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A B S T R A C T  

This study characterizes the cytochemical properties of the Golgi complex, the 
structure which corresponds to Golgi complex-endoplasmic reticulum-lysosomes 
(GERL), and the granule population in luteal cells of guinea pigs at the time 
of maximum progesterone secretion, in material fixed by vascular perfusion, a 
method particularly suited for preserving both fine structure and enzyme activity. 
The distribution of several marker enzymes was determined by electron micro- 
scope cytochemistry. Acid phosphatase (ACPase) and arylsulfatase were used to 
identify structures containing lysosomal proteins. To resolve specific problems, 
additional cytochemical markers were employed: localization of thiamine pyro- 
phosphatase (TPPase) (in the Golgi complex) and alkaline phosphatase (ALPase) 
(a plasma membrane marker), and prolonged osmication (a generally accepted 
method of marking the outer cisterna of the Golgi complex). The results demon- 
strate that at the time of peak steroid secretion the Golgi complex in luteal cells, in 
marked contrast to that of most other cell types, typically displays intense ACPase 
activity in all of its cisternae. Similarly, all Golgi cisternae stain after prolonged 
osmication and may show TPPase activity. On the other hand, GERL in luteal 
cells of this age, unlike that in most cells, commonly shows low levels of, or lacks, 
ACPase activity. However, GERL resembles that of other cell types in being 
TPPase-negative and in being unstained by treatment with aqueous OsO4. GERL 
and some Golgi cisternae are reactive for ALPase. The granule population in 
luteal cells of this stage consists of lysosomes, multivesicular bodies, electron- 
transparent vacuoles, and microperoxisome-like bodies. These results form a base 
line with which luteolytic changes described in the companion study (Paavola, 
L.G. 1978. The corpus luteum of the guinea pig. III. Cytochemical studies on the 
Golgi complex and GERL during normal postpartum regression of luteal cells, 
emphasizing the origin of lysosomes and autophagic vacuoles. J. Cell. Biol. 
79;59-73.) can be compared. 
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The corpus luteum of the guinea pig ovary pro- 
vides an excellent system for the study of cellular 
senescence and death as it occurs under physiolog- 
ical conditions. Luteal cells function in the synthe- 
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sis and secretion of progesterone for a limited 
period of time, then undergo regression in re- 
sponse to hormones produced by the uterus. The 
extensive cell death accompanying the slow invo- 
lution of the corpus luteum in this animal permits 
the mechanisms underlying cellular regression to 
be followed in depth. Recent observations from 
this laboratory (47) indicate that normal postpar- 
tum degeneration of luteal cells in guinea pigs is 
characterized at the fine structural level by the 
accumulation of apparent autophagic vacuoles and 
lysosome-like dense bodies. The prominence of 
such bodies at the time of involution suggests that 
autophagy may have a central role in luteal cell 
degeneration (47). The lytic nature of these bod- 
ies, however, was not confirmed in that study. 
Moreover, the source of similar bodies has not 
been firmly established in luteal or most nonluteal 
tissues. It should be possible to determine whether 
these bodies are part of the intracellular digestive 
apparatus, and to investigate their origins, by 
following changes in the distribution of appropri- 
ate marker enzymes, such as acid phosphatase 
(ACPase) or arylsulfatase, in luteal cells by elec- 
tron microscope cytochemistry. 

Cytochemical studies on iuteal cells, however, 
have been hampered in the past by the difficulty 
of preparing these cells for electron microscopy in 
a manner that maintains both enzyme activity and 
fine structure. The smooth endoplasmic reticulum 
(smooth ER), a prominent organelle in these cells, 
is particularly difficult to preserve. Fixation by 
immersion is generally unfavorable for most cyto- 
chemical procedures involving luteal tissue, since 
to preserve these cells adequately by this method, 
prolonged exposure to the fixative is necessary 
which leads to the inactivation of many enzymes. 
In the present study, this problem has been ap- 
proached using material fixed by perfusion, a 
technique capable of providing optimal preserva- 
tion of steroid-secreting cells (I 2), yet maintaining 
enzyme activity (14, 22). 

This and the companion study characterize the 
cytochemical behavior of various organelles in 
luteal cells of guinea pig ovaries at the time of 
maximal steroid release during pregnancy, and 
throughout involution. In the present study, the 
distribution of several marker enzymes was deter- 
mined by electron microscope cytochemistry in 
luteal cells during the period of peak progesterone 
secretion, 20-33 days of gestation (10, 29), to 
establish a normal base line that could serve as an 
aid in evaluating regressive changes occurring 

during luteolysis. ACPase and arylsulfatase, the 
main probes in this study, were used to identify 
structures containing lysosomal proteins. Other 
marker enzymes used to resolve specific problems 
were thiamine pyrophosphatase (TPPase) (for the 
Golgi complex) and alkaline phosphatase (AL- 
Pase) (a plasma membrane marker). In addition, 
prolonged osmication was carried out (generally 
marks the outer Golgi cisterna). 

One of the unexpected findings of this study 
was the presence of ACPase activity throughout 
all Golgi cisternae, and its paucity in the structure 
which corresponds to Golgi complex-endoplasmic 
reticulum-lysosomes (GERL). This finding is in 
contrast to most other published studies, in which 
GERL is strongly positive for this enzyme, while 
Golgi cisternae are commonly negative. 

MATERIALS AND METHODS 

The 25-33-day-pregnant HaRley guinea pigs used in this 
study were obtained from Perfection Breeders (Doug- 
lassville, Pa.). The stage of gestation was verified as 
previously described (47). A total of 25 animals was 
used in this work. 

All corpora lutea examined in this study were fixed in 
situ by vascular perfusion with: (a) full- (1% parafor- 
maldehyde-1% glutaraldehyde-0.01% 2,4,6-trinitrocre- 
sol) or half-strength formaldehyde-glutaraldehyde-cresol 
(32) in 0.1 M cacodylate buffer at pH 7.4, a fixative 
previously determined to provide optimal preservation 
of luteal cell morphology (47), (b) 1.5 % glutaraldehyde- 
0.067 M cacodylate, pH 7.4, or (c) 4% paraformalde- 
hyde in 0.1 M cacodylate buffer. The basic perfusion 
technique, developed in this laboratory, was described 
elsewhere (47). In this study, the ovary was perfused 
first with Krebs-Ringer-bicarbonate buffer (containing 2 
mg/ml glucose, pH 7.4) for 2-3 min to wash out the 
blood, then perfused for 2.5-30 min with fixative a or b, 
or for 10 min with c. After perfusion-flxation, the ovary 
was excised, and the corpora lutea were removed, freed 
of thecal tissue and sliced. The tissue fixed with a or b 
was placed in buffer (0.1 M cacodylate containing 5% 
sucrose, pH 7.4); that fixed with c was placed in fresh 
fixative for 30 min. All tissue was washed thoroughly 
with several changes of cold buffer. In general, tissue 
used for cytochemistry was held in buffer no longer than 
24 h. 

Morphology 
For morphology, slices of fixed corpora lutea were 

diced into smaller pieces, which were processed as 
previously described (47). Pale gold-to-silver thin sec- 
tions were prepared with a diamond knife. The thin 
sections were stained for 0.5-2 min in lead citrate (52), 
and examined in a Philips 300 electron microscope. 
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Cytochemistry 
For cytochemical procedures, 25-40 /~m nonfrozen 

sections of perfusion-fixed luteal slices were prepared 
with a Smith and Farquhar TC-2 tissue sectioner (Du- 
Pont Instruments-Sorvall, DuPont Co., Wilmington, 
Del.), and collected in 0.1 M cacodylate buffer, pH 
7.4, containing 5% sucrose. The incubations were 
carded out at 37~ or room temperature with constant 
agitation, and the incubation media contained 5% su- 
crose or sucrose sufficient to give a final osmolarity of 
300-350 mosM. Incubation media for ALPase and 
TPPase were renewed every 30-60 min. The progress of 
the cytochemical reactions was monitored with the light 
microscope by treating incubated nonfrozen sections 
with 2% ammonium sulfide for 10 rain. All substrates 
were purchased from Sigma Chemical Co. (St. Louis, 
Mo.). 

Acid Phosphatase 
Nonfrozen sections were incubated at pH 5 in the 

Barka and Anderson (3) modification of the Gomori 
(25) medium, which contained 11.5 mM Na-B-glycero- 
phosphate as the substrate, 2.4 mM Pb(NOa)2, and 40 
mM Tris-maleate buffer. Before incubation in the com- 
plete medium, the sections were washed for 30 min in 
cold 40 mM Tris-maleate buffer containing 5% sucrose, 
at pH 5. Incubation times varied from 30-90 min. 
Control sections were incubated in a complete medium 
containing 10 mM NaF or in a medium lacking substrate, 
or were heated to 60~ for 15 min before incubation in 
a complete medium. 

Arylsulfatase 
Nonfrozen sections were incubated for 90 min at pH 

5.4 in the Goldfischer (23) medium, as modified by 
Decker (13). It contained 4.8 mM p-nitrocatechol sul- 
fate, 55.8 mM Pb(NO3)~, and 80 mM acetate buffer. 
Before incubation in the complete medium, the sections 
were washed for 30 min in cold 100 mM acetate buffer, 
pH 5.4. After incubation, the sections were treated with 
2% buffered ammonium sulfide to enhance the reaction 
product. For controls, tissue was incubated without 
substrate, or heated then incubated in a complete me- 
dium. In the present study, arylsulfatase activity is best 
preserved by a 2.5-3-rain perfusion with fixative a or b. 
The activity of this enzyme is completely suppressed by 
fixation with 4% paraformaldehyde, under the condi- 
tions used here. 

Thiamine Pyrophosphatase 
Nonfrozen sections were incubated at pH 7.2 or 9 for 

1.5-2 h in the Novikoff and Goldfischer (43) medium, 
which was modified to contain 2.2 mM TPP chloride, 2 
mM Pb(NO3)z, and 3 mM MnCI2, in Tris-maleate buffer 
(at pH 9, MgCIz was substituted for MnClz). L-p-Brom- 
otetramisole (0.2 raM) or 5 mM L-cysteine was included 

in the complete medium to suppress the hydrolysis of 
TPP chloride by ALPase (see below). The lower levels 
of lead nitrate and MnCI2 tended to minimize spurious 
precipitates in the medium. The medium was filtered 
through Whatman no. 50 filter paper immediately be- 
fore it was used. Fixation by perfusion for 2.5-3 min 
with fixative a best preserves the cytochemical activity of 
this enzyme in luteal cells. Controls included deletion of 
substrate of MnCI2 (MgC12) from the medium, or incu- 
bation of heated sections in a complete medium. 

Alkaline Phosphatase 
It was necessary to study ALPase activity, since 

sections incubated in a TPPase medium lacking L-p- 
bromotetramisole of L-cysteine showed dense deposits of 
reaction product along plasma membranes and activity 
throughout GERL and the Golgi complex. To determine 
whether these precipitates represented TPPase activity 
or the tail of ALPase activity (7), nonfrozen sections 
were incubated at pH 7.2 or 9 for 90 min in the Hugon 
and Borgers (31) medium, which contained 11.6 mM 
Na-fl-glycerophosphate as the substrate, 3.9 mM 
Pb(NOz)2, and 40 mM Tris-maleate buffer. Control 
sections were incubated in a complete medium contain- 
ing 0.2 mM L-p-bromotetramisole (8) or 5 mM L-cys- 
teine (49), known inhibitors of ALPase. 

After cytochemical incubation, the sections were 
washed three times, 5 rain each, with cold 0.05 M 
veronal-acetate buffer containing 7% sucrose, and then 
prepared for electron microscopy as described above. 
Pale gold-to-silver thin and 0.25 /zm thick sections, 
stained en bloc only or poststained 30 s with lead citrate 
(52), were viewed in the electron microscope at 60-100 
kV. 

Osmium Reduction 
Tissue previously fixed by perfusion was minced into 

small pieces and placed in 2% aqueous OsO4 for 40 h at 
40~ (21). The OsO4 solution was renewed once at 24 
h. After this treatment, the tissue was prepared for 
electron microscopy. 

R E S U L T S  

The  fine structure of luteal cells in the guinea pig 
at the t ime of  max imum proges terone  secret ion 
has  been  described in detail  in a previous publica- 
t ion from this laboratory  (47),  and the present  
study will be confined to the cytochemistry of  the 
Golgi complex,  G E R L ,  and lysosomes. Where  
per t inent ,  aspects of thei r  morphology will be 
men t ioned  as background  for the cytochemical  
findings. The control  incubat ions  proved to be 
negative for all of the cytochemical  procedures  
used. 
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Golgi Complex 

During the period of peak steroid secretion, the 
Golgi complex in luteal cells is extensive, occur- 
ring as stacks of four to six closely spaced, flat- 
tened, parallel cisternae, whose content is typi- 
cally electron-transparent.  All Golgi cisternae dis- 
play perforations, but the number  and size vary 
according to the position of the cisterna within the 
stack. The outer cisterna has a few widely spaced, 
small fenestrations, measuring - 3 0 - 3 5  nm in 
diameter, scattered irregularly over its surface 
(Fig. 1 a).  The middle saccules exhibit many 50-  
60 nm fenestrations, which are separated from 

each other by ~ 6 0 - 1 0 0  nm and are arranged in 
rather uniform rows (Fig. l c).  The innermost 
element displays many large fenestrations, that 
are about the same size (85 nm) or slightly larger 
than the space separating them (Fig. l b).  A 
smooth-surfaced tubule or vesicle often protrudes 
through the fenestrations of this element (Fig. 
l b ) .  

At this stage, the most striking localization of 
ACPase activity is to the Golgi complex, where 
dense precipitates of lead phosphate accumulate 
in several cisternae (Figs. 2 and 3), completely 
filling the cisternal cavity (Fig. 3). The several 
Golgi stacks seen in each luteal cell invariably 

FIGURE 1 Golgi complexes of luteal cells during the period of maximum progesterone secretion. (a) 
The outer cistema (between arrowheads) of a Golgi stack, showing characteristic appearance when seen 
en face, bears only a few small, widely spaced fenestrations. • 29,000. (b) In contrast, the innermost 
element (between arrowheads) of a Golgi stack typically displays many large, closely spaced perforations. 
A smooth-surfaced tubule often protrudes through a fenestration, as indicated at the arrow, x 25,000. (c) 
Middle cisternae, one of which occurs en face in this field (between arrowheads), also have many 
fenestrations, which are arranged in regular rows and are somewhat smaller than those of the inner 
element. This middle cisterna, seen en face, connects with one of two nearby Golgi stacks (g) seen in a 
more typical orientation. • 25,000. Golgi stacks are indicated at (g) in (d-f). (d) GERL cistemae (arrow) 
commonly are narrowed in width and display limiting membranes that are thicker than those of most 
other organelles. • 32,000. (e) GERL membranes are sometimes coated (arrow). x 34,000. (f) GERL 
cisternae (arrowheads) occasionally show possible continuities with ER-like tubules (double arrows). 
• 34,000, All, 26 days of gestation. 
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FIGURE 2 Luteal cells, reacted for acid hydrolase. (a) This cell shows the typical appearance after 
ACPase localization. Lysosomes contain sparse to dense deposits of reaction product. More striking, 
however, is the intense ACPase reaction displayed by the several Golgi stacks in the field. All cytoehemical 
material shown in this report is stained en bloc only. • 28,000. (b) Arylsulfatase preparation showing an 
intensely reacted lysosome. • 37,000. 



FIGURE 3 Golgi complex of a luteal cell at the time of maximum progesterone secretion, reacted for 
ACPase. (a) As is characteristic of this period, all cisternae of this extensive Golgi complex show 
prominent ACPase activity. The area enclosed by the rectangle is shown at higher magnification in the 
figure below, x 22,000. (b) Two cisternae (arrows) which correspond to GERL parallel this Golgi stack; 
both of these GERL cisternae lack ACPase activity. On the other hand, the closely spaced Golgi saccules 
are strongly reactive. • 49,000.25 days of gestation. 



show reaction product. The Golgi complex also 
shows TPPase activity. As in other cell types, the 
inner element is reactive for this enzyme but, in 
addition, several of the remaining saccules also 
often show activity (Fig. 5). Similar results were 
obtained in tissues fixed with fixative a or b. In en 
face views, the morphology of the inner element 
(Fig. 5, inset) resembles that described by Novi- 
koff et al. (45) in neurons of rat dorsal root 
ganglia. The Golgi complex in some TPPase-incu- 
bated tissue lacks reaction product, a situation 
that may be the result of fixation, since this 
enzyme is readily inactivated by aldehydes (24). 
One or more Golgi cisternae and some Golgi 
vesicles contain reaction product after cytochemi- 
cal incubation for ALPase; the inner cisternae 
show the most intense reaction (Fig. 6). Prolonged 
treatment with aqueous OsO4 heavily stains all 
cisternae of the Golgi complex (Fig. 7). This 
staining pattern appears to be independent of the 
location of the cell in the tissue block. 

GERL 

Although luteal cells contain abundant smooth 
ER, certain smooth-surfaced elements located ad- 
jacent to the Golgi complex display features that 
suggest that they correspond to the GERL system 
described in rat neurons (30, 40, 45) and other 
tissues (15, 27, 28). A more comprehensive de- 
scription of these Golgi-associated smooth mem- 
branes is given in the companion paper (48), 
which covers a time when they are highly devel- 
oped and therefore more conspicuous. In luteal 
cells of 25-33-day-pregnant guinea pigs, the 
smooth-surfaced cisternae that seem to bear a 
special relationship to the Golgi complex: (a) 
occur in proximity to the inner face of a Golgi 
stack, and commonly follow the shape of the inner 
element, often being separated from it by a varia- 
ble space that contains tubules or vesicles (see Fig. 
9 in reference 47); (b) have limiting membranes 
which are typically thicker (denser) than those of 
most other organelles, including smooth ER (Fig. 
l d), and are occasionally coated (Fig. le ) ;  and 
(c) sometimes appear to be continuous with ER- 
like structures (Fig. 1 f ) .  In most tissues, GERL is 
defined by its distinctive cytochemical behavior 
(ACPase-positive). Even though many of the 
structures described as GERL in this study do not 
meet that criterion, the fact that some of the 
Golgi-associated, GERL-like cisternae show 
traces of ACPase activity (see below) lends sup- 
port to the suggestion that similar nonreactive 

cisternae are part of the GERL system in these 
luteal cells. For other details regarding GERL in 
luteal cells at this stage, see Paavola (47). 

In contrast to most cell types, the structure 
corresponding to GERL in luteal cells of this age 
is commonly unreactive after incubation for AC- 
Pase activity. Two such nonreactive GERL cister- 
nae are seen paralleling the inner face of the Golgi 
complex in Fig. 3. Occasional GERL cisternae 
display sparse, scattered deposits of reaction prod- 
uct (Fig. 4a-d) ,  but only rarely does GERL 
exhibit intense ACPase activity (Fig. 4e). Note 
that, in each instance, the cisternae described as 
belonging to the GERL system, whether nonreac- 
tive or reactive, are narrow in width and have 
membranes that appear to be thicker (denser) 
than those of most other cytoplasmic organelles. 
GERL in luteal cells is reactive for ALPase activ- 
ity (Fig. 6) but, as in other cell types, typically 
lacks TPPase activity (Fig. 5) and does not stain 
after prolonged osmication (Fig. 7). 

Lysosomes 

The identity of the lysosomal population w a s  

established by cytochemical incubation for the 
acid hydrolases, ACPase and arylsulfatase. Lyso- 
somes with more or less homogeneous contents, 
or displaying myelin figures, occur in modest 
numbers and vary in morphology, but are usually 
irregularly spheroid. Most of these bodies are 
reactive for ACPase and arylsulfatase (Fig. 2) but 
the amount of reaction product they contain var- 
ies. Reaction product in multivesicular bodies 
(MVBs) is limited to slight stippling. Lysosomes 
and MVBs are generally nonreactive for TPPase 
(Fig, 5) and ALPase (Fig. 6), and only occasion- 
ally stain following extended osmication. As noted 
in other tissues (1), a diffuse precipitate often 
occurred over lipid droplets and the background 
cytoplasm of luteal cells treated with (NH4)2S 
after incubation for arylsulfatase activity. Such 
treatment, however, was helpful because it inten- 
sified the reaction product, making it more con- 
spicuous. 

Use o f  Alkaline Phosphatase Localization to 

Clarify the TPPase Results 

Nonspecific ALPases can hydrolyze various 
substrates at neutral pH, including TPP chloride 
(7); thus, these enzymes could give rise to reaction 
product that could potentially be interpretated as  

resulting from TPPase activity. To eliminate this 
possible source of confusion, the distribution of 
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FIGURE 4 GERL cisternae in luteal cells of this age occasionally show low levels of ACPase activity or, 
rarely, more intense activity. This is illustrated in these figures, each from a different luteal cell. Fig. 4a -d  
show scant reaction product in GERL (arrows). Golgi cisternae, on the other hand, are strongly reacted. 
Fig. 4e is a rare example of heavy activity in GERL (arrows). (a, b, d, and e) 25 days of gestation; (c) 26 
days of gestation. (a) • 39,000, (b) x 38,000, (c) • 28,000, (d) • 40,000, and (e) x 33,000. 



ALPase in luteal cells has been examined after 
incubation in a classical ALPase medium (at pH 9 
and 7.2, with fl-glycerophosphate as substrate), 
and in a TPPase medium (at pH 7.2 and 9, with 
TPP chloride as substrate). Parallel cytochemical 
incubations were carried out, in which L-cysteine 
or L-p-bromotetramisole (known inhibitors of AL- 
Pase) was included in the medium. The results of 
these studies follow. 

Cytochemical incubation in an ALPase medium 
at pH 9 or 7.2 results in dense precipitates along 
plasma membranes and in subplasmalemmal vac- 
uoles, as well as in GERL and some Golgi cister- 
nae (Fig. 6). Inclusion of an ALPase inhibitor in 
the medium suppresses this activity at both neutral 
and alkaline pH, indicating that nonspecific AL- 
Pases were responsible for the deposition of reac- 
tion product in all of these sites. 

After incubation at pH 7.2 with TPP chloride 
as substrate (with no ALPase inhibitors in the 
medium), reaction product occurs in Golgi cister- 
nae, GERL, some cytoplasmic granules, and 
along plasma membranes. In the presence of an 
ALPase inhibitor, the reaction of the Golgi com- 
plex is more or less unchanged, that of the plasma 
membrane is somewhat reduced, and that in 
GERL is abolished (Fig. 5). This indicates that 
the Golgi reaction results from TPPase action, 
whereas that in GERL appears to be related to 
ALPase activity. Persistance of a plasma mem- 
brane reaction under these conditions suggests 
that this organelle bears TPPase or another phos- 
phatase capable of cleaving TPP chloride. With 
TPP chloride as substrate at pH 9, reaction prod- 
uct is observed scattered along plasma membranes 
and, rarely, in some Golgi cisternae. This activity 
appears to be only partially susceptible to inhibi- 
tion by L-cysteine or L-p-bromotetramisole, sug- 
gesting that both TPPase and ALPase may be 
responsible for their deposition. 

DISCUSSION 

The present study is the first to describe in detail 
the cytochemistry of the Golgi complex, the struc- 
ture which corresponds to GERL, and lysosomes 
at the time of peak progesterone secretion in 
luteal cells fixed by vascular perfusion. It defines 
GERL in luteal ceils of this age and establishes a 
normal base line with which changes occurring 
during luteolysis can be compared. 

The results of the present study indicate that, 
during the period of maximum progesterone 
release, the Golgi complex in luteal cells of preg- 

nant guinea pigs shows cytochemical and staining 
properties different from those of most published 
studies. For example, ACPase activity occurs 
throughout all cisternae of the Golgi complex in 
these luteal cells. This finding contrasts with ob- 
servations on the corpus luteum of the rat during 
late pregnancy (37) and of sheep during the 
estrous cycle (6, 38), where ACPase activity ap- 
peared to be confined to the inner cisternae of the 
Golgi complex or to GERL. Considerable evi- 
dence also indicates that ACPase activity is absent 
from the Golgi complex or is limited to the inner 
one or two cisternae in most nonovarian tissues as 
well (5, 9, 17-20, 26, 30, 36, 42, 54, 55). In only 
one study dealing with small neurons of mice (9) 
has a pattern of ACPase activity similar to that 
observed in the present work been described for 
the Golgi complex. Another unusual finding in 
the current work was the occurrence of TPPase 
activity in all cisternae of the Golgi complex in 
many luteal cells. In most other tissues that have 
been studied, TPPase activity in the Golgi com- 
plex is generally observed in the inner cisternae 
(9, 11, 13, 16, 17, 19, 24, 26, 45, 50). Equally 
unusual is the finding that prolonged treatment 
with OsO4 stains all cisternae of the Golgi stack in 
these luteal cells. In many other tissues, this 
treatment preferentially stains the outer cisterna 
(13, 21, 36, 45, 51). Staining of all Golgi cisternae 
after prolonged osmication has been reported in 
only one other instance, epididymal cells of the 
hypophysectomized rat (19). 

The role of the Golgi complex in luteal cells 
remains an enigma. One combined light micro- 
scope and biochemical study has suggested that 
maximal development of this organelle coincides 
with peak steroidogenic activity of the corpus 
luteum (39). In other cell types, this organelle 
participates in the packaging of secretory proteins 
(33-35), addition of carbohydrate residues to 
proteins (4, 53), and sulfation of glycosaminogly- 
cans (56). In leukocytes, it is active in the forma- 
tion of lysosomes (1, 2). Because the Golgi com- 
plex is markedly ACPase positive in luteal cells of 
the present study, one might speculate that it is 
involved in the manufacture of lysosomes. But, in 
cells other than leukocytes, the Golgi complex 
may not have a direct role in lysosome formation 
(41). Furthermore, unless a second acid hydrolase 
can be demonstrated in the Golgi complex, the 
functional significance of the observed ACPase 
activity remains obscure. 

GERL, a series of unique smooth-surfaced ele- 
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ments located at the inner face of the Golgi 
complex, was first observed by Novikoff (40) in 
neurons of rat spinal ganglia, and subsequently 
described in various neurons (13, 30, 45) and 
other cells (42, 44, 50). In those studies and 
others, GERL displayed morphological and cyto- 
chemical characteristics that distinguished it from 
other smooth-surfaced structures in the cell. For 
example, GERL is limited by membranes that are 
often thickened (15, 28) or coated (30), and 
GERL cisternae may show dense content or cen- 
tral densities (27). In addition, GERL in some 
cases seemed to show possible continuities with 
the endoplasmic reticulum (44). In all of those 
studies, GERL possessed prominent ACPase ac- 
tivity after cytochemical incubation. Luteal cells 
of the current report contain certain smooth-sur- 
faced elements, closely associated with the Golgi 
complex, which exhibit some of those features; 
e.g., they have thickened limiting membranes that 
are sometimes coated, and occasionally appear to 
be in continuity with ER-like structures. On the 
basis of these criteria and others (48), these Golgi- 
associated smooth elements in luteal cells appear 
to correspond to GERL in other cells. In contrast 
to previous observations on other cell types, 
GERL in luteal cells of this age commonly lacks 
ACPase activity (Fig. 3), or, if present (Fig. 4), 
the level of activity appears to be lower than that 
in other ceils, including older luteal cells (48). 
These findings suggest that GERL may lack, or 
show low levels of, ACPase activity under certain 
conditions (concentration perhaps below that de- 
tectable by cytochemical methods). 

It might be questioned whether an ACPase- 
negative cisterna should be called "GERL,"  since 
in the past this structure has been defined largely 
on the basis of its role in lysosome formation. 
Also, it is not clear whether all cells contain 
GERL systems. The ACPase-negative cisternae 
of the current report, however, are morphologi- 

cally identical to cisternae that can be clearly 
identified as GERL; i.e., both cisternae occupy 
the same position in relation to the Golgi complex, 
both are narrow in width, and both have thick- 
ened limiting membranes. It seems possible that 
the nonreactive GERL cisternae described here 
represent a different physiological state of GERL,  
and that their lack of activity reflects a period of 
relative quiescence in the packaging of acid hydro- 
lases into lytic bodies. The overall low ACPase 
activity of GERL in luteal cells of this age may be 
related to a modest level of lysosome production, 
a possibility given some support by the relative 
paucity of lysosomes and autophagic vacuoles in 
these cells. The more intense ACPase activity in 
GERL of occasional luteal cells may represent a 
sporadic production of lysosomes, or incipient cell 
death, since some luteal cells die during pregnancy 
(47). It thus appears that, at the time of peak 
steroid secretion, the GERL system in luteal cells 
is not particularly well developed. 

Other possible explanations for the lack of 
activity in GERL of these luteal cells should be 
considered. It might be claimed that GERL lacks 
ACPase activity because the enzyme has been 
inactivated by the aldehydes used to fix the tissue. 
However, in cells that contain nonreactive GERL 
cisternae, the Golgi complex shows pronounced 
activity, making that possibility unlikely, unless 
the ACPases in these two organelles differ in their 
sensitivity to the fixative. Furthermore, during 
regression of these cells, GERL is strongly reac- 
tive for ACPase (48); therefore, unless this en- 
zyme has different properties in luteal cells of 
different ages, it seems likely that the low activity 
observed in the present study represents existing 
levels. It could also be suggested that GERL 
cisternae are so closely applied to a Golgi stack 
that they are mistaken for Golgi saccules. It is, 
however, possible to distinguish GERL from 
Golgi cisternae by their TPPase content and affin- 

FmURE 5 Golgi complex, reacted for TPPase, pH 7.2 (with L-p-bromotetramisole included in the 
medium). Reaction product can be found in all Golgi cisternae; GERL (arrows), however, is nonreactive 
for this enzyme, x 19,000. (inset) Reaction product outlines the fenestrations (arrow) in this en face view 
of the inner element. • 70,000. 

Fmum~ 6 Luteal cell, reacted for ALPase at pH 9, ~glycerophosphate as substrate. Reaction product 
typically accumulates along the external surface of the plasma membrane, in some subplasmalemmal 
vacuoles, as well as in GERL and some Golgi cisternae. 30 days of gestation, x 18,000. (inset) At higher 
magnification, it can be seen that GERL (arrow) is ALPase reactive, as are the inner Golgi cisternae, but 
the outer Golgi cisternae are nonreactive. • 29,000. 
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FIGURE 7 Luteal cell, after prolonged treatment with OsO4. All cistemae of the several Golgi stacks in 
this cell show the characteristic staining with osmium. 26 days of gestation, x 16,000. (inset) In addition 
to Golgi cisternae, smooth ER (short arrows) may also be stained by this treatment, but GERL cisternae 
(long arrows) remain unstained, x 21,000. 
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ity for OsO4, since certain Golgi cisternae stain 
after these procedures (noted above), whereas 
GERL does not (9, 13, 16, 26, 45, 50). After use 
of these methods, the same number of cisternae 
stain (Figs. 5 and 7) as do after ACPase incuba- 
tion (Fig. 3), indicating that GERL cisternae are 
not overlooked by virtue of a close relationship to 
a Golgi stack. 

Luteal cells of many species display a heteroge- 
neous population of cytoplasmic granules. The 
identity of these various granules is best confirmed 
by cytochemistry since they are often difficult to 
classify in conventional electron micrographs. The 
current results indicate that guinea pig luteal cells 
at 25-33 days of gestation contain occasional 
lysosomes (reactive for acid hydrolases) and a 
number of multivesicular bodies and electron- 
transparent vacuoles. In addition, catalase-posi- 
tive microperoxisomes are present in these cells 
(Paavola, unpublished observations). Luteal cells 
of some species have inclusions thought to contain 
relaxin. Such a class of granules could not be 
identified in this study. Guinea pig serum shows 
little relaxin before day 40 of pregnancy; subse- 
quently, serum levels increase markedly (46). It is 
possible that relaxin-bearing inclusions are present 
in insufficient numbers at the age examined here 
to be readily detected in electron micrographs. 

In summary, luteal cells at the peak of func- 
tional activity have a well-developed, strongly 
ACPase-positive Golgi complex, a modest GERL 
system that lacks or shows low levels of ACPase 
activity, and relatively few lysosomes. These re- 
sults provide a normal basis of comparison for 
identifying changes in these cells related to invo- 
lution, which is the subject of the companion 
paper (48). 

The author would like to express her sincere apprecia- 
tion to Mr. Charles O. Boyd for his excellent technical 
assistance, and to Dr. A. Kent Christensen for his 
helpful comments on this manuscript. 

This work was supported in part by research grants 
HD05897, HD09993,  and Biomedical Research Sup- 
port Grant RR05417 from the National Institutes of 
Health, and by a Grant-in-Aid of Research from Temple 
University. Preliminary reports of this work have already 
appeared (J. Cell Biol. 67(2, pt. 2):321a, 1975, and J. 
Cell Biol. 70(2, pt. 2):339a, 1976). 

Received for publication 9 August 1977, and in revised 
form 7June 1978 

R E F E R E N C E S  

1. BAImON, D. F., and M. G. F~QtlrlAR. 1966. Origin of granules in 
polymorphonuclear leukocytes. Two types derived from opposite faces 

of the Golgi complex in developing granulocytes. J. Cell Biol. 25:277- 
301. 

2. Barm~s, D. F., and M. G. FAROtJnAR. 1968. Differences in enzyme 
content of azurophil and specific granules of polymorphonuclear leu- 
kocytes, n. Cytochemistry and electron microscopy of bone marrow 
cells. J. Cell Biol. 39:299-317. 

3. BARKA, T., and P. J. AmJERSON. 1962. Histochemical methods for 
acid pbosphatase using bexazonium pararusanilin as coupler. J. Histo- 
chem. Cytochem. 10:741-753. 

4. BENNE'rr, G., C. P. LEBLONO, and A. HADOAD. 1974. Migration of 
glycoprotein from the Golgl apparatus to the surface of various cell 
types as shown by radioautography after labeled fucose injection into 
rats. J. Cell Biol. 60:258-284. 

5. BERTOLINI, B., and G. HASSAN. 1967. Acid phosphatase associated 
with the Golgi apparatus in human liver cells. J. Cell Biol. 32:216-219. 

6. BJERSrSG, L., M. F. HAY, R. M. MooR, R. V. SrtoRr, and H. W. 
DEANE. 1970. Endocrine activity, histochemistry and ultrastructure of 
ovine corpora lutea. I. Further observations on regression at the end of 
the estrous cycle. Z. Zellforsch. Mikrosk. Anat. 111:437-457. 

7. BORGERS, M. 1973. The cytochemical application of new potent 
inhibitors of alkaline phosphatases. J. Histochem. Cytochem. 21:812- 
824. 

8. BORGERS, M., and F. ThoNg.. 1975. The inhibition of alkaline phospha- 
tase by L-p-bromotetramisole. Histochemistry. 44:277-280. 

9. BotrrRv, J. M., and A. B. Novmo~. 1975. Cytochemical studies on 
Golgi apparatus, GERL, and lysosomes in neurons of dorsal root 
ganglia in mice. Proc. Natl. Acad. Sci. U, S. A. 72:508-512. 

10. CnALLtS, J. R. G., R. B. HEAp, and D. V. ILLINGWoaxn. 1971. 
Concentration of oestrogen and progesterone in the plasma of non- 
pregnant, pregnant and lactating guinea pigs. J. Endocrinol. 51:333- 
345. 

11. CHELrmAM, R. D., D. J. MORRO, C. PANNEX, and D. S. FRmSD. 
1971. Isolation of a Golgi apparatus-rich fraction from rat liver. V. 
Thiamine pyrophosphatase. J. Cell Biol. 49:899-905. 

12. CHmSTEr~SEN, A. K. 1965. The fine structure of testicular interstitial 
cells in guinea pigs. J. Cell Biol. 26:911-935. 

13. DECKER, R. S. 1974. Lysosomal packaging in differentiating and 
degenerating anuran lateral motor column neurons. J. Cell Biol. 
61:599-612. 

14. ERicssoN, J. L. E. 1966. On the structural demonstration of glucose-6- 
pbosphalase. J. Histochem. Cytochem. 14:361. 

15. ESSr~ER, E., and H. HAI~ES. 1977. Ultrastructural study of GERL in 
beige mouse alveolar macrophages..L Cell Biol. 75:381-387. 

16. ESSNER, E., and C. OtJVER. 1974. Lysosome formation in hepatocytes 
of mice with Ch6diak-Higashi syndrome. Lab. Invest. 30:596-607. 

17. FAROOI-IAR, M. G., J. J. M. BERGERON, and G. E. PALAOE. 1974. 
Cytochemistry of Golgl fractions prepared from rat liver. J. Cell Biol. 
60:8-25. 

18. FRANK, A. L., and A. K. C'nmS~r~sEN. 1968. Localization of acid 
phosphatase in lipofuscin granules and possible autophagic vacuoles in 
interstitial cells of guinea pig testis. J. Cell Biol. 36:1-13. 

19. FamNo, D. S. 1969. Cytocbemical staining of multivesicular body and 
Golgi vesicles. J. Cell Biol. 41:269-279. 

20. FRmNO, D. S., and M. G. FARQ'.JI-IAR. 1967. Functions of coated 
vesicles during protein adsorption in the rat vas defereus. J. Cell Biol. 
35:357-376. 

21. FRIEND, D. S., and M. J. Mtn~.nV. 1965. Osmium impregnation of the 
Golgl apparatus. Am. J. Anat. 117:135-150. 

22. GLAtrMANN, H. 1975. Ultrastructural demonstration of phosphatasas 
by perfusion fixation followed by perfusion incubation of rat liver. 
Histochemistry. 44:169-178. 

23. GOLDrlseHER, S, 1965. The cytochemical demonstration of lysosomal 
aryl sulfatase activity by light and electron microscopy. J. Histochem. 
Cytochem. 16:520-523. 

24. GOLDFISCnER, S., E. ESSNER, and B. SCmLI~R. 1971. Nucleoside 
diphosphatase and thiamine pyrophosphatuse activities in the endoplas- 
mic reticulum and Golgi apparatus. J. Histochem. Cytochem. 19:349- 
360. 

25. GoMom, G. 1952. Microscopic Histochemistry. The University of Chi- 
cago Press, Chicago, Ill. 193. 

26. HANO, A. R. 1966. Morphology and cytochemistry of the Golgi 
apparatus of rat salivary gland acinar cells. Am. J. Anat. 130:141-158. 

27. HAm~, A. R., and C. OLIVER. 1977. Cytochemical studies of GERL 
and its role in secretory granule formation in exocrine cells. Histochem. 
J. 9:375-392. 

28. HAND, A. R., and C. OUVER. 1977. Relationship between the Golgl 
apparatus, GERL, and secretory granules in acinar cells of the rat 
exorbital lacrimal gland. J. Cell Biol. 74:399-413. 

29. HE^V, R. B., J. S. PEI~V, and I. W. ROWLANDS. 1967. Corpus luteum 
function in the guinea pig; arterial and luteal progesterone levels, and 
the effects of hysterectomy and hypophysectomy. J. Endocrinol. 
34.'417-423. 

30. HOLXZUAr~, E., A. B. Novmorr, and H. VILLAWm~E. 1967. Lyso- 
somes and GERL in normal and chromatolytic neurons of the rat 
ganglion nodusum. J. Cell Biol. 33:419-435. 

LAURIE G. PAAVOLA Cytochemistry of  Luteal Cells 57 



31. HUC, ON, J., and M. BoaoExs. 1966. A direct method for the electron 
microscope visualization of alkaline phosphatase activity. J. Histochem. 
Cytochem. 14:429-431. 

32. ITO, S., and M. J. KAm~ovs~Y. 1968. Formaldehyde-glutaraidchyde 
fixatives containing trinitro compounds../. Cell Biol. 39(2, Pt. 2):168a. 

33. J.~,tmsoN, J. D., and G. E. PaLADE. 1967. Intracellular transport of 
secretory proteins in the pancreatic acinar cell. I. Role of the peripheral 
elements of the Golgi complex../. Cell Biol, 34:577-596. 

34. JmamsoN, J. D., and G. E. P~d.AOE. 1967. lntracellular transport of 
secretory proteins in the pancreatic acinar cell. II. Transport to 
condensing vacuoles and zymogen granules. J. Cell Biol. 3,l:597-615. 

35. J.,oamsoN, J. D., and G. E. PALaD~. 1971. Synthesis, intracellular 
transport, and discharge of secretory proteins in stimulated pancreatic 
exocfir~ cells. J. Cell Biol. 50:135-158. 

36. LocrdL M., and A. K. SYr,~s. 1975. The role of the Golgi complex in 
the isolation and digestion of organelles. Tissue Cell. 7:143-158. 

37. LONO, J. A. 1973. Corpus luteum of pregnancy in the rat. UItrastruc- 
tural and cytochemical observations. Biol. Reprod. 8:87-99. 

38. MCCLELLAN, M. C., J. H. AriEL, and G. NISWENDEIL 1977. Functions 
of lysosomes during lnteal regression in normally cycling and PGF2~- 
treated ewes. Biol. Reprod. 16:499-512. 

39. McDoNALD, D. M., K. S~tr~, M. PatzA~rr, and A. GOLDnES. 1969. 
Ovarian secretion of progesterone in relation to the Golgi apparatus in 
lutein cells during the estruus cycle of the rat. Endocrinology. ll5:236- 
243. 

40. NOV~OFf, A. B. 1964. GERL, its form and function in neurons of rat 
spinal ganglia. Biol. Bull. (Woods Hole) 12"/:358a. 

41. NOV~OFF, A. B. 1973. Lysosomes, a personal account. In Lysosomes 
and Storage Diseases. H. G. Hers and F. van Hoof, editors. Academic 
Press, Inc., N. Y. 1-41. 

42. Nov~oFF, A. B., A. Ata~LA, and L. B~r~l,~cA. 1968. Ultrastructurai 
and cytochemical observations on 13-16 and Harding-Passey mouse 
melanomas. J. Histochem.. Cytochem. 16:299-319. 

43. Nov~goFF, A. B., and S. GOLDFISCHZa. 1961. Nucleosidediphospha- 
tase activity in the Golgi apparatus and its usefulness for cytological 
studies. Proc. Natl. Aead. Sci. U. S. A. 47:802-8ll8. 

44. NOVlKOFF, A. B., M. Morn, N. QurtcrAlqA, and A. YAM. 1977. 

Studies on the secretory process in the mammalian exocrine pancreas. 
I. The condensing vacuoles. J. Cell Biol. 74:148-165. 

45. Novlxo~, P. M., A. B. NOVagOFF, N. Otmcr~,~A, and J-J. H^tyw. 
1971. Golgi apparatus, GERL, and lysosomes of neurons in rat dorsal 
root ganglia, studied by thick section and thin section cytochemistry. J. 
Cell Biol. 80:.859-886. 

46. O'B,at~E, E. M., and B. G. SrEINETZ. 1976. Radioimmunoassay 
(RIA) of relaxin in sera of various species using an antiserum to porcine 
relaxin (39377). Proc. SOC. Exp. Biol. Med. 152:272-276. 

47. PA.~VOLA, L. G. 1977. The corpus luteum of the guinea pig. Fine 
structure at the time of maximum progesterone secretion and during 
regression. Am. J. Anat. 150:565-604. 

48. Pm, VOLA, L. G. 1978. The corpus luteum of the guinea pig. 111. 
Cytochemical studies on the Golgi complex and GERL during normal 
postpartum regression of lateal cells, emphasizing the origin of lyso- 
somes and autophagic vacuoles. J. Cell Biol. 79:.59-73. 

49. PAOrKUI~, H. A., and E. H ~ .  1955. The specificity of the 
histochemical method for adenosine triphosphatase. J. Histochem. 
Cytochem. 3:170-183. 

50. PELIm~Ea, G.. and A. B. NOVlKOFF. 1972. Localization of phospha- 
tase activities in the rat anterior pituitary gland. J. Histochem. Cyto- 
chem. 20:1-12. 

51. RAa~oulo, A., Y. CtE~orzr, and A. N~tP,~VD. 1974. Three- 
dimensional structure of the osmium-impregnated Golgi apparatus as 
seen in the high voltage electron microscope. Am. J. Anat. 140:27-46. 

52. RE'~OLDS, E. S. 1963. The use of lead citrate at high pH as an electron 
opaque stain in electron microscopy. J. Cell Biol. 17:208. 

53. Sc:~Aen-r~, H,, I. J~l~l. ,  R. L. HUDSON, and L. PiNa-~rac. I970. 
Intracellular localization of liver sugar nuclr glycoprotein glycosyl- 
transferases in a Golgi-rich fraction. J. Biol. Chem. 245:1090--1100. 

54. S~'H, R, E., and M. G. Fm~QV~n. 1966. Lysosome function in the 
regulation of the secretory process in cells of the anterior pituitary 
gland. J. Cell Biol. 31:319-347. 

55, Y o g o ~ ,  M. 1974. Ultracytochemical study on some phosphatases 
in rat adrenal medulla. J. Electron Microsc. 23:285-293. 

56. YovNo, R. W. 1973. The role of the Golgi complex in sulfate 
metabolism. J. Cell Biol. 57:175-189. 

58 TVIE JOURNAL OF CELL BIOLOGY" VOLUME 79 ,  1 9 7 8  


