pISSN 1229-1153 J. Fd Hyg. Safety
Vol. 28, No. 4, pp. 360~366 (2013)
http://dx.doi.org/10.13103/JFHS.2013.28.4.360

Journal of Food Hygiene
and Safety

Available online at http://www.foodhygiene.or.kr

= o) E A A I L= -Ad IE
SYH[ERRIC] SHEOA] BERROI=/d A|EL TAME JIs B8 87t
2ol - O - olefid - B - HPHW - WS - W] - THU - FEA - AR WRY - WXe
RS E4EEt, WS P S,
bel et oL o) Aol T, TSt AFFHY, FAAL S A

Evaluation of Macrophage Activity and Repeated Oral
Dose Toxicity in Sprague-Dawley Rats on Multivitamin

Hye-Ri Kim, Hye-Yeon Jang, Hae-Nim Lee, Young-Seok Park, Byung-Kwon Park, Byeong-Soo Kim, Sang-Ki Kim,
Sung-Dae Cho', Jeong-Seok Nam?, Chang-Sun Choi®, Soon-Hyuk Chang*, and Ji-Youn Jung*
Dept. of Companion and Laboratory Animal Science, Kongju National University, Yesan 340-702, Korea
School of dentistry, Institute of Oral Bioscience, Chongbuk National University, Jeonju 561-756, Korea
’Lee Gil Ya Cancer and Diabetes Institute, Gachon University of Medicine and Science, Inchon 406-840, Korea
3School of Food Science and Technology, Chungang University Ansung 456-756, Korea
‘Woorigapharm. co., Ltd, Seongnam 462-807, Korea

(Received November 28, 2013/Revised December 5, 2013/Accepted December 9, 2013)

ABSTRACT - The objective of this study is to investigate the effect of multivitamin on macrophage activity in
Raw 264.7 cell and repeated oral dose toxicity in Sprague-Dawely rat of multivitamin. Raw 264.7 cells were treated
with 50 and 100 pg/mL multivitamin for 24 h. To measure the activity of macrophages, NO and TNF-a. assays were
performed in Raw 264.7 cells. Treatment with 50 and 100 pg/mL multivitamin for 24 h significantly increased pro-
duction of NO and TNF-a compared with control groups, indicating activation of macrophages. The female rats were
treated with multivitamin of control group, low group (0.24 g/kg), medium group (1 g/kg) and high group (2 g/kg)
intragastrically for 4 weeks, respectively. We examined the body weight, the feed intake, the clinical signs and serum
biochemical analysis. We also observed the histopathological changes of liver, ovary, brain, adrenal gland, spleen, kid-
ney, heart and lung in rats. No significant differences in body weights, feed intake, biochemical analysis and histo-
pathological observations between control and multivitamin treatment group were found. In conclusion, multivitamin
is physiologically safe and improve macrophage activity.
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et} x84 vElS 27l A chylomicrom®] 2= ©
Wzof o5ty F4E F HEAS AX Yoz Fofrt
7Hs T dAlS st 284 HERlE Aol &
o= =43 A AFHH =W FFEol U oM,
Aol wj A ARl BEE Sote] tiE tiwe R
WA E T HER A S dEEH HIE DE AlAeA 2
87 she ol LaFolal FAo] ol 54E dod
Atk 2 Qo= HEN A AZ7)Eel &t
AAAZ 2ok HlEIe R Fo] utelA] Al 4k
dl, % A dEH=Y FHE Aesket HEsS
PAleE Mz ZHzbe] AdjF o8 F g sttt HIE Ae

st HElEo] H7td Aoz AbstE FE HE AR 3
B2 Ay AX Sox 32R3 o] a3k A4 <l
24 715 g dsiAlE 4E R vEl Es F
Axer, A gy v EZ=gotaelA] f2]7]

A=A AbshA B4l the BRI AES o, u &
AAA G S FHret s Agtete] 2k Qg sl 7]
o3t BHaso] W HAPY. BIER] De B3
Aol Fall FEE =Ha Aol SE 2, wel ot
SAE I FAA WM E Al ZEsle 4FY =
Efolth, B3 HER DE 2lo]E F3l BlERR D29} H]
Yl D3¢ T2 HFH7F "k HEl De AlWolA Al
E5A 0 Bote] 2EAE, U7 e2dAE, dAES
HolAWEY 975 ZAads d4de] §4E5 FX8)
of FAYA =2 =t} ¥EM Bl (Thiaminye A7
A A3 WS At X535
(Riboflavin)e HIEMT GElZ = 3P ZHE Al Fo3%
AL B 2EA A AEOZ A EZI} B535E, X
W, S 251 Y qUAE FEe 2 AR o
t}. HIEN] B6e= T2 54l (pyridoxine), ] 2]5-2F(pyridoxal),
32| =AM (pyridoxamine)2] Al7HA] 33ERE FAE 0] 9l
om oAk tiAL, I, BEskE tiAL g ER
A, HIERR @A, Htiatel XA A gttt B
Bl Ce= &itst B4 = Atz JAAEA A4
AbetA S-S ATA]A 7 27 9] A tAle) FEe =
T Asol HaEom? YR Aot we} SPLAE
Ast71 % il R 2 98|y A= gt w5k |
AMAE ZsiAd Bk oluet Az AR x4 §

i L ot FH T e oX

3z

o

il

Zguieie goksty Be 2R vehld AgEs
9 QUYs A vlulZo] EakEle] AP, @A) of
Fgu el plug BaAe nFAE 7 dutEo
2 Al8EE 9% BE A0, WA 7)ol HA 9
ez guiEa 4557 s AAHo| T de
vlel BFe Be azch A Wel wele ok o)
3 2Egac wahs AA ofF v Azet 7o
122 AN T 7S AU EY, FE
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E=Zulo]# 2 X E(highly active antiretroviral therapy,
HAART) 717bol] SEHIEF B3A| o] ARE-2 who]y 2 52
ZH(viral load)E& 4 7A17122 HY wEE-S 73stsh dwby
O F HIV 9 A9 o A& Mg & dd. =
= Linxianol| A gk Aol ofstd Fdvetdla} mv| &
HZAE HFHsHA 9 HET 3 AlEES 9% W
Hztes a37F Joar A ZRSH TP, o] HlEL
Qo] gaksl gato] ok Zo= kol o 9 X g5ofA
T FTERERE vlg BSAe] dHe T8 2
gttt B3 Cole 592 I YL dIFE2 H975
I #AAEH, 53] vdE3 vlgRle] A 7le AH
2l BAE 7HIT BAskgT.

olo & AFoMe FTHHEMIS A&t A9 o
2 g7l mR= Gl tiste] glskinh. SHHER
S 7tz ok dEo] B, AMRAAE, A
AL 2 2AA AAE S FRHIER S 54
433 macrophageE ©]-8-3F nitric oxide (NO)
TNF-o assays &3¢ 2345 vl o= HAF a5o] 3
<A gRleksith

bl

R

AEER

2 AFolM = F)F-El7EA ool A AlEg SRE S
Algel] ARE-EFATE AR FE B wEoEE EA 1%(300
mg) % HEFY A (Vitamin A)7} 5001U, ®]E}FY] D3
(Cholecalciferol)7} 100 IU, BIEF E (Tochopherol acetate)
= 0.3mg, HIEFY] Bl (Thiamin hydrochloride)2 0.2 mg,
H]EFY B2 (Riboflavin)= 0.5 mg, H|EF B6 (Pyridoxine
hydrochlorie)= 0.2 mg, HE}Y C (Vitamin C) 0.4 mg,
H]E}Y] K3 (Menadion sodium bisulfite)= 0.05 mg, Yo]o}
Alo}r| = (Nicotinamide)’} 0.6 mg, 4H(Folic acid)*] 0.01 mg,
HE A4 (Calcium pantothenate)S 0.4 mg, DL-WE] L
J(DL-methionin)®] 1.5 mg, L-7F2U¥l(L-camitine)°] 0.3 mg
A7F=E o] Ak 3 AP 2= AT GAlolal e
A o] Aot

NZUiY

2 AFoM e =AM 223 (KCLB, Seoul, Korea)ol
A EFES RAW 264.7 Al EF5 AHE-SISATE Raw 264.7
2] AlZ= DMEM (Hyclone Leboratoris Inc., Logan, UT,
USA)°ll 10% fetal bovine serum, 1% streptomycin/penicillin
(Gibco BRL, Grand Island, NY, USA)S H7}ete] ALg-st
o 37°C, 5% CO, HjF7]olA] vl gt

NO assay
NO assay= CAYMAN (Denver, CO, USA)2] NO kitZ
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AFE-EFATE Raw 264.7 Al EZS 96 well platedl] 1x 10°
cellsymLE #Fg o] 24X 7F Bt v FAIZ] thS, Raw
264.7 A EF0| NFEZS 50, 100 pg/mLe] FEZ 244
7k Bt wgFe & FEAs FHath 4E 5 100 pL
£ F3l MZ-$ 96 well platecl] %71 F 100 uL Griegrie
reagent (1% sulfanilamide, 0.1% napthylethylenediamine di-
hydrochloride/2.5% H,PO,)E 23l 1037 2204 W= 3t
% ELISA-reager (Bio-Rad Laboratories Inc.)& A}-&3}¢]
540 nmollA FE=E S4 3T Sodium nitrite 7 @A S
ZRE AE7} BH]S= nitric oxideE AAFSISI T

TNF-a assay

TNF-a assay+= Invitrogen (Carlsbad, CA, USA)®] TNF-
o kitZ2 AFE3FATE Raw 264.7 A EZ 96 well plate©]
1 x 10°cells/mL=E &5 Fol 24717 S WA o=
Raw 264.7 Al EZF] A|FEAL 50, 100 pg/mLe] FE=
240 7F FRE u g & S Fskinh s F 50 uL
£ # 3l TNF-a antibody-coated #2]E 96 well plateell
%71 ¥ standard diluents buffer®} biotinylated anti-TNF-o.
solutiong 27} 50 pL 71k - 9027 Aol A v st
STt ¥l =, wash buffers ©]83le] 49 washing ¢ &
streptomycin-HRP 100 pLE H7Fa}al 303E7F A-2o)A vt
SAIATE ©]& 49 washing ¢t & stabilized chromegens
7k wellell 100 uL 7k $, xg3te] 3087F Aol 4]
S AT ZF wellel|l stop solution 100 uLE 713 &
= o] ELISA-reader (Bio-Rad, Hercules, CA, USA)
0|83l 450 nmol|A] S 3Tt

i & d

A
=2

ezl
S

AHFEZ = 45799 Sprague-DawelyAl 52 47 =
259}2]E Orient-Bio Inc. (Seongnam, Gyeonggi do, Korea)
NA FYPsked 277 AX A& AF AvAES
AAEIRAOH, AUALS 77 RE T8 Ayt 4%
Zdefol]l gk o8k Aos AAlste 20mt]E A s}
Ak A¥E FE9 Y% (randomized block design)l]
oa] 7 #HE supE]¥ FASNCH, YA EH T

T 9 FEFUAE AAtEt #54 AFE gRlEd

3

i

2

2

o A7 F AR @A AL AW 24+£3°C, A
&S 50+ 10%, ZHA17F 12417408:00 5, 20:00 4
%), 2w 150~200 Lux® FA 8o ARS8 BUEE
< fot 25, k= FUIHoE SHson 7E 3
AL F71H o2 st dAg X E FASATE &
Eo] A E S FAIHS AR o T, ARSAAtol = A
J/E, NS, AFEF, FHE, RS, Y, T
£, AF7T 2 AFAAAE 7T AAAEIIES
Fatslith BE APsES vid dAS A7 dFF
E8& 7¥PALE(Samtako Co., O San, Korea)?} S+ F

FEAYL FrUSE SRIRaTNARe Ad 4
o% ol HEUYURNANTH Wet Sy

o] AL TEHNE HHTE ATI¢A JE &
| |3(0.24 g/kg),
SHETE(1 gke), LEHTQ2 gkg)el SFoZ 47 SD
ratol] ATLEASIE R, £ fR2ZAE D.WE BU5
Folslith N ER ] Az P9 31 AlBHAFS
7122 ALtste] Mg g Ao Alzste] T8 Al
FEZo Foe 45 ¢ F 53(E~7) 48T A
(10:00) 74-+F4 314

UV 2 9l Qtufoly 24k}
iy #FAzEe e AFFE st AEII T
19 13 AAEI9 T, gk A358 -9 24 anorexia,

salivation, diarrhea, vomiting, polyuria, anuria, fecal change
o] ArE 7|5sIdrh E3F kA AAbe dsoA
A7t T 2t = supE A e] F=el thate] St 2 A
3L ol g% e ZAHE AT

2E FE9

stol APANLZTE ANPEELIA
Aaheleh. A AAPEE P ol 2
Kol A8 AGAN F uF 18 27
shel YU MRAAT ¥ SFHAFOR s

Aol tisliA] DAY AE74]71(BS-400, MINDRAY, China)
£ 0|83t F Tll(total protein), T Ue]FR(total bili-

ol &z 4~ 4 (Blood urea nitrogen ; BUN), CRE
(creatinine), o}2=T2H| 0] E o}u] = o] § A~ (aspartate trans-
aminase ; AST), €2l o}z o] g 4> (alanine transaminase;
ALT), €224 J4HE3l & 4x(alkaline phosphate ; ALP), %
S 2=E| E(total cholesterolyS 43It} M3 A Als24
ZA|(EAE electrolyres, Medica, USA)E ©]€-3}¢] sodium
(Na"), potassium (K"), chloride (Cl-) 325 4350
HAPAslsHA HARs & dledulgol] o]=ste] S35t
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(0.9% NaCl)ell H3} AAS A=Z AAST F HAE F

o E-SSEa N

A= diethyl ether® v}3 3 t}S Eojswo g i

e WEE AT A E S0 Ed B A
277 sk 3

Z v}l 7] (Shandon Inc,
v 3le] mlo] ZZE(Shacon Inc, USA)S.E 5 um
AAS “}—01 hematoxylin & Eosin 941-& 3lo] &38tdd
v 7 (x 200002 23T

)
A= Fd X9 EF 2 X (mean = SE)E Af
= one-way ANOVAO] ©]

8 rlo OFO

H| ko] pgho] 0
M]jr—l—l _‘1;}-;((4) O}AA]jF-

zAgxe] FASE BAL

o= {4l
45771 WHE R A Fol A A
FAX 2] computer program$! SAS (Statistical Analysis
System)E ©|-&3l] FE4F A4 F one-way ANOVA©
A el gk Fakel ‘*ZLQ‘_ o] st izt 7+ 7
of Atolol] F24E p<0.052 Dunnett’s t-tests ©]-&
ske] W) w3k EE?E}, W) zzsta o s HHE W
HHAIRI == 4 (Chi-square)dd = STt
2w %
AESE Mo ¢t TAME NO I TNF-o 2H] &
H Oq—_r"c’ﬂ/ﬂl: A @ EA o 9]“_5]' EH*W]EQ] *3%
pars|

5

=
E |
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Fig. 1. The effect of multivitamin on nitric oxide (NO) production
in Raw 264.7 cells.
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Fig. 2. The effect of multivitamin on TNF-a production in Raw
264.7 cells.

2ZH4 Fig. 1914 = AIg=2S 50, 100 pg/mL 9] &
2477 F3F A2 d F A 22 243t Ao w}i} NO
EH] &) WElo] oA Wstel=A] Felal Bkt NO9| &
Hl= $EoEHOR FIleIon, AFEH A x|l A
B A<l Aol YRS ole FEHIER A A
7FNO A8 F7kl 9435 713 & i Alsdh
A mAAES] WolE 98] thAAE7E EHl e o
FAR Alo]EFRRIC & TNF-o/Fd# A ShoH. B8 /34
M, S FEAEL vhol] ol ZHEE Al ZoAM = &
n|AE Zgo|i} dlujole] A zL_Q. Ho 23 o Hv
37]50] R AbshA] RE 2o vz b
glony, TNF-OL‘“ st g EY fEAE a8

of ol

o
e 16.4%%401] o]3F A Z2] TNF-a] £H]
= kol TNF-0¢] EH|&=

HA A #1 6H

SEolA izl M FoFo® FTteklth NO %
TNF-a.8] AAto] F7hgh Aoz & w FgH|Evlo]
macrophage?] Raw 264.7 A X & SN T|= HOE A}
ST

35 N AN HAp

2 F o FEHA Y] FANEES Faste] oA
oo wHg FosAgAIZdA d AlF7IZHERt i
A3Y QS A A BE FodA tizd
I Bl S W AR EE TR Q% s
Hx] tth(data not shown). 557+ AF 7|7+ F<t o
Z3g XS BRE TN HOE TS #F
A U HAAHAE it

FA7IZ T 7 sl distd & 2 HAAAS o] &

not shown).



364 Hye-Ri Kim et al.

200 -+
——Control
—=—Low
180 A ——Midium
—=—High
~
.
% 160 A
-
-
B 140 -
3
==}
120 A
100
0 1 2 3 4
Weeks

Fig. 3. Body weight in rats treated orally with multivitamin for 4
weeks.

4%7; R =GN S Hdshes ¢ e 2 F
ot BFoA AlFEA oJg fold vk AT W=
HAFEA FUTHFig. 3). T A w8 23 A2 o
2T 13325+£1.80, A& 133.00+£1.58g, S7HEHT

—

13250+ 1.66 g, L& 132.00+ 1.47 g2 FA =}ol7
WA e3Skeh AE mEReE =1 4553} Al TS oAt 175.50 +
4.09 g, A& 179.00+5.96 g, T7H-& T 178.00 +£2.86

Ae & & AATKFig. 3). A AF7I17HE
dY AlE 2 SFEFEE gz 2 AEEE F
FrelZQl ztolE YEhlA] skt AIR717E & Al E
iz, A&, SHEE, LEEFe 8 T %
AU AR HFFS 16.11+£0.74¢, 16.10+£0.62 g, 1574+
0.69 g, 16.73 £0.72 g©| %1 th(data not shown).

Mo 2o

Al €] ;e%*;ﬂ@}@ Al AAx] LFo] gHof A
ANFED FoJd gz vlste] o4 U= WHskE
YEPATH(Table 1). AlE=2 A-&7FolA = ClolA <]
2Rl ztol & HYoH, F7+8Fo = T-protein, AST,
ALP, Na, K, CIolA f¢]#Q1 ztol& BTt &
/1= T-protein, AST, Na, K, ClolA thz+3} v 2319 S
] #22el 2polE BT ALPE &AM E o
Zto)] Hlste] {24l ApolE HIARE thE AP EZ
Tl A &FelEA o] AR EHA ot AP EH Fo
At Aoz AARA &=t

1)

f

W71s AR 871 Slel A ZelA AitEE gaE
3, dFd 7 ddd olst #¥d =d5S =
ATk ALT, AST= 7H| 9] 248 nkgdsls A EE
A AEER] Fo7E 2 7)o RS fedhe A=

vt )

A7 dA At R fFe 7t IR EH Ao
T-protein®] F7H= MMz e] &Afoly 27t Wl st
< AT F JdoH Ke TS dUAR Hesty Alx

of ol A & we} Kol 7HAstal T-protein©] Z7}ahe
7AFE BHAou ol= B W9 WelA o HstEN Al
Edo o3 g ofd Ao Al ET

HiFoll Thet 2 3719 g 1E3eI

NEFE T 2] RE YEFEY A7)E 89 A
ARGE A3t BE AlwollM AldEd Foldl 71918 o)

1w
ST FolAd AolE B oH heart’=

Table 1. Serum biochemical values of rats treated orally with multivitamin for 4 weeks

Multivitamin

Parameter Group Dose Control 0 g/kg Low 0.24 g/kg Medium 1 g/kg High 2 g/kg
T-protein (g/dL) 6.43 +0.46 6.58 +0.31 7.10+0.07" 7.23+0.13
T-bilirubin (mg/dL) 0.10 £ 0.00 0.10 + 0.00 0.10 + 0.00 0.10 + 0.00
AST (IU/L) 227.00 +28.12 200.25 +42.13 168.50 +20.92" 125.50 + 20.92"
ALT (IU/L) 26.25 + 3.94 23.75+1.25 23.00 + 1.08 22.75+0.85
ALP (IU/L) 125.00 + 11.79 147.25 + 10.90 167.75 + 11.28" 121.75 + 8.04
Cholesterol (mg/dL) 7225+ 12.77 66.50 + 5.55 82.50 + 5.06 66.75+7.92
BUN (mg/dL) 22.96 £ 3.06 25.23+0.69 23.24+2.76 27.59 +2.05
Creatinine (mg/dL) 0.66 + 0.07 0.67 + 0.05 0.66 + 0.03 0.71 + 0.06
Na (mEg/L) 143.00 + 0.53 142.78 + 0.34 147.28 + 0.61" 146.18 + 0.61°
K (mEq/L) 3.94 +0.30 441 +0.40 3.48+0.11° 3.29+0.13"
Cl (mEg/L) 101.10 £ 0.56 103.65 + 1.85° 106.88 + 1.96 103.40 £ 0.72"
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Table 2. Realtive organ weight(%) of females rats orally administered with multivitamin for 4 weeks

Organ (%) Multivitamin
& ’ Group Dose Control 0 g/kg Low 0.24 g/kg Midium 1 g/lkg High 2 g/kg
Body weight 175.5+£4.09 179.00 + 5.96 178.00 + 2.86 181.75 £ 5.07
Brain 1.06 + 0.05 0.97 £ 0.06 1.03 £ 0.03 1.06 + 0.02
Liver 3.29+0.21 3.05+0.07 3.03 £0.08 2.75+0.02"
Spleen 0.23 £0.02 0.20+0.01 0.19+0.01" 0.18£0.017
Heart 0.43 +0.02 0.38+0.01" 0.35+0.02" 0.37+0.02"
Lung 0.59 + 0.05 0.60 = 0.04 0.57 £ 0.04 0.60 = 0.02
Ovary R 0.02 + 0.00 0.03 +0.00" 0.03 + 0.00" 0.03 +0.00"
L 0.02 + 0.00 0.03 +0.00" 0.02 + 0.00 0.03+0.01"
Adrenal gland R 0.01 +0.00 0.01 +0.00 0.01 £0.00 0.01 +0.00
L 0.01 = 0.00 0.01 +0.00 0.01 = 0.00 0.01 +0.00
Kidney R 0.39+0.01 0.38 +0.02 0.37+0.01" 0.40 +0.01
L 0.37+0.03 0.37+0.01 0.39 +0.01 0.39+0.01
0 g/kg 2 g/kg
Liver
Ovary
Brain
Adrenal =
gland

RE AFEE FooA tizwel viste] SAA o=
Fo]Hel ZolS BYot, BF HA WY Yol ¥
312 Bt} Ovary (LR), kidney (L,R) =3+ A|F &2 &
oA Fo]H el Aol & B o} Fo|EAL Holx]
oigtomz A& 7]918 Hake opd o7 AlgH)

Y] 4% N Ko BN AYED Fo 9l
& Solguet Aweletal Wsle BawA dsithFig
4. AEAT GloiA RE ANBZE W thxzolM Wk
gFYt AFWe Teln ARHATFE HAEA AR
o, A L UA BEL NG W77 Bale] A

A .

pragye-Dawely 7152 43 H=olA g

2 AF4E=E S
HIERRl Y] WHEA R e] A% el gIA M Raw 264.7
A E] NO 2 TNF-a assayS £3F HY A4S Hrls}
7] fEiA AAEE T FERENLS gidAxe] G35
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S =A37] 98] Raw 264.7 Al EA NOSH TNF-0.9
Y ZA3tg ), 2T ENNS A M X 2447+ A
A3} thx+ Bl A NO9F TNF-a7} ez e=
St} o] A3t FEERRlo] thA A 3EQ] Raw 264.7
% PAAIE AoE ARED BT Aol F
ShEl o] EAEIIE 9late] ol IS 0.24 ¢/
kg, 1g/kg 283 2 ghkgs 45 B¢ AFFAZS )
Fgulevle ok selsh] s thest 2w
sk AR RE AT AR A
Qg AR AAE B A9 Dz T
o7 W Al foHel Wabrh e ettt e
A Fgeleine Ykl Fasie WS avs
UeRlE Row AlRE.
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