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Abstraet--l. The evidence presented in this paper indicates the existence of NADPH-supported lipid 
peroxidation in human placental microsomes. Thiobarbituric acid assay was used to estimate quan- 
titatively lipid peroxidation. 

2. Several biochemical characteristics of the reaction were examined. Maximal lipid peroxidation 
occurred at pH 7.4 and at a protein concentration of approx. 0.2 mg microsomal protein/ml. The presence 
of NADPH and chelated iron was required. The reaction was linear up to 5 rain and did not exhibit an 
initial lag phase. 

3. Under optimal assay conditions, the rate of lipid perioxidation ranged from 2 to 6 nmol mal- 
ondialdehyde formed/min/mg protein in different preparations of placental microsomes. 

4. Inconclusive results were obtained when assays were performed in the presence of scavengers of 
reactive oxygen species. 

5. Marked inhibition in the malondialdehyde accumulation was observed when phosphate buffer was 
added to the incubation media. 

6. This inhibitory effect appeared to be due to the removal of chelated iron from the system and not 
due to interference with the electron transport mechanism. 

INTRODUCTION 

Previous reports have shown that human placentas 
of non-smoking women contain very little of cyto- 
chrome P-450 which is capable of xenobiotic metab- 
olism (Juchau, 1980). In view of this, our laboratory 
is exploring alternate pathways of  xenobiotic oxi- 
dation in this tissue. Earlier, we reported the activities 
of ravin containing monooxygenase (Osimitz and 
Kulkarni, 1982), indanol dehydrogenase (Kulkarni 
et  al., 1985), and peroxidase (Nelson and Kulkarni, 
1986a, b) in either human or mouse placentas. 

Recent reports have documented that rat liver 
microsomes are capable of co-oxidation of xeno- 
biotics during ascorbate- or NADPH-supported lipid 
peroxidation (Morgenstern et  al., 1981; Dix and 
Marnett, 1983). In light of these studies, and the 
facts that the generation of reactive oxygen species 
due to cellular redox activities and concomitant low 
level of lipid peroxidation are the normal biochemical 
events in different mammalian tissues (Kulkarni and 
Hodgson, 1981), we are currently evaluating lipid 
peroxidation-coupled co-oxidation as a potential 
alternate pathway of xenobiotic metabolism in 
human placenta. 

It is well established that various biomembranes 
are susceptible to lipid peroxidation which impairs 
the integrity of  their struc:ture and function (Plaa and 
Witschi, 1976; Slater, 1984; Halliwell and Gutteridge, 
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1984; Fridovich, 1986). Lipid peroxidation has been 
implicated as a major mechanism of toxicity of 
certain xenobiotics and drugs (Plaa and Witschi, 
1976; Bus and Gibson, 1979; Slater, 1984; Aust et  al., 
1985). Exposure to environmental chemicals capable 
of stimulating lipid peroxidation within placental 
membranes in vivo may be of toxicological 
significance, since it may alter the placental biochem- 
istry in such a way that the fetus would be at risk. 
Besides this indirect mode of reactive oxygen toxicity, 
the possibility exists for a direct exposure of fetus to 
the relatively stable cytotoxic agents generated during 
lipid peroxidation (Benedetti et  al., 1984) in placenta 
after translocation. 

The reports on the subject of placental lipid per- 
oxidation are inconsistent. Although the occurrence 
of ascorbate supported non-enzymatic lipid per- 
oxidation has been repeatedly demonstrated in 
human placenta (Falkay et  al., 1977; Sekiba and 
Yoshioka, 1979, Ohel et  al., 1985), anomalies exist 
in the reports on NADPH-supported reaction. Thus, 
Arvela et  aL (1976) could not detect significant lipid 
peroxidation when rat, rabbit and guinea-pig 
placental microsomes were incubated with NADPH. 
Similar negative findings were reported by Juchau 
and Zachariah 0975) for human placental micro- 
somes. In contrast to these negative reports, Diamant 
et  al. (1980) observed accumulation of malondi- 
aldehyde (MDA) when human placental microsomes 
or mitochondria were incubated in the presence of 
NADPH and iron. 

The evidence presented in this paper demonstrates 
that microsomes of human term placenta can under- 
go NADPH-Fe2+-dependent lipid peroxidation. 
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Fur the rmore ,  our  data  suggest tha t  the failure of  
previous researchers ( Juchau  and  Zachar iah ,  1975, 
Arvela  et al., 1976) to observe lipid peroxidat ion  in 
placental  tissue may be related to improper  assay 
condi t ions  employed.  A brief  account  of  this in- 
vest igat ion was repor ted earlier (Kenel and  Kulkarni ,  
1982). 

MATERIALS AND METHODS 

Chemicals 

NADPH, Tris-HCl, disodium ethyleneglycol-bis (fl- 
aminoethylether)N,N,N',N'-tetraacetic acid (EGTA), ethyl- 
enediaminetetraacetic acid (EDTA), 2-thiobarbituric acid 
(TBA) and sucrose were purchased from Sigma Chemical 
Co., St Louis, Mo. All other chemicals used were of the 
highest analytical grade available commercially. 

Isolation o f  microsomes 

Human term placentas from healthy women were placed 
on ice soon after cesarean delivery. Microsomes were iso- 
lated as described previously (Kulkarni et al., 1985) by 
differential centrifugation of 20% homogenates prepared in 
an isolation medium containing: 0.02 M Tris-HC1 buffer, 
pH 7.4, 0.25 M sucrose, and 0.5 mM either disodium-EGTA 
or -EDTA. Microsomal suspensions (2.0 mg/ml), stored up 
to 2 weeks at -20°C in IM, were diluted at least 4-fold with 
0.02 M Tris-HCl buffer, pH 7.4 and resedimented by cen- 
trifugation at 105,000g for 60 min to remove the chelating 
agent and to minimize the cytosolic contaminants. Washed 
microsomes were suspended in 0.02 M Tris-HCl buffer, 
pH 7.4 and used immediately. 

N A D P H  Fe 2+ stimulated lipid peroxidation 

Based on preliminary experiments, optimal assay condi- 
tions were established. Except as noted otherwise, the 
standard reaction mixture (1.0 ml fihal volume) contained 
0.2 mg microsomal protein, 0.4 mM NADPH, and 50/~M 
disodium-EDTA premixed with 75/~mFeC12 in 0.02M 
Tris--HCl buffer, pH 7.4. After pre-incubation for 5 rain at 
37°C, the reaction was initiated with the addition of 
NADPH. Reaction mixtures without NADPH served as 
controls. After incubation at 37°C for the pre-determined 
time, the reaction was terminated by the rapid addition of 
1.0 ml of 35% trichloroacetic acid containing 4 N HC1 fol- 
lowed by 50 #1 of 0.5 mM butylated hydroxytoluene (BHT) 
in acetone and 2.0ml of 0.75% TBA. The amount of 
TBA-reactive substances (primarily MDA) formed was 
measured spectrophotometrically as described previously 
(Kulkarni and Hodgson, 1981). 

Other assays 

Microsomal NADPH-cytochrome c reductase activity 
was assayed essentially as described previously (Robaker et 
al., 1981) in the absence of cyanide. Epinephrine oxidation 
to adrenochrome, an index of O~- generation (Misra and 
Fridovich, 1972), was measured at 37°C spectrophoto- 
metrically. The reaction mixtures (3.0ml final volume) 
contained 20 mM Tris buffer, pH 7.4, 0.2 mM epinephrine 
and FeC12 (75#M) pre-mixed with EDTA (50/~M). The 
reaction was initiated by the addition of EDTA-Fe 2+ to the 
sample cuvette. Equal volume of Tris buffer was added to 
the reference cuvette. Magnetic stirrers were used to avoid 
anaerobiosis. The rates of adrenochrome formation were 
determined from the linear portion of the reaction curve (see 
text for further details). Protein content was determined by 
the biuret method using bovine serum albumin fraction V 
as a standard (Gornall et al., 1949). 

R E S U L T S  A N D  D I S C U S S I O N  

Withou t  any  except ion and  irrespective of  whether  
E G T A  or E D T A  was present  in the initial tissue 

homogeniza t ion  medium,  N A D P H - s u p p o r t e d  lipid 
peroxidat ion react ion was observed in all the samples 
of  washed microsomes of  different placentas,  when 
examined under  the s tandard  assay condi t ions  
described in the Mater ia ls  and  Methods .  

In general, the N A D P H - s u p p o r t e d  basal  activity 
was low in microsomes  isolated f rom placentas 
homogenized  in buffer conta in ing  calcium chelator ,  
E G T A  (data  not  shown).  This basal  activity varied 
considerably between different microsomal  prep- 
a ra t ions  and  did not  require exogenous iron. The 
addi t ion  of  E D T A - F e  2+, however,  caused fur ther  
s t imulat ion of  lipid peroxidat ion.  It is believed that  
this basal  activity may be due to trace amoun t s  of  
con tamina t ing  i ron and /o r  o ther  reduced t ransi t ion 
metal  cat ions present  in the reagents used. I ron was 
required to observe lipid peroxidat ion  since excess 
E D T A  ( 0 . 1 - 1 . 0 m M )  inhibi ted the basal activity. 
Similar results were observed for the E D T A -  
Fe2+-dependent  react ion (Table 1). Only negligible or 
no  M D A  accumula t ion  was observed in the absence 
of  chelated iron when microsomes isolated from 
the homogena tes  prepared  in buffer con ta in ing  
E D T A  were used. In the E D T A - F e  2÷- and  N A D P H -  
supplemented  incuba t ion  media,  the rates of  M D A  
fo rmat ion  were essentially the same irrespective of  
whether  microsomes  isolated f rom homogena tes  pre- 
pared  in buffer conta in ing  ei ther  E G T A  or E D T A  
were used. No  significant decrease in lipid per- 
oxidat ion rates were observed when  microsomes  
stored up to 2 weeks at  20°C were used (data  
no t  shown). In the subsequent  experiments,  lipid 
peroxidat ion  was assayed using E D T A - F e  2÷ 
supplemented  react ion media.  

Using the s t andard  assay condit ions,  N A D P H -  
suppor ted  FeZ+-dependent lipid peroxida t ion  was 
found  to be l inear up to 5 min  (Fig. l)  and  a plateau 
in the response curve was evident  after  abou t  15 min. 
In subsequent  experiments,  only the t ime points  
(usually 5 min)  exhibi t ing linearity with  respect to 
M D A  accumula t ion  were used. Early depar ture  f rom 

Table 1. The effects of different agents on the placental lipid 
peroxidation* 

Relative specific 
No. of activity (%), 

Agent (concentration) observations mean _+ SE 

None 6 100 
EDTA (1.0 mM) 3 3 + 1 
BHA (0.1 mM) 3 0 _+ 0 
BHT (0.1 raM) 3 4+2 
HgCl 2 (0.1 mM) 3 7 _+ 3 
Cytochrome c (0.1 mM) 3 15 + 3 
Superoxide dismutase (50/zg) 3 108 _+ 5 
Catalase (2000 Units/ml) 4 83 + 12 
Mannitol  (0.1 M) 4 92 + I l 
Sodium formate (0.25 M) 4 42 _+ 15 
Thiourea (0.1 M) 4 0 _+ 0 
B-carotene (25/IM) 4 41 _+ 15 
Vitamin E (10/~M) 4 85 + 16 
Diphenylisobcnzofuran (l mM) 4 66 ± 2 
1,4-Diazabicyclo-(2,2,2)octane 4 0 + 0 

(50 mM) 

*The range of specific activity observed in the absence of modifiers 
varied from 2 to 6nmol/min/mg protein in different experi- 
ments. Separate incubation medium containing the test chemical 
but no NADPH served as respective control. Washed micro- 
somes isolated from placental homogenates containing EDTA 
were used. 
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Fig. 1. Time dependence of human placental microsomal 
lipid peroxidation. The assays were performed in the pres- 
ence of 0.4 mM NADPH and EDTA-Fe 2+ and 0.2 mg of 
microsomal protein as described in Materials and Methods. 

Each point represents the mean + SE of mean (n = 4). 

linearity suggests that the availability of substrate 
may be rate limiting, while the lack of an initial 
lag may be due to the presence of very low con- 
centrations (if any) of endogenous antioxidants in 
the placental microsomes. No MDA accumulation 
was observed when boiled microsomes were used, 
thus suggesting an enzymatic nature of the lipid 
peroxidation process. 

It should be noted that under the assay conditions 
employed, the observed initial rates of lipid per- 
oxidation varied between 2-6 nmol MDA produced/ 
min/mg protein (about 3-fold inter-individual vari- 
ation). These values are up to 10 times higher than 
those reported by Diamant et  al. (1980). These in- 
vestigators used a chelated-iron complex consisting of 
4.0raM ADP and 0.1 mM FeC13. It is noteworthy 
that Juchau and Zachariah (1975) also evaluated 
human placental microsomal lipid peroxidation in 
the presence of A D P - F e  3+. In our investigation, the 
specific activities obse rved  in the presence of 
4 .0mM ADP and 0.1 mM FeC13 were only 10--20% 
of those in the presence of EDTA-Fe  :+. This is 
probably due to inability of NADPH-cytochrome 
P-450 reductase to effect reduction of  ADP-Fe  3+ 
complex in significant amounts (Morehouse et  al., 
1984). However, this flavoprotein apparently is 
capable of EDTA-Fe  3+ reduction. Falkay et  al. 
(1977), working with human uterine and placental 
microsomes, reported that ascorbate-supported non- 
enzymatic lipid peroxidation rate is greater in the 
presence of Fe ~+ than that observed in the presence 
of Fe 3+. In view of these reports, it appears that the 
higher rates of lipid peroxidation observed in the 
present study are likely to be due to the use of 
EDTA-Fe  2+ complex. 

Inspection of the data given in Fig. 2 suggests that 
the magnitude of MDA accumulation decreases with 
increasing protein concentration above an optimal 
concentration of about 0.2 mg/ml. These results con- 
cur with the observations of Diamant et  al. (1980). In 
contrast to this, a protein concentration of 4.8 mg/ml 
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Fig. 2. Influence of protein concentration on lipid per- 
oxidation of human placental microsomcs. The assays were 
performed in the presence of 0.4 mM NADPH and EDTA- 
Fe 2+ and indicated amount of microsomal protein as de- 
scribed in Materials and Methods. Each point represents the 

mean + SE (n = 4). 

was used in the previous study while evaluating 
NADPH-dependent lipid peroxidation in the placen- 
tal microsomes (Juchau and Zachariah, 1975). 
Although the reasons for the observed decrease in 
the rates of lipid peroxidation at higher protein 
concentrations are not clear, it may be due to the 
presence of endogenous inhibitors in the placental 
microsomes. This contention is further supported by 
the recent report of Ohel et  al (1985). These in- 
vestigators observed that when placental microsomes 
were allowed to undergo the ascorbate dependent 
non-enzymatic lipid peroxidation, there was a de- 
crease in MDA accumulation with an increase in 
protein concentration. Chemical identity of the endo- 
genous inhibitor(s), present in human placental mi- 
crosomes (if any) is unknown at present. 

NADPH was required for the lipid peroxidation 
process and an accumulation of appreciable amounts 
of MDA was observed in the presence of the lowest 
concentration (50 #M) of NADPH tested (Fig. 3). A 
pH optimum of 7.4 was observed (Fig. 4) which is 
not in agreement with the pH optimum of 6.0 re- 
ported by Diamant et  al. (1980). This discrepancy 
may be related to the fact that although the sample 
absorbance of the NADPH-supplemented incubation 
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Fig. 3. Effect of NADPH concentration on lipid per- 
oxidation of human placental microsomes. The assays 
were performed in the presence of EDTA-Fe 2+, 0.2 nag of 
microsomal protein and the indicated concentration of 
NADPH as described in Materials and Methods. Each point 

represents the mean + SE (n = 4). 
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on lipid peroxidation of human 
placental microsomes. The assays were performed in the 
presence of buffer of desired pH, 0.4mMNADPH, 
EDTA-Fe 2÷ and 0.2 mg of microsomal protein as described 
in Materials and Methods. Each point represents the 

mean + SE (n = 4). 

medium was greater at pH < 7.4, the absorbance of 
respective control was also elevated, yielding lower 
values for the NADPH-Fe2-dependent reac t ion .  

The effects of  several modulators of  lipid per- 
oxidation were tested and the results are given in 
Table 1. Essentially complete inhibition of lipid per- 
oxidation process was noted in the presence of  either 
HgCI 2, an inhibi tor  of NADPH--cytochrome P-450 
reductase (Kulkarni and Hodson, 1980) or cyto- 
chrome c, an exogenous electron acceptor which 
competes for the reducing equivalents. This suggests 
that a continuous electron input via N A D P H -  
cytochrome P-450 reductase to reduce Fe ~+ to Fe 2÷ 
is necessary in order to observe placental lipid per- 
oxidation process. In accord with many reports (Aust 
et  al. ,  1985), the inhibition observed with anti- 
oxidants BHA and BHT suggests that the placental 
lipid peroxidation is a radical generating process. 

The ability of placental microsomes, isolated from 
the EDTA containing homogenization medium, to 
generate O~- was assessed indirectly by monitoring 
epinephrine oxidation. The oxidation of  epinephrine 
by placental microsomes was not detectable in the 
presence of  NADPH alone. A small but measurable 
epinephrine oxidation was observed when E D T A -  
Fe 2÷ was incorporated into the reaction medium. 
These results are in agreement with those reported by 
Morehouse e t  al. (1984). For  the following reasons, 
these results do not necessarily mean that under the 
experimental conditions employed, placental micro- 
somes (most likely NADPH-cytochrome P-450 re- 
ductase and/or cytochrome P-450) do not generate 
O~-: (1) alkaline conditions (pH i> 8.5) are necessary 
to detect significant rates of  O~- generation by the 
NADPH-cytochrome P-450 reductase (Aust e t  al. ,  
1972) whereas our assays were performed at pH 7.4; 
(2) not all the Oi- generated in the membrane diffuses 
out into the aqueous environment; (3) all the mole- 
cules of O~- escaping from the membrane do not 
necessarily participate in epinephrine oxidation and 
(4) in aqueous medium, dismutation of O~- to H202 
and oxygen may escape its detection. 

Despite many attempts, the role of reduced oxygen 
species in microsomal lipid peroxidation is not com- 
pletely understood. To investigate the role of oxygen 

reduction, we evaluated the effects of various scav- 
engers of reactive oxygen species on the microsomal 
lipid peroxidation. The results of these experiments 
are presented in Table 1. Both superoxide dismutase 
and catalase were found to be ineffective in blocking 
the lipid peroxidation process. It is highly unlikely 
that these results are due either to inadequate 
amounts of the superoxide dismutase and catalase 
used or inaccessibility of Oi- and H202 in the 
aqueous environment to superoxide dismutase and 
catalase. The results, in fact, favor the proposition by 
others (Aust e t  al. ,  1985) that both O~- and H202 may 
not possess the necessary reactivity to initiate lipid 
peroxidation directly. 

While neither O~- nor H202 seems to be the 
initiator of lipid peroxidation, both of these reactive 
oxygen species may be obligatory intermediates, i.e. 
precursors of the ultimate initiating species. The fact 
that lipid peroxidation can only be observed in the 
presence of iron or other reduced transitional metals 
implies that "OH and/or IO2, generated via Haber-  
Weiss reaction or other mechanisms, may be re- 
sponsible. However, the results (Table 1) obtained in 
the presence of scavengers of "OH were inconclusive. 
Thus, mannitol and benzoate were ineffective while 
formate caused some inhibition of lipid peroxidation. 
On the other hand, thiourea, at the concentrations 
used, completely blocked the reaction. Since Tris 
buffer was used in these assays and it can interact 
with the "OH generated in the incubation medium 
(Halliwell and Ahluwalia, 1976), a precise evaluation 
of the role of this highly reactive oxygen species is 
difficult. Similar variability in results was exhibited by 
the scavengers of IO 2 (Table 1). These observations 
may, in part, be due to the lack of specificity of the 
scavengers (Kulkarni and Hodgson, 1981). Alter- 
nately, it means that the generation of these reactive 
oxygen species occurs in the hydrophobic domain of  
the membrane which is inaccessible to the scavengers 
used. The other possibility is that lipid peroxidation 
may be triggered by some other species such as 
ferrous-dioxygen-ferric complex of yet undefined 
structure and reactivity proposed previously by some 
investigators (Aust e t  al. ,  1985). 

Since a decrease in the rat liver mitochondrial lipid 
peroxidation by phosphate ions was reported earlier 
(Hunter et  al. ,  1963), the possibility of similar in- 
hibition of human placental microsomal lipid per- 
oxidation was suspected. The results presented in the 
Fig. 5 clearly indicate an extreme sensitivity of the 
placental lipid peroxidation process to the phosphate 
buffer. Essentially similar observations have recently 
been reported for lipid peroxidation of rat hepatic 
microsomes (Tan et  al. ,  1984). From these results it 
appears that the failure of Juchau and Zachariah 
(1975) and Arvela e t  al. (1976) to observe NADPH- 
supported lipid peroxidation in placental microsomes 
might have been due to their use of  phosphate buffer 
in the incubation media. 

Experiments were performed to elucidate the pos- 
sible mechanism involved in the inhibition of  lipid 
peroxidation by phosphate ions. In Tris buffer, the 
specific activity of 98.06 + 26.32 nmol cytochrome c 
reduced/min/mg microsomal protein (n = 6) was ob- 
served for NADPH-cytochrome c reductase. These 
results on the basal NADPH-cytochrome c reductase 
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Fig. 5. Inhibition of human placental microsomal lipid 
peroxidation by phosphate. The assays were performed 
using incubation media in which Tris buffer was substituted 
with the indicated amounts of 0.1 M sodium phosphate 
buffer, pH7.4, 0.4mMNADPH and EDTA-Fe 2+ and 
0.2 mg of microsomal protein. Each point represents the 

mean + SE (n = 4). See text for further details. 

activity are comparable to those reported in the 
literature for the human placental microsomes 
(Juchau and Zachariah, 1975). The addition of 
increasing amounts (50-250#1/ml) of 0.1 M Na-  
phosphate buffer, pH 7.4 to the incubation medium 
did not cause a statistically significant change in this 
activity. This suggests that phosphate ions do not 
hinder the electron flow and that reductase is not the 
locus of inhibition of lipid peroxidation by phosphate 
ions. 

In view of these results, a possible interference with 
the redox cycling of iron was investigated indirectly 
by monitoring the superoxide generation in a model 
system. To avoid complications in the interpretation 
of data, the experiments were performed in the 
absence of placental microsomes. The preparation of 
chelated iron in phosphate buffer was not successful 
because it resulted in the formation of precipitate 
(possibly insoluble ferrous phosphate). Similar obser- 
vations were also reported by Flitter et al. (1983). 
The epinephrine oxidation curves during the first 
60-90 sec were non-linear and indicated that the 
initial rates of adrenochrome formation are, in gener- 
al, lower in the phosphate containing reaction media. 
This was probably due to the gradual reaction of 
phosphate ions with iron. Subsequently, the reaction 
was linear for several minutes. The results (Table 2) 
indicated a marked decrease in the steady state 
superoxide formation in the presence of increasing 
amounts of phosphate buffer. It appears, that 
possibly, it is not the redox cycling per se but the 
decreased amounts of the chelated iron available for 
redox cycling may be responsible for the observed 
inhibition of lipid peroxidation by phosphate ions. 

Studies on further characterization of the placental 
lipid peroxidation process and its involvement in 
xenobiotic metabolism are in progress in our labora- 
tory. 

SUMMARY 

The evidence presented suggests that NADPH-  

Table 2. The effect of phosphate buffer on epinephrine oxidation* 

Phosphate buf fe r  Adrenochrome formation 
(#l/ml) relative activity 

0 100 
50 45 

100 22 
250 11 

*Assays were carried out in the absence of placental microsomes as 
described in Materials and Methods. Each reaction mixture 
(3.0 ml final volume) contained 0.02 M Tris-HCI buffer, pH 7.4, 
EDTA-Fe 2+ (absent in the reference cuvette), 0.2mM epi- 
nephrine and indicated volume of 0.1 M Na-phosphate buffer. 
The reaction was initiated with the addition of EDTA-Fe 2+. The 
values given are means of 3 separate experiments. The rates of 
epinephrine oxidation were estimated from linear portion of the 
reaction curves. 

Fe2+-dependent lipid peroxidation occurs in human 
placental microsomes. Fe 2+ was found to be obliga- 
tory and in order to attain maximal rates of lipid 
peroxidation, the use of relatively low protein con- 
centration, and shorter incubation times are neces- 
sary. Human placental microsomal lipid peroxidation 
was found to be highly sensitive to phosphate buffer. 
The effectiveness of various scavengers of reactive 
oxygen species to block lipid peroxidation was evalu- 
ated. However, the data were inconclusive and the 
identity of the initiator of lipid peroxidation remains 
unknown. It appears that improper assay conditions 
might have been responsible for the failure of pre- 
vious researchers (Juchau and Zachariah, 1975; 
Arvela et al., 1976) to detect this reaction in the 
placental microsomes. 
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