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| ABSTRACT

Anfﬁnvesfjgation was undertaken to study the effects of
energy source, methionine, ahd v1tam1n B-12 on levels of

musc te 'carnitine and  liver phospho11p1ds _in chicks.

'Carbohydrate-containing and carbohydrate-free rations were

formulated‘W1th and Wﬁthout supplemental meth1on1ne and w1th4

and w1thout added v1tam1n B-12. The ch1cks were - fed these,

~rations for four weeKs. The growth performance of the ch1cKs‘

B

was recorded, - and muscle carnitine and ]1ver ohosphqﬂ1p1ds
were analysed. |

The addition of methionine to the diet resulted in
improved growth regard]essﬂ of thev source,‘of energy. In"

L
addition, there was a significant growth response when

vitamin  B-12 was added $0 . thel low methionine,

carbohydrate-free rations.. g ' . "/f

The' muscle carnitine levels were lower when-the chicks

were fed a h1gh fat, carbohydrate free ration as compared to

- those fed a carbohydrate conta1n1ng _ ration. The

concentration of carnitine in the muscle was not affected by

the amount of methionine or of vitamin B-12 in the ration.
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LiVer.phospholipids were:hfgheh”when

: jphosphatwdylethano]amvne did not changé

3

meth10n1ne or -'of.' vitamin 18-12 d1d

concentratlon of phosphol1p1ds in the liver.

X
d°

e

carbohydrate free

rations were fed but the ratio. of. phosphat1dylchol1ne

e addition of

not affect the
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ENTRODUCT ION L N J
. “.' | \ _F. 7,, ‘ ’ | (“1 \_ i ‘ . .
B . > , ‘\,r »
Studies  (Looi ~and' Renner,1974a) have shown that the

a

lsoenerget1c substltutlbn of /ét for cathHydrafe in the

d1et of\ the ch1ck causes a three-fold 1ncrease in v1tam1n

;8-12 requ1>ement Only two functlons of »v1tam1nl Bf12c in

I 1

~animal metabolism have been well established..Onevof these

is jn the conversion of'methylmalonyl CoA to succiny] Can

Which requires- a methylmalonyl CoA- B 12 dependent mutase.
The other Known function of v1tam1n B-12 is as a »cofactor

for the vitamin B-12 dependent methyl transferase react1on

by which homocyste1ne is chverted -to meth1on1ne. Since
'PS-adenosyl-methionine ;isf involVed in the synthesis of both
,carn1t1ne and phosphat1dylchol1ne the quest1on arose as to
,whether the 1ncreased requ1rement for v1tam1n B 12 when high

-fat d1ets were fed was due to‘ increased metabolism of

carnitine and/or phosphat1dylchol1ne : The object -of the
‘ - .

following stud1es was to determine the effect of feeding

vitamin B-12 deficient-dietsvbn'tissue.levels of carnitine

4 . l

and: var ious phospholipids. In sthe 'course of ~ these

,experiments ~the eéffect of source of ponprotein energy and

level of d1etary meth1on1ne on t1ssue levels of carnitine

'and phospholipids also was determ1ned.
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" fatty acid synthes1s (Bressler and Katz;

I.PART I

.

-

Effect of 1eve1 of fat, me1h1on1ne *and Mltam1n B- 12 on

growth and on ttssue carn1t1ne ln the ch1ck

C
. o . .
. - . - -

A. LITERATURE REVIEW T

Carn1t1ne is a water solub]e nutrlent that 1s. wjdeiy

d1str1buted in organ1sms.“ It is present' ;n high;,"

concentrations in skeletal muscle (Ctman et 1978)

’Carnﬁtine is, requ1red in order to transfer long chain fatty'

acids into the mltochondr1a | where ' the ' enzymes for

B-oxidation are dbcated The 1nner m1tochondr1al membrane is.

1mpermeable to long chain' fatty acids but egters formed

between fatty acids and carnlttne can pass thfrough th1s .

membrane (Fritz and Yue, 1963). Carnitine also may have a

' role in I1p1d synthes1s { 0ne theory i$ that carn1t1ne is

1nvolved in transportlng acetyl groups to the cytoplasm for-

Ao

1965) Another theory

is that fatty acid synth351s ‘may be sttmulated by carn1t1ne

- at the stage of malonyl CoA formation (Fritz and ‘Hsu, 1967)
'Another functton of carn1t1ne may be in fﬁz ut1]1zat1on/¢of

ketone bodies since carn1t1ne ~stimulates acetoacetate

oxidation (Bressler and Katz,1§65)

4 £ Y

P
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'gipha-kétoglutaraté,

. "Biosynthesis of €arnitine

The pathway of  carnitine. biosynthesis has been

I4

élucidated only recently. In 1971,. Tanphaichitr et al.

showedf%hat lysine is a precursor of carnitipe in the-'rat;

"

* ‘Further  studies, by Horne ;and Broquist"{1973j using

: : 4 : . . ' :
appropriately labelled lysine demonstrated that cernitine is_

'synthesised . from carbons 3,4,5,and 6 of\)ysine.andvfrom-the

6*epSiTon?n1togen group of Tysine.‘ Researchers also have

.~ q
shown tha? the three methyl groups are contributed by

&

S-adenosy1~L-méthionine to form trimethyl]ysine [Cox and -

Hoﬁpé],1973).'Thus, the two eSsentia] antino écidS‘iysine and

AT

methionine are precursors of carnitine.

,
~ t

Only trimethyllysine which is bound to protein is used

in ‘carnitine formation (LaBadie et al.1976). The

trimethyllysine is  hydroxylated to form beta-hydroxytri-

) . . N ) . " ~—.\

methyllysine. The enzyme involved in this rgaction requires

: [ S , . - . . -
the presence of alpha-ketoglutarate, Fe** ,afd ascorbic acid

(Hulse et - al.1978). In:  the  next = step,

B-hydroxytrimethy]1y$iné' is ‘splft to yield glycine and

gamma-triméthylaminobutyfaldehydé. The last-na

step, in carnitine biosynthesis, gamma-Erimethy]aminobutyn te

. is  converted to carnitine ".and the presence of

Fe**,and ascorbic acid again is

/

-reqUired. Many tissues. of -~ the rat  form

,gamma-trimethylémjnobutyrate_ but the synthesis of_carhitine_

¥
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~
from _gqmma-trimethy]aminobutyrate takes place primarily‘jn
the liver (Tanphaichitr\aAd Broquist,1974). Once carnitine
is formed in the liver it is transported via‘the plgsma to
the tissues. Carnitine is secreted‘in the urine and a small

amount may be metabolized to B-methylcholine (Khairallah and

(e

Wolf,h1967).

J

Dietary Factors Affec{ing Tfésué Carnitine Levels
Level of Lysine |
- The effect of diet on the carnitine‘ content of
animals  has been~ investigated. .In rats f{ed diets 3
-defic{ent invlysihe (Tanphaichitr and Broguist,1973) the
‘ amount of carnitine per gram of‘skelele muscle and
heart muséle Was foundwto be significantly 1ow§, than in
rats fed the control diets. Whern rats weried ric-e
diets limiting in ‘lysine and threonine (Tanphaichitr et
551.,1976), gfowth . was impairéd and fatty livers
‘developed. The effect of adding varying amounts of
lysine, threoniné, and/of carnitine>was studied and it_
twas fbund thétvearnitine EedUCed‘the lipid content of
the livef only whend it was added:in“cémbination with
lysine or withv lysine p1QS threonine. This probably
reflects ‘the. reduifement for pfotein for thé transport

of fat from the‘livér.‘



Level of Methionine S

L

"oy Khairallah and WYolf (1965) fed rats low protein

13

i diets containing limitﬁhg amounts of methionine. The

addition of carnitine to these rhtjoﬁs resulted in

increased growth of the rats and 1in eaéed lipid
content of their livers. However, {i;?ﬁeta1.(1974)
éogld not déménstﬁgte a methionine sparing effect of
Supp]émental dietary carnitine. They fed diets low in’

methionine and cysteine to rats and found that the

addition of dietary carnitine to the ration did not

V»

exert a growth phomotihg ef?éctz . They found that the

«

.metabo]ism of carnitine when‘high fat diets were fed was
increased. However, the addition of carnitine to high
. fat, “Tow 'methionine diets did not result in a growth

response despite the increased demand for carnitine

Univeraty of Alberta

under these conditions. The authors concluded that oh]y
a small fraction of dietary methionine is required for

carnitine synpthesis.

4

-

Level of Choline |

Tsai et al. (1975) found that carnitine metabolism
is influenced by dietary‘choiine. Iﬁ rats fed choline
deficient - diets, the turnover time of Earnitiné is
1bnger than in rats fed choline supplemented diefs. In
‘addition, the concentration of carnitfne in the tissue
was iﬁcreased when choline was added to the ration.

Carter and Frénkef (1978) measured carnitine levels in

t
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choline deficient and choline supplementeqbrats. They
also found that the Jlevels of mﬁscle cérﬁﬁ}ine “were’
significantly Jower in rats fed chotine defﬁc#éntbdiet.
The decrease is tho&ght to be due to a deficiency of
methy1' group donors. in the rats fed 0;213ne deficient
diets. In adﬁition, it was found that the concentration
of hepatie carnitine 1ncfeased very rapidly after an
injection of choline. The authors.thought that choline

must "modify the transport of carnitine and favour its

accumulation in the liver,

Level of Vitamin B-12
The effect of a vitamin B-12 deficiency on the

levels of.carnitine in ‘the liver of the rat was studied

by Burton and Ffrenkel (1975). The Tlevel of free

carnitine in the Tliver of the vitamjn B-12 déffcient

| rats was not different from the controls. However, the

concentration of carnitine in the musclie of the rat was

e

not measured. Since the highest concentration of
carnftine is. found in muscle tissues, differences in
carnitine boncenfration might,ﬁa&e been observed if the
levels in muscle had ‘been_ measured rather than the

levels in liver.

That carnitine levelg might be reduced in vitamin
B-12 deficiehdy is suggested by the finding that vitamin

B-12 deficiency:



University of Alberta

|

) 1% ~interferes with the utilization of triglycerides in

the liver of chick embryos (Moore an Doran, 1962)

2. results in impaired uti]i;atién 5f ~ plasma’
triglycerides (Williams et al,1937)

3. résulﬁs.in increésed acetate excretion in pernicious
anaemia (Cox et 41. 1968) |

4.. mérked]y reduces rates of clearance of acetate from
blood 6f vitamin B-12 deficient sheep(Somers, 1969

5. lresd]ts in an accumulation of coenzyme A in livers

of chicks(Cox et al.,1968), rats (Boxer et al.,1955)
and sheep (Smith et al.,1969) .

\

Level of Fat
‘The éffecI 6f feeding diets with varying‘amouhts of
lipid has been studied. Tsai et a].(1974)'féd rats high

fat djets and found that the level of carnitine in the

_musc]e was decreased but the level in the liver was

increased. Seccombe et ak.(1378) studied the effect of

feeding diets with varyihg lipiq:content to rats. Rats

fed high fat diets had lower serum free carnitine levelsﬁ

than rats fed high carbohydrate diets. When diets
containing 1ong’chaih'triglyceride were fed to the réts;
the tbtal carnitine content decreased significantly.

The carnitine concentration in the plasma and urine

was measured in patients before and after a lipid load
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R

(Konig et al.,1978); the excretion of carnitine in the

urine was reduced and the 1level of &warnitine in. the

-

blood was lowered. The decrease in the amount of
éarniii;e excreted ih the‘uriné following an oral 1ipid
load may indicate that thére is limited frée cérnitipe |
available for lipid utilization. The maximum ;rate of .
fatty acid .metabolism following a lipid ioad might

therefore be related to tissue carnitine concentrations.

4

Carnitine in Chick Nutrition .

Only a few studies oﬁ cabnitine iﬁ\chick nutrition héve
been reported. Some studies have been aoné on chick.embhyos.
Mehiman and Wolf (1962) observed an increqse in the qguantity
of carnitine in the chick embryo befween the twelfth and
sixteenth‘dayf Casillas and Newburgh (1969} _measured the
levels of carnitine and itsbderivatives in embEyOniq chickl
tissue. They found that the amount -of cafﬁfting

acetyltransferase .increased dramatically during the last

weeK of embryonic'development. This’corresponds to a period

" of increased fat metabolism: ‘Tﬁey also reported that the

yolK shac membrane contained high levels of the enzyme acety]
transferase.’The.aufhors suggested that the funétion of this
enzyme may be to transfer acyl groups from the yolk sac to
the> embryo. Borum et al. (1978) compared the levels of

~

carnitingé in the thigh and breast muscle of - chicks. They

vfound_-that the red muscle of the’chick contained five timeé

r
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more carnitine than did the white muscle of the chick.

"

.~ 3
\

N

The followihg studies were conducted to determine the

effect of dietary levels of - fat, methionine’ apd vitamin

B-12 "on the levels of .carnitine in Yhe thigh muscle of

¢hicks.

F
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B EXPERIMENTAL

s : . £

Carbohydrate free d1ets 'containing eiﬂher\O or 0.3 percent
supplemental meth1on1ne were formuiated\ with and 'without
vitamin B-12 (50ug/Kg) S1m11ar1y, carbohydrate containing .

diets containing. eithes Q .or O 3 percent supp lemental

‘methionine were mixed with and wi thout v1tamith~12 The

rations which did not conta1n supp]emental \\J}h1on1ne were
def1c1ent in th1s‘am1no acid. The carbohydrate free and the
carbohydrate—conta1n1ng diets were isocaloric. The ’

composition: of the _methionine-deficient diets ishshown in
. . . . \‘:\ . - .
Table 1. o ‘“

4
.,_]‘
°

The chicks were fed a carbohydrate-free, vitamin B-12
deficient, methionine adequate diet until four diys of age
and then were assigned to experimental broups on the basis

of body weight “with the mean body weight and the %Eight—

distribution camong' the groups _being equatized. The

‘expertmental d1ets were fed ad libitum to duplicate groups

of ten male ch1cks from four to twenty e1ght days of age.

Water was supp11ed ad libitum. The chicks were housed in

.

electr1cal]y heated, thermostatically controlled battery

brooders with raised wire sgreen flodrs, in a temperature
_ AT e

2
s

controlled‘Jaboratony. The chicks were weighed weekKly and

weekly feed consumption was recorded.

At . four weeks of age, six chicks from each pen were"

Kflted'byﬂgervical'dt91dzitionf and thek'thighVEMUscle .was



\ -

11

Table 1. Composition of. rationsi

<{~—" Carbohydrate _
ﬁ " containing “¢arbohydrate—free
.9 - g
Varidbles | . ’
Glucose - " 64.645 , o
Soybean oil 4.00 30.67 \
CelluloseB' | .0 : . 8.54 "
Constants . ) %
& SoyBean pro’gein4 25.03 ' }25.03
(88.8% protein) ' ' ]

' L-cystine ©0.25 . O¢25 
Vitamin mix 0.43 0.43
Antioxidant ® 0.025 0.025

“Choline chloride . 0.296 0.296
. Mineral mix’ ©1.315 1.315
Limestone 1.49 1.49
‘Dicalcium phosphate 2.15 L 2.15
NaCl 0.60 0

.60

[

Composition 1s”expressed on a dry matter bhasis

2 g go0cal/kg

3
Solka Floc , Brown Forest Products Limited, Montreal, Québec

4 . ¥ Ce .
Promine, Central Soya, Chémurgy §;v151on, Chicago, Ill. 60639

Lo 'SSupplied the .fdM™Nowing levels per 335 kcal of ration:

" Thiamine, 1.0 mg; riboflavin, 1.0 mg; calcium pantothenate
4.0 mg; biotin, 0.04 mg; pyridoxine, 2.0 mg; niacin, 8.0 mg;~
folic acid, 0.3 mg; menadione, 0.3 mg; retinyl palmitate,,
1000 IU:Ncholcalciferol 150 ICU: a-tocopherol acetate, 3.3 1U0.

~~

ontains 25% cthoxyquin, Monsanto Chemical Co., St. Louis, Mo.
Supplied'theffo : b‘ng levels pef 335 kcal of ration::( -
KH,P0,, 930 mg’; MgS0,, 298 mg; KI ® 29 mg; Fes0,.7H,0, "
40 mg; Cu504.5H20, 155§‘mg; ZnC03, 11.50 mg; CaC12.6H20,

| ; 2H. 0, ; . ; Mn
0.17 mg; Na2M004.2H20,.0.830 mg; Na28e03, 0.022 mg
504,H207 33 mg.

i

4o



Umiversity 0F Alberta

e
‘.

removed 1mmed1ate]y, 1mmersed in 11qu1d n1trogen and stored

at -50 "C. The- ltvers were weighed, - frozen at 20 °C., and

then were freeze dried for further analysis. The dry matter“
?oqtent of the Tivers was calculated from the fresh and’ dry

-weights.

I
Recorde - were Kept on the growth performance of the

chicks and measurements were made on the carnitine- present

-

in the thigh musc]e

The mo1sture content of the thigh muscle was determ1ned
by heating a small amount of the sample in a vacuum oQEn
100 °C. for six hours or unt1] no further change in w@nght

was recorded.

The amourit of carnltlne present in the thygh tissue. was -’

. measured using , a mod1f1cat1on of the procedure of Pace et

al. (1978) One mod1ftcat1on Was made because a report by

aChr1st1ansen and Broemer (1978) indicated that Tris buffer

interfered with the carnitine assay by acting as an- acetyl

acceptor for carnitine acetyl transferase. Hepes buffer,was"~

12

o

not found to have this d1sadvantage 80 this problem was

overcome by replac1nq " Tris buffer with Hepes buffer. In

addition the levels of carnitine in the muscle of the chick
are lower than in rats. Therefore,  the specific activity of -

the labeliled acetyl CoA was 1ncreased four fold and the size

»of- the sample containing total acid soluble carnitine and
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long-chain @Qyi carnitihe was doQbIed. The procedure also
was modified in the hydrolysisw of the" pérchloric acid‘
| extract: fkinstea‘d;’of 3.5M kOH, 0.9M KOH was used. Thié is
approximately tHelgame comcenfration as waé used By‘ McGaEry'!
- and ‘ﬁoster (1976)Wﬁn‘tHeiraradioisotopiéﬁassay foﬁ free anda
esterifiéd carnitine. |

x

Following the procedire of Pace et al. (1978), the

'btissué first was homogenized in perchloric acid using a

4

polytron jBrinKmann In;truments)ﬁ "The - perch]orio lacfa
;,extract was neutfaifzed and analysed for fnee‘cérpifine.:The
short-chain acyl carnitines were determined _by taking .én
‘ alfqdot  of. . néutraliiéd extracf,'ualkalinizing it in O.é M
KOH, and incubating Ht fén one hour at 40 °C. 7%he analysis
for '1dﬁgl chaiﬁ jaéy] carnitines was obtained by incubating
the pfecipitgté of the_perchldric‘acid extraction in 0.9M
KOH  for ‘twb hours at 50 "C. Labelled acetyl CoA then was
added to an aliquot of the solution contain{ng carnitine’
and, after  the addition of the enzymg“ﬁafqitine acety]

transferase, the foTlowing.EeactiOn occphrgéf ~
" L-carnitine + (1-‘4C);aqetyl CbA=;=
.(1—’4C)-acetyl carnitine + CbA“ |

The reaction was pushed 1ng'the forward directién by the
addition of ‘sodium, tetrathionate “which removes CoA. The

&

’}>reaction mixture was passéd through -an anion exchange column
in order to separate the labelled carnitine from the

labelled acetyl.CoA. The amount of 1labelled carnitine was
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measured using programme 3cofﬁ the Mark " III Scintillation

Counter. Each samplé\ was counted for twenty minutes and each

day a standard curve was prepared. - //,,

At the conclusion of the experiment,. average values
obtained for rep]fcates were subjected' to analysis df
variance. Significance of differences were assessed by

applyfng- Duncans "mu1t1p1e _range fesf; (Steele.  and

 Torrie,1360) at the 0.05 level of probability.
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- C. RESULTS AND DISCUSSION

Growth Penfonmance of the Chlcks

The effects of source of energy and leveds of vitamin
B-12 and methionine in the ration on growth and on. feed
convérsien ére :summarized tn Tab1e12..Wetght‘gain éqd feed

converéion,were affected by the 1eveltof methion%ne"in ithe

ration. In the rations containing additionalﬁmethionine,
.body weight at foub weeKs of age was eighi¥1cantly‘ greateh

. than on the low methionine rations 1rrespect1ve of the

3

souree ef energy. In addition, the' feed requ1red per ‘unit of.
gain wae_Significantly lower on the meth1on1ne supplementeo
rations. In the carbohydrate-free, llow methionine ration

the laddjtion of vitamin B-12 to the ration’ resulted in a
signifieant improvement in weight gain and feed e¥f1c1ency’
of the chicks. In contrast the aaditiOh,of vitamin B-12 to
the carbohydrate- conta1n1ng, Tow methiohine diet’ did not

st1mulate growth ' s1gn1f1caht1y but did improve feed

'~effigiency}v In the'tcanbohydrate-containing and ih " the

carbohydrate-free diets | that " contained sufficient
methionfhe,,ne effect on growth or'feedvefficiency was seen
from ‘the addition of vi.tamin 5-12’ to the ration. The, finding "
that the  addition  of vitamin B-12  to the
carbohydrate-free,low methionine  rations :;sulted\ in

increased rate of growth angd improved feed efficiency is in

agreement with the results of Looi and Renner (1374a) They

showed that the isocaloric substitution ‘of fat for

'earbdhydrate‘ incneased the lrequirement for vitamin B-12.

.
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Table 2. Growth and feed efficiency of chicks feq carbohydrate;
containing and "carbohydrate-free” diets with and without

niethionine and vitamine‘Blz.

-

16

Treatment

Weight gain Feed efficiency ﬁnérgetic efficiency.

R g g feed/g'gain kcal/%&gfin
carbohydrate-containing
0 Methionine .
0B, ‘ 107 2.51 . 8.62
129 2.30 o 7.90 v
. » 118¢ 2.41% 8.26%
P+ By, ST S 2.12 o 7.217
142 ¢ 2.20 v 7.53
;o 0 136C 2.16" 7.40°
0.3 Methionine g
0B, . 682 1739 4.76
641 1.40 4.80
- _ 662% ©op.a0d , 4.18
"+ By, 719 ©1.41 4.85 )
: 671 - ¢ 1.50 5.16 E
. ‘ 696> ©1.469 . 5.00¢
Carbohydrate-free } V
0 Methionihe . ‘e
0B, s 1.59 ©7.96
146 1.68 ' 8.38
156° 1.64° . | 8.17%
4 B, 213 1.35 6.75
) 194 1.49 7.46
. ' 203P 1.429 90102
0.3 Mg;hioninev : / PR
08y, 683 0.99 4.95
: { 667 : 0.97 4.84 -
* . _ 6752 0.98° 4.90%
+ By, 14 722 0.94 4.68
690 "0.94 , 4.71 ;
7052 0.94¢ ‘ 4.70¢ \

f
|

1 . : . - . ,
vpgderllned values are averages .of duplicate groupé. Column .values
without a common. letter in their superscript are significantly

different (P<0.05).

3

~

AN
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5?Whennfat was substituted for‘ca;bohydrate in he'ldiet,_ the
chicks requirement for methionine did not

Renner, 1374b) Therefore the increased

s

vitamin B-12 when high fat d1ets are fed‘m y be due to a

| requwrementwfor vitamin B- 1? in fat metabo]]sm

It was not possible to evoke a. growth response from the

»‘add1t1on of vitamin B-12 1n chicks ‘that werewfed diets that

hange (Looi and;v

equirement for

conta1ned adequate meth1on1ne Many stud1es have been. done

+

. on the relat1onsh1ps between meth1on1ne and vitamin B-12. In

a vitamin: B 12 def1c1ency, the metabol1sm of fo]ate is

=)

altered but the adminstration ‘off methionine aopears tov‘

restore folate to norma | 'YGawthorne and StoKstad 1971).

Most of the diets ‘that are used to s?\ay\a v1tam1n B-12

\
def1c1ency a]so produce a part1a1 meth1on1ne d;}101ency. In -

order to study a vitamin B-12 def1c1ency w1th
- of d1etary methionine, McG1ng and Scott (1980) 'induced a
nctional vitamin - -12 def1c1ency by expos1ng rats to
n trous oxide. Nitrous oxide ~inhibits the metnylcobalamin
dependent methionine synthetase 'and is ‘thought to be an
efficient method of productng a functiona]‘ vttamin -B-12
deficiency : The. authors found that the decreased folate

1ncorporat1on in rats made v1tam1n B 12 def1c1ent_wcequc,be

P

restored to only one-third of normal . by meth1on1ne

-suppiementation.

ormal amounts
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Carnitine Content of Thigh Muscle

The moisture content of the thigh musc1e‘and the levels
of free carnitine,_short-chafn ‘acyl ‘carnitine, lohg-chajn
acyl carnitine ., and total carnitine present in the thigh

muscle of chicks from different dietary treatments are given

- in Tables 3 and 4. The average mowsture content of the thigh

musc le sample was 75. 0%. The amount of short-chaln acyl
carnitine dwd not differ significantly with the different

diets. Differénces were found 1in - the levels' of free

carnitine in the muscle of chicks fed carbohydrate-contain-

ing rations " as compared to those fed carbohydrate-free

rations The chicks fed the carbohydrate free rations had

;1ower levels of free carn1t1ne in the th1gh muscle than the

chicks fed carbohydrate-containing rations.: The amount of

free carnitine in  the "'muscleq of chicks fed

, carbohydrate-free'. meth1on1ne supplemented rations was

higher when v1tam1n B-12 was added to the ration.

The amount of long- cha1n acyl caﬁ@1t1ne (Table 4) didv
not d1ffer s1gn1f1cantly with the- dlfferent d1ets In fhe
measurement of total,carn1t1ne, the thigh muscle of the.
chicks fed.carbohydrate-free»ratioﬁS'contained significantly
1e$s‘carnitine than did the thigh muscle o% chicK;. fed
carbohydrate-containing diets. THis is in agreement with the
results of Tsai-et ali{ (1374) who found that high fat
feeding decreased musole-carnitine‘Ieve]s:in rats. Bohmer et

1.(1966) studied the relative amounts of free -carnitine,



N

Table 3. Levels of free and short-chain carnitine in thigh muscle of
chicks fed carbohydrate-containing and carbohydrate-free
diets with and without methionine and vitamin Bjg-

Treatment . Moisture Nmol L-carnitine/qg wet tissue
content % Free Short-chain

Carbohydrate-containing \

0 Methionine L {
' by
0 By, 76 .0 323 102
‘L 76 .0 . 317 181
76.0%72 3202 . 14423
+ By, | 75.9 344 : 122
76.8 276 139
76.3% 3102 1302
0.3 Methionine
0B, 74.8 . 378 | 93
75.6 309 : . 134
| 75.2%P 3442 ° 1132
+ B, . 74.2 317 82
75.4 352 : 43
74.8°P 3342 ' 632
Carbohydrate-free
0 Methiontne .
0B, 74.9 206 : 111
74.6 210 43 -
y 74.7%P " 208° 772
+ By, - 74.6 158 ‘ 86
74.4 199 29
74.5%P 1780 592
0.3 Methionine
0B, 72.8 185 -~ 100
75.0 186 104 :
73.8%P 186P 1022
L
+ By, 73.8 283 108
75.1 272 10
74.4° 2782 582

Values are averages of duplicate groups. Underlined column values
“without a common letter in their superscript are significantly

different (Ps0.05)
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Table 4. Levels of long-chain and total carnitine in thigh muscle of
chicks fed carbohydrate-containing and carbohydrate-free
diets with and without methionine.and vitamin Bis-

Treatment = Nmol L-carnitine/gram wet tissue

L.ong—-chain Total
Carbohydrate-containing
0 Methionine : o
X 433
0B, 8
: 14 512
/ ' lll,a _ 4732
+ B12 : }0 476
is 430
122 . 4532
0.3 Methionine . ' .
Q B12 : 7 . 478
18 ’ . : 1
122 4702
+ B12 8 | ' 407
10 ' 405
‘ a - 4062
Carbohydrate-free ‘ ¢
- 0 Methionine ' ) .
0 Bio 13 - 330
12 ) . 265 7
| | o12° 297” -
+ B, 17 - v 261
- 13 241 ,
152 251P
0.3 Methionine . ,
0 Bl? ' . | 17 ‘ : 302
13 303
152 303P
+ B12 30 ‘ : 4?1
13 295
¢ - b
22° o 358

1 values are averages of duplicate groups. Underlined column values
. without a common letter in their superscripts are significantly
different (P<0.0S) '

«
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etylcarnitine, and long-chain acy! carnitine in the heant,
Tiver, and Kidney of male rats and showed that thé
metabolism of carnitine was increased when high fat diets

were fed.

”»

.
The average amount of"carnitine was 450 nmol/g wet
tissue in chicks fed the carbohydrate-containing ratioqf and‘
was 302 nmol/g in chicks fed the cérbohydrate-free rations.
This is lower than the 1evéﬁs reported by Borum ef al.(1978)
who found 9387 nmol/g wet Wweight of red muscle. In their
analysis a Tris buffer was)used whiéh has been rehorted by,
Christiansen and .Bremer (1978) to cause erratic high
carnitine“Values. In addition, tHey did not specify the age
of the. éhicks that they used nor the diet: that the.chick§
had beén'fed sb“this may account for the differences that
were found. The leQel of carnitine in tHe muécle of the

chick are much lower than in the rat. Pace et al.(1978)

reported 1616 nmol/g in the muscle of the rat.

The inclusion of methionine in the ration did not cause

_any appreciable changé in the Jlevel of carnitine .in  the

. muscle. Methionine -'is required in the biosynthesis of

carnitine. Methionine was shown to be a a precursor of

‘carnitine by Bremer (1961) whe injected methyl-labelled

<,methiohine'into the rat and found it was incorporated into

the methyl groups of carnitine. Khairallah and Wolf (1965)

reported a methionine sparing action of carnitine. However,
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Tsai et al.(1974) studied the methionine spariﬁg action“ of
carnitine and they coneluded that the amount of methionine
heeded for carnitine Eﬁosynthesis is very small. ‘They
therefore felt that it would be difficult to demonstrate a
growth promoting effect of carnitine. In this study‘ the
observation that the inclusion of methioniﬁe ih-the ration
did not afféct the level qf carnitine in the muscle would
indicate. thaf the amount of methionine needed for carnitine
bfosynthesis is very small. The results -of this study:
. _

therefore would be in agreement with the results.of Tsai et

al.(1974).

The addition of vitamin B-12 to the ration did’ not
affect the total amount of carnitine found fn the muscle.
Bufton and Frenkel (1975) measured the carnitine 1e9e1 in
the Niver of vitamin B-12 deprived rats and found that fhé
concentration of fotal carﬁitine and of propiony] 'carnitine

was increased in a ‘vitamin B-12 deficiency but that the

‘VJevels7of,Free carnitine were unchanged. The lack .of effect

in this study of a vitamin B-12 deficiency on muscle-
carnitine levels may be due 'to the fact that a very severe

vitamin B-12 deficiency was not created. ._J//
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I1. PART II

The effect of d1etary level of fat, methioniné, and vitamin

B-12 on 11vér 11p1ds

A. LLTERATURE REVIEW

-\

Phospho]1p1ds synthes1zed in the liver participate in

membrane formation within the organ ér are transferred into
‘bile or the lipoproteins of b Tood p]asma (Coleman, 1973).

-The two- most abundant phospholipids in animal tissues are
~ :

5hosphatidy1cho]ine' and phosphat idylethanolamine.  Phos-
phat1dy]cho]1ne is  the major phpspho]ipid of brain, liver,

and most other tissues (BlusztaJn et al. 1979).

‘Biosynthesis of Phospholipids

Many studies have been done on ‘- the b1osynthes1s -of
phospholipids. The phospho]1p1d phosphat1dylcho]1ne may be'
synfhesised'in three ways. Kennedy and Weiss (1956) showed
that cho]iné | is . incorporéted into phosphatidylcholine
through CDP-éholine. Iﬁ another pathway; the methy] gpoup'of
methionine is used for the cohversion‘ of phosphatidyl-
ethanolamine to phosphatidylcholine (Bremer et al. 1960) .
Phospﬁatidylcholine also may. 5e formed through a base
exchange reaction. Orlando et al. (1977) showed fhat choline

may be incorporated into phosphdlipids by displacﬁng bases

present§ in the 1lipid. However, Sundler et al. (1972)

@

23
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ﬁcompared rates of choline incorporation into rat liver
‘ phosphatidylcholine throdgh base exchange with that\
CDP-choline' and concluded that the base exchange pathway is
not of quant1tat1ve s1gn1flcance
, J
Dietary Factors Affecting Phospholipid,BiosyntheSié
Level of Choline and Methdonine .
\;\ ~Many stodies on the effect of different .substanceS'
on  the . biosynthesis of phospho]ipids' have been
per formed. Haines (1966) fed choline deficieht diets to
‘rats and found that. the amount of phosphat1dy1chol1ne in
the 11ver was reduced but - the 1eye]s of _phosphat1dyl-
ethanolamine rema1ned,unchanged. Glenn and Austin (1971)
showed that the methyiation of phosphatidylethanolamine
to phosphatidy]chol{ne was  increased in choline
Ndeficient rats. Sundler and AKesson (1975) studied the‘
“effects of choline and methionine on the Synthesis of _
. phospholipids in rat hepatocytes through‘ the CDP~ester
-pathways and the methy]atjontbathnays.'They found that,
‘when ‘methionine . was present * at saturafing
| concentrations. the formation of phdsphatidylcho]%ne via
methylation was aoproximately thirty - percent of that
fhrough _ other pathways.' They also noted that the
synthesis of phosphat%dylcholine by . methyiation was’
| affected by the availabi]ity of methionine. Schneider

and Vance (1978) fed rats choline deficient’«diets, and
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studied the effect of thevdiet‘on the ectivity of Tiver
enzymes 1nveqved in phospho]1p1d b1osynthes1s In rats
fed chol1ne def1c1ent d1ets they measured an increase in
the act1v1ty of the methyltransferase,respons1ble for
the chveEsion of phosphatidy]ethanoiamine ‘ to

phosphatidylcholine.

Level of Vitamin B- 12

%itamjn B-12 is involved in ‘the synthesis of
methionfne in  the cbnversion of homocysteine ,to
methionine. Therefore, in a vitamin B- 12 deficiency, the
amounts of methionine available for phosphatidylcholine
synthes1s may be reduced. In a study by Akesson et al.
(1978) rats were pajsed}on vitamin‘8-12 deficient diets
for twelve to fifteen mpnths;‘ Analysis of the |
phospholipids in the livertshomed that the proportion of
phosphatidylethano]amine had increased = and the
proportion of phosphatidylcheliﬁe had decreased. Since
the ratio of phosphat1dy1cho]1ne phosphat1dy1ethano]-
amine normally. is kept w1th1n narrow 11m1ts, any change

in the ratio might affect the viscosity of the membrane

(Esko et al. 1977). Akesson et al. (1979) bred rats from

vitamin. B-12  deprived - dams. They then -injected
. , ther |

(‘4C)-ethqnolamine and found that the methylation of

phosphatidylethano]amine: to phosphatidylcholine was‘

reduced in the vitamin B-12 deficient ré%s.

&
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Kalamegham and Krishnaswamy (1975) studied the

effect of a vitamin B-12 deficiency in chicks. They

-meaSuEed the amount of vitamin B-12 inltherlivervof the

chick after the chicks had been raised on the diet for %

T
&

two months. They found thaf'the liver dtores of vitamin
B=12‘weré significantly reduced in'thé chicks fed jthe
vitamin B-12 deficient diets. They also measured the
lipid content of bmyelin .o? the chicks and found a
significant ‘increase- in  total- thséholipids and a
Qoncomitanf decrease in total galactolipids. The a]tered
molar ?ratfo of these lipids may represent a relatively
immature myelin. ' |
. ) R

Peifer and Lewis (1979) studied the fatty acid

patterns of phospholipids in rats deprived of vitamin

B-12. Ana]ysis‘of the fatty acids showed an increase in

the..aﬁount of 18:2 in both phosphatidylcho]iné and

phosphatidylethanolamine -in rats fed vitamin B-12

~deficient diets. In addition, there was less 20:4 and

22:6 in the liver phosphatidyicholine of the _vitamin
B-12 deficient rats. These chahges may be related to
interference in the . ConQersidn - of linoleate to

]

arachidonic acid due to inhibition of synthesis of

“malonyl coA by methylmalonyl JC?A' (Cardinale et al.

1870) .
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Level of fat.

In a study by Artom and Sarzana (1938) the rdte of
formatidn - of phospholipids in rats fed dif'fer‘ent-dietsJ
was studied. When.rats were givenvhigh fat. diets, the
rate of ‘biqsxpthesis of phosphdlipids in the liver and
the intestihef was 1ncreased; Narayan ef al. (1974){
studied the effect on liver 1lipids of feeding high
levels of corn oﬁ]/%@qﬁnhats. Rats  were fed  a
semitpurified “diet"donta{ning OL 10, and 40% cornxoii,

After the rats had been fed the diets for one, foUr and

ten weeks, there was no s1gn1f1cant change in: the Tevel

of phosphol1p1ds in the 11ver of the rats. Mar1on and
Edwards (1962) . studied the influence of proteih_]evg]

and added corn oil on the composition of liver 1ipids in

chicks. They found that liver phosphol1p1ds were 1ower

only when low proteln corn oil diets were fed.

Level of essehtidl fatty acids _

Yurkowskidand“Walker (1971)  found that feeding‘
essential fatty acid deficient diets resulted in changes
in the_.bhosphatidylcholine MO1ECU]aP' species of the
intestinal mucdsa - of = rats.. The arachidonic

acid=contaihing Zspecies were partially replaced by

16:0-18:0 and 18:0-18:1. Van Golde et al. (1968) studied

the effect of feeding corn-oil to essential fatty acid

deficient rats on }thef mb]chlar species of rat liver
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lecithin. They observed a replacement of (1-palmi-

'toyl-2-eicoétrienoy1)- and (1—stearby]2-eicosatri-

enoyll-lecithin - by (1-pa1mitoy1:2-aréchidonoy1)- and

“(1-stearoyl-2-arachidonoyl)-lecithin, respectively. Wood

£y

(1575) measured phospholipid fclésses in the Jivér of -
;ats fed chow diets and compared these to the Tevels  in 
rats ~fed fat-fbee diets. The phOSpholipid’ class
percéﬁtages were not affected by ~feedihg a fathree
diét..The dietslwere fed to the rats fbr'on]y five weéKs

so an essential fatty acid deficiency would not have

deve loped.

14

F .Very few ‘studies have been repqrted on .the effect
of nutr{eht intake on Tliver phospholipids in chicks.
Thug' thé fbllow%ng étudies;were'éonducted to determine
the effect of‘ dietary .léyéls of  vitamin B-12,

methionine, and fat on liver phospholipids of'the chick.
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B. EXPERIMENTAL
lhe liVers from the chicks that' were ralsed as

described in Part I were analysed for their l1p1d content

‘tfatty acid patterns and phospholipid content.

The lipld content of the livers»Was determined'using a
Goldfisch apparatus and a mixture of chloroform:methanol

(2:1) ‘as the solvent (Feigenbaum and Fisher, 1963).

In the determ1nat1on of fatty actds the liver lipids
were extracted with chloroform:methanol (2;1) and.methylated-
using the method of Metcalfe et alftl1966l;:The pattern of
thé fatty acids | was obtained uslng a Bend1x 2500

Chromatgo wph prov1ded w1th a flame - 1on1zat1on detector and

:iwy 3 .mm glass column packed with 10% phenyl 50
fﬁon 80/100 mesh chromosorb W, The peaks - were
‘using a d1g1tal 1ntegrator and the peaks were .

;d by comparing retent1on data w1th that of “Known -

the analys1s of ‘the var1ous lipid. c]asses lipids
were extracted follow1ng the procedure of Ayktnson et al.

(1972) T lipid classes were determined us1ng an latroscan

'analyser. “he -prtnc1ple of operat1on of the Iatroscan

Analyser is described by  Sipos and »Ackman (1978).l0ne
microlitre of extract from eaCh sample was spotted in a

narrow bano on one end of each of ten.. chromorods coated .

sl
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‘ uniformly with;:silica gel‘Separation of the lipid classes

13

was accomplished by placing the}rods in a filter paper 1ined
glass = tank and developing?them for fifty minutes in Solvent

A (methylene,chloride:chloroform'acetic 'acid'methanOl (98:

8: 0.4: 0.15)(v/v/v/v)]. After deve lopment in the solvent,

| -8
the rods were drled in an oven for a few m1nutes and the

various classes were detected> using an® Iatroscan’TH-lO‘*
’fatroscanner works on the prlnz;pzj of flame
ionization detection. ‘When the chromorod 1s4passed through
the hydrogen flame the substances on ‘the rod re 1ontzed and
the_ change in currentlbetween the burner aé:\the collector'

electrode of the~'detectorv is measured., Since different

- molecules produce different numbers o?’ ions, response
. . c oy ) } 1 R L

factors'were determined for each of the’ 11p1d classes A
standard solutlon conta1n1ng Known amounts of each of t\%
lipid classes (cholesterol esters, tr1glycer1des, ﬁree fatty
actds cholesterol dlglyCerides, monog lycer ides, 'and
phosphol1p1ds) was spotted on the rods, developed in Solvent

A, and the response was measured on the Iatroscan Analyser

The response’ factors were. calculated by compar1ng the values"

obta1ned from the 1nstrument W1th the Known amounts of the‘

compound that were conta1ned in the solution.

Phospholipid classes were determined by burning off all
. '_:1 - L . : N

of the 1lipid classes, following development in Solvent A,

except those lipids which stayed at the origin (in this case

the phOSpholipids and the monoglycerldeS). The'rods then
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were placed in Solvent B  (chioEoform:methanol:waxeb’
(50:50:4.5) (v/v/v/v]]) in order to separate the ‘phpSpho]jpid
components. After development in Solvent B fbr nnfﬁety
minutes, the rods were dried in'én oven and the proportions

of the phospho]ipids,were calculated following determinatioé;

“of the amounts present by using the Iafyoscan*Ana]yseb,

.vAvérége vdlues obtaﬁned for Eep]icates, were ~subjected
to analysfs of :variance. vSignificanéeuof différences was*lﬂ

assessed by applying DuncansAmultiple_range test (Steele and

' Torrie,1960) at the 0.05 level of probability;
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C. RESUL}S AND DISCUSSION
. Liver’ComeSitfon
The influence of the dietary treatments used on" the
ccmpositiont of the 1livers is shown in Table 5. Values for
wet weighf\of.liverj milligrams of Jliver per gram body
wefght, ,aac percentages' of dry matter and of ]1pie in the

livers of chicks from each treatmentrare presented.

There were large variations in the size of livers from

.chicks on different dietaryiftreatments. The addition of

methionine to the ration resulted in significantly larger
livers in chicks fed both the high and low carbohydrate
diets; however, whenvexpressed in terhs of body weight, the
chicks receiving supp]ementalﬂmethicrine had significantly
smaller 4jlivers per unit body - weight . |

Substitution of fat for carbohydrate in the diet when
diets'»low in vitamin B-12 and methionine were fed resulted
in enlargement of the liver, but did- ﬁgﬁz affect the
proportiqc Qf dry matter or of lipid in‘}he liver- The
addition of vitamin B-12 to the low ~ methionine,
ca“bohydratetfree diet resul%ed*1n a significant decrease in.
liver 51;e//r relation to body weight.

Percentage drmeatter in the 11vers was affected by the
add1t10n of methxomne to both the carbohy%rate contammg

and the carbohydrate free diets. When all values were |



.

Table 5. Composition of livers of chicks fed carbohydrate-containing
and carbohydrate-free diets with and without methionine and
vitamin Bl2'

Treatment Wet weight Mg liver/ Dry matter Lipid
g g body wt (DM) % % DM basis
Carbohydrate-containing
0 Methionine _
0 B12 41.7 35.4 27.9 ©20.0
55.3 41.7 28.2 22.7
48.5l.de 38.5° 28.1° 21.4
+ B12 43.8 33.3 27.7 20.6
45.9 34.2 27.8 20.9
. 44.8° 33.8P° 27.8° 20.7°
0.3 Methfonine
0By, 116 25.2 30.4 23.3
124 28.3 30.0 22.3
120P 26.79 30.28 22.8%
~  + B, 146 30.0 30.6 23.3
130 28.6 29.7 22.0
1382 29.3°¢ 30.12 22.6%
Carbohydrate—free
0 Methionine
0B, 60.2 46.3 27.6 19.1
2, T 44.8 27.6 21.5
3 61.2°9 45.6 27.6P 20.3%
+ Bl2 67.3 34.2 27.6 21.6
) 70.5 39.6° 28.2 24.9
68.9° 36.9° 27.9P ©23.3%
0.3 Methionine. )
0 312 126 27.0 29.9 21.9
' 121 26.3 29.9 21.3
123P 26.6% 29.92 21.62
+ BlZ .118 24.6 30.0 19.6
118 24.3 30.1 20.3
118P 24.4¢ 30. 02 20.0°

1 Underlined values are averages of

values without a common letter in th
different (P<0.05)

duplicate groups.

Underlined column
eir superscript are significantly
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combined; the addition of methionine resulted in a
significant increase from 27.8%vto 30.1% dry matter in ‘the
livers of the chicks. Results show that neither source of
nonprote1n energy no; supplemental vitamin B-12 affect the
dry matter content of liver. Analysis of the livers for

lipid content revealed no significant difference be tween

treatments.

Liver Fatty Acid Patterns

The saturated fatty acid compostion of the liver lipids
is summarized in Table 6. The resu]té show that the Tliver
lipids - of chicks fed a carbohydrate-free diet containing
soybean oil wére less saturated than the liver lipids of
chicks fed a wi fat,'carbthdrate-containing diet. Results

show  that the liver lipids of chicks fed the

carbohydrate-free diet also differed in the type of

saturated fatty acid present. The ]ipids‘were characierized
by being 1lower in palmitic acid and higher in steab{c.acid
than the 1liver 1lipids of chicks fed the carbohydrate‘
containing diet. . The data also show that methionine

supp lementation signifigantly'increased thé palmitic . acid

~but not the stearic acid content of liver lipids of chicks

fed carbohydrate-containing diets but not carbohydrqte~free
diets. Analysis of variance (Steele and Torrie, 1960) of the
stearic acid content of liver lipid showed that there was a

significant methionine-vitamin-8<12 “interaction. The data
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Table 6. Saturated fatty acid (SFA) content of liver lipids of chicks fed
carbohydrate~containing and carbohydrate-free diets with and
without methionine and vitamin 312' .

. Per cent of total fatty acids
Ration SFA 16:0 i ' 18:0

Carbohydrate-containing

0 Methionine

0B, © 44.9 S 2222 22.7
: a2.8 24.1 . 18.4,
o 43,913 23.2P 20.6"
+ B, 41.9 v 244 | 17.1
41.4 ‘ 22.6 18.4
41.6P° 23.5P 17.8%
0.3 Methionine
0B, ' 42.6 ' 26.7 15.6
44.9 27.8 , 16.8
: 43.8%0 27.2° 16.2P
+ B, _ 44.6 29.3 15.0
‘ 45.6 27.0 18.3
45.1% 28.2% 16.6°
Carbohydrate-free '
0 Methionine
0 B, ‘ 40.7 12.1 28.6
- 40.8 12.5 S 281
40.7P¢ 12.3€ 28.42
+ B, 38.1 11.3 26.8
34.4 i1.2 23.2
36.29¢ 11.2€ 25.02
0.3 Methionine » ‘
0B, 35.5. 11.2 24.4
, 35.2 10.1 25.1
, _ v 35.4°¢ 10.6° 24,82
+ B . 40.3 111 29.2
37.8 11.0 o 26.7
39.0%4 11.1€ 27.93

1 Underlined values are averages of duplicate. groups. Underlined column values
without a common letter in their superscript are significantly different
(P< 0.05) ‘

/\--\

™~
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indicate that supplemental vitamin vB-fQ decreased iﬁe
stearic acid content of ]jver,]ipfd of chiéKs fed methionine
deficient diets but increased the level of * this acid when
methionine édequate diets were fed.~Thi;uintehactio; was
more marked when nonprotein energy was supplied by soybean
oil. A similar methioniné—vitamin B-12 interéctibn which was
more marked for carbohydrafe-free dieté was also obse}ved

for total saturated fatty acid content of Iliver 1ipids.

The effect of diet on monounsaturated fatty acid
compostion is summarized in Table 7. The data show that the
liver -lipid of chicks fed carbohydrate-containing diets
contained higher;jeve]s of monounsaturatedAfattybacids' than
the livér lipids of chicRs fed carbohydrate-free diets. WHen

chicks were fed the carbohydrate-containing diets, . the

addition of methionine to the diet resulted in livers with a

'higher perbentage* of pa]mifoleic acid  than in the

: unsupplementéd group. The-‘aaditon of vitamin B-12 to the

rations did not have any effect on the monounsaturated fatty

acid content of the liverlipid.

The polyunsaturated fatty acid content of the liver

- lipids iS'summafized in Table 8. The liver lipids of chicks.

‘fed carbohydrate-free diets contained higher .levels of 18:2

and  20:4 than the liver lipids of chicks fed
carbohydrate-cohtaining diets. The data also show that the

unsaturated fatty acid index of liver lipids of chicks



Table 7. Monounsaturated fatty acid content of liver lipid of chicks fed
carbohydrate-containing - and . carbohydrate~free diets with and
without methionine and vitamin BlZ'-

Percent of total fatty acids

Treatment ' 16:1 18:1

Carbohydraie-containing
0 Methionine

0B, ' 1.88 » . 27.9
1.82 : : 36.2
v 1.5t - 32,02
+ B, | 2.89 1 32.8
2.50 , : 7 32.1 )
' 2.70P ‘ _ 32,42
0.3 Methionine .
0B, , , 4.28 .  36.4
3.44 : . 34.6
3.86% i 35.22
+ B, ' -~ 5.26 37.3
4.01 33.7
4642 o . 35.5%
Carbohydrate-free
0 Methionine S o
0B . 0.03 ~ 8.82 -
12 _ W 11.6
4% ‘ 0.02° | . 10.2P
+ 312 ND ~10.9
ND 12.8
, ' - - . 11.9%
0.3 Methionine . ' ,
08, 0.22 . . 11.5
ND 10.4
c 11 /0P
+ B, ND T 10.9
D . 10.4
S 10.6P

1 Underlined values are averages of duplicate groups. Underlined column
values without a common letter in their superscripts are significantly
different (P<0.05) ‘ : '

2 Not Detected

’
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Table 8. Polyunsaturated fatty acid content of liver lipids of chicksﬁfed
: carbohydrate-containing and carbohydrate-free diets with“and
without methionine and vitamin Bli' : ’ .

Percent of total fatty acids

Treatment Unsaturated »
) " ‘ _index ' .18:2 20:3 20:4

Carbohydrate—cgntainiqg
0 Méthionine

0B, 96.0 : 16.0 1.26 7.65
. 85.1 12.8 : 1.08 ., 4.59
- ‘ 90.6 2P 14.4° 1.17° 6.122P
+B, 91.6 . 13.8 1.46 5.96
94.5 14.4 1.57 6.58
93.1P 14.1° 1.522 - 6.27%P
0.3 Methionine : o
0B, 81.6 10.9 o 1.04 . 4.01
' 80.2 . . 11.1 1.04 - 4.22
, 80.9€ 11.0%¢ 1.042¢ 4.12°
+ B, ' 72.9 8.64 ~ 0.54 2.86
S 81.5 10.8 0.98 4.81
' 77.2° 9.7¢ 0.765  3.84P
‘Carbohydrate—free
0 Methionine _ ‘ .
08, 127 36.8 0.22 10.86
122 38.5 0.21 . 8.24
124° 37.6° 0229 . g.552
‘ + B, 129 39,7 0.14 ;5554v
' 126 43.4 0.12 6.50 .
1272 4162 0.139 8.022
0.3 Methionine ' . ) )
08, " 129, 42.5  0.18 B.16
: 130 44.0 0.005  8.01-
' 1302 4338 0.09¢ g8.082
+ B, 123 39.5 .0 8.15
) 129 41.3 0 9.10
1262 40.43%P 0% 8.632

Vsum of (% fatty acid)x (numer of wsaturated bands) )

2 Underlingd values are averages of duplicate groups. Underlined column
values without a common letter in their superscript are significantly
.different (P<0.05) ' A
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decreésed when  carbohydrate-containing diets' were
supplementeé with_b methionfne. Supplementationl of
carbohydrate-free diets with'methionine had no effect on the
unsaturated fatty acid ‘index. Resultﬁ also indicate that
{suppiementatfon of ‘the méthionine déficient,‘
CaqbéhydrateFfree  diet with vitamin B-12 .significant]y

increased the.lino]eic~acid‘céntent-of ]1ver,1ipid.

Variations noted in the fatty acid Qomposition‘ of the
liver 1lipids show that‘they ane’influenced_by'fhe diet fed.
ln‘éhicks fed the cérbohydrate-containing diets‘ltﬁe. Ieve]s “
of linoleic and arachidonié acids were lower than in chicks
fed high fatvdiets reflecting therhigheroleve] of‘ linoleic:
acid in ,sbybean oil and " the ‘capacity of »the‘éhick to
synfhesize arachidonic. acid fndm 1ino1éic abid, The Tlower
vlévels of eséentia] | fatty acids in chicks fed ‘the
carbohydrate-containingw diet; were ’partially offset by
higher percentages ' of palmifo]eic'and oleic acid. HoweVéFT
the = unsaturated fatty acid index ;till - remained
significantly lower when,canohydrate-containing diets were
fed. The décréase’in essential fatty acids in. liver 1ipid
observed .onv SUpplementatibn of the c&%bohydrate-containing
diet with methionine may reflect the increased need of the

chick for essential fatty acids for growth.
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Liver Tnfglycérides

Analysis of variance (Steele ahd,Torrie, 1960) of the
data on'trfg1yceride content of ]iverblipid.(Table 9) shows
that the source of energy but nof'fhe level of methionine or
of vitamin B-12 affected the ameunt'of’triglyceride that was
present. Results show that liver lipjds of CHicKs %ed the
carboﬁydrate-Free. diets contained a lower  proportion of

triglyceride than did the livers of chicks fed  the

carbohydrate-containing diets.

Liver Phdspholipids o . '_éx - \/
Summarized in Table 9 are results showing-the percent
phgspho]ieid in  the ]iQer dipid of chicks fed
carbohydrafe-containing and carbohydrafe-ffee diets‘with and
without.eupp]emental1methionine and'vitamin B-12. Analysis
of VarienCe (Steele and Torrie, 1§60) showed that source of

energy but not level of'ﬁethioqine.or'vitamin18-12” éffected.'
the phospholipid content "o'f»]r'gi.ver‘ lipid. Results show that
‘chicks fed carbohydrate-free diets contained significent]y
hore phospholipid when expressed as a percent of lipid and
when expressed.'as a percent -eff wet liver weight. The
increased level of liver phospholfpid observed in chicks fed
high fat carbohydrate-free diets may be due to increased
formafion of bile (a flufd which is‘rich'ih phospholipid
(R.Coleman, 1973)), to incfeaeed synthesis of lipoproteins

necessary for fat transport, or to increased membrane
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Table 9. Triglycerides and phospholipids in livers of chicks fed
carbohydrate-containing and carbohydrate-free diets with
and without methionine and vitamin Bio-

41

Treatment Triglyceride,%  Phospholipid,® Phospholipid,%

: ’ Liver lipid Liver—lipid Liver

-

Carbohydrate-containing

. 0 Methionine ' ‘

0B, 8.14 - . 705 3.84
38.5 _ 46.5 3.04 _
23.31/3¢ . sg.53Pcd 3.44°
+ B, . 28.4 . 52.6 | 3.05
24.5 o 59.2 3.38
' 26.5%%¢ 55.9P%d 3.22°
0.3 Methionine ' A '
08, 43.2 . 44.3 3.14
' 39.3 49.6 - 3.33
© 41.3%P . 47.0%¢ ' 3.24°
+ B, 49.0 40.1 - 2.84
36.3 50.6 3.29 ,
42,72 45,49 v 3.07°
Carbohydrate-free
0 Methionine
0B, _ 4,47 - 719.5 4.28
10.4 | 75.4 © o 4.39
: , 1.4 - 97,52 4.342
4B, 8.37 ‘ " 74.5 ' 4.41
26.4 . 62.3 4.41
17.4P¢ ‘ 68.42P 4.412
0.3 Methionine . . '
08, . 18.2 665 ' 4.44
19.2 : 64.4 e 4.02 .
‘ . 18.7%P¢ 65.42P¢ 4.232
+ B, | 9.09 76.0 4.46
12.4 73.9 , 4.54
 10.8°% ~ 75.0% . 4.502

1Underlined values are'averages”of‘duplicate groups. Underlined column
values without a common letter in their superscript are si nificantly

+ different (Pg0.05) v

&
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formation.

[.ln-Table 10 the perceht .phosphatidylcho1ine} and fthé 
percent pﬁpsphatidy]ethaho&amine in the liver of chicks from
the differeht dietary treatments are summarized. Analysis of
variance (Steele - and Torrie,1§60)vshoWs that the source of
_nonprotein energy but not the level of metﬁionihe or vitamin
B-12 affected the level of phosphatidy! choline and
‘_phosphatidyjéthénolamiﬁe‘fjn Tiver 1ip1§ and in liver.
Resuits show that the 1ivers'ofichicks fed carbohydrate-free
diets contained signifiCahtly more phbsphatidylcﬁo]ine “and
phosphatidyléthanolamine‘ wﬁen éxprgssed' as a .Jpercent of
1ipid and %Qsﬁ expressed as.a_pebcentﬁ‘bf} 1ivér; on a wet
weigﬂt'> bas{s ~ than did  the livers 'of _ch1cKs fed
| Carbéhydratefcontaining d%ets; ho@ever, the“ ratio between
phosphatidy]chaTiné and  phosphatfdy]ethanolamine was'Anotv
affected by thé -source of_’honprbtein'_énergy ‘or by 'thev_
dietary level of methionine or vitamin B-12. The rétio of
phosphatidylcho]ine' and phosphatidy]ethano]amine normally
'-xvaries within‘ nérrow limits (Akesson et a1.,1978)‘itfis4
tthght\that'the viscosity of membranes may chaﬁge when the
ragio ~of phosnggidylcholine:pHOSphatidygethano1amine} is

altered (Esko et al.,1977).

The effect of a deficien¢y of one carbon units on liver
phospholipids has been studied in rats (Lymén et al.,1975)Q‘

" They found that livers of rats fed low methionine, choline
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and

carbohydrate-free
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Eylcholine and phosphatidylethanclamine in livers of chicks
ohydrate-containing

diets with and
fhethionine and vitamin B, :

_Phosphatidylcholine, §

.Phoséhatidjlethanolamine, )

Livef lipidv Liver Liver lipid Liver
2.02 16.3 10.89
1.47 11.6 0.76
29,8120 1.74° 14.0° 0.82°
1.48 12.5 0.73
1.67 12.6 0.73
27.4%P 1.57° 12.6° .73
1.52. 12.6 0.90
. '1.54 13.4 0.90
L 22.3° 1.53° 13.0°  0.90%
+ By 17 8 1.27 " 9.30 - 0.66
. 24.8 1.61 13.4 0.87
%v 21.3P ©o1.44P B WLE 0.76°
a3, 2.36 21.3° 1.15
39l2 2.28 21.8 1.27
| 41.52 2.322 21.62 1.2
+JBy,  42.4 2.52 '19.0 _ 1.12
28.4 2.01 18.0 1.27
| | 35.4%P 2.27°  18.5% 1.20%
0.3 Methionine i . s ‘
0B, 4.5 2.31 18.6 1.24
: 33.8 2.11 20.0 1.24¢ .
| 34.2% 2.212 19.22 ' 1.242
+ B, 12.4 2.49 19.3 1.13
37.8 2.33 19.2 . 1.18
: 40.12 2.412 ' 19.3% 1.162

1

Underlined values are averages of dupllcate groups.

Underllned column values

‘without the same letter 'in thelr superscript are slgnlflcantly different

P<0. 05
|
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deficient diets had ,a'Towerrconcentration of phospho]ipid;

chareoterjzed by significahtly less phosphaﬁﬁdyicholine than 3
“did the liver of rats fed diets supplemehted with choline5
and/or methion1ne Lyman et al. (1975) ‘showed  that
supplementat1on of the d1et with both cho]1ne and methlon1ne
,was no more effect1ve than with either alone. Thus, failure
of"methionine to increase the 1eve1 of phospholipid and of
phosphat1dy]cho]1ne in the liver of ch1cks fed diets low in

meth1on1ne but adequate in chol1ne is similar to results
obfained by ”LymanA et al. (1975). using rats as the -

experimental animal.

~The' 1ack of effect oF supplemental v1tam1n B-12 on
liver phospho11p1ds of ch1cks fed methionine def1c1ent dlets.
is s1m11ar to resu]ts reported by Feh]lng et al.(1978) when
rats were fed v1tam1n B-12 def1c1ent diets for six "months.
When a more severe vitamin B-12 def1c1ency was produced in
rats by feeding v1tam1n B-12 deficient diets for twe]ve to
flfteen months, Akesson .et’ .(1978) found liver
phosphollp1ds conta1ned a h1gher proport1on of phosphatidyl-
,ethanolam1ne and‘ a lowen-fproport1on_ of ,phosphatldylf E
'cho]1ne,1nd1ceting 1mpafred “methylation. : These beSulfse
suggest .that vifamihlB-12 deffcienCy jh chicks, if it were
;'eevebe gnoogh, might'impaihﬁphosphatfdylcholine synthesis,

IO



- ,‘}‘

II11. GENERAL DISCUSSION

Results of this experiment"show that the complete,

4hequ1calor1c subst1tut1on of fat for. carbohydrate in the diet .

causes. a decrease in the amount of tota] carn1t1ne'and of

" free carnittne'in the muscle of chicks. Prev1ous]y, Looi

(1974) using s1m1lar d1ets, observed that the level of ]1vere

carn1t1ne 1ncreased when h1gh fat vcarbohydrate-free d1ets

4

were fed.: S1nce tbef l1ver 15 the maJor site of carnitine ,
,synthesis (Tanpha1ch1tr and Broqu1st 1974) these »resu]tsv
-suggest that the requ1rement for carn1t1ne 1s 1ncreased whend

v fat is substytuted for carbohydrate in the dlet

Results also show that ch1cks fed high fat ‘diets . havet

: h1gher ,leve]s of phospholrp1ds in their 11vers thanxch1cks“

fed comparable dtets rich’ nn}carbohydrates..E]evated levels
of liver phospho1ipids may Aindicate an increased need of

chicks fed h1gh fat diets for phosphol1p1d for format1on ofs'

- Cb1le a f1u1d 'r1ch 1n phosphol1p1d and/or for synthes1s of ~

:l1poprote1ns which are necessary for fat transport

7 . : < &

If the: synthes1s of carn1t1ne and of phosgho]1p1ds

J'ti;e. phosphat1dy1chol1ne) is 1ncreased when ch1cks are fed

o

h1gh fat,.carbohydrate free diets, the need for S-adenosyl

methlon1ne to supply methyl gtoups for the synthesis of

'kcarn1t1ne and phosphollp1ds also would 1ncrease ~This éou]d

I 45
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‘contribute to the increased requirement for vitamin B-12

-

when fat is substituted‘ﬁpr carbohydrate in the diet (Looi

and Renner,1974), since vitamin B-12 is involved as a

. “cofactor in the conversion of homocysteine to methionine.

The possibifi{y that fhé‘fibre agded to improve the texture
of the high fat, carbohydrate-free diets may also contribute
to the increaséd requirement ;f the chick for vitamin B-12
is suggested by the finding b% Cullen and Oaée (1978) that
fibre méy‘ bind Qitamin: B-12 and make it _unavailable. The

finding- that supplementation of high fat, low éarbohydrate

diets with methionine or vitamin B-12 significantly

- #

increased growfh but” had no significant effect on the Tlevel
of muscle carnitine or of liver phosphatidyléholine suggests
that the maintenance of muscle carnitine ‘and liver phos-

: \ : :
phatidylcholiné takes priority over the requirement of these .

.nutrients for growih. °
. .

-

To clarify the role which vitamin B-12 plays  in lipid
metabolism = in chicks, ~the - foregoing experiment should be
repeated using chicks obtained from vitamin B-12. depléted

hens .
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IV. SUMMARY

An experiment was conducted to study the effects in
chicks of feeding carbohydrate-confaining and carbo-
hydrate-free diets with and without methionine and vitamin
B-12 on growth, on muscle carnitine levels, and on liver

phospholipid concentrations. A summary of the results is

"fgiven=below:

i

1. Growth was improvedv when methionine was added to the
ration regardless of the source of energy. The addition
of vitamin B-12 to the low methionine, carbohydrate-free

rations resulted in a significant growth response.

2. Chicks fed cafbohydrate-free diets had higher muscle
Carnitine levels than did chicks fed carbohydrate-con-

taining rations.

3. The concentration of liver phospho]ipids‘was higheh when
cahbohydrate-free rations were fed. The ratio of phos-
phatidylcho]ine:phosphatidy]ethanolgmine did not change

regardless of the ration fed.

4. The addition of methionine or of vitamin B-12 did not
significantly alter the concentration of muscle

carnitine or of liver phospholipids.

o+

™
o TP
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