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INTRODUCTION

Since the work of Gomori (1939) and Takamatsu (1939) the distribution of
-alkaline phosphatase activity in the kidney has been investigated by morphological
and cytochemical methods. The localizatien of the alkaline phosphatase in the
developing chick was observed with a light microscope by Moog (1944). Desalu
(1966) reported morphogenetic changes associated with the localization of alkaline
phosphatase during the development of the rat kidney. Hah (1969) also observed
alkaline phosphatase activity in the undifferentiated mesenchymal 1i-sue during the
early stages of the chick kidney, and reported that, as the kidnev tubule grew
differentiated, its activity was found to disappear in the mesenchymal tissue surro-
unding the tubule and was absorbed at the brush horders of differentiated secretory
tubules of mesonephros and metanephros.

On the other hand, the neonatal mammalian kidney does not possess the same
functional capacity as that of the adult (McCane and Widdowson, 1960). Histoche-
mical evidence has accumulated that there is less enzymatic activity in newborn

177



178 Korean J. Zool / Vol. 17, No. 4

than in adult kidney (Longley and Fisher, 1956; Pinkstaff ez al. 1962; Ivemark,
1959). Such investigations have been carried out for the most part in rat with
special reference to renal cortex.

The present report deals with the alkaline phosphatase activity in the developing

frog kidney. Histochemical examinations are not confined to kidney cortex but are
extended to medulla as well.

MATERIALS AND METHODS

Materials used were the developing pronephros and mesonephros of the frog
Bombina orientalis. The larvae, tadpoles and young frogs were sacrificed on succe-
ssive days. Whole kidney of small pieces of tissue were removed immediately and
fixed in cold 85% ethanol at 4°C for 16-25 hours for the preparation of paraffin
sections. After the tissue was made into 6 thick sections Gomori’'s medium(1952),
containing sodium g-glycerophosphate as substrate, was used for the demonstration
of alkaline phosphatase activity at pH 9.4. Incubation was carried out for 3-4
hours at 37°C. Kidney sections of the frogs studied as control were fixed in 10%
formaldehyde and stained with hematoxylin and eosin.

RESULTS

The pronephros

The pronephros of the Bombina frog was first noticed at the tail bud stage (stage
17) as the pronephric ridge just posterior to the gill plate. This was developed in
the somatic wall of the nephrotomal region at the level of the II to IV somites.
Within the nephrotomal masses there appear cavities, the nephrocoels. This grew
posteriorly along the lateral border of the nephrotomes to form the paired pronep-
hric ducts. Posterior to the IV somite this duct developed independently of the
nephrotomal tissue and became joined to the cloaca at the stage of muscular resp-
onse (stage 18). The pronephric tubule appeared between the pronephric duct and
coelom at the stage 18. By the gill bud stage (stage 19) the pronephric tubule
acquired an opening, the nephrostome, into the adjacent coelom. The pronephric
tubules lengthened and became convoluted and at the hatching stage (stage 20)
pronephros are large and conspicuous, and are embedded in the mesenchyme. By
the operculum complete stage (stage 25) the pronephros were attained its maximum
development, but by the third stage of posterior limb formation (stage 28) they
have begun degencrate and neither the tubules at the level of somites II to IV nor
the related glomi remained.

A summary of the resuits of the histochemical study of the pronephros is shown
in Table 1. Alkaline phosphatase activity of pronephros was first found in the
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pronephrogenic cord at the stage 17. After the pronephric tubule formed from the
nephrogenic cord the weak enzyme activity appeared in the brush border of the
tubule. By the stage of transition from larva to tadpole this activity increased
gradually as the brush border differentiated, and disappeared in the pronephrogenic
tissue at about the hatching stage. After the hatching stage the enzyme activity
on the brush border of the tubule became highly positive, but as pronephros have
reached their maximum development and then begun to degenerate, the enzyme
activity decreased and finally disappeared. The weak alkaline phosphatase activity
was observed in the glomus, but no activity was observed in association with the
collecting tubule, pronephric duct and other tissues.

Table 1. Distribution of alkaline phosphatase in the developing pronephros
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1ir, strongly positive; 4, moderately positive; +, weakly positive; &, Taintly

positive; and —, negative to Gomori's Na g-glycerophosphate reaction.
The mesonephros

The nephrotomal mass posterior to the pronephros gave rise to the mesonephros
which is the functional kidney of the adult frog. It extended from the level of
somite VII through XII and begun to develop the continuous mesonephrogenic cord
at stage of operculum over right gills (stage 24) to the operculum complete stage
(stage 25). At the level of each of these somites there developed several nephroto-
mes, each with a seperate nephrocoel, mesonephric vesicles. The mesonephric vesi-
cles became greatly coiled and constricted so as to give rise to primary, secondary,
and tertiary units. The mesonephric vesicles became continuous and convoluted
to form the mesonephric tubules. They formed spherical masses around the
developing blood capillaries emanating from hoth the renal artery and renal
portal vein. These formed capillary networks which are both arterial and venous.
and constituted true glomeruli. Each glomerulus is surrounded by the thin-walled
Bowman’s capsule of the fully formed renal corpuscle within the mesonephres. The
pronephric duct from the level of somite VII posteriorly is now known as the
Wolffian duct. By the time of complete metamorphosis (stage 35) this mesonephric
kidney was fully formed.

A summary of the results of the histochemical experiments of the mesonephros
is shown in Table 2. By the stage 25, before definite appearance of the sccretory
tubules, alkaline phosphatase activity appeared moderately in the undifferentiated
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mesonephrogenic cord. After mesonephric tubules were formed the alkaline phosp-
hatase activity of the tubules was gradually increased and showed the highest
activity at the second stage of posterior limb formation (stage 27) to the time of
complete metamorphosis. As the mesonephric tubules fully differentiated, the alk-
aline phosphatase activity was found to have disappeared in the mesonephrogenic
cord. The weak alkaline phosphatase activity was found in the glomeruli; however,
o0 activity was observed in association with Bowman's capsule, collecting tubule
and Wolffian duct throughout the developing and metamorphosis stages.

Table 2. Distribution of alkaline phosphatase in the developing mesonephros
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DISCUSSION

In the present study, Gomori’s medified technique (Gomori, 1952) was used to gain
an insight into the histochemistry of the frog in the developing pronephros and
mesonephros. Different techniques have heen emploved for the microscopic visua-
lization of alkaline phosphatase activity. These are based on direct or indirect
precipitation of calcium phosphate which is transformed into cobalt phosphate
at pH 9.4. The existence of alkaline phosphatase on the brush border of kidney
has been demonstrated previously by histochemical and biochemical methods.
Recently, Mizutani and Barrnett (1965) have introduced a method based on the use
of calciunt as capturing agent and ohtained excellent localization in the brush
border of kidney tubule. Reale and Lucians (1967) have emphasized the importance
of fixalion on the intraceilular localization of the alkaline phosphatase activity in
the mouse proximal conveluted tubule. In a slight modification of Gomori’s method,
Hugon and Borgers (1966) used lead nitrate instead of cobalt nitrate and obtained
better results. In the kidney they were able to observe visible deposits of lead
phosphate in the brush borders. By Fishman and Watanabe (1964) the positive
enzyme reaction, which is obtained using the calcium-cobalt method with §-glycer-
ophosphate as a substrate, was largely confined to the region of the brush border
and visualized as a purple dye deposit. The present study showed the alkaline
phosphatase reaction appeared in the brush border of the developing pronephric
and mesonephric tubules. However, the enzyme reaction was not observed in the
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«collecting tubule and Wolffian duct of the frog kidney. These differences in loca-
lization of the enzyme in the kidney permit one to suggest that the enzyme plays
-some definite roles in the tissue metabolism. Danielli (1952) suggested that phosp-
hatase plays some part in molecular transport and metabolism. Novikoff er al.
(1964) and Sobel (1964) discussed the role of various phosphatases in cellular meta-
bolism and cytomembranes. Alkaline phosphatase activity in the pronephric tubule
of the frog appeared at first very weakly by the stage 19. After the hatching
stage the enzyme activity on the brush border of the pronephric tubule showed
highly positive, but as the pronephros have reached maximum development and then
begun to degenerate the enzyme activity decreased and disappeared at last. At
.about the time of maximum development of the pronephros the mesonephros begun
to develop and took over the excretory functions. As mesonephric tubule was
formed the alkaline phosphatase activity gradually increased and showed highly
positive at the stage 27 through the time of metamorphosis. According to Wachste-
in and Bradshaw (1964) there is no activity in the neogenic zcne of cortex in
newborn rat and rabbit. Functional insufficiency of neonatal kidney has been
observed by several investigators. The different functional capacities of proximal
convoluted tubules of fetal and newborn animals have been illustrated strikingly
by Baxter and Yecffey (1948). The maximum rate of excretion in the kidney of
newborn is enfy 25% of 1hat in adult (Barnett and Vesterdal, 1923) and the max-
imum rate of gluccse reabsorpticn by tubules of neonatal kidney is only 20% of
that in adull kidrey (Tuvdad, 1949). Baxter and Yoffey (1948) injected trypan
blue into newborn rat and fcund that the dye accumulated in mature tubules of
the inner cortex only and not in immature tubules of the neogenic cortical zone.
Storage of dye varied with developmental age of tubules, more mature tubules store
more dye than these less mature. Alkaline phosphatase activity, in general, reflects
the degree of maturity fcund in the kidney of developing {rogs in present study.
In prenephres and mesonephres of freg there showed highly poesitive for alkaline
phesphatese in the mature tubules. However, immature tubules and degenerated
ones showed little or no enzymatic activity.

Although there c¢xists, In general, gced correlation between merphologic and
enzymatic maturity and functicnal adequacy of the growing kidney, many findings
remain unexplained. Further studies dealing with the significance of many of
observed enzyme activities in specific cellular structures, not only in kidney but in
other crgans also, are necessary to gain the variety of detailed {indings in this
field.
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SUMMARY

The cobalt capture method of Gomori's modified technique (Gomori, 1952) was
employed to study the histochemistry of the developing frog kidney.

Alkaline phosphatase activity was observed in association with the brush borders
of pronephros and mssonephros. By the stage of transition from larva to tadpole
alkaline phosphatase activity was gradually increased on the brush border of
pronephros, and as the pronephros begun to degenerate the enzyme activity was
decreased and disappeared.

By the time of maximum development of the pronephros the mesonephros began
to develop and alkaline phosphatase activity of the mesonephric tubules showed
highly positive throughout the stage of metamorphosis. No activity was observed
in association with the collecting tubules and ductal elements.
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EXPLANATION OF FIGURES

Fig. 1. Pronephric kidney of stage 22 showing positive alkaline phosphatase:
activity at brush borders of secretory tubules. »100.

Fig. 2. Pronephric kidney of stage 23 showing positive alkaline phosphatase
activity at brush borders of tubules, but no activity in immature tubules. X 200.

Fig. 3. Pronephric kidney of stage 25 showing positive alkaline phosphatase
activity at brush bhorders of tubules. x100.

Fig. 4. Mesonephric kidney of stage 25 showing moderate alkaline phosphatase:
activity in mesonephrogenic cord (arrow). <100.

Fig. 5. Mesonephric kidney of stage 28 showing strong alkline phosphatase-
activity in secretory tubules, but weak activity in glomerulus (arrow). }100.
Fig. 6. Mesonephric kidney of stage 35 showing no activity in immature tubules.

of neogenic cortical zone. 100.
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