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Hepaiocystis semnopitheci 1n Rhesus Monkey

Populattons from Northern Pakistan

C. G HAYESL PO O GARNHAN? and 5. BAGAR!

Seveuly Macvca mufatta villoso were cxamined for the prescice of maleri palasites o the bload and

gametocytes of Hepatocystis semnopitheei were detecred in 31 erumples.

vecord of the parasite in rhesus monheys,

This is apparentiy the first

The enzaatic lavality lay in the foothitls of the Himalayas

ataititudes of 2000-3000 m, Hepatocyatis spp. have not been fornd in any species of primate wt such

aliitudes Lefore.

Introtluction

Studies on the ecology and behavior of the
rhesus monkey, Macaca mulatia, have recently
been initiated at an area near Dunga Gali in
the Murree Hills region of Northern Pakistan.
The elevation of the site ranges hetween
2000-3000 m, and the habitat dense
forest composed mainly of mixed coniferous
trees with interspersed areas of  deciduous
vegetation.  The chimate of the Murree Hills is
characterized by well below freezing tempera-
tures in winter with accumulated snowfall up
1o two meters. In the summer, temperatures may
exceed 30°C and high rainfall occurs during the
July-August monsoon scason.

15 4

During the process of trapping monkeys for
various studies, blond smears were prepured
and stained with Giemsa for parasitological
examination from somec of the animals captured
between Oct. 1978 and Aug. 1979. A protozoon,

Hepatocysiis semnopithecy (Knowles, 1519)

Aceepred for publication ; 1V October 1981,

University of Maryland, Pablsiin Medical Resenrch
Ceoter, Lahore, Pakistan.

T mperial College of Science & Technology. Depare-
ment of Zoology, Field Station, Ascot, Berks, Epghand.

was found in the peripheral blood of 31/70
monkeys examined {Table T).

Although the data indicate a seasonal variation
it parasiternia, the rates shown may not be
representative of the actual prevalence rate for
cach group. Most of the members in each
group usually were trapped, but blood smears
were not prepared from all of these captives.
The parasitemia rates for the two groups sampl-
ed in August indicatc that the infection was
similar for different groups at any particular
point in tinte. This might be expected since the
movements of all groups examined overlapped
considerably within the study area. Sex
diflerences in parasitemia rates based on the
total rates or on the combined rases for the
Kong and Shadow groups, in which all of the
members captured were examined except for
infants, were nof significant, Age was not
subdivided into smaller intervals because too
few individuals were available in the vounger
age groups to make the comparison meaningful,
A single infant examined from the Shadow group
was negative lor M. scmnopitheci, while its
mother was parasitemic. No obviows debifitat-
ing effect of the infection was observed in any
of the animals whether they were captive or
free in the forest.
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Table b -Heputocysris semnapithect Infection Rates by Data Captured, Age and Sex for Rhesus Monkey Groups
at Dunge Gali. Pakistan

Froup Drae Infection rate
captured Adulis* 15 ycars — Towi

Male Female Male Female Male  Female
Buck il Oct.-Nov. 1978 1) 29 (@ 1'7 ) 08 {a) 174 @) Y17 @ 2N

(b} (222} by (140 (B 000 BV 1250)  (b) (HiS) (b (18.2)
Corner Moadow Tune 1979 {ay 172 {ay 33 {a) 5/5 fuy 24 {a) 7.7 {a) 577

iy (100 () {(100) {by (100} 1) (50.0% Iy 1100) (hy (71.4)
Kong Aug. 1979 (ay 34 {a) 171 {ay 2:3 {a} 1{4 {a) 14 tia} (4/8)

thy (75.00 (b)Y (1) (BYLERTTY () 42540 {hhS.0m () (5¢O)
Shadow Aug. 1979 () 1.2 fay 3,7 (a} 2js (a) 172 {ay 47 tat 69

(k) 50.0) ib) {71.4) {by (40.0} {1 (50.0 by 42.9) ih} (667}
Totad {a) 5714 gy 1220 ¢ay 9520 (a} 5714 (a) (5735 oy 1638

() (357 b ST b} (42.9) (Y (3BT (b 1429)  (b) (45.7)

*Aduils were 2 54 vrs.
Note o ia) No, infectediotal examined.
ihy  Figitres in pareniheses indicate ', positive.

Muorphningy ol Parasite in Blond

Gametncytes onty were present in the blood of
mfecied monkeys; the asexval stages {merocysts)
are confined to the parenchyma cells of the
bvey., Tn most  instances, macrogametocytes
vere present in greater numbers than micro-
sanmetocytes: vsually the parasites were mature
farms and asin all species of Hepgrocvaiis, no
rrace of the infecied crythrocyte could be seen,
immature  Jorms  were infreguent and  were
sither visthle us rings or as larger forms with
tovhoid processes and with fine dots of
st pigment g the eytoplasm.

The mecreaametooyte was shightly Jarger than
re size of  an wninfected  cerpusele and
batween T7.5-8.2 rem on dlameicr.
They were uninucleate, spherical obtects, which
aained o stesly blve color with the red
nucicns, placcd  almost  invariably on the
nerphery. The aocleus {about 2 ~m} was oval

measured

or round and comprised a lighter ouler zone
and an inner darker clump, often consisting of
4 darkly staining granules sirung out in a line.
The cytoplasm was slightly vacuotated.

The microzametocyte  was of  similar size
ang also apparently free of the corpuscular
envelope,  The usual striking color differentia-
tion between the two sexes aided jdentification;
the cytoplasm of the male was mwch less dense
and was very pale. The tmy, light brown
pigment granules were thus much more casily
secin.  The nucleus was considerably larger in
the male and eccunied one-third or more of the
parasite; it measured about 7.<3 ,umnt and had
a pale pink color. The contonr of the male
tended to be more irrogular than that of the
female.

b B ay
LITEDIETI

Hepatoeysiis semaopithect bas o wide distribu-
dan in Soatheast Asia and was first described
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as a new species of Plasmodium, by Knowles
(1919) from a langur monkey {Preshyris curelins)
in Assam. Garnham (1951} showed that the
parasite was not a true species ol Plasmodium
and removed it to the genus [Heputocystiv.
The parasite was subsequently found in Marace
spp. as well as in other spectes of langurs, and
undoubtedly is frequently present at the rates
ranging from 24 to 43" as reported from  Asia,
and 13% in macaques imported into England
(Eyles and Warren, 1963; Garnham, 1966, 1977).

In spite of the number of dilferent specivs of
monkeys found mfected with /. vemmopitheci,
no records have hitherto been found of e
presence of the parasite in Mecacu muluira
{subspecies vilfpsr). These were captured atan
unusually high altitude in the foothills of ihe
Himalayas at altitudes of bertween 2000-3000 m.

Tha morphology of the parasite in the blood
appears Lo be identical to that of earlier
descriptions, thoagh no semilunar Torms were
seen in the growing parasite as were noted by
Knowles and other workers in the past. How-
ever, the appearance of gamefocytes has Hittle
significance in regard Lo the taxonomic position
which can only be ceunlirmed by the charac-
teristic formation of the merocyst in the liver.
The finger-like projections from the body of the
merocyst are aamistakahle,  Unfortunately no

material from liver was available in the present
investigation.,
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A Technigue of Preparing tThick Blood Films

on Soft Slides

AL 15 BELJIATV

"The blood i3 taken on a plastic transparent fim and stained as vsua’ After stiening, the pieces of

About %35 mm are clipped out, mouanted on the glass slide using a transpacent scotch tape, and
examined under oil immersion. The technique pives » pessibitity to multiply specimens which seem

to ke interesting for teaching purposss. Sets of many ulmost identical slides may te easily pradaced

from a single finger-prick, the similarity of slides being essential in many cases of moup training.

Entroduction

Frequently malariofogists  and  others  have
prepared blood films on transparent materials
other than standard glass slides, To the
author’s knowledge, however, these maierials
were never used in a systematic way, but only
in emergency cases when glass slides were not
availahle.

In 1965, Q. L. Losov and the writer tried to
nse washed photographic film for mass blood
meestigation in Congo. The main  purpose
was to reduce the weight of the collection,
since in some ‘ocations included in the itinerary,
aceess was obtained hy foot. After completing
the journey the transparencies were stained
and cxamined in the traditiohal way, However,
during  examination  difficuities  experienced
with focussing due to warping resulted o the
technigue being abandoned for the time
hemne.

[ ater, it became clear to the writer that the
dificultics with warping might be overcome,
if only a small picce of the initial transparency

drcepred for publication @ 24 fuly 1981,

* Matignal Malaria Fradication Programme,
Deihi 110 054,

was used for each examination. A small piece
might be casily mounted on a glass supporting
slide,

In practical work in malariclogy, only a por-
tion of about 1 to 2% of the area of a standard
blood film is examined {the arc2 of a §im 2 cm
in diameter is about 300 mm*; the surface cor-
responding to 160 microscopie fields is about
4 mm).

Despite the simplicity of this idea, the new
approach gives urique possibilities in creation
of teaching collections of malaria parasites and
the techaique is described belowy,

Muterial and Methods
The equipment nceded is the standard cquip-
ment used for collection and staining of thick
blood filins as recommended by WHO (i%61).
Additional items are :

() transparent film for hlood collection, e.g.
fiins for overhead projectors.  Washed
photographic film seems less appropriate,
since washing leads to scratches. The film is
cut into pieces which might be easily taken
by their edges between the thump and the
index. They miay be of a standard size of
25x 75 mra, as well.
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(d)

143 i

(e)

(f)

iy

Fige § - Sides of the fim (hali of the nawral sk e blood 3y rihen an o a big piece of transparent film;

(by the film is cut imo 25375 mm pieces for siaining, (¢) a Sx5 mm picce is clipped out from the master

slide; {d} the picce is put on g glass sider (e} covercd with adhesive rape aad cxamined pader microscops;
and (f)ynew slides are prepared in the same way.

(b) Adhesive colorlesy  trunsparent 1ape,
scotch transparcnt tape

..
(c) Scissors
{d: Forceps

Blood is taken from & fingerprick and distri-
buted on the trangparcnt film. When the aim
is to make teaching preparaiions for a large
croup of trainees, as much blood as may be
obtained from a fingerprick is used, and the
hlood is distributed over a big sheet of soft
fitm (Fig. 1a). If only few slides are to be
prepared {rom the specimen, the drop of a
normal size is taken, and a standard 25« 73mm
piece of soft film is used. The filmis then
labelled.

For staining, slides are cut into pieces approxi-
mately equal to a normal glass slide, ie.

25 .75 mm (Fig 1b) (not necessary if standard
25575 mm slides are used). They are next
placed in a standard staining trough with empty
glass slides inzerted as support. Staining is
performed in the usual manner (WHO, 1961).

After drying, i piece of about 15-20 mm?
is clipped out (Fig. Ic), put on a standard
glass slide, the blood being on its upper side
(Fig. 1d), and covered with adhesive tape
{Fig. le). Some care must be taken to reduce the
number of air hubbles to minimum which may
be trapped between the blood film and the tape.

Slides are examined in a usual way, During
focussing, when the oil immersion fens is being
lifted after a contact with the slide, the lower
part of the transparent film appears first. It
contains only few particles of dust and stain.



o

When continuing the upward motion of the
lens, Lthe upper surface of the slide becomes

visibie. Air bubbies are a good indicator that
the upper surface of the slide is being
examined.

[T, after examination, the microscopic picture
seems to be interesting for tedaching purposes,
new pieces may be clipped out of the master
siide and mounted in the same way (Fig. 1f).
Usnally, not less than 20 goed slides may be
prepared from a fingerprick.  If the parasites
Jdemonstrated on the collecting  transparency
are of no interest, the film may be destroyed.

The covering tape does not react with
smersion oil or anisol.  After examination,
immersion oit may be removed using dry cotton
wool, since the swface of blood film is
pretected.  Benzene and xylene may also be
wsed for cleaning, if necessary, since they do
not spoll the adhesive covering.

Resuits

The fiest preparations were taken on washed
photographie film in  December 1965, They
were stamed and examined and then kept as
vecard.  In 1975 some of them were mounted
using scotch tape as the adhesive cover, results
mdicated that they were still guite good for
examination and continued so unfil the last
examination m Sepiember 1981,

From 1973, this technique has been used for
proparing stides for teaching purposes especially
when it was desirable to demonstrate the same
microscopic picture fo a large group of students
(Up to 35-40 persons). This was extremely use-
ful during the initial stages of training and in
cases whea unusual morphological elements
which might be present in rarc specimens were
1o be studied.

The slides could be used for several vear: and
stand repeated examinations even by unskilled
niicroscopists,

INDIAN J. MALAR, VOL.. 18, DECEMBER 1981

Discossion
The following merits of this t:chinigue scem to
be important {in order of priority) :

(a) A muliiplication of specimens which seem
to be interesting is possible. The decision to
prepare many slides from e particalar case
may be made after the patient was treated.

(b) Sets of aimost identical slides may be
casily prodoced, the simitarity of slides
being essential in many cases of group
training.

(c} Long iife of slides being used for (raining

(d) No need to use benzene or xylene for
cleaning slides after examination.

{¢) it becomes possible to prepare arrays of
different specimens on the same slides. for
easy COmparison.

(f) Low weight of the master specimen, which
(or parts of which) may be casily sent by
ardinary leiters.

(g) The master shde is unbreakabie,

The demerit is that it s impoassible ta aveid
air bubbles. However, they do noil cause
much trouble since they are met only in few
mticroscopic fickds.

The merits of the new fechnigue listed under
(a) to (e) offer many advantages when (raining
is concerned,  However, for routine bleod
examinations, the old technigue secins superior.
The use of the new technigue for this purpose
Is justified oniy in rarc occasions, when the
transportation of specimens from the fleld
becomes a problen:.
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Pyrimethamine in Combination with Sulfadoxine or

Sulfatene in Vivax Malaria in India

K. C. RASTOGH. H. SAHUL, 5, &, DWIVED!!, C, ACHUTHANZ, H. V, PRASAD,
G. RAMAN®, R. G. ROY? and 5. PATTANAYAK?

I un endemic area of Arsikere, Hassan District (Karnataka) he cffects of three drug regimes were
tried on P, yrvax 1., sulfadoxine 1000 mp base 4+ pyrimethamine 30 mg base, sulfalene 1000 mg
base 4- pyrimethamine 50 mg base. and chloraquine 600 mg base (alt singie adult dose), Even this
low dogage of chloroguine prodoced hundred per cent clearance of hoth sexual and asexual parasites
by Day 7, whereas the other two regimes had a failure rate of 11,1 and 23,157 respectively.

Tn Rajpur, Kanpur Pristrict (Ltcar Pradesh) results of chloroquine {500 mg base were compared with
two dose levels of sollalene + pyrimethamine combination (e, 1000+ 50 and 1500+ 75), There was
complete clearinee of all stages an Day 6 with all the three regirmes.

Intraduction

The use of long-acting sulfa  drugs like
sulfadoxine or sulfalenc with pyrimethamine as
a single dose therapy has gained popularity in
ihe treatment of mafaria in the recent past.
Though these drug combinations are of special
importance in chloroguine resistant £. falei-
parum, these drups are widely used for the
treatment of other species also. 2 vivay consti-
tuies about 90% of all mataria cases in India
(Parranayvak and Roy, 1980¢).  Results of a trial
e two ostates to find  out the comparative
efficacy of these two drug combimations in
refation to chlorequine are presensed in this
paper.

focepted for pubficativn - 234 Ocipher 1981,

¢ Regional Office for Health und Tamily Weifare,
Lucknow,
© Repional Office for Mealth and  Family Waliare,

Rangalore,

PoxNatiopal Malaria
P-itl 110 054,

Eradication Progamme,

Material and Methods

The study was started with a mass blood survey
in two widely separated states i.e., Rajpur
{Kanpur District of Uttar Pradesh) and
Arsikere (Hassan District of Karnataka), In
Rajpur, the study area comprised of six villages
with 31 567 pepulation and in Arsikere, it
comprised of £ villages with 21 900 population.
In both the arcas, P. vivax was practically the
sole  plasmodial and chloroguine
resistance had not so far been reported in this
species. Patients with similar age group from
indigenous populations were taken for the
experiment.  The arcas heing endemic, it was
presumed that the patients were semi-imrmune
to malaria.  In Raipur, two different doses of
suffalene  and pvrimethamine, i.c., sulphalene
N0 mg base pius pyrimethamine 50 mg base
(8L 1000 +P 30) and sulfalene 1500 mg base
nlus pyrinethamine 75mg base (3L 15003-P 75)
were  compated with chloroquine 1500 mg
hase wlich was administered over a period of
tiree days (600 myg base on Dav 0 and Day 1

species
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and 300 mg base on Day 2). In Arsikere, sulfa-
doxine 1000 mg base with pyrimethamine
30 mg base (SD 1000+ P 50} as well as sulfalene
1000 mg base with pyrimethamine 50 mg bhase
{SL. 10004 P 50} were compared to the effects
of chloroguine 600 mg base.

Each SDP and SLP tahlet consisted of 500 mg
hase sulfadoxine or sulfalenc n combination
with 23 mg base pyrimethamine. Dose was
regulated according to age of the patient, i.e.,
1-4 years, 53-8 vears, 9-14 years, and 15 years
and above rcceiving one-fourth, half, three-
fourth, and full dose {two or three tablets),
respectively, SDP and SLP in different dose
levels were admimistered as a single dose.

One-hundred standard thick smear fields were
cxamined. Parasitc count per microlitre was
expressed ont the basis of count against 300
jeucacytes by taking 7 500 leucocytes as normal
count per microlitre of bleod. In Arsikere,
bath ascxual and sexual stage count were noted
separately, but in Rajpur, all stages were coun-
ed 10gether.

ini and Glazko fest (Lehjveld and Kortmann,
1970) was smployed to find out the presence of
d-aminoguinolines in the urine and Lignpin test
for detecting the presence of sulfonamides in
the urine, on Day 0 before giving the drug (s)
and one day alter (Day 1.

Primaguine was not administered with either
chloroguine  or  SDP or SLP. Immediate
rexponse was Uhe main objeetive of the study
and the impact on relapse phenomenon was
nol studied.

Resuits

Results are given in Table 1. In Arsikere, bhoth
SDP and SLP {100G+ 50} had a failure rate of
Fi.d and 23,1% respectively though the parasite
density i the unsuccessful cases was extremely
fow in SLP. With SDP, the reduction of

ascxual stage was slightly more pronounced
than on sexual stage but with chinrequine, both
the sexual and asexual stages were cleared by
Dayv 7.

In Rajpur, total parasite clearance was noted in
SLP {(both the doses) as well as in chlorequine.
With SL 1000 + P 50 and SI. :500+P 75, the
clearance was earlier to chloroguine by one
day i.e., Day Sand Pay 4 against Day 6in
chloroguine. INo untoward reaction was
observed in any group, and the drue (s} was
accepted well,

{Yiscussion

When uscd alone, sulfonamides and suifones
have little, if any, action, on 2 rivay {WHO,
1973). Laing {1968} in Malaysiz carried out 4
triai with chloroquine, sulfado:ime and combi-
nmation of sulfadoxine and pvrimethamine, and
found that with chlorogquine the response was
quick in all 13 cases. With onlv sulfadoxine,
there were 5 [ailurcs our of 14 and the action
was slow in the remaining Y cases and
gametocytes persisted.  With SPP in varying
combinations, there were fwo failures and
gametocytes persisted. Tn the same  species of
malaria, a study was carried out in Thailand
(Doberstyn er al., 1979) on the relative eflicacy
of pyrimethamine 50 myg base versus sulfadoxine
in combination with pyrimethamine. The Jatter
combination was used at two cose levels, ie.,
1000+ 50 and 1500+ 75, [t was found that
pyrimethamine 50 mg base wa: ahle to clear
the parasites in only one-third of the cases by
Pay 7. With SDP, due to “sequential block™
type of action, better results were obtained and
three-fifths of the cases  showed parasite
clearance on Day 7 but with the higher dose,
all the vivax cases showed clearance, They
also abserved that the mean parasite clearance
tirne was relatively long (90 hr) even with the
higher dose and concluded that chloroguine
remained the drug ol choice in the treatment
ol vivax malaria.
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Tanlz I+ Resubs of Trestmnen with Sulfadoxine-Uyrimathainine, Suliens-Porimethamine and Chloroguineg in
P ovivax Susceptible to Chinoroguine: Julv-Moverber, 1979
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Nove r(2) Number positove for asexual parasire/namber examined.
(") Asexual parasite density per mi.
) Sexuat parasite depsity per mil.

In the present study, pyrimethamine effect
without adding any other drug was not studied,
as the main objective was to find out the
relative merit of SDP and SLP compared to
chlorogting.  In Arsikere, SDP (10D04-50)
showed a clearance rate of §9.9% against

supertor as complete parasite clearance was
noled on Day 5 against Pay 6 in chloroquine
group. Higher dose of SLP {1500 +75) was
stightly superior to the lower dose SLP
(10004 50} by one day.

1007, success with 600 mg base of chloroguine.
SLP {10004-50) gave different results in
Arsikere and Rajpur. In the former area, on
Day 7, the failure rate was 23.1%] but in the
latter there was no failure at all. When cont-
parad to chloroquine 1500 mg basc even the
lower dose of SLP 1000 5 30} was slightly

Within the short period of observation (21
days)y in Rajpur, there was no relapse in any
case, though no primaquine was administered.
Reasons for the differential response in
Avrsikere and Rajpur are not clear, Tt could be
due to the difference in the immunity status or
strain difference or any other factor iike the
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susceptibility of the vivax parasites to pyri-
methamine. Some people are known to be
rapid acetvlators of sulfz drug and whether
such persons were more in Arsikere group is
not known. Since the number of persons
ereated i smalll further studies are desirable in
liferent  arcas of India. Tn the mean while,
indiseriminate use of SDP or SLP in the
treatment of all types of malarta  should
he discouraged and these drugs should be
reserved Tor chloroquine resistant cases.
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Indirect Haemaggiutination and Indirect Fluorescent Antibody
Tests for Human Malaria Using Plasmodium knowlesi Antigen

5. 8. AGARWAL Y, PAWAN SHARMA®, AMAR NATH: 1. K. SRIVASTAVAZ,
JAGDISH RAY and G. P. DUTTA®

Plasmodivm Luowless antigens preseinved iz lguid nivogen {~196°C) have been successfulh emploved
in the indirect haemagghotination (LHAY and indjrect fluorescent antiivondy (1 A) tests Tor serodisenasis
of human malarin infeciions. Using elutaraldehyde-fixed sheep eryvthroeytes, tanned and sensitised
with soluble P. knowlesf antizen, poshivity of 75, 8.82, 4.23 and 47, was oblained among patients of
maloris with characteristic splenomegaly nr hepatosplenomegaly 60 cuses), pyrexia of varied origin
(34 cases), random hospital patients (1373 cases), and healthy subiects (50 cases), respectively. The 1FA
test gave positive diapnosis in 82 477, of the malaria cases and (1.76%; cases of pyrexia of varied
origin.  None of the random hospral patients or the healthy subjeces gave a positive TFA test. This
stndy stronply suggesis the possible use of P knowlest antigen Tor seradiagnosis of human malaria.

The 1¥FA test has special advantage that it can be wsed for sereening of small number of seta.

Iutroduction

Serologic tests for malaria have been reporied
to he useful for studving malarial endemicity
rates, paiterns of malaria transmission, and to
detect foci of malaria in the cpidemiological
surveys {Kagan, 1972). Indirect haemaggluti-
nation (JHA) aud indirect fluorescent antibody
(IFA) tests have been widely appiied for the
serodiagnosis of human malaria (Farshy and
Kagan, 1972; Wilson er af, 1975). Use of
homologous antigens is reported to yield more
positive resuits (Meuwissen ¢ ¢f., 1974; Sulzer,
et al, 1973). However, due to non-availability
of the owl-monkey, Aoy frivirggtis, the ex-
perimental  host for Plasmodinm  falciparum,
and long delay expected in large scale in vitro

Accepred for publication © % Seprember 1931,

I Department of Medicine, King George's Medica!
College, fucknow,

2 Departiment of  pMicrobiolowy Central Drug Research
Institute, Lucknnw,

* Deparement of Microbiolugy, Armed Forces Medical
College, Pune.

cuelture of P. folciparum to produce malaria
antigens for serodiagnostic work in our country,
it was desired by the Indian Council of Medical
Rescarch to standardise P. knewlesi antigen for
the serodiagnosis of human malaria (Task-
Force Meeting on Serology of Malaria held
in Oct. 1980, ITCMR Report). In the present
communication, we report our results on the
utility of liquid nitrogen preserved and unlyo-
philised P. knowlesi antigen in the IHA and IFA
tests for the serodizgnosis of human malaria.

Material and Mothods

Sera -~ Serum samples were obtained from the
four groups of subjects ; Group I included
60 patients of malaria positive for Plasmodium
vivay by slide test. They gave a history of
characteristic periodic high fever with chilis.
Mast of these cases also had splenomegaly or
hapatosplenomegaly. Group H comprised of
34 patients of pyrexia of varied origin; Group
1T included 133 random hospital patients with
no signsfsymptoms or histery of malaria; and
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Group 1V vonsisted of 30 medical siudents
apparently mn good | health and having no
history of malaria.  All sera were stored at
--20°C and inacirvated at 56°C for 30 min prior
o use,

Parusite — Plasmodivm kpowfesi was routinely
maintained v the healthy, tubercutin nomitive
rhesus  monkeys  { Macacq mularia) at this
Institute  {Banyal eor af., 198!1),  Monkeys
showing parasitacmia 22 50% were bled at
schizont stage by cardiac puncture.  The hlood
collected n the acid-citrate dextrose solution
was cenirffuged at 15C0 rpm for 10 min, The
schizont infeeted  eryihroovies «edimenied as 2
Jistinet chocolate brown layer just beneath the
Shuffy coat”. The ‘huffv coat” was carcfully
removed and disearded.  The brown layer was
aspirated and lavered on a Ficoll-conray 420
density  gradient  (density  equivalent fo 1.O7)
and centrifuged at 400 g for 20 min at 26°C.
The schizont infected ervthrocyvies appeared us
a Hstingt band at ¢he inferphase and were
aspirated and washed thrice with chilled normal
wiline  in refricerated  centrifuge.  After
the finat washinp, the sedimeni was used as
source of antigen. It was divided into small
aliquots and stored at —196°C in the liguid
nirog.n.

i

S 4 Test —On the day of use, an alizuot of
e washed schizont infected ervihrocyles was
removed Trom the Yguid nitrogen, diluted ten
iimes with phosphate buffered saline, (pH 3.5,
015 A1) and subjected 1o ultrasonication, 20Ke
mer sec, for 10 see at 4°C0 The wltrasonicote
was cuntrifuzed at 4000 ¢ for 1 hr at 4°C.
The sediment which largely contained pigment
granuies was discarded while the supernatant
was used as antigen in the IHA rest.

Deterpvination of  oprumal  sensitising dilu-
aon of antigen, and sensitisation of the elutar-
aldehyde fixed and tanned sheep erythrocytes
were carrted out as recommended by WHO
169743

YOL, 15, DECEMBHR 1931

The THA test was performed in the 36 wells
(U-shaped)  polystyrenz  microtitre  plates
{(Laxbro, Pune) as described elsewhere {Sharma
ot al., 1950).

IFA st — The schizont rich bhrown layer of
parasitised cotls were washed ririce with phos-
plrate  huffered safine (zH 7.2, 015 &) by
centrifugation at 1°C.  After the final washing
the parasttised red cells were suspended 1o the
original  blood  volume in piosphate
buffered saline, pii 7.2, Eisght drops of this
suspension were placed on each of rhe clean,
grease frec, microscope slides and aftywed io
dry at room temperalure. The dry antigen
slides were wrapped individually in rhe filfter
paper and stored at —196°C in the liquid nitro-
2en. Fluorescein isothiocyanate tagged anti-
human (heavy and light chains) 12G produced
in goat obtained from the Cappel Laboratorics,
nchranville, USA was used for TFA test, A
preliminary study indicated (yat 140 dilution
of the onginal fluorescent conjugate was the
aptimal dilution for IFA studizs,

ihe

The test was performed essentially as deseribed
by Collins and Skinner (1973 except that the
antigen coated stides were fixed in dry acetone
for 30 min at ~ 20°C. The slides were examined
using FIBO 200 W as the light source in the
“Fluoralume™ fluorescent microscope (Ameri-

can Optical, inc) with a combination of
appropriate exeitor and barrier fiters.
Reactions were graded us «fto + & + +

depending upon the intensity of fluorescence
and the tast dilation of a serum showing + +
resction was considered the ond point (Voiler
and ONeil, 1871,

Resslls

Results of the [HA rtest are presemed in
Table {. Anpalvsis of the date indicates that
A Gire of | in 32 may be taken as the
cut-off  point for the specific  diaguosis
of human malaria. At this tire, 759 of the
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malaria patients (Group 1) yielded a positive
reaction. However, 8.82, 4.23 and 4% of
patients of pyrexia of varied origin (Group D),
random hospital patieats (Group TII), and
heslthy subjccts (Group IV), respectively, also
gave nositive THA result.  Highest titres were
obtajned in Group I, gecmetric mean reciprocal
titre of this group being 70.79 as compared to
4.%98, 4571 and 3.348 of groups 'L, 1, IV
respoctively.

Data presented in Tabie 2 indicate that at an
IFA titre of 1 in 8, none of the random hosp tal
paitents (Group I1H) and heaithy subjocts
(Group I'V) gave a positive reaction. However,
an [IFA titre of 1 in 16 was taken as the cur-off
point in order to impart mazimum specificity to
the test. At this titre, 82.47% malaria paticnis
(Group I) and 11.76%, of the patients of
pyrexia of varied origin {(Group 1) vielded a
positive IFA  reaction. The secometric mean
reciprocal TFA titres of Groups 1 to IV were
66.07, 3631, 2.089 and 2,180 respectively.
Discussion

Results of the present study clearly indicate
that anfigens prepared from P fnovlesf car: be
successfully employed in the 'HA and [FA
tests for serodiagnosis nf malaria.  Seventy-five
per cent positivity with  the THA test and
nearly 909 positivity with the TFA est among
the cases of malaria recorded inthe present
stidy are in hroad agreement with the results
reported by others using heterologous antigen
(Lobel er af., 1973; Sulzer of af., 1969). JFA
test with 2. nowlesi antigen has shown batter
diagnostic value than the THA fest as the
former could detect nearly 90%, of the infec-
tions, while the latter only 75% of the infec-
tions. The high degree of specificity resided
in both the tests as is evident from the very low
positivity (nearly 4%), obtainedamong random
hospital patients (Group 1T) and healthy sub-
jects {Grroup IV). An IFA positivity of 11.76%,
and IHA positivity of 8.82%, among the paricnts
of pyrexia of varied origin (Group I) suggest

that a smail number of these cases may indeed
be suffering from malaria.

Our [THA results are, however, at variance with
those reported by Chandanani er al. (1981).
Using a cat-off titre of 1 in8§, these authors
obtained very Jow IHA positivity (47.277)
among the malarta patients using 7. knowlest
antigen. Awpart from the fact that Chandanani
«r ol (1981) were studying cases of carly -
fections, differences in the method for prepara-
tiems of P. knowlesi antigpen and storage con-
fitlons may cxplain low titres reported by these
workers. Using intact schizont, antigen stored
at -- 196°C, we could cmploy the cut-olf titre
af 1 in 32 for diagnosis of malaria, In fact
W10 (1974) has also recommended storage of
parasitised erythrocytes rather than their lysate
a1 ~70°C and the ultrasonic disruption of the
parasitised erythrocytes to get the sotubke
antigen on the day of use,

in our opinion. sworage of malaria antigen
at - 196°C gives best results in the IHA and
IFA tests,
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New Apumalasials : Synthesis and swdy of 4,0-Diamino-
1,2-dihvdro-[-(haloatkoxyphenyl}-2,2-dialkyl (or aryi)-s-triazines

as Possible Antimalartal Agents-!
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Inothe coures or

o= g

RENATURKAR®

Forrs ta doveos new  chemolborapesi e agenis, a serios of novel T-arvl-4,6-di-
thadveg=triazmey were prepured fom vicings dihado- and monoislo-aikoxy unilines and

antimalaris] geivity pf these syotiele dgents was evalaaied s w Raow's rapid screen technique.

Introduction

4,6-IMapmo-1,2-dihydro-s-triazines, a class of
compounds  possessing a wide spectrum of
medicinal propertics have been studied for
activity against the common malarial plasmodia
of mammals and birds (Capps eraf, 1968
Thompson and Werbetl, 1972); pathogenic and
nonpathogenic bacteria (Modest ¢¢ af., 19532;
Capps et al, 1968); coccidia (Schalit and
Cutier, [959); toxoplasma (Winter and
Foley, 19536); intestinal helminths (Schalit and
Curler, 1959; Roth e af, 1963; Capps ot af.,
1968); and against experimental fumors {(Roso-
wsky er af., 1973}, Muny dihydrotriazines are
also good enzyme inhibitors in microbiological
systems {(Moduest er «f., 1952; Baker, 1967). In
the past few years cycloguanil pamoate (I) and
other difivdrotriazine salts that exhibit remark-
able antimalarial properties in  experimental
animals have been reported. Dihydrotriazines
prepared by Capps o af. (1968) were found to
possess activity against various types of patho-
gens in biological sereening.

;‘iccepfed Sor publication © 24 Ocrober 1981,

Y Departmemt of Chemotherapy, Haffkine
Paret, Bombay 300 012,

institute,

2 Drepariment of Zoonoss, Halflire Institure, Parel,
Bowmbay 400 012,
» Ta whom cerrgspondence to be made.

Very recenidy, the synthesis of clociguanil i.e.,
WR-38,839 (1) and WR-99.210 (I1}) which are
DHEFR inhibitors and are closely related to
cycloguanil have been reported to exhibit re-
markable antimaiarial  activity against both
pyrimethamine sensitive and resistant strains of
Plasmodium berghei in the mouse, and active
against chloroquine sensitive and resistanl or
pyrimethamine sensitive and resistant P. fuleipa-
rum in the owl monkey (WHO, 1973).

In man, single intramuscular dose of cyclo-
guanil pamoate has the unusual capacity to
protect man for many months against challenges
with susceptible strains of P. vivax, P. falci-
parum, P malariar and P. ovale (Elslager,
1967).

Considering the promising activity exhibited
by cycloguanil and the special interest shown
by WHQ in cyclogoanil analogous dihydro-
triazines for their antimalarial programme, a
varicty of  1-haloalkoxyphenyl-4, 6-diamino-
[,2-dihydro-s-triazine derivatives were synthe-
sised from various 3,5-dihalo- and menohalo
alkoxy anilines nccording to the scheme outlined
in Chart-I, These aniline derivatives have pro-
duced several active biological agents in various
fields of medicinal chemistry in our laboratory,
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sz, compounds derived from these anilines
have heen found to possess antheimintic
(Khadse of al., 1976) and anticancer (Shekawat

¢ ai., 1972) activities in experimental test sys-
fem in mice. Very recently pyrimidine com-
pounds ahtained from these haloalkoxy anilines
have alse shown  significant antimalarial
activity agamst P. berghei voelii In mice
{Sanghavi ¢r af., 1980).

Chemistey

Fhese aryidibydrotriazines (V1) (Tables 1 & 2)
were svinthesised by the condensation in one
step  of haloalkexvaniline hydrochloride (or
arviamine and an equivalent mole of hydro-
chioric acid}, dicyandiamide and a ketone or an
aldehvde in presence of absolute methanol at
reflux temperature from 2 to 24 hours, prefe-
rably for 17 hr by three component synthesis
{Capns ¢¢ al., 1968). Alternatively, the required
dihalo- (IV) and monchalo-alkosy aniline (V)
were prepared  according to the reported
methods (Shekawat or af., 1972).

18, DECEMBER 1951
COCH
@@ OH
CHyp
: OH
@ cooH
Cl 5”3
H3C.7/_\
cl OlCHz1,0-N  “)—NH,
ct Ho
(Ui

In alkali, or upon heating to the melting point,
{-aryl-4, 6-diamino-1,2-dihydro-s-triazines un-
dergo a characteristic and irreversible rear-
rangement to their G-arylamine isomers. This
rearrangement is accompanicd bty characteristic
changes in the uliraviolet absorbance {Roth
er al., 1963; Capps er of., 1968).

Most of the dihydrotriazines (V1) (Tables | & 2)
described in this work were checked for their
appropriate spectral changes upon heating in
0.5N sodium hydroxide to confirm that the in-
dicated isomers were obtainsd. Tn this work,
practically all of the diamino dihydrotriazines
have Ay, between 234-242 cam in aprecment
with the UV spectra of the similar dihydro-s-
triazines were reported ecarlier {Roth ef al,
1963; Capps et al, 1968; Thompson and
Werbel, 1972). Representative members of each
series were studied for infra-red spectra and
nuclear magnetic resonance spectrum.  All the
compounds have TR spectra compatible with
their assigned structure,
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Where,R:H, CH—3’C2H5’CLH9,etC Where, =& X-3- OCH], X = Br Cl 1
Rp=CHy , CoHg, C3Hy, CgH etc S-Br *2‘052H5i
X =8¢,C1,1,ete 5-Br-2-0H;
TEL S 3-Br-4- 0C3H7, etc
CHART -1

kxperimental Procedure

4,6-Dicmnino- 3,5 ~diivdo-4 -methoxyphonyl -2+
ethvi-2-methyl-1,2-divdro-s-triazine  hvdrochlo-
ride (19, Table 1) — A mixture of 0,412g (0.001
mole) of 3,5-diiodo-4-methoxy aniline hydro-
chioride, 0.08%9g (0.00107 mole) of cyanoguani-
dine, 2.0 ml of cthyl methyl ketone (2-butanone),
and 0.2 ml of methano! when stirred at 33-40°C
over a period of | hr, preferably under anhy-
drous condition, became a clear amber solution,
and crystailine product began to be thrown
out shortly thereafter. After few minutes, the
reaction was stopped, the product was collected
by filtration and washed with cthyl methyl
ketone (1). The washings and the filtrate were
transforred to the flask and the solution was

heated to 30-40°C with stirring for 24jhr. The
reaction mixture was concentrated, refrigerated
overnight and the crystailine material thus de-
posited was collected and washed again with
ethyl methyl ketone and ether (II}. Recrystalli-
sation of the combined products (I and II) from
water affarded the title compound (monohy-
drate) as colourless prisms [Yicld : 0.363 g
{64.052); m.p. 221-222°C {uncorrected); Ele-
mental anatysis for  CpHpl,NsG.HCLH.O
Calc. : C 2749, H3.32, N 12,34%; Found: C
27.21. B 3.27, N 12,19%].

4,6 Digmino-1-(3° ,3'-dichloro-4'-methoxyphenyl )-
Z-phenyt-d, 2-difydro-s-triusine  hydrochloride
(4, Table L)y — A mixture of 0.457 g (0.002 mole)
of 3,5-dichloro-4-ethoxyaniline hydrochloride,
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Faibte ! -— o lhamine-! Z-dihdro-i«0 3 5 dihalo-d-alkoxyphenyi-2. 2-dialkyl (o1 arsli-s-irlacine
hydrochlorides (V)
K.\!_ i--i:z:-».,\%*:\n/rqh‘z
0 /Q>"“‘" rI{XN HC
B‘ R Ry
X
Compound X R I, I, Yield np. 'C Moi. “ormutat
i (ungorrected)
t Cl H "H, CH, i1 238024 €. 11, NOHCLHO
2 Cl H, CH. CH, 43 219-22§ <)M CLNLOHCLHLO
3 i CH;, CH, .H, 51 195-194 Cy. H:;Cig N;OHCH
4 Cl CH,y H Cglly 70 Z18-219 CgH pCLN O NCLHLO
A Cl Y CH, CH, 55 223228 C 311 G N0 HCL
# Ct CLH, CH, C_H; 60 196-198 O H NG HCOT
i Cl C.Hy 1 CoH; 78 237 (d) CrH 501 N;0 HC
3 Br H 'H. M, 8.5 04206 O LB NG G HCOLHL O
g Br H CH. W Hy 54 T8 () LR NGOHCLHLO
i Br CH, CH., CH. A 215217 L B N0
o Br H CH. Ly £} it Claty B NLOAC
12 Br 1. H ":Hg 12 45 € ghT 33 NOHCLHLO
13 B G "H; T 90 0-205 R N0
s Br L o1y C.H, 3 10202 LM ER NGO HO!
% Yr (uH; £ 1T, Th R Cra RN OMCE
¢ B AR - Oy 42 183444 LML B NGO
i } 11 CH o, N 1900 O L NSO BHOTHLO
13 ¢ TH O UL 39 220 O HLG NGOG H
p H {'H §s! Calfe d R R oM MO HCLHLWO
L 1 TWHg tH H, 53 MEMHGY O H L MO HC
Y CGpEETs TCGME poins.
Foandlvsad corrsethe far OO H and N owithin 4+ 0457,
G075 o (000208 mole) of dicyandiamids, dried in  vacuum desjccator over calcium

0,320 ¢ (0603 mole) of benzaldehyde, and 2 ml
of 93% ethanol was refluxed for 6 hr. It became
a ciear sofution. Shortly thereafter cryvstalline
product was deposited. Reaction was stopaed
afrer 7 ir and the reacfion mixture was cooled.
Alter thorough cooling, the  product was

collected, washed with  acetone and ether,

chloride for 12 hr. This afforded light brewn
prisms of the (itle compound of analytical
nurity  [Yield: 0.586 g (70.0%) m.p. 218-
219°C  {uncorrected): Elemental analysis for
CLHLCLNGOHCLH,O ¢ Cale. : C 4588, B
4,30, N 16.73%; Found :C 4628, H4.19 N
17.197].
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Tabie I 4 bp-Divming-], J-ditwdro-1-Oronohalos koxyphenyid2, Zadimethvl-pmiriuzine  hydrochlorides (V1)
Gk
R‘@“”x” e
Connpound 24 Yiehd o Mol formalaf
%) wnucorrected 3+

21 3,6-8r. OH 58 233235 ¢ HBrNOHC

1 3,6-Br, OMe 23 2728 o H 6 BrN;O HCLHLO
23 3,'-"’-8]‘. OFt 2] 23214 C;_}H.] 3BFN50HC] ,HZO
2.4 4.5-Br. OMe 31 e fdl C,, 1 gBrNsO.HCI

25 1.5-Cl. OMe 75 W09 C ., H, CIN;O.HO

26 4.5-0Fr. Br 54 e (dy € H g BriNg O HECLHL O

* Capilaty melting pouts,
¢ Analvsed correctly Tor €, 1 and N within 50.43%,

Siafogical Activity

Evaluation of antimalarial activiry by e itiseii-
seent of survival time (primary screening) — The
antimalarial activity of compounds was evaluat-
ed using P. bergher yoelii mouse raodel. The
Rane’s blood schizontividal test described by
Osdens of al. (1967) was used For screening the
compounds. This is @ virulent strain and pro-
dused desth of infecied mice in am averafe
neriod of 8.5+0.5 days. Extension of the mean
sarvival time of treated albino mice (MSTT) is
interpreted as evidence of antimalarial activity.
The tests were based upon the relative response
of P. berghei yoclii malaria in mice to each of
1he administered compounds as cxpressed by
the mean survival time of treated animals
{MSTT) and mean survival time of controls
{MSTC).

Albino mice of H.1. straim approximately weigh-
ing 20 g received a standard ip. inoculum of
approx. 1x 108 infected donor erythrocytcs
suspended in citrated saline. Test compounds
were dissolved in distilled water or suspended
in Tween-80 and injected once s.c. 72 hr after

the mice were infected with trophozoites of
2. herghei voeli. Tn cach experiment, test com-
peunds were administercd in six graded doses
of 160, 30, 40, 20. 10 and 3 mg/kg. A mini-
mum of five animals per dose were used, 1€ the
drug proved to be toxic, lower dosages were
ried, Five mice were used as controls. The
control mice were not administered any drug.
Resides, a aroup of five mice was treated with
pyrimethamine and another group of {ive mice
received cycloguanil hydrochieride. Thase drugs
were used as standard drugs at doses 4.5 mgfkg
and 25 me kg respectively and were included
in all irials for comparison.

Resilts and Plischssion

Unireated an‘mals died between 8-9 days and
had a mean survival time (MSTC) of 8.5+0.5
days. Treated animals were kept under observa-
tion for 40 days. Compounds having double
the survival time as compared to confrols were
considered to be active (A} when they pro-
duced at lzast 100% increase in MST of
treated mice. Animals which survived for
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Table 3 — Antimaiatial Activity Against P, barghe! yoelii in Mice by Rane’s Method

Compound

5 10 A
1 - 7.4 _
5 _ _
¢ - — 9.4
5 — 57 -
. — - 8.8
14 — 47 -
£2 - 5.7 .
¥ir - — KR
v 26 — 20T
19 — 7.5 9.5
20 3.5 (A) 10.5 12
13 18 — 7.1
24 - -
25 - — %4

Dasages (mg:kgd

74 7.9
10.5 ¢4 -— 4.0(T)
— 3.0 3.6
4.0 (0 —_ 1010

_ 7.3
2.0 .- 30T
0.5 — .8
1.0 1A —- 10.0 (A}
— 40
2.0 oM L0UT
4.0(T} 50T
- 1.OYTY -
M3 iAY 134 (A) —
105 1A) — 2.0(M

s Compounds cefer 1o those from Table 1 and 2. Hydrochlorides of these compounds were sercened.

Note :{—) represents no test being dope. Ju each run perimethamine  and eycloguanit hydeochtoride were

incloded as standurd drups for comparison.

more than 40 days and showed no parasitaemia
were classed as cured {(O).

Preaths prior to MSTC were regarded as due 1o
1oxicity (T) to mice. The dose at which double
the survival time is attained is considered as the
minimum  effective dose {MED). All drugs
showing a survival time of 14-18 days in mice
were examined for presence of parasites and
parasite counts were recorded,

In all, 26 dihydrotriazines were synthesised
and 14 representative members (Table 3) were
screened for their possible in vive antimalarial
aciivity by Rane’s test (Walter Reed Army Ins-
titute of Research, Personal Communication,

1973). Activity determined vs. P. herghei voelii
is presented in Table 3, Out of these, nine com-
pounds have shown activity in doses ranging
from 5.0 to 160 mg/kg. The compounds 7, 1e,
20, 24 and 25 have shown some promise for
further investigations. Compounds 3 and 4 were
active and non-toxic in the doses of 40, 80 and
160 mgfke. 7 Gave four cures out of five
apimals treated at both dose levels of 40 and
160 mg/kg. While, the chloro analogue (25) of
compound 24, though suppressive at 40 mg/ke,
was found to be toxic at [60 megfkg. Further
compounds 5, 6, 8 and 13 exhibited activity in
doses from 20 to {60 mg/kg. The other com-
pounds were found to be inactive.
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Plasmodium berghei © Studies on Host Metabolism Using
Masiomys natalensis as Experymental Model

KL SAXENA LS. GHATAK? and A. B. SEN¢

Sequential changes in some biochemmieal paramcrers pertaining 1o host mictabolism during malaria
mfection wers studied in ATastomys meralensis. a rodent host suscept-ble o Plasmodiam bergher, with
gradual rise in parositoemiz and lonper survival pertod. The effect on carbohydrate metabolism was
indicated by gradual depletion of Jiver ghyeogen corresponding to increasing parasitacona, marked
fail in bivod gluceose tevei ut late stape of jnfection (parasitaemia > 25%}. and consaquent rise in
lactie acid content of blond.  There were sign ficant tise in 8GOT and SGI'T and enzymes-plycopen
synihetase pnd glycogen phosphorylase signiying marked tissue damape, defective synthesis and rapid
Jdepradation of glycogen respectively. As regards the pratein melabolism, significant decroase in liver
pratein values observed indicat® extensive proteoiysis with mmcreased availabidicy of amino acids
pool for proliferation of the parasites.  Graduoal increase in the production of lipid peroxides propor-
ienal to intensity of parasitacmia in the liver, splezn and lung were observed sagpesting oxidative
damape caused w these organs, Observed fall in phospholipid  level indicates disturbance in the

membiane siructure,

introcuction

Eversince the discovery of malartal parasite in
human blood by Laveran m 1880, ecxiensive
research on various aspects of malaria have
been carried out, but even foday comparafively
iittle is known about the seguential changes that
take place in different biochemical parameters
of the host during the course of malaria infec-
tion. This is probably due to the lack of a
madel  host-parasite  system wherem  gradual
changes would he observed. Alhino rat, though
susceptible to Plavmodium berghei, quite often
develeps sterile immunity.  On the other hand,
atkine mouse dies with a parasitacmia not bigh
cnough solely to cause death. The causc of
death is attributable to immuno-pathological

Accepied for publication © 5 November 1981,

t Thvision of Biochemistry, Centra) 1drug Research
Institute, Lucknow,

* Division of Parasttology, Cenral Drug Research
Institute, Locknow,

lesions consequent to P. bergfiei infection, as
evidenced by much higher parasitaemia without
death with concurrent corticosieraid treatment.
Recent studies conducted in ¢his fnstitute have
shown that the rodent Mustemys natalensis is
not only very susceptible 10 P, berghei infection
but the infection runs a gradual course in this
host with increasing parasitaenia to a level as
high as 70-80%, ultimately cavsing deaih (Sen
ef al., 1980). Further, this host has a4 much
longer survival time than mous: when infected
with P. berghei. It was thought that this species
would be a suitable host to provide better
mformation regarding the sequential changes
ir some main biochemical parameters during
the course of P. berghei infect:on. This paper
reports the results of such studies.

Material and Methods

Fuarasitic materigf — The strain of £, perghei used
in the present study was originally obtained from
National Institute of Communicable Diseases,
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Deihi and s being  routinely  maintained in
abino mice and M. ngralensis by serial svringe

pussage.

auimals and Injection — Sin week old M norg-
fensis, originally obtained from Institur Far
Parasitologie, Gicssen through the kind courtesy
of late Prof, (Dr) G. Lammler, now deawn from
the colony of Central [?rug Research Instituic
(CDRT) amymal house, was used as experimental
ast. The animals had free access to standard
petfet diet ¢Hindusthan Lever. Bombavy and
water. These were moculated {1p) with onc
miflion parasitised red  blood cells suspinded
m sodivm citrate (3.87)). For determining the
neecentage of parasitised red cells. thin blood
smears made {rom tail blood were stamed with
3% Giemsa and examined onder oil immersion
nicroscope, The animals sucrificed  at
different levels of parasitaemia by cervical di--
location after starving them for 24 hr and
blood/serum/tissues were analysed (or various
bicchiemical constituents,

were

Erzvme assays—liver was homogenised with
e cold KCI {150 mAf) centrifuged at 800 g
(15 min) for removing cell debris and nuclear
fraction and the supernatant emploved for the
assay of various enzymes according to standard
procedures viz,, glveogen phosphorylase (12C
Tan, Rall vr gl (3937) glvecgen synthetase
(0 240,00, Villar-Palas: o ol (1966); slura-
mate oxalo-acetate fransaminase (BEC 210
and  ghulamate  pyruvate rransaminase  (FC
26,12y Reitman and Frankel (1957},

Cheniieal estimacion —- Glycogen was isolated
according to Good or el (1933) and assayed
according to Montegomery (1957).  Glucose
content of blood was estimaled by alucose
oxidase method of Beremeyer and Benus (1963),
while factic acid contemt of serum was assaycd
according to Barker and Summerson (1941).
Prolein content was measured colorimetrically
according to Lowry o/ af. {1951) using hovine

PORBERGHED STUINEY ON HOST METABOLINM USING W NATALENSIY 3

serum albuinin as standard. Lipids were oxtrac-
ted according to Foleh #f of. (1957) and phos-
phorus content was determined by the proce-
dure of Wagner of gl (1962). The non-enzy-
matic lipid poerexidation was assayed by the
method of Utley or of. (1967).

Units of scrum glutamate oxalo-acelate (SGOT)
and ghutamate pyravaie (SGPT) transaminases
have been expressed in terms of Reitman and
Frunkel unitsfml serum. Glycogen phosphorylase
unit s expressed as pomoles Piliberated/min,g
wel tissuc. Activity of glvcogen synthetase is
expressed as  counts incorporated min/g  wet
weight. The resudts of lipid peroxidation have
been expressed as nmoles of malonyidialdehyde
(MDA} formed‘g wet tissue/3 hr. An extinction
coefficient of 1.56x 107 at 335 nM was used to
cialcutate MDA cquivalents.

Resulis

Table | shows the weight of liver and spleen,
the most affected organs during the course of
infection. Liver ol infected group showed, I8,
16 and 507 increasc in wet weight over the

Tahte 1 —Weialt of Liver and Soleen of A matalensis
during P perghed 1nfection

Group Wet weipht {2} Dry weighl of
Civer Splecn Liver (g2

wet iissue)

Clontrol V83023 023008 032400

(parisitac-

W o)

1115 Tgeer 3 0.73-00.73 0.27+0.02

2335 14440258 1.3040.13 0.28-+0.00

35-10 2701 0% 1,590,310 ND

sote - Values are mean <L SEL

Iy and wet weéight represenr the average of
10 mimals,
MY = Mot done.
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Table 2-—Protein, Lipid Phosphorus und Phospholinid Content of Liver of M. narafensis during P. berghef

Infection

Group Protein (mg/g) 2000 rpm Lipid phosphorus Phospholipid*

whate homogenate supernatant (g Yipid Pi'g)
Cantrol 221.444.20.72 151,30+ 20.90 0.89+0.16 12454400
Infected (Parasi-
racoiz®))
1215 206,49 4-29.37 120504 13,30 0.6540.20 16,17 £5.00
2228 165.05+26,97 102.03 - 3.44 0.58+ 0.0 14,704 0.30
1540 [30.004-15.10 93.80 0.CO 1.50+90.50 HLED 020

Nore o Vatwes nre mean o+ S

Provein determination is averape af 10 animals in each group.

MNunber of determinations for 1tpid phosphorus and phospholipid weee 8.
* The phospholipid content was obtained by multiplying the lipid Pi value by 25.

control group during differcnt degree of parasi- 100
tacniia while spleen showed three, six and soven
fold increase at 12-15, 22.15 and 35-407, para-
sHacura respectively. The dry weight of liver
recorded stight alteration, though the decrease
in weight was significant.

£3 contror. P ~FECTED

80

60

The votai protein content of liver registered 6.7,
25 3 and 32°) decrease duning  the development
of parasitaemia (Tahle 2) and TCA precipitable
proteins of cell-free extract exhibited 16.5, 332
and 387, fall at the above levels of parasitaemia.
Blood glucose level remained unaltered at lower 3 7 10
tevel of infection (2.5-4%]}. Howcever, the sugar DAYS OF INFECTION
content of blood started declining with progres-  Fig. §—Levels of Bloed Glucose Wuwring 72, berghel
wive increase of paragil;{cfnja {F;g 1) [-]Cpa[ic Infection in M. natafensis. The Parasitaemia duri.ng
glycogen showed 42.5% fall at 12-15% para- Dilferent d'l\s was as ft)ﬂo»\:s: ird day, 2.5—4‘,‘.‘-,,;7 (:t/h
sitaemia, however, at 22-25% infection the fall day, 11-12; Teh day, 12-48%; and 10h day, 22-257
was increased upto 80% {Tabie 3). Considerable  gucline of the phosphalipid i.c. (27,35 und 34%)
amount of laclic acid. the metabolic end pro-  wasnoticed during the development of infection.
duct of glucose utilised by the parasite, w4s  The lipid peroxide content of liver, spleen, fung
refeased into the circulation of the host. The  and brain of M. naralensis duving P. berghes
merease in serum lactic acid concentration was  {pfoction has been summarised in Tabie 4,
30 and 63% at 12-159 and 22-25°; parasitaemia  gionificant increase in the formation of lipid per-
{Table 3. oxides due to oxidative damage of liver, spleen
and lung tissuc was noticed. Maximum concen-
Fable 2 represents the phospholipid content of  tration of lipid peroxides was observed in hepa-
Hver at varions lovel of parasitacmia. A gradual  tic tissue where two to three fold increasc was

40

mg/100ml BLOOD

2t
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recorded in apimals having 12-13 and 22-23%
infection. In spleen the increase was one and
tweo folds only,

The activities of two transamingses viz., SGOT

and SGPT  showed clevation in  serum of

Tabte 3 - Glycogen and Serum Lactic Acid Concentra-
o o M. patafensts durmg £ bergheil Inicction

Grroup Glycogen Serum lactic acid
(e Ther) {myg/ 100 ml serum)

Conlroi (25 3F 140.0+5.0

Tnfectad {(Parasi-

taentia’y)

12-15% 3159250 USSR

22.25 12.541.5 12018

MNote o Vatues are mean 4 5.
Number of determinations were six in cach case.

Table 4 - Lipid Peroxide Concentration of Various
Tissues of M. natalensis during P. berghei 1nlection

fufected (Parasitacmia®,)

Tissue Controt M EL

Lves 136.5+4.3(5)  330.0:096.45) 444.03 33.945)
Spleen 11204 4.3(3) R0+ 1530 2532745
Lungs  LIGE£40(3} 1938410003} IS1.E4L4.0(D
Brawn 3515003 347.04+20.3(3) 3.0 H R

Note : The values are mean -+ SE.
Jipures in parenthesis represent the number of
determinations.
tinit of Jiguid peroxide = n moles MBA
ssue; 3 hr.
Five animals were ased in each set of experi-
ments.

Table 5 Aminatransferase Activity of ¢

he Serurn of M. ratalensis during P, berghei Infection

&3

M. natalensis during the course of P. berghvi
infection (Table 5). The increasc in the activity
ol these two enzymes could be obscrved as early
as third day after infection having a parasite
count of 2-4%,. SGPT/SGOT ratio, an index of
liver damage, also recorded significant increase
over the control groups during malarial
infection, the increase being 96, 82 and 837 at
2-4, 12.15 and 22-25% parasitacmia.

Tabie 6 shows the aclivities of enzymes réspon-
sible for the breakdown and synthesis of gly-
cogen rescrves of hepatic tissue. The increase
in glycogen phosphorylase was 48°, at 12-13%]
parasitaemia while ar 22-257] infection, the
percentage of increase was 33%, the glycogen
synthetase showed 28 and 16%; decrease at 12-15
and 22-25% infection.

Discussion

Parasites derived their nutrition from  host
materials and liberate metabolic end products
in the host sysiem. Upto a certain limit no
deleterious effects become manifest in the host
though host immunc system is stimulated. When
the balance breaks down ill effects of parasitism
consequent Lo factors mentioned above in the
form of pathological lesions, nutritional deficien-
cies and significant changes in the biochemical
parameters become apparent,

The erythrocytic stages of P. berghei are depen-
denit upon continuous supply of glucose derived

Group of animals

Enayme Controf Tofected Control Enfected Control Infected

{2,540 (12-15%) (22-23%)
SGOT 45.3945.23 6344552 1454628 6LISHI2IT  36.18%1.90  40.4114.95
SGrT 19.04--0.00 50.424-5.71 1h.604 6.25 35,90+ 4.95 15,994 Q.76 33.50-F T.80
S5GITISGOT  8.42+0.00 0.82-0.10 2.304:0.00 0,650,411 0.40 - 0.40 0.83+0.15

Noie © The values ure mean ¢ SE.
[Figures in parenthesis denotes the pereentage ol
Number of determinations were ton in each case.

R HEONER
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from host's plasma for their metabolism. They
da not store giycogen or other polysaccharides,
The metaholic end product of glucose meta-
bolism in £, ferghei 1s lactate (Moulder, 1948},
All these processess would effect host mcta-
hoedism and would be reflected in alternations
in biochemical parameters. In the present sindy
it would be scen that there was no change in
blood glucose and glycogen fevel wt 2.5-4.07;
parasitaemia. However, the decreasc in ghy-
cogen fevel at 12-15 and 22-257, parasitacmia
was 42,5 and 8077 respeclively, The blood sugar
fevel started declining with progressive increase
in the level of parasitaemia registering 6.5, 15
and 200, fallat 11-12,12-15 ang 22-25%, infection.
Serum lacric acid afso registered 20 and 62.57]
merease at these levels of infection. The above
results would indicate that the levels of glucose,
elveogen and tactic acid are not initidly affected
Juring infection.  With the increase in number
of parasites more glncose s utilised and in order
10 maintain sormal blood glucose level, liver
alvengen stors is depleted. Consequently lactic
acid, the end product of glucose metabolism
also starts accumulating in the blood, With
mereasing parasitaemia a stage is reached whan
the liver glyeogen falls so low that normal blood
slucose fovel can not be maintyined, Uttimately
alood glucese level alwo falls.

Tabie & — Favels of the Bnzyvroes of Glueogen Deerada-
pon wngd Svnthesis in the Liver of Af ngiefensis

ISP "oitral

n R0 0.08

A0R-£0 0

$I841.35 G TEE 2T

B iase
Aunits K 100
Wate  Vatugs ave mean -F SF,

Wun'ser of determinatiors were fve i ocach
ase,

viniis of glycogen phosphorylase = w moles Pi
Fherared min g wel tissve,

Lnits of alecogen  svnthetase = radinactive
counts neorparated mim’s wet tissue,

It would be clear from Tabie 6 that the excessive
breakdown of glycogen necded for energy
requirement was primarily duc to increase acti-
vity of polysaccharide degrading enzyme viz.,
glvcogen phosphorylase and also upte some
extent due to defective synthesising machinery
i.e., glveogen synthetase.

A review of concerned literafure wounld  show
that isolated studins have becn conducted by
other authors as well, but there is no report of
cantinued studics on sequential changes. Thus
Fulton (1939) reported lowerirg of blood glu-
cose during P. knowlesi infection of monkeys.
Singh et al. (1956) reported that faill in blood
glucose level is inversely proportional to the
per cent infection with nuti strain. Falbl in blood
elucnse evel at terminl stage of infection, viz..
P. Jophurae in ducks (Marvin and Rigdon, 1945)
and P. berehei infection of nvte (Mercado, 1932)
and micce (Sadun »¢ af., 1963) lave been report-
2d. The decrcase was more significant when
the parasitaemia was ahove 4077,

The decrease in glycogen level is also reported
during malarial infection in AL mdatia. (Mer-
cado and Von Brand, 1934) .nd in albino rat
(Chatterjee and Sent Gupta, 1937, Marcado and
Von Brand {1954) bistachemically demonstraied
lowering of glyengen synthesis in hoavy infecs
tion with P herahef in white rats,

Au the malariul parasite utilises ziucase by gly-
colytic pathway. the end produ.t i.e., lactic acid,
starts accumulating in the bioad of the host. At
the initial phase the increase in concentration of
Slaod lactate tevel is not so ha-mful to the host
but as the concentration increases with the
parvisitacaua, it causes toxicity and other tissue
damage. In Mastomys where this increase is
proportional to the intensity of parasitaemia,
t indicates that the mechanism of synthesis of
2lucose from lactate is disturbed in the infected
nost.

The decrease in protein levei of liver during
P. berchel infection in Mastomys points towards
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the extensive proteolysis resulting in the avail-
ability of free amino acid pool needed for the
ramid proliferation of the parasite. The phos-
pholipids are essential for the maintenance of
membrane structure, the sxtent of tissue damage
with gradual rise in parasitaemia is thus reflec-
ted in decrease in phospholipid content.

With rise in parasitacmia the various tissucs of
the host are danmaged to varying degrees. A
close relationship exists betveeen cellular injury,
peroxidation of membrane lipids and oxidative
damage to cells (8harma, 1976). In the present
study, liver, lung and spleen werse found to pro-
duce higher amounts of lipid peroxides, which
is due to increased susceptibility of these tissucs
to wudative damage under the stress of malarial
infection. The reason for higher productinn of
nid peroxides may be dus to increased concen.
tration of ascorbic acid.  This is well supported
bv the findings of Sharma o o/, (1979) in mice
during B horghei infection.

Levels of transaminases in serum are considered
as the indicator of tissue damage during various
simzg processes.  The elevaton in the aciivity
of two (ransaminases (SGOT and SGPT) m
Vastamys during P. berghei infection reflects the
state of tissus damage in the host. Simular find-
snus are reported by Sadun er al. (1965) in mice.
The increase in transaminase may prabably be
related to the  destruction  of  cryvthrocytes,
anoxiz and Hver damage.

inferred {rom the study that
P. berghei-M. narafensis systent 18 a2 good host
parasite model  for studying the scquential
hwiochemical changes in malaria and <igniiicant
information about the state of disvase process
can be obtaincd and prognosis of the case
assessed from changes observed in the bie-
chemical parameters.

It ocan thus he
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Isolation of P. falciparum in in vitro Continuous Culture
from a Patient Treated with Chioroquine 24 hr before

C.A, SIVARAMAN, AN, RAF CHOWDHURI, M.L. REGIS and A. GAJANANA

A strain of Plasmodinm falciparam isoiated from a patient, who had taken orally 600 mg of chloro-

quine (diphosphate) 24 br before was successfully adapted 10 continuous in vitre culture,

The

pafasites appeared degeneratedinjured and by Day 7 of the culrure the parasitacmia was reduced
to undetectable levels; vet it was continued with blind subculiures, It took more than 4 weeks before .
the parasite was fully adapied (0 in vitro conditions.

Intraduction

Following the successful continuous jr virre
cultivation of P. Yaleiparwn {Trager and Jensen,
15760) many faboratories in the world are now
able fo cultivate this parasite, Al available re-
ports show that primary cultures were initiated
by selecting an infecled donor with no immediate
history of antimalarial therapy presnmably to
avoid working with drug injured parasite and
consequent failure.

The present communicstion describes isolation
and successful adaptation to in virro culture
system of a strain of . falciparum from a
paticat drugged with chloroquine.

Aaterial and Methods

A malaria patient with history of recrudescence
and patent P falciparum parasitaemia reported
to this labaratory for advice. For the current
episode he had taken orally 600 mg of chloro-
guine (diphosphate) 24 hr before. A sample of

Avcepted for pablication: 25 Afay 1981,
! Micrebiology Division, National Institute of Commu-
wicable Bhseases, Deibi.

his urinc was collected for Haskin's test to de-
tect presence of chloroguine {WHO, 1965). A
thin blood smcar was made and stained by
JSB technique. Only 0.6 ml of blood could be
obtained asceptically for thg culture and this
was mixed in ACD solution and processed
following the modified technique of Rai
Chowdhuri e¢ agi. (1979}

The infected bioed after three cyeles of washing
and remoaval of the buffy coat yielded a packed
cell volume of 0.15 ml. It was then divided into
two cqual parts and two separate lines of cul-
tures were set up immediately; one with 109
sheep serum and the other with 10% human
scrum. Media were changed at 24 hr intervals
in all the vials. Subcultures were done on Day
4, 10, 23 and 24. In the first three subcultures,
parasitised and normal erythrocytes were
mixed in equal volumes, whereas in the fourth,
the ratio of parasitised to normal erythrocytes
was 1:4. The progress of the cunlture was
monitored daily from smears stained with
JSB technique. Parasitacmia expressed as
number of parasites per 100 ervthrocytes, was
calculated from a count of !0* erythrocytes
pur stide.
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0AYS
Bigo 1 Parasituenia Profiie of P falctparpm (FDN-1Y in vitre Cultuse from Day 531 Arrows bndicate Dayv of
Subwulues

Resulis

Thue patient’s urine was positive for chloro-
guine, confirming the history of oral intake of
the drug.

The infecled donor’s blood showed typical rings
and carty trophozoites of P. falciparum with a
narasite count of .87 of whieh 33, had ab-
normal morphology, such as  pycnosis  and
vacuolation of ¢cytoplasm. The input parasita-
emia on Day () was 0.14 and 0.12", for htaman
and sheep serum lines respectively.

The parasitaemia profile of the human serum
e from Day 0 to 31 is shown n the Fig. |
although, there was only a marginal increase
of parasitaemia, a subculture was made on Day
4. with 0.1%, input parasitaemia. Two days
fater the parasitacmia  reached 0.18%,, but
there was a sudden decline jn the parasite

number by Day 7. During the period between
Day 10 to Day 20 no parasitc could be detected
despite examination of 30 006 wo 1 00000 ery-
throcytes. However, from Dayv 22 onwards
parasite multiplication hecame evident and
reached a level of 2.96Y%; by Day 31, whereas the
line set up with 10% sheep serwm showed no
parasites  on scanning 2> 10f  erylhrocvtes,
However, it is heing continted with hlind
subcultures.

The differential counts of the narasites during
the adaptation period is given in Table 1.
Morphologically a proportion of parasites
showed varving degrees of degeneration from
Day | onwards, and the number of such affected
parasites increased by Day 7. The changes ob-
served were pycnosis of dlie parasite with in-
creased basophilia, complete loss of cytoplasm
leaving only chromatin dots, vacuclation of the
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Tabic 1 -~ Growth of P faleiparim (FDN-1} tn vlire

Culture
Dy i Numtber of parasites per parasilaen i
culture 10 000 crythrocvies ot
Rings Trops. Schi. Totl
0 32 2 L 14 0.14
2 b 1 B 12 Nz
4 1 6 12 20 0.20
Ferst subculture on Day 4
& 7 10 i 18 0.3
b { 2 ! 3 0.03
Second subculture ou Pas 10
21 0 1 0 t 5,00
23 ) s I 17 G.I7

From Day [0 to 20 rie parasite was ieen

Third subculture on Day 23

14 5 2 2z g a.0m

6 24 i3 g 48 043
Fourth subewliure on Day 26

27 o 7 1 14 014

9 51 35 ih 102 1.0z

3 g0 103 113 196 295
cytoplasm with margination of fragmented

chromatin material and degeneration of the
parasites leaving behind ghosts in cosmophilic
crythrocytes. The increase in such degenerated
parasites, was followed by a sudden decline in
parasitacmia. However, from Day 23 onwards,
the parasites  presented healthy  morphology
followed by steady increase in parasitacmia.

The strain (FIDN-1)* has unrdergone 17 sobeul-
tures in a period of 11 weeks and the parasit-
aemia is consistently between 5 and 1097,

Discassion

The therapeutic history of the patient having
taken 600mg of chloroguine 24 hr prior to the
withdrawal of blood was confirmed by the

. F=falciparum, D= Delhi, ~N=National {nstitute of
Communicable Diseases. 12=Strain Mo, 1.

positive Haskin's test. The parasites with ab-
normal morphology in the patient’s blood and
in the first few days in culture suggested drug
induced injury. An initial elevation of parasite
number, though marginal, indicated growth and
multiplication. A sudden drop in parasite num-
ber reducing tc undetectable level for an ex-
tended period though not properly understood
may suggest emergence of a competent popula-
vion fit to survive and multipty under in virre
culture conditions.

A very small quantity of blood used in this
successful adaplation would suggest that the
method of handling and the technique foilowed
for cultivation are more tmportaut than the
quantity available for initiatior of a culture.
In our opinton the success in adapting this new
straim to fn vigro culture system could be ascrib-
ed 1o daily change of medium and biind sub-
culiures. The experience gained in this casc is
similar to the ane reported by Phuc Nguyen
and Trager (1980} bot unlike those we had
carlier in this laboratory with three other strains
of P. falciparum. RBesides the fact that this
strain was isolated from a donor treated with
antimatarials, and initially the parasites appear-
ed degenerated, makes this expericnce note-
worthy.
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Geographic Variation in Life Table Attributes of Four
Populations of Anopheles stephensi Liston from India

P.K, B, MENON? and V. P. SHARMA?

Studies on the four populations of . srephensi originated from widely different geographic aress and
colonised in the laboratory showed variations in their life fable zttributes. Pondicherry type showed
significant var:ation {ram the other types. Arthata and Okhla populations were homogeneous.
A. stephensi var. mysorensis were similar to Arthala and Okhla type. This study did not give any

evidonce of twa races of A, sfephensl.

Introduction

A. stephensi 1s an imporiant vector of malaria
in India. Two races of this species, A. stephvusi
type form and 4. sgephonsi var. mbseressds.
have been recognised by Sweet and Rao {1937)
and Rao or g/, (1938), based on the differences
in the number of ridges in the egg float. Puri
(1949} gave subspceitic status to these forms
which was later accepted by Stone o af. (1959).
Rutledge ef al. (1970), based on hybridization
studies on this specics, consider that . stephensi
type form and mysorsmis are Sympatric species
and the subspecics  status is inappropriate.
Since life tables have heen used (o study the
intruspecific and subspecific ditference in dedes
aesypri (Croveile and Hacker, 1972 Schiosser
and Bufiington, 1977), Culex quinguefasciatus
(Gomes er al., 1975). and Culex  sritaenior-
Arnchus (Reisen er ul.. 1979} experiments were
carricd out to study the life table attributes of
A. stephensi type form and A, stephensi var.
mysorensis.

Naterial and Methods

Three geographic strains of 4. szephensi type

_Ar;ep!edfor publication . 24 September 198 .
1 Malaria Rescarch Cenire. Indran Council of Medical
Rescarch. Delhi 110054,

form and onc strain of A. stephensi var,
mysorensis were utilised in this study. The type
forms were collected from Pondicherry, Okhla
(Delhi}, Arthala (UP), and the var. mysorensis
from Bhuj (Gujarat), All the strains were
cstablished from wild caught mosquitoes and
are well adapted to the insectary environment.
They have undergone many generations in the
laboratory.  Rearing was done as per the
methods developed by Ansari er al. (1978).

Cohorts of 100 first instar larvae, six replicates
of each strain, were uysed to study the larval
attribuies.  Median  pupation  (Piw) and
emergence (o) times were caleulated by fitting
regressions of the form probit (P) = a+b InX
where = cumulative proportion pupating or
emerging in a given day (V) transformed to
probits, The [ and F5¢ values were then
calculated by solving the cquation for P==50%.

To study the adualt attributes, cohorts of 25
males and 235 females of cach species were kept
in 30 em?® cages within 12 hr of emergence.
Six replicates were psed. They were conti-
nuously provided glucose solution on a cotton
pad. Fach night a chicken was offered as
blood meal allowing the females to feed on
the same night after oviposition. Every
morning the dead mosquitoes were removed
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and recorded. This was continued till the last
mosquito died.

The caleulations used to study the life table
altributes ol adult mosquitoes are summarised
helow :

Age specific survivorship /c = the number of
adults alive on each day x, corrected s0 as to
commence with a fixed number 1000 (Deevey,
1947},

Age specitic fife expectancy,
w

I /e ds

S= [X -

where 4,15 deaths at a given age and wis the
day the fast individual died {Service, 1977).

vy =

Mecan constant daily survival S, = back trans-
formed slape of the fitted regression function
of the Tog /..

Net reproductive rate,

R, = a z {: My
x 1

where ¢ = the proportion of female that sur-
vived from egg through adult emergence and
mx = E.§, where F. is the mean number of
larvae produced per female per age interval,
and § = the proportion of the offspring that
were females (Crovello and Hacker, 1972).
Experimentally determined sex ratio was
used.

Age of the mean cohort reproduction,

To = a z home

x=1
Capacity for increase,
Ra
T

Innate rate of increase,

re = In,

W
Fo = a Z le mig e oy = ]

xw]

where ¢ = the base of the aatural logarithm
and 4 = length of time fram oviposition in the
present generation to first oviposition in the
offspring generation (Tobzhansky er of., 1964).

Tahie 1. - Larval Life Table Attributes of 4. srephensi of Different Strains (¥ 4= Confidence Interval M==6)

Antribuie

Survivarshipy L to f2
g {Udays)
Survivership P 1o 4

Fey Femnale {davs)

Fgy Male {dowvs)
Taial survivorshin

Sex ratio (maleftotal)

A. stephensi var.
mysorensts (Bhuj}

0.658+0.139
9.18 4-0.900¢
0.936-+0.0552

10.300=1.740m

10.1104:1.770+
0.6144-0.078¢
0.483+0.0217

A. stephensitype
form (Arthala)

0.6904-0.0429
9.615--0.406a
0.839-+ 0.044%

0,630 + 1.0780

10,000 0.9897
0.576-40.201¢
0.032--0.103¢

A. srephensi type
form (Okhla}

0.7904-0.037
9.437+0.2384
0.907 +0.078¢

10.02741 218

10.705 11,163+
0.730+0, 1600
0.518+0.1158

A. ste phensi type
form (Pondicherry)

0,841 40.0566
7.15040.5100
10.8034-0. 149»

8.850+0.7700

3770+ 10400
0093 1.0.1467
0,480 40.032¢

Abbreviations . L="Larvac, P=Pupac, A== Adults, P55=Median pupation time, and Esg= Median emergence time.
Note :© Means followed by the same letter were not significantly different (P=<0.03) by Stucent-Newmen-Keuls
multiple range test.
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Table 2 -— Aduit Lile Table Attribuies of A, srepiensi of Ixfferent Strains (¥ = Confidence Interval V=46}

Atiribute 1. stephensi var.

mpsacensis (Bhui)

e, Female 11601 045868

et Male T1541.200

w Femile 1884 +0.0f0b

A, stephenst {ype
Form fArthala)

15735 2,350
6955 104

%90 4 0,02a%

A. stephenst type
form ((khla)

A. stephensi type
form {Pondicherry)

(RN T 8.92-i-1 55°

0.8 -2, 35

6.394+1.20a

091540018 0.87240.03¢

1 Male 0.850:.0.024 0790 05 0.798 - 0.10 0.7905 0.8
R, T8 44,940 89462 e 1190442788 67,40+ 6.51a
7 2080145 1428 1R §1.34 +0.82 7431040
re 0.4724:0.0(5 (.382-- 0 030 0.4214-0.02% 0.530.1 0.0
Py 0.3484-0.014 0,356 0,014 033001 0.3824-0.01
G 12.32-3-0.01e 12,624 001 12.00 £0.01a 11.024-0,022
b 135410087 1.337-+-0.08 1.3394-0.032 1.487+0.10%
d 1,000+ 0.092 0.941.+-0.09a 0.941 4 0.020 1,105+ 0.09«
, 1.3164-0.04~ 142840024 1489001 1.4654-0.039
Abbreviatlons ¢ e, = Mean Hle expectancy at cmergence indays. S, = Mean survival, R, = Net reproductive

rate in living female progeny per female per generation,

r. = Capacity for increase;

ri = Innate zate of increase;

T, = Age in davs of mean cohort reproduction;

G = Meun generation lime in days; b = Birth rate;

d = Treath rate assuming i stable distribut’on; and » = Finite rate of increase.

Note : Means followed by the same fetter were nol significantly  ditferent (P<0.05) by Student-Newmen-Keuls

wultiple range test

Mean gencration time,

R
144

G'_:;Iﬂ

Birth raie,

b= In (1 + .(5) and i/a = e fmixedl
{Reisen vt al., 1979).

Death rate,

d=5—ry
The finite rate of increase,
a\n = (-"m

Comparisons between strains were made by
analysis of variance and posteriori Student-
Newmen-Keuls multiple range test (Sokal and

Rohlf, 1969) and among life table atiributes by
correlation analysis.

Results and Discussion

The larval life table attributes of the four
poputations of A. srephenyi studied, arc shown
in Table 1. Tmmature survivorship was highest
for Okhia and Pondicherry type and lowest for
Arthala and Bhuj type. In the Jarval attributes
studied, Pondicherry strain showed significant
difference from other strains,  A. stephensi var.
nisorensiy did not show significant difference
from Arthala and Okhla sirain with respect
fo its survival, pupation and emergence
characteristics.
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Fig | -— Age Specific Survivorship per Indyvidval (fx) for Males and Females of A. srephenst Type Forms and

AL stephensi var. mysorensis
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15 S
MALES

10

FEMALES

—— Arthala type

o~ -0 Qkhla type

o ¥ Pondicherry type
&~ --4 Bhuj type

Fig, 2 — Ages Specific Lifs Bxpectaney ie,) for Maies and Vemale of 4. sraphensd Tvpe Forms and

A stephensi var, mysotonsis

Agpe specific survivorship curve for males and
females of the four populations studied is
shown in Fig. 1. More than 30%; of the mal:s
of A. stephensi var. mysorensiy died on 3rd day,
The male mortality was less in other strains.
The female mortality was very less in the early

days of fife, Tha lowest survival was observed
far Poudicherev tyvpe and the highest for Okhla
ivpe.  LRxpectancy of life at different age in-
tervals for males and  females of the differant
straing is dzpicted in Fiz. 2. The female life
skpectancy was higher for all the strains than
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male lifc expectancy, and was highest for
Arthala type and lowest for Pondicherry type.
Net reproductive rate (R,) was highest for
Okhla type and lowest for Pondicherry type
{Table 2). Pondicherry, Arthala and Bhuj
types did not show significant differences in R,.
R, was significantly correlated with e, at
emergence {r=0,803, P<0.01). The age of the
mean cohort reproduction (7,) was highest for
Arthala and Okhla types and lowest for
Pondicherry type, and this was positively corre-
tated with R, {(r=0.786, P<005). The capacity
for increase (r,) was highest for Pondicherry
type and showed significant difference from
other rvpes, The innate rate of increase (rq)
was more or less same for all the strains
studied. The r. was not significantly correlated
with r,, as the time from parent oviposition to
offspring oviposition varied for different strains.
The r, was positively correlated with R,
1 =0.583, P<0.1) and G (r=0.772, P<0.05).
Mean generation time (G) also did not show any
significant differences in the four types. The
hirth rate ;#). death rate (), and finite rate of
increase (&) were homogeneous for all the four
1ypes «tudied,

Nany investigators have used life tables to
study the intraspecific and subspecific variation
for reproductive characteristics among insect
species, Significant variation in the life table
phenomena among subspecies and  within sub-
species of Aedes  cegypri was observed by
Crovello and Hacker (1972). They found
significant differences in net reproductive rate
{ R,) at the subspecies level. Birch er af. (1963)
tound subspecific differchces in p, in Drose-
phila serrara. Dobzhansky et al. (1964) cal-
culated r,, for ten populations of Drosephila
mettdoobscura 10 study the suecess of chromo-
somal type al different temperatures. They
found that polymorphic replicates had a higher
*m and that p, increased significantly in the
next year due to increased fecundity. The life
table artributes of A. srephensi var. mysorensis
did not show significant variation with respect

1o reproductive and survivorship characteristics
from other population of 4. srephensi studied.
Only Pondicherry type showed significant
variation from the other types im many of its
larval and adult life table attributes, probably
due to its origin from a widely isolated
region. Arthala and Okhla populations were
homogencous in many of their reproductive
attributes as they were from the same geo-
graphic region. The life table atiributes of
A. stephensi var. mpysorensis wer: very much
simifar to Arthala and Okhla type forms except
for a few characters which might be strain
variation. It was concluded that comparative
studies of various parameters of lif'e tables were
not helpful in providing any cvidence of two
races in A. stephensi.
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Linkage Relationship between Three Autosomal Mutants and
Functional Relationship between Two Eye Colour Mutants ir.

Anopheles stepherisi

SARATIA K. SUBBARAO! and T. ADAK

iinkage relationship between three autosomal mutants - colorless-eye, green-tavvg ard greerish

brown-farvg has been ostablished in Awopheles stephensi.

Green-darva and greenish brown-larva

showed bnkage while coloriess-eve <howed independent assortment with both the Larval hody colour
mutants. Colorfess-eye was found to e epistatic to sex-linked recessive mutant red-rpe.

Introduection

dnopheles stephensi is one of the major malaria
veetors in Jndo-Pakistan  subcontinent and
Middle Fast. Very few genetic studies have
heen reported in this species. So far, only seven
morphological mutanis viz., black-farva (Mason
and Davison, 1966): white-eye {Aslamkhan,
V973, siripe (Sakal or al.. 1974); colorless-eye
{Sharma et gl , 1977). green-larva (Subbarac and
Adak, 1978); and greenish brown-larvg anid red-
cye (Sharma er af , 1979) and their inheritance
nattern have been reported.  Sakai er gf. (1974)
nave established the linkage relationship het-
weent the sfripe nutant and two CNZYMe 3ys-
tems, aleohol dehvdrogenase and acid phospha-
suse.  Subbarac and Adak (1978) demonstrated
that groeu-lurva and colorless eve belong 1o
different finkage groups.

This naper describes the linkage relationship
hetween three awtosomal mutants, eelorfess-ere.
areenish brows-larva and green-Tarva and functio-
nal relationship between two cve colour matants,
red-ove and colorloss-oye.

Accepred for publication: 28 November 1931,

T %ataria Wescarch Centre, Tndran Council of Medicul
Research, Pelhi 110 034,

Material and Methods

The following strains of Adnupheles stephensi
were used in the experiments;

Colorless-eve (6): Sharma or of. (1977) — It ex-
presses white cyes in larval, pupal and adult
stages, and alse reduces the intensity of body
colour in larvae and pupace and are thus easily
distinguishabie from wiid tvpe,

Sreen-larva (g): Subbarao and Adak (1978} -~ Tt
cxpresses its phenotype in carly instars as dark
coloured larvae but in late 13 and early 1V in-
stars groen colour s clearty expressed. Pupae
are green in colour but adulis are indistinguish-
able from the wild type.

tireenish brown-larva (eb): Sharna pr gf. (1979)—
[t expresses in early instars as dark coloured
acvae same as greca-farvg Hat infate [f1 and
surly 1V instars greenish brow:r abdomoen with
Jochear green thorax s This mutant is
cagily distinguishable from green-farva in IV
instar.

RIS

Red-eye (¢} Sharma er ol (1979) -1t expresses
its phenotype as red eves in larval, pupal and
adult stages. Larval and pupal body colour
appears to be slightly lighter than the wild type.
it is a sex-linked mutant expressing in a
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Tuble § —- Linkage Refationship between Autosomal Mutants ~— green-farva, coloriess-eve and greenish
drown-lgeva, in Anopheles stephensi
Cross  Parental geuoiypes! o Fy Progeny phenotypes Total Ratio £2
Mo phenotypes Wild type White  Greenish Green  White eves  brogeny
Female Male eves Lbrown + grecn
thorax
c . gbt el gb 34] 174 197 55 33
i £ RN 7 957 2331 195 s
e " ogbt S gh {543.9)  (18iQ.3; (481.3) (.44 ' .
sooeT gh e ghl 247 4y 114 0 490 933
3 N LNV T (o : % R 883
et 7 gb ¢ gb* {175.4) (9.8 {¥1.8) {30.6) P-z.03
g rb? . & ab 24 1 90 2y s
W Y BT - ¢ 441 20 el
gab ¢ b (220.5) (1025 1110.25) '
b i opi ! -
4 e'gb L Hgb 450 28 227 $25 il 152 oo
wtgh g gh' (462.5) 23S (2315 )
Fa green goeh .
5 icross 3) o oh 89 11 — — 422
. ylteb Fppreen N -
& oinb X (cross 1) 42 -- -- Nit — 42
Fy greenish gebl
7 LR gL 1 - — 3% - :
brown £ abt 38 -0 =7
{cross 1)
& gb Fz greenish , oy o
& & uh* browsn 203 - it 203
{oross3)y
- ¥y preenish geht -~ . "
? brown geht a7 - Nt - 279
(cross 4)
ht S
10 eeht F. greznish 314 — - 27 - 4
vgh hrown
fcross 4y
I, ureen gteh :
LIl T — |- _
H {croas 3} gteh “ N m
Nede @ Figures within parentheses show the expected numbers.

homozyzous state in females and in a hemizy-
gous stafe in males.

Genetie Crosses

Experiment § — To study the linkage relation-
ship mosquitoes {rom gb and ¢ strains were
reciprocally ¢rossed and F, were inbred to
obtain |-, progeny. Fs Progeny were screened for
different phenotypes.

Experiment 1 —- To study the linkage relation-

ship between g and gk, mosquitoes from both
the stocks were reciprocally crossed and Fa
progeny were screened for different mutant
phenotypes. Since double homozygote stock
was not availabie to study the crossing over,
F, mutant phenotypes, green and greenish
brown were back crossed to greenish brown
and green respectively. Presence of mutant
phenotype in these crosses would indicate the
ocvcurrence of crossing over between the two
mutants.



10 INDIAN J. MALAR. VOL.

Experiment Hi — To study the functional rela-
tionship between two eye colour mutants, r and
¢ were reciprocally ¢rossed and the F, progeny
were fnbred to obtain F, offspring. F. Offspring
were screened for different eye colour phenoty-
pic categories. Further, F. red and white pheno-
tvpic categories of hoth the crosses were inbred
among their own group to examine the genetic
constitution of cach category.

Resuliy

Resubts of crosses between greenish brown-kurva,
rolorless-eye and  green-farvg are presented in
Tahle 1 f{erosses 1-4).  Reciprocal crosses of
eh and ¢ (crosses | and 2} produced wild type
F, progeny. Among the F, progeny, four
phenotypes viz., (1) wild type; (ii) greenish
reWn; (iii) white eves; and a new caregory
fivy white eyes, green thorax with a larval abdo-
men, much lighter in colour than the wiid type
were ohserved in g ratio of 9:3:3:1 respeetively,
The new category resembled ¢ parental type in
naving white syes but resembled neither paren-
ta] type in body colour. To establish its geno-
type, it was inbred and back crossed to the gb
parental type. The inbred cross bred irue to its
phenotype and the back cross progeny were
identical to greenish brown phenotype,

I, Progeny of reciprocal crosses between g and
uh strains (eross 3 and 4) were wild type. Among
the F. progeny three pheneotypic categories viz,,

1%, DECEMBER 1981

fi) wild type: {ii} greenish brown; and (i} green,
in a ratio of 2:1:1 respectively. were observed.
Ynterestingly, phenotvpe represznting the double

g gh
4

was not seen.
gh

homozygote,
Results of F, phenotype back crasses are shown
in Table 1. In crosses 5, 7 and 10, both wild
type and mutant offspring were observed. while
in rest of the crosses only wild type offspring
was observed. Pertaining to cress 5, 20 females
were individually tubed for egg laying and out
of them only three lzid epgs. Out of these cul-
tures two had wild type and mutant offspring in
»:1 ratio while the third had all wild type offs-
pring. Percentage crossing over  observed in
crosses 5, 7 and 10 are 7.1 4 125,79 - 1.02,
znd 9.1 + 1.36 respectively,

tesults of reciprocal crosses hetween - and ¢
strains are given in Table 2. incross | where
females were red oved, F, females were all wild
type and males were all ved eved. In the reci-
nrocal cross all were wild type. owever, among
il the Ty progeny from the reciprocal  crosses,
three phenotypes viz., {{) wild tvpe; {ii) red cyes;
and {iii) white eyes were obse-ved in varying
proportions. In cross |, phenctypic ratio was
3:3:2 among both the scxes whele in cross 2 the
ratio in males was the same as in cross 1 but in
females it was 6:0:2 as red females were totally
absent, In neither cross double recessives, +fr;
cie and r{-: ¢fe were seem.

Tahie 2 - Functional Relationship hetween Two Liye Colour Mutants, red-eve and relor/ess-eye m
Annpheles stephensi

Cioss  Parental senntypes

F. Propeny phenotypes

No.  Female " Male T Wild type Red cye While eye Total o
Femalec  Male Female  Male Female Male  Temae Male )
- L +
O 2.2 5 41 4R 47 37 10 144 130 7.95
¢ =70 (34 (4379 (54) (4875 (36}  (32.50) P 005
- . +
1 oS xS e 5 0 51 60 42 00 168 360,
¢ - e7 {150y 163.75} (63.75) {5 142.5)

~oie © Figures within parentheses show the expected numbers.,
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Red group inbreeding of cross | produced 5.2%
white eved progeny and the rest were red eyed.
Among the white eved progeny, two males had
red spots on white eves. In cross 2, since F»
red females were absent, red females from cross
| were vused for inbreeding and among the pro-
2eny 9.5% were white eyed and the rest were
red eved.  White eye group inbreeding of hoth
the crosses produced only white eyed progeny.

Pdiscussion

Appearance of four phenotypic categorics
among the Fy progeny of cross 1and 2 {Fable 1,
i a ratio of 2:3:3;} ndicates that ¢ and
are not linked. The fact that the double homo-
zygote category did not resemble the greenish
brown phenotype cventhough it had  ghigh
genolype, suggests that the intensity of greanish
hrown pigment might have been rediced by
o0 genotype, The avthors have already reported
that ¢ gene independently assorts with g gene
and a similar observation was made that ofe
eenotype reduces the intensity of pigmentation
of a double homozypote, c¢fe; /g (Subbarao
and Adak, 1978). Phonotypic interaction of cic
genotype with g/g and gh/uh genotypes suggests
that ¢* gene in some way controls the larval
pigmentation.

The fact that ¢ is not linked with 7 and zb
sugeests that g and »» may be linked. Recipro-
cul crosses hetween g and gh (cross 3 and
4 of Table 1) supported this fact where wiid,
arecnish brown, and green phenotypes in 2:1:1
ratio were found in Iy gencration. Further, the
wild type expression of F, offspring indicates
that g and gb are not functionally ailelic,

Presence of mutant nrogeny in three of the bz
phenofvpe back crosses suggests the possthility
of occurrence of crossing over between g and
gb. The 11 ratio of wild type and mutant pro-
geny in two single female cultures of cross 3
confirms that the crossing over occurs between
these two mutants. Lack of mutant phenotype

in other crosses may be due to small numbers,
Map distanc: between g and gh appears to be
8.29 - 0.86 nap units.

Due to the sex-linked recessive nature of the r
gene, {7, males of cross 1 were red eyved and Fa
nhenotypic ratio varied in two sexes of crosss
2 {Tablz 2). Abseace of a new phenotypic class
representing  double homezygotes, r/r; o/e and
v/- ; cfe, among the F: progeny of hoth the
crosses suggests that this group was either lethal
or was being classified under onz of the three
nhenotypes.  Phenotypic ratio of F: progeny
suggests that double homozygotes were being
classified under white phenotype. This was
confirmed by the absence of red eved offspring
from F, white sved inbred crosses. White eyed
nhenatvpe abserved among the offspring of
mbred Fyrod grosps are apparsntly double
homozvgotes. These results indicatz that ¢ 15
suistatic to . Simidar situation was obscrved
by Sakai or gf. (19703 in Culex tritasniorhvnchus,
where w e (white eye); h/sw (brown cye) geno-
tvpe produced white cys phenotype. Obscrva-
tion of red spot on white eyes of double homo-
zyuotes indicates the lailure of cxpression of ¢
gene in those cells.

As supgested in the case of C. rritaeniorfivaihus,
a produact under the control of ¢t gene may be
necessary for the synthesis of red eye pigment
in Anaphelos stepiensi. However, larval body
pigmentation appcars to be only partly under
the contral of ¢* gene as ¢/e¢ genotyne does not
mhibit, but only reduces the pigmentation when
combined with /¢ and ghfebh genotypes.

Several croups of scientists are working with
Anopheles srzphensi and are assigning the mark-
ers available to them to different linkage groups.
A standard genctic map of all the available
markers in this species is necessary. Till such
time ¢ has been tentatively assigned to linkage
aroup 11, g and gb to linkage group IVI, and r
gene to X-chromosome of linkags group L
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Sativary Gland Chromosomes of duoplietes annularis

TUSHAR K. VARMAL ind v, B

SHARMA!

Specimens of Anopheles enuudaris were coliccied from North [ndia ¢villsge Bory. Chandigarh) Tor
the preparation of their salivary gland chromuosomes. A comparison of the polviene chromosomes
of A, anmularis with those in the published maps of 4. stephensi and A, philippinensis revealed more
homologies with A, srephenst than with 4. philippinensis. Morphelogically. within the group Neocefiia
(subgenus Cellial A. anmmluris has irore simitarities with A, philipptnensis than with 4. stephensi,

Introduction

Anopheles annndaris is o vector of considerable
importance in Orissa and Vishakapatnam area.
In many other regions it is a recognised vector
of secondary mmportance {Venkatrac, 1934).
1t is widely distributed in the country through-
out the plains ard has also becn recorded from
hills upto 250m. In recent vears A. gumularis hus
assumed greater imporfance in view of its in-
creasing role in malaria fransmission i parts
of coastal Orissa, Nepal (indo-Nepal horder),
and cerrain other areas. In subgenus Ceflia,
polytene  chromosome  maps of at least 12
species have heen puoblished (Kitzmiller, 1976)
whereas 4. amanlaris has not been studiad
cytologically. Thercfore a map of the salivary
polytenes of A, annularis was prepared (Fig. 1)
50 that studies on the 2vointion, natural poly-
morphism and sibling species complexes, cte.
mav be initiated in this impertant vector of
malaria.

Naterial and Nethods

Fully fed females ol 4. wnularis were collected
from cattlesheds of Burj village, 25 km NE of
Chandigaerh in the fooihills of Shivalik range,
Mosquitoes were brought to the laboraiory and

A ccrpr.ed.fa;’ pr.;f;!.'fcarfon: 3 December HIR)
" mtaliria Research Centre, Indian Councit of Medical
Research, Delhi 110 054,

held in 30 <3030 cm cages at 28+11'C and
78-80% RH for egg laying. During the hold-
mg period, adults were offered 1% glucose on
catton pads, Eggs were collected from the cages
and floated on water in ename! pans. The im-
matures were reared upto fourth instar follow-
ing the routine laboratory procedures. Salivary
glands from the fourth instar larvae were dis-
sected tn normal saline, fixed in 439% uacetic
acid for one min, and then immersed in a drop
of lacto-aceto-orcein stain for 5-7 min. The
glands were then squashed with thumb (French
et al., 1967} and 24 hr fater scafed with aail
puolish,

Measurcment of chromosemes and logation of
major bands were made with the help of photo-
graphs taken at 700x magnification and en-
farged 4x. Details of banding pattern  were
filled by direct observations at 1000x. Banding
pattern reported in this paper is based on a
sample size of about 200 temporary slides, and
Jdeseribed following the traditional division and
aumbering systems (Frizzi. 1947} i.e., X-chro-
mosome  contains  zones 160 2R, 7-19; 2L,
20-28:; 3K, 29-37: and 3., 38-46

Resulis ang Discussion

The salivarv gland nuclei of A. gnnelariz showed
three pairs of palvtene chromosomes — a short
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Fig. 2
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- = Jabvary Chromosome Complement of Anopieies gumdaris. 1 ==Centomere; X =X-Chromosome:

ROE M =Righ and 1 eft Armis of Chromowome 25 and U8 & A= itight and TLelt Arms of Chramoseme 3

Nechromasome amd twe long dulasomes wiih
flre characreristic subgenenic banding patiern
iFig, 2y The chromocenire was not observed
in iy preparation. Some degree of asynapsis
wia ohserved at the centromeric tips in all
shromosomal arms. Average measurements [or
cach oV the chromosomal arm was as follows;
Ne=TS amera: 2R 288 myera; 2L — 190 micra:
IR 2230 micra: and 3 - 105 micra.

Dexeription of the Chromosomes

Y-Clirawnenic - - Vs chromosome was recoe-
mised by oits short length, The free end, which
contaimed many  weah hands, was maderately
flared and had a datted dark band at the up.
This was followed by two pairs of dark handx in
I3, Zone 2 was sfiehtly diffused with (heee dark
hand« in 28 and one dark band n 2C. Zone
bhad ¢ lrge pafl with fve dark band