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Abstract: Objective To observe the protective immunity function of BALB/c mice induced by the eukary-
otic expression vectors of SAG1 and ROP18 of Toxoplasma gondii alone or in combination. Methods Recom-
binant eukaryotic expression plasmid p3 X FLAG-Myc-CMV™-24-SAG1, p3 X FLAG-Myc-CMV™-24-ROP18
and empty plasmid p3 X FLAG-Myc-CMV'"™-24 (empty vector) were prepared and diluted to 1 pg/ul. with
phosphate buffer solution (PBS). A total of 102 BALB/c mice were randomly divided into six groups,with 17
mice per group. The first four groups were injected with 100 pL. of PBS (PBS control group),empty vector
(empty vector control group),SAG]I vector (SAGI1 group) and ROP18 vector (ROP18 group) respectively,
and another two groups were injected with the half-mixed vector of SAG1 and ROP18,and the injection dose

were 200 pL. (full mixed group) and 100 pL. (half mixed group) respectively. Each group was immunized once
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two weeks,three times in total. Four weeks after the final immunization,7 mice were randomly selected from
each group,and their spleen was taken aseptically. The distribution of CD4" and CD8" T cell subsets in the
spleen of mice was detected by flow cytometry,and the mRNA expression of cytokines interleukin (IL)-4,1L-
12 and interferon y (IFN-7) in each group was analyzed by fluorescence quantitative PCR. The remaining ten
mice in each group were intraperitoneally inoculated with 1X10° Toxoplasma gondii tachyzoites,and the sur-
vival time of each group was observed. Results There was no significant difference in the proportion of CD4"
T cells in spleen among all groups (P>>0. 05). Compared with PBS group,the proportion of CD8" T cells in
SAG1 group,ROP18 group,full mixed group,half mixed group and empty vector control group significantly
increased (P<C0.01),and the proportion of CD8 " T cells in half mixed group was higher than that in other
groups (P<C0.05). In the half mixed group and the full mixed group,the CD4" /CD8" was lower than those
of the two control groups,which were PBS control group and empty vector control group.and the difference
was statistically significant (P <C0. 05). The relative expression levels of 1.-12 and IFN-y in spleen cells of
mice in full mixed group and half mixed group were significantly different from those in the two control
groups (P<C0.05),and the relative expression levels of IFN-vy in half mixed group were significantly different
from those in ROP18 group (P<C0. 05). There was no significant difference in the relative expression level of
I1L-4 among all groups (P >>0. 05). In the experiment of Toxoplasma gondii tachyzoites attacking infected
mice,the survival time of the two single-gene vaccine groups (SABI1 group and ROP18 group) ,the full mixed
group and the half-dose mixed group was significantly longer than those of the two control groups (P <C
0.05) ,and the survival time of the half-dose mixed group was also significantly longer than that of the full
dose mixed group (P<C0.01),but there was no statistical significance between the full dose mixed group and
the two single-gene vaccine groups (P >>0. 05). Conclusion The Toxoplasma gondii DNA recombinant vector
of could induce specific cellular immune response and partial anti-insect immune protection in BALB/c mice,
and the combination of the two eukaryotic vectors could induce stronger immune protection in mice at appro-
priate concentrations.

rhoptry protein 18; DNA vaccines

Key words: Toxoplasma gondii; surface antigen 1;

5 JF 5 S — Lk A0 PN B AR R L, R R
KL i 3L s, ol 51k A3t 8 5 duR
5 G B UL A ML 2 T SO A5 A BUR L 7 bR
BN 28 G B Bk A O T (CHIV) e 5 K 30900
(AIDS) A 55 T8 B 7K B 2% 43 51 8 5K 63. 004,
44. 8% M 95. 0% . B IE Y AR JE AT R A8 A
()25 A LB SR 25 O] 3 o B B2 T A% 9% 2 iR L
W RY LT R RLIE  BUR 3- H 2 2R .
R 5 IR A TRAT » AU & POk i A P
N E NP NG P S CRE B A N U - L
WL H RS TR O A 2 A T AR SR B
B AT B T T s e R g

BB TR PR 1 (SAGD) & I Rl s e 3235 1
B, S IE R SAGL HiLJ5AE R 5 I8 dU s 56 2 11 1Y &
BPURZ — J& 5 T 18 B A ) SR B
SN A I B % 1 5 8 OB e ST L BRIk
HFH 18(ROPI8) E L T4y Huyfg vp ™ L & 22 HR-T1 &
R e B AT T T . ROP18 AT gk 48 HS e 1Y
T 3240 B A5 5 15 5 o (R e 4 i i) 36 TR 3 58 ke A AR
1 BRI BN L ARV TS, 2S5 T Bk A TE 40
I, 254 B — R BOF B B A i K . ROPIS (1 1k

PN TE A =5 20 M A S 28 8 1 2% 80 TG ¥ R X =
PRAPE L B S R T SR B 2% BUR A3
Z B YU AE (R N S 0 S B SO A BT AN [ A
PO A G B RIOR AN AR FRAEL S 150 2 DR 1 7% 5 19 4% T30
U LS LT T S el 11 R R AU & 5 E
JEAE R e BE 5 S B AL . L A5
JUE AL 1 B 3K Bk p3 X FLAG-Mye-CMV ™ -24-
SAG1.p3 X FLAG-Myc-CMV™-24-ROP18 f) J: il |-
G 93] B BB S G B /0N B I A 25 B 5 ) U L A

PR .
1 #¥PE5HFE
1.1 sZszhdy  4ifh BALB/c B 102 H,4~6 JE#,

WEPE R (202) g, 3 M RS2 30 2l i b 4t
1.2 SigdmlibkSEa 5B R RH R F A
I AR p3 X FLAG-Myc-CMV ™24 L% R iK%
A R VL5 R A B 2 e 98 7 A B 24 e 2 AR
35 & ki p3 X FLAG-Myc-CMV™-24-SAG1 fil p3 X
FLAG-Myc-CMV™-24-ROP18 F A< i 551 21 F4 .

1.3 F2E0N XA AxyPrep Bk K& X8 & W
T AxyGEN 723 F], RNA $2 B 7] Trizol | 01 4% 5% 351
& HiScript™ Reverse Transcriptase. 22 Y6 & & i F



ElfrainE¥ 4% 20234 10 A% 44 %% 198 Int ] Lab Med, October 2023, Vol. 44,No. 19 « 2367 -

AceQ qPCR SYBR Green Master Mix(Af~ & ROX 4t
BE) 15 F R 5T ME R (Vazyme) 2 A, 5 6% 50 R 9% %
Z (FITC) anti-mouse CD4 (L3T4) .3 4L % [ (PE) .
anti-mouse CD8a (Ly-2) Il F Bt &l A #7, RPMI 1640
B R T B B R A W Ak 2 L (RO AR A
Al R4 I W T BTN DU 2R 55 A R, 9 E B PCR
1840 F 35 [E Bio-Rad 28 |, 3t 3K 40 A A W F 5 [
BD A H], CO, ¥ 3% 48 (Forma series [[) g T 3 &
Thermo A #] .

L4 SRR RERREFRIKXEE %R
i PEIOR A] & h A HE2H E R GK FURL p3 X FLAG-
Myc-CMV™-24-SAG1, 3 X FLAG-Myc-CMV™-24-
ROP18 % %} B8 Jii ki p3 X FLAG-Myc-CMV™-24, %
JEbi 22 DNA # e 3L %) & (Ronfect™ DNA transfec-
tion reagent) 5 A HEK-293T 40} N . In A& G 48 1
{i§ ) DMEM $; 373, 765% 50CO, 37 CHEH A1 37
48 h J5  IEE YN MY IR B [, 8 3 Western blotting
P E UKL R GA G 00 . 5 A1 0 00t BE I SE O
(AME Aggo Ko Agso IR FOAR L 1 5 OB Y k32 A1
AlRE SRR Yot AR 4 R B B PR .

1.5 DNA % # M K BALB/c &/ BRFEAL
Ira 6 Al B 17 R SRR A5 R p3 X FLAG-
Myc-CMV™-24 % 84 §iki p3 X FLAG-Myc-CMV™-
24-SAG1. p3 X FLAG-Myc CMV™-24-ROP18 L, # 2
SR (PBS) R | pe/pL., EUFHEH 4 56
K &/NRZE TG BB B 5 BRI S R s LUEAT T LA
INEHRY ] EER. 55 1 44k PBS X BR 4 CLLF fAj B
PBS 41, 55 2 410 25 8 Mk %) I 4 (p3 X FLAG-Myc-
CMV™-24) CLUF PR 28 8 4D . 45 3 4l p3 X
FLAG-Myc-CMV™-24-SAG1(SAG1 41).%5 4 H K
p3 X FLAG-Myc-CMV™-24-ROP18 (ROP18 4), LA
b4 R WIS 100 pLs 55 5.6 414 p3 X FLAG-
Myc-CMV™-24-SAG1 #1 p3 X FLAG-Myc-CMV™-
24-ROP18 ¥yt A4 (2 EIEA 4 CERIEA 4D . &
WA HITESS 200 L F1100 pl. WK GPE)S T4 2.4
JEL i G e AR IR S 4 A e SOz

1.6 /NEUMUIE T bk 240 MR A0 E RIS Je
4 Ji A BERL PRI 7 HUIN B TOTE A AR IBOME L R R
il JIC AL 20 e 2 . ] Hanks WPk 3 UK, &K 1 000
r/min, #.0 10 min, S8 J5 5 40 i B 0% T PBS o, 7 4%
A0 E R 1 X 10°/mL, B 100 pL W Bt
CD4" .CD8" T Hihi, 6 40 min, FH 3 = 41 130G )
CD4" .CD8" T kLA g Lb il . b i CD4 i 5
Hi o FITC #ric 1/ Bl TeG2b, £ CD8 1) 841
PE tric i 1gG2a, — 2 T LA B P B

1.7 E4iEA % AL-41L-12, FH E vy AFN-y) 41
JEL PR ARG SN S RE A A I A% 4 /)N BB 4 Y

o4 g P - 1L-4 . 1L-12 . IFN-y mRNA 3k /K F, Ik
LA 1Y AN B % 1 000 r/min B0 10 min J§ 5
B E3E A Trizol 125, #¢ B3 7] {58 T 150 W] 5 4 B
G 4 B RN I i JHL 4 B R B AR RNA
SRR o FH 0 B s 1 AR 6 K L3 A S cDNAL MR AR
GenBank H1/) ], 11-4 . T1.-12 \ IFN-v, f-actin OE-YaNE ]
Wit gl ¥, 14 E W 51 ¥ 8 5-GGTCTCAAC-
CCCCAGCTAGT-3', F it 8] % & 5 -GCCGAT-
GATCTCTCTCAAGTGAT -3', 1L-12: L 51 ¥ K
5" TGACATGGTGAAGACGGC-3', Figal ¥ h 5'-
GCCTGGAACTCTGTCTGGTA-3', IFN-y.: | 75|
Y H 5 -GCTTTGCAGCTCTTCCTCAT-3', F iif 5
¥k 5 -TCTTCCACATCTATGCCACTTG-3', ¥
% Bactin: b iF 51 ¥ A 5 -TGGAATCCTGTG-
GCATCCATGAAAC-3", F iif 51 ¥ & 5-TAAA
ACGCAGCTCAGTAACAGTCCG-3", % ] 10 pL
R A7 96 | PCR [, PCR N #4406 36 2 8
g AR PE 95 °C 5 min. SR )5 95 C AR 30 5,60 CiR
& 30 5,72 CHEM 30 s, 4k 35 NMFEH, x5 iR E 57~
95 CE il X a1 4 5 s BFF 0.5 C. FAHAR
2SS S A AT R X

1.8 /MR PTdl YR Rk )s 4 . %
/NN 10 H 4 HU/N BB T 4 = 2 8 RH
PRIEFEF 1 000 A, 4 KIS/ B 2846 I T B [1]
1.9 Geitphb B Ay Bods ¥ ] SPSS22. 0 B i
ST AF B IER A R ROR DL s RoR &7 2%
SO 50 S5 1 FH B PR 2R O 22 43 A B AR SRR I L A A
R 2520 B 2% P GF B0 Rk A 56 (Log-rank #558) . LI P <<
0.05 B ZESHGI¥E L,

2 % ES

2.1 YL TORLAY S E R BRI B R IR TR
p3X FLAG-Myc-CMV™-24-SAG1, 3 X FLAG-Myec-
CMV™-24-ROP18 J& X} #& & #i p3 X FLAG-Myc-
CMV™-24 1 HEK-293T 2 [ 3 1k £ 4 i M . A
SAGL & [ AH X 43 F it A F 35 X107 ~40 X 107,
ROP18 & A XS 43 F i & A~ F 55 X 10° ~70 X 10°,
DL 1, 2858 A0 40 6 06 B2 110 A5 3 38 BORL 1Y A/

Azso ﬁ‘j 1.8~2. O’%ﬁﬁ PBS H%E\%*jﬁﬁ*%g 1 [lg/}iLc

1 2

40X10° SAG1

35X10°—
A

70 X10°—

1 _ 2
.ROMB
55X 10% 4
B
FE.A H SAGL BIEIE. 1 N2 # k.2 B SAGL;B Jy ROP18 &
HRiE. 1 28k, 2 y ROPIS,
1 SAG1 #1 ROP18 H#Z R A FH & E HEK-293T A

HEERRIE



+ 2368 - Elfriede EFRE2023F10AF U EF

19 #1 Int J Lab Med,October 2023, Vol. 44,No. 19

2.2 /PNEUMEMR A T 40 I /N BRI
CD4" T 40 i /e 45 40 18] 43 A1 22 52 R Ge 2 38 L (P>
0. 05) . i ¥ B4 3[R 9% 1 2H (SAG1 41 F1 ROP18 41) .

SRiEGAH . CEEIRG A S P X 4 (PBS 4 175 4%
R4 CD8" T A b4k, 2 F A G ¥ E X (P<
0.0, A& HIRA4l 5L F ROP18 41 CD8' T 41
ML, Z R B HITFRE X (P<0.05), ¥ EIRAHS

RIRGY W RIL R4 CDS ' T 4 b4 . 25 5+
WA G2 8 L (P <<0.05), [a i HF 5T 45 31 % 3,

CD4™ /CDS ™ H K. RIBSA . 2 RRAH. W

MR TL-4 A X FRIK K P ZR LG IT ¥ E X
(P>>0.05) , {HAH b TL-4, Rig ik dl ik IR A&
Y] 1L-12 5 TEN-y 4 A7 X 2 3K K SF 2 55 F 7 % 1
H(P<C0.05), HPRIBEGHIREG ZFH WERBKFT
EEREE HEETEERA4(P<<0.05 ., WA 2,
®1 IREHEHARTARTHENUELESR (7 +s)

20 5 CD4™ (%) CD8" (%) CD4" /CD8™
PBS 4 33.342.60 11.840. 42 2.99740. 14
25 AR 4 34, 642.10 13.1240.47 2.6220.09
SAGI1 41 43.6+6.15 16.9+0.50° 2.2640.07"
ROP18 41 33.7+2.20 16.040. 66* 2.2040. 03"
LERA UL 38.240.48 17.9+0. 42° 2.1340. 06"
PR A AL 40.541.93 19.240. 48" 2.09-40. 09

T .5 PBS 4l s dR R 4IAH . " P<<0. 05 ; 5 P ik [H 32
R A AL " P<<0. 05,

ik S

PSR A ST AL ZRARITHFEX
(P<<0.05) . EREH . EFREH . AR Y
HES LG FEX(P>0.05, WE1,
2.3 IL-4.IL-12 IFN-y 4 s 7k il 45 4170 B
0.000 08 0.025
B B 0.020
0.000 06 =
3 ﬁ 0.015
#X0. 000 04 T
= g 0.010
if?o. 000 02 < 0.005
"~ 0.000 00 = . = " 0.000
“"I
%% .ﬁ% é&’ & ‘éﬁ%@&
CTH TS F S

H A % IL-4 mRNA %ik;B % 1L-12 mRNA %ik;C 3% IFN-y mRNA %k 54 B RS

PBS 4 4%, “P<0. 05,

A, P<C0.05; 525 #;

R R4 L # . P <<0. 055

2 SEANRMEMEEIET L4112 IFN-y kF L5

2.4 HR/NRITRE IR L5 R X BALB/c /h
SR RS2 1000 A5 I Ui 58 47 B0 JE g ik
B 25 3 R B A5 A /D BROA R RE T 32 Sk g HL 4 A IR IS
15 d NBET: . HAFEIE BB ] 43 5 2 : PBS 41 (6. 42+
0.07)d, 25 #i {20 (6. 38 0. 63)d, SAGL 4 (7. 07+
0.11) d, ROP18 4 (6.95+ 1.10) d, & & i & 4
(6.95+1. 1) d, 2 EIEA 4 (9.534+0.89)d, HHIL

DIRE BT AL A R 5 4L B TR O 2 B X IR A 1 A
FEIF R4 A SE K (P <<0. 05) , H A miR A4l & ik
AL A AT B R SE 1 (P <20, 0D . ILIAT 3.,
1007 - PBSAA
80- -V g
_ | sAG14E
€ 601 -4- RoP184E
¥ 4 2@RAE
# 407 +kRan
20-
0
012345678 910111213 1415
RS AT (d)
3 SHHE RHKEEFRERER/NREFHL

3 3 i

DNA 2 1 PR A% R B v sl ik DR 82 1 2 2 %) 0

92 i B 5 B 92 DA DG B L A% 3R 3K B R DNA CfF B 4,
A& RNA) BT & — i R ik A s Wik i, 8 e &
YIS R R R R E A R E B
ASASURE H AT A 77 A= AR R A 928 7 25 5 T L3 AT 5 S AL
A7 A B AR T A e 928 7 25 DT A 1) B 3 R 3
PEFRE . SR S BA R DR N O R SRR R 5 L B A A
FH 4 5 A [7) T BE A4 B AR 119 DNA 22 16 2 s fb 175
SRR B Z — . AU R
KA p3 X FLAG-Myc-CMV™-24-SAG1 il p3 X
FLAG-Myc-CMV™-24-ROP18 Bt & fe 3% /N K., I 38
TSI )N B e 9 4 T T 4 B PR 7 T ik AN [
7 ZE /N B E S BEIR 25 L 38 1 W B/ B AR AE N a] Y
2 ) W e A TR e IR .

ALIAERE R, KRR G 4 . FERG
H/NRIE A CD8 ™ T Ay 4 i 5K de i 1 CD4 ™ T 4
MAES I A 2 A B, JRHETRES CD8' T &
57 T B A e R TR 40 Y 40 7 s A
[, %) = %2 @ Thl 439 1L-12,. IFN-y #1 Th2 >
PR TL-4 mRNA 357K F 19 &0 & 30, 7516 & 41
IFN-v. IL-12 #9335 K VB 8 T & H 2 iR A 4l e
(P<0.05) 114 /KM LE 6 20 (6] &3k K F 22 % L5



Frm e 4% 20234 10 A & 44 %% 198 Int J Lab Med, October 2023, Vol. 44,No. 19

« 2369 -

T2 L (P>>0.05), X —&5 J e W 7E 41 % 25 4= iy
Gapeidi sl Thl 5 Th2 1) 8h 24 15 0§11 5 40 Hd
PE AL A, B A AR AT RE S Thl W #F 43 W TFN-y,
TL-12 %5 Z P04 X755 1 40 M G 25 i 34 588 7 5k 24
JL A 5 B BT SRR U B 5 R 2 M PN A T R g
L, AR PR A N & 38 W PR 1R A e BALB/c
/1N BT ) WL A 7 A R B A M e R, X S
XUE 28 (i 58 45 S5 4175

Sk LS T Ay A 1 P35 PR R A A ol K A 8 G
5 T HURR L 1) 52 B G 8 175 = AR AP 250 L A B 5 s 7
i P U B R B O BALB/ e /NEL S5 R R
B TR A 4 /D BRI ST 247 T I ) 45 4 R R A 2 R R
L PR 1 40 3 AT K (P <C0. 05) 13 B 6 45 928 15 AH 1
F B PR 928 1 R A b A S R AP VR LA IR Y
Bt I R TG b R 7 A G AR AP S

FEATEGE 4 41/ B R BB AE IS AT g5 F T I
YR I 1 5 BCE T T E R R R e
WATHE S /N B P2 Rk R e A . 7R B AR
WBE v, 5% 32 58 3 Ak B A | B S
e b a3 B R T AR B B R A A AR A
SRTE A 1T A T A g 5 8 OR B 5 R i A
SRR I A% S VAT A58 2 0 L - 41 L 38 1 A e B AR B AL
R IR A FEiE— DT IRER .

&%k

[1] ZHENG B,LOU D, DING J,et al. GRA24-based DNA
vaccine prolongs survival in mice challenged with a viru-
lent Toxoplasma gondii strain[ J]. Front Immunol, 2019,
10:418.

[2] ZHENG B,DING J,LOU D,et al. The virulence-related
MYRI1 protein of Toxoplasma gondii as a novel DNA vac-
cine against toxoplasmosis in mice[ J]. Front Microbiol,
2019,10.734.

[3] YIN K,ZHAO G,XU C,et al. Prediction of Toxoplasma
gondii virulence factor ROP18 competitive inhibitors by
virtual screening[ J]. Parasit Vectors,2019,12(1) :98.

[4] VERNAY O,SARCEY E,DETREZ V,et al. Compara-
tive analysis of the performance of residual host cell DNA
assays for viral vaccines produced in Vero cells[J].J Vir-
ol Methods,2019,268:9-16.

[5] MIZANI A, ALTIPOUR A,SHARIF M, et al. Toxoplas-
mosis seroprevalence in Iranian women and risk factors of
the disease: a systematic review and meta-analysis [ ] ].
Trop Med Health,2017.45.7.

[6] LYSEN A, BRAATHEN R, GUDJONSSON A, et al.
Dendritic cell targeted Ccl3-and Xcll-fusion DNA vac-

cines differ in induced immune responses and optimal de-

livery site[J]. Sci Rep,2019,9(1):1820.

[7] ZHANG N Z,XU Y.WANG M et al. Protective efficacy
of two novel DNA vaccines expressing Toxoplasma gondii
rhomboid 4 and rhomboid 5 proteins against acute and
chronic toxoplasmosis in mice[ J]. Expert Rev Vaccines,
2015,14(9):1289-1297.

[8] LUO F,ZHENG L,HU Y,et al. Induction of protective
immunity against toxoplasma gondii in mice by nucleoside
triphosphate hydrolase- [| (NTPase- [l ) self-amplifying
RNA vaccine encapsulated in lipid nanoparticle (LNP)
[J]. Front Microbiol,2017,8.605.

(9] EMeIR . &V, IMVHESE 55, SO0 FRS SR W42 NI 3t
59 H SAGI,MIC3,ROP2 3 B § DNA # 1 ) £ ik &
H A LA AT 7 ()], of 8 25 A 2 5 97 4 duii 2 4
2015,33(5) :368-371.

[10] QIU W,WERNIMONT A, TANG K,et al. Novel struc-
tural and regulatory features of rhoptry secretory kinases
in Toxoplasma gondii[ J]. EMBO J. 2009, 28 (7). 969-
979.

[11] WU X,ZHANG Q. LIU L P,et al. The location of inva-
sion-related protein MIC3 of Toxoplasma gondii and pro-
tective effect of its DNA vaccine in mice[ J]. Vet Parasi-
tol,2009,166(1/2) :1-7.

[12] LAMBERT L, KINNEAR E, MCDONALD J U, et al.
DNA vaccines encoding antigen targeted to MHC class 11
induce influenza-specific CD8(+) T cell responses,enab-
ling faster resolution of influenza disease[]]. Front Im-
munol,2016,7.321.

[13] ALIZADEH P, AHMADPOUR E,DARYANI A.et al.
IL-17 and IL-22 elicited by a DNA vaccine encoding
ROP13 associated with protection against Toxoplasma
gondii in BALB/c mice[]]. ] Cell Physiol,2019,234(7):
10782-10788.

[14] GULLA S K,RAO B R,MOKU G,et al. In vivo targe-
ting of DNA vaccines to dendritic cells using functional-
ized gold nanoparticles[J]. Biomater Sci,2019,7(3):773-
788.

[15] LIU X,ADAMS L J,ZENG X, Lin J. Evaluation of in ovo
vaccination of DNA vaccines for Campylobacter control in
broiler chickens[J]. Vaccine,2019,37(29) :3785-3792.

[16] XUE L J,MAO X B,LIU X B,et al. Activation of CD3"
T cells by Helicobacter pylori DNA vaccines in potential
immunotherapy of gastric carcinomal J]. Cancer Biol T-
her,2019,20(6) :866-876.

[17] JAYARA] R.KUMARASAMY C.NORBURY L,et al.
Protective efficacy of liver fluke DNA vaccines:a system-
atic review and meta-analysis: guiding novel vaccine de-

velopment[ J]. Vet Parasitol,2019,267:90-98.

e i B 7 :2022-12-19 & 18] H 4 :2023-05-26)



