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ABSTRACT

During the peripartum period, dairy cows experi-
ence both an increase in circulating fatty acid (FA) 
profile and a change in circulating FA profile, which 
have been shown to alter regulation of gluconeogenic 
genes. The objective was to quantify gene expression of 
key enzymes involved in gluconeogenesis and FA trans-
port into the mitochondria in primary hepatocytes in 
response to exposure to an FA mixture mimicking what 
is circulating in a transition dairy cow with or without 
enrichment of C16:0, C18:0, and C18:1. Primary hepa-
tocytes were isolated from 4 Holstein bull calves 3 d of 
age (± standard deviation 2 d) and cultured. Twenty-
four hours after plating, treatments were applied to 
the cells for 24-h incubation. Treatments consisted of 
(1) control (1% BSA), (2) 0.75 mM FA cocktail (3% 
C14:0, 27% C16:0, 23% C18:0, 31% C18:1, 8% C18:2, 
and 8% C18:3 to mimic the FA profile of dairy cattle 
at calving), (3) 0.90 mM FA cocktail, (4) 0.75 mM FA 
cocktail + 0.15 mM C16:0, (5) 0.75 mM FA cocktail + 
0.15 mM C18:0, and (6) 0.75 mM FA cocktail + 0.15 
mM C18:1. After harvest in Trizol (Life Technologies, 
Carlsbad, CA), samples were stored at −80°C until 
RNA extraction, purification, and reverse transcription. 
Abundance of mRNA was measured using quantitative 
real-time PCR. Expression of genes of interest [carni-
tine palmitoyltransferase 1A, pyruvate carboxylase, 
cytosolic phosphoenolpyruvate carboxykinase (PCK1), 
mitochondrial phosphoenolpyruvate carboxykinase, 
and glucose-6-phosphatase] was calculated relative to 
the average abundance of 2 reference genes (ribosomal 
protein L32 and glyceraldehyde 3-phosphate dehydroge-
nase), which were the most stable out of 3 tested. Data 
were analyzed using PROC MIXED (SAS version 9.4; 
SAS Institute, Cary, NC) with the fixed effect of treat-
ment and calf in the random statement. The addition 
of FA compared with the 1% BSA treatment increased 

the expression of carnitine palmitoyltransferase 1A 
and cytosolic PCK1. Enrichment with individual FA 
did not further regulate pyruvate carboxylase or PCK1 
beyond that achieved by the basal profile. These results 
suggest that shifts in circulating FA profile within a 
biological range, without a difference in the total FA 
concentration, have minimal effects on transcriptional 
regulation of hepatic gluconeogenic genes in primary 
bovine hepatocytes.
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Short Communication

During the transition to the lactation period, dairy 
cattle experience shifts in circulating fatty acid (FA) 
profile and concentration relative to parturition (Ruk-
kwamsuk et al., 2000). Additionally, induction of 
postpartum fatty liver (Rukkwamsuk et al., 2000) or 
prepartum dietary fat supplementation (Douglas et al., 
2007) result in further differences in pre- and postpar-
tum plasma FA profiles; similarly, hyperketonemia is 
related to changes in circulating FA profile through the 
transition period (Weld et al., 2018). Changes in FA 
profile and concentration have been shown to regulate 
the expression of genes involved in hepatic gluconeo-
genesis and FA transport (White et al., 2011a; Bionaz 
et al., 2012; White et al., 2012). For example, in Madin-
Darby bovine kidney (MDBK) cells, capable of these 
functions to a lesser extent, carnitine palmitoyltransfer-
ase 1A (CPT1A) is responsive to C16:0, C18:2, C18:3, 
and CLA in a concentration- and FA-specific manner 
(Bionaz et al., 2008). Understanding the regulation of 
these major pathways in the liver during the transition 
period is of vital importance due to both the increase in 
circulating FA from mobilized adipose tissue, which the 
liver must process, and the increased glucose require-
ment to support lactation.

The capacity of the liver for FA oxidation via the 
tricarboxylic acid (TCA) cycle versus supply of precur-
sors to gluconeogenesis is affected by the anaplerotic 
and cataplerotic balance of oxaloacetate, which serves 
both as a carrier of acetyl-CoA for TCA cycle oxida-
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tion and as a gluconeogenic intermediate. Pyruvate 
carboxylase (PC), responsible for converting pyruvate 
to oxaloacetate, is upregulated by increased FA concen-
tration (White et al., 2011a). Furthermore, transcrip-
tion of PC promoter 1 is specifically upregulated by 
FA in MDBK cells (White et al., 2012) and activation 
of peroxisome proliferator-activated receptor-α by ago-
nist in bovines (White et al., 2011b). Examining the 
effect of individual FA on PC suggested that C18:0 may 
downregulate promoter activity (White et al., 2011b); 
however, subsequent research with biologically relevant 
FA profiles indicated the importance of both FA profile 
and concentration in regulating PC expression (White 
et al., 2011a, 2012). Conversely, phosphoenolpyruvate 
carboxykinase (PCK), responsible for converting oxa-
loacetate to phosphoenolpyruvate as part of gluconeo-
genesis and thus removing oxaloacetate from the pool 
available for oxidation of acetyl-CoA, is upregulated 
as feed intake and propionate supply are increased 
(Greenfield et al., 2000; Hartwell et al., 2001; Zhang 
et al., 2016). The difference in regulatory mechanisms 
of PC and PCK and the differential response of PC 
to changes in FA cocktail profile provide the possibil-
ity that the capacity for hepatic oxidation during the 
transition period may be affected by altered FA profile 
and concentration available to the liver.

Differential regulation by varying FA profiles sug-
gests that subtle changes in circulating FA profile in 
vivo, such as during dietary FA supplement or dur-
ing a fatty liver and hyperketonemic state, may have 
biological implications for hepatic gene expression. 
Thus, it is of interest to further examine how adding 
an individual FA to a biologically relevant profile may 
further regulate hepatic gene expression beyond that 
achieved with a basal profile. We hypothesized that ex-
posure of primary hepatocytes to biologically relevant 
FA profiles with addition of individual FA, comparable 
with changes observed in vivo during fatty liver or 
dietary FA supplementation, would shift the expres-
sion of genes responsible for hepatic FA transport and 
gluconeogenesis. The objective of this experiment was 
to determine the expression of gluconeogenic and FA 
transport genes in primary hepatocytes exposed to a 
physiologically relevant FA profile that was altered to 
have an increased proportion of C16:0, C18:0, or C18:1.

All animal procedures were approved by the Univer-
sity of Wisconsin–Madison College of Agricultural and 
Life Sciences Animal Care and Use Committee (proto-
col no. A001552). Four singlet Holstein bull calves 3 ± 
2 d of age and 42.4 ± 2.1 kg (±SD) were hepatocyte 
donors and represent biological replications. The cau-
date process of the liver was excised from the animal 
under general anesthesia and primary hepatocytes were 

isolated as done previously (Donkin and Armentano, 
1993; Chandler and White, 2017; Zhang and White, 
2017). Although cells were isolated from a neonatal 
bull calf, they have been previously demonstrated to 
be hormonally responsive and to have gluconeogenic 
capacity (Donkin and Armentano, 1995). Cells were 
plated in tissue culture-treated 35-mm dishes (Ep-
pendorf, Hauppauge, NY) and cultured for 24 h. Me-
dium was then aspirated and replaced with Dulbecco’s 
modified Eagle’s medium, low glucose (D2902-10X1L, 
Sigma-Aldrich, St. Louis, MO), containing 1% FA-free 
BSA (820024, EMD Millipore, Burlington, MA) and 
1% antibiotic, antimycotic solution (A5955-100ML, 
Sigma-Aldrich). Wells were randomly assigned to treat-
ments that were applied in triplicate. Cell viability was 
tested using Trypan blue and counting live cells before 
plating (1.5–2 million cells plated/35-mm dish). Pri-
mary hepatocytes do not proliferate; therefore, plating 
density was used to ensure that cell confluency would 
be at least 80% at treatment. Cells were cultured for 24 
h after treatments were applied and harvested into 0.5-
mL Trizol reagent (Life Technologies, Carlsbad, CA).

Treatments consisted of an FA- and hormone-free 
control medium containing 1% BSA or 1 of 5 treatments 
containing FA bound to BSA. The FA calving cocktail 
as described by White et al. (2012) acted as a basal 
FA treatment at concentrations of 0.75 and 0.90 mM. 
Given that the circulating FA profile of cows at calv-
ing is unique compared with later postpartum, largely 
because of contributions of FA from adipose stores, it 
was important to use a mixture of FA that represents 
that of a periparturient dairy cow mobilizing FA from 
adipose tissue at calving. Although blood FA concentra-
tion around calving rages, it has been reported across 
studies as 0.60 to 1.0 mM (McCarthy et al., 2015; Rico 
et al., 2015; Oliveira et al., 2019). Selection of 0.75 
mM as the starting concentration allowed for biologi-
cal relevance as well as consistency with the range of 
FA used in past in vitro research (White et al., 2012). 
To mimic achievable shifts in FA profile observed with 
dietary fat feeding or during hyperketonemia or fatty 
liver, FA content of the medium was altered by adding 
an additional 0.15 mM of C16:0, C18:0, or C18:1 to 
0.75 mM of the FA cocktail to represent variability in 
FA that hepatocytes may be exposed to in vivo during 
the transition period (Table 1). The 0.90 mM calving 
cocktail treatment served as a control for concentra-
tion after the addition of individual FA without being 
confounded by the increased total FA concentration.

Cells were harvested in Trizol reagent (15596026, Life 
Technologies) and stored at −80°C until RNA isolation 
following the manufacturer’s protocol. Total RNA of 
samples was quantified and quality was ensured (ratio 
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of absorbance at 260 and 280 nm between 1.9 and 2.1) 
using a Synergy Hybrid Spectrophotometer (BioTek, 
Winooski, VT). Isolated RNA from technical replicates 
was pooled and further purified using an on-column 
DNase I treatment and an RNeasy Mini Kit (74104, 
Qiagen, Thousand Oaks, CA) and requantified. Quality 
of cleaned samples was ensured (ratio of absorbance 
at 260 and 280 nm between 2.0 and 2.1) and integrity 
(RNA integrity number of 8.9 ± 0.4; mean ± SD) was 
verified using a Bioanalyzer 2100 (Agilent, Santa Clara, 
CA). A volume containing 1 µg of purified RNA was re-
verse transcribed using iScript gDNA Clear cDNA Syn-
thesis Kit (1725034, Bio-Rad Laboratories, Hercules, 
CA), which targets digestion of genomic DNA within 
a purified RNA sample before reverse transcription. 
Reverse transcription was completed according to the 
manufacturer’s instructions in a C1000 Touch Thermo 
Cycler (Bio-Rad Laboratories).

Gene expression was determined using real-time 
quantitative PCR with SsoAdvanced SYBR (172-5270, 
Bio-Rad Laboratories) and a CFX384 Real-Time Sys-
tem (Bio-Rad Laboratories) as described by Zhang and 
White (2017) with the modifications described below. 
Primers used for gene expression quantification were 
specific for the target gene, and a single end product 
was verified as discussed below (Table 2). Real-time 
quantitative PCR was done according to the following 
protocol: 30 s at 95°C and 45 cycles at 95°C and 55°C 
for 5 and 15 s, respectively, with a melt curve starting 
at 65°C and increasing to 95°C at increments of 0.5°C 
every 5 s, which demonstrated a single end product for 
each gene. Efficiency of all reactions was maintained 
between 90 and 110% based on the standard curve of a 
cDNA pool (combined equal quantities from each sam-
ple and a 1:4 serial dilution used to generate 5 points 
to encompass the range of starting quantities present in 

Table 1. Fatty acid (FA) profiles1 and concentrations of treatments applied to primary bovine hepatocytes

Item
0.75 mM  
cocktail

0.90 mM  
cocktail

0.75 mM  
cocktail + C16:0

0.75 mM  
cocktail + C18:0

0.75 mM  
cocktail + C18:1

mM FA          
  C14:0 0.0225 0.0270 0.0225 0.0225 0.0225
  C16:0 0.2025 0.2430 0.3525 0.2025 0.2025
  C18:0 0.1725 0.2070 0.1725 0.3225 0.1725
  C18:1 0.2325 0.2790 0.2325 0.2325 0.3825
  C18:2 0.0600 0.0720 0.0600 0.0600 0.0600
  C18:3 0.0600 0.0720 0.0600 0.0600 0.0600
g/100 g of FA          
  C14:0 3.0 3.0 2.5 2.5 2.5
  C16:0 27.0 27.0 39.2 22.5 22.5
  C18:0 23.0 23.0 19.2 35.8 19.2
  C18:1 31.0 31.0 25.8 25.8 42.5
  C18:2 8.0 8.0 6.7 6.7 6.7
  C18:3 8.0 8.0 6.7 6.7 6.7
1FA cocktail formulated to mimic the profile of circulating FA in a dairy cow immediately postpartum (Rukkwamsuk et al., 2000; Douglas et al., 
2007; Petit et al., 2007) and as previously described (White et al., 2012).

Table 2. Primers used for real-time quantitative PCR

Gene1   GenBank accession   Position   Sequence (5′–3′)   Source

GAPDH NM_001034034.2 Forward AAGGTCGGAGTGAACGGATTC Verified within
Reverse ATGGCGACGATGTCCACTTT

RPL32 NM_001034783.2 Forward AGACCCCTCGTGAAGCCTAA Verified within
Reverse CCGCCAGTTCCGCTTGATTT

G6PC NM_183364.3 Forward TGATGGACCAAGAAAGATCCAGGC Zhang et al. (2016)
Reverse TATGGATTGACCTCACTGGCCCTCTT

CPT1A NM_001304989.1 Forward TTCGCGATGGACTTGCTGTA Chandler and White 
(2017)Reverse TTTCCTCCCGGTCCAGTTTG

PC NM_177946.4 Forward CCACGAGTTCTCCAACACCT White et al. (2012)
Reverse TTCTCCTCCAGCTCCTCGTA

PCK1 NM_174737.2 Forward AGGGAAATAGCAGGCTCCAGGAAA Zhang et al. (2016)
Reverse CACACGCATGTGCACACACACATA

PCK2 NM_001205594.1 Forward CCATCATCTTTGGAGGCCGT Verified within
Reverse GACCTTCCCTTTGTGTTCAGC

1RPL32 = ribosomal protein L32; CPT1A = carnitine palmitoyltransferase 1A; G6PC = glucose-6-phosphatase; PC = pyruvate carboxylase; 
PCK1 = cytosolic phosphoenolpyruvate carboxykinase; PCK2 = mitochondrial phosphoenolpyruvate carboxykinase.
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the samples). Quantification cycles for unknowns were 
used only if within the standard curve (maximum al-
lowed was 38) and resulted in a single end product, as 
verified by the dissociation curve. Quantification cycle 
data were then transformed to starting quantity data 
with Bio-Rad CFX Software (Bio-Rad Laboratories) 
using the standard curve of each gene.

The 2 reference genes (ribosomal protein L32 and 
glyceraldehyde-3-phosphate dehydrogenase) chosen 
were shown to be the most stable out of 3 tested using 
geNorm (Qbase+ Biogazelle, Zwijnaarde, Belgium; gene 
stability measure M = 0.42 and 0.45, respectively, for 
the selected genes). Abundance of RNA for the genes 
of interest [PC, cytosolic PCK (PCK1), mitochondrial 
PCK (PCK2), glucose-6-phosphatase (G6PC), and 
CPT1A], relative to the geometric mean of the refer-
ence genes, was calculated. Data were analyzed using 
PROC MIXED (SAS version 9.4; SAS Institute Inc., 
Cary, NC) to execute a model containing treatment as 
a fixed effect and calf in the random statement. Pre-
planned contrasts were the effect of FA addition (BSA 
vs. all FA treatments), FA concentration (0.75 vs. 0.90 
mM cocktail), and the effect of specific FA enrichment 
(each of C16:0, C18:0, and C18:1 enrichment vs. 0.90 
mM cocktail). Significance was defined as P ≤ 0.05 and 
a tendency as 0.05 < P ≤ 0.10.

Dairy cattle experience changes in circulating FA 
profile across the peripartum period (Rukkwamsuk et 
al., 2000) and further shifts in profile with dietary fat 
(Douglas et al., 2007; Petit et al., 2007) or with hy-
perketonemia or fatty liver (Rukkwamsuk et al., 2000; 
Weld et al., 2018). Previous work has shown that glu-
coneogenic genes are responsive to FA profile and that 
slight changes in individual FA within a biologically 
relevant profile may shift the expression of gluconeo-

genic genes differentially (White et al., 2012). White et 
al. (2012) highlighted that in vitro responses to profile 
and concentration combinations that were physiologi-
cally relevant to specific periods during the transition 
to the lactation period paralleled in vivo responses. 
Because C16:0, C18:0, and C18:1 are the 3 primary 
FA mobilized from adipose tissue (Rukkwamsuk et al., 
2000) and absorbed from the duodenum (Wu et al., 
1991), they were chosen to add to an FA profile rep-
resentative of that circulating in the transition dairy 
cow in concentrations relevant to a cow mobilizing FA 
from adipose tissue at parturition (Rukkwamsuk et al., 
2000).

Compared with no FA, FA addition increased (P = 
0.05; Table 3) CPT1A expression 1.9-fold, which agrees 
with previous data in primary bovine hepatocytes 
(Chandler and White, 2017), rat hepatoma cells ex-
posed to 0.2 mM FA (Moody et al., 2019), and MDBK 
cells exposed to 0.15 mM FA (Thering et al., 2009). In 
our research, a 0.15 mM increase in FA concentration 
(0.75 to 0.90 mM FA cocktail) did not further increase 
CPT1A expression (P = 0.75), which contrasts the in-
crease in CPT1A by increasing individual FA when the 
basal concentration and range were lower (0.01 mM; 
Bionaz et al., 2008). Carnitine palmitoyltransferase 1A 
is responsible for the transport of FA across the outer 
mitochondrial membrane to undergo complete oxida-
tion; thus, upregulation by FA likely allows an increase 
in FA transport to the mitochondria. Although CPT1A 
protein is also posttranslationally regulated (Brindle 
et al., 1985; Schreurs et al., 2010), increases in tran-
scriptional regulation through reduced methylation and 
recruitment of transcription factors including CCAAT/
enhancer-binding protein-β, peroxisome proliferator-
activated receptor-α, and peroxisome proliferator-acti-

Table 3. Effect of fatty acid (FA) profile and concentration on relative expression of gluconeogenic and oxidative genes (arbitrary units) in 
primary bovine hepatocytes

Gene1

FA treatment

SE

P-value2

BSA
0.75 mM  
cocktail

0.90 mM  
cocktail

0.75 mM  
cocktail  
+ C16:0

0.75 mM  
cocktail  
+ C18:0

0.75 mM  
cocktail  
+ C18:1

BSA 
vs. FA

0.75 vs. 
0.90

0.90 vs. 
+ C16:0

0.90 vs. 
+ C18:0

0.90 vs. 
+ C18:1

G6PC 1.04 1.36 1.11 1.10 1.13 1.17 0.10 0.32 0.14 0.97 0.89 0.89
CPT1A 2.22 4.40 4.05 4.62 3.11 3.63 1.59 0.05 0.75 0.60 0.40 0.40
PC 0.78 1.08 0.81 0.97 0.98 1.30 0.20 0.27 0.35 0.57 0.54 0.54
PCK1 0.51 0.99 1.15 1.10 0.91 0.92 0.28 0.03 0.56 0.87 0.40 0.40
PCK2 1.33 1.37 1.31 1.46 1.23 1.44 0.24 0.86 0.82 0.56 0.76 0.76
PC:​PCK1 2.08 1.40 1.23 1.33 1.21 1.64 0.46 0.24 0.82 0.90 0.98 0.98
1G6PC = glucose-6-phosphatase; CPT1A = carnitine palmitoyltransferase 1A; PC = pyruvate carboxylase; PCK1 = cytosolic phosphoenolpyru-
vate carboxykinase; PCK2 = mitochondrial phosphoenolpyruvate carboxykinase. Expression of genes of interest was normalized to the geometric 
mean of ribosomal protein L32 and GAPDH.
2Preplanned contrasts.
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vated receptor-γ coactivator 1-α have an important role 
in altering CPT1A activity (Moody et al., 2019), so 
transcriptional regulation still warrants examination.

Glucose-6-phosphatase is the final step of gluconeo-
genesis, at which point glucose is dephosphorylated and 
transported out of the hepatocyte. Glucose-6-phospha-
tase gene expression was not regulated (P ≥ 0.14) by 
FA profile or concentration in the present study, which 
agrees with previous research that indicated a lack of 
regulation by FA treatments (White et al., 2012). Ex-
pression of G6PC was not different across the transition 
to the lactation period (White et al., 2016); however, 
enzyme activity tended to be lower prepartum in cows 
with induced fatty liver (Murondoti et al., 2004). Ex-
pression of G6PC is transcriptionally regulated in non-
ruminants by glucose, glucocorticoids, cyclic AMP, and 
insulin (Lin et al., 1997; van Schaftingen and Gerin, 
2002) and the enzyme posttranslationally regulated by 
cyclic AMP or the glucose-6-phosphate transporter, 
which has been demonstrated in human and rat cell 
models used to study endogenous glucose production 
(Soty et al., 2016). Glucose infusions in dairy cows 
did not alter expression or protein abundance previ-
ously (Al-Trad et al., 2010). Although this warrants 
investigation in bovines, it seems that the high activity 
of G6PC in bovine hepatocytes may be evolutionarily 
advantageous and preclude regulation as observed in 
other species (Aschenbach et al., 2010).

In vivo, PCK1 is generally increased as feed intake 
and propionate increase and circulating FA return to 
baseline (Greenfield et al., 2000; Karcher et al., 2007; 
Al-Trad et al., 2010), and mRNA expression corre-
sponds to enzyme activity in vivo (Agca et al., 2002; 
Al-Trad et al., 2010). In vitro, PCK1 is regulated 
by changes in substrate and hormone concentrations 
(Zhang et al., 2016). Expression of PCK2 is considered 
to be more constitutively expressed and is not regulated 
by physiologically relevant concentrations or profiles of 
FA (White et al., 2012) or during the transition to the 
lactation period (White et al., 2016). In this experi-
ment, PCK1 was upregulated (P = 0.03) by the addi-
tion of FA to the medium, which differs from the linear 
downregulation with increasing FA concentrations of 
a similar FA cocktail observed previously in MDBK 
cells (White et al., 2012). This difference could be due 
to differential regulation of PCK1 in kidney (MDBK) 
cells versus primary bovine hepatocytes. Hepatic PCK1 
and PCK2 were not further regulated beyond the ex-
pression achieved with the basal calving FA cocktail, 
with increasing the FA concentration, or addition of 
individual FA (P ≥ 0.40).

In opposition to PCK1 regulation, regulation of PC is 
responsive to feed restriction (Velez and Donkin, 2005) 

and at parturition (Greenfield et al., 2000; Loor et al., 
2006; White et al., 2016). Expression of RNA has been 
shown to correspond to enzyme activity (Greenfield et 
al., 2000). In the present study, expression of PC was 
not affected (P ≥ 0.35) by FA profile or concentration. 
White et al. (2012) demonstrated that PC expression 
tended to be increased in MDBK exposed to 1 mM of 
an FA cocktail mimicking cows with induced fatty liver 
but not to 1 mM of the cocktail similar to that used 
here. This differential response to the same concentra-
tion comprising a slightly different FA profile highlights 
the potential for regulation of PC to be responsive to 
slight shifts in FA profile due to metabolic status or 
dietary fat feeding.

Although treatment with FA cocktails cannot de-
termine the individual FA responsible for eliciting re-
sponse, White et al. (2011b) observed that PC promoter 
activity is downregulated by C18:0 but not by C18:1. 
The effect of C18:0 observed previously was mediated 
through decreases in the glucogenic tissue-specific pro-
moter 1 with concurrent increases in promoter 2 and 
3 activity (White et al., 2011b), which are expressed 
across tissues (Agca et al., 2004). The opposing effects 
of C18:0 on different promoters could neutralize each 
other when FA are present together, resulting in the 
lack of effect of C18:0 on mRNA expression, as observed 
in the current research. Alternatively, it is possible that 
the 0.15 mM enrichment of C18:0 was not sufficient to 
change expression beyond what was elicited by the 0.90 
mM cocktail, suggesting that slight shifts in C18:0 may 
not affect expression of hepatic PC in vivo.

Given the anaplerotic and cataplerotic demand on 
oxaloacetate, the ratio of PC to PCK1 may reflect 
the relative availability of oxaloacetate for TCA cycle 
oxidation of FA (White, 2015). Serum nonesterified FA 
concentration and profile fluctuate, so 0.15 mM differ-
ences in individual FA are biologically reasonable to 
achieve in vivo (Rukkwamsuk et al., 2000; Douglas et 
al., 2007). The regulation of PC, but not PCK1, by FA 
may allow for the shifting of PC:​PCK1 ratio, and in-
creased PC expression without a change in either PCK 
isoform may indicate a potential increase in the oxa-
loacetate pool, which could allow for greater complete 
oxidation of FA. None of the individual FA enrichments 
affected PC expression, nor did they alter PC:​PCK1 
ratio (P ≥ 0.56), indicating that slight changes in in-
dividual FA within a biologically relevant profile may 
not affect hepatic oxidative capacity. Future research 
quantifying pathway flux in situations of shifted PC:​
PCK1 ratio is still needed.

The expression of gluconeogenic and oxidative 
genes has been shown to be responsive to FA profile 
and concentration; therefore, the purpose of this work 
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was to see whether intentional shifts in the FA profile 
within a set concentration could alter gene regulation. 
These data suggest that an enrichment of 0.15 mM 
of an individual FA within a total FA concentration 
physiologically relevant to calving (0.90 mM) may be 
insufficient to elicit an additional change in gene ex-
pression that could affect hepatic oxidative capacity. It 
is possible that a greater enrichment of individual FA 
or greater FA concentrations could increase PC expres-
sion; however, those greater shifts in FA profile may not 
be biologically achievable during the transition to the 
lactation period in vivo.
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