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Effects of dietary essential amino acid deficiencies on immunological
variables in broiler chickens
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Two experiments were conducted to determine the effects of essential amino acid deficiencies on
several immunological variables in male broiler chickens. Essential amino acids were classified
into five groups as follows: S-containing amino acids (SAA; methiomiagsteine), aromatic

amino acids (AAA; phenylalaninetyrosine), branched-chain amino acids (BCAA; isoleugine
leucine+valine), arginine plus lysine (ArglLys), and other essential amino acids (OEAA;
glycine+ serinet histidine+threoninettryptophan). Chickens were feal libitum from 10 to

24 d of age on a control diet or amino-acid-deficient diets formulated to contain each amino acid
group at 50% and 16 % (Expt 1) at 50 % (Expt 2) of the recommended requirements (National
Research Council, 1984). Effects of feed consumption on immune responses were also
considered by setting pair-feeding (Expt 1) or restricted-feeding (Expt 2) groups fed on the
control diet. In Expt 1, changes in lymphoid organ weights varied with the type and degree of
deficiency of amino acid groups, with BCAA deficiency markedly decreasing weights. The
haemagglutinin titres against sheep erythrocytes did not change in any amino-acid-deficient
chickens except that the titres were lower in chickens fed on the 50 %- and 16 %-BCAA diets as
compared with their pair-fed counterparts. In Expt 2, the splenocyte proliferative response to
concanavalin A was higher in the chickens fed on the BCAA- and+Args-deficient diets and

lower in chickens fed on the SAA- and AAA-deficient diets than the control chickens,
independent of feed consumption. These results suggest that the effects of specific amino acid
deficiencies on immune responses cannot be generalized, and that BCAA have the greatest
potential to modulate immune responses among the amino acids in chickens.
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Amino acid deficiency: Immune responses: Broiler chickens

It has been shown in mammals that nutritional deficiency or deficiency or excess of dietary protein (Gliek al. 1981,
excess of protein or specific essential amino acids causesl983; Payneet al. 1990) or amino acids (Bhargaw al.
changes in several immune responses, e.g. antibody titre and 970, 1971; Tsiagbeet al 1987,b) alters immune
number of plague-forming cells against selected antigensresponses. A few investigations have been made on the
(Gershoff et al. 1968; Kenneyet al. 1970; Bounous & effects of several essential amino acids on immune
Kongshavn, 1978; Lotaet al. 1980), lymphocyte prolif- responses, yet the effects of all essential amino acids have
erative response to mitogens (Barlatlal. 1980; Petro & not been studied in either chickens or mammals. Chickens
Bhattacharjee, 1981; Nausst al. 1982), delayed-type have different metabolic properties and requirements
hypersensitivity response (Bounous & Kongshavn, 1978) for amino acids compared with mammals. For example,
and allograft rejection (Lotart al. 1980). Jose & Good chickens are characterized by poor ability to synthesize
(1973) observed that leucine deficiency (50 % and 25 % of a arginine and glycine, and consequently require both amino
standard level) depressed cytotoxic cell-mediated immunity, acids from the diet. Therefore, the changes of immune
whereas deficiencies of arginine, lysine or histidine affected, responses induced by dietary amino acids in mammals
to a small extent, cytotoxic cell-mediated immunity, serum may not always be applicable to chickens.
blocking activity, and haemagglutinin titre in tumour-bearing ~ The present study was conducted to determine whether
mice. These results suggested that each amino acid haspecific amino acid deficiencies affect lymphoid organ
specific effects on immune responses. weights, antibody production to sheep erythrocytes (SRBC)
In chickens as well as mammals, it has been shown thatand splenocyte proliferative responses to concanavalin A

Abbreviations: AAA, aromatic amino acids; BCAA, branched-chain amino acids; Con A, concanavalin A; IgG, immunoglobulin G; OEAA, other essential
amino acids; SAA, sulfur-containing amino acids; SRBC, sheep erythrocytes.
* Corresponding author: Dr Kazuaki Takahashi, fax81 22 717 8691, email taka@bios.tohoku.ac.jp


https://doi.org/10.1017/S0007114500000556

450 S. Konashet al.
(Con A), and to clarify which amino acids have the most Table 1. Composition of control diet (g/kg)
potential to modulate the immune responses in broiler :
chickens. To avoid the possible influence of the interactions "gredients
. . . Amino acid mixture* 1016
among amino acids on immune responses (Aschkenasy, |.ctamic acid 1953
1979), essential amino acids were tentatively classified from Maize (83 g crude protein/kg) 2000
the metabolic viewpoint into five groups, i.e. S-containing  Soyabean oil 463
amino acids (SAA; methioninecysteine), aromatic amino ggl‘ﬁl’g;’e 3393
aC|qu (AAA; phenylala_nln_eWros_me), branchepl-_chaln vitamin mixturet 120
amino acids (BCAA; leucine isoleuciner valine), arginine Mineral mixturet 663
Iysm'e (Arg+_Lys), _ar!d_other esse.nt|al amino acids (QEAA; Calculated composition
glycine+ serine+ histidine+threoninet tryptophan). Diet- Crude protein 2300
ary levels of the selected amino acids in each group were Metabolizable energy (MJ/kg) 1339
reduced at a constant ratio. Because feed consumption may Arginine 1414
affect immune responses (Klasing, 1988; Umezawal. Glycine +serine 150
o Histidine 3B
1990), the effects of decreased feed consumption involved |oeucine 80
in amino acid deficiency were also considered. Leucine 133
Lysine 1200
Methionine +cysteine 94
Materials and methods Phenylalanine +tyrosine 134
Threonine 80
Animals and diets Tryptophan 23
. . . . Valine 82
Unvaccinated 1-d-old male broiler chickens (Ross) obtained calcium 110
from a local hatchery were used in all experiments. They Phosphorus (available) 606

were housed m, eIeCtnca”y _heated battery broode.rs and fec1*The amino acid mixture provided (g/kg diet): L-arginine 13[8, glycine 609, L-

on a commercial starter diet (2209 crude protein/kg and serine 67, L-histidine 30, L-isoleucine 7@, L-leucine 117, L-lysine-HCI 1418,

1255 MJ metabolizable energy/kgﬁ libitumfor 7d. When bL-methionine 409, L-cysteine 400, L-phenylalanine 614, L-tyrosine 506, L-

they were 7d old, chickens were individually weighed, ;&heaaker oral (tary b ame

assigned to dietary groups so that mean body weights weret see Scott et al. (1982).

as uniform as possible, and reared in stainless-steel wire cages

with two birds per cage in a temperature- (2292hd light-

(24 h/d) controlled room. There followed a 3d adaptation gt 509% or 16 % of the level in the control diet. The

period where chickens were provided with mixtures (2:1, remaining groups were provided with the control diet in an

1:1 and 1:2 w/w) of ground commercial starter diet and a amount equal to that consumed by chickens fed on the diets

control diet (Table 1). Water was provided libitum containing selected amino acids at the 50 % and 16 % levels
The control diet (Table 1) was formulated to contain all jn Expts 1B—1E, or at the 16 % level in Expt 1A. Each of the

essential amino acids at recommended levels (Nationaltreatment pens was given an amount of feed equa| to the

Research Council, 1984). Amino-acid-deficient diets were average of that eaten by tlael libitum controls. Chickens

formulated to contain the selected essential amino acids (i.e.under pair-feeding conditions were provided the diet three

SAA, AAA, BCAA, Arg +Lys, or OEAA) at 50% or 16%  times per day in the ratio of 1:1: 2 (by wt) at 09.00, 15.00,

of the amount in the control diet with all remaining essential and 21.00 hours, respectively.

amino acids as in the control diet. Glutamic acid, glucose, | ymphoid organ weights and haemagglutinin titresAt

and soyabean oil were adjusted so that all experimental dietsj7d of age, eight chickens from each treatment were

were isonitrogenous (2309 crude protein/kg) and isoener- selected as having body weights close to the group mean,

getic (1339 MJ metabolizable energy/kg). and injected intravenously with@®ml of a suspension of

SRBC in Q01M-PBS pH 72 (5:100, v/v). Immunizations

Expt 1 were done after feeding. At 7 d after the challenge, chickens

were killed following blood sampling. Thymus, spleen, and

The effects of deficiencies of SAA, AAA, BCAA, ArgLys bursa of Fabricius were removed from five immunized

and OEAA on performance, lymphoid organ weights chickens per group and weighed. Lymphoid organ weights

(thymus, spleen and bursa of Fabricius) and antibody were expressed in mg/100g body weight. Plasma was

production against SRBC were investigated in five experi- collected by centrifugation at 5@dfor 10 min and heat-

ments (i.e. Expts 1A—1E) in turn. inactivated at 56 for 30 min. The plasma samples were
Experimental design In Expt 1A, forty-eight chickens  stored at-20° until analysis.

were divided into four treatment groups with six replications  Antibody titres to SRBC were determined by the method

of two birds per cage. In Expts 1B—1D, sixty chickens were of Isakov et al. (1982) with slight modifications. Briefly,

assigned to five treatment groups with six replications of two-fold serial dilutions of the tested plasma @5each)

two birds per cage. In Expt 1E, forty chickens were assigned were made with PBS containing 2 g bovine serum albumin/I,

to five treatment groups with four replications of two birds using ninety-six-well plates. The wells of plates for determi-

per cage. In Expts 1A-1E, three out of the four or five nation of immunoglobulin G (IgG) titres were supplemented

groups were fechd libitum on either the control diet or  with 25ul PBS containing @ M-2-mercaptoethanol, and

amino-acid-deficient diets containing selected amino acids those for determination of total haemagglutinin titres were
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supplemented with 2l PBS alone. At 1 h after incubationat  group and amino-acid-deficient groups or within the control
37, 50l of a suspension of SRBC in PBS containing the group and pair-fed groups or feed-restricted groups in each
bovine serum albumin (5: 1000, v/v) was added to each well. experiment. The analysis for feed consumption was done
Thereafter, the plates were incubated &tf872 h and placed  based on cage replications, and for the analysis for other
at £ overnight. The haemagglutinin titres were expressed asmeasurements, individual chickens were considered as
the log, of highest dilution showing visible agglutination. units. In Expt 1, when differences were significaft<(
0[05), means of treatment groups were separated by Dun-
Expt 2 can’s multiple range test. To analyse the difference between
each amino-acid-deficient group and its pair-fed counter-
The effects of deficiencies of dietary essential amino acids part, means were compared using Studdrtgst. In Expt 2,
on splenocyte proliferative responses to Con A, a T-cell when differences were significanP € 0[05), means of
mitogen, were determined. treatment groups were separated by Duncan’s multiple
Experimental design Fifty-four chickens were assigned range test).
to nine treatment groups with three replications of two birds
per cage. Six groups were fedl libitumon the control diet
or diets containing test amino acids at the 50% level. To Results and discussion
assess the effect of feed consumption, three groups were fed
on the control diet in an amount equal to 80, 60 or 40 % of
that consumed by chickens fed on the control daet Tables 2 and 3 show body-weight gain and feed consump-
libitum. Chickens in restricted-fed groups were provided the tion in Expts 1 and 2 respectively. Body-weight gain was
diet three times per day as described in Expt 1. significantly lower in chickens fed on amino-acid-deficient
Splenocyte proliferative responsesAt the end of the diets than that in chickens fed on the control didtlibitum
experimental period, four chickens with body weights close (control chickens). In Expt 1, the body-weight gains of
to the group mean were selected from each group and killed.chickens fed on the diets 50% deficient in SAA, AAA,
Spleens were removed aseptically and placed in 5ml RPMI BCAA, Arg + Lys, and OEAA were 60, 397, 2786, 3717,
1640 medium containing 2ymL-glutamine, 48 mi-NaHCG;, and 282 (pooledsem 2[2)% of their ad libitum controls
100 U/ml penicillin, 10Qug/ml streptomycin, and 25m respectively. At the 16 % of control level in Expt 1, body-
HEPES. Blood was collected, allowed to clot at room tem- weight gains of SAA-, AAA-, BCAA-, ArgtLys-, and
peraturefor2—3 h,andthen centrifuged at§6& 10 min. The OEAA-deficient chickens were[@, —42, —20, 17, and
sera from the four selected chickens in each group were—41 (pooledsem 0B) % of theirad libitum controls respec-
pooled, heat-inactivated at5®r 30 min, and sterile filtered.  tively. The body-weight gains expressed as a percentage of
Splenocytes were obtained by forcing the spleens throughcontrol, of chickens fed on SAA-deficient diets were sig-
a 100-mesh stainless-steel screen, and then passed througtificantly greater than those of birds fed on other amino-acid-
sterile nylon mesh, to remove debris. Cell suspensions weredeficient diets, whereas the gains of chickens fed on BCAA-
layered over Ficoll-Isopaque solution (Wako Pure Chemi- or OEAA-deficient diets were lower than others although the
cals Co. Ltd, Osaka, Japan)£d070), and centrifuged at  differences were not always significant. Similar observations
500g for 30 min. The mononuclear cell layer was collected were found in Expt 2 (Table 3). The results of the present
and washed three times with the medium. Erythrocytes were study were similar to the observations of Okumura & Mori
removed by resuspending cell pellets in 83g /AHIn (1979) who noted that body-weight gain was reduced most
1000 ml @17Mm-Tris buffer (pH 785). The washed spleen severely by isoleucine deficiency and moderately by SAA
mononuclear cells were re-suspended in the RPMI 1640 deficiency in White Leghorn male chicks fed on diets 50 %
medium. Preliminary experiments established the optimal deficient in a single essential amino acid.
cell densities, Con A concentration, serum concentration
and incubation times for maximal proliferation of chick
mononuclear cells. Cultures (200 of 2 x10° cells were
cultured in ninety-six-well plates with or without the addi- Table 4 shows relative weights of thymus, spleen and bursa
tion of Con A (128 ug/ml medium) for 48h, in five  of Fabricius of chickens in Expt 1. When the amino acid
replications, in a C@-air (5:95, v/v) humidified atmo- level in the diets was 50% of the control, only BCAA
sphere at 37 These cultures all contained autologous chick deficiency significantly depressed relative weights of
serum (50ml/l). During the last 8h of the incubation, thymus and bursa as compared with both the control
37kBq [H]thymidine (specific activity, 185GBg/mmol) group and the pair-fed counterparts. No amino acid defi-
was added to each well. After the incubation, cells were ciency at 50% of the control level affected the relative
harvested onto glass-fibre mats and incorporation of the spleen weight. The organ weights in chickens fed on diets
[*H]thymidine, represented as disintegrations per minute with only 16 % of the recommended level of amino acids
(d.p.m.), was determined by liquid scintillation counting. were generally lower than those fed on the control diet or
Results were expressed as the stimulation index (d.p.m.diets with 50 % of the recommended level. Of groups fed
stimulated/d.p.m. unstimulated). with 16 % of the control level, the relative weights of
thymus or bursa were significantly lower in chickens fed on
SAA-, AAA-, BCAA-, and OEAA-deficient diets and rela-
tive spleen weight was lower in chickens fed on SAA- and
Data were subjected to one-way ANOVA within the control BCAA-deficient diets than those in the control chickens.

Performance

Lymphoid organ weights

Statistical analysis
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Table 2. Expt 1. The performance of broiler chickens fed on various amino-acid-deficient diets from 10 to 24 d of age
(Mean values with their standard errors for four to twelve observations)

Amino acid level (% recommended levelt) and feeding condition

100 % 100 % 100 %
ad libitum 50 % pair-fed 16 % pair-fed
(control) ad libitum to 50 % diet ad libitum to 16 % diet
Deficient

Experiment amino acid Mean SE Mean SE Mean SE Mean SE Mean SE
Feed consumption (9)*

1A SAA 818?% 22 632° 50 ND 296° 27 -

1B AAA 7712 39 465° 20 - 195°¢ 10 -

1Cc BCAA 7728 24 417° 9 - 205° 8 -

1D Arg+Lys 7952 46 530° 18 - 242° 16 -

1E OEAA 750 32 391° 16 - 184° 13 -
Body-weight gain (9)§

1A SAA 510% 18 335° 50 ND 20 x* 10 1207 10

1B AAA 474% 26 1880xx 9 231Y 9 =20 3 357 5

1Cc BCAA 470% 21 1305%% 9 1807 8 —Q Orix 4 307 4

1D Arg+Lys 523% 29 197 Pwex 11 3077 11 Q Gk 7 77* 5

1E OEAA 477% 28 135Pxx 9 201Y 12 =22 5 57¢ 6

SAA, S-containing amino acids (methionine +cysteine); AAA, aromatic amino acids (phenylalanine +tyrosine); BCAA, branched-chain amino acids (leucine +
isoleucine +valine); OEAA, other essential amino acids (glycine +serine + histidine +threonine +tryptophan); ND, not determined.

ab¢Mean values for control and amino-acid-deficient groups within a row not sharing a common superscript letter were significantly different: P< 0[05.

*¥ZMean values for control and pair-fed groups within a row not sharing a common superscript letter were significantly different: P < 0D5.

Mean values were significantly different from those for the pair-fed counterparts: *** P < 0[001.

tNational Research Council (1984).

+ Mean values for six (Expts 1A—1D) or four (Expt 1E) observations.

§ Mean values for twelve (Expts 1A—-1D) or eight (Expt 1E) observations.

The present results suggest that weights of lymphoid chickens. Supporting our results is the observation by
organs are modified by either the type of essential amino Aschkenasy (1975) that deficiencies of isoleucine and
acids or the degree of deficiency, and that weights of thymus valine inhibited leucopoiesis, with involution of lymphoid
and bursa are more susceptible to dietary amino acidorgans, especially the thymus, and a dramatic drop in the
deficiencies than weight of spleen. Our findings also blood lymphocyte numbers in rats. It is, therefore, possible
showed that feeding the BCAA-deficient diet caused the that the relative requirement of BCAA for development of
most severe decrease in both thymus and bursa weights inymphoid organs is greater than that of other amino acids in

Table 3. Expt 2. The performance of broiler chickens fed ad libitum on various amino-acid-deficient diets or fed
on the control diet under restricted-feeding conditions from 10 to 24 d of age*

(Mean values with their standard errors for three (feed consumption) or six (body-weight gain) observations)

Feed Body-weight
consumption gain
(@) (@
Diet Feeding condition Mean SE Mean SE
Treatments 1: amino acid deficiencies
Control ad libitum 755% 23 485% 56
SAA-deficient ad libitum 703? 67 352° 55
AAA-deficient ad libitum 339° 13 120° 8
BCAA-deficient ad libitum 342°¢ 29 106° 17
Arg + Lys-deficient ad libitum 462° 36 187° 22
OEAA-deficient ad libitum 376" 18 124° 12
Treatments 2: feed restriction
Control ad libitum 755 23 485% 56
Control 80% of ad libitum (593) 329° 23
Control 60 % of ad libitum (439) 223°¢ 17
Control 40% of ad libitum (266) 104¢ 19

SAA, S-containing amino acids (methionine +cysteine); AAA, aromatic amino acids (phenylalanine +tyrosine); BCAA,
branched-chain amino acids (leucine +isoleucine +valine); OEAA, other essential amino acids (glycine +serine + histidine +
threonine +tryptophan).

abed \Mean values within a column not sharing a common superscript letter were significantly different: P < 0[05.

* Amino-acid-deficient diets were formulated to contain the selected amino acids at 50 % of the recommended level (National
Research Council, 1984).
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Table 4. Expt 1. Relative weights of thymus, spleen and bursa of Fabricius of broiler chickens fed on various amino-acid-deficient diets from 10 to
24d of age

(Mean values with their standard errors for five observations)

Amino acid level (% recommended levelt) and feeding condition

100 % 100 % 100 %
ad libitum 50 % pair-fed 16% pair-fed
(control) ad libitum to 50 % diet ad libitum to 16 % diet
Deficient
Experiment amino acid Mean SE Mean SE Mean SE Mean SE Mean SE
Thymus (mg/kg body wt)
1A SAA 2702 9 2572 33 ND 1355 18 236 39
1B AAA 2882 37 2792 13 239 44 116° 8 186 25
1C BCAA 298 17 182 20 279% 20 160° 18 169Y 12
1D Arg +Lys 254 33 221* 11 276 18 165** 24 282 24
1E OEAA 232% 29 2422 27 311" 23 152° 8 185Y 14
Spleen (mg/kg body wt)
1A SAA 1002 9 912 7 ND 65° 5 91 13
1B AAA 112 11 101 7 106 11 79 8 94 17
1C BCAA 85° 5 802 4 74 6 60° 5 83 10
1D Arg+Lys 99 15 145 22 97 6 130 6 105 8
1E OEAA 132 18 117 8 145 15 115 11 115 7
Bursa of Fabricius (mg/kg body wt)
1A SAA 2242 12 251% 30 ND 152° 17 219 27
1B AAA 2402 16 247% 33 261 12 154° 14 206 39
1C BCAA 2442 20 173> 21 280 36 133° 23 187 22
1D Arg+Lys 187" 11 2353 11 242" 22 250? 22 273 28
1E OEAA 245 36 277 41 264 25 167* 19 255 22

SAA, S-containing amino acids (methionine +cysteine); AAA, aromatic amino acids (phenylalanine +tyrosine); BCAA, branched-chain amino acids (leucine +
isoleucine +valine); OEAA, other essential amino acids (glycine +serine + histidine +threonine +tryptophan); ND, not determined.

3P Mean values for control and amino-acid-deficient groups within a row not sharing a common superscript letter were significantly different: P < 0[05.

*¥ Mean values for control and pair-fed groups within a row not sharing a common superscript letter were significantly different: P < 0[05.

Mean values were significantly different from those for the pair-fed counterparts: * P < 0[05, ** P < 0[01.

T National Research Council (1984).

chickens. The pair-feeding of the control diet (i.e. restriction lowered antibody production to SRBC in broiler chickens.
of feed consumption) did not always reduce relative lym- On the other hand, Takahagdti al. (1993, 1994) reported
phoid organ weights, substantiating the consideration thatthat marginal excesses or deficiencies of dietary methionine
lymphoid organs may respond to amino acid deficiencies, or threonine did not affect primary antibody production
per se unrelated to feed consumption. against SRBC oBrucella abortusin broiler chickens. In
mammals, Gershofét al. (1968) reported that deficiencies
of phenylalanine and tryptophan depressed antibody pro-
duction against SRBC in rats, whereas Bounous & Kong-
Table 5 shows total haemagglutinin titre and 2-mercapto- shavn (1978) observed that deficiency of phenylalafine
ethanol-resistant antibody (IgG) titre against SRBC of tyrosine enhanced antibody production against SRBC in rats.
chickens in Expt 1. Total haemagglutinin titres against Jose & Good (1973) found in mice that a 50 % deficiency of a
SRBC of chickens fed on each amino-acid-deficient diet single amino acid did not affect the haemagglutinin titre
were not different from that of chickens fed on the control determined by the polyvinylpyrrolidone method. Thus, the
diet ad libitum However, as compared with those in their effects of amino acid deficiency on antibody production are
pair-fed counterparts, the total haemagglutinin titres against still controversial. At any rate, dietary amino acid deficiency
SRBC tended to be lower in chickens fed on the 50 %- and even at 16 % of the control level had little effect on the
16 %-BCAA diets P =0[054 andP < 005 respectively) and  primary antibody titre against SRBC under the present
tended to be highelP(=0[063) in chickens fed on the 50%- experimental conditions in chickens.
OEAA diet. These results indicate that one or some of the The IgG titres against SRBC, estimated by 2-mercapto-
BCAA and OEAA may have potential to change antibody ethanol-resistant antibody titre, were generally higher in
production. chickens fed on the amino-acid-deficient diets than those in
It has been shown that moderate or severe deficiency ofthe control groups, although significant differences were
specific essential amino acids causes changes in antibodyfound in chickens fed on the SAA- and AAA-deficient diets
production in chickens and mammals. Bhargastaal. (Table 5). The IgG titre increased gradually with a decrease
(1970, 1971) observed that deficiencies of valine and in consumption of the control diet and the titres in the
threonine reduced antibody production against Newcastle amino-acid-deficient group were not different from those
disease virus in chickens. Tsiagke al. (1987,b) found found in their pair-fed counterparts. Therefore, changes in
that a low level of SAA (77 % of the recommended level) feed consumption may have been mainly responsible for the

Haemagglutinin titres
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Table 5. Expt 1. Total and 2-mercaptoethanol-resistant (immunoglobulin G; IgG) antibody titres against sheep erythrocytes in broiler chickens fed
on various amino-acid-deficient diets from 10 to 24 d of age

(Mean values with their standard e

rrors for eight observations)

Amino acid level (% recommended levelt) and feeding condition

100 % 100 % 100 %
ad libitum 50 % pair-fed 16 % pair-fed
(control) ad libitum to 50 % diet ad libitum to 16 % diet
Deficient
Experiment amino acid Mean SE Mean SE Mean SE Mean SE Mean SE
Total antibody titre (log,)
1A SAA 56 66 50 0B ND 43 0B 50 04
1B AAA 609 oz 70 0B 74 04 5[6* 0B 64 (0]1<)
1C BCAA 66 0B 603 (0]1) 709 0B 60 08 74 04
1D Arg+Lys 509 04 509 o4 64 0B 66 03 58 0B
1E OEAA 609 oz 86 (0]} 705 (0]5) 70 0B 80 0B
1gG titre (logy)

SAA o™ o3 13 oz® ND 252 oz 219* o3
1B AAA oB"™ 0@ 1B 0@® 200" o3 2[2 oz 2B* oz
1C BCAA 107 (0]1-) 16 0B 20" (0]1) 109 02 28 03
1D Arg+Lys 10 0B 14 o4 16 08 20 03 20 04
1E OEAA 15 (0]1-) 205 o]:3 2[4 04 26 0 23 05

SAA, S-containing amino acids (methionine +cysteine); AAA, aromatic amino acids (phenylalanine +tyrosine); BCAA, branched-chain amino acids (leucine +
isoleucine +valine); OEAA, other essential amino acids (glycine +serine + histidine +threonine +tryptophan); ND, not determined.
3bMean values for control and amino-acid-deficient groups within a row not sharing a common superscript letter were significantly different: P < 0[05.

*¥Mean values for control and pair-fed groups within a row not sharing a common su

perscript letter were significantly different: P < 0[05.

Mean values were significantly different from those for the pair-fed counterparts: * P < 0[05.

T National Research Council (1984).

increase of IgG titre in amino-acid-deficient groups in the
present study.

Splenocyte proliferative response

Fig. 1 shows the splenocyte proliferative responses to Con
A, an index of cell-mediated immunity vitro, in chickens

fed on amino-acid-deficient diets in Expt 2. The splenocyte
proliferative responses in chickens fed on the BCAA- and
Arg +Lys-deficient diets were significantly higher than
those in chickens fecd libitum on the control diet. In
contrast, the responses in chickens fed on SAA- and AAA-
deficient diets were significantly lower than those fed
ad libitum on the control diet. No significant difference in
the proliferative response was observed betwahibitum
controls and chickens fed on the OEAA-deficient diet. As
shown in Fig. 1, the proliferative responses decreased
slightly with a decrease in consumption of the control
diet, suggesting that the feed consumption may also affect
the proliferative response. Furthermore, splenocyte prolif-
erative responses to Con A in the amino-acid-deficient
groups differed from those in chickens fed on the control
diet at any level (40—100 % @fd libitumfeeding), suggest-
ing that each amino acid probably has a specific effect on the
splenocyte proliferative response to Con A, independent of
feed consumption.

The stimulation of splenocyte proliferation by feeding
BCAA- and Arg+ Lys-deficient diets in the present study is
similar to observations in mice by Petro & Bhattacharjee
(1981) who showed that feeding isoleucine- and lysine-
deficient diets significantly increased splenocyte prolifera-
tive responses to phytohaemagglutinin, a T-cell mitogen.
Nausset al (1982) reported that marginal methionine—
choline deficiency reduced thymic, splenic and mesenteric

100
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Fig. 1. The splenocyte proliferative response to concanavalin A
(expressed as the stimulation index, see p. 451) of broiler chickens
fed ad libitum on a control diet or diets deficient (50 % of the value
recommended by National Research Council, 1984) in S-containing
amino acids (SAA), aromatic amino acids (AAA), branched-chain amino
acids (BCAA), arginine +lysine (Arg+Lys) or other essential amino
acids (OEAA) (all ®) from 10 to 24 d of age, or given the control diet in
amounts equal to 80, 60 or 40 % of that consumed by chickens under
ad libitum conditions (all O). Values are means for four chickens with
their standard errors represented by vertical bars. **°Mean values
for control and amino-acid-deficient groups bearing different letters
were significantly different (P < 005). *¥* Mean values for control and
feed-restricted groups not sharing a common letter were significantly
different (P < 0[05).
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lymphocyte proliferative responses to phytohaemagglutinin loss or by altering the interconversion of leucine and
and Con A in young rats. Tsiaglet al. (1987a,b) observed ketoisocaproate (Nissen & Haymond, 1981). Kuhlretal.

a decrease in delayed-type sensitivity response to phyto-(1988) indicated that feeding leucine may adversely affect
haemagglutinin, an index of cell-mediated immune immune function by suppressing lymphocyte activity,
responseén vivo, in broiler chickens fed on a SAA-deficient whereas oral administration af-ketoisocaproate has a
diet. These observations are in accord with our presentpositive influence on immune function in sheep by increas-
results. In contrast to these observations, Jose & Gooding lymphocyte activity. In general, the amino acid com-
(1973) reported that 50 % deficiencies of any amino acid position of immunoglobulin parallels that of the tissues and
except leucine did not alter cell-mediated lysis of allogeneic dietary requirement in chickens, but there are a few excep-
tumour cells in rats. With this conflict in mind, it is possible tions. Leucine is considerably higher in the globulin than in

to conclude that certain amino acids, i.e. BCAA, Argys, the tissues and valine is also higher in the globulin than the
SAA and AAA, modify cell-mediated immune response in dietary requirement (Hill, 1982). Hence, it is likely that an
chickens. increase in-ketoisocaproate production during periods of

In the present study, autologous chicken serum was usedimitation of BCAA intake is associated with increasing
to culture the splenocytes. Thus, it is possible that a serumsplenocyte proliferation, and lack of BCAA supply from
component(s) is responsible for the changes of proliferative diet and tissues may result in decreased globulin synthesis
response due to dietary amino acid deficiency. In fact, it has and lymphoid organ weights. However, further research is
been shown that the proliferative response of lymphocytes wasneeded to elucidate the causes for the specific effects of
modulated by serum components, e.g. hormones (reviewed byBCAA in the immune system in chickens observed in the
Marsh & Scanes, 1994), metabolites (Kollmorgen al. present study.

1979; De Deckeret al. 1988; Kuhlmaret al. 1988; Fritsche In conclusion, immune responses in broiler chickens
et al. 1991), and immunomodulators or inhibitors (reviewed varied with either the type or the degree of deficiency of
by Barta, 1983). Holt (1998b) reported that experimen- amino acids, and BCAA appeared to have greatest potential
tally induced moulting decreased splenic and peripheral to modulate the immune response among the amino acids
CD4" T cells (helper T cells) and increased splenic CD8 studied. The results of the present study also indicate that
T cells (suppressor-cytotoxic T cells) in White Leghorn amino acid deficiencies may preferentially affect cell-
hens, and the moulting decreased the delayed-type hypermediated immune responses relative to development of
sensitivity response in hens. Furthermore, Barbul (1990) the lymphoid organs and antibody production in chickens.
observed that daily oral arginine—HCI supplements (30 g for

1 or 2 weeks increased the lymphocyte proliferation to

mitogen-stimulation in human subjects, and decreased the Acknowledgements

number and percentage of CD& cells. Thus, possible  The authors thank the Central Research Laboratories,
changes in the T-cell subpopulation may also be responsibleajinomoto Co., Inc. Tokyo, Japan for providing crystalline
for changes in the proliferative response due to dietary gmino acids.

amino acid deficiencies. In addition, because macrophages

modulate lymphocyte proliferation responses to mitogen

(Folchet al. 1973; Bellet al. 1986; Mills, 1991) and because References

splenocytes used in the present study contain macrophagesaschkenasy A (1975) Dietary proteins and amino acids in leuco-
changes in number or function of macrophages may also be poiesis: recent haematological and immunological dtarld
responsible for the change in mitogen-induced lymphocyte  Reviews of Nutrition and Dieteticl, 151—197.

proliferation in amino-acid-deficient chickens. Further Aschkenasy A (1979) Prevention of the immunodepressive effects
studies are needed to clarify how dietary amino acid of excess dietary leucine by isoleucine and valine in the rat.
deficiencies change the splenocyte proliferative responses Journal of Nutrition109, 1214-1222.

to Con A. Baker DH, Robbins KR & Buck JS (1979) Modification of the

The present study indicates that BCAA have the greatest level of histidine and sodium bicarbonate in the lllinois crystal-
potential to modulate the immune system among the amino B;E&T&Eg%‘;’i?'?gﬁ zug;)(’j isrﬁlriﬁzf?h Zlﬁﬁ(;PZLSt?ition 6 53
acids tested in chickens. BCAA make up 30 % of the dietary g '

requirement for essential amino acids and serve as buildingg,rhyl A, Wasserkrug HL, Seifter E, Rettura GS, Levenson M &
blocks for tissue proteins. During periods of decreased Effron G (1980) Immunostimulatory effects of arginine in normal
protein intake, BCAA availability could limit protein synth- and injured ratsJournal of Surgical Researc2d, 228—235.
esis, because these amino acids are contained in nearly alBarta O (1983) Serum’s lymphocyte immunoregulatory factors
body proteins. Therefore, optimal conservation of BCAA  (SLIF). Veterinary Immunology and Immunopathology279—
during times of limited dietary amino acid intake depends  306. _
on precise control of their catabolism. The initial step in Bell RC, Hoffman-Goetz L & Keir R (1986) Monocyte factors
BCAA metabolism is a reversible transamination with ~ Modulatein vitro T-lymphocyte mitogenesis in protein malnu-
a-ketoglutarate forming glutamate and the respective Bhtntlon. Clinical and Expenmentgl Immunolog§,8]1f194—2f02. i
branched-chainx-keto acid (Tayloret al. 1970). Subse- argava KK, Hanson RP & Sunde ML (1970) Effects of methio-
. . nine and valine on antibody production in chickens infected with
quently, the branched-chairketo acids are decarboxylated  Newcastle disease virudournal of Nutrition100, 241—248.
resulting in irreversible IOSS Of these aminO aCidS. ThUS, Bharga\/a KK, Hanson RP & Sunde ML (1971) Effects of threo-
during periods of limited protein intake, BCAA C atoms  nine on growth and antibody production in chickens infected
could be conserved by decreasing the rate of irreversible with Newcastle disease viruBoultry Sciencé0, 710-713.

ssa.d Ansseniun abpriquied Aq auljuo paysiignd 955000005 L L£000S/ZL0L 0L/Bio 10p//:sdny


https://doi.org/10.1017/S0007114500000556

456 S. Konashet al.

Bounous G & Kongshavn PAL (1978) The effect of dietary amino Lotan R, Mokady S & Horenstein L (1980) The effect of lysine and
acids on immune reactivitymmunology35, 257—266. threonine supplementation on the immune response of growing

De Deckere EAM, Verplanke CJ, Blonk CG & van Nielen WGL
(1988) Effects of type and amount of dietary fat on rabbit and rat
lymphocyte proliferation in vitroJournal of Nutrition118 11—

18.

Folch H, Yoshinaga M & Waksman BH (1973) Regulation of
lymphocyte responses in vitro lll. Inhibition by adherent cells of
the T-lymphocyte response to phytohemagglutidiournal of
Immunology110, 835-839.

Fritsche KL, Cassity NA & Huang SC (1991) Effect of dietary fat
source on antibody production and lymphocyte proliferation in
chickens.Poultry Science&/0, 611-617.

Gershoff SN, Gill T lll, Simonian SJ & Steinberg Al (1968) Some
effects of amino acid deficiencies on antibody formation in the
rat. Journal of Nutrition95, 184—190.

Glick B, Day EJ & Thompson D (1981) Calorie—protein deficien-
cies and the immune response of the chicken 1. Humoral
immunity. Poultry Science0, 2494—2500.

Glick B, Taylor RL Jr, Martin DE, Watabe H, Day EJ & Thompson

D (1983) Calorie—protein deficiencies and the immune response

of the chicken 2. Cell-mediated immunitiRoultry Sciences2,
1889-1893.

Hill CH (1982) Interaction of dietary amino acids with the immune
responseFederation Proceedingdl, 2818—2820.

Holt PS (1992) Effects of induced moulting on immune responses
of hens.British Poultry Science3, 165-175.

Holt PS (1998) Effect of induced molting on B cell and CT4 and
CT8 T cell numbers in spleens and peripheral blood of White
Leghorn hensPoultry Sciencer1, 2027—-2034.

Isakov N, Feldman M & Segal S (1982) The mechanism of
modulation of humoral immune responses after infection of
mice with lactic dehydrogenase virudournal of Immunology
128 969-975.

Jose DG & Good RA (1973) Quantitative effects of nutritional

rats fed wheat gluten dietslutrition Reports International?2,
313-318.

Marsh JA & Scanes CG (1994) Neuroendocrine—immune inter-
actions.Poultry Science/3, 1049-1061.

Mills CD (1991) Molecular basis of ‘suppressor’ macrophages.
Arginine metabolism via the nitric oxide synthase pathway.
Journal of Immunologyl 46, 2719—-2723.

National Research Council (198Mutrient Requirements of Poul-

try, 8th revised ed., Washington, DC: National Academy Press.

Nauss KN, Connor AM, Kavanaugh A & Newberne PM (1982)
Alterations in immune function in rats caused by dietary lipo-
trope deficiency: effect of agdournal of Nutrition112, 2333—
2341.

Nissen S & Haymond MW (1981) Effects of fasting on flux and
interconversion of leucine and alpha-ketoisocaproate in vivo.
American Journal of Physiologg41, E72—E75.

Okumura J & Mori S (1979) Effect of deficiencies of single
essential amino acids on nitrogen and energy utilisation in
chickens British Poultry Scienc&0, 421-429.

Payne CJ, Scott TR, Dick JW & Glick B (1990) Immunity to
Pasteurella multocidain protein-deficient chickensPoultry
Sciencet9, 2134-2142.

Petro TM & Bhattacharjee JK (1981) Effect of dietary essential
amino acid limitations upon the susceptibility 8almonella
typhimuriumand the effect upon humoral and cellular immune
responses in micénfection and Immunity2, 251-259.

Scott ML, Nesheim MC & Young RJ (1982)utrition of the
Chicken 3rd ed. Ithaca, NY: ML Scott and Assoc.

Takahashi K, Konashi S, Akiba Y & Horiguchi M (1993) Effects of

marginal excess or deficiency of dietary methionine on antibody

production in growing broilersAnimal Science and Technology
(Japan)64, 13-19.
Takahashi K, Konashi S, Akiba Y & Horiguchi M (1994) Effects of

essential amino acid deficiency upon immune responses to dietary threonine level on antibody production in growing

tumours in miceJournal of Experimental Medicin&37, 1-9.

Kenney MA, Magee JL & Piedad-Pascual F (1970) Dietary amino Taylor RT, Shakespeare V & Jenkins WT (1970) Branched-chain
amino acid aminotransferase. IV Kinetics of the transamination

acids and immune response in ralsurnal of Nutrition 100,
1063-1072.

Klasing KC (1988) Influence of acute feed deprivation or excess
feed intake on immunocompetence of broiler chickdtwultry
Sciences7, 626—-634.

Kollmorgen GM, Sansing WA, Lehman AA, Fisher G, Longley
RE, Alexander SS Jr, King MM & McCay PB (1979) Inhibition
of lymphocyte function in rats fed high-fat diet€ancer
ResearctB89, 3458—3462.

Kuhlman G, Roth JA, Flakoll PJ, Vandehaar MJ & Nissen S (1988)
Effects of dietary leuciney-ketoisocaproate and isovalerate on
antibody production and lymphocyte blastogenesis in growing
lambs.Journal of Nutrition118 1564—1569.

broilers.Animal Science and Technology (Jap&b) 956—960.

reaction.Journal of Biological Chemistr45 4880—-4885.
Tsiagbe VK, Good ME, Harper AE & Sunde ML (198)7Efficacy

of cysteine in replacing methionine in the immune responses of

broiler chickensPoultry Sciencé6, 1138—1146.
Tsiagbe VK, Cook ME, Harper AE & Sunde ML (198y

Enhanced immune responses in broiler chickens fed methio-

nine-supplemented dietBoultry Science6, 1147—-1154.
Umezawa M, Hanada K, Naiki H, Chen WH, Hosokawa M,
Hosono M, Hosokawa T & Takeda T (1990) Effects of dietary

restriction on age-related immune dysfunction in the senescence

accelerated mouse (SAMYournal of Nutrition 120, 1393-
1400.

© Nutrition Society 2000

ssa.d Ansseniun abpriquied Aq auljuo paysiignd 955000005 L L£000S/ZL0L 0L/Bio 10p//:sdny


https://doi.org/10.1017/S0007114500000556

