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INTRODUCTION

Much work has been aimed at the role of diethylstilbestrol (DES) as
a carcinogen, as a growth factor in livestock and in the contrel of prostate
carcinoma. Recent work has suggested that the variations in the serum
lipid patterns brought about by the administration of large doses of DES
for a limited time could be modified by high concentrations of ascorbic
acid and vitamin E in the diet. This led to the question of what changes
would occur, particularly in the tissues, of cockerels fed smaller doses
of DES for an extended period. In the following study the effect of
prolonged administration of lower levels of DES on the lipid composition
of the tissues of rapidly growing and adult cockerels was investigated.
Because of the large number of analyses the investigation was undertaken
as a survey of the lipid variations and of the fatty acid distribution in
each tissue selected. The results of this survey are to be used to plan

future work, particularly work invelving ascorbic acid and vitamin E,



LITERATURE REVIEW

Many investigators have studied the relationship of diet to the lipid
changes in the blood serum and tissues of a variety of subjects., Only a
few of these reports will be discussed. In all cases when enough lipid was
added to the diet this change was reflected in the blood serum lipids, and in
some cases in the tissues. Camejo et al. (4) reported early changes in the
plasma lipoproteins in rabbits fed a high cholesterol diet. The cholesteryl
ester of density less than 1.09 g/ml was the most prominent change. The lipo--
proteins of the cholesterol fed rabbits contained lipoproteins with a higher
lipid-to-protein ratio. Corey et al. (7) concluded that the response of
certain primate specles to dietary changes in fat differed. TFor example, both
cebus and squirrel monkeys were hypercholesterolemic on diets high in coconut
oil, but only the squirrel monkeys were sensitive to extra cholesterol. Diets
containing 10% safflower oil were not hypercholesterolemic. The source of |
plasma-free fatty acids was investigated by Heimberg (13). Human volunteers
were fed either safflower oil or coconut oil, and the serum lipids compared.
After safflower oil feeding the 18:2 in the free fatty acids increased. Simi-
lar observations were made in the triglycerides of the VLD lipoproteins.
After coconut oil feeding the percentage of 12:0 and 14:0 increased in both
the free fatty acids and the triglycerides. Renaud and Gautheron (21) fed
cholesterol from a variety of fat sources and reported that the fats could be
classified according to their atherogenicity as follows, in decreasing order:
butter, olive oil, coconut o0il, cacao butter and corn oll. The severity was
éorrelated with the plasma cholesterol.

Guenter et al. (12) reported that in laying hens higher levels of

dietary linoleic acid would increase egg yolk, liver and adipose tissue



linoleic acid, and the oleic and saturated fatty acids in yolk and tissue
showed an inverse relatlionship to linoleic acid. Kruski et al. (17) reported
that the greatest change in liver lipids of male chiékens fed a hypercholes-
terolemic diet was found in the cholesterol ester, and that the concentration
of cholesterol in the liver may be the principal factor controlling cholesterol
metabolism. Widdowson et al. (37) suggested that the difference in the body
fat of British and Dutch infants was due to the fatty acid content of the
milk. The British were feeding cows' milk while the Dutch were removing the
cow milk fat and replacing it with waize o0il. The result was a much higher
percentage of unsaturated fatty acids in the body fat of the Dutch infants.
The British infants had a high concentration of cholesterol. Recently sevaral
authors have reported blood serum lipid variations when high levels of ascorbic
acid were fed (8,11,15,25,29), Aécorbic acid decreased the serum cholestercl
in healthy young adults (29)., In patients with atherosclerosis ascorbic
acid enhanced the activity of lipoprotein lipase and lowered the trigly-
cerides (25). |

The above discussion shows that dietary lipids do affect the lipids of
both the blood and tissues. The changes resulting from DES administration
are different in that the DES apparently affects the me;abolism of the subject
and causes lipid variations even in the case of low fat diets. Most of the
studies on the effects of DES are concerned with the use of the compound in
the contrel of prostate carcinoma (10,20), as a carcinogen (14,16,22,23,24),
its use in livestock feeding (3,28), or its concentration in the tissues.

Kudzma et al. (18) have emphasized that the chiclk is a good laboratory
model for the study of estrogen-induced hyperlipidemia. A recent article
by Clegg, Klopfenstein and Klopfenstein (5) emphasizes that high dosages of

DES do, as has been reported many times, cause a serum lipid rise, and



ascorbic acid and vitamin E decrease the levels of triglycerides and phospho-
lipids of the serum. For birds receiving both vitamins, DES seems to produce
a smaller percentage increase of oleic acid in the total esterified fatty
acid. The administration of high levels of DES for several days has been
standard procedure to produce a high concentration of lipids in the serum of
cockerels (9,18,19)., No reports have shown that short term administration of
DES has an effect on the tissue lipids since most workers were interested
only in the production of blood lipids and not the tissues.

An interesting investigation would be a determination of what effect
low levels of DES administration for an extended period of time would have on
the lipid spectrum of the blood sérum and tissues, and what effect ascorbic
acid and vitamin £ would have on ﬁhis change. Before attempting the above
mentioned investigation, a determination of the effect of low level DES
administration on serum and tissue lipids was undertaken. The purpose of
this study was to determine what lipids in the tissue are affected by the lower
DES administration so that in subsequent investigations the lipids that demon-
strate changes may be followed when the high vitamin supplementation is

employed.
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II,

MATERTALS AND METHODS

Treatwent of Animals:

In the first series, 15 adult cockerels (6 month old, white Leghorn,
Babcock strain) were divided into three groups of 5 cockerels each. The
controls {group 1) were fed a commercial grower ration; the cockerels
of group 2 were injected with 0.2 mg of diethylstilbestrol (DES) per
day, and the cockerels of group 3 were injected with 0.4 mg of DES per
day. Groups 2 and 3 received injections four times per week for a total
of six weeks. In the second series 15 young cockerels eight weeks of
age were compared. The controls (group 4) were fed a commercial grower
ration; the cockerels of group 5 were injected with 0.1 mg of DES per
day, and the cockerels of group 6 were injected with 0.2 mg of DES per
day. Groups 5 and 6 were injected four times per week for a total of
flve weeks. In all cases the DES was dissolved in propylene glycol and
injected dinto the leg of the chicken. At the end of each series blecod
samples were obtained, and then samples of liver, heart, adipose tissue,
thigh tissue and breast tissue were removed, washed, wrapped in Saran
wrap and stored in a freezer. The samples were then analyzed as sub-
sequently described.

Blood Serum:

Approximately 10 ml of blood was taken from the wing vein of each
bird. The blood was allowed to clot at 39°C for three hours and centri-
fuged at approximately 5000 rpm at 5°C. The serum (approximatély 5 ml)
was decanted and stored at 5 to 7°C.

The lipids were extracted from 2 ml of blood serum by mixing the



serum with 5.0 ml of methanol and 2.5 ml of chloroform and thoroughly
shaking. Then 2.5 ml of chloroform and 2.5 ml of water were added,
mixed well, and allowed to stand overnight-at 5°C. The chloroform layer
was removed and dried over anhydrous sodium sulfate. Aliquots were

used for thin layer and gas liquid chromatography.

III. Extraction of Lipids from Tissues:

The tissues were weighed and cut into small pieces, blended with
15 ml of distilled water for five minutes and poured into a glass homo-
genizer. Another 5 ml of distilled water was employed to wash the
blender and this portion was added to the homogenizer. The suspension
was homogenized for 5 minutes and poured into a test tube., Five ml of
the homogenate was returned to the homogenizer, mixed with 10 ml of
methanol and 5 ml of chloroform and homogenized for 5 minutes. Another
5 ml of chloroform was added and this mixture homogenized for 5 additional
minutes. The final homogenate was poured into a centrifuge tube and
centrifuged at 5000 rpm for about 30 minutes. The chloroform laver
was removed, measured and dried over anhydrous sodium sulfate. Aliquots
were used for thin layer chromatographic (TLC) and gas liquid chromato-
graphic (GLC) analyses.

In an investigation of this type where large numbers of determina-
tions are to be run it is necessary to employ methods which are not time
consuming. It should be emphasized at this stage that the interest was
in surveying a broad spectrum of lipids and that it will be necessary to
follow up results obtained by methods considered more reliable at a later
date. The choices made here were TLC for the lipid spectrum and GLC

for the fatty acid percentages. The TLC method is well adapted for large
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numbers of samples but should be replaced by methods considered more
reliable at a later date. The GLC technique is probably the best avail-
able for the fatty acids.

Thin Layer Chromatography:

The apparatus used in this thin layer analysis was developed by
Stahl (26). The TLC plates were Brinkmann Siliplate-22, Standard mix-
tures obtained from the Applied Science Lahboratories (1) were run along
with the unknown mixtures of lipids extracted from heart, liver, breast
tissue, thigh tissue, adipose tissue and blood serum samples. These
standards were: (a) cholesteryl ester, linoleic acid and trilinolein which
were developed by hexane/ether/glacial acetic acid (90/10/1 by volume),
and (b) cardiolipin, cholesterol, ﬁhosphatidyl ethanolamine, lecithin
and lysolecithin which were developed by chloroform/methanol/water
(60/25/4 by volume).

Standard mixtures were spotted along with the wvarious chloroform
extracted samples described previously. The plates were then developed
in the solvent system appropriate for the standard. After development
in the two different solvent systems the lipid spots were made visible
by spraying with 18% phosphoric acid + 3% copper acetate in water (2),
and heating in an oven at 112°C for 15 minutes. In order to estimate the
amounts of various lipids in the sample, the thin layer plates were
examined by means of a Photovolt Corp. photovolt recording densitometer.

The use of TLC to measure the amount of triglycerides may be
questioned. The reagents employed to measure the amount of triglycerides
are based on the effect of the reagents on the unsaturated fatty acids.

Therefore it is . possible that the total triglycerides are not measured,
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and that only the changes in the degree of unsaturation of the fatty
aclds contained in the triglycerides were determined. This should be
kept in mind when the triglycerides data afe conéidered. The same may
also be true of the lecithin and cephalin.

Gas Liquid Chromatography:

The esterification of lipid samples was accomplished by placing an
aliquot of the chloroform solution in teflon lined cap culture tubes,
adding 0.1 ml of 2 mg/ml solution of heneicosanic acid (internal
standard), evaporating to dryness under nitrogen gas, and then adding
1.0 ml of a methanol solution of'BClB. The tubes were tightly closed
and heated at 57°C for one hour. The fatty acid esters were extracted
with hexane and the resulting solution was employed in a Barber-Colman
500 GLC with an 8.0 foot column coated with 7.5% diethylene glycol
succinate, The column temperature was 190°C and the nitrogen carrier
gas flow was 70 ml per minute.

Statistical Analysis:

The data were analyzed statistically by the Mann-Whitney test®

for analysis of variance (6).

*
The test was suggested by Dr. Kemp of the Department of Statistics,
Kansas State University.



RESULTS AND DISCUSSION

The lipid distribution analyses are summarized in Table 1 and the
fatty acid distribution in Table 2. The data were compared by the method
of Mann-Whitney (see Materials and Methods), First, the 0.0 levyel DES
vs low level DES and the 0.0 level ws high level DES were compared in both
the adult and the young cockerels. The results of the statistical analyses
are shown in Table 3. Second, the young and the adult birds were compared
within each DES level. The results are in Table 4. 1In order to emphasize
certain relationships in Table 1 and 2 the data have been plotted and
these comparisons are found in Figures 1 through 6.

The following discussion is concerned with significant differences
at the 0.1 level or better, and attention will be focused on Tables 3 and
4. The data from which these tables of significance were calculated are

In Table 1 and 2.

Blood Serum: (Table 3) The adult birds showed no significant differences
in either the fatty acid distribution or the lipid distribution when
group 1 was compared against group 2. The only exception was a lower 16:0
fatty acid for group 2, but the difference was at the 0.1 level. In
contrast, when the levels of group 1 were compared against group 3 (high
DES level) the 18:1 fatty acid rose and the 18:2 fatty acid fell (both
at the 0.05 level). 1In addition, the cholesterol and cholesteryl ester
levels rose (0.05 and 0.1 levels, respectively).

In the case of the young birds, group 5 (low level DES) exhibited an
increase in 16:0 fatty acid and a decrease in cholesteryl esters (both

at the 0.05 level). Group 6 (high level DES) exhibited an increase in
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16:1 and 18:1 fatty acids and lecithin (0.10, 0.05 and 0.10 levels respec-
tively), and a decrease in 18:2 fatty acid (0.05 level), and cholesteryl

esters (0.1 level).

Heart Tissue: (Table 3) In the adult the low DES level (group 2) showed no

difference in all comparisons over the control except cardiolipin which

fell significantly (0.05 level). The heart tissue of the birds administered
high levels of DES (group 3) still showed no significant difference in the
fatty acids distribution, but the cardiolipin and phosphatidyl ethanolamine
decreased (0.05 and 0.1 level respectively) and the free fatty acids
increased (0.05 level),

The fatty acid percentage and the lipid component of the young heart
tissue showed no difference between the contrel and the low DES treatment
except that the free fatty acid value of group 5 was higher than the
control (0.1 level) and cardiolipin fell significantly (0.05 level),

When the high level DES (group 6) was compared with the control a decrease
in 18:0 fatty acid, cardiolipin and lecithin (all at the 0.05 level) and
an increase in 18:2 fatty acid (0.1 level) occurred. In fact, the cardio-

lipin was not measurable in either DES level.

Liver Tissue: (Table 3) No significant differences in fatty acid percentage

‘distribution occurred either for the low DES level or the high DES level
over the control adult birds. For the low DES (group 2) there was an
increase in cardiolipin, while for high DES (group 3) there was an increase
in triglyceride, free fatty acids, phosphatidyl ethanolamine, cardiolipin
and lecithin (all at the 0.05 level).

In the case of the young birds the low level of DES compared against

the control showed no difference in the lipid distribution and a decrease
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in 18:0 fatty acid (0.05 level). For the high level DES there was an
increase in 16:0 fatty acid and triglycerides (both at the 0.05 level) and

a decrease in 18:0 fatty acid and cardiolipin (both at the 0.1 level). Tri-
glycerides in both young and old were not‘measurable by the densitometer in

the control or low DES groups.

Thigh Tissue: (Table 3) In the adult the lipid and fatty acid distribution

between the control and the low level DES (group 2) showed no differences
except the 18:3 fatty acid of low DES treatment was lower than the control
(0.1 level). The fact that the high DES level does not go this low would
make this value suspect, but it should be emphasized that the 18:3 fatty
acid of high DES is lower, although not significantly, at the 0.1 level.

The high DES level (group 3) showed no difference in fatty acid distribution
but a decrease in cardiolipin and lecithin over the control (at the 0.05
‘and 0.1 levels respectively).

For the young tissue when the levels in the low DES (group 5) were
compared against the control the 18:3 fatty acid and 18:0 fatty acid rose
(0.05 and 0.1 levels respectively) and the triglyceride, lecithin, and 18:1
fatty acid decreased (0.05, 0.05 and 0.1 levels respectively). The levels
in the high DES (group 6) showed an increase in 12:0 fatty acid, 18:3 fatty
acid and 20:4 fatty acid, and a decrease in triglycerides and lecithin;

all differed significantly at the 0.05 level when compared to the control.

Breast Tissue: (Table 3) The adult birds receiving low DES (group 2)

exhibited phosphatidyl ethanolamine significaantly higher (0.05 level) and
12:0 and 16:0 fatty acids lower (0.05 and 0.1 levels respectively) but the
fact that the higher DES level did not echo this, would make these values

suspect. At present we have no explanation for this. For the high DES
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treatment (group 3) the only difference was an increase in 18:1 fatty
acid at the 0.1 level.

The young birds administered low level DES (group 5) showed no differ-
ence in lipid distribution but did exhibit an increase in 12:0 fatty acid
(0.05 level) and a decrease in 16:0 fatty acid (0.1 level). For the birds
administered high DES level (group 6) the 12:0 fatty acid and cholesterol
increased (0.05 and 0.1 levels respectively), and the 16:1 fatty acid

decreased (0.05 level).

Adipose Tissue: (Table 3) For the adult birds there were no differences in

fatty acid percentage distribution either for low DES level or for high DES
level against the control. In both the low and high DES levels there was
an increase in triglyceride (0.05 level).

The adipose tissue of the young birds showed no difference in major
lipid constituents for both the low DES and high DES levels against the
control, but an incréase in 16:0 fatty acid (0.05 level) and 16:1 fatty
acid (0.1 level) at both DES levels.

In an investigation of this type iIn which treﬁds are sought it is
necessary to search the data for differences that do not appear to be
significant as well as those that meet the level of significance origi~
nally set, In the above summary only those differences which were at the
0.1 level or better were discussed. In the following paragraphs trends
which do not meet this requirement are outlined. For this purpose consult
Figs. 1-6.

In the serum results (Fig. 1) of the young cockerels the rise in the
16:1 fatty acid at the low DES level was almost as great as in the high

level young birds. Therefore the trend was up in this case. In the
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Figure 1: Lipid and Fatty Acid Distribution in Blood Serum of Normal
and DES Treated Cockerels#®

{(a) Lipids: (upper bar graphs)

A -~ Triglycerides

B - Cholesterol

C - Cholesteryl Esters

D - Lecithin (phosphatidyl choline)

E - Cephalin (phosphatidyl ethanolamine)

(b) Fatty Acids: (lower bar graphs) The number before the colon
is the number of carbons and the number after
the colon is the number of double bonds

1 - Control Adult Cockerels

2 - Adults Administered 0.2 mg DES

3 - Adults Administered 0.4 mg DES

4 - Control Young Cockerels

5 - Young Cockerels Administered 0.1 mg DES

6 -~ Young Cockerels Administered 0.2 mg DES

*The open bars are the adult cockerels; the black bars are
for the young cockerels. The vertical line within the top

part equals standard deviation.



7251

142536

A

142534

16:0

25|

B

142536

1&:1

25

142518

Cc

142536

18:0

FIGURE 1

100

a0

142538

D

142538

18:1

501

P&

Wl

142536

E .

142538 142536 1425138

18:2 18:3 204

FATTY ACIDSB



24

Figure 2: Lipid and Fatty Acid Distribution in Heart Tissue of Normal
and DES Treated Cockerels®
(a) Lipids: (upper bar graphs)

A - Triglycerides

B - Free Fatty Acids

C - Cholesterol

D - Cephalin (phosphatidyl ethanolamine)
E = Cardiolipin

F - Lecithin (phosphatidyl choline)

(b) Fatty Acids: (lower bar graphs) The number before the colon
is the number of carbons and the number after

the colon is the number of double bonds

[
1

Control Adult Cockerels

2 - Adults Administered 0.2 mg DES

W
!

Adults Administered 0.4 mg DES

Control Young Cockerels

£
!

5 - Young Cockerels Administered 0.1 mg DES

6 - Young Cockerels Administered 0.2 mg DES

*The open bars are the adult cockerels; the black bars are
for the young cockerels. The vertical line within the top

part equals standard deviation.
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Figure 3: Lipid and Fatty Acild Distribution in Liver Tissue of Normal

and DES Treated Cockerels#

{a) Lipids: (upper bar graphs)

(b)

*The
are

top

A

B

F

G

- Triglycerides

Free Fatty Acids

Cholesterol

Cephalin (phosphatidyl ethanolamine)

- Cardiolipin

Lecithin (phosphatidyl choline)

Cholesteryl Esters

Fatty Acids: (lower bar graphs) The number before the colon

is the number of carbons and the number after

the colon is the number of double bonds

Control Adult Cockerels

Adults Administered 0.2 mg DES

Adults Administered 0.4 mg DES

Control Young Cockerels

Young Cockerels Administered 0.1 mg DES

Young Cockerels Administered 0.2 mg DES

open bars are the

adult cockerels; the black bars

for the young cockerels. The vertical line within the

part equals standard deviation.
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Figure 4: Lipid and Fatty Acid Distribution in Thigh Tissue of Normal and

DES Treated Cockerels*

(a) Lipids: (upper bar graphs)

A - Triglycerides

B - Cholesterol

C - Lecithin (phosphatidyl
D - Cephalin (phosphatidyl
E - Cardiolipin

(b) Fatty Acids: (lower bar graphs) The number
the number of carbons and the
colon is the number of double

1 - Control Adult Cockerels

2 — Adults Administered 0.2 mg DES

3 = Adglts Administered 0.4 mg DES

4 - Control Young Cockerels

5 - Young Cockerels Administered 0.1 mg DES

6 - Young Cockerels Administered 0.2 mg DES

choline)

ethanolmaine)

before the colon is
number after the

bonds

*The open bars are the adult cockerels; the black bars are

for the young cockerels. The vertical line within the top

part equals standard deviation.
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Figure 5: Lipid and Fatty Acid Distribution in Breast Tissue of Normal

and

(a)

(b)

*The

DES Treated Cockerels#

Lipids: (upper bar graphs)

A - Triglycerides

B - Cholestercl

C - Lecithin (phosphatidyl choline)

D - Cephalin (phosphatidyl ethanolamine)

Fatty Acids: (lower bar graphs) The number before the colon
is the number of carbons and the number after
the colon is the number of double bonds

Control Adult Cockerels

Adults Administered 0.2 mg DES

Adults Administered 0.4 mg DES

Control Young Cockerels

Young Cackerels Administered 0.1 mg DES

Young Cockerels Administered 0.2 mg DES

open bars are the adult cockerels; the black bars are

for the young cockerels. The vertical line within the top

part equals standard deviation.
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Figure 6: Lipid and Fatty Acid Distribution in Adipose Tissue of Normal
and DES freated Cockerels*
(a) Lipids: (upper bar graphs)
A - Triglycerides
(b) Fatty Acids: (lower bar graphs) The number before the colon
is the number of carbons and the number after

the colon is the number of double bonds

1 - Control Adult Cockerels

2 - Adults Administered 0.2 mg DES

3 ~ Adults Administered 0.4 mg DES

4 — Control Young Cockerels

5 - Young Cockerels Administered 0.1 mg DES
6 - Young Cockerels Administered 0.2 mg DES

*The open bars are the adult cockerels; the black bars are
for the young cockerels. The vertical line within the top

part equals standard deviation.
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young cockerels the 18:3 fatty acild decreaged at both DES levels but the
difference did not meet the 0.1 level. In both of these cases the total
amount present was small and the standard deviation‘relatively large.

In the heart tissue (Fig. 2) there wés a general upward trend in the
free fatty acids from the control to the low DES to the high DES of the
adult birds but only the high DES cockerels value was significantly higher
than the control. In addition, the drop of the phosﬁhatidyl ethanolamine
in the young birds was not as great as in the older birds; and, although
the trend was present, the difference was not significant. The rise in
the triglyceride of the low DES adult was caused by a wide variation of
results and probably should be questioned. Again, we observe a trend
upward in the triglyceride 5f the young birds which is not significant.

In the liver data (FIg. 3) the trend for the 18:1 fatty acid is up in
both the young and adult birds and in the young birds the trend for the
20:4 acid is down. Both of these look to be more significant than the
decrease in the 18:0 acid, and the larger standard deviations do not enable
them to meet the 0.1 level of significance.

General trends in the thigh muscle (Fig. 4) for the adult were up in
the 14:0 acid and in the young cockerels for the 12:0 and 20:4 acids but
again these values were relatively low and the standard deviation did not
enable these differences to reach the 0.1 level of significance.

In the breast tissue (Fig. 5) there was a trend downward in the
triglycerides of the young and in the 18:3 and 20:4 fatty acids of the
adult, but their standard deviations did not enable these differences to
be significant.

In the adipose tissue (Fig. 6) the trend for triglycerides was up
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for the young cockerels but the standard deviation was too big to meet
the 0.1 level of significance.

Table 4 summarizes the statistical analyses of the adult vs the young
birds in each category. This comparison was made to observe the difference
in the young and adult, and to observe the effect of the DES on rapidly

growing birds compared with growth stabilized adults.

Blood Serum: (Table 4) In the blood serum 16:1 FA, 18:3 FA, cholesteryl
esters and cholesterol of the adults were significantly lower than the
young (0.05 level). The 18:0 acid and phosphatidyl ethanolamine were
higher in the adult birds (0.05 level); the triglycerides were higher,
but at the 0.1 level. These same trends were observed in the zero, low
and high levels of DES. Therefore these differences may be attributed
to the age of the birds.

The 16:0 acid was lower in the DES treated adult birds, and in the
case of phosphatidyl choline there was no significant difference between
the young and old birds when the high DES groups were compared. These

differences may possibly be attributed to the administered DES.

Heart Tissue: (Table 4) The levels of the control in the adults were

compared against the young and 12:0, 16:1 and 18:1 acids were higher and
the 20:4 acid and cholesterol were lower in the adults (0.05 level). The
same trends were observed for both the low and high levels of DES; all of
these may be.due to age difference.

The 16:0 and 18:2 acids were higher in the adult controls but no
difference was observed in low and high DES. The phosphatidyl ethanolamine
was lower for the adults on the DES treatment. The 18:0 acid and free

fatty aclds were lower for the adult controls and the low level of DES but
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showed no significant difference for the birds on the high DES treatment,

This may be due to the DES administration.

Liver Tissue: (Table 4) The liver tissues of the adult control birds were

higher in 16:1 FA and cholesteryl esters and contained less free fatty
acid and cholesterol than the young birds (0.05 level). The same results
were obtained when the low and high levels of DES were compared; therefore,
the differences may be due to the differences between the ages of the bifds.
When the adult controls were compared against the young, the adult
tissues contained lower cardiolipin and 20:4 FA. A lower 16:0 FA for high
DES treatment of the adult and lower phosphatidyl choline and phosphatidyl
ethanolamine for the adult controls and the low level DES were observed.

These changes may be attributed to the administration of DES.

Thigh Muscle: (Table 4) The levels of the adult control were lower than

the levels of the young birds in 12:0 FA, 14:0 FA, 18:0 FA and 20:4 FA

and were higher in 16:0 FA, 18:1 FA, triglyceride and phosphatidyl choline
{0.05 level), TFor both the low and high level DES treated birds the same
significant differences were observed. This probably was the consequence
of the age difference.

However, the adults showed an increase in phosphatidyl ethanolamine
for low DES only and a decrease in 18:3 FA for high DES. Also when the
adults were compared against the young there was an increase in cardiolipin
for the controls and low level DES but not for the high DES treatment. A
decrease in cholesterol for both the low and high DES treated birds was
observed. The administration of DES possibly was responsible f&r the

latter changes.
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Breast Muscle: (Table 4) The comparison between the adult and the young

birds showed that the adult was lower in 14:0 FA, 20:4 FA and cholesterol
and higher in 18:3 FA (0.05 level) and the same trend was observed in the
DES treated birds. This indicates that the differences probably may be
attributed to age.

For the adult birds the 16:0 FA was lower for low DES and the phospha-
tidyl choline was lower for high DES. 1In addition, the adults showed an
increase in 12:0 FA for controls and the low level DES group and a decrease
in phosphatidyl ethanolamine for controls and high DES and an increase in
18:1 FA for DES treated birds. These results may possibly be attributed

to the effect of DES administration.

Adipose Tissue: (Table 4) The control of the adult was lower in 18:2 FA

and 14:0 FA (0.05 level), and the same results were observed for both the
low and high levels of DES. These differences may be due to age.

In addition, the adult was higher in 12:0 FA and lower in 18:1 FA
for the high level DES only. The 16:0 FA of the adult was higher for the
control and the low level of DES. There was no difference in the case of
the high DES. Therefore the above changes may be attributed to the effect
of DES.

Generally the importance of the data has been discussed in the follow-
ing decreasing order: data significant at the 0.05 level and at the
0.10 level, and, finally, trends that do not meet either level of significance.
It is apparent that the young and adult cockerels did not react the‘same
to the administration of the DES. As a conclusion to this discussion

only the most important differences, those meeting the 0.05 level, will
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be summarized. This will be followed by a short discussion of the basic
differences between the adult and young cockerels.

In the blood serum when DES was administered Eoth the adult and
young exhibited an increase of the 18:1 acid and a decrease in the 18:2
acid at the high level. However, only the adults exhibited an increase
in cholesterol at the high level, while in the young birds a decrease in
cholesteryl esters was evident at both levels.

In the heart tissue of the adults the cardiclipin decreased at both
levels, and the free fatty acid increased at the high level. In the
young cockerels there were decreases in the 18:0 acid and lecithin at
the high level, and a decrease in cardiolipin at both levels.

In the liver tissue of the adults the cardiolipin increased at the
low level while the triglycerides, free fatty acid, phosphatidyl ethanol-
amine, cardiolipin and lecithin increased. The pattern in the young
birds was different. In this case there was a decrease in 18:0 acid at
the low level. At the high level the 16:0 acid and triglycerides increased,

In the thigh tissue of the adults the cardiolipin decreased at the
high level. For the young birds the 18:3 acid rose and the triglycerides
and lecithin decreased at the low level, and at the high level the 12:0,
18:3 and 20:4 acids increased and the triglycerides and lecithin decreased.

In the breast tissue of the adults on low level DES the phosphatidyl
ethanolamine increased and the 12:0 acid decreased, but the fact that the
higher level did not show these differences makes these results quéstionable,
The low level of DES in the young birds did exhibit an increase in 12:0
fatty acid; at the high levels the 12:0 acid increased and the 16:1 acid

decreased.
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The adult adipose tissue exhibited only an increase in triglycerides
at both levels. On the other hand, the young birds did show an increase
in the 16:0 at both levels.

The above would tend to indicate that the responses of the adult and
young cockerels were quite dissimilar. It must be remembered that for the
most part the adults have reached a stable situation and changes would be
attributed to turnover. The young birds are in an actively growing situa-
tion and are laying down new tissue in addition to any turnover of tissue
already there.

It should also be obvious that there are basic differences between
the tissues of the adult and young birds. In the following discussion
only the controls will be emphasized since the situation is not complicated
by DES. Only the most obvious differences will be emphasized, and for
this discussion Figs. 1-6 should be consulted.

In the serum (Fig. l) the triglycerides, phosphatidyl choline and
phosphatidyl ethanolamine were much higher in the adults. The cholesterol
and cholesteryl esters were higher in the young birds. 1In the fatty acid
analysis the 16:1 and 18:3 acids of the young were higher than in the
adults. The 18:0 acid was significantly higher in the adults.

In the heart tissue (Fig., 2) the free fatty acid and cholesterol were
significantly higher in the young birds. 1In the fatty acid analysis the
adult had more 12:0, 16:0, 16:1 and 18:1 acids; in fact, the young had no
measurable 12:0 and 16:1 acids. The young birds had significantly more
18:0 and 20:4 acids.

The liver tissue (Fig. 3) of the young cockerels was higher in free

fatty acid, cholesterol, phosphatidyl ethanolamine, phosphatidyl choline
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and cardiolipin, whereas the adults were higher in cholesteryl esters.
The older birds contained 16:1 acid, but the young birds exhibited no
measurable amount. No other difference at the 0,05 level was observed.

In the thigh tissue (Fig. 4) the triglycerides, phosphatidyl choline
and cardlolipin of the adults were significantly higher than in the young
birds. In the fatty acids the tissue of young birds was higher in 14:0
and 20:4, and lower than the adults in 18:1 and 18:3 acids.

In the breast tissue (Fig. 5) the adults exhibited a higher percentage
of 12:0 and 18:3 acids while the young birds contained a higher percentage
of 14:0 and 20:4 acids. In the young birds the cholestgrol and phospha-
tidyl ethanolamine were higher (0.05 level). From the graph it would
appear that the triglycerides of the adults should be higher than the
young but a large standard deviation here did not permit this difference
to be significant (see Tables 1 and 4).

The adipose {issue (fig. 6) of the young birds contained a greater
amount of triglycerides but the difference was not significant and this
was probably due to the large standard deviations. In fatty acids the
young tissue was significantly higher in 14:0 and 18:2 acids, and the
adult tissue was higher in 16:0. It is interesting that the only
measurable amounts of 14:0 acid were found in the adult tissue.

The results indicate that the lipid and the fatty acid spectra of
the adults and young cockerels were different in many respects, and
that the responses were also different when DES was administered. Future
work should include the preparative samples of the esterified substances
{triglycerides, phosphatidyl choline and ethanolamine and cholesteryl

esters), and the fatty acid distribution in each should be examined
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closely. This would enable us to decide if the variations were due to

the rise in each or to the change of the degree of unsaturation in each.

It could be a combination of both, but it would be a good check on the TLC
results, and would also give additional data about the fatty acid distribu-
tion in each category. Our present results apply only to the total fatty
aclids present. In any future work great care in the choice of age is in

order since our results clearly indicate age differences both in the control

and DES treated birds.



42

SUMMARY

For adult cockerels there was an increase in triglycerides of liver
and adipose tissue at high and both low and high level DES respectively;
in cholesterol of blood serum at high level DES; in cephalin of liver
tissue at high level DES; in lecithin of liver tissue at high level DES;
in cardiolipin of liver tissue at both low and high level DES and in free
fatty acids of heart and liver tissue both at high level DES and a
decrease only in cardiolipin of heart and thigh tissue at both low and
high and high level DES respectively. For the young cockerels there was
an increase only in triglycerides of liver tissue at high level DES and a
.decrease in triglycerides of thigh tissue at both low and high level DES;
cholesteryl ester of blood serum at both low and high level DE3; lecithin
of heart and thigh tissue at high and both low and high level DES respectively,
and cardiolipin of heart tissue at both high and low level DES.

The only difference in fatty acid distribution in the adult was an
increase in 18:1 fatty acid and a decyease in 18:2 fatty acid of blood
serum at high level DES. For the young cockerels there was an increase in
12:0 fatty acid of thigh tissue at high level and breast tissue of both low
and high level DES; in 16:0 fatty acid of liver tissue at high level and
adipose tissue at low and high level DES; in 18:1 fatty acid of blood serum
at high level DES; in 18:3 fatty acid of thigh tissue at both low and high
level DES and in 20:4 fatty acid of thigh tissue at high level DES and a
decrease in 16:1 acid of breast tissue at high level DES; in 18:0 acid of
heart tissue at high level and liver tissue at both low and high level DES

and in 18:2 fatty acid of blood serum at high level DES.
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The lipid and fatty acid distributions of adult and young cockerel
tissues were quite different in many respects. They also responded
differently to the DES administration. More of the adult lipids were
changed by DES while more of the young cockerel fatty acids were changed
by DES. 1In both the adult and young cockerels the high level DES stimulated

more changes in lipid and fatty acid distribution than the low level DES.
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The effect of long term administration of DES on tissue lipids of
both rapidly growing and adult cockerels was investigated. The tissues
(heart, liver, thigh, breast and adipose) and blood serum were obtained
after administering DES (0, 0.2 mg and 0.4 mg respectively) for six weeks
to the adults and administering DES (0, 0.1 mg and 0.2 mg respectively) for
five weeks to the young. Lipid spectrum (triglycerides, cholesteryl ester,
cholesterol, lecithin, cephalin, cardiolipin and free fatty acids) were
determined by TLC, and fatty acid distribution (12:0, 14:0, 16:0, 16:1,
18:0, 18:1, 18:2, 18:3, and 20:4) was determined by GLC. The data were
compared by the Mann-Whitney statistical method.

For adult cockerels there was an increase in triglycerides of liver
and adipose tissue at high and both low and high level DES respectively;
in cholesterol of blood serum at high level DES; in cephalin of liver
tissue at high level DES; in lecithin of liver tissue at high level DES;
in cardiolipid of liver tissue at both low and high level DES and in free
fatty acids of heart and liver tissue both at high level DES and a decrease
only in cardiolipin of heart and thigh tissue at both low and high and
high level DES respectively. TFor the young cockerels there was an increase
only in triglycerides of liver tissue at high level DES and a decrease in
triglycerides of thigh tissue at both low and high level DES; cholesteryl
ester of blood serum at both low and high level DES; lecithin of heart and
thigh tissue at high and both low and high level DES respectively, and
cardiolipin of heart tissue at both low and high level DES.

The only difference in fatty acid distribution in the adult was an

increase of 18:1 fatty acid and a decrease in 18:2 fatty acid of blood



serum at high level DES. For the young cockerels there was an increase in
12:0 fatty acid of thigh tissue at high level and breast tissue of both low
and high level DES; in 16:0 fatty acid of liver tissue at high level and
adipose tissue at low and high level DES; in 18:1 fatty acid of blood serum
at high level DES; in 18:3 fatty acid of thigh tissue at both low and high
level DES and in 20:4 fatty acid of thigh tissue at high level DES and a
decrease in 16:1 acid of breast tissue at high level DES; in 18:0 acid of
heart tissue at high level and liver tissue at both low and high level DES
and in 18:2 fatty acid of blood serum at high level DES.

The lipid and fatty acid distributions of adult and young cockerel
tissues were quite different in many respects. They also responded
differently to the DES administration. More of the adult lipids were
changed by DES while more of the young cockerel fatty acids were changed by
DES. In both the adult and young cockerels the high level DES stimulated

more changes in lipid and fatty acid distribution than the low level DES.



