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Abstract--Counter-current partltmn, sucrose densUy gradient centrlfuganon and enzymic analysis were 
used to explore the changes m rat hver organelles induced by phenobarbital There was a small increase 
m partmon coefficient and marker enzyme actwlty of the endoplasmlc retlculum The modal density of 
the marker enzyme showed a slgmficant decrease reflecting the prohferation of the smooth endoplasmic 
renculum The mltochondrla showed a blmodal dlstnbutmn w~th a small reductmn of marker enzyme 
activity In contrast, lysosomes and peroxisomes were relatively unaffected by phenobarNtal treatment 
Phenobarbital caused a small but statistically lnsigmficant increase in y-glutamyl transferase actlwty 
density gradient centnfugat~on stu&es indicated that the increased actwlty was predominantly m the 
bdmry canahcular elements In contrast, cytosohc ),-glutamyl hydrolase actlwty was strikingly reduced 
by phenobarbital treatment 

Phenobarbital is a commonly used anticonvulsant 
which increases mlcrosomal protein [1] and the 
activities of hepatic microsomal drug metabohslng 
enzymes [2] It induces cytochrome P450 and, in 
most cases, NADPH-cytochrome reductase [3, 4] 
Phenobarbital has also been shown to increase liver 
size by stimulating mitosis and cell division [5] The 
most striking changes induced by phenobarbital 
include proliferation of smooth endoplasmic retlc- 
ulum with accompanying dispersion of rough endo- 
plasmic retlculum cisternae, the production of a 
mitochondria lacking cristae and the accumulation 
of myelin figures These abnormalities at first affect 
only centrilubular ceils but progressively involve ceils 
further out mto the periphery of the lobule [5]. 

Tissue homogenates are usually fractlonated by 
centrlfugation techniques, where differences in size 
and density are used to effect separations. Much 
useful information can be obtained comparing 
normal and diseased tissue by this approach [6] 
Counter-current partition, which separates particles 
on the basts of their surface properties [7, 8], has 
recently been applied to the fractlonation of organ- 
elles of rat liver [9]. More recently counter-current 
partition with the toroidal coil centrifuge was used 
to fractionate a rat liver homogenate with enhanced 
separation of plasma membrane from lysosomes and 
endoplasmlc retlculum [10]. We have used counter- 
current partition and sucrose density gradient cen- 
trifugatlon to explore changes in the enzyme activl- 
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ties and properties of rat liver organelle induced by 
phenobarbital 

MATERIALS AND METHODS 

Inlecnons. Non-fasted male rats (150-200g) 
Sprague-Dawley strain, were injected 1@. with 
phenobarbital (80 mg/kg; Macarthy's Ltd., Essex, 
U.K ), once daily for four days. Control animals 
were injected with 0.15 M NaC1. About 18hr after 
the final injection the animals were killed. 

Preparation of rat liver homogenates for sucrose 
gradient centrtfugauon Rats were stunned and killed 
by cervical dislocation. The livers were removed 
immediately and a portion (2 g) of perllobular tissue 
minced with a razor blade and disrupted in a medium- 
sized manual Dounce homogeniser (Kontes Glass 
Co , Vineland, NJ) in 10 ml ice-cold 0.25 M sucrose 
containing 1 mM EDTA pH 7.4, and 20 mM ethanol. 
Homogenization was by 10 strokes of the type A 
pestle followed by 10 strokes of the type B pestle 
Fibrous material was removed by filtration through 
a 50/~M nylon mesh 

Density gradient centrtfugatton Liver homogenate 
(5 ml) was layered onto 28 ml sucrose density gradi- 
ent, extending hnearly with respect to volume, from 
a density of 1.05 g/ml to one of 1.28 g/ml and resting 
on a 6 ml sucrose cushion of density 1.32 g/ml in a 
Beaufay automatic rotor [11]. All density gradient 
solutions contained 1 mM EDTA, pH 7.4 and 20 mM 
ethanol. The rotor was accelerated to 35,000 rev/ 
min and run for 35 min with an integrated angular 
velocity of 3.3 × 101° rad 2 sec -I The rotor was then 
slowed to 8000 rev/min for automatic unloading and 
collection of 16 fractions into tared tubes. 
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Table 1 Marker enzyme activities m rat hver homogenates from control and phenobarbital-treated ammals 

Actwlty 

Organelles Phenobarbital Phenobarbnal 
(Marker enzymes) Control treated Control treated 

(mU/mg Protein) (mU/mg DNA) 

Plasma membrane 
5'-Nucleotldase 30.0 +- 4 8(18) 17 1 --- 2 7(9) 174 +- 19(51 109 ± 14(51' 
~,-Glutamyl transferase 0 060 -+ 0 036(5) 0 102 - 0 058(5) 0 372 _+ 0 239(5) 0 657 _+ 0 41/0151 
Alkahne phosphatase 1 18 -2_ 0.14(5) 1 12 +- 0 14(5) 7 24 + 0 89(5) 7 13 + 1/99(5) 
Alkalme phosphodiesterase 0 033 + 0 005(5) 0 033 +- 0 002(5) 0 204 +- 0 038(5) 0 206 + 0 013151 

Lysosomes 
N-Acetyl-fl-glucosammldase 1 24 -+ 0 36(10) 1 25 + 0 23(10) 9 10 -+ 0 88(5) 8 82 +_ 0 25(5) 
Acid phosphatase 22.7 --- 2 7(7) 22 7 -+ 2 3(10) 118 +- 13(5) 111 -+ 14(5) 
fl-Glucuromdase 7.04 -+ 0 89(7) 6 11 -- 0 54(11) 46 3 -+ 6 1(5) 38 8 + 1 5(5) ~ 

Mltochondna 
Malate dehydrogenase 3250 +-- 670(9) 3110 + 320(11) 21600 -+ 1800(5) 20800 + 1600(51 
Glutamate dehydrogenase 7 22 -+ 0 73(7) 6 63 --+ 1.28(6) 44 7 --+ 3 6(5) 38 3 -+ 4 115) ~ 

Endoplasmlc ret~culum 
Neutral o~-glucosadase 0 017 -+ 0 001(5) 0 018 + 0 001(5) 0 104 _+ 0 003(5) 0 116 + 0 005(5) ~' 

Peroxasomes 
Catalase 289 +- 80(10) 283 -+ 68(11) 1730 +-+- 390(5) 1680 _+ 27(t151 

Cytosol 
Lactate dehydrogenase 2010 -+ 472(10) 1960 -+ 270(10) 13600 + 2100(5) 13400 ± 14110(5) 
y-Glutamyl hydrolase 0 950 -+ 0 160(5) 0.286 -+ 0 067(5) 5 85 -+ 1 09(5) 1 69 ± () 32(5) ~ 

1 mdle umt of actwlty corresponds to the processing of 1 nmole substrate/mm Results show mean _4- S E wtth number 
of anamals shown between parentheses 

Staustacal analysis by Students t test (a) P < 0 001, (b) P < 0 02, (c) P < 0 05 

Counter-current partttton expertments Counter-  
current  part i t ion experiments  were  per formed as 
descnbed  previously [9]. Bnefly,  rat liver homo- 
genates were  prepared  in poly(ethylene glycol)-rich 
upper  phase solution from a mixture containing 5.8% 
(w/w) dextran T-500, 4 0% (w/w) poly(ethylene gly- 
col) 6000, 0.25 M sucrose, 10 m M  sodium phospha te -  
phosphoric  acid buffer,  pH  7.4, 0.2 m M  Na2 E D T A ,  
pH  7.4 and 1.1 m M  ethanol.  U p p e r  phase (0.65 ml) 
containing homogena te  was loaded onto 0 .65ml  
dextran-nch lower phase in the sample well of  the 
counter-current  device [9], and complete  polymer  
mixture was added to the other  17 wells The  phase 
mixtures,  liver homogena te  and counter-current  
devace were  all mainta ined at 4 °. Seventeen transfers 
were effected. Before  each transfer,  the two phases 
were mixed by twenty inversions of the entire device 
and the phases separated by centnfugat lon at 250 g 
for 5 mln. Sucrose (0.25 M, 0.40 ml) was then added 
to each well and, after mixing to form a homogeneous  
suspension, the content  of each well was removed  
and stored at - 2 0  ° for subsequent analysis 

Analyucal methods. The distributmn of organelles 
m each fraction from the sucrose gradient and par- 
tition exper iments  was determined by assaying 
marker  enzymes as described previously [9, 12, 13]. 
g-Glutamyl transferase (biliary tract-plasma mem- 
brane) was measured  as described by Smith et al. 
[14]. Protein in C C D  fractions [15] and densaty frac- 
tions [16] was assayed with bovine serum albumin as 
standard, and D N A  [17] was measured with calf 
thymus D N A  (Sigma type 1) as standard. 

Sources of chemtcals Dextran  T500 (batch 3447) 

was obtained from Pharmacla  (Uppsala,  Sweden) 
Poly(ethylene glycol) 6000 (PEG,  batch 29577) was 
obtained from B D H  Ltd. (Poole,  Dorset)  All other  
reagents were standard A R  grade 

RESULTS 

The effect of phenobarbttal on enzyme acttvttles 
There  is a significant increase (P < 0 01) m the 

liver weight of  phenobarbi tal  t reated animals 
(5 .98- - -0 .39g /100g ,  N = 5) compared  to controls 
(4.48 --- 0.13 g/100 g, N = 5), but the changes in pro- 
tein and DNA/g  wet weight were not  significant The 
similar p r o t e i n / D N A  ratio in both groups [controls, 
30.6, mg/mg;  N = 5, phenobarbi ta l  treated.  31 6, 
mg /mg;  N = 5] Indicate that enzyme changes largely 
reflect activity per  cell. 

Table  1 shows the organelle marker  enzyme actwl- 
ties in liver homogenates  from control and pheno- 
barbi tal- t reated rats. The  actavlty of 5 '-nucleotldase,  
a plasma membrane  marker ,  showed a significant 
reduction in phenobarbi ta l - t reated animals The 
other  marker  enzymes for the plasma membrane  
showed no slgmficant change Phenobarbital  treat- 
ment  caused a small increase m the mean actlvaty of 
y-glutamyl transferase,  the ballary tract plasma mem- 
brane marker  enzyme,  but thas was not statast~cally 
significant. Neutral  o~-glucosldase expressed/mg pro- 
tein was not increased significantly by drug t reatment  
but there was a sagnificant increase in activity per mg 
D N A .  Of  the cytosohc marker  enzyme actwmes 
measured,  y-glutamyl hydrolase showed a marked 
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Subcellular fractionatlon of liver organelles 
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Fig 1 The dlStrlbutmn of organelles from rat liver homo- 
genates of control (closed circles) and phenobarbital- 
treated (open circles) animals after partition between 5 8% 
(w/w) dextran and 4 0% (w/w) poly(ethylene glycol) Per- 
cent recovered enzyme activity is plotted against well 
number The results are the mean of 3 experiments for 
normal and 2 experiments for phenobarbital-treated 

ammals 

decrease in activity while lactate dehydrogenase 
remained unchanged. N-Acetyl-fl-glucosamlnIdase 
and acid phosphatase showed no significant changes 
an total actawty, but that of fl-glucuromdase showed 
a small decrease when expressed per mg DNA. There 
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Fig 2 Isopycmc centrlfugatlon of liver homogenates from 
control (thin hne) and phenobarbital-treated (thick line) 
rats Graphs show frequency-density distribution of marker 
enzymes and DNA Frequency is defined as the fraction of 
total recovered activity present in the subcellular fraction 
divided by the density span covered The abscissa interval 
of densities 1 05-1 10 g cm -3 represents the activity remain- 
ing in the sample layer and is presumed to be soluble The 
results show the mean of 3 experiments for each treatment 

group 

was no change in the total malate dehydrogenase 
actavlty but the specific enzyme marker for the mato- 
chondrla (glutamate dehydrogenase) showed a small 
decrease in actavlty per cell. The specific actlvaty of 
catalase was similar in laver homogenates from both 
groups of animals 

The effect of phenobarbital on organelle dtstrtbutzon 
Figure 1 compares the distribution, after 17 trans- 

fer counter-current partation, of liver organelle 
marker enzymes from control and phenobarbital- 
treated animals. There was no significant change in 
the distrlbutaon or modal partation coefficaent of 5'- 
nucleotadase, fl-glucuromdase, N-acetyl-fl-glucos- 
amamdase, or lactate dehydrogenase. However, the 
partltaon coefficaent of neutral o~-glucosldase showed 
a small increase an the phenobarbital-treated 
animals Fagure 1 clearly shows that the dastribution 
of glutamate dehydrogenase, the matochondrlal 
marker enzyme, became blmodal an phenobarbital- 
treated anamals. 

Fagure 2 compares the sucrose density gradient 
dxstrabutaon of various organelle marker enzymes 
from drug-treated and control anamals, 5'-Nucleo- 
tadase and 7-glutamyl transferase actavatles showed 
unamodal dastrabutions In control animals, with peak 
densitaes of 1 19 and 1 16 g cm -3, respectively The 
dlStrlbutaon of both enzyme activataes were resolved 
anto two components after phenobarbatal treatment 
5'-Nucleotldase had peaks of activity at densatles 
1.16 and 1 22 whale y-glutamyl transferase peaked 
at densaties, 1 19 and 1 24 Neutral ol-glucosadase 
showed a small increase an the low density com- 
ponent after phenobarbatal treatment In control 
tassue (results not shown) lysosomes were located at 
density 1.21, as reflected by N-acetyl-fl-glucos- 
amanldase and acad phosphatase, and peroxasomes 
at densaty 1.24, as reflected by catalase distrabutxon 
No signaficant change an the densaty dlstrabutlon of 
these enzyme actlvltaes was seen after treating the 
anamals wath phenobarbital. 

D I SCU SSI O N  

These studies used enzymac analysis, counter-cur- 
rent partatlon and sucrose gradaent centrifugatlon to 
explore the changes an hepatic organelles induced by 
phenobarbital 5'-Nucleotldase as located predomi- 
nantly an the plasma membrane [18] The decrease 
in enzyme actlvaty is probably due to cell hyperplasla 
in the phenobarbital-treated rats [5]. The specafic 
activity of 5'-nucleotldase an the rapidly dividing 
hepatocytes of the newborn and in regeneratang rat 
liver has also been shown to be lower than that 
in the normal resting liver [19, 20] 5'-Nucleotadase 
activity is also lower than normal m some hepatomas 
[21] and an leukaemac lymphocytes [22] compared to 
controls. Although counter-current partataon did not 
show any phenobarbital-induced changes in the sur- 
face properties of the plasma membranes, sucrose 
gradient centrafugatlon showed that a denser com- 
ponent to this organelle had been produced. The 
changes in the density distribution of the plasma 
membrane may have resulted from the formation of 
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additional protein-rich intercellular junctional com- 
plexes and desmosomes  [23] which accompames 
phenobarbi ta l - induced hepatocyte  prohferat lon [24] 

),-Glutamyl transferase has been shown to be pri- 
marily associated with the plasma membrane  [25] of 
blhary tract cells [26] The  repor ted  phenobarbital-  
induced increase in hepatic y-glutamyl transferase 
activity in rat [27, 28], rabbit [27, 29], and in mouse 
neoplasm [30], was not found to be statistically sig- 
nificant in the present  study This may reflect dif- 
ferences m assay procedure  and the large variation 
in activities be tween individual animals. Pheno- 
barbital is known to cause the increased metabol ism 
and excretion of endogenous  substances [2], and the 
increase In y-glutamyl transferase actlvlty IS probably 
related to this phenomena .  The  subcellular frac- 
t lonatlon studies indicate a marked  Increase in the 
dense component  of ~,-glutamyl transferase and this 
may reflect a selective increase in the bihary tract 
cells membranes  [31] 

The bulk of the actlvlty of neutral  o~-glucosldase is 
found in the endoplasmlc retlculum [32]. This 
enzyme showed a small but significant increase in 
activity in livers from phenobarbi ta l - t reated animals. 
Mlcrosomal  glycosidases, which act at neutral  pH,  
remove  glucose from the ohgosaccharlde com- 
ponents  of newly assembled proteins [33] It is there- 
fore possible that the increase In neutral  o~-gluco- 
sldase, induced by phenobarbi ta l  t rea tment ,  could 
be a reflection of  the increased processing of newly 
synthesized glycoproteins.  The changes in the modal  
density and parti t ion of neutral  o~-glucosldase may 
be a reflection of the increased propor t ion  of smooth 
endoplasmic rehculum [34] which usually follows 
phenobarbi ta l  t rea tment  Electron microscopic 
studies have previously indicated a prohferat lon of 
smooth endoplasmic retIculum membranes  in the 
liver of phenobarbi ta l - t rea ted  animals [5]. 

The specific role of y-glutamyl hydrolase,  a soluble 
enzyme [25], has not  been determined Ding et al 
[26] repor ted  that the highly purified y-glutamyl 
transferase from the plasma membrane  of rat blhary 
tract cells has only 7% hydrolytic activity Therefore ,  
the striking decrease In y-glutamyl hydrolase must 
be due to a specific reduct ion of the soluble enzyme.  
This observat ion further dlstlngmshes y-glutamyl 
hydrolase and transferase activities 

In the present  study phenobarbi ta l  did not cause 
significant lysosomal changes It has, however ,  
been repor ted  that the activity of some lysosomal 
enzyme activities (hyaluromdase,  N-acetyl-fl- 
glucosamlnadase, acid phosphatase and cathepsm D) 
were reduced in rapidly dividing cells [35] This 
observation was thought  to be due to the deplet ion 
of lysosomal enzymes during the reorganlsatlon of 
hepatocyte structure for cell division Evidence of 
Increase m some hepatic lysosomal enzyme activities, 
after phenobarbi ta l  t rea tment ,  has also been pre- 
sented [36, 37] However ,  Mulder  [38] has shown 
that the activities of four lysosomal enzymes were 
reduced by phenobarbi ta l  t reatment .  Rlvera-Cahm- 
hn and co-workers  [39] have presented biochemical 
and electron microscopic evidence that oral adminis- 
tration of phenobarbi ta l  can increase intestinal lyso- 
somal enzyme activity The cause of these differing 
results are riot clear but could be related to the 

animal species used, tissue examined,  route of drug 
admimstrat lon or the duration of t reatment  

Phenobarbi tal  t rea tment  results in the production 
of numerous  small ml tochondrla  [40] Wanson et al 
[24] later locallsed these organelles to the cen- 
trolobular  hepatocytes.  The decrease in glutamate 
dehydrogenase activity seen in the present study is 
probably related to the observation that pheno- 
barbital induces dramatic changes in the structure ot 
mltochondrta  [5] Counter-current  partit ion shows 
that a new populat ion of mltochondrla  was produced 
by phenobarbi tal  t rea tment  Electron microscopic 
examinat ion and functional studies of the two popu- 
lations of ml tochondrla  could be of particular 
interest. 

There  was no alteration in the properties of perox- 
lsomes from phenobarbi ta l  t reated animals 
However ,  it is possible that the increase in low den- 
sxty fraction of nuclei is due to the production of new 
binucleated cells as observed by Staubll and co- 
workers [40]. These studies illustrate important  
effects of phenobarbl tone  on the liver cell organelles 
and further indicate that the application of two tech- 
niques based on different physical properties show 
distinct facets of these changes 
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