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Abstract Hepatic fine structural  alterations induced by short- 
term  administration of the hypolipidemic drug oxandrolone were 
evaluated using morphometric techniques. These changes are 
described in the livers of normolipidemic young adult and hyper- 
lipidemic'retired breeder male rats. Retired breeder rats, charac- 
terized by hyperlipidemia and  a high incidence of arteriosclero- 
sis, are thought to undergo premature aging. A previous morpho- 
metric study has shown that the hepatocytes of retired breeder 
rats  are larger,  contain a greater volume fraction of lysosomes, 
and have significantly less smooth-surfaced endoplasmic reticu- 
lum than those of young adult rats. However, after oxandrolone 
administration, the livers of these two animal  groups were no 
longer distinguishable on the basis of these morphometric  pa- 
rameters.  Unlike a number of other hypolipidemic drugs,  oxan- 
drolone does not induce a marked proliferation of hepatic micro- 
bodies. The effect of oxandrolone on the livers of prematurely 
aging rats suggests that the age-related fine structural changes 
are not the result of irreversible alterations in the genome or 
translation-transcription apparatus but may actually represent 
secondary reactions to extrahepatic and/or endocrine metabolic 
changes. The relationship between ( 7 )  aging and hyperlipidemia 
and (2) aging  and  the reduced hepatic capacity to metabolize 
drugs suggests a need to evaluate the effects of lipid-lowering 
drugs on the livers of old as well as young animal models. 
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The  relationship  between  hyperlipidemia  and  the  in- 
creased  risk of atherosclerotic  heart  disease  (1,  2)  has 
stimulated  research  on  plasma  lipid-lowering  drugs (3). 
Oxandrolone (17-a-methyl-2-oxa-5-a-androstan-l7/3-ol- 
%one,  Anavar), a synthetic  anabolic  steroid (4), is effective 
in  lowering  the  plasma  triglyceride levels in  patients  with 
several  types of hyperlipoproteinemia (5-7) .  Previous 
studies  have  demonstrated  that  oxandrolone  lowers  the 
plasma  cholesterol levels in  hyperlipidemic  retired  breeder 
male  rats (8, 9).  This  steroid  has  been  used  extensively  in 
Brazil  for  the  treatment of hyperlipoproteinemia  and is 
being  used  more  frequently  in  this  country  for  muscle  de- 
velopment  in  athletes  (10)  and  as a growth  stimulant  for 

stunted  children  (11).  However,  little  is  known  regarding 
its  mechanism of action or possible  adverse  side effects. 

Quantitative  data  obtained  from  morphometric  analysis 
of drug-induced  ultrastructural  changes  can  be  meaning- 
fully  correlated  with  functional  studies  and  are  often  more 
sensitive  than  biochemical  methods. The  rationale for  in- 
vestigating  the effects of oxandrolone  on  hepatic  fine  struc- 
ture  is  twofold: ( 7 )  the  liver,  a  primary  site of drug me- 
tabolism,  may  undergo  toxic  changes  at  the  cellular level, 
and (2) because  certain  hypolipidemic  drugs  are  thought 
to affect hepatic  lipoprotein  synthesis  and/or  secretion 
(1 2), any  pharmacological  response  may be indicative of 
the  subcellular  site or mechanism of drug  action. 

The  hepatic fine  structural  changes  associated  with 
short-term  oxandrolone  administration  have  not  been 
evaluated  as  thoroughly a s  those  induced by clofibrate 
(13-18). Horvath  et al. (19)  reported a marked  hypertro- 
phy of the  smooth-surfaced  endoplasmic  reticulum (SER) 
after  acute  oxandrolone  administration,  but  no  definitive 
quantitative  studies,  either  biochemical or morphometric, 
have  been  published.  Cantrary  to  the  findings of Horvath 
et  al.  (Is)),  studies  in  this  laboratory  have  been  unable  to 
demonstrate  an  oxandrolone-induced SER proliferation  in 
ra t  liver  based  on  qualitative  electron  microscopy  and 
quantitative  biochemical  criteria,  i.e.,  total  microsomal 
protein. 

T h e  incidence of hyperlipidemia  increases  with  age  in 
both  rats  (20,  21)  and  humans  (22).  Aging  also  results  in 
a reduced  hepatic  capacity  to  metabolize  drugs (23). T h e  
potential  hepatotoxicity of lipid-lowering  drugs  in  aged 
subjects  should be evaluated  prior  to  their  therapeutic  ap- 
plication. 

The  retired  breeder  rat  has  been  suggested  as a model 
of premature  aging  and  is  characterized by obesity  (24), 

Abbreviations:  RB,  retired  breeder;  YA,  young  adult; RER,  rough- 
surfaced  endoplasmic  reticulum; SER, smooth-surfaced  endoplasmic re- 
ticulum. 
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hyperlipidemia (8, 25, 26), a  high incidence of arterioscle- 
rosis (27,  28), and  a  shorter life span  than virgin rats (29). 
A recent morphometric  study  has  shown  that  the  hepato- 
cytes of retired  breeder  rats  are  larger  and they contain  a 
greater volume fraction of lysosomes or dense bodies and 
have less SER  surface  area  than  those of young adult  rats 
of the  same  strain (30). Mills,  Kriz,  and  Jones (8) have 
demonstrated  the  advantages of employing  the  retired 
breeder rat  as  a physiological animal model for the study 
of hyperlipoproteinemia.  Thus,  the  purpose of the present 
study is to  quantitatively describe the fine structural 
changes induced by oxandrolone  in  the livers of normolip- 
idemic young  adult  and  hyperlipidemic aging rats,  i.e., 
the  retired  breeder. 

METHODS 

Animals 
This  study is  based on  a  quantitative electron  micro- 

scopic evaluation of the livers of 18 male Sprague-Dawley 
(Holtzman  strain)  rats.  Nine  retired  breeder  (RB) (500 g 
body wt)  and  nine  young  adult (YA) (350 g body wt)  rats, 
obtained from the  Holtzman  Company,  Madison,  Wis., 
were  maintained on a  standard  diet of Purina  laboratory 
chow and  water  ad  lib.  Oxandrolone,  an  extremely insol- 
uble  steroid,  was  administered  orally by mixing  the  drug 
(100 mg/kg body wt)  with 250 mg of corn-oil margarine 
(Fleischmann).  Mills et al. (8) have found this feeding 
procedure to be satisfactory in  that  the  rats  readily  eat  the 
desired drug  dosage, it eliminates  the need for oral  intuba- 
tion,  and  the  ingestion of this  amount of margarine does 
not affect the  animals’  plasma lipid levels. Five  RB  and 
five YA animals  were fed the  drug-margarine  mixture, 
while  four  RB  and  four YA control  animals received 250 
mg of the vehicle per  day for 21 days. The  rats were  fast- 
ed for 24 hr  and  the  last  drug dosage was  administered 12 
hr  prior  to killing the  animals. 

Microscopy  and  morphometry  procedures 
On the  morning of the  22nd  day,  the  animals were 

anesthetized  with  sodium  pentobarbital  (i.p.)  and  their 
livers were perfused via the  hepatic  portal vein with  2.7% 
glutaraldehyde-0.8%  paraformaldehyde  in  0.2 L M  sodium 
bicarbonate buffer (pH 7.4) according  to  the method of 
Wisse (31). Small pieces of perfused fixed liver were  im- 
mersed in  the  same fixative for 2.5 hr, rinsed in buffer 
overnight, postfixed in bicarbonate-buffered osmium te- 
troxide,  dehydrated,  and embedded in  Spurr’s epoxy resin 

Five tissue blocks were  randomly selected from each an- 
imal providing  they contained  at least one  central vein in 
cross  section as  determined  in sections 1 pm  thick.  The 
selected tissue blocks were  retrimmed to a 10-12-cell radi- 
us around  the  central vein. This  procedure  was employed 

(32). 

to ensure  a  certain  degree of uniformity  in tissue sam- 
pling. An analysis of Epon thick  sections containing both 
central veins and  portal  triads revealed a  mean  hepatic 
lobular  radius of 24 cells. According to  the  morphometric 
data of Loud (33), our  sampling  areas  may  contain  some 
mid-lobular hepatocytes along  with  the  centrolobular cells. 
However,  Weibel et al. (34) have disregarded  sublobular 
variation  in  their  morphometric  analysis of the  normal  rat 
liver on the basis of extensive  homogeneity throughout  the 
hepatic lobule. 

Ultrathin sections (approximately 600 A thick) were cut 
from  each of five tissue blocks per  animal  and  stained  with 
uranyl  acetate  and lead citrate. Five micrographs  per 
block were  taken  at  each of two  primary  magnifications, 
4600X and 13,800 X ,  and  enlarged  to 13,800X and 
30,9OOX, respectively. Micrographs  were  taken  according 
to  an  unbiased,  systematic  sampling  procedure  that neces- 
sitated that  the grid square be totally covered with tissue 
and  that  two sides of the  photographic field be defined by 
grid  bars, i.e., a  corner of the grid square. 

For determining  the volume  densities of the  intralobular 
extrahepatocyte space,  hepatocytes, hepatocyte  cytoplasm, 
nuclei, mitochondria, microbodies, lysosomes or dense 
bodies, and biliary space,  a  coherent  double-lattice test 
system was  superimposed over the low-magnification mi- 
crographs (13,80OX), and  points  were counted  according 
to the  general  procedure described by Weibel  et  al. (34). 
Microbodies  and lysosomes were classified on the basis of 
their  characteristic  fine  structural  appearances  and elec- 
tron densities. The lysosomes,  because of their multiplicity 
of forms ranging  from  autophagic vacuoles to  residual 
bodies, were  grouped  as  dense bodies. In  general,  the cri-9 
teria used to  differentiate  subcellular  structures  were  simi- 
lar to those employed by Loud (33), Weibel  et  al. (34), 
and  others. 

A coherent,  multipurpose test system (34) was used to 
estimate  the surface  densities of the  rough-  and  smooth- 
surfaced endoplasmic  reticula. The  surface area of the 
Golgi membranes  was  estimated  according  to  the tech- 
nique of Sturgess  and de la Iglesia (35). The  data  are ex- 
pressed as  the volume of a  particular  component  per cubic 
centimeter of intralobular liver tissue,  hepatocyte, or hep- 
atocyte cytoplasm.  Wheatley (36) has  shown  that 27% of 
adult  rat liver hepatocytes are  binucleate  and  that  this 
percentage increases  steadily with  age,  and because a  more 
direct correlation of biochemical and  morphometric  data is 
realized when  the  latter  are expressed in geometrical rath- 
er  than biological units,  our  data  are expressed in  relative 
unit volumes. The  confidence level of sampling for all esti- 
mates of volume  density exceeded 95% according to the 
method presented by Weibel (37) for isotropic  systems. A 
total of 900 micrographs  were  analyzed.  Statistical  analy- 
sis included the  mean value, standard  deviation,  standard 
error, and  a  probability  analysis  (Student’s t test). 
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TABLE 1. Volume densities in livers of control vs. 
oxandrolone-treated young adult  rats 

Volume Density 

Control  Experimental 
Component (20)' (25)" P 

cma/crn= 

Extrahepatccyte spaceb 0.18 f 0.02 0.15 f 0.02 NS 
Biliary spacec 0.06*  0.02 0 .05f  0.01 NS 

Hepatocyteb 0 . 8 2 f  0.02 0 .85 f  0.02 NS 
Nucleid 0 . 0 8 f 0 . 0 1  0 .08 f  0.01 NS 
Cytoplasm 0 . 7 4 f  0.02 0.77%  0.02 NS 

Mitochondria' 0 . 2 3 f 0 . 0 1  0.20f 0.01 NS 
Microbodies 0.014 f 0.001 0.015 f 0.001 NS 
Lysosomes 0 . 0 0 4 f 0 . 0 0 0  0.005f 0.001 NS 

Values are means f SEM; number of animals in each  group 
is in parentheses. 

b Volume per unit volume of intralobular tissue. 
c Volume per unit volume of extrahepatocyte space. 
d Volume per unit volume of hepatocyte. 
e Volume per unit volume of cytoplasm. 

RESULTS 

Young adult rats 

The  short-term  administration of oxandrolone reduced 
the  unit volume of the  extrahepatocyte  space,  i.e.,  the  in- 
tralobular liver volume  occupied by all  components except 
hepatocytes, by approximately 3% in  the YA animals. 
The  average  hepatocyte  unit volume was increased by a 
similar  amount,  although  neither of these differences was 
significant (Table 1). There  was no  difference  between 
the volume density values of the  biliary  space, which was 
considered part of the  total  extrahepatocyte  space. The 
small difference  between the  hepatocyte  unit volumes was 
realized  when  the  cytoplasmic volume  densities  were com- 
pared;  the  mean  cytoplasmic volume fraction  in  the con- 
trol  rats  (74%)  was less than  that  found  in  the  experimen- 
tal livers (77%)  (Table 1 ) .  There  was  no difference be- 
tween the  estimates of mean  nuclear volumes in  the  two 
groups.  The  smaller nucleocytoplasmic ratio  found  in  the 
drug-treated livers (0.103) compared  with  the  control or- 
gans (0.1 12) supported  the  contention  that  the slight dif- 
ference in  the  hepatocyte volume  densities was  attributable 
to a  greater volume fraction of cytoplasm  in  the  parenchy- 
mal cells of the  experimental  animals. 

The  subdivision of the  hepatocyte  cytoplasm  into com- 
ponent or organelle volume fractions  resulted  in  small dif- 
ferences  between the  experimental  and  control YA rats 
(Table 1). Although  the volume  densities of the mitochon- 
dria, microbodies, and lysosomes or dense bodies changed 
slightly,  the differences did not  approach  the  minimal level 
of significance ( P  < 0.05). 

Changes  in  the  SER  were of interest because a variety 
of drugs, such as  phenobarbital,  cause  an  adaptive  hepatic 
response expressed morphologically by a  hypertrophy of 

TABLE 2. Surface densities in  livers of control vs. 
oxandrolone-treated young adult rats 

Control Experimental 
Component (20) (25) P 

m2/cm3 

Smooth-surfaced 

Rough-surfaced 

Golgi 0 . 3 6 f 0 . 0 5   0 . 3 0 f 0 . 0 4  NS 

endoplasmic reticulum 5.33 f 0.14  7.19 f 0.22 <O ,001 

endoplasmicreticulum 2.46 f 0.17  3.08 f 0.22 <0.05 

Component values (means f SEM) expressed per unit volume 
of hepatocyte ground substance (excludes mitochondria, micro- 
bodies,  lysosomes). Number of animals in each group is in paren- 
theses. 

this  membrane system (38, 39). T h e  mean  surface density 
of the  SER  (per  unit volume of cytoplasmic  ground  sub- 
stance)  increased by 35% after  oxandrolone  administra- 
tion (Table 2). Similarly,  the surface density of the 
rough-surfaced  endoplasmic  reticulum  (RER) in the ex- 
perimental  animals  was  approximately 25% greater  than 
the  estimate for this  parameter  in  the  control  rats.  The 
surface  density of the Golgi apparatus decreased by 19% 
after  drug  treatment. 

Retired breeder rats 
A previous morphometric  analysis of the hepatocytes of 

the YA and  RB  rats  demonstrated several  significant dif- 
ferences between  these two  age  groups  that may reflect the 
aging process (30) (compare  control  data  in  Tables 1-4). 
Oxandrolone does  not  significantly affect the volume den- 
sities of the  extrahepatocyte space (14%) or the  hepato- 
cytes (86%) in  comparison  with  the  control R B  rats, 13% 
and  8770, respectively (Table 3). Due  to,  as yet, unex- 
plained  variability,  the  reduction  in  the  mean volume 
fraction of the  biliary space in  the  drug-treated livers 
(26%) was not significant. 

TABLE 3. Volume densities in livers of control vs. 
oxandrolone-treated retired breeder rats 

Control E.xperimenta1 
Component (2W0 (25)" P 

cm3/cm3 

Extrahepatocytespaceb 0.13 i: 0.01 0.14 f 0.01 NS 
Biliary space' 0.10 f 0.02 0.07 f 0.02 NS 

Hepatocyteb 0.87 jz 0.01 0.86 f 0.01 NS 
Nucleid 0 . 0 7 f 0 . 0 1  0 . 0 8 f 0 . 0 1  NS 
Cytoplasm 0.80 f 0.02 0.78 f 0.01 NS 

Mitochondria" 0.21 f 0.01 0.23 f 0.01 NS 
Microbodies 0 . 0 1 4 f 0 . 0 0 1   0 . 0 1 6 f 0 . 0 0 1   < 0 . 0 5  
Lysosomes 0.006 f 0.001 0.006 f 0.001 NS 

a Values are means f SEM; number of animals in each group 

* Volume per unit volume of intralobular tissue. 
is in parentheses. 

Volume per unit volume of extrahepatocytc space. 
Volume per unit volume of hepatocyte. 

e Volume per unit volume of cytoplasm. 
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T.\BLE 4. Surface densities in livers of control vs. 
oxandrolone-treated  retired  breeder  rats 

Component 
Control  Experimental 

(20 )  (25) P 

m2/cm3 

Smooth-surfaced 
endoplasmic  reticulum 4.55 f 0.24  7.62 f 0 .31  <0.001 

Rough-surfaced 
endoplasmic  reticulum 2 .75  f 0.16  3.33 f 0.24 <0.05 

Golgi 0 . 2 6 f 0 . 0 4   0 . 3 7 4 1  0.04 <0.05 
_ _ _ _ _ ~  ~ 

Component values (means 31 SEM) expressed per  unit  volume 
of hepatocyte  ground  substance (excludes mitochondria, micro- 
bodies, lysosomes). Number of animals  in  each  group is in  paren- 
theses. 

The  2% reduction in the  volume  fraction of the cyto- 
plasm  in  the  experimental livers was below the accepted 
level of significance. However,  the  smaller nucleocyto- 
plasmic  ratio  in  the  control livers (0.093) supports  the  mor- 
phometric  data  that suggest that these cells contain  a 
greater volume of cytoplasm  than  those  in  the  experimen- 
tal livers (0.100). The  differences in  the  mitochondrial  and 
lysosomal or dense body  volume densities between the  ex- 
perimental  and  control  groups  were not significant  (Table 
3).  However,  there  was  a  significant  change  in  the  volume 
fraction of microbodies in  the  oxandrolone-treated livers. 

Although  the  hepatqcytes  in  the  RB  control  rats con- 
tained significantly less SER  than  those  in  the YA control 
animals (30),  oxandrolone  increased  the  surface density of 
the  SER  in  the  older  animals to a level 68% above the 
control  value (Table 4). As  a  result,  there  was  no sig- 
nificant  difference in  the  SER  surface  densities be- 
tween  the  RB  and  YA  experimental livers. Oxandrolone 
also  resulted  in  an  increase  in  the  surface  density of the 
RER in the  RB  animals (21%) similar to that observed in 
the YA rats. T h e  surface  density of the  Golgi  apparatus 
increased by 41%  after  3  wk of drug  treatment.  This 
increase  was  contrary to the  drug’s effect on  this  organelle 
in  the  young  animals. 

DISCUSSION 

A  number of hypolipidemic  drugs,  such  as  clofibrate, 
nafenopin,  and bis-(hydroxy-ethyl-thio)l-lO decane (LL 
1558), cause  hepatomegaly  in  the  rat  (40-42).  Previous 
studies  have been unable to demonstrate  a significant in- 
crease in the liver weight/body  weight  ratios  in  either YA 
or RB  rats  after 3 wk of oxandrolone  administrati0n.j 
Kaneko  et  al.  (14)  and  Dalton et al. (43) have  reported 
that  the  hepatomegalic effect of clofibrate is due to an  in- 
crease  in  the  total  intracellular  membrane  content of the 
hepatocytes.  Although  oxandrolone  increased  the  surface 
densities of both  the RER  and SER significantly,  this 
change  was  not reflected in  concomitant  increases in the 

cytoplasmic  volume  fractions. The  relatively small  changes 
in the  volume  densities of the  hepatocytes  and  their cyto- 
plasm observed in  the  drug-treated livers demonstrates 
that  oxandrolone does not  cause  significant  hepatomegaly 
in either  the YA or RB  rats  (Tables 1 and  3). After oxan- 
drolone  administration,  the YA and  RB  rat livers  could 
no  longer be differentiated  on  the basis of their  relative 
hepatocyte or cytoplasm volume fractions. This resulted, 
most likely,  from  a  combination of the  small differences 
between the  control  values for these  parameters  and  the 
different,  although  insignificant, effects of oxandrolone  on 
the  relative  volume  fractions  in  the  two  experimental 
groups. 

Several lipid-lowering  drugs  appear to  have a  marked 
effect on  hepatic  ultrastructure.  However,  the  extent of 
fine  structural  alterations  varies  considerably.  Clofibrate 
has been reported to cause  no  changes,  transient  elonga- 
tion  and  swelling,  and severe alterations,  including  the 
loss of cristae  (44)  in  rat liver mitochondria.  Horvath et 
al. (19) reported  that  oxandrolone caused variations  in 
mitochondrial  size  and profile. In  the  present  study, dis- 
tinct  changes  in  the  fine  structural  appearance of hepatic 
mitochondria  were  not  apparent  in  either  the YA or RB 
drug-treated  animals (Fig. 1). In  addition,  the  absence of 
any significant  differences in  mitochondrial volume frac- 
tions  between  the  control  and  experimental  animals 
suggests that  oxandrolone  has  little effect on  this  organelle. 

Few  studies have noted  changes  in  hepatic lysosomes or 
dense bodies resulting  from  hypolipidemic  drugs  (14). Our 
qualitative  and  quantitative  electron microscopic data 
demonstrate  that  the  short-term  administration of oxan- 
drolone does not  alter  the  distribution  or  volume  fraction 
of these organelles  in  the livers of aging  rats.  Although  the 
volume density of these bodies increased  in  the  experimen- 
tal YA livers, this  increase was  below the accepted level of 
significance. A possible explanation  assumes  that  upon 
maximal  SER  proliferation,  an  adaptive  increase  in lyso- 
somal  enzymes occurs in  order to promote  optimal  mem- 
brane  turnover.  A  similar  situation is thought to  occur 
during  phenobarbital-induced  hypertrophy of the SER 
(45). Because RB livers contain  a  greater  volume  fraction 
of lysosomes or dense bodies than YA livers (30)  and be- 
cause biochemical  evidence suggests  that  the  turnover  rate 
of these organelles is lower  in  the livers of aging  rats  (46, 
47),  the  RB livers may  already  contain  the  maximal vol- 
ume  fraction of lysosomes. 

Several studies  with  hypolipidemic  drugs,  including clo- 
fibrate  (48-50),  S-8527  (44),  and  nafenopin  (41, j l ) ,  have 
demonstrated  a  marked  proliferation of hepatic  microbod- 
ies and,  in most  cases, a  concomitant  increase  in  catalase 
synthesis.  IMorphometric data  from  the  present  study 
clearly demonstrate  that  oxandrolone does not induce  a 
proliferation of microbodies in  the livers of YA rats.  The 
small  increase  in  the volume fraction of microbodies ob- 
served in  the  experimental  RB  animals (15%) has not 
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Hepatocytes of an K R  rat after 3 w k  of oxandrolone administration. The overall cell fine structure appears quite norninl. Both KEK and 

heen cxplaincd. However. this increase is considerahly 
lower than the only availal)lc estimate of clofihrate-in- 
duccd microbody proliferation (approximately 76'5,) (49). 

Svohoda and Azarnoff (40) and others have suqqcstcd 
that the increased number of microhodies can he correlat- 
ed with the hypocholestcrolemic effcrt of clofiI)rntc. Other  
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studies,  however,  have  indicated  that  this  particular he- 
patic  response  to  clofibrate  is  independent of its  hypolipid- 
emic  action (48). Our  morphometric  data,  coupled  with 
biochemical  evidence  demonstrating a reduction  in  the 
plasma  cholesterol  levels of both  YA  and  RB  animals (8, 
9), suggest  that  increased  catalase  synthesis  may  not  be 
essential  to  the  hypocholesterolemic effect of oxandrolone. 

Hypertrophy of the  SER  membranes is a typical  hepatic 
response  to a variety of stimuli,  including  steroid  hor- 
mones (52) and  drugs (38, 39). Although  several  biochem- 
ical  and  qualitative  electron  microscopic  studies  have  re- 
ported  that  clofibrate (1 5, 18, 43) and  oxandrolone (1 9) 
induce  SER  proliferation  in  the  rat  hepatocyte,  our  mor- 
phometric  data  provide  the  first quantitatiue evidence  that 
a  hypolipidemic  drug  increases  the  surface  density of this 
membrane  system.  Unlike  the  control  groups,  the  hepato- 
cytes of the   RB  and  YA experimental  rats  could  not  be 
differentiated  on  the  basis of their  respective S E R  surface 
densities  (Tables 2 and 4). The  low  value for  the  SER 
surface  density  observed  in  the RB  control  livers  may  rep- 
resent  a  morphological  manifestation of the  reduced  he- 
patic  capacity  to  metabolize  drugs  with  age  (53).  The pe- 
riod of oxandrolone  administration  may  have  been of suf- 
ficient  length ( 3  wk)  to  permit  maximal  proliferation of 
SER  membranes  and  associated  enzymes  in  the  aging  RB 
livers. 

The  proliferation of the  SER  membranes  is of particu- 
lar  interest  because  this  organelle  has  been  implicated  in 
hepatic  cholesterol (54) and  lipoprotein (55) synthesis. 
However,  preliminary  studies  have  demonstrated  that  ox- 
androlone  significantly  reduces  the  amount of lipoprotein 
triglyceride  separated by isolated  perfused  rat  livers'  and 
the  plasma  cholesterol levels of YA  and  RB  rats.   On  the 
basis of these  data,  the  SER  proliferation  observed  in  the 
present  study  may  best  be  interpreted  as a nonspecific 
pharmacological  response  rather  than  a specific induction 
related  to  the  hypolipidemic effect of oxandrolone. 

Horvath  et al. (19)  reported  that  the  RER of rat  hepa- 
tocytes  became  dilated  and less conspicuous  after  acute  ox- 
androlone  administration  (3  days).  Electron  microscopic 
observations  in  the  present  study  failed  to  note  any specific 
alterations  in  the  appearance of this  organelle.  A  signifi- 
cant  increase  in  the  surface  density of the  hepatic  RER 
after  hypolipidemic  drug  treatment  has  not  been  reported 
previously.  Morphological  observations  on  drug-induced 
S E R  proliferation  (for a review  see  Ref. 50) and  biochem- 
ical  studies  (56, 57) have  provided  evidence  that  suggests 
that  the  SER  may  be  derived,  in  part,  from  the  RER. 
This  is one  possible  explanation  for  the  increased  surface 
densities of RER  found  in  the  experimental  livers.  The 
different  responses of the  Golgi  membranes  to  oxandro- 
lone  in  the  RB  and YA animals  has  not been resolved. 
Although  the  surface  density of this  membrane  system  in- 
creases  in  the  RB  rat  livers,  this  difference is barely  signif- 
icant. 
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Quantitative  analysis of the  fine  structural  changes  in 
the  livers of young  and  prematurely  aging  rats  has  demon- 
strated  that  there  are  few  age-related  differences  in  the 
hepatic  response  to  oxandrolone.  A  previous  report of 
SER  proliferation  has  been  confirmed,  and a significant 
increase  in  the  RER  surface  density  has  been  noted. 

Data  on  intracellular  membrane  proliferation  based  on 
qualitative  electron  microscopic  observations  may  be  mis- 
leading. We  would  like  to  emphasize  that  morphometric 
techniques  are  an  excellent  means  for  assessing  drug-in- 
duced  changes  in  the  amount or distribution of organelles, 
or both.  Because  alterations  in  organelle  abundance  and/ 
or distribution  often  accompany  changes  in  function,  and 
because  specific  fine  structural  changes  often  precede  de- 
monstrable  functional  alterations,  the  application of mor- 
phometrics  to  the  study of lipid-lowering  drugs  may  reveal 
adaptive  and/or  toxic  subcellular  responses  that  may  not 
be  detected by routine  biochemical  procedures. 

Finally,  certain  hepatic  fine  structural  alterations 
thought  to  be  associated  with  the  aging  process  may  not  be 
the  result of irreversible  changes  in  the  organism's ge- 
nome. O n  the  contrary,  these  differences  may  represent 
the  structural  correlates of functional  changes  at  the  organ 
level or higher. 
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