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Abstract-Pretreatment of 17.day-old chick embryos with 2-dieth~laminocth~l-~.~-diphenyl~~~ler~~te 
hydrochloride (SKF 525.A) resulted in enhancement ol hcpatic &aminolevulinic acid (ALA)-synthctase 
activity and porphyrin accumulation induced by 3.j.dicthoxvcarbonyl-I .-l-dihydro-2.4.6trimethylpyri- 
dint (DDC). The levels of (“C]DDC and its mctabolites in chick embryo livers were measured at 
different times after administration of (‘JC]DDC in the presence and absence of SKF 515-A. It is 
concluded that the magnitude of inhihition of DDC metabolism following SKF 525-A pretreatment is 
too small to account for the enhanced inducing effects of DDC. DDC was found to inhibit fcrrochelatase 
in chick embryo liver at doses considerably less than those required to induce ALA-synthetase activity. 
A dose of DDC was selected for administration to the chick embryo large enough to produce YS per 
cent inhibition of ferrochelatase without affecting ALA-synthctasc activitl. When SKF 525-A was then 
administered. a marked synergistic effect was observed on ALA-synthetaue activity and porphyrin 
accumulation. It is concluded that DDC, by inhibiting ferrochelatase. enhances the ability of SKF 52% 
A to induce ALA-synthetase activity and porphyrin accumulation. 

A practical problem which arises in deciding which 
drugs may be safely administered to patients with 
hereditary hepatic porphyria is the choice of an 
appropriate system in which to test the drugs. Var- 

iability of drug response in different species IS a well 
known phenomenon. Two reasons have been sug- 
gested by Brodie et cd. [1] to account for this vari- 
ation: (1) variation in drug metabolism, resulting in 
differences in the amounts of drug at the site of 
action, and (2) variation in sensitivity of receptor 
sites. Different rates of drug metabolism are thought 
to account largely for the species variation (21. Con- 
sequently, it has been suggested by Mannering that 
the use of 2-diethylaminoethyl-2.2-diphenylvalerate 
hydrochloride (SKF 525-A). an inhibitor of hepatic 
drug metabolism, in conjunction with a new drug 
being investigated, would eliminate or minimize var- 
iability of drug response in different species. On the 
basis of these considerations, Taub et al. [3] exam- 
ined the possibility of using SKF 525-A in conjunc- 
tion with porphyrin-inducing drugs to minimize the 
variability of response observed previously in dif- 
ferent test systems. 

Taub et u/. (31 showed that the ability of 3,5-d- 
ethoxycarbonyl-I .4-dihydro-2,4,6-trimethylpyridine 
(DDC) to induce S-aminolevulinic acid (ALA)-syn- 
thetase activity and porphyrin accumulation in chick 
embryo livers was greatly enhanced by pretreatment 
with SKF 525-A. They attributed the increase in 
porphyrin-inducing ability of DDC to elevated 
hepatic levels of the unchanged drug, resulting from 
an SKF 525A-mediated blockade of metabolism of 
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DDC to inactive metabolites. However. an alter- 
native explanation is possible. SKF 525-A induces 
ALA-synthetase activity in the 17-day-old chick 
embryo liver [3,4] but does not induce porphyrin 
accumulation. If DDC inhibits chick embryo hver 
ferrochelatase, as it has been shown to do in mouse 
and rat liver [5,6], then heme formation would 
decrease and heme-mediated feedback repression of 
ALA-synthetase would diminish. As a result, the 
SKF 525-A-mediated increase in ALA-synthetase 
would be enhanced and porphyrins would accumu- 
late. This alternative explanation appears plausible 
in view of the synergistic effects observed previously 
when DDC was used in combination with other 
porphyrin-inducing drugs [ 7-91. The objective of the 
present study was to determine which of the two 
explanations of the synergism between DDC and 
SKF 525-A is correct. 

EXPERIMENTAL 

Experimental unimuls. Fertilized eggs used were 
of the White Leghorn strain, obtained from Archer’s 
Poultry Farm, Brighton, Ontario. They were stored 
at 10” for no longer than 7 days prior to incubation 
at 38”. The age of the embryo was taken as the 
number of days from onset of incubation. 

Male Wistar rats (approximately 250 g) were 
obtained from Bio-Breeding Laboratories, Ottawa. 
The rats were housed in wire cages for at least 5 days 
before being killed and were fed Purina Laboratory 
Chow for mice, rats and hamsters (Ralston Purina 
Co., Woodstock, Ontario). The rats were starved 
overnight prior to killing: water was available nd lib. 
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Sourer of’ c~~rnpounds. [7.h-“CJ-.i.S-l>ietll(~x~- 
carbonyl - I .d - dihydro - 2.1.6 ti-imethvlp~I-idii~~~- 
([“CIDDC) was prepared from ethylacet;,acet~tte-3- 
[‘“Cl according to the method of Noel, and Swdcr 
[lo]. as modified by Racz and Marks [I I]. DDC \\\;I$ 
prepared as described by Marks et fil. [ 17). and 2- 
diethylaminoethvl-7.2-diphenvlv~~ler~1te hvdrochlo- 
ride (SKF 525-A) was ohtai&d from Smith. Kline 
& French. Montreal. Mesoporphyrin I.\i tlihydro- 
chloride was obtained from Porphvi-irl Products, 
Logan. UT. Twcen X0 (p”ly”“!.cthL.lene sorbitan 
mono-oleato). Tween 20 (polyoxyethylene <orbitan 
monolaurate), dirfiioerythritol (DTE). iotloacctam- 
ide and ferrous sulfate hcptah\drate wcrc obtained 
from the Sigma Chemical Co.. St. I.clui\. MO. 

Adr,zir2is/rrrtio~~ of c/rug\ lo I7cltrJ,-olrl c~llic~k 

ernhrvos. A small hole was ma& in the egg shell 

above the air sac. Drugs wcrc injected through this 
hole into the fluids surrounding the embr!,c) with ;I 
sterile I inch 20 gauge needle attached to ;I I cm’ 
tuberculin syringe. The hole in the shell was sc;~lcd 
with Cello-t+ and the cgps ivere returned to the 
incubator. 

E&t o/’ SKF 575-A O/I [ ‘Y’~DDc~ /mwho/i,s/~~. 
One group of chick embryos was injected Lvith SKF 
525-A (0.3 mg) dissolved in saline (0. I ml). while 

a control group was injected with saline (II. I ml). 
The eggs were returned to the incubator tar I hr. 
[‘“C]DDC (0.7 mg) (sp. act. 200 ~Ci!nimc~l~) 111 

dimethytsulfoxidc (DMSO; 0. I ml) was then injected 

into all chick cmhrvos and the eggs wcrc again 
returned to the incu&tor. The embrvos \+crc killed 
and the livers were removed for- extr&tion of DLX 

and metabolitrs after further incubations ot I 3. h 
and 12 hr. 

The method used for extraction of I”C‘JDD(‘ and 

its metabolites from the li\,cr\ of chick embrvos was 
that of Racz and Marks 1 I I], who reported ;I reco\x!r) 
of 99 per cent of total radioactivit) from the li\er. 
Chick embryos were decapitated and the li\ers were 
removed. blotted and homogenized in methanol (3 
ml). using a Potter-Elvehjcm apparatus with ;I tctlon 
pestle. After centrifugat&n of the homogenate. the 
supernatant fraction was rcnio\ed, and the residue 
was rcsuspendcd in methanol (3 ml) for ;I second 
homogenization ;Ind centrifupation. This process \v;I~ 
repeated’once again and the three supernatant trac- 
tions were combined. made up to 10 ml \\,ith mcth- 
anal, and stored at 4’. The methanolic solution\\vere 
centrifuged to remo\ e prccipitatctl material I\ hich 
interfered with subsequent chroinatograllh!. TWO I- 
ml aliquots were placed in counting \,ials. Aqua\01 
(10 ml) was added. and the \aniplcs wcrc counted 
in a Beckman LS-335 liquid scintillation counter for 
10 min. An external standard method \vas used to 
correct for quenching. and background counts \vt‘rc 
subtracted. The remaining extract (S ml) wax e\‘ap- 
orated under ;I stream of nitrogen at 37” to a \ olumc 
of approximatcl! 0.3 ml. The concentrated c‘utract 
was spotted in ;I horizontal band t>n ;I thiri-Iaver 
chromatographic plate which \\‘;I\ cle\,eloped in :I 
solvent mixture containing hcnLene-mrth~~n(,I in a 
ratio of IJ: I In this system. DD(‘ has an K! of (I.15 
and the metabolite(s) remain at the origin. The Gllca 
gel was divided into ten bands of cclual \vldth 
(approximatelv I .(I to I .i cm v.ide). ;inri each portic)n 

was placed in ;I counting \,i;il contai111ng n;itci i i 
ml). Aquasol (IO ml) was added to torn1 ;I pel QI+ 
pension and the samples were +akcn thorou$il\, 
and counted. 

Ef~kct of DIN 011 ~~rroc,Ilc,lartrsc~ trc7i~~ii~c SLY cii- 
teen-day-old chick embryos wcrc injcctccl \\ith I)D( 

dissolved in DMSO (0. I ml). (‘ontrols rcccl\ed 
DMSO (0.1 ml). The animals were killed 0 hr later 
and the livers of eight similarlv treated emhr\ o\ M~SW 
pooled. All procedures sub&lurnt to tlecap~tatlon 
took place at J”. The method used to obtain ;I \OIW 
bilized fcrrochelatasc prepal-ation M as ;I mc)tlificaticrn 
of that used b!; Porra CI ~1. [ 1.31. The pooled II\L’~-\ 
were homogenized in V \.(~I. of a solution containing 
0.3 M sucrose. O.(IS M Tris-t I(‘1 and I mbl FIIT‘A 
at pfl x.1. and the homogenate W;I\ centrifuscd ;tt 
1200 g for IO min. The \upernatant traction \\;I\ 
centrifuged at I I .JOO ,g for II) min and the rc‘sulting 
mitochondrial pellet was washed twice \\ith 0.112 hl 
Tris-HCI huffcr. pH X.2. The washed mitochtrnclri;t 
were suspended in 0. I lb1 Tris-fl(‘l buffer (pi I IO.-) 
(I .5 ml/g of li\,er) and stirred \~iporousl~. I\ hilt’ 0.1 

vol. of aqueous 10C; (Iv..‘\ ) Tween 10 solution loi- 

lowed by 0. I vol. of ethanol \\;I\ added drop\\ I\<. 
Gentle stirring was continued for 2.5 hr and then the 
mixture was centrifuged for IO min at 211.000 ,:‘. The 
supernatant fraction w;i\ dialyzed o\ei-night (appro\- 
imately Ih hr) against two changes of .?(I \ol. ot ().I? 
M Tris+FICl buffer. plf X.7. The dial!\ate \vas C‘CII- 
trifuged at 100.01)0 q for h0 niin and the supernar;int 
fraction was stored at -7O-. t.errochclatase ;rcti\,it! 
was assaved within S davs. Protein conccnti-atic)ii~ 
were det&mincd by the &hod of Lowry (‘I u/. 1 141. 
and \,arictl from I .S to 2.0 nitr~nil. Kat li\ei- fcrro- 

chelatasc was similarly pcparcd using ;I single li\cr: 
protein concentrations varied from 2.7 to .?. I my. ml. 

Ferrochclatase acti\,ity \\;I\ measured anacrob- 
call\ in Thunberg tubes b! ;I modification of the 
pyridine hemochromogcii method ot Port-a (‘I ~rl 
/l3]. A mesoporphyrin IX solution \\;Is made up. ‘I\ 
described hy Porra 1’1 c/l. (13). A IO-p1 aliquot ofthc 
solution was diluted .iOtJ-fold with 0. I Nf IC‘I. and II\ 

absorbance was measured at iW nm. This abv)rl~- 
ante was used [ISI to calculate It\ conccntratiol1 
(E”‘;yy = 445). Reagents U’C‘I-t‘ added to each tube 111 
the following order: rnes’~l”)rl’h\;i-iri ( 171) nmolcs). 
I’% (U./L,) Tween SO (0.3 ml). ctbanol (0.; ml). 0.2 
M Tris-[ICI buffer (pH X.7) (I.5 ml). II.2 M l)T~ 
(60 ~1) and 1 mM FeSO; (I211 ~1) (‘hick cmbr-\o 
liver ferrochelatase preparation (eclu~\alcnt to I .1.i 
mg protein) M;IS placed in the \ide aim. I‘he ‘l‘l1tiw 
berg tubes wcrc ;tlternatel! c\~acuatctl and tl~~shcd 
with oxygen-free nitrogen ten time\ and linall! ~alc’d 
under- i;itrogen. The tube\ wc’rc‘ prciricubatecl at i’ 
for 5 min and the reaction wa\ started I>! tipping, the 
enzyme into the reaction niiuturc. :\t the end (It the% 
incubation period 0.4 M iodoacctamiclc (0.5 ml) \\;I\ 
rapidly added and the tuhc \ortc\;cd. P\.ridinc ( I 0 
ml) and I N Na<)l I (0.5 ml) wcrc ;rtltled, the tube 
was vortexed. and within S min the \pectrtim c)t 
reduced minus oxidi& pvridine helnochromo~~n 
was recorded from hO(l to 5(jO nm on ;I I’nic:lm SPSIIO 
ultraviolet s],ectrophotometer. ‘I’h~ m~~otl~lllc 

formed \v;i\ calculated [IO) I>! u\lnS A/:,, ii ~- 
E,;(,s Illi, _ [.;,:,;‘, iIll> = 2 I .7 R;it li\cr tcrrochclat:~\c \\;I\ 
similarly nicasurcd cscepr that the :tmouilt 01 
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enzyme used was 0.5 ml. which varied in protein 
content from 1.35 to 1.55 mg. 

Ejjects of DDC and SKF 525-A on A~A-s~~~i~e~ 
tuse nctiviry and porphyrin uccw~ulution. DDC and 
SKF 525-A were coadministered to the 17-day-old 
chick embryos in &he following manner: one control 
group received saline (0.1 ml) and DMSO (0.1 ml), 
a second control group received saline (0.1 mi) and 
DDC (IO pg) in DMSO (0.1 ml), while a third 
control group received SKF 525-A (1.0 mg) in saline 
(0.l ml) and DMSO (0.1 ml). Five experimental 
groups received SKF 525-A ( 1 .t) mg) in saline (0.1 
ml) and 0.1. 1, 3, 6 or 10 gg DDC in DMSO (0. I 
ml) respectively. The eggs were returned to the 
incubator and removed Y hr later for ALA-synthe- 
tase and porphyrin estimation [17]. The experiment 
was repeated using SKF 525-A (0.3 mg) and 10 ,ug 
DDC: ALA-synthetase and porphyrins were esti- 
mated 12 hr later 1171. 

KESl!LTS 

After injection of [“C]DDC into chick embryos, 
total radioactivity in the liver was measured at var- 
ious time intervals. This radit~~~ctivity represented 
unchanged DDC and mrtaholite(s) and is referred 
to as “total drug”. Results were converted from 
dis./min/g of liver into nmoles DDCig of liver. The 
portion of DDC that had not undergone metabolic 
transforlllation is referred to as ‘~u~changed drug”. 
The amounts of total DDC and unchanged DDC in 
chick embryo livers at different times following 
injection of [“CJDDC into SKF 525-A pretreated 
and control chick embryos are shown in Fig. 1. The 
total DDC reached a maximum between 1 and 3 hr 
and then declined slowly to approximately 20 
nmoles/g of liver after 12 hr in both the control and 
SKF 52%A-pretreated chick embryos. The amount 
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Fig. 1. Amounts of total DDC and unchanged DDC in the 
livers of 17-day-old chick embryos at different times after 
injection of 0.2 mg (“CJDDC (333~~00 dis./min) into SKF 
525-A-pretreated and control chick embryos. Key: 
(O---O) total [‘“CIDDC control; (0) total 
[‘4CJDDC, SKF 525-A-pretreated; (@---@) unc~ailged 
(“C]DDC. control: and (O- - -0) unchanged (“C]DDf, 
SKF 52S-A-pretreated. Each point represents the mean of 
at least four determinations (2 S.E.M.). The a&risk 

denotes significance at the 0.05 level. 

6r 

time, min 

Fig. 2. Time course of ferrochelatase activitv in the livers 
of 17-day-old chick embryos 9 hr after ad&istrntion of 
DDC. Key: (CL--O) control; (O-U) 1 p*g DDClegg; 
and (n-----n) 10 pg DDCiegg. Each point represents the 
average of duplicate determinations and is rcpresentativo 

of results obtained in two experiments. 

of unchanged DDC was significantly higher at 1 hr 
in SKF 525A-pretreated, as compared with control, 
chick embryos; however, at 3. 6 and 12 hr neither 
the amount of unchanged DDC nor the total drug 
differed signi~cantly between control and SKF 525. 
A-pretreated embryos. 

Ferrochelatase activity was measured as the rate 
of formation of m~sobeme/ing of protein. In the rat, 
the ferrochelatase activity was 0.81 5 (1.1s nmole 
mesoheme/nlin/m~ of protein and was linear up to 
8 min. Control chick embryo liver ferrochelatase 
activity was 0.13 I!I 0.01 nmole mesohemeiminimg 
of protein and the reaction proceeded approximately 
linearly with respect to time for 60 min (Fig. 7). 

The time course of ferrochelatase activity in 17- 
day-old chick embryo livers 9 hr after ad~linistration 
of 1 and 10 pg DDC is shown in Fig. 2. The degree 
of inhibition of ferrochelatase produced by DDC is 
dependent upon the time at which me~lsurements 
were taken. The percent inhibition of ferrochelatase 
was calculated by taking control ferrochelatase 
activity at 10 min as 100 percent and subtr~~ct~ng the 
percent enzyme activity of DDC-treated embrvos. 
The percent inhibition of ferrochelatase c) hr after 
the administration of increasing doses of DDC is 
shown in Fig. 3. Some inhibition of ferrochelatase 
was seen at DDC concentrations as low as 0.1 pglegg, 
while W-100 percent inhibition was achieved at 10 
pg DDCiegg. The degree of inhibition of ferroche- 
latase exerted by 10 fig DDCYegg was the same at 
0.5 and 3 hr as at 9 hr after administration of the 
drug. The effect of increasing doses of DDC on 
ALA-synthetase activity 9 hr after administr~~tion is 
shown in Fig. 3. No significant increase in activity 
was detected until amounts of DDC greater than 100 
&egg were administered to the embryo. 
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The effects of DDC and SKF 525-A on ALA- 
synthetase activity and porphyrin accumulation 9 hr 
after drug administration are shown in Fig. 4. Control 
values of ALA-synthetase activity and porphyrin 
levels in 17-day-old chick embryos receiving saline 
(0.1 ml) and DMSO (0.1 ml) were 5.53 2 0.31 
nmoles ALAI100 mg of proteinihr and 0.18 + 0.02 
pg porphyrin/100 mg of protein. Administration of 
10 pg DDCiegg in DMSO (0.1 ml) and saline (0.1 
ml) caused no increase in ALA-synthetase activity 
(6.34 i 0.37 nmoles ALA/l00 mg of proteinihr). 
although a slight increase in porphyrins was detected 
(0.42 + 0.04 pg porphvrin/lOO mg of protein). 
Administration of SKF 525-A ( 1 ms) in saline (0. I 
ml) and DMSO (0.1 ml) resulted in a significant 
increase in ALA-synthetase activity (-l6.Y5 +- IY.50 
nmoles ALAI100 mg of proteinihr), while porphyrins 
remained at control levels (0.22 t 0.04 pg por- 
phyrin/lOO mg of protein). DDC markedly enhanced 
the ALA-synthetase activity and the porphvrin 
accumulation observed with SKF 525-A alone. in a 
dose-related manner. For example. coadministration 
of DDC (10 pg/egg) in DMSO (0.1 ml) and SKF 
525-A (I mg) in saline (0.1 ml) elevated the levels 
of ALA-synthetase to 2Y6.92 2 41.57 nmoleh 
ALAI100 mg of proteinhr in addition to increasing 
porphyrin accumulation to 6.8Y 5 0.60 pg por- 
phyrin/100 mg of protein. Similarly, DDC (10 pg) 
markedly enhanced the ALA-synthetase activity and 
porphyrin accumulation observed with SKF 525-A 
(0.3 mg) alone (Fig. 5). 

Taub rt d. [3] showed that the ability of DDC‘ 
to induce ALA-synthetase activity and porphyrin 
accumulation in chick embryo livers was greatI> 
enhanced bv pretreatment with SKF 525-A. These 
authors attributed the enhancement to elevated lev- 
els of unchanged DDC resulting from SKF 525-A- 
mediated blockade of metabolism of DDC to inactive 
metabolites. To determine whether this interpret- 
ation was correct we measured the levels of 
unchanged DDC and its metabolites in chick embryo 
livers at various time intervals after the administra- 
tion of [‘“C]DDC in the presence and absence of 
SKF 535-A. The results shown in Fig. I do not 
support the interpretation previously offered [-il. 
since the slightly elevated levels of unchanged DDC 
noted at I hr cannot account for the marked elevation 
of ALA-synthetase and porphyrin levels previously 
observed. 

We next investigated an alternative explanation 
for the synergistic effect noted earlier with SKF S25- 
A and DDC. According to this explanation. DDC 
exerts an inhibitory effect on ferrochelatase. result- 
ing in decreased heme formation and diminished 
heme-mediated feedback repression of ALA-syn- 
thetase activity. As a result. the SKF 525A-mediated 
increase in ALA-synthetase would be enhanced and 
porphyrins would accumulate. 

In order to investigate the validity of this alter- 
native explanation, our studies were next directed 
toward the development of an assay for ferroche- 
latase in chick embryo livers. A mod~tied version of 
the pyridine hemochromogen method used by Porra 

Ct u/. (131 in the rat was found to he suitable (Fig. 
2). Inhibition of hepatic ferrochelatase by DDC was 
first reported by Onisawa and Labhe [-;l] in mice and 
by Tephly et rd. (61 in rats. Out studies (Fig. 3) show 
that DDC also inhibits the enzyme from chick 
embryo liver. This observation has been confirmed 
recentlv by Anderson [Y] who measured fcrroche- 
latase ‘in chick embryo liver mitochondria and 
showed that DDC exerts an inhibitory effect. In our 
studies (Fig. 2). the liver ferrochelatasc activity from 
untreated chick embryoc was approximatelv linear 
with respect to time. However. after DUC treat- 
ment, a lag phase or initial inhibition period of about 
10 min was followed by a linear rate of activity. An 
apparently similar effect has been reported pre- 
viouslv for rat liver enzyme [6]. We have chosen a 
10-m& time period for determination of ferroche- 
latase activity. However. it is clear from Fig. 2 that 
the degree of inhibition produced by DDC is depen- 
dent upon the time period selected for determination 
of ferrochelatase activity. The relationships among 
the dose of DDC. ferrochelatase inhibition. and 
ALA-svnthetase activity were inve\tipated (Fig. 3). 
An inhibitory effect onferrochel~~tase was observed 
with a dose of DDC as low as 0. I pg~egg. Almost 
complete inhibition of the enzyme was observed with 
10 ~g DDCiegg. Approximately SO percent inhibi- 
tion of the enzyme was achieved with about I kg 
DDCiegg. On the other hand. at lea\t I mg 
DDCiegg was required to induce ALA-synthetase 
activitv to half of its maximal level. Thus. the 
inhibitory effect ot DDC on ferrochclatase activity 
appears to be dissociated from its abilitv to induce 
ALA-synthetase activity. It should he n&d that this 
dissociation may not be as great as it appears in view 
of the possibility that the degree of inhibition of 
ferrochelatase bv DDC mav be exaggerated by our 
choice of a IO-iin time pet&d for measurement of 
enzyme activity. 

With the above information we were ahlc to test 
our alternative explanation for the synergism 
between SKF 525-A and DDC. Doses of DDC were 
selected which produced approximarely -35. 65. 75, 
85 and 95 percent inhibition of ferrochelatase and 
were injected into chick embryos together with SKF 
525-A. Nine hours later hepatic ALA-synthetase 
activity and porphyrin accumulation were measured. 
The results (Fig. 4) show that DDC. used at doses 
which did not on their own affect ALA-svnthetase 
activity, greatly enhanced SKF 55A-induced ALA- 
synthetase activity. The synergistic effect of these 
two drugs on porphyrin accumulation iy even more 
marked (Fig. 4). It is clear that the enhancement of 
SKF 525A-induced ALA-synthetase activity and 
porphyrin accumulation is related tv the degree of 
ferrochelatase inhibition exerted by DDC. A syn- 
ergistic effect was also observed when the experiment 
was repeated using a lower dose of SKF 525-A (0.3 
mg) and a IO pg dose of DDC \\hich produces 
approximately OS percent inhibition of ferrochelatase 
(Fig. 5). These results thus support the alternati\.e 
explanation for the synergism. viL. that terrochela- 
tase inhibition exerted bv DDC results in decreased 
heme formation and &minished heme-mediated 
feedback repression of ALA-synthetase activity. As 
a result, the SKF 525A-mediated increase in ALA- 



synthetase activity is enhanced and por~~hyrins accu- 
mulate. These results also explain some puzzling 
observations made earlier i-11. viz. that SKF 525-A 
greatly enhances the porphyrin-inducing activity of 
DDC but fails to enhance or only minimally,enhances 
the porphyrin-inducing activity of allyhsopropyl- 
acetamide. propylisopropylacetamidc and 3.5di- 
ethoxycarbonyl-2.~,6-trimethylpyridine. (‘Iearly a 
synergistic effect should be expected only ~then a 
combination of a ferrochelatase inhibitor (e.g. DDC) 
is used together with a drug which induces ALA- 
synthetase activity 17-91. A similar synergistic effect 
has been observed by Maxwell and Meyer [It;] in 
rat liver. using a c~~rnbiil~~ti(~l~ of lead and pheno- 
b~~rbital. These workers interpreted the syrl~r~isrn 
as follows: lead produces a partial block in hemc 
synthesis by inhibiting ferrochrlatase and other 
enzymes of the pathway. U’hile the partial inhibition 
of heme synthc\is results in only a small elevation 
of ALA-synthetase activity, it greatly enhances the 
ability of phenobarbital and similar drugs to induce 
ALA-synthetase activity. Maxwell and Meyer [ IX] 
suggest that the lead treatment resulting in partial 
block of heme synthesis produces a condition resem- 
bling that seen in the hereditary hepatic porphyrias 
and provides an explanation for the sensitivity of 
these patients to induction of ALA-synthetase 
activity and l~~)rphyriil ~Icc~linui~~ti[~n by a variety of 

drugs. 
it 1s of intcreht to compare the sensitivity of rat, 

mouse and chick embryo liver ferrochclatase to DDC 
inhibition. Seventy percent inhibition of fcrroche- 
latase occurs with a DDC doac of 25 m&kg in rats 
[ lY], 5 mgikg in mice [ 191. and 0.075 tngikg in the 
chick embryo. ‘The order of sensitivity of ferroche- 
latasc to DDC inhibition is. therefore, chick 

embryo > mouse > rat. 
It ha been reported that the order of sensitivity 

of various test animtls to porphyrin-induc-inp drugs 
is: I-i-day-old chick embryo > chicken > rat (2Oj. 
De Matteis 1x1 has suggested that the enhanced sen- 
sitivity of chicken liver. as compared to rat liver. is 
due to the fact that ferr-ochelatase levels in chicken 
liver are 25 percent of those found in rat liver. In 

the present study. levels of ferrochelatase in the 

chick embryo livci- were found to be IS percent of 
those found in rat liver. This finding may explain. 
at lcast in part. the high sensitivity of the chick 
embryo liver to porphyrin-inducing drugs. 

De Matteis rt rd. 1 IY] have shn\vn that in both rats 
and mice administration of DDC in doses larger than 
those required to product rnaxirnal inhlbltion of 
fcrrochelatase resulted in a gradual increase in ALA- 
synthrtase activity and in porphyrin ~~ccunlul~lti(~n. 
These findings. which agree with our findings in the 

chick embryo. indicate that the eftect ctt I)D(.’ on 
ferrochelatase and ALA-synthetasc xc cli\sociatccl 
from each other. Moreover. these tindings r;ri\e the 

possibility that analogues of DIX. might bc SW- 
thesized which would;nhihit fcrrochclatase ;rcti;it\ 

but which would not affect ALA-s\-nthctasc,. C’lcar.l\ 
a comparison of the structural rcquiremcnts 111 I>l>< 
analogues for ferrochelatasr inhibition x~d Al.tI- 

synthetase induction will he valuable. A I)D(‘ ;u);t- 
logue which is a specific inhibitor of l’crrochel;lt;l\c 

should, by inhibiting hrmc form;ttion. ~r~‘ducc c\tct- 
chrome P-&i0 formation and thus ~1-v~ as ;I \~lu;~bl~ 
tool in drug nlet~~b(~iisI~l studit’\. 


