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GENERAL INTRGDUCYION



, In the simplest way of definition, vision is a
physiological phenomenon by means of which an organism seeg
the objects around it. Since, vision is a photo-physiological
phenomenon, the two most important factors involved in the
process axe, (1) light and (2) photoreceptor, the organ,
which is caﬁable of absorbing light,

The electromagnetic radiation reaching the surface
of the earth includes X-rays, ultra-violet, vigible and
infreg-red light, micro-waves and radio-waves. The radiation
travels in the form of quanta of ensxrgy. The energy is
determined by the wave-length; the smaller the wave~-length,
the greater the energy ( Dethier,1963 ).

Of the total radiant energy spectrum, only a very
 small gegment, which is termed as visible light can be
dotected by organisms. The visible gpectrum lies between |
about 300 to 800 ma , although ultra-violet wave-lengths
dawh to about 210 m m can be detected by some orgsnisms.
(Dethier,1963 ).

| To receive the radiant énergy of this narrow band
of the gpectrum, the prime requisite for asn organism is the
vigual bigmsnts present in the photoreceptor organ. In the
animal kihgdom. there is a variety of photoreceptor organs.
The most primitive type of bhptgteceptor 1é the eyemgpot of
Eualena, which is capable,of‘&étecting only the presence or
absence éf light. In metszoans, there are more complex receptor

organs or eyes, which are capable of forming some type of



image on the photoreceptive surface.

The most highly developed organs of vision in the
animal kingdom are the vertebrate eyes and the eyeg of
-cephalopod mulluscs. These eyes have the refractive element,
lens to'foqus light from an object, and it forms an inverted
image on the retinal surface,

Among the photorecéptor organs of animals, the
compound eye of arthropods has attracted many of the Qieion
physiologists because of its unique gtructural organisation..

Compound eyes of arthropods are 1magé - forming eyes. They
“ére capable of determining the plane of‘polarized‘light. and
the animals can use such information for oriéntatioﬁ or

directed Iocomotidn.

The compound eye consists of s number of structural
and functiohal units, known as ommatidia. The number of
- ommatidia varies in different species. As for example, the
worker of the ant, gggggglgg_ggggggg_mg has only one ommatidium.
whereas in some CUonata tho number is betweoen 10,000 and
28,000 or more ( Wolken, 1968 ).

An ommatidium consists of a cornel lens, a crystalline
cone'and retinula cells., The cornea is a transéarent area of the
cuficle and it forms'the facet or lens of an ommaticium. It s
more or less bi=convex and is casi off during each act of ecdysis
© ( lams,1957 ). | |



Beneath the cornea is the transparent body known

as crystalline cone.

Imme diately behind the crystalline cone arxe the
eénsory elements or the retinula cells. The aumber of retinula
cell is not constant in all species. In many ommatidia, the
number of retinula cell is eight, e.g. Apis. In certain cases ,
the number is réduced to six or seven, In certain moths , the |
retinula cell are ten to twelve in number ( Imms, 1957 ).
Crustacean Qumatidia arxe al.so similar ( Waterman,l%i).- The
retinule cells colloctively secrete an internal * light-trapping”
rod=-14ike structure known as rhabdam¢ The portion of the rhabdom s
contributed by each retinula'eell is known as rhabdomere. The
‘rhabdomere is analogous in function to the retinal rod outer

segment of the vertebrate eye ( Wolken,1968).

In addiﬁion to these structures, the ommatidia of
_compound eyes contain a number of piément cells, Suriounding the
crystalline cone and corneagen layer are present a leyer of
‘denaelv pigmented cells, known as Primary iris cells. Primary iris
cells and the retinula cedls in turn are surrounded by a second
group of elongated pigment cells, known as secondary iris cells,

These pigment cells serve to isolate one ommatidium from the next,

The arrangement of these various components of the
Grmatidium, however is not constant in a2ll forms. Exner{ 1891 ) has
describod two distinct types of compound eyes in arthropod, on the
 basis od difference in their anatémy. They are the apposition and
superposition eyes. |



_ The apposition type of compound eyes are character-
istic of diurnal insects. Among the crustaceans, this type of

h";éye';s found in diurnsl, terestrisl and littoral forms. In

~ abpoaition eye, which is also known as photopic eye, the rhabdom
ig long and thin, and it lies directly beneath or asgainst the
crystalline cone. A double~layered sheath of pigment colls
.suriound each omma@}dium. and thus it is optically isolated from
hits neighbour. Light falling upon the lens of an ommetidium can
only reach tho rhabdomares of that ommatidiuma During light-
‘dark adaptation, thére is little or no longiihdinal migration

of the screening pigments. But in some caées there is radial
movement of the screening pigments aroﬁnd the rhabdom due to
the change in condition of illumination ( Walcot,1974 )

Superpogition or seotOpié eyes are those in which
ghort and broad rhabdom lies some distanceaway from the
cryetalline coney: A marked longitudinal migtatibn of the s¢rece=-
ning pigments during light - dark adaptation is a characteristic
feature of this type of eye. Turing a condition of bright
illumination, the pigment granules migrate inwaxrds and extends
the full length of the ommatidium, At dark.:howeQer. the pigments
move‘upward and condense distally between the crystalline cones.
The superposition eyes are found in nocturnsl or crepuscular
species ( Dethies,1963 ).

_ To explain the functioning of the compound eye of
arthropods, Johannes Muller (1826)'formu1ate¢fthe classical theory
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known as "mosaic theory%. According to the theory, each
ommetium receives light from its own lens. Light falling on

the lense of one 6mmatidium‘cannot reach the adjacent one
because of the presence of pigment-sheaths Thus, an imsge of the
limited part of the visual fidd 1svproduced by each ommatidium
and the entire eye forms the image from the ®reports® from
1ndividual ommatidium, o N

N Since the time of Nuier's *mogaic theory®
(Muller, 1826), the compound eyes of arthropods have been
extensiveiy studied by different groups of authors'frem variogs
disciplines to explain the mechanisms involved in photoreception
in this group of animals, But, in spite of a large amount of
work on the compound eyes, it scems that much research still
remains before one can completely understand how compound eyes

perform this complicated visual phencmenon,

It is seen from a review of previous works on the
" subject, that there is a neod for some more infermstion on

cortain aspects of arthropod vision,

To give an example, the lens, which covers the
ommatidium bf a compound eyé is modified cuticle, It is well‘
known that the nature of the cuticle of insects and other arthro-
pods varies in different xegions of the body, which perform
various types of functions (Richards,1972)% It 4s also evident
that the chemical nature of-quticles involved in various
functions may vary (Wigglesworth,1992), Since lons performs a
special Optical function of conducting light rays to the
rhabdomes, besides playing a gensral defensive role, it is
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expected that the lens -cuticle may differ in chemical nature
and ultra=structure from the cuticle covering other parts of
~the body.s But the chemical composition of the lens in relation
‘fo its special function has not been studied in deteil. In the
similer way, there are many other aspects invﬁhig field of
research; worth-sgtudying.

| -The‘mﬁgratidn of the screening pigments, for example,.
£§>one~éu§h'érea; which needs further 1nves€£gations. The
. movement of piament granules in thé compound eyes during light-
dark adaptation has been described by Exner(1899,1891) and has
been reviewad by Parker(1932) and Turala(1954). Since that time,
extensive amount of works have been performed on the subject.
But inspite of that, we doAnog héve a clear idea regarding the
mechanism which controls thé higration of the screebing
pigments. However, the pheﬁémenen is more or less clesrly under-
‘stood in crustaceens (Fingerman 1939), but there is little
information on the physiolpgical control mechanism of eyeepigments'
mlgtation'in incects. | |

| ‘Anbihe: interesting aspect of arthropod vision is the
fluoréscence of the compound eyas, Many authors have detected
fiuorescence in the compound éyes gq,xggg(ﬂees 1920; Morcker 1929;
éay 1969). It has been observad that the compound eyes on irradie-
tion with ultraviolet light in » darkened foom give a blue or
blue-graea fluorescence, Hesg( 1920) has suggested that the u.v,
Lsensitiv&ty of the cowpound eye may be dus to the fluorescence



set up in va:ious tissues of the eye. This suggestion howevér.
has been rejécted by Walther and Dodt (1959) and Goldsmith(1961 a)
Since that time, a great smount of controversy centres around the

subject.

Another very important ares, whore there is a lacuna
in our kﬁowledge is the eﬁzymology of the compound eyes. It is
well established that certain énzymes. espeﬁially.adenosine
tiiphosﬁhatases.(ATPases).are intimetely assoclated with the
‘process of photoreception (Langer, 1963, Drujen and Ali 1972) but
inspite of an extensive investigation on the activity of this
- enzyme in the photoreceptors of various vertebrates and inverte-
bratesg, there is very little information regafd&ng the study of
ATPage systemlfrom the compound eyes of érthropods.

Keeping all these in view, certain histochemicsl,
biochemical and physiologicsl studies have been performed on the
¢ompound eyes of some arthropods.

Thé animals which have been chogsen for the present
study are the houé&-fly. ggggg,ggmgggggg,(Insecta); the honey-=bee
Apis-Cerana indica (insecta); the fresh-wator prawn, Macrobrachium
birmaneium (Crustacea); and the marine prawn, Matapinneus sp.
(Cxustacea). '

The a1mvof this research programme is to gathér [some
more informations regarding certain physiological and biochemical
éspects-of vision in arthropods, with the avasilable facilities.
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INTRODUCTION

One of the most important structures, associated
with the functioning of the’photorecepior in arthropods
45 the * Dioptric apparstus ° or Lens: It is well-
established that lens is a modified cuticle. It is more
or less bi-convex in form and is cast off during each
act of ecdysis ( Imms,1957 ). It is obvious that associated
with the optical function performed by it, leng-cuticle
should have certain speclalities in comparison to the
general body-cuticle, One of'these'specialities is definitely
the transparency and in fact the cuticle covering the eyes
.and ocellug is very transparent, However, 1t'1s not very
¢lear how this transpatenc§ is achieved in chemical terms. .
It 18 known that chitin is transparxent in the visible
rénge. so it may be possible that a transparent cuticle is
formed with the added modifications of colourless cross-
linking agents in the protein as sﬁggested by Anderson
( 1971 b ), |

/

Goldsﬁith and Fernandez ( 1968 ) have reported
that the corneal cuticle ( e.g. in Musca ) does not show
any appreciable absorption in the visible or near WV
region, but a peék océurs at 277 m A, They have suggested
that this property may be attributable to tryptophan and
tyrosine‘residues in the cuticular proteins.
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In Manduca sexta, carlson and Philipson ( 1972 )
have compared the absorption characteristice of the lens-
guticle and the crystalline cone - gubstances, They have
.reported that the cuticuler lens is more transparent from
350 to 600 mau but its absorption rises steeply from 310
to 260 mmn . Obviously this is to protect the underlying

nerve gells from middle W,

D2 Vries and Kuper ( 1958 ) have suggested that no
change in intensity of transmitted light can be observed
when the dioptric lens - apparatus of certain insect eyes
is viewed through a rotating polaroid. Nevile (1975) has
suggested that this is congistent with the helicoidal
’structure viewed along its optical axis. In Exner's theory
of insect vision, it is suggestéd that in an ommatidisl
dioptric apparatus, the path of maximum refractive indem
'félls off, As a result of this an inverted image is formed
at the bage of the lens: In Exnet‘e:theory. the concentric
lamelae, which can be observed in léngitudinal sections |
of dioptric lenses has been given a substantial amount of
importance, Horridge (1969) has suggested that the cencentric
lamellae of dioptric lenses are due to élternating layers
of different chemical constitution and hence of different
refractive index.

P
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- However, Neville ( 1970 ) has rejected this view of
Harridge and has suggested that difference in chemistry
has nothiﬁg to do with lamellation, According to him it
1s the helicoidsl orientation of chitin microfibrils which
1s<teébonslble for such lamellations: In this context,
1t 1s of interest to mention that several theories are
already in existance, which explaih reflection of light by
multiolayer structures ( Huxley, 1968 ).

In the compound eye of arthropods, howaver. cuticle
is not involved merely as a lensi In many other phenomenon
of arthropod visual system, such as interference filters
in eyes, reflection of specific wave~=length from trachea
‘ beﬁind the receptive cells, and in reducing reflection at

the cornesl surface, cuticle seems to play essential roles.

Bernard and his colleagues ( 1965 ) have reported
that corneas of several insects show interference colourss
In certain cases, as for example, in the horse-flies the
interference colours are observed not only in living
_mate:ials but also in isolated corneas. Electron microscopy
roveals that the outer part of the corneal cuticle contains
a series of layers, which tefiect certain wavelengths of
light§ The wave-lengths, which are not reflected are
transmitted to the undérlying photorecepfor cells, Thué

thelcornéel cuticle acts as a filter for gpecific wavé-lengths,



12

- A detall study regarding the function of this interference
filters has been made by Bernard ( 1971=) on the flies of

‘the family Dolichopodidae, The compound eye of these insects
contain alternating rows of corneal facets with different
interference colours, Bernard ( 1971 ) has measured the
reflectance spectra for each colour of facet by using living
cornea, and he has found that a reflectace peak in a given

facet coincides with a minimum in a neighbouring facet
and vice versa, In addition to this, ultra-structural
studies made by Trujilocenoz ané»Bernard ( 1972 ) on
Symyenus and Condylostylus have showed that in the
underlying superior central cells, rhabdomeric microvilli
are oriented differently in ommatidis with red and yellow
corneas, In the former type, orientation is vertical and in
the later, it is horizontal, These differences are paralleled
by structural differences in the lamina and medulla of the

| brain, and this gives a direct evidence that corneal inter-

ference filters have a visual function§

Another very important example of the involvement
of cuticle in the visual aystem of arthropods is tﬁe corneal
nipples, The corneasl nipples are‘sﬁbmicrosc0pid protuberances
of.uniform height ( 200nm ) presont and periodicity (200 nm)
present in the anterior surface of the cornea of certain

nocturnal lepidoptera ( Bernhard,et al,, 1965 ),The important
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-

examples of insects which posses cornesal nlpples are Vanesaa,

* Prodenda, Cerapteryx, Sphynx, Endromix, (Lepwoptera); Myrmeleon
(Neuroptera); Ehsgggggg (Trichoptera), ‘and Aedeg,Culex and
Anopheles (Diptera),

Electron microécopy of the vertical and tangential
gections réveal that the corneal nipples f;om a serles of cones
with hexagonal spacings. Gemne (1966.1971)%has studied the
development of this regular psttern of nipples on the corneal
surface in Mgpdugg.ggégg.-ﬂé has found thst in pupal stage of
this insect, the'ccrneal nipple arises as double layer of outer

epicuticle.

Initially it forﬁs caps over each miciovillua projecting
~ from the epidermal cells which secrete the cornea, Thus correspon-
~ding to eacﬁ microvillus there is one cap and hence one nipéle‘
~ The function of corneal nipple is to increase transmission through

the lensg-~cuticle of nocturnal insects.

‘ From 3ll these reports, it eppears that involvement of
eye-cuticle in the visual system of arthropods is extensive and

varied.

It is well-established that the nature of the cuticle of
insects and other arthropods varies in differeng regions of the
body which performs various types of functions(Richards,1972).

| It is also evident that the chemical nature of the cuticles
involved in various functions may vary (Wigglesworth,1957). Since

leng-~cuticle performs some special.cptical functions, it is
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expécted thet it differs in chemical nature and ultra.structure

from the cuticle covering other parts'o{ the body.

L'Neville~(197o) has found that lons-¢uticle does not
contain pore~canals whereas adjacent interommatidial cuticle is
rich in pore~canals(Home,1973). Neville(1970) has reported that
in Lgmgzg;g. dioptric apparatus is lamellate throughout its.
.thﬁéknegs and there'is no aaily gréﬁthlavers. He has suggested
that this festure 6ay be associated with vision. Home(1978) has
reported that in beetles the lens is"helicoidal®, whereas the
aurrounding cuticle is hgving@polywood" structure. Neville(1970)
has found that in the non-image forming median Ocellus of
Schggtggeggg areagaria, daily grouwth-layers are present.

This proves the suggestions fhat light sensitivity may
change with age(Neville, 1963 b). Cassier(L966) has suggested
~ thet light sensitivity of ocelli decreases with age as the cuticle
covering them thicksas.

Thug, there are some signiftéant differences'ln the
ultra-structure of the lens.cuticle and the cuticle govering
other parts of the body, But 1ﬁépite of the fact that there are
some‘informations regarding the ultra-ettueﬁﬁte of the lens~cuticle,
very little is known on the chemistry of eye«cuticle in ielation
to its Spécial function, o 4
Andérson(l971 a) has analysed the total amino-acid
content of séveral cuticles and he has found that the cornesl
~ cuticle of campound eyé is intermediate in composition beiween
hard and soft cuticles. It ié known that hard cuticle contains

a low amount of polar amino acids and high alanine contont,



15

‘whereas the soft cuticle contains a high polar amino acid

o éontiﬁﬁ-aﬂd low amount of alanine (Anderson 1971). In the corneal

cuticle, Anderson(1971) has found that both the polar amino-acid
and alanine content is high. He has also found that hardness. of
the corneal cuticle lies betwsen those.of typically hard or soft

cuticles,

' Sannasi(1970) has detected the occurence of the colourless
étructuralielastic protein, resilin in the lens-cuticle of fire~
fly, Photinus py
‘with toluidine blue-light green and - by autofluorescence of the
lens in the W light with 5 moximsl intensity ot 420 m A and

8 by staining the histologicel preparations

also by studying the swelling properties with various reagentss
With ail thege in view, histochemical and biochemical studies have
been performed on the compound eyes of the house-fly, Misca
domestica, honey-bee, Apis Cerang mg_;__qg.: fresh-water prawn,
Marcxrobrachium birmancum and the mérine~prawn. Metapinneug,sp.

" Special asttention has been given to study the mucopolysa-
ccharides from the compound eyes, bocause of certain very interes-
ting properties of the substances, which it has been thought may

have bearings on the visual phenomenon of arthropods?




16

MATERIALS AND METHODS

§;§§ggn§ggg§£gé The eyes are gpparated from the glive animals and
fixed in 7% noutral formaldehyde Qntill they are used. A few
animals are fixed in albchelic Bouin's and Carnoy fluid. Histolo-
9ical preparations are made by paraffin embedding and sections

are taken with a rotary microtome at'lo u thick.

To. differentiate the layers of the lens-cuticle, the
histochemical methods customarily used in arthropod cuticular
studies have been employed: These axe Mallory's tripple stain
(Mallory, 1938) Masson's trichrome (Pantin.1948)3 and Heidenhain's
iron haematoxylin stain (Lillie,1954).

The histologicsl and histochemicsl techniques employed for
studying mucopolysaccharides in the sections of the cempound eyes,
are those reviewed by Curran (1984)5

Fixption of the tissue : It is known that common
fixations denature and précipilate proteins and mucopolysaccharides
but the reaction is often reversible, Thus, there are doubts about |
the ability of any fixativelto retain 35l mucapplyéaccharides
(curran 1964), Hdwever. different authors have given importance
~ to different fixatives for studying mucqpolysaccharides, although

~each of the fixatives have certain advantagea and disadvantagess

With this view, we have tried a number ef fixatives for
studying the acid mucopolysaccharidas. Eowever. it has been



17

~observed that 5% neutral formaldehyde gives the best result.
§3gg_ggg_ggsggg§= For detection of mucopolysaccharides.the
stains used are Basic fuchsin, Aldehyde fuchsin and Toluidine
bhm..

gggic fgchggg The stain is prepared by making 0.1% basic
fuchsin in 0,05 N Hels The' sections are placed &n the
staining solution for 7-10 minutes and are washed in several
chandes of digtilled water. '

: A;dehzde fuchsing This stain is prepared by adding paraldehyde
- to0 an- acidified golution of. Basic furhsin.

zglu;dgge blue: Tuluidine. blue has been used as.0.5% aquous
solution and olso as O. 1%.solution in 30% ethanol. The
staining time varied from 15 to 20 minutes.

‘ gmigatiog of the gtg;g g _gsectiong: The L métachfomatic .
reacticn given by cationic dye,’ such as Toluidine blue is

. distinguished by its abilitv to survive alcoholic degradation
(. Curran 1964), However some authors “have advocated the

examination of the gections in hydrated state. To study the
gffect of dehydration on the " metachromasia® some sections
have been examined wet and other have been immersed in
ethanol for periods ranging from ¢ to 30 minutes.

Preparation of the thggglxgggcﬁg;ggamexgggci; For the
analysis of mucopolysaccharide the method of extraction
employed in this study is that followed by Bera gt gl (1955)

The experimental material has been treated with 5%
sodium hydroxide for 24 hours. After such treatment the

matetial ceased to stain with toluidine blue. Presumably
the mucOpolysa~
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gsaccharide was removed from the lens by alkeli-extraction.

The alkali-extract was then neutralised with 1 N Hel, and Zinc
hydroxide was added to a cbncentration of 5 gn/ 100 ml. |
Protein was removed from the extract by Aﬁyl alcohol and
chlorofbrm mixture, in the proporation of 1j;1. The polysaccharide
wasilafér precipitated hsing é volume of ethanol equal to three

times that of the extract,

| ‘The extracted mUEOpolysaccharide was hydrolysed with

6 N Hecl acid at 100%C for 24 hours. The acid hydrolysate was
then evaporated to dryness: The dried rosidue was then dissolved
in 5 ml, of glass distilled waterQ»The hydrolysate was spotted
on Whatman No,l filter paper, and circular paper chromatogram

" run using butanol : acetic acid; Water(4:1:1:90)/Vol) as solvent
(Giri and Nigam.l954)@,1he chromatogram.wag dével%ped with
silver nitrate (oul mihof saturated solution of silver nitrate
in 20 ml. of acetone) and sodium hydroxide(0.5 gm NaCH in 25 ml
of réctified spirit), as-suggeéted by Trevelyan, et al (1950).

Electrophoresig: The electrophoresig has been performed by
applying the crude mucopolysaccharide extract sample on the paper
strip (Whatman No.l). The buffers used ares

(1) 0.05 M and 0,001 M phosphate with a range of pH from 5.9
to 8.5. | |

(2) 0.15 - 0.2 M Zinc Sulfate..

(3) 0,15 - 0.2 M Zinc aceiate,
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(4) 0.1 M Barium acetate buffer, pH 6.6
(5) 0.1 M Cupric acetate, ph 5.3
- The time of the electrOphoretic run and the potential
gradients applied in different buffer- system are as follows:-

(1) Phosphate buffer - 4 V / cm is employed for
8 = 10 hours. |

- {2) Zinc gulfate or Zinc acetate:- In this buffer
system, the Voltagé applied is 4 V / cm for 16 - 20 hours.

(3) Barium acetate:- The voltage applied is SOV and
the time of the run is 3 - 4 hours. |

(4) Cupric acetate :- The voltage applied is 100 V
and the time is 1,5 hrs, to 2.5 hrs.

The electrophoretic movement pattern of the extracted
mucbpoiysaccharides from the compound eye of the house-fly, |
Muscg the honey bee ,Apig, the fresh-water prawn, Machrobrachium
and the marine prawn, Metapinneus have been compared with
several standard acid mucopolysaccharides such as chondroitin-
4~sulfate, chondrditin—6-su1fate. Keratan su}fate. and heparan
sulfate. . | | B

After removal from the electrophoresis apperatus,
the paper strips aré»éried at room temperature and stained with
toluidine blue (0,04% toluidine blue in 80§ acetone).After the

~staining , the strips are rinsed 2-3 times with O,1% acetic
acid, and then 2-3 times with distilled water,After washing with

distilled water the stips are dried at room temperature.
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CBSERVATIONG

{istochemistry:

- leng-cuticle of the houge-fly, Mugca domestlcg: The
‘ lens-cutiéle of house-fly, Mugeg is composeé of an outer
epicuticle and an inner pro-cuticle,(Fig.l) The inner pro-cuticle
compiises an outer colourless "hayline® exo.cuticle, When the
‘ééctiohs’of thé eye are stained with Mllory's tripple stain, it
 hés'ons9rvéd that‘the region below the corneal layer, the so-called
cfystalliné cone shows éfflnity,towardé acid fuchsin, corresponding
to the megso-cuticle of other 1nsec§é, Wben the sections are
éubjecteb to Sudan bléck~8 and ﬁile'biué reagents tests, the
outer poztion of the epicutielé gives ;ﬁtensely positive reaction,
’andicetihg the presence of lipids in it. However, this layet
‘gives negative reaction to Biuret, Xanthoproteic and Millon's
test; Lhdicating the absence of protein. In contrast to this, the
inner fdehsinophi} layerfof the epicuticle is positive to Xantho-
proteic éﬁh Millén's test indicating the presence of proteins;,
_Suéan black-B and N11e'biue also givés some positive peactions
_to this layeryu.

When the sec¢tions are stained mo.x% basic fuchsin, it is
observed that the entire width of th9 é§tic1e(exc1uding the outer
epicuticle) becomes intense red in colour. Similarly, when the
sections are stained with Aléaphydé:PQchéin the same region
becomes pufple in colour, i.e. the re§i$n~1s metachromatic. With
thig stein. some metachromatic réaction§ are also observed in

the"“che".region33When stained with Toluidine blue, the entire
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~

précuucle becomes purple in colour '( motachromatic).

Thé r‘egion of tho rhabdome is orthochecmatic 4.e. blue in
co_]:gour, The éope xe'gion is again metachromatic '
-(seg Table 2), |



- EXPLANATION TO FIGURES

Fig. 1, Transverse section through the eye of
the house fly , Migca domestica .
10 x 10 , after staining with Msllory's
stain,

Co , Cornea.
Cc , Crystalline cone.
Rh » rhabdom.

\

Fig. 2, T/S through the eye of the housepfly,
Mugca domegtica 10 x 40., after
staining with Toludine Blue,

Co , Cornea. ( metachromatic)
Cc , Crystalline cone, (metachromatic)
Rh , Rhabdom(orthochromatic).
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Table: 1 Resulfs»of staining regctions and histochemical tests
obtained with the lens « cuticle of the house~fly, Musca éomggo
tica,

} j | D Regions
ggrial Staing and test References] T Taner T Feocots
¢ | } | epicut~ epicu~| icle
1 icle y cle |
! : X 4 v oy
o | b — ¥
le - Mallory's trippl% Mallory  ; Blue red | Blue
' %sta in g ( 1938) | )
2, Pantin Greenl . red Green
| (1948) o |
3, Lillde | Black] brown] brown
| (1954) g
4, - JBiuret tésff~ Faeron ',; E 1 +¢e *
I ) (1946) " % I
S, %XanthOprotéic Pearse j = 1 res +
_ " test | (1961) :
‘6. MWllon's test { Bensley - o § -
: I ‘ { end :
S i Gersh
: 7. | I dan black B i Baker S ) e Y -
b y  (1956) g
?é;“ lNi;e blu? - 1Ga;q e { + -
-' l.‘ o { (1954) L ‘
P 1 SIS S _L

Key E +$+ intensely positive ; + slightly positive;

L negative.



A

Table 2,

compound eye of house-fly, Musca

Results of staining reactions and histochemical
ftests for the detoction of acid mucopolysaccharides, in the

A i '
ﬂ Stains and tests i Referonces
T T
1, ) Basic fuchsin '; Stempien
2.3 Aldehyde fuchsin | Gomori Purple(dsep) Light‘ blue
: . ' i (1930) (strongly j purplé (Orthoch-
| imstachromatic) romatic)
3,1 Toluidine blue i (Poorse, R aa j* -
, : , 1961) , 1
4, } PAS test l (t‘mmamﬁs + I *re i -
. and ¢ason,
] [ 1930;
| \ Hotchikias I
| (1948)
8, | Aleian blue ] (Steednan + + i
S R 1950) i
- I 1 s
i $ e \

Koy g= + ¢ ¢ ﬁntenéeAyf pésitive»x*slightly positive ;

- nogativo.
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Lens.cuticle of the honey~bee, Apis cerana indica:~

The regions of lenscuticle of the honey bee can not
be distinctly diffeietiatéd (by using the customary stains used
for cuticular studies, such ag Mallory's tripple stain, Masson's
trichrome stain and Heiden-hein's-iron haematoxylin stains) as
compared to the houge~fly. Howéver. the two layers, the outer
epi-cuticle and inner pro-cuticle are more or less distinct
(Fig,S)giThe'outer epicuticle gives negative reaction towards
Xanthqbroteic test, Millon's test, Bieuret test.

When the sections are stained with bagic fuchsin the
pro~cuticle is coloured red indicating the presence of mucopo-
lysaccharides, The more intense reactions have been observed

towards the crystalline cone,

The paraldehyde fuchgin stein gives a positive metachro-
“matic reaction in the epicuticle as well as pro-cuticle and an

intense metachromasia in the cone region (Table 3).

When the sections are stained with‘Toluidine blue; the

. epicuticle, the pro.cuticle as well as the crystalline cone
become purple in colour, showing the préseﬁce of mucopolysaccha-
rides, The rhabdom region however, gives s blue colour resction
in presence of Toluidine blue i.e. the~region is orthochromstic
(Table 4.,) | |

birmggicum t= Histologicsl prepatation‘bf the lens.cuticle of
the fresh-water prawn, _¢;b1;gggicug,§££er staining in Mallory's



EXPLANATION _TO FIGURE

Fig. 3. T/S through the eye of the honey bee,
‘ Apis cerana indica.. 10 x 40 ,  after
staining with Mallorys Tripple Stain.

Co , Cornea

Cc , Crystalline cone,
“Rh , Rhabdom,
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- Results of staining reactions and histochemical

tests obtained with the lens.cuticle of the honey bee, Apis

- 6.

Cerapa indica.
gl;_l Stains and tests IReferences} ter l er l Procutlcfe
o. §
X
! " 1
1, | Msllory's tripple Mallory i blue | red | Bluigh
| i strain “193@ . P I
25- i Masgon's trichro- }Pantin l green{ red i Green
3. | Heidenhain's jLillie I blue ! brown i l1ight Brown
4, | Buiret test Faeron P : ++ i+
g K(1946) : l i
5; 1 Xénihoproteie IPeaz?se { - i + |
j test I1961) l :
}:‘-l Million s test lBensley i - ] + [ -
l land ‘ l
1
l Gersh I [
i hoas) i !
7. ‘Sudan black B .IBaker l +++ i ++ ‘
l (19%6) ! ‘ [
8. Nile blue ‘Cein l + ,l + I~
s I(1954) - i
l L r ] L I

\

- negative »,

- Key :- 4t mtensely positivez + slightly positive~
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Table 4 Results of staining reactions and histochemicsl
teste for the detection of Acid mucopolysaccharides in the
compound eye of honéy-bé.‘e.&g;g,_ Cerana ipdica.

T D D i -vRe_giona' ”l
sl Stains and tests! Referenced Cornea) Crysta- IRhabdome

Nog 4 lens | lline
i - i . I
o L L I . S - !cone }-
R b ] 1 !
1: I Basic fuchsin [Stempien | Doep reqf red freddigh
2.y Aldehyde fuchsin. [Gomori Purple | Purple j blue
: (19%0) (metach- (metach- (orthochrom-
B | omatic) | romatic) | atic)
3. | Toluidine blue lﬁggﬁ’e” g i’urpéehl (Pu:pt: :(blug
R} : methe tach- I{orthoch
a g 1 romat:lc;rogzt?c) lmgtict))f e
1 | o |
4,y PAS test (Mc Manus % + : =+ ! -
S and Caron, . i
B 1950; Hot- 1 X i
T chikiss,
¥ - §943) . i
Se ‘ Alcian blue (Stee_dma_nn ¢ 1 + I -
S - - 1950) § LR |
S T i b 1

Key +++ intense\l‘ypqsith‘re;w— slightly positive ; - negative
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tripple stain show that it comprises an outer epicuticle end
an inner procuticle (919.4;‘91935}. The epicuticle congsists of
an outer pipid layer as evidenced from its positive reaction
towards Sudan Black-.B and Nile blue tests.

7 The 4inner portion of the epicutiéle givés positive
reactions to Xanthoproteic test, Millon's test, Bi-uret test,
thus indicating that it contains proteins. In addition to this
| when the sections are stainod with Sudan Black b or Nile blue

reagents it gives some positive féactiéhs(fable 3).

‘With Mallory's tripple stain, the pro-cutie&é ia,feebly

, coloured red. corrésponding to the pigmnnted layer of body-cuticle
(Tzavis, 1965) and mesc-cuticle of insects (Dennell and Malek,
1955).,

Wihen the secticns of the lensecuticle are stained with
basic fuchsin, the pro-cuticle becomes red in colour, indicating
 the prqeence'of sulfated mucopolyéaccharideaa The positive meta-
_chromatic reaction has been observed in entire width of the
- procuticle, when the sections are stained with Paraldehyde fuchsin
étaina?W1th this stain the peripheral portion of the crystalline
cone also gives é sfrong metachromatic reaction, The central
portion of the crystalline cone gives 2 blua colour reaction, 1.0,
the region is orthochromatic. The :habdome region elso gives an
ortho-chromatic reaction(Table 6)..

When the sections are stained with Toluidine blue, the
pro-cuticle region gives a strong metachromstic reaction i.e. it

becomes purpie in colou:,,fhe peripheral portion of the crystalline



Table S

BasultsvofAstaining reactions and histochemical

tests obtained with the lens-cuticle of the freshewater prown,

Macrobrachium birmancium.

]

 f.l§ :

-

(1956
l (1956)

1 Cain

1954)
1 (,‘b ‘

| .

- ‘ — —
LV‘IB,Staina and tests | References jOuter epi-Inner  Procuticle
‘Nog G cuticle J[epicu~"’
R l § ticle |
‘ ] ‘ . ]
1.1 allory's tripple ) mallory  ldeep blue] red  Light
: Mi stain [ (1938) i I blue
fé;l Mysson's trichrome] Pentin {Deep green red ) Light
LY test. i (1948) . | ' i ] 9reen
“3e _ Heddenhain's j Lillde eBlack I brown { brown
| haematoxylin (1954)
-4, ] Biuret test i Faeron L J I +
R j (1946 4 :
;531 Xanihoproteic i Bearse r jeer ] =
oo 1 test (1961)
Eﬁ;l Millon's test i Bensley L QPR l‘---
e Gersh ~ . [
| ~l§ | j (1933) P i
a?:leudan'plack B | Baker 1* : + [ -
{
i
1

;
st - v

" Key g - +++ instensely positiﬁé: + slightly positive; - negative

".
v



Fig. 4.

EXPLANATIQ{ 10 _EIGURES

T/5 through compound eye of the

fregh-water Prawn, Macrobrachium
birmanicum 10 x 10., after staining

 with Msllory's Tripple stain.

" Co' , Cornea ," ‘
' Cc , Crystalline cone ,

" Rh’, Rhabdom.

Figo 59

An enlarged view of a portion of the
T/S through the eye of the fresh-water
prawn , Macrobrachium birmapicum

10 x 40., after staining with Toluidine
blue. ' -

Co , Cornea ( metachromatic)
Cc , Crystalline cone ( metachromstic ).
Rh , Rhabdom ( orthochromatic P
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Table 6 3~ Results of staining reactions and histochemical
tests for the detection of acid mumpolysaécha:ides in the
compound eyes of the fresh-water Prawn,Mgrobrachium birmgnctm.

. 5 R

s onts | | fabs
S$1%No. Stsins and tests | References| Cornesl ]Crystalung ‘Rhabdome
B! { lens  cone
_ | | 1 __ 3
! ‘{ g ; 11 ' L
1. I Basic fuchsin | Stempien i Red l Red gbrown
\ i . 4 l (1962) 1
2. | Aldehyle fuchein Gomord ' meep | Light lblue
| I (1930) I purple | purple
S | » i [
3. [ 'roluidine blue i Pearse | Dark l Purple lI.ight ’
* { (1961) - purple l iblue
i . o i
4. 1 PAS test P (ue Manus 1+ . J-
i I and Cason; | i
1 19503 Hotchi~ i i
. I kiss 1948) | . !
- i g |
I Alcian blue i (steedmann. +Ht + [
R ll950) i |
: ¥ | b
B i i

Key : +++ 1ntensely positive !3; + sughtly positive ;

- negative.
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cone(also gives a strong metaéhromatlc reaction similar to
paraldehyde fuchsin stain. With this stain also, thé.cent:al part
of the crystalline cone gives orthochxématic reaction., In addition
to this , the lower portion of the crystalline cone, which is in
‘close association with the inner rhabdome region gives an intense
metachromatic reaction, andlcatihg'fhe occurence of‘mucopolisacch-
arides in that regiob also. Same portion of the lens-cuticle and
algo the peripheral portion of the crystalline cone gives slight
hybspgchromatic reaction to toluldine blue. (green~metachromasia)
(Table 6).

- Leps~cuticle of the merine Prawn, Metapinneus spps

From the histologlcal preparation of Natapinpeusg sp.

after staining in Nhllor&’s tripple stain, it has been cobserved
that it consists of an outer smooth epicuticle and inner pro-cuticle
‘which afe'elongated slightly in vertical directions forming cones
(Fig. 6). The outer portion of the cones of thag;ngggg shows
affinity to acid fuchsin, Whereas the inner pbttion‘uhows positive
reactions to aniline blue, as the meso-cuticle and endocuticle
respectively. '

. When the sections are stained with basic fuchgin, the
‘majoxr portion of the pro=cuticle béecomes deep red in colour. The
crystalline cone region also gives some positive reaction to the
test,

Paraldehyde fuchsin stains the entire width of the pro-

cuticle purple, ;hdicating the occurence of acid mucopolysaccharides



EX [N _TO_ FIGURES

Figi 6 T/S through eye of the morine prawn,

Metagpinneus sp. 10 x 10 , after
staining with Mallory's Tripple
staini

Co , Cornea .
Cc , Crystalline cone ,
Rh , Rhabdom,






Table: 7 = Results of staining reactions and histochemical

te_s"'t.e _obtainerd with the /lens-cuticle of the marine Prawn,

Metapinneus spe
| §1;’ Stains and tests l R'E?erenééa Outer epi- Inner  Procu-
Nod : cuticle ( e icu~, ticle
| [ ticle
. i 1. ! ) '
).3.l Mallory's tripplel Mallory l deep blue pink i blue
- { stedn (1938) ! x |
i | o |
. 2.»l Magson's trich- Pantin ] deep grogn red green
~p Tome test. I (1948) l q i
"3y | Heidenhain's i Lillie Blacf_k‘:j g light i brown
T haemaloxylin I (984) § ' brown i
4"‘;1 Biuret test ~‘ Faeron i - e o ™ § e
o b (1948) 1 g
k-8 i Xanthoproteic i Pearse . I - B -
-test (1961). - i
1 1 | 1
6uy Millon's test { Bensley ; - R i -
. and i i
1 j Gersh '
R o G ! i ,
7. Sudan Black B Baker . 1 o+ b o
I I (1936) 1
. : ' i
8, i Ngsle blue i Cain I + i - -

Koy ‘3= +++ ‘1ntenaely positive; + slightly positive ; = negative.



40

Table:8 Results of staining reactions and histochemical
tests for the detection of Acid mucopolysaccharides in the

compound eye of the marine prawn, Metapinneusg sp.

R
- b

A_ 50‘ ‘

S1JStains and :Referenceg'COrneal:Grystalline:ﬁhabdone,
No.) tests ' + lens , cone '
l.' Basic fuchsin ’Stampien ,Deep red: red | :brown _
A : : : (1962) , ,. .
24" Aldeh - ' Gomori 'Strongly, Upper part.Blue(ortho-
1 fuchs n ' (1950) ‘metachro-(metachroma=s chromstic)
’ ! ~ ‘matic -, tic) lower,
' ' ‘(purple). parts-0rthqe-
: : 1 chromatic ,
~3e ¥ Tbluidine - ' Pearse 'purple : pret.~ :Blue(Ortho-
SR blue R . ¥ (1961) - ‘(strongly gurple . .chromatic)
. ' ‘motachrow lower parts
' ' 'matic) -, blue feri-
N ' ' ,»ﬁy phera
,: : ,:, SO 5 part:-green
' R K] - ¥ps°chr°’
“.' ) ) R} . a". ;
.4,' PAS test . '(Mc anus‘. SRR 2 . -
oot : 'and caron, S
J '1950; Hot- ' ’ X
' 'chikiss, ' v '
) ‘ : '1948) ] ] i
’ L] NEIPTR S | )
v Alician blue '(Steedmand + * : -
: ‘o 1950) SRR :

’.:&;K9Y3,**f intensely positive; slightiy ﬁositive;.- negative.



* EXPLANATION TO FIGURES

Fiol 7. An enlarged view of a portion of
+ the T/S through the eye of the marine
praun, Motgpinnoug gp.. 10 x 40.,

Co , Cornea ( metachromstoc )

Cec , Crystalline cone( metachromatic |
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in the region. The rhabdom region gives a blue colour‘reaction
i.e. orthochromatic. The upper portibh of the crystalline cone
is metachrometic, whoreas the lower part is orthochromatic
(Table 7 and 8).

Staining of the histological preparations with Toluidine
blue indicates that the proe-cuticle is very much‘metachromatic.
The upper portion of the crystalline cone is also metachromatic,
whereas the rhabdom region is orthochromatic. A careful onserving
‘of the gsections stained with Toluidine blue reveals that there is
8 slight hypsochromatic reaction in the peripheral portion of the
cfystallina qone(Fig.7). '

Chromatoaraphy: Results of the chromatographi énalysis
of the acid mucopolysaccharides from the compound eye of Mugca .
domesticg and Macrobrachium birmanicum indicates the presence of

three sugars. These are glucose, galactose and Xylose(Pigures 8 and 9).

Due to paucity of materials, the amount of extracted
mucopolysaccharides from the eye of honey~bee, Apis cerana indiga
‘and the marine prawn, Metapinnous spp. was 80 little that it has
nét been possible to make the acid hydrolysis and the chromatographic

analysis,

Electrophoresgig:~ Comparison of electrophbretic movement
pattern of the crude extract of mucopolysaccharides from Musca
domestica, Apis Cerans indica, Macraobrachium birmanicum, Matapinneus
_spps with several staendard acid mucOpolysacéharides in various

buffer system showslthat the main componart of the mucopolysaccharide
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extracted from thq‘compound eyes comprises of a sulféted
mucopolysaccharide, It has been found that extracted mucopoly-
saccharides behave like chondroitin sulfate in regard to

its Rf value in the electrophoretic fiel( Figures 10, 11,
12813 ),



EX IO __TO FIG(

Fig 8. Circular paper chromatogram , showing
the sugar components of the

mucopolysaccharides extracted from the

eye of the house-fly, Mugcg domesticg.

Solvent: Bytanel - Acetic acid,f Water

(43131, Vol/Vol),






Fig. 9. Circular paper chromatogram , showing
’ the sugar components of the
mucopolysaccharides extracted from
the eye of the fresh-water prawn,

Macxobrachium bizmanicum

Solvent: Butanol - Acetic acid - Vater

(431 P Vol/Vol).






_EXPLANATIQN TO FIGURES

Pighlo. The' electrophoretic movement pattern of
the crude mucopolysacchsride extract
from the compound eye of the house-fly,
Migca_domestica , as compared with the
maovement pattern of gome standard
mucopolysaccharides.

chg = S , chondroitin - 4 sulfate
‘¢h6é -~ S , chondroitin -6 - sulfate
KeS, Keratan Sulfate
He8 Heparan sulfate
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v

P

Figi 11, The electrophoretic movement pattern
' of the crude mucopolysaccharide extract
from the compound eye of the honey bee,
Apis cerana indica, as compared with
the movement pattern of some standard
mucopolysaccharides.,

¢ch 4 - S, chontiroitin 4 sulfate
ch 3 = 5, chondroitin 6 sulfate
Keg, Keratan Sulfate
Hes, Heparan Sulfate.
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* __EXPLANATION TO FIGURES

Fig, 12 .

The eléctrOphdrgtic movamént pattern
of the crude mucopolysaccharide extract
from the compound eye of the fresh-water

prawn, Macrobrachium birmanicum, as

compared with ‘the movement pattern of

~some standard mucopolysacchsrides.,

chd - 8, chondroitin - 4 - sulfate
ché - S , chondroitin « 6 - sulfate
Kes , Keratan Sulfate, :
Hes , Heparan sulfate,
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Fig. 13.

EXPLANATICON TO FIGURES

The electrophoretic movement pattern
of the crude mucopolysaccharide extract

‘from the compound eye of the marine prawn

Metapinneus gpe., @8 compared with the
movement pattern of some standard
mucopolysaccharides.

Ch 4 =S , Chondroitin - 4 - sulfate
CH 6 =S , chondroitin - 6 - sulfate
Kes , Keratan Sulfate

Hes Heparan Sulfate.
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DISCUSSION

The fotegoibg observations reveal that the lens-cuticle and
the. cr\;stél'iine cdne"» of Musca domegticg,' Apis Cerana indica
Mgc;obggch;g_ birmgnicum and Metapinnisus spe. contain

: muc0polysaccharides ’ more particularly some sulfated
mucopolysaccharides.

The term ® mucopolysaccharide " has originally been
introduced by Meyer(1938) to describe substances having
similar physical and chemical properties,.isolated from the
connective tissues, With increase in unaerstanding of chemistry
of these substances in recent years, many of these substances
are now recognised as Glyc0proteins, mucocproteins or
mucOpolysaccharides. However; the most recent trend is to
name the substances as Glycosaminoglycans® ,which replacés
the older terms 0 MucOpolysaccharides“ | | |

Thece polysaccharides are made of aminosugars, either
2 - émlno—z-deoxy-pvglucose ( D= glucosamlne) and uronic
acids, either D- giﬁcurénic acid or L~iduronic acid, and may
have N- acetyl, 0,} or N - sulfate groups. |

The glycosaminoglycans- are generally divided into the
following classes:~ (1) Hyaluronate (2) Chondroitin-4-sulfate
(3) Chondroitin-6-sulfate (4) Dermstan sulfate(5) Keratan
sulfate (6),Héparan sulfate .and ( 7) Heparin.

Among thésé substances Keratan sulfate and heparin
go not follow the definition of;}rGlycosamino:glycans“ in

e S

the strict sense..
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Keratan sulfate does not cOntain a uronic acid component and
this is replaced by B»gé&atose. Heparin, on the other hand has
aimilarities in its chemical structure to that of other glyco-
saminogiycans. but is is not ugually present in thé connective
" tissue,

" Glycosaminoglycans or mucopolysaccharides have been
detected in many vertebrate tissues and their biological

significance has aléo been studied by different authors,

whcopolysacchatides have been isolated from aorta of man
( Barnes and Pattridge, 1968; Berenson gt.al, 1966), Cow (Radha-
krisnamurthy aﬁd Bereﬁson. 1973), pig (Wagh and Roberts,1972),
horse, sheep(Robert, Robert and Robert, 1970), elephant (Mc
Cullagh et.al. 1973) and chicken (Keeley et. al, 1969).

Skins of certain vertebrates such cattle (Bowes et al.,
1958; Wolff et al., 1971), rat (Furth mayer and Timpl, 1970) and
rebbit (Timpl et al.,l969, Borel gt al., 1970) have also found

"rich in mucopolysacchaxides.

MucOpolysaccharides have also been detected in cartilage
of some'vertebrates such as ox by Schubert and Hamerman (1968)
Enomoto et al.,(1966), Janado and Dunstone(1972), Vittur§ed al.
(3972 a.b.). | |

\

Among the various tigsues of vertebrates, where mucopoly-
saccharides have been detected, the organic matrix of bone are
reported to be. the richest source( Herring, 1972), In addition to

these, brain of some mamméls_e@g. rat are found to contain a rich
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amount of some mucopolysaccharides (Di Benedetta et al.,1969;
Margolis and Margolis, 1970).

Based on the occurence of mucopolysaccharides in thege .
tissues, different functions have been suggested for these

subgtances by various asuthors.

Rubin -and Howard (1950) have observed acid mucopolysae
| chbrides in association with calcification in bones and
Cartilages. Msthews (1959‘)4and Qosawa (1971) have suggested that
one of the'characteiistic»prOpertiee of mucopolysaccharides is
. the gelective association or binding with small inorganic
cations, especially H' , Na' and Ca** and also with Cationic
_groups'ef macromotecules. Farber and Schubert (1957) have found
that 1n~chon8roitin- sulfate Ca** 1s bound in a percentage
greater than that of Naf.

Urist et al.(1968) has slso found a small preference
for binding Ca*" over Na® in chondriotin sulfate, Mathews(1975)
thus has rightly suggested that these subgtances act as a store
for Caf*vin cartilage tigsue and that ié why have specific roles

in tisgue - calcification,

Mucopolysaccharides have aisb b:en reported to play
-some very essential :olea in "Water-binding® and tissue osmotic
pressure (Oaston and'Wells 1972; Wells, 1972 b); Ogston (1970)
has suggested that mucopolysaccherides play a role on tissue
osmotic pressure, not only by influencing the water i::*-i balance

but also by introducing excess swelling pressure, which is
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balanced by an internal structural resistence,

Ogston and Wells (1972) and iells (1973 b) has also
suggested a role of mucopolysaccharides in maintaining mecha~
nical flexibility and elasticity of tissues. Mucopolyseccharides
may also have some functions in control of metabolism of cells,
movement of metabolites on the basis of their rother specific
chemical structure (Jeanloz,1970). Kobayashi and pedrini(1973)
have suggested that mucopolysaccharides have a major role in
sfructural organization of intracellutar matrix. According to
them, mucopolysaccharides mgy be involved in electrostatic and
steric interactions with other macromolecules of the matrix, such

as collagen and elastin,

In spiﬁe of the fact , an extensive amount of works have
been carried out on the mncepolysacchat{des of various vertebrate%
 tissues, the knowledge of histochemistry and biochemistry of
invertebrate mucopolysaccharides is scanty. Hunt and collaborators
' (1970)have detected a glucan sulfate- peptide component from mucin
from marine snail, Bugcinum undatum . Mathews (1975) has detocted
 a chondroitin=- sulfate - like substence from cranial cartilage of

L. o cens.

[—3

Among the invertebrates, however some attentions have been
paid in arthropods in the recent ysars to étudy their mucopolysac~
charides; Some mucopolysaccharides, espécially hyaluronic acid has
beeﬁ detected in various glands, e.g. salivary glands(Vadgama and
Kamat 1971) and dermal glands (Baldwin and Salthouse, 1959)., Its
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occurance has also been detected in the connective tissue of -
brain, genglia and imaginal disc of the house-fly, Mugea
domestics by Mistafa and Kamat (1970). Marshal (1966 a,b) has
detected the occurence of mucOpeiysaccharides in the malpighien
tubules and spittie of Coercopid larvae., In the locust, locugtay
mioxatoria, Ashhurt and Costin (1971 a.b) have reported sulphated
mucopolysaccharides in the connective‘tissua surrounding the
ejaculatory duct and in tﬁe ganglia. Ashhurst and Richards(1964)
hove also detected mucopolysaccharides in the connective tisgsue,
surrounding the nerve cord of pupa of the wax moth, Gallsria

| Recently, some very interesting roles have been adduced
to acid mucopolysaccharides, especially in the cuticle of arthro-
pods. Meenskshi and Scheer (1999) and Sundsrs Rajulu(l969) hove
envisaged that acid mucopolysaccharide of the euticlé of

apgus udus and Cingaleobolous bunaniond respectively may
haveimportabt roles in the calcification of the cuticle. Krishnan

lomiarx 3

(1965) has suggested that acid mucopolysaccharides may be associated

with - 8 s- bonding of the ¢uticle in the scorpion,ps:
gwammexdam, | |

The extreme floxibility of the intorsegmental cuticles of
‘the queen of Qdontotermes (bagug has been considered to be due to
the occurrence of acid mucopolysacchaxides (Sannasi,i969). This
assumption has been made on the basis of the fact that acid -
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mucopolysaccharides are said to peseeé high water binding
capacities (Ogston;1966 a; Laurent g3 al, 1969, and Katchalsky,
1964) . |
| Now, tﬁe question is, what 1s the role of acid

mucopolysaccharides that are present in the lens-cuticle and
the crysialline cone of Muges domestica, Apisg Cersng indiga
@gerobxachiug_gigmanicum and Motapinnieug gpp ?

Since the occurence of mucopolysaccharides is not a
general feature of the arthrepod cuticies and since it occurs
in some'special types of cuticle where it performs some special
:functiens ( Mecnakshi and Sheer,1959; Sundara Rajulu,1969;
Kfishnan. 1965; Sannasi, 1969), it is reasonable to presume
that the sgpecific occurrence of mucopolysaccharides in the lens-
tuticle and the crystalline cone may have a bearing on the visual
system of arthropods, examined in the present study. |

In this context it is of interest to mention that muco-
" polysaccharides have been detected in soveral tissues of the
eye of vertebrates and invertebrates by different authors, and

its importance in visual phenomenon have been suggested.

Angeth (1961 a) and Moczar and Moczar(l973) have detected
the occurence of mucopolysaccharidss in the cornea of QQﬂn“ﬁ IR
may be noted that squid cornea, unlike the analogous tissue in
vertebrate eye'is a direct continuatioh'df'the skin, Balazs et al
- {1959) have found that vitreous body of the eye of the squid also
contaibs a8 high concentration of hexurpn;c acid‘and hexosamine,

presumed to be present as hyaluronates
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' @.|Ba!axs-(1965). have :eviawed;thoroughly the biochemistry
of the cornea and other tissues of éheaeye. &hcépolysacpharides
have been detected 4n the cornea of of cbondr;chthYes( Balazs,
1965), Osteichthyes (Anseth, 1961 a 3), reptilia e.gs turtte
(Angeth, 1961a), aves, such as adult owl, turkey and chiken
(Anseth, 1961 a) adult man, owl menkey.'rabbit. sheep, cattle and
Whale (Anseth, 1961 a). |

The other ocular tissues, where mucopolysaccharides have
'been'repdrted are vitreous (Balazs, 1969; Berman and Voaden,1970),
aqueous snd ciliary body, interstitisl martix surrounding the
photoreceptor cells of Cattle matrix (Berman and Bach, 1968;

- Berman, 1969) and sclers of Oxi

With these reporte in viaw.'it.is possible to ésaume 8
role of mucopolysaccharides in the lens-cuticle of arthropods.
- The lens-cuticlo as already stated, besides playing o genersl
deffensive role, performs é special obtical function of conducting
light rays to the inner rhabdomeré. It is posgible now, to
presume that the trangparency of the 1en§~eu£i;1e, which $s morxe
than that of other types of cuttclesk Qs body-¢uticle) may be
‘affected by the occurrence of mucopolysaccharidess The basis of
such prosumption is that the tfansparency of the corneca of
éertebrates has been»réportéd to be effected by mucOpolyséechafides
(Aﬁseth'and Fransson, 1970), It is known that the bulk of cornea
of vettebrate eye is the stroma, which functions as a supporting

structure and is adapted for the transmission of a high percentage
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of incident ligﬁflﬁflvasible wave»iengths (Mowrice, 1969).'
Angeth and Frensson (1970) have found that during chick corneal
davalopment, the occurrence of a highly sulfated Keratan sulfote
is associated with the rise in transparency of stroma. They haue
" also suggested that stromal transperency is correlated with the
pregence of the normal proportions of Keratan sulfate and chen-
droitin 4 - sulfete.

A role of acid mucopolysoccharides can also be adduced in
the compound eyes of arthropods studied, on the basis of the
fact that acxd-mucopolysaccharides can act as sélectiva ion
’batriete (Jeanloz, 1970)« It has ofton been suggested thot the
light stimulated potentials observed in photoreceiptor cells of
invertebrates such as horse-shoe crab (Stieve, 1968), Cray-fish
(Eguchi, 1963), squids (Haggins, 1965), ba:hacle (Brown et z),
1969) and hohey-bee (Fulpius and Bauman, 1969) are a direct
consoquence of an incgease in the permeability ¢f the photo-
teéaiptor cell.membrane to sodium ions. This suggestion hag been
made from electro~physiological experiments,

Recently, Duncan gt al. (1971) have meesured the 1ntiacell~
ular cationic concentrations in the isolated retina of squid and
frog with and without stimulation of light and have unequivocelly'
proved that there is an increase in membrane pormeability to
- sodium fons during visual exbitation;-ln the compound eye of
Mugca, Apig, Marcrobrachium and Mat
present study, écid mucopolysaccarides are found not only in the

.apinnous,ss found in the

lens-cuticle but also in the crystslline cone, which are close
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connection with the inner rhsbdomeres, end the rhabdomeres are

the sites of chemical xeactions the products of which may
depolarize the membrane of the retinulé cells and initiate impulse
formation(Wigglesworth, 1957). In view of the above reports, it is
reasonable to presume that the acid mugopolysaccharides in the
compound eyes may play an important role in visual excitation,
when the light rays psss through the 6uter epicuticle to the

inner endo-cuticular region ( crystalline cone)- the sitesof

| acid mucOpolysaccharides.

In this regard, 1t is worth-mentioning thet we have
already detected acid mucopolysaccharides in the lens-cuticle and
crystalline cone of some other insects such as Periplanata
amexicana ;, Pierie brassicoe, fresh-water bug, Bglogtoma sp. and
nymphs of feshna 8ps (Dey, 1976) and in some crustaceans, such as

Palaemon sp. and the horse-shoe crab, _L..i.f.rz....sa Polyphemug IDey,
Raghu Varman Michael, 1978).

The cosmopolitan occurrence of acid mucopolysaccharide in
‘the lens-cuticle and crystalline caone of various arthrdpod groups
‘further support our presumption;. '

: Another"interestihg poantg:which can be mentioned here
“§s that Vitamin A has been shown to. bée involved in the synthesis
of supphated mucOpolysaccatiaeSa It is presumed:that retinol, or
an.aetive form derived from retinol, or a retinoic acid releases
an enzyme ( or enzymes) necessary for the blosynthesis of

. mucopolysaccharides( Wolf and Varandani (1960) have reported that
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deficiency of vitamin A in the tissue - culture of cartilage
tissue blocks the syathesié of mucepolysaccharides.:

In this context, it is of interest to ment&én here
“that )vitamm A has been reported in the compound eye of many
~ anthropods (Goldemith, 1964, Wolken gt gl. 1960). Thus it will
be of great significance to study whether there is any rels-
tﬁébship between mucopolysachharides and vitamin .A in the

compound oyes:



ASCORBIC ACID 1IN THE COMPOUND EYE,

INtroduction = « = = = = = « = = = 68 = 72
Materials and -

Gbgervations and _
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INTRODUCTION

The visual ability of any animal is greatly influenced
by the generation of eﬁergy in their photoreceptor organs. The
generation of energy znAthe.biological system is chiefly due
to the oxidative process, which is carried out by two mechanisms
(L) the addition of oxygen to a substance end (ii) removal of
hydrogen from the gubstance. Goldsmith(1924) while studying the
~energy.generation in the photoreceptor of vertebrates has found
'that the oxidative process of the eye, especially the lens is
dependent mainly on the second method of oxidation, i.e.removal
of hydrogen. For such a method of oxidation, it is known that some
reducing subgtances should essentially be bresent in the
phototecéptor organ. Glick gt al (1936); Bellows and Rosnet(1§36)
Rosner et al (1938); Henkes (1946) have reported the occurrences
Vof two reducing substsances, namely Qlutathione and ascorbic acid

in the lens of some vertebratesi

Pirie (1946) has reported the presence of ascorbic acid
“4n the cornea of ox at a concentration of approximately 1.8 u
moles per gm. wet weight of the tissue. Heath (1962) has roported
sscorbic acid in the lens of rat, dog, guinea~-pig, rabbit, sheep
frog, pig, man, gow and horse. As;orbic acid has also been '
teporied in the aqueous humour of rabbit (Mullex and Byschke,
1934; Podesta and Baucke, 1938), ox (Muller snd Bugchke, 19343
Podesta and Bucke 1938; Vladesco and Stefanesco, 1939; Hohnson,
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1936);'man (Muller and Buséhke‘1934; Purcell ot 31. 19%4),

| moﬁkef (Kinsey aﬁd Jackson, 1949) Guincappig (Hhiié¥aand
Buschke, 1934; Podesta and Baucke, 1938; Johnson, 1936),
Sheep (Vladesco and Stefanesco, 1939; Pbdesta and Bauchke.
1938; Vladesco and Stefanesco, 1939) Cat (Langham. 1950),
Rat (Muller and Buschke, 1934) and Frog (Muller and Buschke,
1934).

s

| The occurrence of ascorbic acid has been reported in
the vitreous body (Bolazs, 1961) and also in the retina(Heath,
1962; Heath gt al,, 1962b ; Heath and Fiddick, 1964, 1965a,b;
Fiddick and Heath, 1966) of several.vettebrates.

_ Detection of high lovels of ascorbic acid in various
parts of vertebratos photoreceptors have led to the attempts to
study the 1mpo:tance'of this substance in the vigual function
.'of animals by a numbér of authours (Heath and Fiddick,1964; 1965a;
. by ; Pirle 4964; Kinoshita 1964; Henkes 1946),

In an attempt to study the importance of ascorbic acid in
the visual sﬁstem. Rawsl and Rao,(lé??) have made an estimation
of the substance in the lens of a number of vertebrates such as,
fishes (Ophiocephalus ,
~ amphibian (Rapa hexadactyls; Bufe metapostictus)s birds (Columba
1ivia) and mammele (Rattus porvesicus; Cavia porcellus, Japhozoug
ngg_m@ngg). The interesting obserVation made by them is that,
fishes_which swim on the surface or on the upper strata of water,
€4 and Barbus have a small amount of ascorbic |
acid 4n the lens. In contrast to this , they have obgerved that
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in fishes which live 4n bottom or deeper water. e.g. cat fishes,
'the ‘amount of ascorbic acid 1n the lens 19 signiflcantly higher.
In the aimilar way, they have observed that in amphlblans also,
the frdgs which live in well-l;ghted area gontain a small amount
of ascorbic acid in the lens, wﬁegeas the members living in
shaded orless-lighted ares havé comparatively higher amount of
ascorbic acid in the 1§né. AhOng the‘mammals. thé nocturnal bats
“have campatatlvely higher amount of ascorbic acid in the lens, |
 In higher £orms. ascorbic acid shows degradation except in birds,
where it 15 lower than amphibians and fishes and higher than
'reptiles and birds.

| A gradual dacrease in the concentration of ascorbic acid,
however, has been observed in the lens as the animals become
old. In sp;te of the wide varistions in the concentration of
this vitamin between species, in aging lens of almost all the
spocies investigated so far, the lovel bas been found to be gréét;v

| é@é:eased; As for example, the rat and cow differ in lensesize,/
life.gpan and averasge ascorbic acid level but both of them show
éimilad drops in ascorbic acid concentration in the ageing
lens. (Kuck Jr.,1961): |

Al these reports suggest that ascorbic acid may play
gome very imp6rtant roles in the vigual sYstem of animals. But
a review of literature on the‘subjeet'zeveals that the study
:hgs been.cohfingd mainly to the vertebrate eyes: No attempt
‘has been‘géde g0 far in the photdreceptqr of invertebrates,
eépéqially of the arthropods. )
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Ascorbic acid has been reported in various tigsues

of several species of arthropods (Giroud and Rakoto-latsimamahga,
1936; Haydak and vivino, 1943; Metcalf, 1943; Sayth, Bingley and
H111§11944} Swamy and Sreenivasaya, 1942} Woolman, Giroud and
Ratsimamanga. 1937), although it has not been reported as an
essential_dietary constituent in most of the species; YWollmann
et a1 (1937) have reported that the cockroach, Blatella can
synthesize ascorbic acid., Wollmenn, Giroud and Ratsimsmanga
(1937) have reared Blatella on 2 diet free from ascorbic acid
for 15 years. But it has been observed that, in spite of rearing
of these insects on ascorbic acid- free diet, they contain

10-15 mg/g of the tigsue, the amount which is feund in newly |
caught specimens. Joly (1940) hes reported the occurrence of
aséorbic acid in the blood of the queen termite, Bellicosit
_patalensis( Hav)ﬁ A considerable quantity of ascorbic acid has
élso been reported in the honey bee Apig mellifera by Maydsk
and Vivino (1943). Giroud and Rakoto-Ratsimamsnga (1936) have
reported tﬁat the muscles of gggggggg contain a very high amount
~of ascorbic acid; about three times highgr than that of

vertebrate muscies. In the malpighian tubules of the cockroach,
gg;;gggnggg‘ggggggggg. the amount of ascorbic acid is reported
to be 0.6 - 10 mg / g of the tissue.

| Day (1949) has detected ascorbic acid in various tissues
of a numbe::of'arthropods. such as the silverfigh, Ctenolepisms
lonaicaudata Esch; the.cockroaéh, Blattela gexmanica (L)
workers of the termite, Nasutitermes exitiosus (Mill),larvse



and adult of the mealworm Tenebrio molitor L.; adudts
of the flour beetle, Jribolium confusum Duval;larvase,
pupa@ and adults of the blowfly, Rlucilis cupring wied;

"~ larvee and adults of potato moth, Gnorimoschems Operculella

Zeller, lorvae of the clothes moth, Iincela vigellilla

Hummel, and worker of the honey bee, Apig mellifica L.
by means of histochemical tests. He has detected ascorbic
acid in ihe dermal tissues, blood, circulatory system,
' alimentary canal, exee excretary system.storage'tissue,
mugcle tissue, reébiratory tissue, nervous tisgue, glandular
tissue, organs of intermediary metabolism, and reproductive
gystem of fhose_arthtopods.

But inspite of gll these , 1§ seems that no
attempt has been made on the compound éyes of inéacts and

other arthropods.,

With these in view, histochemiecal and biochemical
studies have been porformed on the compound eyes of the
housefly, Mugca domesticas the honey bee, Apig Gexgna
indica; the fresh-water prawn. Macrobrachium birmanicum
and the marine piawn. K¥atapionsug spe 10 determine the

ascorbic acid ststus in the compound eyés,
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Materials Methods

Histochemistry : The histocheﬁical tests employed for the
_detection of ascorbic acid is that followed by Bacchus (1930).

The oyes are separeted from the head very carefully and

immersed in the dark for thirty minutes in 5%'silver nitrate
containing two drops of acetic acid per mililiter at 56°C.

The tissues are washed thoroughly in several changes of-

distilled water for thirty minutes and treated in 5% Sodium
thiosulphate - - for thirty minutes and again weshed in distilled
-water;;nd transfered to 70% alcohol. Dehydration and infiltra-
tion are performed in subdued light: The materials are sectioned

mounted on slides and counterstained in cosin;:

Colorimetric detection: The colorimetric method for the
estimstion of ascorbic acid followed in the present investigation

is the modified method of Chinoy gt al (1976); It is known

that ascorbic acid in the biological materials occurs not only
in free form (AA), but also it occurs in the bound form, or
ascorbigen (ASG). It is also known that ascorbic acid is
continuougsly acted upon by & number of oxidizing enzymes. These
include a sgpecisl peroxidase which catalyses the formation

of its free radical - (FR) - monodshydroascorbic acid(MDHA)
(Gurevich), 1963). Further, chinoy (1967, 1960) has reported
that in living system endogenoué es well as exogenously added
ascorbic acid forms a complex with macromolécules like proteins
and nucleic acids. Isherwood and Mepson (1962) have suggested

- that 4n a2 tissue, the actual concentration of ascorbic acid
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represents the excegss formed in gynthesis over that used in

| ‘metabolism. Thus, according to thém any study regarding the
concent.'ratiop of sscorbic acid in free form alonc may lead to
an incorrect inference. Keeping all these facts in view,
ascé:bic acid turn-over in the cempound eyes has been studied
by simultaneous dotermination of (-55) free forﬁz. of ascorbic
{aa), (41) bound form of ascorbic acid(ASG), (344) 'enzyﬂza:k,ic@;ﬁs?
util-;i_zation of ascorbic acid( AAU), and (iv) comple'ging of
ascorbic acid with marcromelecules (AA-MM).

1) Metaphosphoric acid (HPQ;)

(L) 3 ¥ W / V golution (0.275 M) &
(11) 15 . W/ V solution (1.375 M),
_Theae solutions have been keopt in the refrigerator (3°c> o

(2)

(1) Buffer solution A (0°5 M) : 10°58g. of Citric acid
are digsolved in IN NaGH and the golume is mahé to 100 ml

(PH 4°8), | ~
(44) Buffer solution B (1°5 M) :31°63gm of Citric acid
are dissolved in 3N NaGH to a volume of 100 ml (PH 4°8).
(3) Buffered HPO5

The volumes of 3% HPQ, have been mixed with one volume
of buffer solution A. The PH of this solution 4s 3°6. Buffered
HPQy is freshly prepared every time;



710 'mg. ‘of ascorbic acid is d&ésdlved in glagg~
distilled water, which is previously boiled, cooled and saturated
with CQ;. The volums' of the solutien is made ‘upto 100 ml and
stored in an smber - coloured bottle at 3-5%C. Ascorbic acid
solution ‘is always freshly ‘prepared. |

, "10'ﬁgVof'Q;GJTdichlbrophenoléilndophéﬁoi‘ (BDH) is
dissolved in de-ionised water at 80°C. It is codled and the
yolumeyis msde upto 200 ml.

- Standard Curve “Agcorbic acid solutions of concentrations
ranging from 10 M9 to 90’"9/ mlh are prepared from a stock |
solution by dilutians with cold ccb- saturated glass digtilled
water to the requisite concentration.

1 ml aliquot of eaeh AA solution is mixed with
1 ml of buffered HPCb (pH 3° 6) solution (pH does not change by
the addition ‘of ascoxbic acid since the buffering capacity 19
high) and 5 ml of standardised dye solution and the reading on
the scale of photoelectric colox§mater_1eireeo:éed using a
green fiiier (i.e.”495¥550 nm )”Coldéimétric readings'ete
taken for each AA solutions and a standard graph is prepa:ed by
plotting these values.

The eyes are separated from the head very carefully
80 that the adhering tissues are xemoved from them, as far as

possible. .

Weighed sample of the material is placed in a
moxtar, covered with 1=~2 ml of ccld-ccalsaturated distilled water
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es well as avpinch of purified silice sand and quickly
homogeniseds The contents are transferred to s test tube§ The
mortar and peéstle are rinsed two to three times with 1 ~ 2 ml
of cold CO, - Did, transfoerred to the test- tube and the
‘volume of homogenate is made upto 12 ml' with €Q, - saturated
distilled wateri
The homegenate is divided into three parts:

(1) 4 ml for the astimation of AA,
(44) 4 ml for the estimetion of ASG; end

(441) 4 ml for the estimation of AAU and MM complex.

cooled buifezed Hqu is added to 4.ml of the original homogenaye
and after thorough shsking a 2 ml eliquot of the mixture is
diluted with 5 ml of distilled water and the pointer on the
Colorimotric scale is adjusted at @01 for ihe turbidity factor.
5 ml of stendard dye solution are added to another 2 ml
aliquot of the same mixture and the colorimetric reading is
noted,

| ngsg;ggggg'4 The eoncéntrétion of ascorbic
acid 4n 2 ml of the original extract is calculated as follows)
As each 2 ml aliquot cohtalns 1 ml of the original homogenate
the coneentration of ascorbic acid / om fresh weight of the
material is 3* '
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A =r-£L€?JL- x 1000

Where, A = AA content of the semple in g/ @.
- ftesh weight. |
| a = AA in mg/ ml of the original homogenate.
V = Total volume of the original homogenate.
and W = Weight of the sample taken for analysis (in mg).

bste.gm;' nation of ggcogb;ge.n (ASG)

, 2 ml of 15%.HP05 is added to 4 ml of the original
homogenate and the mixture is kept in a water-both at 7%°C
for 1% mﬁnuteé'for hydrolysihg ascorbigen: After cooling,
the system is buffered at pH 3%6 by adding 2 ml of the Buffer
golution B thus increasing the volume of the mixture to 8°0 ml
and the calorimetric\reading is roecorded as in free ascorbic
acid,

Concentration of sdcorbic acid in 2 ml of the
buffored hydrolysed extréct is determined from the standsrd
graph. The value of free ascorbic acid in 1 ml of the
homogenate, which has been determined previously, is subtracted
from it to obtain the ascorbic acid equivalent of ascorbigen
in 1 ml of the homogenates;

Ascorbigen content per ams fresh weight is
calculated as follows:
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p=Yln2lyio0

where. B = Agscorbic acid equivalent of ascorbigen in ug

v

per gm. fresh waight of the sample.
b = Ascorbic acid ( mug ) in 2 ml of buffered - hydrolyzed
 extracti |
" a = Ascorbic acid (mg ) per ml. of the original
homogenate.

V = Total Volume of the original homogenate.

W = Weight of the ssmple taken for analysis (in mg).

| 4 ml of ascorbic acid soldtion (100 ng/ ml) are
added to 4 ml of the 6riginel hombgenate. The mixture is
1ncubated at 30 £ 29 with thorough shaking after every 1O
minutes. After incubation, aliquots of 3 ml are taken out

. geparately for»the-anslysis of AAU~ MM complex respectively.
Determinat AAU 3 3 ml of buffered HPQ, are added to
3 ml of the incubated solutlon.'and ascorbic acid eonﬁent is
determined, The asscorbic acid content of 2 ml aliquot of the
buffered incubsted solution (1.e.ei5 ml of the origin317

: homogenate) i3 determined from the gtandard graph. The value
~of ascorbic acid ( inmg ) thus obtained is multiplied by 2
to obtain the velue of ascorbic acid per 1 ml of the original
homogenate left unutilized after incubationéj‘
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The calculation of AAu per gm. fresh weight is

as follows:

where, C 1 = Abscorbic acid in g utilized per gm.
- fresh weight during a given perlod of
incubation,

C = Amount of ascorbic acid in mg left over in
2 ml of the buffered - incubated solution
( 1:e0 0°5 ml of the original homogenate.

a = Ascorbic acid in g/ ml of the ogiginal

homogenate.; ' ,

V = Total Volume of the original homogenate.

W o= Weight‘qf the sample taken for analysis(in o).

te A of - ex

At the end of the incubation period 2 ml of
15 %.HPQB are added to 4 ml aliquot and the mixture is hydrolyzed.
After cooling, the mixture is buffered at pH 36 by adding 2 ml
of buffer solution - B bzinging the to£a1 volume to 8 ml and
the complexing of ascorbic acid is detertdned aé in ascorbigen .
The ascorbic acid content in the aliquot ig determined from the
standard graph and is multiplied by 2@ Substracting the value of
ascorbic acid left over 1n 3 ml of the original homogenate
beéfore hydrolysis frem the above value nges the amount of
ascorbic acid released by hydrolysis of the AA.MM complex

\
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(1ﬁ ng/ ml)s The amount of ascorbic acid complexing with

macrombleeulas.per4grama£resh weight has been calculated |
as follows:- .
"'Di = 2v '(gﬁg)ﬂ x 1000

Where, D, = Ag of ascotbié_acid released from the
| complex per g. fresh wt of the material.
d = ug of ascorbic acid 1n 2 ml of the incu-
bated hydrolyzed buffered solution (i.e.
in 0%5-m1 of the original homogenate)
= Total volume of the original homogenate.
C = Amdun€ of ascorbic acid in g left over
in 2 ml of the buffered.incubated sblution
(Lies O°S ml of the original homngenate);
w. = Weight of the sampie taken for analysis.
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., ‘:§§eg!at1gg§ and gggéugggon

‘The principle of the histochemical tests for the
detection of ascarbic acid in biological system lies on the
fact:thaﬁ siiyer nitréte reduces ascorbic acid in tigsue
seciioné and produ;es a characterstlc pattern of black granules
scattered in the region, whe:e'éscorbic acid is present. The
~ efficiency of the method, howevér. has been criticised by
Barnett end Fisher (1943), which has meinly been answe*édﬂ
by Bourne (1944), | | |

Barnett and Bourne (1941), on the basis . of
the avallable evidences have stated that in vertebrates it
is "Justifiable to assume that the resftions observed are
unlikely to be due to reducing substances other than ascorbic

acid®,

Day (1948) has stated that this suggestion ig
very much applicéble to insects also. But one of the diffi-
culties is that melanin granules are also known to reduce
silver nitrate in acid solutdon. However'it has been found
that prop er controls readily distinguish them from the
ascorbic acid - positive‘granules(nay.l94a)¢

| The histo-chemical tests employed for the
detection of ascorbic acid in the present investigation have

failed to indicate ascorbic acid- positive granules in the
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in the corneal lems, which is 2 modified cuticle. This

is in agreement with the éuggestion of Day(1948), who has
reported that cuticle of most of the ingects and other |
arthropods usually does not contain any substance which re-
duces silver nitrate, However, he has reportéd that the

cuticle of the larva of the petato-moth, Gnorimogchema

- contains some very small ascorbic acid-positive granules.
Similarly, the larva of the mealworm, Tenebrio molitor is

" reported to show a peculiar distribution of lerger granuies

in a few regions'bf the cutiéle;,rhese.granules are present

in abundance near the hypodormes and they are arranged in

rows and at right angles to the hypodermisq Because of this un~
usual appearence of the granules, it is not easy to comment
boldly on the occurrence of ascorbic acid in the cuticular
regions of arthropodg, However, Day (1948) has suggested that
the characteristic pattern of ascorbic acid positive granules
in the hypodormal célls of several insects, are very similar

| fo thoge reported in other tissue., In Locusta, these ascorbic
acid-granules are very much conspicuous in cells located at
muscle -~ cuticle attachments,‘Hypodermél4cells which, however,
are not attached to muscles do not show any such ascorbie

acld— positive granules (Day 1948)},£%y (1948) has also reported
that the hypodetmal cells of the larvae of the blowfly, Luciliag
curpring wied, potato moth, ggggzmgggnggg Operculells Zeller,
moalworm, Jenebrio molitor L, workers of the termite;
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Nasutitermes exitious (Hill), end the silver fish, Ctenole-
pisma ;oggicguggté Esch. contain sscorbic acid- positive
graﬁules but their apﬁearence is less striking than in other
tissuei |

In the present investigation, although ascorbic
acid could not be deiected 1nitheipornea1 lens by histo-
chemical tests, careful obgervations of a large number of
goctions using suitable controls revgalsAthe presence of
ascorbic acid positive granules in the rhaebdom regions of
Miscy domestica, Apds cerana indica, Macrobrachium birmanieum
and Metapinneus sp.(Fig.l4). To confirm the results obtained
by histochemical tests, chemical estimetion of ascorbic acid
from the compound eye has been pe;fo:med. The ascorbic acid
turn over (Free form of ascorbic acid or'AA. bound form of
éscorbic acid or ASG..enzymic gtilization of ascorbic acid or
AAU and essociation oanscorbic acid with magromolecules or
AA-MM4 complex) in the compound eye of Musca,Apds Macrobrachium
and Metapinneus are presented in Tables 9, 10, 11, end 12
respectively,

The major source of error in studying the ascorbic
acid concentration in bioiogical system is the auto-oxidation
of ascorbic acid, This aute-dxidation has been prevented by a
fairlyieasy-msthod aé described by Chinoy et al(1976), in which
glass-distilled water used for extraction as well as for
preparing ascorbic acid solution is seturated with C02, chinoy
et al (1975) while studying the auto oxidation of ascorbic acid



Fig.14. Diagrametic represertation of the
o aisttibution of ascorbic acid positive |
granules in the compound eye. |

c éorheé -
Co, Crystalline céne
”bP? primary pigmentgééll '
rc, retinula cell |
¢, rhabdom.

‘bm, ' bagement membrane
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Table 9. Ascorbic acid turn over ( AA or Free form of

ascorbic acid; ASG or bound form of ascorbic acigd; AAU

or enzymic utilization of;éséorbic acid and AA-MM or

associstion of ascorbic acid with macromolecules ) £n

the compound eyes of the house-fly, Miscs demestica.

Different forms of -

ascorbic acid

Concentration
(mg / gm )

le

2,

3.

Free form
( An )
Bound form
of ascorbic
acid -
( ASG )

Enzymic

- utilization

4.

of ascozbic
acid ( AAU )

Association
of ascorbic

. aclid with

macromolecules

( AA=-IM complex )

0.41 4 «026

0.44 ¢+  ,218
2,1 125
t +017

C.21
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/4

 Tab1e 10, Ascérbie acid turn over (‘f;ee form, AA; bound
form of ascorbic acid, ASG; Enzymic utilization of ascorbic
acid, AAU; Asgocliation of ascorbic acid with macromolecules

AA = MM ) 4in the compound eyes of the honey bee, Apis

Ascorbic acid ' Concentration (mg/g )

ascorbic acid (AA ) |

2. Bound form of | | 2.1 ® 0.125 ,
ascorbic acid ( ASG ) '

3. Enzymic utilization - - 2.3

* 0427
of ascorblc acid
( ARV )
4, Agsociation of ascorbic : 2.1 r 0.122

acid with macromolecules

( AA - MM complex )




1n relation to time have feund that auto-oxidation of
ascorbic acid is rapid in glass-distilled water kspt at
30° .. When glass~ﬂistilled water cooled to 3-5°c after
boiling, is usod, it hae been observed that the rate of
auto~exidataon is slawad down, which is noted upto 180
minutes. When the glass~distilled water is saturated
adth'cqé. it has been observed thst auto~oxidat;9n is

~ campletely checked at both 30°C and 3- 3°C.

.. Another probebility of error in the estimstion
;qf.ascorbié acid dg duz to the instability of the dye,
2,6-dichlorcphendl xnéophenol. It is known that the dye,
2.6-dichlorophenp;,1ndcphenpl.selution is very much
ungtable at low Pﬂ. wﬁich 15 characteristic of indophenol
dvee. At lom PH, theso dyes. ﬂecompose to give quninones .
and aminophonols. ( Karror, 1950 ).

Chinoy gg‘gl»(1976) have reported that urbuffered
HPO3 decolourises the dye rapldly and the rate of
docolourisation is proportional to the concentration of
HPQgipresent in the gystem. In our study the dye hes been
effectively stabilized by buffering it with Citric-HoGH
_buffer ot & PH 3.6,

Another difficulty in estimstion of sscorbic acid

turn over, is ihat. duging the dotermination of ascorbigen

88
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Teble 11. Ascorbic acld turn aver ( free form of sscorbic
acia. AA; bound form of ascorbic acid, ASG; enzymic utili-
zation of ascorbic aseld, AAU; and asgoclation of ascorbic
acid with macro-molecules, AA - M4 complex ) in the compound

eyes of the fresh water prawn , Macrobrachium birmanicum.

l., Free form 0.75 L 0.214 .
of ascorbic
acid ( AA )

2, Bound form . 622 0.025

i+

‘_of ascorbic
. acid ( ASG )

3, Enzymic - | - 3.12 0.061

utilization

14

of ascorbic
acid ( AAU )

"

4, Association . 63 0,024

of ascorbic

acid with
macro-molecules

{ AA = M4 complex)
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Table 12. Ascorbic acid turnover ( free form of ascorbic
acid , AA; bound form of ascorbic acid, ASG; enzymic
utilization of ascorbic acid; AAU and association of ascorbie
acid with macromolecules, AA-MM complex ) in the compound
eyes of the marine prawn, Motapinneug sp.

Concentration

ascorbic acid
: | (mg / gm )

1, Free form 9 & 0,032
of ascorbic

- acid ( AA )

2. Bound form .26+ 0.021
of ascorbic

acid ( ASG )

3. Enzymic 12,16 +  3.611
utilization | |
of ascorbic’
gedd ( AAU )

4, Association .24

£ L 3

0,024
~of aseorbic
acid with
magtOfmélecules
o AA - MM )

B B R B W B WS e B BT B G BE W e W B e WA e ®ese e s ele o =
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and Af-MM complex, hydrolysis with metaphosphoric acid

is carried out at 75°c.for 19 minutes. At such a high
temperature, thexe is always a possibility of loss of
ascorbic scid due to heating. This loss is effectively
checked in the present investigation by using 15% metaphos-
phoric acid in the systém. | '

Chinoy et al (1976) while studying the effect of
metaphogphoric acid on the protection of ascorbic acid
during hydrolysis have suggested that 15%'02 higher
concentration of metaphosphoric ascid ( Hﬂﬁé) effectively
chocks the loss of ascorbic acid during heating at 80°C

upto 15 minutes. When HEB; is used to check the-loss of
ascorbic acid the system is buffered to p't 3.6 before
the sddition of the dye to it, While using 15% metaphosphoric

acid, buffer solution B ( Ref. Materials and Methods )
effectively brings the PH range to 3,6 when added in 131
ratio, _ | : |
o ‘Finally, the interference of substances other than
ascorbic acid is checked by carrying out the determinations
in gtrong acid solution. Thus it can be inferred that the

dye reducing property observed in the eye~homogenste of

Musca domestica, Apis Cerana indica, Mecrobrochium birmancium
and thgg1gggg§ sp. 48 very likely to be due to the presence
of ascorbic acid in the compound eyes,
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Now, the question is, what can be the significance
of occurrence of ascorbic acid in the campound eyes of

these arthrepods ?

As éiready stated, studies on the occurrence and
and eignifiéance of ascorbic acid in the visual system
has been confined meinly to the photorecept@r of vertebrate.
Thus in any attempt to study the significance of ascorbic
acid in visibn, one should depeﬁd at first on the 1nvesti#

gations made on ‘the vertebrate eye.

-Kinbshita (1964 ) , Henkes (1946) and Rawal and
Rao(1977) havé'sﬁggested‘that ascorbic acid may play some
very 1mportaht role in maintaining the transparency of lens
in the eye ofAsomé vertebrates., The basis for such a
suggestion ié that the concentration of ascorbic acid in
the lens is reported to be relatively higher in those animals
whére’their lens neéds more ehergy. Kinoshita (1964) and
Henkes (1946) have tép‘orteé that "Cataract®, the most
B common leng-disease of human being is caused dus to some
disturbances in the metabolic process of the lens and they
have suggested that one of the reasons for the formation

of ® Cataract” may be the depletion of ascorbic acid and
glutathione . In this context, it is of inteyestto mention

that Kinoshita(1964) has reviewed some of the biochemical



reactions involving glutathione and ascorbic acid, which

mé; bo relevant to lens mstabélism o It is known that the
main source of energy in tbe'cxystalline lens is the
pentose phogphate pathways and it is suggested that the
respirstory link between ascorbic acid and glutathione
provides NADP * av aVailéble for the enzyme of-the pentose
phogphate pathways ( Pirie, 1964 ).

One of the reasons for assuming eome very important
functions to ascorbic acid in viaiop'lies on the fact that
'eyé has relatively more capacity to retain ascorbic acid
than other tissues, whon the dietary source of the Vitamin
is cut off. Hughes gt al (1971) have reported that when
guineapigs are deprived of dietary sources of the vitamin,
the brain and the eye lens show retention of a substantial
amount of it while the other organs show almost complete
depletion.

In their experiment, Hughes gt g;_(1971) have
maintained guineapigs on an ascorbic acidefree diet for 14
" days. After 14 days, when they have estimated ascorbic acid
from organs of the guineapig, it has been found that the
concentration of the vitamin has fallen to 1% of the initial
in the ;pleen, to 4% in the adrenal glands and less than
1% of the initial concentraiion in the agorta. In contrast
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to this, the correspoﬁding values for brain and eye lens
have been found to be 24% and 28% respectively. Hughes,
Hurley and Jones (1970) have suggested that the differences
that has been obgerved on the concentration of ascorbic
acid between eié-lena and other ofgans may be due to the
fact that the specific mechanigms that ensure retention

~ or uptake of ascorbié acid may operate more efficiently

in the eye than in other organs.
Hughes gt al (1971) have suggested that the

function of ascorbic¢ acid may be very important to the eye
lens qnd that may account for the maintenance of the level

of the vitamin in the eye as long aé possible, Even after

the fall of the concentration the necessary functions are
maintained even longer by an increaged turnover rate, This
may explain the experiment of Baker (1946) , in which it
has been reported that a rabbit leng Aip vitro looses all
detectable ascorbic aéid after 10 days but transparency
ofrthe lens is maintained eVen after 21 days bus of culture, -
Besideé the lens, aquous humour of theeye oflmany speciesg
retains a high concentration of ascorbic scid by a mechanism
of aétive trangport from bloqd to eye ( Kineey,19479 Barany
and Langham, 1955 ), But in gpite of all these reports, the
reagson why this high éohcenﬁration df aseorbic acid should

exist in the eye remains unclear;

4
v



Recently a very 1mpo£tant fuﬁctions of ascorbic
acid has been suggested by Buck and Zadunaisky (1973) in
the corneal epithelium and other ocular tissues of frog
and rabbits on the basis of the fact that ascorbic acid
stimulates fon transport through inhibition of 3': %' «
cyclic = AMP phosphodiesterase,

In their experiments, Buck and Zadunaisky (1975)

have observed that asscoxbic acid exerts an inhibitory
action on the 3’5 5 - cyclic'AMP phasphodiésterase(ec
3.1.4,17° ( activity of sub~¢cellular homogenates of corneal
epithelium, They have found that the addition of ascorbic |
acid produces an increase in the short=circuit current of |
" the isolated corneas of frog and rabbit. They have aléo
reported that in frog, addition of ascorbic acid at a
concentration of 10 mM 4in the reaction mixture cause a

37% inhibition of phogphodiosterase activity in the corneal
epithelium of frog, To find out whether this phosphodiesterase
inhibition ig due to'change in PH of the reaction medium,
they have determined the pH of the reaction mixture at

the start and end of the incubation period; thoy have found
it to be éssentially similar. This 1nh1b1tory.action of
ascorbic acid is found not only in the frog cornea, but it
has also. been reported in the corneal epithellium of rabbit
and toad ( Buck and Zadunaisky, 1975 )



By,ihhibiting 319 - cyclic phosphodiesterase
activity, ascorbic acid produces an increase in cyclic AMP

content of corneal epithelium and other tissues.‘(auck'and
Zédunais'ky 1979; lowins,1973). This increase in cyclic AMP
content in the corneal epithelium possibly stimulates active

ion transport across the cornea.

All these reports giva some ideas regarding the
way in which ascorbic acid may play some roles in the

photoreceptor of vertebrates,

- ¢ Now, the compound eyes of arthropods as altéadyf
méntioned { Ref, General Introduction ) are some what
different from the vertebrates eye, as far as the structure
is concerned. But in spite.of these differences, it seems
that chemically, and also functionally both the arthropod
compound eyes and vertebrate eyes are more or less ambid |
siﬁilar, As for'example; it hes been reported that, the

arthropod compound eyes use~vitam1h A and a retinene-complex

for the visual pigment chemistry as 1svdone by vertebrate,
In addition to this, it has been reported that the |
rhgbdomere microtubules of arthropods are very similar to
that of the vertebrate retinal rod outer segment gacs |

( Wolken, 1968 ).
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Thus , it is reasonable to presume that the
functions which have been suggested for ascorbic acid in
the photbreceptors of vertebrateg, may eimilatiyzbe |
'épplieable to the compound eyes of arthropods also,

In the present investigation, while studying the
utilization of astorbic acid it has been obgerxved that
~ the part of ascorbic acid of the aliquot incubsted for
AAU forms some complexes, presumably with macro-molecules
ingtead of getting oxidised. The complexing, however, can
be recovered after hydrolysis with metaphosphoric acid.
This complexing ability of ascorbic acid, most probably
'is responsible for the fo:mafion of bound.form of ascorbic
acid ( Ascorbigen )5 chh complexing may lead to the
formation of charge transfer complexes which has also been
teﬁorted to occur an'biological sygtem'very frequently,
and they are known to take active part in the process of

energy transfer ( Saent Gyorgyi, 1960 ).

Szent Gyorgyi (1960 ) has suggested for the first
~ timoe the importance of ihese charge transfer complexes in

37

biological system., Since this report. complexing of ascorbic

acid with macromolecules has been reported from time to
_ume ( Chinoy, 1967,)969; Chinoy et al ., 1971; 1973; 1974).

Bonner (1957) has reported that ascorbic scid s acted upon
by a nhumber of enzymes which oxidige asCorbic acid @irectly -



98

or indirectly and’over and above ihis oxidation, it forms
complexes Qith maéromolecules. guch as protein and nucleic
acid; | | |

Another interesting point which should be considered
here is thé; the rhabdomeres of the compouﬁd eye of arthropods
are known to contain polyphenolic substances ( Suzuku,(1962)
In.tﬁe courge of histochemical studies, Suzuku (1962) has
obgerved that in the housefly, Musca x$g§ng(Mackquatt) per-
fodic acid= gchiff (PAS) positive eubstancee are distributed
- {n the rhabdomeres of the dark- adapted insects. He has
also foundvthat.PiAS reaction of rhabdomere is always positive

" .both in a dark-adapted eyes treated with galiva for one hour

in an incubator end in a light-sdapted eye. In addition to
‘this he has observed that Bauer's reaction is very ‘weak

in the rhabdomexes of the 1néects. He has reported that
rhabdomeres areé positive to Millon's rQQCtIOn,~Pbtassium
fodate, Potassium bich:bmate_and ammoniacal silver, but it
iS»négative-for the dotections of - amino radical and indole
radical, Pogitive Millon's reaction indicates the presence
of tfyptophan, tyrosine and other phenolic substances, but

since the rhabdomeres are negative to both the=tests for

= amino and indole radicals, Suzuku (1962) has suggested
that rhabdomeres do not contain - amino acids such as
tryptophan and tryrosine, rather it contains some polyphenolic

derivativee,



In this context, it is of interest to mention thst

ascorbic acid may play some important roles in gynthesis
of polyphenolic substances ( Dennell, 1947; Dadd, 1960 ).

Dennel (1947) has suggested that ascorbic acid
may be implicsted in melanin formation in larvae of
Saxcophaga falculata. Recent studies on the process of
sclerolization and melanization reveal that ascorbic acid
in the blood plays an important role as an inhibitory
factor in these process. In silkworms the amopnts of
ascorbic acid present in each larval stage undergo cyclic
flucturations and are minimal during the moulting period
(Gamao, 1941). Its concentration in the hgemolymph of
grags-fed Schistocexrca larvae varies characteristically
during the course of the fourth and fifth instars.
Immediately after ecdysis, when the insect is gtill goft.
the titer of the blood §s Zero, thercafter it steadily
increages at a high levei from mid-instar until the
following moult, after which it is again found to be Zero
(Dadg, 1960) .

In view of the agbove reports, it is reasnable to
presume that the ascorbic acid 4{n the compound eyes of
Musca domestica, Apis Cerans indica, Macrobrachium birmapicum
and Mdtspipnous sp. may have saome important roks in synthesis
of polyphenolic subgtances in the rhsbdome.
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In addition to-tﬁi&é,{ ascorbi¢ acid may also play
some véry‘ important funct{ic;t\;s_ in vision of the above-
mentioned arthropods 1n"t.:h.‘e same way as has been suggested
in the case of vertebraté"eg ( Kinoshua.;( 1964; Rawal and
Rao 1977). o
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"INTRODUCTION

The lens~cuticle of the compound eye of
arthropods can be regerded as * transitienal ' cuticle
( Neville, 1975 ). The term has originally»beeh introduced
by Anderson and Weis- Fogh ( 1964 )to describe that type
of cuticle, which is intermediate in physical and

chemical proporties between golid and rubber - like cuticleg.
Weis<Fogh (1960) has described the distinction between the
gsolid cuticle and rubber « like eutiéle, when he discoveraed
the latter for the first timo, Both the solid cuticle and
rubber - like cuticle contain chitin but they differ in
their protein component. Solid cuticle is generally pregent
in the sclerities and its supermolecular organisaetion is
much more precise than that of arthrodial membrane or the

cuticle between sclerites.

The characteristic feature of g rubber-like cuticle
is the presence of an elastomer protein, résilin. which
has been discovered by Weis « Fogh (1960).This type of
cuticle is gonerally identified by a combinstion of
techniques. The structure with resilin stains sapphire with
Methylene blue or toluidene blue-light green combination.
When 1t is irradiated with ultra-violet light , it

autofluoresces with a bright blue colour in the range of
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420- m. The fluorescence increases in presence of alksline
conditions: Upon deformstion, it shows marked strain -
birefringence, which disappears immediately after the
strain is removed. The most important property of 8 rubbore
like cuticle is its extensive and reversible elasticity.
The rubber like cutiéle stores and releases elastic energy
. with very high efficiency and thus it functions in
assisting the muscles. This ptoperty-is correlated with
the mode of cross = %inking of the cuticle.

'The transitional cuticle is distinguished from
both the solid cuticle and rubber-like cuticle by the
'presence of certain properties which are intermidiate
between the two, This type of cuticle contains chitin and
characteristic ﬁroteins-of golid cuticle, and at the same
‘time, it also contains ¢ross - links typical of resiliAn
in the rubber - like cuticle ( Neville, 1975 ), |

As already stated, the rubber-like cuticle is
.';distinguished by the presence of the protein, resilin,
Résilin is a'colougless. structuralielastic protein, the
néme of which is derived from the latin word ® resgilize ®
.\which means to jump Back, Wbis-Fogh (1960) was the first

to discover this protein in certain elastie hinges and
| tendons in the cuticle of locusts and dragonflies. The
protein is colourless and is very elastic ( Weis-Gough 1960)

!
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and posses characteristicaelly di - and tri-tyrosines,
which ere flucrescont ( Bailey and Wels - Fogh, 1961 ).
Because of its occurrence in certain cases in pure
isotropic form, the protein can be analysed both
physically and chemically without further purification,

Resilin, in many respects resembles the
vertebrate struétural protein, elastin and thus it may
well be called " arthropod elastin. ® ( Anderson and Wels~
~ Fogh, 1964 ). But inspite of the fact that resilin
resembles elastin in many pbints, it slso differs from
elastin in many important ways.

Thus, both resilin and elastin posses high content
.of~giycy1, alanyl and pfolylagnd.in this regpect they are
very much similar to each other. The most significant
. difference between the two, however, is that ;esilin haé a
high proportion of residues with polar side chains whereas
elaetin has an dnusually gmall amount, But in any case,
both of them are elastic and :ubbe%-like»and»have very’
similar physical propg;tiesa'LLoyd and Garrod(1946 ) and
Kendrew ( 1934 ) have suggested that the rubber - like
px@éerties of elastin 1é,ma1nta£ned by the’sca:;ity of
) polar groups. Bﬁt gince the poiar'groups-ére,abqndant in
iesilin. their gbsence in elastin may not be very important
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in maintaining the rubber- like properties, Purificd
elastin is faint yellow in colour and they ghow fluorescence
in ultra violet light. Regarding the nature of the
fluorescent components of elstin, there is a oreat amount
of disagreement among the authoritieg. But it is certain
E that they act as cross=links between the peptide chains,
The nature of the fluoregcent substances isclated from
resilin is however very much different from those isolated
from elastin but the function of both types are essentially
the same,

| Resilin is present in certain patches of cuticles of
insects and some crustaceans ( e.g. crayfish ). It has been
detected in the elastic ligaments in flight system of
Aeshng ( Weis-Fogh, 1960), SCh1Qtoceng ( Weis~Fogh, l960)
Calliphora ( Andersen and Ueas-Fogh. 1964) Pgnorgg(Neville
and Rothschild, 1967) and Bombus { Andersen and Wleis~-Fogh,
1964); Remnants of illght-system in wingless jumping insects
Xenopsylla ( Bennet-clark and Lucey, 1967; Nevile and
Rothschild, 1967); Clypeo-labral spring of Schigtocexcs
(Andersen and Weis- Fogh, 1964); Abdominal tergites of
Schigtocerca ( Andersen and Weis-Fogh, l964); and Oryctes
(Andersen and Weis-Fogh, 1964) sucking pump in mouthparts

of Bhodnius ( Bannet-Clork, 1963 a), Glossina ( Rice,1970)
Mogosternal plate for jumping in click beetles, Mplanotusg
( Sannasi, 1969); base of bristles of Apis ( Thuom, 1964);



107

tarsel and aroliar pads, in Schistocerca ( Andérsen. 1971 a)
spermathecal duct wadl .of Aedes ( Clements and Potter, 1967)
Periplanata ( Gupta and smith, 1969); Spiracle opening |
mechanism in Schistocerca ( Miller, 1960); ieg-hinge of
Astacusg ( Andersen and~Weis-Fogh, 1964); in the regions
between gbdominal ségments of Panulirug ( Crustaces )

" ( Neville and Luke, 1971b); Anal leg joints of Scologendra

( Sundara Rajulu, 197l)° sound organs of pyralidae

- ( Lepidopteral ) and Qgggmg ( Homoptera: Cicadidae) (Scott
1970) jaw cuticle of Eogeriggtus ( Krishnan, 1970). Although
these are some of the very important examples of the occurrence
of resilin.in‘arthropods, the prbtein is likely to beﬂpresent
in many more situations in arthrOpodéy as'suggesied by

Ancersen and teis-Fogh (1964) and Nevile (1975).

. Miller (1960) has observed that in the locust, the
cuticle 6f the pleura of the ptexothorax, dorsal to the
second spiraple contains resilin and he has suggested that
this rubber-}ike propzsrty of the cuticle may be partly |
' responsible for the wide-openning reaction of the valve
during flight, Thurm (1963) has reported that the base of
each hair in the sensory hair fields of bees stains with
methylene blue like resilin, and the structure is highly
elastic. Since resilin does not flow and-also it does not

suffor any permanent deformation this report of Thurm(l96é)
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48 of considerable significance, and Andersen and Welsg-
Fogh(1964) have suggested that the material like resilin
would be an absolute frame of reference for s mechanical
SeNnce organsg.

From all these reports it is clear that resilin
acts a2s a elastic material from which the epidermal cells
construct mechanical springs and thus.it plays a vexy
important role in storage and release of mechanical energy.
 Weis~Fogh (1960) has suggested that it is metabolically.
inert but Jenéen and Weis-Fogh (1962) have observed that‘
after deposition simple chemical modification may take place
and thereby mechanical properties may slightly be altered.s |
But thig is yet to be'proved directly. As compared with other
strqctural proteins, resilin is remarkably stable, no major
changes take placej In fact, its physical properties are
very mﬁch unchangaable@_ﬁlasiicity and insolubity are the
tvio most important prépérties’of resilin. It is insoluble in
water at a temperature below 140°C and also in all other
solvents (Weis-Fogh, 19603 Andersen and WeiﬁnFogh 1964 ) .-
Another very important property of resilin is that it gwells
considérably in effective protein solvents such as phenol,
formamide, formic acid eteg;lt also swells in concentrated
solutién of Lithium thiocyanate, and cupric ethylene

diamineg

While reviewing the fﬁn;tions of resilin in arthropod
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cuticles, Anéé:sen and Weis-Fogh ( 1964) have shggested
that resilin or related proteins may play an optical role
'1n the transparent cuticles over the eyes and oeelli. but
there is not much 1nformation regarding the study of this
protetn in the lensecuticle of compound eyes of arthropods
excepting the report of Sannasi(197o). '

| Sannasi (1970) has detected for the first time the
ocCurrence of the ttructural elastic ptotein. resilln in

“the lens-cuticle of the firefly, 2993;_35 Pyralisg by
staining roattions, swelling properties and also by detecting
the UV fluorescence with a maximal intensity at 420 o/,

Considering all these. certain histochemical and
biochemical studies have been performed 1n the compound ayes

of Mysca, Apis, Macrobachium and Mg __ng_ggggg in relation

to the structural elastic protein xesilin,
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_MATERIALS AND M Jors

The masterials used in the study comprise the
‘ lens-cuticle of house-fly Miges domestica; the honey-bee -

| ﬁﬂlﬁ cexrana indica § fresh- water prewn, Macrobrachium

bi lcum ;3 and the marine prawn, Metapianeus sp.
ﬂ;gﬁgghggAgsgy ¢ For histochemical study, the:

material has been fixed in 5% neutral formaldehyde for S
hours. The material is then weshed in several changes of
buffer at 5% for 30 minutess After that, the material is
transferred directly to 70% aquous ethsnol, dehydrated and
cleared and embedded in paraffin and the gsections are taken
at 8/9 thick., The sections have been stained with stains
customarily used in arthropod cuticular study éueh as
Mallory's trippieg'Masoﬁs trichrome and Heidenhains iron

haematoxylin,

The histochemical tests for the detection of resilin
have been employedfaccording‘to the method described by
Andersen-and.WeSSeFogh (1964) as followsi

Lt

The living arthropod has been killed by immersion in
hét, buffered water for a few minutes(pﬂ'6?7, 95-100°C):,,
After separating-the.gyes'frbm the head region, the lens~
cuticle is freéd from £Qeﬂadjoining'tissnesaby means of a thin



111

strong jet of tap-water. The rinsed éuticle is placed for
24. 28 h at room temperature in dilute phosphate buffer
(1M/20,pH about 7) to which 5 mg toluiding blue and 5 mg
light green per 100 ml. buffer is added. A crystal of
thymol is added to prevent microbiai growth,

'The histological preparations of the lens-cuticle
has also been similarly treated with light-green-toluiding

blue combination and are examined m light microscope.

~ Swelling properties: Andersen and Wois-Fogh(1964)

have reported that:ene of the characteristic features of

the protein resilin is that it swells strongly in water and
in water containing media and also in many snhydrous solvents.

The degreoe of swelling depends on pH. Weis~Fogh(1960) has

suggested that the liquids solvate the peptide chains and
break the secondary bonds and thus the chains become flexible,
| ané free of cach other,.fhus."it is thought that investigations
of swolling properties ef the lens-cuticle will also be of
interost in this regard. The solvents used for studying the
swalling propertieg are formic acid, acetic acid, Phenol,
formamide, acetamide, dichloroacetic acid trichloroacetic
acdd and glycerel. Some solvents such as formic acid and
formamide have been used at room temperatuie, In other
solvents such as glycercl heating to 60 -~ 70°C has been

performed, The solvents such as trichlorcacetic acid, acetemide



and phenol have been used at few degrees above their

melting points.
Analysis of amino acids : For analysis of the

,ahino acids of the lené-cuticle, the lehs cuticlé.has been
separated from the adhering tissues carefuliy, the cuticle
is analysed without involving eitractidn procedures as has
been done by Hackman and Goldberg{i971). This is prefered
as Andersen and Barrott(1971) have suggested that extraction
may involve considerable change in organic components. The
leng’ =cuticle has been kept in fresh yaqdous ethanol, and
~-adhering tissues are removed by scraping with a blunt
scapel, The cuticle is then dried in vaccum desiccator over
calcium chloride, is powdered and the cuticular material is
collected by centrifugation, The residue is hydrolysed in
6N hydrochloric acid at o témperature of 105°C for 1.2 to
18 hours. The hydrolysate is evapqrated to dryness over a

bbiling water bath andithe dry residue is dissolved in double

distilled water. The test material, is then spotted in
Whatman No,l filter papor with the help of glass-capillary.

Cne dimensional, descending chromatograsphy with
subsequent uge of two solvents in the same direction is
carried out as suagested by Andersen(l?éS);.Ihe first solvent
is iso-propsnol-concentrated amonia ~water (8:1:l v/v), A
small beaker with 3§ amonis has been placed at the bottom
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of the chromatography Jer 30-60 min.before starting the
chromatogram, otherwise,the fluorescent compounds might
migrate to some extent. When the solvent has reached the
lower edge of the péper. it has been removed, dried and
fechromatographed in the same direction in n-butanol-acetic
acid-water (431312 V/V) for 16=20 hours. The fluoreseént
amino~acids are easily located'by examining the chromatogram
in W light.

Because of the fact that the light microscope with
 ultra-Violet attachment is not available in our department,
we could not examine the autofluorescence of the lens cuticle

of the arthropods, we have chosen for our study.
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_OBSERVATIONS

lle «scuticle of the hou é—f Musca Domestica:
y , -

When the histoloaical preparation of the lensacuticle
of Mugsca domestica is stained in o mixture of 5 mg. toluidine
blue and 5 Ag. light green in 100 ml, buffer solution (1/20)

-  for 40 hours and examined after 6 hrs washing in pure buffer

solutiong, the following obgervations has been magde:

At'PH 4,6, the epiéuticle is faint green blue and
the procuticle shows blue colour. At PH 6.1 the epicuticle
15 faint-sky-bluejand the procuticle is blus. At PH 7.1, the
epicuticle is sky~blue and the pro-cuticle is sapphire in
colour‘(Table 13).

Swe ;;gg g;onertieg: When the leng=cuticle of the
house’ fly, Mysca do gggtgcg has been subjected to the treatment
of certain solvents, which are generally used for the study
of swelling of resilin, it has been obsgerved that in solvents
like formic acid and formamide, the lens.cuticle swells
considerably within few minutes; even at room temperature,
When glycerol is used; the swelling does not take place so
quickly and the process is much slower as compared to formamide
or formic acidglrhe lens-cuticle also swells in tri=-chloro-
acetic acid, acetamidg,bhenoll Dichlorocetiq acid etc, to

/s

ponsiderable extent.(Table 13)§
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_ﬁmigﬁ-aclﬁg: Chromatographic analysis of the lens-cuticle

§ske for amino acids, shows that besides the usual amino

acid constituents of the insect cuticle , two fluorescent
ﬁémino-acids ( di-and tri- tyrosine) are present in the
~bhfomatogtam. They are easily located by their blue
fluoregcence in W 1ight,and the RP values at 0.0% and
0.8 respectively; The fluorescence has increased when the
ch:omaﬁbgram has been exposed to amﬁonialvapour, whereas
vapour from hydrochloric acid has quenched the fluorescence

almogt COmplétely .
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Staining and histochemical reactions shown by
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the different layers of the lens~cuticle of the house fly,
M’gca g!!@&t iCQ o ’

Stains and tests '

References

" Epicuticle

' Procuticle

!

Méllory’s tripple' Mallory, 1938

gtain

Toluidine-blug=
light green
Ph 4.6

‘Tbluidlne-blue~
Light green,
PH 6.1

Toluidine Elue- '

Light green,
PH 7010

Formc wete
"Aéégic sctd
 §;€6§1
Férﬁ"amide

Dichlorocacetic
acid '

.Trichloroacetic
 ac1d

.Glycerol"

t

Andersen and
tieig~Fogh, 1964

Andersen and

Weis=Fogh, 1964

Ahdarsen and

Andersen and

Anderéen and
Weis-Fogh, 1964

Andersen and

- Weig=-Fogh, 1964

Andersen and
Weis-Fogh, 1964

Andersen and
Weis.Fogh, 1964

Andersen and
Wieig~Fogh, 1964

' Andersen and
Weig~Fogh,1964

Andersen and

Weis=-Fogh, 1964

red

green=blue
(faint)

Sky=blue
(faint)

Sky-blue

swells

swelis'

'-i swolls

swells

swells

+ swells

swells

' swells

blue

~ blue
«:éWells

- swells

“awells
.swéllé
‘swells

Tswells
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=cuticle of the h b cerana indicas

The transvexrse section through the eye of tﬁe honey-bee
Apig also shows éimost the same type of colour reactions
wﬁén the preparation is staihed with toluidine=blue~light
green stain from PH 4~7. At PH 4.6, the epicuticle is faint
blue green in colour and the procuticle is greénish blue;.
at PH 6.1, both the epicuticle and pro-cuticle are faint
éréen-blue; at PH 7.1 the epicuticle is sky=blue and the

ptoéuticle.ié sapphire,

The lénse-cuticle swells in formic acid, acetic acid,
Phenol, formamide, acetamic, dichlo-acetic acid, trichloro-

acetic acid and glycerol,

When the chromatogram, run for aminocacid anglysis,

~ has been examined with a UV-lamp, two blue-fludtescent

spots has been detécted, On exposure of the chrematogram

to amonia vapour, the fluorescence of these spots have been _
‘dncreased, whereas hydrochloric acid vapour has quenched the
fluorence of the spots. From the Rf values of the two
fluorescent spots (0,05 and 0,18 respectively) they have been
identified as gg;and txi-tryosine,

Leng~cuticle of the freshe-water Prawn, Macrobrachium

birmanicum: When the transverse sections through the eye of
Macrobrachium birmanicum are stained with lightegreen-
Toluidine blue combination, it is observed that at Ph 4.6
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the epi- and pro-cuticle is sky blge in colour, at
PH 6.1 the epicuticle is blue and pro-cuticle sapphire,
at PH 7,1 only the ;Srocuticle is sapphire.

The lens—cuticle of Macrobrachium also has
exhibited considerable swelling on all the solvents tested,
e+.9. formic acid acetic acid, Phenol, formamide. acetamide.
dichloro—acetic acid ttichlomacetic and Glycerol..
(Table 14)..

The fluorescent amino acids, di and tri-tyrosine have

also been 1dent;f ied in the chromatogram by using UV lights
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Table 14, Staining and“histochemical reactions shown by

the leng~cuticle of the different layers of the honey-bee,

Q S cergng. éﬂﬂ c3

Staing and tests |

References

Epi-cuticle Pro-cuticle.

Mallory s tripple
stain

Toluidine blue-
Light green PH 4.6,

Toluidine blue-" f
Lighggreen.PH 64 1'

vTOlUldine blue- ¢

Light green,PH 7,1

Mallory,l938

Andersen;and

‘Weis-Fogh, 1964

Andersen and
Weis~-Fogh, 1964

Andersen. and

Weig~Fogh, 1964

Andersen and
Weis-Fogh 1964

Andersen and ?

Weis~Fogh, 1964

Andersen and

'Andersen and -
‘Weis-Fogh, 1964

Andersen and

“Weis-Fogh,l964

Andersen and {

Weis-Fogh 1964

S

Weis~Fogh, 19643

-Andersen and ;
‘Weis~Fogh, 1964”

sAndersen and |
:Wels-Fogh 1964

N B t f . '
red ' red
. S :
]

Blue-green }Greenish blue
(faint)

Green-blue "Greenbblue-~

Sky—blue- Sapphire

gwells Swells
. !

‘. < E '. ' ‘
swells Swells

'
ewellsl | 'Swells
I N I
gwells  Swells
e Lo . Loy Lo
swells  ,Swells
: t- )
swells ' ' f'Swells
swells  'Swells
S
1 gwells . - fSwelle-

. .

1

t

9
: Foxmic acid. . '
LT : '
S .
- Acetic acid '
Phenol :
t
Formamide .. =
| s
Acetamide' . - I
'
B Dichloro-acetic o
acid - . A
> Trichloro-acetic :
“acid SRS oy
Glycer01? VR :
‘ |}
-
!

o et 48 i e ks

. ‘v‘,‘.‘..‘-.--""‘-----‘A.x“"“‘Q-“_-'--'---.--'.-i
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ETable 15, Staining and histochemical reactions shown by
the different layers of the lens-cuticle of the fresh=water

prawn, Macrobrachium birmanicum.

L

t
]
'
4

e -

~ 8€ains and tests : Reference . Epi-cuticle:‘Fro-cuticle
tellory's tripple ! Mallory,1938 * red , light blue
stain ' ' .
¢
Toluidine=blue= ' Andersen and weagg-r sky-blue, Sky blue
light green,PH 4.6 ° Fogh, 1964 .
. . ' ’ .
~ Toluidine.blue- * Andersen and Weis~- ! Blue ,: Sapphire
‘light green,PH 6.1 ' Fogh, 1964 L .
o ? v
. Toluidine-blue~ ' Anddrsen and Weigs"' Sapphire: Sapphire
. ' ]
Formic acid ' Andersen and Weis-' swells : Swellsg
\ * Fogh, 1964 : .
: . ] .
Acetic acig ' Andersen and weis-' swells :~5wells
s Fogh 19 ' , '
, ) * .
Phenol ' Andersen and Weis- ' swellg : Swellg
L ' Fogh, 1964 ' '
. . 1] L
Formamide ' Andersen and Weig=" swells : Swells
. * Fogh, 1964 ' '
- Acetamide ! Andersen and Weis~'! swells :'Swells
‘ : Fogh, 1964 : '
Dichloro-acetic ' Andersen and Weise ' swells : Swells
acid ' Fogh, 1964 ' '
‘ ' ] .
‘“Trichloro~acet1c acid Andersen and WeisJ swells : Swellg
¢ Fogh 1964 _—
. ! : ' ’ '
1Glycerol . ' Andersen and VYleis~"' swells ~:-SWQ119
.
[}
:
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Lense cbtggle éf the marine gggqn, Fetapinneus spi-

Whén the trangverse section éf the eye of the merine
praﬁh, Metapinnous sp. has been stained with light-green
toluidine blue stain it is found that PH 4.6, the epicuticle
stains greenish blue and the pro*éuticlé. sky=blua. At
PH 6.1. the 6picut1cle is blue in colour and the pro;uticle
sapphire. At PH 7.1 only the pro=cuticle has given

sapphire=colour reaction.

Like the lensecuticle of other arthropods studied,
the lens.cuticle of Mptapinneus also shows characteristic
swelling properties in solvents like formic acid, acetic

acid,:Phenol. fbrmamide. acetamide, dichlorocacetic acid,

’

trichlorscetic acid and Glycerol (Table 16).

The fluorescent amino acids(géfand Ixi-tyrosine)
have also been detected in the chromategram by their
charaéteristic blue fluoresence and'theirARf values of
0,05 and 0.18 réspectively, When the chromatogram has been
exposed to ammonia vapour, the fluorescence has increased
and the hydrochioric acid vapour has quenched the

fluorescence, almost completely,
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Teble 16, Staining and histochemical reactions shown by
the 8ifferent layers of the lens-cuticle of the marine

prawn, Motapinneus spp.

Weis~Fog, 1964

| Steins and ﬁests | References Epicuticle Pro-cuticle
. [ g k) j
Miliory‘é tripple ' Mallory,1938 ' Pink . blue
stain ) . ¢
Toluidine blue- : Andersen and Weis-greenish ' Sky-blue
light green,PH 4.6 , Fogh, 1964 ¢ blue '
. . ’ ’ :
Toluidine blus- : Andersen and :. blue ' Sapphire
-1light green,PH 6.1 , Weis=Fogh, 1964 , '
' Toluidine blue=  f Andersen and ' Sapphire . : Sapphire
light green,PH 7,1 \ Wels-Fogh, 1964 * - 0
. . - . ) 1] . ' ’
Formic acid ' Andexsen and  ° gwells ,-: Swells
R : : Weis~Fogh, 1964 °* v
e . : ¢ -
‘Acetic seid ' Andersen and . ' swells ) Swells
' : \fJeia-Fogh. 1964 :' : N
* Phenol v Andersen and , Swells ' Swells
| o + Weish-Fogh, 1964, :-:
Formamide ' Andersen and ' swells, 5wells
- ' Fogh, 1964 B ;
: o | Y . |
.Acetamide ?;Andersen and ' Swells : Swella
‘ : Weis~-Fog, 1964 oY S
¢ : T ) o
_Dichloro—acetic , Andersen and ' Swells , Swells
acid, - ,',Weideog,1964-': o .
Trichloro~acet;c ' Andersen 'and ! Swells »: Svlls
acid. = -1 Weis-Fog,1964 : '
Glycerol ‘ : Andersen and -: Swolls ¢ Swells
. '
) v '
) ft Ej
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DISCUSS ION

Recent studies on arthropod cuticle show that the
properties and chemical nature of the body~-cuticle varies
frdm region to region of the animal and also during

dovelopment which fnvolves a series of moults

Andersen (1976 ) has reviewed the cuticuler enzymes
and sclerotization in insects and has mentioned three
important types of cuticular sclerotization, namely
(1) Quinone~ tanning where the tanning of the cuticle is
due to O ~ Quinone formed from diphenols, o
(1) B ~ sclerotization, which is an alternative pathway
of sclerotization to the formation of Co=-valent links
between the p - bosition of N - acetyl dopaminé and
amino or phenolic groups in the cuticular proteins, and
(141) di- and txi- tyrosine which is a special type of

cross=linking mochanism in the cuticular protein,fesilin.

Resilin occurs in certain speciaslized patches of
insect cuticle ( Wbis-?ogh. 3960@:Andersen and Weis-Fogh,
1964 ) and ii is charecterised by having longcrange‘
rubber-like elasticity. From the mechanical anslysis of
the elasticity, Weis=Fogh (1961 a,b ) concluded that the
protein is composed of flexible randomly coiled chains,
which are linked together by stable cross=1inks,: The
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existence of cross-links has later been»confixmed by
gheir isolation and chemical charecterization, and
eventually they have been identified as gi - and tri
tyrosine ( Andérsen. 1964, 1966 ).

Subsequently Locke (1969) has demonstrated that
even the actual process of hardebing in other non-elastic
regions of the cuticle of Calpodes ethliug ( Stoll )
involves the cross-linking by gi- and tri tyrosine,
which has been presumed to be catalysed by peroxidases
( Coles, 1966). Krishnan (1970) has also reported that
the jawecuticle of the onychophoran Eoperipstus is also
hardened by,cross—lihks involving di~ and txi tyrosine,

In addition, resilin has been reported in some non-elastic
structures such as the egg - envelopes of dragonflieg,

Sympetrum ipfuscatum and Sympetrum freguens { Kawaski,
et. a1, 1974) and gilk fibroin ( Raven, et. al, 1971).

In the present study also we have observed the
presence of resilin in the lens-cuticle of Mugca domestica;
Apig cerana indica; Macrobrachium birmapicum and Metapinneus sp.,
which are non-elastic but trangparent., Now, the question
arises as to what is the specisl role of resiiin. if any,
in the cuticular regien whiéh forms lené in these arthropods.
From the fact that lens-cnticle whiéh is tfansparent is

algo mechanically resistant and since resilin has also
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been reported to occur in some non-elastic regions

( Kawaski, gt al, 1974 ) Raven et.al., 1971 ), it is
reasonable to presume that the hardening of the cuticle
in the photorecepto:s forming ® Leps" may involve
cross-linking by di- and tri- tyrbsine, which are
charecterist1Cally autofluoregcent, However, the ‘
? hyaline® transparency of the leng=cuticle may not only
be due to the occurrence of resilin but also due to other
factore gsuch as abéénce of phenolically tanhed protelne
andg or melanin pigments wﬁich noimally ove amber 'dr
black colour to the cuticle, Besides, acid mucopolysaccharides
which behave as gums of plants having the prOperty of
conversion £rom g__'to gel and from g_; to gol , may
also impart " hyaline transparency to the lens¥cuticle

( Refer Chap., 1 ). o

)

Lastly. the characteristic amino acids. di- and

ri-tyrosine of resilin are uniquely autofluorescent ( 420 ma ).

~ In view of-the above reports it is presumable thgt

the lens cuticle which is»patchedvor,coated.with resilinl
thch has the probe¥ty of autqfluorescence, may aid in
absorbing and filtering the suitable light rays of the
required range in the spectrum and thereby allow the harmless
light rays into the interior of the compound eyes to be
utilized for subsequent photo~act1vation and perception

of objects by the arthropods, '
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Pteridines constitu;e a group of compounds having
‘the molecular structure of'pyrimido 4, 5 - b pyrezine,
ihey have a common structure of either 2 - amino - 4
hydroxy - Pteridines or 2, 4 ¢‘dihydroxypteridine and
the are customarily called pterin or lumazina respectively.,
The name pteridine comes from the greek word " pteros °,

- which means feather or wings, ( Wieland and Schopf, 1925;
Schopf and Becker, 1936; Wieland snd purrmann,1940;
Schopf and Reichert 1941). The compounds are so named
because of their discovery for the first time in the wings
of butterflies by Hopkins (1889) .

The molecular structure of pteridines has been
revealed by Purrman (1940) for the first time, who has
found it to be pyrimido 4, % - b pyrazine (Purrman,l1940 a,
1940 b, 1941, 1943), Purrmann(1940) has reported that
the étructure of pterines resembles thst of purines,
imidazo 4,5 - ¢ pyrimidine. Albert (1957) and Cresswell
et al.(1965)‘have shown chemical similarities between purines
and pteridines,. Weygand and Waldschmidt (1955); Ziegler-
Gundzr, Simon and Wacker (1956); Aéronson and Rodriguez
( 1958); Brenner- Holzach and Leuthardt(1959,1961; Vieirs
and shaw (1961) and Mc Nutt (1964) have shown that mets-
bolically the pteridine molecules are closely related to
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purines. A number of workers have shown that most of the
pteridinés that occur in nature are synthesized from purine
necleot(s)ides, (Weygand et al, 1959; 1961, 1964; Jaenicke,
1961; Stuart and Wood 1962, Baugh and Shaw, 1963; Kidder
and Dowoy, 1968; Sugiurs and M.Goto,1968)

On the basis of these findings, some authors have
';uggested 8 close relationship between pteridlnes and
-‘purines with regard to the fundamental synthetic pathway

"and general chemical properties such as enzyme susceptibility,
chromatographtc behaviouskand éolubility(Buchanan, Sonne

' and Delluva,l1948; Alber, 1954; Ziegler-Gundler,1956,a,b,c¢;
Aaronson and Rodguez,Al958; Buéhanan and Hartman, 1959;

Moat énd Friedman, 19602 Brenher.ﬂolzach and.Leuthardt.196l;
Weygand et al, 1961, Stackhouse,1966). |

Since the discovery of the chemical structure of some
natdrally occuring pteridines such as léuc0pter1n, xanthopterin
and iso-xanthopterin(Purrmann, 1940 a, 1940b, 1941}, neumerous
derivatives of'pteridines ha§e been reported fiom the biolo—
gical syétém by different suthors. Pteridines have been
reported to occur either ss conjugated or unconjugated,
monomer and polymer, oxidized or reducéd, phdsphorylated or

as glycosids.

Pteridinos and their derivatives have been reported

to perform a'variety of functions in the biological system.



lfhé# have 5eén.défected in the eyes of some
arthropods, especially;gertain insects sﬁch as
Drogochils, Calliphera, Ephestia ete. ( Gregg and
Smucker. 1964; Visceﬂtini, and stierlin. 1961 1962,
1963) and are reported to perform the function of

screening pigments, But in spite of a substantial
amount of work on pteridines from the ccmpound eyes.
it seems that the eyes. of certain insects and -also

gome crustaceans have not basen examined for pteridines.

_ With this view 3 study has been performed on
the cOmpound eyes of ﬂgggg Apis, Macrobrachium and

.with regards to the occurrence of pteridines, and

their possible functions have been discusseds

129
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| PATERIALS AND HETH
m'golubiligx tests: The prinﬁiple of this test is basged on
§he fact that ﬁifferent pigments show specifity'inAtheir _
eolubility_iﬁ verious solvent systems. In alkaline agueous
sqlutibns; Ce0, dilufe(l%‘Vol/Vol) ammoniafsolution, pteridines
are easily solublé, but in organic selvents such as acetone,
absolute ethanol, ather, petroleum ether, benzene, toluene,
Carbon tetrachloride, they are not readily soluble.
(Matsumote etéi,197l); |

( For solubility tests, the eyes ayxe fixed in s
chloroform-ethanol mixture (2:1 Vol/Vol). for more than
two hours. Routine histologicsl preperstiens are made, ﬁéing
two chénges of absolute'ethahol end benzene, and by poraffin
as the embéddiﬁg medium§ Relatively better tissue fixation
- hag been obtained with thg use of a fixative compoéed of 2
parts of férmaldehyde or giufaraiﬂehyde; 7 parts 907 ethanol
and 1 part ascetic acid, In this fixation, tho dehydration
has been started from 95% ethanol and hag been followed by
-ordinary techniques of histology. The specimens thus prepared
" are examined after treatment with éarbontetrachlotide. '
. benzene, chloroform, ethyl ether, or petroleum ether for

more thern two hours at room temperature,

Chromatoaraphy: For the separation and identification
of pteridines from the compound eyes, paper chromatography

has been carried out, Poper chromstography is the most
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commohly'usedvtechnique_for studying pterdines, because
of the simplicity and also becasusge lt.vields excellent
sepatat;oh (thsumoto etla1.1971). Chromatography has been
| carried out with Whatman No.l filter paper, in dark or in
dim light. becaugse it is known that lioht may cauge the
decemposition of sepiapterin, biopterin, and most of 6-
gupstituted pteridines into 6~ carboxy pterine and other
unidentified pteridines(Motsumoto et al,1971).

Por chromatographic analysis the tigsue sample has been
applied to the chromatogram either dizectly or after
sqitable extraction using the following methods:

(1) Sauash technique: This technique has been suggested
bflﬁédron, and Mitchell (1951). After careful dissection,

- the tissue has been directly squashed on a chromatographic
paper by firmly pressing with a clean microscope slide. The
- squashéd materials are thenidried with an electric dryer.
The chromatogram is run with ethanol: n= butanol: conc.
éhmonias Water(10:3: 23 5 vol./vol.). |

(2) Quick extxactiont Mstsumoto et al (1971) have suggested
that4chromatographie geparation of pteridine could be achieved
from the extract itsel. ?or this purpose, the eyes are
separated from the head and they are'then cut &nto small
pleces. Approximately 10 mg. of the sample has been trested
1n a small glass vial with a few drops of ab. alcohols: 1%
ammonia mixture (7; 3 Vol/Nol%. The sample is then warmed in

I
i
R
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a watef{bath 8t a temperature of 70°C. The extract thus
'preparga is then spplied to filter paper with the add of
: Qlass capillary. Chromatogram is run hsing'n-butanblz
acetic acid: Water(4:1:l), vol./vol.).

(3) Extraction with Ethanel : (Awepara's method): The
extraction procedure is a slight modification of Awapara's
method(Awapara, 1948), The material is homogenized in é .
‘volume of absolute ethanol 20 times that of the fresh weight
:of the tissue in a glass homogenizer. The homogenate are
diluted with redistilled water to give a 70% ethanol
ﬁolutiqn. The ethanol solution is heated in an»80°b water

bath Sor 20 minutes and after adjusting its volume by the
addition of absolute ethanol, it 1s-centrifuged 3000 rev/min
for 5 minutes to remove proteins. The resulting clesr
supernatant is mixed with chloroform 3 times its volume. By
contrifusing at 3000 rev/min for 20 minutes, the aqueous
layer containing the fluorescent substancés has been
separated from the ethanol-chloroform mixture. The extract
thus obtained is then concentrated in a wacuo to about 0,5 ml

and then Chromatographed;

. xrichloxacs . CA In this extraction
procedure, the materisls have been homogenized in 10% (W/V)

TCA and is extracted three times with a volume equal to
the fresh weight of tho tissue, in a water bsth for 20
minutes at 70°§, TCA is later removed by.washing'the supernstant
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' with one-half of the volume of ethyl ether, for 6 times.

Thia hag been done because ICA is an unfabourable contaminant
ﬂfor paper chromatography. The ether layer is sepated by
centrifugation and is discatded ‘at each washing, The
resulting aqueous extracts are then reduced to a volume of
sbout 0,5 ml to i ml in vavuo, The remaining ether in the

extracts is regioved by treating them in a water bath at a

ieﬁperature of 53°¢C,

The materisls

are heated in 3 boiling wéter-béth for 5 minutes, for denaturing
They are then homogenized in a volume of distilled water 20
times that of the fresh weight of the tissue. The homogenate
is dncubated in o water-bath at a temperature of 80°C for

20 minutes. After that, the homogenate is deproteinized by
adding half its weight of ammonia gsulfate and then
centrifuged. After centrifugation, the gsupernatant is mixed
with phenol equal to one—tenth of its volumw and then it is
again centrifuged. The procedure is repested three times.
Ethyl cther 1n‘é volume three times that of phenol soiution.
- and'distilled water about oﬁe-tenth the valumerf ether are
added to the phenol layer, and then centrifuged. The aquous
layer thus sebaratea is then evaporated.té;aboufJOpS ml in |

vacuo( Crammer,1948),
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actd I oric lysis: The materials
are hbmogenizedﬁ@ith<0il N Hydrochloric acid in a volume
20 times that of the fresh weight of the tissue. The
homogenate is then hydrolysed for 24 hours at 60°C. The
résulting'solution'is neutralized with ammonia, and is
then céntrifugeda»After centrifugation, the supernatant is

concehtrated in;afdesictato: and is.usednfor.analysié by

paper chromatography.

The extracts are applied to the filter paper in the

form of a spot for one~ and two.dimensional chromatography.

For rechromatography, the extracts are applied in the form
of a narrow stresk. Every paper chromatogram has been
subjected at firsg_to cne.dimensional separationi Motsumoto
ot al (1971) have reported that some pteridines overlap
one another in one-dimenélonél chromatography. Because of this
they have suggeéted thet importance of two-dimensional
separation, Both the ascending and descending tochniques
have been tried in the one-dimensional chromatography. The
ascending techniﬁuélis known to be better for separating
| pterieines gn geﬁerél, whereas deScending method ig
advantageous for separating pteridines of low Rf values
(Matemoto et al, 1971). | |

In the present investigation, the ascending technique
is repeated two times. The chromatogram is dried 1a the dark
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after each d9v910pment. The combination for rechromatography

{13 One run with n- prapanols 1% ammonia (2:1 V/V) and a second
_with 1so~propanolz 2% (w/v) ammonium acetate (2:1 V/v),

s

Ihvtwo-dimenslonal cbromatogtaphy, pteridines first'
sepaﬁated in one direction are subjected to further
separétion through the second development made at angle
prependicula: io the first. |

The position of pteridines are determined by
examining'the ch;cmatogram with W lamp.. ”
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| The chromstograms after examining with UV light
;shows that the eye of house-fly, Migca domestica containg
pterin, biopterin, and isosepiepterin(Fig.15).

The pter1d1nes from the compound eye of the honey bee,
fpis cerana indica have been tentatively identified as
6-cafboprteridine, isoscpiapterin and biopterin(Fig.16).

In the compound eye of the fresh.water prawn, Macrobrachiu
birmondcum, the pteridines which have been identified are
xanthopterin and xanthino (Fig.l7). The pteridines from the
compound eye of the marine prawn.iﬁgggggggggg sp. have also
been identificd tentatively as xanthopterine and xanthine
(Fig.18),

It is known that pteridine and 1£s derivatives perform
a variéty of functions in the biological system, Farber gt al
(1948)1 Handschumacher and Welch(l960) have reported that
conjugated pteridines functions as principal therapeutics for
acute leukemy. Soﬁe conjugated pteridines are also known to
function metabolically a2s coenzyme in the enzymatic synthesis
of inosinic scid, serine, methionine, thymidylate etc.
(Buchanan, Larrabee, Rosenthal and Canthou,1964; Huennekens
and Scrimgeour, 1964; Blaklev;1969). It is also knéwn that some
unconjugated pteridines teke part in biosynthesis of ‘
riboflavin(Mosuda, 1958,1936 a, 1956b,Masuda,Kishi and Asal,.



EXPL N 10 FIGURES

Trace of the chromatogram showing the
pteridine components of the eye of the

house-flv. Mysca Q_zp_e.a.t._.a

Fig. 15.

. Selvent: n-butanol : acetic acid: water
( 4 1 : 1)






EXPIANATION YO FIGURES |

 Fig.16, Trace of the chromatogram showing the
pteridine components of the eye of the

honey bee, Apis cexana indica.

Solvent : n~butgbol : acetic acid: water

( 4 R | s 1)






EXPLANATION TO_ FIGURES

Fige 17. Trace of the chromatogram showing the
pteridine components of the eye of the
fresh.water prawn, Macrobrachium
birmanicum.

Solvent: n-butanol: acetic acid : water
' ( 4 3 1 s 1)
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EXPLANATION TO FIGURES

Fig. 18, Trace of the chrbmatogram showing the
pteridine components of the eye of the
marine prawn, ' A

NMetapinneous sp.

Solvent: n-butanol: scetic acid: water.
( 4 3 1 1)
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._).'?57._1959. Maguda, Kishi, Asai and Kuwada,1959; Forrest
"and McNutt, 1958; Kuwada, Mosuda, Kyshi and Asai 1956;
f'ﬁaley and Plsut,1959; Plaut and Maley 1959; Brown~l9603
Creswell and Wood, 1960; Davol and Evens 1960; Plaut 1960

1961a,b, 1963,1964; Goodwin and Horton 196); Winestock and
Plaut 1961; Rowan and Wood 1963; Winestock, Aogaichi and
Plaut 1963; Kuwada and Hori 1064% McNutt 1964; Hemmerich,
Heizmann, Mengel and Pfleiderer, 1969).

A role for certain reduced pteridines such as
sppiapterin, dihydrobiopterin, and tetrshydro folic acid
in the‘hvdroxylation of'phenylalahine to_tytosihe has been
reéorted by some authors(Kaufman, 1957, 1958Aa.1958b,1959.
1961,1062,1963.1964.1967.‘1969; Kaufman and Levenberg 1959;
Matsubara, Katoh, Akino and Kaufman,l966). Pteridine
derivatives have also been shown to be involved in oxidation
of glyceryl ethers (Tietz e _3“55,1963) and steroids
(Hagerman 1964),

Ptertidines are also reparted to be asgsoclated with
synthesis of lipid(Kidder and Dewey,1958), and nucleic acid

(Forreét.l969( and also in gexusl diffetentiatian of insects
(Butenandt and Rembold,1958; Schmidt and Viscontini, 1962
Schmidt, 1969) . Of all thege functions cited however, the
most significant role played by pteridines is that they act

., as pigment in the biological system, In this context, it can
be pointed out that, in vetebrates'pteridihes are synthesized
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in developing pigment cells and they accummulate
specifically in brightly coloured pigment cells ( Hama
and (bika, 1960; bika 1963; Héma é_‘_t-_ al 19€0; Matsumoto,
1965 a, Richards and Bagnara; 1967 ). '

| During the last 30 years, pteridines have been
reported in a variety of animals from lepidopteran insects
to higher vertebrates and it has now become evident that
these occur as red, yellow or orange pigments. Pteridines
have been detected in both the eyes of certain insects
such asg = Dfo§oghila ( Ephrussi and Herold, 1944; Heymann
Chan and Clancy, 1950; Hadern and Mitchell,1951; Nolte,
1952; Forrest and Mitchell, 1954 a, 1954 b; Rasmussen, 1954;
. Vigcontini et al; 1955; Viscontini Hadorn and Karrer, 1957;
- Vigcotini, Loesser and Karrer 1958; Viscontini and Mohlmann.‘
1959 a, 1959 b, Forrest et al; 1961 b, Taira, 1961 a; Rembold,
‘1961; Hadorn, 1962; M.Goto et al, 1964; Gregg and Smucker,
1966; ). Calliphora ( Ziegler,1961 ¢ ), Ephestia, (Hadorn and
'Kuhn, 1953; Kuhn and Engelhaaf, 1959; Viscontini and stierlin,
1961, 1962, 1963 ) and some butterflies ( Hopkins 1889, 1895;
~ Schopf and Becker, 1933; Becker and Schopf 1936; Tarttar,
1940; Purrmann, 1940 3, ;940 b, 1941, 1943; Purrmann and Maasg,
1944 a, Purrmann and Eulitz, 1948 pfleiderer,1962, 1963;
Pfleiderer and Rukwied, 1961; Umenachi, 1962, Descimon 1965,
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Usually those tissues which are red or orange in
colour contain drosopterin whereas the tissues which are
yellow in appeaiencé are rich in sepiapterin. The
‘distinguishing feature of pteridines is their fluorescence
under UV irradiation. Depending upon the concentration
and PH of the medium, the fluore;cence.rapges from violet
to.red ( Rauen and. Stamm, L§52;:Uyeda and Rabinowitz,1963).
This characteristic. fluorescence of most of the. pterdine
dgrivative§ has long been used for the detectipn of these

compounds.

The signifibance of occurrence of pteridines iQ the
- compound eye hasybeen.studied by a number of. authors ;np

. it has beeé_suggested-thatlxhey act as screening pigments
( Goldsmith, 1958 a, b.; Langer and Thorell, 1966 ).

' Hoffmann and Langer ( l961){4whi1e studying the
sﬁectral‘Sensitivity of the eye of=Caliigho:g-erxthgoceghglg-
héveVObserved7that5the"White— apribot“ mutant eye, which -
'éontéins‘pferidines-has'a“U.V;- sensitivity maximum same
as the ' Chalky' mutant, which lacks pteridines. They have
further'observed that in white-apricot' mutant the U.V.-
maximum 1is less than in the 'chalky' eye mutant in relation

fo the visible ‘maximum. Thus, 'in the 'white-apricot' mutant
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the screening pigments, pteridines function to decrease

the U.V. sensitivity relative to visible sensitivity.

All these reports suggest that pteridines play some
very important roles in the visual system of arthropods.
But as slready mentioned, pteridines have not been sutdd
studied in the compound eyes of all groupé of arthropods,
and thus there is a need for further studies oh the pteridine
components of the compound eye of various groups. of

arthropods.:
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INTRODUCTION

| Adenosine triphdsphétase ( ATPase) systeb |
frequéhtly beén ghéwn to be-intimately assé;iated with
ihe.prdceés of photoreception ( Langer, 1964, 1974;
Weber and Schorrath, 1971; Drujen and Ali 1972; Kuhn |
and Dreyer 1972, Bownds, etal, 1972 ) and there are ‘strong
~4ndications that ATPase has an important role in the process
of phosphorylation, o S
| | Tby-undetstand‘the mechanism by which one quantum
of light teactiné with a single molecule of thé vigual pigment
Ccauses nervous stimulation, three main hypothesis have been

put forward, They are :

I The Enzyme hypothesis - '
IT The golid - State hypothesis, and
.u,III ' - The ionic hypothesis.

. According to the enzyme hypothesis, the visual
pigment rhodopsin is a pro-enzyme. Upon sbsorption of light,

this is converted to an active'enzyme. which catalizes the
electrochemical process leading to visual excitation.

Mc Connell and Scarpelli ( 1963 ) have claimed that
the visual pigment rhodopéin,is an ATPase,‘which ig activiated

by light. ngever,_later on, Bonting gnd Sangham(1966) have
found that the experimental evicdence for this claim is faulty
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e o+ *2
and neither the ( Na = K- Mg ) - 8ctivated ATPase nor the
Mg*z « activated ATPdse can be idontical with the yisual

The solid - state hypothesis suggests that afterxr

absorption of light by the photoreceptor cell, a sclid -
state'procéss, such ag enerqgy transfer by regonance or
photoconduction may take place .However, Hagins and Jannings
(1960) have found that in frog rods, there is no such enorgy
transfer by resonance or photoconductions

The ionic hypothosis says that there is a movement
of ions across the photoreceptor membrane following vigual
excitation just as it occurs in s nerve after stimulation.
Adams and Hagins (1960) have found that in the photoreceptor
cells of the gquids there is a local inflow of current within
7 nm from the site of light absorption,

This receptor current consists of an influx of

Na ¥ iong due to a local light-induced increase in Na'-
permeability as well as an outward flux of potassium ions,

In this context, it is worth - méntioning that the
light = gtimulated potentials observed in photorecepfor colls

of Limulug (stieve 1965), Cravfish(Eguchi, 1965 ), barnacle

o



( Brown, gt al, 1969) and the hopey bee ( Fulpius and
Bauman, 1969 ) are a direct congequence of an increase
in permegbility of the photoreceptor cell membrane to
‘sodium dons, -

Sekogutd (1960) and Bonting et al. (1963) have
detected the presence of ( Na = K ) activated ATPase in

the rod outer gigments and thus the ionic hypothesis
‘has further been supported, because this enzyme system
“has been implicated in the repolarization process of
nexve, muscle and electric organ ( Bonting, et al,1963)

Thus according to the ionic hypothesis, maintainence
of ionic gradients across the photoreceptor membrane is
important for visual excitation, and this ionic gradient.ﬁ
45 maintained by the enzyme, adenosine triphosphatase.

The available data ghow that the studies of this

. enzyme in the photoreceptor orgen is confined mainly to ‘
 the vetebrate eye. Sekoguti ( 1960) has detected the high
activity of this enzyme in cattle retina and outer segment.
He has found that addition of potassium to sodium-containing
. assay medium has stimulated the ATPase activity. Bonting

K et al ( 1963 ) have observed a high activity of thig enzyme
 in several ocular tissues such as retina, cilliary body,

. Iris-sphincter, choroid, sclera,Cornea, lens, and vitreous
of tat and Ban. De Pont and Bonting(l971) have detected
high activity of this enzyme in retina of the cuttle fish,

Sopia officinalis.



In spite of a considersble amount of work on the
ATPese system from the photoreceptor organs of various

| animals, there is very little information on the mg -

( Na - K ) - _ ATPase activity of the photogeceptor of
arthropods. '

The compound eye of arthropods has been

extensively studied in the past years by different groups
.of authérs from electrophysiological and biochemical point
of view, Langer ( 1960 a; 1960 b, 1962, 1963 ) has studied
the chemical composition of the eye of the blowfly, |
Calliphoxg grythrocephals and its changes upon illumination.
He has observed that after illumination, there 1is an
enhancement of motabolic activity of the eye, and he has
suggéeted that it provides the sensory cells with necessary
“ehérgy for converting the visual stimulus to nervous
éxéitationﬁ'This mechanism appears to involve cation
exchange process, which seems to be through the enzyme
( ﬂa+~ K*) - ATPase.

Tﬂe fiist réport on the studies of the ATPage
system fﬁom the combound eye of arthropods has been made
by Weber, et al, (1971, 1972 ). They have studied tho
e?zymoldgy of tﬁe compound eye: of theuwhite - gyed

mutant of Calliphora erythrocephala by means of histochemical
tests, The:study demonstrated the existence of two types
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ATPage activity - one distributed in the cytoplasm of
the gensory cells and in the rhabdomes and snother

located within pigment and seiiper cells.

Later on Rivera ( 1974 ) has made a biochemical
study on the ATPase system of the compound eye of Calliphors
greythrocephala and compered the dota with the histochsmical
observations of Veber et al, (1971, 1972 ), This seems to be
the only biochemical report on the ATPase system from the

compound eye of arthropods,

Keeping this in view, an attempt has been made to

" a study the ATPase gystem from the compound eyevof the house =
fly , Musca domestica, the honeybee, Apis cerana indicg

~and ihe fresh-water prewn, Mgerobrachjum birmanicum,

| The ATPsse system of the eye~ homogenate of
Macrobrachium birmanicun has been subjocted to a detail study.
The effoect of substituting Mg 2, by other divalent cations,
especially calcium has been investigated, The effect of

increasing concentration of Na+and K+on the ATPase activity

has also been done, In addition to this, relation between
the enzyme and the c¢o-gubstrates and the effect of bicarbonate
on the ATPase activity hag been carried out,
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Iigsug Preporation 3

Immediately after decapitation, the eyes‘ are
dissected out by a clean razor. The eyes ere then frozen
over dry ice‘g The eye preparation contains cbmea, crystalline

coneg, semper cells, sensory cells and pigment cells.

Eyes are homogenized in ice- cold 0,25 M sucroge.

- Protein determination
Protein has been determined by the method of
Lowry et 3l (1951) as follows :

0.1 ml of 0.5 N Na(H solution, containing 1O% 1
Na, €O, O.1% K,= tartrate, end 0.05 % Cusoc have been added
to O.1 ml extract ; after 15 minﬁtes 0.5 ml of a 4% aquosus
golution (V/V) of Folin- Cio Calteus Phenol reagent is
gdded. The mixture is heated in a wator-bath at a temperature

of 50°C for 10 minutes, cooled under tap-wéter and the coloup
read at 700 nm.

Bovine serum albumine in a sucrose solution is
uged as standard.
Enzymo_agsay 3
Incubation modium ¢ The complete medium or Medium I containg
S oM ATP; SmM Ngc12: 100 mM Nacl ; 19 mM Kel; 50 mM Tris-Hcl,
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PR 7.4, in a final vélume of 0,1 ml. as guggested by
Rivera(i974). This medium gives the total or
(N3 = K = Mg*™")- activated ATPase activitys

Yodium II : This modium conteins SmM ATP; 5 oM Mgcl,,
100 mM Nacl; 30™3 M ouabain and 50 mM Tris - Hcl. This
medium gives the Mg -~ ATPage activity._

Activity in medium I minus activity in medium II
»,gives the ouabain - sensitive (Na" -K* ) - ATPase activity,

Incubation has been carried out at 37°C. After
20 minutes the reaction is stopped by the addition of 17%
trichloroacetic acid.
| The reaction mixture is centrifuged and ig
inorganic phosphate is determined in the supernatant after
the method of Fiske and Subbs Row(1925) as follows:

Reagents ¢

(1) 5 N HZSQ4

(2) 2.5 % Ammonium molybdate.

(3) Reducing resgent (Fiske~- Subbs Row-reagent),25gm

of the roducing reagent is added in 10 ml of water.

Standard solution 3
1,3613 g of analytically pure KH2P0 is dissolved
in 1000 ml. of water. A few drops of chloroform are added; and
the solution is stored in the refrigerator. For use it is
diluted 1: 10, so that 1 ml. corresponds to 1 micromole of

Phosphorous§
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Procedure @

Onhe milliliter of sulfuric acid is added,
followed by 1 ml. of smmonium molybdate. After mixing,
0.1 ml of reducing solution is added. The volume is made
upto 10 ml. After mixing again, the absorbancy at 660 m u
is measured after 10 minutes in Beckman Spectropﬁotometera

_activation curve : W@a* activation curve is obtained
by varying the megnesium concentration from O-12 mM in the

incubation medium,

Effoct of Calcium 3 - The effect of calcium on the ATPase
activity of the eye-homogenate is tested by adding graded
amount of calcium (0-15 mM) to incubation medium without

~ magnesium;

Sodium activation curve : ‘The Na© - activation curve is
| obtained by adding graded amounts of NaCl (12 different
steps of varying concentrations between 30 and 150 m M )
in the totel incubotion modium,

Potaggium=activation curve: Potassium activation-curve
 has been obtained by adding graded amounts (O- 30 m M ) of

Kel,.

Effect of bicarbonatoP Effect of bicarbonate on the
ATPase system of the compound eye is studied by substituting
Nael by NaHCOy in the incubation mediums
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Relative ATPase activity in various substrate medda : fn ord -
order to test the relative ATPase activity in incubation
media with different co-gubstrates, the following media has

been used. |
Medum IIX ¢ In this medium KC1 has been ommited from
~ the total incubation medium. ,
Medium IV . In this medium both NaCl and KCl are
6mm1ted._
Medium V_: This medium contains &g?* ’ Kf and ouabain.
NaCl. is ommited. i _
Mo dium VI : From the total incubation medium both

3

. NaCl and KCl are ommited. 10 "M ouabain has been added to the

 incubation medium,

Effect of cations on the ATPase aetivity
Several d;-valent cations have been tested by

‘substituting Mgcl, by their chlorides in both the incubation
:media I end IXI The cations used are calcium, cobatt; manganese,
. copper, nickel and barium.
ffoct of to sorature 3

For the determihation‘of the effect of temperature

bn'ehzymes_activity, extracts and media are preindubated at

each temperature for 10 minutes,

“Effect_of pH

The offect of pH has been studied by preparing the
media with Tris- histidine buffers (final concentration of
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each compound ; 50 mM ) in 2 pH range of 6.0 to 9.1.

The pH of the resulting medium has been measured, and
this velue is used in plotting the assay results.
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AESULIS,

Table 17, ATPase activities in the homogenate of the
compound.eye of house~fly Miusca domgst;cg,honey-bee.

Apis ggggga,gngggg,.fresh-waterprawn. Mgerobrachium
birmepicum in umoles Pi/mg Protein/ hr, given as means

.with standard errors.

)

Samples ¥g2t- ATPase (Na'~ k*) = ATPage

- w @ v @ g

House-fly, Musca
- domesticag
Homey-bee, Apis

Cerans indica

1,85 + 0.59 1,69 + 0,40

(3 .

1:71 + 0.37

Fresh-water Prawnt'_ .
Macrobrachium v 2,88 + 0,59
birmapnicum.

1.93 % 0,38

-
P R . I s

> © » -
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Properties of ATPase system from the eye-homogenate of the

.. Effect of -

'f*~_ The effect of increasing concentration of Wgz*

on fﬁé‘tbtél ATPase activity is shown in Fig. 19.

‘Effect'of Calc;um 3

,_.§%11 Figure 20 ghows the activation Curve of Calcium
/for he eye-homogenate. The Mg = ATPase activity is found

. to be depressed when calcium is used instead of magnesium,

5 (Na* - & )~ ATPase activity is almost completely
fnhiblted by calcium.

fﬁ ffact of Sodium tagaium:
/

fon the total ATPase actlvity is shown in the figures 21 and

Effect of increasing concentration of Na* and K'

22 respectively.

' Efgect of bicarbogage:
' The effect of substituting gradually Nacl by NaHCO,

in the total ATPbse activity is shown in Figure z3. It has
been»fbuhd that bicarbonate enhance the total ATPase activity.

a Fue AIPage activ n _various gubstrate med
Table 18 and Fig. 24 shows that the effect of
different co-substrate in the ATPase activity,
Effect of Cetions on the ATPase activity: The effect of

subgtituting magnesium by other di-valent cations upon the
ATPase activity in the eyes is shown in Table 19 and Figs.25 and

26.
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Relative ATPase activities of eye homogenate

of the feesh watei prawn, Macrobrachium birmancum in various

substrate medis., Activity are expressed as the mesns ofAB

- experiments with & S.E.

Madiuni } ATPase activity %
._ I
. w2, Net , K 'g 100
1. 22, Na+ , 6uabin I 56,9 +_ 6.8
1. g%t Na' i 61.4 + 7.1
v, m* 57,8 + 741
v. ", k" ousbatn 56,3 + 6.1
m2*, ouabain 4.2 & 8,9

VI,
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Table 19, Effect of substituting hgz* by other divelent cations
‘ upon the ATPase activity of e\jes of M.birmapicum in the
étandatd incubation media ATPase acgivity in media with

Mg2*

-with standard error. |

was set at 100 . Values are means of 6 experiments

CATIONS m2* - ATPase (Na*~ K*) = ATPase
: (%) (%)

Magnegium 100 | 100

Méngat'wse 100+ 9.2 6&.519.1 |

Nickel 25,3 + 4.1 1.2 ¥ 34

Copper ' | 12,4 ¢ 2:;8 18.3 1' 4.1 '

éebapt - | 9442 + 9,1 | 88';.4 95

Barium 6,9 + 1.8 * 6,2 + 2.2
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It 1s found that the activity is enhanced only
when M2' is used instead of Ng*2.‘ Other cations tested,
on the other hand had inhibitory effect on the ATPase
éctivitv. Both the ATPaséuremains 2llmost at the same level
with cebait. -
ﬁggggg of temperature :

" Figure 27 shows the effect of tempersture on the
ehzymes activitieé. Maximal rates are obtained at 40°C,
Effect of oH : |

Effect of p Hon (Na' - K* ) = ATPase and Mgz* -

ATPase is shown in figure 28, At pH 8,6; sz* - ATPase
factivlty is optimal, The obtimal activity of (Na*.- K‘)b
ATPase is obgerved at the pH 1.2,



EX I _TO_FIGURE

Fig. 19, The effect of increasing concentration
of Magnesium on the total ATPagse activity
in the eye-homogenate of the freshe-water

Prawn, WMacrobrachium birmanicum.

Each point is the mean of 10
determinations.
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EXPLANATION _TO FIGURES

Fig. 20, Relationghip between reaction velocity

. of ATPase activities in eye=hcmogenates
of the fresh-water ?rawn. Macrobrachium
birnanicum and the Ca?h concentration,
used instead of Mg2+ in incubation
media. Each point is the mean of 10
determinatiogs.
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EXPLANATION _TO FIGURES

Fig. 21, Effect of the Na' concentration upon
sl ATPase activity in eye homogenates
- of MNacrobrachium birmgng,cum*.j* Each point
is the mean of 6 determinations + S.E.
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EXPRANATION TO FIGURES

Fig. 22, Effect of the K* concentration
upon the %l ATPase gctivity in
eye~homogenates of Macrobrschium
birmanicum. Each poiht is the mean
of 6 determinations * S.E. |
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EXPLANATION 1O FIGURES

Fig. 23, Effect of substituting chloride for
increasing concentrationf of bicarbonate
upon ATPase activities of eye homogenates

of Macrobrachium birmanicum. Each point
-+ is the mean of 10 determination:.
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EXPLANATION TO FIGURES

Fig. 24, Effect of different co-substrates on
‘ ~ the ATPase activity of eye-homogenate

of the fresh-water prawn,

- Macrobrachium birmanicum.
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EXPLANATION _TO _FIGURES

Fig, 25, The effect of substituting megnesium
by other di-valent cations upon the
(N§ —— K"). ATPase activity in the
eye=-homogenate of the fresh-water

prawn, Macm brachium W
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LEXPLANATION OF FIGURES

Fig, 26, The effect of substituting.
.magnesium by other divalent cations upon
the Ng f— ATPase activity in the eye-
homogenate of the fresh-water prawn ,

Macrobrachium birmanicum,
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Fig.

EXPLANATION TO FIGURES

27. Effect of temperature on ATPase

~activities of eye homogenates of

the fresh water prawn, ﬁagfgggggaggm
birmanicum. Incubation media an '
extracts were pre incubated at each -
temperature for 10 minutes, Each point
%gstge mean of 6 determinations
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- _EXPLANATION TO FIGURES

Fig. 28, The pH profile of ATPase activities
of eye homogenates of the fresh-water
prawn, Mcrobrachium birmanicums Each
point is the mean of 6 determinations
¥ S.E.
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S CUS S TION

The . results show that there are two distinct
types. of ATPase activity in the homogenate of the compound
eye of the house-fly, Mugca domestica, honey bee, Apig Ceraps
indica and the fresh-water praown, Macrobrachium bixmanicum .

Among the twé types of ATPase activity, one is
Ng?’ - activated and the other (Na*~ K+)~ stimulated.

»Sodium— ?otassium - activated adenosine triphosphatase -
(Na*= K*- ATPage) is cohsidéred to‘play aimajor role in cation
“transport across cell membranes (Skou, 1965; Katz and Epstein
| 1968), It is presumed that this enzyme is identical to the
"sodium~-potassium pumb“. The reason for such pregsumption is
that the hycrolysis of ATP catalyzed by the Na'=K' - ATPase 1s
 ftrans1ated into the movement of sodium and potassium against
| their electrochemical gradients( Skou 1972),

The enzyme; godium- potagsium-activated adenosine
:ttiphcsphatase (Na* - & - ATPase) occurs in nearly all-cell-
membranes over which g gradient for sodium and potassium
exisits.(BOnting 1970), In the Kidney tissues, Na*- K*-ATPase
is present in the highest concentratioﬁ in outer medulla
(Handler, Torretti and Epstein 1971). The activity has been
dotected more particularly in the thick ascending limbs of
Henle's loops, mainly’at the peritubular cel;- membrane in
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accordance with its Postulated roles in active cation
transport-(Schmidt and Dubach 1969). In the phctoreceptor
cells of various vertebrates, Bonting gt al (1964 a) have
reported that a substaegial part of the (Na*f k- AIPaée'
activity is localized in rod outer segments. Frank and
Goldsmith (1965) have reported similar findings for igolated
pig outer segmentss The higﬁ activity'of this enzyme in the
rod outer segments led Bonting abd Banghan (1967) to formulaie
their ® Cation Channel ™ hypothesis for the visual mechanism.
In view of the high activity of the enzyme, Bonting and
Bangham (1967) have assumed of thaet the enzyme is located not
oﬁly‘in the plasma membrane of the outer segmehts but also
in the rodﬁéaCbmembranes, Esrlier, Scorpelli and Graig(l1963)
.estaﬁlished histochemically, the presence of ATPase activity

in the rod sac membrane.,..

in v1ew of the above statements, it is reasonable
to presume that in the compound eye of arthropods ATPase
activity may be localized in the rhabdomésg

In the literature, there is only one biochemical
report on the ATPagse gystem of the compound eye of caglliphora
exythrocephels (Rivers 1974). The results of the present
study has been compaxed with the data of Rivera(1974).

: - + o+
4 - The properties of Mgz* -~ ATPase and the (Na - K )=
ATPagse of lbcrobrachium birmanicum are in good agreement with



Weber and Schorrah (1971, 1972) while studying the
enz%ﬁe’histochemistry of the compound eye of the blow-fly,
Calliphors erythrocephsla, have found that the ATPase 6f the

P éméﬁt cells and semper cells is stimulated by menganese and
¢alcium, while the enzymes of sensory cells and rhabdomes are
ﬁ%gpiééﬁgd'by both the cations. But by histochemical study,
1é'aé83not been'possible to determine the effect quantitatively.

" ‘~_Irn the present study, the effect of several cations

I
H

have been-tested on both the (Na*- K*)- ATPase and Mgz*-ATPase

m\:';

tivity. It has been found that manganese stimulates the
g2t - ATPase activity and depresses the (Na‘- K*) dependent

ctivity. The total activity is ohly slightly enhanced,

"The effect of bicarbonate on the ATPase activity of

"the eye~-homogenate of M Birmanicum 4s of considerable

$gnificance.

It is found that the enhancement of tal ATPase
/ gtivity produced by bicafbanate is due to stimulation of Ng2~
ATPage activity. The (N§ - K*)- ATPase activity is gradually
thhibited b bi-carbonate ions. Since the pH in the incubation
’ dium 1s-held constant, the increased ATPagse activity

bserved is due to change in bicarbonate concentration and is

independent of pH,
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The similar type of Mg2- ATP@Q@ activity by
bicarbonate is reported in many other tissues. For example,.
‘Hastings 23_3;*(1963) have found that in rat liver mitochondria,
Mg2
(1963) haS'reported'a similar stimulation in the mitochordrial
ATPase in the heart. |

- ATPase activity is enhanced by bicarbonate ions. Racker

The stimulation produced by bicarbonate on the
ATPase activity raises the possibility of its role in ion-
trangport. It is woll-established thast sodium and potassium
ions move aéainst the electrochemicsl gradients through the
energy produced by breakdown of ATP by the oﬁabain-sensitive
(Na'*- &) ATPase (SKou, 1965). Whether the transport of
bicarbonate and chloride ions also take place by means of
similar 1oh~depebdent ATPase is not known clearly snd it is

very much controversial.

However, Kasbekar and Durbin (1965), Kinne- Saffran
and Kinne (1974), Riley (1977) have detected HCO,-dependent
ATPase in seﬁeral tissues, where active HCOy fluxes have been
egtablished, |

- Winker and Riley(1977) have demostrsted the existence
of a bi~carbonate-stimulated ATPase activity in the xetina of
rat. They have also established the importance of bicarbonate
in retinal functiong |

It has been observed that the metabolic activity oanh
isolaoted mammalian retina is markedly affected by bicarbonaﬁé

!
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‘{ons (Cohen, and Noell, 1960; Riley 1964} VWinkler, Simson
and Benner 1977), - | | A‘

Riley (1965) and Riley and Voaden (1970) have found
that a great amount of decreoese takes place in the glycolytic
and respiratory rate of rat and rabbit retinas, when phosphate
buffer is substituted for bigarbonaté. Winkler, Simson and
Benner (1977) have found a similer change in the electroretinogram
potentials wﬁen bicarbonate is ommited, and phosphate or

Tris is used instead of it to maintein a constant pH.

These findings suggest that the HCO,~ ATPase detected
by winker and Riley(l®77) is of great significance in rotinal

f

function, Qur preseﬁtfobsexVations on the stimulation
produced pyﬁb&-carb@nate ions on the ATPase activity of the
homogenate'of the compound eye of M. birmgnicum suggests that
there may be a bi=carbonate activated ATPase in the rhabdome
of compound eyes. However, the Qub—cellulai localization of

such bicarbonate stimulated ATPase is yet to be done.,
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"INTRODUCTIO

A characteristic feature of the compodnd\eyes of
srthropods is the migration of screening pigmentis during
changes in condition of illumination,

In Grustacea, the three sets of retinal ngments,
distal retinal pigments, Proximal retinal pigmentis and
reflecting pigments change their position in iela ion to

light or dark-adaptstion. Distal and Proximal retinal
\
pigments are black and they consist of Ommatin, wh\ich is

related to melanin, The reflecting pigments on the\other

hand, are white in colour.

During light adaptation, both the distal.andzthe

191

proximal retinal pigments undergo dispersion. and thus they

form a sort of screen which isolates one ommadit ium from
the next. The white reflecting pigments are withdra
through the basement membrane, and correspondingly tﬁeir
reflecting power is,diminisheﬁg

In the~dark-adabted condition, a reverse phenomenon

takes place, The distal and proximal pigments are condpntratéd,

and the white reflecting pigmedts migrate above the level of

the basement membrane,
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However, the pattern of migration of thesge vretinal
pigments does not occur in the same manner in all grohps.
“and it scems that the extent of the movement and also the
number of retinsl pigments showing such movements may be a
species- specific phenomenon (Nagabhusanam and Sarojini
1970). |

| In Insei:ta, the migretory pigmentg are confined to
the pigments of iris cells, which are also known as

‘ screening pigments or accessory pigments. The most
aimportant and widely distributed groups of accessory
\pigments are the Ommochromes which axe formed from the
amino acid tryptophan through th@ intermidiate Kynureaine
gnd hysroxy=kynurenine( Butenandt gt al, 1954) ,Different
l;i‘inds of Ommochromes are now recognised, among which
C\nmatin, Cmmin, and Ommidin are the most important.

There are threce different types of ommatin. of
which Xanthomatin is the only one found in the eyes, It
it: the principal pigment of Calliphora and redated flies,

Qnmins. are the most widely distributéd among the
o@ochrém pigments of the compound eyes of insects. It
differs from ommstin by having higher molecular we.ight, and -
by %howing less tendency to auto-oxidation(Wéglesworth, 1957),
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Gnmidin , which is related to Ommin iséfound in
the eyes of Qrthpptera. These accessory pigmenﬁ granules
change their position in relation to light or ﬁgrk-adaptation.
However, the anatomical changes during light orldark-
adaptation in insect compound eye do not show tQG same

pattern in all forms, ,
\

In apposition type of compound eyes, the light-dark
adaptation is associated with radial movement of ' screening
pigments. In the dark - adapted state, the sacks of the
endoplasmic reticulum known as Palisade surround Ehe rhabdom.
ijor portion of the retinula cells upto 6ne-thir@ of its
width from the rhabdom is occupied by the elongate. large
vesicles of the palisade. The pigment granules ocour ‘

- between the vesicles of the palisade as well as 1n~the
peripheral cell-cytoplasm ( Kirscfald and Franceschini
1969 ). _A : ‘ |

During 1ight-adapted condition, the palisadel is
reduced in extent., Accessory pigment granules of thé
retinula cells move towards the rhabdomeres. In Musda,
~ accessory pigments agpproach the rhabdomeres closely during
the light- adapted condition, but not pal1sade has been
clearly demonstrated ( Kirschfeld and Franceschini,1969).

)
i
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In lepidopteran compound eyes and,also in the
Fire-flies, light-dark adaptation is associated with the
longitudinal movement of pigment granules in the retinula
and pigment cells, Most of the animals in this group are
nocturnal and are not active in the presence of bright

light.

In some compound eyes, eg. in the beetle
Dytiscus, light-dark adaptation, causes the movement of
somes of the retinula cell bodies (Walcott 1969 ).

In some acone type of compound eye, the most notable
feature during light or dark-adaptation is the extensive
changes in the shape of the cone cells and also the movement
. of cone=cells, crystalline tract and the rhabdom of the
retinula cells, A typical example of this case is the
compound eye of the hemiptera, Notonecta (Walcot,1974)

Despite the fact that the studies on pigment
migration in the compound eyes of arthropods started long
back, as early as in 1889 by Exner, the mechanism by which
pigment granules change their position during light-dark

adaptation is not clearly understood even now,

In crustacea, however, 1t'is known that the
movement of the distal retinal pigments are controlled by

some hormones present in the eye- stalk ( Bennit 1932).
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Welsh ( 1939) hag demonstrated in the.eye- stalk of the
crayfishes Procambrus clarki and Orconectes limosus a
factor which could bring the distal retinal pigments to
light-adapted position. A similar type of light-adapting
hormone has been reported in the eye-stalk of Palaemonetes
by Kleinhelz ( 1936). Brown, Hines and Fingerman(1952)
have found a distal retinal pigment light-adapting hormone
in the supra-oesophageal ganglia of Palaemonetes. The
presence of this hBrmone in the eye-stalks and supra
cesophangesl ganglia of dwarf crayfish, Qogbgrellué
ghufeldti has been demonstrated by Fingerman ( 1957 ).

Similarly, a proximal tetiﬁal pigment dark-
adapting hormone has been proposed in the eye- stalks of

Palsemonetes and QOrconecteg by Fingerman, Nagabhusanam
and Phillipot ( 1962 ),

In insects.'the mechanism which controls the
migration of the screening pigments is very poorly
understood. Most of the works in the areas have been performed

in the eyes of lepidopteran insects.

Day ( 1941) has found that acéessory pigments of
moths move to the light adapted position when the animal
is subjected to cold, narcosis, CQ, or sometime general

injury . Stavenga ( 1977) has reported that the circadian
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movement of distal pigments in the preying mantis and

Katydids are influenced by temperature. He has found that
day-adapted state can be established at night by cobling.

R These findings suggest that the compound eyes
possess a greatei metabolic capacity in order to move the'
bigments to the dark adapted position than for mdvemen}
in opposite direction. It is suggested that some energy
requiring processes are operative during the distal
-migration of the screening pigment and light has an .
inhibitory effect on it. ( Goldsmith and Bernard 1974 ).
Veron ( 1973 ) has feund that in the dragonflies, |
Austrolestes ggnulogug‘andllgchnggg hoterosticta, pigment
~migration in the eyes isfassociated with ptonqﬁnéed colour
changes which superficiqlly resempie those of their'
epidermal chromatOphqres; When the pigment is concentrated
around the base‘of the crystalline cone, a dense layer
of tyndall blue bodies produce bright .“'blue-phase"
colours. During derk-phase, distal migration of the pigment
occurs, which disrupts the Tyndall effect and the eyes
turn grey - Srown in colour. By performing many experiments,
Veron (11973) has proved that at 1east‘in Austrolesteg
ggnulggugAand Ishnura heterostictas the eye pigment
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migration and the migraticn of the epidermal chromatophores
are under similar environmental and physiological control.
He has found thet changes in temperature can influence
‘pigment migration of the eye, as well as the epidermal chro-

matophores.

Keeping these in view, an attempt has been made

to study certain factors especially the temperature in
relation to pigment migration in the compound eyes of the

houge- fly, Musca domestica and the honey - bee, Apig
| cerang indica. A preliminery study on the effect of lightt
agd darkness on neurosecretion of these insects has also
béen performed in view of the suggestions by some suthors
regarding the influence of neurosecretion in pigment

migration ( Veron, 1973 ).

.In additicn to this, the effect of cyclic- AMP,
S5 =« hydroxytryptamine and colchicine has been studied on
the migration of pigment granules in Mugca and Apig,

However, it has not been possible to perform any
experiment on the pigment migration in the eye of the fresh
water prawn, Macrobrachium birmanicum and the marine prawn,
Metapinneus sp. because of the practical difficulties in
maintéining them in the laboratoryf
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MATERIALS AND METHODS

Sgudieg on light or dark adaptation: To examine the
position of the pigment granules iq light or dark~ adapted

condition, two groups of experimental insects, each containing
about 20 insects have been collected. One group has been |
kept in normal Sun light for asbout 5 hrs. After the required
period of light~ adaptation, the insects are kelled and

then the eyes are fixed in * Susa® fixative, Rout_ine
histolegical preparations are made by paraffin methods

and gaections are cut atAabout 8'“'thick.

The other group of insects has been adapted to
complete darkness by keeping them ‘in the photogréphic
" Dark room" for the same period as the light- adaptation
experiment. After f.he experiment, the eyes are gimilarly

fixed in ® Susa ® fixative a»nd section are cut at 8Y thick.

Effecf. of temperature:

Veron (1973) has reported that temperature effects
the migration of scfeening pigtrénts of the compound eye as
well as the epidermal chromatophores. In view of the ;bove
report, the effect of temperature on pigment migration in
the eyes of the house-fly, Muscs domestica and the honéy
bee, Apig cerans ipdica have been tested.



199

Exgeriment_No,;. Effect of hioh temperature (28 - 3000} on
light adapted insecta: -

A group of experimental 4insects are light adapted
by expesing them to normal sun-=light. They are then divided
into two groups. One group is kept as control and the other
is aiven a high temperature - treatment by placing them in
olass jars submerged upto their neck in s water- batch,

maintained at 3 temperature of about 28 -»30 °c.

EXPERIMENT NO.2

Effect of low temperature on Dark-adapted insects

Experimental insects aie kept in glass jars, which
are painted with blaék paint to prevent the entry of light.
The jars are then pléced in a water-bath}y the temperature

of which is meintained st about 15°C .

After ihe required period 6f temperature treatment,
the ingects are fixed in ? Susa " fixative, routine histo-
:logical preparsationg are made and sectionsg are taken at
about 8/'thick, |

The sections are then compared with the control

ones.
Effoct of lioht and darkness on Neurosecretion.

To study the effect of light or darkness on the
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neurosecretory system of Musca and gig the insects are
4given a light or dark treatment for about 5 hrs.

After the required period of light or dark -
adaptation the insects are kdlled 4immediately and the

heads ere fixed in alcoholic Bouin s fixative.

For the histological preparation of the neurosecretory
cells. a number of fixatives such as Zenkeru formol Helly s
fluid, Regaud's fixative, and 8% formalin are tried. However,
-the best.results are obtained when the tissues are fixed in
alcoholic Bouin's fixative. The complete head of the
experimental ingects are kept in Bouin's fixative for 24
hrs. Routine histoloéicai‘breparatioﬂs are made and
sections are prepared at 101“ thickness, To dotect thé

neuroéécretory cells the sectiong are stained in Gomori's

aldshyde - fushsin (AF), modified by Cameron and Steele
( 1959), as follows - |

(1) The paraffin sectiong, after deparaffinizaticn.

are brought through ethanol series down to distilled water,

(2) The sections are then oxidized in oxidant
( SQVKNhCh in 100 ml water containing 0'30 ml concentrated
HpS0,) for 2 to 3 minutes. |

(3) ©xidants are then blotted off with stips of
filter paper. The sections are bleached with 4% Sodium
bisulfite, The solution is renewed once or twice until it

it becomes perfectly white,
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{4) Thé ‘soctions are then washed in distilled water for
% to 10 minutes. |
(3) e sections are transferred through 30% to 70% alcohel.'
(6) Staining is done in paraldehyde fuchsin stain(Basic |
fuchsin 1g; conc.ﬁtl 1 ml; paraldehyde 2 ml; 60% alcohol
100 ml ) for 2 to 10 minutes. |
(7) Excess stain %s quickly blotted off with a filter paper.
(8) Stain 1s differentioted in 95% alcohol until no more
| .BUperfluoua-stain‘ié'given of £, | . ,
(9) Th$:éect16n§ are dehydrated, clesred and mounted 1n DPX, -

Ib study whether there is any effect of any drug

on the-migration.of screening pigments in the compound eyes
of Eyg,g and Apis, cyelic AMP, 3= HT and colchicine have
been applied to both the dark and light-adapted insects.

CVclic AMP 19 uged in the concentration of 10 6

and the concentration of 5-HT is 10 ‘SM. Thesa concentrations
have been used succeesfully by other authors in other tissues
{ B@rridge 197); Hood 1973 ).

’ Poth the substances are dissoved 1n Insect Ringexr
solution and are applied~tcpically.
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Effect of colchicine: Colchicine has been tried only in

the dark-adapted inseéts to examine whether it can bring
the screening pigments to light sdapted position as has been
suggested by Miller md Cawthon (1974). |

' The insects have been dark- adapted and colchicine
- has been applied topically in the dark-adapted condition
itself. Colchicine was dissolied in insect Ringer solution

and the concentration used was 10~ M

OBSERVATIONS

The position of the pigments during light and dark -
adaptation in house fly, and honey bee'are shown in Figs.
29, 30 and 31, 32 rogpectively.

gffect of température:
It has been observed that the pigment pigration in
. the eyes of both Musca and Apis are very much affected by

temperature,

When the light -adapted insects have been expased
to high temperature, it is found that after about 5 hrs. of
such treatment, the section of the eyes appear more or less
like dork - adapted ones, in reletion to the pogsition of the

migratory pigment granules,



EXPLANATION _TO FIGURES

Fig; 29. 1/S through the eye of light-adapted
house-fly, Musca domestica showing the
radial movement of pigment granules.

10 x 40 '

Cc , Crystalline cone,
Rh » Rhabdom.






EXPLANATION _TO FIGURES

Fig. 30.' T/S through the eye of’dark-adapted
house=fly, Musca domastica showing |
peripheral distribution of the pigment
granules, ' :

10 x 40,

Co , Cornea ,
Cc , Crystalline cone
Rh , Rhabdom.






EXPLANATION _TO_ FIGURES

Fig. 31. T/S through the eye of light=-adapted

honey - bee, Apis cerana indicg showing

‘the radial movement of pigment granules.
10 x 40,

Cbi; Crystalline cone -
Rh , Ehabdom.
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$2g. 32, T/S through the eye of dark-adspted
honey bee, Apis Cexana indica showing
peripheral distribution of pigment
- granules. ‘ ' |
10 x 40

Dp , Distal pigments.
Rh , Rhabdem
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Similarly, it has been found that low ~-temperature

¢can bring the pigment = gronules of a dafk ~adapted insect
towards a position more or less similar to licht - adapted

forms,

Effoct of Light or Daxkness on Neuxosecretory
system _ :

It has been obsexved that , both in Musca and
Apig , when the insects arxe kept in darkness, there is a
large accumulation of neurosecretory materials ( Nsm )
in the form of compact neurosecretory granules,( Figs.
33, and 34 ) as evidenced from their positive reaction
to paraldehyde - fuschsin stain. The granules appear

purple in colour.

In contrast to this, when the insects are kept

in continuous light, it has been observed ghat there is a
significant reduction in the quantity of tﬁe neurosecretory
material in the cell-bodies, presumably due to the axonal
~transport of neuroscretory material. The Cytoplasm now
appears lightly stgined, and the shape of the cell becomes

slightly irregular ( Figs, 35 and 36 ).

Effect of cyclic AMP , % - HT and Colchicine:

Since, our study depends on the exemination of the

paraffin sections with light - microscope alone, it has not
been possible to detect thé effect very clearly. However,



EXPLANATION _TO FIGURES

Fig. 33. Longitudinal section passing through
.the brain of the dark-adapted house
fly, Musca domegtica, showing the
large sccumulation of neurosecretory
materials in the form of compact
neurosecretory granules, 10 x 40,

Nsc, Neurosecretory cells,






_EXPLA [0_FIG

Fig. 34. langi&dinal' section passing through
the brain of the dark-adapted honey
bee, Apis cerana indica, showing the

“large accumulation of neurosecretory
materials in the form of compact
neurosecretory granules, 10 x 40,






Fig. 39. Longitudinal section passing through
the brain of light-gdapted house fly,
Musca domestica, showing the lightly
stained cell-cytoplasm, and irregular
shape of the neurosecretory cells.

10 x 40,






EXPLANATION YO FIGURES

Fig. 36. longitudinal section passing through the
brain of light-adapted honey bee, Apis
cerana indica , showing the lightly

stained cell-cytoplasm, and irregular
sgape4gf neurosecretory cellss
10 x .

Nsc, Neurosecretory cells,
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careful observationg of'a large bumber of sections and
comparison with suitable contrdi reveals that cyclic AMP,
5 « HT end colchicine have gome effects on radial pigment
migration in the eyes of Mugca and Apig. It has been
found that these substances can bring the pigment granules
from dark ~adapted towards a light - ‘adapted condition.
It is obgerved that among the substances used, colchicine
has the most pronounced effect on pigment movements,
When the insects are dark-adapted and treated with hiyh.
concentration ( 10'2M ) of colchicine, the dark - adapted
condition is not observed in the eyesd as compared to the

dark control.

In the control insects, it is observed that the
pigment granﬁles are present towards the peripheral
portion of the retinuala cells whereas in the tréated
ingects the pigment granules are observed towards the
rhabdom, a condition more or less similar to the light
adapted - forms ( Fig. 37 ).



EXP TION TO FIGURES

Fig. 37.  T/S through the eye of the dark-adapted
and colchicine-treated house-=fly, Mugea
gdomestica 10 x 100,, showing the effect of
colchicine on bringing the pigment granules
from DARK towards LIGHT-adapted condition..
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'DISCUSSION

Most of . the diurnal insects have appositién eyes
in which radial movement pf-pigment g:anules occurs,
whereas pronounced longitudinal pigment migration are
characteristic feature of nocturnal or crepuscular
species with superposition eyes. The ogtiCaIVfUnctidn of
pigment migration and other photomechanical effects is
presumably to control the amount of light in the
photoreceptor erganelle, i.e. the rhbdomere. The rhabdomere
has a higher refractive index than its surrounding mediuh'
( Stavenga 1974 ), and because of this, it acts as optical
wave- guide ( Snyder 1974 ). The amount of energy that is
propagated in the organelle is 5 function of the refractive
iﬁdex difference between the organelle and surrounding
matefial and of the organelles physicai dimensions and
th@ vigvelength of light, As'the radisnt energy propogates
within the organelle, a small fraction is outside the
organelle, The pigment'granuies brbught in this manner near
the organelle has two effects - it tends to increase the
refractive index of the surrounding zone wéth which
"frustrates® total internal reflection and increases the
intensity in the surrounding; Secondly, the pigment granules

sbgorve s fraction of the light coming from the organelle,
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_Adgitionally, the pigments will absorb light in the
retinular cell that propagate outside the rhabdom.

In spposition type of compound eye, on illumination,
émall»pigmenf granules which are dispersed throughout the
visual cells during dark = adaptation move towards fhe
rhabdomere. The granules assembled in the immediate
neighbourhocod of the rhasbdomere constitute a longitudinal
pdpil.: | |

‘ The mechabism by which the pigment granules alter
their position in rqlation-touchange in the condition of
illumination is not known clearly. In an attempt to study
the effect of various factors on migration of the pigment
granules, it has been observed in the present investigation
that, the pigment migration in the eyes of the house-fly,
Musca domestica , and the honey bee, Apis cerena indica
' is markedly affected by temperature. Similar effect of
temperature on pigment migration has been reported in
various insects by different authors. O’Farrell (1964 )
has foudd*that the chromatophores of Diphlebia spp.
are sengitive to change in light intensity as well as to

temperaiure.

Day ( 1941 ) has found that the distal eye- pigment
cells of the moth, Ephegtia are substantially sensitive to
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change in temperature as well as light intensity. Some
gimilarity may also exist betwsen the diurnal rhythm of
sensitivity to temperatute change, as in the chromatophores
of the dragonfly, Augt;oléstes'gnnu10§pg (Veron, 1973)
and the diurnél change in the rate of eye-pigment

" ‘migration observed in other insects ( Demoll, 1911;

" Horstmann, 1934; Jahn and Wulff, 1941 ), B

Srinivasan, Bernard and Stavenga ( 1977 ) have
found that in butterflies-at temperature aboﬁe the ambient
24.°C, sensitivity of the pupil is reversibly reduced.
Increase in temperature speeds up cldsing and opening of
the pupil. In Nymphalis, a temperature increases bf 10%
decreases the half- time of cloging by 25% and that of

opening by 15%. In genersl, closing - speed is more
'Atemperature - sensitive than opening -~ speed., In Eurems
'a temperature increase of 10°C decreases the closing half
time by 55%, but there is no moasurable change in opening
half time. It has been hypothesised in the literature
that the light=attenuating granules which mediate the
pupillary response are in continuous random motion within
the retinular cell, and that this ® Brownjan motion®
mediateslopening of the pupil in the dark,, However, the

'importance of Brownian motion as a mechanism for pupil -
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opening is questionable. Stavenga ( 1977 ) found that

- circadian movement of distal pigment, which is observed
by examining the psendépupil in crabs, praying mantis,

: Katydid, Li'ulu_, etc . are also sensitive to temperature,
These pigment movements cause the ommaditial aperture to
be enlarged at night, . The day - adapted state can be
established at night by cooling. ’

The physiological contrel of eye- pigment migration

in insects has long been a subject of debate, any’early
workers believed that eye-'pigment.migration is under direct
nervous control ( Demoll, 1911). Somé authors ( Friza 1928;
Uchida, 1934) have suggested that control is more likely to
be hormonal. Colling ( 1935) has concluded that the moth,
Capoc ,» has independent effectors; whilst Day (1941),
after finding that cutting the Optic tract in the eyes of
Ephestia prevents repeatable migration, has supported the
concept that the control is by nerves. However, by showing
gﬁat normal, reversible pigment miération can take place

in isolated eyes, Tuurala ( 1954 ) has proved that at least
in some moths, pigment cells are either independent
effectors or are under gome locael controls. Veron (1974)

has suggested that in the dragonflies,Austrolestes gnnulosus
(Selys) ( lestidse ) and Ichnura heterosticta ( Burm )

r
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( Cbenargrionidae Y eye pigment cells act as independent.
effectors during proximal migration but the control of
‘distsl pigment migration appears to be complex.He has
'obse:ved that the distal pigment migration in Aggﬁ;g;gg;gg'
and Ichnura is eignificantly reduced in the eyeé and in
- head chromatophores of decapitated insectss Very iittle
: migraiion‘occurs in isolated eyes and none has béén'observed
lin isolated pieces of eyeé;‘ﬂe haé'élso observed that distal
.pigment'mtgratién occurs at siﬁiléf'rates in both distal
eye—pigment c¢ells and epidermal chromatOphores.
‘ ~ Gn the bagis of the results of these experiments.

_Veron (1974) has suggested that distal migration of the
- pigment granules '

 ‘probably nnder the neuroseczetion.'

‘The existence of & relatioéshib between'thé
elaboration of chtomatotrop;ne and nebrosecretion is
readeted'probable by the results'of Dupoui» Raabe (1956,
1957) establishing the presence of neurosecretory cells in
the tritocérebrum of phasmidae, a region in which the
nerve- centres have been ghown by pharmacodynamic test to
be particularly rich in chromatotropins.

Quite a number of other régiops in the central

_nervous system of insects as well as the corpora cardiaca
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contain chromatotropins. B. Scharrer ( 1939) noted that
there are indications of the elaboration of some of these

subgtances by ncurosecretory cells,

Gabe ( 1966) has suggested that, since all
gegments of the central nervous system contain

nehrosecratory cells, it possible that the chromstotropins

of the corpors cardiaca heve the same charecteristics as
those of the cerebral ganglion ( Dupont - Raabe, 1992);
Removal of the corpora cardiaca does not effect colour-
adaptation in phasmidae ( Dupont- Raasbe 1951) and section
~of the nervi corporis cardiaci lead to the disappearence
_of all chromatotropic activity from extracts of corpors

cardiasca ( Cameron, 1953),

In the present study regarding the effect of light
or derkness on the state of activity of neurosecretory
cells, it is found that in the dark-trested insects there is
a large accumulstion of neurosecretory material, whexeas
in the light -~ adapted ones there is reduction in the
quantity of the neurosecretory material in the cell- bodies
of median neurosecretory cells, Presumably during light -
adaptation axonal trénsport of neurosecret;ry material
takes places. It may be suggested that in the dark-treated

ingsects the rate of discharge of neurosecretory material
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is slower, whereas in light-treated ones the rate of
]

production of neurosecretory material is slower than the

rate of discharge.

In general, there are two basic types of
neurchormones present 1n‘tﬁe neurosecretory system of
insects., One type is represented by compounds of relatively
low molecular weight. These are catecholamines_( dopamine,
adrenaline, non-adrenaline ) or biogenic amines like.

B hydroxytryptahine ( Gersch 1970 ). The other type is
charecterized by compounds of relatively large molecular

weight such as peptides or proteins.

It is well established that catcholamines and the
biogenic amines like 5= hydroxytryptamine are responsible
fprg physiological phenomena which take place rapidly'and
their.liberation is so to speak inétantaneous . In this
context, it is of interest of mention that pigment migration
in the compound eye of insects is also a very rapid process.
Franceschini and Kischfeld (1969) have observéd that
pigment granule movements in Mugca on light adéptation are
. very rapid and occur even in a few seconds, The palisade
~in Locusta requires 15 minutes of dark -édaptation to
develop fully ( Walcott, 1974). In cockroach Periplansta
gwsxnnaﬁam mericang, where both palisade and pigment



aranule changes have been observed, anatomical light-
adaptation xeqpires 10 minutes of exposure to light

( Butler ,1971 )., Thus in any attempt to study the effect
of neproscretion.in pigment migration of'the compound =
eyes of insects the involvement of éatecholamines or
biogenic amines, like 5 ~ hydroxytryptamine seems to

be important.

With this view, the eoffect of S-hydroxytryptamine
on the migration of pigment granules on the compound eye
of Mugcs and Apis has been tested. It has been found that
5- hydroxytryptemine can bring the pigment granules from
a dark=adapted pogition towards a light-adapted condition.
In this context, it is worth-mentioning that S-hydroxy-
tryptamine has been reported to have melanin-aggtegating
~action ( Scheline 1963; Scott 1965 ).

~

In addition to this, the result obtained in the
fpresent'investigation regarding the effect of colchicine
on'pigmani migration'is ofnsignificance. It has been
observed that When,high concentration of colchicine is
applied to the dsrk~adapted insect, histological
preparations.of the eyes appoar like light-adapted ones in
relation to thg pogition of the piément grahples. Similar

effect of colchicine has been reported on pigment grsnule
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movements in Limulug photosgceptor by.&ﬁller‘and Cawthan
('1974), They haverbserved that high cencentration of
colchicine ( 10 -2n ) causes the pigment granules in the
retinular éells té'move.go the light « position., In
addition to_this. they have repdrted the presence of
radially'oriented microtubles in the retinular cells,
The microtﬁbules have been easily detected in the
retinuiéf 69113 oflcolchicine treated materials.

Bacuase colchicine specifically binds the tubuline
protein of the microtubule‘’s subunit( Shelangk and Taylor
1968), they concluded that the radially oriented
microtubules of the retinular cell mediate the light |

{ and daxrk « induced pigment migration id Limulus.

in case of-cell—movements in compound eye of
:arth:opodé algo, there sre sub-cellular structures which
%could afféct some 6f the movements. In lethocerus, for
1example, microtubules.occur in great numbers in all the
cellg which move ( Walcott 1971 a ). In the cone cells and
primary pigment cells, the microtubules are highly oriented
in the directions of movement, Similaf orientations are seen
in the cone cells of a mégalopteran ( Walcot and Harridge,
1971 ),



GENERAL DISCUSSION
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GENERAL DISCUBSIONS

The compound eyes of arthropods are of considerxable
interest in elucidating the visual system of animals.Compound
eves are image-forming eyes which are particularly efficient
in detecting movement in their total visual ficlds. In addition,
many of the arthropods exhibit orientation relative to the
direction of vibration of polarized light, which suggests the
existence of a polarized light analyser with the eye. . If ve are

to understand how the compound eye functions in response to a
light stimulus it becomes important to study its structure and

chemistzy.
In the present investigation, some attempts have been
made to study certain very important aspects of arthropod

vision and some interesting observations have been made.

While studying the histochemistry and bio-chemistry
of the lense-cuticle, a protein-carbohyﬂrate complex, "Acid
mucopolysacchérde" has been detected in the compound eyes of
the houge fly, Musca domesticy, the honey bee, Apis Carana
indicay, the fresh-water prawn, Macrobrachium birmgnicum and
the marine prawn, Metapinneus sp. thopolysaccharides have been
detected in certain specialised arthropod cuticles and different
roles for the substances have been suggested in different types

of cuticles, Meenakshi and Scheer (1959) and Sundara Rajulu(1969)
have suggested that acid mucopolysaccharides of the cuticle of

Hemigrapsugs nudus



and Cipgalobolus bugnioni respectively may have important

roles in clacificetion of the cuticle; Krishnan(1965) has
suggested that acid mucopolysacchérides may be agsociated
with S-S5 bonding of the cuticle in the scorpion;Palamnous
swammerdami; The presence of acid mucopolysaccharides in
the sub~cuticle of insecfs,such—as Philosamig cynthie
(Taylor and Richards,1963), has been assumed to indicate
the region where the chitineprotein complexes are formed:
.Due to the high water-binding capacity of the acid
mucOpolysacbharides, their occurrence in 1ntersegmenta1
cuticle of the queen of the termite, Odototexmes obegus
has been suggested to impart to the extreme flexibility of
the cuticle(Sennasi,1969)¢ Now lens-cuticle is a modified
cuticle and hence it is reasonable to presume that the
mucOpolysaccharides present in the lens may play somo
uimportant roles in the visual phenomenon of the arthropod,

Since in the present investigation; studies have been
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performed in various aspects of arthropod vision. it has not

been possible to study the mucopolysaccharides alone of
éhe compound @yes in detail, Thus it would be of grest

significance.’if one can study the mucopolysaccharides of

the compound eye in detail and to find out whether the

-function is mechanical or optiosl,

Another interesting observation which we have been

made is the detection of ascorbic acid in the compound eye.

As already mentioned in the relevent section, ascorbic acid

may play some important roles in energy generation of the
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Photoreceptor. In addition to this, an important point,
which can be mentioned here is that gscorbic acid mey
have some role in synthesis mucopolysaccharides which are
specifically present in the len cuticle. Evidence for and
against ascorbjte stimulation of sulfated glycésaminoglycans
are found in the literature. Human skin fibroblasts in
 tissue culture produce mo;e sulfated polysaccharides in
the presence of ascorbate( Dische,1947). Kafoed and
Robertson (1966) on the other hand, suagest that ascctbéte
.is not reduired for chondroitin sulfate synthesis in
guinea pig trachesl cartilage. lavietes(1971) has shown

| thét the presence of ascorbate in the culture medium doos

affect the distribution of the chondroitin §ulfate synthesized.

With these reports in view, it can be suggestéd that,
it will be of significonce of study whether there is any
such relationship between mucopolysaccharides and ascorbic

acid in the compound eye of arthropods.

Fluorescence in the compound eyes of arthropods is
another aspect where some interesting ob;ervations have been
made. In this context, detection’of resilin in the lens.cuticle
of the houée-fky, Musca domestica , the honey bee, Apis
gggggg,gggggg; the fresh-water prawn, Macrobrachium birmanicum
 and the marine prawn, wbtgginneﬁs spe. is of significance., In
addition to this the qualitative studies of ptezidines>1n the
compound eyes would certainly serve as spring board for future

study,



239

Another interesting observstion made on the'compound
eye.of house-fly, honey-bee and the fresh-water p£awn is
the'study of the enzyme adonosine triphatase(ATPase). The
mechanism of enhancement of metabolism which supplies’the
necessary energy for the mechanism of stimulus procegsing
and convergion into nervous;excitation by the sensory cells
appears to involve cation exchange process(Bonting,1969).
The role of (Na'- K')- stimulated ATPase of cell.membrane

in active cation transport has been well-established

~ (Skou,1965), Therefore it is possible that this enzyme is

involved in the visual process, in which cation transport

plays & role,

In addition to all these an important observation
made on the visual system of arthropods is the effect of
certain factors on the light.stimulated pigment migration
in the compéund eye . It has been observed that temperature
- has a significant effect on the migration of screening
pboments. Colchicin, S-hydroxy tryptamine and cycle AMP,
applied topically on the head snd eye, have marked affoct on
migration of the gcreening pigments in the compound eye. In
‘addition to thig it has been observed that neuogcerection may
play some very important roles in pigment-migration. But in
‘spite of all these, it is not possible to tell exactly, which
faétox is respongible for pigment higration.

Considering all these, it can be concluded that much

resesrch still remains before one can completely understand
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how compound eyes are structurcd for performing such

a complicated physiological phenomenon of vision,



SUMMARY
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SUMMARY

In the present investigation, certain physiological,
bibéhemical and histochemical studies héve been performed
on the éompbund eyes of the house-fly, Musca domestica, the
honey bee, Apis cerana ;gg;;g. the fresh-water prawn,
Macxrobrachium __gmgg;_gm and the marine prawn Netapinneus spp.

which can be summarised as follows :=-

N 1. In the lens.cuticle of the above mentioned
arthropods, a protein-carbohydrate complex, acid mucopoly-
saccharides havé been detected by histochemical tests. An
atteﬁpt has also been made to extract the mucopolysaccharides
from the compound eye of these arthropods. After extration,
'the sugar components of the crude mucopolygaccharide extract -
have been analysed by means of paper chromatography

following scid hydiolysis of the mucopolysaccharide extract.
With a view to know the nature of the mucopolysaccharide, it
has been gubjected to paper electrophoresis in various buffer
systems end the Rf value has been compared with some

standard muCopél?saccharides such as chondroitin 4-sulfate,
chondroitin.6 sulfate. keratan sulfate and heparan sulfate,

It has been found that the mucopolysaccharide extracted from
the compound eye of all these arthropods behaves like sulfated
mucopolysaccharides,= more particularly like chondroitin-4-
sulfate, in the electrophoretic field. The significance of

occurrence of this substance in relation to arthgoped vision
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xs discugsed,.

éi' In an attempt to étudy the-significance of reducing
subgtances in generation of energy in the photoreceptor,

thé compound eyés of ggggg; Apis, Macrobrachium and
Metapinneus have been gubjected to the study for detection
of ascorbic acid., The histological preparations of the
compound eye of thege arthropods have been subjected to
histochemical tests for detection of ascorbic‘acid. In
addition to this ascorbic acid turn over in tﬁe compound

eye of each of these arthiropods has been estimated colori-
metrically, It is known that ascorbic acid in the biolegical
system occurs not only in free form(AA)., but also it occurs
in the bound form, or ascorbigen (ASG), It s also known
that ascorbic acid is acted upon continuously by a number of
oxidizing enzymes. Further, chinoy(1967,1969) has reported
that in iiving.system endogenous as well as exogenously added
ascorbic acid forms a complex with macro-molecules like
proteins and nucleic acids. Isherwood and Mapson(1962) have
suggested that in a tissue, the actual concentration of
ascorbic acid iepresents the excess, formed in gynthesis over
fhat used in the compound eyes has been studied by
gimultaneous determination of (i) free form of ascorbic acid,
‘(11)’bouﬁd form of ascorbic acid or ascorbigen(AsG), (i34)
enzymic utilizafion of ascorbic acid(AAU) and(iv) complexing

of ascorbic adid with macromolecules,
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3. It has been known that the compound eyes of
arihropods show blue or blue-gree fluorescence when
irradiated with U- V light in a darkened room. In the
present study, attempts have been made to detect gome
flﬁoreééent substances from the compound eye and to find
out the significance of their occurrence. In this ﬁcntext.
the detection of resilin in the léns—cuticle is of
significance, Resilin has been detected by staining the
histological preparation with light @reen-Toluidine blue
combination, by analysing the amino-scids and detecting the
‘two fluorescent amino-acids, di-tri- tyrosine by paper
chromatography and by studying the swelling properties of

the lens=cuticle.

In addition to this, pterfidines has been studied in
‘the compound eyes by extra;ting them and then by alalysing

with paper‘chromatogréphy and examining the chromatograms
with U=V light.

4, While studying the enzymology of the compound eye,
.the knowledge of which is very gcantéﬁ' in the»%xigtihg'
literature, we made an attempt to study the adenosine
tri~-phogphatagses system (ATPase $ystem), Both the

(Na#F ﬁ) - activated and‘wg 2+~ activated ATPase have been
studied in the compound eyes of house~fly, Musca demestica,
honey-bee; Apig cerang indica and the fresh-water prawn,
Mocrobrachium birmanicum., The ATPase syﬁfem of the eye-~

- e R
homogemate of Magrobrachium birmanicum has been subjected
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to a detall study. The effect of substituting g2t by
other di-valent cations especially calcium has been
invéstigateqﬁ The effect of increasing concentration of
n§ and Rf on the ATPage activity has also been aone% In
addition to this,Arelaiion between the enzyme and the
co.substrateg and the effect of bicarbonatepon the ATPase

activity has been carried out.

-5,  Last but.not the least important observation, which
has been mete in the present investigation is the studies
on the factors affecting'the migration of gscreening pigments
gn the compound eye. An sttempt has been made to study the
effect of temperature on pigment migration in compound eyes,
It bhis been observed that temperature has marked effects
on migration of screening pigments.vWhen,light-adapted
insects are exposed to high temperature, it is found that
the histological preparations of the eyes appear like dark-
adapted ones, in rélation to the position of the migratory
pigment granules,451milarly. it has been found that low
temperature brings the pigment.granules of a dark-adaptedv-

‘insect towards a position more oiniess-Similar to light

adapted forms,:

In addition to this, a preliminary étudy on the effect

of light and darkness on neumosccretion of these insects

have been performzd in view of the suggestions by Veron(1973)

regarding the influence of neurosecretion in pigment migration,
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It has been observed that in insects kept in darkness,
there 1s o 1argé accumulation of neurosecretory materials
(NSM).in the form of compact neurosecretory granules.

When the insects are kept in continuous 1igﬁt,‘it has been
obgerved that there is a significant reduction in the
quantity of néurogecretory materials in the cell-bodies,
presumably due to the axonal transport'Of,neurosecxetory

materials.

Finally, we have also studied the effect of cfclic-AlP,
S hydroxytryptamine and colchicine on the movement of
screening pigments. It has been observed that among these
substances, caléhicine has some effect on pigment mogements.

When the ingects are dark-adapted and treated with 10™2M of

colchicine, the dark-adapted conditicn is not obgserved in
the eyes as compared to the dark control; rather it mimics
the light-adapted condition.
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