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INTRODUCTION

Ticks are the most common external parasites of 
dogs (Chomel, 2011; Dantas-Torres et al., 2012). 

Rhipicephalus sanguineus (R. sanguineus) also known as 
brown dog tick, kennel tick, or pantropical dog tick, is a 
worldwide species of tick and more commonly in warmer 
climates. Ticks transmit pathogenic agents including 
Babesia canis vogeli, Ehrlichia canis, Anaplasma platys and 
Hepatozoon canis to dogs and their owners (Beugnet and 
Marié, 2009; Chomel, 2011; Dantas-Torres and Otranto, 
2016). Ixodes ricinus (I ricinus) is the main vector of Lyme 
borreliosis and tick-borne encephalitis (TBE) in human 

also its bite can cause meat allergy (Apostolovic et al., 
2016; Hofhuis et al., 2016; Jaenson et al., 2012). I. ricinus 
has a wide range of time activity during the year (Beugnet 
and Chalvet-Monfray, 2013; Dantas-Torres and Otranto, 
2013; Estrada-Peña et al., 2013).

Ticks infestation mostly associated with physiological 
changes can be diagnosed by hematobiochemical alterations 
(Sakina et al., 2012) and high risk of transmission of tick-
borne pathogens (Halos et al., 2012; Fourie, 2015). These 
hematobiochemical parameters assist in diagnosing of 
infestation severity and helps in follow up of treatment of 
infested dogs. 
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In Veterinary practicing the synthetic neurotoxic 
insecticides (e.g. organochlorines, organophosphates 
and pyrethroids) are used as ectoparasiticides, but the 
development of insecticide resistance in addition to their 
adverse effect on human health (Kolaczinski and Curtis, 
2004) and the environment (Ramwell et al., 2009). The 
restrictions on using of synthetic insecticides attract the 
researcher to develop botanical alternatives for ectoparasite 
management. Essential oils are approximately 20–80 
different plant metabolites contain more than two or three 
major terpene or terpenoid components, which constitute 
up to 30% of the oil (Bakklai et al., 2008). In the last decade 
there has been an extensive research on the repellent and 
acaricidal effects of many essential oils against ticks. The 
majority of these researches have focused on species of 
Rhipicephalus and Ixodes (both: Ixodida: Ixodidae) ticks, 
largely in vitro. These repellent and acaricidal efficacy are 
often attributed to the oil’s major component(s); however, 
there is also evidence that oil components may work in 
synergy (Yang et al., 2003). Data on the effects of essential 
oils as tick treatments or repellents in vivo are still limited 
(Ellse et al., 2013; Ellse and Wall, 2014). 

The mode of action of many essential oils or their 
components still under investigation, but there are many 
evidences of a toxic effect on the insect nervous system; 
terpinen-4-ol, a monoterpenoid in tea tree oil, inhibits 
arthropod acetylcholinesterase (Mills et al., 2004; Lopez 
and Pascual-Villalobos, 2010). While, the hydrophobic 
nature of the oils can cause mechanical effects on the 
parasite by disrupting the cuticular waxes and blocking the 
spiracles, leading to death by water stress (Burgess, 2009) 
or suffocation. Essential oil have antihistamine effect (Koh 
et al., 2002) and reduces the inflammation by acting as 
an anti-inflammatory action by increasing interleukin-10 
production (Andrade et al., 2014; Aazza et al., 2014; 
Ali et al., 2015). Anti-inflammatory, wound healing and 
acceleration of healing processes of essential oils were due 
to presence of sesquiterpenes, saponins, and considerable 
levels of polyphenolic compounds (Duarte et al., 2009; 
Cascaes et al., 2015).

Essential oils are generally safe and have been approved 
as food additives and fall in the category of generally 
recognized as safe by the US FDA (Bilsland and Strong, 
1990). Studies proved safety of these oils if used in 
aromatherapy (Oyedeji et al., 2009; Ali et al., 2015). Garlic 
oil is non-toxic to mammals (Mossa et al., 2018), has high 
acaricidal activity against eriophyid mites (Mossa et al., 
2018) and arthropod pest (Dabrowski and Seredynska, 
2007; Attia et al., 2011).

This study was carried out to assess the treatment and 
preventive efficacy of natural oils mixture; Garlic oil, 
Rapseed oil and Roship oil (Lacecca®) as well as, evaluation 

of it is safety by assay of hematology and biochemical 
parameters in healthy dogs and dogs suffering from tick 
infestation after recommended doses administration.

MATERIALS AND METHODS

AniMAls
Forty (40) healthy mixed breed dogs, weighing 17 to 25 
kg, and more than 6 months age of a breeds characterized 
by a fur of moderate hair length, offering chance for ticks 
to penetrate through the hair and being retained on the 
animals. Dogs were not exposed to ectoparasiticides for 
at least 3 months before start of the study. Physical and 
clinical examination was done of each dog to ensure that 
they are healthy before treatment.

Dogs housed in cages indoor animal house, at temperature 
(20-25 °C ± 4 °C) and photoperiod of 12 hs light: 12 
hs darkness. Animals kept individually in cages 2.0X3.0 
meters. Water was available ad libitum and an adequate 
amount of a commercial dog food towards their 
maintenance was provided daily. The study protocol was 
reviewed and approved by the institutional animal Care 
and Use committee, Faculty of Veterinary Medicine, Cairo 
University (vetCU06202019045).

nAturAl essentiAl oils Mixture (lAceccA®)
A 100% natural essential oils mixture (Lacecca®) for pets 
composed of (garlic oil 2.5%, Allicin 0.05%, rapeseed oil 
8%). Obtained from Envisal Europe BV in Rotterdam. 
Lacecca® was applied as 0.25 ml/1kg b.wt via oral spray 
followed by water for 3 successive days/ month according 
to instructions. 

ticks collection
The major families of tick: hard ticks or Ixodes spp. (R. 
sanguineus) were collected from previously infested dogs. 
Ticks were identified in the laboratory using the taxonomic 
keys (Hoogstraal, 1956; Walker et al., 2003).

AniMAl grouping And treAtMent
Dogs divided into 4 groups (10 animals each). Animals 
in group 1 were kept as non-infested non-treated control 
dogs. Dogs of group 2 were kept as infested- untreated 
control dogs. Group 3 was infested and treated orally with 
essential oils mixture 0.25 ml/kg b.wt for 3 successive 
days/ month. Group 4 was pretreated with essential 
oils mixture (0.25 ml/kg b.wt) for 3 successive days as 
preventive before tick infestation. Animals in each group 
were weighed before and after treatment. Following 
essential oils mixture administration, the animals were 
offered food and closely observed for adverse reactions 
and clinically according to Food and Drug Administration 
(FAD) diagnosis.
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tick infestAtion And counts
Tick infestations were conducted on pentobarbital sedated 
dogs before exposure and 4 hours post exposure. Each 
dog was infested with 40 females and 10 males unfed 
adult ticks directly applied to their fur of the back, lateral 
side, and head (0 time). The tick numbers in treated and 
control group were counted at 6, 12 and 24 hours after 1st 
dose as well as at 3,7 14 28 days from start of treatment. 
Dog body parts (neck and head areas, inside legs, outside 
of legs and feet, tail and anal areas, outside and inside of 
ears) were examined and ticks were removed using forceps. 
The collected ticks were classified as dead or alive, attached 
or unattached and counted to assess the possible acricidal 
effect (Marchiondo et al., 2013).

The percentage efficacy was calculated as follows:

Efficacy (%) against ticks = 100 × (Mc –Mt) /Mc

Where;
Mc= Arithmetic mean number of live ticks (free or 
attached) on dogs in the negative control group (group 1) 
at a specific time point; Mt= Arithmetic mean number of 
live ticks (free or attached) on dogs in the natural essential 
oil’s mixture (oral sprayed) groups at a specific time point.

clinicAl AssessMent
Dog observation was carried out according to the published 
description of the regional distribution and lesion 
appearance of FAD (Scott et al., 2001). The severity of the 
signs of FAD was graded on the following scale: very mild, 
mild, moderate, severe, very severe any non-FAD related 
skin disease was considered in resolution or interpretation 
of the signs of FAD (Fisara et al., 2015).

AssessMent of essentiAl oils Mixture sAfety in 
treAtMent And prevention of tick infestAtion in 
dogs
Two blood samples were individually collected from dogs 
from radial vein using 24 gauge needles after treatment for 
evaluation of hematological analysis as well as biochemical, 
liver and kidney function parameters. 
1. Blood samples were collected in vacuum tube containing 

anticoagulant (EDTA). Hematological estimations of 
TEC, PCV, mean corpuscular Volume (MCV), Mean 
Corpuscular Hemoglobin (MCH), Mean Corpuscular 
Hemoglobin concentration (MCHC), Platelet count 
(Thous, TLC, DLC. Staff, Segminted). Lymphocytes, 
Monocytes, Eosinophils, Basophils calculated by 
standard laboratory procedures (Jain, 1986).

2. Blood samples were collected in 5 ml sampling tube 
capacity with gel clot activator, allowed for clot and 
serum was separated by centrifugation at 1000 g for 
5 minutes. Diagnostic kits provided by BioScope 
diagnostics were used for determination of Glucose, 

Urea, Creatinine, Uric acid, Cholesterol, Tri glycerides, 
Bilirubin, AST, AST, ALP, Total protein and Albumin.

stAtisticAl AnAlysis
The groups were compared at each time point by a one-way 
Analysis of Variance (ANOVA). The level of significance 
at 5%.

RESULTS 

clinicAl AssessMent 
Non-treated non-infested dogs showed normal health 
and skin and no signs of affections. Infested non-treated 
dogs showed skin lesions caused by tick bites in form of 
skin irritation and inflammation (Figure 1a). Skin lesions 
in infested treated dogs were decreased and gradually 
disappeared following and after administration of essential 
oils mixture (Figure 1b). The pretreated group (4) ticks 
were not attached to dog skin without detectable lesion. 

Figure 1: showed tick infestation and skin affections in dogs. 
a: Before essential oils mixture treatment (Arows). b: After 
prevention or treatment.

All dogs skin lesions confined with active FAD, observed 
at 3,7,14 and 28 days (Table 4). All animals showed 
active FAD in day zero (100%). Treated group (3) showed 
decreasing of active bad lesion 40%, 10%, 0% and 0% at 3, 
7, 14 and 28 days, respectively; while non-treated group 
(2) showed 100% active FAD at all intervals (Table 1). 
Animals of treated group showed inactive FAD 90%, 60%, 
0% and 0% at 3, 7, 14 and 28 days, respectively; compared 
0% in non-treated animals at all times.

Body weight
 The recoded dogs body weights (Table 2) showed decrease 
in average body weight (ABW) of tick infested dogs at 28 
days (1.93 kg/dog) as compared with increased ABW of 
treated dogs (2.15 kg/dog), while control negative group 
showed 1.15 kg/dog. Preventive treated group 4 showed 
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Table 1: Clinical assessment score of skin lesions of tick infested dogs treated with essential oils mixture.
Group Number of dogs (100% of total) Day zero 3 days 7 days 14 days 28 days
2 (Infested non 
treated)

Presence of active* FAD lesions 10(100%)
 Presence of only inactive active * FAD lesions 0(0%)

3 (Treated) Presence of active* FAD lesions 10 (100%) 4 (40 %) 1 (10%) 0 (0%) 0 (0%)
 Presence of only inactive active * FAD lesions 0 (0%) 9 (90%) 6 (60%) 0 (0%) 0 (0%)

Table 2: Difference in body weight/kg of dog groups before and 28 days after treatment.
Gr No Treatment Body weight/kg

Before treatment Mean ± SD After treatment Mean ± SD Difference 
1 Control negative 22.08 2.48 23.23 2.16 1.15
2 Infested nontreated 23.53 0.79 21.60 0.92 - 1.93
3 Infested treated 21.60 0.92 23.75 0.81 2.15
4 Preventive 20.70 2.37 22.54 2.26 1.84

Table 3: Ticks numbers and efficacy % of essential oils mixture in R. sanguineus infested dogs after oral administration 
of 0.25 ml/kg b.wt followed by water for 3 successive days.
Day after treatment Tick count at 

hours post 
dosing

Mean of alive tick number Treatment 
efficacy %

p-value
Group 2 (Infested 
nontreated)

Group 3 (Infested treat-
ed Treated)

1 (1st dose) +6 40 10 75 <0.05
+12 40.5 6 85.18 <0.05

2 (2nd. Dose) +6 35 2.5 92.85 <0.05
+12 34 1.5 95.58 <0.05

3 (3rd. dose) +6 35 0.2 99.42 <0.05
+12 34 0 100 <0.05

7 (from the 1st dose) +24 35 0 100 <0.05
14(from the 1st dose) +24 38.5 0 100 <0.05
21(from the 1st dose) +24 34.6 0 100 <0.05
28 (from the 1st dose) +24 35.5 0.2 99.43 <0.05

increase average body weight 1.84kg/dog than control 
negative (1.15 kg/dog). Generally general health 
condition, activity and body weight improved after 
essential oil mixture administration. 

Table 2 difference in body weight/kg of dog groups 
before and 28 days after treatment. 

efficAcy of essentiAl oils Mixture AgAinst tick 
infestAtion in dogs
The obtained results in Table 3, revealed gradual 
decrease in alive ticks number at 6 hours with rate of 
75% from the 1st. dose to reach 99.42 % at 6 hours from 
the 3rd. dose and 100% starting from 12 hours from 
the 3rd. dose up to 28 days. Complete disappearance of 
ticks from the animal’s bodies at 7, 14 and 21 days after 
treatment. A complete preventive efficacy (100%) was 
obtained from using essential oils mixture against tick 

infestation in dogs.

sAfety of essentiAl oils Mixture
heMAtologicAl vAlues
The obtained results (Table 4) showed complete 
safety and no adverse effect of essential oils mixture 
on control and preventive group. Tick infestation in 
group 2 showed adverse effects on hematological values, 
decrease in Hb% (12.40±0.55), PCV % (37.13±1.47), 
TEC 106/ml 5.29±0.03 and increase in total leucocytic 
count (TLC 103/ml) 22.64±2.88 in infested dogs than 
in normal dogs 15.80±1.43, 47.06±0.77, 6.53±0.08 
and 19.76±0.17, respectively. Treatment with essential 
oils mixture improved dog’s health condition and all 
blood parameters returned to normal values (Hb% 
(15.98±0.25), PCV% (47.93±0.01), TEC (106/ml) 
6.58±0.08 and TLC (103/ml) (21.17±1.04). In preventive 
treatment group no changes in all hematological values 
was recorded (Table 4).
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Table 4: Effect of essential oils mixture administration (0.25 ml/kg b. wt) for 3 successive days on Hematological values 
in healthy (prevention) and tick infested dogs (treatment) (n=10, Mean± SD).
Parameter Group (1) 

Control
Group (2) Tick 
infested

Group (3) 
Treated

Group (4) 
Prevention

Mean ± SD Mean ± SD Mean ± SD Mean ± SD
Hb (g/dl) 15.80±1.43 12.40±0.55a 15.98±0.25 a 15.76±1.14
TEC 106/ml 6.53±0.08 5.29±0.03a 6.58±0.08 a 6.36±0.79
PCV (%) 47.06±0.77 37.13±1.47a 47.93±0.01 a 47.09±0.50
Mean Corpuscular Volume (MCV) fl 72.50±4.61 70.40±5.61 73.40±1.48 74.80±5.51
Mean Corpuscular Hemoglobin (MCH) pg 25.50±0.01 23.70±1.79 25.60±1.08 27.20±1.06
Mean Corpuscular Hemoglobin concentration (MCHC) % 33.60±0.92 33.60±0.66 33.30±0.78 33.50±0.81
Platelet count (103/ml) 165.40±6.88 244.70±12.32 a 159.20±1.01 152.50±1.25
TLC (103/ml) 19.76±0.17 22.64±2.88 a 21.17±1.04 a 20.26±1.06
Neutrophils 4.28±1.18 7.80±1.54 a 6.95±0.15 8.45±0.01
Lymphocytes 87.00±1.23 65.00±1.20 83.20±0.14 81.20±1.50
Monocytes 4.00±0.07 3.12±0.03 4.30±0.18 4.00±0.06
Eosinophils 1.20±0.01 1.20±0.06 1.30±0.01 1.40±0.04
Basophils 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

A, Significant at <0.05.

Table 5: Effect of essential oils mixture oral administration (0.25 ml/kg b. wt) for 3 successive days on dogs biochemical, 
liver and kidneys function parameters in healthy and tick infested, treatment and prevention. (Mean ± SD).
Parameter Control Tick infested Treatment Prevention

Mean ± SD Mean ± SD Mean ± SD Mean ± SD
Glucose (mg/dl) 99.10±7.92 77.60±7.64a 97.40±2.84 a 98.20±4.87
Urea (mg/dl) 28.10±9.09 29.60±2.87 30.50±7.26 28.10±7.30
Creatinine (mg/dl) 1.37±0.18 1.27±0.19 1.37±0.18 1.37±0.18
U. acid (mg/dl) 2.81±0.61 2.69±0.73 2.81±0.61 2.81±0.61
Cholesterol (mmol/L) 99.70±9.77 137.20±0.71 99.70±9.77 99.70±9.77
Tri glycerides (mmol/L) 63.50±13.48 72.30±9.76a 63.50±13.48 a 63.50±13.48
Bilirubin 9mg/dl) 0.34±0.03 0.33±0.03 0.34±0.03 0.34±0.03
AST (IU/l) 55.70±1.10 73.20±5.13a 55.70±10.10 a 55.70±10.10
ALT (IU/l) 53.30±9.11 64.10±2.23 a 53.30±9.11 a 53.60±11.23
ALP (IU/l) 79.40±1.45 140.10±2.07a 77.90±1.81 a 78.90 ±4.52
Total protein (g/l) 5.85±0.08 7.79±0.03 a 5.79±0.63 a 5.63±0.79
Albumin (g/l) 3.24±0.02 2.20±0.01a 3.24±0.21 a 3.31±0.21

A, Significant at P> 0.05.

BiocheMicAl, liver And kidneys function 
pArAMeters
The obtained results (Table 5) showed, in group 2 (infested 
treated) there was decrease in glucose (77.60±7.64mg/
dl) and albumin (2.20±0.01g/l). Increase of total 
protein (7.79±0.03g/l), ALT (64.10±2.23 IU/l), AST 
(73.20±5.13IU/l) and ALP (140.10±2.07 IU/l00) levels 
than those of normal dogs, glucose (99.10±7.92mg/dl) 
and albumin (3.24±0.02g/l), total protein (5.85±0.08g/l) 
ALT (53.30±9.11 IU/l), AST (55.70±1.10 IU/l) and 
ALP (79.40±1.45 IU/l00), respectively. All biochemical 

parameters values in treated infested are returned to be 
close to control group dogs (glucose, 97.40±2.84 mg/dl) 
and albumin (3.24±0.21 g/l), total protein (5.79±0.63 g/l), 
ALT (53.30±9.11IU/l), AST (55.70±10.10 IU/l) and ALP 
(77.90±1.81 IU/l00). Parameters of preventive treatment 
group 4 showed no difference with those of control.

DISCUSSION

In the present study, the efficacy of essential oils mixture 
remained >92.85% against Ixodes Rhipicephalus at 12 hs 
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count for a full month. This is the first time that oral use of 
essential oils mixture product for 3 days has been shown to 
provide such a rapid prophylactic and speed of kill against 
R. sanguineus effectiveness of acaricid at least 90% at the 
6 h time point was calculated for a full month. The high 
efficiency of the studied essential oils mixture on ticks may 
due to acaricidal effect of used oils. These results supported 
by results Cetin et al. (2009, 2010). The acaricidal efficacy 
of essential oils against ticks was attributed to their volatile 
components (Tedonkeng et al., 2005; Cetin et al., 2009, 
2010) and their synergistic effect (Lwande et al., 1999). 
Essential oils repellent effect may attributable to the 
presence of trace elements, nerolidol, where 0.001μL 
caused 98.3% repellency (Lwande et al., 1999). Previous 
researches recorded that essential oil of other plants repel 
ticks (Lwande et al., 1999; Jaenson et al., 2005; Tunón et 
al., 2006; Birkett et al., 2011).

The detected hemoglobin (Hb) value in tick infested 
groups ((12.40±0.55) was lower than in normal group 
(15.80±1.43), which is in agreement to the findings of Jani 
et al. (2004) who reported that canine cases of parasitic 
dermatitis had significantly lower Hb than normal dogs 
(Biswas and Roy, 2005). PCV was found significantly 
low as compared to healthy control group. The PCV 
values recorded in ticks infested (37.13±1.47) dogs was 
significantly low as compared to healthy dogs (47.06±0.77), 
these findings are in agreement with significant decrease 
in PCV level of Mange affected dogs with Sarcoptic scabie 
(Beigh et al., 2016). 

The significantly decrease in RBC’s count at P<0.05 in 
infested dog group (70.40±5.61 per μl) as compared with 
healthy dogs group (72.50±4.61) is agree with report 
of Patel et al. (2005) and Nair and Nauriyal (2007). 
Leukocytosis in ectoparasite infestation may be explained 
as a part of inflammatory reaction directed towards ticks, 
fleas, lice and mites (Shah, 1994). Significant neutrophilia 
was found in ticks infested dogs 76.12±0.32 in comparison 
with healthy ones (71.12±0.51). Neutrophilia may be due 
to activation of defense mechanism of the body agonist the 
infection ( Jain, 1986). 

There was significant lymphopenia in tick infested dogs 
(65.00±1.20) as compared to healthy dogs (87.00±1.23). 
These results are in agreement with marked lymphopenia 
in skin affected infected dogs recorded by Nair and 
Nauriyal (2007). Dimri (1998) reported the infiltration 
of lymphocyte in the underlying malpighian and between 
the crust layer of skin leads to reduction in circulating 
lymphocytes. Monocytes and basophils do not show any 
significant difference as compared with healthy groups. 
Similar findings were reported by Sharma (2002). All 
the hematological values returned to the normal values 
after treatment with essential oils mixture indicating the 

protective and repairing effect of the studied essential 
oil mixture which supported by of  garlic  parts have 
antioxidant properties shown to be effective in reducing 
tributyltin  (TBT) induced oxidative damage in vivo and 
in vitro (Liu and Xu,  2007) and had tissue protection 
against nicotine-induced oxidative damage (Augusti and 
Mathew, 1973; Fukao et al., 2004). Also, studies showed 
that Rapseed oil (canola oil) which is one of the studied 
oils mixture, contains different antioxidant substances 
(Vuorela et al., 2004; Loganes et al., 2019), vitamin E (Xu 
et al., 2011), with wide range variability in content and 
composition within rapeseed variees (Seker et al., 2008), 
carotenoids and phenolic compounds (Chen et al., 1996; 
Basta et al., 2011). Vitamin E as one of natural an-oxidant 
and radical scavenger is able to maintain the cellular 
integrity and promote the prevention and treatment of 
several inflammatory diseases (Combs and McClung, 
1992; Morrissey et al., 1994). The most active component 
in the oil 92, 6-Dymethoxoy-4vinylphenol) acts as a 
potent oxidizing and nitrang agent (Wakamatsu et al., 
2005). The Roship oil which in a member of used mixture 
is rich in phenolic compound, carotenoids, ascorbic 
acid, polyunsaturated fatty acids, linolenic acid, and 
phytosterols, mainly β-sitosterol which have antioxidant 
activity (İlyasoğlu and Arpa, 2017; Mármol et al., 2017).

Mean values of glucose of tick infested dogs (77.60±7.64) 
was significantly reduced as than healthy group 
(99.10±7.92). Similar results were previously reported in in 
parasitic infestation and skin infection in dogs ( Jani et al., 
2004; Sharma and Wadhwa, 2018; Chhabra et al., 2000). 

The total protein values in tick infested dogs (7.79±0.03) 
were significantly higher than healthy dogs (5.85±0.08). 
This finding agrees with those recorded in skin affected 
dogs (Gupta and Prasad, 2001; Katariya et al., 2018). 
The increased total protein values was attributed to the 
increased immunoglobulins and circulatory immune 
responses (Aujla et al., 1999; Katariya et al., 2018). 
Albumin level was decreased in ticks infested nontreated 
dogs (2.20± 0.01) compared with level in non-infested 
(3.24±0.02) as reported by Patel et al. (2005). Reduction in 
albumin values may be due to increased protein catabolism 
from stress condition produced by various ectoparasites 
infestation as stated by Katariya et al. (2018).

The recorded increase in liver function enzymes values 
indicated some damage caused by the toxic byproducts 
of tissue breakdown. Activity of serum enzymes 
AST (73.20±5.130 and ALT (64.10 ±2.23) increased 
significantly in tick infested dogs than the healthy dogs 
AST (55.70±1.10) and ALT (53.30±9.11), respectively. 
Also, a significant increase in ALP (140.100±2.07) in 
infested dogs than (79.40±1.45) in healthy (Patel et al., 
2005). However, no significant alteration was observed 
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in Kidneys function parameters, urea, creatinine and uric 
acid these results indicated no detectable adverse effect of 
tick infestation. In the present study all the biochemical 
parameters returned close to the normal values and after 
treatment can be due to the antioxidant activities of 
essential oils components. All garlic components used in 
our oil mixture reported to be effective (Rabinkov et al., 
1998; Miron et al., 2000; Fukao et al., 2004; Kuete, 2017; 
Satyal, 2017). Rapseed oil contains different anoxidant 
substances (Vuorela et al., 2004; Loganes et al., 2019), 
Vitamin E (Xu et al., 2011; Seker et al., 2008), carotenoids 
and phenolic compounds (Chen et al., 1996; Basta et 
al., 2011). The rosehip-seed oil has antioxidant activity 
(Grajzer et al., 2015; Ilyasoglu, 2017; Mármol et al., 2017; 
Da Silva et al., 2019), hepatoprotective, antioxidant and 
anti-inflammatory properties in kidneys disorders were 
described (Ashtiyani et al., 2013; Sadeghi et al., 2016; Zuk 
and Bonventre, 2016).

The obtained results showed gradual decrease of dog’s skin 
allergic reaction, inflammation and injuries caused by tick 
infestation and signs were completely relived after 7 days 
from treatment with essential oils mixture, these results can 
be attributed to the antihistaminic and anti-inflammatory 
and tissues repairing activities of the studied essential oils 
as a result of their antioxidant and anti-inflammatory 
activities. These results supported with the previous studies 
(Dirsch et al., 1998; Rabinkov et al., 1998; Miron et al., 
2000). 

No adverse effect of oral administration of the tested essential 
oils on dogs general health condition, hematological 
parameters as well as all biochemical parameters including 
liver and kidneys function parameters, these results proved 
safety of the essential oil mixture on dogs when used as 
treatment and prevention of ticks infestation. These results 
supported by the results obtained before. The essential oils 
are generally safe and approved as food additives by the US 
FDA (Bilsland and Strong, 1990) as well as aromatherapy 
(Oyedeji et al., 2009; Ali et al., 2015).

CONCLUSION

The obtained results indicated high efficacy of essential oils 
mixture in treatment and prevention of tick infestation in 
dogs, as well as they are safe and no any adverse effects 
were recorded, So, essential oils mixture is a very promising 
safe and acaricidal agent for tick infestation in dogs. 

ACKNOWLEDGMENTS

Authors are greatly thankful to Envisal Europe BV in 
Rotterdam, G. Briesemann (Inventor), G. Blomsteel, 
(Assistant) and S. Giesemann (Assistant) for providing the 
tested materials and all scientific information.

AUTHOR CONTRIBUTION

AMA and MMA designed and planned this study, 
performed experimental work, samples collection and all 
laboratory tests. All authors shared, manuscript writing, 
drafted, revised the manuscript and approved the final 
manuscript.

ethicAl ApprovAl
The research plan was approved from Cairo University 
institutional animal care and use committee (VET CU-
IACUC) with approval number: VetCU06202019045.

conflict of interest stAteMent
The authors have no conflict of interests to declare 
regarding the publication of this paper. Also, the authors 
declare that the work was self-funded.

REFERENCES 

•	Aazza S, Lyoussi B, Meg´ıas C, Cort´es-Giraldo I, Vioque J, 
Figueiredo AC, Miguel MG (2014). Anti-oxidant, anti-
inflammatory and antiproliferative activities of Moroccan 
commercial essential oils. Nat. Prod. Commun., 9(4): 587-
94. https://doi.org/10.1177/1934578X1400900442

•	Ali B, Al-Wabel NA, Shams S, Ahamad A, Khan AS, Anwar 
F (2015). Essential oils used in aromatherapy: A systemic 
review. Asian Pac. J. Trop. Biomed., 5(8): 601–611. https://
doi.org/10.1016/j.apjtb.2015.05.007

•	Andrade BF, Conti BJ, Santiago KB, Júnior AF, Sforcin JM 
(2014). Cymbopogon martinii essential oil and geraniol at 
noncytotoxic concentrations exerted immunomodulatory/
anti-inflammatory effects in human monocyte https://doi.
org/10.1111/jphp.12278 s. J. Pharm. Pharmacol., 66(10): 
1491-1496. 

•	Apostolovic D, Tran TA, Starkhammar M, Sanchez-Vidaurre 
S, Hamsten C, Van Hage M (2016). The red meat allergy 
syndrome in Sweden. Allergol. J. Int., 25 (2): 49–54. https://
doi.org/10.1007/s40629-016-0098-0

•	Ashtiyani SC, Najafi H, Jalalvandi S, Hosseinei F (2013). 
Protective effects of Rosa canina L fruit extracts on renal 
disturbances induced by reperfusion injury in rats. Iran. J. 
Kidney Dis., 7: 290- 298. 

•	Attia S, Grissa KL, Mailleux AC, Lognay G, Heuskin S, Mayoufi 
S, Hance T (2011). Effective concentrations of garlic 
distillate (Allium sativum) for the control of Tetranychus 
urticae (Tetranychidae). J. Appl. Entomol., 136(4): 302-312. 
https://doi.org/10.1111/j.1439-0418.2011.01640.x

•	Augusti KT, Mathew PT (1973). Effect of Long Term Feeding 
of the Aqueous Extracts of Onion (Allium Oepa Linn.) and 
Garlic (Allium Sativum Linn.) on Normal Rats. Indian J. 
Exp. Biol., 11(3): 239-241.

•	Aujla RS, Singh N, Jand SK, Sodhi S, Sood N, Gupta PP (1999). 
Mycotic Dermatitis in Dogs in Punjab: Clinicopathological 
Studies. Indian J. Comp. Microbiol. Immunol. Inf. Dis., 
20(2): 134-136. 

•	Bakkali F, Averbeck S, Averbeck D, Idaoma M (2008). Biological 
effects of essential oils. A review. Food Chem. Toxicol., 46: 
446–475. https://doi.org/10.1016/j.fct.2007.09.106

•	Basta C, Barros L, Carvalho AM, Ferreira IC (2011). Nutrional 

https://doi.org/10.1177/1934578X1400900442
https://doi.org/10.1016/j.apjtb.2015.05.007
https://doi.org/10.1016/j.apjtb.2015.05.007
https://doi.org/10.1111/jphp.12278
https://doi.org/10.1111/jphp.12278
https://doi.org/10.1007/s40629-016-0098-0
https://doi.org/10.1007/s40629-016-0098-0
https://doi.org/10.1111/j.1439-0418.2011.01640.x
https://doi.org/10.1016/j.fct.2007.09.106


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

April 2020 | Volume 8 | Issue 4 | Page 405

and nutraceucal potenal of rape (Brassica napus L. var. napus) 
and “tronchuda” cabbage (Brassica oleraceae L. var. costata) 
inflorescences. Food Chem. Toxicol., 49(6): 1208-1214. 
https://doi.org/10.1016/j.fct.2011.02.023

•	Beigh SA, Soodan JS, Bhat AM (2016). Sarcoptic mange in 
dogs: Its effect on liver, oxidative stress, trace minerals 
and vitamins. Vet. Parasitol., 227: 30-34. https://doi.
org/10.1016/j.vetpar.2016.07.013

•	Beugnet F, Chalvet-Monfray K (2013). Impact of climate change 
in the epidemiology of vector-borne diseases in domestic 
carnivores. Comp. Immunol. Inf. Dis., 36: 559–566. https://
doi.org/10.1016/j.cimid.2013.07.003

•	Beugnet F, Marié J-L (2009). Emerging arthropod-borne diseases 
of companion animals in Europe. Vet. Parasitol., 163(4): 
298-305. https://doi.org/10.1016/j.vetpar.2009.03.028

•	Bilsland D, Strong A (1990). Allergic contact dermatitis from 
the essential oil of French marigold (Tagetes patula) in an 
aromatherapist. Contact Dermat., 23: 55-56. https://doi.
org/10.1111/j.1600-0536.1990.tb00091.x

•	Birkett MA, Hassanali A, Hoglund S, Pettersson J, Pickett 
JA (2011). Repellent activity of catmint, Nepeta 
cataria, and iridoid nepetalactone isomers against Afro-
tropical mosquitoes, ixodid ticks and red poultry mites. 
Phytochemistry, 72: 109–114. https://doi.org/10.1016/j.
phytochem.2010.09.016

•	Biswas L, Roy S (2005). Haematological changes of demodectic 
mange infectiation in dog. Ind. J. Anim. Health, 44(1): 83-
85. 

•	Burgess IF (2009). The mode of action of dimeticone 4% lotion 
against head lice, Pediculus capitis. BMC Pharmacol., 9: 3. 
https://doi.org/10.1186/1471-2210-9-3

•	Cascaes MM, Guilhon GM, Andrade EH, Zoghbi Md, Santos 
Lda S (2015). Constituents and Pharmacological Activities 
of Myrcia (Myrtaceae): A Review of an Aromatic and 
Medicinal Group of Plants. Int. J. Mol. Sci., 16 (10): 23881–
23904. https://doi.org/10.3390/ijms161023881

•	Cetin H, Cilek JE, Aydin L, Yanikoglu A (2009). Acaricidal 
effects of the essential oil of Origanum minutiflorum 
(Lamiaceae) against Rhipicephalus turanicus (Acari: 
Ixodidae). Vet. Parasitol., 160(3-4): 359–361. https://doi.
org/10.1016/j.vetpar.2008.11.009

•	Cetin H, Cilek JE, Oz E, Aydin L, Deveci O, Yanikoglu A 
(2010). Acaricidal activity of Satureja thymbra L. essential oil 
and its major components, carvacrol and gamma-terpinene 
against adult Hyalomma marginatum (Acari: Ixodidae). Vet. 
Parasitol., 170(3-4): 287–290. https://doi.org/10.1016/j.
vetpar.2010.02.031

•	Chen ZY, Chan PT, Ho KY, Fung KP, Wang J (1996). 
Anoxidant acvity of natural flavonoids is governed by 
number and locaon of their aromac hydroxyl groups. Chem. 
Phy. Lipids, 79: 157-163. https://doi.org/10.1016/0009-
3084(96)02523-6

•	Chhabra S, khahra SS, Nauriyal DC (2000). Prevalence of 
ectoparasitic infestation on dogs in and around Ludhiana. J. 
Res. Punjab Agric. Univ., 36(3, 4): 263-266. 

•	Chomel B (2011). Tick-borne infections in dogs-an emerging 
infectious threat. Vet. Parasitol., 179(4): 294–301. https://
doi.org/10.1016/j.vetpar.2011.03.040

•	Loganes C, Ballali S, Minto C (2019). Main properties of 
canola oil components: A descriptive review of current 
knowledge. Open Agric. J., 10: 69-74. https://doi.
org/10.2174/1874331501610010069

•	Combs GF and McClung JP (1992). The Vitamins: Fundamental 

Aspects in Nutrion and Health. London: Acad. Press, pp. 
190-219.

•	Da Silva SMM, Costa CRR, Gelfuso GM, Guerra ENS, 
Nóbrega YKDM, Gomes SM, Pic-Taylor A, Fonseca-Bazzo 
YM, Silveira D, Magalhães PDO (2019). Wound Healing 
Effect of Essential Oil Extracted fromEugenia dysenterica 
DC (Myrtaceae) Leaves. Molecules, 24(1): 2. https://doi.
org/10.3390/molecules24010002

•	Dabrowski TZ, Seredynska US (2007). Characterisation of 
spotted spider mite (Tetranychus urticae Koch, Acari: 
chidae) response to aqueous extracts from selected plant. J. 
Plant Prot. Res., 47: 113–124.

•	Dantas-Torres F, Chomel BB, Otranto D (2012). Ticks and 
tickborne diseases: A One Health perspective. Trends 
Parasitol., 28: 437–446. https://doi.org/10.1016/j.
pt.2012.07.003

•	Dantas-Torres F, Otranto D (2013). Seasonal dynamics of 
Ixodes ricinus on ground level and higher vegetation in a 
preserved wooded area in southern Europe. Vet. Parasitol., 
192: 253–258. https://doi.org/10.1016/j.vetpar.2012.09.034

•	Dantas-Torres F, Otranto D (2016). Best practices for preventing 
vector-borne diseases in dogs and humans. Trends Parasitol., 
32: 43–55. https://doi.org/10.1016/j.pt.2015.09.004

•	Dimri U (1998). Clinicotherapeutic studies on skin diseases 
in dogs, sheep and goats. Ph.D. thesis Deemed University, 
Indian, Veterinary Research Institute, Izatnagar, India.

•	Dirsch VM, Kiemer AK, Wagner H, Vollmar AM (1998). Effect 
of Allicin and Ajoene, 2 Compounds of Garlic, on Inducible 
Nitric-Oxide Synthase. Atherosclerosis, 139: 333–339. 
https://doi.org/10.1016/S0021-9150(98)00094-X

•	Duarte AR, Naves RR, Santos SC, Seraphinc JC, Ferr PH 
(2009). Seasonal Influence on the Essential Oil Variability 
of Eugenia dysenterica. J. Braz. Chem. Soc., 20: 967–974. 
https://doi.org/10.1590/S0103-50532009000500023

•	Ellse L, Wall R (2014). The use of essential oils in veterinary 
ectoparasite control: a review. Med. Vet. Entomol., 28: 233–
243. https://doi.org/10.1111/mve.12033

•	Ellse L, Burden F, Wall R (2013). Control of the chewing 
louse Bovicola (Werneckiella) ocellatus in donkeys, using 
essential oils. Med. Vet. Entomol. 27(4):408-413. https://
doi.org/10.1111/mve.12004

•	Estrada-Peña A, Farkas R, Jaenson TGT, Koenen F, Madder 
M, Pascucci I, Salman M, Tarrés-Call J, Jongejan F (2013). 
Association of environmental traits with the geographic 
ranges of ticks (Acari: Ixodidae) of medical and veterinary 
importance in the western Palearctic. A digital data set. 
Exp. Appl. Acarol., 59: 351–366. https://doi.org/10.1007/
s10493-012-9600-7

•	Fisara P, Shipstone M, von Berky A, von Berky J (2015). A small-
scale open-label study of the treatment of canine flea allergy 
dermatitis with fluralaner. Vet. Dermatol., 26 (6): 417-420. 
https://www.researchgate.net/publication/281059866. 
https://doi.org/10.1111/vde.12249

•	Fourie JJ (2015). Integrated control of ticks and fleas on dogs 
with particular reference to the prevention of vector-borne 
diseases. PhD thesis, Utrecht Univ., pp. 1–180.

•	Fukao T, Lopaschuk GD, Mitchell GA (2004). Pathways and 
control of ketone body metabolism: on the fringe of lipid 
biochemistry. Prostaglandins Leukot. Essent. Fatty Acids., 
70(3): 243-251. https://doi.org/10.1016/j.plefa.2003.11.001

•	Grajzer M, Prescha A, Korzonek K, Wojakowska A, Dziadas 
M, Kulma, A, Grajeta, H (2015). Characteristics of rose hip 
(Rosa canina L.) cold-pressed oil and its oxidative stability 

https://doi.org/10.1016/j.fct.2011.02.023
https://doi.org/10.1016/j.vetpar.2016.07.013
https://doi.org/10.1016/j.vetpar.2016.07.013
https://doi.org/10.1016/j.cimid.2013.07.003
https://doi.org/10.1016/j.cimid.2013.07.003
https://doi.org/10.1016/j.vetpar.2009.03.028
https://doi.org/10.1111/j.1600-0536.1990.tb00091.x
https://doi.org/10.1111/j.1600-0536.1990.tb00091.x
https://doi.org/10.1016/j.phytochem.2010.09.016
https://doi.org/10.1016/j.phytochem.2010.09.016
https://doi.org/10.1186/1471-2210-9-3
https://doi.org/10.3390/ijms161023881
https://doi.org/10.1016/j.vetpar.2008.11.009
https://doi.org/10.1016/j.vetpar.2008.11.009
https://doi.org/10.1016/j.vetpar.2010.02.031
https://doi.org/10.1016/j.vetpar.2010.02.031
https://doi.org/10.1016/0009-3084(96)02523-6
https://doi.org/10.1016/0009-3084(96)02523-6
https://doi.org/10.1016/j.vetpar.2011.03.040
https://doi.org/10.1016/j.vetpar.2011.03.040
https://doi.org/10.2174/1874331501610010069
https://doi.org/10.2174/1874331501610010069
https://doi.org/10.3390/molecules24010002
https://doi.org/10.3390/molecules24010002
https://doi.org/10.1016/j.pt.2012.07.003
https://doi.org/10.1016/j.pt.2012.07.003
https://doi.org/10.1016/j.vetpar.2012.09.034
https://doi.org/10.1016/j.pt.2015.09.004
https://doi.org/10.1016/S0021-9150(98)00094-X
https://doi.org/10.1590/S0103-50532009000500023
https://doi.org/10.1111/mve.12033
https://doi.org/10.1111/mve.12004
https://doi.org/10.1111/mve.12004
https://doi.org/10.1007/s10493-012-9600-7
https://doi.org/10.1007/s10493-012-9600-7
https://www.researchgate.net/publication/281059866
https://doi.org/10.1111/vde.12249
https://doi.org/10.1016/j.plefa.2003.11.001


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

April 2020 | Volume 8 | Issue 4 | Page 406

studied by the differential scanning calorimetry method. 
Food Chem., 188: 459–466. https://doi.org/10.1016/j.
foodchem.2015.05.034

•	Gupta N, Prasad B (2001). Clinico-diagnosis and therapeutic 
management of acriasis in dogs. Indian J. Vet. Med. 21(2): 
73-75. 

•	Halos L, Baneth G, Beugnet F, Bowman AS, Chomel B, Farkas 
R, Franc M, Guillot J, Inokuma H, Kaufman R, Jongejan 
F, Joachim A, Otranto D, Pfister K, Pollmeier M, Sainz A, 
Wall R (2012). Defining the concept of ‘tick repellency’ in 
veterinary medicine. Parasitol. 139(4): 419-423. https://doi.
org/10.1017/S0031182011002228

•	Hofhuis A, Bennema S, Harms M, van Vliet AJ, Takken W, 
van den Wijngaard CC, van Pelt W (2016). Decrease in 
tick bite consultations and stabilization of early Lyme 
borreliosis in the Netherlands in 2014 after 15 years of 
continuous increase. BMC Public Health. 16: 425. https://
doi.org/10.1186/s12889-016-3105-y

•	Hoogstraal H (1956). African Ixodoidea. I. Ticks of the Sudan. 
1101. U. S. Naval Med. Res. Unit No. 3, Cairo. https://doi.
org/10.5962/bhl.title.6870

•	Ilyasoglu H (2017). Characterization of rosehip (Rosa canina 
L.) seed and seed oil.  Int. J. Food Prop. 17(7): 1591-1598. 
https://doi.org/10.1080/10942912.2013.777075

•	İlyasoğlu H, Arpa TE (2017). Effect of brewing conditions 
on antioxidant properties of rosehip tea beverage: study by 
response surface methodology. J. Food Sci. Technol. 54(11): 
3737–3743. https://doi.org/10.1007/s13197-017-2794-2

•	Jaenson TG, Hjertqvist M, Bergstrom T, Lundkvist A (2012). 
Why is tick-borne encephalitis increasing? A review of 
the key factors causing the increasing incidence of human 
TBE in Sweden. Parasit. Vectors. 5: 184. https://doi.
org/10.1186/1756-3305-5-184

•	Jaenson TGT, Palsson K, Borg-Karlson AK (2005). Evaluation 
of extracts and oils of tick-repellent plants from Sweden. 
Med. Vet. Parasitol. 19: 345–352. https://doi.org/10.1111/
j.1365-2915.2005.00578.x

•	Jain NC (1986). The dog: normal hematology with comments 
on response to disease. Veterinary hematology, 4th Edn. Lea 
and Febiger, Philadelphia. pp. 103-125.

•	Jani RG, Soni VK, Patel PR (2004). Clinico-haemato 
biochemical findings in metazoan dermatitis in canines. J. 
Vet. Parasitol. 18(1): 89-90. 

•	Katariya A, Arora N, Rajora VS, Ilyas W, Mrigesh M, Das 
AK, Prasad A (2018). Hematobiochemical alterations in 
ectoparasite infestation in canines. J. Entomol. Zool. Stud. 
6(5): 743- 746. 

•	Koh KJ, Pearce AL, Marshman G, Finlay-Jones JJ, Hart 
PH (2002). Tea tree oil reduces histamine-induced skin 
inflammation. Br. J. Dermatol. 147: 1212-1217. https://doi.
org/10.1046/j.1365-2133.2002.05034.x

•	Kolaczinski JH, Curtis CF (2004). Chronic illness as a result 
of low-level exposure to synthetic pyrethroids insecticides: 
A review of the debate. Food. Chem. Toxicol. 42: 697-706. 
https://doi.org/10.1016/j.fct.2003.12.008

•	Kuete V (2017). Medicinal Spices and Vegetables from Africa, 
1st Edition. Paperback ISBN: 9780128092866. eBook 
ISBN: 9780128094419. Imprint: Academic Press. https://
doi.org/10.1016/B978-0-12-809286-6.00015-7

•	Liu H, Xu Li-H (2007). Garlic Oil Prevents Tributyltin-Induced 
Oxidative Damage In Vivo and In Vitro. J. Food Prot. 70(3): 
716-721. https://doi.org/10.4315/0362-028X-70.3.716

•	Liu M, Xu Y, Han X, Liang C, Yin L, Xu L, Qi Y, Zhao Y, 

Peng J, Sun C (2014). Potent effects of flavonoid-rich extract 
from Rosa laevigata michx fruit against hydrogen peroxide-
induced damage in PC12 cells via attenuation of oxidative 
stress, inflammation and apoptosis. Molecules. 19: 11816–
11832. https://doi.org/10.3390/molecules190811816

•	Lopez MD, Pascual-Villalobos MJ (2010). Mode of inhibition 
of acetylcholinesterase by monoterpenoids and implications 
for pest control. Ind. Crops Prod., 31: 284–288. https://doi.
org/10.1016/j.indcrop.2009.11.005

•	Lwande W, Ndakala AJ, Hassanali A, Moreka L, Nyandat E, 
Ndungu M, Amiani H, Gitu PM, Malonza MM, Punyua 
DK (1999). Gynandropsis gynandra essential oil and 
its constitue M nts as tick (Rhipicephalus a https://doi.
org/10.1016/S0031-9422(98)00507-X ppendiculatus) 
repellents. Phytochemistry. 50: 401–405.

•	Marchiondo AA, Holdsworth PA, Fourie LJ, Rugg D, Hellmann 
K, Snyder DE, Dryden MW (2013). World Association for 
the Advancement of Veterinary Parasitology (W.A.A.V.P.) 
2nb Ed.: guidelines for evaluating the efficacy of parasiticides 
for the treatment, prevention and control of flea and tick 
infestations on dogs and cats.  Vet. Parasitol.,  194: 84–97. 
https://doi.org/10.1016/j.vetpar.2013.02.003

•	Mármol I, Sánchez-de-Diego C, Jiménez-Moreno N, Ancín-
Azpilicueta C, Rodríguez-Yoldi MJ (2017). Therapeutic 
Applications of Rose Hips from Different Rosa Species. Int. 
J. Mol. Sci., 18: 1-37. https://doi.org/10.3390/ijms18061137

•	Mills C, Cleary BJ, Gilmer JF, Walsh JJ (2004). Inhibition of 
acetylcholinesterase by tea tree oil. J. Pharm. Pharmacol., 56: 
375- 379. https://doi.org/10.1211/0022357022773

•	Miron T, Rabinkov A, Mirelman D, Wilchek M, Weiner L 
(2000). The Mode of Action of Allicin: Its Ready Permeability 
through Phospholipid Membranes May Contribute to Its 
Biological Activity. Biochim. Biophys. Acta. 1463: 20–30. 
https://doi.org/10.1016/S0005-2736(99)00174-1

•	Morrissey PA, Quinn PB, Sheehy PJ (1994). Newer aspects of 
micronutrients in chronic disease: Vitamin E. Proc. Nutr. Soc.  
53(3): 571-582. https://doi.org/10.1079/PNS19940066

•	Mossa AH, Afia SI, Mohafrash SMM, Abou-Awad BA (2018). 
Formulation and characterization of garlic (Allium sativum 
L.) essential oil nanoemulsion and its acaricidal activity 
on eriophyid olive mites (Acari: Eriophyidae). Environ. 
Sci. Pollut. Res. Int. 25(11): 10526-10537. https://doi.
org/10.1007/s11356-017-0752-1

•	Nair SS, Nauriyal DS (2007). Diagnostic significance of 
haematological changes associated with various canine 
dermatoses. Intaspolivet. 8(1): 68-72. 

•	Oyedeji AO, Afolayan AJ, Hutchings A (2009). Compositional 
variation of the essential oils of Artemisia afra Jacq. 
from three provinces in South Africa–a case study of its 
safety. Nat. Prod. Commun. 4(6): 849-852. https://doi.
org/10.1177/1934578X0900400622

•	Tedonkeng Pamo E, Tendonkeng F, Kana J R, Khan Payne V, 
Boukila B, Lemoufouet J, Miegoue E, Nanda AS (2005). A 
study of the acaricidal properties of an essential oil extracted 
from the leaves of Ageratum houstonianum. Vet. Parasitol., 
128: 319–323. https://doi.org/10.1016/j.vetpar.2004.10.022

•	Patel J, Maiti SK, Sanyal PK, Tiwari SP (2005). Haemato 
Biochemical and mineral profiles in generalized canine 
demodicosis. Intas Polivet. 6(2): 331-334. https://doi.
org/10.1016/S0304-4165(97)00104-9

•	Rabinkov A, Miron T, Konstantinovski L, Wichek M, Mirelman 
D, Weiner L (1998). The Mode of Action of Allic: Trapping 
of Radicals and Interaction with Thiol-Containing Proteins. 

https://doi.org/10.1016/j.foodchem.2015.05.034
https://doi.org/10.1016/j.foodchem.2015.05.034
https://doi.org/10.1017/S0031182011002228
https://doi.org/10.1017/S0031182011002228
https://doi.org/10.1186/s12889-016-3105-y
https://doi.org/10.1186/s12889-016-3105-y
https://doi.org/10.5962/bhl.title.6870
https://doi.org/10.5962/bhl.title.6870
https://doi.org/10.1080/10942912.2013.777075
https://doi.org/10.1007/s13197-017-2794-2
https://doi.org/10.1186/1756-3305-5-184
https://doi.org/10.1186/1756-3305-5-184
https://doi.org/10.1111/j.1365-2915.2005.00578.x
https://doi.org/10.1111/j.1365-2915.2005.00578.x
https://doi.org/10.1046/j.1365-2133.2002.05034.x
https://doi.org/10.1046/j.1365-2133.2002.05034.x
https://doi.org/10.1016/j.fct.2003.12.008
https://doi.org/10.1016/B978-0-12-809286-6.00015-7
https://doi.org/10.1016/B978-0-12-809286-6.00015-7
https://doi.org/10.4315/0362-028X-70.3.716
https://doi.org/10.3390/molecules190811816
https://doi.org/10.1016/j.indcrop.2009.11.005
https://doi.org/10.1016/j.indcrop.2009.11.005
https://doi.org/10.1016/S0031-9422(98)00507-X
https://doi.org/10.1016/S0031-9422(98)00507-X
https://doi.org/10.1016/j.vetpar.2013.02.003
https://doi.org/10.3390/ijms18061137
https://doi.org/10.1211/0022357022773
https://doi.org/10.1016/S0005-2736(99)00174-1
https://doi.org/10.1079/PNS19940066
https://doi.org/10.1007/s11356-017-0752-1
https://doi.org/10.1007/s11356-017-0752-1
https://doi.org/10.1177/1934578X0900400622
https://doi.org/10.1177/1934578X0900400622
https://doi.org/10.1016/j.vetpar.2004.10.022
https://doi.org/10.1016/S0304-4165(97)00104-9
https://doi.org/10.1016/S0304-4165(97)00104-9


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

April 2020 | Volume 8 | Issue 4 | Page 407

Biochim. Biophys. Acta. 1379: 233–234.
•	Ramwell CT, Sinclair CJ, Van Beinum GW, Bryning G 

(2009). Management of the Environmental Inputs and 
Risks of Cypermethrin based Sheep Dips. Central Science 
Laboratory Report, York. http://www.ecochemistry.co.uk 

•	Sadeghi H, Hosseinzadeh S, Touri MA, Ghavamzadeh M, 
Barmak MJ (2016). Hepatoprotective effect of Rosa 
canina fruit extract against carbon tetrachloride induced 
hepatotoxicity in rat. Avicenna J. Phytomed. 6: 181- 188. 

•	Sakina A, Mandial RK, Mudasir Q (2012). Haemato 
Biochemical changes in canine demodecosis. Vet. Scan. 7: 
75-78. 

•	Satyal P, Craft JD, Dosoky NS, Setzer WN (2017). The Chemical 
Compositions of the Volatile Oils of Garlic (Allium sativum) 
and Wild Garlic (Allium vineale). Foods. 6: 63-73. https://
doi.org/10.3390/foods6080063

•	Scott DW, Miller WH, Griffin CE (2001). Skin immune 
system and allergic skin diseases. In: Muller and Kirk’s Small 
Animal Dermatology, 6th edition. Philadelphia, PA: W.B. 
Saunders Co., pp. 627–632. https://doi.org/10.1016/B978-
0-7216-7618-0.50012-2

•	Seker M, Gül MK, Ipek M, Toplu C, Kaleci N (2008). Screening 
and comparing tocopherols in the rapeseed (Brassica napus L.) 
and olive (Olea europaea L.) variees using high-performance 
liquid chromatography. Int. J. Food Sci. Nutr. 59(6): 483-
490. https://doi.org/10.1080/09637480701539484

•	Shah H (1994). Clinico–biochemical and therapeutic studies on 
mange in dogs. MV Sc thesis, IVRI, Izatnagar, India, 

•	Sharma J (2002). Hematochemical and enzymological studies 
in dermatological disorder in dog. M.V. Sc. thesis, G.B. Pant 
Univ. Agric. Tech., Pantnagar. 

•	Sharma P, Wadhwa DR (2018). Epidemiological, clinico-
haematological and therapeutic studies on canine 

demodicosis. J. Dairy Vet. Anim. Res. 7(3): 109-113. https://
doi.org/10.15406/jdvar.2018.07.00200

•	Tunón H, Thorsell W, Mikiver A, Malander I (2006). Arthropod 
repellency, especially tick (Ixodes ricinus), exerted by extract 
from Artemisia abrotanum and essential oil from flowers of 
Dianthus caryophyllum. Fitoterapia. 77: 257–261. https://
doi.org/10.1016/j.fitote.2006.02.009

•	Vuorela S, Meyer AS, Heinonen M (2004). Impact of isolaon 
method on the anoxidant acvity of rapeseed meal phenolics. 
J. Agric. Food Chem. 52(26): 8202-8207. https://doi.
org/10.1021/jf0487046

•	Wakamatsu D, Morimura S, Sawa T, Kida K, Nakai C, Maeda 
H (2005). Isolaon, idenficaon, and structure of a potent 
alkyl-peroxyl radical scavenger in crude canola oil, canolol. 
Biosci. Biotechnol. Biochem. 69(8): 1568-1574. https://doi.
org/10.1271/bbb.69.1568

•	Walker AR, Bouattour, A, Camicas JL, Estrada-Peña A, Horak 
IG, Latif AA, Pegram RG, Preston PM (2003). Ticks of 
domestic animals in Africa. Edinburgh, UK: Bioscience 
Reports. www.biosciencereports.pwp.blueyonder.co.uk 

•	Xu J, Zhou X, Deng Q, Huang Q, Yang J, Huang F (2011). 
Rapeseed oil forfied with micronutrients reduces 
atherosclerosis risk factors in rats fed a high-fat diet. 
Lipids Health Dis. 10: 96. https://doi.org/10.1186/1476-
511X-10-96

•	Yang YC, Lee SH, Lee WJ, Choi DH, Ahn YJ (2003). Ovicidal 
and adulticidal effects of Eugenia caryophyllata bud and leaf 
oil compounds on Pediculus capitis. J. Agric. Food Chem. 
51: 4884–4888. https://doi.org/10.1021/jf034225f

•	Zuk A, Bonventre JV (2016). Acute kidney injury. Annu. Rev. 
Med. 67: 293–307. https://doi.org/10.1146/annurev-
med-050214-013407

http://www.ecochemistry.co.uk
https://doi.org/10.3390/foods6080063
https://doi.org/10.3390/foods6080063
https://doi.org/10.1016/B978-0-7216-7618-0.50012-2
https://doi.org/10.1016/B978-0-7216-7618-0.50012-2
https://doi.org/10.1080/09637480701539484
https://doi.org/10.15406/jdvar.2018.07.00200
https://doi.org/10.15406/jdvar.2018.07.00200
https://doi.org/10.1016/j.fitote.2006.02.009
https://doi.org/10.1016/j.fitote.2006.02.009
https://doi.org/10.1021/jf0487046
https://doi.org/10.1021/jf0487046
https://doi.org/10.1271/bbb.69.1568
https://doi.org/10.1271/bbb.69.1568
www.biosciencereports.pwp.blueyonder.co.uk
https://doi.org/10.1186/1476-511X-10-96
https://doi.org/10.1186/1476-511X-10-96
https://doi.org/10.1021/jf034225f
https://doi.org/10.1146/annurev-med-050214-013407
https://doi.org/10.1146/annurev-med-050214-013407

