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Various methods of homogenization of tis- 
sue (Waring Blendor, colloid mill, ultrasonic 
vibrator, Potter homogenizers, and other 
grinding equipment) used in the preparation 
of microsomal fractions have been described 
in the literature. The Teflon pestle and glass 
tube (P.T.) or Potter-Elvehjem types of ho- 
mogenizer have generally been found superi- 
or in producing a microsomal fraction of high 
activity, and these homogenizers are most 
widely used today. The use of the P.T. ho- 
mogenizer, however, is not without faults. For 
reproducible results, the process of homog- 
enization should be rigidly controlled (1). 
Occasional microscopic examination of the 
homogenate produced is warranted to assure 
complete cell disruption, In addition, high 
shear forces accompanied by significant local 
heating can occur under conditions which 
produce the most complete cell disruption 
(small pestle-tube clearance and high rotor 

The present paper reports on an investiga- 
tion into the suitability of the rapid decom- 
pression ( R.D .) technique of homogenization 
for the preparation of microsomes to be used 
in studies on the mixed function oxidases 
and certain ofther drug metabolizing enzyme 
systems. The applicability of the method to 
the isolation of mitochondria from mammal- 
ian tissues has previously been described 
( 3 ) .  The technique involves the equilibration 
of an inert gas, usually nitrogen, with tissue 
mince under high pressure. When the pres- 
sure is released rapidly, the change in pres- 
sures causes an explosive rupture of the cellu- 
lar plasma membrane. This method of cell 
disruption is reported to have the advantages 
of lack of heat generation during homogeni- 

speeds) ( 2 ) .  

zation, mild and selective action (pressure 
can be varied), and more uniform hoimogeni- 
zation of cells of different sizes. 

The activity of oxidative, reductive, hydro- 
lytic, and glucuronide-forming enzyme sys- 
tems of microsomal fractions prepared by 
R.D. or P.T. homogenization is compared. It 
is shown that the yield of microsomal enzyme 
activity per unit weight liver is higher for 
R.D. homogenization. The greater yield of 
microsomal fraction is probably related to 
more complete cell rupture and possibly to 
differences in the morphology (size) of the 
microsomal particles. 

Methods. Adult male rabbits were sac- 
rificed by decapitation and the livers were 
removed and placed in ice-lcold 1.15% KCl or 
0.25 M sucrose after excision of the gall 
bladder. The liver was minced with a hand 
press (Harvard Apparatus) and a weighed 
portion was suspended in three voIumes of 
isotonic KCl or sucrose. The crude suspen- 
sion was then subjected to homogenization 
with either a Teflon pestle and glass tube ho- 
mogenizer (Kontes Glass) or a cell disrup- 
tion bomb (Parr Instruments). A single 
relatively close-fitting pestle and tube ho- 
mogenizer was used throughout the study, and 
tissue was homogenized uniformly with six 
strokes of the pestle rotating at  800 rpm 
with the tube in a Dewar flask of ice. Thirty 
milliliters of suspension was placed in a coni- 
cal centrifuge tube in a cell disruption bomb 
sitting in an ice bath. The suspens' lion was 
subjected to 700-1000 psi of nitrogen for 
varying periods of time. The homogenate pro- 
duced upon release of pressure was co'llected 
in a cold Erlenmeyer flask. In  one experi- 
ment, the initial suspension was subjected to 
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TABLE I. Effect of Varying Pxessure and Time on Homogenization of Rabbit Liver in 1.15% 
KCI." 

Cytochrome P,,, 
Succinate oxidase 

nmoles per 
g wet 

wt of liver 

nmoles per 
mg of micro- 
somal protein 

natoms O/mg 
microsomal 
proteinlmin 

Microsomal 
protein 

liver 
mg/g 

Cell disruption bomb 
~~ 

Pressure Equilibration 
(Psi) time (min) 

1000 5 
15 

900 5 
15 

800 5 
15 

700 5 
15 

Teflon pestle and glass tube 

85.05 & 1.73b 
93.72 2 1.46b 
85.91 & 1.4gn 
89.47 & 1.33b 
88.44 2 l . l gb  
82.75 2 1.36b 
87.31 -I- 1.5yb 
86.35 2 1.46b 
40.89 ? 0.96 

2.35 & 1.00 
2.53 2 0.39 
2.49 2 0.17 
2% & 0.23 
2.7G & O S b  
2.50 2 0.17 
2.53 5 0.17 
2.63 & 0.20 
2.13 & 0.17 

17.6 & 2.0 
15.3 1.3 
14.9 2 0.7 
14.8 & 1.1 
14.0 & 1.1 
15.0 2 1.4 
15.4 & 1.4 
14.4 2 0.9 
17.3 2 2.1 

35.7 f. 3.6b 
37.0 & 2.6b 
34.4 * 2.86 
34.9 1.7b 
32.0 & 1.6b 
32.7 2.4b 
33.5 * 4.0b 
32.8 k 2.5b 
19.2 f. 2.1 

a Mean 2 SEM for determination of six animals. 
Significant difference (p < .05) lbetween the mean values for cell disruption bomb and Teflon 

pestle arid glass tube. 

pestle and tube homogenization and then to 
rapid decompression in the Parr cell bolmb. 

Holmogenates were centrifuged at  9OOOg 
for 15 min at  2". The resulting supernatants 
were used as the enzyme source for assays od 
the rates of oxidative, reductive, and hydro- 
lytic metabollism or centrifuged at 105,OOOg 
in a Spinco L-2 ultracentrifuge. The 105,OQOg 
microsomal pellet was suspended in 0.1 M 
Na-K phosphate buffer, pH 7.35, and was 
used as the enzyme source for the melasure- 
ment of phenolphthalein glucuronide forma- 
tion and for assays of cytochrome P450, cytor 
chrome ba, protein levels, and cytochrome 
P450 reductase and NADPH-cytochrome c 
reductase activity. 

Substrates were incubated with 9OOOg su- 
pernatant or 105,OOOg pellet fractions equiva- 
lent to 250 mg liver and cofactolrs necessary 
to the reaction as described previously (4) 
except that nicotinamide was omitted from 
the incubation mixture. The rate of O-de- 
methylation of p-nitroanisole was determined 
by measuring the formation of p-nitrophenol 
by a modification (4) of the method of Net- 
ter (5).  The rates of nitroreduction of p-ni- 
trobenzoic acid and ester hydrolysis of pro- 

caine were determined by measuring the p- 
aminobenzoic acid formed (6) .  The rate of 
azo-reduction of Neoprontosil was determined 
by assaying the sulfanilamide formed (7) and 
the rate of formation of phenolphthalein g h -  
curonide was determined by measuring the 
disappearance of substrate (8). 

Cytochrome P450 and c y t d r o m  P450 re- 
ductase were assayed by reduction with 
NADPH (9) using an Aminco anaerobic 
spectrophotometric cell. Cytochrome P450 

was assayed by reduction with sodium di- 
thionite in the studies comparing homogeniz- 
ing medium, pressure and equilibration time. 
Cytochrome b5 was measured using NADH 
(10) as the reducing agent. The microsomal 
suspension in ithe above assays contained the 
equivalent of 67 mg wet wt liver/ml. 
NADPH-cytochrome c reductase was deter- 
mined by a modification (9) of the method 
of Williams and Kamin (10). The micro- 
somal suspension used for this assay con- 
tained 0.17 mg of protein/ml. 

All of the above assays were perf'ormed on 
a Shimadzu MPS-SOL recording spectropho- * 

tometer using 1-cm2 cuvettes. NADPH re- 
ductible cytochrome P450, cytochrome P450 re- 
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16.6 2 1.4 

15.8 t 1.2 
16.3 * 0.9 
1,i.t) -+ 1.5 

14.8 -+ 0.9 
l 5 . i  -+ 1.1 

15.0 & 1.0 

15.2 & 1.5 

1 8 . i  ? 1.8 

33.2 & 2.Gb 
33.7 * 3.90 
33.6 f 2.1b 
34.3 * 2.3b 
33.8 * 3.90 
34.1 * 1 . 8 b  

33.i k 2 . ~ 4 ~  
31.7 * 4.4" 

15.1 * 2.5 

ductase, and NADPH-cytochrome c reduc- 
tase were assayed at 37". Cytochrome b, and 
dithionite reducible cytochrome Pjso were 
assayed a t  25". Extinction coefficients of 
18,500. 91,000, and 163,000 cm-I were used 
to estimate reduced cytochrome c, and cyto- 
chromes PA;,,, and b;, respectively. 

Type I and type I1 binding spectra were 
obtained using hexobarbital and aniline, re- 
spectively, as substrates as described by 
Remmer et d. (1 1 ) .  The  magnitude of spec- 
tra obtained using 3.0 mM substrate and 2.0 
mg of microsomal protein per ml were calcu- 
lated as the difference in 1 A  a t  490 nm and 
422 nm (hexobarbital) or as the difference in 
A.4 a t  430 nm and 490 nm (aniline). 

Succinate oxidase activity was determined 
on the 105,OOOg microsomal fraction as de- 
scribed by Blair et al .  (12).  Succinate oxida- 
tion was measured polarographically with an 
oxygen electrode (Gilson Medical Electronics 
Oxygraph) at 30 r-1- 1". The 1 ml reaction 
mixture contained 0.5 ml of a solution con- 
taining 2 X 1 W 4  M EDTA in 0.04 M phos- 
phate buffer, p H  7.45, 0.02 ml of 1% cyto- 
chrome c (Sigma, Type III) ,  0.08 ml H20, 
and 0.3 ml of suspended 105,OOOg pellet con- 
taining microsomes equivalent to 250 rng of 

mljliver. Microsomal protein was estimated 
by the method of Lowry et al. (13),  with 
crystalline bovine serum albumin as a stan- 
dard. 

Results. The effects of pressure and equili- 
bration time used in R.D. homogenization 
were studied in tissue mince suspended in 
1 .159  KC1 (Table I )  or 0.25 M sulcrose (Ta- 
ble TI). Varying pressure from 700 to 1000 
psi had no significant effect on the dithionite 
reducible cytochrome P15" or protein content 
of the microsomal fraction. In addition, al- 
lowing 15 min equilibration time did not in- 
crease microsomal yields at any pressure. 
The cytochrome P-150 and microsomal protein 
contents of liver were significantly higher at 
all pressures and equilibration times than 
when liver was homogenized with pestle and 
tube. The specific content of cytochrome P450 
(cytochromejmg protein) was only slightly 
and insignificantly ( p  > .OS) higher than that 
produced by P.T. homogenization in 0.25 M 
sucrose. 

Homogenization in 1.15 % KCl, however, 
produced occasionally significant differences 
in the specific content of the cytochrome. 
This is in accord with higher N-hydroxyla- 
tion activity in P.T. homogenates of KCl 
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than sucrose reported by von Jagow et al. 
( 1 ) .  Homogenization by either method in 
KCl produced significantly higher levels of 
cytochrome P4:0/g of liver than in sucrose, 
while protein levels were affected noticeably 
only with P.T. homogenization. 

Succinate oxidase activity of the suspended 
microsomal pellet was assayed in order to 
assess the extent of contamination of this 
fraction with electron transport particles de- 
rived from mitochondria1 disruption. No sig- 
nificant differences were found between the 
pestle and tube preparation and that of the 
cell disruption bomb a t  any pressure or 
equilibration time. Similar results were ob- 
tained on a limited number of succinate ox- 
idase assays run on the 9000g supernatant 
fraction, though the values were smaller be- 
cause of the high protein content of this 
fraction. This is in accord with the findings 
of Hunter and Commerford (3) who found 
no loss of this activity in the mitochrondrial 
fraction isolated following homogenization 
with a cell disruption bomb using 1000 psi 
and 20 min equilibration time. There were no 
differences in the succinate oxidase activity 
related to the homogenizing medium. 

The substrate metabolizing activity of the 
9 0 0 0 ~  supernatant fractions is compared in 
Table 111. The protein and cytochrome P430 
contents of the 105,OOOg microsomal pellet 
are included, and the values in parentheses 
represenlt cytochrome conltent or enzymic ac- 
tivity per milligram microsomal protein. The 
values obtained from tissue homogenized by 
P.T. and R.D. were not significantly differ- 
ent from those obtained on tissue homoge- 
nized by R.D. alone. The nearly identical 
values obtained indicate: 1 )  that there was 
no additive effect of the two treatments, Le., 
that prior P.T. homogenization had no posi- 
tive effect on the R.D. method of prepara- 
tion; and 2 )  that P.T. homogenization did 
not decrease enzymic activity through such 
factors as heat generation and mechanical 
shear under the conditions employed. This 
latter conclusion is further supported by the 
finding that the substrate metabolizing activi- 
ty of tissue prepared by all three methods was 
not significantly different when computed as 
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TABLE V. Cytochrome P,, Content and Weight of 105,OOOg Microsomal Pellets Prepared by 
Varying Methods.“ 

Source of Cytochrome P,,, Weight of 
Method of (A A per microsomes 105,OOOg 105,OOOg 

pellet preparation preparation equiv to 67 mg/liver/ml) pellet (mg) 

Supernatant R.D. 0.540 .083 624 2 34 

Supernatant R.D. 0.146 ? .027 289 2 31 

9ooog P.T. 0.280 e .047 434 127 

800g P.T. 0.215 e .034 336 & 29 

~ 

“Values represent mean & SEM for determinations on four animals. 
Microsomes reduced with sodium dithionitc. 

pmoles of substrate metabolized/mg of mi- 
crosomal protein. 

All substrates were metabolized at  a higher 
rate on a per gram liver weight basis when 
intcubated with 9000g supernatant but there 
was no change in the specific aotivity (units 
metabolized per mg of protein) of micro- 
somal enzymic activity for any pathway. In 
contrast, the specific content of dithionite re- 
ducible cytochrome P45.0 was significantly ( p  
< .05) increased by R.D. homogenization in 
this experiment, producing a poor relation- 
ship beltween increase in the rate of metabol- 
ism of p-nitroanisole, p-nitrobenzic acid, and 
Neoprontosil and increase in the content of 
this oxygen activating enzyme. 

No significant difference in the specific 
content of NADPH-reducible cytochrome 
P450 was found, however (Table I V ) .  Cyto- 
chrome b5 levels proved to be a function of 
protein contenk, as did cytochrome P450 re- 
ductase and NADPH-cytochrome c reductase 
activities. The magnitude of Type I or Type 
I1 spectral changes produced at  one concen- 
tration of hexobarbital or aniline, respective- 
ly, were not significantly different either, in- 
dicalting that the degree of binding of these 
substrates to cytochrome P450 was not appre- 
ciably altered by R.D. homogenization. 

Several short studies were carried out in an 
attempt to explain the increases in parame- 
ters of drug metabolizing enzyme acitivity 
observed on a liver weight basis for R.D. 
homogenization. Slides of crude homogenates 
of both preparations were stained with 
Wright’s stain and examined by light micros- 
copy. No whole cells were found in the R.D. 

homogenate produced using 700 psi and 5 
min equilibration time, while numerous 
chmps of cells were observed in the P.T. 
homogenate. It was obvious that a failure of 
P.T. homogenization (to disrupt all cells in 
the minced tissue was a major contributing 
factor to the differences observed for the two 
methods of homogenization. This lack od 
efficiency warranted the examination of other 
sets olf pestles and tubes for apparent 
“closeness of fit” and productioln of micro- 
somal protein and cytochrome P450. A limited 
trial showed that there was considerable 
variation between three sets of such homog- 
enizers, but that fairly reproducible results 
were obtained with any one set. 

Another possible explanation for the higher 
yields of dithionite reducible cytochrome 
P450 produced by R.D. homogenization was 
considered. I t  was known to early investi- 
gators (14) that the sediment from the ini- 
tial centrifugation contained considerable 
amounts of microsomal fraction, and it has 
been shown that the extent of this loss can be 
varied by altering centrifugation speed and 
time (1). The possibiliity that more of the 
microsomal fraction was sedimented at 9OOOg 
in the P.T. homogenate was investigated by 
centrifuging both homogenates initially at 
900Qg, preparing a 105,OOOg pellet from the 
supernatant, and weighing the pellet and 
measuring the A A (450-490) of the CO- 
binding pigment in the suspended pellet. The 
9000g sediment was then suspended in 
1.15 % KCl and centrifuged at 800g to remove 
whole cells and large debris. A 105,OOOg 
pellet was prepared from the supernatant and 
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treated as above. The results presented in 
Table V show that more cytochrome and 
more 150,OOOg sedimentable material (micro- 
somes and mitochondria) were washed out of 
the P.T. 9000g sediment than out of the 
R.D. sediment. This was an unexpected re- 
sult i f  one assumes nearly equal dispersion of 
microsomal particles throughout the 9000g 
supernatant and sediment, as the cytochrome 
content of the R.D. 9000g supernatant was 
nearly twice that of the P.T. supernatant. 
This finding suggested that the size of the 
microsomal particles produced by the two 
methods of homogenization may not be 
equal, and specifically, that the size of those 
produced by P.T. homogenization may vary 
in size, some being sedimentable a t  9000g 
and 15 min centrifugation. Electron micros- 
copy of the 105,OOOg pellets prepared by both 
methods illustrated that many of the micro- 
soma1 particles of the P.T. homogenate were 
larger than those of the R.D. preparation, 
and that they were in general less uniform in 
size. While sedimentation constants were not 
obtained, the observed morphological differ- 
ences could be responsible in part for the 
higher activities per gram of tissue weight 
obtained by R.D. homogenization. 

Discussion. These studies have demonstrat- 
ed that homogenization of liver by the rapid 
decompression technique produces a larger 
microsomal fraction per unit weight of liver 
than a comparable fraction produced by ho- 
mogenization with Teflon pestle and glass 
tube. The drug metabolizing enzyme activity 
per milligram of microsomal protein of the 
9000g supernatant, however, is not increased 
by this technique. Spectral binding studies 
and measurement of cytochromes and reduc- 
tases involved in the mixed function oxidase 
electron transport system revealed no signifi- 
cant differences in the microsomal fraction 
related to the method of preparation. The 
increase in specific content of dithionite re- 
ducible cytochrome 1’4>,, in two experiments 
was unexpected in view of the lack of in- 
crease in the NADPH-reducible cytochrome. 
The lack of parallelism between increases in 
the dilthionite reduced cytochrome and sub- 
strate metabolizing activity indicates that 
NADPH is the preferred reducing agent in 

this assay on microsomes prepared by the 
R.D. method. 

Cell disruption by the R.D. method ap- 
peared to produce smaller and more uniform 
microsomal particles than P.T. homogeniza- 
tion. This may have resulted in a smaller loss 
of microsomal particles in the initial centri- 
fugation employed in producing the microso- 
ma1 fraction. Additional significance of this 
morphologic difference was not apparent. 

I t  would appear that the major advantages 
of R.D. homogenization are: 1) that it  pro- 
duces a microsomal fraction which more ac- 
curately reflects tissue content of endoplas- 
mic reticulum; 2 )  that, since all cells are 
disrupted. there is probably less variation in 
the amount of microsomal fraction produced 
than with different sets of pestles and tubes; 
and 3 )  that the specific activity of certain 
commonly studied parameters of microsomal 
enzyme activity is a t  least equal to that pro- 
duced by P.T. homogenization. This method 
thereby allows optimal enzymic activity to be 
obtained from a given piece of tissue, as it 
circumvents enzyme degeneration associated 
with procedures by which P.T. homogenizers 
yield high microsomal fractions ( 2 ) .  

Summary. The applicability of rapid de- 
compression as a method for homogenization 
of liver in the preparation od a microsomal 
fraction has been studied. It was shown that 
this method is more efficient and probably 
less variable than homogenizaltion with a 
Teflon pestle and glass tube. Increased effi- 
ciency was related to more complete cell dis- 
ruption and probably to the production of 
smaller microsomal particles. The specific con- 
tent and activity of components of the mixed 
function oxidase system of the microsomal 
fraction were similar to those produced with 
pestle and tube. 
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