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Sapon Semsirmboon : THE EFFECT OF HIGH DOSE ASCORBIC ACID AND HIGH DCAD ADMINISTRATION ON
OXIDATIVE STRESS AND MAMMARY GLAND FUNCTION OF DAIRY GOAT FED UNDER TROPICAL
CONDITION. Advisor: Assoc. Prof. Dr. Sumpun Thammacharoen, D.V.M., Ph.D. Co-advisor: Assoc. Prof. Dr.
SUTTHASINEE POONYACHOTI, D.V.M., Ph.D.

High ambient temperature (HTa) increased the respiration rate (RR) and rectal temperature (Tr) of dairy goats. The excess
response resulted in acid-base imbalance, electrolyte imbalance, and systemic oxidative which could indirectly affect the mammary gland.
Besides, HTa did directly alter cell function, and this has been proposed to be mediated by oxidative stress. We previously showed that
high dietary cation and anion differences (DCAD) could decrease the HTa effect. In dairy cows, a high dose ascorbic acid (Asc) has been
used to decrease oxidative stress. Then, It was hypothesized whether mammary gland function could be altered when the HTa was
alleviated by DCAD and Asc supplements. This current study consisted of two main experiments. The first aimed to investigate the Asc
supplement protocol in dairy goats while the second was planned to investigate the hypothesis. The first and second experiments were
carried out on six non-lactating goats and twelve lactating goats, respectively. During these experiments, the ambient condition, RR, and
Tr were measured three times a day, at 0600, 1300, and 1800. All samples were collected at 1500 of both experiments. In the first
experiment, goats were intravenously supplemented with vehicle and Asc on the last two days of the experiment and only blood samples
were used to analyze blood gas, electrolytes, and oxidative stress. In the second experiment, goats were randomly assigned to control and
DCAD groups which were fed with the control diet and a high DCAD diet for 8 weeks. The protocol of Asc supplement was done on the
last two days of the 4" and 8" weeks of the experimental period. On these supplemented days, blood and urine were collected to measure
blood gas, electrolytes, and renal function, while both milk composition and plasma oxidative stress were measured only on the 8" of the
experimental period. The ambient condition showed that all goats were fed under HTa, while an increased RR and Tr indicated heat
dissipation. In the first experiment, Asc tended to decrease hematocrits which might be mediated by depleted oxidative stress. Then, this
protocol was then used in the second experiment. On the 4" week of the second experiment, RR, blood pH and bicarbonate were higher in
the DCAD group compared with the control group. These DCAD effects were no longer observed on the 8" week of this study when
fraction excretion of electrolyte was increased in the DCAD group. The presence of both supplements synergistically depleted plasma
creatinine and malondialdehyde. The depletion of plasma malondialdehyde was observed with the alteration of milk composition. Based
on these data, the high DCAD and high dose Asc synergistically increased body water but decreased oxidative stress. The depletion of
oxidative stress altered the mammary gland function of dairy goats. Therefore, the presence of high DCAD and high dose Asc supplement

did synergistically alleviate the HTa effect on mammary gland function of lactating goat fed under tropical condition.
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CHAPTER1
INTRODUCTION

Milk synthesis is a main function of the mammary gland, and this function is
compromised by high ambient temperature (HTa). In tropical conditions, milk production of goats
and cows in the summer was lower than production in the winter (Saipin et al., 2020a;
Thammacharoen et al., 2021). It is known that the effect of HTa on milk production was partially
mediated by a decreased food intake. This indirect effect was responsible for a 35 — 50 %
reduction in milk production (Rhoads et al., 2009; Xiao et al., 2020) while others could be
mediated by other indirect effects including acid-base imbalance, electrolyte imbalance, and
systemic oxidative stress (Schneider et al., 1988a; Schneider et al., 1988b; Tanaka et al., 2007).
However, the study in mammalian cells showed that HTa could directly affect cell metabolism,
and oxidative stress has been proposed to mediate this effect (Collie et al., 2006; Kobayashi et al.,

2018; Saipin et al., 2020b).

The evaporative heat dissipation was the main heat loss mechanism of dairy ruminants
fed under HTa (Robertshaw, 2006; Saipin et al., 2020a). The respiration rate was increased during
the daytime HTa to dissipate the heat load and this response resulted in respiratory hypocapnia
(Do Nguyen et al., 2022). To compensate for this imbalance, the excretion of blood bicarbonate
was increased through the kidney (Barker et al., 1957; Arbus et al., 1969). Indeed, the rate of
metabolism was increased during the early lactation while heat dissipation also increased this rate
(Maia et al., 2016; Gértner et al., 2019). The high metabolic rate could result in metabolic
acidosis and this imbalance might be increased during HTa exposure according to the decreased
blood buffer as bicarbonate. Besides, the change in plasma electrolytes could affect the acid-base
balance (Torrenta Artero, 2017). With HTa, the sweating rate of ruminants was increased to
dissipate heat on the skin (Jenkinson and Mabon, 1973; Maia et al., 2016) and the excess
excretion could deplete body water and electrolytes (Schneider et al., 1988a; Schneider et al.,
1988b; Beatty et al., 2006). Moreover, an increased metabolic rate did increase oxidative stress
and the antioxidant was depleted in the presence of HTa (Sie et al., 2017; Guo et al., 2018). The

alteration of this antioxidant was included in the adaptive mechanism to HTa and this was



proposed to be involved in milk synthesis under HTa (Saipin et al., 2020a). These previous
observations suggested the mammary gland function under HTa might be compromised by acid-

base imbalance, electrolyte imbalance, and oxidative stress.

We previously demonstrated that high dietary cation and anion difference (DCAD) could
increase heat dissipation and alleviate the HTa effect (Nguyen et al., 2018; Nguyen et al., 2019).
The previous study in ruminants showed that high DCAD could increase blood buffer and
maintain plasma electrolytes, these effects were observed with the alteration of kidney function
(Wildman et al., 2007a,b,c). Regarding oxidative stress, ascorbic acid (Asc) had been used to
decrease oxidative stress in dairy cows and a high dose Asc supplement could alter mammary
gland oxidative stress (Chaiyowittayakun et al., 2002; Matsui, 2012). Therefore, we hypothesized
whether the mammary gland function under HTa could be altered when both imbalance and

oxidative stress were compromised by high DCAD and Asc supplements.

Keywords (Thai): 0155 UNIUAVAANITAAIL, HNSUN, N1TILINY, AVIATIADDNFIATY,
a a =

AU o

Keywords (English): Acid-base disturbance, dairy goat, evaporation, oxidative stress,

vitamin ¢

Objectives of study

1. To investigate the effect of high DCAD and high dose Asc supplement on the acid-base

balance of dairy goats fed under HTa.

2. To investigate the effect of high DCAD and high dose Asc supplement on the electrolyte

balance of dairy goats fed under HTa.

3. To investigate the effect of high DCAD and high dose Asc supplement on oxidative

stress of dairy goats fed under HTa.

4. To investigate the effect of high DCAD and high dose Asc supplement on mammary

gland function under HTa.



Hypothesis of study
l. The high DCAD and high dose Asc supplement change the acid-base balance of dairy

goats fed under HTa.

2. The high DCAD and high dose Asc supplement change the electrolyte balance of dairy

goats fed under HTa.

3. The high DCAD and high dose Asc supplement change the oxidative stress of dairy goats
fed under HTa.
4. The high DCAD and high dose Asc supplement increased the milk yield of dairy goats

fed under HTa.



CHAPTER II

LITERATURE REVIEWS

High ambient temperature and physiological response

The regulation of body temperature is essential physiology, and this is maintained by the
balance between heat load and heat loss (Hall, 2015). The metabolism and high ambient
temperature (HTa) were responsible for the internal and external heat load of the body (Mercer,
2001). In dairy ruminant, the animal first moved out of HTa and decreased dry matter intake
(DMI) to reduce both external and internal heat load (Ominski et al., 2002; Kendall et al., 2006;
Schiitz et al., 2009). If these responses were not enough to maintain body temperature, four main
heat loss mechanisms were activated. These mechanisms consisted of radiation, convection,
conduction, and evaporation (Hall, 2015). The efficiency of the first three heat loss mechanisms
depended on a temperature gradient between the animal and the environment (Campos Maia et
al., 2005; Maia et al., 2008; Hall, 2015; Maia et al., 2015). However, the daytime HTa of tropical
was close to the body temperature of dairy ruminant (Saipin et al., 2020a; Thammacharoen et al.,
2021) and this limited the efficiency of radiation, convection, and conduction. These
observations suggested that evaporation was the main heat loss mechanism of dairy ruminants.
This mechanism exists in both the respiratory system and the sweat gland and the water is
required to evaporate the heat out of the body (Campos Maia et al., 2005; Robertshaw, 2006;
Maia et al., 2008; Maia et al., 2015). In dairy goats, the response of the respiratory system was
mainly responsible for the evaporative heat loss mechanism (Robertshaw, 2006). With HTa of
Thailand, rectal temperature (Tr) was increased by 1°C and respiration rate (RR) was doubled
during the daytime (Saipin et al., 2020a). Besides, the dairy goat fed under HTa had higher water
intake (WI) when compared to the goats fed under control ambient temperature (Ta) (Escobosa et
al, 1984; Hamzaoui et al. 2013; Khelil-Arfa et al., 2014). These indicated an activated heat loss
mechanism during daytime HTa. These responses were included as the adaptive mechanism of
dairy goats fed under HTa (Saipin et al., 2020a). Even though the effect of HTa on dairy
production was proposed to involve in stress response (Alvarez and Johnson, 1973; Guerrini and

Bertchinger, 1982; Burhans et al., 2022), the effect of season on milk yield was not observed with



an increased plasma cortisol level of the dairy goats (Saipin et al., 2020a). With this observation,
the effect of daytime HTa on dairy goats was not involved in the response of the hypothalamic-
pituitary-adrenal gland or stress axis. However, the previous publication showed that an increased
HTa could affect blood gas parameters in both lactating cows and goats (Sivakumar et al., 2010;
Thammacharoen et al., 2013; Mehaba et al., 2019; Faganha et al., 2020). Moreover, the plasma
antioxidant was decreased in the presence of HTa (Sivakumar et al., 2010; Chaiyabutr et al.,
2011). Therefore, the negative effect of HTa could be mediated through both acid-base balance

and oxidative stress.

High ambient temperature and milk production

The dairy ruminant is domesticated to serve the needs of milk consumption, and both
high yield and high consistency of milk production are contributing to the food security of
humans. With the HTa, the milk production of dairy cow and goat were compromised especially
in the tropical region (Ominski et al., 2002; Saipin et al., 2020a; Thammacharoen et al., 2021) and
this caused an economic loss in the dairy industry (St-Peirre et al., 2003; Key and Sneeringer,
2014; Guun et al., 2019). HTa of tropical condition decreased milk production of cows and goats
by 16% and 20% when compared to control Ta (Saipin et al., 2020a; Thammacharoen et al.,
2021). The tropical climate was a year-round HTa and high relative humidity (RH) which caused
a high temperature humidity index (THI) (Saipin et al., 2020a; Thammacharoen et al., 2021). This
climate limited the evaporative heat loss and exacerbated the effect of HTa (Campos Maia et al.,
2005; Maia et al., 2016), then, the milk production of dairy ruminants fed under tropical is
susceptible to the negative effect of HTa. The heat-induced hypophagia was previously proposed
to limit the nutrient supply which could indirectly affect the mammary gland function (Lu, 1989;
Rhoads et al., 2009; Xiao et al., 2020). Indeed, this indirect effect of HTa was responsible for 35-
50% of milk production while other parts might be affected by either other indirect effects or a
direct effect of HTa (Rhoads et al., 2009; Xiao et al., 2020). The previous study in dairy goats
suggested that acid-base imbalance and oxidative stress might be included as indirect effects of
HTa (Sivakumar et al., 2010; Faganha et al., 2020; Saipin et al., 2020a). Besides, the dairy

ruminant was susceptible to both acid-base imbalance and oxidative stress during early lactation



(Garnsworthy et al., 2006; Putman et al., 2018; Gértner et al.,, 2019; Saipin et al., 2020a).
Regardless of the indirect effect, the function of cultured cells could be altered by HTa treatment
(Collie et al. 2006; Kobayashi et al., 2018; Saipin et al., 2020b). This direct effect was proposed
to be mediated through oxidative stress (Baumgard and Rhoads, 2013; Saipin et al., 2020a).
Interestingly, the alteration of oxidative stress within the mammary gland across the lactation
stage was related to the milk composition (Garnsworthy et al., 2006; Zachut et al., 2013) and the
acute oxidative stress within the mammary gland also decreased both milk yield (MY) and
composition (Oshima and Fuse, 1981; Silanikove et al., 2016). These observations suggested that
acid-base imbalance, systemic oxidative stress, and mammary gland oxidative stress might

mediate the negative effect of HTa on milk synthesis.

High ambient temperature and acid-base balance

The blood pH represents the concentration of proton, and the altered pH could affect
normal cell function (Hall, 2015). The major acid and base substances in the blood are carbon
dioxide (CO,) and bicarbonate (HCO,), respectively (Hall, 2015). Even though the amount of
both substances is needed to be balanced, a change in both blood cation and anion could affect
blood pH according to electroneutrality (Constable, 2014; Torrenta Artero, 2017). The main
cation and anion that could contribute to the blood pH are sodium (Na), potassium (K), and
chloride (Cl). The evaporative heat dissipation was a main heat loss mechanism in ruminants fed
under HTa and the excess response could interfere with acid-base balance (Schneider et al.,
1988a; Schneider et al., 1988b; Robertshaw, 2006). In ruminants, evaporative heat dissipation
exists in the respiratory tract and skin (Maia et al., 2015; Maia et al., 2016). The high RR or
panting during heat dissipation increased carbon dioxide exhalation and decreased blood partial
pressure CO, (PCO,) (Robertshaw, 2006; Mehaba et al., 2019; Faganha et al., 2020). In humans,
this acid-base imbalance was compensated by an increased HCO, excretion, and the kidney was
mainly responsible for HCO, excretion (Barker et al., 1957; Arbus et al., 1969). Besides, sweat is
secreted from the gland, and heat is then evaporated out of the skin (Jenkinson and Robertshaw,
1971; Jenkinson and Mabon, 1973). Sweat consists of water and the main blood electrolyte, and

the high level of sweating rate could eventually affect blood pH (Beatty et al., 2006). The dairy



ruminants fed under HTa require high energy to serve heat dissipation mechanisms (NRC, 1981;
Maia et al., 2016) while this requirement is also increased acid production during early lactation
(Gértner et al., 2019). High level of acid from both dissipation and lactation could overwhelm the
buffer and exacerbate acid-base imbalance in early lactating ruminants. Without HTa, the buffer
supplement could decrease acid-base imbalance and alter milk composition of the dairy cow (Hu
and Murphy, 2004; Hu et al., 2007, Wildman et al., 2007a). These observations indicated that the

milk synthesis under HTa might be altered when the acid-base imbalance was decreased.

High ambient temperature and electrolyte balance

The extracellular electrolytes are important for normal cell function and the kidney is
mainly responsible for balance (Hall, 2015; Hamm et al., 2015). The alteration of electrolytes
could be mediated by the change in dietary intake, urinary excretion, and water balance
(Chapman et al., 2020). Both HTa and lactation could affect these factors and interfere with
electrolyte balance (Ulutas et al., 2003; Beatty et al., 2006). With lactation and HTa, an increased
WI and decreased electrolyte excretion indicated a high requirement of both electrolyte and water
(Ulutas et al., 2003; Beatty et al., 2006; Hamzaoui et al., 2013; Saipin et al., 2020a). The dairy
ruminant increased both RR and sweating rate to dissipate the heat load (Jenkinson and Mabon,
1973; Saipin et al., 2020a). The excess of these responses depleted extracellular fluid, and this
resulted in an increased hematocrit (Hct) and electrolytes in goats (ElI-Nouty et al., 1980). Then,
WI was increased to serve heat dissipation while the electrolyte excretion was decreased to
conserve the extracellular fluid (Beatty et al., 2006; Chapman et al., 2020; Saipin et al., 2020a).
These physiological responses were proposed to be mediated by two hormones, aldosterone, and
vasopressin (Chapman et al., 2020). An increased level of these hormones in goats was observed
when Tr was increased by 3°C but not at Tr was increased by 1°C (EI-Nouty et al., 1980). In
natural HTa, Tr of the dairy goat was increased by only 1°C and the HTa effect was alleviated
without the change in vasopressin (Nguyen et al., 2018; Nguyen et al., 2019). Besides, the high
salt diet increased body fluid and promoted heat acclimation in humans and the high salt diet in

goats also alleviate the negative effect of HTa (Allsopp et al., 1998; Nguyen et al., 2018; Nguyen
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et al., 2019). Therefore, this study aimed to use this dietary supplement to alleviate the negative

effect of HTa on electrolyte and acid-base and it might indirectly alter mammary gland function.

High ambient temperature and antioxidant depletion

Reactive oxygen species (ROS) are a part of cell metabolism, and the amount of ROS is
balanced by antioxidants (Sie et al., 2017). There are many types of ROS but important ROS are
superoxide anion radical, hydroxyl radical, and hydrogen peroxide (H,0,). Even though the first
two molecules have higher reactivity, their half-life is shorter than H,O,. Besides, this latter
molecule plays a role in cell signaling (Slimen et al., 2014) but excess H,0, could overwhelm
antioxidants which causes oxidative stress. Increased oxidative stress damages intracellular
molecules and alters cell function (Sie et al., 2017). Among the cell components, lipid compounds
are susceptible to oxidative stress and the product of this reaction is malondialdehyde (MDA). In
terms of antioxidants, there were two groups which are enzymatic and non-enzymatic systems.
The first antioxidant lowers the ROS activity through enzymatic reactions and this group consists
of three mains enzyme including glutathione peroxidase (GPx), superoxide dismutase, and
catalase. However, the produced H,O, is mainly neutralized by GPx and this enzyme is also the
main extracellular antioxidant (Chang et al., 2020). The activity of this enzyme is maintained by
the presence of nicotinamide adenine dinucleotide phosphate (NADPH) and Asc (Puskas et al.,
2000; Fico et al., 2004). In acute oxidative stress, a glucose metabolic partway was altered to
serve the existing antioxidants (Kuehne et al., 2015) while intense and prolonged oxidative stress
activated the production of antioxidants (Sthijns et al., 2016). An increase in ROS, MDA, and
antioxidants was observed during lactation (Piccione et al.,, 2007; Radin et al., 2015). This
indicated that dairy ruminants during early lactating were susceptible to oxidative stress. In
addition, an ability to defend against oxidative stress (antioxidant capacity) was proposed to be
responsible for the persistence of milk synthesis of dairy cows fed under HTa (Chaiyabutr et al.,
2011; Chaiyabutr, 2012). The presence of HTa decreased plasma Asc, plasma and cellular (red
blood cell) GPx activity, while increased plasma MDA of dairy cows and rats (Padilla et al.,
2006; Tanaka et al.,, 2007; Bhat et al., 2008; Tanaka et al., 2011; Guo et al., 2018). These

observations indicated that HTa decreased both systemic and cellular antioxidant capacity.
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In tropical condition, the milk production of dairy ruminants was reduced by 16-20% during the
summer seasons and the activation of GPx activity was included as the adaptive mechanism to
HTa (Saipin et al., 2020a; Thammacharoen et al., 2021). Indeed, Tr of dairy goats and cows fed
under tropical condition was increased by 1°C (38 to 39°C) during the daytime HTa and this
range promoted the heat acclimation of the mammalian cells (Lord-Fontaine and Averill, 1999;
Saipin et al., 2020a; Thammacharoen et al., 2021). An increased GPx activity and altered glucose
metabolism within the cell were a phenotype of thermotolerant mammalian cells (Moon et al.,
2010; Glory and Averill-Bates, 2016; Tchouague et al., 2019). In general, GPx activity requires
glutathione for its reaction, and the absence of glutathione affected the survival of mammalian
cells cultured at HTa (Lord-Fontaine and Averill, 1999). To maintain both GPx and glutathione,
the intracellular glucose was diverted to produce an electron donor, NADPH ( Lord-Fontaine and
Auverill-Bates, 2002; Kuehne et al., 2015). This molecule is produced by two glucose pathways
including the pentose phosphate pathway (PPP) and the citric acid cycle. The first pathway is
mainly responsible for the antioxidant defense while the second is used for energy production. In
the mammary gland, oxidative stress could affect major milk composition including lactose, milk
fat, milk protein, and free fatty acids (FFA) and these were observed with the change of systemic
antioxidant (Silanikove et al., 2016; Nedic et al., 2019). During the antioxidant defense, milk
citrate was decreased while glucose was proposed to be diverted toward PPP. The activation of
PPP increased glucose and glucose -6-phosephate (G6P) in milk (Garnsworthy et al., 2006;
Silanikove et al., 2016). These observations suggested that there might be the link between

systemic, mammary gland oxidative stress, milk synthesis in the presence of HTa.

High ambient temperature and dietary cation and anion difference

High dietary cation and anion difference (DCAD) has been used to manage the acid-base
and electrolyte imbalance in lactating dairy cows (Riond, 2001; Hu and Murphy, 2004). The level
of DCAD is defined as the milliequivalents (mEq) of Na + K -Cl per 100 gram dry matter (DM)
and the previous study demonstrated that high DCAD (+39 mEqg/ 100 gDM) could alleviate the
HTa effect and increased DMI of lactating goat (Nguyen et al., 2018; Nguyen et al., 2019). With

HTa, an increased RR of goats depleted PCO, and the excretion of HCO, was increased to
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compensate for this acid-base imbalance (Hamzaoui et al. 2013; Mechaba et al., 2019;
Faganha et al., 2020). The effect of DCAD on DMI was observed with an increase in blood pH
and HCO, (Schneider et al., 1986; Hu and Murphy, 2004) and these responses were mediated
through the kidney function (Wildman et al., 2007a,b). Even though the degree of these responses
depends on DCAD level, the duration of the supplement also affected the result of acid-base
balance (Wildman et al., 2007b,c; Hersom et al., 2010). In short-term supplement, high DCAD
did increase plasma electrolytes and increased WI (Tucker et al., 1988). An increased WI by
short-term supplement was observed with an increased blood pH and HCO, (Escobosa et al,
1984; Delaquis and Block, 1995a,b). Interestingly, the short-term supplement did not affect
fractional excretion of electrolytes (Delaquis and Block, 1995a,b) while these parameters were
increased as the compensation mechanism (Wildman et al., 2007a,b,c). The effect of DCAD on
blood gas parameters was not prominently observed in the long-term supplement (Hu et al., 2007;
Wildman et al., 2007a,b,c) and the difference in kidney function could be responsible for this
response. With HTa, the effect of high DCAD on WI and DMI of lactating goats were
prominently observed on the 4" and 8" week of supplement, respectively (Nguyen et al., 2018;
Nguyen et al., 2019). Besides, this effect of high DCAD was related to an increased W1 and body
water (Nguyen et al., 2018; Nguyen et al., 2019). These observations suggested the effect of
DCAD was related to both HCO, and body water which are mainly controlled by kidney function.
An increased blood HCO; could be mediated by two mechanisms including the reabsorption of
filtered HCO, and the production of new HCO, (Hamm et al., 2015). Most of the filtered HCO,
was reabsorbed with Na at the tubular cell of the proximal tubule while the rest was reabsorbed at
the distal tubule and collecting duct (Hamm et al., 2015). Regarding HCO, production, an
increased acid excretion by ammonium excretion is responsible for HCO, production in the
kidney (Hamm et al., 2015). With a high level of blood HCO,, the excreted HCO, overwhelmed
the reabsorption mechanism and increased the concentration of urine HCO, (Delaquis and Block,
1995a,b; Wildman et al., 2007a). These observations inspired us to study both electrolyte balance

and kidney function in dairy goats fed under HTa. Therefore, we hypothesized whether the
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mammary gland function under HTa was altered when the effect of HTa on electrolyte balance

and renal function were modified by high DCAD.

High ambient temperature and ascorbic acid

Asc is known as vitamin C and it is a natural antioxidant that is important for normal
physiology (Gegotek and Skrzydlewska, 2022). The depleted Asc caused oxidative stress and
caused disease in both humans and animals. In humans, food is a main source of Asc while the
ruminant could produce it by themselves. Even though Asc could be produced, the depletion of
Asc was observed in dairy ruminants fed under HTa (Tanaka et al., 2007; Sivakumar et al., 2010;
Chaiyabutr et al., 2011; Tanaka et al., 2011; Matsui, 2012). There was a negative correlation
between Tr and plasma Asc concentration in dairy cows (Tanaka et al., 2011) and the depleted
Asc was proposed to affect the mammary gland function (Chaiyabutr et al., 2011). The Asc
supplementation has been used to increase the plasma Asc in lactating cows (Matsui, 2012) and
this could be supplemented through diet, water, and intravenous injection (Chaiyowittayakun et
al., 2002; Sivakumar et al., 2010; Matsui, 2012). The use of intravenous Asc could increase
plasma Asc level whereas the low stability of Asc in diet, water, and rumen could limit the
efficacy of the supplement (Chaiyowittayakun et al., 2002; Matsui, 2012). In humans, the use of
intravenous Asc at high dose has been used to manage oxidative stress and this supplement
possibly alter the oxidative stress of the mammary gland in ruminants similarly to humans
(Chaiyowittayakun et al., 2002; Gegotek and Skrzydlewska, 2022). There are two forms of Asc
presented in plasma including Asc and dehydroascorbic acid. The major form in plasma is Asc,
and their transporter is sodium-dependent transporter which is located on the epithelium cell
membrane (Rivas et al., 2008). This transporter was found in many organs including the kidney
and mammary gland. Besides, the effect of this supplement on plasma electrolytes and body fluid
had been reported in rats, sheep, and humans (Sakurai et al., 1997; Dubick et al., 2005; Rizzo et
al., 2016). Even though Asc is an acid, the high dose supplement did not alter blood gas
parameters including blood pH, PCO,, and blood HCO; of healthy humans (Chen et al., 2022).
Regarding the cellular response, the Asc supplement directly depleted ROS and MDA in cells,

organs, and plasma (Matsuda et al., 1993; Dubick et al., 2005; Muthuvel et al., 2006; Koc et al.,
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2008; Sun et al., 2019). With a decreased MDA, the GPx activity in the organ was altered when
the rat was supplemented with Asc (Muthuvel et al., 2006; Koc et al., 2008). Indeed, the study in
rats and cows showed that the mammary gland oxidative stress could alter the plasma (systemic)
oxidative stress (Eslami et al., 2015; Nedic et al., 2019). These observations suggested that there
might be a link between systemic and organ oxidative stress including mammary gland while the

high dose Asc supplement might alter this link in the presence of HTa.

Figure 1 Conceptual framework

‘ Mild to moderate Heat stress

T
+ P T
i
i
i
High DCAD ]
i
b+ 2 ? !
----------- SRS | [ Ascorbic Acid_|--=-»!
I vl i
_ I i I 9
+ + e = i P
L \4 3 \ vy v :
Decreased Electrolyte Acid — base Antioxidant !
DMI imbalance imbalance depletion |
I ] 1 i
9 i i
[ = i .
i i PPP
i i
i i 1
i i i
- - | :
i i 1?
i i i
i i i
v A\ s

_»{ MEC function : Lactose synthesis




15

CHAPTER III

MATERIALS AND METHODS

This current study planned to investigate whether the mammary gland function could be
changed when the acid-base imbalance, electrolyte imbalance, and oxidative stress are
compromised in the presence of HTa. To investigate these objectives, high DCAD and high dose
Asc were supplemented to dairy goat during the summer seasons (March-July). However, the
protocol of Asc injection is not available in goats and the used protocol in dairy cows needs to be
tested. Then, this current study was separated into two main experiments. The first experiment
aimed to test the effect of high dose Asc on blood gas, blood electrolytes, and systemic
antioxidants of non-lactating goats. The second experiment aimed to investigate the effect of high
DCAD and high dose Asc on acid-base balance, electrolyte balance, oxidative stress, and
mammary gland function. The previous study in dairy ruminants showed that the effect of DCAD
was observed after 4 weeks of the supplementation while the negative effect of HTa was
prominently compromised after 8 weeks of the DCAD supplement. According to these
observations, the second experiment lasted for 8 weeks, and the sample collection was carried out

on both the 4" and 8

® week of the experiment. The data from the 4" week was used to monitor the

effect of DCAD while the 8" week was used to investigate the main hypothesis of the current
study.

Experiment 1: The effects of the ascorbic acid administration on electrolyte balance, acid-
base balance, and antioxidant capacity of non-lactating goats

The first experiment was planned to investigate the effect of Asc on 1) blood electrolytes,
2) blood gas parameters, and 3) systemic oxidative stress of dairy goat. In this experiment, non-
lactating dairy goats were included to minimize the interference of lactation. We hypothesized
that the Asc supplement could affect these three parameters during the daytime HTa.

Animals

The six non-lactating dairy goats (n = 6) were included in this experiment and were fed
in one big cage (5 x 4 m. shaped pens opened top with the plastic floor). The concentrate was fed

to goats twice a day while pangola hay and water were fed ad libitum in the cage.
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Experiment protocol

The first experiment consisted of 9 days which had two periods. The first seven days of
this period were used for acclimatization and the last two were used for the experiment. On the 8"
and 9" day of this experiment, all goats were intravenously injected with vehicle and Asc
according to supplement protocol (Figure 2). Besides, the Ta, RH, THI, Tr, and RR were
measured at 0600, 1300, and 1800 during day 8" and 9" of the experiment.

Supplement and sample collection protocol.

The Asc (45 mg/kg body weight (BW)) was intravenously injected into the jugular vein
at 0800 and 1300 while an equal volume was applied to the vehicle. Blood samples (5 ml) were
collected from the jugular vein at 1500 on both sampling days (Figure 3). Blood sample was then
separated into three parts to measure blood gas parameters, to harvest plasma, and red blood cell
lysate. The protocol of separation was detailed in the blood collection procedure. Both plasma
samples and red blood cell lysate were used for GPx activity and MDA measurement while the

cortisol level was measured using a plasma sample.

Acclimatization period Vehicle Asc

D1 D2 D3 D4 D5 D6 D7 D8 D9

Figure 2 Experimental design of the first experiment.

Experimental day Sample collection
Time
D8 D9 (D8 & DY)
0800 Vehicle Ascorbic acid -
1300 Vehicle Ascorbic acid -
1500 - - Blood (5 ml)

Figure 3 Experimental procedure of 8" and 9" day of the first experiment.
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Experiment 2: The effect of high DCAD and high dose ascorbic acid on mammary gland
function.

The second experiment was planned to investigate the effect of high DCAD and Asc on
the acid-base balance, electrolyte balance, and antioxidant capacity of lactating goats fed under
HTa of the summer season. The second experiment lasted for 8 weeks, and the sample collection
was carried out during both the 4" and 8" week of the experiment. The data from the 4" week was
used to monitor the effect of DCAD while the 8" week was used to investigate the main
hypothesis of the current study.

Animals

Twelve early lactating Saanen goats (n = 12) aged 3 years were included in this study and
all goats were at second lactation. After parturition, all goats were fed in individual pens
(90 x 200 c¢cm) and were milked in the milking barn twice a day at 0600 and 1400. The
concentrate was individually fed to goats twice a day after milking. The total amount of
concentrate was calculated based on the MY, while water and pangola hay were individually

provided ad libitum.
Experiment protocol

After the first two weeks of postpartum, all goats were randomly assigned into two
groups, control group (n = 6) and the DCAD group (n = 6), where dairy goats were fed with a
control and a high DCAD diet for 8 weeks. The Ta, RH, THI, Tr, and RR were measured three
times a day while the concentrate intake, roughage intake, DMI, and WI were measured daily.
These parameters were weekly averaged and used to evaluate the effect of DCAD (Figure 4). On
the 4™ and 8" week of the experimental period, the protocol of Asc supplement was applied on the
last two days (45 mg/kg BW, (Chaiyowittayakun et al., 2002)), while both blood and urine
samples were collected at 1500 to measure blood gas analysis, plasma cortisol, plasma electrolyte,
and renal function (Figures 5 and 6). The blood gas and plasma electrolyte were including pH,
PCO,, HCO,, glucose, Hct, plasma Na, plasma K, and plasma Cl. Regarding renal function, the
plasma creatinine, blood urea nitrogen (BUN), endogenous creatinine clearance, net acid

excretion (NAE), and fractional excretion of electrolytes were included. Besides, the plasma GPx
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activity, plasma MDA, and Milk compositions were additionally measured on the 8" week of the

experimental period.
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Figure 4 Experimental design of the second experiment
| Experimental Day |
4—‘ DMLWI, RR, Tr, Ta, RH, THI l I Vehicle H Asc |"
&3 : | [ :
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i o Control diet I —I Blood / Urine sample |>
D1 D2 D3 D4 Ds D6 D7

Figure 5 Experimental procedure in 4" and 8" week of experimental periods (ZM experiment).

Experimental day Sample collection
Time
D6 D7 (D6 & D7)
0800 Vehicle Ascorbic acid -
1300 Vehicle Ascorbic acid -
1500 - - Blood (5 ml ) / Urine

Figure 6 The procedure of the experimental day (Z"d experiment)
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Feeding protocol

Sodium bicarbonate (NaHCO,) and potassium carbonate (K,CO,) were mixed with the
concentrate mixture to make a high DCAD diet. The percentage of NaHCO, and K,CO; in the
high DCAD diet were 0.62 and 1.24 g/100g DM, respectively while the control diet was a
concentrate mixture without supplements. The total amount of concentrated was calculated based
on the MY, while water and pangola hay were individually provided ad libitum. The chemical
compositions of both pangolar and concentrate were presented in tablel. The DCAD level in
control and DCAD group were calculated based on the average hay intake and average
concentrate intake of dairy goat during the 4" and 8" week of experiment. The calculated DCAD
level in the diet of control and DCAD group were +15 and +40 milliequivalent per 100 DM

(Figure 7).
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Table I The chemical composition of diet

Concentrate

Feed composition (%)

Hay Control DCAD
Dry matter 92.68 91.26 87.76
Protein 4.2 16.1 15.5
Crude Fat 1.0 3.9 2.6
NDF 78.9 - -
ADF 48.4 - -
Ash ) 7.1 7.1
Ca 0.8 1.2 1.4
P 0.1 0.5 0.6
Na 14 1 13
K 36 32 57
Cl 9 15 17
S 12 12 8
pcaD!

29 6 45
(mEq/100g DM)

+

DCAD in milliequivalents of (Na+K) - (S+C1)/ 100 g of DM.

DCAD, dietary cation anion difference
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Figure 7 The calculated total DCAD level in the diet of the control and DCAD group
Note: Estimated DCAD level = (% DMI of Hay x DCAD level in Hay) + (% DMI of Concentrate

x DCAD level in Concentrate)

Sample collection and measurements

Feed sample collection

Feed samples were collected for five consecutive days before the experiment day. Both
concentrate and roughage were subsampled in the morning and stored at -20°C. Then, all samples
were pooled to analyze feed composition.

Blood collection procedure

On both experimental days, blood samples (5 ml) were collected from the jugular vein in
the afternoon (1500) and were separated into two parts. The first part was used to measure pH,
PCO,, HCO,, and Hct by using an iSTAT blood gas analyzer (Abbott, New Jersey, USA) within
30 min of collection time. To obtain this part, blood was drawn using a 1 mL heparinized syringe
with a cap and placed on crushed ice until analysis. The second part contained 4 mL blood stored
in a lithium-heparin blood tube and this part was centrifuged at 1200 x g (4°C, 10 minutes) to

harvest the plasma. To harvest red blood lysate, the blood sample (1 ml) of the second part was
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washed three times with isotonic normal saline and subsequently lysed with sterile water. These
samples including plasma and erythrocyte lysate were aliquoted and stored at — 80°C.

Urine collection procedure

Urine samples were collected via foley catheter connected to a urine collection bag
(Figure 8). This urine bag was filled with liquid paraffin to preserve anaerobic condition during
0600-1500. To collect urine samples from the urine bag, urine was poured into a plastic bottle
and weighed to determine the urine volume. The urine sample (250 ml) was aliquoted to the
transfer bottle which was previously filled with mineral oil. Transfer bottles were placed on ice
and transported to the laboratory within 30 minutes. The urine pH was measured using a pH
meter (Digicon PH-218, Sangchai Meter Co. Ltd., Thailand) and the sample was stored at — 20 °C
for further analysis. These samples were used to measure the urine electrolyte, creatinine, and
NAE.

Milk sample collection

To study the effect of daytime HTa on milk production, the yield of milk during the
afternoon (0600-1400) was individually weighted and the yield of each composition was
calculated based on afternoon milk yield. A milk sample (50 ml) was collected from each goat,
and it was aliquoted into 2 plastic bottles and stored at -20°C until analysis. The first bottle was
used for milk composition analysis by Milko Scan (FT2; Foss, Hilleroed, Denmark) and the
parameters were fat, protein, lactose, citrate, and FFA. The yield of compositions was calculated
using the 8-hr milk volume and this volume was used to calculate the 4% fat corrected milk
(4%FCM; 8hr, 0600 -1400) based on the dairy goat formula (Mavrogenis and Papachristoforou,
1988). Milk from the second bottle was centrifuged at 300 x g, 4°C (Thermo Sorvall Legend XTR
refrigerated centrifuge; Thermo Scientific, Osterode am Harz, Germany) for 10 minutes to obtain
skim milk. Then, the skim milk was deproteinized by adding 6 N HCL and centrifuged for 5
minutes at 10,000 x g, 4°C. After discarding the pellet, the sample was neutralized by 6 N NaOH
and centrifuged again for 5 minutes at 10,000 x g 4°C. The supernatant from this step was used

for both glucose and G6P measurement.
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Figure 8 The urine collection equipment with goat harness

Measurement of climate

The environmental temperature and relative humidity were recorded daily. The
environment temperature was measured by the wet and dry bulb at 0600, 1300, and 1800 for the
whole period. The temperature of the dry bulb is an environmental temperature while the relative
humidity was calculated based on the difference between wet and dry bulb temperature. Then,

THI was calculated based on the following equation (NRC, 1971).
THI=((Ty+ T,,) *0.72) +40.6
Where: T, = dry bulb temperature

T, = wetbulb temperature
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Measurement of HTa response

The HTa effect on physiological responses including Tr, RR, DMI, and WI was
measured daily during the 4™ and 8" week of experimental periods, and these were weekly
averaged to monitor the effect of DCAD. The thermometer (digital clinical thermometer C202,
Terumo, Tokyo, Japan) was placed against the rectum wall for 1 minute to measure Tr while the
RR was measured by counting the movement of the chest. These parameters were measured at
0600, 1300, and 1800. To determine feed intake and WI, the weight of feed and water was
subtracted by the weight of refusal. The value of DMI was calculated based on the dry matter

feed.

Measurement of blood gas parameters and blood metabolites

The blood gas parameters include pH, PCO,, HCO,, glucose, and Hct using an iSTAT
blood gas analyzer with an EG8+ iSTAT cartridge (Abbott, New Jersey, USA). Both creatinine
and BUN were measured by using an automated analyzer (Mindray BS-800, Shenzhen Mindray
Bio-Medical Electronics Co., Ltd., Shenzhen, China) while the plasma electrolytes including Na,
K, and Cl were measured using a flame photometer (Flame photometer 410C, Ciba Corning Inc.,
Phoenix, AZ, USA) and a chlorimeter (chloride 925, Ciba Corning Inc., Phoenix, AZ, USA).
Lastly, both plasma osmolarity and anion gap were calculated based on the following formulas

(Stevens et al. 1994).

Osmolarity = 1.86 x [Na' + K'] + [Glucose/18] + [BUN/2.8]

Anion gap =[Na +K']— [HCO, +CI]

Measurement of plasma cortisol concentration

The cortisol concentration was measured using an enzyme-linked immunosorbent assay
(ELIZA) kit (CBS-E18048G, CUSABIO, Houston, USA). In principle, the plasma cortisol
competed with the pre-coated antigen and the strong reaction indicated a lower amount of plasma
cortisol. To measure cortisol, 50 pL of each standard and sample were mixed with an equal
amount of antibody in wells. This mixture was incubated at 37°C for 40 minutes and the wells

were washed three times using a washing buffer. To visualize, HRP-conjugated (100 pL) was
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added to each well and the reaction was incubated again at 37°C for 40 minutes. The second
washing step was repeated as a previous protocol. Then, 90 uL of a substrate (TMB) was added
and incubated at 37°C for 20 minutes. Lastly, the reaction was ended by adding a stop solution
and the optical density of each reaction was determined by a spectrophotometer at 450 nm.
Measurement of creatinine clearance
The creatinine clearance of lactating goats was calculated based on the urine volume,
plasma, and urine creatinine concentration. The concentration of creatinine in both urine and
plasma samples was determined by an automated analyzer (Mindray BS-800, Shenzhen Mindray
Bio-Medical Electronics Co., Ltd., Shenzhen, China). Then, the endogenous creatinine clearance
was calculated using the following equation (Do Nguyen et al., 2022).
Equation: Creatinine clearance = (U_x V) /P,
Where; U_= Urinary creatinine concentration (mmol/L)
P_= Plasma creatinine concentration (mmol/L)
V = Urine volume (ml/min)

Measurement of fraction excretion

The fractional excretion (FE) was calculated using the concentration of electrolytes and
creatinine in both urine and blood sample. The concentration of potassium and sodium in urine
was measured by a flame photometer (Flame photometer 410C, Ciba Corning Inc., USA). The
chloride and creatinine were determined by a chlorimeter (Chloride 925, Ciba Corning Inc., USA)
and an automated analyzer (Mindray BS-800, Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd., Shenzhen, China). Then, FE of sodium, potassium, and chloride were calculated based on
the following equations (Do Nguyen et al., 2022).

Equation 1: FE,(%) = [(Uy, x P_) / (Py, x U_)] x 100

Equation 2: FE (%) = [(Uy x P_) / (P, x U_)] x 100

Equation 3: FE_ (%) = [(Ug, x P_) / (P, x U_)] x 100

Where; U,,= Urinary sodium concentration
U, = Urinary potassium concentration

U= Urinary chloride concentration
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U_= Urinary creatinine concentration
P, = Plasma sodium concentration
P, = Plasma potassium concentration
P.= Plasma chloride concentration

P = Plasma creatinine concentration
Unit of both P, , U, ; mmol/L

Measurement of urinary acid excretion

The acid excretion was determined by the concentration of titratable acid, and
ammonium. The urine sample (1 ml) was mixed with 0.1 N HCL and boiled in water for 2 min to
remove CO,. This mixture was titrated by 0.1 N NaOH to pH 7.4 at 37°C. while the blank
(distilled water) was repeated with the same procedure. The volume of NaOH used for the sample
was subtracted from the blank and its result was a titratable acid (TA). The titrated sample was
further added with 1 ml of 8% formaldehyde and was titrated again by NaOH. Again, all
procedure was repeated with the blank as the control. The difference in the volume of NaOH
between the sample and the blank was acid excretion. TA was subtracted by acid excretion to
calculate a concentration of ammonium excretion (NH,). Then, the concentration of TA and NH,
was calculated as the following equation while the summation of these values was a net acid

excretion (NAE) (Chan, 1972).

Concentration (mmol/L) = d V,; * 0.1 N NaOH mol/L x mmol/Eq.
NAE (mEq /day) = (U y,, ¥ V) + (U, X V)
Where: d Vo = difference in a volume of NaOH between sample and blank
U,y = concentration of NH,"
Usa = concentration of titratable acid
A% = urine volume (8-hour)

Measurement of malondialdehyde concentration

MDA is a product of lipid peroxidation which is an oxidative stress marker. The

concentration of MDA was determined using a colorimetric assay (ab118970, Abcam, Oregon,
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USA). The high plasma MDA formed a high level of colored product (MDA-Thiobarbituric acid
adduct) which was measured by a spectrophotometer. The sample (20 pL) was mixed with 500
pL of 42 nM H,SO, and 125 pL of the phosphotungstic acid solution. This solution was mixed
using vertex and incubated at room temperature for 5 minutes. To separate pellets, this mixture
was centrifuged at 10,000 rpm for 3 minutes and the harvested pellets were suspended with 100
pL ddH,0. The volume of suspension was adjusted to 200 pL by ddH,O. The 200 uL of the
prepared sample was mixed again with 600 uL of TBA reagent in a microcentrifuge tube. This
mixture was incubated at 95°C for 60 minutes and cooled with an ice bath for 10 minutes. The
change of color was measured by a spectrophotometer at 532 nm.

Measurement of Glutathione peroxidase activity

The activity of GPx was determined by colorimetric assay (ab102530, Abcam, Oregon,
USA). In principle, the GPx reduces ROS and oxidized glutathione. This oxidized glutathione is
then reduced by glutathione reductase and NADPH. These reactions could be visualized by
measurement of the depleted NADPH. Briefly, 50 uL of the sample was mixed with 40 pL of the
reaction mixture. This reaction mixture consisted of 33 uL assay buffer, 3 uL. 40 mM NADPH
solution, 2 pL glutathione reductase solution, and 2 pL glutathione solution. The reaction was
incubated at room temperature for 15 minutes and the cumene hydroperoxide solution was added.
The first absorbance (A1) of the reaction was read at 340 nm and the same reaction was incubated
again at room temperature for 5 minutes. The second absorbance (A2) was measured at 340 nm.
The GPx activity was stepwise calculated as the following equation and the reduction rate of the

substrate of this kit represented this enzyme activity.

Equation 1: AA340 nm = ((sample Al - sampleA2) — (blank Al — blank A2))
Equation 2: B (nmol) = (AA340 nm — intercepts) / slope
Equation 3: GPx activity (nmol/minute/ml) =[ B / ((T1-T2) x V)] x D
Where: A= Absorbance
B = NADPH amount that was decreased between T1 and T2 (nmol)
T1 = Time of first reading (A1, minutes)

T2 = Time of second reading (A2, minutes)
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V = Pretreated sample volume added into the reaction well (ml)
D = Sample dilution factor

Measurement of glucose concentration

The concentration of glucose was measured by colorimetric assay (EnzyChromTM
Glucose assay kits (EBGL-100); BioAssay System, Hayward, USA). In principle, free glucose
was changed to D-gluconate and hydrogen peroxide by glucose oxidase. Then, the reaction
between hydrogen peroxide and peroxidase reagent turned substrates into quinonimine dye. In
brief, 20 uL of standards and samples were added into separate wells. The reaction buffer (80 pL)
which consists of assay buffer, enzyme mix, and dye reagent was added into well and incubated at
room temperature for 30 minutes. The developed color was measured by spectrophotometer at

570 nm and the glucose concentration was calculated as this equation.

Equation: Glucose (uM) = [(A - A / slope (uM)] x N

sample
Where; A = Absorbance
N = Sample dilution factor

Measurement of glucose-6-phosphate concentration

The concentration of G6P was determined by colorimetric assay (EnzyChromTM
Glucose-6-Phosphate assay kit (EG6P-100); BioAssay System, Hayward, USA). In principle,
GOP reacts with GOP dehydrogenase and forms NADPH. The produced NADPH was coupled
with formazan (WST8) chromogen and this colored product was measured by spectrophotometer
at 460 nm. The milk serum sample (20 uL) was mixed with a working reaction (80 pL) in a well.
This working reaction consisted of assay buffer, NADP/WSTS, enzyme A, and enzyme B. After
mixing, this reaction was incubated at room temperature for 20 minutes and this incubation was
protected from the light. Then, the absorbance was measured at 460 nm and the concentration of

G6P was calculated based on the following equation.

Equation: G6P (uM) = [(A - Agn) / slope (UM)] X N

sample

Where; A = Absorbance

N = Sample dilution factor
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Measurement of DCAD level of diet

The DCAD level was calculated based on the milliequivalent of Na, K, Cl, and sulfate in
both concentrate and pangola hay. The total amount of each element in the concentrate mixture,
pangola hay was used to calculate the milliequivalent per each 100 g dry matter (DM). The
calculation of the milliequivalent of each element per 100 g of DM was based on the following
equation.

Milliequivalent (mEq) / 100 g DM = [(grams x Valence) x 1000 / (g atomic weight)]

Statistical analysis

The result presented in mean + standard error. THI, DMI, WI, RR, and Tr reported as a
weekly mean. All data were statistically analyzed by GraphPad Prism 8. In the first experiment,
the effect of high dose Asc supplement on RR and Tr during the daytime were analyzed with
repeated measure two-way analysis of variance while the effect of this supplement on blood gas
parameters, plasma electrolyte, plasma oxidative stress, and cortisol in the afternoon was tested
by student’s paired t-test. To evaluate the effect of DCAD on HTa response, the RR and Tr during
the daytime were tested with repeated measure two-way analysis of variance while the effect of
this supplement on DMI and WI was tested by student’s t-test. Then, the effect of both high
DCAD and high dose Asc supplement on blood gas, plasma electrolytes, plasm oxidative stress,
renal function, MY, and milk composition in the afternoon was analyzed by repeated measure
two-way analysis of variance. The Dunnett’s test was used for post-hoc analysis of RR and Tr
while other parameters were tested with Bonferroni test. The significance was declared at

P value < 0.05.
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CHAPTER IV

RESULTS

Experiment 1: The effect of high dose Asc supplement on HTa responses, plasma oxidative
stress, plasma electrolytes, and plasma cortisol of non-lactating dairy goats.
1.1 Ambient condition and the effect of high dose Asc supplement on RR and Tr during daytime
HTa

On the vehicle-supplemented day, Ta, RH, and THI in the morning (0600) were 24°C, 92%,
and 73, while these parameters in the afternoon (1300) were 32°C, 70%, and 82. In the evening
(1800) of this day, Ta, RH, and THI were 33°C, 68%, and 85. On the Asc supplemented day, Ta
at 0600, 1300, and 1800 was 26°C, 36°C, and 38°C while the RH was 92%, 59%, and 34%. The
calculated THI of this day at 0600, 1300, and 1800 were 73, 82, and 85, respectively. In terms of
HTa response, HTa significantly affected both Tr and RR while the high dose Asc supplement did
not affect these parameters (Figure 9 and 10). Both Tr and RR at 1300 and 1800 were

significantly higher when compared to 0600.

1.2 The effect of high dose Asc supplements on blood gas parameters, serum chemistries, plasma
electrolytes, plasma, and red blood cell lysate oxidative stress.

According to the results, the high dose supplement did not affect most of parameters but the
PCO, was affected by this supplement (Table 2). These unaffected parameters were blood pH,
blood HCO,, anion gap, plasm sodium, plasma potassium, BUN, blood glucose, Hct, and plasma
cortisol level (Table 2 and 3). Interestingly, this high dose Asc supplement tended to affect the
plasma Cl and Hct (Table 3). Both PCO, and Hct were decreased while plasma chloride
concentration was increased by the high dose Asc supplement. However, the high dose of the
antioxidant Asc supplement did not significantly change GPx activity and MDA level in both

plasma and red blood cell lysate (Table 4).
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Figure 9 The effect of high dose Asc on Tr of non-lactating dairy goat during the daytime HTa.

Note: The open and close square indicated the vehicle and Asc supplemented groups,

respectively. * The significant difference in Tr compared to morning time point (0600, P<0.05).
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Figure 10 The effect of high dose Asc on RR of non-lactating dairy goat during the daytime HTa.

Note: The open and close square indicated the vehicle and Asc supplemented groups,

respectively. * The significant difference in RR compared to morning time point (0600, P<0.05).

Table 2 The average blood gas parameters of the first experiment

Treatment
Items P-Value
Vehicle Asc
pH 7.4440.01 7.46+0.01 0.238
HCO, (mmol/L) 26+0.9 254+0.7 0.362
PCO, (mmHg) 39+1.4 35+0.8 0.024

Anion Gap (mmol/L) 30+4.7 2543 0.298
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Table 3 The averaged plasma electrolytes and blood chemistries of the first experiment.

Treatment
Items P-Value
Vehicle Asc

Sodium (mmol/L) 150£2.8 148+2.1 0.695
Potassium (mmol/L) 4.240.14 4.1+0.15 0.382
Chloride (mmol/L) 97+2.6 103£0.8 0.079
BUN (mg/dL) 12+1.01 10£0.52 0.108
Blood Glucose (mg/dL) 73£1.6 74+2.2 0.788
Osmolarity (mOsm/kg) 294+5.4 291+4.4 0.605
Het (%) 21+0.7 19.3+0.3 0.076
Cortisol (ng/mL) 92+24.5 101.3+18.6 0.522

Table 4 The average GPx activity and MDA in plasma and red blood cell of the first experiment.

Treatment
Items P-Value
Vehicle Asc
Plasma oxidative stress
o  GPx activity
130.69+9.91 131.26+8.03 0.949
(nmol/min/ml)
e MDA (nmol/ml) 19.63+1.01 19.98+0.71 0.636
RBC lysate oxidative stress
o  GPx activity
11.79+0.52 14.39+1.93 0.146

(nmol/min/Hct)

¢ MDA (nmol/gHb) 0.2540.04 0.2540.01 0.933
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Experiment 2: The effect of high DCAD and high dose Asc supplement on HTa response,
plasma oxidative stress, acid-base balance, electrolyte balance, and mammary gland
function

2.1 Ambient conditions and the effect of high DCAD on HTa response

On the 4" week of the experimental period, the average Ta and THI were increased while
the RH was decreased during the daytime (Table 5). The highest Ta was observed at 1300 and the
difference in Ta (ATa) between the morning (0600) and afternoon (1300) was 10°C. An
increased Ta significantly affected both Tr and RR of lactating goats by this week. These
parameters at 1300 and 1800 were significantly higher when compared to those parameters at
0600 (Figure 11 and 13). Regarding DCAD, this supplement did not affect the HTa response
excluding RR (Table 6, Figure 11 and 13). The RR of the DCAD group at 1300 was higher when
compared to the control group at the same time.

On the 8" week of the experimental period, the changing pattern of Ta, RH, and THI
during the daytime was similar to the ambient condition of the 4" week of the experimental
period. Again, the highest Ta was observed at 1300 and ATa was 7°C. During the daytime, an
increased Ta did affect both Tr and RR. Like the 4" week of experimental period, these
parameters at 1300 and 1800 were significantly higher when compared to morning (0600; Figure
12 and 14). However, the effect of DCAD on RR and other HTa responses was not observed on

th

the 8" week of the experimental period (Table 6, Figure 12, and 14).
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Table 5 The average Ta, RH, and THI of the 4" and 8" week of the second experimental period.

Time of the day
0600 1300 1800

4" week of the experimental period

Ta (°C) 25+0.5 35+0.6 34+0.9

RH (%) 92+0.9 62+0.5 66+3.1

THI 76+0.7 87+0.8 85+0.8
8" week of the experimental period

Ta (°C) 25+0.3 32+1.0 31+0.7

RH (%) 91+0.5 70+2.2 74+2.0

THI 76+0.4 83+1.1 83+0.7
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Figure 11 The effect of DCAD on Tr during the daytime HTa of 4" week of second experimental
period.

Note: The open and close square indicated the control and DCAD groups, respectively.

* The significant difference in Tr compared to morning time point (0600, P<0.05).
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Figure 12 The effect of DCAD on Tr during the daytime HTa of 8" week of second experimental

period.

Note: The open and close square indicated the control and DCAD groups, respectively.

* The significant difference in Tr compared to morning time point (0600, P<0.05).
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Figure 13 The effect of DCAD on RR during the daytime HTa of 4" week of second experimental

period.
Note: The open and close square indicated the control and DCAD groups, respectively.
* The significant different RR when compared to morning time point (0600, P<0.05). # This

indicates the significant difference between DCAD and control group at each time point.
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Figure 14 The effect of DCAD on RR during the daytime HTa of the 8" week of second
experimental period.
Note: The open and close square indicated the control and DCAD groups, respectively.

* The significant different RR when compared to morning time point (0600, P<0.05).
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Table 6 The effect of DCAD on average concentrate intake, roughage intake, dry matter intake,

and water intake of the 4" and 8" week of the second experimental period.

Treatment
Items P-Value
Control DCAD

4" week of the experimental period

Concentrate Intake (%0kgBW) 2.0+0.2 2.240.3 0.641
Roughage Intake (%kgBW) 1.2+0.2 1.3£0.1 0.820
DMI (%kgBW) 3.3+0.3 3.5+0.2 0.615
WI (ml/kgBW) 164.0+£20.4 157.5+17.6 0.812
8" week of the experimental period

Concentrate Intake (%kgBW) 2.0+0.3 2.1+0.2 0.629
Roughage Intake (%kgBW) 1.3£0.1 1.540.1 0.335
DMI (%kgBW) 3.3+£0.3 3.6+0.2 0.454

WI (ml/kgBW) 132.5+£26.7 131.4£16.9 0.975
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2.2 The effect of high DCAD and high dose Asc supplement on acid-base balance

On the 4" week of the experimental period, blood pH was significantly affected by a high
DCAD supplement, and this supplement tended to affect blood HCO, (Table 7). Both blood pH
and HCO, of the DCAD group were higher than the control group, while other blood gas
parameters were not changed. Regarding Asc, blood gas parameters were not affected but the
high dose Asc supplement tended to affect urine pH (Table 7).

On the 8" week of the experimental period, the significant effect of DCAD was no longer
observed on blood gas parameters but it tended to affect the urine pH (Table 7). The presence of
high DCAD increased the urine pH. In contrast, the high dose Asc supplement significantly
affected urine pH (Table 7), and the presence of high dose Asc decreased urine pH. Moreover,
there was an interaction effect on urine pH where the lowest urine pH was founded in the Asc-
treated control group. The percentage reduction of urine pH by Asc was in line with the

interaction effect where the higher reduction was founded in the control group (Figure 15).
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Figure 15 The effect of DCAD on % reduction of urine pH by high dose Asc supplement of 4"
and 8" week of second experimental period.

Note: White and black bar indicated the control and DCAD groups, respectively.
# The significant difference between control and DCAD which was determined using Student’s t-

test (P<0.05).
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2.3 The effect of high DCAD and high Asc supplement on electrolyte balance and renal function

On the 4" week of the experimental period, a high DCAD supplement had no effect on
plasma electrolyte and serum chemistries while the high dose Asc supplement did significantly
affect the anion gap and blood glucose (Table 8). The anion gap of Asc treated group was
significantly higher than the vehicle treated group, while the blood glucose of Asc was
significantly lower when compared to the vehicle treated group. Regarding renal function, high
DCAD significantly affected TA and NAE, where the parameters of DCAD groups were lower
than the control group (Table 10). With Asc, the high dose supplement did significantly affect the
urine volume, TA, and NAE. These parameters of the Asc-treated group were higher than the
vehicle treated group and there was an interaction effect between these supplements on TA and

NAE (Table 10).

On the 8" week of the experimental period, a significant effect of DCAD was only found
on BUN where this parameter of the DCAD group was lower than the control group (Table 9).
With Asc, the high dose supplement did affect the plasma creatinine, and Hct (Table 9). These
parameters were lower in the Asc-treated group when compared to the vehicle-treated group. The
interaction of both supplements did significantly affect the creatinine (Table 9). The high dose
Asc did decrease plasma creatinine in both the control and DCAD groups, but this effect was
more pronounced in the presence of high DCAD supplement. In terms of renal function, the high
DCAD supplement significantly affected FE,, FE,, TA, and NAE while the effect of high dose
Asc supplement was found on urine volume, creatine clearance, FE,, TA, NH,, and NAE (Table
11). With high DCAD supplement, FE,, and FE, were higher than the control group, while both
TA and NAE in the DCAD group were lower when compared to the control group. In contrast,
the high dose Asc supplement did increase TA, NH, and NAE, while this supplement decreased
FE,. Besides, both urine volume and creatinine clearance were higher in the Asc-treated group
when compared to the vehicle-treated group. There was no interaction effect on renal function

(Table 11).
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2.4 The effect of high DCAD and high Asc supplement on plasma oxidative stress, plasma
cortisol, and mammary gland function.

On the 8" week of the experimental period, the GPx activity tended to be affected by the
high DCAD supplement while the other parameters were not affected by this supplement (Table
12). Regarding the Asc effect, the high dose supplement did significantly affect the plasma GPx
activity and MDA level (Table 12). These parameters were decreased when dairy goats were
supplemented with high dose Asc, while the effect of interaction was found on the plasma MDA
level. The plasma MDA of the Asc-treated DCAD group was the lowest concentration when
compared to vehicle-treated control, Asc-treated control, and vehicle-treated DCAD group. The
% reduction of plasma MDA level by Asc supplement was in line with the interaction effect and
the significantly higher % reduction was found in the DCAD group (Figure 16). In terms of
mammary gland function, the high dose DCAD supplement did not affect these parameters while
the high dose Asc supplement did significantly affect the concentration of milk protein, citrate,
and FFA (Table 13). The concentration of protein and citrate were higher in the Asc-treated group
when compared to the vehicle-treated group. In contrast, FFA concentration of the Asc-treated
group was lower than the vehicle-treated group. Even though these compositions were affected,
only the yield of citrate and FFA were significantly changed by the high dose Asc supplement

(Table 14). These results were in line with the effect of Asc on concentration (Table 14).



12940 €660 LT60 €8E 9VL 609 6'¢9 8'GL €69 ¥'89 8°L9 869 (Tw/3u) [0snI0)

200 vI00 €0 1T Tl 6Sl vel Le€l TT vl €l 9'¢l  (Jwyjowu) VAW

q 13 qe 13 q 13
(Jwy/utwy/jowu)
080 €000 900 80TCc 8¢l SLI (28! 144! @mﬁ 081 9¢1 8CI
KJIATIOR XdD
IYyxdvOd SV dvOd IWAS oSV JPIYIA osY S[9IYIA
oSy SPIYIA  AVOd  [oHuo)
IN[BA-d avoda [onuoy
‘poriad

[pIUdUILIDAXD PUOIAS Y] JO YoM 9 DY) UO [2AD] [0S11.100 pup SSa.4is aanpprxo vuisvd uo yjuswajddns osy asop y3ry puv qrF I Y31y fo 10aff2 oy 7T 21qv]

Yy



0Z1'0  ¥S8°0 68L0 00 TS0 SSO €50  0SO TS0 50 £€5°0 IS0 (S8/3Y) NOA%Y
L6'0 170 €80 +vv6c 981  OLT T8I 991 81 891 8LI VL1 (W) d9O
LT0 SI'0 190 €IVl S6 6L w 0L €8 bl L8 1L (M) 9soontn
670 100 S0 00 99L0 €880 €150 8950 690  9TLO T80  I¥SO  (joww)ydd
LS0 100 820 100 OI1'0 8600 €€I0 STl ,TT0  TIIO %010 6T1°0 (%) OrenI)
b0 €80 680 900 9Ty vTY €T STY  vT¥ vTp ST vTy (%) 2s030e
68°0 100 9¢0 SO0 L9T 19T pLT 89T  OLT  ¥9T 49T 1L'T (%) UI9101g
120 wo €90 LTO I8Y SOS €LY 89t  LLY 98'f €6y 0Ly (%) e
IV xAVOA oY avoa WNdS o8y SO A oY S[PIPA
0y  9PIPA  AvVOd  [0nuo)
aneA-d avoa [o1uoD

‘poriad pjusuiiiadxa puodas ayj fo yoom S 2N Jo uoyisoduioo yjiu uo yuawajddns osy asop y3iy puv ¥ Y31y Jo 10affa a2y €] 2]qv]

IS



€80 8I'0  €L0 0¢vl I6 ¥8 98 9L 88 08 L3 18 (town) 495

420 €ero  8¥0  0CT6 61 6¢ [43 0¢ I 9 144 [43 (1oun) ssoonyH
0ro €00 8I'0 ¥0'0 8CEO 98¢0  LYCTO  LSTO n_wwm.o LECt0 86€°0 ¢sTo (Joww) VA
660 00 S90 900 950 0S50 19°0 1224 850 pim.o L1G°0 £€86°0 (3) arenid
9¢0 Ly0O 680 OFI 9C0C O0v0C ¢€£0C veol 6C0C 9861 ££0¢C €86l (8) asopoe]
60 610 860 <¢60 6S9CI PpScl II'€l 91Tl 88°CI LETI 09°Cl1 SoCl (8) urj01d
L00 ¢80 CLO0 961 <COTC 9L¢C Tl 860C £CCe 8¢°CC ¢6'CC 69°1¢C (3)1eq

IYxAVOA OV dvOod IS SV 9PIYsA sy I[OIYIA

oSy 9IPA  QvOd  [onuo)
anfeA-d avod [o1u0))

‘potiad pjusuiiiadxa puodas ayj fo yoom S 2 Jo uoyisoduioo pjaid uo juawayddns osy asop y3ry puv qr I Y31y 0 102ffo oy #] 2]9v]



53

N

<

()
)

% reduction of plasma MDA

o ) —_ —

e o < e <

o =) o o o
1

0O Control
mDCAD

-40.0
8-wk

Figure 16 The effect of DCAD on % reduction of plasma MDA by high dose Asc supplement on
8" week of second experimental period.
Note: The white and black bar indicated the control and DCAD groups, respectively.

# The significant difference between control and DCAD which was determined using Student’s t-

test (P<0.05).
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CHAPTER V

DISCUSSION

Experiment 1: The effect of high DCAD supplement on HTa and blood gas parameters,
serum chemistries, plasma electrolyte of non-lactating dairy goat fed under HTa

The first experiment aimed to investigate the effect of high dose Asc supplement on
blood gas, electrolytes, and oxidative stress in dairy goats. During the daytime HTa, the high dose
Asc supplement did not affect blood gas parameters, plasma electrolytes, and oxidative stress.
However, the decreased Hct by high dose Asc supplement might indicate depleted plasma

oxidative stress.

The ATa of first experiment was 9°C while both Tr and RR were increased during the
daytime. The RR at 1300 was three times higher than the morning, while Tr was increased by 0.4-
0.7°C when compared to the morning. These HTa responses were in line with our previous
publication. We previously reported that the ATa at 5-10°C was enough to increase Tr by 0.3-
0.7°C (Nguyen et al., 2018; Nguyen et al., 2019; Saipin et al., 2020a; Do Nguyen et al., 2022).
The RR at 1300 of goats in the previous study were two to three time higher than at morning
(Nguyen et al., 2018; Saipin et al., 2020; Do Nguyen et al., 2022). With this HTa of previous
publication, an increase in RR decreased PCO, without altering other blood gas parameters (Do
Nguyen et al., 2022). These observations supported that the HTa condition of the first experiment
was enough to activate heat dissipation and affect blood gas parameters. Besides, other studies in
goats reported that HTa decreased PCO, while it increased both plasma Cl and Hct (Minka and
Ayo, 2007; Ayo et al., 2009; Sivakumar et al., 2010). These negative effects could be alleviated
by the high dose Asc supplement, and this effect was proposed to be mediated by a decreased in
plasma cortisol and oxidative stress (Minka and Ayo, 2007; Ayo et al., 2009; Sivakumar et al.,
2010). On the contrary, the effect of high dose Asc on PCO,, plasma Cl, and Hct in the first
experiment was not observed with the change of plasma cortisol and oxidative stress. Besides, the
different degree of heat dissipation between vehicle and Asc supplemented day might confound

the Asc effect on PCO, and plasma Cl. However, a decrease in Het suggested depleted oxidative
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stress during the Asc supplement. This observation has been observed in other species (Sakurai et
al., 1997; Tanaka et al., 2000; Soltany and Al Aissami, 2022). These studies showed that an
increased plasma Asc depleted ROS and this response could shift the water toward the
intravascular compartment (Sakurai et al., 1997; Tanaka et al., 2000; Soltany and Al Aissami,
2022). It is possible that the oxidative stress was alleviated by Asc supplement, and it shifted
water toward the intravascular compartment. Interestingly, this Asc effect was not observed with
the change in both plasma GPx activity and MDA level. The effect of Asc on oxidative stress was
varied among the levels of oxidative stress and this might explain the absence of Asc effect on
these parameters in the current study. With the oxidative above the physiological range, Asc
supplement decreased oxidative stress in both plasma and cell (Dubick et al., 2005; Muthuvel et
al., 2006; Koc et al., 2008; Sun et al., 2019; Soltany and Al Aissami, 2022). In contrast, Asc
supplement did not affect intracellular MDA at physiological range of oxidative stress (Gegotek
et al., 2017; Gegotek et al., 2019). In dairy goat, the activation of HTa response at ATa below
10°C was not involved in stress response while the plasma MDA in summer was not higher than
in winter (Saipin et al., 2020; Do Nguyen et al., 2022). Like in dairy goat, there was only a slight
correlation between the Tr and plasma MDA of dairy cow fed in summer (Tanaka et al., 2007)
and the high dose Asc supplement did not change plasma antioxidants (Chaiyowittayakun et al.,

2002).

These retrieved data from the first experiment indicated that the Asc supplement did not
affect blood parameters in non-lactating goats, but it could alleviate the oxidative stress during the

natural HTa exposure. Therefore, this protocol was further used in the second experiment.

Experiment 2: The effect of high DCAD and high dose Asc supplement in lactating dairy
goats fed under HTa
Experiment 2.1: The effect of high DCAD on HTa response

This part of the second experiment demonstrated the ambient condition and the effect of
high DCAD supplement on HTa response. With daytime HTa, the ambient condition increased

both Tr and RR of lactating dairy goats while only RR was affected by high DCAD supplement.
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The average ATa from the 4" and 8" week of the experimental period was around 8°C.
With this HTa, the respiration at 1300 was higher than at 0600 by doubled, while Tr was
increased by 0.4°C when compared to the morning. In general, body temperature was balanced
by heat load and heat dissipation (Mercer, 2001; Hall, 2015). The imbalance resulted in a change
in core body temperature. With HTa, heat load overwhelmed heat dissipation and increased core
body temperature (Mercer, 2001; Maia et al., 2016). In goats, the evaporative heat dissipation was
a main heat loss mechanism, and this mechanism was included as the adaptive mechanism of
lactating goat fed under tropical condition (Robertshaw, 2006; Maia et al., 2016; Saipin et al.,
2020a). This mechanism could be activated by daytime HTa (ATa at 5 — 10°C) which increased
Tr and RR by 0.4-07°C and 2-3 times, respectively (Nguyen et al., 2018; Nguyen et al., 2019;
Saipin et al., 2020a; Do Nguyen et al., 2022). The milk production of both dairy goats and cows
was compromised when they were fed under this HTa (Saipin et al., 2020a; Thammacharoen et
al., 2022). With an increase in Tr and RR, the response of lactating goats in the current study was
in accordance with previous publications. This indicated that the dairy goats in this study were fed

under tropical condition and the heat dissipation mechanism was activated.

Regarding the DCAD supplement, the current study demonstrated that this supplement
did increase RR but it did not affect concentrate, roughage, and water intake. During the 4" week
of the experiment, the RR of the DCAD group at 1300 was higher than the control group. An
increased RR by DCAD was in accordance with previous study on dairy goats and cows
(Escobosa et al, 1984; Nguyen et al., 2018). In lactating goats, this response was observed with a
decreased percentage change of Tr while both DMI and WI were increased (Nguyen et al., 2018).
The presence of DCAD increased body water and increased heat dissipation, which eventually
enhanced the heat dissipation (Nguyen et al., 2018). However, the supplement of DCAD at high
levels also shifted the acid-base balance toward metabolic alkalosis in dairy cows (Hu and
Murphy, 2004). It is questioned whether an increased RR in this study involved acid-base
imbalance. In general, the metabolic alkalosis is compensated by a decreased RR while an excess
heat dissipation was observed with a decrease in both RR and PCO, (Halse and Webster, 1967,

Halse, 1969; Olsson and Dahlborn, 1989). Since all blood gas parameters were kept within
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normal range (Stevens et al. 1994), an increased RR in this study would suggest an increased heat
dissipation. On the contrary, this response was not observed with an increased WI and DMI in
this study. To alter WI, the change in plasma osmolarity by high DCAD was previously proposed
to mediate this effect (Tucker et al., 1988). This effect was observed during the early phase of
supplement, but it was less observed in long-term DCAD supplement (Tucker et al., 1988). This
observation was possible to explain the absence effect of DCAD on WI in this current study.
Since the WI was not significantly increased by DCAD in this study, this response may be
responsible for the unchanged Tr and DMI. The data from this part suggested that DCAD
increased heat dissipation and the shift body water among compartments would be responsible for

evaporation rather than an increased WI.

Experiment 2.2: The effect of supplements on acid-base balance

This part of the second experiment demonstrated the effect of high DCAD and high dose
Asc supplement on HTa response. With daytime HTa, the high DCAD supplement did increase

RR while the blood gas parameters were altered within the normal range of healthy goats.

On the 4" week of the experiment, blood pH of the DCAD group was higher than the
control group and their blood HCO, were tended to be increased by DCAD. Other blood gas
parameters and urine pH were not affected by both DCAD and Asc supplement during the 4"
week of experimental period. With prolonged period, the effect of DCAD on blood pH was no
longer observed on the 8" week of experiment, while the high dose Asc supplement did decrease
urine pH. In fact, the significant decrease in urine pH on the latter week was only found in control
group. This response was in accordance with the percent reduction of urine pH by Asc
supplement in the same period. In goats, the natural HTa at ATa 5-8°C did increase RR and drive
acid-based balance toward alkalosis during the daytime (Do Nguyen et al., 2022). This type of
acid-base imbalance was compensated by increased HCO, excretion (Barker et al., 1957; Arbus et
al., 1969). High DCAD, an alkali salt, has been used to increase HCO, in dairy cows and the
excess alkali was excreted though urine (Hu and Murphy, 2004; Hu et al., 2007). An increased

level of DCAD did increase blood pH in dairy cows but this effect was less pronounced in long-
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term supplement (Wildman et al., 2007a,b; Hersom et al., 2010). Since kidney plays a major role
in both acid-base and electrolyte balance, the alteration of kidney function was proposed to be an
adaptive mechanism of dairy cow fed long-term DCAD supplement (Hu et al., 2007; Wildman et
al., 2007a, b; Khelil-Arfa et al., 2014). Regarding the Asc, the supplement has been reported to
alleviate the acid-base imbalance when dairy goat exposure HTa (Sivakumar et al., 2010). This
response was proposed to be mediated through decreased function of stress response (Sivakumar
et al., 2010). Interestingly, the human study showed that a high dose Asc supplement was not
sufficient to induce acidosis (Chen et al., 2022). With the excess Asc, human and cows excreted
Asc through the urine (Padilla et al., 2007; Chen et al., 2022). In the current study, the average
ATa at 8°C was enough affect acid-base balance while an increased blood HCO, in DCAD group
indicated an increased buffer capacity during the daytime. The high level of HCO, resulted in a
transient high blood pH while other parameters were within the normal range of a healthy goat
(Stevens et al., 1994). These data were in accordance with the previous study on dairy cows and
this confirmed the effectiveness of the high DCAD diet in this current study. In dairy cow, an
increased alkali excretion and FE of electrolyte was responsible for the absence of high blood pH
in DCAD group, this was obviously observed after 8 weeks of DCAD supplement (Hu et al.,
2007; Wildman et al., 2007b). It was possible that a change in kidney function on the 8" week of
experimental period was responsible for the effect DCAD on urine pH on this week of the study.
On the contrary, an increased plasma Asc in this study did not affect blood gas parameters and
this could be explained by the absence of Asc effect on plasma cortisol. The high-level acid
supplement was expected to be excreted through urine and decreased urine pH. The reduction of
urine pH by Asc supplement seemed to be consistent over the 4" and 8" week of experiment.
However, the effect of Asc on urine pH was only observed in the control group on the 8" week of
experiment and the percent reduction of urine pH was also showed the same phenomenon. An
increased alkali excretion and FE of electrolyte were adaptive mechanism of a long-term
supplement, and this might confound the Asc effect on urine pH on the 8" week of experiment.
This could be explained by either neutralization or a decreased Asc excretion but the lack of Asc

level in urine was the limitation of this current study.
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These current data demonstrated that high DCAD increased the buffer capacity of
lactating dairy goats fed under HTa. Even though there was no effect Asc on blood gas
parameters, the alteration of Asc excretion might enhance the effectiveness of Asc in other

aspects.

Experiment 2.3: The effect of supplements on electrolytes balance and renal function.

This part of the second experiment demonstrated the effect of high DCAD and high dose
Asc supplement on electrolyte balance and renal function. These supplements could alter
electrolyte balance and enhance evaporative heat dissipation. The alteration of kidney function
was response for these responses.

On the 4" week of the experiment, high DCDAD did not affect plasma electrolytes, but it
decreased acid excretion. The high dose Asc supplement did increase anion gap, urine volume,
and acid excretion. In goat, the effect of DCAD on HTa response was proposed to be mediated
through the change in body water (Nguyen et al., 2018). The effect of DCAD on WI and
extracellular fluid was first observed after 4 weeks of supplement (Nguyen et al., 2018). An
increased plasma osmolarity after feeding the high DCAD initiated WI in dairy cows and the high
WI returned osmolarity to normal within 2-hours post feeding (Tucker et al., 1988). The high
DCAD was an alkali salt and the kidney was mainly responsible for the alkali excretion
(Lindinger et al., 2000; Constable, 2014). An increased alkali excretion was observed without an
altered FE of electrolyte (Delaquis and Block, 1995a,b) during a short-term DCAD supplement.
These observations suggested that an increase in WI after feeding may confound the effect of
DCAD on plasma electrolyte, while an increased alkali excretion by the kidney was responsible
for a decrease in acid excretion by high DCAD. With high dose Asc, the supplement could shift
water toward the intravascular compartment in previous publications and this acid was mainly
excreted through the kidney (Sakurai et al., 1997; Tanaka et al., 2000; Padilla et al., 2007; Chen et
al., 2022; Soltany and Al Aissami, 2022). The result of the current study was in accordance with
these previous publications. The high dose Asc may increase intravascular fluid which resulted in
an increased urine volume. An increased anion gap suggested that the current Asc supplement

shifted acid-base balance toward acidosis, and it was directly compensated by an increased acid
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excretion. Since alkali salt (DCAD) and acid (Asc) affected acid excretion in opposite directions,
this explained the interaction effect during the 4" week of experiment.

On the 8" week of the experiment, high DCAD increased FE,, and FE, but it decreased
BUN and acid excretion. With Asc, the high dose supplement decreased plasma creatinine, Hct,
and FE, while urine volume and acid excretion were increased by Asc supplement. An increased
FE of electrolyte in the high DCAD group was in accordance with the previous study in dairy
cows (Hu et al., 2007; Wildman et al., 2007a,b,c). With long-term high DCAD, a decreased acid
excretion by high DCAD was reported with an increased tubular excretion (FE of electrolyte) and
this response was an adaptive mechanism of ruminant (Hu et al., 2007, Wildman et al.,
2007a,b,c). Even though a decreased BUN could be a result from an increased high NH,
production or volume expansion, there was no effect of long-term DCAD supplement on the
nitrogen balance of dairy goats in our previous study (Nguyen et al., 2020). This previous study
also showed that body reserve water, especially extracellular compartment, was increased after 8
weeks of supplement (Nguyen et al., 2018). The data from this current study demonstrated that
the adaptation of tubular function was existed in dairy goats and this mechanism was apparent
after 8 weeks of DCAD supplement. Regarding the Asc effect, the high dose supplement through
intravenous injection could shift body fluid toward intravascular compartment and this response
were proposed to be mediated by depleted oxidative stress (Sakurai et al., 1997; Tanaka et al.,
2000; Dubick et al., 2005; Soltany and Al Aissami, 2022). An increased intravascular fluid could
decrease Hct while the excess water is excreted thorough urine. An increased urine volume
affects both creatinine clearance and FE, (Potter, 1966; Aperia et al., 1975; Hall, 2015). With Asc
supplement of current study, it is possible that high dose Asc supplement shifted body fluid
toward intravascular compartment and the lowest blood creatinine in the Asc-treated DCAD
group indicated the synergistic effect of both supplements on body water. Since the excess Asc is
mainly excreted through the kidney, an increased acid excretion in this study was expected.
However, the interaction effect of both supplements on acid excretion was no longer observed on
the 8" week of the experiment and this might be the result of an increased tubular secretion by
this week.

The current observations demonstrated that both DCAD and Asc affected electrolyte

balance, and this was mediated through kidney function, especially the tubular part. The presence
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of these supplements increased body water which eventually enhance evaporative heat
dissipation. In addition, the change of tubular function over the experimental period may be
responsible for the effect of DCAD on acid-base balance.

Experiment 2.4: The effect of supplements on oxidative stress and mammary gland function.

The last part of the second experiment demonstrated the effect of high DCAD and high
dose Asc supplement on plasma oxidative stress and mammary gland function. The plasma
oxidative stress was mainly alleviated by the high dose Asc supplement, and this was observed

with a change in mammary gland function.

The high dose Asc supplement did deplete plasma GPx activity and MDA level. The
lowest plasma MDA level was found in the Asc-treated DCAD group, while the percentage
reduction of MDA level by Asc was also significantly high in the DCAD group. This result
indicated the synergistic effect of both Asc and DCAD on plasma oxidative stress. When
oxidative stress was compromised by Asc supplement, the alteration of milk composition was
observed. It is hypothesized whether the alleviated oxidative stress was involved in mammary
gland function. In tropical condition, the energy requirement of a dairy goat was increased to
serve both lactation and heat dissipation (NRC, 1981; Maia et al., 2016). The level of metabolic
rate was increased to produce high energy, and this resulted in oxidative stress (Sie et al., 2017).
An increased oxidative could alter GPx activity and MDA level in both cells and plasma (Dubick
et al., 2005; Sani et al., 2007; Eslami et al., 2015; Nedic et al., 2019). With Asc, the supplement
depleted intracellular oxidative stress (Rivas et al., 2008) and decreased intracellular MDA (Sun
et al., 2019). Plasma MDA was proposed to be produced by high metabolic organs and excreted
into the blood circulation (Sani et al., 2007). Among the high metabolic organs of rats, MDA was
mostly produced by the kidney, and this may contribute to the plasma MDA level (Sani et al.,
2007). An increased plasma MDA could also be a result of high oxidative stress in the mammary
gland of dairy cows where their energy requirement was tremendously increased during early
lactation (NRC, 1981; Maia et al., 2016; Nedic et al., 2019). In both kidney and mammary gland,
there were an Asc receptors which are a sodium-dependent transporter (Rivas et al., 2008). In

terms of antioxidant defense, an increased plasma GPx activity was included as the adaptive
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mechanism of dairy goats fed under HTa (Saipin et al., 2020a). The study in rats revealed that the
plasma GPx was produced by the kidney (Burk et al., 2011) while the Asc supplement depleted
intracellular ROS and decreased cellular GPx production (Yun et al., 2012). Like MDA, an
increased oxidative stress in the mammary gland of rats and cows was also observed with the
change of systemic oxidative stress (Eslami et al., 2015; Nedic et al., 2019; Laliotis et al., 2020).
Based on these previous publications, the Asc supplement in this study depleted ROS and this
resulted in a decrease in both plasma GPx activity and MDA level. The high sodium in
extracellular fluid during high DCAD supplement could enhance Asc receptor and explain the
synergistic effect of Asc and DCAD on plasma MDA level. Regarding mammary gland function,
the alleviated oxidative stress in this current study altered milk composition and the yield of each
composition. Even though the concentration of milk protein, citrate, and FFA were affected, only
the yield of citrate and FFA were altered in this current study. In mammary gland, the citrate
cannot be excreted into milk by diffusion or paracellular transport and the concentration in milk
represented the level in the cytoplasm (Linzell et al., 1976). The citrate was used for both milk fat
synthesis and antioxidant defense in mammary gland (Garnsworthy et al., 2006; Anderson et al.,
2007). Acute oxidative stress in the mammary gland of a dairy cow significantly decreased milk
citrate (Oshima and Fuse, 1981; Silanikove et al., 2014; Silanikove et al., 2016). In milk, FFA
was excreted with low concentration, while an increased milk FFA would relate to milk oxidative
stress rather than an increased excretion (Chilliard et al., 2003; Van Ardt et al., 2005). Then, an
increased milk citrate indicated the preserved antioxidant, while a depleted oxidative stress in a

mammary gland could explain the reduction in milk FFA.

These results demonstrated that high dose supplement alleviated plasma oxidative stress
and it was enhanced by the presence of high DCAD. The depleted oxidative stress altered

mammary gland function under natural HTa without the involvement of stress response.
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Conclusion

These observations indicated the link between acid-base imbalance, electrolyte
imbalance, and oxidative stress under HTa of tropical condition. High DCAD increased buffer
capacity while the presence of both supplement increased body water. With an increased RR,
these responses suggested an increased heat dissipation, and this was mediated by the alteration of
kidney function. Besides, these supplements synergistically depleted plasma oxidative stress and
this depletion altered milk composition. Therefore, the current study showed that the presence of
both high DCAD and high dose Asc did synergistically alleviate the effect of HTa on mammary

gland function of lactating goat fed under tropical condition.

Funding

This research was funded by two sources of funders. The first was the National Research
Council of Thailand (NRCT) and Thailand Science Research and Innovation (TSRI) through the
Royal Golden Jubilee Ph.D. Program grant (RGJ-PHD) (grant number: PHD/0024/2561) while
the second funder was the Thailand Science research and innovation Fund, Chulalongkorn

University (grants number: FOOD66310021).



REFERENCES

64



65

Allsopp, A. J., Sutherland, R., Wood, P., & Wootton, S. A. (1998). The effect of sodium
balance on sweat sodium secretion and plasma aldosterone concentration. European Journal of Applied
Physiology and Occupational Physiology, 78(6), 516—521. https://doi.org/10.1007/s004210050454

Alvarez, M. B., & Johnson, H. D. (1973). Environmental heat exposure on cattle plasma
catecholamine  and  glucocorticoids. Journal of  Dairy Science, 56(2), 189-194.
https://doi.org/10.3168/jds.S0022-0302(73)85145-8

Anderson, S. M., Rudolph, M. C., McManaman, J. L., & Neville, M. C. (2007). Key stages in
mammary gland development. Secretory activation in the mammary gland: it's not just about milk
protein synthesis!. Breast Cancer Research: BCR, 9(1), 204. https://doi.org/10.1186/bcr1653

Aperia, A., Broberger, O., & Herin, P. (1975). Changes in renal hemodynamics and sodium
excretion during saline infusion in lambs. Acta Physiologica Scandinavica, 94(4), 442-450.
https://doi.org/10.1111/j.1748-1716.1975.tb05903 .x

Arbus, G. S., Herbert, L. A., Levesque, P. R., Etsten, B. E., & Schwartz, W. B. (1969).
Characterization and clinical application of the "significance band" for acute respiratory alkalosis. The
New England Journal of Medicine, 280(3), 117-123. https://doi.org/10.1056/NEJIM196901162800301

Ayo, J. O., Minka, N. S., Sackey, A. K., & Adelaiye, A. B. (2009). Responses of serum
electrolytes of goats to twelve hours of road transportation during the hot-dry season in Nigeria, and the
effect of pretreatment with ascorbic acid. The Onderstepoort Journal of Veterinary Research, 76(4),
409-418. https://doi.org/10.4102/0jvr.v76i4.25

Barker, E. S., Singer, R. B., Elkinton, J. R., & Clark, J. K. (1957). The renal response in man to
acute experimental respiratory alkalosis and acidosis. The Journal of Clinical Investigation, 36(4), 515—
529. https://doi.org/10.1172/JC1103449

Baumgard, L. H., & Rhoads, R. P., Jr (2013). Effects of heat stress on postabsorptive
metabolism and  energetics. Annual Review of Animal Biosciences, 1, 311-337.
https://doi.org/10.1146/annurev-animal-031412-103644

Beatty, D. T., Barnes, A., Taylor, E., Pethick, D., McCarthy, M., & Maloney, S. K. (2006).
Physiological responses of Bos taurus and Bos indicus cattle to prolonged, continuous heat and

humidity. Journal of Animal Science, 84(4), 972-985. https://doi.org/10.2527/2006.844972x



66

Bhat, S., Rao, G., Murthy, K. D., & Bhat, P. G. (2008). Seasonal variations in markers of stress
and oxidative stress in rats. Indian Journal of Clinical Biochemistry: IJCB, 23(2), 191-194.
https://doi.org/10.1007/s12291-008-0042-2

Burhans, W. S., Rossiter Burhans, C. A., & Baumgard, L. H. (2022). Invited review: Lethal
heat stress: The putative pathophysiology of a deadly disorder in dairy cattle. Journal of Dairy Science,
105(5), 3716-3735. https://doi.org/10.3168/jds.2021-21080

Burk, R. F., Olson, G. E., Winfrey, V. P., Hill, K. E.,, & Yin, D. (2011). Glutathione
peroxidase-3 produced by the kidney binds to a population of basement membranes in the
gastrointestinal tract and in other tissues. American Journal of Physiology - Gastrointestinal and Liver
Physiology, 301(1), G32—-G38. https://doi.org/10.1152/ajpgi.00064.2011

Campos Maia, A. S., Gomes Dasilva, R., & Battiston Loureiro, C. M. (2005). Respiratory heat
loss of Holstein cows in a tropical environment. International Journal of Biometeorology, 49(5), 332—
336. https://doi.org/10.1007/s00484-004-0244-0

Chaiyabutr, N., Chanchai, W., Boonsanit, D., Sitprija, S., Chanpongsang, S. (2011). Different
responses of oxidative stress index in the plasma of crossbred holstein cattle during cooling and
supplemental recombinant bovine somatotropin. Journal of Animal and Veterinary Advances. 10. 1045-
1053. 10.3923/javaa.2011.1045.1053.

Chaiyabutr, N. (2012). Control of mammary function during lactation in crossbred dairy cattle
in the tropics. in (ed.), milk production - advanced genetic traits, cellular mechanism, animal
management and health. IntechOpen. https://doi.org/10.5772/50763

Chaiyotwittayakun, A., Erskine, R. J., Bartlett, P. C., Herd, T. H., Sears, P. M., & Harmont, R.
J. (2002). The effect of ascorbic acid and L-histidine therapy on acute mammary inflammation in dairy
cattle. Journal of Dairy Science, 85(1), 60—67. https://doi.org/10.3168/jds.s0022-0302(02)74053-8

Chan J. C. (1972). The rapid determination of urinary titratable acid and ammonium and
evaluation of freezing as a method of preservation. Clinical Biochemistry, 5(2), 94-98.
https://doi.org/10.1016/s0009-9120(72)80014-6

Chang, C., Worley, B. L., Phaéton, R., & Hempel, N. (2020). Extracellular glutathione
peroxidase gpx3 and its role in cancer. Cancers, 12(8), 2197. https://doi.org/10.3390/cancers12082197

Chapman, C. L., Johnson, B. D., Parker, M. D., Hostler, D., Pryor, R. R., & Schlader, Z.

(2020). Kidney physiology and pathophysiology during heat stress and the modification by exercise,



67

dehydration, heat acclimation and aging. Temperature (Austin, Tex.), 8(2), 108-159.
https://doi.org/10.1080/23328940.2020.1826841

Chen, P., Reed, G., Jiang, J., Wang, Y., Sunega, J., Dong, R., Ma, Y., Esparham, A., Ferrell,
R., Levine, M., Drisko, J., & Chen, Q. (2022). Pharmacokinetic evaluation of intravenous vitamin c: a
classic pharmacokinetic study. Clinical Pharmacokinetics, 61(9), 1237-1249.
https://doi.org/10.1007/s40262-022-01142-1

Chilliard, Y., Ferlay, A., Rouel, J., & Lamberet, G. (2003). A review of nutritional and
physiological factors affecting goat milk lipid synthesis and lipolysis. Journal of Dairy Science, 86(5),
1751-1770. https://doi.org/10.3168/jds.S0022-0302(03)73761-8

Collier, R. J., Stiening, C. M., Pollard, B. C., VanBaale, M. J., Baumgard, L. H., Gentry, P. C.,
& Coussens, P. M. (2006). Use of gene expression microarrays for evaluating environmental stress
tolerance at the cellular level in cattle. Journal of Animal Science, 84 Suppl, EI-EI13.
https://doi.org/10.2527/2006.8413 supplelx

Constable P. D. (2014). Acid-base assessment: when and how to apply the Henderson-
Hasselbalch equation and strong ion difference theory. The Veterinary Clinics of North America. Food
Animal Practice, 30(2), 295—v. https://doi.org/10.1016/j.cvfa.2014.03.001

Delaquis, A. M., & Block, E. (1995a). Dietary cation-anion difference, acid-base status,
mineral metabolism, renal function, and milk production of lactating cows. Journal of Dairy Science,
78(10), 2259-2284. https://doi.org/10.3168/jds.S0022-0302(95)76853-9

Delaquis, A. M., & Block, E. (1995b). Acid-base status, renal function, water, and
macromineral metabolism of dry cows fed diets differing in cation-anion difference. Journal of Dairy
Science, 78(3), 604—619. https://doi.org/10.3168/jds.S0022-0302(95)76671-1

Do Nguyen, D. K., Semsirmboon, S., Chaiyabutr, N., & Thammacharoen, S. (2022). Effects of
low dietary cation and anion difference on blood gas, renal electrolyte, and acid excretions in goats in
tropical conditions. Animals, 12(23), 3444. https://doi.org/10.3390/ani12233444

Dubick, M. A., Williams, C., Elgjo, G. 1., & Kramer, G. C. (2005). High-dose vitamin C
infusion reduces fluid requirements in the resuscitation of burn-injured sheep. Shock (Augusta, Ga.),

24(2), 139-144. https://doi.org/10.1097/01.shk.0000170355.26060.€6



68

El-Nouty, F. D., Elbanna, I. M., Davis, T. P., & Johnson, H. D. (1980). Aldosterone and ADH
response to heat and dehydration in cattle. Journal of Applied Physiology: Respiratory, Environmental
and Exercise Physiology, 48(2), 249-255. https://doi.org/10.1152/jappl.1980.48.2.249

Escobosa, A., Coppock, C. E., Rowe, L. D., Jr, Jenkins, W. L., & Gates, C. E. (1984). Effects
of dietary sodium bicarbonate and calcium chloride on physiological responses of lactating dairy cows
in hot weather. Journal of Dairy Science, 67(3), 574-584. https://doi.org/10.3168/jds.S0022-
0302(84)81341-7

Eslami, H., Batavani, R. A., Asr [-Rezaei, S., & Hobbenaghi, R. (2015). Changes of stress
oxidative enzymes in rat mammary tissue, blood and milk after experimental mastitis induced by E. coli
lipopolysaccharide. Veterinary Research Forum: an International Quarterly Journal, 6(2), 131-136.

Facanha, D. A. E., Ferreira, J., Silveira, R. M. F., Nunes, T. L., de Oliveira, M. G. C., de Sousa,
J. E. R, & de Paula, V. V. (2020). Are locally adapted goats able to recover homeothermy, acid-base
and electrolyte equilibrium in a semi-arid region?. Journal of Thermal Biology, 90, 102593.
https://doi.org/10.1016/j.jtherbio.2020.102593

Fico, A., Paglialunga, F., Cigliano, L., Abrescia, P., Verde, P., Martini, G., laccarino, 1., &
Filosa, S. (2004). Glucose-6-phosphate dehydrogenase plays a crucial role in protection from redox-
stress-induced apoptosis. Cell Death and Differentiation, 11(8), 823-831.
https://doi.org/10.1038/sj.cdd.4401420

Garnsworthy, P. C., Masson, L. L., Lock, A. L., & Mottram, T. T. (2006). Variation of milk
citrate with stage of lactation and de novo fatty acid synthesis in dairy cows. Journal of Dairy Science,
89(5), 1604-1612. https://doi.org/10.3168/jds.S0022-0302(06)72227-5

Girtner, T., Zoche-Golob, V., Redlberger, S., Reinhold, P., & Donat, K. (2019). Acid-base
assessment of post-parturient German Holstein dairy cows from jugular venous blood and urine: A
comparison of the strong ion approach and traditional blood gas analysis. PloS One, 14(1), €02109438.
https://doi.org/10.1371/journal.pone.0210948

Gegotek, A., Bielawska, K., Biernacki, M., Zareba, 1., Surazynski, A., & Skrzydlewska, E.
(2017). Comparison of protective effect of ascorbic acid on redox and endocannabinoid systems
interactions in in vitro cultured human skin fibroblasts exposed to UV radiation and hydrogen peroxide.

Archives of Dermatological Research, 309(4), 285-303. https://doi.org/10.1007/s00403-017-1729-0



69

Gegotek, A., Ambrozewicz, E., Jastrzab, A., Jarocka-Karpowicz, 1., & Skrzydlewska, E.
(2019). Rutin and ascorbic acid cooperation in antioxidant and antiapoptotic effect on human skin
keratinocytes and fibroblasts exposed to UVA and UVB radiation. Archives of Dermatological
Research, 311(3), 203-219. https://doi.org/10.1007/s00403-019-01898-w

Gegotek, A., & Skrzydlewska, E. (2022). Antioxidative and anti-inflammatory activity of
ascorbic acid. Antioxidants (Basel, Switzerland), 11(10), 1993. https://doi.org/10.3390/antiox 11101993

Glory, A., & Averill-Bates, D. A. (2016). The antioxidant transcription factor Nrf2 contributes
to the protective effect of mild thermotolerance (40°C) against heat shock-induced apoptosis. Free
radical biology & medicine, 99, 485-497. https://doi.org/10.1016/j.freeradbiomed.2016.08.032

Guerrini, V. H., & Bertchinger, H. (1982). Effect of ambient temperature and humidity on
plasma  cortisol in  sheep. The  British  Veterinary  Journal, 138(2), 175-182.
https://doi.org/10.1016/s0007-1935(17)31139-9

Guo, J., Gao, S., Quan, S., Zhang, Y., Bu, D., & Wang, J. (2018). Blood amino acids profile
responding to heat stress in dairy cows. Asian-Australasian Journal of Animal Sciences, 31(1), 47-53.
https://doi.org/10.5713/ajas.16.0428

Gunn, K. M., Holly, M. A., Veith, T. L., Buda, A. R., Prasad, R., Rotz, C. A, Soder, K. J., &
Stoner, A. M. K. (2019). Projected heat stress challenges and abatement opportunities for U.S. milk
production. PloS One, 14(3), €0214665. https://doi.org/10.1371/journal.pone.0214665

Hall, J.E. (Ed). 2015. Guyton and Hall textbook of medical physiology. 13 ed. Elsevier.

Hales, J. R., & Webster, M. E. (1967). Respiratory function during thermal tachypnoea in
sheep. The Journal of Physiology, 190(2), 241-260. https://doi.org/10.1113/jphysiol.1967.sp008205

Hales J. R. (1969). Changes in respiratory activity and body temperature of the severely heat-
stressed ox and sheep. Comparative Biochemistry and Physiology, 31(6), 975-985.
https://doi.org/10.1016/0010-406x(69)91806-4

Hamm, L.L., Nazih, N., Kathleen, S., & Hering-Smith, K.S. (2015). Acid-base homeostasis.
Clinical Journal of The American Society of Nephrology, 10 (12) 2232-2242.
https://doi.org/10.2215/CIN.07400715

Hamzaoui, S., Salama, A. A., Albanell, E., Such, X., & Caja, G. (2013). Physiological
responses and lactational performances of late-lactation dairy goats under heat stress conditions. Journal

of Dairy Science, 96(10), 6355-6365. https://doi.org/10.3168/jds.2013-6665



70

Hersom, M. J., Hansen, G. R., & Arthington, J. D. (2010). Effect of dietary cation-anion
difference on measures of acid-base physiology and performance in beef cattle. Journal of Animal
Science, 88(1), 374-382. https://doi.org/10.2527/jas.2009-1925

Hu, W., & Murphy, M. R. (2004). Dietary cation-anion difference effects on performance and
acid-base status of lactating dairy cows: a meta-analysis. Journal of Dairy Science, 87(7), 2222-2229.
https://doi.org/10.3168/jds.S0022-0302(04)70042-9

Hu, W., Murphy, M. R., Constable, P. D., & Block, E. (2007). Dietary cation-anion difference
effects on performance and acid-base status of dairy cows postpartum. Journal of Dairy Science, 90(7),
3367-3375. https://doi.org/10.3168/jds.2006-515

Jenkinson, D. M., & Mabon, R.M. (1973). The effect of temperature and humidity on skin
surface ph and the ionic composition of skin secretions in ayrshire cattle. British Veterinary Journal,
129(3), 282-295. https://doi.org/10.1016/S0007-1935(17)36482-5.

Jenkinson, D. M., & Robertshaw, D. (1971). Studies on the nature of sweat gland 'fatigue’ in
the goat. The Journal of physiology, 212(2), 455-465. https://doi.org/10.1113/jphysiol.1971.sp009335

Kendall, P. & Nielsen, Per & Webster, James & Verkerk, G.A. & Littlejohn, R. & Matthews,
Lindsay. (2006). The effects of providing shade to lactating dairy cows in a temperate climate.
Livestock Science. 103. 148-157. 10.1016/j.1ivsci.2006.02.004.

Key, N. & Sneeringer, S. (2014), Potential effects of climate change on the productivity of u.s.
dairies. American Journal of Agricultural Economics, 96: 1136-1156.
https://doi.org/10.1093/ajae/aau002

Khelil-Arfa, H., Faverdin, P., Boudon, A. (2014) Effect of ambient temperature and sodium
bicarbonate supplementation on water and electrolyte balances in dry and lactating Holstein cows.
Journal of Dairy Science. 97(4):2305-2318. https://doi.org/10.3168/jds.2013-7079.

Kobayashi, K., Tsugami, Y., Matsunaga, K., Suzuki, T., & Nishimura, T. (2018). Moderate
high temperature condition induces the lactation capacity of mammary epithelial cells through control of
stat3 and stat5 signaling. Journal of Mammary Gland Biology and Neoplasia, 23(1-2), 75-88.
https://doi.org/10.1007/s10911-018-9393-3

Koc, M., Imik, H., & Odabasoglu, F. (2008). Gastroprotective and anti-oxidative properties of
ascorbic acid on indomethacin-induced gastric injuries in rats. Biological Trace Element Research,

126(1-3), 222-236. https://doi.org/10.1007/s12011-008-8205-9



71

Kuehne, A., Emmert, H., Soehle, J., Winnefeld, M., Fischer, F., Wenck, H., Gallinat, S.,
Terstegen, L., Lucius, R., Hildebrand, J., & Zamboni, N. (2015). Acute activation of oxidative pentose
phosphate pathway as first-line response to oxidative stress in human skin cells. Molecular Cell, 59(3),
359-371. https://doi.org/10.1016/j.molcel.2015.06.017

Laliotis, G. P., Koutsouli, P., Sotirakoglou, K., Savoini, G., & Politis, I. (2020). Association of
oxidative stress biomarkers and clinical mastitis incidence in dairy cows during the periparturient
period. Journal of Veterinary Research, 64(3), 421-425. https://doi.org/10.2478/jvetres-2020-0053

Lindinger, M. 1., Franklin, T. W., Lands, L. C., Pedersen, P. K., Welsh, D. G., & Heigenhauser,
G. J. (2000). NaHCO(3) and KHCO(3) ingestion rapidly increases renal electrolyte excretion in humans.
Journal of  Applied Physiology  (Bethesda, Md. : 1985), 88(2), 540-550.
https://doi.org/10.1152/jappl.2000.88.2.540

Linzell, J. L., Mepham, T. B., & Peaker, M. (1976). The secretion of citrate into milk. The
Journal of Physiology, 260(3), 739-750. https://doi.org/10.1113/jphysiol.1976.sp011541

Lord-Fontaine, S., & Averill, D. A. (1999). Enhancement of cytotoxicity of hydrogen peroxide
by hyperthermia in Chinese hamster ovary cells: role of antioxidant defenses. Archives of Biochemistry
and Biophysics, 363(2), 283-295. https://doi.org/10.1006/abbi.1998.1087

Lord-Fontaine, S., & Averill-Bates, D. A. (2002). Heat shock inactivates cellular antioxidant
defenses against hydrogen peroxide: protection by glucose. Free Radical Biology & Medicine, 32(8),
752-765. https://doi.org/10.1016/s0891-5849(02)00769-4

Lu, C.D. (1989). Effects of heat stress on goat production. Small Ruminant Research, 2(2),151-
162. https://doi.org/10.1016/0921-4488(89)90040-0.

Maia, A.S., Silva, R., & Loureiro, C. (2008). Latent heat loss of Holstein cows in a tropical
environment: A prediction model. Revista Brasileira De Zootecnia-brazilian Journal of Animal Science,
37(10), 1837-1843. https://doi.org/10.1590/S1516-35982008001000018

Maia, A. S., da Silva, R. G., Nascimento, S. T., Nascimento, C. C., Pedroza, H. P., &
Domingos, H. G. (2015). Thermoregulatory responses of goats in hot environments. International
Journal of Biometeorology, 59(8), 1025-1033. https://doi.org/10.1007/s00484-014-0916-3

Maia, A. S., Nascimento, S. T., Nascimento, C. C., & Gebremedhin, K. G. (2016). Thermal
equilibrium of goats. Journal of Thermal Biology, 58, 43-49.

https://doi.org/10.1016/j.jtherbio.2016.03.012



72

Matsuda, T., Tanaka, H., Yuasa, H., Forrest, R., Matsuda, H., Hanumadass, M., & Reyes, H.
(1993). The effects of high-dose vitamin C therapy on postburn lipid peroxidation. The Journal of Burn
Care & Rehabilitation, 14(6), 624-629. https://doi.org/10.1097/00004630-199311000-00007

Matsui T. (2012). Vitamin C nutrition in cattle. Asian-Australasian Journal of Animal
Sciences, 25(5), 597-605. https://doi.org/10.5713/ajas.2012.1.01
Mavrogenis, A.P., & Papachristoforou, Chr. Estimation of the energy value of milk and prediction of
fat-corrected milk yield in sheep and goats. Small Ruminant Research. 1988, 1(3), 229-236

Mehaba, N., Salama, A. A. K., Such, X., Albanell, E., & Caja, G. (2019). Lactational responses
of heat-stressed dairy goats to dietary l-carnitine supplementation. Animals: an Open Access Journal
from MDPI, 9(8), 567. https://doi.org/10.3390/ani9080567

Merecer, J. (2001). Glossary of terms for thermal physiology, Third edition. Japanese Journal of
Physiology. 51. 245-280.

Minka, N.S., & Ayo, J.0. (2007). Physiological responses of transported goats treated with
ascorbic acid during the hot-dry season. Animal Science Journal, 78(2), 164-172.
https://doi.org/10.1111/j.1740-0929.2007.00421.x

Moon, E. J., Sonveaux, P., Porporato, P. E., Danhier, P., Gallez, B., Batinic-Haberle, 1., Nien,
Y. C., Schroeder, T., & Dewhirst, M. W. (2010). NADPH oxidase-mediated reactive oxygen species
production activates hypoxia-inducible factor-1 (HIF-1) via the ERK pathway after hyperthermia
treatment. Proceedings of the National Academy of Sciences of the United States of America, 107(47),
20477-20482. https://doi.org/10.1073/pnas.1006646107

Muthuvel, R., Venkataraman, P., Krishnamoorthy, G., Gunadharini, D. N., Kanagaraj, P., Jone
Stanley, A., Srinivasan, N., Balasubramanian, K., Aruldhas, M. M., & Arunakaran, J. (2006).
Antioxidant effect of ascorbic acid on PCB (Aroclor 1254) induced oxidative stress in hypothalamus of
albino rats. Clinica Chimica Acta; International Journal of Clinical Chemistry, 365(1-2), 297-303.
https://doi.org/10.1016/j.cca.2005.09.006

Nedic, S., Vakanjac, S., Samardzija, M., & Borozan, S. (2019). Paraoxonase 1 in bovine milk
and blood as marker of subclinical mastitis caused by Staphylococcus aureus. Research in Veterinary
Science, 125, 323-332. https://doi.org/10.1016/j.rvsc.2019.07.016

Nguyen, T., Chaiyabutr, N., Chanpongsang, S., & Thammacharoen, S. (2018). Dietary cation

and anion difference: Effects on milk production and body fluid distribution in lactating dairy goats



73

under tropical conditions. Animal Science Journal = Nihon Chikusan Gakkaiho, 89(1), 105-113.
https://doi.org/10.1111/asj.12897

Nguyen, T., Chanpongsang, S., Chaiyabutr, N., & Thammacharoen, S. (2019). The effect of
dietary ions difference on drinking and eating patterns in dairy goats under high ambient temperature.
Asian-Australasian Journal of Animal Sciences, 32(4), 599—-606. https://doi.org/10.5713/ajas.18.0500

Nguyen, T., Chanpongsang, S., Chaiyabutr, N., & Thammacharoen, S. (2020). Effects of
dietary cation and anion difference on eating, ruminal function and plasma leptin in goats under tropical
condition. Asian-Australasian Journal of Animal Sciences, 33(6), 941-948.
https://doi.org/10.5713/ajas.19.0288

National Research Council (U.S.) Committee on Physiological Effect of Environment Factors
on Animals. A guide to Environmental Research on animals. Washington: National Academy of
Science, United State, 1971; pp. 374

National Research Council (U.S.) committee on animal nutrition. Nutrient Requirements of
goats: Angora, Dairy, and Meat goats in temperate and tropical countries. Washington: National
Academy of Science, United State, 1981, pp. 84.

Olsson, K., & Dahlborn, K. (1989). Fluid balance during heat stress in lactating goats.
Quarterly Journal of Experimental Physiology (Cambridge, England), 74(5), 645-659.
https://doi.org/10.1113/expphysiol.1989.sp003317

Ominski, K. H., Kennedy, A. D., Wittenberg, K. M., & Moshtaghi Nia, S. A. (2002).
Physiological and production responses to feeding schedule in lactating dairy cows exposed to short-
term, moderate heat stress. Journal of Dairy Science, 85(4), 730-737. https://doi.org/10.3168/jds.S0022-
0302(02)74130-1

Oshima, M., & Fuse, H. (1981). Citric acid concentration in subclinical mastitic milk. The
Journal of Dairy Research, 48(3), 387-392. https://doi.org/10.1017/s002202990002 1865

Padilla, L., Matsui, T., Kamiya, Y., Kamiya, M., Tanaka, M., & Yano, H. (2006). Heat stress
decreases plasma vitamin C concentration in lactating cows. Livestock Science, 101, 300-304.
https://doi.org/10.1016/j.livprodsci.2005.12.002.

Padilla, L., Matsui, T., Tkeda, S., Kitagawa, M., & Yano, H. (2007). The effect of vitamin C
supplementation on plasma concentration and urinary excretion of vitamin C in cattle. Journal of

Animal Science, 85(12), 3367-3370. https://doi.org/10.2527/jas.2007-0060



74

Piccione, G., Borruso, M., Giannetto, C., Morgante, M., &Giudice, E. (2007). Assessment of
oxidative stress in dry and lactating cows. Acta Agriculturae Scandinavica Section A — Animal
Science, 57(2), 101-104. https://doi.org/10.1080/09064700701507765

Potter B. J. (1966). The effect of an intravenous infusion of hypertonic saline on renal
mechanisms and on electrolyte changes in sheep. The Journal of Physiology, 184(3), 605-617.
https://doi.org/10.1113/jphysiol.1966.sp007934

Puskas, F., Gergely, P., Jr, Banki, K., & Perl, A. (2000). Stimulation of the pentose phosphate
pathway and glutathione levels by dehydroascorbate, the oxidized form of vitamin C. FASEB Journal:
Official publication of the Federation of American Societies for Experimental Biology, 14(10), 1352—
1361. https://doi.org/10.1096/j.14.10.1352

Putman, A. K., Brown, J. L., Gandy, J. C., Wisnieski, L., & Sordillo, L. M. (2018). Changes in
biomarkers of nutrient metabolism, inflammation, and oxidative stress in dairy cows during the
transition into the early dry period. Journal of Dairy Science, 101(10), 9350-9359.
https://doi.org/10.3168/jds.2018-14591

Radin, L., Simpraga, M., Vince, S., Kostelic, A., & Milinkovic-Tur, S. (2015). Metabolic and
oxidative status of Saanen goats of different parity during the peripartum period. The Journal of Dairy
Research, 82(4), 426-433. https://doi.org/10.1017/S0022029915000552

Rhoads, M. L., Rhoads, R. P., VanBaale, M. J., Collier, R. J., Sanders, S. R., Weber, W. J.,
Crooker, B. A., & Baumgard, L. H. (2009). Effects of heat stress and plane of nutrition on lactating
Holstein cows: I. Production, metabolism, and aspects of circulating somatotropin. Journal of Dairy
Science, 92(5), 1986—1997. https://doi.org/10.3168/jds.2008-1641

Riond J. L. (2001). Animal nutrition and acid-base balance. European Journal of Nutrition,
40(5), 245-254. https://doi.org/10.1007/s394-001-8352-2

Rivas, C. L., Zuiiiga, F. A., Salas-Burgos, A., Mardones, L., Ormazabal, V., & Vera, J. C.
(2008). Vitamin C transporters. Journal of Physiology and Biochemistry, 64(4), 357-375.
https://doi.org/10.1007/BF03174092

Rizzo, J. A., Rowan, M. P., Driscoll, I. R., Chung, K. K., & Friedman, B. C. (2016). Vitamin C

in Burn Resuscitation. Critical Care Clinics, 32(4), 539-546. https://doi.org/10.1016/j.ccc.2016.06.003



75

Robertshaw D. (2006). Mechanisms for the control of respiratory evaporative heat loss in
panting animals. Journal of Applied Physiology (Bethesda, Md.: 1985), 101(2), 664—668.
https://doi.org/10.1152/japplphysiol.01380.2005

Saipin, N., Semsirmboon, S., Rungsiwiwut, R., & Thammacharoen, S. (2020a). High ambient
temperature directly decreases milk synthesis in the mammary gland in Saanen goats. Journal of
Thermal Biology, 94, 102783. https://doi.org/10.1016/j.jtherbio.2020.102783

Saipin, N., Thuwanut, P., Thammacharoen, S., & Rungsiwiwut, R. (2020b). Effect of
incubation temperature on lactogenic function of goat milk-derived mammary epithelial cells. In vitro
cellular & developmental biology. Animal, 56(10), 842-846. https://doi.org/10.1007/s11626-020-
00529-3

Sakurai, M., Tanaka, H., Matsuda, T., Goya, T., Shimazaki, S., & Matsuda, H. (1997).
Reduced resuscitation fluid volume for second-degree experimental burns with delayed initiation of
vitamin C therapy (beginning 6 h after injury). The Journal of Surgical Research, 73(1), 24-27.
https://doi.org/10.1006/jsre.1997.5203

Sani, M., Ghanem-Boughanmi, N., Gadacha, W., Sebai, H., Boughattas, N. A., Reinberg, A., &
Ben-Attia, M. (2007). Malondialdehyde content and circadian variations in brain, kidney, liver, and
plasma of mice. Chronobiology International, 24(4), 671-685.
https://doi.org/10.1080/07420520701535720

Schneider, P. L., Beede, D. K., & Wilcox, C. J. (1986). Responses of lactating cows to dietary
sodium source and quantity and potassium quantity during heat stress. Journal of Dairy Science, 69(1),
99-110. https://doi.org/10.3168/jds.S0022-0302(86)80374-5

Schneider, P. L., Beede, D. K., & Wilcox, C. J. (1988a). Nycterohemeral patterns of acid-base
status, mineral concentrations and digestive function of lactating cows in natural or chamber heat stress
environments. Journal of Animal Science, 66(1), 112—125. https://doi.org/10.2527/jas1988.661112x

Schneider, P. L., Beede, D. K., & Wilcox, C. J. (1988b). Effects of supplemental potassium and
sodium chloride salts on ruminal turnover rates, acid-base and mineral status of lactating dairy cows
during heat stress. Journal of Animal Science, 66(1), 126—135. https://doi.org/10.2527/jas1988.661126x

Schiitz, K.E., Rogers, A.R., Cox, N.R., & Tucker, C.B. (2009). Dairy cows prefer shade that
offers greater protection against solar radiation in summer: Shade use, behavior, and body temperature.

Applied Animal Behaviour Science, 116(1), 28-34. https://doi.org/10.1016/j.applanim.2008.07.005.



76

Sie, H., Berndt, C., & Jones, D.P. (2017). Oxidative stress. Annual Review of Biochemistry,
86,1, 715-748. https://doi.org/10.1146/annurev-biochem-061516-045037
Silanikove, N., Merin, U., Shapiro, F., & Leitner, G. (2014). Milk metabolites as indicators of mammary
gland functions and milk quality. The Journal of Dairy Research, 81(3), 358-363.
https://doi.org/10.1017/S0022029914000260

Silanikove, N., Shapiro, F., Merin, U., Lavon, Y., Blum, S., Leitner, G. (2016). Reduced use of
glucose by normoxic cow's mammary gland under acute inflammation: an example of homeostatic
aerobic glycolysis. RSC Advances. 6. 114644 — 114657. https://doi.org/10.1039/C6RA22934D

Sivakumar, A., Singh, G., Varshney, V. Antioxidants Supplementation on Acid Base Balance
during Heat Stress in Goats. Asian-Australasian Journal of Animal Sciences, 23(11), 1462-1468.
https://doi.org/10.5713/ajas.2010.90471

Slimen, 1. B., Najar, T., Ghram, A., Dabbebi, H., Ben Mrad, M., & Abdrabbah, M. (2014).
Reactive oxygen species, heat stress and oxidative-induced mitochondrial damage. A review.
International Journal of hyperthermia : The Official Journal of European Society for Hyperthermic
Oncology, North American Hyperthermia Group, 30(7), 513-523.
https://doi.org/10.3109/02656736.2014.971446

Soltany, A., & Al Aissami, M. (2022). A scoping review of the role of ascorbic acid in
modifying fluid requirements in the resuscitation phase in burn patients. Annals of Medicine and
Surgery (2012), 75, 103460. https://doi.org/10.1016/j.amsu.2022.103460

Stevens, J. B., Anderson, K. L., Correa, M. T., Stewart, T., & Braselton, W. E., Jr (1994).
Hematologic, blood gas, blood chemistry and serum mineral values for a sample of clinically healthy
adult goats. Veterinary Clinical Pathology, 23(1), 19-24. https://doi.org/10.1111/j.1939-
165x.1994.tb01011.x

Sthijns, M. M., Weseler, A. R., Bast, A., & Haenen, G. R. (2016). Time in redox adaptation
processes: from evolution to hormesis. International Journal of Molecular Sciences, 17(10), 1649.
https://doi.org/10.3390/ijms 17101649

St-Pierre, N.R., Cobanov, B., & Schnitkey, G. (2003). Economic losses from heat stress by us
livestock industries|. Journal of Dairy Science,86 (Supplement), E52-E77.

https://doi.org/10.3168/jds.S0022-0302(03)74040-5.



77

Sun, J., Yin, B., Tang, S., Zhang, X., Xu, J., & Bao, E. (2019). Vitamin C mitigates heat
damage by reducing oxidative stress, inducing HSP expression in TM4 Sertoli cells. Molecular
Reproduction and Development, 86(6), 673—685. https://doi.org/10.1002/mrd.23146

Tanaka, H., Matsuda, T., Miyagantani, Y., Yukioka, T., Matsuda, H., & Shimazaki, S. (2000).
Reduction of resuscitation fluid volumes in severely burned patients using ascorbic acid administration:
a randomized, prospective study. Archives of Surgery (Chicago, Ill.: 1960), 135(3), 326-331.
https://doi.org/10.1001/archsurg.135.3.326

Tanaka, M., Kamiya, Y., Kamiya, M., & Nakai, Y. (2007). Effect of high environmental
temperatures on ascorbic acid, sulfhydryl residue and oxidized lipid concentrations in plasma of dairy
cows. Animal Science Journal, 78, 301-306. https://doi.org/10.1111/j.1740-0929.2007.00439.x

Tanaka, M., Kamiya, Y., Suzuki, T., & Nakai, Y. (2011). Changes in oxidative status in
periparturient dairy cows in hot conditions. Animal Science Journal = Nihon Chikusan Gakkaiho, 82(2),
320-324. https://doi.org/10.1111/j.1740-0929.2010.00839.x

Tchouagué, M., Grondin, M., Glory, A., & Averill-Bates, D. (2019). Heat shock induces the
cellular antioxidant defenses peroxiredoxin, glutathione and glucose 6-phosphate dehydrogenase
through Nrf2. Chemico-Biological Interactions, 310, 108717. https://doi.org/10.1016/j.cbi.2019.06.030

Thammacharoen, S., Komolvanich, S., Chanpongsang, S., & Chaiyabutr, N. (2013).
Respiratory hypocapnia at different stages of lactation during long-term exogenous bovine somatotropin
in crossbred holstein cattle in the tropic. The Thai Journal of Veterinary Medicine, 41(2), 245-250.

Thammacharoen, S., Semsirmboon, S., Chanpongsang, S., Chaiyabutr, N., Panyasomboonying,
P., Khundamrongkul, P., Puchongmart, P., & Wichachai, W. (2021). Seasonal effect of milk yield and
blood metabolites in relation to ketosis of dairy cows fed under a high ambient temperature. Veterinary
World, 14(9), 2392-2396. https://doi.org/10.14202/vetworld.2021.2392-2396

Thammacharoen, S., Saipin, N., Nguyen, T., & Chaiyabutr, N. (2022). Effects of high ambient
temperature on milk protein synthesis in dairy cows and goats: insights from the molecular mechanism
studies. In (Ed), Milk Protein - New  Research  Approaches. IntechOpen.
https://doi.org/10.5772/intechopen. 104563

Torrente Artero C. (2017). A quick reference on anion gap and strong ion gap. The Veterinary
Clinics of North America. Small Animal Practice, 47(2), 191-196.

https://doi.org/10.1016/j.cvsm.2016.10.006



78

Tucker, W. B., Xin, Z., & Hemken, R. W. (1988). Influence of dietary calcium chloride on
adaptive changes in acid-base status and mineral metabolism in lactating dairy cows fed a diet high in
sodium bicarbonate. Journal of Dairy Science, 71(6), 1587—1597. https://doi.org/10.3168/jds.S0022-
0302(88)79722-2

Ulutas, B., Ozlem, M. B., Ulutas, P. A., Eren, V., & PaSa, S. (2003). Fractional excretion of
electrolytes during pre- and postpartum periods in cows. Acta Veterinaria Hungarica, 51(4), 521-528.
https://doi.org/10.1556/AVet.51.2003.4.10

Van Aardt, M., Duncan, S. E., Marcy, J. E., Long, T. E., O'Keefe, S. F., & Nielsen-Sims, S. R.
(2005). Effect of antioxidant (alpha-tocopherol and ascorbic acid) fortification on light-induced flavor of
milk. Journal of Dairy Science, 88(3), 872-880. https://doi.org/10.3168/jds.S0022-0302(05)72753-3

Wildman, C. D., West, J. W., & Bernard, J. K. (2007a). Effect of dietary cation-anion
difference and dietary crude protein on milk yield, acid-base chemistry, and rumen fermentation. Journal
of Dairy Science, 90(10), 4693—4700. https://doi.org/10.3168/jds.2006-497

Wildman, C. D., West, J. W., & Bernard, J. K. (2007b). Effect of dietary cation-anion
difference and dietary crude protein on performance of lactating dairy cows during hot weather. Journal
of Dairy Science, 90(4), 1842—1850. https://doi.org/10.3168/jds.2006-546

Wildman, C. D., West, J. W., & Bernard, J. K. (2007c). Effects of dietary cation-anion
difference and potassium to sodium ratio on lactating dairy cows in hot weather. Journal of Dairy
Science, 90(2), 970-977. https://doi.org/10.3168/jds.S0022-0302(07)71581-3

Xiao, Y., Kronenfeld, J. M., & Renquist, B. J. (2020). Feed intake-dependent and -independent
effects of heat stress on lactation and mammary gland development. Journal of Dairy Science, 103(12),
12003-12014. https://doi.org/10.3168/jds.2020-18675

Yun, S. H., Moon, Y. S., Sohn, S. H., & Jang, 1. S. (2012). Effects of cyclic heat stress or
vitamin C supplementation during cyclic heat stress on HSP70, inflammatory cytokines, and the
antioxidant defense system in Sprague Dawley rats. Experimental Animals, 61(5), 543-553.
https://doi.org/10.1538/expanim.61.543

Zachut, M., Kra, G., Portnik, Y., Shapiro, F., Silanikove, N. (2013). Milk glucose-6-phosphate
dehydrogenase activity and glucose-6- phosphate are associated with oxidative stress and serve as
indicators of energy balance in dairy cows. RSC Advances. 6, 65412-65417.

https://doi.org/10.1039/C6RA11924G



NAME

DATE OF BIRTH

PLACE OF BIRTH

INSTITUTIONS ATTENDED

HOME ADDRESS

PUBLICATION

79

VITA

Sapon Semsirmboon

18 june 1992

Lopburi

Chulalongkorn University

84-86 Surasongkarm Rd., Lopburi, Thailand

1. Buranakarl C, Thammacharoen S, Semsirmboon S, Sutayatram S, Chanpongsang S, Chaiyabutr N
and Katoh K 2020. Effects of replacement of para-grass with oil palm compounds on body weight, food
intake, nutrient digestibility, rumen blood parameters in goats. Asian-Australas J Anim Sci. 33(6): 921-

929.

2. Saipin N, Semsirmboon S, Rungsiwiwut R and Thammacharoen S 2020. High ambient
temperature directly decreases milk synthesis in the mammary gland in Saanen goats. J Therm Biol. 94:

102783.

3. Thammacharoen S, Semsirmboon S, Chanpongsang S, Chaiyabutr N, Panyasomboonying P,
Khundamrongkul P, Puchongmart P and Wichachai W 2021. Seasonal effect of milk yield and blood
metabolites in relation to ketosis of dairy cows fed under a high ambient temperature. Vet World. 14: 2393

—2394.

4. Buranakarl C, Thammacharoen S, Semsirmboon S, Sutayatram S, Nuntapaitoon M and
Dissayabutra T 2021. Effects of litter size and parity number on mammary secretions including, insulin-
like growth factor-1, immunoglobulin G and vitamin A of Black Bengal, Saanen, and their crossbred goats

in Thailand. Vet Sci. 8(6): 95 — 106.

5. Muttarin Lothong, Kiattisak Anurut, Sapon Semsirmboon, Thammacharoen Sumpun. Sutthasinee
Poonyachoti 2022. The seasonal effect on the performance of pigs reared in backyard pig farm in Thailand:

retrospective study. J Indonesian Trop Anim Agric. 47(4): 328-339.

6. Thanida Nampimoon, Siraphop Sirirut, Weerachad Thikhiao, Sapon Semsirmboon, and Sumpun
Thammacharoen. 2022. In-house fecal egg counting chamber development. Mahidol R2R e-journal.

(Accepted Manuscript).

7. Sapon Semsirmboon, Dang Khoa Do Nguyen, Narongsak Chaiyabutr, Sutthasinee Poonyachoti,
Sumpun Thammacharoen. 2022. Natural high ambient temperature induced respiratory hypocapnia without

activation of the hypothalamic-pituitary-adrenal axis in lactating goats. Vet World. 5(11): 2611-2616.

8. Dang Khoa Do Nguyen, Sapon Semsirmboon, Narongsak Chaiyabutr, and Sumpun
Thammacharoen. 2022. Effects of Low Dietary Cation and Anion Difference on Blood

Gas, Renal Electrolyte, and Acid Excretions in Goats in Tropical Conditions. Animals 12: 3444.



AWIAINTAUNNIINY 1A D
CHuLALONGKORN UNIVERSITY

80



	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER I
	INTRODUCTION
	Objectives of study
	Hypothesis of study

	CHAPTER II LITERATURE REVIEWS
	High ambient temperature and physiological response
	High ambient temperature and milk production
	High ambient temperature and acid-base balance
	High ambient temperature and electrolyte balance
	High ambient temperature and antioxidant depletion
	High ambient temperature and dietary cation and anion difference
	High ambient temperature and ascorbic acid

	CHAPTER III MATERIALS AND METHODS
	Experiment 1: The effects of the ascorbic acid administration on electrolyte balance, acid-base balance, and antioxidant capacity of non-lactating goats
	Experiment 2: The effect of high DCAD and high dose ascorbic acid on mammary gland function.

	CHAPTER IV RESULTS
	Experiment 1: The effect of high dose Asc supplement on HTa responses, plasma oxidative stress, plasma electrolytes, and plasma cortisol of non-lactating dairy goats.
	1.1 Ambient condition and the effect of high dose Asc supplement on RR and Tr during daytime HTa
	1.2 The effect of high dose Asc supplements on blood gas parameters, serum chemistries, plasma electrolytes, plasma, and red blood cell lysate oxidative stress.

	Experiment 2: The effect of high DCAD and high dose Asc supplement on HTa response, plasma oxidative stress, acid-base balance, electrolyte balance, and mammary gland function
	2.1 Ambient conditions and the effect of high DCAD on HTa response
	2.2 The effect of high DCAD and high dose Asc supplement on acid-base balance
	2.3 The effect of high DCAD and high Asc supplement on electrolyte balance and renal function
	2.4 The effect of high DCAD and high Asc supplement on plasma oxidative stress, plasma cortisol, and mammary gland function.


	CHAPTER V DISCUSSION
	Experiment 1: The effect of high DCAD supplement on HTa and blood gas parameters, serum chemistries, plasma electrolyte of non-lactating dairy goat fed under HTa
	Experiment 2: The effect of high DCAD and high dose Asc supplement in lactating dairy goats fed under HTa
	Experiment 2.1: The effect of high DCAD on HTa response
	Experiment 2.2: The effect of supplements on acid-base balance
	Experiment 2.3: The effect of supplements on electrolytes balance and renal function.
	Experiment 2.4: The effect of supplements on oxidative stress and mammary gland function.


	REFERENCES
	VITA

