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SOME HISTOCHEMICAL AND BIOCHEMICAL ASPECTS OF SEXUAL 

DIMORPHISM IN MOUSE SUBMAXILLARY GLANDS

CHAPTER I  

INTRODUCTION

A sex difference in  r a t  submaxillary glands was f i r s t  reported by 

F. S, Hammett (1923)• Later Lacassagne (1940a) described h is to log ica l d i f ­

ferences in mouse submaxillary glands. Males c h a ra c te ris tic a lly  have a 

predominance of terminal tubule c e lls  with basal nuclei and acidophilic 

granules. Fekete (1941) observed th a t the rods or basal s tr ia tio n s  in tu ­

bule c e lls  of the female submaxillary glands were lacking in corresponding 

c e lls  in males. There is  a predominance of acinar groups in the submaxil­

lary  glands of female mice (Causs^ and Lacassagne 1942). Subsequent con­

firm ation of these c e llu la r  d e ta ils  was made by Feyel-Cabanes (1947) and 

Frantz and Kirschbaum (1949).

The production of granules in the terminal tubule c e lls  is  in flu ­

enced by endocrine secretions. Granules in the tubular c e lls  appear f i r s t  

a t puberty (Harvey 1952) and develop under the influence of male hormone 

(Lacassagne 1940c), and to .a  le s s e r  ex ten t, the thyroid hormone (Arvey and 

Gabe 1950), estrogen (Lacassagne 1940b, Harvey 1952), and progesterone 

( Junqueira e t 1949).

Although the most notable sex-dimorphic d ifference in submaxillary 

glands is  the g reater quantity  of granules in the terminal tubule c e lls  of
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males, these granules have not been iso la ted  nor has th e ir  chemical composi­

tion  been fu lly  described. Some clues regarding th e ir  composition have been 

furnished by histochemical methods. The granules contain l i t t l e  or no car­

bohydrates or lip id s  but do contain p ro te in , ty rosine , (Junqueira e t  

1949, Raynaud 1952) and tryptophan (GUnner and L i l l ie  1957),

This study i s  designed to : 1) fu rther characterize the chemical

composition of the granules by stain ing  with histochemical reagents specific  

fo r protein  and amino acids, 2) compare morphological d ifferences, 3) com­

pare histochem ically and biochemically, the amounts of protein  and tryp to ­

phan in the submaxillary gland, and 4) re la te  these differences to postnatal 

growth and sexual maturation.



CHAPTER II 

MATERIAIS AND METHODS

Mice of Jaokson laboratory origin from a colony Inbred in our lab­

oratories were used in these studies. They were fed a standard Rockland 

ra t diet and given food and water ad libitum. They were killed with chloro­

form. Right submaxillary glands were used for histochemical study and le f t 

ones for biochemical assay. A comparative study of the pancreas (adjacent 

to the spleen) which does not show sex-dlmoriAlc characteristics (Sreebny 

fit al« 1958) was also made. Seminal vesicle and coagulating gland weights 

In males and uterine weights In females were employed to determine sexual 

maturity and effectiveness of gonadectomy or hormone Injection.

All organs were weighed on a Roller-Smlth torsion balance, accurate 

to + 0,2 mg.

Experimental Animals

A to ta l of 215 mice were used In th is study. These animals were 

divided Into 4 groups with 5 to 8 animals in each class, within each group.

The animals 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. Periods are identified 

as prepuberal, 10-45 days; puberal, 45-70 days; post-puberal, 70- 

150 days.

3
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2) Prepuberal castration: Mice were castrated a t 20 days of age 

and autopsied a t 65 days to determine the effects of the absence 

of gonadal hormones prior to the puberal period. They were in­

jected subcutaneously with 0.1 ml sesame o il or o il containing 

either 0,2 mg testosterone propionate or 0,33 mg estradiol ben­

zoate, Injections were given daily for 10 days prior to autopsy. 

The groups were : 2,1) males, given testosterone; 2,2) females, 

given testosterone; 2,3) males, given estradiol; 2,4) females, 

given estradiol; 2.5) males, given sesame o il; 2,6) females, given 

sesame o il,

3) Adult castration: Mice were castrated at 120 days of age and 

autopsied a t 150 days of age to determine the effects of the ab­

sence of gonadal hormones after development of sex characteris­

t ic s .  Treatment was identical to  that described for the pre­

puberally castrated group,

4) Immature mice were injected with testosterone propionate, to  de­

termine the influence of androgens given prior to the time of 

normal sexual development. The groups were: 4*1) males and 

4,2) females injected with 0,1 mg testosterone propionate daily 

from day 10 through day 19, 4,3) males and 4*4) females injected 

with 0,05 mg testosterone propionate daily from day 10 through 

day 29, These animals were compared with normal animals of 20 

and 30 days of age.

Histological and Histochemical Methods

Whole submaxillary glands were fixed in buffered formalin for 8 to
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10 hours, dehydrated through an alcohol se ries  of 70%, 83%, 95%, 100%; 

cleared in o il  of wintergreen and embedded in paraffin . Sections were cut 

a t 6 to 10 microns, mounted on albumenized s lides and dried on a warming 

p la te  overnight.

Alcian blue-acid fuchsin s ta in  (Caramia and A ngelletti 1962) was 

used for study of the general s truc tu re  of the submaxillary glands. Mer­

curic bromphenol blue s ta in , Hg-BPB, was used to  demonstrate the location 

of proteins (Bonhag 1953). Napthol Yellow S (Deitch 1955) was used to s ta in  

dibasic amino acids. Proteins containing tyrosine were stained and located 

by Mi lions* reaction as modified by Rasch and Swift (i960). Protein-bound 

tryptophan or other 3-indolyl derivatives were visualized with p-dimethyla- 

minobenzaldehyde, p-DMAB, using sodium n i t r i t e  as the oxidizing agent (Adams 

1957).

Serotonin ( 5-hydroxytryptamine), i f  i t  were bound to an acidic pro­

te in  or formed the base of a phospholipid, is  the only other 3-indolyl deriv­

a tiv e  likely  to be present in fixed tissue  (Adams 1957). Unbound serotonin 

is  soluble in aqueous solution and would have been removed as tissu es  were 

washed. Submaxillary glands were assayed for serotonin, using the extraction 

method of Udenfriend e t. a l .  (1955). The density of a sample of the ex tract 

was measured with a Klett-Summerson colorim eter, and was compared with tha t 

of a standard solution containing 0.8 micromoles of serotonin. The s a l i ­

vary gland ex tract contained no serotonin.

Histometric Methods 

p-DMAB stained sections of submaxillary glands show tha t tryptophan 

is  concentrated in the granules. An estimate of the re la tiv e  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 gland sections were stained with p-DMAB. When the sec­

tion of a tubule appeared as a cross-section and had p-DMAB stained gran­

u le s, i t  was counted. The number of tubule sections were counted in a region 

1 mm̂  and 6 microns th ick . The magnification was 100 X. The re su lts  are 

expressed as the number of tubule cross-sections/mm^. Sections of submaxil­

lary glands from 4 animals in each class were examined. For each animal, 

four f ie ld s  were picked a t random from the periphery of a section of the 

gland. Ten counts made on a single te s t  section averaged 104 sections/mm^ 

with a standard deviation of + 4. To compare the r e l i a b i l i ty  of th is  tech­

nique, the re su lts  were checked with another histom etric method. Submaxil­

lary gland sections of both males and females from several experimental 

groups were sampled. Selected submaxillary gland sections were projected • 

in a m icroprojector, equipped with a 45° prism, a t a magnification of 250 X. 

The ou tlines of term inal tubules with p-DMAB stained granules were drawn on 

graph paper. The to ta l  area of the projected image was calcu lated . These 

re su lts  were p lo tted  against the cross-section tubule count of the same 

s lid e . A s tra ig h t line  was produced which indicates tha t the two methods 

are comparable. The method, f i r s t  described, was considered the most con­

venient and was used in th is  study.

Biochemical Assay

Left submaxillary glands of the animals were assayed. At le a st 50 

mg of tissu e  was required. Single submaxillary glands from immature an i­

mals weighed 10 to 20 mg, and those of adults 30 to 50 mg; glands were pooled 

when necessary. A portion of the pancreas, 50-70 mg, was also  assayed. 

Weighed glands were placed in 50 times th e ir  wet weight of cold 0.3% sa lin e , 

homogenized in glass tissu e  homogenizers, then centrifuged in the cold a t
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480 X g for 5 minutes to remove nuclei and broken ce ll fragments. The 

supernatant flu id  was assayed a t room temperature simultaneously with stand­

ard solutions and reagent blanks. Averages were determined from duplicate 

te s ts .

Tryptophan

Tryptophan was determined by the method described by Graham e t, al_, 

(1947). One ml portions of the supemate were p ipetted  into K lett tubes.

Two ml of a solution of 0.5% p-DMAB in 12N HCl were added and tubes allowed 

to stand for 30 minutes in the dark. Two mis of absolute ethanol and 6 

drops of 0.2% NaN02 in 12 N HCl 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 K lett-. 

Summerson colorim eter (optimum OD in region of 620 np) and compared to the 

density of standard solutions prepared from a stock of 20 mg DL-tryptophan 

dissolved in 1% g e la tin  in NaOH. Protein-boynd tryptophan is  expressed as 

micrograms of tryptophan. The g reatest varia tion  between duplicate read­

ings is  1.4 >ig per 10 mg of submaxillary gland.

Protein

Total protein was measured by the method of Loury e t . a l . (1951).

0.1 ml portions of the supemate were p ipetted  into K lett tubes containing 

5 ml of alkaline copper ta r t r a te .  The density of the blue color was de­

termined a f te r  30 minutes with the Klett-Summerson colorim eter. Egg albu­

men, 200 /ig /0 .1 ml, was used as a standard and to ta l  protein  is  expressed 

as equivalent micrograms. The g reatest varia tion  between duplicate readings 

of unknown samples is  15.5 jjg.



CHAPTER I I I

RESULTS

Sexual Dimorphic C haracteristics 

Mature Animals

In normal ad u lt mice, 150 days of age, the average weight of the 

submaxillary glands fo r males is  110.9 mg (body w t., 23.7 g) and 62.6 mg 

(body w t., 22.5 g) for females. Mean re la tiv e  gland weight, mg/lOg body 

weight, is  46.7 mg in males and 27.8 mg in females. P rotein 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 the gland, in males, 165 cross-sections 

of terminal tubules/mm^ contain granules with sta inable  tryptophan and in 

females 45/mm  ̂ contain such granules.

In summary, both the absolute and the re la tiv e  submaxillary gland 

weights are g reater in adult males than in females. The glands of males 

contain more pro tein  and tryptophan and possess more terminal tubules with 

granules containing tryptophan than females.

General Histology

The submaxillary gland is  described (Fekete 1941, Junqueira e t  a l . 

1949, Harvey 1952).as a compound, branched, tubulo-acinous gland divided by 

connective tissu e  septa in to  several ovoid lobes and lobules. -

8
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A large excretory duct leads to the oral cavity . This duct branches 

into the in terlobu lar ducts which fu rth er branch into smaller ducts, which 

are the in tra lobu lar ducts of the individual lobes. The in tra lobu lar ducts 

divide into the terminal tubules which are the sexually dimorphic tubules 

of the duct system.

Terminal tubules are lined with columnar e p ith e lia l c e lls  having 

cen tral or subcentral nucle i, fine ly  granular cytoplasm and p a ra lle l rows 

of mitochondria between the nucleus and base of the c e ll .

As the duct system term inates, terminal tubules connect with serous 

acini composed of small groups of c e l ls ,  each of which has a deeply s ta in ­

ing spherical nucleus a t the base. The narrow acinar lumina are seldom 

seen. These c e lls  possess fine granules in varying amounts and vacuoles 

are frequently present.

In adult mice, sexual dimorphism is  expressed by males having greater 

q uan tities  of large highly re frac tiv e  granules within the term inal tubule 

c e lls  than females. Sections of submaxillary glands from adult males, 

stained with Alcian blue-acid fuchsin, show the cytoplasm of terminal tubule 

c e lls  to  be densely packed with red stain ing  granules. Basal nuclei appear 

d is to rted , c e ll membranes are in d is tin c t and the basal s tr ia tio n s  are ob­

scured. In figure 1, a typ ical 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 adult female. These sec­

tions typ ica lly  have smaller numbers of terminal tubules containing granules 

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

Histochemistry

Although the nature of fixed tissu e  is  realized  to be very d if fe r ­

ent from tha t of liv ing  tis su e , histochemical stain ing  methods y ield  some
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information as to the chemical components of the granules in the terminal 

tubule c e lls .

Hg-BPB sta in s granules of the tubular c e lls  a more intense blue than 

other parts  of the c e l l ,  indicating a re la tiv e ly  greater amount of protein 

localized in these granules. Napthol Yellow S, an anionic dye which sta ins 

dibasic amino.acids yellow, s ta in s the terminal tubule granules more in ­

tensely than the c e llu la r  cytoplasm. These granules also reac t with M illons' 

reagent to form a red pigment indicating the presence of ty rosine . Other 

cytoplasmic parts  of the c e lls  s ta in  a d iffuse pink with th is  s ta in . Each 

of these specific  histochemical s ta in s  colored the granules in tubule c e lls  

of the submaxillary glands of males darker than those of females, as a re ­

su lt of the g reater number of granules in the male.

Tryptophan is  iden tified  as a component of the granule protein  in 

submaxillary glands using p-DMAB-nitrite s ta in . I t  produces a dark blue 

color in the granules, indicating a large amount of tryptophan. Cytoplasm 

of the terminal tubules and acinar c e lls  is  co lo rless. Submaxillary glands 

of males have tubular c e lls  crowded with granules containing tryptophan 

(Fig. 3). Females have fewer tubules and th e ir  tubules have fewer granules 

containing tryptophan than do males (Fig. 4).

Granules in sections of the pancreas from both males and females 

also produce a dark blue pigment with p-DMAB s ta in . Males and females ap­

pear to have about the same number of granules in these tissu e  sections.

Performic acid oxidizes tryptophan and thus prevents p-DMAB from 

reacting with th is  amino acid and no blue pigment is  produced (Toennies 

1942). When sections of the submaxillary gland or pancreas are subjected 

to performic, acid oxidation, p rio r to stain ing  with p-DMAB, n'- blue color 

is  produced.
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Pig. 1. Submaxillary gland, adult 
male. Alcian blue-acid fuchsin 
stain.

- : K / :  -

. ■ N  •

Fig. 2. SubmaxilUry gland, adult 
female. Alcian blue-acid fuchsin 
stain.

Fig% 3. Submaxillary gland adult Fig. 4. Submaxillary gland, adult 
male, p-IMAB stain. female. p-EKAB stain.

t- 50 microns
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Postnatal Growth

Females gain weight during the prepuberal and puberal periods a t the 

rate of 0,22 g/day (Fig. 5)» Measurements were not made between 70 and 150 

days, however the mean body weight of I7.9 g a t 70-days (Table 1) i s  sig­

nificantly different from the mean weight of 22,5 g a t 150-days, indicating 

that the rate of growth has increased over that of the puberal ra te . Males 

gain weight during the prepuberal period a t the rate of 0,22 g/day and O.35 

g/day during puberty (Fig, 5)» Males, a t 70-days, have a mean body weight 

of 22,6 g (Table 1) which is  not significantly different from that of 23#7 

g a t 150-days, The growth rate then must be reduced after puberty.

When body weight is  compared to age, the slope of the line, 0,22, 

is  the same for females and males during the prepuberal period. During the 

puberal period, the slope remains the same for females but for males, i t  

increases to 0,35 (Fig. 5)« The body weights of males are significantly 

different from those of females a t 65 and 70 days of age. Measurements 

were not made between 70 and I50 days of age, however a line can be drawn 

through the respective points which has a slope of 0,06 for females and 0,01 

for males. These slope comparisons indicate a decrease in growth rate of 

males and females and that the male slows down more than the female during 

the postpuberal period (Fig, 5)« So at I50 days there i s  no significant 

difference in body weights,

ühe submaxillary glands of females gain weight a t the rate of 0.45 

mg/day up to 70 days of age (Fig. 5), Measurements were not made between 

70 and 150 days of age, however, the mean submaxillary ^and weight of 62,6 

mg at 150-days (Table 2) is  not significantly different from the mean weight 

of 5(»«2 mg at 70-days, Growth rate is  slower in the postpuberal period.

The submaxillary glands of males grow at the rate of 0,4-5 mg/day during the
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TABLE I

MEAN BODY WEIGHT FROM DAY 10 THROUGH DAY 150+

Age (days)* Body weight in grains

No.
of

Animals**
Male

No.
of

Animals**
Female

10 5 6.4 (5.6- 7.0) 6 5.4 (4 .5 - 6.5)

20 6 7.8 (6.7- 8.7) 6 7.1 (6 .7 - 7.3)

30 5 11.6 (11.0-12.0) 5 9.5 (9 .2 - 9.7)

35 6 11.9 (11.2-12.7) 6 11,2 (10.5-12.0)

45 5 14.6 (14.0-16.4) 5 13.9 (10.4-15.9)

55 ■ 6 18.2 (18.0-19.0) 5 14.9 (13.8-17.0)

60 8 19.9 (18.5-22.0) .7. 17.7 (16.0-20.5)

65 5 20.4 (17.0-22.6) 5 16.1 (14.5-17.0)

70 6 22.6 (20.5-24.1) 5 17.9 (15.7-19.5)

150 7 23.7 (20.5-28.0) 6 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 d iffe ren t age groups are the same for the 
subsequent tab les .
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prepuberal period and 1.85 mg/day during puberty (Fig. 5), The mean sub­

m axillary gland weight of 110.9 mg a t 150-days (Table 2) is  not s ig n if i­

cantly  d ifferen t from the mean weight of 93.9 mg a t 70-days, indicating a 

much slower ra te  of growth in the postpuberal period.

A p lo t of submaxillary gland weight as a function of age produces 

a slope of 0.45 fo r both females and males during the prepuberal period.

In females, th is  slope remains the same through the puberal period, wheueas 

in males i t  increases to 1.85 (Fig. 5). Although measurements were not 

made between 70 and 150 days of age, a line can be drawn through the points 

which has a slope of 0.08 fo r females and 0.21 for males (Fig. 5). These 

slope comparisons indicate a decrease in growth ra te  of females and males 

and tha t the female.slows down more than the male. The mean submaxillary 

gland weight of adult males is  1.8 times heavier than tha t of adult females.

The mean re la tiv e  submaxillary gland weight in 10-day females aver­

ages 32.1 mg/10 g body weight (Table 2) arid decreases 0.06 mg/lOg/day during 

the prepuberal and puberal periods (Fig. 6). Although measurements were not 

taken between 70 and 150 days of age, the mean re la tiv e  weight of 27.8 mg at 

. 150-days (Table 2) does not d if fe r  s ign ifican tly  from tha t of 31»4 mg at 

70-days. In males, the re la tiv e  submaxillary weight tends to remain con­

s tan t during the prepuberal period and increase during puberty, growing a t 

the ra te  of 0.28 mg/lOg body wt./day (Fig. 6). In 150-day males (Table 2) 

the re la tiv e  gland is  46.7 mg/lOg body wt. and is  not s ig n ifican tly  d if f e r ­

ent from the mean weight of 41.1 mg/lOg body wt. in 70-day males (Fig. 6).

When the re la tiv e  submaxillary gland weight is  compared to age, the 

slope of the line is  -0.06 during the prepuberal period fo r females and 

0.0 for males. During puberty, the slope does not change for females but 

becomes 0.28 fo r males (Fig. 6). The re la tiv e  submaxillary gland weights
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TABLE 2

MEAN SUBMAXILLARY GLAND WEIGHT AND RELATIVE SUBMAXILLARY GLAND WEIGHT*

Age*
(days)

Mg submaxillary gland Mg submaxillary gland 
10 g body wt.

Males Females Males Females

10 20.7
(18.4-23.8)

17.4
(12.0-21.6)

32.3
(29.2-35.1)

32.1
(21.8-38.4)

20 34.8
(30.0-39.0)

33.4
(28.8-38.8)

44.6
(34.9-50.5)

47.2
(41.7-53.4)

30 37.6
(35.4-41.8)

32.7
(26.8-40.0)

32.4
(31.3-38.0)

34.1
(29.1-41.2)

35 47.7
(40.0-56.6)

38.5
(34.0-48.6)

40.0
(35.7-48.3)

34.6 , 
(30.0-44.1)

45 48.3
(46.0-50.0)

42.5
(34.0-48,0)

33.9
(27.2-34.2)

30.7
(24.2-34.6)

55 68.5
(58.0-78.8)

50.0
(48.0-60.0)

37.8
(32.9-47.5)

32.4
(28.9-35.4)

60 77.8
(67.3-90.0)

53.0
(48.0-58.0)#

38.0
(35.9-47.0)

28.9
(26.6-31.1)

65 70.2
(60.0-78.0)

53.1
(47.0-58.0)

35.4
(30.2-37.6)

33.4
(30.3-34.5)

70 93.9
(77.0-108.0)

56.2
(51.0-61.0)

41.1
(35.0-45.9)

31.4
(29.4-32.2)

150 110.9
(89.2-140.0)

62.6
(54.0-73.0)

46.7
(43.1-52.6)

27.8
(21.2-30.4)

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

period, 70-150 days.



16

O  Male

Female

100

6 0

60
£
0»

I

40

Submaxillary w eight  (mg)

Body weight (gm)

10 20 3 0 4 0 00 70 days6 0

r
.0 

L

ISO
Fig. 5. Body wtIgM and wjbmoxillary gland wilght o i o function of age. 

Volute ore expreiied as means with standord deviation.



1.7

mole

female

10 20 3 0 7 0  days6 04 0 90
F ig .6 .  R e la t iv e  subm aiilllary  gland weight with age. 

Values are expressed as means with s tan da rd  deviation.

1
190



18

of males and females are not s ig n ifican tly  d iffe ren t a t 45-days, but are 

d iffe ren t a t 70-days and a t 150 days of age. The re la tiv e  submaxillary 

gland weight of adult males is  1.7 times gireater than tha t of adult females.

Weights of accessory sex organs were not recorded u n til 30 days of 

age. After th is ,  these organs gain weight a t the ra te  of 0.30 mg/day in 

females and 0.37 mg/day in males through the.remainder of the prepuberal 

period (Table 3). Uterine weight fluc tua tes  during puberty. No attempt 

was made to associate these changes with the estrus cycle. Seminal vesicle- 

coagulating gland weights in males increase 2,5 mg/day during puberty.

These organs average 85 mg in 150-day males, and 72.0 mg in 70-day males. 

These weights (Table 3) are not s ig n ifican tly  d iffe re n t, indicating de­

creased growth in the postpuberal period.

TABLE 3

MEAN ACCESSORY SEX ORGAN WEIGHTS IN MILLIGRAMS

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 protein incorporated in the-submaxillary.glands' of 10- , 

day females averages 103.4 pg/mg and decreases 0.19 pg/mg/day during the 

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

ages 94.0 pg/mg (Table 4) and is  s ig n ifican tly  d iffe ren t from 83.4 pg/mg at 

70-days. P rotein incorporation increases in the postpuberal period in
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TABLE 4

MEAN MICROGRAMS OF PROTEIN PER MILLIGRAM OF GLAND+

Age*
(days) Submaxillary gland Pancreas

Male Female Male Female

10 98.2 
( 91.8-105.0)

103,4 
(99.0-109.0)c

140.2
(138.3-141.5)

142.0
(135.4-149.3)

20 97.3 
( 96.4- 99.6)

100.5
(98.0-105.3)

128.1
(123.7-131.5)

116.3
**

30 110.0
(107.4-116.3)

104.6
(92.6-106.8)

136.5
(123.6-146.5)

138.5
(128.0-152.3)

33 105.3
(104.8-110.7)

93.6
(86.9-101.3)

124.3
(115.3-131.6)

141.3
(134.8-153.0)

45 99/9 
( 86.9-108.2)

96.9
(86.1-101.3)

133.7
(120,5-138.3)

144.9
(129.5-167.3)

55 119.4
(109.8-124.7)

97.0
(96.3-108.1)

60 128.0 
( 98.2-147,1)

94.8 
(91.4- 97.9)

152.8
(137.3-165.8)

141.2
(138.6-150.4)

65 123.0
(122.0-124.6)

99.7
(90.4-104.8)

139.6
(107.9-154.7)

115.3 
( 87.4-118.8)

70 136.8
(128.8-146.8)

83.4 
(82.4- 86.3)

154.0
(150.0-158.3)

148.0
(132.0-164.0)

150 157.5
(149.9-191.6)

94.0
(81.0-108.4)

145.0
(140.3-148.6)

143.0
(132.2-177.8)

+ ■ means with ranges
* ■ prepuberal period, 10-45 days; puberal period, 45-70 days; postpuberal 

period, 70-150 days.
** B pooled glands 

. . .  B not recorded
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females. In males, a t 10-days, protein incorporation averages 98.2 pg/mg 

and decreases 0.19 pg/mg/day during the prepuberal period. During puberty, 

incorporation of protein in the submaxillary glands increases to 1.44 pg/ 

mg/day. Measurements were not made between 70 and I50 days, however the 

average of 157.5 pg/mg at 150-days is  significantly different from the av­

erage of 136.6 pg/mg 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 4),

When protein/mg of submaxillary ^and 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 

1.44 for males. Measurements were not made between ?0 and I50 days, al­

though lines drawn through their respective points have slopes of 0,26 for 

males and 0.13 for females (Fig, ?). 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),

The amount of tryptophan in the submaxillary glands of 10-day fe­

males averages 6.2 pg/10 mg and decreases 0,06 pg/lO mg/day during the 

prepuberal period. During puberty, tryptophan incorporation increases to 

0,13 )ig/lO mg/day (Fig, 7)* Measurements were not made between ?0 and I50 

days, however the quantity of 7.9 pg/lO 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 during the postpuberal period in females. Males 

incorporate tryptophan a t the rate of 0,09 jig/lO mg/day during the pre-
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puberal period and 1.03 pg/10 mg/day during puberty (Fig, 7), The ra te  of 

tryptophan incorporation in the submaxillary glands of males increases 11- 

fold during puberty. Tryptophan averages 38.9 pg/10 mg of submaxillary 

gland in 150-day males (Table 5) and is  not s ig n ifican tly  d iffe ren t from 

the average of 34.0 pg/10 mg in 70-day males. Tryptophan incorporation de­

creases during the postpuberal period.

In a p lo t of the amount of tryptophan as a function of age, 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 th e ir  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 much tryptophan as those of adult females.

Incorporation of tryptophan in the pancreas is  not s ign ifican tly  

d iffe ren t in males and females. The ra te s  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 f i r s t  appear 

in terminal tubule c e lls  of the submaxillary glands of females a t 45 days 

of age. During the puberal period in females, they appear a t the ra te  of

1.05 tubules/mm^/day. These tubules average 45/mm̂  a t 150-days and th is  

is  not s ig n ifican tly  d iffe ren t from the mean of 33/mm  ̂ fo r 70-day females. 

In males, these granules f i r s t  appear a t 35 days of age. The tubules con­

taining these granules appear a t the ra te  of 1.3 tubules/mm^/day during the 

remainder of the prepuberal period and increase to  a ra te  of 3.64/mm^/day 

during puberty (Fig. 8). Measurements a t 70 and 150 days show the mean 

number of tubules a t 150-days is  165/mm  ̂ (Table 6) and is  s ign ifican tly
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TABLE 5

MEAN MICROGRAMS OF TRYPTOPHAN PER TEN MILLIGRAMS OF GLAND+

Age*
(days) Submaxillary. gland Pancreas

Male Female Male Female

10 5.6 
( 5.4- 5.9)

6.2 
(6 .0-6.9)

20.4
(19.6-20.7)

22.5
(21.2-23.2)

20 6.0 
( 5.4- 6.8)

6.0
**

25.0
(24.0-25.8)

24.0
**

30 6.8 .
( 6 .0- 7.0)

5.7 
(4 .5-6 .7)

29.7
(26.7-31.6)

32.0
(25.2-33.8)

35 7.6 
( 7.4- 7.8)

4.7 
(4 .6-5.1)

25.9
(23.4-28.4)

27.0
(26.2-28.4)

45 8.0 
( 5.9-11.2)

3.9 
(3 .6-4 .7)

27.5
(24.6-30.0)

23.9
(20.0-25.6)

55 12.4
(10.5-16.2)

6.2 
(6 .0-7 .5)

60 25.6
(20.6-31.9)

8.0 
(7 .0-8 .8)

32.8
(21.8-37.5)

26.7
(23.7-28.3)

65 27.0
(26.4-29.9)

6.4 
(5 .6-7 .1)

24.4
(20.1-30.8)

19.5
(13.8-30.8)

70 34.0
(23.0-36.7)

7.5
. (6 .8-8 .1)

29.7
(25.9-32.6)

32.8
(29.4-34.6)

150 38.9
(22.9-44.8)

7.9 
(7.0-9.2)

26.7
(15.6-33.6)

27.0
(19.6-39.2)

+ « means with ranges
* « Ages: prepuberal period, 10-45; puberal period, 45-70; postpuberal

period, 70-150.
■ ** M pooled glands 
. . . =  not recorded
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d iffe ren t from the mean of 128/mm  ̂ a t 70 days.

A p lo t of the number of terminal tubules as a function of age pro­

duces a line with a slope of 0.0 in early  puberty and 1.3 for males during 

the la te  prepuberal period. They are not observed in females during e ith e r  

part of th is  period. During puberty, the slope of the line  is  1.05 for 

females and 3.64 fo r males (Fig. 8). Although measurements were not made 

between 70 and 150 days of age, lines drawn through these respective points 

have slopes of 0.15 fo r females and 0.46 for males (Fig. 8 ). Adult males 

have 3.6 times as many terminal tubules with granules containing tryptophan 

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) ( 4 0 -  51)

* = expressed as means, with ranges, of tubules per mm̂  of submaxillary 
gland

— = not recorded

■Summary. The overall patterns of body growth and submaxillary growth 

d if fe r  in females and males. During the prepuberal period, the respective 

growth ra te s  are the same for both sexes. During puberty, growth continues 

a t the same ra te  in females but increases in males. In the postpuberal 

period, growth decreases in both sexes.
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Relative submaxillary gland weight decreases during the prepuberal, 

puberal and postpuberal periods in females. In males, there is  no s ig n if ­

ican t change in re la tiv e  gland weight during the prepuberal period, although 

an increase is  observed during puberty. Relative submaxillary gland weight 

is  g reater in adult males than in adult females.

Accessory sex organ growth increases during puberty in both males 

and females.

The highest ra te  of protein  and tryptophan incorporation is  ob­

served during puberty in males. During the puberal period in males, the 

ra te s  of incorporation of both protein  and tryptophan increase above that 

of the prepuberal period. In females, during puberty, incorporation of 

protein  decreases whereas tha t of tryptophan increases. The amount of pro­

te in  and tryptophan incorporated per day decreases in the postpuberal per-
I

iod of males. A s lig h t increase in protein  incorporation concurrent with 

a decrease in tryptophan incorporation is  observed in females during the 

postpuberal period.

Incorporation of protein  and tryptophan in the pancreas does not 

appear to be influenced by age or sex of the animal.

Granules containing tryptophan appear e a r l ie r  in the terminal 

tubules of submaxillary glands of males than in those of females. The 

number of cross-sections of these tubules increase in both males and fe ­

males as the animals get o lder, and the ra te  a t which they appear is  

g reater in males than in females.

Effects of Castration

PrepuberalIv castra ted  males. When males are castra ted  a t 20 days 

and examined a t 65 days, the submaxillary gland does not grow as fa s t and 

the re la tiv e  gland weight decreases 21 percent of normal. S im ilarly pro­

te in  incorporation per mg in these glands decreases 24 percent. The
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incorporation of tryptophan per 10 mg is  reduced 7!̂  percent. A 77 percent 

reduction in number of tem inal tubules with granules containing tryptophan 

parallels the decrease in tryptophan incorporation (Table 7» 15)»

The amount of protein and of tryptophan in the pancreas of pre- 

puberally castrated males (Table 7) is  normal.

The relative seminal vesicle-coagulating gland weight decreases to 

91 percent below normal (Table 7, 15).

Adult castrated males. Relative submaxillary &Land weight in adult 

castrated males decreases to 24 percent below noznal. There is  a concurrent 

33 percent decrease in the incorporation of protein per mg by the submaxil­

lary gland. During th is same time, tryptophan per 10 mg decreases 57 per­

cent, The number of tem inal tubules with granules containing tryptophan 

decreases 38 percent (Table 7, 15)«

Adult castrated males have nomal 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 nomal (Table 7, 15).

Prepuberally castrated females. Females castrated a t 20 days and 

ejramined a t 65 days have a I5 percent reduction in relative submaxillary 

^and weight. Incorporation of protein i s  nomal, 107,6 jug/mg of f^and. 

Tryptophan incorporation per 10 mg decreases 27 percent lAereas the number 

of tem inal tubules with granules containing tryptophan decreases 72 percent 

(Table 8, I5).

The pancreas of these fm ales has nomal amounts of protein and 

tryptophan (Table 8),

Relative uterine weight decreases to 77 percent below nomal (Table

8 , 15).



TABLE 7
CHANGES OBSERVED I N  CAST RAT ION OF PRE P UB E RA L  MALES AND ADULT MALES+

R e l a t i v e  a c c e s s o r y  s e x  
o r g a n  w t .  m g / l O g  b o d y  w t . *

S u b m a x i l l a r y  g l a n d
A b s o l u t e  w t .  o f  g l a n d

R e l a t i v e  w t .  mg  o f  g l a n d  
1 0  g  b o d y  w t .

T e r m i n a l  t u b u l e s  #  X - s e c t i o n s  
w i t h  t r y p t o p h a n / m m ^

P g  p r o t e i n / m g  g l a n d  

P g  t r y p t o p h a n / l O m g  g l a n d

P a n c r e a s
P g  p r o t e i n / m g  g l a n d

P g  t r y p t o p h a n / 1 0  mg  g l a n d

A u t o p s i e d  a t  6 5  d a y s
N o r m a l  P r e p u b e r a l

c a s t r a t e

A u t o p s i e d  a t  1 5 0  d a y s  
N o r m a l  A d u l t

c a s t r a t e

2 3 . 0  2 . 0 6
(  1 3 . 7 -  3 1 . 4 )  (  1 . 0 3 -  3 . 6 )

7 0 . 0
(  6 0 . 0 -  7 8 . 0 )

3 5 . 0
(  2 8 . 9 -  3 6 . 4 )

1 0 4 . 0
C 9 6  -  1 1 1  )

1 2 3 . 0  
( 1 2 0 . 0 - 1 3 0 . 0 )

2 7 . 6  
(  2 6 . 4 -  2 9 . 9 )

1 4 5 . 0
( 1 4 0 . 0 - 1 4 8 . 0 )

2 4 . 4  
(  2 0 . 1 -  3 0 . 8 )

5 4 . 0
(  5 0 . 0  -  5 7 . 0 )

2 7 . 8  
(  2 5 . 2  -  3 2 . 0 )

2 4 . 0  
( 1 8  -  3 2  )

9 3 . 0
(  8 9 . 8  -  9 5 . 2 )

7 . 2
(  6 . 2  -  8 . 4 )

1 2 7 . 2  
( 1 1 1 . 1  - 1 3 6 . 0 )

2 1 . 9  
(  1 3 . 4  -  3 0 . 6 )

2 7 . 4  4 . 2
(  1 5 . 4 -  3 2 . 6 )  (  3 . 0 7 -  7 . 2 )

1 1 0 . 9
( 1 0 5 . 6 - 1 3 0 . 0 )

4 6 . 7  
(  4 2 . 1 -  5 2 . 6 )

1 6 5 . 0  
( 1 5 5  - 1 7 1  )

1 5 7 . 5
( 1 4 9 . 9 - 1 9 1 . 6 )

3 8 . 9  
(  2 2 . 9 -  4 4 . 8 )

1 3 9 . 6
( 1 0 7 . 9 - 1 5 4 . 7 )

2 6 . 6  
(  1 5 - 6 -  3 3 . 6 )

9 2 . 4
(  8 1 . 6  -  9 6 . 0 )

3 5 . 5
(  2 9 . 9  -  4 7 . 2 )

1 0 3 . 0  
(  9 6  - 1 2 3  )

1 0 4 . 8  
(  9 1 . 3  - 1 1 4 . 8 )

1 6 . 9  
(  1 4 . 0  -  1 8 . 7 )

1 5 3 . 9  
( 1 0 6 . 1  - 1 8 0 . 3 )

2 4 . 3  
(  1 5 . 6  -  3 3 . 6 )

fO
00

+ « mean values with ranges
* « seminal vesicle-coagulating gland/weight
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Adult castra ted  females. Relative submaxillary gland weight in adult 

castra ted  females decreases to  22 percent below normal.. There are normal 

amounts of protein  and tryptophan in the submaxillary glands. S im ilarly, 

there are normal numbers of terminal tubules with granules containing tryp ­

tophan (Table 8 , 1 5 ) .

The pancreas of these females has normal amounts of protein and 

tryptophan (Table 8).

Relative u terine weight decreases 48 percent (Table 8).

Summarv. Relative gland weight decreases in both prepuberally and 

adult castra ted  males. This is  accompanied by reduced protein  and tryp to ­

phan incorporation. Examination of p-DMAB stained sections show fewer 

terminal tubules with granules containing tryptophan than normal. Incor­

poration of protein  and tryptophan in the pancreas is  normal. Relative 

accessory sex organ weights are s ig n ifican tly  reduced.

In prepuberally castra ted  and adult castra ted  females, re la tiv e  

submaxillary gland weights decrease. The mean amount of protein  in the 

submaxillary gland of these females is  normal. In prepuberally castra ted  

females, the reduced incorporation of tryptophan per 10 mg p a ra lle ls  the 

decrease in the number of term inal tubules with granules containing tryp to ­

phan. In adult castra ted  females, both the incorporation of tryptophan and 

terminal tubule number are normal. In the pancreas, of both prepuberally 

castra ted  and adult castra ted  females, the incorporation of pro tein  and 

tryptophan is  normal. C astration reduces the re la tiv e  accessory sex organ 

weights in both prepuberally castra ted  and adult castra ted  females.

Effects of Androgen

Immature males. In tac t males tha t received testosterone daily  for 

10 days when compared to normal show a 23 percent reduction in re la tiv e



TABLE 8
CHANGES OBSERVED I N  CA ST RATION OF P REP UBERAL FEMALES AND ADULT FEMALES*

R e l a t i v e  a c c e s s o r y  s e x  
o r g a n  w t . / I O g  b o d y  w t . *

S u b m a x i l l a r y  g l a n d
A b s o l u t e  w t .  mg  o f  g l a n d

R e l a t i v e  w t .  mg  o f  g l a n d  
1 0  g  b o d y  w t .

T e r m i n a l  t u b u l e  #  X - s e c t i o n s  
w i t h  t r y p t o p h a n / m m ^

P g  p r o t e i n / m g  g l a n d  ,

P g  t r y p t o p h a n / l O m g  g l a n d

A u t o p s i e d  a t  6 5  d a y s
N o r m a l  P r e p u b e r a l

c a s t r a t e

5 3 . 1  
( 4 7 . 0 -  5 8 . 0 )

3 3 . 0  
( 3 0 . 3 -  3 4 . 5 )

3 2
( 2 6  -  3 8  )

9 9 . 7
( 9 0 . 4 - 1 0 4 . 8 )

6 . 4  
(  5 . 6 -  7 . 1 )

A u t o p s i e d  a t  1 5 0  d a y s  
N o r m a l  A d u l t

c a s t r a t e

7 8 . 5  1 7 . 7
( 5 6 . 0 -  9 6 . 9 )  (  7 . 6 -  3 1 . 6 )

4 3 . 5  
(  3 4 . 0 -  4 3 . 5 )

2 8 . 1  
(  2 3 . 4 -  3 1 . 5 )

(  6  -  12 )

1 0 7 . 6  
(  9 1 . 1 - 1 1 9 . 1 )

4 . 7
(  4 . 2 -  5 . 2  )

5 5 . 6  
(  4 8 . 9 -  6 8 . 4 )

6 2 . 6  
(  5 9 . 0 -  7 3 . 0 )

2 7 . 8  
(  2 1 . 2 -  3 0 . 4 )

4 5
( 4 0  -  5 1  )

9 4 . 0  
(  8 1 . 0 - 1 0 8 . 4 )

7 . 9
(  7 . 0 -  9 . 2 )

2 9 . 1  
(  2 4 . 8 -  3 8 . 7 )

4 9 . 0
(  4 5 . 0 -  5 6 . 0 )

2 1 . 8  
(  2 0 . 7 -  3 3 . 0 )

4 4
( 3 4  -  4 8  )

9 8 . 0
(  8 0 . 6 - 1 1 6 . 0 )

7 . 5
(  7 . 6 -  1 0 . 2 )

u>o

P a n c r e a s
P g  p r o t e i n / m g  g l a n d

P g  t r y p t o p h a n / 1 0  mg  g l a n d

1 1 5 . 3
( 8 7 . 4 - 1 1 8 . 1 )

1 9 . 5  
( 1 3 . 8 -  3 0 . 8 )

1 4 8 . 2
( 1 4 3 . 5 - 1 5 2 . 0 )

2 4 . 6  
(  1 3 . 1 -  3 3 . 6 )

1 4 3 . 0
( 1 2 2 . 2 - 1 7 7 . 8 )

2 7 . 0  
(  1 9 . 6 -  3 9 . 2 )

1 3 7 . 6
( 1 3 0 . 7 - 1 6 0 . 3 )

2 6 . 0  
(  1 6 . 4 -  3 4 . 0 )

+ - mean values with ranges
* — uterine weight
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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 s ig n if ican tly , 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 in tac t immature males for a longer 

period of time, day 10 to day 29, re la tiv e  submaxillary gland weight in ­

creases 3^ percent. The amount of protein/mg is  not s ig n ifican tly  increased 

but tryptophan per 10 mg increases 316 percent. Terminal tubules with gran­

ules containing tryptophan average 104/mm  ̂ in testosterone in jected  males, 

although they are not observed in normal males a t 30 days of age (Table 9,

15).

The incorporation of protein and tryptophan in the pancreas is  not 

s ig n ifican tly  d iffe ren t from normal in e ith e r 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 in jected  males 

increases 2300 percent (Table 9, 15).

Immature females. In tac t females tha t received testosterone daily  

for 10 days show a 27 percent reduction in re la tiv e  submaxillary gland weight. 

Protein incorporation per mg decreases 15 percent and tryptophan incorpora­

tion per 10 mg of gland increases 50 percent. Terminal tubules with gran­

u les containing tryptophan are not observed in normal 20-day females but 

average 37 tubules/mm^ in testosterone injected females (Table 10, 15).

When testosterone in jections are extended over a 20 day period, the 

re la tiv e  submaxillary gland weight of these females is  normal. There is  a 

sign ifican t 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 T E STOSTERONE ON I N T A C T  IMMATURE MALE S*

A u t o p s i e d  a t  2 0  d a y s  A u t o p s i e d  a t  3 0  d a y s
N o r m a l  I n j e c t e d ^  N o r m a l  I n j e c t e d ^

R e l a t i v e  a c c e s s o r y  s e x  o r g a n    2 9 . 4  2 . 5  6 0 . 0
w t .  m g / 1 0  g  b o d y  w t . *  (  1 7 . 6 - 5 2 . 9 )  (  2 . 2 -  3 . 3 )  C 5 8 . 6 -  7 4 . 6 )

S u b m a x i l l a r y  g l a n d
A b s o l u t e  w t .  m g  o f  g l a n d  3 4 . 8  2 4 . 1  3 7 . 6  6 5 . 6

(  3 0 . 0 -  3 9 . 0 )  (  2 0 . 8 - 2 8 ; 2 )  (  3 5 . 4 -  4 1 . 8 )  (  5 3 . 8 -  7 7 . 2 )

R e l a t i v e  w t .  m g  o f  g l a n d  4 6 . 0  3 5 . 4  3 2 . 5  4 3 . 7
1 0  g  b o d y  w t .  (  3 4 . 7 -  5 0 . 3 )  (  3 2 . 1 - 3 8 . 6 )  (  3 1 . 3 -  3 8 . 0 )  (  3 7 . 1 -  5 4 . 7 )

T e r m i n a l  t u b u l e  #  X - s e c t i o n s  0  7 1  0  1 0 4
w i t h  t r y p t o p h a n / m m ^  (  6 3  - 7 6  )  ( 8 3  - 1 1 2  )

P g  p r o t e i n / m g  o f  g l a n d  9 7 . 3  1 0 0 . 8  1 1 0 . 0  1 0 5 . 0
(  9 6 . 4 -  9 9 . 6 )  (  * *  )  ( 1 0 7 . 4 - 1 1 6 . 3 )  (  8 8 . 8 - 1 1 8 . 0 )

P g  t r y p t o p h a n / l O m g  g l a n d  6 . 0  1 0 . 9  6 . 8  2 8 . 3
(  5 . 4 -  6 . 8 )  (  * *  )  (  6 . 0 -  7 . 0 )  (  2 1 . 8 -  3 1 . 6 )

P a n c r e a s
P g  p r o t e i n / m g  g l a n d  1 2 9 . 0  1 2 5 . 0  1 3 6 . 5  1 3 8 . 3

( 1 2 8 . 3 - 1 3 0 . 4 )  (  * *  )  ( 1 2 3 . 6 - 1 4 6 . 5 )  ( 1 2 8 . 8 - 1 4 8 . 8 )

P g  t r y p t o p h a n / 1 0  mg  g l a n d  2 5 . 0  2 4 . 0  2 9 . 7  3 2 . 4
(  2 4 . 0 -  2 5 . 8 )  (  * *  )  (  2 6 . 7 -  3 1 . 6 )  (  2 8 . 4 -  3 3 . 4 )

+  -  m e a n  v a l u e s  w i t h  r a n g e s
1 - 0 . 1  m g ,  d a i l y  f o r  1 0  d a y s  p r i o r  t o  a u t o p s y  
2  -  0 . 0 5  m g ,  d a i l y  f o r  2 0  d a y s  p r i o r  t o  a u t o p s y
*  — s e m i n a l  v e s i c l e - c o a g u l a t i n g  g l a n d  w e i g h t

* *  — p o o l e d  g l a n d s

wto
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tubules with granules containing tryptophan average 94/mm  ̂ in testosterone 

trea ted  females, although they are not observed in normal females a t 30 days 

of age (Table 10, 15).

The incorporation of protein and tryptophan in the pancreas is  not 

s ig n ifican tly  d iffe ren t from normal in e ith e r  the 20-day old or the 30-day 

old females which were given testosterone (Table 10).

Relative u terine  weight increases 280 percent in 30 day old females

which are given testosterone propionate from day 10 through day 29 (Table 

10, 15).

Prepuberally castra ted  injected males. Administration of te s to s ­

terone to prepuberally castra ted  males re su lts  in normal values for re la tiv e  

submaxillary gland weight, incorporation of pro tein  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 

castra ted  males which have been trea ted  with testosterone (Table 11, 15).

Adult castra ted  in jected  males. In adult castra ted  males, trea ted  

with testosterone, the re la tiv e  submaxillary gland weight, amount of pro­

te in  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 

tryptophan (Table 11).

In adult castra ted  males, given te stosterone, the re la tiv e  weight 

of the accessory sex organs increases 104 percent (Table 11, 15).

Prepuberally castra ted  injected females. When androgen is  admin­

is te red  to prepuberally castra ted  females, the re la tiv e  submaxillary gland



TABLE 10
I N FL U E NCE  OF T E STOSTERONE ON I N T ACT  IMMATURE FEMALE S*

A u t o p s i e d  a t  2 0  d a y s  A u t o p s i e d  a t  3 0  d a y s
N o r m a l  I n j e c t e d ^  N o r m a l  I n j e c t e d ^

R e l a t i v e  a c c e s s o r y  s e x  o r g a n    2 3 . 0  8 . 5  3 2 . 3
w t .  m g / l O g  b o d y  w t . *  (  2 1 . 6 -  2 9 . 5 )  (  7 . 4 -  1 0 . 5 )  (  2 8 . 5 -  3 6 . 1 )

S u b m a x i l l a r y  g l a n d
A b s o l u t e  w t .  mg o f  g l a n d  3 3 . 4  2 0 . 9  3 2 . 7  4 8 . 3

( 2 8 . 2 -  3 8 . 8 )  (  1 5 . 4 -  2 8 . 6 )  (  2 6 . 8 -  4 0 . 0 )  (  3 4 . 8 -  7 6 . 4 )

R e l a t i v e  w t .  mg  o f  g l a n d  4 7 . 0  3 4 . 3  3 4 . 4  3 6 . 3
( 4 1 . 7 -  5 3 . 4 )  (  2 6 . 0 -  4 2 . 6 )  (  2 9 . 1 -  4 1 . 2 )  (  2 4 . 7 -  4 0 . 9 )

T e r m i n a l  t u b u l e s  #  X - s e c t i o n s  0  3 7  0  9 4
w i t h  t r y p t o p h a n / m m ^  (  2 8  -  4 1  )  (  7 6  - 1 0 1  )

JJg p r o t e i n / m g  g l a n d  1 0 0 . 5  8 5 . 0  1 0 4 . 6  1 1 6 . 0
( 9 8 . 0 - 1 0 5 . 3 )  (  * *  )  (  9 2 . 6 - 1 0 6 . 8 )  ( 1 1 2 . 0 - 1 2 8 . 8 )

P g  t r y p t o p h a n / l O m g  g l a n d  6 . 0  9 . 0  5 . 7  3 8 . 9
(  * *  )  (  8 . 6 -  1 0 . 9 )  (  4 . 5 -  6 . 7 )  (  2 4 . 2 -  4 1 . 2 )

P a n c r e a s
P g  p r o t e i n / m g  g l a n d  1 1 6 , 3  1 2 5 . 0  1 3 8 . 5  1 0 4 . 0

(  * *  )  ( 1 1 4 . 0 - 1 3 2 . 0 )  ( 1 2 8 . 0 - 1 5 2 . 3 )  ( 1 0 0 . 0 - 1 1 2 . 0 )

P g  t r y p t o p h a n / 1 0  m g  g l a n d  2 4 . 0  2 6 . 2  3 2 . 0  2 5 . 2
(  * *  )  (  2 3 . 5 -  3 6 . 2 )  (  2 5 . 2 -  3 3 , 8 )  (  2 3 . 1 -  2 6 . 2 )

+  — m e a n  v a l u e s  w i t h  r a n g e s
1 «• 0 . 1  m g ,  d a i l y  f o r  1 0  d a y s  p r i o r  t o  a u t o p s y
2  -  0 . 0 5  m g ,  d a i l y  f o r  2 0  d a y s  p r i o r  t o  a u t o p s y
*  -  u t e r i n e  w e i g h t

* *  "  p o o l e d  g l a n d s

w4>



TABLE 11
EFFECTS OF TESTOSTERONE ON PREPUBERALLY CASTRATED AND ADULT CASTRATED MALES+

A u t o p s i e d  a t  6 5  d a y s
N o r m a l  P r e p u b e r a l

c a s t r a t e

A u t o p s i e d  a t  1 5 0  d a y s  
N o r m a l  A d u l t

c a s t r a t e

R e l a t i v e  a c c e s s o r y  s e x  o r g a n  
w t .  m g / l O g  b o d y  w t . *

S u b m a x i l l a r y  g l a n d
A b s o l u t e  w t .  mg  o f  g l a n d

R e l a t i v e  w t .  mg  o f  g l a n d  
1 0  g  b o d y  w t .

T e r m i n a l  t u b u l e  #  X - s e c t i o n s  
w i t h  t r y p t o p h a n / m m ^

P g  p r o t e i n / m g  g l a n d

P g  t r y p t o p h a n / l O m g  g l a n d

2 3 . 0  2 5 . 7
(  1 3 . 7 -  3 1 . 4 )  (  1 9 . 4 -  2 7 . 7 )

7 0 . 0
(  6 0 . 0 -  7 8 . 0 )

3 5 . 0
(  2 8 . 9 -  3 6 . 4 )

1 0 4
(  9 6  - 1 1 1  )

1 2 3 . 0
( 1 2 2 . 0 - 1 2 4 . 0 )

2 6 .  6  
(  2 6 . 4 -  2 9 . 9 )

7 8 . 8  
(  7 5 . 0 -  8 4 . 0 )

3 8 . 3  
(  3 5 . 4 -  4 0 . 9 )

9 8
(  7 4  - 1 1 6  )

1 1 7 . 6
( 1 1 3 . 2 - 1 2 6 . 0 )

2 5 . 7  
(  2 3 . 6 -  2 8 . 0 )

2 7 . 4  5 5 . 9
(  1 5 . 4 -  3 2 . 6 )  (  3 9 . 7 -  7 4 . 0 )

1 1 0 . 9
( 1 0 5 . 6 - 1 3 0 . 0 )

4 6 . 7  
(  4 2 . 1 -  5 2 . 6 )

1 6 5
( 1 5 5  - 1 7 1  )

1 5 7 . 5
( 1 4 9 . 9 - 1 9 1 . 6 )

3 8 . 9  
(  2 2 . 9 - 4 4 . 8 )

1 0 6 . 7  
(  9 6 . 0 - 1 1 7 . 0 )

4 2 . 0  
(  3 6 . 5 -  4 7 . 8 )

1 5 3
( 1 4 6  - 1 6 4  )

1 7 3 . 1
( 1 5 2 . 8 - 1 9 6 . 8 )

4 5 . 5  
(  3 3 . 4 -  6 1 . 8 )

P a n c r e a s
P g  p r o t e i n / m g  g l a n d

P g  t r y p t o p h a n / 1 0  m g  g l a n d

1 4 5 . 0
( 1 4 0 . 0 - 1 4 8 . 0 )

2 4 . 0  
(  2 0 . 1 -  3 0 . 8 )

1 4 0 . 4
( 1 3 4 . 2 - 1 4 4 . 0 )

2 7 . 0  
(  2 5 . 2 -  2 8 . 0 )

1 3 9 . 6
( 1 0 7 . 9 - 1 5 4 . 7 )

26.6 
(  1 5 . 6 -  3 3 . 6 )

1 4 5 . 1
( 1 2 9 . 8 - 1 7 4 . 1 )

2 8 . 8  
(  1 8 . 3 -  3 3 . 3 )

+ — mean values with ranges
* — seminal vesicle-coagulating gland weight
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weight is  sim ilar to tha t of the normal female. Protein incorporation per 

mg is  s ig n ifican tly  increased 17 percent and tryptophan incorporation per 

10 mg increases 155 percent. These increases are accompanied by a 225 per­

cent increase in numbers of terminal tubules with granules containing tryp ­

tophan (Table 12, 15).

The incorporation of protein  and tryptophan in the pancreas is  

normal (Table 12).

When prepuberally castra ted  females are in jected  with testosterone, 

re la tiv e  u terine weights decrease 55 percent (Table 12, 15).

Adult castra ted  in jected  females. When adult castra ted  females 

are injected with testosterone, the re la tiv e  submaxillary gland weight 

increases s ig n ifican tly  41 percent. This is  accompanied by a 59 percent 

increase in protein  incorporation per mg and a 370 percent increase in 

tryptophan incorporation per 10 mg of gland. During th is  time, the number 

of tubules with granules containing tryptophan increases 238 percent 

(Table 12, 15).

The amount of protein  and tryptophan in the pancreas of testosterone 

in jected  females is  normal (Table 12).

Relative u terine  weight decreases 42 percent in adult castra ted  

females when they are in jected  with testosterone (Table 12, 15).

Summarv. Relative 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 submaxillary glands of these males, 

however i t  is  reduced in females. The incorporation of tryptophan per 10 

mg and the numbers of term inal tubules with granules containing tryptophan 

exceed normal values in both sexes. When testosterone in jection  is  ex­

tended to 30 days of age, re la tiv e  submaxillary gland weights increase



TABLE 12

EFFECTS OF TESTOSTERONE ON PREPUBERALLY CASTRATED AND ADULT CASTRATED FEMALES+

A u t o p s i e d
N o r m a l

a t  6 5  d a y s
P r e p u b e r a l

c a s t r a t e

A u t o p s i e d
N o r m a l

a t  1 5 0  d a y s
A d u l t . 

c a s t r a t e

R e l a t i v e  a c c e s s o r y  s e x  o r g a n  
w t .  m g / l O g  b o d y  w t . *

7 8 . 5  
( 5 6 . 0 -  9 6 . 9 ) (

3 5 . 2  
3 0 . 8 -  4 7 . 8 ) (

5 5 . 6  
4 8 . 9 -  6 8 . 4 ) (

3 2 . 5  
2 5 . 6 -  4 4 . 6 )

S u b m a x i l l a r y  g l a n d
A b s o l u t e  w t .  m g  o f  g l a n d 5 3 . 1  

( 4 7 . 0 -  5 8 . 0 ) (
6 4 . 0  

5 8 . 0 -  7 0 . 0 ) (
6 2 . 6  

5 9 . 0 -  7 3 . 0 ) (
8 4 . 8  

6 8 . 0 -  9 7 . 0 )

R e l a t i v e  w t .  m g  o f  g l a n d  
1 0  g  b o d y  w t .

3 3 . 0  
( 3 0 . 0 -  3 4 . 5 ) (

3 5 . 1  
3 2 . 5 -  3 8 . 8 ) (

2 7 . 8  
2 1 . 2 -  3 0 . 4 ) (

3 9 . 3  
3 5 . 4 -  4 2 . 1 )

T e r m i n a l  t u b u l e  X - s e c t i o n s  
w i t h  t r y p t o p h a n / m m ^

3 2
( 2 6  -  3 8  ) (

1 0 4  
9 0  - 1 1 1  ) (

4 5
4 0  -  5 1  )

1 5 2
( 1 3 8  - 1 6 7  )

P g  p r o t e i n / m g  g l a n d 9 9 . 7
( 9 0 . 4 - 1 0 4 . 8 )

1 1 7 . 1
( 1 1 2 . 9 - 1 2 3 . 6 ) (

9 4 . 0
8 1 . 0 - 1 0 8 . 4 )

1 4 9 . 8
( 1 3 3 . 6 - 1 6 0 . 8 )

P g  t r y p t o p h a n / l O m g  g l a n d 6 . 4  
(  5 . 6 -  7 . 1 ) (

1 6 . 3  
1 2 . 9 -  1 7 . 6 ) (

7 . 9  
7 . 0 -  9 . 2 ) (

3 7 . 8  
2 6 . 7 -  4 2 . 8 )

P a n c r e a s
P g  p r o t e i n / m g  g l a n d 1 1 5 . 3

( 8 7 . 4 - 1 1 8 . 1 )
1 5 7 . 6

( 1 4 0 . 8 - 1 6 7 . 8 ) (
1 4 3 . 0

1 2 2 . 2 - 1 7 7 . 8 )
1 4 1 . 1

( 1 2 0 . 4 - 1 5 9 . 1 )

P g  t r y p t o p h a n / 1 0  m g  g l a n d 1 9 . 5  
( 1 3 . 8 -  3 0 . 8 ) (

1 7 , 0  
1 4 . 0 -  1 9 . 0 ) (

2 7 . 0  
1 9 . 6 -  3 9 . 2 ) (

2 8 . 3  
1 7 . 6 -  3 4 . 7 )

w

+ - mean values with ranges
* ■ uterine weight
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s ig n ifican tly  in both males and females. Protein incorporation per mg in ­

creases s ig n ifican tly  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 tryp to ­

phan in the pancreas is  normal 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 castra ted  and adult 

castra ted  males re su lts  in re la tiv e  submaxillary gland weight, protein  and 

tryptophan incorporation, and numbers of terminal tubules with granules 

containing tryptophan which approximate normal values. The amount of pro­

te in  and tryptophan in the pancreas is  normal. Relative accessory sex 

organs weights are equal tc^or surpass normal weights.

When testosterone is  given to castra ted  females, the re la tiv e  sub­

m axillary gland weight is  s ig n ifican tly  increased in adult castra ted  fe ­

males but is  normal in prepuberally castra ted  females. The incorporation 

of protein  and tryptophan in the submaxillary gland and the numbers of 

term inal tubules with granules containing tryptophan surpass normal values. 

Incorporation of protein  and tryptophan in the pancreas of these females 

is  normal. ■ Relative u terine weights are reduced in both groups of females.

Effects of Estrogen 

P repuberally .castrated  in jected  males. In males castra ted  p re­

puberally and trea ted  with estrogen, the re la tiv e  submaxillary gland weight 

decreases 17 percent below normal. S im ilarly , 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

tain ing  tryptophan decreases 48 percent (Table 13, 15).



TABLE 13
EFFECTS OF ESTRADIOL ON PREPUBERALLY CASTRATED AND ADULT CASTRATED MALES+

R e l a t i v e  a c c e s s o r y  s e x  o r g a n  
w t .  t n g / l O g  b o d y  w t . *

S u b m a x i l l a r y  g l a n d
A b s o l u t e  w t .  m g  o f  g l a n d

R e l a t i v e  w t .  m g  o f  g l a n d  
1 0  g  b o d y  w t .

T e r m i n a l  t u b u l e  X - s e c t i o n s  
w i t h  t r y p t o p h a n / m m ^

P g  p r o t e i n / m g  g l a n d

P g  t r y p t o p h a n / l O m g  g l a n d

P a n c r e a s
P g  p r o t e i n / m g  g l a n d

P g  t r y p t o p h a n / 1 0  mg  g l a n d

A u t o p s i e d  a t  6 5  d a y s
N o r m a l  P r e p u b e r a l

c a s t r a t e

A u t o p s i e d  a t  1 5 0  d a y s  
N o r m a l  A d u l t

c a s t r a t e

2 3 . 0  4 . 9
(  1 3 . 7 -  3 1 . 4 )  (  2 . 9 -  6 . 6 )

7 0 . 0
(  6 0 . 0 -  7 8 . 0 )

3 5 . 0
(  2 8 . 9 -  3 6 . 4 )

1 0 4
(  9 6  - 1 1 1  )

1 2 3 . 0
( 1 2 2 . 0 - 1 2 4 . 0 )

2 7 . 6  
(  2 6 . 4 -  2 9 . 9 )

1 4 5 . 0

5 3 . 2
(  4 8 . 0 -  5 8 . 0 )

2 9 . 2
(  2 8 . 0 -  3 0 . 5 )

5 4
( 3 4  -  7 4  )

•  1 0 0 . 2  
(  9 5 . 6 - 1 0 8 . 8 )

5 . 7
(  4 . 2 -  6 . 4 )

1 2 7 . 6

2 7 . 4  7 . 8
(  1 5 . 4 -  3 2 . 6 )  (  4 . 3 -  1 3 . 0 )

1 1 0 . 9
( 1 0 5 . 6 - 1 3 0 . 0 )

4 6 . 7  
(  4 2 . 1 -  5 2 . 6 )

1 6 5
( 1 5 5  - 1 7 1  )

1 5 7 . 5
( 1 4 9 . 9 - 1 9 1 . 6 )

3 8 . 9  
(  2 2 . 9 -  4 4 . 8 )

1 3 9 . 6

9 1 . 2  
(  8 2 . 0 - 1 0 6 . 0 )

3 9 . 4  
(  3 2 . 9 -  4 7 . 7 )

1 0 5
(  7 7  . - 1 2 3  )

120.2
( 1 1 2 . 0 - 1 3 0 . 6 )

2 7 . 0  
(  1 8 . 2 -  2 9 . 6 )

1 3 5 . 6
( 1 4 0 . 0 - 1 4 8 . 0 )  ( 1 1 8 . 2 - 1 3 4 . 1 )  ( 1 0 7 . 9 - 1 5 4 . 7 )  ( 1 0 5 . 0 - 1 8 7 . 1 )

wvO

2 4 . 4 1 8 . 2 2 6 . 6 2 5 . 0
(  2 0 . 1 -  3 0 . 8 )  (  1 7 . 6 -  2 8 . 0 )  (  1 5 . 6 -  3 3 . 6 )  (  1 3 . 4 -  3 0 . 4 )

+ " mean values with ranges
* - seminal vesicle-coagulating gland weight
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Protein and tryptophan incorporation in the pancreas is  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

is t ra t io n  of estrogen, when compared with normal males, re su lts  in a 16 

percent decrease in re la tive  submaxillary gland weight. Protein incor­

poration per mg in the submaxillary gland decreases 24 percent and trypto­

phan incorporation per 10 mg decreases 31 percent. Similarly the number of 

terminal tubules with granules containing tryptophan decreases 36 percent 

(Table 13, 15).

The pancreas of adult castrated 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 p rio r to puberty and then in ­

jected with estrogen. Protein incorporation per mg is  normal, however 

tryptophan incorporation per 10 mg increases 39 percent. 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 re su lts  in normal re la t iv e  accessory sex 

organ weight (Table 14, 15).

Adult castrated injected females. Administration of estrogen to 

adult castrated females re su lts  in normal re la t iv e  submaxillary gland



TABLE 14
EFFECTS OF ESTRADIOL ON PREPUBERALLY CASTRATED AND ADULT CASTRATED FEMALES+

R e l a t i v e  a c c e s s o r y  s e x  
o r g a n  w t . / l O g  b o d y  w t . *

S u b m a x i l l a r y  g l a n d
A b s o l u t e  w t .  m g  o f  g l a n d

R e l a t i v e  w t .  m g  o f  g l a n d  
1 0 * g  b o d y  w t .

T e r m i n a l  t u b u l e  #  X - s e c t i o n s  
w i t h  t r y p t o p h a n / m m ?

p g  p r o t e i n / m g  g l a n d  

P g  t r y p t o p h a n / 1 0  m g  g l a n d

P a n c r e a s
P g  p r o t e i n / m g  g l a n d

p g  t r y p t o p h a n / 1 0  m g  g l a n d

A u t o p s i e d  a t  6 5  d a y s  , 
N o r m a l  P r e p u b e r a l

c a s t r a t e

A u t o p s i e d  a t  1 5 0  d a y s  
N o r m a l  A d u l t

c a s t r a t e

7 8 . 5  6 9 . 0
(  5 6 . 0 -  9 6 . 9 )  (  3 6 . 1 -  7 6 . 8 )

5 3 . 1  
(  4 7 . 0 -  5 8 . 0 )

3 3 . 0  
(  3 0 . 3 -  3 4 . 5 )

3 2
( 2 6  -  3 8  )

9 9 . 7  
(  9 0 . 4 - 1 0 4 . 8 )

6 . 4
(  5 . 6 -  7 . 1 )

1 1 5 . 3  
(  8 7 . 4 - 1 1 8 . 1 )

1 9 . 5  
(  1 3 . 8 -  3 0 . 8 )

5 1 . 2
(  5 0 . 0 -  5 6 . 0 )

3 1 . 3
(  3 0 . 3 -  3 5 . 0 )

3 5
(  2 6  -  4 3  )

1 0 5 . 4  
(  9 7 . 3 - 1 1 2 . 6 )

8 . 9
(  6 . 7 -  1 1 . 7 )

1 3 3 . 5
( 1 4 3 . 5 - 1 5 2 . 0 )

1 3 . 1  
(  1 2 . 6 -  1 4 . 0 )

5 5 . 6  1 3 4 . 8
(  4 8 . 9 -  6 8 . 4 )  (  9 2 . 2 - 1 5 0 . 0 )

6 2 . 6  
(  5 9 . 0 -  7 3 . 0 )

2 7 . 8  
(  2 1 . 2 -  3 0 . 4 )

4 5
( 4 0  -  5 1  )

9 4 . 0  
(  8 1 . 0 - 1 0 8 . 4 )

7 . 9
(  7 . 0 -  9 . 2 )

1 4 3 . 0
( 1 2 2 . 2 - 1 7 7 . 8 )

2 7 . 0  
(  1 9 . 6 -  3 9 . 2 )

6 0 . 7  
(  4 9 . 0 -  7 8 . 0 )

2 8 . 3
(  2 6 . 6 -  2 9 . 8 )

6 5
( 4 9  -  7 2  )

1 1 5 . 9  
(  9 9 . 8 - 1 3 3 . 3 )

1 8 . 4
(  1 3 . 4 -  2 2 . 4 )

1 4 3 . 4
( 1 1 3 . 1 - 1 7 4 . 7 )

2 6 . 7  
(  1 3 . 2 -  3 3 . 4 )

+ " mean values with ranges
* — uterine weight
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weights. Although the incorporation of protein per rag is  norraal, trypto- 

phan per rag of gland increases 133 percent. This is  accompanied by a 44 

percent increase in numbers of terminal tubules with granules containing 

tryptophan (Table 14, 15).

Protein and tryptophan incorporation are norraal in the pancreas of 

adult castrated females, trea ted  with estrogen (Table 14).

Relative accessory sex organs weight in these females increases 142 

percent over norraal (Table 14, 15).

Suraraarv. Administration of estrogen to the castra ted  male f a i l s  

to bring i t s  re la t iv e  submaxillary gland weights, incorporation of protein 

per rag and tryptophan per 10 rag and numbers of terminal tubules with gran­

ules containing tryptophan to norraal values. The incorporation of protein 

and tryptophan by the pancreas is  norraal. Relative weights of the accessory 

sex organs are below norraal, in both prepuberally castrated and adult cas­

trated  males.

After the period of estrogen administration, the re la t iv e  subraax- 

i l la ry  gland weight and the incorporation of protein per rag of gland is  

norraal in castrated females. T h is .is  accompanied by s ign if ican t increases 

in tryptophan incorporation per 10 rag of gland and in numbers of terminal 

tubules with granules containing tryptophan. Protein and tryptophan incor­

poration in the pancreas of castra ted  females, trea ted  with estrogen are 

norraal. Relative uterine weight is  norraal in prepuberally castrated fe ­

males and surpasses norraal in adult castrated females trea ted  with estrogen.



t a b l e 15
A  SUMMARY O F  THE E F F E C T S  OF C A ST R A T IO N , TESTOSTERONE I N J E C T I O N ,  AND 

ESTROGEN IN J E C T I O N  ON MALE AND FEMALE M IC E *

R e l a t i v e  
S u b m a x i 1 l a r y  

w e i g h t

S u b m a x i  1 l a r y  
P r o t e i n  

p g / m g

S u b m a x i 1 l a r y  
T r y p t o p h a n  

p g / 1 0 .  m g

T e r m i n a l * *
t u b u l e s /

mm^

R e l a t i v e  w t .  
a c c e s s o r y  
s e x  o r g a n

C A ST RA T IO N
P r e p u b e r a l

M a l e
t  2 1

9
F e m a l e
4 1 5

M a l e
4 2 4

_  9
F e m a l e

0
M a l e
4 7 4

9
F e m a l e  
4 2 7

M a l e  
4 7 7

_ 9
F e m a l e
4  7 2

M a l e  
4  9 1

9F e m a l e  -  
4 7 7

A d u l t t  2 4 4  2 2 4 3 3 0 4 5 7 0 4  3 8 0 4  8 5 4 4 8

TESTOSTERO NE IN J E C T E D  
I n t a c t

I m m a t u r e  2 0 - d a y i  2 3 « 2 7 0 « 1 5 t  8 2 1 5 0 S

I m m a t u r e  3 0 - d a y 1 3 4 0 0 1 1 1 1 3 1 6 1 5 8 3 — - - 1 2 3 0 0 1 2 8 0

C a s t r a t e d
P r e p u b e r a l 0 0 0 1 1 7 0 1 1 5 5 0 1 2 2 5 0 4 5 5

A d u l t 0 t  4 1 0 1 5 9 0 1 3 7 8 6 1 2 3 8 1 1 0 4 4 4 2

ESTROGEN IN J E C T E D  
C a s t r a t e d  

P r e p u b e r a l i l 7 0 i 1 9 0 4 7 9 1 3 9 4 4 8 0 4 7 9 0

A d u l t « 1 6 0 1 2 4 0 4 3 1 1 1 3 3 4 3 6 1 4 4 4 7 2 1 1 4 2

*

* *

t  — i n c r e a s e d e c r e a s eV a l u e s  a r e  g i v e n  a s  d e v i a t i o n  ^  p e r c e n t  f r o m  n o r m a l ,  
s i g n i f i c a n t  c h a n g e .

T e r m i n a l  t u b u l e s  w i t h  g r a n u l e s  c o n t a i n i n g  t r y p t o p h a n
T e r m i n a l  t u b u l e s  w i t h  t r y p t o p h a n  a r e  n o t  p r e s e n t  i n  n o r m a l ;  b u t  i n  i n j e c t e d  a n i m a l s ,  

2 0 - d a y  m a l e s  — 7 1 / m n P  2 0 - d a y  f e m a l e s  — 3 7 / m r P
3 0 - d a y  m a l e s  "  1 0 4 / m m ^  3 0 - d a y  f e m a l e s  »« 9 4 / m n P

n o



CHAPTER IV 

DISCUSSION AND CONCLUSIONS

In general, the major sex-dlmorphlc characters in subtnaxillaiy 

glands cf adult mice include: 1) gross weight, 2) terminai tubule diam­

eter, 3) height of tubular cells, and 4) degree cf granulation in terminal 

tubule cells (Lacassagne 1940a, Junqueira ^  a l. I949, Harvey 1952). As 

a resu lt cf the studies presented in th is  paper, the l i s t  cf differences 

may new be extended to include 5) number cf cross-sections cf terminal 

tubules/ram^ with granules containing tryptophan, 6) quantity cf protein 

and 7) amount cf tryptophan.

Staining cf the granules in terminal tubule cells with Hg-BPB 

indicates their protein nature. The blue color is  more intense in the 

granules than in  the acinar or tubular cell cytoplasm, indicating a higher 

concentration of protein in these granules. Further, the granules in the 

subnaxLllary glands of males appear to stain more intensely and to appear 

more plentifully  than in females. Thus, the subnaxLllary ^ands of males 

are histochemically richer in protein than those of females. Biochemi­

cally, sabnaxUlary ^ands of adult males have more protein than those of 

adult females.

The protein of the granules in the teiminal tubules contain dibasic 

amino acids in greater concentration than adjacent tissue since Napthol 

Yellow stains the granules a darker yellow than the acinar or teiminal

44
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tubule cytoplasm. Tyrosine is  also present in greater concentration in the 

granules than in the cytoplasm, as shomi by their reaction with Millons' 

reagent (Junqueira e t ü .  I949). Although th is  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 

Diodified Millons' reagent (Rasch and Swift I96O). Furthermore, the granules 

of the tubules of males stain a darker red than those of females.

The granules of the terminal tubules also contain tryptophan, as 

indicated by their reaction with p-DMAB stain. The color appears more 

intense and there appears to be more granules in the tubules of adult 

males than in  adult females. Tryptophanwas identified in the submaxillary 

^ands of male mice by CELenner and L illie  (1957)* They also identified 

tryptophan as a component of bovine pancreas. Marshall (195^) reported 

that the zymogen granules in bovine pancreas 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 males 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 jthese 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 lip ids, increases 

during puberty in females.

The measurement of to ta l protein includes the portion of protein
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which has tryptophan as a part of the molecule. The decrease in to ta l  pro­

te in  in the submaxillary gland of females in the prepuberal period is  ac­

companied by a decrease, to a lesser extent, of tryptophan. When the 

amounts of protein or tryptophan are plotted against age and the slopes of 

the lines compared, the slopes show that during puberty tryptophan incor­

poration increases but the rate  of protein incorporation does not change. 

This indicates an accelerated accumulation of tryptophan in the gland during 

th is  period.

The time of the increase in tryptophan incorporation coincides with 

the appearance of granules containing detectable tryptophan in the terminal 

tubules of the submaxillary glands of females. In p-DMAB stained sections 

of the glands, tryptophan is  concentrated in the large granules of the 

terminal tubules. The increase in tryptophan incorporation and the sub­

sequent increase in granules containing tryptophan are concurrent with the 

increase in u terine weight. This suggests some influence of female gonadal 

hormones on tryptophan incorporation and granule production. This does not 

exclude the influence of general organ development nor the influence other 

endocrine glands may have upon the submaxillary gland.

In males, body weight increases during the prepuberal period with .. 

an increase in the ra te  of growth during puberty. The submaxillary glands 

have a similar pattern  of growth. In graphs of body weight and submaxil­

lary gland weight compared to age, the slopes of the lines during puberty 

show tha t the submaxillary gland grows fa s te r  than the body. Relative sub­

maxillary gland weight, as a consequence of disproportionate growth of the 

submaxillary gland, increases during th is  period.

During 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 th is  period re su lts  from the increase in non-protein compo­

nents of the gland. During puberty, both the ra tes  of submaxillary growth 

and incorporation of protein increase. Thfe increase in ra te  of protein in ­

corporation over the prepuberal ra te  is  greater than the concurrent increase 

in submaxillary gland growth ra te .  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 protein incorporation and the 

ra te  of tryptophan 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 to ta l  protein, the difference be­

tween the two slopes represents a slope for protein which does not contain 

tryptophan or a slope of 0,41. Protein-bound tryptophan then, is  incor­

porated a t a fa s te r  ra te  than other protein in the submaxillary glands of 

males during puberty.

Examination of p-DMAB stained sections indicate tha t tryptophan is  

being concentrated in the large granules of the terminal tubules. Granules 

containing tryptophan f i r s t  appear in the terminal tubules of normal males 

a t  35 days of age. The number of these tubules increases gradually during 

the remainder of the prepuberal period. The ra te  a t 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 

ra te  of tryptophan incorporation increases ll-fo ld  and the ra te  of appearance 

of the terminal tubules increases 3.4 fold during puberty. This suggests
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tha t the volume of granules per tubule is  increasing during th is  period.

In males, the accessory sex organs gradually increase in weight in 

the la te  prepuberal period. The ra te  of growth increases during puberty 

and decreases in the postpuberal period. This pattern of growth is  typical 

for those organs, as secondary sex organs, which depend on the male sex 

hormone for th e ir  development (Sreebny e t.  a l .  1955). The increase in 

tryptophan 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 

re la t iv e  submaxillary gland weight in females decreases during the pre­

puberal period whereas in males i t  remains constant. The ra te  of re la tive  

gland growth increases in males during puberty but does not change in fe ­

males. The re la t iv e  submaxillary gland weight in males is  s ign if ican tly  

heavier than in females during the puberal and postpuberal periods. Males 

incorporate .a disproportionately greater amount of tissue as submaxillary 

gland than females.

Incorporation of protein per mg in the submaxillary glands of fe ­

males and males decreases during the prepuberal period. The ra te  of incor­

poration remains the same in females and increases in males during puberty. 

After 45-days 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, lip id  and non-lipid fractions were measured in the 

submaxillary glands of adult mice (Atkinson et. al_. 1959), the re la tive  

amount of these fractions were found to be the same, although the wet

weight of the submaxillary glands of males were s ign if ican tly  heavier than

those of females. Considering the greater abundance of terminal tubules 

in the submaxillary glands of males, Atkinson and his group concluded that 

the principal factor effecting sex-dimorphism in the gland is  the absolute 

difference in tissue  mass due primarily to the d if fe re n t ia l  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 ra te  of tryptophan incorporation increases in 

both sexes, however the increase is  greater in males than in females. The 

ra te  of tryptophan incorporation in males during the prepuberal period is 

the same as that in females during puberty. The greater increase in tryp­

tophan incorporation by the submaxillary glands of males over tha t of fe ­

males could re su lt  from the increase in gonadal androgens in males.

Granules containing tryptophan appear in the terminal tubules of 

males a t 35 days of age and in those of females a t  45 days of age. Harvey 

(1952) reported that acidophilic granules appear in the tubular ce l ls  when 

the animals are between 20 and 35 days of age. These granules are not de­

tected by p-DMAB staining u n t i l  la te r .  This could mean tha t although the

granule is  formed, tryptophan is  not incorporated u n ti l  la te r  or that the

amount of tryptophan is  below the sen s it iv i ty  of the p-DMAB s ta in .  Acido­

p h il ic  granules in the terminal tubules of males becomes more abundant than 

those of females a t  about 30 to 35 days of age (Harvey 1952). The bio­

chemically detectable amount of tryptophan in the submaxillary gland of
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males and females becomes s ign if ican tly  d ifferen t at 35 days of age, a l ­

though in females, granules containing tryptophan do not appear u n t i l  la te r .  .

When numbers of terminal tubules with granules containing tryptophan 

are plotted against age and the slopes are compared, the ra te  of appearance 

of these tubules for males in the prepuberal period is  the same for that of 

females during puberty. Furthermore, the ra te  of appearance during puberty 

is  greater in males than in females. The ra te  of appearance p a ra l le ls  the 

ra te  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 

indicate that greater amount of tryptophan in submaxillary glands of males, 

measured.histochemically, h is tom etrically , and biochemically, as compared 

to females, is  influenced by the additional androgens produced by males dur­

ing and following puberty.

The amount of protein per mg.from a portion of the pancreas does 

not change s ign if ican tly  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 ra te  of tryptophan incorporation do not correspond 

with the changes in the submaxillary gland in the prepuberal, puberal or 

postpuberal period. Protein 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 protein or tryptophan incorporation into the gland 

(Table 4,5).

Submaxillary gland weight, amount of protein , quantity of trypto­

phan and numbers of terminal tubules with granules containing tryptophan
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have d ifferen t values in in tact males and female mice of d ifferen t ages.

The greatest degree of difference i s  manifested a t  some point during the 

puberal period. The influence of gonadal hormones on the development of 

sex-dimorphism of the submaxillary glands is  b e t te r  understood by comparing 

normal re la tive  submaxillary gland weight, protein and tryptophan incor­

poration, and number of terminal tubules to the changes which occur as a 

consequence of castra tion  and gonadal hormone in jections.

Castration prevents the attainment of normal re la t iv e  submaxillary 

glind weight in both prepuberally castrated males and prepuberally castrated 

females. Furthermore, the re la t iv e  gland weight of these males is  not s ig ­

n if ican tly  d iffe ren t from the females. Castration of adult males and adult 

females also re su lts  in a loss of re la t iv e  submaxillary gland weight. The 

loss of weight in males is  greater than the loss of re la t iv e  submaxillary 

gland weight in females (Table 15). Atkinson et. a l .  (1959) has also re ­

ported a s ignificant decrease in re la t iv e  submaxillary gland weight in 

adult males and females, castrated for 10 to 12 days.

The reduction in re la t ive  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 submaxillary 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 castra ted  males is  accompanied by a decrease 

in the absolute weight of water and in the non-lipid f rac tion  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 castra ted  males, tryptophan incorporation is  r e ­

duced to the amounts observed in immature males. Incorporation in adult 

castrated males is  not reduced to th is  extent. In both groups, the reduc­

tion in tryptophan incorporation is  greater than the reduction in protein 

incorporation (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 terminal tubules with granules containing tryptophan 

are also reduced and the extent of reduction pa ra l le ls  the reduction of 

tryptophan in both the prepuberally castrated and adult castrated males 

(Table 15).

Raynaud (1944) noted th a t ,  although reduced, granules continue to 

develop in the terminal tubules of the submaxillary glands of males cas­

tra ted  a t b ir th .  Harvey (1952) reported that granules do not f a i l  to form 

in prepuberally castra ted  males and do not disappear a f te r  long castra tion  

in adult males. I t  was concluded that androgens of te s t ic u la r  origin do 

not appear to be necessary for the synthesis and maintenance of a minimal

number of granules. Furthermore, the submaxillary gland of castrated males
I

i s  similar to that of the normal young female with respect to re la t iv e  

gland weight, tubular diameter and density of granules in the terminal 

tubules.

Castration of both prepuberal and adult males reduces the re la t iv e  

weights of accessory sex organs to weights sim ilar to those of immature 

males.

In contrast to the e ffec ts  of castra tion  in males, in females the 

incorporation of protein per mg of submaxillary gland is  normal. The re ­

duction of re la t iv e  submaxillary gland weight in these females is  not
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accompanied by a feduced protein inco^ora tion  (Table 15).

In th e ir  analysis of the submaxillary glands, Atkinson et. al_. (1959) 

found that cas tra tion  of adult females reduced the absolute weight and re la ­

tive weight of water in the submaxillary glands but increased the re la tive  

weight of the non-lipid fraction . The reduction of absolute submaxillary 

gland weight in castrated females, thus, is  re la ted  to the loss of water 

ra ther than the decrease in non-lipid portion of the gland. In a similar 

way, reduction of re la t ive  submaxillary gland weight in castrated females 

is  rela ted  to the reduced non-protein components of the gland ra ther 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 i s  normal, tryptophan incorporation de­

creases to a quantity equal to that of normal prepuberal females. The r e ­

duction in tryptophan is  accompanied by a reduction in the number of termi­

nal tubules with granules containing tryptophan. The response to castra tion  

is  d ifferen t in prepuberally and adult castrated females. In adult cas­

tra ted  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 acin i.

The loss of granular inclusions and reduction of tubule diameter is  appar­

ent in prepuberally castrated females, but not s ign if ican t in adult cas­

tra ted  females.

There is  no apparent re la t ion  between the changes which occur in

the amount of protein and tryptophan in the pancreas regardless of sex and

time of castra tion . Baker and Pliske (1957) report no s ign ifican t reduc­

tion in absolute and re la t ive  weights of the pancreas as a re su lt  of cas­

tra t io n .
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Administration of testosterone to prepuberally castra ted  and adult 

castrated males re su l ts  in normal re la tive  submaxillary gland weights. This 

is  accompanied by normal incorporation of protein by the submaxillary gland. 

Tryptophan incorporation per 10 mg and the number of terminal tubules with 

granules containing tryptophan are normal (Table 15). Harvey (1952) wrote 

that injections of androgens into prepuberally and adult castra ted  males re ­

su lts  in increased re la t iv e  gland weight, tubular diameter, and peripheral 

granulation of the submaxillary gland over that of the castra ted  male. 

Atkinson e t .  a l .  (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 

submaxillary gland.

The submaxillary glands of castrated 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

more, they equal the androgen treated males in submaxillary gland response 

to testosterone. The action of androgen upon the submaxillary glands of 

prepuberally castrated and adult castrated females and i t s  influence on sub­

maxillary gland weight, tubule diameter and density of granulation has been 

reported by Harvey (1952).

Androgen is  further implicated as influencing the sex-dimorphism 

of the submaxillary gland when immature mice are given testosterone prior 

to the time of normal puberty. In males, given 0.05 mg testosterone daily 

from 10 to 29 days of age, the re la t iv e  submaxillary gland weight is  equal 

to that of adult males. Protein incorporation is  normal but tryptophan in ­

corporation and the number of terminal tubules with granules containing
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tryptophan are equivalent to those of males in la te  puberty. Females, 

trea ted  in a similar manner respond to testosterone in jection in the same 

direc tion . Although re la tive  submaxillary gland weight i s  normal, protein 

incorporation 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, re la tive  submaxillary weight decreases 

in 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 la te  puberty and in injected females equal those of prepuberal males. 

Testosterone stimulates growth of the accessory sex organs resu lting  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 females to appear 

essen tia lly  like those of adult males. An equal amount of testosterone 

given a t  a higher ra te  does not evoke an equal response. This difference 

in response of animals injected from day 10 to day 29 and those injected 

from day 10 to day 19 may involve the in a b il i ty  of the younger animals to 

u t i l i z e  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 s ign if ican t effec t 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 castrated males are given estrogen, the relative 

submaxillary weight, protein incorporation, tryptophan incorporation and 

tem tnal tubules with granules containing tryptophan fa il  to attain normal 

values. Protein incorporation and the number of terminal tubules with 

granules containing tryptophm increase and are equal to those of males 

in early puberty. The relative weight of the accessory sex organs decreases.

When estrogen is  given to adult castrated males, there is  a loss of 

relative submaxillary gland weight, protein incorporation, tryptophan incor­

poration, and numbers of terminal tubules with granules containing trypto­

phan. When these males are compared w3.th non-injected adult castrated 

males, the rates of protein incorporation and tryptophan incorporation in­

crease significantly. Estrogen has a limited effect upon these components 

of the submaxillary glands of males.

Estrogen injection in  both prepuberally and adult castrated females 

results in normal relative submàxillaiy gland weight and protein incorpora­

tion. In prepuberally castrated females, incorporation of tryptophan per 

mg of gland and the numbers of terminal tubules with granules containing 

tryptophan are normal whereas in adult castrated females they are above 

normal values. Relative uterine weight in prepuberally castrated females, 

injected with estrogen, i s  within the range of values for normal females 

and exceeds noimal weight in adult castrated females.

Increases in tubular diameter in submaxillary glands of castrated 

males and females a fter injection of estradiol was reported by Lacassagne 

(1940b). Harvey (1952) found that estrogen evokes the repair of a ll  changes 

resulting from ovariectomy in both young and adult females with increased 

tubular diameter, weight, granule production and acinar size. In addition, 

submaxillary ^ands of gravid females contain granules equal to those of
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adult males.

The administration of estrogen to prepuberally castrated and adult 

castrated females and males has no apparent effect on the incorporation of 

protein and tryptophan in the pancreas.

Harvey (1952) reported that the adrenal glands increased in w ei^ t 

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 (195^) r®" 

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 la te r  in females. The incorporation of tryptophan-bound pro­

tein occurs a t similar rates in males and females before puberty and de­

creases to approximately these rates following castration. Synthesis of 

granules containing protein-bound tryptophan in the terainal tubules of the 

submaxillary glands continues a t minimal rates in the absence of gonadal 

hormones. Adrenal cortical hormones, estrogens, and androgens are steroidal 

in nature. This system in the submaxillary glands responds to both 

estrogen and testosterone but is  especially responsive to androgenic 

steroids.

Kochakian e t a l. (I963) investigated the role of various androgens 

on protein synthesis. The uptake of certain labeled amino acids, espec­

ia lly  leucine, was decreased in the kidney following castration and in­

creased after implantation of testosterone propionate pelle ts. Uptake of 

tryptophan however was not affected. The changes in amino acid uptake was 

correlated with changes in the microsomal RNA and protein biosynthesis both
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a f te r  castra tion  and during growth of the kidney by androgen stimulation. 

Kochakian postulated the presence of hormone dependant enzymes in the pro­

te in  biosynthetic systems of certa in  t issues .  Similar work has not been 

done on the submaxillary 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 submaxillary glands of adult male and female mice exhibit a sex 

dimorphism which is  characterized by greater re la tive  submaxillary gland 

weight, greater ra te  of incorporation of to ta l  protein and of protein-bound 

tryptophan, and more numerous terminal tubules with granules containing 

tryptophan in males than in females.

Histochemical studies of sections of the submaxillary glands show 

that the large refractory  granules of the terminal tubules are protein in 

nature. This granule protein contains the major portion of the tryptophan 

which can be detected by p-DMAB staining. In addition to tryptophan, d i ­

basic amino acids and tyrosine are also present in the granules.

. The pattern  of submaxillary gland growth in males is  d iffe ren t from 

that of females. In males, the submaxillary gland grows fas te r  than the 

body with a subsequent increase in re la t iv e  submaxillary gland wè’ight as the 

animals get older. The greatest increase in re la tive  submaxillary gland 

weight is observed during puberty. In females, although the gland continues 

to grow, i t  is  slower than body growth. Relative submaxillary gland weight 

tends to decrease with age in females.

The submaxillary gland incorporates more non-protein than protein 

components during the prepuberal period. During puberty, th is  trend con­

tinues in females but changes in males. The increase in submaxillary
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gland weight in males resu lts  from the increase in protein incorporated by 

the gland. In females, increase in submaxillary gland weight resu lts  from 

the re la t iv e ly  greater incorporation of non-protein components.

Measurement of to ta l  protein includes measurement of protein-bound 

tryptophan. Tryptophan incorporation and terminal tubules with granules 

containing tryptophan, a f te r  the ir  in i t i a l  appearance, increase with age.

The ra te  of tryptophan incorporation roughly pa ra l le ls  the ra te  of the ap­

pearance of terminal tubules with granules containing tryptophan. In­

creased ra tes  of tryptophan incorporation per mg of gland and granule pro­

duction are observed a t puberty in both sexes, however these ra tes  are

always greater in males than in females.

In castrated males, the decrease in re la tive  submaxillary gland 

weight is  accompanied by a comparable decrease in to ta l  protein. The major 

portion of the decrease in to ta l  protein can be accounted for by the de­

crease in tryptophan, as measured histochemically and histom etrically .

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 containing tryptophan decrease.

The most notable effec t 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 injection
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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 e ffec t .  

Relative submaxillary gland weight, protein incorporation, tryptophan in ­

corporation and the number of terminal tubules with granules containing 

tryptophan is  for the most part s l igh tly  greater than in non-injected cas­

tra ted  males but are below normal values.

Estrogen injection is effective in castrated females, and i t s  ad­

m inistration re su lts  in normal protein, tryptophan and numbers of terminal 

tubules with granules containing tryptophan.

I t  seems well established by castra tion  and testosterone injection 

that androgens play 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 estrogen is  not as clear a l ­

though the influence is  in the same d irection. These experiments do not 

exclude the influence of other endocrine glands following castra tion  and 

gonadal hormone treatment.

Protein and tryptophan incorporation by the pancreas is  not s ig ­

n if ican tly  affected by age, castra tion or gonadal hormone in jection in 

e i ther  males or females. The pancreas does not exhibit sex dimorphism on 

the basis of protein incorporation or tryptophan incorporation.
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