
ABBREVIATION5: DDC, 3,5-diethoxycarbonyt-1 ,4-dihydro-2,4,6-trimethylpyndine; PP, protoporphyrin IX; NB/A, a regioisomerofN-alkylprotoporphynn

IX substituted on either the B or A ring; � a regioisomer of N-alkylprotoporphynn IX substituted on either the C or D ring.
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SUMMARY
A series of analogues of 3,5-diethoxycarbonyl-1 ,4-dihydro-2,4,6-
trimethylpyndine (DDC), viz. 4-butyl DDC, 4-pentyl DDC, and 4-
hexyl DDC was administered to phenobarbital-pretreated rats.
The N-alkylprotoporphynns (N-alkylPP) isolated from the rat liv-
ers were separated into regioisomers by means of high perform-
ance liquid chromatography; the N8 or NA (NB/A) regioisomers
constituted 1 9-26% of the total regioisomers. Considerable
ferrochelatase-inhibitory activity was found in the NB/A regioiso-
mers; the N� or ND (Nc,D) regiolsomers had little ferrochelatase-
inhibitory activity. These findings supported the idea that the
ferrochelatase active site could accommodate alkyl groups larger
than methyl only if they were present on the nitrogens of the A

or B pyrrole rings of the N-aIkyIPP. The inactivity of 4-isobutyl
DDC as a ferrochelatase-lowenng agent was investigated. After
injection of 4-isobutyl-DDC into phenobarbital-pretreated rats, N-
isobutylPP was isolated from the rat livers and separated into its
regioisomers; the NB/A regioisomer constituted 3.8% of the total
regioisomers. The NB/A regioisomer was found to have apprecia-
ble ferrochelatase-inhibitory activity whereas the NC/D regioiso-
mer was inactive. The inactivity of 4-isobutyl-DDC as a ferroche-
latase-lowenng agent was attributed to the small amount of
NB/A regioisomer present in the N-isobutylPP regioisomer mix-
ture.

DDC (Fig. la) when administered to rodents results in the
hepatic accumulation of N-methylPP, a potent inhibitor of

ferrochelatase (EC 4.99.1.1) activity (1-4). The four regioiso-

mers of N-methylPP (Fig. 2a) are equally potent as inhibitors

of ferrochelatase from rat liver and from cultured chick embryo

liver cells (5). The administration of 4-ethyl-DDC (Fig. lb) to

rodents (4) or chick embryos (6) results in the hepatic accu-

mulation of N-ethylPP (Fig. 2b). The NA and NB regioisomers

of N-ethylPP inhibit ferrochelatase as effectively as the four

regioisomers of N-methylPP whereas the N� and ND regioiso-

mers of N-ethylPP are 30 to 100 times less potent (7). The

steric constraints on the N-alkyl group are therefore more

marked when the group is located on the propionic acid-substi-

tuted C and D pyrrole rings than on the vinyl-substituted A

and B pyrrole rings. Because the ferrochelatase protopor-

phyrin-binding site does not appear to discriminate between a

methyl and an ethyl group in the A and B ring-substituted
isomers, it appeared possible that even larger alkyl substituents

would be compatible with inhibitory activity. This idea was

supported by the ability of 4-propyl-DDC (Fig. ic) to lower
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ferrochelatase activity in the chick embryo liver cell culture (8)

and the ability of the NA and NB regioisomers of N-propylPP

to inhibit ferrochelatase activity (9); the N� and ND regioiso-

mers displayed little activity.

We have shown that the 4-butyl, 4-pentyl, and 4-hexyl ana-

logues of DDC (Fig. 1, d, e, and f) have ferrochelatase-lowering

activity in chick embryo liver cell culture (10). The ferroche-

latase-lowering activity of these DDC analogues was attributed

to the formation of N-alkylporphyrins in cell culture. This

inference was supported by the isolation of N-butylPP, N-

pentylPP, and N-hexylPP from the livers of phenobarbital-

pretreated rats after the administration of the corresponding

4-alkyl DDC analogue. In contrast, 4-isobutyl DDC (Fig. 1 g)

did not exhibit ferrochelatase-lowering activity, despite its abil-

ity to cause the hepatic accumulation of N-isobutylPP in phe-

nobarbital-pretreated rats.

If our assumption that the ferrochelatase active site can

accommodate larger alkyl groups on only the A and B pyrrole

rings is correct, then the ferrochelatase-lowering activity of the

4-butyl-, 4-pentyl-, and 4-hexyl-DDC must be due to the for-

mation of the NA and/or the NB regioisomers of the correspond-

ing N-alkylporphyrin. In addition, the inability of 4-isobutyl-

DDC to lower ferrochelatase activity must be due to either 1)
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exclusive or nearly exclusive formation of the N� and/or ND

regioisomers of N-isobutylPP or 2) the fact that a branched

alkyl group is sterically incompatible with the ferrochelatase

active site even when located on pyrrole rings A or B. To

resolve these questions the N-alkylporphyrins derived from the

administration of 4-butyl-, 4-pentyl-, 4-hexyl-, and 4-isobutyl-

DDC analogues to rats were isolated and separated into their

constitutive regioisomers. The ferrochelatase-inhibitory activ-

ity of the N-alkylPP regioisomers was tested using a ferroche-

latase preparation obtained from chick embryo liver cell cul-

tore.

Experimental Procedures

Source of compounds. DDC analogues were synthesized as de-
scribed previously (10-12). The procedure for the synthesis of N-
ethylPP was essentially that of De Matteis et aL (13).

Isolation, purification, and separation ofN-alkylPP isomers.

Groups of four male Sprague Dawley rats weighing approximately 300
g received sodium phenobarbital (80 mg/kg daily) dissolved in water
(80 mg/ml) intraperitoneally for 4 days. Each group received either 4-

butyl-DDC, 4-pentyl-DDC, 4-hexyl-DDC, or 4-isobutyl-DDC (400 mg/

kg) by the same route in dimethyl sulfoxide (200 mg/ml) 36 hr after
the final dose of sodium phenobarbital. Rats were decapitated 4-5 hr

after dosing with the DDC analogue and their livers were perfused in

situ with ice-cold 1.15% potassium chloride solution. Livers were ho-

mogenized in a Waring blender with ice-cold 5% (v/v) H2S04/methanol

(150 ml/liver) and the mixture was stored in the dark at 4’ for 17-20

hr. The mixture was then centrifuged (500 x g, 5 mm) and the 5%

H2S04/methanol supernatant was collected. Pellets were washed with

methanol (50 ml/liver) and the methanol washing was added to the 5%

H2S04/methanol supernatant. The methanol solution was then diluted
with an equal volume of water and extracted twice with dichlorometh-

ane. The dichloromethane solution was washed once with 5% sodium
bicarbonate solution and twice with water and dried over anhydrous

sodium sulfate. The dichloromethane solution was filtered, then evap-
orated to approximately 20 ml, and zinc acetate (25 zmol) in methanol

-(l#{225}l) was added the mixture was evaporated to dryness. The zinc-
complexed N-alkylporphyrins were then purified by two consecutive

thin layer chromatographic systems using Analtech 2000-�sm and 500-
�sm silica gel G plates developed with dichloromethane/acetone, 4:1 (v/

v), and chloroform/acetone, 10:1 (v/v), respectively. Green bands that
fluoresced red under long wavelength (ultraviolet) light were eluted

from the silica with acetone as described previously (10). The Zn N-
alkylporphyrin dimethyl esters were further purified by high perform-

ance liquid chromatography (3, 4) on a Partisil-lO PAC column (4.6 x
250 mm) eluted using a 30-miss linear gradient (0-100%) of methanol

into hexane/tetrahydrofuran, 1:1 (v/v).

HR

Fig. 1. Structure of dihydropyridine analogues. a, R = -CH3, DDC; b, R
= -CH2CH3, 4-ethyl-DDC; c, R = -(CH2)�CH3, 4-propyl-DDC; d, A =

-(CH2)�CH3, 4-butyl-DDC; e, A = -(CH2)�CH3, 4-pentyl-DDC; f, A =

-(CH2)�CH3, 4-hexyl-DDC; g, A = -CH2CH(CH3)�, 4-isobutyl-DDC.

Fig. 2. a, A = methyl, the four possible regioisomers of N-methylPP; b,
R = ethyl, the four possible regioisomers of N-ethylPP.

The zinc cation was removed from the purified Zn N-alkylporphyrin

dimethyl esters by treatment with 5% (v/v) H2S04/methanol (14).

Identification of N-alkylporphyrins was based on the electronic ab-
sorption spectra of their zinc complexes and zinc-free neutral dimethyl

esters. In addition, the field desorption mass spectra ofN-alkylPP were
obtained by the Mass Spectrometry Resource, School of Pharmacy,

University of California.

The zinc-free neutral N-alkylPP dimethyl esters were separated into

their constitutive regioisomers by high performance liquid chromatog-

raphy (3, 4) using a Partisil-lO PAC column (4.6 x 250 mm) eluted

isocratically with hexane/tetrahydrofuran/methanol 48.5:48.5:3.0 (v/

v/v). The identification of regioisomers was based on 1) their order of

elution and 2) the electronic absorption spectra of their zinc complexes.

The order of regioisomer elution observed previously (3, 4) with N-
ethylPP and N-methylPP using the same chromatographic system was
NB, NA, N�, and ND regloisomers. It was anticipated that this order of

elution would be observed with other N-alkylPP isomers.

In previous studies, the zinc complexes ofthe NA and NB regioisomers

were found to have a shoulder on the long wavelength portion of their

Soret bands (3). This shoulder was absent from the Soret band of the

zinc complexes of the N� and ND regioisomers. This property has been

used to differentiate the NA or NB from the N� or ND regioisomers.

Quantitation of N-alkylporphyrins in dichloromethane was accom-

plished using the molar absorbance values of 127,800 at 420 nm and

124,000 at 432 nm for the zinc-free neutral and zinc-complexed di-
methyl esters, respectively (3). All procedures were carried out in

subdued light.

Ferrochelatase-inhibitory activity. The N-alkylPP dimethyl es-

ters were hydrolyzed by treatment with 6.0 N HCL overnight at room
temperature in the dark (14). After removal of 6.0 N HC1 under a

stream of nitrogen, the N-alkylporphyrins were dissolved in 95%

ethanol. A series of dilutions was prepared with 95% ethanol and 100-

,.d aliquots were transferred to the sidearm of Thunberg tubes.
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TABLE 1

Electronic absorption spectra in dichloromethane of the zinc
complexes and the zinc-free neutral dimethyl esters of N-ethylPP
(synthetic), N-butylPP, and N-isobutylPP

NB
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Fig. 3. High performance liquid chromatography analysis of the synthetic
N-ethylPP dimethyl esters. A Partisil-1 0-PAC column (4.6 x 250 mm),
eluted (1 mI/mm) with hexane/tetrahydrofuran/methanol, 48.5:48.5:3.0
(v/v/v), and a variable wavelength detector, set at 420 nm, were used
for the analysis.
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Details ofthe cell culture technique have been reported (15, 16). The

chick embryo liver cells were maintained in 10-cm diameter plastic

dishes in 15 ml of serum-free Waymouth MD705/1 medium supple-

mented with penicillin G sodium, streptomycin sulfate, insulin, and L-

thyroxine sodium pentahydrate. The medium was replaced after an

initial incubation period of 24 hr. After an additional 24 hr, the medium

was discarded and 5.0 ml of an ice-cold solution containing 0.25 M

sucrose, 0.05 M Tris. HC1, and 1 mM EDTA at pH 8.2 was added to

each dish. The cells were harvested with a rubber policeman, centri-
fuged (500 x g, 5 mm), and washed with 1.0 mi/dish sucrose/Tris

buffer. The cells were resuspended in 0.6 ml/dish ice-cold 0.02 M Tris.

HC1 buffer (pH 8.2) and homogenized (Potter Eivehjem apparatus).
Cell suspensions were then pooled and 0.9-ml aliquots were transferred
to the sidearm of the Thunberg tubes containing the N-alkyiporphyrins
dissolved in 95% ethanol (100 �sl). The N-alkylporphyrins and ferro-
chelatase homogenates were incubated at room temperature for 20 mm.
After preincubation, the contents of the sidearms were then tipped into
the reaction mixture in the main tube and incubated at 37’ for 10 mm

as described previously (16). The main tube contained mesoporphyrin
Ix (120 nmol), 1% (w/v) Tween 80 (0.3 ml), 0.2 mM Tris.HC1 buffer,
pH 8.2 (1.5 ml), 0.2 M dithioerythritol (60 � and 1.0 �iM Fe504 (120

�zI); the reaction was terminated by the addition of 0.4 M iodoacetamide

(0.5 ml). Control ferrochelatase preparations were incubated with 95%

ethanol (100 �sl).

The amount of mesoheme formed was determined using the spectrum
of the reduced minus oxidized pyridine mesohemochromogen recorded

from 580 to 520 nm on a Cary 219 spectrophotometer. The amount of
mesoheme formed was calculated using the equation �

- �5llnm ) 21.7 (17). Back�ound �s was determined using control

samples in which iodoacetamide had been added to the reaction mixture

before tipping the ferrochelatase preparation from the sidearm of the

Thunberg tube into the main tube; this value was subtracted from all

sample L�s values. Samples having z�e values <1.5 X background �

were considered as having insignificant ferrochelatase activity (i.e.,

zero mesoheme formed). Enzyme activity was expressed as nmol of

mesoheme formed/mg of protein/b mm. Protein was measured by the

method of Lowry et at. (18).

Results

After purification of the N-alkylporphyrins by two thin layer

chromatographic procedures, the amount ofN-alkylPP isolated

per phenobarbital-pretreated rat (± SD, n = 4-6) was as follows:

N-butylPP, 13.5 ± 6.5 big; N-isobutylPP, 13.6 ± 6.6 sg; N-

pentylPP, 30.5 ± 15.7 �sg; and N-hexylPP, 26.5 ± 18 �g.

N-Alkylporphyrins isolated from the livers of phenobarbital-

pretreated rats were identified by the electronic absorption

spectra of their zinc-free neutral and zinc-complexed dimethyl

esters as described previously (10). The electronic absorption

spectra of N-isobutylPP, which has not been reported previ-

ously, was very similar to the spectra of other zinc-free neutral

and zinc-complexed N-alkylporphyrins (Table 1).

The field desorption mass spectra of the porphyrins obtained

with 4-pentyl, 4-hexyl, and 4-isobutyl analogues of DDC pro-

vide further evidence for their structure. The monoprotonated

molecular ion of these porphyrins (m/z 661, m/z, 675, and m/z

647, respectively) are those expected for structures constructed

from PP dimethyl ester and the pentyl, hexyl, and isobutyl

moiety. The mass spectra for N-pentylPP and N-hexylPP were

reported previously (10). The results for the N-isobutylPP were

obtained in the present study.

Regioisomer separation. The results of the high perform-

ance liquid chromatographic separation of the expected four

regioisomers of N-ethylPP dimethyl ester are shown in Fig. 3.

The N5, NA, N(’, and N� order of regioisomer elution is based

Absorpti on Maxima

Zrnc Complex Zinc-Free Neutral

Soret cr a’ Soret IV II II

nm

N-EthylPP
N-lsobutylPP

N-ButylPP

432
432
432

546
544
544

592
594
592

632
632
632

420
41 8
420

51 2
51 2
51 4

544
546
544

594
592
592

on the previously published chromatographic separation of

synthetic N-methylPP and N-ethylPP using the same chro-

matographic system (3, 4, 5, 7). Samples of the NB plus NA and

the N� plus ND regioisomers were collected and shown to have

the expected electronic absorption spectra. The electronic ab-

sorption spectra of the zinc complexes of the NB plus NA and

N� plus NI) regioisomers prepared by the addition of zinc

acetate in methanol are shown in Fig. 4. The NB plus NA
regioisomers can be distinguished from the N� plus ND regioi-

somers by a shoulder that appears on the Soret band (432 nm)

of the NB plus NA regioisomers.

Representative chromatograms of the separation of the re-

gioisomers of N-butyl-, N-pentyl-, N-hexyl-, and N-isobutylPP

are shown in Fig. 5, a, b, c, and d, respectively. In each case the

first peak was identified as either the NB or NA regioisomer on

the basis of the retention time (7-10 mm) and electronic

absorption spectrum of the zinc-complexed dimethyl ester.

Similarly, the second peak (retention time, 17-22 mm) was

identified as either the N� or ND regioisomer. No attempt was

made to distinguish the NA from NH or the N� from N�

regioisomers. For this reason regioisomers are described as

NH/A and Nc/0 to indicate that the N-alkylporphyrin is either

the NA or NH and N� or ND regioisomers, respectively.

The composition of the N-alkylporphyrins isolated from

phenobarbital-pretreated rats after the administration of their

respective 4-alkyl-DDC analogues is expressed as a percentage

of the total N-alkylporphyrin recovered after isomer separation

(Table 2). The major fraction of N-alkylporphyrin in each case

was the Nc/n regioisomer. The percentage of NB/A in N-butyl-,

N-pentyl-, and N-hexylPP regioisomers varied from 19 to 26%.
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Fig. 4. Electronic absorption spectra of the zinc complexes of the NB
plus NA (top) and N� plus ND (bottom) regioisomers of synthetic N-ethylPP
dimethyl ester. The Soret band was recorded at a 1 0-fold higher atten-
uation of the recorder.

In contrast, the percentage of NB/A in the mixture of N-

isobutylPP regioisomers was approximately 3.8%.

Ferrochelatase-inhibitory activity. Using a crude ferro-

chelatase preparation obtained from chick embryo liver cell

culture, the ferrochelatase-inhibitory activity of the regioiso-

mers of N-butylPP, N-pentylPP, N-hexylPP, and N-
isobutylPP was compared with the ferrochelatase-inhibitory

activity of the regioisomers of synthetic N-ethylPP (Fig. 6, a,

b, c, and d respectively). The NH/A regioisomer of N-butylPP,

N-pentylPP, N-hexylPP, and N-isobutylPP caused a signifi-

cant inhibition of ferrochelatase activity at 340 and 34 pmol/

ml (but not at 3.4 pmol/ml) but were less potent than the NH
plus NA regioisomers of N-ethylPP. It is noteworthy that

complete inhibition of ferrochelatase activity was obtained with

the NB plus NA regloisomers of N-ethylPP (340 pmol/ml) but

not with the same dose of the NB/A regioisomers of N-butylPP,

N-pentylPP, N-hexylPP, or N-isobutylPP. Because of the lim-

ited amount of the NH/A regioisomer of the latter N-alkylPPs,

it was not possible to determine whether complete inhibition

of ferrochelatase was achievable at higher concentrations and

thus whether these compounds had the same efficacy as N-
ethylPP.

The N(./I) regioisomer of N-isobutylPP did not cause signifi-

cant inhibition of ferrochelatase activity at the concentrations

tested. The Nc/I) regioisomers of the N-butylPP, N-pentylPP,

and N-hexylPP were found to produce a significant inhibition

of ferrochelatase activity at a concentration of 340 pmol/ml,

but not at the lower concentrations tested. The ferrochelatase-

inhibitory activity of the Nc/I) regloisomers of the N-alkylpor-

phyrins isolated from rat livers was not significantly different

from the ferrochelatase-inhibitory activity of the N� plus ND

regioisomers of synthetic N-ethylPP.

Discussion

The first objective of this study was to ascertain whether the

ferrochelatase-inhibitory activity of N-butylPP, N-pentylPP,

and N-hexylPP could be accounted for by the presence of NA

Ferrochelatase Inhibition by N-Alkylporphyrin Regioisomers 83

and/or NB regloisomers. Considerable ferrochelatase-inhibitory

activity was found in the NB/A regioisomers; the Nc/I) regioiso-

mers had little ferrochelatase-inhibitory activity (Fig. 6, a, b,

and c). On the basis of the above observations, we conclude

that the ferrochelatase-lowering activity of 4-butyl-DDC, 4-

pentyl-DDC, and 4-hexyl-DDC is due to the formation of the

NB/A regloisomer of the corresponding N-alkylporphyrin. The

second objective was to ascertain the reason for the inability of

4-isobutyl-DDC to lower ferrochelatase activity (10). The Nc/I)

regioisomer of N-isobutylPP did not produce significant inhi-

bition of ferrochelatase activity at any of the concentrations

tested. The purified NB/A regioisomer was found to inhibit

ferrochelatase with a potency similar to that of the other N-

alkylPP NB/A regloisomers studied (e.g., N-hexylPP; Fig. 6).

The inability of 4-isobutyl-DDC to lower ferrochelatase activity

cannot be explained by the fact that a branched chain alkyl

group located on either the A or B pyrrole rings is sterically

592 634 incompatible with the ferrochelatase active site. The NB/A

regioisomers constituted only 3.8% of the N-isobutylPP mix-

ture. This compares with 19-26% NH/A regioisomers found in

the regioisomer mixtures of N-butylPP, N-pentylPP, and N-

hexylPP. The inactivity of 4-isobutyl DDC as a ferrochelatase-

lowering agent is therefore attributable, at least in part, to the

nearly exclusive formation of the N� and/or N1) regioisomers

of N-isobutylPP.

An additional factor involved in the failure to demonstrate

ferrochelatase-lowering activity when 4-isobutyl DDC was

added to chick embryo hepatocyte culture may be the following:

the composition of cytochrome P-450 isozymes in the hepato-

cyte culture would be expected to differ from that in the rat

liver. Because the formation of N-alkylPP is likely to be de-

pendent upon interaction of 4-isobutyl DDC with specific iso-

zymes of cytochrome P-450 (11, 19), it is possible that the

specific isozymes of cytochrome P-450 required for the forma-

tion of the NB/A regloisomers of N-isobutylPP in rat liver were

absent or present at very low levels in chick embryo hepatocyte

culture.

In a previous study (20) we compared the ferrochelatase-

lowering activity of the DDC analogues (FIg. 1, a-g) in chick

embryo hepatocyte culture. Ferrochelatase-lowering activity

decreased as the length and bulk of the 4-alkyl chain increased.

Thus 4-pentyl DDC was less active than DDC, 4-ethyl DDC,

and 4-propyl DDC but more active than 4-hexyl DDC; 4-

isobutyl DDC was inactive. The results obtained in the present

study and by other investigators on the regioisomer composi-

tion of N-alkylporphyrins helps to shed light on the differences

in ferrochelatase-inhibitory activity observed with DDC ana-

logues. When DDC was administered to phenobarbital-pre-

treated rats, the ratio of NB plus NA to N� plus ND regioisomers

in N-methylPP isolated from rat livers was 6.5:1 (3). The

administration of4-ethyl DDC to phenobarbital-pretreated rats

resulted in the accumulation in the rat livers of an N-ethylPP

with a ratio of NB plus NA to N� plus NI) regioisomers of 2:1

(19). In the present study a ratio of NH/A to Nc/[) regioisomers

of between 1:4 and 1:3 was observed with N-butylPP, N-
pentylPP, and N-hexylPP and 1:25 with N-isobutylPP. It thus

appears that the bulkier the 4-alkyl substituent of DDC, the

lower the ratio of NH/A to N(./L) regioisomers formed. The NH/A

regioisomers of N-butylPP, N-pentylPP, N-hexylPP, and N-

isobutylPP were found to be less potent as ferrochelatase

inhibitors than the NA plus NH regioisomers of N-ethylPP (Fig.
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_______________ Fig. 5. High performance liquid chromatography

‘I 4a� 20 analysis of the N-alkylporphynn dkT1eth�1 esters �o-
U se lated from the avers of (a) 4-butyl-

DDC-, (b) 4-pentyl-DDC-, (C) 4-hexyl-DDC-, and (d) 4-
isobutyl-DOC-treated rats. A PartiSiI-10-PAC column
(4.6 x 250 mm), elUted with hexane/tetrahydrofuran/

( d ) methanol, 48.5:48.5:3.0 (v/v/v), and a variable wave-
length detector, set at 420 nm, were used for the
analysis.
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TABLE 2
Percentage of N.,� regiolsomers in the N-alkylPP isolated from
phenobarbital-pretreated rats after the administration of DDC
analogues

DDC

Analogues

N� Regioisomers
in N-Alk�1PP

4-Butyl 25.9 ± 5.3
4-Pentyl 19.2 ±4.2
4-Hexyl 22.8 ± 2.9
4-Isobutyl 3.8 ± 2.2

6, a, b, c, and d). Therefore the decrease in ferrochelatase-

lowering activity as the length and bulk of the 4-alkyl substit-

uent of DDC analogues increases may be explained by 1) the

formation of a smaller proportion of the active NA and/or N�

regioisomers and more of the much less active N� and/or ND

regioisomers and 2) decreased potency, as ferrochelatase inhib-

itors, of NB/A regloisomers of N-butylPP, N-pentylPP, N-

hexylPP, and N-isobutylPP relative to the NB/A regioisomers

of N-methylPP and N-ethylPP.

The final question that we would like to address is the

following why does the ratio of NA and/or NB regioisomers in

the regioisomer mixture of an N-alkylPP decrease as the length

and bulk of the 4-alkyl substituent of a DDC analogue in-

creases? The following studies may throw some light on this

problem. De Matteis et al. (19) showed that the regioisomer

composition of N-ethylPP depended on the hepatic cytochrome

P-450 isozyme(s) that predominated when 4-ethyl-DDC was

administered to rats. Thus, after pretreatment of rats with

phenobarbital the NA regioisomer of N-ethylPP predominated

(63% of the total regioisomers) whereas after f�-naphthoflavone

pretreatment the ND regioisomer predominated (51% of the

total regioisomers). De Matteis et al. (19) suggested that the

apoprotein of a cytochrome P-450 isozyme may specifically

direct the alkyl group ejected from the 4-position of the dihy-

dropyridine onto one of the four pyrrole nitrogens. In our

studies the proportion of NB/A regioisomers decreases drasti-

cally with an increase in the size and bulk of the 4-alkyl

substituent of DDC. This suggests that DDC analogues with

bulky 4-alkyl substituents may have different isozyme specific-

ity than does 4-ethyl-DDC; these isozymes may direct alkyla-

tion primarily to the C and D ring nitrogens of the heme moiety

of cytochrome P-450. An alternative interpretation of our data

is the following: The same cytochrome P-450 isozyme or iso-

zymes may be involved in interaction with the dihydropyridines

despite differences in the size of the 4-alkyl group. The size of

the 4-alkyl group would influence the orientation of binding of

the dihydropyridine at the active site and thus account for

differences in the regioisomers formed.

To resolve these questions it will be necessary to purify the
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Fig. 6. Ferrochelatase activity of chick embryo liver cell culture after incubation with regioisomers of (a) N-butylPP, (b) N-pentylPP, (c) N-hexylPP,
and (d) N-isobutylPPZ2, 3.4 pmol/ml; F�, 34 pmol/ml; Z, 340 pmol/ml; 0, control. Each bar represents the mean of four determinations (± standard
deviation); results were confirmed by two additional experiments. a’Signffi(�ntly different from controlas determined by a one-way analysis of
variance (p � 0.05) and a Newman-Keuls test (p � 0.05). tSignificantly different from the same dose and regioisomers of synthetic N-ethylPP.
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major isozymes of cytochrome P-450. After reconstituting ac-
tive cytochrome P-450 monooxygenase preparations with the

purified isozymes, the nature of the N-alkyl regioisomers

formed after mechanism-based inactivation by DDC analogues

must be determined. Studies of this type should be helpful in

elucidating the characteristics of the active site of cytochrome

P-450 isozymes.
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