase consisted of three volumes of acetonitrile and seven volumes 
of 0.015 A4 potassium dihydrogen phosphate adjusted to pH 3.5 with 2 N phosphoric 
acid. The column pressure at a flow-rate of 1 ml/min was CQ. 800 p.s.i. Separations 
were affected isocratically at room temperature. 

Peak height was used to quantitate DAM hydrochloride and its hydrolysis 
products. Standard curves comparing ratios of peak height of DAM, MAM and M 
to 1.12 pg of internal standard exhibited linear responses (r > 0.9995) in the working 
concentrations of IO-200 pg/ml. The peak height of DAM hydrochloride and each 
of its hydrolysis products was converted to concentration by comparison with 
standard curves. The method has a lower limit when required of 10-15 ng' per injec- 
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tion and is suitable for the quantitation of DAM hydrochloride and its hydrolysis 
pX&.Icts. 

RESULTS AND DISCUSSION 
: 

Chromafographic behavior 
The hydrochlorides of M, MAM, DAM and the internal staidard were eluted 

in that order. A representative chromato,gam of 2 synthetic mixture of *he hydm- 
cfilorides of M, MAM, D-AM and the reference is shown in Fig. 1 and the retention 
data for each substance are listed in Table I. 

The retention volumes [ VR (ml)], capacity factors (k’) and sepstratioa factors (0) 
far DAM, MAM and 1M irt hydrolyzed samples were iden&& ta those determined far 
the synthetic mixture. 34ionoacetylmorphine hydrochloride (V, = 3.83 ml, *k’ = 
0.64) was not detected in any of the hydrolyzed samples. This observation is in agree- 
ment sith previous studies’*“*‘. 

0 2 4 6 8 10 72 
I-&E b-ltin) 

Fig. 1. HPLC chromatogrr of morphine (M): 6-monoacetylmorph (MA&Q: 3.6-diacetyE 
morphine (DAIM) hydrochiorides, and l,S-bis(dimethylamino)naph~~e~e QREF). For column 
conditions see text. 

TABLE I 

RETENTION VOLUMES (VA, CAPACLTY FACTORS (k’) AND SEPARATEON FACXXS 
(a) OF VARIOUS SOLUTES 

~hmn: 300 x 3.9 mm I.D. stainless-steel, plkmdapak C1& (IO,um); mobile ph.&: aCetOnitik- 
0.015 M potassium dihydrogen phosphate, pH 3.5 (3:7. v/v); flow-rate: 1 d/min:.detection: UV235 
nm. 

DrKJg V, (m!) k’ a 

M hydrochloride 3.10 0.33 
MAM hydrochloride &.fO 0.80 2.42 
DAM hydrochloride 6.50 1.79 2.24 
l,S-B~s(dimethyl~o~mino)naph~~ene 8.40 2&l 1.45 ^ 
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While searching for the optimum conditions, it was observed that retention of 
these compounds in the octadecylsilane reversed-phase system was primarily dependent 
on the proportion of the drug present in one form (ionized vs. unionized). Retention 
was also_ dependent on the relative lipid solubility of the drug in the stationary phase 
and the eluent. Elution of the compounds was also affected by changes in the buffer- 
acetonitrile ratio, pH and ionic strength, as well as the nature of the counter ion of the 
buffer. In general, an eluent of 5 > pH > 8.7, less aqueous, and more strongly buffer- 
ed, resulted in shorter retention times and sharper peaks. The relative order of elution 
was not affected by thuSe adjustments. The presence of potassium ion vs. sodium ion 
in the aqueous solution exhibited simiIar phenomena but of smalier magnitude. Suc- 
cessful separation of these compounds was also achieved at high pH (cu. 9.0). How- 
ever, this system was not utilized to avoid on-column deteriorationi2. The optimal 
eluent was pH 3.5, O-Cl 5 M potassium dihydrogen phosphate buffer in 30 o/0 acetonitrile. 

hinetic studies 
The main objective of this study was to determine the pH at which DAM 

hydrochloride was most- stable. The information will be applied to the preparation of 
parentera formulations of this agent. Also of interest was a determination of rate 
constants for both reactions since both rate constants involved in the conversion of 
DAM to morphine had not previously been reported_ 

Semilog pIots of DAM hydrochloride concentration vs. time exhibited excellent 
linearity (r > 0.99) at pH 3.0-8.6. The resuhs indicated that the disappearance of 
DAM hydrochloride was pseudo first-order at all pH levels investigated and was 

, in accord with previous observations 3_ The observed half-lives at 48 _C O-l”, Tpo values 
at 26 5 0.1 3 and first-order rate constants at both temperatures are presented in 
Table II. The data obtained at 26 * 0.1” indicate that DAM is more stable at pH 
vaIues between 3.5 and 5.2. However, the rate of hydroiysis is too rapid to formulate 
as a solution. Freeze dried formulations are being prepared. 

The log k vs. pH profile (Fig. 2) for DAM hydrochloride wasconstructed from 
the data obtained at 26 & 0.1 a and 48 & 0.1 c. At both temperatures the pH range of 
maximum stability was 4.0-4.5. At pH 8.6 and pH 3.0 the rates of hydrolysis were 
approximately 19 and 2.3 times greater than at pH 4.5. 

The chromatograms of DAM at various time intervals indicated a two-step 

TABLE II 

DISAPPEARANCE OF DIACETYLMORPHINE IN AQUEOUS SOLUTION 
____ 

PH k? i 0.1” 26 & 0.1” 

7; (days)' kl (h-l) T, (days)" k, (h-l) 

3.0 4 0.0072 2.5 0.00140 
3.5 s 0.0049 6 o.m370 
3.9 8.5 0.0030 - - 

4.5 9.5 0.0028 8 O.ooO34 
5.2 6.25 0.0050 5 o.Om97 
3.9 3.6 a.083 2 0.00140 
7.0 or75 0.0372 0.83 0.00480 
X6 0.5 0.0501 0.5 0.00760 

* Half-lives of DAM hydrochloride at 48 & 0.1”. 
l * 10% disappearance of DAM hydrochloride at 26 + 0.1”. 
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Fig. 2. Log k vs. pH profile for the hydrolysis of DAM hydrochloride (0.5 mM) at 26 & 0.1 o and 
48 _C 0.1”. The kr and kz refer to the first and second reaction in consecutive pseudo first-order 
reactions, respectively. 

Fig. 3. Concentration time curves for DAM hydrochloride (e); MAM hydrochloride (A) and M 
hydrochloride (U) at 48 i 0.1’ and pH 8.6. 

sequential mechanism_ A typical plot of disappearance of DAM and appearance 
MAM and M at 48 _C 0. I o and pH 8.6 is presented in Fig. 3. The rapid decrease of 
DAM is accompanied by an increase in MAM that reached a maximum value after 
45 h and then decreased in an approximately linear fashion. After a time-lag of 
about 2 h the concentration of morphine rose =-dually. This pattern suggested that 
consecutive first-order reactions were involved : 

k, DAM- 
k 

MAM’-M I 
where k, and kt are pseudo first-order rate constants. 

Several methodsr3-I6 have be& described for the determination of the second 
rate constant of consecutive first-order reactions using dimensionless parameters and 
variables, such as: CL = AlAo, /I = B/Ao, K = kzJk, and /Ima,__ = K K”-K) (ref. f6). 
A0 is the initial concentration of DAM while A and B are the concentrations of DAM 
and MAM respectively at time t. &;rx. was the maximum from the _maph obtained 
from the plot of p vs. (1 --a). The values of &,.,aX. were used for the determination of 
the K values Gmphically16, which were subsequently used to evaluate the second rate 
constants, kz, from kz = K x k,. Table III lists the values of k, and the corresponding 
values of jZ&,,,_ and #at 48 f 0.1 O, obtained at pH 3.0-8.6. Examination of Table III 
revealed that the most stable pH of DAM solution (4.5) had the highest /L,,. value. 
The k2 vaIues are also presented graphically in Fig. 2. These results indicate that the 
rate of conversion at 48 f 0.1” of DAM to MAM proceeds about one order of 
magnitude faster than the hydrolysis of MAM to M. Both reactions proceed most 
slowly at pH 4.04.5. 

The HPLC method is convenient since aqueous solutions may be directly in- 
i ected. Extraction procedures5-9 or alkaline solutions9-I0 are avoided. In addition to 

the kinetic studies described in this report, the HPLC method may have other 
pharmaceutical applications. The British Pharmacopoeia (B.P.) I7 does not require 
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TABLE III 

SECOND RATE CONSTANTS-HYDROLYSIS OF DAM HYDROCHLORIDE AT 
48 * 0.1” 

PH Bmax. K k, (h-l) 

3.0 0.79 0.0875 O.ooo63 
3.5 0.80 0.080 0.00032 

- 3.9 0.80 0.080 0.00026 
4.5 0.85 0.051 o.aOO14 
5:; 5’ 0.82 

0.80 
0.080 0.070 0.90067 0.00035 

7.0 0.82 0.070 0.00260 
8-6 0.74 0.135 0.00676 . 

chromatographic separation of DAM hydrochloride from its hydrolysis products. The 
1973 B.P. method utilizes estimation of total phenolic substances as an index of 
purity. The maximum permissable level is 5% expressed as M base. Qualitatively, 
DAM’hydrochloride is determined spectrophotometrically after hydrolysis to M. In 
contrast the reversed-phase HPLC method described in this report readily separates 
and detects less than 1 oA of MAM and of M in DAM samples. The procedure is also 
rapid and precise. The coefficient of variation for six individually weighed samples was 
determined over a six-week period and found to be 1.61% at 0.5 mM DAM hydro- 
chloride. 
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