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Summary. Urinary excretion of dehydroepiandrosterone (DHA) and
oestrogens was determined in five bilaterally cryptorchid boars and four
unilaterally cryptorchid boars. Similar determinations were carried out
in two boars made cryptorchid through surgery. The DHA and oestrogen
values for the cryptorchid animals were comparable to normal boars of
a similar age. These results suggest that the cryptorchid testes of the boar
are capable ofproducing normal amounts of testicular steroid hormones.

INTRODUCTION
Failure of one testis, or both testes, to enter the scrotum (cryptorchidism)
may occur frequently in the pig and horse, less frequently in sheep and cattle,
and occasionally in the cat and dog (Mann, 1965). Cryptorchidism is a rela¬
tively common occurrence in man (Nelson, 1951). Although it is well estab¬
lished that cryptorchidism is associated with degeneration of the seminiferous
epithelium, knowledge concerning the internal secretory capacity of the abdo¬
minal testis is less certain. Hormone production by the cryptorchid testis has
been studied in the rat (Clegg, 1960; Llaurado & Domínguez, 1963; Morehead
& Morgan, 1967), guinea-pig (Antliff & Young, 1957), rabbit (Hall, 1965;
Free, Vera Cruz, Johnson & Gomes, 1968), dog (Eik-Nes, 1966) and man

(Engberg, 1949).
Testicular descent in pigs normally occurs in foetuses of 190- to 200-mm

crown-rump length (Backhouse & Butler, 1960). McKenzie (1931) has reported
that masculinity developed in nine of ten cryptorchid boars, five of which were

bilaterally cryptorchid. Hanes & Hooker (1937) found that cold acetone
extracts from cryptorchid testes of pigs contained only one half as much
androgenic activity per unit weight when compared to extracts of scrotal testes
in an assay using White Leghorn capons. An early report by Courrier (1934)
suggested that the oestrogenic activity in chloroform extracts of porcine crypt¬
orchid testes did not differ appreciably from normal testes, with semi-quanti¬
tative estimations from the vaginal smear of ovariectomized rats. These earlier
studies have been acute experiments or have utilized indirect indications of
androgen production by the cryptorchid testis. The present study permitted
the long-term assessment of gonadal steroid production by the cryptorchid
testes of boars, as reflected by the urinary excretion of dehydroepiandrosterone
and oestrogen (Raeside, 1965; Liptrap & Raeside, 1968).
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MATERIALS AND METHODS

Normal boars and experimentally cryptorchid boars were of the Yorkshire
breed, or Yorkshire  Landrace cross. Cryptorchid animals were obtained from
a specially inbred strain of pigs of the Canada Department of Agriculture,
Research Branch, Beaverlodge, Alberta. In two boars of a different strain, the
cryptorchid condition was created surgically under pentobarbital sodium
(Diabutal; Diamond Laboratories, Downsview, Ont.) anaesthesia. Two ingui¬
nal incisions were made in front of the scrotum, the testes were freed of their
scrotal attachments and inserted into the abdominal cavity through their
respective inguinal canals, which had been opened by blunt dissection. The
inguinal canals and skin incisions were closed with interrupted stitches. Upon
completion of the experimental period, sections of testicular tissue were taken
for histological examination.

To obtain urine samples, each animal was confined to a metabolism crate,
modified from that described by Welch, Cordts & Vander Noot (1964) so that
all voided urine drained into a polyethylene bottle, free offaecal contamination.
After the boar had become accustomed to the crate for 4 or 5 days, urine was
collected at 48-hr intervals for varying periods of time. The urine volume was
measured and an aliquot was filtered through glass wool and stored at 4° C for
3 to 4 days, or at —15° C for longer periods. Dehydroepiandrosterone (DHA,
3/J-hydroxyandrost-5-en-17-one) determinations were carried out as described
by Raeside (1965), using a modified method of Fotherby (1959). Briefly, the
procedure consisted of hydrolysis by boiling for 6 hr, benzene extraction and
thin layer chromatography (chloroform : ethyl acetate ; 2:1). The DHA frac¬
tion was subjected to a Pettenkofer reaction. The results for oestrogens in the
urine samples were obtained with the procedure outline by Raeside (1963). For
the high concentrations of oestrogens usually found in the urine of the boar,
only a 10-ml aliquot ofurine was taken in duplicate and diluted to 100 ml with
distilled water (Raeside, 1965). After acid hydrolysis and purification of the
ether extract, a Kober reaction was carried out on the oestrogen fraction. For
convenience, the results are reported in mg per 24 hr.

RESULTS
Table 1 shows the urinary DHA and oestrogen excretion of normal boars of
various ages, for comparison with the subsequent data on cryptorchid boars.
It is evident that boars exhibit considerable variation in their day-to-day excre¬

tion of DHA and oestrogens, as well as a variation between animals of similar
ages. There is a general trend for boars to excrete increasing amounts ofgonadal
steroids with increasing age.

The DHA and oestrogen excretion of two boars before and at various intervals
after abdominal placement of the testes is given in Table 2. The values for
DHA excretion compare favourably with those of normal boars of a similar
age, although there is a suggestion that the oestrogen values of these surgically
cryptorchid boars are not as high as those observed in the normal animal.

The results of urinary DHA and oestrogens of five bilaterally cryptorchid
boars are shown in Table 3. The excretion of these steroids is as high as, or
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Table 1
urinary dehydroepiandrosterone (dha) and oestrogen
excretion of normal boars of various ages (x = mean

value)
Age (months) DHA (mgßA hr) Oestrogen (mg/24 hr)

316 1
5-53
2-89
2-00
1-40

  = 2-99

2-86
1-23
0-55
0-31
0-51

  = 109

6-72
8-95
4-95
4-27
7-64

-  = 6-50

0-76
0-89
1-04
0-74
1-30

0-94

11-24 1. ,,nö
12-93 /  = 1208 5-88 \

700 /  6-44

11 7-30 1
16-05
11-38
13-74
7-49

11-19

1-481
307
2-66
3-56
3-22

y  = 2-82

12 4-82 1
4-31
3-46
4-02
7-96

4-91

1-69
1-70
1-18
1-32
1-86

1-55

15 4-46'
2-70 y  - 3-63
3-73

1-33
0-31 y * - 0-83
0-86

15
 - 12-79  = 4-41

17 89-96
31-23
57-16
30-74
55-02

y  = 52-82

15-58
3-66
901
5-56
9-57

y  = 8-67

20 60-50
'

38-10 y  = 45-26
37-20

42-00
17-26
16-20

25-27

20 •00 1
-•40/ =

48-00
25 36-70 8-48

8-57 }.- 8-52

27 29-00
'

36-20
30-20
27-70

 = 30-77 9-59

27 79-50 1 74.1068-70 f
2
24

•101
.

_•80 /  
_

22-95
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Table 2
urinary dehydroepiandrosterone (dha) and
oestrogen excretion of two boars before and
at various intervals after surgical placement
of testes in the abdominal cavity (x = mean

value)
Boar 3290

Age (months) DHA (mgl24 hr) Oestrogen (mg/24 hr)
160 \ S - 1-551-50 / x

_

lx>
0-56
0-72 }- 0-64

Surgery
•60 1

.
_ 20 / x
-

3-40 4-40 \
2-90/ 3-65

•20 \•72/x 3-46 0-85 \
1-17 / 101

11 17-39
1805 y X  17-83
1806

1-57
1-78 yi - 202
2-73

17
 = 8-42 x= 1-51

23 44-74 1
38-62
29-78
20-85
37-27

y  = 34-25

9-96
12-10
8-29
8-99
9-18

9-70

27 36-56
27-33
3019
30-99
29-99

yx = 31-01

2-18
2-31
2-07
2-62
2-06

y  = 2-25

30 40-23 1
29-26
13-68
39-59
57-24

y  = 3600

3-51
2-10
0-81
3-57
401

y  = 2-80
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Table 2 (continued)
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Age {months)

11

17

Boar 3353

DHA {mgl24 hr)
5-93
6-54
5-69
5-87
9-79

6-76

Oestrogen (mg/24 hr)
1-31
1-40
1-79
1-62
1-76

m 1-57

Surgery
13-21
14-51
14-15
1807
9-93

13-97

16-78
1802
37-21
32-66
20-52

2504

1-75 1
1-60
1-39
2-16
1-26

y  = 1-63

1-01
1-33
1-66
1-41
0-75

1-23

Table 3
urinary dehydroepiandrosterone (dha) and oestrogen
excretion of five bilaterally cryptorchid boars (x =

mean value)
Boar no.

3385

Age {months) DHA {mg/24 hr)

7-62

Oestrogen {mg/24: hr)

 = 2-60

3415 11
9-47 - 4-58

3386 12 2-25
1-73
2-39
3-34
2-73

y  = 2-48

0-85
0-79
1-91
3-07
2-27

^x= 1-78

3388 12 2204
1812
6-52

20-77
25-59

yk = 18-61

1-96
2-29
1-26
2-56
2-92

^x = 2-19

3399 14 21-61
19-23
13-13
17-80
16-53 J

ya= 17-66

6-33
7-14
3-80
6-24
5-81

U = 5-86
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Table 4

urinary dehydroepiandrosterone (dha) and oestrogen
excretion of four unilaterally cryptorchid boars (x =

mean value)
Boar no.

3390

3394

0131Y

3391

Age (months)
8

DHA (mg/24 hr)

 = 17-26

5-01
5-74
4-83
4-44
2-68

y  = 4-54

4802
30-32
27-35
46-00

37-92

24-22
'

27-30
37-58 y  » 29-22
30-31
26-70 J

Oestrogen (mg/24 hr)

 = 10-27

3-73
1-86
1-86
1-69
1-17

2-06

24-81
'17-60

12-91
1300

 = 1708

12-84
19-14
15-16
19-02
10-41

^x = 15-31

higher than, that of normal boars of a comparable age. Similarly, the values of
DHA and oestrogen in urine from four unilaterally cryptorchid boars, as
indicated in Table 4, are at least as high as the steroid excretion of normal
boars.

Histological sections of normal and cryptorchid testes are illustrated in PL 1,
Figs. 1 to 6. Cryptorchid testes weighed less than one quarter the weight of
normal testes and showed abundant interstitial tissue (PI. 1, Figs. 3, 4, 5). In
one testis of a bilaterally cryptorchid boar, vacuolation with small, darkly
staining nuclei can be noted in the interstitial cells (PI. 1, Fig. 5): however,
within these regions small areas of Leydig cells which appeared normal were

occasionally seen (PI. 1, Fig. 6). There is little evidence of any tubular epithe¬
lium in the surgically cryptorchid testis while the tubular epithelium of the
naturally occurring cryptorchid testis exhibits marked degeneration. Sperma¬
togenesis is present in the scrotal testis from a unilaterally cryptorchid boar
(PI. 1, Fig. 2).

EXPLANATION OF PLATE 1
Fig. 1. Section of the testis of a normal boar (12 months of age). H &  .  92.
Fig. 2. Section of the scrotal testis of a unilaterally cryptorchid boar (9 months of age).
H& E. x92.
Fig. 3. Section of the abdominal testis of a unilaterally cryptorchid boar (9 months of
age). H &  .  92.
Fig. 4. Section of the testis from a surgically (24 months' duration) cryptorchid boar (30
months of age). H &  .  92.
Fig. 5. Section of the testis of a bilaterally cryptorchid boar (14 months of age). H & E.
 92.
Fig. 6. Section of the testis of a bilaterally cryptorchid boar (14 months of age). Note
more normal appearing interstitial tissue in upper left corner. H &  .  58.
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DISCUSSION

Dehydroepiandrosterone appears to be an exclusive product of testicular steroid-
ogenesis in the boar. Neher & Wettstein (1960) were unable to demonstrate
even trace amounts of DHA in the adrenal glands of hogs. Huis in't Veld,
Louwerens & Reilingh (1961) and Raeside (1965) have suggested that DHA is
chiefly of testicular origin in the boar for bilateral castration resulted in the
excretion of only trace amounts. Recently, Baulieu, Fabre-Jung & Huis in't
Veld (1967) demonstrated the presence of DHA and DHA-sulphate in the
spermatic vein blood of a boar.

The most notable feature in the present study is the observation that the
steroid excretion of naturally and experimentally cryptorchid boars is not
lower than that of normal boars. In fact, a t test suggests that steroid production
by cryptorchid animals is significantly higher in comparison to normal boars of
a similar age. Some reservations must be expressed concerning this interpre¬
tation, however, due to the small numbers of boars studied and their great
individual variation. The data for the experimentally cryptorchid boars suggest
that the abdominal testis is capable of producing increasing amounts of steroid
hormones with increasing age.

In the rat, Clegg (1960) found that testicular hormone secretion increases
for a short period of time following abdominal placement of the testes, with a

subsequent fall to 60 to 80% of normal. Accessory gland weight, citric acid and
fructose production were the indicators of androgen production. Llaurado &
Domínguez (1963) demonstrated that the cryptorchid rat testis is less able,
in vitro, to convert progesterone to 17a-hydroxyprogesterone, 4-androstene-3,17-
dione and testosterone than the contralateral eutopic testis. Another indication
that androgen production is lower in the cryptorchid rat testis is the reduced
uptake of [3H]methyl thymidine by the seminal vesicles and coagulating gland
of such animals when compared to the rate of uptake in the normal rat (More-
head & Morgan, 1967).

Hall (1965) has demonstrated with rabbit testis that [l-14C]acetate incorpor¬
ation into testosterone in vitro is less at 40° C than at 38° C, suggesting that
steroid biosynthesis is significantly less at the abdominal temperature than at
the lower scrotal temperature. In the dog, Eik-Nes (1966) has compared
testosterone production by the scrotal and abdominal testis, in cases ofunilateral
cryptorchidism occurring naturally. The cryptorchid testis secreted less
testosterone than the contralateral scrotal testis, although both testes secreted
as much testosterone per hour per unit weight. For the guinea-pig, on the basis
of sexual behaviour and the size and appearance of the secondary sex glands,
Antliff & Young (1957) could detect no alteration in endocrine activity by the
cryptorchid testis. Engberg (1949) has reported that in cases of bilateral
cryptorchidism ofman, there is marked reduction in the excretion ofandrogenic
hormone but oestrogen excretion does not differ appreciably from that of
normal men.

The design of the experiments described in this study permitted the long-
term assessment of steroidogenesis by the cryptorchid testis. On the basis of the
present data, the abdominal position of the testes in the boar does not appear
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to alter the normal production of testicular steroid hormones as reflected in the
excretory values of DHA and oestrogens. These levels of testicular hormones
were produced by cryptorchid testes that exhibited the characteristic degenera¬
tion of seminiferous tissue with abundant interstitial cells of Leydig. Whether
more subtle differences occur in steroid metabolism between the abdominal and
scrotal testis cannot be ascertained from the present data but awaits more
detailed study.
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