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Water is an essential nutrient and is considered the nutrient most critical for
survival. Losses in body water of just 10-15% can cause death, with animals able
to tolerate much higher fat or protein losses.!

Several methods exist for estimating water requirements for cats and dogs. In
general, healthy pets can self-regulate their water intake to match losses and
meet their needs.' However, whether this is ‘optimal water intake’ or whether such
pets are ‘optimally hydrated’ is not clear. Research in humans suggests that even
mild dehydration (<3% of body weight) can affect performance and cognition.>>
Itis not yet known whether this is the case in pets.®

There are a number of recognized indications, such as urolithiasis, where pets
may benefit from a higher water intake via increased drinking, and there may be
additional indications.® Some research has evaluated the effects of increased
water intake on hydration indices as well as the efficacy of methods to increase
intake. However, a greater understanding of hydration and how its status affects
overall health and well-being in cats and dogs is desired.5’
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WATER AS AN ESSENTIAL
NUTRIENT AND WELFARE
REQUIREMENT

Water has many essential functions in the body. Water is
the solvent in which many of the body’s chemical reactions
take place, and it makes up the fluid portion of blood,
transporting nutrients including oxygen, and metabolic
waste products. Water helps regulate body temperature
and supports digestion of food and elimination of waste via
urine and feces.*8

A number of authorities in some markets, e.g., UK, US,
New Zealand, and Australia, also consider water to be a
‘welfare requirement’.9*2 The World Small Animal Veterinary
Association (WSAVA) recommends adhering to the Five
Animal Welfare Needs, an animal welfare framework that
under the provision of ‘a suitable diet’ requires access to
fresh, clean water.3 The Five Animal Welfare Needs were
developed as a part of the Animal Welfare Act of 2006 in
the UK2 In the United States, the USDA recently published
a new ruling (May 2020) updating a requirement such that
dogs should have 24 hour access to drinking water.

TOTAL BODY WATER

Reported values for total body water in dogs and cats as a
percentage of body weight have ranged from a surprising
37% in a Husky to approximately 80% in newborn Kkittens.
Values have varied depending on age, breed, methods used,
and amount of body fat (where water as a percentage of
body weight decreases with increasing body fat).'4> Since
intracellular water is almost exclusively in lean body mass
rather than in fat, a relative increase in body fat results
in a decrease in water as a percent of body weight."718242
Several Purina studies showed that total body water
averaged approximately 60% of body weight in lean adult
cats and dogs.”® About two thirds of total body water is
found intracellularly and one third extracellularly, but
water is always in a state of flux. Extracellular fluid includes

blood plasma and interstitial fluid.* Total body water is
maintained as the balance between water intake and water
losses.

WATER INTAKE IN PETS

Water intake includes:

B Free water, or the water that the pet drinks; healthy
pets typically self-regulate their intake to maintain
homeostasis.!

M The water found in food, which is also referred to as
the ‘moisture content’.

Moisture content in commercial canned food can
be as high as 80-85% while commercial dry food
usually contains less than 10% water.®

B Metabolic water, produced in the body via oxidation of
energy-containing nutrients.!

B < eeroogproten

60 ml water/100 g carbohydrate

107 ml water/100 g fat

Overall 10-16 ml water/100 kcal ME

Figure 1:

Amount of water produced via oxidation of energy-containing nutrients’

An individual pet’s water intake requirements can be
estimated based on the following criteria:!

B Body weight — 50-60 ml/kg/day.

M Food intake on dry matter basis — 2-3 ml/g food (dry
matter)/day.

B Food intake on energy basis — approximately 1:1
ratio of ml water to kcal metabolizable energy (ME)
consumed.



FACTORS AFFECTING FREE
WATER INTAKE IN CATS AND
DOGS

Several factors, including diet, environment, and activity
level may affect a pet’s voluntary water intake. Drinking is
stimulated by eating, whether with the number of meals or
the quantity of food, but also the specific nutrient content of
the diet affecting free water intake."*%

A study found that when cats were fed the same calories
but divided into 2 or 3 meals per day, they drank more than
when they were fed the same calories but in just one meal.?
Another study showed cats fed ad libitum had a higher food
and water intake than when fed once daily.?® Research in
dogs has shown post-prandial free water intake increases
when fed a higher quantity of food and when fed higher
carbohydrate foods.??® In cats, increased dietary protein
results in increased water intake2 while research has
shown that increased dietary sodium (provided as sodium
or sodium chloride) increases free water intake in both cats
and dogs (see further discussion under Methods To Increase
Total Water Intake In Pets) 33

Cats and dogs adjust their free water intake dependent on
the moisture content of their food, consuming less free water
as food moisture increases. There appears to be an upper
limit above which they cannot further decrease free water
intake. It has not been clearly established whether a species
difference exists in how cats and dogs adapt to water in their
food (see further discussion under Methods To Increase
Total Water Intake In Pets).5353 A pet also may increase its
voluntary water consumption to compensate for increased
water losses secondary to high ambient temperatures or
high activity, e.g., working dogs.!

Although most cats maintain normal hydration, several
unique factors may contribute to low water intake in cats:

H Cats evolved as obligate carnivores, eating wild prey,
such as birds and mice. The moisture content of prey
is typically high (approximately 70%)°, and in general
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prey is more palatable than water. With the prey
contributing moisture, little if any free water intake is
needed to meet a cat’s daily water requirements.*

M Cats have a lower physiological thirst drive than
dogs.®3>4* They are able to concentrate their urine to
a greater degree than dogs, which helps to conserve
water.®3> Dogs begin to drink and will replace a water
deficit more rapidly than cats.»

B In multi-pet households when sharing a drinking
bowl, cats may feel at risk of being attacked by
another pet in the home and may be less likely to
drink. Veterinarians may recommend using multiple
water bowls and avoiding placement of bowls in room
corners in these households.

M Since a cat’s ability to focus on an object closer than
25 cm away is poor, a cat may have trouble seeing the
surface of still water in a bowl.”3

Decreased water intake can be a risk with senior dogs and
cats,>#4 and those recovering from surgery or illness who
may be less inclined to drink. High activity working dogs or
other very active dogs may not meet their water needs if not
specifically encouraged to drink by their handler or owner.4
A low water intake is also a risk if pets are not provided
access to fresh water, or are outdoors in cold climates where
the water supply is allowed to freeze.

WATER LOSSES IN PETS

Water is lost from the body via several routes:

B Urine is the primary way water is lost. It includes

Obligatory (solute-driven) water loss —
affected by the amount of food consumed and
the nutrients in the food, e.g., protein and
minerals.
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Free (facultative) water loss — regulated by
arginine vasopressin in response to

plasma osmolality (see discussion of water
balance in next section).*®

M Feces.*®

Research has found that relative amounts of water
excreted in the urine and the feces are affected by the
energy content, fat content, and digestibility of the
diet in cats. A more energy-dense, higher fat, or highly
digestible diet leads to a lower dry matter food intake,
lower fecal water, and a higher proportion of water lost
in urine.®

B Insensible water losses, i.e., evaporation during
respiration, especially panting in dogs or grooming in
cats, their primary cooling mechanisms.®

- L

Figure 2:

Routes of water loss in dogs — urine, feces, and panting

High water losses may be associated with specific health or
environmental conditions:

B Vomiting or diarrhea.*

B Chronic kidney disease — dehydration may be an issue
in pets with existing chronic kidney disease and also a
risk factor for its development.4748

B Diabetes — glucosuria increases obligatory urinary
water losses.#

B Loss of blood or plasma.*

B High ambient temperatures due to increased
respiratory losses.®

B Working or sporting dogs through increased panting.?

REGULATION OF WATER
BALANCE

Water balance is defined as water intake minus losses.®
Healthy pets can typically self-regulate their water intake
to match losses.! Water balance is regulated in the body by
several hormones that respond to changes in blood volume
or osmolality. This regulation involves primarily arginine
vasopressin (AVP, also known as vasopressin or antidiuretic
hormone) and the renin-angiotensin-aldosterone system.

Plasma osmolality is influenced mainly by the
concentration of sodium and to a lesser degree
by glucose and urea concentrations.

Increased plasma osmolality stimulates thirst, which
increases water intake, and also triggers the release of AVP
from the pituitary gland. AVP enhances water resorption by
the renal collecting tubules, thereby helping to normalize
plasma osmolality while decreasing urine production and
producing a more concentrated urine. Decreased blood
volume also causes the release of AVP which constricts
arteries and raises blood pressure. However, the primary
response to changes in blood volume is mediated by the
renin-angiotensin-aldosterone system. A drop in blood
volume or pressure lowers renal perfusion which is sensed
by the juxtaglomerular cells causing the enzyme renin to be
secreted. Renin converts angiotensinogen to angiotensin 1.
Angiotensin converting enzyme then converts angiotensin
I to angiotensin II. Angiotensin II stimulates the adrenal
cortex to release aldosterone, which causes the distal
renal tubules to retain sodium and subsequently conserve
water (resulting in decreased urine volume). Angiotensin
IT also has direct effects on the proximal renal tubules,
increasing sodium and thereby water resorption at the
proximal tubules, and raises blood pressure by constricting
arterioles.*825°
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ASSESSING HYDRATION IN
CATS AND DOGS

Several methods are used to assess hydration in clinical
practice. These include evaluation of a pet’s capillary refill
time; feel of the mucous membranes, i.e., tacky (sticky) or
moist, cold or warm to the touch; skin tent time; hematocrit,
and urine specific gravity (USG, a measure of urine
concentration).

A Purina study evaluated several of these hydration
assessment methods in exercising working dogs with
the goal of identifying a sensitive method that could be
performed in the field by non-veterinary staff. The scientists
found that skin tent time, but not capillary refill time, was a
reliable and easy-to-perform indicator of hydration in these
exercising dogs to assess very mild levels of dehydration
of approximately only 1% loss of body water (measured as
acute body weight loss).* Ultimately, this is valuable as it

Na+
H.O

z

provides a convenient and sensitive method to facilitate
earlier intervention for rehydration in order to minimize
progression of dehydration to a more severe state while in
a field setting. Research has also shown that USG varies
widely in healthy dogs. A wide range of ‘normal’ values can
occur — hoth over the course of the day in an individual dog
and among dogs,>>* which can be a potential confounding
factor in defining ‘optimal hydration’ status.

Methods of assessing hydration used in a research/
laboratory setting (all of which are non-invasive) include
quantitative magnetic resonance imaging (QMR), deuterium
oxide dilution, and dual-energy x-ray absorptiometry.7-1853
However, while these offer excellent research tools, these
are not currently viable clinical tools.
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INDICATIONS FOR INCREASING
WATER INTAKE IN PETS

Dehydration, or a negative water balance, can occur in
pets with a decreased water intake, increased water losses,
or both. While increasing water intake is beneficial in
affected pets or those likely to become dehydrated (e.g.,
pets exercising in high ambient temperatures), a general
recommendation to increase water intake is also often made
for pets with urolithiasis and cats with idiopathic cystitis.>*5°
Consumption of low moisture diets has been shown to be a
potential risk factor for urolithiasis in dogs and cats.5”

The primary goal behind increasing water intake is the
production of larger amounts of more dilute urine, resulting
inareductionin therelative super-saturation (RSS) of urolith-
forming minerals and the concentration of other irritating
substances in the urine. Increased water consumption also
may increase voiding frequency, shortening the length of
time compounds remain in the bladder to form uroliths or
cause irritation.55

Increased water intake is also recommended for cats prone
to constipation,® as this helps to soften the stool.

METHODS TO INCREASE TOTAL
WATER INTAKE IN PETS

Various methods have been utilized to increase water intake
in cats. Although cats will drink more free water when eating
dry food compared to eating wet food to compensate for the
lower moisture content in dry food, they may have a lower
total daily water intake (a lower water to calorie ratio) when
eating dry food 353752 A number of studies suggest that dietary
moisture levels greater than 70-75% (a canned diet or food
with added water) result in increased water throughput 37626
One study showed that cats fed a 70% ‘hydrated’ diet (dry
diet with added water) produced an increased volume of
a more dilute urine than cats fed the dry diet.* A second
study in which voluntary water intake was also measured

showed that cats fed a canned diet (82% moisture) or a
70% hydrated diet had a significantly higher water intake,
greater urine volume, and a more dilute urine than cats fed
the dry diet (3% moisture).”* Researchers in another study
measured total daily water intake in healthy cats fed a dry
diet (6.3% moisture) or the same dry food with varying
amounts of added deionized water (producing hydrated
diets of 25.4, 53.2, and 73.3% moisture). Results showed
that cats eating the 73.3% moisture diet had a significantly
increased total daily water intake and a decrease in USG and
calcium oxalate RSS”

A diet with increased levels of sodium is another method to
encourage drinking. Diets with increased levels of sodium3
or sodium chloride (salt)>** have been shown to boost
water intake in cats while increasing urine volume and/or
decreasing USG. A Purina study found that cats fed a diet
with an increased level of salt produced significantly higher
urine volumes and had an increase, though not statistically
significant, in water intake.® Other research showed cats fed
dry diets with increased levels of sodium had significantly
lower calcium oxalate RSS than cats fed lower sodium
diets® Another study found both calcium oxalate and
struvite RSS were significantly lower in cats fed dry diets
with increased levels of salt compared to cats fed lower salt
diets.s Despite potential health concerns with such diets in
humans, research has demonstrated that increased levels of
sodium? or salt3-%% in diets fed to healthy and aging cats do
not raise blood pressure or adversely affect heart or kidney
function.

The use of a water fountain or another source of free-falling
water, e.g., water from a tap, or circulating water has been
recommended to help increase water intake in cats. However,
research has also shown that neither was uniformly superior
at encouraging water intake,7° although individual cats
did show increases in water intake thus suggesting personal
preferences’® Other recommendations include offering
multiple water bowls, using dog sized bowls (wide bowls so
that cats’ whiskers do not touch the sides of the bowl), using
stainless steel or crockery receptacles, and locating water
bowls so cats do not feel threatened when drinking.



In dogs, similar to cats, one strategy to increase water intake
involves feeding wet food (or adding water to dry food). Some
research in dogs has shown that total water intake is similar
whether eating dry or wet food, with dogs drinking more or
less to compensate for the level of moisture in the food 353839
However, one study has shown that this is only true up to
a point. Researchers fed the same quantity of a dry diet to
dogs, but varied the amount of water added to it (ranging
from Y4 to 5 times the volume of the food), and measured
free water intake. They found that with an increase in the
amount of water added to the food, dogs drank decreasing
amounts of free water, keeping total water intake constant.
However, once the volume of added water equaled twice the
volume of the dry food, the addition of more water to the
food did not decrease voluntary free water intake further.
This resulted in greater total water intakes when dogs were
fed diets with more than 66% moisture.?®

Another approach to increase total water intake in dogs is
to feed a diet with an increased level of sodium or salt.! A
Purina study found that dogs fed a diet with an increased
level of salt produced significantly higher urine volumes and
more dilute urine and had a directional, but not statistically
significant, increase in water intake/* Other research
has shown increased water intake or urine volume and
decreased calcium oxalate RSS when dogs were fed a dry
diet with increased sodium3* or a canned diet with increased
salt™? levels. Another study found feeding healthy dogs dry
diets with increased levels of salt, resulted in higher water
intakes and urine volumes and decreased calcium oxalate
and struvite RSS.3

Figure 4:
Water fountains are sometimes used in an attempt to increase water
intake in cats.
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USE OF A NOVEL NUTRIENT-
ENRICHED WATER TO
ENCOURAGE INCREASED
DRINKING

A new approach designed to increase total water intake
is through feeding nutrient-enriched water. The nutrient-
enriched, flavored water developed and formulated by
Purina scientists is supplemented with organic osmolytes,
including amino acids from a whey protein isolate and
hydrolyzed protein from poultry, and glycerol. These solutes
help regulate the movement of water across cell membranes
in response to osmotic pressure gradients.”

Purinascientists have conducted multiple studies evaluating
the effects of the nutrient-enriched water on daily water
intake and measures of hydration in cats and dogs.®7777

Study in cats demonstrates benefits of
a nutrient-enriched water on hydration’

In this study, 18 healthy adult cats were offered ad libitum
access to a dry diet and tap water (TW) for a one-week
baseline period (days -7 to -1). The cats were then randomized
into two groups (each group, n=9). The TW group continued
to be offered TW as their water source. The second group
of cats — the NW group — was offered nutrient-enriched
water (NW) as their only water source for 11 days (days o to
10) then offered TW and NW (in separate bowls with bowl
locations alternated daily) to determine water preference for
the duration of the study (days 11 to 56).

Free liquid intake was measured daily using an automated
monitoring system. Blood and urine samples were collected
on days -1, 8, 15, 30, and 56, and QMR was performed on
days -1, 8, 15, 30, 43, and 56 to assess hydration status. Urine
was obtained via cystocentesis, except over a 48-hour period
on days 28-30 or 31-33 when voided urine was collected to
measure the volume of each cat’s total urine output.



g/day

=IINPN |Institute

Advancing Science for Pet Health

rine Urine Urine Urine {48-hour) Urine
P_é.ra'-ne_ter Blood Blood Blood Blood Blocd
evaluated OMR OMR OMR OMR OMR OMR
Study day 7 I 0 7 l 28 . 35 Lzl 49 56

— e ——|

Baseline |

nweroup (NEEREREER] N and food NW, TW, and food l

NVE=Ilo I T/ and food TW and food TW and food ‘

Figure 5:

Design of a study evaluating the effects of a nutrient-enriched water (NW) on hydration indices.

TW = tap water. QMR = quantitative magnetic resonance imaging.

Results showed that at baseline, TW and food intake
were similar between groups. Free liquid intake increased
significantly during week 1 for the NW group (mean 148 +/- 26
g/day for week 1 versus 93 +/- 9 g/day at baseline), an increase
of nearly 60% (P = 0.01), while there was no significant change
for the TW group. Week 1 free liquid intake for the NW group
was significantly greater than that of the TW group (P = 0.03).
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Figure 6:

Mean free liquid intake in cats offered tap water (TW) or nutrient-enriched
water (NW). * indicates significant change from NW Group Baseline and
significant difference from TW Group Week 1.

For the duration of the study, mean weekly free liquid intake
for the NW group ranged from approximately 40-118%
greater than baseline, while that for the TW group remained
stable, ranging from -15 to +14% different from baseline.
While there was individual variability in response (three
of the NW group cats increased their free liquid intake less
than 25%; 3 increased free liquid intake between 25-75%;

and 3 increased intake by more than 75%), overall mean
free liquid intake was significantly higher for the NW group
at 153 +/- 26 g/d than for the TW cats at 104 +/- 5 g/d (P <=
0.05). When cats in the NW group were offered a choice
between TW and NW, they overwhelmingly chose NW,
regardless of bowl position, with NW intake at an overall
mean of 96.6 +/- 3% of total daily intake. This showed that
the increase in free liquid consumption by the NW group
was due to the cats having a high NW intake.

The increased water intake in the NW group resulted in
production of a significantly higher urine volume and more
dilute urine. Mean urine output was 15.2 +/- 1.8 ml/kg/d
for cats in the NW group versus 10.3 +/- 0.7 ml/kg/d for TW
group cats (P = 0.010). Mean USG was 1.040 +/- 0.002 g/ml
for the NW group versus 1.054 +/- 0.001 g/ml for the TW
group (P < 0.001). QMR found no significant changes in total
body water, lean body mass, or fat mass in either group over
the course of the study.

Feline study shows nutrient-enriched
waters with and without flavoring affect
water intake and urine measures of
hydration’

The study evaluated feeding nutrient-enriched water (NW)
to 36 healthy adult cats eating a dry kibble diet. The cats
were divided into 3 groups: TW (tap water) (n=4), NW (non-
flavored nutrient-enriched water (n=16), and NWP (NW with




ml/kg body weight/day

poultry flavoring) (n=16). All groups were offered TW ad
libitum with the dry diet fed to maintain body weight for a
1-week period (period 1) to measure baseline intake. The TW
group was offered only TW ad libitum as their water source
throughout the study, while cats in the NW and NWP groups
were offered either NW or NWP, respectively, at a volume
equal to 1x baseline water intake for 17 days (period 2),
followed by 1.5x baseline intake for 10 days (period 3), and
then 2x baseline intake for 10 days (period 4), in addition to
TW ad libitum. Free liquid and food intake were measured.
Voided urine was collected over 48 hours near the end of
each study period to measure urine output and specific

gravity.

Mean TW intake for all cats during period 1 was 118 +/-
26 ml/d. Among individual cats, water consumption was
highly variable ranging from 79- 200 ml/d. Mean daily free
liquid intake for NW group cats significantly increased
by 25% in period 3 and by 44% in period 4 compared to
period 1 (P < 0.01). For the cats in the NWP group, mean
daily free liquid intake significantly increased by 18% in
period 2 (P = 0.04), 57% in period 3 (P < 0.01), and 96%
in period 4 (P < 0.01) compared to period 1 consumption.
Mean daily free liquid intake did not significantly change
over the course of the study for the cats in the TW group.
Consumption of TW by cats in the NW and NWP groups

decreased considerably once they were offered NW or
NWP, respectively, as a water option, and then remained
relatively stable during the rest of the study.

Mean daily urine volume did not change significantly for cats
in the TW group, while it significantly increased in period 3
and 4 versus period 1in NW and NWP cats (P < 0.01).

Urine from NW and NWP cats was more dilute with USG
significantly decreasing by between 21-31% in NW cats and
39-62% in NWP group cats in periods 2-4 relative to period 1
(P<o0.001).

An additional Purina study utilizing QMR to assess
percentage total body water showed that offering nutrient-
enriched water to healthy cats 2-3 hours prior to a brief
routine anesthetic procedure may be an option to help
ensure adequate hydration prior to, during, and immediately
after the procedure.”®

This body of research in healthy cats has demonstrated that
consumption of a nutrient-enriched water enhances water
intake and improves measures of hydration. The findings
from these studies also suggest that feeding nutrient-
enriched water may provide a way to encourage water
consumption in cats with health issues or those otherwise
prone to dehydration that would benefit from an increased

intake.
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Figure 7:

Voided urine volume in cats offered tap water (Control), non-flavored nutrient-enriched water (NW), or nutrient-enriched water with poultry flavoring (NWP).
a<Different superscript lowercase letters indicate significant differences between groups within a time period. ~Different superscript uppercase letters indicate

significant differences within a group over time.
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Study in dogs shows nutrient-enriched
water affects total water intake
and urine measures of hydration®

Findings from an unpublished pilot study by Purina

period. After measurement at baseline (day -7), USG was
measured on days 14, 42, and 56 of the study. Total liquid
intake (sum of TW and NW consumed) and food intake
were measured daily. Total water intake was calculated as
the sum of free water consumed by drinking (TW plus water

scientists showed that increasing water intake in healthy ~ only component of NW), food moisture, and estimated

dogs with a baseline USG of less than 1.015 had no impact on metabolic water.

urine dilution. Thus a parameter for future studies required
P d The mean baseline total liquid intake did not significantly

differ between the two groups, and food calorie intake did
not differ over the course of the study. While total liquid
intake did not change significantly in the TW group in the
treatment phase compared to baseline, total liquid intake

prescreening and enrollment of healthy dogs with a USG
of at least 1.015 in order to detect decreases in USG with
increased water intake.

In this study 16 adult small breed dogs were fed a dry kibble

diet with study groups balanced according to baseline USG. in NW group dogs was significantly increased over baseline

The dry diet was fed to maintain body weight throughout ~ every week (P < 0.05), except week 2. Total liquid intake in
the Study. After a baseline period of 9 days in which all NW dOgS increased further at week 8 during the hlgh intake

dogs had ad libitum access to tap water (TW) presentedina  Phase (P < 0.001). On a body
bucket, half of the dogs were offered TW and half nutrient-
enriched water (NW) in a bowl in addition to the bucket of
TW ad libitum for the 56-day study. The TW or NW in the

bowl was offered at 0.5 ml/kcal dietary ME divided twice

Purina research has shown an
increase in daily water intake
and improved measures of
hydration when pets drink a
nutrient-enriched water.

weight basis, mean total water
intake increased from 71 +/- 12
ml/kg/day during baseline to
156 +/- 13 ml/kg day during the

daily for 49 days in order to evaluate ‘moderate’ intake.  high intake period for the NW

This was followed by offering 2.1 ml/kcal dietary ME  dogs (P <0.001).
divided twice daily for days 50-56, to evaluate the short-
term consumption of a ‘high’ intake. The kcal dietary ME
was calculated based on the food intake over the baseline
200
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Figure 8: mTw NW

Total water intake in dogs offered tap water (TW) or nutrient-enriched water (NW). @<Different superscript lowercase letters indicate significant differences
between groups within a time period. ~Different superscript uppercase letters indicate significant differences within a group over time.
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Consumption of water from the bowl during the treatment
phase was significantly different between groups (P < 0.001).
From weeks 1-7 when offered water at the moderate level, the
NW group dogs drank nearly 100% of the NW, while the TW
dogs drank between 10-20% of the bowl water. In the final
week when offered water in the bowl at the high intake level,
NW group dogs drank an average of 91% of the NW, but intake
in TW dogs did not significantly change. Consumption of tap
water from the bucket decreased between 10-30% compared
to baseline for NW dogs, but varied less than 2% for TW
group dogs over the course of the treatment phase, except at
week 6. These results demonstrated a preference for the NW
in the NW group dogs.

USG and osmolality were similar between groups at
baseline. In the NW group dogs, USG was significantly
lower at 1.018 g/ml on day 42 and at 1.014 g/ml on day 56
compared to the baseline USG of 1.026 g/ml (P < 0.01) and
urine osmolality decreased significantly (P < 0.05). Neither
USG nor osmolality changed significantly in the TW group
compared to baseline values.

Study with working dogs finds nutrient-
enriched water impacts body temperature
and pulse rate recovery after exercise”

A crossover study in conditioned working dogs undergoing
up to 30 minutes of exercise under warm, moderately humid
conditions evaluated the effects of nutrient-enriched water
(NW) on exercise recovery. After a 4-day baseline period, 12
young adult dogs fed a dry diet were offered tap water (TW)
in a bucket ad libitum and a portion-controlled amount of
NW or TW in a bowl during the 11-day treatment phase.
Exercise bouts were conducted on days -4, 3, and 11. Core
body and ear temperatures and pulse rate were measured
just prior to and several times after exercise. Water intake
was not measured as dogs were in training each weekday
and lived in homes overnight and on weekends. Body weight
was measured just prior to and immediately after exercise as
an indicator of water loss.

Hydration In Pets: Strategies To Manage Water Balance In Cats And Dogs | T

On day 3, core body temperature during the recovery period
was 0.6 degrees C (1 degree F) lower in the NW group versus
the TW group (P = 0.002). On day 11, mean ear temperature
was 0.6 degrees F (P = 0.003) and pulse rate 3.4 beats per
minute (P = 0.03) lower during the recovery period in the
NW group compared to the TW group. Dogs appeared
similarly hydrated based on changes in body weight pre to
post exercise.

Scientists concluded that ingestion of NW along with TW ad
libitum improved post-exercise recovery. Since hyperthermia
and elevated pulse rate may contribute to fatigue, decreased
performance, or heat stress, offering a nutrient-enriched
water to exercising dogs may be beneficial.
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The impact of water on the health of the pet is often overlooked, despite the fact
that it is the most critical nutrient for survival. Water balance in the body is always
in a state of flux. Healthy animals appear to be able to self-regulate their water
intake to match losses. However, it is not completely understood whether this
is optimal hydration, and how hydration status affects overall health, including
whether healthy pets may benefit from a higher water intake.

Increased water intake is recommended for cats and dogs that are predisposed
to becoming dehydrated and those with health conditions such as urolithiasis.
Historically, various methods for encouraging water intake in pets have been
utilized but recent published research has shown that the use of a nutrient-
enriched water increases total water intake and improves measures of hydration
in cats and dogs.

12




Hydration In Pets: Strategies To Manage Water Balance In Cats And Dogs | 13



=IINPN |Institute

Pet

Advancing Science for Health

REFERENCES

1. National Research Council. (2006). Nutrient Requirements of
Dogs and Cats. National Academies Press.

2. Armstrong, L. E., Ganio, M. S., Casa, D. ., Lee, E. C.,
McDermott, B. P, Klau, J. F., Jimenez, L., Le Bellego, L.,
Chevillotte, E., & Lieberman, H. R. (2012). Mild dehydration
affects mood in healthy young women. Journal of Nutrition,
142(2), 382-388. doi: 10.3945/jn.111.142000

3. Stachenfeld, N. S., Leone, C. A., Mitchell, E. S., Freese, E.,
& Harkness, L. (2018). Water intake reverses dehydration
associated impaired executive function in healthy young
women. Physiology & Behavior, 185, 103-111. doi: 10.1016/j.
physbeh.2017.12.028

4. Ganio, M. S., Armstrong, L. E., Casa, D. J., McDermott, B. P.,
Lee, E. C., Yamamoto, L. M., Marzano, S., Lopez, R. M., Jimenez,
L., Le Bellego, L., Chevillotte, E., & Lieberman, H. R. (2011).
Mild dehydration impairs cognitive performance and mood of
men. British Journal of Nutrition, 106(10), 1535-1543. doi: 10.1017/
S0007114511002005

5.James, L. J., Funnell, M. P, James, R. M., & Mears, S. A. (2019).
Does hypohydration really impair endurance performance?
Methodological considerations for interpreting hydration
research. Sports Medicine, 49(Suppl 2), 103-114. doi: 10.1007/
$40279-019-01188-5

6. Zanghi, B. M., & Gardner, C. L. (2018). Total water intake and
urine measures of hydration in adult dogs drinking tap water or
a nutrient-enriched water. Frontiers in Veterinary Science, 5. doi:
10:3389/fvets.2018.00317

7. Zanghi, B. M., Gerheart, L., & Gardner, C. L. (2018). Effects

of a nutrient-enriched water on water intake and indices of
hydration in healthy cats fed a dry kibble diet. American Journal
of Veterinary Research, 79(7), 733-744.

8. Case, L. P, Daristotle, L., Hayek, M. G., & Raasch, M. F. (2011).
Canine and feline nutrition: A resource for companion animal
professionals (3rd ed.). Mosby.

9. The National Archives. (2007, April 6). Animal welfare act
2006: Promotion of welfare. https://www.legislation.gov.uk/
ukpga/2006/45/crossheading/promotion-of-welfare [Accessed 8
July 2020]

10. Animal and Plant Health Inspection Service. (2020,

May 13). Federal Register: Animal welfare; amendments to
licensing provisions and to requirements for dogs. https://
www.federalregister.gov/documents/2020/05/13/2020-07837/
animal-welfare-amendments-to-licensing-provisions-and-to-
requirements-for-dogs#h-32

11. Parliamentary Counsel Office New Zealand Government.
Animal Welfare Act 1999 (Reprint as at 9 May 2020). http://www.
legislation.govt.nz/act/public/1999/0142/latest/DLM49664.html

12. RSPCA Australia. (2019, May 2). RSPCA knowledgebase: RSPCA
Australia animals charter. https://kb.rspca.org.au/knowledge-
base/rspca-australia-animals-charter/

13. Ryan, S., Bacon, H., Endenburg, N., Hazel, S., Jouppi, R., Lee,
N., Seksel, K., & Takashima, G. (2018). WSAVA animal welfare
guidelines for companion animal practitioners and veterinary
teams. https://wsava.org/wp-content/uploads/2019/12/WSAVA-
Animal-Welfare-Guidelines-2018.pdf

14

14. Yaguiyan-Colliard, L., Daumas, C., Nguyen, P., Grandjean,
D., Cardot, P., Priymenko, N., & Roux, F. (2015). Evaluation

of total body water in canine breeds by single-frequency
bioelectrical impedance analysis method: Specific equations
are needed for accuracy. BMIC Research Notes, 8, 336. doi:
10.1186/513104-015-1298-2

15. Munday, H. S. (1994). Assessment of body composition

in cats and dogs. International Journal of Obesity and Related
Metabolic Disorders: Journal of the International Association for the
Study of Obesity, 18(Suppl 1), S14-S21.

16. Wamberg, S., Sandgaard, N. C. F., & Bie, P. (2002).
Simultaneous determination of total body water and plasma
volume in conscious dogs by the indicator dilution principle.
Journal of Nutrition, 132(Suppl), 1711S-1713S.

17. Zanghi, B. M., Cupp, C.J., Pan, Y., Tissot-Favre, D. G.,
Milgram, N. W., Nagy, T. R., & Dobson, H. (2013). Noninvasive
measurements of body composition and body water via
quantitative magnetic resonance, deuterium water, and
dual-energy x-ray absorptiometry in awake and sedated dogs.
American Journal of Veterinary Research, 74, 733-743-

18. Zanghi, B. M., Cupp, C.J., Pan, Y., Tissot-Favre, D. G.,
Milgram, N. W., Nagy, T. R., & Dobson, H. (2013). Noninvasive
measurements of body composition and body water via
quantitative magnetic resonance, deuterium water, and
dual-energy x-ray absorptiometry in cats. American Journal of
Veterinary Research, 74, 721-732.

19. Herrold, M., & Sapirstein, L. A. (1952). Measurement of

total body water in the dog with antipyrine. Proceedings of the
Society for Experimental Biology and Medicine, 79(3), 419-421. doi:
10.3181/00379727-79-19399

20. Yaguiyan-Colliard, L., Daumas, C., Bousbiat, S., Jaffrin, M.,
Cardot, P., Grandjean, D., Priymenko, N., Nguyen, P., & Roux, F.
(2015). Indirect prediction of total body water content in healthy
adult Beagles by single-frequency bioelectrical impedance
analysis. American Journal of Veterinary Research, 76, 547-553.

21. Moore, F. D., Muldowney, F. P., Haxhe, ]. J., Marczynska,

A. W, Ball, M. R., & Boyden, C. M. (1962). Body composition in
the dog. I. Findings in the normal animal. Journal of Surgical
Research, 2(4), 245-253. doi: 10.1016/S0022-4804(62)80017-1

22, Elliott, D. A., Backus, R. C., Van Loan, M. D., & Rogers, Q. R.
(2002). Extracellular water and total body water estimated by
multifrequency bioelectrical impedance analysis in healthy
cats: A cross-validation study. Journal of Nutrition, 132(Suppl),
1760S-1762S.

23. Bauer, J. H., Willis, L. R., Burt, R. W., & Grim, C. E. (1975).
Volume studies. II. Simultaneous determination of plasma
volume, red cell mass, extracellular fluid, and total body water
before and after volume expansion in dog and man. Journal of
Laboratory and Clinical Medicine, 86(6), 1009-1017.

24. Greco, D. S. (1998). The distribution of body water and
general approach to the patient. Veterinary Clinics of North
America: Small Animal Practice, 28(3), 473-482.

25. Carlson, G. P. (1997). Fluid, electrolyte, and acid-base
balance. In J. Kaneko, J. Harvey, & M. Bruss (Eds.), Clinical
biochemistry of domestic animals (5th ed., pp. 485-516). doi:
10.1016/B978-012396305-5/50019-1



26. Finco, D. R., Adams, D. D., Crowell, W. A., Stattelman, A.J.,
Brown, S. A., & Barsanti, J. A. (1986). Food and water intake
and urine composition in cats: Influence of continuous versus
periodic feeding. American Journal of Veterinary Research, 47(7),
1638-1642.

27. Golob, P., 0’Connor, W. J., & Potts, D. J. (1984). Increase in
weight and water retention on overfeeding dogs. Quarterly
Journal of Experimental Physiology, 69(2), 245-256. doi: 10.1113/
expphysiol.1984.sp002803

28. Golob, P., 0’Connor, W. J., & Potts, D. J. (1977). Post-prandial
drinking by dogs. Quarterly Journal of Experimental Physiology
& Cognate Medical Sciences, 62(3), 275-285. doi: 10.1113/
expphysiol.1977.sp002399

29. Kirschvink, N., Lhoest, E., Leemans, J., Delvaux, F., Istasse,
L., Gustin, P., & Diez, M. (2005). Effects of feeding frequency
on water intake in cats. Journal of Veterinary Internal Medicine,
19(3), 476.

30. Funaba, M., Hashimoto, M., Yamanaka, C., Shimogori, Y.,
Iriki, T., Ohshima, S., & Abe, M. (1996) Effects of a high-protein
diet on mineral metabolism and struvite activity product in
clinically normal cats. American Journal of Veterinary Research,

57(12), 1726-1732.

31. Luckschander, N., Iben, C., Hosgood, G., Gabler, C., &
Biourge, V. (2004). Dietary NaCl does not affect blood pressure
in healthy cats. Journal of Veterinary Internal Medicine, 18(4),
463-467.

32. Hawthorne, A. J., & Markwell, P. J. (2004). Dietary sodium
promotes increased water intake and urine volume in cats.
Journal of Nutrition, 134(8 Suppl), 21285-2129S.

33. Queau, Y., Bijsmans, E. S., Feugier, A., & Biourge, V. C.
(2020). Increasing dietary sodium chloride promotes urine
dilution and decreases struvite and calcium oxalate relative
supersaturation in healthy dogs and cats. Journal of Animal
Physiology and Animal Nutrition. doi: 10.1111/jpn.13329

34. Stevenson, A. E., Hynds, W. K., & Markwell, P. . (2003).
Effect of dietary moisture and sodium content on urine
composition and calcium oxalate relative supersaturation
in healthy miniature schnauzers and labrador retrievers.
Research in Veterinary Science, 74, 145-151.

35. Anderson, R. S. (1982). Water balance in the dog and cat.
Journal of Small Animal Practice, 23(9), 588-598. doi: 10.1111/
j.1748-5827.1982.th02519.x

36. Seefeldt, S. L., & Chapman, T. E. (1979). Body water content
and turnover in cats fed dry and canned rations. American
Journal of Veterinary Research, 40(2), 183-185.

37. Buckley, C. M. F.,, Hawthorne, A., Colyer, A., & Stevenson,
A. E. (2011). Effect of dietary water intake on urinary output,
specific gravity and relative supersaturation for calcium
oxalate and struvite in the cat. British Journal of Nutrition, 106,
$128-S130. d0i:10.1017/S0007114511001875

38. Ramsay, D. J., & Thrasher, T. N. (1991). Regulation of fluid
intake in dogs following water deprivation. Brain Research
Bulletin, 27, 495-499. doi: 10.1016/0361-9230(91)90148-d

39. Cizek, L. J. (1959). Long-term observations on
relationship between food and water ingestion in the dog.
American Journal of Physiology, 197, 342-346. doi: 10.1152/
ajplegacy.1959.197.2.342-346

40. Zoran, D. L., & Buffington, C. A. F. (2011). Effects of nutrition
choices and lifestyle changes on the well-being of cats, a
carnivore that has moved indoors. Journal of the American
Veterinary Medical Association, 239(5), 596-606. doi: 10.2460/
javma.239.5.596

41. Prentiss, P. G., Wolf, A. V., & Eddy, H. A. (1959). Hydropenia
in cat and dog. Ability of the cat to meet its water requirements
solely from a diet of fish or meat. American Journal of Physiology,
196(3), 625-632. doi: 10.1152/ajplegacy.1959.196.3.625

42. Chew, R. M. (1965). Water metabolism of mammals. In W.
V. Mayer & R. G. van Gelder (Eds.), Physiological mammalogy:
Mammalian reactions to stressful environments (pp. 43-178).
Academic Press. doi: 10.1016/B978-0-12-395674-3.50008-6

43. Brown, S. L., & Bradshaw, J. W. S. (2014). Communication in
the domestic cat: Within- and between-species. In D. C. Turner
& P. Bateson (Eds.), The domestic cat: The biology of its behavior

(3rd ed., pp. 37-59). Cambridge University Press.

44. Fahey, G. C., Jr., Barry, K. A., & Swanson, K. S. (2008). Age-
related changes in nutrient utilization by companion animals.
Annual Review of Nutrition, 28, 425-445. doi: 10.1146/annurev.
nutr.28.061807.155325

45. Bellows, J., Center, S., Daristotle, L., Estrada, A. H.,
Flickinger, E. A., Horwitz, D. F., Lascelles, B. D. X., Lepine,
A., Perea, S., Scherk, M., & Shoveller, A. K. (2016). Aging
in cats: Common physical and functional changes.
Journal of Feline Medicine and Surgery, 18(7), 533-550. doi:
10.1177/1098612X16649523

46. Goucher, T. K., Hartzell, A. M., Seales, T. S., Anmuth, A. S.,
Zanghi, B. M., & Otto, C. M. (2018). Evaluation of skin turgor and
capillary refill time as predictors of dehydration in exercising
dogs. American Journal of Veterinary Research, 80(2), 123-128.

47. Greene, J. P., Lefebvre, S. L., Wang, M., Yang, M., Lund,
E. M., & Polzin, D. J. (2014). Risk factors associated with the
development of chronic kidney disease in cats evaluated at
primary care veterinary hospitals. Journal of the American
Veterinary Medical Association, 244(3), 320-327. doi: 10.2460/
javma.244.3.320

48. Elliott, D. A. (2012). Nutritional management of kidney
disease. In A. J. Fascetti & S. J. Delaney (Eds.), Applied
veterinary clinical nutrition (pp. 251-267). Wiley-Blackwell. doi:
10.1002/9781118785669.ch1s

49. Fascetti, A. J., & Delaney, S. J. (2012) Nutritional management
of endocrine diseases. In A. J. Fascetti & S. J. Delaney (Eds.),
Applied veterinary clinical nutrition (pp. 289-300). Wiley-
Blackwell. doi: 10.1002/9781118785669.CH17

50. Lote, C. (2006). The renin-angiotensin system and regulation
of fluid volume. Surgery (Oxford), 5(1), 154-159. doi: 10.1383/
surg.2006.24.5.154

Hydration In Pets: Strategies To Manage Water Balance In Cats And Dogs | 15



=IINPN |Institute

Pet

Advancing Science for Health

51. van Vonderen, L. K., Kooistra, H. S., & Rijnberk, A. (2008).
Intra- and interindividual variation in urine osmolality and
urine specific gravity in healthy pet dogs of various ages. Journal
of Veterinary Internal Medicine, 11(1), 30-35. doi: 10.1111/j.1939-
1676.1997.tb00070.x

52. Guerrero, S., Pastor, J., Tvarijonaviciute, A., Cerén, J. J.,
Balestra, G., & Caldin, M. (2017). Analytical validation and
reference intervals for freezing point depression osmometer
measurements of urine osmolality in dogs. Journal of
Veterinary Diagnostic Investigation, 29(6), 791-796. doi:
10.1177/1040638717726114

53. Spears, J. K., & Zanghi, B. (2017). Measurement of body
composition and body water using quantitative magnetic
resonance in preweaning puppies. Journal of Veterinary Internal
Medicine, 31(4), 1325.

54. Lulich, J. P,, Berent, A. C., Adams, L. G., Westropp, J. L.,
Bartges, J. W., & Osborne, C. A. (2016). ACVIM small animal
consensus recommendations on the treatment and prevention
of uroliths in dogs and cats. Journal of Veterinary Internal
Medicine, 30(5), 1564-1574. doi: 10.1111/jvim.14559

55. Palm, C., & Westropp, J. (2011). Cats and calcium oxalate:
Strategies for managing lower and upper tract stone disease.
Journal of Feline Medicine and Surgery, 13, 651-660. doi: 10.1016/j.
jfms.2011.07.018

56. Queau, Y. (2019). Nutritional management of urolithiasis.
Veterinary Clinics of North America: Small Animal Practice, 49,
175-186. doi: 10.1016/j.cVvsm.2018.10.004

57. Lekcharoensuk, C., Osborne, C. A., Lulich, J. P,,
Pusoonthornthum, R., Kirk, C. A., Ulrich, L. K., Koehler,

L. A, Carpenter, K. A., & Swanson, L. L. (2001). Association
between dietary factors and calcium oxalate and magnesium
ammonium phosphate urolithiasis in cats. Journal of American
Veterinary Medical Association, 219(9), 1228-1237. doi: 10.2460/
javma.2001.219.1228

58. Lekcharoensuk, C., Osborne, C. A., Lulich, J. P.,
Pusoonthornthum, R., Kirk, C. A., Ulrich, L. K., Koehler, L. A.,
Carpenter, K. A., & Swanson, L. L. (2002). Associations between
dietary factors in canned food and formation of calcium oxalate
uroliths in dogs. American Journal of Veterinary Research, 63(2),
163-169. doi: 10.2460/ajvr.2002.63.163

59. Lekcharoensuk, C., Osborne, C. A., Lulich, J. P,,
Pusoonthornthum, R., Kirk, C. A., Ulrich, L. K., Koehler, L. A.,
Carpenter, K. A., & Swanson, L. L. (2002). Associations between
dry dietary factors and canine calcium oxalate uroliths.
American Journal of Veterinary Research, 63(3), 330-337. doi:
10.2460/ajvr.2002.63.330

60. Osborne, C. A., Lulich, J. P., Forrester, D., & Albasan, H.
(2009). Paradigm changes in the role of nutrition for the
management of canine and feline urolithiasis. Veterinary
Clinics of North America: Small Animal Practice, 39(1), 27-41. doi:
10.1016/j.cVSm.2008.10.001

16

61. Pittari, J., Rodan, I., Beekman, G., Gunn-Moore, D., Polzin,
D., Taboada, J., Tuzio, H., & Zoran, D. (2009). American
association of feline practitioners. Senior care guidelines.
Journal of Feline Medicine and Surgery, 11(9), 763-778. doi:
10.1016/j.jfms.2009.07.011

62. Thomas, D. G., Post, M., & Bosch, G. (2017). The effect of
changing the moisture levels of dry extruded and wet canned
diets on physical activity in cats. Journal of Nutritional Science, 6,
e9. doi: 10.1017/jns.2017.9

63. Deng, P., Iwazaki, E., Suchy, S. A., Pallotto, M. R., & Swanson,
K. S. (2014). Effects of feeding frequency and dietary water
content on voluntary physical activity in healthy adult cats.
Journal of Animal Science, 92, 1271-1277. doi: 10.2527/jas2013-7235

64. Xu, H., Laflamme, D. P., Bartges, J. W., & Long, G. L. (2006).
Effect of dietary sodium on urine characteristics in healthy
adult cats. Journal of Veterinary Internal Medicine, 20, 738.

65. Cowgill, L. D., Segev, G., Bandt, C., Stafford, C., Kirby, J.,
Naylor, S., Neal, L., Queau, Y., Lefebvre, H. P., & Polzin, D. (2007).
Effects of dietary salt intake on body fluid volume and renal
function in healthy cats. Journal of Veterinary Internal Medicine,
21(3), 600-601.

66. Xu, H., Laflamme, D. P., & Long, G. L. (2009). Effects of
dietary sodium chloride on health parameters in mature
cats. Journal of Feline Medicine and Surgery, 11(6), 435—441. doi:
10.1016/j.jfms.2008.10.001

67. Reynolds, B. S., Chetboul, V., Nguyen, P., Testault, L.,
Concordet, D. V., Carlos Sampedrano, C., Elliott, J., Trehiou-
Sechi, E., Abadie, J., Biourge, V., & Lefebvre, H. P. (2013). Effects
of dietary salt intake on renal function: a 2-year study in healthy
aged cats. Journal of Veterinary Internal Medicine, 27(3), 507-515.
doi: 10.1111/jvim.12074

68. Chetboul, V., Reynolds, B. S., Trehiou-Sechi, E., Nguyen, P.,
Concordet, D., Sampedrano, C. C., Testault, 1., Elliott, J., Abadie,
J., Biourge, V., & Lefebvre, H. P. (2014). Cardiovascular effects

of dietary salt intake in aged healthy cats: a 2-year prospective
randomized, blinded, and controlled study. PLoS One, 9(6),
€97862. doi: 10.1371/journal.pone.0097862

69. Grant, D. C. (2010). Effect of water source on intake and
urine concentration in healthy cats. Journal of Feline Medicine
and Surgery, 12(6), 431-434. doi: 10.1016/j.jfms.2009.10.008

70. Robbins, M. T., Cline, M. G., Bartges, ]J. W., Felty, E., Saker,
K. E., Bastian, R., & Witzel, A. L. (2019). Quantified water
intake in laboratory cats from still, free-falling and circulating
water bowls, and its effects on selected urinary parameters.
Journal of Feline Medicine and Surgery, 21(8), 682-690. doi:
10.1177/1098612X18803753

71. Xu, H., Si, X., Bhatnagan, S., & Laflamme, D. (2017). Effect of
high sodium diet on urine characteristics in healthy adult dogs.
Journal of Veterinary Internal Medicine, 31, 1320.




72. Lulich, J. P., Osborne, C. A., & Sanderson, S. L. (2005).
Effects of dietary supplementation with sodium chloride
on urinary relative supersaturation with calcium oxalate in
healthy dogs. American Journal of Veterinary Research, 66(2),
319-324.

73. Foster, A. R., El Chami, C., O’Neill, C. A., & Watson,

R. E. B. (2020). Osmolyte transporter expression is reduced
in photoaged human skin: Implications for skin hydration in
aging. Aging Cell, 19(1), e13058. doi: 10.1111/acel.13058

74. Zanghi, B. M., Wils-Plotz, E., DeGeer, S., & Gardner, C. L.
(2018). Effects of a nutrient-enriched water with and without
poultry flavoring on water intake, urine specific gravity, and
urine output in healthy domestic cats fed a dry kibble diet.
American Journal of Veterinary Research, 79(11), 1150-1159.

75. Wils-Plotz, E., & Zanghi, B. (2019). Nutrient-enriched water
supplements nutritionally support hydration in the domestic
cat. Journal of Veterinary Internal Medicine, 33(5), 2516.

76. Zanghi, B., McGivney, C., Eirmann, L., & Barnes, M.

(2019). Hydration measures in cats during brief anesthesia:
Intravenous fluids versus pre-procedure water supplement
ingestion. Journal of Veterinary Internal Medicine, 33(5), 2514.

77. Zanghi, B. M., Robbins, P. J., Ramos, M. T., & Otto, C. M.
(2018). Working dogs drinking a nutrient-enriched water
maintain cooler body temperature and improved pulse rate
recovery after exercise. Frontiers in Veterinary Science, 5. doi:
10.3389/fvets.2018.00202

Hydration In Pets: Strategies To Manage Water Balance In Cats And Dogs | 17



=IINPN |Institute

Advancing Science for Pet Health

Learn more at
Purinalnstitute.com

PURINA TRADEMARKS ARE OWNED BY SOCIETE DES PRODUITS NESTLE S.A.
ANY OTHER MARKS ARE PROPERTY OF THEIR RESPECTIVE OWNERS. RC/CRCE



