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Abstract

Factors that contribute to water loss in tropical animals are complex and constantly changing. To evaluate the haemato-
biochemical parameters of dogs with haemorrhage-induced dehydration. A total of 12 dogs were used; haemorrhage was induced
by daily removal of 10 ml of blood over a period of 28 days and analysed at the Department of Veterinary Pathology, Ahmadu
Bello University (A.B.U.), Zaria, Nigeria. Dehydration was clinically assessed. Age, sex, body weight and generalised body
condition of the animals were determined. Whole blood was collected for determination of haematological parameters. Serum
was prepared from whole blood to determine the concentrations of urea, creatinine, total protein, albumin, glucose, sodium,
calcium, chloride, phosphorus, potassium, bicarbonate, blood urea nitrogen (BUN)/creatinine ratio and anion gap (AG) as well as
serum activities of liver enzymes. Reductions in body weight (1.67 kg, 2.17 kg and 3.17 kg) due to degrees of dehydration were
observed on days 14, 21 and 28. Significantly higher values of packed cell volume and haemoglobin concentration (P < 0.01) due
to dehydration was observed between days 0 and 14, also between days 0 and 28. Higher concentrations of urea, creatinine (P <
0.01), BUN/creatinine, total protein, albumin and urine specific gravity (P < 0.05) were observed between day 0 and days 14, 21
and 28. This study is the first to report the haemato-biochemical changes of Nigerian local dogs with haemorrhage-induced
dehydration. The study did not investigate the role of type of diet on dehydration, and it is recommended that future studies
should be carried out to elucidate this.
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Introduction marker for determining the severity of dehydration (Davis

et al. 2013). Blood volume of normal dogs is expressed in

Dehydration which is defined as the depletion of the whole
body fluid is the most common form of fatal hypovolemic
shock in dogs. Dehydration may be isonatremic,
hyponatremic or hypernatremic depending upon the chang-
es in serum osmolarity. Change in weight is the primary
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terms of percentage body weight, and this represents 7% of
body weight equivalent to about 70 ml/kg of the total body
weight. However, the total body weight varies consider-
ably with age, sex and breed, and the total body fluid com-
partment which changes throughout life may be severely
affected by pathologic conditions (Wamberg et al. 2002)
such as dehydration. The total body water content of dogs
is about 70% of body weight (Kasuya et al. 2003). Physical
findings associated with fluid losses of 5 to 15% of body
weight vary from no clinically detectable changes
(Armstrong et al. 2012) to signs of hypovolemic shock
which could occur due to fluid loss resulting to multiple
organ failure due to low tissue perfusion (Prittie 2004;
DiBartola and Bateman 2006; Wilson and Morley 2008).
The change in body weight is an effective and easy method
of dehydration assessment especially for measuring dehydra-
tion that occurs over a period of time (Kolasa et al. 2009), and
the percentage loss of body weight equals percentage loss of
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body water and hence, percentage dehydration (Esievo 2017).
Therefore, an accurate weight determination is perquisite to
dehydration assessment using body weight.

Haemorrhage is a medical emergency that is commonly
encountered by physicians in emergency, operating and inten-
sive care units. Significant loss of intra-vascular volume may
lead to hemodynamic instability, decreased tissue perfusion,
cellular hypoxia, organ damage and death (Davis et al. 2013).
Nigerian local dogs are dogs native to Nigeria with an adult
dog weighing between 15 and 25 kg. They are dolichocephal-
ic dogs with an omnivorous feeding pattern due to their high
degree of domestication (Igado 2011). Even though,
haemorrhage-induced dehydration has been reported in dogs
(Boer 1946), there is dearth of information on haemato-
biochemical profiles of Nigerian local dogs with
haemorrhage-induced dehydration. Hence, the aim of this
study was to determine the haemato-biochemical profiles of
Nigerian local dogs with haemorrhage-induced dehydration.

Materials and methods
The study area

The study was conducted at the Veterinary Teaching Hospital
and Faculty of Veterinary Medicine, Ahmadu Bello
University, Samaru, Zaria, Kaduna state, Nigeria. Zaria lies
in the Guinea Savannah belt, located at 2200 ft above sea level
within latitudes 11° 7', 11° 12" N and longitude 7° 41" E with
a mean annual temperature of 27 °C. Zaria experiences dis-
tinct wet and dry seasons. (Abdulhamid et al. 2016).

Experimental animals and study design

A total of five female and seven male Nigeria local dogs
identified morphologically were sampled in this study. The
experimental dogs aged between 12 and 24 months were
housed in the dog kennel of the Veterinary teaching hospital,
Ahmadu Bello University (A.B.U.), Zaria. This study was
approved by the A.B.U. Research and Ethics Committee and
was conducted according to international guidelines
(Wolfensohn and Lloyd 2013). All institutional and national
guidelines for the care and use of laboratory animals were
followed. The dogs were dewormed and treated upon arrival
for external parasite. They were acclimatised for 14 days prior
to sampling. The dogs were fed a home-prepared diet accord-
ing to the recommendation of NRC (2006), and drinking wa-
ter was provided ad libitum throughout the duration of this
study. Haemorrhage was induced by daily removal of 10 ml of
blood over a period of 28 days. The dogs were sampled on
days 0, 14, 21 and 28.
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Assessment of body weight, percentage dehydration
and general body condition

Weight was determined using conventional procedures (Wosu
2002); percentage dehydration was assessed as described by
Davis et al. (2013) while the body condition scores were eval-
uated as previously described (Laflamme 1997).

Blood sample collection

Blood samples for the haematological and serum biochemical
determinations were collected from the cephalic vein of each
dog using needle and syringe. These samples were collected
between the hours of 8 and 10 a.m. Blood samples (1 ml) for
haematology were dispensed into sample bottles containing
ethylene diamine tetra acetic acid (1 mg/ml of blood). For
serum biochemical analysis, 4 ml of blood was emptied into
plain tubes and sera harvested within an hour after centrifug-
ing the clotted blood with at 3000 rpm for 15 min. The hae-
matological and serum biochemical analyses were carried out
immediately after sample collection.

Determination of haematological parameters

Packed cell volume (PCV) was determined by the micro-
haematocrit method (Thrall and Weiser 2002); haemoglobin con-
centration (Hbc) was determined by the cyanomethaemoglobin
method (Higgins et al. 2008). Red blood cell (RBC) count and
total leukocyte count (TLC) were carried out by the
haemocytometry method (Thrall and Weiser 2002); differential
leukocyte count was done by making a blood smear on a clean
glass slide and staining using Leishman technique. The different
cell types were enumerated as described (Thrall and Weiser
2002). The mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH) and mean corpuscular haemoglobin con-
centration (MCHC) were calculated using the standard formulae
(Coles 1980).

Determination of biochemical changes

Concentrations of creatinine, urea, total protein, albumin, glu-
cose and electrolytes such as sodium (Na*), potassium (K*),
chloride (CI"), calcium (Ca>*), phosphate (PO,), bicarbonate
(HCO;"), aspartate amino transferase (AST), alanine amino
transferase (ALT) and alkaline phosphatase (ALP) in the se-
rum were measured using commercial test kits (Agappe,
India) by means of an ultraviolet digital spectrophotometer
(Perkin Elmer AAS 400). Blood urea nitrogen/creatinine ratio
(BUN/Cr) and anion gap were calculated using the as previ-
ously described (George 1994).
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Table 1 Dehydration assessment

of dogs on days 0, 14, 21 and 28 Days of sampling ~ Physical examination findings*  Percentage Degree of Number of dogs
dehydration (%)*  dehydration*  involved
Day 0 * Normal (euhydrated) 0 Normal 12
Day 14 * Minimal loss of skin turgor 5 Mild 12
* Semidry mucous membrane
* Normal eye
Day 21 * Minimal loss of skin turgor 5 Mild 12
* Semidry mucous membrane
* Normal eye
Day 28 * Moderate loss of skin turgor 8 Moderate 12

* Dry mucous membranes

* Enophthalmos

*Davis et al. 2013
Statistical analysis

Data from the study was computed as mean + SEM and analysed
using ANOVA (analysis of variance). Significance was accepted
for values of P <0.05 with a 95% confidence interval.

Results
Dehydration assessment

Table 1 shows the dehydration assessment of experimental
dogs according to Davis et al. (2013) on days 0, 14, 21 and 28.

Body weight and percentage body weight loss

Figure 1 and Table 2 show the body weight and percentage loss
weight loss of experimental dogs on days 0, 14, 21 and 28. Lower
body weights were recorded on days 14, 21 and 28. There was
significant difference in body weights (P < 0.05) observed on days
0 and 28. However, no differences (P> 0.05) were observed be-
tween days 0 and 14 and also between days 0 and 21.
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12 4 *

10 -

8 4

M Body weight (Kg)

6 4

4 4

2 B

0 - T T T

Day 0 Day 14 Day 21 Day 28

*= significant difference (P<0.05)

Fig. 1 Mean (+ SEM) body weight of experimental dogs on days 0, 14,
21 and 28 respectively.*Significant difference (P < 0.05)

Haematologic findings

Table 3 shows the mean (+ SEM) haematologic parameters of
experimental dogs on days 0, 14, 21 and 28. Day 14 observa-
tion has higher value of PCV and haemoglobin concentration
compared to other days. There was no significant (P > 0.05)
difference in PCV and Hb between days 0 and 21. However,
there were significant (P < 0.01) differences between days
0 and 14, also between days 0 and 28. The mean values of
RBC and MCHC of the dogs on all days were comparable
(P> 0.05). However, there was significant difference (P <

0.05) in mean values of MCV between days 0 and 28.
Meanwhile, the mean value of total and differential leu-
cocyte counts on all sampling days did not differ signifi-
cantly (P > 0.05).

Serum biochemical changes

Figures 2 and 3 show the serum metabolites changes.
There were significant differences in the serum levels
of blood urea nitrogen (BUN), creatinine (P<0.01),
blood urea nitrogen/creatinine ratio (BUN/Cr) (P <0.05)
(Fig. 2), and also in the levels of total protein and albu-
min (P<0.05) between days 0 and all other days of
sampling (14, 21 and 28) (Fig. 3). Other changes in
biochemical parameters: electrolyte profiles, liver en-
zyme activities, and some urinary indices are presented

Table 2 Loss of body weight and percentage loss of body weight of
dogs on days 0, 14, 21 and 28

Loss of body Percentage loss of
weight (Kg) body weight (%)
Days 0 to 14 1.67 11.72
Days 0 to 21 2.17 15.23
Days 0 to 28 3.17 22.25
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Table 3 Haematologic

parameters (mean = SEM) of Parameters Day 0 Day 14 Day 21 Day 28 Normal
dogsonday 0, 14,21 and 28 (N = range*
12)
PCV (%) 36.92+£1.55"  4500+2.52°  39.50+1.78*  30.83+1.71° 37-55
(30.0-46.0) (34.0-61.0) (30.0-53.0) (20.0-42.0)
Haemoglobin (g/dl) 12.40+0.59" 14.41+£0.90° 13.28£0.41° 10.27£0.56" 12.0-18.0
(11.0-15.9) (10.2-20.0) (11.3-16.2) (6.8-14.1)
RBC count 530+0.187°  6.15+0.394°  638+0335"  4.75+0.284° 5.5-85
(< 10%ul) (4.3-6.2) (4.4-10.0) (4.9-9.0) (3.0-6.4)
MCV () 69.57+0.95  67.75+2.34"  67.86=1.71°  5923+£1.69°  60.0-77.0
(64.2-75.0) (50.0-82.6) (57.9-79.4) (56.3-78.0)
MCHC (mg/dl) 33.03+£0.431"  33.13+0.208" 33.23+0.285" 32.18+0.336"  33.0-36.0
(29.4-35.0) (31.9-34.3) (31.9-35.7) (30.5-34.0)
Leucocytes 10.62 +0.66" 17.83+1.82° 14.97 +1.90° 17.9+4.32° 6.0-17.0
(x 10%/ul) (8.0-14.0) (7.0-26.5) (7.7-28.0) (3.8-48.4)
Neutrophils 7.19+0.10° 12.87+1.68" 11.65+1.57" 14.56 £3.92* 3.0-11.5
(* 103 /ul) (2.5-14.5) (54-23.3) (6.11-22.0) (1.18-46.0)
Lymphocytes 2.35+0.33" 1.63+0.49" 1.077+0.21* 1.077+0.21* 1.0-4.8
(< 10°/ul) (0.4-4.9) (0.1-6.3) (0.1-2.4) (0.1-2.4)
Eosinophils 0.359+0.14*  0.172+£0.08"  0.718+£0.33*  0.219+0.13" 0-13
(x 10%/l) (0.0-1.7) (0.0-1.0) (0.0-3.5) (0.0-1.3)
Monocytes 0.504+0.12° 1.576+£0.33°  0.701£0.15*  0.707+0.20" 0.1-14
(< 10%/l) (0.0-1.4) (0.64.3) (0.0-1.6) (0.0-2.0)
Basophils (x 10%/ul)  0.00+0.00" 0.00+0.00 0.02+0.02° 0.00+0.00* 0-0.1
(0.0-0.0) (0.0-0.0) (0.0-0.2) (0.0-0.0)

Values in brackets are ranges, » = number, *Saror et al. 1979; lhedioha et al. 2013, g/d/ grams per deciliter, x
multiplication sign, /4u/ per micro litre. Values in rows with the same superscripts are comparable (P> 0.05).Values
in rows with the different superscripts are significantly different (P < 0.05)

in Tables 4, 5, and 6. The mean concentrations of Na*,
K*, Ca*, CI', P, HCO; and anion gap did not differ
significantly (P> 0.05) (Table 4). Also, the differences
in the mean activities of AST, ALT and ALP in the dogs
were not significantly different (P> 0.05) (Table 5).
There was significant (P < 0.05) difference in mean urine
specific gravity between day 0 and all other days of
sampling, but there was no significant (P> 0.05) differ-
ence in urine pH of the dogs (Table 6).

M Creatinine
W Urea

BUN/creatinine
60 -

Day 0

Day 14 Day 21 Day 28

Fig. 2 Creatinine, urea and BUN/creatinine ratio of dogs on days 0, 14,
21 and 28
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Discussions

On day 0, the dogs were clinically assessed to be normal based
on the absence of clinical signs suggestive of dehydration
(Davis et al. 2013) and also, all clinico-pathological parame-
ters evaluated were within normal range and were used as
control to compare the observation on the other days of sam-
pling (days 14, 21 and 28). The values agreed with the works
of Saror et al. (1979) and Ihedioha et al. (2013); therefore,

M Total protein

u Albumin
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

Day 0 Day 14 Day 21 Day 28

Fig. 3 Total protein and albumin concentration in normal (day 0) and
dehydrated (days 14, 21, and 28) dogs in group B examined at
ABUVTH, Zaria
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Table 4  Serum electrolyte concentrations (mean + SEM) on days 0, 14, 21 and 28 (N=12)

Parameters Day 0 Day 14 Day 21 Day 28 Normal range*

Na* (mmol/l) 140.3 £2.125% 140.3 +£1.652° 142.8 £2.129% 143.3+1.591% 142-152
(128-150) (128-150) (132-156) (135-154)

K* (mmol/l) 4.608 £0.158" 4.808 £0.122% 4.483 +0.284* 4.017+0.198" 3.9-5.1
3.4-52) (4.2-5.8) (3.0-5.9) (3.1-5.2)

Ca®* (mg/dl) 9.675+0.194° 9.375+0.260° 10.28 £0.314° 9.783+£0.331% 9.1-11.7
(8.3-10.7) (7.9-10.6) (8.5-12.1) (7.5-11.2)

CI' (mg/dl) 113.5+£2.065* 113.0+ 1.665* 116.3 £2.703* 114.8+3.241* 110-124
(100-124) (100-124) (102-138) (98-136)

P (mg/dl) 4.208 +0.494* 5.117 £0.549° 5.108 £0.706* 3.975+£0.364% 29-53
(2.3-8.8) (3.4-9.9) (3.1-11.0) 2.8-172)

HCO; ™ (mmol/l) 21.67+1.310% 21.58 +0.957* 21.00+1.398* 21.50+0.774* 1724
(16.0-31.0) (17.0-28.0) (14.0-32.0) (18.0-26.0)

Anion gap (AG) (mEq/L) 9.69 +3.904° 10.48 £2.239% 9.98+2.275% 11.02+3.157% 8-25
(3.4-9.9) (-6.3-17.7) (5.8-23.6) (= 10.9-25.6)

Values in brackets are ranges, n = number, *Ihedioha et al. 2013, mg/dl milligramme per decilitre, g// gram per litre and mmol/l milli-molar per litre.

Values in rows with the same superscripts are comparable (P > 0.05)
Values in rows with the different superscripts are significant (P < 0.05)

these values could serve as reference value of haematology,
clinical biochemistry and urinalysis in local dogs Nigeria.
Decrease in body weight is an effective and easy method of
dehydration assessment especially for measuring dehydration
over a period of time (Kolasa et al. 2009). The observed loss of
body weight which corresponds to loss of total body water and
hence percentage dehydration was found to be consistent
throughout the sampling period. The observed body weight
losses were 1.7 kg, 2.2 kg and 3.2 kg between days 0 and 14,
days 14 and 21 and days 21 and 28 respectively which corre-
spond with the degrees of dehydration 12, 15 and 22. The
values are being proposed to be the true percentage dehydration
in this dogs, since percentage loss in body weight is said to be
equal to total body water loss and hence, percentage dehydra-
tion (George 1994; Esievo 2017). This result is supported by a
study which compared the body weight of mice provided water
ad libitum to those exposed to experimental water deprivation
for 3 days; the dehydrated mice lost an average of 23.2% body

weight and appeared active with normal appetite. It was, thus,
concluded that the amount of weight loss did not depend on
daily water intake (Kordonowy et al. 2017).

Type of diet could be a contributing factor resulting in the
levels of dehydration in the dogs under study as these dogs
were fed home-made food and restaurant left-over which usu-
ally have low water content and high fat content; it should be
noted that dogs are carnivores that are expected to be fed with
fleshy meat (and bones) that has high moisture content
(Esievo 2017). The effect of diet on haematology, clinical
biochemistry, and live and relative organ weight in albino rat
was well described by Aka et al. (2009).

The findings in this study of significantly higher mean
packed cell volume and concentrations of haemoglobin, total
plasma protein, albumin, urea, creatinine and blood urea
nitrogen/creatinine ratio in the dehydrated dogs (days 14, 21
and 28) compared to normal (day 0) dogs agree with previous
report (Armstrong et al. 2016). The observation coupled with

Table 5 Serum liver enzyme

activities (mean + SEM) on days Parameters Day 0 Day 14 Day 21 Day 28 Reference
0, 14,21 and 28 (N=12) values*
Aspartate amino 12.17+0.737*  13.08+1.003" 13.33+0.513" 13.08+0.866"  5-55
transferase (U/1) (8.0-16.0) (8.0-10.0) (10.0-16.0) (8.0-20.0)
Alanine amino 10.75+1.533*  12.00+£0.628" 10.33+1.789"  13.42+3.322*  5-107
transferase (U/1) (4.0-20.0) (4.0-20.0) (4.0-25.0) (5.0-48.0)
Alkaline phosphatase ~ 26.83£6.742"  32.42+5.984" 40.67+5.612" 43.42+10.51" 10-150
un (8.0-71.0) (8.0-74.0) (6.0-71.0) (10.0-113.0)

Values in brackets are ranges, U// = unit per litre, n = number, *Sirois 1995

Values in rows with the same superscripts are comparable (P > 0.05)

Values in rows with the different superscripts are significant (P < 0.05)
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Table 6 Specific gravity and pH

Day 14 Day 21 Day 28 Reference values™

of dogs on day 0, 14, 21 and 28 Parameters Day 0
Specific gravity ~ 1.012+0.002*
(1.005-1.025)
pH 6.750 +0.392*

(5.0-9.0)

1.024 +£0.002°
(1.015-1.030)
7.500+0.261°  7-9
(6.0-9.0)

1.020 £0.002°
(1.010-1.030)
6.833+£0.271°
(5.0-8.0)

1.020+0.002°
(1.010-1.030)
6.917+0.358°
(5.0-9.0)

<1.015

Values in brackets are ranges, n = number, *Archer 2005

Values in rows with the same superscripts are comparable (P> 0.05)

Values in rows with the different superscripts are significant (P < 0.05)

the observed decreases in mean body weights of the dogs was
highly suggestive of a causal role of dehydration induced by
haemorrhage in the dogs understudy.

The observed increase in PCV and haemoglobin
concentration on day 14 was attributed to haemoconcentration,
which had occurred consequent to dehydration. Similar findings
have been reported by Useh et al. (2005) in dehydrated horses.
Meanwhile, the abnormally lower values of PCV and
haemoglobin concentration observed on day 28 was indicative
of anaemia. This finding agrees with the work of Norman
(2009). The microcytic hypochromic anaemia observed was
due to chronic bleeding (haemorrhage) because chronic blood
loss is usually associated with chronic haemoglobin and hence
Fe®* losses. Thedioha et al. (2008) reported significantly lower
erythrocytic indices indicative of microcytic hypochromic anae-
mia produced on the 15th day post-bleeding in albino rats.
Besides the anaemia, all other clinico-pathologic findings points
to dehydration; it is therefore pertinent to emphasise that the
anaemic values observed are deceptive because it is in existence
with dehydration. The explanation given for the normal PCV
and haemoglobin concentration observed despite loss in body
weight on day 21 was a slight increase in PCV due to
dehydration as a result of fluid loss. Similar observation has
been made by Panda (2006) in dehydrated dogs and Bhat et
al. (2013) in a comparative study between healthy dogs and
those suffering from enteritis. Normal values of total and differ-
ential leucocyte counts observed were suggestive of a normal
leukogram indicating the absence of entities that could result in
leukocytic alterations in the dogs.

Increased urea and creatinine concentration were ob-
served in cases with established dehydration and in dogs
without any trace of kidney pathology (during physical
examination). Hence, these changes had only causal rela-
tionship with dehydration. Similar increases due to dehy-
dration have been reported in pregnant camels (Fathi and
Asiaban 2016) and in humans (Relles et al. 2013).The ob-
servation of a normal blood urea nitrogen (BUN)/creati-
nine (Cr) ratio in dehydrated dogs in this current study
was in contrast with previous reports (Fortes et al. 2015;
Lin et al. 2016). No explanation could be offered for the
variation observed in this present study.
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Increased total protein and albumin concentrations were
observed due to dehydration as levels of albumin and total
protein are increased in patients with a relative reduction in
serum water as in dehydration (Levitt and Levitt 2016).

In this study, detailed urinalysis revealed that urine
specific gravity increases were consistent with certain de-
grees of dehydration in all dehydrated groups. During
dehydration with normal kidney function, urine becomes
concentrated with a low urine output (volume) due to
conservation of body water (Armstrong 2007). The find-
ing of increased urine specific gravity as a result of dehy-
dration agreed with a recent report (Cheuvront 2016) on
aged patients. No observable difference was observed in
the urine pH because changes in urinary pH are mainly
determined by blood pH and blood pH is closely main-
tained within narrow limit.

In this present study, haemorrhage induced dehydration
had no significant effect on the levels of sodium, calcium,
chloride, potassium, phosphorus, bicarbonate and anion gap
as well as the activities of ALT, AST and ALP.

In conclusion, this study is the first to report the
haemato-biochemical changes in Nigerian dogs with
haemorrhage-induced dehydration. Even though the type
of diet may have impact on the levels of dehydration
observed in this study, it was postulated that 22% body
weight (or body water) loss, and hence 22% dehydration
are compatible with life in Nigerian local dogs. Further
studies should focus on the effect of type of diet on de-
hydration in dogs.

Acknowledgements The authors are grateful to the staff of the Clinical
Pathology Laboratory at the Faculty of Veterinary Medicine, Ahmadu
Bello University & the Department of Chemical Pathology, Ahmadu
Bello University Teaching Hospital (ABUTH), Zaria, Nigeria for techni-
cal support.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All applicable international, national, and/or institu-
tional guidelines for the care and use of animals were followed.



Comp Clin Pathol

References

Abdulhamid IA, Usman SU, Ibrahim M, Dattijo IA (2016) An assess-
ment of the effect of urbanisation on urban Zaria. Dutse J Pure Appl
Sci 2:1-8

Aka LO, Obidike RI, Igbokwe CO, Ezema EO (2009) The effect of
feeding differently prepared bread fruit (Artocarpus altitis) on
haematology, serum biochemistry, live and relative organ weights
in albino rats. Niger Vet J 30:26-34

Archer J (2005) Urine Analysis. In: Viller E, Blackwood L (eds) BSAVA
manual of canine and feline clinical pathology, 2nd edn. Wiley, New
York, pp 302-325

Armstrong LE (2007) Assessing hydration status: the elusive gold stan-
dard. J Am Coll Nutr 26(sup 5):5755-584S

Armstrong LE, Ganio MS, Casa DJ, Lee EC, McDermott BP, Klau JF
(2012) Mild dehydration affects mood in healthy young women. J
Nutr 142:382-388

Armstrong LE, Kavouras SA, Walsh NP, Roberts WO (2016) Diagnosing
dehydration? Blend evidence with clinical observations. Curr Opin
Clin Nutr Metab Care 19:434-438

Bhat AA, Wadhwa DR, Khan MA (2013) Therapeutic management of
canine parvo viral (CPV) gastroenteritis. Vet Pract 14:96-97

Boer BD (1946) The distribution of water and fat in the skin and muscle
of the dog during chronic and acute dehydration. Am J Phys 147:
49-53

Cheuvront SN (2016) Urinalysis for hydration assessment: an age-old
problem. Am J Clin Nutr 104:3—+4

Coles EH (1980) Veterinary clinical pathology. W.B. Saunders, London,
pp 156-193

Davis H, Jensen T, Johnson A, Knowles P, Meyer R, Rucinsky R,
Shafford H (2013) AAHA/AAFP fluid therapy guidelines for dogs
and cats. J] Am Anim Hosp Assoc 49:149-159

DiBartola SP, Bateman S (2006) Introduction to fluid therapy. Fluid ther-
apy in small animal practice, 2nd edn, p 265-280

Esievo KAN (2017) Veterinary clinical pathology, 1st edn. Spectrum
Books, Ibadan, pp 143-144

Fathi M, Asiaban M (2016) Elevated levels of blood urea nitrogen and
creatinine in the last trimester of pregnancy of dromedary camels
(Camelus dromedarius). Iran J Vet Med 9:249-255

Fortes MB, Owen JA, Raymond-Barker P, Bishop C, Elghenzai S, Oliver
SJ, Walsh NP (2015) Is this elderly patient dehydrated? Diagnostic
accuracy of hydration assessment using physical signs, urine, and
saliva markers. ] Am Med Dir Assoc 16:221-228

George JW (1994) Water, electrolytes and Acid-Base. In: Duncan JR,
Prasse KW, Mahaffey EA (eds) Veterinary laboratory medicine,
3rd edn. Iowa State University Press, Ames, pp 94-111

Higgins T, Beutler E, Doumas BT (2008) Measurement of hemoglobin in
blood. In: Burtis CA, Ashwood ER, Bruns DE (eds) Tietz funda-
mentals of clinical chemistry, 6th edn. Saunders Elsevier, Missouri,
pp 514-515

Igado OO (2011) Neurometrics and neurocraniometry of Nigerian local
dog (Canis lupus familiaris). J Vet Anat 4:99—109

Thedioha JI, Okorie -Kanu CO, Iwuogo UM (2008) Leukocytic alter-
ations associated with continual sub — acute blood loss.
Proceedings of 37th Annual Conference of Nigerian Society for
Animal Production, 55-58

Thedioha JI, Anosa VO, Esievo KAN (2013) Prevalence of and clinico-
pathologic findings associated with ascites in dogs in Enugu State,
Nigeria. Comp Clin Pathol 22:185-193

Kasuya H, Onda H, Yoneyama T, Sasaki T, Hori T (2003) Bedside mon-
itoring of circulating blood volume after subarachnoid hemorrhage.
Stroke 34:956-960

Kolasa KM, Lackey CJ, Grandjean AC (2009) Hydration and health
promotion. Nutr Today 44:190-201

Kordonowy L, Lombardo K, Green HL, Dawson M, LaCourse S, Bolton
E, MacManes MD (2017) Physiological and biochemical changes
associated with experimental dehydration in the desert adapted cac-
tus mouse, Peromyscus eremicus. bioRxiv 1:047704

Laflamme D (1997) Development and validation of a body condition
score system for dogs. Canine Pract 22:10-15

Levitt DG, Levitt MD (2016) Human serum albumin homeostasis: a new
look at the roles of synthesis, catabolism, renal and gastrointestinal
excretion, and the clinical value of serum albumin measurements.
Int J Gen Med 9:229-255

Lin CJ, Yang JT, Huang YC, Tsai YH, Lee MH, Lee M, Lin LC (2016)
Favourable outcome of blood urea nitrogen/creatinine—based hydra-
tion therapy 3 months after acute ischemic stroke. Am J Emerg Med
34:2414-2418

Norman B (2009) Diagnostic hematology, 1st edn, British library pp. 35

NRC (2006) Nutrient requirement of dogs and cats. National Academy
Press, Washington DC

Panda D (2006) Clinico-biochemical profile, molecular diagnosis and
therapeutic management of canine parvovirus and coronavirus gas-
troenteritis in dogs. M.V.Sc thesis, Department of Veterinary
Medicine, IVRI, Izatnagar, Barielly, U.P, India, pp 14-93

Prittie J (2004) Canine parvoviral enteritis: a review of diagnosis, man-
agement, and prevention. J Vet Emerg Crit Care 14:167-176

Relles DM, Richards NG, Bloom JP, Kennedy EP, Sauter PK, Leiby BE,
Berger AC (2013) Serum blood urea nitrogen and serum albumin on
the first postoperative day predict pancreatic fistula and major com-
plications after pancreaticoduodenectomy. J Gastrointest Surg 17:
326-331

Saror DI, Schillhorn Van Veen TW, Adeyanju JB (1979) The haemogram
of dogs with intestinal parasites in Zaria, Nigeria. J] Small Anim
Pract 20:243-247

Sirois M (1995) Veterinary clinical laboratory procedures. Mosby,
Philadelphia, pp 24-139

Thrall MA, Weiser MG (2002) Laboratory procedures for veterinary
technicians, 4th edn. Mosby Incorporated, Missouri, pp 29-74

Useh NM, Oladele SB, Ibrahim NDG, Esievo KAN (2005) Prevalence of
equine diseases in the Northern Guinea Savannah of Zaria, Nigeria.
J Equine Sci 16(1):27-28

Wamberg S, Sandgaard NC, Bie P (2002) Simultaneous determination of
total body water and plasma volume in conscious dogs by the indi-
cator dilution principle. J Nutr 132:1711-1713

Wilson MM, Morley JE (2008) Impaired cognitive function and mental
performance in mild dehydration. Eur J Clin Nutr 57:24-29

Wolfensohn S, Lloyd M (2013) Handbook of laboratory animal manage-
ment and welfare, 4th edn. Wiley-Blackwell Publishing Ltd, UK, p
371

Wosu LO (2002) The Veterinarian’s hand book. Mike special Press,
Nsukka, p 26

@ Springer



	Haemato-biochemical studies of dogs with haemorrhage-induced dehydration
	Abstract
	Introduction
	Materials and methods
	The study area
	Experimental animals and study design
	Assessment of body weight, percentage dehydration and general body condition
	Blood sample collection
	Determination of haematological parameters
	Determination of biochemical changes
	Statistical analysis

	Results
	Dehydration assessment
	Body weight and percentage body weight loss
	Haematologic findings
	Serum biochemical changes

	Discussions
	References


