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ABSTRACT

This study was conducted to test the efficacy of Ulva pertusa kjellman as immunomodulators under lipopolysaccharide (LPS)
challenge in broilers by investigating their effects on serum superoxide dismutase (SOD) like ability, immunoglobulin concentration,
and splenic cytokine mRNA expression. A total of ninety sixl-d-old male broiler chicks (Ross 308) were divided into 4 treatment
groups with 8 replicates of 3 birds in each group. NC (negative control, no immune substances), PC (positive control, B-glucan 25
ppm), Ulva P (Ulva pertusa kjellman Powder 3%), and Ulva E (Extract form Ulva pertusa kjellman 0.3%) were added in feed
with respective substance. Heparinized venous blood and spleens were collected from five birds per dietary treatment at 5 wk of
age. The SOD like activities in Ulva P and Ulva E were significantly increased in comparison with other groups (P<0.05). The
immunoglobulin M content was lower in the Ulva E than other groups (P<0.05). Expression patterns of splenic cytokine mRNA in
the IL-13, IL-2 and IL-6 were similar. Expression rate of IL-18, IL-2 and IL-6 in Ulva pertusa kjellman (Ulva P, Ulva E) were
decreased (P<0.05) in comparison to other groups. Expression rate of IL-13, IL-2 and IL-6 were significantly lower in groups
treated with Ulva E than Ulva P. In conclusion, dietary supplementation of Ulva pertusa kjellman improved SOD like activity and
affect immune system by inhibiting inflammatory response in broiler chicks. In addition, it is more effective to use Ulva pertusa
kjellman extract than powder for immunomodulatory function. These results suggest the possibility that Ulva pertusa kjellman
could be used as the immunomodulator for inflammatory response in broiler chicks.
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Japan)E °]&slo] BT

(2) ZIHCHALO| LA K] (Ture metabolizable energy; TME)
2 XHotd| = AO|EE (True amino acid availa-
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Table 1. Chemical and amino acid compositions of

Ulva pertusa kjellman

Item

Ulva pertusa kjellman

Chemical composition

Moisture

Crude protein

Crude fat

Crude fiber

Crude ash

Amino acid composition
Cysteine
Methionine
Aspartic acid
Threonine
Serine
Glutamic acid
Glycine
Alanine
Valine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

Proline

20.53
20.40
0.71
7.46
14.68

0.40
0.36
2.39
1.08
1.28
1.90
1.22
1.85
1.01
0.71
1.24
0.53
1.25
0.93
0.24
0.93
0.75

TME (kcal/g) = {(AxB)—(C-D)
A = NEAE 3% (g)
B = A8 59 GE (keal/g)

VA

C = Ateo] A@%e] 4 GE (keallg)

D = 44 A% W4 GE (keal/

g)

TAAAE Sibbald (1976)7F #AIAgE TME 54 W3 54
WS AHEstel 346t (Table 2).

T 2 AHe T8 audes AAE F
= Z

~420~

&}

pod



Hong et al.

Table 2. True amino acid availability of Ulva pertusa
kjellman in Broiler chickens
(Dry matter basis)

Amino acid Availability
............ %
Cysteine 60.8
Methionine 732
Aspartic acid 79.6
Threonine 75.7
Serine 75.5
Glutamic acid 80.3
Glycine 65.7
Alanine 78.7
Valine 75.6
Isoleucine 67.9
Leucine 79.4
Tyrosine 78.6
Phenylalanine 78.5
Lysine 72.0
Histidine 16.8
Arginine 79.9
Proline 82.3
Mean 71.8

; Effects of Dietary Ulva pertusa kjellman on Broilers

(2) SAF & Aratz|

TAARE 199 RossE %ﬁl#ﬁ 9675 AWste], SA%17]
(0~37), SAT7I(3~57) 57 & AFSAl 4—% AT A
2T 249 B x 8N 4A 2Tl F 9655 ofuiA|ste A

A, =
L-T%%‘

aFth AlET A= 7+ (Negative Control ; NC), A%
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]

=
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(3) Lipopolysaccharide (LPS) M2| & AlZx{F

) gl
577 ATl FRE § ASHES =] 98] LPS
(Excherichia coli ; SIGMA 126302 A2|9 5572 Aitste] 7
AF 1 mg/ml £ FARIITL d2 LPS FAF 73} & 23] (0,
2 hyel ZA sl AFsta, YAlEE (2,000 pmx10
min)E F3f A Felete] FAo o] &aiqirh g4 LPS

Table 3. Formula and chemical compositions of experimental diets in starter period* (0~3 weeks)

NC PC Ulva P Ulva E
Ingredients, %
Corn 49.25 49.25 49.45 49.40
Soybean Meal 31.00 31.00 28.60 31.00
Corn Gluten Meal 8.20 8.20 9.60 8.50
Wheat bran 3.50 3.49 1.30 2.95
Soybean oil 3.70 3.70 3.70 3.50
Limestone 1.30 1.30 1.30 1.30
Tricalcium phosphate 1.70 1.70 1.70 1.70
Salt 0.45 0.45 0.45 0.45
DL-Methionine 0.30 0.30 0.30 0.30
Lysin-HCI 0.10 0.10 0.10 0.10
Vitamin-mineral mixture" 0.50 0.50 0.50 0.50
Calculated value
ME, kcal/kg 3,051 3,051 3,051 3,051
Crude Protein, % 23.02 23.02 23.01 23.25
Methionine, % 0.56 0.56 0.56 0.56
Lysine, % 1.20 1.20 1.13 1.20
Ca, % 1.01 1.01 1.07 1.02
Available P, % 0.45 0.45 0.44 0.45

" Vitamin-mineral mixture provided following nutrients per kg of diet:
1,500IU; vitamin E, 20.0 mg; vitamin K3, 0.70 mg; vitamin B12, 0.02mg; niacin, 22.5 mg;

vitamin A, 15,000IU; vitamin D3,
thiamin, 5.0 mg; folic acid, 0.70 mg; pyridoxin, 1.3 mg; riboflavin,
mg; Zn, 45 mg; I, 1.25mg; Cu, 10.0 mg; Fe, 72 mg; Co, 2.5 mg.

5 mg; pantothenic acid, 25 mg; choline chloride, 175 mg; Mn, 60

* NC, Negative Control; PC, Positive Control; Ulva P, Ulva pertusa kjellman Powder, Ulva E, Ulva pertusa kjellman Extract.
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Table 4. Formula and chemical compositions of experimental diets in finisher period* (3~5 weeks)

NC PC Ulva P Ulva E
Ingredients, %
Corn 59.15 59.14 59.70 59.05
Soybean Meal 21.00 21.00 20.80 20.80
Corn Gluten Meal 8.00 8.00 8.35 8.00
Wheat bran 4.00 4.00 0.30 4.00
Soybean oil 3.50 3.50 3.50 3.50
Limestone 1.30 1.30 1.30 1.30
Tricalcium phosphate 1.70 1.70 1.70 1.70
Salt 0.45 0.45 0.45 0.45
DL-Methionine 0.30 0.30 0.30 0.30
Lysin-HCI 0.10 0.10 0.10 0.10
Vitamin-mineral mixture” 0.50 0.50 0.50 0.50
Calculated value
ME, kcal/kg 3,150 3,150 3,150 3,150
Crude Protein, % 19.32 19.32 19.45 19.33
Methionine, % 0.51 0.51 0.51 0.51
Lysine, % 0.94 0.94 0.92 0.94
Ca, % 0.98 0.98 1.05 0.99
Available P, % 0.43 0.43 0.42 0.43

" Vitamin-mineral mixture provided following nutrients per kg of diet: vitamin A, 15,000IU; vitamin D3, 1,500IU; vitamin E, 20.0 mg;
vitamin K3, 0.70 mg; vitamin B12, 0.02 mg; niacin, 22.5 mg; thiamin, 5.0 mg; folic acid, 0.70 mg; pyridoxin, 1.3 mg; riboflavin, 5
mg; pantothenic acid, 25 mg; choline chloride, 175 mg; Mn, 60 mg; Zn, 45 mg; I, 1.25 mg; Cu, 10.0 mg; Fe, 72 mg; Co, 2.5 mg.

*NC, Negative Control; PC, Positive Control; Ulva P, Ulva pertusa kjellman Powder; Ulva E, Ulva pertusa kjellman Extract.
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g U immunoglobulin ¥ chicken IgA, IgG, IgM kit
(Bethyl Laboratories, Inc. USA)E ARE-8le] 74319tk Goat
anti-chicken IgA IgG, IgM< coating buffer (0.05 M carbonate-
bicarbonate)°ll 1:100 H]&= 34 & 96 well microplatec]
100 uL¥ Har 37CellA 6083 WA W8 &, 96 well
microplate  ZF well®] coating buffer& A|A3t3 washing
solution (50 mM tris, 0.14 M NaCl, 0.05% tween 20)2.Z 33]
AHaek  o]o]A  blocking solution (S0mM tris, 0.14 M
NaCl, 1% BSA)S ¥ 37ColA 30837 ¥H-AI7]2 washing
solution®.= 33] M3}4it). Sample diluent solution (50 mM
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A& 7F wellel 100 LA 31 6027F 37ColA WHEAIZ] the 5
3] 4123t HRP conjugate 100 LS %1 ¥H3- (37T, 60%)Al
At} ThAl 53] MHe & enzyme substrate (TMB
peroxidase substrate, peroxidase solution B)E 100 LA 4
VHEAIZAT 5~30%7F Whgol mE A #EE ghale] Alo] 14
HH 2 M HS0.E ¥ 9SS AXAZL &, microplate reader

(Benchmark plus, Bio-Rad Laboratories, USA)Z 450 nml|A]

E
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(4) HIE W cytokine mRNA 3
LPS + & AHF ¥4 Chomezynski®t Sacchi (1987)9]

acid/guanidium/phenol/chloroform#l (TRizol® reagent, Invitrogen™,
USA)S AH838le] njd 20 Z5E total RNAS FE38190H,
%3t total RNAE Maxime RT PreMix Kit (iNtRon, Korea)
2 o]43}o] complementary DNA (cDNA)Z gAagith 9
A& £ dojx cDNAZ Accupower” HotStart PCR-PreMix
(Bioneer, Korea)E AF&-38lo] inducible nitric oxide synthase
(iNOS), interleukin 1B (IL-1B), interleukin-2 (IL-2) 2 interleukin-
6 (IL-6) mRNAC] th3t primer®} B-actin mRNA® th$t primer
& AH&38le] Touch down PCRS &3] DNAE S%3lil 1.7%
agarose gel (Takara, Japan)olX #7198 4835191t} B-actin,
iNOS, IL-18, IL-2 ¥ IL-62] primer sequence®} PCR Z7-&
Table 59 YERNSITE. DNA marker®}t #7]%9% $ DNA band

Table 5. Primers for the expression analysis of cytokines. [3-actin expression was used as an expression control

Primer sequence

PCR conditions

Gene* - - - Cycle Size
¢ —3) Temp, C Time, min
94 5:00
(Forward)
94 0:30
CCCCCGTGCTGTGTTCCCATCTATCG 64 0:45
B-actin : 30 2438bp
72 30:00
(Reverse)
72 7:00
GGGTGCTCCTCAGGGGCTACTCTCAG 4 -
4 :
(Forward) 9 5:00
94 0:30
TGATCTTTGCTGCCAAACAG 64 0:45
iNOS . 32 230b
' 72 30:00 P
(Reverse)
72 7:00
GCTGTTCCAAACACGGAAAT 4 o
94 5:00
(Forward) 94 030
ATGGCGTTCGTTCCCGACCTGGACGTGCTG 64 O: 45
IL-1 :

B 7 30:00 30 795bp
(Reverse) 7 7:00
ACTTAGCTTGTAGGTGGCGATGTTGACCTG 4 .

(Forward) 94 5:00
94 0:30
GGGTCTAAATCACACCGGAAG 64 0:45
IL-2 - 31 233bp
72 30:00
(Reverse)
72 7:00
GAGCATACAGTGGTCCCAGAA 4 o
4 :
(Forward) 9 >:00
94 0:30
CTCCTCGCCAATCTGAAGTC 64 0:45
IL-6 P 30:00 30 164bp
(Reverse)
72 7:00
GGATTGTGCCCGAACTAAAA 4 o

* iNOS, inducible nitric oxide synthase; IL, interleukin.
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Wi 325 AHe) R B fo4 Rt gigink

PRl ok §7) el vAE G Table 6] b S 2 Aske FHdstel Ul tocopherol 2E thgel a3

BRI BAYNA Al 358 AFE BE Al o] $h5lo] o} (Ortiz 5, 2005), £7 Fel U} s}

wa) tha o e 949 Aol gigleh E@ PEE & FUA A0E AR Kim 5 (2006 DPPH Wl o
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e

O:

Ao Eokom (P<0.05), AN E FHATY FEE0] 5 wLb Bl £5 Tk EXHOE A frid AT
3893 go 2 AV 3,726g WU foHoz :%Emko 05). S7ksirial ®aekeitt. Hanaa 5 (2009)% JMMW FE% 2
TFHATY B A G Aole flAw T ATl A tde &2 kst @48 Rita g vp ol wd
Hlaf FAd AR s S Uepigich # A8 A 7 wWab FEES FdA 59T A SRR ME%— H
Zuide AR R SA A FAAQ 92 gl Ao sehs PAke §A BAS wAta Hud vl tt(Nam 5,

Table 6. Effects of dietary Ulva pertusa on growth performance in broiler chickens*

Item NC PC Ulva P Ulva E SEM
Initial BW, g/bird 44.7 44.6 44.6 44.6 0.02
Final BW, g/bird 2203" 2180% 2067° 2302 27.70
BW gain, g/bird 2248% 2204® 2112° 2346 28.11
Feed intake, g/bird 3726° 3699 3586° 3893 32.23
Feed/gain 1.66 1.66 1.71 1.66 0.01

*® Means with the different superscripts differ significantly (P<0.05).
* NC, Negative Control; PC, Positive Control; Ulva P, Ulva pertusa kjellman Powder, Ulva E, Ulva pertusa kjellman Extract.

Table 7. Effects of dietary Ulva pertusa on antioxidation of serum in broiler chickens*

Item NC PC Ulva P Uha E SEM
SOD like activity, % 26.06" 23.12° 30.73° 33.46" 1.19

*® Means with the different superscripts differ significantly (P<0.05).
* NC, Negative Control; PC, Positive Control; Ulva P, Ulva pertusa kjellman Powder; Ulva E, Ulva pertusa kjellman Extract.
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2006). whebA @ikst S-S T ke ARt
A A WM ksl a3kE Uehlie Zlow Atgg)

3. LPS &&ol thet & off immunoglobulin #5t

¥Rl E91¥ immunoglobulin® EHE immunoglobulin
A (IgA), immunoglobulin G (IgG), immunoglobulin M (IgM)<]
3R HHE I glon, o5 ERTEY AETH EAol &
ARgE Ao ® H ¥ IT (Higgings, 1975).

2 AgelA WA LPS AE] ZiE d<lsh] 98 FAEES
immunoglobulin ¥8}E5 Table 8o YERTE LPS HE 3
£2 vusuy, 4 5 LD 1M} 1Gel B #9

= =
T= H O
Fh9eS BAT 5

Ao S 2ol ¢t (P<0.05). IgME 9F-ZHE
A EE o] oist gxd dWouks Aol (Szen-berg

5, 1965), IgGE AIELF-AA toxind virusE F3A7= AE
A 7]'%5% 7FIK(Fellenberg, 1978). IgAT horse spleen ferritin
7} streptococcal antigend] st dATHES Pt Had
vk glot WA el tiek A ZHel disiAe W e
TFHEA 53k AAo|t} (Higgings, 1975). wWehd LPS FYo=
IgM7} 1gGo| H3tE oA AdY HAASE F=g o AU

Table 92 LPS % % (2 h) #2572 immunoglobulin &%
& UERIATE 1gA9) 1gG FEv AgT3He Aozt YehA] &
AR IgM FEAA AT FEE AT FE7 1|
d foHor v FES UERITH(P<0.05). IgM> T
immunoglobulin 2t} E3}d FAWS-S YEY (Koenen <,
2002), Aol et indirect haemagglutination testoll Al 717 &
8} immunoglobulin®]t} (Dreesman 5, 1965). Table 99 2
= A FEE0] LPS AT 3 [gMe] Tk WHIlE
At Tz B Fele 94 23 TS AE A

Attt FdelE
oztelo] waH o
7] o]%7] ol (Sugano 5, 1994), wLET}
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Q5 FEoR W0l MR, ¢ 5ol Tt Urku o

o

[

oX,
ol
=
|t
i
o
=
=
ol
By
=
o
_O‘L
N

2 o

4, H]Z L cytokine mRNA 2

LPS¢} Monocyte, macrophage A2L9] 52§ A} IL-16,
IL-6 2 IL-83% 22 HHEFA MRo]E71 (proinflammatory
cytokine)E2] #H|7} dojdt) (Rietschel &, 1998). 7lgllA]
LPS F& 7o Al Ee} del22 (heterophil) & HY
AEES B3l IL-1B, IL-6, E= TNF-a & 1854 Aol
EIRIES #HElH, o5& AEAAYt €E4dE AL
(Leshchinsky <} Klasing, 2001; Klasing, 1994), 7Hgol4 QHE
A23)9 (ovotransferrin) 5 F47] @MAS FAlsle] Hu|ah=
Az 2 283 (Xie 5, 2000).

B Aol A LPS A2 & " 22 W cytokine®] mRNA
A2 Fig. 19 YeR%leH, OD# 4 F house keeping
geneSl B-actinoll e Jt|d WE&S Table 109 YERHSITE
IL-1B, IL-2 3 IL-60A A7 3542 #folg Uehfil=t]
Tdste] HelT (Uva P, Ulva E)9] mRNA % vl g&o] 73
7Hrb ARl ATl e wiekow|, ygzduie) A 7t v
WA FHduky] FEE0] BTHTE o Yith(P<0.05). iNOS
o] A FAdu 22 e FRIEReE FoAQ Aozt 9l
AR Ak A7 BE AR iNOSe T

= = X1

TEE

Table 8. Serum immunoglobulin level of broiler chicks during 2 h after challenge with LPS at 5 weeks of age*

Item Before (0 h) After (2 h) SEM
IgA, mg/ml 0.39 0.42 0.03
IgG, mg/ml 1.33° 2.10° 0.15
IgM, mg/ml 0.35° 0.75° 0.04

** Means with the different superscripts differ significantly (P<0.05).

*NC, Negative Control; PC, Positive Control; Ulva P, Ulva pertusa kjellman Powder; Ulva E, Ulva pertusa kjellman Extract.

Table 9. Effects of dietary Ulva pertusa on immunoglobulin level of serum in broiler chicks after challenge with

LPS at 5 weeks of age*

NC PC Ulva P Ulva E SEM
IgA, mg/ml 0.48 0.42 0.41 0.35 0.04
IgG, mg/ml 2.81 1.63 1.64 231 0.23
IgM, mg/ml 0.87" 0.75% 0.75" 0.63 0.04

*® Means with the different superscripts differ significantly (P<0.05).

* NC, Negative Control; PC, Positive Control; Ulva P, Ulva pertusa kjellman Powder, Ulva E, Ulva pertusa kjellman Extract.
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Table 10. Effects of dietary Ulva pertusa on on spleen cytokines mRNA expression in broiler chickens after

challenge with LPS at 5 weeks of age*

NC PC Ulva P Ulva E SEM
Cytokine/3  actin ratio
INOS** 100%° 103° 97° 92° 1.22
IL-18 100° 98 58" 34° 6.57
IL-2 100° 96" 52° 38" 7.16
IL-6 100° 86° 35 19° 8.20

*® Means with the different superscripts differ significantly (P<0.05).

* NC, Negative Control; PC, Positive Control; Ulva P, Ulva pertusa kjellman Powder; Ulva E, Ulva pertusa kjellman Extract.

** iNOS, inducible nitric oxide synthase; IL, interleukin.

NC PC UlhvaP UlvaE

A) P-actin

248bp —
B) iNOS

230bp s
O IL-1p

795bp —
D) 112

233bp —
E) IL6

164bp —

Fig. 1. Effects of dietary supplementation of Ulva-
pertusa on splenic cytokines mRNA expression
in broiler chickens. cDNAs were amplified using
primers specific for interleukin (IL)-13, IL-2,
IL-6, inducible nitric oxide synthase (iNOS) and
B-actin. The sizes of the respective PCR
fragments are indicated by arrows.
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