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Abstract

The purpose of this study was to probe the influences of krill (Euphausia superba) meal with NaF oral administration on a

dose-eftect relationship between fluoride levels of krill meal and serum enzyme activity such as alkaline phosphatase (ALP), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and lactate dehydrogenase (LDH) in rats fed experimental diets for 5
weeks. There were no significant decreases in the activities of ALP, AST, ALT, and LDH in sera among krill meal diet groups (KF10,
KF20, KF30). However, these groups were significantly (p<0.05) lower enzyme activities than normal diet (ND) plus NaF 10 mg
group (NF). The fluoride levels of serum and organ tissues (liver, brain, heart, lung, kidney) in NaF 10 mg groups (NF, KF10, KF20,
KF30) were significantly increased by adding krill meal in comparison with normal diet group. The results indicate that a difficult to

found toxicity to the tissues from krill meal diet groups.
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2.5.1. Alkaline phosphatase (ALP) activity &8
&2 2= alkaline phosphatase (ALP, EC 3.1.3.1) &
3-8 &3 ALP=AE- kit A]2RNEW-K-PHOS, Eiken,
Tokyo, Japan)< ©]-8-5}0] AslsHEA7|(Hitachi 7150,
Tokyo, Japan)2 =759, &4 1.0 mL% unit>
EENCEES
2.5.2. Aminotransferase (AST, ALT) activity &8
Aspartate aminotransferase (AST, EC 2.6.1.1)2}
alanine aminotransferase (ALT, EC 2.6.1.2)= 4%
o] <&l zAE ACKEA transaminase ZYA|2k
Eiken, Tokyo, Japan)2 ARg3lo] &% = AST 2
ALTEAS 25190, €4 1.0 mLG unit® 2 &

AJstic

2.5.3, Lactate dehydrogenase (LDH) activity é
Lactate dehydrogenase (LDH, EC 1.1.1.27)= a4
Hol| o]3]] A= kitA]2REiken, Tokyo, Japan)2 AR
3lo] AYsFsHEA 7|(Hitachi 7150, Tokyo, Japan)= =

A9 Kim, 2006).
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Table 1. Compositions of experimental diet and groups (%)
Ingredient Croups
ND NF KF10 KF20 KF30
Casein 22.00 22.00 14.10 6.20 1.50
Corn starch 50.95 50.95 48.85 46.75 41.45
Sucrose 10.00 10.00 10.00 10.00 10.00
Cellulose 5.00 5.00 5.00 5.00 5.00
Mineral Mix” 3.50 3.50 3.50 3.50 3.50
Vitamin Mix” 1.00 1.00 1.00 1.00 1.00
Soybean oil 7.00 7.00 7.00 7.00 7.00
L-systine 0.30 0.30 0.30 0.30 0.30
Choline bitartrate 0.25 0.25 0.25 0.25 0.25
Krill meal - - 10.00 20.00 30.00
NaF" - 10 mg 10 mg 10 mg 10 mg
Total 100.00 100.00 100.00 100.00 100.00

YND is normal diet (control), NF is normal diet + NaF 10 mg, KF10 is 10.0% krill meal + NaF 10 mg , KF20 is 20.0% krill meal +
NaF 10 mg, KF30 is 30.0% krill meal + NaF 10 mg. ?According to AIN-93G diet composition. ?AIN-93G-VX vitamin mixture (MP

Biomedicals, LLC, Illkirch, France). “p.o. injection.

Z510] 29I, AR nickel 7ol A o
2, 0.5 M2 NaOH 8998 2.0 mL FYs}o] &3}t 5
T=7FE hot plate 9ol =11 Z4E AXAIZ] 3 550C
oflA SARRE R AaAFTk =TS W' U, 5
F47.0 mL 75k A& 8982 15.0 mL conical tube
of] £7]3L pHE 1.2 mol HCl €980 & pH 7.57}A] &
A2t % 10.0 mLofl 833k ©] 5 2.0 mLE Fslo
TISAB I (Total Ionic Strenght Adjust Buffer IM) &
N 0.2 mL 7Rt 3 2P 5] E9sto] E40]2=(9609
BNWP and 960900 fluoride combination electrode,
Thermo Scientific, U.S.A.)& pH/mv HEKOrion dual
star, pH/ISE benchtop, Thermo Scientific, U.S.A.)2}
o510} 2l AR B S B 0] 2]
sodium fluoride EZA5f40] oJ5to] A=Fslsict

2.7. A Xz

24 Zzte] ARl A T Balo) Bav
A5 ALFIAAL w7 o128l Aol one-way
ANOVAZ BA 3t H p<0.05 404 Duncan's
multiple range testo]| 2J5}o] Z+ A& 71o] oS
HS3I. FAAzl Hiek L2092 IBM SPSS
statistic ver. 225 A[8-513TE

3. Znt A n¥

3.1, Alkaline phosphatase (ALP) &M

Al&o)) AR 315 Hol|4] 9] alkaline phosphatase
(ALP, EC 3.1.3.1) 4L Fig. 13} gt} 7]3240]o|
NaF 10 mg 7% 50J3F NF£2] ALP 242 30.6+0.8
unit/mL= tRE of] H|sf] F-o2 02 A Ueler
(p<0.05), KF20+* 29.1£0.5 unit/mL, KF10+* 28.8+
0.6 unit/mL, ND<* 27.8+1.1 unit/mL, KF30<% 27.5+
0.7 unit/mL <=0 & 3F2FE]of, Krill meal A]o]ZofA]
KF10:3} KF2027k] krill meal 3ol w2 4214
Aol ke QIgkort NaF 10 mg 37 Sofob
30% krill meal 4]0|5 oIt KF30o4 Fojzo=
7P W& ALP Zdo] = 3ltK(p<0.05). ALP+= 7+
AE] glol] EAlsHe BARA B, A4 5| olf
& 224 E(osteoblast) S T W) Fagh o2 3
H(Anderson et al., 2004; Eune et al., 2005), &2 9|
AP B ) Aol Sof 2Ja) 7 o]
ofke 7% 1At 57t w21, 1, el
X 219 50 1A AR kg Brka el gik
(Kaplan and Righetti, 1970; Ooi et al., 2007).
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Fig. 1. Effects of krill (Euphausia superba) meal on
alkaline phosphatase (ALP, EC 3.1.3.1) activities
in serum of experimental rats.

DThe values are means+standard deviation (n=6). Bars with

the different letters are significantly different (p<0.05) by
Duncan's multiple range tests.

3.2. Aminotransferase (AST, ALT) activity

37 &4 9] aspartate aminotransferase (AST,
EC 2.6.1.1) 2 alanine aminotransferase (ALT, EC
2.6.1.2) B4 Fig. 20 YERRGIT). NDZ} NFZ,
krill meal 2]o]5{KF10, KF20, KF30)o]42] AST &1
ALT B4 22 ke s Uepston NF9] AST
9 ALT E4J-8 72.841.5 unit/mL, 26.9+1.1 unit/mL S
2 HE 2ol vjsl felde® A Yehdth(p<0.05).
TE3E ND£2] AST 2 ALT EHAJ-8 68.5+1.9 unit/mL,
23.8+1.2 unit/mL, KF107-2 68.5+1.2 unit/mL, 24.1
+1.1 unit/mL, KF20+t 69.5+1.2 unit/mL, 24.3+1.2
unit/mL=2 UERJTE KF30-2 65.9+£1.3 unit/mL,
22.841.2 unit/mLE 7} & |7} =9l o,
AST 2 KF30+0] KF20+20] Hla) o8 o vt
< AE UEoW ALT 2dof|4= ND- krill
meal Aol Alo]9] 012 Ajol= glis A o= UEhyt
TH(p<0.05). AST % ALT+= 7k 4 A, ] 5ol &
Aok BAm T2 S Th, ATE THAlE &4
of ofsff &/do] F7FsIH(Kim et al., 2004), o= Al
= A, g &9, triglyceride, ¥ HDL (High
Density Lipoprotein) cholesterol, 778¢}, 28 T2}
A2 Heh B oAl Stk o] ikl A 9l
tHClark et al., 2003).

Fig. 2. Effects of krill (Euphausia superba) meal on
aspartate and alanine aminotransferase (AST, EC
2.6.1.1 ; ALT, EC 2.6.1.2) activities in serum of
experimental rats.

DThe values are means+standard deviation (n=6). Bars with

the different letters are significantly different (p<0.05) by
Duncan's multiple range tests.

3.3. Lactate dehydrogenase (LDH) activity

37 &4 = lactate dehydrogenase (LDH, EC
1.1.1.27) 442 Fig. 3¢ UEfIth NFof|4]9]
LDH ZAJL 975.8420.4 unit/mL O & T}= o] H|s|
fqolon A BH HUOB(p<005), KFI0Z
957.8+18.8 unit/mL, KF20a- 935.8+17.6 unit/mL,
ND+ 934.2+18.2 unit/mL, KF30+ 923.7+19.5
unit/mL= 2 D krill meal A7} Alo]- Ajo]ofA
o] fejxel Aol g Ao PARGIAT 1
KF30529/4 LDH 2H4o] 74 whe Ao et
(p<0.05). LDH= A|3E ZZ]of| E32E|0] Q) O pyruvic
acid@} lactic acid 712 7134 HE2oj| olsl= Ao Z
A A th(Joo and Lim, 2009). T3t ZOFA|3E, 7HA|
329} o] LDHE W23t 24]o| uta|d o LDHE &
of =07 HEESlo] AEEA 2 Tumor Necrosis
Factor (TNF)2] 4Jof] LDH 47} o] &&= A&
A QJtiDecker and Lohmann-Matthes, 1988). &
2 ALP, AST, ALT ¥ LDH 52 7+ &AF X B2 ALg-
E(Wu et al., 2004), FHof|x0] A AkE A7), A
SU715, ok A9 # g€, A4 A Rige Bt
o]Q upAR AMgE 4~ Itk HEal Qlck(Kato et
al., 2006).
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Fig. 3. Effects of krill (Euphausia superba) meal on lactate
dehydrogenase activity in serum of rats fed the
experimental diets for 5 weeks.

DThe values are means+standard deviation (n=6). Bars with

the different letters are significantly  different (p<0.05)
by Duncan's multiple range tests.
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3.4, Krill meal, &% U Z7|xXl0| A 8k
i 31 Aol AMGE) AL Fig. 40] AT319)
ﬁﬂi(hn et al., 2018), 2]o] ZAo]] A& krill meal2]
4 3RS 1,262.40+10.53 pg F/go]%lal(Jin et al.,
2018), _,]_'44 6:1;(—] ol 21—7]}__7(14 2B 6]—3]:0 Table 2
o Yehfiglet. 71rlolE Fofeh ND-e 8% 2 7t
7, A, =l AlgollA the wtol] Blsl o es 7t
P‘;&S_ A7 YERE S 1H(p<0.05), NF- 2 krill meal
e 2eltt gofutol o] B ke gy W 7
A10] ks gl 74 9k, o Al
Shero) MK QIT) E3), 8% 1 7 2%
43RS krill meal 3ol we) 9270
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meal 412] A 8% 9 47 220] B4} EHEE A
Holo] ol oj} 2o AT} Lkt Ao Az
Kim et al.(2013)9] krill B4 25| 1A B4 2
Ak AE2) tieh ATtoflA] krill B4 FEES
Abo¥) s o] ek 4 oo S4go] Lkt
ok Ao g Husgirh

3%l Sprague DawleyA| =7 ol A| 55719
NaF 10 mg 7+ 5o 2 krill meal A7} 2Jo] Foj7}
=2 Mgw 91} 83 1 27|22 0] B Fleko] )]

=20

gk A $iste] B ABS Al 7]k

Table 2. Determination of fluoride (F) contents in serum and tissue of the rats fed experimental diet for 5 weeks

Serum Liver Brain Heart Lung Kidney
Group
pg F/mL pg Fig

ND 0.31£0.02°Y 0.4140.02* 2.74740.04 0.27 £ 0.04° 0.9540.02* 0.86+0.03*
NF 0.46+0.02° 0.54+0.03° 3.56+0.04° 0.46+0.03° 2.35+0.04° 1.531+0.04°
KF10 0.49+40.02° 0.5940.03°  3.644001*  0.52+0.03 2.4140.02° 1.61+0.03¢
KF20 0.5440.01°  0.631+0.02< 3.66+0.09° 0.5540.01< 2.62+0.11° 1.69+0.01¢
KF30 0.55+0.02¢ 0.66+0.02¢ 4.1440.01¢ 0.61+0.07¢ 2.83+0.04¢ 1.831+0.04°

DThe values are means+SD (n=6). Values with the different letters in the same column are significantly different (p<0.05) by

Duncan's multiple range tests.
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Ao}Z Fofdt thx7¢] NDZ} NaF 10 mg 7 Fof
Aol 7]E4l015 Fofgt NF, krill meal 37} Ho
o291 KF10gHkrill meal 10%), KF20o4(krill meal
20%), KF30<Hkrill meal 30%) 5714 #-0.2 L4w0]
ARS31 e, &4 = alkaline phosphatase (ALP),
aminotransferase (AST, ALT) ¥ lactate dehydrogenase
(LDH)9] a4 &2 NF Rt} krill meal &7} ]
A ZAasol otz NDti ok o =AU 7€)
ARl A7} fh= o2 HERdth(p<0.05). 252 &
% B A7) 2219] B4 RS krill meal 9] Bl wiwh
EEE A S7oke Z1o® Uitk olof 2
IS vFo] & u, krill meal 7} 2jo]7} 2159
3 9 A7izAle] E45 A sk o= YehgARt
ALP, AST, ALT, LDH 484 TAA7= Zo=2
Ho}krill mealo]] el HIER 9l opr] il 22 T
E =S Aol ofsll o=t ¥ =
Aoz AbEh
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