THE USE OF AQUEOUS SMEARS IN THE STUDY AND
IDENTIFICATION OF THE AMOEBAL OF MAN!

I G. HAEANBEON:

From the Gorgas Memerlal Loboraiory, Panomd, R, de T

This paper deals with observations of amoebae from the human
stool when examined in direet smears in water and with the ap-
plieation of this procedure in the diagnosis of amoebiasis.

During the course of a survey for amoehic infections a stool
was for 1d to have trophozoites of Endamocba histolylica which in
the routine smear in normal saline solution had nuclei showing
with unusual clearness. No explanation of this change could be
found st that time. About a month later {Aupgust, 1934} the
same phenomenon was seen in a stool from a pailent with acute
amoebie colitis. The colleetion of this stool had been observed
and it had been noted that the bed pan into which the small amount
of mucoid feees had been passed, contained gorme water. It was
then decided to observe the effect of water on the trophozoites
of E. kistolytica. Direct smears were made using tap water in-
stead of normal saline solution and as suspected the preparations
revealed in the trophozoites the same clearly visible nuelel
Further observations on the trophozoites of varlous amoebae in
agueous smears elicited characteristic differences in the distensi-
hility and fragility of the ectoplasm and appearance of the nucleus
which proved of considerable importance in the differentiation
of species,

TROPHOZOITES OF Fndamoeba hislolylicg 1IN AQUEOUS SMEARS

In general the following changes were observed in the tropho-
zoites of /7. histolytica when examined in the aqueous smear. The

! The stoals used in this study were obtnined from paticnts in the Retiro Matias
Hernondes, an institution for the insane of the Tepublic of Panamd, I am in-
debted to the superintendent of this institution, Dr. R. I'. Hargreaves and his
giafl foe their kind and ready eobperation in obtaining specimens.

t Lieutenant Commander, Medical Corps, United States Navy,
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trophozoite quickly loses its motility, becomes spherieal and
distends. The endoplasm gradually beeomes thin and watery
and the nucleus stands out in beld relief showing clearly the
nuelear membrene, the peripheral chromatin laver and the karyo-
some, These changes are illustrated in plate 1, the drawings
of which show two trophozoites in the various stages of distention
and disintegration, one from a stool of & patient with zeute
amoebic coliils (figures 1 to @), the other, which hapnened to be
bi-nucleate, from a stool of a earrier (figures 10 to 14) with very
small trophozoites measuring only from 10 to 11 microns, As
shown in the drawlngs sven the small delleate trophogoitos of
this stage of amoebiasis allow a remarkable distention snd ex-
hibit their nuelei in a striling manner. More than 300 tropho-
zoites from fifteen cases of amoebiasis have been observed as they
passed through the various stages in the aqueous smeanr, A
characieristic pattern can be seen in these chanres the important
features of which are: (1) the visibility of the nucleus, (2) the
distensibility of the ectoplasm,

The visibility of the nucleus apparently is the result of twe
factors. A granulation and later clumping of the peripheral
chromatin, and a thinning of the endoplasm allowing more pene-
tration of light and hetter contrast between the dense ehromatin
eranules and the lighter endoplasmic matter, In the fine gray
annular line which first outlines the nueleus no granulations ean
be seen, probably beeause they are too minute or beesuse of the
obscuring effcct of the still heavy endoplasm.  Soon this outline
of the nucleus darkens slightly and it then can be recognized
23 the nuclear membrane with minute, uniform, evenly dis-
tributed granules on its inner surface. ~ At this time the karyo-
some usually beeomes visible as » small gray ecentral det. In
this stage the nueclear membrane and the chromatin granules
can be seen only at the “equator” of the nucleus and it therefore
appears as a beaded ring instead of a spheroid. Since the
chromatin granules cannot be seen in all planes it is probable
that each granule of the beaded ring represents severa) partially
superimposed granules and that actually the peripheral chromatin
granules are much more minute than even those first discerned.
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As the trophozoite distends and the endoplasm becomes thinner,
the fine beads of the chromatin layer gradually coalesce forming
cranules of inereasing size and deepening shade. These larger
peripheral chromatin granules usually can be seen in several
planes and the spherical form of the nucleus now readily can be
perceived. The karyosome changes from the rather inconspic-
uous gray dot to a elear black slightly irregular granule. I'ur-
ther coalesence of the chromatin leads to the {ormation of heavy
blaek bars and masses which usually remain attached to the
nuciear membrane. This disintegration of the nuclear chro-
matin usually takes place gradually with the increasing dilution
of the cndoplasm. Oceasionally, however, a trophozoite will
rupture early, while the nueleus is visible only as a gray beaded
ring, and then suddenly, as soon as the water reaches the nucleus,
the ehromatin granules coalesee as if a chemieal precipitation
had taken place. At times this sudden change also results in
the collapse and disintepration of the nucleus, but usually the
nuclear membrane remains intact. As a matter of faet the
nuclear membrane appears to be a remarkably strong structure.
It frequently happens that when a trophozoite ruptures the
nucleus pops out, very much like a seed squeezed from a cherry,
and then lies free in the aqueous medium. In one instance a
nucleus thusly isolated was seen to remain intact for fourteen
minutes. 1o another agqueous smear 1t was observed as it was
being carried away by a current under the coverglass revealing,
as it volled, very elearly its spherieal form and peripheral layer
of chromatin granules.

The remarkable tensile strength of the ectoplasm is an equally
important feature. The average trophozoite in good condition
will allow a distention which Inereases its diameter 60 per cent,
and will withstand the inereasing pressure for 30 minutes. Wiih
this distensibility there is associated a high degree of reot”

A distended trophozoite flattened out by pressure on the cover-
rlass will resume its spherical form like a rubber ball when the
pressure is released.

Deviations from the eharacteristic pattern have been observed.
In order to interpret these eorrectly it is necessary to keep in
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mind the well known fact that the trophozoites found in a stool
vary in age and condition. Even in a stool examined within a
few minutes after being passed they {requently can be seen in
two or more of the following stages of viability: (1) Formsin
rapid progressive motion with a freely flowing endoplasm in
which no nuelel can be zeen,  (2) Forms similarly aetive but in
which & faint gray or clear black annular cutline of the peripheral
chromatin of the nueleus is visible. (3) Forms in sh :zish mo-
tion without progression, with the often vacuolated endoplasm
in 8 ecentral seemingly congealed mass within which not in-
frequently a nuclear ring of heavy chromatin granules can be
seen. (4) Tmmotile forms, rounded up as if dead, having a
central mass of granules and wvacuoles and a clear peripheral
layer of varying width., In these the nueleus when net con-
cealed by the thick endoplasm shows advanced degeneration,
appearing 83 4 ring of large granules or clumps of chromatin.
Not uneommonly the trophozoites in this stage will revive in
normal saline smears and show slugpish or even active motility.
(5) Forms obviously dead in which the clear ectoplasmic periph-
eral layer has disappeared leaving 2 round or oblong mass of
grayish-yellow coarse granules in which remnants of the nueleus
usually can be seen as large black granules or a few bars ar-
ranged in an incomplete circle or nondeseript mass. In all but
the last lifeless stage, the trophozoites distend in the agueous
smear, but the extent and duration deerease as they degenerate.

In the aqueouns smear from the fresh exudate of acute amoebic
eolitis in which usually all the trophozoites are in an excellent
condition, the degree and duration of the distention are quite
uniform. There iz an inerease in the diameter of from 55 to 65
per cent,  For example, two trophozoites inerensed from 20 and
24.5 microns to 31.5 and 39.5 microns, respectively.  One tropho-
zoite, the original size of which had not been determined measured
52.8 mierons before it ruptured. A few of these healthy tropho-
zoites will begin to rupture after fifteen minutes but the great
majority will withstand the distention for thirty minutes. Some
have been observed intact for one hour and a few for an hour
and a half,
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In the mushy stools of subacute cases and from ecarriers the
trophozoites are less uniform in their physical condition. Some
rupture after two or three minutes, but most of them take the
distention and withetand it in the same manner as the vigorous
irophozoites of acute amoebic colitis. As the siools become
old and the trophozoites degenerate, they gradually lose therr
distensibility. The rapidity of this process depends to some
extent upon the nature of the stool. With slight putrefaction
as in the stools made up mostly of vegetable débris the iropho-
zoites may exhibit a short but characteristic distention twenty-
four hours after the stools were passed, while in the rapidly
liquifying stools containing the muco-sanguinous exudate of acute
amoebic colitis they degenerate and lose their distensibility in
from five to nine hours.

The appearance of the nueleus in the aqueous smesr also varies
with the age and physieal condition of the trophozoite. In
smears [rom the fresh exudate of acute amoebic colitis almost all

the trophozoites show their nuelei from the earliest phase, while
in smears from steols of subacute eases or carriers the nuclel in
some trophozoites will show, from their very first appearance,
the beading of the peripheral chromatin or the large granules of
further eonleseence, even the large cluraps and bars of complete
disintegration of the peripheral ehromatin layer. As a stool be-
comes old, an increasing number of nuclel with the chromatin
layer in advanced stages of disintegration will be seen.

TROPHOZOITES oF Endaomeeba coli IN AQUROUS SMEARS

The trophozoites of B, coli in agueous smears also exhibit dis-
tention and inercased visibility of the nucleus, but unlike £.
histolyiica the ectoplasm appears to be very fragile and except in
very fresh stools ruptures while the preparation is being made or
within four to five minutes (plate 2, figures 1 to 8). During this
short period of distention there is no thinning and spreading of
the endoplasm as in E, kistolytica but it remains as a central,
almost undisturbed mass, while the cetoplasm distends into a
wide elear peripheral layer. The distention terminates in rup-
ture which frequently is explosive producing a wide tear in the
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eectoplasm through which some of the endoplasm may protrude,
but more often the trophozoites shrink without a visible rupture
although careful observation will reveal in most instances a
sudden eoalegseence and darkening of the nuelear chromatin and
g sharpening of the contours of the endoplasmic granules and
vacuoles just before the trophozoites begin to shrink, indicating
that s rupture has occurred and water suffused into the trepho-
zoite.  The trophozoites which have suffered a gross tear in the
ectoplasm are easily recognized as remnants, but these which
have shrunken without any visible injury to the ectoplasm may
appear as if they had suffered no change in the water exeept to
round up and become immotile. They ean be identified as rem-
nants by a few minutes observation, since they will show no dis-
tention but further shrinking.

The nucleus of the trophosoites of F. coli in the aqueous smear
is not as clearly seen as in the trophozoite of K2, hisfolytica. This
is apparently due to the fact that the endoplasm in which the
nueleus is more or less imbedded remains almost unchanged in
transparency. An early phase corresponding to the appearance
of the fine, pray, annular line in the nucleus of E. hisfolylice, has
not been observed. The nueleus of 5. colt at its very first ap-
pearance is a ecircle of relatively large black granules. When
the trophozoite ruptures, or sometimes a few minutes later, the
chromatin layer coalesces into a few large granules and bars,
sometimes into a crescent shaped or U-shaped mass, all of which
are unimportant variations in the final disintegration of the
chromatin layer. A karvosome which ean be definitely identified
as such is seldom scen. In 178 trophozoites of . colt observed
in the aqueous smear, a granule which unmistakably was the
karyosome was visible in only eight nuclei, However, a granule
which possibly was the karyosome was seen eceentrically placed
close to the granules of the peripheral chromatin layer in many
nuelei.

There are then some very definite differentiating features in
the changes which the trophozoites of E. hisfolytice and E. coli
suffer in ‘he aqueous smear,  In some stools however, there will
be trophozoites in which these features have been lost. The
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degenerate trophozoite of E. histolylica with shortened duration
of distention and partial disintegration of the chromatin layer
cannot be differentiated with certainty from E. coli,  Since such
degenerate trophozeites are present in almost all stools, except
in some fresh exudates from acute amoebic colitis, it is obvious
that not in all aqueous smears can all the trophozoites observed
be identified.

In some fresh stools an occasional trophozoite of . colt may
allow a considerable distention which may last as long as ten
minutes and which may be associated with thinning and disper-
sion of the endoplasm asin B. Mistolytica.  Although these tropho-
zoites present no positive points for differentiation from &
histolytica they usually can be identified on the shorter duration
of distention, larger granules in the chromatin layer of the
nucleus, and the absence of a central karyosome.

Fndelimazr nang I AQUEOTUS SMEATS

In the aqueous smear the trophozolte of . nana appears to be
very fragile. The eyele of distention, rupture and shrinking is
cormpleted within from one to four minutes and unless the smear
is made quickly and examined immediately no trophozolies in
distention may be seen.  Sinee the small remnants are recognized
with difficulty, it then may seem as if the trophozoites had dis-
appeared. In the distended trophozoite (plate 2, figure 9) which
measures from 12 to 14 microns, the endoplasmie granules are
evenly distributed or more often in a cluster at the periphery and
the nueleus which usually becomes visible when the maximum
distention is reached appears as a gray or steel-blue dise of
chromatin with a ring of minute granules at its periphery. After
the short period of distention the trophozoiies shrink rather
quickly without visible rupture of the ectoplasm and become
irregularly rounded masses of closely packed granules in which
the steel-blue nuelear chromatin frequently remains visible (plate
9, figure 2). These changes have a practical value particularly
in the differentiation of E. nena from the small trophozoites of
E. histolytica sometimes seen in stools from earriers.
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Dientameeba fragilis 10 AQUEOUS SMEARS

In the aqueous medium this supposedly fragile amoeha ex-
hibits an ectoplasm of notable toughness and resilience. As in
fi. nana the distention is rapid, but it lasts from two to eight
minutes thus affording ample time for observation. By the time
the preparation has been made and iz under the microgcope all
the amoebue have rounded up and become immotile. The en-
doplasm with uniformly distributed granules iz thin and becomes
visibly thinner as the distention progresses, When fully dis-
tended, amoebac which in the control smear in normal ssline
solution had a diameter of 10 to 13 microns, have measured from
16 to 20 microns. The distention terminates abruptly with an
explosive rupture of the ectoplasm and a quick and eomplete
expulsion of the endoplasmic mass, following which the ecto-
plasmic shell immediately regains its spherical form without
trace of the tear. The nuelei usually become visible just before
the amoeba ruptures. They appear as ray or steel-blue dises
with a ring of very fine black granules at the periphery and re-
semble closely the nueleus of F. nane. When the amoehae rup-
tures the nuclel are either expelled with the endoplasm or they
remain close to the periphery within the otherwise empty shell.

When expelled they may be seen sometimes at the edge of the
endeplasmie mass or completely isolated lying free in the LGUeoUs
medium.  When within the empticd shell they stand out very
clearly, and these remnants of the amoebae present indeed o
diagnostic picture, particularly in the bi-nueleate individuals
{plate 2, fipures 11 to 15).

I't should be noted that all stools used for this study of Dienfu-
moeba fragilis were obtaiced from one patient. It is possible
that dientamoebs from other infections may show variations in
the reaction above deseribed.

ORGANISMS RESEMBLING AMOEBAE IN THE AQUEBOTS SMIATR

The flagellates

The flagellates are subject to the same ehanges in the agueous
smears as the amoebae.  They round up, become immotile, dis-
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tend, shrink and disintegrate. And as in the ecase of amoebae,
the duration of these events depends upon the physical condition
of the animal. Vigorous flagellates from fresh stools may retain
their motility for some minutes in a rather thick smear while
the dying flagellates from old stools may disintegrate while the
preparation is being made. During the distention they are quite
characteristic with their thin cytoplasm in which only a few
granules and slender rods are seen, and sometimes sieel-blue
sranules of nuclear c¢hromatin, While shrinking they become
more ¢ anular and resemble the remnants of E. nana, particu-

larly Chilomastizc mesntli.
Blastocystis hominis

In the agueous smear DBlastocystis hominis also presents es-
sentially the same changes as amoebae—distention, increased
vigibility of the nuelel and disintegration, The distention is
always rapid and practically completed by the time the prepara-
tion is ready io be examined. It varies in duration, approxi-
mately from s minute to an hour. During the distention the
peripheral eytoplasm becomes very elear and 1he nuclel within it
show as prominent black or steel-blue granules. Small blasto-
cysts may have a superficial resemblance to trophozoites of L.
nana or Dientamoeba fragilis at some stages of their distention in
the aqueous smear, but the clear or ground glass appearance of the
central vacucle in the blastocysts differentiates them from the
oranular amoebae. The empty endoplasmic shell of ruptured
dientamoebae from which the nuclei have been expelled with the
endoplasm, may resemble a distended blastoeyst, but these rem-
nants always contain swarms of very minute granules in brownilan
movement,

In this connection it may be mentioned that for the purpose of
finding protozoan eysts in feces with blastocysts, the aqueous
smear is an excellent preparation. The difficulty of finding the
eysts in smears crowded with blastocysts is well known. I're-
quently the protozoan cysts and the blastoeysts cannot be dis-
tinguished under the 16 mm. objective; the smear then has to be
examined with the 4 mm. objective and hundreds of blastocysis
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may have to be scrutinized before it can be determined what oysts
or that no eysts are present.  No matter how patient the worker
may be he probably will call the smear negative long before it
has been thoroughly covered. In the agueous smear the blasto-
cysts have ruptured and disappeared or they have hecome so
distended and watery that they can barely be seen and certainly
not confused with the cysts.

TECHNIC

Tap water, which in this laboratory is a chlorinated water
neutral to litmus, has been used for the routine aqueous smear.,
To determine whether or not some salt in this tap water influ-
enced the process of distention and the nuelear changes, emears
in distilled water have been made from many stools, Assuming
that the distention of the trophozoites is the result of endosmosis,
theoretically there should be more rapid distention in the distilled
water, and this actually can be observed if the same amount of
fecal material be used for making the smears. The rapidity of
the distention and the nuclear changes ean be regulated at wil,
however, in both tap water and distilled water by varving the
amount of feeal material stirred in the drop of water. Pre-
sumably the osmotic pressure in the aqueous smear depends
mainly upen the amount of salts dissolving out of the fecal ma-
terial used,  Thus o thick smear in distilled water will show the
trophozoites distending less rapidly and lasting longer than in o
thin smear in fap water.  Successful aqueous smears can be made
with wide varistions in the dilution. A smear slightly thinner
than the routine smear in normal saline solution is the most satis-
factory. In this the distention and the nuclear changes progress
slowly enouzh to allow earcful observation and feeal débris seldom
interfere with a elear view of the trophozoites. In wvery thin
smears the trophozoites may rupture before the characteristie
features develop or if they develop, before they ean be chserved.

In very thiel smears the distention is unnecessarily slow and
some trophozoites will be protected by fecal débris and cseape
the change, This is apt to oceur particularly in smesrs from
mueoid exudates of acute amoebic colitis in which lumps of mueus
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may remain and within these, trophozoites well protected against
the water.  This condition may give rise to curious trophozoites,
observed in several aqueous smears.  Instead of rounding up, to
distend and die, they seem to adjust themsclves to the aqueous
medium and keep moving. The endoplasm becomes thin and
full of vacuoles and the nucleus disintegrates and d.l‘-:él-_p]‘.lﬂ s, but
still they stay alive. In one smecar they were seen in H.pifl
flowing progressive movement five hours afier the preparation
was made, Af this time the endoplasm appeared as thin as the
surrounding water, there was no trace of the nucleus but numer-
ous vacuoles clear as bubbles rolled around like marbles as the
animal surged across the field.

BUMMARY

The trophozoites of B, histelytica, E. coli and E. nana and of
Dientamoebae frogilis have been observed in aqueous smears and
the essential findings recorded. JMaterial for a similar study of
the trophozoites of fodamoeba bulschlit has not been available,
The observations indicate that certain features in the morphology
of the amoebae can be demonstrated in the aqueous medium,
such as (1) the distensibility of the ectoplasm of the £. Aistolyfica,
(2} the relative fragility of the ectoplasm of the &, ¢coli and £, nana,
(8) the resiliency of the ectoplasm of the DHeniamoeba fragilis,
{4} the remarkable strength of the nuclear membrane of the
E. histolytica and E. coli.

Some of these characteristics together with the visibility of
the nuclei help to differentiate the species of amoebae in the
human stool,

It also has been recorded that the annoyance of Blastocysiis
homints can be eliminated by the use of the aqueous smear.

I have been unable to find any reference in the literature to
the use of aqueous smears in the study of the amoebae of man.
Heowever, it does not seem possible tha,t such a simple procedure
has not been used by some workers.

It is my pleasure to acknowledge the genercus and valuable
advice of Dr. C. M. Johnson, protozoilogist at the Gorgas
Memaorial Laboratory and the efficient assistance of J. I, Buckner
and . A. Down of the Hospital Corps, U. 5. Navy.
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PLATE 1

All drawings from pgueocus smesrz. 1,000, The time elapsed from the
moment the feesl particle, used for the smear, Srat touched the water is noted
under each Sgure,

Tros, 17o9, Dnawmnes oF 4 Tnornorolrs oF B, HisTonvyrios Fros o Case oF
Aoore AxoEpic Covrriz,  ApstoacTs oF Notes Mane Doerss pue
OesnrvaTion, as FoLLows

Fra, 1, The trophozoite is mmotile, rounded ap.  Aboat one-fourlh of its
contenta is froe of granvles, the rest iz a finely pranuler maoss in which srs im-
bedded three partly digested erythroestes, At the edge of the grenulee mass
there nI:l]'JEEI.I'i‘-'5| while the trophozeite firet wos being observed, o foint groy
annular ring, the earliest indication of the nueleus.

Fra. 2. The nuelews 8 clearer, A fine beading now ean be aeen in the annuler
line and a small central karyogome has sppearod,

Fra, 8, Twe of the ervthroeyies have faded considershly. The peripheral
chromatin granules of the nucleus have changed from geay to black and appear
Ierger, The nuclear membrane is clesrly visihle. The karvosome hes changed
from gray to blaek and s strikingly prominent.

Fig. 4. The granular endoplpsm has spread out to all parte, Two of the
erybhroeyies have faded out,  Vaeuales forming.

Iy, 5. Dhgtention continues, endoplasm thinner, more vaecucles, last ervthro-
evte has faded out, The ehromelin gronales of the nueleus are larger bt still
form an evenly beaded ring.

Fra. 6. The chromatin granules have eoaleseed into twelve lurger ones.  The
gronules of other planes of the chromatin laver are also visible and give the center
of the nueleus & grannlar appesrance.

Mg, 7. Mo further distention. Severs! clenr spacea have formed. The ne-
elens, flonting in one of these, is unchanged,

Fra. 8, The trophosoite roptured and the contenta which new lics partially
expelled guickly ehanged to o mess of vacuoles separated by strands of prangles,
Mueleus unelunged.

Ira. 2 The nuelews erumbled into & moass of large ranoles.

Fros, 10ro 14, Drawiwes or & Trornozore or I, HisTonvTica Frox A Cannine

F1g. 10, The trophozoite is immetile and spherieal, filled with fnely and nni-
formly granular endeplesr,  No nuelens can be scen.

I, 11. A very foe, pray, snnular line has appeared in the endoplasm which
now appoars thinmper,

Tro, 12, Endoplpam thinner, Minutle granules of uniform size have appesred!
in the nuelear ving,  The karvosome is not visible,

TFro, 18, The trophozoite was turned by o current in the proparation end
aecond nucleus revealed itsell. The two necled are identieal 1.1.-1':}] finely beaded
ringa gnd amall centrnl larvosomes,

Frg, 14, No further distention,  The small granules of the nueless ehromatin
have begun to conleses pod have changed from ceay to black.  Ohservation of this
trophoseite discountivued and the preparation searched for additionsl trophe
aoites.  Nine more found intact andin the same stoge of distention ns in figare 14
Cne was bi-nnelente, .
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PLATE 2

All drawings from aqueous smeara. X 1,000, The minutes recorded under
the figures is the time elepsed from the moment the fecal porticle, used for the
smear, firat tonched the weter,

Fias, 1204, Drawivnea or a Troraezorrs or B, Cowr oy Wites THg DraTexTIoN
13 ForLowen ay Saninkivg Wireoor Vizinne Ruprras

TFig, 1. The trophozeite s rounded vp, immatile, An acnnler line with irrem-
lar granules cutlines the nucleus which nppears to be imbedded in the granules
and débriz of the endoplasm,

Fro. 2 The elear peripheral cetoplaamic laver hns widened; the endoplaam
remains undisturbed as p rounded eentral mass, The ehromntin of the nuelons
has eoalesend into o fow large masees,  No karvosome cen he seern

Fie, 2, The elear peripheral zone almost has disappeared, The chromatin
massea of the nueleus have become very dense, but ne karvosome iz visible.

Fra, 4, The t-TE'?]PEZIHH-':Jit-I".. haz shrunken into o rormnant of conree ,‘.,’r:.'.ﬂll:'i.‘-.“. ik
débria. The disintegrated nueleus sppears as & U-shaped mess of ehromatin,

ras, & o 8 Dprawinas or Axornen TrornozoiTe or E, Conr 1 Wi mas
Digravmiony TERMINATED 5v VisieLk Rupronn

Fre. 5. The trophozoite is immotile but oot yet rounded up,  The noeleys js
nob visible,

Fig. 6. The elear cetoplaam now s evenly distributed in a peripheral laver,
endoplasm eearsely aronular, noclous not visibile,

F1g. 7. The peripheral ectoplasm has widened, inereasing the dinmeter of Lhe
trophozoite from 24 to 31 microns, A fow hervy musses of nuelesr chrometin now
can be seer, no karyvoaome.

Yro, 8§ The frophosoite has ruptured and part of the endoplasm oxpellod
through the wide tear of the cetopliam.  The npelens ja o mass of dense irrorolar
sranules,

Figs. 9 vo 1), ExpoLisax Naxa

i, 8. The distended trophozoite with thin, finely granglar andoplasm and
vigible nielens whish sppears ns nogray or atacl-blue dise,

Fri, W, The trophozoite has slirunken without visible rupture and become o
conesely granolar irregular mass with the nusiens still waikle.

Fras, 11 ro 15, Diewravosea Fraoines

T, 11, Amocha in early phase of distention,  No noelews visible,

g, 12, Diatention has inereased the dinmeter from 11 to 16 microns,  Fndn-
plasm very thin.

Fio, 13, Maximum [gl-Hf-ETttj.D]'l., j].lE-t- hefore I‘I.]_E}t-l_l;r{}._ The two noeled gee geon ws
atenl-blue dizes.

Fae 14 The amashs has ruptured and after expalsion of the endaplesm, the
eeteplosin hos regained 48 spherical form and obliterated the tens Nuelel ro-
main within the cetoplasm,

Yro. 15, Avother Dientomeocba, aftor repture.  One nuyelens seen at the edge of
the expelled endoplosmie mass.  The ectoplasmie shell is ciuplby exeept for some
minute grangies,
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