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Corticotropin-releasing factor (CRF), encoded by the CRH gene, is a
key integrator of stress responses, and, as such, CRH gene variation
may contribute to individual differences in susceptibility to stress-
related pathology. In rhesus macaques, a single nucleotide poly-
morphism (SNP) is found within the CRH promoter (�248C3 T).
Here, we assessed whether this variant influenced stress respond-
ing and, because increased CRF system activity drives alcohol
drinking in rodents, we examined whether it predicted voluntary
alcohol consumption as a function of prior stress exposure. Using
a hypothalamic nuclear extract, we showed that the �248 T allele
resulted in increased DNA protein interactions relative to the C
allele. In vitro, the T allele resulted in CRH promoter activity that
was higher following both stimulation with forskolin and treat-
ment with dexamethasone. Endocrine and behavioral responses to
social separation stress (release of ACTH and cortisol, and suppres-
sion of environmental exploration, respectively) were higher
among carriers of the T allele, particularly among those exposed to
early adversity in the form of peer rearing. We also found that T
allele carriers with a history of early life adversity consumed more
alcohol in a limited-access paradigm. Our data suggest that CRH
promoter variation that confers increased stress reactivity in-
creases the risk for alcohol use disorders in stress-exposed
individuals.

corticotropin-releasing factor � CRH promoter

Corticotropin-releasing factor (CRF or CRH), encoded by the
CRH gene, is a key integrator of stress adaptation. In

response to stress, extrahypothalamic and hypothalamic CRF
systems act in concert to mount adaptive behavioral, autonomic,
and endocrine responses (1). In the adrenal gland, secretion of
glucocorticoids is stimulated by adrenocorticotropic hormone
(ACTH), which is released from adenohypophyseal cortico-
trophs in response to CRF (2). Glucocorticoids then interact
with specific cytosolic receptors (glucocorticoid receptors, or
GR) in central and peripheral tissues (3), enabling life-
preserving adaptation to stress. In parallel, release of CRF from
extrahypothalamic brain regions, such as the locus coeruleus,
BNST, and amygdala, mediate autonomic and behavioral re-
sponses to stress (4) that underlie vigilance, fear, and emotion-
ality (5–7).

The CRF system is critical for survival, but chronic overac-
tivity can lead to stress-related pathologies (8–10). Dysregula-
tion of this system has been linked to a variety of stress-related
psychiatric disorders, including depression, PTSD, and alcohol
dependence (11–14). Studies in both non-primate and primate
species have shown that an up-regulated CRF system can
produce anxiety- and/or depression-like phenotypes (15–18),
and rodent studies show that it leads to escalated alcohol
drinking (19–23). Based on these findings, CRF1 antagonists
have been proposed for the treatment of stress-related disorders,
including alcohol dependence (24, 25). Genetic variation that
drives further recruitment of the CRF system in response to

stress or alcohol exposure would be expected to increase sensi-
tivity to the negative reinforcing effects of alcohol (relief drink-
ing). Individuals carrying such alleles might not only be more
vulnerable to developing alcohol dependence, but may be par-
ticularly good candidates for treatment with CRF1 antagonists.

We have identified a putatively functional SNP in the proximal
regulatory region of the rhesus CRH gene. This region is highly
conserved (26, 27), and transcription factor-binding sites and
interactions among bound transcription factors are well-
characterized (28). CRH expression is largely driven through a
cAMP response element (CRE, located between �228 to �221
bps), and interactions of this site with the adjacent GR response
element (GRE, located between - 278 to �251 bps) are impor-
tant in regulating expression of CRH during periods of stress
(28). Whereas in hypothalamus, glucocorticoids inhibit CRH
transcription, high levels of glucocorticoids induce CRH tran-
scription in some extrahypothalamic tissues, such as the amyg-
dala (26, 27). Suppression of hypothalamic CRH is critical to
negative feedback control of the HPA axis, whereas glucocor-
ticoid-mediated increases in amygdalar CRH expression are
proposed underlie behavioral sensitization to stress (7). Genetic
variation within the proximal regulatory region of the CRH gene
would likely disrupt its transcriptional regulation and would,
therefore, moderate susceptibility to stress-related pathology.
Here, we examined whether a SNP in this region of the rhesus
macaque CRH promoter (CRH-248 C 3 T) influenced CRH
promoter activity in vitro, and whether it predicted phenotypic
variation in vivo.

During periods of stress, hypothalamic CRF activates the HPA
axis, while extrahypothalamic CRF systems suppress exploration
of a novel environment (5). In the laboratory, rhesus macaques
will decrease the degree to which they explore their environ-
ments during exposure to various types of stressors (29), and
pharmacological studies demonstrate this to be rescued by CRF
receptor antagonism (30, 31). We examined whether CRH �248
C3 T would confer differences in HPA axis reactivity and levels
of environmental exploration during periods of social separation
stress. Because exposure to early stress in the form of peer
rearing increases alcohol consumption in adult rhesus macaques
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(32–35) and increased CRF system activity drives alcohol drink-
ing in rodents (25), we examined whether �248 C 3 T would
influence alcohol consumption as a function of early stress
exposure.

Results
Comparative Genome Information. In silico analyses indicated that
the proximal promoter for the CRH gene is highly conserved
among placental mammalian species and that is under purifying
selection (Fig. 1A). Further analyses indicated conserved tran-
scription factor-binding sites and a high degree of regulatory
potential for this region (Fig. 1B). There is a high degree of
conservation in invertebrates as well (Fig. 1B). The CRH �248
C3T SNP and a human CRH promoter SNP (rs28364015, �201

C3 T) are both present within this highly conserved regulatory
region (Fig. 1B).

Functional Characterization of CRH �248 C 3 T. The �248 C 3 T
SNP was located between the CRE and the nGRE, a region
through which various agents act to stimulate or diminish CRH
expression (Fig. 2A). Gel shift assays performed using hypotha-
lamic nuclear extract (generated from IVB cells) demonstrated
DNA-protein interactions to differ in assays performed with
�248 T probes (Fig. 2B).

To test whether transcriptional activity was altered as a
consequence of this SNP, reporter assays were performed in
HT22 cells transfected with �248 C or T pDsRed constructs
(Fig. 3). There were effects of treatment [F (3, 18) � 9.6, P �

Fig. 1. Comparative genome information for the CRH gene from the UCSC Genome Browser Gateway (http://genome.ucsc.edu). (A) Coding regions for CRH
are shown in addition to vertebrate conservation and Indel-based Conservation for the region �1 KB to � 1.6 KB from the transcription start site. (B) Conserved
transcription factor-binding sites, regulatory potential and vertebrate conservation are shown for the CRH proximal promoter (�350 KB - �1). Also shown is the
location of the rhesus �248 C3 T SNP and a human SNP reported in this region (�201 C3 T, rs28364015).

Fig. 2. Location of the CRH �248 C3 T SNP and effects on DNA-protein interactions. (A) Schematic of CRH promoter regulation and the transcription factors
whose interactions are essential for regulatory control of CRH transcription, as reproduced from Nicholson et al., 2004 (46). The location of �248 C3 T within
this regulatory region is indicated. (B) Gel shift assay result, showing altered DNA-protein interactions with �248 T allele probes in experiments performed using
nuclear extract from a hypothalamic cell line. Arrows to the right of the gel image indicate complexes that differ as a function of the �248 T allele.
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0.0005] and a treatment by genotype interaction [F (3, 18) � 4.2,
P � 0.02]. Reporter activity in forskolin and TPA-treated cells
was significantly higher than that observed in untreated cells or
in forskolin-stimulated cells treated with the Type II GR recep-
tor agonist, dexamethasone (Tukey-Kramer, P � 0.05). Under
basal conditions or in response to TPA, there were no effects of
genotype. Following forskolin stimulation, cells expressing the T
allele constructs exhibited higher reporter activity than did those
expressing the C allele (Tukey-Kramer, P � 0.05) and, while
dexamethasone treatment reversed forskolin-stimulated pro-
moter activity in cells expressing the C allele constructs (Tukey-
Kramer, P � 0.05), this was not true in those transfected with
constructs expressing the T allele (n.s.). (No treatment: C, n �
4, T, n � 4; forskolin: C, n � 4, T, n � 4; forskolin � dex: C, n �
3, T, n � 3; TPA: C, n � 2, T, n � 2).

Stress Responsivity. There were main effects of both rearing
history and genotype on HPA axis responses to stress (Fig. 4).
Infants carrying the �248 T allele exhibited higher stress-
induced ACTH [F (1, 149) � 48.1, P � 0.0001, Tukey-Kramer,
P � 0.05] and cortisol release [F (1, 140) � 8.5, P � 0.004,
Tukey-Kramer, P � 0.05]. Peer reared infants also exhibited
higher ACTH [F (1, 149) � 60.6, P � 0.0001, Tukey-Kramer, P �
0.05] and cortisol release [F (1, 140) � 18.8, P � 0.0001,
Tukey-Kramer, P � 0.05] in response to stress. There was an
interaction between genotype and rearing condition on ACTH
[F (1, 149) � 52.15, P � 0.001] and cortisol [F (1, 140) � 4.6, P �
0.04] responses to social separation stress. Among subjects
carrying the �248 T allele, those that also had been peer reared
exhibited more marked increases in ACTH and cortisol respond-
ing to acute stress (Tukey-Kramer, P � 0.05). Genotype ac-
counted for 14% of the variance in ACTH (34% in PR subjects)
and 5% of the variance in cortisol (13% in PR subjects).

There was an interaction between rearing history and geno-
type on levels of environmental exploration during stress expo-
sure [F (1, 206) � 3.99, P � 0.04, Fig. 5]. Peer-reared infants
exhibited lower levels of environmental exploration if they were
carriers of the T allele (Tukey-Kramer, P � 0.05). The same
result was observed when the percent decrease in environmental

exploration from baseline was calculated [F (1, 206) � 5.8, P �
0.02; Fig. S2]. Among peer-reared monkeys, CRH �248 C/T
genotype accounted for 3% of the observed variance.

Alcohol Consumption. When animals were tested for individual
differences in alcohol consumption, we observed an interaction
between rearing condition and genotype [F (1, 181) � 11.059,

Fig. 3. Functional consequences of the CRH �248 C3 T SNP. Reporter assay result, comparing promoter activity of �248 C and T constructs at baseline and
following treatment with forskolin, forskolin � dexamethasone, and TPA. Constructs were co-transfected with a GFP reporter, and an expression value was
obtained by dividing intensity of pDsRed by that for GFP. GFP and dsRed images were merged by overlaying the GFP image with the dsRed image (both at 40%
transparency). *, P � 0.05.

Fig. 4. Interaction between rhCRH genotype (C/C vs. C/T) and early rearing
history (MR, mother-reared, vs. PR, peer-reared) on ACTH and cortisol re-
sponses to stress. Peer-reared T allele carriers exhibited higher plasma levels of
ACTH and cortisol (mean percent change � SEM, MR C/C � 100, MR C/T � 4,
PR C/C � 42, PR C/T � 3). ***, P � 0.0001; **, P � 0.01.

Barr et al. PNAS � August 25, 2009 � vol. 106 � no. 34 � 14595

N
EU

RO
SC

IE
N

CE

http://www.pnas.org/cgi/data/0902863106/DCSupplemental/Supplemental_PDF#nameddest=SF2


P � 0.001, Fig. 6]. Peer-reared C/T subjects consumed higher
levels of alcohol than the other groups of study (1.8 � 0.7 vs.
0.65 � 0.047 g/kg/h, Tukey-Kramer, P � 0.05). A significant
effect remained after log-transformation of the data [F (1,
175) � 4.9, P � 0.03]. In PR monkeys, genotype accounted for
9% of the observed variance in alcohol consumption.

Discussion
Studies performed in rodents have shown that CRF system
up-regulation, driven either by genetic variation or environmen-
tal factors, leads to escalated alcohol drinking and, as such,
CRF1 antagonists are being developed for the treatment of
alcohol dependence (21, 23). However, the relative levels of
expression and distributions of key mediators of stress responses
differ between rodents and catarrhine primates (36). Demon-
strating a link between increased CRF system activity and
individual differences in alcohol consumption in a primate
species could provide critical support for the notion that rodent
findings may translate to humans.

Using a multitiered approach, we have characterized the
functional effects of a macaque SNP that is located in a region
critical to regulating CRH expression. The functional importance
of this region has been empirically verified in numerous in vitro
and in vivo studies and is reiterated by the high degrees of intra-
and inter-specific conservation. We showed that the T allele not
only increases forskolin-stimulated CRH promoter activity, but
also disrupts dexamethasone-mediated repression. These find-
ings suggest that this SNP would augment CRH expression
following stress.

Amygdaloid nuclei and the BNST drive anxious responding as
well as HPA responses to key categories of stressors (37), while
positive feedback of corticosteroids onto the amygdala and
BNST drives CRH expression within these structures (7). This
loop has been postulated as a major mechanism through which
behavioral sensitization to stress occurs (7, 8), and it is for this
reason that genetic variants that influence endocrine stress
responses are of particular interest for gene x environment
interactions (33). Although decreased corticosteroid sensitivity
conferred by the T allele could theoretically diminish the impact
of elevated glucocorticoids on CRH expression in brain regions
in which glucocorticoids induce, rather than restrain, CRH
expression (i.e., amygdala), the loss of corticosteroid-sensitivity
would likely render the system inherently unstable, allowing even
small differences in other factors impacting CRH expression to
promote allostatic drift. Consistent with this, we find effects of
�248 C 3 T on endocrine and behavioral stress reactivity and
alcohol consumption in monkeys with a history of prior stress
exposures. Together, our data support the hypothesis that vari-
ation within the CRH promoter increases stress responding and
alcohol consumption in catarrhine primates, particularly among
those with high cumulative stress exposures (i.e., peer-reared
macaques).

The major limitation of the present study is that this SNP is
rare (MAF �0.05). This is not surprising, given the functional
consequences of this SNP and its location within a region under
strong purifying selection. Of note, recent studies suggest that
purifying selection at the CRH locus has been relaxed in humans
(38). Instead, it appears that allelic mutations are being selected,
possibly in response to different environmental demands (39,
40). The fact that there is a SNP in the corresponding human
region (�201 C 3 T) suggests that CRH promoter variation
could interact with environmental stressors to increase stress
responding and alcohol consumption in humans, adding to the
growing list of genetic variants that are being studied in ma-
caques to model how genetic and environmental factors interact
to increase risk for stress-related disorders.

In a prior report (40), we demonstrated the presence of
alternative CRH haplotypes in rhesus macaques. On one of the
major haplotypes, there was a SNP (�2232 C/G) that diminished
sensitivity to low corticosteroid concentrations, which we pre-
dicted would tonically influence CRH expression under basal,
non-stressed conditions. The current study reports the effects of
a SNP that is present on a derived haplotype in the other major
haplotype clade which confers functional effects that would drive
increased phasic CRH expression, specifically in response to
‘‘stress.’’ Whereas the �2232 C3G SNP predicted low baseline
CSF CRF, high baseline ACTH, bold behavior, and high risk
drinking, we find that rhesus carrying the �248 T allele exhibit
enhanced stress reactivity and consume higher levels of alcohol,
but only in response to a stressful life history (peer rearing). We
had previously suggested the �2232 G allele to be a good
candidate for modeling risk for alcohol abuse or early onset
alcoholism (driven by reward drinking). The human functional
equivalent to �248 C3 T would be predicted to impart risk for
late onset alcoholism (driven by relief drinking), a subtype that
is more common among stress-exposed or anxious individuals.
This series of studies demonstrates how functional alleles at a
single gene can potentially give rise to the same disorder through
varied molecular mechanisms and via distinct or even opposing
pathogenic pathways.

Alcohol and stress recruit a negative affective state through
their influences on overlapping physiologic systems. We have
shown that rhesus macaques with functional genetic variation in
the CRH promoter exhibit heightened stress reactivity and
increased alcohol consumption in response to early life stress
exposure. Given the role of the placental CRF system in fetal
development in primates, there may be a role for CRH promoter

Fig. 5. Interaction between rhCRH genotype (C/C vs. C/T) and early rearing
history (MR, mother-reared, vs. PR, peer-reared) on levels of environmental
exploration during periods of social separation stress. Peer-reared T allele
carriers exhibited lower levels of environmental exploration during stress than
did other groups of study (mean � SEM, MR C/C � 135, MR C/T � 7, PR C/C �
64, PR C/T � 4). *, P � 0.05.

Fig. 6. Interaction between rhCRH genotype (C/C vs. C/T) and rearing
condition (MR, mother-reared, vs. PR, peer-reared) on levels of voluntary
alcohol consumption. When given simultaneous access to alcohol (8.4% vol/
vol) and sweetened vehicle in a limited access paradigm, PR animals with the
C/T genotype consumed higher levels of alcohol (mean � SEM, MR C/C � 101,
MR C/T � 5, PR C/C � 74, PR C/T � 5). ***, P � 0.001.
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variants in conferring differential sensitivities to prenatal stress
or alcohol exposure in humans (7, 41). It is also plausible that
since the CRF system is involved in ethanol-induced neuroplas-
ticity (25, 42), functional CRH variation could contribute to risk
for transitioning from casual alcohol use to dependence and may
be one factor that determines response to treatment with CRF1
antagonists.

Methods
Functional Characterization of �248 C 3 T. Comparative genomic analyses
were performed using the UCSC Genome Browser (http://genome.ucsc.edu/
cgi-bin/hgGateway). We performed EMSA and in vitro reporter assays to
determine functional consequences of the �248 T allele. The �248 C3 T SNP
is located in a region important to CRH transcriptional activity. We used an in
vitro system to test whether CRH transcriptional activity was altered as a
function the T allele following treatment with agents known to influence CRH
promoter activity (TPA, forskolin, and dexamethasone). We used a mouse
HT22 hippocampal cell line (43) and were able to demonstrate treatment
effects on CRH promoter activity that are consistent with observations made
in studies examining CRF expression levels in hypothalamic (IVB) and placental
cell lines (Fig. S1). Full methods are available online (SI Text).

Rearing Conditions. Mother-reared (MR) animals were reared in social groups
composed of 8–14 females (about half of whom had same-aged infants) and
two adult males. Peer-reared (PR) animals were separated from their mothers
at birth and hand-reared in a neonatal nursery for the first 37 days of life. For
the first 14 days, they were kept in an incubator and hand-fed. From day 15
until day 37, they were placed alone in a nursery cage and provided a blanket
and a terrycloth-covered, rocking surrogate. A bottle from which the infants
would feed was fixed to the surrogate. At 37 days of age, they were either
placed in a cage with three other age-mates with whom they had continuous
contact or were reared in a single cage, with daily periods (2 h) of playtime
with age-matched infants. At approximately 8 months of age, animals (MR
and PR) were placed into age-matched social groups and housed in large
indoor-outdoor runs through late adolescence/adulthood (3.5–5 years), at
which point the cohorts were divided into same-sex groups.

Social Separation Stress. At 6–7 months of age, animals were subjected to four
sequential, 4-day-long separations with 3 days of reunion in between (33).
Two weeks before the first separation, a blood sample was obtained from the
femoral vein under ketamine anesthesia (15 mg/kg, i.m.). During each sepa-
ration, subjects were separated from their attachment sources (mother or
peers). For peer-reared infants, each animal was placed alone into another
cage in the nursery in which it could hear but not see or physically contact
other animals. For mother-reared monkeys, the mother was removed from the
social group. On day 1 of each of the four separations, blood samples were
obtained under restraint both before and 1 h following removal from the
group cage. All blood samples were obtained between 1,300 and 1,530 h,
within 15 min of investigators’ entrance into the housing facility for capture
and sampling. Plasma ACTH and cortisol RIA used commercially available kits
(ICN and DPC, respectively) and were performed according to the instructions
of the manufacturers. Assays were performed in duplicate, and the inter- and
intra-assay coefficients of variation were all less than 12%.

To examine rates of environmental exploration, focal behavioral scoring
was performed in 5-min sessions. Infants were scored two times a week in the
social group for the 2 weeks preceding the first mother-infant separation
(baseline). During each separation week, levels of environmental exploration
were determined by making behavioral observations immediately following
separation and at hour 1 (two sessions) (35). Data were collected by multiple
observers, and inter-observer reliability was greater than 85% (Pearson’s
correlation).

Alcohol Consumption. Adolescent/young adult (age 3.5–5, n � 185) macaques
were allowed to freely consume an aspartame-sweetened 8.4% (vol/vol)
alcohol solution for 1 h per day, 5 days a week for 4 weeks in the home cage.
This method consisted of three phases, which have previously been reported
(32): (1) Spout Training; (2) Initial Alcohol Exposure; and (3) Experimental
Period. During the experimental phase, alcohol and vehicle (both aspartame-
sweetened) were dispensed 5 days a week (Monday–Friday) from 1,300 to
1,400 while the animals were in their home-cage environment. All procedures
described were approved by the National Institutes on Alcohol Abuse and
Alcoholism and National Institute of Child Health and Human Development
Animal Care and Use Committees.

Genotyping for CRH �248 C 3 T. DNA was isolated from whole blood using
standard extraction methods. Genotyping was performed by the 5� exonu-
clease method using fluorescent, allele-specific MGB probes (SI Text). Oligo-
nucleotide primers (Forward: 5�-GGC CTT TCA TAG TAA GAG GTC AAT ATG
T-3�; Reverse: 5�-CGC CTC TTG GTG ACG TCA A-3�) and probe sets (�248C,
6FAM-TCA TAA GAA GCC CTT CCA TT and �248T, VIC-GTC ATA AGA AGC TCT
TCC ATT) were designed based on the rhesus macaque sequence. The overall
error rate was 0.5%, and genotype completion rate was 93%.

Statistical Analyses. We used a two-way ANOVA to examine the effects of
CRH �248 C/T genotype (C/C vs. C/T) and rearing condition (PR vs. MR) on
ACTH and cortisol levels responses to stress. Measures were averaged for
each time point across the 4 weeks of testing. Because there were differences
in baseline levels of ACTH and cortisol among the four groups, percent
changes from baseline were calculated, and the percent change for ACTH and
cortisol were used as dependent variables for our analyses. The standard in
primate studies is to take samples under ketamine anesthesia, which is
thought to put a brake on the HPA axis. As levels of ACTH and cortisol in the
prestress sample were strongly correlated with those taken several weeks
prior under ketamine anesthesia and because results did not differ when the
changes in ACTH and cortisol were calculated relative to the sample taken
under ketamine several weeks prior, the prestress samples were considered
baseline measures.

To examine whether genotype and rearing interacted to influence stress-
induced decreases in environmental exploration during social separation
experiment, the levels of exploration scored during the 2 weeks before
separation stress were averaged, and the exploration scores obtained during
the first hour of social separation were averaged across the 4 weeks of
the study performed during late infancy. Two-way ANOVAs were performed
to assess effects of rearing condition and genotype on environmental explo-
ration (both the levels and percent change) and on voluntary alcohol
consumption.

The frequency of the T allele in the National Institutes of Health Animal
Center was 3% (298 animals genotyped), and there were no T homozygotes,
and an insufficient number of subjects for examining potential interactive
effects with the previously reported �2232 C 3 G SNP. In some instances,
ACTH or cortisol values were not obtained due to the difficulty of collecting
samples from infants, sample degradation, or inadequate sample volume. In
instances in which there was non-normality or non-homogeneity of variance,
analyses were repeated on log-transformed data but yielded very similar
results on both approaches.

Although this is an outbred colony of macaques, to verify that our effects
were attributable to rhCRH variation, and not to general heritability of stress
responsivity, we repeated our analyses using a set of six bi-allelic genetic
markers used for genotyping in our colony (44, 45). There were no effects of
the other markers tested on our phenotypes of interest, even after controlling
for rearing condition, suggesting our results to be attributable to effects of
rhCRH variation. We also excluded individuals carrying alleles known to
predict our phenotypes of interest, but, as results were unchanged, these
individuals were included in the final analyses. In the rare instances in which
siblings were present, they were also removed from all analyses. Prior analyses
indicated there to be two major ancestral rhCRH haplotype clades (H1 and H2).
The �248 C 3 T SNP is on a derivation of the H1 haplotype, and the H2
haplotype appears to decrease stress reactivity (40). Because we were con-
cerned that the individuals with the H2 haplotype, who would be predicted to
be less stress reactive, would skew our current result, we repeated our anal-
yses, excluding subjects carrying the H2 haplotype. As results did not differ
when the H2 haplotype was excluded, the entire sample was included in the
final analyses. Analyses were performed using Statistica (Statsoft). All in vivo
analyses had an observed power30.80 at alpha � 0.05, except for the analysis
of environmental exploration and cortisol where power was approximately
0.50. Where deviation from homogeneity of variance was detected, robust-
ness of the analysis was confirmed by analysis of rank-transformed data.
Because we examined the role of a rare minor allele, the analysis is inherently
unbalanced. Effective hypothesis decomposition, a method for estimating
sums of squares which is robust in unbalanced designs, was therefore used.
Criterion for significance was set at P less than or equal to 0.05.
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