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Summary

The influence of lactation period and weaning on the distri-
bution, number, and structure of somatotropic cells (GH cells)
in ewes was studied using immunocytochemical procedures for
light and electron microscopy, as well as morphometric and
stereological techniques. The adenohypophyseal gland of 12
ewes of the Segurefia breed in different stages of milk production
and weaning was studied, while three ewes in anoestrus served
as controls. The size of secretory granules was heterogeneous
in all stages, suggesting that this characteristic is not related to
functional activity. During lactation and weaning the size of
GH cells decreased, while the number of ‘synthesis cells’
increased. The rough endoplasmic reticulum and Golgi complex
appeared more developed and small secretory granules showed
lower gold particle labelling. These data suggest that GH cells
are more active during lactation, particularly during late
lactation.

Introduction

Growth and milk production, two of the most important activi-
ties of sheep farming, depend, respectively, on the secretion of
two hormones, somatotropin (GH) and prolactin (PRL). These
hormones are synthesized by two different cell types, som-
atotropic cells (GH cells), which secrete GH and mammotropic
cells (PRL cells), which secrete PRL (Kurosumi, 1991).

Galactopoietic activity has been attributed to GH cells [after
the administration of growth hormone-releasing factor (GRF)
or exogenous GH] in cattle, sheep (Hart etal., 1985; Enright
etal., 1986, 1988, 1989; Peel and Bauman, 1987) and goats
(Mepham etal., 1984). These reports corroborate previous
suggestions of Cowie (1971) and Hart and Flux (1973) con-
cerning the influence of GH on milk production in goats. Other
authors (Vasilatos and Wangsness, 1981; Gluckman et al., 1987)
have suggested that the secretion of GH during peak milk
production has a functional meaning. On the other hand, the
decreased plasma levels of GH during lactation in rats (Saun-
ders etal., 1976) are due, according to Porter etal. (1990) and
Scheitauer etal. (1990), to a decrease in GH cell number and
activity. These findings suggest that GH does not influence milk
production in rats (Saunders et al., 1976; Porter et al., 1990) and
humans (Scheitauer etal., 1990).

In this study we tested the hypothesis of a direct influence of
GH in milk production in sheep, by assessing the expected
increase in the number and activity of GH cells during lactation,
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and their gradual decrease during weaning, using immuno-
cytochemical techniques for light and electron microscopy.

Materials and Methods

The adenohypophysis of 15 ewes of the Segureiia breed was
studied. The individuals were distributed into three groups. The
first consisted of three 1year old ewes in anoestrus (control).
The second group was composed of six ewes in lactation; three
of them 7days into lactation (early lactation) and the other
three in the third month (late lactation). These last animals
were sacrificed immediately after suckling. The third group
comprised six ewes after weaning, three animals in the third
month of lactation and 1 day after weaning and three animals
7 days after weaning.

The animals were anaesthetized with Penthotal and the head
was perfused through both carotids under direct systolic pres-
sure for 15-20 min. Then a rinsing solution was introduced for
1 min (0.8% sodium chloride +0.4% dextrose 40.8% sucrose
+ 1% sodium nitrite in phosphate-buffered saline (PBS) 0.12 M,
pH 7.4) followed by a fixing solution of 4% paraformaldehyde
and 0.5% glutaraldehyde in PBS 0.12M, pH 7.4. The adeno-
hypophysis was sectioned into two halves along the sagittal
plane, with one being used for light microscopic study and the
other for an ultrastructural study. All samples were obtained
between April and July.

Light microscopy

The sagittal half of each gland was washed in cacodylate buffer
(0.2Mm, pH 7.2 with 1% sucrose) for 1h, refixed in sublimate
formalin (Gerad’s liquid), and embedded in poliwax (Difco,
MVS, Buckingham, UK). Sixty sagittal serial sections (4—5 um
thick) were mounted on slides. Double immunolabelling was
carried out by combining the indirect immunoalkaline phos-
phatase technique (AP) with the ABC immunostaining tech-
nique (AP-ABC). In the first immunoreaction, the samples were
incubated with rabbit anti-ovine GH (1:1000, UCB, Brussels,
Belgium) for 60 min at 32°C, after treatment with normal goat
serum (Sigma, St Louis, USA) at 1:30 dilution. Biotinylated
swine anti-rabbit IgG (DAKO, Santa Barbara, USA) was used
as the second antibody at 1:250 dilution in Tris-buffered saline
(TBS; 0.05M pH 7.6) for 20 min. The slides were then rinsed and
incubated for 30 min with the anti-biotin AP complex (Sigma)
diluted 1:100 in the same buffer for 30 min. After rinsing with
TBS, AP was developed with naphthol-AS-MX-phosphate
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(0.1 M Tris buffer pH 8.2 containing 0.24 mg levamisol (Sigma)
and 1 mg fast blue salt (Sigma)). After the first immunoreaction
the sections were then treated for 1h at 60°C with par-
aformaldehyde vapour. Samples from the second immu-
noreaction were incubated with rabbit anti-ovine PRL (1:1000,
UCB) for 60 min at 32°C. Swine anti-rabbit IgG (Sigma) was
used as the second antibody at 1:250 dilution. The reaction was
then continued with PAP soluble complex (Sigma) at a dilution
of 1:100. The reaction was visualized with 3-3" diam-
inobenzidine tetrahydrochloride (DAB, Sigma). The slides were
not counterstained, and were mounted with glycer gel (Dako).

Electron microscopy

The remaining half of each gland was divided into three por-
tions: anterior, middle and posterior. Samples were taken from
the central and peripheral regions of each portion, and then
fixed by immersion in 3% glutaraldehyde in PBS pH 7.4, and
post-fixed in 1% osmic tetroxide for 2h at 0°C. The tissue was
then dehydrated in graded alcohol and propylene oxide, and
embedded in Epon.

The immunocolloidal gold complex method of Roth (1983)
was followed. Ultra-thin sections were etched for 30 min with
sodium metaperiodate (Bendayan and Zollinger, 1983). After
washing with TBS, the sections were successively incubated at
32°C in the following solutions diluted in TBS: normal goat
serum, 1:30 for 20 min (Sigma); rabbit anti-ovine GH, 1:1000
for 60 min; goat anti-rabbit immunoglobulin coupled to Au
10 nm (1:40, Serva, Germany) for 30 min. Ultra-thin sections
were treated for 1h at 60°C with paraformaldehyde vapour
after the first immunogold stain according to a slight modi-
fication of the method by Wang and Larsson (1985). The second
immunogold reaction was completed using the alternative pri-
mary antibody (anti-ovine PRL, 1:5000) and a different size
of colloidal gold particle (20nm). The grids were routinely
contrasted with uranyl acetate and lead citrate.

For both light and electron immunocytochemistry the speci-
ficity of the staining was checked as follows: (1) incubation of
normal rabbit serum instead of specific anti-serum; (2) adsorp-
tion of the specific anti-serum with its corresponding hom-
ologous hormone. No immunostaining was recognized in these
controls.

Morphometry

The numerical densities of GH cells were calculated in five fields
of 10000 um? per section chosen randomly from 10 sections of
the pars distalis, separated from each other by 50 um. A total
of 50 fields per animal was evaluated.

The other parameters (cell area and diameter for light
microscopy, and numerical density of the secretory granules
and granular diameter for electron microscopy) were calculated
with an Image Analyser Computer (IMCO 10 Kontron Bild-
analyse, Eching, Germany), using the Microm Image processing
software (Microm, Madrid, Spain). Twenty immunoreactive
cells of each animal were chosen randomly from the different
sections separated from each other by 50 um, in order to deter-
mine the cell area and diameter. Twenty micrographs per group
of whole GH cells were analysed at a final magnification of
x 14800, in order to determine the size of a minimum of 20
secretory granules per hormone and cell, and the numerical
density (Nv) of the secretory granules in um?®. Nv was estimated
according to the point-counting method (Weibel and Gomez,
1962), in which Nv = K/B x Na*?/Vv'? Na being the number
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of secretory granules per unit of cytoplasmic area, Vv the den-
sity volume of the secretory granules, and K and f are constants
calculated according to Weibel and Gomez (1962) (K = 1.05
and f = 1.38 for this study). The density of granule volume in
um® (Vv) was determined from photographs magnified
x 11500, following Weibel’s (1979) stereological method of
area analysis, in which Vv = Ao/At = Vo/Vt; Ao corresponds
to the total area of the profiles due to a particular secretory
granule, whereas At is the total area of the section, Vo is the
volume occupied in the section, and Vt is the total volume of
the section.

The secretory granules were classified, according to their
diameter, into three classes: small (<300 nm), medium (small
and large granules) and large (>400nm). GH cells were con-
sidered to be of the ‘synthetic’ type when the rough endoplasmic
reticulum (RER) and Golgi complex (GC) were moderately or
well developed and the granule content was medium or low.
The ‘storage’ type corresponds to cells with the RER and GC
poorly or moderately developed but with a high granule
content. The ‘immature or inactive’ type corresponds to a
poorly developed RER (and GC), and a low granule content.
The same criteria were previously used by Racadot (1963) and
Sanchez etal. (1992, 1993).

For the quantification of gold particle labelling density (num-
ber of gold particles per unit of sectional area of the granules;
Bendayan, 1984), the number of gold particles was calculated
automatically with the Image Analyser computer in at least 30
randomly selected granules from 16 GH cells of each group
using micrographs at a final magnification of x 113 800.

The statistical analyses were carried out with the STATISTIX
3.5 program (Analytical Software, Florida). The differences
between means were determined by applying the Scheffe and
Tukey test and significance is reported at the level of P < 0.01.

Results

Light microscopic

GH cells were distributed homogeneously throughout the pars
distalis of the adenohypophysis in all of the animals. They were
found near large blood vessels except in the rostral and medial
portions of the gland.

GH cells generally formed groups or ‘palisades’ in the dorso-
caudal portion of the gland, but appeared isolated or clustered
into small groups in the ventrocaudal portion. Cell area and
diameter decreased from anoestrus to the following stages
(Table 1), suggesting an increasing activity of this cell type from
anoestrus onwards. There were no significant differences in the
cellular density between lactating and post-weaning groups.
The GH cells varied in shape but were mostly spherical or oval.

Ultrastructural study

The RER and GC typical of ‘synthetic cells’ were seen in 10%
of the cells during anoestrus and early lactation, in 35% of the
cells during late lactation (Figs 1, 2), and in 40% of cells after
weaning (Fig. 3). The other cells corresponded to the ‘storage’
type, as the typical RER and GC of ‘immature or inactive’ cells
were not seen. RER was made up of narrow cisternae (Fig. 1)
sometimes slightly dilated (Fig.2), or concentric cisternae dis-
tributed throughout the cytoplasm with scarce secretory gran-
ules after weaning (Fig. 3). The volume density of the secretory
granules decreased in early lactation and weaning although not
significantly, while the numerical density only increased in early
lactation (Table 1).
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Table 1. Mean + standard

error of different Anoestrus EL LL AWI1 AW7

somatotropic cell (GH cell)

parameters of adult CD 13.52 + 2.44%* 11.71 £ 2.24 11.37 £ 2.36 11.08 +1.92 11.71 + 3.23

ewes in anoestrus, lactation CA 90.10 £+ 23.91** 61.43 +17.02 60.40 + 14.16  62.52 + 13.57 56.43 + 20.07*

(early (EL) and late (LL)) and NvC 20.74 + 9.96 18.84 + 5.86 2146 775 2022+ 776 22.00 + 6.92

weaning (1 day (AW1) and GD 421 + 84.50** 380 + 85.30 378 4+ 78.98 365 4+ 91.03 363 4+ 82.42

7 days (AW?7) after weaning) VvG 15.29 + 5.57 12.38 + 6.22 16 + 7.89 12.08 + 12.20 9.86 + 5.41
NvG 1.70 + 0.58 2.27 4+ 0.88%** 1.73 £ 045 1.61 + 0.81* 1.89 +£0.48
LD 395 4 78.24%* 325.9 4+ 32.99 318.54+12.65  346.4 + 34.50* 333.3 44341

*Significant differences between lactation or weaning groups; ** significant differences between anoestrus
and lactating or weaning groups (* P < 0.01). CD, cellular diameter in um; CA, cellular area in gm? NvC,
numerical density of GH cells in 10000 um?, GD, granular diameter in nm; VvG, volume density of
secretory granules in um?; NvG, numerical density of secretory granules in um?; LD, labelling density or
number of gold particles per unit of sectional area of the secretory granule.
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Fig. 1. Somatotropic cell (GH cell) with moderate ‘synthetic’ activity and moderately developed RER, paralle-:l.;:isltcrnae (star) and a moderate

density of secretory granules. Ewe, 3 months in lactation. Bar = 1 um.

Half the GH cells were well granulated in anoestrus, 30%
moderately granulated and 20% poorly granulated (Fig.4).
The number of well-granulated cells increased (70%) in early
lactation and decreased in late lactation (35%), while the num-
ber of moderately granulated cells increased (65%) in the latter
period (Fig.4). One day after weaning these average numbers
were similar to those observed in anoestrus, while 7 days after
weaning the number of moderately granulated cells increased
to 50% (Fig. 4).

The diameter of the secretory granules decreased in the lac-
tating and weaning groups, in which they showed significant
differences from ewes in anoestrus (Table 1), with a prevalence
towards medium- and large-sized granules (> 300 nm).

The average labelling density decreased during lactation and
increased slightly 1 day after weaning, before decreasing again

7 days after weaning. There were significant differences between
the anoestrus group and both the lactation and weaning groups
(Table 1). Significant differences also occurred between both
subgroups of weaning animals (Table 1).

Lysosome-like structures with a moderately electron-dense
content were abundant in lactation, and their number and size
increased 7 days after weaning. Crinophagy figures and lipid
drops were also frequent 7 days after weaning.

Discussion

The distribution of GH cells observed in lactating and weaning
ewes was similar to that observed in anoestrus, with a pre-
dominance in the dorsocaudal regions of the hypophysis, as
described by Tassell and Kennedy (1972), Ortman (1987) and
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Fig. 2. ‘Sytﬁhetic’ sotﬁatotfopic cell (GH cell) at the beginning of ‘storage’ with moderately developed R

Mammotropic cell (PRL cell) to the right (asterisk). Ewe, 3 months in lactation. Bar = 1 ym.

Fig. 3. Beginning of ‘synthetic’ activity of somatotropic cell (GH cell) with scarce granules and
granulated GH cell (left). Ewe, 3 months in lactation and 1 day after weaning. Bar = 1 um.
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8 Flux (1973) and Gluckman etal. (1987). In contrast to the
70 releasing pattern found for PRL (Gémez-Marin, 1994), the
60 suckling stimulus does not seem to influence the release of GH,
50 as no degranulated cells were observed during lactation. This

finding agrees with that put forward by Hart and Linzell (1977).

40 This release of GH after weaning and the presence of degranu-
30 lated cells remain unexplained. Future studies should test the
20 influence of the high levels of PRL (Esquifino etal., 1989) at the
beginning of weaning, or even the influence of sexual steroids

0 (Gopinath and Kitts, 1984) which are associated with the begin-
0 ning of oestrous, on the release of GH hormone. After weaning

Well Moderately Poorly

Fig. 4. Proportions of well-, moderately and poorly granulated som-
atotropic cells (GH cells) in ewes in anoestrus, early lactation (EL), late
lactation (LL) and 1 (AW1) and 7 days after weaning (AW7).

Bernabé etal. (1995-1996). The number of GH cells remained
constant throughout lactation, unlike those observed by Cinti
etal. (1985) and Porter et al. (1990) in rats, and Navarro (1987)
in goats, where the numbers decreased.

During lactation and weaning the size of the GH cells was
smaller than during anoestrus, suggesting that the hormone is
secreted during lactation. High levels of plasma GH during peak
lactation is thought to reflect the effect of GH in stimulating
galactopoiesis (Gluckman etal., 1987). Carretero etal. (1990)
observed the opposite situation in ovariectomized rats, where a
decrease in the plasma levels of GH was accompanied by an
increase in the area and number of GH cells. The structural
results reported here for GH cells agree with these conclusions
regarding the galactopoietic effect of GH and its releasing factor
in ruminants (Hart etal., 1985). In other species GH cells do
not seem to influence lactation, such as rodents and humans,
in which plasma levels of GH decrease during gestation and
lactation. Additionally, the number of GH cells is lower which,
in turn, secrete a smaller quantity of hormone (Porter etal.,
1990; Scheitauer etal., 1990).

Morphological data suggest that in goats GH cells par-
ticipate in early lactation. This is corroborated by the decrease
in granule size and granule labelling density during early
lactation, suggesting that the hormone is released to a greater
extent during this stage. Data referring to the Vv and Nv of the
secretory granules suggest that GH cells are much more heavily
granulated during early lactation (70%), than during late lac-
tation (35%) and weaning (40%), when the number of secretory
granules decreases, and RER and GC increase in size. However,
these changes do not seem to affect the biosynthetic activity
during anoestrus and early lactation, as 10% of cells are ‘syn-
thetic’ in both phases.

During late lactation and weaning the percentage of ‘syn-
thetic’ cells increased, suggesting that synthetic activity is
enhanced during late lactation. The fact that during this phase
the hormone is stored in smaller granules suggests that the
newly synthesized hormone is frequently released.

Labelling density was significantly lower during lactating
and weaning than in anoestrus, suggesting that the levels of
hormone stored during the former phases are lower, as observed
by Gomez-Marin (1994) in pre-pubertal lambs.

These findings together with the decrease in cell area during
lactation point to the participation of GH in lactation, par-
ticularly during late lactation. Sanchez etal. (1992) observed
increased synthetic activity in lactating goats, which agrees with
the increased plasma levels of hormone observed by Hart and

lysosomes and crinophagic figures, both of which contribute to
regulating cell hormone levels, are frequently seen particularly
after 7 days.

In conclusion, the morphological data observed in GH cells
from ewes at the milk production stage indicate an increase in
GH synthesis and release compared with the levels observed at
anoestrus. The initial hypothesis is therefore partly corrob-
orated, as no numerical increase in GH cell numbers was
observed.

Acknowledgements

We gratefully acknowledge the technical assistance of J. San-
chez and C. de Jodar in light microscopy, the Electron
Microscopy Service and Dr M. T. Castell from the Image
Analysis Unit of the University of Murcia. Dr J. Sanchez for
technical advice with the immunogold colloidal technique. Mr
Philip Thomas helped with the English.

References

Bendayan, M., 1984: Protein A-gold electron microscopic immunocyto-
chemistry: methods, applications and limitations. J. Electron
Microsc. 1, 243-270.

Bendayan, M., and M. Zollinger, 1983: Ultrastructural localization of
antigenic sites on osmium-fixed tissues applying the protein A-gold
technique. J. Histochem. Cytochem. 31, 101-109.

Bernabé, A., M. A. Gémez, J. Gomez-Marin, J. Sanchez, J. A. Navarro,
and S. Gomez, 1995-1996: Heterogeneidad morfolédgica y funcional
de las células GH en ganado ovino. Infuencia de la edad y el sexo.
An. Vet. (Murcia) 11-12, 77-87.

Carretero, J., F. Sanchez, M. Montero, E. Blanco, J. M. Riesgo, E.
Carbajo, R. Gonzailez, and R. Vazquez, 1990: Morphological and
functional study of the GH-immunoreactive adenohypophyseal cells
in ovariectomized rats. Histochem. J. 22, 683-687.

Cinti, S., A. Sbarbati, M. Marelli, and F. Osculati, 1985: An ultra-
structural morphometric analysis of the adenohypophysis of lac-
tating rats. Anat. Rec. 212, 381-390.

Cowie, A. T., 1971: In lactation. Proceedings of the 17th School of
Agricultural Science, University of Nottingham 1970 (I. R. Falconer,
ed.). London: Butterworth, pp. 132-136.

Enright, W. J., L. T. Chapin, W. M. Moseley, and H. A. Tucker, 1986:
Effect of 20-day intravenous infusions of growth hormone-releasing
factor on lactation in dairy cows. J. Dairy Sci. 69, 117.

Enright, W. J., L. T. Chapin, W. M. Moseley, and H. A. Tucker, 1988:
Effect of inclusions of various doses of bovine growth hormone and
lactation in Holstein cows. J. Dairy Sci. 71, 99-108.

Enright, W. J., L. T. Chapin, W. M. Moseley, S. A. Zinn, M. B.
Kamdar, L. F. Krabill, and H. A. Tucker, 1989: Effects of inclusions
of various doses of bovine growth hormone-releasing factor on blood
hormones and metabolites in lactating Holstein cows. J. Endocrinol.
122, 671-679.

Esquifino, A. I., C. Agrasal, and M. A. Villanua, 1989: Prolactina:
fisiologia y reproduccion. In: Fisiologia Endocrina (J. A. Fernandez-
Tresguerres, ed.). Madrid: Eudema, pp. 179-192.

Gluckman, P. D., B. H. Breier, and S. R. Davis, 1987: Physiology of

85USD 17 SUOWIWIOD BAIea1D) 3|qedt|dde ays Aq peusenob ke sso e WO ‘88N 40 S3|n1 10} A%iq 178U IUO AB|IM UO (SUOIPUOO-PUe-SULRYWOD" A 1M Afeiq U1 |UO//SAIY) SUORIPUOD pUe SIS | 84} 835 *[7202/T0/TE] U0 ARIgITBUIIUO AB|IM ‘OIdeS 3 X 0SUOY|Y PepSRAIIN AT X #72200°0002 ¥920-6EXT  [/970T 0T/10p/wio0" A3 1m Areiq 1 jeuluoy/sdpy wiosy papeojumod ‘T ‘0002 ‘79206EYT



18

the somatotropic axis with particular reference to the ruminant. J.
Dairy Sci. 70, 442-466.

Gomez-Marin, J., 1994: Estudio inmunocitoquimico estructural, ultrae-
structural y morfométrico de las células GH, PRL y SMT en ganado
ovino prepuber, adulto y en lactacién. PhD Thesis. University of
Murcia.

Gopinath, R., and W. D. Kitts, 1984: Growth hormone secretion and
clearance rates in growing beef steers implanted with estrogenic
anabolic compounds. Growth 48, 499.

Hart, I. C., P. M. E. Chadwick, S. James, and A. D. Simmonds, 1985:
Effect of intravenous bovine growth hormone or human pancreatic
growth hormone-releasing factor on milk production and plasma
hormones and metabolites in sheep. J. Endocrinol. 105, 189—196.

Hart, I. C., and D. S. Flux, 1973: The release of growth hormone in
response to milking in the goat during early and late lactation. J.
Endocrinol. 57, 177-178.

Hart, 1. C., and J. L. Linzell, 1977: An analysis of specific stimuli
causing the release of prolactin and growth hormone at milking in
the goat. J. Endocrinol. 72, 163-171.

Kurosumi, K., 1991: Ultrastructural immunocytochemistry of the
adenohypophysis in the rat: a review. J. Electron Micr. Technical 19,
42-56.

Mepham, T. B., S. E. Lawrence, A. R. Peters, and 1. C. Hart, 1984:
Effects of exogenous growth hormone on mammary function in
lactating goats. Horm. Metab. Res. 16, 248-253.

Navarro, J. A., 1987: Modificaciones de la Pars distalis adenohipofisaria
de cabras Murciano-Granadinas en anestro, gestacion y produccion
lactea: Estudio inmunocitoquimico y ultraestructural. PhD Thesis,
University of Murcia.

Ortman, H., 1987: A correlative immunocytochemical and cytological
study of the two types of acidophils in the anterior lobe of the
pituitary of the ram. Z. Mikros. Anat. Forsch. 101, 962-972.

Peel, C. J., and D. E. Bauman, 1987: Somatotropin and lactation. J.
Dairy Sci. 70, 474-486.

Porter, T. E., J. B. Hill, C. D. Wiles, and L. S. Frawley, 1990: Is the
mammosomatotrope a transitional cell for the functional inter-
conversion of growth hormone- and prolactin-secreting cells?

A. BERNABE et al.

Suggestive evidence from virgin, gestating, and lactating rats. Endo-
crinology 127, 2789-2794.

Racadot, J., 1963: Modifications cytologiques du lobe antérieur de
I’hypophyse de la brevis au cours du post-partum. R. C. Soc. Biol.
157, 729-732.

Roth, J., 1983: The colloidal gold marker system for light and electron
microscopic cytochemistry. In: Techniques in Immunocytochemistry
(G. R. Bullok and P. Petrusz, eds). London: Academic Press, p. 262.

Sanchez, J., A. Bernabé, J. A. Navarro, M. A. Gémez, and J. Gémez,
1992: Immunogold identification of prolactin cells of goats in anoe-
strus, pregnancy and milk production: ultrastructural variations.
Acta Anat. 140, 118-126.

Sanchez, J., J. A. Navarro, A. Bernabé, J. Serrano, and S. Goémez,
1993: Immunogold identification of the GH cells of goat in different
physiological conditions. Histol. Histopath. 8, 83-89.

Saunders, A., L. C. Terry, J. Audet, P. Brazeau, and J. B. Martin, 1976:
Dynamic studies of growth hormone and prolactin secretion in the
female rat. Neuroendocrinology 21, 193-203.

Scheitauer, B. W., T. Sano, K. T. Kovacs, Jr, W. F. Young, N. Ryan,
and R. V. Randall, 1990: The pituitary gland in pregnancy: a cli-
nicopathologic and immunohistochemical study of 69 cases. Mayo
Clin. Proc. 65, 461-474.

Tassell, R., and J. P. Kennedy, 1972: Tinctorial differentiation of the
cell types in the Pars anterior of the sheep. Aust. J. Biol. Sci. 25,
1249-1257.

Vasilatos, R., and P. J. Wangsness, 1981: Diurnal variations in plasma
insulin and growth hormone associated with two stages of lactation
in high producing dairy cows. Endocrinology 108, 300-304.

Wang, B. L., and L. I. Larsson, 1985: Simultaneous demonstration of
multiple antigens by indirect immunofluorescence or immunogold
staining. Novel light and electron microscopical double and triple
staining method employing primary antibodies from the same spec-
ies. Histochemistry 83, 47-56.

Weibel, E. R., 1979: Stereological Methods. I. Practical Methods for
Biological Morphometry. New York: Academic Press.

Weibel, E. R., and D. M. Gomez, 1962: A principle for counting tissue
structures on random sections. J. Appl. Physiol. 17, 343.

85U8D17 SUOWIWIOD 9A11ER.D 3|qeo!dde 8y Aq pausenob afe sejoile YO ‘8sn JO'SajnJ oy AiqiauluO 3|1 UO (SUOIIPUOI-PUB-SLLIB) 0D AB| IMARe.q 1 [pul [UOy/:Sd1y) SUONIPUOD pUe SWS 1 8y} 88S *[202Z/T0/TE] Uo Aleid 1 aulluO AS|IM ‘OIdeS [3 X 0SUoj|V PepsIeAIuN Ag X'12200° 0002 ¥920-65Y T [/9v0T 0T/10p/wod A3 |m: Arelq 1 puluo//sdny wo.j pepeojumod ‘T ‘0002 ‘¥9206EYT



