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ABSTRACT : Alginase® (Arginine esterase) is one of the snake venoms which is mainly consisted of
arginine esterase and acts as a thrombus-forming inhibitor/thrombus-lysin. These present studies were
performed to investigate of the acute and subacute toxicity of the Alginase® in rats. In acute toxicity
study, rats were single administered intravenously with dosages of 0.001, 0.01, 0.1, 1 and 10 U/kg B.
W. and examined the number of death, clinical sign, body weight and pathological change for 7 days
after administration of Alginase®. At maximum dose level (10 U/kg B.W.), Alginase® induced symptoms
of shock with cyanosis and dyspnea. But these symptoms dissappeared after 30~50 minutes and we
could not find any other toxic effect in rats. Therefore, LD,, Value of Alginase was over 10 U/kg B.W. in
rats. In four-week intravenous toxicity study of Alginase®, rats were administered intravenously seven
days per week for 28 days, with dosages of 0, 0.0125, 0.125 and 1.25 U/kg B.W./day, respectively.
Alginase® did not caused any death and showed any clinical signs in rats. No significant Alginase®-
related changes were found in feed uptake, water consumption, hematology, serum biochemistry,
urinalysis, ocular examination, organ weight and histopathological examination. From the results,
Alginase® seems not to have any toxic effect in rats when it were given daily intravenous injections
below the dosage 1.25 U/kg B.W./day for four weeks.
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Table 1. Body weights of rats intravenously treated with alginase® once a day for 28 days
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(unit: g)

Dose 0

3

8

11

15

18

22

25

28

(Ulkeg)

(days)

0 34461378
e 00125 32374487
€ 0125  350.8+360

1.25 342.4+27.3

379.8+29.6
363.0+39.0
374.7+39.6
378.5+27.9

39421+ 34.4
392.1+394
39791428
401.5+28.6

388.04-36.2
386.8+42.7
401.6x41.2
408.5+31.1

413.7+41.2
412.0+40.6
412.6140.4
4189+ 31.8

413.3+41.6 42481438
412.2+42.1 417.2+373
411.7+40.0 417.0+40.1
417.94+29.4 431.8430.2

441.8+43.8
43334419
44224451
442.3+30.6

441.0+£439
431.0+41.7
431.6+51.0
442.34+30.6

0 2474+154
Fomaie 00125 23443100
© 0125 24374240

1.25 241.84+30.0

258.5+21.1
248.5+10.7
256.4+22.2
263.5+30.4

269.7+22.0
287.54+91.7
263.5+24.4
268.7+30.7

273.9+19.6
260.74+10.1
268.51+25.1
268.9+31.7

278.8+23.3
297.8+98.2
270.0+£25.8
273.1+32.2

275.0+21.1 282.3+23.1
263.8+11.8 270.3+134
267.7125.1 270.5+25.6
269.4+27.6 271.9+28.1

289.6+21.7
275.8+21.8
2722+21.0
282.0+28.9

285.01-20.9
27584218
272.2421.0
278.9+29.2

*, Values were expressed mean+S.D.

Table 2. Food consumption of rats intravenously treated with alginase once a day for 28 days.

(unit: g)

Dose 0

3

8

11

15

18

22

25

28

(Ulkg)

(days)

0 25.12+2.23°
0.0125 20.05+6.18
0.125 34251193
1.25 28.10+11.0

Male

27.00+2.83
21.50+9.19
45.50+£19.0
17.00+4.24

31.50+4.95
38.50+4.95
29.001+-2.83
29.50+2.12

31.00+7.07
34.00£5.66
27.50t2.12
28.50+7.78

29.50+7.78
39.50+16.2
23.50x2.12
26.50+0.70

28.50+2.12
25.00+1.41
24.00+1.41
22.50+3.53

28.50+2.12
15.50+12.0
23.50+2.12
35.00+16.9

24.50+2.12

26.50+3.54
8.50+4.95*

25.50+16.9

32.50+3.54
29.50+0.70
35.00+5.66
26.00+7.07

0 21.45+1.90
Fomale 00125 19464378
emAC h125  18.26+2.33

1.25 21.05+3.14

18.50+0.70
20.50+7.78
17.00+2.83
15.00+4.24

24.00+1.41
21.50+2.12
20.00+0.00
38.00+24.0

22.00+0.00
24.00+2.83
19.50+0.70
17.50+4.95

22.50+3.54
36.00+£25.4
17.50+0.70
19.00+1.41

20.50+24.7
19.50+0.71
16.50+0.71
16.50+0.71

27.50+24.7
18.50+2.12
15.50+2.12
16.50+0.70

18.00+1.41
19.00+2.82
15.50+0.70
19.50+0.70

22.50+0.70
21.50+0.70
24.50+0.70
23.00+0.00

‘, Values were expressed mean+S.D.
*, Significantly different from control group (p<0.05).

Table 3. Water consumption of rats intravenously treated with alginase once a day for 28 days(unit:

ml)

Dose 0

3

8

11

15

18

22

25

28

(Ukg)

(days)

0 55.62+3.58
0.0125 52.36x2.74
0.125 48.55+5.34
1.25 54.74+3.57

Male

47.001-9.90
58.00+2.83
49.00+4.24
55.00+1.41

45.0011.41
54.00+1.41
44.50+6.36
53.00+0.00

65.50+2.12 60.50+12.0
71.00+1.41 58.00x15.5
36.50+6.36* 50.50+6.36
54.50+7.78 55.001+2.83

53.00+1.41
56.00+9.90
42.50+2.12
52.00+2.82

46.50+3.53
51.00+18.3
41.50+3.53
58.50+4.95

45.50+6.36
50.00+5.66
51.50+12.0
46.00+7.07

41.50+3.53
38.50£3.53
46.00+8.48
39.50+2.12

0 45.20+3.29
0.0125 44.81+5.59
© 0125 45564491
125  49.41+3.24

Femal

52.00+8.48
52.50+4.95
48.00+2.83
48.00+2.83

40.501+4.95
35.50+0.70
45.00+1.41
45.00+1.41

82.50+19.0 41.00+7.07
63.00+1.41 42.501+2.12
60.501+4.95 47.001+15.5
60.50£4.95 47.00£155

57.00+£424
62.50+28.9
44.001+8.48
44.00+8.48

37.00£2.82
35.50+4.95
35.50+£7.77
35.50x7.77

53.50+26.1
38.50+£3.53
41.501+-2.12
41.50+2.12

34.50+4.95
62.00+£28.2
39.50+3.53
39.50+3.53

*, Values were expressed mean=+S.D.
*, Significantly different from control group (p<0.05).
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Table 4. Urinalysis of rats intravenously treated with alginase once a day for 28 days

\Sex Male Female
Parameter \Dose (Urkg/day) 0 00125  0.125 1.25 0 00125 0125 125
\No. of animal 5 5 5 5 5 5 5 5
Nitrite - 5 5 5 5 5 5 5
Urobilinogen
(Ehrilich 0.1 5 5 5 5 5 5 5 5
unit/dl)
- 4 4 3 2 2 4 4 3
Protein + 0 1 2 2 3 1 1 2
(mg/dl) 30 1 0 0 0 0 0 0 0
100 0 0 0 1 0 0 0 0
6 1 1 1 1 1 0 0 1
6.5 1 1 0 1 2 0 0 0
H 7 0 1 2 2 1 1 1 2
p 75 0 0 1 1 1 1 3 1
8 2 2 1 0 Q 3 1 1
8.5 1 0 0 0 0 0 0 0
Occult blood - 5 5 5 5 5 5 5 5
1.010 2 1 2 1 1 2 2 1
1.015 1 0 1 0 0 1 0 0
Gravity 1.020 1 0 1 1 2 0 1 3
1.025 0 2 1 1 0 0 0 0
1.030 1 2 0 2 2 2 2 1
Ketone body - 4 5 5 5 5 5 5 5
(mg/dl) +(5) 1 0 0 0 0 0 0 0
Bilirubin - 5 5 5 5 5 5 5 5
Glucose
- S 5 5 5 5 5 5 5
(g/d))

Table 5. Prothrombin time and thromboplastin time of rats intravenously treated with alginase once a day for 28 days

(unit: second)

Sex \Dose (U/kg/day) 0.0125 0.125 1.25
Male PT Mean S.D. 15.80+2.39 16.00+1.63 16.80+3.52 15.204+2.44
PTT Mean S.D. 23.80+5.71 23.90+6.10 20.60+5.83 20.80+3.73
Female PT Mean S.D. 17.20+2.39 16.70+2.21 16.80+1.81 16.60+2.01
PTT Mean S.D 24.40+3.63 25.50+4.65 24.60+4.60 2270298

PT, Prothrombin time; PTT, Partial thromboplastin time.
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Table 6. Hematological values of rats after intravenously treated with alginase once a day for 28 days
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P ¢ \Sex Male
arameter
\Dose (U/kg/day) 0 0.0125 0.125 1.25
Neutrophil (x 10°/u)) 2224088 2.26+1.00 1.91+0.31 2.50+0.54
Lymphocyte (X 10°/ul) 11.09:+1.99 8.08:+3.19* 7.76+2.30% 9.33+1.69
Monocyte (x 10°/ul) 0.40+0.14 035+0.17 0.28:+0.14 032+0.15
Eosinophil (X 10°7/u)) 0.12+0.07 0.17+0.13 0.13:£0.06 0.23+0.10
Basophil (X 10’/ul) 0.07+0.03 0.07+0.04 0.04+0.01 0.06+0.02
WBC (X 10%u) 14.16:+2.90 11.04+4.36 10.32+2.53 12.69:+2.32
RBC (X 10%ul) 7.54+G.46 6.68+2.19 10.06+ 8.06 7.34+0.27
HGB (g/d)) 14.05+0.64 12.20+4.03 13.72+0.37 13.66+0.40
HCT (%) 47.17+3.07 39.43+13.17* 46.05+1.58 4432+1.15*
MCV (fL) 62.48+1.56 58.83%1.66* 61.15+1.33 60.38+0.94*
MCH (pg) 18.64+0.68 18.31+0.42 18.21+0.23 18.65:+0.45
MCHC (g/dD) 29.8310.91 31.08+0.52* 29.70+0.41 30.8510.39*
PLT (X 10°/)) 848.00+97.15 712.50+313.56 906.80+45.44 948.44+95.45*
\Sex Female
Parameter
\Dose (Ulkg/day) 0 0.0125 0.125 125
Neutrophil (% 10°/u) 1.24+0.37 1.92+0.53* 1.33+0.52 1.80+0.51
Lymphocyte (X 10 6.14+0.88 7.54%2.15 6.19+2.22 7.81+2.62
Monocyte (X 10°%ul) 0.25+0.09 0.24+0.09 0.22+0.10 0.27+0.13
Eosinophil (x 10%ul) 0.15+0.05 0.11+0.06 0.11+0.06 0.11:0.03
Basophil (%) 0.14+0.10 0.13+0.12 0.08+0.07 0.04+0.02
WBC ( 10°/uh) 7.97+1.34 10.04+2.68 8.03+0.04 10.20+3.22
RBC (X 10%ul) 6.26+2.08 6.96+0.52 6.95+0.25 6.70+0.28
HGB (g/dl) 12.91+0.93 13.06+0.83 13.18+0.46 12.88+0.36
HCT (%) 38.80+13.06 4233+2.44 41.65+1.82 41.60+1.61
MCV (fL) 61.761+2.17 60.85+1.46 59.85+1.09 62.05+0.90
MCH (pg) 18.37+0.52 18.78+0.48 18.94+0.66 19.25+0.36*
MCHC (g/d)) 29.68+0.87 30.87+0.45* 31.661 1.04* 31.02+0.57*
PLT (X 10°/u) 820.87+269.03 905.80+ 96.53 975.44+78.21 966.33+71.03

, Values were expressed mean+S.D. *, Significantly different from control group (p<0.05). WBC, white blood cell; RBC, red blood cell;

HGB, hemoglobin; HCT, hematocrit; MCV, mean corposcular volume; MCH, mean corposcular hemoglobin; MCHC, mean corposcular hem-
oglobin concentration; PLT, platelet.

Table 7. Serum biochemical values of rats intravenously treated with alginase once a day for 28 days

P " \Sex Male
arameter \Dose (U/kg/day) 0 0.0125 0.125 1.25
ALT (u/l) 47.77+ 1007 43.03+7.52 44.84+4.04 40.96+4.14
AST (wh 102.56+ 15.03 113.66+22.54 122.06+23.39 105.14+22.88
CHOL (mg/dl) 51.3314.66 53.2217.61 5320+9.11 53.10+8.71
GLU (mg/d) 200.66+60.21 187.00+26.33 195.00+ 25.90 164.00+ 16.45
TB (mg/d)) 0.09+0.01 0.11+0.03 0.11+0.02 0.11%0.01
7.13+0.34 7114036 - 7.14+0.32 7274032
TG (mg/dl) 95.11+30.73 95.88+40.58 75.30+24.00 70.40+26.77
ALP (/) 211.55+50.17 198.44+ 16.95 234.10+58.55 158.90+ 37.59*
Cl (meg/dl) 122.22%42.04 114.55+2.92 114.00+1.82 113.50+2.12
CPK (/) 34122+ 1414 851.77+813.70 557.80+215.27 503.00+456.19
BUN ( dg/dl) 20.68+1.96 19.63+2.35 20.10+1.74 19.77+2.14
Ca (mg/d]) 10.51+0.53 10.22+0.44 10.15+0.37 10.35+0.29
Albumm (g/d]) 3141023 3.0410.16 337%0.10* 3.50+0.18*
\Sex Female
Parameter \Dose (U/kg/day) 0 0.0125 0.125 1.25

ALT (uw/l) 48314835 38.22+7.10* 47.16+8.09 47.56+10.56
AST (v/]) 104.13%16.13 89.87+ 26.45 106.92+21.72 89.74+16.16
CHOL (mg/dl) 62.11+10.11 53.60+6.96 52.20%6.35 58.10+8.98
GLU (mg/dl) 186.33+33.63 169.20+ 17.66 166.10+8.97 17530+ 12.43
TB (mg/dl) 0.10+0.03 0.09+0.02 0.12%0.02 0.11+0.03
TP (g/dl) 7.7010.19 7.37+0.42 7.3610.25 7.96+0.38
TG (mg/dl) 76.44+ 66.96 37.40+8.15 4970+ 11.47 65.40+36.49
ALP (v/]) 38.77%65.55 126.60+ 50.59* 142.40+63.11* 116.40+ 36.49*
Cl (meq/d]) 106.00+4.18 9920+ 34.19 108.10¥3.38 109.10+ 1.66
CPK (v/)) 313.77+127.12 298.80+129.53 460.50+ 126.07* 217.10+123.71
BUN (mg/dl) 21.63+1.60 19.73%3.11 21.04+2.26 21224 1.95
Ca (mg/d]) 10.10+0.00 9.68+0.31 9.64+0.40 9.67+3.23
Albumin (g/d) 3754025 3431022 3.45+0.19 3.9110.43

*, Values were expressed as mean+S.D. *, Significantly different from control group (p<0.05). ALT, alanine transaminase; AST, aspartate
transaminase; CHOL, Total cholesterol; GLU, glucose; TB, total bilirubin; TP, total protein; TG, triglyceride; ALP, alkaline phosphatase; Cl,

Chloride; CREAT, creatinine phosphokinase; BUN, blood urea nitrogen.
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Table 8. Absolute organ weights of rats intravenously treated with alginase once a day for 28 days (unit: g)
. \Sex Male
Variable
\Dose (U/kg/day) 0 0.0125 0.125 1.25
Body Weight (g) 441.05+43.96* 431.49+41.78 424.26145.16 442.33+30.64
Heart 1.54-+0.14 1.55+0.24 1.48+0.13 1.431+0.12
Liver 16.74+1.93 15.25+1.23 15.37+1.56 14.52+1.71
Spleen 0.91+0.13 0.85+0.11 0.82+0.13 0.89+0.11
Brain 2.19+0.11 2.1240.17 2.09+0.11 2.11+0.09
Left 0.05+0.01 0.0410.01 0.04+0.01 0.04+0.01
Adrenal gland Right 0.04:£0.01 0.03£0.01 0.04+0.01 0.04+0.01
Safivary gland Left 0.4710.09 0.59+0.14* 0.46£0.09 0.38+0.10
Y & Right 0.42+0.05 0.50+0.08 0.45+0.10 0.38+0.09
Lung 2.91+0.50 2.42+0.52* 2.38-£0.44* 2.44+0.36*
Kidne Left 1.66+0.17 1.14+0.18 1.51£0.14 1.47+0.15
y Right 1.69+0.18 1.55+0.20 1.50£0.09 1.54+0.11
testis Lefi 1.51+0.18 1.57+0.12 1.63+0.14 1.56+0.14
Right 1.55+0.10 1.57+0.14 1.64+0.15 1.55+0.11
. \Sex Female
Variable
\Dose (U/kg/day) 0 0.0125 0.125 1.25
Body Weight (g) 285.02+20.90 275.86+21.83 272.25+21.06 278.91+29.25
Heart 1.15+0.14 1.04+0.09 1.09+0.14 1.03£0.11
Liver 12.12+1.52 10.82+0.86 10.85+1.36 12.20+1.67
Spleen 0.72+0.10 0.72+0.11 0.71£0.18 0.71+0.08
Brain 1.60+0.51 1.50+0.52 1.40£0.52 1.20+0.42
Adrenal eland Left 0.05+0.01 0.04+0.01 0.04+0.01 0.04+0.01
& Right 0.05+0.01 0.0410.01 0.04+0.01 0.04+0.01
Salivary eland Left 0.55+0.12 0.34+0.06 0.33+0.06 0.2840.06
Y B Right 0.35+0.12 0.30+0.09 0.33+0.10 0.25+0.04
Lung 1.86+0.18 1.82+0.28 1.97+0.59 1.84+0.21
Kidne Left 1.16+0.20 1.02+0.10 1.04+0.15 1.0210.13
y Right 1.15+0.20 1.01+0.11 1.03+0.10 1.08+0.11
Ova Left 0.09+0.01 0.08+0.02 0.07+0.01 0.060.02
y Right 0.0910.01 0.07+0.01 0.08+0.02 0.07£0.02

¥, Values were expressed as mean=+S.D.
*, Significantly different from control group (p<0.05).



Table 9. Relative organ weights of rats intravenously treated with alginase once a day for 28 days (unit: %)
. \Sex Male
Variable
\Dose (Ulkg/day) 0 0.0125 0.125 125
Heart 0.35+0.02 0.361:0.07 0.35+0.05 0.32+0.03
Liver 3.79+0.14 3.56+0.37 3.661+0.55 3.28+0.31
Spleen 0.21+£0.03 0.20+0.03 0.19+0.02 0.20+0.02
Brain 0.50+0.04 0.491+0.04 0.50+0.07 0.48+0.03
Left 0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.00
Adrenal gland Right 0.01+0.00 0.01%0.00 0.01-£0.00 0.02£0.00
Thymus gland 0.13+0.04 0.16+0.06 0.10+0.01 0.14+0.03
Saliv land Left 0.11+0.02 0.14+0.03* 0.11+0.03 0.09+0.02
ay g Right 0.10+0.01 0.12+0.03 0.11+0.03 0.09+0.02
Lung 0.66+0.09 0.56+0.09* 0.561+0.09* 0.55+0.06*
Kidney Left 0.381+0.03 0.36+0.05 0.36+0.04 0.33+0.02
Right 0.38+0.04 0.36+0.05 0.36+0.04 0.35+0.02
Testis Left 0.35+0.02 0.37+0.04 0.39+0.03 0.35+0.03
Right 0.35+0.03 0.37+0.05 0.39+0.03 0.35+0.03
. \Sex Female
Variable
\Dose (U/kg/day) 0 0.0125 0.125 1.25
Heart 0.40+0.05 0.38+0.03 0.401+0.05 0.37+0.01
Liver 4.25+0.33 3.93+0.23 3.99+0.47 4.3740.40
Spleen 0.251+0.03 0.27+0.04 0.26+0.06 0.26+0.03
Brain 0.70+0.05 0.71+£0.06 . 0.721+0.08 0.69+0.06
Adrenal gland Left 0.02+0.00 0.02+0.00 0.01+0.00 0.02+0.00
& Right 0.02+0.00 0.01+0.00 0.01+0.00 0.01+0.00
Thymus gland 0.15+0.02 0.19+0.04 0.17+0.04 0.16+0.05
Salivary gland Left 0.124+0.04 0.12+0.02 0.12+0.03 0.10+0.02
Right 0.12+0.02 0.11+0.03 0.12+0.03 0.09+0.02
Lung 0.65+0.05 0.66+0.11 0.731+0.23 0.66+0.05
Kidney Left 0.40+0.05 0.37+0.04 0.38+0.05 0.37+0.03
Right 0.40+0.05 0.37+0.04 0.38+0.03 0.39+0.02
ov Left 0.30+£0.00 0.03+0.01 0.03+0.00 0.02+0.00
any Right 0.03+0.01 0.03+0.00 0.03+0.01 0.02+0.01

’, Values were expressed as mean+S.D.
*, Significantly different from control group (p<0.05).
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