
Histol Histopath (1 988) 3: 173-1 80 Histology and 
Histopathology 

Alkaline phosphatase activity of the lVth ventricular 
choroidal epithelium of rats during embryonic and 
neonatal development 
Takafumi Yoshiokal, Osamu Tanakal, Hiroki Otanil, Haruo Shinohara' and Kenichirou Inomata2 
'Department of Anatomy, Shimane Medical University, lzumo 693 and 'Department of Anatomy, Faculty of Medicine, Toho 
University, Tokyo 143. Japan 

Summary. The cytochemical localiz:ition of tilkaline 
phospliutase (Alpase)  acti\.ity in tlie devcloping IVtli 
\ciitricular clioroidal epithelium \\.as iii\.estigntcd in 
crnbr!ronic iiiid neonatal rats. During the initinl 
de\,clopmciit of tlic choroid;il priinodi~iin tlic Slatteiicd 
~iiitllor cuboidal cpithelial cells of the ventricular roof 
\\ci-e cli¿ingcd to colun-iriar cells witli wcll-de\elopcd 
n-iicro\illi and apicul tight jurictioi-is. Wlien conipared to 
AIPnhe activit! o11 the Interal plasinn niembrnnes of the 
surrounding epeiidymal cells. tliese col~in-inar cclls of tlic 
choroidal priniodiun-i revealed ~icti\jity on tlie lateral arid 
luniiiial plasma n-icmbranes. but no  acti\,ity was found on 
tlic basa1 suri':ice of these cells. 011 tlie other Iiand. tlic 
epithelial cclls in the nconatril choroid plexus showcd ii 

c o n t i i i ~ i ~ u s  morpliologicril alteriition froni columnar cells 
\vitli sliort microvilli to mature cuboidal cclls with 
nuinerous long micio\lilli. AIPiise activity in iininnt~irc 
coluniiinr ccll\ \vos observed on al1 plnsnia ii-ieinbrnnes. 
exccpt Sor tlie apical juiictional nrea of tlic lateral 
surface. With mat~iriiig of thc clioroidal epithelial cells. 
the ;icti\ ity appearcd to  he eliininatcd from tlie lateral 
ancl lun-iinal plasma menihrnnes of thc cuhoidal cells. and 
inat~ii-c choroidal epithelial cells showed activity oii tlie 
basnl s~iifacc orily. TIicsq findii-igs suggcst that AIP;isc 
ma!. play n n  iniportant role in tlie mcrnbrai-ic nctivity of 
epithelial cells diffcreritiating bet\vccn tlie primitive 
cpithclial cells of tlic ventricular roof and tlic rn;iturc 
choroidal epithelial cells. 
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fluid (CSF)  (Milhorat antl Hammock, 1983). The 
choroidnl epitheliuni s e i w s  as a harrier betwt.cn CSF 
~ i n d  intei-stitial fluid in production of CSF aiid in the 
absorption acti\.ity of vario~is niaterials from tlie CSF 
(see rcvicws h!, Brightman. 1975: Vaii Deurs, 1980). 

The  oiigin of the choroidal epithelium is 
ontogeiietically iclentical to  that of the ventricular 
epeiid!mn. Tlic foi-niatiori of the clioroid plexus is 
initiated :it tlie embryonic stagc and is continucd 
tliroughout brain devclopment. Tlic 1Vtl-i ventricular 
clioroid p lc s~ i s  is fiist forn-ied by the invaginatioii of tl-ie 
thin roof of thc cpitheliun-i. accompanied witli thc lining 
interstitial cells aiid capillarics. into the IVtli ventricular 
lunieii (Netsky and Shu¿irigshoti, 1075). During its 
de\,clopnicnt. tlic epithelial cells prolifernte and cl-ini-ige 
i11 shape to cuboidal cclls containing numerous miero\lilli 
sccn in tlie inntLire plcxus (Teiinyson. 1975: St~irrock.  
1979: el-Gamrnal. 198 I ) .  This morphological 
developiiieiit nlso involves tlie effective establishment of 
:ipicul tight juiictions. suggesting that the clioroidal 
epitlicliuin ncq~ii ies tl-ie function as a barrier duriiig fetal 
life (Derinictzcl et al.. 1977: Waklii ai-id Hirokawa. 1981: 
Tauc et al . ,  1984). 

Tl-ie prcscnt study was performed to elucidnte somc of 
tlic n-ietabolic activities. particularly tlic rneinbrtinc 
¿icti\.it!, of tlic choroidal cpitheliurn coi-iverting imrnature 
inoi-pliologicd forms into in:iture n-iorphological foi-n-is 
during prenatiil and postnatal de\,elopment. ~ising tlie 
cytochcmic¿il techniq~ie for meinbrane-bourid alk a 1 '  iiie 
phosphatacc ( AIPasc) nctivity. 

Materials and methods 

lntroduction Albino i-at, of J c l :  Wistar werc used in the prcsent 
study. Thc tlny of positive vagiiiul plug wac desigiiated as 

The clioroid plexus contains uriiq~ie surface aspccts ir1 enibryonic da- ( E )  O. Ernbryos from E 12 to E 14 obtained 
ordcr to play r i  role in the production of ccrcbrospinal h\, Caesarioii section fron-i pregnaiit anin-ials u e r e  

iniinedilitely t'ised ivitli a cold mixtiire of 2'Yi, 
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Medical University, lzurno 693, Japan (PFA) in a 3OinM PIPES buffer. p H  7.3. for 60 niin. O n  
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tlic otliei. hand. iieonatal ixts of O.j.5.7 and 10 days 
postnatal. ancsthetized with sodi~iiii pciitoti:irbit¿il. \\el-e 
pcrfused witli pliysiologic:il saliiie tliro~igli tlic left 
c~ircliac \~cntricle and followed by a cold I'ixati\c of I ' % ,  
G L A  and ?'%, PFA.  Aftcr pcrfiision foi. 15 niin. the 
hindbi-:iiii wns rapicll!. removed and iminersecl i i i  thc 
samc fi\uti\c for aii ~iclditional 15 niin. Tlic eiiil3r!oiiic 
:ind ncoiintal hiiiclhrains containing the de\,eloping 1Vth 
vcntriciilni- chvroicl plexiis \vere siiccessi\.cl!~ rinscd \\, i t l i  
:i .30inM PIPES-bufferecl solution, pH 7.3. aiid ciit into 
40-60 lim transverse sections for eiizyrnatic rc:iction. 
~ising a R.licrosliccr. Tlicsc scctions ~ ~ c r c  tlicii iiiciibated 
i i i  the mediiim for AIPase :icti~it!, ([Clii!~:iliai~a et al..  
1067) for 30 iniii at -37°C. As  :i conti-ol kupei.imciit. a 
inediiirn containing 51nM Ic\,iiniisnlc. :iii iiiliihitor for 
iioii-sl)ccific AIPast' iictivity. \\as clesigiiecl. After 
iiiciibation. speciinens for electron iiiici-oscop! Lverc 
postfi\cd hit11 PIPES-biiffered 2",, osnii~iiii tcti.ouidc foi- 
40 iniii. dehydrated in 21 series of graded cthaiiol 
sol~itioris. trcatcd with propylciic oxide. and cmhcclelctl 
in epoxy resin. Thin sectioiis for elcctroii mici-oscol>!. 
\Lere oht:iiiied using i Reichert-.liing OrnLi, 
iiltramicrotoinr. These tliiii sectioiis were iiiist:iiiiecl or  
stained with iir:in';l acet:ite onl!,. and esnmincd iiiider n 
Hit:iclii HS-9 (75hV) clccti-ori inicroscopc. 

For lighi-niicroscopic cuainiiiatioii. sornc tliicl\ 
sections of approxinintely I liin in thickness \vere 
obtaincd froin the epoxy i-csin-emhcddccl niatcrinls :iiid 
trcated with !~ellow ainnloniuin siilpliitlc soliitioii. Tliese 
spccinieiis were hi-iefly coiintcrstniilctl witli toliiidine 
hlue :ind inoiintcd in gclatin 

Results 

1. Localization of AlPase activity in embryonic choroidal 
epithelium 

Tlie initial dcvelopment oF tlic choroicl:il priniodi~iin 
ii i  tlic IVtli ventriculnr roof \v:is investigatcd fi.om tlie 
12th to tlic 14th eml3ryonic d ~ i y .  

Tlic IVtli veniriciiI:ai- roof of E13 cnibi-!,o consistcd of 
:i single layei- 01' tlatteiied uiicl/or ciilx)id:il cclls hit11 
sniooth I~iininal and h:is:il s~irfnccs. A t  E13. tlic ciihoidal 
cclls containing more cytoplasinic pro;cctions :it tlic 
Iiiminal siirfacc iippeared in the lateral rcgioiis of tlic iuof 
iind thcsc cells also exliihited irrt'giil:ii- holcliiigs i i i  tlic 
1ias:il surf:icc ( F .  1 a ) .  Electi-on-ii i ici-oscc)~>icii lI! . 
AIP:ise :icti\.ity in thc cpitheliul cclls of thc \critriciil:ir 
roof i i i i t i l  E 13 was localizcd on tlic 1:itcr:il pliisiiia 
iiiciiihraiics aiid o n  soine pinocytotic \csiclcs iissoci:itccl 
t i )  tlic I:itcr~il plasma meinhraiies. \\hile iio rc:ictioii 
lx'ocluci w~is  foiind ori the Iiiminal and bas:il plnsina 
inemhrones of the cells (Fig. I:i nnd l b ) .  Tlic iiiitial 
in\,:igiiiations of tlie choroidal pi.iiiiodi~iin appearcd iii 

thc bilatei-al i-egions of tlie roof :it E l 4 .  T'lic choroidiil 
priinodiiirn consistcd of :i siriglc I:iyer of tal1 coliimii¿ir 
epithcli¿il cells (Fig. Ic) .  l'he cells. loc:ited at tlit' base 01' 
this primodiiiin. biilgcd :it tlie Iiimiiial siirface ond 
Iiiminal rnicrovilli wci-e ohscrvcd oii thc edgcs of tlie 
siirface (Fig. Id) .  011 the othcr hand. tlic pcriplieral cells 

containcd iiiinieroiis n ~ i c i o i l l i  ( F .  l e ) .  Thew 
coluiiin:ir cells i n  tlic pi-iiiiocli~iin also sliowcd AIP:isc 
¿ictivit! o n  tlic Iiiminal plasiiia nieinbriines. i n  :iclclition to  
tlic I;itci.;il plasma menihr:iiics (Figs le. Id and l e ) .  
Ho\\e\.er. reaction productx \vci.c cliiniiiatcd fi-orn small 
:ii.cas O S  thc latci-al plasiila iiicrnhriinc at tlic apic:il sidcs 
( F i ~ s .  Id aiid l e ) .  Tlic basa1 s~irf:icc of tlic clioi-oidal 
cpithclial cclls iintil E 11 did nc)t :ippcar to coiitaiii AIf'asc 
:icti\ it!, (Fig. I e ) .  

2. Localization of AlPase activity in the neonatal choroidal 
e~ithelium 

Fig~ire ? \lio\\s :i liglit-microscol>ic \¡e\\ of AIPiisc 
:icti\ it! in tlic iic»ii:it~il clioroid plexiis at postn:it:il da! 3. 
In :idditioii t i )  tlic iii:it~irc clioroidal cpitliclial cclls o f the  
1>cri1>hci-al Iool";. coliinin:ir crlls were also ohscr\,cd i i i  

the hasc ol' thc plexiis. The activity in tlie pei-iplici-al 
clioroitliil loops \vil\ iilriirily obsci.\.etl i i i  tlic iiiterstitial 
clciiiciit\. \\hereas tlie coliimnarcells iri tlic 1i:i\c coiitained 
tlic ncti\ it! throiighoiit the entirc ccll s~ i r f~ icc  arid \vas 
1~iii.ticiil:ir~ly intcnsc at tlie Iiiniin:il surface. Tlic 
clwiicl!iii:il liiiii~gs adjaccnt to thc clioroici plesiis 
:ipl)c;~ccl to be lcss positive for A1P:ise :icti\,ity. 

Elcct ror i - i i i ic i -~~scc~~~ic:~l~.  tlic hordcr betucen tlie 
\entriciil:ir epeiidyma and tlie choroid plcsiis \vas 
disting~iislinhlc tiy tlic followiiig striictiircs at tlic i-car. 
Thc clioi-oidal epitheliiiin consisted of a single l:i!.ei- of 
coliimiiai- cell.; lincd 11). biisciiicnt inernbranc. \\,hereas 
the cpciidqnin ccIIs c\tciidcd tlicii cytoplasmic processcs 
iiito the iieiiropil. Rc:ictioii prodiicts Cor AIPasc acti\ity 
in thc cpciidyrnn cells werc loc¿ilized o n  the p1asrn:i 
rncmhraiies of liiteral siirfuccs aiid tlicii. proccsscs 
extendccl into thc nciiropil. whereas no :icti\.it!. \\.as 
i'ouiid oii tlic liiniin:il pl:isnia rnenibranc (Fig. .;a). 0 1 1  tlie 
otlici- 1i:iiicl. tlie coliininar cclls at thc liase of the plr\us 
coiniiioiil!. contniiicd t l ~ c  activity o n  the entirc plusiiia 
niciiihi.iiiics. incliiding the Iiiniinal inicro\illi ,(Fig. 3 0 .  
Rciictioii prodiict on thc lateral siii-fiices \ \as riot 
i,bscr\,ed i i i  tlie Junctioilal regions at thc npic:il sidc (Fig. 
3cl). At ihc ti-~iiisitoi.! region frorn the cpenclymnl to thc 
choroid~il epitlicliuin. thc clioroidal epithclial ccll.; 
possessed the coiiiplicated tiolclirigs of basa1 siirface. 
coritniniiig AIPasc :ictivit!, (Fi?. i b ) .  In tlie pcriphcral 
choroidiil loops. tlic cc~luinii:ir cclls \vere cliaiiged to 
ciihoiclnl cclls cont:iiniiig :iliiind:iiit c!~topl¿isinic 
oipaiiclles aiicl \vcll-[lc\,eloped niicro\ illi. Among thcsc 
ciihoidal cpithelial ccIIs tlic prosinial cclls slio\\'ed the 
activity o n  thc 1iiniin:il ~iiid h:isal plasnio rncinbraiies. hiit 
n o  rcaction product was fouiid on tlie latci.nl pI:isiii:i 
memhi-anc (Fig. 4a ) .  And finzilly. tlic :icti\it!. 
1oc:ilizecl oii tlie hasal plnsma niembraiic\ of iii:it~ii.c 
clioroid:il cpitlicli:il cells in thc pei-iphci.al Ioops 
(Fi?. 413). Soiiic of the iiitracvtoplasmic \:ic~iolcs 
i i i  ilicse iiiiitiii-c cells also containcd AIP:isc acti\! 
(Fig. 4c ) .  

I i i  coiitrol cul>crinients. levamisolc. addeci into thc 
iiiciih:ition iiicdiiiin. cornpletely iiihibitecl AIP:isc 
:icti\,ity in ernhryonic ancl neoiiat:il miiterials. 
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Fig. 1. AIPase activity in the embryonic choroidal epithelium. a. Cuboidal epithelial cells appeared in bilateral regions of ventricular roof at €13. 
Reaction products were localized on the lateral plasma membrane, whereas no activity was found on the luminal and basal surface. 8,500 
b. Absence of AIPase activity on the basal plasma membrane (arrowheads) of cells. E13. Unstained. x 14,000. c. Columnar epithelial cells in the 
basis of choroidal primodium at E14. In addition to lateral plasma membrane, the activity was seen on the luminal surface of these cells. But, 
reaction product was not observed on the basal surface (arrowheads). x 6,000. d. Activity on the luminal surface of primodial epithelium. The 
luminal surface was bulged, and microvilli had developed on the edges of the surface. The apical junctional regions (J) did not contain reaction 
product. E14. x 16,500. e. Activity on the plasma membrane of well-developed microvilli. Many pinocytotic vesicles, associated to the luminal 
plasma membrane, also contained the activity. E14. x 17,500 

Fig. 2. Light micrograph of AlPase activity in the developing choroid plexus of 3-day-old rat, using a lpm-thick section of resin-embedded 
material Electron-microscopic localization of AIPase activity in regions indicated as A, B, C and E in this figure is represented in later photo plates 
though postnatal age is different x 530 
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Fig. 3. AlPase activity in the neonatal choroid plexus. 
a. Ependyrnal cellsadjacent tochoroidal epithelium (indicated as E in 
figure 2). Reaction products were rnainly localized on the plasma 
rnernbranes of lateral surface and cytoplasmic processes. 1 O-day-old 
rat. x 14,500. 
b. Activity in the basal holdings of choroidal epithelial cells near the 
border reaion between e~endvmai  and choroidal e~i thel ium. O-dav- , , 
o ~ d  rat. ~ 9 , 5 0 0 .  
c. Colurnnar epithelial cells at the basis of plexus, indicated as A in 
figure 2. ~ c t i v i i ~  was observed on al1 cell surfaces of these epithelial 
cells. 3-day-old rat. x 6,500. 
d. Absence of the AlPase activity in the apical junctional region of 
columnar choroidal epithelial cell. 3-day-old rat. z 27,000 

Fig. 4. AlPase activity in the neonatal choroid plexus. 
a. Activity in the lurninal surface of differentiated choroidal epithelial 
cells seen in the peripheral choroidal loop (indicated as B in figure 2). 
Note the absence of reactjon product on the lateral plasma 
mernbranes. 1 O-day-old rat. x 10,500. 
b. Mature choroidal epithelial cells in the peripheral choroidal loop 
(indicated as C in figure 2). Reaction products were localized on the 
basal plasma rnernbrane of cell (arrowheads). CL indicates the 
capillary lurnen. 10-day-old rat. x 13,500. 
c. Activity in the intracytoplasmic vacuole of mature choroidal 
epithelial cells. 10-day-old rat. x 18,500 
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Discussion 

In ilic niatuse chorciid 1,lexus. AIPase is a doininant 
enz!,iiic in the iiiterstiti¿il elcrnents incliidiiig tlie 
cnpill;irics (Shimizu. 1950: Lcduc and Wislocki, 1952: 
Rcckci- :ind Siitton, 197.5: Mrisuzawa aiid Sato, 1983). 
bliisuz¿i~vn ci al. ( 1980) showed that tlic c1ioroicl:il 
epithelinl cclls coiitain this activity on the basa1 surf;icc 
oiily. iind iridicnted tliut AlPase may olso he involvcd i i i  

tlie pol:irizcd permenbility of niaterinls aci-oss tlie 
clioroitl;il cpitlicli~irn. 0 i i  tlie othcr liaiid. :in eurlier 
s t~idy oí' K:iluz:i et al. (1964) hnd reportcd that. in 
conti.ost to  an iiicrease of various kinds of eiizynie 
;icti\,it>, ivitli incrcasing age. AIPasc activity was absciit in  
dc\clopiiig chick choroidal epithelial cells. Thc  present 
s t~ idy .  liowci~cr. dcnioiistrates that the iinmaturc 
clitliclinl cells of rat choroid plexus during cml?ryoiiic 
iind nconiii:il devcloninent contnin un clcvated activity of 

iictivity miiy i-eflect a metabolic coiivcrsion of choroid¿il 
epitliclial cells in their iiiembrane activity. This is closely 
conibined witli tlic niorphology of clioroidal cpithelial 
cells. During cellulnr differentiation. AIPase may be 
insertcd in the ccll inernbranes tlirough the iiitracellular 
puthwu!. (Tokoniitsu and Fishm¿in, 1983): howevcr, thc 
meclinnisms reg~ilating tlic enzymc distribution on tlic 
cell inembrnnc are iiot clcar. Tlie tight apical junctions 
bctwccii iidjacciit epitliclial cells rnay function 21s bnrriers 
selxw:iting suifiice domains within cell nirmbranes 
(Gumhiner and Louvard, 1985: MilIer and Buldridgc. 
1985). Biit. siicli n liindrnncc hetwccn the later;il arid 
basa1 plasma iiicmhrniies of c1ioroid:il epithelial cells lius 
not bccii identified. It rernains to  bc detrrinined ho\v tlie 
cii~trib~itioii of AIP;Isc on  tlie plasrn;~ rneinbranes is 
regulntcd during thc differciitiation of tlie choroidal 
cpitlicliiil cells. 

AIPasc on tlieir cell surfncc, ancl that this ¿ictivity is 
cliiiiiiiiited witli morphological maturity from thc luniinal ~ ~ k ~ ~ ~ , ~ d ~ ~ ~ ~ ~ ~ ~ ,  we t h a n k  ~ ~ ~ ~ l d  S, cairns for 
ancl I~iier:il surf:ices. These findings suggest that tlie reading of the m a n u s c r i p t .  ~ h , ~  study was supported i n  part by a 
iiiiinnt~ire clioroidnl epit1icli:il cclls at the proliferntive grant-in.aid ( N O ,  57770052) from the ~ i ~ i ~ t ~  of ~ d ~ ~ ~ ~ , ~ ~ ,  
:ind/or cli fl'crcntiativc pliuse contain I difl'erciit science and culture, J ~ ~ ~ ~ ,  and by a grant NO, 8305 from ~h~ 
niciiibr:irie :ictivity from the mature cpithelial cclls. National Center for Nervous, Mental and Muscular Disorders 

Thc iiiiniuture choroidal epitlielinl cells in neonatul ( N C N M M D )  ofthe ~ , ~ i ~ t ~ ~  of ~ ~ ~ l t h  and welfare, J~~~~ 

life usliibitcd AlPnse ncti\,itv on al1 nlasm:i mcrnbr:ines. 
csccl-)t t'oi- tlic apic;il juiic~ional ;reas of the lateral 
~ L I S ~ ' ; I C C .  A1~4encc o f  thc activity in the junctional :irea was 
iilso obseiiwi i i i  tlie primodial cells at cnibry»iiic stugc. 
\iiggestiiig tlie cstahlislinient of effective tigfit junctions 
cl~isiiig eiiibi-y~iiic tleveloprnent. The strict eliniination of 
AIPase nctivity froni tlie apical ,junctioiial aseas 
distingiiislies tlie clioridnl cpithelial cells froni the 
c ~ x n d y n i ~ i l  cells (Yosliioka and Inoninta, 1983: Yosliioka 
et iil.. 1985). On the other h:ind, i i i  coiitrast to  tlie 
comriion nppeai-uncc of AIPasc nctivity o n  tlie b¿is:il 
siii-l:ic.c of tlie neoriatal choroidal epitlieli~ini. tlie 
~ ip l~ i i ru i t  activit), was iiot dcinonstrablc c>n tlic basa1 
4~irf;icc of priiiicidial c1ioroid;il epithelial cells. This niay 
sufgeat tli:it tlic clioroicl¿il cpitlicliuni in thc enrly 
ciiibr~.onic stage possesses ¿i different transpoi-tiiig 
activity to that of tlic inature choroidal cpitlieliuni, 
bccniisc the foet:il CSF contains a somewliat diffcrent 
coinl,o\iti«n to tliot of thc mature aniinnl (Wooclbury. 
1968: Rirge uiicl Hnywood. 197 1 ). 

.Alpase is clistrihuted i i i  vario~is tissues of animals. but 
Iio\vc\,ci.. its pliysiologicnl function i-ernnins vague 
(K:ipl:iri. 1072: Borgersund Vcrhcyeii, 198.3). I t  has been 
considerctl tli:it AlPase i i i  tlie absorpti\,e epitlielia such 
21s tlic sni:iII iiitcstinc and kidney might plny an iniportant 
role i i i  tlic traiispni.t of subst:inccs across tlic cell 
menit-)r;iiit's (M~i!:ih:irri et al..  1967: H ~ i g o n  and Roigeis. 
196s: Healy aiid Din4dnle. 1979). O n  tlie otlier hand. 
\onic kincls oí' prolifcr;itivc cclls also posscss intense 
AIPcise :icti\ i t ~  (Reistiiie et al..  1973: Karasaki. 1975: 
Joliiison ci al.. 1977: K~vong and Tam,  1984). Sucli 
iiitense AIP:ise activity may reflect an ele\:ited 
meiiihr:iiic ncii\,it!, i i i  tlic vnrious nictnholic statcs of tlir 
C C I I \ .  

.l'lit. cli:iiiges in the surface localizntion of AIPnsc 
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