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Several hypotheses have been proposed since 1958 to emplain
the mode of growth of the mammalian choroid plexuses. In referring
to the human plexuses Boyd (1958) vemarked: "I myself have never
seen mitoses, even in embryonic choroid plexuses and this absence
of the signs of normal cell division presents a general biclogical
problem." Similarly Kappers (1958), being umable to find mitotic
figures in the developing human telencephalic plexuses, stated:
"Certainly, the way in which the enormous surface growth of the
epitheliuvm occurs has still to be studied more thoroughly." Several
investigators reported only a few mitotic figures in the epithelium
of some but not all of the developing memmalian plexuses (Zand,
1930; Tennyson and Pappas, 1964; Shuangshoti and Netsky, 1966).

As a result many authors of books have been led to consider the
formation of the epithelial choroid plexuses to be passive in the
sense that the simple and polyinvaginating vascular elements of
the pia mster thrust a mitotically inactive epithelium into the
several brain ventricles (Patton, 1948, 1953; Voetmann, 1949;
Kuntz, 1950; House and Pansky, 1960; Netter, 1962; Torrey, 1962;
KlosoveRi, 1963; Ham, 1957; Langman, 1964; Maoner, 1964). icwever,
Birge (1962) and Shuangshoti and Netsky (1966) do not concur with
this "passive" hypothesis. Although no details were provided,
Birge remarked:

"eeeodn tracing choroid plesus development, it

becomes evident that plexus formation does not involve

solely an inpushing of the choroidsl epithelium. Rather

the epithelial infolding which occurs is accomplished by
a phase of active growth and extension of the choroidal



epithelium accounting for the substential increase in the
volume of the epithelium during plexus formation” (p. 93 ).

A second "pasaive" hypothesis is thst of Kappers (1958), who
suggested that the telencephalic plexus epithelium grows by a
"pushing out” of cells from the pseudostratified epithelium of the
stalk region. In substantiation he cited the absence of mitotic |
figures in the distal mtimotthuphqu. This "pushing out™ of
cells as he says, causes @ gradual veduction ia the height of the
stalk epithelium to t‘on a single~layered “villus". And noting
further that these cells contained large quantities of glycogen, he
suggested that p‘thlpl such celle were incapable of mitotic umw.
Rappers says: "eseemitosis is not easily practicable in cells Uhuh
mmnmmwmmmmmuxmmmm_
extreme apical part” (p. 19 ).

Athirdmdmphmtbhhgptbth is that of Teanysou and
Pappas (1964), who in an electrommicroscopic study of the developing
telencephalic and myelencephalic plexuses of thor rabbit, reported
mitotic figures in the epithelial cells in the stalk regions llonn.l
They stated that "....growth and exteasion of ki shawnbllels .
epithelium probably occurs ia the stalk. Vascular and interstitial
elements, however, may proliferate throughout m‘cml COTRsas”

@

(e 386 )
A fourth hypothesis, but akin to that of Temnyson and Pappas

(1964) . Using Colcemid Raudsen (1964) found many mitotic figurves in
the epithelium lining the plexuses in mouse embryos of various ages.
These figures were most commonly seen in the stalk regions of the
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telencephalic and myelencephalic plexuses, as well as in the proximal
portions of the folds of the diencephalic and myelemcephalic plexuses.
In conclusion he stated:

"Apparently the epithelial cells are not formed
diffusedly, but in certain zomes, a condition resembling

the formation of epithelium elsewhere, for example in the

ventricle and intestine. Om the other hand, the location

of mitoses in comnective tissue points to a diffuse inter-

stitial growth of this tissue...." (p. 181).

In a fifth and fimal proposition to explain the mode of growth
of the plexuses, Shuangshoti and Netsky (1966), in a study of the
histogenesis of the human choroid plexuses, remarked:

"In spite of the absence of mitoses except im Stage I,

we suggest that slow proliferation of choroidal epithelium

oceurs and is characterized by stratification and desquamation

of superficial epithelial cells, followed by replacement from

ad jacent underlying cells” (p. 290).

Even though many authors have reported the absence of mitotie
activity in the choroid plexuses, these plexuses nevertheless
become active under abmormil conditions. Volzhima (1963) has
observed a compensatory growth of the diemcephalic plexus
to twice its mommal size in puopies from wvhich the plexuses of all
the other ventricles had been removed, e also moted that regenera-
tion of the telencephalic plexus occurs if the stalk regiom of the
plexus is left intact. Both of these phenomena occurred by "....
mitotic division of the epithelial cells...." (p. 243).

The day-to-day proliferative activities of the various tissues
of the developing choroid plexuses have not been presented for any
vertebrate., Miale mnd Sidman (1961) were specifically imterested in

the histogenesis of the mouse cerebellum, and although they also



noted many cells of the myelencephalic plexus labeled with
thynidine-R’, they failed to indicate precisely which cell types
carried the label. Additionally, some authors have moted labeled
epithelial cells in the adult choroid plexuses of man (Johnson

2t al., 1960), of mice (Shuangshoti and Netsky, 1966), and of both
mice and rate (Messier and Leblond, 1960). The present study
describes and compares the patterns of cell proliferation in the
epithelial and conmective tissue cells of the embryonic, early
post-natal, and adult choroid plexuses of the golden hamster
(Mesocricetus auratus Waterhouse). Presented also, is a correlated
account on the histogemesis of these plexuses.



MATERIALS AND METHODS 5

A total of 16 embryouic, 28 neo-nstal end 5 adult hamsteve wes
used. Seven of the embryos were obtained from adults which had
received a single intva-peritoneal injection (lue/g of body weight)
of BP~thymidine (specific activity of 6.7 curies/miliimole) 8 houre
prior to sacrifice. The other embryos were obtained from females
which had veceived similar injections of H-thymidine 24, 48, snd
72 hours previous to sacrifice. PFourteen juvemiles, vanging in age
from one day to 56~days, also received a single injection and were
decapitated 8 bours later. Fourteen litter mates which were not
given W-thynidine, vere sinilarly sserificed at the seme time for
glycogen studies. All snimsls were injected at 8:00 a.m.

The brains of the animels were fimed in Cavnoy's fluid for 6 to
8 hours, dehydrated through & series of graded alcohols (ethyl),
thhmnmm.umncuam.

The sections for sutoradiography were mounted on nitric scid-
cleaned slides coated with gelatin-chrome-alum solution, depavaffinized
(zylol), and  ‘hydvated in a graded sleohol series to distilled water.
In a darkroom provided with a safelamp (Wrettea No, 1 red £ilter) the
sections were covered with Kodak AR. 10 Stripping Film, dried for
approximstely 2 hours in & light-tight dustefree box (Hillemenn and
Ritschard, 1964), ezposed for 30 days at 4°C in lighte-tight slide
boxes containing Drievite and cerbon diomide to minimize fogging by
background radistion, developed (Rodsk D. 19) for 6 minutee, dipped
in a stop bath (distilled water containing 6 to 8 drops of glacial
acetic acid) for 1 minute, fixed (Kodak scdd fimer) for 15 minutes,



washed in two lS-minute changes of distilled water, stained with
hemotoxylin and eosin, placed in xylolecedsrwood oil (1:1) over-
night to minimize air aspirstion, and mounted (Permoumt). All of
the solutions used for development of the emulsion and staianing of
the sections were kept at 17-189C in a constant temperature bath
(itllemenn gt al., 1966).

All slides were exsmined uander ofl fsmersion (1000 X). Ouly
nucled which possessed at least 5 grains were consideved labeled
and therefore counted. Mitotdc indices (the quotieant obtained by
dividiag the mumber of labeled cells ia s population by the total
comt of cells) were determined for cach of the tissues in the vavious
avess fnvestigated. In wost instances the wininsl number of cells
counted was 1000. The highest sample count in epithelisl tissue was
2000 and in commective tissue, 1890. However, due to the umavoidably
low total cell count of the plexuses during their initisl ctages of
development, the total cell counts were as low as G00+700 {a & few
instances. The total number of epithelial cells counted was 201,203
and the total number of commective tissue cells counted was 163,270.

The periodic-acid-Schiff procedure (P.A.5.) was used to locate
glycogen. Three epaced sections of each of the three choroid plexuses
of each of the animels were deparaffinised with xylol and hydrvated
with graded ethyl alcohols to distilled water, treated with periodic
acid (0.6% aq.) for 7 minutes, washed in rusning water for 5 misutes,
gtained xith Schiff's reagent for 30 minutes, washed in ruaning water
for 10 minutes, dehydrated in s graded series of alcohols, clearved in
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xylol and mounted (Permount). In orvder to vemove glycogen from the
tissues and thus distinguish it from mucopolysaccarides which also
resct with P.A.8. three additional adjacent sections were treated
with 1.0% diastase for 1 hour at 379¢C priovr to being placed in
periodie acid.



OBSERVATIONS
A. Histogenesis of the choroid plexuses.
1, MORPHOLOCY OF THE DEVELOPING AND ADULT PLEXUSES: The development
of the choroid plemus of the fourth ventricle begins on the tenth day
of gestation. The primovdium of the plexus may be divided into two
regions, the stalk, and folded avea (Figure 1). The stalk consiste
of a pseudostratified colummar epithelium along with its ifufag
vasculsr stvoma. This epithelium is composed of an anterior portion
i continuity with both the neural epithelium proper (cephalic), aad
the folded area, sloug with & posterior portion which joins this
folded region to the thin roof (posterior mesmbraneous ares) of the
fourth veantricle. The numerous folds are individuslly composed
of a single~layered epithelium (lamina choroides epithelialis)
covered by & highly vascular stroma (Figure 1). The myelencephalic
plexus in the adult hamster is morphologically similar to that which
is found in its embryonic and neo-natal periods, emcept for the fact
that the peeudostratified epithelium of the stalk reglon is veplaced
by & single layer of low columar cells.

The anlegen of the choroid plemuses of the lateral veatricles
Mu:mnmwmumm.uumu
section are digitiform and completely covered by s pseudostratified
columsr epithelfum, Although these rudiments in the 12-day embryo
remein predominantly covered by & pseudostratified epithelium, there
ave novertheless distinct and widely separated avess st the distal ends
of ide primovdis where this epithelium is being transformed into a



Pigure 1. The mpslencephalic choreid plowwe in the 12-day
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single lsyer of tall colummar cells. After day 13 of pregnsmcy each

of the paired anlagen mey be dascribed as a three~dimensional
unbranched fold (digitiform in section) coverved distally by a simple
epithelium and proximelly by a pseudostratified colmmar epithelium
(Figure 2). The stalk vegion in each of the two adult telencephalic
plexuses, 8s in the myelencephalon, is lined by & single layer of
low columar cells (Pigure 3).

The choveid plexus of the thixd veatricle is the last of the three
to make its appessrance, and does so on day 13 of gestation. Barly, its
rudiment consists of mumerous shellow folds of the thin roof of the
third ventricle (Pigures &, 5). Later, these folds despen to slender
sscculations (Figure 5). In contvast to the paired plexuses of the
telencephalon, and the plexus of the uyelencephalon, that of the dien~
cephalon lacks 8 pseudostratified columar epithelium and is covered
{nstead by a simples epithelium.

2. mnmmm'mm: Throughout
gestation and early post matal life the pseudostratified colummar
epitheliun, vhich lines the stalk region of the myeleacephalic plexus,
steadily decresses in both thickness and extent; so that at 36 days
post partum this epithelium comes to occupy only that very small
region where it merges with the neural epithelium proper, At some
undetermined time between day 56 post partum and one year, the stalk
region epithelium is transforsed from & pseudostratified colummar fate
& simple low columar type of epithelium whose component cells weasure



Fignwe 4. mnmmmuu
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sbout 1lu in hefght and 6u in width as seen in sectioned materisl.

mzmmuxmmnummmwm
changes during development from the tall colummar, to the cubeidsl
type. The epithelial cells covering the preximal halves of the folds
are low columasr in the early portion of gestation (3u x 7u), and
then gradually decresse in height to become cubotdal at the end of the
embryonie perfod (Ll = 1lu). Ses Pigure 6. In esbryos of 11 thwough
13 days of gestation the compouent epithelisl cells of the dietsl
portions of the folds are high columnar (18u x 7u), but thereafter
these cells become low colummar (12u x 7u) and remsin thue to bevs.
In both the neonstsl and adult hamster, the epithelial cells of the
proximal balves of the folds ave cubotdel (S x Su to 7u x 10u) fs
shape, but those cells liniag the distsl portions are low colusmar
m:MMIMMantm\MMM
euboidal (7w = 10u to 10w x 10uw).

The epithelial portfon of the telencephalic choredd plexuses in
the li-day embrye consists estirvely of & pseudostratiffed columner
epitheliun varying from 20w to 40u in thickesss. Althowh in the
Mwmmmmmua
poevdostracified epithelium, yot in scattered avess in the distal
portions of these salagen, the epithelium makes & transition to e
simple tall columar type (l8u x 6u). See Pigure 7. This sisple tell
colusnar wondition of these restricted aveas of the epitheliwm parsiets
on day 13, but beglnaing on day 14 of conception, the distal portices
of the primovdis are covered completely by this simple columnar






13



14

epithelivm. This transformation from & pecudostractifisd to & siwple
epithelium which proceeds disto-promimel, also occurs in the develepe
ing telencephalic choroid plexuses of the humen (Kappevs, 1958;
Shuengshotd and Netsky, 1966), of the rabbit (Renuyson and Papss, 1964),
axd of the chick (Smith, 1966). YThroughout the remsinder of gesta~
tion wmmuu.mammmmumm
Mﬁmmwuﬂm.mmmhhm
extent and thickeess. Also, as i the syeleacepbaiic plesus, the
poeudoscraiified columar epithelium of the stalk region transforme
into & simple low columnar epithelium (llu x Gu) scmetime betwesn the
56th day post parius gud one year,

During the embryonic snd neowastsl periods the epithelfal cells
of the dietal portions of the teleccepbslic choreid plemuses undergo
@ sequential changs in shape fvom peeudostratified colwmar (208 «
40u in thickeess) on day 11, t» tall columer (16w u Gu) on days 12
and 13, to low columar (L0u x Su) on day 14 of gestetion te day 12
postusialy and fleally to cuboidel (8w x Gui 7w x 10w 10w = 10u;

Su z 12u) chevesiier.

The epiibelial portions of the diencephalic choreid plexus underge
siniler sequentisl changes in shape as those of the folded ares of the
uyelencepbalic plexus. The epithelisl cells of both pronimsl and
~ distal portious of the folds change in shepe froe high columer
(13 ¥ 76 end 1 = Gu respectively) on days 13 and 14, to cubotdal
(8u & 8u) sud low columasr (L2u x Su) vespectively on day 7 post
partun, sud finally to cuboldal (Bu x Suj Ju = 10u) thevesiver
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(FPigures &, 5 ).

3. "VESICULAR" CELLS OF THE DEVELOPING TELENCEPHALIC PLEXUS: Klos-
oveki (1963), in an investigation of the choroid plexuses of human
embryos, described what he termed "vesicular" cells in the epithelium
of the telencephalic plexuses. These cells were characterized as
having a "....well defined, thin layer of cytoplasm, resembling a
cell membrane, and the presence of & huge mass of eytoplasm...., not
staining by the usual wethods™ (p. 9). These vesicular cells were
found only in the telencephalic plexuses, and not at any time during
the ontogenesis of the diencephalic and uwyelencephalic plexuses.
Similar cell types have been described in the cat (Purin, 1963) and
human (Shuangshoti and Netsky, 1966) telencephalic plexuses.

Cells similar to those described above are seen in the distal
portions of the telencephalic plexuses of the hamster oa days three
through five post pertum. The cytoplasm of these cells either fails
to stain at all, or at most very lightly with hematoxylin and eosin.
The cytoplasm of these cells appears very foamlike. Also, a great
deal of “secretion material” was noted in the ventricle near the
apical surfaces of these cells. Rlosovski (1963) also noted what he
termed “"....the products of the secretory activity of the celle"

(p. 11) on their luminal surfaces. With reference to the hamgter,
similar "vesicular™ cells were found but rvestricted solely to the

telencephalic plexuses.
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4. GLYCOGEN IN THE EPITHELIM OF THE RMBRYONIC AND MSO-BATAL PLEXUSES:
Table I summsrizes the first appesrance, persistence, relative amounts,
mm.uum.:«nmuwmmmmm
calls of the developing, neo-natal and adult chorvoid plemuses of the
hamster. Definitions of the several terms used to designate the
relative amousts of glycogen eve presented in Appendix 1. It fs of
intevest to sote that at no time in the embryoanic, neo-nstal, or
adult animal wae glycogen detectable in the neural epithelial celle
proper which liae the first, second, third, and fourth ventricles.
WMMM“WUL&MGIMQM).%
(1913), and Rappers (1958) for men. Returning to the heameter,
slycogen was preseat {n the epithelial cells of the posterior mesbrane
@ous area of the fourth ventricle throughout gestation and in neo=
natal iife to day 11.

B. Mitotie activity of the epithelisl end connective tissue celle.

1; MYELENCEPHALIC CHOROID PLEXUS (EPTTHELIAL CELLS): Table II and
M!WM&MﬂMdN.ﬂ&
vegion epithelisl cells is high (18-36%) throughout gestation as
well as during the first fow days following perterition, and that it
mmmmnasmmmmum.m
of 0 = 0.5%, & level retained in the adule.

Beginning on day 13 (two days after the sppearvance of sn anlage
of the folded ares), the witotic fadex of the epithelium of the
prozimal helves of the individual component convolutions was



Table I

Glycogen in the epithelial cells of the embryonic, neo-natal, and adult choroid plexuses of the hamster.

Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day
AGE 10 11 12 13 14 15 16 lpp 2pp 3pp Spp 8pp 1llpp 13pp 15pp 17pp 19pp 28pp Adult

MYELENCEPHALIC PLEXUS
Stalk area NP M(b) M(b) L(b) L(b) L(b) NP NP NP NP NP NP NP NS NS NS NS NS NP
Folded area

Proximal half of fold NP L(a) L(a) L(a) L(a) L(a) L(a) L(a) L(a) L(a) L(a) L(a) L(a) NP NP NP NP NP NP
Distal half of fold NP L(b) M(b) M(b) A(t) L(a) L() L() L(b) L(b) L(b) L(b) L(b) Mn(b) NP NP NP NP NP
TELENCEPHALIC PLEXUS
Stalk area NA Mn(b) Mn(b) Mn(b) Mn(b) Mn(b) Mn(b) NP NP NP NP NP NS NS NS NS NS NS nP
Distal fold NA NA Mn(b) M(b) A(t) L(b) L(b) L(b) M(b) L(b) L(b) L(b) L(b) Mn(b) Mn(b) Mn(b) Mn(b) NP NP
DIENCEPHALIC PLEXUS
Proximal half of fold NA NA NA L(t) L() L(®) L() Mn(b) Mn(b) Mn(b) Mn(b) NP Mn(b) NP NP NP NP NP NP
Distal half of fold NA NA NA L(t) L() L() L(b) Mn(b) Mn(b) Mn(b) Mn(b) NP Mn(b) NP NP NP NP NP NP
Code: A, Abundant NP,Not present (a), apical portion of cell
M, Moderate NA,Not applicable (b), basal portion of cell
L, Low NS,Not studied (t), throughout cell
Mn, Minimal PP, post partum

LT



Table II

Mitotic indices of the epithelial cells of the developing,

neo~natal and adult choroid plexuses of the hamster.

MYELENCEPHALIC TELENCEPHALIC DIENCEPHALIC

Basal Distal Basal Distal

half half half half
Age Stalk  of fold  of fold Stalk Pold _ of fold of fold
10 NC NC NC NA NA NA HA
11 36.03 37.50 40.00 40.33 33.31 NA NA
12 32.20 30.55 34.26 28,22 25.13 NA NA
13 31.43 45.71 5.26 19.56 3.80 33.61 7.69
14 18.82 19.44 6.30 27 .41 3.21 46.83 19.40
15 34.93 32.41 7.77 20.31 2.48 20,00 12.07
16 20.79 20.37 10.00 20.64 6.76 15.75 9.92
1pp 28.36  13.97 6.10  25.65 0.21 13.97  0.66
2pp 22.22 5.62 0.22 17.50 0.22 10,03 0.89
3pp .74 6.48 1.53 7.49  1.61  9.42 1.9
Spp 92.71 2.02 0.37 10.82 0.99 0.49 0.28
8pp 12.31  0.84 0.38 5.82 1.66  0.47  0.98
11pp 4.45  0.93 0.19 10,29 0.99  0.27  0.19
13pp 10.00 0.10 0.09 3.28 0.45 NC NC
15pp 6.30 0.29 0.09 0.19 0.00 0.19 0.19
190 NC 0.42 0.38 0.09  0.00 e NC
27pp 1.27 0.29 0.49 0.39 1.72 0.99 0.83
3%p 0.09 0.09 0.00 0.00 0.00 0.9 0.04
56pp NC 0.00 0.00 NC 0.00 0.00 0.00
adult 0.00 0.11 0.00 0.00 0.00 0.22 0.00
adult 0.00 0.00 0.17 0.14 0.09 0.00 0.00
adult 0.20 0.14 0.00 0.00 0.00 0.31 0.11

NA, not applicable
NC, not counted

PPs POSt partum



Table III
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Mitotic Indices of the connective tissue cells of the developing,

neo=natal and adult choroid plexuses of the hamster.

MYELENCEPHALIC TELENCEPHALIC - DIENCEPHALIC
Proximal Distal
Stalk Folded half half
Age Region Area Fold of fold _of fold
10 NC NC NA NA NA
11 35.44 34,37 32.22 NA NA
12 32.27 14.74 45.28 NA NA
13 19.16 38.76 20,79 28.57% 28.57%
14 22.22 19.21 29.22 30.07% 30.07%
15 22.80 19.29 16.21 26.72 24,37
16 19,55 21.9 16.41 12,56 17.46
lpp 22.78 18.57 18.28 12.01 20.63
2pp 24.39 11.26 14.81 14.19 20.03
3pp 14.83 746 10.40 11.66 10.31
Spp 7.75 3.85 9.77 8.67 4,31
8pp 6.11 3.00 7.54 7.10 8.68
1lpp 2.03 7.92 6.17 1.01 2.33
13pp 2,91 5.00 1.66 NC NC
15pp 0.86 1.98 0.29 0.99 1.01
17pp 0.72 0.19 0.00 1.21 0.66
19pp NC 1.01 0.13 NC NC
27pp 0.11 0.98 0.38 0.56 0.69
35pp 0.41 0.88 0.22 0.33 0.09
39pp 0.08 0.37 0.74 0.11 0.31
56pp NC 0.72 0.53 0.05 0.13
adult 0.00 0.00 0.00 0.00 0.22
adult 0.17 0.30 0.00 0.33 0.00
adult 0.09 0.08 0.17 0.00 0.24

NC, not counted

NA, not applicable

PP» post partum

%, mitotic index of comnective tissue cells in entire fold.



Pigure 7. A portion of the distal half of the telemcephalic

Figure 8.

choroid plexus of the right lateral vemtricle in the
13-day embryo. Tritium-labeled cells are present in
both the epithelium and stroma. (x970).

The anterior portion of the stalk region of the
myelencephalic choroid plexus in the 13-day embryo.

A mitotic figure is present near the luminal surface
of this epithelium. (x970).
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consistently higher than that obtaiming in the distal halves, uneil
day 13 post partum. Thereafter these indices become sbout equal and
persist as such in the adult animal (Tedle 1I, Piguve 9).

The mitotic activity of the epithelial cells within the promimal
portions of the folds is varisble but high (19-45%) during esbryomic
life (Pigure 15). Following parturition it etesdily decreases
until five days post partum vhereafter it remains very low (0-.9%).
The proliferative activity of the epithelial cells of the distal halves
of the folds decresses sharply on the thirteenth day of gestation and
then remsing at & low level (5-10%) uatil two days post pertum. At
this time it falls to a new low of .09-1.5% where it vemsine., In
the adult plemus, mitotic activity of the epithelial cells of both
the proximal end distal halves of the folde is wvery low (0-.3%).

2. TELENCRPEALIC CHOROID PLERUS (SPITHELIAL CELLS): Mitotic activity
in stalk vegion epithelial cells is irvegular and high (17-40%)
vatil two days post partum (Teble II, Pigure 10), when it falls
progressively until the fifteeath day after birth vhea it drops to a
new ond permanent low of 0.19%.

Clusters of epithelisl cells containing muclei labeled with
B3-thymidine were scattered throughout the epithelium liming the
distal portion of this plemus, but no mitotie figures were evident.
Proliferative sctivity is high (25%) in these cells on day 12 of
gestation but £alls sherply om day 13 to 3.8% and persists at a low
level to temm (Table 1I; Pigures 7, 11). In both the neo-natal and
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asdult plexus mitotic activity of these cells is very low (0 - 1.7%).
See Table II and Figure 11.

3. DIMCEPHALIC CHOROID PLEXUS (EPITHELIAL CELLS): Throughout
pregnancy end neo-natal 1ife mitotic ectivity of the epithelial cells
of the proxims]l halves of the folds is consistently higher than that
of the epithelial cells of the distal portions of the folds (Table II,
Figuve 11). Mitotic sctivity in the epithelium of the proximal and
distal portions of the folds stands at 33.6 and 7.6% respectively om
day 12 of gestation., By day 13, it has visen to 46.8 and 19.4%
respectively. During the remainder of gestation as well as duving the
fivet few postnstal days, it falls eteadily wmtil it veaches a low of
0.6% ia the distel epithelium (day 1 post partum) and ia the proximsl
epitheliun & low of 0.5% (day 5 post partun). From dsy 5 imto adulte
hood the index for both epithelisl portions remains withia a range of
0 - 0.9%.

4, COWNECTIVE TISSUE CELLS OF THE PLEXUSES: Im all of the plexuses
the highly vasculsrized stroma is loose im appearance throughout
gestation (Piguves 1, 2, 4, 7, 12, 15), Huserous mitotic figures
were noted in the mesenchymal cells of the stroma, and mitotic indices
were corvespondingly bigh (16 - 48%) (Tsbles III, Pigures 12, 13,
14). At the beginning of the meo-natal period the stvome is still
loovely organized, but with fugther development, it becomss progress-
ively move compact. Proliferstive activity of the stromsl mesenchymsl
cells in all of the plesuses is grestest om the first few daye
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following birth (7 = 24%) after which it steadily falls until appromi«
wately two weeks post partum to & low of 0 ~ 1.0% (Tables 11z,
Figurves 12, 13, 14),

Very fev connective tissue cells are present in the adult
plexuses, A few very flat, and darkly steining nuclei were scattered
throughout the very compact stroms. Although no mitotic figures were
observed, autoradiographic procedures detected a low mitetic index of
0.3% (Table IIV),

5, HNUCLEI OF THE EPITHELIAL CELLS OF THE DEVELOPING PLEXUSES:
Throughout embryonic and esrly post natal life the nuclei of the
epithelial cells of the stalk regions (pseudostratified) of both the
telencephalic and myelencephalic plexuses are elongate and the bulk of
them are confined to the bassl twoethivds of this epithelium
(Figures 1, 2, 8). All micotic figures are limived to those nueled
adjacent to the lumical surface of this epitheliun, and have s cendos
distribution (Figures land 8). This epitheliun (simple columas) fa
the adult plexuses contains round, either bagally or centrally located
nuclel, Throughout gestation and early postenstal life the suclei of
the epithelial celle of the distal portions of these plexuses and of
those of the diencephalic plexus are large, round, basally or centrally
located, and contain a loose network of chromstin, The nuclei theres
after remein either vound or oval and either baselly or centrally located
but become progressively smaller and darker staining,

A few witotic figures were seen in the epithelium lining the
éistal portions of the diencephalic sad myelencephalic plexuses, but
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they were restricted to those cells in the proximal halves of the

folde (Pigure 6). Mitotic figures were mever observed in the
single-layered epithelium covering the distal portioms of the
telencephalic plemus.



:thcimmmhmm.athhum.‘
great deal of both dntra~ snd interspecific variation must exist ia
regard to the times of appearance of the asalagen of the chorodd
plexuses in various mesmale (Table W ). 1In che Jsmsodus, mouse,
rabbit, man, shoak, pig, cow, and deer the prisovdium of the
syelencephalon plesus is the first to sppear, followed by that of
telencephalic, and this in turn by thet of the diencepbalon (Table
Fart 4). The sase sequence oceurs in the hamster.

The developing telencephalic plexus of the xat sod guines pls
(Cohen snd Davie, 1933), of gan (Xappers, 19358; Elesovski, 1963;
Shusngshoti and Netshy, 1968), of the ggt (Puria, 1963), and of the
gsbbit (Temaycon and Pappas, 1964), bas been described and tllustvated
as being jreatly lobulsted and contatning an abundant connective
tissue strowa. By comparison, ia the hamster this plexus preseats
the configuration of a slemder umbranched fold with e scant connective
tissue stroma. The teleacephalic plexus of the hamster may be
sorphologically sisilar to that of the mouse in view of the following
comasat of Eudses (1964): |

e e S e i s o s

regular forw and modest size,...shilst the condition of growth

kave ase Slaae oa Snceuat of the levepulor owrimee® (. 119).

Tesnyson and Pappas (1964) working en the rvabbit, and Shuangshoti
and Netsky (1966) working on waa, have described the stalk regloms of

the telenceptmlic and syelescephalic plewuses as bedng lined by a



Table IV

Sequence of the times of appearance of the anlage of the chovoid
plexuses of mammals (from the literature).

A. Mh (1st); telencephalic (2nd); diencephalic (3vd).
2 SRR Gasee, 1938)

3. cow "3’3’

4. deer (um. 1906)

5. ," M. “u)

6. rwabbit {Coben and Davies, 1938)

7. mouse (Rugh, 1964)

8. men (Rappers, 1958; Shuangshoti & Netsky, 1966).

B. Telencephalic (lst). MM:W&M
1. Norway rat

2. rabbit {strong, xm; m & Pappas, 1964)
3. man {Eollmann, 1861)
€. w (lst); diencephalic (2nd); myelencephaslic (3rd).
¢eleopithecus velane m. 1939s)
P. Telencephalic and uyelencephalic (lst - at same time);
diencephalic (2nd).
1. m (Cohan & Devies, 1938)
2. (Reabbe, 193%)
3. sd.nu pig (Cohen & Davies, 1938)
&, m & mg 1905)

Se m Qlubrecht & Keibel, 1907)
E. WMM!MMWM~n
x. m (zrabbe, 1939%¢)

F. Telencephalic and myelencephalic before diencephalic (the sequence
of the former plemuses was not iadicated).

1. (Rrabbe, 193%)
2. {Rrabbe, 193%)
3. : {Rrabbe, 193%)
&, {Rrabbe, 1939¢)
Se m Mg 1939%¢)

sequence of the latter plexuses was mot indicated).

R - — SR —ecrundl -

H. Wh (lst); myelencephalic (2nd); diencephalic not mentioned.
Spermophilus . (Volker, 1922)
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peeudostratified columar cpt’tb-lm in the ewbryo, the newbora, and
the adult., Opalski (1930) who studied the adult human teleacephalic
plexus, stated that its stalk vegion was lined by a “"multilayered”
epithelium, In the hamster, a psevdostratified columar epithelium
does indeed line the stalk vegions of the telencephalic and uyelen~
cephalic plexuses during intrauterine and neo-natal life, but in the
adult animal, they are lined instead by a simple colwmar epithelium
(Piguwre 23 ). This transformation occurs sometime between postnatal
day 56 and one year.

Although Shuangshoti and Metsky (1966) could always find areas
of stratified or pseudostratified epitheliuw in the distal portions
of all developing and postenatal plexuses of man, no such areas were
noted in the hamster diencepbalic or myelencephalic plexuses during
comparable stages. But such aress were present in the distal poertien
of the telencephbalic plexus on daye 12 and 13 of gestation, and
beginning with day 14 it becomes completely lined by a simple
 epithelium. These observations on the hamster are consistent with
~ those of Ksppers (1958) and Rlosovski (1963) for man, of Temnyson
and Pappas (1964) for the rabbit, of Purin (1963) for the cat, and
of Smith (1966) for the chick,

In 1958 Rappers remarked:

"eessttlthough no special staining methods, usually
euployed in studies of blood morphology, were used the
cytological pictures highly suggests that during the first
phase of its histogenetic development the stroma of the

telencephalic plexus gives origin to very different kinds
of blood cells....” (’a 68).



However, Temnyson and Pappas (1964) in an electvon miscroseopic study
of the developing telencephalic and myelencephalic plexuses of the
rabbit, found almost all the immature blood cells to be intravascular
and thevefore did not consider the plexus to be a haemopoetic organ.
The results of the present favestigation on the hawster relative to
the location of immature blood cells (both labeled and non-labeled),
are similar to those reported by Temnyson and Pappas (1964) for the
rabbit.

Many authors have observed glycogen in the epitheliwm of the
developing mawmalian choroid plexuses. In man (Loeper, 1904;
Klestadt, 1912; Askanazy, 1914; Gage, 1917; Weed, 1917; Sundberg,
1924; Eeppers, 1958; Klosovski, 1963; Shusngshoti and Betsky, 1966),
end pig (Weed, 1917), it {s present only during intrauterine life.
mmmunmmumalmmmmm
early post-natal life in the pouse (Goldmean, 1913; Ksppers, 1958),
in the rat (Goldmann, 1913; Cancilla gt sl., 1966; Schacheamayr,
1967), in the gag (Marinesco, 1928; Purin, 1963), and in the rabbit
(Tennyson and Pappas, 1961, 1964). The latter cbservation fs similer
to that made in the hamster.

In the hamster these glycogen storves disappear first from the
epithelium lining the diencephalic plexus (day 13 pp), then from
that of the myelencephalic plexus (day 15 pp), and finally frem that
of the telencephalic plexus (day 28 pp). This sequence is similar
to that reported by Purin (1963) for the cat, and by Klosovski (1963),
and Shuangshoti and Netsky (1966), for man, slthough in men glycegen



is lost before term. These same authors also observed that glycogen
was most abundsnt (visual assessment) in the epithelium of the
telencephalic plexus, and least pleatiful ia that of the diencephalic
plexus., The same applies to the hamster.

Although the epithelial cells of the pig (Gage, 1917), of man
(Rappers, 1958; Klosovski, 1963), and of the cat (Puria, 1963),
have been observed to be filled almost completely with glycogen at
certain tiwes, the same camnot be said for the hamster. At those
times of greatest abundance, glycogen filled approximately one-half
of the cells of the hamster epithelium, The glycogen was commonly
basally located within individual cells. PFerhaps the comparatively
shorter length of gestation of the hamster (16 deys) may account for
the smaller glycogen stoves.

Many investigators (Meek, 1907; Weed, 1917; Rappers, 1958;
Klosoveki, 1963; Tenuyson and Pappas, 1964) have noted sequential
changes in the position of the nucleus of the epithelial cell during
ontogenesis (central, to apical, to central or apical, to basal or
central, and finally to basal) and related this phenomenon in tura
to changes in the glycogen content of the cell. In the hamster whose
plexuses appear to mu&u comparatively less glycogen, most of the
nuclel of the epithelial cells are always either basal or ceatral.
However, apically located nuclei were noted in the few cells that
contained an sbundant ewount of glycogen. Whether or not these
changes in nuclear position are related to the glycogen content of
the cells is still questionable in view of the observations of
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Smdth (1966). Although she did not discuse thie topic, she did
mmm«mummuu«mumum
mmmmuummnmm.mw
these cells contain no glycogen during development. Perhaps these
wuummmnumuwmnmsm
of the developing plexuses. lastly, it may be added that slthough
several different hypotheses (RKappers, lm; Purin, 1963; shuangshoti
mm.tm)mmmauumummm
of these glycogea stores during embrysnic and early postenatal iife,

am-lwm-mmmummmmuma
a-mcmamm.xm).umm.m.u
umm-um.um,ummm.xm).m
ammm»mmmmu
the bat, Myotis glis (Oksche, 1938), no glycogen was noted in the
epithelium lining the adult hemster plexuses. This observation in
a-u-muhmuumumam)mmm.
ammmmammmm-w.am
(1958), @ad shusngshoti end Netsky (1966) for man, of Teanyson and
Pappas (1961) for the rebbic, snd of Shaatha g¢ al., (1967) for the
squirrel monkey,

Mmmmaunmt.nlyumh
mitotic figures in the epithelium of developing mammmlian cheroid
plexuses. Neither Boyd (1958) nor Eappers (1958) were able to locate
wuumumummmu-ummmmmm



telencephalic plexuses. Zand (1930) was able to detect mitotic
figures only in the epithelial cells at the region of junction of the
choroid plexus and the neural epithelium proper in humen esbryos.
Shuangshoti and Netsky (1966) noted only a few figures in the telen-
cephalic plexuses of very young human embryos (7th week); in these
the plexus {s lined completely by a pseudostratified epithelium.
Teanyson and Pappas (1964) also reported mitotic figuves in only the
stalk regions (peeudostratified) of the telencephalic and myelen~
cephalic plexuses in rabbit embryos. Such figures were never observed
in the "....more differentiated tip of the chovoidal fold™ (p. 388).

However Kanudsen (1964), using Colcemid, observed mumerous mitotic
figures in the stalk regions of the telemcephalic and myelencephalic
plexuses, as well as in the epitheliws lining the proximal porticns
of the folds of the myslencephalic and diencephalic plexuses of the
wouse. In the hawmster also, numerous mitotic figures were seen in
the stalk region epithelium of the wyelencephalic and telencephalic
plexuses (Figure 8 ), However, they were seen only rerely in
the epithelium lining the proximal halves of the folds of the
diencephalic and myelencephalic plexuses (Pigure 6 ). Both
Enudsen (1964), and Teannyson and Pappas (1964), reported in the
mouse and rabbit respectively, that comnective tissue cells comtaining
mitotic figures were found throughout the stroma. The same holds for
the hamster. ‘

In 1961 Mfale and Sidman, using sutoradiographic metheds

(mm-l’), remarked that the dndop!.ng mouse wyelencephalie
plexus ’
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"iies contained many labeled cells aud witotic figuves
in 1l~, 13-, and 15«day enmbryos. The concentration of newly
formed cells was diminished by 17 days snd continued to
decrease postnatally™ (p. 291).
These suthors however, did not indicate which cell types were labeled
(epithelial or connective tissue cells), or the cell location (stalk,
folded area, gt ceters) in the plexus, being concerned specifically
with the histogenesis of the cevebellum. In the present investigation
epithelial cells labeled with tritiated thymidive were most commonly
fomd in the stalk regions (pseudostratified) of the telencephalic
plexuses, in the proximel portions of the folds of the diemcephalic
plexus, and in both the stalk veglon (pseudostratified) and proximel
halves of the folds of the myelencephalic plexus. Labeled connective
tissue cells were scattered throughout the strvoma of the plexuses.
Both Kappers (1958) and Temnysoun and Pappas (1964), beiag unable
to find mitotie figures in the choroidal epitheliun lining the
distal portions of the telencephalic plexuses in the human and rabbit
respectively, suggested that growth and extension of this epithelium
occurs in the stalk region (pseudeostratified). In 1964 Roudsen,
using Colcemid, noted that in the mouse telencephalic plexus
"veeedt broad peripheral zone of the surface nearest
the free border is alwsys completely without epithelial
witoses (on the avevage, 40 -~ 50% of the surface avea)
sovesthus the epithelial cells seem to be formed in certain
zones near the root and not diffusedly...." (p. 181).
However in the hamster, growth and extension of thie epithelium appears
to occur in both the stalk (pseudostratified) and distal portion
(simple) of the plexus, although at & much slower pace in the latter,

Froliferative activity was greatest in the astalk region both througheut
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gestation and duriang the first few days post partum, Theveafter it
progressively decresses uatil day 15, when it becomes very low and
remains so. In the distal portion of the plexus, mitotic activity
becomes minimal on day one post partum, and remains so. It is of
interest to note that in the distal portion of the plexus the number
of labeled cells, which occur in scattered groups, increases in those
embryos taken from females injected with tritiated thymidine 24 and
48 hours prior to sacrifice (unpublished data). Since tritiated
thymidine was no longer available in the circulation approximately
three to four hours after its injection, the new labeled celle
appearing between eight hours and two days and three days after
injection must have arisen from division of those which had been
labeled earlier. In the latter embryos, the number of grains per
aucleus also decreased slightly.

Since the telencephalic plexuses of the mouse and hamster are
structurally very similar, one wonders why the mode of growth of the
 epithelium should differ in these closely related animals. Ameng
other possibilities, perhaps the different treatments (Colcemid
versus thymidine-B®) and time intervals (1-3 hours versus & hours)
used in these two studies may account for the differences found.

The epithelial cells lining the distal portions of the telene
cephalic plexus undergo a considerable decrease in size (high
columnar to cuboldal or low cuboidal) during development in the pig
(Flexner and Stiehler, 1938), in man (Rappers, 1958; Klosovski, 1963;
Shuangshoti and Netsky, 1966), in the cat (Purin, 1963), in the
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wabbit (Teumyson and Pappas, 1964), and in the chick (Smith, 1966).
4 similar change occurs in the hemster. In an imvestigstium of the
dovelopiag chick telemsephalic plexus, Smith (1966) noted that this
change in shape of the epithelial cells might be velated to either
the anstomical displacements undergone by the plewus or to "....some
internel veavrangements of cell comstituents....” (mitechondria)
(p. 386). However, Shusugshoti and Wetsky (1966), noting lavge
accunulations of sucin in the etroms of the distal portion of the
'...MW spreads the thick

to become the simple
mmuumumm

mumumumwm

Although bematomylin was used, there wes no large sccumulation of
mucin in the developing telencephslic plexus of the hamstew. This
cbservation s in keeping with that of Eappers (1958) for the mouse,
whose telencephalic plemus is movphologically very similar to thet
of the hameter. This change in shepe of the epithelisl cells
(posudostratified to cubvidal or low cuboidal) of the hamster telem~
ceptalic plemus nay be explained perhaps by the different growth
rates of the comnective tissue sad epithelial cells. If one coupares
the meen aitotic indices (Appendix II) of the commective tissue celle
with the epithelial cells in the stalk and distal portions of the
plemus, one finde that in the former they are appromimately the same
(13.11 and 13.22% respectively), wheveas in the latvter they differ
sorkedly (11.05 and 4.11% respectively). This letter diffevemce is



even more pronounced during both gestation and early postenatal
life (Tables II, III). Hence, it appears that the actively
proliferating connective tissue cells may be pushing the relatively
less active epithelium of the distal portion of the plexus inte the
brain ventricle, and that during this process the epithelisl cells
in this region become stretched and consequently flattened., In

the stalk region the epithelium remains unchanged since its mitotic
index is very similar to that of the stroma. A similar phenomenon
appears to be occurring also in the diencephalic and myelencephalic
plexuses.

In the diencephalic plexus, which possesses no stalk region
(pseudostratified), growth and extension of the choroidal epithelium
occurs maialy in the proximsl portions of the folds, whereas in the
myelencephalic plexus, which possesses both & stalk and folded avea,
growth and exteasion of the lining epithelium occurs in both the
stalk and proximal bhalves of the folds. Some growth of the
epithelium, albeit at & much lower rate, occurs also in the distal
portions of the folds of both of these plexuses. These observations
ave in keeping with those of Enudsen (1964) for Colcenid-treated
mouse embryos. Enudsen (1964) however compaved the growth of the
plexus epitheliunm to that of the epithelium lining the fatestine.
Presumably, he meant that, like the iatestinal epithelial cells,
those of the plexuses are formed in mitotically active zones at the
bases of the folds, and then leaving these zones, they glide up the
sides to the fold tips, where they are ezmtruded into the ventricular
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lumen. Hothing of this nature was observed ia the hamster. In

embryos obtained from females injected with tritiated thymidine
8t 24, 48, snd 72 hours prior teo sserifice most of the labeled
cells remained in the same locations where they were ian the esbryes
fron femsles injected 8 hours prior to sscrifics. In the formar,
mmummvumumwmm
sumber of grains per nucleus decressed. No evidence was found to
indicate that these labeled cells moved to the tips of the folds
(mpublished data).

A few suthors, using sutoradiographic methods (thymidine-i%),
have reported finding labeled choroidal spithelial cells ia adult
oasmele. Schultze and Ochlert (1960) reported finding some labeled
nucled in the choveid plexuses of adult vats and mice. In an suto~
radiographic investigation of neuroglia proliferation, Altman snd
Altwan (l!ﬂ)Wan. " ssstmcept for an occasional cell, the
celle of the chorodd plexus showed no labeling” (p. 316). In both of
these studies neither the plemuses examined, mor the cell types labeled,
and thetr locations in the plexuses were noted. Johason g% 8l.,
{1960) observed in men “....a modevate degree of DNA synthesis in
the epithelial cells of the choveid plemus...." (p. 638) of the
fourth ventricle. Shusagshoti and Netsky (1966) reported finding
labeled epithelial cells in the choroid plexuses of adult mice.
Although no actual counts were made, Messier sad Leblond (1960)
estimated the epithelial cells of the choreid plexuses of adult
male mice and vats to have & umitotic index between 0.4 « 1.0 per



cent, However, neither the plexuses examined (telencephalic,
diencephalic, myelencephalic) nor the locations of the labeled
cells (stalk, folded area, gt cetera) were indicated in these last
three studies.

In the adult bamster, mitotic activity of the epithelial
cells was very low in all regions of the plexuses (0 - 0.2%).
Proliferative activity of the comnective tissue cells, about
which no reports have been found, is also very low (0 - 0,3%)
in all of the plexuses of the adult hamster (Tables IX, III),

It is of interest to note that although Shusngshoti and
Netsky (1966), using "....deep multiple sectioning to rule out
artifact due to plane of the cut....”, suggested that in husan
plexuses a “,...slow proliferation of choroidal epithelium occurs
and is chavacterized by stratification and desquamation of
superficial epithelial cells, followed by replacement from
ad jacent underlying cells....” (p. 290), no such phenomenon was noted
in the plexus epithelium of the hamster.

Shuangshoti and Netsky (1966) reported that the epithelium
of the choroid plexuses of the third and fourth ventricles in the
human completed their differentiation before those of the lateral
ventricle. This occurs at approximately 31 weeks of gestation.
However, Rlosoveki (1963), in another investigation of the choroid
plexuses of man, noted that the epithelium lining all of the plexuses
acquire features characteristic of the adult plexuses during the
third month poet partum. Moreover, Purin (1963), in a study of the
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daveloplng plexuses of the cat, observed that the diencephalic
plexus epithelium completes its differentiation fivec (end of first
month post partus), followed by that of both the telencephalic and
ayelencephalic plexuses at 2 - 2.5 months post partum. In the
hameter yet another sequence occurs. The first plexus to acquire
features (adult shape of cell, adult mitotic index, and loss of
glycogen) characteristic of the adult plexus is the diencephalic
plexus (first week post partum), followed by the telencephalic plexus
(second week post partum), end last by the myelencephalic plexus

{end of fourth week).
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Appendix I

Pefinitions of the terms used to designate the velative smounts of
glycogen in the epithelial cells of the choroid plesuses.
1. Abundant - glycogen f£ills ome-half to theee-fourths of the
cytoplasm of the cell.
2. Modevate - glycogen fills ome-fourth to one-half of the
cytoplasa of the cell.
3. low - glycogen £ills less then one-fourth of the cytoplasm of
the cell.
4. Minimel - only o faint stippling of staimsble glycogen granules
is present in the cytoplgem of the csil,



Appendix II

Hean mitotic indices of the epithelial and commective tissue cells of
the telemcephalic and diemcephalic choroid plemuses of embryonic sad
neo-natal hamsters.

Telencaphalic Diencephalic
Ragion Area of fold of fold
Gpithelial Cells 13.99 411 9.60 3.45



