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Abstract-Enzymatic 0methylation is a primary pathway for the metabolism of catecholamines in 
mammals and of isoquinoline alkaloids in plants. This report describes the differential 0-methylation 
patterns of the racemates and enantiomers of two catecholamine-derived alkaloids, tetrahydropapa- 
veroline (THP) and 2,3,10,11-tetrahydroxyberbine (THB), in the brain of the rat. One hour after 
intracerebroventricular administration of a specific isomeric form of each alkaloid, the 0methylated 
metabolites were isolated from the rat brain and subsequently quantified using high performance liquid 
chromatography. The isomeric form of THP or THB which was administered markedly influenced the 
pattern of 0-methylation. The racemate and R-(+)-enantiomer of THP were mono-O-methylated 
predominantly at the 7 and 3’ positions, while the S-( -)-enantiomer of THP was mono-0-methylated 
to an essentially equal degree at the 6, 7 and 3’ positions. Minimal mono-0-methylation at the 4’ 
position was detectable only with the racemate and (-)-enantiomer of THP. The racemate and 
enantiomers of THB were mono-0-methylated predominantly at the 2 and 11 positions and to a lesser 
extent at the 3 and 10 positions. Although minimal with the R-(+)- enantiomer, the 3 and the 10-O- 
methylation pathways were enhanced significantly with the S-(-)-enantiomer of THB. These results 
demonstrate that both enantiomers of THP and THB are O-methylated in uivo in rat brain and that 
the chiral centers of these alkaloids influence the position of O-methylation, thereby dictating the 
relative amounts of specific products formed. 

Enzymatic 0-methylation is a primary pathway for 
the metabolism of 1-benzyltetrahydroisoquinoline 
alkaloids in plants, and the specific 0-methylated 
metabolites derived markedly influence the mode of 
phenolic oxidative coupling, a further metabolic pro- 
cess, leading to different classes of alkaloids [l]. 
Evidence that mammalian systems can affect the 
formation and further metabolism of tetrahydro- 
isoquinoline alkaloids via 0-methylation has 
emerged from several laboratories. Tetrahydro- 
papaveroline (THP), a l-benzyltetrahydroisoqui- 
noline, has been detected in rat brain after the 
administration of L-dopa or L-dopa in combination 
with ethanol [2] to the intact animal. Furthermore, 
the biotransformation of THP [3] and reticuline [4] 
to tetrahydroprotoberberines in viuo in rats has been 
reported. Four tetrahydroprotoberberine alkaloids, 
including two 0-methylation products, coreximine 
and a 2- or 3-mono-methylated derivative of tetra- 
hydroxyberbine, were identified in the urine of rats 
after intraperitoneal administration of THP [3]. 
Additionally, the two positional isomeric alkaloids, 
2,3,9,10-and 2,3,10,11-tetrahydroxyberbine (THB), 
which are formed through the intermediacy of THP, 
were also identified as urinary excretion products in 
Parkinsonian patients receiving L-dopa therapy [3]. 

* Correspondence: Dr. Jesse L. Cashaw, 580/151B, Neu- 
rochemistry and Addiction Research Laboratory, Veterans 
Administration Medical Center, 2002 Holcombe Blvd., 
Houston, TX 77211. 

Another indication that THP is metabolized in viuo 
in rat brain possibly via 0-methylation derives from 
the work of Melchior et al. [5] who reported that the 
half-life (T1/2) of intracerebroventricularly-injected 
THP in rats is approximately 17 min and is increased 
3-fold in pyrogallol-treated animals. 

Further evidence for the 0-methylation and bio- 
transformation of THP-related alkaloids has been 
obtained from in vitro experiments [6, 71. Kametani 
et al. [6] reported that reticuline is transformed into 
the protoberberine alkaloids, coreximine and scou- 
lerine, by rat liver preparations in the presence of 
cofactors. Collins et al. [7], using rat liver 
catechol-0-methyltransferase (COMT) prep- 
arations, demonstrated that THP is a substrate for 
COMT with apparent K,,, and maximal velocity for 
THP one-tenth and five times, respectively, those 
of dopamine. Additionally, the stereoselective O- 
methylation of the racemates and enantiomers of 
THP and THB by partially purified rat liver COMT 
preparations has been described [S]. 

This paper elaborates on the 0-methylation of the 
racemates and enantiomers of THP and THB in vivo 
in the brain of the rat and demonstrates that O- 
methylation of enantiomers of THP and THB in the 
intact animal is regioselective. 

MATERIALS AND METHODS 

Materials. Racemic (?)-, R-(+)- and S-(-)-l- 
(3’,4’ - dihydroxybenzyl) - 6,7 - dihydroxy - 1,2,3,4 - 
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tetrahydroisoquinoline hydrobromide (tetrahydro- 
papaveroline, THP); (t)-. R-(f)- and S-(-)-2.3, 
lO,ll-tetrahydroxyberbine hydrobromide (THB); 
(?) - I- (3’, 4’ - dihydroxybenzyl) - 6 - methoxy - 7 - hy- 
droxy-1.2,3,4-tetrahydroisoquinoline hydrochloride 
(6-methoxytetrahydropapaverohne. 6-OMe-THP); 
(t)-l-(3’,4’-dihydroxybenzyl)-6-hydroxy-7-meth- 
oxy-1.2.3,4-tetrahydroisoquinoline hydrochloride 
(7-methoxytetrahydropapaveroline. 7-OMe-THP): 
(*)-l-(3’- methoxy-4’- hydroxybenzyl)-6,7-dihy- 
droxy-1,2,3,4-tetrahydroisoquinoline hydrochloride 
(3’-methoxytetrahydropapaveroline. 3’-OMe- 
THP): (*)-1-(3’-hydroxy-4’-methoxybenzyl)-6,7- 
dihydroxy-1,2,3,4-tetrahydroisoquinoline hydro- 
chloride (4’-methoxytetrahydropapaveroline, 4’- 
OMe-THP); (*)-2-methoxy-3,10,11-trihydroxyber- 
bine hydrochloride (2-OMe-THB); (t)-3-methoxy- 
2,10,11-trihydroxyberbine hydrochloride (3-OMe- 
THB); (+)-lo-methoxy-2,3,1l_trihydroxyberbine 
hydrochloride (lo-OMe-THB); and (-t)-ll-meth- 
oxy-2,3,10-trihydroxyberbine hydrochloride (ll- 
OMe-THB) were synthesized in our laboratory using 
established synthetic routes [l. 81. All other 
reagents and chemicals were the highest quality com- 
mercially available. Alkaloid solutions were pre- 
pared immediately before use in 0.001 N HCI con- 
taining 0.1 mM dithiothreitol (DTT), and all other 
solutions were prepared in triple distilled water. All 
glassware was siliconized with dilute AquaSil 
(Pierce, Rockford, IL) before use. 

Intracerebroventricular administration of alka- 
loids. Male rats of the Sprague-Dawley strain weigh- 
ing 200-230 g were used. Each rat received an intra- 
cerebroventricular injection of 10 ~1 (50 nmoles) of 
a 5.0 mM solution of the selected alkaloid in 0.001 N 
HC1-O. 1 mM DTT or the vehicle alone according to 
a technique described by Noble et al. [9]. For this 
procedure, the animals were lightly anesthetized with 
CO*. The skull of each rat was rapidly exposed by 
a midsagittal incision, and a small burr hole was 
drilled in the skull 1.5 mm lateral to the crossing of 
the sagittal and coronal sutures. After intracere- 
broventricular administration of the solution, the 
needle was allowed to remain in place 5 sec. then 
withdrawn, and the incision closed with stainless 
steel skin clips. The alkaloids administered to the 
animals were (?)-THP, R-(+)-THP, S-( -)-THP, 
(i)-THB, R-(+)-THB or S-(-)-THB. 

Isolation and quantification of 0-methylated 
metabolites. The animals were decapitated 1 hr after 
the intracerebroventricular injection, and the entire 
brain was rapidly removed, rinsed with saline, and 
weighed. Each brain was homogenized in 19 vol. of 
a cold (4”) solution of 0.5 M HCI, 0.1 M HCIO,, and 
0.5% sodium metabisulfite [S] with a glass hom- 
ogenizer. The homogenate was centrifuged at 
20,000 g for 20 min at 4”. The supernatant fraction 
was transferred to a 50 ml graduated cylinder and 
placed in an ice bath. The precipitate was resus- 
pended in 10 ml of homogenizing fluid, and the mix- 
ture was centrifuged at 20,000 g for 5 min at 4”. This 
supernatant fraction was combined with the first 
supernatant and diluted to a final volume of 50ml 
with distilled water. A differential liquid chromato- 
graphic method was used for isolation and concen- 
tration of the alkaloids from the supernatant frac- 

tions (Cashaw et al., to be published). The eluate 
(total volume, 3.0 ml) obtained was assayed by high 
performance liquid chromatography (HPLC) with 
an electrochemical detector. To detect trace amounts 
of metabolites. l.Oml aliquots of the eluates were 
brought to dryness under vacua and the residue 
obtained was dissolved in 100 ,ul of 0.01 N HCI- 
0.1 mM DTT. For recovery determinations. either 
a standard mixture of THP, 6-OMe-THP. 7-OMe- 
THP, 3’-OMe-THP and 4’-OMe-THP or a standard 
mixture of 2,3.10,11-THB, 2-OMe-THB. 3-OMe- 
THB, lo-OMe-THB and ll-OMe-THB was added 
to each control rat brain homogenate. The hom- 
ogenates containing the standard compounds were 
carried through the same procedure described for 
test animals. 

High performance liquid chromatography. The 
analyses were performed with a modular chroma- 
tograph consisting of an LC-3 electrometer/electro- 
chemical detector (Bioanalytical Systems. West 
Lafayette, IN), an OmniScribe recorder (Houston 
Instruments, Austin, TX), a model 110 A metering 
pump, and a model A type injection valve (Altex, 
Berkeley, CA). Additionally, a model 308 Com- 
puting Integrator (Laboratory Data Control, Riviera 
Beach, FL) which is capable of quantifying all rec- 
ognized peaks (fused peaks), precluding the need 
for complete resolution of peaks in a chromatogram, 
was employed for retention time measurements and 
quantification. The HPLC conditions were: column, 
Supelcosil/Cl8 (5 pm particle size), 25 cm x 4.6 mm 
i.d. ; mobile phase, 0.1 M NHjHzPOj containing 6% 
dioxane; temperature, ambient; flow rate, 1.0 ml,i 
min; sample size injected, 40 ,ul of reference mixture 
of authentic alkaloids or 40~1 of rat brain extract 
(eluate or concentrate), corresponding to =12 mg 
rat brain for the eluate and =120mg for the con- 
centrate. All values reported are corrected for recov- 
ery using the specified standard compound. 

RESULTS 

0-methylation of (?)-THP, R-(+j-THP and S- 
(-)-THP. The structures of THP and the four 
positional isomers of mono-0methyl-THP are 
shown in Fig. 1. A representative HPLC profile 
illustrating the separation of a reference mixture of 
THP and the positional isomers of mono-O- 
methyl-THP is illustrated in Fig. 2A. The intracer- 
ebroventricular (i.c.v.) administration of (?)-THP. 
R-( +)-THP or S-( -)-THP resulted in the formation 
of readily detectable amounts of three of the four 
possible mono-0-methylated products of the parent 
alkaloid. Representative chromatographic profiles 
of rat brain extracts (equivalent to 12 mg wet weight 
of tissue), obtained 1 hr after i.c.v. administration 
of R-( +)-THP and S-( -)-THP, are shown in panels 
B and C, respectively, of Fig. 2. Each of these 
chromatograms contains four peaks which have 
retention times identical to those cf the correspond- 
ing numbered peaks in Fig. 2A representing (1) 
THP, (2) 3’-OMe-THP, (3) 7-OMe-THP and (4) 
6-OMe-THP. The differences in peak areas in Fig. 
2B (peaks 2-4) as compared to Fig. 2C (peaks 2-11) 
clearly indicate that the 0-methylating enzymes in 
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Fig. 1. Structural representation of THP and its mono-O- 
methylated positional isomers. 

rat brain can distinguish between the two enantiom- 
ers of THP. Figure 2B shows that 3’-OMe-THP 
(peak 2) and 7-OMe-THP (peak 3) were the major 
metabolites of R-(+)-THP and that 6-OMe-THP 
(peak 4) was a minor product. However, with S- 
(-)-THP as the precursor (Fig. 2C), 6-OMe-THP 
became a major metabolite, and the relative quan- 
tities of 3’-OMe-THP and 7-OMe-THP showed a 
significant decrease. Chromatograms of brain 
extracts obtained from control animals produced no 
significant responses above the baseline. The absence 
of peaks equivalent to those of the reference stan- 
dards (Fig. 2A) in the HPLC profile of control brain 
extracts provides evidence that the 0-methylated 
products depicted in panels B and C of Fig. 2 must 
be formed in uiuo from the injected alkaloids. 
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Although 4’-OMe-THP was not detected in the 
initial rat brain extract (Fig. 2B and C), further 
concentration (lo-fold) of the extracts revealed trace 
amounts of 4’-OMe-THP in brain extract from rats 
that received (*)-THP or S-(-)-THP. However, 
4’-OMe-THP was not detected in brain extract con- 
centrates from rats that received R-( +)-THP (chro- 
matograms not shown). The recovery of reference 
mixtures of THP and its mono-O-methyl derivatives 
from rat brain homogenates obtained in eight 
separate determinations was: THP, 86.9 t 4.6%; 
6-OMe-THP, 86.1 + 7.6%; 7-OMe-THP, 80.7 ? 
4.0%; 3’-OMe-THP, 82.8 * 6.2%; and 4’-OMe- 
THP, 85 2 10% (mean ? S.D.). 

The quantitative significance of the data shown 
graphically in Fig. 2 is illustrated in Table 1, which 
further highlights the ability of the 0-methylating 
enzymes in rat brain to differentiate between the 
enantiomers of THP. These data show that the rela- 
tive amount of each mono-0-methylated positional 
isomer formed in uivo in rat brain is markedly influ- 
enced by the specific enantiomer of THP adminis- 
tered. With R-(+)-THP as precursor, 51.6% of the 
0-methylated products was 7-OMe-THP, 46.1% was 
3’-OMe-THP, and 6-OMe-THP represented only 
2.3% of the 0-methylated metabolites. In contrast, 
with S-(-)-THP as precursor, 7-OMe-THP rep- 
resented only 31.5% of the 0-methylated products 
and 3’-OMe-THP showed a modest but significant 
decrease to 39.3% whereas 6-OMe-THP exhibited 
a marked increase to 29.2%. With the racemic mix- 
ture of THP, as might be expected, the 0-methylated 
products showed a distribution pattern intermediate 
between that of the resolved isomers. Differences 
between the values obtained for each of the mono- 
0-methylated products of R-(+)-THP and S-(-)- 
THP were significant (P values less than 0.001). 

Although the isomeric form of THP administered 
had a significant influence on the distribution of 
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I 
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Fig. 2. HPLC profiles of: (A) a reference mixture of THP (4.0 pmoles), 3’-OMe-THP (27.0 pmoles), 
7-OMe-THP (27.0 pmoles), 6-OMe-THP (4.5 pmoles) and 4’-OMe-THP (5.0pmoles); (B) and (C) 
extracts equivalent to 12 mg of rat brain obtained 1 hr after intracerebroventricular injection of 50 nmoles 
of R-(+)-THP and S-(-)-THP respectively. Conditions for the isolation and HPLC analysis of THP 

and its 0-methylated metabolites are described in Materials and Methods. 
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Table 1. Percent distribution of mono-methylated metabolites of THP in rat brain’ 

Alkaloid 
administered 

7-OMe-THP 

(S) 

6-OMe-THP 
(C/r) 

3’-OMe-THP 

(“/c) 

(*)-THP 43.4 2 2.1 12.4 -+ 1.6 43.5 2 2.5 

R-( +)-THP 51.6 ? 1.7 2.3 t 0.9 46.1 t 2.5 
S-(-)-THP 31.5 2 3.0t 29.2 r 2.8f 39.3 2 2.2t 

* Rats were injected intracerebroventricularly with 50nmoles of (?)-THP, R- 
(+)-THP, or S-(-)-THP. One hour later, the animals were killed, and the amount 
of each 0methylated metabolite was determined by HPLC. Values are reported 
as mean ? S.D. for six animals. 

t P < 0.001, compared with the respective metabolite obtained with the R-(+)- 
THP isomer. 

metabolites, it had little influence on the amount of 
THP and metabolic products of THP recovered from 
rat brain after 1 hr. The amounts of THP recovered 
1 hr after the i.c.v. injection of 50 nmoles of (?)- 
THP, R-(+)-THP and S-(-)-THP were (mean + 
S.D.) 5.1 t 1.5, 3.1 2 1.6 and 4.3*3.0nmoles 
respectively. Likewise, the total amount of mono- 
0methylated metabolites recovered 1 hr after the 
i.c.v. administration of (*)-THP, R-(+)-THP or 
S-(-)-THP was 2.8? 0.5, 2.2 + 1.1 and 3.4 t 
0.67 nmoles respectively. 

0-Methylation of (?)-THB, R-(+)-THB and S- 
(-)-THB. The structures of 2,3,10,11-THB and the 
four positional isomers of mono-O-methyl-THB are 
shown in Fig. 3. A chromatographic profile illus- 
trating the resolution of a reference mixture of these 
alkaloids, i.e. (1) 2,3,10,11-THB, (2) 2-OMe-THB, 
(3) ll-OMe-THB, (4) 3-OMe-THB and (5) lo- 
OMe-THB, appears in Fig. 4A. 

The intracerebroventricular administration of 
(?)-THB, R-( +)-THB or S-( -)-THB resulted in the 
formation of the four positional isomers of mono- 
0-methyl-THB. High performance liquid chroma- 
tograms of rat brain extracts (equivalent to 12mg 
wet weight of tissue) after administration of R- 
(+)-THB and S-(-)-THB are shown in Fig. 4, panels 
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Fig. 3. Structural representation of 2,3,10.11-THB and its 
mono-O-methylated positional isomers. 

B and C respectively. Each of these profiles shows 
five components with retention times identical to 
those of the corresponding compounds in Fig. 4A, 
i.e. (1) 2,3,10,11-THB, (2) 2-OMe-THB, (3) ll- 
OMe-THB, (4) 3-OMe-THB and (5) IO-OMe-THB. 

The differences in relative peak areas (peaks 2-5) 
in Fig. 4B as compared to Fig. 4C (peaks 2-5) dem- 
onstrate the ability of enzymatic systems in the intact 
rat brain to differentiate between the enantiomers 
of THB. The chromatographic profile in Fig. 4B 
shows that the major metabolites of R-(+)-THB 
were 2-OMe-THB (peak 2) and ll-OMe-THB (peak 
3) and that 3-OMe-THB (peak 4) and lo-OMe-THB 
(peak 5) were minor products. By comparison, with 
S-(-)-THB as the precursor (Fig. 4C), a significant 
increase was seen in the amounts of 3-OMe-THB 
(peak 4) and lo-OMe-THB (peak 5) although 2- 
OMe-THB and ll-OMe-THB remained the major 
products. As in the case of THP, the absence of 
peaks equivalent to those of the reference standards 
(Fig. 4A) in the HPLC profile of control rat brain 
extracts provides evidence that the 0-methylated 
products represented in panels B and C of Fig. 4 
must be formed in uivo from the injected alkaloids. 

A reference standard for each metabolite is par- 
ticularly crucial for the quantitative determination 
of 0-methylated metabolites of THB with the elec- 
trochemical detector because the molar response of 
each metabolite to the electrochemical detector dif- 
fers. The molar response of lo-OMe-THB to the 
electrochemical detector was considerably greater 
than that of the other 0-methylated products. In 
Fig. 4C, IO-OMe-THB is represented by the largest 
peak (peak 5) in the profile but the concentration 
of lo-OMe-THB was less than that of 2-OMe-THB 
or ll-OMe-THB in the extract (Table 2). The recov- 
ery of these alkaloids from rat brain homogenates 
was: THB, 65.9 * 6.2%; 2-OMe-THB, 71.9 F 
9.5%; 3-OMe-THB, 75.5 t 3.8%; lo-OMe-THB, 
73.1 * 3.3%; and ll-OMe-THB, 79.9 2 8.2% 
(mean 2 S.D. for eight determinations). 

Table 2 further shows the distribution of the vari- 
ous THB 0-methylated products formed in viuo 
from the R-(+)-THB and S-(-)-THB isomers, cal- 
culated as a percentage of total 0-methylated prod- 
ucts measured. These data show the marked influ- 
ence of the specific enantiomer of THB on the 
pattern of 0-methylation. Approximately 99% of 
the metabolites of R-( +)-THB were represented by 
2-OMe-THB (73.4 +- 5.1%) and ll-OMe-THB 
(25.9 I 5.0%) with 3-OMe-THB and lo-OMe-THB 
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Fig. 4. HPLC profiles of: (A) a reference mixture of 2,3,10,11-THB (4pmoles), 2-OMe-THB 
(80 pmoles), ll-OMe-THB (80 pmoles), 3-OMe-THB (10 pmoles) and lo-OMe-THB (10 pmoles); (B) 
and (C) extracts equivalent to 12 mg of rat brain obtained 1 hr after intracerebroventricular injection 
of 50 nmoles of R-( +)-THB AND 9( -)-THB respectively. Conditions for the isolation and HPLC 

analysis of THB and its O-methylated metabofites are described in Materiais and Methods. 

combined representing less than 1% of the O-meth- 
ylated products. Replacing R-( +)-THB as precursor 
with S-(-)-THB yielded a 19-fold increase in 3- 
OMe-THB and a 35fold increase in lo-OMe-THB 
with 6.6% of the 0-methyiated products as 3- 
OMe-THB and 13.4% as lo-OMe-THB. The Z- 
OMe-THB and ll-OMe-THB metabolites of S- 
(-)-THB represented 59.4 and 21.4% respectively. 
Differences between the values obtained for three 
of the mono-0-methylated products, i.e. 2-OMe- 
THB, 3-OMe-THB and lo-OMe-THB, of R-( +)- 
and S-( -)-THB were highly significant (P values less 
than 0.001). The chiral form of the administered 
alkaloid had little effect on the relative amount of 
the ll-OMe-THB metabolite produced (Table 2). 
As with the racemic form of THP, the values 
obtained for the 0-methylated products of racemic 
THB were intermediate between those observed for 
the R-( +)- and S-( -)-enantiomers of THB. 

The total amount of the 0-me~ylated products 
of each isomeric form of THB exceeded that of the 
parent alkaloid 1 hr after its i.c.v. administration, 
The amounts of the parent alkaloids present in rat 
brain 1 hr after administration of 50 nmoles were: 
(?)-THB, 6.3 i 1.2; R-(+)-THB, 8.7 -+ 1.6; and 
S-(-)-THB, 3.4 rf; 3.1 nmoles (mean + S.D.). The 
total 0-methylated products of (*)-THB, R-(+)- 

THB and S-(-)-THB, expressed as mean rt S.D., 
were 13.5 + 5.1, 22.72 + 2.2 and 6.24 + 3.9nmoles 
respectively. 

DISCUSSION 

The preferential enzymatic 0-methylation of cat- 
echolamines at the position meta to the ethylamine 
side chain is well documented [N-13]. However, the 
formation of tetrahydroisoquino~nes by the conden- 
sation of ~techolamines with aldehydes imparts 
structural modifications which may affect the relative 
propensity for 0-methylation at positions meta and 
paru to the ethylamine side chain (i.e. 6 and 7 pos- 
itions of THIQs respectively). In addition to intro- 
duction of the chiral center at C-l in the case of 
C-l substituted derivatives, other notable changes 
include: reduction in the conformational mobility of 
the amine group; conversion of a primary amine to 
a secondary amine, thereby altering the basicity of 
the amine group; and attachment of a nitrogen to 
the catechol moiety through a one carbon unit (at 
the 1 position of the tetrahydroisoquinoline moiety) 
which may partially alter the directional effect of the 
amine group. Indeed, Crevehng et al. [12] have 
reported that 6,7-dihydroxytetrahydroisoquinoline, 
which is formed by the condensation of dopamine 

Table 2. Percent distribution of mono-methylated metabolites of THB in rat brain* 

Alkaloid 
administered N 

2-OMe-THB 
(%.I 

3-OMe-THB 
(%) 

lo-OMe-THB 
(%) 

1 l-OMe-THB 
(“ro) 

(-c)-THB 69.2 + 2.4 2.06 t 0.19 6.33 f 1.04 23.9 + 2.2 
R-( +)-THB 73.4 2 5.1 0.34 r 0.08 0.38 t- 0.10 25.9 -+ 5.0 
S-( -)-THB 6 59.4 + 5.1t 6.61 h 1.9t 13.4 2 1.3t 21.4 2 3.2 

* Rats were injected intracerebroventricularly with 50 nmoles of (t)-THB, R-(+)-THB or S- 
(-)-THB. One hour later, the animals were killed, and the amount of each 0-methylated metabolite 
was determined by HPLC. Values reported are means + S.D. 

t P < 0.001, compared with the respective metabolite obtained with the R-( +)-THB isomer. 
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with formaldehyde, is a substrate for COMT and is 
preferentially 0-methylated at the 7 position by a 
COMT preparation from rat liver. Additionally, 
Smissman et al. [14] found that 6,7_dihydroxytetra- 
hydroisoquinoline and epinephrine have similar 
kinetic parameters as substrates for rat liver COMT 
and that ‘substitution of methyl groups in the 2 
and/or 4 positions’ of the alkaloid has minimal effect 
on the enzyme affinity for or the rate of O-methyl- 
ation of these alkaloids. However, since the products 
of the 0-methylation reactions were not identified, 
the effect of methyl substituents in the 2 and/or 4 
positions of 6,7-dihydroxy-1,2,3,4-tetrahydroiso- 
quinoline on the ratio of positional isomers formed 
could not be evaluated. Two groups of investigators 
[15, 161 have independently reported that salsolinol 
is metabolized in viva in the brain of rat primarily 
to 7-0-methylsalsolinol, further demonstrating that 
the 0-methylation pattern of the tetrahydroiso- 
quinolines may differ from that of catecholamines. 
Since it is presumed that the racemate of salsolinol 
was used in both of these investigations, no infor- 
mation on possible stereoselectivity of the O-methy- 
lating enzymes for the resolvedisomerscan be deduced 
from these reports. 

Our results demonstrate that the enzymatic sys- 
tem(s) in the intact brain of the rat can metabolize 
THP and THB alkaloids by 0-methylation and that 
the chiral recognition mechanism responsible for 
stereoselective 0-methylation in uivo in rat brain 
can differentiate between the enantiomers of THP 
and THB as reflected by regioselective O-methyl- 
ation. This work also indicates that the change of 
the C-N bond from the open side chain of cate- 
cholamines to the tetrahydroisoquinoline ring, the 
introduction of a chiral center at C-l, and the pres- 
ence of four phenolic groups in l-benzyltetra- 
hydroisoquinolines such as THP increase the diver- 
sity of the 0-methylation reaction products. 

In brain of the intact rat, the racemate of THP 
was mono-0-methylated primarily at the 6 or 7 pos- 
ition of the isoquinoline ring and the 3’ position of 
the benzylic catechol moiety. The racemate of THB 
was mono-0-methylated in rings A and D at either 
positions 2, 3, 10 or 11 of the protoberberine mol- 
ecule yielding the four possible positional isomeric 
mono-0-methylated products. The possible forma- 
tion of di-0-methylated products of THP or THB 
was not resolved in the present investigation. The 
innate low sensitivity of these compounds to the 
electrochemical detector and the specific HPLC con- 
ditions employed, which resulted in long retention 
times, precluded the evaluation of their formation. 

It is noteworthy that the isoquinoline moiety of 
R-( +)-THP was 0-methylated predominantly at the 
7 position while 0-methylation of S-(-)-THP 
resulted in the formation of approximately equal 
amounts of 6-OMe-THP and 7-OMe-THP (Table 
1). The 3’-O-methyl ether of THP was a major 
metabolite of both R-(+)- THP and S-(-)-THP in 
rat brain (Table 1). The THP molecule maintains a 
freely rotating benzylic carbon-carbon bond, and 
0-methylation of this portion of the molecule may 
not be intluenced to the same extent as the isoqui- 
noline moiety by the chiral centers of the enantiom- 
ers of THP. The observed decrease in 0-methylation 

of S-(-)-THP at the 3’-position as compared to R- 
(+)-THP, although significant (P < 0.001). may be 
a reflection of the marked increase in 0-methylation 
of the (-)-enantiomer at the 6 position. 
THB is formed by the insertion of a methylene unit 

(berberine bridge) into the THP molecule [I] and 
positions 6, 7, 3’ and 4’ of THP correspond to pos- 
itions 3, 2, 11 and 10 of THB respectively (Figs. 1 
and 3). Thus, some parallels in the 0-methylation 
profiles of THP and THB are anticipated. Indeed, 
mono-0-methylation of R-( +)-THB in ring A (Fig. 
3 and Table 2) occurred predominantly at the 2 
position, and an increase in 0-methylation in ring 
A at the 3 position was observed on substitution of 
S-(-)-THB for R-( +)-THB as the precursor. The 
0-methylation pattern of the enantiomers of THB 
in ring D is particularly interesting because this por- 
tion of the THB molecule is conformationally less 
mobile than the corresponding benzyl ring of the 
THP molecule. Although 0-methylation of R-(+)- 
THB in ring D occurred predominantly at the 11 
position (equivalent to the 3’ position of THP). 
substitution of S-(-)-THB as precursor resulted in 
a 35fold increase in 0-methylation at the 10 position 
(lo-OMe-THB) (Table 2). In comparison to THP, 
the four mono-0-methylated metabolites of THB 
were readily detected in rat brain extract after the 
administration of any isomeric form of the confor- 
mationally less mobile THB alkaloid. 

Furthermore, the amount of the 0-methylated 
metabolites of THB present 1 hr after the adminis- 
tration of any of the various isomeric forms of THB 
was greater than that of the precursor while the 
amount of the metabolites of the different stereo- 
isomers of THP present was less than that of the 
administered compound. Another interesting finding 
is that the levels of the administered THB alkaloids 
remaining in the rat brain after 1 hr were higher than 
those of the administered THP alkaloids. Additional 
studies will be required to determine whether the 
higher levels of THB and its metabolites observed 
indicate that THB and the monomethyl ethers of 
THB have a relatively slow rate of metabolism in 
the brain and/or a relatively slow rate of egress from 
the brain. 

Although the mechanism(s) responsible for the 
regioselective 0-methylation of the enantiomers of 
THP and THB is not presently apparent, the results 
obtained in this study may represent a series of 
sequential events in the intact rat brain. It is plausible 
that 0-methylation of these alkaloids is preceded by 
selective uptake and storage of the enantiomers in 
specific regions of the brain which differ in enzyme 
activity. Kaplan efal. have reported variations in the 
pattern of COMT localization in regions of special- 
ized circumventricular organs of the ventricular sys- 
tem in rat brain [17] and that the specific activities 
of COMT evaluated in two brain areas, i.e. pia- 
arachnoid and the choroid plexus, are 2-fold and 
9-fold, respectively, greater than that in the whole 
brain of rats [18]. Hence, the selective localization 
of the antipodes of these alkaloids into specific brain 
regions. which may differ in the localization of 
COMT as well as the level of COMT specific activity, 
may determine to some degree the products which 
result from the 0-methylation of these alkaloids. 
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Additionally, the localization of demethylases in spe- 
cific brain regions may also influence the product 
distribution in these 0-methylation reactions. The 
demethylation of metanephrine [19] and the inter- 
conversion of meta- and para-catechol monomethyl 
ethers [20] have been demonstrated in uiuo in rats. 

It is noteworthy that the patterns of 0-methylation 
of the enantiomers of THP at the 6 and 7 positions 
in uiuo were similar to the pattern of 0-methylation 
observed for these enantiomers in vitro with rat liver 
COMT preparations [8]. Likewise, the in uiuo O- 
methylation patterns of the enantiomers of THB at 
the 2 and 3 positions were similar to those observed 
with rat liver COMT in vitro [8]. Therefore, a sig- 
nificant component in the regioselective O-methyl- 
ation of enantiomers of THP and THB in uiuo may 
involve presently unknown stereochemical factors. 

Some parallels between the stereoselective bio- 
transformation and the stereodependent biological 
activity of THP-related alkaloids are beginning to 
emerge. Rueffer et al. [21] recently reported the 
isolation of an enzyme, (S)-norlaudanosoline syn- 
thase, from three different plant families containing 
benzylisoquinoline alkaloids, which catalyzes the 
condensation of dopamine and dopaldehyde (3,4- 
dihydroxyphenylacetaldehyde) to form (S)-norlau- 
danosoline (S-( -)-THP). Additionally, S-( -)-THP 
has been reported to be more active biologically than 
R-( +)-THP [22, 231, especially in its action on adre- 
nergic and dopaminergic receptors [24]. Similarly, 
the S-(-)-isomer of THB has been reported to be 
a more potent antagonist of dopamine-sensitive 
adenylate cyclase activity than the R-(+)-isomer 
[25]. Further, a comparison of the results presented 
in this report with concurrent studies in our labora- 
tory on the interaction of tetrahydroisoquinolines 
and related alkaloids with receptors from rat cerebral 
cortex indicates that 0-methylation of S-( -)-THP 
or S-(-)-THB, as compared to their R-(+)-enan- 
tiomers, results in a preponderance of mono-O- 
methylated products which have greater adrenergic 
and dopaminergic activity (Nimit et al., unpublished 
results). For example, 6-OMe-THP, which is pref- 
erentially derived from S-(-)-THP, is a potent 
inhibitor of Padrenergic and dopaminergic receptor 
binding. In contrast, 7-OMe-THP, which is prefer- 
entially derived from R-( +)-THP (Table 1)) has only 
modest adrenergic activity and is devoid of dopamine 
agonist or antagonist activity. Of the four mono- 
methyl ethers of THB, the lo-OMe-THB isomer, 
whose formation is accentuated in the 0-methylation 
of S-( -)-THB, exhibited the most pronounced affin- 
ity for adrenergic and dopaminergic receptors 
whereas 2-OMe-THB, which is preferentially formed 
from R-(+)-THB, was the least active at these 
receptor sites. 

In summary, this study demonstrates that both 
enantiomers of THP and THB are 0-methylated in 
uivo in the rat brain. It further demonstrates that 
the chiral centers influence the position of O-methyl- 
ation of these alkaloids, illustrating the regioselec- 
tivity of these 0-methylation reactions. Addition- 
ally, as with catecholamines, 0-methylation seems 

to be a primary mode of metabolism of THP and 
THB in uiuo in rat brain. However, unlike catechol- 
amines, which are deactivated by 0-methylation, 
0-methylation of THP and THB appears to result 
in products which have distinct biological activities. 
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