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RESTORATIVE EFFECTS OF ALOE VERA GEL ON ALCOHOL
INDUCED HEPATO-NEPHROCELLULAR DYSFUNCTION

AKkinloye, D. 1., Ugbaja, R. N., Dosumu, O. A.
Akamo, A. ., James, A. S., Adeyemo, A. B.

Department of Biochemistry, College of Biosciences, Federal University of Agriculture
Abeokuta, P.M.B. 2240
Nigeria

akinloyedi@funaab.edu.ng

ABSTRACT

Excessive alcohol intake is associated with patholog-
ical conditions that are detrimental. Aloe vera is a plant
that possesses antimicrobial and anti-oxidant proper-
ties. This study investigated the effects of Aloe vera gel on
alcohol induced hepato-nephrocellular dysfunction in
rats using the specific activities of glutathione-S-trans-
ferase (GST), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
gamma glutamyl transferase (GGT) and lactate dehy-
drogenase (LDH) as well as concentration of some elec-
trolytes as indices. Six groups of male albino rats con-
taining 5 rats each were used in the experiments. Groups
A and B were administered distilled water and 50 % (v/v)
alcohol for 21 days respectively. Groups C and D were
administered 50 % (v/v) alcohol, while groups E and F
were administered distilled water for the first 14 days,
followed by co-administration (without stopping al-
cohol or distilled water administrations) of 125 mg
and 250 mg.kg™"' body weight Aloe vera gel respectively

for 7 days. The administration of Aloe vera gel extract

significantly modulated serum electrolytes imbalanc-
es with concomitant lowering of ALT, AST, ALP, GGT,
LDH and GST rates when compared to group B. These
results suggested the restoration of alcohol induced dys-

function by Aloe vera gel.

Key words: alcohol; Aloe vera; electrolytes; restora-

tion effect; tissue damage; toxicity

INTRODUCTION

Alcohol consumption has a widespread social tradition
among many populations worldwide because its moder-
ate intake has been regarded beneficial to cardiovascular
health [15, 33]. However, excessive alcohol intake is also
associated with a variety of pathological conditions var-
ying from simple intoxication, to severe life-threatening
states which are increasingly becoming important causes
of morbidity and mortality globally [15, 17, 27].

The liver is the site of essential biochemical reactions

and has the function to detoxify xenobiotics [24]. It is also



the primary organ for the metabolism of alcohol which
makes it susceptible to alcohol related injuries [17, 32].
The site for elimination of reactive metabolites which is the
kidney, may also be affected by excessive alcohol consump-
tion and could cause impairment in its ability to regulate
the volume and composition of fluid and electrolytes in the
body [7, 30].

The developments of interest in the therapeutic poten-
tials of medicinal plants against alcohol induced toxicity
have become an increasing attractive area of research [8,
13]. Aloe vera (Aloe barbadensis Miller) is one of the four
species among over 360 species known to have medicinal
properties [5]. It is a tropical succulent plant that belongs
to the liliaceous family [18, 24]. Its common names in-
clude: Aloe vera, Barbados aloe, Mediterranean aloe, True
aloe and Curacao aloe [4, 18, 21]. The leaf extract and/or
the juice has been shown to possess: laxative, antimicrobi-
al, wound healing, anti-inflammatory, anti-cancer, anti-di-
abetic and anti-oxidant properties [4, 18, 22, 26, 34, 35].

Many studies have shown the pharmacological evi-
dence and the support of the traditional folklore medicinal
usage of Aloe vera in the treatment of different toxicant
induced tissue damages [4, 8, 16, 24, 28]. Most of the me-
dicinal properties of Aloe vera leaves have been attributed
to the presence of the polysaccharides found in the inner
part of the parenchymatous tissue [4, 8]. Thus, a contin-
uous screening in the laboratory for its biochemical and
pharmacological properties against liver and kidney im-
pairment is necessary. Akinloye etal [2] have already
reported the antioxidative potential of Aloe barbadensis
on alcohol induced oxidative stress in rats. However, the
restorative effects of Aloe vera on serum electrolyte distur-
bances induced by alcohol administration have not been
completely explored. This study was therefore designed to
investigate the restorative effect of lyophilized Aloe vera gel
extract on alcohol induced hepatocellular and nephrocel-

lular dysfunction in male albino rats.

MATERIALS AND METHODS

Collection and authentication of plant materials

The collection and authentication of plant materials
were done as previously carried outby Akinloye etal
[2]. Fresh Aloe vera plants were obtained from the Botanical

garden of the department of Pure and Applied Botany and

authenticated by a botanist (Professor D. A. Agboola)
in the department of Pure and Applied Botany, Federal
University of Agriculture, Abeokuta, Nigeria. The plant
was identified and authenticated with herbarium number
FUNAABHO0028.

Extraction of Aloe vera gel

The Aloe vera plants were washed thoroughly with clean
water, rinsed with distilled water and the inner part (the
gel) of the leaves was removed into a clean container and
blended (homogenized) using ROSPEC 7.4V 2000 rpm
electric blender. The homogenized gel was stored in a fro-
zen state (at —10 °C) and lyophilized at Covenant Universi-
ty, Ota, Ogun State, Nigeria using LTE Scientific Lyotrap ul-
tra freeze dryer with ice capacity of 10 kg (6 kg in 24 hours)

and temperature -55 °C (heat extraction rate of —40 °C).

Experimental animals

The approval of the Departmental Animal Ethical
Committee (FUNAAB-BCH) was obtained prior to the
experiment with ethical no FUNAAB-BCH-DI 017. All
of the protocols and the experiments were conducted in
strict compliance according to the guidelines approved by
the committee. Forty-five (45) male albino rats weighing
between 180 g and 250 g were purchased from the Depart-
ment of Veterinary Medicine, Federal University of Agri-
culture, Abeokuta, Nigeria. The animals were acclimatized
for two weeks before the commencement of the experi-
ments. They were housed in plastic cages with good ven-
tilation and were supplied with standard pellet and clean

water ad libitum.

Experimental design

The experimental design was carried out as described
by Akinloye etal [2]. Forty-five (45) male albino rats
weighing 180—250 g were first divided into two (2) groups
of 15 animals and 30 animals. The 15 animals were given
orally, 4 mg.kg™! body weight of distilled water for the first
two weeks (14 days) of the experiments, while the other
30 animals were orally administered 4 mlLkg™ body weight
of 50 % (v/v) ethanol for the first two weeks (14 days) of
the experiments. After the first two weeks (14 days), the
15 animals were further divided into three (3) groups (A,
E and F) of 5 animals each; group A served as the posi-
tive control and were further administered 4 ml.kg™' body

weight of distilled water for another one week (7 days);



Table 1. Experimental Design

Dosage administered Groups
Distilled water for 21 days A
50% Alcohol for 21 days B
50% Alcohol (14 days) followed by C(125mg.kg™)
alcohol + Aloe vera (7 days) D (250mg.kg™)
Distilled water (14 days) followed by E(125mg.kg™)
alcohol + Aloe vera (7 days) F (250mg.kg™)

while groups E and F were given 125 mg and 250 mg.kg™
body weight Aloe vera gel respectively for another one week
(7 days) of the experiments. Twenty-four (24) animals were
selected from the 30 alcohol treated group after the first
two weeks (14 days) of alcohol administration. From these,
10 animals were further administered the same quantity
and concentration of alcohol for the next one week (7 days)
and served as the negative control group (B). The remain-
ing 14 animals were also divided into 2 groups (C and D) of
7 animals each; which were then treated with 125 mg and
250 mg.kg™" body weight Aloe vera gel extract respectively
after 30 minutes of alcohol administration for another one
week (7 days) of the experiment. On the 21st day of the ex-
periment, after the last treatment, the animals were fasted
for 12 hours overnight and were sacrificed after anaesthe-
tized slightly. Blood samples were then collected via the ab-
dominal vein into clean plain tubes, allowed to stand and
clot for 15 minutes and then centrifuged at 3000 rpm for
10 minutes to collect serum using the refrigerated centri-
fuge (BK-THRI16, Biobase Biodustry Shagdong). Kidney
and stomach were excised for biochemical examination,

using 10 % homogenate preparation.

Biochemical assays

Glutathione-S-transferase (GST, EC: 2.5.1.18) spe-
cific activity was determined according to the method
described by Habig etal. [14]. The specific activities
of alanine aminotransferase (ALT, EC: 2.6.1.2), aspartate
aminotransferase (AST, EC: 2.6.1.1), alkaline phosphatase
(ALP, EC: 3.1.3.1), gamma glutamyl transferase (GGT, EC:
2.3.2.21) and lactate dehydrogenase (LDH, EC: 1.1.1.27) as
well as the concentration of the: total protein, creatinine,
uric acid, bilirubin, urea, albumin, sodium, magnesium,
calcium, potassium and chloride were determined using
the Randox standard kit methods of Randox Laboratory
Limited (United Kingdom).

Statistical analysis

The results were expressed as the mean + SEM (n = 5).
The level of homogeneity among the groups was assessed
using one-way analysis of variance (ANOVA). Where
homogeneity occurred, Duncans’ test was used to differ-
entiate between the groups. All analyses were done using
the Statistical Package for Social Sciences (SPSS 20.0) and
P < 0.05 was considered the statistically significant.

RESULTS

Table 2 shows the effects of the Aloe vera gel extract on
the serum tissue damaged enzymatic markers of alcohol
in the intoxicated male albino rats. The administration of
alcohol significantly (P < 0.05) elevated the serum specific
activities of: ALT, AST, ALP, GGT, LDH and GST, when
compared to the controls. However, co-treatment with
125 mg and 250 mg.kg™ body weight Aloe vera gel extract
(groups C and D) significantly lowered the elevated spe-
cific activities of ALT (with the exception of group D that
showed a slight reduction), AST, ALP, GGT, LDH and GST,
as compared to the alcohol treated group (group B). The
administration of 250 mg.kg™ body weight Aloe vera gel
extract only, showed no significant difference in the spe-
cific activities of ALT, LDH and GGT, as compared to the
control group (A).

Alcohol significantly (P < 0.05) increased the activities
of renal AST, GST and LDH in the alcohol treated groups
when compared to the control group as shown in Table 3.
Also, significant reductions were observed in the specif-
ic activities of renal ALT and ALP of the alcohol treated
group when compared to the control group. Treatment
with 125 mg and 250 mg.kg™" body weight Aloe vera gel
significantly reduced the elevated activities of AST and
LDH with a concomitant increase in the specific activities
of ALT and ALP kidney of the Aloe vera treated group
when compared to the alcohol treated group (B). However,
there was no significant difference in GST specific activity
of group C (group administered 125 mg.kg™ body weight
Aloe vera gel extract) when compared to group B.

The administration of alcohol resulted in a marked in-
crease in the stomach specific activities of GGT, ALP, GST
and LDH when compared to the control group (Table 4).
But, after co-treatment with Aloe vera gel extract (groups
C and D), the elevated specific activities of GGT, ALP, GST



Table 2. Effects of Aloe vera gel extract on tissue damaged enzyme markers
in the serum of alcohol intoxicated male albino rats

Serum (U.mg™" protein)

Parameter
ALT AST ALP LDH GGT GST
Control (A) 4.46 +0.05° 5.16 +0.18° 0.61+£0.01* 0.96 £ 0.01° 0.79£0.01° 0.49 +0.08°
ALC (B) 5.37 £ 0.26¢ 6.92 £0.38¢ 16.92 + 0.05¢ 7.20 £ 0.03¢ 9.14+0.02°¢ 0.79 £0.01
ALC+125mgA.V(C) 241 +0.08° 537+0.31° 13.86 + 0.35¢ 3.00+0.03° 3.71£0.03° 0.35+0.03°
ALC +250mgA.V (D) 346+ 013 4.81+0.09° 7.26 £ 0.58¢ 1.44 £0.09° 0.64 +0.14° 0.44 £ 0.07°
125mgA.V (E) 1.69 £0.10° 197 £0.13 0.45£0.01° 0.72+0.22° 0.66 +0.01° 0.42+0.01°
250mgA.V(F) 2.5+£0.37° 2.55+0.01° 1.51 £0.03° 110+ 0.08° 0.34+0.04* 0.18 +0.00°

These data are expressed as the mean £ SEM (n = 5); Values with different superscript letters along the column for each parameter
differed significantly (P < 0.05); ALC + 125 mg A.V—alcohol + 125 mg.kg™" body weight Aloe vera; ALC + 250 mg A.V—alcohol + 250 mg.kg™" body weight
Aloe vera; 125 mg AV—125 mg.kg™ body weight Aloe vera; 250 mg A.V—250 mg.kg™ body weight Aloe vera

Table 3. Effects of Aloe vera gel extract on tissue damaged enzyme markers
in the kidney of alcohol intoxicated male albino rats

Kidney (U.mg™" protein)

Parameter
ALT AST ALP LDH GGT GST
Control (A) 597 £0.15° 435+0.19° 4.36 £ 0.41° 3.68 £ 1.15° 240+0.22% 0.17 £ 0.00°
ALC (B) 2.42 +0.06° 18.75+0.35 1.30+0.12° 28.04+1.84¢ 2.21+0.02° 0.58+0.00°
ALC.+125mgA.V (C) 6.06 +0.44° 1319 £0.27%¢ 1.41 +£0.09° 15.32 +£0.95%¢ 2.75+£0.08° 0.17 £ 0.02
ALC.+250mgA.V (D) 6.80 £ 0.44°¢ 12.68 + 0.65° 2.09+0.32° 11.06 + 2.94% 2.50 +0.14% 0.56 +0.03°
125mgA.V (E) 7.61 £ 0.59< 1418 £ 0.49¢ 2.82+0.21® 23.45 £ 0.80< 1.23£0.04° 0.23+0.01°
250mgA.V (F) 8.11£0.28¢ 16.38 +0.28¢ 341 £1.54¢ 24.12 +5.66¢ 1.53£0.15 0.37 £0.03°

These data are expressed as the mean = SEM (n = 5). Values with different superscript letters along the column for each parameter differed
significantly at P < 0.05; ALC + 125 mg A.V—alcohol + 125 mg.kg™" body weight Aloe vera; ALC + 250 mg A.V—alcohol + 250 mg.kg™' body weight
Aloe vera; 125 mg A.V—125 mg.kg™ body weight Aloe vera; 250 mg A.V—250 mg.kg™" body weight Aloe vera

Table 4. Effects of Aloe vera gel extract on the specific activities of GGT, ALP, GST
and LDH in the stomach of alcohol intoxicated rats

Stomach (U.mg" protein)

Parameter
GGT ALP GST LDH
Control (A) 6.93 + 0.67 80.82 £ 0.65¢ 1.50 £ 0.12° 9.11+£0.43¢
ALC (B) 9.06 £0.32¢ 176.74 +0.01° 2.90 +0.49° 12.96 £0.01¢
ALC+125mgA.V(C) 7.74 £0.73¢ 52.93 £ 0.74¢ 1.60 £ 0.01° 2.13+£0.02°
ALC +250mgA.V (D) 4.09+0.21° 55.65 +0.22¢ 1.21£0.06° 2.59+0.01°
125mgA.V (E) 1.58 +0.55° 22.55+0.68° 144 +0.14° 3.37£0.20°
250mgA.V (F) 249+0.2° 40.79 £1.22° 1.13+£0.072 3.68 £ 0.02¢

These data are expressed as the mean +SEM (n = 5). Values with different superscript letters along the column for each parameter
are significantly different at P < 0.05; ALC + 125 mg A.V—alcohol + 125 mg.kg™' body weight Aloe vera; ALC + 250 mg A.V—alcohol + 250 mg.kg™" body
weight Aloe vera; 125 mg A.V—125 mg.kg™" body weight Aloe vera; 250 mg AV —250 mg.kg™" body weight Aloe vera



Table 5. Effects of Aloe vera gel extract on serum—tissue damaged markers

in the serum of alcohol intoxicated male albino rats

Parameter Bilirubin Urea Uric acid Albumin Creatinine
[umol.I [umol.I] [umol.I] [umol.I7] [mmol.I"]

Control (A) 117 £1.12¢ 1.15+0.10° 0.11£0.01° 2.29+£0.11° 99.46 + 3.21°
ALC (B) 15.54 + 1.23¢ 2.58+0.13¢ 0.15£0.02¢ 1.62£0.10° 108.2 £ 4.02¢
ALC+125mgA.V (C) 13.88 + 1.10* 1.32+£0.11% 0.12+0.01° 1.70+0.10° 85.74 £2.10°
ALC +250mgA.V (D) 440+0.23° 0.96 +0.01° 0.04 +£0.01° 2.53+0.13° 86.95 + 2.40°
125mgA.V (E) 5.18£043° 117 £0.10° 0.08 +0.01° 3.33+0.25¢ 101.4 £ 5.40°
250mgA.V (F) 8.78 +0.55° 1.46 + 0.14% 0.10+0.01° 3.79+£0.32¢ 100.2 £ 6.10°

These data are expressed as the mean +SEM (n = 5). Values with different superscript letters along the column for each parameter differ
significantly at P < 0.05; ALC + 125 mg A.V—alcohol + 125 mg.kg™" body weight Aloe vera; ALC + 250 mg A.V—alcohol + 250 mg.kg™" body weight
Aloe vera; 125 mg A.V—125 mg.kg™" body weight Aloe vera; 250 mg A.V—250 mg.kg™" body weight Aloe vera

Table 6. Effects of Aloe vera gel on serum electrolytes levels of alcohol intoxicated male albino rats

Serum electrolytes [mmol.I"]

Parameter
Na* Kt cl- Mg?* Ca*
Control (A) 135.02 + 0.06" 4.88 +0.42° 91.51 + 1.67% 0.68 £ 0.04° 0.34 £ 0.04°
ALC (B) 88.27 £0.79° 6.37 £0.41° 89.81+1.27° 0.33+0.03° 0.35+0.07
ALC+125mgA.V (C) 120.94 + 0.09* 5.88+0.20 94.26 + 1.16% 0.63 +0.04° 0.34+0.04°
ALC +250mgA.V (D) 97.45 +0.09° 473+£045° 93.56 £ 0.67° 0.57 £0.01° 0.34+0.03°
125mgA.V (E) 167.61 + 0.26%° 5.87 + 0.41% 90.93 +2.14% 0.63 +£0.04° 0.34+0.03°
250mgA.V (F) 175.10 + 0.34¢ 5.31+0.28° 95.40 £ 1.67° 0.64 +0.03° 0.35+0.05°

These data are expressed as the mean +SEM (n = 5). Values with different superscript letters along the column for each parameter differ s
ignificantly at P < 0.05; ALC + 125 mg A.V—alcohol + 125 mg.kg™" body weight Aloe vera; ALC + 250 mg A.V—alcohol + 250 mg.kg™" body weight
Aloe vera; 125 mg AV—125 mg.kg™ body weight Aloe vera; 250 mg A.V—250 mg.kg™ body weight Aloe vera

and LDH were reduced to a comparable level to the normal
control (P <0.05). No significant effect was observed in
the specific activities of GST following the treatment with
125 mg and 250 mg kg™ body weight Aloe vera gel extract
when compared to group A.

The effects of Aloe vera gel extract on serum: bilirubin,
urea, uric acid, albumin and creatinine levels in alcohol in-
toxicated rat are depicted in Table 5. The administration
of alcohol resulted in a significant increase in serum: bili-
rubin, uric acid, urea and creatinine concentrations, while
a significant (P < 0.05) decrease was observed in the albu-
min level when compared to group A. Co-treatment with
Aloe vera gel extract (groups C and D) caused a marked
decrease when compared to group B with the exception of

group C albumin concentration. More so, the administra-

tion of Aloe vera gel extract only (groups E and F) showed
no significant difference in the concentration of creatinine
when compared with group respectively.

The effects of Aloe vera gel extract on serum electro-
lytes levels of alcohol intoxicated rats are depicted in Ta-
ble 6. Alcohol ingestion lowered the levels of serum Na*
and Mg**, while a marked increase was observed in K* level
in rats when compared to the control group (P < 0.05). No
significant difference was observed in serum Ca*" and CI-
levels. However, co-treatment with Aloe vera gel extract
(125 and 250 mg.kg™ body weight) resulted in a marked
increase in the serum Mg** and reduced the serum K* lev-
els as compared to the alcohol treated group (B). The ad-
ministration of 125 mg and 250 mg.kg™' body weight Aloe

vera extract only (groups E and F), showed no significant



difference in the concentrations of magnesium and calci-

um as compared to control group (A) respectively.

DISCUSSION

The liver and kidney are two important organs which
play important roles in physiological processes and exces-
sive alcohol consumption damages these organs, and may
lead to alterations in their metabolic activities [12, 23].
Alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), gamma glutam-
yl transferase (GGT) and lactate dehydrogenase (LDH) are
the most sensitive biomarkers directly implicated in the
extent of tissue damage and toxicity [4, 24, 29, 32]. These
enzymes are considered as indicators of liver and kid-
ney malfunction and damage [16]. The leakages of these
marker enzymes out from the necrotic hepatocytes into
the blood stream in abnormal amounts are diagnostic of
liver and kidney dysfunctions [4, 9, 20, 24]. More so, glu-
tathione-S-transferase (GST) is an important enzyme that
plays a crucial role in the detoxification and metabolism of
many foreign and endobiotic compounds [17, 19].

This study demonstrated that, co-treatment with differ-
ent concentrations (125 mg and 250 mg.kg™ body weight)
of Aloe vera gel extract significantly (P < 0.05) restored the
elevated specific activities of serum: AST, ALT, ALP, LDH,
GGT and GST, when compared to group administered alco-
hol only (group B). These restorative effects of Aloe vera on
the specific activities of these tissue damage marker enzymes
might be due to its hepato-renoprotective activities as re-
portedby Cui etal [8], Hussain etal [16],Raksha
etal. [25] and Saka etal. [28] which enable it to protect
the liver and kidney against the deleterious effects of alcohol.

The significant decrease (P < 0.05) in the specific activ-
ities of ALT and ALP in the kidney observed in this study
further supports reports that ethanol causes the leakage of
the biomarker enzymes into the serum [4, 17]. Whereas,
the elevated specific activities observed in the stomach
of these biomarker enzymes might be due to the amount
and duration of ethanol exposure which might influence
the results as observed. The significant increase in the spe-
cific activities of the tissues (liver, kidney and stomach)
GST might be the response of the enzyme to detoxify the
toxic metabolites produced by alcohol [17]. The reduction

observed in the specific activities of kidney and stomach

GST as a result of Aloe vera gel co-administration, may be
attributed to the anti-toxicity properties of bioactive sub-
stances in the extract which enable it to restore the tissues
from the debilitating effects of alcohol.

Serum albumin is produced in the liver and it is the
most abundant blood plasma protein which plays a key
role in the transport of hormones, anaesthetics, endoge-
nous ligands and free fatty acid [10], whereas, bilirubin is
abreakdown product of haeme [31]. Both are recommend-
ed for the assessment of hepatobiliary injury in preclinical
studies and are useful clinical clues to the severity of hepat-
ic necrosis [31]. Creatinine is a waste product of creatine
phosphate by muscle metabolism, while urea and uric acid
which are excreted in urine are the breakdown products
of protein and purine metabolism respectively [16]. The
observed concentrations of serum bilirubin, creatinine,
urea, uric acid as well as albumin in this study are con-
sistent with previous reports [3, 31] that alcohol ingestion
causes the accumulation of bilirubin, creatinine, urea, uric
acid and decrease in albumin concentration in the serum.
Co-treatment with 125 mg and 250 mg.kg™ body weight
Aloe vera gel however, significantly increased the serum
albumin concentration and decreased the serum levels of
bilirubin, creatinine, urea and uric acid to a comparable
level to that of the controls. Modulations of serum biliru-
bin and albumin by Aloe vera gel extract might be due to
the enhancement of the activity of the microsomal enzyme
UDP-glucuronyl transferase (UDPGT), which is responsi-
ble for the conjugation reaction and thus controls hyperbil-
irubinaemia [31].

Hypomagnesaemia is the most common electrolyte
disturbance in alcoholics and the mechanisms for develop-
ment of hypomagnesemia in alcoholism include: increased
transfer of magnesium from extracellular to intracellular
fluid [1, 12]. This is usually due to respiratory alkalosis
and increased magnesium excretion which may occur in
hypophosphatemia that causes reduced magnesium reab-
sorption at the loop of Henle and the distal tubules [1]. The
serum sodium (Na*) level is determined by the balance of
fluid in relation to the availability of sodium in the system
[12]. Hyponatremia does not only constitute a biochem-
ical abnormality but also has clinical consequences [12].
Normally the kidneys are a major route of potassium ion
(K*) excretion and serve as an important site of potassium
regulation [6]. Alcohol consumption historically has been

found to reduce the amount of potassium excreted by the



kidneys [6]. The levels of potassium, like those of sodium,
also can affect the way the kidneys handle fluid elimina-
tion or retention and its depletion has been proposed to
exacerbate hyponatremia [11]. Chloride as a major anion
is important in the maintenance of the cation/anion bal-
ance between the intracellular and extracellular fluids and
is also essential to the control of proper hydration, osmotic
pressure and acid/base equilibrium [7]. The observed sig-
nificant (P < 0.05) hypomagnesemia, hyponatremia and
hyperkalemia ensued after alcohol administration in this
study, were completely reversed back to normal following
co-treatment with Aloe vera gel. The modulatory effect of
this extract on the serum Na* level is consistent with the
study of Saka etal. [28] where Aloe vera gel extract ele-
vated the serum Na* level in rats. Although, to the best of
our knowledge, little or no report is known of the amelio-
rative effect of Aloe vera gel on alcohol induced hypomag-
nesemia. Raksha etal [25] recognized the presence
of Mg?* in the Aloe vera gel extract as part of its phyto-
chemical screening and this might be responsible for the
reversal of hypomagnesemia. Moreover, the general restor-
ative effects of the extract on alcohol induced electrolytes
imbalances could be attributed to the bioactive substances
present in the polysaccharides of the extract. These bioac-
tive components are said to be responsible for Aloe vera gel
therapeutic effects and could account for its modulatory

ability to ameliorate electrolytes disturbances [4, 7].

CONCLUSIONS

This study demonstrated that Aloe vera gel (250 mg.kg™
body weight) could alleviate alcohol induced liver and kid-
ney injury by decreasing the level of bilirubin, uric acid
and urea and increasing the albumin level as well as lower
the elevated marker enzymes and modulate the electrolytes
disturbances. It is therefore suggested that Aloe vera gel
could be used as part of decoction in the management of

alcohol induced liver and kidney dysfunction.
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ABSTRACT

A sixteen-week study was carried out in order to
investigate the effects of different herbal-mix feed ad-
ditives (Moringa, Basil and Neem) on serological pa-
rameters, tibia bone characteristics and gut morphol-
ogy of growing pigs. Eighty-one Large White breed of
pigs with a mean weight of 15.35 + 1.07 were grouped
on weight equalization basis into three treatments with
9 replicates per treatment and 3 pigs per replicate in
a completely randomized design. Pigs on treatment 1
were fed a ration without integration of herbal-mix feed
additives, those in treatments 2 and 3 were offered a diet
that contained moringa-basil leaf meal and neem-bas-
il leaf meal respectively. Blood samples were collect-
ed from the experimental pigs on the 12th week of the
study for the determination of serum levels, while 1 pig
from each replicate group whose weight was close to
the mean replicate weight was chosen at the end of the
study, fasted for 12 hours, sacrificed and the small intes-

tine and left tibia bone were harvested and used for gut

and bone morphology evaluation. These data generated
from the study were subjected to a 1-way analysis of var-
iance (ANOVA). The results indicated that herbal-mix
feed additives influenced some of the serological param-
eters, i.e., globulin, glucose, total cholesterol, high- and
low-density lipoproteins, and aspartate aminotrans-
ferase. These parameters decreased with integration of
different herbal-mix in the pigs’ diets except high densi-
ty lipoprotein that increased statistically. The tibia char-
acteristics such as tibia breaking strength, medial thick-
ness and lateral thickness were also positively impacted
by the dietary inclusion of the herbal-mix. Likewise, the
villus height of the jejunum was positively enhanced by
dietary inclusion of the herbal-mix feed additives. This
study concluded that herbal-mix feed additives can be
utilized in pigs’ nutrition in enhancing some serological

parameters, tibia bone and gut characteristics of grow-

ing pigs.

Key words: blood indices; feed additives; growing

pigs; small intestine



INTRODUCTION

The calls for the promotion of variable alternatives to
modern health management practices need to be intensi-
fied as the rate of shortfalls in the supply of animal pro-
tein to the teeming world population continues to widen
especially among resource-poor citizens of developing
countries. The high cost and non-availability of chemically
synthesized allopathic drugs among the local people that
constitute the majority of the livestock farmers promote
these shortfalls as pathogenic microbes prevails, leading
to a high rate of mortality and morbidity [50]. It has been
documented that about 80 % of livestock producers in de-
veloping countries depends on traditional medicines as
a means of animal health management and disease control
[28, 51]. Traditional medicine is an integral part of the eth-
nic group that have been passed from one generation to the
next generation through practical experiences. The major
advantages of this health practice are that they are cheap,
readily available in pastoral areas and solve the problem
of microbial resistance unlike commercial synthetic allo-
pathic drugs. The development of resistant pathogenic mi-
crobes due to abuse of synthetic drugs, results in great con-
cern over human health and environmental toxicity that
leads to partial withdrawal and total ban in some parts of
the world [42].

Most of Materia medica used in ethno-veterinary med-
icine is derived from plants [32]. The integration of herbal
plants and their extracts into the ration of farm animals
have been reported to enhance the productivity of the an-
imal by improvement of the diet properties, quality of the
produce from the animal, welfare of the animal and the
general well-being of the animals [21]. Shahidi etal
[47] and Frankic etal [10] promoted the prospects
that herbs and spices with their extracts may serve as pos-
sible replacement of synthetic antibiotic growth enablers.
Herbs and spices can be utilized as feed additives in live-
stock nutrition to improve feed intake, flavour and anti-ox-
idant properties due to the presence of multiple active in-
gredients and their mode of actions [9]. The integration of
herbal plant parts in the form of leaf meal in the ration of
livestock can assist in the reduction of feed cost, and to-
tal cost of production, thereby widening the profit margin
of the rural livestock farmers. A study by Sugiharto
et al. [50] revealed that leaf meal contains high protein that

can be used for partial replacement of expensive conven-
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tional plant protein sources like soya bean meal, ground-
nut cake, cotton seed meals, etc., in the diets of farm ani-
mals, especially among the resource poor rural dwellers of
developing countries. Hence, the incorporation of herbal
leaf meal in the diets of pigs will not only lead to higher
profitability to pig farmer but also promote the health of
the pigs.

There is a need to investigate and validate the proper-
ties of medicinal plants that have been used in traditional
medicine with antimicrobial properties which can be in-
tegrated easily into the ration of farm animal in order to
reduce the microbial loads and feed cost, and increase the
livestock productivity by inserting its growth promoting
effects in the animals. To this end, this study was carried
out in order to evaluate the effects of herbal-mix feed ad-
ditives on serological parameters, tibia bone and gut mor-

phology of growing pigs.

MATERIALS AND METHODS

Animal use and care

The study protocol was approved by Animal Welfare
Committee guideline of the Federal University of Agricul-
ture, Abeokuta, Nigeria [11].

Collection and preparation of herbal leaf blends

Fresh matured moringa (Moringa oleifera), basil (Oci-
mum gratissimum) and neem (Azadirachta indica) leaves
were harvested within the environment of Federal Univer-
sity of Agriculture, Abeokuta. The leaves were separated
from the stems, spread in the shade and allowed to dry for
3—5 days without direct exposure to sunlight and turned
constantly to avert the growth of fungi until they were
crispy when touched, while still maintaining their greenish
coloration. The leaves were packaged in jute sacks, sealed
and kept within room temperature. They were later trans-
ported to commercial feed mill where they were milled into
leaf meals and integrated into the various experimental di-
ets. Blends of moringa-basil and neem-basil were obtained
from mixing 5 % moringa or neem with 1 % basil. Three
diets were formulated to meet the nutrient requirements of
pigs such that diet 1 had no herbal leaf meal additives, while
diets 2 and 3 contained moringa-basil and neem-basil leaf
meals, respectively. The diets were formulated to meet with

the recommended nutrient requirements for growing pigs



as stipulated by NRC [37] with direct replacement of soy-
bean meal and groundnut cake with equivalent herbal-mix
leaf meals (weight for weight). The gross compositions and
calculated analysis of the experimental diets are presented
in Table 1.

Table 1. Percentage composition of
experimental diets of growing pigs

Ingredients [%] Diet 1 Diet 2 Diet3
Maize 50 50 50
Palm kernel cake 10 10 10
Basil leaf 0 2 2
Moringa leaf 0 0 10
Neem leaf 0 10 0
Soya bean meal 18 8 8
Groundnut cake 9 7 7
Fish meal 2 2 2
Wheat offal 6.9 6.9 6.9
Bone meal 3 3 3
Lysine 0.3 0.3 0.3
Methionine 0.25 0.25 0.25
*Premix 0.3 0.3 0.3
Salt (NaCl) 0.25 0.25 0.25
TOTAL 100 100 100

Calculated analysis
?["kectaT';A°E"ilf;l?]'e energy  )g3450 254199 28059
Crude protein [%] 209 18.87 17.6
Ether extract [%] 4.56 4.84 4.49
Crude fibre [%] 4.68 6.4 5.56
Ash [%] 3.05 3.54 31

*Premix to supply the following per kg diets; vitamin A 12 600 IU; vita-
min D, 2800 IU; vitamin E 49 |U; vitamin K 32.8 mg; vitamin B, 1.4 mg; vi-
tamin B, 5.6 mg; vitamin B, 1.4 mg; vitamin B,, 0.014 mcg; niacin 21 mg;
pantothenic acid 14 mg; folic acid 1.4 mg; biotin 0.028 mg; choline chlo-
ride 70 mg; manganese 70 mg; zinc 140 mg; iron 140 mg; copper 140 mg;
iodine 1.4 mg; selenium 0.28 mg; cobalt 0.7 mg; antioxidant 168 mg

Study area

The study was carried out in 2019 at the piggery unit
of the Teaching and Research Farm of the College of Ani-
mal Science and Livestock Production, Federal University
of Agriculture, Abeokuta, Nigeria. The area lies between
longitude 3°2' East and latitude 7°10' North [14]. The

site is found in the derived savannah vegetation zone of

South-Western Nigeria. The annual mean precipitation
rate of about 1100 mm with optimum rainfall recorded in
the months of June to September. The ambient temperature
ranges from 28 °C in December to 36 °C in February with

the annual mean of relative humidity of 82 %.

Experimental pigs and management

A total of eighty-one (81) Large White weaner pigs
with a mean weight of 15.35 * 1.07 kg were obtained from
the existing stock in the Teaching and Research Farm of
Federal University of Agriculture, Abeokuta. The pigs were
grouped into 3 treatments based on the weight equaliza-
tion method and later subdivided into 9 replicates of 3 pigs
per replicate. The pigs were housed in individual pens
with floor dimensions of 2 m by 2 m and equipped with
concrete feeders and drinkers. The pens were open sided
dwarf-walled of about 1.4—1.6 m high, which allowed for
the adequate movement of air. All good management prac-

tices applicable to pigs were adhered to strictly.

DATA COLLECTION

Serum parameters

Blood samples were collected from 9 pigs per treat-
ment (1 pig per replicate) on the 12th week of the study
and used for serological measurements. Serum was ob-
tained after blood in plane sample bottle was allowed to
stand for 2 hours at room temperature and centrifuged at
2000 r.p.m. for 10 minutes. The total serum protein was
determined by the Biuret method and serum cholester-
ol was assessed by the enzymatic colorimetric technique
[38]. The serum albumin was analysed by the colorimet-
ric method accordingto Douma and Brigs [7]. The
globulin was estimated as the difference between the to-
tal serum protein and albumin. Serum glucose was esti-
mated using a commercial glucose colorimetric assay kit
(Cayman® Chemical Company, Ann Arbor, USA) and the
protocol was followed according to the manufacturer’s rec-

ommendation.

Gut morphology

At the end of the sixteenth week of the experiment,
a total of twenty-seven (27) pigs consisting of nine (9)
pigs per treatment whose weight were close to the repli-

cate weight were selected, slaughtered and the small in-
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testines were removed for gut morphology. The pigs were
weighed and fasted for 12 hours, and the fasted weight of
each pig was taken before they were stunned by the per-
cussion method and bled by incision using a sharp knife
cutting through the jugular vein between the skull and the
atlas. The complete bleeding and dehairing were done. The
stomach of the pig was opened along the greater curvature
and emptied. The digestive tract was removed and sections
of the duodenum (approximately 10 cm from the stomach
sphincter), the jejunum (5.5 m from the stomach sphinc-
ter), and the ileum (10 cm prior to the ileo-caecal orifice)
were excised and opened along their length at the mesen-
teric border and a portion of each section was cut and put
in a universal bottle containing 10 % formalin and embed-
ded in paraffin wax. These tissue samples were cut in trans-
verse section in 5 pum thick slices and were stained with
haematoxylin and eosin. The villus height and width, were
measured at 50x magnification using a calibrated eyepiece

graticule earlier outlined by Halas etal. [16].

Tibia bone morphology

The left tibia bones of the pigs slaughtered and used for
gut evaluation were collected and the adhering muscles and
connective tissues were manually removed after they were
dipped in boiling water for 5 minutes. The tibia length, me-

dial thickness, and lateral thickness were determined with

the aid of Vernier calliper, while the wet tibia bone weight
and dry tibia bone weight were determined with the aid of
a sensitive scale. While loss in tibia weight was obtained as
difference between wet tibia weight and dry tibia weight.
The bone breaking strength was determined using instron

materials tester.

RESULTS

Effects of herbal-mix feed additives on serological
parameters of growing pigs

Table 2 shows the effects of herbal-mix feed additives
on serum parameters; globulin, glucose, total cholester-
ol, high density lipoprotein, low density lipoprotein and
aspartate amino transferase were significantly (P < 0.05)
influenced by the herbal-mix feed additives. Pigs on diet
without herbal-mix feed had the highest globulin value
of 3.23 g.dI"! followed by 3.08 g.dl"' documented for pigs
on neem-basil leaf meal supplemented ration while the
least value of 2.43 mg.dl"! was recorded for pigs on mo-
ringa-basil leaf meal blend. Growing pigs on the con-
trol ration recorded the highest serum glucose value of
102.00 mg.dl™!, followed by 92.83 mg.dl! noted for pigs on
the moringa-basil dietary treatment, while those on the ra-

tion containing neem-basil leaf meal had the least glucose

Table 2. Effects of herbal-mix feed additives on serological parameters of growing pigs

Parameters No herbal-mix Moringa-basil Neem-basil
Total protein [g.dI"] 7.00+0.32 5.77 £0.85 6.90 £ 0.27
Albumin [g.dI7] 3.77£0.23 3.33+0.57 3.82+0.14
Globulin [g.dI] 3.23+£0.23° 243+0.32° 3.08 £0.24%
Glucose [mg.dl™'] 102.00 £ 0.77° 92.83 £2.29° 86.67 +1.63¢
Urea [mg.dl”'] 5.43+0.49 5.70+0.38 5.23+0.15
Creatinine [mg.dl] 0.63 £ 0.67 0.78+0.13 0.82+0.90
Total cholesterol [mg.dI'] 94.83 + 1.56° 86.83 + 1.30° 85.67 £3.21°
Triglycerides [mg.dl™] 10117 £2.15 97.83 £1.58 103.17 £ 2.67
High density lipoprotein [mg.dl™] 40.68 + 1.43° 52.47 +0.86° 4573 +3.59°
Low density lipoprotein [mg.dl™] 24.97 +1.42° 2107 £1.21%® 18.93 £1.28°
Very low density lipoprotein [mg.d|™'] 20.78 +0.41 19.53+0.58 19.83 +0.68
Aspartate aminotransferase [uU.I"'] 41.83 £ 1.40° 40.33+£1.23° 33.33+£0.95°
Alanine aminotransferase [pU.I""] 23.17+£1.28 2292+210 21.50+2.14

abc—Means with different superscript across the row differed significantly (P < 0.05)
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level of 86.67 mg.dl™'. Pigs on a diet without herbal-mix
feed additive had the highest significant total cholesterol
value of 94.83 mg.dl™, while pigs on the ration containing
moringa-basil and neem-basil leaf blends had comparable
mean values of 86.83 mg.dl™, respectively. The high-den-
sity lipoprotein was significantly (P < 0.05) influenced by
the herbal-mix feed additives with pigs on the ration con-
taining moringa-basil feed additive had the highest value
of 52.47 mg.dl"! and comparable mean high density lipo-

protein values of 40.68 and 45.73 mg.d]l™! were recorded for

the pigs on the control diets and neem-basil leaf meals.

Effects of herbal-mix feed additive on tibia bone
morphology and strength of growing pigs

Table 3 shows the effects of herbal-mix feed additives
on tibia bone morphology and strength of growing pigs.
Bone medial thickness, lateral thickness and bone break-
ing strength were significantly (P < 0.05) influenced by

Table 3. Effects of herbal-mix feed additive on tibia bone characteristics of growing pigs

Parameters No herbal-mix Moringa-basil Neem-basil
Wet tibia bone weight [g] 97.84 £5.50 99.24 +8.22 99.24 £ 6.35
Dry tibia bone weight [g] 95.13+3.34 96.53 £ 4.11 96.64 +4.54
Loss in tibia bone weight [g] 2.71+£0.18 2.71£091 2.60+0.16
Tibia bone length [cm] 15.38 £ 0.31 15.03 +0.57 15.55+0.32
Medial thickness [mm] 26.72 £1.32° 21.92 £1.91° 22.10 £ 0.99°
Lateral thickness [mm] 4342 +1.84° 40.39 £ 1.93% 38.02+1.70°
Ash weight [g] 3417 £3.00 32.09+3.14 27.86£0.43
Bone breaking force [N] 20.02 £0.732 17.52+0.28° 13.55 £ 1.14¢

abc—Means with different superscript across the row differed significantly (P < 0.05)

Table 4. Effects of herbal-mix feed additives on the gut morphology of growing pigs

Parameters No herbal-mix Moringa-basil Neem-basil
Duodenum [um]
Villus height 667.67 + 46.09 691.67 + 30.05 608.33 £39.62
Apical width 30.83+1.54 29.83+1.17 35.00+2.58
Basal width 103.33£6.15 95.83 £5.54 110.83 £4.90
Lamina propria depth 251.67 £ 14.00 236.67 £ 13.82 271.67 £ 21.51
Jejunum [um]
Villus height 595.00 + 15.86° 641.67 +30.05% 695.00 + 27.89°
Apical width 42.50+£1.71 39.83+£2.95 40.00+2.24
Basal width 115.00 + 6.19 107.50 + 10.47 115.83+5.23
Lamina propria depth 240.00 £ 14.38 233.33+12.56 238.33 £14.00
lleum [um]

Villus height 686.67 + 26.03 606.67 + 29.06 715.00 +43.57
Apical width 36.67 +3.07 38.33+2.11 39.17 £2.39
Basal width 103.33£6.15 116.67 + 6.15 105.00 + 7.53
Lamina propria depth 240.00 £15.28 256.67 £ 24.04 256.67 £22.61

a<—Means with different superscript across the row differed significantly (P < 0.05)
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the herbal-mix feed additives. Pigs on the diet without
herbal-mix feed additive had the highest breaking force
of 20.02 N followed by 17.52 N documented for pigs on
the moringa-basil leaf meal supplemented ration while
the least value of 13.55 N was recorded for pigs on the ra-
tion containing neem-basil leaf meal. The growing pigs on
the control ration recorded the highest medial thickness
of 26.72 mm followed by 22.10 mm documented for pigs
on the neem-basil, while those on the ration containing
moringa-basil leaf blend had the least medial thickness of
21.92 mm. The highest lateral thickness (43.42 mm) was
recorded for pigs on the diet with no herbal leaf meal while
those on neem-basil leaf meal supplemental diet had the

least lateral thickness of 38.02 mm.

Effects of the herbal-mix feed additives on
the gut morphology of growing pigs

The effects of the dietary inclusion of the herbal-mix
on gut morphology of growing pigs is shown in Table 4.
The dietary inclusion of the herbal-mix feed additive had
no significant effect in all gut morphological parameters
considered in the present study except for the jejunum vil-
lus height. Growing pigs subjected to dietary inclusion of
the neem-basil blend recorded the highest jejunum villus
height followed by their counterparts on the ration that
contained moringa-basil leaf meal while those on the diet
that had no herbal-mix feed additive recorded the least vil-
lus height of 595.00 pm.

DISCUSSION

The health conditions of farm animals like pigs can be
estimated from the blood parameters. The blood indices
indicate the physiological state and nutritional status of
the pig’s body. The result of this study revealed variations
in the dietary crude protein fed to the growing pigs. This
must have resulted due to the significant lower globulin
values recorded for pigs on diets containing herbal leaf
blends which had lower dietary crude protein contents
with range values of 17.60 % to 18.87 % compared to
20.90 % of the control ration. The lower dietary crude pro-
tein content of the ration with herbal-mix feed additives
must have resulted to deficit intake of amino acids [6]. Ac-
cording to the observationof Awosanya etal [4], the

level of blood protein is contingent upon the quality and
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quantity of the dietary protein intake of the farm animal.
The observation of this study is consistent with the stud-
iesof Attia etal. [3] and Liu etal. [27] that reported
significantly lower plasma total protein and globulin levels
with decreasing levels of the dietary crude protein content.
In contrast, Mahmoud etal. [29] observed a decrease
in alpha-globulin and albumin to globulin ratio with in-
creasing levels of dietary crude protein contents of laying
birds. These differences in this present result with that of
Mahmoud etal [29] may be due to genotype or geno-
type x diet interactions [30].

The inclusion of herbal leaf blend in the ration of pigs
had remarkable serum glucose reduction in pigs when
compared with the value noted for pigs on the control
ration. This reduction in the serum glucose points to the
presence of hypoglycaemic properties of the herbal plants.
According to Kappel etal [20] and Oleforuh-
Okoleh etal. [39] the presence of phytochemical com-
pounds in leaf meal enhances the carbohydrate metabolism
of farmanimals. Sauvaire etal [45]and Schryver
[46] linked the reduction of serum glucose in animals fed
fenugreek seed to direct S-cells production that secrete se-
cretin from the duodenum and jejunum which stimulate
exocrine pancreatic secretion of amino acid (4-hydroxy
isoleucine) that improves insulin production, thereby re-
sulting to higher glucose tolerance levels.

Our results showed a significant reduction in total
cholesterol and low-density lipoprotein, but increased the
high-density lipoprotein. The significant lower total cho-
lesterol and low-density lipoprotein levels in pigs fed ra-
tions containing herbal-mix feed additives compared with
the value documented for their counterparts on control
diet, could indicate the presence of hypolipidemic agent in
the leaf meal. It has been reported that moringa has high
phytosterol that reduces the cholesterol contents of meat,
egg and serum [19]. It contains bioactive compounds like
flavonoids and phenolic compounds with antioxidant po-
tentials that assist in the synthesis of bile salts needed for
fats emulsification and the reduction in lipids absorption
thereby decreasing serum cholesterol [19, 36, 49]. Also,
Ghazaiah and Ali [12] associated the hypocholes-
terol properties in animals fed diets containing leaf meals
to defatted components of the leaves with high fibre con-
tents that can obstruct intestinal cholesterol absorption.

Serum enzymes like Aspartate aminotransferase (AST)

and Alanine aminotransferase (ALT) are involved in the



metabolism of amino acid and can be used in determin-
ing the functionality status of liver [13]. Our study showed
a significant reduction in the serum AST levels of the pigs
on herbal-mix feed additives compared to the results ob-
tained for the pigs on the control diet. This result implies
that the herbal-mix feed additives exerts a protective in-
fluence on the liver without inducing visible toxicity.
Choudhury etal [5] observed that herbal extracts re-
duced liver enzymes (Alanine transaminase and Aspartate
transaminase) in the plasma and attributed this fact to the
existence of numerous hepatoprotective constituents in the
plants.

The state of the bone is unswervingly linked to the bi-
oavailability of calcium and phosphorus levels. The com-
monest indices utilized in determining the bioavailabil-
ity of calcium and phosphorus are the ash contents and
bone breaking strength [48]. Our study showed that the
medial thickness, lateral thickness and breaking strength
of the bone decreased statistically with the integration of
different herbal-mix feed additive; with the most impact
observed in pigs on ration containing blends of neem-bas-
il. The decreasing tibia morphological values with different
integration of blends of herbal plants suggests poor miner-
alisation of the bone due to the presence of anti-nutritional
factors that must have stalled protein synthesis, digestion
and mineral absorption in the digestive tract of the ani-
mal [31] resulting in the increased excretion of calcium
from its body [41]. Another possible explanation for the
decreasing tibia values as observed in our study could be
linked to the quantity of crude protein available in the
diets fed to the pigs which appeared to be least in the ra-
tion with neem-basil leaf blends as depicted by the calcu-
lated composition of the experimental diets. The health
status of the bone can be assessed through bone length,
weight and the percentage of ash content [52], which in
turn is subject to the mineral composition of the bone
[15]. Heaney and Layman [18] depicted that many
factors have been identified to impact the health of bone;
among them are dietary protein content and the source of
the protein which could have positive or negative impact
on: the bone, calcium intake, weight loss and acid/base of
the diet. High dietary protein intake has been said to have
an effect on calcium homeostasis which can influenced
the excretion of calcium. Albright etal. [2] as quoted
by Heaneyand Layman [18] articulated that diets

with insufficient protein results in a negative nitrogen bal-

ance that could have impaired the possibility of osteoblasts
to deposit the necessary organic matrix required in bone
formation. The authors argued that some of the osteopa-
thies linked with deficiencies of calcium and phosphorus
in the ration of farm animals could have resulted from di-
etary protein shortage rather than the minerals. Leach
and Lilbum [23] observed that long bones like the tibia
experience cellular sensitivity to multiple dietary inade-
quacies. The statistical differences noted in the tibia bone
breaking strength which reduced with dietary integration
of herbal-mix feed additives is at variance with the study of
Nkukwana etal. [35] that observed comparable means
in bone breaking strength of broiler chickens fed diets with
different inclusion levels of Moringa oleifera leaf meals. On
the other hand, our study concurred with the summation
of Rehman etal [43] that dietary inclusion of herbal
plants improved the indices of tibia bone of broiler chick-
ens. The statistical variation in bone breaking strength in
our study could be linked to the presence of caffeic acid in
herbal plants used in the formulation of the diets fed to the
pigs which must have resulted in higher osteoporosis that
leads to less tensile strength of the bone, thereby requiring
less breaking force [43].

Digestion and absorption of nutrients taken into the
body of farm animals, occurs mostly in the small intestine of
the animal. From the study of Ruttanavut etal [44],
it was stated that the growth rate and intestinal performance
were a result of the functionality of the intestinal villus and
epithelial cell structures. Likewise, Mekbungwan etal
[33] and Pappenheimer and Michel [40] stated
that there is a positive correlation between the height of the
villi and the rate of intestinal digestibility and absorption
of nutrients. The statistical higher difference noted in the
jejunum villus height of pigs on rations containing herb-
al-mix feed additives points to the fact that herbal plants
contained an active ingredient that could have initiated
cell proliferation [17, 22]; hence, improving the absorptive
capacity of the intestine by increasing the surface area for
nutrient absorption. Liu etal. [26] affirmed that the in-
tegration of Capsicum oleoresin, Turmeric oleotesin or gar-
lic in the diet of weanling pigs improved the gut health by
increasing intestinal villi height, gut barrier function, and
integrity. Likewise, Michiels etal [34] concluded that
the inclusion of carvacrol and thymol in pig’s rations led to
a decline in the number of intra-epithelial lymphocytes and

improvement in the villus height/crypt depth in the distal
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small intestine. The improvement in the jejunum height
could also be linked to higher fibre content in the diets with
range values of 4.68—6.40 %; higher values were obtained
in diets with herbal-mix feed additives which must have en-
hanced the gut health of the pigs. Le Sciellour [24]
surmised that there is an increasing evidence indicating
that fibre could have prebiotic properties in pigs as a result
of its interaction with gut micro-environment and the as-
sociated gut immune systems. Lindberg [25] listed the
merits of dietary fibre which includes its ability to stimulate
gut health, increase the satiety in pigs, and affect pig be-
haviour and general well-being of the pigs. Fan g etal. [8]
and Adebiyi etal [1] reported statistical increases in
villus height in animals on dietary inclusion of photogenic

plant parts.

CONCLUSIONS

Our study showed that dietary inclusion of different
herbal-mix feed additives had an impact on serum pa-
rameters (Globulin, glucose, total cholestero, high- and
low-density lipoproteins and aspartate aminotransferase),
tibia morphometric (medial and lateral thickness and bone
breaking strength) and jejunum villus height of growing
pigs. It is therefore recommended that for sustainable food
security in developing countries of the world, herbal-mix
feed additives should be integrated in the ration of growing
pig in order to enhance their general well-being and as well
as reduce the cost of feeding among rural livestock keepers;
however, caution must be taken as it can lead to poor bone

mineralization at higher inclusion levels.
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ABSTRACT

The aim of this study was to determine the effects of
sodium selenite on the level of oxidative stress and viabil-
ity of spermatozoa in fresh bull ejaculate in in vitro condi-
tions at different temperatures. Samples of the bull's ejac-
ulates with a concentration of 7 x 10° spermatozoa per
ml were placed into the commercial semen extender con-
taining 0 (control), 1 (1Se), 3 (3Se) and 5 (5Se) pg.ml™*
of sodium selenite. The following analyses were per-
formed by flow cytometry after 1, 3, 6, 8, 24, 48 and
72 hours of incubation at 4 °C and 37 °C. All analyses
were carried out in triplicate. The level of oxidative stress
at both temperatures were significantly lower in the ex-
perimental groups in comparison to the control group.
However, a significant decline of live sperm concentra-
tion and a rise of damaged sperm concentration were
recorded, especially in groups 1Se and 3Se in compar-
ison to the control group. Only in group 5Se was there
observed a positive effect on the damaged spermatozoa
level in comparison with groups C, 1Se and 3Se at 4 °C.

In conclusion, the applied concentrations of sodium sel-

enite had a positive effect on the level of oxidative stress
in all experimental groups, but mainly at concentration
of 5 pg.ml" of sodium selenite, especially at 4 °C. How-
ever, the effect of selenium was not sufficient for improv-

ing the sperm viability.

Key words: bull’s sperm; flow cytometry; oxidative

stress; selenium; viability.

INTRODUCTION

Oxidative stress occurs when there is a disbalance be-
tween reactive oxygen species (ROS) and antioxidants,
often occurring in spermatozoa with defective mitochon-
dria [5]. ROS have both a physiological and a pathological
role in spermatozoa [15]. Under physiological conditions
only small amounts of ROS are produced, and it is used for
capacitation and acrosomal reaction of the spermatozoa
when fertilizing the egg [20].

The plasma membrane in spermatozoa differentiate

from somatic cells in the body, and have a much higher
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content of polyunsaturated fatty acids (PUFA), therefore
they are highly susceptible to lipid peroxidation (LPO)
caused by ROS [26]. The result of the ROS-induced dam-
age is the disruption of sperm function and decreased
semen quality [16]. Oxidative stress in spermatozoa also
affects DNA fragmentation of damage in the chromatin,
despite the tight packaging of DNA in spermatozoa [6].
They can affect the fertility and cause sub- and infertility,
therefore the evaluation of oxidative stress of spermatozoa
is important.

Several defence mechanisms, including antioxidants
and antioxidant enzymes, have been developed to prevent
the LPO of sperm and maintain sperm motility and viabil-
ity [32]. Many reports have suggested that selenium (Se), as
a component of mammalian enzymes such as glutathione
peroxidases (GPx) and selenoproteins, is an important nu-
trient that can affect many biological processes including
spermatogenesis and semen quality [17, 18]. Regarding
male fertility, Se is important as an antioxidant, for the
maintenance of testosterone biosynthesis and formation
and normal development of spermatozoa [2]. According
to Zubair etal [32] the significance of Se in male re-
production is proven by the fact, that Se supplementation
decreases the release of lipids from the sperm cell during
long time storage, and thus contributes to better quality
over time. The insufficiency of Se has been associated with
reproductive complications and decreased sperm quality
in different animal species [7].

Much information is available on Se in relation to cry-
opreservation, but little in relation to fresh semen. There-
fore, we decided to study the effects of selenium on sperm
oxidative stress and viability in fresh semen under in vitro

conditions.

MATERIALS AND METHODS

A semen sample was obtained from one bull by collec-
tion with an artificial vagina. Immediately after collection,
the semen was investigated for concentration by means of
counting beads in flow cytometry. Subsequently, 7 x 10°
spermatozoa per ml were placed into a commercial me-
dium Kruuse BTS Plus (Kruuse, Denmark) supplement-
ed with 0 (control), 1(1Se), 3 (3Se) and 5 (5Se) pug.ml™!
of sodium selenite (Na,SeO,) (Sigma-Aldrich Co., USA)

and analysed for viability and level of oxidative stress by
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flow cytometry with the use of specific fluorescent dyes.
The following analyses of oxidative stress and viability were
performed 1, 3, 6, 8, 24, 48 and 72 hours after dilution in
medium with selenium. All analyses were performed in

triplicate at temperatures 4 °C and 37 °C.

Flow cytometry

The concentration, viability and the level of oxidative
stress of the spermatozoa were determined by flow cytom-
etry using a BD FACS CantoTM cytometer (Becton Dick-
inson Biosciences, USA) equipped with blue (488 nm) and
red (633 nm) lasers and 6 fluorescence detectors. BD FACS

DivaTM Software was used to analyse the data.

Determination of concentration of the spermatozoa
Semen concentration was determined by counting
beads, 123 count eBeadsTM (eBioscience, ThermoFish-
er Scientific, USA) according to Evenson etal. [10].
Twenty-five pl of the diluted sample was mixed with 100 pl
of well-resuspended counting particles. The spermatozoa
position was determined on the FSC-A base dot plot graph
opposite to SSC-A (the cells size opposite their granulari-
ty or inner complexity) (Fig. 1). This delimitation also in-
cludes particle counts which have a high granularity. The
position of particle was then determined on the FITC-A
dot plot graph against to PE-A. The numbers of spermato-

zoa were determined according to the formula:

Absolute _ sperm count x used particle volume concentration
number particle count x used sperm volume of particles
[sperm/ml] [10%/ml]

The cell count was expressed as log, numbers.ml™ + standard deviation.
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Fig. 1. Determination of the sperm position
on the FSC-A base dot blot graph



Determination of spermatozoa viability

Spermatozoa viability was determined by fluorescent
dyes, carboxyfluorescein diacetate (cFDA) and propidi-
um iodide (PI) according to Ricci etal. [25]. The cFDA
staining principle is based on the ability of nonfluorescent
cFDA to penetrate all cells, however only in live, metaboli-
cally active cells it can be cleaved by means of enzymes into
fluorescent green carboxyfluorescein (cF). The PI can pass
only through damaged membranes of cells and colour the
DNA to red. This combination of fluorescent dyes allows us
to distinguish between three types of cells:

1. Dead spermatozoa emitting red fluorescence as
a result of positive staining with PI.

2. Living spermatozoa emitting green fluorescence by

positive staining with cFDA.

3. Damaged spermatozoa emitting fluorescence of
both dyes [6].

The staining procedure: 2.5ul of 1 mM cFDA and
222.5 pl of phosphate-buffered saline (PBS) were added to
25 pl of the diluted semen samples. The sample was then
incubated for 15 minutes at 37 °C. Consequently, 1.5 pl
of PI (1 mg.ml"') was added and incubated for anoth-
er 15 minutes at 37 °C. The position of the spermatozoa
was determined on the FSC-A dot plot graph opposite to
SSC-A and the live, damaged and dead proportions on the
dot plot graph FITC-A opposite to the PE-A (Fig. 2).

Determination of oxidative stress level
The oxidative stress of the spermatozoa membrane

was investigated using the CI11-BODIPY fluorescence
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Fig. 2. Dot plot from sperm viability analysis evaluated by flow cytometry

Green colour represents live sperms stained with CFDA, red represents dead sperms stained by PI

and dying sperms are represented by blue colouration as a result of staining by both fluorescent dyes

(cFDA and PI). A: Spermatozoa of control group with good viability at 0 h. B: Damaged and dead
spermatozoa of the same group at 72 h
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Fig. 3. Illustration of cytometric examination of lipoperoxidation

Stain: C11-BODIPY 581/591; A: ejaculate with low level of lipoperoxidation and
B: ejaculate with high level of oxidative stress

21



probe according to Brouwers and Gadella [5].
C11-BODIPY581/591 is an analogue of fatty acid which
can be incorporated into the membrane of the spermato-
zoa. The reactivity of the probe to peroxidation is compa-
rable to the reactivity of unsaturated fatty acids which are
abundant in the spermatozoa membrane. This fluorescent
dye emits red fluorescence in an unoxidized state which
changes to bright green after peroxidation [6].

Ten pl of 20 uM C11-BODIPY581/591 solution (4,4-di-
fluoro-5-(4-phenyl-1,3-butadienyl)-4-bora-3a,4a-di-
aza-s-indacene-3-undecanoic acid) (Molecular Probes,
ThermoFisher Scientific, USA) was added to 50 ul of sper-
matozoa diluted 1:100 and incubated for 30 minutes at
37 °C. After incubation, 200 pl of PBS was added and the
samples were analysed. In the assessment, the spermatozoa
position was determined at first, similarly to the investiga-
tion of viability and consequently, the oxidative stress level
was assessed on a histogram (FITC-A for BODIPY oppo-
site counts) (Fig. 3).

Oxidation stress

For the statistical analysis, the two-way analysis of var-
iance (ANOVA) was used, with the supplementary Tukey's
test to compare differences between groups and time dif-
ferences. The significance of the results is marked by stars
(*). We found significant differences between groups at the
following levels: *P < 0.05; **P < 0.01; ***P < 0.001.

o —_—

RESULTS

Ocxidative stress

The level of oxidative stress was significantly lower
(P <0.05- P <0.001) in the experimental groups in com-
parison with the control group at 3h onwards at 4 °C.
At 37 °C significantly increased levels of oxidative stress
were detected in the experimental groups, mainly in 1Se
and 3Se, in comparison to the control group at 3h to 8 h
(P <0.01 -P<0.001). Subsequently, significantly lower
levels of oxidative stress were observed from 48 h in 3Se
and 5Se in comparison with groups C and 1Se (P < 0.05 -
P < 0.001). Within the time dynamics, a significant rise of
oxidative stress at 4 °C was detected mostly in the control
group mainly between 1 h and 3 h (P < 0.05) and between
48 h and 72h (P <0.001). At 37 °C there was recorded
a significant increase of oxidative stress mainly after 24 h
(P <0.001) in groups C and 1Se and after 48 h (P < 0.001)
in the groups 3Se and 5Se in comparison to the previous

analyses (Fig. 4 and 5).

Viability at 4 °C

At 4 °C we recorded a significant decline of the propor-
tion of live spermatozoa and rise of damaged spermato-
zoa in the experimental groups 1Se (P < 0.05 - P < 0.001)
and 3Se (P < 0.01 - P < 0.001) in comparison with the con-
trol group from 3 h onwards, but especially markedly in
all experimental groups at 48 h and 72 h (P < 0.001). Con-
cerning the dead spermatozoa, we detected significantly

lower numbers of dead sperm in the experimental groups
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Fig. 4. Oxidative stress at 4 °C
P < 0.01; ***P < 0.001
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Fig. 6. Live spermatozoa at 4 °C
*P < 0.01; **P < 0.001

than in the control group at 1 h (P < 0.05) and subsequent-
ly a significant increase of dead sperm in 1Se in compari-
son to all other groups (P < 0.01) (Fig. 6, 7 and 8).

Viability at 37 °C

At 37 °C, a significant decrease of live sperm concentra-
tion and an increase of damaged sperm concentration were
detected in 1Se at 3h (P <0.01 - P <0.001), in 3Se at 1 h
(P <0.001) and in 5Se at 24 h (P < 0.001) in comparison
with the control group. A significant decline of live sper-

matozoa and a rise of damaged spermatozoa were recorded

in groups 1Se and 3Se as compared to group 5Se from 1 h
to 8 h (P < 0.05 - P<0.001). Significantly higher numbers
of dead spermatozoa were found in groups C and 5Se than
in groups 1Se and 3Seat24 h (P < 0.05 - P < 0.01)and 72 h
(P <0.05 - P <0.001) (Fig. 9, 10 and 11).

DISCUSSION
Artificial insemination and in vitro fertilization are

very important in cattle breeding nowadays. Their effica-

cy is considerably affected by the poor quality of ejaculate
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Fig. 11. Dead spermatozoa at 37 °C
P < 0.01; P < 0.001

caused by insufficient sperm fertilization properties [19].
Spermatozoa are very sensitive cells. During handling with
the purpose of fertilization or storage, they are exposed to
stress. From the results of some studies it is obvious that
during manipulation and storage of semen there is an in-
crease of reactive oxygen species (ROS) concentration and
imbalance of antioxidant capacity. Subsequently, sperma-
tozoa can be damaged, or their function can be reduced
[21].

Therefore, the examination of the ejaculate quality is
important and manipulation with spermatozoa must be
done carefully. The use of various extenders is necessary

for sperm protection and the maintaining of their optimal

fertilization characteristics [13]. Several studies are known,
that have investigated the effects of different antioxidants
added to the extenders for improvement of the antioxidant
activity and maintaining spermatozoa in a functional and
healthy condition during semen processing [3, 8, 12, 27].
Selenium is an essential trace element and their antiox-
idant properties are necessary for maintaining the fertiliza-
tion characteristics of spermatozoa. The positive effect of
selenium on ejaculate quality has been reported by many
studies [9, 13, 19, 23]. The most of them deal with the effect
of dietary selenium in regard to fertilization characteristics
of spermatozoa, but information about the in vitro effects

of selenium are limited.
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The reduction of semen antioxidant capacity and the
following increase in vulnerability of spermatozoa to ox-
idative stress occurs during semen processing [14]. Sper-
matozoa contain large amount of unsaturated fatty acids in
their plasma membranes and are very susceptible to lipop-
eroxidation caused by ROS. In addition to lipid membrane
damage, increased levels of ROS have detrimental effects
on chromatin quality as well as on motility and morpho-
logic parameters [30].

In our experiments, we recorded the positive effects of
selenium on the level of oxidative stress in all experimental
groups in comparison to the control group at both temper-
atures, while better results were detected at 4 °C. According
to Zubair etal. [32] this is due to the antioxidant effect
of selenium. Our results are in accordance with the results
of Dorostkar etal. [7], where the positive effect of
sodium selenite in concentration 1 and 2 pg.ml™ on total
antioxidant capacity of semen at 4 °C was demonstrated.
Similarly, Ghafarizadeh etal [11] found a decrease
of lipoperoxidation in semen at 37 °C after the addition of
sodium selenite, which had a positive effect on the level of
oxidative stress. The studies determined a dose of 2 ug.ml™!
of sodium selenite as the most appropriate for improving
the fertilizing characteristics of spermatozoa. In our study,
significant differences among the doses of selenium at 4 °C
were not detected. They were recorded only at 37 °C, where
lower oxidative stress was detected in groups with higher
concentration of selenjum, mainly in the group supple-
mented with 5 ug.ml™ of sodium selenite. These results
can indicate that selenium at concentration 1, 3 and mainly
5 pg.ml" are beneficial to reduce oxidative stress. Thus, our
findings are not completely consistent with Dorostkar
etal. [7]. According to them, a dose of 5 pg.ml™ sodium
selenite is toxic for spermatozoa of water buffaloes.

At 37 °C a significant increase of oxidative stress was
observed in the control and 1Se group after 24 hours. This
could indicate that the concentration of 1 ug.ml™ of sodi-
um selenite at 37 °C can be beneficial for storage of fresh
semen to 24 hours. According Seremak etal [27],
1 pg.ml™* of sodium selenite had a positive influence on
sperm freezing ability and survival at the temperature of
38 °C.

The increase of oxidative stress in all 37 °C groups from
24 h indicates poor viability. This is in accordance with
our results for viability, where the number of live sperma-

tozoa decreased, while dead and damaged spermatozoa
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increased at 24 h in 37 °C. This has also been proven by
Parham etal [22].

Agarwal etal [1] demonstrated that the increased
production of ROS caused a reduction in intracellular
adenosine triphosphate (ATP) levels and the subsequent
increase of membrane permeability led to a decrease of mo-
tility and viability. Therefore, the antioxidant properties of
selenium in preventing cellular damage from free radicals
could have protective effect on sperm motility and viability.

However, in our experiments we recorded rather a neg-
ative effect of administered doses of selenium on sperm
viability. The most deleterious effect was observed after
application of 1 and 3 pg.ml™ of sodium selenite at both
temperatures. It is not in agreement with other in vitro
studies, which demonstrated a dose of 2 pg.ml™ of sodi-
um selenite as the optimum concentration for improv-
ing sperm viability and motility [7, 11]. However, in the
study by Dorostkar etal [7] even this dose was not
sufficient for improving sperm viability in fresh semen.
According to Siegel etal [28] the supplementation of
selenium in doses exceeding 2 pg.ml™ caused a decline
of sperm motility in bovines and doses of over 5 pug.ml
of selenium caused a significant decrease of semen quali-
ty. Similarly, Dorostkar etal [7] demonstrated, that
doses 4 and 8 ug.ml™ of selenium significantly decreased
sperm viability and motility as compared to the control
group. However, this negative effect was observed only at
higher selenium concentrations after processing (equili-
bration, freezing and thawing) of the samples, which could
be due to increased sperm handling. In their study, similar
to our results were recorded at a concentration of 4 pg.ml™
in the fresh ejaculate. Even, our results point to the effect
of 5 pg.ml™* of selenium as more positive than the lower se-
lenium concentrations and at 4 °C had a positive effect on
the percentage of damaged spermatozoa in experimental
group after three hours from the selenium supplementa-
tion. These results indicate that the addition of 5 ug.ml™* of
selenium selenite gives better protection of viability than
the other experimental groups. The resultsof Rezaeian
etal. [24] also showed a significant increase in human
sperm viability and motility after treatment with selenium
ata dose of 5 pg.ml™".

At both temperatures a more significant decline of live
sperm counts and rise of damaged sperm counts were re-
corded after three hours, but mainly in groups 1Se and 3Se

at temperature 37 °C. Better results were observed at 4 °C,



where the most significant decrease of live sperm concen-
tration was detected after 48 hours from selenium supple-
mentation in comparison with 37 °C, where a similar de-
crease was detected after 24 hours and subsequently also
with higher percentages of dead spermatozoa. These find-
ings are in agreement with other studies, which demon-
strated better effects of lower temperatures on sperm
fertilizing properties during their storage [4, 29]. During
sperm incubation at lower temperatures, they adopt a rest-
ing state, which allows them to decrease their metabolism,
preserve their energy and decrease the concentration of
toxic metabolic products such as reactive oxygen species,

which can have deleterious effects on sperm viability [31].

CONCLUSIONS

The aim of our study was to determine the effects of so-
dium selenite on the level of oxidative stress and viability of
spermatozoa in fresh bull ejaculate in conditions in vitro at
different temperatures. The selected concentrations of se-
lenium had a positive effect on the level of oxidative stress
in all experimental groups, but mainly the concentration of
5 ug.ml of sodium selenite. However, the effects of selected
selenium concentrations were not sufficient for improving
the sperm viability. Lower levels of oxidative stress and low-
er concentrations of damaged spermatozoa during longer
periods were detected at 4 °C. Therefore, this temperature

seems more beneficial for the storage of spermatozoa.
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ABSTRACT

Cryptosporidium spp. and helminths are responsible
for diarrhoal illness in humans and many other animals.
The transmission routes of these parasites suggest a risk
for human infection through contaminated foods. In or-
der to determine the occurrence of Cryptosporidium
oocysts and helminth ova on dried crayfish (Procamba-
rus clarkii) sold in Zaria and Kaduna Central market,
Kaduna State, 100 crayfish samples were examined us-
ing the modified Ziehl-Neelsen staining technique for
Cryptosporidium oocyst and the flotation technique for
helminth ova. The measurements of the oocysts from
the positive samples were estimated by using a cali-
brated microscope eyepiece. The prevalence of Cryp-
tosporidium oocysts in dried crayfish was 20.0 % while
the location-based prevalence was 43.3 %, 5.0 %, and
12.0 % for Sabo, Samaru and Kaduna central market,
respectively. Micrometry revealed that the oocysts size
ranged from 3.68 pm to 4.7 pm. Also, the prevalence of
helminth ova in dried crayfish was 19 %, while the spe-

cific prevalence based on location showed a higher prev-
alence in Sabo (30.0 %) than in Kaduna central market
(18.0 %) and Samaru (5.0 %). The helminth eggs recov-
ered from this study included: Toxocara spp. (4.0 %),
Ascaris spp. (7.0 %), Trichuris spp. (4.0 %), Schistosoma
spp. (2.0 %), Ancylostoma spp. (1.0 %), and Capillaria
spp. (1.0 %). The analysis of the questionnaires revealed
that 71 (71.0 %) of the respondents ate uncooked cray-
fish and 44.0 % used their bare hands to handle the cray-
fish. There was no statistically significant association
(P >0.05) between the prevalence of Cryptosporidium
oocysts or helminth ova and the locations sampled.
This study has shown that dried crayfish obtained from
markets within the study area were contaminated with
parasite ova and oocysts, thus public enlightenment on
the dangers of the consumption of raw or undercooked

dried crayfish should be well publicized.

Key words: crayfish; Cryptosporidium; helminth ova;

oocysts; Ziehl-Neelsen
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INTRODUCTION

Cryptosporidium is an intracellular protozoan parasite
that causes gastrointestinal pathologies in all vertebrates
such as mammals, reptiles, birds and fish; thus, it is one of
the most predominant enteric parasitic pathogens in hu-
mans [23]. Cryptosporidium is an important cause of di-
arrhoeal diseases alongside of Giardia in humans globally
and is included in the WHO neglected disease initiatives
[20]. The organism affects the epithelial cells of both the
digestive and respiratory tracts and multiplies in them [6].
Cryptosporidium is also a relevant food borne pathogen re-
sulting in diseases of socioeconomic importance globally
[17].

Cryptosporidiosis is ubiquitous in its infectivity, and
has an undesirable worldwide reputation [4]. The growing
concern of cryptosporidiosis affecting immunocompro-
mised individuals has led to the introduction of control
measures of the disease in humans and other animals;
which is of public health significance [9]. Humans are sus-
ceptible to infection by Cryptosporidium via many trans-
mission pathways. Infection occurs through the consump-
tion of contaminated food or physical contact with faeces
of infected individuals [8].

Helminthosis is also of great concern because scientists
have discovered that rivers are infected with numerous hel-
minths [1]. There is a high health risk associated with hel-
minth infections because helminths persist for longer pe-
riods in the environment, its host immunity is usually low
to non-existent and the infective dose is small. Helminth
infections are estimated to be the cause of 135,000 deaths
annually around the globe [11].

Crayfish are crustaceans resembling tiny lobsters. They
are colloquially called crawfish or crawdads. Taxonomical-
ly, they are members of the superfamilies Astacoidea and
Parastacoidea. Some species of crayfish are found in brooks
and streams where freshwater is running, while others
thrive in swamps, ditches and paddy fields [16]. P. clarkii
has been eaten in the United States, Cambodia, Europe,
China, Africa, Australia, Thailand, Canada, New Zealand,
and the Caribbean [13]. This species is typically dark red,
with long claws and head, small or no spines on the sides
of its carapace just below the head, and rows of bright red
bumps on the front and side of the first leg [15].

Several “external” nematodes have been reported on

crayfish, and these can be considered to be free-living
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epibionts with limited impact on host survival [7, 10].
Truly parasitic nematodes are normally found within
crayfish internally, either encysted in the muscles or en-
capsulated on the intestinal wall; few parasitic nematodes
such as Gnathostoma spinigerum, Angiostrongylus canton-
ensis have been reported in crayfish, with crayfish acting
as paratenic hosts in all cases [14]. Taylor etal. [21]
also identified crayfish as the intermediate host for Para-
gonimus westermani and Polymorphus boschadis. Further-
more, Abraham etal [1] detected Porospora gigantica
(sporozoa), Nicothoic astaci (copepod), Hysterothylaactum
spp. (nematode), Paragonimus uterobilateralis (trematode),
Leech-like parasite (hirudinea) and Polymorphus botulus
(acanthocephalan) on crayfish and lobsters in Great Kwa
river of Cross river State, Nigeria. Reports presented at the
Infectious Disease Society of Americas (IDSAs) annual
conference revealed that contaminated crayfish can cause
severe illnesses such as salmonellosis and Vibrio mimicus
infections [16].

Cryptosporidiosis and helminthosis affect humans and
other animals; hence their public health significance. The
literature on parasitic zoonoses of crayfish in Kaduna State
was unavailable at the time this research was done. There-
fore, there was a need for research in this field. Research in
parasitic zoonoses of crayfish is important since crayfish is
a common seasoning/condiment added to soup and food
in general. This study may reveal possible risk factors asso-
ciated with contamination of crayfish sold at the market.
The aim of this study was to determine the occurrence of
Cryptosporidium oocysts and helminth ova and also the
knowledge and practices of dried crayfish sellers in rela-
tion to its handling and sales in Zaria and Kaduna Central

market, Kaduna State, Nigeria.

MATERIALS AND METHODS

Study design

This was a cross-sectional study in which three markets
within Kaduna State were selected, i.e. Sabo (30), Samaru
(20) and Kaduna central markets (50), which gave a total
sample size of 100. The sampling was achieved using the
simple random sampling method from consenting sellers

from June to July, 2017.



Questionnaire administration

By using oral interviews, questionnaires (100) were ad-
ministered to the crayfish sellers within the selected mar-
kets to determine the relationship between knowledge and
practices of dried crayfish sellers in relation to their han-

dling and sales within the study areas.

Sample collection

Smoked dried crayfish were bought randomly from
the sellers who consented to the questionnaire. Each sam-
ple was packaged in small polythene bags, labelled with
a number and then transported to the Parasitic Zoonosis
Laboratory, Department of Veterinary Public Health and
Preventive Medicine, Faculty of Veterinary Medicine, Ah-

madu Bello University, Zaria.

SAMPLE PROCESSING

Preparation of homogenate

Ten grams of each sample of the crayfish was weighed
on a measuring scale. It was then put in a sterile polythene
bag and 90 ml of peptone water was added. The contents
were tied up in the polythene bag and put in a stomacher
for homogenization. The homogenate was then centrifuged
and the supernatant was decanted. Part of the sediment
was used as a flotation technique to detect the helminth
ova. The other portion of the sediment was used to make
a thin smear on glass slides in order to stain for Crypto-
sporidium oocysts, using a modified Ziehl-Neelsen stain-

ing technique as describedby Cheesbrough [5].

The detection of the Cryptosporidium oocysts used
the modified Ziehl-Neelsen staining method

Briefly, the slides were fixed with ethanol for 2—3 min-
utes, then stained with carbol-fuschin for 15 minutes and
washed with water. The slides were then counter-stained
with 0.3 % methylene blue for 30 seconds, then washed
with water and allowed to air dry. The stained slides were
viewed using the light microscope at 40 objective lens.
Cryptosporidium oocysts appeared red on a blue back-
ground. The degree and proportion of staining varied be-
tween oocysts. The internal structures took up various de-
gree of stain from amorphous to eccentric. Cryptosporid-
ium oocysts appeared as spherical discs with diameters

ranging from 2.94 to 9.0 um [21]. The measurements of all

oocysts from the positive samples were conducted using

a calibrated microscope eyepiece.

Detection of helminth ova

This was achieved using the flotation technique as
described by Arora and Arora [2]. The homoge-
nates of crayfish were filtered using gauze and a funnel
into a centrifuge test tube. The filtrate was centrifuged at
2,000 revolutions per minute for 5 minutes, the superna-
tant was decanted and Zinc sulphate solution was added
up to the brim of the test tube until a convex meniscus was
formed. Cover-slips were gently placed on top of the flo-
tation medium and allowed to stay for ten minutes. After
some time, the cover-slips were gently taken off and the
flotation smear homogenized; the flotation medium was
discarded and the sediment at the bottom of the sample
bottle was smeared at another corner of the glass slide, thus
each slide had two smears: one for flotation and the other
for sedimentation. The slides were allowed to air dry for
24 hours at room temperature and then viewed at x10 on
the microscope. The eggs were identified on the basis of
their morphological features as describedby Urquhart
etal. [22].

Data analysis

Using Graph pad prism version 5, Pearson’s correlation
(r) and Chi square (x?) were calculated to determine the
association between independent and dependent variables.
P-values less than or equal to 0.05 were considered statisti-
cally significant. The relationship between knowledge and
practices of dried crayfish sellers in relation to their han-
dling and sales were determined from the questionnaires

administered using SPSS version 21.

RESULTS

The overall prevalence of Cryptosporidium oocysts in
the dried crayfish from the markets within the study area
was 20 %. Location-based prevalences were 43.3 %, 5.0 %,
and 12.0 % for Sabo, Samaru and the Kaduna central mar-
ket, respectively. Although the prevalence was higher in
Sabo market than Samaru and Kaduna central market,
there was no statistically significant association (P = 0.08)
between the prevalence of Cryptosporidium oocysts and

the location sampled upon analysis (Table 1). Micrometry
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Table 1. Locational distribution of Cryptosporidium oocysts on dried crayfish sold
in Sabo, Samaru, and Kaduna Central Market

. Number Number Specific rate )
Location . - X P value
examined positive [%]
Sabo 30 13 43.3 9.766 0.08
Samaru 20 1 5.0
Central market 50 6 12.0
Total 100 20 20

Table 2. Locational distribution of ova of helminths detected on dried crayfish sold
in Sabo, Samaru and Kaduna Central markets using Floatation Technique

. Number Number Specific rate )
Location . I, X P value
examined positive [%]
Sabo 30 9 30.0 4938 0.085
Samaru 20 1 5.0
Central market 50 9 18.0
Total 100 19 19

results revealed that the oocysts sizes ranged from 3.68 pm
to 4.7 um. The helminth eggs recovered from this study
included: Toxocara spp. (4.0 %), Ascaris spp. (7.0 %), Tri-
churis spp. (4.0 %), Schistosoma spp. (2.0 %), Ancylostoma
spp. (1.0 %), and Capillaria spp. (1.0 %). The overall prev-
alence of helminth ova in the dried crayfish from the study
was 19 %, while the specific prevalence based on the loca-
tion showed a higher prevalence in Sabo (30.0 %) than Sa-
maru (5.0 %) and Kaduna central market (18.0 %). Upon
analysis there was no statistically significant association
(P =0.085) between the prevalence of helminth ova and
the locations sampled (Table 2).

Evaluation of the respondents on knowledge and prac-
tices in the handling and sales of dried crayfish in the mar-
kets showed that 52 % were within the age of 20—39 years,
most of the sellers were females (64 %) and 50 % of the re-
spondents have been selling dried crayfish for 6—7 years.
Seventy-one (71 %) of the respondents eat uncooked cray-
fish and 44 % use their bare hands to handle crayfish, while
only 4 % knew that vomiting could be a symptom associ-
ated with consumption of uncooked contaminated dried
crayfish (Table 3).

The results shown in Table 4 indicated the extent to

which the listed variables were responsible or contributing
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to contraction of helminth infection and cryptosporidio-
sis. There was a significant association between the source
of dried crayfish and the occurrence of helminth ova and

Cryptosporidium oocysts on crayfish (P = 0.031).

DISCUSSION

The occurrence of Cryptosporidium oocysts and hel-
minth ova on smoked dried crayfish sold at the market
may have been due to poor handling during harvesting,
processing, storage and display which predisposed the
commodity to contamination as reported by Kumolu-
Johnson etal [12]. Poor handling further exposed the
commodity to insect infestation and the growth and pro-
liferation of moulds which in turn reduced the quality of
the commodity.

The higher prevalence of Cryptosporidium oocysts and
helminth ova on dried crayfish sampled in Sabo than those
from Samaru and Kaduna central market may imply poor
environmental hygiene. Furthermore, a mechanical vec-
tor (houseflies) may have been attracted by the aroma of
crayfish and their enormous number in this location could

probably be due to the activities of meat sellers and those



Table 3. Demography of respondents in the study of the knowledge and practices

of dried crayfish sellers in Samaru, Sabo and Kaduna central market

Variables Categories Samaru Sabo Central market Total
<20 3(15%) 3(10%) 12 %) 7 (7 %)
20—39 12 (60 %) 12 (40 %) 28 (56 %) 52 (52 %)
Age (years)
40—59 4(20 %) 15 (50 %) 18 (36 %) 37 (37 %)
>60 1(5%) 0 (0 %) 3(6%) 4 (4 %)
Male 4(20 %) 10 (33 %) 22 (44 %) 36 (36 %)
Gender
Female 16 (80 %) 20 (67 %) 28 (56 %) 64 (64 %)
<1 2 (10 %) 2 (6.67 %) 4(8%) 8(8 %)
1—5 7 (35 %) 1(3.33 %) 9 (18 %) 17 (17 %)
Duration of Selling 6—7 7(35% 12(40%) 31(62%) 50 (50 %)
(years)
1n—15 2 (10 %) 15 (50 %) 6 (12 %) 23 (23 %)
>16 2 (10 %) 0(0%) 0(0%) 2(2%)
Eating of Yes 13 (65 %) 30 (100 %) 28 (56 %) 71 (71 %)
uncooked crayfish No 7(35%) 00%) 22 (44%) 29(29%)
Yes 9 (45 %) 10 (33 %) 19 (38 %) 38 (38 %)
Tasting dried crayfish
No 11 (55 %) 20 (67 %) 31 (62 %) 62 (62 %)
Source (Fishermen) 1(5%) 6 (20 %) 16 (32 %) 23 (23 %)
Source of buying
the crayfish Wholesaler 13 (65 %) 24.(80 %) 29(58 %) 66 (66 %)
Retailer 6 (30 %) 0 (0 %) 5(10 %) 11 (11 %)
Source (Fishermen) 3(15 %) 3(10 %) 4 (8 %) 10 (10 %)
Packaging Wholesaler 5(25%) 15 (50 %) 22 (44 %) 42 (42 %)
Retailer 2 (10 %) 12 (40 %) 4 (8 %) 18 (18 %)
Self 10 (50 %) 0 (0 %) 20 (40 %) 30 (30 %)
Bare hands 6 (30 %) 8 (27 %) 30 (60 %) 44 (44 %)
i 0 0 0 [»)
Measuring Measuring cup 13 (65 %) 21 (70 %) 7 (14 %) 41 (41 %)
Hand covered 1(5%) 1(3 %) 13 (26 %) 15 (15 %)
with polythene bag
Vomiting 2 (10 %) 1(3 %) 1(2%) 4 (4 %)
Diarrhoea 0(0 %) 0(0 %) 0(0%) 0(0 %)
Symptoms associated with
consumption of Fever 0(0 %) 0(0 %) 0(0%) 0(0 %)
uncooked dried crayfish
Stomach ache 0(0 %) 0(0%) 0(0 %) 0(0 %)
None 18 (90 %) 29 (97 %) 49 (98 %) 96 (96 %)




Table 4. Multi-linear regression of the knowledge and practices
of crayfish sellers in Samaru, Sabo and Kaduna central market

Unstandardized
coefficients

Standardized

Model coefficients T Significance
Beta Std. Error Beta
(Constant) 1.614 0.148 10.912 0.000
Processing of dried crayfish 0.026 0.027 0.097 0.959 0.340
Eating of uncooked dried crayfish 0.001 0.023 0.003 0.029 0.977
Tasting dried crayfish before buying 0.039 0.021 0.188 1.822 0.072
Source of buying the crayfish -0.045 0.020 -0.256 -2.189 0.031
Packaging of the dried crayfish 0.004 0.010 0.041 0.387 0.699
Supplies of dried crayfish -0.037 0.027 -0.162 -1.367 0.175
Storage of dried crayfish -0.017 0.020 -0.086 -0.869 0.387
c'\i"r?:;”c’ri:fﬁiﬂd package of 0.016 0.015 0114 1.083 0.282
Other uses of dried crayfish 0.166 0.039 0.408 4.219 0.000
Consumption of uncooked 0010 0.014 0.072 0728 0.469

dried crayfish

Beta—Regression coefficient; T— Test statistic

selling dried crayfish who are in very close proximity as ob-
served during sampling in Sabo; enhancing contamination
through the transfer of parasite eggs as they perch from
one point to another. Azza etal. [3] reported a lower
prevalence of 6 % for C. parvum oocysts on crayfish in
Egypt. Also, Abraham etal. [1] described the distri-
bution of parasitic infections in crayfish from 4 sampling
zones of Great Kwa river, Cross river State, Nigeria, to have
a prevalence of 6.0 %, 8.7 %, 15.3 % and 10.0 %. The high-
er prevalence observed in our study could be due to the
difference in points of sampling of the product thus, sam-
pling for this study was done at the point of sale; which
have undergone some level of unhygienic handling, while
other studies sampling was mostly at the point of harvest.
From this study, respondents indicated sourcing the
dried crayfish mostly from the wholesalers where this
product was displayed in large quantities in an open field
and sometimes on bare ground which creates a great-
er chance of being contaminated with helminth ova and

Cryptosporidium oocysts.
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The responses from the questionnaires depicted that,
there were: poor handling of dried crayfish with unclean
hands, eating of uncooked dried crayfish, tasting of dried
crayfish, poor packaging, storage, measuring of the dried
crayfish, thereby serving as the major contributing fac-
tors of helminthosis and cryptosporidiosis. Sometime the
products were packaged in unclean bags such as cement
paper bags and old newspapers. It should be noted that the
crayfish were mostly used and tasted in their dried form
as such, which served as the dominant factor for helminth
infection and cryptosporidiosis. The concept of eating raw
food stuffs is becoming common in our society more or
less everywhere these days and crayfish is not an exception.
This study has shown that eating of undercooked or raw
crayfish could be a possible risk factor to parasitic infec-
tions. This was also affirmed by Rothschild [19] who
reported that six residents of Missouri and Illinois came
down with a rare parasitic disease; paragonimiasis caused
by Paragonimus trematodes, or lung flukes, following con-
sumption of uncooked crayfish, between September 2009
and September 2010.



CONCLUSIONS

This study has established the occurrence of Cryp-
tosporidium oocysts and helminth ova in dried crayfish
sampled from Sabo, Samaru and Kaduna central market.
This study has also revealed that there is poor handling
and packaging of crayfish at the markets thus, there should
be public awareness of the possibility of contamination of
dried crayfish by zoonotic organisms detrimental to public
health if eaten uncooked. Proper hygiene should be en-
sured when packaging dried crayfish and there should be
proper storage of dried crayfish to avoid contamination by

persons, environment, insects or other animals.
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ABSTRACT

Newcastle disease is one of the greatest constraints
to the development of poultry production in Nigeria.
In this study, the spatial distribution of Newcastle dis-
ease antibodies was determined using the Geographic
Information System. A total of 400 serum samples were
collected from chickens in districts around Kaduna Me-
tropolis and screened for Newcastle disease virus anti-
bodies using the haemagglutination inhibition test done
according to the procedure of OIE (2002). The spatial
distribution demonstrated that the highest antibody
titre level for Newcastle disease was closely associated
with communities that were at entry points (Zaria—
Kaduna road; Nnamdi Azikiwe bypass road; Television
garage; Abuja—Kaduna expressway and Kachia road)

to the metropolis and houses that are closely situated

near live bird markets signifying the importance of bird
movements in the spread of the disease. About 31 %
(124 of 400) of chickens had antibodies to Newcastle
disease virus, with exotics breeds (32.0 %) with more
Newcastle disease virus antibodies than local breeds
(29.8 %). The Newcastle disease prevalence was 33.9 %
(39 out 0f 115), 31.8 % (41 out of 129) and 28.2 % (44 out
of 156) for Kaduna North, Kaduna South and Chikun
Local Government Areas (LGA), respectively. A Newcas-
tle disease prevalence of 29.8 % (54 out of 181) was re-
corded in the local chickens, while 32.0 % (70 out of 219)

was obtained from the exotic chickens.
Key words: chickens; entry points; haemagglutina-

tion inhibition test; Kaduna; Newcastle disease virus an-

tibodies; Nigeria; spatial distribution
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INTRODUCTION

Newcastle disease is a highly contagious viral disease
caused by an avian paramyxovirus that produces pneumo-
encephalitis in young chickens, turkeys and other domes-
ticated and wild birds [12]. Newcastle disease is enzoot-
ic within individual regions and even villages in Nigeria.
Newcastle disease is said to be a major factor affecting the
development of the poultry industry in Nigeria and Af-
rica in general [32]. Newcastle disease remains enzootic
in states surrounding Kaduna State such as Zamfara and
Plateau States, including the Federal Capital Territory [7],
with a similarity in climatic and ecologic conditions in
these areas. Kaduna metropolis serves as an intersection
for the movement between the aforementioned states, as
road network plays a major role in the spread of diseas-
es serving as epicentres of disease spread [29]. There have
been continuous outbreaks of ND since it was first report-
ed in Nigeria [16]. It has been found to be an epizootic
problem in the different parts of Nigeria and continue to
cause serious losses in poultry despite vaccination of birds
[23]. There has been an emergence of new antigenic line-
age of Newcastle disease virus (NDV) in Africa [10].

There have been increasing reports of ND outbreaks
in commercial farms in Kaduna metropolis by private vet-
erinarians but the number reported may actually not be
representative of the total number of outbreaks due to un-
der-reporting in the current conventional animal disease
reporting system and poor veterinary infrastructures [28].
Newcastle disease is particularly devastating for small scale
poultry farmers who usually have limited means of pro-
tecting their flocks based on the level of their biosecurity
practices [32].

Urbanization and increased movement in poultry
transportation have resulted in the exposure of chickens to
the Newcastle disease virus from infected areas. Since Ka-
duna Metropolis is an intersection between rural commu-
nities and other states due to trade, it could serve as a point
of infection for ND in Kaduna State and Nigeria as a whole.

Newcastle disease remains a constant threat to poultry
production and has a devastating effect on the productivity
of the poultry industry [18]. The current system of disease
investigation and reporting is inefficient [11]. There are in-
creasing numbers of ND cases compared to other poultry
diseases [4], with a paucity of data about the burden of ND

in chickens in Kaduna Metropolis.
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Live bird markets contribute to the persistence and
spread of ND virus (NDV) [14]. These markets which are
found in strategic locations around major road intersec-
tions in Kaduna Metropolis usually do not follow appro-
priate cleaning and disinfecting techniques which allows
for the possibility of environmental spread. Live birds are
also exposed to birds from multiple sources [29]. These
birds run the risk of disseminating Newcastle disease virus
as they leave the markets posing a health threat to house-
hold chickens [21].

Vaccination has been reported as the only safeguard
against endemic ND [2]. In order to formulate appropriate
vaccination schedules and control measures, the serologi-
cal status of NDV among chickens in Kaduna State need to
be elucidated. Also, Kaduna State, especially the metrop-
olis, has witnessed massive increase in the demographic
population in the last few years and to meet the increased
protein demand, poultry and poultry products are being
moved to live bird markets across the state for sales [3].
The preference of consumers for this type of meat and the

readily available markets justifies the need for this study.

MATERIALS AND METHODS

Study area

Our study was carried out in the Kaduna metropolis of
Kaduna State. Kaduna Metropolis is accessible via major
transportation links from all regions of the country. Kaduna
Metropolis lies in three different Local Government Areas
(LGAs): Kaduna North, Kaduna South, and Chikun; located
between latitude 10°34'57.4" N and 10°22'56.6" N and longi-
tude 7°38'12.2" E and 7°2329.0"E. According to the latest
census, the city’s population in 2006 was 1,128,694 [24].

Study population

For serology, the study population consisted of mostly
backyard poultry and free-ranging (extensively managed)
poultry kept and having the possibility to mix with other
birds. Commercial poultry farms were excluded while ex-
otic breeds managed as backyard poultry with local chick-

ens were included.

Study design
A cross-sectional study was carried out consisting of

two separate overlapping descriptive and analytical stud-



ies on data obtained on spatial distribution and seroprev-
alence of Newcastle Disease in Kaduna Metropolis from
October 2014 to April 2015.

Sampling methods

Sample frame and sample size determination

The sampling frame consisted of a list of localities and
communities obtained from the Kaduna State chapter of
the National Population Commission and local govern-
ment secretariats that form the Kaduna city area.

Sample size was determined using the formula [33]:

Z2xP, (1-P_)

dZ
where:
n = required sample size;
P = expected prevalence
(using 57 % prevalence [7]);
Z = standard normal deviation
of 95 % confidence level (1.96);
d = desired absolute precision (0.05).

Substituting these values in the formula:

(1.96)* x 0.57 x (1-0.57)

n = = 376.63

(0.05)?

A total number of 400 chicken blood samples were col-
lected to increase the level of precision.

Kaduna North LGA had the minimum number of
districts having 6 districts in total. Six districts each were
then selected randomly from the remaining LGAs in the
metropolis based on this minimum number, giving a total
of 18 districts. A total of 400 chicken blood samples were
collected from household poultry farms from the 18 se-
lected districts across the metropolis using convenience
sampling. Sampling location was geo-referenced using GIS

mapping system to get coordinates.

Sample collection and transportation

Two millilitres of blood were collected from the chick-
ens through the brachial vein using 21-gauge needles and
5ml syringes after carefully observing asepsis to avoid
any contamination of the blood. The blood was allowed to
clot in a cool place to allow the serum to separate from
the blood clot. The serum was then decanted into another
tube, stored in the refrigerator at 4°C and transported to

the Viral Zoonoses Laboratory of the Department of Vet-

erinary Public Health and Preventive Medicine, Faculty of
Veterinary Medicine, ABU Zaria using cooler packs for
haemagglutination inhibition tests to detect antibodies to
ND virus.

The vaccination status of chickens sampled were not
determined during this study in order to get a picture of
the level of flock immunity and to control any form of bias
towards the protective antibody titre levels to ND virus in

the study area.

Sample analyses

Preparation of chicken red blood cell suspension

A total of 5 ml of chicken blood was pooled from 3 sep-
arate apparently healthy chickens aseptically into a dispos-
able syringe containing 1 ml of sodium citrate (4 % solu-
tion) as an anticoagulant. The blood was centrifuged at
1,500 rpm for 10 minutes and the plasma and buffy coat
were removed with a pipette. After washing three times
with phosphate buffered saline (PBS), the 1 % suspension
was ascertained to be free of ND antigen or any related anti-
gen capable of cross-reactions. This was done by observing
under normal conditions in a U-bottomed microtitre plate
and testing for agglutination and agglutination inhibition
using ND antigen (La Sota) and ND antibody-positive se-
rum obtained from the National Veterinary Research Insti-
tute Vom, respectively, on the same sample.

In the 1st stage, 25 pl of the 1 % RBC suspension was
put in a microtitre plate and 25 pl of PBS solution was add-
ed to it. The plate was tapped gently and kept at room tem-
perature for 30 minutes and observed for settling of the
red blood cells. The 2nd stage was done by adding 25 pl of
the ND antigen into a well to which 25 pl of PBS solution
was added, followed by 50 pl of the 1 % chicken red blood
cell suspension. The plate was tapped at the side repeat-
edly before it was covered and kept at room temperature
for 45 minutes and observed for haemagglutination. The
3rd stage involved the addition of 25 ul of ND antibody
serum to the well in the 2nd stage, tapped at the side re-
peatedly before it was covered and kept at room temper-
ature for 45 minutes and observed for haemagglutination
inhibition. The pooled chicken blood sample which was
ascertained to be free of ND antigen or any related antigen
capable of cross-reaction, by expressing the 1st, 2nd, and
3rd reaction as stated in the procedure above was used to
prepare the 1 % chicken red blood cell suspension in PBS
used for the HI test.
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Haemagglutination test

Haemagglutination test was carried out according to
the method described by Grimes [13]. Twenty-five
microlitre of PBS was dispensed into the each well in the
first row of the microtitre plate. Twenty-five microlitre of
the ND antigen suspension (La Sota vaccine) was then dis-
pensed into the first well. A two-fold dilution of 25 pl of the
suspension was done across the wells up to the 11th well.
Twenty-five microlitre of PBS solution was further added
to each well in the first row. Then 25 pl of 1 % chicken RBC
was dispensed into each of the wells. The 12th well would
serve as control, containing only PBS and red blood cells.
The plate was tapped gently before it was covered and kept
for 45 minutes at room temperature. The HA was deter-
mined by observing for a sharp button of RBCs (negative)
or hazy film and no button of RBCs (positive) at the bot-
tom of the plate. The end point was the last well to show
complete haemagglutination and contained one haemag-
glutination unit (1 HAU). The cut-off titre was calculated
using the range of initial dilutions from which 4 HAU was

arrived and this was used for the HI test.

Haemagglutination inhibition test

The sera collected from the chickens were tested for
NDV specific antibody by the haemagglutination inhibi-
tion test (HI) as described by Hosain etal [15] and
done according to the procedure of O I E [26]. The HI test
was performed using the beta technique (constant virus
and varying serum) against 4 HA units of the virus com-
puted from the HA titration. Two-fold serial dilution of
25 pl serum was made with phosphate bufter saline (PBS)
in U-bottomed microtitre plates up to 10th well in the 2nd
row. Twenty-five microlitres of 4 haemagglutinating (HA)
units of NDV virus or antigen (La Sota) was added up to
the 11th well. The plates were kept at room temperature
for 30 minutes to facilitate antigen-antibody reaction. Then
50 pl of 1 % (v/v) chicken RBC suspension was added to
each well. The 11th well contained antigen and RBCs as
the positive control and the 12th well contained only RBCs
as the negative control. After gentle mixing, the RBCs were
allowed to settle at room temperature for 45 minutes and
agglutination was assessed by tilting the plates. The samples
showing peculiar central button shaped settling of RBCs
were recorded as positive and maximum dilution of each
sample causing haemagglutination inhibition was consid-

ered as the end point, which was used to estimate the HI
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titre. The HI titre of each serum sample was expressed as

the reciprocal of the serum dilution.

Data management and analyses

The results obtained from the HI tests were subjected
to descriptive statistics to determine the frequency and dis-
tribution of the ND antibody titre of Kaduna metropolis
(Tables 2 and 3). Categorical values were evaluated using
the Chi Square test to check for association; odds ratio at
95 % confidence interval was used to measure the strength
of association between variables and the prevalence of ND.
All data obtained were analysed using SPSS statistical soft-
ware (17.0)

Values of P < 0.05 were considered significant. Sample

prevalence was estimated using the formula:

Number of Positive Samples for ND Antibody

Sample Prevalence = x 100

Total Number of Samples Tested

RESULTS

Spatial distribution of Newcastle disease antibodies

There were variations in the poultry distribution pat-
terns between various communities. The poultry sampled
were more concentrated in communities that had a clus-
ter settlement pattern, while communities that had a lin-
ear settlement pattern had a low population of poultry.
The antibody titre level of Newcastle disease was higher in
communities that had entry points to the metropolis and
houses that were closely situated with the live bird markets.
The entry points included:

A. Zaria—Kaduna road;

B. Nnamdi Azikiwe bypass road;

C. Television garage;

D. Abuja Kaduna expressway and E. Kachia road (Fig. 1).

Seroprevalence of ND antibodies

The overall seroprevalence of Newcastle disease an-
tibodies in the study area was 31.0 % (124 out of 400).
Among the positive Newcastle antibody sera, 103 out
of 400 (25.75 %) had titres between 1/64 and 1/512 and
21 out of 400 (5.25 %) had titres > 1/4096 (Table 1). The
ND prevalence was 33.9 % (39 out of 115), 31.8 % (41 out
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Fig. 1. Map of Kaduna Metropolis showing the coordinates of the positive and negative samples of Newcastle disease antibodies
in districts where the study was carried out, Live bird markets (LBMs) and entry points A—E (ArcGIS 10.1)

of 129) and 28.2 % (44 out of 156) for Kaduna North, Ka-
duna South and Chikun local governments, respectively
(Table 2).

The prevalence of 29.8 % (54 out of 181) was record-
ed in local chickens, while 32.0 % (70 out of 219) was ob-
tained from the exotic chickens, with local chickens having
the odds ratio of 0.905 times likely of being positive for ND
antibody than the exotic chickens (Table 3).

DISCUSSION

This serological study revealed the presence of circulat-
ing antibodies of NDV among chickens in three different
districts of the Kaduna Metropolis. Also, the occurrence
of detectable ND haemagglutinating (HI) antibodies in
chickens tested in all of the three LGAs of Kaduna stud-
ied, with an overall seroprevalence of 31 %, was diagnostic
evidence that ND was prevalent and likely enzootic in the
study areas [17]. The antibodies detected were most likely
due to natural infections in the local chickens rather than

vaccination since local chickens were rarely vaccinated in

Table 1. Distribution of Newcastle disease antibody titre levels in the sera collected
from chickens in the Kaduna metropolis of Kaduna State, Nigeria

HI titre

Local

governmentarea  _,, 1/4 1/8 1116  1/32  1/64 1/128 1/256 1/512 1/1,024 1/2,048 =1/4,096 Total
Kaduna North 14 10 18 14 20 10 10 7 5 5 1 15

Kaduna South 14 17 15 25 17 5 9 10 10 4 1 129

Chikun 17 29 23 25 18 10 8 11 8 3 3 156

Total 45 56 56 64 55 25 27 28 23 12 5 400
% 125 14 14 16 1375 625 6.75 7 5.75 3 1.25 100

41



Table 2. Distribution of Newcastle disease titre levels in sera collected from chickens in
the three Local Government Areas of the Kaduna metropolis of Kaduna State, Nigeria

Hl titre
Ic.;ocal tA Total %
overnment Area < 1/64 (-ve) > 1/64 (+ve)
Kaduna North 76 39 115 339
Kaduna South 88 41 129 31.8
Chikun 112 44 156 28.2
Total 276 124 400 31

Chi square value (x?) = 1.063; P-value = 0.588; (-ve)—Negative ND antibody sera; (+ve)—Positive antibody sera

Table 3. Seroprevalence of Newcastle disease in the breed
of chickens in Kaduna metropolis of Kaduna State, Nigeria

Breed No. of samples No. of samples positive ~ No. of samples negative  Prevalence 0dds 959%Cl
tested for ND antibody for ND antibody [%] Ratio
Local chickens 181 54 127 29.8 0.905 0.591-1.387
Exotic chickens 219 70 149 320 1.00
Total 400 124 276 31.0

95 % Cl = Confidence Interval; Chi square value (x?) = 0.210; P-value = 0.647

Nigeria [1], while most likely due to vaccination in the ex-
otic chicken flock [27].

Our study demonstrated a relatively comparable sero-
prevalence rate of ND in chickens obtained by other inves-
tigators in other countries, i.e., with an overall seropreva-
lence rate of 33 % in Pakistan [20], and 27.86 % in back-
yard and small-scale chicken poultry farms in Ethiopia [8].

However, our study revealed a relatively lower sero-
prevalence rate of ND compared to the overall seroprev-
alence rate of 66.5 % in commercial poultry farms, village
households and live bird markets in Benue State [1]; 63.5 %
in local and exotic chickens in the Gwagwalada [5]; 38.5 %
recorded in both Bauchi and Gombe States [22]; 79.6 % in
North Gondar zone of Ethiopia [9] and 40.13 % reported
in unvaccinated backyard poultry in Iran [30]. On the oth-
er hand, our study showed a higher seroprevalence rate as
compared to the overall seroprevalence rate of 22.3 % in
cross-bred chickens in Afikpo [25], and 6.2 % in the Barda
region of Azerbaijan [34].

These observed differences in the seroprevalence of
ND may be as a result of differences of ecological factors

in NDV survival and transmission, and variations in sam-
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pling methods [31]. This could also be as a result of local
preventive methods used against ND in the study area [6].
Although no advanced field and laboratory research was
done in this study to differentiate ND antibodies due to
vaccination from those from active infections.

Also, the titre of serum antibodies to ND virus in chick-
ens could be affected if the chickens were infected with
IBD virus, since it has been reported to be significantly
lower than that of birds infected with ND virus alone [19].
It has also been reported that IBD virus affects ND virus
excretion from chickens as ND virus was more frequently
isolated from chickens infected with IBD virus, without the
IBD virus infection altering the pathogenicity of ND virus
in chickens [19].

CONCLUSIONS

The spatial distribution of ND from this study showed
a higher concentration of ND antibodies at entry routes
to the metropolis, signifying the importance of bird move-

ment in the spread of the disease. The entry points include:



A. Zaria—Kaduna road;

B. Nnamdi Azikiwe bypass road;

C. Television garage;

D. Abuja—Kaduna expressway and

E. Kachia road.

Serological study showed a 31 % prevalence (124 out
of 400) of ND antibodies in the study area indicating the en-
zootic nature of the disease. The ND prevalence was 33.9 %
(39 out of 115), 31.8 % (41 out of 129) and 28.2 % (44 out
of 156) for Kaduna North, Kaduna South and Chikun local
governments respectively. Newcastle disease prevalence of
29.8 % (54 out of 181) was recorded in local chickens while
32.0 % (70 out of 219) was obtained from the exotic chickens,
with local chickens having the odds ratio of 0.905 times likely
of being positive for ND antibody than exotic chickens.
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ABSTRACT

Ependymal cells line the interface between the ven-
tricular surfaces and the brain parenchyma. These cells,
in addition to the choroid plexus, form the blood-brain
barrier (BBB) and the blood-cerebrospinal fluid barrier
(BCSFB) and serve important functions in the protec-
tion and regulation of brain metabolism. The African gi-
ant rat (AGR) has been used as sentinels to detect poten-
tial neuropathology arising from ecotoxicological pollu-
tions. This study examined the lateral ventricular lining
by using histology, immunohistochemistry and electron
microscopy. Marked variations were observed in some
regions of the ventricles which showed multi-layering
of ependymal cells that differed from the typical sin-

gle layered ependymal cells at the apical surface, while

subependymal structures revealed indistinctive neu-
ropil and glia following histological examinations. The
ependymal cells which form the epithelial lining of the
ventricles were comprised of cuboidal or low columnar
cells, with the plasmalemma of abutting cells forming
intercellular bridge appearing links by: tight junctions
(zonula occludens), intermediate junctions (zonula ad-
herens), desmosomes (macula adherens) and infrequent
gap junctions. The choroid plexus revealed cells of Kol-
mer with several cilia and microvilli. The possible func-
tional components of the ependyma and choroid plexus
morphology of the AGR are discussed and thus provide
a baseline for further research on the AGR brain.

Key words: African Giant Rat; choroid plexus; epen-

dymal; tight junctions; ultrastructure
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INTRODUCTION

The African giant rat (Cricetomys gambianus) is a noc-
turnal, sub-Saharan African rodent which shares close
dwellings with human societies. For this reason, they are
currently being utilized as sentinel models to study ecotox-
icological pollutions and disease burdens [37]. This contin-
ued use as a research model for biomedical research has also
spurred studies into their morphophysiology and especially
that of the nervous system [15, 24, 25, 27]. The informa-
tion generated has been progressively helpful in proposing
better concepts in the adoption of the AGR as a convenient
laboratory animal for investigating diseases of great signifi-
cance to humans and their domestic animals [39].

One of the more recent uses of the AGR has been the
use of their olfactory prowess to sniff out landmines and
diagnose tuberculosis infected sputum samples [30, 39].
This attribute therefore requires the proper understanding
of the neural systems in the AGR. The gross and cellular
central nervous system (CNS) profile of the African giant
rat have been elucidated with various studies covering:
adult neurogenesis, astrocyte heterogeneity and oligoden-
drocyte morphology [25—29]. The ependyma and choroid
plexus are yet to be described for this rodent.

Morphologically, the ependyma is typically known as a
single-layered, cuboidal to columnar-celled, ciliated epithe-
lium on the surface of the ventricles of the brain and central
canal of the spinal cord [10] and is responsible for impor-
tant functions related to: morphogenesis, brain physiology,
neuro-protection and water transport [9, 16]. The typical
rodent ependyma morphology has been shown to consist
of multi-layering populations, sub-ependymal cells and the
existence of abundant gap junctions [12, 21]. The choroid
plexus meanwhile, is an epithelial-endothelial vascular
convolute within the ventricular system of the vertebrate
brain which consists of fenestrated blood vessels and syn-
thesizes the cerebrospinal fluid [7, 40]. Adjoining choroid
plexus cells have tight junctions that form the blood- cere-
brospinal fluid barrier (BCSFB). This barrier along with the
blood-brain barrier (BBB), play a major role in the home-
ostatic regulation of the brain by protecting the CNS from
the inflammatory molecules, pathogens, and toxins which
may be circulating in the blood stream [8, 31].

This paper therefore seeks to add to the body of knowl-
edge on the neuro-cellular profile of the African giant rat

by describing the morphology of ependymocytes and cho-
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roid plexus using the electron microscopy and allude to
the functional basis of maintaining the integrity of the BBB
and BCSFB.

MATERIALS AND METHODS

A total of 6 male African giant rats (Cricetomys gambi-
anus) randomly assigned into two groups (A and B; n = 3/
group) were used for this study. All rats were anaesthe-
tized with intraperitoneal injection of Ketamine/Xylazine
(90/10 mg.kg") and were subsequently perfused tran-
scardially with 4 % paraformaldehyde in 0.1 M phosphate
buffered saline (PBS), pH 7.4. (for animals in group A)
and freshly prepared Karnovsky fixative (for animals in
group B). The brains harvested from group A were pro-
cessed for histology (with H&E and Cresyl violet stain
for anatomical orientation) while immunohistochem-
istry (IHC) with anti-glial fibrillary acidic protein (an-
ti-GFAP) was performed using the free-floating method
for tanycytic astrocytes of the subependyma in accordance
with the methods described by Olude etal [27] and
Mustapha etal [24]. The brain samples from group
B were prepared for both scanning and transmission elec-
tron microscopy as described by Olude etal. [25]. The
images were captured using Zeiss Axioskop (Carl Zeiss Mi-
croscopy GmbH, Jena, Germany) and Axiovision software

(Carl Zeiss Microscopy GmbH, Jena, Germany).

RESULTS

The ependymal cells with variable numbers of cilia,
formed the epithelial lining of the lateral ventricles com-
prised of cuboidal or low columnar cells in shape. Regional
variations were observed in some regions of the ventri-
cles with multi-layering of ependymal cells which differed
from the typical single layered ependymal cells at the api-
cal surface. The sub-ependymal structures reveal indistinc-
tive neuropil and glia following histological examination
(Fig. 1a, b). Anti-GFAP immunohistochemistry revealed
a clear zone of ependymal cells and brush borders (arrow-
head in Fig. 1¢) and a sub-ependymal zone with sequential
extensions of processes (black arrows in Fig. 1d) into the
subependymal hypocellular level (Fig. 1c, d).

The examination of the ultrastructure revealed that the



Fig. 1. Histology of the ependymal and sub-ependymal structures: [a] Nissl stain and [b] H&E stain

Note the multi-layered ependymocytes (double arrowheads, a) compared to the single-layered ependymocytes (black arrow; b) and also the indis-
tinct neuropil (asterisks) and glia (arrowheads, a & b) in the subependymal layer; ¢) Anti-GFAP showing distinguishable ependymal cell and brush
borders (arrowhead). d) Anti-GFAP showing zone of extensive processes projecting to the sub-ependymal hypocellular layer (arrows).

Scale bars: 100 pm (a); 50 um (b—d)

epithelial surface presented broad ridges with finger-like
projections of ciliary shafts and numerous microvilli. The
nucleus was simple, regularly oval and occupied large por-
tions of the cell close to the wall while the nuclear envelope
had patches of ribosomes on the outer cytoplasmic surface
(Fig. 2a). Several mitochondria were seen in the supranu-
clear region and fewer in the basal aspects. They were typ-
ically elongated with internal transverse cristae structure
(Fig. 2a, 2b). The endoplasmic reticulum was widely spread,
presenting smooth surfaced vesicles with short canaliculi
(Fig. 2b), while the Golgi complexes which were also found
supranuclear in the cytoplasmic region with dense cluster
of vesicles and flattened cisternae in a stack arrangement
(Fig. 2b). These were very closely associated with mito-
chondria and endoplasmic reticulum while within the cy-
toplasm of the ependyma cells (Fig. 2b). Few supraepend-

ymal intraventricular macrophages were sighted at the

apical surface of non-ciliated ventricular ependymocytes,
with few microvilli (Fig. 2¢). Cilia were observed as typical
as in protozoans with 9+2 arrangement (nine peripheral
doublets and a central pair) enclosed within the ciliary
membrane (Fig. 2d). The structural layout of the crowning
ependymal cilia was built on a typical ciliary complex with
basal body, rootlets within the surrounding granular zones
in the subapical zone. Cone-shaped striated basal feet were
noted to be in contact with the rootlets of the basal bodies
(Fig. 2e). Tight junctions (zonula occludens), intermedi-
ate junctions (zonula adherens) and desmosomes (macula
adherens) and infrequently gap junctions were identified
along the adjoining borders of neighbouring cells. Zonula
occludens and zonula adherens were mostly found close to
the luminal junctions while desmosomes were seen largely
on the distal adjoining lateral portions of the plasmalemma

of contiguous ependymocytes (Fig. 2b).
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Fig. 2. Transmission electron micrograph of the AGR ependymal layer showing: a) distinct intracellular details of an ependymocyte

Note the oval shaped nucleus (white asterisk), apical cilia (black arrow) and microvilli (black arrowhead); b) cellular junctional complexes formed

by two abutting plasmalemmae (white arrows) with numerous mitochondria (black arrows) at the apical membrane and Golgi complexes (white

arrowhead) within the cytoplasm; ¢) A non-ciliated portion of the ependymal layer with a supra-ependymal intraventricular macrophage (black

arrow) at the apical surface with scanty microvilli; d) Cross section of the ciliary shafts showing the typical 9+2 arrangement of ependymal cilia

(black arrowhead); e) The ciliary complex of the AGR ependyma highlighting the basal body (bb), rootlets (rt), basal foot (bf), and granular zone (gz).
cf, central fibres; cm, ciliary membrane; pf, peripheral subfibre. Scale bars: 500 nm (a—b, e); 200 nm (c—d)

The scanning electron micrographs of the roof and
floor of the lateral ventricles were viewed and presented
minimal differences with slight morphological patterns.
The surface appearance and modifications of the roof were
almost always more populated and denser while the floor
showed areas of patches with the cilia slightly thicker and
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less clumped than those of the roof (Fig. 3a—d). The wall
epithelium looked matted and slightly scantier with do-
mains of “baldness” with regular patterns.

The surface of the choroid plexus of the lateral ventri-
cles showed varied folds with homogeneous vesicle-like

projections which represent choroid cells (Fig. 4a, 4b).



Fig. 3. Scanning electron micrographs of the lateral ventricles showing slight variations in the morphology in the walls of the lateral
ventricles at a) low magnification; b) high magnification and in the roof of the lateral ventricles at c¢) low and d) high magnification

Fig. 4. Scanning electron micrograph showing: a) the choroid plexus (white arrow) at lower magnification projecting into the lateral ventricle
(white arrowhead); b) Epiplexus cell of Kolmer with distinct protoplasmic extensions (black arrows) as well as choroid cells (black asterisks) and
¢) junction sites separating one choroid cell from another (white asterisks). Scale bars: a) 1000 pm; b) 10 um; ¢) 5 pm
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There were electron-dense areas surrounding each cell
which were the junction sites from one choroid to another
(Fig. 4c.). The surfaces of the choroid cells had cilia and mi-
crovilli. Epiplexus cells of Kolmer were observed with their
protoplasmic extensions (Fig. 4b). The lateral ventricle is

demonstrated by the white arrowhead (Fig. 4a).

DISCUSSION

The basic morphology of ependymal cells ranges from
flattened, cuboidal to columnar cells. In the AGR, we
identified cuboidal or low columnar cells in shape. Oth-
er features presented in the AGR, including the regional
multi-layering of ependymal cells are reported as typical
rodent features [10, 21]. The abundant occurrence and
arrangement of mitochondria, Golgi complex and perinu-
clear ribosomes indicates active energy metabolism in the
production and circulation of cerebral spinal fluid (CSF)
in the ventricles along with the various functions of the
ependymal cells in water regulation, and disease monitor-
ing [38].

The lateral ventricles host the greater part of the sube-
pendymal layer [35], and our anti-GFAP staining revealed
positive cells which appear as astrocytes but have exten-
sions into the subependymal neuropil. Astrocytic hetero-
geneity has been described in the AGR with subependy-
mal astrocytes identified as periventricular astrocytes [27].
Although this study did not utilize special immunostain-
ing antibodies to delineate tanycytes, the described cells
identified resemble tanycytes [23]. In the lateral ventricles,
stem cells from the neuroepithelium are retained between
the ependymal cells and subventricular zone, thus, regions
of multi-ciliated ependyma have been reported to play an
important role in neurogenic and gliogenic activities [16].
This function is alluded to in the juvenile AGR, which has
been reported in one of our previous studies as having the
most active adult neurogenesis profile in the AGR subven-
tricular zone [29]. The proliferative potential of the adult
forebrain ependyma and sub-ependyma has been reported
[6]. However, only subependymal cells have neural stem
cell characteristics as determined by their self-renewing
capability (generating secondary spheres) and their ability
to clonally give rise to neurons and glia [22, 32]. The exist-
ence of indistinct neuropil and glia seen with histology in

the AGR may indicate AGR sub-ependymal clonal ability.
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The multi-layered ependyma most of the time contained
tanycytes whose basal processes extend into the adjacent
subependymal layer and neuropil [21]. This is believed to
be in consonance with the findings in the AGR. Multilayer-
ing has also been reported as ependymal tissue response to
injury [4]. It is hereby suggested that the glial populations
of the subependyma be studied along ependymal studies in
toxicity and neurodegenerative processes.

Tight junctions are widely demonstrated in ependymal
cells and are seen as early as in the development in the neu-
roepithelium where they present zonula occludens apically
and zonula adherens and gap junctions in the lateral plasma
membrane domains [1, 17]. The mRNA coding connexins
have been indicated as being important in this respect [3].
This gap junction pattern has been suggested to function
in the reception of extrinsic growth factors from CSF likely
through sensory apical cilia [14]. They function in electri-
cal and metabolic couplings integrating the functioning of
the cell layer. Furthermore, they are known to play a role
in cilia beating synchronization and consequently in the
circulation of CSE. They also integrate ependymal function
with underlying astroglia, thus regulating water and ion
transport [2, 16, 34].

Ependymal tight junctions in the AGR brain were
tortuous and had regions of occlusion and adhesion. The
ciliary arrangement 9+ 0 shows that the non-motile cilia
(primary cilia) are composed of nine radially organized
microtubule doublets, whereas the other 9 + 2 arrangement
shows that the motile cilia contain an additional central
microtubule doublet [20]. The works of Marshall and
Kintner [20], has shown the existence of Dynein arms
in the 9+2 arrangement that generate the shearing force
needed for motility. Also, these types of cilia differ by the
kinds of receptors on their membrane and the posttransla-
tional modifications of their microtubules [11].

The choroid plexus cells contribute CSF secretion and
serve as integral parts of the CNS barrier system which
separate blood, CSF and CNS interstitial space via the
BCSFB in conjunction with the BBB [33]. The morphology
of individual choroid plexus in the lateral ventricles, third
and fourth ventricles has been reported [36]. In addition
to their protective role, the cells of the choroid plexus have
been reported to act as a defence system by protecting the
brain against acute neurotoxic insults, using a complex,
multi-layered detoxification system [13]. The Kolmer cells,

present on the AGR choroid plexus play this defensive role.



Epiplexus or Kolmer cells have been described as intraven-
tricular macrophages associated with the choroid plexus.
These intraventricular macrophages are referred to as “su-
praependymal” cells when found on the ependyma [17].
Entering by the transcellular pathway or the paracellular
[18], these cells express complement type 3 (CR3) recep-
tors, major histocompatibility class I and II (MHC I and II)
antigens, and leukocyte common antigens under normal
conditions. Thus, indicating their involvement in endocy-
tosis similar to other macrophages and microglial cells in
the brain (CR3) and antigen processing and presenting ca-
pacities for lymphocytes in case of MHC I and II [19]. These
intraventricular macrophages may also be involved in se-
questration of iron in certain neuropathological conditions
that cause an increase in iron content in the CSF [5].

This paper has described the ultrastructure of the AGR
morphology and shown possible functional components of
the ependymocytes, the choroid plexus, tight junctions and

subependymal tissues in view of its usefulness in research.

CONCLUSIONS

The ependymal layering of the brain of African Giant
Rat showed marked variations in some regions of the ven-
tricles with multi-layering of ependymal cells that differ
from the typical single layered ependymal while subepend-
ymal structures reveal indistinct neuropil and glia with his-
tological examination. This existence of indistinct neuropil
and glia seen in this rodent may indicate sub-ependymal
clonal ability. The ultrastructure of the ependymal cells and
choroid seems typical depicting high secretory activity, but

also a protective role against brain insults.
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ABSTRACT

Every year, police horses undergo police training fo-
cused on passing difficult obstacles, during which their
physical and mental abilities are tested. Using a meth-
od of eye movement monitoring, specifically eye blink-
ing and eyelid twitching, we estimated if the training of
horses was stressful. The results we found suggested that
the training itself, per se does not affect the welfare of
police horses; as it is not stressful for them because the
gradual training allows the horses to adapt to different

types of work or physical activity.

Key words: cortisol; eye-blink; eye-twitch; stress

INTRODUCTION

The selection of horses for work in the police force
is challenging. Horses must undergo both selection and
training, before they can then be included in the service.

Horses can be exposed to various stimuli during training,
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which may be stressful for them. Such stimuli are: sirens
sound, gunshots, simulated crowd noise, barking dogs or
passing obstacles through fire. The accumulation of such
stress stimuli has the potential to have a significant effect
on the body when compared to the action of a one single
stress stimulus.

Stress in animals can be defined as a combination of
psychological and biological reactions to new or threaten-
ing circumstances. In response to new unknown external
stimuli, horses undergo both homeostatic and behavioural
changes. Further, changes in physiological parameters may
develop when an external stimulus is perceived as a poten-
tial threat to alleviate a perceived stressor. Stress can have a
negative or a positive effect on the body and may help the
animal to cope with routine short-term stressors.

Stress in animals can be divided into acute and chron-
ic stress. In acute stress, a short-term stressor acts, which
initiates a physiological response in the stimulation of the
recovery of disturbed homeostasis. In animals, such in
horses, this response can be assessed by observing their
behaviour or by analysing some physiological parameters;

for example, cortisol release can be considered the most



relevant catecholamine or to examine the changes of the
heart rate variability [3, 4, 5, 16, 20, 21, 25].

Researchers have examined behavioural indicators in
horses that have been subjected to multiple conditions of
stress. Higher head carriage, centred alignment of the ears,
increased vocalizations and increased mouth movements
have been demonstrated by stress challenged horses. For
that purpose, by using a combination of both behaviour-
al and physiological measures, measuring stress responses
in animals seems more reliable. Young etal. [26] have
produced a new scale to classify horses’ stress-related be-
haviour. Horses displayed an improvement in oral behav-
iour, flattened or pinned ears and flared nostrils associated
with an increase in heart rate (HR) and salivary cortisol
when horses were subjected to stressful husbandry activi-
ties, such as electric coat clipper tone, social isolation and
grooming procedures [12, 13, 15, 24].

In deciding the values of stress factors in horses, several
authors have expressed recent interest. These can be deter-
mined from samples of blood, saliva, or faeces. For horses,
taking blood samples induces tension. The measurement
results could, therefore, be distorted. Other strategies that
may be included among the non-invasive alternative meth-
ods used to monitor acute stress in horses have also been
reported. These strategies include changes in the amounts
of blinks in the eye and twitches in the eyelid. We noticed
this by watching the animals and their eye expressions,
whether they were stressed by the demanding training
that police horses undergo. To understand the animal and
eventually enhanced health, it is important to recognize
valid stress indicators [7, 9, 11, 14, 18, 22, 23].

MATERIALS AND METHODS

Our research was carried out on 9 police horses, which
underwent a demanding one-day training at the equestri-
an centre in Kosice. The training consisted of overcoming
challenging simulated events, during which the horses
were exposed to the sound of sirens, gunshots, fire han-
dling, barking dogs, waving banners, etc. The horses were
6 to 14 years old (five geldings and four mares). Those hors-
es had more than 3 years of experience with police train-
ing and they were in good physical and mental conditions.
The horses were transported for 450 km to Kosice. They

were housed together after arrival in the same stable until

the next day, when they completed the training. Prior to
training, in the morning, all 9 horses underwent right eye
monitoring for 1 minute, which was recorded using a dig-
ital camera. The horses were held by a handler on a fair-
ly loose lead (1 m) with just enough contact to maintain
its head relatively still without restricting the movements.
After completing the horses' training in the afternoon, we
monitored the horses' movement of the eyes or eyelids in
the same way. We played the recorded videos using a vid-
eo player (in 40 x slow motion) and the eye movements
were evaluated by 4 independent observers who checked
the number of 3 different possible movements of the eye:
full blink, half blink or eyelid twitches (Table 1). The inter-
observer reliability was 91.5 %. The average number of full,

half blinks and eye twitches has been documented in Ta-
ble 2.

Statistical evaluation

All our data were reported as the mean +SD (stand-
ard deviation). The differences between means were deter-
mined according to the paired t-test using Microsoft Excel
software. By conventional criteria, difference (P < 0.05)

was considered to be statistically significant.

RESULTS AND DISCUSSION

The aim of our study was to determine whether the
method of measuring the number of blinks is suitable for
measuring the stress level in horses. We verified this proce-
dure by observing the movement of the eyes and twitching
of the eyes. This method is considered non-invasive, and
can be used to indicate stress in horses, as well as people.

Blinking is characterized as a rapid eyelid movement
that opens and closes the palpebral fissure and consists
of three distinct blinks: full, half and twitches of the eye.
Complete blinks are total closure with concomitant vision
suppression of both eyelids, whereas incomplete closure
of the eyelids is half (partial) blinks. We understand the
movement of the upper eyelid through the innervation of
the muscles of the levator palpebrae superioris, without the
movement of the muscles of the orbicularis oculi. In hu-
mans, partial blinks based on computer terminal screens
have been observed and have been used as a diagnosis for
dry eye disease. In both dogs and cats, partial blinks have
also been recorded [1, 2, 8, 10, 17, 19].

55



Table 1. Ethogram of behaviours observed in horses before and after police training

Behaviour Description
Eye- full blink The right eye becomes momentarily but completely closed
Eye- half blink The right upper lid moved toward the lower lid of the eye but does not cover
the eye completely
Eyelid- twitch Fine fibrillary movement.ofthe skin involving the levator palpebrae superioris
muscle of the upper eyelid
Table 2. Average number of full, half blinks and eye twitches
before and after training in police horses (n=9)
Full eye blinks Half eye blinks Eye twitches
Mean +SD P-value Paired Mean + SD P-value Paired Mean +SD P-value Paired
t-test t-test t-test
Before training 9+0.737 NS 13£1.155 NS 2.5+0.497 NS
1M 1.m 0.666
After training 7.5£0.628 NS 12+1.315 NS 3.0+0.146 NS
NS—non significant
We compared our results with those of Merkies  CONCLUSIONS

et al. [14], who found that a reduction in the number of
full and half blinks and an increase in the number of eye-
lid twitches occurs if horses are exposed to a stressful sit-
uation. The number of full blinks decreases from an av-
erage of 5 to 8—9 blinks per minute, and the number of
eye twitches increases from an average of 2 twitches per
minute to 6 twitches per minute in a stressful situation. We
revealed that the number of full eye blinks in the police
horses decreased on average from 9 blinks per minute to
7.5 blinks per minute. The number of eye twitches did not
change on average (2.5 blinks per minute before training
and 3 blinks per minute after training).

According to our observations, horse training was not
correlated with a decrease in eye blinking and an increase
in eye twitching under stress conditions. The method of
measuring eye blinking and eye twitching appeared to be
a suitable alternative method for monitoring the effect
of stress factors in horses. According to Hanak and
Olehla [6], if a certain physical load was repeated on
a regular basis and increased in length, intensity or fre-
quency gradually, then adaptation to the corresponding
physical load (training) appeared to be a fundamental bio-
logical property.
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Monitoring eye blinking and eye twitching is consid-
ered a non-invasive procedure, and compared to the tech-
niques used to assess cortisol levels in the blood, it can be
categorized as inexpensive. The drawbacks to these ap-
proaches are the time taken to analyse the outcomes and
the need to build a team of individuals. We found that no
signs of stress were shown based on the assessment of eye
movements in horses undergoing challenging training,
supporting the hypothesis that horses can adjust to this

form of load by incremental training.
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ABSTRACT

The diseases of the urinary tract in small animal
medicine, especially in dogs and cats, occur frequent-
ly with different etiologies. The most common cause of
urinary tract infections (UTIs) are bacteria which enter
upwards through the urethral opening. UTIs occur in
hosts with compromised defence mechanisms in which
the virulent microbes can adhere, multiply and persist
in the urinary tract. In addition to bacteria, also viruses
or fungi may infect the urinary tracts. Bacterial infec-
tion can develop in the upper (kidneys and ureters) or
lower (bladder, urethra) urinary tract and are manifest-
ed by various clinical signs such as: frequent or difficult
and painful urination, presence of blood in the urine, or
its foul odour. The symptoms in sick animals are often
accompanied by fever, discomfort, and loss of appetite.
The UTTs in dogs and cats are caused by both Gram-neg-
ative (e.g. Escherichia coli, Pseudomonas aeruginosa,
Klebsiella spp., Proteus spp.) and Gram-positive (e.g.

Staphylococcus spp., Streptococcus spp., and Enterococ-

cus spp.) bacteria. The properly performed aseptic sam-
pling of the urine is one of the most important steps in
bacteriological diagnostics. In this study, 105 urine sam-
ples were collected from dogs and cats. The cultivation,
microscopy and biochemical examinations were used
for species identification. Finally, the bacteriological ex-
amination included also determining the susceptibility
of pathogens against antibiotics by the disc-diffusion
method. The results were processed and expressed as
a percentage according to identified pathogens, animal
species, sex, breed and age. The uropathogens were di-
agnosed mainly in males aged 7—10 years. The most
commonly identified pathogens were Escherichia coli,
Streptococcus spp. and Staphylococcus spp. Tests of bac-
terial susceptibility to antibiotics showed that enroflox-
acin, cefotaxime, and cephazolin were the most effective

against uropathogens.

Key words: bacterial pathogens; cats; dogs; urinary

infections; urinary tract
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INTRODUCTION

Urinary tract infections (UTIs) in the veterinary lit-
erature are used to describe both bacterial cystitis and
subclinical bacteriuria. They are caused mainly by bacte-
rial pathogens, but urinary disorders correlate very often
with the occurrence and the development of urinary blad-
der stones, insufficient protection of the urogenital tract
(UGT) against external influences due to immunosuppres-
sion, tumours and others. Also, viruses, fungi or parasites
can cause UTIs. The age, gender, immunity, dietetic princi-
ples or trauma are important predisposing factors contrib-
uting to urinary tract disorders in small animals. Persistent
or recurrent UTIs can involve refractory bacterial isolates
and may also prove difficult to resolve using conventional
antimicrobial therapy [8].

From the anatomical point of view, it is necessary to
mention that the urethra in the females of dogs and cats is
shorter and rather wide in comparison to males and this
is the reason why urethritis develops more often in males
than in females. The urethra in tomcats is particularly very
narrow and long which is a frequent cause of their urinary
disorders [6].

Another risk factor that is significant in the develop-
ment of UTIs is the age of the animals. UTIs are more
common in older female dogs. The mean age at diagnosis
regardless of sex is approximately 7—8 years [16].

Dogs and cats suffering from urinary tract problems
show symptoms such as dysuria, even anuria, strangu-
ries, enlarged abdomen or haematuria. During urination
the animals can adopt a hunched posture which indicates
painfulness. The symptoms may suggest inflammatory
processes in both lower and upper parts of the urinary
tract that may be induced by various factors whether pri-
mary infectious agents or secondary issues.

Composition, concentration and the volume of elim-
inated urine directly affect the occurrence of uroinfec-
tions. Pathological processes in the body leading to the loss
of fluids and electrolytes result in excessive multiplication
of uropathogens [5]. Physiologically, urine must not con-
tain blood, proteins, glucose or microorganisms. It should
be sterile without any contamination. The presence of any
of the above-mentioned components indicates patholog-
ical status. Collection of urine samples and their exami-
nation is an important part of basic clinical examinations.

Frequently, the problems associated with urination
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in dogs and cats are related to the composition of feed con-
sumed in the long term by these animals. The feed with
high levels of proteins that exceeds the requirements of
animals results in increased synthesis of urea that increas-
es the burden on kidneys. Excessive intake of animal fat
aggravates the course of chronic failure of kidneys which
is manifested by increased concentration of lipids and cho-
lesterol in animal blood. Feed deficient in fibres suppresses
the progress of microbial fermentation in the large intes-
tine. This results in reduced elimination of urea in the fae-
ces and, on the contrary, increased excretion via urine that
again puts considerable load on the kidneys. In this way,
the renal insufficiency is exacerbated [17].

A diet, age or hormone imbalance can influence the
creation of urinary stones. The urinary stones (uroliths)
are defined as the solid crystalline masses and the most
common urinary stones in cats and dogs are struvite and
calcium oxalate (Fig. 1).

The phosphate (magnesium-ammonium-phosphate or
struvite) stones form at alkaline pH and thus the intake of
nutrients, particularly those of plant origin that increase
pH, stimulates formation of such stones that are a conglom-
eration of bacteria, crystals and protein matrix. Deficient
production of the active form of vitamin D by kidneys re-
sults in hyperphosphataemia, demineralization of bones
and subsequent deposition of crystals in the renal paren-
chyma. The crystals irritate the tissue and lead to inflamma-
tory processes. This type of stones occurs most frequently

in dogs. Struvite stones usually develop in dogs due to a
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Fig. 1. Types of urinary stones
Source: https://allhealthpost.com/crystals-in-urine/

Urinary crystals



UTI with urease-producing bacteria while in cats, they are
typical as sterile stones [15]. These bacteria create alkaline
urine, the ideal environment for struvite to form in.

Acidic pH predisposes for formation of oxalate stones.
Calcium oxalate is the most common type of stone found
in the upper urinary tract of both species of cats and dogs
[7]. Feeding the acidifying compounds, hypercalcemia and
increased intake of vitamins A and C result in the forma-
tion of oxalate stones that are typical of cats, particularly
tomcats.

The generally reduced intake of water increases the
concentration of urine and contributes to increased occur-
rence of stones in the urinary tract. The uncontroversial
recommendation for preventing the recurrence of calcium
oxalate stones is to increase the urine volume. Dogs that
produce more concentrated urine and that urinate less fre-
quently might be predisposed to calcium oxalate formation
[14].

The samples of urine for bacteriological examination
can be collected in several ways (spontaneous miction,
catheterization, cystocentesis). The optimum method
is cystocentesis which prevents undesirable contamina-
tion of urine during sampling. The aim of the bacteri-
ological examination of urine is the identification of the
agent of infection and the determination of suitable ther-
apy based on the determination of the susceptibility of the
infectious agent to antibiotics. The pathogens that occur
most frequently in the urinary tract are microorganisms
of the family Enterobacteriaceae (E. coli, Proteus spp., Kleb-
siella spp.). However, even the presence of Gram-positive
bacteria, such as staphylococci, streptococci or enterococci
in the urinary system is also frequent [8].

Currently, due to excessive and frequently imprudent
use of antibiotics, resistance to them increases and repre-
sents a serious issue not only in veterinary but also in hu-
man medicine. The resistance of enterobacteria, particular-
ly of multiresistant strains of Escherichia coli and Klebsiella
pneumoniae, the frequent causative agents of uroinfections
in animals and humans, has become a worldwide problem.
The multiresistant strains are those that are resistant to the
effective antimicrobials of at least 3 different groups [9].

The aim of this study was to identify bacteria that most
frequently induce the inflammation of the urinary tract
and to provide information about the percentage of occur-
rence of these pathogens in dogs and cats. Urine samples

were taken lege artis from dogs and cats that showed clin-

ical signs of urinary problems. The disc-diffusion method
was used to determine the susceptibility or resistance of
the isolated bacteria to clinically related antibiotics. The
obtaining of an antibiogram is an important step in the
struggle against increased antibiotic resistance. The study
also included the evaluation of the data with respect to the
most affected individuals according to animal species, gen-

der, age and breed.

MATERIALS AND METHODS

Samples of urine must be collected into sterile ves-
sels, preferably in the morning. Urine can be obtained
during spontaneous micturition, by manual compression
of the urinary bladder, catheterization or cystocentesis
[19]. In this study, 105 samples were collected into ster-
ile vessels mainly during spontaneous micturition of the
animal patients. All procedures involving animals fol-
lowed the guidelines stated in the Guide for the Care and
Use of Animals (Protocol No. 3323/16-221/3) which was
approved by the State Veterinary and Food Administra-
tion of the Slovak Republic and by Ethics Commission
of the University of Veterinary Medicine and Pharmacy
in Kosice, Slovakia. Respective aliquots (100 pl volume)
of undiluted samples were inoculated onto the surface of
solid nutrient media and cultivated at 37 °C for 24 hours
under aerobic conditions. The following nutrient media
were used: blood agar, Endo agar, CLED agar, Bile-esculin
agar (BEA), Baird-Parker agar (BPA) and Mueller-Hinton
agar (HiMedia, India). The blood agar was used for the de-
tection of haemolytic activity of potential pathogens such
as E. coli, staphylococci, and streptococci. Endo agar and
CLED agar were used as selective media for Gram-negative
bacteria of the Enterobacteriaceae family and Mueller-Hin-
ton agar was used for the determination of the susceptibil-
ity to antibiotics. Also, 2 diagnostic selective media were
used, Bile-esculin agar for the enterococci identification
and Baird-Parker agar for the identification and confirma-
tion of coagulase-positive staphylococci, particularly S. au-
reus and S. pseudintermedius.

The solitary colonies were subjected to Gram staining,
catalase and oxidase testing and some isolates were also
subjected to the extended biochemical examination that
included the proof of sugar fermentation and other rele-

vant tests. Commercially available test as EnteroTest 24,
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StaphyTest 24, StreptoTest 24 (Lachema, Brno, Czech
Republic) were used and the results obtained after bio-
chemical examinations were evaluated by means of soft-
ware TNW ProAuto 7.0. The susceptibility of the isolates
to antibiotics was determined by the disc-diffusion meth-
od based on the measurement of the inhibition zones on
Mueller-Hinton agar (HiMedia, India) according to the
Kirby-Bauer's method and the results were interpreted ac-
cording to EUCAST. For the determination of antibacterial
effectiveness, the following antibiotic discs were used: en-
rofloxacin (ENR), 5 pg/disc; ciprofloxacin (CIP), 5 pg/disc;
amoxicillin with clavulanic acid (AMC), 30 pg/disc; ceph-
alotin (CLT) 30 ug/disc; cephazolin (CZL), 30 ug/disc; ce-
furoxime (CXM), 30 ug/disc; cefoxitin (FOX), 30 pg/disc;
cefotaxime (CTX), 30 pg/disc; and trimethoprim-sulfa-
methoxazole (COT), 25 pg/disc (Thermo Fisher Scientific,
UK).

The results were processed and reported as the percent-
age of positive samples (finding/confirmation of bacterial
infectious agent) to negative samples, including the spe-
cies, gender, age and breed of animals from which the sam-
ples originated. In the case of samples in which the agent
of infection was confirmed, we differentiated between the
mono-infections (1 agent) and mixed infections/co-infec-

tions (several agents) in the sample.

RESULTS AND DISCUSSION

Dogs and cats that are kept in households and are not
regularly taken out outside are exposed to higher risk of
the development of UTIs. Regular and complete emptying
of the urinary bladder at least four times per day acts as a
preventive measure. The first important step for the correct
diagnosis of UTIs is the aseptic urine sampling. The pro-
cessing of freshly produced urine is suggested for microbi-
al cultures. The cystocentesis approach is recommended as
the procedure that ensures the most reliable result of mi-
crobiological examination as the sample will not become
contaminated during sampling by impurities and bacteria
that may be present in the efferent urinary passages. This
method is a safe and simple way of obtaining the samples
but requires some expertise [2]. On the other hand, even
unskilled persons can collect the urine samples (like the
animal’s owner), but the collecting of samples via sponta-

neous micturition can provide dubious results. It is strong-
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ly advised that the urine sample be analysed within 60 min
of the collection as it is an unpredictably unstable biologi-
cal fluid. Therefore, it is recommended that urine samples
be examined as soon as possible following collection [12].

In our study, the total number of the collected and
examined samples was 105; 83 originated from dogs and
22 from cats. Most of the samples were collected via spon-
taneous micturition. Not considering the species of the
patients, the results showed that 54 samples were positive
for the presence of bacteria and 51 were negative. Bacteri-
al infections of the urinary tract were detected mostly in
dogs (45 of the 54 were positive samples). Only 9 samples
originating from cats were positive. Our results indicated
that dogs suffer more frequently from bacterial infections
of the urinary system (83 % vs. 17 %) (Fig. 2). The results
of this study may have been influenced by the method of
sampling (spontaneous micturition). Also, the diets rec-
ommended by veterinarians are part of the prevention of
the disease as they ensure the correct concentration and
composition of urine and thus prevent urolithiasis.

Bacterial infections of the urinary tract were detected
in 15 bitches and 28 male dogs and in 2 female cats and
7 tomcats. This indicated that males of both species were
affected more frequently by UTIs than the females.

The age of most patients with the detected bacterial
UTIs ranged from 10 months to 15 years. Bacterial infec-
tions were most frequent in individuals 7—10 years old.
The age of the animals and the percentage of positive find-

ings are summarised in Fig. 3.

B clogs B cats

Fig. 2. Positive results for the presence of bacteria
in the urine samples of the dogs and cats
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Fig. 3. Age distribution of the dogs and cats with bacterial UTIs

The breeds of all of the animals were not reported.
However, of the positive samples with known breed ap-
purtenance, most originated from the breed Chihuahua
(6 of 26 samples). Other affected breeds were: Dachshund
(3%), Yorkshire Terrier (2x), Bichon (2x), Cocker Spaniel
(2x), Shar-Pei, Beagle, Poodle, French Bulldog, Schnauzer,
Maltese dog, Viszla, German Shepherd and mongrels.

The species, age and gender of the patients, particularly
the respective anatomic differences in the UGT between
males and females may constitute important predispo-
sitions for the development of urinary tract infections.
In dogs, UTIs were diagnosed in 2—3 % of the animals and
was more frequent in females than in males; particularly
affecting the older dogs. In cats, the positivity was lower
than 1 % and the infections were more frequent in older in-
dividuals, at the age of 10 or more years [3]. However, tom-
cats suffered more frequently from urogenital infections
than the females due to the anatomical structure of the ure-
thra that is narrow and long. This results in stagnation of
urine caused even by minimal obstruction, and the devel-
opment of conditions that support propagation of micro-
organisms [13]. Sometimes more care and attention may
be devoted to dogs with respect to their hygiene habits and
protection against diseases in comparison with cats, but

one cannot accept this as an explanation why less bacterial

infections should occur in dogs. On the contrary, this can
result in more frequent diagnosis of urogenital infections
by veterinarians. The percentage evaluation of our results
showed that UTIs affected dogs more frequently than cats.
Our examinations showed that 28 male dogs were affected.
A lower prevalence was detected in cats and in this species
the males were affected more (7 males, 2 females). With re-
gard to the age of the animals with positive results, the pos-
itivity was observed in various age categories. The majority
of positive samples originated from animals 7—10 years
old which confirms the assumption that urinary tract in-
fections occur more frequently in older individuals.

The presence of urinary stones is closely related to the
development of secondary infections. This is considered
with regard to the occurrence of UTIs in various breeds
of dogs, as the small breeds are more susceptible to forma-
tion of urinary stones. Thus, predisposition to this problem
is expected in Yorkshire Terrier, Dachshund, Chihuahua,
Miniature Schnauzer, Shi-tzu, Poodle, Bichon, but also in
Dalmatian; although the latter belongs to larger breeds.
The occurrence of stones in cats involves breeds such as
Burma, Himalayan and Persian cats [10]. In our study, the
highest number of positive samples originated from the
Chihuahua breed (6 cases). A higher percentage of posi-

tive samples were found in Dachshund and Yorkshire Ter-
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Fig. 4. Percentage proportion of the most frequently detected
bacterial agents of the urinary tract.

rier breeds. One can suppose that secondary UTIs may be
a consequence of the presence of urinary stones, although
this has not been confirmed.

Physiologically, no microorganisms occur in the kid-
neys or the urinary passages. However, bacteria may be in-
troduced to the urinary tract by blood or ascend there from
the efferent ways. Generally, the most common causative
agents of canine UTIs are E. coli bacteria [1].

Our examination of urine samples showed that in our
case, the UTIs were most frequently caused by E. coli bac-
teria (haemolytic and non-haemolytic together—35.5 %)
and Streptococcus spp. (28.1 %). The representatives of the
genus Staphylococcus rated third (23.4 %). Streptococ-
ci and staphylococci were most abundant in the group
of Gram-positive bacteria; altogether 51.5 % of the samples
were positive for its presence. Other bacteria like Serra-
tia spp., Pseudomonas spp. or Bacillus spp. were detected
at very low counts (up to 2 %). The percentage proportion
of the most frequently detected bacteria in animal patients
are presented in Fig. 4.

When investigating bacterial diseases, we often en-
counter infections induced by several species of microor-
ganisms. They are referred to as mixed infections or the
so-called co-infections. According to our culture investiga-
tions, the proportion of mixed infections was lower (26 %)
than that of mono-infections (74 %). Co-infections were
confirmed in 13 samples from dogs and only 1 sample
from cats. The proportions of individual bacterial patho-

gens in the co-infections varied. Mixed infections were rel-
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atively frequently caused by staphylococci and streptococci
(28 % of all mixed infections). The second more frequent
combinations of bacteria were E. coli and staphylococci
(14 %) and E. coli and streptococci (14 %). Mono-infec-
tions were detected in 8 samples from cats and 32 samples
from dogs.

The microbial disease agents were tested for their
susceptibility to antibiotics (ATBs) using the disc-diffu-
sion method. The antibiotics were selected on the basis
of recommendation of the European Committee on An-
timicrobial Susceptibility Testing (EUCAST) and also on
the basis of information about drugs used in small animal
practice in patients suffering from UTIs. For the therapeu-
tic purposes recommended were those antimicrobials that
ensured the biggest inhibition zone diameters in the tests
of bacterial susceptibility. Bacterial colonies isolated from
one sample were tested for several ATBs in order to allow
the veterinarian to select the best therapeutical approach.

To alleviate the patient’s signs, amoxicillin-clavulanic
acid (AMC) (11—15 mg.kg™ p.o. every 8 h) or trimeth-
oprim-sulphonamide (15 mg.kg™ p.o. every 12 h) was ad-
ministered as an initial treatment until obtaining results of
the tests on antibiotic resistance. The recommended length
of treatment is 1—2 weeks [18].

Our determinations of the susceptibility of colonies to
individual types of antibiotics showed that the most effec-
tive were enrofloxacin (ENR) and cefotaxime (CTX) that
most effectively inhibited the growth of E. coli. Cephazolin
(CZL) inhibited particularly Gram-positive bacteria. The



aim of our study was to determine the causative agent of
UTI and its susceptibility to antibiotics. However, the at-
tending veterinarian is responsible for the selection of the
drugs and their dosages.

E. coli was susceptible to enrofloxacin and cefotaxime
in 33 % of the cases, Staphylococcus spp. to cephazolin
in 26 %, Streptococcus spp. to cefotaxime and cephazolin
in 24 %, Klebsiella to enrofloxacin in 50 % and Pasteurella
spp. to enrofloxacin in 75 %. Additional antibiotics subject-
ed to the disc-diffusion testing were ciprofloxacin, cefuro-
xim, amoxicillin, cotrimoxazole, cephalotin and cefoxitin
that were also effective against bacteria but less frequently
than the antibiotics mentioned above. During the years
2002—2007, agents of UTT in dogs were tested at the West-
ern College of Veterinary Medicine in Canada. The agents
most frequently isolated from positive samples were E. coli,
Staphylococcus intermedius, Enterococcus spp. and Proteus
spp. Increasing resistance was detected in E. coli. In gener-
al, the most frequent UTIs inducing bacterial agents were
E. coli [1]. The examination of urine samples in our study
also showed that the UTIs were most frequently caused by
E. coli bacteria (haemolytic and non-haemolytic strains
36 %) and Streptococcus spp. (28.1 %). The third most fre-
quently identified pathogens were the members of the ge-
nus Staphylococcus (23.4 %). Also, other studies have con-
firmed the high antibiotic resistance of E. coli isolates from
dogs presented with UTIs with high levels of resistance to
penicillin-G (99 %), clindamycin (100 %), tylosine (95 %),
and cephalotin (84 %). On the other hand, there were rel-
atively low levels of resistance to enrofloxacin (16 %) and
orbifloxacin (21 %) [11].

Drugs pass through the blood to kidneys, to the pri-
mary urine and are then excreted by efferent passages and
in this way, they eliminate the microorganisms. Thus, it is
necessary to ensure sufficient concentrations of the ATBs
in the urine, kidneys and urinary bladder. When speak-
ing about sufficient concentrations, we use the term MIC
(minimum inhibitory concentration) which is the lowest
concentration of an antibiotic needed for elimination of
pathogens [4]. In order to alleviate the patient’s symptoms,
the initial treatment involves the use of amoxicillin poten-
tiated by clavulanic acid (11—15 mg.kg™ p. o. every 8 h) or
trimethoprim-sulphonamide (15 mg.kg™ p.o. every 12 h),
administered in the indicated cases even before obtaining
laboratory results about the susceptibility of bacteria to

different ATBs. The recommended length of treatment is

1—2 weeks with the absence of side effects; the length of
administration must be observed [18]. The relapse of UTIs
is prevented by observation of the length of administration
of drugs despite the disappearance of signs. Our deter-
minations of susceptibility of bacteria to individual ATBs
showed the highest effectiveness of enrofloxacin and cefo-
taxime that inhibited most effectively the growth of E. coli.

Cephazolin inhibited particularly Gram-positive bacteria.

CONCLUSIONS

Our results allowed us to conclude that infections of the
urinary tract affected more frequently males than females
and this was observed for both dogs and cats. The highest
number of positive samples (presence of bacteria) originat-
ed from the dogs. However, we should mention that the to-
tal number of samples obtained from dogs was higher than
that from cats and thus we should consider the fact that
the owners of cats, particularly those kept outside are not
able to detect the UTIs problems as readily as dog owners.
Thus, one should realise that this could contribute to some
distortion of our results. The age range associated with the
highest prevalence of UTIs was 7—10 years. The samples
investigated in our study originated from animals of vari-
ous breeds but included mostly small breeds of dogs, such
as Chihuahua, Dachshund or Yorkshire Terrier. The most
frequent agents of urinary infections were E. coli, Strep-
tococcus spp. and Staphylococcus spp. According to our
testing, the antibiotic enrofloxacin was the most effective
against all isolated pathogens which correlated with the
literary data that confirmed this antibiotic was one of the
most frequently used drugs to treat urinary infections in a

small animal clinical practice.
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ABSTRACT

The feline oral cavity is naturally inhabited by var-
ious microorganisms contributing to the maintenance
of its oral health. The imbalance of oral microbiota or
the presence of pathogenic agents can lead to secondary
oral diseases. Various factors such as sex, diet, breed,
environment and even age, affect the composition of
a healthy oral microbiota during the life of cats. The
purpose of this study was to compare the composition
of culturable aerobic and facultative anaerobic micro-
biota in cats in terms of different age categories. We
used conventional cultivation methods in conjunction
with microscopic and biochemical methods to isolate
and identify the microorganisms found in the oral cavi-
ty of cats. The examination of 76 samples confirmed the
dominance of the phylum Proteobacteria in almost all
groups. Commonly occurring bacteria have been iden-
tified, i.e. Streptococcus spp., Neisseria spp. and Pas-

teurella spp. Although aerobic and facultative anaerobic

oral microbiota were examined, differences between age
groups were noted. The microbial diversity of the oral

microbiota significantly increased with age.

Key words: age groups; cultivation methods; feline;

oral microbiota

INTRODUCTION

The oral cavity is the first part of the gastrointestinal
tract where the process of digestion begins, and therefore
it creates a space for the action of various microorganisms
[8]. The constant flow of saliva and the unique biological
properties of each part of the oral cavity provide a place for
attachment of microorganisms [22]. In particular, the sur-
face of the teeth has the highest microbial load compared
to other surfaces [25]. Complex, multi-species communi-
ties of resident microorganisms, from aerobic to anaerobic,

play a crucial role in oral health and diseases. Important is

67



the beneficial defensive function or rather the competition
with the pathogenic bacteria introduced with food or from
the external environment [15].

The feline oral microbiota consists of several bacteri-
al phyla such as: Proteobacteria, Bacteroidetes, Firmicutes,
Actinobacteria, Fusobacteria and others [4]. Differences in
the diversity and dominance of bacterial strains have been
reported in terms of health and diseases [22], and it has
also been disclosed that the diversity of microbiota in the
oral cavity of cats is significantly greater than that in dogs
[11, 15].

The feline oral microbiota may pose a risk of systemic
disease if it is transmitted to other sites in the body, e.g.
in the case of aspiration pneumonia [1]. Microorganisms
can also be transmitted by biting, thus causing infections
of wounds usually described in humans [9]. The feline oral
microbiota can be a source of zoonotic pathogens (e.g.
Pasteurella spp.), not only in terms of bites [17], but also
by the potential transmission of periodontal bacteria to the
oral cavity of cat owners [2].

Microbial communities inhabiting the oral cavity can
be affected by various factors such as sex, environment,
breed [13], diet [1] and age [13, 19]. Also, the composi-
tion of the oral microbiota may vary with the disease. Dif-
ferences in compositions of the oral microbiota between
healthy cats and those with a disease have been reported
for periodontal disease (PD) [13, 16], feline chronic gingi-
vostomatitis (FCGS) [6, 12] and feline immunodeficiency
virus (FIV) [10, 14, 23], where the predominance of certain
oral bacteria may cause or contribute to the development
of the disease [18].

For the detection of feline oral microbiota, culture-in-

dependent methods (gene sequence analyses) have been

increasingly used as less time-consuming than the culture
methods [3]. However, conventional culture methods are
still essential for the isolation and identification of micro-
organisms [8].

Natural colonization of the oral cavity by microorgan-
isms occurs from birth [19]. With increasing age, the di-
versity of microbial communities increases significantly [1,
22] which correlates with the changes during important
life stages [21]. Only a few studies have been involved in
investigating the effects of age on the oral microbiota in
cats. Therefore, the aim of our study was to evaluate on the
basis of biochemical methods and cultures how the age of

cats can affect the composition of their oral microbiota.

MATERIALS AND METHODS

Age groups of cats

An important step before sampling was the formation of
age groups. Based on the scheme proposed by Vo gtetal
[21], the following age groups were formed: kittens (from
birth until 5 months), young adults (6 months to 2 years),

adults (3 years to 7 years) and seniors (over 8 years).

Sample collection

Samples were obtained from 76 clinically healthy Eu-
ropean Shorthair cats by inserting a sterile swab into
the cat’s mouth and rotating the swab for approximately
10—15 seconds. The swab included the entire oral cavity:
the upper and lower dental arcade (supragingival plaque),
gums, labial and buccal mucosa, palatal mucosa and sub-
lingual region. The swabs were then placed in Amies trans-

port medium (Sarstedt, Niimbrecht, Germany) at 8 °C and

Table 1. Characterization of feline age groups

Age groups Mean age Sex F/M Environment 1/0/C Diet D/W/C
[%] [%] [%]
Kittens (n = 20) 2 months 60/40 75/20/5 0/25/75
Young adults (n = 20) 1.5 years 50/50 50/25/25 0/0/100
Adults (n =20) 4 years 55/45 35/35/30 0/0/100
Seniors (n = 16) 11 years 62.5/37.5 12.5/25/62.5 0/6.2/93.8

F—female; M—male; I—indoor; O—outdoor; C—combination; D—dry; W—wet
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processed within 24 hours. The health status of each cat
was assessed on the basis of anamnesis, clinical examina-
tion and oral health (normal gingiva with sharp, non-in-
flamed edges).

All procedures involving animals followed the guide-
lines stated in the Guide for the Care and Use of Animals
(Protocol No. 3323/16-221/3), approved by the State Veter-
inary and Food Administration of the Slovak Republic and
by the Ethics Commission of the University of Veterinary
Medicine and Pharmacy in Kosice, Slovakia. The animals
were handled in a humane manner in accordance with the
guidelines established by the relevant commissions. All ap-
plicable international, national and institutional guidelines
for the care and use of animals were observed. The basic
data about the cats were obtained from cat owners as well
as their consent to participate in the study. A summary of
the data obtained on the basis of age grouping may be seen
in Table 1.

Bacterial analysis of samples

Each swab was plated on blood agar, MacConkey agar
(HiMedia, Mumbai, India) and Endo agar (HiMedia, Mum-
bai, India). The blood agar was prepared as Tryptone Soya
Agar (HiMedia, Mumbai, India) supplemented with 5 % of
sterile defibrinated sheep blood. The inoculated agar plates
were then incubated under aerobic conditions at 37 °C for
24 hours. After incubation, the plates were examined and
then different types of colonies were subcultured to obtain
pure cultures. The presence of haemolytic activity and mor-
phological characteristics such as growth, shape, size and
colour of pure cultures were evaluated on blood agar. In ad-
dition to culture examinations, Gram staining was used to
differentiate Gram-positive and Gram-negative bacteria
and also to determine the microscopic morphology.

Bacterial isolates were then subjected to biochemical
assays for oxidase and catalase activity. The indole and
urease tests were used to differentiate Pasteurella spe-
cies. Final biochemical identification of strains were done
using commercial identification kits: STAPHYtest 24;
STREPTOtest 24; NEFERMtest 24; ENTEROtest 16; EN-
TEROtest 24 (Erba Lachema, Brno, Czech Republic). Sub-
sequently, a specific bacterial strain was determined using
the software Program TNW ProAuto 7.0. The overall re-
sults were evaluated and analysed by statistical-mathemat-
ical methods in percentage terms using the Microsoft Excel

programme.

Two selected isolates of Neisseria spp. were identified
by genotyping for their species identification. DNA was
isolated using DNAzol direct (Molecular Research Center
Inc., Cincinnati, USA) according to the manufacturer’s in-
structions. The 16S ribosomal RNA (rRNA) genes from the
isolates were amplified by PCR using the universal primers
27F (5-AGAGTTTGATCMTGGCTCAG-3’) and 1492R
(5-CGGYTACCTTGTTACGACTT-3’). The PCR cycling
conditions comprised an initial denaturation phase of
5 min at 94 °C, followed by 30 cycles of denaturation at
94 °C for 1 min, annealing at 55 °C for 1 min and primer
extension at 72 °C for 3 min and finally a primer extension
step at 72 °C for 10 min. The PCR was performed in a ther-
mal cycler (TProfesional Basic, Biometra GmbH, Géttin-
gen, Germany), aliquot PCR products were separated by
horizontal 3 % (w/v) agarose gel electrophoresis in Tris-ac-
etate-EDTA buffer (pH 7.8) and visualized with GelRed
(Biotium, Inc., Hayward, CA, USA) under ultraviolet light.
The amplification products were sent for purification and
sequencing using primer 1492R (Microsynth, Wien, Aus-

tria).

RESULTS

The combination of culture evaluations and subsequent
microscopic findings were the first steps in identifying
most of the representatives of the oral microbiota at the
level of the bacterial genus. A total of 18 different bacte-
rial genera were isolated from the 76 samples. The most
frequently isolated bacterial genera were Streptococcus
(23.9 %), Pasteurella (22.4 %) and Neisseria (17.9 %). Pas-
teurella spp. were identified on the basis of Gram staining
(Gram-negative coccobacilli), absence of haemolysis on
blood agar, grey and viscous colonies, absence of growth
on MacConkey and Endo agar, and positive biochemical
activity of catalase and oxidase tests. Only two isolates of
Pasteurella spp. have been accurately identified as Pasteur-
ella multocida and Pasteurella pneumotropica based on
their different biochemical characteristics (Table 2).

Escherichia coli was identified by its typical green me-
tallic sheen on Endo agar, and some suspect isolates were
confirmed by biochemical assays. Neisseria was identi-
fied based on the culture’s characteristics (round shape,
opaque, shiny, smooth colonies), microscopic morpholo-

gy (Gram-negative coccoid or short rods which often oc-
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Table 2. Biochemical characterization
of two Pasteurella isolates

Oxidase Catalase Urease Indole
Pasteurella multocida + + - +
Pasteurella
pneumotropica + + + +

+ — positive; - — negative

curred in pairs), positive catalase activity and positive ox-
idase activity. However, two isolates of Neisseria spp. were
also subjected to sequencing analysis (16S rRNA) and were
identified as Neisseria zoodegmatis and Neisseria animalo-
ris. Both species formed non-haemolytic, round shaped,
yellowish to white colonies on blood agar (Fig. 1).

The results of biochemical commercial tests of all iden-
tified species are shown in Table 3. A score of less than

50 % is reported only at the level of the bacterial genus.

Fig. 1. Growth of Neisseria zoodegmatis and Neisseria animaloris on blood agar
A—Neisseria zoodegmatis; B—Neisseria animaloris

The main aim of this study was to characterize and
compare the representatives of cultivable aerobic and
facultative anaerobic oral microbiota of cats between age
groups (Fig. 2). The members of the genus Streptococcus
(40.7 %) in the group of kittens were predominantly iden-
tified, followed by Pasteurella spp. (33.3 %) and Staphylo-
coccus spp. (11.1 %). In the case of young adults, the di-
versity of the bacteria was higher. The genera found in the
highest proportions were Pasteurella (25.7 %) and Strepto-
coccus (25.7 %), followed by Moraxella (8.6 %) and Neisse-
ria (8.6 %). In the adult cats, the most frequently isolated
bacteria were Streptococcus spp. (29.7 %) and Neisseria spp.
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(27 %). The genus Pasteurella (16.8 %) was the third most
frequently identified. The highest bacterial diversity was
recorded in the group of seniors. The predominant genus
was Neisseria spp. (28.6 %) followed by Pasteurella spp.
(17.1 %) and Staphylococcus spp. (11.4 %). The percentage
comparison of bacterial phyla between age groups can be
seen in Fig. 3.

Other bacterial genera detected in young adults were:
Enterobacter, Kocuria; other bacterial genera detected in
seniors were: Aeromonas, Brevundimonas, Corynebacteri-

um, and Sutonella, Weeksella.
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Table 3. Bacterial species identified by commercial identification kits

Bacterial species

Number of isolates

Average Percentage

Identification Score [%]

Aerococcus spp. 1 48.15
Aerococcus viridans 2 95.11
Aeromonas caviae 1 90.33
Aeromonas ichthiosmia 1 100
Brevundimonas vesicularis 1 78.12
Citrobacter braaki 2 95.38
Enterobacter spp. 3 4897
Escherichia coli 3 99.76
Klebsiella oxytoca 2 99.34
Kocuria kristinae 1 99.02
Moraxella osloensis 2 54.69
Moraxella spp. 7 49.88
Shewanella algae 2 92.11
Staphylococcus felis 1 9511
Staphylococcus hominis ssp. hominis 2 99.80
Staphylococcus sciuri 2 100
Staphylococcus simulans 1 60.24
Staphylococcus spp. 4 49.74
Staphylococcus warneri 1 99.16
Streptococcus sanguinis/parasanguinis 17 94.77
Streptococcus spp. 8 49.52
Streptococcus suis 2 99.78
Streptococcus uberis 5 99.90
Sutonella indologenes 2 99.38
Weeksella virosa 1 92.35
her 10
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Fig. 2. Comparison of the occurrence of bacterial genera
between age groups of cat
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Fig. 3. Comparison of bacterial phyla between age groups
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DISCUSSION

The composition of a culturable feline oral microbiota
may be influenced by many factors. This study focused on
various stages in a cat’s life and the potential differences in
the diversity of oral microbiota in the different age groups.

Oral swabs were performed without anaesthesia or se-
dation because the cats were calm during swabbing. This
approach differed from that used in other studies [4, 18,
24] when samples were taken during anaesthesia as a part
of routine dental examination. Subsequent bacteriological
examinations focused mainly on the isolation and identi-
fication of the facultative anaerobic and aerobic bacteria,
as the samples were transported over longer distances to
the laboratory. Also, in the study by Razali etal [17]
anaerobic bacteria were not included in the investigation
of the oral microbiota in the cats, as anaerobic bacteria re-
quire more complex cultivation and immediate processing
after sampling.

The current trend in the analysis of the oral microbiota
of cats is carried out mainly by NGS sequencing, so that the
samples are subjected directly to DNA extraction without
previous conventional culture [5, 20]. In addition, com-
pared to standard culture methods, a culture-independent
methodology can detect also the presence of non-cultura-
ble and unknown microorganisms in the oral microbiota
[3]. On the other hand, from the point of view of veter-
inary practice, culture methods are used in conjunction
with the determination of the antibiotic susceptibility of
oral bacteria which may cause either primary or secondary
infections.

Commonly occurring bacteria, for example Streptococ-
cus, Neisseria and Pasteurella, were identified in this study
by culture and biochemical identifications. The dominance
of the Proteobacteria phylum was also noted. A study of the
oral microflora of cats with or without disease showed that
a-haemolytic Streptococci were the most common genus in
healthy cats while in the sick cats, the genus Staphylococ-
cus dominated [24]. Sturgeon etal. [20] investigated
the oral microbiota from 11 clinically healthy cat and de-
tected the predominance of Proteobacteria phylum, mainly
the genera Moraxella, Pasteurella, Neisseria and unclassi-
fied bacteria of the Pasteurellaceae family. Another study
reported that the most commonly identified genera in
healthy cats were, Enhydrobacter, Moraxella and Capnocy-
tophaga [18]. The bacterial genera Moraxella and Neisse-
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ria were obtained from a healthy feline oral cavity. These
were also described as two of the most common aerobic
genera identified in samples from humans bitten by cats
[3]. Harris etal [7] reported that the most dominant
phylum in their study of the oral cavity of healthy cats was
Bacteroidetes, which does not agree with our results. This
may be related to other factors that may affect the compo-
sition of the oral microbiota [13].

The research of Spears etal [19] focused on the
development of oral microbiota in kittens from birth to
8 weeks of age. They examined a total of 5 litters; the num-
ber of individuals was 16. Phylogenetic analysis during
their growth showed an increase in the proportion of phy-
la. Although a different age range was used in our study,

our results indicated an increase in bacterial diversity.

CONCLUSIONS

Our study investigated changes in the composition
of the oral microbiota during the life of cats. Despite the
limitations of culture and biochemical methods, our re-
sults agree with the previous studies regarding the abun-
dance and predominance of the Proteobacteria strains in
the oral microbiota of cats. An increase in the bacterial
diversity with age was observed in the older age groups.
The difference in the oral microbiota may have been due to
changes during the life stages, which can be associated with
the change of the diet from milk to commercial or other
available food for kittens. Further studies are needed to
demonstrate the potential effects of other factors. A study
of cultivable healthy oral microbiota of cats with respect to
age can differentiate potential pathogenic bacteria not only
for the cats themselves but also for the potential risk of bite

infections in humans.
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ABSTRACT

Bacterial diseases of the upper respiratory tract ac-
companied with various degrees of clinical signs are
relatively frequent in a small animal clinical practice.
The clinical signs are usually mild, mostly connect-
ed with clinical manifestation of nasal discharge, mild
dyspnoea, sneezing, and coughing; however, in some
cases they may convert to a chronic stage with serious
systemic manifestations. The course and development
of complications depends on the etiological agent and
the success or failure of the subsequent therapy. An ac-
curate diagnosis is of the upmost importance in order
to develop an appropriate therapeutic plan for disease
management. The present study focused on: endoscopic
visualisation of the upper respiratory tract of the affect-
ed animals; localisation of pathological changes, and the
targeted collection of the samples. This clinical study in-
volved 26 patients with long-term signs of the affected
airways that progressed to chronic stages after the fail-
ure of the prescribed therapy. Each patient was clinically

examined, sedated and subjected to an endoscopic ex-

amination that involved the collection of samples. The
samples were examined microbiologically, tested for
antibiotic resistance, and a targeted therapy was imple-
mented. The endoscopic and complex microbiological
diagnosis enabled: more effective management of the
bacterial infection; shortening of the therapy; and a con-
valescence period that reduced the risk of the develop-

ment, or the spreading of resistant bacteria.

Key words: bacterial infection; laryngotracheitis;
rhinitis; samples cultivation and endoscopy visualis-

ation; upper respiratory diseases

INTRODUCTION

Infectious diseases of the upper canine respiratory tract
constitute a significant worldwide health issue encoun-
tered in a veterinary clinical practice. The affected group
includes senior dogs and also young dogs with reduced
immunity, development disorders and chronic degenera-

tive changes. Both acute and chronic infections of the up-
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per respiratory airways frequently lead to a wide range of
clinical signs. The most frequent are: mucopurulent nasal
discharge, sniffling, as well as coughing associated with the
excitation of the patient and dyspnoea that can also be re-
lated to diseases of other organ systems [9].

The etiology of the development of respiratory diseases
is frequently associated with various causative agents, such
as bacteria, viruses, fungi, parasites and other pathogens.
The respiratory tract is constantly exposed to these infec-
tious agents either by aerogenic or haematogenic pathways.
The pathogenic invasion is arrested by physical, chemical
and immunological mechanisms that include mucin, mu-
cocilliary clearance and various inherent antimicrobial
factors [15]. The impairment of the protective mechanisms
caused, for example, by immunosuppression, stress, tox-
ins, environment and infectious agents, frequently results
in the development of chronic inflammatory processes af-
fecting individual compartments of the respiratory tract.

In the majority of cases, rhinitis as a disease of the up-
per respiratory tract is frequently overlooked during the
primary diagnosis. From the etiological point of view, rhi-
nitis is most frequently induced by the propagation of viral
infections. However, secondary bacterial contaminations
may occur in long term inflammation or chronic diseas-
es. In such conditions connected with untreated cases, in-
flammation from rhinitis may spread to the surrounding

areas. The subsequent progressive chronic rhinitis involves

Fig. 1. Laryngotracheitis
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infiltration of the inflammatory process into the surround-
ing structures and the development of sinusitis maxillaris,
frontalis and infraorbitalis [11]. A non-specific infectious
rhinitis is very rare in dogs. Other factors participating in
the development of inflammation of the upper respiratory
tract include nasal trauma, allergy, or the penetration of a
foreign object [15].

Laryngotracheitis (Fig. 1) is another disease charac-
terised by the inflammation of the upper respiratory tract.
The etiology of this disease is polyfactorial. The pathogens
that most frequently cause this disease include: bacteria
(Bordetella bronchiseptica, Mycoplasma cynos, and Strep-
tococcus equi subsp. zooepidemicus), and viruses (canine
parainfluenza virus CAV-2, canine adenovirus CAV-1,
canine influenza virus, and canine respiratory virus). The
primary way of pathogen transfer involves aerosol and the
clinical signs appear about 3—10 days after the exposure
to the pathogens. Additional sources of infection are: in-
adequate sanitation of surfaces, contaminated examination
instruments, endotracheal tubes, and toys [3].

The correct diagnosis plays an important role in the
complex of prognosis, selection of therapy and its effec-
tiveness. Endoscopic imaging diagnosis is a targeted di-
agnostic method. The advantages of this method are: the
visualisation of the internal structures of the nasal and
frontal cavities, larynx, pharynx, trachea and bronchi, the

identification of anatomic abnormalities, and also the lo-

Fig. 2. Swab collecting in the area of larynx



calisation of foreign bodies [7]. The possibilities of endo-
scopic surgical interventions of congenital abnormalities,
such as: stenotic nostrils, lengthening of the soft palate,
stricture of nasopharyngeal compartments and tracheal
stenosis which assist in: the therapy management complex,
improvement of prognosis and the course and duration of
the respiratory disease.

Endoscopic visualisation is the most suitable diagnos-
tic method capable of revealing the sites of pathological
changes and the parallel collecting of samples for cytolog-
ical and microbiological examinations. One of the most
frequently used ways of the collection of samples from the
suspect regions of the respiratory apparatus involves swab-
bing under direct endoscopic control [14]. Mucosal biopsy
is indicated with the presence of various pathological neo-
plasms, as well as suspected mycotic diseases. The most ef-
fective way of sampling is the nasal sinuses, laryngeal swab
(Fig. 2), or bronchoalveolar lavage (BAL). During lavage,
the appropriate volume of saline at body temperature will
entrap sputum, exudate and surface cells revealing the po-
tential for the development of respiratory infections [2].

The suspicion of the presence of a bacterial infection is
frequently formulated during the primary clinical exami-
nation. When detecting signs, such as mucopurulent nasal
discharge, fever, lethargy, inappetence, the best option ac-
cording to the International Society for Companion Ani-
mal Infectious Diseases (ISCAID) is the empirical admin-
istration of doxycycline for 7—10 days as the first line of
antibiotic effectiveness against Mycoplasma spp. and Bor-
detella bronchiseptica. However, much more effective is the
therapy of respiratory infections of bacterial origin based
on the determination of antibiotic susceptibility of isolated
strains. For example, in the presence of secondary bacterial
agents such as Pasteurella spp. and Streptococcus spp., the
administration of amoxicillin appears to be the most ade-
quate treatment. For the treatment of infection with Staph-
ylococcus spp. it is recommended to use amoxicillin and
clavulanic acid since such treatment is not effective against
Mpycoplasma spp. and Bordetella bronchiseptica [10].

The high prevalence of microbial contamination of the
upper airways and increasing resistance to antimicrobials
indicate the necessity of the utilisation of the most accu-
rate diagnosis and targeted medicinal therapy. The aim of
our clinical study was by means of the targeted endoscopic
visualisation of pathological changes, to point out the in-

creased effectiveness of the collection of samples, reliability

of bacterial culture examinations and the development of
the targeted therapeutic plan, based on the susceptibility of

pathogens to the selected antimicrobial preparations.

MATERIALS AND METHODS

This study was carried out on patients (n = 26) exhib-
iting long-term clinical signs, such as: coughing, difficult
breathing, asphyxia, nasal discharge, hyperaemia and de-
pigmentation in the nostril zone. In 18 patients the disease
was localised only in the upper airways, while 8 of them
showed signs of a disease spreading into the tracheal zone.
All patients were diagnosed and treated at the Small animal
clinic of the University of Veterinary Medicine and Phar-
macy (UVMP) in Kosice. A rigid type of endoscope (Karl
Storz, Germany) 2 mm in diameter and 15 cm in length
was used for the examination of the nasal cavity. The tra-
chea and bronchi were examined with a lavage channel en-
doscope, 2.7 mm in diameter and 25 cm in length.

The group of patients with a disease localised in the
nasal cavity included the following breeds: Maltese dogs
(n =4), Komondors (n=2), Dachshunds (n=2), mon-
grels (n=2), Pitbull (n=1), Hungarian Vizsla (n=1),
Chihuahua (n=1), and German short-haired pointer
(n =1). The mean age of the patients was 6 years. After
the targeted endoscopic visualisation of the pathological
changes sampled from the nasal cavities of the dogs, they
were obtained by swabbing of the nasal mucosa in 14 cases
(74 %): Maltese dogs (n = 4), Dachshunds (n = 2), Komon-
dors (n =2), mongrels (n = 2), Yorkshire terriers (n =2),
Pitbull (n = 1), and Hungarian Vizsla (n = 1). Nasopharyn-
geal swabs were obtained from 4 dogs (21 %): Yorkshire
terriers (n = 2), German short-haired pointer (n = 1), and
Chihuahua (n = 1). The sample obtained from a 9 years old
Yorkshire terrier male consisted of a swab and the lavage of
sinuses with saline (in 1 case—5 %).

The group of patients with clinical signs involving the
trachea consisted of: Yorkshire terriers (n=4), Dachs-
hunds (n = 2), Maltese dog (n = 1), and mongrel (n =1).
Their mean age was 7 years. Samples from these dogs were
obtained in the same way, namely by swabbing the tracheal
mucosa.

All patients were subjected to a basic clinical examina-
tion which included: sampling of venous blood; evaluation

of a roentgenogram of the thoracic cavity in lateral projec-
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tion; and auscultation. Before each targeted endoscopic ex-
amination, the animals were sedated utilizing a combina-
tion of three anaesthetics administered to the patients in-
travenously, i. e. (Cepetor 1 mg.ml™ inj. solution, CP-Phar-
ma, Germany at a dose of 0.015 mg.kg™ body weight), di-
azepam (Apaurin 5 mg.ml inj. solution, KRKA, Slovenia
at a dose of 0.3 mg.kg™ b.w.), and propofol (Propofol 10
mg.ml™ inj. suspension, Fresenius Kabi, Germany at a dose
of 3 mg.kg' b.w.).

For the primary bacterial culture of the samples and
isolation of microorganisms we used a non-selective cul-
ture medium [Columbia agar (HiMedia, India) enhanced
with 5 % sheep blood]. In parallel, as another non-selective
medium suitable also for propagation of pigment forming
bacteria (such as Pseudomonas aeruginosa and Staphylo-
coccus aureus), we used meat-peptone agar (Nutrient agar
No. 2, HiMedia, India). On the basis of the character of
growth and haemolytic activity of the isolated bacteria, the
colonies were inoculated to the specific selective Endo agar
(HiMedia, India) with the focus on enterobacteria, includ-
ing E. coli, Klebsiella and Proteus, and on to a diagnostic
medium Baird-Parker agar (HiMedia, India) for identifica-
tion of S. aureus. The basic diagnosis included microscopic
examination of the native preparations and Gram-stained
preparations.

Commercial biochemical tests were used for addition-
al, more accurate identifications. The basic tests used in
our study included catalase (3% hydrogen peroxide) and
oxidase test (OxiTest, Erba Lachema, Czech Republic).
For the species specification we used EnteroTest 24, Nefer-
mTest 24, StaphyTest 24, and Streptotest 24 (Erba Lachema,
Czech Republic). The results of the tests were evaluated by
means of software TNW ProAuto 7.0.

The identified bacterial strains were subsequently sub-
jected to tests of susceptibility/resistance to antibiotics by
means of a modern automatized instrument VITEK® 2 in-
tended for the determination of the minimum inhibition
concentrations of antibiotics. The results of the tests were
interpreted in agreement with the criteria determined by
the European Committee on Antimicrobial Susceptibility
Testing (EUCAST). The complex microbiological diag-
nosis was carried out in specialised clinical microbiology

laboratories.
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RESULTS

The importance of endoscopic visualisation of the res-
piratory tract for the diagnosis of acute and chronic dis-
eases was confirmed. This examination revealed a broad
range of pathological changes in the majority of the pa-
tients. These pathologic manifestations ranged from mu-
cous clumps adhered to the mucous membrane of the res-
piratory airways, through typical macroscopic hyperaemic
manifestations of inflammation, up to anatomical changes
observed most frequently in the conchae, nasopharynx
and trachea.

The results of the microbiological examinations of the
samples collected in this study revealed the prevalence of
bacterial strains involved in diseases of the upper respira-
tory tract. The pathogens found in the highest abundance
in the nasal cavity and nasopharynx area were: Enterococ-
cus faecalis (15.6 %), Staphylococcus aureus (12.5 %), Staph-
ylococcus pseudintermedius (9.4 %), Escherichia coli (9.4 %),
Bacillus spp. (6.3 %), Pseudomonas aeruginosa (6.3 %) and
others (Table 1). In the samples from the trachea, Escher-
ichia coli (20 %), Enterobacter ludwigii (13 %), haemolytic-
Escherichia coli (13 %) and others (Table 2) were found in
the highest abundance.

In addition to the microbiological cultivation of the
samples, antibiograms were prepared illustrating the effec-
tiveness of various groups of antibiotics used in veterinary
practice. The determination of antibiotic resistance of indi-
vidual pathogens provided the necessary information for
the initiation of targeted individual antibiotic therapy. The
results of the antibiotic resistance of contaminants of the na-
sal cavity and trachea isolated in our study may be seen in
Figures 3 and 4. The effectiveness of individual groups of an-
tibiotics used in the treatment of common infections of the
upper respiratory tract in descending sequence were as fol-
lows: fluoroquinolones (90.0 %), aminoglycosides (89.5 %),
(83.0%), (81.5%),
phenicols (77.0 %), cephalosporins (72.5%), polymyxin B
(63.0%), penicillins (53.0 %), macrolides (36.0 %), fusidic
acid (20.0 %), and lincosamides (11.8 %), see Figure 5.

tetracyclines trimetoprim-sulphate



Table 1. Bacterial species found in the nasal cavity

Table 2. Bacterial species found in the trachea

Bacterial species Number of findings %
Enterococcus faecalis 5 15.6
Staphylococcus aureus 4 12.5
Escherichia coli 3 9.4
Staphylococcus pseudintermedius 3 9.4
Bacillus spp. 2 6.3
Pseudomonas aeruginosa 2 6.3
Acinetobacter baumanii 1 3.1
Acinetobacter pittii 1 3.1
Acinobacter spp. 1 3.1
Aeromonas caviae 1 3.1
Klebsiella pneumoniae 1 3.1
Neisseria zoodegmatis 1 3.1
Pantoea agglomerans 1 31
Pasteurella canis 1 3.1
Pasteurella dagmatis 1 3.1
Pasteurella stomatis 1 3.1
Staphylococcus epidermidis 1 3.1
Staphylococcus intermedius 1 3.1
Staphylococcus epidermidis 1 3.1

Bacterial species Number of findings %
Escherichia coli 3 20.0
Enterobacter ludwigii 2 133
Haemolytical E. coli 2 13.3
Enterobacter cloacae 1 6.7
Enterobacter spp. 1 6.7
Beta haemolytic streptococci 1 6.7
Klebsiella pneumoniae 1 6.7
Pasteurella multocida 1 6.7
Pasteurella stomatis 1 6.7
Proteus mirabilis 1 6.7
Streptococcus viridans 1 6.7

Table 3. The effect of antimicrobial drugs used in the UVMP hospital on bacteria isolated in the study

Acinetobacter Pasteurella Staphylococci Streptococci Bacillus . .

- . Enterobacteriacae E. coli

Active ingredient spp. spp. spp. spp. spp. (=4 (n=8)

(n=3) (n=5) (n=9) (h=2) (h=2) - -

Benzyl penicillin - 0% 28% 0% - 100 % 100 %

Cephalexin 100 % 0% 14 % 0% - 100 % 29 %

Enrofloxacin 0% 0% 13% 0% - 0% 25%

Amoxicillin 100 % 0% 25% 0% - 100 % 25%
clavulanic acid

Amoxicillin 100 % 0% 25% 0% - 100 % 25%
clavulanic acid

Gentamycin 0% 0% 0% 100 % - 0% 13%
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Fig. 3. The effect of antibiotics against bacterial species found in the nasal cavity
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Fig. 5. The effectiveness of antibiotics used in the treatment of common infections of the upper respiratory tract



DISCUSSION

Numerous infectious agents are responsible for causing
primary or secondary respiratory diseases in dogs. Clinical
signs may vary from mild dyspnoea, sneezing, and cough-
ing to severe pneumonia with systemic manifestations. De-
pending on the etiological agent, the gross and microscop-
ic changes observed during these infections can be rather
unspecific or have highly characteristic patterns [15].

There are many diagnostic tools available on the mar-
ket that can be used for the identification of respiratory
agents. The development of molecular diagnostic tools al-
lows the rapid identification of a wide variety of pathogens
and the establishment of more accurate treatments [16].
Most common bacterial cultures from the nasal cavity can
be performed from specimens obtained by nasal swabbing.
However nasal lavage specimens gave a higher sensitivi-
ty for bacterial growth than tissue biopsy specimens and
swabs [8]. In comparison with dogs, bacterial culture re-
sults can be difficult or impossible to interpret as bacteria
can also be cultured from the nasal cavity of healthy cats.
However multidrug-resistant bacteria can colonize and be
grown from the nasal passages in the absence of infection
[10]. Bacterial cultures from the respiratory tract can be
performed from specimens obtained from oropharyngeal
swabs, tracheal wash, or bronchoalveolar lavage (BAL).
Collection of a tracheal wash or bronchoalveolar lavage
specimen is indicated in dogs with more severe clinical
signs or evidence of pneumonia [13]. Some clinicians rec-
ommend quantitative or semiquantitative bacterial cultures
of BAL fluid, and it has been reported that counts greater
than 10* colony forming units (CFU.ml™) (or grown from
primary culture) represent true infection whereas less than
103 CFU.ml™ (or grown from subculture) represent con-
tamination [12].

The treatment of upper respiratory diseases is sympto-
matic; however, due to the common occurrence of second-
ary infections with a broad spectrum of bacteria, antibiotic
treatment is the first therapeutic approach. Antimicrobial
agents should be selected based on culture and sensitivity
tests of airway specimens collected by bronchoscopy [14].
Endoscopy is a valuable diagnostic approach to the upper
and lower respiratory tract, because it allows direct visual-
isation and sample collection. However, each anatomical
region may require a range of specialized technical equip-

ment and varying levels of experience to access and eval-

uate specific sites. Each procedure and normal appearance
like cytology and culture results from each region will en-
hance the diagnostic success [5].

By means of endoscopic diagnosis and direct collection
of samples from the nasal cavity (n =18), nasopharynx
(n =4) and trachea (n = 8) of 26 animal patients, microbial
cultures allowed us to identify 27 bacterial species in a total
number of 47 bacterial findings. The most frequently isolat-
ed Gram-negative bacteria were: Escherichia coli (17.0 %),
Pasteurella spp. (10.6 %), members of the family—Entero-
bacteriacae (10.6 %), Acinetobacter spp. (6.4 %), Klebsiel-
la pneumoniae (4.2 %), Pseudomonas aeruginosa (4.2 %),
Proteus mirabilis (2.1 %), Aeromonas caviae (2.1 %), and
Neisseria zoodegmatis (2.1 %). Of the Gram-positive bac-
teria, we detected most frequently: Staphylococcus aureus
(8.5%), Staphylococcus pseudintermedius (6.4 %), Strep-
tococcus spp. (6.4 %), Staphylococcus spp. (4.2 %) and Ba-
cillus spp. (4.2 %). Our results resemble those published
by Adaszek etal [1], showing relatively frequent in-
volvement of the pathogenic bacteria E. coli, Klebsiella spp.
and Staphylococcus spp. in the respiratory tract infections
in the dogs.

In the relevant study conducted by Daodu etal
[6], the authors isolated 222 bacterial species. The most
frequently identified species were: Staphylococcus spp.
(21.7 %), E. coli (18.5 %), Proteus spp. (17.1 %), Acineto-
bacter spp. (9.0 %), Pseudomonas spp. (6.8 %) and Strep-
tococcus spp. (5.4 %). The results of culture studies of
samples from 90 nasal swabs published by Ayodhya
etal. [2] revealed various types of bacteria in mild cases:
E. coli (63.33 %), Klebsiella spp. (30 %) and mixed infec-
tions (E. coli and Klebsiella spp.) (6.67 %), in 19, 9 and
2 dogs (out of 30 samples), respectively. Similarly, in the
case of moderate respiratory diseases, samples revealed
the presence of various bacteria: E. coli (30 %), Klebsiella
spp. (33.33 %), Streptococcus spp. (30 %) and mixed infec-
tions (Klebsiella spp. and Streptococcus spp.) (6.67 %), in 9,
10, 9 and 2 dogs (out of 30 samples), respectively. In the
case of severe respiratory diseases, various bacteria were
identified: E. coli (6.67 %), Klebsiella spp. (3.33 %), Strepto-
coccus spp. (46.67 %), Staphylococci spp. (40 %) and mixed
infection (E. coli and Streptococcus spp.) (3.33 %) in 2, 1,
14, 12 dogs and 1 dog (out of 30 samples), respectively. The
study conductedby Charkrabarthi [4] showed that
Klebsiella pneumoniae and E. coli spp. were the common

bacteria involved in respiratory infectious diseases.
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The information related to microbial contamination
of the upper respiratory tract obtained in our study were
subsequently used for the determination of antibiotic re-
sistance of the isolates against 11 groups of antibiotics.
The effectiveness in descending sequence was as follows:
aminoglycosides (89.8 %), fluoroquinolones (89.5 %),
tetracyclines (84.2 %), trimetoprim-sulphate (80.7 %),
phenicols (77,0 %), cephalosporins (71.2 %), polymyx-
in B (67,8 %), penicillins (55,0 %), macrolides (35.6 %),
fusidic acid (16.6 %) and lincosamides (11.6 %). In the
study published by Dadou etal. [6] the effectiveness
of fluoroquinolones on Gram-positive and Gram-negative
bacteria ranged from 78.4 % to 93.3 %. The effectiveness
of cephalosporines against Gram-positive bacteria reached
31.7 % while the effect of penicillins (e.g. amoxicillin),
as the first line antibiotics, was paradoxically rather low.
It reached 15.0 % against Gram-positive and 37.7 % against

Gram-negative strains.

CONCLUSIONS

Chronic and long-term diseases of the upper respirato-
ry tract require correct and targeted diagnosis. Direct vis-
ualisation of the respiratory airways is capable of ensuring
precise sampling, accurate diagnosis and the development
of the subsequent rational therapeutic plan. Direct targeted
collection of samples is advantageous with respect to the
elimination of the complex multifactorial influences and
contribution to the therapy effectiveness. Microbiologi-
cal culture methods focused on pathogenic bacteria con-
stitute an inseparable part of the diagnosis of respiratory
diseases especially with respect to prevention of increasing
antibiotic resistance and incidence of chronic conditions.
Although the financial demands of endoscopic diagnostic
approach are moderately increased, it has been confirmed
that the results obtained in this way are reliable. In prac-
tice it may result in reduced administration of therapeu-
tically effective medications, more effective treatment and
prevention of an increase in antibiotic resistance and thus,

also reduced load on the patient.
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