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TimsT stages in the cleavage of the fertilized human

egg have, as far as we know, never been reported, and

while in vitro fertilization of tubal eggs of the rahbit

* has heen deseribed,® we have found no record of such

experiments in higher mammals. A monkey egg ferti-

¢ lized in wive has been cultnréd in vitre from the two-
% to the eight-cell stage.*

Utilizing the surgieal material available at t}i_e Free
Hospital for Women, we have, during the past six

¢ years, made numerous atfempts to achieve im wvitro

fertilization and cleavage of human eggs obtained
from ovarian tissne removed just-prior to the expected
time of ovulation. Throughout this period of investi-
gation,® several factors have been varied; ¢.g., the con-
ditions of culture of the eggs, hoth before and after
exposure to spermatozoa, the duration of contact of
ege and spermatozoa, and fhe coneentration of the
sperm suspensions employed.® As a result of recent
modifieations jof omr n[iethed, we helieve we have sue-
eteded in three experiments, which eonstifute the sub-
ject-matier of the present repori. ’

In two of these cases (D. D. and R P, the egg‘,.

after heing subjected to certain procedures (to be

T A unit of streptomyein is that quantity of the anti-
biotie agent which inhihits the growth of a given strain
of Bscherichia coli in 1 ml of nutrient broth or agar:
1From the Department of Gynecology, Harvard Medieal
School, Boston, and the Fertility Clinie Laboratory, Free
Hospi_tal for Women, Brookline, Mass. - .
 Aided by grants from the William F. Milton Fund of
arvard Universify, the Committee for Research in Prob-
ems of Sex, National Researeh Couneil, and the Carnagie
Corporation of New York. ' -
4 *G. Pincug and E. V. Enzmann, Proc. Not. dcad. Sei,;
20: 123, 1934, o )
1W. H. Lewis and C. G. Hartman, Carnegie Tnst. Wash.
Pub. 448, Contrib. to FEmbryol., 24: 187, 1933 -
5 Nearly 800 human follicular egps have been isolated
i;-d studied during the course of this investigation; of
hiess, 138 have been observed after exposure to sgper-
Tatozoq, '
*We very gratefully acknowledge the invaluable adviee
and eneouragement generously given us by Dr. (regory
= 1lets, ag well ag the haelpful assistance furnished at vari-
o Stages by Dr. Nicholas T. Werthessen, Miss Loite Lee
lehel, Miss Eleanor C. Adams, James M. Snodgrass and
- Harold Brown. We are also deeply indebted to Dr.
Ustiy M. Brues for his help in the early part of this
3 Stigation, and to Dr. Arthur T. Hertig for his eon-
In{-, encouragement, advice and material aid through his
fnt from the Clarnegie Corporation of New York.
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deseribed later), was found to be in the two-cell stage.
In the third case (J. D.), two eggs divided. Omne of
these, when first seen in cleavage, consisted of one
large blastomere and two smaller ones, each of the
three aontaiﬁ'mg & round, vesicular nueleus. The
second egg from this same patient was in a similar
stage, but part of the 'eytoplasm appeared frag-
mented, and sqon proeeeded fo undergo rapid degen-
erative changes. In this first report, we will confine
our disenssion, the_refore,:to the two. eggs in the two-
cell stage and the more normal of the two egps in
the three-cell stage.

Tar Two-CeLl Sragw or Tem HuMan Kee

Thé first specimen was obtained from Mrs. D. D.
{No, 20,768), a 38-year old Para IV, who mderwent
laparotomy on the 10th day of her menstrual cycle,

‘at a time when the endometrinm wag in the sarly pro-

Liferative stage. When first observed "in the flnid
drained from a 2.3“em bluish foMicle, the egg vas en-
closed within a_moderate investment of grannlosa cells.
It was washed in Locke’s solution and incibated for
27 hours in the serum of the same patient. Then if
was exposed for one hour af room temperature to a
washed sperm suspension in Locke’s solution. The
Wéteh-glass containing the ovum and spermatozoa was
left on the stage of the disseeting mieroscope and the
egg wag kept in eonstant view {(af a magnifieation
of x35). The spermatozoa showed great activity
throughout the period of obsérvation; they were
clearly seen to travel through the interstices of the
loose cellular formation swrounding the ege, and
many were noted in active motion just outside the
ovular boundary. At the end of one hour, the oymm
was transferred to fresh serum’ from a post-meno-
pausal patient. " As the egg was pipetted info the eul-
ture flask, the cellular investment suddenly dropped
off and it appeared as a single round cell with a fuzzy
border. When it wes again observed after 403 homrs’
culture, it was found to congist of two blastomeres,
each measuring 86 p in diameter, and was enelosed
within & zona pellucida of uniform width, measuring
14u. A sketeh of the specimen was made and it was

.fixed in Bouin’s solution, hut in the l'engthyAprocess

of dehydration, it was, unfortunately, lost.

A stairigd section of the follicle from whieh this egg
wag obtained showed a typieal preovulatory phase.

Of the second egg in the two-cell stage we have a
complete serics of stained sections. Fssentially the
game procedure, a4 deseribed above, was earried out
on an ovum, washed out of a follicle of Mrs, R. P.
(No. 14,518), & 3l-yesr old Pava VI, Gravida VIII,
who was operated upon on the llth'_da,y of her eycle.
The endometrium at this time was in the early to mid-
proliferative phase of its development.

Thirteen eggs in all were reecovered from the follicley
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of this patient snd were culfured in three batches.
The egg to be deseribed was one of a set of four, of
which three, when first seen, were covered by a thick
granulosal cell investment, and one by only a few rows
of eells. The eggs were incubated in serum? for 223
hours, heing washed in salt solution before and after
inecubation, and then exposed to a washed sperm sus-
pension in Locke's solufion for fwo hours at- reom
temperature. They were apain washed in Locke's
solution and cultured in fyesh serum for 45 hours.
When examined at the end of the incubation period,
one egg was found to be in the two-cell stage; it re-
sembled very closely the first specimen described.
Two blastomeres of fairly nniform size and appear-
ance, and econtaining granuwlar eytoplasm, were en-
closed within a zona pellueida along the horder of
which were numerous gpermatozoa. At least one of
them was clearly seen within the zone. The entire egg
(including the zona pellucida) measured 1563 px 155 p;
the cellular portion was 100 ux 113 v, and the average
width of the zona pellucida was 23 p. The blastomeres
meagured 88 px 58, and 105 px 58 B, respectively.
The egg was fixed in a plasma clot aceording to the
method described by Pineus,® and the clof was eax-
ried through the double embedding celloidin-paraffin
method, serially sectioned at 8p, and stained with
hematoxylin and eosin. The specimen is included in
8 sections; henece the total thickness of the epg is ap-
proximately 64 p. In a seetion through the middle
of the specimen, the blastomeres {designated for eon-
venience as “A” and “B”) measure 63 ux39p and
66 1 x 36 u, respectively. The cytoplasm appears uni-

formly pranular, with the exception of the polar re-

gions, where there is beginning vacuolization, as had
been noted in the fresh specimen just prior to fixa-
tion. In the approximate center of each cell there is
a round, vesicular nucleus measuring 18 1 x 13, and
16 o x 15 p. (blastomeres “A” and “B,” respectively),
and containing a echromatin meshwork. The gona
pellucida surrounds the egg over about fwo thirds of
its eireumference. The failure to retain the entire
zona pellucida in section was doubtless due to the
method of fixation, as it had beenr intaet in the fresh
specimen. In its widest portion, the zona measures
"7 to0 8 in width. At least 4 sperm heads may be
identified; one of them appears to be just within the
eell hody of blagtomere “B.”’ In a section adjacent
to the one just deseribed, a polar body measuring
18 x10p is seen beside blastomere “A” It con-
tains what appears at first as a more or less definite

7Tn all three experiments reported here, the serum used
for eulture of the epgs prior to exposure to spermatozoa
was taken from the patient who had formished the eggs,
while sobsequent culture (following contact with sper-
matozoa) was earried out in sernm of a post-menopansal

patient. -
8 (. Pineus, Jour. Exp. Zool,, 82: 85, 1930
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number of chromatin units discrete enongh to he
counted. However, upon further magnifieation, the
chromatin is seen to be in the form of a lobulateq
body, enly two clumps being definitely separated frop
the general mass. Opposite blastomere “B” at the
outer boundary of the zona, two sperm heads may he
identified. Other sections of the egg, devoid of
nuelear material, show 1, 5, 7 and 9 spermatozoa, re.
gpectively, in the neighborhood of the zona pellueida
ér of the eytoplasm itself. i

Tas TarEe-CELL STAGE

The third experiment to be veporfed was performed
on ova of Mrs. J. D. (No. 21,012), a 38-year old
sterility patient, in whom the diagxiosis of tuberculous
endometritis had been made after routine biopsy taken
in the course of an investigation for sferility. Opera-
tion on the 12th day. of her cycle, at a time when the
endometrinm was in the late proliferative stage, re-
vealed extensive tuberculens involvement of the uterus
and tubes. Both tubes were sealed and the fimbriae
were inverted. - .

Two ount of four eggs, recovered in washings of
ineized follicles and subjected to essentially the same
procedures as outlined above, ywere found to be in
cleavage. These ova had been eultured in sernm for
27 hours prior to contact with spermatozoa, exposed
to the latter for one honr and ten minuntes, and rein-
cubated for 46 houwrs. At the end of the incubafion
period, the more normal of the two specimens con-
sisted of three well-defined, round, regular blasto-
meres, each of which eontained a round, vesieular
nuclens. A photograph taken two hours later already
shows beginming signs of degeneration; 4.e., shrinkage
and vacuolization. Within the zona pellucida, which
is of even width, at least 5 spermafozoa are seen. The
entire egg (including the zona pellucida) measured
170 ux 183 p; the cellular portion was 103 px 137 u,
and the zona pellucida averaged 21 p in width. The
largest blastomere measured 97 px 73 i, and the two
smalley ones 62 ux 62 p, and 50 u x 63 B, respectively.

The ovum was fizxed, serially sectioned, and stained
in the same manner as the second egg, deseribed above.
Sines it includes 10 sections; eut at 8 p, the specimen
is approximately 80 thick. A section thromgh the
middle measures 50 px 86 p. The largest blastomere
ig here seen to be 66 1t x 49 1, and thé two smaller ones,
35 ux 38 u and 33 wx 44, vespectively. In addition
to vacuoHzation of the eytoplasm, the presence of mul-
tiple nuclei in the individual eells is evidence that the
egg had undergone definite degenerative changes since
it was flvst observed in cleavage that afterncon and
sketehed. ,

In one. seetion there is a strueture measuring
14 nx9p, which is strongly suggestive of a polar
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hody. Nowkere throughout the Preparation is there
any sign of the zona pellucida; this had evidently been
dissolved by the fizative, :

In regard to the duration of early clegvage stages,
it is pertinent to cite the Yeport of Lewis and Hart-
man? on the ewlture én vitro of the monkey egg fer-
tilized in vivo. They state that in thejr experiment,
in whieh fertilization was believed to oceur soon after
ovalation, the one- and two-cell stages lasted at least
36 howrs. We observed two eggs in the two-eell stage
404 and 46 hours, respectively, following contact with
spermatozoa. Lewis and Hartman congidered that the
three- and four-cell stages in their egg extended to the
#3th honr following fertilization. OQur two eggs were
seen in the three-cell stage 46 hours after exposure
lo spermatozoa. Henee, our findings, in this respeet,
are in geneval agreement with those Teported for the
mhnke‘y egg,

These experiments will be described in greater de-
tail elsewhere, and photographs of the fresh and fixed
specimens will he ineluded.
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THE _PROLONGATI}"'ON OF PENICILLIN RE-
TENTION IN THE BODY BY MEANS OF
PARA—-AMINOHIPPURIC ACID
Ten very great rapidity with which penicillin is
?leal'eci from the blood stream and appears in urine
$a major disadvantage in therapy, and suggests that
b might by eliminated by renal tubulay seeretion in
Wdifion ¢, glomerular filtration. If sueh were the
a5, it might he possible to suppress the secretion of
lenicillin by the simultaneous administration of
ANinohippurie acid (PAHA) which is known to be
*teted by the tupular epithelium?® and which we have
und tg he remarkably non-toxie. Rammelkamp ang
rﬂd}ey have reported thai the excretion of penieillin
' Wne was depressed by the injection of diodrast.?

he Purpose of oup investigations was to determing
bethey mutual competition between penieillin
i P-aminohippurie acid existed and, if so, to evalu-
¢ the significance of that relationship, The peni-
" content of urine and plasma was determined by
li(}‘l‘:;lg;} the Departments of P]Jal‘.m'ag,ology and Bae-
me, ’nc. %} ) Melchca,l-%esearch Division, Sharp and

’{a) N enolden, Pa.

. kaelstein, L. M. Aliminoga and H, W, Smith,

b oy, fap !

N T2 fysiol,, 133 276, 1943, (b) R. J. Bing, Proe,
Fe0. Biol, a0y, 53 29, 1943, &

- L Rammelkamp and 8. E. Bradley, Proc, Soe, Eap.

b deq, 53, 30, 1943,
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‘a modifieation of the method of Rammelkamp# and
the total amounts recovered were checked by the

Florey cup plate method, The PAHA content of
urine gnd plasma was determined by making use of
the principle set forth in the method of Bratton and
Marshall for sulfonamides.s All wrine and TBlood
samples were collected aseptically and periodie renal
clearance determinations of PAHA and peniecillin
were made during the course of the experiments, It
was established that penicillin contained m urine wag
sufficiently stahle to permit complete recovery in the
Presence and ahsence of PAHA at s pH range of 4.5
to 8.0 and that PAHA did not influence the assay -
of penieillin,

Two-hour experiments using normal, unanesthetized
trained dogs were designed in which 10,0000 Oxford
units of penicillin weye injected intravenously as a
single dose. In the contro] tests no PAHA was in-
fused, but in other experiments infravenous PAFIA
infusion was started shortly before and earried out
continuously during the experiments. These experi-
ments demonstrated that PATA markedly prolonged
the maintenance of an elevated plasma coneentration
of penicillin, being 0.2 wnit at 2 hours compared to
only & trace of penieillin in the plasma of the control
animals af 1.5 hours. The recoveries of penicillin in
the urine of one dog when no PAH A was administered
were 61, 77 and 97.7 per cent. When PAHA was
administered intravenously only 29.6 to 36.6 per cent.
of the penicillin injected wag recovered in 2 hours.
In the case of another dog the control penicillin per-
centage recovery ranged from 64.9 tg 102.4, whereas
when PAHA was administered in addition to penieillin
the recoveries of the latter were 30.2 fo 52.6 per cent.
When the former dog was given sodium biearbonate
hy stomach tube to maintain the PH of urine at 7.8 to
8.0 the recoveries of penicillin were 107.8 per cent. for
the control experiment and 36.1 per ¢ent, when PAHA
was infused. The normal venal clearance of penieillin
ab plasma concentrations of less than 1.3 units /ee ap-
proximated the minimal renal plasma flow. When the
Plasma level of PAHA twag maintained at levels of
above 25 mgm /100 ce the clearance of penicillin was
depressed to and below the glomerular filtration rate
for these dogs. This may be taken as evidence that
penicillin and PAFA compete for the same tubular
secretory mechanism,

Twelve-honr experiments, similar to those ontlined
above hut during which the dogs were anesthetized,
substantiated and extended the ahove findings. In the
control experiments, with one exceplion, penieillin
Was no longer detectable in the plasma within 2.5

10, W, Bammelkamp, Pros. Soe. Exp, Biol, Med., 51;
95, 1942,

5 A. C. Bratton and BE. X, ‘Mazghall, Jour. Biel. Chem.,
128: 537, 1939,




