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Abstract

Gastro-respiratory tract of the loach, Lepidocephalichtiiys guntea has been studied with

special reference to the nature of its mucus secreting epithelia. The mucous cells are strongly PAS-
positive and their number per unit area (mm?) in the mucosal layers of oesophagus, intestinal
bulb, intestine and rectum are 733, 531, 223 and 540, respectively. The air-breathing segment of
the gut is completely devoid of neutral mucosubstances, and there is a predominance of acidic

mucosubstances over the necutral ones throughout the digestive tube.

The air-blood pathway

of the accessory respiratory organ is about 2.6 um which is higher than the values of air-breathing

organs of other fishes.

The loach, Lepidocephalichthys guntea (Ha-
milton-Buchanan) is an interesting intestinal air-
breathing fish (Das, 1937) belonging to the family
Cobitididae of the order Cypriniformes. The
members of this species inhabit the stagnant
backwater of hill streams. Such water bodies are
prone to pollution and subjected to draught and
luxuriant growth of macrophytes during summer.
The water becomes hypoxic and hypercarbic.
Under such adverse ecological habitat of Devoni-
an period, the fish was forced to use intestine as
air-breathing organ. The role of intestine in
respiration seems to be a primitive air-breathing
behaviour of the fish.

In addition to digestive function, the intestine
of the loach affords to share respiratory responsi-
bilities also. Dual function of intestine forms the
basis of the present investigations on the cytochemi-
cal nature of the gastro-respiratory epithelium with
special reference to its mucus secreting cells (glands).

Materials and methods

Live fishes were collected from Saharsha district
of North Bihar, India, and maintained in the
laboratory. The fishes were fed daily with
plankton.

Various anatomically differentiated gastro-re-
spiratory tube of the loach was fixed in 109
neutral formalin and aqueous Bouin’s fluid. After
proper processing, paraffin blocks were prepared,
5-6 um sections were subjected to various histo-
chemical tests to evaluate the chemical nature of

mucin viz. PAS (McManus, 1946), Alcian blue
(Steedman, 1950) dialysed iron method (Hale,
1946). In addition, PAS technique was employed
in combination with AB and vice-versa for the
detection of neutral and acidic mucins. Acety-
lation and deacetylation for the confirmation of
hydroxyl group was performed following Lillie
(1954). Methylation and demethylation (Spicer,
1960) were done to confirm the acidic nature of
the mucins. Mucus secreting cells per unit area
(mm?) were also calculated from the PAS whole
mount preparations.

Results

The gastro-respiratory tract of the loach is a
straight tube. Unlike other fishes, the oeso-
phagus is characterised by well developed mucosal
folds (Fig. 1).

The true stomach is replaced by an intestinal
bulb which is distinguished by comparatively
short or low mucosal layer with gastric glands
(Fig. 2). The short (low) mucosal layer of the in-
testine is provided with numerous capillaries (Fig.
3). The blood of the capillaries is separated from
the air-contained in the intestinal lumen by a thin
air-blood pathway (2.6 um) separated by an outer
epithelium, a thin basement membrane and an
endothelium. The rectum bears typical piscian
histological structures (Fig. 4).

The mucous cells per unit area (mm?) in the
mucosal layers of the oesophagus, intestinal bulb,
intestine and rectum were 733, 531, 223 and 540,
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respectively. Best’s carmine stain for glycogen. The Alcian

The mucous cells of the various units of the blue at pH 1.0 and 2.5 indicates the sulphated
gastro-respiratory tract are strongly PAS-positive acidic nature of the mucous cells. With AB-
(Figs. 5, 6, 7). They give negative reaction with PAS and PAS-AB staining, the mucous cells take
PAS after acetylation, deacetylation restores the up bluish purple to purple to purple-blue stain
colour. Negative response with Schiff’s reagent indicating the presence of neutral and acidic
was obtained without pretreatment to periodic mucins. A few mucous cells stained red with
acid. These cells are also negative towards AB-PAS technique (Table 1).

Table 1. A summary of the histochemical tests performed to show the nature of mucous
cells of the alimentary canal of Lepidocephalichthys guntea. R, red; B, blue; RB,
reddish blue; BR, bluish red; +, increasing intensity of reaction; =+, fairy present;

—, absent.
Regions of the gut
Techniques employed Remarks
Oes Int. bulb Int. Rec.

PAS H# + + + R
PAS after digestion in malt

diastase + + + + R
Alcian blue (1.0) H# + + + B
Alcian blue (2.5) H H + + B
Alcian blue PAS H A + H B, BR
PAS-Alcian blue - H4 + + B, BR, R
Dialysed iron + + - + B
Dialysed iron-PAS + + - + BR
Acetylation followed by PAS — — — confirmation of 1, 2 glycol group
Acetylation followed by

Saponification-PAS H + _ + R
Methylation followed by AB — — — — confirmation of sulphate & car-

boxyl group of mucosubstance

Methylation followed by

Saponification-AB H H + + B

Table 2. Diffusion distance in the air-breathing organs of dual breathing fishes. ! Hughes
et al., 1973; * Hughes et al., 1974; % Hakim et al., 1978; * Biswas et al., 1981;
 present authors.

Species Air-breathing organ Diffusion distance

(pm)
Anabas testudineus! Suprabranchial chamber and labyrinthine 0.21
organ
Heteropneustes fossilis* Air-sac 1.6
Channa punctata® Suprabranchial chamber 0.78
Boleophthalmus boddaerti* Opercular chamber 1.22
Lepidocephalichthys guntea® Intestine 2.6

Fig. 1. Cross section of oesophagus showing its histological details (hematoxylin and eosin.) x 160.

Fig. 2. Cross section of intestinal bulb showing its various histological units (H/E). x400.

Fig. 3. Cross section of intestine showing fine blood capillaries at the epithelial layer, large blood vessel in
the lamina propria and reduced muscularis layer (H/E). x400.

Fig. 4. Cross section of rectum showing its histologica! details (H/E). x 160.

Fig. 5. Cross section of oesophagus showing mucous cells (PAS technique). x 160.

Fig. 6. Cross section of intestinal bulb showing mucous cells (PAS technique). x400.

Fig. 7. Mucous secreting cells in the intestine (PAS technique). x400. Abbreviations used: BM, base-
ment membrane; BV, blood vessel; EP, epithelial layer; L.P, lamina propria; ML, muscularis layer;
NMC, non-secretory mucous cells; RBC, red blood corpuscles; S, serosa; SMC, secretory mucous cells.
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Discussion

Various units of the gastro-respiratory tube of
the present loach are modified to suit its dual role
of digestion and respiration.

Higher density of mucous glands in the oeso-
phagus is obviously related to greater mucus
secretion which in turn acts as lubricant for smooth
passage of food to the intestinal bulb and its masti-
cation. Absence of capillaries from the luminal
surface of the mucosa of the oesophagus rules out
its role in gaseous exchange.

The gastric glands in the mucosal layer of the
bulbous intestine supports its role in digestion but
the absence of capillary bed in the mucosal sur-
face does not support its role in gaseous exchange.

Numerous capillaries were seen near the surface
of the mucosa of intestine. The distance between
the blood of capillaries and the intestinal lumen
isabout 2.6 um. This vlaue is lower than the value
reported for the diffusion distance in the secondary
lamellae of this fish (Singh et al., 1981) and higher
than the values reported for air-breathing organs
of other fishes (Table 2). The gaseous exchange
probably takes place between the air contained in
the intestine and the blood circulating in the re-
spiratory epithelium of the intestinal mucosa.
Sparsely distribution of mucous glands in the
respiratory epithelium of the intestinal mucosa is
an adaptation to expose greater surface area for
effective gaseous exchange, because the vascular
regions of the accessory respiratory organs of air-

breathing fishes also lack mucous glands
(Hughes and Munshi, 1978, 1986; Munshi,
1985; Munshi and Hughes, 1986). The mucus

produced by some of the glands of the intestine
perhaps help to clean the respiratory surface and
facilitates the gaseous exchange. The acidic
mucosubstances have the water binding pro-
perties (Singh et al., 1974) which is necessary to
keep the surface of intestine moist, for gas ex-
change. Oxygenation of moist surface is renewed
during ventilation. Such mucus lining perhaps
also protects delicate respiratory epithelium from
the passage of digested food meterial. The role
of mucosal capillaries in absorption of digested
materials by the intestine is not ruled out.
Bullock (1967) reported the presence of a mixture
of mucopolysaccharides and mucoprotein in the
free border of anterior intestine of Gambusia af-

finis. Occurrence of neutral mucopolysaccharides
from the different epithelial layers of the digestive
tract of the rainbow trout has been reported by
Weinreb and Bilstad (1955). Mucous cells in
the luminal surfaces of oesophagus, intestinal
bulb, intestine and rectum of the loach contain
acidic or a mixture of neutral and acidic mucins.
Furher, the acidic mucosubstance predominates
throughout the gut. Similar observations have
also been made by Sinha and Chakravarty (1982)
in the alimentary canal of the catla Catla catla.

In the siluroid fish, Saccobranchus fossilis, the
respiratory membrane of the air-breathing organ
(airsac) bears a large number of mucous -cells.
These cells are equipped with both sulphated and
non-sulphated acid mucopolysaccharides (Guha
et al., 1967). Singh et al. (1974) have also observ-
ed acidic mucosubstances in the airsac of this
fish. The acidic mucoproteins predominantly
with carboxyl functional group seems to be
characteristic of the gastro-respiratory tube of the
loach.
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