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Ellis Ross White

Abstract

Metabolism of l-A9–Tetrahydrocannabinol.

A method is described for the isolation of l-A9-tetrahydrocannabinol,

I, of better than 99 % purity and in 80 % recovery from marihuana contain

ing as little as 0.05% of I. The isolation is comprised of four steps

resin extraction, removal of waxes from the latter, separation of the phen

olic fraction, and chromatographic separaticºn of the resultant cannabinoids

from each other. Co-isolated cannabidiol can be isomerized to I, thus

increasing the yield of the latter.

The aqueous solubility of I is too low to permit accurate quantit

ative determination of its interaction with hepatic microsomal cytochrome

Pl:50 and of its rate of hydroxylation to 11-hydroxy-1-A9-tetrahydrocannab

inol by the ricrosomal enzyme. This difficulty has been overcome by the

novel use of a cosolvent, dimethyl sulfoxide (DMSO), to increase the solu

bility of I in the suspending medium as much as 200 fold. Twenty # DMSO,

which is more than the 15% required to accomplish this does not affect the

degree of association of hexobarbital, a water-soluble substrate, with cyto

chrome PlºSO. The cytochrome-substrate spectral association constant, Ks,

and the Michaelis-Menten constant for the hydroxylation, Kr., can now be

determined. Both constants turn out to be 0.083 + 0.012 mM. Direct at

mospheric oxidation of I must be inhibited during Km determination for sat

isfactory results. It may then be shown that, at low conversions, 11-hyd

roxy-THC is the sole reaction product.
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General Introduction

It has been observed (1) that the psychopharmacological action of marihuana resin

in man can be essentially duplicated by the administration of either /-/\-

9-tetrahydrocannabinol (I) or /A8-tetrahydrocannabinol (IV), with a small difference in

action between the two components as yet not fully ascertained. IV is possibly a minor

constituent of the resin and may be absent from some samples and smoking the resin

may generate additional I and IV from their respective carboxylic acids. No other

components of the resin have been shown to possess this type of activity. Therefore,

I has been selected as the representative drug in this thesis which deals with its metabolism.

The work is divided into three parts. Part I is concerned with the method for obtaining

I in a purity of better than 99%. Since low concentrations of I are to be used in the

experiments, this purity should be sufficient to remove doubt about which compound

was causing the effects observed. Part II describes the way in which the spectral dissociation

constant, Ks, was ascertained for the interaction of I with rat hepatic microsomal

cytochrome (mixed function oxidase) (2). The expected Type I interaction was confirmed.

Part III covers the measurement of Km, the Michaelis-Menton constant for the enzymatic

hydroxylation of I. The necessary data for Part III have not been previously obtained

because the low aqueous solubility of I precluded the accurate determination of I and

11-hydroxy-/- 9-tetrahydrocannabinol (II) concentrations by present analytical methods.

The novel principle embodied in this research is the use of an otherwise inert cosolvent

to increase the solubilities of I and II in a microsomal suspension to the point where

the concentrations of I and II can be accurately quantitated by known analytical

procedures.

The use of a cosolvent is not limited to these substrates and may find use where

kinetic measurements are wanted on other substrates of low aqueous solubility. Greater

accuracy is possible with cosolvent because the higher substrate concentrations attainable

permit the measurement of product concentrations at an extent of reaction where substrate



concentration is stifi armost .nchanged, a requirement for accurate kinetic determinations.

Also, the percentage concentration error resulting from adsorption of substrate on container

walls is reduced.

Concentrations of a proper cosolvent may be employed which increase the Solubility

of substrate at least tenfold without affecting the intrinsic association of the Substrate

with mixed-function oxidase enzymes. The preferred cosolvent for I is dimethyl sulfoxide.

The in vitro hydroxylation of A9-tetrahydrocannabinol ( 9-THC), when accomplished

with phenobarbital-induced rat or rabbit liver microsomal hydroxylating enzymes

(postmitochondrial supernatant), is known to proceed mainly in the following manner

(3-5):

11 CH3 HO CH2OH
8 29 S. CH

|

C ~
O C5H11

III

the initial step being the hydroxylation of carbon atom 11.

It is reported (3) that, within their limit of error, when I undergoes hydroxylation

to the extent of 75%, there is a 60% conversion to II, 11-hydroxy A9-THC and a 40%

conversion to III, 8,11-dihydroxy^9-THC. This is consistent with the rule established for

the free-radical oxidation of allylic compounds; namely, that, neglecting Steric hindrance,

that carbon atom will be attacked most readily which bears the most hydrogen 3: Crs

Carbon atom 11 in this case. The ruie also predicts that some III will be formed C, a

Separate path where A8-hydroxy-THC is the intermediate instead of II. It is not surprising

that A.8-hydroxy-THC was not isolated; because, by pure chance (relative number of

attacKaple hydrogen atoms on the vicinal carbon atoms), the rate of its formation from

I should be, at most, two thirds of that of the rate of formation of II; and its rate

of disappearance to III should be 3/2 of that of II going to III. Wall (6) has subsequently



found 8-OH-THC in the products from rabbit liver action on I, indicating the importance

of enzyme-substrate interaction and its species variation as a modifier of the relative rates

predicted from the above purely chemical considerations.

The word "mainly" was used in the first sentence because hydroxylated products

have since been found where hydroxyl groups are present in the amyl side-chain (6). It

has also been reported (7) that when rat lung or liver enzymes are induced by

methylcholanthrene "other unidentified metabolic products are formed," with the surmise

that the enzyme systems induced by phenobarbital or by methylcholanthrene are not

identical.

In this investigation, using rat liver microsomal fraction for relatively short reaction

times, and with protection against non-enzymatic oxidation, no error of consequence is

introduced by assuming that II is the sole product from I.



PART |



Part I. Preparative Methods for Pure / A9-Tetrahydrocannabinol and 11-Hydroxy-/-/\

9-Tetrahydrocannabinol

Introduction

The isolation of /, 9-tetrahydrocannabinol (I) has always been attempted, with variable

success, by chromatography; because, so far, the compound has defied attempts at

crystallization or fractional distillation without isomerization.

Alumina (8), Florisil (9), or silica gel (8,10) have been used as the chromatographic

absorptive phase; and solvents varying in polarity from petroleum ether to acetone have

been employed as eluents. The impregnation of silica gel with silver nitrate (11,12) resulted

in an improved degree of separation over using silica gel alone. However, the improvement

in Separation is no greater than that from using dry-column chromatography (13) and

thus avoiding the problems associated with completely removing AgNO3 from the product

and with working in dim light. A variant of dry-column technique was used to isolate

the 99+% I from low-grade marihuana after concentrating the phenolic fraction from the

resin. A goal of purity of 99+% for I was set to be reasonably sure that the measured

rate of metabolism of I was not being grossly affected by some adventitious inhibitory

component of the drug.

A method was worked out for conversion of the cannabidiol content of the resin

to I without the concomitant formation of 128-tetrahydrocannabinol (IV), thus increasing

the total amount of I obtained from a given amount of marihuana.

11-Hydroxy-/A9-tetrahydrocannabinol (II) was prepared by enzymatic hydroxylation

of I according to the method of I. M. Nilsson, et al. (5). Purification was done by combined
column and thin layer chromatographic separations.



Methods

A. Isolation of High-purity A9-THC from Marihuana

The main stock of marihuana on hand received from the State Bureau of

Narcotics contained 0.05% I. An additional brick contained 0.38%.

1. Analysis for Cannabinoids

The analysis of these materials was carried out by extraction of the resin

from representative powdered brick samples with either petroleum ether or

acetone. Acetone extraction is preferable, for then the subsequent rejection of

most of the wax content with an alcohol wash may be eliminated. (The wax

causes prolonged Gas-liquid Partition Chromatography (GLPC) sweeping times

to be necessary.) The I content of the extract was then determined by GLPC.

Five grams of the powdered sample was put in a 30 ml round-bottomed,

stoppered, centrifuge tube. Petroleum ether or acetone, 15 ml, was added and

the tube stoppered and machine-shaken for half an hour. The tube was then

centrifuged 5 minutes at 1,000g, and the solvent layer was decanted into a flask

and the whole process repeated twice more. A fourth extraction showed no

I. The extracts were evaporated under a stream of N2. When petroleum ether

was used, this residue was stirred up with 2 ml absolute alcohol and transferred

to a 13 ml conical-bottomed tube. The tube was then centrifuged at 2,500g

for ten minutes. The alcohol layer was pipetted from the precipitated wax into

a third conical tube. The Second tube was washed with 2 m] more of alcohol

and the pellet stirred up with the alcohol. The tube was then recentrifuged and

the alcohol layer added to the third tube. This was then blown with N2 to

remove the solvent and the residue made up to 1 ml with cyclohexane. The

solution was then analyzed for I by GLPC in a 1/8" by 8' column packed with



3% OV-1 on Chromasorb W, 120-200 mesh. The column was run at 220°C

and 35 PSIG N2 carrier gas, flame ionization detection. I emerges at 7 minutes,

cannabidiol at 5.4 minutes and cannabinol at 8.6 minutes. (These figures should

not be used for reference, since emergence time varies relative to column flow

resistance. For approximate quantitation, peak-height comparison with a standard

may be used.) Accurate values were obtained by cutting out GLPC peaks traced

on tracing paper (even thickness) and weighing the cutouts for area comparison,

no automatic integrator being available.

2. Extraction of Marihuana

In an effort to minimize the bulk of material to be extracted, the brick

sample, before pulverization, was separated into stems, leaves plus carpels, and

seeds. These were separately pulverized in a blender, extracted, and analyzed.

The result was that 97% of total I was in the leaves and carpels, 2% in or

on the stems, and only 1% in the seeds, even though the seed extract was 48%

of the total weight of solvent-free extract. It is advantageous to leave out the

seeds because they contain most of the fats, which are difficult to remove later

On.

The marihuana was screened to remove the seeds and the leaves, carpels,

and stems were pulverized in the blender. The resultant powder was spread to

dry for four hours and then extracted with stirring for 3 hours with 3 volumes

per unit weight of petroleum ether (br 30-60° C). The paste was then filtered

with mild suction on a Buchner funnel, pressing the cake down with a large

flat stopper. The cake was washed with half a volume of the same solvent. The

process was repeated twice more and the total filtrate evaporated under vacuum

at 0° C. The resin and subsequent solutions were stored in a freezer at about

-14° C when they were not being handled.



3. Separation of Waxes from the Extract

The semisolid residue was dissolved in twice its weight of absolute alcohol

at 45° C and cooled in the freezer overnight. The precipitate of fat and wax

was vacuum-filtered and the latter washed with a little cold alcohol. (The filtrate

may be composed of two layers if the marihuana is old and has undergone

oxidation. If so, the lower black layer is extracted by decanting off the alcohol

and adding three volumes of fresh alcohol per volume of layer, warming to 50°

C, cooling to room temperature, and after settling, pouring the alcohol layer

into the rest of the filtrate.) The alcohol was then evaporated under vacuum

below 45° C. The wax and oxidized fractions contained insignificant amounts

of I.

4. The Separation of Phenolic Components from the Extract

The second step in the isolation of I from the extract was the separation

of the acidic from the non-acidic components by alkaline extraction.

The cannabinols are cryptophenols; i.e., because of steric hindrance and

water insolubility, the phenolic hydroxyl does not ionize to the extent of that

of a simple phenol and they do not dissolve in aqueous hydroxides to any extent.

Therefore, they must be extracted from the balance of the resin with alcoholic

hydroxide. Even using 5 N sodium hydroxide in methanol, the extraction from

nonpolar solvents is not complete and multiple extractions are required to recover

most of the cannabinoids. It is necessary that oxygen be rigorously excluded

while the phases are alkaline because cannabinolates are rapidly destroyed by

oxygen. Cannabidiol, which is also extracted, produces an immediate deep purple

color on contact with oxygen and alkali, and hence serves as an indicator of

how well the system has been purged of oxygen. The extracts should be only

light yellow in color. The extraction was done as follows:



A gram of resin was dissolved in 200 ml of petroleum ether and poured

into a 250 ml pear-shaped separatory funnel. The funnel was closed with a square

of aluminum foil. The foil was then punctured by a disposable capillary pipette

which extended to the bottom of the funnel and served as a N2 inlet. N2 was

then passed through the funnel so that the petroleum ether circulated rapidly

for about 3 minutes (1 ml N2/second). This cooled the solution by evaporation

(Hood 1), which was desirable. Ten ml of 5 N NaOH in dry methanol was added

through the foil by means of a hypodermic syringe (glass, not plastic, because

disposable syringes dissolve), while the N2 stream was continued. This gas flow

caused the heavy caustic phase to circulate in finely divided condition. The gas

flow was adjusted so that the caustic dispersion visibly reached the top of the

solvent layer. The mixing was maintained five minutes. A 250 ml flask containing

50 ml of 1 N HCl and a stirring bar were placed on a magnetic stirrer under

the funnel so that the stem of the funnel extended nearly to the liquid level

in the flask. The pipette was removed from the funnel and the latter quickly,

but loosely, stoppered. When layering in the funnel was complete, the lower

caustic phase was run slowly into the vigorously stirred acid. (Because of viscosity

differences, a too-rapid flow of base into the acid results in delayed

neutralization, and accumulation of base in the acid layer will lead to a purple

coloration.) The N2 pipette was returned to the funnel as before and the whole

process of extraction repeated twice more using fresh acid and caustic. At the

end, the phenols separated as a reddish-tan top phase. The funnel raffinates were

discarded or solvent recovered. The acid-flask contents were combined in a large

separatory funnel and diluted with an equal volume of ice water. Twenty-five

ml of petroleum ether per gram of starting resin were added and the funnel

vigorously shaken. The shaking should be sufficient so that on standing the

aqueous phase settles clear. The petroleum ether extraction was repeated and

the combined extracts were washed with water followed by 1 N bicarbonate

to remove any acid and then the solvent was flashed off below room temperature.



5. Chromatographic Separation of Individual Cannabinoids from Phenolic

Extract

The third step in the isolation is chromatographic isolation of I and

cannabidiol.

Two sections of commercial 25 mm ID water-jacketed chromatographic

column were abutted to give a 60 cm column. A filterplate-stopcock assembly

was attached to the bottom and a separatory-funnel reservoir was made ready

at the top. The column was filled to 20 cm from the top with Baker's silica

gel #3405, while vibrating the column and applying house vacuum suction to

the bottom.

A gram of phenolic extract in 5 ml cyclohexane was applied evenly to

the top of the dry silica gel (13) and the flow of an eluent consisting of 10V/V%

of methylethyl ketone (MEK) in cyclohexane was started. The top of the column

was not allowed to go dry once the flow was started. Space was left above

the gel to act as a small reservoir and to allow visual flow adjustment. After

the column effluent totalled about 600 ml, 25 ml cuts were taken. A drop

of each cut was spotted on a silica gel TLC plate and the plate developed in

30V/V% MEK in cyclohexane to about 5 cm. The plate was sprayed with a

visualizer solution made by dissolving about 50 mg of Fast Blue B (di-o-anisidine

diazoate) in a ml of water and then adding 9 ml of 2 N NaOH. The solution

is only good for use within 10 minutes. Those cuts developing red, orange, or

violet colors contained I, cannabidiol, or cannabinol respectively. Alternately,

the proper cuts may be located more quickly, but with less certainty, by the

use of Duquenois' Reagent. Stock bottles are filled, one containing a solution

of 0.8 gm vanillin and 1 ml acetaldehyde (or paraldehyde) in 40 ml ethanol,

and the other concentrated HCI. The test is run by adding 0.5 ml of sample

and 0.2 ml each of the above reagents to a 1 dram vial, and shaking. A half

10



ml of chloroform is then added and the vial reshaken. A bluish-violet color in

the lower layer is positive for cannabinoids.

Cuts reacting positively are examined on the previously-described GLPC

column. Those cuts containing more than 90% I are reserved. Those with less

| are divided into those containing more than 50% in cannabidiol, those

containing a preponderance of cannabinol, and those rich in I. The three sets

of cuts are vacuum-flashed and individually rerun through the column. The same

divisions of these cuts are made as before and like cuts are combined. At this

point, cuts containing more than 75% cannabinol are discarded. After three more

separations, with cross-combinations, one should have most of the I as a 90%

cut and the same for the cannabidiol. The latter is not purified further.

The 90% I residue, by similar further chromatography, can be upgraded

to 99.4% material by five passages through the column. The 90% cannabidiol

was not purified further since it may be converted to I, its main impurity.

B. Conversion of Cannabidiol to //\9-Tetrahydrocannabinol

Solvent-free cannabidiol was stirred with an equal weight of Tween 80(R) at

50° C until homogeneous. This was dispersed in 10 volumes of 0.1 N HCl and kept

at 4°C for about a month. The conversion was followed by extracting aliquots with

petroleum ether and running GLPC determinations on the extracts. When conversion

to I halted, the product was extracted and processed for I as in the purification

method just described. Since some samples of marihuana extract contain far more

cannabidiol than I, this is a valuable adjunct. No A8-THC was produced under these

mild conditions; but any attempt to force the reaction gave varying amounts of it.

Use of a solvent; e.g., 0.4 N HCl in dioxane, shortened the time of reaction (5 days

at room temperature); but traces of A8-THC began to appear. The action of

trifluoracetic anhydride with or without pyridine, followed by alkaline hydrolysis,

was found to be more cumbersome and produced considerable A8-THC.

11



C. Enzymatic Hydroxylation of /-/\9-Tetrahydrocannabinol to 11-Hydroxy-1-A

9-Tetrahydrocannabinol

11-Hydroxy-/A9-tetrahydrocannabinol (II) was needed as a standard for later

kinetic experiments. Following the method of I. M. Nilsson, et al (4), I was

hydroxylated by postmitochondrial supernatant fraction from phenobarbital-induced

rabbit livers. The subsequent isolation of II differs from that in (4).

1. Enzymatic Hydroxylation

Four male rabbits averaging 4.5 kg weight were treated with 150 mg

phenobarbital sodium, IP, on the first day and with 80 mg/day for the next

three days. When not asleep, they were ataxic. On the sixth day, the rabbits

were sacrificed and the livers were pureed along with an equal volume of 1.15%

KCI. Portions of 40 ml volume were homogenized cold in a power-stirred

Teflon(R) pestle homogenizer. The homogenate was then spun in a refrigerated

centrifuge at 9,000g for 20 minutes. The intermediate phase was carefully

separated from the pellet and the fat layer with a hypodermic syringe fitted

with a 6" needle. The volume of postmitochondrial supernatant was 575 ml.

To this was added 200 ml 0.06 M potassium phosphate buffer, pH=7.4,

containing the cofactors: 0.8 g niacin, 20 U glucose-6-phosphatase, 1 g potassium

glucose-6-phosphate, 0.042 g NADP, and 1.62 g MgCl2:6 H2O. 0.130 g I in

1 ml ethanol was then added slowly via hypodermic with vigorous stirring to

obtain distribution. Incubation at 37°C for an hour with air bubbling and swirling

followed. The reaction was terminated by adjusting the pH to 3.8 with

concentrated HCl. This precipitates the protein. The paste was then shaken for

half an hour with 500 ml of a mixture of three volumes of methylethyl ketone

(MEK) and one volume of benzene. After centrifuging for 15 minutes at 2,000

RPM, the solvent was decanted and the extraction repeated. The extracts were

12



combined and vacuum flashed below 40° C. The flashed solvent was used as

the eluent in the succeeding chromatography.

2. Purification

Using the same chromatographic column arrangement described under

isolation of I, but substituting the above described eluent, two sets of cuts were

obtained which were positive for tetrahydrocannabinols (red color with Fast Blue

B). The first to emerge was I followed by a group of cannabinoid-free cuts,

and finally by II. Both fractions were contaminated by lipids.

8,11-dihydroxy-THC, (III), remained on the column and was washed out with

acetone and the column dried before reuse. The cuts containing II were

evaporated and the residue dissolved in 2 ml methanol with minimum warming.

The solution was cooled at -14°C for 24 hours and the liquid separated cold

from precipitated lipids. A ml of cold methanol was used to wash the precipitate.

The methanol filtrate was then flashed and the residue, in enough cyclohexane

to liquify it, was streaked on a preparative TLC plate. The plate was then

developed in 30V/V% MEK in cyclohexane. The plate was then masked, leaving

exposed a 3 mm border down both sides of the plate; and the plate was sprayed

with Fast Blue B. The band indicated by the red coloration at about Rf=0.3

was scraped off the plate, leaving the stained portions; and the removed silica

powder was eluted with methanol. The eluted II was satisfactory for a TLC

standard; but it still contained some fat which may be removed more completely,

but not entirely, by a repetition of the TLC purification, streaking less material,

and taking only the center of the band. The identity of the II so obtained

was confirmed by repeating the TLC development described in (4) and obtaining

the same 0.5 Rf value which they observed. NMR and mass spectrometric results

agree with those obtained by (3).

13



Results

From a typical run on a nominal kilogram (actually 935 g) brick of marihuana

containing 0.05% or 0.469 g I, there was obtained by triple extraction with petroleum

ether (br 30-60° C) of the leaves, stems, and carpels, 31 g of dry extract residue were

obtained.

After dewaxing, the residue weighed 23 grams. Removal of oxidized tar left 19 g.

The separation of the phenolic fraction resulted in a yield of 0.92 g of a mainly-cannabinoid

fraction and the discard of most of the hydrocarbons and fats.

Eleven successive column-chromatographic fractionations, with cut redistributions,

gave 0.38 g of 99.9% I (81% yield). With the brick containing 0.376% I, eight passes

through the column gave 2.8 g of I (75% yield). The purity was determined by comparing

GLPC peak areas obtained on weighed samples of extracts with that of a standard sample

of I (98%) received from NIMH.

From other chromatographic cuts 90% duality cannabidiol was isolated and either

completely or partially cyclized (see Discussion) into I by dilute hydrochloric acid. The

0.05% I-source (13 bricks) gave another 1.05 g I by this treatment and the rich brick

furnished yet another 0.91 g I.

Representative GLPC traces of some of these materials are shown in Figures 1-A

to 1-E. (Figure 1-D belongs with the Discussion.)

The enzymatic hydroxylation of I to II was performed by acting upon 0.13 g I

with 575 ml of rabbit liver postmitochondrial supernatant for 1 hour at 37° C. After

purification as above (Section C), 0.06 g of a II-containing fraction resulted. Since the

ll was to be used only for a TLC Rf standard and no other cannabinoids were present

in this fraction, it was considered to be sufficiently pure for the purpose. (Identity sample

14



further purified as in Section C above.) Using the TLC system there described, the Rf

value of II is 0.30.

15



Figure 1. Representative GLPC charts from materials in Part I.

A B c C b
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Fig 1A. Determination of the composition of extract from marihuana (0.05% 49

THC) (a) cannabidiol; (b) I; (c) cannabinol. Fig. 1B. Phenolic extract from

resin of Fig. 1A.. Fig. 1C. 99.4% I

D al
| —E

º
W d \-S-

_ A. _ 1 –A–ma A.-*-*-■ 'ir■ t■ 's
Fig 1D. ---, false cannabidiol; L, True cannabidiol.

Fig. 18. NIH synthetic I, (d) exo-THC; (e) 48-THC.
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Discussion

The isolation of I from low-grade marihuana may now be looked on as an exercise

in ingenuity; since good quality I (93%) is now to be had from NIMH in quantity. This

material can be upgraded to our purity requirement by a few passes through the

column-chromatographic system herein described. At the time of start of this work,

however, this source of supply was not available to us; so that the work described was

done.

During the separations several facts became apparent.

I is unstable in air, tending to autoxidize, the moreso when "natural" inhibitors are

removed during purification.

I is also more rapidly oxidized by diethyl ether peroxide or dioxane peroxide. In

spite of the desirability of ether as a solvent, eluent, or TLC developer, because of its

volatility and consequent ease of removal from residues at low temperature, it should

not be combined with cannabinoids unless an anaerobic atmosphere is maintained

throughout the processes. Otherwise, a loss of I of up to 50% may be incurred during

the prolonged chromatography required. Ouantitative results obtained by TLC are also

adversely affected by development with ether-containing solvents. Such action is evidenced

by the appearance of visualizable spurious spots and streaking along the development paths.

Methylethyl ketone is a good substitute for ether. It has about the same polarity and

is a nonoxidizing Solvent; though more time is needed for evaporations of this solvent.

Pure cannabidiol or material isolated from some batches of marihuana isomerizes

completely to I when treated with dilute hydrochloric acid. Using the "cannabidiol"

fraction from our low-grade marihuana (99+% by GLPC), however, cyclization stopped

at 45% conversion. When this 55% of unreacted material was recovered from the product

by chromatography, it no longer gave a cannabinoid-positive test with Duquenois' Reagent
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nor with Fast Blue B. Thus, it is not cannabidiol even though it has an identical retention

time in the GLPC (see Figure 1-D, where it is called "False Cannabidiol"). There are

alternative suppositions for this behavior. Either the GLPC peak is composed of two

compounds with identical retention times or the acid treatment has formed a new

compound with the same retention time as cannabidiol. The first explanation is the most

likely because pure cannabidiol converts to completion. In addition, the

incompletely-converting "cannabidiol" could not be crystallized when raised to apparent

99+% GLPC purity. In fact, it lowered the melting point of authentic cannabidiol.

This leaves open to question the results of the determination of the cannabidiol

content of a marihuana sample by GLPC. To get a true value, a portion of the resin

should be subjected to acid cyclization to remove the true cannabidiol and the latter

determined by difference.

In carrying out the enzymatic preparation of Il from I, others (5) have elected to

extract unchanged I from the incubation mixture with the nonpolar petroleum ether and

to extract the II subsequently with ether or ethyl acetate. This additional work of double

extraction is pointless, particularly where yields are being quoted, because II has some

solubility in the nonpolar solvent and some I will be found in the ethyl acetate. Since

complete separation of the two compounds requires chromatography in any event,

single-solvent extraction is sufficient and, again, the use of ether is proscribed.
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Summary

/A9-tetrahydrocannabinol, I, has been isolated in above-99% purity from marihuana

containing as little as 0.05% as starting material. The isolation comprises four steps: resin

extraction, removal of waxes, separation of the phenolic fraction and chromatographic

separation of the cannabinoids from each other. Cannabidiol and I are both isolated;

because a means has been found to convert the former into the latter, thus increasing

the yield of I. 11-Hydroxy/\9-THC (II) was obtained by enzymatic hydroxylation of I

using rabbit-liver postmitochondrial supernatant fraction. The compound was purified by

column- and thin-layer chromatography.
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Part ||. The Spectral Absorption Changes Arising from the Association of 1-2,

9-Tetrahydrocannabinol with Rat Liver Microsomal Fraction

Introduction

It was desired to measure the spectral dissociation constant, Ks, of the association

of A9-THC (I) with rat liver microsomal cytochrome P-450 and to ascertain the type of

such association. The problem inherent in such a proposal is that I has a very low

water-solubility. The determination of Ks involves the measurement of a change in the

differential absorption spectrum as the concentration of the substrate is varied; and since

there is a lower limit to the concentration where this spectrum can be measured with

reasonable accuracy, it is necessary that concentrations of I be used which are above its

Solubility in aqueous buffer.

Ks for I has been determined by G. M. Cohen, et al (14); but this work was done

with such necessarily low concentrations of I because of its low solubility and, by our

determination, with supersaturated mixtures, that the value for Ks obtained by them may

be suspect.

One solution to this problem would be the use of a cosolvent to increase the solubility

of I in the microsomal suspension. To be useful, the cosolvent must not alter the degree

of association of the Substrate with microsomal cytochrome nor agglomerate the

microSomal Suspension so as to cause rapid settling. Any organic cosolvent in high enough

concentration will either remove lipids from microsomal membranes or insert into

the membrane Structure, both actions leading to enzyme deactivation. Therefore, a solvent

must be found which shows a high differential effect between solubilization of I and

dissolution of lipids.

A Successful procedure is described for using such a solubilizing system with

water-insoluble substrates and contains the spectral data for the determination of Ks.
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Methods

A. Preparation of Microsomal Fraction

Livers from 150-350 g rats were excised and quickly washed in normal saline

at 4°C. The livers were blotted and weighed. They were then whipped in a blender

with twice volume/gram tissue of 0.25 M sucrose at pH=7.4 and containing 0.1 M

potassium edetate. The slurries were then centrifuged at 9,000g for twenty minutes

in a refrigerated centrifuge and the postmitochondrial supernatant was separated from

both the fat layer and the pellet by means of a hypodermic syringe, with care to

see that the liquid in the syringe did not back-flow and stir up the pellet. The first

supernatant was then centrifuged at 85,000g for 75 minutes and the second

supernatant and its fat layer removed from the second pellet by pipette. The pellets

consist of two layers, a lower transparent yellowish gelly-like layer (glycogen - private

communication) and an upper 2/3rds which is opaque and not self-adherent. The

latter floats off the gel cleanly if a bit of suspending medium is interposed by

hypodermic. The lower layer was discarded as being diluent which adds to the light

scattering without contributing much to the P-450 absorption spectra. The upper

layers were resuspended in 0.06 M potassium phosphate buffer, pH=7.4, also

containing 0.1 M K edetate, and recentrifuged at 85,000g for 75 minutes. After

decantation of the wash liquid and draining, the pellets were either resuspended in

the buffer for immediate use or frozen at -14°C for storage. (Conflicting reports

of several investigators (15,16) indicate that microsomes may or may not be stored

frozen. Our samples did not decrease in activity for I hydroxylation on storing a

month at -14°C. It may be that, since differentially centrifuged microsomes are more

stable with time than 9,000 g supernatant, stability depends on removal of soluble

proteolytic enzymes.) A pellet represents the microsomes from 5 g liver. The pellet

is homogenized in 30 ml buffer, so there is 0.16 g liver represented in each ml of

working solution. A typical preparation contained 2.9 mg protein/ml as determined

by the Lowry method (17) and 1.0 nanomoles cytochrome P-450/mg protein as

determined by differential absorption spectrophotometry after reduction with

dithionite and saturation of the sample cuvette with carbon monoxide (2).
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B. Method for Spectral Measurements

The spectrophotometer used was a Perkin-Elmer model 356 Dual Beam

instrument used in split mode. Two ml portions of the microsomal suspension were

compared in reference and sample cuvettes. No one doing this type of work has

mentioned that their blanks do not customarily yield anything but a horizontal straight

zero line when scanned; but it was found that, no matter how thoroughly a microsomal

sample was homogenized, the two portions are not necessarily equivalent. In fact,

in thin layers, white particles are visible to the naked eye. As these larger particles

enter and leave the blank or sample beams, changes in light transmission occur as

is evidenced by fluctuation of the recorder pen at a fixed wavelength. Also, positive

or negative P-450 absolute spectra may appear on scanning. Nonetheless, by repeated

transfer of a portion of sample from one cuvette to the other and back again and

use of a fast scanning speed, satisfactory balance may be obtained. All blanks and

sample spectra were obtained in triplicate and averaged. It appears that this variability

is a light scattering effect rather than true absorption variability because baseline

drift is much more pronounced than absorption-peak-height fluctuation. The net result

is a gradual displacement of the absorption curve down or up during the scan. Since

the baseline drifts during the scan, the isosbestic point is not accurately determinable

and hence neither is the distance from this point to maxima or minima on the scan

curve. These distances are usually taken as the change in absorbance from the baseline

for purpose of calculation (2). It was found that, regardless of baseline shift, the

distance from the maximum at 389 nm to the minimum at 421 nm is constant and

is the data used here to calculate Ks. Also, being larger, it is more accurately

determined. Using this distance increases the slope of the Lineweaver-Burke plot lines

but does not change Ks. The required differential absorption curves are taken after

adding the substrate in a few microliters of alcohol to the sample cuvette and a

like volume of alcohol to the reference cuvette with thorough mixing.
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Results

A. Solubilization of 9-Tetrahydrocannabinol

Several candidates for cosolvents were tried at 40% concentration in 0.06 M

K phosphate buffer, for higher concentrations result in microsomal precipitation with

almost any solvent. The solubility limit was taken as the point where the addition

of an increment of I caused the appearance of faint opalescence under

cross-illumination which could be reversibly cleared by raising the temperature 2"

C, or by the addition of 5 pil of the particular solvent mixture. The solubility of

I in straight aqueous buffer was determined by saturating the aqueous phase with

14C-9-THC at 25°C, filtering the suspension through 1 mm Celite Filteraid by gravity

in a sintered glass filter funnel and scintillation counting of the evaporated filtrate

in toluene "cocktail". The solubilities were:

40V/V% Solvent 11g I/ml 9 25 C
In One 0.075

propylene glycol 130.

aCetOne 450.

ethanol 350.

dimethyl sulfoxide 230.

dimethyl formamide 180.

acetonitrile 400.

Acetone and acetonitrile, at this concentration, both cause microsomal agglomeration.

Acetone up to 1.8 M is reported (20) to facilitate the hydroxylation of aniline by

microsomes (since solubility is not a factor here, it may be that acetone and aniline

form a hemiaminal which would be a different substrate). Propylene glycol and

dimethyl formamide are insufficiently solubilizing. Of the two solvents remaining,

dimethyl sulfoxide was selected as interfering the least with the microsomal-substrate

association spectra, that is, a higher concentration of solvent could be tolerated before
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the differential absorption spectra began to diminish in amplitude with increasing

cosolvent concentration, an effect most likely caused by a change in 3rd order protein

configuration as the polarity of the medium is reduced by adding cosolvent. A 15V/V%

concentration of DMSO is sufficient to give measurable concentrations of I.

B. Effect of Dimethyl Sulfoxide on Differential Absorption Spectra

It is necessary to show that the use of DMSO in the microsomal suspension

medium does not alter the differential absorption spectrum of I-microsomal

cytochrome association. Fifteen V/V% DMSO in the medium promotes sufficient I

solubility for spectral measurements. Over 40% DMSO causes microsomal clumping

and settling. An arbitrary amount of 20 V% DMSO was chosen for the spectral test.

I cannot be used for comparison of water vs. water-solvent spectra because of low

I solubility in aqueous media. No measurable differential absorption spectrum is shown

by a saturated solution in our spectrophotometer. Therefore, sodium hexobarbital

was selected as a model compound exhibiting a typical Type I differential absorption

spectrum (2). Figure 2 shows that either 0 or 20V/V% DMSO in the medium of

both cuvettes results in identical differential absorption curves. The dotted portions

of the two curves are meant to indicate baseline drift; and do not affect the accuracy

of determination of A between 389 and 421 nm. Thus, any concentration of DMSO

less than 20V/V% should not alter the spectra. Hexobartibal is not I; but there is

no reason to suspect that the results with I should be any different, especially since

they have the same Ks (vide infra).
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Figure 2
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C. Determination of the Association Type for the Interaction of Rat Liver

Microsomes With / A9-Tetrahydrocannabinol

Type I association is typified by the differential absorption scan produced when

SKF 525-A is added to a microsomal suspension. There is a maximum in the scan

at 389 mm and a minimum at 421 nm. Figure 3 shows superimposed curves obtained

by adding either 0.083 mM SKF 525-A or 0.126 mMa9-THC to the reference cuvette

containing microsomes in aqueous phosphate buffer or in 15V% DMSO-buffer

respectively, and scanning against their appropriate microsomal blanks. The SKF 525-A

was added in 2 Jul of phosphate buffer with a like amount of buffer added to its

reference cuvette. The THC was added as 6 Lil of an alcoholic solution to 2 ml

microsomal suspension and the same amount of alcohol was added to its blank. It

is important that the THC be added with mixing, so that local precipitation does

not occur around its concentrated solution as the latter is diluted with medium. The

curves are averages of triplicate determinations. It will be evident that the associations

are of the same type, Type I. (Type II associations; e.g., aniline; show a minimum

at about 390 nm and a maximum at about 430 nm.) It is expected that SKF 525-A

will be an inhibitor of A9-THC hydroxylation; since it is more tightly bound at the

same enzyme site (same type spectrum).
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Figure 3
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D. Determination the Spectral Dissociation

A9-Tetrahydrocannabinol

Constant, Ks, for 1

It has been shown (2) that a plot of differential absorbance, (AA) vs. substrate

concentration is a rectangular hyperbola (pseudo-first order reaction) like that from

a plot of enzyme activity vs. Substrate concentration. In the same manner as with

the derivation of Km, a Ks may be calculated or obtained graphically. Therefore,

as done in the above reference, a Lineweaver-Burke plot was constructed from the

data in Table 1, where AA is the difference between the spectral scan maximum

and minimum in absorbance units.

Table 1

Effect of Substrate Concentration on the Change in Differential

Absorption Resulting from the Association of 9-THC

With Rat Liver Microsomal Cytochrome P-450

15V% DMSO in K phosphate Buffer, pH=7.4

Final Concentration 0.06 M + 0.1 mM K Edetate

Protein Concentration Substrate Concentration Absorbance

mg/ml (S), mM 1/(S) AA 1/AA

3.05 0.021 47.5 0.0069 145
0.042 23.8 0.01.36 73.5
0.084 11.9 0.018 55.3
0.126(a) 7.9 0.026 41.6

1.60 0.021 47.5 0.0049 220
0.042 23.8 0.0072 139
0.084 11.9 0.01.15 87.0
0.126(a) 7.9 0.0150 67.0

(a) Saturated at 25° C.
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Figure 4 was obtained by plotting the least squares lines through the above points.

The Ks value was calculated from the x intercept as is done for Km. The value

of Ks=0.093. Two repetitions of the experiment gave values of 0.080 and 0.069.

Thus, the average value is 0.081+0.012. The accuracy of the determination is not

of the highest. This is unavoidable because the AA developed at the lower THC

concentrations differs so little from the blank that estimations of these corresponding

A As lack precision.

The Ks for hexobarbital, 0.08 mM, reported by Schenkman in the above

reference, is the same as the value for I obtained here.

E. Spectral Examination of Rat Lung Microsomes

The lungs of 12 rats were taken. After freeing of external airway, the weight

obtained was 31 g. The lungs were spotted with internal blood from the rats having

inspired after decapitation. The lungs were homogenized as previously described. Two

grams of tough tissue would not pass the homogenizer pestle and were discarded.

Upon differential centrifugation twice at 85,000g for 75 minutes with an intermediate

wash, six pellets were obtained, each representing 5.1 g lung tissue. There was no

stratification of the pellets into 2 layers as in the case of liver. The pellets were

about half the volume of liver pellets so two were taken to make up the 30 ml

of working suspension with roughly the same protein content as the liver suspensions.

Cytochrome P-450 content was estimated by reducing suspensions of balanced

absorptivity with dithionite and saturating the sample cuvette with carbon monoxide.

The differential absorption scan showed no peak at 450 nm even at A x 0.1. There

was a small peak at 463 nm caused by hemoglobin. There was an intense peak at

421 where cytochrome b5 absorbs. Differential absorption scans run with 1, SKF

525-A, and aniline did not differ from their baselines. It was subsequently learned

that the cytochrome is in the discarded bronchiolar epithelium!
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Discussion

The four-fold difference between the Ks reported in (14) and that obtained here

should be reconciled. The difference is not great as Ks values go; but the anomaly is
that a lower value of K is evinced at lower nominal concentrations of I.

The saturation concentration of I in 0.06 M K phosphate buffer as determined here

was 2.4 um. All concentrations of I used by the authors of (14) are above this value

and hence should be saturated and with increasing amounts of suspended pure I phase.

Since the activity of I would then be constant, they should have observed no change

in differential absorbance as the amount of I was increased. However, they did.

In an effort to explain this let us suppose that all the suspended and some dissolved

I was taken up by the microsomal membrane lipids to leave a subsaturated aqueous phase

(1 is very fat-soluble). All phases, including the binding sites, since they are in equilibrium,

will now have an activity of I less than that over its saturated solution but greater than

that which would have resulted if I had been present initially only as its saturated solution

(less total I). As more I is added to the system, it will be distributed between lipid and

aqueous phase and the activity will increase in all phases until saturation in the aqueous

phase is again reached. (Long before this point, the membrane will assuredly have disrupted

from I uptake.) So now, one has a regular rise in activity as I is added, even though,

without the lipid present there would have been a separate I phase and constant activity.

Now let a cosolvent be added to the system. The activity of a given amount of

I over all phases will be less than without cosolvent, for the amount of I which would

have Saturated the Straight aqueous phase is far less than the amount which is necessary

to Saturate the cosolvent phase. Fortunately, activity of I proportionate to its concentration

need not be implied -- for the solutions must be far from ideal -- but only that the activity

decrease when cosolvent is added. It is then only necessary to postulate that the degree

of binding at the observable site is proportional to activity in order to account for the

difference between the two Ks values.
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Which is the Ks which applies to the actual process of binding in the liver? The

answer is likely to be that neither exactly applies. I has been found (18) to be about

85% serum-protein bound and since protein binding necessarily results in a thermodynamic

drop in activity -- otherwise it would not occur -- the Ks obtained in the presence of

binding protein should be larger when calculated on a concentration basis than if the

protein were absent. It is not known whether this "actual" Ks would be less than or
exceed that determined with cosolvent; since its position would depend on the unknown

relative reduction of activity. However, as a guess, its value should be closer to that of

the cosolvent-Ks because both result from a reduction of activity; whereas the

supersaturate-Ks results from a virtual increase in activity.
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Summary

The solubility of A9-THC in aqueous media is too low to allow accurate quantitative

determination of its interaction with hepatic microsomal cytochrome P-450. It was found

that by increasing the solubility of 49-THC through the addition of 15V% of dimethyl

sulfoxide (DMSO) to the microsomal suspension, the determinations could be made. This

amount of DMSO does not interfere with the association of hexabarbital with P-450,

whereas 40V% does. A9-THC associates with P-450 to give a spectrum identical with that

produced by SKF 525-A, and therefore, exhibits a Type I interaction. The spectral

dissociation constant, Ks, for the interaction is 0.08 mM, the same as that of hexobarbital.
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Part |||. The Michaelis-Menten Constant, Km, for the Enzymatic Hydroxylation of

/-ä9-Tetrahydrocannabinol

Introduction

The hydroxylation of /-49-tetrahydrocannabinol (I) by hepatic microsomal nonspecific

monoxygenase is well established and the primary metabolite is 11-hydroxy-/-A

9-tetrahydrocannabinol (II) (1-4), though prolonged action produces other metabolites as

well (2,5) (see General Introduction).

The Michaelis-Menten constant, Km, for this hydroxylation of I has not been evaluated

previous to this investigation because of the low solubility of I in aqueous media and

consequent assay difficulty. This problem has been overcome by the combined use of

a 15V/V% dimethyl sulfoxide (DMSO) medium for the hydroxylations combined with

"c containing substrate. The DMSO cosolvent increases the solubility of I by a factor

of two hundred, thus enabling the measurement of product at low conversions, a necessary

requirement for accurate Km results. In fact, since the hydroxylation is rapid, the largest
contribution to error becomes the reaction time measurement rather than the concentration

determination.
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Methods

A. Preparation of Microsomes

Male Sprague-Dawley adult rats weighing 250 to 300 g were used. Liver

microsomal fraction was prepared by double centrifugation after homogenization of

the livers in 2 volumes of 1.15% KCI solution at 4°C. The centrifugation at 9,000g

followed by one at 85,000g for 75 minutes yielded two-layer pellets. The upper

opaque microsomal layer was removed from the lower clear glycogenic layer and

the microsomes were washed by resuspension in 0.06 M potassium phosphate buffer,

pH=7.4, recentrifugation, and finally, homogenization in the same medium. It was

found that the pellets, before rehomogenization, could be stored at -14° C for a

week without appreciable loss of activity; but usually they were used within 24 hours.

The primary suspension consisted of one pellet in a total volume of 15 ml of 15V/V%

DMSO-containing 0.06 M K phosphate buffer, pH=7.4. Just before incubation, this

Stock suspension was mixed with an equal volume of the same solvent containing

79 mg MgCl2 6 H2O, 36.6 mg nicotinamide, 92 mg Na glucose-6-phosphate, 5 mg

NADP and 5 U glucose-6-phosphate dehydrogenase as cofactors and 0.1 mM in

potassium edetate to minimize iron-catalyzed direct oxidation of the substrate. The

cytochrome P450 content of the stock suspension was determined by the method

of Omura and Sato (19), and total protein by the method of Lowry, et al (17).

B. Rate Measurements

The rate measurements were performed by adding 1.25 ml of microsomal

Suspension and 1.25 ml of the above cofactor solution (3.2 mg protein/ml in the

mixture) to 50 ml glass-stoppered round-bottomed centrifuge tubes and equilibrating

in the Dubnoff shaker for a minute at 37° C. Then 10 ul of alcoholic solutions

of I sufficient to give initial concentrations of I of 0.021, 0.042, 0.084, or 0.126

mM - this last saturated at 25°C - were added by hypodermic syringe with vigorous

swirling. Each addition of I contained sufficient "CI to give a DPM of 48,000 (1
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ug). (This DPM was only obtained if the stock 14c.THc was added directly to the

scintillation fluid. If the same amount of this “c-THC was spotted on a TLC plate
and developed, between 1/2 and 3/4 of the DPM would be found in the THC spot,

depending on the sample age. The rest was found in the unmigrated position.

Autopolymerization of the 14c.THc was taking place. Therefore, the blank runs (zero

reaction time) were taken as the standards and agreed well with the total migrated

spot DPMs.) After incubation for measured times, the reactions were quenched by

adding 5 ml ice water plus 7.5 ml 2:1 V/V methylethyl ketone-benzene, the latter

containing 25 PPM hydroquinone to inhibit air-oxidation of the I and II during

subsequent manipulations. (With no inhibitor present, spurious spots appear on the

TLC plates.) The blank runs were carried out by mixing the I with the fortified

rat liver microsomal suspension at 4°C and immediately quenching the mixture by

the addition of ice water and extraction solvent with vigorous shaking. Any II

produced in the blanks by this procedure was below the limit of detection by our

method, 50 DPM or 50-100 picomoles, depending on the mole fraction of 14c.THc
in the I used. The tubes were then shaken for 10 minutes and centrifuged at 2,900g.

The separated solvent layers were carefully transferred as completely as possible to

15 ml graduated centrifuge tubes by capillary pipettes and the extraction was repeated

with another 7.5 ml portion of the same solvent. After mixing the two extraction

liquids, a tenth of the total volume was transferred to 5 ml cone-bottomed tubes

and the liquid evaporated completely under an N2 stream in a 40° C waterbath.
The tubes were washed down with about 30 ul of alcohol and the entire contents

spotted on TLC plates (250 u of silica gel G). The spotted plates were developed

by 30V/V% methylethyl ketone in cyclohexane. The developed spots were visualized

by just-sufficient spraying with Fast Blue B (0.05% in 2 N NaOH). Only two pink

spots appeared per determination and no streaking occurred. Hydroquinone visualizes

as a gray-brown spot near the origin with this developer, I is located at Rf 0.74

and II at 0.29. (As many as 5 additional spots may show up if edetate is not added

to the reaction mixture, if hydroquinone is not added to the extraction solvent, if

the reaction is quenched with acid, even at pH=3.6, or if diethyl ether or dioxane

is used in the extraction or development. The authors of (7) had such troubles but

did not realize it.)

38



The spots for I and l■ were removed from the plates by vacuum filtration and

the organic matter washed from the resultant powdered silica gel into scintillation

counting vials with four 1 ml portions of 20V/V% methanol in acetone. The washings

were evaporated to dryness and after the addition of 10 ml of toluene-PPO-POPOP

(5,000:25:1) scintillation fluid, the vial contents were counted in a Packard Tricarb

#3375 automatic counter. The counts were corrected for efficiency to give DPMs.

It was determined that the faint, but variable pink tinge of the solutions resulting

from the use of Fast Blue B, did not affect the counting efficiencies; in fact, if

a great excess of the THC dye were added, the efficiency of counting was raised.

The whole process was repeated for microsomal protein concentrations of 0.80

mg/ml and 1.60 mg/ml, the latter concentration twice to determine reproducibility.

Preliminary runs were done to determine minimum effective concentrations of

oxidation inhibitors, optimum extractant and developer compositions, and to discover

that the spotting of more than a tenth of the total extract resulted in distortion

and spreading of the TLC spots because of the effect of too large an amount of

coextracted microsomal lipids.
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TABLE 2

Experimental Data for the Calculation of Km

for the Metabolism of I to II

Microsomal protein concentration = 3.2 mg/ml

Cytochrome P-450 = 1.10 n moles/mg protein

TLC Spot (II)
Number Initial Incubation Counts Total DPM Molfraction u Moles

(a) (I), mM Time, Min. Per Min. DPM (I+II) 14C-THC Per 2.5 ml

I-1 0.021 O 30,100 35,100 35,100 0.0600 0
1-2 0.042 O 21,160 24,700 24,700 0.0303 O
|-3 0.084 O 20,340 24,100 24,100 0.0151 O

|-4 0.126 O 23,790 28,200 28,200 0.01.01 0
|-5 0.021 5 26,580 31,470 35,200 0.0600

-

II-5 0.021 5 3,166 3,730
-

0.0600 0.0041
|-6 0.042 5 18,600 22,230 25,070 0.0303

-

Il-6 0.042 5 2,434 2,840
-

0.0303 0.0062
I-7 0.084 5 18,300 21,970 24,220 0.0151

-

|-7 0.084 5 1,936 2,250
-

0.0151 0.0098
I-8 0.126 5 21,840 26,300 28,200 0.0101

-

|-8 0.126 5 1,641 1,900
-

0.01.01 0.01.24
|-9 0.021 14 23,860 27,900 35,080 0.0600

-

II-9 0.021 14 6,180 7,180
-

0.0600 0.0079
I-10 0.042 14 16,670 19,530 24,800 0.0303

-

|-10 0.042 14 4,250 5,270
-

0.0303 0.01.15
|-11 0.084 14 17,210 20,150 24,150 0.0151

-

|-11 0.084 14 3,370 4,000
-

0.0151 0.0174
I-12 0.126 14 20,130 27,370 28,110 0.0101

-

|-12 0.126 14 3,180 3,740
-

0.0101 0.0244
I-13 0.021 20 22,820 26,600 35,150 0.0600

-

|-13 0.021 20 7,300 8,550
-

0.0600 0.0094
|-14 0.042 20 15,850 18,930 24,630 0.0303

-

Il-14 0.042 20 4,880 5,700
-

0.0303 0.0130

I-15 0.084 20 16,090 19,100 24,160 0.0151
-

II-15 0.084 20 4,320 5,060
-

0.0151 0.0220
I-16 0.126 20 21,000 24,900 29,390 0.0101

-

|-16 0.126 20 3,822 4,490
-

0.0101 0.0294

(a) I indicates THC spot; II is OH-THC spot.
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Results

The data generated by the incubation of I with rat liver microsomal suspension for

measured times at 37° C are presented in Tables 2-4. Plots of the amounts of II produced

versus time are shown in Figures 5-7. The initial velocities, Vi, derived therefrom by drawing

tangents to the steepest portions of these curves are tabulated in Table 5 along with 1/Vi

and 1/(S) which are plotted in Figure 8. The value of Km, calculated from: X intercept

= -1/Km = -12.1, turns out to be Km = 0.083 mM.
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TABLE 3

Experimental Data for the Calculation of Km

for the Metabolism of 1 to II

Microsomal protein concentration = 1.6 mg/ml

Cytochrome P-450 = 1.10 m moles/mg protein

Run 1

TLC Spot (II)
Number Initial Incubation Counts Total DPM Molfraction u moles

(a) (l), mM Time, Min. Per Min. DPM (I+II) 14C-THC Per 2.5 ml

|-1 0.021 O 19,360 22,900 22,900 0.0600
-

|-2 0.042 O 20,540 24,700 24,700 0.0303
-

I-3 0.084 O 19,980 24,000 24,000 0.0151
-

I-4 0.126 O 22,920 27,600 27,600 0.01.01
|-5 0.021 10 15,050 17,800 22,980 0.0600

-

II-5 0.021 10 4,410 5,180
-

0.0600 0.0057

|-6 0.042 10 17,070 20,220 24,300 0.0303
-

Il-6 0.042 10 3,480 4,080
-

0.0303 0.0088
|-7 0.084 10 17,810 21,500 24,370 0.0151

-

II-7 0.084 10 2,445 2,870
-

0.0151 0.0125
I-8 0.126 10 20,410 24,980 27,800 0.0101

-

II-8 0.126 10 2,410 2,820
-

0.01.01 0.0184
|-9 0.021 20 13,050 15,400 23,390 0.0600

-

II-9 0.021 20 6,880 7,990
-

0.0600 0.0086
|-10 0.042 20 16,650 19,400 24,990 0.0303

-

Il-10 0.042 20 4,740 5,590
-

0.0303 0.0122
|-11 0.084 20 16,200 19,520 23,800 0.0151

-

|-11 0.084 20 3,610 4,280
-

0.0151 0.0186
I-12 0.126 20 19,600 23,480 27,500 0.01.01

-

Il-12 0.126 20 3,430 4,020
-

0.01.01 0.0263

Run 2

|-1 0.021 O 22,750 24,940 24,940 0.0600
-

|-2 0.042 0 27,400 30,700 30,700 0.0303
-

|-3 0.084 O 28,750 32,620 32,620 0.0151
-

|-4 0.126 O 29,500 33,250 33,250 0.01.01
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Run 2

I-5 0.021 5 19,400 21,850 25,120 0.0600
-

11-5 0.021 5 2,830 3,270
-

0.0600 0.0036

I-6 0.042 5 24,100 27,570 30,100 0.0303
-

II-6 0.042 5 2,290 2,530
-

0.0303 0.0055
I-7 0.084 5 26,850 30,620 32,600 0.0151

-

|I-7 0.084 5 1,720 1,980
-

0.0151 0.0086
1-8 0.126 5 26,850 31,670 33,420 0.01.01

-

II-8 0.126 5 1,500 1,750
-

0.01.01 0.0114
|-9 0.021 10 17,250 19,550 24,730 0.0600

-

II-9 0.021 10 4,640 5,180
-

0.0600 0.0058
I-10 0.042 8 23,000 26,720 30,030 0.0303

-

II-10 0.042 8 2,990 3,310
-

0.0303 0.0072
|-11 0.084 9 25,850 29,200 31,960 0.0151

-

|-11 0.084 9 2,395 2,760
-

0.0151 0.01.20
I-12 0.126 9 27,450 30,700 33,300 0.0101

-

II-12 0.126 9 2,240 2,600
-

0.0101 0.0170
1-13 0.021 17 15,900 17,920 25,010 0.0600

-

|-13 0.021 17 6,110 7,090
-

0.0600 0.0078
1-14 0.042 17 22,100 25,700 30,830 0.0303

-

Il-14 0.042 17 4,560 5,130
-

0.0303 0.01 12
I-15 0.084 17 24,700 28,220 32,400 0.0151

-

II-15 0.084 17 3,740 4,180
-

0.0151 0.0182
I-16 0.126 17 26,300 29,790 33,540 0.0101

-

Il-16 0.126 17 3,350 3,750
-

0.01.01 0.0245

(a) I indicates THC spot; II is OH-THC spot.



TABLE 4

Experimental Data for the Calculation of Km

for the Metabolism of I to II

Microsomal protein concentration = 0.8 mg/ml

Cytochrome P-450 = 1.10 n moles/mg protein

TLC Spot (II)
Number Initial Incubation Counts Total DPM Molfraction u moles

(a) (I), mM Time, Min. Per Min. DPM (I+II) 14C-THC Per 2.5 ml

I-1 0.021 O 25,410 26,600 26,600 0.0600 O
|-2 0.042 O 28,120 28,430 28,430 0.0303 O
|-3 0.084 O 28,950 31,500 31,500 0.0151 O

|-4 0.126 O 27,990 31,080 31,080 0.01.01 O
|-5 0.021 5 20,900 22,590 25,460 0.0600

-

|-5 0.021 5 2,660 2,870
-

0.0600 0.0031
1-6 0.042 5 24,550 26,450 28,840 0.0303

-

Il-6 0.042 5 2,208 2,390
-

0.0303 0.0052
|-7 0.084 5 26,700 29,860 31,660 0.0151

-

Il-7 0.084 5 1,610 1,800
-

0.0151 0.0078
I-8 0.126 5 27,990 30,220 31,860 0.01.01

-

|I-8 0.126 5 1,518 1,640
-

0.01.01 0.01.07
|-9 0.021 10 18,850 20,440 25,350 0.0600

-

II-9 0.021 10 4,570 4,910
-

0.0600 0.0054
I-10 0.042 10 23,030 24,850 28,520 0.0303

-

|-10 0.042 10 3,407 3,670
-

0.0303 0.0080
|-11 0.084 10 25,950 28,040 30,800 0.0151

-

|-11 0.084 10 2,560 2,760
-

0.0151 0.0120
I-12 0.126 10 27,130 29,550 31,950 0.01.01

-

|-12 0.126 10 2,150 2,400
-

0.01.01 0.0157
|-13 0.021 17 17,770 19,030 25,540 0.0600

-

|-13 0.021 17 5,970 6,410
-

0.0600 0.0071
|-14 0.042 17 22,100 23,970 29,060 0.0303

-

Il-14 0.042 17 4,700 5,090
-

0.0303 0.01.11
I-15 0.084 17 25,010 27,520 31,540

-

0.015.1 -.

|I-15 .0.084 17 3,670 4,020
-

0.0151 0.0175
I-16 0.126 17 24,700 28,210 32,010 0.0101

-

|-16 0.126 17 3,400 3,800
-

0.01.01 0.0248

(a) l indicates THC spot; II is OH-THC spot.



Rates of Formation of II from I through Enzymatic Hydroxylation by

Rat Liver Microsomal Mixed-function Oxidase
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TABLE 5

Initial Hydroxylation Velocities and Co-ordinate Values from Figures 5-7

Microsomal Protein Initial (I) = (S), mM
mg/ml 0.021 0.042 0.084 0.126

0.80 Vi = 0.00327 Vi = 0.00510 Vi = 0.00785 Vi = 0.0102

1/Vi = 306 1/Vi = 196 1/Vi = 128 1/Vi = 98

1/(S) = 47.6 1/(S) = 26.3 1/(S) = 11.9 1/(S) = 7.94

1.60 Vi = 0.0039 Vi = 0.0060 Vi = 0.0094 Vi = 0.0118

1/Vi = 257 1/Vi = 167 1/Vi = 106 1/Vi = 85

1/(S) = 47.6 1/(S) = 26.3 1/(S) = 11.9 1/(S) = 7.94

3.20 Vi = 0.00455 Vi = 0.00700 Vi = 0.01.10 Vi = 0.0134

1/Vi = 220 1/Vi = 143 1/Vi = 90.0 1/V = 74.7

1/(S) = 47.6 1/(S) = 26.3 1/(S) = 11.9 1/(S) = 7.94
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Figure 8

Lineweaver-Burk Plot of 1/Vi vs. 1/(S)

for Rat Liver Hydroxylation of I
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Discussion

The determination of the Km for the hydroxylation of I to II has been accomplished
by the use of a cosolvent and a direct-oxidation inhibitor in the reaction mixtures and

by use of an oxidation inhibitor during subsequent manipulations.

This value of 0.08 mM for Km is the same as that for Ks, the

spectroscopically-determined substrate-cytochrome association constant.

As with other Type I substrates (2), it appears that the rate-determining step of

the hydroxylation is the association of the substrate with cytochrome P-450, or some

molecular action which is proportional to this association. Thus, additional data are

accumulated to support this hypothesis.

The question as to whether or not the use of DMSO as a cosolvent introduces error

into the determination may be answered almost certainly in the negative because it was

found that the use of this cosolvent at concentrations higher than that used in the

experiment did not alter the association of hexobarbital, a similarly oxidized substrate,

with cytochrome P-450. It is not probable that DMSO forms a complex with I of lower

substrate activity but does not do so with hexobarbital for, if this were true, one would

expect a much greater solubility enhancement than is actually attained on adding the

DMSO, such as a large change in solubility upon adding a mole of DMSO per mole of

Substrate.

The production of a trace of dimethyl sulfide from the DMSO during incubation

010 molecules of the sulfide, 10:13 M, can be detected by odor).has been noticed (1

This should not affect the rate of hydroxylation since this is an oxidation and sulfide

production is a reduction. If the DMSO is reduced by G6P-ase, it is not in sufficient

amount to affect the electron transfer to NADP because the hydroxylations follow the

first-order rate law, C = Co e-Kt
(I).

, and do not slow up even at 30% conversion at highest
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The catalyst inactivator, edetate, prevents the metal-catalyzed direct oxidation of I

by oxygen but does not affect the enzymatic hydroxylation process; since, though the

loss of I to other products occurred without it, the same rate of II formation was found

whether it was present or absent. The stabilizer, hydroquinone, is not added until the

reaction is quenched and can have no rate effect.
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Summary

The otherwise-unobtainable Km for the enzymatic hydroxylation of 1 to II by rat

liver microsomal fraction has been determined by the use of a cosolvent, DMSO, to increase

the solubility of I in the incubation mixture (200x) to the point where the mixture can

be analyzed for II at low conversions by present analytical methods. By inhibiting the

direct atmospheric oxidation of I, it is shown that, at these low conversions, 11 is the

sole product of the hydroxylation.
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