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1 | INTRODUCTION

The oviductal environment changes throughout the
estrous cycle mainly by the direct and indirect hormonal
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Abstract

Oxygen (O,) rates in the oviduct are essential to human and animal reproduc-
tion. These rates are regulated by the activity of hypoxia markers such as the
hypoxia-inducible factors (HIFs), the glucose transporters (GLUT), and the
carbonic anhydrase (CA). In the porcine model, scarce studies have been
reported regarding these markers and their effects in reproduction are
unknown. The objective was to characterize the immunolocalization of
HIF-2a, GLUT1, and CAIX in porcine oviducts throughout the estrous cycle.
Oviducts (ampulla and isthmus) of adult sows (n = 45) were collected for his-
tological and immunohistochemical analysis with HIF-2a, GLUT1, and CAIX
markers. The percentage of immunopositive area was quantified, and the dif-
ferences among phases of the estrous cycle were analyzed (folicular, early
luteal, and late luteal). The three markers showed epithelial presence mainly.
Significantly lower expression of HIF-2a was found in the luteal phases, espe-
cially in the isthmus. GLUT1 expression did not change throughout the estrous
cycle, but differences were found between the ampulla and isthmus. CAIX
expression showed the highest, with a significant downward trend throughout
estrous cycle. The ubiquitous expression of hypoxia markers shows the porcine
oviduct physiology in relation to O,. The differential expression of HIF-2q,
GLUT1, and CAIX in different subcompartments of the oviduct throughout
the estrous cycle contributes to improve the knowledge of the cell physiology
of the oviduct, which can be useful in fertilization studies.
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action on the epithelial cells and the vascular bed
(Ghersevich et al.,, 2015). In addition, numerous sub-
stances of the oviductal fluid (macromolecules, proteins,
growth factors, cytokines, enzymes, immunoglobulins)
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DETECTION OF HYPOXIA MARKERS DURING ESTROUS CYCLE
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Percentage of immunopositively stained area for HIF-2a, GLUT1 and CAIX markers in porcine oviduct throughout the

estrous cycle (mean + SEM). Bars indicate paired comparisons with p-values

are involved in the cellular and vascular regulation, but its
mechanisms of action still continue under study (Aguilar &
Reyley, 2005; Buhi et al., 2000). Moreover, it is well known
that the oxygen (O,) level in the oviduct (Garcia-Martinez
et al., 2018) play an essential role in the ovulation, sperm
capacitation, and fertilization capacity, differentiation of
stem and progenitor cells, and developmental processes,
including angiogenesis, hematopoiesis, placentation, car-
diogenesis, bone formation, and adipogenesis (Simon &
Keith, 2008). Thus, a hypoxic environment (lower than
ambient) is needed in early stages of implantation and
embryonic development since in both human (Genbacev
et al., 1997) and domestic mammals (Feil et al., 2006; Gar-
cia-Martinez et al., 2018; Simon & Keith, 2008).

The hypoxia-inducible factors (HIFs), composed of a
subunit HIF-o (HIF-1a, HIF-2a, or HIF-3a) and a subunit
HIF-1p, are considered the main regulators of oxygen
homeostasis. Under normoxic conditions, HIF-a subunits
are inactivated via hydroxilation, while in hypoxic environ-
ments they are stabilized and dimerized with HIF-1p to
form a transcriptional complex (Talks et al., 2000). The

HIF-o and 1-f complex activates target genes involved in
the angiogenesis via the vascular endothelial growth factor
family (VEGF) and, erythropoiesis via the erythropoietin
hormone (EPO), as well as the regulation of energy metabo-
lism through pH control, among others (Gillies et al., 2011;
Semenza, 2004). The HIF complex activates the expression
of pro-glycolitic substances in response to hypoxia, such as
the glucose transporters GLUT1 and GLUT3 (Halligan
et al., 2016; Kol et al., 1997). In particular, GLUT1 has been
mainly related to HIF-2a (Shao et al, 2014) and
immunolocalized in the secretory cells of the oviduct of
rodents (Gillies et al., 2011; Kuchiiwa et al., 2011; Tadokoro
et al., 1995). However, in other animal models such as pigs,
the expression of HIF-2a and GLUT1 has only been
reported to the placenta (Tung et al., 2012; Zhang
et al., 2017), ovary (Kang et al., 2012; Yu et al.,, 2018),
uterus, and other non-reproductive organs but no in oviduct
(Thompson et al., 2009; Wang et al., 2015).

The enzymatic activity activated by the HIF complex
for pH regulation is carried out by the carbonic
anhydrase family (CA). Of the 13 isoenzymes that make
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DETECTION OF HYPOXIA MARKERS IN OVIDUCTAL PORTION DURING
ESTROUS CYCLE
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FIGURE 2

Percentage of inmunopositively stained area for HIF-2a, GLUT1 and CAIX markers in the oviduct ampulla and isthmus

throughout the estrous cycle (mean + SEM). Discontinuous lines show the trend for ampulla and isthmus through the estrous cycle. HIF-2a
and CAIX followed a downward trend, whereas GLUT1 showed a rather stable situation in all phases. *indicates significant differences
(p < 0.05) between the two oviduct portions within the same phase of the estrous cycle

up this group (Hilvo et al., 2008), CAIX and CAXII sub-
types are induced by hypoxic conditions to regulate the
extracellular pH through the bicarbonate concentration
(Hynninen et al., 2004; Mahon et al., 2015). CAIX expres-
sion is low in most tissues under physiological conditions
and has only been revealed in organs with low O, levels
(Mahon et al., 2015). In reproductive organs, CAIX was
related to microenvironment control in the placenta,
uterus, and ovary of humans (Frost, 2014; Mahon
et al., 2015), rodents (Friedley & Rosen, 1975; Hynninen
et al., 2004), and pigs (Norrby et al., 2013; Ridderstrale
et al., 1997), but only a previous work showed its oviduc-
tal location in the epithelium of the ampulla and the
isthmus of female pigs druing the estrous cycle (Rodriguez-
Martinez et al., 1991).

With the purpose of gaining a better understanding of
how the oviduct microenvironment is regulated, this
work was aimed at characterizing the precise localization
of the hypoxia markers HIF-2a, GLUT1, and CAIX in
porcine oviduct tissue. HIF-2a was chosen over HIF-1a
for its specific expression in relation to vascularization
(Simon & Keith, 2008) and also seems to be associated
with the other markers studied (GLUT1 and CAIX) (Shao

et al., 2014). Besides, potential changes of these markers
throughout the estrous cycle and between the oviduct
ampulla and isthmus are assessed. Very few studies have
been carried out in the oviduct of pigs, a species with
enormous relevance as a biomedical model due to its
physiological and genetic similarity to humans (Garcia-
Martinez et al., 2018; Lopez-Albors et al., 2021).

2 | MATERIAL AND METHODS

2.1 | Tissue collection

Oviducts (Landrace x Large White) were collected from
whole reproductive apparatus at a local slaughterhouse
no longer than 10 min after the slaughter procedure. The
study was carried out with the permission of the owner
of the slaughterhouse and did not require approval by the
Institutional Review Board since the animals were eutha-
nized in the place of origin following the regulations of
veterinary clinical practice in accordance with national
(RD 37/2014 of January 24, which regulates aspects
related to the protection of animals at the time of
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slaughter; Law 32/2007 of November 7, for the care of
animals, in their exploitation, transport, experimentation
and sacrifice) and international regulations (Regulation
(EC) No. 1099/2009 of September 24, 2009, regarding the
protection of animals at the time of slaughter; Regulation
(EU) 2018/723 of May 16, 2018 by which the annexes I
and II of Regulation (EC) No. 1099/2009 are modified).

Ovarian morphology at the time of collection was
used to establish the estrous cycle phase according to pre-
vious references (Carrasco et al., 2008). After careful
inspection of the ovaries of all sows, the following phases
were established: follicular (F, ovaries containing only
follicles 2-12 mm in diameter, n = 15), early luteal (EL,
ovaries containing 6-12 hemorrhagic corpora, n = 15),
and late luteal (LL, ovaries containing 6-12 lutea corpora,
n = 15). Other phases such as early follicular and mid-
luteal were not included in the study because of an insuf-
ficient number of samples.

A portion of the oviduct (1 cm length) was obtained
from ampulla and isthmus. These regions were chosen
for their anatomical relevance in fertilization. Samples
were fixed immediately in paraformaldehyde solution for
histological and immunohistochemical analysis. After
48-72 h of fixation, the samples were routinely processed
for paraffin embedding and cross-sections of 5 pm thick-
ness were obtained.

2.2 | Immunohistochemistry

Slides were deparaffined in xylene and rehydrated
through a descending ethanol gradient (100%, 96%, and
70%). Then, the slides were washed 2 times in Tris-
buffered saline (TBS) for 5 min (pH 7.45) containing 0.1%
Tween 20 (Sigma-Aldrich Co). Heat-induced antigen
retrieval was carried out after immersion in citrate buffer
(Merck-Millipore) in a pressure cooker for 20 min.
Endogenous peroxidase blockage was carried out in 3 mL
of 30% H,0, plus 97 mL methanol for 10 min, and
unspecific binding blockage in 1% goat serum in TBS-
Tween 20 for 10 min.

Next, slides were incubated overnight with the primary
antibodies HIF-2a, GLUT1 and CAIX (Abcam Inc. ab73895
mouse monoclonal, ab150299 rabbit monoclonal, ab15086
rabbit polyclonal) diluted at 1:100 in 1% TBS-Tween solu-
tion. Tissue sections of pig kidney, placenta, lung, and heart
were used as positive controls, while negative controls were
obtained by replacing the primary antibodies with TBS-
Tween solution. The next day, sections were incubated with
a biotin-conjugated anti-mouse antibody (B7151, Sigma
Aldrich) and anti-rabbit (B8895, Sigma Aldrich) produced
in goat and diluteed 1:200 for 30 min. The specific binding
was then detected by the Vectastain ABC Elite kit

FIGURE 3
factor 2« (HIF-2a) staining. Negative controls showed no

Detail of immunolocalization of hypoxia-inducible

immunohistochemical reaction in ampulla (a) and isthmus (b). The
epithelium and the lamina propria of the ampulla (c and d) and the
isthmus (e and f) were positive for HIF-2a. In the muscularis tunica
(g and h) a great immunoreaction was appreciated in the cell
nuclei. Note positivity in fibroblasts (arrowhead) and vascular
epithelium (arrow)

(PK-6100, Vector Laboratories, Inc., Burlingame, CA)
followed by 3,3 diaminobenzidine revealing (DAB kit
Abcam). Finally, all the sections were slightly counter-
stained with Harris's hematoxylin. In order to avoid varia-
tions among batches, all the slides tested for each primary
antibody were stained together.

The immunohistochemical staining of each antibody
(HIF2a, GLUT1, and CAIX) was then quantified with a
Leica Q Win® work station from a series of 10 random
fields from each histological layer (epithelium, lamina
propria, and muscularis), functional stage (F, EL, LL), and
the oviduct portion (ampulla and isthmus). The threshold
for selection of the greyscale levels corresponding to positive
staining was defined for each primary antibody by a
double-blind selection method (95% coincidence in thresh-
old levels of two independent observers after three trials).
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IMMUNOHISTOCHEMICAL QUANTIFICATION OF HIF-2a
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FIGURE 4 Immunohistochemical quantification of the hypoxia-inducible factor 2a (HIF-2a) in the epithelium, lamina propria and

muscularis of the oviduct ampulla and isthmus during the estrous cycle (mean + SEM). Bars indicate paired comparisons with p-values

Quantification of staining was expressed as a percentage of
tissue immunopositively stained (% of the stained area) in
the epithelium, lamina propria, and muscularis in each of
the 450 total images analyzed.

2.3 | Statistics

Data of immunopositively stained areas were used for
descriptive analysis with SPSS 24.0 (SPSS, IBM Statistics
Inc., Chicago, IL, USA). Then, the stage of the estrous cycle
(F, EL, LL), oviduct portion (ampulla or isthmus), and his-
tological layer (epithelium, lamina propria and muscularis)
were used as fixed factors for assessment of the differences
in the stained area with the non-parametric Mann-Whitney
test for a 95% of confidence (p < 0.05).

3 | RESULTS

The presence of HIF-2a, GLUT1, and CAIX was com-
monly demonstrated in all the oviduct tissue samples.
CAIX was the marker with the highest percentage of
immunohistochemical detection higher than 20% of the
total area with positive staining, whereas HIF-2a and
GLUT1 were always lower than 10%.

With regards to the estrous cycle (Figure 1), marked
differences were found between the follicular and luteal
phases (p < 0.05), except for GLUT1 at F and LL phases.
It is remarkable that in the three markers the highest
immunoreaction was always found in the F phase (before
ovulation), while shortly after (EL phase) there was a sig-
nificant decrease (p < 0.05).

When the two portions of the oviduct — ampulla and
isthmus — were compared (Figure 2), differences (p < 0.05)
between them were found for HIF-2a and GLUT1, but not
for CAIX (p > 0.05). The presence of HIF-2a was signifi-
cantly higher (p < 0.05) in the ampulla in the two luteal
phases (EL and LL). Conversely, GLUT1 was significantly
higher (p < 0.05) in the isthmus at the pre-ovulatory phase
(FF) but turned to a lower presence after ovulation (EL).

3.1 | Immunohistochemical localization
of HIF-2«x

Positive staining was found within both the cytoplasm
and nuclei of the secretory and ciliated epithelial cells.
The staining in the lamina propria was less conspicuous
since only some fibroblasts and nuclei of endothelial cells
were marked. In the muscularis, only some nuclei of the
smooth muscle fibers were stained (Figure 3).
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FIGURE 5 Detail of immunolocalization of glucose

transporter-1 (GLUT1) staining. Negative controls showed no
immunohistochemical reaction in ampulla (a) and isthmus (b). The
epithelium and the lamina propria of the ampulla (c and d) and the
isthmus (e and f) were principally positive in the cytoplasm. The
muscularis tunica (g and h) showed a slight staining in the
cytoplasm of the muscle fibers

Most significant changes in the % of staining through
the estrous cycle were found in the epithelium of the isth-
mus, and the muscularis of both ampulla and isthmus
(Figure 4). The most relevant change was a drop of the
immunoreaction in the isthmus epithelium during the
luteal phases (more than 50% reduction with regard to
the FF phase). Likewise, a very significant decrease
(p < 0.05) was found in the muscularis of ampulla and
isthmus between follicular and luteal phases.

3.2 | Immunohistochemical localization
of GLUT1

The GLUT1 transporter was located in the apical pole of
the secretory and ciliated cells of the epithelium, the
nuclei not being stained in neither of them. In the lamina

propria and in muscularis, the presence of GLUT1 was
also restricted to the cytoplasm of fibroblasts and muscle
fibers (Figure 5).

Changes in % of GLUT1 immunolocalization were
observed in the epithelium and lamina propria of both
ampulla and isthmus. The highest reaction was observed
in the epithelium of the isthmus, especially during the F
and LL phases, which contrasted with a marked decrease
during the EL phase (Figure 6).

3.3 | Immunohistochemical localization
of CAIX

CAIX immunostaining was conspicuously found on the
apical membrane of the epithelial cells of the oviduct
ampulla and isthmus. Also, great staining was observed
within the cytoplasm. Positive staining of fibroblasts and
muscle fibers were only observed within the cytoplasm
(Figure 7).

Most relevant changes in the % of CAIX staining were
observed in the isthmus. It decreased significantly in the
epithelium and muscularis at the EL phase, but in the LL
phase increased in the epithelium while decreasing to a
minimum in the muscularis. In ampulla, no changes
related to the estrous cycle were observed in the epithe-
lium (p > 0.05), but a reduction of staining was observed
in the muscularis and lamina propria at the EL phase
(Figure 8).

4 | DISCUSSION

The impact of the hypoxic milieu in the oviduct lumen
on the cellular metabolism at the molecular level has
been studied in rodents (Gillies et al., 2011) and, more
rarely, in species that are physiologically and genetically
close to humans such as pigs (Rodriguez-Martinez
et al., 1991). However, the effect of reduced O, tension on
the cellular population of the porcine female reproduc-
tive organs (Boonyaprakob et al., 2005; Carrasco
et al., 2008; Coy et al., 2012), especially on the epithelial
cells of the oviduct, is poorly understood. In the present
study, immunolocalization of HIF-2a, GLUT1 and CAIX
markers and quantification of their sequential changes
throughout the estrous cycle was carried out for the first
time in the porcine oviduct. Our results demonstrate a
continuous presence of HIF-2a, GLUT1 and CAIX in all
histological layers and the two oviductal regions all along
the estrous cycle, which contributes to a better under-
standing of their biological activity at cellular level and
their relationship with the oviductal microenvironment,
particularly with regard to the oxygen availability.

85UB01 7 SUOLUWIOD aA 181D 3ol dde ay) Aq peueob aJe sooiLe VO ‘85N JO SNl 1oy Akeid1T8UIIUQ AB]IAA UO (SUORIPUOO-PUR-SLUIB)/LIOY"AS | 1M Afed|Bul [UO//STIY) SUORIPUOD pue SWie 1 841 88S *[S520z/2T/zz] uo Akeiqiauliuo AB|IM e0inN 8a pepseAIIN AQ ¥TOSZ 1/200T 0T/I0p/u0o A 1M Al jpuljuo'sqndALuoteuey/sdiy Wwoly pepeojumoa ‘T ‘s20Z ‘v6r8ze6T



PARRAGA-ROS ET AL.

IMMUNOHISTOCHEMICAL QUANTIFICATION OF GLUT1
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Immunohistochemical quantification of the glucose transporter-1 (GLUT1) in the epithelium, lamina propria and

muscularis of the oviduct ampulla and the isthmus during the estrous cycle (mean + SEM). Bars indicate paired comparisons with p-values

HIF complex is one of the most important regulatory
factors triggered by low oxygen levels required in the
reproductive organs (Fischer & Bavister, 1993; Simon &
Keith, 2008). More precisely, its activity is essential to
activate a variety of factors in response to hypoxia
(Semenza, 2000a, 2000b; Semenza, 2004). In the oviduct,
the immunohistochemical detection of HIF-2a had only
been demonstrated in rat (Gillies et al., 2011), with a pref-
erential location in the isthmus independently of the
phase of the estrous cycle. By contrast, the quantification
of HIF-2a in our work reveals marked changes during
the estrous cycle with the highest immunostaining in the
F phase. This result could be related to the existence of
slightly lower O, levels within the oviduct lumen during
pre-ovulatory (follicular) phase, as measured in shows
(Garcia-Martinez et al., 2018). On the other hand, our
work also showed a higher amount of HIF-2« in the ovi-
duct ampulla than in the isthmus during the EL and LL
phases, which was not notified during the in situ mea-
surement of the intraluminal O, levels (Garcia-Martinez
et al., 2018). It might be considered that those measure-
ments were a raw representation of the whole luminal O,
tension, whereas at the intracellular level in the epithe-
lium, lamina propria and muscularis may experience sub-
tle but differential microenvironments (O, availability)

which was indirectly revealed by the HIF-2a immunohis-
tochemical staining. In alignment with our findings, the
vascular endothelial growth factor (VEGF) which is
upregulated by the expression of HIF-2a was also more
abundant in the porcine oviduct ampulla during the
luteal phases (Lopez Albors et al., 2017). Therefore, the
higher amount of both regulatory factors during the EL
phase may suggest a potential association to regulate the
permeability and secretion of the physiologically hypoxic
oviduct tissue. Apart of this, it is worth of mention that
the higher immunostaining of the ampullar epithelium
was contrary to what was appreciated in rat (Gillies
et al., 2011), where the immunostaining of the epithelium
was more intense in the isthmus. However, while the
higher staining in the porcine ampullar epithelium was
found in the luteal phases, the estrous cycle was not con-
sidered in the rat, which could explain the discrepancy
with our findings.

In relation to GLUT1, the present study showed con-
tinuous marking with only subtle changes between F and
EL phases. These findings could be related to different
energy requirements of the oviduct tissue and the differ-
ent cells potentially located in the lumen of the organ
depending on the phase of the estrous cycle (sperm,
oocyte, cumulus cells, etc.). According to this, the slightly
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Detail of immunolocalization of the carbonic

FIGURE 7
anhydrase IX (CAIX) staining. Negative controls showed no
immunohistochemical reaction in ampulla (a) and isthmus (b). The
great intensity of the staining in the cytoplasm but not in the
nucleus was observed in the epithelium and the lamina propria of
ampulla (c and d) and isthmus (e and f), especially the apical part
of the cell (arrowheads). The muscularis tunica was marked
intensely (g and h). Note the cellular cytoplasm in the tunica media
of the vessels was also positive (arrows)

greater immunostaining of GLUT1 during the F phase
could be linked to a potential need to nourish the sperm
cells during the pre-ovulatory phase. The sperm reservoir
that remains attached to the isthmus epithelium is
waiting until ovulation occurs (Hunter, 2005), feeding on
carbohydrate residues of the epithelial cells and other
lectin-like proteins (Coy et al., 2012). Hence, under the
specific local hormone regulation of the F phase GLUT1
immunolocalization was remarkable in the apical mem-
brane of the oviductal epithelium (Diaz Herndndez &
Burgos Herrera, 2002) especially in the isthmus (Gillies
et al., 2011; Tadokoro et al., 1995) as observed in our
study. However, the energy requirements change after
ovulation in both portions (ampulla and isthmus)

because the sperm is detached and activated to go
towards the ampulla, which in our study coincided with
a decrease of GLUT1 staining in the EL phase. Apart
from these slight changes, as mentioned before, GLUT1
levels remained more or less constant because the glu-
cose exchange between the epithelium and the lumen is
continuously required to balance the precise composition
of the fluid depending on the needs for sperm capacita-
tion, oocyte maturation, fertilization and early embryo
development (Tadokoro et al, 1995; von Wolff
et al., 2003).

The overall expression of CAIX in animal adult
tissues is normally low and limited to organs with
either low O, concentrations such as the intestine, or
with intense cell proliferation (intestine, ovary, hair
follicles, embryonic tissues) (Mahon et al.,, 2015). In
the female reproductive organs, studies (Nichol
et al., 1997; Rodriguez-Martinez, 2007; Rodriguez-
Martinez et al., 2001) have shown that intraluminal pH
depends on the species, the estrous cycle and the organ.
Thus, in rodents (Gillies et al., 2011) high CAIX expres-
sion has been observed in the oviduct isthmus, while in
the endometrium was weak (Hynninen et al., 2004) and
in the ovary and placenta practically nule (Ridderstréle
et al., 1997). In the oviduct of pigs, the only study focused
on this topic (Rodriguez-Martinez et al., 1991) described
that CAIX showed changes in neither staining intensity
nor oviductal location throughout the estrous cycle. In
contrast, the present study demonstrated that the pres-
ence of CAIX in the oviduct is dependent on the phase of
the estrous cycle with the highest detection during the
pre-ovulatory F phase. From a functional point of view,
CAIX activity in the oviduct could be related to the need
of regulating the luminal and cellular amount of H+ and
HCO3™ at both sides of the external epithelium mem-
brane (Rodriguez-Martinez et al., 1991). In this sense, the
highest CAIX immunostaining observed in our work
coincides with the higher pH and HCO3™ concentration
measured in the porcine oviduct lumen during the pre-
ovulatory pase (Engelhardt & Breves, 2004; Nichol
et al., 1997). Several authors (Coy et al., 2012; Hynninen
et al., 2004; Norrby et al., 2013; Rodriguez-Martinez, 2007)
have indicated that an alkaline environment favors the
fertilization by participating in reactions involved in the
viability of sperm cells and oocytes. By contrast, it is
known that the amount of circulating HCO3- in blood in
this phase is significantly lower than in the oviductal
fluid (Hannon et al.,, 1990). Potential involvement of
CAIX in keeping such HCO3- gradient between circulat-
ing blood and the oviduct lumen through oviduct tissue
is a suggestion that has not been demonstrated yet. How-
ever, while further studies are developed, our results for
CAIX in pigs may contribute to support this idea. For this
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FIGURE 8 Immunohistochemical quantification of the carbonic anhydrase IX (CAIX) in the epithelium, lamina propria and

muscularis of the oviduct ampulla and isthmus during the estrous cycle (mean + SEM). Bars indicate paired comparisons with p-values

purpose, it would be convenient to study the composition
of the oviductal fluid, the pH microenvironment and the
CAIX expression and localization in oviduct tissue
together.

In conclusion, this study has made it possible to
know the changes in the cellular metabolism of the
porcine oviduct for a better understanding of the
physicochemical processes related to the estrous
cycle. The continuous and specific presence of HIF-
2a, GLUT1 and CAIX in both oviductal portions dur-
ing the estrous cycle could be related to the modula-
tion of the oviductal microenvironment depending on
the metabolic needs at each phase of the estrous
cycle. Nevertheless, more studies aimed at evaluating
the gene expression by molecular biology (Western
Blot or RT-PCR) would help to further understand
the relevant of these results.
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