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Immunity in Salmonellosis

R. S. KAMAT and VINEETA BAL

Department of Clinical Pathology

Hafftkine Institute, Parel, Bombay 400 012,

Salmonella are responsible for a
wide spectrum of human diseases.
Human salmonellosis manifests in one
of the following common forms namely
enteric fever, enterocolitis, bacteraemia,
localised inflammatory states such as
arthritis, meningitis, osteomyelitis and
lastly chronic carrier state. Enteric
fever is usually caused by S. typhi, S.
paratyphi A, B and C, the last organism
keing not commonly encountered in
India.? Salmonella enterocolitis as a
cause of sporadic diarrhoea is not very
common. In a recently conducted
study in our laboratory, on 275 cases
of sporadic diarrhoea, in, 8.0% of cases
Salmonella were isolated.? Eventhough
this indicates Salmonella to be an un-
common cause of sporadic diarrhoea
the disease itself being extremely
common, the frequency is not so low as
to be ignored as insignificant, Similarly
judging from the fairly high incidence
of the presence of antiflagellar anti-
bodies in the asymptomatic individuals,
the incidence of infection due to
enteric group of organisms also appears
tc be quite significant.

" Study of immune mechanisms -against
Salmonella is of great interest for many
reasons. First of all, the current ora!
typhoid vaccines, though to an extent
effective* are far from satisfactory. The
cisease though of a systemic nature,
has no long-lasting immunity. The

relapse and the carrier state are nof
very infrequents One would like to
know the status of immunity in these
situations. All the 2000 and odd
species' which are frequently encounter-
ed in the environment may modify the
immune status of the host. Salmonella
enterocolitis may also alter the immune
siate of the host towards enteric group
of organisms. In view of these, a re-
view of the basic immune mechanisms
operative in salmonellosis seems very

relevant.

Local Immunity in the Gastrointestinal
Tract

Theoretically antibacterial antibodies
in the intestinal secretions should be
able to offer protection, against infec-
tions provided the antibodies are
directed towards the relevant antigens
of Salmonella participating in adhesion
and penetration of the mucus mem-
brane. Hitherto such antigens have not
been identified. It is important to point
out here that the live salmonellae do
possess important properties necessary
for induction of secretory immune
response.t As pointed out by Pierce and
Gowans’ the immunogen must stimu-
late Peyer's patch B lymphocytes and
probably T lymphocytes of the mesen-
teric lymph nodes for a good secretory
antibody response. It is possible for
an invasive organism such as Salmo-
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nella to deliver its relevant antigen to
the important lymphoid tissue. Success
of a live attenuated vaccine would
essentially depend upon the ability ot
the strain to achieve this. Neverthless
the issues such as sustenance and
anamnestic response in the gastroin-
testinal tract are far from settled. Ot
prime importance in the oral vaccine
are retention of relevant antigens and
invasiveness. In order that the -new
vaccines now being developed are
examined critically, one needs {0
identify the antigens involved in adhe-
sion and penetration of the mucus
membrane.

Systemic Immunity — Salmonelia
can survive within neutrophils and nor-
mal macrophages of nonimmune host-.
However, they <can be effectively
destroyed in an immune host by macro-
phages known, as ‘activated macro-

phages’, generated by the interaction

of effector T cell, antigen and macro-
phage’. This
cell-and the macrophages is of dual
nature, both the antigen and the pro-
ducts of | region of the Major Histc-
compatibility Complex participating . ir
the interaction®, This  obviously
recessitates display of the relevant
bacterial antigen on the macrophage
membrane in. association with the |
region product. ‘Activated macrophages’
€0 generated are nonspecific in their
spectrum and can kill a totally unrelated
organism''. Controlled experiments havz
given a strong indication that the
humoral immunity is unable to offer
protection'', '3, 3. In spite of this there
are two schools of thought one led by
Jenkins and Rowley and the other by

interaction between T.

Mackaness and his associates, over
the relative importance of humoral and
cell mediated immunity (CMI) in salmo-
nellosis. The former claim that the
‘activated macrophages’ function by
virtue of the cytophilic antibody present
on the macrophage membrane', How-
ever, Mackaness and his co-work-
ers'',?," have clearly shown an
inherent change in the macrophage on
activation. The activated macrophage
is nonspecific in its killing potential,
which would not be so had its function
been due to the cytophilic antibody.
Neverthless some .experimental data
need to be clarified. "Khedkar et al'
have clearly shown that the mice immu-
nised with formalised vaccine, having
a good antibody response and a poor
cr no cell mediated immune response,

can definitely eliminate challenge
salmonellae from their tissues more
efficiently than normal nonimmune

mice, though not as efficienily as mice
immunised with live Salmoneilla and
having a good CMI. Again, clinical triais
with killed vaccines which generate
only .an antibody response do show a
definite protection (7, '8, "9, ®). These
data do not necessarily rule out
importance of cellular immunity. It is
possible that the outbred mice grown
in a non-germ-free environment possess
activated macrophages in reasonable
numbers which can be very effectively
focussed on the challenge salmonellae
by the antibody. Same may be true in
human beings immunised with killed
vaccine.

Nair and Kamat? have shown that
the activated macrophages are short
lived and their numbers decline follow-
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ing recovery from infection. Since
killed vaccines can not stimulate CMI to
generate activated macrophages, it is
important to know the trigger signals
tequired to generate them. The effector
T cells are known to be long lived and
by making use of this property it was
shown by the above investigators that
the activated macrophages can be
generated by sonic extract of Saimo-
nella without having to resort to fresh
immunisation?'. This important finding
suggests another approach for develop-
ment of new vaccine, namely a live
attenuated vaccine to be wused for
systemic immunisation.

Target Antigens of Cell Mediated
Immunity — Since CMI is so important
in salmonellosis it is essential to identify
antigens participating in these res-
ponses. This knowledge will enable

a logical investigation of immune
status in chronic carrier states
and in cases of unusual presen-

tation of Salmonella infection. Known
antigenic relationship amongst Sal-
meoneélla as per the Kauffmann and
White scheme is based on somatic
antigen or lipopolysaccharide (LPS)
and flagellar antigens in both phases?.
The scheme may have no relevance
with reference to CMI, if the antigens
involved in the response are neither the
LPS nor the flagellar antigens. This in-
formation is of extreme importance be-
cause a large number of species of
Salmonella with varying degrees of
virulence to man, that are present in
cur environment may modify
immune status of the human host. Nair
and Kamat? have studied cross reac-
tions between some Salmonelia employ-

the

ing CMI as the test parameter. In their
study the delayed hypersensitivity (DH)
responses could be elicited in S. enteri-
tidis (Group D) immunised mice by the
sonicate of the immunising strain S.
typhi and S. gallinarum (both group D).
Since the last organism is an afla-
gellate, it is likely that the flagellar
antigens do not participate in CMI. The
DH responses could be elicited in these
mice by the sonicate of S. paratyphi C
(Group C) also. The sonicate of the
same organism was even capable of
generating ‘activated macrophages’ n
S. enteritidis immunised mice. These
data clearly indicate that the antigens
involved in CMI are likely to be other
than LPS and flagellar antigens. Padma-
naban and Mittal? have similarly report-
ed cross-protection between salmonelia
belonging to different serogroups.

Environmental Salmonella and
Immunity :

The genus .Salmonella consists ot
2000 and odd species, not all of which
are highly pathogenic to man. Hence,
sub-clinical infections and the con-
comitant modulation of the immune
status are likely events. If a number of
these species . are related to human
pathogens, particularly the enteric
group of organisms with respect to
antigens relevant in CMI, its status in
the human, host who has undergone
such a subclinical infection would
ultimately decide his resistance to the
disease. Such infection need not
necessarily enhance the resistance.
Antigens adininistered by oral route are
known to induce a state of immune
suppression®. A subclinical or a mild
Salmonella enterocolitis may bring
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about such immune deviation resulting
into increased susceptibility.

Vaccines —

Having reviewed the mechanisms of
immunity it would be interesting to
survey the different vaccines so far
used. '

It is the general experience that the
killed vaccines do not induce CMI (',
B %), However mice immunised with
killed vaccine do show enhanced resis-
tance to challenge infection (%, *).
Immunisation of mice with heat-killed,
alcohol- killed, formalised or acetone-
killed vaccines -can enable the mice to
withstand - a - challenge from- 10-100
LD 50- depending -upon-the dose of the
vaccine,- interval between -immunisation
and challenge, the mode of inactivation
and the virulence of the challenge
strain (2,"7, 2, 7), Jenkins and Rowley*
observed the following -order of
protection in mice immunised with live
cells or 250 pg of killed cells prepared
in different ways : when challenged with
1000 LD 50, live cell immunised group
showed 90%. survival, acetone and
alcohol killed. cell immunised group 70-
80% survival and heat-killed cell immu-
nised group only 10% survival. . It
appears that the killed bacterial
vaccines induce definite protection in
experimental animals without generating
CMI. The possible mechanism of
protection has already been alluded io
earlier. Khedkar et al.'" have also ruled
wout the possibility that the anti-LPS

antibodies generated by killed vaccines
owed their protective function to the
neutralisation of the bacterial endo-
toxin.

Clinical trials with killed vaccines
prepared in different ways certainly
show some protection ("7, '8, %, 2°)., How-
ever the evidence to support the impor-
tance of preservation of Vi antigen in
the vaccine is far from convincing (",
1o ) Since in a clinical" situation an
individual does not have to face a
cthalienge with virulent salmonellae In
doses that are multiples of LD 50, in the
absence of a better -vaccine, different
forms of inactivated vaccines have been
in use for a long time.

-

.~ Oral inactivated vaccines have -been

ineffective in field trials®'. Killed bacte-
rial suspensions given orally do not
induce sustained-antibody response in
immunised animals. In a recent trial
.conducted in Egypt* . where . enteric
fever is endemic, .a new- oral..live
attenuated. vaccine prepared -from a
galactose epimerase mutant strain of S
typhi (Ty 21 a) was found to protect
significantly the immunised population.
The vaccine was found to be safe,
stable and effective for at least one
year. Whether this vaccine would pro-
tect .against  the. other organisms
causing enteric fever remains to be
seen. Since this is.an, .oral. vaccine it

is essential .to investigate the poten-

tial of this vaccine to bring about
suppression of CML.
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Comparison of the Hypoglycemic Effects of Three

Different Extracts from Bordetella pertussis

M. KISHORE and P. RAMAKRISHNAN.
Department of Biochemistry, Haffkine Institute, Parel, Bombay 400 012.

The hypoglycemic (blood sugar lowering) factor shown to be
present in Bordetella pertussis cells or extracts, has not been purifiea
so far. The main problem appears to be the extraction of this factor,
abart from other biological factors present in B. pertussis, in an aqueous
scluble form. In the present work three different methods of extrac-
tion which yield aqueous soluble preparations of B. pertussis, have
been attempted, and their hypoglycemic effects cdmpared in Haffkine
strain mice. The three extracts, as compared to controls, show signi-
ficant lowering of blood glucose levels (13-25% lowering). No significant
difference, however, is observed in the hypoglycemic effect between the
toree individual preparations. The extraction method employing
enzymes, being relatively free from contaminants, is used for further
purification and characterization of the hypoglycemic factor from B.

pertussis.

Introduction :

Bordetella pertussis cells contain a
substance which, when injected into
certain strains of mice induces hypo-
glycemia, among many other biological
effects (1). Most of these effects
are known to be associated with
substances found only in smooth viru-
lent cultures of B. pertussis. Some
antigens, however, are lost during the
transformation from virulent smooth to
ronvirulent rough forms (2). B. pertussis
vaccine is also known to cause hypo-
glycemia in experimental animals
(3-5). It has further been shown in pre-
liminary clinical trials that the vaccine
has a temporary therapeutic effect in
the treatment of insulin resistant dia-
betes in human subjects (6). The hypo-
glycemia causing factor is reported to
be associated with the HSF (Histamine
Sensitizing Factor) and other factors .in

Received for publication: 11-5-1983.

the preparation “pertussigen” by Munoz
et al. (2).

No method, however, is available in
the literature for the purification of the
hypoglycemic factor per se, from
Bordetella pertussis cells. The main
problem in purification appears io be
the extraction of these factors in an
aqueous soluble form (7).

In, the present studies, hence, three
methods of extraction which are report-
ed to yield aqueous soluble preparations
from B. pertussis cells have been
undertaken, and their hypoglycemic
effects compared in Haffkine strain
mice. This is essential, prior to choos-
ing the suitable extraction, method for
further detailed studies on the hypo-
glycemic factor.

Materials and Methods : _

Bordetella pertussis strain 25525, a
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standard-vaccine strain supplied by the
H.B.P.C.L. (Haffkine Bio-Pharmaceutical
Corpn. Ltd.) was ‘used in the present
studies. The cells were cultured in the
laboratory on standard- Bordet-Gengcu
blood agar. slants.and cultivated .in
Verwey's liquid media in- the usual
manner (8).. Further, proper procedural
care was exercised during cultivation
of cells to ensure that purity is main-

tained and ‘there ‘is no phase variation’

(9). The vyield of cells finally obtained
was 90 to 100 billion cells/ml, the cell
counts being: determined by the
standard WHO International Opacity
Reference for Bordetella pertussis (10).
The cells were centrifuged, washed
with saline and preserved as a paste
at — 15°C or acetone dried. Alterna-
tively, the cells were killed by formalin
treatment (0.5%) prior to centrifugation.

The alkaline saline extract (SE) was
prepared according to Munoz and
Hestekin (11). The cells were disrupted
rnechanically at 4-5°C, saline was
added, pH adjusted to 8.5 with 1N
NaOH and centrifuged. The supernatant
was decanted, pH adjusted to 7.4 with
0.1N HCI, dialyzed and then lyophilized.

For extraction using Triton X-100 (7),
the cells were suspended in extraction
tuffer, pH 8, containing 1M sodium
chloride, 0.05M sodium pyrophosphate
and 0.5% Triton X-100 (Triton buffer).
The suspension was centrifuged at
27,000 g and the clear soluble super-
natant (TE) saved for the study.

In the third extraction procedure (2)
employing enzymes, the cells were
suspended. in Tris-buffer pH 7.5, con-
taining 100 mg lysozyme, 2.5 mg

“received 0.5 ml saline.

DNase and 2.5 mg RNase. The fina!
precipitate obtained ~ after ammonium
sulphate precipitation, was dissolved in
1M NaCl and 0.05 M sodium pyrophos-

‘phate buffer, pH 7.4. The extract (EE)

was dialyzed against distilled water and
then used in the studies.

The above extracts were concentraied
by vacuum -dialysis and protein con-
centration was measured by the
method of Lowry et al. (12). Blood sugar
was assayed by administering the pre-
parations to Haffkine Strain mice
(female, 18-20 gms). Three groups ot
mice (ten in each) were given the
extracts adjusted to identical protein
concentration, in 0.5 ml, intraperitoneal-
ly (i.p.). The control group (ten mice)
Fasting blood
glucose levels (18 hours) were deter-
mined by the glucose oxidase method
(13).

Results and Discussion :

It is reported that the HSF with which
the hypoglycemic factor is associated,
is more soluble at pH higher than 7 and
this activity can be completely pre-
cipitated out of solutions at pH 4.8 (11).
These points have been taken into
consideration in the above extraction
methods. The hypoglycemic effects ot
the three extracts are given in Table 1.

It is seen that as compared to control
value, the three extracts show signi-
ficant lowering of fasting blood glucose
levels in mice, the percentage lowering
being 13 to 25%. No significant diffe-
rence, however, is observed between
the hypoglycemic effects of the three
individual extracts; the- -values 'being
54.4 + 6.07; 57.8 + 7.5 and
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€3.1 + 6.69 for SE, TE and EE, respec-
tively. -

The preparation “Pertussigen” with
which the hypoglycemic effect is asso-
ciated, is relatively rich in the outer
membrane proteins present in Phase |
strains of B. pertussis (14). The above
three extraction methods are attempts
tc solubilize the membrane proteins
and obtain aqueous extracis.

The saline extracts (SE) contain
various antigens -and according to
Munoz et al. (1), none of the several
electrophoretic and chromatographic
procedures attempted, were completely
successful in obtaining contaminant
free preparation of “Pertussigen”.
Further, the yields were also low. In
another study (15) it was found that
MgSO, precipitation and chromato-
graphy of SE yielded only partially
purified fractions, apart from their
relatively high nucleic acid content.

"' Triton X-100 extraction though leads

to complete solubilization of membrane
proteins, is'reported to cause problems
in gel electrophoresis (16). The enzyme
preparation which contains lysozyme,
on the other hand, leads to selective
solubilization of outer membrane pro-
teins (17). In addition, the onestage
precipitation step involved in the pre-
paration of the extract (EE), makes it
free from many contaminants. However,
it appears that some loss in activity 1s
unavoidable particularly after successive
steps of purification of the lysate (2).

Further purification and characteri-
zation of the hypoglycemic factor trom
the enzyme extract (EE) is underway.
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Table 1

Comparative blood glucose values of Bordetella pertussis extracts prepared
by 3 different methods. Protein concent:ation was arbitrarily adjusted to

600 pg/ml.
Experiment Control Enzyme
(0.5 ml) Alkaline salineTriton X-100 treated
extract (SE) extract (TE) extract (EE)-
(0.5 ml) (0.5 ml) (0.5 ml)
Route Lp. L.p. i.p. i.p.
Protein
concentration - C— 300 pgm 300 pgm 300,{‘9"_"
Blood glucose 72.8 54 .4 57.85 63.1
(mg %) + 3.96 SD =+ 6.07 SD® =+ 7.5 SD% - 6.69 SD*

#P <0.01; N = 10
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Food Habits of the Lesser Bandicoot Rat
Bandicota bengalensis

D. M. RENAPURKAR and P. J. DEORAS -
Department of Zoonosis, Haffkine Institute, Parel, Bombay 400 012, India.

A study of food habits of the lesser bandicoot rat Bandicota
tengalensis was undertaken by excavating B. bengalensis burrows in

wheat, jowar and paddy growing areas.

It was observed that the food

stored in the burrows was mainly obtained from the food grown in the

locality.

It is, therefore, felt that the food habits of the rat B. benga-

lensis depended on the availability of local food.

Introduction

Bandicota bengalensis, the lesser
bandicoot rat, is widely distributed all
over India. This rat constitutes to be
the principal commensal rodent species
in Greater Bombay area and is a major
field rat producing damage to food
crops throughout the Maharashtra
State. Despite this, very few studies
have been carried out to record its food
habits and data available on its ecology
and food habits are meagre (Barnett,
1951 ; Deoras, 1964 ; Chitre and Deoras,
1968). In order to obtain, information
on food preferences, a study was under-
taken to record the different types ot
food material stored by these rodents in
their burrows.

Materials and Methods

Three distinct areas where wheat,
jowar and paddy crops are individually
grown, were selected. Burrows situat-
ed in the fields and their neighbourhood
(within a distance of 1 km) were dug out
and burrow contents were coliected
separately and transported to laboratory
or a detailed study. Wherever possible,
rats were trapped by using multiple rat

Received for publication: 11-5-1983.

catch traps called wonder traps. The
trapped rats were killed and their
stomach contents were analysed. The
study areas were situated in Kolaba,
Nasik and Beed districts of Maharashtra
State.

Observations and Results

Table 1 shows details of food contents
recovered from burrows in different
areas. It will be seen from the Table
that in, jowar growing area the food
collected in burrows primarily consisted
ot jowar (Sorghum vulgarae). In wheat
growing areas it principally consists ot
wheat (Triticum aestivum) and in paddy
area it is paddy (Oryza sativa). The
food was stored as ear heads, grains,
dry leaves.

Examination of burrows situated in
grain shops in Panvel area near Bom-
bay showed that these burrows stored
a variety of material including cereals,
groundnut, potatoes, vegetables, pulses,
etc. The material recovered from 90%
burrows was in intact condition. An
analysis of stomach contents of 100 rats



Table 1 .
Food material observed in the burrows of Bandicota bengalensis.

Place Major crops No. of Percentage of burrows showing food mal‘eriél
burrows . .
observed Paddy Jowar Wheat Other Remarks

items '

“Panvel’ Paddy fields 125 100 — - =

Niphad; - Wheat fields 100 — — 100 —

Niphad: .. Jowar fields 25 — 100 — —

Gevrai - -, Jowar fields 100 — 100 —_— —_

Panvels - Shops 25 30 20 20 20" Pulses, ground-

P R " nut, potatoes,
= ) vegetables, etc.

Sewri-; ; Fish godown 12 —_ = — 100 Dry fish
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trapped from fish godowns and examina-
tion of their burrows showed that these
rats thrived principally on dried fish as
revealed by their stomach contents and
stored dried fish material observed in
their burrows.

Discussion

Several workers have shown that food
habits of rodents mainly depend on, the
environmental  factors and availability

of particular type of food in a locality -
(Barnett, 1960 ; Deoras, 1968 ; M@jum- ‘

dar et al., 1966 ; Spillet, 1966 ; Rena-
purkar, 1971). Our observations also

reveal a ‘similar phenomenon in the
field rat Bandicota bengalensis. This
rat is found to feed on jowar, wheat,
rice, dry fish, vegetables and store these
items in their burrows according to
their availability. It will be interesting
to study its food pattern in, areas where
a variety of food is available and mul-
tiple cropping is undertaken. This will
enable us to understand its preferences
and help us to determine the extent ot
damage done to various crops by this
pest. A study on these lines in the
future will certainly prove very useful.
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Binding of Nonoene Bhilawanol on Clostridium tetani

*B. K. PATWARDHAN, U. R. PHADKE and R. B. GHOOI

Haffkine Institute, Parel, Bombay 400 012,

Monoene and diene bhilawanols inhibit the growth of Clostridium

tetani in vitro,

In an attempt to localize the site of action of the

monoene, the binding of the compound to different subcellular fractions
has been studied, using high pressure liquid chromatography to quanti-
tate the compound. The study reveals that a major amount of the
compound is bound to the cell wall fraction.

Introduction :

Bhilawanol, a major constituent of
Semecarpus anacardium occurs natu-
rally with one or two double bonds in
its side chain. The monoene and the
diene have been subjected to detailed
chemical' and biological studies.? In the
studies on aerobes and anaerobes it
has been demonstrated that these
compounds possess specific inhibitory
activity against CI. tetani, but were with-
out effect on aerobes.?

The low minimum inhibitory concen-
trations (2.5 and 1.25 xg/ml, for the
monoene and diene respectively),
seemed to point to potent inhibitcry
effects of the compounds. These studies
necessitated further work to pin point
the mechanism of action, as a part ot
which localization of the binding site
was tackled to start with.

The monoene and the diene have
been described only recently, and there
was a dearth of methods for estimation
of the compounds. For this reason a
method was developed, using high

pressure liquid chromatography, for
distinguishing between and quantifying
these compounds.

Material and Methods :

Bhilawanol monoenes and dienes
were supplied by Dr. U. R. Nayak of
the National Chemical Laboratory,
Pune. The monoene was checked tor
its purity on HPLC and found to have
contamination of diene and an unidenti-
fied component totally accounting to
about 20% w/w.

A 24 hours old culture of ClI. tetani
(Harvard strain, H.B.P.C.L., Bombay)
was subcultured in two flasks (100 ml
each) and incubated for 24 hours at
35° C. The cells were centrifuged and
washed in saline and resuspended in
saline containing 0.5% thioglycollate.
Keeping one flask as control, to the
other was added 20 mg of bhilawanol
monoene, and incubation continued for
another 30 minutes. The cells were
again centrifuged, washed and re-
suspended in saline.

* Present Address: Department of Botany and Microblology, University of Pune - 411 007.

Received for publication: 1-9-82,
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The cells were killed by ®Co irradia-
tion in Gamma cell 100, Atomic Energy
Canada Ltd., with a dose of 30,000 Rads.
The killed cells were disrupted in Soni-
fier B-30 sonicator for 15 minutes at 20
K.Hz. (50% duty cycle). The disrupted
cells were separated into different sub-

cellular components* as shown in
scheme 1, using a Beckman J 21 C
refrigerated centrifuge. The different
fractions were repeatedly extractied
with chloroform G.R., and the extracts
dried in vaccuo and redissoived in 100
¢l of methanol. ‘

Scheme 1
Separation of Subcellular Components of CI. tetani

Sonicated cells

Spun at 1500 g. 20 min. 5°C.

|

Supernant

Spun at 4200 g 60 min. 5°C.

Pellete (Intact cells)

Fraction 1|

|
Supernant

|
|
Spun at 12,000 g 60 min 5°C.

l

Pellete (Cell wall)
Fraction I

Supernant

Pellete (Cyptoplasmic particles).
Fraction 1

Spun 30,000 g 60 min. 5° min. 5°C.

l

l _

Pellete

Supernant
(Cytoplasmic soluble
fraction)

Fraction V

Fraction IV
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The monoene was quantitated on an
Altex high pressure liquid chromato-
graph using 254 U.. V. detector. The
column used was an Ultrasphere Octyl
reverse phase column. Solvent for
elution was Methanol with a flow rate
of 1 mi/minute, the monoene being
detected in an 8 ul optical cell and 0.15
AUF sensitivity. Using standard monoene
the retention time and the amoun!
of monoene per extract was calculated.
High pressure liquid chromatography
techniques® were preceded by TLC ot

the extracted monoene using chloroform

solvent on, silica gel plates.

Fig-1 |

1- Monoene 200 a9
11-Dlene 200 ag

LY
WL et I n
)

f
PRI SRR

HPLC analysis of

| — Monoene and [l — Diene Bhilawanol

Results: . . .. .. . ... .. -

Preliminary TLC of extracted
monoene suggested the presence of &
high amount of the compound in the
cell wall of the cells. High pressure
liquid . chromatography studies demon-
sirated that the monoene was. conta-
minated with diene and an unknown
compound to the extent of about 20%
w/w, the retention time of monoene
and diene being 270 and 252 seconds
respectively.

A standard curve for UV absorption
versus amount of monoene at 0.16 AUk
was plotted for amounts ranging from
1.5 X 10°to 2.4 X 10+ mM.' The
extracts of subcellular fractions were
found to contain the monoene in
amounts shown in table 1. From this
table, it was found that-monoene was
present in highest concentration in the
cell wall fraction of the cell.-

Tabl_e 1

Monoene Concentration in Subcellular
fractions of Clostridium tetani

Fraction ..Peak ‘ Concentration
No. height in in mM Monoene
' _units
| 4.5 9.95 X 10—
i 13.5 2 2875 X 10+
i 4.0 1.6 X 105
. IV Not dgtected o =
Y .V ' . l':
" Discussion : A

One of the fundamental prlncn’ples of.

- * pharmacology is that a drug should’ K

to some subceliular organelle pnor 0.
producing an effect. The snte of ar.ftmn
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becomes all the more important where
an agent inhibits the growth of micro-
bes, in, view of the likely toxicity of the
agent on the host.

A number of antimicrobial agents
have been so far reported which inier-
fere with bacterial growth without
entering the bacteria. The present
data indicates that the monoene pene-
trates the cell to no appreciable extent.
The concentration of the monoene in
cell wall was found to be 20 to 30
times higher .than in other fractions,

suggesting. that- the monoene binds to.

the cell wall-and in actuality this binding
may lead to -a growth inhibition.

‘and Technology Cell,

financial

sion about the mechanism of action of
the monoene ; yet, in view of its strong
binding to the cell wall components
studies on the effects of the monoene

on the cell wall of Cl. tetani are
indicated.
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Individual and Synergistic Activity of some Essential
Oils as Mosquito Larvicidal Agents

S. R. CHAVAN, NEENA P. SHAH and S. T. NIKAM

Department of Phytochemistry,
Haftkine Institute, Parel, Bombay - 400 012,

In view of the pressing need for vector control agents from indi-
genous plants, the essential oil from the following plants individually
and in combination were studied for mosquito larvicidal activity : Ocimum
sanctum Linn, Ocimum basilicum Linn and Eucalyptus globulus Labill,

Ocimum sanctum Linn essential oil showed 16% mortality with

0.01% concentration.

In the case of Eucalyptus globulus Labill oil
16% mortality was observed with 0.002%

concentration, whereas

Qcimum basilicum Linn essential oil resulted in 8% mortality at the

concentration of 0.002%.

Combination of the above three essential oils produced 100%
mosquito larvicidal (Culex P. fatigans) activity.

Introduction :

Production and use of essential oils
did not become common until the
second half of the sixteenth century.
The main progress regarding the nature
of the essential oils and methods ot
their preparation was published in 1561
by Canrad Gesier, in his book “The

Saurus Euonymi Philiatri”, Due to revo-
in the science of . chemistry

lution
during 18th century there was a new
and illuminating approach to the in-
vestigation of the nature of essential
oils. In 19th century, gradually the use
of essential oils in the medicinal drugs
became quite subordinate to their
employment in the production of per-
fumes, beverages, foodstuffs, etc. This
led to the investigations of essential

Received for publication: 18-10-82.

oils and elucidation of their compounds
for the use in, solving various day to day
problems of life. One such problem
has been to control those insects which
have behaved as serious foes towards
mankind. Thus, the examination of
essential oils for insect control proper-
ties is a sound proposition.

The problem is of course difficult
due to the relative differences in the
susceptibility of the various life stages
of insects to such chemical treatments.
Nevertheless, various essential oils or
compounds isolated from them have
been used in the form of insect attrac-
tants, repellent and insecticides. In our
investigation, of essential oils from
Ocimum sanctum, Ocimum basilicum
and Eucalyptus globulus as mosquito
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larvicidal agents, we have studied their
activity individually and in combination.

Yield of Ocimum sanctum was found
to be 0.7%, containing 71.3% eugenol,
3.2% carvacol, 20.4% methyl eugenol
and 0.7% cariophylline. This oil is used
as insect repellent (1). Fresh flowering
herbs of Ocimum basilicum yield essen-
tial oil containing linalool 65.3%, smali
amount of cineole, eugenol sesquiter-
rene and d-terpene (2). Mature plants

yield 0.4% essential oil (3); leaves
yield 0.5% essential oil containing
methyl cinnanimate 56.67%, linalool

4.36% and terpinine (4). The essential
oil from the plant during rainy season
contains 69.66% methyl cinnanimate
and 20.53% linalool (5). Leaves ot
Eucalyptus yield 0.92 to 1.2% essen-
tial oil containing cineole 62%, pinene
24%, sesauiterpene, alcohols (6).
Decoction of leaves is used as insect
and varmine repellent.

Essential oil from FEucalyptus has
shown ovicidal effect. Carvacol, euge-
nol, pinene and cineole were reported
tc possess larvicial/insecticidal activity
against Aedes aegypti and Musca
domestica.

It has already been reported by
Chavan et al.(7) that petroleum ether
extract of Ocinum sanctum Linn
possesses good mosquito larvicidal
activity. The larvicidal activity of
essential oil from Ocimum basilicum
and its synergestic effect in combina-
tion with Finit was studied against IV
stage larvae of Culex P. fatigans (8).

Aaterials and Methods :

Leaves of Ocimum sanctum Linn,
cimum basilicum Lim and Eucalyptus

g/obulus Labill were cut into pieces and
subjected to steam distillation. The
distillate was then extracted with petro-
leum ether (40-60°) and petroleum
ether extract was dried on anhydrous
sodium sulphate. Petroleum ether was
removed carefully on controlled tempe-
rature water-bath. The essential oils
from these three plants were recovered
separately, the yield of the essential
oil from O. sanctum, O. basilicum and
E. globulus was found 0.6%, 0.5% and
0.8% respectively. Toxicity of these
essential oils to mosquito larvae (Culex
p. fatigans) IV stage was evaluated
separately and in combination as per
W.H.O. specifications (9).

Twenty five IV instar larvae were
taken in 500 m! beaker containing 250
ml tap water. The essential oils were
used in different concentrations. Solvent
(2 ml acetone) control and water con-
trol was taken simultaneously. Each
experiment was carried out in triplicate.

Results and Discussion :

Table 1 shows mosquito larvicidai
activity of essential oils from O.
sanctum (Tulsa), O. basilicum (Subja)
and E. globulus (Nilgiri) against Culex
p. fatigans. It can be seen that Tulsa
at low concentration (0.002%) produ-
ced 8% mortality, whereas 100% morta-
lity was obtained at 0.02% concentra-
tion. With Nilgiri essential oil low con-
centration (0.0004%) possessed 8%
mosquito larvicidal activity and 0.01%
produced 100% mortality. Similarly
Subja oil exhibits 8% mortality of mos-
quito larvae at 0.002% concentration
and 100% mortality with 0.012%
concentration.
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. ."Table: 11 shows synergistic "effect -of
these three -essential oils. It can be
clearly seen that O. sanctum (Tulsa), O.
basilicum (Subja) and E. globulus (Nil-
giri) essential oils in the concentrations
of 0.01%, 0.002% and 0.002% showed
16%, 8% ‘and 16% mortality; whereas,
combinations of these three concentra-
tions produced 100% mortality.

There are very few reports available
regarding essential oils being synergt-
stic in nature. But in our results
(Table If) significant synergistic. effect
is observed by the combination ot
essential oils obtained from O. sanctum
Linn, O. basilicum Linn and E. globulus
Labill. This gives the important clue that
these oils separately can be tried for
their synergistic effect with known
insecticides. Besides this, E. globulus
being easily available can give a chea-

per and safer insecticide with probable
synergistic effect. In fact, a valuable
source of chemicals which may be
developed as new vector control agents
after further studies on E. globuius
chemical constituents and their evalua-
tion as a synergistic agent in combi-
nation with known insecticides.
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Table 1

Mosquito Larvicidal Activity of Essential Oil

from Ocimum Sanctum Linn,

O. Basilicum Linn and E. Globulus Labili,

Essential oil from % Concentration % Mortality
(ml/ml) (24 hrs)

1. Ocimum sanctum Linn 0.002 8
(Tulsa) 0.01 16
0.02 100
2. Ocimum basilicum Linn. 0.002 8
(Subja) 0.004 40
0.008 80
0.012 100
3.  Eucalyptus globulus Labill. 0.0004 8
(Nilgiri) 0.002 16
0.004 40
0.008 84
0.01 100
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Table 2

Synergistic Effect of Essential Oils from O. Sanctum Linn, O. Basilicum Linn,
and E. Globulus Labill.

Essential oil from % Concentration % Mortality
(mi/ml) (24 hrs)
1. 0. Sanctum Linn 0.01 16
2. 0. basilicum Linn 0.002 8
3. E. globulus Labill 0.002 16
4. Combination of above three oils 100

with same (above) concentrations.
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