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The  Foregut

The  foregut  consists  of  the  pharynx  and  the  oesophagus  (Fig.   1).
Pharynx.   The   pharynx   is   histologically   differentiated   into   a   pharyngeal

pump   (cibarium)   and   the   pharynx   proper.   The   pharyngeal   pump   lies   anterior
to  the  brain  overlying  the  cup  of   salivary  syringe.   The  pump  is   a   sclerotised  V-
shaped   tube   with   a   dorsal   operculum   (Fig.   2).   The   two   flanks   of   the   'V'   are
lined  with  thick  intima  while  the  operculum  is  composed  of  relatively  thin  intima.
The   operculum   bears   a   dorsal   ligament   on   which   dilator   muscles   are   inserted
arising  from  the  clypeal  area  of  the  head.  At  the  level  of  the  circumoesophageal
connectives  the  pharynx  loses  its  V-shaped  lumen  and  transforms  into  the  pharynx
proper  (Fig.  3).  The  lumen  of  the  pharynx  proper  becomes  circular;  it  is  lined  by
a   thin   folded  epithelium  consisting   of   cuboidal   cells.   The   folds   make  the   lumen
considerably   narrow.   The   epithelium   secretes   a   thin   layer   of   transparent   intima
and  is   surrounded  by   circular   muscle   bands  which  help   the  pharynx  to   perform
sphincter  function.

Oesophagus.   The   oesophagus   is   thin-walled   and   lined   with   a   wavy   and
folded   epithelium.   The   epithelium   is   composed   of   cuboidal   cells   which   lack
cell   walls   (Fig.   6).   The   epithelium   secretes   an   irregularly   folded   intima;   the
cytoplasm  is  clear  and  mildly  staining  either  with  haematoxylin  and  eosin  or  with
Mallory's   triple.   The   muscularis   consists   of   an   outer   layer   of   longitudinal   and
an  inner  layer  of  circular  muscles,  forming  discontinuous  bands.

Oesophageal   valve   (Figs.   4   &   5).   The   junction   between   the   foregut
and  the  midgut  is   externally   marked  by  a   circular   constriction  bordered  by  thick
musculature.   The   constriction   represents   the   area   of   oesophageal   invagination   or
the  valve.   The  valve  appears  to  be  a   circular   fold  in   cross  section  composed  of
two  lamellae  of  cells  bound  on  both  sides  by  chitinous  intima  secreted  by  oeso-

phageal epithelum.  The  two  lamellae  are  separated  from  each  other  by  a  thin  core
of  connective  tissue.

The  valve  can  be  well   studied  in   a   longitudinal   section.   The  cells   forming  the
inner   lamella   of   the   valve   are   cuboidal   and   seem   to   be   derived   from   the
oesophageal   epithelium,   secreting   intima.   These   cells   take   less   stain   but   the
nuclei   are   clearly   visible.   The   cells   of   the   outer   lamella   of   the   fold   gradually
become   tall   and   remain   differentiated   from   the   inner   lamella,   as   well   as
the  midgut.  These  cells  take  less  stain  but  secrete  intimai  folds  and  are  perhaps
a  group  of   cells   which  at   one  time  were  active  in  secreting  a  peritrophic  mem-

brane. These  cells  are  designated  here  as  P.
A   peritrophic   membrane   is   apparently   lacking   in   Hemiptera,   since   they   ingest

liquid  food  only.   Our  study  shows  that  the  cells   of   the  outer  lamella  designated
as  P  secrete  a  membrane  which  is  many-layered  and  trails  caudad  in  the  midgut.
This   membrane   appears   to   be   of   a   peritrophic   nature   (vide   discussion).

The   Midgut

The   midgut   of   Odontopus   nigricornis   has   four   regions   which   differ   from   one
another  according  to  the  degree  to  which  the  digestive  processes  have  progressed.
The   midgut   is   characterised   by   the   presence   of   columnar   cells   and   weak   mus-

culature and  by  the  absence  of  intima.
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Fig.  1.  Digestive  organs  of  Odontopus  nigricornis.  Fig.  2.  Cross  section  of  the  pharyngeal
pump.  Fig.  3.  Cross  section  of  the  pharyngeal  pump  at  the  level  of  the  brain.  Fig.  4.
Longitudinal  section  of  the  oesophageal  valve.  Fig.  5.  Cross  section  through  the  oesophagus

\
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The   epithelium  of   the   first   midgut   forms   evaginations   and   folds   consisting   of
columnar   cells   with   clearly   defined   cell   walls.   In   a   fold   the   tips   of   the   cells
appear   to   be   strongly   pressed   together,   showing   considerable   elasticity.   The
cytoplasm   is   densely   granular   with   deep   staining   and   large   circular   and   oval
nuclei.   A   thick   core   of   connective   tissue   projects   in   the   interspace   of   each   fold
which  becomes  confluent   with  the  peripheral   connective  tissue.   Regenerative  cells
are   few,   mononucleate,   and  apparently   of   little   activity.   The   muscularis   is   poorly
developed   and   consists   of   a   circular   layer   outside   of   which   lie   the   fragmentary
longitudinal   muscles   (Fig.   7).   In   actively   secreting   phase   the   cytoplasmic   con-

tents of  the  cells  shift  towards  the  cell-tips  and  produce  bulgings  due  to  cyto-
plasmic accumulation.  When  the  bulgings  are  fully  loaded  the  secretions  are

squeezed   out   in   the   lumen  forming   chains   of   non-nucleated   buds   (Fig.   7),   sug-
gesting merocrine  method  of  secretion.  After  the  discharge  the  cells  become

vacuolated  and  the  nucleus  occupies  the  basal  half  of  such  cells.
The  second  midgut   region  is   paved  with   an  unfolded  epithelium  consisting  of

regular   columnar   cells   which   are   mostly   mononucleate   (Fig.   8).   The   circular
layer  of  muscles  is  very  thin  and  the  longitudinal  muscles  are  wanting.  Regenera-

tive cells  are  very  few.  Secretions  are  discharged  by  the  usual  merocrine  method.
The  third  midgut  region  has  a  wider  lumen  and  the  epithelial  cells,   though  of

the  columnar  type,   are  smaller   than  those  of   the  first   midgut.   The  cells   do  not
appear   to   be   much   pressed   together   and   rest   over   a   basement   membrane.
Regenerative  cells   are  few  and  mononucleate.   In  this  region  a  striated  border  in
the   epithelium   is   visible   which   is   stained   very   lightly   (Fig.   9).   The   mode   of
secretion  is  essentially  the  same  as  observed  in  the  second  midgut,  but  in  addition
to  this   several   nuclei   are   also  seen  lying  with  the  secretions.   These  nuclei   have
perhaps  fallen  out  as  a  result  of  cell-bursting  during  sectioning.  The  muscle  layers
in  this  region  are  better  developed  and  consist  of  an  inner  layer  of  circular  and  an
outer   coat   of   longitudinal   muscles.

The   fourth   midgut   has   the   usual   tall   and   columnar   cells   with   granular   cyto-
plasm and  circular  nuclei  (Fig.  10).  At  places  the  cell  entads  are  seen  in  distorted

condition   while   the   nuclei   occupy   the   basal   half   of   the   cells.   Secretions   are
exclusively  of  a  merocrine  type  and  appear  as  chains  of  small   globules.  The  two
usual  muscle  layers  are  present.

The  junction  of   the  fourth  midgut  and  the  ileum  shows  a   constriction  extern-
ally  where   the   midgut   cells   become  very   tall   (Fig.   10).   It   is   feasible   that   a

valvular   function  is   imparted  by  these  cells   in   this   region,   though  a  distinct   val-
vular mechanism  is  absent.

The   Hindgut

The  hindgut   consists   of   an   anterior   bladder-like   ileum  and  a   posterior   dilated
rectum.

Ileum.   The   ileum   is   a   three-lobed   and   thin-walled   sac   (Fig.   1).   All   the
lobes  are  similar  in  their  histological  structure  and  from  each  lateral  lobe  arise  a
pair   of   Malpighian   tubules.   The   muscles   are   poorly   developed   and   consist   of   a
thin   layer   of   longitudinal   muscles   only.   The   lining   of   ileum   is   composed   of   a
single   layer   of   columnar   cells   with   large,   circular   and   deep   staining   nuclei.   The
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Fig.  6.  Cross  section  through  the  oesophageal  valve.  Fig.  7.  Portion  of  the  cross  section  of
the  first  midgut  region.  Fig.  8.  Portion  of  the  cross  section  of  the  second  midgut  region.
Fig.  9.  Portion  of  the  cross  section  of  the  third  midgut  region.  Fig.  10.  Longidudinal  section

through  the  fourth  midgut,   ileum   and  rectum

\
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cytoplasm   is   of   a   granular   and   secretory   nature.   Neither   brush   border   nor
regenerative  cells  are  visible  in  this  region.  Small  non-nucleated  globules  are  seen
here  and  there  in  the  lumen  suggesting  merocrine  mode  of  secretion.  An  intima
so  common  with  the  hindgut  is  lacking  here  (Fig.  11).  Thus  the  histology  of  this
part   resembles   for   a   great   deal   that   of   the   midgut,   while   typical   proctodaeal
structure  is  wanting.

Pyloric   valve.   Much   behind   the   origin   of   the   Malpighian   tubules   and
at  the  junction  of  the  ileum  and  the  rectum  a  well-defined  pyloric  valve  is  situated
(Fig.   11).   The   epithelium   of   ileum   is   unfolded   but   particularly   at   this   junction
it   becomes   folded   and   differentiated   into   a   valvular   arrangement.   The   cells
forming  the  valve  are  extremely  tall  and  narrow  with  lightly  staining  non-granular
cytoplasm.   The   valvular   folds   appear   pad-like   and   from   this   point   a   loose   and
thin  intima  is  secreted  which  continues  caudad  as  far  as  the  rectum.  Only  longi-

tudinal muscles  are  visible  at  the  junction.
Rectum.   The   rectum   is   thin-walled   and   transparent   with   typical   proctodaeal

structure.   The   rectal   epithelium   is   composed   of   large   and   flattened   cells   having
large   nuclei   and   non-granular   cytoplasm   (Fig.   11).   The   cell   boundaries   are
invisible   and   the   epithelium   appears   to   be   syncitial   being   drawn   into   several
irregular   folds.   A   thick   and   tough   intima   lines   the   epithelium   throughout   the
rectum.  Rectal  pads  or  papillae  are  absent.

Malpighian   tubules.   Histologically   the   epithelium   of   the   tubules
resembles  more  that  of  the  midgut.  The  cells  are  large,  of  a  shape  intermediate
between   cuboidal   and   columnar,   and   with   large   oval   nuclei   (Fig.   12).   The
cytoplasm  is  densely  granulated  and  stains  deeply.  However,  the  cell  entads  do  not
show  any  striated  or  brushy  border.  In  a  cross  section  groups  of  four  to  five  cells
appear  enclosed  in  a  thin  tunic  of  a  peritoneal  sheath.

The   Salivary   Gland   system

There   are   two   pairs   of   salivary   glands   which   include   a   pair   of   four-lobed
principal   and   a   pair   of   tubular   accessory   glands   (Fig.   13).   From   the   principal
gland  arise   two  transparent   ducts,   one   extending  cephalad   as   the   principal   duct
and  the  other  running  along  with  it   as  far  as  the  head  whence  it   turns  caudad
to  run  a  sinuous  course  ending  in  a  tubular  accessory  gland.

All   the   lobes   of   the   principal   gland   are   alike   in   their   histology.   The   spaces
between   individual   lobes   are   filled   with   connective   tissue   layer.   The   glandular
epithelium  consists  of  cuboidal  cells  (Fig.   14).   All   the  cells  are  more  or  less  uni-

form in  size,  with  large  nuclei  and  chromatin  granules.  The  cells  are  highly
secretory  and  have  densely  granular  cytoplasm.  The  lumens  of  the  lobes  are  packed
with  secretions  in  the  form  of  fine  droplets.  This  is  essentially  merocrine  secretion.
Regenerative  cells   are   absent.

The  accessory  salivary  glands  are  tubular  and  thin-walled;  they  are  composed  of  a
single  layer  of  glandular  cells  surrounded  externally  by  a  thin  sheath.  There  is  a
central   duct   lined   by   thick   intima   (Fig.   15).   The   cells   contain   spongy   cytoplasm
traversed  by  striations  and  vacuoles.  The  structure  of  the  principal  and  accessory
ducts  is  alike  and  differs  slightly  from  the  accessory  gland.  The  cells  of  the  ducts
are  cuboidal   with   striated   cytoplasm  and  small    but  conspicuous   deep   staining



s.  e.  Rastogi  :  Digestive  system  of  Odontopus 271

ILEPTH

REC

Fig.   11.  Longitudinal   section  through  the  ileum  and   the  rectum   showing  the  proctodaeal
valve.   Fig.    12,   Longitudinal   section   of  the  ileum   showing  attachment   of  the   malpighian
tubule.  Fig.  13.  Principal  and  accessory  salivary  glands  with  their  ducts.  Fig.  14.  Cross  section

of  the  principal   gland  at  the  point  where  the  salivary   ducts   make  contact
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Fig.  15.  Cross  section  through  the  accessory  gland.  Fig.  16.  Cross  section  through  the  salivary
duct

nuclei   (Fig.   16).   Both  the  ducts  fuse  at   the  common  junction  in  the  main  gland
and  form  a  ring  of  vacuolated  cells.  This  is  the  common  origin  of  both  the  ducts
(Fig.   14).

Discussion

Regional   differentiation   is   at   its   maximum   in   the   suborder   Heteroptera.   In
the   present   case   the   midgut   has   four   regions   which   are   characteristic   of   many
phytophagous   families,   although  three   divisions   or   even   less   may   also   be   found
(Painter,   1930;   Breaky,   1936;   Hood,   1937;   and   Goodchild,   1952).   The
gastric  caeca  are  absent  in  Odontopus.  It  has  been  suggested  that  they  have  an
important   relationship   with   the   feeding   habits   of   the   insect   and   are   considered
to   be   useful   criteria   for   distinguishing  the   phytophagous   group  from  the   preda-

tory or  semi-predatory  groups  (Elson,  1937).  The  gastric  caeca  are  present  in
almost   all   strictly   phytophagous   families   (Glasgow,   1914),   however   there   are
several   exceptions.   The   absence   of   gastric   caeca   in   Odontopus   nigricornis   is   an
interesting   point   since   two   rows   of   caeca   are   present   in   Dysdercus   koenigii
(Saxena,   1955a),   a   member   of   the   same   family.   Further   in   a   closely   allied
species,   Dysdercus   nigrijasciatus   (Goodchild,   1952),   the   gastric   caeca   are
absent.  Thus  the  caeca  may  not  form  a  sound  basis  for  recognising  plant  feeding
Heteroptera   from   other   groups,   but   predaceous   or   semi-predaceous   species   are
always  devoid  of  them.

The  oesophageal   valve   of   Odontopus  is   a   well-developed  structure.   The  many-
layered  intima  which  hangs  from  the   ring  of   peritrophic   cells   P   at   the   junction
of   foregut   and   midgut   is   of   a   peritrophic   nature.   This   intima   projects   much
beyond   the   oesophageal   valve   into   the   midgut   and   is   composed   of   chitinous
material.   It   has   been   shown  that   the   peritrophic   membrane   contains   chitin   with
protein   incorporated   in   it   (Wigglesworth,   1953).   Sufficient   evidence   could   be
derived   from   literature   in   this   connection.   While   studying   the   formation   of
peritrophic   membrane   in   the   larvae   and   adults   of   Diptera   and   the   earwig,
Wigglesworth   (1930)   has   shown   that   it   is   secreted   in   viscous   form   by   a   group
of   cells   which   are   situated  at   the   junction   of   the   foregut   and  the   midgut.   Van
Gehuchten   (1890)   was   the   first   to   suggest   that   the   peritrophic   membrane   in
sucking  insects  is  produced  by  cells  situated  at  the  anterior  end  of  the  mesenteron.
Gambrell   (1933),   who   studied   the   development   of   the   oesophageal   valve   and
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the   origin   of   the   peritrophic   membrane   in   Shnulium,   states   that   the   peritrophic
membrane  takes  its  origin  from  a  group  of  cells  at  the  tip  of  the  reflected  portion
of  the  stomodaeum  in  the  embryo  and  the  group  of  cells  that  secrete  the  mem-

brane is  also  ectodermal  in  origin.  In  the  light  of  the  above  interpretations  it  is
reasonably  certain  that   the  zone  of   cells   at   the  junction  of   the  oesophagus  and
the  midgut  in  Odontopus  represents  the  peritrophic  cells  and  the  intima  secreted
by  them  is  the  actual  peritrophic  membrane.

The   midgut   secretions   are   released   mainly   by   merocrine   method.   In   the   first
midgut   it   is   more  vigorous,   while   the  process   slows  down  gradually   in   the  suc-

ceeding regions  and  ultimately  shows  little  signs  in  the  fourth  midgut  region,
a   conclusion   which   is   supported   by   physiological   studies   (Rastogi   &   Datta
Gupta,   1961).   This   might   suggest   that   the   digestion   is   mostly   completed   in   the
first   three  regions   and  the   fourth   region  has   mainly   the   function  of   absorption.

The   ileum   of   Odontopus   has   a   close   resemblance   to   the   midgut.   Earlier
Rastogi   (1962)   has  pointed  out   that   the  ileum  of   phytophagous  bugs  is   truly   an
endodermal  part  or  a  continuation  of  the  midgut.  Further  evidence  in  favour  of  its
endodermal   nature   may  be   derived  from  the  position  of   the   pyloric   valve   which
is  situated  at  the  ileo-rectal   junction.  The  position  of  pyloric  valve  appears  to  be
very  significant  since  it  marks  the  posterior  limits  of  the  midgut  and  beginning  of
the  hindgut.  The  valve  also  helps  in  establishing  the  relationship  of  the  Malpighian
tubules  with  the  midgut.

The  Malpighian  tubules  of   Odontopus  arise  from  the  ileum  having  independent
attachment   much   anterior   to   the   pyloric   valve.   Since   the   ileum   resembles   the
midgut   in   all   essential   details,   the   condition   indicates   that   the   tubules   are   also
midgut   evaginations.   Histologically   the   wall   of   the   tubules   resembles   the   wall   of
the   midgut.   Harris   (1938)   and   Goodchild   (1952)   also   questioned   the
ectodermal   origin   of   tubules   in   Murgantia   histrionica   and   cacao   capsid   bugs
respectively.   Saxena   (1955b)   observed   in   Typhlocybinae   (Homoptera)   that   the
tubules  originated  in  front  of  the  pyloric  valve  indicating  their  endodermal  origin.

In  the  present  work  all   the  lobes  of   the  principal   salivary  glands  are  alike  in
histology   and   their   secretions   are   of   one   kind   only.   Faure-Fremiet   (1910)
however   postulated   that   different   lobes   of   the   principal   glands   secrete   different
chemical   substances.   The   function   of   the   principal   gland   appears   to   be   mainly
that   of   secretion.   Harris   (1938)   held   the   opinion   that   the   main   glands   had   the
function  of   storage.   This   opinion  has  not   been  supported  by  any  other  workers.

The   tubular   accessory   gland  possesses   a   glandular   epithelium.   The   function   of
the   accessory   gland   is   little   known.   Faure-Fremiet   (1910),   Harris   (1938)   and
Baptist   (1941)   suggest   that   it   is   of   a   secretory   nature,   while   Poisson   (1924)
attributes   to   it   an   excretory   function.   Goodchild   (1952)   suggests   that   the
accessory  gland  might  be  partly  secretory  and  partly  serve  for  the  absorption  of
water.   Judging   from   present   work   its   secretory   function   is   confirmed   by   its
structure.

Summary

The  histology  of  the  digestive  system  of  Odontopus  nigricornis  has  been  studied
in  detail.  The  oesophageal  valve  is  well-developed;  a  zone  of  peritrophic  cells  has
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been   located   at   the   junction   of   the   foregut   and   the   midgut   which   secretes   a
peritrophic   membrane   traihng   in   the   midgut.   The   midgut   has   four   regions,   a
characteristic  feature  of  phytophagous  Hemiptera.  The  ileum  appears  to  be  a  con-

tinuation of  the  midgut  and  the  Malpighian  tubules  which  arise  from  it  may
have   an   endodermal   origin.   The   principal   gland  is   four-lobed;   both   the   principal
and  the  accessory   glands  have  the  function  of   secretion  as   is   revealed  by   their
histology.
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Abbreviations   used   in   the   figures

AC  D   —  accessory   duct
AC   G   —   accessory   gland
AL   —   anterior   lobe
CM  ■ — ■  circular  muscles
CON   T   —   connective   tissue
C  SD  —  common  salivary  duct
CC  —  central  canal
DIL  MS  ■ — ■  dilator  muscles
E  ■ —  eye
IL  ■ — •  ileum
INT   —   intima
IL   EPTH   —   epithelium   of   ileum
LM   —   longitudinal   muscles
LUM   —   lumen
LL  —  lateral   lobe

N  —  nucleus
OE  - — -  oesophagus
OE   VLV   —   oesophageal   valve
P   —  peritrophic   cells
PMB   —   peritrophic   membrane
PH  —  pharynx
PH   PMP   —   pharyngeal   pump
PL  —  posterior  lobe
PR   VLV   —   proctodaeal   valve
Mj^,  Mg,  Mg  and  M4  —  first,  second,

third  and  fourth  midgut   regions
MT   —   Malpighian   tubules
MS  —  muscles
M   EPTH   —   midgut   epithelium
REC  —  rectum
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