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‘ Abstract: Growth (protein éﬁd DNA contents) of headfold stage'fat embryos

cultured for 48 hours on human serum was enhanced by glucose supplemenfation.
Embryo growth varied with the source of the serum. Sefa from 3.of“theA19

control subjects produced abnormal'embryos.iASera from 5 subjects undergoing

PO R ———

cancer chemotherapy and 6 subjects reéeiviﬁg,anticonvulsants were either

‘,.; . lethal or teratogenic to cultured rat embryos.




. Advances -in procedures'fer in vitro culfure of rat embryos during
stages of onganogenesis have provided -a model system in which to study tera~
tology (1). We recently showed thet such'cuitures could be used to moniﬁor‘A
changes in serum teratogenicity with time when sera from rats injected with
cadmium chloride or cyclophosphamide were used as culture media (2). We
report here on the.eitension of this approach to.the detection of potential
teratogens in human serum.

'Culture of heedfold stage~rat embryos on éerﬁm other than from rats
has not prev;ouslyvbeen successful (3). However, it has been reported that
somlte stage rat embryos could be cultured for 18-22 houre oﬁ human serum
(4). Studles in this laboratory and by others (5) using headfold stage
rat embryos and a 48 hour culture period indicated that human serum was.in-
,ferior to rat serum in supporting embrye grewth and_developmept,"EStimates
of glucose consumption by cultured embryos (6) and the higher<1eve1 of glu-
‘cese in rat serum (1.8 mg/ml) as compared to himan serum (0.98 mg/ml) sug-
gested that the low glucose content of:humah eerum'mightAbe_limiting embryo
growth. . When 2.0 to 3.0 mg of glucose were added per ml of gumah serum
(final glucose concentration of approximately 3.0 to 4.0 mg/ml)? the accumu-
lation of protein by headfold stage raﬁ embryoe after 48 hours of culture
increased by apprqxihately-3 fold_and the accumulation'of DNA by approximatel&
5 fold over ihose embryos cultured on .unsupplemented human serﬁm (fig. 1,
2a and 2b)f In subseqﬁent experiments all serum samples were analyzed for
glucose concentration by the glucose oxidase metﬁqd (7) and were adjusted
to a flnal concentration of 3 mg/ml. In addition to rhe glucose supplemeﬁt,
the preparatlon of human serum for use as a culture medium 1nv01ved the same

procedures that have been used for rat serum 1nc1ud1ng immediate centrl—

fugation after w1thdrawa1 (8), heat inactivation for 30 minutes at 56 C (8),
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sterile_fﬁlfration thfough HA type Millipore filter,:supplementafidn.with
(mg/ml) 0.66 sfreptomycin sulfate and 0.0006 pénicillin—G—potéssium and
dilﬁtion with 10 per cent by'vdlume sterile water (2). Glucdse solution
used as a.supplement reblaced a comparable volume of water'used iﬁ dilution.
‘An estimate of variation between individuals was made'by culturing em-
bryos on‘serum samples from 10 male subjects ages 22 to 33 and 9 female subQ
jécts ageé 20 to 25. They‘wére conSidefed.£o be in- good health, were non-—
smokers and were‘not'taking medication inpluding‘oral contracéptiVes.‘ Vari-
ations in tge protein and DNA-confents ofiembryos were observed among the
seruh samples, but the évefagélfor males did not differ significantly:from
that for females (Table 1). 1In comparison to previously ﬁublished déta from

this laboratory (2) the embryo protein content on human serum was 73 per cent

and the DNA 117 per cent of that obtained by embryos cultured on rat serum.

Histological cdmparison between embryos of similar size cultured on rat serum
and on human serum supplemenfed with glucose showéd comparabie morphological
development-(for éXample, compare Fig. 2c and 2d). .The embryos had. closed
neurai tﬁbes, approximately'25-somite pairs, forelimb buds, otocysts ahd

3 paifs of béth aortic aréhes and brancﬁial pouches. Embryos cultured on
control serum which were abnormal (Table 1) generaily contained less protein
and DNA than the other controls and showed(failure of the neural tube to
close at various levels (exénéepha}y) and‘inCOMplete body curvature. .The.
frequency of abnormalities was greater with feﬁale.serum (29 per cént)

than with male serum (10 per cent) but most of the abnormalities involved

serum from'only two females and one male.

To test the ability of cultured rat embryos to detect teratogens in

human serum, subjects were selected who were receiving continuous drug

'treatment.~ Sera from cancer chemotherapy subjects 20, 21 and 23 were lethal
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to embryos durlng the flrst 24 hours of culture. (Table 2). When these serum
samples were dlluted 50 per cent by volume w1th control human serum they re-
mained embryo lethal. - Serum from subject 23 was also tested at a dilution of
1: 3 by volume w1th control human serum and .found to be lethal. Sera from |
subgects 24 (cyclophosphamlde) and 25 (Tamoxlfen) allowed embryo. surv1val
for 48 hours but all embryos were abnormal (Table 2) and protein to DNA
'ratlos were higher than controls (controls ranged approximately 6 to 1
while the ratlo for subject 24 was 15 and for subject 25 the ratio was 19)
With serum from subJect 24, body curvature and limb bud formatlon were less
advanced than controls (Fig. 2e) while histological examination (Fig. ?f)
revealeo exencephaly extending from the anterior tip of the forebrain (tei- '
encephalon) to the level of the otic pit intthe hindbrain (myelencephalon),'
dilatioh'of the internal carotid artery, retarded development of the eye '
-and'reduCea numbers of somites (16 pairs), aortic arches (1‘pair) and‘hran—
chial pouches (2 pairs). .Serum from subject 25 caueed exéncephaly from the
forebrain (telencephalon) through thelmidbrain (mesencephalon), reduction
in eomtte'number (18 pairs) and absence of forelimb buds. |

In one subJect 21, it was. possible to obtain sera samples not only
during chemotherapy but also 3 months after the cessatlon of chemotherapy.
Serum obtalned during treatment was embryo lethal whereas serum obtalned
. post—treatment supported embryo proteln‘and DNA accumulatlons comparable
to controls (Table 2). Gross observatlonstlndlcated that morphologlcal
parameters were also comparable to controls. When serum from subject 22 was
used as a culture.meaium embryos similar to coutrols were also obtained.
This subject had been'diagnosedfas having cancer but had not as yet received
chemotherapy. |

All embryos cultured on serum from the six subjects receiving
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anticonvulsants survived 48 hours of culture. With four of the six serum:

samples, the protein and DNA values for the emﬁryos did not differ signifi- ‘
cahtly from controls (Table 3). Although embryos cultured on Eerum_from'
subject 28 were extremely small and showed exten81ve tlssue necrosis, all
“other embryos appeared morphologlcally comparable to controls (Flg. 2g)

~ in several aspects including normal body curvature, presence ef forelimb
buds, develepmentlof the pharyngeal regiohiand nasal placodes. Somite num-
bers:ranged'slightly lewer than cortrols: 17 to 24 pairs as compared to
21 to 26lpairs, In spite of the similarities to cbntrbls, all embryos with-
out exception were exencephalic ahd failed to develop optie vesicles. The -
extept'to’which the neural'tube-wae open and the regioneAinvolved varied
with the subjects but were consistent‘for:eacﬁAserum sample. For example,
with subject 27 the exencephaly extended from the middle of the forebrain
(telencephalon and diencephalon) through the hindbrain {myelencephalon)
(Fig. 2f). With subject 29 the brain was'open from the anterior tip of'the
forebrain (telencéphalon) to the level of .the midbrain (meseneephalon).

In this report we have demonstrated that rat embryos can'be cultured-

on human serum when supplemented with glucose and that they can Se ﬁsed.to

_ detect.potential terategens in human eerum. Serum saméles from subjects
receiying,drugs that hare been ehown to be teratogenic in animals'(9) or
'that have been iﬁplicated as huhanvteratogens (10) were either embryo lethal
or feratogepic ih all cases. However, at least fhree of the nineteen. control
sera samples were alse.detrimental to cultured rat embryoe. 'in_this-regard
we have observed embryo lethality as well as abnormalitiee with sera from
several subgects sufferlng from colds and with rat serum obtained from
animals suspected of having pneumonia. Clearly, extensive.prospective studles

would be required to establish a possible relationship between the affects




Clare L. Chatot 7

of human serum on cultured rat'embryqs and the occurrence of developmental

abnormalities'in'man.

! ' Clare L. Chatot
Norman. W. Klein?
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Figure'Legends
Flgure 1: Protein and DNA contents of headfold stage rat embryos cultured for
48 hours on human serum supplemented with various amounts of glucose. Sub-
ject 1 was used for male serum while equal amounts-of subjects 12 and 16 were
‘comblned:for female serum. Nulliparous'CD strain females'(Charles;River
Breeding Laboratories, Inct; willmington, Massachusetts), mated with CD strain
males, were sacrificed for embryos at 9.5 dayspgestation (the morning of posi-
tiﬁe vaginal. smear for sperm-was considered 0.5 days). Headfold stage'embryos
were selected and cultured with intact’yolk—sacs and ectoplacental cones but
Reichert's membranes were removed-(2). Cultureivessels‘(11) containing 3
embryos per 2 ml of media were maintained at 37. 5 C, rotated at 30 rpm and -
gassed with 5% 0 /5% co /9 ,nat zero time and 12 hours, 02/5% 002/
15% N, at 24 hours and 40% 0 /5% co /557 N, at 36 hours (2). For protein
‘and DNA determlnatlons embryos were separated from extraembryon1c membranes,
rlnsed in saline, placed overnight in 5% trlchloroacetlc a01d and homogenized.
After centrifugationslthe pellets were extracted with 95p‘ethanol, 1:3
chloroformlethanol for 15 minutes at 70°C and‘95% ethauol, DNA was then
extracted with 5% perchloric acid at 1000 for 20 minutes (12); The remain-
ing proteiu.precipitate was rinsed mith'95% etbanol-and dissolved in NaOH.
Diphenylaminezuas'used for DNA quantitation (13) and the method of Lowry et al
(14) for. protein. |
} Figure 2: Headfold stage rat embryos after 48 hours of culture on varlous sera.
Live embryos were either photographed immediately after‘removal of extra—}l
embryonic membranes or representative embr&os uith intact extraembryonic
-membranes were fixed immediately in Carnoy's. Following routine'processing,
paraffin sections were cut at 7 pm and stained with Ehrlich's hematoxylin and
'PAS. Whole embryos were photographed at 25X and sectlons at 60X. ‘(a)'Humau -

serum without added glucose. (b) Human serum with 3.0 mg/ml glucose added
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(c) Rat serum. (d) Human serum adjusted to 3.0 mg/ml glucose. (e and f) Serum
from subject 24 undergoihgicancef chemotherapy. (g and h) Serum from subject -
27 receiving anticonVulsanté, Di, diencephalon§ My, myelencephalon; OV, optic

vesicle; -0S, optic sulqus; NP, nasal placode; IC, internal carotid artery.

Aﬁ
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Table 1: Protéin and DNA contents and~abnormality'frequencies of headfold stage
rat embryos culturéd for 48 ﬁéurs:on hﬁman serum.
Table'2:  Protein and DNA contents and abnormality frequencies of«ﬁeadfold~stage’
j. rat‘emﬁryos cuituned.for.48‘hours-on huménAserum'from éubjecté'ﬁnaergoing '
¢ancer chemotherapy. Treatments;fér each subject wére'as fqllows with.the_
madication feceived on the day of sampling in parentheses: .20, viﬁcristihe,
-l.rﬁg iv/3 weeks; ‘ceNu, 106 mg po’/6 w’eeks (vinéristine).; 21, vi'r'xcri‘stine,
2 mg 1v/ 3 weeks, adrlamy01n 30 mg 1v/3 weeks, CCNU, 100 mg po/6 weeks,
cyclophosphamide, 1 g. po/6 weeks (v1ncrlst1ne and adriamycin); 23, cyclophosph—
- amide,-100‘mg po/day;‘24, cyclophosphamide, iOO mg po/day, methotrexate,A‘
‘75 mg iv/d weeks,uS—fluorouracil 1.5 g 1v/4 weeks (methotrexate and. 5—
fluoroura01l), 25, Tamox1fen, 20 mg po/day.
. Table 3: Protein and DNA contents and'abnormallty frequenéiéé of headfold stage
rat embryos cﬁltured for 48 houré on human serum from subjécts receiving anti=
. coﬁvulsahts. Daily oral medications for each subject were. 'as follows: 26,
tegretol, 400 mg; 27, peganone, 500 mg, tegretoi, 1.2 g, primidone, 875 mg,
_depa&ene, 1.25 g;- 28 prlmldone, 750 mg, cafbamezepine; 800 mg,. depakené,
1.5 87 29, tegretol 800 mg, mellaril, 250 mg, Dllantln, 350 mg; 30, tegretol

800 mg, depakene, 1 g, primidone,. 500 mg; 31, Dllantln, 300 mg.
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' Prott'ein a.r;d DNA contents and abnorrﬁality frequencies of headfold stage rat émbryos
cul-t.ured for 48 hours on human serum. . . ’ | |
. SUBJECT NO. EMBRYOS NO. ABNORMAL PROTEIN DNA
. SR ' e (pg/embryo + S.E.) (mg/embryo + S.E.)
MALE
5 0 117.3 + 5.3 10.9 + 0.9
6 o . 92.446.4 11,94 0.4
_6‘ 0 92,3 + 6.4 | 12.4 + 1.0
6 0 85.8 + 4.8 11.5 + 0.1
6 0" - 85.2 + 7.4 - 10.1 + 1.2 .
6 1 81.0 £ 8.1 8.711.0
6 0 7441+ 8.2 11.6 + 1.7
6 0o 70.7 + 6.5 | 8.0 + 0.8
6 o 53.3 + 4.9 7.8 + 1.0
6 : 5 S 42.8 + 3.2 ' 5.8 + 0.4
59, 6 7954 6.6 - 9.9 4 0.7
FEMALE | o
3 0 100.0 + 10.2 - 13.7 + 0.6
3 0 94.8 + 1.7 12.1 + 1.0
6 | 1 83.0 + 4.0 . 10.9 + 0.6
6 o C 15.2 4 8.1 7.7 £ 0.8
6 0 66.1 + 4.6 8.7+ 0.9
6. o 64.5 + 7.6 : 9.3 + 0.7
6 6 62.9 + 6.4 8.2+ 0.5
6 6 57.9 £ 7.3 . 9.3 1.2
6 o 48.0 + 5.7 . 8.04+1.0
48 1 72.5'4 5.8 . 9.84+0.7
- OVERALL AVERAGE
118 on TE.2 + A.A | 9.8 + 0.5
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' Prdteinvand-DNA contents and abhormality frequencies of headfold sfage rat embryos‘

cultured for 48_hours on human serum .from subjects undergoing cancer chemotherapy.

\
A

SUBJECT  NO. EMBRYOS ° NO. ABNORMAL

~ PROTEIN . .
(pg/embryo + S.E.)” (pg/embryo + S.E.)

DNA

21 ' 3 7 lethal
213 .0

" (Post-Treat.)

22 37 . .0
(No Treat.)

23 .3 " lethal

24 .3 - 3
25 -3 . 3

20 -+ 3 .lethal

MALE
3%
10.5
¥%*

9,1*_

81.7 +
86.6 +

FEMALE

%%

20.6
54.4 +
88.5 +

2.9

9.'1

*
107

2.0

0.7
0.6

10.5
T.7
0.7

3.5
4.6

¥* %

* %

+ 0.6

*

+ 0.6

-
%*%
+ 0.6 -

»* 3%

+ 1.0

@ The level. of significanCevbf the différénce between experimental vélues and

: ’ : ’ * o * %
male or female control values by Student's T test: .p<£0.05; p£0.01.



TABLE 3

-Protein and DNA contents and abnormality frequénci_es- of headfold stage rat embryos

cultured for 48 hours on human se:_bum from subjects receiving antidonvulsants.

SUBJECT NO. EMBRYOS  NO. ABNORMAL

: (pg/embryo + S.E. )®  (ng/embryo

PROTEIN

DNA - a
+ S.E.)"

21
28

29

.31

26.

w W W W

,30 |

w oW W W W

MALE

63.8 + 4.8

*
160.8 + 4.0

A‘d3.8**

FEMALE

79.3 + 6.6 .

'71;9 + 1.2

5.9 4 1.1

8.6 + 0.4

*

- 9.6 + 0.4
8.6 + 0.4

8.9 + 0.4

.2 The level of significance of the difference between experimental values and.

. . . - % 3
.male or female control values by Student's T test: p £0.05; p<0.01.
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