
H I S T O C H E M I C A L  S T U D I E S  OF ALKALINE AND ACID P H O S P H A T A S E  A C T I V I T Y  

IN THE UTERUS AND PLACENTA OF PREGNANT WHITE RATS 

I .  I .  S h a r o v  

From the Department of Histology and Embryology (Chairman -- Assistant Professor L L Sharov) of the 
StaIinabad Avicenna Medical Imtitute (Director - Corresponding Member Academy of Sciences 

Tadzhik SSR In. A. Rakhimov) 

(Received August 1, 1957. Presented by Active Member Acad, Med. Sci. USSR Prof. S. E. Severin) 

At the present time ia the study of enzymes, much time is devoted to the phosphatases which are so widely 
distributed throughout the animal and plant worlds. Histochemical methods of analysis [2, 4] have been developed 
so that their localization within the tissues has become possible. The investigation of the distribution of alkaline 
and acid phosphatases within the placenta has considerable importance as itmight indicate the functional peculi- 
arities of the pharmacology of this organ. 

Widockf, Deane and Dempsel; [6] studied all<aline and acid phosphatases within the placenta of mice, guinea 
pigs, rata, hamsters and rabbits. Their work presents general data concerning the enzymatic activities of the tissues 
of the placenta without taking into adequate account the duration in time of the pregnancy. The alkaline phos- 
phatase, which appears in the placenta, gradually increases until term, while the acid phosphatase is found only 
at the end of the pregnancy. However, Hard [5], who made quantitative studies of the distribution of alkaline 
phosphata.~e within the guinea pig placer~t a from the 11th to the 6Sth day of pregnancy, came to the conclusion 
that the amount of the enzyme increased unti! the 55th day after which it quantity diminished. Wirdocki and 
De mi~ey [7] investigated the activity of the acid phosphatase in six human uteri 8 to la  weeks pregnant. 

Thus the findings in the literature :concerning the alkaline and acid phosphatase content of placenta, espe- 
cially of rodents, are contradictory and incomplete. Furthermore, in the literature avaflaMe to us, we were un- 
able to find data bearing on the enzymatic activity of the maternal tissues, in panicuIar that of the uterus, during 
the very earliest stage, of pregnancy when the embryo was being implanted so that we were unable to get a fuller 
concept of this activity for the entire duration of the pregnancy. Our work is an attempt to clarify the problems 
Just raised. 

In the present investigation we used the uterus and placenta of the white rat. The material taken from the 
rats in various stages of pregnancy was fixed in acetone. The alkaline and acid phosphatases were determined by 
the Gomori method. The flices were 6 to 8 B iri thickness and incubated in the corresponding substrare 2 and 2i 
hours. The place of alkaline phosphatase activity acquired a black tint on the sections while the acid phosphatase 
turned the tissue brown. 

We believed it possible to distinguishfourdegrees of phosphatase concentration using the following arbltra~ 
designations. The presence of the enzyme within the nucleolus only we termed trace; within the nucleus only -- 
little; within the nucleus and cytoplasm of cell - much; while the darkening by the one or the other phosphatase 
to the extent that the ceil structure became obscured we Characterized as very high concentration of the phosphatase. 

Alkaline Phosphatase. In the rat uterus on the 6th day of preganancy the embryo, consisting of one type era '  
bryonic cells, is still either not implanted [1] or in the process of implantation. At tills stage, in the portion of the 
tunica proptia of the mucous membrane adjacent to the uterine lumen, the connective tissue ceils ate crowded to- 
gether and within them are traces of alkaline phosphatase. Individual cells lying directly next to the blood capL1- 
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lades exhibit much alkaline phosphatase. The number of blood capillaries is relatively Increased here and with- 
In the endothellum of these capiUades there Is also much alkaline phosphatase, at times the concentration be-  
coming very high (Fig. 1, a). In cells of the precapillaty type (Fig. 1, b) some ofthe endothelial cells contain 
little or only traces of the alkaline phosphatase. The walls of the larger vessels fftg. 1 c) cont~!a no enzyme. 
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Fig. L ALkaline pbos- 
phatase In the mnica 
proptia of the uterine 
mucous membrane of 
a white rat 6 days 
pregnant. 
a) C~pillaty; b) blood 
vessel of the 2reeap~rlaty 
type; c) large vessel. 
Ocular "/X, objective 40. 
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Fig. 2, ~lkali~e phosphat~e la 

the uterus of a white ~a~ 10 days 
pregnant. $agittal section. 
a) Mesometzal side of *.he uterus; 
b) antimesomet.ral side of the merus; 
v)  muscular layer of the uterns~ 
d) termination of uterine lumen; 
e) lacunae with maternal blood; 
I') embryo- g) line of furore uterine 
lumen; h) ectoplacental conus; 
i) connective tissue.Oct. 2X, ob. 3 . ' / .  

In the other portion of the tunica propria, lying nearer to the muscle layer of the uterus where the connective 
tissue is looser, no alkaline phosphatase could be found. However. on the antimesometral side In the region of the 
future embryonal implantation within the connective tissue cells of the tunica propria, beginning from the uterine 
lumen and extending almost tO the muscular layer, alkaline phosphatase is found. In  some ceils there is much, 
while in occasional instances there is a very high concentration of the alkaline phosphatase. 

On the 10th day of pregnancy the embryo is tn the stage of a late gastrula (Fig. 2, f). By this time, the e m -  
bqro is separating from the extraembryonic tissues. There is an amnion. There is still no contact between the 
chorionic plate and the allantois. The tunica Fropria tissues of the uterine mucous membrane have gt0wn and be-  
come enriched w~th blood containing lacunae (Fig. 2, e), which penetrate the ectoplacental conus (Fig. 2, h) which 
represents the mesometral portion of the prophoblast. Thus, at this stage of pregnaQcy the elements of the future 
placenta have been laid down and the further developmerrt of the embryo has been assured. At this time within 
the rat uterus the quantity of alkaline phosphatase increases. On the antimesometral side (Fig. R, b) within the 
enlarged celLs of the growing tunica propria there is much alkaline phosphatase whfleo within the decidual cells 
adjacent to the wails of the blood bearing capillaries the concentration is very high. The same condition is to be 
observed within the endothelium of the blood-bearing capiUaries and the connective tissue at the site of the future 
uterine lumen {Fig. 2, g). 

On the mesometral side (Fig. 2, a) theforminglacu~le {Fig. 2, e) have various dimensions. The larger ones 
are disposed around the ectoplacental conus (Fig. 2, h) and contain traces of the enzyme. The decldual tissue be-  
tween the large lacunae, especially in direct contact with the ectoplaeental conus, has no enzyme. In the mid-  
portion of the mesometral side (Fig. 2, c) there Is much of the enzyme ,whLle in the direction of the muscular 
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layer (Fig. 2. 9) and the terminal uterine lumen (Fig. 2, d) it diminishes and disappears altogether. However, a 
thin layer of connective tissue, lying along the muscular layer (Fig. 2, t), darkens intensively. This darkening is 
W be observed for some distances from the ends of the uterine lumen and, at times, spreads to the whole length 
d the muscular layer. 

By the 1Sth day of the pregnancy the placenta b 
fuUy formed. The cells of the fetal mesenchyme con- 
tain no alkaline phosphatase. It is to be observed in the 
zone of the placental labyrinth. Here the trophoblast is 
represented by an intensely darkened syncyt/al net hay-  
lag nuclei of different sizes. In the loops of the net are 
lacunae with maternal blood while, within the trabeculae 
of the trophQblastie syncytium, separating the maternal 
lacunae, lie fetal vessels accompanied by allantole m e -  
senchyme. The ceils of the maternal tissue lying in this 
zone farm islets of varying dimensions containing lit-de 
enzyme. The elements of the trophoblasts of the border 
zone are represented by relatively scattered narrow l a -  
cunae and large fields of dea r ,  glycogen-containing 
ceils and show rarely a very high concentration of the 
enzyme, more often there being but little of iL The 
trophoblastic elements more distant from the lacunae and 
the cells of the maternal tissues contain traces of theen- 
zyme. The giant cells of the trophoblast contain little 
phosphatase while the maternal placenta and the basal 
decidual layer have none. Along the line of the future 

Fig. 3. Alkaline phosphatase with- placental separation within the connective tissue there 
in the placenta of a white rat on the is a very high concentration of the alkaline phosphatase. 
17th day of pregnancy, this being nsuany locaIized not along the whole line but 
a) A11antoic mesenchyme; b) placental only along its peripheral portions. 

labyrinth; c) border zone; d) zone of On the l'/th and 18th days of the pregnancy, when 
giant cells; e) maternal placenta; the placenta attains its maximum dimensions, the aLka- 
f) line of future placental separation; line phosphatase is still absent from the fetal mesenchyme 
g) basal dee.iduaI layer; h) wall of ffig. 3, a) whLle within the zone of the placental laby" 
embryonic egg yolk sac; i) central 
placental vein; j) leukocytes (black) tinth (Fig. 3, b) the very high concentration is maintained. 

Within the placental labyrinth the trophoblastic syncytinm 
within the venous sinus of the maternal is thinned and intensively darkened; the elements of the 
blood. Ocular "/X.Objective 3.'/. maternal tissues which are occasionaUy sta'n seen at this 

stage contain much enzyme. The trophoblastic cells within the placental border zone (Fig. 3, c) Contain much 
alkaline phosphatase; among the glycogen-containing ceUs of thL~ zone are encountered groups of encapsulated 
ceUs, there being an espectany large number of them around the central vein (Fig. 3, i) of the placenta, while 
within each of these encapsulated groups can be counted from 2 to S ceUs of varying size aU containing much 
enzyme. In the other glycogen-containing cel_lso among whfch are to be seen doubly-nucleated ceUs resulting from 
amitotic division, there is little alkaline phosphatase, The zone of the giant ceUs (Fig. 3, d) is thinned as com- 
pared with earlier developmental stages becom;.ng interml~ted in some areas; the giant ceils are more rounded 
and smaller. Within the cytoplasmphagocytosed remnants of degenerated cells and also of blood cens are to be 
seen. Within the giant cells ~ere  iseither only a little or traces of the alkaline phosphatase, while within the 
maremal placenta (Fig. 3, e) and the basal decidual layer (Fig. 3, g) there is none. 

Acid Phosphatase. The uterus of a white rat pregnant 6 days does not contain acid phosphatase. 

By the 10th day it begins to appear In almost the same uterine areas as the alkaline but in much smarter 
concentrations. In the middle portion of the antimesometral side there is much of the enzyme which decreases in 
the direction of the muscular layer of the uterus and the direction of the embryo graduaUy disappearing. At the 
site of the future uterine lumen the connective tissue cells display traces of the acid phosphatase. On the meso- 
metral side in the areas of decidual tissue, there is much acid phosphatase around the larger lacunae lying directly 
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around the ectoplacental conus. In the direction of the muscular layer and the terminal uterine lumens, the en-  

zyme rapidly diminishes and disappears. 

By the 15th day of pregnancy acid phosphatase is present in all the placental zones. There is much In the 
zone of the allantolc mesenchyme while within the elcmenrs of the trophoblasts of the placental labyrinth and 
the border zone the concentration is very high. Very high concentratlous are also present In some giant cells 
although in others there is but little. The acid phosphatase is much in evidence w/thin the Islets of maternal 
tissue present in the placental labyrinth and the gIyeogen-containingcell~. In the maternal placenta and the basal 
decidual layer the enzyme is distributed unequally: in some areas the concentration Is very high while In otheta 
there is much. 

By the 17th and 18th days of the pregnancy the amount of acid phosphatase present in the rat placenta In- 
creases and is found in all the zones. In some areas of the aLlantoic mesenchyme the amount of enzyme is small 
while in other areas there is much. The enzyme ff found present in very high concentrations within the thinned 
trophoblastic syncytium and the islets of the placental labyrinth of the maternal tissue, the trophoblast and the 
glycogen cells of the border zone. Within the giant ceUs and the cells of the maternal placenta and the basal 
decldual layer by the 17th day the enzymatic concentration is very high, there sn'11 being much of It present on 
the 18th day. 

Much alkaline and acid phospbatase is found within the qeukocytes of the maternal blood (Fig. 3, j) and the 
cells of the embryonic blood. The enzyme localizes first in the anterior portion of the nucleolto the nucleus and 
then in the cell cytoplasra. 

The alkaline phosphatase appears within the uterus a t  the very beginning of pregnancy, increasing gradually 
until the very end. There is no acid phosphatase within the uterus in the first days of pregnancy. It appears on 
the 10th day~ the amount increasing sharply at the end of the term. 

The large placental content of acid and alkaline phosphatases indicates the activity of the biochemical pro- 
cesses going on. Of special interest is the fact that the largest quantity of phosphatase isfound within the layer 
of the troplwblastic syncytium which envelops the fetal vessels and borders the lacunae filled with maternal blood. 
The data now available indicate that it is precisely in these areas that the trophoblast absorbs the amino acids 
from the matemaI blood and, very possibly, resynthesizet the protein bodies entering the blood of the fetus [3]. 

SUM M ARY 

In investigating the activity of the alkaline and acid phosphatases in the uterine and placental tissues on the 
6tho IOth, 15th0 17th and 18th day of pregnancy certain regnlb2 cytoehemical features are revealed. 

Phosphatases are localized mainly in the nucleoli, nucleus and then in the cellular cytoplasm. Large amounts 
Of alkaline and acid phosphatazes are found in the leukocytes Of the maternal blood and in the embryoblasrs. Alka~ 
line phosphatase appears in the uterus at the onset of pregnancy and gradually increases until its termination. Acid 
phosphatase appears only on the lOth day and greatly increases until the end of the pregnancy. 

The largest amounts of phosphatase are revealed in the trophoblastie syncytium Which covers the fetal blood 
vessels and lies next to the lacunae filled with matemzd blood. 
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