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ABSTRACT

Background: Cassia tora L., an annual or perennial plant of the Fabaceae family, is traditional medicine with various biological
activities, including anti-constipation and, anti-inflammation. Chemical compounds such as anthraquinone glycoside and naphtha-
lene derivatives have been isolated from this plant. Cassia fora L. is a common contaminant of agricultural commaodities, but is toxic
to cattle and poultry.

Methods and Results: To investigate the potential toxicity, Cassia tora L. aqueous extract (CO) was administered orally to rats for
26 weeks at 0 (control), 300, 1,500 and 3,000 mg/kg/day (n = 10 for male rats for each dose). The positive control comprised ani-
mals orally administered anthraquinone 100 mg/kg/day. There was no treatment-related mortality. An increase in the kidney weight
was observed at 3,000 mg/kg/day of CO and anthraquinone 100 mg/kg/day. Macrophage infiltration in the colon was observed at CO
1,500 and 3,000 mg/kg/day and anthraquinone 100 mg/kg/day, but there were no significant toxicological changes in the incidence
and severity of the finding.

Conclusions: The oral no-observed-adverse-effect level (NOAEL) of CO was 3,000 mg/kg/day in male rats and no target organs
were identified. In addition, 300 mg/kg was found to be the no-observed-effect level (NOEL) for systemic toxicity under the condi-
tions of the study.

Key Words: Cassia tora L., Herbal Medicine, Anthraquinone, Chronic Toxicity, NOEL (No Observed Effect Level)
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goelz Arle AFHT Y oF 1S BD Vacutainer™
glass blood collection tube with K3 EDTA (Thermo Fisher
Scientific Inc., Waltham, MA, USA)°| Y& % IDEXX
ProCyte DX hematology analyzer (IDEXX Laboratories Inc.,
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count, RBC), 8214 (hemoglobin, HGB), dIVIEZZEX]
(hematocrit, HCT), % 8% (mean corpuscular
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hemoglobin, MCH), A EZFEZNFE  (mean
corpuscular hemoglobin concentration, MCHC), &ZA¥<=
(platelet, PLT), B &<~ (leucocyte count, WBC), M=
& (WBC differential counting)3} 8448 (reticulocytes,

Retiys S48kt

6) YAy AL}

GAgsera Hak= v tlsolx AfF gk I F st
A AAE FAE AQg A dolE 3,000 ppmeE 10
B AR & S FHske] o] &akith HEdt lactate
dehydrogenase (LDH) % creatine kinase (CK)2|] 74L& 3|
I Y tubel] e ¥ 3,000 rpmeE 10 27 U4
e § E4E Fdt ol&siir

GNP 3}EE27]91 FUJI DRI-CHEM 4000i (Fujifilm,
Dokyo, Japan)Z} ZA&|Z&27] EasyLyte (Medica Co.,
Bedford, MA, USA)E ©]&-3}>] alanine aminotrasferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP),
gamma glutamyl transpeptidase (GGT), blood urea nitrogen
(BUN), (Crea), total bilirubin (T-Bili), total
protein (TP), chloride (Cl), sodium (Na)Z} potassium (K)=
S48kt

creatinine
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%
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BANDE (%) =184/ F AAS) *x 100
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TS AN BE w0l thete] A A 22 7] 700
225 AZ319] 10% neutralized buffered formalin pH 7.1 &0
(10% NBE, 54952292189, Thermo Fisher Scientific £ *
Inc, Waltham, MA, USA)ol ¥ A3z, =2 & 2L g —o-0mgkgiday
davidson hartman’s fixative solution (Sigma-Aldrich Co., St. E Zz IEfoﬁg“j:,f::;
Louis, MO, USA)l 74351t} i

IAg 7] 2Ae A, g 9 alep Injed] dukE O
QA 2AAYIAEES AX 2AEAS AFste] &b & () . Week of dosing
H&E (hematoxylin & eosin) 9448 A5} T} 35

@ 30

4. SAXE] £

Ao Dojxl AT, AARAHE, =, 994 AL @ g o j -0 mgkg/day
st AAL, A\5E Ade Bae] 544 WA 3§, 0 tomgtyer
919l Levene's AALE AN S = AAWLEA (Oneway o e
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o Fig. 1. Body weights and food consumptions in male rat
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OS2 Scheffe 4 (FoloE: 45 5%
RIL Ahto] o]F Aol A7
AAHSZ Dunnett’s T3 t54A (F4E: 4= 5%
1%)E AAEAH.

BE FAEAS SPSS S/ =21 (Statistical Package
for Social Science Inc., Chicago, IL, USAYS o|-&3slo] 4=3)
a3t

=i
=

treated with Cassia tora L. extract and anthraquinone
for 30 weeks. (A); body weights of male SD rats. (B);
food consumptions of male SD rats. AQ; anthraquinone,
CO 300 mg/ke/day; aqueous extract of Cassia tora L.
(300 mg/kg/day), CO 1,500 mg/ke/day, aqueous extract of
Cassia tora L. (1,500 mg/kg/day), CO 3,000 mg/kg/day;
aqueous extract of Cassia tora L. (3,000 mg/kg/day).

1500 &= CO 3000) ¥ QHEZH]= Fo

jL =
a2 3R] ekgiet.
1.2yt Bn AZTHE, AHold 0 25 7rhel e AuEAL v
AYA (Cassia tora L)FEE Fo< (CO 300, CO YA kAT wjdy) #Este] A (soft stool)e] AHAL
Table 1. Summary of clinical signs of male rat treated with Cassia tora L. extract and anthraquinone for 30 weeks.
Sex; Male
Group/Dose No.of Signs Week of dosing
(mg/kg)  animals 2 3 45 6 7 8 9 1011 12131415 16 17 18 19 20 21 22 23 24 25 26
o 10 Abnomal 6 9 0 0 00 0000000O0O0OOOOOGOGOGO0O
0 findings
G2 Abnormal
CO 300 10 ﬁndings00000000000000000000000000
G3 Abnormal
CO 1500 10 findings000000000000000531————————
Softstool - - - - - - - - - - - - - —- - 5 7 9 1010 10 10 10 10 10 10
G4 Abnormal
CO 3000 10 ﬁndings000000000000000321————————
Softstool - - - - - - - - - - - - - - - 7 8 9 1010 10 10 10 10 10 10
G5 Abnormal
AQ 100 10 findings 0O 0 0OOOOOOO0OO0OO0OO0OUO0OO0O9 97 7 6 6 6 6 6 6 6
Softstool — - — — — — — — - - - - — — - - 1 3 3 4 4 4 4 4 4 4

AQ); anthraquinone, CO; Cassia tora, test material (mg/kg/day).
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ZExiel Bl SN 2 B W
(CO) 1,500 5 3,000 mg/kg/day FoAolr] o 16-26 5= d=2e| AFAgo] e vz AlgEw, 545 o]
of 5-10 &, JFEZHF= 100 mghkg/day TN Fof 17- & fle A2 AT (Table 1).
26 Foll 1-4 #olA Addoz Aoy At
300 mg/kg/day Foftelld TAYSIA] okt o3t Msh= Al
Table 2-1. Change in body weights of male rat treated with Cassia tora L. extract and anthraquinone for 26 weeks.
Sex; Male
Group/Dose Week of dosing
(mg/kg) 0 1 2 3 4 5 6 7 8 9 10 11 12 13
G1 Mean 77.8 1409 2023 264.3 333.8 363.7 399.3 4289 453.3 470.7 488.8 501.5 513.4 5235
0 SD 55 77 141 156 19.0 211 264 288 32.8 362 389 422 425 430
G2 Mean 78.8 1424 2113 269.4 3414 3745 418.5 436.1 464.5 486.4 503.0 511.1 525.5 531.0
CO 300 SD 5.1 7.4 95 186 265 297 322 381 434 486 49.0 515 506 485
G3 Mean 775 1421 206.9 263.4 326.7 3583 381.3 408.1 434.5 455.6 473.1 484.6 496.5 519.1
CO 1500 SD 2.7 6.5 70 121 187 25.0 351 384 417 437 429 414 433 336
G4 Mean 78.7 141.7 208.2 265.8 334.4 3689 393.6 417.2 4452 464.1 486.1 496.5 508.9 518.5
CO 3000 SD 3.6 84 149 188 252 258 315 343 367 378 388 40.0 403 389
G5 Mean 75.6 139.1 195.8 253.1 326.3 339.6 369.5 391.6 4149 4358 4514 4473 462.1 4750
AQ 100 SD 4.0 76 114 126 244 218 265 310 289 312 333 356 348 346
Group/Dose Week of dosing
(mg/ke) 14 15 16 17 18 19 20 21 22 23 24 25 26
G1 Mean 548.5 564.6 576.7 596.0 609.4 621.4 627.7 6375 647.8 654.2 661.2 6699 679.1
0 SD 504 546 62.7 63.2 66.2 70.2 693 736 752 776 799 826 830
G2 Mean 560.5 577.6 588.9 609.5 621.4 629.8 638.5 646.1 656.1 663.5 674.7 681.1 691.6
CO 300 SD 538 556 549 551 580 600 607 604 633 624 63.7 657 652
G3 Mean 531.4 545.2 558.1 573.8 589.1 597.1 604.7 6140 624.1 631.0 632.0 645.6 654.9
CO 1500 SD 441 473 495 483 472 458 478 484 483 481 621 506 50.7
G4 Mean 537.3 545.8 546.7 5703 582.0 596.5 601.8 612.0 620.3 633.7 642.9 653.7 661.3
CO 3000 SD 420 413 516 501 503 500 509 542 536 583 569 586 583
G5 Mean 495.3 508.3 518.7 535.7 548.6 552.0 563.4 568.7 5783 589.1 600.0 604.2 617.5
AQ 100 SD 369 354 364 343 402 435 455 503 522 549 563 563 599
Table 2-2. Change in body weights of male rat treated with Cassia tora L. extract and anthraquinone for weeks of recovery.
Sex; Male (@
Group/Dose Week of recovery
(mg/kg/day) 1 2 3 4
G1 Mean 652.0 655.6 660.0 672.4
0 SD 84.2 89.6 92.6 96.6
G2 Mean 693.4 695.8 702.0 716.4
CO 300 SD 74.3 75.3 75.8 80.0
G3 Mean 673.4 678.0 681.8 696.6
CO 1500 SD 66.9 63.5 61.2 61.4
G4 Mean 663.8 667.0 673.8 690.8
CO 3000 SD 72.6 74.6 74.5 77.0
G5 Mean 592.0 600.2 609.8 623.0
AQ 100 SD 40.9 41.6 39.9 43.0

Values are expressed as means = SD of ten rats. AQ; anthraquinone, CO; Cassia tora, test material (mg/kg/day). n = 5. Significantly different
from the control; *p < 0.05.
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Table 3-1. Change in mean food consumption of male rat treated with Cassia tora L. extract and anthraquinone for 26 weeks.
Sex; Male

Group/
Dose
(mg/kg) D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Animal Week of dosing

G1 Mean 14.2 164 21.2 26.1 27.5 28.6 27.6 27.2 27.4 26.5 26.6 27.2 26.3 26.0 29.4 30.0 29.7 29.6 29.3 29.6 29.2 29.7 29.9 29.4 29.7 28.8
0 SO 07 12 05 33 14 12 10 12 24 26 29 24 17 21 34 32 30 28 26 3.0 29 31 30 25 18 28
G2 Mean 13.1 162 22.1 249 27.7 28.9 27.2 26.8 26.7 26.5 26.4 26.7 25.4 25.1 289 29.6 28.8 29.9 29.5 27.2 28.4 28.8 29.1 29.4 28.9 28.0
co300 SD 37 28 19 15 01 05 00 01 07 05 01 03 01 05 25 28 23 22 27 23 23 23 22 18 12 15
G3  Mean 157 16.7 22.2 254 27.0 28.3 26.3 26.3 26.5 25.9 26.0 26.5 25.4 25.8 28.4 28.9 28.5 29.5 29.2 27.3 28.5 28.8 29.0 28.8 28.3 27.6
CO1500 SD 05 05 21 11 24 14 00 09 07 17 15 09 02 01 27 24 22 25 27 21 24 25 25 22 15 19
G4 Mean 152162 21.9 25.1 27.0 27.7 26.5 26.1 27.0 26.5 27.5 27.6 263 26.4 27.6 28.0 274 28.9 29.1 28.1 289 29.0 29.3 29.2 28.8 28.6
CO3000 SD 07104108 24 19 13 10 01 10 01 02 17 02 17 26 23 20 20 26 20 21 21 23 18 13 15
G5 Mean 147 159 20.1 239 25.7 26.5 25.4 25.1 25.6 24.2 25.0 23.2 243 25.2 27.1 27.6 27.8 28.0 26.6 26.5 27.7 26.6 29.1 28.6 28.5 27.9
AQ100 SD 02 25 53 09 12 05 18 19 17 27 08 27 20 28 32 29 29 30 28 28 30 25 28 23 15 19

Values are expressed as means and standard deviation (SD) of ten rats. AQ; anthraquinone, CO; Cassia tora, test material (mg/kg/day). n = 10.

Table 3-2. Change in mean food consumption of male rat treated with Cassia tora L. extract and anthraquinone for weeks of recovery.

Sex; Male @
Group/Dose Animal Week of recovery
(mg/kg) 1D 1 2 3 4

G1 Mean 27.3 32.1 33.1 31.9

0 SD 4.4 4.5 4.1 4.7

G2 Mean 28.1 325 33.4 32.7
CO 300 SD 3.3 3.4 3.4 3.9
G3 Mean 26.3 33.2 33.5 329
CO 1500 SD 1.9 4.4 3.6 4.1
G4 Mean 29.7 33.8 35.1 34.1
CO 3000 SD 2.6 2.9 2.7 3.0
G5 Mean 27.5 32.0 33.8 30.7
AQ 100 SD 4.3 5.0 43 4.0

Values are expressed as means and standard deviation (SD) of ten rats. AQ; anthraquinone, CO; Cassia tora, test material (mg/kg/day). n = 5.

2. A= 95} AAZ Holm, Aol Foj7t Al tigh FIS wX]H]|
A7 FE22 475 26 7+ 2 4 F FEIL 5 A Ue AR AlRET

JsEEY] HHATS SHAS o, ABA FE2= Tl

(CO 300, CO 1500 =& CO 3000004 izt Bl Al 3. Al 85

ol e AFwshs AR Ut AT FESFH = AR FE25 FoT B FEH = T HAAEA
100 mg/kg/day FoATN Fof 6 FHE 35 4 F7EA] Fe Oz vl fo4 de AEAHAE ek 3
ZaF v Al F949 (p<0.05)AUE AT A JEEHSA ElZl STt BE Al ARSIl wet sk A%
t} (Fig. 1A, Table 2-1, Table 2-2). L}EMJMJt} 26 FH N T HAARAFH T 263 -

StEZ}H =& JtA gt laeie}, Zaael, A, A9ar & 297g°] AF S BTt (Fig. 1B, Table 3-1, Table 3-2).
of ZtHEE AHE fd SFFEE dHA Jow olof uhzk 72“6‘*]'-4 Fojot IOOmg/kg/day E&o| tEH =
(Hardman and Limbrid, 1995), StEZ}FA = Y=o 938 EoJ7} Alo)AdF e o)t S mIXRA] e Aoz AlEHT)
ppm °)’de] FEE 2] S uf, 2 FAFE AFS A5
Aok A Tt Dodd ef al, 2013). Wb FEDAE 4 % HA}

Fole] Aetas FEHF = HH o oAl AT A FE2= 7o Al 1,500 = 3,000 mg/kg/day 5=
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Table 4-1. Individual of urinalysis results in main groups.
Sex; Male Table 4-2. Individual of urinalysis results in recovery groups.
Gl G G G4 G5 Sex; Male
Group/Dose cO cO cO AQ G1 G2 G3 G4 G5
(mg/kg)
O 300 1500 3000 100 Group/Dose
(ne/ke) , CO O cO AQ
Negative 5 - - - 5 300 1500 3000 100
Color T+ - 5 - - - Negative 5 5 5 5 5
2+ - - 2 - - Color 1+ - - - - —
3+ - - 3 5 - 24 - _ _ _ _
Negative 5 4 2 2 5 Negative 5 5 5 5 5
Glucose Trace - - 1 - Glucose Trace - - - - -
1+ - - 2 3 - 1+ _ _ _ _
2+ 1 - ilirubi Negative 5 4 5 4 5
Negative 4 3 2 2 2 Bilirubin 1+ - 1 _ 1 _
Bilirubin 1+ 1 1 2 1 3 Negative 2 2 4 2 1
2.“‘ - 1 1 2 Ketone Trace 3 3 1 3 4
Negative 1 - - - - body 1+ - — — — _
Ketone Trace 1 1 - - - 4+ _ _ _ _
body 1+ 2 2 3 1 3 <1.010 4 4 3 1 2
2+ 1 2 2 4 2 ” 1.015 1 - 2 2 3
<1.005 - - - 1 - Specyﬁc 1.020 - 1 _ 2 _
. 1.010 - 2 3 4 2 gravity 1025 - _ _ _ _
Specific 1015 1 2 1 - 1 '
aravity ~ >1.030 - - - - -
1.020 3 1 1 - 1 Negative 4 4 3 3
>1.025 1 - - - 1 Trace
Negative 2 3 1 - 3 intact B 2 ! B
Trace 3 P 1 B Occult blood Trace B 3 B )
intact lysed
Occult Trace
blood | 1 1 2 4 2 - -] -
ysed 2+ — - - - _
1+ 1 - - - - <75 - - - - -
2+ - 1 - - H 80 - 2 2 1 -
<75 3 - - - - P 85 4 3 3 4 5
pH 8.0 2 1 2 2 1 >90 1 _ _ _ _
85 - 3 3 3 4 Negative —— - - - 1
=90 - 1 _ _ _ . Trace 5 5 4 3 1
Negative _ _ _ Protein 1+ - B ] ] 1
Protein Trace = R ! ! 2+ - _ _ 1 2
1+ 1 2 2 1 1 Urobilinogen 02 5 4 5 5 5
2+ 4 3 a 3 4 (EU/d0) =10 - 1 - - -
Urobilinogen 02 5 3 3 3 3 — Negative 5 5 5 5 5
(EU/d0) 10 - 2 2 2 2 Nitrite Positive  — _ _ _ _
=20 - - -
Negative 5 3 2 5
Nigite S S
osiive _ ~ (urobilinogen)s! o}FEAMA (nitritey ™3] 7} T2t} Bl Al &
717k A=A,
A 2H & EET (guose)d] Z7HE0] BRALL, AWA ST ole) e wslse 8@lEAg0) gl Wt oz}
FE2E FAE5,E AEA (ketone body)’} 7M™ sepcific Azl Hla) 2 zfo]7F UA] kom (Table 4-1), 3]&

gravity (157 Z4sE 495 vepich 299 pHe 4
ol Bl Z7lshe Y Holedl ole #ol#el o)zt
NAL ¥ ol " FR (bilirubin), FEYE] =70
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Table 5-1. Summary of hematological parameters in main groups.

c Animal RBC  HGB HCT MCV MCH MCHC PLT WBC WBC differential counting (%)
rou
D Toym gdt) (%) (fl) (pg  (gdd) (10%ul) (10%ul) NEU LYM MONO EOS  BASO
Gl Mean 9.13 1560 50.70 5550 17.10 30.90 1183.00 1520 16.40 7490 690 150° 0.34
0 SD 040 070 300 230 030 110 13100 290 220 290 1.89 042 0.17
N 500 500 500 500 500 5.00 500 500 500 500 500 500 5.00

G2 Mean 8.99 15.00 4850 54.00 16.80 31.00 1060.00 15.50 16.50 72.50 9.50 1.30  0.24
CO300 SD 0.46 0.50 1.30 1.70 0.40 0.60 89.00 1.20 2.10 2.60 215 0.37 0.13
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

G3 Mean 8.94 1540 49.70 5570 1720 31.00 1053.00 13.90 18.90 71.60 8.50 0.80° 0.20

co SD 0.52 0.70 2.80 2.00 0.50 0.50 19.00 3.80 9.30 8.40 1.83 0.16 0.12

1500
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G4 Mean 9.23 15.70 5030 5450 17.00 31.20 116200 13.50 2430 65.60 8.90 0.84" 0.28

€O SD 0.64 0.90 3.10 0.90 0.30 0.30 146.00 3.10 9.30 8.60 2.66 0.29 0.08

3000
N 5.00 5.00 5.00 5.00 5.00 5.00 500 5.00 5.00 5.00 5.00 5.00 5.00
G5 Mean  8.66 1490 4790 5540 1720 31.10 119000 12.00 20.50 70.10 8.28 0.80" 0.26
AQ 100 SD 0.31 0.20 1.10 2.20 0.50 0.40 105.00 1.30 2.60 3.90 1.97 0.23 0.1
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

*Means with the different letters (a-b) are significantly different (p < 0.05) by Scheffe’s multiple range test. —; non-significant.

Table 5-2. Summary of hematological parameters in recovery groups.

Sex; Male

Group/ Animal RBC HCB HCT MCV MCH MCHC PLT WBC WBC Differential Counting (%)
(H[];C/’EZ) D 0% (gdo) (%) (fh) (pg  (@dt) (10%u) (10%w) NEU  LYM MONO EOS BASO
Gl Mean 9.48 1580 49.90 5270 16.70 31.60 1145.00 14.40% 13.80 7570 8.88 130 0.26
0 SD 015 040 070 070 020 030 7700 250 260 390 174 019 0.05

N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G2 Mean 878" 1530 47.80 5440 17.50 32.10 1059.00 13.30° 16.10 73.70 8.92 1.04 0.26
300 SD 0.53 0.70 3.10 1.20 0.50 0.80 37.00 3.10 7.40 9.50 237 0.35 0.11
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G3 Mean 9.25® 1580 49.40 5340 1710 32.00 1143.00 12.80° 13.20 76.40 8.92 122 022
1500 SD 0.43 0.50 1.70 1.10 0.50 0.40 264.00 1.80 3.90 470 215 0.47 0.18
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
C4 Mean 9.09® 1530 48.50 53.60 16.90 31.50 1142.00 18.00° 1590 7570 6.96 1.18  0.28
3000 SD 0.67 0.70 2.30 3.90 1.10 0.70 177.00 4.20 2.40 290 1.84 0.42  0.08
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G5 Mean 9.00® 15.50 4830 53.70 17.30 32.10 1124.00 13.20° 1470 75.80 8.10 1.18  0.26
100 SD 0.35 0.30 1.10 1.60 0.60 0.30 64.00 2.90 0.60 3.20 3.35 011 0.09
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

*Means with the different letters (a-b) are significantly different (p < 0.05) by Scheffe’s multiple range test. -; non-significant.

BE AFEE FofollA 34 (EOS, eosinophil) 2171t £0.23%=2 SRIFOH, o]= F2]4l 7Hart VehdAer 7
Zw HA] F94 (p<0.05)U= A7 A=A, o mgk WskE A on|s TIRRA] g ZleE AR "t
& Aol gk Msk= UERA] 283k (Table 5-1). (Table 5-1).

Bdzaollr & METS A £ 1.50+£0.42% 4 F7F 3BF7E AR H CO 300 Aol HH+

3 ol ELA

=2 717171

e Aaw A%
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Table 6. Summary of biochemical parameters in main groups.
Sex; Male
Group/Dose Animal _AST AT T-BIL AP BUN TP CRE  GGT Na Cl K
(mg/ke) D W) W) mgks)  (U/L)  (mg/dl)  (gd)  (mg/dl) U/ L) (mmol/€) (mmol/¢) (mmol/ L)
G1 Mean 76.80 23.40 0.34 392.20° 13.00 6.90 0.36 1.00  146.80 7.20 99.20
0 SD 19.00 530 0.21 79.90 1.90 0.50 0.05 0.00 1.70 1.80 1.30
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G2 Mean  83.00 2740 032 354.40° 14.20 6.80 0.38 1.00 147.70 7.10 100.40
CO 300 SD 2610 14.00 0.1 30.70 1.60 0.30 0.04 0.00 2.20 1.20 1.10
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G3 Mean 75.80 33.40 0.30 310.40" 14.00 6.80 0.44 1.00  146.60 8.60 99.70
CO 1500 SD 710 1540  0.07 27.00 1.30 0.20 0.09 0.00 1.20 2.20 0.60
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
C4 Mean 81.60 23.40 0.30 339.80" 13.80 6.70 0.38 1.00 147.10 6.90 100.40
CO 3000 SD 12.70 450 0.14 56.10 2.10 0.30 0.04 0.00 2.00 1.10 0.90
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G5 Mean 6140 23.60 0.34 288.80° 14.70 6.80 0.34 1.00 146.30 8.50 99.60
AQ 100 SD 7.80 3.70  0.09 28.90 1.40 0.30 0.09 0.00 1.70 1.00 1.30
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

*Means with the different letters (a-b) are significantly different (p < 0.05) by Scheffe’s multiple range test. —; non-significant.

Table 7. Summary of sperm morphology in main and recovery groups.

Gr?ntljg%[g))ose Bent Bent Ll Separation Deformity (%)
neck midpiece Coil Small Head Midpiece Tail

G1 Mean 0.0 1.8 0.8 0.0 0.3 0.2 0.0 3.1
0 SD 0.0 1.0 0.4 0.0 0.3 0.3 0.0 0.9
N 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
G2 Mean 0.0 0.9 0.8 0.0 0.3 0.2 0.1 2.3
CO 300 SD 0.0 0.4 1.0 0.0 0.4 0.3 0.2 0.6
N 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
G3 Mean 0.0 1.8 0.7 0.0 0.1 0.1 0.0 2.7
CO 1500 SD 0.0 1.0 0.6 0.0 0.2 0.2 0.0 1.3
N 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
C4 Mean 0.1 1.3 0.6 0.0 0.2 0.1 0.4 2.7
CO 3000 SD 0.2 0.7 0.5 0.0 0.3 0.2 0.7 0.8
N 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
G5 Mean 0.0 0.6 1.4 0.2 0.2 0.2 0.3 2.9
AQ 100 SD 0.0 0.2 0.7 0.3 0.3 0.3 0.4 1.1
N 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

—; non-significant.

(RBOFA7}F frejdoz Zrlslal BE
(WBC)FX] 9] Wslrh #2E ARt o]

Stk ol A%E FUH

oJ o
A=

AT WP
Z o]

TR

2ol 7t §l

m ol2j g Wsl= QrlE st

224 548 oult girka ARt (Table 5-2)
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6. SHMMSISIM ZIAL
AX AHF S S ol gal HsetA ArE g
A3} A4z a-2 ALP (alkaline phosphatase) <=X]7} 392.2
+£79.9 U/ 4 2 YEIL CO 1500

BEES

] 3104+270U/ 0,

StEF = FEojFto] 288.8+289 U/ L & T2 v 5]
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Table 8. Summary of necropsy findings in male rats.
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Period Main Recovery
Group G1 G2 G3 C4 G5 G1 G2 G3 (@) G5
Organ / Findings Dose (mg/k'g) 0 300 1500 3000 100 0 300 1500 3000 100
No. of examined 5 5 5 5 5 5 5 5 5
Abnormal organs  Remarkable findings 0 0 0 0 0 0 0 0 0
oz ZrASIHUAT, AST (aspartate aminotransferase), ALT — A| IRV QFER}F| = FojolA iz A9A &
(alanine aminotrasferase), BUN (blood urea nitrogen), CRE oJ oA YERIR] 2 small taile] 27 UERd Aoz

(creatinine), GGT (y-glutamyl transferase) 2 A& (Na,
Cl and Ky zfo|7} VEREA] 2334t} (Table 6).

ALPE 7ro| 24EE o |7} S7ksitial &3] deiA
Rom Tashs A= vl =&, BSo] Aol ek
W AE ALP X gt viFE] vk WA
=48t oJn|= Qltkal AL HEU. (Table 6).

7. ZXAA

e FHA AAE AF sk GAre] FEE (bent
neck, bent midpiece, tail coil, small tail, head separation,
midpiece separation, tail separation) &QIs|E A3} H 1%
m5 We] A E &S BAdtEe] 3.0+ 0.9%2 UERES.
] A9t FEE FoF (CO 300, CO 1500 2 CO 3000
& Z}7F 23+0.6%, 2.7+1.3%, 2.7+ 08%= AEHH= F
o2 2.9+ 1.1%= YERITE (Table 7).

olgldt s FHAME o, BNt vlarste] AxgAt
FEE Foo o3 APk folH el zfel7h vERt

Table 9. Summary of absolute organ weights in main groups.

HolAIRt, & AA} 71F 80 Fe MAA e e dEy
At

A At FEEe Al 71dEe] 9T vAA %
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e A 7 AdAEEe] 7 (liver), A7 (heart), W17

(spleen), A7 (kidney), 23 (testis) ¥ A (epididymis)S]

Sex; Male
Group/Dose BW. Liver Heart Spleen Kidneys Testis Epididymis

(mg/ksg) Rt Total L. Rt Total L. Rt Total
G1 Mean 684.80 19.56 2.06 1.14 245 248 494 196 194 3.90 0.83 087 1.70
0 SD 69.90 3.11 0.24 0.32 0.24 0.25 0.48 0.19 0.26 0.44 0.04 0.06 0.08
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G2 Mean 662.60 19.44 2.04 1.02 225 226 4.50 211 207 4.8 0.81 082 1.62
CO 300 SD 61.00 2.36 0.24 0.13 0.34 0.37 0.70 0.17 0.14 0.30 0.05 0.05 0.08
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G3 Mean 614.80 19.18 1.96 0.97 227 225 452 1.86 1.83 3.70 0.81 0.80 1.61
CO 1500 SD 3450 2.73 0.26 0.12 0.21 0.19 0.40 0.12 0.09 0.21 0.03 0.02 0.04
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G4 Mean 632.80 19.60 1.87 1.02 253 256 5.09 207 210 4.7 0.83 0.82 1.65
CO 3000 SD 47.70 2.25 0.03 0.16 0.29 0.29 0.58 0.20 0.15 0.32 0.07 0.08 0.15
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
G5 Mean 611.40 20.28 193 0.97 250 256 5.05 202 199 4.01 0.85 0.77 1.62
AQ 100 SD 66.30 198 0.19 0.11 0.21 0.18 0.38 0.14 0.10 0.23 0.08 0.06 0.13
N 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

—; non-significant.
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Table 10. Summary of relative organ weights in main groups.
Sex; Male (g/100 g body weight)
Group/Dose BW.(@ Liver Heart Spleen Kidneys Testis Epididymis
(mg/ke) lt. Rt Total lt. Rt Total lt. Rt Total
G1 Mean 684.80 285 0.30 0.17 036 036 0.72% 0.29 0.28 0.58 012 0.13 0.25
0 SD 69.90 0.27 0.01 0.04 0.02 0.01 0.03 0.04 0.04 0.08 0.02 0.02 0.03
G2 Mean 662.60 293 0.31T 0.15 0.34 034 0.68° 032 031 0.64 0.12  0.13 0.25
CO 300 SD 61.00 0.18 0.04 0.01 0.03 0.03 0.05 0.03 0.03 0.06 0.02 0.02 0.03
G3 Mean 614.80 3.11  0.32 0.16 037 037 074® 0.30 030 0.60 0.13  0.13 0.26
CO 1500 SD 3450 031 0.03 0.02 0.03 0.03 0.06 0.01 0.01 0.02 0.01  0.01 0.01
G4 Mean 632.80 3.09 030 0.16 040 040 0.80° 033 033 0.66 013  0.13 0.26
CO3000 SD 47.70 018 0.02 0.02 0.03 0.03 0.06 0.03 0.02 0.05 0.02 0.02 0.03
G4 Mean 611.40 332 032 0.16 041 042 0.83° 0.33 033 0.66 0.14 0.13 0.27
AQ 100 SD 66.30 011 0.02 0.02 0.04 0.05 0.08 0.03 0.03 0.06 0.01  0.01 0.01

*Means with the different letters (a-b) are significantly different (p < 0.05) by Scheffe’s multiple range test. n = 5. —; non-significant.

Table 11. Summary of histopathological findings.

Dose (mg/kg/day)

Parameters (Organ/findings) Main group Recovery group
0 CO 300 CO 1500CO 3000 AQ 100 0 CO 300 CO 1500 CO 3000 AQ 100
No. of rats 5 5 5 5 5 5 5 5
Colon
No specific lesion 5 4 3 1 1 5 5 4 3 3
-Fibroma/present 0 1 0 0 0 0 0 0 0 0
-Macrophage infiltration, 0 0 ) 4 4 0 0 ] 5 )
supramucosal
Cecum
No specific lesion 5 5 5 5 5 5 5 5 5 5
Kidneys - - - - - - - - - -
No specific lesion 5 3 5 5 5 5 5 5 5 5
-Tubular cast/SL/F 0 1 0 0 0 0 0 0 0 0
-Cortical scar/present 0 1 0 0 0 0 0 0 0 0

AQ; anthraquinone, CO; Cassia tora, test material (mg/kg/day).

A A71E

& BT A1

BE7)e Ak 3,000 mgkg/day
100 mg/kg/day Foltoll A A

alAR oks At 4715
OHA(])JQB‘T-ZJ om z;ﬂlﬂﬂﬂi
7t 2R ot BT

%3
—1&
o] oju

LT] EHMH]JE_ S

infiltration)®] 0 (&),

il
(Table 9), ATl BT df F715

Foll A 2

]\__

FA A Aol
3p7}

[e]
s

=

Fol

A7 FENN &
A=A FA T
sl 2= 3]
2 olEg =
ALl A A71E o]tk
Hlg) 204 (p<0.05) Y= Z71= BAT (Table 10).
Z7)2ko)

= Foiol

]u]z‘g 7 ﬁoﬂfﬂ;@ g
2ol T o)t
Aok AlEE

%I+ (supramucosal macrophage
A+ 300, 1,500 2 3,000 mg/kg

dutr o2 o|l& ¥ Y Y= A7}7]52
1,000 mglkg &% (Han et al,
economic co-operation and dvelopment (OECD)?] #4574
A1 3831 2,000 mg/kge] F
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AY T=E A8ty AWAF (Cassia tora LYE 300, 1,500 7<) AHAEA ) th3t slidel] 7]ojsk Ao o) "ot
2 3,000 ngkg/day?] FEE 26 F WHELATFS EAAH, AT Awat & FEEONA o sG] YERA|
4 F 3| BAES HASATH S| WEel IR ¥ w2 &% e 95 F=I F

o]21gk A|R7I7hE A FoREeE T ook = 7180 FEel tie SRS St Dot IS AeR
BAR7E M E ZAR St 26 7o 71 TS AlEECH
Tk o2} (OECD, 2009; NIFDSE, 2012), oJ8] <F&2ES ZAIR] =
EH’\]'_E _rngJ EHJ;U]./\]UJ J,]_ u}x].ﬂ.;q = E/ﬂ o] HELE]
< ol 549 7S ERlsk] flal 4 F1e] IEI1RE 2 AFE FEHSAARETEHANE: 114150-03)2] ALl
FAT (Kim et al., 2014). ogl] o]Fojzl A= ofel TAI=FUTH

otEZ} =t Nq_j%%’ Al Zo]okotr x| o] EAJA WA FA|
"o w2 AEHF =S A=A 100 mgkeg/day TE=Z REFERENCES

AT S o Fdo] veRdtial HarEe]le] (MFDS,
2009), 2 Adol|x 100 mgkg/day =2 SHEZFH=S A3

A71=E 35t
2 2 2E APED ol AMEES e
agton, dnst, AlF, ARAAY, = 7&/\}, 7 T,
Zeip=L 5_24 W3k ZAlellx] S48t o R ofn] Qe Wkt
HEEA] okt =3, YA A ER 23 JF

NG =R ket
b AFINZE ZAYA} (Cassia obtusifolia seed)2] 7%
Abol Egste] Aolsie W Hro] W el divle]
ZHAG Rige] BAHAT =2 FE50S W 5,000 mgkg
o] FroA &3] Fo] HAo] YERA] YTt (Voss and
Brennecke, 1991; Ayodele et al, 2015). PE7IRZ A9
A} (Cassia occidentalis seed)y= ¥5olx AREsHAL E5l 5=
ot SAo] TaEe Aol verdt g Qo
(Nadai et al., 2003; Essa’a and Medoua, 2013).

FH A = Adyate] o FEEC] A=} nhe
Al FAo] YEUA] @ o= dEA s Rk O}L]E]r
(Cholendra et al., 2014), 21 AHAFe} ZAHAAH o 3
Aste] FEdhs oA FA o] sk AR yERdT

SrEAE AW B FEE (1,300 mgkg)ys 5 7Y o]
g FoAgk Zlol| Hlaste] AwWA B FEE (3,000 mgkg)ys
26 77+ FANES o ol veks thMIES] 3ol
gk Aog b]—lﬂ-‘* . ol ZA9A (Cassz'a fora L)%= w}zk
TR Bl FESIUS W 540 AT AR AEHH,

5% (NOAEL,

rlo
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AFNE THAE o FAH A= g
no-observed-adverse-effect level)> 3,000 mgkg 2 AFRE I,
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F8)-&%F (NOEL, no-observed-effect level} 300 mg/kg O =2
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