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In the simplest way of definition, vision is a 

physiological phenomenon by DEans of which an organism sees 

the objects around it. Since, vision is a photo-physiological 

phenomenon, the two most 1mportant factors involved ln the 

process are, (l) light and (2) photoi'Gceptor, the organ, 

which ls capable of absorbing light. 

The electromagnetic radiation reaching the surface 

of thQ earth includes X-rays, ultra•v1olet, visible and 

infra-red light, micro-waves and radi~waves. 'lhe radiation 

travels in the form of quanta of eneJ:gy. nte energy is 

determined by the wave-length; the smaller the wave-length, 

the greater the enetgy ( Dathie~1 1963 ). 

Of the total radiant energy spectrum, only a very 

small segment, which is termed as visible light can be 

detected by organisms. The visible spectrum lies between 

about 300 to 800 m~ , although ultra-violet wave-lengths 

down to about 210 m ftJ can be detected by some organiems. 

( ~thier ,1963 ) • 

To receive the radiant energy of ·this narrow band 

of the s.pectrum, the prima requisite for an Ol'9anism is the 

visual ~igments present in the photoreceptor organ. In the 

animal kingdom, there is a variety of photoreceptor organs. 

1he most primitive type of photoreceptor 1s the eyemspot of 

Euslgna, v.rhieh 1s capable of de~ec:t1ng only the presence or 

absence of light. In metazoans, there ai'Et more complex receptor 

organs or eyes, which are capab~e of forming some type of 
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image on the photoreceptive. surface~ 

'ftle most highly deyeloped organs of visiqn in the 

at'limal kingdom are the vertebrate eyes a,nd the eye$ of 

:cephalopOd mulluscs. These eyes have the zefractive ele~nt, 

lens to focus light from an object, and it foi'IDS an inverted 

image on the retinal surface. 

Among the photorecepto~; organs of animals. the 

compound eye of arthropods has attracted many of the vision 

physiologists because of its unique structUI'al organisation •. 

Compound eyes of al'thropods are image - forming eyes. They 
. '' 

are capable of determining the plane of polarized light, and 

the animals can use such information for orientation or 

directed locomotion. 

The compound eye consists of a number of struCtural 

and functional units, known as ommatidia.. The number of 

· ommatidia varies in different species. As fol' example, the 

worke~ of the ant, pgne£a punstatiosimi has only ona ommatidium, 
' ' 

whereas in some Odonata the number is between .10,000 and 

28,000 or mozoe ( Wolken,l968 ) ~ 

An ommatidium consists of a cornal lens, a crystalline 

cone and retinula cells. The cornea is a transparent area of the 

cuticle and it forms the facet or lens of an ommatidium. It is 

more or less bi•convex .and is cast off during each act of ecdysis 

( Imms, 1957 ) • 



Beneath the tornea is the transparent body known 

as cry at a 111ne. cone • 

Immediately behind the trystallinEJ cone are the 
' . 
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sensory elements or the retinula cells. The number of retinula 

cell is not constant .in all speci~s. In many ommatidia, the 

nUmber of retJ.nula cell is eight, e •9. ~· In certain cases , 

the number is reduced to six or seven. In certain moths , the 

re.tlnula cell are ten to twelve in number ( Imms, 1957 ) • 

Crustacean Qmnat1dia .are also similar ( Waterman, 1961). The 

retinula cells collectively secrete an internal " light~trapping• 

rod-like structure known as rhabdom. The portion of the rhabdom , 

contributed by each retinula eell is known as rhabdomere .• The 

·.rhabdomere is analogous in function· to the. t:etinal rod out.el' 

segment of the vertebrate eye ( Wolken, 1968). 

In addition to the·se structu~:es, the· ommatidia·. of 
' I • 

__ _compound ey~s contain a number of pigllJ3nt cells. SUJ:rounding the 

crystalline cone and eorneagen layer are present a layer of 

densely pigmented cells, known as Primary iris cells. Primary iris 
' ' . 

cells and the retinula ce~ls in turn are surrounded by a second 

group of elongated pigment cells, known as secondary iris cells. 

These pigment ~lls s~rve to isolate one ommatidium from the next. 

The arrangement of these various components of the 

Clnmatidium, however is not constant in all forms. Exner( l89l ) has 

described two distinct· types of compound eyes in arthropod, on the 

·· basis od difference in their anatomy. They a.re the apposition and 

superposition eyes. 
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The apposition type of compound eyes are character­

istic oe diurnal insects. Among the u-ustaceans, this type of 

·. · · ~}3ye ~s found in diurnal, taHstrial and littoral forms. In 

apposition eye, which is alao known as photopic eye, the rhabdom 

is long and thin, and lt lies dlz'ectly beneath or against :the 

crystalline cone. A double-layered sheath of pigment cells 

. surround each omma~idium, and thue it is optically isolated from 

its neighbour. Ught falling upon the lens of an ommatidium can 

only reach the rhabdoneres of that ommatidium. O,r1ng light­

dark adaptation,. there is little or no longitudinal migraUon 

of the screening pigments. But 1n some cases there is radial 

movement of t~ screening pigments around the rhabdom due to 

the change in condition of illumination ( ~lalcot,l974 ) 

Superposition os- scotopic eyes are those in which 

short and broad rhabdom lies some distaneeaway from the 

crystalline cone:.· A pzarked longitudinal micaration of the scree­

ning pigments during light - dark adaptation is a characteristic 

f~ature of this type of eye~ During a condition of bright 

illumination,: the pigment granules migrate lnwa~ds and extends 

the full length of the ommatidium. At dark• however, the pigments 

move upward and condense distally betv-1een the crystalline cones. 

The superposition eyes aJ"G found 1n nocturnal or crepuscular 

species ( Dethies .• 1963.) ~ 

To explain· the functioning of the compound eye of 

arthropods, 'Johannes Muller (1826) · formulatet;t·· the classical theory 
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known as "mosaic theory•~ .According to tbe theory, each 

ommatium receives light ffOm its own lens~ Light falling on 

the lanse of one ommatidium cannot rea~·h tbe adjacent· one 

because of the presence of pigment•sheath• thus, an image of the 

limited part of the vi·s.Ual fiid is produced by each ommatidium 

and the entire eye forms the image from the "reports" from 

individual ommatidium. ~ 

Since· the time of Miler's •mosa lc theory • 

(Muller, 1826), the compound eyes of arthropods have been 

extensively studied by different groups of authors from varlG¥1 

.disciplines to explain the mechanisms involved ln.phc>toreception 
' · in this group of animals, But, 1n spite of a large amount of 

work on the compound eyes, it seems that much research still 

remains before one can completely understand how compound eyes 

perform this complicated visual phenomenon~ 

It is seen from a review of previous works on the 

, subject, .that there is a need for some more information on 

eertaln aspect& of arthropod vision,. 
' 

To give an example, the lens, which covel'S the 

ommatidium of a compound eyi 1e modified cuticle~ It is W$11 

known that the nature of the c:utlcle~of insects and otheranhro­

pods varies in different regions of the body, which periom 

various types of functions (Rlehards,l972)~j:. It is also evident 

that the·chemlc:al nature of cuticles involved ln various 

functions may vary (Wigg.leswol'th,lm) ,~'··Since lens perfol'm$ a 

-,pecial optical function of conducting light rays to the 
' 

~habdomes, besides playing a g~neral defensive role. it is 
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expected that the lens •cuticle may differ in chemical natu~"e 

and ultra•structun from the,cu~~cle covering other parts. of 

.the body .• But the. chemical·. conipOsi.tion of the l~~s 1n ~laUon 

to its special funcUon has not b$en studied in detail. In the 

similar way. there al'e many other aspects in this field of 

researChj WO~Studying. 

The· migration of the screening pigments, for example,. 

~· one such. al'ea, which needs further investigations. The 

mOvement of pigment granules 1n the compound eyes dU~1ng light• 

dark ad~ptat1on has ~en deecr1bed by Exnor(l899,l891) and has 

been_ zoeviewed by Pal'ker(l932) and Turala(l954) .• Slnc;e that time, 

extensive amou"t of works have been perfol"lll9d on the subject. 

But inspite ot that, we do no~ have a clear idea iegarding ~he 

mechan1sm·wblch controls the mi9,ration of the screening 

pigments. Hovmvet. the phenomenon ls more or less clearly under­

stood in crustae•ena (Fingerman 1959), but then is little 

info~matlon on the pbyslologlcal control mechanism of eye-pigments 

migration 1n lneects·. 

Another interesting aspect of anbl'Opod vision ia tbe 

fluorescence of the compound eyes, Neny authors have detected 

fluorescence in the compound eyes 1o. D!s, (Hess 1920; fmrcker 1929.; 
. :. - ~ 

Kay 1969)·. It bas been obsened that the compound eyes on us-adia-
• • • tlon w~th ultraviolet light in a darken~d .~ give a blue or 

blu~ fluorescence:-~ Meso( .1920) has suggested that the u .. v~ 
se.nsltiv1ty of thl$ compound eye may be ~e to the fluozescence 

, ...... 
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set up. in various tissues of the eye. This suggestion however, 

taas been 1'9j$cted by \ftJalther and Dodt (19~9) and Goldsmith(.\.961 a'} 

Since that t·ime, a g~at amount of controversy centres around the . . 

subject. 

Another very important area, where tbere is a lacuna 

in our krlowledge is the enzymology of the compound eyes. !t is 

well established that ee.-tain enzymes. especially,adenosine 

triphosphatase$ (ATPases) are intimately associated with the 

; .process of photoreception (Langer,1963, Drujan and Ali 19'?.2) but 

inspite of an extensive· :l.nveatigation on the activity of this 

. enzyme in th& photoreceptor& of various vertebrates and inverte­

brates, there' is very little information ~garding the study of 

ATPaae system from the compound eyes of arthropods .• 

Keeping all those in view, certain histochemical, 

biochemical and physiological studies ~ave been performed on the 

compound eyes of some arthropods. 

the animals· which have been chosen for the present 

study are the house-fly, Musca doroestisa. (Insecta); the honey-bee 

Ap&s-Cerana 1od1c:a. (insecta); the trash-water p•awn, Ms!ergpqchium 

blmanctvm (Crustacea h and the marine prawn,. M:ttapinneua sp. 

(CI'ustacea) .• · 

The aim of this l'esearch progra~ is to gather some 

more informations regardlri'g certain physiological and biochemical 

aspects of vision ln arthropods., with the available fac111ties4 
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INTRODterlCN 

• One of the most important structures, associated 

with the functioni'ng of the photoreceptor in arthropods 

S.s the et Dioptric apparatus et or Lens • It is we 11-

~stebllshed that lens is a modified cuticle~. It is more 

or less bi-convex ln form and is cast off during each 

act of ecdysis ( lmms, 1951 )~. It is obvious that associated 

with the optical function performed by it, lens-cuticle 

ehould have certain specialities in comparison to the 
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general body-cuticle. One of 'these .specialities is definitely 

the transpareney and in fiact ·the cuticle covering the eyes 

and ocellus is very transparent• However,. it is not very 

clear how this transparency is achieved in chemical terms •. 

It is known t·hat chitin is transparent in the visible 

range, so it may be possible that a transparent cuticle is 

formed with ~he added modifications of colourless cross­

linking agents in the p~ote.in as suggested by Anderson 

( 1971 b ) • 

Goldsmith and Fernandez ( 1968 ) have reported 

that the corneal cuticle ( e.g. in m.asca ) does not show 

any appreciable absorption in the visible or near lN 

region, but a peak oec:urs at 277 m IU• They have suggested 

that this property may be attributable to tryptophan and 

tyrosine residues in the cuticular proteins. 



In Manduca sexta, carlson and Philipson ( 1972 ) 

have compared the absorption characteristics of the lens­

cuticle and the crystalline cone - substances~· they have 

reported that the cuticular lens is more transparent from 

350 to 600 m ,.u but its absorption rises steeply from 310 · 

to 290 m tU • (J)v1ously this is to protect the underlying 

nerve cells from middle lN. 

De Vries and Kuper ( 19!>8 ) 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. tevile (1975) has 
' ' . . 

suggested that this _is consistent with the helicoidal 

structure viewed along its optical axis. In Exner• s theory 

of insect vision, it is suggested that in an ommatid1al 

dioptric: apparatus. the path of maximum t:efraetive indea 

falls off • As a result of this an inverted image is formed 

at the bas~ of the lens• · In Exner's theory. the concentric 

lamelae. which can be observed in lOf191tudinal sections 
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of dioptric lenses has been given .a substantial amount of 

importance. Horrldge (1969) has suggested that the concentric 

lamellae of dioptric lensoa are due to alternating layers 

of diffeJ;'Ont chemical constitution and hence of different 

refractive index. 

I . 



However; Neville ( 1970 ) has rejected this view of 

Horridge and has suggested that difference in chemistry 

has nothing to do with lamellation •. According to him it 

is the helicoidal orientation of chitin microfibrils which 

is responsible for such lamellations. In this context, 

1t is of interest to mention that several theories are 

already in·existance. which explain J"eflection of light by 

multi~laye~ structures ( Huxley,l968 ). 
...,;. 

In the compound eye of arthropods, however, cuticle 

is not involved merely as· a lenEh In many other phenomenon 

of arthropod visual system, such as interference filters 
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in eyes, reflection of specific wave•length from traehea 

behind the receptive cells. and, in ~ducing reflection at 

the corneal surface, cuticle seems to play essential roles. 

Bernard and his colleagues ( !965 ) have reported 

that corneas of several insects show interference colours. 

In certain cases, es for example, in the horse•flies the 

interference colours are observed not only in living 

materials but also 1~ isolated corneas. Electron microscopy 

reveals that the outer part of the corneal cuticle contains 

a series of layers, which reflect certain wavelengths of 

light,~- nte wave-lengths, which are not reflected are 

transmitted to the underlying photoreceptor cells. Thus, 

tile corneal cut1cl'it acts as a filte., for specific wave-lengths. 



· • .A detail study regardin_~_ the function o! this interference 

f~lters haa been made by Bernard ( 1971 ) on the flies of 
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the family Dolichopodldae • The compound eye of these insects 

contain alternating rows.of corneal facets with different 

interference colours, Bernard ( 197 .J. ) has measured the 

reflectance spectra for each eolpur of facet by using living 

cornea • and he has found that a ref lecta~ 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 and Bernard ( 1972 ) on 

§ymys;nug and Ggnd;ylostylua have showed that in the 

underlying superior ce·ntral cells. l'habdomeric microvilli 

are oriented differently in ommatidia with red and yellow 

corneas~ In ~he former type. orientation is vertical and in 

the later, it is horizontal~ These. 
1
differences are paralleled 

by structural differences in the lamina and medulla of the 

brain. and this gives a direct evidence· that corneal inter-

. ferenee filters have a visual function, 

Another very important example of the involvement 

of cuticle in the visual system of arthropods is the corneal 

nipples,,. The corneal nipples are .submicroscopic protuberances 

of uniform height ( 200nm. ) .-eeeAt and periodicity (200 nm) 

present in the anterior surface of the cornea of certain 

nocturnal Lepidoptera ( Bernhard,!.\- A!·, 1965 ) .lbe important 
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examples of insects which posses corneal nipples are ~anessa, 

Prqdent,a, <;tragtervx, Sphyms. Endrom&x, (l.spldopterah MJrmtleon 

(Neuroptera); Ph;yganesa (Trichoptera), and {\edes,,ulea and 

AoOpheles(Dlptera). 

Blectron microscopy of the vertical and tangential 

sections reveal that the corneal nipples from a series of cones 

with hexagonal spacings. Gemne (1966,19'?1) ;has st·udied the 

development of this regular pattern of nlpples·on the corneal 

surface in Manqpsa sexta. ~ has found t~t ln pupal stage of 

this insect, the corneal nipple arises.as double layer of outer 

epleutitle., 

Initially it forms caps over each microvillus pi'Ojecting 

· from the epidermal cells which secrete the cornea~ Thus correspon­

. ding to each microvillus there is one cap and hence one nipple •. 

The func:tlon of corneal nipple ls to increase transmission through 

the lens-cuticle of noctumal·1nsects. 

hom all these reports, it appears 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 

inse~ts and other arthropods varlQs in different regions of the 

body which perform~ various types of funct1ons(Richards,1972). 

It is also evident that the chemical natu.a of the cuticles 
. ' 

involved in various .functions may vary (Wigglesworth,l957) •, Since 

l'ns-cutlcle performs some special optical functions, it is 
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expected that it differa in chemical nature and ultra.structUI"e 

from the cuti~le covering other pa~ts of the body. 

· Neville (1970} has found that lena-cuticle does not 

contain pore-canals whereas adjacent interommatidial cuticle is 

rich 1n pore-canals{Home,l973). Neville(1970) has reported that 

in Lampyrie, dioptric apparatus is lamellate throughout its. 

thickness and then is no dally gi'Owt.hlayel's. He has suggested 

that this feature ~ay b9 associated wit~ vision. Home(l973) has 

reported that in beetles the lens isflhelicoidal "• whai'Ga& the 

surrounding cuticle is havingapolywood" structu.te. Neville(l9?0) 

has found that 1n the non-image forming median Q:ellus of 

Sshistose1ea greagaria, daily grouwth-layers are present. 

This proves the suggestions that light sensitivity may 

change with age(Neville, 1963 b). Cassier(l965) has suggested 

that light sensitivitY of oc~lll decreases .with age as the cuticle 

covering them tbickaas. 

thus. there are $ome significant differences ln the 

ultra-structure of the lens-cuticle and the cuticle covering 

other pans of tbe body. But 1nspita of the fact 'that there are 
\ 

some informations re9arding the ultra-struGtun of the lens-cuticle. 

very little is known on the chemistry of 0ye•eutlele in relation 

to its special function• 

Anderson(197l a) has analysed the total amino-acid · 

content of several cuticles and he has found that the corneal 

cuticle of compound eye'f ·ts 1ntel"ll1Eid1ate ln composi.tion between 

hard and soft cutic;les. It is known that hatd cuticle contains 

a low amount of polar amino acids and high alanine content, 
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whereas the soft cuticle contains a high polar amino acid 

· contlb · and low amount of alanine (Anderson 1971). In the corneal 

cuticle; Anderson(l97l) has found that both the polar amino-acid 

and alanine content is high. Ha has also found that hardness. of 

the corneal cuticle lies between those of typically hard or soft 

t"'t1cles.· 

Sanna.sl(l970) has detected the oc:cuNnce of the -colourless 

structural elastic protein·, resilin .. ~ the lens-cuticle of fire­

fly·, lbotinys. oyrmlla by staining the histological preparations 

•ith toluidine blue-light gz.oean and - by autofluorescenc• of the 

lens ln the tN light with a maximal intensity at 420 m JU and 

alao by study1ng the swelling properties with various ~eagents~ 

With all these in view, h1stoehem1tal and blochemleal studies have 

been performed on the canp~nd eyes of the house-fly, AtlsCA 

JJOI!@Uic.A, honey-bee, 6121• Cerana. indica, fresh-water prawn, . 

MJrcrobrashium b&pncum and the marin~ pJ"awn, Netapi.nnfiJ!A1 JaR.~ 

· Special attention has been g1ven to study the mucopolysa­

ceharides from the compound eyes,.. because of certain very interes­

ting properties of the substanC<is, which it has been thought may 

have bearings on the visual phenomenon of arthropods~~ 
... _,. 
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UATERIALS AND METHODS 

fi!.stocbamista: The eyes are spparated from the alive animals and 

fixed in 1S' neutral formaldehyde UJ'Itill they ax-e used. A few 

animals are fixed in al\oholic Bouin' s and Carnoy fluid. Histolo­

gical preparat.ions are made by paraffin embedding and sections 

are taken with a rotary microtome at 10 u thick. 

To differentiate the laye~s of the lens-cuticle, the 

histochemical methods customarily used in arthi'Opod cuticular 

studies have been employed-• These are Mallory's tripple stain 

(Mallory. 1938) Masson's trichrome (Pant1n.l948); and Heidenheln's 

iron haematoxylin stain (Ullie,1954)'• 

nptecS1on of MMSRRQAvegcshft£ldeaa 

The histological and histochemical techniques employed f-or 

studying mucopolyaaccharldes ln t~e sections of the compound eyes, 

are those reviewed by Curran (l~)~ 

It is known that common 

fixations denature and p!'ecipilate proteins and mucopolysacchatides 

but the reaction is often xeversibla. Thus, there· are' doubts about 

the ability of any fixative·· ~o ntain all mueQ~lysaccharides 

(curran l964). However, different authors have given importance 

to different fixatives for studying inucopolysaccharides,, although 

each of the fixatives havE! certain advantages and disadvantages•: 
> • '· 

With this view,, wa have tried a number of fixatives for 

studying the acid muc:opolysacc:harid's•," However,. it has been 
j'.t 
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Observed that·~~ neutral_ f~maldehy~e gives the. best ~sult. 
§Saining methods; for det~ct1on of mucopolysaccharides,th~ 
st:ain~ u~(ld · are Basic fuchsin. Aldehyde fuchsin and Toluidine 
bll!e. 

@asic fychsin: the stain is prepared by making· 0.1% basic 
. . . . . . . 

fuehs~n' in o •. os N Hel·.- The· section$ are placed in the 
staining solution. for. 7-10 minutes an~ ilre washed in several 
changes of distilled water~ 

A1cJehyde fuchsi,a:: Th.is stain· is prepa~d by adding pa%'aldahyde 
· ·' to an acidified solution of. Basic fuchsin. 

zolu!di,ne· biwu ruiuid~ne. blJ,.te has been used as. o.~~ aquous 

solution and also a'-' Q.l% solution in 30% etha':'ol. The 
stainin~ ti.me varied from 15 t~ 20 minutes. - . 

Bxamibation of the §,~a1.ned sections,: ThG · ti meta~hi-omatic • 

reaction· given by cationic r:tve.- such as Toluidine blue is 

distinguished by 1t.s ~bility to survive aleoholie degradation 

(. Curran,l964). However.' some authors . haw advocated the 

examination of the sections in hydrated state. To .studythe 
lffect of dehydration on thn • ~tachromasiaq .soma sections 
have been examined wet and other have been immersed in 
ethanol for periods ranging from ~-to 30 m1n~tes. 

freptration of 'hi ~~copglysacch§!!ee-extract; for the 
analysis of·mucopolysaccharide the method of exts;-action 

employed in this study is that foJ.lowed by Sera .21 .a! (1955) 

'J'he experimental materia~ has -been treated with S% 
sodium hydroxide for 24 hours. Afte.r such txeatment the 

matetial ceased to stain with toluidine blue. Pres~ably 
tha·mucopolysa-
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saccharide was removed from the lens by alkaii-extraction. 

The alkal~-extract was then neutralised with 1 N Hcl, and Zinc 

hydtoxide was added to a concentration of S gm/ 100 ml. 

Protein was removed from the extract by ~1 alcohol and 

chloroform mixture, in the proporation of lal. The polysaccharide 

was later precipitated using a volume of ethanol equal to three 

times that of the extract~ 

·. ,. . Cbrpmatogra pbx.z 

The extracted mucopolysaccharide was hydrolysed with 

6· N Flcl acid at 100°C for 24 hours. The acid hydrolysate was 

then evaporated to dryness• The dried residue was then dissolved 
"" 

in · ~5 ml~ of glass distilled watelt',·~~ The hydrolysate was spotted 

on Whatman ~o.1 filter pape~0 and circular paper chromatogram 

run using butanol : acetic acidc Water(4:ltl:Vol/Vol) ·ae solvent 
. I 

· (Giri and N1gam1 19~4 )':\ The chromatogram .was developed with 

silver nitrate (O'el ml of saturated solution of silver nitrate 
' • ;:. > ' 

in 20 ml. of acetone) and sodium hydroxide (0.5 gm Naat in 25 · ml 

of rectified spirit) • as suggested by Trevelyan, !!1, .U. (1950).~~ 

Electroph~resig: The electrophoresis has been parfofmad by 

applying the crude mucopolysaccharide extract sample on the paper 

strip (Whatman No,.-1),'~: lhe buffers used are~" 

(1) o.on M and o .• ~ocu M phosphate with a range ~f pH from s-._5 
to s.s. 
(2) 0.15 - 0.2 M Zinc SulJ!ate •. · 

(3) 0.15 - 0.2 M Zinc acetate.~. 



(4) 0.1 M Barium acetate buffor, pH.6.6 

(5) 0.1 M CUpric acetate, ph 5.3 
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The time of the electrophoretic run and the potential 

gradients applied in different buffer- system are as follows:­

(l) Phosphate buffer - 4 V I em is employed for 

8 - 10 hours • 

. (2) Zinc sulfate or Zinc acetate:- In this buffer 

system, the voltage applied is 4 V I em for 16 - 20 hours·. 

(3) Barium acetate·:- The voltage applied is 50V and 

the time of the run is 3 - 4 hours. 

(4) Cupric acetate :- The voltage applied is ~ V 

and the t~ is 1.5 hrs. to 2.5 hrs. 

The electrophoretic movement pattern of the extracted 

mucopolysaccharides from the compound eye of the house-fly. 

r~sca the honey bee ,~, the fresh-water praVnlt MgChrobrachium 

and the marine prawn, Netapinneus have been compared with 

several standard acid mucopolysaccharides such as chondroitin-

4-sulfate. chondro~tin-6-sulfate, Keratan sulfate, and heparan 

sulfate. 

After removal from the electrophoresis apparatus, 

the paper strips are dried at room temperature and stainsd with 

toluidine blue (0.04% toluidine blue in 80% acetone) .After the 

. staining , the strips are rinsed 2-3 times with 0.1% acetic 

acid, und then 2-3 times with distilled water.After washing with 

distilled water the stips are dried at room temperature. 

·. 
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CBSERVAT I()JS 

Qistoehemispx.J 

L$ns-cut1cle of th9 bquse-fly, MY' sa domes\lsa a The 

lens...cuticle of house-fly .• MuacA is composed of an outer 

epieuticle and an inner pro-cuticle. (Pig.l) The inner J"ro-c·uticle 

comp,ises an cute• colourless "hayline• exo.cuticle. When the 
' . .· . ' 

s~ctions of the eye are stained with Mallory's tr1pple stain, it 

has onserved that the region below the comeal layer, the so-called 
. . . 

crystalline cone shows affinity towards ac:id fuchsin, corresponding 

to the meso-cuticle of other insects. When the sections are 

subjected to Sudan black•B and Nile blue reagents tests, the 

outer portion of the epicuticle gives 1iitensely positive reae.tion, 

indicating the presence of lipids in it~ However, this layer 

gives negative reaction to Biuret, Xanthoproteic and Millon'e 
. . .· 

t~st, indicating the absence of pa-oteitJ·• In contrast to this, the 
. . ' . 

inne;r f~chs1noph1f layer c>f the ep1cut1cle is positive to Xantho-
... 

proteic and Millta•.s test indicating the presence of proteins• . ' . 

Sudan black-Band Nile blue also gives some positive ~"Gactione 

. to this layer.;. .. 
. .. 

When the sections are stained in, :0,.17' basic fuchsin, 1t 1s 

observed that the entire width of the ~tittcle(excluding the outer ... 

epicuticle) becomes intense red 1n eolO"uJ-. Similarly, when the 
,· 

sections aro stained with Aldephyde f'-{chsln the same region 

_becomes purple in colour.,~ 1 •. ~.· the ~gion 1s metachromatic. With 

this stain, some metachromatic reactions are also observed in 

the·· "cone" region., When stained wi.th Toluidine blue. the entire 
. . -· 
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PJ"~c:uticle becomes purple in colour ( matacbromatlc). 
i 

Th& region of the rhabdome is orthocheomatic l,e. blue 1n 

colour, The cope region is again metachromatic 
' . 

-(sE!e Table 2):,:· · 

'. 



EXPLAf:JATIQ\( TO FIGURES 

Fig. 1. Transverse section through the eye of 
the house fly , !'Alsea domestiea • 
10 x 10 , after staining with Mallory's 
stain, 

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

Fig. 2. T/S through the eye of the houserfly, 
~a Sgm@atiea 10 x 40., after 
staining with Toludlne Blue. 

Co , Cornea. ( metachromatic) 
Cc, Crystalline eone,(metaehromatic) 
Rh , Rhabdom( orthochromatic)~ 



• • 

•• / 
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. . . ~ ·. 

Table: l Results of staining "(l)ctlons and histochemical tests 
' 

obtained ~1th the lens • cuticle of the house-fly, MUsca domes• 

tlca. 

Seri.al 
No. 

1. 

2. 

3-. 

4~-. 

5. 

. 6. 

'• 

.. -, ... 
· ... ·.·.a.· 

I St~ins and testJ 
I } 

· · . . I : : : Regions . 
References 1 <liter; Iiiner I Piiocut. 

I I 

!Mallory • s t~ippli Mallory 
lata in · · ( 1938) 
I . . 
Masson'!l tric:hll'antin 
me test . (1948) 

· idenhain• a I.J.llie 
aematoxyl1n : (lCJ54 ) 

·· }Bitnet tes~· Faeron 

. I (1946) 

f:nthoproteic .Pearse 
test (1961) 
I 
JMlllon' s test Bensley 

• 1 and 
l 1 Gersh 

I (1933)' · I r . ··. . I Baker ' Sudan black B 
I . . (1956). 

leaiJI \&11e blue 
I I (1954) 

l' I 
I 

., 

I eplcut- epicu- I icle 
icle . cle 1 

I Blue red I Blue 

I red Green I Green . I I Black I brown I 9rown - . I 

I t- I +++ •• 

I ~ I I +++ + 

L I I +++ -
I I I I· . . I I . I I~++ I •• I -. I I +++ I I + -

. : 1-
I I I 

Key ·s-· +++ intensely positive ; + slightly· positive; 

- negative. 
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Table 2. Results of sta1td.ng reactions and blstocbemical 

teets for the· detection of acid m\JCGpolysaocha#idee, in the 

compound eye of house-fly, .fNiQA dgmgat&sa. 

l 
Sl·· 
No 

Stains and tests I Refel'encos 

1. Basic fuch&in , I . . 

2.1 Aldehyde fuchsin 

s.l Toluidine blue 
. I 
4~ I PAS t•et 

I s., Aldan blue . 

. I ... 

l 

· I Stempien 
I (1962) . 

I Gomorl 
I (1950) 

1 ( ' 
l Pe&J'Se, 

'1961) 
I . . 
) (M'amanus 

and ~aeon. 
I 1950i 

1 Hotchiklss · 
(J.948) 

I 
. 1 (Steedman 

l~) 
1 

I 

~right red . Hd l zeddish 
1 . 1· l brown · 

~~rple (deep) Light I blue 
~trongly I purpl1 (Ortboc:h-

·l ;c~Uf· I ~Uc) 
. + I+++ • 

I I I 
.. I 
I. 
. I 

I .-
1 

Key •· + t- + intense.ly posit.lva '+slightly positive J 

- nagat1Yth: 
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Lens-cuticle of the bopey-bee, Agis cer.sDA indisaJ• 

The regions of lens-cuticle of the honey bee can not 

be distinctly differetlated (by using tha_customary stains used 

for cuticular studies, such as Mallory's tripple stain, Masson's 

trich~tome stain and Heiden-hain's iJ:on hae~atoxylin stains) as 

compared to the house-fly~ However, the two layers, the outer 

epi_cuticle and inner pro-cuticle· are more or less distinct 

(Fig-~3):! The. outer epicuticle gives negative reaction towards 

Xanthoproteic test. Millon's test. Bieuret test. 

When the sections are stained with basic 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 fuchsin stain gives a pos~tlve metachro­

matic reaction in the eplcuticle 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 presence of mucopolysatcha­

rides. The rhabdom region however, gives a blue colour reacii'on 

1n presence of Toluidine blue 1 ~-~··~ the region is orthochromatic 

(Table 4,~) 

Lena-cuticle of the fresh:water £rawn, Macrobracoium 

birmgnicum s- Histological preparation of the lens-cuticle of 

the fresh-water prawn, J:l•_, birmaoicum .. after staining 1n Mallory's 



EXPU\NATig.J TO FIGURES 

Fig. 3·· · T/S through the· eye of· the ttoney bee, 
.&lb. cerana indica.. lO x 40 ~ after 
staining with Mallorys Tripple Stain. 

Co , Corne$ 

Cc , Crystalline cone, 

Rh , Rhabdom. 





Table ... ,~,~ 3 • Results of staining reactions and histochemical 

tests obtained with the lens-cuticle of the honey bee, As!! 
eeraga indica. 

I I I ~cutsle , . sl .. I Stains and tes~s !References I Ciiter 
No~ I 1 er I Procuticie 

I I I l 
I I . I I I 

1. I ·Mallory's tripple Jftallory I blue I red I Bluish 
I strain 1(1938) 

I 
I I 

I Masson • s trichro- I Green 2 •. IPantin I green I red .,, 
1 me test I 1(1948) I ·t 

I 
3 •. I Heidenhain's 1Lillie I blue I brown 1 light Bl'Own 

J. haematoxylin (1954) I I 
l I I 

4, I Buiret test Faeron I ++ I+ 
I 1(1946) I I 

I I 
5. ·I Xanthoproteic IPeaJI'se 

l I 
l -. I ++ 

1 test 1(1961) I 
1 I 

:1 Million's test 
I 

'6. !Bensley I - I ++ 
I -·' '· ':1 . 

1and· ' . I I I I Gersh I 
\1933) 

I 1 
t l I l -1' 7• I; Sudan black a IBake:t I +++ I ++ 

(1956) I 
a. i\ lea in I ... I + I -·!Nile blue r ... 

1(1954) I I . \ .· . . 

I \ . 

I : I I I 
'· 

I 
i 
I 

.\ 

. ~ey· ·~- +++ intensely· positive; + sl~ghtly positive;. 
~ neg9~ive~·.· 
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Table 4 a Results of staining reactions and histochemical 

tests for the detection of Acid mucopolysaccharide& in the 

COmpound ey& Of honey•bee t Ae!a.. Cej£ftQB ipdiC:a • 

I 
Sl:j 
No· 

1 

· . · . · I . ·" ·- ~"'""· 1 Regions I 
Sta·ins and tests I Referenced Cornea~ C~sta- lRhabdoma 

' I 
I 

.I I 
1·• I Basic fuchsin !Stempien 

·.I (1962) . 
I .: l 

2. 1 Aldehyde fuchsin· IGomori · 
'.·. (1~0} 

. ·• 1 · I . · 
I l 

s~ I Toluidine blue (Pearse, 
·1(1961) . . . I 

. I I 
4~ 1 PAS test · (Me ·Manus 

1
·. and Caron, 

19SO;flot• 
· .. I ch1k1ss, 
- I ~948) 

5.. 1 Ale ian blue (Steedmann 
·1950) . 

I 1 · . . 
.· ~ I J 

I lens 1 llonine 1 
I . I c e I 

ted 
I 
!reddish· 
fJrown 
I 

Purple 1 Purple 1 blue 
1_ (metach- (metac:h- (orthochrom­
p:omatic) I romat1c) l at1c). . 

I Purple I Purple I blue . 
I (metash'l (metach-1( orthoc:hro-
1 romaticttcmatic) 1matlc); 

I l I 
t• l·++t .-

·11 . : : 

I. 
+ + I 

. I· I 
l I I 
l I I 

. Key : +++ intensely positive:·+ slightly positive ' -·. negative 
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tripple stain -show that it comprises an outer epicuticle and 

an inner procuticla (P1g.4; Piga5)·. The epicuticle consists of 

an outer pipid layer as evidenced from its positive ~:eactlon 

towards Sudan Black-S and Nile blue tests·. 

The inner portion of the epicuticle gives positive 

reactions to Xanthoproteic test-, Millon's test, Bi-uret test, 

thus if.d1cat1ng that it contains proteins·• In addition to this 

when the sections are stained with. Sudan Black b or Nile blue 

reagents it 9:ives some positive teactidns (Table !) ) • 

. With Mallory • s tripple stain, the pro-cutS.~~~.ji'a, f~bly 

colou~d red, corresponding to the pigmented layer of boc.iy~uticle 
(Travis, 1965) and meso-cuticle of insects (Dennell and Malek, . . 

19&5). 

When the sections of the lens-cutlc;le are stained with 

basic fuchsin, the pro-cuticle becomes red in colour. indicating 

~he p~sence·of sulfated mucqpolysaccharides. The positive meta-

... chromatic reaction has been observed 1n entire width of the 

procuticle, when the sections are stained with Paraldehyde fuchsin 

stain• -With this stain the peripheral portion of the crystalline 

cone also gives a strong metachromatic ~action,. The central 

portion of the crystalline cone gives a blue colour reaction, i.•e • 

the region is orthochromatic~ The rtlab.dQme region also gives an 

ortho-chromatic reaction(Table 6)~;, 
'. 

When the sections are stained with toluidine blue, the 

pro-cuticle region gives a strong metachromatic reaction i.-e. it 
'• 

becomes purple in colour •. The peripheral portion of the crystalline 
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Table f>. .Jtesul ts of staining reactlons and histochemical 

tests obtained with the leos-cutiele of the ~rash-water prown, 

Mac.rob[acb1um.b1rmancium. 

.~ Sl J Stains and tes.ts 
:~;. . . 

l 

I 
I References 

I 

i~ I Mallory's tr1pple I MallorY 
·· .·· · · stain I (1938). . I . 
:2. I ~sson' s trichrome I Panti.n 
, test. . (1948) . 

-·.:.·· I I . 
" 3. Heldenhain's I Lillie 

. I haematoxylin · (19S4) 

· 4 .• J Biuret test I Fa eron 
I (1946) 

1 
· ;;,·•' Xanthoproteic 
::. · I test 

,:.~·~.1 Millon's test 
.':I·· \ .. I 

ti 
· 7 •. \Sudan black B ..... I\ .. 

. : . 
·. L 

:· I r . 
8.,. \Nile blue .. • I \. . 
. ' ··.: • I : 

I Bearse 
(1961) 

I Bensley 
and' I Ge. h ·· ·. rs 

I (l933l 

I Baker 
. ' (.i956) 
I 
1 Cain 

(1954) 
I .· 

I I I 
1Grt.er epi-Inner I Procutiele 
cuticle Iepicu-

G 
1
ticle l 

ldeep blue I. red 

I I 
IDiep ~reen red 

. I I 

I 
Light 

I blue 

I Ught 
1 green 

1alack I brown I brown 

l 
I 

I+++ I + 

r I+++ . I -. 

I. I+++ I -
I I 

. I 

I I 
f I + I -

+ 
I 

I 
I + -
I I 

I 1 .... ·.·i 
_,,. ~_...,. _____ .._ ________________ _ 

· Key .,~ ... +++ instensely positive: + slightly positiveJ_ - negativ.e 
! 

\ 
-\ 

l . 

·~. 

' 



EXPLANATI~ TO FIGURES 

Pig. 4. T/S through compound eye of the 
fresh-water Prawn, Pooc;obracbium 
birmanicum lO x 10., after staining 
with A~llory•s Tripple stain. 

eo·. Cornea ,· 
Cc , Crystalline cone • 

· Ah · 1 Rhabdom. 

Pig. s. An enlarged view of a portion of the 
T/S through the eye of the fresh-water 
prawn , 'M:!cmbrachium birrnanicum 
10 x 40.,., after staining with Toluidine 
blue. 

Co , Co~nea ( metachromatic) 
Cc , ~yst~ll1ne cone ( metachromatic ) 
Rh , Rhabdom ( orthochromatic ., 





35 

Table 6 a- Results of staining ~eactions and histochemical 

tests for the d&teetion of ae1d mueopolysactharides in the 

compound eyes of the fresh-water P.rawn,Npsrobrachium b1rmanc6;. 

. . 
. I I . 

Stains and tests 1 Refei'Etnees Corneallcr,stallin~ 1Rhabdome 

11ens fone 

I 
It I I I I 

A I 
·1. I ~asic fuchsin I Stempien I Red I Red lbrown 

(1962) I I 

2. · 1
1 

Aldehyle fuchsin I Gomor1 I O!tep I Light 
. · · I (1950) I purple I purple 

I I I 
3. · I Toluidine blue I Pearse 1 Dark .1 Purple 

4. 'I PAS test 
I 
I 
I . 

5. 1 Alc:ian blue 

I 
I 

I (1961) purple 
I I 

I (Me M9nus I + I + 
I and ea·scm; · I I 
195~otchl-. 

I I I kiss · 1948) 

I (Steedmann, 
I I 

+++ + 
l 1950). . ,, I l 

I 1 I 

Key ,_ +++ lntensely positive ;fl:t + slightly positive ,; 

- negative:f 

lt,lue 
I 
lu9ht 
lblue 
I 
I-
I 
l 
I 
J;;.. 

I . 
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cone also gives a strong meta~hromatic reaction similar to 

paraldehyde 'fuchsin stain. Wit~ this stain also, th~.central part 

of the crystalline cone givet; orthochromatic reaction. In addition 

to this , the lov.ser ·portion of the crystalline cone~, which 1$ in 

close association with the inner rhabdome region give$ an intense 

met:ochromatie reaction, indicating the occui'enc:e of mucopolysacch­

arides in that region also. Soma portion of the lens-cuticle and 

_also the pe~ipheral portion of. the crystalline cone gives slight 

hypso-chromatic: reaction to toluidine blue.(green-metachromasia) 

(table 6). 

' . ' Lens-cuticle of tbg marine P.xpwn. Metapinn&!z'f! spp& 

From the histolo~ical preparation· of Netapinneus sp. 

after st~ining in Mallory's tripple stain,. it has been observed 

that it consists of an outer smooth epic:uticle a~d inner pl'o-cutiele 

·which are elongated slightly in vertical directions forming cones 

(Fig. 6-). The out$r portion of the cones ·of Matapinneua shows 

affinity to acid fuc:hsin, Whereas the i"ner portion shows positive 

reactions to aniline blue, as the meso-cuticle and endoc~tiele 

respectively. 

When tt\e sections are stained with basic fuc:hsin, the 

·major po~tion of the pro-cut1Qle becomes deep i'ed in colour. The 

crystaliine cone region also gives some positive reaction. to the 

test. 

Paraldehy9e fuchsin stains the entire width· of the pro­

cUticle purple, ~dicating the occure·nce of ac1 rl muc:opolysaecharides 



EXPLANAXIQ\1 TQ. PIG!JRES 

Fig~• 6 T/S through eyo of tha marina prawn, 
A~taeinneus !R• 10 x 10 • after 
staining with Mallory• s T~lpple . 
stain~ 

Co , Cornea •. 
Cc , Crystal~ine cone •· 
Rh , Rhabdom. 





Tables 7 - Results of staining reactions and histochemical 
.. / 

tests obtained with the lens-cuticle of the marine Prawn, 

Mataplngeus sp., 

~!:l Stains and $e$ts l Refe~:ence1 ·<liter epl• tiiner Procu-
cuticle ( ericu-. ticle 

I I I 1 t cle . 

I I 1 
I I I 

1. I Mallory's tripple 1 Mallo~ I d~ep blue pink 1 blue 
· I stain (J.938) 

I I l 
. 2 •. 1 Masson's trich- Pant in I deep 9~'}" red gi'GGII 

I rome test .• I (1948) I 
I I 

· 3i I Heidenhain 's l Lillie Black·: : I . light l brown 
haemaloxylin I (1954). I ·. brown I I . . 

I . I 
4'•t Biuret test Faeron I - . - I+++ 

'I (194§.) 
. ··.· f'. 

I 
· ~~ I Xanthoproteic I Pearse I - 1 ++1" -I test . I (1961). I I 

I 

.6:• 1 Millon • s test Q 
Bensley I 

.. + I -
and I 

l I ·Gersh I I 
I 

I I 
(1.933) I 

7,. Sudan Black B Baker .. 1 +++ I - t -I I (1956)' I I 

e. I Ntle blue I I 
Cain 1 + I - -

I I (1954) I 
I I 

.· Key a• +++ intensely positive~ + slightly positive a. -. negative. 
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Table:8 Results Of staining reactions and h1stoehem1cal 

tests for t~ detection of Acid mucopolysaeeharidas in the 

compound eye of the marine prawn, Netapinnaua sp. 

-~----~~--·~--------~--------~------~--------~-------. ' ' . Sl!Stains and 
No.' tests 

,Referencea COrneal ,~stalline ,Rhabdone 
, , lens cone , 

' ' 1. • Basic fuchsin 'Stamp1en ,Deep zed, ~d 
t ' (1962) ' 
., t 

. . ' . ' . . 
2~ ' .A:ldehide­

.' fuehs n 
t . ' .. ., 

. ' 
·. 3. •: Joiuidina 

..•. blue·. • • ., 
' 
' 
' ' ' .4.• 

.... '·: 
• 
t 

' t . 

PAS test · 

' Gomor1 •strongly ,. Upper part ,Blua(o:rtho-
' (19SO) ·'matachro,(metachroma.-, c)lromatic) 

' • 
t 

. tmatic: , .. • tic) lower, 
'(purp];e)i', parts .... Qrth~ . 
' ., chromatic , . .. . 

' . . t • Pearse 'purple.·. , Upt'er: : ,Blue(Ortho-
• (1961) · :<~trongl\l purp~e . ,chromatic) 
• metachro, lOwer partft ·. · · 
·' 'mat~c), ·, b~ue pari-, 
' ' , .- pheral , 

· • , ! , · .. _ . . -. , · parts -green 
' ·• · · · -· (hypsochro, 

. • • ,: matic) , 
' 

'.:' . ' . 

. :'(Me Manus' ,.. , .. 
'and caron.' 
'1950• Hot- t •• 'chik1ss, • 
'19.48) . ' . 

. •· 
. . ' ' . .. 

t , .. 
• 
' 

.... 
.. '.! 

•• 
•• 

' t 
• 
•• 

-
. '' : . ' : ' . 
t 

5. ,. Al.1c1an blue . :(_S_teertmanrf, + 
• . . . . ' · '19c::.n)· · ' .t 

: 
' t -iJU ., ':,: 

t . 
., 

. ' 
' ' . ' ~ I . 

. ' ... ·Key: +++ intensely positive; sli~hti.y positive; - negative. 



EXPLANATIQ'! TO PIGURBS 

Fig'• 7·. An enlarged viaw of a portion of 
, the T/S tl)rough the eye of the marine 

prawn • ®tapinneua :m~ _ 10. x 40. , 

Co • Cornea ( metachromatoc ) 

Cc ; Crystalline cone( metachromatic 



Co 
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in the region. The rhabdom region gives a blue colour reaction 

i.e, orthochromatic. The upper porti.on of the crystalline cone 

is metachromatic, whereas the lower part is orthochromatic 

(Table 7 and B) • 

Staining of the histological preparations with Toluidine 

blue indicates that the p~o-cuticle is very much metachromatic. 

The upper portion of the crystalline cone is also metachromatic, 
I 

Whereas the rhabdom region is orthochromatic. A careful onserving 

of the sections stained with Toluidine blue reveals that there is 

a slight hypsochromatic reaction in the peripheral portion of the 

crystalline cone(Fig~ 7). 

Chrornatoaraoby: Results of the chromatograph! analysis 

of the acid mucopolysaecharides from the compound eye of MyscA 

d!mestiea and Maerobrachium birffiAnicum indicates the presence of 

three sugars~- These are glucose, galactose and Xylose(Pigures 8 and f). 

Due to paucity of materials, the amount of extracted 

mucopolysaccharides from the eye of honey-bee, 8a!A cerana indica 

and the marine prawn, Metaeiooeus !QQ• was so little that it has 

not been possible to make the acid hydrolysis and the chromatographic 

analysis!. 

Electrophopsias- Comparison of electrophoretic movement 

pattern of the crude extract of mueopolysaccharides from MysSa 

domestica, -&;!!s CeJ;:ana indica. Macrgbrachium birmanic:um, M:ltapinpaus 

·. sppe_ with several standard acid muc:opolysacc:harides ln various 

buffer system shows that the main component ot the mucopolysaccharide 
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extracted from thE:J compound eyes comprises of a sulfated 

mucopolysaccharide~- It. has been found that extracted mucopoly­

saccharides behave like chondroitin sulfate in regard to 

its Rf value in- the electrophoretic fiel( Pigures 10, 11, 

12 & 13 ) •.. 



EXPI.ANATI(]:J TO F IGll8E§, 

Fig~ e. Circular paper chromatogram , showing 
the sugar components of the 

mucopolysaccharides extracted from the 
eye of the house-fly. Musco d9mstica .• 

Solvents Butanol - Acetic acid.- Water 

( 4 ; 1 : 1, Vol/Vol) .•. 
,. _ ... 





Fig. 9. Circula• paper chromatogram • showing 
the su9ar components of the 
mucopolysaccharides extracted from 
the eye of the fresh-water prawn, 
M@ergbraehium b1£Wan1cym 

Solvent: Butanol - Ace~ic acid - Water 

( 4 : l : 1 • Vol/Voll. 



--,, 
( : ~ , ___/ 

/ r.. 
/ 

. ' 

'---· 

I 



EXfl.MTATlGJ TO PIGUR§S 

Pig~lO. The' electrophoretic movement pattern of 
the crude mucopolysaccharide extract 
from the compound eye of the house-fly, 
~a dpme§lica , as compared with the 
movement pattern of some standard 
mucopolysac~haridas. 

ch4 - S ., chondroitin - 4 sulfate 
ch6 - S , chondroit~n -6 - sulfate 
KeS., Ker~tan Sulfate 
HeS Heparan sulfate 



L----~e 5 -~ _ ~ + 

- ~ ~ HeS 

+ 

-



EXPLANATIGJ TO FIGURES 

Fig¥~ 11. The electrophoretic movement pattern 
of the crude mucopolysaccharide extract 
from the compound eye of the honey bee, 
Api§ ceran~ indica, as compared with 
the movement pattern of some standard 
mucopolysaccharides. 

ch 4 - S, chontiroitin 4 sulfate 
eh 's - s,, chondroitin 6 sulfate 
Kes, Keratan Sulfate 
Has, Heparan Sulfate .• 



+ ~ ~ S-94J 

+ ~ ~ s-,4J 

+ ~ ~ 
.--- _ _ ____j 

·- ---=----
+ ~ 

SldV' 



EXPLANATION TO FIGUR§S 

fig. 12 • The e~ectrophore.tie movement. pattern 
of the crude · mucopol yaaccharide extract 
from the compound eye of the fresh-water 
prawn, Macrpbj;:achium t?irmani~um, as 
compared with 'the movement pattern of 

. some standard mutopolysaceharides. 

ch4 - S , chondroitin - 4 - sulfate 
ch6 - S , chondroitin • 6 - sulfate 
Kas , 

Hes , 
Keratan Sulfate, 
Heparan ·sulfate. 



~ + 
C h L. -S 

~ACROBRACHIUM ~ ~ + 

~ ~ + 
Ch6-S 

~ ~ + 
He S 

Ke S ~ ~ + 



EXPlAtJA Tim ·TO FIGURES 

Fig. 13. The electrophoretic movement pattern 
of the crude mucopolysaccharide extract 
·from the·compound eye of'the marine prawn 
~taginneus . .m•, as compared with the 
movement pattern of soma standard 
mucopolysaccharides • 
• 
Ch 4 -s •·' Chon~oitin - 4 - sulfate 
CH 6 ~s • chondroitin - 6 - gulfate 
Kes , 
Hes ,, 

Keratan Sulfate 
Hep~ran Sulfate., 





DISCUSSION 

The foregoing observations reveal that the lens-cuticle and 

the. crystalline cone' qf rrusca domestic a, ~ Cerao..a indisp 
' ' ' 

. . 

Ma..c.robrachi!-!!!1 birmanicum and ~Jetaainnieus, sp. contain 
. .~': . •, 

mucopolysaccharides -~ more particularly some sulfated 

mucopolysaccharides. 

lhe term " mucopolysaccharide " has originally been 

introduced by Meyer(l938) to describe substances having 

s-imila~ physical and chemical properties, isolated from the 

connective tissues. With increase in understanding of chemistry 

of these substances in recent years, many of these substances 

are now recognised as Glycoproteins, mucoproteins or 

mucopolysaccharidas. However, the most recent trend is to 

name the substances a,s Glycosaminoglycans" ,which replaces 

the older terms u Mucopolysaccharide an. 

~ese polysaccharides are made of aminosugars, either 

2 - amino-2-deoxy-O..glucose ( D- gluc:osamine) and uronic 
; I 

acids, either D- glucuronic acid or L-1,duronic acid; and may 

have N- acetyl, 0 ~ or N - sulfat~ groups. 

The glycosaminoglycan!Vare. generally divided into the 

following classes:- (1) Hyaluronate (2} Chondroitin-4-sulfate 

(3) Chondroitin-6~sulfate (4) Dermatan sulfate(5) Keratan 

sulfate (6) Heparan sulfate ,and ( 7) Heparin. 
. ~---Among these substances Keratan sulfate an~ heparin 

do not follow the definition of )-- Gl ycosamino~gl ycans 0 in 
/ .. _/ /' . 

c / the strict sense •. 
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Keratan sulfate does not contain a uronlc ~cid component and 
J, 

this ls replaced by D-gilatose. Heparin, on the other hand has 

similarities in its chemical.structure to that of other glyco-. ' . 
saminoglycans, but is is not usually present i,n the connective 

· tissue. 

Glycosaminoglycans or mucopolysaccharides have been 

detected in many vertebrate tissues and their biologiCal 

significance has also been studied by different authors. 

Mucopolysaceharides have been isolated from aorta of man 

( Barnes and Pat'trldge, 1968; Berenson 91·41• 1966.), Cow (Radha­

krisnamurthy and Berenson, 1973), pig (Wagh and Roberts,1972), 

horse, sheep(Robert, Robert and Robert, 1970), elephant (A~ 

Cullagh !l•.d.• 1973) and chicken (Keeley !G.• a1. 1969) •. 

Skins of. certain vertebrates such cattle (Bowes 21 al•• 
1958: Wolff 21 .i!•• 1971). rat (Furth mayer and Ti.mpl. 1970) and 

rabbit (Tlmpl !1 a!· ,1969, B~rel 21 a!·, 1970) have also found 

·rich in muc:opolysaccha;ides .• 

Mucopolysaccharides have 'also been detected in cartilage 

of some v~rtebrates such as ox by Schubert and Hamerman (l968) 
·"' .;o,..' , 

Enomoto 21 &!~· (1966), .Janado and Dunstone(l972) •. Vittu~~:.'s!• 

(1972 a•b.). 

Amor19 the various tissues of vertebrates. where muc:opoly­

saceharides have been detected, the organic: matrix of bone are 

reported to be the richest source ( Herring, J.972).. In addition to 
' . 

. these, bra.in of some maiiJDSls e.t;9• rat are found to. contain a rl~ 
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'amount of some mueopolysac:charides (01 Benedetta 2!, a!·, 1969; 

Ma1'9olis and M3rgol1s, 1970) •. 

Based' on the oecurenc:e of mucopolysacc:harides in these . 

tissues, 'different func:Uons have been suggested for these 

substances by various authors. 

Rubin ,and Howard (1950) have observed acid mucopolysae 

c~rldes in association with calcification in bones and 

Cartilages. Mtthews (1959) and <bsawa (1971) have suggested that 

one of the.charac:teristic.properties of mucopolysacc:harides 1s 

the. selective association or binding with small inorganic 

cations.- especially H+ , Na+ c;lOd Ca++ and also \vith Cationic 

groups· of mac:romo2;eeules .• Farber and Schubert (1957) have found 

that in chondroitin- sulfate Ca ++ is bound in ~ percentage 

greater than that of Na•. 

Uri.st !,1 .ft!.•.(l968) has also found a small preference 

for binding Ca ++ over Na + in chondriotin sulfate .• Mathews(l975) 

thus has rightly suggested that these substances act as a store 

for ca++ in cartilage tissue and that is why have specific roles 

in tissue - calcification. 

Mueopolysaccharidas have also b•-1en reported to play 

some very essential roles in "Water-binding" an~ tissue osmotic 

presau;-e (Oj)ston and Wells 1972; Wells, 1972 b); ()aston (1970) 

has suggested that mucopolysacch~rides play a role on tissue 

osmotic pressure, not only by influencing the water i.::;:,·~ ::f.: balance 

but also bt· introducing excess swelling pressure, which is 
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b·alanced by en internal structural ..esistance. 

~ston and Wells (1972) and Wells (1973 b) has also 

suggested a role of mucopolysaccharides. 1n maintaining mecha­

nical flexibility and elaat1c1ty of tissues. M.Jcopolysacchar1des 

may also have some functions in control of metabolism of cells, 

movement of metabolites on the basis of their rather specific 

chemical structure (Jeanloa,l970). Kobayashi and pedrini(l973) 

have suggested that mucopolysaecharides have a major role 1n 

structural organization of intracellutar matrix. According to 

them, mu~opolysaccharides may be involved in electrostatic: and 

steric interactions with other macromolecules of the matrix, such 

as eollagen and elastin• 

In spite of the faCt , an extensive amount of works have 
j ' 

been carried out on the mucopolysaccharides of various vertebrate-\ 

tissues, the knowledge of·h1stochem1stry and biochemistry of 

invertebrate mucopolysaccharides is scanty. HUnt and collaboratora 

(1970)have detected a glucan sulfate- peptide component from mucin 

from marine snail. Bugsinpm undatum • l\\lthews (197!)) has detected 

a chondroitin- sulfate - like substance from cranial cartilage of 

At· opaleecegs. 

AmOng the invertebrates, however some attentions have been 

paid in arthropods in the recent years to study the1~ mucopolysae­

charides. Some mucopo1ysaccharides, especially hyaluronic acid has 

been detected in various glands, e •9·• salival'Y glands (Vadgama and 

Kamat 1971) and dermal glands (Baldwin end Salthouse, 1959)·. lts 
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oc~ura,nee has also been detected in the connective tissue of 

brain, ganglia and imaginal disc of the house.-fly, Musga 

tfomsSlsa by MAstafa and Kamctt (.1970) .• Marshal (.1966 a,b) has 

detected the oecurene~ of mucopolysaccharides in the malplghian 

tubules and spittle of Cercopid larvae-. In the locust, LocustQ 

miggtoria, Ashhurt and Costin (.1971 lhb) have repo~ted sulphated 

muc:opolysacchar1des in the connective tissue sur110unding the 
I 

ejaculatory duct and in the gangl·ia-. Ashhurst and R1cbards(l964) 

have also detected mucopolysaccharides in the connective tissue,, 

suJ"rounding the nerve cord of pupa of the wax moth, GallEttia 

. meAlone lla. 

Re~ently. some very interesting roles have been adduced 

to acld mucopolysacchar1des, espatlally ln the cuticle of arthro­

pQds,. A4lenaksh1 and Scheer .(1959.) and Sundara Rajulu(1969.) have 

envisaged that acid mucopolysaccharide of the cuticle of 

ij:!miggrunm, awws and CiQQctlgboAPMA bunMipn1 .-espectlvely may 

baveimportant roles in the calcification of the c"ticl~ih Krishnan 

(1965) has suggested that acid mucopolysaccharidas may be associate«! 

wlth ... s s• bonding of the cuticle in the e.corpton,paJ.amooua 

awammetdaml·. 

The extreme. flexibility of the intersegmental cuticles of 

·the queen of Odontotems O,esga has been considered to be due t.o 

the occu"~ence of acid muc:opolysaccharides ($anna-sS..,1969) .• : This 

assumption ha$ been made on the ba$11 of thE} fact that acid ~· 
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mucopolysacchar1dee ~re said to posse.~ hlgh water binding 

capae41t1es (~ston,l966 a: Laurent .U. aA,, 1969, and Katchalsky, 

1964)• 

Now, the questi~n it, what is the role of acid 

mucopolysaccharides that are pre$ant 1n the 1Gns-cut1cle and 
' ' 

the crystalline cone of ~iAA d9mes'\1Sti• Aeh Cerana lndic;,a 

!gcrobraehlum birmanicwn and M;l.tap&nnieug .wm ? 

Since the occurence of mueopolyaaceharidee is not a 

general fe~ture of the arthrOpod cuticles and· since it occurs 

ln some special types of cuticle where it perf Ol'ma some spec:lal 

functions ( Mlc:nakshi and Sheer, 19!9; Sundara Rajulu.-1969: 

Krishnan, 1965; sannasi, 1969), it is reasonable to p~sume 

that t.he·spec:J.fic occurrence of mueopQlysacc:harldes in the lens­

tuticle and the crystalline cone may have a bearing on the visual 

system of arthropods, examined in the p,:esent study. 

In this context it ls of interest to msntlon that mueo­

. polysaccharides have been detected in several tissues of the 

eye of vertebrat-es end invertebrates by different authors •. and 

its importance in visual .phenomenon have been suggested •.. 

Anseth (!961 a) and Moczar and. l'k#c:zar(.J.973) have detected 

the oeeurenee of mucepolysaccharides ln "he cornea of s~:-,: I\ 

may be noted that·squid eo~nea, unllke the analogoua tissue in 

vertebrate eye 'i& a direct eontin~~ion ·of the skin. Bala&t et A! 
(1959) have found 'that vitreous body of· the eye of .the squid also 

contains a high conc·entration of hexuronic acid and hexosamine •. · 

ptesumed to be present as hyaluronate.:·~.· 
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. Balazs· (1965), have reviewed_~·thoroughly the biochemistry 

of the cornea and other tissues of ~tte eye. MJ•opolysaccharides 

have ,been detected ln ih-e cornea of of chondrichthyes( Balazs, 

1985), Osteichthyes (Anseth, 1961 a :J); reptilia e.g-. tunte 

(Am~eth. 19,6la), aves, such as adult owl, turkey and chi ken 

(Anseth.,l961 a) adult· man1 owl monkey, i"abbit, sheep, cattle and 

Whale (Anseth, 1961 al. 

The other oc\Jlar tissues, where m\JC:opolysacchar1des have 

been· reported are vitreous (Balazs, 1965; Berman and Voaden,1970), 

aQueous and ciliary body, interstitial martix sunounding the 

photoreceptor c~lls of Cattle . matrix (Berman and Bach,1968a 

• Berman, 1969) and sclera of ax~. 

With these reports in view-, 1t is possible to aesume a 

role of mucopolysaccharides in the lens-outlcle of arthropods·. 

The lens-cuticle as already stated-. besides playing a general 

deffens1ve role, performs a $peC1al optical function of conducting 

light rays to the inner rhabdomere. it is pos-sible now, to 

pi'E!aume that the transparency of the lens•cutiele, which is more 

than that of other types of cuticles( fh9• body.:.cut1cle) may be 

affected by the occurrence of mucopolysaccharidesa; The basis of 

such presumption is that. the transparency of the cornea of 

vertebrates has been reported to be effected. by mucopolysacchat"ides 

(Anseth and fJ."anason, 197~-) •. It is known tha,t the bulk of cornea 

of vettebtate eye 1s the stroma, which functions as a supporting 

st.ructuw and is adapted fr>r the transmission of a high percentage 
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of incident 11ght.()f·v1elble wave-lengths (Mawrice, 1969). 

Anseth and Fransaon (197()) have found that during chick corneal 

development, the occurrence of a highly sulfated Keratan sulfate 

is associated with the rise 1n transparency of.str~. They ha .. 

also suggested that stromal transperency is correlated with the 

presence of the normal p~portlons o~ Keratan sulfate and chon­

droitin 4 - sulfate. 

A rola of acid mueopolyeacehar1des can· alao be adduced 1n 

the compound eyes of arthropods studied• on the baels of the 

fact t.hat acld-muc;opolysaccharldes can act as selee1.1ve ion 

ban-iers (Jaanloz,1970).; It bas often been SU99ested that the 

light atimulated potentlale observed in photorece1ptor cells of 

invertebrates such as horse-Ghoe crab (Stleve,l96&), Cray•flsh 

(Eguchi, 196e), squids (Haggins, 196S), ba~nacle (Brown Jl&L, 
1969) and honey-bee (Fulplua end Bauman., 1969) an e direct 

consequence of an incweaee in the permeability 6f the photo­

l'9C,lptoJ- cell-membrane to sodium ions • This suggestion has. been 

made f%0m electro-physiological e•perlmants• 

Recently, Duncan u A!.• (1971) have measured the 1ntracell· 

ular cationic concentrations in the isolated retina of squid and 

frog with and without stimulation of light and have unequivocally 

proved that there is an incJ:Sase in membrane permeability to 

. sodium ions dul'ing v1sul!'l exc:ltatione:. ln the compound· eye of 

Muay, As!&· Mg£srobrfsh&WB and Mat§pinneu, as found in the 

present study, acid mucopolys~cearides are found not only in the 

l&ns ... cut1cle but also in the crystalline cone, which are close 
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connection with the inner rhabdomares• a.nd the rhabdomeres are 

the sites of chemical zeactlons the products of which may 

depolarlae the membrane of the retinula cells and initiate impulse 

foZ'Olation(W1gglesworth,l957) .• In view of the above reports, it is 
' ' 

r.easonable to presume that the acid mucopolysaccharides in the 

compound eyes may play an important role in visual excitation, 

when the 11gb~ rays pass through the outer apicutiele to the 

inner endo-cuticular region ( crystalline cone)- the si~of 

acid mucopolysacchar1des•: 

In this regard, it is wo.rth-mention.ing that we have 

alzoeady detected acid mucopolysacchar1des ln the lens-cuticle and 

crystalline cone o{ some other insects such as Per1elanaSI 

am§ldcana , Pie.r&e bra,siSQflt fresh-water bug, Belestoma sp• and 

nympha of Aeshga ap. (~y,l976) and ~ sOma crustaceans; such a& 

.falaegn SP•; and the horse-shoe crab; IJ.mulua f2lxphemua IDey, 

Raghu Varman Michael, 1978). 

The cosmopolitan occurrence of acid mucopolysaccharide in 

the lens-cuticle and crystalline cane of various arthr6pod groups 

'further support our preaumptioni. 

· Another·· interesting polntiJl which can be mentioned here 

is that Vitamin A has been shown to be involved in the synthesis 

of su~phated mueopolysaccarides. It is presumed· that retinol, or 

an active form derived from retinol. or a retinoic acid releases 

an enzyme ( or enzymes) necessary for the biosynthesis of 

·. mucopolysaecharidee ( Wolf and Varandanl (1960) have reported that 



deficiency of vitamin A in the tissue ~ cultu~ of ~artilage 

tissue blockS the synthesis of mucopolysacc:har1dee.· 

In this cont.ext_. it is of lnte~st to mantlon hep 

that vitamin A has been J"epcnrte d in the compound eye of many 

af.lthropods (Goldsmith~• 1964, Wolken U Al• 1960). Thus it will 

be of great aignifica"ce to stud¥ whether there is any rela• · 

ttJ1ftehip between mucopolysachharides and vitamin A in the 

compound eyes. 
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INTRODUCTION 

The visual ability of any animal is greatly influenced 

by the generation of energy in their photoreceptor organs. The 

generation of energy in tbe.biological system is chiefly due 

to the oxidative process, which is carried out by two mechanisms 

(1) the addition of oxygen to a substance and (11) l'Gmoval of 

hydrogen from the substance. Goldsm1th(l924) 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. 1t is ·known that some 

reducing substances should esse.nt1ally be px-esent in the 

photoreceptor organ. Glick !.1 a! (19~6); Bellows and Roenet(l936) 

Rosne~ !1 A! (1938); Henkes (1946,) have r:eponed the occurrences 

of two reducing substances,·. namely glutathione and ascoJ'b1c acid 

in the lens of some vartebratesi~~ 

Pirie (1946) has reported the presen,ce of ascorbic acid 

1n the cornea of ox at a eoneentration of approximately 1.,8 u 

moles per gm •. wet weight of tha tissue •. Heath ( 1962) has reported 

ascorb1~ acid in the lens of rat, ~og, guinea-pig, rabbit, sheep 

frog, pig, man, cow and horse. Ascorbic acid ha$ also been 

reported in the aqueous humour of rabbit (Muller and Buschke, 

1934; Podesta and Baucke, 1938), ox (Muller and Buschke,. 1934t 

Podesta and Bucke 1938: Vladesco and Stefanaseo, 1939, Bohnson. 
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1936), man (M.Illel' and Buschke 1934; Purcell .11 a!· 1954). 

monkey (Kinsey and Jackson, 1949) Guinealfl)ig (MJllel' and 

Buschke• 1934; Podesta and Baueko, 1938; Johnson., 1936), 

Sheep (Vladeseo and Stefaneseo, 1939; Podesta and Bauc:hke, 

1938a Vlades~ and Stefanesc:o, 1939) cat (Langham, 1950), 

Rat (Muller and Susehke, l934) and Frog (Muller and Buschke, 

1934). 

The oceunenc:e of asc:od)ic acid has been I'Gported in 

the vitreous body (Balazs·, 1961) and also ln the retina(Heath. 

19621 Heath 21 41,, 1962b ; Heath and Piddick, 1964, l96!»a, ba 

.Fiddick and Heath, 1966) of several vertebrates. 

Detection of high levels of ascorbic acid in variou$ 

pans of verteb~tates photoreceptor& have led to the attempts to 

study ~he importance of this substance in the visual func:1',lon 

·of an1mals by a number of authours (Hea~h and Fiddick, 1964; 196!;a; 

b, ; Pirie 1964; Kinoshita 1964; Henkes 1946). 

In an attempt to study the importance of ascorbic acid in 

t~ visual system, Rawal and Rao, (1977) have made an estimation 

of the substance in the lens of a number of vertebrates such as, 

fishes (Oph1gseghalusa· Saceobransbys (osalla; Barbut pinnugtyah 

amphibian (Rana hexadastyla; Bufq me\anostistus)a birds (SolW!Jbt 

11via) and mammals (Rjt;tu&, oomgiguru Cav&o porseUui• llphozoua 

lgngimanps). The interesting observation made by them is that, 

fishes which swim on the surface or on the upper etrata of water •. 

e .• g.. ;9?h1ac:eehalys and Barl!ya have a small amount of ascorbic 

acid 1n the le~ts .• In contrast to this , they bave observed that 
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in fishes which live in bottom,or deepe,. water, e.g. eat fishes, 

the a~ount of asqorbic acid in the lens is significantly higher. 

ln the similar way, they have observed that in amphibians $lao • 
. - . .. : .... 

' ' 

the frigs which live in well-lighted al'Ga c:ontain ·a small amount 

of ascorbic. acid 1n the lens, whe~as the members living 1n 

shaded orless•lighted ai'Ga have comparatively higher amount of 

ascorbt,c acid 1n the lens. Among the mammals, the nocturnal bata 

have ccmtparatively highel' amount of ascorbic _acid in the lens. 

~~;higher torms. ascorbic acid shows degradation except 1n birds, 
' .. 

when it 18. lower than amphibians and fishes and higher than 
.. 

· reptiles and birds.~· 

A gradual decrease in the concentration of ascorbic acid, 

however, has been obsened in the lena as the animals become 

old. In spite of the wide variations in the concentration of 

·this vitamin between species, in aging lens of almost all the 
' . ' -

species investigated so far, the level bas been found to be ~a~y 
I • 

deeX"Etased. As for escarnple, the rat· and cow di~fe~ 1n lens-slie,. 1 

life.spa·n and average ascorbic: acid l~vel but both of them ehow 

91m1ld drop& 1n ascorbic acid contentr.ation 1n the ageing 

le"s• (Kuck Jr.,l96l)~~ 

All these reports suggest that ascorbic acid may play 

some very important roles · 1n the visual system of animals, •. But 

a·J:eview of literature on the subject zeveals that the study 

has been confined mainly to the veneb.rate eyes~~ No attempt 

has been made so far in the photoreceptor of invertebrates, 

especially of the arthropods •. 
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Ascorbic acid has been reported in various tissues 

of several species of arthropods (Giroud and Rakoto-Bata1mamanga, 

1936: Haydak and vivino, l943a Metcalf, 1943; Smyth • Bingley and 
. . 

Hill:•·· 1944; Swamy and Sreen1vasaya1 1942; Woolman, Giroud and 
'·. 

Ratslmamanga, 1937)• although it has· not been .reported as an 

essential dietary constituent in most of the species. Wollmann 

!1· ~ (1937) have reported that the cockroach, Blattlla can 

synthesize a1corbic acid. Wollmann, Giroud and Batsimamanga 

(1937) have reared .Blatella on a diet fre.e from ascorbic acid 

for 15 yea.-s • But it has been observed that, in spite of J:"earing 

of these inseets on ascorbic acid- free diet, they contain 

10.15 mg/g of the tissue, the amount. which is found in newly 

caught specimens. Joly (1940) has reponed the occurrence of 

ascorbic acid in· the blood of the queen termite, Belli.cositsmes 

. oatalensim( Hav):~ A considerable quantity of asco~ic acid hae 

also been reported in the honey bee aaY, mellifeq by. Haydak 

and Vivino (J.943). Giroud and Rskoto-Ratsimamanga (1936) have 

reported that the muscles of pytissua contain a very high.amount 

of as~orblc aci~; about three times higher than that of 

vertebrate muscles. In the malpighian tubules of the cockroach, 

f!ut&g~aggta ameriseua, the amount of ascol'bic acid is reported 

·to be 0.6 - 10. mg I g of the tissue. 

Day (1949) has detected ascorbic acid in .various tissues 

of a number of arthropods, such as. the silverfish, etepolee&•ma 

lengicaudat§ Esch; the cockro_ach., Blat;t.ela gftrman1sa (L) 

workers of the termite, Nleutitermes exittosus (Hill),larvae 



and adult of the mealworm Tenebr1o mol ito; L.: adul>ts 

of the flour beetle, Iribollym csofusym Duval;larvae, 

pupae and adults of the blowfly, 1Juc111a St!orina wJ.ed; 

· larvae and adults of potato mQth, Gnorimoschema 9lerculella 

Zeller, larvae of the clothes moth, Uoeola.visellillft 

tlu!!!!T@l, and worker of the honey bee, 6aU mslWic.a L. 

by me·ans of histochemical tests-, He bas detected ascos-bic 

acid in the ~rmal tissues, blood, circulato&y system, 

alimentary canal, &Mee exc:retary system,storage tissue, 

muscle tissue• respiratory tissue, nenous tissue, glandular 

tissue, organs of intermediary me.tabolism, and reproductiv•­

system of those arthropods. 

But insplte of all these • it seems that no 

attempt has been made on the compound eyes of· insects and 

other arthropods·'• 

With these ln view, histochemieal and biochemical 

studies have been performed on the compound eyes of the 

housefly, Musca dgmestlcaa \he honey bee, Ae!l ferana 

&ndiC§I the fresh-water prawn. MQC£Ob;ac~&um h1£Wanisum 

and the marine prawn, Mat.ap1QneUB sp.. to determine the 

am.corbic acid stat.us in tbe compound eyes .• 
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. Materials Methods 

Histochemistry : The histochemical tests employed for the 

detection of ascorbic acid 1.s that followed by Bacchus (1950)·. 

The eyes are separetad from the head very carefully and 

immersed in the dark fo~ 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 washed in distilled 
.. 

water and transfered to 70% alcohol. n:thydration and infiltra-

tion are performed in subdued light'~'. The materials an sectioned 

mounted on slides and counterstained in eosin~•-
. ·~ 

Colorimetric detection: The color~tric method for the 

estimation of ascorbic acid followed in the present investigation 

is the modified method of Ollnoy 21- a1, (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 

continuously acted upon by a number of oxidizing enzymes. These 

include a special peroxidase which ·catalyaes the formation 

of its free radical - (PR) • monodehydroascorbic acid(MDiA) 

(Gurevich), 1963). Further, chinoy (1967, 1969) has reported 

that in living system endogenous as well as exogenously added 

ascorbic acid forms a complex with macromolecules like proteins 

and nucleic acids •. Ishf;lrwood and ~pson (1962) have suggested 

that in a tissue, the actual concentration of ascorbic acid 
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, repl!ElsEmts the excess forrood in synthesis over that used in 

. metabolism. Thu$, aecording to them any study regarding the 

concentration of ascorbic: acid in free form alona may lead to 
. I -

an 1nconact inference .• Keeping all these _facts in view, 

ascorbic acid t.urn-over 1n the compound eyes has been studied 

by elmultaneoua detel'tnlnatlon of (i) free form of ascorbic 

-(AA), (11) bound form o{ ascorbic acid(ASG). (111) enzyma.~i:C~J;·:<·· 

ut111zat1on of ascorbic acl·cl( AAU), and (iv) complexing of 

ascorbic acid with marc~melecules (AA-MM). 

'(.1) . ... ph ph ( ) ~~~~ta os orlc acid · HP?A 

(1) 3 % W I V solution (0.275 M} ·• 

(11) 15 ~·W/ V solution (1.375. M)• 

These solutions have been. kept in the refz-i~erator (3°C) • 

(2) . @Uffer §glytiC)Nl. 

(1) §uffer aoJution 6 (o:•g, M) : lo•a!)g. of Citric acid 

aze dissolved in .1N NaQf and t,he volumo is made to 100 m1 
. ..-. 

(PH 4-.8). 

{11) Buffer aolUSton 8 (l•e. Ml, :31.65gm of Citric acid 

.azte dissolved in 3N NaGI to a volume of 100 ml (fH 4·•a). 

(3) . Buffered HP03 • 

The volu~s of 3% HP0:3 have be~n mixed with one volume 

of buffer solution A. The PH of this sol~ion ia 3•6. Buffered 

HP% is freshly. prepared ~very time'• 
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(4) . §tanmrd ascorbic asig .fi.Olutlszn·• · 

••• •: ,' t 10 'ID9~ 'of 'astorblc aeid is dissolved in glass-

distilled W&ter'• which 1s previously boiled, cooled and· saturated 

with :c~. The volume· o~· the ~olution is ·made upto 100 ml and 

stored -t'n an ·amber-~ ·col~u:red· bottle -~t 3•5°C. Ascorbic acid 

solution ;is always' freshly· 'p~pared•· 

(f>) §t'&.bdftrdiSed dQ sgluS;tori~ .. 
\ . . . 

, 10 mg of 2,~· dichlorophenol..;; lridophenol (Bill) is 

diss6lved in de•.ionised· water ·at eo0c. It 1:s cotlod and the 

volu~: is made upto 200 ml:•· 

§tandard. Curve : . Ascorbic ·acid solutions of ~oneentrations 

ranging frotn lO JU9 . to 90 tU9/ m1 are prepared frot1J a stock 
' #• :. 

solutlon:by dilutions with cold C<l;r sat~rated glass distilled 

water to the. requ1e.1te. concentrat~on~•. 

l ~ aliquot of each AA solution is mixed with 
i .' 

1 ml of buffered HP'3 '(pH 3~6) solution _(pH does not change by 
. . ,. . . . ": ' '-" . 

the addition of ascorbic .E)Cid. since the buffe.lng capacity is 

high) ~nd ~- ml of standard1$ed dye. solution and the :reading on 
. ._, ~ 

the s~'ie· of photoelectric c.olo.rimater is. recorded using a 
' t t 

green filter (1.e. 4Ee-590 nm ) .• -~ Coloi1me.tr1c: readings are 
t -

taken for each AA solutions and a standard graph is prepared by 

plotting these values·~ 

§!:trmcti~n. pf the nwteriala 

the eyes are sepaJ:'ated from the head very carefully 

so that the adhering tissues are removed from them,. as far as 

possible'• 

Weighed sample of the material is placed in a 

mortar. covered with 1-2 ml of cold C~ saturated distllled water 
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as well as a pinch of pulfied silica sand and quickly 

homogenised~ The contents are transferJZed to a test tubeit the 

mortar and pestle are r1naed two to three t1mas with 1 - 2 ml 

of cold CC2 .. DR, transferred to the test- tube and the 

. volume of homOC)enete is made upto 1.2 ml with C.~ - satvrated 

distilled waterii 

The homegenata is divided into three parts: 

(1) 4 mi for the estimation of AA• 

(U.) 4 ml for the estimation of ASG.; and 

(111) 4 ml for the estimation of AAU and MM complex. 

l.'!!te£m!nat1pQ pf ascgrbic acid t• 4 ml of 

coeled buffered fiPOs is added to 4. ml of . the original homogena~e 

and after thorough shakiflg·a 2 ml aliquot of the mlxtun.ls 

diluted with S ml of distilled water. and the pointer on the 
. . 

Colorimetric sc:ale is adjusted at \•o• for the turbidity factor. 

5 ml of standard dye solution a" added to another 2 ml 

aliquot Of the same mixture and the C:Ol0%imetr1C ~e&ding 16 

noted• 

Calsuls!19A .;. l'he concentration of ase~bic 

acid in 1 m1 ~f the original extra~ .is ca).oul~t~d as follows~ 

As e~ch 2 ~1 aliquot contains 1 ml of the ori,glnal homogenate 

the coneent:r;atl~n of ascorbic acid I, gm fresh vs'-ght of t.h, 

mater:lal $s · :,;,.;. 
. .··;·· ' 
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A = a • y .,. ___ .....,._..__ X J.CJOO 
w 

Where, A = AA content of the sample in )Jg/ 9• 

fresh weight. 

a = AA in tU9/ ml of the original homogenate. 

V ~ Total volume of the original homogenate. 

and . W ::: Weight of ·the sample taken for analysis (in mg). 

~tej£m1nation of asso!;b1gen (ASG') 

2 ml of 15% HPOa is added to 4 ml of the original 

homogenate and the mixture is kept in a water-both a\ 7&°C 

for 15 minutes· for hydrolysing as~orbigen··~ After ~ooling; 

the system is buffered at pH 3~t6 by adding 2 ml of the Buffer 

solution b thus 1n~reasing the volume of the mixture to a·•o ml 
I . 

and the colorimetric reading is xeeorded ae in free asco•bic 

acid-

Concentration of _.eorbic acid 1n 2 ml' of the 

buffered hydrolysed extract ls determined from the standard 

graph. The value of free ascorbic acid in J. ml of tho 

homogenate, which has been determined previously, is subtracted 

from it to obtain the ascorbic acid equivalent of ascorbigen 

1n l ml of the homogenate -i~ 
.,·.:'\ 

Aacorbigen content per 91P'iX- fresh weight is 

calculated as follows: .· . ~ 



where .• B = Ascorbic acid equivalent of aseorbigen in ug 

per gm~ fresh weight of the sample. 
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b = Ascorbic acid ( t\19 ) in 2 ml of buffered ,_ hydrolyzed 

extract[~ 

a= Ascorbic acid (tug) per ml. of the original 

homogenate,,. 

V = Total Volume of the original homogenate. 

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

Ascorbic acid utilization (~AU) fDd ascorbic acid • maS!Qmol-
ecule eomplextpg (M • MM complex): 

4 ml of ascorbic acid solution (100 ,ug/ ml) are 

added to 4 ml of t~e original homogenate. The mixture is 

incub~ted at 30 ! 2°C with thorough shaking after every 10 

minutes. After incub9tion, aliquots of 3 m1 are taken out 
' . 

• separately for the& anslysis of AAU. MM complex respectively. 

Dete;mloation of AAY 1 3 ml of buffered HP~ are added to 

3 ml of the incubated solution, ·and ascorbic acid content is 

determined~ The ascorbic acid content of 2 ml aliquot of the 

buffered incubated solution (i.e.o'~:, ml of the original · 

homogenate) _is determined frem the standard graph.> nte value 

. of -~ascorbic acid ( in ft.l9 ) thus obtained is multiplied by 2 

to.obtain the value of asco:rb1cacid per 1 ml of theoriginal 

homogenate left unutilized after incubation~· 



.as followEr:. 

where, 

The calculation of AAu per gm. fzesh weight is 

C 1 = v < a + !OOl - 2C x 1000 
. w 

c l =·Abscorbie acid in ~9 utilized per gm. 

·fresh weight during a given period of 

incubation:• 

c = Amount of a~corbic acid in ,.ug left over in 

2 ml' of .the buffered -. incubated solution 

( i,,e)~ 0 •5 ml of the original homOgenate. 

a ::: AScorbic acid in ~/ ml of the ovlglne~l · 

homogenate.·•; 

V = Total VQlume of the original homogenate. 
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W = Weight of th~ sample taken for analysis(in 11>~• 

Qttemina~ion of M-MM complex l 

At the end of the io~ubation period 2 m1 of 

l5 7& HP~ are added to 4 ml aliquot and the mixture is hydrolyzed~ 

After cooling, the mixture is buffered at pH 3·~6 by adding 2 m1 

of buff~r solution · ~ B bring~g· .·the . total volume to 8 ml and 

the eomplexing of ascorbic ae~d is ~terialned as in aseorbigen • 

The ascorbic acid eontent in the aliquot. ·is determined from the 

standard graph and is. multiplied -bY 2~~1 Substracting the value of 
. ' .. ~ . 

ascorbic acid left over in 1 ml- of.the original homogenate 
1 . ' . 

before hydrolysia from the above· ·valu~ gives the ~mount of 

ascorbi-c acid released .by bydrO~ysis of ·t~ AA..NM ·complex 
. . . 

\ ·,· l 

. ' 



(i~ ;ug/ ml) • The amount of ascorbic acid eomplexing with 

macromolecules per gram.fresh weight has been calculated 

as followsi:-

. D :a 2V (tf:c) . 
l • xlOOO 
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D1 = ;U9 of $scorbic acid released from the 

complex per g • fresh wt of the material• 

d = ug of ascorbic acid in 2 ml of the incu­

bated hydrolyzed buffered solution (i.e • 

in O'j$. ml of the original homogenate) 

V = Total volume of the orig-inal homogenate. 

C = AmOu~t of ascorbic aeid in ~9 left over 

in 2 ml of the buffered-incubated solution 

(i.e. o•5 ml of the original homogenate) • 

W = Weight of the sample taken for analysis~ 
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Q?aervatiqgs and J)iscussion 

The· prineiple of the histochemical tests for the 

detection of ascorbic acid-in biological system lies on the 

fact_ that silver nitrate reduces ascorbic acid in tissue 

sections and produee·s a charaeterstic patte~ of black granules 

sca.ttered in the region, where ascorbic acid is present. The 

efficiency of the method, however, has been criticised by 

Barnett and Fisher. (1943), which has mainly been answeied 

by . Bourne ( 1944). 

Barnett and Bourne (1941), on-the _basia.of 

the available evidences have stated that in vertebrates it 

is "justifiable to asstJme-that the reaftion$ observed are 

unlikely to be due to reducing substances other than ascorbic 

acid". 

Day (1948) has'stated that this suggestion is 

very much applicable to insects also~ But one of the diffl­

~ulties is that melanin granules are also known to reduce 

silver nitrate 1n acid solution·. However it has been found 

that prop er controls readily distinguish them froJD t_he 

ascorbic acid- positive granulea(Day,l948). 

The histo-chemical testa employed for the 

d&teetion of ascorbic acid in the present investigation have 

fa1led to indicate ascorbic acid• positive granules in the 



in the corneal leas, which is a modified cuticle. Thll 
/ 

is in .agreement with the suggestion of Oay(l948) • who has 

reported that cuticle of most of the insects and other 

arthropods usually does not contain any. substance which re­

duces silver nitrate .• However:, he has reported that the 

cuticle of the larva of the patato-moth, anor1;osehemg 

contains some very small ascorbic acid-positive granules. 

Similarly, the larva of the mealworm, Tegebrio molitQE is 

reported to show a peculiar distribution of larger granules 

1n a few regions of the cuticle,~ These_ granules are present 

in abundance near the hypoc!Etrmes and they are arranged in 
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rows and a.t right angles to the hypodermis., Because of this un­

usual appearance of the granules, it is not easy to comment 

boldly on the occurrence of ascorbic acid in the cuticular 

regions of arthropods., However, Day (1948) has· suggested that 

.the eh~aGter1st1c pattern of ascorbic acid positive granu).es 

1n the hypodermal cells of several insects, are v~ry similar 

~o those reported in other tissue•. In Lgeusta, these ascorbic 

acid-granules aJ:e very much conspicuous in cells located at 

mus~le - cuticle attachments, Hypode~mal cells Which, however, 

are not attached to muscles do not show any such ascorbic 

acid- positive granules (Day 1948) -~ Day (.\948) has. also reported 

~hai the hypodermal cells of the larvae of the blowfly • Lucilia 

eurpr1Da !'Wut. potato moth. Gnorimoscbema £Parculella Zeller,. 

niealworm, Iftnebrio molitor L:~2, workers of the termite:, . 
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~sut1term@s exitioua (Hill), and the silver fish, ptenoke-
. . . - .. 

aipma lopgieaudata Escb. ~ontai~ ascorbic acid- positive 

granules but the·ir appearence is less striking than in other 

tissue:~ 

In the present investigation, although ascorbic 

acid could not be detected in ·the ,~orneal lens by histo­

chemical tests, careful observations of a large number of 

sections using suitable controls reveals the presence of 

ascorbic acid positive gra~ules in the rhabdom regions of 

!4sei domestic&, As!! eerana indica, Macrobrachium ~irmanicum 
. . . 

and Vetapinneus sp. (fig.l4l.': To confirm the results obtained 

by histochemical tests, chemical estimation of ascorbic acid 

from the compound eye has been perfo~med •. The ascorbic acid 

turn over (Free form of ascorbic acid or AA, bound form of 

ascorbic acid or ASG, enzymic utilization of ascorbic acid or 

AAU and association of ascorbic acid w1 th macromolecules or 

M-NM complex) i.n the compound eye of MuscA,Ag!s Masx;obrashium 

and l\t!t.i=!Pi&Dneua a.-e presented in Tables 9,- .10. 11, and 12 

respectively .• 

The major source ·of error in studying the ascorbic 

acid concentration in biological system is the auto-oxidation 

of ascorbic acid. This auto-oxidation has been prevented by a 

fairly easy- method as described by Chinoy !1 i!(l9'76), in w))ich 

glass-distilled water used·for extraction as well as for 

preparing ascorl>ic acid solution is saturated with CCl.2• Chiggy 

et al {,1975) while studying the auto oxidation of ascorbic acid 
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Table 9. Ascorbic acid turn over ( AA or Free form of 

ascorbic acid; ASG.or bound f9rm of ascorbic acid; AAU 
. . ·.. \ 

or enzymic utilization of_ ascorbic acid and AA•W.4 or 

association of ascorbic acid with macromolecules ) in 

the compound eyes of the house-fly, MUsca dern@stica. 

Different forms of Concentration 
ascorbic acid ( mg I gm ) 

le Free form 0.41 * .026 

( AA ) 

2. Bound form 0.44 + .218 -of ascorbic 
a'eid 

( ASG ) 

3. Enzymic 2.1 + .125 .. 
. utilization 
of ascorbic 
acid ( MU) 

4. AssoCiation 0.2J. + - -.017 
of ascorbic 

· .. 

acid with 
macromolecules 

( AA.;.MM complex ) 
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·Table 10. Ascorbic acid turn over <. free form. AA; bound 

form of ascorbic acid,. ASGJ Enzymic Utilization of ascorbic 

acid •. AAUJ Association of ascorbic acid with macromolecules 

AA - MM ) in the compound eyes of the honey bee • ~ 

Cerana indicA• . 

Ascorbic acid 

l. Free form of 

ascorbic: acid (AA ) 

21! Bound form of 

ascorbic acid ( ASG ) 

3. Enzymic utilization 

of ascorbic acid 

( AAU ) 

4. Association of ascorbic · 

acid with ~cromolac:ulee 

( AA - MM complex ) 

Concentration (mg/g ) 

0.60 t 0.026 

2.1 • o.JZ -
2.3 + - 0.-127 

. 2.1 + 0.122 -

87 



1n relation to time have found.that auto-oxidation of 

ascorbic acl~ 1s rap.ld in glass•distllled water kept at 

30°C •. When glass-distilled water cooled to 3-S°C after 

boiling, is used, it has been observed that tha rate of 
I ' ' ' ' 

~l.Jto-ox1dat1on 1s slowed down, -which is not.ed upto .180 

minutes. When the glass-distilled water is saturated 

with ·c~. it has been observed that auto-oxidation. le 

completely checked at both 30°C and s- 5°C • 

. . :. ·: . : .AnothQr probability· of Gr&'Or in the· estimation 

o.f .a$corb1e acid .J.c due· to the -instability of the dye, 

2,6•dichiorGphenol indophenol. It. is known that· t.he dye,· 

a.6-dichloJtOphen911ndophen~1 _solution is very mud\ 

unstable at.low .PH, .which is characte:rlstlc.of.lndopbenol 

dyes. At low PH, tha.se dyes ... ooc.ompo$& to give. qun1nonQs. 
' ' . . . . . '' . . . 

and amlnopbenols •. ( karrer,l9!0 ). 
. . . . . . ' 

Chinoy i.1 Jl!·. (1976) have reported that unbuffered 

HPQ3 decolourises thG dye rapidly and the ~ate of 

deeolour1aation ls proport1onai to the concentration of 

HP~ present in. the system. In. our study· tbe. dye has been 

effectively stabilized by b~ffer1ng it witb C1tr1c-HaOH 

buffer at s PH 3.6 • 

. Another difficulty .in estwtion of ascorbic. acid 

turn over •. is that. during the determination of ascol'bigen 
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Table 11. Ascorbic aCid turn ovet ( free form of ascorbic 

at1d, AA; bound form of ascorbic acid, ASG; enzymic utili­

aatlon of ascorbic acid, AA~; and association of ascorbic 

acid with macr~molecules. AA - MM complex ) in the compound 

eyes of the fresh water prawn , Macrobpcb1um ~1rman1qum. 

1. free form 

of ascorbic 

acid (AA l 

21! Bound fo~ 

of ascorbic 

. acid ( ASG ) 

3. Enzymic 

utilization 

of 8$C:Orbic 

acid ( MU) 

4. Association 

of ascorbic 

acid with 

macro-molecules 

( AA - MM complex) 

0.75 0.214 

··22 ... 0.025 -

3.l2 + o.o61 -

• 63 + -
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Table 12. As~orbic acid turnover- ( free form of ascorbic 

acid • AA; bound form of ascorbic a-eid, · ASGa enzymic 

utilization of ascorbic acid; AAU and asso·ctation of ascorbic 
I 

acid with macromolecules, AA·fAM complex ) in the compound 

eyes of the marine prawn, JIA)tapinoayg sp • 

• 
ascorbic acid . \ ' Concentration 

• ( mg. I gm ) 

t 

1. Pree form • ) .• 9 + 0.032. • -
of ascorbic • 
acid ( AA ) • • • 

2. Bound form ' ,.24 + 0.021 -
' of ascorbic 
t 

acid .( ASG ) t 

' ·• 
3. Enzymic· t 12-.16 + 3.611 • ~ 

utilization • 
• 

of ascorbic • 
• 

~cld ( AAU ) ' t 

• ·4. Association • .24 + - o.o24 
• of . ase.orbic t 

• 
a~id with • 

' macro-molecules • 
·( M- MM ) \ 

' t 
• 



and AA-MM complex, hydrolysis with metaphosphoric acid 

is carried out at 1~0c for lS minutes. At such a high 

temperature, there is alwc.ys a possibility of loss of 

ascorbic acid due to heating. This loss is effectively 

checked ln the present investigation by using 15% metaphos­

phorle acid in the system. 

Ch1noy 21 4l (1916) while studying the effect of 

metaphosphoric acid on the protection of ascorbic acid 

during hydrolysis have suggested that 1&% or higher 

concentration of metaphosphor1e acid ( H~3) effectively 

ch~cka the loss of ascorbic acid during heating at ao0c 

upto l5 minutes. When H#:03 is used to check the~ loss of 

ascorbic acid the system is buffered to. pH 3.6 before 
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the addition of the dye to it. WhUe using 15% metaph.osphor1c 

ac1d1: buff_er solution B ( Ref~· M1ter1als and ~thode ) 

effett1vely brings the PH range to 3.-6 when added in lJl 

ratio. 

finally~ the interference of substances other than 

ascorbic acid is checked by carrying out the determinations 

in strong acid solution:~· lbus it can be inferred that. the 

dye reducing property observed in the eve-homogenate of 

Mu1ca dpmesttea,. ae!a, Cerana ,&ndieeh Macrobroc:h1um ~1imanc1um 

and Metaginneyg sp;.. is very likely to be due to the presence 

of ascorbic acid in the compound eyest 



Now,, the question is, what can be the significance 

of occurrence of ascorbic acid ln the compound eyes of 

these arthropods ? 

As already stated, studies on the .occurrence and 

and aign1f1~.anee of ascorbic acid in the visual system 

has been eot;~fined mainly to the photoreceptor of vertebrate. 

Thus in any attempt to study the s1gnif1caoee of ascorbic 

acid S.n vision, one should depend at f1J:st on the investi• 

gations made on the vertebrate eye. 

Kinoshita (1964 ) , Henkes (1946). and Rawal and 

Rao(l977) have suggested that ascorbic acid may· play some 
'' 

very important role in maintaining the transparency of lens 

in the eye of some vertebrates. The basis·for sueh a 
' . . . 

suggestion is that the concentration of ascorbic acid in 
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t~e lens is reported to be relatively higher in those animals 

where their lens needs more energy. Kinoshita (J.964) and 

Hankes (1946) have reported that "Cataract "• the most 

common lens•disease of human being 'is caused due to same 

disturbances in the metabolic process o.f the lens and they 

have suggested that one of the reasons for the formation 

of " Catax-act a may be the depletion of ascorbic acid and 
' ' 

glutathione • In this eontext, it i's of lnte;estto mention ' 

that Kinoshita(l964) has reviewed some of the biochemiCal 
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reactions involving glutathione and ascorbic acid, which 

may b~ relevant to lens metabolism • It is known that the 

main source of energy in the crystalline lens is the 

pentose phosphate pathways and it is suggested that the. 

sespi~atory_link between ascorbic acid and glutathione 

provides NADP + All available for the enzyme of the pentose 

phosphate pathways ( Pi~ie, 1964 ). 

one of the reasons for assuming some very important 

functions to ascorbic ac_id in vision lies on the fact that 

eye has relatively more capacity to retain ascorbic acid 

than other tissues, when the dietary source of the Vitamin 

is cut off. Hughes !1 a! (1971) have reported that when . . ' 

gu·tneapigs are deprived of dietai'Y sources of the vitamin, 
.• 

the brain and the eye lens show J"etention of a substantial 

amount of it while the other 0r9ans show altnost compl~te 

depletion. 

In their experiment, Hughes i1 i!.,..(l971) have 

malntained g_uineapigs on an ascorbic acid-free diet for 14 

days. After 14 day$; when they have estimated aseorbtc aeid 

from otgan& of the guineapig, lt has be$n found that the 

concentration of the vitamin has fallen to 1% of the initial 

in the spleen, to 4% in the adrenal glands and less than 

116 of the initial concentrtition in the aorta.. In contrast 



to this, the eorresponding 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 observed on the concentration of ascorbic 

acid between eye-lens and other organs may be due to the 

faet that the specific mechan1$ms that ensure ~tention 

or uptake of ascorbic acid may operate more eff~eiently 

in the eye than in other organs. 

Hughes !1 A! (1971) have suggested that the 

function of astotbic acid may be very important to the eye 

lens ~nd that may account for the maintenance of the level 

of the vitamin in the eye as long as poseible\t Even after 

the fall of the concentration the necessary functions are 

maintained even longer by an increased turnover rate. This 

may explain the experiment of Baker (1946) , in which it 

has been reported that a rabbit lena !n vUU looses all 

detectable ascorbic acid after lO days but transparency 

of the fens is maintained evan after 21 days •• of culture.:··.· 

Besides the lens,. equous humour of the eye of many species 

retains a high concentration of as~orbic acid by a mechanism 
' 

of active transport from blood to eye ( K1nsey,l947t Barany 
. ' 

and Langham,l955 )! B~t in spite· of all these reports, the 

reason why this high concentration of ascorbic acid should 

exist ln the eye remains unclea~;-. 
·: I 
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Recently a very important functions of ascorbic 

acid has bean suggested by Buck and Zadunaisky (197~) in 

the corneal epithelium and other ocular tissues of frog 

and rabbits on the basis of the fact that ascorbic acid 
I I 

stimulates ion transport through inhibition of 3 s. 5 • 

cyclic • AMP phosphodiesterase. 

In their experiment$. Suck and Zadunaisky (1975) 

have observed that ascorbic; .acid exe.rts an inhibitory 

action'on the 3/ c 5- cyclic AMP phosphodlesterase(EC 

3.1.4.17 ·.: ( activity of sub•cellular homogenate a of corneal 

epithelium. They· haw found that the addition of ascorbic 
. . . 

acid· produces an increase in the short-circuit current of 
' '· the isolated· ·corneas of fro.9 and rabbit. They have also 

J'Sported that in frog, addition of ascorbic acid at a 

concentration of lO mM in the reaction mlxtu~ cause a 
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37% inhibition of phosphodiesterase activity in the co~neal 

epithelium of frog1~ To find out whether this phosphodiesterase 

inhibition is due to change in PH of the reaction medium, 

they have determined the pH of the. rea~tion mixture at 

the start and end of the incubation period; they have found 

lt to be essentially similar. This inhibitory aetion of 

asco~bic acid is found not only in the frog cornea, but it 
. . . 

has also been reported in the comee,l epithell'ium of rabbit 

a·nd toad ( Buck and Zadunaisky, 1975 ) · 



· . I I 
By ,inhibiting 3 c 5 ~ cyclic phosphodiesterase 

activ'ity, ascorbic acid. produces an increase in cyclic AMP 

content of corneal epithelium and other tissues~ ·(Buck and 

tadunaiaky .l97Sa tewins, 1973) .• This increase in cyclic AMP 

content in the corneal epithelium possibly stimulates active 

ion transport across the cornea. 

All these reports give some ideas regarding the 
. ' ~ 

way in whleh ascorbic acid may pl~y some roles in the 

phQ.toreceptor of vertebrates. 

·,Now, the compound.eyes of arthropods as alzoeady 

mentioned ( Ref~ General Introduction ) are some what 

different from t:he vertebrates eye, as far as tte structure 
. ' 

is concerned,. But in spite .. of these differences, it seems 

th~t chemically, and also functionally both the arthropod 

COmpoUnd eyes and vertebrate eyes are more Oi' less 8Hi 

similar.! As for example, it has been reported that. the 

arthropod compound eyes use vitamin A and a retinene-complex 

for the visual pigment chemistry as is dona by vertebrate. 

In addition to this,· it has been reported that the 

rhabdomere mierotubules of arthropods are very s1~1lar to 

tha.t of the vertebrate retinal rod outer segment sacs _ . 
; 

( Wolken, 1968 ). 

96 



· 1bus • it is reasonable to presume t.hat the 

functions which have ~en suggested f~r aseorbic aq1d in 

the photoreceptore of vert~brates, may similarly, be 

applicable to the . compound eyes of arthropods also-. ' 

In the pfesent investigation, while studying the 

·utilization of ascol'bic acid it has been observed that 

the p~rt of ascorbic acid of the aliquot incubated for 

AAU forms some complexes, presumably with macro-molecules 

instead of getting oxidis&d. The complexing, however, can 

be recovered after hydrolysis with metaphosphoric acid. 

1his complexing ability of ascorbic acid, most probably 

·19 responsible for the formation of bound form of ascorbic 

acid ( Ascorbigen >• SuGh complexing may lead to the 

formation of charge transfer Complexes which has also been 

reported to occur in ·biological system very frequently, 

and they are known to take active part in the process of 

energy transfer ( Saent Gyorgyi, 1960 ) • 
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Szent Gyorgyi (1960 ) bas suggested for the f 1rst 

time the importance of thes~ charge transfer complexes in 

biological system. Since this report, complexing of ascorbic 

acid with macromolecules has been reported from time to 

. time ( Olinoy, 1967,l.969J Chinoy 2.1 .1! •• 1971: 1973; 19T4). 
' .• ' 

Bonner (1957) has reported that ascorbic acid 1s acted upon 

by ~ number of enzymes which oxidise ascorbic acid llrectly 



or. tndirectly and· over and above this oxidation, it forms 

complexes with maczoomolecules, such as ·protein and nucl~ic 

acid. 
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Another interesting point which should be conaidered 

here is that the rhabdomeres of the compound eye of arthropods 

al"e. known to contain polyphenolie substances ( Suzuku, (1962) 

In· the course of histochemical studies, Suzuku (1962) has 

observed that in the housefly, MUsca vicig§(Mackquart) per­

iodic acid- schiff (PAS) pos~t1ve substances are distributed 

in the rhabdomere~· of the dark- adapted insects. He has 

alGo found that. P AS reaction of rhabdomere is always positive 

. ·both: in a :dark-adapted eyes treated with saliva for one. hour 

in an incuba.tor and in a light-ada'pted eye~. In addition· to 

t~is he has observe·d that Bauer's ·reaction is very weak 

in the rhabdomere$ of the insects. H9 has reported that 

rbabdomeres are positive to Millon's reaction,·Potassium 

iodate, Potassium bichromate and amm~niacai silver, but it 

is negative for the detections of - amino radical and indole 

radical. Positive ~llon•s reaction indicates t~ presence 

of tryptophan, 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 ~ot contain - amino acids such ae 

tryptophan and tryrosine, rather it contains some polyphenolic 

de r1 vat i ve et*~·· 
~s,· 



In this context, it is of interest to mention that 

ascorbic acld may play some important roles in synthesis 

of polyphenolic substances ( ~nnellt 1947; Dadd• 1960 ) • 

Dennel (1947) has suggested that ascorbic acid 

may be implicated in melanin formation in larvae of 

Saz;c:ophaga falculat.a. Recent studies on the process of 

sclei'Olization and melanization reveal that ascorbic acid 

in the blood plays an important role a a an inhibitory 

factor in these process. In sil'kwo.rms the amounts of 

ascorbic acid present in each larval stage undergo eyclic 

flucturations and are minimal during the moulting period 

(Gamao, 1941). Its concentration in the haemolymph of 

graas•fed §cbigtocersa larvae varies characteristically 

during the course of the fourth and fifth ins tars. 

Immediately after ecdysis, when the insect is still soft, 

the titer of the blood is Zero, thereafter it steadily 

increases at a high level from mid-instar until the 

following moult, after which it is again found to be Zero 

(Dadd,l960). 

In view of the above :reports, it 1& reasnable to 

p~sume that the asco~bic acid in the compound eyee of 
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&tssa dogatica •. aeta Ceraaa ind1csa. Mfisrobrachium bJ.rroapisum 

and Ml!tapioneus sp. may have some important rolils in synthe$18 

of polyphenollc substances in the rhabdome. 



In addition to·thls.~ asc:orbiQ acid may also play 
', \ 

some verv important fune~i~s ln vision of the above- ~ 

mentioned arthropods in ~he e.ame way as has been sUggested 
' . 

in the ca&e o( vertebrate$ ~ nnoshita~ 1964a flawal and 

Rso 1977}. 
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,i.NIBODUCI ION 

The lens•cutiele of the compound ey~ ·of 

arthropods can be regarded aa • transitional ' cuticle 

103 

( Neville, 1975 ). The term has originally been introduced 

by Anderson and Weis- Pogh ( 1964 )to describe that type 

of cuticlo, which ls intermediate in physical and 

chemical properties between solid and rubber • like cuticle,. 

Weis•Pogh (1960) has described the distinction between the 

solid cuticle and rubbe• - like cuticle, when he discovered 

the latter for the first time., Both the solid cuticle and 

rubber - like cuticle contain chitin but they differ in 

their protein component. Solid cuticle is generally pzesent 

ln the selezoities and its supermolecular organisation is 

much more precise than that of arthrodial membrane or the 

cuticle between sclerites. 

The characteristic feature of a rubber-like cuticle 

is the presence of an elcistomer protein, resilin 0 which 

has been discovered by We is - Pogh (1960). This type of 

'uticle is generally identified by a combination of 

techniques. lhe structure with resilin stains sapphire with 

Methylene blue or tolt,~ldene blue-light green combination. 

When it 1s irradiated with ultra-violet light , it 

autofluorascea with a bright blue colour ln the range of 
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420-~. The fluorescence increases in presence of alkaline 

conditions• Upon deformation, it snows marked strain -

birefringence, which disappears j.mmediately after the 

strain is removed. '!he most important property of a. rubbez­

like cuticle is its extensive and reversible elasticity. 

'lbe rubber like cuticle stores and releases elastic energy 

with very high efficiency and thus it functions in 

aisiating t~e muscles. This property·is co~related with 

the mode of cross - linking of the cuticle • 
. , 

The transitional cuticle is distinguished from 

both the solid cuticle and rubbet-like cuticle by the 

presence of certain properties which are intermidiate 

between the two~ This type of cuticle contains chitin and 

characteristic proteins of solid cuticle, and at the same 

tiine, it also contains cross - links typical of resilll\n 

in the rubber - like cuticle ( Neville, 1975 ) .. . 
As already sta~ed., the rubber-like cuticle ls 

· distinguished by the presence of the protein., resilin .• 

Resilin is a·colourless, structural elastic protein, the 

name of which 19 derived from the latin word • resillre n 

which means to jump 1\ack., Weis-Fogh (1960) was the first 

to discover this ·protein in certain elastic hinge's and 

tendons in the cuticle' of locusts end dragonflies. The 

prQtein is colourless and is very elastlt ( Weis-Gough 1960) 



end posges characteristically .!!&. - and 1£1-tyrosines, 

which are fluorescent ( Bailey and We is - f09h, 1961 ) • 

Because of its occurrence in certain cas(1}s in pure 

1sotrop1C form, the protein can be analysed both 

physlcalfy and chemically without further purification·. 

Resilin, in .many respects ~esembl&s the 
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vertebrate structural protein, elastin and thus it may 

well be cal).ed "· .arthr~pod elast~n." ( Anderson and Weis­

Pogh, 1964 ) • But insplte of the fact that resilin 

resembles elastin in many poin.ts, it also differs from . 

elastin in many important ways. 

,Thus,·. both resilin .and elastin posses high content 

of .glycyl, alanvl .. and prolyl .and in this respe.ct .they. are 

very much similar to each oth~r., The most significant 

. difference between .the two, however, is that resilin has a 

high proportion of residues t1ith .polar side chains whereas 

elastin has an unusually small amount;. But .in. any case, 
~ :, 

both of them are elastic and ~ubbe~~~ke and have very 

similar physical prope_rtl~si. · LLoyd and Garr()d(1946 ) and 

Kendrew ( 1954 ) have suggested that the fUbber - like 

pzooperties of elastin is ma1nta11\ed by the scarcity of 

polar groups. But since the polar groups are ab~ndant in 

res111n, their absence in elastin may not .be very important 
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in maintaining the rubber- like p11operties, Pur.ified 

elastin is faint yellow in colour and they show fluorescence 

in ultra violet light. Regarding the nature of the 

fluorescent components of elstin, there is a great amount 

of disagreement among the authori,ties. But it is certain 

that they act as cross-links bet~~en the peptide chains. 

The nat~re of the fluorescent substances isolated 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 ~f 

insects and some crustaceans ( e~g. crayfish ) • It has been 

detected in the.elastic ligaments in flight system of 

A,.eshna ( Weis-Fogh, 1960) \t $chistocer.ca. ( Weis-Fogh, 1960)_ 

C..al.lJ.shou ( Andersen and t'leis-~ogh, 1964), Panor_p.a(Neville 

and Rothschild, 1967) and Bombus ( Andersen and Weis-fogh, 

1964): Remnants of flight-system in wingless jumping insects 

~DORSYlla ( Bennet clark and Lucey, 1967; Nevile and 

Rothschild, 1967); Clypeo-labral spring of Schistoce~ 

(Andersen and Weis- Fogh, 1964); Abdominal tergites of 

Schi ... c;tocerc_$1. ( Andersen and Weis-Fogh, 1964); and Orvcte..n 

(Andersen and Wcis-Fogh,, 1964) sucking pump in mouthparts 

of Rhodni~d~ ( Bannet-Clark, 1963 a), ~ossine ( Rice,l970) 

M9sosternal plate for jumping in click beetles, Uela,notus. 

( Sannasi, 1969); base of bristles of ~ ( Thuom, 1964); 
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tarsel and aroliar pads, in ~chistoca;ca ( An~ersen, 1971 a) 

spermathecal duct wa~l .of Aedes ( Clements and Potter, 1967) 

Peripl~ngta ( Gupta and smith, 1969); Spiracle opening 

mechanism in Schistocerca ( Miller, 1960); leg-hinge of 

A.stacuq ( Andersen and Weis-Fogh, 1964): in the regions 

bet~~en abdominal s~gments of Panuli[U~ ( Crustacea ) 

( Neville and Luke, 197lb); Anal leg joints of Scologendr8 

( Sundar a Rajulu, 1971); sound organs of pyralidae 

( Lepidoptera! ) and Cac.ams ( Homoptera: Cicadidae) (Scott, 

1970) jaw cuticle of Eoperipgtu$ ( Krishnan,l970). Although 

these are some of the very important examples of the occurrence 

of resilin in arthropods, the protein is ~ikely to be ,present 

in many more situations' in arthropods,, as suggested by 

Ancersen and Vleis-Fogh (1964} and Nevile (1975). 

Miller (1960) has observed that i.n the locust, the 

cuticle of the pleura of the pterothorax, dorsal to the 

second spiracle contains resilin and he has suggested that 

this rubber-like property 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 

suffer any permanent deformation this report of Thurm(l963) 



1& of considerable significance. and Andersen and Weis­

Fogh(l964) have suggested that the material like resilin 

would be an absolute fr~me of reference for a mechanical 

From all these.reports it is clear that resilin 

acts as a elastic material from wnieh the epidermal cells 

construct mechanical springs and thus.it plays a very 

important role in storage and release of mechanical energy. 

~ileis•Fogh (1960) has suggested that it is metabolically 
.• 

inert but Jensen and Weis-Fogh (!962) have observed that 
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after deposition s.imple chemical modification may take place 

and thereby mechanical properties may slightly be alteJ"ed•· 

But this is yet to be proved directly. As compared with other 

structural proteins •. resilin is remarkably stable. no major 

changes take plac~i~ In fact, tts physical properties are 

very much unchangeable,r _Elasticity and insolubity are the 

two most important properties of resilin~~ It is insoluble 1n 

water at a temperature below l40°C and also· in all other 

solvents (Weis-fogh• l960~ Andersen and Weis·fogh 1964) •.. 

Another very important property of resilin is that it swells 

eonsi~rably in effeetiv~ protein solvents such as phenol, 

formamide, formic acid etc,~ It also swells in concentrated 

soluti~n of L1thiu~thiocyanate. and cupric ethylene 

diamine•!· 

~1le reviewing the functions of re91l1n in arthropod 



··-
cuticles. Ande_rsen and Weis-Pogh ( 1964) have suggested 

that res111n or related proteins may play an opt1ea.l role 

in the transparent cuticle~ over the eyes and ocelli; but 
:; . . . . . . . . : . . ' . . ' . . . . . : ~ . . ; . . . . ' : , 

there is not much information :regar.61ng the study of this 

109 

ptotein · in the · lens-cuticle of compQund eyes of arlhl'opOds 

excepting the report of Sannas1(1970)e 

_Sannes! (1970) bas detected fo_r the first time the 

occurrence of the •tru~tural elastic protein, reailln in 

the ~ens•cutlele _of the ftrefly, fhot.inys Pvralia by 

staining J'eattions·;. swelling properties and also by detecting 

the UV fluorescence with a maximal intensity at 420 mt! • 

Consichring all these. certain hlstochemlcal and 

biochemical studies have been perf armed in the compound eye$ 
-" . 

of Mussa. AQ.h, Mae;obect)lum and Me$flp1nneus 1n relation 

to the structural elastic protei~ I'Ssilin,.; 



The materials used in the study eomprlee the 

lens-cuticle of house-fly ~ domestica: the honey-beo · 

· .6a1a cersma ipdic& & fresh- water prawn, MacrobracbJ.um 

blmanicum ; and the ·marine prawn, M!t$ap1nneua ep. 

Nfstocbemistzy : For histochemical study, the· 

material baa been fixed in e~ "euual fol'maldehyde for 5 

hours.· The mater-lal is thc;m washed in several changes of 

buffer at ~0e for so tnlnutes~. After that, the material is 

transferred directly to 70% aquous ethanol, dehydrated and 

cleaJ:ed and embedded in paraffin and the sections are taken 

at 8/~ thick. The sections have been stained with stains 

customarily used 1n arthrOpod cuticular study su~h as 

Mallorv•s trlpple. ·Masorls trichrome and Heidenhalns iton 

haematoxy lith 

The histochemical teste for the detection of resilin 

have been empl()yed according. to the method described by 
I 

Andersen and Weist!'!Fogb (1964) as follow~u 
. I 
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Th& living ar1hropod hae been killed by immersion in 

b6t, b~ffered water foJ: a few minutes(pH 6'-,:7., 95-100°c~;i 

Afte.- separatir19 the tves · f,..om the head region., the lens• 
. . ' 

cuticle is freed fro~ tt~e .adjoining tissues by means of a thin 
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s.trong jet of tap-water. The rinsed cutie'le is placed for 

24- 28 h at room temperature ~n dilute phosphate buffer 

(M/20,pH about 7) to which 5 mg toluiding blue and ~ mg 

light green per 100 ml. buffer is added. A crystal of 

thymol is added to prevent microbial growth. 

The histological preparations of the lens-cuticle 

has also been similarly treated with light-green-toluiding 

blue combination and are. examined 'n light microscope. 

Swelling propa;ties: Andersen and Weis-Fogh(l964) 
I . . 

have reported that one of the characteristic features of 

the protein re$ilin is that it swells strongly in water and 

in'water containing media and also in many ~nhydrous solvents. 

The degree of swelling depends on pH. '\1eis-fogh(l960) has 

suggested that the liquids solvate the peptide ·chains and 

break the secondary bonds and thus the chains become flexible~ 

and free of each other~ T~us, it is thought that investigations 

of swelling properties of the lens-cuticle will also be of 

interest in this regard. The solvents used for studying the 

swelling properties are formic acid, acetic acid, Phenol, 

formamide, acetamide, dichloroacetic acid trichloroa~tic 

acid and glycerol. -Some solvents such as formic acid and 

forlllC3mide have been used at room temperature~ In other 

solvents such as glycerol heating to 60 - 70°C has been 

perform9d~ The solvents such as trichloroacetic acid,. acetamide 



- and phenol have been used at few degrees above their 

melting points. 

- Anal¥S.!.s of amino acUs : For analysis of the 
< 
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amino acids of the lens-cuticle, the lens cuticle has been 

separated from the adhering tissues carefully, the cuticle 

is analysed without involving extraction procedUres as has 

been done by Hackman and Goldberg(l97l). This is prefered 

as Andersen and Barrett(l97l) have suggested that extraction 

may involve ~onsidetable change in or9anie components. The 

. lens~ ·-cuticle has been kept in fresh , aquous ethanol, and 

adhering tissues are removed by scrapdlng with a. blunt 

scapel,. The cuticle is then dried in vaecum desiccator over 

calcium ehlori~de, is powdered and the cuticular material is 

collected by centrifugation,,_ The residue is hydrolysed in 

6N hydrochloric acid at a temperature of l05°C for 1.2 to 

lS hours. The hydrolysate is evaporated to dryness over a 

boiling water bath and the dry residue is dissolved in double 

distilled water. The test material, is than spotted 1n 
r '>• \ 

Whatman No~l filter paper with the help of glass-capillary. 

One diroonsional, descending chromatography with 

subsequent use of two solvents.in the same direction is 

carried out as suggested by Andersen(l963) •. ,The first solvent 

is iso-propanol-concentrated amonia •water (8:.1:1 V/V). A 

· small beaker with 3% amonia has been placed at the bottom 
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of the chromat.ography jar 3Q-60 min.before starting the 

chromatogram, otherwise,tha fluorescent compounds might 

migrate to some extent. When the solvent has reached the 

lower edge of the paper, it has been removed, dried and 

rechromatographed in the same direction in n-butanol-acetic 

acid-water (4: 1: l,& V/V) for 16-20 hours. The fluorescent 

amino-acids are easily located by examining the chromatogram 

in UV light,• 

Because of the fact that the light microscope with 

ultra-Violet attachment is not available in our department, 

wa could not examine the autofluorescence of the lens cuticle 

of the arthropods, we have chosen for our study;• 
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OBSERVAJIC!lS 

Lens•cuticle of the house-fAY· .Musca Domestica: 
I 

Vlhen the histological preparation of the lens-cuticle 

of &bsca dornestica is stained in a mixture of 5 mg. toluidine 
I 

blue and 5 mg. light green in 100 ml. buffer solution (f4f20) 

- for 40 hour~ and. examined' after 6 hrs washing in pure buffer 

soluti9ns, the following observations has been maio: 

At PH 4.6, the epieuticle is faint green blue and 

the procuticle shows blue colour. At PH 6,1 the epicuticle 

is faint-sky-blue and the procuticle is blue. At PH 7.1, the 

epicuticle is sky-blue and the pro-cuticle is sapphire in 

colour. (Table 13). 

swelling progertiea: ~~en the lens-cuticle of the 

house· fly, ~a domestica has been subjected to the treatmen~ 
I 

'of certain solve.nts, which are generally used for the study 

of swelling of resilin, it has been observed that in solvents 

like formic acid and formamide, the lens-cuticle s~ells 

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 acid,.- The lens-cuticle aiso swells in tri-chloro­

acetic acid, acetamid~, phenol,, Dichlorocetic acid etc •. to 

considerable extent.(Table 13)~ / 
'·. 



115 

&nino-acids: Chromatographic analysis of the lens-cuticle 

iatll for amino acids, shows that besides the usual amino 

acid constituents of the insect cuticle , two fluorescent 

.'amlno-aclds ( di•and tri• tyrosine) are present. in the 

'chromatogram. they ax-e easily located by their blue 

fluorescence in lN light and the Rf values at o.os and 

o.J.e respectively." .The fluoJ"eseence has increased when the 

chroma~ogram has been exposed to ammonia ·vapour, whereas 

vapour from hydrochloric acid llas .. q~nched the fluorescence 

almost complE!tely , .. 
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Table 13, Staining and histochemical reactions shown by 
\ 

the different layers of the lens-cuticle of the house fly, 
MJsca domastica. 

' Stains and tests References Epicuticle Procuticle 

Mallory* s tripple Mallo~ry, 1939 
stain · ~ 

Toluidine-blue­
light green 
Ph 4.6 

· Toluidine-blue• 
Light green, 
PH 6~! 

. . 
" . 

. Toluidine. blue­
Ught green, 
PH 7"1~ · 

• Anrlersen and 
, Weis-Fogh,l964 

' 
, Andersen and 

Weis•Fogh,l964 
• 

. t 
Andersen end 

, \'ie1s-Fogh.1964 · . ' 

red 
• 

• green-blue ' 
, (faint) , 

, Sky .. blue 
(faint) 

t 

' 
Sky-blue 

9 

• 
• 
t 

f 

t 

' ror-mlc acid. ·: · Andersen and swells 
, Weis-Fogh,l964 .. 

' ' • 

blue 

blue 

blue 

S~pphire 
,..- . (··· 

swells 

Acetic acid · ·· · 
•• v •• 

, Andersen and · , swells: , swells 
. ~- _ ... 

··phe_nol 

Formamide 

Acetamide 

Dichloroacetic 
acid 

.Trichloroacetic 
·~eld 

'.' 
Glycerol 

Weis-Fogh,1964 
' 

Andersen end , swells 
'· Weis-Fogh,1964 · 

t 
·, Andersen and swells 
· t~e1s-Fogh,1964 

'- Andersen and ' swells 
t 

sv.iells 
Weis-Fogh,l964 • Andersen and ·• swells 

,_ \"Jeis-Fogh, 1~64 

• Andersen ·and , swells t 

Weis-Fogh,l964 _, ' •: . ' ' ' . 
, Andersen ·and • svJells 

· _· Weis-Fogh,l964 . ·. \ , . 
. ' 
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1@ns-cutiele gf the honey bee. Apis cerana_indica: 

The transverse section through tha eye of the honey-bee 

Agia also shows almost the s·ame type of colour reactions 

when the preparation is stained with toluidine-blue-light 

qreen stain from PH 4-7~ At PH 4~6, the ep~cuticle is faint 

blue green· in colour and the procuticle is greenish bluea. 

at PH 6~1, both the epic:uticle and pro-cuticle are·faint 

green-blue: at PH 7.1 the epicuticla is sky~blue and the 

procuticle _is sapphire,, 

The lense-cutic:le swells in formic acid, acetic: acid, 

Phenol, formamide, acetamic, dichlo-acetic acid, trichloro­

acetic -acid and glycerol •. 
~ 

When the chromatogram, run for aminoacid an1lys1s, 

has been examined with a UV-lamp, two blue-fluorescent 

spots has been detected~ On exposure of the chromatogram 

to amonia vapour, the fluorescence of these spots have been 

increased, 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 J!i.-and tri-tryosine~ 

Lens-cuticlG of the fresh~1ater Prawn, M8crobrachium 

birmanicum: When the transverse sections through the eye of 

Mgcro~rachium birmanicum are stained with light-green­

Toluidine blue combination, it is observed that at Ph 4.6 



the epi- and pro•cuticle is sky bltJe in colour, at 

PH 6,•·1 the epieuticle is blue and pro-cuticle sapphire, 

at PH 7.~.l only the procutic:le is sapphire. 
,.: 

The lens-cuticle of Macrgbrachiu m also has 
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exhibited considerable 'swelling 'ort all the solvents tested, 

e.g. formic acid, acetic acid, A'lenol, formamide, acetamide, 

dichloro-a.eetic acid, trichloroacetic and Glycerol •. 

{Table l4) ,.: 

The fluorescent amino acids, .5!1 and !E.&,-t~sine have 

also been identified in the chromatogram by· using lN light·• 
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Table 14. Staining and 'histoche~ical reactions sho_wn by 

the lens-cuticle of the different layers of the honey-bee, 

~ cer~~a._ jndica 

Stains and tests ' References , Epi-cuticle ,Pro-cuticle 

' 
Mallory's tripple , Mallory,l938 
stain · , 

' . red 

t' 
' ' Toluidine: blue- · • Andersen: and ' Blue~gr~en 

Light gre~n PH 4.6 ,_ Weis-Fogh, 19~4. : (faint) 
Toluidine: blue- ' • Andersen and , Green-blue 
Light;-'S.tf~:erv-~H. 6 .1 • Weis~Fogh, 1964 , . 

. ·. . ' , t ' ' . . ,. ·. 

' · Toluidfne blue- . • Andersen and , Sky~blue 
Light gree.n, PH 1 .1• -we is-Fogh,1964. , 

Formi-c acid . 

Acetic acid 

Phenol 

Forma mid~ 
·, .' -;' 

· Acetamide: · · · 

Dichlo~o-acetic 
.· a·c;id 

' Trichloro-acetic 
acid ·: , ... 

' ' . ' ' Andersen and · , :swells· 
• Weis-Fogh, 1964 , 

'. : f ' ' 'I ' . '. ) .• < 

' Andersen and , swells 
• Weis-Fogh, ~964 , 
' . 
, Andersen and , . • ~wells 

. ; Weis-Fogh, l96i4 : • 
' . ! . ' 

•.: Andersen and : . 1 swells 
' Weis-Fogh,l9~ · , · 
' : : 

•' 'Andersen and · 

,. ;Andersen and \ • $wells.,. 
, Weis-:-Fogh,l964 • 

t . 

': Weis-Fogh, .l-964 ., , 
. ' ' •, . . : . ' . ' ' ' . 

• swells 

, Andersen and ' swells 
,:·Weis-Fogh,l964 • , .; 

' ' . ' i 

· · . ·· · · · · :, Andersen and /, .·~ swells:. 
, Weis-Fogh, 19~ • 

Glycero1' 

. ~ : ; 

::': 

• ' J ~-: f.", . ', • I : ·, , , . ,.. f 

: ) 

1 
: ~ 
i 
j 

. \ 
. ' ~~ 

l 
; 

.. t 

··'• ~-. 
'n• 

red 
. ' 
'Greenish blu~ 

' ' . ·Green•blue 
. ., . 
Sapphire 

'· 
: Swells 
' 
SWells 

' . 
Swells 
'' . ·., :i : ;; . 

swells 
... i 

. ,$wells 
t 

-: •swells 

t.' : 
Swells 

,, 
t· 

.Swells 

., 
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.
1table 15. Stainin9 and histochemical reactions shown by 

~he different lay.ere of the lens-cuticle of the fresh-water 

prawn., Macrobrachium birmanisum • 

Stains and tests • , Reference Epi-cuticle' Pro-cuticle 
• 

. Mallory• s tripple • Mallory ,1938 ' . red • light blue 
stain • • , 

t . t I 

Toluidine-blue;... . . • Andersen and Wei~~ s.kV•blue , Sky blue 
light green,PH 4~6 • Fogh, 1964 ·.· • , 

• • 
toluidine-blue- • Andersen and Weis- • Blue • . , Sap~pire 

· li'ght green, R-J 6 .• 1 • Fogh, 1964 • 
• t 

. Toluidine-blue- • Andflrsen and Weis-' Sapphire, Sapphire 
light graen, PH 7.1 • Fogh, 1964. ,, , 

. ' ' ' Formic acid • Andersen and Weis- • swells , ~.tells 
' Fogh,l964 ' 

Acetic acid 

-Phenol 

Formamide 

Aca'tamide 

Dichloro-acetic · 
acid 

Trichloro-acetic 

·Glycerol 

t 
• t 

' ' Andersen and We is- • swells ,- SWells 
• Fogh ,1964 ' . ' 
• Andersen and Weis- ' swells 

. ' fogh, 1964 ' 
' 
'Andersen and Weis-' swells 
• Pogh, 1964 • 
' ' ' Andersen and Weis• • swells 
' Fogh 1964 ' 
t • • 

' Andersen and Weis- • swells 
• fogh, 1964 ' 
' ' acid Andersen and Weis~ swells 
' f'ogh, 1964 · ' · . ' 
' Andersen and Yleis-' swells 
• Pogo, 1964 • 
t • . ' 
• t 

·' 
' , Swells 

' 
' , Swells 

' 
t 
,·SWells 
• 
' , Swells 

' 
t 
, Swells 

' • , Swells 

' 
' • 
' 
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~&nse cuticle of the marine Pra~m. tJetagiooeus sp;-

Vlhen the transverse section of the eye of the marine 

pra~m. Metapinnsus sp. has been stained with light-green 

toluidine blue stain it is found that PH 4.6, the epicuticla 

stains greenish blue and the pro•cuticle, sky-blue. At 

PH 6.1. the epicuticle is blue in colour and the procuticle 

sapphire. At PH7.l only the pro-cuticle has given 

sapphire-colour reaction. 

Like the lens-cuticle of other arthropods studied, 

the lens-cuticle of N@taoinneus also shov~ characteristic 

swelling properties in solvents like formic acid, acetle 

acid, Phenol, formam1de, acetamide• dichloroacetic acid, 
; 

trichloracetic acid and Glycerol (Table 16). 

The fluorescent amino acids(D!-and .!!:!-tyrosine) 

have also been detected in the chromatogram by their 

characteristic blue fluoresence and their Rf values of 

o.05 and 0.18 respectively_. When the chromatogram has boon 

exposed to ammonia vapour, the fluorescence has increased 

and the hydrochloric acid vapo'ur has quenched the 

fluoresc~nce. almost completely, 
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Table 16~ Stainif!9 and histochemical reactions shown by 

the 6lfferent layers of the lens-cuticle of the marine 

prawn, fii@Sapinneus spp. 

Stains· and tests 

Mallory's trippla·· 
stain 
Toluidine blue­
light green, PH 4:•6 

Toluidine blue­
light green, PH 6 •. 1 
Toluidine blue-·· · 
light green,PH 7.1 

Formic acid 

Acetic aeid 

' Phenol 

Formamide 

Acetamide 

Dichloro-acetic. 
···acid. 

Trichloro-acetic 
acid.· 

Glycerol 

References Spicutiele Pro-cuticle 

• Mallory, 1938 
' • 

• Pink 
• 

t 
, blue 

' 
, Andersen and Weis-greenish • Sky-blue 
, Fogh, 1964 • blue ' 
. , t 

, Anderson and , . 
0 Weis-Fogh,l964 , 

blue 
• 
• Sapphire . ' 

• Andersen and • 
' Vle1s-fogh,1964 • 

.t 
Sapphire . , Sapphire 

t t 

' Andersen and • 
• VJeis-Fogh,l964 • . ' 
' Andersen and ' 
• VJe1s-Pogh,l964 •· . ' , Andersen. and ,_ 
, V'leish-Fogh, 1964, 
' Andersen· and 
' Fogh,l964 
• ' 

swells 

sWells 

swells .. 

'.·Andersen and ' SWells 
' Weis-Pog,1964 ' ' 

' ' 
: Andersen· and ' Swells 
. .Weis•Fog, !964 ' • • 

· • Ande.rsen ·and 
· ' Weis-Fog,l964 

t 

• Andersen and 

• Swells • 
' 
• • Weis-Pog, 1964. 

~ . ' ' . . 
' ,t 

0 

' ' ·, Swells 

• • • , S\'Jalls 
f 

• Swells 
t 

• 
9_ Swells 

•• , Sv~ells 
' ' t ' 

•• 
' Swells 
• 
• · , Sv.:e lls 

• 
' t 

• Swells · 
• 
' 
•• 



123 

DISCUSS IC!i 

Recent studies on arthropod cuticle show that the 

- properties and chemiCal nature of the body-cuticle varies 

from region to region of the animal and also during 

development which involves a series of moults~ 

Andersen (1976 ) has reviewed the cuticular enzymes 

and sclerotization in insects and has mentioned three 

important types of cuticular sclerotization, namely 

(1) Quinone- tanning where the tanning of the cutiel~ is 

due to 0 - Quinone formed from diphenols~ 

(11) p - sclerotization, which is an alternative pathway 

of selerotization to the formation of Co-valent links 

between· the ~ - position of N - acetyl dopamine and 

amino or phenolic· groups in the cuticular proteins~ and 

(111) at- and 1!!- tyrosine. which is a special type of 

cross-linking mechanism in the cuticular protein,rasilin. 

Resilin occurs in certain specialized ·patches of 

insect cuticle ( Vleis-Fogh, l960f: Andersen and Weis~Fogh, 

1964 ) and it 1s characterised by having long•range 

rubber-like elasticity~ From the mechanical analysis of 

the elasticity, Weis•fogh (1961 a,b ) concluded that the 

protein is composed of flexible- rando~y ~oiled chains, 

which are linked together by stable cross-links, The 
' 



existence of cross-links has later been confi~d by 

their isolation and chemical characterization, and 

eventually they have been identified as ~ - and t£! 

tyrosine (Andersen, 1964, 1966 )~ 

Subsequently Locke (1969) has .demonstrated that 

even the actual process of hardening in other non-elastic 

regions of the cuticle of Calgodes ethllus ( Stoll ) 

invo~ves the cross-linking by a!- and 1!! tyrosine, 

which has been presumed to be catalysed by peroxidases 

( Coles, 1966}. Krishnan (1970} has also reported that 

the jaw-cuticle of the onychophoran Eoperipatus is also 

hardened by cross'\"'links involving !!!- and U,! tyrosine .• 

In addition, resilin has been reported in some non-elastic 

structures such as the egg - envelopes of dragonflies, 

Svmqetrum !nfuscaturn_ and ?ympet;um freguens ( l<awaski, 

et.· D.!., 1974) and silk fibroin ( Raven, ~· .a!, 1971). 

In the present study also we have observed the 

presence of resilin i~ the lans-~uticle of rfusca domestlca: 
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8e.U. ceta.O.-a indica; Macrobrachium !2.irmanicum and Metaainneus. sp., 

vmich.are non-elastic but transparent. Now, the question 

arises as to what is the special role of resilin, if any, 

in the cuticular reg-ion which forms lens in these arthropods. 

from the fact that lens-cuticle which is transparent is 

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

( Kawaski, !1-~. 1974 j Raven et.al., 1971 ), it is 

reasonable to presume that the hardening of the cuticle 

in the photoreceptors forming " Lens" may involve 
. . . 

cross-linking by SL- and tri- tyrosine, vmich are 

eharacteristically autofluorescent. However, the 

" hyalinea transparency of the lens•cuticle may not only 

be due to the occurrence of resilin but also due to other 

factors such as absence of phenolically tanned proteine 

andJ or melanin pigments which normally owe amber or 

black co'lour to the cuticle.- Besides, acid mucopolysaccharides 

which behave as gums of plants having the property of 

conversion from sol to W, and from 921 to w , may 

also impart ' hyaline transparency to the lena-cuticle 

( Refer Chap. 1 ). 
• I 

Lastly, the. characteristic amino acids, di- and . 
tri-tyrosine of resilin are uniquely autofluorescertt ( 420 m ftJ ) • 

In view of· the above reports it is presumable th:at 

the. leos cuticle which is patched or. coated with resilin 

which has the property of aut~fluorescence, may aid in 
' ' 

absorbing and filtering the suitable light rays of ~he . . 

required range in the spectrum and thereby allow the harmless 
. , 

light rays into the interior of the compound eyes to be 

utilized for s~bsequent photo-act~vation and perception 

of objects by the arthropodsi 
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INTRODUCT ICN 

Pteridines constitut$ a group of compounds having 

'the molecular structure of pyrimido 4, 5 - b pyrazine, 

They have a common structure of either 2 - amino - 4 

hydroxy - Pteridines or 2, 4 - dihydroxypteridine and 
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'he are customarily called pterin or lumazine respectively. 

The name pteridine comes from the greek word " pteros ", 

which means feather or wings. ( Wiela.nd and Schopf, l92S: 

Schopf and Becker, 1936; Wieland and 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(l889). 

The molecular ~tructure of pteridines has been 

revealed by Purrman (1940) for the first time,.who has 

found it to be pyrimido 4, S - b pyrazine (Purrman,1940 a, 

1940 b, 1941, l943). Purrmann ( 1940) has reported that 

the structux-e of pterines resembles that of purines, 

imidazo 4,5 - c pyrimidine. Albert (1957) and Cresswell 

et al,(l965) have shown chemical similarities between purines 

and pteridines .... Weygand and Waldschmidt (1955); ·ziegler­

Gunder, Simon and Wacker (1956); Aaronson and Rodriguez 

( 1958): Brenner- Holzach and Leuthardt(1959,196l; V~teira 

and shaw (1961) and Me Nutt (1964) have shown that meta­

bolically the pteridine molecules are closely related to 
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purines. A number of workers have shown that most of the 

pteridines 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 Dewey, 1968: Sugiura and M.Goto,l968) 

On the basis of these findings, some authors have 
/ ! 

·suggested a close relatio.nship between pterldines and 

- purines with regard to the fundamental synthetic pathway 

and general chemical properties such as enzyme susceptibility, 

chromatographtc behavious and solubility(Buchanan, Sonne 

and Delluva,1948; Alber, 1954; Ziegler-Gundler,l956,a,b,c• 

Aaronson and Rodguez, 1958; Buchanan and Hartman, l959J 

lJioat and Friedman, 1960?~ Brenner-Holzach and I.euthardt,l96l; 

Weygand et al, 1961, Stackhouse,1966). 

Since the discovery of the chemical structure of some 

naturally occuring pteridines such as leucopterin, xanthopterin 

and iso-xanthopterin(Purrmann, 1940 a, l940b, 1941), neumerous 
f 

derivatives of pteridines have been reported from the biolo­

gical system by different authors. pteridines have been 

reported to occur either as conjugated or uneonjugated, 

monomer and polymer, 'oxidized or reduced, phosphorylated or 

as glycoside. 

ptaridines and their derivatives have been reported 

to .pa.rform a variety of functions in the bio~ogical system. 



, They have beeo d9t~cted in the ayes of. some 

arthropods, especially eertain insects such as 

Droagphila, £alliphor,a., §phestiil etc. ( ·G.re.gg and 

Smucker, 1964; Viseontini,. and stierlin, 1961,1962, 
' . - . . ... '· \.· ·:. •:, i~ 

.i963) and. are reported t<? perform the function ·of 

scl'eening pigme.nts:~: But: .1.n ·spite .of. a substantial· 
. ' . - . 

amount of work on pter!dine·s fi'Qm the c:cmpoun~ eyes, 

it seems ~hat _the eyes . of . C:~~-a in .insect.s and :also 
' . • I! . 

some crustaceans ,~ave not been examined . for pter1d1nes. 

With this view a $1udy has been performed on .. . . '.: .. . . 

the compound eyes of Massa, AeJA, Mgcrgbj;ach1H; and 
,, • I • .,.. 

w~~h ~_gards to the occurr.ence of. p~eridines, and 

their possible functions_ h~va been. dia.cus$ad·.-

129 
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.. · §olubili$Y test§: lhe principle of this test is bas~d on 

the fact that different pigments show specifity ·in.their 

sol~bility in various solvent systems. In alkaline aqueous 

solutions, e .• 9~ dilute_(l% Vol/Vol) ammonia solution, pt~ridinea 

are easily soluble, but in organic soivents s~ch as ac~tone, 

absolute ~thanol, ether. petroleum ether, benzene, toluene, 

Carbon tetrachloride' they are not readily soluble. 
' 

(Matsumoto atal,197l) • 

. for eolubil~ty tests, the eyes are fixed in a 

chloroform-ethanol mixture (2:1 Vol/Vol). for more than 
' . 

two hou:rs. Routine histological preparations ara· made, using 

two changes of absolute ethunol and benzene; and by paraffin 

as the embedding medium'• Relatively bette_r tissue fixation 
' 

has been obtained with ~he use of a fixative composed of 2 

parts of formaldehyde or glutara·ldehyde; 7 parts 90% ethanol 

and l part acetic acid. In this fixation, the dehydration 

has been started from 95% ethanol and has been followed by 

--or.dinary techniques of histology .. The specimens thus prepared 

are examined after treatment with carbontetraehlo~ide, 

benzene, chloroform, ethyl ether, or· petroleum ether for 

more than two hours at room temperature. 

Cb£2matograph~: For the separation and identification 

of pteridines from the compound eyes, paper chromatography 

has been carried out~. Paper chromatography is the most 
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~ommonly used_teehn1que.for studying pterdines, because 

of t~e simplicity and also because it yield$ excellent 

separation (Matsumoto et al,1971). Chromatography has been 

carrle,d out. with Wbatman No.1 filter paper • in dark or in 

dim light, because it is known ~~t light may cause the 
'. 

d~c:ompos1t1on of sepiapter1n. biopterin, and most of 6-

su~stituted pter1d1nes into 6- carboxy pterine and other 

~~der1t1f1ed pteridines(Matsumoto !1.iLl971) • 
. ' 

for chromatographic analysis the tissue sample has been 

applied to the chromatogram either dizec·tl y or after 
'' i . 

suitable extraction using the following methods: 

(1) §quash teshpiSYtU This technique has been suggested 

by Hadron, and Mitchell (1951). After caxeful dissection, 

· the tissue has been di~ctly squashed on a chromatographic 

paper by firmly pressing with a clean microscope slide. The 

squashed materials al'9 then dried with an electric dryer. 

The chromatogram is run with ethanola n- butanols cone •. · 

ammonia: Water(10&3: 2s. 5 vol./vol.) • 

(2) Qsiek extraction& Matsumoto et al (1971) have suggested 

that chromatographic separation of pteridine could be achieved 

from the extract itsel. For this purpose, the eyes are 

separated from the head and they are then eut Into small 

pi~ee$. App~oximately 10 mg• of the saqile has t>een treated 

in;:a small glass vial with a few drops of ah. al~hol.: 1~ 
, :' 

a~nia mixture(?: 3 Vol/Voli. The 8amJ>le is then warmed in 

. ,.· 
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a water.bath at a temperature of 70°C. The extract thus 

prepar~d 1e then applied to filter paper with the aid of 

glass eapillal'Y• Chromatogram is nan using n-butanola 

acetic aeid: Water (4: lal) • vol./vol.). 

(3) Extraction with athanol a (Awapara's method)i The 

extraction procedure is a alight modification of Awapara'i 

method(Awapara,l948)• The material is homogeni%ed 'in a 

. volume of absolute ethanol 20 t.imes that of the fl'esh weight 

of the tissue in a glass homogenizer. The homogenate are 

diluted with redistilled water to give a 70% ethanol 

aolution. The ethanol solution is heated in an B0°C water 

bath 6or 20 minutes and after adjusting its volume by the 

addition. Of absolute ethanol, it is centrifuged 3000 rev/min 

for 5 minutes to remove proteins. The resulting clear 

supernatant is mixed with chloroform 3 times its volume. By 

centrifusing at 3000 rev/min for 20 minutes. the aqueous · 

layer containing the fluorescent substances ha·s been 

separated from the ethcinol•chi.oroform mixtux-e. The extract 

thus obtained is then concentrat.ed in a vacuo to about 0.5 ml. 

and then chromatographed. 

Extraction with trichlOrace:&&e asid(tg\): In this extraction 

proceduxe, the material• have been ~omogeniaed. ln lOJ' (W/V) 

teA and is extracted three times with a volume equal to 

the fresh weight of the tissue, in a water bath for 20 

minutes at 70°<;~ TCA is later removed by washing the supernatant 
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with one-half of the volume of ethyl ether; fol' 6 times. 
. . . '. . . 

This has been done, because TCA is an .unfabourable c:ontaminant 

for paper chromatography. The ether layer is aepated by 
. ; . I . : . . 

centrifugation and. is discarded· at each washing~ The 
'. 

resulting aqueous extracts. are then remised to a volume of 

about 0.5 ml to 1 ml in va"uo• The remaining ether in the 

extracts is ·removed by treating them in a water bath at a 

temperature of 55°C• · 

. Extraction with pbengl(Cramrne;• a me$bOI2} I The materials . 

are heated in a boiling water-bath for 5 minutes, for denaturing 

They are-then homogenized in a volume of distilled water 20 

times that of the fl'9sh weight of the tissue •. The homagenate 

1s incubated in a water-bath·at a temperature of ao0c for 

20 minutes. ·After that, the homogenate is deproteinized by 

adding half its weight of ammonia sulfate and then 

eentrituged. After centrifugation, the supernatant is mixed 

with phenol equal to one-tGnth of its volumw and then it la 

again centrifuged. The procedure is repeated three times. 

Bthyl ether in a volume thtee times t;hat ·of phenol solution, 

and distilled water about one-tenth the volume of ether are 

added to the· phenol layer, and then eentri.fuged,. . rtte aqu.oiJ$ 

layer thus s0parated is then evaporated to ·about 0.5 ml in 

vacuo( Crar.mner,.l948)~ 

·~ 
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Exttactlon ta hydrochloriS asict-hxdrolxgis'a The materials 
' .. 

are homogenized· with ·0~1 N Hydrochloric acid in a volume 

20 ti~s that of the f~sb ·weight of. the tissue. The 

hor00genate is then hydro'lysed for 24 hours. at 60°C. The 

resulting solut.ion is neUtralized with a•nia, and is 

then centrifuged. After centrifugation, . the supernatant u 
concentrated in a· desic.cator and is used· for .analysis by 

paper chromatography. 

'k»eeflnd two:@.menti9n(ll C.h:ptO!JJUopaphX @Qd u-.ehrJmm$oglaP!\xi 

The extracts ~re applied to the filter paper in the 

form of a spot for one- and two-dimansional chromatography. 

for reehromatography, the extracts are applied in the form 

of a narrow streak. Eveey paper chromatogram. has. been 

subjected· at first to one.dlmens.ional separa,ionr~ Matsumoto 

et al (197 i) have reported that some pteridines overlap 

one another 1~ one-dimensional ehrometo9~aphy. Because of this 

they hitve suggested thtf importance of two-d1rrens1onal 

separati:on .• Both ·the ascending and descending techniques 

have been tried in the one-dimensional chromatography. lhe 

ascending teehni.que. is known to be better for separating 

pteridines in general, whereas descending method is 
I . ' 

advantageous for separating p~eridines of low Rf values 

( Mat$m0to !1 iJi.• .1911) •. 

In the present investigation,: the ascending technique 

is ~peated two times"· The chromat_ogram is dr$-ed ··1n the ·dark 
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after each development. The combination for rechromatography 

:··i4·~'0ne l"Un with n~ prapanol a 17£ ammonia (2t l V/V) and a second 
' • / 1 ' ' 

#ith. lso-:propanola ~ (W/V) aDllDQnlu~ acetate(2:l V/V), 
/· 

· ln two-dimensional chromatography• pterldines first 

sepat:ated in one direction a .-a subjected to .further 

separation through the second development .made at angle 

prepend.icular to the first, •. · 

The j)ositlon of pter1dines are determined by 

examining the chromatogram with tN lamp•. 



<"mSERVATlQiS AND DISCUSS Ig,t 

the chromatograms after examining with UV light 

, ·shows that the eye of house-fly, 8Jasa domeatisa containa 

pterin, biopterin, and isosepiapt~rin(Flg.~). 
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The pter1d1nes from· the compound eye of the honey bee, . 
Aais ce£ana 1ndisa have been tentatively identified as 

6-carboxvpteridine, lsosepiapterin and b1opter1n(F1g.16). 

In the compound eye of the fresh-water prawn, M@srobESSblum 

b1rrnpnisum, the pteridines which have been 1dent1fl~d are · 

xanthopterin and xantbine (fig.l7)·. Tbe pterid1nas from the 

compound eye of the marine prawn.-·ravsinneus sp. bave also 

been identified tentatively as xanthopteri~ and xanthino 

(f'ig.l8). 

It is known that pteridlne and its derivatives perform 

a variety of functions in the biological system. Parbex- 91 a1 
(1948)1 Handschumacher and Welch(1960) have reported that 

conjugated pteridlnes functions as principal tharapeutic:s for 

acute leukemy. Soma conjugated pteridines are also known to 

fun,tion metabolically as coenzyme in the enzymatic synthesi& 

of inosinic acid, serine, methionine, thym1dylate etc. 

(Buchanan, Larrabee, Rosenthal and Canthou,l964l lb!Mekens 

and Scrlmgeour,1964a Blakley,l969). It ·1s also known tha~ some 

unconjugated pterid1nes take part in biosynthesis of 

riboil&vin(Masu®.,l9~5,1956 a, l956b,.M:lsuda,1<1shi and Aaal,. 



Fig. 15. Trace of the chromatogx-am showing the 
pteridine components of the eye of the 
house-fly, t~sca domestica 

Solvent: n-butanol : acetic acid: water 

( 4 : l : l ) 





SXPLANAIIQN TO fiGURES 

Fig~l6._ TX'ace of the chromatogram showing the 
pteridlne components of the eye of-the 
honey bee, aa!! cerang indica. 

Solvent : n-butabol : acetic acid:. water 

( 4 : 1 ; 1 ) 
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EXPLANATIQ\1 TO PIGUft§ 

Fig·~ 17. Trace of the chromatogram showing the 
pteridine components of the eye of the 
fresh-water prawn. Macrpbrachium 
birmanicym. 

Solvent: a-butanol: acetic acid s water 
( 4 ·.s 1 : 1 ) 
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EXPLANATI~ TO FIGURES 

Flg. 18. Trace of the chromatogram showing the 
pteridine components of the eye of the 
marine prawn, 

Solvents n-butanol: acetic acid: water. 
( 4 .: l .: l ) 
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195'7,1959, Masuda, Kishi, Asai and Kuwada,1959;· ForJ:"est 
·• ! . 

. ·.'.~nd McNutt. 1~8;. Kuwada, Masuda, l<tshi and Asai 1958; 

/ Maley and Plaut,1959: Plaut and Maley 19~9; Brown 1960; 

Creswell and Wood, 1960; Oavol and Evans 1960; Plaut 1960 

1961a,b,1963,1964; Goodflin and Horton 1961; Winest·oc:k and 

,Plaut 1961; ROII'Jan and Wood 1963; Wlnestock, Aogaic;hi and 

Plaut 1963; Kuwada and Horl 1964Rs McNutt 1964; Heamerlch, 

Heizmann •. Mengel and Pllelderer,. 1969). 

A role for certain reduced pteridines such as 

''piapterin. d~hydi'Obiopter1n, and tetrabydro folic acid 

in the hydroxylation of phenylalanine to tyrosine has been . 
reported by some authors(l<aufman, 1957, 1958 a,1958b,l959, 

1961,.1062,-1963,1964,1967, 1969; Kaufman and l.evenberg 1959; 

Matsubara, f<atoh, Ak1no and l<aufman,1966). Pte~idine 

derivatives have also been shown to be involved in oxidation 

of glyceryl ~thers (Tietz !14!,1963) and steroids 

(Hagerman 1964). · 

P\ertidines are also reparted to be associated with 

synthesis of l1p1d(Kidder and Dewey,l~B), and nucleic acid 

(Forrest,1969( and also in sexual differentiation of insects 

(Butenandt and Rembold,l95S; Schmidt and Viscontin1,1962 

Schmidt,l969) • Of' all these 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 pteridines are synthesized 
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in developing pigment cells and they accummulate 

specifically in brightly coloured pigment cells ( Hama 

end Obika, 1960; Obika 1963; Hama ~2! 1960; Matsumoto, 

1965 a, Richards and Bagnars, 1967 ). 

During the last 30 years, ptetidines 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 as - Drosophila ( Ephrussi and Harold, 1944; teymann 

Chan and Clancy, 1950; HadDrn and Mitchell,1951; Nolte, 

1952; Forrest and M!tchell, 1954 a, 1954 b: Rasmussen,1954; 

, Viecontini ~ iJ!; 1955; Viscontini Hadorn and Karrer,1957; 

·· Viseotini, Loesser and Karrer 1958; Viscontini and N.ohlmann, 

1959 a, 1959 b, Forrest .21 a!; 1961 b, Taira,1961 a; Rembold, 

'1961; Hadorn, 1962; M.Goto et al, 1964; Gregg and Smucker, 

1966; ). C~lliphoia ( Ziegler,1961 c ), Ephestia, (Hadorn and 

Kuhn, 1953; Kuhn and Engelhaaf,1959; Viseontini and stierlin, 

1961, 1962, 1963 ) and some butterflies ( Hopkins 1889,1895: 

Schopf and Becker, 1933; Becker and Schopf 1936; Tarttar, 

1940; Purrmann,1940 a, 1940 b~ 1941, 1943; Purrmann and Maas, 

1944 a, Purrmann and Eulitz,l948 pfleiderer,l962~ 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 whtch are 

yellow in appearence are. rich in sepiapterin. The 

. distinguishing feature of pteridines· is· their fluorescence 

under w irradiation. Depending upon the concentration 

and PH of, .the medium, the fluorescence ranges from violet 
• J • • 

t~. red (. Ra,uen and: Stamm, 1952; • Uyeda and Rabinowitz,l963). 

This characteristic fluorescence of most of the. pterdine 

derivatives has long been used for the detection of these 
'• . ' 

compounds. 

The significance of occurrence of pteridin~s in the 
.< 

( 

compound eye has, been :studied by a .number of. aut.hors an,d . 
it ha;s been suggested that. ;they act, as scre~ning pigments 

( Goldsmlth, 1958 a, b :; Langer an:d Thorell, 1966 ) . , 

· Hoffmann and Langer ( 1961) ,: while studying the 

spectral sensit'ivity of the eye of ·Calliphora ·erythx'ocephala · 

have ;observed that :the· 'White- apricot,; mutant eye, which · 
. . . . 

contains· pteridines has a u. V .-- sensl.tivity maximum ·same 

as tHe ' chalky' mutant, which lacks pteridines. They have 

further observed that in ' white-apricot •· mutant the u.v.­

maximum is less than in the 'chalky' eye mutant in relation 

to the visible maximum. Thus, ·in the 'white-apricot' mutant 



the sc~ening pigments, pteridines function to decrease 

the u.v. sensitivity relative to visible sensitivity., 
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All these reports suggest that pteridines play some 

very important roles in the visu.al system of arthropods. 

But as already mentioned, pteridines have not been g~e 

studied in the compound eyes of all groups of arthropods, 

and thus there is a need for further studies on the pteridine 

components of the compound eye of various groups~of 

arthropods •. 
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.INTRODUCTIOrJ 

Adenosine triphosphatase ( ATPase.) system 

frequently been ~hown to be intimately assoc_iated with 

the process of photoreception ( Lan~er, 1964, 1974; 

Weber and Schorrath, 1971i Drujan and Ali 1972; Kuhn 
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and Dreyer 1972, Bownds·, !t,al,, 1972 ) and there are strong 

· indications ·that ATPase has an important role in the process 

of · phos.phorylation. 

TQ)· understand the mechanism by which one quantum 

of light reacting with a single molecule of the visual pigment 

causes·nervous stimulation, three main hypothesis have been 

put forward. They are z 

I The Enzyme hypothesis 

II 

. . . III, 

The solid - State hypothesis., and 

The ionic hypothesis • 

According to the enzyme hypothesis; the visual 

pigment rhodopsin is .a pro-enzyme. Upon absorpt~on of light, 

this is converted to an active enzyme, which catalizes the 

electrochemical· process leading to visual excitation. 

Mc,,Connell and Searpa~li ( 1963 ) have claimed that 

the visual pigment rhodopsin is an ATPase, which is activiated 

by light. However. later on, Booting and Bangham(l966) have 

found that the experimental evidence for this claim is faulty 
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+ + +2 
and neither the { Na - K - Mg ) - Sctivated ATPase nor the 

Mg+a ~ activated ATPase can be identical with the visual 

pigment. 

The solid - state hypothesi$ suggests that after 

absorption of light by_the photoreceptor cell, a solid • 

state proce'ss. such as energy transfer by resonance or 

photoeonduction may ·take place .However, Hagins and Jennings 

(1960) have found that in frog rods, theJ:G is no such energy 

transfer by resonance or photoconduction·~ 

The ionic hypothesis says that there is a movement 

of ions across t~e photoreceptor membrane following visual 

excitation just as it occurs in a nerve after stimulation. 

Adams and Hagins (1960) have found that in the photoreceptor 

eells of the squids there is a local inflow of current within 

7 ftJID from the site of light absorption~ 

1his receptor current consists of an influx of 

Na + ions due to a local light-induced increase in Na•-

pezomeability as well as an outward flux of potassium ions. 

In this context, it is worth - mentioning that the 
' I 

light ·- stimulated potentials observed in photoreceptor cells 

of 4otulus, ( stieve 1965) ~ Crayfieb (Eguch1,1965 ),, bal"nacle 

" 



(BroWn; 21a1. 1969) and the honey bee ( FUlp1us and 
Bauman. 1969 ) are a direct consequence of an increase 
in permea~ility of the photoreceptor cell membrane to 
sodium ions .• 

$ekogut1 (1960) and B~nti~g 21 ,el. (.1963) have 
;:,- detected the presence of ( Na - K ) activated ATPase in 

the rod outer sigments and thus the ionic hypothesis 
has further been supported, because this enzyme system 

· has be~n irnpl.icated in the repolarization process of 
nerve, muscle and electric organ ( Bonting, 21 ~.1963) 
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Thus according·to the ionic hypothesis, maintainence 
of ionic gradients across the photoreceptor membrane fs 
important for visual excitation, and this ionic gradient 
is maintained by the enzyme, adenosine triphosphatase. 

The available data show that the studies of this 
enzyme in the photoreceptor organ 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. BontiAg 

· 9,1 .a! ( 1963 ) have observed a high activity of this enzyme 
· ·• tn several ocular tissues such as retina, cilliary body, 

Iris-sphincter, choroid, sclera,Cornea, lens, and vitreous 
.of tat and ilan_. De Pont and Bonting(l97l.) have deteete.d 
high activity of this enzyme in retina of the cuttle fish, 
Sepia officinsalis. 
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In spite of a considerable amount of work on the 

ATPase· system from the photoreceptor 0%'9ans of various 
2+ animals, there 19 very little information on the Mg -

+ + . . 
( Na- K)- ATPase activity of the_photoieceptor of 

arthropods~ 

The compound eye of arthropods has been 

extensively studied in the past years by different groups 
' 

of authors from electrophysiologieal and biochemical point 

of view~, Langer ( .1960 a; 1960 ·b, 1962~ 1963 ) has .studied 

the chemical composition of the eye of the blowfly 0 .• 

Qslliphora ervthroceeh£al.s and its changes upon illumination• 

He has observed that after·illumination, there is an 

enhancement of metabolic. activity of the eye, and he has 

suggested that it provides th~ sensory cells v1ith necessary 

energy for converting the visual stimulu~ to nervous 

excit·ation•; ·This mechanism appears to involve cation 

exchange process, which seems to be through the enzyme 

( Na+- K+) -· ATPase. 

the first report on the studies of the ATPase 

system from the compound eye of arthropods has. been made 

by VJeber, ~ .e.!, ( 1971, 1972 ) • they have studied the 
' 

enzymology of the compound eye· of the .. white - eyed 

mutant of Cjlliphof~ erxthrocephala by means of histochemical 

testst. 'lbe study demonstrated the ex~stence of two types 



ATPasa activity - one distributed. in the cytoplasm. of 

the sensory cells and in the rhabdomes and another 

located within pigment and semper cells. 
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Later on Rivera ( 1974 ) has made a biochemical 

study on the ATPase system of the compound aye of Calliphora 

ereythrocephala and compared the data with the histochemical 

observations· of Weber 21 ~ (1971• 1972 ), This seems to be 

the only biochemical report on the ATPase system from the 

~ompound eye of a~hropods. 

~eping this in view, an attempt has been made to 

a study the ATPase system from the compound eye of the house • 

fly -~ Muaea .domesticth the honeybee, &!!a cera"a indica 

. and the fresh-water prawn, Mgcrobrac:hj.up) bimanicum. 

1he ATPase system of the eye• homogenate of 

Macrobrachium birmanicwn has been subjected to a detail study. 

The effect of substituting M:i 2+ by other divalent cations, 

especially calcium has been investigated~ the effect of 
+ + increasing concentration of Na and K on the ATPasa activity 

·has also been done,. In addition to this, relation bet'J'Jeen 

the enzyme and the eo-substrates and the effect of bicarbonate 

on. the ATPase activity haa been carried out,. 
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Immediately afte~ decapitation, the eyes are 

dissected out by a clean razor. The eyes a:ra then fro~en 

over dry ice·~ The aye preparation contains cornea, crystalline 

cone&, semper cells,: sensory cells· and p~gnent c~lls. 

Eyes are homogenized in ice- cold 0.25 M sucrose. 

Protein has been determined by the method of 

Lowry 21 !1 (1951) as follQWs : 

0•1 ml of 0~:~ N NaQf solution, containing 10% 

Na2 C03, 0.).% ~· tartrate, and 0 •. ()5 % Cuso have been added 

to 0.1 m1 extract ; after 15 m.itnites 0~:5. ml of a 4% aquosus 

solution (V/V) of Polin- Cio Calteus Phenol reagent is 

added; The mixture is heated in a water-bath at a temperature 

of S0°c for 10 minutes, cooled under tap-water and the colour 

read at 700 nm. 

Bovine serum albomine in a sucrose solution is 

used as standard. 

Ensyma assav : 

IncUbatiqn medium : The complete nedium or Nedium I contains 

:, mM ATP: SmM Mgcl2: 100 mM Nacl ; ~ mM Kcl.; 50 mM Tris-Hcl, 



PH 7,.4, in a final volume of 0.1 ml. a& suggested by 

Rivera(l974) .• Thla medium gives the total or 

(N: - K ~ Mg++)- activated ATPase activity• 

M~~lum II : This medium contains 5mM ATP: 5 mM t~c12 • 

100 mM Nael: 10-3 M ouabain and ~o m!~ tris - Hcl. This 
' . 2+ . 

medium gives the Mg - ATPase activity. 
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Activity in medium I ~nus activity in medium II 
' + + 

_. gives the ouabain - sensitive (Na -K ) - ATPasa activi~y. 
/ 0 ' 

Incubation has been carried out at 37 c.- After 

20 minutes the reaction is stopped by the addition of 17% 

trichloroacetic aeid. 

The reaction mixtUJ.'e is centritJged and ig 

inorganic _phosphate is deterrolned in the supernatant afts~ 

the method of Fiske and Subba Row(1925) as foll~vs; .. , 

Reagents * 
(1) 5 N ~so4 
(2) 2~5 % Ammonium molybdate. 

(3) Reducing reagent (Fisl~e- Subba Row-reagent).25gm 

of the !'educing reagent is added in 10 ml of wat~r. 

s'andard solution ; 

1•3613 9 of analytically pure KH2po4 is dissolved 

in 1000 ml. Qf water.: A few drops of chlorQform arEf added,, and 

the solution is stored in the refr1geJ."ator ... For use it is 

diluted la 10, so that ). ml-:t~ corresponds to 1 micromole of 

Phosphorous·~, 
\, 



Proc:ed!.!Jl!. : 

on~ milliliter of suJfur1c acid is added, 

followed by l ml •. of ammonium molybdate. After mixing, 

o.l ml of a-educing solution is added. 'nle volume is made 

upto 10 ml. AfteJ' mixing again, the absorbancy at 660 m u 

is maasuxed after 10 minutes in Beekman Speetrophotomate&-• 

Qstermigation ei JZ9ne£t~a of the 81Pa6~ svstems 

ptp,'l+' act&vation. cum : NrJ2+ activation curve is obtained 

by va~ing the magnesium concentration from o-12 ~ in the 

incubation medium. 

The effect of calcium on the ATPase 

ectivity of tbe eye-homogenate is tested by adding graded 

amount of calcium (c:>-15 mM) to incubation medium without 

magnesium~ 

+ . 
~odium actlvjtion cuga a Tho Na - activation curve is 

obtained by adding graded amounts of NBCl (12 different 

steps of varying concentrations between 50 and 150 m M ) 

in the total incubation medium. 

~ta.s,aium:ast;xa1;ioo curve: Potassium activation, curve 

has been obtained by adding graded amounts (0- 30 m M ) of 

·~· 
iffes;t of b.~sarb9nat,aR Effect of bicarbonate on the 

Atpase, system of the compound aye is studied by substituting 

Na<:l by ~HC% in the inc;ubation medium~-
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R@l@t&~e mase actiyitx in va;tious substrate media : In o6~ 

order to test the relative ATPaae activity in incubation 

media with 'different co-substrates, the follO'.dng media has 

been used. 

M9d1um III : In this medium KCl has been omm1ted from 

the total incubation medium. 

Medium Iy : 

omm1ted. 

Medium V : 

· NaCl is ommited. 

In this medium both NaCl and KCl are 

2+ + 
This medium contains It,. , K and ouabain~ 

·~~ 

Nsdium VI : From the total incubation medium both 

NaCl and KCl are ommited. 10-3M ouabain has been added to the 

• incubation medium. 

Effect of e·atigns on the AfPase activity : 

Several di-valent cations have: been tested by 

. substituting Mgcl2 by their chlorides in both the infubation 

· nedia 1 and I~; The cations used are calcium, cobatt, manganese, 

. copper, nickel and barium.~ 

§ffeet of tampe;aty,.a : 

For the determination of the effeQt of temperature 

on ·enzymes. activity, extracts and media are pre incubated at 

each temperature foJ: 10 minutes~ .. 

· Effect of Rtf : 

The ef(act of pH has-been studied by preparing the 

media with Tris~ histidine buffeJ:s (final ~oncentration of 



each compound ·: 50 mM ) in a pH ~ange .of 6.0 to 9.1. 

The pH; of the l'esul ting medium has been measure. d. and 

this value ls used in plotting the assay re,aults. 
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Table 11.·. ATPase activities in the ·homogenate of the 

compound eye of_ house-fly NUsca dQ!lJ!stica,honey-bee, 

Apis Ce;a,na indica,. fresh-waterPrawn, Macrpbx::achium 

b1rrnanicum. in umo~es Pi/mg Protein/ hr, given as means 

, with standard errers. 
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Samples· 2+ + K+) • Ng - ATPase • (Na- - ATPase 

' 
House-fly. ' + 0.59 t Musca. 1.85 le..69 + 0,.40 t - • - . 

' c;!omestic_a. t • • 
Homey-bee, ' 0.60 Al?i§. 1.91 + t 1.71 + 0.37 

• . - ' -'. 

:f i 
Cea;ane i.;ndica • t • 

• t 
Freah""'V'Jater Prawn, . • . ' • 
~12 crobra c hium t 2~88 + Oe59 • 1-.93 +: 0~.35 - . . - ., 

• • 
bir!!!f![!icum. t • • ' • • 
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Prgeertiea of ATPase sYstem from the eye-homogenate of the 

fnsh ~water prawo. M, birmanicum: 
:/ 

I . 
' ~ j •• ' 

The effect of in·craasing concentration of Nra2+ 
. i . 

on iti~'total ATPase activity is shown in Fig, 19~ 
.,~ • I I i '.. \ . 

I ' . . . . 
r • . J i ~: 

Effect.'.iof Calcium z 
·. r· :if ; ,· 

, . \';j :, · Figure .20 shows the activation Curve of Calcium 

.for. -·~e· eye-homoge~te. The WrJ2+ - ATPase activity is found 

t.o· e ·depressed when ca~cium 1$ used ins~ead of, magnesium •. 

i ( + .. , 1 1 1 . , Na - K - ATPase aet.ivi ty is a most comp ete y 
i'' ' \\ 

· ~nhibited by calcium, 

~Eff.ect of Sodium and Pgtaseium: 

/~ . Effect of increasing concentraUon of lila+ and K+ 

Jon the·· total ATPase activity is shown in the figures 21 and 
~~ ' I 

··.22 respectively' 

Effect of bicarbonate: 

ihe effect of substituting gradua~ly Nacl by NaHCCS 

in the· total ATPase activity is shown in Figure 23. It has 
. . . 

been f,ound that bicarbonate enhance the total ATPase activity., 

Relative ATPase activity in various substrate media: 

Table 18 and Pig. 24 shows that the effect of 

differe'nt co-substrate in the ATPase activity. 

Effect:of Cations on the ATPase activity: The effect of 

substituting 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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Table 18• Relative ATPase activities of eye homogenate 

of the feeeh water prawn, Macrobra~hium birmant:wn in various 

substr~te media. Activity are expressed as the means of a 

expertme·nts with t s .E. 

I 
Ned1um I ATPase aet1v1ty ~ 

I. Ma2+, Na+ ., K+ I 100 
' 

I 
Il:. bl\12+ Na+ 6\..abin I 56.9 + 6.~_,8 -. • 

I 
-

IU~- r~g2+, + 61.4 + 7•1 Na -
lV~ ~2+ 57 .• 5 + 7,,1 

I -
v. 2+ + 

ouabain 56:.3 +. 6; •. 1 Ma. K 
·~. ~ "t 

VI. ~2+. ouabain I + 54.2- 5,-.,9 
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Table 19. Sffeet of substituting Ng2+ by othe~ divalent cations 

upOn the ATPate activity of eyes of .&hirmanisgm in the 

$t,andard incubation _media ATPase activity in media with. 
2+ . 

~ waa set at 100 • Values a~:e means of 6 experiments 

·with standard erro~-. 

CATI~ 
2+ . 

Ma - ATPase 
( ~ .) 

+ + (Na - K ) • ATPase 
( % ) 

Magnesium lex> 100 

Manganese 100+ 9~2 61-.5+961 - . -
Nickel 25•.3 + .. 4.1 11.2 + 

3~,1 -
" 

Copper 12.4 + - 2-·8 le:~.a + -4·1 

CQ\?~pt 94~2 + 9,1 88-.4 + 9.~ - -
Bcaium 6t~9 + 1-~8 6.2 + 2.2 - -
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It is found that the activity is enhaneed only 

when Nn2+ is used instead Of N'tJ +2 • Other cations tested, 

on the other hand had inhibitory effect on the ATPase 

activity. Both the ATPase remains allmost at the same level 

with cobalt. · 

Effect of temgergture : 

Figura 27. shows the effect of temperatura on the 

anzymea activities. Maximal rates are obtained at 40°c.· 

§ffect gf pj! .: 

' ... + ·-~· Effect of p H on (Na - K ) - ATPase and N~ ., 

ATPase is shown in figure 28. At pH 6,.6., tlg2+ - ATPase 
+ + . activity is optimal,. The optimal activity of (Na . - K ) .. 

ATPase is observed at the pH ~.2 .• 



EXPJA$TICN TO F IGURBS 

Fig. 19. lhe effect of increasing concentration 
of Magnesium on the total ATPase activity 
1n the eye-homogenate of the fresh-wate~ 

· Prawn, Macrobrachium birroapicum. 

Each point is the mean of 10 
determinations• 
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EXPLANAT~QN TO fiGURES 

Fig. 20. Relationship between reaction velocity 
of ATPase activities in eye-hcmogenates 
of the fresh-water Prawn, Maerobraehium 
'oi.t!I@nie>am ann '\h9 ~2+· ~on~en'\-ra'\ion. 
used instead of r~2+ in incubation 
media. Each point is the mean of 10 
determlna~iot)s. 
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EXPIANAil~ TO FIGURE§ I 

. + . 
Fig. 21. Effect of the Na ~ncentration upon 

.,._ ATPase activity in eye homogenates 
· . of ~Jia.crobraehium birmanieum~~ Each point 

is the mean of 6 dat~rminations !; s.J;,. 
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EXP!J\N8TICN XO FIG~ES 

Fig. 22~ Effect of the· K+ concentration 
upon the~ ATPase activity in 
eye•homogenates of Macrobrachium 
birrnanicum~ Each point is the mean 

of 6 determinations t, s .s." 
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EXPLaNATION TO F!GUBES 

Pig. 23. Effect of substituting chloride for 
increasing coneentrationf of bicarbonate 
upon ATPaee activities of eye homogenates 
of Mjcrobrschium birmanicum... Bach point 
is the mean of 10 de~ermination., 
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EXPLANATION TO PIG\JBE§ 

Effect of different co-substrates on 
the ATPase activity of eye-homogenate 
of the. fresh-water prawn, 
~~crobrachium birmanicum. 
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EXP1ANATIQN TO FIGUQES 

Fig' •. 25_. The effect of substituting magnesium 
by other di-valent cations upon the 
(N~ ---- K+). ATPase act~vity in the 
eye-homogenate of the fresh-water 
pra~:• Mgcrgbrachium birJnanicum, · 
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EXPlANATI Q\1 OF F.IG!JRES 

Pig. 26. The effect of substttuting . 
. magnesium by othe~ divalent cations upon 
the tttJ2:k·- ATPase acti"ity in the eye­
homogenate of the fre$h-.water prawn • 
Macxob;rachium birmanicum,. 
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EXPLANATIO\! IO FIGUJ3ES 

Pig~ 27. Effect of temperature on ATPase 
· activities of ~ye homogenates of 
the f:r:esh water prawn, &sebrac~ium 
birmanicum. Incubation. ned a an · 
extrac.ts were pre incubated at e:ach . · 
temperature for 10 minute$" Each point 
is the mean of 6 determinations · 
~ S.E~ · . - . 



7 
.... .-

...c. 
-......... 
c 6 
Ql -0 
....... 
0... 

0'1 
5 

E 
-......... 
·-
0... 4 
Vl 
Ql 

0 

E 
3 

~ 
... 

>-

> - 2 
u 
co 
Ql 

Vl 
co 

Q_ 
1-
<! 

0 10 20 30 40 50 60 
Temperature , 0c 



E?<Pl.ANA TIQ\l TO FIGURES 

Fig,.; 28., The pH profile of ATPase activities 
of eye homogenates of the fresh~water 
prawn, Mlcrobrachium birmanicumi Each 
point is the mean of 6 determinations 
+ s.E.:' -
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piSCU§SION 

The -results show that there are two distinct 

type_s of ATPase activity :in the homogenate of the compound 

eye of the house-fly, lv\Jsca dornestica, honey b~, 8a!a CEAD.a 

indica and the fresh~water prawn, Macrgbrachi~m birm§nicum • 

Among the two types of AT~se activity, one is 
2+ . + + -

Ng: -activated· and the other (Na • K )~stimulated. 

Sodium- Potassium • activated adenosine triphospha''tase ,._ 
+ . + 

(Na - K - ATPase) is considered to play a major role in cation 

transport across cell membranes (Skou, 1965; Katz and Epstein 

1968) • It is presumed that th'is enzyme is identical to the 

"sodium-potassium pump". The reason for such presumption is 
. . + + 

that the_hydrolysis of ATP catalyzed by the Na -K - ATPase is 

, translated into the movement of sodium and potassium against 

t·heir electrochemical gradients ( Skou 1972). 

The enzyme, sodium- potassium-activated adenosine 

triphosphatase (Na+ - K+- ATPa~el occurs in nearly all-cell­

membranes over which a gradient for sodium and potassium 

exisits (Banting 1970). In the Kidney tissues, Na +- K+ -ATPase 

is present in the highest concentration in outer medulla 

(Handler, Torretti and Epstein 197l)·. The activity has been 

detected more particularly in the thick ascending limbs of 

Henle*s loops, mainly at the peritubular cell- membrane in 



accordance with its Postulated roles in active cation 

transport .(Schmidt and r.ubach 1969). In the photoreceptor 

cells of various vertebrates, Bonting .21 .i1 (1964 a) have 
' . + + . . 

reported that a sul.lstantial part of the (Na - K )- ATPase 
. ~ . . 

activity is loQalized in rod outer segments. Frank and 
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Goldsmith (1965) have reported similar findings for isolated 

pig. outer segments~,, The high activity of this enzyme in the 

rod outer segments led Bonting and Banghan (1967) to formulate 
I 

their a Cation Channel n hypothesis for the visual mechanism. 

In view of the high activity of the enzyme, Bonting and 

Bangham (1967) have assumed of thet.the enzyme is located not 

only,in the plasma membrane of the outer segments but also 

in the rodi!,sae-membran.e.s .• Earlier. Scarpelli and Graig(l963) 
•'I ' 

established histochemically, the presence of ATPase activity 

in ·the rod sac: membrane~ .. 
..• 
In view of the above statements, it is reasonable 
~ 

to presume that in, the compound eye of arthropods ATPase 

activity may be localized in the rhabdomes:t 

In the literature, there is . only one biochemical 

report on the ATPase system of the compound eye of caAliphora 

erythrocephala (Rivera 1974) •.. The results of the present 

study has been compared with the data of R1vera(l974).~-

2+ . + + 
'nle propex-ties of Mg - ATPase and the (Na - K )• 

ATPase of Nlacrobrachium ~irmanicum are in good agreement with 
. ; 



Weber and Schorrah (1971, 1972) while studying the 

enzy'r· ,histochemistry of the compound eye of the blow-fly, 

C · . ho a erythroceohala, have found that the ATPase &f the 

p !m~nt cells and semper cells is stimulated by manganese and 
I, 

· ; alc~um, while the. enzymes of sensory cells and rhabdoroos are 
:"~. i ~ . 
. ii· . 

~/~~hi~~'ed by both the cations. But by histochemical study, 

i~ tii:l.not be~n possible to determine the effect quantitatively. 

·_In the pxesent study,_ the effect of several cations la '~ bean ·tested on both the (Na +- K +)- ATI'ase and ~2+ -ATPase 

·a tivity. It has been found that manganese stimulates the 

,; 

' 

J 2+- ATPase activity and depresses the (Na •- I<•) dependent 

·ctivity. The total activity is o~ly slightly enhanced. 

· The effect of bicarbonate on the ATPase activity ·of 

e eye-homogenate of m.Dirmanicum is of considerable 

lgnif 1cance. 

It is found that the enhancement of tal ATPase 

f ~tivity produced by bicarbonate is due to stimulat!on of Ma2-
+ - + .· 

Pase activity. The (Na - K )• ATPase activity is gradually 

1 hibited bt bi-carbonate ions. Since the pH in the incubation 

' dium is· ·h~ld constant, the increased ATPase activity 

served ls d~e to change in bicarbonate concentration and is 

ndependent of pH. 
i' i 
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The similar type of M;2- ATPase activ~ty by 

bicarbonate is reported in many other tissues. For example, 

·Hastings .@.! i!, ~(1963) have fO.und that in_ rat liver mitochondria, 

Ng2- ATPase activ.ity ls enhanced by bicarbonate ions. Racker 

(1963) has reported ·a sWlar stimulation in the mitochordrial 

ATPase in the heart. 

1he stimulation produced by bicarbonate on the 

ATPase activity rai$es the possibility of its role in ion• 

trC)nsport. It is wall-established that sodium and potassium 

ions move against the electrochemical gradients through the 

energy produced by breakdown of ATP by the ouabain-sensitive 

(Na + _ R) ATPase (SKou, 1965). Whether the transport of 

bicarbonate and chloride ions also take place by means of 

similar ion~dependent ATPase is not known clearly and it is 

very much controversial. 

However, l<asbekar and Durbin (1965), Kinne- Saffran 

and Kinne (1974), Riley (1977) have detected HC~-dependant 

ATPase in several tissues, where active HC~ fl~s have been 

established. 

Winker and Rilay(l977) have demostrated the existence 

of a bi•c.arbonate-stimulated ATPase activity in the retina of 

rat. They_ have also established the importance of bicarbonate 

in retinal function,. 

' 
It has been observed that the metabolic activity of an 

isolated mammalian· retina is markedly uffected by bicarbonat~! 



ions (Cohan, and Noell, 1960; Riley 1964J. Winkler, Simson 

and Benner 1977); . 

1B9 

Riley (1965) and ~ley and Voaden (1970) have found 

that a great amount of decrease takes place in the glycolytic 

and respiratory rate of rat and rabbit retinas, when phosphate 

buffer is substituted for bi~arbonate. Winkler, Simson and 

Benner (1977) have found a similar change in the electroretinogram 

potentials when bicarbonate is ommited, and phosphate or 

Tria is used instead of it to maintain a constant pH. 

These findings suggest that the HC~- ATPase detected 

by winker and Riley(l977) is of great significance in retinal 

function. OUr present observations on the stimulation 

produced ~Yfpi-carbonate ions on the ATPase activity of tha 

homogenate of the compound eye of M· birmanicum suggests that 

there may be a bi•carbQnate ,activated ATPase in the rhabdome 

of compound eyes. However~ the sub-cellular localization of 

such bicarbonate stimulated ATPase is yet to be done • 
• 
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INTRODUCTION 

A characteristic feature of t.he compound\ eyes of 
\ 

arthropods is tbe migration of screening pigmen~s during 

changes in condition of illumination~, 

In Grustacea, the three sets of retinal p~gments, 

distal retinal pigments, Proximal retinal pigmen~s and 

reflecting pigments change their position in ~la~ion to 

light or dark-adaptation. Distal and Proximal ret~nal 
\ 

p~gments are black and they consist. of Ommatin, wh~ch is 

related to melanin. The reflecting pigments on the\ other 

~and, are white in colour. 

191 

During light adaptation, both the distal and\ the 

proximal retinal pigments undergo dispersion, and t~us they 
' 

form a sort of screen which isolates one ommaditium \from 
i 

the next. The white reflecting pigments are withdrawt 

through the basement membrane. and c:orrespondirl91Y t~eir 

reflecting power is diminished~ 

In the dark-adapted condition, a reverse pheno~non 

takes place. The distal and proximal pigments are con~ntrated, 

and the white reflecting pigments migrate above the level of 

the basement membrane,., 
. '-.:/ 
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However, the pattern of migration of these retinal 

pigments does not occur in the same manner in all groupe, 

and it seems- that the extent of the movement and also the 

number of retinal pigments showing such movements may be a 

species- specific phenomenon (Nagabhueanam and Sarojini 

1970). 

In Insecta, the migratory pigmants a;I"G confined to 

the pigments of iris cells, which are also known as 
1
1 screening pigments or accessory pigasnts. The most 
I 

\important and widely distributed groups of accessory 
I 

\pigments are the Ommochromes which are formed from the 
i 
\ . 

~mino acid tryptophan through the intermidiate Kynureaina 
\' 
~nd hydroxy-kynurenine( Butenandt 21 s!,1954).Different 

~inds of Ommochromas are ncwJ recognised, among which 

Qmmatin, Ommin, and Ommidin are the most important. 

there are three different types of ommatin, of 

which Xanthomatin is the only one found in the eyes. It 

it: the principal pigment of Calliphora and reiated flies. 

Qmmins are the most widely distributed among the 

ommoehrome pigments of the compound eyes of insects. It 

dif~ers from ommatin by having higher molecular weight, and 

by ~howing less tendency to auto-oxidation(Wiglesworth,l957). 
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\ 
\ 

Onmidin , which is related to Onmin is ;\ found in 
' 

the eyes of Orthoptera. These accessory pigmen~ granules 

change their p~sition in relation to light or c\ark-adaptation. 
\ 

However, the anatomical changes during light or dark-

adaptation in insect compound eye do not sh~J t~e same 
\ 

pattern in all forms., 

In apposition type of compound eyes, the ~ight-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 rhe rhabdome 

Major portion of the retinula cells upto one-thir~ of its 
' I 

\ 

width from the rhabdom is occupied by the elongate,, large 
I 

vesicles of the palisade. The pigment granules ocqur 

between the vesicles of the palisade as well as in'. t.he 

peripheral cell-cytoplasm ( Kirscfild. and Francescl\lini, 

1969 ). 
\ 

During light-adapted condition~ the palisade\ is 
' 

reduced in extent• Accessory pigment granules of the 

. retinula cells move towards the rhabdomares. In Nilsqg,, 

accessory pigments approach the rhabdorreres closely ,during 

the light- adapted condition, but no~ palisade has been 

clearly demonstrated ( Kirschfeld and Franceschini,l~69). 



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 

Qytjscus, light-dark adaptation, causes the movement of 

somes of the retinula cell bodies (Walcott 1969 ). 
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In some a cone type of compound eye, the most notable 

feature during light or dark-adaptation is the extensive 

changes in the shape of the cone calls and also the movement 

. of cone-cells, crysta.lline tract and the rhabdom of the 

retinula cells. A typical example o~ this· case is the 

compound eye of the hemiptera, Notonecta (Walcot,l974) 

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, hmvever, it is known that the 

movement of the distal retina 1 pigments are controlled by 

some hormones present in the eye- stalk ( Bennit 1932). 



Welsh ( 1939) has 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 Kleinholz ( 1936). Brown, Hines and Fingerman(1952) 

have found a distal retinal pigment light-adapting hormone 

in the supra-oesophageal ganglia of Palaemonetes. The 

prese·nce of this hOrmone in the eye-stalks and supra 

oesophangeal ganglia of dwarf crayfish, Combarellus 

shufeldti has been demonstrated by Fingerman ( 1957 ). 

Similarly, a proximal retinal pigment dark­

adapting hormone has been proposed in the eye- stalks of 

.Palaemonetea and grconectes by Fingerman, Nagabhusanam 

and Phillipot ( 1962 ) •. 
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In insects, the mechanism ·which controls the 

migration of the screening pigments is very poorly 

understood. Most of the works in the area have been performed 

in the eyes of lepidopteran insects. 

Day ( ·1941) has found that accessory pigments of 

moths move to the light adapted position when the animal 

is subjected to cold, narcosis, C<l.2 or sometime general 

injury •. Stavenga ( 1977) has reported ~hat the circadian 



movement of distal pigments in the praying mantis and 

Katydids are influenced by temperature. He has found that 

day-adapted state can be established at night by cooling. 

These findings suggest that the compound ayes 

possess a greater metabolic capacity: in order to· move the 

pigments to the dark adapted position than for movement 
I 

in opposite direction~ It is suggested that soma energy 

requiring processes are operative during the distal 

· migration of the screening pigment. and .light has . an .. 

inhibitory effect on it •. ( GOldsmith and Barnard 1974 ) • 

Veron ( 1973 ) has found that in the dragonflies, 

&ustrolestes ~onuloffiUS and Ischnu£a heterosticta,pigment 

migration in the eyes is associated with pronounced colour 

changes which s~perficially resemble those of their . . . . .. 

epidermal chromatophores. When the pi~ment is concentrated 

around the base of the crystalline cone, a dense layer 

of tyndall blue bodies produce brighi n blue-phasen 

colQurs. During dark-phase, distal migration of the pigment 

occurs, which disrupts the Tyndall effect and the eyes 

tum grey - brown in colour. By performing many experiments, 

Veron ( .1973) has proved that at least in Austrglestes 

annulosus and ishnura heterostists the eye pigment 
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migration and the migration of the epidermal chromatophores 

are under similar environmental and physiological control. 

He has found that changes in temperature can influence 

pigment migration of the eye, as well as the epidermal chro­

matophore a • 

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 
' 

house- fly, Mu~cA domestica and the honey - bee, ~ 

cerana indica• A preliminary study on the effect of lightt. 

and darkness on neurosecretion of these insects has also 
\, 

been performed in view of the suggestions by some authors 

regarding the influence of neurosecretion in pigment 

migration ( Veron, 1973 ). 

In addition to this, the effect of cyclic- AMP, 

S - hydroxytryptamine and colchicine has been studied on 

the_migration of pigment granules in Musca and Apis, 

Hov~ver, it has not been ·possible to perform any 

experiment on the pigment migration in the eye of the fresh 

w~ter prawn, ~crobrachium birmanicum and the marine prawn, 

Metapinneus sp. because of the practical difficulties in 

maintaining them in the laboratory,, 
' 
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lW\ TERIALS AND NE THOOS 

Studies on light or dark adaetatioo: to examine, the 

position of the pigment granules iR light or dark- adapted 

condition, two groups of experimental insects, each containing 

about 20 insects have been collected. One gx-oup has bean 

kept in normal Sun light for about 5 hrs.·After the required 

period of light~ adaptation, the insects are kelled and 

then the eyes are fixed in n Susa" fixative. Routine 

histological preparations are made by paraffin methods 

and sections are cut at about 8 ,o thick. 

The other group of insects has been adapted to 

complete darkness by keeping them in the photographic 

" Dark room" for the same period as the light- adaptation 

experiment. After the experiment, the eyes are simila.rly 

fixed in a Susa " fixative and section are cut at 8 u thick. 

Effect of temparatu;e: 

Veron (1973) has reported thet temperature effects 

the migration of screening pigmants of the compound eye as 
\. 

wall as the epidermal ehrcmatophores. In view of the apov~ 
~ 

report, the effect of temperature on pigment migration ~n 

the eyes of the house-fly, f~sca domestica and the honey 

bee, AQ!a serang indica _have been tested.!' 
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Experiment No,l. Effect of high temperatupe(28 - 30°C) on 

light a_dAPte d ins.ect_s_: 

A group of experimental insects are light adapted 

by exposing them to normal suh-light. They are then divided 

into two ~roups. One group is kept as control and the other 

is given a high temperature ·- treatment by placing them in 

glass jars submsrged upto their neck in a water- batch, 

maintained at a temperature of about 28 - 30 °c. 

EXPERINENT N0.2 

Effect of low temperature on Dark-adapted insects 

Experimental insects are kept in glass jars, which 

are painted with black paint to prevent the entry of light. 

The jars are then placed in a water•batb~ the temperature 

of which is maintained· at about 15°C • 

After the required period of temperature treatment, 

the insects are fixed in " Susa " fixative, routine histo­

logical preparations_are made and sections are taken at 

about af thick~ 

The sections are then compared with the control 

ones. 

Effact of light and darkness on Neurosec~tioo. 

To study the effect of light or darkness on the 



neurosecretory system of Musca and Apis the insects are 

given a light or dark treatment for about 5 hrs. 

After the required period of light or dar~ -

adaptation the insects are k4lled immediately and the 

heads are .fixed in alcoholic Bouin's fixative. 
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For the histological preparation of the neurosecretory 

cells, a number of fixatives such as Zenker- 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 insects are kept in Bouin • s fixative for 24 

hrs. Routine histological p,reparations are made and 

sections are prepared at 10 f thickness • To rletect the 

neurosecretory cells the sections are stained in Gomori' s 

aldehyde- fuGhsin (AF), modified by Carneron·and Steele 

( 1959), as follows -

(1) The paraffin sect~ons, after deparaffinization, 

are brought through ethanol series down to distilled water. 

(2) The sections are then oxidized in oxidant 

( 3g ·KMn04 in 100 ml water containing o• 30 ml concentrated 

H2S04} for 2.to 3 minutes. 
' 

(3) ~Midants 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, 



.(4) 1be sections a~ than washed in distilled ·water {Of 

$ to ·10 minute~:::. 
. . . 
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. (5) the sections are transfes.-nd through 30~ to 7~ alcohol, 

(6)· Staining is done· in paraldehyde fuChsin sta.1n(8aaic 

fuchsin 19i conc.Hc.l 1 ml; pal'~ldehyde 2 ml; 60%. alcohol' 

l.OO ml l for 2 to. 10 mintJtes. 

(7) Excess stain 1s .quickly blotted off with a filter .papex-. 
. . 

(8) Staln is differentiated in 95% alcohol until no more 

.superiluoue stain is given off. 

(9). 1he: sections are ~hydrated, cleated and mounted in DPX. · 

· B~fft&$s(!f cysAiS AMeCCA!bigshiftll.§ Ht. and solshic&ne 

To atudy whether the~e is any effect of any drug 

on the migration. of screening pigments i.n tbe compound eyes 

of 8USCQ and &!!at cyclJ.:e Al~, '- HT and colehicd.n~ have 

been .applied to both the da~k and llght.-adapt~d insects. 

CVclic AMP is used· in· the eon~ntration of 10 • 6s 
and the. coneentratiC)~ ·of 5-Ht is. 10 -aM. These concentrat1Qna 

have been used suece·ssfully by other authors in other tissues 

.( Berrirfg$ l91l; Hood 1973 ) .• 

Both the substances a~ dissoved in Insee:t flinger . 

ao1Qt1on and' are applied top1.eally. 
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£ff!3ct of colchicine: Colchicine has bean tried only in 

th~ dark-adapted insects to examine whether it can bring 

the screening pigments to light adapted position as has been 

suggested by Miller a1d Cawthon (1974) ~ 

The insects have been dark- adapted and colchicine 

has bean applied top~cally in the dark-adapted condition 

itself. Colchicine was dissolwd in insect Ringer solution 
-2 

and the concentration used was 10 M 

OBSSRV6TIONS 

the position of the pigments during light and dark 

adaptation in house fly, and honey bee are shown in Pigs. 

291 30 and 31, 32 respectively. 

§ffest of temE@r.ature: 

It has been observed that the pigment migration in 

the ayes of both My sea and Ae!,a are very much affeete d by 

temperature. 

When the light -adapted insects have been exposed 

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 Qnes, in relation to the position of the 

migratory pigment granules. 



EXPl.ANATIGJ TO FIGUR§S 

Fig. 29. T/S through the eye of light-adapted 
house-fly 11 PJUsca domestiC@ showing the 
radial movement of pigment granules. 
10 X 40 

Ce • Crystalline cone. 
Rh , Rhabdom. 



•I 



EXpLANATION TO fiGURES 

fig •. 30.· T/S thrc)ugh ·tha :aye of dark-adapted 

house-fly, M.Jsca domqstics showing 
peripheral distr~bution of the pigme~t 
granules • 

. 10 )( 40. 

Co , Co~nea , 
Cc , Crystalline cone 
Rh , Rhabdom. 





EXPLANATIQ\J TO FIGURES 

Fig. 31. T/S through the eye of light-adapted 
hon~y - bee.. &J!a serana indicA showing 

. the radial movement of pigme.nt granules • 
10 X 40 • 

. ' .. 

CC ~ Crystalline cane · 

Rh , . f\h~bdom. 





~-

EXPlMJATICl\1 JO fl!iUREL 

$1g~ 32~ T/S through the eye of dark-adapted 
honey bee. 8n.b Cerana; iQdica shov1ing 
peripheral distribution of pigment 

·granules. 
10 )( 40 

Dp ~ Distal pigments. 
Rh , RhabdoJP,\ 



1 . ~-

, 
~ . 



Similarly, it has been found that low -temperature 

can bring the pigment - grClnules of a dark -adapted insect 

towards a position more or less similar to light - adapted 

forms. 

Effect of Light or Darknees on Neurosecreto£l 
system ~ 

It has been observed that ·• both in Mu~ca and 

~ , when the insects are 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 t~eir 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 that there is a 
'( 
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significant reduction in the quantity of the neurosecretory 

material in the cell-bodies, presumably due to the axonal 

transport of neuroscretory material. The Cytoplasm new~ 

appears lightly st~ined, and the shape of the cell. becomes 

slightly irregular ( Pigs. 35 and 36 ). 

Effect of cyclic AMP • 5 - HT and Colchicine: 

Since, our study depends on the examination of the 

paraffin sections with light - microscope alone. it has not 

been possiblq to detect the effect very clearly. H~rever, 



EXPlANATI(]\l TO FIGt.JRES 

Fig. 33. long_itudinal section pa~sing through 
·.the brain of the dark-adapted house 

fly, MJ;aca domestica, showing the 
large accumulation of neurosecretory 
materials in the form of compact 
neurosecret9ry granules. 10 x 40~ 

Nsc, Neurosec~tory cella;~ 





EXPLIWAJlqJ JO fiGURES. 

" 

Fig. 34'• Longifudinal sect~on passing through 
the brain of the dark-adapted honey 
bee. AQ!a cerana indica. showing the 

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





EXI.LANATIQ\J TO FigURES. 

Fig. 35. Longitudinal section passing through 
the brain of light-adapted house fly, 
MUsca domestica, showing the ligh~y 
stained cell-cytoplasm, and irregular 
shape of· the neurosecretory cells:. 

10 " 40. 





EXPLANAIIGJ IO .F 4QURES 

Fig. 36. Longitudinal section passing through the 
brain of light-adapted honey bee, ~ 
cerana indica , showing the lightly 
stained cell-cytoplasm, and irregular 
shape of neurosecretory cells:• 
lOx 40. 
Nsc, Neurosecretory cells. 
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careful observations of a large number of sections and 

comparison with suitable control reveals that cyclic: AMP, 

5 - HT end ~olchicine have soma effects on radial pigment 

migr~tion in the eyes of Muse§. and Ae!a,. I~ has been 

found that these substances can bring the pigment granules 

from dark -adapted towards a light - adapted. condition. 

It is observed that among the substances used, c(Jlchicine 

has the most pronounced .effect on pigment movements. 

When the insects are dark-adapted and treated with hi~]l. 
2 . 

concentration ( lO- M ) of colchicine, the dark - adapted 

condition is ·not observed in the eyea,as compared to the 

dark control. 

In the control insects, it is observed that the 

pigment granules are present towards the peripheral 

portion of the retinuala cells whereas in the treated 

insects the pigment granules are observed towards the 

rhabdom, a condition more or less simil.ar to the light 

adapted - forms ( Fig. 37 ) • 



Fig. 'St_ •. 

EXPI.ANATI~ TO FIGURES 
I 

T/S through the eye of the dark-adapted 
and colchicine-treated house-fly, Musca 

Mrnestica 10 x 100 •. , showing the effect of 
colchicine on bringing the pigment granules 
from DARK. towards LIGHT-adapted condition.._ 





·.DISCUSSION 

~~st of. the diu~nal insects have apposition eyes 

in whie~ radial movement of· pigment g~anules occurs, 

whereas pronounced longitudinal pigment migration are 

characteristic feature of nocturnal or crepuscular 

species with superposition eyes. The optical :function of 
. . 
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pigment migration and other photomachenieal effects' is 

presumably to control the amount pf light in the 

photoreceptor orga.nelle, i.e. the rhbdomere. The rhabdomere 

has a higher refractive index·than its· surrounding medium 

( 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 a function of the refractive 

index differen.ca bet\veen the organelle and surrOunding 

matetial and of the organelles physical dimensions and 

the wavelength of light. As the radiant energy propogates 

within the organelle, a small fraction is outside the 

organelle. The pigment granules brought in this manner near 

the organelle has two effects - it tends to increase the 

refractive index of the surrounding zone w4th which 

"frustrates" total internal reflection and increases the 

intensity in the surrounding. Secondly, the pigment granules 

absorve a fraction of the _light coming from the organelle. 



.Additionally, the pigments will absorb light in the 

retinular cell that propagate outside the rhabdom. 
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· In apposition 'type of· compound eye, on illumination, 

small pigment granules which are dispersed throughout the 

visual cells during dark .. ~daptation move towards the 

rhabdomere. 1he granules assembled in the immediate 

neighbourhood o! the rhabdOmere ·eonsti~ute a longitudinal 

pupil. · 

The mechanism by.whtch the pigment granules alter 
.. 

their position in relation·to .change 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 pomestica • and the honey bee, ~ cerena 10dica 

is markedly affected by temperature. Similar effect of 

temperature on pigment migration has been repo;ted in 

various insects by different authors. O' Farra 11 (1964 ) 

has found' that the ehromatophores of Diphlebia. spp. 

are sensitive to change in light intensity as v~ll as to 

te~perature. 

Day ( 1941 ) has found t·hat the distal eye- pigment 

cells of the moth, Eohesti,a· are substantially sensitive to 



change in temperature as well as light intensity. Some 

similarity may also exist between the diurnal rhythm of 

sensitivity to temperature change, as in the chromatophores 

of the dragonfly, Austrolestes annulosus (Veron,1973) 

and the diurnal change in t~e rate of eye-pigment 

·migration observed in other insecta ( Demoll. 1911; 

Horstmann,1934: Jahn and Wulff, 1941 ). 

Srinivasan, Bernard and Stavenga ( 1977 ) have 

found that in butterflies at temperature above the ambient 

24. 0c, sensitivity of the pupil is reversibly reduced: 

Increase in temperature speeds up closing and opening of 

the pupil. In Nymphalis, a temperature increases of 10°C 

decreases the half- time of closing by 255~ and that of 

opening by 15%,, In general, closing - speed is more 

. temperature - sensitive than opening - speed. In Eurema 

a temperature increase of 10°C decreases the closing half 

time by 55%, but there is no measurable 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 n Brownjan motionn 

mediates opening 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 psendopupil in crabs, praying mantis, 

: Katydid, }.iinulus, etc • are also sensitive to temperature. 

These pigment movements cause the ommaditial aperture to 

be enlarged at night •. The day - adapted stat~ can be 

established at night by cooling. 
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The physiological control of eye- pigment migration 

in insects has long been a subject of debate~ Many early 

workers believed that eye- ~igment migration is under direct 

nervous control ( Demoll, 1911). Some authors ( friza 1928: 

Uchida, 1934) have suggested ~hat contro,l. is more likely to 

be hormonal. Collins ( 1935) has concluded that the moth, 

C.apocypu. 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 

that normal, reversible pigment migration 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 some local controls~ Veron (1974) 

has suggested that in the dragonflies,Austrolestes, Bnnulosus 

(Selys) ( lestidae ) and Ichnura heterosticta ( Burro ) 



( Q)ena~r1on1dae .) • eye pigment ~ells aet as· independent 

effectors during proximal m1gration·but the centrol of 

·distal pigment mig~atior:- appears .to be complex.~ has 

observed that the distal pigment migration in &aaimlestea · 
. . ' . 

and Iehnu&:a is aigrdfieantly ·reduced in the eyes and in 
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head ehrematophorea of decapitated insectsi~. Very li~·tle 

migrati.on. occurs in isolated eyes and none has been observed 

in isolated pieces of eyes~ He has als.o observed tha~ distal 

. pi~nt· mi9rati<m occurs at siiJ)ilar·. ~atas. in b~th distal 

eye-pi~nt ee·lls and epidermal qhromatopbores. 

Ch the basis of the resvlts of these e~perimants, 

·Veron (1974.) has suggested that . distal migratiol'l of' . the 

·pigment. granules ~in the compound eyes a~ 

probably U.ndar the neurosecretion.· 

The existence of ~ relationship between the 

el~boration·of chromatotroplna and neurosecretion is 

rendered probable by the results of DuP<>nt- Raabe(l956. 

l9S7) estab~1sh1ng the prese.nee of neurosecretory. cells in 

the t:ritocerebrum.of phasm1dae, a region in which tho 

nerve- centres have been shown by pharmacodynamic test to 

be partieu~arly rich in chnlli8totropins• 

Quite a number of other regions in the central 

. nervous system of insects as well as the corpQra c:a:rdiaca 



contain chromatotropins. B~ Scharrer ( 1959)" noted that 

there are indications of the elaboration of some of these 

s\lbstanC(ts by neurosecretory cells~ 
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Gabe ( 1966) has suggested that, since all 

segments of the central nervous system contain 

neurosecretory cells, it possible that the chromatotropins 

of the corpora cardiaea have the same charecteristies as 

those of the cerebral ganglio~ ( Dupont - Raabe.l952); 

Removal of the corpora cardiaca does not effect colour­

adaptation in phasmidae ( Dupont- Raabe 1951) and section 

of the nervi corporis cardiaci lead to the disappearance 

of all chromatotropic activity from extracts of corpora 

cardiaca ( Cameron, 1953) • 

In the present study regarding the effect ~ light 

or darkness on the state of activity of neurosecretory 

cells, it is found that in the dark-treated insects there is 

a large accumulation of neurosecretory material, whereas 

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 -
I 

adaptation axonal transport of neurosecretory material 

take$ places. It may be suggested that in the dark-treated 

insects the rate of discharge of neurosecretory material 



is slower, whereas in light-trea,ed ones the rate of 

production of neurosecretory material is slower than the 

rate of discharge. 

228 

In general, there are two basic'· types of 

neurchormories present in the 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 . 

5- hydroxytryptamine ( Gersch 1970 ). The other type is 

charecterized by compounds of relatively large molecular 

weight such as peptirles or proteins •. 

It is well established that' catcholamines and the 

biogenic amines like 5- hydroxytryptamine are responsible 

fo~n physiological phenomena which take place rapidly and 

thei~ liberation is so to speak instantaneous • 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 Kischfelf (1969) have observe.d that 

pigment granule movements in Musca on light adaptation are 

. very rapid and occur even in a few seconds. ll'le palisade 

in Locusta requires 15 minutes of dark -adaptation to 

develop fully ( Walcott., 1974). In cockroach Perielanata 

a~~asxes~)~CA americana, where both palisade and pigment 



granule changes have been observed, anatomical light­

adaptation ~quires 10 minutes of exposure to light 

( Qutlet- , 1971 ) .• Thus in any attempt to study the effect 

of neuroscretion in pigment m~gration of the compound 

eyes of insects the involvement of catecholaminas or 

biogenic amines, lil<e S ... hydroxytryptamine seems to 

be important. 

With this view, the effect of 5-hydroxytryptamine 

on the migration of pigment granules on the compound eye 

of MUaca and ~ has been tested. It has been found that 

5- hydroxytryptamine can bring the. pigment granules from 

a dark-adapted position towards a light-adapted ·COndition. 

In this context, it is worth~mentioning that 5-hydroxy­

tryptamine· has been report.ed to have melanin-aggregating 

action ( Scheline 1963; Scott 1965 ). 

In addition to this, the result obtained in the 

present investigation regarding the effeCt of colchicine 

on pigment migration' is of significance. It has been 

observed that when,high con~entration of colchicine is 

a·pplied to the dark-adapted insect • histological 

pr<9para.tions of the eye$ appear llke light-adapted ones in 

relation to the position of ~he pigment granules. Similar 

effect of colchicine has been reported on pigment granule 
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movements in Limulus photosceptor :by Miller· and Ca\vthan 

( 1974). They have observed that high concentration of 

colchicine ( lO - 2M ) causes the pigment granules in the 

retinular cells to· move .to ~he light -.position. In 

addition to. this, they have reported the presence of 

radially oriented microtubles in the retinular cells. 

The microtubules have been easily detected in the 

retinular cells of colchicine treated materials. 

Bacuase colchicine specifically binds the tubuline 

protein of the microtubule's subunit( Shelansk and Taylor 
,. 

1968), they concluded that the radially oriented 

rnicrotubu-les of the retinular cell mediate the light 

and ·dark • induced pigment migration in Limulus. 

In case of cell-movements in compound eye of 

· arthropods also, there are sub-cellular structures which 
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. could affect ~orne of the movements! . In Lethocerus, for 

:example, microtubule a occur in great numbers . in all the 

cells which move ( Walcot.t 197 .._ a ) • In the cone cells and 

primary pigment cells, the microtubules are.highly oriented 

in the diracti'ons of movement~ Similar orientations a~ seen 

in the cone cells of a megalopteran ( Walcot and Harridge, 

1971 } ~ 



GENERAL DISCUSSION 



GENERAL DlSCtSS IONS 

The compound eyes of arthropods are of considerable 

interest in elucidating the visual system of animals.Compound 

eyes are image-forming eyes which are particularly efficient 
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in detecting movement in their total visual fields. In addition, 

many of the arthropods exhipit orientation relative to the 

direction of vibration of polarized light, which suggests the 

existence of a poL3rized light analyser with the eye •• If v~ are 

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

chemistry. 

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. 

~Uhile studying the histochemistry and bio-chemistry 

of the lens-cuticle, a protein-carbohydrate complex,"Acid 

mucopolysaccharde" has been detected in the compound eyes of 

the house fly, !lluSSaa domestic14, the honey bee, ~ Ca:r;ana 

indies, the fresh-water pra\vn, Th~c;obrachium birmanicum and 

the marine prawn, rteta.R_innetm sp. M.Jcopolysaccharides hnve 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 mucopolysac.c;harides of the cuticle of 
Heffiigrapsus nudua 



and Cingalobolus bugnioni respectively may have important 

~oles in clacification of the cuticle~ Krishnan(l965) has 

suggested that acid mucopolysaccharides may be associated 

with $-S bonding of the cuticle·in the scorpion;Palaroneus 

,5!!§mm.rdam&~ The presence of acid mucopolysaccharides in 

the sub-c~icle of insects such -as Philosamia cynthia 

(Taylor and Richards,l963), has been assumed to indicate 

the region vJhere the chitin-protein complexes are formed • 

. Due .to the high water-binding capacity of the acid 
. ' . '\ . ' 

' '., > 
mucopolysac~haridas, their occurrence i~ intersegmental . . 

cuticle,. of the queen of the termite, Odototerrnes obasuq 

has been· suggested to impart to the extreme flexibility of 

the cuticle (Sannasi,l969l~. Now lens-cuticle is a modified 
. . 

cuticle and ~ence it is reasonable to presume that the 

mucopolysaccharides present in the_lens may play some 

.. im~~rtant roles in the visual phenomenon of the arthropod. 
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Since _in the present 'investigation, studies have been 

performed in various aspects of arthropod vision, it has not 

been possible to study the mucopolysaccharides alone of 

the compound eyes in detail. Thus it, would be of great 

significance, if one can study the mucopolysactharides of 

the compound eye in detail and to find out whether the 

.-function is mechanical or optioal._ 

Another interesting observation which we have been 

made _is the detection of ascorbic acid in the compound eye.f 

As already mentioned in the relevant 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 ascorbic acid may 

have some role in synthesis mucopolysa,ccharides which are 

specifically present in the len cuticle. Evidence for and 

against as~orbtte stimulation of sulfated glycosaminoglyca~s 

are found in th~ literature., Human skin fibroblasts in 

tissue culture prod~ce mo~e sulfated polysaccharides in 

the presence of ascorbate( D1sche,l947). Kafoed and 

Robe~son (1966) on the other han~, suggest that ascorbate 

is not required for chondroitin sulfate synthesis in 

guinea pig tracheal cartilage. Lavletes(l97l) has shown· 

that the presence of ascorbate in the culture medium does 

affect the dist.ribuUon ~f the chondroitin julfate .synthesized. 

With these reports in view, it can be suggested that, · 

it wil~ be of significance of study vmether there is any 

such relationship between mucopolysaccharides and ascor~ic 
. . ~ .. 

acid in the compound eye of arthropods .• 

Fluorescence in the compound eyeg of arthropods is 

another aspect where some interes~ing observations have been 

made. In this context, detection of resilin in the lens-cuticle 

of the house-fly, tJUsca {lomestic& ·• the honey bee, 89!!!. 

cerana indica, the fresh-water prawn, t&crobrachium bi;manicum 

and the marine prawn, ~~tapinneus sp. is of significance. In 

addition to this the qualitative studies of pteridines in the 

compound eyes would certainly serve as spring board for future 

study. 



Another interesting observation made on the ·compoond 
., 

eye of house-fly, honey-bee and the fresh-water prawn is 

the s'udy of the enzyme adenosine t~iphatase(ATPase). The 

mec~anism of enhancement of metabolism which supplies the 
'· 

necessary energy for the mechanism of stimulus processing 

and conversion into nervous.excitation by the sensory cells 

appears to involve c~tion exchange process(Bonting 0 l969). 

The role of (Na+- K+)• stimulated ATPas~ of cell-membrane 

in active oation.transport has been wall-established · 

. (Skou,l965)~ Therefore it ls possible tha.t this enzyme is 

involved in the visual process, in v~ich cation transport 

plays a role .• 

In addition to all these an important observation 

made on the visual system of arthropods is the effect of 

certain factors en ~he light-stimulated pigment migration 
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in the comptbund eye .• It has been observed that temperature 

has a sig~ificant effect on the migration of screening 

pigments. Colehicin, .S•hydroxy tryptamine and cycle AMP, 

~pplied topically on the head and ey~, have marked affect on 

migJ."ation of the screening pig100nts in the compound eye_. In 

addition to this it has been observed that neuosceretion may 

play sene very important roles in pigment..;migrati~. But in 

spite of all these, it is not possible to tell exactly, which 

factor is responsible for pigment migration •. 

Considering all these, it can be concluded that much 

research still remains be.fore one can completely understand 



how compound eyes are structured for performing such 

a complicated physiological phenomenon of vision, 
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In the present_ investigation. certain physiological, 

biochemical and histochemical studies have been performed 

on the compound eyes of the house-fly, Musca dgmestica, the 

honey bee, ~ cerana indica, the fresh-vmter prawn. 

Macrobrachium birroanieurn and the marine prawn ~~tppinneua spp. 

which can be summarised as follows :-

1. In the lens-cuticle of the above mentioned 

arthropods, a protein-carbohydrate complex, acid mucopoly­

saccharides have been detected by histochemical tests. An 

attempt has also been made to extract the rnucopolysaccharides 

from the compound eye of these arthropods. After extration, 

the sugar components of the crude muco~ol~saccharide extract 

have been analysed by means of paper chromatography 

following acid hydrolysis of the mucopolysaccharide extract. 

With a view to know the nature of the mucopolysaccharide, it 

has been subjected to paper electrophoresis in various buffer 

systems and the Rf value has been compared with some 

standard mucop6lysaccharides 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 cbondroitin-4-

sulfate,· in the electrophoretic field. The significance of 

occurrence of this substance in relation to arthropod vision 



i:s discussed. 
' 

~h In an attempt to study the significance of reducing 

substances in generation of energy in the photoreceptor, 

the compound eyes of MJsca 1 Aplt;, Macrobrach1um,and 

~~apinneus have been subjected to the study for detection 

of ascorbic acid •. The histological preparations of the 

compound eye o~ these arthropods have been subjected to 

histochem_ical tests for detection of ascorbic: acid. In 

addition to this ascorbic ac_id turn over in the compound 

239 

eye of each of these arthropods has. been estimated colori­

metrically •. It is known that ascorbic acid in the biological 

system 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·acted upon continuously by a number of 

oxidizing enzymes. further, chinoy(l967,l969) has reported 

that in living system endogenous as wall as exogenously added 

ascorbic acid forms a complex with macro-molecules like 

proteins and nucleic acids. Isherwood and Mapson(l962) have 

suggested that in a tissue, the actual concentration of 

ascorbic acid represents the excess, formed in synthesis ove~ 

that used in the compound eyes has been studied by 

simultaneous determination of (i) free form of ascorbic acid • 

. (ti) boun'd form of ascorbic acld or ascorbigen(ASG), (itt> 

enay~pic utilization of ascorbic acid(AAU) and(iv) complexing 

of ascorbic acid with macromolecules. 



3. It has been known that the compound eyes of 

arthropods 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 some 

fluorescent substances from the compound eye and to find 

out the significance of their occurrence. In this context, 

the .detection of ~silin in the lens-cuticle is of 

significance .• Resilin has been detected by staining the 

histological prepar~tion with light Green-Toluidine blue 

combination, .bY analysing the amino-acids and detecting the 

two fluorescent amino-acids, S!-~£i• tyrosine by paper 

chromatography and by studying the svmlling properties of 

the lens-cuticle. 

In addition to this, ptedtiines has been studied in 

the c~pound eyes by extracting them and then by alalysing . . . 

with paper chromatography and examining the chromatogramS 

with \Ja.V light.· 

4. V~ile studying the enzymology of the compound eye, 

the knowledge of which is very acsntt: in the ~xisting. 
·,· 

literature, we made an attempt to study the adenosine 

tri~phosphataaas system (ATPase ~ystem). Both the 

(Na •- R) - activated and lV9 2+- activated ATP.asa have been 

studied in the compound eyes of house-fly, JYYsca dgmstica,. 

honey...bet:f, 89h ce;ana indica and the fresh-water pravm, 

/;l§c:robrachium birmanicum. The ATPase sv~Jem of the eye-
, ~ 

homogemate of ~~robraehium birrnanicum hds been subjected 
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to a detail study .• The effect of substituting Dfr.J2+ by 

other di-valent cations especially calcium has been 

investigate~~ The effect_of increasing eoncentration of 

. N~ and K+ on the ATPase aet~vity has also been donefj· In 

a~dition to this• relation between the enzyme and the 

co-substrates and the effect of bicarbonate on the ATPase 

activity has been carried out. 

· 5, Last but .. not the least important observation, w)lich 

has been mat!e in the present investigation is the studies 
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on the factors affecting ·the migration of screening pigments 

In the compound eye. Am attempt has been made to study the 

effect of temperature on pigment migration in compound eyes. 

It bis been observe.d that temperature has marked effects 

on migration of screening pigments •. When.light-adapted 

insects are exposed to high temperat~re, it is found that 

the histological preparations of the eyes appear like dark­

adapted ones• in relation to the position of the migratory 

pigment granules~ Similarly, it has been found that low 

temperature brings the pigment-granules of a dark-adapted 

insect towards a position more or less similar to light 

adapted forms:!· 

In addition to this, a preliminar,y ·study on the effect 

of light and darkness on neuatosecretion of these insects 

have been performed in view of the suggestions by Veron(l973) 

regarding the influence of neurosecretion in pigment migration. 



It has been observed that in insects kept in darkness, 

there is a large accumulation of _neurosecretory materials 

(NSM) in the form of compact neurosecretory granules. 
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When the insects are kept in continuous light, it has been 
' obs.erved t.hat there is a significant reduction in the 

quantity of neurosecretory materials in the cell-bodies, 

presumably due to the axonal transport of neurosecretory 

materials. 

Finally, we have also studied the effect of eiclic-AMP, 

5- hydroxytryptamine and colchicine on the movement of 

screening pigments. It has been observed that among these 

substances, colchicine has some effect on pigment mogements. 

When the ·insects are dark-adapted and treated with lo-2rn of 

colchicine, the da~k-adapted co.ndition is not observed in 

the eyes as compared to the dark control; rather it mimics 

the light-adapted condition,. 
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