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A MITOTIC ACTIVITY IN THE HUMAN EPIDERMIS

Three viewpoints currently exist regarding the replacement mechanism
of desquamated skin. They are; (a) mitotic division of pre-existing cells,
(b) amitotic division of epidermal cells and (¢) migration and morphological
transformation of lymphocytes and/or other types of mesodermal cells into
epithelial cells.

This research was undertaken to investigate this problem in greater
detall than has been done up to the present time with the view of establishing
which met.hod, if sny, offers the most feasible explanation. The small number
of mitotic f:!.gnres which have been observed cn the usual histological preparse
tion has ledtmany workers to assume that mitotic replacement could not maine
tain the epidermal layer., Mitotlc rhythmicity has been observed in plants and
animals, We felt that this might also occur in the human epldermis.

We also observed the numbers of lymphocytes in the epidermis since
they, or other types of mesodermel cells, have been suggested to replace the
desquamating epidermal cells.

HISTORY

Te give some idea of how many mitotie figures have been counted in
adequately preserved materisl we can cite the work of Thuringer {192k and
1928) who counted one mitosis for 2,414 cells on the scelp, for 268,275 eells
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on the ear, and for 378,325 cells on the leg. Pinkus in 1953 whils reviewing
work done on this subject prepared a table in the fomm of mitotie indices
(mitoses counted per thousand cells). In this summary, which is a report on
the results of eight workers, it is noted that the mitotic index of various
regions of the human epidemis is considerably higher than that reported by
Thuringer. In the tabls most of the indices for the adult human epidermis
range from 1.6 to 0,1,

The rate of cellular desquamation for the normal human skin has
been studied by only ons worker, Sutton (1938) applied silver nitrate to the
surface of various parts of his body, He found that e period of seven to
eleven days elapsed before the stained area was worn off, He concluded that
this was the time needed for renewal of the stratum corneum, which he esti=
mated to consist of eight cell layers,

A mumber of investigateors have postulated that the epidermal cells
have a mesodermal origin, or a source other than epithelisl. Frisboes (1920)
eonsidered the epidermis as a syncytium without cell boundaries which is
permeated by tonofibrillee systems originating in specialized mother-cells
of mesodermal charecter. In 1928, Bostroem maintained that the epiderwis
was continually renewed by conversion of connectivee-tissue cells into epie-
thelial cells. As recently as 1950 a somewhat similar view was proposed by
Levander, Cameron {1936) stated that “epindle-shaped" mesodermal cells,
migrated into the epidermis of both normal and Xerayed skin. These sub-
sequently differentisted into epithelisl cells. Subjecting the arimals to
Xw~rays decreased the already low numbers of mitotic figures without changing
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the epidermal thickness. However, an increase in the mesodermal c¢ells bensath
the epldermis was observed which Cameron postulated would eventually migrate
into the epidermis.

Andrew and Andrew in 1949 introduced the hypothesis that a transe
formation of lymphooytes into epithelial cells ocourred in the numen epim
dsrmis, The migrating lymphocytes became transformed into "clear eells®,
whiech later differentiasted into the epidermal cells, All of the above view=
pointe were perhaps prompted by the supposedly insufficient rate of epidermal
mitosise

The second possibility to acoount for the pauaity of mitotie figures
would be explained by the faet that mitotic activity oceurs in "bursts® or
that there is a periodic rhythm,

Rhytimie mitotie eycles were first investigated in plants, Kellle
cott, in 190k, found mitotic activity to be at its meximum height at 11300 P.H;
in the omion root 4ip, and that the least amount of activity was seen at 7300
AM, Karsten (1918) reported that the grestest amount of mitotie activity
in Spirogvra was at 12100 midnight, For Zea mais mitotie activity reached a
maximm during the night with the least amount of activity during the day,.

In 1921 Stalfelt reported maximm activity for cellulsr division in the Piswm
sedativum cells a8 occurring at 9100 to 11400 AJ!. with a nindisem smount from
9100 to 11200 P.M, It is generally recognized, from the above work and also
from pumerous other investigations, that a periodic mitotic rhytim does exist
in the cell divieion of the organs of many plants,
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Fortuynevan Leyden {1916 and 1926) was the firet investigator to
report this phenomenon in animal tissues. Using six young kittens, sacrificed
at different hours during the day, she concluded that the greatest amount of
mitotie activity in the mesenteries, thymms, spleen, and lymph node was
essentially at 2130 AM. and the least amount at 2430 Pv.x‘. However, the
maximm mumber of mitoses occurred between 6530 and 12430 P.M, in the erypts
ef ILieberkuhn of the emall intestine, The mirdwem number m&%at 10130
AdM. On the contrary when using mice instead of cats, she found the maximum
mitotie activity in the intestinal glands to occur at 11600 AM., The minimm
activity was at 3300 A M. It i3 evident that the maxime and minima varied
for the two animals, and to & lesser extent for the different tissues of the
same animal,

A mumber of investigsters have studied the mitotie activity of the
mouse epidermis. Ortiz-Picon, in 1934, found the height of mitotie sctivity
to be at 12400 noon with lowest astivity at 12:00 P.M. In 1940, Cooper and
Franklin were generslly in sgreoment as was Bullough, in 1948, when they
reported highest activity between 10:00 A.M, and 4300 P.M. with 2 peak at
approximately 1100 P.M, Carleton, in 1934, was not in agreement with the
above as she contended the highest sctivity oceurred between 8300 P.M. and
12400 A.Ms, being lowest at 12300 noon., The above results would indicate that
considerable varistion has been observed on the same tissue by different
workers.

Another group working on the epidermis of the rat, notably, Blumenw
feld (1939), Babick {1951) and Halberg and co-workers (1954), observed that
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the peak of cellular division occurred at approximately 9:00 A.M, with lowest
petivity at night.

Cooper and Schiff, 1938, reported mitotio activity to be highest
at 9100 P.M. and lowest at 10:00 A.M, in the epidermal portion of the human
infant prepuce. Broders and Dublin in 1939 concluded that eellulér division
in foreskins of new~born human beings wes approximately twice as frequent at
night a8 in the daytime. Thirteen and twelve specimens respectively were used
for these observationsi

A further point of interest was indicated by the fact that the
mitotie rhythm varied from organ to organ within the same animal or plant.
For example Blumenfeld, (1942), subsequent to his investigation of the epie-
dermis, made a comparative study of the rate of mitotie activity in two
additional organs, the renal cortex and the submaxillary gland. In the renal
cortex the maximm frequency was during the afternoon and in the submaxillary
gland aetivity was fairly constant duving the day and night with the exception
of a sharp decline betwsen 2300 and L4200 A.M. This of course would indicate
different rhythms in different organs., On the contrary, Bullough {1948) in
his coamparative study of different organs specifically the escophagus, eple-
didymis and duodenal wmuocosa found that they generally agreed with his findings
for mitotic activity in the skin. Milletti (1950), however, reported a
definite diurnal rhythm in the multiplication of tells in the bone marrow from

the femir of the mouse, The pesk of this activity was at L4200 A.M. with the
minimal divisions ocourring at mid-day.




Elliott in 1936 found no evidence of mitotie rhythmicity in ime
mature or mature cartilege of cats, dogs, rabbits, mice or rats. This may

have been due to the lack of material.

MATERIALS AND METHODS

Samples of apparently healthy skin were collected in two ways,
first, by surgical procedure from patients undergoing surgery for one reason
or another and secondly by biopsy from volunteers. Five hundred samples of
skin were collected by the first method and one hundred and eighty by the
second, Originally it wss planned to utilize the tissue collected by the two
methods but later this was abandoned beeause the ssmples collected by surgical
procedure from persons undergolng surgery were concentrated during the morning
hours when most surgery is naturally performed. Too few specimens from night
hours were available, The tissue from voluntesrs was more equally distributed
over day and night periods. Furthemmore, the tissue collected by the biopsy
procedure gave us tissue from healthy, young men of an average age of approxie
mately twenty. In twelve instances the same volunteer subjected himself for
biopsy at two or three additional times during the twenty~four hour period.

The volunteers for skin biopsies were scheduled %o appear in groups
of ten at all hours during the day and evening, except for the hoursiof 6200
and T300 A.M. The skin was removed from either the right or left shoulder of
the volunteer by Dr. O'Sullivan, using a ki mm skin biopsy punch, {Latter was
supplied through the courtesy of Dr. Cleveland J. White,) The tissue sample




was placed in Bouin's fixative for at least twenty~four hours, Dehydration
vas accomplished by the usual slecohol procedure, it was then ¢leared in xylel
and embedded in paraffin,

Two millimeter strips of the entire depth of the epidermis were
carefully measured on the slides made from each sample, A1l the cells in
approximately four millimeters of tissue from each sample were counted in this
fashion, A1l the cells counted, which usually totaled 2,500 to 3,000 for the
four millimeter strip, were classified into lymphocytes, clear cells, chromow
somal, reconstruction snd “resting" or metabolice cells, The measurements of
each of these two millimeter strips wers made near the margin of the section
in order to avoid plaking areas indiseoriminately from the section. Each of
the two counted areas mentioned above as a consequence were widely separated,
An average of 9,2 biopsies per hour from 8¢00 A.M. through 5100 AM, were
studied in this project.

Experimental r?sulta ware subjected to statistical anal:,yéis by
known reliable methods,

The arithmetical mean by the forwula d = 44
n

vhere & = the variate or individual sample

where d = the mean of the varisble or total of the
individual samples for the period divided

by n
where n » the number of variates within the variable

The standard deviation by the formulas 8§ = !i{d - g}g
N e




The significance of differences were determined according
to the method of Fisher by the following expanded formulas

(d-3 —
H4-D2 - ty-5)° / %:l
N =N =2 XY

vhere d = the arithmetical mean of the experimental
variable

vhere § = the arithmstical mean of the control variable

vhere (d - d) = the sum of the extent to which the
variates differ from thelr mesn value
in relation to the experimental

vhere (y « ¥) = the same as {d - ) except that it
pertaine to the eontrol

whemlxnwenmﬂintha control variable
where sy = the number in the experimental variable

The probaebility or P values were taken from a standard table based on the
value of t and the number of variates,
EXPERIMENTAL RESULTS

Genersl observation of the epidermsl sections showed a considerable
variation in the morphology of the epidermal cells. The majority of the ocells,
peculiar to each layer, were readily identified as the metabolic or "resting

cell? stage.




The epidermis was composed of two layers: the at:!*atnm germinativum
(stratum mucosum) above the dermis and resting on a basenent membrane, often
called the living component; and the superficial layer, the comifled stratum
corneum, commonly referred to as consisting of noneliving cells (Figure 8),

The stratum germinativem (or mucosum) ordinarily consisted of thres
zones, The stratum basale consisted of a single proximal l‘ayer of cells which
had basal processes embedded in the substance of the basement membrane. The
latter membrane demarcated the dermis and epidermis (‘ﬁgural 9)e The stratum
spinosum, or "prickle cell layer", was superimposed upon th@ basal layer. This
layer oxdinaxily had a depth of three to five cells, The i&n‘bﬂ.ﬁﬂ&i@n of
this layer was simplified by the abundance of the intercellular bridges between
the cells ef this sons (Figure 10). The stratum gramlosum was the super=
fieial layer of the mucosum. This sone, which was one cell layer in thicke-
ness, was readily identified by the basophilic keratohyalin granules which
appeared in the eytoplasm (Figure 10). |

The stratum corneum of thin skin ordinarily cohsisted of the superw
ficiol dessicated cells of the epidermis. The cells, which ‘arn flattened
and cornified, had frequently lost a portion of their attachment to the eple-
thelial layer, Cells of this type ordinarily are classified as the sealy
layer (Figure 8). The flattened cell layer may be differentiated from the
previcus srea by the fact that the flattened cornified cells were maintained
in a relatively smooth layer.

The cells of the basal layer were usually cuboidal or fusiform,

sometimes colummar. Those of the stratum spinosum were polyhedral and
l R
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eylindrical but became increasingly flattened as the granmilosmmm was approached
(Pigzures 10 and 11), The metabolic cells of the basale and spinosum layers
were generally chamacterized by an essentislly finely gramular and lightly
stained cytoplasm. Tonofibrils were present, especially in the spinosum.
Varying amounts of pigment wers evident in the stratum basale and occasionally
in the stratum spinosum (Figure 12), Supramuclear caps were frequently
observed when pigment was not sbundant (Figure 10). Comnmecting the individmal
cells of the "prickle layer® were cytoplasmie processes which are commonly
referred to as intercellular bridges (Figure 10), The Bresting cells® of the
granulosum, l‘ur‘iod in quantity, were flattensd and angular and contained
coarse basophilie keratohyalin gramules, They possessed ill-defined mueled
and mtamilnlar bridges as both wers gradually becoming obliterated (Figure
10}.

The nuclei of the basale and spinosum strata were usually vesicular
in sppearance. The rmuslei of the basal zone wers smaller and more elangated
than those whisch appeared in the spinosum, which were usually spherieal to
oval {(Figure 11). The muclei of both lsyers were characterized by a promie
nent nuclear membrane, clearly differentiating it from the cytosome. Usually
two strongly basophilic nuclecli were present, very often located at opposite
peles of the nucleus. Multiform karyosomss situated among the finer granules
of chromatin were observed (Figure 10).

The epidermal cells in variocus stages of mitotic activity varied
considerably from the typical metabolic cells described above. 7The cells
which showed chromosomes were readily identified as undergoing mitosis. It
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was possible to identifly prophsse, metsphase, anaphsse and telophase stages
(Figures 10, 11, 12, 13, 1, and 16), These cells have a clear area about
the chromosome mass, which can also be observed previous to the advent of
chromosomes as well as after their dissolution in the reconstruction phase.
Those which showed the above stages are classified as the "chromosomal stages®
in the tables,

A second veriation in the morphology of the dividing epidermal cell
wag apparent. Thess oells were the earlier prophase stages in the process of
mitotic diviszion., Typieally they exhibited a more condensed, deeply stained,
or sometimes fibrillar nucleus which was well demarcated by a clear area of
the eytoplasm (Figures 15 and 17). Ismediately about the disphanous ecentral
cytoplasm was 8 thin layer of finely grmamilar cyteplasm which sppeared to
Jein the adjatent cells with numercus intercellular bridges, These are the
cells which have been desiznated as the "clear ¢ells®, in the tables,

3t411 another modification was the sppearsnce of cells which wers
seen in duplicate., These were continuous aslong one margin or wers separated
by a fine plesma membrane which did not show any evidence, at least in the
early stages, of intere¢ellular bridges. All other msrgins of these cells
showed numerous fine cytoplasmie bridges which joined adjasent cells (Figure
17). The nucleus was variable in structure appearing as a dense basephilic
mags, rether large reticulated chromatin clumps, or aspproaching what could
be termed a vesicular nucleus. A clear or diaphanous zome was still spparent
ebout the m;eleus in the earlier stages of this phase., These cells were

classified as the "reconstruction cellsh,
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The possibility of confusion between “clear cells™ and ¥recons
strustion cella®, hesanse of thelr morphological similarity at certain stagea,
exists (Figure 17). However, this was minimized by establishing the criterion
that ®clear cells® were obviously single elements, whersas all eclls classim
fied as reconstructing were present in duplicate. It was still possible to
mistakenly idéntify one member of g reccnstruction pair for a Pclear cell®
if the other member wes present in a different plane smd eould not be seen.

"Qlear cells® were not mumerous during the day {Figures 1 and L
Table I), with the exception of a 2400 P.M. deviation at which time L.l »
0.81 percent of a1l cells counted were classified in this eategory. The
second pesk of asctivity oceurred at 12100 midnight and showed k.k$ + O.49
percent of the cells in this sbage. The peak of Polear cell® actdvity
ususlly preceded the pesk of the "chromosomal stage¥ (Figure k).

%It is apparent (Figures 2 and Lj Table I) that the "chromesomal
stages® of éutiviby were infrequent from 8400 4.M. to 10800 P.M., with the
exception of a smell increase at LsOO P.M. At this time 2,89 # 0,12 percent
of the cells was observed in the ®chromosomal stages®, The pronocumged
increase began to esour at 10:00 P.M., and reached & sumit et 12300 midnight
with 6,05 » "0.33 percent of all cells in the typieal stegss {(prophase, metaw
phase, anaphase and telophase) of mitotie mctivity until 5¢00 AM. when the
daily sverage activity was again spproached.

The meximm increases in the "reconstruction cells™ were attained
approximately three hours after the primary (12¢00 midnight) and secondary
(4100 P.M.) mehromosomal stages®s At 7500 P.M. it may be noted that
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3429 * O.uB percent of all cells were in this phase. At three o'clock in the
morning 8432 4 0,91 percent of the cells observed were elassified in this
category (Figures 3 and Lj Table I),

The data indicated that the primary was approximately twice the
magnitude of the seeondary cycle.(Figure 7). The ssme relstionship can slso
be observed for the 7¢00 P.M. and the 3300 A.M. reconstruction pesks (Figure
L)e This would indicate that the aceumulation of "reconstructing e;lls" R
after sach peak of mitotde activity, is rather sonstant.

The time necessary for the complete cycle of cell division, from
the advent of the "clear cell! to the appearsnse of the *reconstruction cells®,
was estimated from the evidence obtained. Figure b indicates that “clear cell”
activity showed a gradual progressive incresse at 5:00 P.M, Two hours sube
sequent to the beginning of this increase a similar phencmenon was evident for
the *ehmémal phazes®, At 9100 P.M, the beginning of an increment in
*reconstruction cells" may be observed, This would indicate a lapse of two
hours from the inchoation of "clear cell" activity to the advent of ¥ochromoe
somal stages® and two additional hours for the advent of the recomstruction
increase or a total of four hours from the beginning of the first phase (clear
cell) to the begimning of the third phase (reconstruction cells),

Further evidence to support this is manifested by the "clear cell®
rise sesn at 2100 P.M., followed two hours later (4300 P.M.) by the secondary
"chromosomal phase® cyele and still three hours later (7100 P,M.) a peak of
"reconatruction cell" activity is attained (Figure L), The time intervening
between the 2100 P.M. "clear cell® pesk and the 7300 P.M. resonstruction peak
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was five hours. However, the time lapse between the beginning of the increase
in %elear cells® at 2300 P.K. to the beginning of the 6:00 P.M, increase in
sreconstruction cells® was sgain four hours.

The 12400 P.M, (midnight) peak in “"chromosomal phsse" asctivity
(Figure ) is not preceded by a two hour previocus "clear cell™ prodecdssor
but 1t does have s reconstruetion peak following three hours later as was seen
during the day, The time elapsing between the beginming of the sharp rise in
"chromosomal cells® at 10300 P.M. and the bsgimming of the rise in Frecolim
struction cells® at 12¢00 P.M. 18 again two hours,

It is postulated from the above evidence that the total time rew
quired for the complste cycle of cell division is from four to five hours.

The data, thus far examined, has ccnsidered the fluctuations of
the categories into which the process of cell division has been divided; for
example "clear¥, *chromosomal® and "recomstruecting cells®. By combining the
data for each of the above categorises the compXete mitotds activity for any
given hour may be obiained.

The major and minor peaks of mitosis which have been referred to
previously again are spparent (Figure 7). In this instance one sannet only
observe the increased activity but also the pericd of time over which the
increased activity extends, The minor cycle has a duration of three hours and
represented an increase of 100 percent over the average deily mitotic ‘activity,
The major ¢ycls, which represents an increased activity of aslmost 200 percent,

extends over a period of six hours,
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The fmitisl increase in the major and minor period is due to
inereased mmbers of cells in early stages of division =~ the "elesr cells%
(Figures 1 and L), The masintenance of peak of asctivity is sssoclated with the
incressed mumbers of cells in "chromosomal stages (Figures 2 and L). The
peak of the peried of reccnstruction of the daughter cells (Figures 3 and k)
was primarily responsible for the maintensnce of the last portion of the cycle,

Another interesting and significent phenomens wzs the localizetion
of eellular divisions into what were designated és "nests®, These were
especially prevalent during the periods of great astivity., It was not uncome
mon to find relatively inactive, ir sc far as cellular divieion was concerned,
adjacent regions for quite some distanse from these sctive regions. In
general, however, variocus stages of division were very easy to recognize,
though not as numercus as in the "nest srees¥, throughout the epidermis dure
ing pesks of aotivity. This la perhaps the same phenomenon described by
Flemming in 188) while working on the epidermis of adult rabbits, guinea pigs
and cate, when he described the ocecurrence of cells growing “schubweise®, for
example, in shifts. It 1s elso quite probable that this "nest effect® is the
same idea which Thuringer {1928) desoribed while working on epidermis of the
prepuce, He stated, "It was possible to count as many as ten to fourteem
figures under high power { X 40O ) in a single field through the center of a
"erowth wave®, while toward the periphery of these proliferation centers the
number of mitetie figures would taper off to zero.®

Cells undergoing division were not confined to the basal layer, as
was once thought, but were scattered throughout the stratum germinativum,
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predominating in the middle and lower regions of the stratum spinsoum and
basal leyers, During periods of relative inactivity it was observed that the
majority of the few dividing cells were confined to the hasal layer,

There was no evidence of lymphocyte or of any other mesodermal
elements transforming into epithelial cells, ILymphocytes, usually confined
to the basal layer, constituted less than one percent of all cells in the
epidermis, In only one instance was a rate as high as four percent observed,
They did resemble the "c¢lear cell®™ in that the nuclei of both were frequently
dark and appeared pyenotic. The nucleus of the lymphocyte was surrounded by
an agranular, clear cytoplasm. The epithelial "clear cell", however, showed
the presence of an additional rim of finely gramular cytoplasm which was
continuous with adjacent cells by means of mmerous intercellular bridges,
There was also a size variation, lymphooytes being 1/3 to 1/L the diameter
of the epithelial "clear cell®,

There appeared to be a minor and major peak of cell division,

In order to determine whether the same individual followed the yhythmic cycle
of cell division or not, second and third biopsies were subsequently taken at
variable periods during the day, The results of this study were tabulated in
Table II. The cell multiplication in practically all instances paralleled
that of the overall activity obtained for the speeific hourly period, For
example 1f the hour, from which the biopsy was obtained, was rather inactive
for the group the same would hold true for the individual and vice versa,

The difference in the mitotic cell counts was frequently insignificant,
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DISCUSSION

The traditional concept of indirset cell~division (mitosis) which
includes the prophase, metephase, ansphase and telophase stages has a definite
pedagogical value, However it does not emphasize the cytoplasmie modifications
which precede, accompany and follow the chromosomal divisions. Observations
in this laboratory en the human epidermis, as well as on tissues derived from
verious other sources, show a "halo® (or clesr area) developing about the
nucleus in the early phases of indirect cell division. As the karyosomal
changes progress through the spireme to the "chromosomal stages", the clear
area surrcunding the nucleus becomes larger and more distinct, Therefore in
our study, the cells, which are classified as "clear cells®, represent the
early stages of the prophase,

Figure 18 illustretes the clear zone effect in the epidermis of the
Amblystoma larva, Here a mitotie figure (metaphase) 1s seen surrcunded by a
clear sone, It can be postulsted that the clear gone is necessitated by the
fact that there will be turbumlent nueclear reorganization and it would only
seem reasonable that some chenges in the cyvtoplasmic viscosity would precede
karyokinesis. Sharpe (1934) states that cytoplaesmic viscosity varies greatly
at different stages of cell-division and differentiation. It is belisved
that the clearing effect can be chserved, sven more clearly, when viewing

rapid motion pictures taken of mitosis from tissue culture.
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Statistical analysis offers evidence to support the validity of the
experimental results, The P values for "lear cell® activity during each of
the hours, 11100 P.M., 12100 midnight, and 1100 AM., was 01, which is very
significant (Figure 5). A dally average, of 1.68 percent, which was used as
the contrel in the calculation, was derived fm the hours of 2:00 A.M,
through 10400 P.M, The least amount of activity was observed at 1100 P.M.
with a d value of 0,40 (Table I)s Another analysis relating to the 2100 P.M,
inorement in "olear cell® activity manifested a P valus of .02 (Figure 6),
The dally a@amo, of 1.53 percent, was cbtained from the hours of 3:00 P.M,
through 1400 P.M., exclusive of the 11400 P.M., 12:00 midnight, and 1¢00 A.M.
hours.

The "chromosomal cell® peaks st 11:00 P.M., 12¢00 midnight, and 1100
AM,; were caloulated against a daily aritimetical mean of 1l.lki obtained from
the seme hours as the aforementioned Wclear celle*, revesled a P value of .05,
01 and ,01 ;vmspeetivelar (Hgnm 5)e The smallest d value for any cme hour
in the cent:}ol was 0,26 (Table I). The secondary mitotic oycle at L4100 P.M.
vossessed afP value of 01 (Figure 6). This was caleulated against a control
with an arithmetieal mean of 1.36 ohtained from the hours of 5:00 P.M, through
3100 P.M., exclusive of the peak hours of 11100 P.M., 12100 midnight, and
1100 A.M.

Another significant P value of .01 was obtained for both the 2100 A.M,
and 3300 A.M. reconstruction increases in activity (Figure 5). The daily
average with an arithmetical mean of 2,42 was obtained from the hours between
L4100 A.M, through 1100 A,M, The smallest d value was seen at 1:00 PyM. and

*
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had a value of 0,51, The 7400 P.M. increase in reconstruction activity hed a
P value of 0.2 (Figure 6), This was caleulated sgainst a daily average with
an arithmetical mean of 2,42 obtained from the hours 8300 A.M. through 5300
AM,, exclusive of the 2300 A.M. and 3100 A.M, peak hours.

The results of the caleulations of the stendard deviation are best
explained in Table ], The variation that does exist seems to be associated
with the degree of activity., Whenever considerable activity occurs the stan-
dard deviation is a little higher. Thiz could be dus to the diffigulties
encountered in identificatiom. The data which has been classified as "Chromoe
somal cells" revealed the most significant maulta, and likewise wers the
least variable for the specified periods, ms may be explained by the fact
that the cells containing chromosomes were éapablq of positive identificatien
whereas the ®clear® and "reconstruction pha?ies* could present classification
difficulties, For example a cell identified as a "clear cell® could cone
celvably be a member of a reconstructing palr with the other member missing
because of its position in another plane or section, The inferenee would
seem to follow that veriation in the *chromosomal cells" would perhaps resemble
more closely biological variation whersas the "clear® and "reconstruction
cells® would be blological plus the larger error of identification. It must
further be noted that the "nest" effect would be conducive to variation as
the two mm strips were measured, with no attempt to take into consideration
the number of "nests® in the partiewlar strip. If the number of ®"nests® in
all strips were equsl then there would be less chance for variation. It is
concludaed that the standard deviation is quite low when all factors which




could induce error are considered.

It is spparent that there are two pesks of activity insofar as
"shromosome stages® are concerned, One oecurred during the day at L300 P.M.
(minor cycle) and the other at 12300 midnight (major cycle), The msjor cyvle
has spproximately twice the magnitude of that seen during the minor cyele,
The same for the most part, is true of the clear and reconstruction activity.
When sll three types of cells are combined we notice that the minor cycle had
a durstion of three hours and shows an inersm of 100 percent in mitotie
activity over the daily average. The major cysle, which represents an increase
in activity of almoat 200 percent, extended over a period of six hours, It
is obvious that the majority of the activity takes place at night, which
Broders and Dublin, as well as Cooper and Schiff, had cbserved from their
sparse sampling, This, of course, is just ths opposite to that of the epie
dermis of the rat or mouse.

Our evidence indicates that the epiderma) replacement mechanism iz
mitotie activity and it further explains why the impression of a relative lasck
of mitotiec figures has been stated in the literature, It is doubtful that
mch tissue was taken from individuals for routine exsmination duz:uxg the
hours of maximm mitotic activity. It is more probable that the ma,jéz‘ity was
taken during the late morming hours when setivity was at its lowest ébb.

It is not possible, at this time, to offer sny explanntianzas to
why a diurmnal periodicity exists. OCertainly it iz safe to assume that any
study of pmologicnl factors which are considered to be mitogenia or of
mitotic indices, would necessarily be more valid if this periodicity were
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given censiderstion. Seversl physiological factors have been investigsted
by Bullough {1948) in relation to the mitotic periodicity in mice. He ree
ported an increase in epidermal glycogen gontent during aleep, when the mitow
tiec rate incresses., With the onset of sleep glucoss is deposited from the
blood into the tissues where it appears in the form of glycogen. On awskening
the reverse process takes placs. He considers this glucose or glycogen ts be
the critical substance affecting mitotie activity in the adult mouse. Bule
lough further stated that there seemed to be no reason to doubt that the same
would be equally spplicable to man, If this is the case in man it ia not the
oreet of sleep itself that is responsible for the depesition of the glucose
into the epidermis becauss the majority of the night volunteers had not slept
prior to presenting themeselves for biopsy., This was especially true for
those subjecting themselves to blopsy duvring the peak period of setivity.
Bullough also reported that excessive mussular exercise is followed by an
abnormal depression in mitotie rate. In this study the evening voluntoers
were for the most part more active prior to giving tissue than they were dure
ing the earlier hours of the day as many of them engaged in recreation in

the nearby gymnasium, as they awaited their turn, while during the day the
majority spent thelr time sitting in the claasroom,

Certainly an investigation of the glycogen content, effect of
envirommental temperature, seasonal changes, possible evidence of nuclear
Protein synthesis plus the poasibility of a reversal in this perdodicity are
worthy of investigation. One contemplated way of appreaching the possibility
of a reversal is to secure biopsies from individuals who have reversed their




sleeping hsbits, such as night workers in factories.

One can conclude that the eyelie divrnal periodicity is an ultde
mate expression of certaln mitogenic factors, whether they be hormonsal, nutrie
tion, temperature, environmental, physiological state, age or sex,

In any study of mitogenie fastors or of mitotic indices the reliae
bility would seem to necessarily depend on the considsration given'to the
periodicity, |

SUMMARY

le The replacement or increase of the epithelial cells in the mman epidermis
is sccomplished by mitesis. Thie mitotie nctiviéw occurred in
daily cycles. |

2, Three major categories of cells, within this mechanism ‘or ecellular divi-
sion have been described. They are; first the "dlear cell® which
ia characterized by an inner clear zons in the cham which makes
its appearance before major nuclear morganizatio;n takes place and
remeins until the danghter cell has attained mat | ty, at which time
it disappearsj secondly, the typical "chromoasome stages® {prophase,
metaphase, anaphase and telophase) and finally the ®"recomstruction
cell® which is present in duplicate and is likeﬂiwu charasterized
by the clear zZone mentioned above.

3¢ The three types of cells manifest a primsry and secondary daily rhytlm in

their occurrence, The primary rhythm for the 'el#xar cell® attains
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its peak at 12:00 midnight and has a P value of ,01 which is very
significant, The secondary ocecurs at 2300 P.M, and, though not as
significant, it does have a P value of ,02, "Chromosomal cells"
are highest at 12400 midnight and have a very significant P value
of .0le The secondary mitotic oyele occurs at L#00 P.M. and it
also has a P value of ,0l. The "reconstruction cell™ attains maxiw
mm magnitude at 3100 AM, and has a P value of «01 whieh is very
significant. The minor mlo for "resonstruction cslls®, occourring
at 7100 P.M., because of its P value of 0,2, cannot be considered
significant as the lavel of significance was established at (05,

Lo When combining all three types of cells the major cyele manifested an
increased activity of almost 200 percent over the daily average and
extended over a period of six hours, The minor cycle had a dura~
tion of three hours end represented an increase of 100 percent in
mitotic activity.

S5 The approximate time for a cell to divide, based on the appearance and
activity during the twenty four hour period, of the three categories
of cells has heen estimated at four to five hours. For example,
Rglear cells® precaede "chromogomal cells® by two hours and recone
structions follow the “chromosomal phase® by approximately two
hours,

6e cellulag- divieion frequently ocourred in localized regiocns designated
as "nests® and often were surrounded by relative inactive adjacent
regions. This was especially true during periods of great activity.
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Te Cells undergoing division were most frequently observed in the middls and
lower rogions of the stratum spinosum and basale, during periods of
high activity. During relatively inactive periods the majority of
the mitotie figures were in the basal layer.

8. There was no evidence of lymphocyte or of any other mesodermal elements

transforming into epitheliasl cells,
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TABLE I
HOURLY ARITHMETICAL MEAN OF CLEAR, CHROMOSOMAL AND RECONSTRUCTION
CELLS WITH STANDARD DEVIATION

HOUR OF DAY CLEAR CELLS FECONSTRUCTION CELLS
8200 AJM. 1.05 + .21 1.13 # 0.22 3.59 + 0.5k
9400 A.M, 1.3 2 0.1k 045 ¢ 0.08 2,79 0.1
10400 A.M. 0.65 % 0,07 0.62 + 0,16 1.01 + 0.18
11100 A.M. 0.61 + 0.07 0,26 + 0.0k 0.66 + 0.15
12000 A.M. 1.19 * 0.12 0.92 + 0.15 1.26 + 0.16
1:00 P.M. 0.0 ¢ 0,08 0.37 % 0.07 0.51 + 0,08
2100 P.M. holi6 + 0.82 1.k5 # 0,30 Lo15 ¢ 0,66
3100 P.M. 2,20 & 0.b5 1,50 # 0,29 Le27 + 0.83
L1500 P.M. 1.06 + 0,03 2.89 + 0,12 3.35 + 0,13
5300 P.M. 1.33 £ 0.35 1.26 + 0.17 2,02 + 0,58
6100 P.H. 1.35 + 0,15 0.70 # 0,12 2,11 » 0.32
7100 P.M. 1.65 + 0.21 1.00 + 0,23 3.29 + 010
8100 PuMe 1.27 + 0,18 1.1k * 0,09 1.85 + 0,43
9:00 P.M. 1.68 + 0.26 1.23 + 0,07 1.89 * 0.23
10:00 P.M. 1.18 + 0.31 2.hy + 0.42 1.9k + 0,67
11:00 P.M. 3,19 + 0.k 2,61 # 0,37 1.49 + O.hh
12100 P.M. Lh9 + 049 6405 + 0.33 1.5k # 0.L9




HOUR OF DAY RECONSTRUCTION CELLS
1100 A.M, 3.59  0.58 .86 + 0.39 2.91 * 0.bS
2:00 A.M. 3.15 * 0.57 3.02 + 0.36 475 + 0.61
3:00 A.M, 3.08 + 0.08 2.97 + 0.25 8.32 + 0,91
L1300 A.M. 2,37 £ 0.3 2.05 + 0.26 4.18 + 0.17
5500 A.M. 1.87 + 0,29 2.00 + 0.33 412 + 0,11




TABLE IX
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COMPARISON OF PERCENTAGES FOR BIOPSIES FROM
SAME INDIVIDUAL WITH HOURLY AVERAGE

HOURS OF CLEAR CELIS CHROMOSOMAL PHASE|| RECONSTRUGTION CELLS

BIOPSIES

FROM SAME

INDIVIDUAL Compared Compared Compared

F’am‘k with daily|[Percent|with daily||Percent |with daily
aversge average average

11200 P,.M, 3028 3.19 2.“ 2»& .69 1.h9
1300 A.M.|| 3.55 | 3.59 7.35 | L.86 2,38 | 2.97
5100 AM. || 3.05 | 1.87 .29 | 2.00 k.35 | k.12

1e‘m Poﬁc 1.02 1.31 2.61 2uhll, ohl 10&0

12‘% PJ!. 5.07 h.w 6012 6.05 1.2& 105h
5:90 AM,. 2009 1.87 1‘12 2;% 2509 h012
9500 P.M.|| 1.38 1.63 1.01 1.23 1.0k 1.94
1400 AM. || 3.4k | 3.59 5.55 | L.86 2,78 | 2.97
luﬁ@ F.H, cn 2037 2.95 . 2095 3‘1].9 h.J.B
k200 PML|| 1,13 | 2.37 1.95 | 2.05 3.65 | k.o
8100 P.M. «8hL 1.13 1.16 1.1k 89 1.98
1100 AJMo|| 3.kb 3.59 5e55 he86 2.78 2.97

12:00 P.M. || 3.81 L.h9 5,01 6.05 o76 1.54

10300 P.M. || 1a72 1.2 3.02 2.4k 1.83 1.80




TABLE Il-continmed
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HOURS OF CLEAR CELLS CHROMOSOMAL CEIJS? RECONSTRUCTION CELLS

BIOPSIES

IEDI’VIBHAXT Compared Compared Compared

[Percent |with daily|[Percent|with dailyj[Percent|with daily
average average average

SIM AJM. 1053 1.87 1063 2,00 303? hou
8100 A.M. oTL 1.05 2,59 1.13 3.24 3.59
1400 AM.|| 2,85 3.59 ke10 L.86 1.60 2.97
7'% P.M. 1068 1‘65 .61 1.90 2.22 3.29
1300 AJM.|| 1.59 2.59 3.08 Le86 83 297
3860 A.H. 3062 3.15 3‘52 3062 h‘n h'?;
5300 PM.|| <99 | 1.87 1.23 | 2.00 3.39 | hLel2
7!& P.M, 1027 loés 035 1.00 3006 3029
h:QO AN, 3.81 2:37 1099 2005 2026 h.lﬂ
8:00 AJM, -67 1005 10211 1-13 2099 3059

10‘“3 FOH. .hg 1031 1090 20'&1‘ 1'67 1086

103% P.M. 068 1031 2.7!& 2.% 2.’-‘3 1.50

midnight
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Figure 1.

Variation in c¢lear cell activity
during the twenty four hour periode
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Figure 2, Variation in the chromosome phase activity
i during the twenty four hour period.
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Figure 3. Variation in reconstruction cell activity
during the twenty four hour period.
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COMBINED AVERAGE HOURLY ACTIVITY FOR CLEAR i
HROMOSOME AND RECONSTRUCTION CELLS : il

Variation in the activity of clear,

ko chromosomal and reconstruction cells.
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Figure Se

Statistical values of the major peaks of
activity for clear, chromosomal and reconw
struction cells. The numerical values 3.15,
3,02 and L4.27 indicates the maximum percen=
tage activity for any one hour of the hours
used to caleculate the daily average. Likew
wise the numerical values of C.h, 0.26 and

0.5 indicate the lowest percent of activity
during this same period.
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Figure 6.

Statistical values for secondary pesks of activity
for clear, chromosomal and reeconstruction cells.
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COMBINED HOURLY ACTIVITY

Figure 7. Graph represents total hourly activity for | 10% \\
¢lear, chromosomal and reconstruction cells. ‘ 8% / /
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PLATE I .
Abbreviationss 5
I Ae. = Stratum corneum (scaly layer)
B. = Stratum germinativum (mucosum) A
!1\ C‘o - B@m.
| D, = Sebaceous gland
E., = Hair follicle
v C
Human epidermis. Note two main layers of i D
epidermis superimposed on the dermisj the ? 4
stratum corneum and stratum germinativum )
(mucosum). Also note hair follicle and
sebaceous gland., 75X. All photemicroe
graphs are material fixed in Bouin's fluid 4
and stained with iron Hematoxylin. | :
® !.\
i { R |
f;y |
| |
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PLATE II

' Abbraviatimc

A, = Basement membrane
Bo o Dermis

Figure 9

Human epidermis., Note basement membrane
separating the basal processes of the
cells of the stratum basale from the
dermis 19OOX.




PLATE IIX

Abbreviationss

Ae = Stratum granulosum
B, « Hucleoli (two)

0, = Intercellular bridges
Ds = Supra nuclear caps

Ee = Karyosomes

Figure 10

Human epidermis. Note stratum basale with supra
nuclear caps over nuclel, stratum germinativum
(mcosum) and stratum gramulosum. Also note
nuclear membrane, multiform karyosomes, promie
nent basophilic nucleoli, and intercellular
bridges. Note early prophase in lower spinosum
showing clear zone and rim of cytoplasm GOn=
necting to other cells of the spinosum. 1900X.

43




PLATE IV

* Abbreviations:

Ao = Stratum granulosum
B, = Fusiform nucleus of basal layer

Figure 11

fuman epidermis, Note fusiform nucleus of basal
layer and flattened nuclei of stratum granulosume
Also observe that the nuelei of the superficial
cells of the spinosum become flattened and angular
adjacent to the margin of the stratum granulosum.
1900%.




PIATE V

Abbreviation:

A, = Cell in telophase stage of division
B, = Diffuse pigment '

Figure 12

Note telophase, in lower spinosum, with
clear zone surrounding the muclei, presence
of intercellulsr bridges at periphery of
two daughter cells. Intergcellular bridges
have not yet appeared between the two
daughter cells, Also note abundance of




PIATE VI

Figure 13

Human epidermis. Hote anaphase in center

of figure located in middle of spinosum.
Also note ¢lear gzone around nuclear material.
1900X.




PLATE VII

Figure 1h

man epidermis. Note early prophsse, located
in spinosum, elear zone arcund nucleus and rim
of cytoplasm attached to adjacent cells. 1900X,

Figure 1k
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PLATE VIIX

Abbreviationss:

Ae = Typical clear cell

Figure 15

Human epidervis. Note very early clear cell -

with rim of cytoplasm connected to other
adjacent cells by intercellular bridges.
1900«

Figure 15




PLATE IX

Figure 16

Human epidermis, Note early prophase
showing clear zone and intercellular
bridges in stratum spinosum, 1900K.
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PLATE X

Abbreviationss

As = Typical reconstruetion cell
Be = Typical early clear cell

Figure 17

Human epidermis. Note typical single
early cell with rim of cytoplasm
connected to cytoplasm of adjacent
cells by intercellular bridges. Also
note typical duplicate reconstruction
cells with large clear zone still
presents 1900X.




PLATE XI

Figure 18

Epidermise Amblystema larva. Note mitotie
figure (metaphase) with clear zone around
chromosomal masse 450K
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APPENDIX I

STATISTICAL DATA FOR 8:00 AJM,

53

CLEAR CELLS CHROMOSOMAL STAGES || RECONSTRUCTION CELLS
d [(¢-3) (a-a)g d (d-D <a~‘«n‘5 d (4= | (a-D?
1.10| 0,05 #0125 10,5k 59 o381 ||S.1h | 1.55 2.44025
1,27 0.22 +OLBL |(1.01 12 JOhly (12413 | 1.k6 2.1316
1,94 0.89 o791 |15 32 «102h 12,7k | 0,85 o7225
0.81| 0.24 +0576 ||0.52 o61 o371 [|Le83 | .24 1,5376
0.76| 0,29 +08L1 ||0.35 78 608l {12.25 | 1.34 1.7956
2,57 1.52 2,3104 ||1.55 oh2 o176l |[7.59 | L.OO 16,0000
.29 0.2 | L0576 |[0.k7 | .66 | 356 |[boS | .87 <7569
0e53| 0,52 »270L |1,02 J1 121 (1291 | .68 62k
0.67| 0,38 olhlily |1.2h JI1 L0121 (12,99 | J60 «3600
0.7L| 0434 1156 (12,59 | 1.6 | 2.1316 [|3.2h | L35 #1225

fotal (4 - D? = 3,893
Arithmetical

Hean

Standard
dsvistion

- 105

Total (4 = T2 = 4,2132

Arithmetical
Moan

Standard
deviation

=113

-+ 0,22

Arithmetical
Mean

Standard
deviation

Totel (d - 3)%= 26,2926

- 3g59

'10»5&




APPENDIX I

STATISTICAL DATA FOR 9100 A.M,

CHROMOSCOMAL STAGES

CLEAR CELLS RECONSTRUCTION CELLS

d (- | (@-MDF a [(d-D | (a -.E)A d [(@ed |(a-D2
L.ak| 0.29 «O08L1 (0417 | 0.28 JO784 ||2.78 | 0.0 «0001,
174 0.31 <0961 ||Okk | 0,01 +0001 (2,42 | 0,37 1369
1.82( 0,39 o152 |[0.L8 | 0.03 «0009 ||1.83 | 0,96 v9216
0,86| 0.57 «32k9 ||0.29 | 0416 | $0256 |[2.58 | 0,21 Ol
1,39 0.04 <0016 |[0.19 | 0.26 0676 (2,30 | 0.L9 2Mm
1.90 | 0,47 «2209 (0495 | 0450 «2500 ||1e12 | 1.67 2,7889
0.55| 0488 | o77hh ||0.17 | 0.28 | .O78h |[3.89 | 1,10 1.2100
15| 0402 +000k (|0.83 | ©0.38 odhlily |[5.84 | 3.05 943025
0.94 | O.k9 o2401 {0438 | 0.07 «00k9 |[2427 | 0.52 «270L

Mean

Standard
deviation

Total (d « 3)2 = 1.8946
Arithmetical

bd lohB

-4 Ou1h

Total (4 = T)2 = 6503

Arithmetical
Mean

Standard
deviation

Arithmetical
= 0,45 Mesn

Standard
-+ 0.08 deviation

Total (d - T)° = 149146

= 2,79

“zbeohg




APPENDIX I

STATISTICAL DATA FOR 10100 AM,

CLEAR CELLS CHROMOSOMAL STAGES RECONSTRUGTION CRLLS
¢ |(@-D | @-2% ¢ [(@-D |@-D] a [(@-D | (a-D?
0032] 0.33 | 1089 |lo.2k | 0.38 | .k [jo.80 | 0.22 <Ol
0,66 0,01 +000L ||0.hk | 0.18 032k |]3.00 | o.02 »0001
1.08| 0.k3 | .1849 |l0.58 | 0.0k | 0018 ||6.65 | 0.36 #1296
0.69| 0,04 L0016 ([0.62 | 0,0 | 0,0 1.84 | 0,83 +6889
1,01 0.36 1296 [[0.60 | 0,02 +000L (10,47 | 0.5k «2916
0.78| 0,13 0169 [|0.37 | 0.25 J0625 (1,30 | 0.29 08I
0.83| 0.18 O3h 0,28 | 0.3k | 156 [|0.65 | 0,36 1296
0.65| 0.0 0.0 0.39 | 0.23 0529 |[1.39 | 0.38 o1hhly
0.37| ©.28 0784 (/0,09 | 0.53 ~2809 (j3.04 | 0,03 0009
02| 0.23 40529 110423 | 0.39 1521 |0.73 | 0.28 «0784
0.57| 0.08 $006h 12,01 | 139 | 1.9321 [[1.15 | 0.1k <0196

Total {d - T2 = 100
Arithmetical

Heaan

Standard
deviation

= 6065 Mean

Total (d » 8)2 = 2, 77h9
Arithmetical

Standard
= + 0,07 deviation

- 0,62

Total {d = )2 = 3,6113

Arithmetical

Hean
Standaxd

=+ 0,159 deviation

= 1,8

'iaom




APPENDIX I

STATISTICAL DATA FOR 11300 A.M,

56

OLEAR CELLS CHROMOSOMAL STAGES || RECONSTRUCTION CELLS
¢ [(a-D | @-DF & [(a-D |(@-DY ¢ |(4-D |(a-~-2
0s62| 0,01 W000L 0.0 | 0,26 | L0001 |{1.56 | 0.90 +8100
0.38| 0,23 0529 (10,18 | 0,08 O06h (|04 | 0,17 | L0289
0.87| 0.26 0676 (0,42 | 0416 0256 ||1.52 | 0.86 7396
0.94| 0.33 J1089 ||0.25 | 0.00 +0001 |((0.87 | 0.21 0l
0.56| 0.08 0025 (10,34 | 0.08 »006l (11,00 | 0.3k #1156
0.,90| 0.3 <0961 (10,38 | 0,12 SOk {|0.3h | 0,12 Ralil
0.7L| 0,10 | ,0100 (10,28 | 0.02 «000L ||0.59 | 0,07 «00k9
0.27| 034 1156 |(0,15 | 0.11 #0121 {|0.0L | 0465 4225
Oli0| 0.21 0Lkl ||0.29 | 0,03 0009 [|0.k0 | 0426 0676
0.66| 0.05 #0025 (10,19 | 0407 «00L9 [10.27 | 0,39 1521
0.65| 0,0k 0016 (0,09 | 0.17 20289 (|0637 | 0,29 0841

Total (d - 3)2 = 5019

Arithmetical

Mean

Standard
deviation

= 0,61

‘3‘“9‘97

Total (d « 3)2 = 1677 Total (d - )2 = 2.1838

Arithmetical Aritbhmetical
Hean w (0,26 Mean
Standard Standard

devistion = 4 0,038 deviation

- 0'66

.3’_9‘15




APFENDIX I

STATISTICAL DATA FOR 12300 Noon

GLEAR CELLS CHROMOSOMAL STAGES || RECONSTRUCTION CELLS

d (-0 |(@-D3 a [(a-D|@-DF ¢ [@-D | (@a-T2
1.17| .02 000L [|1.84 | .92 BL6h (12,06 | .80 «6400
97| 22 +ObBL ||2.5% | .62 3844 2,13 | .13 «0169
2| .2209 (1,28 | .36 1296 |[1.99 | .73 5329
a9 o | L2600 (1,36 | o3 | L1186 (1.2 | .02 000l
1.62| .3 a8k 1.3 | .39 521 || .24 | 1.02 | 1.0k0k
1.6 .h2 176k || 58 | .3k J156 ||1.01 | .25 0625
1.61] k2 JA76h || W23 | 69 AT61 |[1.49 | .23 «0529
1.53| W34 2156 || .20 | .72 18y || 37| .89 7921
1.37| .18 032 || .95 | .03 0009 [1.47 | .21 .ol
1.00| 19 0361 | Jo | .52 2700 fl1an | a2 01k
1.72| .53 2809 (1,06 | .1 | 0196 1.3 | .13 .0169
1.06| .13 0169 || «57 | 35 21225 || .78 | L8 «2304
31| .88 T || 52 | Wk 2600 | .62 | .64 4096
Total (d - 3)2 = 2.2237 Total (d « > = 3.2116 Total (d - T)2 » 3.8535
g g, e
Stendard Standard Standard
devistion = + 0,11 deviation = + 0,15 deviatien = 4+ 0,16




APPENDIX X

STATISTICAL DATA FOR 1400 P.M.

CLEAR CELLS CHROMOSOMAL STAGES RECONSTRUCTION CELLS
a (@~ |- a [(a-D | (a-DY ¢ [(@-D |(@a-D?
20| .20 | .0W00 || .38| .01 | 0000 | 55| .0k | .0m6
09 | o3 | L0961 |lW33| J0b | L0006 | .27| 24 | L0576
88 U8 J230h | W30 | 407 J00k9 | 496 | kS «2025
52| a2 | Jomkh .22 | 6 | L0256 [ .33] .38 | .o32h
| .09 | 001 |26 a1 | .2 | 35| 26 | 0256
M| .09 | w0081 ||| 06 | L0036 .| .6 | o286
a | 19 0361 || My | .23 v0529 || JO07 | ohk «1936
«58 «18 D032k || 93 | .56 3136 || 80| .29 +08l1
»18 022 o8l | .25 | .12 Ol || 59| 408 «006h

Total (d - T2 = 5140

Aritimetical

Mean

Standard
deviation

w L0

':O-OB

Total (d « 3)2 » 14288

Arithmetiecal

Mean - 37
Standard

deviation - : qu

Total {d = I)° = 629}
Arithmetical

Mean

S8tandard
deviastion

- 51

.;’;0093




APPENDIX I

STATISTICAL DATA FOR 2¢00 P.N,

59

CLEAR CELLS CHROMOSOMAL STAGES RECONSTRUCTION CELLS
d fa-® |(@-D?| 4 {(a-D | (a -?I)ﬁ d [@-D | (a-?
1.7 2,72 | T.398h || 2.1k  L69 4761 ||3.5h 61 121
350 .95 | .90 || .99| b6 | L2136 [2s1| 1.6k | 2.6896
b7 .29 | L0841 [|2.22] .23 | L0529 [[3.8M| .m | o0&
334 132 | Losth || J79| 66 | k36 k| .9 | L0341
8.8 k02 | 26,360k [|2.72| 1.27 | 1.6129 |[3.95| .20 | .okoo
733 267 | 7.3209 |[22] .97 | .9h09 [5.93| 178 | 3.68K
588 Lk2 | 200164 || oh2| 1.03 | 1.0609 (18.32 | k17 | 17.3889
5.63 117 | 1.3689 ||1.09| .36 | 1296 |81 | .66 | W36

Total (d - D)% = 36,30

Arithmetieal
Mean

Standard
deviation

= Lhb

-1003

Mean
Standard

deviation

Total (d - D)2 = L.9208
Arithmetical

= 145

“:003

Total (d - T)2=p),2268
Arithmetical

Mean

Standard
deviation

- h.ls

-1606'




APPENDIX I

STATISTICAL DATA FOR 3100 P.M,

CLEAR CELL3 CHROMOBOMAT, STAGES BECONSTRUCTIOR GELIS

d d-D | -2 a {a-D | @-DF ¢ |(@=D| (a2
2.h6) W26 | 676 (130 | W40 | 3600 |38k | W3 | a8l
2,3 WS | 96 || BT 63 | 3969 |[5.73 | 16 | 22849
14'»93 10:'«? 1 . 3689 1«0% 038 OM 2!% 1 0}43 20 My
270 o50 | 2500 (2,52 | 1.02 | 1.040k [|7.57 | 3.30 |10.8900
159 S | W37 (32| L18 | 032k [2.81 | k6 | 2336
a0 | 1486 | 3896 (79 | 29 | o083 [k | .26 D676

D12 1,78 | 3,268L || L2 | 1.29 | 16612 o85 | 3.2 |11.496k

Totel (d = )2 = 8,7062 Total (d = )7 » 3.5223  Total (a4 - T)2 29,1470
Arithmetical

Haan

Standard
deviation

Arithmetical. Arithmetical

- 2,20 Mean = 1,50 Mean = he27
Standard Standard

= 3 045 deviation = + 0,29 deviation = 40,15




AFPENDIX I

STATISTIOAL DATA FOR 4s00 P.H.

CLEAR CELLS CHROMOSOMAL STAGES BECONSTROCTION CELLS
d (- | @-DY a4 |4~ | @-DY a4 @D |(@a-02
1el3 #05 «0025 WS ook #3836 13,65 30 20900
T2 o35 .1325 2,95 +06 ;C}DBG 3,49 o1k D196
1,10 +Ob 0016 |[3,75 +86 #7396 |[2.48 »87 + 1569

Total (d = D2 w 1666 Total (d = DT = 1.9k04
Arithmetical

Mean

Standard
deviation

Arithmetical

- 1;96 Mean b 2‘89
Standard :
-+ 0.03 deviation -3 0Jd2

Total (d - H? = 1.5890

Arithmeticael
Mean = 3,35

Standard
deviation » + 0,13




62

APPENDIX I

STATISTICAL DATA FOR 5300 P.Me

CLEAR CELLS CHROMOSOMAL STAGES RECONSTRUCTION CELLS

4 [(@a-m (a..z)ﬁa @-D | @-D% a [(d- | (a-D2

«6l o569 o}ﬂél 81 Ji5 «2025 53| 1.u¥ 2.2201
Ji9 | W8L oTOS6 [ &L | W45 «2035 || 72| 1,30 1.6900

3,06 1473 | 2.9929[0.72 | JL6 o216 || 3.72| 170 | 2.8900
1,70 o38 Al (151 | .25 0625 [l 132|490 «8100
1.89| .56 o136 .89 | .63 03969 || he25| 2,03 | L.1209
66| .67 LilB9 1.53 | 27 0729 !l 1.h6| .56 3136
99| J3 1156 .23 | .03 0009 |[3.39| 1.37 | 1.8769

Total (d = T)° = 5,1971  Totel (d = )2 » 11498  Total (d = I)2= 13.9215

Arithmetical Arithmetical Arithmetical
Mean = 1,33 Mean = 1,26 Mean = 2,02
Standard Standayd Standard

deviation = + 0,35 deviation = +0.17 deviation =% 0.58




APPENDIX I

STATISTICAL DATA ¥OR 6100 P.N,

63

CLEAR CRLLS RECONSTRUCYION CELLS
d |(4-D| @-DY ¢ |@-D (d-a)z{ d |(@- | @a-?
1.62| .27 0729 (|1.13 i3 JA8Lk9 [|2.72 | 30 «0900
1.54| 19 0361 || .85 .15 0225 |[3.63 | .22 | 1.L884
82| .53 <2809 || .23 M7 | L2209 [|2.92( W51 <2601
.62 27 0729 || 50 «20 0800 |[2,41 | 0.0 0,0
1.30| 405 0025 || .32 36 Sl ||1.13 | 1.28 | 1.638k
«29| 1,06 | 1,1236 || 33| .37 J1369 (|17 | 470 +k900
1.45| .10 0100 || o3 | o36 | L1296 ||Lb6| .95 9025
2,11 .76 STT6 [|2e20 | .50 | 2500 [[3.75 | Le3h | 1.79%6
1.84| L9 «2h0 || .89 <19 <0361 |[3.68 | 1.27 1.6129
91| bk 936 || 420 | W50 | 42500 || Wk | lok7 | 2.1609
Tkl | 409 20081 || .21 b9 2401 [[1.53 | .88 +77hk

Total {d - 3)2 = 2,6183

Arithmetical
Moan

Standard
deviation

Arithmetical

- 1035 Mean

Standard

Arithmetical

= o700 Mean

Standard
w + 0,12 deviation

Total (d = )2 = 1,655, Totel (d - )% = 11,2132

= 2,11

= 4+ 0,32




APPERDIX X

STATISTICAL DATA FOR 7300 P.M,

CHROMOSOMAL STAGES

OLEAR CELIS RECONSTRUCTION CBLIS
¢ (a-D | (@-D} a [(@-D| @-DF a |(@=-D | (a-D?
La7| 38 | S || 425 | W75 | ..5625 [3.06 | .23 | 0529
1.68| .03 0009 | L6 39 1521|2422 | 1.07 Le2hk9
LAk| W22 | Joukd | W82 | a9 | 0368 (5.3 | 1.8 | 3.3886
138 27 | 0729 238 | 138 | 2.392h ||5.61 | 232 | 5.382L
69| Ok | 0026 [ o84 | 36 | L0256 |[1.64 | 1.65 | 2.7228
11| oSk | 2926 456 | b | .2936 |[he3h | 2.05 | 13025
3.12 | 1.67 2.7889. | J10 +90 48100 ||3.00. | .28 0784
178 130 | 0269 [uak | 2k | 202996 |24 | 2.5 | L.3228
1.61| Ok «0016 06 +06 0036 ||5.15 | 1486 3.k596
B3| 82 | 672 6T 67 kB9 (11,83 | 1.6 | 2,136

Total (d - N2 = 4.0353 Totel (d = D)2 = L,92hk

Aritimetieal Arithmetical Aritimeticsl
Hean w 1,65 Mean = 1,00 Mean = 3,29
Standard v Standaxd Standard
deviation =+ 0,2  deviation = + 0,23 deviation ~ % 0.3
(Q:\T CH SC HOO
RaNge, =

Total {d - T)2 =20,7629

UNIVE

QL
G /
OF }/I i q"‘.a- ‘ -~




APPENDIX I

STATISTIOAL DATA FOR 8100 Pul,

RECONSTRUCTION CELLS

d fa-T [@-DY a {@-D | (@-D4 a |[(a-D | (a-D2

179| 52 o270k || 106 | .32 o102k {|1.26 | .59 «3481
JTL|  u56 <336 || 1.20| L06 0036 ||2.31 | 26 #0676
1.00| .26 0676 || LEL| .63 3969 1033 | 52 o270k
1.35| .80 00 || W93 & Ol ({2460 | J25 L0625
oBh|  Wh3 J18k9 (| 236 | .02 000k || «69 | 1.16 1.3456
1.06| .21 «Ohld || 3.09 [ 05 L0025 |(3.72 | 1.87 3.h969
1,36 | 09 <0081 || 3407 | .07 009 12,66 | .81 6561
120 407 «00kY || B89 | .25 <0625 11,07 | .78 508l
2:55| 1428 | 1.638k || 156 | b2 76k |ha78 | 2493 8.58L9
1.09 | .18 <032k |( 135 | 02 0000 |3.23 | 1.38 1.90kk

Total (d = T2 w 3,200 Totel {d = D2 w 7438  Total (d - D? = 17,3549

Arithmetical Arithmetical Arithmeticsl _
Mean = 1,27 Kean = 1.k Mean = 1,85
Standard Standayd Btandard

deviation =4 0,19 devistion =% 0.09 deviatien =+ 0.k3




APPENDIX I

STATISTICAL DATA FOR 9300 P.M.

CLEAR CELLS CHROMOSOMAL STAGES || RECONSTRUCYION CELLS

¢ [(€-D|(@-DY a [a-D @-DF a [(a-D | (a-D?
o8l | 8L o7056 1| 8L | .39 J152) || W67 | le22 1.488k4
146 .22 Ok8L (1,17 | .06 L0036 |[2.85 | .96 9216
1.10| .58 <3364 {|1.,07 | .16 L0256 |(1.31| .58 336k
35| 247 | 2,609 155 | .32 | .02 230 .o | .6
2,89 1.21 14601 ((1.37 | W1k 0196 (11,63 | 26 0676
8Ll .8k 27056 1.1 | .08 J006L (12,13 .24 +0576
1.38| .30 <0900 ||1.01 | .22 J048L ||1.04 | .85 #7225
.82 .86 W7396 ) .98 | .28 0625 |[1.2h | .65 »h225
1.85| .17 L0289 ||1,01 | .22 Oh8h |[2.31| .h2 1764
1.90| .22 LOu8h [[1.40 | .17 «0289 ||2.55 | 466 4356
Total (d - T2 = 6.3279 Total (d = )2 = LT  Total (d = M2 = 47967
S TR o
33% = + 0,26 m = 4 0.07 m"ﬁn = 4 0,23




67
APPENDIX I

STATISTICAL DATA FOR 10100 P.M.

RECCNSTREUCTION CELLS

CLEAR CRLLS

¢ [ta-D | @-0% « @W- [(@-DF a |[(@-D | @a-D?

72| M6 | J2m362.08| .39 | .as;lrze| W72 o518k
L9 W69 | Jr6a|r.se | s | L2926 167 | W27 0729
56| o62 | W34 || W9 | 1.95 | 3.8025 || 62| 132 | e7hal
192 oSk | 42036 [[3.02 | .58 | 336 183 ] o1 o1

‘58 «50 ;2569 2&% «30 90909 2.3 0’49 OM
Qo&t 1.66 24 7556 h’m 3«0&& 24 689& 5065 3.7 1307&#1
1.02 16 0256 112,61 «17 #0289 || oh1 | 1453 2,3k09

Total (4 » DZ = Ly3oky  Total (d - D2 = 743911 Totad (d - D? = 18.6909

Aritimetical Arithmetical Arithmetical
Mean L. 1.18 Mean = 2,4k Mean » 1.9

Standard Standard Standard
deviation =+ 0,31 deviation = 4 041 deviation = + 0,67




APPENDIX X

STATISTICAL DATA FOR 11300 P.Me

CLEAR CEIXLS CHROMOSOMAL STAGES RECONSTRUCTION CELLS

d (4D | @Dy a4 [(a-D m-a’{z 4 [(a~F) | (a-D?

Let6| 1.L7 | 2.1609 (13460 | 2.00 | 1.0201 ||3.86 | 1.37 1.8769
3.28| .09 <0081 12,66 | ,05 0025 || .69 | 480 »6400
k2| .28 #0529 1465 «96 D26 || W87 | 62 38LY
36| W27 W0729 (260 | W01 «O00L [12.38 | .89 7921
299 | .80 +6LO0 13,59 | .98 960k || J8L | .68 o228
3.52 | .33 21089 2,0k | 57 o32h9 1,02 | Jh7 1.0Lok
257 | o617 | WLh8Y 13,35 | .54 2916 || W89 | 60 3600
h.0o2 | 83 6889 |heS8 | 1497 3.8809 |L.1B | 2,69 Te2361
o7 | 2ah2 | 5.856k 1407 | 2,54 | 2.3736 || .38 | 111 1.232

Total (d = I)? « 13,8279 Total (d = D? = 9.7737 Total (a ~ D2 =13.98L8

Arithmetieal Arithmetieal Arithmetical
- Mean * 3,19  Mean = 2,61  Mean = 1.k

Standard Standard Standard
deviation = & 0y  deviation = 4 0,37 deviation = 4 O.ly




APPENDIX I

STATISTICAL DATA FOR 12300 Midnight

69

CLEAR CELLS CHROMOSOMAL STAGES RECONSTRUCTION CELLS

4 {@-D| @-DY e [(¢-D |@-DF o |(2-D [(a-D?
Te58| 3.09 | 9.5WAL [|5.06( .99 | 9801137 | a7 <0289
3.68)| .81 6561 ||7.22| 1417 | 1.3689 ||1.20 | .3k 1156
3.38| 1,13 | 12320 |[7491) 1.86 | 3.14596 [2,00 | 6 2116
5.07| 458 | o336k [|6.12] .07 00h9 [(1e2h | 30 +0900
Loa61| a2 | o1kh ||S.22| .83 .6889 |1e30 | <24 #0576
Selili| 95 | 9025 [|7.15| 1.10 | 1.2100 ||2.70 | 1.16 1.3456
3.81| W68 | 462k 5.0 | 1.0k | 21,0816 || W76 | .78 #6084
3.85| 6L | o096 [[5.20| 85 o7225 12,50 | .96 9216
1.88] 2.61 | 6.8121 [|643k| 409 0081 || o34 | 14O 1.9600
3.07| l.h2 | 2,008h |[[S.52( .53 +2809 |1.38 | .16 0256

Total (4 - T° = 22,3901 Total (d - )2

Arithmetical Arithmetiecsl

Mean

Standard
deviation

= Lo

» i G.h?

Moan
Standard

deviation

Pean
Standard

= + 0,33 devistion

= 9,8055 Total (d - 3)2 = 5.3649
Arithmetdcal

w 1,54

'190}39




70

APPENDIX I
STATISTICAL DATA FOR 1100 A.M.

CLEAR CELLS CHROMOSOMAL STAGES RECONSTRUCTION CELLS

a4 [(@-D | @-D% a |[@-D|@-DY a [(2-D | (a-D2

hatio| .81 6561 ||he60 | 426 «0676 (|6l | 173 2.9929
3.55| 0b <0016 |(7.35 | 2.k9 6,2001 ||2,38 | k3 ~1849
1.77| 1.82 3.312k ([3.22 | 1.6L 2,6896 (|1.79 | 1.12 1.2544
3.0k | a5 +0225 {|5.55 | 69 4761 ||2.78 | .13 #0169
2,10 | 1.9 | 2,220 {|[h.62 | .24 20576 11,57 | 1.3k 1.7956
L8| .59 «3481 (k33 | 53 «2809 ||1.93 | .98 «960k
1.77| 1.82 3.72k ||3.69 | 1.17 1.3689 [11.59 | 1.32 1,742k
2.85| Tk o5476 || k10 | J76 «5776 ||1.60 | 1.31 1.716%
L3l | <72 <5184 ([6.21 | 2.35 5.5225 [[3,15 | <24 +0576

5.18 | 1.59 2.5281 |{5.89 | 1.03 1.0609 {|5.92 | 3.01 9.0601
59| 3.00 940000 |[3.08 | 1.78 3.168L || .83 | 2.08 k3264
B.h6 | LeBL | 23.4256 |[L.91 | 405 20025 |91 | 2,00 1140000
2,14 | 1.b5 2,1025 {[6.28 | 1l.h2 2,006k || o9k | 1.97 3.8809

Total (d = D)2 = 47.995% Total (d - )2 » 23,4891 Totel (d » )2 =31,9886

Arithmetical Arithmetical Arithmetical
Mean - 3059 Mean = h.35 Mean - 2091
Standard Standard Standard

deviation =+ 0,55 deviation =4 0.39 deviation = + 0,45




APFENBIX 1

n

STATISYICAL DATA FOR 2300 A.M.

CLEAR CELLIS CHROMOSOMAL STAGES
d (e~ [(a -'E}m d {d=F) | (da= K)ZL d (-3 |(a« 3)2
3.89 «Th oSUT6 ||2.32 «70 900 ||3.52 | 1.23 1.5129
2,07 | 1.08 1.166) |{3.26 2h 0576 |[[5.63 «88 o TThls
3.62 oi7 «2209 ||3.52 «50 «2500 |lh.T1 +Oh 0016

Total (4 « 3)2 = 1,939

Aritimetical

Mean

Standard
deviati

= 3.15

"30.57

Yotal (d - D) = 7976

Arithmetical

Mean

Standard
deviati

= 3,02

= 4 0,36 deviation

Total {(d » )2 = 2,28689

Arithuetical
Mean - [, 75
Standayd

- : 0.61
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CLEAR CELLS CHROMOSOMAL STAGES RECONSTRUCTION CELLS

d [(a-D (a...#n’i d [(@e® | @=DY a |[@e® | (@a-
2.95| «13 069 (1315 | 28 032h (|B.86 | oSk +2916
317 09 L0081 |(3.02 &5 <0025 (16235 | 1497 3.8809
3,211 413 0169 (12,80 | 17 0289 119,22 | .50 «8100

Total (d *4332 - cehzg

Arithmetical

Standa
devistion

= 3,08

“ 4 0.08

Total (d = T)Z = L0638 Total (d -~ 2 = L9825

Arithmetical

Mean

Standard
deviation

Arithmetical

= 2,97 Mean

Standard
= 4 0,25 deviation

= 8»32

‘|ﬁ;9091
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APPENDIX X
STATISTICAL DATA FOR L300 A.M.
CLEAR CELLS CHROMOSOMAL STAGES RECONSTRUCTION CELLS

d |(@-D | @-DF a (@D [@-DY ¢ |[(a-D |(@a-D?

1,86 W8 «2601 ||1.83 | .22 oOLBl ||3e55 | 453 «2809
3.81|  obk 1936 ||1,99 | 406 0036 2,26 | 1.92 | 346864
J1| 1,46 201316 |[1.36 | 469 LT 13,98 | 20 «0l00
3.h2| 1.05 1.1025 (2,20 | W15 U225 ||6s2h | 2,06 Le2L36
1.85| .52 «270k (2,06 | .01 <0001 ||he32 | W1k +0196
2.,26| .11 JOLZL (3,78 | 1.70 2.8900 ||2.00 | 2.18 he752L
154 o83 +6889 |[1.89 | .16 #0256 (|h.2L | O3 +0009
LAT| <90 8100 |[2.65 | 60 #3600 ||6.1h | 1.86 | 3.L4596

Total (d = M = 5,4692 Total (d = 2 = 3,8263 Total (d - T)2= 16,483k

Aritimeticsl , Aritimetical Aritimetical
Mean = 2,37 Hean - 2005 Mean - hola
Standard Standard Standard

deviation = ¢ 0.31 deviation ® 4 0,26 deviation = + 0,17

;
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STATISYICAL DATA FOR 5:00 AW,

APPENDIX I

Th

OLEAR CELIS CHROMOSOMAL STAGES PECONSTREUCTION CELLIS
2:39 gw im W 038 t??hk 200? 2&3 h&ﬂ?
3,05 1.18 1392k [(2.39 9 #1520 ((he35 | W77 5928
1.53] W3k #1156 ||1.63 «37 369 13,87 | 25 #0625
1.69| L18 0324 |(1.79 21 oOLLY [[heliT | o35 <1285
116 W7 «50ld |1h0 | W60 3600 ||3.8; | .26 078k
2,58 «T1 «50LY 3,32 .32 1.702h  (|heS1 39 #1521

Total (4 - D2 = 2.5970

Aritimetiosl

Standard
deviation

- 1n87

= ¢4 0.29

Totad (d = 8)° = 3,2099
Arithmeticsl

Mean
Stendard

deviation

- 2,00

-4 0.33

Total (d - D = 5,2293

Arithmeticosl

Mean ~ 1,12
Standard

deviation =+ 041
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