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LOVOZAL: A NEW ACARICIDE

HISTORY

The new acaricide Lovozal originates
from chemical and biological research car-
ried out at Fisons Limited’s Chesterford
Park Research Station, Essex, England, in
the ‘period 1964-5, under the direction of
Dr. G. T. Newbold. This research has invol-
ved the synthesis in the period 1963-1968, of
more than seven hundred new compounds
in the substituted benzimidazole field of che-
mistry. The active ingredient in Lovozal (co-
ded NC 5016) was confirmed to be a pro-
mising candidate acaricide by laboratory
studies of 1964-5. Since then it has had three
seasons of orchard tests in many countries
of the Northern Hemisphere, and thiee more
at opposite times of the year in South Africa
and Australia. As Lovozal is the first com-
mercially promising member of a completely
new chemical family among pesticides, its
toxicological and other bioclogical properties
have been thoroughly investigated. These
supportive research studies are now nearing
completion, and initial small scale marke-
ting of the product is expected to occur in
several countries during 1969.

CHEMICAL PROPERTIES

The active ingredient in Lovozal is 5,6-
dichloro-1-phenoxy-carbonyl-1-2-trifluorome-
thyl benzimidazole, the proposed common
name for which is fenazaflor. This in an
almost non-volatile solid, with solubility in
water 1 p.p.m. at 25°C, but more than 40%

soluble in benzene, dioxan or acetone. One
important property is its highly lipophilic
nature, with a cyclohexane/water partition
ratio > 1000/1. The active ingredient is sta-
ble when dry, but in aqueous solution slowly
hydrolyses to phenol, CO; and 5,6-dichloro-2-

trifluoromethyl-benzimidazole. This hydroly-

sis product is still acaricidal, but has a mar-
kedly different water/cyclohexane partition
ratio, being very hydrophilic. Perhaps for
this reason, the hydrolysis product is appre-
ciably more phytotoxic, so considerable ef-
fort has been spent in determining the best
conditions of formulation and feld use of
Lovozal. So far it has been field tested mainly
as a 20% wettable powder, with satisfactory
stability in storage and after dilution for
orchard spraying. Recent results with a 40%
wettable powder formulation, using a diffe-
rent base, suggest that this latter formula-
tion may eventually be preferable. For 1969,
Lovozal will be marketed as the 20% wet-
table powder, while the 40% product under-
goes further field testing.

BIOLOGICAIL PROPERTIES

Lovozal is specifically an acaricide; al-
though it has slight activity against some
lepidopterous larvae, and very sligth activity
against apple mildew, neither of these pro-
perties is really of practical value in the
field. However, as an acaricide Lovozal has
certain important properties. Initially, it is
being recommended only for apples, on

119



which there has been a very consistent fin-
ding of crop safety in all countries. Many

summer, but the safety margins of a few
varieties may be less, and much influenced
by local and environmental conditions. The
use of Lovozal on other crops is not recom-
mended at present.

Next, Lovozal is compatible with many
but not all other orchard sprays. If used
before, with or soon after mineral oils, phy-
totoxicity may occur and this may also be
seen if Lovozal is mixed with some of the
great variety of insecticides and fungicides
used on apples. Thus, for the introductory
period or until local studies have been un-
dertaken and completed, compatibility tests
are recommended with locally used pesti-
cides.

To offset these apparent limitations, it
has been very well proven that Lovozal con-
sistently gives an excellent control of all
motile stages of all important mites on ap-
ples [Panonychus ulnii, Teiranichus urticae,

“T.inc daniieli, T. schoeiei, T. telaiiis (or cin-

nabarinus) and Bryobia species. It is equally
active against the citrus red mite (P. citri)
and on the peach silver and cherry mites,
but is not at present recommended for use
on these crops. The control of mites by Lo-
vozal is particlarly well maintained during
the rapid build-up of infestation under hot
climatic conditions in apple orchards. Evi-
dence exists that Lovozal kills the summer
eggs of P. ulmi and T. telarius, but has no
effect on winter eggs of P. ulmi.

However, perhaps the most vital pro-
perty of Lovozal is its ability to control mi-
tes which have developed resistance to other

commercial acaricides. Without exception,-

Lovozal has given extremely good results
when used in orchards showing mite resi-
~ stance to organophosphates or other com-
mercial acaricides, such as chlorbenside, fen-
son, tetradifon, tetrasul, dicofol or chloro-
benzilate. In the laboratory, more than 50
generations of Tetranychus telarius have
been bred under continuous selection by Lo-
vozal «pressurisation» without any signifi-
cant change in their sensitivity to this che-
mical. It is of course well known that such
laboratory findings may not accurately fore-
cast field conditions, but so [ar there is no
evidence that mites will develop early resi-
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stance fo this new active ingredient of novel
structure.

tration of Lovozal 20% wettable powder for
the control of mites by high volume (or
«dilute») spraying on apples is 150-250 gm
product/100 litres. Experimental and com-
mercial treatments at low volume, using hi-
gher concentrations (even up to ten times
the high volume concentration) show Lovo-
zal to be equally active, and equally safe to
the crop.

It will be noted that Lovozal controls
virtually all species ol mites; if predatory
mites are regarded as extremely important
for integrated control of mite pest species
in a particular orchard or locality, Lovozal
will not be safer to the predators than other
acaricides.

TOXICOLOGY

Biochemically, Lovozal's mode of toxic
action on mites is shown to occur by the

.uncoupling of. oxidative phosphorylation. It .

is believed that this biochemical mode of
action may be responsible for all the main
toxic effects of Lovozal in all species.

By single dose oral administration, the
toxicity of Lovozal varies considerably ac-
cording to species. As this was the first che-
mical of its type to be studied, many diffe-
rent animal species have been investigated.
The acute oral LD 50 values found, expres- -
sed as mg. active ingredient/kg, bodyweight,
were as follow:

Rat adult 140-280

young 71-200
Mouse 1600
Guineapig 59
Rabbit 3040
Dog over 50
Cat over 50
Marmoset 100
Hamster 258
Sheep 30
Pig 30
Calf 30
Hen 50
Pheasant 21
Quail 42

Thus, the oral toxicity of Lovozal in hu-
mans could be moderately high, and Ilabel



recommendations to preveni accidents are
drawn up accordingly. It is important to

- note that there has been no instance of hu-

man health complaint of any type of disor-
der during the three years of intensive labo-
ratory, pilot plant manufacture and feld
experimentation with Lovozal (apart from
one instance of skin irritation in a factory
worker).

The toxicity of Lovozal is extremely fa-
vourable in one major respect. In animals,
its percutaneous absorption and toxicity are
extremely low. Tested by the application for
24 hours continuously of a cream made from
the wettable powder, the acute dermal LD
50 values could not be accurately determi-
ned due to lack of mortality. Thus, the per-
cutaneous LD 50 values must be recorded
as » 4000 mg/kg in the rat, and » 2000 mg/kg
in the rabbit. Lovezal applications are non-
irritant and non-sensitising in experimental
animals.

As yet, no accurate estimate of the inha-
lational toxicity or hazards of Lovozal has

proved possible. Being almost non-volatile,

Lovozal causes no vapour hazard., Any inha-
lational risk would be due to the breathing
of fine particles capable of absorption from
the pulmonary terminal bronchioles. As the
particle size of the commercial product is
greater than necessary for deep penetration
into the lungs, it is considered that no spe-
cial inhalational hazard is presented in nr-
chard spray practice.

Pharmacological studies with Lovozal
{and its hydrolysis product) show that the
response of animals is just as would be ex-
pected from a chemical which disrupts cell-
energy processes, and causes heat to be libe-
rated instead. These effects include increase
in heart rate, sometimes in body tempera-
ture, and notably in respiratory rate. The
direct cause of death after dosages in ani-
mals is believed to be cardiovascular col-
lapse due to a depressant action on the
heart. This is partly a direct effect, but may
in part be due to a central nervous system
response.

Tt is always a matter of interest to en-
quire whether a quite new chemical may in
some way increase the toxicity ol other fo-
reign chemicals which may simultaneously
pecur in humans, under some circumstan-
ces. For this, a study was made on the toxi-

city to groups of rats which had for four
weeks received 250 ppm Lovozal in their

including. drugs, industrial and agricultural
chemicals. These included alcohol, aspirin,
phenobarbitone, trichloroethylene, propra-
nalol, chlorpromazine, parathion, tetradifon,
dodine, and dinocap. In a few cases, the
acute toxicity of these chemicals was unaf-
fected, a few showed reduced toxicity, and
only a slight suspicion arose of a slight in-
crease in the toxicity of dinocap and chlor-
promazine. It may be concluded that Lovo-
zal is not liable to exert a great effect on the
toxicity of other circulating chemicals.

Tests made with rats surviving a high
dosage of Lovozal showed that all visible
toxic effects disappeared within a few days,
and no delayed effects of any type arose
during a three month observation period
after dosage.

CHRONIC TOXICITY

Tests of up to two years administration
in the diet have been carried out on rats
and dogs. In the rat, intake levels of 100
ppm in the entire diet can be tolerated with-
out any abnormal findings in physiclogy,
biochemistry or macro-or microscopic post
mortem appearances. The first detected re-
sponse in the rat, at dietary levels above 100
ppm, is an increased excretion of ascorbic
acid; the exact significance of this in terms
of human physiology is not known, but is
being considered, for tolerance purposes, as
possibly an adverse effect. The lowest con-
centration causing visible toxic effects in the
rat is somewhere between 250 ppm (which
was negative) and 560 ppm (which caused
reduction in bodweight, slight anaemia,
slight liver enlargement with some liver cell
damage, and a slight increase in mortality
rate. These eflects all disappeared in animals
which were returned to a normal diet after
16 weeks of Lovozal dietary feeding at 560
ppm). At 1250 ppm young rats are fatally
affected; older rats are severely but not al-
ways fatally intoxicated. On these data, the
«no effect level» of Lovozal active ingredient
in the entire diet of the rat is currently re-
garded as 100 ppm. Three-generation repro-
duction tests, and careful examination of in-
cidence of tumours, indicate that Lovozal
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has no significant carcinogenic potential, or
effect on reproduction.

daily dosage by capsule, are not yet quite
complete. They indicate that the Arst effec-
tive level may be between 1 mg/kg/day
(which is negative) and 6 mg/kg/day (which
causes a slight reduction in rate of weight
gain, and an increase in serum glutamic
pyruvate transaminase, SGPT). At 10 mg/-
kg/day, the only visible effect was a slight
reduction in weight gain. At 20 mg/kg/day
one out of two dogs died; and at 30 mg/-
kg/day both pre-test dogs. The «no effect
level» in the dog is probably slightly lower
than in the rat, as could be forecast from
the acute single dose responses of the two
species.

In the Japanese quail, cumulative tests
involving daily dosage for two showed a «no-
vigible effect» dosage of 10 mg/kg/day. The
cumulative LD 50 level was estimated as
about 25 mg/kg/day.

METABOLISM

Comparative studies have been carried
out with rat and rabbit to compare mamma-
lian metabolism, and tests in the mouse,
housefly, bean plant and apple have provi-
ded a broader assessment of the fate of the
chemical in living systems, In all systems,
the active ingredient after absorption frst
undergoes hydrolysis to 5,6-dichloro-2-triflu-
oromethyl benzimidazole. This then, in the
mamrmal, partly undergoes conjugation to
form an N-glucuronide (which is readily ex-
creted in the urine) and in all systems un-
dergoes hydroxylation to give the 4-hydroxy
compound (which is probably then conjuga-
ted, and excreted by mammals). There are
believed to be very small amounts of other
metabolites and their conjugates produced
at the same time.

Acute and 90-day dietary feeding trials on
rats have been carried out on the hydrolysis
product. The toxic properties and no-effect
level for this compound are slightly different
from those of the parent compound. Acute
oral toxicity in the rat and mouse is de-
tectably higher, but the 90-day «no effect
level» is virtually the same for Lovozal ac-
tive ingredient and its hydrolysis product.
All other identified or presumed metabolites
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and their conjugates show lower acute oral
toxicity than the parent compound.

“In apples, sprayed with radiolabelled Lo-

vozal as whole trees or growing shoots, there
is no significant translocation from foliage
into the fruit. Sprayed fruit retains the ac-
tive ingredient almost entirely on or in the
outer layer (the peel), so that the total apple
residue consists mainly of unchanged active
ingredient plus some hydrolysis product in
the peel, and small amounts of the hydroly-
sis products and the 4-hydroxy metabolite in
the fesh, with minute amounts of other
unimportant metabolites in the flesh. The
potential risk to food consumers therefore
depends on the amounts of three materials
present on the outside or in the flesh of the
apple, by far the majority being in or on
the peel, The 4-hydroxy metabolite may at
times represent 25-30% of the total residue
found in or on the apple fruit. The other
metabolites may safely be ignored in terms
of relative hazard.

METHODS AND RESULTS

A satisfactory residue extraction and de-
tection method exists for the determination
of the amounts of active ingredient and its
hydrolysis product on and in the apple. The
method is also applicable to pears.

As the «no effect level» in the rat is 100
ppm, the conventional safety factor of 100
for humans would give a maximum accep-
table residue in or on apples of 1 ppm, with-
out utilising any special factor to allow for
the relatively small fraction of the diet pro-
vided by apples. (This «food [actor» may sa-
fely be regarded as off-setting the slightly
greater response of the dog in two year
tests). The target for terminal residues of Lo-
vozal, plus its hydrolysis product and main
metabolite, is thercfore recommended on
toxicological grounds as a maximum of 1
ppm.

The present analytical method gives very
satislactory results for the two former resi-
dues. As the 4-OH metabolite is not yet mea-
sured by this method, the target higure for
Lovozal residues was set as 0.75 ppm. This
allows a Further 0.25 ppm for the undected
but known additional metabolite, the total
being still at or less than 1 ppm.



The method involves sclvent extraction

of the macerated apple sample, conversion

of all the Lovozal residues to the hydrolysis
product, measurement of the total amount
of this products, followed by arithmetical
conversion back to Lovozal by allowance for
the different molecular weights of the active
ingredient and the hydrolysis product. The
two compounds can be individually deter-
mined by thin layer chromatography on si-
lica pgel, followed by gas chromatography.
Only Captan interferes in the specific me-
thod of separation and a modification of the
method has been developed to distinguish
between the residues of Captan, Lovozal and
its hydrolysis product on apples, when ne-
cessary. Recovery and Dblank values of the
method are satisfactory. A method for the
determination of the 4-hydroxy metabolite
is under development at present.

The residue fAndings now to be gquoted
all refer to the total residue of Lovozal plus
its hydrolysis product, as determined on
the raw unwashed whaole apple as picked,

transported by air, refrigerated until analy-

sed, and have been corrected for the % reco-
very of the method, and for any blank
values.

In 1967, residue studies were made on
the apple crop from experimental trials in
Britain, U.S.A., Canada, Italy, France, Hol-
land and West Germany. In order to obtain
an early temporary tolerance in 1.5.A. most
effort was made with American apples. Sta-
tistical evaluation of the U.S.A. data showed
that the average apple residue was 1.25 ppm
at 1 day, 0.5 ppm at 20 days, 0.3 ppm at 30
days, and 0.17 ppm at 40 days. As the ave-
rage hgure for a crop residue may not give
adequate protection to every consumer of
the treated crop, it seemed desirable to
adopt some higher figure to allow for varia-
bility in different samples. It was therefore
suggested to and accepted by U.S.F.D.A. that
as a temporary tolerance for 19689, 0.75
ppm with a safety interval of 30 days, gave
a high degree of consumer safety, and was
more than twice the U.S.A. average residue
actually found. QOccasional samples could be
higher, but only very rarely over 1 ppm.

Apples From 1967 Canadian, European
and British trials gave residue findings very
similar to those found in U.S.A., but the
trials did not include enough information

on residues in apples harvested at 20 or 30

days after last application, Trials in 1968

therefore were planned to include more data
from special trials on residue decline rates,
from three- application spraying schedules,
and from commercial grower trials (as di-
stinct from research worker applications).

In Britain, residue decline studies sho-
wed average residue values at all dosage
rates of below 0.65 ppm at 20 days, and
below 0.2 ppm at 30 days. Commercial gro- -
wer lrials gave averages of 0.14 ppm at 15-25
days, 0.08 ppm at 26-35 days, and 0.06 ppm
at 36-45 days.

In France, residue decline trials (at
0,05% a.i.) showed average residues of 0.68
ppm. at 14 days, 046 ppm at 20 days, and
0.38 ppm at 30 days. In grower trials, all
residues proved less than 0.1 ppm.

In Holland, decline siudies {at. 0.08%
a.i.) showed 0.35 ppm at 20 days. In all other
trials the highest harvest residue was 0.26
ppm.

In Italy, decline studies (at. 0.05% a.i.)
showed 0.28 ppm at 20 days, 0.25 ppm at
30 days, 0.15 ppm at 40 days. In grower
trials, all residues proved to be less than
0.2 ppm.

Analyses are not yet complete on apples
[rom extensive trials in U.S.A. and Canada.
It will however be seen from all the above
data of 1967 and 1968 that residues on ap-
ples harvested at 20 days alter the last ap-
plication of Lovozal will almost always be
considerably less than the medically-recom-
mended residue maximum of 0.75 ppm for
Lovozal plus its hydrolysis product. In other
words, the residues found on the raw agri-
cultural commodity when harvested with an
interval of three weeks after last application
appear to be toxicologically acceptable. The-
se conclusions apply to all apple varieties,
dosage levels, volume application rates,
countries, climates and praying schedules
which have so far been investigated. Re-
quests for registration and Governmental
clearances for the use of Lovozal are being
made on this basis, and have already been
granted in some countries.

ADDITIONAL OBSERVATIONS

The toxicity of Lovozal to bees has been
studied in the laboratory and in orchards.
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Laboratory tests show that its contact acti-

vity is very low, while its toxicity after inge-

problems have been seen in trials to date.
The present conclusion is that Lovozal is
most unlikely to cause any serious risks to
bees, but the product should not be used on
trees in open [ower, as a sensible precau-
tion.

Tests with fish show that the LC 50 of
Lovoza WP to rainbow trout (26 hours im-
mersion) is 0.9 ppm, and to goldfish 1.55
ppm. This is not really high toxicity to fish,
but clearly the commercial product, the
spray liquid or tank washings should not be
allowed to enter fish-containing water wi-
thout considerable Further dilution, and pre-
ferably not at all.

Persistence in soil, as the hydrolysis pro-
duct, appears fairly lengthy. This seems li-
kely to have little biological significance,
and experiments show that residues in crops
growing on such soil show only traces of
chemical residue, well below the recommen-
ded toxicological limits quoted above.”

The commercial quality of apples afier
Lovozal treatments is high, both by absence
of detectable taint, and by fruit appearances.

In some orchards it is the local practice
to allow farm animals to graze beneath
trees. Trials carried out with groups of
geese and sheep introduced to such condi-
tions at different times after Lovozal appli-
cation indicate that farm animals and birds
should not be allowed into treated orchards
for three weeks after use.

The toxicity of Lovozal to wild birds is
moderately high, according to laboratory
studies. The product is however not persi-
stent in the tissues. nor has it any effect on
mammalian reproduction. Hence, no signi-
ficant problems are to be expected on wild
birds in orchard use. Field confirmation of

- this view is planned.

CONCLUSION

It is the experience of many years that
the continuous control of mites in orchards
by chemical sprays results in many pro-
blems, mainly from the ability of mites to
eventually develop tolerance or resistance
to a wide range of chemical acaricides. Lo-
vozal is a new contribution to mite control,
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whose novel chemical structure presents at
least a new challenge to the mites. The de-

" tailed studies made on its properties give

clear indication that it can be expected to
give a good account of itself in orchard prac-
tice and that with a number of simple pre-
cautions it can be used with safety to grow-
ers, food consumers, the crop, and wild
species. Its history of investigation, experi-
ment and introduction to growers in many
countries has been carefully controlled, as
is desirable for a new type of chemical com-
pound.

Finally, it is the wish of the author to
express, on behalf of Fisons Ltd. our thanks
to all those who in many countries have
helped to bring this new chemical product
forward into orchard practice.

RIASSUNTO

‘Esame delle proprietd chimiche, biologiche e
tossicelogiche del nuove acaricida specifico, il 5,6-
dichloro-1-phenoxicarbonyl-2-trifluoromethyl-benzi-
midazole. Questo prodotto, che sard presentato nel
1969 come «Lovozals 20 WP, permette un eccellente
controllo di tutte le specie di acari del melo me-
diante applicazioni da farsi due, o se necessario, tre
volte durante la stagione, in proporzione di 1530-250
gm. di prodotto per 100 litri di acqua. Il prodotto
s5i & dimostrate aliamente attivo contro gli acari
resistenti agli organofosfati e ad ogni altro acari-
cida standard, ed innocuo per tutte le pilt impor-
tanti varietd di mele. £ anche innocuo per molte
importanti varietd di pere, ma il suo usc non &
ancora raccomandato su altre colture. Il Lovozal &
compatibile con molti ma non tutti gli insetticidi
per [rutteto. Si consiglia di effettuare delle prove
di compatibilith con i prodetti usati localmente.

1 valori massimi orali LD30 di questo nuovo
prodoito chimico differiscone sensibilmente da spe-
cie a specie ed alcuni sonc moderatamente alti,
£ invece veramenie molto bassa la tossicith der-
mica, cid che in questo campo rappresenta un im-
portanie fattore di sicurezza, Studi dietetici han-
no indicato in 1 ppm la tolleranza di residuo in-
nocuo per il prodotto chimico pilt i suoi due prin-
cipali metaboliti nelle mele. Una tolleranza tem-
poranea di 0,75 ppm era stata gia ammessa dal-
I'USFDA per 1 trattamenti nel 1968 in USA. Esi-
ste un soddisfacente metodo di analisi del residuo
per il componente attivo ed il suo pilt importante
melabolita. I dati relativi al residuc sul raccolio
dimostrano che un intervallo di 21 giorni dall'ul-



tima applicazione assicura un residuo sul raccolto
ragionevolmente basso.

—-Gulla-base-di-questi-risultati si sono richiestele

registrazioni ufficiali ed in alcuni paesi sono gia
state concesse le autorizzazioni, L'autore sottolinea
Iimportanza di approfonditi studi di ricerca per il
primo prodotto commerciale di ogni nuova serie
di prodotti chimici.

SUMMARY

A review is presented of the chemical, biolo-
gical and toxicological properties of the new spe-
cific acaricide, 5,6-dichloro-1-phenoxycarbonyl-2-tri-
lluoromethyl-benzimidazole. This material, to be
introduced in 1969 as «Lovozals 20 WP, gives excel-
lent control of all mite species on apples when ap-
plied on two or, when necessary, three occasions
during the season, at 150-250 gm. product/100 1i-
tres of spray. It has been shown to be highly ac-
tive against mites resistant to organophosphates
and any other standard acaricide, and found sale
to all major varieties of apples. It is also sale to

many important varieties of pears, but is not yet
recommended for use on other crops. Lovozal is
compatible with many biit not dll “orchard “pestic
cides. Compatibility test wich locally used products
are recommended, '

The acute oral LD 50 values of this new che-
mical vary considerably from species io species,
and some are moderately high. Dermal toxicity
is however very low indeed, which is an important
safety lactor in the feld. Dietary studies lead to
the recommendation of 1 ppm as a safe residue
tolerance for the chemical plus its two main me-
tabolites in apples. A temporary tolerance of 0.75
ppm was already granted by USFDA for 1968 treat-
ments in US.A. A satisfactory residue analytical
method exists for the active ingredient and its mo-
re important metabolite. Crop residue data show
that an interval of 21 days after last application
leaves an acceptably low crop residue. Official re-
gistrations are being sought on the basis of these
findings, and approvals have been already granted
in some countries. The author emphasises tre im-
portance of thorough research studies on the firsi
comercial member of any new chemical series
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