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Abstract : 13-week orally repeated dose toxicity was investigated to ascertain the toxic effects of
Aristolochiae radix in F344 rats at dose levels of 0, 1 (0.003 AA, aristolochic acid, mg/kg), 5 (0.014 AA mg/
kg), 25 (0.068 AA mg/kg), 125 (0.34 AA mg/kg), and 500 mg/kg (AA 1.36 mg/kg). No mortalities were found
in any of the dose groups including vehicle control groups of both sexes during the study period. Hematologic
and serum biochemical examinations revealed no changes related to the test item in any of the dose groups
of both sexes. However, gross findings at necropsy implicated thickening of the stomach wall. In
histopathological examinations, prominent findings related to the test item treatment were observed in the
stomach and urinary bladder. There were squamous cell papilloma, squamous cell hyperplasia, ulceration
and erosion observed in the non-glandular stomach. Squamouse cell hyperplasia was observed at dose levels
of more than 125 mg/kg in both sexes and squamous cell papilloma was observed at dose level of 500 mg/
kg in both sexes. The incidence and severity of these proliferating lesions including squamous cell
hyperplasia and squamous cell papilloma increased with dose dependency. Transitional cell hyperplasia was
also observed in the urinary bladder at dose levels of more than 25 mg/kg in both sexes and the incidence
and severity of the lesion increased with dose dependency. In conclusion, the toxic changes related to the
test item treatment were observed in the stomach and urinary bladder, and the no-observed-adverse-effect
level (NOAEL) was estimated to be 5 mg/kg/day for both males and females in F344 rats.

Key words : Aristolochiae radix, aristolochic acid, stomach, urinary bladder, F344 rats
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�� � ������ ����� ���� ����

�� ����� � ���� ���� ������

�� ����� �� �� ��� ��� ��. ���

�� ��(��)��� ��� ��� ���� ���

�� � ��� ��� ��� ��. � ���� ��

��� ��� ����� ��� ������. ��

��� ���� ���� ��� AA(aristolochic acid,

AA)� ��� ��� � ����� ����� ��

� �� ����� AA� ���� ���� ����

��� ���� 	� [1, 6]. �� Aristolochia fanchi(A.

� ��� 2003�� KNTP ����� ��� ����(����: 03-D-09)
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fanchi)�� ��� ���� ��� ������ �

� ��� �
 ������ �� ����, ���

� ��� ��� �� [5, 10]���, A. fanchi ��

� ��� ����� AA� ������ ����

�, ����� 	� AA� ��
�� �� ���

� DNA� covalent binding�� ���� ����

� [3].

����� AA� ���� �����(Aristolochiaceae)

� ��� ��� ��� ����, ��� ���

(Aristolochiae fructus)
 ��, ��, ��, ��� ��

�� ��� ��� ��� 	��, ��� ���

(Aristolochiae radix)
 �������������

� ���� ��� ��� ��� 	� �� ��

����� �����. ��, ��� 	� ����

�
 ��� �	� � �
�� ��� �����

(Aritolochia concorta)� ���� 	�� �� ���

�����(Aristolochia deblis)� ���� �� ���

� 	� ���� ��� �� ���� ���� ��

�� 	�. 

���, � ����� ��� �����(Aristolochia

concorta)� 	�� ���� 13�� �� ���� �

��� �� ��� ����� �����. 

�� � ��

���� � ����

4�� �� �������(SPF) F344 ��� Japan

SLC, Inc.�� �� 144��� ���� 11��� ��

��� �� � �� �� �� 120��� �����.

��� �� ��� 112.2~135.0 g����, �� ��

� 95.1~117.1 g���. � ��� �� 23�3oC, ��

�� 50�10%, ���� 10~20�/hr., ���� 12

hr(08:00 ��~20:00 ��) � �� 150~300 Lux� ��

� ������� �� �������� �����

����� �����.

����

(1) ����� ��

������ ��� ��� ���(Aristolochia

concorta� ��)� ��� ��� ��� ���� �

�� ��� ����� ������ ����� 	�

�	 � ��� �����. ��� 25 kg� 10���

�� �� 3�� �� ���� ���. ��� ���

� 50 L ��� 		��� � 5.8 kg�� �
�� �

��. �
 ��� ��� ��� 10 mg ��� ���

�
 MeOH-H2O(3:1) ��� �� 10 mg/ml� �� �

20� �� �
�� �����. ���� ��(0.45 µm

membrane filter) �� ���� ���. 

(2) �� ���� ����

Aristolochic acid I � II� ��� ����� � 14


�� ��� ���� �����. ���� Bondapak

TM C18 column(3.9 300 mm; Waters, USA)�, ����

0.05 mol/L NaH2PO4(H3PO4 2 ml/L)CH3CN(V/V, 55:45)

���, ��� 1 ml/min, ��� 35oC� �� UV 400

nm�� �����.

��� �� � ����

(1) ��� �� � ��

���� 1(0.003 AA mg/kg), 5(0.014 AA mg/kg), 25

(0.068 AA mg/kg), 125(0.34 AA mg/kg), 500 mg/kg(AA

1.36 mg/kg)� ��� � ������ � 6
����

� �� �� 20����� ����, sacrifice��� �

�� �� 21�� special study � �� core study� �

�� �� �� 10����� �����. �� ���

1� 1�� � 5�� ���� �� kg� 10 ml� 13�

� �� �����. 

(2) ����

��� ��� ���� ������� 0, 31.3, 125,

500, 2,000 � 5,000 mg/kg ���� 2�� �� ���

� ����� ��� 
�, �� ��� �� � ��

� ��� �	� ������, �� � ������

��������� 	���� �����. �� ��

�� 
�, 2,000 mg/kg ��� ����� �� ��

� �� 5,000 mg/kg ����� ��	��, ����

� ���� �� ����� ������ ����

500 mg/kg ��� ����� �� ���	
� ��

�, �� � ��� 	�� �����, �������

	�� ����� �����. ��� � �����

����� 500 mg/kg�� �����. 

����

(1) ����

���� ��� 1� 2� �����, ��� ��


� �, ��
� � 7���� �� 1�, 7� ����

� 1�� � ���� ��� �����. �� � �

��� ��� ��
��� ��
� � � 1�� �

��� �
 ���� ��� ���� ��� ���

���� 1��� ���� ����, 
�� �� �

� ���(g/rat/day)�� �����. 

� ��� ��
� ��� �� ��� ��� ��
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�� ����, �� ��� ������ � ���

� ��� ��� �� 1�� ��� �� 
�� 
�

��� ��� �
 �� ���	���(IO-H)� ��

�� �	� �����. 

� ��� �� � 1�� ��� ������ � �

��� �� �� �� 5�� ��� 17��� �(16:00~

�� 
� 09:00)� ���� ��� ����, �� �

�� �	�� ���� ��, ��, ���� � ��

��� �����. 

(2) ���� � ������ �� 

�	 ���� �� ��� ��� ���� ���

�����. ��� CO2 ����� ��������

� ����� ���������� EDTA-2K� ��

���. ��������(ADVIA 120; Bayer, USA)�

���� ����(WBC), ����(RBC), �����

��(hemoglobin), ������(hematocrit), �����

��(MCV), �� ������(MCH), �������

��(MCHC), ���(platelet), ������(reticulocyte)

� ������ ��� ������ ���(neutrophil),

���(lymphocyte), ��(monocyte), ���(eosinophil),

����(basophil) �� �����. ������ �

�� ��������� ��� ��� 3,000 rpm��

10�� ������ �� ���� ������

���(644 Na/K/Cl Analyzer, Ciba-Corning, USA)�

���� alanine aminotransferase, alkaline phosphatase,

urea nitrogen, creatinine, total protein, albumin, creatine

kinase, total bilirubin� �����.

(3) ��� � ����

�� �� � ������, 125 � 500 mg/kg ��

�� � �� 10��� ��� ��� ����� ��

�� � 2�� ������ ��� � ���� ��

�� ��� �����. ������ �� ��� �

�����, 125 � 500 mg/kg ���� � �� 10�

�� ��� ��� ��� ������ ��� ��

�� ��� � �����, ��� ���� �� ��

� �����. 

(4) �� � 	�����

���� ��� ��� �� ��� ��� �� �


�� ����� ��� ��, �, ����, �, �

	, �	, ��, �, ���, ���, ���, �	, ��,

���, ��, ���, ��, � ��� 	�	� ��

� ����(Sartorius, Germany)� ���� ���

��.

(5) ������ ��

�� ��� ��� 
�� �� ��, ��(���

�), �	, �	, �	, �, ���	, 		, �	, �	,

	��	, ���, ����	, ��, ��, �, ��,

��, ���, ���, ��, �	, �	, ��, �	,

�	, ��, �	, �, ��, ��, ���(���� �

�), 
, ���, 
	��, 		�, ��	, ���, �

��, �, ����, ��, �����, �
, 
�, �

�, ���, ���� ���� 10% ��	� ���

��� ������ ���� �� � ���� Bouin

��, ��� Davidson�� �����. ��� ��

	�� ������� �� ��� �, ��	 ��,

3-5 µm ��� �	, ��� hematoxylin & eosin(H&E)

���� ������� ������ ��� ���

��. 

(6) ���� �	

��� ��� �� ����� ���
��	�

�����. ��
�� �� Bartlet	�� ���

��� ���� ���� 
��� �� �
��

��
�����(ANOVA)� ���� α =0.05� �

����. ���� ���� 
�� �
�	 ��

� ��� ������� ����� ��� ���

� ���� ��� ���
	
 Dunnett test� ��

���. 

� �

���������	�� ���� ����

��� 3�
� ��(1, 2, 3)� �� HPLC ��

��, ��� ��� (1), (2), (3)�� retention time(tR)

� 15.1 min ��
 AA I� �� 21.9, 23.4, 21.7 g/ml

���� �� ��� �����, AA II(tR 12.2 min)

� �� 4.8, 5.0, 4.8 µg/ml ���� �� ��� ��

��. �, ��
�� ��� ��� AA I� 	 0.223%,

AA II� 	 0.049% ���� �� 0.272%� �� ��

� ����. ���, 2.72 µg AA/mg ��
��� �

����.

���� � ����� �� ��

���� ��(Fig. 1), � ��� � ����� ��

��, ��� ��, ��� ��, �� �� �����

���� ��� ��� ��� ���� �
�. ��

���� �� ���� ��� ��	�� �� ��

500 mg/kg ����� ��� �� ��� 75% � �

� ��� 60%� �����(Table 2). 
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���� � ��� �� ��

�� �� 500 mg/kg ����� ��(testis)� ��

��� ������� ��� �� ������ ��

� �� �����(Table 1). �� �� 125 � 500 mg/

kg ��� ��� �� �� 500 mg/kg ����� �

� ��� �����. 

��� � ����� ��� �� ��

���� ����(Table 4), �� �� 5 � 25 mg/kg

����� ���� � ������(Plateletcrit, PCT)

� ������� ��� �� ��� �� ����

�. ������� ��, �� �� 500 mg/kg ���

�� ������� ��� �� ���(basophils) �

� ��� �� �����. �� 500 mg/kg ����

� ������� ��� �� ���(eosinophil) ��

��� �� �����. ������ �� ��(Table

5), �� �� �� ����� ���� ��� ���

� ������ ��� �� ��� ���� ���. 

Fig. 1. Body weight of male and female rats treated with
Aristolochiae radix for 13 weeks.

Table 1. Absolute organ weights of rats treated with Aristolochiae radix

Dose (mg/kg/day)

0 1 5 25 125 500

Male
Brain
Pituitary glanda

Liver 
Spleen 
Heart 
Thymus 
Lungs 
Salivary gland
Seminal vesicle 
Prostate
Kidneys
Adrenal glanda

Thyroid glanda

Testes
Epididymis

1.87±0.044
9±1.4

9.15±0.774
0.62±0.056
0.98±0.116
0.26±0.037
1.43±0.161
0.51±0.021
0.72±0.129
0.28±0.068
1.93±0.101

53±4.0
17±3.0

2.89±0.095
0.93±0.035

1.84±0.064
8±1.4

9.15±0.839
0.65±0.058
1.00±0.068
0.25±0.057
1.54±0.306
0.52±0.039
0.68±0.119
0.22±0.075
2.00±0.127

54±5.5
16±3.0

2.97±0.131
0.95±0.039

1.86±0.074
8±1.4

8.63±0.530
0.60±0.003
0.93±0.089
0.23±0.044
1.48±0.123
0.49±0.050
0.70±0.163
0.24±0.067
1.89±0.128

50±4.4
16±3.7

2.95±0.078
0.95±0.046

1.90±0.039
9±1.5

8.88±0.624
0.63±0.04
0.94±0.076
0.28±0.035
1.52±0.229
0.53±0.033
0.77±0.120
0.28±0.043
1.95±0.122

53±5.0
17±2.8

2.94±0.095
0.97±0.054

1.87±0.025
8±1.2

8.93±0.864
0.66±0.102
0.97±0.080
0.26±0.042
1.56±0.259
0.50±0.024
0.73±0.132
0.24±0.033
1.95±0.110

52±4.0
17±2.4

3.00±0.118
0.95±0.038

1.89±0.024
9±1.1

9.21±0.588
0.63±0.063
0.900±0.077
0.25±0.035
1.42±0.140
0.52±0.040
0.670±0.150
0.24±0.062
1.97±0.134

49±4.1
16±3.8

3.05±0.103*
0.94±0.037

Female
Brain
Pituitary glanda

Liver
Spleen
Heart
Thymus
Lungs
Salivary gland
Ovariesa

Kidneys
Adrenal glanda

Thyroid glanda

Uterus

1.75±0.044
11±1.6

4.80±0.467
0.41±0.027
0.63±0.048
0.22±0.022
0.98±0.108
0.36±0.018

61±14.1
1.20±0.032

57±3.2
12±2.0

0.31±0.047

1.76±0.038
13±2.4

4.85±0.264
0.39±0.034
0.65±0.055
0.22±0.017
1.01±0.080
0.36±0.025

57±4.4
1.22±0.067

57±3.6
13±2.3

0.36±0.060

1.75±0.030
12±1.6

4.66±0.364
0.41±0.040
0.64±0.076
0.21±0.025
0.99±0.096
0.36±0.025

59±3.5
1.23±0.060

53±2.9
12±2.8

0.33±0.082

1.75±0.057
12±2.0

4.66±0.264
0.42±0.039
0.63±0.031
0.21±0.026
1.05±0.138
0.36±0.020

55±5.6
1.22±0.069

55±5.9
11±1.5

0.33±0.061

1.74±0.048
11±2.9

4.87±0.316
0.42±0.023
0.61±0.027
0.21±0.011
1.03±0.110
0.36±0.031

58±8.9
1.23±0.065

55±5.3
12±1.8

0.35±0.099

1.74±0.031
12±2.9

4.94±0.423
0.41±0.042
0.64±0.048
0.20±0.020
1.00±0.101
0.36±0.048

61±9.5
1.24±0.110

56±7.1
11±1.6

0.34±0.059

- Each value represents mean±SD(n =10). aThe unit of organs is miligram.
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��� � ��� �� ��

���� ��� �� ��� 125� 500 mg/kg ��

��� ������� ��� � ������ ���

	 ���� ���(Table 3). �
�� ��, ����

�
���, ����� �
�, ��� �
� ���

� �� �� �� 125 � 500 mg/kg ���� ���

���� ��� ��� � ���� ���� ���

(Table 3). �� �
� ���� ��	 ��� ��, �

��(small head), �����(amorphous head), ���

�(two head), ������(excessive hook), �����

�(blunt hook), ����(folded tail), ����(short tail),

����(two tails) � ����(no tail) �� ���


� ������, 125 � 500 mg/kg� ��� �� 7.8,

6.7 � 6.4%� ��� ������ ����� ���

���� ���.

������ ��� �� ��

���� ��� ��� ���	� Table 6�� �

� �� 
� �� ���� �����. �� ��, �

� ���� �������(squamous cell papilloma),

�������(squamous cell hyperplasia), ��

(ulceration) � ��(erosion)� �� 	��� ����

�. �� 	�� �� ���� �� ���� ���

�����. �������� �� ��� 500 mg/kg

Table 2. Clinical findings of rats treated with Aristolochiae radix

Dose (mg/kg/day)

0 1 5 25 125 500

Male
Normal
Loss of Fur
Anemic
Periocular nodule
Bite wound 
Scratched wound
Lacrimation
Eye discharge
Nasal discharge
Salivation
Gingival bleeding

20a

1
0
0
0
0
1
1
1
0
0

100b

5
0
0
0
0
5
5
5
0
0

20
1
0
0
0
1
2
3
2
0
0

100
5
0
0
0
5

10
15
10
0
0

20
1
0
0
0
0
1
2
0
0
0

100
5
0
0
0
0
5

10
0
0
0

20
0
1
0
1
2
2
3
3
0
1

100
0
5
0
5

10
10
15
15
0
5

20
0
0
1
0
0
2
3
1
0
1

100
0
0
5
0
0

10
15
5
0
0

20
0
0
0
0
1
2
3
2

15
0

100
5
0
0
0
5

10
15
10
75
0

Female
Normal
Loss of Fur
Scratched wound
Lacrimation
Eye discharge
Nasal discharge
Salivation

20
0
0
3
2
2
0

100
5
0

15
10
10
0

20
3
0
1
1
1
2

100
15
0
5
5
5

10

20
0
0
1
1
1
2

100
0
0
5
5
5

10

20
3
1
2
5
3
2

100
15
5

10
25
15
10

20
3
0
2
1
1
2

100
15
0

10
5
5

10

20
0
0
2
4
1

12

100
5
5

10
20
5

60

- Each value represents mean±SD (n = 10). aNo. of animals affected, bPercent of animals with observation during interval

Table 3. Sex function in male and female treated with
Aristolochiae radix

Dose (mg/kg/day)

0 125 500

Male
No. of male examine
Sperm head count
(x 106/testis)
Sperm count
(x 106/epididymis)
Sperm motility(%)
Sperm abnormality(%)

Small head
Amorphous head
Excessive hook
Blunt hook
Folded tail
Short tail
Two tail
No tail

10
214.6±29.47

147.4±21.19

81.0±8.50
7.8±2.25

31
0
6
68
0
0
0
19

10
212.9±23.72

143.6±26.83

81.2±9.24
6.7±2.60

25
0
2
77
2
1
0
26

10
221.3±25.25

151.0±21.14

84.8±6.01
6.4±2.16

28
2
5
52
20
1
0
18

Female
No. of female examined
Length (days)
Regularity

Regular
Irregular

10
4.6±0.33

8 (80)
2 (20)

10
4.9±0.41

7 (70)
3 (30)

10
4.9±0.35

8 (80)
2 (20)

- Each value represents mean±SD (n=10).
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����� 4�� �� ��� 500 mg/kg ����� 3

�� �����. �������� �� ��� 125

mg/kg ����� 3�� �� ��� 500 mg/kg ��

��� 6�� ����� �� ��� 125 mg/kg ��

��� 1�� �� ��� 500 mg/kg ����� 5�

� �����. ��� ��� �� ��� 500 mg/kg

Table 4. Hematological variables in male and female rats treated with Aristolochiae radix

Dose (mg/kg/day)

0 1 5 25 125 500

Male
General hematology

White blood cells (WBC) (103/µl)
Red blood cells (RBC) (106/µl)
Hemoglobin (g/dl)
Hematocrit (%)
Mean corpuscular volume (fL)
Mean corpuscular hemoglobin (pg)
Mean corpuscular hemoglobin concentration (g/dl)
Platelet (103/µl)
Reticulocyte (%)

WBC differential counts
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils (%)
Basophils (%)

RBC morphologic assessment
Red distribution width (%)

Platelet morphologic asssessment
Platelet distribution width (%)
Mean platelet volume (fL)
Plateletcrit (%)

9.87±1.16
8.99±0.48
15.3±0.7
50.2±1.8
55.9±2.1
17.0±0.3
30.4±0.7
790±41
2.8±0.3

20.4±3.3
72.6±4.0
3.3±0.9
1.0±0.2
3.4±2.4

12.3±0.4

86.4±12.1
8.8±2.8

0.70±0.23

9.89±1.66
9.05±0.32
15.3±0.5
50.6±1.5
56.0±1.3
16.9±0.2
30.1±0.7
762±59
2.8±0.3

20.7±2.8
72.4±2.4
3.0±0.5
1.0±0.2
4.1±1.6

12.5±0.2

85.8±13.0
9.5±4.1

0.68±0.19

10.43±1.58
9.07±0.39
15.3±0.7
50.2±1.5
55.3±1.1
16.9±0.2
30.6±0.6
772±79
2.7±0.2

20.9±2.6
71.9±2.3
2.8±0.7
1.0±0.1
3.0±1.1

12.4±0.2

82.1±10.0
8.0±1.6

0.63±0.18

10.56±1.47
9.06±0.32
15.3±0.5
50.3±1.1
55.5±1.2
16.9±0.2
30.5±0.6
782±45
2.8±0.2

19.7±2.8
73.8±2.5
2.7±0.5
0.9±0.3
3.1±1.3

12.5±0.3

86.1±8.3
8.2±1.5

0.64±0.13

9.63±1.34
8.84±1.27
15.0±1.9
49.9±5.4
56.9±3.1
17.0±0.6
30.0±0.9
913±395
5.6±8.9

19.1±4.3
74.4±4.1
2.8±0.8
0.9±0.2
3.1±1.6

13.7±4.5

90.0±12.7
8.8±2.0

0.81±0.45

10.65±1.77
8.90±0.49
15.2±0.7
50.6±2.2
56.9±1.9
17.1±0.6
30.1±0.6
859±91
3.5±1.7

21.6±3.2
72.4±3.6
2.6±1.0
0.7±0.2*
2.9±1.4

13.2±1.8

92.0±9.10
8.5±1.6

0.74±0.16

Female
General hematology

White blood cells (103/µl)
Red blood cells (106/µl)
Hemoglobin (g/dl)
Hematocrit (%)
Mean corpusclular volume (fL)
Mean corpuscular hemoglobin (pg)
Mean corpuscular hemoglobin concentration (g/dl)
Platelet (103/µl)
Reticulocyte (%)

WBC differential counts
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils (%)
Basophils (%)

RBC morphologic assessment
Red distribution width (%)

Platelet morphologic asssessment
Platelet distribution width (%)
Mean platelet volume (fL)
Plateletcrit (%)

7.85±1.07
8.52±0.36
15.5±0.6
50.2±2.5
58.9±1.1
18.2±0.2
30.9±0.6
880±43
2.7±0.4

15.1±4.0
78.3±3.6
4.4±1.1
1.0±0.2
0.4±0.24

11.0±0.1

73.9±6.6
7.4±0.5

0.66±0.26

7.78±2.56
8.45±0.55
15.3±0.1
50.2±2.2
59.4±1.9
18.1±0.2
30.5±0.9
862±52
2.4±0.2

15.6±4.7
78.3±5.8
3.9±1.3
1.3±0.5
0.3±0.1

10.8±0.1

79.8±14.4
7.7±0.9

0.66±0.10

8.52±2.13
8.56±0.40
15.5±0.7
50.0±2.1
58.4±1.0
18.2±0.2
31.1±0.5
808±37*
2.2±0.2

17.3±6.3
76.2±6.8
4.0±1.3
1.2±0.4
0.5±0.3

10.9±0.1

74.1±8.0
7.3±0.3

0.59±0.03*

8.10±1.32
8.62±0.25
15.7±0.5
49.7±2.0
57.6±2.1
18.2±0.3
31.6±1.3
790±31*
2.3±0.1

15.8±3.1
77.7±4.0
3.9±0.7
1.3±0.3
0.5±0.2

10.8±0.1

70.3±10.9
7.3±0.5

0.58±0.05*

9.02±1.30
8.57±0.33
15.5±0.6
49.9±1.5
58.3±0.8
18.2±0.1
31.1±0.3
876±63
2.7±0.5

15.7±3.7
78.5±3.3
3.7±0.7
1.2±0.4
0.5±0.2

10.9±0.2

71.3±6.5
7.3±0.3

0.64±0.07

8.48±1.18
8.47±0.31
15.5±0.6
49.6±1.4
58.6±0.8
18.3±0.1
31.2±0.4
827±45
2.6±0.5

17.9±4.5
75.2±4.6
4.3±0.7
1.1±0.3
0.7±0.3*

10.9±0.2

73.1±8.9
7.3±0.4

0.60±0.05

- Each value represents mean±SD (n = 10).
*Significant difference from vehicle control group (p < 0.01)
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Table 5. Serum biochemical variables in male and female rats treated with Aristolochiae radix

Dose (mg/kg/day)

0 1 5 25 125 500

Male
ALT (IU/l)
ALP (IU/l)
BUN (mg/dl)
CREA (mg/dl)
TP (g/dl)
ALB (g/dl)
CK (IU/l)
Total bilirubin (mg/dl)

53.3±5.9
548±63
17.2±2.2
0.52±0.09
7.58±0.27
4.70±0.12
331±123

0.117±0.008

51.9±12.1
561±79
36.3±2.2
0.55±0.09
7.47±0.45
4.70±0.16
281±126

0.120±0.010

51.2±12.1
538±60
16.3±2.6
0.54±0.08
7.48±0.32
4.69±0.11
234±58

0.114±0.014

51.0±10.6
557±73
16.4±2.3
0.47±0.10
7.54±0.33
4.70±0.14
264±74

0.119±0.017

50.2±6.8
530±102
16.2±3.6
0.49±0.04
7.64±0.33
4.74±0.11
257±56

0.116±0.014

51.5±3.9
498±58
16.1±2.2
0.50±0.06
7.46±0.32
4.71±0.11
246±55

0.109±0.012

Female
ALT (IU/l)
ALP (IU/l)
BUN (mg/dl)
CREA (mg/dl)
TP (g/dl)
ALB (g/dl)
CK (IU/l)
Total bilirubin (mg/dl)

50.2±13.6
530±52
18.8±1.8
0.51±0.25
7.12±0.23
4.56±0.07
296±93

0.095±0.007

56.9±19.3
482±86
19.5±1.2
0.52±0.06
7.14±0.22
4.59±0.12
245±80

0.098±0.012

44.5±2.4
497±63
19.3±2.1
0.49±0.06
7.02±0.14
4.56±0.06
196±56

0.094±0.010

46.0±8.2
492±48
19.3±3.0
0.49±0.03
7.06±0.20
4.57±0.09
208±45

0.095±0.012

43.1±5.2
543±568
18.6±1.9
0.48±0.04
7.00±0.29
4.51±0.13
246±51

0.095±0.012

50.1±13.3
483±69
21.8±3.4
0.50±0.07
6.89±0.23
4.52±0.12
233±91

0.088±0.008

-Each value represents mean±SD (n=10).
-ALT (alanine aminotransferase), ALP (alkaline phosphatase), BUN (urea nitrogen), CREA (creatinine), TP (total protein), ALB
(albumin), CK (creatine kinase).

Table 6. Histopathological findings in male and female rats treated with Aristolochiae radix

Male (mg/kg/day) Female (mg/kg/day)

0 1 5 25 125 500 0 1 5 25 125 500

Kidney
Tubular basophilia

Urinary bladder
Transitional cell hyperplasia

Heart
Mononuclear cell infiltration

Liver
Mononuclear cell infiltration

Pancreas
Lymphoid cell infiltration
Basophilic foci

Haderian gland
Lymphoid cell infiltration

Spleen
Extramedullary haemopoiesis

Adrenal gland
Cortical vacuolation

Stomach
Squamous cell hyperplasia
Ulaceration
Squamous cell papilloma
Erosion

Femur
Hyperplasia, bone marrow

Sternum
Hyperplasia, bone marrow

Preputial gland
Lymphoid cell infiltration
Granulomatous inflammation

Clitoral gland
Lymphoid cell infiltration
Granulomatous inflammation

3

0

0

0

0
0

0

0

0

0
0
0
0

0

0

3
0

0
0

2

0

2

0

1
0

0

1

0

0
0
0
0

0

0

5
1

0
0

4

0

1

0

0
0

1

0

0

0
0
0
0

0

0

2
0

0
0

4

4

1

2

0
0

2

1

1

0
0
0
0

0

0

6
0

0
0

2

10

1

1

0
0

0

2

0

3
0
0
0

1

1

2
1

0
0

6

10

1

1

0
0

1

3

1

6
1
4
1

1

1

1
1

0
0

0

0

0

0

0
0

3

0

0

0
0
0
0

1

1

0
0

7
1

0

0

1

0

0
0

6

0

0

0
0
0
0

1

1

0
0

5
0

0

0

2

0

0
0

5

0

0

0
0
0
0

1

0

0
0

5
1

0

5

0

0

0
1

1

0

0

0
0
0
0

0

0

0
0

7
0

1

10

0

0

0
0

5

0

0

1
0
0
0

0

0

0
0

3
1

1

10

0

1

0
0

2

0

0

5
0
3
0

1

1

0
0

4
0
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����� �� 1�� �����. ��� ��, ��

� �� ���� ������ ���(transitional cell

hyperplasia)� �����. ��� �� ���� ��

���� ��� �����. ������ ����

�� ��� 25 mg/kg ����� 4�, �� ���

250 � 500 mg/kg ����� �� 10�� ����

� �� ��� 25 mg/kg ����� 5�, �� �

�� 250� 500 mg/kg ����� �� 10�� ��

���.

� �

���� 1990�� � ���� �� ���� ��

(AA ��) �� �, �� � ��� �� ����� �

���� � ����� AA� ����� [3, 4, 11].

�� ��, ��� � �� ���� AA� ��� �

���� �� �� [4]�� ��� 	�� ��� ��

�� 	��, �� �� FDA��� AA� ���� �

� ����� ��� �����. AA��� �� �

����(Aristolochiaceae)� ����� ��� ���

�
� ���, ��� ���(Aristolochiae fructus)� �

�, ��, ��, ��� ���� �	� ��� ��

� 	��, ��� ���(Aristolochiae radix)� �	,

��, ��, ����� ���� �	� ��� ���

	�.

� 
	��� AA��� �� ���� F344 ��

� 1, 5, 25, 125 � 500 mg/kg� 13�� 
� �	��

�� ����� �
��, ��� ��, ����, ��

� ���� ��, 
	�, �	�, ��	� � ���

�	� 	�, �	�
 ��, ��� � ��	�, ��

�� �� � ����	� 	�� �����.

����, ���, 
	�, �	�, ��, � ���,

����� ��, ��� � ��	��� � ����

� ��� ��� ��� ���� �
�. 

�
��� �� ��, �
� �� 500 mg/kg ��

��� �� ��� ������, �� ���� ��

�� ��� ���� ��� ����. ��, ��, �


 � ��� ������� ��� �� � ����

�� ����� ��� ����� ��	��� ��

�� ��� ����. �
 ��, ���, ��, �


�� � � �� ��� ����� �� ���	�

� ���� �� ��	� ��� �� ��� ��

��. 

��	� 	� ��, �� � 93�� PLT� PCT�

�� 5 mg� 25 mg/kg ����� ��	��� ���

	� 
����� ���	�� ��� �� ��	�

��� �� ��� ����. �� � �� �����

500 mg/kg(AA 1.36 mg/kg) ��� 3.7�� ���� 5

mg AA/kg ��� �� 
	 [2, 9]� 	� ��	 �

����	� ��� ��	��� ���� ����

�� � 
	��� ���� ��� �����. ��

��	
��� ��, �� � 3��, �		 �� �

�, �� � �� 500 mg/kg ����� ��	� 
�

� ������ ���	�� ��� �� ��	�

��� �� ��� ����. 

�	�
 ��, �� 125 mg/kg � 500 mg/kg ��

�, �� 500 mg/kg ����� �� ��� ���

�	��� ��� �������� �������

� �
�� �
�� ����� �� ���� ��

��.

������ ��, ��� 500 mg/kg ����� �

�� �� ����� �� ��	��� ���� �

���� ����	��� ��� �� ���
� �

��� �� ���� ��� �� ����� �� �

�� ����. 

����	���, ������� ��� ���


� �� ���� �����. �� ��, ������

�, �������, �� � ��� ��� ���� �

����. �� �
� ��� �� [2, 7]� ����

��� ����� ���� �� ��� AA� ���

� ����. �������� �� �� 125 mg/kg

��� ���� ����� �� �� 500 mg/kg �

����� ���� ���� ����� �� ���

�� ����� ��� ���. ����� ��� �

�� ����� �
�� ��� �� ����� �

�� ����. ��� ��, ������ ���� �

����. ������ ���� ��� �� [8, 9]

� ���� ��� ����� ���� �� ���

AA ���� ����. ��� ����� � ���

���� �� �� ��� ��� �����. ���

��� ���� �� ���� 25 mg/kg ��� ��

�� ����� �� ��� �� ����� ���

���. 

��� ��� ����, ���� �	�
�� �

� 125 � 500 mg/kg ��� ��� �� 500 mg/kg �

���� �� ��� ����, ����	��� �

� 	� �� �� 125 � 500 mg/kg ����� ��

�� �������, �� 500 mg/kg ������ �

��� ���, ���, �� 500 mg/kg����� �

���� ��� ��� �����. �� ��� 	�

�� 25 mg/kg �� ����� ������ ����

�����. 
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��� � 
	 ����� 	� ����(NOAEL)

� ��� ���� 5 mg/kg� ����.

� �

� ����� �� ���� ��� �� ����

������ �����.
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