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A second look at the embryotoxicity of hydrosalpingeal
fluid: an in-vitro assessment in a murine model*

M.K.Koong?3, J.H.Jun?, S.J.Song, H.J.Le€’, Introduction

.0.Song! and 1.S.Kang! Tubal infertility is one of the classic indications for in-vitro
fertilization (IVF)—embryo transfer. Recently, several studies

IDivision of Reproductive Endocrinology and Infertility, have reported that patients with hydrosalpinx also demonstrate

Department of Obstetrics and Gynecology &hdertility Research ~ reduced pregnancy rates following IVF—embryo transfer
éabct)ratcgylusamsfur'\l/lg g_h_eil Hgspit? ang Worr&er_l’s H_eta“gc"i‘ge (Andersonet al., 1994; Kassabjet al, 1994; Strandelét al,
enter, L.oflege of Vedicine, sungkyunkwan University, 1-— 1994; Vandrommeet al, 1995; Fleming and Hull, 1996).
Mookjung-dong, Chung-ku, Seoul, 100-380, Korea Several groups of investigators have shown that surgical
correction of hydrosalpinx can significantly improve pregnancy
rates following IVF—embryo transfer (Poe-Zeigkdral.,, 1995;
Sheltonet al., 1996; Koonget al., 1997). The mechanism by
The purpose of this study was to evaluate whether hydro- \hich hydrosalpinx reduces pregnancy rate is presently not
salpingeal fluid (HSF) is toxic to the mouse embryo as ynderstood. Based on their results using a murine experimental
assessed by the blastocyst development rate (BDR) and by mgdel, Mukherjeest al. (1997) have suggested that hydrosalp-
cell countingin vitro. HSF was collected from nine patients  jngea| fluid (HSF) is embryotoxic. They reported that the
undergoing salpingoneostomy to correct hydrosalpinX.  apparent embryotoxic effect of HSF could be blocked by
Two-cell embryos were obtained from superovulated ICR  gyrgical interventions designed to attenuate embryo contact
mice. T6 medium and T6 + 0.4% bovine serum albumin  yith HSF, e.g. salpingectomy or proximal tubal occlusion.
(BSA) were used as control media. T6 medium containing  However, other researchers using similar study designs have
10% or 50% HSF and 100% HSF from each patient were  reported contrasting results (Kaet al, 1996; Koonget al.,
used as test media. Nine to 15 embryos were cultured in - 1996; Murrayet al., 1996). Furthermore, the increased rates
microdrops prepared from each of these media. The BDR  of ectopic pregnancy in patients with hydrosalpinx would also
was examined after 72 h of culture in these media. To 4rgue against an embryotoxic effect of HSF (Dubuissbal.,
assess the total cell number within each blastocyst, the 1991; vasquezt al, 1991; Zouveset al, 1991). We have
blastocysts were fixed and stained with Hoechst 33342 to gyggested previously (Koonet al, 1996) that HSF exerts
facilitate cell counting. The BDR was affected adversely opjy mildly adverse effects on mouse embryo growth and
only by 100% HSF and not in media containing 10% or  gevelopment. As an extension of our previous study, we have
50% HSF. The mean BDR using T6 medium and T6+  now made a second-look evaluation as to whether or not HSF
BSA were 88.7% and 85.3%, respectively. The mean BDR a5 embryotoxic effects on mouse embryo developrineritro
using media containing 10% HSF or 50% HSF were 90.0%  py assessing the blastocyst development rate and cell number
and 89.4%, respectively. Mean BDR using 100% HSF was i the blastocyst.
75.2% (P < 0.05). The overall mean cell counts £ SEM)
using T6 medium and T6 + BSA were 86.9+ 3.2 and
91.0 = 3.8 respectively. Mean cells counts were decreased
significantly only in blastocysts cultured in 100% HSF
(63.3 = 4.6; P < 0.01) but not in blastocysts cultured in  Preparation of HSF and embryos
10% or 50% HSF (90.8 = 4.2 and 81.9+ 6.1 respectively). Hydrosalpingeal fluid was collected from nine infertile patients
Thus, it is concluded that HSF has no embryotoxic effect undergoing salpingoneostomy to correct hydrosalpinx. Each HSF

but has a mildly negative effect on embryonic growth and  Sample was centrifuged at 11@0for 10 min to remove cell debris.
development. The supernatant from each sample was collected and stored at —20°

C. Adult outbred female Institute of Cancer Research (ICR) mice
were injected with 7 IU of preghant mare serum gonadotrophin
(PMSG,; Sigma Chemical Co., St Louis, MO) and, 47 h later, with 7
IU of human chorionic gonadotrophin (HCG; Sigma Chemical Co.,

*This study was presented orally under the title ‘HydrosalpingealSt Louis, MO, USA). The following morming the mice were checked

fluid does not have an embryotoxic effect but has a mild adversd®’ the presence of copulation plugs to verify successful mating.

Annual Meeting of the European Society for Human Reproductiortheir oviducts were removed. Two-cell-stage embryos were obtained
and Embryology, June 22-25, 1997, Edinburgh, Scotland, UK. by flushing the oviducts with phosphate buffered saline.
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HSF is not toxic on mouse embryo development

Table I. Comparison of blastocyst development rates (%) using media with and without hydrosalpingeal
fluid (HSF) and HSF alone by patient from which HSF was obtained

Patientno.  T6 T6+ 0.4% BSA  T6+ 10% HSF  T6+ 50% HSF  100% HSF
1 100 (10) 82 (11) 91 (11) 100 (11) 90 (10)
2 100 (10) 90 (10) 100 (10) 91 (11) 73 (11)
3 67 (12) 92 (12) 92 (13) 92 (13) 77 (13)
4 83 (12) 83 (12) 91 (11) 82 (11) 73 (11)
5 100 (14) 80 (15) 93 (14) 87 (15) 73 (15)
6 100 (9) 91 (11) 80 (10) 100 (10) 80 (10)
7 80 (10) 90 (10) 100 (10) 64 (11) 73 (11)
8 70 (10) 70 (10) 80 (10) 91 (11) 67 (12)
9 100 (10) 91 (11) 82 (11) 100 (11) 75 (12)

Data in parentheses indicate the number of mouse embryos used.
T6 medium= control culture medium; BSA= bovine serum albumin; T8 BSA = control culture
medium.

Preparation of culture media count was 110 (Figure 1). Accordingly, we assessed the effects of
HSF was sterilized by filtration (0.2@m filter, Millipore, Molsheim, =~ HSF on blastocyst cleavage rates using mean cell counts.

France) before use. For each patient, T6 medium and T6 medium

containing 0.4% bovine serum albumin (BSA; Gibco Life Technolo- Statistical analysis

gies, Gaithersburg, MD, USA) were prepared as control cultureThe percentages of embryos developing into blastocysts in each of
media, and T6 medium containing 10% or 50% HSF or 100% HSFhe five media were compared by tRétest (Leppent al, 1996).
were prepared as test media. Each of these five solutions was prepangdorder to compare the mean cell counts of blastocysts cultured in
as microdrops which were covered by a layer of mineral oil (Sigmaeach of the media, analysis of variance followed by Duncan’s
Chemical Co.) in culture dishes (Falcon, Becton Dickinson Inc.,multiple range test was performed using SPSS for Windows software
Franklin Lakes, NJ, USA). Prior to addition of the collected mouse(version 6).

embryos, the microdrops were equilibrated for 6 h in an atmosphere

of air/5% CQ at 37°C. Both pH and osmolarity (5500 Vapor Pressure

Osmometer; Wescor Inc, Logan, UT, USA) were monitored beforeResults

and after equilibration of HSF. . . .
The osmolarity of media with HSF ranged from 277 to 297

Blastocyst development rate (BDR) mOsm with a mean# SD) of 283.8+ 8.3 mOsm. These
The embryos obtained from each animal were randomly distribute@lues were thus within a physiological range and had not
among microdrops containing each of the five different media. Fo€hanged significantly by the end of the incubation period. The
BDR assessment, nine to 15 embryos were cultured in each microdrdpean pH of media with HSF was 8.20 (range 7.9-8.4)
(see Table I). The development stage of each embryo was determineshd 7.47 (range 7.37-7.51) before and after equilibration,
after 72 h in culture. We defined ‘embryotoxic’ to mean that most ofrespectively. The post-equilibration values were considered to
the embryos did not develop to a more advanced stage in certaie physiological. BDR using each of the five media are shown
media (Mukherjeet al, 1996; Sachdeet al, 1997). If the percentage iy Taple |. Which of the nine patients the HSF was obtained
of embryos which developed |nto_ blastocyst_s was S|gn|f|_car_1tl_y Iowerfrom had no significant effect on BDRP(= 0.34). The mean
than that of the control, then this was defined as an .|nh|b|t0ry 9BDR in media containing T6 mediunm (= 97) or T6+ BSA
adverse effect on embryo development (Beyeal.,, 1997; Murray (n = 102) were not signifi v diff 88.7% and 85.3%
et al, 1997: Raweet al, 1997). _ gnificantly different (88.7% and 85.3%,
respectively) and nor were mean BDR in media containing
Blastocyst cell counting 10% HSF 6 = 100) and 50% HSFn(= 104) significantly

To determine total cell numbers in each blastocyst, cell counts werdifferent (90.0% and 89.4%, respectively). The mean BDR
conducted using a modification of the method of Eltegral. (1985). ~ using 100% HSF alonen(= 105) was 75.2%R < 0.05,

The blastocysts were fixed in a solution of 1% glutaraldehyde inFigure 2). Thus, the mean BDR was not significantly different
phosphate buffered saline. Next, the embryos were stained witamong controls, 10% HSF- and 50% HSF-containing media.
bisbenzimide solution (1ug/ml; Hoechst 33342, Sigma Chemical However, culture in 100% HSF produced a statistically signi-
Co.). The stained blastocysts were transferred to a clean slide andfgant decrease in BDR when compared with the other media
cover glass was applied. The slides were examined under afluoresc%upsl These data thus suggest that HSF is not toxic to mouse
microscope (Optiphot-2, Nikon, Tokyo, Japan) with a 330-380 NMgmyyosin vitro unless used in an undiluted (100%) state.
band pass excitation filter and a 420-nm long pass barrier filter (UV—Culture in 100% HSF produced a mildly adverse effect on BDR.

2A). A single photograph was taken of each blastocyst. Using this . . .
photograph, the number of intact nuclei as well as the number of Mean cell counts in blastocysts cultured in each of the five

metaphase figures were counted as the number of cells in th@ifferent media are shown in Figure 3. There is a general trend
blastocyst (Papaioannou and Ebert, 1988; Sumneeral, 1995: toward decreasing cell counts in inverse proportion to HSF
Sherbahret al, 1996). Among embryos progressing to the blastocystconcentration except in media prepared using HSF from patient
stage, total cell counts were highly variable. For example, the totanos. 4 and 5. Mean cell counts (SEM) in blastocysts cultured
cell count in one blastocyst was 38 whereas, in another, the total celh T6 medium and T6+ BSA were 86.9*+ 3.2 (h = 81) and
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Figure 1. Two blastocysts stained by Hoechst 33342. Even though both represent blastocysts, the number of stained nuclei/metaphase
figures for the blastocyst shown in the left panel was 110 and was 38 for the blastocyst shown in the right panel. Sc2®g jloac

100+

Blastocyst development rate

T6 T6+BSA 10%HSF 50%HSF 100%HSF
Media

Figure 2. Mean blastocyst development rate for mouse embryos
cultured in T6 medium, T6+ 0.4% bovine serum albumin (BSA),
T6 + 10% hydrosalpingeal fluid (HSF), T6é 50% HSF or in
100% HSF alone. Results are expressed as me&EM.

*P < 0.05 compared with all other groups.
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Figure 3. Mean cell counts for blastocysts cultured in T6 medium,
T6 + 0.4% bovine serum albumin (BSA), T6 10%
hydrosalpingeal fluid (HSF), T6 50% HSF or 100% HSF alone,

relative to each patient. The mean cell counts in each medium were

expressed as the average cell counts for all of the blastocysts
cultured in a single microdrop.
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Figure 4. Overall mean cell counts for blastocysts using the nine
hydrosalpingeal fluid (HSF) patient samples for each medium
preparation. The results are expressed as me&EM. *P < 0.01
compared with two control groups, T6 medium, and Féovine
serum albumin (BSA).

91.0* 3.8 (h = 86), respectively. Mean cell counts (SEM)

in blastocysts cultured in 10% HSF or 50% HSF were 90.8
4.2 (h = 88) and 81.9*+ 6.1 (h = 81), respectively. Mean
cell counts in blastocysts cultured in 100% HSF were 68.3
4.6 (h=79) (P < 0.01, Figure 4). Thus, culture of blastocysts
in 100% HSF produces a significant decrease in mean cell
counts, compared with culture in two control media. These
data indicated that undiluted (100%) HSF has a mildly negative
effect on cell cleavage in blastocysts. To test for possible
type 1l errors, specific power calculation was performed for
comparison between control media groups and the 50% HSF-
containing media group. The power to detect significant
differences of the magnitude observed in our study, given the
sample sizes used in our study, was low (0.10). To increase
the power to 0.80 would require a 10-fold increase in the
sample size.

Discussion

The adverse effects of hydrosalpinx on successful outcome
following IVF—embryo transfer cycles have been reported by
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several groups of investigators (Andersziral., 1994; Kassabji  Bevler, S.A., James, K.P., Fritz, M.Aet al (1997) Hydrosalpingeal fluid

. . h inhibits in-vitro embryonic development in a murine modgum. Reprod
et al.,_ 1994; Strandelkt al., 1994; Vandrommest a_l., 1995; 12, 2724-2728.
Fleming and Hull, 1996). However, the mechanism for thisgjoechle, M., Schreiner, Th. and Lisse, K. (1997) Recurrence of hydrosalpinges
adverse effect remains undefined. Recently, some groups haveafter transvaginal aspiration of tubal fluid in an IVF cycle with development
proposed that HSF might contain a toxic substance which ©f @ serometraHum. Reprod.12, 703-705.

; ; ; ; i Dubuisson, J.B., Aubriot, F.X., Mathieu, let al (1991) Risk factors for
diffuses into the uterine cavity to inhibit embryo development ectopic pregnancy in 556 pregnancies aifteritro fertilization: implications

in a murine model (Mukherjeet al,, 1997; Sachdeet al., for preventive managemerfertil. Steril., 56, 686—690.
1997). However, other research groups using similar desigabert, K.M., Hammer, R.E. and Papaioannou, V.E. (1985) A simple method
studies have reported different results (Kak al, 1996; for counting nuclei in the preimplantation mouse embifggperientia 41,

1207-1209.

Koong et ?‘l" 1996; Murrayet al,, 1996). Fleming, C. and Hull, M.G.R. (1996) Impaired implantation aftervitro
Mukherjeeet al. (1996) reported that the mouse blastocyst ferilization treatment associated with hydrosalpiBx.J. Obstet. Gynecql

development rate was 5% using 10% HSF and 0% using 100% 193 268-272.
HSF. Sachdevet al. (1997) reported that no embryo survived Gott, A.L., Hardy, K., Winston, R.M.L. and Leese, H.J. (1990) The nutrition
to the blastocyst stage when maintained in media containing "9 nvironment of the early human embrfoc. Nutr. Sog 49, 2A.

assabji, M., Sims, J.A., Butler, L. and Muasher, S.J. (1994) Reduced
0 0
>1% HSF. In our Study, 75% of the mouse embryos develope pregnancy outcome in patient with unilateral or bilateral hydrosalpinx after

to blastocyst when cultured in 100% HSF; these results are in vitro fertilization. Eur. J. Obstet. GynecqI56, 129—132.
similar to those of Murrayet al (1996) who reported that Katz, E., Akman, M.A., Damewood, M.D. and Garcia, J.E. (1996) Deleterious
61% of 2-cel|-stage mouse embryos developed into blastocystseffe“ of the presence of hydrosalpinx on implantation and pregnancy rates

. i . h with in-vitro fertilization. Fertil. Steril., 66, 122—-125.
o , 66,
when kept in 100% HSF. It is also known that patients WIthKoong, MK. Jun, J.H. Byun, H.Ket al (1996) Adverse effect of

hydrosalpinx tend to have increased tubal pregnancy rates,hydrosalpingeal fluid on development of mouse embirywitro. (Abstr.)
implying that hydrosalpinx (i.e. 100% HSF) is not toxic to In 9th World Congress on Human Reproduction and 5th World Conference

ea”y embryo development (Dubuissenal., 1991; Miyazaki on Fallopian Tube in Health and Disease, Philadelphia, PA, USky

28-June 1, 1996. Abstr. No. FR 24.
etal, 1991; Zouvest al, 1991; Vasqueet al, 1995)' Thus, Koong, M.K., Song, I.0., Son, I.Ret al. (1997) Effect of hydrosalpinx and

HSF would appear to have little, if any, embryotoxic activity its surgical correction on pregnancy and implantation rates following IVF
in a murine experimental model or in humans. Early embryos and embryo transfeRresented at the 13th Annual Meeting of the European

; ; ; Society for Human Reproduction and Embryology, Edinburgh, UK, June
seem fully capable of developing into blastocysts in the 2225 Hum. Reprog12 (Abst. BK 1), P-111.

o -

presence of 100% HSF. Itis also nOteworthy that SChaai Leppens, G., Gardner, D.K. and Sakkas, D. (1996) Co-culture of 1-cell outbred

(1997) reported that HSF has no apparent toxic effect on mouse embryos on bovine kidney epithelial cells: effect on development,

sperm viability and that Sawiet al. (1997) reported that HSF gRlyCOBC/jﬁCl ;icg;iéy.ggger cell mass, trophectoderm ratios and viabitiym.

il eprod, 11, 598-603.

ac%_uha”y enhhanc.ed hfum?]n érOphloplaSt Vlabl.“ty'd d Mansour, R.T., Aboulghar, M.A., Serour, G.I. and Riad, R. (1991) Fluid
€ mechanism Or_ ydrosalpinx-associate .ecreases Naccumulation of the uterine cavity before embryo transfer: A possible

pregnancy rates following IVF—embryo transfer is currently hindrance for implantationl. In Vitro Fertil. Embryo Transfer8, 157-159.

undefined. Several authors have reported the accumulation tfiyazaki, T., Kuji, N., Sugakara, Met al (1991) An analysis of factors

; ; i ; ; ; associated with ectopic pregnancy followingyitro fertilization and embryo

T;;alu_t%rlme l;|1l|.l|dtln Ipa]t-lge S;S stgh hyd;oslalglg;(;Mi.AnS(ﬂhﬁl.., d transfer.Nippon Sanka Fujinka Gakkai ZassBj 1496—1500.

: - oec ee_a" s are_lre_ ‘?‘-* ) ere tiul Mukherjee, T., Cook, C.A., Copperman, A.& al (1996) Hydrosalpinx fluid
distention of uterine cavity might inhibit contact of the embryo has embryotoxic effects on murine embryogenesis: a case for prophylactic
with the endometrial epithelium and thus inhibit successful salpingectomyFertil. Steril, 66, 851-853.
implantation. On the other hand, Gettal (1990) has reported Murray, C.A., Clarke, H.J. and Tulandi, T. (1996) Effects of human

. - hydrosalpinx fluid on mouse embryo development. (Abstr§2nd Annual
that HSF has a low concentration of protein and glucose. Meeting of the American Society of Reproductive Medicine, Boston, MA,

Murray et al (1997) observed that the inhibitory effect of uUsA Nov. 2-6, 1996. Abstr. No. P-050.
HSF on blastocyst survival is attenuated significantly by thevurray, C.A., Clarke, H.J. Tulandi, T. and Tan, S.L. (1997) Inhibitory effect

addition of lactate. In our data, the only blastocysts cultured of human hydrosalpingeal fluid on mouse preimplantation embryonic

. . development is significantly reduced by the addition of lact&tem.
in 100% HSF (no media) have decreased BDR and cell Re\;)rodl?lz 25'04_'295(')'7. y recd Y "

numbers. Thus, the effect of hydrosalpinx to reduce pregnancyapaioannou, V.F. and Ebert, K.M. (1988) The preimplantation pig embryo
rates may be related to insufficient substrates required for early cell number and allocation to trophectoderm and inner cell mass of the

embryo growth and development. The effects of HSF on blastocystin vivo andin vitro. Development102, 793-803.

: - : Poe-Zeigler, R., Shelton, K., Toner, J& al (1995) Salpingectomy(ies)
|mplantat|on have not been characterized and should be improves the pregnancy rate after IVF in patients with unilateral or bilateral

addres.seql by future studies. Certainly, the res.ults of our study hydrosalpinx.J. Assist. Reprod. Gengl2, S65.
would indicate that HSF does not have a toxic effect on th&awe, V.J., Compton, M.G., Liu, 8t al. (1997) Effect of human hydrosalpinx
mouse embryo growth and development, although it may have fluid on murine embryo development and implantatibertil. Steril., 68,

6

: : : 68-670.
mlldly adverse effects at hlgh concentrations. Sachdev, R., Kemmann, E., Bohrer, M. and El-Danasouri, |. (1997) Detrimental
effect of hydrosalpinx fluid on the development and blastulation of mice
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