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Subacute Toxicity of SP-102 (Sulbactam.
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Abstract—The subacute toxicity of combined antibiotics, SP-102 (Sulbactam-Piperacilline), was examined in
S.D.rats. Four groups of rats were administered intraperitoneally with 0, 512, 1280 and 3200 mg/kg/day of
SP-102 for 30 days. Main clinical sign related to the compound was soft stool. The body weight gain was
slightly decreased in male rats treated with 1280, 3200 mg/kg and in female rats treated with 1280 mg/kg
of SP-102. Water consumption was significantly increased in rats administered with SP-102. There were no
dose-related changes of urinalysis, biochemical examination and hematological findings in all the groups treated
with SP-102. Gross necropsy and histopathology revealed no evidence of specific toxicity related to SP-102.
Our data indicate that no-observed effect level of SP-102 is below 512 mg/kg in male and female rats. Maximum
tolerated dose of SP-102 was estimated to be above 3200 mg/kg in this study.
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Table 1. Survival/Adjusted survival in rats treated intraperi-
toneally with SP-102 for 30 days®®

Sex Dose start 7 14 21 28 30  end
(mg/kg) (days)

Male control 10/10 10/10 10/10 10/10 10/10 10/10 TSc
512 10/10 10/10 10/10 10/10 10/10 10/10 TS
1280 10/10 10/10 10/10 10/10 10/10 10/10 TS
3200 10/10 10/10 10/10 10/10 9/10 9/10 TS
male control 10/10 10/10 10/10 10/10 10/10 10/10 TS
512 10/10 10/10 10/10 10/10 10/10 10/10 TS
1280 10/10 10/10 10/10 10/10 10/10 9/10 TS
3200 10/10 10/10 10/10 10/10 10/10 8/10 TS

"Ral were administered intraperitoneally with SP-102 once a day
for 30 days.

b Values are expressed as survival number/total number of rats.
¢T8: terminal sacrifice.

A= =2 Folof 2jF olgy £y 253
Aol 28 Aoz AHHA
szt

i AFE7VE-E viaste] B, R 14T
ol 4 Fold 22904 ¥, FEHFTAME Fol 15U
YE FoiFRYAA AT wE F44 de AT
74 AR} fAH o0, ATl e Fef 29
dA et 14 e AFS7E Avh AL T
4717 el dxzTd fAE F7HEE dehisin.
w3 PR FEFTAME 2295 FE dm2gel wls)
Axe AFErt vt FFHENL, 18T A
SFTAME Fo4 e ARSI BEEA Gt

edotei(Table I, I1#} III).

N

(Fig. 1).
AENEE 2 2NHY

- A FAF BF dlmgel v]ste] Fof Agubr]e|
AtgAgee] Fastgont, Fol 10474 olFoE
2 FAE A4S ek ¢Hl T8eke A Fo
Fublel] A AlRAgHw ot AR e, 9
ZEHETANA Fo 19974 FE Fol 23¢A7A AR
A,g,;qea ] adlg e}t 2 oolF e dFEyel vlsked

Qe Aelrl vehiA wskch & dHRe A
/ﬂ APEA AFAFo] dazTel wzte] Foi7|zt
Aute] A Frlstgom, SR A% e
Waleh gk, el e ngakEale] AFe7)3k Fat
Z7leld e, 2497 AL4HTe Fol §dARE o
7o vls) FlA e 27 AR 2 olFe
Z73 farg A4S b dekTable 1V, 'V, VIS
VID.

Hoysty ZA}

aiz

Table TI. Clinical signs in male rats treated intraperitoneally with SP-102 for 30 days?"

Dose Clinical signs 1 2 3 4 5 7 10 14 17 21 24 28
(mg/kg) (days)
Control NAD¢ 10 10 10 10 10 10 10 10 10 10 10 10
512 NAD 4 7 8 7 10 7 8
soft stool 10 10 8 10 6 2 10 2 2 3 2
alopecia 1 1 1 1
diarrhea 2
1280 NAD 1 1 7 10 2 3
soft stool 10 7 8 10 9 10 9 3 10 6 7
diarrhea 3 2 2
mild edema of anal region 1
3200 NAD 3 1
soft stool 10 7 7 10 10 10 9 8 9 9 6 9
diarrhea 3 1 3
mild edema of anal region 3 1
alopecia 1 1 1
melena 1 1
salivation 2

"Rats were administered intraperitoneally with SP-102 once a day for 30 days. "Values are expressed as animal numbers. * NAD:

no abnormalities detected.
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Table III. Clinical signs in female rats treated intraperitoneally with SP-102: for 30 days?®

Dose .. . 1 2 3 4 5 7 10 14 17 21 24 28
(mg/kg) Clinical signs (days)
Control NAD® 10 10 10 10 10 10 10 10 10 10 10 10
512 NAD 4 3 1 7 10 5 9 10 6
soft stool 6 7 10 9 10 3 10 5 1 4
1280 NAD 10 7 9 3 7
soft stool 10 10 8 10 9 10 10 3 7 3
alopecia 1 1 1
diarchea 1 1
mild edema of anal region 1
3200 NAD 3 1 2 1
soft stool 9 6 7 10 9 10 5 9 5 8 6 9
diarrhea 1 4 1 3 4 3
mild edema of anal region 2
alopecia 1
melena 1 1

*Rats were administered intraperitoneally with SP-102 once a day for 30 days. ® Values are expressed as animal numbers. ¢ NAD;

no abnormalities detected.
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Fig. 1. Body weight gain in male rats (upper panel)and fe-
male rats (lower panel) treated intraperitoneally with SP-102
for 30 days. Values are means for the groups of 8 to 10
rats. SD brackets are omitted for the sake of clarity. Asteri-
sks denote significantly differences from the control groups
at p<0.05.
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Table IV. Food Consumption in male rats treated intraperitoneally with SP-102 for 30 days®°
Dose 4 8 1 14 18 22 25 29
(mg/kg) (days)
Control 208+ 12 221+ 14 239412 224408 229+ 0.8 23.7+ 1.0 225+ 1.1 22.3£08
512 16.9+ 0.7 21.0£ 0.6 2481t 1.1 26.0+ 1.5* 220+ 12 23705 20.1*+ 1.3* 212+15
1280 169+ 1.1* 19.3+ 1.9* 228+ 1.7 242+ 1.7 208+ 19 229+ 16 203+ 1.3* 213+ 16
3200 17.9+ 1.6* 18.8+ 1.2* 231+ 0.7 24.6+ 0.5* 212+ 21 235+ 09 20.7+1.0* 214+08
*Rats were administered intraperitoneally with SP-102 once a day for 30 days.
® Values(unit: gm/day) represent meanst+ SD. for nine to ten rats.
* Significantly different from the control at »<0.05.
Table V. Food Consumption in female rats treated intraperitoneally with SP-102 for 30 days®*®
Dose 4 8 11 14 18 22 25 29
(mg/kg) (days)
Control 158+ 0.6 166+ 11 176+ 14 177+ 11 179+ 15 190+ 1.6 168+ 1.0 170+ 08
512 125+ 1.2* 16.3+ 0.5 164+ 1.1 19.6+ 1.1* 159+ 0.8* 1811+ 14 166+ 13 15.5£ 1.3
1280 12.7+1.1* 163+ 0.6 16.2£ 0.9 19.0+ 29 149+ 0.6* 156+ 1.3* 155+ 1.8 16,0+ 1.2
3200 122+ 0.9* 164+ 09 163+ 0.8 195+ 19" 162+ 0.6 17.7£0.6 151+ 0.9* 15.8+ 0.8*
2Rats were administered intraperitoneally with SP-102 once a day for 30 days.
b Values(unit:gm/day) represent meanst SD. for ten rats.
*Significantly different from the control at p<0.05.
Table VI. Water Consumption in male rats treated intraperitoneally with SP-102 for 30 days®*®
Dose 4 7 9 12 16 19 23 27 29
(mg/kg) (days)
Control ~ 37.8%23 376£ 38 406+ 1.2 36.7+ 04 38219 385 1.1 40.7+ 16 41209 43622
512 436+ 2.5 43.0+22* 60.0+23* 566+ 1.6% 535+45% 496+£53* 488t 50% 494+41* 503+ 4.7*
1280 422+ 24* 432+ 14* 538 66" 543155% 514+£63* 503+ 7.0% 49.0+58* 4651 4.0% 487+ 4.0*
3200 442+ 1.8% 440+ 09* 6561 4.6% 634+6.7* 599X 76* 612+ 39* 629+33* 59.0£39* 57.3+59*
*Rats were administered intraperitoneally with SP-102 once a day for 30 days.
® Values(unit: mi/day) are expressed as means+ SD. for nine to ten rats.
*Significantly different from the control at p<0.05.
Table VII. Water Consumption in female rats treated intraperitoneally with SP-102 for 30 days®
Dose 4 7 9 12 16 19 23 27 29
(mg/kg) (days)
Control 315+ 36 308+ 3.3 36.6% 6.3 34.2+43 36.0£ 5.5 327143 36.7£4.7 349+ 338 36.8+4.8
512 348+14 400+ 1.7* 42631 423+42* 379+6.1 399+ 3.8* 386+26 35.0+28 376+ 4.8
1280 343+ 14 376+ 1.8 43.2+46 374+23 36326 35.8+39 39.9+ 3.7 38.6+3.3 37829
3200 343+ 25 404+ 3.0* 459+ 2.1* 420+ 3.6% 446 57* 458+ 47* 469+ 3.1% 440+ 36* 470x61*
*Rats were administered intraperitoneally with SP-102 once a day for 30 days.
® Values(unit:ml/day) are expressed as meanst S.D. for ten rats.
*Significantly different from the control at p<0.05.
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Table VIIL Levels of blood chemical indices in rats treated intraperitoneally with SP-102 for 30 days®®

Male Female
Items (units) control 512 1280 3200 control 512 1280 3200
- Dose(mg/kg)

WBC thousand/mm® 17.12% 49 12984 2.9* 1491+ 33 1530+3.0 127019 1474+ 56 13.07+2.6 945t 5.9
RBC millions/mm? 580+ 034 695+02* 6.66+02* 594+03 6.28£03 6.38£04 630£05 65303
HGB g/dl 1460+ 08 1597+ 0.3* 1526+ 04* 1413+06 137525 1418110 14.03+07 14.23+06
PCV % 3446+ 20 4101+ 0.9* 3837% 1.0* 34.42i\\1.5 3707+23 36.19+21 3641+23 3780+13
MCV fl 5354111 DH9.03X 16 5H762+19 5H800X20 5892+16 576823 5780+11 5789+17
MCH pg 2484+ 06 2298+ 0.7* 2292+ 0.8* 2390+ 0.8* 21.82+35 2262+ 11 2227+09 217603
MCHC g/dl 4241+ 06 3894+ 0.8* 39.78+ 1.1* 41.17+ 1.3\*\\ 369457 39.20+1.1 3861t12 37.60%06
Lymphocyte  thousand/mm® 1522+48 10.74+2.0* 1263+ 35 12.29+24 1204+ 19 1344+48 1195+24 871+58
Neutrophil  thousand/mm? 1.61£0.7 19214 223209 270£10 05704 118£12 162+10* 068+03

Monocytes  thousand/mm?  0.22-+0.2 0.20+03 0.05£01 006+0.09 0.12+02
Eosinophil thousandmm® 0.07£0.085 012+0.18 0.00£0.00 0050075 0.05=0.0

0.05+£ 009 014+0.16 0.04%0.05
0.08+0.10 0.06+0.075 0.05%0.058

“Rats were administered intraperitoneally with SP-102 once a day for 30 days.
b Values are expressed as meanst S). for eight to ten rats.
*Significantly different from the control at p<0.05.

Table IX. Levels of serum hiochemical indices in rats treated intraperitoneally with SP-102 for 30 days?®®

Male Female
Items (units) control 512 1280 3200 control 512 1280 3200
Dose(mg/kg)
ALB g/dl 4.3+ 049 42+ 044 3.9 0.67 3.7+ 0.34* 48+ 040 43+0.39 4.3+ 0.59 4.2+0.79
ALT (874 40+ 5.0 43+ 7.1 41+ 95 37+ 76 37+54 43+ 15.2 41+ 215 38+11.2
AST U/l 112+ 206  119+362 157+ 996 142+ 204 92+ 127 156+ 1361 133+80.3  117+921
BUN mg/dl 23+53 21+ 39 22+43 20+ 4.8 25+ 5.0 261 7.7 24+ 47 24+ 6.0
cholesterol mg/dl 76+ 13.9 77104 70+ 16.9 76+ 19.2 99+ 250  77£198*  75£11.3* 75+ 19.0*
glucose mg/d! 186+409 153+ 385 150+ 304 161+ 239 187+ 366 204+310 183+30.1 185+ 34.2
T.BILL mg/dl 0.3£0.13 0.3+ 0.19 0.3£0.18 02+0.13 02£020 0.3+029 0.2+ 0.20 0.2+ 0.20
T.PROT. g/dl 7.5+ 0.84 741 0.85 6.8+ 1.22 64+ 0.60* 81X 057 74+082 7.2+ 0.89 7.2+ 130
triglyceride mg/dl 77+ 215 50+ 12.7* 49+ 15.3* 61+ 26.7 67268  40£14.7*  41+6.3* 46+ 25.0
ALP 18774 202+59.2  195x 446 183+ 447 157+ 332 132+293 118+39.6 103+ 30.7 95-+ 43.3
creatinine mg/d! 094 0.12 0.8+ 0.14 0.8+£0.17 0.8+ 0.10 1.0+ 0.23 1.0 0.05 0.9+ 0.09 0.9+ 0.15
CK U/l 408+ 1747 356= 1582 42511988 422+153.1 2711703 552+329.0 368%+179.0 435%532.0
Na mmol// 120+ 1283 122+ 187  134+205 128+ 155 123+ 146 125+ 69 133+ 125 134+ 125
K mmol/] 55+ 1.02 52+0.77 56+ 0.76 53+0.63 47084 491080 4.6+ 0.69 6.0+ 1.63
‘Rats were administered intraperitoneally with SP-102 once a day for 30 days.
bValues are expressed as means+ SD. for eight to ten rats.
*Significantly different from the control at #<0.05.
Table X. Urinalysis in rats treated intraperitoneally with SP-102 for 30 days®
Male Female
Dose (mg/kg) control. 512 1280 3200 control 512 1280 3200
No. of animals 10 9 10 9 10 10 10
1) Specific 0 0 0 0 0 0 0 0 0
gravity 1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 2 0 0 0 0 2 0 0
4 0 0 0 1 0 1 0 0
5 8 9 10 8 10 7 10 9
2) pH 0 0 0 0 0 0 1 0 0
1 0 2 1 0 1 1 2 3
2 2 5 4 5 7 5 4 2
3 0 2 4 4 2 2 3 4
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Table X. continued

Male Female
Dose (mg/kg) control. 512 1280 3200 control 512 1280 3200
No. of animals 10 9 10 9 10 10 10 9

3) Protein

4) Glucose

5) Ketone

i
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6) Bilirubin
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7) Occult 1 1 1 1 1
blood
8) Nitrite
9) Urobili-
nogen 1 10
0
0
0
1) 0:<1.005 2) 0: 50 6: 8.0 30 - 4) 0. —
1: 1.010 1: b5 7: 85 1. +/- 1: 0.1 g/dl
2: 1015 2: 60 8: 9.0 2+ 2: 025 g/d!
3 1.020 3: 65 3 30 mg/dl 3: 0.5 g/dl
4: 1.025 4: 7.0 4: 100mg/dl 4: 1.030g/d!
5:21.030 5: 75 5:>300 mg/dl
5 0: — 6) 0: — 70— 8 0: — 9 0: 0.1 EUydl
1: +/- 1: + 1: +/— 1. + 1: 1.0 EU/dI
2 + 2 ++ 2: + 2: 2.0 EU/d!
3 ++ 3 ++F+ 3 ++ 3 4.0 EU/dI
4: +4++ 4: 4+ 4:>8.0 EU/d!

“Rats were administered intraperitoneally with SP-102 once a day for 30 days.
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Table XI. Gross findings in rats treated intraperitoneally with SP-102 for 30 days®

Dose (mg/kg) Male Female
control 512 1280 3200 control 512 1280 3200

THYROID GL

No. of observations 10 10 10 8 10 10 10 8

No gross findings 10 (100%) 10 (100%) 10 (100%) & (100%) 10 (100%) 10 (100%) 10 (100%) 8 (100%)
ADRENAL GL

No. of observations 10 10 10 8 10 10 10 8

No gross findings 10 (100%) 10 (100%) 10 (100%) & (100%) 10 (100%) 10 (100%) 10 (100%) 8 (100%)
BRAIN

No. of observations 10 10 10 9 10 10 10 8

No gross findings 10 (100%) 10 (100%) 10 (100%) 9 (100%) 10 (100%) 10 (100%) 10 (100%) 8 (100%)
KIDNEY

No. of obsetvations 10 10 10 9 10 10 10 8

No gross findings 10 (100%) 10 (100%) 10 (100%) 9 (100%) 10 (100%) 10 (100%) 10 (100%) 7 (87.5%)

Pelvis dilation 0 0 0 0 0 0 0 1 (12.5%)
HEART

No. of observations 10 10 10 9 10 10 10 8

No gross findings 10 (100%) 10 (100%) 10 (100%) 9 (100%) 10 (100%) 10 (100%) 10 (100%) 8 (100%)
SPLEEN

No. of observations 10 10 10 9 10 10 10 8

No gross findings 10 (100%) 10 (100%) 10 (100%) 9 (100%) 10 (100%) 10 (100%) 10 (100%) 8 (100%)
LIVER

No. of observations 10 10 10 9 10 10 10 8

No gross findings 10 (100%) 10(100%) 10 (100%) 7 (78%) 8 (80%) 9 (90%) 9 (90%) 8 (100%)

Adhesion 0 0 0 2 (22%) 0 0 1 (10%) O

Yellowish brown nodule 0 0 0 0 2 (20%) 1(10%) 0 0
CECUM

No. of observations 10 10 10 9 10 10 10 8

No gross findings 10 (100%) 8 (80%) 7 (70%) 6 (67%) 10 (100%) 10 (100%) 5 (50%) 4 (560%)

Dilation 0 2 (20%) 3 (30%) 3 (33%) 0 0 5 50%) 4 (50%)
LUNG

No. of observations 10 10 10 9 10 10 10 8

No gross findings 10 (100%) 10 (100%) 10 (100%) 9 (100%) 9 90%) 10 (100%) 10 (100%) 8 (100%)

Hemorrage 0 0 0 0 1 (10%) 0 0 0
TESTIS (OVARY)

No. of observations 10 10 10 9 10 10 10 8

No gross findings 10 (100%) 9 (90%) 10 (100%) 8 (88%) 10 (100%) 10 (100%) 10 (100%) 8 (100%)

Atrophy 0 1 (10%) 0 1 (12%) 0 0 0 0
“Rats were administered intraperitoneally with SP-102 once a day for 30 days.
a4 BAAGT, AL RS BUY BYAF @ o
9 9ol mekd FAFFE FUF 2] 9A HET
28, 4R AT 18 DEFE U SP-102+= E7eg AdAg FAEA AgdAe] ¢

AZ A Axe A HAwsde] 7 niT 3 on, st FholA el dste] At FAAAA
Aol A FAEGR HEe] P40 47 tET 19 APz Fe LDypX7F 29 A5 3726 mg/kg,
oA Helow Axel HFiAe] oAl T8 14 of 712 79 4107 mg/kgE AEE ) I B H
A BEEdck e AR FaA dabt Afol Falo] ZHF)ell A Aduted EF dUA R H=] st

ol 2=

d2F o 2t 18HeA =g

Alg 30 At 3A BTl AsstE &
2ol At WAE Beled], 53] AoM 2 A=sF A
Adez Astger 2 e 2Ae2s AYTELH
B Axbat b7l mgeky el AR A58}
7} g oeh(Table XIID).

AN oFFH AUFAANYCE FE DYFF 2R
ARE shele H FHaeo) 100 my/kee B,
Qo] FAFTYFHENA AL FUA 2 de
o AAE obgA BASAAANAE He) Fagaol
2000 mg/kgol 2k ol2ig AHSEHE SP-1029) ¥
gere =40] vehd o AZslE 3200 myke
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Table XIII. Incidence of histopathologic findings in rats trea-
ted intraperitoneally with SP-102 for 30 days®

Male Female
control 3200  control 3200
10 (%) 9 (%) 10 (%) 8 (%)

Dose (mg/ke)
Number of animals

ADRENAL GL 0 0 0 0
KIDNEY 0 0 0 0
Calcification 6 (60) 7 (88)
BRAIN 0 0 0 0
SPLEEN 0 0 0 0
HEART 0 0 0 0
THYROID GL
Lymphocytic 1(10) 0 1(10) 0
infiltration
LIVER
Capsular fibrosis 0 2 (22)
Chronic inflammation 0 0 2 (20) 0
with fibrosis
LUNG
Preumonia 0 3 (33)
Hemorrhage 1 (10) 0
Alveolar distension 0 131D
TESTIS (OVARY)
Atrophy ()] 1 (1) 0 0

“‘Rats were administered intraperitoneally with SP-102 once
a day for 30 days.
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