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SOME HISTOCHEMICAL AND BIOCHEMICAL ASPECTS OF SEXUAL

DIMORPHISM IN MOUSE SUBMAXILLARY GLANDS
CHAPTER T
INTRODUCTION

A sex difference in rat submaxillary glands was first reported by
F, S, Hammett (1923), Later Lacassagne (i940a) described histological dif-
ferences in mouse submaxillary glands. Males characteristically have a
predominance of terminal tubule cells with basal nuclei and acidophilic
granules. Fekete (1941) observed that the rods or basal striations in tu-

‘ bule cells of thg female submaxillary glands were lacking in corresponding
cells in males. There is a predominance of acinar groupé in the submaxil-
lary glands of female mice (Causs€ and Lacassagne 1942), Subsequent con-
firmation of these cellular details was made by Feyel-Cabanes (1947) and
Frantz and Kirschbaum (1949).

The production of granules in the terminal tubule cells is influ-
enced b& endocrine secretions., Granules in the tubular cells appear first
at puberty (Harvey 1952) and develop under the influence of male hormone .
(Lacassagne 1940c), and to.a lesser extent, the thyroid hormone (Arvey and
Gabe 1950), estrogen (Lacassagne 1940b, Harvey 1952), and progesterone
(Junqueira et al. 1949).

' Although the most notable sex-dimoxphic difference in submaxillary

glands is the greater quantity of granules in the terminal tubule cells of
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maies, these granules have not been isolated nor has their chemical composi-
tion been fu11§ describéd. Some clués regarding their composition have been
furnished by histochemical methods. The granules contain little-or'no car-
'bohydrates or lipids but do contain prbtein, tyrosine, (Junqueira et al.
1949, Raynaud 1952) and tryptophan (Glemner and Lillie 1957),

This stﬁdy is designed to: 1) further characterize the chemical
cémposition_of the granﬁles by staining with histochemical reagents specific
for protein and amino acids, 2)icomparg morphological differences, 3) com-
pare histochemically and biochemically, the amounts of protein and trypto-
phanvin the submaxillary gland, and 4) relate these differences to postnatal

growth and sexual maturafion.




CHAPTER II
MATERIALS AND METHODS

Mice of Jackson laboratory origin from a colony inbred in our lab-
oratories were used in these studies. They were fed a standard Rookland
rat diet and given food and water ad libitum, Tﬁey were killed with chloro-
form, Right submaxillary glands were used for histochemical study and left
ones for biochemicai assay. A comparative study of the pancreas (adjacent
to the spleen) which does not show sex-dimorphic characteristics (Sreebny
et al. 1958) vas also made. Seminal vesicle and coagulating gland weights
in males and uterine weights in females were employed to determine sexual
maturity and effectivenesa of gonadectomy or hormone injection.

All organs were welghed on a Rolier-Smith torsion balance, accurate
to * 0.2 mg. o ,

Fxperimental Animals
A total of 215 mice were used in this study., Thess animals were

divided into 4 groups with 5 to 8 animals in each class, within each group.
The animéls were distributed as follows:

1) Mice of 10, 20, 30, 35, 45, 60, 65, 70 and 150 days of age were
used to study the development of the submaxillary glands from the
prepuberal period through sexual maturity. Perlods are identified
as prepuberal, 10-45 days; puberal, 45-70 days; post-puberal, 70-
150 days,



2)

3)

4)

| 4 S
Prepube'ral‘.‘ castration: Mice were castrated af 20 days of age
and sutopsied at 65 daya-to determine the effects of -the absence
of gonadal hormones prior té the puberal psriod. They were in-
Jgoﬁed suboutaneously with 0.1 ml seemﬁe oil or oil containing
either 0.2 mg testosterone propionate or 0,33 mg estradiol ben-
zoate, Injecf:lons were glven daiiy for 10 days prior to autopsy.
The groups were: 2.1) males, given testosterone; 2.2) females,
given testosteijone; 2.3) males, given estradiol; 2.4) females,
given estradiol; 2,5) males, givén sesame o11; 2,6) females, given

sesame oil,

Adult castration: Mice were castrated at 120 days of age and
autopsied at 150 days of age. to determine the effects of the ab-
sence of gonadal hormones after- development of sex characteris-
tics. Treatment was identical to that deseribed for the pre-

puberally castrated group.

Imature mice were injected with testosterone propionate, to de-
termine the influence of androgens given prior to the time of
normél sexual development., The g'oupa were: 4.1) males and
4.2) females injected with 0.1 ng testosterone propionate daily -
from day 10 through day 19. 4.3) males and 4.4) females injected
with 0,05 mg testosterone propionafe daily from day 10 through
day 29, These animals were compared with normal animals of 20

and 30 days of age.

Histologleal and Histochemical Methods

Whole submaxillary glands were fixed in buffered formalin for 8 to
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10 hdurs, dehydrated through an alcohol series of 70%, 83%, 95%, 100%;
cleared in oil of winte?green and embedded in paraffin, Sections were cut
at 6 to 10 microns, mounted on albumenized slides and dried on a warming
: plate overnight. .

Alcian blue-acid fuchsin stain (Caramia and Angelletti 1962) was
used for study of the general structure of the submaxillary glands, Mer-
curic bromphenol blue stain, Hg-BPB, was used to demonstrate the lbcation
of proteins (Bonhag 1953). Napthol Yellow S (Deitch 1955) was used to stain
dibasic amino acids. Proﬁeins containing tyrosine were stained and located
by Millons' reaction as modified by Rasch and Swift (1960), Protein-bound
tryptophan or other 3-indolyl derivatives wefe visualized with p-dimethyla-
ﬁinobenzaldehyde, p-DMAB, using sodium nitrite as the oxidizing agent (Adams
1957,

Serotonin (5-hydroxytryptamine), if it were bound to an acidic pro-
tein or formed the base of a phOSphqlipid, is the only other 3-indolyl deriv-
~ative likely to be present in fixed tissue (Adams 1957). Unbound serotonin
is soluble 1n'équeous solution and would have been removed as tissues were
washed, Subﬁaxillary glands were assayed for serotonin, using the extraction
method of Udenfriend et. al. (1955). The density of a sample of the extract
was measured with a Klett-Summerson colorimeter, and was compared with that
of a standard solutioﬁ containing 0.8 micromoles of serotonin., The sali-

vary gland extract contained no serotonin,

.Histometric'Methods

p-DMAB stained sections of submaxillary glands show that tryptophan

is concentrated in the granules. “An estimate of the relative amount of
these granules was necessary to have a basis for comparing the density of

granulation as observed in sections stained histochemically with the amount
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of tryptophan measured biochemically.

Submaxillary glaﬁd sections_weré stained with p-DMAB, When the sec-
tion of a tubule appeared asva cross-section and had p-DMAB stained gran-
ules, it was counted. The number of tubule sections were counted in a region
1 mmz and 6 microns thick. The magnification was 100 X. The results are
expressed as the number of ﬁubule cross-sections/mm>. Sections of submaxil-
lary glands from 4 animals in each class were examined, For each animal,
four fields were'piéked at.random froﬁ the periphery of a section of the
gland. Ten counts made on a singie test section averaged 104 sections/mm3
with a sténdard deviation of + 4, To compare the reliability of'this.tech-
nique, the results ﬁére checked with another histometric method, Submaxil-
iary gland sections 6f both males and females from several experimental
groups were sahpled. Selected Submaxillary éland sections were projectéd
in a microprojector, equipped with a 45° prism, at a magnification of 250 X.
'The éutlines of terminal tubules with p-DMAB stained granules were drawn on
graph paper. The t6t51 area of the projected image was calculated. These
results were plotted against the cross-section tubule count of the same
slide. A straight line was produced which indicates that the two methods

are comparable.” The method, first described, was considered the most con-

venient and was used in this study.

Biochemical Assay

Left submaxillary glands of the animals were assayed. At least_SO '
ﬁg of tissue was required, Single.submaxillary glaﬁds from immature anie.
mals weighed 10 to 20 mg, and those of adults 30 to 50 mg; glands were pooled
when necessary. A portion of thé pancreas, 50-70 mg, was also assayed.

" Weighed glands were placed in 50 times their wet weight of cold 0.3% saline,

homogenized in glass tissue homogenizers, then centrifuged in the cold at
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480 x g for 5 minutes to remove nuclei and brokgn cell fragments. The
supernatant fluid was assayed at room temperature simultaneously with stand-
ard solutions and reagent blanks. Averages were dete;mined from duplicate

tests.

Tryptdphan

Tryptophan was determined by the method désc;ibed by Graham et. gl;
(1947). One ml portions of the supernate were pipetted into Klett tubes.
Two ml of a solution of 0,5% p-DMAB in 12N HCl were added and tubes allowed
to standAfér 30 minutes in the dark., Two mls of absolute ethanol and 6
drops of 0.2% NaNO; in 12 N HC1 were then added and the contents of the
tubes thoroughly mixed and allowed to stand an additional 30 minutes for
color development. The density of the blue color was measured by a Kleté-.
Summerson colorimeter (optimum OD in region of 620 mp) and' compared to the
denéity of standard solutions prepared from a stock of 20 mg DL-tryptophan
dissolved in 1% gelgtin in NAOH. Protein-bound tryptophan is expréssed as
micrograms of tryptOphan; The greatest variation between duplicate read-

ings is 1.4 pg per 10 mg of submaxillary gland.

Protein
Total protein was measured by the method of Loury et. al. (1951),
d.l ml portions of the supernate were pipetted into Klett tubes containing
5 ml of alkaline copper tartrate. The density of the blue color was de-
termined after 30 minutes with the Klett-Summerson colorimeter, Egg albu-
men, 200 pg/0.1 ml, was used as a standard and total protein is expressed
as equivalent micrograms. The greatest variation between duplicate readings

of unknown samples is 15.5 ﬁg.




CHAPTER III

RESULIS

Sexual Dimorghic'CharaCteristics

Mature Animals

In normal adult mice, 150 days of age, the average weight of the
submaxillary glands for males is'110;9 mg (body wt., 23.7 g) ‘and 62.6 mg
(body wt., 22.5 g) for females, Mean relative gland.weight, mg/10g body
weight, is 46,7 mg in males and 27;8 mg in females, Protein averages 157.5
pg/mg in the submaxillary glands of males and 94.0 pg/mg in females. Tryp-
tophan averages 38.9 pg/10 mg in the submaxillary glands of males and 7.9
~pg/10 mg in females, In sections of ﬁhg gland, in males, 165 cross-sections
of termiqal tubules/mm3 contain granqles with stainable tryptophan and in
"females 45/mm3 contain such granules, |

In summary, both ﬁhe absolute and the relative submaxillary gland
. weights are greater in adult ﬁalés than in females. The glands of males
contain more protein and tryptophan and possess more terminal tubules with

granules containing tryptophan than females.

General Histclogy
The submaxillary gland is described (Fekete 1941, Junqueira et al.
1949, Harvey 1952),as a compound, branched, tubulo-acinous gland divided by
connective tissue septa into several ovoid lobes and lobules. .

8
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A large excretory duct leads to the oral cavity. This duct branches
into the interlobulaf ducts which further branch into smaller ducts, which
are the intralobular ducts of the individual lobes, The intralobular ducts
divide into the terminal tubules which are the sexually dimorphic tubules
of the duct system,

Terminal tubules are lined with columnar epithelial cells having
central or subcentral nuclei, finely granular cytoplasm and parallel rows
of mitochondria between the nucleus and base of the cell,

As the duct system terminates, terminal tubules connect with serous
acini composed of small groups of cells, each of which has a deeply stain-
ing spherical nucleus at the base. The narrow acinar lumina are seldom
seen, These cells possess fine granules in varying amounts and vacuoles
are frequenfly present,

In adult mice, sexual dimorphism is expressed by males having greater
quantities of large highly refractive granules within the terminal tubule
cells than females. Sections of submaxillary glands from adult males,
stained with Alcian blue-acid fuchsin, show the cytoplasm of terminal tubule
cells to be densely packed with red staining granules. Basal nuclei appear
distorted, cell membranes are indistinct and the basal striations are ob-
scured. In figure 1, a typical section of a gland from an adult male, the
red granules photograph -as black masses clustered toward the lumen of the
tubule, Figure 2 is a section of a gland from an ;dult female., These sec-
tions typiéally have smaller numbers of terminal tubules containing granules

as well as fewer granules per tubule than that observed in adult males.

Histoéhemistry
Although the nature of fixed tissue is realized to be very differ~

_ent from that of living tissue, histochemical staining methods yield some
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information as to the chemical componenté of the granuies in the term{ngl
tubule cells.

Hg-BPB stains granules of the tubular cells a more intense blue than
other parts of the cell, indicating a relatively greater amount of protein
localized in these granules. Napthol Yellow S, an anionic dye which stainé
dibasic amino.acids yellow, stains the terminal tubule granules more in-
tensely than the cellular cytoplasm. These granules also react with Millons'
reagent to form a red pigment indicating the presence of tyrosine. Other
cytoplasmic parts of the cells stain a diffuse pink with this stain. Each
of these specific histochemical stainé colored the granules in tubule cells
of the submaxillary glands of males darker than those of females, as a re-
sult of the greater number of granules in the male,

Tryptophan is identified as a component of the granule protein in
submaxillary glanés usiﬁg p-bMAB-nitrite stain., It broduces a dark Bluev
“color iﬁ the granules, indicating a large amount of tryptophan. Cytoplasm
of the terminal tubules and acinar cells is colorless, Submaxillary glands

of males have tubular cells crowded with gfanules containing tryptophan
-(Fig. 3). Females have fewer tubules and their tubﬁles have fewer granules
 containing tryptophan than do males (Fig. 4). |
Granules.in sections of the paﬁcreas from both males and females
also produce a dark blue pigment with p-DMAB stain, -Males and females ap-
pear to have about the same number of granules in these tissue sections. -
Performic acid oxidizes tryptophan and thus preventS‘ﬁ-DMAB from
reaéting with this amino acid and no blue pigment is produced (Tognnies
'1942)., When sections of the submaxillary gland or pancreas are Eubjécted
go performic_acid oxidation, prior to staining with p-DMAB, n~ blue color _

is produced.
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Fig. 1. Submaxillary gland, adult  Fig. 2. Submaxillary gland, adult
male. Alcian blue-acid fuchsin female. Alcian blue-acid fuchsin
stain, . , ~ stain, '

7ig. 3. Submaxillary gland adult  Fig. 4. Submaxillary gland, adult
male, p-DMAB stain, - female, p-DMAB stain,

peey * 50 ni;cronl
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Postnatal Growth

Females gain weight during the prepuberal and puberal periods at the
i‘ate of 0.22 g/day (Fig. 5). Measurements were not made between 70 and 150
days, however the mean body weight of 17.9 g at 70-days (Table 1) is sig-
nificantly.different from the mean welght of 22.5 g at 150-days, indicating
that the rate of growth has increased over that of the puberal rate, Males
gain weight durihg the prepuberal period at the rate of 0.22 g/day and 0.35
g/day during puberty (Fig. 5). Males, at 70-days, have a mean body weight
of 22,6 g (Table 1) which is not significantly different from that of 23.7
g at 1 50;days. The growth rate then must be reduced after puberty.
. When body weight is oompare;i to age, the slope of the line, 0,22,
- 1s the same for females and males ciuring the prepuberal period.s During the
 puberal perdod, the slope remains the sane for femeles bu for males, 1%
'inoréases t0 0.35 (Fig. 5). The body weights oi‘ males are significantly
different from those of females at 65 'and 70 days of age. Measurements
were not made between 70 and 150 days of age, however a line can be drawn
through the respective points which has a elope of 0.06 for females énd 0,01
for males. These slope comparisons indicate a decrease in growth rate of
males end females and that the male slows 'down more than the female during
the po_stpdberél period (Flg. 5). S0 at 150 days there is no significant
* difference in bodj weights. |

The subnexillary glands of femdles gain welght at the rate of 0.4
mg/day up to 70 days of age (Fig. 5). Measnrements wefe not made between
70 and 150 days of age, however, the mean submaxillary gland weight of 62,6
mg at 150-days (Table 2) is not significantly different from the meé.n weight
of 56,2 mg at 70-days. Growth rate is slower in the postpuberal period.
The submaxillary glands of males grow at the rate of 0.45 mg/day during the
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TABLE 1

MEAN BODY WEIGHT FROM DAY 10 THROUGH DAY 150+

Age.(days)*

Body weight in grams

10
20
30
35
45
55
60
65

70

150

No,
of
Animals**

Male

No,
of
Animals**

Female

(o))

7

6.4 (5.6~ 7.0)

7.8 (6.,7- 8.,7)

11,6 (11,0-12,0)

11.9 (11,2-12.7)
14,6 (14,0-16,4)
18,2 (18.0-19,0)
19.9 (18,5-22,0)
20,4 (17,0422.0)
22,6 (20,5-24.1)

23.7 (20,5-28,0)

5.4 (4,5- 6,5)
7.1 (6.7~ 7.3)
9.5 (9.2 9.7)
11,2 (10.5-12.0)
13.9 (10.4-15,9)
14,9 (13.8-17,0)
17,7 (16.0-20.5)
16,1 (14.5-17,0)
17.9 (15.7-19.5)
22,5 (18.5-26.0)

* = Prepuberal period, 10-45 days; puberal period, 45-70 days;

postpuberal period, 70-150 days,

+ = Mean weights with ranges.

** = Number of individuals in different age groups are the same for the
subsequent tables,
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| prepuberal period and 1.85 mg/day during puberty (Fig. 5). The mean sub-
ﬁaxillary gland weight of 11079Amg at 150-days (Table 2) is not signifi-
cantly different from the mean weight of 93.9 mg at 70-days, indicating a
much sloﬁer rate of growth in the postpuberal period.
A plot of:subméxillary gland wéight as a function of age produces
a slope of 0.45 for botﬁ females and males dufing the prepuberal period.
In fgmaies, this slope.remains the same through the puberal period, whexeas
in males it increases to 1.85-(Figa 5). - Although measurements were not
wmade between 70 and 150 days of age, a line can be drawn through the point§
vhich has a siope of 0.08 for females and 0.21 for males (Fig. 5). These
slope comparisons indicate a decreasg-in growth rate of females and males
and that the female.slows down more than the male. The mean subméxillary
gland weight of adult males is 1.8 times heavier than that of adult females.
The mean relative sﬁbmaxillary gland weight in 10-.day females aver-
ages 32.1 mg/10 g body weight (Table 2) and decreases 0.06 mg/10g/day during
the prepuberal and puberal periods (Fig. 6). Although measurements were not
taken between 70'and 150 days of age, the mean relative weight of 27.8 mg at
4150-days (Table 2) does not differ signifibantly from that of 31,4 mg at
70-days. In males, the relative submaxillary weight tends to remain con-
stant during the_prepuberal period and increase during puberty, growing at
the rate of 0.28 mg/10g body wt./day (Fig. 6). In 150-day males (Table 2)
ﬁhe relative gland is 46.7 mg/10g body wt. and is not significantly differ-
ent from the mean weight of 41.1 mg/10g body wt. in 70-day males (Fig. 6).
When-the relative submaxillary gland weight is compared to age, the
slope of the line is‘-Q.Oé during the prepuberal period for females and
0.0 for males. Duriﬁg puberty, the slope does not change for females but

_becomes 0.28 for males'(Fig. 6). The relative submaxillary gland weights
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TABLE 2

MEAN SUBMAXILLARY GLAND WEIGHT AND RELATIVE SUBMAXILLARY GLAND WEIGHT*

Age*
(days)

10
20
30
35
45
55
.60
65
70

150

Mg submaxillary gland

Mg submaxillary gland

10 g body wt.,

(5800-7808)

77.8
(6703"9000)

70.2
(60.0-78.0)

93,9
(77.0-108.0)

110.9
(89.2-140,0)

(48,0-60.0)

53.0
(58.0~58.0)

53.1
(47,0-58.0)

5642
(51.,0-61,0)

62.6
(54.0"73.0)

(32-9"&7.5)

38.0
(35.9‘4700)

35.4
(30,2-37.6)

4l.1
(35,0-45.9)

46,7
(43,1-52,6)

Males Females Males Females
20.7 17,4 32,3 32,1
(18,4-23,8) (12.0-21.6) (29,2-35.1) -(21,8-38,4)

3.8 3.4 44,6 R
(30.0-39,0) (28,8-38,8) " (34,9-50,5) (41,7-53.,4)
37.6 32,7 32,4 34,1
(35,4-41,8) (26,8-40.0) (31,3-38,0) (29.1-41.2)

6.1 18,5 40,0 U6 . -

(40.0-56.6) (34.,0-48.6) (35.7-48.3) (30,0-44,1)
48,3 6.5 13.9 30.7

(4600-5000) (3400'48.0) (27.2-3402) (24.2'34.6)
68.5 50,0 37.8 2.4

(28,9-35.4)

28,9
(26,6-31.1)

33.4
(30,3-34.5)

31.4
(29,4-32,2)

27.8
(21.2"30.4)

4 = Mean weights with ranges.
* = Prepuberal period, 10-45 days; puberal period 45-70 days;
period, 70-150 days.

postpuberal
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of males-and females are not significantly different at 45-days,'but are
different at 70-days and at 150 days ofvage; The relative submaxillary
gland wéight of adult males is 1.7 times greater than that of adult females.
Weights of accessory sex organs were not recordéd Qntil 30 days of
age. After this, thesg organs gain weight at the rate of 0.30 mg/day in
females énd 0.37 mg/déy in males:through tﬁe.remainder of the prepuberal
period (Table 3);; Uterine weight fluctuates during puberty. No attempt
was made to associate these changes with the estrus cycle; Seminal vesicle:
coggulating glanq weights in males increase 2;5 mg/day during puberty.
‘These organs averagé 85 mg in 150-day males, and 72.0 wg in 70-day males.
These weights (Tgble 3) are not significantly different, indicaging de-

creased growéh in the'poétpuberal‘period.

TABLE 3

MEAN ACCESSORY SEX ORGAN WEIGHTS IN MILLIGRAMS

e — ——— amasm e t——
r— et —

Days of age
30 45 55 60 . 65 70" 150
Males* 2.9 8.5. 42,0  49.0  47.0  72.0  85.0
Females® 8.1  12.6 14.5 .42.0 ° 125.0  18.5  126.0

* Males = seminal vesicle and coagulating gland

* Females = uterus

The amount of prbtein incorporated in the-submaxiilary.glaﬁdé of 10--.
day females averages 103.4 pg/mg and decreases 0.19'pg/mg/d5y during the

prepuberal and puberal periods (Fig. 7). Protein in 150-day females aver-

ages 94.0 pg/mg (Table 4) and is significantly different from 83.4 pg/mg at

70-days. Protein incorporation increases in the postpuberal period in
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TABLE &

MEAN MICROGRAMS OF PROTEIN PER MILLIGRAM OF GLAND+

Age* 4 : :
(days) - Submaxillary gland Pancreas
Male Femaie Male :Femalev
10 98,2 " 103,4 140.2 142.0
( 91,8-105.0)  (99.0-109.0)c (138,3-141.5) (135.4-149.3)
20 97.3 100. 5 128.1 116.3
( 96.4- 99.6) (98.0-105.3) (123.7-131.5) Yok
30 110.0 104.6 136.5 : 138.5
(107.4-116.3) (92.6-106.8) (123.6-146.5) (128,0-152.3)
39 105.3 . 93.6 124.3 141.3
(104.8-110.7) (86.9-101.3) (115.3-131,6) (134,8-153.0)
45 99,9 96.9 - 133,7 144.9
( 86.9-108.2)  (86.1-101.3) (120.5-138.3)  (129.5-167.3)
55 119.4 : 97.0 L NN N ] [N N N
60 1 128.0 94,8 152.8 141.2
( 98.2-147,1) (91.4- 97.9) (137,3-165.8) (138,6-150.4)
65 123.0 99,7 139,6 115.3
I (12210'12406) (90-4'104.8) (107;9'154.7) ’ ( 87.4'118. 8)
70 136.8 83.4 154.0 148,0
‘ (128.8-146.8) (82.4- 86.3) (150,0-158.3) - (132,0-164.0)
15Q 157,5 94,0 145.0 143,0 -
(149.9-191.6)  (81,0-108,4) (140.3-148,6)  (132,2-177.8)
+ = means with ranges

=
]

prepuberal period, 10-45 days; puberal period, 45-70 days; postpuberal
period, 70-150 days.

** = pooled glands

«+s» = not recorded
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i‘em'ales. In males, at 10-days, protein incorbdration averages 98,2 ;xg/mg
and decreases 0.19 pg/mg/day during the prepuberal period. During puberty,
incorporation of pi‘otein in the submaxillary glands increases to 1.44 pg/
ing/day. Measurements were not made betwsen 70 and 150 days, however the
average of 157.5 pg/mg bat 150-days is significantly different from the av-
erage of 136.8 pg/nig at 70-days. The rate of .protein incorporation by the

submaxillary gland of males during the postpuberal period is 0.26 pg/mg/day
. (Table &),

When protein'/mg of submaxillary glandv is compared to age, the slope
of the line .is -0,19 during the prepuberal.period for both males and fe-
males, During puberty, the slope continues for females and changes to
1.4 for males. Measurements wer;e not made between 70 and 150 days, al-
though lines drawn through their respective points have slopes of 0.26 for
males and 0.13 for females (Fig. 7). The submaxillary glands of males av-
erage 1.7 times as much protein as those of adult females (Table 4).

The amount of protein incorporated by the pancreas in males and
females of each age group is variable. The mean rates of incorporation
do not indicate any effect of age or sex on the protein content of the
pancreas (Table 4). | o

The amount of tryptophan in the sutmaxillary glands of 10-day fe-
males averages 6.2 pg/10 mg and decreases 0,06 pg/10 mg/day during the
prepuberal period. During phbertjf, tryptophan incorporation increases to

0413 pg/10 ng/day (Fig. 7). Measurements were not made between 70 and 150
days, however the quantity of 7.9 pg/10 mg at 150-days (Table 5) is not sig-
nificantly different from 7.5 pg/10 mg in 70-day females. Tryptophan incor-
poration rate decreases dufin'g the postpuberal period in females. Ma;Les
incorporate tryptophan at the rate of 0.09 pg/10 mg/day during the pre-
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puberal period and 1.03 pg/10 mg/day during puberty (Fig, 7). The rate of
tryptophan incorporation in the submaxillary glands of males increases ll-
fold during puberty, Tryptophan averages 38.9 pg/10 mg of submaxillary
gland in 150-day males (Table 5) and is not significantly different from
the average of 34,0 pg/10 mg in 70-day males; Tryptophan incorpofation de-
creases during the postpuberal period.

In a plot of the amount of tryptophan as a function of agé, the
slope of the line during the prepuberal period is -0.06 for females and
0.09 for males. During puberty, the slope is 0.13 for females and 1.03
for males (Fig. 7). Although measurements were not made between 70 and
150 days, lines drawn through their respective points have slopes of 0,0
for females and 0.06 for males (Fig. 7). Submaxillary glands of adult
males have 5 times as mﬁch tryptophan as those of adult females.

Incorporation of tryptophan in the pancreas is not significantly
different in males and females. The rates of incorporation vary within the
prepuberal, puberal and postpuberal periods (Table 5) and do not appear to
be influenced by the age of the animal,

Granules containing detectable amounts of tryptophan first appear
in terminal tubule cells of the submaxillary glands of females at 45 days
of age. During the puberal period in females, tﬁey appear at the rate of
1.05 tubules/mm3/day. These tubules average 45/mm> at 150-days and this
is not significantly different from the mean of 33/mm> for 70-day females.
In males, these granules first appear at 35 days of age. The tubules con-
taining these granules appear at the rate of 1.3 tubules/mm3/day during the
remainder of the prepuberal period and increase to a rate of 3;64/mm3/day
during puberty (Fig, 8). Measurements at 70 and 150 days show the'mean

number of tubules at 150-days is 165/mm3 (Table 6) and is significantly
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TABLE 5

MEAN MICROGRAMS OF TRYPTOPHAN PER TEN MIiLIGRAMS OF GLAND+

Age*
(days) Submaxillary. gland Pancreas
Male Female Male Female
10 5.6 6.2 20,4 22,5
( 504' 5.9) (6!0'6.9) (1956'20.7) (21-2'2302)
20 . 6.0 6.0 25,0 24,0
( 5.4' 6.8) it (24.0"25.8) ik
30 6.8 . 5.7 29.7 32.0
( 6.0" 7.0) (405"6v7) (2607'31.6) (2502'3308)
3 1.6 4.7 25,9 27.0
( 7.4' 7.8) (4.6'501) (23.4'28.4) (2602'28.4)
45 8.0 3.9 27.5 23.9
( 5.9-11.2) (3.6-4.7) (24.6-30,0) (20.0-25.6)
55 12.4 6.2 LN NN ] LN )
(10-5"16.2) (6-0'7.5)
60 25,6 8.0 32.8 26,7
(20.6-31.9) (7.0-8.8) (21.8-37.5). (23.7-28.3)
65 27.0 . 6.4 24,4 19.5
: (26.4-29.9) (5.6-7.1) (20.1-30.8) (13.8-30.8)
70 - 34,0 7.5 29.7 32.8
(23.0-36.7) (6.8-8.1) (25.9-32.6) (29.4-34.6)
1‘50 : 38.9 7.9 26-7 27.0
(22.9-44.8) (7.0-9.2) (15.6-33.6) - (19,6-39.2)

.+ = means with ranges
prepuberal period, 10-45; puberal period, 45-70; postpuberal
period, 70-150.,

* = Ages:

"*% = pooled glands
.+« = not recorded
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different from theimean of 128/mm3 at 70 days.

| ‘A plot of the number of terminal tubules-as a function of age pro-
duces a line with a slope 6f 0.0 in early puberty and 1.3 for males during
.the late prepuberal périoa. They are not observed in females during either
part of this period. During puberty, thg slope of the line is.1.05 for
females and 3.64 for males (Fig. 8). Although measurements were not made
between 70 and 150 days of age,.linés drawn through these respective points
have slopes of 0.15 for females and 0.46 for males (Fig. 8). . Adult males
have 3.6 times as many terminal tubules with.granules cbnt;ining trypfophan

as adult females,

TABLE 6

NUMBERS -OF TERMINAL TUBULES WITH GRANULES CONTAINING TRYPTOPHAN*

Days of age
30 35 45 55 60 65 70 150
Males = 0 32 45 91 113 104 128 165.
~ (30-37) (35-50) (80-97) (92-124) (96-111) (93-149) (155-171)
Females 0 0 12 .- 27 33 33 45

. (10-21) (16- 31) (26- 38) (21- 50) (-40- 51)

* = eXpresséd as means, with ranges, of tubules per mm3 of submaxillary
gland

-- =.not recorded

~Summary. The overall patterns of body growth hnd.submaxillary growth
iéiffer in femalgs and males.- During_ﬁhe prepuberal period, the respective
growth rates are the same for both sexes, Du;inghpuberty, g;owth continues
at the same rate in females but increases in males; In the bostpuberal

period, growth decreases in both sexes.
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Relative subma#illary gland weight decreases during the prepuberal,

puberal and postpuberal periods in females. In males, there is no signif-

. icant change in relative gland weight during the prepuberal period, although

"an increase is observed during puberty. Relative submaxillary gland weighﬁ
- is greater in adult males than in adult females.

Accessory sex organ growth increases during puberty in both males
and females. |

The highest rate: of pfotein and tryptophar incofporation is ob-
.4served durjng“ﬁuberty'in'ma;eé. During the puberal period~in males, the
féteé'of incorporation of both protein aﬁd tryptophan increase above that
of the prepuberal period, In femaies, during puberty, iﬂcorporation of
protein decreases wheregs that of tryptophan inereases; The amount of pro-
tein and tryptophan incorporated per day decreases in the postpuberal per-
iod of males. A sligﬁtiincreaée in protein incorﬁoration concurrent with
a decrease in tryptophan incorporation is observed in females during the
postpuberal period;r A

Incorporation of protein and tryptophan in the panéreas does not
appear to be influencgd by age or sex of the animal.

Granules containing tryptophan appear earlier in the terminal
tubules of submaxillary glands of males than in those of females. The
number of cros;-sections of these tubules increase in-both males and fe-

. males as the animals get older, and the rate at which they appear is

greater in males than in females.

Effects of Castration

.Prepuberally castrated males. When males are castrated at 20 days

and examined at 65 days, the submaxillary gland does not.grow as fast and
the relative gland weight decreases 21 percent of normal. Similarly pro-

tein incorporation per mg in these glands decreases 24 percent. The
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" incorporation of tryptophan per 10 mg is reduced 74 percent. A 77 percent
reduction in mumber of terminal tubules with gzjanules containing t‘ryptophan,‘
parallels the decrease in tryptophan incorporation (Table 7, 15).

The amount of protein and of tryptophan in the pancreas of pre-
pub_erélly castrated males (Table 7) is normal, |

The relative seminal vesicle-coagulating gland weight decreases to
91 percent below normal (Table 7, 15). '

Adult castrated maleg. Relative submaxillary gland weight in adult
castrated males deoreases to 24 percent below normal. There is a concurrent
33 percent decrease in the incorporation of protein per mg by the submaxil-
lary gland, During this same time, tryptophan per 10 mg decreases 57 per-
cents The mmber of terminal tubules wit_.h granules containing tryptophan
decreases 3 percent (Table 7, 15).

Adult castrated males have normal amounts of protein and tryptophan
in the pancreas (Table 7, 15). The gross weight of the pancreas was not
measured.

Relative weights of the accessory sex organs are reduced to 85 per-
cent below normal (Table 7, 15). |

Prepuberally cagtrated females, Females castrated at 20 days and
examined at 65 days have a 15 percent reduction in relative sumaxillary
gland weight. Incorporation of protein is normal, 107.6 mg/mg of gland.

Tryptophan incorporation per 10 mg decreases 27 percent whereas the number
of terminal tubules with granules containing tryptophan decreases 72 percent
(Table 8, 15).

The pancréas of these females has normal amounts of protein and

tryptophan (Table 8).
| Relative uterine weight decreases to 77 percent below normal (Table
8, 15).



TABLE 7

CHANGES OBSERVED IN CASTRATION OF PREPUBERAL MALES AND ADULT MALES+

—

Relative accessory sex
organ wt. mg/l0g. body wt.*

Submaxillary gland
Absolute wt. of gland

Relative wt, mg of gland
10 g body wt.

Terminal tubules # X-sections
with tryptophan/mm )

Pg protein/mg gland
Peg tryptophan/10mg gland

Pancreas
Pg protein/mg gland

Pg tryptophan/10 mg gland

Autopsied at 65 days

‘Autopsied at 150 days

Normal Prepuberal Normal ' Adult
castrate ' castrate

23.0 2.06 27.4 4.2

( 13.7- 31.4)

70.0
( 60.0- 78.0)

35.0
( 28.9- 36.4)

104.0
(96 - 111 )

123.0
(120.0~130.0)

27.6
( 26.4-~ 29.9)

145.0
(140.0-148.0)

‘24.4

( 20.1- 30.8).

( 1.03- 3.6)

54.0

( 50.0 - 57.0)
27.8

( 25.2 - 32.0)
24.0 -

( 18 - 32 )
93.0

( 89.8 - 95.2)

7.2

( 6.2 - 8.4)

127.2
(111.1 -136.0)

21.9
( 13.4 - 30.6)

( 15.4-~ 32.6)

110.9
(105.6-130.0)

46.7 .
( 42.1- 52.6)

165.0
(155 -171 )

157.5
(149.9-191.6)

38.9
( 22.9- 44.8)

139.6
(107.9-154.7)

26.6
( 15.6~ 33.6)

( 3.07- 7.2)

92.4
( 81.6 - 96.0)

35.5
( 29.9 -« 47.2)

103.0
( 96 -123 )

104.8
( 91.3 -114.8)

16.9
( 14.0 - 18.7)

153.9

(106.1 -180.3)"

24.3
( 15.6 - 33.6)

+ = mean values with ranges
* = seminal vesicle-coagulating

gland, weight

8¢
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Adult castrated females, Relative submaxillary gland weight in adult
castrated females decreases to 22 peréent below normal. There are normal
amounts of protein and tryptophan in the submaxillary glands, Similarly,
there are normal numbers of terminal tubules with granules containing tryp-
tophan (Table 8, 15).

The pancreas of these females has normal amounts of protein and
tryptophan (Table 8),

Relative uterine weight decreases 48 percent (Table 8).

Summary. Relative gland weight decreases in both prepuberally and
" adult castrated males, This is accompanied by reduced protein and trypto-
phan incorporation, Examination of p-DMAB stained sections show fewer
terminal tubules with granules containing tryptophan than normél. Incor-
poration of protein and tryptophan in the pancreas is normal. Relative
acceéaory sex organ weights are significantly reduced.

In prepuberally castrated and adult castrated females, relative
submaxillary gland weights decrease, The mean amount of protein in the
submaxillary gland of these females is normal, In prepdberally castrated
females, the reduced incorporation of tryptophan per 10 mg parallels the
decrease in the number of terminal fubules with granules containing trypto-
phan. In adult castrated females, both the incorporation of tryptophan and
terminal tubule number are normal. In the pancreas, of both prepuberally
castrated and adult castrated females, the incorporation of protein and
tryptophan is normal, Castration reduces the relative accessory sex organ

weights in both prepuberally castrated and adult castrated females.

Effects of Androgen
Immature males, Intact males that received testosterone daily for

10 days when compared to normal show a 23 percent reduction in relative



CHANGES OBSERVED IN CASTRATION OF PREPUBERAL FEMALES AND ADULT FEMALES+

———— ——

TABLE 8

s v——
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—— —
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Relative accessory sex
organ wt./10g body wt.*

Submaxillary gland
Absolute wt. mg of gland

Relative'wt. mg of gland
10 g body wt.

Terminal tubule # X-sections

with tryptophan/

Pg protein/mg gland .
‘ Pg tryptophan/10mg gland

Pancreas
Pg protein/mg gland

Pg tryptophan/10 mg gland

Autopsied at 65Adays

Autopsied at 150 days -
Normal Prepuberal Normal Adult
castrate castrate
78.5 4 17.7 55.6 29.1
(56.0- 96.9) ( 7.6- 31.6) ( 48.9- 68.4) ( 24.8- 38.,7)
53.1 . 43.5 62.6 49.9
(47.0- 58.0) ( 34.0- 43.5) ( 59.0- 73.0) ( 45.0- 56.0)
33.0 28.1 : 27.8 21.8
. (30.3- 34.5) ( 23.4- 31.5) ( 21.2- 30.4) ( 20.7- 33.0)
32 . 9 45 44 '
(26 - 38 ) C 6 -12 ) 40 - 51 ) ( 34 - 48 )
99.7 107.6 94.0 98.0
(90.4-104.8) ( 91.1-119.1) ( 81.0-108.4) ( 80.6-116.0)
6.4 4.7 7.9 7.5
( 5.6- 7.1) ( 4.2-5.2) ( 7.0- 9.2) ( 7.6- 10.2)
115.3 148.2 143.0 137.6
(87.4-118.1) (143.5-152.0) (122.2-177.8) (130.7-160.3)
19.5 24.6 27.0 26.0
(13.8- 30.8) ( 13.1- 33.6) ( 19.6- 39.2) ( 16.4- 34.0)

+ = mean values with ranges
* = uterine weight

0¢
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submaxillary gland weight., The amount of protein incorporated per mg of
gland is normal. On the other hand, the amount of tryptophan per 10 mg of
gland increases significantly, 82 percent. Terminal tubules with granules
containing tryptophan are not observed in normal 20-day males but average
71 tubules/mm’ in testosterone injected males (Table 9, 15),

When testosterone is given to intact immature males for a longer
period of time, day 10 to day 29, relative submaxillary gland weight in-
creases 34 percent, The amount of protein/mg is not significantly increased
but tryptophan per 10 mg increases 316 percent., Terminal tubules with gran-
ules containing tryptophan average 104/mm3 in testosterone injected males,
although they are not observed in normal males at 30 days of age (Table 9,
15),

The incorporation of protein and tryptophan in the pancreas is not
significantly different from normal in either the 20-day old or the 30-day
old males which were given testosterone (Table 9),

Relative accessory sex organ weight in 30-day old injected males
increases 2300 percent (Table 9, 15).

Immature females. Intact females that received testosterone daily

for 10 days show a 27 percent reduction in relative submaxillary gland weight.
Protein incorborétion per mg decreases 15 percent and tryptophan inéorpora-
tion per 10 mg of gland increases 50 percenﬁ. Terminal tqbules with gran-
ules containing tryptophan are not observed in normal 20-day'fem§1és but
average 37 tubules/mm3 in testosterone injected females (Table 10, 15).

When testosterone injections are extended over a 20 day period, the
relative submaxillary gland weight of these females is normal. There is a
significant 11 percent increase in protein incorporation per mg by the sub-

maxillary gland and tryptophan per .10 mg increases 583 percent. Terminal



TABLE 9

INFLUENCE OF TESTOSTERONE ON INTACT IMMATURE MALES+

Relative accessory sex organ
wt. mg/l0 g body wt.¥

Submaxiilary gland

Absolute wt. mg of gland

Relative wt. mg of gland
10 g body wt.

Terminal tubule # X-sections
with tryptophan/mm3

Pg protein/mg of gland

Pg tryptophan/10mg gland

Pancreas

Pg protein/mg gland

Pg tryptophan/10 mg gland

Autopsied at 20 days

Autopsied at 30 days

Normal InJected1 Normal Injected?
Ceeee 29.4 2.5 60.0

17.6-52.9) ( 2.2- 3.3) ( 58.6- 74.6)
34.8 24.1 37.6 65.6

( 30.0- 39.0) - 20.8-28:2) ( 35.4- 41.8) ( 53.8- 77.2)
46.0 35.4 32.5 43.7

( 34.7- 50.3) 32.1-38.6) ( 31.3- 38.0) ( 37.1- 54.7)

0 71 0 104

63 -76 ) (83 -112 )
97.3 100.8 110.0 105.0

( 96.4- 99.6) kil ) (107.4-116.3) ( 88.8-118.0)
6.0 10.9 6.8 28.3

( 5.4- 6.8) iad ) ( 6.0- 7.0) ( 21.8- 31.6)
129.0 125.0 136.5 '138.3

(128.3-130.4) *% ) (123.6-146.5) (128.8-148.8)
25.0 24.0 29.7 32.4

( 24.0- 25.8) ** ) ( 26.7- 31.6) ( 28.4- 33.4)

*

2N -+

mean values with ranges

pooled glands

0.1 mg, daily for 10 days prior to autopsy
0.05 mg, daily for 20 days prior to autopsy
seminal vesicle-coagulating gland weight

(A%
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tubules with granules containing tryptophan average 94/mm3 in testosterone
treated females, although they are not observed in normal females at 30 days
of age (Table 10, 15).

The incorporation of protein ana tryptophan in the pancreas is not
significantly different from normal in either the 20-day old or the 30-day
old females which were given testosterone (Table 10),

' Relative uterine weight increases 280 percent in 30 day old females
vhich are given testosterone pfopionate from day 10-through day 29 (Table
10, 15).

Prepuberally castrated injected males. Administration of testos-

terone to prepuberally castrated males results in normal values for relative
submaxillary gland weight, incorporation of protein and tryptophan, and
terminal tubules with granules containing tryptophan (Table 11, 15).

The amount of protein and the quantity of tryptophan in the pancreas
of these males is normal (Table 11),

Relative accessory sex organ weights are normal in prepuberally
castrated males which have been treated with testosterone (Table 11, 15).

Adult castrated-injected males. In adult castrated males, treated
with testosterone, the relative submaxillary gland weight, amount of pro-
tein and quantity of tryptophan, and terminal tubules with granules contain-
ing tryptophan are equal to those of normal adult males'(Table 11, 15).

The pancreas of these males has normal amounts of protein and
tryptophaﬁ (Table 11). |

In adult castrated males, given testosterone, the relative weight
of the accessory sex organs increases 104 percent (Table 11, 15),

Prepuberally castrated injected females. When androgen is admin-

istered to prepuberally castrated females, the relative submaxillary gland



TABLE 10

INFLUENCE OF TESTOSTERONE ON INTACT IMMATURE FEMALES+

Autopsied at 20 days

Autopsied at 30 days

Normal Injectedl Normal Injected
Relative accessory sex organ cecae 23.0 8.5 32.3
wt., mg/10g body wt.* ( 21.6-~ 29.5) ( 7.4-10.5) . ( 28.5- 36.1)
Submaxillary gland -
Absolute wt. mg of gland 33.4 20.9 32.7 48.3
, (28.2- 38.8) ( 15.4- 28.6) ( 26.8- 40.0) ( 34.8- 76.4)
Relative wt. mg of gland 47.0 34.3 34.4 36.3
(41.7- 53.4) ( 26.0- 42.6) ¢ 29.1- 41.2) ( 24.7- 40.9)
Terminal tubules # X-séctions 0 : 37 0 94
with tryptophan/mm (28 - 41 ) (76 -101 )
Pg protein/mg gland 100.5 85.0 104.6 116.0
(98.0-105.3) ( ** ) ( 92.6-106.8) (112.0-128.8)
Pg tryptophan/10mg gland 6.0 9.0 5.7 38.9
( ** ) ( 8.6- 10.9) ( 4.5- 6.7) ( 24.2- 41.2)
Pancreas .
Pg protein/mg gland 116.3 125.0 138.5 104.0
' ( %% ) (114.0-132.0) (128.0-152.3) (100.0-112.0)
Pg tryptophan/10 mg gland 24.0 26.2 32.0 : 25.2
( #* ) ( 23.5- 36.2) ( 25.2- 33.8) ( 23.1- 26.2)
+ = mean values with'ranges
1= 0.1 mg, daily for 10 days prior to autopsy
2 = 0.05 mg, daily for 20 days prior to autopsy
* = uterine weight :
*%* = pooled glands

ve



TABLE 11

EFFECTS OF TESTOSTERONE ON PREPUBERALLY CASTRATED AND ADULT CASTRATED MALES+

- Relative accessory sex organ
wt. mg/10g body wt.*

Submaxillary gland
Absolute wt. mg of gland
Relative wt. mg of gland

10 g body wt.

Terminal tubule # X-sections
with tryptophan/mm

Pg protein/mg gland
Pg tryptophan/10mg gland

Pancreas
Pg protein/mg gland

Pg tryptophan/10 mg gland

Autopsied at 65 days

Autopsied at 150 days

Normal Prepuberal Normal Adult
castrate castrate
23.0 25.7 27 .4 55.9

( 13.7- 31.4)
70.0
( 60.0- 78.0)

35.0
( 28.9- 36.4)

104
(96 -111 )

123.0
(122.0-124.0)

26.6 :
( 26.4- 29.9)

145.0

(140.0-148.0)

24.0
( 20.1- 30.8)

( 19.4- 27.7)

78.8
( 75.0- 84.0)

38.3
( 35.4- 40.9)

98
( 74 -116 )

117.6

(113.2-126.0).

25.7
( 23.6~ 28.0)

140.4
(134.2-144.0)

27.0
( 25.2- 28.0)

( 15.4- 32.6)

110.9

(105.6-130.0)

46.7
( 42.1- 52.6)

165
(155 -171 )

'157.5
(149.9-191.6)

. 38.9
( 22.9- 44.8)

139.6
(107.9-154.7)

26.6

( 15.6- 33.6)

( 39.7- 74.0)

106.7
( 96.0-117.0)

42.0

-( 36.5-~ 47.8)

153

(146 -164 )

173.1

(152.8-196.8).

45.5
( 33.4- 61.8)

145.1
(129.8-174.1)

28.8
( 18.3- 33.3)

+ = mean values with ranges

* = gseminal vesicle-coagulating gland weight

Gt
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weight is similar to that of the normal female. Protein incorporation per
mg is significantly increased 17 percent and tfyptOphan incorporation per
.10 mg increasesv155 percent, These 1hcreases are accompanied by a 225 per-
cent increase in numbers of terminal tubules with granules containing tryp-
£0phan (Table 12, 15).
. ‘The incorporatién of ﬁrotein gnd tryptophan in the pancreas is

normal (Table 12).

When prepuberally‘castrated females are injected with testosterone,
_relative uterine weights decrease 55 percent (Table 12, 15).

Adult castrated injected females; When adult castrated females
are injected with testosterone, the relative sﬁbmaxillary gland weight
increases significantly 41 percent. ihis is accompanied by a 59 percent
increase in protein incorporation per mg and a 378 percent increase in
tryptophan incorppration-per 10 mg of gland. During this time, thé number
of tubules with granules containing tryptophan increases 238 percent
(Table 12, 15).

| .The amount of protein and tryptophan in the pancreas of testosterone

injected females is normal (Table 12),

Relative uterine weight decreases 42 ﬁercent in adult castrated
females when they are injected with testosterone (Table 12, 15).

| Sﬁmma Y. Relativé submaxillary gland weight decreases in immature

males and females, given testosterone from 10 to 20 days of age;_ Protein
incorporation per mg is normal in the submaxillafy glands of these males,
however it is reduced in_f;males. The incorporation of tryptophan per 10
'ﬁg énd the numbers of terminal tubules with granules containing tryptophan
exceed normal v#lues in both sexes.A When testosterone injection is ex-

tended to 30 days of age, relative submaxillary gland weights increase -




TABLE 12

EFFECTS OF TESTOSTERONE ON PREPUBERALLY CASTRATED AND ADULT CASTRATED FEMALES+

Autopsied at 65 days ' Autopsied at 150 days
Normal Prepuberal: Normal .Adutlt .
castrate castrate
Relative accessory sex organ ' 78.5 35.2 55.6 32.5
wt. mg/l0g body wt.* (56.0- 96.9) ( 30.8- 47.8) ( 48.9- 68.4) ( 25.6- 44.6)
Submaxillary gland
Absolute wt. mg of gland - 53.1 64.0 62.6 84.8
(47.0- 58.0) = ( 58.0- 70.0) ( 59.0- 73.0) ( 68.0- 97.0)
Relative wt. mg of gland 33.0 35.1 27.8 39.3
10 g body wt. (30.0- 34.5) ( 32.5- 38.8) ( 21.2- 30.4) ( 35.4- 42.1)
Terminal tubule X-sections 32 104 45 152
with tryptophan /mm> (26 - 38 ) (90 -111 ) (40 - 51 ) (138 -167 )
Pg protein/mg gland 99.7 117.1 Q4.0 149.8
' (90.4-104.8) (112.9-123.6) ( 81.0-108.4) (133.6-160.8)
Pg tryptophan/10mg gland 6.4 15.3 7.9 37.8
( 5.6- 7.1) ( 12.9- 17.6) ¢ 7.0- 9.2) ( 26.7- 42.8)
Pancreas : ’
Pg protein/mg gland 115.3 157.6 143.0 141.1
(87.4-118.1) (140.8-167.8) (122.2-177.8) (120.4-159.1)
Pg tryptophan/10 mg gland 19.5 17.0 27.0 28.3

(13.8- 30.8) ( 14.0- 19.0) ( 19.6- 39.2) ( 17.6- 34.7)

+ = mean values with ranges
* = uterine weight

LE
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sighificantly.in.both males and females. Protein incorporation per mg in-
creases significantly in females but not in males. Tryptophan incorpora-
tion per 10-mg and the numbers of terminal tubules with granules containing'
tryPtOphan are markedly increased. The incorporation of protein and trypto-
- phan in fhe pancreas is nprmal in immature mice treated with testosterone.
Relative accessory sex organ weights surpass normal weights in these in-
‘ jected males and females.

Administration of testosterone to prepuberally castrated and adult
castrated maies'resuits in relative subﬁaxillary gland weight, protein and
tryptophan incorporation, and numbers gf terminal tubules with granules
~ containing tryptophan which apbroximate normal values., The amount of pro-
tein and tryptophan in the pancreas is normal. Relative accessory sex
organs weights are equal to or surpass normal weights.

When testosterone is given to castrated females, the relative sub-
maxiilary gland weight is significantly increased in adult castrated fe-
males>but is normél in prepuberally casﬁrated females, The incorporation
of érotein and tryptophan in the submaxillary gland and the numbers of
terminal tubules with granules containing tryptophan surpass nofmél values.,
‘Incorporation of protein and tryptophan in the pancreas of these females

is normal. . Relative uterine weights are reduced in both groups of females.

Effects of Estrogen

Prepuberally ¢astrated injected males. In males castrated pre-
puberally and treated with estrogen, the relative submaxillary gland wéight
‘decreases 17 perceht below normal, Similarly, protein ‘incorporation per
mg of gland decreases 19 percent and tryptophan incorporation per 10 mg
decreases 79 percent. The number of terminal tubules with granules con-

- taining tryptophan decreases 48 percent (Table 13, 15).




EFFECTS OF ESTRADIOL ON

TABLE 13

PREPUBERALLY CASTRATED AND ADULT CASTRATED MALES+

Relative accessory sex organ
wt. mg/l10g body wt.¥

Submaxillary gland
Absolute wt. mg of gland

Relative wt. mg of gland
10 g body wt.

Terminal tubule X-sections
with tryptophan/

Pg protein/mg gland

Pg tryptophan/10mg gland

Pancreas
Pg protein/mg gland

Pg tryptophan/10 mg gland

Autopsied at 65 days

Autopsied at 150 days

Normal Prepuberal Normal Adult
castrate castrate
23.0 4.9 - 27.4 7.8

( 13.7- 31.4)

70.90
( 60.0- 78.0)

35.0
( 28.9- 36.4)

104
(96 -111 )

123.0
(122.0-124.0)

27.6
( 26.4- 29.9)
145.0
(140.0-148.0)

24.4
( 20.1- 30.8)

( 2.9- 6.6)

53.2
( 48.0- 58.0)

29.2
( 28.0- 30.5)

54 °
(3% -74 )

.~100.2
( 95.6-108.8)

5.7
( 4.2- 6.4)
127.6
(118.2-134.1)

18.2
( 17.6- 28.0)

( 15.4- 32.6)

110.9
(105.6-130.0)

46.7
( 42.1- 52.6)

165
(155 -171 )

157.5
(149.9-191.6)

38.9

( 22.9- 44.8)
139.6

(107.9-154.7)

26.6
( 15.6- 33.6)

( 4.3-13.0)

91.2
( 82.0-106.0)

39.4
( 32.9- 47.7)

105
C 77 _-123 )

120.2
(112.0-130.6)

27.0
( 18.2- 29.6)
135.6
(105.0-187.1)

25.0
( 13.4- 30.4)

+ = mean values with ranges
*

= seminal vesicle-coagulating gland weight

6¢
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Protein and tryptophan incorporation in the pancreaskis normal
(Table 13).

Relative weights of the accessory sex organs are reduced 79 per-
cent (Table 13, 15).

-Adult‘castrated'injected males., In adult castrated males, admin-
istration of estrogen, when compared with normal males, results in a 16
‘percent decrease-ih relative submaxillary gland weighﬁ. Protein incor-
pbration per mg in the submaxilléry gland decreases 24 percent and trypto-
phan incorporation per 10 mg decreases 31 percent., Similarly the number of
terminal tubules with gganules containing tryptophan decreases 36 percent
(Table 13, 15).

The pancreas bf-adult castréted males, treated with estrogen, has
normal amounts of protein and tryptophan (Table 13). |

Relative accessory sex organ weight is reduced 72 percent below

“normal (Table 13, 15).
Prepuberally castrated injected females, Relative submaxillary

~ gland weight is normal in females castrated prior to puberty and then in.
_jected with estrogen. Protein incorporation per mg is normal, however
tryptophan 1ﬁcorporatioq per 10 mg increases 39 parcent, There are normal
numbers of terminal tubules with granules containing tryptophan in the
submaxillary gland (Table 14, 15),
| The amount of protein and tryptophan in the pancreas of these fe.

males is normal.(Table 14).

| Injection of.estrogen results in normal relative accessory sex
organ weight (Table 14, 15),

-Adult castgated.injected females, Administration of estrogen to

adult castrated females results in normal relative submaxillary gland



EFFECTS OF ESTRADIOL ON PREPUBERALLY CASTRATED AND ADULT CASTRATED FEMALES+

TABLE 14

Relative accessory sex
organ wt./10g body wt.*

Submaxillary gland
Absolute wt. mg of gland
Relative wt. mg of gland

10-g body wt.

Terminal tubule # X-sections
with tryptoPhan/mm3

Pg protein/mg gland

Pg tryptophan/10 mg gland

Pancreas
Pg protein/mg gland

Pg tryptophan/10 mg gland

Autopsied at 65 days ,

Autopsied at 150 days

Normal Prepuberal Normal Adult
castrate castrate
78.5 69.0 55.6 134.8
56.0- 96.9) 36.1- 76.8) 48.9- 68.4) 92.2-150.0)
53.1 51.2 62.6 60.7
47.0- 58.0) 50.0- 56.0) 59.0- 73.0) 49.0- 78.0)
33.0 31.3 27.8 28.3
30.3- 34.5) 30.3- 35.0) 21.2- 30.4) 26.6- 29.8)
32 35 45 65
26 - 38 ) 26 - 43 ) 40 - 51 ) 49 - 72 )
99,7 105.4 94.0 115.9
90.4-104.8) 97.3-112.6) 81.0-108.4) 99.8-133.3)
6.4 8.9 7.9 18.4
5.6- 7.1) 6.7- 11.7) 7.0- 9.2) 13.4- 22.4)
115.3 133.5 143.0 143.4
87.4-118.1) (143.5-152.0) (122.2-177.8) (113.1-174.7)
19.5 13.1 27.0 26.7
13.8- 30.8) ( 12.6- 14.0) ( 19.6- 39.2) ( 13.2- 33.4)

+ = mean values with ranges
* = uterine weight

1%
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weights.‘ Aithough the incorporation of protein per mg is normal, trypto-

" phan per mg of gland increases 133 percent; This is accompanied by a 44
percent increase in numbers of terminal tubules with granules containiﬁg
tryptophan (Table 14, 15).

Protein and tryptophan incorporation are normal in the pancreas of
adult castrated females, treated with estrogen (Table 14). .

Relative accessory_sex organs weight in these females increases 142
percent over normal (Table 14, 15).

Summary. Administration of estrogen to the castrated male fails
to bring its relative submaxillary'gland weights, incorporation of protgin
per mg and tryptophan per 10 mg and numbers of terminal tubuies with gran-
ules containing tryptophan to normal values., Tﬁe incorporation of protéin
and tryptophan by the pancreas is normal, Relative weights of the accessory
sex organs are below no;mal, in both prepuberally castrated and adult cas-
trated males.

After the period of estrogen administrafion, the relative submax-
jllary gland weight and the incorporation of protein per mg of gland is
nbrmaliin castrated females. This.is accompanied by significant increases
in tryptophan incoréoration per 10 mg of glénd and in nﬁmbers of terminal
tubules with grénules containing tryptophan, Protein and tryptophan incor-
poration in the pancreas of castrated females, treated with estrogen are
normal. Relative uterine weight is normal in prepuberally castrated fe-

males and surpasses normal in adult castrated females treated with estrogen.




A SUMMARY OF THE EFFECTS OF CASTRATION, TESTOSTERONE INJECTION, AND
ESTROGEN INJECTION ON MALE AND FEMALE MICE*

TABLE 15

Relative Submaxillary Submaxillary Terminal** Relative wt,
Submaxillary Protein Tryptophan tubules/ accessory
weight ng/mg pe/10. mg m3 sex organ
K- j (=] g ? & e ) ? F ?
CASTRATION Male Female Male Female Male Female Male Female Male Female
Prepuberal $21 +15 $24 0 $74 & 27 & 77 172 491 477
Adult 2% $22 ¢33 0 457 0 $ 38 o] 85 $48
TESTOSTERONE INJECTED
Intact
Immature 20-day {23 27 (o] 415 Tt 82 t 50 -- --
Immature 30-day 134 o 0 tiz t316 1583 -- - 22300 1280
Castrated
Prepuberal Q o o %17 0 %155 0 . %225 0 ¥+55
Adult 0o tal 0 159 o 1378 0 %238 Y104 &a42
ESTROGEN INJECTED
Castrated ’
Prepuberal €17 o 419 0 $79 t39 ¢ 48 0 79 (o]
Adult 416 o] {24 o $31  t133 $36 tas 472 tiaz
* = Values are given as deviation of percent from normal. 4 = increase $ = decrease 0 = no

significant change.
** =~ Terminal tubules with granules contaxning tryptophan
~-- = Terminal tubules with tryptophan are not present in_normal; but in injected animals,

20-day males =

71 /3

30-day males = 104/

20-day females = 37/
30-day females = 94/

£



CHAPTER IV
DISCUSSION AND CONCLUSIONS

In general, 'the major sem-dimorphic characters in sutmaxillary
| glands of adulf. mice include: | 1) gross ﬁeight, 2) terminal tubule diam- '
eter, 3) height of tubular cells, and &) deéree of granulation in terminal
tubule cells (Lacassagne 1940a, Junqueira st al. 1949, Harvey 1952). As
a re_sult of the studies presented in thi's paper, the list of dj.fferencés
‘ may now be extended' to include 5-), nunber of cross-sections of terminal
tubuleg/mm3 with granules containihg tryp;cophan, 6) quantity of protein
and 7) amount of tryptophan. | o

Stainiqg of 'the grénules in terminal tubule cells with Hg-BPB
indicates their protein nature. The blue colorV is more intense in the
granules than in the acinar‘or tubular cell cytoplasm, indicating a higher
concentration of protein in these granulés. Further, the granules in the
submaxillary glands of males appéar to stain more intensély and to appear
more plentifully than in females. Thus, the sutmaxillary glands of males
are histochemically richer in protein than those of females. Biochemi-
cally, submaxillary glz_mdé of adult males have more protein than those of
adult females. A

The protein of the granules in the teminal tubules contain dibasic
amino acids in greater concentration than adjacent tissue since Napthol
Ieliow stains the granules a darker yellow than the acixiar or terminal

Iy
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tubule cytoplasm. Tyrosine is also present in greater concentration in the
granules than in the cytoplasm, as shown by their feaction with Millons!
reagent (Junquei:"a et al. 1949). Although this use of Millons' reagent
has been criticized (Raynaud 1952) in that other phenolic groups might be
stained my study verifies the presence of tryosine in the granules with a
riodified Millons' reagent (Rasch and Swift 1960). Furthermore, the granules
of the tubules of males stain a darker red than those of females.

The granules of the terminal tubules 4lso contain tryptophan, as-
indicated by their reaction with p-DMAB stain. The color apbears'more
intense and there appears to be more granules in the tubules of adult
males than in adult females. Tryptophanwas identified in the submaxillary
glands of male mice by Glenner and Lillie (1957). They also identified
t;'yptophan as a component of bovine pancreas. Marshall (1954) reported
that the zymogen granules in bovine pancress contain 5.4 percent trypto-
phan. The granules in the pancreas of mice also stain with p-DMAB, and the
density of granules appear to be the same in ﬁxalea and females.

Body weight and submaxillary gland weight in females increases
gradually during the prepuberal and puberal periods. However, submaxillary
gland growth is slower ‘than body growth resulting in decreased relative
submaxillary gland weight during these periods.

In females although the submaxillary gland weight increases with
age, the incorporation of protein per mg decreases in the prepuberal and
puberal periods. The gland is getting bigger but the relative amount of
protein in the gland is smaller. This also implies that the relative
amounts of non-protein such as water, carbohydrates or lipids, increases
during puberty in females.

The measurement of total protein includes the portion of protein
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which has tryptopﬁan as a part of the molecule. The decrease in total pro-
ﬁein in the submaxillary gland of females in the prepuberal period is ac-
companied by a decreééé, to a lesser extent, of tryptophan. When the
amounts of protein or tfyptophan are plotted against age and the slopes of
the lines-cdmpared, the slopes show that during puberty tryptophan incor-
~poration increases but the rate of protein incorporation does not change. \
This indicates an accelerated accumulatipn of trypéophan in the gland during
this period,

The time of the increase in tryptophan incorporétion coincides with
the appearance of granules containing deteétable tryptophan in the terminal
tﬁbules of the submaxillary glands of females. In p-DMAB stained sections
oﬁlthe glands, tryptophan is concentrated in the large granules.of the
te;minal tubules, The increase iﬁ tryptophan incorporation and the sub-
sequent increase in granules containing tryptophan are concurrent with the
increase.in uterine weight. This suggests some influence of female gonadal
hormones on tryptophan incorporation and granule production; This does not
exclude the influence of general Srgan development nor the influence other
endocrine glands may havé upon the submﬁxillary gland,

In males, body weight increases auring the prepuberal peridd with .
an increase in the rate of growth during puberty. The submaxillary glands
have a similar p;ttern of érowth. In graphs of body weight and submaxil-
lary gland weight compared to age, the slopes of the lines during puberty
shoﬁ that the submaxillary,gléﬁd grows faster than the body., Relative sub-
maxillary gland ﬁeight, as a consequence of'diSprOportionate growth of the
submaxillary gland, increases during this period.

Dufing the prepuberal period in males, although the gland is gain-

ing weight, the incorporation of protein per mg decreases. Increases in
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weight during this period results from the increase in non-protein compo-
nents of the gland., During puberty, both the rates of submaxillary growth
and incorporation of protein increase.> Tﬂb increase in rate of protein in-
corporation over the prepuberal rate is greater than the concurreht increase
in submaxillary gland growth rate. The submaxillary glands of males become
increasingly richer in protein during puberty.

In males, the decrease in protein incorporation during the pre-
puberal period is accompanied by an increase in tryptophan incorporation.
During the puberal period, both the rate of proteiﬁ incorpbration and the
rate of tryp£0phan incorporation increase, When protein and tryptophan in-
corporation are plotted against age and the slopes are compared during
puberty, protein incorporation has a slope of 1.44 and tryptophan incor-
poration has a slope of 1.03. Since the measurement of protein-bound tryp-
tophan is included in the measurement of total protein, the difference be-
tween the two slopes represents a slope for protein which does not contaiﬁ
tryptophan or a slope of 0.41., Protein-bound tryptophan then, is incor-
porated at a faster rate ghan other protein in the submaxillary glands of
males during puberty,

Examination of p-DMAB stained sections indicate that tryptophan is
being concentrated in ﬁhe large granules of the terminal tubules, Granules
containing tryptophan first appear in the terminal tubules of normal males
at 35 days of age. The number éf these tubules increases gradually during
the remainder of the prepuberal period. The rate at which they appear in-
creases during puberty. When tryptophan incorporation per 10 mg of gland
and number of tubules are plotted against age and the slopes compared, the
rate of tryptophan incorporation increases 11-fold and the rate of appearance

of the terminal tubules increases 3.4 fold during puberty. This suggests
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: ﬁhat the volume of granules per tubule is increasing during this period.

| In males, the accessory sex organs gradually increase in weight in
the late prepuberal period. The rate of growth increases during puberty
and decreases iﬁ the postpuberal period. This pattern of growth is typical
for those organs, as secondary sex Brgans, which depend on the male sex
horﬁone for their development (Sreebny et. al. 1955). The increase in
tryptobhan incorporation and the increase in granules containing tryptophan
are concurrent with the increase in accessory sex organ weight. This sug-
gests that male gonadal hormones influence the incorporation of protein-
bound tryptophan and the synthesis of granules containing tryptophan in the
terminal tubules of the submaxillary glands of males. The influence of
general organ development or.the.influence of other endocrine glands can
not be excluded.

When the patterns of growth for males and females are compared, the
‘relative submaxillary gland weight in females decreases during the pre-
puberal period whereas in males it remains COnstanf.‘ The rate of relative
'gland growth inc;eases in males during puberty but does not change in fe-
males. The relative submaxillary éland weight in males is significantly
hgévier than in females during the puberal and postpuberal periods. Males
incorporate .a disproportionately greater amount of tissue as submaxillary
gland than females.

Incorporation of profein per mg in the submaxillary glands of fe-
ﬁales and males decreases during the prepuberal period. The rate of incor-
poration remains the same in females énd increases in males during puberty.
After AS-aays of age, males have 1,7 times.more protein per mg of submaxil-
lary gland than females of the same age. The absolute weight of the gland

is heavier in males than in females of these ages.
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When the water, lipid and non-lipid fractions were measured in the
submaxillary glands of adult mice (Atkinson et. al. 1959), the relative
amount of these fractions were found to be the same, although the wet
weight of the submaxillar& glands of ﬁales were significantly heavier than
those of females. Considering the greater abundgnce of terminal tubules
in the submaxillary glands of males, Atkinson and his.group concludgd that
the principal factor effecting sex-dinorphism in the gland is the absolute
difference in tissue mass due primarily to the differential growth of
tubular elements.,

The incorporation of tryptophan per 10 mg decreases in the sub-
maxillary gland of females and increases in males during the prepuberal
period. During puberty, the rate of tryptophan incorporation increases in
both sexes, however the increase is greater in males than in females; The
rate of tryptophan incorporation in maleé during the prepuberal period is
the_same as that in females during puberty. The greater ipcrease in tryp-
tophan incorporation by the submaxillary glands of males over that of fe-
ma}es could result from the increase in gonadal androgens in males;

Granules containing tryptophan appear in the terminal tubules of
males at 35 days of age and in those of females at 45 days of age; Harvey
(1952) reported that acidophilic granules appear in the tubular cells when
the animals are between 20 and 35 days of age; These granﬁles are not de-

tected by p-DMAB staining until later, This could mean that although the

granule is formed, tryptophan is not incorporated until later or that the

amount of tryptophan is below the sensitivity of the p-DMAB stain. Acido-
philic granules in the terminal tubules of males becomes more abundant than
those of females at about 30 to 35 days of age (Harvey 1952), The bio-

chemically detectable amount of tryptophan in the submaxillary gland of



50
| males and females becomes significantly different at 35 days of age, al-
“though in femaies, granules containing tryptophan do not appear until later.

.When numbers of terminal tubules with granules containing tryptophén

:are'élotted againét age and the slopes are compared, the fate of appearance
of these tubules for males in the prepuberal period is-the same for that of
feﬁales during pugerty. Furthermore, the rate of appearance during puberty
is greater in males than in females, The rate of appearance parallels the
rate of tryptophan incorporation in the gland as measured by biochemical
analysis. Not only are the terminal tubules with granules containing tryp-
tophan more numerous in males than in females, but the density of the gran-
ules per cross-section appear to be greater (Fig. 4,5). These observations
inéicate that greater amount of tryptophan in submaxillary glands of males,
'measured.histochemical}y, histometrically, and biochemically, as compared
to females, is influenced By‘the additional androgens produced by males dur-
ing and following deerty. '

The amount of protein pef mg from a portioﬁ of the pancreas does
not change significantly with age in males or females; Further, when the
amount of tryptophan per 10 mg incorporated in the pancreas is compared with
age, the changes in the rate of tryptophan incorporation do not correspond
with the changes in'the submaxillary gland in the prepuberal, puberal or
postpubefal period, Protéin and tryptophan incorporation in the pancreas
does not follow the growth pattern of the accessory sex organs in which
growth increases during puberty. The pancreas does not exhibit sex dimor-
phism as determined by proteiﬁ or ﬁryptophan incorporation into the gland
. (Table 4,5).
| Subméxillary gland weight, amount of protein, quantity of trypto-

- phan and numbers of terminal tubules with granules containing tryptophan
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have different values in intact males and female mice of different ages,
The greatest degree of difference is manifested at some point during the
puberal period. The influence of gonadal hormones on the development of
sex-dimorphism of the submaxillary glands is better understood by comparing
-normal relative submaxillary gland weight, ﬁrotein and tryptophan incor-
poration, and number of terminal tubules to the changes which occur as a
consequence of castration and gonadal hormone injections,

Castration prevents the attainment of normal relative submaxillary
gland weight in both prepuberally castrated males and prepuberally castrated
females, Furthermore, the relative gland weight of these males is not sig-
nificéntly different from the females., Castration of adult males and adult
females also results in a loss of relative submaxillary gland weight. The
loss of weight in males is greater than the loss of relative submaxillary
gland weight in females (Table 15), Atkinson et. al. (1959) has also re-
ported a significant decrease in relative submaxillary gland weight in
‘adult males and females, castrated for 10 to 12 days.

The reduction in relative submaxillary gland weight is accompanied
by a decrease in protein incorporation per mg of gland in'prepuberally
castrated and adult castrated males, The degree of gubmaxillary gland
weight loss and of protein reduction is approximately the same, implying
an equal loss of protein and non-protein components of the gland. This is
in disagreement with Atkinson et. al. (1959) who reported that the reduc-
tion in submaxillary weight in castrated males is accompanied by a decrease
in the absolute weight of water and in the non-lipid fraction of the sub-
maxillary gland,

Reduced protein incorporation per mg in the submaxillary glands of

castrated males is accompanied by reduced incorporation of tryptophan in
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the gland. In prepuberally castrated males, tryptophan incorporatioﬁ is re-
duced to the amounts observed in immature males. Incorporation in adult
castrated males is not reduéed to this extent. In both groups, the reduc-
tion in tryptophan incorporation is greater than the reduction in protein
incofporation (Table 15). This suggests that a deficiency of gonadal andro-
gens decreases the synthesis of proteins containing tryptophan to a greater
extent than non-tryptophan proteins,

The number of germinal tubules with granules containing tryptophan

are also reduced and the extent of reduction parallels the reduction of
tryptophan in both the prepuberally castrated and adult castrated males
(Table 15).

Raynaud (1944) noted that, although reduced, granules continue to
develop in the tgrminél tubules of the submaxillary glands of males cas-
trated at birth., Harvey (1952) reported that granules do not fail to form
in prepuberally castrated males and do not disappear after long castration
in adult‘males. It was concluded that androgens of testicular origin do
not appear to be necessary for the synthesis and maintenance of a minimal
number of granules. Furthermoré, the submaxillary glénd of castrated males
is similar to thaﬁ of the normal young female with respectlto relative

"gland weight, tubular diameter and density of granules in the terminal
tubules. |

Castration of both prepuberal and adult males reduces the relative
weights of accessory sex organs to weights similar to those of immature
males.

In contrast to the effects of castration in males, in females the
incorporation of protein per mg of submaxillary gland is normal. The re-

duction of relative submaxillary gland weight in these females is not
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accompanied by a reduced protein incorporation (Table 15);

In their analysis of the submaxillary glands, Atkinson et. al. (1959)
found that castration of adult females reduced the absolute weight and rela-
tive weight of water in the submaxillary glands but increased the relative
weight of the non-lipid fraction. The reduction of absolute submaxillary -
gland weight in castrated females, thus, is reléted to the loss of watef
rather than the decrease in non-lipid portion of the gland; In a similar
way, reduction of relative submaxillary gland weight in castrated femaies
is related to the reduced non-protein components of the gland rather than -
a decrease in the incorporation of protein by the gland;‘

Although the incorporation of protein per mg of submaxillary gland
in prepuberally castrated females is normal, tryptophan incorporation de-
creases to a quantity equal to that of normal prepuberal females. The re-
duction in tryptophan is accompanied by a reduction in the number of termi-
nal tubules with granules containing tryptophan. The response to castration
is different in prepuberally and adult castrated females. In adult cas-
trated females, both the incorporation of tryptophan and the number of
terminal tubules with granules containing tryptophan -are normal. These
observations agree with'those of Harvey (1952) who noted that ovariectomy
tends to reduce submaxillary weight and decrease the size of the acini.

The loss of granular inclusions and reduction of tubﬁle diameter is appar-
ent in prepuberally castrated females, but not significant in adult cas-
trated females.

There is no apparent relation between the changes which occur in
the amount of protein and tryptophan in the pancreaé regardless of sex and
time of castration. Baker and Pliske (1957) report no significant reduc-
tion in absolute and relative weights of the pancreas as a result of cas-

tration.,
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Administration of testosterone to prepuberaliy castrated and adult
castrated males results in normal relative submaxillary gland weights, This
is accompanied by normal incqrporation of protein by the submaxillary gland.
Tryptophan incorporation per 10 mg and the number of terminal tubules Qith
granules containing tryptophan are normal (Table 15). Harvef (1952) wrote
that injections of androgens into prepuberally and adult castrated males re-
splts in increased relative gland weight, tubular diameter, and peripheral
granulation of ﬁhe submaxillary gland over that of the castrated male.
Atkinson et. al. (1959) has shown that androgen injections increase both
the water and the-non-lipid fraction of the submaxillary gland in castrated
~adult males. This further emphasizes the influence of testosterone on tHe
submaxilléry gland. |

The submaxillary glands of cgstrated females injected with androgens
show typical masculine appearance. Relative gland weight, protein incor-
poration, tryptophan incorporation and terminal tubules with granules con-
taining tryptophan surpass those of normal females of similar ages. Further-
mofe,.they equal the androgen treated males in submaxillary gland response
te testosterone, -The action of androgen upon the submaxillary glands of
prepuberally-castrated and adult éastrated females and its influence on sub-
maxillary gland weight, tubule diameter and density of granulation has been
reported by Harvey (1952).

Androgen is further implicated as 1nf1uencing:the sex-dimorphism
of the submaxillary glaﬁd when immature mice are given testosterone priof
" to the time of normal puberty, In males; given 0.05 mg testosterone daily
fromnlo to‘29 days of age, the relative submaxillary gland weight is equal
to that of adult males. Protein incbrporation is ﬁormal but tryptophean in-

corporation and the number of terminal tubules with granules containing
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tryptophan are equivalent to those of males in late puberty. Females,
treated in a similar manner respond to testosterone injection in the same
direction, Although relative submaxillary gland weight is normal, protein
ihcorporation and tryptophan incorporation equal those of adult males.
Terminal tubules with granules containing tryptophan equal those of males
during early puberty,

When the same amount , 1 mg, of testosterone is given over a shorter
period of time, 10 to 19 days of age, relative submaxillary weight decreases
iﬁ both males and females, Protein incorporation is normal in males but
decreases in females, The incorporation of tryptophan is enhanced and is
equal to that of early puberal males, Terminal tubules with granules con-
taining tryptophan in these injected immature males equal those of males
in late puberty and in injected females equal those of prepuberal males.
Testosterone stimulates growth of the accessory sex organs resulting in
organs weights equal to those found in puberal males. Harvey (1952) wrote
that administration of 0.1 mg of testosterone during 10-29 days of age, can
cause the submaxillary glands of 30-day old males and fémales to appear |
essentially like those of adult males. An equal amount of testosterone
given at a higher rate does not evoke an equal response, This difference
in responsé of animals injected from day 10 to day 29 and those injected
from day 10 to day 19 may involve the inability of the younger animals to
utilize the larger amounts of testosterone and the excess may be excreted,
or other wise metabolized without stimulating the target organ. |

The administration of testosterone has no significant effect on the
incorporation of protein or the incorporation of tryptophan in the pancreas
of immature males and.females, prepuberally castrated or adult castrated

animals.
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When prepuberally _ca'sirated males are given estrogen, the relative
submaxillary weight,‘ protéin incorporation, tryptophan incorporation and
terminal tubules with granules containing tryptophan fail to attain normal
values. Protein incorporatipn and the number of terminal tubules with
- granules containing tryptophan increase and are equal to those of males

in early puberty., The relatife walght of the accessory sex organs decreases.

| When estrogeﬁ is given to adult castrated males, there j.s a loss of
relative sutmaxillary gland i:eigh_t. protein incorporation, tryptophan incor-
poration, and numbers of terminal tubules with granules containing trypto-
phan. Whpn these males are compé;'ed with non-injected adult castrated
males, the rates of protein incorporation and tryptophan incorporation ine
crease sign’ificantly. Estrogen has a limited effect upon these components
of the sutmaxillary: glands of males.

Estrogen injection in both prepuberally and adult castrated females

results in normal relative submaxillary gland weight and protein incorpora-
tion. In prepuberally castrated females, incorporation of tryptophan per
‘ ‘mg of gland and the numbers of terminal tubules wif;h granules containing
trjptophan are normal whereas in adult castrated females they are above
normal values. Relative uterine weight in prepuberally castrated females,
' injected with estrogen, is within the range of values for normal fémales
énd'exceeds normal weight in adult castrated females.

Increases in tubular diameter in sutmaxillary glands of castrated
nales and females after injection of estradiol was reported by Lacassagne
(19#0b).‘ Harvey (1952) found that estrogen evokes the repair of all changes
. resulting from ovariectomy in both young and adult females with increased

tubular diameter, weight, granﬁle production and acinar size. In Aaddition,
 gubmaxillary glands of gravid females contain granules equal to those of
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adult males.

.The administration of estrogen to prepuberaily castrated and adult
castrated females and males has no apparent effect on the incorporation of
protein and tryrtophan in the pancreas. |

Harvey (1952) reported that the adrenal glands increased in weiéht
following estrogen injection and suggested that this observation coupled
with the fact that adrenal weight decreases following castration implies
that the change in submaxillary weight and histology might be mediated by
the adrenal gland and secondarily affected by estrogen. Raynaud (1954) re-
ported a more complete atrophy of the terminal tubules with adrenalectomy
coupled with castration than with castration alone. My studies indicate
that granules containing tryptophan appear prior to puberty in males
and slightly later in females. The incorporation of tryptophan-bound pro-
tein occurs at similar rates ip males and females before puberty and de-
creases to approximately these rates following castration. Synﬁhesis of
granules containing protein-bound tryptophan in the terminal tubules of the
submaxillary glands continues at minimal rates in the absence of gonadal
hormonés. Adrenél cortical hormones, estrogens, and androgens are steroldal
in nature. This system in the submaxillary glands responds to both
estrogen and testosterone but is especially responsive to androgénic
steroids.

Kochakian et al. (1963) investigated the role of various androgens
on protein'synthesis. The uptake of certain labeled amino acids, espec-
ially leucine, was decreased in the kidney following castration and in-
creased after implantation of testosterone propionate pellets. Uptake of
tryptophan however was not affected.  The changes in amino acld uptake was
correlated with changes in the microsomal RNA and protein biosynthesis both
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. after castration and durihg growth of the kidney by androgen stimulation.
.Kocﬁakién postulated the presence of hormone depenaant enzymes in the pro-
‘teinrbiosynthetic syséems of certain tissues, Similar work has not been
done on the suSmaxillary gland but hormone-dependent enzymes could be
postulated for the synthesis of proteins containing tryptophan in the gran-

ules of the terminal tubules. This is a problem for future investigation.

Summary and Conclusions

" The submaxiilary glands of adult male and female mice exhibit a sex
dimorphism which is characterized by greater relative subﬁaxillary gland
weight, greater rate of incorporation of total protein and of protein-bound
tryptophan, and-mofe numeroﬁs terminal tubules with éranules containing
tryptophan in males than in females,

Histochemical étudies of sectipns of the submaxillary glands show
that the large refractory granules of the terminal tubules are protein in
nature, This granule protein contains the major portibn of the tryptophan
which can be detected by p-DMAB staining, In addition to tryptophan, di-
basic amino acids and tyrosine are also present in the granules.

. The paﬁtern‘of submaxillary gland growth in males is different from
that of females. Iﬁ males, the submaxillary gland grows faster than the
body with a subsequent increase in relative submaxillary gland wéight as the
animals get older., The greatest increase in relative submaxillary gland
weight is observed during puberty, In females, élthoughAthe gland continues
‘to grow, it is slower than body growth, Relative submgxillary gland weight
tends to decrease with age in females,

The submaxillary gland 1ncorporates more non-protein than protein

components during the prepuberal period; During puberty, this trend con-

. tinues in females but changes in males, The increase in submaxillary
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gland weight in males results from the increase in protein incorporated by
the éland. In females, increase in submaxillary gland weight results from
the relatively greater incorporation of non-protein components,

Measurement of total prbtein includes measurement of protein-bound
tryptophan, Tryptophan incorporation and terminal tubules with granules
containing tryptophan, after their initial appearance, increase with age.
The rate of tryptophan incorporation roughly parallels the rate of the ap-
pearance of terminal tubules with granules containing tryptophan, In-
creased rates of tryptophan incorporation per mg of gland and granule pro-
duction are observed at puberty in both seies, however these rates are
alwgys greater in males than in females.

In castrated males, the decrease in relative submaxillary gland
weight is accompanied by a comparable decrease in total protein., The major
portion of the decrease in total protein can be accounted for by the de-
crease in'tryptobhan, as measured histochemically and histometrically,

Both the reduction in tryptophan incorporation and the appearance of term-
inal tubules containing tryptophan in prepuberally castrated males approx-
imate that of immature males. The extent of reduction is less in adult
castrated males than in prepuberally castrated males.

In adult castrated females, protein incorporation, tryptophan in-
corporation and numbers of terminal tubules are normal, In prepuberally
castrated females protein incorporation is normal but tryptophan incorpora-
tion and terminal tubules with granules centaining tryptophan decrease,

The most notable effect of testosterone injection in castrated
males and females and in normal immature mice is the increase in tryptophan
incorporation and in the appearance of terminal tubules containing trypto-

phan. The submaxillary glands of females respond to testosterone iﬁjection
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in the same manner and in the same direction as the submaxillary glands of
males.

Administration of estrogen to castrated males has a limited effect,
Relative submaxillary gland weight, protein incorporation, tryptophan in-
corporation and the number of terminal tubules with granules containing
tryptophan is fof the most part slightly greater than in non-injected cas-
trated males but aré.beloﬁ nofmal Qalues.

Estrogen injection is effective in castrated females, and its ad-
ministration results in normal protein, tryptophan and numbers of terminal
tubules with granules containing tryptophan,

It seems well established by castration and testosterone injection
that androgens plaf an important role in the incorporation of protein-bound
tryptophan and the synthesis of granules in the terminal tubules of the
submaxillary glands of males. The role of_eétrogen is not as clear al-
though the influence is in the same direction., These experiments do not
exclude the influence of other endocrine glands following castration and
 go6ada1 hormone treatment.

Protein and tryptophan incorporation by the pancreas is not sig-
nificantly affected by age, castration or gonadal hormone injection in
either males or females. The pancreas does not exhibit sex dimorphism on

the basis of protein incorporation or tryptophan incorporation.
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