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The incorporation of
linolenic and linoleic acids into the plasma lipids of sheep
given intra-abomasal infusions of linseed oil,
maize oil or linoleic acid
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1. The fatty acid compositions of the plasma cholesteryl esters, phospholipids, triglycerides
and unesterified fatty acids were determined in three sheep at various times after they had
been given intra-abomasal infusions of emulsions of linseed oil, maize oil or linoleic acid.

2. The concentrations of linolenic acid or linoleic acid in the plasma triglycerides began
to increase 1-5 h after infusion of the emulsions had begun. As the concentration of linolenic
or linoleic acids in the plasma triglycerides increased, the concentrations of palmitic and
stearic acids decreased, but there were no appreciable changes in the concentrations of
oleic acid.

3. The concentrations of linolenic or linoleic acid in the plasma phospholipids and
cholesteryl esters did not begin to increase until 8—9 h and 24-25 h respectively after the
infusions of the emulsions had begun.

4. It is suggested that, after absorption from the small intestine of the sheep, linolenic and
linoleic acids are transported in triglyceride form to the liver where the triglycerides are
partially or completely hydrolysed. These C,; polyunsaturated acids are then preferentially
utilized for the synthesis of phospholipids and cholesteryl esters but not for the re-synthesis
of triglycerides.

In a previous investigation with sheep (Moore, Noble & Steele, 1968) it was
observed that when a diet of hay was replaced by one of dried grass, there was an
increase in the concentration of linolenic acid and a decrease in the concentration
of linoleic acid in the plasma cholesteryl esters and phospholipids, but there were
no significant effects on the concentrations of these C,g polyunsaturated fatty acids
in the plasma triglycerides or unesterified fatty acids. The linoleic:linolenic acid
ratios in the hay and dried grass were 140 and o0-64 respectively. In a further experi-
ment (Moore et al. 1968), it was found that when sheep were given daily intraruminal
infusions of linolenic or linoleic acids over a period of 5 days, there were increases
in the concentrations of linolenic or linoleic acids in the plasma cholesteryl esters
and phospholipids. Again, no significant effects were observed on the concentrations
of linolenic or linoleic acids in the plasma triglycerides or unesterified fatty acids.
Thus, in spite of the extensive hydrogenation of dietary polyunsaturated fatty acids
that is thought to occur in the rumen (e.g. see Tove & Mochrie, 1963), it would
appear that the polyunsaturated fatty acid composition of the diet does exert some
influence on the composition of the polyunsaturated fatty acids in certain of the lipid
fractions in the plasma of sheep. It is possible that a certain proportion of the dietary
polyunsaturated fatty acids escape hydrogenation in the rumen and pass on to be
absorbed from the small intestine. If so, and if the mechanism of the absorption of
fatty acids is the same as that in monogastric animals (Senior, 1964), then it is difficult
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to account for the fact that the experimental treatments described by Moore et al.
(1968) did not affect the polyunsaturated fatty acid composition of the plasma
triglycerides of the sheep. To investigate this problem in greater detail, the fatty acid
compositions of the various plasma lipids have been determined at various times after
sheep had been given intra-abomasal infusions of linseed oil, maize oil or linoleic
acid. Hydrogenation of the administered polyunsaturated fatty acids in the rumen
was thereby avoided. The results of this investigation are now reported.

EXPERIMENTAL
Animals and diets

Three adult wether sheep (mean weight, 65kg) of the Hampshire breed, each
with a permanent abomasal fistula, were housed in individual metabolism cages.
For a period of 3 weeks before the experiment began, the sheep were given a diet
consisting entirely of hay. Each sheep was given goo g hay/day in two equal portions,
one at 07.00 h and one at 16.00 h. The fatty acid composition of the hay is given in
Table 1. During the preliminary period and during the experiments, the sheep were
given water ad [ib.

Procedure

Expt 1. On the day the experiment began, sheep no. 1 was given a meal of 450 ¢g
hay at 07.00 h. Between 09.00 h and 10.00 h an emulsion of 40 g of linseed oil was
infused at constant rate into the abomasum of the sheep. The fatty acid composition
of the linseed oil is given in Table 1 together with the compositions of the maize
oil and linoleic acid used in Expts 2 and 3. The emulsion was prepared by homogenizing
40 g linseed oil with 6oml of 109, (w/v) Tween 8o (polyoxyethylene sorbitan
mono-oleate, obtained from Honeywill & Stein Ltd, London) and was administered
by means of an infusion pump (Distillers’ Company Ltd, Epsom, Surrey). With
a solution of trisodium citrate dihydrate (3-8%,, w/v) as an anticoagulant, blood
samples (10-15ml) were taken immediately before and at various time intervals
(see Table 2) after the intra-abomasal infusion of linseed oil had begun. The sheep
was given the second half of its daily ration of hay at 16.00 h, i.e. 7 h after the start
of the infusion of linseed oil. On the following day, the sheep was fed at o7.00 h,
i.e. 22 h after the infusion of linseed oil was begun. The last blood sample was
taken 2 h later, i.e. 24 h after the start of the infusion of linseed oil.

Expt 2. On the day the experiment began, sheep no. 2 was given a meal of 450 g
hay at 07.00 h. Between 09.00 h and 10.00 h the sheep was given an intra-abomasal
infusion of an emulsion of 40 g of maize oil. The emulsion of maize oil was prepared
as described for the emulsion of linseed oil in Expt 1. As in Expt 1, blood samples
were taken from the jugular vein of the sheep immediately before and at various
time intervals (see Table 4) after the intra-abomasal infusion of maize oil had begun.
However, in contrast to Expt 1, food was withheld from the sheep until the last
blood sample was taken 24 h after the start of the infusion of maize oil.

Expt 3. On the 1st day of the experiment, sheep no. 3 was given the first half of
its daily ration of hay at 19.00 h. Between o0g.0o h and 10.00 h the sheep was given an
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intra-abomasal infusion of an emulsion of 6o g of linoleic acid (obtained from Price’s
(Bromborough) Ltd, Bebington, Cheshire). The emulsion of linoleic acid was
prepared by homogenizing 60 g of linoleic acid with 40 ml of 1%, (w/v) Tween 8o.
As in Expts 1 and 2, blood samples were taken from the jugular vein of the sheep
immediately before and at various time intervals (see Table 6) after the intra-abomasal
infusion of linoleic acid had begun. On the 1st day of the experiment the sheep was
not given the second half of its daily ration of hay until 22.00 h, i.e. 13 h after the
start of the infusion of linoleic acid. On the 2nd and 3rd days of the experiment, the
sheep was fed normally, i.e. at 07.00 h and 16.00 h. The last blood sample was taken
51 h after the start of the infusion of linoleic acid, i.e. at 12.00 h on the 3rd day.

Extraction of lipids and methods of analysis

The fatty acid composition of the hay was determined as described by Moore &
Williams (1963). The lipids were extracted from the samples of plasma by the method
of Nelson & Freeman (1959). The fatty acid compositions of the plasma cholesteryl
esters, triglycerides, unesterified fatty acids and phospholipids were determined by
methods described in detail by Moore & Williams (1964), Noble & Moore (1964)
and Moore et al. (1968). Throughout this paper the shorthand designation proposed
by Farquhar, Insull, Rosen, Stoffel & Ahrens (1959) is used to denote individual
fatty acids. Owing to the small amount of lipid extracted from each sample of plasma,
no attempt was made to determine the absolute concentrations of the various lipid
fractions in the plasma but the lipid extracts were examined qualitatively by thin-layer
chromatography as described by Mangold (1961).

RESULTS
Expt 1. Assessment of variations in the proportions of the individual lipid fractions
in the plasma samples was limited to qualitative examinations of thin-layer chroma-
tograms of the plasma lipids. In the plasma samples obtained before and immediately

Table 1. Compositions of the fatty acids (major components, weight percentages of the
total) present in the hay, linseed oil, maize oil and linoleic acid

Fatty acid Hay Linseed oil Maize 0il  ‘Linoleic acid’
16:0 207 — 99 152
16:1 22 — — o3
18:0 56 — 21 22
18:1 189 76 229 109
18:2 250 21°3 644 711
18:3 17-8 711 o7 —

after the start of infusion of linseed oil, it was clear that cholesteryl esters and
phospholipids were the major component of the plasma lipids; triglycerides and
unesterified fatty acids were relatively minor components. However, the proportion
of triglycerides in the total lipid was markedly increased in the plasma samples
obtained 4, 6, 8 and 10 h after infusion began. The relative proportions of the various
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plasma lipid fractions in the sample obtained 24 h after infusion began were similar
to those in the sample obtained before infusion began.

The fatty acid compositions of the plasma triglycerides and unesterified fatty acids
in the samples of blood taken before and at various times after the start of infusion of
linseed oil into the abomasum of sheep no. 1 are given in Table 2. Only trace con-
centrations of 18:3 were found in the plasma triglycerides obtained before and o-s
and 1 h after the start of infusion. Thereafter, there was a pronounced increase in
the concentration of 18:3 in the plasma triglycerides but two distinct concentration

Table 2. Effect of the infusion of an emulsion of linseed oil into the abomasum of a sheep
on the fatty acid composition (major components, weight percentages of the total) of the
plasma triglycerides and unesterified fatty acids

Time

after

begin-

ning of Triglycerides Unesterified fatty acids

infusion , A N - A

(h) 16:0 16:1 18:0 18:1 18:2 18:3 16:0 16:1 18:0 18:1 18:2 18:3
o 376 18 251 225 47 — 251 54 256 395 13 —
o5 386 14 285 210 31 — 177 34 330 439 14—
1o 408 14 259 22'5 3'5 — 248 28 342 357 14 —

s 304 14 234 256 50 41 236 62 206 370 2°5 07
20 271 15 19°5 238 51 12'2 253 69 325 251 29 28
30 155 15 113 246 113 314 204 33 180 308 13°9 93
40 141 13 92 236 124 339 176 35 220 306 9L 11-8
60 202 1’5 12°1 25'0 117 246 219 33 331 29'0 39 89
80 180 16 11'5 24°1 119 290 177 36 301 29°1 4'5 141
100 160 o8 1000 237 114 354 175 61 263 280 61 153
240 401 21 22'g 200 40 48 246 69 259 377 2'0 10

peaks were observed, one 4 h and the other 10 h after the start of infusion. In this
respect, it should be remembered that sheep no. 1 was given the second half of its
daily ration of hay at 16.00 h, i.e. 7 h after infusion started. In the blood sample
taken 24 h after infusion started, the concentration of 18: 3 in the plasma triglycerides
had fallen to less than 59%,. For the first 2 h after the beginning of infusion, the
concentration of 18:2 in the plasma triglycerides was similar to that observed in the
pre-infusion sample, but between 2 and 3 h after infusion started the concentration
of 18:2 in the plasma triglycerides was doubled. During the following 7 h the con-
centration of 18:2 in the plasma triglycerides remained relatively constant but then
decreased to pre-infusion levels in the sample taken 24 h after infusion began. Since
the linseed oil contained 729, 18:3 and only 229, 18:2 it was not surprising to find
that the concentration of 18:3 in the plasma triglycerides increased to higher levels
than did the concentration of 18:2. There were no marked changes in the concentration
of 18:1 in the plasma triglycerides.

Changes in the concentration of 18:3 in the plasma unesterified fatty acids were
similar to the changes in the concentration of 18: 3 observed in the plasma triglycerides;
peak concentrations occurred 4 and 10 h after the start of infusion. However, the
concentrations of 18:3 in the unesterified fatty acids were always considerably less
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than the corresponding concentrations of 18:3 in the plasma triglycerides. On the
other hand, changes in the concentration of 18:2 in the plasma unesterified fatty acids
were somewhat different from the changes in the concentration of 18:2 in the plasma
triglycerides. The concentration of 18:2 in the unesterified fatty acids reached a peak
3 h after the start of infusion, 1 h earlier than the first peak concentration of 18:3,
and then decreased sharply during the following 3 h. Moreover, in spite of the high
ratio of 18:3 to18:2 in the linseed oil the concentration of 18:2 was higher than the
concentration of 18:3 in the plasma unesterified fatty acids 3 h after infusion began.
This was the reverse of the situation observed in the plasma triglycerides. During the

Table 3. Effect of the infusion of an emulsion of linseed otl into the abomasum of a sheep
on the fatty acid composition (major components, weight percentages of the total) of the
plasma cholesteryl esters and phospholipids

Time after Phospholipids

beginning of Cholesteryl esters , —A \

infusion - A - 22:5
(h) 16:0 16:1 18:0 18:1 18:2 18:320:4 16:0 16:1 18:0 18:1 18:2 18:320:422:6
o 1553 28 55 365 249 37 20 2114 20 280 243 108 13 677 34
o's 191 24 53 374 215 35 18 196 10 277 234 107 T3 78 59
10 1775 25 55 378 236 37 28 219 204 271 237 108 12 7Y 3§53
15 148 22 40 400 249 34 25 243 12 256 256 110 14 58 38
20 148 25 41 3779 236 37 209 221 13 258 234 133 24 62 36
30 144 30 44 372 249 49 23 225 12 2600 224 100 T8 73 40
40 1229 31 65 354 253 38 32 200 17 262 241 1109 21 71 48
60 13'9 23 53 499 240 37 44 185 13 294 226 142 26 62 40
80 167 21 42 381 230 42 34 21'2 1'2 327 224 Q0 24 52 43
10°0 1601 25 377 41z 2601 43 24 200 15 295 218 114 39 66 43
24'0 12'3 I'4 3’1 440 264 66 32 205 14 292 220 130 55 47 33

first 2 h the concentration of 18:1 in the unesterified fatty acids tended to decrease
but it remained relatively unchanged between 3 and 10 h after infusion began. After
24 h the concentration of 18:1 in the plasma unesterified fatty acids had returned
to the value observed in the pre-infusion plasma sample. Throughout the experiment,
the concentration of 16:0 and 18:0 in the plasma unesterified fatty acids varied
independently (cf. the plasma triglycerides) and somewhat inconsistently, but between
3 and 24 h after infusion began, the concentration of 16:0 tended to vary inversely
with the concentration of 18:3.

The fatty acid composition of the cholesteryl esters and phospholipids in the
plasma before and at various times after the start of the intra-abomasal infusion of
linseed oil are given in Table 3. The fatty acid composition of these major plasma
lipid fractions did not change appreciably during the experiment. In particular, there
was no evidence of extensive incorporation of 18: 3 or 18: 2 into the plasma cholesteryl
esters and phospholipids, as was observed in the plasma triglycerides and unesterified
fatty acids. However, the small increases in the concentration of 18: 3 in the cholesteryl
esters and phospholipids between 10 and 24 h after infusion began could be seen.

Expt 2. As in Expt 1, thin-layer chromatograms of the plasma lipids indicated
that the proportion of triglycerides in the total lipid was increased during the 1o h
after the intra-abomasal infusion of the triglyceride emulsion began.

10 Nutr. 23, 1
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The fatty acid compositions of the plasma triglycerides and unesterified fatty acids
in the samples of blood taken before and at various times after the start of the infusion
of maize oil into the abomasum of sheep no. 2 are given in Table 4. Throughout the
experiment, these two lipid fractions contained only trace concentrations of 18:3.
The concentration of 18:2 in the plasma triglycerides began to rise 1 h after infusion
began and it reached a single concentration peak at 6 h. Even after 24 h the con-
centration of 18:2 in the plasma triglycerides of sheep no. 2 was still considerably
greater than the value observed before infusion began. As in Expt 1, the concentration
of 18:1 in the plasma triglycerides was not altered appreciably by the infusion of the
triglyceride emulsion. In the plasma unesterified fatty acids the changes in the
concentration of 18:2 with time were similar to the changes in the concentration of

Table 4. Effect of the infusion of an emulsion of maize oil into the abomasum of a sheep
on the faity acid composition (major components, weight percentages of the total) of the
plasma triglycerides and unesterified fatty acids

Time after Triglycerides Unesterified fatty acids
beginning of - A N - Ao
infusion (h) 16:0 16:1 18:0 18:1 18:2 16:0  16:1 18:0 18:1 i8:2
o 3rg 28 249 339 3T 249 33 229 444 2°0
o5 347 34 273 283 35 No sample
1o 354 28 237 293 56 209 2'1 330 393 2'6
13 330 35 219 308 91 221 59 363 300 25
2-0 262 26 150 32°3 210 214 3-8 3470 331 52
30 229 16 13°3 28-7 294 20'§ 31 281 332 13°g
40 184 19 84 290 38-8 202 27 254 348 150
6-0 158 1'9 73 30'5 41°4 196 37 226 316 20°1
80 21°3 22 99 30°0 348 No sample
10°0 20'1 1'9 10°4 289 34°4 No sample
240 29-9 23 198 28-7 140 274 30 189 467 1-8

18:2 in the plasma triglycerides, but the maximum concentration of 18:2 found
was only about half of the maximum concentration of 18:2 in the plasma triglycerides.
The concentration of 18:1 in the unesterified fatty acids decreased during the first
1-5 h, but remained relatively unchanged over the next 4-5 h; after 24 h the concen-
tration of 18:1 had returned to the value observed before infusion began (cf. Expt 1).
Changes in the concentration of 16:0 in the plasma unesterified fatty acids were
broadly similar to the changes observed for 18:1, but the concentration of 18:0
increased to a maximum at 2 h and then decreased gradually over the next 4 h to
the value observed in the pre-infusion sample of plasma.

The fatty acid composition of the plasma cholesteryl esters and phospholipids
before and at various times after the start of infusion are given in Table 5. There
were no pronounced changes in the fatty acid composition of the plasma cholesteryl
esters during the experiment, but the increase in the concentration of 18:2 and the
decrease in the concentration of 16:0 between the 1oth and 24th hour should be
noted (cf. Expt 1). There was a marked increase in the concentration of 18:2 in
the plasma phospholipids between the 8th and 24th hour of the experiment. In the
plasma phospholipids there were no marked changes in the concentrations of 16:0
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and 18:0, but the concentrations of 18:1 and 18:3 tended to decrease towards the
end of the experiment.

Expt 3. The fatty acid compositions of the plasma triglycerides and unesterified
fatty acids in the samples of blood taken before and at various times after the start
of the infusion of linoleic acid into the abomasum of sheep no. 3 are given in Table 6.
The concentration of 18:2 in the plasma triglycerides increased to a first concentration
peak 7 h after infusion began. Between 7 and 13 h the concentration of 18:2 in the

Table 5. Effect of the infusion of an emulsion of maize oil into the abomasum of a sheep
on the fatty acid composition (major components, weight percentages of the total) of the
plasma cholesteryl esters and phospholipids

Time after Phospholipids
beginning of Cholesteryl esters ’ A N
infusion S 22:5
(h) 16:0 16:1 18:0 18:1 18:2 18:320:4 16:0 16:1 18:0 18:1 18:2 18:320:422:6
o 1379 23 36 418 243 52 35 1909 I3 243 275 138 21 61 36
o5 142 26 36 421 250 53 36 192 12 272 270 1209 27 76 36
10 166 17 50 411 252 50 26 197 11 276 274 116 18 5§55 32
15 143 32 33 420 249 51 30 199 20 266 209 1771 33 69 48
20 143 30 30 429 250 56 29 198 10 258 261 145 37 79 35
3© 120 3'9 30 470 249 43 27 180 29 232 270 143 29 63 35
40 146 28 35 433 258 49 31 192 I'I 244 264 151 21 65 36
60 150 34 3T 431 257 49 29 192 I'4 241 2601 1606 17 58 38
80 155 26 41 424 240 59 34 205 I'4 250 250 166 16 55 37
100 184 30 28 402 258 49 1vs5 185 12 227 236 227 15 54 33
240 1336 20 28 408 310 43 23 167 13 243 197 254 08 58 40

Table 6. Effect of the infusion of an emulsion of linoleic acid into the abomasum of a sheep
on the fatty acid compositions (major components, weight percentages of the total) of the
plasma triglycerides and unesterified fatty acids

Time Triglycerides Unesterified fatty acids

after beginning . N h
of infusion (h) 16:0 18:0 18:1 18:2 16:0 18:0 18:1 18:2

o 292 229 243 44 253 374 234 20
o5 283 23'9 242 51 241 360 24°4 27
1’0 264 241 261 74 264 370 203 1-8
15 24'9 172 240 178 263 350 253 40
2-0 22'5 14°1 233 267 21°4 362 30°1 69
30 19°5 96 21°0 20'X 21°3 322 30'8 83
50 198 110 24'9 301 21°3 247 356 109
70 19°0 9°3 26-5 31-8 210 2177 365 137
90 21°3 114 268 271 22'1 27'9 342 87
110 256 128 26°4 246 234 309 326 50
13:0 275 154 232 22°3 278 350 207 45
150 19°8 96 232 358 22°1 301 261 128
170 203 102 250 37'4 26°1 3170 26-8 80
21°0 21°§ 114 224 380 274 295 280 50
250 188 7°9 237 422 24'1 274 326 03
290 20°2 10°5 230 384 265 223 262 14°5
330 21-8 123 21'I 357 237 228 209 184
390 24'0 186 22°¥ 22°5 253 29°1 25'2 59
450 250 19°5 226 165 248 31-8 3I°1 37
510 265 222 237 10°1 231 320 314 3-8

I0-2
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plasma triglycerides decreased but, after 13 h it increased again to reach a second
concentration peak 25 h after infusion began. It should be noted that on the 1st day
of the experiment, sheep no. 3 was given the second half of its daily ration of hay
at 10,00 h (i.e. 13 h after infusion began). Between 25 and 51 h the concentration of
18:2 decreased markedly but the plasma triglycerides at 51 h still contained higher
concentrations of 18:2 than did the plasma triglycerides before infusion began. As in
Expts 1 and 2, the concentration of 18:1 in the plasma triglycerides did not change
appreciably during the experiment. The changes in the composition of the plasma
unesterified fatty acids during the experiment present a somewhat complicated

Table 7. Effect of an infusion of an emulsion of linoleic acid into the abomasum of a sheep
on the fatty acid compositions (major components, weight percentages of the total) of the
plasma cholesteryl esters and phospholipids

Time Cholesteryl esters Phospholipids
after beginning A — I A \
of infusion (h) 16:0 18:0 18:1 18:2 16:0 18:0 18:1 18:2
o 146 39 358 299 13°4 19'1 19'1 19'1
o5 127 34 349 29'9 140 181 183 20°0
‘o 135 43 32'4 287 13°6 182 186 204
15 12°2 32 372 30'4 136 202 187 196
2:0 12°2 28 371 30°5 14'9 21°§ 19°5 19°5
30 131 24 354 306 158 203 21§ 208
50 127 34 362 30°9 15°3 20°2 226 21°2
7°0 13°9 32 352 292 15°5 202 224 206
90 127 2-6 366 31°0 146 22°9 228 205
11°0 14'0 34 357 288 14°4 21-9 184 240
13°0 143 3’5 357 286 142 209 17'1 252
150 12°9 30 341 307 145 20°5 17:8 250
170 138 33 33°4 29'0 136 20-8 158 266
210 142 47 357 293 149 201 150 274
250 148 36 385 278 14°2 208 154 270
290 139 40 336 320 14°1 21°4 149 27°6
330 12°3 2°3 331 366 14'5 21'§ 14'4 281
39-0 12°1 41 314 386 13°3 2072 140 28-3
450 113 26 308 401 138 19°X 132 29°5
510 132 27 274 42°4 140 19°4 126 297

pattern. Unlike the plasma triglycerides, there were three distinct peak concentrations
of 18:2 in the unesterified fatty acids. The first of these coincided with the first peak
concentration of linoleic acid in the plasma triglycerides (at 77 k). The second fairly
sharp peak occurred 15 h after infusion began (3 h after the sheep had been given
the second portion of its ration of hay on the 1st day of the experiment). The sheep
received its next meal 23 h after infusion began and the concentration of 18:2 in the
plasma unesterified fatty acids began to rise again and reached the third concentration
peak at 33 h. During the first 13 h of the experiment, changes in the concentration
of 18:1 in the unesterified fatty acids were similar to those observed for 18:2, but
after 21 h the concentration of 18: 1 appeared to vary inversely with the concentration
of 18:2. In the unesterified fatty acids there was a tendency for the concentration
of 18:0 to vary inversely with the concentration of 18:2.

The fatty acid compositions of the plasma cholesteryl esters and phospholipids
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in the samples of blood taken before and at various times after the start of the infusion
of linoleic acid into the abomasum of sheep no. 3 are given in Table 7. The fatty
acid composition of the cholesteryl esters remained relatively unchanged for the
first 25 h of the experiment, but between 25 and 51 h the concentration of 18:2
gradually increased and the concentration of 18:1 decreased. Similar changes in
the concentration of 18:2 and 18:1 were observed in the plasma phospholipids, but
these changes began to occur considerably earlier (after only g h) than they did in
the plasma cholesteryl esters.

In all three experiments, the concentrations of 16:0 and 18:0 in the plasma
triglycerides changed in parallel and the changes in the concentrations of these two
saturated fatty acids were the reverse of the changes observed for the concentrations
of 18:3 (Expt 1) or 18:2 (Expts 2 and 3) in the plasma triglycerides. In Expt 1 there
were highly significant negative correlations between the concentrations of 18:3
and 18:0 (r = —0-988)and between the concentrationsof 18:3and 16:0(r = —0-968)
in the plasma triglycerides throughout the 24 h of the experiment. In Expts 2 and 3
there were highly significant negative correlations between the concentrations of

18:2 and 18:0 (r = —o0'991 and —o-945 for Expts 2 and 3 respectively) and between
the concentrations of 18:2 and 16:0 (r = —0-984 and - 0-866 for Expts 2 and 3
respectively).

DISCUSSION

The results of Expts 1 and 2 clearly show that the infusion of single doses of
linseed oil or maize oil into the abomasum of sheep resulted in a fairly rapid incor-
poration of 18:3 or 18:2 into the plasma triglycerides. The concentration of 18:3
(Expt 1) and 18:2 (Expt 2) in the plasma triglycerides began to increase 1'5 h after
infusion of the triglyceride emulsion had begun. Thus, there is no reason to suppose
that, under the conditions of Expts 1 and 2, the mechanisms of digestion and
absorption of the infused triglyceride were any different from the mechanisms that
obtain in monogastric animals (Senior, 1964). Presumably, the emulsion passed
from the abomasum into the small intestine where the triglyceride was partially
hydrolysed by pancreatic lipase (Heath & Morris, 1963). The resulting f-mono-
glycerides and fatty acids together with bile acids would then form soluble micelles
from which the monoglycerides and fatty acids would be taken up by the cells of
the intestinal mucosa. The monoglycerides and fatty acids would then be utilized
for the re-synthesis of triglycerides which would pass into the intestinal and thoracic
lymph ducts and hence into the blood. However, under normal feeding conditions,
it is doubtful whether glycerides as such ever reach the small intestine of ruminants,
Dietary glycerides are effectively hydrolysed to fatty acids and glycerol by rumen
micro-organisms (Garton, Lough & Vioque, 1961). Thus, the small intestine of the
ruminant normally receives unesterified fatty acids, but no partial glycerides. Expt 3
was undertaken to determine whether the infusion into the abomasum of unesterified
18:2 influenced the pattern of incorporation of this fatty acid into the various plasma
lipid fractions. The results given in Tables 4 and 6 show that the pattern of incor-
poration into the blood triglycerides was very similar irrespective of whether the
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18:2 was infused into the abomasum of the sheep as triglyceride or free acid. The
precise mechanism of micelle formation in the small intestine of ruminants under
normal dietary conditions is not known, but Garton (1965) has suggested that, in the
ruminant small intestine, lysophosphatidyl choline may have the same function
with respect to micelle formation as do f-mono-glycerides in the small intestine of
monogastric animals,

The rate of passage of the infused emulsion from the abomasum into the small
intestine will undoubtedly be an important factor in determining the rate of incor-
poration of 18:3 or 18:2 into the blood triglycerides, and it is reasonable to assume
that there was a relatively high rate of passage into the small intestine immediately
after the emulsion had been infused into the abomasum. In Expt 2, in which food
was withheld from the sheep until the last blood sample was taken, there was only
one concentration peak of 18:2 in the plasma triglycerides. In Expts 1 and 3 the
sheep were given meals of hay 7 and 13 h, respectively, after infusion began and these
additional meals resulted in the appearance of secondary concentration peaks of
18:3 or 18:2 in the plasma triglycerides. Thus, the ingestion of food appeared to
initiate an increased rate of passage of digesta including the infused emulsion from
the abomasum into the small intestine. It is perhaps worth recording that in similar
infusion experiments (unpublished) we have noticed that secondary concentration
peaks of 18:3 or 18:2 also occurred in the plasma triglycerides of sheep from which
food was withheld. However, in these instances, the appearance of secondary con-
centration peaks of 18:3 or 18:2 in the plasma triglycerides of the experimental
sheep was always related to the time that other sheep, housed in the same metabolism
room, were given food. This suggests that the stimulus resulting from the rattling
of nearby food containers, etc., is sufficient to result in an increased rate of flow of
digesta from the abomasum into the small intestine. It should be noted that sheep
no. 2 was housed by itself in a room that contained no other experimental animals.

At present, no explanation can be put forward to account for the striking inter-
relationships that were observed between the concentrations of 16:0, 18:0 and 18:3
or 18:2 in the plasma triglycerides of the sheep in all these experiments. Determination
of the distribution of the various fatty acids between the 1-, 2- and 3-positions of the
plasma triglycerides might explain why the concentrations of 18:3 or 18:2 varied
inversely with the concentrations of the two saturated fatty acids whilst the con-
centration of 18:1 remained relatively unchanged.

In view of the results of the previous experiment (Moore et al. 1968), it was
surprising to find that 18:3 and 18:2 were not more rapidly incorporated into the
plasma cholesteryl esters and phospholipids. In the first two experiments, the con-
centrations of 18:3 (Expt 1) and 18:2 (Expt 2) in the plasma cholesteryl esters did
not appear to increase until sometime between 10 and 24 h. That these increases
occurred nearer 24 h may be inferred from the results of Expt 3, in which it was found
that the concentration of 18:2 in the plasma cholesteryl esters did not increase
appreciably until after 25 h. These findings lend no support to the suggestion of
Duncan & Garton (1962) that in ruminants the C,¢ polyunsaturated fatty acids that
escape hydrogenation in the rumen are preferentially esterified with cholesterol at
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the site of absorption in the small intestine. In the first two experiments, the con-
centrations of 18:3 (Expt 1) and 18:2 (Expt 2) in the plasma phospholipids began
to increase after 8 h whereas in Expt 3 the concentration of 18:2 in this fraction
began to increase progressively after g h. Thus, it would seem that the incorporation
of 18:2 into the different plasma lipid fractions followed a definite pattern: incor-
poration into the triglyceride fraction began after about 1-5 h, whereas incorporation
into the phospholipid and cholesteryl ester fractions did not begin until after 89 h
and 24-25 h respectively. Such a sequence of events suggests that, after absorption
from the small intestine, 18:2 is transported in triglyceride form to the liver where
the triglycerides are partially or completely hydrolysed. The specificity of the enzyme
systems in the liver would appear to be such that the liberated 18:2 is not utilized
to any great extent for the re-synthesis of triglycerides, but it is utilized extensively
for the synthesis of phospholipids and then for the synthesis of cholesteryl esters.
Interpretation of the changes in the composition of the plasma unesterified fatty
acids is complicated by the fact that this fraction will tend to be in equilibrium
with the various forms of esterified fatty acids in the plasma and tissues.

The present results are not consistent with the findings of the previous experiment
(Moore et al. 1968), in which sheep were given daily intraruminal infusions of 18:2
or 18:3 over a period of 5 days. At the end of this period the concentrations of 18:2
or 18:3 in the plasma cholesteryl esters and phospholipids had increased, but little
change was observed in the concentrations of the C,g polyunsaturated fatty acids in
the plasma triglycerides. As yet, no explanation can be put forward to account for
these apparently conflicting results. However, when polyunsaturated fatty acids are
infused into the rumen it is reasonable to assume that, owing to hydrogenation in
the rumen, smaller amounts of these acids will reach the small intestine and at a much
slower rate than when the acids are infused into the abomasum. The slower rate of
passage of 18:3 or 18:2 from the abomasum into the small intestine might influence
the pattern of incorporation into the various plasma lipid fractions. It could also
be argued that the changes in the fatty acid composition of the plasma lipid fractions
observed by Moore et al. (1968) were the result of the relatively long-term intraruminal
infusions of polyunsaturated fatty acids, and are, therefore, not directly comparable
with the results of the present experiments, each of which involved the infusion of
a single dose of polyunsaturated fatty acids into the abomasum.

The authors wish to thank Miss I. Fisher, Miss E. Skinner and Mr J. McDill
for their skilled technical assistance.
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