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Introduction: The mechanisms by which male hormones affect the development

of ovaries and follicles has been studied by injecting exogenous androgens into

sows. This may provide a reference for human polycystic ovary syndrome (PCOS),

and can also provide guidance for improving the litter size of sows.

Methods: We present a meta-analysis of studies published in the past 30 years on

the effect of androgens on the ovulation rate of sows. A total of 517 papers were

analyzed.

Results: The results showed that both testosterone (T) and dihydrotestosterone

(DHT) injected into sows were positively related to the ovulation rate. T did not

have a relevant effect on swine in vivo blastocyst survival rate. DHT had a negative

phase with respect to blastocyst survival rate. Pig T-androgen receiver affinity was

higher than the analogous affinity for DHT; this is different in humans. This suggests

that sows are not suitable as human PCOS experimental animal models.

Discussion: To improve the litter size of sows, future research should focus on the

mixed use of T and DHT, and the timing of use should be consistent with the

periodic changes in androgen levels in sows. In addition, the welfare of

experimental sows should be considered with reference to the clinical

symptoms of PCOS.
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GRAPHICAL ABSTRACT

In the figure, OR stands for ovulation rate. The initial purpose of this study was to determine whether androgens affect sow reproduction in swine. The
meta-analysis results showed that testosterone (T) and dihydrotestosterone (DHT) are positively correlated with swine OR. T and DHT play different roles
in regulating sow reproduction. This leads us to conclude that androgens affect pigs differently from humans. Then, T/DHT docking to androgen recep-
tor binding affinity was compared. The findings were also different from those of human affinities. Finally, the following conclusions were drawn: in re-
search on human PCOS, selecting pigs as animal models is not suitable, and to improve the litter sizes of sows, future research should focus on the
mixed use of T and DHT.
Introduction
Women’s health depends on androgens (1). There are five types of

androgens in the human body: testosterone (T), dihydrotestosterone

(DHT) , d e h yd r o e p i a nd r o s t e r o n e s u l f a t e (DHEAS ) ,

dehydroepiandrosterone (DHEA), and androstenedione (A2).

However, only T and DHT can combine with the androgen receiver

to produce physiological effects. DHEAS, DHEA, and A2 need to be

transformed into T and DHT to function (2, 3). Therefore, this study

focuses on T and DHT.

T plays a regulatory role in female menopause and pregnancy (1,

4). T can be converted into estradiol under the catalysis of aromatase

(5). Abnormal expression of T may lead to infertility (6, 7). As an

animal model for human diseases, pigs are ideal experimental animals
Frontiers in Endocrinology 02
(7, 8). In particular, pig organs can be transplanted into humans and

they will survive, thus providing new possibilities for human clinical

medicine (9). T can be injected into sows to study the mechanisms by

which male hormones affect the development of ovaries and follicles

(10). In addition, follicles of different sizes in the ovaries of sows

contain different concentrations of T (11). The T secreted by the

follicular granulosa cells is a steroid hormone (12). Steroid hormones

are not proteins directly encoded by genes, and the process of gene

regulation is complex. Aromatase cytochrome P450 (13), GnRH (14),

and BCL2-associated athano gene 6 (15) can regulate the synthesis of

T. Nutritional research has found that N-carbamylglutamate can

change the T concentration and increase the birth weight of piglets
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(16). The fat content in sows also affect the secretion of T, thus

affecting the litter size (17). Different breeds of pigs secrete different

amounts of T; for example, Meishan pigs secrete more T than white

pigs (18).

Previous studies have reported that after the injection of

exogenous T, both the ovulation and the embryo survival rates of

sows improved (19, 20). In contrast, Jimenez reported that although

the ovulation rate of sows improved after T injection, the survival rate

of embryos was reduced (21). In particular, the embryo survival rate

of sows after DHT injection decreased significantly (21, 22). Recently,

it has been reported that T has no relationship with the litter size of

sows (23). To clarify the mechanisms by which male hormones affect

the ovulation rate of sows, in the present study, we performed a meta-

analysis of the studies published in the past 30 years on the effect of

male hormones on the ovulation rate of sows. The results of this study

will help clarify the mechanisms by which T and DHT affect the

gonads and ovulation of sows, and will provide a valuable reference

for the study of human endocrine diseases.
Methods

Database search strategy and
data extraction

The specific methods used in this study refer to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines (24). The basic search used the following

terms: (androgens OR dihydrotestosterone OR testosterone OR

sustanon OR homosteron) AND (pig OR swine OR gilt OR sow).

The term (oocyte OR embryo) was added in the in vitro research

while (corpora lutea OR election) was added in the in vivo research.

The retrieval limit time was 1992.01.01 to 2022.09.01. The databases

searched were PubMed, ProQuest, ScienceDirect, and Scopus.

The studies were screened based on the criteria listed in Table 1.

Since the ability of various breeds of sows to secrete T is different, both

the experimental group and the control group were required to be

sows of the same breed (18). Different treatments in each study were

defined as a data set. The extracted data included the number of

treated sows, determined value, and standard deviation (SD) or
Frontiers in Endocrinology 03
standard error (SE). The SD was recalculated using the total

number (sample size) and SE.
Meta-analysis

The Review Manager (Copenhagen: Nordic Cochrane Centre,

Cochrane Collaboration, Version 5.4) was used for the meta-analysis

of the data. Heterogeneity was found in the process of analysis. The

details of the different studies used to find the source of the

heterogeneity are listed in Table 2. At least five subgroup analyses

were needed to determine the source of the heterogeneity. We decided

to ignore the heterogeneity in the analysis. A random effects model and

continuous data type were used in the meta-analysis. Subgroup analysis

is commonly used to find problems in the study and identify possible

correlations. We performed a subgroup analysis of T and DHT. The

cumulus-enclosed oocyte (CEO), cumulus–oocyte complex (COC),

and denuded oocyte (DO) subgroups were also analyzed.

The potential bias evaluation of the study adopted the financial plot

method. Stata 12.0 (Stata Corp, College Station, TX, USA) was used to

perform Begg’s test to repeatedly verify the potential bias. The Trial

Sequential Analysis Viewer (TSA, Copenhagen Trial Unit, Copenhagen,

Denmark) was used to evaluate the reliability of our results.
Homology modeling of androgen
receptor 3D structures and simulating
protein docking

A protein homology model was constructed using the SWISS-

MODEL. The reference gene sequence was the swine androgen

receiver gene. In the NCBI database for the androgen receiver gene

(NC_010461.5), there were three different protein sequence samples,

namely NP_ 999479.2(896aa), XP_ 020935172.1 (800aa), and XP_

013841681.1(896aa).

To further build the docking model between proteins and small

molecules, the amino acid sequences of the abovementioned three

androgen receptors were analyzed. The amino acid changes caused by

single nucleotide polymorphisms were also analyzed. The sequences

of NP999479.2 were 352N and 410P. The sequences of XP_
TABLE 1 Standardized table of inclusion and exclusion criteria.

Inclusion Exclusion

Species evaluated included but were not limited to swine Swine were not used

The literature is in literature The literature was not in English

Both the control group and the treatment group were the same breed Comparison between two breeds

in vivo Ovulation or corpora lutea data is included No ovulation or corpora lutea data

Androgen treatment alone or with other hormones in sow No androgen treatment of sows

in vitro Oocyte or follicle data included No oocyte or follicle data

Androgen added alone or with other hormones in vitro No androgen treatment of sow follicles or oocytes
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020935172.1 and XP_013841681.1 were 352 R and 410S. NP_

999479.2 and XP_ 013841681.1 have 896 amino acids. XP_

013841681.1 was selected to build the docking model. Autodock

analysis was used to produce docking models of the bridge between

the androgen receptor and T/DHT. The Discovery Studio program

was used to visualize the results. The docking point of the swine

androgen receptor ligand-binding domain (sARLBD) and ligand-

binding pocket (LBP) was marked, and the binding affinity was

recorded. An affinity of ≤ –4 kcal/mol is generally considered to

indicate binding ability, and an affinity of ≤ –7 kcal/mol means that

the ligand is bound deeply within the receiver pocket.
Results

A total of 517 papers were obtained within the search time range. Two

authors independently screened the literature using the inclusion and
Frontiers in Endocrinology 04
exclusion criteria listed in Table 1. When there was a dispute, the third

author acted as a mediator. Figure 1 shows the process of paper selection.

Finally, 10 papers (10, 19–22, 25–29) were selected. The results comprised

31 data sets, and the specific contents used in the study are listed in Table 2.
Meta-analysis of in vivo androgen effects on
sow ovary

The blue area in Figure 2A shows that the T subgroup (SMD =

1.78, 95% CI = 0.67–2.89; p < 0.001) and the DHT subgroup (SMD =

6.74, 95% CI = 3.05–10.44; p < 0.001) showed an increased ovulation

rate. To summarize, androgen (total) is positively related to swine

ovulation. Figure 2B shows that there was no potential bias in the

funnel plot. The result of Begg’s test also shows that there is no

potential bias (Pr > |z| = 0.537). The TSA results are shown in

Figure 2C. Although the Z value (Z-cure) does not meet the TSA’s
TABLE 2 Characteristics of studies selected.

Study/
Year

Data
Set
No.

Breed (In vivo) Ovulation rate Natural
insemination

Checktime Estrous
cycles

Body
weight
(kg)

Age Androgen
kg–1 body
weight

Injectiontime
(days)

1 Cardenas
1994

5 Landrace (1/4) x
Yorkshire
(1/4) x Duroc (1/2)
gilts

140–160 NM 1, 10, and 100
mg T

17 and 18 Boar bred twice
in first 24 h

11 days 19–21.5

2 Cardenas
1997

2 Landrace (1/4) x
Yorkshire
(1/4) x Duroc (1/2)
gilts

110–130 6–8
months

1 mg T 13 and 16 Boar bred at 12,
24, and 36 h

11.5 days NM

3 Cardenas
2002 a

1 NM NM NM 1 mg T NM NM 11 days NM

4 Cardenas
2002 b

3 Cross of Yorkshire,
Landrace, Duroc,
and Hampshire

NM NM 6, 60, or 600
µg DHT

NM Boar bred twice
at 8 and 24 h

11 days NM

5 Herrick
2003

1 Cross-bred 100 6 months 1 mg T 13 NM 36–38 h NM

6 Jimenez
2008

2 Cross-bred NM NM 10 mg T
10 mg DHT

13 Boar bred twice
in first 24 h

11 days 19.5–20.5

7 Knapczyk
2018

1 Large White x
Polish
Landrace

NM NM 10 mg T
propionate

10 NM 1 day NM

Study/
Year

Data
Set
No.

Maturation
judgment

(In vitro) Maturation rate Dose Change
air

Culture
duration

Method Follicle Oocyte Base
medium

1 Dode
2002

3 Nuclear maturation 500 µl
drop

2–5 mm COCs TCM-199 3, 30, 300 ng/ml
T

NM 42 h

2 Herrick
2002

4 Cleavage 500 µl
drop

3–8 mm COCs TCM-199,
NCSU23

0.26 mM T no 2, 6 days

3 Li 2008 9 GVBD Four-well
dishes

2–6 mm CEOs
(COCs),
(DOs)

TCM-199 0.26 mM DHT NM 48 h
fr
Not mentioned (NM). Dihydrotestosterone (DHT). Testosterone (T). Cumulus–oocyte complexes (COCs). Denuded oocytes (DOs). Germinal vesicle breakdown (GVBD). Injection time means the
day of the estrous cycle. Check time means the time after fertilization.
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expectation of 583 (information size) events, it exceeds the

conventional boundary (orange line) and monitoring boundary.

These curves indicate that the results of the meta-analysis are reliable.

The white area in Figure 2A shows that DHT (SMD = –26.15,

95% CI = 43.41 to –8.88; p < 0.001) was negatively correlated with the

in vivo blastocyst survival rate. T (SMD = –1.96, 95% CI = –5.11–1.19;

p = 0.03) did not have a relevant effect on swine in vivo blastocyst

survival rate. The blue area in Figure 2D shows that DHT (SMD =

1.03, 95% CI = –0.11–2.18; p = 0.03) did not have a significant effect

on the swine estrous cycle. Furthermore, T (SMD = –0.99, 95% CI = –

1.89 to –0.08; p = 0.02) was negatively related to the estrous cycle; in

other words, T shortens the swine estrous cycle. The white area in

Figure 2D shows that the concentration of estradiol in the blood of

sows was found to be positively related to the injection of androgen.
Meta-analysis of in vitro exogenous
androgen effects on swine oocyte

The blue area in Figure 3 shows that the CEO subgroup was

negatively related to oocyte maturation (SMD = –1.97, 95% CI = –

2.96 to –0.99; p < 0.001). Meanwhile, the DO subgroup was positively

related to oocyte maturation (SMD = 5.12, 95% CI = 2.45–7.78; p <

0.001). The white area in Figure 3 shows that androgen (total) is

negatively related to the in vitro swine blastocyst rate.
Simulating protein docking androgen

The protein homology model results are shown in Figure 4A.

There was no visible difference between NP_999479.2 and
Frontiers in Endocrinology 05
XP_013841681.1, and both were different from the spatial structure

of XP_020935172.1. The upper part of Figure 4 B shows T/DHT

docking to sARLBD. The middle area portrays T/DHT in swine

androgen receptor LBP and the residues of interest. The lower area

shows the affinity of the sARLBD complexed with agonist ligands. T

possesses a higher affinity than DHT. T had one van der Waals bond

(Gln, 715) and more alkyl groups, and DHT established more

hydrogen bond contacts with the receptor.
Discussion

Human polycystic ovary syndrome (PCOS) is caused by an

androgen secretion disorder (3, 7). The clinical symptoms of PCOS

are polycystic ovarian morphology, ovulatory dysfunction, and

hyperandrogenemia (3, 30); that is, too many small follicles are

recruited into the growth state, but development stagnates at a

certain stage and the selection of the best follicles does not occur. A

similar situation has been observed in sows injected with T (31).
Regulation of androgen secretion

During the estrous cycle, the secretion of T in sows changes in a

regular pattern (32). The gonad is regulated by the pituitary gland.

GnRHR2 regulates T secretion in boar testes (14), and GnRH-A inhibits

T secretion in sows (33). Progesterone stimulates the pig uterus to secrete

T (34). Porcine theca interna cells also secrete androgens (35). The

electromagnetic field can directly increase the blood T content of sows

(36). The genes that may be involved in regulating cytochrome P450 by

T secretion in sows include CYP19A2, CYP19A3, CYP51, and POR (37).
FIGURE 1

PRISMA diagram of the study selection process. The search time range was the past 30 years (1992–2022). We searched four databases: PubMed,
ProQuest, ScienceDirect, and Scopus. A total of 517 relevant studies were found. The studies were divided into in vivo and in vitro categories for
searching and screening. A total of 10 studies were selected for inclusion in this meta-analysis study.
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After T injection, LH secretion increases in sows (38). After DHT

injection, the secretion of FSH (39) and estradiol (40) increases in

sows. After T injection, the expression levels of genes involved in the

TGF-b pathway in the ovaries of sows, including growth and

differentiation factor 9 (GDF9), bone morphogenetic protein 15

(BMP15), TGFBR1, BMPR1B, and BMPR2 (41), differ significantly.
Androgen transformation and transportation
in vivo

The human androgen receptor ligand-binding domain (hARLBD)

results indicate that DHT possesses a higher affinity than T (2). In

contrast, the results of this study suggest that the pig T–androgen

receptor affinity is higher than that of DHT. This is because although

pig and human ARLBD are homologous, their binding sites are

completely different. The stability of the combination of the

androgen receptor and ligand is directly related to the physiological

function (42, 43). Androgens are combined with sex hormone-binding

globulin in the blood and transported to various tissues. Albumin-

bonded androgens are also found in the blood as a repository (3).

The enzyme 5a-reductase catalyzes the conversion of T to DHT,

and this is an irreversible process (44). Aromatases in the cytochrome
Frontiers in Endocrinology 06
P450 family can catalyze the conversion of T to estradiol (45). Other

enzymes in the cytochrome P450 family can also catalyze the

conversion of androgens between precursors (46). Aromatase

isozymes in the swine blastocyst and placenta have different

efficiencies (47).

The results of this study show that injecting sows with T alone

would not have a relevant effect on the in vivo blastocyst survival rate.

DHT is negatively correlated with the blastocyst survival rate.

Research on COCs shows that the ratio of progesterone to T is

positively correlated with swine oocyte maturation (48). The

expression of androgen receptors in the pig uterus is regulated by

the balance between estrogen and T (49). PCOS is a multifaceted

health issue. The clinical symptoms are hyperandrogenism, polycystic

ovaries, and chronic oligo (50). The reported animal models of PCOS

include mice (51), pigs (52), rats (53), sheep (54), and cattle (55).

Many studies have analyzed the enzymes involved in steroid hormone

transformation. Increased activity of the enzyme 5a-reductase may

lead to PCOS (44), and PCOS is directly related to ovarian aromatase

protein content (45). Obesity increases the risk of clinical

comorbidities associated with PCOS in women (50). This suggests

that in research on improving the ovulation rate of sows, a single

injection of T or DHT may not achieve the desired effect, and the

proportions of T and DHT should be the key to success. A single
A B

C

D

FIGURE 2

In vivo androgen effects on sow ovary. (A) Forest plot of androgen effects on swine ovulation rate (blue) and blastocyst survival rate (white). Subgroup
analysis was performed based on testosterone (T) and dihydrotestosterone (DHT). Injection of T or DHT into sows was positively related to ovulation
rate. DHT was negatively correlated with blastocyst survival rate. (B) Funnel plot of androgen effects on the swine ovulation rate. The dotted vertical line
is the estimated common effect. The points of the selected study representatives are concentrated at the top of the line, and there is no potential bias.
(C) Trial Sequential Analysis Viewer (TSA) of androgen effects on the swine ovulation rate. The research results exceeded the conventional boundary
(orange line) and monitoring boundary, indicating that the meta-analysis results are reliable. (D) Forest plot of androgen effects on the swine estrous
cycle (blue) and estradiol (white). T is negatively correlated with the estrous cycle.
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injection of any type of androgen will increase the burden on steroid

hormone conversion-related enzymes.
Effect of androgen on ovulation rate
of sows

Androgens play various roles at different stages of follicular

development. With the growth of the follicle diameter, the effect of

androgens changes from stimulation to inhibition (56). Excessive

androgen can induce apoptosis of the follicular granulosa cells, inhibit

follicular growth, and lead to ovulation disorders in swine (57).

Androgen injection affects serum gonadotropin and ovarian steroid

concentrations in gilts (21). T has been found to have an effect on the

protein levels and function of vitamin D (3) receptor in porcine

ovarian follicles (58). Furthermore, increased T levels alter the

concentration of vaspin in the follicles of sows (7). T can affect the

ovarian nuclear cycle, and the meiotic capacity of porcine oocytes

decreases with an increase in T (59). In addition, T from boar semen

may also play a role in maintaining pregnancy. The semen interacts

with the epithelial cells in the inner layer of the reproductive tract of
Frontiers in Endocrinology 07
the sow, leading to changes conducive to the establishment and

maintenance of pregnancy (60).

The results of this study show that both T and DHT injected into

sows were positively correlated with the ovulation rate. T did not have

a related effect on the swine in vivo blastocyst survival rate, and DHT

was negatively related to the blastocyst survival rate. This indicates

that further research is needed to determine whether sows are suitable

for human PCOS experimental animal models (7). More importantly,

the fat content of sows can also affect their T secretion (17). The fat

deposition pattern of pigs is completely different from that of humans;

UCP1, which regulates brown fat, was lost in pigs during their

evolution (61). In addition, our research results show that the pig

T–androgen receptor affinity is higher than that of DHT, which is

different from the case in humans; therefore, it can be inferred that

sows are not suitable as human PCOS experimental animal models.

In studies concerning animal husbandry production, efforts have

been made to find ways to improve litter size. The results of this study

show that T shortens the swine estrous cycle and is positively

correlated with ovulation rate. This may provide a reference for

improving the litter size. It is worth noting that T and DHT should

be injected according to the natural cycle of hormones in sows.
FIGURE 3

Forest plot of in vitro androgen effects on swine oocytes. The area of the green square in the figure represents the weight of each data set of the meta-
analysis. The upper blue part shows the CEOs (COCs, cumulus–oocyte complexes) are negatively correlated with oocyte maturation in vitro. Denuded
oocytes (DOs) are positively related to oocyte maturation. The lower white part shows that androgen (total SMD = –0.46, 95% CI= –0.70 to –0.21; p <
0.001) is negatively correlated with the in vitro swine blastocyst rate.
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Otherwise, it may inhibit the development of follicles. Androgen can

promote the opening of the TGF-b pathway in sows (41). Our

previous research found that inhibition of the TGF-b pathway after

fertilization of pig and bovine embryos promotes the development

potential of embryos, while inhibition of the TGF-b pathway reduces

the maturation rate of oocytes (62, 63).
Effects of androgen on the developmental
competence of oocytes

In the process of in vitro pig follicle culture, the addition of

ethanol can increase T production (64). T does not affect nitric
Frontiers in Endocrinology 08
oxide synthesis in swine oocytes (65). A study has shown that there

is no difference in T concentration in follicular fluid, and T

concentration in high-quality COCs is significantly higher than

that in low-quality COCs (37). This suggests that COCs play a

central role.

Studies on swine DOs and granulosa cells showed that T and

DHT, together with GDF9, inhibited the steroidogenic secretion of

the granulosa cells. This indicates that the promotion of T and DHT

on granulosa cells requires paracrine signals from oocytes (66). The

results of this study show that when T and DHT are added to swine

oocytes in vitamin culture processes, COCs are negatively correlated

with oocyte maturation. The DO subgroup is positively related to

oocyte maturation.
A

B

FIGURE 4

Androgen receptor protein tertiary structure and ligand docking. (A) Swine androgen receptor protein tertiary structure. The figure shows that 352 N > H,
410 P > S has no effect on NP_999479.2 (896aa) and XP_013841681.1 (896aa) tertiary structure. XP_020935172.1 (800aa) lost 96 amino acids, and the
tertiary structure was altered. (B) T/DHT docking to the androgen receptor protein. The upper part shows that T and DHT docking to swine androgen
receptor ligand-binding domain (sARLBD) is the same. To show the connecting bridges, the observation direction has been adjusted. The middle part is
the local amplification of the ligand-binding pocket (LBP). The lower part shows the binding affinity.
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Cell crosstalk between oocytes and granulosa cells (such as radial

crown cells and cumulus cells) is a very complex process that is still

somewhat unclear. Our previous research found that at the maturation

stage of pig and bovine oocytes, granulosa cells promoted maturation,

but after fertilization, granulosa cells inhibited embryonic development

(62, 63). Gap connections permit T and DHT to freely enter and exit

oocytes (35). Furthermore, androgen receptors are rarely expressed in

oocytes; they are expressed in the granulosa cells of follicles at all levels,

but differ at various stages of follicular development (67). Finally, based

on our findings in this study, we have drawn a proposed mode of

androgen effect on sow reproduction (Figure 5) that illustrates how

androgens affect pigs differently from humans.

During in vitro research, the surface of the culture medium being

used is generally covered with mineral oil to ensure minimum water

evaporation while allowing carbon dioxide to enter it. Previous studies

on T and DHT showed that steroids could not directly cover mineral oil

due to their fat solubility (28, 68). The results of this study show that the

fat solubility of steroids was taken into account in three selected studies;

two of these studies did not cover mineral oils (27, 28), and the third

study used four-well culture plates (26).

Conclusion

In studies on human PCOS, it would not be suitable to select

pigs as animal models. The results of studies on androgen
Frontiers in Endocrinology frontiersin.org09
promoting the maturation of DOs in vitro can provide a reference

for the study of cell crosstalk between oocytes and granulosa cells.

Injecting T into sows alone is positively related to swine ovulation

and does not affect the in vivo blastocyst survival rate. T shortens

the swine estrous cycle. To improve the litter size of sows, future

research should focus on the mixed use of T and DHT, and the

timing of use should be consistent with the periodic changes in

androgens in sows. We should consider the welfare of experimental

sows with reference to the clinical symptoms of PCOS.
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FIGURE 5

Proposed mode of androgens effect on sow reproduction. The green arrow indicates improvement. The red flat-end segment represents a decrease.
The left side indicates that T/DHT promotes pig ovulation in vivo. T/DHT inhibits COCs in vitro maturation and promotes DOs maturation. The right side
shows that human T inhibits the development of antral follicles to mature follicles.

https://doi.org/10.3389/fendo.2023.1094466
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Guo et al. 10.3389/fendo.2023.1094466
Funding

This study was supported by the National Natural Science

Foundation of China (32172696, U20A2052, and 31872980). The

funding agencies were not involved in the development of the study

design or the preparation of this manuscript.
Acknowledgments

We thank LetPub (www.letpub.com) for its linguistic assistance

during the preparation of this manuscript.
Frontiers in Endocrinology 10
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Li Y, Zhou Y, Cai Z, Li R, Leng P, Liu H, et al. Associations of benzotriazoles and
benzothiazoles with estrogens and androgens among pregnant women: A cohort study
with repeated measurements. Sci Total Environ (2022) 838:155998. doi: 10.1016/
j.scitotenv.2022.155998

2. Pereira K, Cote PL, Cantin L, Blanchet J, Labrie F, Breton R. Comparison of crystal
structures of human androgen receptor ligand-binding domain complexed with various
agonists reveals molecular determinants responsible for binding affinity. Protein Sci
(2006) 15:987–99. doi: 10.1110/ps.051905906

3. Li Y, Zhai Y, Li L, Lu Y, Su S, Liu Y, et al. Divergent associations between serum
androgens and ovarian reserve markers revealed in patients with polycystic ovary
syndrome. Front Endocrinol (Lausanne) (2022) 13:881740. doi: 10.3389/
fendo.2022.881740

4. Alemany M. The roles of androgens in humans: Biology, metabolic regulation and
health. Int J Mol Sci (2022) 23:11952. doi: 10.3390/ijms231911952

5. Tracy MS, Challa PK, Canha L, Burke K, Ananthakrishnan AN, Lopes EW, et al.
Endogenous levels of circulating androgens are not associated with risk of microscopic
colitis. Dig Dis Sci (2022). doi: 10.1007/s10620-022-07678-3

6. Maseroli E, Vignozzi L. Are endogenous androgens linked to female sexual
function? a systemic review and meta-analysis. J Sex Med (2022) 19:553–68. doi:
10.1016/j.jsxm.2022.01.515

7. Kurowska P, Mlyczynska E, Barbe A, Staub C, Gregoraszczuk E, Dupont J, et al.
Vaspin in the pig ovarian follicles: expression and regulation by different hormones.
Reproduction (2019) 158:135–46. doi: 10.1530/REP-19-0034

8. Waszkiewicz EM, Kozlowska W, Zmijewska A, Franczak A. Expression of insulin-
like growth factor 1 (IGF-1) and epidermal growth factor (EGF) receptors and the effect of
IGF-1 and EGF on androgen and estrogen release in the myometrium of pigs-In vitro
study. Anim (Basel) (2020) 10:915. doi: 10.3390/ani10050915

9. Porrett PM, Orandi BJ, Kumar V, Houp J, Anderson D, Cozette Killian A, et al. First
clinical-grade porcine kidney xenotransplant using a human decedent model. Am J
Transplant (2022) 22:1037–53. doi: 10.1111/ajt.16930

10. Knapczyk-Stwora K, Grzesiak M, Ciereszko RE, Czaja E, Koziorowski M,
Slomczynska M. The impact of sex steroid agonists and antagonists on folliculogenesis
in the neonatal porcine ovary via cell proliferation and apoptosis. Theriogenology (2018)
113:19–26. doi: 10.1016/j.theriogenology.2018.02.008

11. Grupen CG, McIlfatrick SM, Ashman RJ, Boquest AC, Armstrong DT, Nottle MB.
Relationship between donor animal age, follicular fluid steroid content and oocyte
developmental competence in the pig. Reprod Fertil Dev (2003) 15:81–7. doi: 10.1071/
RD02086

12. Malekinejad H, Van Tol HT, Colenbrander B, Fink-Gremmels J. Expression of
3alpha- and 3beta-hydroxy steroid dehydrogenase mRNA in COCs and granulosa cells
determines zearalenone biotransformation. Toxicol In Vitro (2006) 20:458–63. doi:
10.1016/j.tiv.2005.09.007

13. Slomczynska M, Duda M, Sl zak K. The expression of androgen receptor,
cytochrome P450 aromatase and FSH receptor mRNA in the porcine ovary. Folia
Histochem Cytobiol (2001) 39:9–13.

14. Ding H, Liu M, Zhou C, You X, Suo Z, Zhang C, et al. Expression and regulation of
GnRHR2 gene and testosterone secretion mediated by GnRH2 and GnRHR2 within
porcine testes. J Steroid Biochem Mol Biol (2019) 190:161–72. doi: 10.1016/
j.jsbmb.2019.03.010

15. Song H, Chen D, Bai R, Feng Y, Wu S, Wang T, et al. BCL2-associated athanogene
6 exon24 contributes to testosterone synthesis and male fertility in mammals. Cell Prolif
(2022) 55:e13281. doi: 10.1111/cpr.13281

16. Wei S, Yang Y, Xiao Y, Liu Y, Tian J, Spicer LJ, et al. Effects of n-
carbamylglutamate on steroidogenesis and relative abundances of mRNA transcripts in
pig placental trophoblasts. Anim Reprod Sci (2020) 221:106569. doi: 10.1016/
j.anireprosci.2020.106569

17. Luo HQ, Gu WW, Huang LW, Wu LH, Tian YG, Zheng CH, et al. Effect of
prepregnancy obesity on litter size in primiparous minipigs. J Am Assoc Lab Anim Sci
(2018) 57:115–23.

18. Goxe B, Prunier A, Remy JJ, Salesse R. Ontogeny of gonadal luteinizing hormone
and follicle-stimulating hormone receptors in the fetal pig and related changes in
gonadotropin and testosterone secretion. Biol Reprod (1993) 49:609–16. doi: 10.1095/
biolreprod49.3.609

19. Cardenas H, Pope WF. Administration of testosterone from day 13 of the estrous
cycle to estrus increased the number of corpora lutea and conceptus survival in gilts. J
Anim Sci (1997) 75:202–7. doi: 10.2527/1997.751202x

20. Cardenas H, PopeWF. Control of ovulation rate in swine. J Anim Sci (2002) 80:36–
46. doi: 10.2527/animalsci2002.0021881200800ES10007x

21. Jimenez E, Cardenas H, PopeWF. Effects of androgens on serum concentrations of
gonadotropins and ovarian steroids in gilts. Biol Reprod (2008) 79:1148–52. doi: 10.1095/
biolreprod.108.067595

22. Cardenas H, Herrick JR, Pope WF. Increased ovulation rate in gilts treated with
dihydrotestosterone. Reproduction (2002) 123:527–33. doi: 10.1530/rep.0.1230527

23. Stenhouse C, Cortes-Araya Y, Donadeu FX, Ashworth CJ. Associations between
testicular development and fetal size in the pig. J Anim Sci Biotechnol (2022) 13:24. doi:
10.1186/s40104-022-00678-3

24. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PloS Med (2009) 6:
e1000097.

25. Herrick JR, Brad AM, Krisher RL, Pope WF. Intracellular adenosine triphosphate
and glutathione concentrations in oocytes from first estrous, multi-estrous, and
testosterone-treated gilts. Anim Reprod Sci (2003) 78:123–31. doi: 10.1016/S0378-4320
(03)00081-2

26. Li M, Ai JS, Xu BZ, Xiong B, Yin S, Lin SL, et al. Testosterone potentially triggers
meiotic resumption by activation of intra-oocyte SRC and MAPK in porcine oocytes. Biol
Reprod (2008) 79:897–905. doi: 10.1095/biolreprod.108.069245

27. Dode MA, Graves C. Involvement of steroid hormones on in vitro maturation of
pig oocytes. Theriogenology (2002) 57:811–21. doi: 10.1016/S0093-691X(01)00700-2

28. Herrick JR, Pope WF. Exposure to androgens during in vitro maturation does not
affect the developmental potential of porcine oocytes. Theriogenology (2002) 58:1131–9.
doi: 10.1016/S0093-691X(02)00697-0

29. Cardenas H, Pope WF. Administration of testosterone during the follicular phase
increased the number of corpora lutea in gilts. J Anim Sci (1994) 72:2930–5. doi: 10.2527/
1994.72112930x

30. Spritzer PM, Marchesan LB, Santos BR, Fighera TM. Hirsutism, normal androgens
and diagnosis of PCOS. Diagnostics (Basel) (2022) 12:1922. doi: 10.3390/
diagnostics12081922

31. Magamage MPS, Zengyo M, Moniruzzaman M, Miyano T. Testosterone induces
activation of porcine primordial follicles in vitro. Reprod Med Biol (2011) 10:21–30. doi:
10.1007/s12522-010-0068-z

32. PopeWF, Cardenas H. Androgens in female pig reproduction: actions mediated by
the androgen receptor. Soc Reprod Fertil Suppl (2006) 62:55–67.

33. Ziecik AJ, Klos J, Gromadzka-Hliwa K, Dietrich MA, Slowinska M, Likszo P, et al.
Endocrine and molecular milieus of ovarian follicles are diversely affected by human
chorionic gonadotropin and gonadotropin-releasing hormone in prepubertal and mature
gilts. Sci Rep (2021) 11:13465. doi: 10.1038/s41598-021-91434-6
frontiersin.org

http://www.letpub.com
https://doi.org/10.1016/j.scitotenv.2022.155998
https://doi.org/10.1016/j.scitotenv.2022.155998
https://doi.org/10.1110/ps.051905906
https://doi.org/10.3389/fendo.2022.881740
https://doi.org/10.3389/fendo.2022.881740
https://doi.org/10.3390/ijms231911952
https://doi.org/10.1007/s10620-022-07678-3
https://doi.org/10.1016/j.jsxm.2022.01.515
https://doi.org/10.1530/REP-19-0034
https://doi.org/10.3390/ani10050915
https://doi.org/10.1111/ajt.16930
https://doi.org/10.1016/j.theriogenology.2018.02.008
https://doi.org/10.1071/RD02086
https://doi.org/10.1071/RD02086
https://doi.org/10.1016/j.tiv.2005.09.007
https://doi.org/10.1016/j.jsbmb.2019.03.010
https://doi.org/10.1016/j.jsbmb.2019.03.010
https://doi.org/10.1111/cpr.13281
https://doi.org/10.1016/j.anireprosci.2020.106569
https://doi.org/10.1016/j.anireprosci.2020.106569
https://doi.org/10.1095/biolreprod49.3.609
https://doi.org/10.1095/biolreprod49.3.609
https://doi.org/10.2527/1997.751202x
https://doi.org/10.2527/animalsci2002.0021881200800ES10007x
https://doi.org/10.1095/biolreprod.108.067595
https://doi.org/10.1095/biolreprod.108.067595
https://doi.org/10.1530/rep.0.1230527
https://doi.org/10.1186/s40104-022-00678-3
https://doi.org/10.1016/S0378-4320(03)00081-2
https://doi.org/10.1016/S0378-4320(03)00081-2
https://doi.org/10.1095/biolreprod.108.069245
https://doi.org/10.1016/S0093-691X(01)00700-2
https://doi.org/10.1016/S0093-691X(02)00697-0
https://doi.org/10.2527/1994.72112930x
https://doi.org/10.2527/1994.72112930x
https://doi.org/10.3390/diagnostics12081922
https://doi.org/10.3390/diagnostics12081922
https://doi.org/10.1007/s12522-010-0068-z
https://doi.org/10.1038/s41598-021-91434-6
https://doi.org/10.3389/fendo.2023.1094466
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Guo et al. 10.3389/fendo.2023.1094466
34. Franczak A. Endometrial and myometrial secretion of androgens and estrone
during early pregnancy and luteolysis in pigs. Reprod Biol (2008) 8:213–28. doi: 10.1016/
S1642-431X(12)60013-8

35. Schams D, Berisha B. Steroids as local regulators of ovarian activity in domestic
animals. Domest Anim Endocrinol (2002) 23:53–65. doi: 10.1016/S0739-7240(02)00145-5

36. Franczak A, Drzewiecka EM, Kozlowska W, Zmijewska A, Wydorski PJ,
Koziorowska A. The effect of electromagnetic field (EMF) exposure on synthesis and
release of steroid hormones by the porcine conceptuses during the peri-implantation
period. Reprod Fertil Dev (2022) 34:722–35. doi: 10.1071/RD22040

37. Costermans NGJ, Soede NM, van Tricht F, Blokland M, Kemp B, Keijer J, et al.
Follicular fluid steroid profile in sows: relationship to follicle size and oocyte
qualitydagger. Biol Reprod (2020) 102:740–9. doi: 10.1093/biolre/ioz217

38. Petric N, Kato Y, Elsaesser F. Influence of prenatal testosterone treatment on foetal
and prepubertal LHbeta-subunit mRNA and plasma LH concentrations in the female pig.
Domest Anim Endocrinol (2004) 27:25–38. doi: 10.1016/j.domaniend.2004.01.003

39. Hickey TE, Marrocco DL, Gilchrist RB, Norman RJ, Armstrong DT. Interactions
between androgen and growth factors in granulosa cell subtypes of porcine antral follicles.
Biol Reprod (2004) 71:45–52. doi: 10.1095/biolreprod.103.026484

40. Pickard AR, Miller SJ, Ashworth CJ. Synchronous onset of oestradiol-17beta secretion
by meishan conceptuses. Reprod Biol Endocrinol (2003) 1:16. doi: 10.1186/1477-7827-1-16

41. Knapczyk-Stwora K, Grzesiak M, Witek P, Duda M, Koziorowski M, Slomczynska
M. Neonatal exposure to agonists and antagonists of sex steroid receptors induces changes
in the expression of oocyte-derived growth factors and their receptors in ovarian follicles
in gilts. Theriogenology (2019) 134:42–52. doi: 10.1016/j.theriogenology.2019.05.018

42. Abdurrahman S, Ruslin R, Hasanah AN, Mustarichie R, Ifaya M. Active
antialopecia chemical identification of merremia peltata leaves and computational
study toward androgen receptor using molecular docking and molecular dynamic
simulation. ScientificWorldJournal (2022) 2022:1123047. doi: 10.1155/2022/1123047

43. Rana P, Dhingra N, Arora P, Dhingra R, Monika C, Gupta A. Synthesis and study
of some 17a-aza-D-homo steroids as 5alpha-reductase inhibitors. Curr Drug Discovery
Technol (2021) 18:e22092020186180. doi: 10.2174/1570163817666200922120406

44. Wu C, Wei K, Jiang Z. 5alpha-reductase activity in women with polycystic ovary
syndrome: a systematic review and meta-analysis. Reprod Biol Endocrinol (2017) 15:21.
doi: 10.1186/s12958-017-0242-9

45. Mahmoud AA, Elfiky AM, Abo-Zeid FS. The anti-androgenic effect of quercetin
on hyperandrogenism and ovarian dysfunction induced in a dehydroepiandrosterone rat
model of polycystic ovary syndrome. Steroids (2022) 177:108936. doi: 10.1016/
j.steroids.2021.108936

46. Cheng Q, Sohl CD, Yoshimoto FK, Guengerich FP. Oxidation of
dihydrotestosterone by human cytochromes P450 19A1 and 3A4. J Biol Chem (2012)
287:29554–67. doi: 10.1074/jbc.M112.390047

47. Kao YC, Higashiyama T, Sun X, Okubo T, Yarborough C, Choi I, et al. Catalytic
differences between porcine blastocyst and placental aromatase isozymes. Eur J Biochem
(2000) 267:6134–9. doi: 10.1046/j.1432-1327.2000.01705.x

48. Ding J, Foxcroft GR. Follicular heterogeneity and oocyte maturation in vitro in
pigs. Biol Reprod (1992) 47:648–55. doi: 10.1095/biolreprod47.4.648

49. Kowalski AA, Vale-Cruz DS, Simmen FA, Simmen RC. Uterine androgen
receptors: roles in estrogen-mediated gene expressionand DNA synthesis. Biol Reprod
(2004) 70:1349–57. doi: 10.1095/biolreprod.103.024786

50. Hassan S, Shah M, Malik MO, Ehtesham E, Habib SH, Rauf B. Treatment with
combined resveratrol and myoinositol ameliorates endocrine, metabolic alterations and
perceived stress response in women with PCOS: a double-blind randomized clinical trial.
Endocrine (2023) 79:208–20. doi: 10.1007/s12020-022-03198-2

51. Haghighi M, Mehdizadeh M, Amjadi F, Zandieh Z, Najafi M, Artimani T, et al.
Effects of myo-inositol plus folic acid on ovarian morphology and oocyte quality in PCOS
mouse model. Zygote (2023) 9:1–12. doi: 10.1017/S0967199422000557
Frontiers in Endocrinology 11
52. Basini G, Bussolati S, Grolli S, Ramoni R, Conti V, Quintavalla F, et al. Platelets are
involved in in vitro swine granulosa cell luteinization and angiogenesis. Anim Reprod Sci
(2018) 188:51–6. doi: 10.1016/j.anireprosci.2017.11.008

53. Wang H, Feng X, Wang T, Pan J, Zheng Z, Su Y, et al. Role and mechanism of the
p-JAK2/p-STAT3 signaling pathway in follicular development in PCOS rats. Gen Comp
Endocrinol (2023) 330:114138. doi: 10.1016/j.ygcen.2022.114138

54. Siemienowicz KJ, Filis P, Thomas J, Fowler PA, Duncan WC, Rae MT. Hepatic
mitochondrial dysfunction and risk of liver disease in an ovine model of "PCOS males".
Biomedicines (2022) 10:1291. doi: 10.3390/biomedicines10061291

55. Roberts JF, Jeff Huang CC. Bovine models for human ovarian diseases. Prog Mol
Biol Transl Sci (2022) 189:101–54. doi: 10.1016/bs.pmbts.2022.02.001

56. Astapova O, Minor BMN, Hammes SR. Physiological and pathological
androgen actions in the ovary. Endocrinology (2019) 160:1166–74. doi: 10.1210/
en.2019-00101

57. Caldwell AS, Eid S, Kay CR, Jimenez M, McMahon AC, Desai R, et al.
Haplosufficient genomic androgen receptor signaling is adequate to protect
female mice from induction of polycystic ovary syndrome features by
prenatal hyperandrogenization. Endocrinology (2015) 156:1441–52. doi: 10.1210/
en.2014-1887

58. Herian M, Luck MR, Grzesiak M. The influence of testosterone on the expression
and function of vitamin D(3) receptor (VDR) protein in the porcine ovarian follicle.
Physiol Res (2018) 67:515–9. doi: 10.33549/physiolres.933762

59. Jana B, Rytel L, Czarzasta J, Calka J. Reduction of the number of neurones in the
caudal mesenteric ganglion innervating the ovary in sexually mature gilts following
testosterone administration. J Neuroendocrinol (2013) 25:826–38. doi: 10.1111/
jne.12057

60. Alvarez-Rodriguez M, Martinez C, Wright D, Barranco I, Roca J, Rodriguez-
Martinez H. The transcriptome of pig spermatozoa, and its role in fertility. Int J Mol Sci
(2020) 21:1572. doi: 10.3390/ijms21051572

61. Lin J, Cao C, Tao C, Ye R, Dong M, Zheng Q, et al. Cold adaptation in pigs
depends on UCP3 in beige adipocytes. J Mol Cell Biol (2017) 9:364–75. doi: 10.1093/
jmcb/mjx018

62. Guo Z, Islam MS, Liu D, Liu G, Lv L, Yang Y, et al. Differential effects of follistatin
on porcine oocyte competence and cumulus cell gene expression in vitro. Reprod Domest
Anim (2018) 53:3–10. doi: 10.1111/rda.13035

63. Guo Z, Rajput SK, Folger JK, Liu D, Knott JG, Smith GW. Pre- and peri-/Post-
Compaction follistatin treatment increases In vitro production of cattle embryos. PloS
One (2017) 12:e0170808. doi: 10.1371/journal.pone.0170808

64. de Lima LF, Rubessa M, Rocha RMP, Winters R, Milner DJ, Campello CC, et al.
High diluted and dynamised follicle stimulating hormone modulates steroid production
in isolated porcine preantral follicles cultured in vitro.Homeopathy (2017) 106:87–92. doi:
10.1016/j.homp.2017.03.004

65. Hattori MA, Arai M, Saruwatari K, Kato Y. Estrogen regulation of nitric oxide
synthesis in the porcine oocyte. Mol Cell Biochem (2004) 260:13–9. doi: 10.1023/B:
MCBI.0000026046.32875.70

66. Hickey TE, Marrocco DL, Amato F, Ritter LJ, Norman RJ, Gilchrist RB, et al.
Androgens augment the mitogenic effects of oocyte-secreted factors and growth
differentiation factor 9 on porcine granulosa cells. Biol Reprod (2005) 73:825–32. doi:
10.1095/biolreprod.104.039362

67. Lee SO, Ma Z, Yeh CR, Luo J, Lin TH, Lai KP, et al. New therapy targeting
differential androgen receptor signaling in prostate cancer stem/progenitor vs.
non-stem/progenitor cells. J Mol Cell Biol (2013) 5:14–26. doi: 10.1093/jmcb/
mjs042

68. Shimada M, Kawano N, Terada T. Delay of nuclear maturation and
reduction in developmental competence of pig oocytes after mineral oil overlay
of in vitro maturation media. Reproduction (2002) 124:557–64. doi: 10.1530/
rep.0.1240557
frontiersin.org

https://doi.org/10.1016/S1642-431X(12)60013-8
https://doi.org/10.1016/S1642-431X(12)60013-8
https://doi.org/10.1016/S0739-7240(02)00145-5
https://doi.org/10.1071/RD22040
https://doi.org/10.1093/biolre/ioz217
https://doi.org/10.1016/j.domaniend.2004.01.003
https://doi.org/10.1095/biolreprod.103.026484
https://doi.org/10.1186/1477-7827-1-16
https://doi.org/10.1016/j.theriogenology.2019.05.018
https://doi.org/10.1155/2022/1123047
https://doi.org/10.2174/1570163817666200922120406
https://doi.org/10.1186/s12958-017-0242-9
https://doi.org/10.1016/j.steroids.2021.108936
https://doi.org/10.1016/j.steroids.2021.108936
https://doi.org/10.1074/jbc.M112.390047
https://doi.org/10.1046/j.1432-1327.2000.01705.x
https://doi.org/10.1095/biolreprod47.4.648
https://doi.org/10.1095/biolreprod.103.024786
https://doi.org/10.1007/s12020-022-03198-2
https://doi.org/10.1017/S0967199422000557
https://doi.org/10.1016/j.anireprosci.2017.11.008
https://doi.org/10.1016/j.ygcen.2022.114138
https://doi.org/10.3390/biomedicines10061291
https://doi.org/10.1016/bs.pmbts.2022.02.001
https://doi.org/10.1210/en.2019-00101
https://doi.org/10.1210/en.2019-00101
https://doi.org/10.1210/en.2014-1887
https://doi.org/10.1210/en.2014-1887
https://doi.org/10.33549/physiolres.933762
https://doi.org/10.1111/jne.12057
https://doi.org/10.1111/jne.12057
https://doi.org/10.3390/ijms21051572
https://doi.org/10.1093/jmcb/mjx018
https://doi.org/10.1093/jmcb/mjx018
https://doi.org/10.1111/rda.13035
https://doi.org/10.1371/journal.pone.0170808
https://doi.org/10.1016/j.homp.2017.03.004
https://doi.org/10.1023/B:MCBI.0000026046.32875.70
https://doi.org/10.1023/B:MCBI.0000026046.32875.70
https://doi.org/10.1095/biolreprod.104.039362
https://doi.org/10.1093/jmcb/mjs042
https://doi.org/10.1093/jmcb/mjs042
https://doi.org/10.1530/rep.0.1240557
https://doi.org/10.1530/rep.0.1240557
https://doi.org/10.3389/fendo.2023.1094466
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	A meta-analysis: Effect of androgens on reproduction in sows
	Introduction
	Methods
	Database search strategy and data extraction
	Meta-analysis
	Homology modeling of androgen receptor 3D structures and simulating protein docking

	Results
	Meta-analysis of in vivo androgen effects on sow ovary
	Meta-analysis of in vitro exogenous androgen effects on swine oocyte
	Simulating protein docking androgen

	Discussion
	Regulation of androgen secretion
	Androgen transformation and transportation in vivo
	Effect of androgen on ovulation rate of sows
	Effects of androgen on the developmental competence of oocytes

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


