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Abstract-The addition of very small amounts of antifoam or antifoam emulsions to rat 
hepatic microsomal suspensions was found to produce a type I substrate binding 
spectrum, and to increase the rate of NADPH+zytochrome P-450 reduction. The results 
also show that emulsifiers can themselves produce a type I substrate binding spectrum 
and can also alter the interaction of antifoam with microsomes. 

SINCE THE identification of cytochrome P-450 by the absorption spectrum of its unique 
carbon monoxide complex,’ the study of this cytochrome in microsomal suspensions 
has presented some practical problems. The relatively high protein content of the 
microsomal suspensions normally employed in optical determinations resulted in 
frothing when gassed with carbon monoxide. To overcome this problem, the practice 
of using antifoams on these occasions has arisen. This practice causes no alteration of 
the optical properties of the sodium dithionite reduced cytochrome P-450 CO complex. 
However, the extension of the use of antifoams during the study of other aspects of 
cytochrome P-450 function appears to have occurred without proper investigation. 
Our recent use of sonication to disperse insoluble substrates for drug metabolism in 
microsomal suspensions2 led us to examine the effect of the presence of antifoams on 
other commonly determined properties of cytochrome P-450. 

MATERIALS AND METHODS 

All the antifoams were obtained from Sigma Chemical Co., Antifoam A concen- 
trate is a 100 % silicone polymer; Antifoam A and C emulsions are emulsions contain- 
ing 30% silicone and undisclosed emulsifiers; Antifoam B emulsion contains 10% 
silicone and different emulsifiers from those in Antifoam A emulsion. Both Antifoam 
A and B emulsions contain the same silicone as Antifoam A concentrate. The mixture 
from Antifoam A aerosol was obtained by depressurizing the contents of the aerosol 
can. 

Tween 80 was from Atlas Chemical Industries, Inc. and the WGS emulsifier was a 
sample of a non-ionic emulsifier (alkyl ether ester) supplied by Werner G. Smith Inc. 
NADPH was from P. L. Biochemicals, Inc. 

Hepatic microsomes were prepared as described previously,3 and all spectrophoto- 
metric determinations were obtained with an Aminco-Chance dual wavelength/ 
split-beam spectrophotometer. The microsomes were suspended in 50 mM Tris- 
chloride buffer, pH 7.4, containing 150 mM KC1 and 10 mM MgCl,, since this is 
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the buffer normally employed to provide maximum rates of drug metabolism itz zritro. 
The NADPH-cytochrome P-450 reductase activity was determined at 4” to overcome 
the limitations of the instrument response time encountered at 25”. Stopped flow 
experiments (J. Baron and J. A. Peterson, unpublished observations) have shown 
that at 25” the initial rate of the reduction of cytochrome P-450 by NADPH is much 
faster than can be satisfactorily determined using an Aminco-Chance spectrophoto- 
meter with the rapid mixing chamber assembly. 

RESULTS AND DISCUSSION 

The addition of antifoam emulsions to aerobic suspensions of rat liver microsomes 
from either control or phenobarbital-pretreated animals produces optical spectral 
changes characteristic of what have been termed by Remmer et ~1.~ type I substrates. 
The similarity of the difference spectra obtained upon the addition of Antifoam A 
emulsion, Antifoam B emulsion, or a type I substrate, hexobarbital, is shown in 
Fig. 1 and Table 1. As can be seen in Fig. 1, Antifoam A emulsion produces a larger 
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FIG. 1. Spectral changes occurring upon the addition of antifoam emulsions to aerobic suspensions 
of microsomes. Microsomes from phenobarbital-pretreated rats were suspended at 2 mg protein/ml 
(cytochrome P-450 = 2.4 nmoles/mg of protein) in 50 mM Tris-chloride buffer, pH 7.4, containing 
150 mM KC1 and 10 mM MgClz and the suspension was divided between two cuvettes. After establish- 
ing a baseline of equal light absorbance, 10 ~1 of Antifoam A or Antifoam B emulsion or 5.4 mM 
hexobarbital (final concentration) was then added to the contents of the sample cuvette and the 
difference spectrum recorded 5 min later, after correcting for increased turbidity in the sample cuvette 

by offsetting the zero balance point at 500 nm. 

type I difference spectrum than does saturating concentrations of hexobarbital. Both 
Antifoam A emulsion and Antifoam B emulsion are aqueous suspensions of silicones, 
Antifoam A emulsion containing three times more silicone than Antifoam B. However, 
they contain different emulsifying agents. Antifoam A from aerosol cans and Antifoam 
A concentrate, although more difficult to mix with microsomal suspensions, also give 
a type I substrate binding spectrum. The type I difference spectra of the antifoams, 
hexobarbital and two non-ionic detergents are indicated in Table 1. All these com- 
pounds give very similar spectra with regard to the wavelengths of the absorption 
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TABLE 1. CHARACTERISTICS OF THE TYPE I DIFFERENCE SPECTRA CAUSED BY NON-IONIC 

DETERGENTS, ANTIFOAM EMULSIONS AND HEXOBARBITAL WITH HEPATIC MICROSOMES* 

Type I difference spectrum 
(after 5 min) 

Compound Concentration 
(pliml) 

Peak 
(nm) 

Trough A O.D. 
(nm) peak-trough 

Hexobarbital 2.7 mM 387 422 0.17 
5.4 mM 0.17 

Antifoam A 2.7 385 422 0.14 

Antifoam A emulsion 1.4 388 422 0.23 
2.7 0.25 

Antifoam A aerosol 2.7 386 422 0.14 
6.7 0.22 

Antifoam B emulsion 2.7 0.06 
6.7 387 422 0.10 

13.4 0.10 

Antifoam C emulsion 6.7 386 422 0.06 
Tween 80 2.1 386 422 0.10 

6.7 0.08 
WGS emulsifier 2.7 391 426 0.11 

* Microsomes from phenobarbital-pretreated rats were suspended at 2 mg protein/ 
ml (cytochrome P-450 = 2.3 nmoles/mg of protein) in 50 mM Trisxhloride buffer, 
pH 7.4, containing 150 mM KCI and 10 mM MgCIZ. The suspension was divided 
between two cuvettes and a baseline of equal light absorbance determined. The spectral 
changes were monitored up to 5 min after the addition of the various compounds to the 
contents of the sample cuvette. When Antifoam A concentrate and Antifoam A aerosol 
were used, the microsomal suspensions were briefly sonicated after the antifoam 
addition. 

maxima and minima, although differing considerably in intensity. The concentration 
of Antifoam B emulsion required for 50 per cent formation of the maximum type I 
difference spectra is mugh higher than that for Antifoam A emulsion. The results for 

Tween 80 and the WGS non-ionic emulsifier confirm the reports of Bridges and Burke,s 
and of Denk et al.,‘j showing that non-ionic detergents can interact with microsomal 
pigments and produce specific spectral changes. 

The results in Table 1 were obtained from the spectral changes observed 5 min after 
the addition of the compound to the microsomal suspension. It was of interest to 
determine whether the differences in intensity might be due to the time period used. 
As shown in Fig. 2, the type I difference spectrum produced by hexobarbital was 
maximal as soon as it was experimentally measurable. Those produced by Antifoam A 
emulsion and the WGS emulsifier (not shown) were 95 per cent complete within 1 min. 
However, the type I difference spectrum produced by Tween 80 and Antifoam B and C 
emulsions were not fully formed within 10 min. The similarity in the time of formation 
of the type I spectrum between Antifoam A emulsion and the WGS emulsifier, and 
between Antifoam B and C emulsions and Tween 80, and the dissimilarity between 
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FIG. 2. Effect of time upon the type I difference spectrum formed by detergents, antifoams and hexo- 
barbital with liver microsomes. Microsomes from phenobarbital-pretreated rats were suspended at 
2 mg protein/ml (cytochrome P-450 = 2.3 nmoles/mg of protein) in 50 mM Tris-chloride buffer, 
pH 7.4, containing 150 mM KC1 and 10 mM MgCl,. The suspension was divided between two cuvettes. 
After establishing a baseline of equal light absorbance, hexobarbital (7.7 mM), Antifoam A emulsion 
(2.7 PI/ml), Antifoam C emulsion (5.4 PI/ml), Tween 80 (6.7 J/ml), and Antifoam B emulsion (2.7 PI/ 
ml, n---n ; 6.7 PI/ml, A- - -a) were individually added to the contents of the sample cuvette 

and the difference spectra recorded up to 10 min after the addition. 

the antifoam emulsions themselves, even though they presumably contain the same 
silicone, suggest that the type I substrate binding spectrum is partly a property of the 
emulsifier present in the antifoam emulsions. That there is a finite time required to 
form the type I difference spectrum with microsomal suspensions by the antifoam 
emulsions suggests a more complex interaction than is observed for substrates for 
mixed-function oxidation, such as hexobarbital. Attempts to produce a type I difference 
spectrum with Antifoam A concentrate, which contains no emulsifiers, were unsuccess- 
ful unless sonication (which in itself produced no spectral changes) was used to disperse 

the antifoam. Upon sonication, a type I difference spectrum attributable solely to 
Antifoam A (since no emulsifiers were present) was evident, and this did not change 
with time. However, the intensity of the type I difference spectrum was somewhat 
variable, depending upon the sonication techniques employed. 

In an attempt to detect any differences in the interactions involved between Anti- 
foam A and microsomal suspensions and Antifoam A emulsion (containing Antifoam 
A and emulsifiers) and microsomal suspensions, the effect of these compounds on the 
aniline type II difference spectrum of liver microsomes was investigated (Table 2). 
As has been shown for hexobarbital, a type I substrate,’ the Antifoam A and Anti- 
foam A emulsion both produce an increase in intensity and a shift in the wavelengths 
of the peak and trough in the difference spectrum obtained upon the addition of 
aniline. Thus, with regard to the spectral characteristics, the only difference between 
the presence and absence of an emulsifier with the antifoam is one of the intensity of 
the resultant spectrum. However, since it is difficult to disperse Antifoam A in the 
absence of emulsifiers, the differences in intensity may reflect a lack of sufficient 
dispersal to enable interaction between the antifoam and the microsomes to occur. 



Antifoam interaction with cytochrome P-450 2701 

TABLE 2. CHARACTERIS~CSOFTHE MICROSOMALANILINETYPE II DIFFERENCESPECTRAIN 
THEPRESENCE ANDABSENCEOFTYPE ISUBSTRATES* 

Type II difference spectrum 
Compound Concentration 

(in addition to aniline) Peak Trough A O.D. 
(nm) (nm) peak-trough 

None 431 397 0.22 
Antifoam A 2.7 PI/ml 429 392 0.31 
Hexobarbital 2.7 mM 427 391 0.34 
Antifoam A emulsion 2.7 PI/ml 427 390 0.43 

* Microsomes from phenobarbital-pretreated rats were suspended at 2 mg protein/ml 
(cytochrome P-450 = 2.7 nmoles/mg of protein) in 50 mM Tris-chloride buffer, pH 7.4, 
containing 150 mM KC1 and 10 mM MgClz and the additional compounds indicated. 
(With Antifoam A, the mixture was sonicated to disperse the antifoam.) The mixture 
was divided into two cuvettes and, after establishing a baseline of equal light absorbance 
saturating quantities (20 ~1) of aniline were added to the contents of the sample cuvette, 
mixed and the spectral changes monitored. 

The determination of an apparent K, for Antifoam A emulsion (Fig. 3) shows that 
a concentration of 0.15 pi/ml or about one part in 7000 will produce 50 per cent of 
the maximal type I difference spectrum. With microsomal suspensions containing 
saturating concentrations of Antifoam A emulsion, no type I substrate binding spec- 
trum was observable upon the addition of hexobarbital to the sample cuvette. The low 
apparent K, (i.e. small volume) of Antifoam A emulsion is important, since in some 
laboratories Antifoam A is used to prevent foaming when gassing microsomal 
suspensions with carbon monoxide in order to determine NADPH-cytochrome P-450 

reductase. Since compounds producing type I substrate binding spectra have been 
shown to enhance the rate of cytochrome P-450 reduction8 under anaerobic conditions, 

pl. of AntifoomA/ml 

FIG. 3. Effect of various concentrations of antifoam A emulsion on the intensity of the type I differ- 
ence spectrum of hepatic microsomes. Microsomes from phenobarbital-pretreated rats were suspended 
at 2 mg protein/ml in 50 mM Trischloride buffer, pH 7.4, containing 150 mM KC1 and 10 mM 
MgQ, and the suspension was divided between two cuvettes. After establishing a baseline of equal 
light absorbance, Antifoam A emulsion was added to the contents of the sample cuvette and the 
difference spectrum recorded 1 min after each addition. Small spectral changes attributable to turbidity 
effects were corrected for by repeating the experiment with microsomal pigments reduced with sodium 

dithionite. 
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erroneously high rates of reduction may have been obtained for what have hitherto 
been termed “control microsomes”; in this case, the term “control” infers the absence 
of exogenous type I substrates. Thus, an increase in the rate of reduction by the 
presence of antifoam would cause a lessening in the stimulation of the NADPH- 
cytochrome P-450 reductase observed upon the addition of another type I substrate 
such as hexobarbital. 

Hexobarbltal+AntifoamA 

d I --_-LA_-, 
LO 20 30 40 50 60 70 

set 

FIG. 4. Reduction of microsomal cytochrome P-450 by NADPH in the presence of antifoam emul- 
sions and hexobarbital. Microsomes from untreated rats were suspended at 2 mg protein/ml (cyto- 
chrome P-450 = I.2 nmoles/mp of urotein) in ice-cold 50mM Trisxhloride buffer. pH 7.4. containing 
150 mM KCI and 10 mM Mg& which had been saturated with CO. The mic&somal’suspension 
was then carefully gassed with CO for a further 3 min. The rates of formation of the cytochrome 
P-450-CO complex at 4” was then monitored by following the absorbance changes at 450 nm, relative 
to 490 nm. NADPH 400 PM was mixed with the microsomal suspension 4 set after the start of the 
recorded trace. The experiment was repeated in the presence of hexobarbital (3.3 mM), Antifoam A 

emulsion (3.3 PI/ml), and hexobarbital and Antifoam A emulsion together. 

As can be seen in Fig. 4, the presence of Antifoam A emulsion increases the rate 
of reduction of cytochrome P-450 above that observed in the presence of hexobarbital. 
The presence of both Antifoam A emulsion and hexobarbital produced no significant 
increase in the rate of reduction above that observed in the presence of Antifoam A 
emulsion alone. In additional experiments, the rate of reduction of cytochrome P-450 
was also examined in the presence of Antifoam (aerosol), and while the effect of this 
form of antifoam may be somewhat limited by its dispersal, it did increase the rate 
of cytochrome P-450 reduction above that observed in its absence, but not as much as 
observed with the Antifoam A emulsion. 

The results shown in this paper demonstrate that antifoams, either in the presence or 
absence of emulsifiers, act as type I substrates. This is evidenced by the production 
of type I spectrum upon interaction with microsomes, and upon saturation of the 
microsomes, preventing the observation of a hexobarbital type I difference spectrum. 
The antifoams also perturbate the aniline type II binding spectrum in a manner similar 
to hexobarbital and, like hexobarbital and many other type I substrates, increase the 
rate of cytochrome P-450 reduction by NADPH. 
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