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ABSTRACT : This study was designed to evaluate a repeated oral dose toxicity of a new hepatotherapeu-
tic agent GODEX in Sprague-Dawley rats. Male and _female rats were orally administered with dosages of
500, 100, 20, and 0 mg/kg/day of GODEX daily for 4 weeks, respectively. There were no dose-related
changes in clinical signs, body weight changes, food and water consumption, opthalmoscopy, organ
weights, urine analysis, biochemical examination, and hematological findings of all animals treated with
GODEX. Gross and histopathological findings revealed no evidence of specific toxicity related to GODEX.
These indicate that GODEX may have no side effects and its oral maximum tolerated dose value may be

over 500 mg/kg in rats.
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ABBREVIATIONS: DDB, dimethyl-4, 4'-dimethoxy-5, 6, 5', 6-
dimethylene dioxybiphenyl 2, 2'-dicarboxylate; SD, Sprague-Dawley;
CMC, Carboxymethyl cellulose; RBC, red blood cell; WBC, white
blood cell; Het, hematocrit; Hgb, hemoglobin; MCV, mean corpuscular
volume; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; PLT, platelet; PT, prothrombin
time; APTT, activated partial thromboplastin time; ALT, alanine
transaminase; AST, aspartate transaminase; TG, triglyceride; T-
protein, total protein; BUN, blood urea nitrogen; T-bilirubin, total
bilirubin; GGT, y-glutamy] transpeptidase; LDH, lactate dehydrogenase.

107

SR AEE SBAAT, Aot g 4+ ol
£ AR QTS A5A, 282 ARG

A=A gt o] %-4 9 e 72 v EE
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transaminase(ALT), aspartate transaminase(AST), trigly-
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E AN g2 EAAe] FATHEAL one-way
analysis of varience(ANOVA)A 227} QA== F
Zhol H2d o 8ol 2w 7 AT viwsl] ¢
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o717t F oFEFedol % Mgy JAHAA &
Skt e8]3] Fof 35 FHE ¢ - 5 BE AALL &
) Azl wlasle] AFe) Ti FrFsRs AEE ek
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A7) 500 mgkeS Folg 7] F- 5 ¥
el Gl o] wlste] fold Qs AAh B

Table 1. Body weight change of male and female rats administed orally with GODEX for 4 weeks

g GODEX Experimental day
€X
(mg/kg B.W.) 6 13 20 27
500 138.5+8.64 174.3£9.78 289.6+15.08 302.7+15.10
Male 100 138.3+8.80 170.7£7.27 287.5+11.77 303.3x14.11
20 140.1£7.18 176.9+10.73 289.3+12.39 303.0£11.87
0 140.6+8.35 172.7+8.25 293.24+12.38 299.7+13.81
500 119.5+5.75 137.9+8.31 203.849.94 207.1£10.24
Female 100 120.4+4.68 138.3+7.01 198.6+12.08 204.1+6.80
20 119.5+5.02 140.6+4.87 199.8+14.88 205.4+£13.23
0 119.4+7.14 138.144.67 193.5+9.34 200.5+8.54

Values represent means=S.D. (n = 10).



110

Table 2. Absolute and relative organ weights of SD rats administered orally with GODEX for 4 weeks (unit : g)
Absolute weight Male Female
Relative weight (%) 500 100 20 0 {control) 500 100 20 0 (control)
Testis or ovary 1.466+0.120  1.504+0.100 1.539+0.110 1.541£0.070  0.059+0.011* 0.052+0.014  0.062£0.015  0.062+0.013
(%) 0.486+0.054 0.4964+0.032 0.507+0.037 0.478+0.527 0.028+£0.006 0.026+0.007  0.030+£0.008  0.031+0.007
Pituitary gland 0.010+£0.002  0.0094+0.002 0.009+0.001 0.010+0.001 0.008+0.003 0.0090.002  0.010£0.004  0.009+£0.002
(%) 0.003£0.001  0.003+£0.001 0.003+0.000 0.003£0.003  0.004+0.001 0.004+0.001  0.004+0.002  0.005+0.001
Brain 2.046+0.080 1.989+0.060 1.967+0.110 1.986+0.120  1.824+0.088 1.870+0.071  1.844+0.242  1.849+0.069
(%) 0.677+0.045 0.6574£0.029 0.649+0.049 0.598+0.680  0.855+0.049 0.917+0.055  0.897+0.116  0.832+0.290
Thymus 0.633£0.060 0.690+0.120 0.642+0.120 0.600£0.120  0.514+0.056 0.481%0.066  0.475+0.108  0.506+0.119
(%) 0.210+0.024 0.228+0.041 0.211£0.037 0.195+0.205 0.241+£0.026  0.218+0.076  0.232+0.056  0.239+0.095
Heart 1.043+£0.130  1.037+0.060 1.025+0.040 0.986+0.060 0.747+0.032 0.767£0.049  0.708+0.042** 0.777+0.055
(%) 0.346+0.047 0.342+0.015 0.338+0.011  0.336+0.338 0.350£0.021  0.376=0.021 0.344+0.016  0.389+0.037
Lung 1.311£0.130  1.349+£0.120 1.338+0.130 1.378+0.190 1.094+0.079 1.097+0.093 1.133+£0.134 1.097+£0.079
(%) 0.435+0.057 0.445+0.038 0.440+0.032 0.471+0.068 0.513+0.042 0.538+0.044  0.551+0.058  0.548+0.037
Liver 8.465+0.760 8.684+0.570 8.485+0.470 8.514+0.750 5.944+0467 5.692+0.494 5.61x0432  5.662+0407
(%) 2.801+£0.272 2.864+0.150 2.795+0.111 2.919+0.408 2.786+0.253 2.787+0.192  2.730+0.233 2.829+0.244
Spleen 0.785+0.130  0.973+0.190* 0.760+0.120 0.798+£0.150  0.591+0.054 0.600+0.058  0.605+0.099  0.615+0.107
(%) 0.260+0.043  0.320+0.052 0.250+0.038 0.336+£0.271  0.277£0.034 0.294+0.027  0.295+0.052  0.307+0.058
Kidney 1.044+0.060  1.026+£0.090 1.093+£0.110 1.027+0.080 0.694+0.037 0.670£0.026  0.686+0.133  0.666+0.029
(%) 0.346+0.027 0.338+0.023 0.360+0.025 0.353+0.053 0.325+£0.023  0.329+0.015  0.333+0.062  0.333+0.024
Adrenal gland 0.022+0.006 0.022+0.007 0.028+0.001 0.022+0.003 0.025+0.004 0.027+0.010  0.059+0.093  0.025+0.008
(%) 0.007+0.002 0.007+0.002 0.009+0.003 0.008+0.001 0.012+0.002 0.013£0.005  0.029+0.048  0.011+0.005
Thyroid gland 0.010+0.002  0.009+0.002 0.008+0.002 0.009+0.003  0.007+0.002 0.007+0.001  0.006+0.008  0.007+0.001
(%) 0.003+£0.001  0.003+0.001  0.003+0.001 0.003+0.000 0.004+0.001 0.003+0.006  0.004:0.001 0.004+0.001
Submaxillary gland  0.539+0.046 0.510+0.063 0.519+0.064 0.530+0.038 0.384+0.064 0.467+0.137  0.428+0.039%* 0.380+0.030
(%) 0.179+£0.020 0.168+0.017 0.171+0.018 0.182+0.025 0.180+0.031 0.208+0.097  0.208+0.017  0.190+0.016

Results are means£S.D. (n = 10).
Significantly different from control group at *p < 0.05 or **p < 0.01.

RO P <0.01) AAA7IFTF vlollME= #94 U
HEl= &S 2] Aokl s 500 mygkg T HS
A gl ol vlsle] F9A ol ZA(P < 0.05)
7h, 5 Su) Sl Eel Bisked foA e
Z717} QA E QTP < 0.05), 100 mgkg Fol72) 3¢
A gl dj 2ol vlsted F94 e At A=A
20y(P < 0.05), 7 20 mg/kg FoI 7] AR Loj) W=
ol Bldted 2l 2l vl JAEN (P <0.01),
ofsd-& Bul 2 vlste] 2l e FP) vEr
BOHP < 0.01). 28y A7) Sl 2 AR+
o] &g A7l AUAM o HEel vzt oA Sl
+ ¥ JAEA] A (Table 2).
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Al 7170 B3] A FellM AlEEA ] Fofeol 7

- ZE AIGEH Sl 2ol AEEA e
F2] Zt FAIF Sl T8 Aol 2 5 ¢
SAvk(Table 3).

7. OB HALAH

A Zabe] A 7 500 mgkg FHTAME
WBC, Hgb, MCH, MCHCA|7} &ulf oj 2o} nlsle] &
24 A ZAAFR S HP < 0.01), T BFe] Tl 3leiA]
T4 e W HEAER Adskeh 3 e B
E ATl S0l 2ol vlsle] oA Sl Wik
TAEA doket. =3 Wy T BEA G QlejME B
E AlgTelA ol 2l vlEle] folAd ol wishe
A=A AT (Table 4).

8. MUY PAAH

Table 5ol vyebd AA 2 500 mgkg ool A
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Table 3. Urine analysis results in SD rats administered orally with Table 3. Continued
GODEX for 4 weeks Sex Male Female
Sex Male Female Items Dose
Items Dose (mghkg %0 100 20 0 500 100 20 0
500 100 20 O 500 100 20 O
(mg/ke) normal 9 10 10 10 9 10 10 10
1.000 Glucose >0 ! !
1.005 100
Specific. 1010 S 14 35 2 2 (mg/dl) 350
. 1.015 1 5 3 3 2 6 1 4 1000
gavity ;0 2 2 03 3 2 1 2 S e
1025 2 2 111 ) - 9 10 10 9 10 10 10 10
1.030 Ketone * ! !
. 4
3 ++
6 1 3 - O
pH 7 2 1 1 2 1 0 10 10 9 10 10 10 10 10
g 2 g g 2 ? 2 3 g Urobilinogen 41; !
M (mg/dl) o
0 § 10 10 10 10 10 10 10
Leukocytes 10-25 2 ) 12 , o
(leuko/p) 75 - 10 10 10 10 10 10 10 10
500 Bilirubin +
Nitrite neg 10 10 10 10 10 10 10 10 (mg/dl) :+
pos
0 3 5 4 5 2 5 5 4 0 10 10 10 10 10 10 10 10
Protein 30 5 4 6 5 8 5 5 6 Blood 5-10
(mg/d)) 100 2 1 RBC/u) 50
500 250
0 0 10 10 10 10 10 10 10
) . . . . Hemoglobin  5-10
ALT, AST, T-protein, albumin, calcium, creatine kinase, (RBC/ul) 50
creatine, LDHZ|oj|A] &) d25tol] w]ste] {24 sl 250

ZHAvF FAENHP <0.01), A/G ratioX|ol|A= £ neg : negative, pos : positive. RBC : red blood cell.

Table 4. Hematological data in SD rats administered orally with GODEX for 4 weeks

Sex Male Female

Dose 500 100 20 0 (control) 500 100 20 0 (control)
(mg/kg B.W.)
RBC (x10%u1) 7.6+0.18 7.6+0.37 7.540.33 7.67+0.52 7.7£2.17 7.4+0.25 7.0+0.93 7.35+0.30
Hgb (g/d)) 14.3£0.43* 15.4+0.80 15.0+0.60 15.2+1.10 15.0£0.75 15.9+0.73 15.5+1.51 15.6+0.75
Hect (%) 40.6£1.13 41.5+2.16 40.5+1.81 41.51+2.95 42.8+11.41 41.4+1.73 39.5+5.11 41.0£1.91
MCV (fL) 53.7+0.82 51.0<12.45 54.3+0.95 54.2+1.81 55.4+1.78 56.2+1.03 56.8+1.40 55.8+0.92
MCH (pg) 19.0+£0.43**  22.446.80 20.1+0.48 19.9+0.62 21.3+0.98 21.6+0.40 22.4+1.46 21.2+0.60
MCHC (g/d]) 35.3+0.39%* 38.7+5.75 36.9+0.44 36.7+0.52 38.4+0.90 38.4+0.55 39.4+2.02 38.0+0.93
PLT (X103/p.l) 770.9+98.49 661.6+£331.24 845.8454.20 835.9+66.55 731.8£125.25 838.1+87.25 761.8+295.04 683.9£217.56
Reticulocyte (%) 1.4+0.83 1.3£1.13 1.8+£0.64 1.78+1.27 1.3+0.45 1.5+0.80 1.5+0.55 1.5+£0.38
PT (sec) 13.2+0.49 13.6+0.47 13.5+0.44 13.33+0.69 13.0+0.39 13.5+0.50 13.4+1.06 13.1+£0.63
APTT (sec) 15.24£2.08 17.2£2.24 17.1£1.32  16.53£3.58 17.0£1.92 18.3+3.88 18.5+2.21 18.1£2.41
WBC (x10%/u/) 5.4+2.16* 8.0+1.65 6.4+1.19 7.91+2.11 4.0+1.81 5.4+1.33 4,9+1.03 5.6£2.01
Neutrophil

Band (%) 0.40+0.34 0.46+0.23 0.93£0.38 0.63+0.51 0.37+0.33 0.40+0.47 0.30+0.29 0.40+0.26

Segmented (%) 15.20+3.18 9.63+3.08 12.60+3.04 11.90+3.82 15.30+2.95 15.20+4.87  15.30+4.90 13.00+4.13
Eosiniphil (%) 0.20+0.23 0.67+0.05 0.53+0.57 0.47+0.53 0.37+0.33 0.37+0.33 0.17£0.18 0.43+0.35
Basophil (%) 0.10£0.16 0.3040.25 0.23£0.32 0.23+0.22 0.13£0.17 0.13+0.17 0.07+0.14 0.07+0.14
Lymphocyte (%) 82.27+3.24  87.40+3.37 83.97+3.84  85.07+4.02 81.93+3.09 82.17£5.87  82.07+5.58 84.40+4.40
Monocyte (%) 1.83+0.86 1.53+0.67 1.73+0.66 1.70+0.46 1.90+0.57 1.77+0.61 2.10+£0.86 1.67+0.54

Results are means=S.D. (n = 10).
Significantly different from control group at *p < 0.05 or **p <0.01.
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Table 5. Serological data in SD rats administered orally with GODEX for 4 weeks

Sex Male Female

Dose (mg/kg BW) 500 100 20 0 500 100 20 0
ALT (U/L) 49.944.73* 72.4+13.35 61.6+5.30 67.8+13.60 49.7+6.86** 972+17.00 112.4+17.50* 87.3+21.53
AST (U/L) 146.0+£25.64**  206.8+£38.97 200.8+22.1 21092520 121.6+8.83** 183.4+29.90 216.3+35.98* 171.6+40.93
TG (mg/d]) 11.5£0.10 76.9+27.59 65.9+£18.45 68.6+19.18 58.1+£19.80** 70.1+£20.60 50.3x£15.15** 86.8+22.15
Cholesterol (mg/d/) 9.8+0.96 73.3+6.67 62.3+6.53 67.9+£7.48 77.5£14.60  78.1£16.20  82.3+17.63  79.1£19.38
Glucose (mg/dl) 14.9+0.82 65.8+13.52 57.5£13.16* 78.4+24.96 79.2+8.54  56.0+14.20* 50.3+10.50* 72.1+15.59
T-Protein (g/dl) 5.5+0.26* 5.74+0.38 5.540.42%* 6.1+£0.45 5.9+0.42* 6.4+0.48 6.7+£0.49 6.3£0.43
Albumin (g/d/) 7.6+0.37** 8.03+0.45%* 7.3+0.53** 9.2+0.68 9.5+0.77%*%  12.5%1.02%* 13.5%1.15** 10.4+0.61
BUN (mg/d)) 11.0+£2.21 14.2+1.48 12.5+£2.07 12.6£1.90 12.8+1.69 15.6£1.78 14.5+2.88 14.242.66
Calcium (mg/d)) 7.2+0.46** 7.130.36%* 8.8+1.04 9.749.47 10.0£0.10  7.40+0.73%*  82+1.30* 10.4+2.22
Chlorides (mEq/L) 99.9+1.97 98.5+1.27 110.9£9.20%*  952+8.90 104.4+18.17 92.5+10.26  98.4+8.67 97.3+8.74
Creatine kinase 1601.7 1566.3 2426.0 2123.0 1147.6 1656.1 1075.0 582.4

(U/L) +419.02%* +305.24** +191.71* +300.40 +242 .90** +667.90**  +388.01** +226.76
Creatinine (mg/d/) 0.5+0.07* 0.5+0.12 0.5+0.07** 0.6+0.09 0.6+0.08 0.5+£0.10 0.6+0.05 0.6+0.12
T-Bilirubin (mg/dl) 0.3+£0.07 0.4+0.19 0.2+0.08 0.4+0.15 0.4+0.13 0.5+0.10** 0.6+0.36 0.4+0.09
GGT (U/L) 10.1+£2.86 13.7+4.89 15.5+4.29 12.8+6.37 6.9+3.57* 8.1+5.44 10.9+6.08 13.2+4.09
Phosphorous (mg/d/)  5.8+0.52 6.8+1.11 6.2+0.60 6.4+0.65 5.4+0.40% 6.0+0.59 6.9+0.76%* 6.0+0.55
LDH 14712 2422.5 2422.5 2147.1 947.9 1927.4 2290.9 1517.1

(U/L) +461.69** +253.74* +253.74* +227.83 +209.26* +547.40 +566.70* +589.30
A/G ratio 3.7+0.32% 4.12.0£0.47%* 4.1+0.47%%* 3.1+0.60 2.7+0.26 2.12£0.06**  2.020.11** 2.620.14

Results are means+S.D. (n=10) .
Significantly different from control group at *p < 0.05 or ** p <0.01.

2Tl vlgte oA UA FZRAHREHEP <0.05). TH
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%o} (P <0.01), A/G ratioX|ellME= Lol dj2Fe) v]s}
o] foA QA F7HEHEHP <0.05). 5 100 mg/kg F
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Al Bl B2l Blst oA sl vl A=l
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A 500 mg/kg FoiolA ALT, AST, TG, T-protein,
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AEHP < 0.01). ¢ 100 mg/kg FoIFelA calcium, A/G
ratioX| | A Buf Szl wlste] fr2lA Qe At #
A= % 22 }(P < 0.01), albumin, creatine kinase, T-bilirubin

Table 6. Histopathological findings of SD rats administered orally with GODEX for 4 weeks

Sex Male Female
Organs Dose (mg/kg) 500 100 20 0 500 100 20 0
Number of animals 10 10 10 10 10 10 10 10

Kidney

Cell infiltration in interstitial tissue 0 1 0 1 0 1 2 1

Calcification of renal tubule 0 1 0 2 1 1 2

Vacuolation of renal tubules 1 1 0 1 0 1
Spleen

Follicular hyperplasia 2 1 0 1 1 1 0 0

Extramedullary hematopoiesis 0 1 1 2 0 1 0
Liver

Microgranuloma 2 1 0 1 2 1

Vacoulation of hepatocytes 10 1 0 1 0 1 0

Cell infiltration in Glisson’s sheath 0 1 0 3 0 1 2
Heart

Congestion 1 0 1 0 0 1 0 0

Cell infiltration in interstitial tissue 0 1 0 0 0 0
Lung

Thickening of alveolar wall 0 2 2 1 2 3 1 2
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FAEA Adshe) E3 AN R AY A7 F3)
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oo A Fitsl B W FAAGE) T 2R
R=ol] gk 4FAT HHEFA 5 Ao QeIA Hg
el 500 mgkg FATNNE E718 whst S} @
AR gho}, Tl 4L 500 mgkg oo B AR
AAlel H4AE o hiAel ¥ Ao ).
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