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Abstract In order to clarify the effect and mechanism of gallic acid (GA) on the growth and development of
Helicoverpa armigera , the antifeedant activity of 21 phenolic compounds including GA on H. armigera larvae and the
antifeedant medium concentration(AFCs,) of three compounds including GA were compared by leaf disc method. Then,
the effect of GA on the growth and development of H. armigera was detected by mixing feed-compound, and the
pathological changes in the midgut and the expression changes of growth and development-related genes of the 2nd-instar
larvae were further analyzed. The results showed that among the 21 phenolic compounds tested, GA had the significantly
antifeedant activity against the 1st-instar larvac, and AFCs,was 50.21 mg/L; after feeding the larvae of H. armigera
with the feed containing 10 rrg/g GA, the larval weight, pupation rate and eclosion. and egg hatching rate were
significantly inhibited. The results of hematoxylin-eosin staining revealed that GA could induce massive apoptosis
of midgut cells, vacuolization of digestive cells, disappearance of peritrophic membrane. The qPCR analysis found
that GA could induce significant upregulation of InR, p53, Atg8 and G6Pase genes. In conclusion, GA can

significantly inhibit the growth and development of H. armigera, and damage the midgut, lead to nutritional
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metabolism disorder, and has the potential to be developed into a new type of plant-derived insecticide.

Key words gallic acid; Helicoverpa armigera; growth and development; nutritional regulation; midgut cell apoptosis
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Xof i LR O BRI O A S AT A
HWRE R 0. 125 mg/mlL XFF 5% 20 i 38 A 2=
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Fig. 1 Structural formula of gallic acid
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cea YRR T FHATALARFTICE AR 1. 3 em Y [BITE
R R A A 0. 370 tween-80 K
TGN 50 pg/mL, L 0. 3% tween-80 /KIETRAE N
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)58 H . LAE SRR A BT R /] — KAk

RRES gl B3k 1000 Sk, 43 45 A BE3E A k5 B
PEXTRR AP IR SR b P 3 R E AL, TRHARK R 2 1
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x1 MEHREREZFHEXERHR RT-qPCR 5|4
Table 1 Primers for RT-qPCR of genes related to the growth

and development of Helicoverpa armigera

GIE7E2 519751 ('-35
Primer name Primer sequence
H-Actin F.GCGACTTGACCGACTACCTCATG
R:GTCACGCACGATTTCCCTCTCAG
H-InR F.:CAAGACGCTGACGCTGGTGAAG
R: AAACGCTCGGAATCGCCACATC
H-P53 F.CAGAATGCGTCGTCTCAGAGTATCC
R: TGTCTCGGTGGTGTCTTGATTGTTG
H-Atg 8 F.: TGGTGCCATCCGATTTAACAGTTGG
R:GGACCCCATTGTAGCCGATGTTG
H-G6Pase F:CCATTCTACTACGGCAGCCATGATG

R: TTCCACCACGAGATGTAGCACTTTC

1.4 HESH

f#i ] Photoshop CS6 AR E A5 1T AR &
3] DPS SRR ik FE AFCs, 5 {8 1] Mi-
crosoft Excel 2022 148 di4h 55 A9 1A 5 L4k
TR PR A Origin 2019b #4724 &5
SPSS 21. 0 HEA R Ty 2240 B FIXR 1 IR 2 5 L ik
FIREA Z (8] 22 S S B PR 0 A s A0 5 U0 £ 1T Case
Viewer 2. 0 #k {4 #5F5 403, i Ji] Primer Premier
5.0 &9,

TR = [ O IR 21 O v AR — A PR R T
O/ A AL ] <100% =[1— (A— 4B

TG A /(A — X AR R {ED ] X 1005,

Hod A Sh7s AL AL B RS R R
A7 25 = Ak 17 3 ke 4/ 3 e R R0< 100 26 5
W M T 238 = W TR B 5/ AR B 55 < 100 %% 5
P =P iR 5/ fR A%< 100 %6 5
AU TP 26 = W A i B 4/ P Ak ) 3 R 5
X100% ;
IR AL R = WAk 1 B 4K/ B A X 100 %6

2 HRESH

2.1 BRAEYITIRE RN HWIERFME

I AR T A 21 by 2R Ak B ) B B %
HEEDBRZ AR A% L 1 38 R 4 s 4 2 T 1 . 90 0 ik
FER 50 pg/mL Kl 25 R LW, b 14 Ry b &
PIxT AR gl HOR B FE B G Pk i 7-H A R 7
R AIEAENER AR ML AR 705
D i = RS TR 7 RS R
—EEETEE. KREFR.EHARER 705D
P RO B RAEVRE S 50 pg/mL T XTARES IR 1
W R 41 H B £ 34 R 50. 0%6.37. 5% F1 25. 5%
(£ 2), FEULEA Bk —20 ki T 3 Fpib & Xt
RS L 1 IR B dE ik B 45 SRR i e &R
BHE RGP 22 (& 3) R Y AFCs, . FIHAR 7-
O-B-D-H A BT X AR U AFCso ol 72. 54 mg/L,
WETFIR AFCs, 2l 50. 21 mg/L(GR 1),

R2 AANBEUSUIIRE R REERFMEIFE

Table 2 Screening for antifeedant activity of 21 phenolic compounds against Helicoverpa armigera larvae

255 W /pg + mL ! R/ %
Agent Concentration Antifeedant rate

FHAEE  5-methoxypsoralen 50

[/ AEE  pimpinellin =

SEITNAE  isopimpinellin 50

SERATEZE  isoimperatorin 50

WEHEGZ  dicoumarin 50

T-HEFEFETE  7-methoxycoumarin 50 117
&M ZE  citropten 50 -
ATEAEPEE  umbelliferone 50 0. 86
SEHIR B isovitexin 50

FARIH  guaijaverin 50 12
REFH  scopolin 50

HREZH  phlorizin 50 93
(—)-®ETILAEZE  (—)-gallocatechin 50

(—)-REEBTILEE (—)-epigallocatechin 50

(+)-FILAKZE (4 )-epicatechin 50

FHARZE 7-O-3DAi% B diosmetin 7-O-8-D-glucopyranoside 50 37.5
(£)-JLFEKE  (£)-catechin 50 o
(—)-JLFEZE  (—)-catechin 50

Mit 2 2% quercetin 50 95,5
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453K 2 Table 2(Continued)

Bl W/ pg » mL! &R/ %

Agent Concentration Antifeedant rate
WE TR gallic acid 50 50. 00
WETFRHEE methyl gallate 50 =
Eff & azadirachtin 50 70. 51

0.3% tween-80

D “—"RFEFIERTEE,

“—” means no antifeedant activity.

®3 3IMAFIRE B REERE L

Table 3 Feeding antifeedant activity of three agents against Helicoverpa armigera larvae

25| W /pg » mL! 05 A T BT o7 A5 25 (i HER/ %

Agent Concentration Pixels of consumed leaf area Antifeedant rate

FIAZE -0 3D MBI CK (61 016. 33£391. 78)a =
diosmetin 7-O--D-glucoside 100 (25 045. 00£398. 00)f (58.26+0.59a
50 (37 952. 004364, 40)e (37.81£0.59b
25 (44 074. 00£571. 13)d (27.77£1.12)c
12.5 (54 053. 00£962. 37)c (11. 41=£1. 02)d
6. 25 (58 053. 674936.56)b (4.86=£0.99e

W= CK (28 922. 331371, 03)¢ -
quercetin 100 (18 410. 331 355. 29 f (36.35+3.99)a
50 (21 543. 0074651, 98)e (25.51£2.42)b
25 (25 001. 334474. 39)d (13.56£2.11)c
12.5 (29 258. 674705.16)b (—1.1640.13)d
6. 25 (32 304, 674931, 26)a (—11.69%1.98)e

BETR CK (127 873. 00+ 137. 42)a —
gallic acid 100 (23 203. 00£668. 43)e (81.85+0.53)a
50 (63 868. 004221. 99)d (50. 05£0. 20)b
25 (99 052. 004854, 99) ¢ (22.54=£0. 64)c
12.5 (126 060. 004=849. 57)b (1.42+0.57)d
6. 25 (127 385.334317.63)a (0. 38=£0. 33)e

1) XFHECCK) A 0. 3% tween-80 /KIAETH . [FIFNZGFIALIE A [F) R R AN R e BE AL 2 A R 2y 2240 FIXS 5 FR 22 T LA S i 3 (P<<0. 05)
The control is 0. 3% tween-80 in water; The different letters in the same treatment group indicated significant difference among different
concentration based on ANOVA and Duncan’s multiple comparisons (P<C0. 05).

R4 IMAFIIRE B 14 RIERFEHE TS

Table 4 Regression analysis of antifeedant activity of three agents against Helicoverpa armigera 1st-instar larvae

IR AFCs (95 % B 5/ /pg « mL™! VAR
2551 Agent Slopfﬁ&:f:j(;ﬁ?error AFCs value Chi-square
T (95% confidence interval) (df=3)
FHAR 08D M diosmetin 7-O-8-D-glucoside 2.14%1.54 72.54 (54.43~96. 67) 4. 34
HE TR gallic acid —0.28+3. 10 50. 21 (32. 14~78. 44) 0. 22

Wil lz &% quercetin

D “—"RFTHLR,

“—” means no result.
2.2 BREFEHEMBRHEKAETN N

10 pg/g BB FIRA RS i gh A KA B 2 1)
FHIVE R B8 20 w5 8 4l Ho R BB 56 st Je AL i i 72
Ol 5 R IRE (B 2b, o), TR TR FEES 8~10
KRBT EXT R AH LE . A4S HL 5~6 #4840 Ha iy B =2 5331
IR T 26.85%0.26. 27 %11 19. 85% (| 3a), X HA4L
CIE S ARRD BMR EE (0. 299 8 g/ AL 2 (86. 67 %)
Y PR E TR PR (I E 0. 219 9 g/~ fk i

R 78.00%0)  XiF BEZH W W T 2R (9. 6200) i F KT
BB TR AL FAL 1 i R T 5% (20. 51 %6) (] 3b, B D),
BB FRRAC PR AR JUR R (61, 54 %0) S5t R 4]
(88. 46 %) 1Y 30. 43 % (P<C0. 05) , T i, Ha iy W I %
(25. 00%) M| 2 %F BB (13. 04%0) 1y 1. 92 f5 (P <<
0.05) (B O, 2f I, B & TR A UREID A 45 du Ak
FHE N, 10 AT R AL I 2 R0 5 2Pk 32 (] B34 o i R
BRI 22 S AR RS R A KRB TR
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a~c:

AeaWT

FIRACER AR £R HO3UE Ah s I R BT AL K, 22 13 S EX TR

a-c: Morphological changes of H. armigera 3rd-instar larvae, pupae and adults after gallic acid treatment, left one is the healthy control, respectively

FHRE/ g
Average body weight

B2 REFHRAESENREAEETL
Fig. 2 Morphological changes of Helicoverpa armigera caused by gallic acid

035
—a— X} R Control a
—a— AR Gallic acid 0.30 -
0.25 - b
z f
0.2 0.20
" =
<
Egaw—
0.10 |-
0.05 |-
1 I I 1 1 1 1 1 I | 0 L
1 2 3 4 5 6 7 8 9 10 11 12 13 14 ST HR BETER
Kb BRI/ d a hb P b
Treatment time Treatment

a: AT FRALBRAR #% R 7R IR I R0 /5 A 4l s AR T AR AL b: AR IR . AR P RERR G SRR 7 220 A% B T RRAL B Y &) B AR SRR B 22 S B3 (P <

0.05)

a: Changes in body weight of H. armigera after treatment with gallic acid for different time; b: Pupa weight of H. armigera. The different letters indicated
significant difference in pupa weight between gallic acid and control based on One-way ANOVA (P<0.05)

B3 RRTFHRIBERSENERTTNNH

Fig. 3 Inhibition of gallic acid on the growth and development of Helicoverpa armigera larvae

120 +
B XJHE Control

L * * 7 Gallic acid
100 * — 1 ®ETFM Gallic aci

*
*

o
| I}

T T T T \%

ATES PR LA IHRER R R
2H
Parameter

*RANGE IR T 20T, R BT BRACBL SN B L 22 S B3 (P<0.05). TR

* indicates significant difference between gallic acid treatment and control by One-way ANOVA (P<0.05). The same applies below
B4 SRFHEIBRAERZTHIZM

Fig. 4 Effects of gallic acid on the growth and development of Helicoverpa armigera
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2.3 ERTEHRRGHELRGE, THEEHRNKH
S 50 pg/g BB 1R 0 G Ak A AR 45 L 2
A4l e 48 h 5 i b R AT BRI, e IR
TR AL B A 1 A B b i B RE RS, AR CBR 40 it
(GO FIE L4 iy (DO K I 2 3 25 gk, 241
BE 1 240 L AL PR )2 8 % ) P B B R R
(PVD 2 it ™ 28 0 %, 5 5

B i 5]

mRNAFHR ik ik
mRNA relative expression

AR DIE A
Midgut longitudinal section
A BB ERACELS AAR 6%t b i S50 IR AT o a: IEH PG ZEDT; br ar T HEBCK; ox BB FRRAL B H I HIAYT; d: e T HERLR . ML:
JLPJ2%; GC: MRIRZANE; DC: THALAME; PM: IS B Fr By Br Mgl i g Jefll e 2 R Sk &
A: Midgut longitudinal section of H. armigera in control and gallic acid treatment group; a: Longitudinal section of normal midgut structure; b: Black box
enlargement in a; c¢: Longitudinal section of midgut structure after treatment with gallic acid; d: Black box enlargement in c. ML: Muscle layer; GC: Goblet cells;
DC: Digest cells; PM: Periphery; F: Food. B: The expression of nutrition-related genes of H. armigera

i A2 St Pl 2R K T AR T (I SAD o ik — 2B 4R
B RNA #E47 96 € & PCRAGI . 45 R 3L W .
BT RRAL B S AR % HUBR B 3RS ARSE Y InR 4
Bl S A= FE TN G6 Pase  J T-45 /8 ZE [H p53., H W45 71
R ArgS B3 LA (& 5B, IR & FRR T
TR BB AR S B g CHED A6 I 21 19
T H LB &

*

* X RE Control

CO¥% B2 Gallic acid
5 %
[
s
[
InR G6Pase pS3 Atg8
P B
Gene

5 RRTFRRAGHRKBGYHPEHTRERFESER

Fig. 5 Damaged midgut of Helicoverpa armigera larvae and interfered nutrient signaling pathways by gallic acid
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RIEFEPIRAR 245 /2 H i) 3 ket e B 5 1
SRV P RS NS SR S R A |
PIRAR 24 135 1 S0 R U T AR - HRAT X R85 A
U KRR AR A W2 A AR DT MR A B 7
PERI D0 IF IR R ORI P SR I RE . AL AR
BRI AR SR s e e A
FEA PN R 1 ) o T P 00 JB 2 T 25 B A A
PSS

H AR IR PR R o3 B IR AR 2 IR BIFSE 2 A
55 o INCIRIIZE T 24 FAEPO AR 2t g3 M o
JLZ% Senegalia catechu ¥ 4%. F k% Pulsatilla
chinensis & FIH: P} Paeonia X suf fruticosa 7
9020 £ W $ U X A 4% dUng FE B R Ol 33,2204,
10. 37016 540010 5 47 35 U 02 I 5 17 o o VR 32
G39A 0. 80 Y6 1 I FANE Tl R R Il L RS I - 5

SRR R BT M a5 R WoR , AR B R0
1 52.75% . 42. 03% . 50. 57% . 52. 35% ; £ IF 35120
i 20 mg/mL W HAEZ FE XY Datura metel WA
FEYP AL FIAR S T2 P AL HL I 72 h R R
56. 4% 5 TS FAS [) 7 590 B B 4 b v T
PSS HE T SR AR S B FE AT 1 L 45
2, 20 mg/mL H [iE 5 2 FE$E B3 A 448 L i 46
BG4 3 R 55. 76 Y0 Fll 52. 01% . B TR & —
R zHAETHEY AT ZHmELEY, BA LS
PER T R ARG L 2 3R B 4 i IR g £
YIS, HET 2 0 T8 i B 2 40k, (H X
Ak FE AT ST 5 N A WARGE . ARDF5R R IIX
A B Py AR S %) e 5L 3 1 T e [ B
il THRHEE RS MHE e R AT, B
B TERAE R 7 X 57 LB [ BB 25, B
HE PEAR T ENAR 2L (H i T3 TR AAK B 5
PG RIS TE LS Ty Fe A 7 ) R
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