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Summary. Scrotal testes from control and unilaterally cryptorchid rats
and rabbits and abdominal testes from animals unilaterally or bilaterally
cryptorchid for 6 days were used in this study. Total cholesterol rose

(P<0\m=.\05)in all abdominal testes as a result of increased (P<0\m=.\05)
levels of esterified cholesterol. Fatty acids of the scrotal testes from
unilaterally cryptorchid animals were only slightly changed by treat-
ment. Changes in fatty acid esters in abdominal testes of unilaterally
cryptorchid animals of both species were similar. These changes con-
sisted of increases in most fatty acids with a chain length of 14, 16 and
18, both saturated and unsaturated. Abdominal testes ofbilaterally cryp-
torchid rabbits differed from those of unilateral cryptorchids in that
proportions of long chain fatty acids were more consistently increased
in the former. Abdominal testes of the bilaterally cryptorchid rats also
differed from the unilateral cryptorchids but less than in the rabbit.
Differences in hormonal levels in the unilateral and bilateral cryptor-
chids are suggested as the most probable cause of difference in the ab-
dominal testes of these groups.

INTRODUCTION
Various treatments which alter the structural, metabolic and physiological
patterns of the testis also result in alterations in testicular lipids of several
species (Davis & Coniglio, 1967; Fleeger, Bishop, Gomes & VanDemark,
1968a, b; Johnson, Gomes & VanDemark, 1969; Johnson, 1970). Among
other lipid changes, impairment of spermatogenesis consistently resulted in
increased concentrations of esterified cholesterol in the testes, regardless of the
anti-spermatogenic treatment employed (Johnson, VanDemark, Gomes,
Butler & Hodgen, 1967; see Johnson, 1970).

Studies in vitro using testis tissue from rams subjected to elevated ambient
temperature revealed that increases in cholesterol esters were attributable to
quantitative changes in synthesis and esterification ofcholesterol (Johnson et al.,
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1969). Whether this increase in cholesterol esters is accompanied by qualitative
changes in the fatty acids esterified to cholesterol, however, has not yet been
determined.

The present study was undertaken to determine the levels of esterified
cholesterol in testes, the fatty acid composition of these esters and to ascertain
whether these factors are altered by short-term cryptorchidism.

MATERIALS AND METHODS
Mature male rabbits of the giant breeds and mature male Wistar rats were

randomly assigned to the control group or to unilateral or bilateral cryptorchid
groups. In the latter cases, artificial cryptorchidism was produced as described
by Fleeger et al. (1968a). All animals were killed 6 days after testes were trans¬
located to the abdominal cavity. The testes were removed, trimmed, weighed,
and frozen in liquid nitrogen.

Lipids were extracted from the testes and analysed for total, free, and esteri¬
fied cholesterol (Fleeger et al., 1968a). A portion of the lipid extract was dis¬
solved in chloroform : methanol (1:1, v/v) and applied to thin layer plates.
After chromatography in the diethyl ether :hexane system (6:94, v/v; Freeman
& West, 1966), the cholesterol ester band was scraped from the plate and eluted
from the silica gel with chloroform : methanol (2:1, v/v, 3x10 ml) and methanol
(1x10 ml). The fatty acid methyl esters were prepared, extracted and identified
using the method outlined by Fleeger et al. (1968b).

Differences between treatments were determined using Duncan's new

multiple range test as outlined by Steel & Torrie (1960).

RESULTS
Rabbits

The majority of the changes in total cholesterol concentration (mg/g dry
weight) of abdominal testes was accounted for by changes in esterified choles¬
terol (Table 1 ). While total and esterified cholesterol of the scrotal testis of the
unilateral cryptorchid were unaffected by the treatment, both cholesterol
fractions were significantly {P<Q-Ql) increased in its abdominal partner. The
levels of esterified and total cholesterol were also increased (P<0-05) in the
testes of bilateral cryptorchids, but not to the extent observed in the abdominal
testes of the unilaterally cryptorchid rabbits. This was similar to the finding pre¬
viously reported (Johnson et al., 1967).

The fatty acid methyl esters derived from esterified cholesterol of the testes
of control rabbits (Table 1) showed a predominance of oleate (18:1) followed
by stéarate (18:0) and behenate (22:0). The dimethyl acetáis ofpalmitaldehyde
(16A) and stearaldehyde (18A) occurred in relatively high proportions as pre¬
viously shown for the triglycéride and phospholipid fractions of the testis
(Fleeger et al., 1968b).

In the scrotal testis of the unilateral cryptorchid, linolenate (18:3) and
arachidate (20:0) were significantly increased (P<0-05) over controls. Abdomi¬
nal testes contained significantly ( <0·05) higher proportions of myristate
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(14:0), myristoleate (14:1), palmitate (16:0) and palmitoleate (16:1), whereas
significant decreases (P<0-05) in linoleate (18:2) and nonadecanoate (19:0)
were noted. The testes of bilaterally cryptorchid rabbits exhibited increases
(P<0-05) in 18:3, arachidonate (20:4) and docosatetraenoate (22:4) and sig¬
nificant (P<0-05) reductions in 19:0 and «.r-eicos-5-enoate (20:1). Regardless
of treatment, 18:0 and 18:1 appeared to be the most prevalent fatty acids
in rabbit testes.

Examination of the differences between unilaterally and bilaterally abdominal

Table 1
esterified cholesterol and its fatty acid fraction in the rabbit

testis following cryptorchidism

No. of testes
Total cholesterol concentration-)·
Esterified cholesterol concentration^
Fatty acids, % of total

14:0
14:1
15:0
16A
16:0
16:1
17:0
18A
18:0
18:1
18:2
18:3
19:0
20:0
20:1
20:4
22:0
22:4
22:5

Control

3
19-9
10-2

0-7
1-7
2-0
31
5-4
2-1
5-6
5-8

10-6
13-6
7-5
4-7
8-2
5-0
6-6
3-3

10-5
0-5
3-1

Unilateral
cryptorchid

Scrotal Abdominal

2
191
8-4

1-1
0-4
1-4
1-2
7-3
1-5
7-1
3-0
9-3

11-5
3-6
8-8*
8-2

10-0*
9-3
3-2
5-7
2-8
4-6

2
37-7**
23-8**

2-2*
2-2*
1-2
1-5

12-3**
4-8*
3-2
2-3

12-6
18-4
2-5*
9-8*
2-0*
2-7
3-3
4-4
9-8
1-2
3-6

Bilateral
cryptorchid

5
25-9*
13-4*

0-4
0-7
0-4
1-6
7-2
2-1
3-4
2-4

15-5
16-3
4-1

13-4*
4-3*
1-3*
0-7*

12-7**
6-0*
5-3*
2-2

t mg/g dry weight.
* Significantly different from controls (P<0-05).

** Significantly different from controls (/><0-01).

testes revealed significant (P<0-05) reductions in 14:0, 14:1 and 20:1 in the
testes of the bilateral cryptorchid with concurrent increases in 20:4 and 22:4.

Rats
As shown in Table 2, no significant differences existed in total or esterified

cholesterol levels between scrotal testes of control and unilaterally cryptor¬
chid rats. There was, however, a significant increase (P<0-05) in both choles¬
terol fractions in the abdominal testes of the unilateral and bilateral cryptor¬
chids. Unlike the rabbit, however, no difference existed in the cholesterol
levels of unilaterally and bilaterally cryptorchid rat testes.
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The predominant fatty acid of the esterified cholesterol of the control rat

testis was 18:1 followed by 18:0. In the scrotal testes of the unilateral cryptor¬
chids, 14:1 and heptadecanoate (17:0) increased significantly (P<0-05), where¬
as abdominal testes of the unilateral cryptorchid exhibited significant increases in
14:0, 14:1, 16:1 (¿><0-01) and 18:2 (P<0-05) and decreases in 18:3, 19:0 and
22:4 ( <0·05). Unilaterally cryptorchid testes contained greater proportions
of 17:0 (P<0-01) and clupanodonate (22:5; P<0-05) and less 19:0 (P<0-05)
than controls.

Table 2
effect of cryptorchidism on esterified cholesterol and its fatty

acid components in the rat testis

No. of testes
Total cholesterol concentrationf
Esterified cholesterol concentrationf
Fatty acids,

14:0
14:1
15:0
16A
16:0
16:1
17:0
18A
18:0
18:1
18:2
18:3
19:0
20:0
20:1
20:4
22:0
22:4
22:5

of total

Control

16-6
8-4

1-3
0-5
1-3
1-6
7-4
5-2
1-7
4-1

13-5
16-3
0-9
9-2
9-8
4-3
3-4
2-9
7-8
5-9
2-9

Unilateral
cryptorchid

Scrotal

2
16-2
10-3

0-7
2-7*
2-0
1-7
8-3
4-4
5-8*
6-5
6-8

12-6
5-3
8-7
4-3
50
0-0
3-7

11-5
6-8
3-2

Abdominal

2
25-3*
15-2*

3-4**
2-2**
1-7
0-7

12-8
28-1**

1-2
3-6
7-5

15-2
11-1*
3-5*
2-7*
1-5
00
1-5
2-9
0-4*
0-0

Bilateral
cryptorchid

3
294**
17-1*

0-4
0-3
0-6
0-3
9-4
1-3
84**
2-9
9-9

18-7
1-1

10-5
2-1*

11-3*
1-6
4-2
8-4
2-6
6-1*

t mg/g dry weight.
* Significantly different from controls (P<0-05).

** Significantly different from controls ( "<0·0 ).

Comparison of unilateral and bilateral abdominal testes revealed that the
latter contained lower proportions of 14:0, 14:1, 16:1 {P<0-01) and 18:2
(P<0-05) and higher levels of 17:0, 18:3, 20:0 and 22:5 (P<0-05; Table 2).

DISCUSSION
Oleate was the predominant fatty acid found in the study followed by stéarate in
both species and most treatments. Neither of these varied significantly with
treatment. It has been previously found that oleate was the most prevalent fatty
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acid in the triglycéride fraction of testicular lipids, whereas palmitate was the
most abundant in the phospholipid fraction (Fleeger et al., 1968b).

Fatty acid changes in the scrotal testis of the unilateral cryptorchid in the
present study were few as they were in the triglycéride and phospholipid
fractions reported by Fleeger et al. (1968b). Some workers have found quantita¬
tive lipid (Fleeger et al., 1968a) and histological (Clegg, 1965) changes in the
scrotal testis of the unilateral cryptorchid while others have found neither of
these changes (Johnson, Gomes, Free & VanDemark, 1968). The changes in
fatty acid in the present study represent significant increases above control, but
they are not the same as changes in the abdominal partner. That alterations did
occur, however, suggests that qualitative changes, albeit minor, may occur in
the scrotal testis of the unilateral cryptorchid.

Significant fatty acid changes in the abdominal testes of the unilateral
cryptorchid animal were quite similar in the two species studied. Most changes
occurred in the proportions of the even numbered fatty acids suggesting altera¬
tions in the pathways of fatty acid metabolism as a direct result of the elevated
temperature or of the hormonal changes which apparently occur in cryptorchid
animals (Johnson et al., 1968). The temperature might reduce the activity of
specific enzymes while the hormonal change could alter fatty acid biosynthesis,
transport, transformation and other metabolic functions.

The fatty acids of cholesterol ester from the testes of bilaterally cryptorchid
rabbits appear different from those found in the abdominal testes of the uni¬
laterally cryptorchid animals. Rather than the alteration in levels of the rela¬
tively shorter chained fatty acids, marked increases were noted in the unsatura-
ted long chain fatty acids (18:3, 20:4 and 22:4) with reduction of the saturated
fatty acids of comparable chain length (19:0, 20:0 and 22:0). This change
suggests a shift from the pathway normally involved in synthesis of fatty acids to
lipolysis ofdietary lipid. It further suggests a blockage of the new pathway in that
there is little synthesis of the long chain (longer than 18) fatty acids and an
almost complete reliance on dietary lipid resulting in the unsaturated com¬

pounds. If the bilateral cryptorchid has a reduced steroid output (Llaurado &
Domínguez, 1963), then this implies that a high dependence on androgens in
the implementation of the new pathway for the synthesis of fatty acids may
exist in the testis.

As suggested by the quantification of esterified cholesterol, less difference
exists between the unilaterally and bilaterally cryptorchid rat than in the
rabbit. Qualitatively, this also appears to be the case since changes in bilateral
abdominal testes appear to be more similar to the testes of the unilateral
cryptorchid, suggesting that the mechanisms altering specific cholesterol esters
may be similar in both conditions.

It is evident from the foregoing that there are conditions in the unilateral
cryptorchid which can qualitatively alter a limited number of fatty acids of the
scrotal testis. The abdominal testis of the unilateral cryptorchid, however,
appears to be more profoundly affected. In both the rat and rabbit, pathways
appear to be markedly altered and the testes of the bilateral cryptorchid are
also changed; however, these differ with each species. Hormonal changes
resulting from the different treatments may be responsible for the changes in
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the abundance of fatty acid which result in alterations in the fatty acid compo¬
nents of esterified cholesterol of the testis.

ACKNOWLEDGMENTS

This research was supported in part by USPHS Grant Number 9R01 HD-
03535. The authors are indebted to Mrs Claudia Jenkins for her technical
assistance.

REFERENCES

Clegg, E. J. (1965) Studies on artificial cryptorchidism: compensatory changes in the scrotal testes of
the unilateral cryptorchid rats. J. Endocr. 33, 259.

Davis, J. T. & Coniglio, J. G. (1967) Effect of cryptorchidism, cadmium and anti-spermatogenic
drugs on fatty acid composition of rat testis. J. Reprod. Fert. 14, 407.

Fleeger, J. L., Bishop, J. P., Gomes, W. R. & VanDemark, N. L. (1968a) Testicular lipids. I. Effect of
unilateral cryptochidism on lipid classes. J. Reprod. Fert. 15, 1.

Fleeger, J. L., Bishop, J. P., Gomes, W. R. & VanDemark, N. L. (1968b) Testicular lipids. II. Effect
of unilateral cryptorchidism on fatty acids of testicular phospholipids and triglycérides. J.
Reprod. Fert. 15, 8.

Freeman, C. P. & West, D. (1966) Complete separation of lipid classes on a single thin-layer plate.
J. Lipid Res. 7, 324.

Johnson, A. D. (1970) Testicular lipids. In: The Testis. Vol. 2. Biochemistry. Eds. A. D.Johnson, W. R.
Gomes and N. L. VanDemark. Academic Press, New York.

Johnson, A. D., Gomes, W. R., Free, M. J. & VanDemark, N. L. (1968) Testicular lipids. III. Effect
of surgery and unilateral or bilateral cryptorchidism. J. Reprod. Fert. 16, 409.

Johnson, A. D., Gomes, W. R. & VanDemark, N. L. (1969) Effect of elevated ambient temperature on

lipid levels and cholesterol metabolism in the ram testis. J. Anim. Sci. 29, 469.
Johnson, A. D., VanDemark, N. L., Gomes, W. R., Butler, W. R. & Hodgen, G. D. (1967) Effect of

antispermatogenic and hormone treatments on testicular cholesterol. Fedn Proc. Fedn Am. Socs
exp. Biol. 26, 645.

Llaurado, J. G. & Domínguez, O. V. (1963) The effect of cryptochidism on testicular enzymes in¬
volved in androgen biosynthesis. Endocrinology, 72, 292.

Steel, R. G. D. & Torrle, J. H. (1960) Principles and procedures of statistics. McGraw-Hill, New York.

Downloaded from Bioscientifica.com at 05/23/2023 07:53:35PM
via free access


