Proceedings, Western Section, American Society of Animal Science

Vol. 52, 2001

BOVINE EMBRYO DEVELOPMENT IN VITRO IN THE MEDIUM CONTAINING 

POKEWEED MITOGEN OR PHYTOHEMAGGLUTININ
S. Wang1, K.E. Panter2, R.C. Evans1 and T.D. Bunch1
1ADVS Department, Utah State University, Logan, UT 84322

2USDA‑ARS, Poisonous Plant Research Laboratory, Logan, UT 84341

ABSTRACT  Pokeweed mitogen (PWM) and Phytohemagglutinin (PHA), the extracts from Phytolacca americana and Phaseolus vulgaris, respectively, cause blastoid reaction to produce a short‑lived bursts of mitosis involving small lymphocytes.  This study investigated the effects of PWM and PHA on preimplantation bovine embryo development.  A randomized complete block (10 replications) design with three treatments (TRT) was used Bovine oocytes (n = 1576) were aspirated from abattoir ovaries and then in vitro matured (IVM) and fertilized (IVF).  The IVM/IVF derived zygotes were cultured (IVC) in either modified CR2 medium containing PWM (Gibco, Cat. No. 15360‑019) 10 µl/ml (TRT1), PHA (Gibco, Cat. No. 10576‑015) 10 µl/ml (TRT2) or none of them (Control) in a humidified 5% CO2 atmosphere at 39 oC.  Embryo development was evaluated at d 2, d 6 and d 8 (IVF = d 0) of culture.  Percentage data were angularly transformed and analyzed by ANOVA.  The cleavage rates were 86.4%, 86.2% and 87.2% for TRT1, 2 and 3, respectively.  There was no difference in cleavage rates between the treatments  (P > 0.05).  The percentage of morulae at d 6 of IVC was 23.8, 58.6  and 56.8; and the percentage of blastocysts at d 8 of IVC was 0.3, 21.7 and 23.0 for TRT1, 2 and 3, respectively.  Embryo development to morulae and blastocyst stages was less in PWM medium than PHA and Control (P < 0.05).  There was no difference (P > 0.05) between PHA and Control.  We conclude that preimplantation bovine embryo development may be adversely affected by mitogenic agents depending on their sources.
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Introduction
Pokeweed mitogen (PWM) and Phytohemagglutinin (PHA) are extracts of the red kidney bean Phaseolus vulgaris and the Phytolacca americana root, respectively.  These extracts cause blastoid reaction (blastogenesis) in vitro and produce a short‑lived bursts of mitosis involving various mammalian mononuclear cells such as small lymphocytes (Verma and Babu, 1994). 

Bovine oocyte in vitro maturation may be adversely affected by mitogenic agents, depending on their sources, as shown by the subsequent development of preimplantation embryos in vitro (Wang et al., 2000).  During in vitro embryo production, oocytes aspirated from abattoir ovaries are at the germinal vesicle stage (meiosis arrest) and the resumption of meiosis is the first visible phenomena to occur in in vitro maturation culture (Cetica et al., 1999).  The efficacy of using mitogenic agents to stimulate improved embryo development in vitro was measured by exposing oocytes to PWM or PHA during maturation (IVM) and then monitoring subsequent embryo development in vitro (Wang et al., 2000).  The cleavage rate and the number of embryos that developed to morulae and blastocyst stages in PWM medium were significantly lower than PHA and control.  The results suggested that PWM adversely effected oocyte maturation and subsequent embryo development, while there was no difference in embryo development between PHA and control. 

Subsequent preimplantation embryogenesis after maturation and fertilization involves active cell division and differentiation.  The effects of PWM and PHA on preimplantation-stage embryo development in vitro needs further study.  This study investigated the effects of PWM and PHA on bovine preimplantation embryo development in vitro using a randomized complete block (10 replications) design with three treatments (TRT). 

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) 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 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 oC 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 pokeweed mitogen and phytohemagglutinin on in vitro culture of IVM/IVF derived bovine embryos.  The experiment consisted of 10 replicates and in each of the replications oocytes were from the same collection of abattoir ovaries.  In each experiment, there were three IVC treatments (TRTs).  For TRT1, the IVC medium was supplemented with 10  µl/ml PWM (Gibco, Cat. No. 15360‑019).  In TRT2, 10 µl/ml PHA (Gibco, Cat. No. 10576‑015) was added to the IVC medium.  The control medium (TRT3) had neither PHA nor PWM.  The concentrations of PHA and PWM in the IVC media  were based on the manufacturers instructions for cell culture studies.  Oocyte cleavage rate was determined at 48 h after exposure of oocytes to spermatozoa.  Embryo development was determined on d 6, 8 and 10 of 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
Cleavage rates were 86.4%, 86.2% and 87.2% for TRT1, 2 and 3 (Control), respectively (Table 1).  There was no difference in cleavage rates between treatments (P > 0.05).  The percentage of morulae at d 6 of IVC was 23.8, 58.6  and 56.8; and the percentage of blastocysts at d 8 of IVC was 0.3, 21.7 and 23.0 for TRT1, 2 and Control, respectively.  The rate of embryos development to morulae and blastocyst stages in PWM medium was much less than PHA and Control (P < 0.05).  There was no difference (P > 0.05) between PHA and Control. The response of preimplantation embryo development to PHA was significantly different from PWM.

Discussion and Conclusion
This study showed that PHA had no significant effect on embryo development in vitro compared to the Control, while PWM adversely affected embryo development as indicated by a reduced rate of morula and blastocyst production.  This difference may be attributed to the difference in the bioactivities between PHA and PWM on the target cells, or the target cells have varied response to the stimulation of PHA and PWM.  For example, PHA can cause measurable proliferation of gamma delta T‑cells in vitro causing increased expression of IL2r and MHC II; however, PWM did not (Quade and  Roth, 1999).  IL2 production can be induced by PWM, but  decreases by exposure to PHA at high ascorbic acid (AA).  This indicates a different biological response of PBLs to PHA and PWM (Schwager and  Schulze, 1997).  B‑cells proliferated when incubated with PHA, but did not measurably proliferate in response to PWM (Quade and  Roth, 1999).

The mitosis inducing bioactivity of PHA and PWM has a variety of applications.  PHA and PWM are frequently used as mitogenic agents to induce leukocyte proliferation for karyological studies (Verma and Babu, 1994).  Mitogens are used to stimulate peripheral blood lymphocytes (PBL) to assess in vitro effects of biologically active materials.  For example, the negative effects of swainsonine on ovine and bovine T‑cell function has been detected through the suppression of PBL proliferative response to mitogenic stimulation (Taylor and Strickland, 1998).  The influence of ascorbic acid (AA) on lymphocyte function was examined in vitro by using cell proliferation in peripheral blood mononuclear cells (PBMC) that were induced by T lymphocyte mitogens (Schwager and Schulze, 1997).  Cell proliferation studies were used to determine the effect of the garlic derivative, alliin, on peripheral blood cell immune responses (Salman et al., 1999).  The use of Pokeweed mitogen to stimulate spleen cell proliferation to condition medium provided a useful method to assess cytokine production in vitro (Saitoh et al., 1999).

Pokeweed and Phytohemagglutinin are chemically non-defined extracts which have a variety biological activities.  The production of bovine preimplantation embryos in vitro requires beneficial maturation conditions, or an environment that is similar to in vivo conditions.   Preimplantation embryogenesis involves processes of active cell division and differentiation which are sensitive to numerous environmental factors/changes.  The adverse effects of PWM on oocyte maturation and subsequent embryo development as reported by Wang et al. (2000) may be  associated with biological effects other than mitogenic activities.  The use of the PWM‑driven murine macrophage RAW 264.7 cell to measure expression of the  iNOS gene indicates that PWM significantly effects nitric oxide production in a dose‑dependent manner (Jeon, et al., 1999).  PWM may also effect biological processes under the control of one of the nuclear transcription factors leading to interference of normal cell division and differentiation during during embryo development. 

We conclude that  bovine embryo development may be adversely affected upon exposure to certain mitogenic agents.
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Table 1. The effects of pokeweed mitogen  (PWM)and phytohemagglutinin (PHA) on bovine  preimplantation embryo development in vitro.
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PKW



537

464(86.4)

154(23.8)a

    2( 0.3)a

    0(  0.0)a
PHA 



530

457(86.2)

268(58.6)b

  99(21.7)b

105(23.0)b
0 (Control)


509

444(87.2)

252(54.4)b

102(23.0)b

102(23.0)b
______________________________________________________________________________________________________________________

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 10 replications.

3d 0 = IVF.

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

