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Abstract--The porphyru-inducing activity of a series of aromatic esters and amides has measured 
in chick cmhr!o li\cr cells. Stericallq unhindered aromatic esters which are inactive m the ahsencc 
of a carboxylesterasc inhibitor. his-[p-nitrophenyllphosphate (BNPP), are markedly active in the pres- 
encc of BNPP. On the other hand, the potenq of sterically hindered esters is similar in the presence 
and absence of BNPP. In contrast to the aromatic esters. both sterically hindered and unhindered 
aromatic amides arc active in the absence of BNPP. A high corrclatlon WE shown between porphyrin- 
inducing activity and lipophilicity of aromatic amides and esters after inhibition of aromatic ester 
hydrolysis by BNPP. It was concluded that porphyrin-inducing activity of aromatic estcrh and amides 
depends upon lipophilicity and resistance to rapid metabolism to compounds of lower lipophllicit!. 

Studies of the relationship between chemical structure 
and porphyrin-inducing activity have shown that a 
series of aliphatic and aromatic esters and amides are 
potent as porphyrin-inducing agents. while the corre- 
sponding acids are devoid of activity [I -31. Recent 
evidence suggests that. in order for a chemical to 
cause porphyrin accumulation. it must remain in the 
liver for a period of at least several hr in order to 
induce and maintain high levels of d-aminolevulinic 
acid (ALA)-synthetase 14-71. Consequently, it follows 
that a porphyrin-inducing drug should possess, in 
addition to other features, appropriate chemical 
propel-ties that prevent it from being rapidly metabo- 
IiLed and inactivated by the liver. In earlier studies 
12. 31. we attempted to demonstrate that porphyrin- 
inducing activity was confined to aromatic and ali- 
phatic esters and amides which were sterically hin- 
dcred from hydrolysis to the corresponding acids. 
This hypothcsls could not account for the relative 
porphyrin-inducing activity of the compounds studied 
and has been modified to take into account the im- 
portance of lipophilicity [Xl. In recent studies of ali- 
phatic amides [9], we have shown that porphyrin-in- 
ducing activity in chick embryo liver cells could be 
correlated with two properties of the compounds. viz. 
lipophilicity and resistance to rapid hydrolysis to 
compounds of Iowner lipophilicity. Bis-[p-nitro- 
phenyl]phosphatc (BNPP) [IO, I I] is a specific rela- 
tively non-toxic inhibitor of liver carboxylesterase 
(carboxylic-ester hydrolase. EC 3. I. 1.1.). The liver car- 
box!lestcrase also posscsscs amidasc activity [ 121. 
and the hydrolysis of several amides can be inhibited 
by BNPP. The objective of this study was to dcter- 
mine whether the porphyrin-inducing activity of aro- 
matic esters and amides could be correlated with lipo- 
philicity after blockade of hydrolysis to compounds 
of loM,er lipophilicity with BNPP. 

*This work was supported by a grant from the Medical 
Research Council. Canada. 

tSPERIkIE\TAL 

Fertilized eggs of a white Leghorn strain wcrc 
obtained from Archers Poultry Farm. Brighton. 
Ontario. The eggs were stored in the refrigerator at 
4 for no longer than 7 days prior- to incubation at 
38 at a relative humidit! of 6X per cont. The age 
of the embryo was taken as the number of dais from 
the onset of incubation. 

Source of c.ornp~~~/.s LUI~ IWU+W~.\. BNPP was pre- 
pared by the condensation of /I-nitrophcnol with 
phosphorous oxychloride [ 131. The following com- 
pounds were purchased from Aldrich Chemical Co.: 
3.S-dimethylbenzoic acid. 2.4.6-trimethylbenzoic acid 
and 2-(2.4.6-trimcthylphenyl)-ethanoic acid (mcsityl 
acetic acid). Ethyl benzoate and benzamide ucrc 
obtained from Eastman Organic Chemicals and 
2-(phenyl)-ethanoic acid and 2,4,6-trimcthylbenzoic 
acid were purchased from Canadian Laboratory Sup- 

plies. The remaining esters and amides were synthc- 
sired by methods dcscribcd previousl! [ 1.21. 

Trypsin (2.5”,, in saline) and powdered basal 
medium (Eagle) containing Earle’s salts and gluta- 
mine were purchased from Grand Island Biological 
Co. Pooled bovine strum (lot 35) ~vas purchased from 
Pentax. Inc.. WinIcy-Morris Co., Ltd. 

Cell c~lltz~~, rrchr7ic~ur.s. Chick embryo likcr cell cul- 
tures were prepared using the procedure of Granick 
[ 141 with the following modifications [ 151: l7-day- 
old chick embryo livers were removed and a cell sus- 
pension was prepared in a mixture of 10 ml of 2.5”,, 
trypsin in saline and 10 ml magnesium- and calcium- 
free Earle’s solution. The cell suspension was ccntri- 
fuged at 25Og for 5 min. the supernatant was dis- 
carded and the cells were resuspended in warm 
growth medium (3 ml/liver): 0.2 ml of this suspension 
was added to each Petri dish, containing 5 ml of 
warm growth medium and placed in a Napco incuba- 
tor at 37 and a constant air flow of 8.4 litreqmin. 
The air flow was adjusted to contain 5”,, CO1. After 
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24 hr of incubation. the media were removed from 
the cells and replaced with fresh media. 

BNPP (50 j(g) in 95 “/, redistilled ethanol (511 OI 
ethanol alone (5/.) was added to the cell cttlturc\; 
which were then returned to the incubator for I hr. 
Drugs dissolved in ethanol ( 10 itl) wcrc then added 
to the cell cultures and the cultures were re-incubated. 
The porphyrin and protein content of the cells and 
medium was moasurcd 14 hr later [ 141. 

The porphyrin-inducing activit) of ;I series of ana- 
logues of ethyl bcnzoatc has been shown prcviouslc 
10 correlate with rhc degree of $teric htndrancc to 

h\tll-ol! \i\ ()I‘ the c\tcr group provided I>! acljaccnt 

orrlto-methyl groups LI. 21. Moreover. sterically un- 
hindered esters. such 21s ethyl bcn7oate. which cuh- 
bitcd no activit! in the absence of BNPP. wcrc shown 
to be markedly active in the presence of BNPP [lb]. 
On the other hand. the potency of stcrically hindered 
esters such as ethyl 2.4.6-tritnethylbcnzoate WCIS found 
to be similar in the presence and absence of BNPP 
[16]. The porphyrin-inducing activity of ;I series of 
analogues of benTamide is shohn in Table I. The 
results obtained in the present study using ;I quantita- 
tivc procedure for porphyrin analysis are in general 
agreement with results previousl! obtained using ;I 

qualitative procedure for porphyrtn analysis [I, 21, In 
contrast to the aromatic esters [I(,]. stcric hindrance 

to the h!drol~~is 01‘ the amtdcs pt-o\ ~dcd h! rhc prc+ 
ence of o,r/to-methyl groups plays no role in the ac- 
tivit) of thcsc compounds. and stcrically unhindcrcd 
compounds such ;IS benza~nidc. 3.5-diincthqlbcn/-a- 
midc. i-phcn~lpropananii(~c. ~-(~.3.h-trirncth~~p~~c~~~~) 
cthanatnidc and 3-(2.4.6-trimethqIphcnyl)propan;t- 
midc displa), acti\ it\, Since the free acid analogues 
of the above aroma;ic amidcx xc inactive. it l’ollous 
that hydrolysis tnust be a SIUM process. In \ic\4 oC 
the above considerations. one \+ottld not cspcct 
BNPP prc~rcatment of liver cellz to result in tnark- 
cdl! tncrcahcd acti\ it\ 01‘ xtericaU\ unhindcrcd :11-o- 
matic atnidcs 21s W;IS ‘the exe \vith stericall! ttnhin- 
dcrcd aromattc asters. To xc if this i&x was correct. 
the activit) of the stcricall\ itnhindcrcd aromatic 
amides. 3-phen~lpropattamidc and 7-(2.3.6-Iritncth! I- 
phenyl) cthanamidc. was measured helore and after 
BNPP prctrcatmcnt of likcr cells. No increase in por- 
phyrin-inducing acti\ it> was observed (Table I). 

The relative biological activit! of man\i different 
series of drugs can lx corrclatcd uithor l&earl! OI 
parabolicall! I+ ith thcit- lipophilicir\ [ I7 IU]. Thcrc- 
fore. \\c h;t\c acIcnipted to ttrili/c Ihc proccdut-es dc- 
\xAoped by Hans& and co-workers to assess the im- 
portancc of lipophilicity in dctcrmining porphyrin-in- 
ducing activity of the aromatic amides. As a tncnsurc 
or lipophilicity. Hansch and co+orkcrs used log P. 
whcrc !’ i4 the octanol-water partition cocilicicnt I)( 
;I drug. The log P values or bcnratntdc (0.64). of 
3-17lienylpropan~ttiii~ic (0.9 I ) and 01‘ ?-phcnylcthana- 

I-(‘.3.6-Trimeth!l- 

phcnbl) clhananitd~ 

3.5.Dimeth!l- 
(knlatnidc 

2.46Tritncthyl- 
bcnramidc 

C‘oncn 

(j’g ml) 

30 
I50 
ioo 

IO 
:0 

lO(1 
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Table 2. Observed and calculated concentrations of aromatic amides and esters which gitc the same 

porphyrin-induang activity as AIA (IO@ml) 

Compound Lot2 P 

Linear GISC* 
Erh) I bc117o;~tc 

Eth>l 7-(phcnql) cthanoatc 
Ethyl 3.j-dimethqlbenzoatc 

Ethyl 1.1.6.trimcthclbcnzoate 

Ethyl 2-(2.3.h-trimethq.II 
ctllanontc 

Ethyl .~-(1.4.6-trimeth~l- 

phcn) I) propanoate 

Bcnzamidc 
3.5.Dimethylbenramide 

l.4,h-Trimcth~lbenramide 

2-(2.4.6-Trimethqlphrn\i I) 
cthanamidc 

?-(‘.4.6-Trimethylph~~~~l) 

propanamide 

i-PhrnqIpropanamidc 

Parabolic casct 

Ethyl betuoatc 

Ethyl 2-(phen>l) ethanoate 
Ethyl 3.5-dlmeth!lhcnzoate 

Ethyl 2.4.Ctrimethql- 
ben7oate 

Ethyl 2-(2.4.h-trimethql- 
phenll) ethanoate 

Ethyl i-(2.4.6-trimcthql- 

phen! I) propanoatc 
Benamide 
?.5-Dlmeth~lbcnramidc 
?.4.6-Trimc;h~lbel7/amide 
X2.4.6-Trimethvlnhenvl) 

2.64 
2.30 
3.76 
4.32 

3.YX 

4.50 4.4x 
0.64 2.0X 
1.76 3.19 
2.31 3.43 

2.13 

‘.5X 
0.9 I 

2.64 3.36 
2.30 3.65 
3.76 3.97 

4.32 

3.YX 

4.50 
0.64 
1.76 

., , 
cthanamidc 

3-(9.4.6-Trimethylphenql) 
propanamidc 

i-Phen~lpropan~~midc 

2.13 

2.59 
0.9 I 

i.?6 
3.65 
3.97 
4.04 

3.59 0.23 
3.44 0.2 I 
4.1 I 0. I4 
4..36 0.32 

4.71 0.74 

4.45 0.03 
2.68 0.60 
3.19 0.00 
3.45 0.02 

3..36 0. I Y 

3.57 0.23 
2.x0 0.41 

3.69 0.33 
3.53 0.11 
4. I2 0.15 

4.28 0.24 

3.19 0.26 

4.32 0. I 6 
2.50 0.42 
3.23 0.04 
3.54 0.1 I 

3.44 0. I I 

3.67 0. I3 
2.70 0.5 I 

; Llncar C;N: log I C’ = 0.458 log P + 2 3X4: n = 12: 1’ = 0.SY-i; S.E.M. of ewmate 0.2YY (3). 
i- Parabolic case: log I C = -0.067 (log P)’ + 0.X1? log P + 2.011: n = 12; I’ = 0.910; S.E.M. of 

estimate 0.206 (4). 

mide (0.45) were available [20.21]. and the log P 
values of the other amides (Table 2) were calculated 
by adding a value of 0.56 for each --CH,- group 
added to the benzene ring. Hansch and co-workers 
have defined the relative biological activity of a drug 
in terms of log 1;C. where C is the molar concen- 
tration of a drug producing a standard biological rc- 
sponsc. t’or our studies. w ha\e defined the porph!- 
I-in-inducing acti\,ity ohser~ed 24 hr after the addition 
of AIA (IO~gml) to chick embryo liver cells as the 
standard biological response. Dose response relation- 
chips were determined for each amide ;~nd the molar 
concentration (c‘) of each drug, which gave the same 
response as AIA (IO @ml), in the same experiment. 
was determined. Observed log I:C values (Table 2) 
were derived from this information. 

The degree of correlation between log I/C and log 
P was determined for the aromatic amides. For this 
purpose regression analysis by the method of Icast 
squares was used to dctcrmine equations defining the 
‘best’ fit straight lint (equation I) and the ‘best’ fit 
parabola (equation 2) through the data. 

The equations derived were: 

log l/C = 0.645 log P + 2.098: 
n -6: 
r = 0.850: 

S.E.M. of estimate = 0.352. (1) 

log PC = -0.166 (log P 1’ 
+ I.487 log P -t 1.576: 

n = 6: 

I’ = 0.865: 
S.E.M. of estimate = 0.3~7. (2) 

u here n is the numhcr of data points. I‘ is the correta- 
tion coefticient. and S.E. is the standard error [ 17. 191. 
Our analysis indicated that F,,, for the linear case 
was 10.394 (F,,, x 0.,,5 is 7.71) and FZ,3 for the para- 
bolic case was 4.469 (F,,, 2 0.05 is 9.55). It was con- 
cluded that a linear relationship existed between lipo- 
phiticity and the porphyrin-inducing activity of aro- 
matic amides. 

Since the aromatic esters previously studied [I61 
and the aromatic amides arc congeners of benzoic 
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acid. the possibility was considered that a single equa- 
tion might describe a relationship between lipophili- 
city and the porphyrin-inducing activity of both aro- 
matic esters and amides. The log P value of the aro- 
matic esters (Table 2) was calculated as follows. The 
log P values of ethyl bewoate (3.64). ethyl 2-(phenyl) 
ethanoatc (3.30) and methyl ?-(phenyl) propanoate 
(2.32) \vcrc available [?I]*. and the log P values 01 

the other esters (Table 3) wcrc obtained bl adding 

;I \,alue of 0.56 for each methyl group added to the 
bcnxne ring and 01‘ 0.5 when :tn cthoxycarbonyI 
group was substituted for a methoxycarbon)l group 
[27]. Dose rcsponsc curves were constructed for each 
aromatic ester. in the presence of BNPP. in ;I single 
chick embryo liver cell culture experiment. This pro- 
cedurc was adopted in order to eliminate cxperimcnt- 
to-cxperimcnt variation. From each dose-response 
curve. the molar concentration (C) of each ester was 
determined, which paw the same porphyrin-inducing 
acti\it! as a dose of AIA (IO /lg.ml) in the san~c cl- 

poriment. From this information observed log I C 
values v,crc‘ obtained (Table 2). The log P values and 
the log 1 C‘ ~alucs of the aromatic esters, in the pres- 
cnce of BNPP. and the corresponding values deter- 
mined for the aromatic amides, in the absence of 
BNPP. wcrc combined (Table 7) and regression 
analysis of the data gave equations 3 and 4: 

log I <’ = 0.45x log P + 23x4: 
n = 12: 
I’ = 0.x97 : 

S.E.M. of estimate = 0.299: 
log I’(‘ = -0.067 (log P)z 

+0.x17 log P + XI I : 
I1 = I?: 

1’ = 0.Y IO: 

(3) 

S.E.M. of estimate = 0.296. (4) 

For each compound. the log P value. the experimen- 
tally observed log I,,C value and the log I/C value 
calculated to fit equations 3 and 4 are given in Table 
2. The experimentally observed values of log l/C for 
each drug are plotted against the log P values in Fig. 
1 and the ‘best’ fit straight line (defined by equation 
3) was drawn through them. Our analysis indicated 
that F,,,” for the linear case was 41.2 (F,,,, r 0.001 
is 21.04) and F2,<> for the parabolic case was 21.74 
(F2,9 a O.oO1 is 16.39). Thus, a linear equation suffices 
to correlate lipophilicity with the porphyrin-inducing 
activity of aromatic esters and amides. Since the 
above correlation cannot be achieved if the activity 
of aromatic esters is measured in the absence of 
BNPP pretreatment. it is clear that neither steric fac- 
tors nor lipophilicity alone can explain the porphyrin- 
inducing activity of these compounds but that con- 
sideration of both factors is required. 

*C. Hans& privntc communication (1975). 
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