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Abstract
Study Objective—To determine if metformin has direct effects on ovarian theca-interstitial cell
proliferation through activation of AMP-activated protein kinase (AMPK).

Design—In vitro experimental study.

Setting—Academic medical center laboratory.

Animal(s)—Immature Sprague-Dawley female rats

Interventions—Ovarian theca-interstitial (T-I) cells were isolated, purified and cultured in the
absence (control) or presence of insulin (1mcg/mL) with or without metformin or other activators/
inhibitors of AMPK (AICAR, Compound C).

Main outcome measure(s)—Proliferation was assessed by determination of expression levels
of proteins involved in cell cycle progression, cyclin D3 and cyclin-dependent kinase 4 (CDK4)
with Western blot analysis, and determination of DNA synthesis with bromodeoxyuridine (BrdU)
incorporation assay. Activation of AMPK, Erk1/2 and S6K1 was determined by Western blot
analysis with the use of antibodies specific for the phosphorylated (activated) forms.

Results—Metformin inhibited insulin-induced ovarian T-I cell proliferation and upregulation of
cell cycle regulatory proteins, cyclin D3 and CDK4. Metformin independently activated AMPK in
a dose-dependent manner. Treatment with metformin inhibited insulin-induced activation of
Erk1/2 and S6K1. This effect was reversed with the addition of compound C, a known AMPK
inhibitor.

Conclusions—Metformin directly inhibits proliferation of ovarian theca-interstitial cells via an
AMPK-dependent mechanism. Present findings further validate potential benefits of metformin in
the treatment of conditions associated with hyperinsulinemia and excessive growth of ovarian T-I
cells (such as PCOS).
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Introduction
Polycystic ovary syndrome (PCOS) is a multisystem, reproductive-metabolic disorder that
affects 5–10% of women of childbearing age (1, 2). Hyperandrogenism is one of the most
notable features of the syndrome and results in acne, hirsutism and ovulatory dysfunction.
While both the ovary and adrenal glands contribute to the pool of increased circulating
androgens, hyperplasia of the ovarian theca-interstitial (T-I) cell compartment is a key
feature of the polycystic ovary phenotype and is the major driving factor of androgen excess
(3, 4). Some investigators have related hyperandrogenemia to a greater intrinsic capability of
producing androgens by T-I cells of women with PCOS; however, aberrant signaling with
high tonic levels of LH and insulin compound this effect by leading to increased total
number of T-I cells and greater mass effect (5–7). Several in vitro studies have demonstrated
that LH and insulin directly stimulate proliferation of T-I cells leading to increased androgen
production (8–10).

Current mainstays of therapy include birth control pills in women not attempting for a
pregnancy and ovulation induction for those who do desire a pregnancy. However, longer
term therapies (such as metformin) that address not only anovulation, but also other
components of the syndrome (e.g., insulin-resistance and increased risk of cardiovascular
disease) are still underutilized clinically.

Metformin (1,1-dimethylbiguanide hydrochloride) is an oral anti-hyperglycemic medication
that was first approved for use in the United States in 1995 and has since become a mainstay
in the treatment of type 2 diabetes. The medication has also proven to be useful in the
treatment of polycystic ovary syndrome. In previous clinical studies of women with PCOS,
metformin has been shown to induce regular menstrual cycles, improve hyperinsulinemia
and reduce hyperandrogenemia (11–14). While its actions on regulation of glucose
metabolism and insulin, through inhibition of hepatic gluconeogenesis, have been well-
documented, the mechanism by which it improves ovarian function still remains unclear (15,
16). The systemic effects of insulin sensitization and improved metabolic control certainly
are beneficial to women with PCOS and documented insulin-resistance; however, the
variability with which it is capable of restoring ovulatory cycles independent of
improvements in insulin levels seems to suggest adjunctive effects to these actions, possibly
more locally at the level of the ovary (16, 17).

In vitro studies examining the mechanisms of action of metformin have pointed to its ability
to activate AMP-activated protein kinase (AMPK), an ubiquitously expressed serine/
threonine kinase important in the regulation of cellular energy (18). AMPK is a pleiotropic
heterotrimeric protein kinase that acts as a fuel gauge for the cell in sensing fluctuations in
the ratio of AMP to ATP. Under conditions of stress, AMPK blocks anabolic, ATP-
consuming biosynthetic pathways through phosphorylation of downstream substrates in
efforts to restore ATP levels (19, 20). In fact, several in vitro studies have shown processes
such as cholesterol synthesis, protein synthesis, cell growth and proliferation all appear to be
blunted when AMPK is activated. Studies of metformin’s ability to inhibit gluconeogenesis
in the liver have shown the effect to be due, at least in part, to metformin activating AMPK
(18).

Past studies of metformin for the treatment of PCOS have focused largely on its insulin-
sensitizing effects or possibly on its effects on steroidogenesis (21–23). More recent in vitro
studies with metformin have pointed to an anti-proliferative mechanism associated with
activation of AMPK (24, 25). Given the predominance of hyperplasia of ovarian theca-
interstitial (T-I) cells with PCOS, we hypothesized that metformin’s ability to improve
ovarian function occurs, in part, through direct action on the T-I cell compartment by
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activating AMPK and thereby controlling the overall mass-effect of androgen producing
cells.

Here, we studied the effect of metformin on the proliferation of T-I cells in response to
insulin, a known mitogenic factor contributing to T-I cell hyperplasia, in primary cultured
rat ovarian theca cells. These findings provide further insights into the mechanisms by
which metformin acts at the level of the ovary and further validate its potential therapeutic
benefit in conditions associated with theca-interstitial hyperplasia such as PCOS.

Materials and Methods
Chemicals, Hormones and Antibodies

Medium 199, McCoy’s 5A medium, L-glutamine, and HEPES buffer were purchased from
Invitrogen/GIBCO (Carlsbad, CA). Penicillin-streptomycin was purchased from Roche
Diagnostics (Indianapolis, IN). Collagenase (CLS I) and deoxyribonuclease I were obtained
from Worthington Biochemical Corp. (Freehold, NJ). BSA, purified bovine insulin,
metformin (1,1-Dimethylbiguanide hydrochloride), AICAR (5-Amino-1-β-D-
ribofuranosyl-1H-imidazole-4-carboxamide), compound C (6-[4-(2-Piperidin-1-
ylethoxy)phenyl]-3-pyridin-4-ylpyrazolo[1,5-a]pyrimidine), and β-tubulin antibody were
purchased from Sigma Chemical Co. (St. Louis, MO). Antibodies against phosphorylated
AMPK (Thr172), phosphorylated MAPK (Thr202/Tyr204) (Erk1/2), phosphorylated p70 S6
kinase (Thr 389), cyclin D3, Cdk4 were purchased from Cell Signaling Technology
(Beverly, MA). Antibodies against total AMPKα 1/2 and Erk 1/2 were purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Antimouse, antirabbit IgG horseradish
peroxidase conjugates, enhanced chemiluminescence using the Femto Supersignal Substrate
System and Restore Western blot stripping buffer were purchased from Pierce (Rockford,
IL). All other reagents used were conventional commercial products.

Animals
Sprague-Dawley female rats (25 d old) were purchased from Charles River Laboratories
(Wilmington, MA). All the experimental protocols used in this study were approved by the
University Committee on the Use and Care of Animals. Animals were housed in a
temperature-controlled room with proper dark-light cycles as per the guidelines provided by
the University Committee on the Use and Care of Animals (UCUCA). The animals were
killed by CO2 asphyxiation. The ovaries were removed under sterile conditions and were
processed immediately for the isolation of theca-interstitial (T-I) cells.

Isolation and culture of T-I cells
The T-I cells were isolated, dispersed, and cultured following a protocol previously
published from our laboratory (26, 27). Briefly, freshly collected ovaries were placed in
medium 199 containing 25 mM HEPES (pH 7.4), 2 mM L-glutamine, 1 mg/ml BSA, 100 U/
ml penicillin, and 100 µg/ml streptomycin. The ovaries were freed from adhering fat and
actively punctured with a 27-gauge needle under a dissecting microscope to release the
granulosa and red blood cells. The remaining ovarian tissue was then washed three times
with medium to release any remaining granulosa cells. The tissue was then minced and
incubated for 30 min at 37 C in the same medium, supplemented with 0.65 mg/ml
collagenase type 1 plus 10 µg/ml deoxyribonuclease. The dispersion was encouraged by
mechanically pipetting the ovarian tissue suspension with a 10-ml pipette. The T-I cells
released by this digestion process were centrifuged at 1000 rpm for 5 min and washed in
medium two times to eliminate remaining collagenase. The dispersed cells were then
resuspended in McCoy’s 5A medium containing 2 mM L-glutamine, 1 mg/ml BSA, 100 U/
ml penicillin, and 100 µg/ml streptomycin and subjected to unit gravity sedimentation for 5
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min to eliminate small fragments of undispersed ovarian tissue. Cell viability was assessed
by trypan blue exclusion and was always above 90%. The dispersed cells were seeded in 60-
mm plates (2 × 106 viable cells). The plated cells were maintained overnight in McCoy’s 5A
medium containing 2 mM L-glutamine, 1 mg/ml BSA, 100 U/ml penicillin, and 100 µg/ml
streptomycin in a humidified atmosphere of 95% air-5% CO2 at 37 C. After allowing cells
to attach, they were treated with insulin and metformin for different time intervals, and
inhibitors were used as indicated in the figure legends.

Western blot analysis
After various treatments described in the respective figure legends, cell monolayers were
washed with Hanks’ balanced salt solution (1x) and then were solubilized using
radioimmunoprecipitation assay buffer (PBS containing 1% Nonidet P-40, 0.5% sodium
deoxycholate, and 0.1% sodium dodecyl sulfate). Cell lysates were then sonicated and
centrifuged for 15 min at 14,000 × g. The protein content of the supernatants was
determined using BCA reagent (Pierce). Proteins (50 µg/lane) were separated by
electrophoresis using 12% SDS-PAGE and transferred to nitrocellulose membranes (Bio-
Rad, Hercules, CA) before immunoblot analysis. Membranes were blocked with 5% fat-free
milk in 20 mM Tris base (pH 7.45), 137 mM NaCl, and 0.1% Tween 20 (TBST) for 1 h at
room temperature and then incubated overnight at 4 C with primary antibody in 5% fat-free
milk/TBST. After three 5-min washes with TBST, membranes were incubated in appropriate
horseradish peroxidase-conjugated secondary antibodies for 1 h at room temperature. Three
additional 5-min washes with TBST were performed and subsequently membrane-bound
antibodies were detected with the Femto Supersignal Substrate System Western blotting
detection kit (Pierce). Protein loading was monitored by reprobing the same blots with
appropriate antibodies (loading control) as indicated in the figure legends.

BrdU cell proliferation assay
Cell proliferation was evaluated by measuring the incorporation of BrdU using BrdU
immunoassay kit (Calbiochem). In brief, T-I cells were seeded into 96-well plates and
cultured overnight with 0.1% BSA-containing McCoy’s medium. After attachment, cells
were treated with insulin (1 mcg/ml) for 24 h with or without metformin (3 mmol/L). Cells
were labeled with BrdU during the above treatment periods. The reactions were terminated
by removing the media, and cells were incubated with fixative/denaturing solution followed
by BrdU antibody for 1 h at room temperature. Unbound antibody was washed, and then
horseradish peroxidase-conjugated goat antimouse IgG was added for 30 min at room
temperature. After washing three times, substrate was added and incubated in the dark for 15
min. The plates were read using a spectrophotometric plate reader.

Statistical analysis
Statistical analysis was carried out using ANOVA followed by the Tukey multiple
comparison test using Prism software (GraphPad Prism, version 3.0; GraphPad, Inc., San
Diego, CA). Values were considered statistically significant at P < 0.05. Each experiment
was repeated at least three times, with similar results. Blots shown are representative of one
experiment, and graphs represent the mean ± SE of three replicates.

Results
Metformin Inhibits T-I Cell Proliferation and Cell Cycle Regulatory Proteins

Cultured rat ovarian T-I cells were treated with insulin (1mcg/mL) for 24 hours with and
without metformin (3mM) in the presence of bromodeoxyuridine (BrdU). The 3 mM
concentration was chosen as this dose is similar to the daily dose of metformin used for

Will et al. Page 4

Fertil Steril. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



women with hyperandrogenism due to PCOS (1500 milligrams/3 Liters plasma volume in
average human) (28). Proliferation of T-I cells was assessed by BrdU incorporation assay as
described in the Materials and Methods. Figure 1A shows that insulin stimulates a 50%
increase in the incorporation of BrdU into newly synthesized DNA compared to control
(p<0.05). The insulin-mediated stimulation of proliferation was completely reversed by the
addition of metformin (p<0.05).

Expression of proteins integral to cell cycle progression was also examined as another
surrogate marker of T-I cell proliferation to confirm metformin’s ability to attenuate the
proliferative effects of insulin. Cell cycle progression from G1 to S phase is regulated by D-
type cyclins, which interact and modulate cyclin-dependent kinases (Cdk). Cyclin D3 and
Cdk4 have previously been shown as important cell cycle regulatory proteins in theca
interstitial cells (8). To determine the inhibitory effect of metformin on insulin-induced cell
cycle progression, cells were incubated for 18 hours with insulin (1 mcg/mL) with and
without metformin (3mM). Preliminary time course experiments demonstrated peak
expression of cell cycle regulatory proteins occurred after 18 hours of incubation with
insulin (data not shown). Therefore, in subsequent studies this incubation period was chosen
to investigate the effect of metformin on insulin-stimulated expression of cell cycle
regulatory proteins. Cell lysates were examined for cyclin D3, Cdk4, and β-tubulin by
Western blot analysis. The results show that insulin alone produced a significant increase in
expression of cyclin D3 and Cdk4 compared to control (p<0.05). More importantly, our
results show that metformin significantly decreased the insulin-induced expression of cyclin
D3 and Cdk4 compared to insulin alone (p<0.05) (Figures 1B and 1C, respectively).
Treatment with metformin alone showed no significant difference from the control group
(p>0.05).

Metformin Independently Activates AMPK in T-I Cells
We next examined the underlying mechanism of metformin’s anti-proliferative effect in T-I
cells by testing the effect of metformin on the activation of AMPK since previous studies
have shown metformin activates this enzyme in the liver (18). Cells were incubated for 18
hours in the absence (McCoy’s 5A media alone) or presence of metformin at various
concentrations (300 µM, 1mM, 3mM, 10mM). Eighteen hours was chosen as the incubation
time based on experiments with metformin in other somatic cell cultures (24). Cell lysates
were collected and examined by Western blot analysis for phosphorylated AMPK using
phospho-specific antibody that recognizes AMPK phosphorylated at Thr172 as
phosphorylation of this site is shown to be necessary for the activation of AMPK (29). The
results presented in Figure 2 show that metformin independently activated AMPK in T-I
cells in a dose-dependent manner.

Metformin Inhibits Activation of Erk 1/2 and S6K1
Insulin is known to induce proliferation in T-I cells via two important signal transduction
pathways, Erk and Akt/mTOR pathways (30). Because activation of AMPK has been shown
in other somatic cell lines to inhibit Akt/mTOR and Erk activation (31), we tested the ability
of metformin to inhibit either or both of these two insulin-stimulated mitogenic signaling
pathways. In addition, we compared this effect to AICAR, a pharmacological agent known
specifically to activate AMPK (32). Cells were preincubated with or without metformin
(3mM) for 18 hrs or AICAR (1mM) for 1 hr followed by stimulation with insulin (1mcg/
mL) for 10 minutes. Cell lysates were subjected to Western blot analysis for phosphorylated
Erk1/2Thr202/Tyr204, phosphorylated S6 kinase 1Thr389 (S6K1), and phosphorylated
AMPKThr172. Protein loading was assessed and normalized with antibodies for total Erk1/2.
In the absence of either metformin or AICAR, insulin rapidly stimulated phosphorylation of
Erk 1/2 and S6K1 (p<0.05). Furthermore, both metformin and AICAR activated AMPK in
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the presence and absence of insulin (p<0.05). But most importantly, pretreatment with both
metformin and AICAR resulted in a significant inhibition of insulin-dependent activation of
both Erk 1/2 and S6K1 (p<0.05) (Figure 3A and 3B, respectively).

Metformin’s Effect on Signaling Pathways is AMPK-Dependent
To determine whether metformin’s effect on the proliferation pathways is dependent upon
AMPK, we utilized a known AMPK inhibitor, compound C. Compound C is a cell-
permeable pyrrazolopyrimidine compound that acts as a potent, selective, reversible, and
ATP-competitive inhibitor of AMPK (18). Cells were incubated with or without metformin
(3mM) for 18 hrs in the presence or absence of compound C (20µM for 2 hrs) followed by
stimulation with insulin (1 mcg/mL) for 10 minutes. Phosphorylation of the proteins
important in the signaling cascades were then assayed by Western blot analysis. The
addition of compound C had no effect on the ability of insulin to stimulate phosphorylation
of either Erk1/2 or S6K1. More importantly, the results show that incubation with compound
C, which inhibits AMPK, reversed the inhibitory effects of metformin on insulin signaling
pathways. Figures 4A and 4B show that in the presence of compound C, metformin
produced no significant inhibition of insulin-stimulated phosphorylation of Erk1/2 and S6K1
(Figure 4A and 4B, respectively) (p>0.05).

Discussion
This study presents new insights into the effects of metformin on intracellular signaling
cascades, which characterize additional mechanisms of action of metformin in ovarian T-I
cells. We show that in rat ovarian T-I cells, metformin: (1) inhibits insulin-induced cell
proliferation, (2) activates AMPK in a dose-dependent manner, (3) antagonizes mitogenic
insulin signaling cascades, and (4) acts via an AMPK-dependent manner.

The present findings indicate that metformin’s ability to attenuate androgen production by
ovarian theca cells is, at least in part, also due to its effect on inhibiting signaling cascades
that stimulate proliferation and hyperplasia. Metformin may thereby also act to regulate the
overall size of the T-I compartment and subsequent mass effect of these steroidogenically
active cells. While our study did not directly measure androgen levels, previous studies with
metformin have shown a dose-dependent inhibition of androstenedione production by
metformin in cultured T-I cells (33).

Our results clearly show that metformin’s actions are mediated through activation of AMPK.
The observation that metformin alone exerted no effect on cell proliferation under
unstimulated conditions shows that metformin produced no toxic effects to the cell at the
concentrations used in the present study. The ability to activate AMPK was originally
reported by investigators examining the mechanism of how metformin inhibits
gluconeogenesis in hepatocytes. Since then, the ability of metformin to activate AMPK has
been established for other tissues as well (18, 22, 24). Insulin is known to exert mixed
effects on AMPK depending on the tissue of interest. In some cells, insulin antagonizes
activation of AMPK (such as in cardiac muscle), while in others, such as skeletal muscle,
both insulin and activators of AMPK stimulate glucose transport into the cell (34). In
ovarian T-I cells, we observed metformin independently activates AMPK and the addition of
insulin did not significantly alter this effect. This finding differs from that reported by Pellatt
LJ et al who showed that in human granulosa-luteal cells collected from IVF retrieval fluid
the stimulatory effect of metformin on AMPK was seen only in the presence of insulin (35).
The reason for this discrepancy might be explained on the basis of intrinsic differences in
the proliferative capacity of theca cells compared to granulosa-luteal cells.
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Hyperinsulinemia has been implicated to be a stimulus of proliferation and subsequent
hyperplasia of ovarian theca-interstitial cells, an essential impetus to the development of
polycystic ovarian morphology and hyperandrogenism in women with PCOS. Metformin, in
previous studies, has been shown to improve this, in part, by its effects on inhibiting
gluconeogenesis in the liver and inhibition of ovarian androgen production, through
decreases in StAR and cytochrome P450c17α activity (21, 23). Our present findings lend
further credence to the ability of metformin to activate AMPK and support an additional
mechanism of action with direct inhibitory effects in ovarian T-I cells through insulin-
dependent mitogenic signaling pathways. The dose of insulin utilized in this investigation
exceeded the saturation threshold for just the insulin receptor and likely reflected activation
of the IGF-1 receptor pathway as well. Several studies have shown evidence that PCOS is
associated with increased levels of bioavailable IGF-1, possibly due to a decrease in
IGFBP-1. Thus our studies still provide an appropriate representative in vitro model for the
signals leading to T-I cell hyperplasia associated with PCOS (36–38).

These observations further validate the potential benefits and clinical use of metformin in
the treatment of conditions associated with hyperinsulinemia and excessive growth of
ovarian theca-interstitial cells (such as PCOS). While clinical studies have shown metformin
to have limited short-term clinical utility as an infertility treatment for women with PCOS
with only modest improvements in pregnancy rates (39, 40), recent observational studies
have demonstrated potential additional benefits of metformin (41, 42). Mechanistic studies
such as ours provide biologically plausible explanations to clinical observations. As such,
future clinical research should consider examining longer term end points such as change in
ovarian morphology, risk of cancer and cardiovascular health. Metformin has recently been
found in several epidemiologic studies to be associated with decreased risk of developing
cancer (41, 42). Currently, several studies are being conducted to evaluate metformin’s
ability to alter the risk of developing ovarian cancer and/or cancer-related outcomes (e.g.,
survival). Future clinical research on metformin’s ability to alter cancer-related health risks
in women with PCOS, a population known to have a 2.5-fold relative risk, is warranted (43).

In summary, metformin has additional direct anti-proliferative effects on ovarian T-I cells.
These observations further support its potential utility in the treatment of syndromes
associated with theca-interstitial hyperplasia (such as PCOS).
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Figure 1.
Effect of metformin on insulin-induced cell proliferation and cell cycle regulatory protein
expression. A, T-I cells were incubated in 0.1% BSA-containing McCoy’s media for 24
hours in 96 well plates at a concentration of 2 × 104 cells/well. Cells were labeled with
BrdU, and cell proliferation was assessed by BrdU incorporation as described in Materials
and Methods. B–C, Cells were treated without or with metformin (3mM) for 18 h in the
presence or absence of insulin (1µg/mL). Cell lysates were analyzed by Western blotting for
cyclin D3, CDK4, and for β-tubulin to verify equal protein loading. The graphs in B–C
represent densitometric scans of cyclin D3 and CDK4, respectively, normalized for β-
tubulin as seen in the representative Western blots. Blots are representative of one
experiment, and the graphs represent the mean of three experiments. Error bars represent
mean ± SE. Each mean is labeled with a superscript (a or b). b, p < 0.05 vs other treatment
groups (a).
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Figure 2.
Dose-response study of effect of metformin on phosphorylation of AMPK. T-I cells (2 × 106

cells/plate) were incubated in 0.1% BSA-containing McCoy’s media for 24 hours and then
treated with 0, 0.3, 1, 3, 10 mM Metformin for 18 hours. Cell lysates were analyzed by
Western blotting for AMPK phosphorylated at Thr172 and protein loading was normalized
for total AMPK as seen in the representative Western blots. Blots are representative of one
experiment, and the graphs represent the mean of three experiments. Error bars represent
mean ± SE. Each mean is labeled with a superscript (a, b or c). b, P < 0.05 vs a; c, P < 0.01
vs a.
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Figure 3.
Effect of metformin on insulin-induced phosphorylation of Erk1/2 and S6K1. T-I cells (2 ×
106 cells/plate) were pretreated without or with metformin (3mM) for 18 h or AICAR
(1mM), a specific AMPK activator, for 1 h followed by insulin (1µg/mL) treatment for 10
min. Control groups were treated with vehicle (acid water, pH 2). Cell lysates were analyzed
for phospho-specific Erk1/2 (Thr202/Tyr204) in panel A and S6K (Thr389) in panel B and
protein loading was normalized for Erk1/2 by Western blotting. Blots are representative of
one experiment, and the graphs represent the mean of three experiments. Error bars
represent mean ± SE. Each mean is labeled with a superscript (a or b). b, P < 0.05 vs other
treatment groups (a).
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Figure 4.
Effect of metformin on insulin-induced phosphorylation of Erk1/2 and S6K1 in cells treated
or not treated with compound C, a specific AMPK inhibitor. T-I cells (2 × 106 cells/plate)
were incubated without or with metformin (3mM) for 18 hours followed by compound C
(20µM) or vehicle (dimethylsulfoxide) for 2 h and insulin (1µg/mL) or vehicle (acid water,
pH 2) for 10 min. Cell lysates were analyzed for phospho-specific Erk1/2 (Thr202/Tyr204)
in panel A and S6K (Thr389) in panel B and protein loading was normalized for Erk1/2 by
Western blotting. Blots are representative of one experiment, and the graphs represent the
mean of three experiments. Error bars represent mean ± SE. Each mean is labeled with a
superscript (a or b). b, P < 0.05 vs other treatment groups (a).
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