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ABSTRACT

Pyrethrins and Rotenoids extracts fro@hrysanthemum cinerariaefolium and Tephrosia vogelii plants
respectively were combined at various ratio mixtuaed tested against adult cockrodchericana periplaneta for their
efficacy. A mortality rate of 86% in 200 minutesthvia synergistic ratio mixture of 28.5:1 w/w wadaddished.
The mixture was found to have an observedLd® 0.23mg/g and a theoretical Lfof 0.92mg/g calculated from the
individual Pyrethrins and Rotenoi@xtracts. The synergism expressed as co-toxicigfficeent CC, was found to be 4.
The photodegradation of Rotenoids in the combinatias found to have a half life of,tof 6.1hrs compared to that of

Rotenone and Pyrethrins of 3hrs respectively.
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INTRODUCTION

Bio-pesticides, based on plant extracts such anook, nicotine and pyrethrum have been commordd us
pest management during the earlier half of thigurgn After the Second World War, cheap synthetiganic chemicals
were produced in large quantities and rapidly stuietl most other pesticides. The legulephrosia vogelii, a shrubby
plant indigenous to Africa but distributed to mamarts in the tropics is used as shelter, cover,disip poison and as a
pesticide. It was introduced to the United State#&merica in the sixties for the purpose of comnmrproduction of
rotenone and is regarded as a more promising thantDerris andLonchocarpus spp which thereto have been the main
sources of the pesticide (Abg al, 2004, Barnes and Freyre, 1966). The principles@adhgredient is rotenone but there
are other Rotenoids such as Tephrosin and Degahich are toxic to fish and mammals. The insecéitieffects have

been shown on several different insect speciedrisdket al, 2004,).

Rotenone acts by inhibiting the conversion of mutis into energy at the cellular level (cellulaspieation).
Insects quickly stop feeding and death occurs s¢Vmurs to a few days after exposure. Rotenorekisoad-spectrum
contact and stomach poison that is effective agailesf-feeding insects, such as aphids, certaintldsee
(asparagus beetle, bean leaf beetle, Coloradogootagtle, cucumber beetle, flea beetle, strawbeafybeetle, and others)
and caterpillars, as well as fleas and lice on afgrfAbiy et al, 20043). Rotenone degrades rapidly when exposeif to
and sunlight. It is not phytotoxic and moderatealyi¢ to mammals by inhalation than by ingestioninSkritation and

inflammation of mucous membranes may result from s&ntact (Njiru, 2006).

Pyrethrins on the other hand are highly concerdratgive compounds, which are extracted from theyeike
flower of Chrysanthemum cinerariaefolium, commercially grown in Kenya, Tanzania, Rwand&ast Africa as well as
Tasmania in Australia. Most insects are highly epsible to low concentrations of pyrethrins. Theite cause immediate

knockdown or paralysis on contact, but insectsrofteetabolize them and recover. They act specifidall disrupting the
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sodium and potassium ion exchange process in inmee fibers and interrupting the normal transiissof nerve
impulses (Cassida and Quistad, 1995). Pyrethrinsakordown quickly on exposure, have a short resjdual
and low mammalian toxicity, making them among théest insecticides in use. However, people may ladleegic skin
reactions and cats are highly susceptible to paigofe.g., flea powder) (Crosby, 1995). Pyrethrimsy be used against a
broad range of pests including ants, aphids, readleas, flies, and ticks (Darwazetal, 1981).

Although Rotenoids and Pyrethrins have differergroltal structures and mode of action, they do tswdlar
general traits. These include; fast breakdown gffégst action, low mammalian toxicity, selectivitjow or no
phytotoxicity and are found to exhibit individualrergism (Njiru, 2006). Pyrethrins are often mixeith synergists such
as sesame oil, Piperonyl butoxide (PBO), MGK 2@emone, or rynia to increase their effectiven@80 has been
implicated as a carcinogen, and may not be usesbine organic certification programs (Casida andst@dj 1995).
Mixtures of pesticides have been found to be mdfectve, allow broader spectrum application, reslube rate of

application as well as delay the development détasce of pests to pesticides (Langadl, 2011).

In toxicology, synergism refers to the effect caliséhen exposure to two or more chemicals at theesime
results in health effects that are greater thanstima of the effects of the individual chemicals. &fhchemicals are
synergistic, the potential hazards of the chemicdisuld be re-evaluated, taking their synergistiopprties into
consideration (Kariukét al, 2003).

MATERIALS AND METHODS

Pyrethrum plant extracts containing 50% pyrethnivere obtained from Pyrethrum Board of Kenya (PBK),
Nakuru Kenya. PBK extracts pyrethrins from tBlarysanthemum cinerariaefolium flowers using hexane 99% followed by
95% methanol refining. The flowers are grown in #enyan highland counties, including Nakuru, Nyamnda Kisii,
West Pokot and delivered to the Nakuru factory {@aand Quistad, 1995).

Plant extracts containing 8.3% Rotenoids were abthirom leaves ofephrosia vogelii through extraction using
chloroform. The leaves were harvested from Mr. Kgitsifarm in Kikuyu, 16km from Nairobi, identifiedt the School of
Biological Sciences, University of Nairobi, Hebariu The leaves were dried in the Department of Ch&mi
University of Nairobi, Laboratory and then groumtli powder using a blender. 2509 of plant matevad extracted using
soxhlet extraction method and extract evaporatedhdar dryness on a rotary evaporator at reducedsyme and
temperature of 4UC to give a dark oily chloroform crude residue sEmjshe sample was then stored under refrigeration

at a constant temperature &4

UV/Vis absorption wavelengths for the detection westablished by dissolving one gram of Pyrethrins,

Rotenoids extracts and Rotenone standard eachaselyan 100cm of acetone.

Table 1: Optimum Absorption Wavelengths Ultra
Violet Visible Spectrometer

Sample Wavelengths § nm)
Pyrethrins (50%) 329
Rotenoids 340, 570, 695, 665, 666
Rotenone (95%) 340

Table 1 above shows the optimum absorption wavéhsmgsponding to the extracts. The absorption lgagehs
were used as the detection wavelengths with the GHPIlV detector analysis for identification duringpaeation and
extraction.
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Evaluation of Pyrethrins and TephrosinsExtract Combinations
Stock solution of Rotenoids chloroform extract vaaspared by weighing one gram and dissolving inch@aof
ethanol. Several mixture combinations of Rotenaidd Pyrethrins extracts were made by mixing apjpamounts of

the extracts in the ratioBs: P, 1:3, 2:3, 4:3, 2:1, 1:6, 1:24, 1:30, 1:36 respety. They were then transferred into amber

sample bottles prior to bioassay tests. Table #vshibe various combination mixture concentratiom$ sample coding.

Table 2: Combination Ratios of Rotenoids and Pyrettins Extracts

Concentration Ratio Volume Ratio
Sgg:j%e Roter_loids: Rote_noids:
Pyrethrins (%) Pyrethrins (v/v)
A 1:454 1:3
B 1:227 2:3
C 1:1135 4:3
D 1:28.5 2:1
E 0 : 0.4645g/cr 0:1
E2 0.00306735g/ci 0 1:0
F 1: 908 1.6
G 1. 2270 1:24
H 1. 2724 1:30
| 1: 3178 1:36

Bioassay Tests against Adult Americana Periplaneta

20 adultAmerican periplaneta insects were transferred into each insect hol@#ngA dose of 1.0cfhfrom each
mixture ratio was transferred into the insect huddjars. The control was maintained at the samanethcontent of
1.0cni. The mortality in each set of experiment was rdedrafter a specified period of time of exposutee Experiment
set of each bioassay was replicated five times.s@hexperiments were set according to the standasddWHealth
Organization’s protocol (WHO, 1975).

Photodegradation of Rotenoids

1 gm of each was dissolved in 100anf acetone. 1cfof the stock solution of Rotenoids was withdrawridur
replicas and each portion transferred into a dbedtle and stored in the dark. Another set of 1wras withdrawn and put
into clear bottles marked 3, 6,9,12, 15 and 18 exposed in natural sunlight. This procedure wgeated for the
mixture combination (1:28.5), the Rotenone and fyirs standard samples. The samples were storége idark and the
solvent allowed to evaporate at room temperatutee Bottles were then exposed to direct sunlight @mdoved at
prefixed time intervals and then stored in the datrkoom temperature for analysis. The half-lifeeath was determined

by investigating the decay rate in natural sunlight

The solid residue in the bottle was dissolved imb5of solvent and injected for analysis to determine
concentration of Rotenoids in the solid residudse Tecay rate was then calculated as a first-ckihetics reaction,
where half-life {,,=In2/r.

RESULTS AND DISCUSSIONS
Synergism againstAmericana periplaneta
The combination mixture of Rotenoids and Pyrethrawmilted to synergism at varying degrees for @adikiidual

mixture combination. Figure 1 below shows mortadifficacy of various combinations @mericana periplaneta.
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Americana Periplaneta Mortality
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Figure 1: Mortality Rate of Various Combinations of Rotenoids and
Pyrethrins Extracts on Adult Americana Periplaneta
The mortality rate of the individual extracts, Rat@&ls and Pyrethrins, Sample Code E and E2 reciaithr
lower mortality rate of 43% in 240 minutes. Thispiies that Rotenoids extract was theoretically 1if#s more toxic
than Pyrethrins.

The highest mortality rate observed was 86% in 20utes by Sample Codes C and D, however,
Sample Code F had recorded mortality rate of 83%aaly as 60 minutes. Sample Codes A and D alsarded a high
early mortality rate of 29% in 30 minutes while §denC retained a lower mortality rate of 17% in st 60 minutes.
Sample Code E and E2 recorded 0% mortality rathénfirst 30 minutes and in 60 minutes, E had rige29% while
E2 to 14%. Thus Pyrethrins have an earlier moytaitmpared to Rotenoids extracts. Sample Code @ded an early
high in 60 minutes of 33% rising to 50% in 110 ntesiand tapering off at 200 minutes with 67% mdytahte. Sample
Code | recorded the lowest mortality rate of 509240 minutes of all the combinations. This shovet the insects were
more susceptible to all the combinations with héginly and final mortality rates than either thed®yrins or Rotenoids
extracts alone. The insects were found to be masteptible to Sample Code D with the highest eanly final mortality

rates of 29% in 30minutes and 86% in 200 minutepeetively. It was then investigated for the obsdrkGse
Co-Toxicity Coefficient

This was established by investigating thes.6f each ratio mixture of the Pyrethrins and Rotés@xtractsaand
comparing it with the individual extracts beforendmnation. The mixtures were then assessed forrgigm, additive,
and antagonism by calculating the co-toxicity cimefht (CC). CC is calculated by taking the theimatL Cso (LCso7) and
dividing by the observed L{: of the combination [CC= L&+ LCsog. The theoretical L&t is calculated as
LCsor = (LCsopX %P) + (LGoryX %TV). A CC value of <<2 indicates antagonism of tbembination, that of
CC=2 indicates additive, while that of much gredian CC>>2 shows synergism (Karigkial, 2003).

The observed L& for the combination was 0.23mg/Eiyrethrins 0.94mg/cPrwhile that of the Tephrosins at
0.47 mg/cm. The LGqr was established = (0.94X28.5/29.5) + (0.47X1/25).9240722mg/ cfih CC was established
as 4 which is significantly larger than 1 therethowing great synergism in the combination mixturfetiee two
bio-pesticides.

Photodegradation of Rotenoids and Rotenones

Photodegradation of the Rotenoids or Rotenone mlaatural environmental exposure degradabilityckethe
environmental sustainability of the combination taie. The concentration of Rotenone decreased froitmal

concentration of 0.5mg/chas indicated in Table 3 below.
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Table 3: Photodegradation of Rotenone Standard Sanhg

Time Conc. | Log Log
(Hours) | mglcm® | C, | Co-LogC !

0 0.50 -0.30 - -

1 0.36 -0.44 0.14 0.3224
3 0.23 -0.64 0.34 0.261(
6 0.15 -0.82 0.52 0.1996
9 0.11 -0.96 0.66 0.1687
12 0.08 -1.10 0.80 0.153%
15 0.05 -1.30 1.0 0.1534
18 0.01 -2.0 1.7 0.2125

C=Concentration after time t
Co-Initial Concentration
r=decay rate

In 18hrs only 2% of Rotenone was remaining in tlaengle residue with a degradation rate r=0.21 and
a t»=3.2hrs.

The concentration of Rotenoids decreased progedgsivith time from an initial concentration of 0/@/cn? as

shown in Table 4 below.

Table 4: Photodegradation of Rotenoids imephrosia Vogelii Extract

Time Conc. | Log Log
(Hours) | mglcm® | C, | Co-LogC !

0 0.59 -0.23 - -

1 0.50 -0.31 0.08 0.184
3 0.42 -0.38 0.15 0.115

6 0.30 -0.52 0.29 0.111
9 0.25 -0.60 0.37 0.0951
12 0.19 -0.72 0.49 0.094
15 0.14 -0.85 0.62 0.09%
18 0.19 -1.04 0.81 0.104

C=Concentration after time t
Co-Initial Concentration
r=decay rate
The photodegradation of Rotenoids in the extracsé wlawer than that of Rotenone in the standard Eamp
The Rotenoids progressively decreased with timebgntB hrs only 15% was recoverable with a meamayleate r=0.104.

This corresponded to a half-life of 6.1hrs compdrethat of Rotenone standard sample of 3hrs.
CONCLUSIONS

On evaluation it was found that in Sample Code {rethrins and Rotenoids have a synergistic effgeiret
Americana periplaneta. On applying the L& co-toxicity coefficient formulae, a coefficient dfwas obtained indicating
that there is great synergism between RotenoidsRymdthrins (1: 28.5). Comparison of the observad expected
mortalities confirmed this synergism agaidsnericana periplaneta. The synergistic effect is presumably due to the
combination of the two natural insecticides thalividually comprises of several different molecyl@sn Pyrethrins and 4
in Rotenoids, thereby overwhelming the various éhsketoxification defense mechanisms by reinfordimgjr combined

impact through different mode(s) of action.

The photodegradation of the molecules in the ekinas established att=6.1hrs implying that the mixture is
environmentally friendly and would thereby allowifay a Post Harvest Infestation of at least 7hggieBgism has been

studied and applied on commercial products for ntika® 60 years and has significantly contributedrproved efficacy
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of insecticides as well as solving resistance mnuisl that arise from over use of single synthetitemde insecticides.

The quantities used in synergistic combinationsmairgmal compared to use of individual insecticide®l in the case of

naturally occurring insecticides, the preservattbour environment is upheld.
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