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Abstract

Laboratory rearing of mosquito vectors is essential for entomological research, influencing both mosquito
quantity and quality. This study aimed to evaluate the efficacy of anticoagulants in blood meal feeding for
rearing Aedes aegypti in the laboratory. Seven anticoagulants were tested: EDTA K3, Li-Heparin, Sodium fluoride,
Sodium citrate, CPD, CPDA-1, and a control group (plasma). The experiments were conducted in triplicate at
the Entomology Laboratory, Faculty of Natural Resources, Prince of Songkla University, Thailand, from November
2016 to March 2017, using 5-7-day old female Ae. aegypti fed through an artificial membrane feeding system.
The results showed significant differences (p<0.05) in reproductive rates, including the number of eggs, pupae,
and adults, among mosquitoes fed with the seven anticoagulant treatments. The control group (plasma)
produced the highest mean number of eggs (593.33 + 105.88), pupae (430.00 + 112.73), adult males (178.33
+ 38.76), and adult females (251.67 + 74.18), with a 33% survival rate from egg to adult stages. CPD (380.67 +
124.54 eggs) and CPDA-1 (362.00 + 239.83 eggs) ranked second and third, respectively. In contrast, mosquitoes
fed with Sodium fluoride-treated blood showed no egg development (0.00 + 0.00), while Li-Heparin yielded
poor results across all developmental stages (30.00 + 30.00 eggs). This study demonstrates that plasma is
the most effective option for laboratory rearing of Ae. aegypti through artificial membrane feeding, providing
valuable information for selecting appropriate anticoagulants, enhancing rearing efficiency, and offering an
alternative that complies with the 3Rs ethical principles by replacing animal models in vector-borne disease
research.
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Ghaasmﬁﬁfaﬁﬁﬁmmﬂﬂa;uﬁ%’ Sodium citrate, CPD wag
CPDA-1 (U7 3A)

NSRSYAUINTZELANUA: HANSANYITIIUANUG
Aaunanlivesiinuidesnanaslostunisudei
BUAFNEE WUAMNLANANBEWNITEEAYNIEDA (p < 0.001)
Tnenguenuasiliuauinudiafegean (430,00 + 11273 )
sosalALA EDTA K3 (83.00 + 23.06 #2), CPD (77.67
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nndninaaedlagass (13-18) nan1sAnwiidenadesiu
mATedewthiinuih mslidenrusmiusuiiotannse
nounuNsdn Ineaedldegndivsedvsnm lnegamnse
duiuduarliisugnuanlévieilos 1
dleRinnsanieuiiisusendnanislndenniu
WLUSUBLAUNSITdRinaandlaunss wuiinsiiiaen
Rusnsuenddelduseufidfyfoaenadeiundn
A38573UNT AR INAADINILLLINIG 3Rs (Replacement,
Reduction, Refinement) %nﬂummgmmﬂaiumﬁ%’a
Fifendosiudnd ™ Russell wa Burch™ IeSuiehnmsan
nslddminnaediifesusiaenadosiundnasesssuwiii
widdananluiivainsanfunuLazninenslunsgua

(19

Anmnandnee 2 wanand NS IEDANNULLILLUTUTIEL

getimnuUasnfukarAmudzaInuInnI 2 35UYaean

Anudesion1slasuunduuewindn nnasuae iU TRy
suianlanianisanwaannsauiadnl @ delmuseudn

Ussmavidsfernuanansatumsmuantadesnee) leenausiugn

(21)

Bouserna uazAniy® WuUNSEUUNSIAEDMENULILMUSUTIe

Prglminddeauisanvaudnuiazaunnveuion

AaRAIUNISIANE1SANeY  adluidenladiauasiiug??

9 Fimuna1msifiey

Yananl Gonzales whayAMy
"SkitoSnack” Nanunsaldunudents tnelenagaunansy
NURDIRITInkaraAusElumldvassanetin. Jauans

Tudsrnuimviilunsiawemsfisudmsues

JaduddyBnusznisiiinaseuseansninues
nslidennumuuswiiguAensidenldansdeaiunis
uiadhvondon annsAnwinuitwanaulinadiige
lunisnseuniseliuaznsasayiulnvedgsatediu
esnnilesduszneumsdialiivsnzausonisiamnle
vosgp Ingusannidinidonunsiienaidionaninuazasmaide
somsAuiuguesys” Tuvarilans Sodium fluoride 1
annsndudamandlivesgsldoguauysal fseraudeya
Milugnmsiauismsmuauussnnsgslusunan

wonanastudenudud Sadilededun fifuade
pudsalumslndoanuuuusunden laun aamgl
vouden lneMcMeniman wazaair™ wuhgaumgiifivnga
dmdumsiudenvesgsanetu egil 37-39°C viinves
wiusuiidutladed ey lnewnsiidunsinaumu 15-30
luaseulvinadiandmiuegaanethui undsiinuazauian
Youdenniinanadnnisnsliwazauninvesly lag

Phasomkusolsil wazauy ¥

WU Anopheles dirus
fuden il nauldinnnigsiudenmuazidonuns
uenaniitadeAannden wu Ay uas warszesIa
Tunsligsiuden Allnaseng@nssunisiudenuaznis
Malaiguriu lng Costa-da-Silva wazaniz " wudnisli
gatudenluaniniifinnutuduinsgs (70-80%) warly
filavseuasadiaziiiudnsinisiuden

agelsfiony widnislfunusuiiouasiiven
vaneuszns wiluuiensal geenafinsinisiudensnia
lewisudunsiudenanndnifivin ilesanmndansedu

ANUGITUYR WU AUSIUINNTNNNGERT NAURD LAz

(23, 25-26)

Asvaulneanlyn




meansruunsid iU suieu i
Midadedadosineg  wanfiardiefiulsyansawlung
wngidssgsluiosfifinig ssdanusildanusoily
Jszgndldlunismizidssgsarstiuluiosu foing
TfiuseAvsnmisty uazmsimsfnuifiufslugemme
ilspuiindun Wy Anopheles dalummsiideinaniss
yi3e Culex FadunmeihideHanosdniauiad ileviaun
TBadesgslurosufoRnslidussansnmgeandae
Judszlevdnanis@nuidonaznisarvnulsafnsoun
lnpgsluauian

dyuna

n1sfne1Uszansninvesarsteadunisudda
Yp9.a9n 7 ¥ia (EDTA K3, Li-Heparin, Sodium fluoride,
Sodium citrate, CPD, CPDA-1 uazwanaw) Tunisides
gaaeUny MgIENsIiaoARIULNUSY HAUwAneng
pgidydAYN9ats (p<0.05) Tusugnsinsauiug
wazn1sRsAUlaluYNIZEY YRAIUAN (Wadun) Land
UsgdnSamgeaalaelidiuauly dnud uasddudounn
fian mslinaanildannstumisadenduisis
Usgansnmuazazainnitnisidanstosiunsudeives
Fonviladuq esdnruiiildaansnthlulszendldluns
wnzdsgsaediluiesufoRnslatussansnmdsiu
wazmsinsAnwuiisdsilugmvsilsasiadug e
W Bn1siassgdluos fiRnslidusyandnmasan
duaznduuselevison1sidesuniseuaulsafinseni
lngesialy

238555UN15I8

ﬂﬁ@ﬁ"u,ﬁumsﬁgmmﬁlﬁ'm%’aqﬁu«s?hasmsgqma
thu Wulumunesgiunslidniifionumaingimans
UNINYIFUAVAUATUNT  (MUBLAUNITIUTEY 2022
NAT12-061, 1a#ilAsen1s AUP Ref. AI089/2022) nnelld
Tueygltdn e rumaingimandiaud - U1-06137-
2560

MsasisannnatnlaewNas UN 17 uns1Ad - SuAY 2563 20

AnAnssuUIENIA

A Saddinemmunnuaseuhomde
INYARALATVTIENUNAIERNE AMYRITLVBVBUNTLAN
filnnunemuativayunTIde @) dmsunsatuayy
NMATEUTEITsulsEann 2560 nelalasansimunds
mﬁLﬁymsgmmﬂuﬁaaﬂﬁﬂ’ﬁmaLﬁamsﬁﬂwﬂsﬂam&ia
laguuad YevaUAN IA.ATSINUA sENa 2NAMY
wAlANISUNNE unInedeaaIueIuNg dmsuay
swATIziLrasudeauazasdosiunsudsinveuion
fianllunisveaesadell  warduuziSuiianieaiu
N13IANIIAIBENNEDA VBV UAMANENSNEINTTITUYIR
uvTingndasaueiung Tounelridanuiinaygunsal
TUNMIMARDY WazN1AIYIAYINGT ANEINEAT U INTRY
\nwmsenans Alvianuomasziligsanetuaeiugies
U;’jﬁ’amié’m%msﬁﬂmﬁ YaUANINANYITEAUUTYR
Imﬁ'su'aa@u,amargms;mamﬁu%’agamﬁmaaa

LBNE15D1999

1. Vannavong, N., R. Seidu, T. A. Stenstrom, N. Dada,
and H. J. Overgaard. Effects of socio-demographic
characteristics and household water management on

Aedes aegypti production in suburban and rural villages
in Laos and Thailand. Parasit. Vectors. 2017. 10: 170.

2. Wasinpiyamongkol, L., S. Patramool, S. Thon-
grungkiat, P. Maneekan, S. Sangmukdanan,D. Misse,
and N. Luplertlop. Protein expression in the salivary
glands of dengue-infected Aedes aegypti mosquitoes
and blood-feeding success. Southeast Asian J. Trop.
Med. Public Health. 2012. 43: 1346-1357.

3. dinszuiaiven nsumuaulse . [Bunesiiel.
uA-5.0. 2561 [Whiade 5 wwewu 2561). dhds Wen:
http://doe.moph.go.th/surdata/disease.php?dcon-
tent=old&ds=262766




21 Asanslsannratnlaguaas U9 17 unsiax - SuAy 2563

4. Sattabongkot, J., N. Maneechai, V. Phunkitchar,
N. Eikarat, B. Khuntirat, J. Sirichaisinthop, et al.. Comparison
of artificial membrane feeding with direct skin feeding
to estimate the infectiousness of Plasmodium vivax
gametocyte carriers to mosquitoes. Am. J. Trop. Med.
Hyg.2003. 69: 529-535.

5. Pumidonming, W., P. Polseela, W. Maleewong,
V. Pipitgool, and C. Poodendaen. Culex quinquefasciatus
in Phitsanulok as a possible vector of nocturnally
periodic Wuchereria bancrofti transmission in Myanmar
immigrants. Southeast Asian J. Trop. Med. Public Health.
2005. 36: 176-179.

6. Pothikasikorn, J., M. J. Bangs, R. Boonplueang,
and T. Chareonviriyaphap. Susceptibility of various
mosquitoes of Thailand to nocturnal subperiodic
Wuchereria bancrofti. J. Vector Ecol. 2008. 33: 313-320.

7. Pothikasikorn, J., R. Boonplueang, C. Suebsaeng,
R. Khaengraeng, and T. Chareonviriyaphap. Feeding
response of Aedes aegypti and Anopheles dirus (Diptera:
Culicidae) using out-of-date human blood in a membrane
feeding apparatus. J. Vector Ecol. 2010. 35: 149-155.

8. Phasomkusolsil, S., K. Pantuwattana, J. Tawong,
W. Khongtak, Y. Kertmanee, N. Monkanna, et al. The
relationship between wing length, blood meal volume,
and fecundity for seven colonies of Anopheles species
housed at the Armed Forces Research Institute of
Medical Sciences, Bangkok, Thailand. Acta Trop. 2015.
152: 220-2217.

9. YA uminAn. MIwziudonuaznsldans
Auldeauds. A InAlANISUNNG AMLENNYAERS
pnasnsabnimends. . Bumedidn [hfadle 27 wweu
2561] |Waelaan : http:// www.microscopy.ahs.chula.

ac.th/newmicros/.../bloodcollecting.pdf.

10. Mamai, W., N. S. Bimbile-Somda, H. Maiga, J.
G. Juarez, Z. A. Muosa, A. B. Ali, et al. Optimization of
mosquito egg production under mass rearing setting:
effects of cage volume, blood meal source and adult
population density for the malaria vector, Anopheles
arabiensis. Malar. J. 2017. 16: 41.

11. Balestrino, F., J. R. Gilles, S. M. Soliban, A. Nirschl,
Q. E. Benedict, and M. Q. Benedict. Mosquito mass rearing
technology: a cold-water vortex device for continuous
unattended separation of Anopheles arabiensis pupae
from larvae. J. Am. Mosq. Control Assoc.2011. 27:

227-235.

12. Balestrino, F., M. Q. Benedict, and J. R. Gilles.
A new larval tray and rack system for improved mosquito
mass rearing. J. Med. Entomol. 2012. 49: 595-605.

13. Gonzales, KK. and LA. Hansen. Artificial diets
for mosquitoes. Int. J. Environ. Res. Public Health.
2016. 13: 1267.

14. Gonzales, KK., S.D. Rodriguez, H.N. Chung,
M. Kowalski, J. Vulcan, E.L. Moore, et al. The effect of
SkitoSnack, an artificial blood meal replacement, on
Aedes aegypti life history traits and gut microbiota.
Sci. Rep. 2018. 8: 11023.

15. Luo, Y.P. Anovel multiple membrane blood-feeding
system for investigating and maintaining Aedes aegypti
and Aedes albopictus mosquitoes. J. Vector Ecol. 2014.
39: 271-277.

16. Costa-da-Silva, AL, F.R. Navarrete, F.S. Salvador,
M. Karina-Costa, R.S. loshino, D.S. Azevedo, et al. Gly-
tube: A conical tube and Parafilm M-based method
as a simplified device to artificially blood-feed the
dengue vector mosquito, Aedes aegypti. PLoS One 8:
e53816. 2013.



17. Russell, W.M.S. and R.L. Burch. The principles of
humane experimental technique. Methuen, London.
1959.

18. Balls, M., AM. Goldberg, J.H. Fentem, C.L.
Broadhead, R.L. Burch, M.F.W. Festing, et al. The
three Rs: The way forward. Alternatives to Laboratory
Animals.1995. 23: 838-866.

19. Mutero, CM.,, JH. Ouma, B.K. Agak, J.A. Wanderi,
and R.S. Copeland. Malaria prevalence and use of
self-protection measures against mosquitoes in
Suba District, western Kenya. East Afr. Med. J. 2003.

80: 235-240.

20. Deng, L., S.Y. Koou, A.B. Png, L.C. Ng, and S.G.
Lam-Phua. A novel mosquito feeding system for

routine blood-feeding of Aedes aegypti and Aedes
albopictus. Trop. Biomed. 2012. 29: 169-174.

21. Bousema, T., R.R. Dinglasan, I. Morlais, L.C.
Gouagna, T. van Warmerdam, P.H. Awono-Ambene,
et al. Mosquito feeding assays to determine the
infectiousness of naturally infected Plasmodium
falciparum gametocyte carriers. PLoS One 7: e42821.
2012.

MsaslsaRnnatnlaewNas UN 17 uns1Ad - SuAY 2563 22

22. Damiens, D., S.M. Soliban, F. Balestrino, R. Alsir,
M.J. Vreysen, and J.R. Gilles. Different blood and sugar
feeding regimes affect the productivity of Anopheles

arabiensis colonies (Diptera: Culicidae). J. Med. Entomol.
2013. 50: 336-343.

23. McMeniman, C.J., RA. Corfas, B.J. Matthews,
S.A. Ritchie, and L.B. Vosshall. Multimodal integration

of carbon dioxide and other sensory cues drives mosquito
attraction to humans. Cell. 2014. 156: 1060-1071.

24. Phasomkusolsil, S., K. Tawong, W. Permpanich,
Y. Pengruksa, S. Thammavong, K. Khanin, at al.
Maintenance of mosquito vectors: effects of blood
source on feeding, survival, fecundity, and egg hatching
rates. J. Vector Ecol. 2013. 38: 38-45.

25. Takken, W. and N.O. Verhulst. Host preferences
of blood-feeding mosquitoes. Annu. Rev. Entomol. 2013.

58: 433-453.

26. Lyimo, IN., D.T. Haydon, T.L. Russell, KF. Mbina,
A.A. Daraja, E.M. Mbehela, et al. The impact of host
species and vector control measures on the fitness
of African malaria vectors. Proc. R. Soc. B. 2013. 280:
20122823.




