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ABSTRACT. This study was to investigate single and repeated-dose toxicities of DFA IV, a new
candidate of nutraceutical which has preventive effect on anemia and osteoporosis. In single-dose
oral toxicity study, the test article were administered once by gavage to rats at dose level of 0, 2,000
and 5,000 mg/kg. No dead animal, abnormal sign and abnormal necropsy finding was found in con-
trol and treated groups. Thus the approximate lethal dose of DFA |V was considered to be higher
than 5,000 mg/kg in rats. In four week repeated dose oral toxicity study, the test article was adminis-
tered once daily by gavage to rats at dose levels of 0, 500, 1,000 and 2,000 mg/kg. No abnormality
was observed in mortality, clinical findings, body weight changes, food and water consumptions,
opthalmoscopic findings, hematological findings, necropsy findings, organ weights and histopathologi-
cal findings. In urinalysis, specific gravity was increased in 2,000 mg/kg groups of male rats. In serum
biochemical analysis, creatine phosphokinase was increased in all treatment groups of male rats.
These increases in urine specific gravity and serum creatine phosphokinase activity were not accom-
panied with related signs such as histopathological changes or clinical findings. In conclusion, four
week repeated oral dose of DFA 1V to rats did not cause apparent toxicological change at the dose of
500, 1,000 or 2000 mg/kg body weight. Thus it is suggested that no-observed-adverse-effect level
(NOAEL) of DFA 1V in rats would be 2,000 mg/kg/day body weight.

Keywords: Difructose dianhydride (DFA 1V), 4-Week repeated dose toxicity, Nutraceuticals, Ane-
mia, Osteoporosis, Preclinical toxicity.
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Bzl &H. A1F A7 B3 AFFA oA
A 2000 mg/kg FodollA wiA| t 2ol H]a) fef st

AES7Hp<0.017F AZHJS ¥, 12 W] g BE
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FH4d. BHEAF, BEE ST & Aded
g Fojol] 719 Aow AsHE oW foF it

SoF e TEE A GhtiTable 2):

Table 1. Mortality and clinical signs in rats treated orally
once with DFA IV

" Dose Final mortality Clinical signs
ems
(mghkgBW)  Male Female Male Female
0 0/5 0/5 - -
Groups 2000 0/5 0/5 - -
5000 0/5 0/5 - -

Values are expressed as number of dead animal/total num-
ber of animals.
- : no clinical signs.
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Fig. 1. Body weight changes in rats treated orally once with
DFA IV. Data are mean +S.D. (n=5). Significantly different
from control group (0 mg/kg) at **p<0.01.

Table 2. Gross findings of necropsy in rats treated orally
once with DFA IV

No. of animals with abnormal

Dose ross findn
[tems (mg/kg B.W) g 9
Male Female
o] 0/5 0/5
Groups 2000 0/5 0/5
5000 0/5 0/5

Values are expressed as number of abnormal animal/total
number of animals.

AttEs A AYE. AFEZe Fojoh dyd Iyt
S B AFE g BE FowolA $EEA &
2 ol A

roh ek 27 oAt a2 2000 mg/kg T3
Fol 2497 2 15Ul AbgEEo]
ATk AFEEEe} e FoAl Amrt ohd TR AR
Eojgo] ula} Alge Aoz B tHTable 3).
HEHet Ay A717e 53 AR flojMe]

o)

Table 3. Mortality and clinical signs in rats treated orally
with DFA 1V for 4 weeks

Dose Final mortality Clinical signs
ltems
(mg/kgBW) Male Female Male Female
0 110 0/10 - -
Groups 500 0/10 0/10 - -
P 1000 010  0/10 - .
2000 1/10 0/10 -

Values are expressed as number of dead animal/total num-
ber of animals.
- : no clinical signs.
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Fig. 2. Body weight changes in rats treated orally once with
DFA IV for 4 weeks. Data are mean + S.D. (n=9 or 10).
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(Table 4).
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174 B9 oA = sk UA
orutsty ZAtAH. A
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3 £71% w3l Wl QA A skt

SUHA 2Ad. =G4 719l 2 H]Fo] 2000
mg/kg FoTollM SAEH R FostA Frlsla
(p<0.05), &7 2000 mgkg FAZAME FodS
A=A kot oha Frlsle Ade] A Protein
7 WBCS] Z-$oll %= 9 2000 mg/kg FolstollA Z7}
she Agke] #AEHJoY FATH fode AU
(Table b).
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o] 2o )3t ojui 3t WH3le BawA] egltHTable 6).
SolMslsty ZHA A, AN HAM =
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ufHthz2o)) H)E] glucose(GLUNE albumin(ALB)e] 7+
=8} creatine phosphokinase(CPK)e) F717F S48
o2 fejsAl BEEHUT. ¢4l ARED FofodA
£ 1000 % 2000 mg/kg FolA Cagl S7iet Clo
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Table 4. Absolute and relative organ weights (g) of rats treated orally with DFA [V for 4 weeks

Absolute weight (g) Male Female
Relative weight (%) O0mg/kg®  500mgkg 1000 mgkg 2000 mgkg® O mgkg 500 mg/kg 1000 mg/kg 2000 mg/kg
Brain 1.73+008 1.74+0.09 1.75+0.03 1.78+0.06 166+0.08 166+0.06 1.67+0.10 1.65+0.06
(%) 0.52+0.03 053+0.03 053+0.04 052+004 075005 074+005 076006 0.75x0.03
Thymus 044+0.07 049+009 048+0.09 050+0.09 033+0.05 036+0.06 0.35+0.06 0.31+0.06
(%) 0.13+0.02 015+006 0.14+002 0.15+003 0.15+0.02 0.16+0.03 0.16+0.02 0.14+0.03
Heart 118006 1.14+0.08 1.10+0.14 119+023 0.81+007 079+006 0.80+0.05 0.83+0.08
(%) 045+0.02 049+007 048+004 0472007 036x+0.03 036+002 037+0.01 0.38x0.03
Lung 148+0.07 161024 155+0.10 160022 133+010 126x0.10 134x+028 1.25+0.12
(%) 0.35+0.01 035+0.02 033+004 035+0.07 060+004 056+004 061+0.12 0.57+0.06
Liver 9.68+1.16 952+080 933+£070 9.74+1.18 6.39+054 647+066 626064 6.19+0.50
(%) 291+030 287+0.11 281+009 286+033 287014 289x020 284+019 282x0.19
Spleen 070+006 0.73+007 069+0.10 0.72+0.08 064+007 058+0.06 060+008 0.62+007
(%) 021+002 022+001 021+0.03 021+002 029+002 026+0.02 027+0.04 0.28<+0.03
Testis 3.64+027 346+031 343x021 3.60+0.31 - - - -
(%) 1.10+0.08 1.04+0.09 1.04+0.07 1.06+0.13 - - - -
Ovary - - - - 0.10+0.02 0.10+0.03 0.09+0.03 0.10+0.02
(%) - - - - 0.05+0.01 0.04+0.01 0.04+0.01 0.05+0.02
Kidney 235013 237+0.18 233+0.17 240+019 148+0.10 155+011 152+0.13 154+0.15
(%) 071005 072+003 070+002 070+0.06 067+004 069+004 069+005 0.70+0.06
Adrenal gland (x10) 0.50+0.04 050+0.05 0.50+0.06 050+0.06 070+0.08 0.70+0.10 0.70+0.07 0.70+0.06
(%, x10) 0.15+0.01 0.16+0.02 0.15+0.02 0.15+0.02 0.31+004 031+0.04 0.30+003 0.33+003
Epididymis 0.88+0.07 085+0.07 087+0.05 0.91+0.06 - - - -
(%) 027+002 026+0.03 026+0.02 0.27+0.03 - - - -
Uterus - - - - 043+0.16 038+0.07 050+0.11 048026
(%) - - - - 0.19+0.08 0.17+0.04 0.23+0.05 0.22+0.12
#Each value represents the mean + SD of nine animals.
Each value represents the mean + SD of ten animals.
A blood urea nitrogen(BUN)Y Z717} #HEHATH ofof] oJgh ©3|FAA] Ed[TFe FQl W HHERoAle]
(Table 7). 4% zARY) Sl REE olgsld T @ 457
SZAA. AYEA) Rojs} pAE W AZAsE  WEATEIAEES AN
Solgt Mshe BATA AYTh AFFEES) FHaZ0 sl 2e] SN0 ol Amge AuIFHEY

Me 27 oAtz 2 2000 mgkg FAFlAM Apd
g 1Ed Y] e He A8z 9 Aert dEEiAs F
7t e o] AFEHAUY ol AlFEAL] Foo ¢
gk ¥ish= ot

HI=X|EHE A, Ao WA 4l (chronic
progressive nephropathy), AlAx=3] FEZ
(mineralization/tubule)o] & - 4= EFolA XA 2 o
2o F3] ul-¢- vleksiAl %2%5191‘4. g 34k
4} E3(eosinophilic material), 3342} ultimobranchial
cyst, ¢l e (inflammation/eyelid)e] 3 L%
o 28, 9A dE 2 TeEFoM Zhz 18 X B3
Ak Al A& (inflammation) &70] A9 1%
T 18elA BEE I HTable 8).
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Table 5. Urinalysis of male and female rats treated orally with DFA IV for 4 weeks

Sex Male Female
Parameters
Dose (mg/kg) 0 500 1000 2000 0 500 1000 2000

<1.005 0 0 0 0 0 0 0 0
1.010 0 0 0 0 0 0 0 0
Specific 1.015 3 3 0 0 3 4 3 1
Gravity 1.020 1 0 1 0 2 1 1 1
1.025 1 ] 2 2 0 0 0 1
>1.030 0 2 2 3 0 0 1 2
6.0 0 0 0 1 0 0 0 1
6.5 1 0 2 3 0 0 0 0
7.0 1 0 0 1 0 0 0 0
pH 75 2 3 1 0 1 1 1 1
8.0 1 2 1 0 1 0 1 2
8.5 0 0 0 0 2 4 3 1
>9.0 0 0 0 0 1 0 0 0
- 5 5 5 5 5 5 5 4
Glicose +/- 0 0 0 0 0 0 0 1
1+ 0 0 0 0 0 0 0 0
- 5 5 5 5 5 5 5 4
Bilirubin +- 0 0 0 0 0 0 0 1
1+ 0 0 0 0 0 0 0 0
- 5 5 3 1 5 5 5 5
Ketone +- 0 0 0 4 0 0 0 0
1+ 0 0 2 0 ¢} 0 0 0
- 0 1 0 0 3 3 2 0
+- 1 0 0 0 1 1 1 0
Protein 1+ 1 0 0 0 1 0 1 1
2+ 2 2 3 1 ] 1 1 2
3+ 1 1 0 2 0 0 0 2
4+ 0 1 2 2 ] 0 0 0
- +/- 5 5 5 5 5 5 5 5
Urobilinogen + 0 0 0 0 0 0 0 0
" - 5 5 5 5 5 5 5 5
Nitrite - 0 0 0 0 0 0 0 0
- 5 4 5 5 5 4 5 5
Occult blood - 0 1 0 0 0 ) 0 0
- 0 0 0 0 4 0 1 0
+/- 0 0 0 0 0 2 2 0
wBC 1+ 1 0 1 0 0 2 0 0
2+ 2 1 2 0 1 0 2 4
3+ 2 4 3 5 0 1 0 1
a - 5 5 5 5 5 5 5 5
RBC +-(4 7N o] &}) 0 0 0 0 0 0 0 0
- 5 5 5 5 5 4 2 3
WBC? +-(5 7} o] &}) 0 0 0 0 0 1 2 2
+ 0 0 0 0 0 0 1 0
- 5 5 4 5 4 2 2 3
L o H-(ZAokel 5271 ) 0 0 1 0 1 2 1 2
Epithelial cell + 0 0 0 0 0 0 1 0
2+ 0 0 0 0 0 1 1 0
- 5 5 5 5 5 5 4 4
Castsa (1) 0 0 0 0 0 0 1 1

#Urine sediment parameters.
** . significantly different from control group (p<0.01) by Wilcoxon and Wilcox test.
Each value represents the mean + SD of five animals.
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Table 8. Histopathological changes of testis in rats treated
orally with DFA IV for 4 weeks

Sex Male Female
Organs Dose (mg/kg) 0 2000 O 2000
Number of animals 9 9 10 10
Kidney
Chronic progressive nephropathy 6 6 2 1
Mineralization 10 7 8
Urinary bladder
Eosinophilic material 2 0 o 0
Heart
Inflammation 0 1 0 ©
Eye
Inflammation/eyelid 0 2 1 1
Thyroid gland
Ultimobranchial cyst 1 2 1 0
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