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Abstract
Background and Objectives : Biopesticides have been used to control and eliminate pests widely. However,
the information on how insect’'s hemocytes respond to biopesticides is still limited. The aim of this study was to
examine the effect of Beauveria bassiana and Bacillus thuringiensis on insect's hemocytes using the mealworm
beetle (Tenebrio molitor L.) larva as an animal model.
Methodology : The total hemocyte count (THC) and differential hemocyte count (DHC) were examined after T.
molitor larvae were treated with biopesticides at concentrations of 0.0025, 0.00625 and 0.0125 g/ml for 24, 48, 72,
96, 120, 144 and 168 hours.
Main Results : Results showed that THC was decreased significantly in the larvae treated with B. bassiana and
B. thuringiensis at 24 hours and remained low thereafter. Moreover, the changes in THC were examined in larvae
treated with 0.0125 g/ml of biopesticides for 2, 6, 10, 24, 48 and 72 hours. The THC in larvae treated with B.
bassiana started to decrease at 6 h, while the decrease in TCH was recorded at 2 h after the larvae were treated
with B. thuringiensis. The DHC in larvae treated with B. bassiana and B. thuringiensis were found in 4 types.
Prohemocytes was the dominant hemocytes found in the control larvae, but number of prohemocytes decreased
significantly when the larvae were treated with B. bassiana and B. thuringiensis at every concentration for 24 hours.
Plasmatocytes increased in all examined concentrations and all periods of treatment. Granulocytes responded
differently to B. bassiana and B. thuringiensis. The number of granulocytes increased when the larvae were treated
with B. thuringiensis at 48 and 72 hours, while the decrease of granulocytes was recorded with highest
concentration at 120-168 hours after B. bassiana treatment. In contrast, the number of oenocytes was not changed
after biopesticide treatment.
Conclusions : The results indicated the treatment of biopesticides affected the THC and DHC in the 7. molitor
larvae. This finding provides basic information on how biopesticides affected the immune system in insects.
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o o =<y v % = Y = o o \ v o oo o g Py
$319a1a Ralituiia Tuliiazidan uddasiunlilunmeass Inenquasuan lidinduntiunisinliidsaanize

NANERENNNIN1TNAABI

1) AL NiuLazITaz A udeaNn s auBaaiueuunlEuIEe B, bassiana uaziie B. thuringiensis
finanudindiu 0.0025 g/mi, 0.00625 g/ml Uaz 0.0125 g/ml Aiszaiziaan 0, 24, 48, 72, 96, 120, 144, uaz 168 4Ty
TaeiuAN THC (total hemocyte count) wae DHC (differential hemocyte count) a11491 3 §1 wnzin 1 fadaua
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0.00125 g/ml 32821981 0, 2, 6, 10, 24, 48 ua 72 daTua Taenfurn THC (total hemocyte count) 471421 3 1 usiazdn
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(IBM SPSS Statistics 25) #1 P < 0.05
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cell/ml &1%15UAN THC va9faaausaanuauunli3uime B. bassiana NAa1sLdindi 0.0025 g/ml, 0.00625 g/ml Laz
0.0125 g/ml HAanasas19s9mTan1aluinan 24 §alug (8.31+£1.38 x10° cell/ml, 6.81+1.34 x10° cell/ml
5.12+1.03 x10° cell/ml mua1AL) WauiunguAAN uananiusazauiiniunnagaauian THC ana 4
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2219749 37.46+1.67 x10° cell/ml 11440.35+1.96 x10° cell/ml daupn THC 284iageuniaunlAsuid@e B. thuringiensis
ANENdn 0.0025 g/ml, 0.00625 g/ml WAL 0.0125 g/ml VAWYINAL 8.73+1.45 x10° cell/ml, 6.85+1.60 x10° cell/ml
waz 5.21+1.01 x10° cell/ml Ataan 24 G9Tue muady IagAn THC anasnnfiganialungn 24 d0lus uiReniu
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B. thuringiensis 3A1 THC ~ siaannguacuaussus 2 §211e ndaaniumauasian THC anauili 2 1in ian 24

T3l (NgUAILIAN; 31.00£12.60 x10° cell/ml, BT; 13.06+2.62 x10° cell/ml) (P < 0.05) (Figure 2 A, B)
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0hr 24 hr 48 hr 72 hr 96 hr 120 hr 144 hr 168 hr 0 hr 24 hr 48 hr 72 hr 96 hr 120 hr 144 hr 168 hr
Beauveria bassiana Bacillus thuringiensis
W negative 0.0025 g/ml 0.00625 g/ml i 0.0125 g/ml W negative 0.0025 g/ml 0.00625 g/ml = 0.0125 g/ml

Figure 1 Mean of THC of T. molitor L. treated with microbial pesticides, B. bassiana (A) and B. thuringiensis (B),

at 0.0025 g/ml, 0.00625 g/ml and 0.0125 g/ml for O, 24, 48, 72, 96, 120, 144, and 168 hours.

-d
@ The bars labeled with different letters are significantly different in each period of treatment (p<0.05).
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0 hr 2 hr 6 hr 10 hr 24 hr 48 hr 72 hr 0 hr 2 6 hr 10 hr 24 hr 48 hr 72 hr
Beauveria bassiana Bacillus thuringiensis
W neg 0.00125 g/ml W neo 0.00125 g/ml

Figure 2 Mean of THC in T. molitor L. treated with microbial pesticides, B. bassiana (A) and B. thuringiensis (B),

at 0.00125 g/ml for 0, 2, 6, 10, 24, 48 and 72 hours.

b
@ The bars labeled with different letters are significantly different in each period of treatment (p<0.05).
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Differential hemocyte count (DHC)

#lulasnasfsanuanuninulunisdnuaiaid 4 48 (Figure 5) Inslunguasuaunwuiunouaesdlylas
wsiaz A A9l PRs HANUIUNINTIGR (44.50+5.45% - 50.83+3.90%) T894 AD PLs (17.83+5.00% - 21.67+2.76%),
GRs (23.5046.47% - 28.836.53%) WAz OEs Wua1uautiasiqn (3.50+1.50% - 8.00+4.28%) \HaNIN1IMAdaLA®
Py s i o = & a o vo & o = o o |
W9 B. bassiana WUINA1KINLR9 TN kA azRianasann lEFuime innsilasunila A9 PRs Ha11auanadnting
99a59MnAN 24 Falu wariuninanaale lFfudeflunaiuudy waziieuFauiauBuiaueads B. bassiana
TusndauAaeuuNT AT UTaNINTU NUAUIU PRs AN19anatatingsniaduianti aruuiiaandngaasuns
511 (Figure 3A) Tunnanseriudnuny PLs HanuauiintulaeNuud Hudstunuiuaidewazinan lasuiae

Tagis@unINndngaAUANDY 3.5 W1 (Figure 3B) dau OFs Hanuaulisneiuluynaganisnaaas (Figure 3C)

q q
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2 S

du5u GRs lunguiil§5uida B. bassiana 41191 GRs aAaeTaan 24, 72, 120, 144 uaz 168 Falus Intanas
szund 1.6 10 Lﬁ'mﬁﬂuﬁundmmuau (P <0.05) #i4 Figure 3D Tunimaaeufagauiamueuunfand

B. thuringiensis 3lul1iusazaiinaasidaufauuauuniininasuulaiiedieufunguacuny wudnlungs
PALIANT PRs 11NTigR (38.83£1.62% - 50.83+1.44%) Ha119U09A9N A PLs (17.83£3.06% - 29.1748.07%), GRs
(18.1725.52% - 25.50+5.11%) WAz OESs (4.66£2.20% - 11.50£6.56%) Anasiu Inenuduasudiulasdaiia PRs
#51uruanasatnemadaiiiaan 24 9alus Tnafduouiiaandinguatuanszuiuaavin antuazdanpadl
Tudasiaandu 7 (Figure 4A) A1uF0 PLs f8uaufinduanngueauanlunnissamdeiude B. thuringiensis
TnaFuilauwfinaulunaseusd 24 $9luq dszanns 0.7-2 i (Figure 4B) @214 OEs Tusneauinwueuun? A5y

deiauanliseannguaLAx (Figure 4C) §1m5UA1uaw GRs 1081 48 wax 72 Falus Tnadianuauninndings

AILIAN WUH GRs WWNTU 1.4 WAz 1.5 W1 (P < 0.05) A4 Figure 4D

AANsTAUNANISIAE

AMNEANIINARBINLLIIAY THC 18358 auienuauunlunguatuANtauIuaenafadiuseeIu THC
293feuneuUNIRIUIAAY 20-30 mm HANag3vnIng 44x10° - 57x10° cell/ml (Jones & Tauber, 1951) I lufing
nuauUNNIAFLTe B. bassiana uaz B. thuringiensis Nuua TN ldluiantafeaiu Ae @ensgessiaganaliinn THC
P93 8auimUanunanas lunidsnadnen THC lunguaruanilanldasndsenadluli1fidnlusndds il
o o v =< o = e vy | > =
nnsuanwATesAagauitsuauun lunmasey Telanaeuied THC wnnsneiulilussudnanaduazinile
(Vigneron et al., 2019) iiafqgauAtauuauunldiuimennliiaA1 THC anas wanaliiifiudnidia B. bassiana WA
B. thuringiensis luavnidisdiusig - asnsadivinanedlulasfresiadensomuauun Inanisanianssuaeaeuladsng 7
dd s o G co o n cd s o . ~ Ao
mngadesiunismelaszauad Tnedlulasinaadeaiu cellularimmune responses wazisnenufinnisdudauas

mm@:mm hemocytes TAEINIININLUBS phenoloxidase (Jones, 1957; Lee et al., 1999; Janssen et al., 2017) Tnel
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FgeusicaueuunlAiuige B. bassiana uay B. thuringiensis A adindusg - 191U THC anas euandalil
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WindTe B. bassiana wax B. thuringiensis dnunsaidinluinanedlnlafuazsruunfAniuaesfoanueuunlsd
wananRlun1sAnEaNsTa et aiia L@ B. bassiana Way B. thuringiensis JWARZN1INAREY WULNEN 7T T 0447
& a A v o a e ' o P = | Ao = e
e 2 98a dpanuanann luniadinanedluladnnaluseniaassiaaaudsuanunannisinudndaruaud lu e
1R9A2 B8 UANUUAULNARAIANNTTEZI AT LA AN N uaeean s B FU denndesiunisAnenle Ades aegypti
Walf5y B. bassiana @9naliil THC anaa (Siddiqui & AL-Khalifa, 2014; de Oliveira Barbosa Bitencourt et al.,
2023) atnelsimiuAn THC Snnsidasuudaannu phathogen uazaiinaaitadidnting Inalu Busseola fusca
(Lepidoptera: Noctuidae) N la5unands@ndl biotypes fnariu A1 THC Msnariis (Mochiah et al., 2003) 1ia Musca
domestica 165UiTa B. bassiana L. d9ua’liA1 THC, PRs Laz GRs aAAY @21 PLs LWNTW (Mishra et al., 2015)
\Ie B. thuringiensis d4uasa Agrotis ipsilon 11 1%AN THC uaz PRs amad WANA1UIU SPs, PLs LAY GRs NTY
(E-Aziz & Awad, 2010) n13@n® LW Rhynchophorus ferrugineus N naLtuiaeaii Inal THC WA PLs AARY WA
&1iu OEs Haruauwinauluszazianuau waz GRs iiNaulufnde e dowlunadariunnaiinyesaiulas
= . oA = < , AWy \ o 6w | o

HAanas (Celi et al., 2022) wananilunisAne lulenans (Apis dorsata) AlEFuaNguNa1 1l THC anaaduiis

¥ o

Tnaifl PLs uaz GRs 1iinA ANMAEMETAATWALILNAL TR WA A NEALN AN 19A0 LALDIT8TT UL N AN Y
LLN@QI@H@@’mﬂ’liLﬁm agglutination, denucleation wax cell shape distortion (Perveen & Ahmad, 2017) QnvauE a6
o - . day das o s o

NanasarainanAuuanslwantznldnimaaauunas a130ldnaaauuazaAuLiniuasaINNaAaa L
(Vigneron et al., 2019) 8l lmfianuainunduludaausnuazdnadingazyinldinanalnnisteaiufaeedn nudieans

o «

= v ) o a d‘ dQ‘ v e s
AINUNLANG hemocoel LuadazfaLauasiunilalflantaaudun Inanisasaas

affuReulantaan Fan

NTTLAUNNTILN encapsulation WAMINENN1TUARE symbiotic bacteria 88nNAaUAAZLAA encapsulation LNAIAZHNT

¥y v v
=

flaeriusaieslnenszuaunis phagocytosis (Shukla & Bahadur, 1986; Wang et al., 1994) luanudaaiaainu PRs
AnAs WAT PLs lANTuNe 24 FalennendslEfuansiasuaiicaeaiia Gaaenadesiuniinfies PLs AEunum
iy lunszuannns phagocytosis Tuanizit GRs wax OEs fduanliulAsuutlasnnin Gsenaiaann GRs i
Lﬁlﬁlqﬁumzuqumuﬁ A melanisation cascade #7® aggregation process faaniTu zil’ﬂ cytokines 4914 OEs i
phenoloxidase activity Lﬁﬂﬁfﬂqﬁumilﬁm melanization, wound healing Wa< encapsulation (Moyetta et al., 2021;
Vormmaro et al., 2021) wanannilnugn PRs ﬁf%ﬁmumnﬁzgmiuﬁqwu@uuﬂmjmmuqu NNANEOEN AN
a1unsndgiponuduiuslilag PRs luﬁqﬁ@uﬁfawu@uuﬂ%mmmwu”LE-ﬁmnﬁqmluﬁimaummzﬂ"\iLﬂuLsnm'Lﬁm
finulunszuaunig cytokinesis wanalfiuiaunuinnisiiluasfunifinuesdinles (Amold, 1979; Grigorian &
Hartenstein, 2013) lunsanenlunueulvs (Bombyx moriL.) wdeanlEuide B, bassiana wafin1ranaas THC

#1150 DHC H PLs a2 OEs anad (Rajitha et al., 2013) Tun1s@ne Tae PLs wae GRs HUNuUAnIunszuIung

phagocytosis Tetilunszuaunisnislunisfiunaslddmiusefiudeidinungneiu uinisneuaussresunasluusas
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svey el AN NLAUANIIN AT URN1IAR LA URINANNAY wananifalTiadsaunanadeuanallsz@nsninlunisnidn
FANUUAUUNTAIANITIA TG 2 1HA 111 ANINAINIA ATNTU WEILAA T28Z0aN lUNNTMAARYITN1T R AFUANT

T Ttuat wagABALTNEN (Dailey, 1978; Siddiqui & AlL-Khalifa, 2014; Vigneron et al., 2019)
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Figure 3 Mean of DHC prohemocytes (A), Plasmatocytes (B), oenocytes (C), Granulocytes (D) in T. molitor L.
treated with B. bassiana at 0.0025 g/ml, 0.00625 g/ml and 0.0125 g/ml for 0, 24, 48, 72, 96, 120, 144,
and 168 hours.

-d
? The bars labeled with different letters are significantly different in each period of treatment (p<0.05).

207



Number of cell (10° cell/ml)

19ANIINLIANARTYIN T 29 (AULT 1) WNIIAN — WEIEL WA, 2567

Number of cell (10° cell/ml)

. o o
BURAPHA SCIENCE JOURNAL Volume 29 (No.1) January — April 2024 UNAINHIAE
A) B)
70 70
60 = 60
5
50 3 50
ko)
40 = 40
3
o
30 5 30
5
20 2 20
>
10 < 10
0 0
0hr 24 hr 48 hr 72hr 96 hr 120 hr 144 hr 168 hr 0 hr 24 hr 48 hr 72hr 96 hr 120hr  144hr  168hr
PRs PLs
W Neg 0.00250 g/ml 0.00625 g/ml i 0.01205 g/ml W Neg 0.00250 g/ml 0.00625 g/ml 3 0.01205 g/ml
C) D)
30 50
2 = 4
E
20 °
230
o
15 <
8 20
10 ] I Igg IS
I::- I 1 3
10
5 I %
Ilif =
0 e B R 0
0Ohr 24 hr 48 hr 72 hr 96 hr 120 hr 144 hr 168 hr 0 hr 24 hr 48 hr 72 hr 96 hr 120 hr 144 hr 168 hr
OEs GRs
W Neg 0.00250 g/ml 0.00625 g/ml ;i 0.01205 g/ml W Neg 0.00250 g/ml 0.00625 g/ml i 0.01205 g/ml

Figure 4 Mean of DHC prohemocytes (A), Plasmatocytes (B), oenocytes (C), Granulocytes (D) in 7. molitor L.
treated with B. thuringiensis at 0.0025 g/ml, 0.00625 g/ml and 0.0125 g/ml for 0, 24, 48, 72, 96, 120, 144,
and 168 hours.

b
@ The bars labeled with different letters are significantly different in each period of treatment (p<0.05).
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A) B) C)
D) E) F)

Figure 5 Light microscopy images of the hemocytes types of T. molitor L. The larvae treated with sterilized

distilled water (A and B), the larvae treated with B. bassiana at 0.0125 g/ml (C and D), the larvae treated

with B. thuringiensis at 0.0125 g/ml (E and F). Scale bars = 20 pm.

a7Unan1siae
A o F% PV o X X ) X v A
WasaaaurtaruauunliFulda B. bassiana Way B. thuringiensis d46aliiANLaae THC AARIATNALNM
v v d' Yo = o I3 = 1 @ ol/ o o a1 %
dindiunazszazinanfliFuansdasined Inafinnranasatnemaiialuingn 6 uay 2 4alue d1uFussaufaaruauun
N&FuTa B. bassiana WAz B. thuringiensis AMNa1AL Tudiura3A1@ae DHC 289A19ruauunuadanntasuide
B. bassiana Waz B. thuringiensis NANTTULAL9R In8a1u9L PRs 1a9fagausitaiuauuni ifiui@eiianuiuanas
Tuaan 24 §9Tus dou PLs anuruinduluigan 24 49Tus nasannilfisuime d1mu OEs lasnsannnguaauau
luduaes GRs 1asMasauiasvuauund 185U B. bassiana Nuualiinanasiioan 24, 72, 120, 144 uaz 168 dalua
1 v 1 1 ]
UAZ GRs 28faaauRauuauun? i Fuide B. thuringiensis 1a1ua1anasniagn 48 uaz 72 44lug sanuanisdnen
o g = o P ' N o & g X g aa
Pnliimaunnmeuauesresd o lumdeuftwieuunseansiaiuailssinni@es B. bassiana uaziauwuAiize
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