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In vivo therapeutic effects of albendazole in combination with IFN-a

on cystic echinococcosis in mice
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Abstract: This study aimed to evaluate the in vivo efficacy of combined ABZ-interferon (IFN)-a treatment for CE in mice.
After 5 months of secondary infection with protoscoleces, mice were randomly allocated into four groups: ABZ-treated group,
IFN-a-treated group, ABZ-+IFN-a group and untreated control group. Drugs in diverse treated groups were respectively admin-
istered for 2 months, of which, sera were respectively collected in 0 d, 7 d, 14 d, 28 d, 36 d, 48 d, and 60 d. Mice were then
euthanized and associated indications were investigated to evaluate the therapeutic efficacy. Results showed that ABZ+ IFN-«
induced a significant reduction of the number, size as well as weight of cysts, compared with that in ABZ (P<C0.05) or un-
treated group (P<C0.01) respectively. This effect was associated with ultrastructural modification of the cyst in ABZ+ IFN-a
group. Interestingly, significant decrease of IL. (interleukin)-10 in serum and in witro production by spleen cells with ABZ+
IFN-a treatment was observed in comparison with untreated control (P<C0.01). Serum IgE, IgG and subsets were respectively
decreased in ABZ+IFN-a treatment, compared with that in control group (P<C0.01). Our findings demonstrated that combi-
nation of ABZ with IFN-a may contribute to an efficient therapeutic regimen of human and animal CE.
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T £ (interferon, IFN)-a. )& —K T ZE ., &
I T H T 45 RO S M O I PR B R YT . Bl
J&i  IFN-o B ESE B AT 2 Fp A= Wy 4 Dy Re 4045 . i
BE PR B S g R 5 S X 5 — i ek )
-V ER B (AE) . A DF 58 & W IFN-o B A7 B
Y YEM . Godot V ZEWF5TUESE IFN-a BEWE i 35
/N AE 5 N AR e o i — 2558 R B, IFN-«a
BT AE M B A48 0 5% Th2 A1) Thl A 4 i
JO7 255 T 3K AT R T AL AAR B 928 XoF 1 0 4 7= AR AT AR R
PR e B, fE AE BBF5E F e & B, IFN-«
RE B ol 58 JHFUE 27 416 5 5005 K 7. AT, H Rk =
IFN-a XF F CE JGY7 SR MW 5T . A WF5E B 75/ B
RPN ITf Bl TFN-a S 8% & ABZ-IFN-a Xt T CE
MR ITROR .

1 MRE5FE

1.1 K

1.1.1 SEwshy A sh W 58 5 2 ik 9 52k 4
B BE A B 22 51 2 0 AL . 40 HUEYE Balb/c
/NER(8 JEY 18 ~20 g) W [ b 5 4k 3 ] 4 52 56 5
WABRA W, SERsh ) FR A — 8 = iR (22 £
1°C) OB (12 hoBiR/EmE 1530 B,

1.1.2 29 Rikw ABZ W H B2 KA A,
Pegasys® interferon alfa-2a Wg 8 % [& 6] 25 A R 2
A, M E AT 2 ORPMI 1640 40 i 1% 55 3k i 4k
1L (FBS) ¥y B Invitrogen A ], Con-A W H
Sigma-Aldrich A, /N 1L-4, 1L-10 1 IFN-y 4
ML 7 ELISA K I35 & 4 F e-Bioscience 23 7 ,
WA/ IgE IgG fidk K H A —$Hi 1 B Nova-
gen A HE], AN EH 7o bral.

1.1.3 0 J5skiy A3 A IR TR v 4 25 4045 ), il
R TG DA b A B B SE I A, T A AR S L 5
R, 9 000X g 4 ‘CE L 20 min, 3 i B DLTE
JESk W FH S A SUPTRY PBS(pH 7.2, 435 1 000 pg/
mL HFHZM 1000 U/mL #HZO %M. FHk
e T P R 36 22 HEBR S s R AT St RO Y R
S TG IR B 90 6 LA B AT 2 W] T 4 R Ok /N B 4k
R Ak e R Ad Y Sk ) 2k BE R 1 500
A~/200 pL. PBS,

1.2 SER A

1.2.1 SERRETE R R Ak R B 40 HUM
P Balb/c /N, B H/N BUBCGL B B 7E 200 pl PBS
91 500 ST EE 0 B Sk, B 5 A /N
BEALECE] 4 20 (10 H/4) :a) ABZiRIr 4. /MR
B HHEE ABZ (5 mg/kg);b) IFN-o A7 4, /MR

3 d LA TE S IFN-0-2a 10 000 TU/50 plsc) ABZ
+IFN-o 4, /) BU[F I #E47 ABZ 5 IFN-a BJIRIT
7k ) F b)Y sd) RLIRIT XTI, £ A 25
BITHERE 2 1 . WIS Bl S ARS8 /N BRI AH G 4
FRPFI IR ITROCR .

1.2.2 i & A U K o BT iR IT A RBOR il
/0N RO S g /N B A 9 B i L R/ S
TBIT A AR G TR R 5 5D i F 4 A K
R,

Xc— Xt

R ==

Horp X J& R 295 77 X B8 41 F ¥ fu 4 F L Xt
SEIRITA P R
1.2.3 & HF B F 0 8 W4 (Transmission elec-
tron microscopy, TEM) £ 2H 0 FERE A 2 4L B )5
A TEM #EA7R Y A2 U1#E o 1 mm® K/
FER BRI & 2.5% /) 0.1 M PBS [E & 5
h, FEARZ 0.1 M PBS ¥EMi 5 >R FH 1% & 1Lk
52 . BEA K 5 20N [ 2 e B Aok B ot 7K 7 5 1A
T AL M /R A g rh A s i . B S S PR IR TE
FEERY 100 %0 M AR AR A3 24 h ) AE 65 C A3
18h, KM A HL(Leica EM FCT) 45 50— 70
nm JEER Y] R, S CE B 200-H B8 KL TR
SN 2 TR WAl B AT A TR Y 43 IR T B 8 10
min 1 5 min, Y] & Z&W/KEBEE H R T4, R H
TEM(H7650, Hm) &M,
1.2.4 [l 5K 4 % W B i 56 Cenzyme linked immu-
nosorbent assay, ELISA) w4, B8 B/PNEDE
(9 TG40 i SR B RPMI 1640 15 9% 56 (& 10 % #UK 3%
FBS) 5 &, Uk JE PR 4L 2] 5X10° AN 4 e/ m L, i
A 2.5 pg/mL Con-A (Sigma) #H|# 5 37 °C 5%
CO, WH 72 h Ja . WER IR LM TR 114,
IL-10 A1 IFN-v W& B . 5 5 40 M 5% 3% 10 4 i A
T BRI A LR A R S WL ETLSA 41 B 7 46 I 3
R G UL

ELISA il ifn i HtAk K-« H 96 fL i A &
LIMAEA 0.1 pg/pl WHEAMBUE A 0.1 M BERR E:
ZEohil (pH 9.6)100 pL 4 CHEF IR, ML ¢
100 #i B 2] PBST Z bk (pH 7.2, PBS f & f1
0.05% uki-200 1, 37 CHFH 1 h, BJFINA Zdi,
BILA 1 ¢ 1000 F Be 9 HRP FRic 6910 E 40/ B 1gG .
IgG WA IgE. 451X (Bio-Rad) i & 490nm
A G K% BE OD fH
1.3 HitEabr A 898 ¥ 38 i Prism 5.0
(GraphPad #ME) #1708, 45 RFRm NI L b5

X100%
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Kk PG A BLAE T R WA ™ E A 25 W AR

/NERARFE B L 4 A1/ B B/ BROIR B A G o 2
F(P>0.05), ABZ+IFN-a JAITH M &R
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Tab.1 The number of hydatid cysts in control and treated infected mice

il B HUN B 2 A
. . Mean=+ SEM
Group Each number of cyst in mice
ABZ 3 2 2 1 4 1 2 1 3 2 2.10040.314
IFN-«a 4 7 3 4 5 1 6 2 4 2 3.80040.592
ABZ-+ IFN-a 1 1 1 0 2 1 1 2 0 0 0.900+0.233"
XJ e
5 4 0 6 2 3 3 5 7 4 3.90040.640

Untreated control

. ABZHIFN-o W4 B A SR MA (" P<<0.0D) K ABZ iGT4 (" P<<0.05) M L i 2 F .

Note: The number of cysts in treated group showed significant reduction from group untreated control (* P<C0.01) or

group ABZ (" P<C0.05).

2E R R W] ABZ+1FN-o 1697 4 018 00 9% & A
RN, SR (P<<0.01) 8 ABZ BT (P <<
0.05)FE L B ZE T I, ABZ+1FN-o 1697 4 I 3 5%

IR ILF] 89.7% , X e sE R E ] ABZ B4 IFN-«
WITRCRE R, WL 2,
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Tab.2 Weights and size of hydatid cysts in control and treated infected mice

| BE (g A% HA (mm) A1 HE N F V0
Group Weight of hydatid cyst Size of hydatid cyst Cyst inhibition rate
ABZ 0.2140.17¢ 2.14£0.9* 78.4
IFN-«a 0.8940.28 6.71+1.5 0.08
ABZ+ IFN-«a 0.1040.05* 1.24£0.4% 89.7
Untreated control 0.97+0.45 7.31+3.2 -

0 ABZ+TFN-o QI A B 5 R/ S HIBZ (¢« P<<0.0D 8 ABZIG)r4 (" P<<0.05) ML B & F I,

2.2 ABZ+1FN-a /7 41 10 60 28 38 1ol 45 #4) 1 el AR
5 TEM T ULEEA [a] 4b 3 20 40, 3% i 45 44
(AR AL, 25 R, St 2 1) 0 9 St R A AR %) 4
Bk M e 45 M, 1 ABZ -+ IFN-o JRIF UL B T 4
REMAEW SRS IR, WE 1A fil 1B, #4
K7 s ABZ+TFN-o 7 97 B/ AL 8 IE 5 oK 4
TR AN £ 4 21 2 i F0 20 B A% S A A 45 4 I T

AL BUMTAR 2 0 2 40 i A% e 28 5 K A g DL T
1ICHID, KA RZ A FRMBE IR, 5
X FEZH A FE s ABZ A+ TFN-a 36 97 20 B89 /) B f0 40 s 72
2S5 MEMESMER, WE 1E fil 1F, 1E#
HNZ AR AR a5 AR A3 1 A )2 A HE S A
BB AW, WE 1G f11H,
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ABZ+1TFN-o 37 AR 254k - A LC.E Fll G5 RGBT 3T AL A4k . B.D.F Al H, A I B /R 1902 SRR 38 MR Z5H . C Rl D

AR LR, EMEF RSN N R SAMESE, FRADMAGKE. G5 HE2EESNZMZERZ. XA, 4

FEIAT AR (LL) VERE(GL) R (Te) A (Mo KA (UC) (A 4140 (F) VA1 (Nw 5 {2 (ND . ABZ+IFN-q
AT 2L B0 A il 4 A A AR B R (LD A5 3 (V)

ABZ~+1FN-a treated group (A, C. E and G) and Untreated group (B, D, F and H). A and B showed the general ultrastructure of
cysts. C and D showed germinal layer of cysts. E and F emphasized on changes of teguments and microtriches. F derived from red
rectangle area of D. G and H represented laminated layer of cysts. In untreated group, the hydatid cyst appears almost normal lami-
nated layer (LL), germinal layer (GL), tegument (Te), microtriches (Mt), undifferentiated cells (UC), fibrous tissue (F), cell
nucleus (Nu) and nucleolus (ND are clearly visible. In ABZ+IFN-a treated group. ultrastructural alternations shows as lipid drop-
lets (Ld) and vaculoles (V), nuclear fragmentation, degeneration and disappearance of microtriches (Mt), undifferentiated cells
(UC), tegument (Te), and cellular elements. Each figure was labeled by a scale bar.

1 ABZ+IFN-o B AMBEBMEMTH
Fig.1 Ultrastructural modification of cyst wall and cyst components in ABZ+IFN-a treated group
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2.3 ABZ+IFN-a {67 B & AL T M7 1L-10. K
TR T S A0 R 0 A NG L A A R B ABZ
+IFN-o IGI7 B I3 TL-10 #e & 55 %5 B ZH A L
AL (2.29+0.25 ng/mL) vs. (3.44+0.14 ng/
mL), P<C0.01) (¥ 2A), IFN-v([& 2B, P=0.08)
HIL-4(F 2C, P=0.1DFE A Z B A W25,
2.4 ABZ-+1FN-o 3G 7 & 3 FEAK T 9 40 i 53 0k 1)
IL-10: 284 I, T 240 G 53 b 40 M X 1% 00 JF & B
ABZA4TFN-a JAJ7 401 T1L-10 433 5 % B8 28 A 1L W
TR REC0.914£0.10 ng/mL) vs. (1.9940.17 ng/
mL),P<C0.01) (& 3A), {H 2 IFN-y(} 3B, P =
0.31) 5 IL-4 (& 3C, P =0.18) /K V764 2 Z [a] %
A EER.
2.5 ABZ+IFN-a IR 7 41 19 1ML ¥4 ¢ 5 M b ik A28 1k
R T AR T ARG T X TR R M B OK 5
M), AR AFF 5 X6 AN [] Ak BE AL L BT AR IEAT T ELISA £
W, S5 KW, 5 Al Y 0 R4 e, ABZ
IFN-o JAJT A1 1gG PUIRFFLL T [, 7E IR 97 45 SRS
(55 60 ) WL F (P <C0.000 1,18 4A), [FIEE, 18
IBIT 45 T, 1gG PR 9 W B A 5 1gGl (P <
0.000 1,/ 4B).1gG2(P =0.029 9, 4C) 5 1gG4

A IL-10 B IFN-y

ng/mi

ER ABZ4
IFN-a
) ABZ+IFN-a4l
[ G2

0.4
AT 3 43 9 8 A ELISA 325 0 46 0 IFN-y
(A, TL-4 (BYAI TL-10 (O W« P<C0.01,

Sera of mice from diverse groups were collected respectively for
detection of IFN-y (A), IL-4 (B) and IL-10 (C) concentration
using ELISA kit. * P<C0.01.

2 ABZA+I1FN-o B8P HMTE 1L-10 B& T

Fig.2 Significant decrease of IL-10 in serum with ABZ+

IFN-a treatment

(P<C0.000 1. 4D)¥JREE I67 B E AL, St
BB AR YT AL 1gE K OF- 7R & 35 B AIK (P <<0.000 1,
Kl 1E),
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Cytokines production by spleen cells from diverse groups were
collected respectively for detection of IFN-y (A), IL-4 (B) and
1L-10 (C) secretion using ELISA kit. * P<C0.01.

B 3 ABZ+IFN-o 357 HE R AR IL-10 BEFERE
Fig.3 Significant decrease of I1L-10 in production in vitro

with ABZ+IFN-a treatment
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Fig.4 Detection of OD value profiles of sera IgG, IgGl,

IgG.IgG1, IgG2. IgG4. IgE #n

IgG2, IgG4, IgE and IgM in diverse treated groups
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TEARBEFE I T ABZ B4 IFN-o X T CE
IVARIT BOCR . RS R R W] ABZ B4 IFN-a 7E/)
L4k % Y CE v BLAT B AF R 7 O . ik — 2 iE
iiﬁi’ﬁﬁ&ﬁ%ﬂﬁ‘é%@%ﬁ@m*@E‘JE&E‘F%ﬂf& il
IL-10 7K~F DA KT PR AR o S e A7 G

IFN-o HA7 2 Fi A4 49 2 D) il 40 45 B0 7 R g

B b e K 9% IR 4 S AE7E I U e b Y 4 B
KtaoAR, HREES—#GEE AE R+,
IFN-o J8 58 T A F/IN B AL 35 A8 2 iF 5
— A MIZAE S Th2 B 40 K 7 17 Thl %440
Ji PR 78 A O AL 46 T A 1L-10.10L-6 5 1L-13, A
K B8 TEN-v /K (E R AR5 R (UYL IFN-«
JERREF AR % CE MRE ), th R B 5% Th 40 g
T, P I AAY IFN-o A BE % 4T 818 ¥ CE
Th2 BIGRPEN . RS 5 Z e AE (Y7 A
ANFE . SR IFN- BE & ABZ fE6% B 2 3% CE F%
A4 40, 5 ABZ 2 sl 0 R 20 AH LA T 3501 B
Wk 1.2, #— LR RN ZBESIRITREN B
TH IL-10, IL-10 J& MR Th2 &4 §g K+, 78
CE il Thl %%Ffriﬂjﬁﬁﬁwﬁiﬁiﬁﬁefﬁjz
o gRE & L BN LA IR A IR T B A 1R T AR
AIRES M T 11‘-10,{5%1&7 Th2 #4458 B & A
P
PR e 2 N B AE CE R AR R el B vh R 15 8 %
VEFH S 70 8 1 5400 30 3k 9% 4 LT BEAE L AD-
CC VE A5 & 4% 3 B 1 AR 30 1 f 5 1 285, T A R
418 P ST A0 L 2 TgGa 2670 ELAG i 4 ik 4k itk
MVE NS E AR SR BE A IR YT TP 1gG L 1gGlL
1gG2.1gG4 1 IgE #1025, 3 3¢ B 7F B e 18
ﬂ;ﬁ HTh A G g N A T B AR TP BT
,AEPIgGZL Wl F AR, (HE R4S TgG K7
BIRIT R B T B FRAT R B AKCE AT & T B
K. ﬁﬂﬁﬁ%@%ﬁ@ﬁafﬁ&ﬁa‘é 1A gk —
BT . B2 B A IRIT IR IT RUR AT RE IR 5
Tﬁ?ﬁxﬁ%’iﬂaﬁﬂﬁ@ﬁw%&ﬁa@o
TEABE ST ABZ+ IFN-o 8 500 i IFN-o 4
JYER A 0 G R 18 PR TEN-y KOF, ik
VIS IEN-y fEAE 7R g B (7-8 &) A H Y
P40 VB T, T B JS 7R SR G 8 M B & T R
K Y LA YT X T IFN-y B8 s 2 i —
ST . A AW R TFN-o i 1 38 30 4 280k
40 L (DC) 20 A 338 S22 470 i & 4 e P ogg /6 02 (2
DC 4t i J& 75 76 6 A IR Y7 T & FEAE AR 75 5% .
M2 RBFFEUESE ABZ B4 IFN-o X F CE H
A E AT ROR N CEIGIT IR AL T 52 304K 4 .
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