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ABSTRACT

Neem oil (NO) was evaluated in previous experimagsia natural ectoparasiticide for sheep and goktshis work

a methodology was assessed to evaluate the efftld @an PBMC and the haematological profile of go@&lood-
cells from Siriana, Sanen, Cashemere and Maltesg (f@apra hircus L.) breeds were assayed-in in \aval in
vitro tests. Several haematological parameterslobd from goat untreated and treated with NO wesenpared.
There was no significant difference (p<0.05) betwB® treated and untreated goat’ haematologicalgmaeters at
each sampling time considered. In addition, the &ftaéct towards goat PBMC cultured in RPMI mediuns wa
evaluated at 1:2 x f@o 1:20 x 16dilutions at 14, 21 and 40 h of exposure. The PB&Bility was revealed using
WST-1 dye. The in vitro test reveals that the raspmf goat PBMC viability is concentration, inctiba time and
NO dose dependent. The PBMC Maltese and Saneenl beselted the most suitable for in vitro viability
evaluation.

Keywords: Neem oil, Peripheral Blood Mononuclear Cell (PB)MGiological activity, goat, hematological profile
parasiticide control, biocide

Abbreviations:

CLSI = Clinical and Laboratory Standards Institute

EDTA = EthylenDiamineTetraacetic Acid

HCT = Erythrocyte parameter

HPTLC = High Performance Thin Layer Chromatography

ISO = International Organization for Standardizatio

LSD = Least Significant Difference

MCHC = Mean Corpuscular Hemoglobin Concentration

MCV = Mean Corpuscular Volume

NCE = Neem Cake Extract

NO = Neem Oil

MTS = 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2 H-Bttazolio]-1,3-benzene disulfonate
OD = Optical density

PBMC = Peripheral Blood Mononuclear Cells

RBC = Red Blood Cell

Rf = Ratio between the migration distance of sulbsteand the migration distance of solvent front
RPMI =Roswell Park Memorial Institute medium

WBC = White Blood Cells

WST-1 =Water-Soluble Tetrazolium
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INTRODUCTION

Nowadays, increasing and spread of parasitic eggist is arousing the major concern [1]. Actuallgragsitic
resistance is widespread in most major groups oésit@s [2,3]. Meanwhile, climate changes are @fling
mosquito-borne diseases diffusion [4].

Parasitic diseases represent one of the most iamgonealth problem of livestock, domestic animad &mmmans.
The activity of ectoparasites infesting livestoskniter alia of particular interest, resulting in a wide rargfeside

effects. In fact, ectoparasites may cause inddentages, as disturbance, increasing levels ofiabraend induced
reduction of time spent grazing or ruminating asawhetimes, even to self-wounding. Animals with ¢ghegmptoms
are restless and look for ease from pruritus bsitsbmg. As a result, livestock feeding and digestire hindered,
resulting in weak growth associated to loss of Wei@nd reduced milk and meat production. In addjteome
ectoparasites are also vectors of protozoa, bactéruses, cestodes and nematodes and zoonotitsagbere is an
urgent need for ecologically sound, equitable athital pest management, based on control agentsatbgest-
specific, nontoxic to humans and other biota, bgwddable, less prone to pest resistance and resrgend
relatively less expensive [5-7]. Recently, muctemtipn has been focused on natural products, cemsgl the

difficulties in going on with synthetic pesticideBlants are the natural source of bioactive carestis able to
produce antifeedant and repellent effects and magaggs disinfection.

Among various strategies based on the use of hdytmapesticides, neemAgadirachta indicaA. Juss) was
identified as a source of eco-friendly "soft" nafupesticides. Recently, research mainly focusedaovicidal
activity, including neem cake, in order to obtdie tscientific background for the developing of avneffective,
safe, sustainable, low cost and easy to use isgdstito be utilized also in domestic situationsl(§. The plant has
been used historically to freeing the body by selviErms of ectoparasites and pests. Hormone minmchctivities
of neem extracts causes interference with the jiarbife cycle inhibiting their ability to feed,sawell as prevent the
hatching of eggs [11-13].

NO was evaluated in previous experiments as a aladatoparasiticide for sheep and goats. Takingcoount that
neem products are subjected to great variationomposition due the post-harvesting factors, theabradbmic
fingerprint of neem oil utilized in this researctasvanalysed by HPTLC. HPTLC, the last evolutionptafnar
chromatography, allows to evidence most of the titests of an extract in an identifying track, redrfingerprint.
Plates can be visualized and derivatized in seveag$, obtaining multiple information [14, 15].

Due the possible absorption of neem oil throughathienal skin into blood circulation, the possibl® Mitotoxicity
was investigated towards goat blood cells. iAnvitro methodology to evaluate the NO effect on PMBC was
developed

MATERIALS AND METHODS

Goat breeds and blood samples

The dairy goat Capra hircusL.) breeds considered in the experiment, i.e. @esh, Saneen, Siriana and
Maltese,were kept in the Research Unit for the Bsitee Animal Husbandry CRA ZOE. The animals were
apparently healthy. Blood was collected from alleistigated goat breeds by jugular vein puncture ddilected
samples (15 mL each) were harvested in single-os&iners for venous blood specimen collection (WEI’TE®,
Greiner bio one, Kremsminster, Austria), accordimgSO 6710 (EN 14820) and CLSI directives, cortgjn
EDTA and L-heparin. Blood plasma and serum sampk® separated by centrifugation at 3000 g for 1 and
kept frozen at —20 °C until required. They werepsugled once again at 25°C with shaking before usirthe
experiment.

Neem seed ail

A commercial neem oil produced by Neem ltalia (Maae(BS), Italy). was used as test starting mdtédi85%
azadirachtin A, determined by HPLC [15]. Neem seddwas diluted in Tween 20(1:1 V/V; VWR, PBI
International, MI, Italy) under agitation and slisgd by filtration through a 0.22 um Millipore aess filter
(Millex-GP, Bedford, OH, USA) before using in theperiment.

Neem Oil metabolomic fingerprint
The NO metabolomic fingerprint was determined ievwus studies according the methodology reported i
literature [16,17].
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In vivo bioassay

Hematological profile of goats blood

Samples of blood from six male goats treated with (800 mL/10 Kg) and from six untreated male goats,
control for each breed, were considered. Blood eadlected three times at 7 day interval after treatt by jugular
vein puncture. The red blood cell (RBC), mean cecpiar volume (MCV), erythrocyte parameters (HOTgan
corpuscular volume (MCV), mean corpuscular hemaglawmncentration (MCHC) and white blood cells (WBC)
were determined using the hematological analyzdowvated Hematology Analyzer MEK-6450 (Nihon Kohden,
Japan). All of them were statistically processedhtain the hematological profile.

Statistical analysis

The results were recorded as means (six goatsafchn hesis) of three replication (7, 14, 21 days3> The
experiment was repeated twice. Differences betwaeans of data were compared by least significdférdnce
(LSD) calculated using the Statistical Analysist8ys (S.A.S., Institute, Inc. Cary, NC, USA).

In vitro bioassay

Isolation of goat PBMC

Caprine PBMC were isolated from 15 mL of blood bsnsity gradient (Lymphopré} - 1.077 g/mL; AXIS-
SHIELD PoC As) following the manufacturer’s insttionis, then washed twice with Hank's Buffered Saltution
(HBSS without Ca and Mg, Sigma, Milano, Italy) educe the density of the solution and for efficierhoval of
platelets. PBMC microscopic counts were performed810™ automated cell couter (BioRad, Milano, Italy), and
the cell viability after blood purification was @emined using Trypan blue (BioRad, Milano, Italgjugion then
charged in the Thoma chamber (Thoma, Marienfeld,R/Wternational PBI, Milano, Italy) and observedden
microscope. Cell preparation of more than 95% Vitgbivere used for the experiments.

PBMC Culture

Preliminary experiments were carried out in ordeagsess the ability of PBMC isolated from sevgoalt breeds to
maintain their viability in culture and to test tbells concentration suited to be tested for N@affsolated PBMC
were suspended in RPMI 1640 medium (Sigma, Milaaky)l supplemented with 10% heat inactivated fobtaline
serum, 25 mM Hepes, 2 mM L-glutamine (Sigma, Mildtady) and 0.05 mg/mL of penicillin/streptomyciolstion
(Sigma, Milano Italy) and were adjusted to 1x&6lls/mL in 15 mL polyethylen sterile tubes (SedstNiimbrecht,
Germany.

RPMI (200 pL) with PBNCat the concentrations: 50¢ 11 x 10;and 2 x 18cells was poured into wells of 96 well
plates and grew at 37° C in a €@cubator for 24 h.

Quantification of PBMC viable cells in culture

Quantification of viable cells was performed usithg Cell Proliferation Reagent WST-1(Roche Diagiosst
Mannheim, Germany) based on colorimetric reactioth® dye MTS. Cleavage of the WST-1 reagent byuibbus
plasma membrane enzymes of live cells yields aityegisantified color change which is proportionalthe mass of
living cells [18].The stable tetrazolium salt WSTi4 cleaved to a soluble formazan by a complexutll
mechanism that occurs primarily at the cell surfatkis bioreduction is largely dependent on thecglytic
production of NAD(P)H in viable cells. Therefordaetamount of formazan dye formed directly correldte the
number of metabolically active cells in the cultufé@e generation of the dark yellow colored fornmasameasured
at 420480 nm (optimal at 450 nm). NO cell effect was eatdd in serial dilutions (in triplicate) and thdnibition
of cells growth was determined using the colorimedssay WST-1. The percentage of viability is glted as [(A
- B) / A] x 100, where A and B are the OD at 450 oinuintreated and of treated cells, respectively.

Cellular morphology of PBMC cells by light microscgy

PBMC morphology after NO treatment were observedabyinverted microscope (Leica DM IL LED Inverted
Microscope, Langham Creek,USA) at 40 x magnificatiDigital pictures were acquired with a Tucseroc@€CD
camera (Tucsen Image Technology Inc., Fuzhou, Rud@ikina).

Effect of NO on PBMC

Firstly, only one NO dilution (1:2 x Fpwas tested on different breed goat PBMC. Theyeweeitured for 3h before
the NO treatment. It was added in triplicate foclegoat breed PBMC, except in control wells. Afeédr h NO
treatment, WST-1 dye (20 uL) was added directhedwh well and incubated for 3 hours.Afterwards, SR
dilutions (1:2 x 16; 1:2 x 16; 1:2 x 1¢; 1:2 x 16; 1:2 x 16; 1:2 x 10 v/v) were tested on Maltese goat PBMC in a
final volume of 2 x 18 pL. PMBC viability is reported as percent growd#duction in comparison to control
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(without treatment). Three repetition were consderThe experiment was repeated twice. Differermmseen
means of data were comparedtt8tudentest.

RESULTS AND DISCUSSION

NO Metabolomic fingerprint

The NO metabolomic fingerprint shows characterigérjuence of metabolites according to the polaoity
constituents. The identification of the raw matevias assured by the presence of salannin (Rf 2)0that is a
typical maker of neem. In comparison with the spbtazadirachtin (Rf = 0.23), salannin appear as rtfzn
limonoid spot. Spots concerning lipids are presérRf values, at ca. 0.80, due to unsaturated &atitys and fatty
alcohols , and at Rf ca. 0.50, due to saturateduasdturated triglycerides. The most interestireguiee of the plate
concerns the presence of compounds with high fhoenet reaction at between Rf 0.55-0.66, that aréegity
visible at 366 nm after derivatization with anysatte (Figure 1). These spots can be attributedtopounds with
high conjugated unsaturation in polycyclic aromattcuctures, very different from those of the ntetpenes
limonoids, so far considered as responsible ofttwity

Figure 1. HPTLC analysis of neem oil EtOAc extractMobile phase: Toluene: AcOEt 7:3 (v/v). Visualizabn: plate a (on the left) UV
lamp 256 nm; plate b (in the middle) UV lamp 366 nmplate c (on the right) UV lamp at 366 nm. Derivaization: Anysaldeide . Tracks 1,
neem oil; 2, salannin

1 2 1 | z | :
- .-
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Figure 2..Comparison between PBNC isolated from blood colleetl in EDTA (A) and heparinized (B) tubes. In B is isible (white ring
halo) the separation of mononuclear cells (PBNC)
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Haematological profile of goats blood
There was no significant difference among the helogical (means + SD) parameters considered irexiperiment
between the goat breeds treated and untreated\itfor lice control as presented in Table 1.

Table 1. Hematological profile of female goats trdad and untreated with NO. Means of three repetitia (six animal for each repetition;
7, 14 and 21 days after NO treatment with three N@oses: 100mL, 200mL and 300mL per 10 Kg) + SD. Thexperiment was repeated

twice (p<0.5)

BREED | RBC (1(/uL) | MCV (um?) | HCT (%) MCH (pg) | MCHC (g/dl) WBC (10%uL)
Cashmere | 13.08+0.46 4.38+0.36 | 18.78+0.8849 6.23+0.09]a 44.09+11.2Pa 1545la
C. untreated| 13.00+0.07 #3.98+1.36 | 1856 +0.919 6.00+1.00la 45.00+9.77|ab 75%.3.00 a
Saneen 13.28+0.6544.73+0.56 | 19.00+1.004 6.66+0.10ja 44.79+9.02b 1%560a
Sa. untreated 13.19 + 0.58[44.66 +1.00 | 1844+1.1149 6.00+0.88)a 45.06+10.1l b 14.3D1a
Siriana 13.89+0.88d14.11+0.83 | 18.63+2.334 6.88+0.75la 44.00+6.22a 1580 a
Si. untreated| 14.00+0.09 gh4.48 +1.11 | 18.58+1.869 6.66+1.00ja 4456+11.11a 158Ba

Figure 3. Viability of PBMC from different goat breeds at various cell concentrations maintained in RPMI culturefor 24 h at 37 °C
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Isolation of goat PMBC

PMBC from goat blood samples collected in cuvettetaining EDTA and L-heparin showed a different réegof
separation after centrifugation with Lymphoprepd&f) 30 min, 1,077g mt). The layer of mononuclear cells was
not obtained from goat blood samples collectedulves containing EDTA after 2 h as well as 1 h samgpby
centrifugation (Fig. 2). This is due to a strongy@gation of leukocytes. Mallone and coworkers [1&€jort a
similar effect of EDTA on human granulocyte buoyarprofile resulting in less efficient separation dgnsity
gradient procedures.

Goat breed PBMC viability in culture.

The concentration from 1 x 1@ 2 x 10 cells/well resulted suitable to study the vialgilif goat PBMC irin vitro
effect evaluation test. The Maltese and Saneen PBMI@ the most appropriate to be cultivated in Rdtium.
All concentration (5 x 19 1 x 10, and 2 x 1) of Saneen PBMC showed after 24 h of culture §icanit higher OD
values. As shown in Fig. 3, it resulted 2.0 foldher and1.3 fold higher than, respectively, Casmlagd Siriana
breeds.

Effect of NO towards goat PBMC

The goat breed PBMC grew at the same culture donditshowed significantly different sensitivity @0up to
50% cell viability; p <0.05) to NO (1:2 x $0exposure. The Saneen PBMC resulted the mosttisensi NO. The
Goat PBMC (5 x 18 1 x 10; 2 x 1Ccells/well) further treated with lower NO dilutior{$:2 x 16 - 1:2 x 10)
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showed at 14 h incubation time a significant déferdegree of viability. As represented in Figh& NO dilutions
1:2 x 10- 1:2 x 10positively affect goat PBMC at all PBMC dilutionsrsidered with an increase of cell viability
up to 80% at the concentration of 5 X EBMC/well.

Figure 4. Effect of NO on PBMC cell viability from three among the different goat breeds considered ithis study. Cells were treated
with an high oil concentration of the formulation (1:2 x 1), maintained for 24 h in culture conditions and ck viability was measured by

WST-1 assay
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° 90 - M Siriana
=)
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8 70 -
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Figure 5. Effect of NO on PBMC cell viability. Cells were treated with six different dilutions (dil 1- dil 6) and maintained for 14 h in
culture conditions. Cell viability was measured byWST-1 assay. NO dilution: dil. 1 = 1:2 x 1§ dil. 2 = 1:2 x 1G; dil. 3 =1:2 x 16; dil. 4 =
1:2 x 1@, dil. 5= 1:2 x 16; dil. 6 = 1:2 x 10
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% cell viability relative to control after 14 h incubation
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At 21 h incubation time the PBMC (2 x I@ell) treated with NO, from 1:2 x #@o 1:2 x 10, showed a decrease of
viability equal, respectively, to: 41%, 49% and 56% shown in Fig.6. While dilutions from 1:2 x°i01: 2 x 10
remain viable (up to 70%). This seems not due ¢oefifiect of NO rather to the duration of incubatione. In fact,
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also the untreated PBMC showed a reduction ofviatiility. In addition,it was recorded a PBMC cell (1 x> and
2 x 10 cell/well) viability reduction (47%and 60%:; data not shown).

Furthermore, as plotted in Fig. 7, NO treafrom 1:2 x 16 to 1:2 x 16, and untreated PBMC (2 x ° cells/well)
cultured for 40 h did not shlwed a significantly different viability in compadn to the control. The record
viability resulted highest then those observedaiel incubation time and at the same PBMC conceoitreThis
incubation time seems not suitable to estimateeffext « a plant derived product since there was no sicanit
difference between of NO treated and untreated B&WMC viability. This could be avoiwsing a proliferation
reagent.

Figure 6. Effect of NO on PBMC cell viability. Cells were treated with six different dilutions and maintained or 21 h in culture
conditions. Cell viability was measured by WS=-1 assay. NO dilution: dil. 1 = 1:2 x 18§ dil. 2 = 1:2 x 16, dil. 3 = 1:2 x 165, dil. 4 = 1:2 x
10% dil. 5=1:2 x 10; dil. 6 = 1:2 x 10
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Figure 7. Effect of NO on PBMC cell viability. Cells were treated with three different dilutions and maintainedfor 40 h in culture
conditions. Cell viability was measured by WS-1 assay.
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Morphological observations
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Fig.8 shows NO (1:2 x fadilution) treated and untreated goat PBMC (2 Xc&D concentration) after 24 h in

vitro culture. All NO treated goat breed PBMC exhibitedharacteristic phenotype as cell shrinkage aalblbirhg,
appearance of vacuoles in the cytoplasm, and nstighkage. These abnormalities are generally nedeto
apoptotic phenomenon. The same morphological effest observed at the same NO concentration indepéyd
by the PBMC concentrations. NO lower concentratidmsiot cause the described morphological effectBBC

after 24 treatment iim vitro culture independently by PBMC concentration.

Figure 8.Effect of NO induced changes in PBMC lighimicroscopy detected at different concentration ofells. Representative images of
cell culture at 2 x 16 cells. A: untreated PBMC. B: NO treated PBMC at 12 x 1 dilution

CONCLUSION

One of the most important goal of the CommunityrAai Health Policy [20] is finding effective altetnses to the
massive culling of the animals. In the emergencyreenely suppression were adopted as a consequérite

recent epidemic outbreaks in Europe. The possibitit rapidly and effectively treat clinically disssd animals
should be part of an integrated disease contrategty. For animal welfare and socio-economicalaesseffective
new antimicrobial drugs, including innovative clasf compounds, such as anti-viral, bio-inseatigittfom new
sources, like plants, should be available.

NO act as a synthetic systemic parasiticide agajestt lice. One NO treatment can effectively cdntwo
biological cycles of goat liceL{nognathus stenopsi@and Damalina caprag infestation (data not yet published).
Furthermore, NO showed antimicrobial activityiinvitro test against bacteria isolated from lesions cabgebite
and sting of ectoparasites causing health problents downgrading skin and wool with consequent ecotio
damage (data not yet published).

In the present work, a rapid and efficacy methogglavas standardized to confirm and validate that NO
parasiticidal activity has no adverse effect ontglmafact, it allows to evaluate the NO possibilverse effect using
goat blood cells in order to confirm its safety tseontrol goat lice. Goat purified PBMC using hdpised blood
resulted useful to determine NO effectimvitro test. The test reveals a dose and incubation demendent
response of goat PBMC to NO treatment. Also a Bldtaoncentration of PBMC of 2 x 1@r 1 x 1§ cell/well
cultured in 96 well plates exhibited different respe to each dilution of NO tested. There is sigaiftly difference

on cell viability and cell morphology between texhtand untreated goat PBMC only at the lowest NGtidn. It
was observed a significant difference among goamM@Bviability isolated from different breeds towardse
experimental conditions.

In conclusion the reported results show that théhowology is useful to evaluate the safety use O©ffr goat lice
control. It allows to consider NO for a safe usearasite control of goat because of it has no sfteets on goat
PBMC and the haematological profile.
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