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ABSTRACT

Background: Clinical dexamethasone (DEX) treatment or stress in bovines results in
extensive physiological changes with prominent hyperglycemia and neutrophils dysfunction.
Objectives: To elucidate the effects of DEX treatment in vivo on cellular energy status and the
underlying mechanism in circulating neutrophils.

Methods: We selected eight-month-old male bovines and injected DEX for 3 consecutive
days (1 time/d). The levels of glucose, total protein (TP), total cholesterol (TC), and the
proinflammatory cytokines interleukin (IL)-1B, IL-6 and tumor necrosis factor (TNF)-a in
blood were examined, and we then detected glycogen and adenosine triphosphate (ATP)
content, phosphofructosekinase-1 (PFK1) and glucose-6-phosphate dehydrogenase (G6PDH)
activity, glucose transporter (GLUT)1, GLUT4, sodium/glucose cotransporter (SGLT)1 and
citrate synthase (CS) protein expression and autophagy levels in circulating neutrophils.
Results: DEX injection markedly increased blood glucose, TP and TC levels, the Ca*'/P>* ratio
and the neutrophil/lymphocyte ratio and significantly decreased blood IL-1B, IL-6 and TNF-a.
levels. Particularly in neutrophils, DEX injection inhibited p65-NF«B activation and elevated
glycogen and ATP contents and SGLT1, GLUT1 and GR expression while inhibiting PFK1
activity, enhancing G6PDH activity and CS expression and lowering cell autophagy levels.
Conclusions: DEX induced neutrophils glucose uptake by enhancing SGLT1 and GLUT1
expression and the transformation of energy metabolism from glycolysis to pentose
phosphate pathway (PPP)-tricarboxylic acid (TCA) cycle. This finding gives us a new
perspective on deeper understanding of clinical anti-inflammatory effects of DEX on bovine.

Keywords: Neutrophils; Dexamethasone; Tricarboxylic Acid Cycle; Adenosine Triphosphate;
Bovine

INTRODUCTION

Dexamethasone (DEX), one of the most effective synthetic glucocorticoids (GCs), is
extensively used in human and veterinary practice for the treatment of a wide variety of
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metabolic diseases as well as stress and inflammatory diseases. Many clinical studies have
verified that DEX treatment results in an observable disturbance of blood glucose, lipids, and
mineral ions and affects the counts and function of peripheral blood leucocytes by altering
glucose uptake and glycolysis through the glucocorticoid receptor (GR) [1-5], and decreases
plasma tumor necrosis factor (TNF)-o and interleukin (IL)-6 levels in lipopolysaccharide
(LPS)-stimulated calves [6], especially, reduces the IL-1B, TNF-a, and IL-8 mRNA levels in
equine and human neutrophils [7].

Neutrophils are well known as unusually glycogen-rich cells. ATP, as the direct energy
source for resting neutrophils survival and for activated neutrophils functions, is largely
derived from the glycolysis pathway, while the pentose phosphate pathway (PPP) also
generates Adenosine Triphosphate (ATP) through the tricarboxylic acid cycle (TCA).
Phosphofructosekinase-1 (PFK1) is the gatekeeper of glycolysis, and glucose-6-phosphate
dehydrogenase (G6PDH) is the sole catalytic enzyme of the PPP. Regardless of the basal ATP
expenditures for cell survival or the high ATP requirements for cell activation, the synergic
or competitive action of PFK1 and G6PDH might be indispensable in response to hormonal
signaling to fine-tune glycolytic flux to meet energy requirements [8]. Metabolomics
analysis demonstrates that DEX significantly altered pathways of TCA cycle by binding to
GR in pregnant women [9], hydrocortisone or other stress hormones increased glucose
consumption in neutrophils [10,11], and rat neutrophils exposed to DEX in vitro present an
increase in glucose consumption and a decrease in the activity and expression of GGPDH
[12]. These data suggested that GGPDH activity is a matter of particular concern with respect
to the effects of DEX on neutrophils metabolism were not entirely consistent although
aforesaid data may not be entirely consistent.

Studies have demonstrated that the glucose utilized in neutrophils mainly depends on
intracellular glycogen breakdown and glucose uptake from the environment. Glucose
transporter (GLUT)1, the leading member of GLUTs in resting neutrophils under
physiological circumstances, promotes glucose uptake, and it exhibits increased expression
in activated neutrophils [13]. Sodium/glucose cotransporter 1 (SGLT1) can increase glucose
uptake by collaborating with GLUTs in lymphocytes, even in an environment of very low
extracellular glucose [14]. Although there is no evidence of DEX induced functional change of
SGLT1 and GLUT1 and 4, and of resulted in the change of glycogen storage in neutrophils. A
few studies have demonstrated that DEX can enhances GLUT1 expression [15] and injures the
insulin-induced GLUT4 membrane translocation [16] in muscle cells, enhances SGLTImRNA
expression in intestine, skeletal muscle and liver of goats [17], meanwhile, increases glycogen
content in myocardial cell [18] and hepatocyte [19]. In addition, GCs exposure in humans
and animals initiates hyperglycemia and delays the apoptosis of circulating neutrophils
[20,21]. DEX promotes cell apoptosis by enhancing the Bax/Bcl-2 ratio and autophagy via the
upregulation of LC3 in lymphocytes [22,23], whereas correcting hyperglycemia with insulin
can recover neutrophils function [24].

This study mainly evaluated the effect of DEX on the levels of glycogen and ATP; the
activities of PFK1 and G6PDH; the expression of GLUT1, GLUT4, SGLT1 and citrate
synthase (CS); and autophagy levels in circulating neutrophils. We sought to investigate
the characteristics and intrinsic regulatory mechanism of energy status in circulating
neutrophils in DEX-treated bovine.
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MATERIALS AND METHODS

Animals

Five healthy eight-month-old male beef bovine were selected. Animals were placed in a
temperature-controlled stable in individual tie-stalls with lights on for 16 h and lights off

8 h; animals were fed three times/d with the total mixed rations at 8:00 am, 14:00 pm and
20:00 pm and freely accessed to water from 8:00 am to 20:00 pm in the whole experiment.
All animal experimental procedures were performed in accordance with relevant guidelines
and regulations. The current study was conducted at Inner Mongolia Minzu University in
Tongliao, China (no. SCXK-2020-0002).

Drug administration and blood collection

Drug administration and blood collection were performed before 8:00 am (namely before
the first feed). The selected bovines were injected intravenously with 0.5 mg/kg DEX sodium
phosphate (DEX) for 3 consecutive days (once a day) at 8:00 am. Blood was collected in a

50 mL centrifuge tube containing 0.1 mL heparin sodium (Gentihold) as an anticoagulant

by jugular vein puncture. Blood collection occurred before the 1st DEX injection (named
Pre-DEX), 24 h after the 1st, 2nd, and 3rd DEX injections (named DEX), and3d,5d,and 7d
after the 3rd DEX injection (named Post-DEX, and 24 h after the 3rd DEX injection was 1 d for
Post-DEX). The collected blood was used for the following experiments.

Analyses of blood biochemical indices and proinflammatory cytokine levels
Part of each heparinized blood sample was used to analyze the number of white blood

cells, and the levels of glucose, calcium (Ca*"), phosphorus (P°*), plasma total protein

(TP) and plasma total cholesterol (TC) were detected by a Mindray BC-2800 Vet blood
analyzer. The inflammatory cytokines IL-1B, IL-6 and TNF-a were detected by enzyme linked
immunosorbent assay (ELISA).

Separation of neutrophils

The remaining portion of each heparinized blood sample was used to collect neutrophils,
as detailed below. Heparinized blood samples were diluted with equal amounts of 1 x
phosphate-buffered saline (PBS), placed on a Percoll (GE Healthcare, USA) separation
solution, and centrifuged at 800 x g for 15 min. Plasma and lymphocytes were removed,
and the samples were washed with PBS once. Then, red blood cell lysates were added and
centrifuged at 800 x g for 8 min. The neutrophils were washed by 1 x PBS, and centrifuged
at 800 x g for 10 min. The collected neutrophils were stored at ~40°C for the following
experiments.

Biochemical analyses

Biochemical analysis was used to detect GOGPDH activity and ATP and glycogen contents in
neutrophils. All biochemical tests were performed using commercial test kits (Solarbio, China)
at 37°C in an automatic microplate reader (Multiskan Spectrum; Thermo Scientific, USA).
Biochemical analyses were conducted in strict accordance with the instructions of the kit.

ELISA analyses

The PFK1 activity in the collected neutrophils and the levels of IL-1B, IL-6 and TNF-o. in
blood plasma were detected by ELISA kits (Solarbio). ELISA analysis was conducted in strict
accordance with the instructions of the kit.
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Western blotting analysis

TP was extracted from neutrophils with lysate buffer (Solarbio). The protein concentration
was quantified using the BCA protein assay kit (Applygen, China). Then, the protein samples
were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred
onto polyvinylidene fluoride membranes (Immobilon). After blocking with 5% bovine serum
albumin for 2 h, the membranes were blotted with 1:700 diluted primary antibodies against
GR (Cell Signaling Technology, USA), NF«B (p65) (Cell Signaling Technology), p-NF«B (p-
p65) (Cell Signaling Technology), CS (Abcam, USA), GLUT1 (Abcam), GLUT4 (Abcam, MA,
USA), SGLT1 (Cell Signaling Technology), p62 (Abcam), LC3 (Cell Signaling Technology),
B-actin (Absin, China), AMPK (Abcam), p-AMPK (PL Laboratories, Canada) at 4°C overnight.
After that, the membrane was washed with TBST, and the membranes were incubated with
secondary antibodies (Cell Signaling Technology) conjugated to horseradish peroxidase for

1 h at room temperature. The bands were visualized with an enhanced chemiluminescence
system, and the gray densities were quantified with ImageJ software.

Statistical analysis

The gray values of the protein electrophoresis bands were analyzed by Image] software
(National Institutes of Health, USA). The results were presented as the mean + standard error
of the mean and were analyzed using SPSS 19.0 software (SPSS, Inc., Chicago, IL). GraphPad
Prism 8.0 was used for graph analysis. Analysis of variance was performed to evaluate the
differences among the groups followed by a #-test. A pvalue lower than 0.05 was considered
statistically significant, and a p value lower than 0.01 was considered highly significant.

RESULTS

Effects of DEX on the levels of glucose, TP, TC, Ca* and P** in peripheral blood
To investigate the effect of DEX injection on the blood biochemical indices, the levels of
blood glucose, TP, TC, Ca*" and P>* were detected. The level of blood glucose (Fig. 1A) rapidly
increased after the 1st injection (p < 0.01) and showed a gradual decline but was higher than
that of Pre-DEX at the 3rd (1 d) injection (p < 0.01); then, it returned to the level of Pre-DEX

at 3 d Post-DEX (p > 0.05). The level of TP (Fig. 1B) gradually increased from the 1st to 3rd DEX
injection (p < 0.01) and gradually declined to that of Pre-DEX from 3 d to 7 d Post-DEX (p > 0.05).
The level of TC (Fig. 1C) and the Ca*//P5* ratio (Fig. 1D) showed a highly similar pattern to that
of TP. In addition, triglycerides (TGs) were not increased and remained below 10 mg/dL (data
not shown). From these results, we concluded that DEX resulted in a significant increase in
blood glucose, TP and TC levels and the Ca*'/P** ratio, but the corresponding levels or ratio
and accumulation Post-DEX diminished to Pre-DEX levels, although there remained some
differences in the rate of recovery. It is clear that the DEX-induced simultaneous occurrence
of hyperglycemia and hyperlipidemia, together with DEX itself, are responsible for the
change in the counts and function of immune cells.

Effects of DEX on neutrophils, lymphocytes and monocytes counts in
peripheral blood

To determine the effects of DEX on changes in immune cell counts, neutrophils,
lymphocytes and monocytes in peripheral blood were analyzed. Neutrophils (Fig. 2A)
counts were increased in DEX compared to those of Pre-DEX (p < 0.01), rose to a maximum
at the 2nd and 3rd (1 d) injections, and then gradually declined and dropped to that of
Pre-DEX at 7 d Post-DEX (p > 0.05). Lymphocytes counts showed a reverse trend to that of
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Fig. 1. Effects of DEX on the levels of glucose, TP, TC, Ca* and P** in blood. A Mindray BC-2800 Vet analyzer was
used to analyze these biochemical indices. (A) Blood glucose. (B) TP. (C) TC. (D) Ca*/P*" ratio. The results are
shown as the mean =+ standard error of the mean (n = 5). Differences between DEX and Post-DEX with Pre-DEX
were analyzed using the t-test.

DEX, dexamethasone; TP, total protein; TC, total cholesterol; Ca*', calcium; P**, phosphorus.

ap < 0.05; °p < 0.01.

neutrophils (Fig. 2B), and the change in neutrophil/lymphocyte ratio (NLR) was similar to
that of neutrophils counts (Fig. 2C), whereas monocytes counts remained steady (p > 0.05)
(Fig. 2D). The results showed that DEX can significantly increase the NLR by increasing
neutrophils counts while decreasing lymphocytes counts but has no effect on monocytes
counts. Therefore, we inferred that the inflammatory response of these immune cells might
be suppressed by DEX-induced hyperglycemia and hyperlipidemia together with DEX itself.

Effects of DEX on the levels of blood IL-1f, IL-6 and TNF-0 and p65-NFkB
activation in neutrophils

To determine whether DEX affected the immune response capacity of immune cells, we
examined the levels of the proinflammatory cytokines IL-1B, IL-6 and TNF-o in blood and
NF«B (p65) activation in neutrophils. The levels of IL-1f, IL-6 and TNF-o in DEX were
significantly decreased compared to those in Pre-DEX (p < 0.01) and then rapidly returned to
Pre-DEX levels in Post-DEX (p > 0.05) (Fig. 3A-C). The activation of NFkB (p65) in neutrophils
in DEX-injection was significantly lower than that of Pre-DEX and then gradually returned

to that of Pre-DEX in Post-DEX (Fig. 3D and E). GR expression rapidly increased in DEX-
injection (p < 0.01) and declined gradually but was maintained at higher levels than that

of Pre-DEX in Post-DEX (p < 0.01) (Fig. 3D and F). The results showed that DEX injection
significantly reduced the release of IL-1B, IL-6, and TNF-a from immune cells, including
neutrophils, lymphocytes and monocytes. Meanwhile, the inhibition of NF«B (p65)
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Fig. 2. Effects of DEX on neutrophils, lymphocytes, and monocytes counts in peripheral blood. A Mindray BC-
2800 Vet analyzer was used to analyze (A) neutrophils, (B) lymphocytes, (C) the NLR, and (D) monocytes. The
results are shown as the mean + standard error of the mean (n = 5). Differences between DEX and Post-DEX with
Pre-DEX were analyzed using the t-test.

DEX, dexamethasone; NLR, neutrophil/lymphocyte ratio.

ap < 0.05; °p < 0.01.

activation by DEX returned to the levels at Pre-DEX compared with those of IL-1B, IL-6 and
TNF-0, and the enhanced GR expression by DEX required a longer time to return to the levels
at Pre-DEX than those of IL-1B3, IL-6, TNF-a and NF«B (p65) activation. Undoubtedly, these
results indicated that DEX injection could intensively suppress the inflammatory response of
immune cells through the specific receptor GR.

Effects of DEX on glucose uptake in neutrophils

We examined the expression of GLUT1, GLUT4, and SGLT1 to determine whether DEX
injection affects glucose uptake. Expression levels of GLUT1 and SGLT1 in DEX-injection
were sharply increased compared to Pre-DEX (p < 0.01) and then rapidly declined to
preinjection levels in Post-DEX (Fig. 4A-C). By contrast, GLUT4 expression in DEX-injection
was decreased (p < 0.05 or p < 0.01), but in Post-DEX, it rapidly increased to a significantly
higher level than at Pre-DEX (p < 0.05 or p < 0.01) (Fig. 4D and E). The observed changes in
GLUTI, SGLT1 and GLUT4 expression showed that neutrophils could clearly respond to DEX
itself and to DEX-induced hyperglycemia through SGLT1 in concert with GLUT1 and GLUT4.
Therefore, the above results indicated that DEX injection very likely changes cellular energy
status and affects cell function (as shown in Fig. 3) through the synchronous upregulation of
GLUTI and SGLT1 and downregulation of GLUT4, restoring status to that of Pre-DEX with
the waning of DEX activity and hyperglycemia in Post-DEX.
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Effects of DEX on glucose metabolism in neutrophils

We first measured glycogen and ATP contents to explore whether DEX affects cellular energy
status. The glycogen and ATP contents synchronously and rapidly increased (p < 0.01) after DEX
injection and then rapidly declined but were maintained at higher levels compared with Pre-DEX
after DEX injection (p < 0.01) (Fig. 5A and B). Second, we examined PFK1 and G6PDH activity
and CS expression to further evaluate the effects of DEX on the pathways of glucose catabolism
closely related to glycogen reserve and ATP production. PFK1 activity rapidly decreased
following DEX injection compared to preinjection (p < 0.01) and then rapidly increased to a
higher level than that of Pre-DEX in Post-DEX (p < 0.01) (Fig. 5C); however, GOPDH activity
rapidly increased following DEX injection compared with preinjection (p < 0.01) and then
gradually declined in Post-DEX to below the level observed at Pre-DEX (p < 0.05) (Fig. 5D). CS
expression showed a similar trend to G6PDH activity, with an even more marked increase

at DEX injection (Fig. 5E and F). Finally, to confirm whether the increased ATP content is
derived from other pathways, we measured cell autophagy. The results showed that AMPK
activation was suppressed after DEX injection (p < 0.01) and gradually increased to Pre-DEX
levels after DEX injection (Fig. 5G and H). The LC3II/LC3I ratio rapidly decreased after DEX
injection (p < 0.01) and remained at lower levels, while p62 expression showed a contrasting
response to that of LC3 at Post-DEX (Fig. 5G, I, and J). The results showed that the change
in glycogen content was highly consistent with the levels of GLUT1 and SGLT1 expression
but in contrast to the GLUT4 expression levels, indicating that the increased glycogen can
be attributed to enhanced GLUT1 and SGLT1 expression, although DEX might affect glucose
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Fig. 3. Effects of DEX on the levels of IL-1B, IL-6 and TNF-a. in blood and p65-NF«kB activation and GR expression in neutrophils. (A) IL-1B, (B) IL-6 and (C) TNF-a
were determined by enzyme linked immunosorbent assay. (A-C) The results are shown as the mean =+ standard error of the mean (n = 5). (D, E) NFkB (p65)
activation and (D, F) GR expression were detected by Western blotting, and B-actin was used as an internal control. (E, F) The results are shown as the mean
standard error of the mean (n = 3). Differences were analyzed using the t-test.

DEX, dexamethasone; IL, interleukin; TNF, tumor necrosis factor; GR, glucocorticoid receptor.

p < 0.05; °p < 0.01.
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catabolism. However, we found that DEX significantly inhibited glycolysis by decreasing PFK1
activity but enhanced PPP-TCA by promoting G6PDH activity and CS expression, while the
levels of cell autophagy were reduced. These results clearly demonstrated that the increase

in ATP levels is dependent on the PPP-TCA pathway rather than the glycolysis-TCA pathway
or autophagy, which support the hypothesis that the increased ATP levels induced by DEX
injection result from the PPP-TCA pathway.

DISCUSSION

The major aim of this study was to investigate the characteristics of the systemically changed
blood environment in DEX-injected bovines and clearly report the features of and the intrinsic
relationship underlying glucose uptake and glucose utilization in circulating neutrophils.

We found that DEX injection increased the levels of blood glucose, TP, and TC and the Ca*/
P*" ratio, and these indices returned rapidly to physiological levels following DEX withdrawal.
This results were in agreement with earlier studies [20] reporting that DEX-treated chickens
showed elevated levels of blood TP, TG and TC [25] and that Holstein heifers suffering road
transportation stress had higher levels of plasma cortisol, nonesterified fatty acids, glucose
and a higher Ca?*/P*" ratio [1]. Clearly, DEX injection-induced simultaneous hyperglycemia
and hyperlipidemia, together with DEX itself, are responsible for the change in the number
and function of immune cells. Our observations further showed that DEX injection increased
the total leukocytes and neutrophils counts and the NLR ratio and decreased lymphocytes
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counts, excluding unaffected monocytes counts. These results were consistent with previous
clinical DEX treatment studies delineating that significantly increased circulating neutrophils
counts (neutrophilia) mainly resulted from accelerated maturation and release from bone
marrow into the bloodstream and impeded extravasation and migration as well as delayed
apoptosis of cells [26]. Additionally, pharmacological concentrations of GCs have been
shown to promote apoptosis of T lymphocytes [2,27] and increase the NLR [26]. Meanwhile,
the unchanged monocytes count in our study might be due to the unaffected proliferation of
cells by DEX [26].

Neutrophils, lymphocytes and monocytes are the primary sources of plasma
proinflammatory cytokines. The inhibition of the immune response of these cells by GCs has
been extensively described. DEX exposure ameliorated LPS-induced immunological injuries
and decreased serum TNF-a and IL-18 levels in mice [28] and TNF-a and IL-6 levels in calves
stimulated by LPS [6]. Our results were consistent with the above findings: DEX injection
decreased IL-1B, IL-6 and TNF-a levels, which rapidly rose again to original levels after DEX
withdrawal. Meanwhile, the suppressed NF«B (p65) activation in neutrophils following
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DEX injection and its reactivation after DEX withdrawal were also highly consistent with the
following findings: GCs directly act on NFkB (p65) or activator protein 1 by binding to GR
and exert the anti-inflammatory actions and delayed apoptosis-related gene expression in
neutrophils [29]. DEX mediates anti-inflammatory activity by reducing superoxide release
and ROS levels [30-32] and reduces the mRNA levels of IL-1B, TNF-a, and IL-8 in equine

and human neutrophils [7]. Although bovine monocyte function affected by GC exposure

in vivo remains less documented, a few studies have found that DEX markedly inhibited
phytohemagglutinin-upregulated mRNA expression of the proinflammatory cytokines
interferon-y, IL-2 and IL-4 in calf monocytes in vitro [33] and reversed LPS-stimulated higher
levels of circulating TNF-o and IL-6 in calves [6]. A recent in vitro study also showed that DEX
treatment reduced IL-6 and TNF-o production in healthy human monocytes [34]. Therefore,
these findings suggested that DEX might directly inhibit TNF-a, IL-1B, and IL-6 production in
bovine monocytes, which is partly responsible for the lower circling levels of these cytokines
after DEX injection, notably, enhanced the anti-inflammatory function of bovine neutrophils
by enhancing the expression of GR, down-regulating glycolysis, and inhibiting the expression
of IL-1B, IL-6 and TNF-a and NF«B (p65) activation in this study.

The suppressed activation and delayed maturation of circulating neutrophils by DEX is certainly
accompanied by the rebuilding of the cell energy state by regulating glucose uptake and
utilization. Studies have verified that the glucose utilized in neutrophils mainly depends on
intracellular glycogen breakdown and glucose absorbed from blood circulation by the GLUT
system. GLUTI, but not GLUT4, has been considered the major transporter under physiological
circumstances; GLUT1 can promote glucose uptake once translocated from the cytoplasm to
the plasma membrane in resting neutrophils and shows increased expression in activated cells
[13]. Although some data indicated that cellular net glucose uptake fully depends on SGLT1 in
lymphocytes at low intracellular glucose concentrations [14,35], the expression and function

of SGLT1 in neutrophils, especially in neutrophils exposed to GCs or DEX, is unclear. In our
study, DEX injection concurrently enhanced the expression of GLUT1 and SGLT1 followed by

a decline to preinjection levels, whereas GLUT4 expression decreased after DEX injection and
then rose to higher levels than those of preinjection after DEX withdrawal. Furthermore, the
up- or downregulation of the three transporters was accompanied by synchronous changes in
glycogen content and ATP levels. This undoubtedly indicated that the promotion of glucose
uptake by SGLT1 in concert with GLUT1 and GLUT4 guaranteed enough intracellular glucose to
be used for the synchronous elevation of glycogen content and ATP levels in neutrophils under
the complex blood environment induced by DEX injection.

In addition, our study also confirmed that DEX injection inhibited PFK1 activity while
promoting G6PDH activity, which was also deeply involved in the observed elevated glycogen
content and ATP levels excepting for the increased glucose uptake mediated by GLUTs. A
recent report on human neutrophils claimed that the selective activation of PFK1 suppressed
glycolytic flux through the PPP and reduced NOX2-dependent phagocytic oxidative burst [36].
This finding was consistent with the inhibition of PFK1 activity and promotion of GGPDH
activity by DEX injection in our study. Beyond this question, it provided additional evidence
suggesting that DEX favors an increase in glycogen content by inhibiting PFK1-mediated
glycolysis instead of GGPDH-mediated PPP. DEX injection increased ATP raises another
interesting question in whether enhanced PPP activation can lead to an increase in ATP under
the context of glycolysis inhibition (decreased ATP production). Reports have shown that ATP
is largely derived from glycolysis, while the PPP is mainly responsible for NADPH generation,
and only 2% to 3% of total glucose is utilized through the PPP in resting neutrophils [37].
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Our results showed that enhanced CS expression coincided with PPP activation and glycolysis
inhibition. This finding encouraged us to conclude that the increase in ATP induced by DEX
injection relies on the ribo-5-phosphate-glyceraldehyde-3-phosphate pathway instead of

the fructose-1,6 diphosphate-glyceraldehyde-3-phosphate pathway to generate pyruvic acid,
which then enters the TCA to generate ATP. It is clear then that DEX injection could boost
ATP generation through the PPP-TCA pathway in bovine neutrophils, although neutrophils
have very low TCA cycle activity.

Finally, we evaluated whether ATP generation is related to autophagy. Autophagy can
supplement anabolic substrates and energy for cells under energy stress by degrading internal
cellular components. Maintaining cellular energy homeostasis by autophagy is necessary for
neutrophils survival because it can provide more ATP through different pathways in human
neutrophils [38]. Although we did not find direct evidence that DEX affected neutrophils
autophagy, GCs can suppress mitophagy by downregulating BNIP3-like (BNIP)/NIX via
GR/PGCla interactions [39] in hippocampal neurons, which are terminally differentiated
cells. Circulating neutrophils, as highly differentiated terminal cells, show lower ATP

levels in apoptotic cells [40], but exposure to GCs delays cell apoptosis [20]. In contrast

to neutrophils, in proliferative cell types such as lymphocytes, GCs or DEX promotes cell
apoptosis by enhancing the Bax/Bcl-2 ratio and autophagy by upregulating beclinl and LC3
and downregulating p62 [22,23,27]. In this study, we found that DEX inhibited the activation of
AMPK and LC3 and enhanced the expression of p62 and GR. These results indicated that DEX
injection markedly inhibited autophagy through GR and that the increased ATP levels largely
depended on PPP-TCA pathway activation rather than autophagy in bovine neutrophils.

In conclusion, DEX markedly affects blood glucose, TP and TC levels, the Ca?'/P** ratio, and
neutrophils and lymphocytes counts and inhibits the release of IL-1B, IL-6 and TNF-a from
immune cells and NF«kB (p65) activation in neutrophils. Of particular note is that the DEX-
induced increase in glycogen content is likely dependent on the increase in glucose uptake
by SGLT1 upregulation in concert with GLUT1 and the decrease in glucose consumption
ascribed to glycolysis inhibition. Meanwhile, the synchronous increase in ATP levels and
glycogen content is attributed to activation of the PPP-TCA pathway rather than autophagy in
the circulating neutrophils of DEX-treated bovine. In conclusion, this study considered the
DEX induced neutrophils glucose uptake and the transformation of energy metabolism from
glycolysis to PPP-TCA cycle, providing a deeper understanding of clinical anti-inflammatory
effects of DEX on bovine.
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