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IN VITRO DEVELOPMENT OF BOVINE EMBRYOS TREATED WITH ISOCUPRESSIC ACID (ICA), A PINE NEEDLE ABORTIFACIENT TOXIN
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ABSTRACT  Isocupressic acid (ICA), a diterpene acid from the pine needles in Ponderosa pine (Pinus ponderosa), Lodgepole pine (Pinus contorta) and common juniper (Juniperus communis), is known to induce abortions in cattle during the last trimester of pregnancy when administered orally or by intravenous infusion.  This study investigated the effects of ICA on bovine preimplantation embryo development using in vitro fertilization procedures.  A randomized complete block (16 replications) design with four in vitro culture treatments (TRT) was used.  Cumulus cell complete oocytes (n = 2719) were aspirated from abattoir ovaries, matured and fertilized in vitro.  The resulting zygotes were in vitro cultured (IVC) in the medium containing 2.6 _g ICA/ml (TRT1), 1.3 _g ICA /ml (TRT2), 10% sera from ICA‑dosed cattle (TRT3), and IVC medium only (Control).  The cleavage rates were 85.4%, 84.5% 85.6% and 87.0%, and the percentage of morulae at d 6 of IVC was 58.3, 59.6, 55.8 and 50.3 for TRT1, TRT2, TRT3 and Control, respectively.  There was no significant (P > 0.05) difference with respect to oocyte cleavage and morula production between treatments.  The percentage of blastocysts at d 8 of IVC was 29.8, 22.5, 22.6 and 18.8 for TRT1, TRT2, TRT3 and Control, respectively.  The number of embryos developing to the blastocyst stage was significantly higher (P < 0.01) in ICA‑containing medium compared to Control.  The percentage of expanded and hatched blastocysts at d 10 was 26.0, 18.9, 17.6 and 12.5 for TRT1, TRT2, TRT3 and Control, respectively.  ICA TRTs 1 and 2 resulted in a higher (P < 0.01) percentage of expanded and hatched blastocysts compared to control.  Furthermore, the number of embryos from TRT1 (2.6 _g /ml) developing to the expanded and hatched blastocyst stage was greater than TRT2 (1.3 _g /ml; P<0.01).  Therefore, isocupressic acid appears to promote bovine preimplantation embryo development in vitro in a dose dependent manner.
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Introduction
Isocupressic acid [15‑hydroxylabda‑8(17),13E‑dien‑19‑oic acid (ICA)], a diterpene acid found in the pine needles of Ponderosa pine (Pinus ponderosa), Lodgepole pine (Pinus contorta) and common juniper (Juniperus communis), was identified as an abortifacient compound when ingested by late term pregnant cattle (Gardner et al., 1994) .  It is known to induce abortions during the last trimester of pregnancy when administered orally or by intravenous infusion to cattle (Gardner et al., 1996, 1999).

 The abortifacient potential of P. contorta and J. communis needles has been tested in feeding trials with pregnant cattle (Gardner et al., 1998).  Cows fed P. contorta received a daily dose of 62‑78 mg ICA/kg body weight and aborted after 8 and 10 d.  The cows fed J. communis received a daily dose of 190 and 245 mg ICA/kg body weight and aborted after 3 and 4 days, respectively.  All cows retained fetal membranes and had classical clinical signs of pine needle‑induced abortion.  The abortifacient activity was attributed to the isocupressic acid (Gardner et al., 1996, 1998).  While some of the effects of  isocupressic acid on reproduction have been described, the effects of  isocupressic acid on preplacentation embryo development including oocyte maturation, fertilization and development through morula and blastocyst stages have not been evaluated.

The use of in vitro maturation (IVM), in vitro fertilization (IVF) and in vitro culture (IVC) techniques provides an analytical approach for obtaining information on the potential toxicological effects of chemicals during preplacentation embryogenesis (Bavister et al., 1992).   By obtaining slaughterhouse ovaries, an abundant supply of oocytes for IVM, IVF and IVC can be used for biological assessment and in vitro toxicological screening (Bavister, 1992; Cetica et al., 1999).  The objective of this study was to investigate the effects of isocupressic acid (ICA) on bovine preimplantation embryo development using in vitro embryo production techniques.

Materials and Methods
Production of bovine embryos in vitro.  Ovaries were collected from a local abattoir.   Oocytes were aspirated from small antral follicles (3 to 8 mm in diameter) as described by Hawk and Wall (1994).  Cumulus oocyte complexes (COCs) with evenly granulated ooplasm and surrounded by several layers (at least 3 layers) of compact cumulus cells were selected for use according to the oocyte grading system of Hawk and Wall (1994).  Oocytes were washed three times with Hepes‑TALP solution (Parrish et al., 1988) and once with maturation medium.  In vitro maturation (IVM) of oocytes followed the procedure of Sirard et al. (1988) and Bavister et al. (1992) with minor modifications.  The maturation medium consisted of M‑199 plus 10% (vol/vol) fetal bovine serum (FBS, A‑1111, HyClone Laboratories, Inc., Logan, UT, USA), 25 mM HEPES, 2 mM glutamine, 0.25 mM sodium pyruvate, 0.5 µg/ml ovine FSH (F‑4520, Sigma Chemical Company, St. Louis, MO, USA), 5.0 µg/ml ovine LH (L‑5269, Sigma), and 1.0 µg/ml estradiol (E‑2258, Sigma).  Polystyrene plastic 4‑well culture petri dishes (Nunclon , Nunc Inc., Naperville, IL, USA) were used for IVM culture.  Each well contained 500 µl IVM medium covered with paraffin oil (6358, Mallinckrodt Inc., Port, KY, USA).  Approximately 40 to 65 oocytes were transferred to the IVM medium per well and cultured in a humidified 5% CO2 atmosphere at 39 oC for 24 h.

Cryopreserved bovine semen was used for this in vitro fertilization (IVF).  Live sperm were separated by Percoll (P‑4937, Sigma) gradients (45% and 90% on the upper and lower layers, respectively) and centrifuged at 500 x g for 30 min.  Motile spermatozoa were added to the fertilization medium (Fert‑TALP, Parrish et al., 1988) to provide a final concentration of 1.5 x 106 per ml.  Capacitation of spermatozoa occurred in Fert‑TALP containing 10 µg heparin/ml and 0.6% fatty acid free bovine serum albumin.  IVM matured oocytes were added to Fert‑TALP containing spermatozoa and cultured in plastic 4‑well petri dishes under paraffin oil in a humidified 5% CO2 atmosphere at 39 oC for 17 h.  Each well contained 500 µl Fert‑TALP and approximately 40 to 65 oocytes.

Cumulus and corona cells were removed from ova by vortexing in Hepes‑TALP supplemented with 0.3% (w/v) bovine serum albumin for 3 min.  The presumptive zygotes were then cultured in plastic 4‑well petri dishes under paraffin oil at 39C in a humidified 5% CO2 atmosphere.  A modified CR2 medium (Wang et al., 1997) comprising 108.3 mM NaCl, 2.9 mM KCl, 24.9 mM NaHCO3, 2.5 mM hemicalcium lactate, 0.5 mM sodium pyruvate, BME amino acids (B‑6766, Sigma), MEM nonessential amino acids (M‑7145, Sigma), 0.5 mM glycine, 0.5 mM alanine, 1.0 mM glutamine, 1.0 mM glucose, and antibiotics was used to culture embryos.   Each well contained 500 µl CR2 medium with approximately 40 to 60 oocytes.  During culture, medium was changed every other day.

In vitro embryo culture experiment.  A complete randomized block experimental design was used to establish the effects of ICA on in vitro culture of IVM/IVF derived bovine embryos.   The experiment consisted of 16 replicates and in each of the replications oocytes were from the same collection of abattoir ovaries.  In each experiment, there were four IVC treatments (TRT).   ICA was added into IVC medium at 2.6 µg/ml (TRT1) and 1.3 µg/ml (TRT2), 10% sera from ICA‑dosed cattle (TRT3), and only IVC medium which contained no ICA served as control.  The ICA‑serum was collected from pregnant cattle used in feeding trials (Gardner et al., 1998).  The cattle  received a daily dose of ICA ranging from 62 to 245 mg ICA/kg body weight and had classical clinical signs of pine needle‑induced abortion (Gardner et al., 1996, 1998).  Cleavage rates were determined at 45 h after the exposure of oocytes to spermatozoa.  The preimplantation embryo development was evaluated at d 6, d 8 and d 10 of in vitro culture (IVF = d 0) using an inverted microscope at 100 x.

Statistical analysis.  Percentage data were angularly transformed and analyzed by the use of a general linear model (GLM) ANOVA.  The Fisher s Least Significant Difference (LSD) at the 5% significant level (P < 0.05) was used to test the differences between treatment means.  The NCSS 97 (Number Cruncher Statistical System) computer software package (Hintze, 1997) was used for all statistical calculations.

Results
The cleavage rates were 85.4%, 84.5% 85.6% and 87.0% and the percentage of morulae at d 6 of IVC was 58.3, 59.6, 55.8 and 50.3 for TRT1, TRT2, TRT3 and Control, respectively.   There was no significant (P > 0.05) difference with respect to oocyte cleavage and morula production between treatments.  The percentage of blastocysts at d 8 of IVC was 29.8, 22.5, 22.6 and 18.8 for TRT1, TRT2, TRT3 and Control, respectively.  The blastocyst production was significantly higher (P < 0.01) in ICA‑containing medium than Control.  The percentage of expanded and hatched blastocysts at d 10 was 26.0, 18.9, 17.6 and 12.5 for TRT1, TRT2, TRT3 and Control, respectively.  ICA TRTs 1 and 2 had a higher (P < 0.01) percentage of expanded and hatched blastocysts compared to control and TRT 3.  Furthermore, development of embryos from TRT1 (2.6 µg /ml) was better (P < 0.01) than TRT2 (1.3 µg /ml) with respect to the production of expanded and hatched blastocyst (Table 1).

Discussion and Conclusion
This study shows that isocupressic acid appears to promote bovine preimplantation embryo development in vitro in a dose dependent manner.  ICA TRTs 1 and 2 had a higher percentage of expanded and hatched blastocysts compared to control or TRT 3.  The development of embryos from TRT1 (2.6 µg /ml) was better (P < 0.01) than TRT2 (1.3 µg /ml) with respect to the production of expanded and hatched blastocysts (Table 1).  There is apparently no direct adverse effects of isocupressic acid on oocyte maturation, fertilization and subsequent preplacentation development.

It has been reported that the mechanism of action of Pinus ponderosa needle (PN)-induced abortion in late pregnant cows results from decreased uterine blood flow (Ford et al., 1999).  Uterine blood flow was reduced by 56% in late term pregnant cows fed ponderosa pine needles.  Furthermore, the plasma from PN‑fed cows increases caruncular arterial tone (i.e., induces prolonged vasoconstriction) in an isolated bovine placentome perfusion system (Ford et al., 1999).  Based upon in vitro and in vivo examination of rumen and hepatic metabolism of cattle on pine needle abortifacient compounds, the abortifacient activity is believed to result from metabolites of isocupressic acid (Gardner et al., 1996, 1999; Stegelmeier et al., 1996).  Therefore, the isocupressic acid potentially affects the late term fetus through vasoactive mechanisms specific to the pregnant bovine uterus.

While the original hypothesis that ICA would inhibit early embryo growth and development is rejected, the results of this experiment have significant implications.  Treatments or compounds that promote or enhance oocyte or embryonic development in vitro have significant utility in IVF systems.  Therefore, further research to evaluate the apparent benefits of adding ICA or metabolites therefrom to IVM, IVF or IVC culture media is important.   Furthermore, transfer of embryos cultured in the presence of ICA to recipients and evaluation of fetal growth and development and postnatal health is essential.
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Table 1.The effects of isocupressic acid (ICA) on bovine  preimplantation embryo    development in vitro.
_________________________________________________________________________________________

Treatment

Number

Cleavage
Morulae

Blastocysts
Expanded

concentration

of

Rate

at d 63

at d 8

and hatched

in medium

oocytes

at 48 h1 





bastocysts

(µg/ml)










at d 10 






n (%)

n (%)

n (%)

n (%)

_________________________________________________________________________________________

2.6 (TRT1)

676

577(85.4)
336(58.3)a
174(29.8)a
52(26.0)a
1.3 (TRT2)

669

567(84.5)
343(59.6)b
129(22.5)b
07(18.9)b
ICA-sera (TRT3)

679

580(85.6)
326(55.8)b
130(22.6)b
02(17.6)b
0 (Control)

695

605(87.0)
309(50.3)b
117(18.8)b
78(12.5)c
_________________________________________________________________________________________

10 h = the time when the in vitro matured oocytes were added to Fert-TALP containing spermatozoa.

2The percentage data were angularly transformed and analyzed by general linear model (GLM) ANOVA. The percentage of each treatment in this table represents 16 replications.

3d 0 = IVF.












a,b Same column with different superscripts differ significantly (P < 0.05).
