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[ Abstract ] Objective: To understand the druggability of dichroa alkali salt (DAS) as an antimalarial
drug by investigating its antimalarial efficacy and toxicity characteristics. Method: The animal models of malaria
were established by inoculating strains of the parasite in an antimalarial experiment in wvivo. The model mice
received drugs by intragastric administration, once daily, for 4 d. Blood from the caudal vein was dynamically

collected for blood smear. Giemsa staining assay was used to observe the negative conversion and revival of parasite
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under a microscope in each group. Finally, negative conversion ratio, anti-revival ratio, and 50% effective dose
(ED,,) were calculated. ICR mice were used to study the acute toxicity of DAS, observe their general state,
diarrhea and death. 50% diarrhea dose (DD,,) and 50% lethal dose (LDy,) were calculated, while hematoxylin-
eosin ( HE ) staining was used to observe the histopathological changes of the main organs. Result: The
antimalarial experimental results showed that DAS was effective in antimalarial treatment at a lower dose, with an
ED,, of 0. 6 mg-kg ' and a 95% confidence interval of 0.5 to 0. 7 mg-kg ', but no obvious effect was observed in
anti-revival. The acute toxicity experiment of mice showed that after DAS was given, the mice activities were
decreased, the behavior was sluggish, and the hair color was dull; the mice were in fear of cold, with poor food
and water intake. Diarrhea was found in the mice with mild toxic degree, and hematochezia and death were even
found in those with severe toxic degree; DD, was 7.9 mg kg ', with 95% confidence interval of 6. 3-
10.0 mg-kg™'; LDy, was 10.8 mg-kg ', with 95% confidence interval of 8.5-13.8 mg-kg '. The general
anatomy results showed that the stomach of mice in treatment group was obviously extended, with atrophy in spleen
and cecum, and swill like changes in intestinal contents. HE staining showed that the liver, spleen, stomach and
cecum had different degrees of histopathological injury. With DD, and LD, as the indicators, the therapeutic index

(TI) of DAS was calculated as 13. 17 and 18. 00 respectively. Conclusion: DAS is effective but toxic for malaria

at an even lower dose, with narrow safe dose window.
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B, Y H AR R b 4, A 20 H 1R GE
Bra d, SRV 4G T E R BLZEMOK, B IR
20 mL-kg ™', KK 25 24 h B EUM R A 1
B e 00, a6 4% 20 I o i e B M SR O 3
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2.2 DAS 2PE#EEPESIS ICR /DR, BEMER 2, 4%
RIR ML 7 A, 4 10 2, 5050k EF 4,
DAS 4.88, 5.74, 6.75, 7.95, 9.35,11.0 mg-kg '
WP REES, BATEE 14 h, H 2k M
20 mL-kg ™' IE WA T ERBIEWK, LR TR
wh kg 7 AL /N BRUBE TS A5 00, /0 BRUE T EA iR 4R
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FAET/INER, 37 Z AT RARAE S, IE % 58 28 1 647
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TR BU VN R I S 4120, A IR ISR 4% 4]
LM ERIEEAEL, T H LRI Y s, L
DD,,/ED, &% LD, /ED, i+ & as7 8 5 (TI) ,

2.3 GEiteEar s SEEEUE DL x £ s RoR, N
SPSS 20. 0 14 i 25 20 B4l A7 5 &R O 22 0 #r

HEAT 4 ) bb %5 SR ) Bliss 325 1596 I 91 19 ED,,,
DD, , LDy, & 95% BAZF X", Ll P <0.05 K5
iR

3 R

3.1 DAS#HusEZhsk DAS L4 dWEE  PUEEH
5L R AR O R B A DAS 25 245500 5 A,
BRI i UG B SR B T 38 . 7 DAS 1,44 mg-kg ™'
A D G B 3 B G 3] 1009% , >R ] Bliss #5152
B B1R EDy, ol 0.6 mg- kg ™', 95% & {5 X ] Ky
0.5~0.7 mg-kg ' WL 1, HIR DAS FEH L] i
BV AT fe JR U i ol A /N B 4 3 5 B (RS A 52 50 )
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Table 1 Antimalarial effects of DAS on mouse by gavage for four

days %o
41531 F 4/ mg-kg ™' LES B HRR
2 H - 0 0
DAS 0.47 20 0

0.59 50 0
0.74 70 0
0.92 80 0
1.15 80 0
1.44 100 0
1. 80 100 0
A B

(¢] “ D

AIER A B BRI CO 7 120D, MR

Ell DAS ZHE 4 d EBRAMIMBRREMCABE®R
(MGG, x1 000)

Fig. 1 Antimalarial effects of DAS on mouse by gavage for four

days( MGG, x 1 000)
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I K S5 e ol Sr AN FR
3.2.2 (R S5E A4, DAS Hdl
W P e I LA B, 2 )5 34 B R R /N R
R EEL RS 1 K TR AR (P <0.01), 7
ZyJE 55 3 RAR & A Bk &, B )& DAS 7.95 ~
9.35 mg-kg A /NRIE R EAD A B ZER (P <
0.05) . W2 2,3, Bt mha]f) e , 45 25 41 R A6 T

INER S AN RRAIE 2 5 e R A R B i 1B R S AE
KGR0 i B RIS DG IS R R IR K
ANFE ) DAS %5 25 41 /N BRUfE 24
J& 2 ~4 h AHEE I B R AR BE A KT AR TS B, 1
25555 1 RN U T 38 M I8 T R 23k U, B S
B, 2 R A 3 R AN AR R 2H /DN BT B
JEE (K 4) , WG R IR TS ™ F 0 /N 5 30 25 B
fEMmM G, Bz A1, RH] Bliss 115 DAS 4524
JG DDy M 7.9 mg-kg ',95% EAEX [E Ny 6.3 ~
10.0 mg-kg ™',

3.2.3 HEAL

®2 DASHREBTRANEWIRAMSEEREMNZM(x£5,n=5)

Table 2 Effect of DAS by single gavage on acute toxicity body mass in male mice(x +s,n=5)

oe

9 FHE/mg-kg ™! EETE DN 25 1d 3d 54d 7d 11d 14 d

25 - 19.70 £0.52  23.14+0.70  26.14 +0.99 28.86+1.00  32.04+1.14  35.30+1.23 38.02 +1.88

DAS 4.88 19.82£1.16  18.46 +1.17% 25.14 +1.99 29.08 £1.90  30.84 +2.01 35.70 +1.98  37.82 +1.99
5.74 19.86 +0.89  18.74 +0.79% 23.40 +4.28 25.65+£5.59  27.94+6.59  35.63+2.95 39.08 £2.38
6.75 19.74 £1.04  18.16 +0.86% 22.48 +2.62 26.62 £2.32  30.82+2.04  35.20x1.6  38.42+2.01
7.95 19.82 +1.26 18.10 £0.71% 19.52 £3.07" 23.70 +4. 46> 26.85 +3.81 32.28 +3.15  35.30 £3.05
9.35 19.82 +0. 89 17.65 +0.83% 18.03 +3.83%%  26.00 £2.26 29.15 +2.76 33.80+5.23 36.95+4.6
11. 00 20.04 £1.02  17.90 £0.57% 24.60° 26.5% 27. 8% 31.3% 35.59

H 5 EARKEYP<0.05,2P<0.01;% . n=4;Y . n=3; n<3, £BTEITHNT(E3 ),

F3 DASHREBHRAINEMENRIUESUHEERENFIN(x+5,n=5)

Table 3 Effect of DAS by single gavage on acute toxicity body mass in female mice(x +s,n=5) g

415k /mg-kg ! EEETE PN Zij51d 3d 54d 74d 11d 14 d

ag=| - 18.34+0.54  21.08£0.83  23.56£0.77 25.98+0.80 27.44+1.05 29.96+1.20  32.34+1.25

DAS 4.88 18.18 £0.73  17.52 £0.73% 23.54 £2.88  26.62+2.73  27.80+2.37  31.58 £3.01 32.90 +2.36
5.74 18.08 £0.79  17.28 +1.00% 21.20 +3.48  25.30£2.29 27.56 +1.24 30.06+1.43  31.08 +1.71
6.75 18.24 +1.14  17.06 £1.032) 18.62 £3.08%) 24.58 +1.34  26.38+0.68 28.93+1.34  29.38+1.33
7.95 18.06 £1.00  17.18 +1.16% 17.73 +3.04%¥23.58 £2.41  26.58 =1.34  29.53 +1.71 31.43 £1.48
9.35 18.38£1.26  17.58 +1.15% 17.68 +3.15%¥21.93 £3.61  24.33 +1.54  28.25 +2.31 30.20 £2.02
11.00 18.20 £0.88  17.00 +£0.93% 17.28 +3.05%%23.85£2.05 25.70+2.69  28.60 +3.11 30.55 £2.76

3.2.4 ZET-IENL DAS KA F 41/ B 5 18 15
SR, JET R W B W . 425 E 5 2 R/ADR
T LT O, L ETE B )5 1 d, DAS
11 mg-kg "H/NRIET EEEPELFH 2,3 K,
HABAHAEZY RS 3 RiRBIE T &, B R AR T- R B
FETRE(RS), BRI, 52 A4k, DAS KA
MEHNEERENEYARWIHEA, BEUT B
B N AW S R0 TH KR 5 T T8 43 ) o A [R) R B A K
Jifr L R R R 4 R I A PR IR AT A
WRFNE I W W 22 40 JFRE R OBE & e, R
Bliss 31, DAS 4425 )5 LD, & 10.8 mg- kg™ ',
95% ‘E{EX A}y 8.5 ~13.8 mg-kg ',
WX AT /N BRI 14 d SE G 45

3.2.5 JRERARAL
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F4 DAS 2 REBINMNRIEEHEIG
Table 4 Effect of DAS by single gavage on diarrhea in mice

L & ZE1d 24d 3d 4d 5d  JgER
/mg-kg™ /s B /B s /%
=H 0 0 0 0 0 0 0
4.88 1 0 0 0 0 10
5.74 4 0 0 0 0 40
DAS 6.75 2 2 1 0 0 50
7.95 4 0 0 0 0 40
9.35 3 1 2 0 0 60
11. 00 4 3 1 0 0 80

T n =10, MEER P SRS 14 d(R S ) USR5 KB K
RS B B R B

x5 DASHREBRGNMRIETHER
Table 5 Effect of DAS by single gavage on death in mice

FE ZE1d 2d 3d 4d 5d 9d T

AL /mg-kg™' /@ s B s s s R%
ZH - 0 0 0 0 0 0 0
DAS  4.88 0 0 0 0 0 0 0
5.74 0 1 0 0 0 120
6.75 0 0 1 0 0 0 10
7.95 0 0 1 0 1 0 20
9.35 0 1 2 1 0 0 40
11. 00 0 4 3 0 0 0 70

AR DAS HUHE 258048 b iH 58 DAS Y ED,, LU
15 RMBE T N H8 45 3 3T 5 DAS iy 2 % b 2 57
L HOET =, ) DAS B3R 97 35 505 B LA 5
NP5 AR5, DD, /ED,, =7.9/0.6 = 13. 17, LIJE
TR R 45455, LD, /ED,, =10.8/0.6 =18. 00,

4 it

AT A R BB A T 8 R S U 25 Tt 24 191 i) i
AR R FE B — AR5 A8 30 S (4 BUIE 24, R LR E
G514 58 A R[] T 75 8 2R 38 i A 1 v I 2R AL S
Y, B HEBUE 2500 0, AE W E AT & . B, AR
M AETT N TAEREAE b, R RGN T8 LB
PUIE 2GR0, & I LB AE AV W P R R, PRI A 2R
FOVZE S g R 0 T 2 T ORI AL A R M Y R
X HAUIE G ROMBEEAE ] 2T T R %¢, LU T i
DAS (2 1 , S itk — 2B 0F 5 38 WA J7 1]

SR FH /IS BRAR PR 5L He {R P B2 8, BIF 50 & B DAS
PRI R R 0.6 mg- kg™ o MEEBIHIEOK A, B
IMHEM AR ERTEFEHRMET LS
Pyt LA IR A LR O X B S Bk R
I RIS P SR A B R R I
At — 2 TF B2 (B, BF 9 R /N )

A B
A 24 ;B. DAS 2
2 DAS BREBAHIMNMNRARALRBRGHEM(HE, x200)
Fig.2 Effect of DAS by single gavage on different tissue injuries of
mice( HE, x200)

DAS BV A] o Jg G i T 1% /s BURG B, 82 20K Rk
BMPLE R 45T DAS ¥R JE (/N e 1R g R
P MR IR G 2 A5 e B /N B4 A R L vl fiE 2
F DAS 3w Wi g, 3 Bbe £ HL 7 O P 1 R s e g
MR BEA BT E L . I3 — 5T, T DAS X4 %
B HER ARG TESERLIMEY —F, EI K
LR R AL R T T IR
JE WK 456 DAS 2530 ) 22 a5, SR s o 4
L4 B R R , D818 DAS A Py B O R | SE 2%
AR P9 A R SR VR FH S [) LA 30 52 300 444 3008 75 1)
Hi .

O SR LIRS, A B DAS B FE MR A
FEAOZ JE /N RUE S ek, #8514
L, 45 25 2/ B i o 90 8 2 K34, 2 7” DAS A
ReXT B Diae A 0, IR T H HES R A SV &
I/ U R b B AN [ R B A L R R X ]
fie e B R R E R . @A/ RUE N
WIE R B2 A 1 18 P9 25 S TH KR 5 R R AT A
B E =40, B 58 & B E 1 2 R T IR A
% BELINE | 15t 9 2 TR B8 RORE kA (H R WL
il B A P S B s R ZH 2L AR A SCRR IR A R,
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R TR A T 0 T B0 o i 3 A B
A JH T i 7 % 00 i 7 HL B o 25 338 5, 4 D T R
R AL AR 2 KR I K 5632 4, AT B R IR et
TE 2K B 15 1 42 4 U rb 77 76 R T R ZE IR ek ML AR b 4
R RGN ORISR NI R 2R 8
PR S 3 AR 2 E AR AT 4 B
5 A 7 20 330 SR, R B R 28, R AR TR
(TG E T NTIEAR T R CE: e S~ e =22k}
FE R ZH A T AR TR BE R Sz e 4 R R
DAS ] i 2 1 4o 1 422 o 38 1 1 W % A ML, 4 s 28
3 5, 5 R f I B  (EL R ELAR A 4 DL A
— B WFIAESE . Q42 /INRL, B 45 2570 44
U R I ¥ A B = P, T T LW IS TR TS
175 00 LI 25 165 <080 1 T4 . WLE ok B4 25 ) /N
BRLSE H BME Y5 15 0, M T 2 o B0 0 B 4R, B S A
T, {H 2 BRSO 5 R R A 1 — 2R 5T

1T 48 BT 25 4 126 1 G — > T BB AR
T 18 MO R, 28R A RG5O
B2z 4. DAS (YA TF 5 HUN, 22 A i A2, 2 PR
I R ™32 4l F A0 60 240 O 2 2 P A — A T R
AT % B 1L PIK v AL o) B Bl o K e g
2 ] 0T 4 S S QA R X e WL 1 R 5 4
—RERCTY {ER B B AR R e LR B T,
MK ik A AT R S8 A e i . AR WF 5 vp i i /N B Bt
RS & B, DAS AN AL A K ik | Y5 45 AR
A A T A R (LR T B bR R SR P B 3
2k R B R NI I 0T 0L B AR Bl g 2k
YUY A 3 BRI 7 W HEAT 43 MT , (5] I A 18D 40 i 2
W2 Ry TR T B B R TR 2 e i B 40
MY A B RS R Sl K T X 3 BEL A B
FFRA RGBS, LUV B DAS 51 & WKk i 75
LT K VB B B A, AT 0 355 4 7 e
LR 2 PR TT & 4R BB AR
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