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Dietary L-carnitine supplementation increases antigen-specific
immunoglobulin G production in broiler chickens
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The usefulness of supplementary dietancarnitine as an immunomodulator to increase
antigen-specific antibody levels was analysed in 2—6-week-old broilers. The chickens received
commercial feeds either unsupplemented (starter fe®img carnitine/kg, finisher diet 22mg
carnitine/kg) or supplemented withicarnitine (100 mg carnitine/kg added to feed). At 14d of
age, both groups were distributed in equal numbers and sex ratios over two environmentally
controlled chambers where temperature€’Y28s either reduced immediately to°26r gradually

to 22 at 36 d of age. Antigen-specific immunoglobulin (Ig)M, 1gG, IgA and total Ig responses
were measured following two immunizations with bovine serum albumin (BSA). The typical
BSA-specific IgM responses followed by IgG responses to the primary immunization were
boosted by the secondary immunization. The kinetics of these responses were not altered by
L-carnitine treatment. However, BSA-specific total Ig and 1gG, but not IgM, responses were
significantly increased by dietamy-carnitine supplementation, after both the primary and the
secondary immunization. No significant influence of the sex of the chicks or the imposed
environmental temperature on Ig responses was found. Temperature treatment and sex, but not
L-carnitine supplementation, did significantly influence body-weight gain: cockerels were
heavier than females and this became most evident in the second half of the rearing period.
Further, lowering the temperature increased body weight. In conclusion, dietaynitine
supplementation appeared to be beneficial in enhancing specific humoral responses on
vaccination.

L-Carnitine: Broiler chickens: Antibody response

L-Carnitine (-OH-(y-N-trimethylamino)-butyrate) is a clearly affected when lysine and methionine supply was
water-soluble quaternary amine. It is synthesized endogen-marginal than when these amino acids were supplied to
ously from the essential amino acids lysine and methionine requirements. Barker & Sell (1994) observed, however, no
(Bieber, 1988). In normal physiological and nutritive condi- influence of dietary -carnitine supplementation on perfor-
tions,L-carnitine requirements are, however, largely covered mance and carcass composition of broilers and young
by dietary sources. turkeys fed on low- or high-fat diets.

The major metabolic role of-carnitine appears to be In addition to its role in the oxidation of fatty acids,
the transport of long-chain fatty acids into the mitochondria L-carnitine has been found to exhibit immunomodulatory
for B-oxidation (Coulter, 1995). Thus, dietarycarnitine effects.In vitro, L-carnitine supplementation increased the
supplementation could improve fatty acid and energy utili- proliferative responses of both murine and human lympho-
zation and therefore gain and feed efficiency, especially in cytes following mitogenic stimulation (Cavazza, 1983).
young animals where synthesis is insufficient to meet Further, the defective proliferative capability of peripheral
endogenous requirements (Grogipal. 1994).1-Carnitine blood lymphocytes of elderly people and patients with
supplementation increased body-weight gain, reduced car-acquired immune deficiency syndrome was considerably
cass fat and improved feed conversion in weaning pigs improved byL-carnitine treatment (De Simoret al. 1982,
(Weederet al. 1991) and broiler chickens (Von Lettnetral. 1993, 1994; Francesclat al. 1990). Furthermore, there
1992; Rabieet al. 1997,b). Schumacheet al. (1993) and are indications thatL-carnitine increases polymorpho-
Groppet al. (1994) demonstrated in piglets and baby quail nuclear chemotaxis (De Simoie¢ al. 1982). On activation
that weight gain and feed conversion efficiency were more of human mononuclear phagocytes, more than 50% of

Abbreviations: BSA, bovine serum albumin; DPI, days post-immunization; Ig, immunoglobulin.
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acetylcarnitine is transformed into-carnitine, indicating Table 1. Composition and proximate analysis of the basal starter and

that acetylcarnitine plays an important metabolic role when finisher diets (g/kg)
mononuclear phagocytes initiate an immune response . edients Starter diet Finisher diet
(Kurth et al. 1994).
Addition of L-carnitine to cultured mouse hybridoma Wmeat _ 3502 3843
cells stimulates growth and antibody production (Typlt \F(e ow maize 1500 1000
. g . . rench peas 1500 1200
et a_I. 1991, Bgrchlcheet al. 1994). Higher levels of anti- Soyabean meal (500 g/kg) 1250 3410
bodies specific to influenza and pneumococcal vaccines Soyabeans 1000 1000
were produced in.-carnitine-supplemented mice than in  Sunflower meal (280 g/kg) 50
control mice fed on an unsupplemented diet (Shug & Cilcake meal 200 550
Gravenstein, 1996) Rapeseed meal 260
' ' . Animal meal 650 1050
In the present study, the use of supplementary dietary Fish meal 100 100
L-carnitine as an immunomodulator to increase antigen- Destruction fat 120 180
specific antibody levels of broiler chickens was explored. Fatty acids 100
Limestone 2[4
DL-Methionine 23 13
. Lysine 21 (o]wf
Materials and methods Choline (0]1:] 0B
. . . Common salt 13
Chickens, management and experimental design Vitamin and mineral premix 40 40+
Sexed 1-d-old broiler chicks@40) from a commercial line aiheat enzyme preparation 410 B
(Ross 208) were obtained from a local hatchery (Avibel,  sepiolite 200
Halle-Zoersel, Belgium). The chicks were housed by sex in  Total 10000 10000
twenty-eight litter pens (1 mO0[B m; thirty chicks per pen)  caiculated composition
arranged in an environmentally controlled room. Wood  Crude protein 22212 21412
shavings were used as litter and the lighting schedule Crude fibre 290 315
provided 23h light/d. Half the chicks of each sex were  Crudefat 5812 813
. g . Starch +sugars 4284 40807
assigned randomly to seven pens receiving the starter diet | e 118 102
(control; Table 1) and the other halt-€arnitine) to pens Methionine +cystine 8@ 78
receiving the chick starter diet supplemented with 100mg  Tryptophan 22 20
L-carnitine (Lonza, Basel, Switzerland)/kg. Thearnitine (T:fr‘l“*l_(;]”'”e 1% 615%
concentration in the unsupplemented starter dief8(fig/ oune .
e h Essential fatty acids 199 243
kg) was calculated based ancarnitine contents in feed- K 71
stuffs given by Baumgartner & Blum (1997). The level of ca 90 75
supplemental-carnitine was based on the level used by P (total) 70 600
Rabieet al. (1997a) that improved body-weight gain and (P:I(a"a"ab'e) g% ‘z‘g
decreased abdominal fat in broiler chickens. Treatments , 15 1o
were randomized in the room. Temperature was initially  Metabolizable energy (MJ/kg) 120 1207
set at 36 and was gradually reduced to“28t 14 d of age. L-Carnitine (mg/kg) 178 2209
Water and feed were providedt! libitum during the entire Moisture 1170 1100
experiment. . *Provided (mg/kg diet): a-tocopherol 30, menadione 1[5, thiamin 1[5, riboflavin
At 14 d of age, the four groups (male, 100 mgarnltlne/ 4, pantothenic acid 10, niacin 30, biotin 007, cyanocobalamin 0[02, pyridoxine

. A it 2, pteroylmonoglutamic acid 1, Fe 90, Cu 22, Zn 50, Mn 80, Co 02, | 08, Se
kg; male, no supplementation; female, 100 mgarnitine/ 022, retinol 378, cholecalcifero 0062

kg; female, no supplementation) were distributed in equal + provided (mg/kg diet): a-tocopherol 30, menadione 2, thiamin 2, riboflavin 4,
numbers over two identical environmentally controlled pantothenic acid 10, njacin_ 30, biotin 005, cyanocobalamin 012, pyridoxine
rooms. In one room, temperature was reduced gradually 5P'eroymonoguiamcacs , fe 50, Cu 22 2n 50, Mn 80, Co02, 10154, Se

until 22 was reached at 36d of age. In the other room,

ambient temperature was kept constant atfaim day 14

until the end of the experiment. This low-temperature regi- programme), sex (male or female) amecarnitine (no
men was included to increase metabolic stress, which mightsupplementation or 100 mg/kg) as main factors and seven
increaseL-carnitine requirements. Within each temperature replications (pens) per treatment. Sex and dietary treatments
programme, the chickens that received the control starter dietwere randomized within each room.

were now supplied with a commercial finisher diet (Table 1). At 15d of age, one chicken per pen was randomly

The chickens that previously received the&arnitine-sup-  assigned and immunized subcutaneously in the neck with
plemented starter diet now received a finisher diet supple- 1 mg bovine serum albumin (BSA) in an emulsion of PBS
mented with 100 mgL-carnitine/kg. The calculated.- (2 mg/ml) and Freund’s complete adjuvant (50: 50, v/v). A

carnitine concentration in the unsupplemented finisher diet subcutaneous booster immunization with 1 mg BSA in an
was 229 mg/kg. Each pen (1 m0B8 m) was provided witha  emulsion of PBS (2 mg/ml) and Freund’s incomplete adju-
0B m feeder and two drinking nipples and contained fifteen vant (50: 50, v/v) was given 21d later, at 36 d of age. Serum
chickens initially. samples were collected from individually identified and
This experimental design resulted in &factorial design  weighed animals before the primary immunization, at 8,
with environmental temperature (normal or low temperature 10, 13 and 21 d post-immunization (DPI), and 2 and 4 d after
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the booster immunization. The other chickens were used toTable 2. Comparison of covariance structures using the Schwarz

study the effect of-carnitine on endocrine and performance Bayesian goodness-of-fit criterion* (SBC)

\_/arlables (J Buyse, G Jansens and E Decuypere, unpub- SBC for dependent variable
lished results).
Covariance structure IgM [e[€] lg Weight
Quantification of bovine serum albumin-specific humoral Simple 68 -130 -227 -2347
Compound symmetry 66 -74 =174 -2298
responses

P Unstructured 153 -50 -157 -2072
BSA-specific immunoglobulin  (Ig)M, IgG and IgA  Autoregressive(l) 66 -79  -189 -2249
responses were measured by isotype-specific ELISA asAutoregressive(l)+residualerror 64 -73  -176 -2249
described by Maset al. (1997). In addition, BSA-specific 1 0cPhZ /4 i 1el m2sad
y - - , p Banded Toeplitz 65 -95 —201 -2288

total lg was measured similarly using, however, a peroxidase-

labelled sheep polyclonal antibody against chicken Ig (Sigma !9, immunoglobulin. o
*Schwarz Bayesian goodness-of-fit criterion: the larger the value, the better the

Chemical Co., St Louis, MO, USA). covariance Structure.

Statistical analysis

The eff ¢ d . | . h (Table 2). Therefore, unstructured covariance was used to
e effects of sex and-carnitine supplementation on the  ictimate treatment effects.

responses before immunization were analysed by ANOVA ~"1ho sey of the chicks and the imposed environmental
using the general linear models procedure of the SAS o nerature did not significantly influence IgM, 1gG and
system (Version 6, 1986; Statistical Analysis Systems iy | responses. Likewise, interactions between sex,
Institute Inc., Cary, NC, USA). Significance of d|fferer_1ces temperature].-carnitine supplementation and DPI did not
between the means of these responses was determined bgignificantly influence IgM, 1gG and total Ig responses.

Tukey’s Studentized range test. . Therefore, the data were pooled for further analysis and
This experiment is a typical repeated measures EXPeri-yrasentation of the-carnitine effect.

ment, consisting of chickens randomly assigned to the ™ ¢ qqq treatments, the effect of DPI on BSA-specific total
treatment groups, and with the weight and B.SA-specmc Ig, 1gG and IgM responses was highly significam<(
antibody responses measured on each animal over a)pgg1). As expected, the highest BSA-specific IgM
seq;elnce r?f dtl:ne points d(DdPtI)). Eherefore, the ”&'Xed responses were recorded 8d after the primary immunization
model methodology, provided by the MIXED procedure (rjg 1) Afterwards, these IgM responses rapidly decreased

(PROC MIXED) of the SAS system (releaselBl, 1996, 5 then increased again 4 d after the booster immunization.

Statistical Analysis Systems Institute Inc.) was used to pga_ ific total I (Fig. 2 d 1aG (Fia. 3
analyse these repeated measures data as described by Littelﬁ specific total g (Fig. 2) and 1gG (Fig. 3) responses

et al.(1998). Using PROC MIXED, the covariance structure
of the weights and responses following immunization was
modelled and the best fitting structure was selected based on
the Schwartz Bayesian goodness-of-fit criterion. Given this
covariance structure, fixed effects were tested and meansg
with their standard errors were calculated and compared §
using the LSMEANS and ESTIMATE statements of PROC
MIXED respectively.

0.6

immunization

Primary
immunization

Secondary

-
-

041

Results

To assess the influence of dietarycarnitine supple-
mentation on the humoral immune responses of broiler
chickens, the total Ig, IgM, 1gG and IgA responses against
the thymus-dependent antigen BSA were evaluated.

As a control, BSA-specific IgM, 1gG and total Ig levels
were measured before immunization. The recorded absor- ¢
bances for IgG (mean®19,sE 0[003), total Ig (mean@15,

SE 0[003) and IgM (mean 053, se 0005) were relatively
low and were not significantly influenced by the sex or the
L-carnitine treatment of the chicks. 0oL — L I I ! s I

Variance at individual times and correlation between 0 8 10 B2 2 4
responses at different times post-immunization on the Time (d post immunization)
same animal were modelled in PROC MIXED by the
indicated covariance structures. Of all structures examined, Fi9- 1}] BOVi”}? Eféilfg: "z'ﬁlté'l’(”é: éBrSez*g\SliFr’]ecziggmLi“gggi‘;‘;'é”('\ﬁ)('g';’z
the ungtructured Coyanance’ which ”.‘akes no assum.ptlOné(r:?)iefolsceh?ciens (O), following two immgunizatioyns with BSA. Values
regarding equal variances or correlations, gave the highestyre means for twenty-eight chickens, with their standard errors
Schwartz Bayesian criterion values for total Ig, IgG and IgM  represented by vertical bars.

specific IgM response (absorb

BSA
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Fig. 2. Bovine serum albumin (BSA)-specific total immunoglobulin
(Ig) responses of broiler chickens receiving dietary L-carnitine (®) and Fig. 3. Bovine serum albumin (BSA)-specific immunoglobulin G (IgG)
control chickens (O), following two immunizations with BSA. Values responses of broiler chickens receiving dietary L-carnitine (@) and
are means for twenty-eight chickens, with their standard errors control chickens (O), following two immunizations with BSA. Values
represented by vertical bars. Mean values for L-carnitine-fed are means for twenty-eight chickens, with their standard errors
chickens were significantly different from those for the controls: represented by vertical bars. Mean value for L-carnitine-fed chickens
*P<0[05, *P<0[01. was significantly different from that for controls: *P < 0[05.

showed similar kinetics but remained high until 10d after the Jansens and E Decuypere, unpublished results). In this
primary immunization. experiment, feed uptake and conversion, as body-weight

Across DPI, dietanyL-carnitine supplementation signifi-  gain, remained unaltered ly-carnitine supplementation.
cantly increased BSA-specific total 1§ £002; Fig. 2) and Further, no increased mortality or clinical signs of disease
IgG (P=003; Fig. 3), but not IgM P=0[70; Fig. 1) levels. were observed.

Mean BSA-specific IgM responses were numerically, but not
significantly, higher at 8 and 10 DPI in-carnitine-treated Discussion
birds, but were equal or lower afterwards.

The interactions between DPI amecarnitine treatment  Dietary L-carnitine supplementation was shown to exert an
were not significant and comparison of means between DPlimmunomodulatory effect on antigen-specific total g and
further confirmed that the kinetics of IgM, 1gG and total I|g 19G responses. This finding is consistent with the observa-
responses were not influencedbyarnitine supplementation.  tions of Shug & Gravenstein (1996) who claimed that the
No serum BSA-specific IgA could be detected. use ofL-carnitine or its precursors stimulates an improved

When the covariance structure of the individual weights antigenic response in mice, and corroborates the results of
of the chickens was modelled using PROC MIXED, the Typlt et al. (1991) and Berchichet al. (1994) who found
unstructured covariance gave the highest Schwartz Bayesiarihat L-carnitine stimulates antibody production by murine
criterion value (Table 2) and was thus used to estimate fixed hybridoma cells.
effects. In contrast to antigen-specific 1g, the body weight Because of the absence of BSA-specific IgA responses,
was not influenced by-carnitine supplementation. Only the low IgM levels in serum in comparison with 1gG
sex, the interaction sexage and temperature treatment (Benedict & Berestecky, 1987) and the identical kinetics
significantly influenced the body weight of the chickens of BSA-specific total Ig and IgG (Fig. 2 and Fig. 3), it can
(Fig. 4). The body weight of male broilers was higher than be assumed that the observed effectafarnitine supple-
that of female broilers (sex effed?<0002) and this mentation on BSA-specific total Ig largely reflects the
difference became apparent from the second half of theinfluence of L-carnitine supplementation on IgG. The
rearing period resulting in a significant interaction between increased BSA-specific IgG responses were not transient
sex and ageR =< 0[001). Lowering the environmental tem-  but continued from 8d after the primary immunization until
perature increased body weigl? € 003). These findings  at least 4d after the booster immunization (final day of
were corroborated by the results of the parallel experiment analysis). This, and the observation thatarnitine supple-
focusing on zootechnical and endocrine variables where mentation had little or no effect on BSA-specific IgM
fourteen times more chickens were examined (J Buyse, Gresponses, might indicate thiadcarnitine supplementation
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2000 ~ The mechanism(s) accounting for the positive effect of £
S L-carnitine on antibody production is currently not clear. %’
1800 - Restoration of the cellular-carnitine content might have &
1600 - enhanced the lipid met_abolism and imprgvgd the cellular g
energy balance. De Simorgt al. (1994) indicated that S
1400 - L-carnitine decreases the concentrations of cytokines, most §
— notably tumour necrosis facterin man. In the rat models 2
2 1200 - of cachexia and septic shoakgcarnitine treatment lowered 2
S levels of interleukin-B, interleukin-6 and tumour necrosis S
g 1000 factorwo (Winteret al. 1995). These cytokines play a pivotal 3
§ 800 - role in general energy homeostasis, but also in the modula- <
@ tion of antibody responses. Finally, Di Marzéb al. (1997) §
600 - have recently shown thatcarnitine down-regulates acidic g
sphingomyelinase activity. This enzyme converts sphingo- 2
400 1~ myelin into ceramide, an intracellular messenger molecule 2
inducing apoptosis. In the acquired immune deficiency ¢
200 . > . Z
syndrome model, nutritional-carnitine supplementation v
0 r w r ! ! ! ' has been shown to reduce ceramide production and apop- &
15028 25 S0 Se e al tosis (Famularo & De Simone, 1995; Cifore al. 1997;
Age (d) Moretti et al. 1998). Plausiblyp-carnitine also prevented
apoptotic cell death of B and T lymphocytes during the
Fig. 4. Change in body weight with age in male (O, A) and female immune responses of broiler chickens, which resulted in
(®, A) broiler chickens kept at a low environmental temperature (O, higher antibody titres.

®) or at a normal environmental temperature (A, A). Values are ; ; ; ; ; ;
means for fourteen chickens, with their standard errors represented HIStonca"y’ nutrient requirements of domestic animals

by vertical bars. have been established using growth, feed efficiency and
reproduction as criteria (Cook, 1996). Our findings suggest
thatimmune response should be considered when establishing
does not, as most adjuvants, enhance the onset of immunenutritional guidelines, especially with respectit@arnitine.
responses but specifically interferes in 1IgG production by Indeed, our findings indicate that dietarcarnitine supple-
plasma cells or in the isotype-switching towards 1gG. mentation may increase antigen-specific IgG responses,

The compensation of an-carnitine deficiency at the  while growth performance was not improved in this and
level of the involved immunocompetent cells by dietary similar experiments (Barker & Sell, 1994). A long-lasting
L-carnitine supplementation may explain the observed increased IgG response as a result of dietagarnitine
increase of the specific IgG responses of the broiler supplementation may be of major practical importance in
chickens. Indeed, during the period of vaccination and the enhancement of protective immunity on vaccination.
the subsequent humoral response, i.e. from 2 to 6 weeks ofMoreover, because of the positive linear correlation
age, the growth rate of the investigated broilers was maxi- between the amount of specific IgG in the serum and in
mal (results not shown). This high metabolic rate suggests athe eggs of laying hens (Bollen & Hau, 1997), an
concomitant high need far-carnitine. The high metabolic  carnitine-mediated increase of serum IgG results in an
requirements combined with an endogenausarnitine increased transfer of 1gG to the eggs. Thuscarnitine
synthesis that has not yet reached its full capacity in supplementation may improve maternal immunity or the
young animals (Gropgt al. 1994; Janssens & De Wilde, vyield of commercially extractable antibodies in the egg.
1994) may lead ta-carnitine deficiency.

Schumacheet al. (1993) and Groppet al.(1994) demon-
strated in piglets and baby quail thatarnitine effects are
more evident when lysine and methionineysteine supply  The authors wish to thank Klaas Vos and Ingrid Geerts for
is marginal than when these amino acids are supplied totheir technical assistance and Lonza (Basel, Switzerland) for
requirements. In the present experiment, calculated levels ofkindly providingL-carnitine.
theseL-carnitine precursors and of methyldonors such as
choline and folic acid were, however, adequate in the
experimental diets according to the nutrient requirements
for poultry outlined by the National Research Council (1994). Barker DL & Sell JL (1994) Dietary carnitine did not influence
Moreover, the unchanged body-weight gain and food con- performance and carcass compositi(_)n of broiler (_:hickens and
version efficiency argue against a marginal deficiency of one  young turkeys fed low- or high-fat diet®oultry Science73,
of these t-carnitine sparing’ nutrients. Therefore, our 281-287. . o :
findings, and the findings of De Simoret al. (1994) that Baumgartner M & Blum R (1997) Typical-carnitine contents in

" . : : feedstuffs. In.-Carnitine in Animal Nutrition Basle: Lonza Ltd.
L-carnitine depletion could b_e founq In pe“Phe“’!' blood Benedict AA & Berestecky JM (1987) Special features of avian
mononuclear cells from patients with acquired immune

- ) " immunoglobulins. InAvian Immunology: Basis and Practice
deficiency syndrome, although their serursarnitine levels vol. I, pp. 113—125 [A Toivanen and P Toivanen, editors]. Boca
were normal, rather indicate thiaicarnitine deficiency may Raton, FL: CRC Press.

be more explicit at the lymphocyte level than in other tissues. Berchiche L, Legrand C, Capiaumont J, Belleville F & Nabet P
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