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Abstract  The interaction of morphine with an enzymatic oxidation reduction system was investigated.
It has been reported that morphine is converted to a highly water-soluble mctabolite by incubation
with horseradish peroxidase (HRP). albumin and H,Q, (Misra and Mitchell. Experientia 27. 1442
(1971)). After incubating ["*C]morphine with HRP and H,O,. we detected two radioactive compounds
with tlc. One compound corresponded to morphine. Using spectral analysis. the other. '"*C-labeled
compound. was identified as pscudomorphine. a dimerized oxidation product of two molecules of
morphine. Using compounds structurally related to morphine. it was determined that: (1) a free phenolic
hydroxyl group in position 3 was necessary for the enzymatic oxidation of morphine to pscudomor-
phinc: (2) a carbonyl group in position 6 of the morphinan ring prevents the formation of the dimer;
and (3) substitution of other functional groups on the morphine molecule did not affect the peroxidase-
catalyzed dimerization. By optimizing reaction conditions. measurable rates of peroxidase-catalyzed
pseudomorphine formation were observed at morphine concentrations as low as 5 x 1077 M. The
nature of peroxidase enzymes and the phenolic character of morphine suggest that the formation

of pscudomorphine proceeds through a morphine-free radical intermediate.

The interaction of morphine with enzymatic oxida-
tion—reduction systems has been demonstrated by
several investigators. Wang and Bain found that incu-
bation of morphine with a reduced pyridine nucleo-
tide and ferricytochrome ¢ resulted in the nonenzyma-
tic reduction of the cytochrome ¢ [1]. Hosoya and
Brody [2] found that incubation of morphine with
rat liver homogenate to which cytochrome ¢ had been
added resulted in the condensation of two morphine
molecules to form pseudomorphine. More recent
work by Wang and Roerig demonstrated that mor-
phine acts as a catalyst in the transfer of reducing
equivalents from a reduced pyridine nucleotide to fer-
ricytochrome ¢, presumably through some reversible
oxidation reduction intermediate of morphine [3,4].

Recently, Misra and Mitchell reported that incuba-
tion of morphine with horseradish peroxidase (HRP),
MnCl, or H,O, and albumin resulted in the forma-
tion of some highly water-soluble product of mor-
phine [5]. They suggested that a reactive intermediate
of morphine was formed which became covalently
bound to albumin.

Because of our interest in the interaction of mor-
phine with enzymatic oxidation- reduction systems.
the present work was designed to study the interac-
tion of HRP and morphine in relation to our previous
work with cytochrome ¢ and morphine.

MATERIALS AND METHODS

Horseradish peroxidase Type 11 (125 units/mg) and
human serum albumin were purchased from the
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Sigma Chemical Company. St. Louis, Mo. Morphine
sulfate (USP), and morphine (**C. N-methyl) hydro-
chloride (5 pCi/umole) were obtained from the Mal-
linckrodt Chemical Company. St. Louis. Mo. All
other opiates were obtained from their respective
manufacturers and used without further purification.
Incubation of morphine with HRP. In initial exper-
iments, the reaction mixture used was the same as
that described by Misra and Mitchell [5]. For most
of our studies. however, this reaction mixture was
modified and contained 0.041 ymole morphine sulfate.
0.018 mole morphine ('*C. N-methyl) HC! (1 uCi), 3
units of HRP (0.025 mg protein), 0.18 umoles H,O,
with 0.1 M Tris buffer pH 9.0 to a final volume of
1.0 mb. In some experiments albumin (2.0 mg) was in-
cluded. The reaction mixture was incubated at 37°.
In initial experiments. the reaction mixture was
allowed to incubate for a given period of time and
then extracted according to the method of Misra and
Mitchell to quantify products formed from morphine.
We found the results of this procedure to be highly
variable. Therefore. the progress of the reaction was
monitored either by removing 10 portions of the
reaction mixture and analyzing them by tlc. and
liquid scintillation spectrometry or by monitoring the
production of fluorescent reaction products.
Thin-layer  chromatography.  Products  from  the
above reaction were quantified by applying a 10-ul
portion of the reaction mixture to Gelman instant
tlc. sheets (ITLC). Type SG and Type SA. The Type
SG chromatogram was developed in butanol-acetic
acid water (70:3:10) (system A) and the Type SA
chromatogram was developed in pyridine-isopro-
panol-ammonium hydroxide (90:10:1) (system B).
The amounts of unchanged morphine and reaction
products were measured by cutting the chromato-
grams into | cm-square strips from | ¢m below the
origin to | cm above the solvent front. The amount
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of radioactivity in cach strip was measured by placing
it in 6.5ml of scintillation fluid and counting on a
Model 3330 Packard scintillation spectrometer.

The scintillation fluid consisted of 0.05g PPO and
40 g POPOP dissolved in 1.51 of toluene.

Fluorometric assay. Onee the major reaction prod-
uct was identified as pseudomorphine. a spectropho-
tofluorometric assay was used to monitor the pro-
gress of the reaction. The reaction mixture was the
same as that used for the tle. assay. except that the
radioactive  morphine was replaced by an  equal
amount of unlabeled morphine. The reaction was in-
itiated by the addition of the H,O, and the increase
in fuorescence caused by pseudomorphine formation
was followed on an Aminco Bowman Spectrophoto-
Hluorometer with excitation wavelength set at 320 nm
and emission wavelength at 440 nm. The increase in
fluorescence with time was lincar for about the first
min of the reaction. Therefore the initial lincar rate.
in terms of fluorescence unitysec, was used as a
measure of pseudomorphine formation.

Isolation of reaction products. A reaction mixture
similar to the above was used except that the amount
of unlabeled morphine was increased to 1 ymole/ml.
The reaction was initiated by the addition of H,O,
and allowed to incubate overnight at room tempera-
ture (22 ). The precipitate formed was collected by
centrifugation. washed with Sml of 0.1 M carbonate
buffer pH 6.0, centrifuged and washed again with 5ml
of methanol. The resultant precipitate was a snow-
white powder which was stored in a vacuum desic-
cator until analyzed.

Synthesis of pseudomorphine. Pseudomorphine was
synthesized using a modification of the method of
Bentley and Dyke [6]. Two grams of morphine sulfate
were dissolved in 200 ml of 0.4°, KOH at 80 . then
cooled to room temperature, followed by the addition
of 80ml of potassium ferricyanide (2.31 g/ml) added
slowly (50 min) with stirring. The reaction mixture
was stirred for an additional 30 min and filtered. The
vellow precipitate was washed twice with 50 ml of hot
methanol to remove morphine. The off-white precipi-
tate was dissolved in a minimum volume of pyridine
and 50", (v/v) water- methanol was added until a
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Fig. 1. Per centage of ['*CJmorphine converted with time

to "*C-labeled product by HRP and H,O,. Data shown

above were obtained using tlc. analysis of reaction mix-

ture using chromatography system A. Equivalent results

were obtained with system B. Each point is the mean of

three separate determinations. Reaction conditions were as
deseribed in the text.
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slight cloudiness persisted. The solution was then kept
at 4 for 24 hr. during which pscudomorphine precipi-
tated as fine white crystals. The crystals were collected

by filtration and stored in a  desiccator under
nitrogen. This material melted at 273 276 with

decomposition and the ir. wy. and fluorescence spee-
trae were similar to the published spectra for pseudo-
morphine [6.7].

Spectral methods of analysis. The products of the
action of HRP and H,O, on morphine were solated
as described and analyzed with uv. 1. and fluores-
cent spectroscopy. Uy, spectra were run on a Gilford
Model 2400 spectrometer cquipped with o Moddl
2430 scanning attachment. For the ir. spectrum. the
compounds were mixed with KBr and pressed into
.5-mm pellets. Spectra were run on a Perkin-Elmer
Model 467 ir. spectrophotometer equipped with
beam condenser. All fluorescence studies were per-
formed using an Aminco Bowman Dual Mono-
crometer spectrophotofluormeter.

RESULTS

Incubation of ["*CImorphine with HRP, H-O.
and albumin followed by extraction with organic sol-
vents as described by Misra and Mitchell [5] resulted
in varying per centages (30 60 per cent) of 'tC
remaining in the aqueous phase. Because of this vari-
ation in results, we altered the analysis procedure und
used two different tlc. systems to study the products
of morphine formed in the reaction. In system A, two
major spots were obscrved for a reaction mixture that
had been incubated for 6 hr at 37 and then overnight
at room temperature, one spot at R, 0.1 and another
spot at R, 0.8. The spot at R, 0.8 corresponded to
morphine which was spotted as a standard on cach
chromatogram. In system B. two spots were observed.
one at R, 0.73 and a second at R, 0.33. The spot
at R, 0.73 corresponded to the standard morphine
spot in this system.

In reaction mixtures separated with either tle. sol-
vent system there was considerable streaking of the
spots. It was found that decreasing the H,O, concen-
tration by a factor of 100 from that used by Misra
and Mitchell resulted in better spot differentiation.
In addition. we found no significant  differences
between reaction mixtures with and without the albu-
min. In subscequent studies. therefore. the albumin was
omitted.

The amount of the radioactive metabolite of mor-
phine that separated on both chromatography sys-
tems A and B (R, 0.1 and R, 033, respectively) in-
creased with time. as shown in Fig. 1. It can be seen
that at 5hr about 90 per cent of the morphine had
been converted. The zero time point shows about 24
per cent conversion of morphine. This is due to the
fact that some reaction takes place while the reaction
mixture is being spotted and dried on the the sheet.
In control reactions in which cither HRP or H,O,
was omitted. only about 5 per cent of the radioacti-
vity was found at the R, of the metabolite.

Identification of rcaction product. In order to iden-
tify the product(s) of the action of HRP and H.O,
on morphine, it was necessary to isolate sutlicient
quantitics of this material from a reaction mixture.
The morphine concentration was increased  10-fold
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Fig. 2. Lr.. fluorescent and u.v. spectra of the product of the action of HRP and H,0O, on morphine:
(a) Lr. spectrum, per cent transmission vs reciprocal cm (cm™'). (b) fluorescence spectrum in 0.1 M
Tris buffer pH 9.0 relative fluorescence intensity vs excitation wavelength (nm). Emission wavelength

set at 440 nm. (c) u.v. spectra —-—-- — in 0.1

{1 x 107*M). and the incubation mixture was in-
creased to 5Sml. Under these conditions, a fine white
precipitate began to form after about 2 hr at room
temperature. This precipitate was purified as pre-
viously described (see Methods). Analyses of this
material by Lr., wv. and fluorescent spectrophoto-
metry were performed, and the spectra are shown in
Fig. 2. The i.r. spectrum (Fig. 2a) of the reaction prod-
uct is similar to the published spectrum [7] of pseu-
domorphine and virtually identical to the ir. spec-
trum of pseudomorphine synthesized in our labora-
tory. The fluorescence spectrum of the reaction prod-
uct (Fig. 2b) shows the characteristic peaks at 250,
280 and 320nm for pseudomorphine that were de-
scribed by Kuferberg ¢t al. [8]. In addition. the fiuor-
cscence spectrum of the reaction product was the
same as that of the synthesized pseudomorphine. The
u.v. spectra of the reaction product (Fig. 2¢) were run
in both acid (0.1 N HCI) and at pH 9.0 (0.1 M Tris).
In 0.1 N HCl, a maximum was observed at 23! nm
with shoulders at 265 nm and 292 nm. This spectrum
is similar to that reported by Holcomb et al. for pseu-
domorphine in 0.05 N HCI[9]. At pH 9.0 the reaction
product exhibited maxima at 233, 267 and 310 nm.
The u.v. spectra of synthesized pseudomorphine, in
both acid and at pH 9.0, were the same as those of
the reaction product (Fig. 2c).

In addition to spectral data, further confirmation
of the reaction product was obtained from the melting
point. The reaction product melted with decomposi-
tion between 272 and 275 . as compared to 273 to
276" for the synthesized pscudomorphine and a pub-
lished value of 276 with decomposition [ 10].

M HC(l, and

in 0.1 M Tris buffer pH 9.0.

Optimizing reaction conditions. Since the product of
the action of HRP and H,O, on morphine was iden-
tified as pseudomorphine, an assay was designed to
take advantage of the fluorescence of psecudomor-
phine (sec Materials and Methods). This assay was
used for all subsequent studies.

Effect of pH on pseudomorphine formation. The pH
of the reaction mixture was varied using different pH
buffers at constant ionic strength (I = 0.1). The con-
version of morphine to pseudomorphine by HRP and
H,O, exhibited a pH optimum at 9.0. A second pH
optimum was observed at pH 5.5. However, at the
lower pH. pseudomorphine was not very stable,
resulting in a more non-linear increase in fluorescence
with time. As a result, pH 9.0 was used for further
studies.

Effect of H,0, concentration. The effect of H,O,
concentration on the reaction rate was studied by in-
itiating the reaction with 10l of various concen-
trations of H,O,. Above an H,0O, concentration of
1 x 107°M the reaction was essentially zero order
with respect to H,O,. Above an H,O, concentration
of I x 1073 M, however, we did observe some inhibi-
tion of pseudomorphine formation. A H,O, concen-

*tration of 1 x 107°M was selected for our routine
reaction mixture.

Effect of morphine concentration. The rate of pseu-
domorphine formation was measured using morphine
in concentrations of 1 x 107"M to 1| x 107*M.
Measurable rates of pseudomorphine formation were
observed at morphine concentrations as low as
5 x 107 "M morphine (0.005 fluorescence units/sec).
At higher morphine concentrations (greater than
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Table 1. Rate of fluorescence increase of morphine analogs in the presence

of HRP and H,O,

Fluorescence
unitsisect

Compound tested*

Fluorescent maxima in
eacitation speetra®®

Morphine 10.3
Normorphine (.8
6G-Acetylmorphine 0.9
Dihydrodesoxy 0.4
morphine
Nalorphine 1.3
FN-2205% I3
[.evorphanol 0.3
Dihvdromorphinone 0
Nuloxone 0
Codeine 0
[‘thylmorphine 0
Naltrexone 1l
Oxymorphone 0

nm

250 275 320
250 275 320
250 275 R
243 271 N
250 275 320
250 277 20
37 RIS

* The concentration of all compounds tested was 1 » 10 * M. Other con-

ditions the same as described in the text.
# Fluorescence units are a per centage of full scale with excitation wuve-
length at 320 nm and emission at 440 nm.

=¥ Emission wavelength at 440 nm.

P EN-2265, N-allyl-14-hydroxy-7.8-dihydro normorphine.

10 *M), the reaction rate was less lincar with time.
In addition, at morphine concentrations above
I x 107 M pseudomorphine precipitated, making
the fluorescence assay unusable.

Andalogs of morphine. Our previous studies have
shown that the functional groups in the mor-
phine molecule ar¢ important for its mediation of
the NADPH-dependent reduction of cytochrome
¢[1.3.4]. Therefore. chemical analogs of morphine
were used to determine which functional groups in
the morphine molecule were necessary for its enzyma-
tic conversion to psecudomorphine. Shown in Table
1 is a list of compounds that were incubated with
HRP and H,O,. The reactions were monitored by
fluorometry, since condensation of any of these com-
pounds should result in a fluorcscent compound ana-
logous to pseudomorphine. Shown are the initial rates
of fluorescence increasc for each compound. Com-
pounds with a free phenolic hydroxyl group in pos-
ition 3 (compounds 1-7) exhibited increased fluores-
cence. In addition, excitation scans resulted in spectra
very similar to that of pscudomorphine. The only
exception was levorphanol. in which the excitation
spectrum consisted of only two peaks. at 257 nm and
325 nm. Compounds 8- 13 failed to show any increase
in fluorescence when incubated with HRP and H,O,.
Codeine and ethylmorphine lack the free phenolic hy-
droxyl group, and dihydromorphinonc, naloxone. nal-
trexone and oxymorphone all have a carbonyl oxygen
in position 6 of the morphinan ring. Other changes
in the functional groups of the morphinan ring system
do not appcear to affect the production of fluorescent
compounds analogous o pscudomorphine. For
example, substitution or elimination of the N-methyl
group had little effect. since both normorphine and
nalorphine formed fluorescent products. In a similar
manner. reduction of the double bond between car-
bons 7 and ¥ (nalorphine. dihydrodesoxymorphine.
EN-2265) or addition of a hvdroxyl group at position

14 of the morphinan ring (EN-2263) did not prevent
the formation of a fluorescent product. Addition of
the narcotic antagonists naloxone or naltrexone in
a concentration of 1 x 10" * M to a standard reaction
mixture containing morphine had no cffect on the
rate of pseudomorphine formation.

It should be noted that those analogs of morphine
which did form fluorescent products in the presence
of HRP and H,O, did so at a much slower rate
than did morphine. At present. we can offer no
explanation for this observation.

DISCUSSION

Incubating [**CJmorphine with HRP. albumin and
H,0, as described by Misra and Mitchell [5]. we
found about 30 60 per cent of the morphine remained
in the aqueous phase after organic solvent extraction.
This finding is in contrast to the 8090 per cent
remaining in the aqueous phase reported by Misra
and Mitchell. Using two different t.lc. systems to ana-
lyze the reaction mixture. we found two *C-labeled
spots, onc corresponding to morphine and the other
to some product of morphine formed during the reac-
tion. In further contrast to the results of Misra and
Mitchell. we found that omitting albumin from the
reaction did not affect the amount of '*C remaining
in the aqueous phase after extraction or the formation
of the "*C-labeled product of morphine observed on
LLe. Using tlc. we found that about 90 per cent of
the morphine was converted to product in 5hr (Fig.
1). Special analysis of the reaction product (Fig. 2)
identified this compound as pscudomorphine. a con-
densation product of two molecules of morphine.

The oxidation of morphine to pscudomorphine is
catalyzed by a number of other agents such as
air [117]. w.veirradiation [12]. sunlight [ 13] and potas-
sium ferricyanide [8. 14]). In fact, the condensation of
morphine to pseudomorphine has been reported in
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almost all reactions involving gentle oxidation condi-
tions for morphine [ 14, 15]. Pseudomorphine has also
been reported to be a morphine metabolite in ani-
mals [16]. and to be formed from morphine in putri-
fying tissue [10]. In addition, Hosoya and Brody
reported the oxidation of morphine to pseudomor-
phine by liver homogenates to which cytochrome ¢
had been added [4].

Becausc of the ease with which morphine is oxi-
dized to pseudomorphine, it is not unreasonable that
this oxidation is also catalyzed by a peroxidase in
the presence of H,O,. In general, peroxidase catalyzes
a transfer of one reducing equivalent from the sub-
strate to H,O,. forming a free radical product of the
substrate. The free radical can then dimerize, dispro-
portionate or undergo further oxidation. Guilbault
and Hackley have utilized the peroxidase catalyzed
dimerization of phenols to develop a fluorescent assay
for peroxidase enzymes [17, 18]. These workers found
that. in the presence of a peroxidase and H,O-.
phenols such as homovanillic acid or p-hydroxy-
phenylacetic acid dimerize to a fluorescent product
by forming a covalent bond between the aromuiitic
rings al a position ortho to the phenolic hydroxyl
group. The structure of pseudomorphine suggests that
the action of peroxidase on morphine is analogous
to its action on other phenolic compounds. Presum-
ably a free radical of morphine is formed by the
action of HRP and H,O,. This free radical then
dimerizes with another morphine molecule to form
pseudomorphine. Such & mechanism is consistent
with the mechanism proposed by Yeh and Lach for
the ferricvanide oxidation of morphine to pseudomor-
phine [19]. Furthermore, Yeh and Lach suggested
that pseudomorphine formation would be favored at
a higher pH. The pH optimum in the present study
was found to be pH 9.0.

Further support for the formation of a morphine
free radical is obtained from the data in Table I
Essential for a free radical of morphine is the presence
of a free phenolic hydroxyl group. With morphine
analogs which lack the free phenolic hydroxyl group
(codeine and cthylmorphine) no fluorescent products
analogous to pseudomorphine were formed.

Wang und Bain found that a free phenolic hydroxyl
group was also necessary in the morphine mediated
NADH-dependent reduction of cytochrome ¢ [1]. In
addition. Wang and Roerig found that the oxygen
bridge between carbons 4 and 5 of the morphine ring
was necessary for this reduction [4]. With the HRP,
H,0, system. however. the data indicate that the
oxygen bridge i1s not necessary for the formation of
the proposed free radical and subsequent dimeriza-
tion. As shown in Table 1. levorphanol (3 hydroxy-N-
methyl morphinan) when incubated with HRP and
H,0, did form somc fluorescent product, but with
a fluorescence spectrum different from pseudomor-
phine. The fluorescence was. however, dependent on
both HRP and H,O, and increased with time, which
suggests that a levorphanol analog of pseudomor-
phine was formed. This difference between the cyto-
chrome ¢ system and the HRP system points out that
different enzymatic oxidation-reduction systems with
which morphine interacts may have different specifici-
ties concerning the functional groups in the morphine
molecule.

1079

It is interesting to note that no fluorescent products
were formed for those morphinans which had a car-
bonyl group in position 6 (dihydromorphinone, oxy-
morphone, naloxone, naltrexone). This does not
appear to be a function of enzyme specificity, since
these compounds fail to produce fluorescent products
using the ferricvanide methods of Kuferberg et al. [8].
Apparently the carbonyl group in position 6 prevents
cither free radical formation or dimerization.

Substitution or elimination of other functional
groups on the morphine molecule does not appear
to affect the HRP catalyzed formation of pseudomor-
phine. This finding is similar to the specificity found
in our earlier work with the transfer of electrons from
NADPH to cytochrome ¢ [1.3.4].

Misra and Mitchell found that addition of the nar-
cotic antagonist nalorphine to their reaction mixture
containing ['*Cmorphine. HRP. H,0Q, and albumin
inhibited the formation of the water-soluble product
of morphine [5]. They suggested that this represents
a model system for the antagonism of morphine by
nalorphine. In the data presented here. however. we
found (Table 1) that nalorphine acts as a substrate
for HRP and H,O, in a manner like that of mor-
phine. We suggest that these authors observed a sim-
ple competition of two substrates (morphine and
nalorphine) for the HRP cnzyme. In addition. we
found that narcotic antagonists such as naloxone or
naltrexone did not inhibit pseudomorphine formation.

At present no correlation can be made between the
enzymatic oxidation of morphine to pseudomorphine
and the pharmacological action of morphine, since
the ability of HRP and H,O; to cause the oxidative
dimerization of several morphine analogs did not cor-
relate with the pharmacological properties of these
compounds. For example. narcotic antagonists nalor-
phine and EN 2265 did form fuorescent products,
while certain analgesics (dihydromorphinone and
oxymorphone) and other narcotic antagonists (nalox-
onc and naltrexone) were not oxidized to fluorescent
products by HRP and H,O,. While the above results
do not support a correlation between the HRP-cata-
lyzed oxidation of opiates and their pharmacological
properties. the data do not preclude the possibility
that such a correlation may exist for some other enzy-
matic oxidation reduction system that exhibits a
specificity different from those systems  studied to
date. As previously stated. a comparison of the inter-
action of morphine and its analogs with the cyto-
chrome ¢ system[1,3.4] and th¢ HRP system
demonstrates that different enzymatic oxidation: re-
duction systems can exhibit different specificity con-
cerning the functional groups in the morphine mole-
cule.

It is noteworthy that both of the above rcactions
have been found to occur at a morphine concen-
tration (5 x 1077 M) in the range of those estimated
in morphine-tolerant animals [ 1. 4]. Furthermore, the
production of a highly reactive free radical metabolite
of morphine is interesting in light of the work of
Misra and co-workers who have suggested the forma-
tion of 2.3 quinone and 2.3 diol metabolites of mor-
phine in rat brain [20-22]. The possibility cannot be
overlooked that these metabolites are generated
through a frec radical mechanism similar to the HRP-
catalyzed oxidation of morphine.



1080

ro

tn

6.

REFERENCES

. R. I H. Wang and J. Bain, J. Pharmac. exp. Ther.
108, 504 (1953),

. E. Hosoya and T. Brody. J. Pharmac. exp. Ther. 120,
504 (1957).

. R. I H. Wang and D. L. Roerig, Pharmacologist 15,
203 (1973).

. R. 1. H. Wang and D. L. Roerig. Biochem. Pharmac.
23, 3163 (1974).

. AL L. Misra and C. L. Mitchell. Experientia 27, 1442

(1971).

K. W. Bentley and S. F. Dvke. J. chem. Soc. 81, 2574

(1959).

. L. Levi. € E. Hubley and R. A Hinge. Bull. Narcot.
7. 42 (1955).

. H. Kuferberg, A. Burkhalter and E. L. Way, J. Phar-
mac. exp. Ther. 145, 247 (1964).

. 1. J. Holcomb. R. B. Luers and S. A. Fusari, J. pharm.
Seci. 62, 1504 (1973),

10.

I Bl

13.
14
15,
16.
17.

I8

19.
20.

21

bR}

AL Misra. ML L,

D. L. RokriG. C. J. REak and R, 1. H. Wang

F. G. C. Clarke. Isolation and Identification of Drugs.
p. 432. The Pharmacological Press. London (19711,
K. Brookman and K. Polstortf, Ber. disch. ¢chem. Ges
8., 92 (1880).

). Buchi and H. Welti. Pharm. Acta hele. 16, 67 (1941).
M. M. Kiss. Ber. ungar. Pharm. Ges. 16, 123 (1940),
C.C. Fulton. Amer. J. Pharmac. 105, 193 (1933),

A. K. Bulls. J. hiol. Chem. 710 337 (1927),

W. Marme, Drsch. med. Wsehr. 9, 197 (1883).

G. G. Guilbault and E. Hachley. i Chem. 40, 190
(196K).

G. G. Guilbault and E. Hachley, i Chem. 40, 1256
(196K).

SoY. Yeh and 1L Lache S pharm. Scic S0, 33 (1901}
AL L. Misra. O L. Mitchell and L. AL Woods, Nature
Lond. 232, 48 (19711

Vadlaman, R. B. Pontani and S
1. Mule, Biochem. Pharmae. 220 2129 (1973).

A. L. Misra. N L. Vadlamani. R B, Pontani and S
JoMules S Pharm. Pharmae. 26, 990 (1974,



