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ABSTRACT
RNA synthesis was examined in the during its synthesis, but the access to RNA occurs along
epithelial cells of the mouse pyloric antrum using ra- different routes (Jones, 1980).Thus, uridine is recovered
dioautography 20 min after injection of either 3 H - ~ r i -from the circulation by the cells, phosphorylated, and
dine or 3H-orotic acid. The epithelium of the mouse finally incorporated into forming RNA; this sequence is
antrum was known to invaginate into blind tubular known as the salvage pathway. In the second route,
units composed of mucous cells arranged from base to orotic acid, which is mainly synthesized within cells,
undergoes complex transformations prior to incorporatop into a gland, an isthmus, and a pit. These were tion into RNA; the sequence is known as the de nouo
subdivided into segments and, after radioautography, pathway. When a tissue is radioautographed soon after
silver grains were counted over cell nuclei in each administration of 3H-uridine or 3H-oroticacid, the abunsegment.
dance of silver grains over the nuclei in the tissue is
Following 3H-uridine injection, silver grains were related to the rate of RNA synthesis by the correspondpresent over all nuclei but were more abundant over ing route. Moreover, when electron microscopic radioauthose of the isthmus than of the gland or the pit. When tography is used, it is possible to distinguish the silver
nuclei were examined in the electron microscope, nu- grains present over the nucleolus from those over the
cleoplasmic a s well as nucleolar silver grains were more rest of the nucleus, referred to hereafter as nucleoplasm.
The silver grains appearing over the nucleolus have
numerous in the isthmus than in the pit or gland.
been attributed to newly synthesized ribosomal RNA
Following 3H-orotic acid injection, silver grains were (rRNA), whereas those appearing over the nucleoplasm
again present over all nuclei; but maximal incorpora- have been attributed to newly synthesized messenger
tion appeared to be in pit cell nuclei where, by electron RNA (mRNA) and transfer RNA (tRNA) (reviewed by
microscopy, it was mainly assigned to the nucleoplasm. Uddin et al., 1984).
When the incorporation was calculated per whole nuApplication of these techniques to the migrating cocleus, however, it was less in pit cell than in isthmal lumnar cells in rat small intestine has shown differences
cell nuclei. Even so, the proportion of label in pit cell in the relative importance of the two pathways in the
nuclei was much greater than after 3H-uridineinjection. course of cell differentiation (Uddin et al., 1984). The
The interpretation of these findings is based on the salvage pathway is mostly used by the young, immature
fact that isthmal cells are immature, whereas cells mi- cells in the crypt, whereas the de novo pathway appears
to be mostly utilized by the mature cells of the midvillus.
grating from the isthmus to become gland or pit cells The question then arises of whether these differences in
sh@wincreasing differentiation. The immature cells of RNA synthesis also occur in other renewing systems. It
the isthmus incorporate both uridine and orotic acid was decided therefore to examine the incorporation of
more effectively than do the differentiated cells of pit 3H-uridine and 3H-orotic acid into the epithelial cells of
and gland. Since silver grain counts over nuclei provide the mouse pyloric antrum.
The surface epithelium of the mouse antrum invagian index of the rate of RNA synthesis, this synthesis
proceeds more actively in the isthmus than in the pit or nates into numerous blind tubular infoldings, referred
gland. This is true of ribosomal RNA synthesis, as to a s “units,” which contain three successive and continshown by nucleolar grain counts, and of other RNA’s uous parts, named, from base to top, gland, isthmus, and
or foveola (Fig. 1). The epithelial lining of these three
synthesis, as shown by nucleoplasmic grain counts. It pit
portions is composed of mucous cells with a few enteroseems, however, that while uridine is involved in the endocrine cells. In the isthmus, the mucous cells are
synthesis of all types of RNA, orotic acid is mainly immature; they divide rapidly and turn over in less than
implicated in the synthesis of the heterogeneous RNA a day (Lee and Leblond, 1985a). Some isthmal cells mifrom which the messenger RNA arises.
grate into the pit, ascend it gradually while maturing,
and reach the free surface where they either die in situ
or drop to the lumen; in so doing, ascending cells follow
INTRODUCTION
one another in what has been referred to as a “pipeline”
The rate of RNA synthesis by individual cells can be pattern of renewal (Lee, 1985a). Other isthmal cells miestimated by radioautogra hy following administration
of the labeled pyrimidines, H-uridine and 3H-oroticacid.
Received December l, 1986. Accepted March 5,1986.
The label of either substance is incorporated into RNA
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Fig. 1. Comparison of a light micrograph and a schematic drawing
of a unit from the pyloric antrum. In the latter, the gland portion is
divided into three equal portions (Gl, G2, G3), the isthmus into two
(11,121, and the pit into three (P1, P2, P3),with the surface epithelium

considered as a fourth segment of the pit, P4(S). (The micrograph is
actually taken from a 3H-uridine radioautograph, and silver grains
can be distinguished over nuclei.) Approximately ~ 6 0 0 .

grate downward into the gland where they are believed
to fall into the lumen at various levels; this process has
been described as a “cascade” pattern of renewal (Lee
and Leblond, 1985b).Thus, the cells of the antral epithelium migrate in two directions in contrast to the epithelial cells of small intestine, which generally migrate in
the direction of the lumen (Cheng and Leblond, 1974).
Little information was available on RNA synthesis in
the mouse antrum. Shorter and Creamer (1962) and
Deschner et al. (1972) had shown by radioautography
that 3H-uridine was incorporated into antral cells,
whereas Dubitsky and Shostakovskaya (1983) obtained
similar results for both 3H-uridine and 3H-orotic acid by
biochemical means. In the present investigation, adult
mice were given an injection of either 3H-uridine or 3Horotic acid and sacrificed 20 min later. The antrum was

subjected to light and electron microscopic radioautography, and silver grains were counted to assess the rate
of RNA synthesis. Some differences were observed in
the incorporation of the two RNA precursors by the
epithelial cells of antral units.
MATERIALS AND METHODS
3H-uridineand 3H-oroticAcid Incorporation

Four male CD1 mice, aged 30 days and weighing 1520 g, were anesthetized with chloral hydrate and injected into the jugular vein with a single dose of 3Huridine (0.05 mCi per gram of body weight, s.a.: 26.5 Ci/
mmol). Twenty minutes later, the mice were perfused
with a lactated Ringer’s solution for 1 min and then
with a 2.5% glutaraldehyde solution in 0.16 M cacodylate buff‘er for 15 min. The pyloric antrum was recovered,
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cut into small pieces, and allowed to fix for another 2 hr
in glutaraldehyde. The pieces were postfixed in 1%osmium tetroxyde, dehydrated in ethanol, and embedded
in Epon.
Another four male CD1 mice, aged 30 days and weighing 15-20 g, were intravenously injected with a single
dose of 3H-oroticacid (0.05 mCi per gram of body weight,
s.a.: 16.5 Ci/mmol). Twenty minutes later, they were
sacrificed by perfusion as above. The pyloric antrum was
fixed, recovered, and processed for Epon embedding.
One-micron-thick sections were cut serially for light
microscopy (LM) using blocks oriented so that sections
included the length of whole units (pit, isthmus, and
gland) in which all or most of the lumen was visible.
The sections were stained with periodic acid8chiff and
Regaud's hematoxylin (Lee et al., 1982), coated with
Kodak NTB2 emulsion for radioautography (Kopriwa
and Leblond, 1962), and exposed for 4 days after 3Huridine injection and 22 days after 3H-orotic acid
injection.
At the LM level, the boundaries of gland, isthmus, and
pit were determined by changes in the staining intensity and color of mucous granules. Pit cells were identified by their deep purple mucous granules, isthmal cells
were identified by the presence of few small granules of
variable color, and gland cells were identified by light
pink mucous granules (Lee et al., 1982). The gland was
divided into three segments of equal length, referred to
as G1, G2, and G3 (Fig. 1);the isthmus was divided into
two equal segments, I1 and 12; and the pit was divided
into three equal segments, P1, P2, P3, with the surface
cells being considered as a fourth pit segment, P4(S).
Hence, there was a total of nine segments per antral
unit. After LM microscopic radioautography, the number of silver grains was counted over every nuclear
profile, whatever its size, from gland base to surface,
and averaged for each segment. This was done for six to
ten well oriented units taken from blocks of the four
animals.
For electron microscopic (EM) radioautography, gold
sections were cut and processed according to the method
of Kopriwa (1973). Adequate exposure was achieved by
2 months after 3H-uridine injection and by 8.5 months
after 3H-oroticacid injection. The sections were stained
with uranyl acetate and lead citrate. The units were
divided into nine segments at the EM level as in the
LM, mainly on the basis of differences in the number
and appearance of mucous granules (Lee, 1985b; Lee
and Leblond, 1985a,b). In each segment, silver grains
were counted separately over the nucleolar profile and
the rest of the nucleus (nucleoplasmic profile).

Nuclear Measurements in LM
Nuclear profile volume
A well-oriented block was selected from the 3H-uridine
experiment. Serial 1.0-pm-thicksection of antral units
cut along their length were stained using the procedure
described above. Five well-oriented units were divided
into nine segments according to the above criteria. The
nuclear profile volume, that is, the amount of nuclear
space present within a given nuclear profile in a section,
was calculated from the area of the nuclear profiles
measured with the help of the Zeiss MOP 3 digital
analyzer. This was done for ten nuclei selected at random, whatever their size, using five antral units also
selected at random. The average nuclear profile area for
each segment was multiplied by the thickness of the
ections (1pm) to obtain the average nuclear profile volume (in pm3; Table 1).
Whole nuclear volume
The volume of 10 nuclei was calculated for each segment by measuring in the MOP the area of the nuclear
profile of a given nucleus in each section in which this
nucleus appeared. The volume was then calculated using Simpson's equation (Handbook of Chemistry and
Physics, 45th Edition):
Whole nuclear volume
a1
= t x d (-- + a2 + a3
2

n
+ . . . + an-l + a-),
2

where t was the thickness of the sections, 1 pm; d was
the distance (number of sections) between the surface of
two consecutive sections (that is one in the present case);
and al, a2, a3....an were the nuclear areas in each one of
the longitudinal sections of the nucleus being measured
(Table 1).
Grain count per whole nucleus
For each segment, the average grain count (routinely
estimated in the light microscope over nuclear profiles)
was multiplied by the average whole nuclear volume
and divided by the average nuclear profile volume. The
value thus obtained is the grain count per whole nucleus.
Nuclear Measurementsin EM
Nucleolar profile area
The nucleolar profile area was measured in 16-22 EM
micrographs of nucleoli for each segment using the MOP
analyzer (Table 2).

TABLE 1. LM nuclear measurements in longitudinal sections of mouse pyloric antral units'

Nuclear profile volume
(pm3) k S.E.
Whole nuclear volume
(pm3) i S.E.

G1

Gland
G2

G3

13.1
k1.4
96.4
k3.9

14.0
k2.2
94.7
k3.9

12.7
k1.2
90.0
k3.9

(1)

Isthmus
I1
I2
12.9
+1.6
110.5
k11.5

13.6
k1.9
132.6
k11.5

Pit
P1

P2

P3

P4(S)

19.9
+1.7
85.6
k4.4

20.8
k.7
96.8
k4.3

21.8
k2.0
82.9
k4.8

19.2
k3.9
85.9
k5.4

'The nuclear profile volume in any pit segment was significantly greater (or on the borderline of significance)than in any
gland or isthmus segment. The whole nuclear volume in segment I2 was significantly greater than in G3 ( P < .05) and in
PI, P3, and P4(S) ( P < .02).
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TABLE 2. EM measurements of nucleolar profile area in mouse pyloric antral units’
Gland
Isthmus
Pit
G1
G2
G3
I1
I2
P1
P2
P3
Nucleolar profile area (Frn2)
f S.E.

1.36
f0.14

1.37
+0.14

2.00
+0.28

1.90

2.44
k0.18 k0.25

1.41
k0.15

1.46
kO.11

P4(S)

0.79
0.42
&0.09 k0.06

‘The nucleolar profile area was significantly greater in the isthmus (11, 12) than in all other segments except G3.
Conversely, the area was significantly smaller in P4(S) than in all other segments, and in P3 than in all others except
P4(S).

RESULTS
Morphological Features

The three regions of the antral unit show marked
differences. The isthmus is composed of cells with few or
no secretory granules, many free ribosomes, and large
reticulated nucleoli (Lee and Leblond, 1985a). When the
isthmus is divided into two segments (Fig. l),the cells
of the lower one, 11, usually contain a few small-core
granules, and the cells of the upper one, 12, contain a
few dense granules. Nuclear measurements give paradoxical results. Thus, the mean volume of nuclear sections, referred to as “nuclear profile volume,” is smaller
in the isthmus than in the pit (Table 1). Yet the mean
“whole nuclear volume” is greater in isthmus than in
pit (Table 1).The discrepancy indicates that even though
isthmal nuclei are narrower than pit nuclei, they are
larger. Nucleoli include more fibrillar centers as well as
a better developed pars fibrosa in the isthmus than in
the pit or gland cells (e.g., compare Fig. 16 with Figs. 13
and 21, respectively). Moreover, upper isthmus nucleoli
are larger than those of lower isthmus (e.g., Fig. 16 vs.
Fig. 17).
The pit (Fig. 1)has been divided into four rather than
three regions as done previously (Lee, 1985b). The first
segment, P1, is characterized by cells that include many
dense granules and a nucleolus of moderate size (Figs.
18, 38); the cells are considered to be completing differentiation (Lee, 198513). In the second segment, P2, cells
are mature, and their nucleoli retain a moderate size
(Figs. 19, 39). At higher levels, signs of degeneration
gradually appear in cytoplasm and nucleus. The nucleolus decreases in size in the third segment, P3, as shown
in Figures 20 and 40, and becomes small and compact
in the surface segment, P4(S) (Table 2). Surface cell
nucleoli usually have only one fibrillar center with relatively little pars fibrosa and granulosa (Figs. 21,411.
The gland (Fig. 1)has been divided into three small
segments, in which all cells contain core granules that
increase in size from isthmus to gland base (Lee and
Leblond, 1985b). The nucleoli in the cells of the uppermost segment, G3, differ little from those of the lower
isthmus, 11, but appear larger than in the lower segments, G1 and G2 (Figs. 13, 14; Table 2).

ence in the counts between the three gland segments,
but there was a progressive decrease along the pit to
reach a minimal value at the surface.
In the EM, nuclear silver grains were seen to be generally more numerous over the nucleoplasm than the
nucleolus. In the nucleoplasm, label incorporation was
fair at the level of the gland (Figs. 3-51, greater in the
isthmus (Figs. 6,7) and rather low in the pit (Figs. 8-11).
In confirmation, counts of nucleoplasmic silver grains
(Fig. 12) were fairly high in the three gland segments,
significantly higher in the isthmus, and gradually decreasing along the pit up to the surface. In the nucleolus,
label incorporation was low in the first two gland segments (Figs. 13, 14); it was increased in the third segment (Fig. 15), and even more in the isthmus (Figs. 16,
17), but it was low again in the pit (Figs. 18, 19), especially at the upper levels where silver grains were frequently lacking (Figs. 20, 21). This pattern was
confirmed by counts of silver grains over nucleolar profiles (Fig. 12);they were fairly low in the first two gland
segments, the counts rose significantly in the isthmus,
but they dropped sharply in the first segment of the pit
and continued decreasing up to the surface (Fig. 12).
3H-oroticAcid Incorporation

After an injection of 3H-orotic acid, the sections of the
antrum had to be exposed at least five times as long as
those of the animals given 3H-uridine to obtain an adequate radioautographic reaction. Under these conditions, the labeling observed in the LM was fairly high
in the upper segment of the isthmus and in the lower
half of the pit, but it was rather low in the gland, as
confirmed by silver grain counts per nuclear profile (Fig.
22).
In the EM, the nucleoplasm showed a higher incorporation than the nucleolus at all levels. The label was
rather low in the nucleoplasm of gland cells (Figs. 2325) and lower isthmus cells (Fig. 26), with some increase
in the upper isthmus (Fig. 27) and particularly along
the pit (Figs. 28-31). Grain counts (Fig. 32) were low
throughout the gland and in the lower isthmus. They
were significantly higher in the upper isthmus and pit,
with a peak in the second pit segment. The nucleolus
showed rare silver grains in the three gland segments
3H-uridineIncorporation
(Figs. 33-35) and lower isthmus (Fig. 361, more abunFollowing an injection of 3H-uridine, LM radioauto- dant ones in the upper isthmus (Fig. 37), and fewer in
graphs showed silver grains over all nuclei but not over the pit (Figs. 38-40), often with none at the free surface
the cytoplasm of the antral epithelium. The grains were (Fig. 41). Grain counts over the nucleolus (Fig. 32) were
more abundant over the nuclei of isthmal cells than over fairly low throughout, except for a small peak in the
those of gland or pit cells, as shown by grain counts per upper isthmus; there was a gradual decrease along the
nuclear profile (Fig. 2). There was no significant differ- pit.
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Fig. 2. Silver grains counted in light microscopic radioautogra hs
over nuclear profiles in mouse antral unit segments 20 min after a Huridine injection. The incorporation into either isthmal segment is
significantly higher than into the gland segments, Gl-G3 (P < .002),

f:

DISCUSSION
RNA Synthesis After 3H-uridineInjection

In the salvage pathway, the circulating uridine enters
cells and is phosphorylated successively to uridine mono,-di-, and tri-phosphate (respectively UMP, UDP, and
UTP), the last one of which is incorporated into forming
RNA. This incorporation was examined by 3H-uridine
radioautography in the mouse antral epithelium under
conditions comparable to those used in a study of the rat
small intestinal epithelium (Uddin et al., 1984). These
authors demonstrated that the high-specific-activityuridine that they utilized was a physiological tracer of the
circulating uridine and, consequently, that radioautographic grain counts were directly related to the amount
of RNA synthesized from the uridine. Since similar conditions were used in the present study, the grain counts
could also be related to the rate of RNA synthesis. Furthermore, the time used for the sacrifice of the animals20 min after injection-was selected on the basis of previous experience (Amano et al., 19651, which indicated
that the uptake of uridine into nuclear RNA was generally completed by that time. Moreover, the rarity of
silver grains over the cytoplasm indicated that hardly
any labeled RNA had migrated out of the nucleus. In
conclusion, silver-grain counts over nuclei provided an

or the pit segments, Pl-P4 ( P < ,021. The differences between individual gland andor pit segments are not significant, except between P1
and P4(S) (P< ,021.

index of the rate at which the various cells of antral
units utilized the salvage pathway for the synthesis of
RNA.
Whether the counts recorded after 3H-uridine injection were expressed per nuclear profile (Fig. 2) or per
whole nucleus (Table 3), they were higher in isthmal
cells than in gland or pit cells. Thus, in the upper isthmus, the counts per whole nucleus were about three
times as high as in the gland and about six times as
high as in the pit. It was concluded that the rate of RNA
synthesis from circulating uridine was much greater in
the isthmus than in the gland or pit. In the only two
relevant publications on the uptake of 3H-uridine by
antral cells (Shorter and Creamer, 1962; Deschner et al,
1972), the unit was divided into four or three regions,
respectively; maximal incorportion of label was found in
the deepest one. Since, on the average, an antral unit
contained 253 mucous cells, and of these the isthmus
included 29 cells and the gland, 30 cells Gee, 1985a),
isthmus and gland comprised 23% of the unit; therefore,
both must have been included in the region of maximal
incorporation of Shorter and Creamer (1962) and of Deschner et al. (1972). Hence, their results were compatible
with ours. The isthmus, which was the site of active
RNA synthesis from uridine, was composed of immature, poorly differentiated cells (Lee and Leblond, 1985a);

214

R. BISSONNETTE ET AL.

Figs. 3-11. 3H-uridine radioautographic reactions over the nude@ pit segments P1,P2,P3,and P4(S)(Figs. 8-11,respectively). Reactions
plasm of the gland segments G1,G2,and G3 (Figs. 3-5, respectively), are heavier over the nucleoplasm of isthmus cells than over that of
of the isthmus segments I1 and I2 (Figs. 6 and 7, respectively), and of gland or pit cells. ~40,000.
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Fig. 12. Silver grain counts in electron microscopic radioautographs
over nucleoplasmic and nucleolar profiles in antral unit segments 20
min after a 3H-uridine injection. In the nucleoplasm, any isthmal
segment incorporates significantly more label than either the three
gland segments ( P < .02) or the pit segments ( P < .01) except P1 LO5
< P < .lo). The differences between individual pit segments are not
significant. (Thus, the decrease from P1 to P4(S)has a P-value between

.05 and .lo.) In the nucleolus, too, any isthmal segment incorporates
more label than the three gland segments ( P < .02) or the four pit
segments (P < .01). In the gland, nucleolar counts over segment 3
were higher than over segments 1 and 2, but not significantly so LO5
< P < .lo). In the pit, the difference between P1 and P4W is significant at the P < .01level.

the gland and pit, where this RNA synthesis was moderate or low, showed a predominance of differentiated
cells. Moreover, when the grain counts per whole nucleus (Table 3) were related to the changes in the cells
migrating along the pit (Lee, 1985b),it became apparent
that the RNA synthesis from uridine dropped sharply in
segment P1 in which cells were undergoing differentiation, seemed to decrease further in P2 where cells
reached maturity, and dropped even further in P3 and
PqS) where cells degenerated.
The nature of the newly synthesized RNA detected by
EM radioautography was clarified by counts of silver
grains over nucleolus and nucleoplasm. The incorporation of label into the nucleolus was interpreted as providing an index of ribosomal RNA (rRNA) synthesis
(Fakan and Bernhard, 1971; Jordan, 1978; Uddin et al.,
1984), whereas the incorporation into the nucleoplasm
was attributed to the synthesis of messenger RNA
(mRNA) and transfer RNA (tRNA) (Uddin et al., 1984).
For the nucleoplasmic reactions, however the tRNA was
known to be renewed rather slowly, whereas the hetero-

geneous RNA (hnRNA) that gave rise to mRNA was
being produced at a rapid rate. For instance, the proportion of RNA types appearing in culture of mouse fibroblasts (Brandhorst and McConkey, 1974) was 39% in
rRNA, 58% in hnRNA, and only 3% in tRNA (Alberts et
al., 1983). It was likely, therefore, that most of the nucleoplasmic label was in newly formed hnRNA.
The EM counts over nucleolus and nucleoplasm were
rather high in the isthmus and decreased in the gland
and particularly in the pit. When the proportion of label
over the two regions of the nucleus was calculated, the
nucleolus accounted for nearly half (48%)in the upper
isthmus; it accounted for less in the gland, with 23%in
the lowest segment, and for a decreasing proportion in
the pit, with only 9% at the mucosal surface. In fact,
grain counts over the nucleolus varied in parallel with
its size, which was large in the upper isthmus, smaller

C

ch

Abbreviations
fibrillar center
f
chromatin
g

pars fibrosa
pars granulosa

Figs. 13-15. 3H-uridine radioautographic reactions over nucleoli of frequently located over the pars fibrosa than granulosa. (In Fig. 15,
gland segments G1, G2, and G3. Silver grains are scarce over the the fibrillar center is hidden by the letter “c”.) ~ 4 0 , 0 0 0 .
nucleolus, except in G3. In this and following figures, grains are more
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Figs. 16, 17. 3H-uridine radioautographic reactions over nucleoli of
isthmus segments I1 and 12. While silver grains are numerous in both
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segments, the nucleolus is larger, and the grains are more numerous
in I2 (Fig. 17). ~40,000.
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Figs. 18-21. 3H-uridine radioautographic reactions over nucleoli of 19) or absent (Figs. 20, 21). (In Fig. 21, the small fibrillar center is
pit segments P I , P2, P3, and P4(S). Silver grains are scarce (Figs. 18, covered by the letter “c” and is surrounded by pars fibrosa.) X40,OOO.
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Fig. 22. Silver grains counted in Zight microscopic radioautographs
over the nuclear profiles in antral unit segments, 20 min after an
injection of 3H-orotic acid. Significant differences exist between the

I

I
I

I

I

I

two isthmal segments (P < .05), between gland segments and the
upper isthmus (P < .001),as well as between P46) and either P1 or
P2 (P < .05).

passage through a free uridine stage; the UMP is then
phosphorylated to UDP and UTP, which is processed to
RNA. Unlike the 3H-uridineof the salvage pathway, the
3H-orotic acid entering cells from the circulation is diluted by endogenous unlabeled orotic acid. The proportion of endogenous orotic acid is not known but might
be high, since the long exposure needed for 3H-orotic
acid radioautography may be interpreted as being due
to dilution of the entering label by a large amount of
nonlabeled orotic acid. Consequently, the results cannot
be directly compared with those obtained after 3H-uridine injection. Yet, the specific activity of the 3H-orotic
acid is suffkiently high for its acting as “tracer” of the
mixed orotic acids. Hence, silver-grain counts after 3Horotic acid injection provide an index of the relative rate
at which the various cells of the antral unit utilize the
de novo pathway for the synthesis of RNA. Thus, even
though the incorporation of 3H-orotic acid label cannot
be related to that of ’H-uridine, it can be adequately
RNA Synthesis After 3H-orotic Acid Injection
compared from cell type to cell type or within the organThe orotic acid present in cells arises, for the major elles of a cell.
Following 3H-oroticacid injection, the counts of silver
part, from intracellular synthesis (Jones, 1980). According to Hauschka (19731, this endogenous material mixes grains over the upper isthmus were equal to those over
with orotic acid that arises from the circulation. Both the first two pit segments when results were expressed
jointly go through the last steps in the series of reactions per nuclear profile (Fig. 22) but were about twice as
known as the de novo pathway, ending in UMP without large when expressed per whole nucleus (Table 3). When

in the gland, and gradually decreasing along the pit to
become small and compact toward the surface (Table 2);
and it was known that the decrease in nucleolar size
was associated with increasing differentiation (Lee,
1985b). In conclusion, the nucleolar grain counts indicated that rRNA synthesis from uridine was intense in
upper isthmal cell nucleoli, moderate in gland cell nucleoli, and gradually decreasing along the pit to reach a
minimal level in surface cell nucleoli. Thus rRNA synthesis for uridine decreased as differentiation progressed.
The grain counts over nucleoplasm were substantially
greater in the isthmus than in the gland or pit (Fig. 12).
Since the incorporation of uridine label into the nucleoplasm was mainly due to hnRNA synthesis (with only a
small amount being incorporated into DNA; Uddin et
al., 19841, it was concluded that, to a lesser degree than
in the case of rRNA, the synthesis of hnRNA from uridine was gradually reduced as differentiation increased.
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Figs. 23-31. 3H-orotic acid radioautographic reactions over the nu- P4(S) (Figs. 28-31). Reactions are weak in gland segments but are
cleoplasm of gland segments G1,G2, and G3 (Figs. 23-25); of isthmus stronger in upper isthmus and pit, especially in segments P1 and P2.
segments I1 and I2 (Figs. 26, 27); and of pit segments P1,P2, P3, and x40,OOO.
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Fig. 32. Silver grain counts in electron microscopic radioautographs
over nucleoplasmic and nucleolar profiles in antral unit segments 20
min after 3H-orotic acid injection. In the nucleoplasm, the upper isthmus, 12, differed significantly from the gland segments and lower
isthmus, I1 ( P < ,005). In the second pit segment, the counts differed
from those in the first one ( P < ,021 and from those in all gland and

isthmus segments ( P
.02) as well as from those in the last pit
segment, P4(S) ( P < .02). In the nucleolus, the counts in the upper
isthmal segment, 12, differed from those in the lower one ( P < .05) and
gland segments (P < .05), but not from those in pit segments, except
from P4W ( P < .05).

separate counts over nucleolar and nucleoplasmic profiles were obtained in the EM, the bulk of label uptake
was observed in the nucleoplasm of upper isthmus and
pit (Fig. 32). However, since the whole nuclear volume
was relatively high in the undifferentiated cells of the
isthmus and small in the differentiated cells of pit and
gland (Table l), it was likely that the grain counts over
the nucleoplasm, like those over whole nuclei in Table
3, were higher in the upper isthmus than in the pit. The
synthesis of hnRNA in the nucleoplasm, therefore, was
probably greater in the undifferentiated cells of the upper isthmus than in the differentiated cells of the pit.
Nevertheless, pit cells played a more important role in
orotic acid metabolism than in uridine metabolism.

(1984) on the rat duodenum, where the undifferentiated
cells of the crypt maximally incorporate label after 3Huridine injection.
After 3H-orotic acid injection, Uddin et a1 (1984) observed negligible incorporation in crypt cell nuclei, but
a peak in mid-villus where differentiated cells are located; they proposed that little rRNA but much mRNA
and/or tRNA is formed using the de novo pathway. The
situation is similar in the antrum. The orotic-acid label
is low in nucleoli, whereas in the nucleoplasm it predom-

CONCLUSIONS
RNA synthesis has been examined by radioautograhy in the cells of mouse pyloric antrum. Following a
uridine injection, the label largely predominates over
the nuclei of the poorly differentiated isthmal cells; and
it is concluded that these cells actively use the salvage
pathway for the synthesis of rRNA and other RNAs.
The results are in agreement with those of Uddin et al.

Gland
Isthmus
Pit
G1 G2 G3 I1 I2 P1 P2 P3 P4(S)

$-

TABLE 3. Silver-grain count calculated per whole nucleus
in mouse pyloric antral units

After
3H-uridine
injection
After
3H-orotic acid
injection

20

26

21 58 70 17

15

9

9

16

14

14 26 44 20 22

15

13
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Figs. 33-35. 3H-orotic acid radioautographic reactions over nucleoli
of gland segments G1, G2, and G3. Silver grains are absent (Fig. 33) or
scarce (Figs. 34, 35). x 40,000.

RNA SYNTHESIS IN PYLORIC ANTRUM CELLS

Figs. 36-37. 3H-orotic acid radioautographic reactions over nucleoli
of isthmus segments I1 and 12. Silver grains are few in segment I1
(Fig. 36) and more numerous in segment I2 (Fig. 37). ~40,000.
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Figs, 38-41.3H-orotic acid radioautographic reactions over nucleoli
of pit segments P1,P2, P3, and P4(S). Silver grains are present in low

numbers (Figs. 38-40) and are often absent, especially at the surface
segment (Fig. 41). X40,OOO.

RNA SYNTHESIS IN PYLORKC ANTRUM CELLS

inates over the fully differentiated cells of the pit. However, when the incorporation is calculated per whole
nucleus, the undifferentiated cells of the isthmus seem
to incorporate more orotic-acid label than do pit cells.
Since Uddin et al. (1984) did not measure nuclear volume, their results cannot be expressed per whole nucleus. It is possible, therefore, that undifferentiated cells
play a more important role in the orotic-acid metabolism
of duodenum than is assumed by those authors. Nevertheless, in the duodenal villi as in the antral pits, the
differentiated cells, when compared to the undifferentiated ones, synthesize hnRNA from orotic acid more effectively than from uridine. On the other hand, uridine
is implicated more than orotic acid in the synthesis of
rRNA by the nucleolus.
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