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SUMMARY

MARKS, G. S., S. B. ZIMMER, S. E. DINIzO, B. A. MIC0, K. L. KUNZE, AND P. R.
ORTIZ DE MONTELLANO. Studies of the porphyrin-inducing activity of ethynyl
compounds and conformationally restricted and unrestricted analogues of allyliso-
propylacetamide in chick embryo liver cell culture. Mol. Pharmacol. 20:206-210
(1981).

A series of conformationally restricted and unrestricted analogues of allylisopropylace-

tamide (AlA) and a group of ethynyl compounds have been tested for porphyrin-inducing

activity in chick embryo liver cell culture. The conformationally restricted analogues,
which do not share the ability of AlA to destroy rat and chick embryo hepatic cytochrome
P-450, were nevertheless shown to induce porphyrin accumulation. The conformationally

unrestricted analogues and the ethynyl compounds which do share the ability of AlA to
destroy rat hepatic cytochrome P-450 possessed weak to moderate porphyrin-inducing
activity or were inactive. It is concluded that in chick embryo liver cell culture, in contrast
to the situation in rat liver, destruction of the heme moiety of cytochrome P-450 does not
appear to be a prerequisite for 9-aminolevulinic acid synthetase induction and porphyrin

accumulation.

INTRODUCTION

It has been known for many years (1) that a green
pigment is formed in rat liver following administration of
Sedormid, an AlA’ analogue. However, neither the struc-
ture nor the significance of this green pigment has been
understood. In recent years, our knowledge of this green
pigment has advanced. In the rat, phenobarbital-induced
hepatic cytochrome P-450 is preferentially destroyed by

AlA and it has been shown by isotopic labeling tech-
niques that the green pigment consists of iron-free me-
tabolite(s) of the heme group of cytochrome P-450 (2, 3).
Ortiz de Montellano et al. (4, 5) have shown that, in this
process, protoporphyrin IX, the iron-free prosthetic
group of cytochrome P-450, is transformed into an ab-
normal green porphyrin to which AlA is covalently
bound. Further study has revealed that the green por-
phyrin is a 1:1 porphyrin-AlA adduct formed when cy-
tochrome P-450 is destroyed by self-catalyzed addition of
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AlA to its heme prosthetic group. A series of conforma-
tionally restricted analogues of AlA (Fig. la-e) do not
share the ability of AlA to destroy cytochrome P-450,
from which it was concluded that features of the AlA
structure affected by conformational changes are impor-

tant for the destructive action. On the other hand, several
conformationally unrestricted analogues of AlA (Fig. if-
j), as well as several ethynyl compounds (Fig. 2a-d),

shared the ability of AlA both to destroy cytochrome P-
450 and to form green pigments (6). These analogues
offer an interesting tool with which to study the role of
the heme moiety of cytochrome P-450 in the control of

ALA synthetase. If the destruction of the heme moiety
of cytochrome P-450 is an important signal for the in-
duction of increased ALA synthetase activity (7), then
conformationally restricted AlA analogues might be ex-
pected to be inactive in inducing ALA synthetase activ-
ity. On the other hand, one might expect the conforma-
tionally unrestricted analogues, as well as the ethynyl
compounds, to show activity comparable with that of
AlA in inducing ALA synthetase activity. Therefore, the
objective of this study was to determine whether this was
the case.
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FIG. 1. A series of conformationally restricted and unrestricted analogues ofAlA (see text for details.)

a. Structure of trans-2,2-dimethyl-3-vinyl-cyclopropanecarboxamide.

b. Structure of cis-2,2-dimethyl-3-vinyl-cyclopropanecarboxamide.

C. Structure of bicyclo-[3.1.0]-hex-2-ene-6-endo-carboxamide.

d. Structure of bicyclo-[3.1.0]-hex-2-ene-6-exo-carboxamide.

e. Structure of N-phenyl-bicyclo-[3.1.0]-hex-2-ene-6-endo-carboxamide.

f. Structure of methyl-2-isopropyi-4-pentenoate.

g. Structure of 3-isopropyl-5-hexene-2-one.

h. Structure of methyl-2-isopropyl-4-pentenyl ether.

i. Structure of N-phenyl-2-isopropyl-4-pentenamide.

j. Structure of 2-isopropyl-4-pentenamide (AlA).

k. Structure of 2-isopropyl-4-pentanamide (PIA).

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


208 MARKS ET AL.

(a)

��0H

(b)

0,N� 0�$ C 1�’0�%

(c)

FIG. 2. Ethynyl compounds

a. Structure of 4-phenyl-1-butyne.

b. Structure of 1-ethynylcyclopentanol.

C. Structure of 3-(4-nitrophenoxy)-1-propyne.

d. Structure of 3-(2,4-dichlorophenoxy)-1-propyne.

(d)

METHODS

Source of compounds. Waymouth MD 705/1 medium
was purchased in powder form from Grand Island Bio-
logical Company (Grand Island, N. Y.). Insulin (bovine
pancreas, 24 lU/mg), L-thyroxme sodium pentahydrate,

bovine serum albumin (Fraction V powder), bovine se-
rum albumin (crystaffized and lyophiized, for protein
standard), collagenase (Type I, 460 NF units/mg), peni-

cilhin G sodium, and streptomycin sulfate were purchased
from Sigma Chemical Company (St. Louis, Mo.). Folin
and Ciocalteau phenol reagent was purchased from
Fisher Scientific Company (Ottawa, Ont.). AlA was ob-
tained as a gift from Hoffmann La Roche (Montreal,
Canada). Cis- and trans-2,2-dimethyl-3-vinylcyclopro-
pane carboxamide were synthesized by methods de-

scribed previously (8). Oxidation of endo-bicyclo-[3.1.0]-
hex-2-ene-6-carboxaldehyde (Aldrich Chemical Com-
pany, Inc., Milwaukee, Wisc.) with silver oxide, as re-
ported by Meinwald et al. (9), provided the corresponding
acid. Reaction of the acid with 1.1 Eq of oxalychloride in
pyridine/benzene at 0#{176},followed by treatment with con-
centrated ammonium hydroxide, provided endo-bicyclo-
[3.1.0]-hex-2-ene-6-carboxamide (m.p. 116-1 17#{176})in 48%

yield. The starting endo aldehyde was isomerized to the
exo isomer by refluxing with 2.5 Eq of sodium methoxide
in dry methanol for 30 mm. The exo-bicyclo-[3.1.0]-hex-

2-ene-6-carboxamide (m.p. 171.5-172.5#{176}) was then pre-
pared as outlined for the endo isomer. Aniline was used
instead of ammonium hydroxide in the preparation of
endo-N-phenylbicyclo-[3.1.0]-hex-2-ene-6-carboxamide.
All structures were consistent with elemental analyses
and with IR, NMR, and mass spectrometric data. The

syntheses of methyl 2-isopropyl-4-pentenoate, 3-isopro-
pyl-5-hexene-2-one, methyl 2-isopropyl-4-pentenyl ether
and N-phenyl-2-isopropyl-4-pentenamide have been de-

scribed previously (4). 1-Ethynylcyclopentanol and 4-
phenyl-1-butyne were purchased from Farchan Division,

Story Chemical Corporation (Muskegon, Mich.). The
compounds 3-(2,4-dichlorophenoxy)-1-propyne and 3-(4-
nitrophenoxy)-1-propyne were prepared according to es-
tablished procedures (10).

Cell culture technique. The details of the cell culture
technique have been previously described (11, 12). The
cells were maintained in 6-cm diameter disposable plastic

Petri dishes (Falcon Plastics, Oxnard Calif.) containing
5 lTd of Waymouth MD 705/1 medium supplemented
with 60 mg ofpenicillin G, 100 mg of streptomycin sulfate,
1.0 mg of insulin, and 1.0 mg of L-thyroxme sodium
pentahydrate per litre. After an initial incubation period
of 24 hr, the medium was discarded and replaced with

fresh medium. Chemicals dissolved in 95% ethanol (10

IL’ ) were added to the cell culture and the dishes were
reincubated. The porphyrin content of cells and medium

and the protein content of cells were measured quanti-
tatively 24 hr later (13). Porphyrins were measured by a

fluorometric procedure. For this purpose, a standard
fluorescence curve was constructed using 1, 2, 3, 4, and 5
ng/ml of standard of coproporphyrin I in 1 M perchioric

acid-ethanol (1:1 v/v). Results are expressed as nano-
grams of porphyrins per milligram of protein.

Isolation of microsomes. Thirty-five chick embryos
were treated for 3 days (days 16-18 of embryonic devel-
opment) with once-daily injections of sodium phenobar-
bital (5 mg/0.1 ml of distilled water). The drug was
injected through the chorioallantois into the fluids sur-
rounding the embryo. Twenty-four hours after the last
injection, the embryos were killed and the livers were
removed. Liver microsomes were prepared in 0.05 M Tris

buffer (pH 7.5) containing 1.15% potassium chloride,
according to the procedure of Levin and Kuntzman (14)
and Levin et al. (15).
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Effect of AlA and analogues on microsomal cyto-

chrome P-450 (4). A solution (4 ml) was prepared con-
taming microsomal protein (0.5 mg/mI), NADPH (1 mM),

KC1 (150 mM), and EDTA (1.5 mM) in 0.1 N phosphate

buffer, pH 7.4. AlA or the cis- or trans-cyclopropyl
analogue was added to a concentration of 10 nmi. Incu-
bations were terminated after 30 mm and cytochrome P-
450 was measured spectrophotometrically (14, 15).

RESULTS AND DISCUSSION

After incubation of chick embryo microsomes with
NADPH for 0.5 hr, the cytochrome P-450 content was
shown to be 1.544 nmoles/mg of protein ± 0.022 (n = 5,
mean ± SEM). When AlA was included in the incubation

medium, a significant drop in cytochrome P-450 levels to
1.257 ± 0.027 (n = 5, mean ± SEM) was noted. When the

cis- analogue of AlA (Fig. ib) was included in the incu-
bation medium, the cytochrome P-450 levels were not

significantly changed (1.587 ± 0.032, n = 5, mean ±
SEM). In a second experiment, the control level of cy-

tochrome P-450 was found to be 1.172 nmoles/mg of
protein ± 0.021 (n = 5, mean ± SEM). Although AlA
caused a significant drop in these levels to 0.857 ± 0.018
(n = 5, mean ± SEM), the trans analogue was without

effect, yielding levels of 1.150 ± 0.024 (n = 5, mean ±
SEM). Thus, the results with AlA and the cis and trans

analogues in chick embryo liver paralleled those reported
in rat liver (4).

The potency of a porphyrin-inducing chemical in chick
embryo liver cells can be determined either by measuring
the level of ALA synthetase or by measuring porphyrin
accumulation. In general, our experience supports the

suggestion by Granick (13) that porphyrin accumulation
is an indirect measure of the level of ALA synthetase in

the cells. Therefore, in the present study, porphyrin
accumulation has been measured and used as an index of
ALA synthetase activity. The activity of the conforma-
tionally restricted analogues is compared in Fig. 3 with
the activity of AlA at doses of 3, 10, and 30 �&g/mi of
medium. The cis- and trans-cyclopropyl analogues (Fig.

la and b) differ from AlA (Fig. lj) only by the presence
of the darkened bond. The trans-isomer (Fig. la) ex-
hibited higher potency than AlA, whereas the cis-isomer

did not differ significantly in potency when compared
with AlA. A considerable drop in activity relative to AlA
was noted in the conformationally restricted analogues

containing two-ring systems (Fig. ic and d). The endo
analogue (Fig. ic) exhibited activity at 10 and 30 j�g/ml,
whereas the exo analogue (Fig. id) showed activity at 30

,.Lg/ml; the phenylbicyclo analogue was inactive.
The results obtained with the conformationally unre-

stricted analogues of AlA (Fig. lf-j) are shown in Fig. 4.
N-phenyl AlA (Fig. ii) displayed considerable activity,
although it was less potent than AlA. The ketone (Fig.
ig) displayed slight activity, whereas the ether (Fig. lh)

and the ester (Fig. if) were inactive. The results obtained
with the ethynyl compounds are shown in Fig. 5. The
compound 3-(2,4-dichlorophenoxy)-1-propyne (Fig. 2d)

showed moderate porphyrin-inducing activity, whereas
3-(4-nitrophenoxy)-1-propyne (Fig. 2c) showed slight ac-
tivity. The remaining ethynyl compounds (Fig. 2a and b)
were essentially inactive.

The conformationally restricted analogues of AlA, sev-

LJ9 drug/mi medium

FIG. 3. Porphyrin-inducing activity in chick embryo liver cell cul-

ture of solvent control (10 �d of ethanol); AlA; trans-2,2-dimethyl-3-

vinyl-cyclopropanecarboxamide (TRANS); cis-2,2-dimethyl-3-vinyl-

cyclopropanecarboxamide (CIS); bicyclo-[3.1.OJ-hex-2-ene-6-endo-

carboxamide (ENDO); bicyclo-[3.1.O]-hex-2-ene-6-exo-carboxamide

(EXO); and N-phenyl-bicyclo-[3.1.O]-hex-2-ene-6-endo-carboxamide

(N-Ph-BICYCLO)

Each bar represents the mean of five determinations ± standard

error of the mean. An asterisk denotes a significantly higher value than

AlA tested at the same dose.

eral of which show marked porphyrin-inducing activity
(Fig. 3), do not share the ability of AlA to destroy the
heme moiety of rat hepatic cytochrome P-450. The most
potent of these conformationally restricted analogues,
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FIG. 4. Porphyrin-inducing activity in chick embryo liver cell cul-

ture of solvent control (10 .tl of ethanol); AlA; methyl-2-isopropyl-4-

pentenyl ether (ETHER); 3-isopropyl-5-hexene-2-one (KETONE);

methyl-2-isopropyl-4-pentenoate (ESTER); and N-phenyl-2-isopropyl-
4-pentenamide (N-Phenyl AlA)

Each bar represents the mean of five determinations ± standard

error of the mean. Asterisks denote values significantly higher than

those of solvent controls.
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FIG. 5. Porphyrin-inducing activity in chick embryo liver cell cul-

ture of solvent control (10 �.tl of ethanol); 4-phenyl-2-butyne (A); 1-

ethynylcyclopentanol(B); 3-(4-nitrophenoxy)-1-propyne (C); and 3-(2,4-

dichlorophenoxy)-1-propyne (D)

Each bar represents the means of five determinations ± standard

error of the mean. Asterisks denote values significantly higher than

those of solvent controls.

viz., the cis and trans analogues (Figs. la and b), also do

not destroy the heme moiety of chick embryo hepatic
cytochrome P-450, in contrast to AlA. Conversely, the
conformationally unrestricted AlA analogues (Fig. if-i)
and the ethynyl compounds (Fig. 2a-d), which are either
inactive or show moderate porphyrin-inducing activity
(Figs. 4 and 5), do in fact share the ability of AlA to
destroy rat hepatic cytochrome P-450. Therefore, it fol-
lows that in chick embryo liver cell culture, unlike rat

liver (7), destruction of the heme moiety of cytochrome
P-450 is not a requirement for ALA synthetase induction

and porphyrin accumulation.

These results are consistent with previously reported

differences between rat and chick embryo liver. Thus, in
the rat, substituted amides lacking allyl groups, e.g. PIA

(Fig. 1k), fail to promote destruction of the heme moiety
of cytochrome P-450 (15, 16) and fail to induce ALA
synthetase activity and porphyrin accumulation (16). In
the chick embryo, on the other hand, despite the fact
that PIA does not promote destruction of the heme
moiety of cytochrome P-450, it is an inducer of ALA
synthetase activity and porphyrin accumulation (17).
Therefore, these original studies led to the conclusion
that destruction of the heme moiety of cytochrome P-450
with concomitant lowering of cytochrome P-450 levels
was not a prerequisite for ALA synthetase induction

210 MARKS ET AL.

REFERENCES

1. Schwartz, S., and K. Ikeda. Studies of porphyrin synthesis and interconver-
sion, with special reference to certain green porphyrins in animals with

experimental hepatic porphyria, in Ciba Foundation Symposium on Por-
phyrin Biosynthesis and Metabolism. Churchill, London, 209-228 (1955).

2. De Matteis, F. Loss of haem in rat liver caused by the porphyrogenic agent

2-allyl-isopropylacetamide. Biochem J. 124:767-777 (1971).

3. Levin, W., M. Jacobson, and R. Kuntzman. Incorporation of radioactive 8-

aminolevulinic acid into microsomal cytochrome P450: selective breakdown
of the hemoprotem by allylisopropylacetamide and carbon tetrachioride.
Arch. Biochem. Biophys. 148:262-269 (1972).

4. Ortiz de Montellano, P. R., B. A. Mico, G. S. Yost, and M. A. Correia. Suicidal
inactivation ofcyt.ochrome P.450: covalent binding of allylisopropylacetamide
to the heme prosthetic group, in Enzyme-Activated Irreversible Inhibitors
(N. Siler, M. J. Jung, and J. Koch Weser, eds.). Elsevier, Amsterdam, 337-

352 (1978).
5. Ortiz de Montellano, P. R., B. A. Mico, and G. S. Yost. Suicidal inactivation

of cytochrome P-450. Formation of a heme-substrate covalent adduct. Bio-
chem. Biophys. Res. Commun. 83:132-137 (1978).

6. Ortiz de Montellano, P. R., and K. L. Kunze. Self-catalyzed inactivation of

hepatic cytochrome P.450 by ethynyl substrates. J. Biol. Chem. 255:5578-

5585 (1980).
7. De Matteis, F. Hepatic porphyrias caused by 2-allyl-2-isopropylacetamide,

3,5-diethoxycarbonyl-1,4-dihydrocollidine, griseofulvin and related com-
pounds. In Handbook Exp. Pharmacol. 44:129-155 (1978).

8. Ortiz de Montellano, P. R., and S. E. Dinizo. Base-catalyzed isomerization of
cia- and trans-2,2-dimethyl-3-formylcyclopropanecarboxylates. Nature of the
base-stable cia intermediate. J. Org. Chem. 43:4323-4328 (1978).

9. Meinwald, J., S. S. Labana, and M. S. Chadha. Peracid reactions. III. The

oxidation of bicyclo[2.2.lJ-heptadiene. J. Am. Chem. Soc. 85:582-585 (1962).
10. Fellig, J., J. R. Barnes, A. I. Rachlin, J. P. O’Brien, and A. Focella. Substituted

phenyl 2-propynyl ethers as carbamate synergists. J. Agric. Food Chem. 18:
78-80 (1970).

11. Fischer, P. W. F., R. 0. Morgan, V. Krupa, and G. S. Marks. Drug-induced

porphyrin biosynthesis. XV. Induction of porphyrin biosynthesis in chick
embryo liver cells maintained in serum-free Waymouth medium. Biochem.
Pharmaco!. 25:687-693 (1976).

12. Morgan, R. 0., P. W. F. Fischer, J. K. Stephens, and G. S. Marks. Thyroid
hormone enhancement of drug-induced porphyrin biosynthesis in chick em-
bryo liver cells maintained in serum-free Waymouth medium. Biochem.
Pharmacol. 25:2609-2612 (1976).

13. Granick, S. The induction in vitro of the synthesis of 6-aminolevulinic acid
syntheta.se in chemical porphyria: a response to certain drugs, sex hormones
and foreign chemicals. J. Biol. Chem. 241:1359-1375 (1966).

14. Levin, W., and R. Kuntzman. Biphasic decrease of radioactive hemoprotein

from liver microsomal CO-binding particles: effect of 3-methylcholanthrene.

J. Bio!. Chem. 244:3671-3676 (1969).
15. Levin, W., M. Jacobson, E. Sernatinger, and R. Kuntzman. Breakdown of

cytochrome P-450 heme by secobarbital and other allyl-containing barbitu-
rates. Drug Metab. Dispos. 1:275-285 (1973).

16. Abbritti, G., and F. De Matteis. Decreased levels of cytochrome P.450 and

catalase in hepatic porphyria caused by substituted acetamides and barbitu-

rates. Importance of the allyl group in the molecule of the active drugs.

Chem..Biol. Interact. 4:281-286 (1971).

17. Marks, G. S., V. Krupa, and M. V. Roomi. Drug-induced porphyrin biosyn-
thesis. VIII. Investigation of the importance of allyl group for activity in

substituted acetamides. Can. J. Physiol. Pharmacol. 51:863-868 (1973).

Send reprint requests to: Dr. Gerald S. Marks, Department of

Pharmacology, Queen’s University, Kingston, Ontario K7L 3N6, Can-

ada.

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/



