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SUMMARY

A total number of 40 male German Shepherd
dogs less than 3 - years age were used in this
study. Ten of them were apparently healthy and
used as a control group (group 13, 10 of them were
sampled just after performing an excrcise (400-
meler race ) served as fiiness group (group 113, 10
of thcm were examined alter transpostation for
one hour in crowded van at hot weather (42°C)
and direct sun hight {group 1), and 10 were dis-
eased with different respiratory discases (2 tonsil-
litis , 4 bronchopneumoniz. < pneumonia j (groun
1V). Blood and serum samgples were coliccied
from cach animal in ol groups for hematological
and biochemical examination. In addition. hepan-
nized blood samples were collected troin the fe-
moral artery from each animal for delermination

of acid- base status, and blood gas analysis.

Resuits revealed significant increasc in the respir-

D

epartment ol Clinical Pathology™*,  Faculty OF Velerinary

atory wdate in both groups {I. (p> 0.05) and IV (p
> 0.01 ) groups, and in pulse rate n group HV (
p> G.01). The erythrogram showed significant in-
(HB),
and RBCs count in both groups (II) and (!1D)
(P>0.05).

crease in hemoglobin hematocrit (PCV)

The lcukogram showed significant  increase in
WBCs and neutrophils counts in groups (1 (P>
0.05 yand (1V) (P>0.01) with significant decreuse
(P> (.05 ) in fymphocytes. Significant decreuase of
blood pH was noted in groups (Iil) and (1V)
(P>(.001). significant incrcase in PaO2 in groups
(D and (VY (P < 0.01), decrease in PaCQO2 in
groups (HD ¢ p>0.01) and (V) (P>0.05) signili-
cant increase in A-a gradient in groups {1 and 1V
(P>(.01), significant increase of bicarbonate in
group IV {P> 0.01) in comparison to the control
group (1), Serum sodium showed significant n-

-

crease in groups I and L (P=0.001); and sigmifi-

cant decrease in group IV (P>0.01). Serum potas-



sium revealed significant increase in group H, II1

(P=0.001) and IV (P>0.01).

INTRODUCTION

German Shepherd and Labrador Retricver dogs
were used in army and police services . Training
and racing are important for fitness of the dogs.
Training result in certain physiological and bio-
chemical adaptations in sled dogs, So, energy and
water requirements increase dramatically (Hinch-
cliff, 1995} . Increases in measurements of PCV
values and RBC counts at rest are indicative of
enhanced oxygen transport, which is necessary
during the peaks of training periods (Konrad et
al., 1990, Querengaesser et al., 1994 Kronfeld at
al., 1997). Sodium and potassium fell in the first
month of training, then rose to maximum levels in
the second month, followed by a decline to nor-
mal values in the third month. Fit dogs have lower
heart rates and rectal temperatures than unfit dogs
( Sneddon et al. 1989, Burr et al., 1997). Moreo-
ver, training improves the mechanisms of adapta-

tion in dogs { Combrisson and Bolnot, 1990).

Blood gas analysis is a sensitive indicator for
changes in lung function and pathology but mild
respiratory diseases usually show  unaftfected
blood gas parameters (DiBartola and De Mo-
rais, 1992, Abou El-Encan and Abd EL- Raof ,
1999). Blood gas analysis is also useful in diagno-
sis and determination of the appropriate therapy

tor specific and complex conditions (Proulx,
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1999). The aim of blood gas analysis is (0 assess
partial . pressure of oxygen in arterial blood
(Pa02) and partial pressure of carbon dioxide in
arterial blood (PaCO2) to determine the degree of
hypoxia or hypercapnia . Normal partial arterial
pressure of oxygen is 90 to 100 mmHg, values
less than 60 mmHg indicates significant hypoxia.
When PaO2 drops below 40 to 50 mmHg, cyano-
sis develops. The normal PaCO2 is 35 to 45
mmHg, hypercapania is present at PaCQO2 value
greater than 60 mmHg, resulting in respiratory uac-
idosis (‘Hawkins, 1998 , Corcoran, 2000 ).

The major respiratory abnormalities affecting gas
tension includes hypoventilation and ventilation-
perfusion mismatch (V/Q). Hypoventilation oc-
curs due to upper air-way obstruction. pulmonary
diseases, pleural effusion, pneumothorax, extreme
abdominal distention, and decreased respiratory
muscles functions. V/Q typically is associated
with significant lower airway and lung parenchy-
ma disease (Hawkins, 1998 , Corcoran 2000).
Blood gas analysis also allows differentiation of
alveolar hypoventilation from V/Q by calculation
of alveolar (A) arterial () oxygen gradient (A-a).
The normal A-a is less than 10 mm Hg, in hypo-
ventilation it is less than 15 mm Hg, while in V/Q

it is more than 15-20 mmHg. (Corcoran, 2000).

Retention of CO2 as a result of hypoventilation
results in respiratory acidosis. If the problem per-
sists for several days, compensatory retention of

bicarbonate by the kidneys occurs (compensatory
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metabolic alkalosis ). Excess removal of CO2 by
the lungs caused by hyperventilation results in
respiratory alkalosts (Hawkins ,1998, Abou El-
Enean and Abd EL-Raof , 1999).

The aim of this study is to present the effect of fit-
ness, hypoventilation in hot weather and respira-
tory diseases on respiratory and pulse rates , rectal
temperature, erythrogram, leukogram , blood gas-
es and acid - base status , and serum sodium and
potassium in German Shepherd dogs.
MATERIAL AND METHODS

Animals : A total number of 40 male German
Shepherd dogs less than three years of age were
examined. Ten of them were apparently healthy
and were used as a control group (1), 10 apparent-
ly healthy dogs were examined just after finishing
their exercise (400 meters race ) fitness group (1I),
10 apparently healthy were examincd after trans-
portation in a van at hot weather (42°C}) ., direct
sun light and crowdress for one hour, hypoventi-
lation group (1II)) , and 10 diseased dogs with dif-
ferent upper and lower respiratory tract affections
(IV). These animals were examined during the pe-

riod from May to September, 2002,
Samples:

A) Venous blood for hematological and serum

samples : Venous whole blood samples were col-

Vet.Med.d. Giza.Vol.51.No.2(2003)

lected from each dog in the control and tested
groups. The venous blood samples were collected
from the medial saphenous vein according to
Smith (1999) on EDTA and used for hemogram
estimation, second part of blood was taken with-
out anticoagulant for serum separation and used
for sodium and potassium determination using
Jenway flame photometer, England. (Mamdouh.
1986). Blood cell counter
was used for determination of RBCs , PCV, HB.
MCV, MCH, MCHC and WBCs counts. Stained

blood films with Leishman stain were prepared

ABC counter, France

for differential leukocytes count (DLC).

B) Arterial blood samples: Arterial blood samples
were collected from each dog of the control and
tested groups, from the femoral aitery according
to Smith ( 1999 ). These blood samples were col-
lected anaerobically on sodium heparin and used
for determination of acid-base parametcrs and
blood gases by Chorion 238 pH blood gas analyz-
er at 37°C according to Corcoran (2000). These
arterial blood sampies were transferred on ice, to
be analyzed in not more than half an hour of col-
lection. The alveolar ( A ) to arterial (a) gradient
(A-a) was calculated by the equation A-a = (150 -
(PaCO2 / 0.8 )} - PaO2 according to Corcoran
(2000 ).

Statistical analysis : Statistical package for social

sciences (SPSS) computer program was used for
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data analysis (Motulsky, 1999).

RESULTS AND DISCUSSION

Clinical lindings :

The clinical findings of control and tested groups
were summarized in table 1. Clinical diagnosis of
the group of German Sphepherd with respiratory
diseases were tonsillitis ( 2 }, bronchopneumonia (

4 ) and pneumonia ( 4 ).

The respiratory rate , pulse rate and temperature
of control and tested groups of German Sphep-
herd dogs were presented in table 2. Significant
increase ol respiratory rate was observed in fit-
ness and hypoventilation groups (p<0.05 ) and in
respiratory diseased group ( p < 0.01 ) in compari-
son with the control group. There was significant
mcrease of the pulse rate in the respiratory dis-
cased group (p<0.01 ) in comparison to the con-
ol group. No changes in pulse rate and rectal
temperature were reported in fitness, hypoventila-
tion and respiratory diseased groups. Ilkiw et al .,
(1989 ), Matwichuk at al., (1999) and Abdel Mak-
soud ( 2002 ) reported similar results in Labrador
retrievers dogs after strenuous excrcise and in
German Shepherd dogs after fitness, hypoventila-
tion and respiratory diseasc. It has been reported
that rectal temperature increasei; in fitness be-

cause a portion of nutricnt energy is converled to

heat during cellular metabolism (Matwichuk et
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al., 1999 ). Possible explanations for the increased
respiratory rate associated with fitness include re-
sponse to increased O2 demand. in response to in-
creased body temperature. concurrent transmis-
sion of neurological impulses to conlracting
muscles and respiratory centers, and stimulation

of respiratory center by neurological impulses

from joint proprioceptors (Musch et al., 1986).

Regarding the erythrogram of control and tested
groups of German Shepherd dogs (table 3) , there
was significant increase of hemoglobin (HB).
hematocrit (PCV) and RBCs count in the fitness
group (p>0.01),
(p>0.05). Insignificant changes in HB, PCV and

and hypoventilation group
RBCs were recorded in  the respiratory discased
group. Values of MCV, MCH and MCHC in all
groups did not change in comparison to the con-
trol group. The observed significant increase of
HB and PCV was regarded to increases in number
of RBCs father than volume as while there was no
significant changes in MCV, MCH and MCHC.
Moreover, there was slight decrease in body
fluids during racing which leads to hemoconcen-
tration land significant increase of HB, PCV und
RBCs. Similar results were previously reported
by Hkiw et al. (1989), Nold et al. (1991), Toll ¢t
al. (1995), and Jain (2000} in racing Greyhound
dogs after 704 melers race , Matwichuk et al.
(1999) Similarly reported in Labrador retriever

dogs after 10 minutes exercise and Abdel-

Vet.Med.J.,Giza.Vol.51,No.2(2003)



Table (1) Summary of the clinical findings of control, fitness, hypoventiilated and respiratory
diseased German Sphepherd dogs

Control (I)

Fitness (1I)

Hypoventilation

Respiratory

Variables () Diseased (IV)
Number] % | Numbey % Number % Number %
Nasal discharges
Normal serous 8 80 9 90 10 100 5 50
Seromucoid 20 1 10 | 19
Muco-purulent 0 0 0 0 0 0 3 30
Purulent 0 0 0 0 0 i 10
Cough
Normal 10 100 10 100 10 100 3 30
Miid cough 0 0] 0 0 0 ; 6 60
Severe cough 0 0 0] 0 0 ¢ 1 10
Dyspnea
Normal 10 100 10 100 6 60 4 40
Dyspnoeic 0 0 0 0 4 40 6 60
Tonsillitis
Normal 10 100 10 100 10 100 8 80
Mild 0 0 0 0 0 0 ! 10
Scvere 0 0 0] 0 0 ! 10
Chest wheezes (dry rales)
Normul 10 100 to 100 10 100 ! 10
Mild 0 0 0 0 0 5 50
Severe 0 0 0 0] 0 0 4 40
Chest crackles (moist rales)
Normal B 10 100 10 100 1G 100 ! 10
Mild 0 0 0 0 0 5 50
Severe o 0 0 0 4 40
Chest crepitations
Normal 10 100 10 100 10 100 4 40)
Moderate 0 0 0 0 0 0 3 30
Severe 0] 0 0 0 0 0 3 3

Vet.Med.d.,Giza.Vol.51,No.2{(2003)
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Maksoud (2002) in German Shepherd and Labra-
dor retrievers dogs after 400 - meters race. On the
other hand, significant decrease of HB, PCV and
RBCs was reported by Burr et al. (1997) in sled
dogs after long - distance races (1.100 -mile race)
and Hinchcliff et al., (1997) in Alaskan sled dogs
after a 3.00-mile race which was consistent with
an increase in plasma volume. Exercise training
was recoded (o increase plasma volume in Grey-
hounds dogs . horses and human beings (Mckeev-

er et al., 1985 and Mckeever et al., 1987).

[.eukogram of control and tested groups of Ger-
man Sphepherd dogs (table 3), showed significant
increase in WBCs in the fitness group ( p<0.03),
in comparison to the control group. Hypoventila-
tion group revealed significant increase in mono-
cyte and decrease in lymphocytes. (p>0.05). Mat-
wichuk et al., (1999) and Jain (2000} stated that

immediately after exercise, there is significant in-

crease in both WBCs (physiological leukocytosis)
due to neutrophilia and respiratory diseased
group showed marked leukocytosis with in-
creased number of neutrophils , monocytes, and
lymphocytes. The occurred changes was mainly
due to the presence of bacterial infections ( tonsil-
litis , bronchopneumonia and pneumonia ) which

induce such elevation as discussed by Ilkiw etal.,

(1989), Jain (2000) and Abdei-Maksoud (2002)

The arterial blood gas analysis is reported in table
4. Statistical analysis showed significant decrease
in pH and PaO2 in the hypoventilation group and
respiratory disease (p<0.001), in comparison to
the control. Partial arterial pressure of carbon di-
oxide (PaCO2) and alveolar to arterial gradient
(A-a) revealed significant increase in the hypo-
ventilation and the respiratory discased groups.
Bicarbonate values showed significant increase in
the respiratory diseased group only. The base ex-

cess (BE) showed significant decrease in the hy-

Table (2) Respiratory rate , pulse rate and temperature of control, fitness, hypoventilation and
respiratory diseased German Sphephred dogs (mean values T standard errors).

) i Control Fitness Hypoventilation Respiratory
Parameters (0 (i (11D Diseased (IV)
Respiratory rate 16.81£1.32 23.65x2.18% 22.35+1.81* 39.014 5%*
{breaths/min)
Pulse rate 88.55+3.76 953.216.17 96.714.0 135.443.53**
(bearts/min)
Temperature (°C)| 38.110.23 39.0+0.35 39.0+£0.35 39.430.34

* Significant at P<0.05
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** Significant at P<0.01
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Table (3) Blood picture ol control, litness, hypoventilation and respiratory diseased in

German Sphepherd dogs ( mean values + standard errors )

Parmeters | ST oS,
Hemoglobin (g/dl) [5.96+0.63 | 21.7610.85**( [7.25+0.55* 15.9740.73
Hematocrite (%) 4558+1.62 | 62.16+2.12%¢| 48.96%].42* 45.5242.04
RBCs (X 106/ul) 6.4040.26 4.89610.19%% | 6.8840.19% 6.42+0.32
MCV (f1) 71.240.84 70.98%0.54 71.240.45 70.9+0.96
MCH (pg) 24.87+0.29 24.93+0.18 24.9+0.15 24.88+0.18
MCHC (g/dl) 35.04:10.50 35.031+0.38 35.26:+0.38 35.07+0.08
WBCs (X103/ul) 6.6810.53 8.0320.20% 6.6810.53 12 95+0.08%*
Neutrophil (XI0%/HD) |3 55+1 62 4.5942.07 3.68+1.62 6.186+0.53*
Lymphocyte (X10¥/ub) 5 4141 37 2.56k1.70% | 2.004%1.59% 3.89+40.67%
Basophil (X10%ul) 160220034 | 00702039 | 0.04410.32 0.01040.21
Eosinophil (X101l ) 2064057 | 0.43620.61 | 0.242+0.66 0.7040.26
Monocyte (XIOMD | 2654059 | 0.359+0.62 | 0714048 | 4540, 3%

* Significant at P<0.05

** Significant at P<0.01

poventilation and the respiratory discased groups

{p<0.0).

The results of arterial blood gas analysis of the
fitness group in our study differ from those re-
ported by Toll at al. (1995) and Matwichuk et al.
(1999) who mentioned that immediately after fit-
ness, the arterial blood pH and PaO2 and bicarbo-

nate concentration were significantly decreased.

Vet.Med.J.,Giza.Vol.51,No.2(2003}

The result of the German Shepherd dogs exposed
to hypoventtlation and hot weather in our study
were similar to Corcoran (2000) who stated that
the stress of hypoventilation may suggest the de-
cline in arterial PaO2 and pH and the elevation of
PaCO2 and bicarbonate concentration with alveo-
lar to arterial gradient (A-a) from 10-15 mmHg
which indicates hypoventilation (Hawkins , 1998).

Arterial biood gas analysis of the resptratory dis-
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Table (4) Arterial blood gases and serum electrolytes of control , fitness , hypoventilation
and respiratory diseased in German Sphepherd dogs (mean values X standard er-

rors).
Control Fitness Hypoventilation Respiratory
Parameters () (1I) (1iI) Discased (IV)
pH 7.4110.02 7.4210.01 7.3320.G1 ¥** 7.3710.03*%*
PaO2 (mmHg) 94.5%1.47 100.6£3.38 | 63.45%£2.67%* 59.3£23.71**
PaCO2 (mmHg) 37.911.33 33.5%3.38 58.8+2.12** 43.8+2.15%
A-a (mmHg) 8.13+0.77 7.4911.62 13,0441.55%* 35.9512.30%*
Bicarbonate (mEg/liter)| 19.06£0.17 19.020.15 21.7940.3 23.0+0.75%
Base execss (mEg/liter)|  3.310.13 3.18%0.07 2.67£0.15*%* 2.6520.75%*
Sodium (mEg/liter) 149.6£2.35 | [67.022.16%** 159511 31+%* 141.230 63**
Potassium (mEqg/liter) 4.00520.15 5.68£0. 16*%** | 4,96x0.13%*# 4.5320.07**

* Significant at P<0.05

eased group is similar to those reported by Parent
at al. (1996) in dogs with acute respiratory dis-
tress syndrome, Corcoran et al. ( 1999) in West
Highland White terrier dogs with chronic pulmo-
nary disease and Abdel Maksoud (2002) in Ger-
man Shepherd and Labrador retrievers dogs who
reported highly significant decrease in pH, PaO2
and base excess with highly significant increase
in PaCO2 , A-a >15 mmHg (indicates V/Q mis-
match ) and bicarbonate . Elevation of A-a value
occurs in diseases causing diffusion impairment
which may be explain PaO2 decline and PaCO2

and bicarbonate elevation in the respiratory dis-
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#* Significant at P<0.01

*** Significant at P<0.01

ease group (Hawkins, 1998}

The serum levels of sodium and potassium are
presented in table 4. There was significant in-
crease in sodium in the fitness group (P<0.01) .
and hypoventilation group ( P<0.001) , While .
significant decrease was reported in the respirato-
ry disease group (P<0.01). The results of serum
potassium revealed significant increase of potas-
sium level in fitness group (P<0.001), hypoventi-
lation group (P<0.001) and in the respiratory dis-
eased group (P<0.01} in comparison with the

control. Ilkiw et al. (1989), Toll et al. (1995),

Vet.Med.J.,Giza.Vol.51,No.2{2003)



Matwichuk et al. (1999) and Abdecl- Maksoud
(2002) reported similar results in short distance
race. On the other hand, Burr et al., {1997) report-
ed shight significant decrcase in serum sodium
and potassium in response (o exercise (f.100-mile
and 3.00- mile races | respectively ) in sled dogs .
Moreover, Hinchcliff ct al. {(1993) reported non
significant increase of serum sodium and signifi-
cant decrease (P<0.05) of serum potassium in sled
dogs after 575- mile long race . They added that
because no signs consistent with hypokalemia |,
such as muscle weakness or fasciculation, were
observed, this decrease was not considered clini-

cally important.

[t can be concluded that significant changes werce
reported in respiratory and pulse rates. hemogram,
arterial blood gascs, acid basc balance and serum
electrolytes in German Shepherd dogs subjected
to fitness, hypoventilation or different respiratory

affections.
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