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Short-term toxicity of aristolochic acids I in C57BL/6 and C3H/He mice
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Abstract: Objective To compared the tolerance and toxicity of different strains of mice to aristolochic acid I (AAI) to provide a
reference and guidance for the study of AAL. Methods C57BL/6 and C3H/He mice were treated with AAT by oral gavage. Each
strain of mice was assigned one vehicle control and seven AAI dose (5.0, 9.3, 17.1, 31.7, 58.6, 108.4, and 200.5 mg-kg™') groups,
and clinical symptom observation and weight measurement were performed after dosing. At the end of the experiment, necropsy,
organ weighing, serum biochemical index detection, and pathological examination were performed. Results A single administration
of a certain dose of AAI caused weight loss, emaciated, arched back, reduced activity, and even death in both strains of mice, and the
dosage of AAI in C57BL/6 mice with the above changes was lower than that in C3H/He mice. The AAI median lethal dose (LDy,) of
C57BL/6 mice was 38.07 mg-kg™', and that of C3H/He mice was 59.92 mg-kg™'. The maximum tolerated dose (MTD) of AAI in
C57BL/6 mice was 17.1 mg-kg™', and that in C3H/He mice was 31.7 mg-kg™'. AAI did not induce serum biochemical changes in
C57BL/6 mice, while increased levels of ALT, AST, and CRE were found in C3H/He mice. AAI can cause acute injury to multiple
organs in C57BL/6 and C3H/He mice, such as the thymus, spleen, kidneys, liver, and forestomach. And the dose of AAI causing
histopathological changes in the the above-mentioned tissues and organs of C3H/He mice was lower than that of C57BL/6 mice.

Conclusion By analyzing the overall toxicity, serum biochemical indicators, causes of animal death, and histopathological changes
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caused by different doses of AAT in C57BL/6 and C3H/He mice, it was concluded that C3H/He mice were more sensitive to acute

toxicity of AAI than C57BL/6 mice. This study not only verified the acute toxicity characteristics and target organs of AAT on

C57BL/6 and C3H/He mice, but also provided rich data support for comparing the sensitivity and tolerance of different strains of

mice to AAI acute toxicity, and provided detailed reference data for more scientific and reasonable research on AAI in the future.
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Table 1 Observation results of clinical symptoms in
CS57BL/6 and C3H/He mice of each group (n=10)

Tl C57BL/6 7N, C3H/He /) i,

W neked TR RAEm TR R
W — — 100 — 100
AAIL 5.0 — 100 — 100
9.3 — 100 — 100
17.1 — 100 — 100
31.7 — 40 — 100
bEEE 40
58 10
TEBE 60
58.6 — 40 — 60

W 30 W 40
bETIN s 40  FESEZ> 40

108.4 — 20 — 10
bERL 70 W 30

EE:1 70 Eh:1 80

NI 80  iESED 90

200.5 — 70 — 30
THI 30 VHyE 70

G 30 oY 30

WA 30 S 70

TR S

"—" indicated that no abnormalities were observed.
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Table 2 Death details in C57BL/6 and C3H/He mice of each group
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Fig.1 Changes on body weight in C57BL/6 and C3H/He mice after administration with different doses of AAI (ws,n=5)
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Table3 AAIl-induced changes of serum biochemical indicators in C57BL/6 and C3H/He mice(x+s,n=10)

i/ C57BL/6 /N R,
21 51 (mg- ALT/  AST/  ALP/  LDH/ TBIL/ UREA/ CRE/ TC/ TG/
kg» (U-L'H W-LH WLH WLYH (umol'L™D (mmol'L™ (pmol-L™) (mmol-L™") (mmol-L™)
WIS — 2123 3947 138+16 375137 2.63x0.72  8.5+1.3 112 1.91£0.36  0.69+0.16
AAI 5.0 24411 41417 135£13 384+112 2.88+0.94  7.8+1.0 112 1.82+£0.29  0.69+0.12
93 2146 377 135+23 321+£74  2.69+0.49  9.5+5.6 13£10 1.91£0.30  0.65£0.16
17.1  19%5 3745 130+31 327+208 2.38+0.67  12.5+6.8 19£10 2.09+0.29  0.63£0.12
31.7 2443 4143 149+55 28663  2.15£0.77  9.7+5.3 14+7 1.72£0.30  0.55+0.09
58.6 2848  18+2 213424 276+£22  1.77+0.13  22.7+7.8 3112 2.04+£0.01  0.5440.04
Faili=v] C3H/He /)i
2 (mg-  ALT/  AST/  ALP/  LDH/ TBIL/ UREA/ CRE/ TC/ TG/
kg (U-LH (U-LH @W-LYH WL"Y (umol'L™) (mmol'L™") (pmol-L™") (mmol-L™") (mmol-L™")
WRIEXTIE — 2414 49+6  160+30 448+146 2.56£0.71  9.3+1.8 1042 3.26+0.37  0.81%0.14
AAI 50  31x15  80+79  166+19 382+79 2324024  8.1+1.1 1042 3.75+0.64  0.98+0.24
93  38+18 67420 181+16 298+67  2.10+0.32  14.0+9.7 14+5 3.93£0.90  0.90+0.27
17.1  46+26"  86+39™ 179+14 279+52° 1.93+0.45 41.5+41.8 26£19  3.9540.67  0.79+0.18
317 544277 110464 175427 273+68°  1.52+£0.30" 50.0+46.5 314£26™  4.10+£0.78  0.9240.34
58.6 50477 68425 161428 2024817 1.51£0.34" 12.6+6.1 1145 2.89+1.34  0.76+0.37

55 [Pl BV B B L - P <<0.05 P<<0.01.
"P<0.05 "P<0.01 vs vehicle control group in same mice.
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342 M BIRSG TAFFIEN AALE,31.7.
58.6.108.4.200.5 mg-kg™' 40 C57BL/6 /> B L AE ] I,
WA 2 v B A A i 2D 5 17.1.58.64108.4
200.5 mg-kg™ 41 C3H/He /™ b I JIE A1 7] W, % i 2 v
JE£ 5 i VK T 4 PR gk 2L, T 9 5 0 R ZH C57BL/6 AT
C3H/He /) B JH JIE 35 ok W Bk 5 A& (R 5 K&
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F4 KEHREZRELR (n=10)

Table 4 Macroscopic observations(n=10)

FEY  C5TBL/6/NMEMuEY A CSTBL/6/NSATIE C57BL/6 /NG A

C57BL/6 /NERE I/ A

A (mgkg™D BN THK KAGRHYH AR KERER KOS BEERN PaKrE  RRRLR
B — 0 0 0 0 0 0 0 0 0
AAI 5.0 0 0 0 0 0 0 0 0 0
9.3 0 0 0 0 0 0 0 0 0
17.1 1 0 0 0 0 0 0 1 0
31.7 0 0 0 6 0 0 0 0 0
58.6 1 1 0 4 0 1 0 1 0
108.4 2 1 0 9 0 0 0 0 0
200.5 0 2 4 5 1 2 0 0 0
e B/ C3H/He/MNgEMuls/H  C3H/MHe/NiUHFIE C3H/He /MR A C3H/He/MR'EAA
(mgkg™D BN GHE KAGKEHYH AR KERER KOS BEERN K RRBRLR
B — 0 0 0 0 0 0 0 0 0
AAI 5.0 0 0 0 0 0 0 0 0 0
9.3 0 1 0 0 0 0 0 1 0
17.1 0 5 0 1 0 0 0 4 2
31.7 1 5 0 3 0 0 0 3 0
58.6 1 9 0 3 0 1 3 0 0
108.4 1 9 0 10 0 0 4 0 0
200.5 0 7 3 7 0 0 1 0 0
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Table 5 Microscopic observations

Fiilh=vd " AR GNE N o 1 e BT Sz J5 A/ e R, 2

W (mg- B /NE AR B /NE AR PRSI BE e - =gilieig K=t A
kgD o+ + T = e = = + ++ + ++ o+ ++ +++

T 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

cs7  —

BL/6)

AAI 5.0 4 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

(C57B 9.3 3 5 1 0 0 0 0 0 3 1 0 0 0 0 0 0

L/6) 17.1 1 2 0 0 7 1 0 0 2 2 1 0 0 3 4 0
31.7 0 2 1 0 1 5 0 0 0 0 0 0 0 0 3 0
58.6 0(9) 009) 009 009 009 9(9) 009 009 009 19 009 1(9 009 009 009 4(9)
108.4 0 0 0 0 2 3 0 5 0 0 0 5 0 0 0 0
200.5 0(3) 0(3) 003) 0(3) 0(3) 3(3) 0(3) 003> 003> 003> 0(3) 003> 2(3) 0(3) 003 0(3)

T BT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(C3H —

/He)

AAI 5.0 0 2 3 0 0 0 0 0 0 0 0 0 0 6 0 0

(C3H/ 9.3 1 0 0 0 3 2 0 0 0 1 0 5 0 5 0 0

He) 17.1 1 0 0 4 0 5 0 0 0 1 0 3 2 5 0 0
31.7 0 1 0 0 4 3 2 0 0 0 3 1 4 5 0 0
58.6 0 0 0 0 3 2 5 0 0 2 3 2 4 5 0 0
108.4 009) 009) 009) 0(9) 009) 00(9) 9(9) 009 009 009 0(9) 009> 509 1(9) 009 009)
200.5 0(7) 0(7) 0C(7) 0(7) 0C(7) 2(7) 5(7) 0C(7) 007> 07> 1(7) 07> 1(7) 0(7) 0(7) 0(7)
bl =vl L 0 g, R T R BT L AR AT A SRR AT AT s AR A R

Ml (mg- it ek /1> Bikar £ H b i 386 A AR ik PEARIE
kg) 4+ A+ A+ A R+ o+ ++ + ++ + +

T T

cs7 — 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BL/6)

AAI 5.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(C57B 93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

L/6) 17.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
31.7 0 0 0 0 3 1 1 009 109 2(9) 005 05 0 0 0 0
58.6 0(9) 009 009 1(9) 3(9) 009 1(9) 0(8) 1(8) 2(8) 004) 3(4) 2 1 0 0
108.4 0 0 0 0 9 0 1 0(8) 8(8) 0(8) 0(5) 0(5) 1 0 8 0
200.5 0(3) 0(3) 03> 0 7 0 3 1(6) 1(6) 4(6) 0(0) 0(0) 0 0 10 0

TR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

®(C3H —

/He)

AAI 5.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(C3H/ 9.3 0 0 0 0 0 0 1 0 0 0

He) 17.1 1 2 2 0 0 0 4 0 1 0 2 0 0 0 0 0
31.7 3 0 5 0 0 0 5 0 0 0 1 8 1 4 0 0
58.6 2 5 1 0 1 0 9 009) 109) 3(9) 4(7) 3(7) 2 1 0 0
108.4 0(9) 1(9) 4(9) 0 1 1 8 009> 209 7(9) 0(0) 00> 2 3 10 4
200.5 0(7) 2(7) 20D 0 2 0 8 0(8) 3(8) 5(8) 0(0) 0(0) 0 0 10 2

RN s 7 RN IR B U s 7 RN LSO ot RN S O B T IR S RS AR AR S 1A =10,
"+ "indicates minimal changes; " -++ "indicates mild changes; " +++ "indicates moderate changes; " ++++ "indicates severe change. The

parentheses in the data indicate the total number of statistical samples, and n=10 without parentheses.
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I /INE AR T K R IR IRE (B, X 100, B /NE B NEIRBE B 5 A A HLIRE (C, X 2000 , R E 141 # bk 2 4R 922> (B, X 40D , B Ji B J5t
AR (G, X200, A B BRR A A (1, X 100, FFE 41 2 V48 7 (K, X 200) F1FF4H i fik (L X 2000
The kidney (A, x200), spleen (D, x40), thymus (F, x20), forestomach (H, x100), and liver (J, x200) of vehicle control group animals showed no obvi-
ous histopathological changes; however, AAI administration resulted in tubular degeneration, dilation, and infiltration of inflammatory cells in the

kidney (B, x100), tubular degeneration/necrosis and infiltration of inflammatory cells (C, x200), decreased cellularity of lymphocytes in the white

pulp of the spleen (E, x40), decreased cellularity of lymphocytes in the cortex of the thymus (G, x20), hyperplasia of squamous cells in the forestomach

(I, x100), vacuolization of hepatocytes and hepatocyte swelling in the liver (K, x200), and hepatocyte vacuolization (L, X200).
E2 AAIHCSTBL/6/NRAEZRHAREHNALRERZHNE
Fig. 2 Histopathological changes of tissues and organs in C57BL/6 mice induced by AAI

DA b 25 B IR B IR 45 T O A R = 1K AATH] 3 30
C57BL/6 C3H/He /)™ iR I8 (A #8 k B2 40 i ek 2, IF
H C3H/He 7> B H 300 BEAT 11  7hk U2 408 sk /D 1) AAT
FEAK T C57TBL/6 /MR o

343 BN RRG TARMER AADG,5.0.9.3.
17.1.31.7 mg-kg™ 41 C57BL/6 /N BB I 7 WL A% 5 &
Z R N AR $17.1.31.7 mg-kg 4L AT WL EE
ZE P B N AR /R BE 5 108.4 mg-kg ™ 4L AT L rp
B NERFE9.3.17.1.58.6 mg-kg™ 4] WA &
B NVEY5K55.0.17.1.58.6.108.4.200.5 mg kg™
HEMT R EERE R EEAE R 17.1.31.7,
58.6 mg-kg ™ 41 Ik AT WL AR B R 2 v RE B /B I
S 2 IR0 o A L T TR 2L U T DA R R N
AR EEAOE NGRS B2,

LR T AR B I AATJG , % 44 C3H/He /)
BSOS [ R R I N A R /R AT
17.1.31.7.58.6.108.4.200.5 mg-kg™" 25 "B JI¥ v W.'&
INETTE:9.3.17.1.58.6 mg-kg™ 25 B JIE T L AR B
INEP K :9.3.17.1.31.7.58.6.108.4.200.5 mg kg™
HE W IR E R EEAER9.3.17.1.31.7,
58.6.108.4 mg-kg ™" 41 ' Ik mT WL AR 2 B R 5 A/ERCBE
JR & A0 MR o I R AL I R L R
(RS B3 BRGS0, IR T A
[ 751 B 1) AATH] 52 C57BL/6 A1 C3H/He /) BB JIE
FEE ARG, bR T B ANE A, 2 Bl &R /N BRI T A
HoAth s A2 S 7Y B A AR AL, 3F B C3H/He /) BUE IE
U /N AR VEAN/BRINBE B A B AR 1) AAT &
i F C57BL/6 /MR -
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TR B I (A, X 2000 W JIE (D, X 40D JEIR (F, X 20) <1 B (H, X 100) K FFIE (T, X 2000 4 I B 5 (9 20 £ B 24 0048 s 45 T AATR 5L
B NS PR ARBE B A B B I R MR (B, X 100D, AR R L BN AR M VIR BE A K 26 MR A IR E (C, X 2000, 1R
JIE 9 B L A (B, X 400, i iR B2 5T itk E2 40 A il (G, X200, i SR 40 i 1 A2 (1, X 100D, LK JE I 400 e 4 ¥ AR 1 (K, X 2000 4
MUAER (K, L, X 2000 FF4HHIERFE (L, X200
The kidney (A, x200), spleen (D, x40), thymus (F, x20), forestomach (H, x100), and liver (J, X200) of vehicle control group animals showed no obvi-
ous histopathological changes; however, AAI administration resulted in tubular degeneration/necrosis, dilation, mineralization, protein casts, and in-

filtration of inflammatory cells in the kidneys (B, x100), with tubular degeneration, necrosis, mineralization, and infiltration of inflammatory cells

visible at high power (C, x200). The white pulp of the spleen showed decreased cellularity of lymphocytes (E, x40), the cortex of the thymus showed

decreased cellularity of lymphocytes (G, x20), the forestomach showed hyperplasia of squamous cell (I, x100), and the liver showed vacuolization
of hepatocytes (K, x200), hepatocyte hypertrophy (K, L, x200), and hepatocyte necrosis (L, x200).
3 AAIH C3H/He/MNREARABREHNARAREZHE
Fig.3 Histopathological changes of tissues and organs in C3H/He mice induced by AAI

344 HIE  AAI31.7.58.6 mg-kg 41 C57BL/6 /)
BT B LR R R A (RSB 2.
17.1.31.7.58.6 mg-kg™' 41 C3H/He /N i 7T B H B
BERREGIRAAEN A (R SVE3). HT 1084,
200.5 mg-kg ' ABIYIET L B AL E %, K A<M
23 |3k 2 4 C57BL/6.C3H/He /I i AT B 14099 FL B4
Ao PAESSIRSE R, RS T — E = AATH] 3
£ C57BL/6.C3H/He /> B AT 5 H LG5 IR 41 f 384 4=
I H. 512 C3H/He /N R 8L AT B S5 1R 40 g 386 4= 1)
AATFIEL T C57BL/6 /N

345 JME BRG TARFER AALN 53

58.6.108.4 mg-kg' 41 C57BL/6 /)N f AT T & 4= %
BREERENMES WM, TS
108.4.200.5 mg - kg ™' 41 CSTBL/6 /N & T I T 410 ffa
K o B4 T AAT W T S L 31.7. 58.6.
108.4.200.5 mg-kg™ £ C3H/He /> i AT JIE W% 4% i &5
A2 RF A = v AR M, P & 108.4.200.5 mg-kg ' 4
1490 JEF WU JEF 40 i Je B B 28 PR /R B (3R 5) 5 T 5 2 %o
{821 C57BL/6 C3H/He /)™ BT AT 34 A WL BH 2 52275
DA b 2 B IR Bk 45 T O [ 5R) = 1 AATH] 5] i
C57BL/6 Jx C3H/He /) i, 14 H BT BE #1455 , oF A
C3H/He /)N iR HH B AEH 5 141 AATFIR AR T C57BL/6
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TE MM FURIE FINE 2 9>, 3 H C57BL/6 /N
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ASTA] 75 B ) AAT S 2 C57BL/6 Al C3H/He /) 5L i
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by UL i i 9 % 5 FA IR 1) = L0 3 2 o503 D A [
FEFE 1 B bR E 20 B 0 i 5 L e R U 7 s
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