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ABSTRACT

The objective of this study was to determine the conjugated linoleic acid (CLA) isomer
composition of blood plasma and other organ tissues of Wistar rats fed a diet enriched with 1 or
2% CLA isomer(s) and 2 ppm Se as sodium selenate for 4 weeks. The dietary supplement of CLA
isomers significantly elevated the concentration of CLA isomers and other fatty acids containing
conjugated double bonds in plasma, spleen, pancreas, heart, and kidney tissues. cis9,trans1ICLA
was preferentially accumulated in plasma and organ tissues of rats fed the CLA isomer mixture
with or without Se, while the percentage contribution of transl0,cisI2CLA in the tissues of
organs tended to be lower than its percentage in the administered CLA isomer mixture. Dietary
CLA isomer(s) increased the Ca content of whole blood, while the diet with the CLA isomer(s)
and Se increased the concentration of Mg and Se in spleen tissue. The experimental diets did not
produce any substantial changes in the Fe or Zn concentrations in blood or spleen tissue. The diet
enriched in transi0,cisI2CLA and Se significantly increased spleen, pancreas and heart weights.
Regardless of the presence of Se, the diet enriched in CLA isomer(s) stimulated the accumulation
of polyunsaturated fatty acids in blood plasma, and in pancreas, heart, and kidney tissues. The diets
enriched in the CLA isomer(s) usually resulted in a decrease of the monounsaturated fatty acid
concentration and A9-desaturase capacity in plasma, spleen, pancreas, and kidney tissues, but not in
noticeably decreased concentrations in heart and brain tissues. The presence of both Se and the CLA
isomer(s) produced less consistent changes in the capacity of A9 desaturase and monounsaturated
fatty acid concentrations compared with the effect of the diet with the CLA isomer(s) only.
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INTRODUCTION

Conjugated linoleic acid (CLA) represents a mixture of geometrical and
positional isomers of linoleic acid with conjugated double bonds located in
positions 11,13; 10,12; 9,11; 8,10 or 7,9 on the carbon chain of the fatty acid
(Park, 2005). Many reports have demonstrated health-promoting effects of dietary
CLA, especially cis9,trans1ICLA, in various animal species. These reports have
shown that dietary CLA has anticarcinogenic and antidiabetogenic properties and
that it delays the onset of atherosclerosis (Ostrowska et al., 2003; Ohashi et al.,
2004). On the other hand, diets enriched in transi0,cis]2CLA caused reduction
of body fat in rodents and, probably, in humans. These health promoting effects
seem to be the effect of increased energy expenditure associated with sympathetic
nerve activation rather than a consequence of reduced food intake (Belury, 2002).
Among other physiological effects, CLA isomers affect lipid metabolism, modify
fatty acid (FA) oxidation, reduce the concentration of cis9C16:1, oleic acid
(cis9C18:1), arachidonic acid, and inhibit formation of eicosanoids in tissues of
laboratory animals. Little is known, however, about the influence of the individual
CLA isomers on the accumulation of the above-mentioned compounds in selected
organs of the examined animals.

Low molecular weight Se-compounds in the bodies of mammals were
recognized in the late 1950°s when it was found that Se replaces sulphur in
methionine and cysteine. The human Se-proteome consists of twenty-five
selenoproteins (Tapiero et al., 2003). Se-containing proteins (e.g., the glutathione-
peroxidase (GPx) family) are essential in the metabolism of arachadonic acid,
as well as in redox regulation (thioredoxin reductases) (Tapiero et al., 2003).
Moreover, Se-amino acid-containing proteins have generally been shown to
protect against the toxicity of heavy-metals (e.g., Hg, Pb, Sb or Cd) and enable
peroxynitrite scavenging (Czauderna et al., 2004; Schomburg et al., 2004).
Proteins containing Se-cysteine, in particular, protect cell membranes, lipids and
tissues from oxidative stress and control cell redox status (Shweizer et al., 2005).
In accordance with these findings, recent studies on experimental animals showed
that the concentrations of mono- and polyunsaturated fatty acids (MUFA and
PUFA) were positively correlated with the content of Se in the diet (Crespo et al.,
1995; Czauderna et al., 2004a,b).

The current study was, therefore, conducted to determine the effect of dietary
CLA isomers on the FA profile, in particular, of CLA isomers in selected organs
of rats. Another aim of our study was to investigate the influence of dietary Se on
the accumulation of the individual CLA isomers and other FAs in the analysed
tissues.
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MATERIAL AND METHODS
Animals and experimental design

Ten groups of 7-8 female rats, 8 weeks of age and an initial body weight of about
200 g (Table 1) were housed individually as described previously (Czauderna et al.,
2004b). Rats (Wistar, I1fz:BOA) were fed ad libitum the Labofeed diet (Control) or
diets enriched in CLA isomer(s) and/or 2 ppm Se (as Na,SeO,) (Table 1). After 4
weeks the rats were killed by CO, inhalation, their blood was collected and their
spleen, pancreas, heart, kidneys and brain, removed. The organ tissues were freeze-
dried immediately.

Chemicals

All reagents were analytical grade, whereas HPLC-grade organic solvents
were purchased from Lab-Scan (Ireland). Sodium selenate (Na,SeO,) and all
fatty acid standards were provided by Sigma (USA). The CLA isomer mixture
(95-97%), cis9,transl1ICLA (95-97%) and transi0,cis12CLA (95-97%) were
supplied by Larodan Fine Chemicals AB (Sweden). The composition of
cis9,trans11CLA (c9,t11CLA) and transi0,cis12CLA (¢10c12CLA) was 99.9 and
99.8%, respectively, i.e. 0.1-0.2% - other cis,cis (c,c) and trans,trans (t,t) CLA
isomers were detected. The composition of the CLA isomer mixture was, %:
tIt13-2.9;t10t12-5.1;¢9¢11 - 4.3; t8t10-2.9; c11t13 - 13.4;¢t10ci2 - 28; c9t1]
-28.6; ¢8t10-9.6;cllcl3-1.6,c10cl2-1.5;c9cll -1.4;c8c10 - 0.7. The ratio
of the concentration of c9¢//CLA to t/0cI2CLA in the CLA isomer mixture was
1.0242. The composition CLA isomer(s) was assessed using an Ag™-HPLC system
(Czauderna et al., 2003).

Preparation of blood plasma for fatty acid HPLC analysis

Blood samples from rats were collected into heparinized tubes (kept in an ice bath)
and centrifuged at 1500-1700 g for 15 min (at 2-4°C). Blood plasma was stored at
-28°C. On the day of analysis, 1 ml of plasma (0-1°C) was deproteinized with 1 ml
of 7% cooled solution (0-1°C) of trichloroacetic acid and centrifuged at 2000 g for 10
min (at 2-4°C) and 200-450 pl of supernatant were used for saponification as below.

Saponification of samples

All freeze-dried organ tissue samples (45-55 mg) and deproteinized plasma
(100 pl) from rats were hydrolysed with 3.5 ml of 2 M NaOH at ~85°C for 30 min.
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The hydrolysates were acidified with 4 M HCI to pH ~2 and then free fatty acids
were extracted four times with 4 ml portions of dichloromethane. The lower
organic layer was dried with Na, SO, (~100 mg) and then the organic solvent
was removed under a stream of argon (Czauderna et al., 2005b). Afterwards
the residue (I) was used for derivatization as below or re-dissolved in 1 ml of
dichloromethane and 20-30 pl of the resulting solution were injected onto the
silver-ion exchange columns (Ag+-HPLC system I). The mobile phase of 1.6%
acetic acid and 0.0125% acetonitrile in n-hexane was chosen as the optimum
mobile phase for fractionation of underivatized fatty acids containing conjugated
double bonds (Czauderna et al., 2003). Analyses were performed using an
isocratic elution program (flow-rate of 1 ml/min) and UV detection at 234 nm,
column temperature 25-28°C.

Derivatization procedures

To a residue (I) in a reacti-vial, 0.5 ml of dibromacetophenone (48 g/l in
acetone) and 60 pl of triethylamine were added. The resulting solution was mixed
again and reacted for 30 min at 40°C (Czauderna et al., 2004b). The processed
samples were then injected onto C , Nova Pak columns (Czauderna et al., 2004b).
The binary gradient elution program was used for analysis of all derivatized fatty
acids in standards and biological samples (Czauderna et al., 2004b). Injection
volumes were 5-20 pl. The maximum pressure of HPLC systems was 38.5 MPa.
Fatty acid derivative peaks were identified by the retention time of processed
standards injected separately and by adding standard solutions to biological
samples. Moreover, saturated fatty acids were differentiated from unsaturated fatty
acids and conjugated fatty acids (e.g., CLA isomers) by the use of a photodiode
array detector (Czauderna et al., 2003, 2004b).

The concentrations of Se, Zn, Fe, Ca and Mg in whole blood and tissue of
spleens were determined by atomic absorption spectrometry (AAS) (PU9100X
Atomic Absorption Spectrometer, UNICAM, Philips).

Statistical analyses of the effects of Se or the CLA isomer(s) in the diets were
conducted using the nonparametric Mann-Whitney U test for comparing pairs
in an independent experimental group (one-factor analysis), while statistical
analyses of the interaction between the CLA isomer(s) and Se were performed
using two-factorial ANOVA (CLA isomer(s)x Se). The statistical analyses were
performed using the Statistica v. 6 package (Statistica, 2002).
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RESULTS AND DISCUSSION
Effect of experimental diets on mineral constituents in blood plasma and spleen

Although Se is an essential element for antioxidant and thyroid hormone
function, supplementation of inorganic Se (as selenate) has also been shown
to markedly alter the body weight gain, feed intake, and accumulation of Se,
Zn, Fe, Mg, Ca, and several fatty acids in some organs of rats (Tables 1-6). No
macroscopic lesions or toxic symptoms of adding 2 ppm Se (as selenate) or
1 or 2% CLA isomer(s) were observed. This is consistent with our previous
studies (Czauderna et al., 2004a.,b) corroborating that only chronic feeding of
inorganic Se compounds at a rate of more than 5 ppm can be teratogenic and
hepatotoxic in animals and humans (Tapiero et al., 2003). In contrast to selenite,
selenate is not as effectively incorporated into the body of animals and is less
reactive and toxic.

The concentrations of mineral elements in whole blood of rats fed the diet
enriched in CLA isomers and/or Se are givenin Table 1. Although the concentrations
of Se, Zn, Fe, Mg and Ca in blood were not significantly affected by the dietary
CLA isomer(s) and Se, some of them (Se, Zn, Ca and Mg) tended to decrease in
the blood of rats fed the CLA isomers(s). Interestingly, the concentration of Ca
showed the highest increase in the blood of rats fed the diet enriched in ¢9¢//CLA
with or without Se and the diet with only 2% of the CLA isomer mixture. The
current results are thus consistent with our previous study, in which supplementing
1 or 2% of CLA isomer(s) showed a tendency to elevate the concentration of Ca in
the rat liver (Korniluk et al., 2005). In addition, the concentration of Ca exhibited
a tendency to increase in the brain and heart tissues of rats fed the diet enriched in
1 or 2% of the CLA isomer mixture (data not presented); another striking result
of our studies was the significant increase (P<0.01) in the Ca concentration in the
brain tissue of rats fed the diet supplemented with both Se and the CLA isomer(s).
In conclusion, our studies and the results obtained by Belury (2002) confirm that
CLA isomers modulate the accumulation of Ca in animal bodies and, therefore,
also have a potent effect on bone formation.

The presence of c9¢/ICLA in the diet most efficiently elevated the
concentrations of Se, Zn, Fe and Mg in blood in comparison with other CLA
isomer(s) added to the rat diet. In our study, adding selenate with or without
CLA isomer(s) to the diet for 4 weeks resulted in a small increase of the Se
concentration in blood (Table 1) and an only slightly higher increase in spleen
tissues (Table 4). This is in good agreement with our previous results in which
supplementing Se, regardless of the presence or absence of CLA isomer(s),
also resulted in a slight increase of Se accumulation (~10%) in the liver



477

3G x (s)Iowost YD :"8°0 ‘US1Isop s[erI01oej-om) 10} YAONY Aq BIep JO SISA[eUE [Bd1ISIIR)S - SIsaypuared ur ,
(3rwar] uonO9IEP Ay} x €) | uonedyUenb mofaq
pIok OLIBD)S - ():8 1D ‘Proe onrwyed - 0:91D ‘Proe oNSLAW - (D ‘Proe oune - 0:g1D ‘proe ouded - 0:01D ‘proe orjfides - 0:8) ‘S jowns e ,
0:81D PUB (:91D ‘0:#1D :SPIoe A)e] pojeInjes Jo wns e, {0:91D PUe (4D ‘0:71D :SPIoe A\ej pojernjes jo wns e,
(Xopul-¢V:UOTIBIASIQQE o)) PIOE JLIEA)S - ():81D) *(1:81D62) PIOB 1[0 - [:8TDES12 :IUM ‘T8 D6S12 + 0:81D/1:81D6517 ¢
(T:812¢1512°6510 "9'T) proe d1o[oul] - V7T :(1:81D6512 "9'T) Lok d19[0,
(10°0>d 93 & 9ouaIeyIp Jueoyrudis ayy) ¢ dnoin pue (] dnoin) syer [onuoo oYy Yim paredwod sjusjuod (spuoq s[qnop pajesnfuoo Surure;
-Uu09 SpIoe A1e} Y ID-UoU "9'1) YD Pue SIOWOSI D) Pasealour A[[eonsnels 9 Jo oouasaid oy Jo sso[preSal ‘sIowos! 1)) Ul PaYILIUD SIAIP e

S+

(SN) (SN (SN) (SN (SN (SN (SN (SN (SN (SN) (SN (SN (SN -
40960  9vP'S  9ST 0ST 96 L'8T »S8T  81€°0 9'¥S T ¥ST HEE SOl 86L 09

(SN) (SN SN (SN (SN (SN (SN (SN (SN)  (SN) (SN) (SN (SN) -

Ovv' T PTL'S  «£T€  «£0€ 6€1 598 87C 1810 08  GIPS  L9g vLs 1Ll 179 s

(SN) (SN (SN (SN (SN (SND (SN) (SN (SN (SN - (SN (SN -

al€8°0  961'S Syl vl €8 6'LT aSLT  €6T°0 08S TP 0PC 61'C ¥y  S69 ¥

(SN) (SN (SN (SN (SN (SN (SN) (SN (SN (SN - () 5(SN) -

ZCI'T 60F'S  0ST SP1 98 8°LT vPST  8¥CT0 vLS vLE 961 WOEL 8ys TSy e
—]
ATn »EI80 GTLES  PII 011 9 €1e 9ST  €£T0 99t €€e TYL  EI'L L69 €19 9
=8 aCSTT  9€6'9  9vI Wi S8 1’1z 8T 6£T°0 €LS 97¢ 6Ll 16€  S8¢€  9¢h S
S v6v8'0  8TEY 911 011 96 89T 81 LESTO LYS 08T 07TC 65T 61T €T 14
9 290TT q980°11 101 96 6S $'6C 8Tl 0OVI0 vl 60€  TOT  vIYT VeV 9Sh €
AVm TLIT  9€I'S  S€T OLI 8 v8'St 0Tl $0€°0 968 0y YLE 0 0 0 T
N waaavITHT  6T1°9  W9€T  WSE1 8 wl'TC  paeav?9  8LTO 90S  wl¥T  S6I 0 0 0 I
A sat 3
W VANd/VAS ﬁm@ gfd %\M H 5 ww\w w 5 3Ad o 3/ xwmww%< g@d 3@ 3@t 381 ,vID  VID dnoin
,m 0T oney VIS D00s Loz VAN VAN (oo 0810 VT <1067 (V4D Areyorp - jo
5 -uou  wng
m 3G Jo/pue S1WosI 1) Ay Ym payuowdjddns syo1p pay syex Jo ewse[d poojq ur (Sy.) SpIoe A13ej JO SUOBNUIOUO0D Y], *Z J[qeL




CLA ISOMERS AND SE, FA PROFILE IN RATS’ BLOOD

478

9S x (s)1owost Y10 :"§0 ‘uSIsop s[er10308j-0M) 10 VAONY £q €1ep Jo SIsA[eue [eonsne)s - sisoyjuored ur

SueSI0 JeI POARSSE UI PJOAJAP SIOWIOSI T ATRISIP-UOU JO Wns oY) ,
(10°0>d o3 38

souaIaiIp JuedyIudis ayy) (1 dnoin) Jer [01U0d oY) PIM Pareduiod JUUOI SISWOSI YD) PISLAIIUI oG PUB/IO (S)IOWIOSI YD) Ul PAYILIUD S)AIP [[B
(10°0>d oy 18 douarayIp 1ueoymudis o) ('7) o5 ur payorus dnoid

pue (] dnoin) je1 [onuod Ay Yim paredwod JuIUOd SISWOS] ) PIseaIoul ‘0g Jo 29uasaid ayy ssa[presal ‘(s)1owos! 1D Ul PAYILIUD SIAIP [[e,

sorduwres poziyydoAT
(SN) (SN) (+¢) (SN ) (SN (SN (SN) - (SN) - (SN) (SN) -
SO0 €TLT 1S°L 'L LOS  9L'T 091 08’0  LET 80¢C 61T LSL 6£6 L89 *'9
(SN) (SN) (SN) (%) (SN (SN (SN) (SN - (SN) - (SN) (SN) -
9¢L'0  ST0E  6€L  LTL 9%t  vPT 801 P00 €€T 95T 9871 8L 6¢€ 0r'¢ g
(SN (SN () (SN (+x)  (SN) (SN) (SN - (SN - (SN (%) -
8IL'0  €6LT  vE€9 979 0Ty  LTT T6 69Y'0  LOT  €I'T €81 74 vSHT §9°T My
(SN) (SN) (SN (Gex) (SN (SN (SN (SN - (SN - (SN)  «(SN) - .
G890  «896'C avlTS avbl'S  abEE wv8LT W8'L VEEP'0 w981 vST'T wlP 1 «69L 0ST 9L 1 €
b0 $IST 199 759 9Ty  €9T 9¢€T SEV0  LTT  80F  SL'I 188 969 1€¢ 9
6V9°0  060°€  P8L €LL S ST €T SEV0 €9T  90€ 20T 6901 (41}2 1S°¢ S
SI80  IT0€  oSP'S  9€S  9FE 08T 89 90 e16T  S8T WTPI 119 VvOLI ST v
€590 TO0'E  GCH'L  GC€L  av6v  oLPT o811 SPP0  56€T  vLI'E al6] 3¢8 61¢ 8T €
WTLS0  PPOT +09°S 0SS eI¥E HLES 001 9¢v’'0 01T OvT T9T  W9¢p vl SP1°0 T
Y9L0  969T  awS6'L avI8L awlSS wS6T 98]  aw0TS0  «l€T T wIST 144 43 SP1°0 I

331

vdid - VAN 38w 38w 3/3w §B8w §[Bw xopur-gy JBw  FBw  FBw 3/3n Q<\AU 3/3w
[VdS - /VdS 0:810  0:910 xoput Aweyorp vy dnoip

Jooney jooney . . . .
VAS  -0wID  -0:C1D VAN VANd 9sempsad 0:810 VT [81062 VAD  -Uou  joung

9G J0/pue SIDWOSI 1D Y1 yim pajuowd[ddns s)a1p paj syer Jo \anssiy uad[ds ur suonenuaouod () proe Ajeq ¢ 9[qeL,




479

r

NIEDZWIEDZKA K.M. ET AL.

VIDZI2017 PUB VID[ 162 JO WNS Y} - %,9°6/ ‘SIOWOSI Y ID2°D - 97" SIOWOSI VDT - % G :SUIuIejuod aInixIw Jowost v AIeldlp
SIOWOST SUD.4‘SUD.4} PUR S19°S10 - 19 PUR 2°0 Jui] uoneoynuenb mo[oq dI1e sjer *°'z pue [013u00 Jo ewserd pue usd[ds Ul SJUSU0D JOWOSI V) ;
10°0>d gv 10 SO'0>d ¢+ QU3 I8 QOUIIJIP JUBOYIUSIS Y}) JUSIHIP A[[EO1ISIIBIS AIB 10)9] JWES dY)

YIIM SUWN[0d Ul suedw <(d[dures je1 udayds oy "o'1) S)9IP dwes Iy} Paj Sjel Yord Wwoly udafds Jo uoneurquiod Aq Jururejqo sajdwes ur pauruLdIdp

IST

¥91 L6'C 06y  §°SC 9'0C STl TTTo 'y €91 14%4 6ST  vCL 908¢ ey €'l 8ISO ¢ 9
¢Sl cl'e T'Le T8 0°€g 8€E€0  S80°0 yeT €600 891 91 T6L S6IS SLv 09T SISO 'S
Se€r LTI €05  v8F €L g06€'0 v001°0 L8'1 8’1 99¢°0 S91 T6L OSI¥ 19% 99T «TISO b
IS6 ¥€C 60¢ €91 Lel v90€0 9900  CI'T +96€0  «£€S°0 9LT O¥L 6187 9ty 99°1 ILF0 <€
€el 66T Ivr  €¥C 0°LT 0v8'0 6910 9c Tl €Ll 0€l 689 L88E 6'IF CI'lT 0TS0 9
SS9 LTI 07T¢ €50 Cle 80%'0  ¥80°0 19°C  +90°0 €0'C vl 699 09¢r 00y 60°T  96+°0 S
o6 II'l 96C L8 V60 a881°0 v.TO0 CI'T TS8°0 LSTO SEI 689 Pyee €Sy LOT  6LV0 14
TSl 99T §eT 't 001 veE9'0 €500  «¥8T 60L0  8¢8°0 €el 189 68Ty 0’1y II'T  06v'0 <€
0 0 0 0 0 6200 S000 L600 €¥0°0 ¥0°0 891 789 TIOF 61F SST 98Y°0 T
0 0 0 0 0 1€0°0 9000 LLOO L€OO £€0°0 061 699 698¢ 6’1y SI'T w90 !
3/31 ‘ewserd .
Ul SIQWOSI D ATeIdIp JO JUJU0d 3/3w ‘udords ur s1owost ) AIe)Ip JO JUIU0D 3/31 ‘uogyds ur juoyuoo MQMMMH dnoin

19

29

2110

11762

cra0n

19

29

21/10

11762

cro0n

) SN

°d

uz oS

S191p [ejudwLIdxo

P9 ,Stex Jo onssyy uodds pue ewse[d poo[q Ul SUOHENUIOUOD JOWOSI YT)) “,onssy usa[ds ur s[oas] ) pue S 9 ‘Uz ‘oS ‘ssewr uao[dg ‘4 o[qe],



(10°0>d gv 10 S0"0>d g+ B 9OUISYIIP JUBROYIUSIS 9Y3) JUAIJIIP A[[BO1SIIR)S QI8 19})9] SWES I} YILM SUUIN[OD U SUBIW |

CLA ISOMERS AND SE, FA PROFILE IN RATS’ BLOOD

S+

LV'T LIEO0 8SY ¥6'1 €81 8SS0  STIT €69 §01T ¥S6'0 YLy 6vc S8l €Ty 18T €9 9
6v'0 €110 <¢o’'1 T1IT°0 €91 ISI'0  6S€ 89°C €6'1  9€T0  €TE  «S8'1 e or'c 8810 9'9¢ g

OT'T 88CT0 LI'L S89 6610 TOF0 OLT 968 YTe  «¥88°0  9'6¢E 6'1¢ 80T 8Y'1 (430! €1y 'y

0T 8IT'0  9¢€C T96'0 LI6O0 60€0 9LT vI8E 609 6110 68C 191 ['01 69C LI'T VLE e

00C 0S€0 LS9 €6CT 8¥T 8TLO TST 596 LS8 96£0  9°6€ €6l 9¢l L9t 86T €8y 9
€Cr'0 L800 86T €II'0  L9T 0STO SE€EL0 ¥L'C e TCT0  L'YT 89L°0 96l  LS'L S9'1 6'8¢ S
7$9°0 961°0 06'€ <CLE 6CI'0 vITO €€50 96+  60°€ 810 TTE €6C 9T 6760 oF'1 14%3 14
SL9°0 8010 TI'C ¥880 ¥I80 I1€C0  6CTT vEl'E 6'S 0 0¢C Vel €L8 0s'c 8L 783 €
¢00°0 1000 9000 SO00 <000 <CO0O0 L9T'0O TIOO 6CI'0 6200 LYSO  ¥EE0 0810 I81'0 CTEI'0 9880 T
020'0 1000 TSO'0 8¢0'0 CTIOO SO00 90€0 8L00 €L1'0 6100 9060 0650 6¥C0 LST'O S900 9T 1

3/3w “ueay u1 sy pere3n[uod Jo UorenUIOUOD 3/3w ‘searoued ur sy pe1e3n[uod Jo UONeIUIOUOD
V1D SIOWOST V1D sowost  dnoin
SIWOSE YD AIRSIP JO USW0d  Am®pip VD VD SIOWOS! VD AIeIoIp JO JUQIUOD fEpp VIO VIO
79 20 oy 62 1201} -UON joumng 79 29 1o 162 1201} -UON Jo umng

480

(S191p TejuRtuLIadxa paj syer Jo sanssi eay pue searoued ur (VD) SpIoe A1jej ' TD-uou pejeSn[uod Joypo pue SIWOS! 1)) JO SUOHENUIdUO0d oY, G 9[qe],



481

SIQWIOST SUD.4‘SUD.4) PUR S10°SI0 - 39 PUB 20 ] uoneoynuenb mo[aq s1e sjel 'z pue [00U00 JO UIBIQ UL SJUSIU0D JOWOSE V) ;
(10°0>dgv 10 SO"0>dqw ¥& 9OUSIIP JUBIYIUSIS OU)) JUSIALIP AJ[EO1ISIE)S OIB 10130] WILS A [JIM SUWN[OD Ul SUBIUI,

8 SI SSI I8 8% 18 0 68T €0°C 60S0 I¥'8  «ZI'v  THE  J0SLO P8O L1l 9
9¢ «Cl 8ECT €6 pzI 9¢ 0 THE  oST90 6E1°0 €€V 89€0 WLE  WHEFO  LOT €SS S
1y 0 T8¢ 9¢T g ¢g Vo 9L 886'0 ¥IZTO0 069  ¥99 0STO  ¥IE0  ¥9P '8 'y
¢¢ 8 8L SL g9 s 8LL  got SET ¥IE0 SOS 65T L6T  0SPO €690 91'L e

ALn. 09 91 ¥ST  VYIL oz1 26 0 €Ty 79T 9850  ¥II 0T9 O0€Y  «6T1  HET 8°GI 9

H ¢¢ 0 8T SIT /11 09 0 %3 90T 6270 669 €670 9€9 6190 0TLO +68°8 S

= ze ¢ 081 Ovl  ge € €El 197 0T1 9670 1T8  TSL 0LEO0 T8E0  8TT 101 %

¥ oc 6 LI V9 ey €S 0 81T €T1 €870 SE€¥ v 65T  ¥SH0  0SLO €9 €

AVm 0 0 0 0 0 0 0 0 €E1°0 SPO'0 0€S0  0SE0 LSI'0  IEI'0  STTO 8€8°0 T

N 0 0 0 0 0 0 0 0 9700 0100 LIT'0O S900 8%00 LIOO €SO0 0L1°0 I

m 3/31 ‘ureiq ur syq pore3nfuod jo UONBIUIOUOD 3/3w ‘sAoupny ur sy porednfuod Jo uUONBIUIOUOD

m SISWOSI v1D SISWOST V10 dnoxp

N V1D \Cmuo.—ﬁ Jo 1udu0d \Cﬁoﬂv viD V1D sIawost 1D %.—ﬁo% Jo 1uu0d %Hmuwﬁu vAD SISWOST

m 1909 o0 [[169 T[90]} -UON Jo wing 19 29 oI IDEd  ZI0I) -UON V71D Jo wng

M [S1I91p [eJudILIAXD PAJ SJRI JO SANSST) UTRIq Pue ASupny ul (VD) SPIoe Ane} yID-uou pajesn[uod 19yj0 pue SISWOSI D) JO SUONBIUIUOD Y], 9 BT,



482 CLA ISOMERS AND SE, FA PROFILE IN RATS’ BLOOD

(Czauderna et al., 2005a) and femoral muscles of rats (Czauderna et al., 2004b) in
comparison with the control animals. Surprisingly, Se supplementation to the diet
enriched with a higher level of the CLA isomer mixture usually most efficiently
decreased the concentration of all assayed elements in blood and the liver tissue
(Czauderna et al., 2005a) in comparison with the control and other experimental
groups. This result suggests that in rats, during simultaneous supplementation
of 2% CLA isomer mixture and Se, major changes occurred in the metabolism
of the administered nutrient. This influence on metabolism is consistent with the
significant decrease in total feed intake as well as with the tendency to decrease
the body weight gain of rats fed diets enriched with the 2% CLA isomer mixture
and Se.

Influence of experimental diets on the fatty acid composition of rat organ tissues

In agreement with our previous studies (Czauderna et al., 2004a,b; Korniluk
et al., 2006), massive changes of the concentration of fatty acids in the examined
tissues of rat organs and blood plasma were observed. As can be seen from the
results summarized in Table 1, all supplemented diets showed a tendency or
statistically significant increase in the concentration of the sum of all assayed FAs
in plasma. As could be expected, feeding the diet enriched in t/0c/2CLA and Se
resulted in a higher increase of FAs in plasma; at the same time, these findings
are in accordance with other studies (Czauderna et al., 2004a,b; Korniluk et al.,
2006). Similarly, the diet containing ¢/0c/2CLA and Se significantly increased
the concentration of total FAs in femoral muscles in rats (Czauderna et al.,
2004b) as well as the weight of the liver, pancreas, spleen and heart (Czauderna
et al., 2003), and, consequently, these supplements in the rat diets resulted in
the highest body weight gain. The increased weight of these organs is probably
due to stimulation of lipoprotein or protein synthesis in the examined rats (West
et al., 1998; Czauderna et al., 2004a,b). It seems reasonable to assume that the
interaction between Se and ¢/0cI2CLA or its metabolites resulted in the most
efficient elevation of rat body weight accretion, consequently, most effectively
decreased energy expenditure.

CLA isomer accumulation in blood plasma and examined organs

As could be expected, feeding the diets containing the CLA isomer(s)
significantly stimulated the accumulation of all CLA isomers and other non-
CLA conjugated FAs (CFA) in blood plasma and tissues of spleen, pancreas
heart, kidneys and brain (i.e. dietary origin and due to endogenous synthesis)
(Tables 2-6). This stimulating effect of the CLA isomer(s) is usually stronger in
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the plasma, spleen and pancreas of rats fed the diets containing both the CLA
isomer(s) and Se. Detailed analyses of our Ag-HPLC chromatograms revealed
that the accumulation of CLA isomers in rat plasma and organs depended on the
geometrical form of the administered isomer. Our results clearly demonstrate
that the accumulation of #/0c/2CLA and c9¢//CLA in all examined rat organs
and plasma was selective. This is in good agreement with our previous studies
(Czauderna et al., 2004a,b; Korniluk et al., 2006), in which ¢/0cI2CLA and
t10t12CLA concentrations also tended to be lower than those of ¢9¢// and
t9t11 isomers in the liver and femoral muscles of rats in comparison with the
composition of the CLA isomer mixture supplemented to the diet (i.e. the
c9t11CLA:t10c12CLA concentration ratio in the dietary CLA isomer mixture:
1.0242). In our current study, c9¢/ICLA was preferentially accumulated in
plasma, pancreas, heart, kidneys and brain tissues of rats fed the diet enriched in
1 or 2% of the CLA isomer mixture, regardless of the presence of Se. Thus, we
can suggest that in these rat organ tissues, ¢/0c/2CLA and ¢/0t12CLA may be
more efficiently metabolized by the cells than their 9,11 isomers. Interestingly,
in spleen tissue, the abundance of ¢/0c/2CLA was higher in comparison with
the concentration of c9¢//CLA, regardless of whether Se was supplemented
or not. Possible explanations may be that #/0c/2CLA is preferentially
accumulated in spleen cells or that ¢9¢//CLA is more rapidly metabolized to long-
chain conjugated FAs (CFA), e.g., cis6,cis9,cis11C18:3, cis6,trans10,cis12C18:3,
cis8,cisll,trans13C20:3, cis8, transl2, cis14C20:3, cis5,cis8,cisll, trans13C20:4
and cis35,cis8, trans12,cis14C20:4. Similarly, in all other examined organ tissues
and plasma of rats fed the diet containing the CLA isomer(s) with/without
Se, the lowest accumulation of CFA was found in brain tissue. Moreover, the
accumulation of all CLA isomers in brain tissue was significantly lower as
compared with the accumulation of all CLA isomers in plasma and other organ
tissues of rats fed the diet enriched in the CLA isomers. Additionally, with regard
to other fatty acids assayed in the brain, changes in the concentration of fatty acids
in brain tissue of rats fed the experimental diets were smaller than the changes in
other rat organ tissues and blood plasma. Interestingly, in all examined organs and
plasma of rats fed the diet enriched in the CLA isomers (regardless of the presence
of Se) the presence of CLA isomers possessing different positional and/or
geometrical chemical formulas (i.e. non-dietary CLA isomers), as compared with
the geometrical and positional chemical formula of dietary CLA isomers, was
found. This is consistent with our previous results in rats (Czauderna et al., 2004a)
showing that the supplementing CLA isomers also resulted in accumulation of
non-dietary CLA isomers in the liver tissue.

Detailed analysis of the Ag™-chromatograms and data summarized in Tables
4-6 (groups 3 and 6) revealed that the percentage of dietary #,tCLA isomers in
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pancreas, kidney, brain and liver tissues (Czauderna et al., 2004a) is smaller
(~10%) in comparison with their respective percentages in the dietary CLA
isomer mixture (i.e. the administered CLA isomer mixture containing 15.2%
t,tCLA isomers). This effect was also observed in the organ tissues of rats fed
the diets enriched in both Se and the 1-2% CLA isomer mixture (groups 3, and
6...)- Thus, our current experiment demonstrated that dietary £,CLA isomers are
preferentially metabolized in the cells of these organ tissues in comparison with
other the dietary isomers (i.e. ¢,c; c9¢11 and ¢10ci12CLA isomers). Considering
the above results, it may be hypothesized that #,#CLA isomers are catabolized
more slowly and are poor substrates for B-oxidation. This is consistent with the
results obtained by Yang et al. (2002) showing that ¢,#CLA isomers are favourably
incorporated into membrane phospholipids due to their geometrical configuration.
In contrast, only in spleen tissue and blood plasma of rats fed the diet containing
the CLA isomer mixture, regardless of the presence of Se, was the percentage
of #tCLA isomers similar to the percentage of the #/0c/2CLA isomer in the
supplemented CLA isomer mixture. This effect could be related to more efficient
metabolism of ¢97//CLA in spleen tissue in comparison with the capacity of
t10c12 metabolism and that of other geometrical and positional CLA isomers.

Influence of experimental diets on the non-conjugated fatty acid constituent in rat
tissues

The relationship between the experimental diets and the concentrations of other
fatty acids are summarized in Tables 1-8. The plasma PUFA levels reflect the fact
that all of the diets supplemented with CLA isomer(s) usually showed a tendency
towards or significantly stimulated the accumulation of polyunsaturated fatty
acids in pancreas, heart and kidney tissues of rats (Tables 2, 7 and 8). Interestingly,
addition of Se to the diets containing CLA isomer(s) generally resulted in a higher
increase of PUFA in plasma and pancreas tissue than when only CLA isomer(s)
were supplemented. At the same time, the SFA/PUFA ratio was usually lower in
the plasma, spleen, pancreas, heart, kidney and brain tissues of rats fed the diets
enriched in the CLA isomer(s) in comparison with the control group. This is in
good agreement with our previous study (Czauderna et al., 2004b) in rats showing
that supplementing CLA isomer(s) to the diet, with or without Se, resulted in an
increased PUFA concentration, as well as in a higher (MUFA+PUFA)/SFA ratio
in femoral muscles of rats. Consequently, these changes in the concentration
of MUFA and PUFA and the SFA/PUFA ratio generally lead to improvements
in the nutritional quality of meat of monogastric farm animals in terms of
human health. Surprisingly, only in brain tissue did the addition of Se to CLA-
supplemented diets always increase the SFA/PUFA ratio, moreover, the value
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Table 7. The concentrations of conjugated fatty acids (CFA), PUFA, MUFA, LA and selected saturated
fatty acids (SFA) in pancreas and heart tissues of rats fed diets with (is.)/without (s) Se'

Item Pancreas, mg/g Heart, mg/g

Group | 3 4 5 6 1 3 4 5 6
CFA,, 217 152 188 2381 1.71 170 3.59 1.25
Interaction® 0.06*BP NS NS NS NS 0.314B¢P NS * x * * NS
CFA 2! 1.784 1.49% 1.65¢ 2.98° 1.294 538 0.73¢ 1.51°
e CLA 0.16* 269 148 210 423 0.01*5" 031 040 0.15 0.56
interaction BCD NS NS NS NS NS NS NS NS
s CLA 2474 938 1.57¢ 3.67° 0.234 0.21B 0.25¢ 0.73°
LA+Sc 21.0 268 247 19.8 552 847 6.13 742
interaction 18.2 NS NS NS NS 596" NS NS NS NS
LA} 207 18.7 207 175 7.11 624 7.03 105*
A9-index, 0.77 0.80 0.78 0.76 040 0.68 036 0.46
interaction 83ABC NS NS NS NS 0.43 NS NS NS NS
A9-index } 0.76* 0.82 0.74% 0.72¢ 042 056 043 046
PUFA 91 191 100 116 159 201 192 221
interaction 54aabe NS NS NS NS 150t * NS NS NS
PUFA } 832 854 78° 93¢ 18.1 200 16.5 3324
MUFA 250 28.5 305 24.1 375 741 501 328
interaction 25.8 NS NS NS NS 543 NS NS NS *x
MUFA _° 219 222 202 16.8 423 563 352 1725
Cl12:0-16:0,, 213 28.0 242 195 493 526 621 4.52
interaction 22.6 NS * * NS NS 5.50 NS NS * * NS
ClZi)Cl6i)_s‘:3 212 219 209 208 581 480 428 6.95
C14:0-C18:0_, 259 330 294 240 9.01 7.78 124 1737
interaction 26.8 NS * NS NS 10.2 NS ** NS NS
C140C180 } 259 258 255 255 991 8.03 749 11.9
SFA ., 263 335 299 244 9.15 7.89 125 741
interaction 27.2 NS * ok NS NS 10.3 NS NS * * NS
SFA , 262 262 259 258 10.0 8.14 7.57 12.0
SFAMUFA, 124 128 113 1.05 2.64 149 326 233
interaction 1.11° NS NS NS NS 2.66 NS NS NS NS
SEAMUFA 146 124 144 1.76° 2,58 193 232 1.80
SFAPUFA, 0.31 030 031 022 0.60 031 0.74 0.33
interaction 0.524B¢ NS NS NS NS 0.712 NS NS * ok NS
SEAPUFA  } 0.34* 0328 0.35¢ 0.320 0.59 051 046 0.37°
IFAs 117 225 130 140 23.8 21.5 323 295
interaction 81 NS NS NS NS 254 NS NS * ok NS
XFAs } 109*  111* 104 1192 243 282 196 373

!abbreviation for FA(s) and other items see Tables 1, 2 and 3
Zinteraction: the CLA isomer(s) x Se (ANOVA analyses)
?the content of FA(s) in group 3, 4, 5 and 6, respectively; i.e. rats fed diets without Se ()
“means in rows with the same letter are statistically different
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Table 8. The concentrations of conjugated fatty acids (CFA), PUFA, MUFA, LA and selected saturated
fatty acids (SFA) in kidneys and brain tissues of rats fed diets with (is.)/without (isc) Se'

V Kidneys, mg/g Brain, mg/g

roup 1 3 4 5 6 1 3 4 5 6
CFA,, 0.69 464 2.07 0.87 0.018 0.011 0 0
interaction>  0.05 NS NS ok NS 0° - - - -
CFA ** 0.75 2.28 0.72 234 0 0.013* 0 0
oll\chLA+Sc 0.450 0.314 0434 0.750 0*5® 0.054 0.083 0.056 0.081
interaction 0.0174B¢0 NS NS NS *% NS NS NS NS
e CLA G, 0.45% 0.38%  0.62¢ 1.29° 0.0534  0.053% 0060 0.092°
LA, 739 5.16 6.15 6.43 0.50 0.68 0.56 048
interaction 6.87 NS NS NS NS 046 NS NS NS NS
LA, 7.20 6.92 723 634 048 054  0.69 0.57
A9-index 0.682 0.752 0.647 0.650 0.622 0.634 0.625 0.620
interaction 0.785 NS NS NS NS 0.619* NS NS NS NS
A9-index 0.692 0.716 0.782 0.697 0.565 0.640* 0.576 0.602
PUFA 28.1 29.8 246 31.5 345 378 339  35.0
interaction 24948 NS NS NS NS 352 NS NS NS NS
PUFA 253 344~ 282 35.6° 362 40.6 320 354
MUFA+Se 8.76 9.44 728 7.74 12.4 13.7 12.1 12.1
interaction 12.7*4 NS NS NS NS 121 NS NS NS NS
MUFA 7.74 11.8 7.090 7.62° 13.6 13.9 12.8 11.8
Cl12:0-C16:0,, 6.24 546 519 7.29 859 877 7.69 8.53
interaction 6.98 NS NS NS NS 9.100 ** NS *k NS
C12:0-C16:0 596 7.55 555 6.98 114~ 10.7 10.1 9.50
C14:0-C18:0_, 893 7.72 6.84 10.0 14.7 15.1 13.5 14.6
interaction  9.42 NS NS NS NS 1560 ** NS ok NS
C14:0-C18:0 8.36 10.7 7.02 932 20.00  17.5 18.1 16.2
SFA 9.06 7.89 6.96 10.2 14.9 15.3 13.7 14.8
interaction 9.56 NS NS NS NS 158" NS NS ** **
SFA»Se 8.47 10.8 7.15 946 203 17.7 18.3 16.4
SFA/MUFA 1.06 0.86 0.97 1.38 1.20 1.11 1.13 1.22
interaction ~ 0.75®%4 NS NS NS NS 131 ** NS ok NS
SFA/MUFA 1.15 094 1.04> 1.254 1.49 1.28 1.44 1.40
SFA/PUFA 033 0.27 0.28 0.39 0.43 040 040 042
interaction  0.38" NS NS NS NS 045 ** NS ok NS
SFA/PUFA 0.34 033 0.26° 0.27° 0.57 044 0.64* 046
IFAs 37.2 37.7 31.6  41.7 49 53 48 50
interaction 34 .4 NS NS NS NS 512 NS NS NS NS
ZFAs g, 33.8 4520 354 451 57 58 50 52

! abbreviation for FA(s) and other items see Tables 1-3 and 7
2 interaction: the CLA isomer(s) x Se (ANOVA analyses)
3 means in rows with the same letter are statistically different
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of this ratio were greater, in contrast to their value in brain tissue of control rats
and rats fed the diets containing only the CLA isomer(s).

As can be seen from the results in Tables 2, 3, 7 and 8, all of the diets with
the CLA isomer(s) usually decreased the concentration of SFA in plasma, spleen,
pancreas, heart and kidney tissues. On the other hand, no consistent influence
on the SFA concentration was found in the brain tissue of rats fed the diets
enriched in the CLA isomer(s), regardless of the presence of Se. Among quality
parameters, two groups of saturated FAs are very important for the nutritional
evaluation of animal fat: C12:0, C14:0, C16:0 (atherogenic) and C14:0, C16:0,
C18:0 (thrombogenic), which are believed to be linked to coronary heart disease
(CHD). In the present study, the concentrations of these two groups of fatty acids
in plasma, spleen, pancreas, kidneys and brain tissues are summarized in Tables
2, 3,7 and 8. These results clearly indicate that the dietary CLA isomer(s) usually
decreased the concentration of both groups of SFA in plasma, pancreas, heart
and kidney tissues. The importance of this data is due especially to the evidence
for the physiological effects of CLA isomer(s), such as their antiatherogenic and
antithrombotic action. The addition of Se to the diet containing the CLA isomer(s)
slightly changed the accumulation of these fatty acids in comparison with
supplementing the CLA isomer(s) alone. Surprisingly, the accumulation of these
groups of fatty acids increased in the brain tissue of rats fed the diet with CLA
isomer(s), but when both the CLA isomer(s) and Se were added, the concentration
of both groups of SFA decreased in comparison with the control rats.

The diets enriched in the CLA isomer(s) usually showed a tendency or
significantly decreased the concentration of MUFA as well as the capacity of
A9-desaturase (i.e. A9-index) in plasma, spleen, pancreas and kidney tissues,
while they did not result in any noticeable decrease in heart and brain tissues.
The ¢t10c12CLA isomer inhibits the activity and gene expression of A9-desaturase
(Madron et al., 2002; Czauderna et al., 2004), thereby reducing endogenous
synthesis of c9¢7CLA and c9¢t/ICLA, as well as c¢9 monounsaturated fatty
acids. Therefore, it seems necessary to assess the capacity of A9-desaturation
using the A9 index (Tables 2, 3, 7 and 8). The current results are consistent with
our previous studies (Czauderna et al., 2004a,b) showing that CLA isomer(s),
t10c12CLA in particular, are responsible for the decrease in the concentration of
monounsaturated fatty acids (especially c9C18:0 and ¢9C16:1) in the bodies of
examined animals due to decreasing the A9 desaturation of such FAs as C16:0
and C18:0 (Wahle et al., 2004). The addition of Se to the diet enriched in the CLA
isomer(s) usually resulted in a decrease in the value of the A9-index and of the
MUFA concentration, however, the simultaneous presence of Se and the CLA
isomer(s) exerted a less consistent influence on the capacity of A9 desaturation
and MUFA concentration compared with the effect of the diet with only the
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CLA isomer(s). Supplementation with #/0cI2CLA lowered the expression of the
gene for this desaturase (Madron et al., 2002), thereby decreasing endogenous
synthesis of c9¢1/CLA, e.g. in the mammary gland. Moreover, the ¢/0cl2, but
not the ¢9¢11 isomer of CLA apparently also inhibited A6 and A5 desaturation of
other unsaturated fatty acids like linoleic (LA) and a-linolenic acids (Wahle et al.,
2004). Consequently, the concentrations of LA in plasma, spleen, heart, kidneys
and brain tissues are higher in rats fed diets enriched with #/0c/2CLA or a CLA
isomer mixture due to the lower yield of more unsaturated metabolites of LA.

CONCLUSIONS

The results point to the possibility that the physiological effects that CLA
isoforms exert on rats are isomer-dependent. The c9¢/] isomer of C18:2 was
preferentially accumulated in rat bodies, while the levels of #/0c12CLA tended to
be lower due to more efficient metabolism of 10,12 isoforms of CLA than of their
9,11 isomers. All diets containing CLA isomer(s), regardless of the presence of
Se, resulted in a significant increase in the CLA isomer levels in the bodies of rats.
Feeding Se and ¢/0c12CLA considerably increased body weight gain, and spleen,
heart, pancreas and liver weights, without any change in food intake. Moreover,
these additives increased the accumulation of PUFA as well as CLA isomer(s)
and their metabolites (CFA) in muscle, heart, pancreas tissues and in plasma.
Therefore, we argue that diets enriched in these additives are able to improve feed
conversion efficiency and the nutritive value of food for human and animal health.
The changes in the plasma and organ tissue concentrations of FAs associated with
atherogenicity and thrombogenicity in rats fed diets with CLA isomer(s) point to
the beneficial nutritional value of meat from monogastric animals.
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