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ABSTRACT 

Anophelin e surveys were conducted during June 

1987 t o May 1988 in Islamabad-Rawalpindi and its vicinities 

and fif teen different a nophelin e species were col l ec t e d 

from the area under study . For bloo dmeal i dentification 

e nzyme- linked i mmunosorbent assay was u sed. 9.78 percent 

Anopheles culicifacies and 13.65 percent An . fluviati is 

were found as positive t o human blood. Sporozoite infections 

we r e detected in Anopheles fluviatilis that was ear l ier 

cosnidered as suspe cted malaria vector . Becillus 

thuringiensi~ H-14, Bacillus sphaerlcus 1593, Mel ia 

azadirachta L and Me l ia azedarach L. were tried against 

Pakist an Mosquito specLes. Baci llus thuringiensis H-14 

was found as good f o r surface fee d ing a nophelines and 

Bacillus sphaericus for bottom feedOn g culicines . Melia 

azadirachta Land Melia azedarach L extract in methanol 

was found as highly toxic to mosquito larvae . Considering 

the aquatic f eeding h abits domes tic ducks and nine di f ferent 

fish were tried f o r mosquito control a nd i t was ob served t h a t 

domestic ducks an d chidu fish are sui table for mosquito 

contro l . Extracts from both, Neem and Bakain were also 

used i n combinat i on with Chi du fish and Bacillus thuringiensis 

H-14 a nd good larva l contro l was ach ieved. 



IMPORT ANCE OF THE STillY 

One of the most vicious diseases of man is malaria. 

It h as played a major role in shaping history, including the 

decline of civilization. Human malaria i s Imown to have 

contributed to the fal l of ancient Greek a nd Roman empires. 

Troops in both the civil wars of USA and the Spanish- American 

war were severely incapacitated by this disease . Human malaria 
I . 

is caused by the fou~ species of malari a l parasites. plasmodium 

falciparum (Welch), Plasmodium vivax (Grassiand Feletti) Labbe" 

Plasmodium malariae (Lave ran) Grassi and Feletti and Plasmodium . 
Qvale (Craig) Stephens . These malarial parasites qre trans7 

mitted to humans by the bite of an infected anophelene mosquito . 

For the control of malaria, control of mosquito vector is very 

important. 

An integrated ma l aria eradi cat ion programme was 

suggested to the World He alth Organization in 1950 and this 

programme was accepted in 1955. By 1958 seventy six countries 

were planning, carrying out or had completed the eradication 

of malaria. 

In Pakistan nationwide e radication programme 

was launched in 1961 under the auspices of World Health 

Organizat ion and with the support of UNI C EF and 

USAID . In 1960 slide positivity rate was 15.57%. In 1961 

DDT was sprayed and du e to r eduction of v ector species the 
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slide positivity rate went down to 3B4 percent. Due to 

mal aria control operations during 1962 to 1970 t h e rate 

remained in the range of 0.91 to 2 .8%.In 1971 incidence 

again r e appeared and slide positivity rate was found as 

5.36 in 1972 it was 14 .5 and in 197j as 14 %. In 1972 

BHC was also used alongwith DDT and thus in the coming 

years the spr again went down. In 1975 it was 7.43, in 

1976 as 4.28%. The main insecticides used were DDT and 

BHC but again during 1973 and 1974 resistance OJ 'I1fy6DT and 

BHC was noticed in the two malaria vectors, ~nopheles 

culicifacies and An. stephensi (WHO, 1976a). In 1976 

Malathion and Sumithion were also used alongwith DDT and 

BHC. Sumithion was used from 1976 to 1978 b~t during 

1978-80 it was not used. In 1978 spr reached down to 0. 62%. 

In 1979 DDT was abandoned due to development of vector re-

sistance and malathion and DHC were used during 1979-80. In 

1981 spr again started increasing and reached to 1.26%. Th e 

spr during 1982 to 1989 was 1.71, 1.99, 2.27, 2.49 , 3.1S, 
, 

2.16, 2~01 and 3.32%respectively (Table 1) , 

During 1980 s umithion and malathion were used but 

during 1981-82 only sumithion was used for vector control. 

In 1982 malathion was again included alongwi th s :umi thion. 

In 1983 BHC was use d alongwith mal~thion and s umithion but 

after 1984 only malathion is being used as residual insecti-

cide for vector control in the country. This insecticide 
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has already produced res ist a nc e towards vector species 

(Rathore and Toqir/ 1980 ; Rat ho re et a l .J 1985) . 

In foreign countries bulk of research has been done 

on malaria but very little attention has been paid to this 

effect in Pakistan. Fa ust and nusse 1 (1957) hav e reported 

that at times of considerable importance in restricted areas 

every year one or ,more anopheline species enter into the 

category of malaria transmitt ~rs . Some of the anopheline 

species those are considered as suspected malaria vectors in 

our country i . e . ~nopheles !luviatilis,~ . annularis, ~n. 

Q"laculatu? and An. _suspictus are the m~laria vectors in neighbouring 

countries (Tempelis ; 1975 ) . ' 

Some of these species have also been observed 

in the labora tory as having malarial parasite trans mission 

capabi Ii ty (McCarthy and Clyde; 196 8). I t is also suspected 

that apart f rom the peak malaria transmission season of post 

monsoon rains, transmission also occurs during spring season, 

as has been observed in neighbouring I ndi a (. Tempe~is, 19~fi5' ) . 

) . This :Istudy has also not been yet confirmed in field 

conditions in Pakistan . Prese nt study has got two parts . 

The overall objectives of the part one planned research was 

to measure the probability of hum a n feeding and s porozoite 

infection to evaluate vector eff iciency and incriminate 

secondary vestors. Fo r this purpose a recently d eve loped 

technique, t he Enzyme-Linked Immunosorbe nt Assay was applied. , 



Monoclonal antibodies were used to detect the repititive 

ep itopes for circumsporozoites of Plasmodium falcipar um an d , - . .----

Plasmodium vivax and to ide nti fy mo s qu'ito bloodmeal by the 

same technique for determining the host deviation in malaria 

vector species. 

Aim of the part two research study was to reduce 

adult vector abundance by larval control below threshold level 

which interrupt and prevent the transmission of malaria and 
, 

other vector borne diseases . This study was planned by 

considering the continuous and indiscriminate use of chemical 

pesticidesl,and other related -biohazards to the flora and fauna. 

Other problem with the chemicals is that - improper training of 

spraymen and the residents where insecticide is being used 

res ul ted into s ome hwnan poisonin g'. In 1976 a lone; 2500 poisoning 

cases were reported from Pakistan with 5 fatalities (W . H .O ...., 1979) . 

Therefore due to the increase in insecticide re s istance and 

hazards to flora and fauna, the WHO expert committee on vector 

biology and control suggested that counter measures including 

the biological control should further be e ncouraged (W . H . O ~ 1980). 

Therefore two microbial pesticides, l?_~ci llus _thuringiensis 

serotype H-14 and Bacillus sphaericus, insecticidal extracts 

from two locally av ai l a ble trees, Neem, r.le lia azad iracht a L. 

and Bal<ain, Meli~ ~edarach L., the domestic ducl\:s , Anas 

platyrhynchus L. and the larvivorous fish, Punctius ticto 

have bee n used against th e l arval stages of malaria vectors 
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and other mosquitoes. Baci.Jlus thuringiensis 11- 14 has been 

us e e! on tri al basis against the Pakistan species of Anoph t:: ~_e.~ 

~ulicifElci_~~, ~.I~ . • ~t.())Lhens~ and ~_'!l.E!~ t .Ei ~_~~~~~!_~X.~~h .~~ (Rathore 

and Toqi r ; 1985) and Bacil.Ius sphaericus has ' been used against 

Anop110 l es c ulici facies and An. st(~phem; J, (Rat hore and Toqi r ..... 

1987). These microbial age nts have not bee n us e d at all against 

any other species of mosquitoes in Paldstan. Simi In.rly, so 

far no work has been done on the effect of Leaf and fruit 

extract .from both the trees 0 f Ue 1 i a az adi racht a L. and Me Ii a 

a6eclarach L. against mosquito species in Pakistan. The larvivorous 

fish and domestic ducks have close association with the breedin g 

of mo~quitoes and those have also not bee n tried in Pakistan 

for their role in reducing malaria vector and other mosqui toes. 

The approaches made during these stUdies are new to the science 

and the aim of these biological approaches was to see the 

possibility of shifting from the use of chemical pesticides 

toward s biological and integrated mosquito control. Pres e nt 

studies are) therefore) anticipated to contribute it's s hare 

in malaria control programmes of the country. 

STUDY Al1EAS 

Keeping in vi e w the availability of resources for 

condue L i n~ r e search st udi e~ , I ~ I amabad-llawn 1 pi ndi '~l1d i Ls vi ci 11 i. \. i ('S 

we re se l ect e d for anoph e line surveys and other e xperiments. Are a 

under present study has been described as hypoend emic for malar ia 
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(Pe rvai~ and Shal1 ) 1988). nawalpindi r egio n is being selectively 

Sp l'uy() d but :i.n 1981 Islamabad was made a se parat e district und 

the Lhe n nawalpindi Communicabl e Dj. s(~ ase ConLrol Department 

stopped th e ir activities in this area . Since the creation of 

new di s trict it has not been sprayed so Jar. Islamabad was 

established as federal capital city in the north eas t of 

nawalpindi on February 24, 1960 and in 1981 it was made as a 

separate ' di s trict. The study area forms the north eastern part 

of potwar plateau. Its north eastern side is bounded by MargalJ a 

hills. Soil is made of wind anCi water laid deposits and sedimentary 

rocks and is dark brown to yellowish brown fine textured, 

well-drained sandy loam tops oil to silt loam subsoil. The 

gullies are running in the area and the water from these gulli es 

runs into popular soan river . There is a big lake known as Rawal 

Lake in the south-east oJ I s lwnabad city. The following fiv;L 

different places in Rawalpindi and Islamabad districts were 

se lected for conduct ing the studies and these ,places are descri ue d 

here bri e fly. 

Noorpur Shahan 

This area is located on eastern side in the f.oot 

hills o r I:::;'\~ulHthad and is I1YPoc)J<.l e nlie for r. viv.~~. and P .. f __ :tl ~A p:l~·llm. 

Lower grude workers and labourers live in the area and during day 

tlwy go Lo Is] amabad Jor wor]( or IJusiness. A stream ,flows .frolll 

almost Lile centre of the vilJagc. Stagnant or slow moving water 

on th e :-;j d es oJ the stre am and 0 t.IWl' el i tches in a nd around the 

village se rve as breeding places 1'01' rnosq uitoes . People sJeep indoor 
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during winter and out sid e in the yards during summer. 

Domestic animals k e pt are cows , buffallo e s , goats , dogs, · 

cats a nd c hickens and these animals are some times tide 

in the same rooms where p eop l e sleep during winter. Those 

who have cattle in t h e ir houses, during s ummer they sleep 

in the same yards where animals are ke pt. This brin gs 

a close contact between me n, mosquitoes and animals~ 

The are a has not been sp raye d with any insect icide 

since 1981. 

Rawa] Dam 

It is situated in east south of Islamabad at 

a distanc e of about six kilometers from Noor Pur Shaha~. 

Other features -of the study area are a lmost s imila r 

to that of Noor Pur Shahan. 

Tarnol, Rawat and Dha mial 

Tarnol is situated about 15 kilometers north 

and Rawat as almost 20 kilomet e rs towards south west 

of Rawalpindi. These pla~es are comparatively warmer 

than Noor Pur Shahan and a pond is situated on west 

north corners of Tarnol & Rawa t. Stagnan t wat er due to 

rains and othe r sources at t he per iphe ries of the 

village serve as breeding places . Dhamial is at almost 

six kilometers from Raw a lpindi and all the features 

are s imil ar to tho~of Raw at and Tarnol. 



MAP OF 
ISL AMABAD- RAWALPINDI 

HA ZARA 

_. Nur p &r S hohon 
o\slomob~d 

0 ' oRowoL Do 
Turnol 

Ro~olpindi o 
Kohuto 

o 

~ 

u 
o 
I-­
I--

o 0 

DhomiolRowot 
« 

MAP OF 
PAKISTAN 

o 
Gujor Khon 

JHELUM 

o 
<!. 
N 
<!. 



ANOPJ!ELINE SUnVEY 

INTRODUCTION 

Out of the 2 5 anophelin e spe cies so far re c orded 

r I' () m P; l k i s tan (A s 1. n m K h n n./ 197 1: 72), ~. c u U c i. I a c i e s an d 

An. ste phcnsi are only inCl'illlLnatc'<.i vc etol'l" in Pakis tan. An. flllv in. t i ·j i s, 

All, st e plwnsi, An. annul" l:j,S , All. s llhlli r.l\l·s, An. s tlp p ]'!)i ('.1 li S 

and An. pulcherrimu s are suspected to be the vectors of 

m:tlaria in differe nt parts of the country. (Pal n.nd 

A7. 1. z (1985) surveyed thi s arc~ n. during 1.982 pos t monsoon 

se a s on and coll(~ ct e d se v(~ n different species of a.noph e lin('s . 

Th e y I' e po r t e d An. c u lie i f n. c i (~ s, An. flu v i at i 1. i s , An. s t e p he n s i , 

An . s uhpi c tus , An . pul c he r r imus, All . annuln.ris and An . 

II i g(~ rrirnus. Compl(~ t(-~ in fOl'mati.on r(-~ gal'ding th e availab..i 1. i. ty 

o f diff e r e nt spe cies in different months of the year i s 

v e ry important for e ntomologists and epidemiologists for 

for e casting malaria control s trat e gies. Thes e s urv e ys wa r p 

ma.d e du ri n g Jun(~ 1987 to Ma y 1988 for d e t e rmin in g pre vn l e nt 

a n 0 11 h eli n e s pee i. e s, the i r d e n s :i. t~" b 1 00 dm e ali cI e n t i fi e n t ion s 

and sporoz oite d e t ec tion. 

MATErn AL8 AND METHODS 

Mosquitoes w(~ rc~ coll ec t(-~ c1 with the he lp of 

mouth aspirator in flash - light during day from c attl e s h e d s , 

ho us e s , ki.t e h( ~ ll s , s lo]'e' s (' \: e: . wh e n th(~ y Wl~ }'( ~ r es ti.ng- dur i ll g 
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day and by us ing pyret hrum in fli t gun . Alive co llect ions 

were transferred to paper carto ns a nd brought into the 

laboratory, anaesthetized with e ther and identifi e d with 

the identification key prepare d by Christophers (1933) , 

Richard and David (1959) and personal communications with 

the malaria control department. Weather data was also recorded . 

RESULTS AND DISCUSSION 

The anopheline collections made round the year 

wer" 3dentified and tbe following' sped"e's \I,el!'e observed. 

Anophe l es culicifacies Giles, An . fluviatilis 

James, An . sergenti Theobald; An. Stephensi liston, An . 

subpictus Grassi,An. gigas Giles , An. 8uperpictuS Grassi , An. 

annularis Van der Wulp, An. nigerrimus Giles, An . pulcherrimus 

Theobald, An .' maculatus Theobald, An . lindesayi Giles, An . 

splendidus Koidzumi, An. jamesi Theobald and An. barbirostris Van 

der Wulp. 

Maxillary palpi of all the anopheline females are 

as long as probosci s ~n An. culicifacies costal wing margin 

has got four black spot s , third longitudinal wing vein is 
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dark in co lour a nd has got tw~white spots at the ends of veins 

The third lop g itudinal wing vein in An. fluviatilis 

is white in colour and there are 5 white spots at the end 

of the veins\ In .AD .• culicifacies as well as An. fluviatilis 

the hind tarsi are black as we ll as with very narrow pale 

bands therefore there is a need to conduct chemotaxonqmic 

study for det ermining genetic variability and genetic dis­

tance in these species . An . stephensi and An. subpictus has 

also got four biack spots on anterior costal ' margin but 

the legs in An. s tephensi are banded and spotted white while 

in An. ~~ictus banded legs are not spotted whit e 

In An ~ annularis body and wings are very dark in 

colour and the hind tarsi are white in colour embracing 

atleast three and a half tarsal segments An. @Jcl].errimlli2 

has got its tarsal segments as white embracipg atleast four 

tarsal segments. It is a beautiful mosquito due to white 

specks on legs and body( :' " ', In An. mgerrimus anterior 

margin of the wing has got less than four black spots and 

the 'base of front femur is enlarged An. "maculatus has 

got white tarsal segments e mbracing one and a half segment 

and having- white specks on femur and tibia · An. spllendidus 

is having three tarsal segme nts as white and the palpi and 

l egs are speckled white( 

costa is pale/whit e, 

" . I n An. gigas inner one quarter of 
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In An. sergenti third longitudinal wing vein is 

almost al l dark. Th e hind femur in An. lindesayi has got 

a broad white band. In An. s uperpictu s thorax has white 

scales on it. Fe mal e palpi is whit e pale at the tip. There 

are no whit e bands o n front tarsi, t he hind tarsi are \In-

band e d and th e tip of hind tarsi i s dark in co lour . 

An. jamesi , thor ax has white scales on it. Fe mal e palpi 

is white pale a t the tip wi th two further narrow pale bands 

, -There are no whit e bands on front tarsi, the 

hind tarsi are unbanded and the tip of hind tarsi is 

dark in colour. An. barbirostris has got dark tip in 

palpi without the pale b a nds and costal mar g in is all dark 

and thorax has got hairS or hair-like scale . - .An.fluviatilis 

remains as dominant 's p ecies during February to July but from 

I 

August onwards it dec lines in population. An. culicifacies 

i;.~[kosthis position ti.ll December . Man hour d e nsity was 

calculated with the formula: 

Man Hour De nsity n x 60 
t x P 

Where n 
t 
p 

Tota l number of s p ec imens co llected 
Time spent in minut es 
Persons involved 

Hespective ma n hour d e nsity observed for .-~noEheles fluvi ati Ii_s, 

and Anophe l es culi cd facies (t able 2 ) was 9 and 5 in 

Fe bruary, 21.1 and 19.6 in Mar c h, 45.2 a nd 16 in April, 

23.8 and 4.6 in May, 11.3 and 3 in Jun e and 26 and 13 in , 

JUly. From Augu st onwards the ' population of An. culicifacies 

was fo und as higher than that of An. fluviatilis. 

The respective man ho u r d e nsity obs er v e d for An. fluviatilis 
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and An. culicifacies in August wa s 15.7 and 34.3, in 

September 19.8 a nd 54.6, in October 16.3 and 41.2, in 

Nove mb e r 4 and 19.5 and in Decemb e r 3 a nd 8. January w~s very 

cold (table- ' ) and noanoDhe lines V/Gre collected during collec­

t -:i.Qn effGlFi:s .The anopheline fauna of Kohat ,- Ha.n g u valley 

CNaqvi and Qutbuddin)l' 1954; Qutbuddin/, 1960) whi c h is about 

150 kilometers furth e r north from the area under present 

study is almost similar to our findings because of 

similarity in climatic conditions~ These authors 

repo r ted An . culicifacies, An. stephensi, An. fluviatilis ,' 

An. maculatus, An. annularis, An. superpictus, An. 

barbirostris, An. splendid 1;S , An. lindesayi, !. d' tha.li, 

An. pulcherrimus, An. s ubpi ctu s and An. nigerrimus . 

Aft er anopheline identifications a simplified 
, 

key to the species collected from the area under study 

was prepared which is presented here. 

1. 

2. 

a- Palpias long as proboscis---------Anophelines 2 

b - Palpi shorter th~n proboscis-------Culicines 

a - Several hind tarsi all white------------------ 3 

b- Hind t ars i not white, may b e 

ringe d with white----------~------------------ 4 



3. 

4. 

5. 

6. 

7. 

a- Body de nsely cover d with whit e and 
grey scales , tip of hind tars i white 
e mbracin g 4 tarsa l segemnt s--------- An.pulcherrimu ! 

b- Body a nd win gs blac k and tip of the 
hind tarsi whit e e mb racing t h ree and 
a half tarsal se gme nts - ------------- An. annul aris 

c- Palpi a nd l egs speck l ed white, three 
tarsa l segme nt s compl tely white---- An. sp l e ndidus 

d- Palpi a nd l egs s p eckl e d whit e, one and 
a h a lf tarsal segme nt whit e --------- An. macul at u s 

e- Tip of the hind tarsi e mbr ac in g 3 
white segme nt s , o nl y one band in female 
palpi broad, other two b a nds 
narrow- - ---------------------------- An. ,jamesi. 

a- Wings with 4 black s pots, bas e of 
the femur not e nlarged-------------- 5 

b. Win gs with l ess than 4 black s pot s 
a t anterior margi n, base of the front 
femur e nlarge d, inner qua rt e r of costa 
dark and palpi with di st in c t p a l e 
markings------------- - -------------- An. ni ge rrimus. 

a- Front tarsi ringed white------------ 7 

b - Tar s al se gme nts blac k without whit e 
rin gs or with very narrow pal e 
b ands---------------------------~--- 6 

a- Third lon g itudina l wing v e in black, wing 
mar g in with 2 fringe white s pot s---- An.culicifacie f 

b- Third longitud i nal wing vein white, 
win g ma rgin with 5 whit e s pot s ------ An. fluviatili ~ 

c- Third longi tudin a l wing vein all 
dark----- - -------------------------- An. se rgenti 

I 

d - Inne r quart er of c o s ta p a l e or 
white------------------------------- An . gigas 

a- Fe mur, tibia a nd portions of p a lpi 
with white specks------------------- An. stephensi 

b- Fe mur, tibia a nd palpi without white 
s pecks------------------------------ An. s ubpi ct us 
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8. Palpi with dark tip, tarsi in front 
legs unbande d and thorax with hairs 
or hair-like scale--- - --- ----------An. barbirostris 

9. Tip in female palpi white, thorax 
with white scales and no white bands 
in front tarsi-------- -. -- - - - -------An. superpictus : 

10. Hind femur has got a broad white 
band------- -- ---- ------------------An. ~indesayi 

From the area under study fifteen different 

species have been recorded during June 1987 to May 1988. 

During post monsoon season of 1982 seven anopheline species 

were recorded from the same area by the same investigator. 

From the present studies it has been observed that 

Anopheles fluviatili p remains dominant species during 

March to July and An. culicifacies from August to DecemberC p~g_1 } 

therefore major em'phasis was paid to An. fluviatilis 

on its potential as malaria vector in the are a. All other 

species were found as low indensity. The parasite reservoir is 

present in the area and all the socio-economic factors and 

climatic conditions favour malaria tr ansmission . 

~ . ..: "-

'-
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BLOODlvlEAL IDENTIFICATION 

INTRODUCTION 

Bloodrne al ident i fi cat ion is an import ant too lin 

applied field research, epidemiological surveillance and 

malaria control programmes of a country. In our local 

conditions houses and cattle sheds are located very closely 

and in many cases both the houses and cattle sheds are 'even 

shared together by domestic animals and hmnans. Under these 

situations mosquitoes may feed on cattle and then rest in 

hunan dwellings or vice versa. Since cattle are the 

prefered hosts of mosquitoes (Kuntz et a~ 'l 1982, Snow 1983) 

it is therefore, important to determine the s 'ource of bloodrneal 

mosquito has fed upon . In the past several serological 

techniques have been practiced (Weit~ 1956; Tempelis .... 1975; 

Boreham; 1975; Reisen and Bor:ehan:... 1976; Chow et al./ 1980; 

Reisen and Bore ham.,.., 1982; Nasci / 1982; Collins et al.,., 1986). 

Todate immunofluorescence and passive agglutination have been 

widely used for this purpose (WHO/ 197 6 ). Van Weemen and 

Schuurs (1971) introduced the idea of using enzymes conjuga­

ted with antibodies or antigen for the detection of antigens 

or an ti bodies respect ively. Engv all et al. (1971 )devised 

enzyme-Ii nlced imm unosorbent ass ay ( WHO, 1976.lELISA '. is bein g 

wide ly used in foreign countries (Voller et al. , 1974; 1975) . 

= 17. 



wtISA has been compared with I FA and found as speci fic 

(Edrissian et a 1.,; 1975; Quakyi./ 1980; Washino and Tempelis/ , 

1983; Kumar et al. -, 1987) . Mixed blood feedi ngs by 

malaria vectors have been ident ified (Burlwt et al . .,) 1988) 

and the effectiveness of zooprophylaxis in mosquito control 

has earlier been studied (Sota and Mogi) 198~ Motala et al.". 

1989) . 

Modern research based on immunology and the 

development of good quality reagents has impvoved the 

specifici ty and economy in uloodmeal ident ifications and 

has resulted into simple ways in getting appropriate infor­

mations regarding mosquito hosts by using ELisA (Burkot 

et al.,l 1981; Edrissian and Hafizi .... 1982; Washino and 

Tempelis ; 1983). New EI4S-A ~ methods have be,en developed 

for the identification of host blood meals in arthropod 

vectors. The test has advantages over the other tests 

because large number of specimens can be processed at a 

time, sporozoites can be identified upto species level, 

both fresh and dried or frozen spec~nens can be used 

and the sensitivity of the assay is greater even for 

light infections. In the present study indirect sandwitch 

e lis a and dipst ick e lis a we're used for bloodmeal 

identifications. The specific objectives of the study were 
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1. To establish the elisa techniques for bloodmeal 

identification and sporozoite detection for 

use by the national malaria control programme. 

2. 
I 

To determine the feeding pattern of anophelines 

and its effect on vectorial capacity and the 

applications of these studies in forecasting 

malaria transmissions . 

MATER! ALS AND METI~ODS 

Reagents and solutions were prepared as below:-

PhosDhate buffer saline 

One liter of PBS was made by weighii1g 0.7 gm of 

pot assi Uln dihydrogen phosphate and 1 gm of disodi urn hydrogen 

phosphate and adding into 1000 ml of distilled water. This was 

then dissolved uniformly by stirring with the help of magnetic 

stirrer for about 15 minutes. pH of the saline was fixed at 

7.4 

To avoid cont aminations, all the times only 1 liter 

of PBS was made. 500 ml of this saline was used for reagent 

mixing otc. and into the r emaining 500 Illl, 0.1 ml tween-20 

was added and was then used for washing the plates during 

assays. This amount of PDS was enough /'01' running three 

pJutes. 
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Plate washing Rnd abdomen ~rindin~ so l.u tion. 

0 . 1% Tween-2 0 wa s add e d in PBS for this purpo se. 

Tween-2 0 was disso lve d by u sing ma gnetic st irrer for almost 

30 minutes. 

Co at inrg So I ut ion 

Antibodies were coated in Phosphate Buffer Saline having 
pH-7.4. 

Antigen/Conjugate dilue nt. 

1.5% fish proti e n (Fisher Scientific Company) was 

dissolved in PBS (pH- 7.4) for coating the microtit rat ion 

polyvinyl chloride plates and anti gen /conjugate dilutions. 

These were then throughly mix e d by stirring for about 30 

minutes each . (Bovi ne Serum Albumin gave cross reactions with 

bovin e bloodmea l assays~. 

Abdomen g rinding suspension. 

Mosquito abdomen was g round in 50 ul of PBS T20 

(0.1%) and then 250 ul of the same solution was added into 

1.5 ml specimen vial s to mak e the total volume of 300 ul. 

Storage of R2agents. 

All the lyophili zed reagents were stored at -70°C. 

After reconstitution all 1 ml of reagents were transfered 
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a s ~OO ul each into s mall via :! s . On e vial of each 

reconstituted r e agents was stored at 4 de~ree centigract e 

while the remaining all vials were , 

lat er u se. 

Principle of ~LISA. 

2 

As illustra te d in the fi gur e /an t ibodies are coated 

on polyvinyl chloride plat es . Th e anti gen i s in c ubat e d in 

the same wells, then perox idase lab e ll e d antibodies are 

add e d and incubated. The antibodies are labell e d in such 

a way that the immunolo g ical and e~zymatic activities of 

both the antibodies and e n zyme are maintain e d. The e nzyme 

acts on the sub~~rat~ a nd produces g r een colour whi c h can 
tFl.g-3 ) 

be seen visually~nd was lat e r on measur ed with elisa 

reader. 

Procedure for bloodrreal . --ELTISA. . 

Aft ~r identification mosquitoes w,ere cut from the 

middle of i horax and abdomen. After salivary ~land dissections 

thorax plus head we re prese rve d separat e ly in small 1.5 ml 

plas tic vials ' for ' s por020it detection a nd abdomen was us e d 

for bloodmea l identification. 

Reagent s u se d were obtained from, , Kirkgaard a nd Perry 

l a bor ato r i e s , 2-Cessna Court, Gaithersburg, Maryland, U.S.A. 
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BLOODMEAL IDENTIFICATION BY ELISA 

A. Anti-human mono c lon a l anti­
body ahsorbed to pvc plate. 

B. Mosquito abdomen triturate 
added to the wells. 

C. Perox idase lab e lled anti­
human monoclonal antibody 
a dd e d. 

D. Peroxidase substrate added. 

E 

E r;].I; 

D 
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1. 15 ml di s posabl e plast ic vials were lab e ll e d with 

a mar l<er for adding human a nd bovtn e immunoglobulins. 10 ul 

(1:1000) of affini ty purifi e d monoclonal antibodies to both 

human (Lot No ~ HG0 2- 1) and bovin e (Lot.No.FJ14-1) immuno­

globulins were adde d separately into 10 mililit e r of 

PBS and were mix ed by s h a kin g t he t ub es . For both the human 

and bovin e tests pH of coatin g so lution (PBS) was 7.4 . This 

suspension was the n added itito a sterilized petri dish and 

with the help of multichann e l pipette 100 ul of this sus­

pension was added into each well of the microtitration 

polyvInyl chloride plates and the plates wer e incubated 

overnight at room t emperatur e . 

2. Next morning the cont e nt s we r e thrown out carefu lly , 

plates were dried with the help of k im~ipes disposabLe wipers 

and all the wells were compl ete ly filled with blocking buff e r 

(1.5 % Ge latin in PBS pH. 7.4) to block the remaining sides 

of plat e wells. Th e plates were incubat ed for 30 minut es 

at room t e mp e rature, e mpti e d and dried. 

3 . 100 ul of dilue nt (1.5% Ge latin in PBS pH. 7.4) was 

added into eac h well. 10 ul Mosquito abdomen suspension alreadv 

ground in PBS T20 was added in eac h well of pvc plates for 

bovin e and human respectiv e l y , except blank, ne~ative and 

positive controls. In po s itive contro l huma n and bovine 

serum was u se d and nothin g wa s adde d in th e n e~ativ ~ control s 



and blank . We ll A1 was kept as bl a nk, B1 to n1 we ll s as 

negativ e contro l s and we ll s E1-Fl & Gl-Hl as hunan E bovinepositive 

controls. Then t he plates wer e i nc ub ated for two hours. 

4. After two hours plates was washed thrice with 

PBS T20 at pH 6 . 0. Washin gs were don e with the he lp of mul t i ­

channel pipett e . We lls we re filled with PBS T20, left for 

2 to 3 minut e s, empti e d, t he n aga in fill e d and e mptied . Af ter 

3 washings the plat es we r e drie d by usin g kimwip es disposabl e 

wipe rs. 

5. 15 ul (1:666) of p erox idase lab e ll e d affinity 

purified monoclonal antibody both to human CGH19-1) and bovine 

(HM24 - 1) immunoglobulins was mi xe d separately in 10 ml diluent 

an d 100 ul of each were added in each well in respective plates 

and incubations were don e for one hour . All the above incuba­

tions we re don e at room t e mperature . 

6. Aft er on e hour the plates were was h e d thrice with 

PBS T20 at pH 6.0 and then dri e d. 

7. The substrate solutio n s , 2 . 2-azino-di-C3-ethyl-

b e nzthiaz oline sulfonate (Lot. No.HJ22) and hydrogen p e roxide 

(Lot. No.JC07) were mixed in 1:1 ratio and 100 ul was added 

in e ach well. 
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8 . Results were observ e d visually and with the help 

of Dyn a t ec h Microe lisa Re ad e r at 4 05 nm a f ter GO - 90 minut e s . 

The abov e quantity of r e age nts r e quired for better 

r e sults was de termined by s erial dilutions a nd by trial and 

e rror methods. Human antibodi e s we r e t es ted with bovine 

blood and vice versa for the ir specificities . The se were 

also tested against hor se , goat, sheep, mic e and swine 

blood for d e t e rmining their purification. 

There were ::; negative (;, 2' each of hunan &; mvine positive 

comparison controls in each .plate. All the data was fed 

to the computer and analysed statistically . 

Considering the r e age nts used up in tit e r deter­

minations and those availabl e the spe cime ns were tested only 

onc e . Howe v e r the specime ns us e d in fir st two t es ts we re 

retested by dipstick elisa for the confirmation of the 

results and for evaluation of dipstick elisa technique. 

Dipshc:k ELISA. 

176 samples already tested in plate 110.1 and 2 

were r e tested with dipstick e lisa fqr the confirmation of 
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above results and for evaluat ion of t hi s met hod for field 

application . Since the reagents available were in small 

quantities therefore the specimens tested with the method 

we r e l ess. Assay was run as follows. 

i. 1 ul of affinity purified antibodies to both the 

human and bovin e i'mmuno!?,lobul ins we re added separately on 

cellulose acetate strips a nd kept for 5 minut es to dry . 

ii. 1 ul of mosquito abdome n s u spension ground in 

PBS T2 0 was add ed on the strip at the same pl a c e whe r e 

antibodi es were added. 

iii. The strips we re k ept for 30 minut es at room temper~-

ture for incubation. 

iVa 1 ul of both the human and bovine conjugates we re 

added on the strips a nd l e ft for 10 minut es. 

v. Substrate solutions 2.2-azino-di-C3-ethyl-

b e nzthiazolin e sulfonat e and hydroge n pe ~oxide was mixed 

in 1:1 and 1 ul of this s u spe ns ion was add e d on t hese 

strips. 

vi. Results were read visually. 



RESULTS 

Cut-off value was calculated for separating the 

positive results from negative ones and for interpretation 

of results. For this purpose ari thmatic mean and standard 

deviation of 3 negative controls was calculated and the mean 

was then multiplied with 3 standard deviations 

Beier et al~1987). This was kept as cut-off value and 

any value above this but approximately the optical density 

of plus 0.1 was considered as suspecte d positive and below 

this as negative for the test. Any value above mean plus 

three standard deviations plus + 0.1 was thus considered 

as clear positives. y- r.-_:. _ 

When 

monoclonal antibodies to human were tested against bovine, 

goat, sheep, horse, mice and swine blood no reactions were 

observed. Similarly bovine antibodies also did not react 

with other animals blood which means that these were highly 

specific. 2538 anophelines of diff~rent species were tested 

for their bloodmeal source. 1370 specimens were Anop.he les 

c.;;.....::.:uc;::lc.::i;...::c:....:ci=....;f::..a~c..:::ic.;;e-S. 134 f\nophe les ,?ulici facies gave elisa positive 

results ior .. hl@an; 687 were bovine. positive ,and 556 

specimens were fo und as non human non -bovine (Fi ~- " . ) 

(table 4 , 5 ) 6 ;. . When the data ·· was checked in percent-

ages, 9.78 percent were human, 50.14% bovine and the remaining 

40.58 percent An. culicifacies were neither human nor bovine 
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Bloodmeal test plate . Well Al is Blank. 
Wells Bl to Dl are Negative Controls. Wells El, F1 are 
human positive controls, wells Gl, Hl are Bovine positive 
controls. Specimens i n green wells are positives. 



which means that ' the s e 40.58% f eedings we r e on othe r animals 

like cat, do g , goat, s he ep, chicken, rat etc. pre s e nt in the 

vicinity. Most of the bovine positive An. culicifacies were 

also good positives and their optical densities were observed as 

above 1. 00. 

Total numberof Anopheles fluviatilis t~sted were 

834. 114 were positive for human inununoglobulin, 516 to 

bovine and the remaining 197 were found as negative to both 

human and bovine groups. This means that 13.66 percent were 

posi tive to human source, 61.87 percent to bovine and the 

remaining 23.62 percent were non-human non-bovine. 

Depending upon the collections available 175 

An. stephensi were tested for both human and bovine blood 

source and 20 out of these specimens were found as posi tive 

to human host and 87 for bovine source. This means that 

11.43 percent ~. stephensi had hunan bloodmeal, 49.71 

percent that of cattle and the remaining 38.85 percent had 

neither human nor cattle blood. There was significant 

difference in the feedings of An. ~ulicifacies and !E . 
. fluviatilis (X 2 =7.8, df=l, P.(0.05), but between An.~ulicifacies 

and An. stephensi (X 2 =0.469, df=l, P<0.05) and the .An.fluviatilis 

and An .. stephens~ (X=0.630, df=l, p ..( 0.05) there was non-

significant difference in human feedings. As regards the 

bovine feedings there was significant difference in the 
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" feedi n g of An. c ul ici faci es a nd .An. 11 uvi ati lis (X"'=2 83 . 3, 

df =l, pL.0.05) and be twee n &!}. fluviatilis a nd An . s t e phensi ------ '- .---"'----

(X 2=8.8, df =l, pL.0.05) on hum a n host but there was significp.nt 

di ffere nce betwee n the feeding o f An. culicifacies and 

An . stephensi (X 2 =0 . 011, df =l, p=O.05) . 

24 ~nopheles ~ubpictus were tested, 5 were found as 

positive to human blood source, 9 to bovine and 10 were 

neither human nor bovine or otherwise 20.83 percent of the 

tested specimens of ,AE.. subpi ~~.u~ we re posi tive for human 

blood, 37.5 percent for bovine and the remaining 41.66 

p ercent were neither human nor bovine. 

Five An. nigerrimu~ were tested and two spe c i me ns, 

one each for human and bovine were found as positive. 

Twe lve ,An. superpictus were tested, two were 

positive to human blood, five to cattle and five were ne ither 

human nor bovine. ' When compared in pe rce ntages 16.7 p e rcent 

we re human positive, 41.67 to bovine and 41.66 neithe r to 

hum a n blood nor to bovine . Out of 23.fu:! .. maculatus, one was 

positive for human blood, 13 for bovine blood a nd ' 9 were 

neither human nor bovine, i. e . 4.35 percent positive to 

human, 56 . 52 perce nt for bovine and 39.13 percent were 

ne ither human nor bovine. 



.' 32 .-

19 An. ann ul ari s were tested, 2 were t)()sit i ve to 

hunan IgG, 13 to bovine and 4 were neither hU11Un nor bovin e , 

i. e. 10.53 percent to human blood, 68.42 percent to bovine 

and 21.0G percent to animals other than man and cattle. 

14 specimens of f\..!.~. ~~EB"ent_~ were tested, one was 

positive to hunan blood, 5 to bovine and 8 neither to 11lUl1an 

nor to bovine. When checl<ccl in percentage 7.11 percent were 

human::;, 35.71 percent ))()Vill(; and S7.1 /1 lwrcenL as none or 

these two hosts . hE ~.-:..~r:~l.Lc~u.',?_ tested were 62. Five were 

positive to human blood, 28 to bovine and 29 negative to 

both the human and bovine blood giving a percentage of 8.06 

percent hunan, 45.16 percent to bovi ne and the remaini ng 

46.77 percent negative both to hwnan and bovine blood. 

All samples with elisa values 0.4 were retested 

to separate suspected positives from clear negatives. Dovine 

results are presented on plates B31 and D32 anel h'Ullan in 

II31 and H32. Out of 112 bovine samples only eight were found 

as slightly positive for bovine blood showing absorbance value 

from 0.165 to O. 322. 'l'hese s amp les were also posi ti ve for 

hW11an blood. 162 females were suspected from hwnan tests and 

therefore these were assay e d again. Their results showed 

15 f emales as slight ly positive for l'llunan blood. Seven of 

them we re positive for bovine as well which . means that these 

mo s q tti toes had :fed 1)0 [; h on hUJllan and animals. 
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The results obtained wit h d ipst i ck e li sa were s imil ar 

with those of multiwell plate method (t able 1,, 8 ), 21 An . culi cifacies 
I -, 

101 An . ,fluviatili s , 29 ,An . _s t ~phelfs i, 4 An. subpictus, 

3 An. ,superpictu!::i and 18 ,AJ.~ . _~,lendidus were t ested during 

these assays. 3 An. ? ulicifacies, 16 An. fluviatilis, 4 

,An. Si te :h~QSi...:!' and 1 .An. ~R...le ndida~ which were detected positive 

for human blood source with plate method were also found as 

positive with dipstick elisa. Same specimens were then again 

tested separately for bovine bloodmeal by dipstick method 

and lil~e t hat of pvc plate met hod 10 An . ~ lili ci facies, 58 

An. fluviatilis, 15 An . . ~tephens~ , 2 An. ~ubpi~~us! 2 !in. 

superpic~_~ and 8 ,An . ~plendidas we re again d e t ec ted as 

bovine positive . 

It was obs erv e d that within 40 to 50 minut es it was 

possible to identify the source of mosquito bloodmeal by 

dipstick me thod but the quantity of reage nts utilize d by 

these assays was comparatively large. 

DISCUSSION 

Anopheles culicifacies, Anophe l~3_ stephensi and 

Anoph e les f'luviatilis are the proven malaria vectors in our 

country. It is therefore concluded that if the infections 
) " 

are present and the t e mperat ure and humidit y also favour~ there 

will be tte possibility of ma l ar ia outbreal~s in this area 



due to 9.78, 11.43 and 13.66 percent IHunan feedings by the 

vect 01' speci es !,:.r}:. fluvjatilis and An. 

s te'pI~~~~? i.. This high percentage of Inunan feedings could be 

due to very close living habits of the people alongwith 

animal s. During SlUlJnlCrs they sleep very close with the 

animals in a small yard and whenever there is need to sleep 

inside due to rains, hot s un etc. they sleep in the srune 

room where cattle are tied. This gives an equal chance to 

the mo s q uitoes to feed on anima 1s as we] 1 as 011 man. For 
{ 

estimating the malari a transmission host diversion is of 

utmost importance. 

An. fluviatilis is the second dominating species . 

in nawalpindi-Islamabad area and this species has also been 

observed as infected with the sporozoites during the present 

ELISA studies. An.nuvi ~_~_l~_? d e nsity .remains highest :from 

March onwards till July. From July onwards its density comes 

down us next to An. culicifacies. Density of .~. ~~l? hen~:!:. 

in the area under study was found as v ery low. According 

to Bellanca (1986) longer collection periods are required 

for the collection of Anopheli n e species becaus e the ntunber 

present may be low and that the index for this purpose 

should be bites . p6r man per night and that the index for 

good mulariu vectors may be less than olle bile P(-! t' In;m pc t' nir·i!t. 

According to him this could stil l produce a significant malaria 

rate under :favourable con(li tions even if the percent of 
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infective mal aria vectors were only one in 100. Present 

st udi es regarding the a nthropophilic and zoophilic habit of 

feedings are very helpful in forecasting malaria transmissions . 

50.14 percent bovine feedings by An. ~ulicifacies, 61 . 87 

percent by An. fluviatiliE!. a nd 49.71 percent feedings by 

Anopheles stephen~.:!:. on catt Ie show that these malaria vectors 

are highly zoolphilic in their feeding habi~s. Th~se studies 

can thus be applied in malaria control programs in deviating 

the route of malaria vectors towards cattle, provided these 

cattle are kept at a distance of about 150 to 200 yards 

away from human dwellings at the peripheries of the villages 

and cities. This will help for less feeding on humans and 

thus l ess malaria transmission and 

diseases . 

other vector borne 

It has also appeared from the pres e nt studies that 

the elisa techniques are very helpful in saving time by pro­

cessing large number of mosquitoes at a time. The dipstick 

e li sa took 40 to 45 minutes for getting the results. It has 

appeared that the technique is very accurate and simple for 

fieldwork applications. The reagents required for dipstick 

method are considerably more in quantity, however if these 

reagents could be prepared locally, the technique will 

serve the purpose for fie Id work programmes and furt her 

research studies. 



SPOROZOITE DETECTION 

INTRODUCTION 

In Pakistan principal mala ria v e ctor is Anopheles 

culi ci facies and . sec~ndary l",lal a ri a VG ct 01' i s ,Il no)) he l es 

s tephensi(Rehman and ldutlibJ 1867; Reisen and Boreham./1982). Some 

of t ·he anophelines those are considered as suspected malari~ 

vectors in our country are the vectors of .~a~~~ in neighbouring 

countries (Tempel~s 1975 ) . 

Anopheles fluv.iatilis has been observed in the 

laboratory as showing the transmission capabilli..ty (McCarthy 

and Clyde 1968). So far, dissection is being done for sporozoite 

detection in our country and no immunological approach has been 

made for the identification of sporozoites. In foreign countries 

sporozoites detection has been done by indirect flourescent 

antibody <.. G upt a e t al. .l 1981; Knobloch 

et al.
J

1982; McBride et al. ) 1.982; Boyle et al. .l 1983; Ramsey 

et al. .l 1983; Warren et al. ... 1984; Cochrane et al. ..... 1984; Campbell 

et al. , 1984; 1984; Mendis et al..., 1984; David et al ...... 

1984), by indirect haemagglutinization test (Gupta et a 1.-, 1981 , 

Mathews and Dondero) 1982a; 1982b) by Immunoelectron microscopy 

(David et al. .J 1984), by micro semiautomative assay (Cowen et al. .... 

1983), by Immunoradiometric assays (Avraham et al.~ 1982; Zavala 

et al. J 1982; Boyle et al. ) 1983; Jeje et al. , 1983), by two 

dimensional electrophoretic analysis and western blot ana~ysis 

(Kemp et al. ) 1983; Cochrane et al. , 1984) and 'by SDS-Polyacrylamide 

gel electrophoresis (Deans et al. ) 1983). 
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Enzyrne-Linl<:ed Immunosorbent Assay for t he detection 

of circumsporozoite protein is a variation of immunoradiometric 

assay that was developed by Zavala et al. (1982; 1983) ~ Elj sa 

t e chn:i.qL'<3 for the detection of. s porozoi t:es ,vas then rl..evised by Durl<ot et al. 

(1884). ELISA . has advantages over other methods for using in 

field conditillons, the technique is very sensitive, the reagents 

have long shelf life; are easy to transport and large number 

of fresh, frozen or even dried specimens can be processed at 

a time with this ' method (Pe rrin et al!) 1980, Mahajan et al..J 1982, 

Ramse.y et al • .' 1983;· . St an ley et al./ 1984; 

Collins et al.) 1984). Elisa is being applied for identifying 

sporozoites from infected mosquitoes world ove~ (Voller et al., 
et al., 

1974; Voller 1975; Pollack et al. , 1985; Kumar~1986). Similai'ly 

lot o f wo~k has b een don e on the produc tion a nd c haract e rization 

of malarial parasite antibody and enzyme immunoassays (Hol;I.ingdale 

and Le land J 1982; Cochrane et al./ 1982; Den for,t h et al. , 1982 ; 

Lundgren et al.", 1983; Kemli et al /, 1983 ~ Monj our et al. .J 1983; 

Gabrielsen et al.) 1983; Anders et al./ 1984; Campball et al...J 1984: 

Adreshir et al.J 1985~ Pirson and Perkins / 1985). Vvork has been 

done on the detection of malaria in man and for blocking the 

action of malarial parasites in man ( Clyde et al.;t973; Carter 

and Chen J 1976; Nardin et al.,197 9; 1982 ~ Mackey at al. .... 1 ~ 82 ~ 

Orjih et al../ 1982; Avraham et al..J 1982; Collins et a 1..1 1984; 

Nussenzweig and Nussenzwei g/ 1984; Hart i e t al.) 1985; 

Zavala et 0 1 . • ) 1982; 1985~ Pollack et al. ... 1985; 
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1989; ~ Hollingdale and Rosario" 1989) . 

In t he recent past work has been done on the sporozoi te 

d e tect ion by a number of research workers (Campbell et al. .1 

1987 a ~ 1987b ~ Gi udice et al. " 1987; S aleha et al." 1987; Romerio 

et al "/ 1987; Burlmt et al . .1 1988; We bster et al." 1988; Lee 

et al. ) 1988; Nussenzweig and Nussenzweig./ 1989; Lowel et al. ..... 

1989~ Vaughan et al..J 1990). The effec t of antisporozoite 

anti bodies on sporogony has been st udied by Elisa (Vaughan et al."" 

1989). Rece nt lY llew immunological methods Jor the quantitation 

of antisporozoit'e immunoglobulins in the hemolymph of 

Anopheles stephensi " after blood feeding we r e used (Habluetzel et al. , 

1989; Vaughan et al..J 1990). Antibody response with sporozoite 

antigen has also been studied by using synthetic peptides 

(Meuwissen.J 1989; 

Wijesundera et al..J 1990) . 

Pessi et al. ,. 1990; 

Inspite of lot of studies on different immunological 

aspects of malaria in foreign countries, no similar study 

has been made in Paldstan so far. Present studies were therefore 

planned to detect the circumsporozoite protein by using elisa 

technique. The specific objectives of thi s study were: 

1. To confirm the status of incriminated malaria 

vectors . 

2. To incriminate the suspected malaria vectors. 

3. To observe malaria transmission during spring season. 

4. To extend malaria control activities to the target 



anop l l< ! lillO v e c: to r s pu c i.o s . 

MA'l'ETIr ALS AND ME'l'rDDS 

Salivary gland diss ections. 

All anophelines collected during post monsoon 

malaria transmission season i .e . in the months of August 

to Novembe r were dissect e d for det e cting the presence of 

sporozoites in salivary glands. 

For dissections the wings and legs of the femal es 

wer e separated and these s p e cimens were placed on a elean 

slide under a dissecting mic roscope with its head pointing 

towards right . A drop of 0.85% normal sali ne was added 

gently on the slide ne ar mo s quito . Thorax was pre ssed 

sl ightly and head pull e d with the help of right hand needle 

to pullout the glands. Th e glands were then separat e d from 

other body tissues and were transfered to clean side of 

the same slide, covered wi th a coverg'lass and wer e pressed 

gelltly . The body of the mosquito was removed from th e Slide, 

abdomen was transfered to specimen vials and fro ze n for 

bloodmeal ident i fi ca t ions :lIlCl 1.1H! s a l i.\'llry g l anci :-:; 

were observed at 1()() X to sec the prese nee 0 f spor0201 t es. 

Aft er observing und er microscope thes e sal i.v e ry 

g land ::; along-with hoad and thorax wo r e transfered very 



carefully to specime n vials for e lisa st ud "as . These 

vi a l s were stored at - 2 U~ C " 

Production of sporozoites for checking the 
quality of reage nt s and confirmation of r esults 

Sporozoites of Plasmodium falciparum and Plasmodium 

vivax for this purpos e we re produce d as follows: 

1. Anopheles culicifacies females we r e kept in 

paper cages and starved for 2-4 days . 

2. These starved females were then transfered to 

two s mall size paper cartons havin g 100 each 

for P . falciparum a nd P . vivax . A water soaked 

~otton pad was placed over the mesh cloth for 

providing moisture and for avoiding death due 

to high temperature and the females were then 

carefully taken to the field. 

3 . Plas modium falciparum and ~. vivax cases were 

searched by making thick and thin smears, stain-

ing with 10% Giemsa stain for 10 minutes and 

examination of the slides in t ,h e field . 

4. Positive cases o f both P. falciparum and 

P . vivax revealing heavy infection with 

gametocytes were selected. 

5 . The f emales were allowed to feed on the arm 

by exposing them through the mesh cloth untill 
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females were f ull y engorged with blood . The 

patients was requested to exercise patience 

during feeding. 

6 . The females were then carefully brought into 

the laboratory by placing soaked cotton over 

the mesh cloth and were carefully transfered 

to the small size insect cages. 

7 . These females were kept at 25-28 degr ee centigrade 
I 

and 70-00 percent relative humidity for completion 

of sporogony. 

8. A cotton pad soaked in 10 percent sugar solution 

was placed daily over the mesh cloth from two 

d~ys of feeding the females on pati e nt s o lm arus. 

9. Salivary gland dissections of few females WC De 

started after 12 days in case of ~. falciparum 
I 

and after 7 days in case of P. vivax. The 

sporozoites had developed after 14 days in 

Plasmodium falciparum and 9- 10 days in 

Plasmodium vivax. 

10 . Upon d e tection of sporozoites in the salivary 

glands, these salivary glands were carefully 

washed with the help of micropipette into the 

wells of th e 96 well plate a nd marked . 

11 . These specimens we re kep t at -2 0 degree ce nti-

grade. Elisa assays were the n run for confirma-

tion of the quality of the reagents and the 

results with iielJ collec t ed s pecimens. 



Prepay at iOIl 61 reagents and so lu t ions 

Phosphate Buffer Saline 

One liter of PBS was made by weighing 1.42 gm of 

sodium phosphate dibasic, 8 . 76 gm of sodium chloride and 

adding into 1000 ml of distilled water. This was then dissolved 

uniformly by stirring with the help of magnetic stirrer for 

about 15 minutes. pH of the saline was fixed at 7.4 by using 

1M sodium phosph ate monobasic. To avoid cont aminations, 

always only 1 liter of PBS was made. 500 ml of this saline 

was used for reagent mixing etc. and into the remaining 500 

ml tween-2 0 was added and was then used for washing the 

plates during assays. This amount )I)f PBS was eno ugh for 

running three plates . 

Coating Buffer 

1 percent bovine serum albumin was dissolved in PBS 

(pH-7.4) for coating the microtitration polyv i nyl ch~oride 

plates. These were then thoroughly mixed by stirring for 

about 30 minutes each. 

Blocking Buffer/Conjugate Dilue nt 

10 gm of bovine serum albumin, 0.1 gm thimerosal and 

0.01 gm phenol red was added into 1,000 ml of phosphat e buffer 



-. 43 

saline pH- 7.4. 

Mosquito ~rinding Solution 

500 ml of the 13B was tal(en and 2.5 ml NP-40 was 

added into it. 

Plate Washing Solution 

0.05% tween 20 was added in PBS for this purpose. 

Tween 20 was dissolved by using magnetic stirrer for almost 

30 minutes. 

The elisa assays were run on the year round collection 

as wel l as on di ssected s p ecime ns. 

Sporozoite e lis a procedure 

1. Head plus thorax preserved in the refrigerator were 

used for sporozoite detection . For this purpose individual 

mosquitoes were ground in 50 ul of the grinding solution 

in- 1 . 5. ml capped polypropylene vials with the help of a 

small size pestle and after grinding head plus thorax 250 ul 

of the grinding solution was added into this 50 ul to make 

the total quantity of the antigen as 300 ul. 

2. 15 ml disposable plastic vials were separately 

labelled with a marker for adding capture Plasmodiwn vivax 
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and Plasmodi1..!0 :t:alciparum a ntibody . 2.5 ul/5 ml (1:2000) 

of Pv capture (W.N L:j . lot no . HD14) and Pf capture(2A10 lot 

no . HD13) were added separat e ly into th e vials and mixed 

with the help of magnetic stirrer. Con s idering the small 

quanti ty of the reagents available, 50 ul was used for 

coating and was added into each well of 96 well plates 

and incubated overnight at room temperature . 

3. Next morning the contents were thrown out carefully, 

plates were dried with the help of kimwipes disposable 

wipers and ~ll the wells were completely fill e d with block­

ing buffer. Th~ plates were incubated for 30 minutes at room 

temperature, emptied and dried. 

4 . 50 ul of antigen diluent was added into each well. 
, 

15 ul ld.OSqui to suspension a;t.ready ground in PBS T20 was added 

in each well of pvc plates coated for P. falciparum and P. 

vivax respectively except blank, negative and positive 

controls . In positive controls synthetic ~. 'falciparum 

and P. vivax supplied in the kit were used and nothing was 

added in the negative controls and blank. Well A1 was kept 

as blank, B1 to D1 wells as negative controls and wells E1 

to Hl were kept as positive controls. i'ur .~ . y i vax a nd 

P. falc ip arlUi1. '.l'il e pl ates were inc ubat e d for two hours. 

5. After two hours plates were washed thric e with PBS 

T20 at pH 6.0-6 . 4. After 3 washings the plat e s we r e dried 



by using kimwipe s dispo s able wipers. 

6. 7.5 ul (1:666) of peroxidase labelled affinity 

purified monoclonal antibody ·both to P. vivax and P . 

falciparum circumsporozoite .protein was mixed separately 

in 5 ml conjugate diluent and 50 ul of each were added in 

each well in respective plates and the plates incubated 

for one hour. 

7. After one hour the plates were washed thrice with 

PBS T20 at pH 6.0 - 6.4 and then dried. 

8. The substrate solutions, 2.2-azino-di- (3 - ethyl-

benzthiazoline sulfonate and hydrogen pe ro x ide we r e mi xed 

in 1:1 ratio and 100 ul was added in each well . 

9. Results were observed visually and with the help 

of dynatech ·olisa reader at 405 nm after ~-15 minutes. 

The reagents and positive controls were checked 

and compared by using laboratory produced sporozoites in 

only 20 wells of the 96 well plate because of small quanity 

of the reagents . All samples showing elisa positives for 

circumsporozoite protein were reassayed. 
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RESULTS 

Cut-off value to differentiate between elisa posi-

tives and negatives was calculated similarly as for bloodmeal 

assays. From the experience of present elisa assay studies 

the best cut - off value was calculated as one quarter of 

positive controls. 

None of the anopheline dissections were found as 

sporozoite positive. The dissections were made only during 

postmonsoon malaria transmission months. The number of 

dissections made for An. stephensi were less because of 

low density of this species in the area under study. 

Sporozoite elisa studies gave positive results only 

with An . culicifacies and An . fluviatilis . Results are 

depicted in t'aole nq«- 9. 10 ,and ·figure 5-& ·. 

In August 1987, 2 An . culicifacies were detected 

with Plasmodium vivax and one An. culicifacies was detected 

~. falciparum sporozoite positive. One An . fluviatilis 

revealed sporozoite positive results for P . vivax. None 

of the An. fluviatilis were detected positive for Plasmodium 

falciparum during the month of August. 

In S e ptember 3 An . culicifacies revealed P . vivax 

positives and two for P . falciparum . An . fluviatilis revealed 



two positives for P. vivax. An fluviatilis did not reveal 

any positives for P. falciparum from the collections of 

September. 

In October two An. culicifacies were found as 

positive for ~. , vivax .and two for P. falciparum. An. 

fluviatilis revealed one positive for P. vivax and one 

In March 1988 one eac h oJ An. culicifaci8s a nd An. 

fluviatilis were found as positive for P. vivax and in May 

one Anophenels fluviatilis was detected as elisa positive 

for P . v i v ax . 

In August lS87 two An . culicifacies positive for 

P . vivax were collected from Rawaldam cattle sheds. One 

An . culicifacies positive for~. falciparum was also 

collected from cattle shed from Noor Pur Shahan . One 

An . fluviatilis positive for ~. viva~ was collected as 

house resting from Noor Pur Shahan. 

During September 1987 three An . culicifacies 

positive for ~. vivax were collected from a cattle shed from 

Rawaldam . Two An. culicifacies positive for P. falciparum 

were also from cattle sheds from Noor Pur Shahan. Two 

An . fluviatilis positive for P. vivax were collected from 

cattle shed from Rawaldam. 
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During October 1987 two An. culicifacies positive 

for P. vivax were collected from a house in Noorpur Shahan 

and out of t he two posit i ves for P. falciparum from Rawaldam 

were collected ope each ' from a cattle shed and a hous e 

l'especU,vuly. On e 1\n. fluviatiJis d etected positive '1'01' 

Plasmoeli um vi vax was co llect cd fr.om a cat t Ie shed from Noorpul' 

Shahan and one for Plasmodium falciparum were collected from 

cattle shed from Rawaldam. In November no positives could 

be d etected. 

In March 1988 one each of An. culicifacies and 

An. fluviatiiis positive for ~. vivax were collected from 

Rawaldam. During May 1988 'one II.n. Jluviatilis, positive Jor 

P . vivax was collected Irom house . 

was found as very low an d therefore none of them were founel 

as positive for sporozoite elisa. All other species were 

similarly found as in small numbers anel none of them were 

also found as positive for s11orozotte assays. Only 11.11_. 

culi ci facies and An. fluv]' at i 1 is were found as posit i ve 

for P. falciparum and ~. vivax circumsporozoite protein. 
I 

The mosquito infections were d e tected in postmonsoon monlhs 

Le. lI.ugust, September, October and November and in spring' 

seaso n i.e. March ancl May 1988. In case of pn:Li e'nt fed 

specime ns the females with comparativ ely large number of 

sporozoi,t es s how ed high er oplica-l density . 
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DISCUSSIONS 

From the present sturti es it has appeared that not 

only An . culicifacies and An . stephensi (Rehman and Mutalib.J 

1967) but An . fluviatilis which was ear li er considered as 

suspected malaria vector has also been observed as carrying 

sporozoites . Earlier laboratory studies have s hown An . 

r i1uviatilis as capable of developing and transmitting pa.r .flsites 

(McCal'tb )-' and Clyde" 1968). The dissect ions of field collected 

specimens did not reveal sporozoite but the elisa studies 

has revealed the presence of sporozoitesfn both A~. culicifacies 

and An . fluviatilis. The elisa positives were dectected from 

the collections of August, September and October during post-

monsoon rains as well as during March and May in spring 

season. In case of patient fed specimens the females with 

comparatively large number of sporozoites showed higher 

optical density when compared with small number of sporozoites. 

It is thus concluded that the optical density observed in 
, I 

sporozoite elisa positive specimens increased with higher 

number of sporozoites and was l ess with less number of 

sporozoites. 

The number of mosquitoes assayed with Anopheles 

stephensi which is also a malaria vector in Pakistan and 

An. maculatus and An. pulcherrimus that are considered as 

suspected vectors was low because of their low density . Con-
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sidering the recommendations of Bellanca (1986) collection 

e fforts were increased . Accordin g to him as mentioned in 

his booklet, "Mosquito Surveillance Guide" that for the 

collection of Anopheline species longer collection periods 

are required because the number present may be low and that 

the index for this purpose should be bites per man per night 

and that the index for good malaria vectors may be less than 

one bite per man per night . According to him this could still 

produce a significant malaria rate even if the percent of 

infective malaria vectors were only one in 100. But inspite 

of increasing our collection efforts it was observed that 

the density of An . ptephensi, An. maculatus and An . l) ulcherrimus 

was found to be very low in the area under study. 

The number of sporozoite elisa positive specimens 

has appeared as low . It is v e ry important to consider here 

that only one macrogametocyt e is required for developing an 

oocyst and thus qne or few oocysts go away without detection 

under the microscope . Faust and Russel (19&5 ) has reported 

that at times of considerable importance in restricted areas 

every year one or more anopheline species enter into the 

category of malaria transmitters . According to Shute and 

Maryon (1957) mosquitoes can be infected with P . vivax 

even if the gametocytes are not seen in thick films but 

under such circumstances s~all number of mosquitoes with 

very small number of oocysts may be infected . It is concluded 

that collection efforts should comparative ly be more in the 
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houses than in the cattle shed s while making collections 

for sporozoit e detection. Thi s technique is very useful 

in detecting even small number of sporozoites present in the 

salivery glands. Macdonald (1957) reports that exper imentally 

mosquitoes having more than 50 oocysts de velope infections 
, 

in half the persons they bit e and if the oocysts are l ess 

than 50, then comparatively the mosquitoes will infect 

more less . 

The dissections can only be done when the specimens 

are fresh whereas elisa tests can b e performed even if the 

specimens are frozen, dried or fresh . The dissections 

required are always too ma ny and if one or ' two mosquitoes 

are f.ound as positive the sporozoite rate appears as very 

low , usually less than even 1% (Warren/ 1975) and thus usually 

the technicians feel dissection procedure as laborius and 

the sporoz0ite positive specimens may get missed unless 

dedicat e d technicians are available. With elisa large 

number of specimens can be tested at any time after the 

field surveys. The whole body of a mosquito should never 

be tested with this method . The tests should always be 

conducted on head plus thorax and not on the abdomen . The 

presence of oocysts may reveal positive elisa results b~t 

the sporozoites may not reach salivary glands and the 

mosquitoes may not transmit infections to humans. 
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Since entomologi c al innoculation rate which ~s 

the product of sporoz oit e rat e plus human biting rate is 

important for estimating malaria transmission in an are a 

and predicting malaria epidemics (Onori and Grab / 1980) ~hus 

the human feedings by 9.78 percent An. culicifacies, 

13.66 pe rce nt An. fluvia~,ili~ and 11.43 pe r ce nt. An. s tephe ns i 

can b,c · apIJllcd : for :det e rm.i ·nin g, the abov e rate .The animals 

kept in the vicinity were aJ.so observed as low at the 
I 

peripheries of the federal capital. Animal keeping is not 

allowed in these areas. However inspite of all these 

restrictions people at the peripheries of these cities 

do keep the animals for milk and small farmings. The 

feedings on man seem comparatively high. This is because 

of very close assoc iation a nd sleepin g habits of men in 

the animal yards and sheds. For estimating the malaria 
I 

transmissions this host diversion is very important. 

During postmonsoon rain season the number of 

infections detected were comparatively more than those during 

March. In March one An. culicifacies and one An. fluviatilis 

and in May one An. fluviatilis were detected and these positives 

were those of P. vivax. No p. falciparum infected mosquito 



was observed during spring season. Considering t h ese 

findings it has been concluded that malaria vector control 

efforts may also be directed towards Anopheles fluviatilis 

as well because this species dominates during February to 

July in northern areas and plays its role in malaria 

transmission . It has also appeared that though the major 

malaria transmission season is the postmonsoon season but 

the transmission is also there during spring season as well · 

though it is less when compared with the post monsoon 

season . 

Only 'An . culicifacies and An . fluviutilis revealed 

sporozoite positive results during these assays. These 

positive mosquitoes were collected from Noor Pur Shahan 

and na waldam . Both of these villages are located outside 

Islamabad City where enough chances are available for 

anopheline breeding, t 'he houses are made of 'stone pI us 

earth or bricks with and without cement . The two villages 

are right at the periphery of the city . Cows, buffaloes, 

goats, sheep and chicken etc . are kept by the villagers 

and the people are low income dwellers either working in 

these respective villag~S or they go to the city for low 

paid jobs and labour . No mosquito control measures are 

being implemented in these areas . The rains in this area 

are usually during the cold months of December-January 

and heavy rains are during July-August which supply 



scattered breeding places for anophele s . The breeding 

also occurs in slow moving shallow water streams 

going through the vi llages . Since th e present st udies 

has r e vealed sporozoit e positive An. ±'ulviatilis during 

these studies and this species prevail in most of the 

northern areas of the country, it is therefore suggested 

t hat in malaria vector control strategy) this species may 

also be considered as a target species alongwi t h An. 

culicifacies and An. stephensi. Secondly at this 

st age on ly one round of 2 gm per sq. m. malat hion is 

being sprayed as indoor residual house sprays. The present 

studies has also revealed malariLa transmission in spring 

season which was not confirmed earlier and it is t here ­

fore also suggested that vector control activities may 

also be done for cutting the spring transmission as well. 

Our findings regarding spring malaria transmission season 

has confirmed the suggestions o fq~ulueta et al. , (1980) . 

The writers earlier discussed the past data of malaria 

control programme and concl uded the possi bi Ii ty of 

malaria tran~mission in spring season alongwith ~he 

peak transmission of pastmonsoon rains. 



MALARIAL PARASITE SURVEY 

Islamabaci is locat(~ c1 in hypot~ ndemic zo ne and high 

endemicity has been recorrled from time to time. (Pe rvai z and 

Shah) 1988). Conside ring the det oc t .ion of circumsporozoite 

protei n during spring seaso n ilswell as during postmonsoon 

season parasite survey was made during Sept e mb e r-O c tober 

1988 and March-April 1988 to det ermine the parasit e s ituati o ll 

in the area under study . 

MATERIALS AND METHODS 

Slide Preparation: 

Both thick and thin blood smears were mnd e from 

different age group persons from t he villages Nool' Pur Shahall 

and Rawaldam. The slides were dried, numb ered, wraped in pape )" 

and brought into the l aboratory for further processing. Thi ck 

smear was dehaemoglobinized for 5 minutes in distilled water 

and thin smear was fixed by immersing in methyl alcohol. 

Stain preparation and staining was done as below: 

Stain Preparatio}, (Shute and Maryon , 1997 ; Faust 
and Russel / 1953). 

Following chemicals [or FicIci stain were mix e ci with 

the he lp of electric mixer untilJ. cli ssolveci. 

FIELD STAIN A 

Methylene Blue 1.6 gill 

Disodium hydroge n phosphate (Na~~llP04) 10 . 0 gill 

Potassium dihydroge n phosphate (KII2P04 )12.5 gm 

Distilled water 1000.00 CC. 

7 

f 
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FIELD STAIN B 

Eo s in 
-. ---.;,. 

2.0 gm 

Disodium hydroge n pho s ph a t e (N a 2HP04 ) 10.0 gm 

Potassium dihydroge n Phosphat e (KH 2P04 ) 12.5 gm 

Distilled water 1000.00 cc. 

Staining 

The slides were then stained in field stain as 

follows (Shute and Maryon .... 19 ~57, Faust and Russel ... 1953) . 

1. Immersed in Field Stain A for 2 seconds. 

2. Rinsed in distilled water until stain 

stop ~lowing from the film. 

3. Immersed in Field Stain B for 

2 seconds. 

4. Rinsed in distilled water and dried. 

5. The slides were then dried and observed 

under oil immersion objective. 
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RESULTS AND DISCUSSION 

348 samples were examined during September-

October 1988 and 327 during March- April 1989. The results 

are presented in table ho . 12. During Septembe r 4 

Plasmodium vivax and one .~. ~alciparum was detected. In 

P. yiva~ infections the trophozoites, gametocytes and 

schizonts were seen . One case had large number of 
/ 

trophozoi tes . The case of .!:.. falcipar_~m revealed large 

number of trophozoites and scarce gametocytes. It was 

concluded that the infections were fresh. During October 

3 E. yivax and 2 P . !alciparum cases were det e cted. P. yiva~ 

infections revealed trophozoites, sch izonts and gametocytes 

P. falciparum revealed large number of trophozoites but 
, 

gametocytes were also present. 

During March two P . vivax and one '.P. ! alciparum 

case was observed . One .~. yivax case had large number of 

trophozoites but the schizonts and gametocyt es were also 

seen. In~. falciparum case, the infection was light and 

both the gametocytes and trophozoites were observed. During 
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April two E. vivax cases were detected and both the cases 

had trophozoites, schizonts a nd grunetocytes. 

Parasite rate was found as 3.08, 2.69, 2.03 

and 1.11 during September, October, March and April respec-

tively. Parasite rate during postmonsoon malaria transmission 

season (5.77) was found as higher than of spring season 

(3.14) . The inhabitants of both the villages are frequent 

travellers and most of them daily go to Rawalpindi-Islamabad 

and other nearby areas for work and other business. Since 

both the areas under study are also tourist places, 

therefore, other travellers are also coming daily to tbese 

areas. Most of the malaria cases are therefore imported. 

Local transmission is also there because of the weather 

dondition and presence of vector species in the area. 

The capital and its vicinities have not been sprayed since 

1981 and therefore mosquito vector density remains high due 

to absence of mosquito control measures. Only the higher 

class of people in the area can protect themselves from mo 

mosquitos by using mosquito coils and other chemicals that 

are available in the local market but the middle and poor 

class inhabitants in an d around Islamabad are facing serious 

problems from the bites oJ Illo s quitos. 



BIOLOGICAL APPROACH FOR CONTROL OF 
MOSQUI TOES 

In almost all the developing and developed ~ountries 

chemical insecticides are used for mosquito control programmes. 

Due to continuous and indiscriminate use of these chemicals 

the adverse toxic effects on fishes, aquatic life and on 

other biotic flora and fauna is always threatening and the 

mosquitoes are also getting resistant towards these insecti-

cides (W' .H.O., 1976). Lack or proper kllowledge to 

the man who is actually spraying the insecticide and in the 

residents where insecticide is being used, results into human 

poisoning and mammalian toxicity . In 1976 alone 2500 poisoning 

cases were reported from Pakistan and 5 out of these were 

fatal (W . H.O., 1979) and therefore in the same bulletin of 

W. H .O. recommendations for safe use of pesticides were made . 

Due to world over increase in insecticide resistance and other 

related hazards to biotic flora and fauna, the W.H.O. expert 

committee on vector biology and control discussed and suggested 

that counter measures including the biological control of 

resistant strains of disease vectors should further be 

investigated and encouraged (W.H.O . , 1980). When compared 

these biological agents are always non-toxic o.l-the~ _ t" fishes, 

field crops or man and other mammals (Davidson and Sweeney/ 1983; 

, " 
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Mulla et al. , 1984; de I3ariac et al. .., 1987). In - the pr\J""~"~ 

studies Baeillus thuringie n ::ods II-14, Raei.llu s sphaericu!:-5 1592, 

Ne e m Mf~ lia aZ:I.<,i.ra.chta L., I3al<nin M(~ lia azcclaL':tch L., dOll1cst i e 

ducks and larv i ·v·orous f .ish have been used and compared. Th e 

de t ail s oft he s est u ct i e s h a v e b 0 en ct e a 1 t wit h s epa l' a t t~ I y . 

BACILLUS THURINGIENSIS BERLINER 

Bacillusthuringiensis (family-Bacillaceae) was 

described for the first time iri 1915 (Anonymous~ 1973). Ignofo 

(1961) studied the toxic effects of Bacillus thuringiensis ---- ----------_._ -

lHra(,kmsison pink bollworh, Pectinophora lLossypiellu • In 19G8 

~acillus ~huringiensi~ strain I3A 068 was isolat~d from dead 

larvae of .9ulex !.~_r_~al1.!?. (Anonymous,,1973). The spores sometimes 

germinate in the insects but further development is :v.ery rare. 

!Jaci 1 l: ~~ t!~':lr~ .~~~.~ r.!s;~s. cryst als get · disso Ived in alkaline midgut 

of mosquitoes and other insects and endotoxins are released. 

Proteases attack these endotoxins and change them into toxic 

proteins and thus the epithelial gut cells get swollen and 

destroyed and the larvae die away (Jo'orsberg.., 1976). Bacillus 

~..!:~~~I"!g~~n.f>j.s serotype II-14 was isolated from soil samples from 

the breading place of mosquitoes from the Negev Desert of 

Israel in 1977 (Goldberg and Margalit .., 1977~ deBarjac ., 1978a; 

1978b; 1978c) and it was named as isr aelensis by de.Barjac 1978. 

It has got subterminal endosphores and crystalS. These spores 

and crystals has got heat labile delta endotoxin, a protoxin 

that is formed during sporulation and act as stomach poisons 



for mosquitoes and other insects (Tyre 11 et a.L '~ . 1979./ . 
et al., 

Lac(3y and Lacey 1981, Armstrong/L985) . Bacilus ~hu'l' -L"E>': :""<:';c! 

H- 14 has been used against different mosquito larvae (Garcia 
et . a.l. t 

and Des Tochers ... 1979; Tyrell et al. .? 1979; Panbangred/1979; 

Sun et al....I 1980; Mulligen et al. ) 1980; Ramoslm et al.) 1982; 

Aly; 1983; Lacey et al./ 1984~ Mulla et al. .. 1984) . The 

standard bioassay for the potency assessment of Bacillus 

~huringiensis H- 14 against different mosquito larvae has 

also been developed (Mclaughlin et al. ... 1984~ Hilmy and Merdan/ 

1985). Bacillus ~huringiensis H-14 is commercially available 

in the Market under the trade names such as Bactimos , Vectobac , 

Sandoz SAN-402 and Abbott ABG-8108- (r gnofo et al. " 1980). 

Majori and Ali (1984) compared the commerci al preparat ions of 

!3acil!~~ ~huringiensis H- 14 for their efficacy as mosquito 

larvicides . Serotype H-14 is toxic to a nrn1ber of mosquitoes 

(Garcia and Desrochers/ 1980; Van Essen and Hembree ~1980; Hudso~ 

1985). Weiser and Prasertphon (1984) detected five isolates 

(three H-14, one 5a5c and one 8a8d from Culex pipiens II autogenicu~" 

larvae . By 1982 25 isolates were recorded from different parts 

of the world (W.H.O. ; 1982) . Lot of work is being done on the 

production, formulation and its efficacy against different 

anopheline and culicine mosquitoes in foreign countries 

(Bulla et al./ 1977; 1980; Chilcot et al. ... 1981 ; Klowden et al./ 

1983; McLaughlin and Vidrine / 1984; Laird / 1984~ Davidson and 

Yamamoto; 1984 ~ Aly ; 1985 ; Lacey" 1985; Aly et al....I 1987 ~ Berry 

et al. ) 1987) . :purification of i .ts mosqui tocidal and 



cytolytic proteins has a lso been done. (Hurley et a1. .... 19-87 , 

llrownbridge and Margali t ) 1987; Pe a.rson and Ward.l 1988). Its 

settling rates has been worlwd out (Mullen and lIinl<k.l 1988) . and 

mosqui tocidal proteins were studied by Hofte and Whiteley 
I 

(1989). Ahmed et al. (1988) worked on its effects u(,;ainst 

Bangladesh Culex mosquitoes. Lot of similar research work 

is being done in foreign countries on different aspects of 

this microbial larvicide whereas in Pakisban Bacillus 

thuringiensis H-14 has been tried only against Anophel€:!.3_ 
i 

culicifacies and An. ~!~lens_!. in the laboratory (Rathore 

et al. 1985) . 

BACILLUS SPHAERICUS NEIDE 

It was isolated from mosquito larvae by Singer (1.973) . . It 

is an endospore forming bacilli. Endospores are rod-shaped 

with swollen terminal position. Bacillus sphae~_~£~~ needs 

amino acids for its carbon and nitrogen sources (Singer et al ~ 

1966) and when the bacilli are ingested by the larvae, alongwith 

other gut flora they get digested in the peritrophic membrane, 

crystals - like bodies get dissolved, toxin i~ released which 

penetrates the trophic membrane and the larvae die and then 

bacilli invade host tissue, posterior gut gets swollen and 

deteriorated (Dadd , 1971). Earlier it was considered that 

the str a ins of Bacillus sphaericus do not produce parasporal 

crystals (Myers and Younsten .J 1978; Mayers et al. J 1.979; .:· -:, 



Davidson , 197 9) but; Davidson and Myers..,(1981) rep,- -.::~ed that 

highly toxic strains produce parasporal i ric ulsi ons reo~ ... :: ~ . ~ nO" 

the crystals of ~acillus thuringiensis. Bacillus sphaericus 

has got almost 30 strains. Strain SSII-I was used in early 

days (Singer/ 1974~ 1977~ Davidson/ 1977) but it was found as 

unstable and ultimately the present day dry and powder form 

strain is being produced on large scale i.e. 1593. Strain 2362 

(Singer 1985) and 2297 (Wickremesinge and Mendis? 1980) are 

also as active as 1593. The effects of mosquito larv~l feeding 

behaviour on its efficacy C Weis-er and pras.-ertphoD.. 19M ) the factors 

that influence its activity (Mian and Mulla 1983), its efficacy 

and persistance against mosquito larvae in organically enriched 

habitats (Mulla et al. ~ 1984), on its effects against Culex 

quinquefasciatus (Lacey et al . J 1984), ~ndon its efficacy and field 

evaluation against floodwater mosquitoes (Mulla et al. , 1984) 

has been reported. The effect of oxygen o,n its growth, sporulation 

and mosquito larval toxin formation has been ~tudied (Yousten 

et al. , 1984). Davidson (1984) worked on the bio 10 gical aspects 
and Garcia 

importantin~fdeld use and Desrochers / (1984) reported persistance 

and recycling. Lacey (19~5) .. worked on the production and formulation. 

Berry et ale (1987) worked for its effect on Culex pipiens and 

flood water Aedes larvae. Mulla et ala (19~6; 1987) on the 

laboratory and field studies of Bacillus sphaericus against 

mosquito larvae and . Lacey et a le (1987) worked on its long-term effocts on 

Culex guinquefasciatus. Slooff (1987) emphasised the need for 
I 

new biologicals and environmental management in t h e cont e xt of health 

for all by the year 2000 global strategy. Lace y et al.(1988) worked on 



its efficacy against different anopheline anci ",culicine larvae . 
. 

Lee(1988) and Gharib et al. (1989)worked on its is~lation and 

evaluation, Mulla et al. (1988)on the efficacy of ~acillus 

sphaericus 2362 formulations against floodwater mosquitoes 

and Laoj ana et al. l1989) against Anoppeles sundaicaus. 

In Pakistan mala~ia vectors and other mosquitoes are being 

controlled by selective spraying of malathion 2g/sq.m. in the 

places where at least one Plasmodi un falciparun or 3 Plasmodi un 

vivax cases are confirmed positive microscopically. The resistance 

hasfFl<r'eady beeQ reported in both the species of Anopheles 

culicifacies and. ,Anopheles .stephensi towards malathion (Rathore et al . 

1980~ 19813~ Ratilore and Toqir.l 1980 ) .. : 

In our country f3aci 11 us ~pha~ri_~l}~. has sO ,far not been tried 

Anophele~ ,stephen~~~ (Rathore and ''1''crqir · .... 1987). Present study 

was therefore designed to see the efficacy of Bacillus thuringiensis 

Serotype H~l~ (ABG 6145) and Bacillus sphaericus 1593 in the 

laboratory against f1nophe les fl uvi ati li~, ~.P..E_~ l~s .. ~ alC ula~ l,;U? .. , 

~nopl].~.!_e.s pulcherrim ~, AI). .. QQhe J.~~. ~n!l1JJ.arJ§. , Culex t ri t aenioQrhy'n.cJ1_l!~_ 

and ,Culex. fat igans. Both of these bio logi cal pest icides were also 

tested in small field ' trials to see their efficacy and residual 

longevity against all culicines and the anophelines present 

in the area under study. Bacillus ~huringiensis has also been 

tested in combination with neem and bakain extracts. The specific 

objectives of this study were: 

1. To see the effect of Bacillus thuringiensis and 

Bacillus sphaericus against those species that 
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haVB not teen tried earlie r . 

2. To ct!rronstrate th2 cx:.mp ara ti VB reduc tion of 

malaria VBctor abundance through larval 

control by th2~ microblal larvidcbs. 

J . To find out an integrated biological 

control approach tor tl--e control of 

mosquito vectors. 

l'1ATERIALS AND METHODS 

Preparation of bacterral 'suspensions and stains. 

'l'v,o different concentrations each of Bacillus 

thuringiensis ~rotype H-14 and .Bac~1lus ~Jhcericus v.ere UEed 
I 

for this pUrpo92. 1 ml of roth tl--e Bacillus thuringiensis 

92 rotype 1-1- 14 and Bacillus s phcericus 1593 v.ere adc.'Ed 

S2parately into 1 liter of water each and stirring was dore 

wi th magnetic stirrer for making suspensions. Now 1 m1 fram 

eacn of ~se susp:msions was taken and added separately lnto 

ano~r 1 liter ot water each for n1clking 1 ppm sUS!."Jensions. 

Gram I S stain was used for staining pUl1.::loses during 

tl-ese stuches and was prepared as follCJV.ls: 

1. Anmonium oxalate crystal violet. 

Solullon A 

i. Crys tal vi ole t 2 gill. 

ii . 95 perCEnt e thanol 2U Illl 



Solution B. 

i . AnInoni urn oxalate 

ii . lli stilled water 

38 

0 .8 grn 

80.0 ml 

SoluhQns A and B \\ere mi xed with t:.tE 1121p of electric 

mixer, kept for 24 hours and tl12n after fi ltering transfered to 

the bottle for later use. 

2. Iodine solution (mordant). 

i. 

ii. 

Iodine 

Potassium icxlice 

iii . . Distilled water 

19m 

2gn 

300 ml 

Iodine and Potassium lcxlicE \\ere mixed in ffistilled 

water in an electric mlxer and tren stored in a dark rottle 

for l ate r use . 

3. Counte rs tain 

i. 

ii. 

Saframne (2.5% solution 

in 95 % rrethanol) 

Distilled water 

10 ml 

100 m1 

LCSO and IC100 of Bacillus thuringiensis 

serotype H- 14 and ~acillus sphcericus 1593. 

Ancpneles fluVlahlis, M. annulans, An. pulcrerrimus, 

An. maculatus; Culex tri taeniorhynchus and ex. fahgans \\ere 

used for cEtennining the. I..C50 and IC100 of Bacillus thuringiensis 

H-14 and Bacillus sphcericus 1593 for t:.tEir control. T112 

IIlOi:qui to species lnc1ucEd in t:.tE present study are of rredicql 
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importance (BarnettJ 1967 ; Burney and MunirJ 19 ' ~ ,~ Rehman 
1 

and Mutalib; 1 967: McCarthy a nd Clyde/ 196B; Ludlam / 1968,­

Bar net et al. .J 1968; Balwr et al.,1968; Al<hter et al.~ 

1981; Reisen a nd Boreham, 1 982; Re i se n et al..1 1982; 

Hayes e t al.) 1982~ Igaras hi / 1987; Kamimura e t al.", 1987) . 

Anophel~s fluviatilis, An. annularis, An. pulcherrimus, 

An . maculatus, Cule x trit aeniorhynchus and Cx. fatigans 

adult collections were made and after identifications the 

f emales were kept at room temperature in me dium size paper 

cartons (height 17 cm, diameter 17 cm) for egg laying and 

larval developme nt (AinselY, 1976). Wat er was supplied in 

small cups for egg laying and 10% sugar solution soaked 1 

cotton pad was kept over the carton for t he fee ding of 

adults. The cotton pad was replaced daily to avoid fungal 

growth . The ~ggs were remove d next mo r nin g and panning 

was done for hatchin g. Some of the first instar larvae 

were separated for the LC50 and LC100 t ests and after 

on e day the remaining larvae were dilut e d in other pans 

with about 150 larvae in each e namel pan s ize 40 x 25 cm . 

Dillutions from 1 ppm were made for use in 

the t ests . 10 larvae were separated into small petri dish 

havin g 50 ml distilled water and dif fere nt concentrations 

were added into each petri d ish for running the bioassays . 

Larvae were exposed to these doses for 24 hours . There 

were three replicates and one control with eac h test. 

Liver powder was provided as food for the larvae . 
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Fie ld Tri als. 

Study are a for the fi e la trlals was s e l ect e d by 

finding the avai labi li ty ot natural di tches serving as larval 

breeding places. ldeal places were found in 'Noor Pur Shahan 

wnere 2.5 .x 4 sq.m. artificial plots with a depth of 8-10 cm 

were made around the stream. This slow moving stream having 

nearly clean water with gravel bed serves as good breeding 

place for both anopheline and culicine larvae throughout the 

year except severe winter and drought. Larvae along the siaes 

of the slow moving water were entraped alongwith water 

in the arti fi ci al plots. Bdci llus thuringie~si s H-14 and 

Baci llus sphaeri eus 1593 we re used at the rate of 1 and 2 

ml/sq . m. (0.13 quart/acre). Each concentration was uniformly 

and separately sprayed in the plots by using small fli t gun. , 

Each concentration was replicated twice and a control was 

kept for comparison of the results. Observations were recorded 

2,4, 24, 4~ and 72 .hours after in plots treated wi·th both the 

microbial pesti cides. Afte r 72 hours observations wi th 

Bacillus sphaericus were recorded weeKly. For taxing 

observations larval dips were take n, ttle larvae we re cransfered 

to clean C10U1, counted quickly and then a gain transfered 

back into the same plot. Observations for Bti we r e taken 

upto 1 week and for Bacillus sphae ricus as seven weeks 

after treatment. 
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Slide Preparation and Stainlng. 

For confirming the death of larvae due to microbes, 

25 larvae from each ditch were picked randomnly and each 

of them was torn on a ml croscopi c s li de wi th the he Lp of 

needle. 'l'he smear was demarKed wi th a biack marker, slides 

were dried and heat fixed. Then the slldes stained as fOLlows: 

1. Smear was stained with crystal violet for 

2 - 3 mi n u te s . 

2. Washed In dlstilled water . 

3 . 3 - 4 drops of iodine solu ti on we re adde d 

on the smear and left for 2-3 minutes. 

4 . vlashe d in ill sti lLed water. 

5. Decolourized with a solution of equal parts 

of acetone and ethanol. 

6 . counterstained with safranine :eor 10 seconds. 

7. Washed in distilLed water, dried and 

examine d. 



72 

RESULTS: 

Results of LC50 and LC100 tests of Bacillus 

thruingiensis H-14 and Bacillus sphaericus 1593 are shown 

in tab Ie No. . and 13 . The di fferences in the suscept i bi Ii ty 

of Anopheles fluviatilis, Anopheles annularis, Anopheles 

maculatus, Anopheles pulcherrimus, Culex tritaeniorhynchus 

and Culex fatigans to Bacillus thuringiensis H-14 are 

clearly shown as indicated in the lethal concentration 

values. Based on these values Anopheles fluviatilis and 

Anopheles maculatus (LC50 0.045-0.14, LC100 0.08-1.0 ppm) 

are more susceptible than An. pulcherrimus and An. annular is 

as shown by its lethal concentration values. Anopheles 

pulcherrimus appeared as less susceptible (LC50 0.055 - 0.16, 

LC100 0 . 09-1.0 ppm) than the other three anophelines 

tested. Both ithe species of Culex tritaeniorhynchus 

(LC50 0.03-0.09, LC100 0.07-0.18 ppm) and Culex fa;tigans 

(LC50 0.03-0.09, Le100 0.07-0.25) were less tolerant than 

the anophelines tested. The LC100 values obtained in 24 

hours were clearly higher than the LC50 values. 

> 
I 



73 

The diffe r e nces in the LC50 and LC100 of Bacillus 

sphaericus 1593 against ~().~_~e. .. 1. .. ~.~ culicifacj:~~, Anophe Jes 

.stephensi, AnoJ2h~J:"~~ fluviatilis, Anoph e l e s ~E.!!_ulari ~. , 

Anophelesmaculatus, AnoP~~l~~ pulcherrjm~s, Culex trit~eni -

orhyn~hus and ~ulex fa~iga~? are also clear as indicated in 

the lethal concentration values . Anopheles annuJ.aris (LC50 

0.06-0.165, LC100 0.12-0 . 8 ppm) was found as highly susceptible, 

AnoJ2h~.L~E! . fluviat,tli,s .(LC500.CJ7-0.17, LC100 0.1-0.7 ppm) and 

Anopheles maculatus (LC50 0.07-0.2, LC100 0.15-1.00 ppm) were 

less suscept ible than AnoJ2he le_s pulcherrimus (LC50 0.08-0.18, 
I 

LC100 0.14-0.85 ppm) . Cule~_ fatigans was J ess susceptible 

(LC50 0.025-0.075, LC100 0.05-0.16 ppm) than Culex tritaeniorhynch~s 

(LC50 0.025-0 . 07, LC100 0.05 -0.165). However the anophelines 

were found as more tolerant than the culicines bioassayed . 

B. Fie Id tri als 

Bacillus thuringiensis H-14 

Before spraying the microbial pesticides the average , 

larval dip count in 1 ml per sq.m. l?acill~§ ~huringiensis gave 

45.5 larvae per dip and in comparison control th e 
Bti 

larval density was 44.8 larvae per clip (Table 14" 15.~ Fig .. 7) . After 2 murs ofl 

application larval count was found to be G larvae per dip 

in the treated site while in control the larval count was 
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FIG: . 7 

PERCENT REDUCTION IN LARVAL DENSITY AFl'ER 
EXPOSURE TO BACILLUS THUHINGIENSIS II-14 
AND BACILLUS SPIIAERICUS 1593 . 

o ~~~t~~~~ ____ ~~~4LLil~u-__ ~LL~~~~~------~~~La~U 

,2 h~ 2 4 hr~ 48 hrs 

I 
I i 
It ' t 

- - ·T-f - 1ml/s q.m. Bacillus ~hurigiensis 
, r I 
1-- .-·1~2 ml/sq.m. Bacillus :t hurin gie nsis 

I I 
l-i- 1 ml/ s q.m. Bacillus sphaericus I 

L2 ml/sq.m. Bacillus. sphaericus. 

72 hrs 
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45.4 l arvae per dip. Larva l de nsity reduced b y 86.78 

perce nt. Aft er 24 hours of ~ppli cation the larval de nsity 

in treated site was found as zero larvae per dip and in 

control the de s ntiy was 43.6 larvae p e r dip. Th e larval 

population reduc e d by 100 pe r ce nt. Aft er 48 hour s of 

trea tme nt ther e were no larvae in the treated sites but after 

'l:C; hours cl e nsi ty in trea t e d s i t e was 50.4 l a rvae p e r dip 

and in control site as 49 . 1 larvae per dip coun t . The n 

the ob se rvations take n after one wee k s howe d larval density 

in treated and control sites as 52.5 and 48.4 larvae per dip. 

In the site for 2 ml per sq.m. the average larval 

density before spray was 48.9 and 44.8 larvae ,pe r dip in thetre~-

e d and control s it es respective l y (t ab l e 14, 15 ) . 

After 2 hours of application the larval d e ns ity 

site dropp e d to ze ro l arvae per dip count in the treated 

s it e and it was 4~.4 l arvae pe r dip count in the c ontrol 

site. 100 pe rce nt reduction in l arva l de nsit y was observed. 

After 24 hours of application l arva l d e ns ity in treated site 

was again found as ze ro larvae p e r dip count whil e in the 

control site l a rval den sity was observed as 43.6 larvae 

per dip count. I 100 perce nt r e duction in larval de nsity was 

observe d. Similarly no l arvae were seen in treated sites 

after 48 hours of treat e me nt but af t e r 72 hours of treatme nt 

the larva l de nsity again increase d and it was found as 47.6 

larvae pe r dip count in the treated s it e . In control sit e the 
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desnity was found as '19.1 larva e pC' !' dip. 

bacillus s!JhiJ.c r icus: 

sq.m. the average larvae count in treated site was observed 

as 52.1 larvae per dip and in the control site larval count 

was found as 44.8 latvae per dip (table 14 and 16, Fig. 7) • . ' 

After 2 hours of microbial pesticide application larval 

density in the treated site was found as 21.8 larvae per 

dip and in the control site as 45.4 larvae per dip count. 

H(!<iut.:tion til populatioll cl(~llsity was ~l.nH 1)(!r(~t!llt. I\rt(!1' 

24 hours of application larval density in th0 treated site' 

was zero larvae p e r dip count while 43.6 larvae per dip 

count in the control site. The reduction in larval density 

was by 100 percent. 

From 1 to 4 weeks after treatment larval density 

in treated sites remained as zero. After 5 to 7 weeks it wa s 

found as 5.8, 7.6 and 12 percent in the treated sites and 

51, 49 and 50.8 larvae per dip count in the control site. 

The site when! 2 ml per sq.m. l~acil!.':!.§. :"pha('H'i.cus. 

was applied gave 51.6 larvae per larval di.p count hefore 

pe sti c ide application. The larval density in control sit e was 

44.8 larvae per dip count. 2 hours after treatment the larval 
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dip count was ze ro and 45.1 larvae in th e tre ated and 

control s it es respective ly. (Tabl e 14 and 16, ~ig. B). ' 

100 percent larvae co ntrol was obtain e d 2 hour s aite r treat-

ment. After 24 hours of pest i c ide appli c ation theobsffvations 

showed that average larval de nsity in tr e ated and control 

sites was zero and 43.6 larvae per dip counts respectively. 

After one week of application till 6 we e ks to larval dip count 

in treated site remained as ~ero whereas in control site 

49-52.8 larvae per dip count we re prese nt. Se ven weeks after 

treatment an average of 5 larvae per dip count were observed 

in treate d site control site as 50.8. 

DISCUSSION 

Anopheline larvae wer e found as more susceptible 

to ~acillus thuringiensis H-14 with slight differences in 

their LC50 and LC100 values when compared with the same 

values of Bacillus sphaericus. Anopheles fluviatilis and .... .-

Anopheles mac~latus were found as more susceptible to 

Bacillus. thruingie!)sis wh e n compared with .Ano J~~I.es 

.annu~}ari_§ and .Al~ophele§ l2ulcherI:JJ11Us. ~n~ph~J:.§~ }luviatil~.§. , 

Anopheles annularis and Anopheles maculatus were found as more 

susceptible to ~acillus ~phaericus wh e n compar e d with AnoRh~ l ~~ 

maculatus and Anopheles pulcherrimus. Th e result s obtaine d are 

according to the findings of Rathore e t aI- (1985) who test e d 

An0E.?~ 1~_~_ cu 1 ici facies and ~nophe les stephensi a nd Bac i 11 us 

thuringiensi ~ H-14 and with the findings of 

Lee (198g.-) who tested ,Anopheles b a l abace nsis and 

~nopheles macula tus and found s u scept ibl e to Bac i ll~§_ 

sphaericu~ strain 1593, 2297 and 2362. 
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Based on LC50 and LCIOO Cule x ~ritaeniorhyn chus and 

Culex fatigan s was highly s us cepti bl e to both the mi cro bial 

larvicides. Culex larvae appeared as mor e s uscept ible to Bacillus 

sphaericus .. The results obtained are in accordance with the 

findings of and Hat hore et a le (1985). 

Anopheline larvae were found as less susceptible to both the 

microbial larvicides when compared with Culex tritaeniorhynchu§ 

and Culex fatigans. This could be due to the surface feeding 

habits of the anophelines that could not ingest large number 

of bacterial spores from the bottom of water. The Culex 

t ri t aeniorlry_nc!!u~ and ~ulex fat igans 1 arv ae are bottom feeders 

and thus fed more vigorously on the bacteri al spores. The 

results obtained are in accordance with the reports of Hudson 

(1985) whu has report e d that mo s t probably the parasporal 

crystals of Bti settle down at the bottom and that better 

results could be obtained by d eve loping floating and slow 

release formulations of Bt . H-14. 

Bacillus thurine-i e nsis H-14 s howed good initial 

to xicity but sbort res idual e ff'ect wher e as ~~~illLls 

1011 vcr ... WilliWTl et al. ' (1987) has 

reported 12 to 76 percent reduction in larval population by 

using !3acillu~ ~huringiepsis H-14 but they also did not observe 

good residual effect. According to them the larvae of ~ulex 

pipiens and Aedes r e infest e d the breeding places after 48 hours 

• 
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of expos ure wit h Bt. H- 1 4. During the present st udi es 

Bacillus thuringiensis H-14 has been us ed in combination 

with neem and bakain tree powders that h as been me ntioned 

in next chapter. From the present findings it h as t herefore 

appeared that the r e sidual ef fect of Bacil lus !huri ng i e~~~~ 

H-14 is short liv e d and is particularly effective for s u rface 
I 

f eeding anopheline larvae . .!3acillu~ ~p h aericu_~ has long 

res idual effect and i s p articularly effective for bottom 

feeding culicine larvae . Both of th ese microbial larvicides 

can be applied for reducing the larval sources in mosquito 

breeding places, however !1aci llu~ thuringiens is_ wi 11 have 

to be applied in e v e ry week. · Both of these microbial pesti-

cides will f urther be compar e d a nd di scussed with the other 

larval control approaches in the coming chapters . 



IN1'ROD UCTI ON 

INSECTICIDAL EFFECT OF NEEM TR~E, MELIA 
AZADIRACHTA L. AND BAKAIN TREE) MELIA 

AZEDARACH L. (FAMILY MELIACEAE) 

Neem Tree Melia flZadirac ht a L. and Bakain Tree ~i! 

,azedaracl]. L. fami ly meliaceae are found in almost allover 

Pakistan. Neem tree is large and evergreen. Its flowering takes 

place in the months of March to May . Fruits ripe during July - Aug ust. 

This tree is mostly used as ' for shade or firewood in rural 

areas of our country. 

The seeds/fruit and leaves of neem tree are used in indige nous 

medicine on very small scale by some people. ~elia ~adirachta 
, 

cont ains a highly oxidized t e rpenoid, az adir acht in in t he seeds 

(Butterworth and MorganJ 19(8). Neem seed oil contai'ns nimbin, nimbinin 

and nimbidnin ( Zaman and Kh a n J 1972 ). The blossoms contain 

glucoside nimbosterin and a highly pungent essential oil nimbosterol, 

nimbecetin , and fatty acids. Flowers contain , a bitter substance 

and irritant bitter oil. Fruit contians bitter bakayanin and trunk 

yields nimbin, nimbi nin and as essential oil. Bark is bitter a nd 

is used as tonic, Ie aves are antiseptic and are us e d , in ulcers, 

eczyma and as poultice to boils . Gum is use d as ,tonic in 

catarrhal affections. Oil is stimulant, antiseptic and is used 

in rheumatism and in skin diseases . The berries are used as 

purgatives and as anthelmintics (Ecyclopaedia Britanica/ 1968; 

Butterworth and Morgan/, 1968; Henderson et al. ,, 1964; Connally et al. .. 

1968). Occurance of triterpenoids and tetranort e rpenoids 

(Selanin, Meldanin and Nimbidinin) has a lso been reported in 

neem seed 0 il (He nderson et al./ 1964', Conn ally et al. ,, 196 8) • 

Neem le aves can also be used against variety of forms for external 
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application against ulce r s and s id n d iseus -, (Chopr a e t a l., 1958) . 

Effect o J l e ave s e xtrn<-;t of ~l c lia azaC\irachta has also be en 

s tudi e d agains t fourt ee n diffe r e nt s p e ci es o f pathoge nic a nd 

nonp athogenic bact e ri a ] s pec i e s and tl)('~ bac t e rial cxt rac t has 

!Jee n found a s acLive again s L Sarc'Ln.ia Jutia, all si x :-:;\:ruin s 

oJ St aphy 1 ococc:us aureus us ed in the s t udtes, BacLllus ccre us 

and Baci 11 u:-:; subL i lis (Sheil(h und Vahidy, 1983). Sma] 1 J res h 

branche s of neem · t'ree are also used as tooth brushes (miswald 

by people and for the past many years experience it has appeared 

that the se chewing sticks or tooth brushes have not shown any 

visible toxic effect on man: Chewing sticks have variable 

antimicrobial activity against 13actllus subtiJis, !!. thurl.ngien s is, 

~. megaterium, E. coli, Serratia maroesoens, Pseudomonas aeroginos~, 

Prot e us vuJgaris, Staphyllococcus aur e us and the fungt AspergiJ 1 us 

niger and A. f lavus (Khan e t al. , 1 985 ) 

Bakain or Persian Lilac Melia azedarach ~ . family 

me Ii ace ae is a decid uo us tree h av i ng darl( grey bark. I ts local 

nameS are drek or bakain. Leaves ar e 9-18 inches long and bi or 

occasionally tri-~innate. Leaflets are 3-11, opposite or nearly 

so, ovate or lanceolate, glabrous, aClUllinate, serrate and some 

times lobed. Flowe rs are :3 inches long and fragrant. Drupe is 
I 

5 inches tli ametcr, glo bose, 5-ce lIed and 5 seeded or fewer. 1 t 

ripens in March-May and the fruit ripens in cold season. Its 

leaves, !Jark and fruit mesocarp has got bi tter taste. Tlw 

lor( ! ( ) gl'ow s at cLLl'r e n : nLs s oil s ;Ind s ituutioll::; all OV!,~ I' 

PakLsL:11l :IIHI is :::; aJd 1.0 IJ (~ indLg(!lluLiS 1.0 .Jhe -lulIl Va -I l e y 

(P:ll'k( ! I',I D1 B). 
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It has bee n reported that the plants of funlily 

me liacen.o co nt ai n i.n sec ticidal e f fect (Chopra , 1928 ~ Chopra 

ct al. , 19S8). Tho,extract s of' !!~ Ila ~zad1rachta L . and ~l e lia 

(Lzed arLtr.t , L. has bee n used as a phagore pe ll e nt against locust s 

(Butt erwort h a nd Morgan , 1 968; Lavj e .' e-t al.,' 1967). ~ 

Neem see d ext ract s has bee n us e d against Aed es aegypti 

with only 2.6% fourth instar larvae mortality with 20 ppm 

extn)(::t in me thanol (Zebitz/ 1984). It has also bee reported 

that Pte. togi (the obald) and An. stephensi L,iston mosquito 

s pec ie s ar e comparatively mor e susceptible to neem seed extract 

wh e n compared with Aedes aegypti (Zebit z / 1981; 1(86). Neem 

l eaves extract has bee n u sed against the larval stages of 

Cul ex fatigans (Chavan e t a1. , 1979). Melia yolkensl:i,. seed 

extract has bee n used against Aed e s aegy pti a nd it was found 

to have mo re to xic effects (Mwangi and Rembold/ 1987; 1988) 

than th e n eem se e d extracts in e thanol (Z e bitz
J
1984; 198G) . 

Mwan gi and Muldama (1988) u se d the extract from Melia voll<ens ii 

against Anophe l es arabi e nsis and obtaining a n LC50 of 5.4ug/ml 

in 48 hour exposure period. So far no researc h work has bee n 

done on the larvicidal value of e ither the Neem, hlelia azadirachta 

L. or Bakai n, Me li a azedar,l· ... h ~. agai nst Pal<ist an mosquito species. 

These trees are naturally available almost allover Pakistan. 

T I} e r e f'Ol' U :i. n L h ( -~ prese n tl'e~:-lr. a r e I) pro gr iunmc, 1 a])o l' at 01' Y 

t he ~ mo s q 1I i. to 1 a I' V a c ida 1 c f I' (' (; t; o f' t: I' c e)s . 

Extl ' acL h ;l:-l I)( ) ( ) II o llLailw ci Il y d.i. f' f' u )'( ~ n t 



me thod s and powder ha~ hC()11 P I'l' lHlr f) c\ by maceratin g and p:l' inC\in g 

the ] e aves and irui t. T I](~ s(~ ]1l'C)p:1r at i o n s wer e ll s()d and t I lUl1 

and compared to sec the laJ'vi c illa 'l (J l'r l~ <..:L; 01' boL;il the neelll 

and bal~ain tree against Paki~L~ln mo !:> quito species. SpeciJic 

() h.i () c t i v e s u J t 11 iss t u d y w () r e : 

1. To see the effect of Ne c l11 and Dal~ain tree 

extract in reC\ucing mosquito d e nsities . 

2. To see the combincd ef f ect oJ Qaci.]~J:~~ 

t hu~:hr~g~:~.!~ ?_~~ II -14 p I us neem tree. 

3. To sce thc combin ed larval c ontrol e fl' ec t 

of Dt. II -1 4 and I3aJ.i:ain t r ec. 

tJ. . '1'0 d e mon s trate 1:118 cOll1pal'aU.ve l'l' c!ucl:.io n () I' 

malari a v ecL or abundance through 1 arv a 1 co n t 1'01 

by thesc bioJogical vcctor control methods. 

5. To select some of the suitable biological 

mosq tii to co nt 1'0 1 appro aches :for t he idea () f 

shifting from L;he :large scale usc of chcmica] s 

towards biological approaches for integration 

into national mosquito control progrrunmcs. 

6. To see the toxic effect, if any, of neem and 

bal<ain extracts on mammals. 

MATERIA~ AND METIDDS 

Laboratory Trial 

A. Jo:xL;rael,:i.on .i.n simple' w:IL;()I' : 250 grams each of Neem and 

13alutin tree leaves were 1xli l e cl sepllraLc]y in 1 liter of' tllP wal.l' I' 

each until 100 ml extract w aS l e Jt . The solution was cooled ilnd 
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then used to see its effect on 3rd and 4th instar 

larvae of different anophelines and culicines collected 

from Noor Pur Shahan . Mo s q ui to faun a present in the 

area is Anopheles culicifacies, An. !3 t e12 heJ.1S i, An . 

. splendid\ls, Culex ~ritaeniorhyachus. Culex fatig3-n:::;, 

Aedes ?-lbopictus, .Aedes ~.~lj.~inus, be. walb!1§. and 

other anopheline and culicine complex found in the 

area in small nunbers(Sholdz et al." 1988). Ground Neem 

seeds (fruit) were also tried for determining their toxic 

effect if any on mosquito larvae. Mature dried fruit 

were ground in mortar with pestle and were used as powder 

and as powder extract at the rite of 70 and 140 ul/ml 

for trials against mosquito larvae. For getting powder 

extract 50 grams of n eem seed powder was boi Id in 500 ml 

of water until about 100 ml was l eft . This extract was 

used to see if it gives better results than .. the powder 

itself. 70 and 140 ul/ml of neem tree leaves and fruit 

extract and 50 gm fruit powder was used separately 

against 20 field collected 3rd and 4th instar anopheline 

and culicine larvae in petri dish and the experiments 

were replicated three times. Controls were also kept 

for comparison and the observations were recorded 
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6 and then 12 ho urs after exposure wi th the larvae and 

daily after exposure of unide ntified mosquito pupae. 

Liver powder was provided as l arval food during the 

experiments with ri1O s quito larvae. For pupae collections 

were made from the field and 50 unide ntifie d pupae we r e 

exposed to 140 ul/ml of the extract in small sized 

cups and these cups we re the n placed in pape r cartons 

for adult emergence. 

B. Extraction with Sox hl et Apparatus Method 

(Vogel , l964) : Fresh neem and b akain leaves/ fr uit wer e 

collected and dried separately at room temperature. After 

macerating 10 grams of the le ave s were weighed a nd wrapped 

in a cot ton clot h . These I e aves were t hen in the Soxeh l e t 

apparatus. 125 ml of Ac e tone, He xane and distilled water 

(53: 44: 3) was also added in thi s apparatus in the flask . 

The So x hl e t Apparatus was then place4 in a water bath 

with the help of a stand. The water bath was turned on 

until the temperature reached 80 ± 4°C. 

centrigrade. The apparatus was cooled with the help 

of cold water connected from the water tap to save the 

apparatus from overheating. 
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. Ten cycles for the e xtraction of principles 

from leaves were done for this purpose . At the end of 

extraction the apparatus was cool e d by connecting the water 

bath with water tap, adding cold water and removing hot water 

from the water bath. The extract was then transfered into 

separating funnel and the funnel fixed in the stand to separate 

acetone-hexane from the crude leaves extract. Acetone-hexane 

formed an upper layer and the extract at the lower in the 

funnel. The extract was removed by opening the tape of the 

funnel, transfered to a separate bottle and stored in the 

feezer for bioasiay tests against mosquitoes. 20 larvae each 

of Anopheles Bulicifacies, Anopheles stephensi .and Culex 

tritaeniorhynchus were tri e d during these assay s . The re were 

three r e plications and one comparison control. 

C. Extraction in Ethanol, Methanol and Acetone: 

250 gram of neem and bakain :F ree fresh leaves and fruit were 

weighed separately and cleaned with tap water. These leaves 

and fruit were macerated and were then soaked in 25 0 ml of ethyl 

alcohol, methyl alcohol and acetone separately in a 600 ml beaker 

covered with paper lid and were kept at room temperature for 

overnight. 

The extract was then filter e d to separ~te from leaves, 

fruit or its coarse particle s and kept in th e incubator at 50 
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degr ee centrigr ad e for five days untill about 25 ml cr ud e 

extract was l eft at the bottom of beaker. The incubator had 

a s ma ll opening at the top for expelli n g the vapOJrs of et hy l 

alcohol, me thyl alcohol a nd aceto ne. Thi s cr ude extract was 

the n stored at 4°C for laL 8 1' use . 

Since the mortality obs erv e d with tap water extract 

after 12 hours of ' exposure was nearly the s arn e for both the 

species o f Anophe l es culicifacies and Ano~J es stephe nsi, 

therefore twenty 3rd plus 4th i~star larv ae of Anoph e les 

culicifacies and Anophe l es stephe ns i mi xed in 1 : 1 were used 

into a small sized petri dish during this expe riment. 50 ml 

tap wat er was added into this petri dish and Ii ver powder 

was also provided as food to these larvae. The Crud e Extract 

from neem l eav es and fruit at the rate of 0 . 8 ul a nd 1.0 ul/ml 

was added into 50 ml of tap water in the petri di s h having 

larvae with the help 6f prec ision microlit er pipette . 

Observations were recorded after one hour interval 

till death of larvae or then the final re adings were taken 

after 24 hours of starting the experiment. Exp e riments were 

replicated thrice and three controls were also ke pt for 

comparison of the results. 

Both Anoph e l es culicifacies and Anopheles stephensi 

pupae mi xed in 1 : 1 ratio were a l s o exposed to 0 .8 and 1.0 ul/ml 

of tap wat er for determinin g the growth inhibitin g effect of 
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the crude extracts. Obssrvations for this purpose were 

recorded afte~ 24 hour s of e xposure . Expe riment was repli-

cat e d thrice and a control was ke pt f o r comparison of the 

f indin gs. 

D. Labo ratory bioassays for lethal co ncentrat ion 

(LC50 and LCI00) o f Melia azadi rac ht a L. a nd ~lelia azedarach L. 

Bio assays for determining LC50 a nd LCI00 values 

of Meliaazadirachta L. and Melia .~e d .9:rac h L. again st l arv ae 

An. annul ar is, An. p ul c he rrlmus, An. ma c ulat us , Culex _ .. ----~. -- .-- '-' . - . .. . . -----

tri taeniorhynchus and Cx., fat!..gans were don e simil arly as 
---.~---- - -- .---- --~--

with those o f ~~gil ~u~. t huringie nsi s a nd Bacillus sp haer i c u§ .. 

250 grams of leaves a nd frui t of both the neem a nd bakain 

tree were macerated a nd soaked in 25 0 ml methanol separately. 

Next morning the extract was filtere d a nd was kept in the 

i n c ubat or at 50°C for t h u Gvaporation 0 r 

methanol untill 2 ml extract was left. Thi s extract was 

the n assayed against l arvae o f di fferent mosquito spe cies ~ 

Bat c hes of 10 larvae of 1st to 4t h instal' were separately 

expose d to different co nce ntr at ion s of t he extracts fo r 24 

hours. There was three replications a nd one control for 

comparison with each con ce ntr ation. 
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Fie.Ld Tria ls: 

Aft er getting results irom laboratory trials, 

both the l eaves extract and fruit powder were tri e d in 

field conditions for determining their eIlect on mortality 

of different anopheline and culicine mosquito larvae present 

in the area under study. Extract and powder preparations 

were done similarly as described for laboratory trials but 

this time whole quantity (250 gm) of the leaves extract and 

powder prepared were added separately into 1 sq. m. 

ditches prepated for this purpose along the stream in 

village Noor Pur Shahan. Most of the larvae in the area 

were those of culicine mosquitoes therefore anopheline larval 

collections were made from other breeding places in near by 

places and these larvae were then added into the ditches for 

trials. The depth of water was 9 to 11 centimeter. About 

half the buck~t o~ water was daily added into these ditches. 

Total noo1ber of replications were thre e and a control was 

also kept for comparison of ' the results. Observations were 

made by t aldng dips by using a cup 500 ml capacity. Observa­

tions were taken before and then daily afterwards from 

start of the experiment. 
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Combination of Neern and Bakain Le af/Fruit Powder 

with Bacillus thuringi e nsi_~ H-l t1 . 

Considering the larvicid al ef f ect of both the 

neern and bakain extract a nd t he s hor t resi dual effe ct of 

Bacj. llus. t hurin gie nsi_~ H- 1 4, the extracts (powders) were 

trie d in cornbinat ion wi t h ~aci 11 us t hur i n gi~}1 ~1.§. H-14 to see 

if these combin atio ns g iv e better results for the control of 

mosq ui to vector species . Si nce Baci 11 ~~ ?_pl'!.~~!, i_~ y~ has long 

residual effect it was therefor e not tried in combination 

with these powders . Leaves and fruit of these tree were 

thoroughly dri e d separately a t room t emperat ur e a nd we r e 

finely ground into powder with the help of electric grinder. 

2.5 x 4 sq.rn. artificial plots havin g 8 - 10 cm de pth were 

prepared around Noor Pur Shahan stream. Plots were tre ate d 
I 

with 2 ml/sq.m. Bacillus !huri~iensif? H- 14 and 250 fi!)nJsq.m. 

l eaf/fruit powder us e d separately and broadcasted in the plots. 

Since the anoph e line density in the plots made for this purpose 

was v e ry low, Anoph e l es ~ulicif aci es, ~pheles !1: uvi at~lL~ 

and ~QP_hel~~. ? tephe ns i_ adult collections were there fore 

don e a nd after egg l ayi ng a nd raising l a rv ae in the laborator y , 

these wer e rleased in the field plot s . Lots o f these l a rvae 

wer e released into the plot s only a t the start of the bioassay 

trials. There were three replications for each treatment. The r e 

was one comparison co nt rol for eac h of the culicine a nd 
, 

a nophe line group. Larv a l de ns ity wa s observe d before and 

after treatments by taking larval dip counts with the h e lp of 

s t a nd ard 500 ml capacity dip. Observations were recorded 2,4,6,8 

ho urs after treatments and then d a ily till the effect of 

treatment was o ver. 
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SAFEI'Y OF NEEM AND BAKAIN TO MAMMALS 

People use small branches of both the Neem and 

Bakain tree as tooth brushes (miswak) in our country. It has 

be e n observed that th e constituents of these tre es does not 

show toxic effects on the people who use these tooth brushes. 

Considering the insecticidal properties of these trees, the 

extract from both the leaves and fruit of these trees was 

given orally and subcutaneously to albino rats, !lat:!:!.§. 

~~~tic~~ for determining the toxic effects on the these 

animals. 

20 days old female albino rats were selected and 

separated into the cages. 26 Groups of 6 females each were 

kept in separate cages and observed for the abnormalities 

if any already present in their health. Only healthy and 

active females were selected. 0.1, 0.2 and 0 . 3 cc of the neEm 

leav es , n eem fruit, bakain leaves and bakain fruit extracted 

separately in methanol as described earlier was given orally 

to 12 groups. 12 groups were injected the SlUne quantity of 

extract subcutaneously. One group was kept as contro] with 

nothing but ordinary fceel and the other with 0.3 cc methanol 

for (:omparison of th e results. Fe(-~ rI for these rats wa s 

pl't~ pal' ed by mixillg and tilell dl'yillg' Lhe fo]]owing ingl'cuicnL:::;. 
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Wheat flour · 2 kg 

Poultry feed 5 l<:g 

Fish meal 1 l<:g 

Mollasses 100 g 

Water 3 liters 

Weight of body and internal organs 

The females were weighed 20 days after giving the 

extract. Rats were also observed daily for the visible patho­

logical abnormalities, if any. After 20 days the females were 

dissected to see the pathological abnormalities and their 

liver, lungs, spleen and kidney removed and weighed. Since 

blood s ample was taken from the h e art, the we ight of he art 

was therefore not taken for observations. 

Haematological Parameters 

Blood was collected from the heart in heparinized 

vials. Serum was separated and estimation of haemoglobin (Hb) 

according to Van-Kamp a n and Zij lstra (1961), pached cell 

volume (PCV) according to Strumia et al. (1954)., total 

leukocyte cou~t (TLC) and total erythrocyte count (TEC) was 

examined to calculate the mean corpuscular haemoglobin (MCH) , 

mean corpuscular volume (MCV) and mean corpuscular haemoglobin 

concentration (MCHC) according to Daci e a nd Lewis (1977) . 



RESULTS WITH NEEM 

A. Extraction in Simple Wat er: The 3rd and 4th 

instar anopheline larvae when treated with 70 ul/ml , l e aves 

extract gave only negligible mortality of 3.3% within 6 hours 

after exposure but when the observations were take n 12 hours 

after exposure all larvae in three different replicates died 

except 2 larvae in 3rd replication and thus an average of 98% 

mortality was observed 12 hours after exposure. 

with 140 ul/ml of the n eem leaves extract all larvae died 

within 6 hours of exposure giving 100 percent mortality 

When 70 ul/ml Neem leaves extract was used 

against field collected 3rd plus 4th instar culicine larvae, 

it killed all the larvae within 12 hours after exposure 

when t reated with 140 ul/ml 0 J the s cune ext ract all culicines 

died wi thin 6 hours after exposure. I n control experiment all 

culicine larvae wer~ still aliveCtable 2 0· There was significant 

difference in the mortality due to 70 ul/ml and 140 ul / ml 

neem leaves ext ract (X 2 =10.526, df=l, P(O . 05) aft er 12 hours 

of exposure but there was non-s ignificant difference between 

the mQrtality of anopheline and culicine mo~quitoes due to 

neem leaves extract (X 2 = 2.020, df=1, p~0.05). 



In cas e of exp e rim e nt with NeGm fruit powd e r 

on 30 field collected a noph e line l a rvae both the do ses of 

3 and (j gm per 50 ml of water we r e effect iv e in Idlling 

thes e l arvae during exposure period whe reas in comp ariso n 

co nt r ol all 30 larvae were aliv e (tabl e - -20). 

Wi th 70 ul/ml Ne em i'ruit powder extract wh e n 

observations were taken 12 hours after exposure average 

anopheline larval reduction was observed -as 51% and after 

24 hours of exposure an average of 90 percent reduction was 

observed . In control experiment only one larva died during 

this p e riod. 140 uI/ml Neem fruit extract reveal e d 87 percent 

mortality after, 12 ,hours of exposure and after 24 hours 

the mortality was observed as 100%. In control experiment 

all larvae were still alive Crable- ~--·2o-)~ ·· .: 

Vlitb 140 ul./ml leaves and fruit extract adults 

should have emerged one day after starting the experiment 

with pUpae but no emergence was observ e d one day aft r 

starting the experiment. Pupae started dying and 77.3 

percent pupal mortality was observed within 3 days of 

exposure. In control experiment only 2% mortality was 

record e d. Neem fruit powd e r extract rev eal e d 100 percent 

pupal mortality after 1 day of exposur e (Table- 17 - 19) 
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B. Ext ract ion with So x hl e t Apparatus Met hod 

(Vogel 1964): The extract obtained with this technique 

did not give kill in e ithe r s pecies of the mosquitoes. 

Th e highes't concentration of 10 ppm neem seed extract gave 

an average of 15 and 10 percent mortality of Anopheles 

culicifaci es and gu]ex tritaeniorhynchu~ respectively. The 

extract did "not kill the larvae of Anoph e l es stephensi during 

24 hours exposure period. These results could be due 

to the diffe r e nces in the boiling point s of the solvents 

used and the seeds and leaves of neem and bakain trees. 
I 

C. Extraction in Eth anol, Methanol and Acetone: 

Laboratory reared 3rd plus 4th instal' l arvae of Anophele~ 

culicifacies and Anopheles ~tephenSi whe n exposed to O. S and 

1. CCUI /1n 1 of Neem leaves extract in et hanol only a 

non-s ignificant difference of 13.3 and 16.7 p e rcent r espect -

ively was observed after 24 hours of exposure period 

(Table-21 ). With Neem l eav es extract in me thanol 46 and 

55 percent r espective mortality was observed after 8 

hours of treatment with 0.8 and 1 . 0 ullml extract and 100 

percent after 24 hours with all the treatments. 0.8 and 

1.0 ul lOll of l eaves extract in acetone revealed 51.7 and 

53.3 percent mortality r es pe ctively. 



Both 0.8 and 1.0 ul/ml of fruit extracts with ethanol 

and meth ano 1 r ev e al c d 100 percent mortality after 24 and 7 

hours of exposure respectlvely. With acetone extraction 

0.8 ul/ml extract revealed a mortality of 8.3% whereas with 

1.0 ul/ml of acetone extract mortality was 78.3% (Table-2-2 ) . 

The fruit extract revealed better kill with methanol 

extraction when compared with ethanol and acetone (X 2 =84.878) . 

The extraction with ethanol also revealed better anopheline 

larval mortality than acetone (X2=16.338). It appeared that 

there was no significant difference between different 

concentrations o£ ethanol extracts (X 2=0.261). There was 

non-significant difference between different concentrations 

of the extracts with methanol and acetone (X2=00,0.033, 

df=l) . Significant difference between the seed and leaf extract 

in ethanol was observed (X 2=8;571). Fruit extract revea led 100 

percent mortality ' after 24 hours of exposure. 

There was nen significant different between leaf 

and seed extract in methanol (X 2=100) and both the extracts 

revealed 100% mortality after 24 hours of exposure. When the 

leaf and fruit extract in acetone was compared it appeared 

that fruit extract significantly revealed higher mortality 

after 24 hours of exposure (X 2=21.539 , df=l, P 0.05). 
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D. As regards the LC50 and LClOO values, with neem tree leaves 

extract Anopheles culicifacies, Anopheles fluviatiLi,§ and jillopheles p1aculatus we 

more susceptible showing LC50 as 0.35 and 0 .3 ul per ml 

respectively. Anc?I~.h~l~.~ §.!~p'_he nsi (LC50 0.25-0.45), Anopheles 

annularis (LC50 0.3-0.45) and An2P...heJes. Rulcherrimus (LC50 _ ._-----.-.. .. 

0.3- 0.5) were found as l ess susceptible when compared with 

An. ~ulicifacie~, .An. fluviatilis and .An_ .. l!lil-_cu.Lat J:!§. . Results 

are shown in tabJe-23 . All the a nophelines tested wer e fo und 

to be less susceptible when comp ared with ~ ulex ~r it aeniorhynchus 

and Culex fatigans. With neem fruit extract Anophe lesc~lici 

facies(LC50 0.2-0.4 ul per ml) a nd Anophe le~ stephensi 

(LC50 0.2-0.~ ul/ml) were found as more s usceptible than 

An012.hele~ fluviatilis (0.3-0.45 ul/ml) , £l.nophele~ I?aculatus 

(0.3-0 .45 ul/ml), jinopheles ~nnularis (LC50 0 .2-0 .45 ul/ml) 

and Anophele~ pulcherrimus (LC50 0.25-0 .45) . Results are 

shown in tabl&- '24 . There was little difference in the suscepti-

bility of either 'the anophelines or culicines to the extract. 



RES ULTS WITH BAKAIN 

A. Extraction in Tap Water; Wi th 70 ul/ml Bakain leaves 

e;-..'t ract anopheline motaJi l y was a bse rved as 85. 8% after 6 ho urs and 

as 100% after 12 hours of treatment. With 140 ul/ml treatment 

100% mortality was obtained after 6 hours of exposure ~ , . 
~ < -

Ivitb c uli ci ri e larvae 70% mortality was obtained after 

6 hours and 100% after 12 hours with 70 ul/ml. With 140 ul/ml 
I 

treatment 100% mortality was obtained aIle!' G hr's 0 1" e"'posure . 

The effect of 70 ul/ml Bakain fruit extract revealed 70% mortality 

after 6 hours exposure, 95% after 12 hours and 140 ul/ml extract 

reve aled 73. 3% after 6 ho urs and as 100% after 12 ill'S eXI:Dsure . . :,. 

With culicine larvae 70 ul/ml fruit extract gave 59% and mortality 

after 6 hours of exposure and as 87% after 12 hours. 140 ul/ml 

treatment gave 97.5% mortality of culicines after 6 hours and 

as 100% after 12 hours of exposure (T able ~ 25). There was 

significant difference in the mortality due to 70 ul/ml and 

1 40 ul/ml bakain leaves ext ract (X 2 =5.128, df=1, P <.. 0.05) after 

12 hours of exposure but there was non-significant difference 

between the mortality of anopheline and culicine mosquitoes due 

to bakain Ie aves ext ract ( X 2 =0.00, df=1,P < 0 . 05) . 
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When unidentified mosquito pupae were exposed to 

a dose oJ ]/ )0 ul/m1 ba\<.uin leaves extract the adult emergence 

was dl!lay(~d Ily 1 day. Leaves l!xtl'act l'evealed 94.6% and fruit 

extract as 63.3% pupa] mortality 2 days after exposure 

13. Hesults with Extraction by Soxhl('t Apparatus: 

The extract wi th this method did not rev(Jal any I arval control 

revealed 10 and 5 percent respective mortality . The mortality 

C. Results with Ethanol, Methanol and Acetone: With 

0.8 and 1.0 u OI/n,ll() :t!" extr act 1n ethanol pel'cl~nL m()]'L:t °liL~1 n l l:-;('I'V -

in met hano 1 8ri.3 and 00 perccnt l'mpective mortality was o DsClvccl aIt C1' 

8 hours of exposure and as 100 percent after 24 hours. With 0.8 

and 1.0 ul/ml of the extract with acetone a respective mortality 

of 45 and 46.6 percent was observed when the observations were 

taken 24 hours after expos ure ('1' able- 29). 

Last season fruit extract in ethanol at 0.8 and 

1.0 ul/ml gave 46. (i and 55 percent anopheline Imval mortality at't(;~r 

21 hours 0 r exposure. The ehtract in m8thano] ilt the same concentrations 

gav8 J5 and 58.3 percent mort ali ty aJt8r 8 hours exposure ancl 100 percent 

nl'ter 21 huurs C)'q"Dsul'e. The (:)xLt'act in acetone revealed 93.3 tmel 95 pe rcent 

nnrtali ty after 8 hours eXI"DSLU"e whereas 100 p8rcent after 21 hours exposure 

at 0.8 and 1. 0 ullml crme extract respectively (Table-51). With the fresh 

balmin Jruit extract 98. 3, 100,100,100,51, aJ1c1 62.6 percent respective 

mortality was ob3erved with 0.8 and 1. 0 u1/ml of the eJ\.'1:ract in ethanol, 

methanol and acetone after 24 hours of exposure ('1' able- 30). 
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D. Wi th b a kain tree l eav es extr act h no p he l es 9 ulicifa~ies 

(LC50 0 . 35 - 0 . 6 a nd LCIOO as 0 . /15-0.8 u l / ml ) a nd An . . ,macul a tus 

(LC50 as 0 .4-0 .60 a nd LCIOO as 0.5 - 0.G5 u l/ ml) were found to 

b e more susceptible than t he othe r anopheline species i .e. 

Anop h e l es f luv iat ili s (LC 5 0 0. 4-0. 6 a nd LCIOO a s 0 .45 - 0.75 ul/ml) , 

~~ . ~ L (J p!J (J~~i (L, C50 'as 0. 35 - 0. 6 a nd LCIOO as 0. 1 - 0.7 5 ul/m}), 

Ano p h 13 l es ,,!: nnu! .§Ti§ , LC 5 0 as 0 ~45 -0.55 a nd LCIOO as 0.55 - 0.80 

ul / m]) , An. Rulc he rrimus (LC5G 0 . 3-0.55 a nd LCIOO a s 0.45 - 0.75 
I 

ul/ml). Cule x ~ritae nior hynchus ~LC50 0.3- 0.55 a nd LCIOO 

0 . 3.5 - 0. 6 5) a nd Cul ex fatj. gan ~ (LCbO 0 .35 to 0. 55 a nd 

LCIOO 0. 4 5 - 0 . 55) we r e a lmo s t e qua lJ y uscept ible (T a ble - 31 ) . 

Wi t h b a kain t ree fr uit ext ract An . macul a tus (LC50 

as 0.35 - 0 . 65 and LCIOO as 0 . 45 - 0 . 8 ul / ml) was found as more 

susceptible tha n Anophe l e s culi c if ac~~_~ (LC50 0.45 - 0.7 and 

LCI OO as 0 .55-0 . 9 ul/ ml) , Anop heles f luviatili ~ (LC5 0 · 0 .5-0 . 7 

a nd LCIOO as 0 . 6 - 0 . 95 ul/mD, fin . s t e phe ns iCLC50 as 0 . 45 - 0.75 

and LCIOO as 0. 5-0.85 ul/ml), Anophe l es a nnul ari s CtC 50 

0.45 - 0 . 55 and LCIOO as 0 . 55 - 0.08 ul/ml) a nd An. pulcherrimus - . ~-

~C50 , O. 45 ~0 . 7 a nd LCIOO a nd 0.55 - .085) . The r e wa s n e gligibl e 

differe nce in the s usce ptibilit y of these anophe line speci es 

from t h e l arva~ of Culex t ri t ae niorhynchu~('LC50 O. 35 - 0 . 58 

and LCIOO as 0 . 5 - 0.8) and Cule x f ati gan~ CLC50 as 0 . 35 - 0 . 65 

and LCIOO as 0 . 45 - 0.75 ul / ml). The r e sul ts are d e pict e d in 

t a ble-3:! .The re was a little dif fe r e n ce in t h e mort a lity of 1st 

a nd 2 nd instar CUJ.:.ex ~ri t .§:~n ~?.~ hy~~,Q~~ with baka in leave s extr a ct. 

Both the a nophe line and c ulicine l a rv ae we r e mor e s usc e ptible 

to neem f rui t ext ract as c omp a r e d to n eem l eav es. Neem extr a ct on 

t he whole was fo und as more i nsecticida1 when compared with the 

mort a li t i es with b ak ai n ext r act . 

,-
j 
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FIELD TRIALS 

In field tri a l s with Neem leav e s e xtract average 

larval density(t £'.'-~':'-~39 3.4' :) in three replications was 34.3 

larvae before starting the e xp e rime nt. Aft e r on e day of 

exposure average larval density ,in treat e d si tes dropp e d to an 

average of 13 . 5 larvae, after two days to 10.7 larvae, after 

three days to 9 . 7 larvae, after four diys to 11.9 larvae, 

after five days to 16.6 larvae, after six days to 25.3 larvae 

and after seven days the density observed was an average of 

33.8 larvae. Percent larval density reduction after one day 

of expos ure was 63.5, after two days 71, after three days 

75.5, after four days larval density againstarted increasing 

and the ' percent reduction went down to 66 . 00 percent, after 

five days it was furth e r down as 55.1 perce nt, aft e r six days 

38.1 percent and after seven days percent reduction 

in larval density was nonsignificant when compared with 

the control. In control experiment average larval density 

seven days after start of the experiment was 38 larvae per 

d · Neem seed powder treatme nt :r:eve alEd . (trlbl&35,3.6 )an average of 36.9 lp. 

larvae per dip count before tre atment in thr ee of 

the replications . One day after treatment average larval densitywas 

down to 14.6, two days after to 10.2, three days after to 10.9, 

four days after to 17.1, five days after to 22, six days after 

to 27 and seven days after to an average of 35 larvae per dip 

count. After one day of the treatment percent reduction in 

larval density was 60 . 5, after two days as 61.6, after three days 
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as 71.3 but on fo ur t h d ay aiter treat me nt the larval density 

agai n start ed increasing and perce nt red u ctio n went down to 
I 

51.1, on fifth day to 40 . 5, on sixth day to 34.4 and on 

seventh d ay it went down to neg li gible differe n ce of 7.9 

pe rce nt . Mortality due to neem l e av es extract (X2 =4. 792), 

d f=l, P.t.0.05) a nd neem fr uit extract (X 2 ==6 .0 37 , d f=l, pc(0.05) 

di ffered ~igni ficantly wh e n compared with th e mort a lity in 

comparison cant 1'0 I (Fig. 9). 

Larval density in the plot s treat e d with Bakain 

leaves ext ract :rertlained as low upto 5 days after 

tre atment but on fifth day t he Jarval de nsiLy s L::LtLed increasing. 

The results are present e d in tables 37 - . an d 39. 

Average larval d e nsity in plots where treatme nt s of l e aves 

extract were g ive n was found as 35.7 larvae per dip count 

before starting the exp e riment. In control average larval 

density was record e d as 34.8 larvae p er di p co unt a nd there 

was non-significant difference between treated and con t ro l 

plots . Wh e n the observations were taken 1 d ay after tr e atment 

average l arval density in treated plots d ropped to 8.5 while 

in control it was an average of 35.8 larvae per dip count. 

P·ercent reduction in larval density obse rv e d aft er 1 day of 

expo s ur e was 76.2 %. Afte r 2 days of exposur e average larval 

d e n s ity in treated plots was fo und as 5 larvae per dip count 
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FIG - '9 
PERCENT REDUCTION OF MOSQUITO LAllVAL IN FIELD TRIALS 
AFTER EXPOSURE TO NEEM LEAVES AND FRUIT POWDER IN WATER 
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'- -- - F-rui t extract. 
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in three of the replications. In control average larval 

density was observed as 35.8 larvae per dip count. 98.6 

percent reduction in larval density was observed after 

2 days of exposure with Bakain leaves extract. Average 

larval density 3 days after treatment was observed as 4.6 

larvae per dip count showing 86.6% reduction, 5.6 larvae per 

dip count after 4 days showing 85.9% reduction, 15.5 larvae 

per dip count showing 58.5% reduction after 5 days of 

treatment{ f~·\~.Then onwards the clensi ty again st arted 

increasing and reached to non-significant level with 

mortality in comparison control on 6th day after treatment. 

A reduction of only 6.7% was ob~erved after 6 days of 

treatment. Average . larval density in control plot remained 

in the range of 34 to 39 larvae per dip count. On 7th 

day after treatment average larval density in treated plots 

was 34 larvae and in control it was 36 larvae per pip count 

respectively showing larval reduction only to a non­

significant level as 5.6. On 8th day after treatment it 

was 34 larvae per dip count in treated plots and in control 

it was 40 larvae per dip count thus showing non-significant 

difference in control and treated plots on the 6th, 7th, 

and 8th day after treatment. Mortality due to bakain leaves 

extract (X 2 =6.723, df=l, P ( 0.05) and bakain fruit extract 

(X 2 =4.037, df=l, P<0.05) differed significantly when compared 

with the mortality in comparison control. 



106 

FI G- . ' :1Q 

100 

90 

"0 80 
I:rJ 
::0 
o 70 
I:rJ 
Z 
1-3 

60 
!?' ...... 
0 

~ 50 

tJ:> 
t"" 
H 40 
1-3 
K! 

30 

2 0 

10 

0 

i 

PERCENT 'REDUCTION OF ~ IOSQUITO LARV AF. I N FI ELD TRI ALS AFTER 
EXPOSURE TO BAKAIN LARVAE AND FRUIT EXTRACT IN WATER . 

1r 2 

r 
3 

DAYS 
4 5 

' -- - Leav es extracted 

,- -"- _ _ Fruit ext ract e d. 



107 

Bakain fruit extract killed the larvae and r e duced their 

d e ns ity upto 3 days aft ertreatmcnt(table- 38_~ut on 4th day after 

treatment density again started increasing and reached to non~ 

significant level to that of comparison control . Before treatment 

it was observed as an average of 38.2 larvae per dip count in 

the plots for treatment and as 34 . 8 larvae per dip count in 

control site. 1 day after treatment average larval density 

dropped to 7.9 larvae per dip count in treated plot while in 

.aontrol it was 35.8 larvae per dip count and thus 78% reduction 

in larval density was recorded. After 2 days of treatment average 

larval density in the treated site was 6.8 larvae per dip count 

whereas in control it was 36.2 larvae per dip count and a 

reduction in population density was recorded as 81.2%. On 3rd 

day after treat~ent larval density in treated plot was 7 . 9 larvae 

per dip count whereas in control plot it was 34.4 larvae per dip 

count and 77 . 2% reduction in population de nsity was recorded. 

4th da} after treatment the density started increasing 

again and reached to an average of 21 . 4 larvae per dip count 

in the treated plot and 39.6 larvae per dip count in control 

plot showing larval reduction of only 46.6%. On 5th day onwards 

larval density in treated and control plots showed non­

significant difference. 
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Ccmbination of N::!ern a'1d Bakain Le ave s/Frui t Powder with Raci..llus 

t.huringiensis. H-14. 

Whe n neem leav es powder was applied in combination 

and 87.8 percent reduction in culicine larva] denSity was 

recorded after two hours of application. Considering the 

"'-avel'age larva] stage, tile experime nt wa::; conducted upto seven 

days aIter t re atment ancl no larvae were observed in the t re at ed 

plots during this period (table - 40, 44 ~ .100 perce nt larval 

reduction was observed with both the cuIl.d.ne and anopheline 

larvae in the plots treatecl with neem fruit powd er p] u::; 

after treatment (table _,4f, 44) Sjmi.lal':Iy 100 pCo}rcent ] nrval 

contl'ol wa::; achieved nl'ter two hours 0(' treatment till se v e n 

clays after treatment in the plot s treated with the combination 

of bnkain leaves powder and I3acillu~_ th~g:"~},~.Kh ~J}§. t~ II-14 

(tabl e l 2, 4~) "'here as in the plots treated with balcn.in fruit 

powder and BaciJ..J~!!~ tl~~t~~~ .. !1giensis II-14 81.8 and 77.6 percent 

respective co ntrol was achieved after two hours of treatment 

in the plots of anopheline and culicine larvae. After four 

hours of this ~reatment hundred percent larval mosquito contra] 

was achieved and it remained so till Jour days after treatment. 

On fiJth, sixth and seventh day after treatment wi th balwin 

started slowly increasing. Percent reduction in the larval 

density observed on Jifth, sixt hand sevent h day after 

treatment was observed as 69.3 and 80.2,37.4 and 68.6 and 

33.4 and 67.5 percent with anopheline and culicine larvae 
I 
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respectively ( table - 43 ~'--45 ) . Bakain fr ui t treatment 

appeared as comp aratively less active t h a n the leaves . With 

anopheline larvae when the baka in fruit powder plus Bacillus 

thuringiensis was comp are d with eit he r of t he bal<ain J eaves/ 

neem l eav es or fruit pow d e r plus Bacillus ! huringi e nsi s~ H-14, 

the r e was ins i gnifi c ant differenc e (X2 =O. 084 ) between thi s and 

mhe other treatments . The r e was no difference from 4 hours 

after tre a tme nt till f our days after treatment of anopheline 

l arv ae with balmln fruit tr e atme nt plus ~~_~~11 us t~ur:.~_I!gi e ns i s 

H-14 but from fifth d ay onwards significant differe nce was observec 

(X = 45.31) between fr ui t a nd other treatments. Three of the 

other treatments remained effect ive upt·o seve n days after 

2 
treatme nt. With culicine l arvae significant di ffere nce (X = 32.50 : 

was observed in the mortality with bakain fruit powder plus 

j?acillus thuringiensi 9. H-14 an d t he other three extIl.acts 

plus Bacillu~ thuringiensis H-14. From fo ur hours till four 

days after treatment a ll treatments gave comple t e control 

of the culicine l arvae but from fifth day onwards significant 
I 

differe nce (X2=21.97 ) was observed in the mort ality due to 

Bakain fruit powder plus Bacillus thuringi e ns is H- 14 and 

the other three t reatme nts . In compari $on controls for both 

the anophelines and culicines, larvae were st ill pres e nt 

with increasing number of pupae seve n d ays afte r start of 

t he experime nt. 



SA FETY OF NEEM AND DAKAIN TO MAMMALS 

The weights of whole body, liver, lungs, spleen 

and kidneys after exposure to 0.1, 0.2 and 0.3 cc each of 

the leaves and fruit extract of both the neem and bakain 

trees are shown in table- _ 46 · .Th~ weight of whole body, liver 

lungs spleen and Iddneys in 40 days old rats kept as methanol 

and normal controls was observed as 47 - 47.03, 2.7 - 2.4, 

0.45 - 0.5, 0.2 - 0 . 15 and 0.5 - 0.55 grams respectively. 

After 20 days of oral feedings and subcutaneous injection of 

0 .1., 0.2 and 0.3 cc each of the leaves and fruit of both the 

neem and bal~ain tree extracts in methanol did not ~how any 

significant changes in the weights of whole body, liver, 

lungs, spleen and kidneys. 

The haematological values are depicted in the table 

No significant difference between the normal and those 

treated with the extracts were observed during these studies . 

Highest and lowest haematological values after administration 

of different concentrations of neem leaves and fruit extract 

were observed as 13.45 - 13 . 98 g/dl haemoglobin, 6.52 - ~.02 
I 

Xl06 total erythrocyte count, 5.52 - 6.28 Xl0 3 /ul total 

leukocyte count, 41.14 - 42.95% packed cell volume, 61-66 -

66.08 fl me an corpuscular vo lume, 20. 33- 20. 84 ~/dl mean corpuscular 

haemoglobin and 30.70 - 31.52 g/dl mean corpuscular haemoglobin 

concentration. 
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With the treatment of di ffere nt concentrations of 

bakain leaves and f ruit extract the hi ghest and lowes t 

haematological param e t ers were obs erved as 13.62 - 13.96 g/dl 

" 6 
haemoglobin, 6.48 - 8.01 X 10 /ul total e r yt hro c yt e count, 

5.75 - 6 . 22 3 
X10 /ul total l e uko cyte count, 41.14 - 43.12% 

packed cell volume, 61.80 - 64.31 fl mean corpuscular volume, 

20.36- 20.&:6 V/dJ mf,')an corpuscular haemoglobin and 30.76 - 31. 46 g / dl 

mean corpuscular haemoglobin concentration. 

Wi th normal control these values were observed as 

13.69 g/dl haemoglobin 6.58 X 10
6
/ul total erythrocyte count, 

5.78 X10
3

/ ul total leukocyte count, 42.76% pacl{ed cell volume, 

61. 92 fl mean corpuscular volume, 20.34 g / dl 'mean corpuscular 

haemoglobin and 30.98 g /dl mean corpuscular haemoglobin 

co n c e n t rat ion . 

The weight and haematological parame ters with the 

tr.eated and untreated albino r ats were found within normal 

range and ,no abnormal pat holo g ical effects were obs e rv e d 

during these studies. The extracts did not r e veal any 

adverse effects during handling as well and it has appeared 

that these extracts are non-to x ic and safe to man and other 

mrumnals. 



J 1 ') 
1. &of 

DISCUSSION 

From laboratory trials with both the bakain and neem 
I 

tree extracts it has been observed that the extract has got 

insecticidal action on mosquito larvae and pupae. The extract 

formed thin film on water surface in laboratory as well as in 

the field experiments which stopped breathing of immature mosq ui 

stages and then ,resulted into their death. Mortality could be 

both due to the action of thin surface film as we ll as from 

bitter constituents of the . extracts. The extracts o f this tree 

are not only toxic to larvae but these are equally destructive 

to pupal stages as well. When the extracts 0 f ne em and bakain 

trees were compared, both the leaves and fruit of neem tree 

revealed better kill of anophelines and culicines tested. 

Methano I ext r act bot h from t he leaves and fruit of neem tree 

exhibited comparatively better anopheline larval mortality 

than the extracts with ethanol and acetone. It exhibited 100 

percent mortality after 24 hours of exposure with 0 . 8 and 

1.0 ul / ml leaf extract. The extract by soxehlet apparatus from 

both the trees did not reveal good larval control. This could 

be due to the differences in the boiling points of the ~olvents 

used and the leaves / seeds of the trees . 

When compared Bakain leaves extract revealed better 

kill than the fruit extract in simple water. It has also a·ppeare 

that as obs e rved with neem, the bal<;:ain leaves and seed ext ract 

in met hanol also exhibit e d good larval mortality than other 

extractiona with ethanol and acetone. Whe n the extracts were 

tried in snaIl f ield trials, the residual effect of the extracts lasted only 

upto nearly 5 days with nean leaves and four days with neem seed powder. 

Bakain extracts l asted only upto 5 days with leaves and 3 days 

with fruit . It has thus appeared that the quantity of extracts 
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used during these trials was low an d thus th e adult s l aye d 

their eggs s omewhere 2 to 3 days earli e r. When the l eav es and 

frui t were used in combi n at ion with Qa iII us t hur_i n g~ e nsi.§. 

H-14 in s ma ll field trials, Ne e m l e aves p l us Bti, Neem fr uit 

plus Bti, Bakain l eav es plus Bti a nd Bal<ai n fr ui t plus Bti 

revealed canpar.at ively tetter contro ] 101' 7,7,7 und 5 days l' e s p ec tiv r;:; ly . 

It h as also bee n observed that the extract from both t he trees 

is completely non- to xic to man and other mammals. The extracts 

did not show any abnormal effects on albino rats. 

Since 1976 n1 a l at hi a n 2 -gm/sq.m. is 

be ing us e d as indoor r es idual spraying for the control of 

malaria vectors in our country. Presently it i s bein g use d 

selectively in orily lhose areas which are positive for malari a 

cases and have at Ie as t 2 pl asmodi urn ;fa l c iparun or 6 plasmodi1.un 

yivax cases. Mosquito vectors are f·: e;radual l y getting resistant 

to malathion . Since these trees a re commonly available in our 

country and are not being used for any purpose except shadow 

from hot sun during swnmers and as firewood t he product scan 

therefore be utiliz e d in unwanted wat er collections serving 

as breeding places for mosquitoes . It is suggested that l eaves 

and fruit of both the nee m and bakain trees may b e used in 

rice fields. These leaves can be either beaten into small 

pieces or ground for easy broadcasting in rice fields. This 

practice can further b e aided with the c lo s ing of scat tere d 

breeding places. This will not only he lp in controlling the 

mosquito vectors but these leaves and fruit will also serve 

as compost manure for the crops. The le av es and fruit of bot h 

the trees was also st udi e d in combin ati on with a local fish 

speci es that will b e di scussed in the chapter for larvivorous fish. 



]XHIEST J C DUCKS 

INTRODUCTION 

Domest ic duck s , Anas pIa tyrhynchos are we 11 1010wn 

aquuti.c birds. Th ey belong to family anaUdae anci sllllf"allli 1 y 

anatinae. Domestic ducks are l< e pt for e gg and meat procill c-

tion in the villages in our country. In Eng]and and Jloland 

Lhese are commercially usc~ d Jor egg produc L iun ancl in 

U.S.I\. for meat production. They feed on small molluscs, 

cru s t:accans, frog taclpoles, water j.n sce t s and oth(~r s mall 

animals. As fat' as the av·nilab l e inJormation 

and l iterat ure · is co n ecr ned, t h e clucks have not yet 

been tried to see their larvivorous Ilab its. Therefore co n ­

sidering the aquatic feeding habits of domestic ducks, t hese 

aquatic birds were tried to see if they feed on mosquito 

larvae and if these animals could be of any h elp in red u c ­

jng t he mosquito populations in the countl'Y. 

W\'I'lmI ALS AND ~mTII()DS 

For this purpo se six domest ic ducks \\'0re purc ha sed 

fro m Aabpara local ma rket ancl WCI" e th e n kl~ Pt. jn a 'c l osed 

room wh 0re they were provided with hread picces in a con-



tainer almost half fill e d with water. 

Approximat e ly 1600 to 2000 mosquito larv ae were 

collected from t h e field with the h e lp of a cup and a 

strai ner. Most of t hese larvae we r e culicines . These were 

tran sfered into a tin havin g s ma ll quan t i ty of water and 

were then brought into t h e room wh e re du cks we r e kept. Ot her 

paras itic fafina was also present alo ngwit h mosquito larvae. 

Larvae we re approximately divide d into ~ 3 lots. 

,ll " of these larvae were then transfered into a p~n havin g 

wat er in it. 1'.not110 1' ('.o ntainer with bl'C.H1.d pieces i ll 

\Vat e r was also provid e d . t o the ducks for th e 

comparison of results. 

Observations were recorded if the ducks were r e duc­

ing larvae. These observations were made after every 30 

minut es upto four hours. 

After 4 to 6 hours ducks were slaugh tered to 

see the presence of larvae in t h e gut. 

Th e experime nt was replicated three times. 

; . 
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RESULTS AND DISCUSSION 

In one rcplicaL e clucks d evoure d all mosquito 

1 a r v a can doL her par a s i Lj l: J a una \\'i L h .i n 1. \vo h 0 1I r s . The 

ducks we re seen as pick i.ng- larva e rrom and uncler wat er Sllr-

facq wi.th the help of' it. s IJjJ 1. Th e wat.(~r becamu compara -

tively cleaner after clu c k feeding. They did not even touch 

Lhe container having iJr o ad. Th e in!. (~ stjn(~s upon opeldng 

revealed d ead larvae. G .i z 7. a 1'(\ r cw ca l e don 1 y san cI p 11 l'! i c 1 c s . 

Th e idQa for confirming 1. 1:' the ducks had eat.en 

larvae or not was to see the prese nce of larvae in Lhe 

c ontain e l' ancl then to slau ght er the clucks but al'ter about 

4 huu ts wh e n the larvae were eate n up, clucks started pxpell­

ing larvae in th e ir droppi.ngs. Droppings were see n a s 

containing lots of cl ead larvae. 

I n second rep lica t e t h e ducks were slaugh tercel 

al'ter fOUl' and a hall' houl' s . I\lJout 50 larvtto W(~1'(~ st:i 11 

pJ'(-~ se nt i.n the contai.ner. Bn!acl pi ccu:;j n ot.lwr contain(-~ r were 

also eaten up by the clu cks. Dead larvac were seen in the 

dl'oppin{.!;s anel upon open:ing the int.es ti.n e s ' cl (~ ad larvae w(~ re 

see n in them. Gizzard n !vcalcd sa nd and oL h er food parti.-

clcs lJu!' no mosquito lal'vac . 
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In third r e plicate t h e duc k s had eat e n larvae 

within three hours a nd the bread co n taj ner was lyi n g as 

s u ch without b e ing eate n . De ad larvae we r e ~gain see n in 

the droppin gs and in t he open ed int es tin e . 

Domestic duck s were found as pre f e ring mosqui to 

larvae and other small parasitic animals when compar e d with 

br e ad pi e ces in wat er where as on other occasions th e y regu-

l a rly ate bread pi e ces droppe d in wa ter. Since they feed 

on wat e r insects and other s mall animals in wat e r and are 

also a good source for egg a nd meat production, these 

animal s s hould b e trie d in mal aria co ntro l programmes ini ­

tially as s mall proj ects separately in all the four provin - , 

ces, includin g Az a d Kashmir to see the r esul ts and t h e n 

the large scale rearing of ducks on government farms 

and providing at comparative ly cheaper price to the 

low income dwellers at the peripheries of the cit i es and 

in the villages will be o f help in reducing ~o squito l arvae. 

W.H.O. (1980) has also co n s ide red t he worldwid e 

increase in insectic id e r es istance and oth e r r e lat e d h azards 

to biotic flora and fauna a nd t hu s the expert cOll1D1ittee on 

vector biology and control di scus sed and s uggeste d tha t 

count e r measures s hould furth er b e invest igat e d a nd e n ­

couraged. 1 t i s , th e refor e co nc lude d t hat if the p eopl e are 
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once encouraged and motivated for ,keeping ducks for the 

control of mo squi toes, t h is will not o nly h e lp in reducing 
! 

mosquito born e di se a ses a nd in i nc r e asin g e~~ and mea t 

production but will als o be oj' h e lp in r e du c ing ot h ~ r 

v ector borne diseases in th e 6ount ry . 



LARVIVOROUS FISH 

INTRODUCTION 

Mosquito larvae are closely associate d with fish in 

their feeding habits. Larvivorous fish have been used for mosquito 

control in many foreign co untries. Mosquito fish Gambusia affinis 

(Baird and Girad) has been s hown by several workers as effective 

for the control of mosquito larval stages (Craven and Steelman ~ 

1968; Hoy and Reed ,, 1970). Davey et al. (1974) used various 

fish species for the control of dark rice field mosquito in 

Arkansas State of America . Legner and Fisher (1980) used Tilapia 

zillii against mosquitoes in Lower Colorado Desert Irrigation 

Cannals . The ecological studies of Gambusia affinis has been 

done earlier (Hirose et al.~ 1980; Farley~ 1980; Robinson et al., 

1982; Bence and Murdoch/ 1983). Lot of other information on 

Larvivorous fish is available, however considering the volume 

of the work for the present studies important information is 

presented here. Gambusia affinis has been applied in combination 

wi th Temphos for the control of Culex tri taeniorhynchus (Mathur 

et al., 1982), for mosquito control in Cas uarina 

rice fields (Shumkov et al., 1982; Zainiev and 

Muminov , 1983; S~ewart et al. .... 1983) and for mosquito control 

in underground drains (Mulli gan et a 1..1 1983) . Different species 

of carp family have been tried against mosquitoes (Shumkov~ 1983). 

It has been observed that the monomolecular laier of ISA-20E 

~1 9 
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had no deterimental e ff e ct s on f r e sh wat e r fish (W e bber and 

Cochrane , 1984) . The s e l a rvivoro us fish h ave bee n us e d agai nst 
I 

different mosquito species (Won gs iri and Andr e ., 1984; MiuT a et al., 

1984; Meis h/ 1985). The econolo g i cal studies of Gambusia affi ni s 

has bee n st udied by Li g ht e nberg and Ge tz (1985). Kramer et al.) 

(1987) did not find any reduction in larval population due to 

Gambusia .affinis. Comb s (1986) reported that mosquito control 

could be achieved by releasing mo s quito fish at a higher rate 

of 3.4 kg pe r he ctare. World Head Organization Published 

information on Til apine fish for it~ use against disease vectors 

(WHO 1987). The inland Silvers ide, Menidia bery llin a and Gambusia 

affinis h ave been use d in wild rice fie lds (Kramer et al. ... 1987) 

a nd f o r the control o f mo squitoes in crawfish ponds (Holck et al . ., 

1988). Ecology of Gambusia affinis has also been s tudied by 

Sato (1989) . 

In Pakist a n lo ca l f ish species are available but no 

work has b ee n done on their efficacy for the control of disease 

vectors. Different species of fish were therefo r e tried in the 

laboratory as well as in s ma ll field trials to see their 

larvivQr ous h abits for reducin g larv a l populations in mosquito 

bree ding places. Four species o f fish,Mori (Cir~inus . mrigala), 

Tilapia (Tilapia mossambica), Si lver Carp (Hypophth a lmichthes 
o 

mili trix) and Green Carp (Ct e noph a ryrygodon ide I l tiS ) are the 
I 

importe d ones and have been loca lize d in Pald s tan . These four 

species we re obtained from gov e rlwent fisheries department and 
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the other five i.e. Singhi (Ileteropheusteus fossilis), Rohu 

(Labto rohita), Daula (Ch:II1Il<l st riatus ), Kangi (Coli s a fasciat.a) 

and Chic! u F i !l) h (Punct i u s t i e to) we r e co llected from t he fie ld. 

The se fi s h species hav e u ee n init:i.ally tried in the laboratory . 

Small sJze d Chidu ('i s h, a s urface ('c; e cl e l' thaI; In'(Je cl s in c l e an 

as well as polluted water was particularly se]ccted after 

laboratory studies and was then tried in small (,i.eld trials. 

Th e specific objectives 01' this study wero: -

1. To see the e :fIic <lcy 0 J each 0 f tho s e fil-ih 

s pecies as larvivorous. 

2. To select some of the suitable larvivorolls fish 

for mo s quito control. 

J. To see the e ffi cacy of chidu fish in c omb i nil,ti o n 

with ne e m and bakain. 

4. To see the to x ic eLf ec t s if a ny of n eem and 

bal{ain on I; he 'J a.rvivorous Jjsh. 

5. Effect s of d c weedin g in mo s quito c ontrol 

programmes. 

~IATEnli\LS AND METHODS 

L a boratory Tr ials 

Four fi s h SIJcci c;s were o\)l;aincd from governme n I; 

hatchery and t he oLher Jiv e wcre co llecte d (' rom th e fi e ld. TJwse 



fish were kept in 48 x 12 cm plastic cont ainers. Laboratory 

reare d anophe line l arvae were provided as food to these fis h. 

Lots of four hundr e d laboratory reared Anophe l es 

culcifacies and Anopheles stephe nsi were count e d separately 

with the he lp o f rubber pipette and were then transferred to 

s mall size d plastic containers 17.5 x 13.5 x 8.5 cm in size. 

Pl as tic containers us e d for the st udy were washed with 

deterge nt and distill e d water before adding the fish. Wat e r 

collected from the breeding places of the fish was provided 

in these cont ainers. Natural water with and without wee ds was 

tried during the qe st udi es . Four to five centimeter long two 

f ish of eac h species were released into eac h of t hese cont a iners 

and the number of ali ve larvae were counte d aft er 24 hours. 

Initially fourth instar l arvae were used for the 

trials but later on second a nd third ihstar were also tri e d. 

The fish was also dissect ed at the e nd o f the experime nt to 

see the pre sence of larv ae in their gut. The experiment was 

r e plicated five times and control was ke pt for comparison 

of the results. 

Field Tri a ls 

For field trials the experime ntal plots were 4 x 1 .5 x 2 

sq.m. water collection ditches. Both of anopheline and culicine 
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larvae were available in these natural breeding places but 

the density was very low in the range of about 1 to 6 larvae 

per 500 ml dip count. Therefore , laboratory reared 2nd, 3rd 

and 4th instar mi xed larvae of Anopheles culicifacies and 

Anopheles stephensi were introduced two days before taking 

the observation on the larvivorous effect of this fish for 

increasing larval d e nsity for better comparison of results. For 

this purpose laboratory reared larvae were first of all introduced 

into natural water to see if the laboratory reared larvae remain 

alive in natural bre e ding places or not. After confirming the 

life of laborator y .reared larvae in natural bree ding places 

approximately equal number of about 5000 larvae were introduced 

into these experimental plots. Small size(upto about 5 centimeter) 

Chidu fish which was already tried in the laboratory to see its 

larvivorouG habits was collected from the field and this fish 

was released at the rate of 1 fish per square met er, i.e. 12 

fish per plot. The observations were taken by using standard 

500 ml dip cups before and after release of fish in the plots. 

Fish from each plot were also dissected during the trials ~o 

see the presence of ' larvae in their guts. The experiment was 

replicated thrice. Control plot without fishes was kept for 

comparison of the results. Since Anopheles culicifacies, 

Anopheles fluviatilis and Anopheles stephens i are the major 

malaria vecto~s, therefore, attention h as been paid for the 

control of these species in particular and other mosquito 

species in general. In natural breeding places larvae of 



Anopheles culicifaci es , Anophe l es stephensi, Anopheles 

subpictus, Culex fatigans a nd Culex tritaeniorhynchus were 

present in small numbers at the time of release of l aboratory 

reared I arv ae. 

Combination of Chidu Fish with Neem and Bakain. 

This experiment was done to see the combined larval 

control effect of Chidu fish with neem leaves , neem fruit, bakain 

leaves and bakain fruit. 250 grams of leaves and fruit of both 

the trees were separately combined with one chidu fish per 

square meter. Each treatment wasreplicatedthrice and a control 

without treatments was kept for comparison of the results. After 

the completion of this study fish were collected and kept in the 

laboratory under observation for toxic effects if any due to 

the leaves and fruit of these trees to the fish. The fish were 

observed upto 15 days for abnormalities if any. 

RESULTS 

Laboratory Trials 

Nine species of fish were tried in the laboratory to 

see their larvivorous effect on the laboratory reared Anopheles 
I 

culcifacies and Anopheles stephensi larvae. Green Carp revealed 

hundr ed percent with all the 2nd, 3rd and 4th instar larvae. 
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FIG- II. 

PERCENT CONTROL OF ANOPHELES CULl CI FACI ES Al',,T]) ANOPHELES 
STEPHENSI LARVAE BY DI FFEREI\lT FISH WITHOUT WEEDS UNDER 
LABORATORY CON~ITIONS. 
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Aver age r e duction of 4th instar Anophe l es culi c ifacies larvae 

with fis h species was found as 100, 98 . 35 , 94 .50, 85 .00, 81 .4, 85 , 

73.25, 6 7. 98 and 59.00, percent and that of Anopheles stephensi 

as 100, 94.6, 93.2, 83, 82 , 84.2, 74.6 , 66.5 a nd 60.4 p e rce nt 

with Gr een Carp, Tilapi a , Singhi, Daula, Silver Carp, Mori, 

Kangi, Rohu, a nd Chidu respectively in n at ur a l water havi ng 

no weed s (Table... 4 8, .Fig. 11). 

When different weeds from the same n at ural wat er 

were also added into the p a ns, Anophe l es culicifaci es revealed 

95.7,95,89.00,78.69,78.36,81.57,69.43,63.5 a nd 51.37 

percent mortaility a nd with Anopheles s t e phe ns i it was obs e rv ed 

as 98.5,92.9,92.72,79.48,83.41,82.85,71, 66.48 a nd 56.24 

percent mortality with Green Carp, Til apia, Singhi, Da ul a , Silver 

Carp , Mori, Kangi, Rohu a nd Chidu r espective ly (T able 7 49~ Fig. 12). 

Upon providing seco nd and third instar larvae Gr ee n 

Carp de voure d all of them within first two hours , Da ul a and 

Kangi de voure d wi t hin thr - e hours , Til apia a nd Mori f inishe d 

a ll of them in five hours , Silver Carp in six hours , Singhi in 

24 hours and with that of Rohu only a reduction of 65.5 percent 

has been found. Chidu fis h devour e d 67.98% Anoph e les culcifacies 

alxl 66.5% Anophe l es step he ns i larvae whe n no we e d s were added 

and as 63.5 and 66.48 percent respectively whe n the wee ds were 

a lso ad d e d a lon gwit h a nophe line larvae . There was non signi ficant 

di f fere n ce in th e mort ali t y dudng first Md s econd 'week (t =10 . 77 , 

P(O.005) . 
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F'IG- 12 

PERCENI' REDlXTION OF J\t\OP1IELES CULICIFACIES AND .AN)PHELES 
STEP.HE:l\lSI LARVAL DENS ITY BY. DIFFERENl' FISII WITH WmDS IN 
LABORATORY OONDITIONS. 
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Fie ld Tri als 

In fie ld trial s 12 s mal l size f i s h co ntributed the 

reduction in l arv a l density by 91.S percent when the observat ions 

were taken two days after r e l ease of larvae and fish in t he 

plots. Similarly durin g the trial of second week the reduction 

in larva l d e nsit y b y 92.2 percent was recorded when t h e observa-

tions were taken two days after re l ease of larv ae i n the field 

plots (Tabl e _ 50 " 
/ . 

At the e nd' of seco nd wee k observations \ilbcn raUl' Jis h J'rom 

eac h plot were recaptured and slau ght ered to see t he presence 

of l arvae if a n y in the stom ac h of the fish ~ o 'nly five f i s h 

revealed the prese n ce of larvae whereas seve n fish did not 

reveal l arv ae upon di ssectio ns. It is, therefore, concl uded 

that the fish havin g no l arvae in their gut h ave already 

diges t e d the larvae and h ave expe ll e d the waste product. 

Combination of fish with neem and bakain 

Chidu fish in combinat ion with nean leaves revealed 

93 .16 and 95.00, Chidu plus neem fr ui t as 96.33 and 97 .00 , 

Chidu plus balmin leaves as 96.66 a nd 95. 66 and c h tdu p lu!::> bak a in 

frui t as 96. S6 a nd 83 .16 percent respect ive reduction in the first &, second week 

(tabl e - ~1_53)' ~0 significan ce di ffere nc e due to these combi n a­

tio ns was observed during the present studies. When the f i s h 



were the n collected after comple tion of these experiments and 

kept under observation in the laboratory for two more weeks, 

no visible abnormaliti es we r e observ e d in the fi s h due to 

combination with the l eaves and fruit of both of these 

trees , 

DISCUSSION 

It has been observ e d from thi s s tudy that the fi s h 

d e vours larvae wh e n it is st ill s mall in s iz e , The size of chidu 

fi s h i s s ma ll ran ging from abo ut 4-12 ce ntime t ers , Wh e n compared 

Greep Carp was found as eating and finishing the larvae earlier 

than other fish species, Daula, Tilapia and Mori took longer 

time in eating the larvae and Si lver Carp and Singhi took 

considerably more ~im e tha n the other fish species except 

Chidu and Rohu, Dew eeding exposes larvae to the fish', 

From these st udies it has appeared that this small 

size Chidu fish have its role in reducing natural populations of 

both the anopheline and culicine larvae in the permanent breeding 

places . In our field studies an average of 91.8 and 92.2 percent 

r e duction in larval density was observ e d, from the trials during 

first and second we e k respectively. There were s ignificantly 

greatly difference b e tween the tre ated plots and the contra],. 

This small size fish that is available throu ghout the year in 

our country and it devo urs not only the mosquito larvae but 



other aquatic insect s as we ll. It i s conclud e d that the large 

s i ze fi s h i .e . Gree n Car p or Si]ve r Carp e tc. could be o f v a lue 

in prot e ct e d places like governm e nt and privat e a ge n c i es owne d 

ponds, canals and large size rain water collections whe reas 

the collection of 'small size fish from unwanted places and 

their release in breeding place s of malaria vector mosquitoes 

and other mosquitoes in the vicinity of 2 miles radius in both 

the peripheries of the cities and the villages will help in 

reducing mosquito population and malaria transmission. Chidu 

fish if reared in the local areas to be trea t e d coupled with 

proper management, education and involveme nt of the local 

communi ty of the area to be treated and the n the integration 

of this small size larvivdrous fish into other national malaria 

vecto r control pro gr ammes will contribut e in the r e duct ion o f 

malaria and othe r mosquito ve ctor s . The extracts from both the 

trees of neem and bakain was al s o found as non - to x ic to the fi s h. 

The fi s h collected from the expe rimental plots did not show 

any visible abnormalities. This fi s h can th e r efo r e be appli e d 

in combin ation with the l eav es and fruit powd e r of both of th e se 

trees . 



GENERAL DISCUSSION 

Malaria i s a seriou s health problem in Pakistan. 

,Anopheles culicifacies and Anopheles :stephe nsi were ear lier 

considered as transmitting malaria in Pakistan but from 

the present e lisa studies ~nopheles tluvi atilis has also 

been observed as infected wi th the sporozoi tes. AI}. fluvi at ilis 

was earlier observed in the laboratory as having the malaria 

transmission capability (McCarthy and Clyde/ 1968). " It was 

also observed during the pres e nt study that Anopheles. 

tluviatilis remains dominant species during March to July 

and An. ~ulicifacies from August onwards tilJ. December. 

I nie ct ed mosquitoes were observed during postmoonsoon rains 

as well as during spring season.The human feeding rate in these 

malaria vectors has been ob~erved as 9.78, 13 .66 and 11.43 

percent respectively. This hi g h percentage of human feedings 

could be due to very close living habits of the people along­

with the animals. During "summers they sleep very close with 

the animals in a small yard and whenever there is need to 

sleep inside due to rains, hot sun etc. they sleep in the 

same room where cattle are tied. This gives an equal chance 

to the mosquitoes to feed on animals as we ll as on man. Since 

both the Pla..§mq .gJllIl~ falci arum and Plul?!I!Q.di1..[T) viva!f 

infections were also present in the local inhabitants and 

socio- economic factors favour the close contact between ma n 

and the mosquitoes. It is concluded that this much perceritage 

J. 1 



of hwnan feedings b y t h e vect o r s p e c i es co u]d tra ns mit 

s i gnifi c ant ma l ari a und e r favo urabl e c limati co ndi t ions. 

It has been s ugges t e d that An o ph e l es f luvi ati]i~ ma y thus be 

consid e r e d as on e of the targe t s p e ci es for fo c uss ing th e 

control e ffort s . 

Bacillu~ ~huri~1g i_e_n_s,is H-14 was u sed for the 

control of loc a l mosquito s pec i e s and was observ e d as 

having its effect for 36 to 48 hours and as particularly 

effective for surface fe eding anopheline larvae . Bacillus 

sph_aericus was observ ed as having long larvicidal e f.fect 

and as particularly effective for bottom f e eding culicine 

larv ae . It was observ e d from the s tudi es on both the neem 

a nd b a k a in t rees t hat th e const itu e nt s h av e insecti c idal 

as well as gro~th r e tarding e ff e ct on mo s quito larvae. 

It was concluded that the P a kistan s p e ci e s of thes e tree s 

have got strong insecticidal values whe n compared with the 

studies of Zebitz (1984; 1986). The leav es and fruit from 

the s e trees were therefore us e d in combination with Bacillus 

thurin~iensi~ H-14 and larval control was obtain e d upto 

one we ek. 

The domestic duc ks , An as ),?laty r 1lyrichus L. wh e n 

tri e d t o s e e the ir e ffi c a cy in controlling mo s quito larvae 

in a s mall experiment und e r controlle d conditions it app e are d 

that t he ducks pre f e r mo s qui t o l a rv ae a nd othe r aquatic fauna 
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as their diet when compar e d to pieces of bread. It has 

thus appeared from thi~ exper im e nt t hat t he du cks a l s o 

have rol e in reducing mo squito populations . 

Out of nine differ e nt fish species that were 

tri e d in th e laboratory , c hidu fish was se l ected for use in 

small field trials for it s efficacy against mo s quitoes in 

natural breeding places. This fish appeared as suitable 

for use in rice fields and other large size mo s quito 

breeding places. It was a lso observed that dew eeding exposes 

mosquito larvae to the fish. The extracts from both the 

trees of neem and bakain whe n u sed in combination with Chidu 

fish did not show any abnormal pathological effects to the 

fish a nd it thus appeared that the fis h a nd the l eaves a nd 

frui t of both the neem and bal<ain hav e a combined role in 

controlling larval stages of the mosquitoes. Extract from 

both the trees of n~ em and bakain are e qu a lly non-toxic 

to man and other mammals '. 0.1, 0.2 and 0.3 cc extracts 

from the leaves, and fruit of both of these trees were 

given orally a nd subcutaneously to Albino rats and it did 

not show any pathological or toxic effects to the rats. 

No change in the normal and treated rats were observed 

in their we i ght and haematoJ ogica J parameters . 

Malaria situation i s continuously worsening in 

our count ry ~J)ca uluet a et a l e (1980) st ud ied the trend of 
I 
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malaria in Pakistan and described it as having long term 

periodicity. According to th em the Qpide mics are regularJy 

occuring in Pudjab ' Province at an int rval of approximately 

8 years. The slide positivity rate of malarial parasite 

is again on the increase. DUri ng 1988 and 1989 it was 2.01 

and 3.32 percent respectively. This reported malaria rate 

is always l ess tha~ that us ually prese nt in the field. This 

less reporting is due to lack of proper micro scopic diagno s is 

of the parasit e, lack of proper diagnostic and case treatment 

facilities in rural areas and lack of proper education in 

the local community regarding malaria and the mosquitoes. 

Other major problems of malaria and mosquito control 

programmes are the d evelopment of malat hion resistance 

in mal aria vectors (Rathor e and Toqi r" 1980; Rathore et al., 

1985) a nd chloroquine resistance in Plasmodium Ialciparum 

(Shah a nd Yasin,,1987) and lack of well trained speciali sts; 

If these obstacles are removed, there will be no mor e 

mosquito and malaria problem in the country. From the 

present studi es it has bee n concluded that mosquito problem 

and the malaria incide nce can be brought down with the 

shifting of the mosquito control strategy from the us e of 

malathion towards biological approaches. After comparing 

different biological approaches the fol l owi ng s u ggestion s 

have been mad e for the co ntrol of mosqui toes in our 

country. 
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1 . Ei t her the Neem or Bakain 'I'r e Le aves or 

Frui t at the rate of 250 gm / sq .m. may b e used 

in mo s quito breeding places in the vicinity 

of 2 miles radiu s t h a t i s th e approximat e 

flight range of the mo s quitoes . 

2 . Small s iz e d s ur face feed e r c hidu fish t h at 

i s avai l able in o u r country an d can breed 

both in c l ean as well as in dirty wat e r has 

bee n recommended for use at t he rate of 2 

fish / s q .m. in rice fields and other permanent 

mosq uito breeding places. The use of large 

size f i s h i.e. Gr een Carp or Silver Carp i s 

suggested in protected places like government 

and privat e agenc i es owned canal s , ponds 

a nd large s iz e p ermane nt rain water 

co llect ions. 

3 . The highly zoophili c feeding pattern of the 

anophelines can be utilized in malaria and 

mosquito control programmes. For this purpose 

it is s u ggested that mor e cattle may be 

introduce d at the perpher i es o f t h e cities 

and the vill ages for d eviating the mosquitoes 

from human host towards these animals. Keeping 

of ducks at the peripheries of the cities an d 

in the villages will "be of added advantage 
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in reducing mosquito d e ns iti es . 

4 . For an e ff e ctiv e mo s quito and malaria 

control pro g ramm e the abov e three approaches 

may be suppl eme nt e d with the e nvironmental 

manage me nt b y clos in g of the unwanted water 

collections that serve as mosquito breeding 

places, introducing of proper or cov e r e d 

drainage syst em and maintenance of these 

drains for continuo us flow of water, t h e 

education of local community, assignment of 

malaria and mosquito control r e sponsibilities 

to the well trained specialists and regu lar 

mo s qui to and malaria survei llance programmes. 



SUMMARY 

1. Anoph e lin e s ur v e ys w~ r o ' c() ndu 'Lc'd du r in g ,Tun c 19 8 7 

to May 1 9 8 8 in I sl am a lJ a d -- !1a wa lpind i a nd i ts 'vid.n it i es a nd 

fift ee n diff e r e nt an o ph e lin e s pec i es we r e co llec t e d from th e 

a r ea unde r st ud y . These jn c lude , An op he l es c uli ci f ac t es , An. 

fluvi a tili s , An. s t e phe n s i, An. s ubpictu s , An. g i gas , An. 

a nnul ari s , An.nige rrimus , An. pul c h e rrimus, An . lindesayi, 

An. james i, An. se rge nti, An. s up e rpi c tu s , An. maculatus, 

An. s pl e ndidus and An. barbiro s tri s . I t wa s obse rve d that 

Anoph e l es fluvi a tilis r e ma in s d o min a nt s pec i es durin g Mar c h 

to Jul y a nd An. c uli c i fac i es fro m Au g u s t to Decemb e r. 

2. For bloodme al ide ntifi cation e nzyme -l i nke d immun o ~ 

s orbe nt assay was u se d. 2538 a no phe lines of di ffe r e n t s p ecies 

we r e tes t e d for the ir bloodmea l source . 9 .78 pe r ce nt Anoph e l e s 

c uli c i fac i es we r e f ound as h av in g huma n bloo d, 50.14% as b ov in e 

and th e r e maining 40.58 p e r cent An. culi c ifacies we r e ne ith e r 

human or bovin e . 13.65 p e r ce nt An. fluvi a tili s we r e positi ve 

to human s our ce , 61.87 p e r ce n t to bovin e a nd th e r e mainin g 

23.62 p e r cent we r e non-huma n non-bov in e . De n s it y o f a ll 

othe r anoph e lines wa s f o und as low a nd th ere for e the numb e r 

t es t e d was also low. 

3 . Dip s ti c k e li sa t ec hniqu e was a l so t ri e d f or 

bloodmea l ide ntifi c ation s . It too k 4 0 t o 50 minut es for 

ide n t if y in g mos quit o blo odmea l wi t h th is t echnique . 

137 



138 

4 . During sal1ver y gland dissections n o ne of the 

anophelines were found as sporozoite positive. The anopne line 

collections made round tne year were assayed using elisa 

technique for sporozoite detection and tne infections were 

detected dur1ng both the spring ana postmonsoon season. 

Anopheles fluviatilis that was earlier considered as sus­

pected malaria vector has been incriminated as malar1a vector. 

~arasite survey was tnerefore conducted during the same 

months of September-October 1988 and March-April 1989 to 

aetermine the p,arasi te Sl tuation in the area under study. 

Paraslte rate during postmonsoon malari a transmission season 

(5 . 77 %) was found as higher than that of spring Season (3.14 %) 

5. LC50 and LCIOO ot Bacillus thuringiensis H-14 

and Baci 11 us sphaeri cus 15 ~3 we re determined agai nst sorr,e 

of Pakistan mosqu1 to spec1es. Bacillus thuring i e nsis H- 14 

was used and it was observed that this microbial larvtcide 

~asts for 3b-48 hours and is particularly ~ffective for 

surface feeding anopheline larvae. Bacillus sphaericus haE 

long res1dual effect and is particularly effective for 

bottom feeding culicine larvae. 

6. Neem and Bakain Tree leaves and fruit extract 

has been separated in tap water, b y soxehlet apparatus a nd 

in ethanol, methano l and acetone. It appeared from laboratory 

tridls with both tne Neem d n d BakaiIl Tree Extrdcts in simJ?le 

water tha t the ex trac t has got insecti c ida l action on mosquito 
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larvae . In field trials the residual effect of t he e xtracts 

in simple water l as ted only upto near l y 5 days wit h neem 

a nd Bakain leaves extract, 4 days wit h neem seed powder 

a nd 3 days with bakain fruit ext ract. Th e extract in me thanol 

provide d excel l e nt kill o f mosqu i to l arvae, however the u se 

of ground l eaves or fruit of eit her t he neem or bakain tree 

r e v ea l e d goo d control of mosqui to l a r vae a nd were found as 

eco nomi ca l a nd s imple in applicatio n. 

7. Con s ider ing th e aquatic fee din g habits of domes tic 

ducks , t hese birds were tried to find out if these a nimals 

are of any help in reduc in g the mo squito population s . Th e 

ducks devoure d mo squito l arvae in a lmost 6 hour s after 

rele ase. 

8. Nin e diff e r e nt fish spec i es were tried in the 

laboratory to se l ec t a s ui tabl e l arv ivorou s fish for it s 

e ffi cacy aga in s t mo s quitoes in natural breeding places . 

Small SiZ8d Chidu Fi s h was fo und as larvivorous a nd s uit abl e 

for ri ce fields a nd other mosquit o bree din g places . Th e u se 

of l arg8 s i ze fis h i. e . Gr8e n Carp or Silver Car p has bee n 

s uggeste d in prot ec t e d places like gover nme nt a nd private 

age nc i es owned canals, ponds and l arge size permanent rai n 

water collections . I t also appeared that de weed in g expos es 

mosqu i to l arvae to the fi s h. 
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9. Th e extracts from both th e trees of neem and 

bakain were u sed in combi nation with chidu fis h. Thi s combina-

tion did not s how any s ignifi cant in crease in l arval control . 

However it did not s how a n y ab normal pathological effects 

to the fish. ' 

10. ~acillus thurin.giensis H-14 was combin e d with ne e m 

and bakain leaves jfruitpowder and a n increase d in residual 

effectiveness upto one week was recorde d. Thi s effectiveness 

was due to the insecticidal properties of the se trees. 

11. When 0.1, 0.2 and 0.3 cc leaves and fruit extract 
I 

of both the neem and b a k a in trees was given to the albino 

rats through ora l and subcutaneou s routes an d compared with 

the normal rats, no change was observed in the haemato logical 

values and the weights of whole body, live r, lun gs , spleen 

and kidneys after treatments with the extract from both 

of these trees. The extracts thus appeared as nonto x i c 

to albino rats. 
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TABLE - 1 

SLIDE POSITIVITY RATE OF PAKISTAN 
1960 - 1985 

Ye ar Pe r cent Slide Po s itivi ty 

1960 15.57 

1961 3.64 

1962 0.91 

1963 2.75 

1964 1. 63 

1965 1. 47 

1966 0.36 

1967 0.25 

1968 0.36 

1969 0.98 

1970 2.81 

1971 5.36 

1972 14.58 

1973 14.09 

1974 9.82 

1975 7.43 

1976 4.28 

1977 1. 78 

1978 0.62 

1979 0.46 

1980 0.59 

1981 1. 26 

1982 1. 71 

1983 1. 99 

1984 2.27 

1985 2 . 49 

1986 3.13 

1987 2.16 

1988 2.01 

1989 3.32 

Rat e 



TABLE ... 2 

MAN-HOUR DENSITY OF ANOPHELES FLUVIATILIS 
AND AN. CULICIFACIES 

Month An. fluviatilis An. c uJi cifacies 

February 9 5 

March 2 1. 1 19.6 

Apr'il 45.2 1 6 

May 23.8 4.6 

Jun e 11.3 3 

July 26 13 

Aup.;ust 15.7 34.3 

September 19 .8 54.6 

October 16.3 41.2 

November 4 19.5 

December 3 8 

January 00 00 



Month 

1987 

June 

July 

August 

September 

October 

November 

December 

1988 

January 

February 

March 

April 

May 

I 
I 

:Minimum 
Temp. 

21.5 

24.2 

24.3 

21.9 

15.0 

7 .5 

4.0 

' 4.7 

6.6 

10.6 

16.7 

21.2 

III 

TABLE- 3 

WEATHER DATA 

Maximum 
Temp. 

38.3 

39.0 

35.9 

36.1 

30.9 

27.9 

22.1 

19.6 

21.5 

23.2 

33.2 

38.6 

R.H. 
0800 
hrs 

49 

57 

76 

72 

76 

76 

83 

84 

79 

76 

57 

.37 

R.H. 
1700 
hrs 

29.5 

32 

56 

49 

39 

34 

41 

42 

40 

42 

27 

18 

Rain ­
fall 

271 

63.4 

264.5 

13 

74.4 

00 

7 

17.1 

23. 2 

153 . 3 

6.9 

8.6 
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TABLE - 4 

Hunan Blood Positive Mosquitoes 

Species Mosquitoes Positive Percent age 
examined 

An. culicifacies 1370 134 ~.78 

An. fluviatilb'? 834 114 13.66 

An. stephens-t 175 20 11. 43 

An . subpict us 24 5 

An. ~1igerrimus 5 1 

An. superpic t u::; 1~ 2 

1\n. maculatu;:; 23 

An. annularis 19 2 

1\n. sergenti 14 ' 1 

An. ~lendil1l.1lli 62 5 

TOTAL 

I 

1\verage positive percentage of all anophelines = 11 .3% 



Species 

Al~ . (;~uli.QJ facies 

. ~h!... :0 uy.i, a_t:i, :tt~ 

An. s tEU?l~J2§_:!: 

An. !?ubp~~t uE; 

1\n. nigerrimlls 

An. ~~p'~ rJ?l ct us 

An. 1'T! _a~ .l:l L~!_~. 

An . a.!l_n_~:J: ar i §. 

An. §~~enti 

1\n. §J2l~ n dl~ld§ 

TOTAL 

v 

TABLE - 5 

Bovine positive mosquitoes . 

Mosq ui toes 
examined 

1370 

834 

175 

24 

5 

12 

23 

1.9 

14 

G2 

~S3H 

Positive 

687 

51G 

87 

9 

1 

5 

13 

13 

5 

28 

13G1 

Aver age bov ine posi t ivc percen t age 0 fall 

anophelines 53.74/~. 

Percent age 

50.14 

61.87 

'19.71 

45.16 



VI 

TABLE - 6 

Non-hunan, Non-Bovine Mosquitoes 

Species Tot al Non - II, Non-D Percentage 

An. culicifacies 1 ;-370 556 40.58 - _ ... -

An. fluviatilis 834 197 23.62 

All· § t eJ) hens:!, 175 68 38.85 

An. ~.!! ~R-t. _(~J~ _~? 24 10 

An. n i ~.9. .~~.!: j.f!l. us 5 3 

An. s upc rpi ct us 12 5 

1\n. :itaeu] alus 23 9 

An . annularis 19 4 --------
An. sergcnti 14 8 

~. ~J~)~~ n.9 i ~~~. 62 29 46.77 



AI}. fluviatilis 
- - -- i' 

An. splendidus 

An. culi ci i'acies 

An. fluviatilis 

An. stephensi 

.fLn. .subpictus 

fon. s uperpict us 

An. splendidus 

TABLE - 7 

Results of IIuman dipstick elisa 

Number 
tested 

21 

101 

29 

4 

3 

18 

TABLE - 8 

Number 
Positive 

3 

16 

1 

Results of Bovine dipstick elisa 

Number 
tested 

21 

101 

29 

4 

3 

18 

Nunber 
positive 

10 

58 

15 

2 

2 

8 
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'l'ABLE-. 9 

AN CUU r.: IIo'i\CIES S HOWI NG ELISi\ POS l'l'L V J ~ es p. 

Month P. vivax P . l' a 1 c i ·p ·:.u'um 

i\ugu s L 2 J 

Sept embe r 3 2 

Octobe r 2 2 

Ivlarch 1 0 

TOTAL 8 [) 

TABLE- · 10 

AN. FLUVIATILIS SlDWING ELISA PO~ I ' J 'J VJ'; esp. 

Mont I! P. v:i.vax ----

Augu s t 1 Nil 

S ept ember 2 Ni J 

October 1 1 

Mar c h 1 N:Ll 

May 1 

TOTAL 6 1 

TABLE- 11 

SURVEY DF MALARIAL PARASTJE 

Month 
Num lx"! r 

Pv Pi PH 
cx ami ne e! 

S cp L c~ rn Iwr Hi2 1 J :1. OK 

Octobe r 186 3 ~ 2 .60 

AI ar c h 11 8 2 1 2 .03 

April 179 2 0 1.11 

Pv= Pl asmodium viv ax , 
PR= Par as it e Rate. 

Pi -Plasmodium .faJ ciparwn 
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LC-50 J\ND LC-100 V 1\LUES OF BACILLUS '1'H unr NGI ENS I S 
II-14 (ABG 61 '15 ) AG1\lNST DIFFERENT MOSQUITO LA1WAE 

SPECIES INSTAn · LC-50 LC - 100 
(ppm) (ppm) 

Ano12he les II uv i a tilis 1st 0.045 0.08 

2nd 0.045 0.09 

3)'(1 0.07 0.1 tl 

tI t h 0.11 1. 00 

Anophe ] e~ ann ularis 1st 0.045 0.08 

2nd 0.05 0.09 

::~rd 0.'08 0.15 

4th 0.15 1.00 

Ano12heles pulcherrim us 1st 0.055 0.09 

2nd 0.06 0.10 

3rd 0.08 0.16 

4th 0.16 1.00 

Ano12he leE? !TI ac u I Cl.t u~ 1st 0.045 0.08 

2nd 0.045 0.09 

3rd 0.07 0.14 

4t h 0.14 1. 00 

Culex tritaeniorhynchus 1st 0 . 03 0.07 - _._ .. _. -.. 

2nd 0 . 03 0.07 

3rd 0.07 0.15 

tit h 0.09 0.18 

Culex Jatigans 1st 0.03 0.07 ---
2nd 0.0 /1 0.07 

3rd 0.08 0.1 9 

4t h 0.09 0.25 



T!d3LE- . 13 

LC - 50 AND LC- 1 00 VAL UES OF BACI LLUS SPHAEJU CUS 
AGAINST DIFFERENT MOSQUITO LARVAE . 

SPECIES INSTAR LC- 50 LC - 100 
(ppm) (ppm) 

A?ophe le~ fluviatili ~ 1st 0.07 0.10 

2nd 0.08 0.1. (1 

3rd 0 . 15 0.45 

4th 0.17 0.70 

1st 0 . 06 0 . 1 2 

2nd 0.075 0.155 

31'd 0.15 O.GO 

4th 0.165 0 .80 

Anophe l es pulcherrim ~ 1st 0.08 0 . 14 

2nd 0 . 09 0.18 

31'cl 0.15 0.60 

4th 0 . 018 0 . 85 

1 s t 0.07 0.15 

2nd 0.08 ' 0.18 

3rd 0 . 17 0.65 

4th 0 . 20 1. 00 

~ J:!l~.x t.r it ac niorhynchus_ 1 s t 0.025 0.055 

2 nd 0.03 0 . 065 

:3rcl 0.060 0.11 

4th 0.07 0 . 165 

1 s t 0.025 0 . 05 

2 nd 0 . 0 3 0 . 0 6 

31'd 0 . 065 0.1 2 

4th 0 . 075 0 . 16 
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TABLE- 14 

Average larval dip counts 

Baci llus thuringiensis B. sphae ricus Control 
-

i ml. 2 mI. 1 ml. 2 ml. 

Be fore spr ay 45.5 48.9 52.1 51. 6 44.8 

2 ho urs after 6 00 21. 8 00 45.4 

24 hours after 00 00 00 00 43.6 

48 hours after 00 00 00 00 46 

72 hours after 50.4 47.6 00 00 49.1 

1 week after 52.5 48.4 00 00 51.2 

2 weeks after N/ A N/ A 00 00 52.8 

3 weeks after N/A N/A 00 00 50.8 

4 weeks after N/ A N/A 00 00 50.4 

5 weeks after N/ A N/ A 5.8 00 51 

6 weeks after N/ A N/A 7.6 .I 00 49 

7 weeks after N/ A N/ A 12 5 50.8 

8 weeks after N/ A· N/ A 10.7 8.8 14.8 



Before spray 

After 2 hours 

Aft e r 24 hours 

After 48 hours 

After 72 hours 

After 1 week 

XII 

TABLE-15 . 

percent reduction 

Ba:cill us 

Larval dip count. 

Control 1 ml 

44.8 45.5 

45 .4 6 

43.6 00 

46 00 

49.1 50.4 

51. 2 52.5 

in larval density 

t h lir i n gi ens i s 

%reduction 2 ml. % reduct ion 

48.9 

86.78 00 100 

100 00 100 

100 00 100 

-2.6 4 47.6 3.05 

- 2.53 48.4 5.47 



TABIlE-16 

Percent r e duction in 1 arv al d e llsity 

Baci 11 us sphaericus 

Larval dip count 

Control 1 ml % reduction 2 ml % reduction 

Before spray 44.8 52.1 51. 6 

2 hours after 45.4 21. 8 51.98 00 100 

24 hours after 43.6 00 100 00 100 

48 hours after 46 00 100 00 100 

72 hours after 49.1 00 100 00 100 

After 1 week 51.2 00 100 00 100 

After 2 weeks 52 . 8 00 100 00 100 

After 3 weeks 50.8 00 100 00 100 

After 4 weeks 50.4 00 100 00 100 

After 5 weeks 51 5.8 88.62 00 100 

After 6 weeks 49 7.6 84.48 00 100 

After 7 weeks. 50.8 12 76.38 5 90.15 

After 8 weeks 14.8 10.7 27.21 8 40.55 
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TABLE-17 

EFFECT OF 140 ul/ml NEEM LEAVES EXTRACT TO 
FIELD COLLECTED MOSQUITO PUPAE 

RI RII nIII 

Exposed pupae 50 50 50 

Emergence 
day 

Mortali ty 
day 

Emergence 
days 

Mortality 
days 

Emergence 
days 

Mort ali ty 
days 

after 1 M F M F M F 
00 00 00 00 00 00 

after 1 
5 3 

after 2 
00 6 00 3 00 5 

after 2 
22 17 45 

aft E(r 3 
00 00 00 00 

after 3 
44 27 45 

T ABLE- _. 1'"8 

EFFECT OF NEEM FRUIT EXTRACT ON MOSQUITO 
PUPAE (140 ul/ml) 

Control 

50 

M F 
17 25 

3 5 

Rep licat ion RI RII RIll Control 

Number of 

Emergence 

Dead pupae 

pupae 50 50 50 

after 12 hrs 3d 1d 2d 

after 12 hrs 47 49 48 

TABLE- 19 

PERCENT MORTALITY OF MOSQUITO PUPAE AFTER 
EXPOSURE TO 140 ul/ml NEEM LEAVES AND FRUIT 

EXTRACT IN WATER 

50 

43 

1 

Leaves ext ract Fruit e>..rtract Cont ro 1 

After 1 day 5.3 100.0 2 

After 2 days 56.0 2 

After 3 days 77.3 2 



After 

After 

After 

"After 

TABLE - 20 

PERCENT MORTALITY OF 3RD PLUS 4TH INSTAR ANOPIlliLINE 
AND CULICINE LARVAE AFTER EXPOSURE TO NEEM LEAVES ANl) 

FRUIT EXTRACT IN WATER 

Leaves Extract 

Anopheline Culicine 
70 ul/ml 140 ul/ml 70 ul/ml 140 ul/ml Control 

6 hrs 3.3 100.0 15.5 100 . 0 00 

12 hrs 98.0 100.0 00 

Frui t Powder 

Anopheline Culicine 
3 gm/50 ml 6 gm/50 rnl 3 gm/50 ml 6 gm/50 ml Control 

6 hrs 0 . 0 45.5 12.6 64.5 00 

12 hrs 100.0 100 . 0 100.0 100 . 0 00 

Fruit Extract 

Anopheline Culicine 
70 ul/ml 140 ul/nil 70 ul/ml 140 ul/ml Control 

After 6 hrs 0 . 0 28.0 36.0 87 . 4 00 

After 12 hrs 51.0 86.6 100.0 100.0 00 



After 

After 

After 

After 

After 

After 

After 

After 

Aft e r 

After 

After 

After 

1 

2 

4 

6 

8 

24 

1 

2 

4 

6 

8 

~VI. 

TAI3LE- 21 

PERCENT MORTALITY OF 3RD PLUS 4TH INSTAR AN.CULICIF'ACIES 
AND AN. STEPHENSI LARVAE AFTER EXPOSURE TO NEEM LEAVES 

EXTRACT IN ETHANOL, METHANOL AND ACETONE 

Ethanol Methanol Ac eton e 
0.8 1.0 0.8 1.0 0.8 1 . 0 
ul/ml ul/ml ul/m1 ul/ml ulJm1 ullml 

hr 0.0 0.0 0.0 0 . 0 0.0 0.0 

hrs 1.6 0.0 0.0 0 .0 5.0 1.7 

hrs 6.6 6.6 0.0 5.0 5.0 5.0 

hrs 6 .~ 6 6.6 31.7 41. 7 18 . 3 13.3 

hrs ' 13.3 10.0 46.7 55.0 30.0 16 . 7 

hrs 1, 3.3 16.7 100.0 100.0 51. 7 53.7 

TABLE- 22 

PERCENT MORTALITY OF 3RD PLUS 4th INSTAR AN .CULICIF'ACIES 
AND AN. STEPHENS I LARVAE AFTER EXPOSURE TO NEEM FRUIT 

EXTRACT IN ETHANOL, ME'I)IANOL AND ACETONE 

Ethanol Met hanol Aceton e 
0.8 1.0 0.8 1.0 0.8 1.0 
ul/ml ul/ml ullml ul/ml ullml ul/ml 

hr 1 .8 1.8 55.0 65.0 0.0 3.3 

hrs 8.3 6.6 78.3 71. 6 0.0 3.3 

hrs 8. 3 10.0 81. 6 76.6 1.6 3.3 

hrs 25.0 35.0 86.6 78.3 1.6 3.3 

hrs 33.3 56.6 100.0 100.0 10.0 11.6 

24 hr s 100.0 100.0 ( after 7 hrs) . 78.3 78.3 



X'Il'I I 
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TABLE - 23 

LC-50 AND LC-100 VALUE (u]/ml) OF NEEM TREE, "!ELI A 
AZADI RACIITA L. , LEAVES EXTRACT AGAINST LAI1VAE OF 

DIFFERENT MOSQUITO SPECIES 

SPECIES INS1'AH LC-50 LC-100 
(ul/mJ) (ul/ml) 

, 
Anopheles QJJJici i'acieE? 1st 0.3 0.35 

2nd 0.35 0.40 

3rd 0.4 0.55 

4th 0.45 0.6 

h I}2 R.J::l.~ J~~_ f 1 uv j . at iIi s 1st 0.35 0.4 

2nd 0.4 0.45 

:1rd 0.45 0.55 

4th 0.5 0.65 

Anopheles stephensi 1st 0.25 0.40 

2nd 0.3 0.45 

3rd 0.40 0 .6 

4th 0 .45 0 . 65 

Anopheles !:;tnnularis 1st 0.3 0.4 

2nd 0.35 0 .45 

3rd 0.4 0.55 

4t h O. ,15 0.6 

Anopheles l22l.1ch0.rrim~ 1st 0.3 0 .4 

2nd 0.35 0.5 

3rd 0.45 0.65 

4th 0.5 0 . 7 

(Contd .... pi ) 



Co n t d ,. . "' .. . 

Anophe les maculat us 1st 0.3 0.1 

2nd 0 .4 0 . 15 

3rd 0.45 0.55 

4th O.G 0.65 

Culex trtt aeniorhynch us 1st; 0.25 0 .35 

2nd O. 3 0.4 

3rcl 0.35 0.45 

4th 0.1 0.50 

Q.Jl.l~x. ~~tigans 1st 0.25 0 .3 

2nd O.2B O. 35 

3rcl 0.3 0 .40 

4th 0.35 0 .48 



J,C -:lr) AND I.C - 100 VALUES OF NEEM THEE : MELIA A'ZADIHACIITA 
L., FIWI'l' EXTRACT AGAINST LARVAE OF DIFFEHENT t.lOSQUITO 

SPL;CIES 

SPECIES INSTAH LC-50 LC- 100 
(ul/ml) (ull m}) 

Anophe les culicifacics 1st 0.2 0 .35 

2nd 0.25 0.35 

3rcl 0.35 0.1 

1th 0.1 0 .45 

Anophcle~ -r] uv i at iIi s 1st 0.3 0.35 

2nd 0.35 0 .1 

3rd 0.4 0 . 5 

4t h 0.45 0.55 

Anophe l es stephensi 1st 0.2 0 . 35 

2nd 0.2 O. 35 

3rd 0.35 0.45 

4th 0.4 0 .50 

Anoph e l es annularis 1st 0.2 0 . 35 

2nd 0 . 3 0.4 

3rd 0.1 0.55 

4th 0.45 0.60 

Anophe ] (}s puleherrimus 1 s t 0.25 0.35 

2nd 0.3 0.1 

3rd 0.40 0.50 

4t h 0 . 45 0 . 55 

(Co n t d .. . pI ) 



4 n""':. .... : .. ... , 

ConLcl... j , ' 

AnopheleE!. maculat U S 1st 0.3 0.4 

2nc1 0 . 4 0 . 45 

3rd 0.43 0 .5 5 

4th 0.45 0.60 

<2.11L0.x tritaeniorhynchus 1st 0.25 0.30 

2nd 0 . 28 0.35 

3rd 0.30 0.40 

1t h 0.35 0 . 45 

Culex fatigans 1st 0.25 0 .35 

2nd 0.30 0.4 

3rcl 0.35 0 . 45 

4t h 0.40 0.50 



Xli 

TABLE- '2-5 . 

PERCENT MORTALITY OF 3RD AND 4TH INSTAR ANOPHELINE 
CULICINE LARVAE AFTER EXPOSURE TO BAKAIN LEAVES AND 

FRUIT EXTRACT IN WATER 

Leave s Extract 

Anopheline Culicine 
70 uliml 140 uliml 70 uliml 140 uliml Control 

After 6 hrs 85 . 5 100.0 70.0 100 . 0 00 

After 12 hrs 100.0 100.0 00 

Frui tExt r act 

After 6 hrs 70.0 73.3 59.0 97.5 00 

After 12 hrs 95.0 100.0 87.0 100.0 00 



;fill 

TABLE- 26 

EFFECI' OF 140 ul/ml BAKAIN LEAVES EXTRACT 
ON MOSQUITO PUPAE 

HI RII RIll Control % Mortality 

Exposed pupae 50 . 50 50 50 

Emergence after 1 day 00 00 00 39 

Mort ali ty after 1 day 5 8 4 00 11.3 

Emergence after 2 days 3 1 4 9 

Mort ali ty after 2 days 47 49 46 2 94.6 

TABLE- 27 

EFFECT ON 140 ul/ml BAKAIN FRUIT EXTRACT 
ON MOSQUITO PUPAE 

RI RII RIll Control % Mortality 

Exposed pupae 50 50 50 50 

Emergence after 1 day 00 00 00 42 00 

Mort ali ty after 1 day 3 2 6 00 

Emergence 
I 

after 2 days 17 8 12 8 

Mortality after 2 days 24 42 29 00 63.3 

Emergence after 3 days 9 00 00 00 

Mortali ty after 3 days 24 42 38 00 69.3 



After 1 hr 

After 2 hrs 

After 4 hrs 

After 6 hrs 

After 8 hrs · 

After 24 hrs 

X\liIll 

TABLE- 2~ 

PERCENT MORTALITY OF 3RD PLUS 4TH INSTAR AN. CULICIF'ACIES 
AND AN. STEPHENSI LARVAE AFTER EXPOSURE TO BAKAIN LEAV~S 

EXTRACT IN ETHANOL, METHANOL AND ACETONE. 

Lchanol Methanol Acetone 
0.8 1.0 0.8 1.0 0.8 1.0 
ul/ml ullml ullml ullml ullml ulJml 

00 00 00 00 00 3.0 

00 00 00 00 00 6.6 

00 00 35.0 35.0 10 .0 11. 6 

20.0 11. 6 75.0 61.0 10 .0 21. 6 

33.3 30 .0 88.3 90.0 15 .0 30.0 

88.3 95 .0 100 .0 100.0 45.0 46.6 



After 

After 

After 

After 

After 

After 

After 

After 

After 

Aft er 

After 

After 

1 

2 

4 

6 

8 

· XXIV 

TABLE - 29 

PERCENT MORTALITY OF 3RD PLUS 4TH I NSTAR AN . 
CULICIFACIES AND AN . STEPEHNSI LARVAE AFTER 
EXPOSURE TO BAKAIN FRUIT EXTRACT (I",,'\'ST SEASON) ' . 

IN ETHANOL, ~1ETHANOL AND ACETONE 

Ethanol Me thanol Ace tone 
O. 8 1.0 0.8 1.0 0.8 
ul/ml ul/ml ul/ml ul/ml ullml 

hr 00 00 00 00 00 

hrs 00 00 00 00 11. 6 

hrs 00 5.0 00 00 25.0 

hrs 6 . 6 13. -3 00 00 78.3 

hrs 15.0 21 . 6 35.0 58.3 93.3 

24 hrs 46.0 55 . 0 100 . 0 100.0 100 . 0 

TABLE - 30 

PERCENT MORTALITY OF 3RD PLUS 4TH INSTAR AN . 
CULICIFACIES AND AN . STEPEHNSI LARVAE AFTER 
EXPOS URE TO BAKAIN FRUIT EX'I'RACT (FRES H ' r n,UIT ) 

IN ETHANOL, METHANOL AND ACETONE. 

Ethanol Methanol Aceton e 
0 . 8 1.0 0.8 1.0 0.8 
ul/ml ul/ml ul/ml ullml ul/ml 

1 hr 00 00 00 00 00 

2 hr s 00 00 00 00 00 

4 hrs 23.3 8.3 28.0 32 . 0 16.0 

6 h rs 65 . 0 71. 6 6 4. 6 58 . 0 21 . 3 

8 hrs 73 . 3 90.0 71,.0 76 . 3 26 . 0 

24 hrs 98 . 3 100 . 0 100 . 0 100.0 51.0 

1.0 
ul/n'll 

00 

20.0 

45.0 

80.0 

95 . 0 

100.0 

l '~ ' O 

ul/:ni.l 

00 

00 

23.6 

'2 8 . 6 

33. 3 

62.6 
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TABLE - 31 

LC-50 AND LC-100 VALUES OF I3AKAIN TREE, MELIA AZEDAHACII 
L., LE.I\VES EXTHACT AGAINST LARVAE OF DIFFEHENT MOSQUITO 

SPECIES 

SPECIES INSTAll LC-50 LC-100 
(ul/m 1) (ullml) 

A nS?--2J!5~~1_e s .c u 1 i c tI.9-S!. i~§ 1st 0.35 0.45 

2nd 0.4 0.45 

3rd 0.55 0.65 

4t.h 0.6 0.80 

:,\nophel~~ fluviutilis 1st 0.4 0.45 

2nd 0.4 O. '15 

3rd 0.55 0.70 

4th O.G 0 . 75 

Anophcle~ stephensi 1st 0.35 0.4 

2nd 0.35 0.45 

3rd 0.5 O.GO 

4th 0.60 0.075 

AnopheJcs ann u"l nris 1st 0.45 0.50 

2nd ,0.45 0.55 

3t.cl 0.50 0.75 

4th 0.55 0.80 

A~0l?lw 1 c~ ~ulcherrilll us ' 1st 0.30 0. 115 -- -------- ---

2nd 0.35 0.50 

3rd 0.45 0.60 

4th 0.55 0.75 

(Contd ... pl ) 



Contd . .. 

Anoph(~ l (~S lTlac ul :Ll: us 1st: 0.'1 0.5 

2nd 0.5 0.55 

3rd 0.55 0.6 

4th 0.60 0.65 

~ulex t ri t aeniorhynch us 1st 0.30 0.35 

2nd 0.36 O. llO 

3rd 0.45 0.55 

4th 0.55 0.60 

Culex Iatigans 1st 0.35 0.45 

2nd 0.35 0.45 

3rd 0.45 0.50 

4th 0.55 0 . 55 



Y~II-

TABLE - 32 

LC- 50 AND LC-100 VALUES OF BAKAIN TREE" ~mLIA AZEDAnACIi 
L, , .- FRUIT EXTHACT .l\GAINST LARVAE OF DI FFEnENT MOSQUITO 

SPECIES 

SPECIES INSTAR LC-50 LC-100 
(ul/ml) (ul/mI) 

, 
Anopheles ~ulicifacief;i 1st 0.45 0.55 

2nd 0.5 0.65 

3rd 0.65 0.85 

Llt b 0.70 0.90 

[\nopbe les j.'luviatilis 1st 0.50 0,6 

2nd 0,55 0,6 

3rd 0.65 0.75 

'ltll 0.70 0.95 

Anopheles step!.!.ensi 1s(; o .'l5 0.5 

2nd O. '18 0.55 

3rd 0.50 0.75 

4th 0.75 0.85 

Anopheles annularis 1st 0 . 50 0.60 

2nd 0.50 0.65 

' 3rd 0.65 0.95 

4th 0.80 1.05 

Anophe]es p ulcherrimu~ 1st 0.45 0.55 

2nd O. '15 0.55 

3rd 0 .60 0 . 75 

'lth 0 . 70 0 .85 

(Contd ... . pi ) 
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TAJ3LE- 33 

AVERAGE LARVAL DENS ITY WI TH NEEII! 
LEAVES EXTRACT TREATMENT 

Re plication RI RII RIll Average larval 
de nsity 

Larva l dip count 
belore e xpo s ur e 31. 5 36.4 35.0 34.3 

After 1 day 10.5 13.8 16.2 l3.5 

Aft e r 2 days 10.8 10.0 10.2 10.7 

Aft er 3 day s 10.0 8.4 10.8 9.7 

Aft e r 4 days 10.2 12.5 13.0 11. 9 

After 5 day s 15. 4 14.1 20.5 16.6 

After 6 days 22.6 23 .6 29 .6 25 .3 

After 7 days 30.3 33.5 37.8 33.8 



Larval 
before 

After 1 

After 2 

Aft e r 3 

Aft e r 4 

Af t e r 5 

After 6 

After 7 

TAGLE - 34 

PERCENT LARVAL REDUCTION WITH NEEM 
LEAVES EXTRACT 

Average Av e rage R"clu c tio ll % Re du c tio n 
larval control 
de nsity 

dip count 
e xpo s ur e s 34 .3 35 0.7 2.0 

clay 13.5 37 23.5 63.5 

days 10.7 37 26.3 71. 0 

day s 9.7 38 28.7 75.5 

days 11. 9 35 23.1 66.0 

da ys 16.6 37 20. 4 55.1 

days 25.3 41 15.7 38.3 

day s 33.8 38 4.2 11. 0 



TABLE - 35 

AVERAGE LARVAL DENSITY WITH NEEM 
FRUIT POWER TREATMENT 

Replication RI RII RIll 

Larvrrl dip count 
before ·e xposure 35.8 36.4 38.6 

After 1 day 9.8 15.2 17.8 

After 2 days 9 . 2 10.8 10.6 

After 3 days 9.0 11. 0 12.6 

After 4 days 12.8 19.6 19.0 

After 5 days 19.2 22.4 24.4 

After 6 days 25.0 27.4 29.8 

After 7 days 33.4 34.4 37.2 

Average 
larval 
density 

36.9 

14.6 

10.2 

10.9 

17.1 

22.0 

27.0 

35.0 



Larval 
before 

After 1 

After 2 

After 3 

After 4 

Aft e r 5 

After 6 

After 7 

· XXXII ~ ._ 

TABLE - 36,-, 

PERCENT LARVAL REDUCTION WITH NEEM 
FRUIT POWDER 

Average Average Re cluc-
larval control tion 

density 

dip count 
exposure 36.9 35 

day 14.6 37 22.4 

days 10.2 37 22.8 

days 10.9 38 27.1 

days 17.1 35 17.9 

days 22.0 37 15.0 

days 27.0 41 14.0 

days 35.0 38 :1.0 

% Reduc-
tion 

60.5 

72.4 

71. 3 

51.1 

40.5 

34.4 ' 

7.9 



Larval 
before 

After 1 

After 2 

After 3 

Aft e r 4 

After 5 

Aft er 6 

After 7 

Aft e r 8 

xxnII 

TA13LE- 37 

PERCENT LARVAL REDUCTION WITH DA10'I.IN 
LEAVES EXTRACT 

Repli cat ion s 

RI RII RIll Av e r- Contr-
age ro1 

dip count 
exposure 33.8 35.6 37.8 35.7 34 . 8 

day 7 7.8 10.8 8.5 35 . 8 

days 4.6 5.8 4.8 5 36.2 

days 3.8 5 5.2 4 .6 34.4 

days 5.8 6.2 5.2 5 . 6 39.6 

days 14.2 15.4 1 7 15.5 37.4 

days 26 35.4 38.4 33.2 35.6 

days 34.8 39 . 4 38 34 36 

days 35 36.6 35.6 35.6 40.2 

% Re du c_ 
tion 

00 

76.26 

98.6 

86.6 

85.9 

58.5 

6.7 

5.6 

11. 4 



Lar v a l 
before 

Aft er 

Aft er 

After 

After 

After 

Aft e r 

XXXIY _ 

TABLE - 38 

PERCENT LARVAL REDUCTION WITH BAI(AIN 
FRUIT EXTRACT TREATMENT 

Replications 

RI RII RIll Total Cont-
average rol 

dip count 
expos ure 37 37.6 40 . 2 38 . 1 34.8 

1 day 7.2 7.6 9 7.9 35.8 

2 d ay's 6 7.2 7. 4 6.8 36 . 2 

3 d ays 6.8 7.8 9.2 7. 9 34.4 

4 d ays 20 22.6 21. 8 21. 4 39 .6 

5 day s 35 32.6 33.6 33.7 37.4 

6 day s 39.2 36.8 36.8 37 . 6 35.6 

TABLE- 39 

PERCENT MORTALITY OF MOSQUITO LARVAE IN FIELD 
TRIALS AFTER EXPOSURE TO BAKAIN LEAVES AND FRUIT 

EXTRACT IN WATER 

LE,AVES EXTRACT FRUIT EXTRACT 

After. 1 day 76.26 78.0 

After 2 days 98.6 81. 2 

Aft er 3 days 86.6 77 . 1 

Aft e r 4 days 85.9 46.0 

Aft er 5 days 58 . 5 10.0 

Aft er 6 days 6.7 00.0 

% Re duc-
t i o n 

0 0 

78 

81. 2 

77.1 

46 

10 

00 
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TAI3LE - 40 

EFFECT OF 2 m 1 / sq . m . I3i\CI LL US TIl UlUNGI ENS I S II - l1 
AND 300 gm/ sq .m. NEml LEAVES POWDER ON TIfE DENSITY 

OF ~10SQUITO LARVAE 

AVERAGE LARVAL DENSITY 

Anbphe lines Culicines 
Treated Control Treated Cont ro 1 

Before treatment 23 19 48 51 

2 hours after 00 22 06 49 

4 hours after 00 18 00 54 

6 hours after 00 23 00 52 

8 hours after 00 22 00 49 

ALter one day 00 20 00 47 

After two days 00 16 00 50 

After three days 00 17 00 48 

After four days 00 19 00 44 

After five days 00 13 00 46 

After six days 00 11 00 38 

After seven days 00 9 00 43 
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TABLE- 41 

EFFECT OF 2 ml/sq.m. BACILLUS THURINGIENSIS H-14 
AND 250 gm/sq.m. NEEM FRUIT/SEED POWDER ON THE 

DENSITY OF ~IOSQ urTO LARVAE 

AVERAGE LARVAL DENSITY 

Anophelines Culicine 
Treated Control Treated Control 

Before treatment 17 19 59 43 

2 hours after 00 22 00 51 

4 hours after 00 19 00 49 

6 hours after 00 23 00 54 

8 hours after 00 22 . 00 49 

After one day 00 20 00 47 

After two days 00 16 00 50 

After three days 00 17 00 48 

After four days 00 19 00 44 

After five days 00 13 00 46 

After six days 00 11 00 38 

After seven days 00 9 00 43 
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TABLE - 42 

EFFECT OF 2 ml / sq .m. BACILLUS THlJRINGIENSIS H-14 
AND 250 gm/sq.m. BAKAIN LEAVES POWDER ON THE DENSITY 

OF ~IOSQUITO LARVAE 

Anophe lines Culicines 

Treated Control Treated Control 

Before treatment 16 19 45 51 

2 hours after 00 22 00 49 

4 hours after 00 18 00 54 

6 hours after 00 23 00 52 

8 hours after 00 22 00 49 

After one day 00 20 00 47 

After two days 00 16 00 50 

Aft er three days 00 17 00 18 

After four days 00 19 00 44 

After five days 00 13 00 46 

After six days 00 11 00 38 

After seven days 00 9 00 43 



XXl\.VIII 

EFFECT OF 2ml/sq.m. BACILLUS 'l'HURINGIENSIS H- 14 AND 
250 gm/sq.m. BAKAIN FRUIT POWDER ON THE DENSITY OF 

~10SQUITO LARVAE 

Anophe Ii nes Culicines 

Treated Control Treated Control 

Before treatment 21 19 54 51 

2 hours after 04 22 11 49 

4 hour~ after 00 18 00 54 

6 hours after 00 23 00 52 

8 hours after 00 22 00 49 

After one day 00 20 00 47 

After two days 00 16 00 50 

After three days 00 17 00 48 

After four days I 00 19 00 44 

After five days 04 13 09 46 

After six days 07 11 12 38 

After seven days 06 9 14 43 



A ftc: r 

A It l!l' 

After 

After 

Aft er 

Aft er 

1\ ft er 

After 

After 

After 

AHer 

XXXJ:X 

T 1\13LE - ,44 

PEHCENT ANOPHELINE J,1\RV1\L CONTROL AFTER TREATMENT 
WITH NEEM AND B1\KAIN EXTRACT IN COMBIN1\TION WITH 

D1\CILLUS TIIUHINGIENSIS H- 14 

Neem Ncum Balwjn Du.l(ui 11 

leaves Jl'u.iL le aves Jrui t 
plus Dti. p 'l us Dti. plus Dti . plus Dti. 

2 hours 100 100 100 91. 9 

4 hours 100 100 100 100 

6 hou rs 100 100 100 100 

S hOUl'S 100 100 100 100 

one day 100 100 100 100 

two clays 100 100 100 100 

three days 100 100 100 100 

four days 100 100 100 100 

LLve days , 100 100 100 69.3 

six clays 100 100 100 37. '1 

seven days 100 100 100 33.4 



Arter 

Aft er 

After 

A rt ( J l' 

After 

A fL (C) l' 

After 

After 

Aft er 

After 

ArLer 

PEHCENT CULICINE LAHVAL CONTHOL APl'En TnEATMENT 
WITH NEml AND 13AKAIN EXTRACT IN C01IBINATION WITH 

2 hOllrs 

<1 hours 

6 hours 

~ 110 urs 

one day 

two days 

three day:::; 

four days 

five days 

six days 

seven days 

BACILLUS TlIlJHINGIENSIS II-1t! 

Ncem 
Ie aves 
pI us Dti. 

87.8 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Necm 
fruit 
plus Dt i. 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Bakain 
leaves 
p1 us TIt i. 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Bal<ain 
I'l'ui-r 
plus TIt i. 

77.G 

100 

100 

100 

100 

100 

100 

100 

80.2 

68.6 

G7.5 
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TABLE- 46 

AVERAGE WE IGHT IN GRAMS OF ALBINO RATS AFTER 20 DAYS OF FEEDING/ I NJECTION WITH 
NEEM/BAKA I N, LEAVES/FRUIT EXTRACT 

Control Normal NEEM LEAVES NEEM FRUIT Contro 1 
Subcutaneous Injection Oral Feeding Subcutaneous Injection Oral Feeding Normal 

O.ICC 0. 2cc O.3cc 0.1cc O. :>c c 0.3cc 0.1 cc 0.2cc 0. 3cc 0.1cc 0. 2cc 0.3cc 
Body we ight 47 ~7 . 06 46.8 46. 6 48 47.06 46 . 7 47 48.4 47.03 47 . 03 47 47. 03 

Li ve r 2.5 2. 2 2.4 2.3 2.5 2.1 ?3 2.5 2.3 2.5 2. 3 2. 1 2.4 

Lungs 0.45 ' 0. 43 0.44 0.55 0.45 0.44 0. 45 0.42 0. 42 0.5 0. 45 0.45 0.50 
, ' 

Kidney 0 .5~ O. ~ 9 0.38 0. 5 0.45 0.38 0.45 0.39 0.45 0.44 0.44 0. 45 0.55 Spleen 0.15 0.13 0.13 0.14 0.15 0.13 0.14 0. 14 0.13 0.14 0.13 0.14 0. 15 

BAKAIN LEAVES BAKAIN FRUIT Contro l 
Methanol 

Body wi e ght 46.6 46 . 8 47.06 47 47. 03 47 47 4S.08 46.5 47.03 46. 5 46.& 47 

Liver 2.6 2.6 2.4 2.4 2. 4 2.7 2.25 2.4 2.5 2. 25 2.5 2. 7 2. 7 
Lungs 0 . 4~ o li~ • ;J 0 . 34 0.48 0. 48 0. 35 0. 45 0. 45 0.45 0.5 0.46 0. :; 0. 45 
Kidney 0.5 0. 55 0. 45 0.5 0. 5 0. 45 0. 47 0. 5 0. 45 0.6 0. 6 0. 47 ,J . 5 
Spleen 0.15 0.1 6 0. 15 0. 15 0. 17 0.15 0. 15 0.15 '0. 15 0.1 8 0.15 0. 18 0.2 

~ 
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