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ABSTRACT

Snakebites worldwide represent a significant hedltizard to humans and animals. Currently antivenom
therapeutics is only the cure if given on propendiotherwise leads to death. The objective ofshidy was to
evaluate the immunological effect of lactoferrir) (in production of Naja nigricollis snake antibedi Camel and
cow milk whey were used as a source of 80 kDa afdrude form and separated from milk whey usinG-$AGE.
This investigation was conducted through four expents. In first experiment, we immunized of hossits N.
nigricollis venom and camel milk whey; increased #émti-sera potency to (65 5§ in comparison to the control
group (45 LB3y). For second experiment, we immunized of hors#s the venom and cow milk whey which led to
increase the anti-sera potency to (55.8:))&s compared to the control group (42.555D1n the third experiment,
using of standard bovine lactoferrin with the vendhe anti-sera potency increased to (75s§)as compared to
the control group (50 LE). In fourth experiment, we used of complete Fr&uadjuvant with the venom; increase
the anti-sera potency to (65 L in compare to the control group (49.2 P The immunological effect of
lactoferrin was studied using Lymphocyte TransfdiomaTest (LTT). The LTT mean values were 3.07&tutd
2.4940.05 for the horses immunized with N. nigfisobenom / lactoferrin and the control group (hessinjected
with N. nigricollis venom without lactoferrin), nesctively. This is the first study concluded thmlkk whey have
the adjuvant effect on the antibodies levels anchumostimulatory effect in production of snake amésfrom
horses due to presence of lactoferrin. This spepifoperty could be targeted as potential stratégytreatment of
snake venom.

Keywords: Lactoferrin,Naja nigricollis, Antivenom Therapy, Immune effect.

INTRODUCTION

Snakebite, a very painful injury accompanied witffetlent symptoms due to the poison in the bitealise redness,
swelling, and severe pain at the bitten area, smggatomiting which may end up with death if delaythe time of
medical intervention. Estimates of global mortalftpm snake bite have been reported to 100,000 ypar
approximately (Chippaux, 1998). So far antivenonibadies have been used as therapeutics to retiecgeaths.
For production of therapeutic anti-sera, horsesHasen used by some organization for productiotihefapeutic
anti-sera for human welfare. Horses are subjectgatdcess of active immunization by toxins, toxaidl different
venoms for the production of antitoxins and antaren(Chippaux and Goyffon, 1998). Employing adjugaas a
strategy to improve vaccine efficacy is one of ma@gsearch focus worldwide. The primary purposarofdjuvant
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is to enhance the immune responses to a parti@aidtigen of interest which may act through threeidbas
mechanisms (Leén @t al, 2011). The first mechanism is to sustain theasdeof the antigen by functioning as a
depot; long-term exposure to the antigen shoulcease the length of time the immune system is ptedewith the
antigen for processing as well as the duratiorhefdntibody response (da Silva WD and Tambourgi 204,1).
The second is the interaction of the adjuvant witmune cells (Teena Mohagt al, 2013). Adjuvants may act as
non-specific mediators of immune cells functiondiynulating or modulating immune cells. Adjuvantsayralso
enhance macrophage phagocytic activity after bopdhe antigen as a particulate (a carrier / vehiglection)
(Lipmanet al, 1992).

Recent studies revealed that lactoferrin (Lf) hagide range of effects on the immune system. $tan important
component of the nonspecific immune system, whiak many physiological roles, including regulatidniron
metabolism and protection against microbial infattilt also plays an important role in regulatiohimmune
function, stimulation of nonspecific immune respemg¢innate), and modulation of the inflammatoryoese (Shan
et al, 2007). Lf has been implicated in immunoregubatiunctions, as a modulator of vaccine functiond afso
containing chemopreventive activity (Chatial, 2008). Addition of Lf as an adjuvant to the B&&cine led to an
up regulation of the delayed type hypersensitikégponse. It increases the host protective resphurggy infection
of mice with virulentMycobacterium tuberculosiand decreases deleterious pulmonary pathologyk(®tilal,
2007). The aim was to investigate lactoferrin adjuhactivities for production dfaja nigricollis antivenin which is
not well studied so far.

MATERIALS AND METHODS

Electrophoresis of cow and camel milk whey and fra@ons containing lactoferrin

Cow & camel milk whey were obtained by using ubmeed centrifuge at 15000xg at 4°C for 30 min atioglty
modified Elaraby method (Elaraby, 2009). Followdtlacentrifugation, milk serum was freeze-driedngsfreeze-
drying apparatus (Free Zone®-Model 77500-USA) tbwleey in a powder form which contain lactoferrmits
normal habitat, and stored at 2-8 °C.

Milk whey was characterized using sodium dodecyfaserpolyacrylamide gel electrophoresis (SDS-PAGIE)
comparison to standard bovine Lf (Sigma) using Laethmethod (Laemmeli, 1970). Samples were dendtbye
diluting in 2- mercaptoethanol (Sigma) sample bufiad boiled for 5 minutes at 95°C, followed by $nutes
centrifugation at maximum speed. Denatured sampkye separated in 12% SDS gels and run at 80 \G#ts
were stained with 1% coomassie blue R-250 (Sigtha)y destained at room temperature in 5% methamblr&6%
acetic acid with shaking. Destaining was done uhélproteins appeared blue on a clear backgrotimel gels were
scanned and the different fractions were quantifisidg Bio-Rad GS 700 imaging densitometer molecaralysis
software.

Production of antivenom

Animals

Total of 48 adult male horses' local breed, 7-1&ry®ld, weighed about 420 = 30 kg and of appréX. dm high
were used for the production of antivenom. Thessd®were belonging to Center of Laboratory Aninfialsilities,
Venom and Crude Antisera Production, (Helwan Faaf}he Holding Company for Biological Products and
Vaccines (VACSERA).

Also Albino mice 16-18 g body weight, obtained fréne laboratory animal unit, Helwan Farm, VACSER¥ere
used for determination of lethal dose fifty (§§pof different venoms and also in venom-neutraimatssay for
titration of the antivenom antibody level in horsera or serum neutralization test (SNT) accordingot World
health organization ( WHO 1981).

Venom

Naja nigricollis snake was subjected to milking process to obtaimomn as shown in figure 1. The extracted venom
was freeze-dried using freeze-drying apparatustosgnom in a powder form and stored at -20 °C (Amet al,
1997).
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Figure 1: Milking of snake to extract venom

Immunization of horses

The crude lactoferrin separated from cow and camiéd whey was used as adjuvant in compare to cotaple
Freund's adjuvant (Sigma) and standard bovine ignf8). The horses were immunized subcutaneously Maja
nigricollis venom at different time intervals till day 23 widifferent dose as shown in table 1. Af%®ay serum
was collected from the immunized horses to meather@otency of antibodies using neutralization. Bteding of
horses was done at the day'dplasmapheresis) to collect plasma (8-10 literpla$ma). Then horses released into
yard for 30 days as a rest period till the nexeskette of immunization (Magdesia al, 1992).

Table 1: Schedule of the immunization of the horsesith snake's venom
The snake's venom dose was calculated dose in s at different time point

Day Dose ( mg) / horse
0 10 (F' immunization dosage)
7 20 (2° immunization dosage)
14 20 (¥ immunization dosage)
23 Serum sample
24  Plasma collection (plasmapheresis)

Experimental design

Production of antivenom was done in 4 differentezkpents and in each experiment 2 groups consgdtéchorses
(each group) were investigated. One group was fagddjection of venom with adjuvant and secondtcalngroup
was injected with venom without using adjuvant. Tihenunization schedule was done at three timevateras day
0, day 7 and day 14 as shown in Table 1. In exmeinil), horses in group 1 were injected with 3edosfNaja
nigricollis venom with 0.5 g of camel milk whey powder, asuadpt, dissolved in normal saline with vigorously
mixing. In experiment (2), horses in group 1 warjedted with 3 doses ®aja nigricollis venom with 0.5 g of cow
milk whey powder, as adjuvant, dissolved in norsaine. In experiment (3), horses in group 1 wejected with 3
doses oiNaja nigricollis venom with 0.5 g of standard bovine lactoferrinvder, as adjuvant, dissolved in normal
saline. In experiment (4), horses in group 1 wejected with 3 doses dfaja nigricollis venom with 2 ml complete
Freund's adjuvant dissolved in normal saline. Téthdlity neutralization assay was performed in mise
recommended by the World Health Organization tovege antivenom potency. Venom doses ranging fram @
median lethal doses (L) are appropriate to be used as challenge ingbt{Solanet al, 2010).

In vitro lymphocyte transformation test

Lymphocyte proliferation test was performed with dification using MTT (3-(4, 5-dimethyl thiazol-2yyP, 5-
diphenyl tetrazolium bromide) assay (Rai-Elbalbaal, 1985). The heparinized blood samples were delefrom
horses in experiment 3. The lymphocytes were segmhnasing Ficol gradient at 400 g at 4 °C for 3Gwutésa
ccording to McGuckin et al. with some modificatiofdcGuckin et al., 2008). The interface layer camtgy
lymphocytes was carefully aspirated and placedaenils tubes containing 2 ml RPMI 1640 medium. Eallere
washed 3 times with RPMI 1640 medium by centrifigqatat 400xg for 10 min at 4°C. Then the pellet was
resuspended in 1ml of RPMI 1640 medium containifgbIfetal calf serum. 1x£0ymphocytes per well were
seeded in triplicate in flat-bottom 96-well micteti plates (Costar) in 150 pl of medium either alon with 15ug
per ml of Phytohemagglutinin (PHA) as a controleTilates were incubated for 3 days under 5% &7°C.
After 3 days, 10Qul of supernatant was removed from the wells andu16f MTT solution was added to all the
wells. The plate was incubated further for 4 h at°€. The MTT formazon was extracted from the calitng
dimethyl-sulphoxide (10Ql / well). Then the OD was measured using an ELt8&der at a wave length of 570 nm.
The test was repeated at least two times and meaage values were taken for statistics.
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Statistical analysis

All data were expressed as mean * standard er®y é8d comparisons for significance were testedgusin
analysis of variance (ANOVA) test. The StatistiPabducts and Service Solutions (SPSS) 22 prograsnused for
statistical analysis and a difference was consdltrde significant at P < 0.05. (Borenstahal. 1997).

RESULTS

Electrophoresis of milk whey samples and fractionsontaining lactoferrin

Lf was collected and purified from camel and cowkmihey using a cation exchange chromatography Bn S
Sepharose. Characterization of cow and camel Lfdeae using SDS-PAGE. The results revealed thtit the
camel and cow Lf was separated around moleculashweif 80 kDa (Fiaure. 2 and 3).

1 2 M

110KDa

3
g

Figure 2: SDS PAGE analysis of camel whey
Lane 1: camel whey, lane 2 standard bovine lactofé¢Sigma) and lane M: broad range protein laddEermentra SM1841)

r | 2 M

110KDa

Figure 3: SDS PAGE analysis of cow whey
Lane 1: cow whey, lane 2: standard bovine lactofe(8igma) and lane M: broad range protein laddeerientra SM1841)
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Antisera potency using neutralization test (SNT)

The antisera potency in experiment N. (higricollis venom with camel milk whey) increased to 65 sh.ln
comparison to 45 LEy among the control group. Also, immunization of dex in experiment (2) with the venom
and cow milk whey increased the antisera potenc$a® LDy, compared to the control group (42.5 43P In
experiment 3, standard bovine Lf was used of withvwenom, showed that there was increased anpiséeacy to
75 LDgy in comparison to the control group (50 dgP In experiment (4), using complete Freund's aaljiiwvith N.
nigricollis venom increased the antisera potency to 65 ifbcomparison to the control group (49.24D

Estimating the Immunological effect of Lactoferrin by using lymphocyte transformation test (LTT)

The immune effect of lactoferrin was studied by pbhocyte transformation test (LTT). The obtainedultss
illustrated that the lymphocyte transformation meatue of PHA was 2.37+ 0.06 (Table 2). While thETLmean
values were 3.076+0.09 and 2.49+0.05 among theehdrgected withN. nigricollis venom with standard bovine
lactoferrin and the control group (horses injeckétth N. nigricollis venom without lactoferrin), respectively.

Table 2: results of lymphocyte transformation testl(TT) among the horses immunized withN. nigricollis venom and
standard bovine lactoferrin

Horses injected withN. nigricollis | Horses injected withN. nigricollis
Items PHA alone .
venom + lactoferrin venom alone
LTT means +SE| 2.37+ 0.04 3.076+0.09** 2.49+0.05*

PHA: Phytohemagglutinin; ** = significant (P < 0.Q1* = significant (P < 0.05).
DISCUSSION

Snake venoms are composed of different peptideyness, toxins and inorganic ions. These differemhgonents
are responsible for a variety of toxic propertiéssenoms. Snakebites cause life-threatening symgptimeiuding
uncontrolled bleeding and paralysis and treatmeittt wntivenom is potentially lifesaving (Stom¢ al, 2013).
Snake antivenom is formulations of immunoglobuliurid in plasma of animals immunized with snake weno
Their therapeutic success lies in their abilityn@igate the progress of toxic effects induced bgke venom
components, when administered intravenously (Letéal, 2013). Increasing the potency of anti-sera/imohogin
is one of current need for better therapeutics.

Tremendous studies showed that lactoferrin (Lf) hawide range of effects on the immune system andni
important component of the nonspecific immune sys{€ania Siqueiros-Cendon et al 2014). Abundantesgon
and secretion of lactoferrin, in particular in makd fluids of the digestive tract, Lf is the fitste of defense for
any entry point in the body (Legramd al, 2005; Tania Siqueiros-Cenddn et al 2014). Besitdedirect effects in
host defense on bacteria, fungus and parasitesjbp@goles in the modulation of the immune respongre
reported (Legranet al, 2005). Camel lactoferrin has been shown to haevaral activity (EL-Fakharanet al,

2013). The present study aimed to improve thevantm potency oN. nigricollisvenoms using Lf as adjuvant.

First, camel and cow milk whey were used as a soofclactoferrin in a crude form. The SDS profilealysis
reveals that, milk whey samples had a band at 88 @gure 1). This finding was simliar with Elagaray al.
(1996) previous finding of who recorded that theifprd lactoferrin from camel’'s milk was estimatatl 79.5 kDa
(Elagamy et al. (1996). Lactoferrin is a promisingtural adjuvant which is an 80 kDa iron bindingtpin
commonly found in secretory fluids. A promising uratl adjuvant candidate is lactoferrin, an 80 ki ibinding
protein commonly found in secretory fluids (Legraedal, 2004). Lactoferrin is multifunctional glycoprotei
present in milk, and but also found in other biddag fluids, such as saliva, tears, bile and paatérguice (EL-
Fakharangt al, 2013).

In our experiments, using of cow or camel milk whaesyadjuvant tdN. nigricollis venom in the immunized horses
increased the antisera potency as compared tootiteot group. The main immunostimulatory componientvhey
is lactoferrin and this finding was reported andgested that lactoferrin would have the potentiajeénerate a local
environment to promote development of antigen-djge@iH1 cellular response from activated presentogdis
(Hwanget al. 2005). Lactoferrin, acting as an adjunct adjuveasats able to augment vaccine efficacy (Hwanhaul.
2005). In addition, whey contain other protein tHaotoferrin such as R-lactoglobulins;lactalbumins, serum
albumins, immunoglobulins, and proteose-peptonesh@it, 2006). These whey proteins help in magtifinaof
inflammatory process around site of injection ohem in horse skin, thus may increases the infittratof
macrophages and other antigen presenting cellshwhitects on immune status, both cellular and haienmune
response (Begt al. 1985). Albumins (such as-lactalbumins, serum albumins) in whey considersdaaveak
antigen alone, although it has high molecular weighl14.6 kDa due to its simple structure not ctarpas reported
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by Beg et al. (1985). As a complexity is an impottéactor to any material to be a good antigenvidluén using
whey powder (which containing albumins) as adjuwaitih venoms in hyper immune sera horses, albumitss a
carrier to venom particles (especially in N. nigtiis venom which consider a weak immunogen). Thessgom
particles are considered as a hapten, resultedagnification of immune response, thus increasingmfbodies
titer against venom.

This finding was in accordance with Patterson(1988)o reported that hymenoptera venoms for vaccine
immunization of human subjects are prepared by lyoperizing the venom with albumin using glutaralgeé as
the polymerizing reagent (Patterson ,1985). Seffitalbumin is used to produce water-soluble capelg of high
molecular weight above 200 kDa. It is very cleatthhere were differences in immunostimulatorgetfffoetween
both camel and cow whey, as camel whey increasgboalies titer againsh. nigricollis venom more than cow
whey. These results were explained by basicallgetheasons, first, is the higher content of lactofan camel
whey (170 mg/l) than cow (76 mg/l) respectivelyg@dmy, 2000). Second reason is the quantity obguetn in
whey protein is higher in camels’ milk whey (106 /@0 ml) than in cows’ milk whey (91 mg/100 ml) (Nga,
2006). Third reason is unique structure and physicaperties of camel lactoferrin, as it have bsamificantly
more heat resistant than cow lactoferrin (FarahAthehs 1992; Elagamy, 2000). Thus, it makes calaetoferrin
(in camel whey) more stable during venom-whey mixtpreparation and gives more immunostimulatorgcff
Another advantage, camel whey is devoid of R3-ldotmgins protein a$-lacoglobulin is responsible for some of
the observed allergies to cow’s milk (Chobetrtal. 1997). These explain the increased post immuoizagaction
in horse's skin after injection of venom-cow wheixtore as compared with post immunization reactiohorse's
skin after injection of venom-camel whey mixture, 8 is evident from the above results that camiedy induced
more immunostimulatory effect with minimal post imnization reaction in horses used in productioardfsera.

For the antivenom production the vast majority whk produced by traditional technology in horsesmunized
with crude venoms. Generally, complete and incoteplereund's adjuvants were used to promote immune
responses (Theakstat al. 2003). In last set of experiment, use of completeund's adjuvant (CFA) with N.
nigricollis venom in horses; increase the antigetgncy in comparison to the control group.

Jennings (1995) mentioned that for many years djievant of choice was CFA. It is also clear thanstard bovine
Lf produced antivenom of high neutralizing activiffhe immunostimulatory effect of cow whey and cdetg

Freund's adjuvant was nearly the same, but theebawbich injected with CFA exhibited local reactaat site of
injection. There were many drawbacks in using cetepFreund's adjuvant as discussed by (Baal. 1991) who

mentioned that in order to minimize the local reat in use of CFA, a multi-emulsion form of CFA svased in
Brazil. However, sterile abscess and granulomadcstill be formed in about 25% of the horse. Jegsi(iL995)

concluded that CFA had a significant track of frexjily producing abscesses, granulomas and tissugls. It

contains paraffin oil, killed mycobacteria and miglenmonoosleate, and the paraffin oil is not meliabd; it is

either expressed through the skin (via a granulomabscess) or phagocytized by macrophages. Théaptaul
exposures to CFA will cause severe hypersensitigctions, Chippaux and Goyffon (1998) reportet the use
of CFA is a very potent adjuvant but can causeossrside effects, i.e. sterile abscess and grarsubom its use in
horses has been discouraged (Chippaux and Goyffi#sj.

The present investigation evaluated the immunecefief standard bovine lactoferrin using Lymphocyte
Transformation Test (LTT) as shown in Table (2)eTITT mean values were higher among the horsestége
with Naja nigricollis venom with lactoferrin than the control group @es injected witiNaja nigricollis venom
without lactoferrin). Effectiveness of the lactafar adjuvant comparing primary vaccination versus a
immunization schedule with a booster administerel weeks. BCG/lactoferrin vaccinating, given omcewice,
demonstrated an improvement in pulmonary diseasapaced to both the BCG vaccinated and non-immunized
groups (Hwanget al, 2011). Also, both BCG/lactoferrin vaccinated graxhibited increase production of IRN-
compared to the non-immunized group and decreasmtligtion of IL-10 compared to the group vaccinatéth

only BCG (Hwanget al, 2011).

CONCLUSION

In conclusion study revealed that, whey is not anifk by product having a high nutritive value, also shows
adjuvant effect on the antibodies levels. Thisctffe due to presence of lactoferrin and other whmgeins which
give immunostimulatory effect in production of seakntisera from horses. This specific property ¢dod targeted
as potential strategy for treatment of snake venodRurthermore, investigations are needed on sedparand
purification of lactoferrin especially camel lactofin as it is not available commercially and sfindyits role in
immunological areas.
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