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TRACHEAL PHOSPHATASES AFTER A LONG TERM CO POISONING IN INDIAN
PALM SQUIRRELS. A HISTOCHEMICAL STUDY
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ABSTRACT

Effect of carbonmonoxide, on the activity of the enzymes alkaline phosphatase, acid phos-
phatase, 5-nucleotidase, lipase and phosphamidase, have been analysed in the trackea of common
ground squirrel, Funambulus pennanti. Enzyme histochemical reactions have been treated as link
between morphology and biochemistry. Altered enzymatic activities thus observed have been corre-
lated with the effects of CO on cell memberanes, microenvironment of the cell, physiological
condition, protein and lipid metabolism. Various causes and significance of changed enzyme levels

have also been discussed.

ARBONMONOXIDE, an atmsopberic pollutant,

is an asphyxiant gas that poses deleterious physio-
Jogical effects in exposed subjects. It binds to haemo-
globin with an affinity greater than oxygen-forming
carboxyhaemoglobinl. It causes hypoxia and inhi-
bits cytochrome oxidase activity?. Further carbon-
monoxide has been shown to produce lung damage
and alter pulmonary functions in several animals3-35,
Still its biochemical behaviour i1s very little known.
Since enzyme histochemical data may give an addi-
tional dimenston to biochemical results, enzyme acti-
vities are treated as markers of subcellular compo-
nents and as parameters of metabolic pathways and
processes. An attempt has thercfore been made to
analyse the enzymes alkaline phosphatase, acid phos-
phatase, S5-nucleotidase, lipase and phosphamidase
histochemically in the trachea of Indian palm squirrels,
Funambulus pennanti, after CQO poisoning. Cause and
significance of afiered enzyme levels in exposed sub-
jects have also been discussed.

MATERIALS AND METHODS

Twenty cormmnon ground squirrels weighing 80-
100 gm were selected. FEach squirrel of the first
group of 10 squirrels was exposed to 0-05% of carbon-
monoxide in the environmental chamber for four
minutes. Squirrels of the second group inspired fil-
tered air. This treatment continued for fifteen days
on each alternate day, anmimals were provided lab.
chow and water ad lLibitum. After two weeks, all the
squirrels were sacrificed by decapitation. Trachcae
were removed, fixed in  absolule acctone at 4°C,
paraffined and fixed f{rozen sections thus prepared
were processcd for alkaline phosphatasct, acid phos-
phatasc®, S-nucleotidase’, lipasc® and phosphamidase®.

RiLsuLTs

Effcct of CO on alkaline phosphatase was mainly
centered at mucosa, that showed no reaction after
CO porsoning. Cartilage and cibiated epitheliuom were
positive in both the subjects (Figs. 1 and 2).

Figs. 1-6. Fig. 1. Trachea from conirol squir-
rels show a uniform and strong positive reaction in
the cartilage (CA) and a dull activity in mucosa (MU)
and ciliated epithelium (CE), X 80. Fig. 2. A diffused
activity in the cartilage (CA) alone is obscrved after
CO poisoning, X 80. Fig. 3. 1ln normal squirrels,
a strong posttive reaction for acid phosphatase occurs
in cartilage (CA) as well as in ciliated epithelium
(CE), X 125. Fig. 4. Topography of this enzyme
1s not affected by CO poisoning, howesver a dull reaction
in cartilage (CA) as well as ciliated epithcliunt are
noleworthy, X 125. Fig. 3. A strong positive reaction
for S-nucleotidase in all the Iayers is evident from
control wachea, \ 80. Fig. 6. |Inhibited reaction
product was formed in the cartilage (CAY and cifiated
epithelium (CL) after CO treatment’,

CO eftect did not alter the  topography of the
cnzyme acid phosphatase; however, in comparison
to controls a dull reaction in the cartilage was visua-
hized (Vigs. 3 and 4).
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All tracheal lavers in controls including perichon-
doum, cartilage, mucosa and cihiated epithebum exhi-
bited strong positine reaction for  S-nucleotidase. [n
CO poroned squirrels, a dulf enzyme reaction was
traced in carulage and cihated epithelium only (Figs. 5
and 6). Lipase restricted its activity only in  the
carttlage portion of trachea (Fig. 7). After CO
poisoning a dull reaction could be traced in the carti-
Jage only (Fig. 8).

Loss of phosphamidase activity from ciliated epithe-
lium is evident from the present studies. However,
a poor activity in cartilage could be restored even after
CO treatment (Fres. 9 and 10).

In control

FiGgs. 7-10. Fig. 7. trachea, lipase
also remain confined to the cartilage (CA), other parts
showed a nml actwvity, > 80. Fig. 8. Very dull acti-
vity Is observed in the cartilage (CA) after CO poi-
soning, X 80. Fig. 9. Remarkable strong reaction
occurs for phosphamidase in the cartifage (CA) and
ciliated epithechum (CE) of control trachea, x 80.
Fig. 10. Comparatively poor activity for phos-
phamidase could be restored in the cartilage (CA)
even after CO treatment, x 80.

DISCUSSION

As already pointed out, biochemical beshaviour of
CO i1s poorly known. Data on its effects on tissue
enzyme levels are also not available. Present obser-
vattons, being a link between morphology and bio-
chemistry are important. To cstablish a relation~
ship between CO poisoning and enzyme levels, a dis-
cussion on the role of a particular enzyme needs prior
consideration. Though alkaline phosphataseis present
In every organ, yet its physiological role in different
locahzations is still uncertain. The preferred locali-
zation in the plasma-membrane!® has led to the con-
clusion that it plays a role in the transport of phosphate
through cellular membranes., In vivo, its active site
may be thfluenced by high local concentration of diffe-
rent jons resulting in a change in alkaline pH.

CO may change the pH of the mucosa unabling en-
zyme to woik on substrate. Heterogeneily of the
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plasma membrane of mucosal cells may be another
factor. However, on the relationship that exists
between alkaline phosphatase and plasma membrane,
a damage to 1t in CO poisoning may be speculated.

Acid phosphatase has pre-eminently been regarded
as marker enzyme for lysosomes. Recent evidence
shows that acid phosphatase has not been restricted
to lysosomal fraction, but is also found in golgi cister-
nae, specialized regions of endoplasmic reticulum
known as GERL!1. Further, it has been suggested!2
that the lysosomal enzymes undergo metabolic trans-
formations 1 vivo resulting in changes of substrate
specificity. A dull activity under CO influence exhi-
bits 1ts interference with lysosomes.

The enzyme S5S-nucleotidase 1s located primarily in
the plasma membrane of most cells and is widely used
as marker enzyme for these membranest3 14, These
reports suggest that enzyme is also associated with
membranes of endoplasmic reticulum. Several sug-
gestions have been made for the physiological func-
tion of the cnzyme. It has been assumed that
S-nucleotidase is only a degradative enzymes!S. Klaus
shofer and Bock!® suggested that it is also associated
with proliferating cell wypes. Loss of its activity
from penchondriom and mucosal lining after CO
treatment suggests that their cells are more susceptible
to CO, hence nucleotidase catabolism and transport
of nucleotides across membranes in mucosa and peri-
chondrium is blocked by carbonmonoxide.

Inhibited lipase reaction observed in the cartilage
after CO poisoning reflects 1ts interference with lipid
metabolism that has been fucther confirmed by the
present authorsi?.

Enzyme, phosphatmdase 1s known to hydrolyse
P~N bond of the amides of phosphoric acidi®. Though
little is known about its physiological function in
mammalian tissues, 1t is present tn trachea. Loss of
its activity from the ciliated epithelium and poor
reaction in cartilage signify its susceptibility to carbon-
monoxide.

Regulation of enzyme activity by syntkesis or de-
gradation of an enzyme causes the simultaneous expres-
sion or loss of all catalytic functions. As siressed by
Holzer and Duntze!® the enzymes regulated by
chemical modification are the key enzymes of meta-
bolic pathway. Such key enzymes will have to respond
to a great number of controlling effects and thetr regue
lation will, therefore, require a multitude of different
controlling sites. However, it can be concluded that
regulation of the membrane bound enzyme activities
may be altered by changes in the microenvironment
of the cell.

Presumably, the observed change in enzyme activity
is the result of variation in the level of enzyme protein
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with the consequent consideration of cellular orga-
nelles as highly dynamic structures. Enzymes dis-
cussed here are the markers of cellular organelles.
Ultra-structural study of cellular membranes is needed
to confirm this hypothesis. However, results are
expected to be helpful in manifesting the biochemical

behaviour of carbonmonoxide.
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ABSTRACT

The total carbohydrate level of brain tissue decreased in response to one day in vive muscular
stimulations. However the carbohydrate content returned to the normal level during prolonged
stimulations. It appears that the tissue is involved in the carbohydrate sparing process, through
inhibition of citricacid cycle enzymes and active uptake of lactic acid and amino acids towards

the formation of carbohydrates.
prolonged stimulations has been discussed.

INTRODUCTION

LECTRICAL stimulation of muscle tissue or heavy
exercise is known to alter the metabolism of many
tissues in the animal'~', However the information on
brain metabolism 1is scanty., Hence an attempt has
been made to understand some aspects of carbo-
hydrate metabolism of brain in response to short
term and prolonged muscular stimulations in intact
animal,

MATFRIALS AND METIIODS

Frogs bclonging to the species Rana hexadactyl
(Lesson) were employed for the present study., The

The tissue adaptability

dchydrogenases (SDH,
glutamalte

in carbohydrate metabolism during

right gastrocnemius muscles of the animals were
stimulated with electronic stimulaor (INCQO/CSIO
Research Stimulator-Ambala) as described earlier®!?
for one day for one batch of experimental animals
and for ten successive days for the other,

The brain lssue was 1solaied from control and

experimebtal animals after pithing them, and placed
in amphibian Ringer for recovering from shock effects
and then employed for the studies.

The activity levels of succinate, malate and lactate
MDH and LDH) and of
dehydrogenase (GDHY were estimated by



