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Abstract

Neurological signs like ataxia and hind limb paresis have often been reported in cheetahs (Ad-
nonyx jubatus), lions (Panthera leo) and snow leopards (Panthera unica). As a cause, copper and
Vitamin A deficiencies have been discussed. Many cases were seen in cheetahs and lions in the
United Arab Emirates (UAE) within the last years. The aim of this study was to find correlations
between nutrition, serum, and tissue levels, focusing on copper and Vitamin A. Blood and tissue
samples of affected and unaffected animals were analyzed at the Central Veterinary Research La-
boratory in Dubai, UAE. Animals were split into three different groups (A, B and C) according to
their diets. Minerals were determined in serum, tissue, food and water samples, and serum was
additionally analyzed for Vitamin A and E. Liver, kidney and spinal cord samples were taken for
histopathological investigations. Mean serum copper and liver copper levels of animals fed pure
chicken muscle meat without supplements were significantly lower (0.41 +0.71 pM/L; 2.16 +0.95
ppm wet weight) than in animals fed awhole carcass prey diet (12.16 +3.42 pM/L; 16.01 £17.51
ppm wet weight) (p < 0.05). Serum Vitamin A and Elevels were highest in animals fed whole car-
cassprey diets (1.85 +0.68; 27.31 +5.69 uM/L). Liver zinc concentrations were highest in animals
fed pure chicken meat only (43.75 + 16.48 ppm wet weight). In histopathology, demyelination of
the spinal cord was found in all of the affected animals and most commonly when fed adiet based
on poultry without supplements.

How to cite this paper. Kaiser, C., Wernery, U., Kinne, J., Markesint LiesegangA. (2014)The Role of Copper and &it
min A Deficiencies Leading to Neurological Signs in Captive Chdataonyx jubatusand LionsRanthera led in the
United Arab Emirate$-ood aml Nutrition Science$, 1978-1990http://dx.doi.org/10.4236/fns.2014.520209
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1. Introduction

Copper(Cu) is an essentiatraceelementandis requiredfor a numberof body functionslike hemoglobinsyn-
thesis,myelinationof the nervesheathsmineralizationof the skeleton crosslinking of elastinandcollagen,as
well asaconstituenpf severakenzymeg1]-[3]. It alsoplaysasynergisticandantagonistiagole in otherminerals
andvitamins. Vitamin B,, Byo, B, D andmineralslike calcium(Ca), cobalt(Co), selenium(Se),sodium(Na)
andiron (Fe) enhanceCu retentionwhereasmolybdenum(Mo), cadmium(Cd), mercury(Hg), zinc (Zn), lead
(Pb), potassiun{K), phosphorougP), Vitamin A (VA), Bz, Bs, Bs andC aswell asiron (Fe)actantagonistically
to Cu. An increasedorticoid productionwhich canarisein stresssituationsdecrease€u retentionaswell [3].
Cudeficiencyis assumedo affectthe centralnervoussystencausingdemyelinatiorof nervesin the spinalcord
andthereforeataxiaandotherneurologicakigns[4] [5].

Dietary factorshavebeenfound as possiblecontributorsto a numberof healthissuesin cheetahgAcinonyx
jubatug [6]-[13] andothercaptivebredfelids like lions (Pantheraleo) [14]-[18] and snowleopards(Panthera
unica) [13] [19]. In cheetahsataxia,aswell ashind limb paralysisandparesisddueto degenerativéesionsin the
spinalcord, hasbeenreportedin zoos,privatecollectionsandwildlife parksandis knownas“cheetaimyelopa-
thy” [13] [20]-[29]. Deficienciesof the tracedementCu [20] [21] [29] [30] and VA [14] [23] havebeendis-
cussed.

A similar phenomenomasbeendescribedn lions whereskull malformationshavebeenfound asa causefor
neurologicakigns,possiblycausedy hypovitaminosisA [14] [15] [31].

FelidsrequirepreformedVA in their diet dueto thelack of ability to convert -carotenénto retinol [32].

In captivity, a meatdiet which is not supplementeénd doesnot containbones viscera,fur or feathersmay
leadto thesedeficiencieslt is essentiato offer a carnivorousdiet to captivefelids which is balancedand in-
cludesall necessarputrients,ncludingvitaminsandminerals.Sincethereis only limited informationpublished
aboutrequirement®f mostnondomesticfelid speciesthedomesticcatis oftenusedasareferencd33] [34].

In the United Arab Emirates(UAE), many differentfelids arekeptin zoos,wildlife centersand private col-
lections.Someof the mostcommonlyreportedclinical signsin thesefelids are ataxia,swayinggait and hind
limb paresis.

This studyis aretrospectivestudy,basedon pathologyfindings, tissueandserumresultsof cheetahandlions,
testedat the Central Veterinary ResearchLaboratory (CVRL), Dubai, UAE between2002 and 2013. Some
recordswere incompleteand not every sampleof eachanimal was availablefor eachparametettested.The
study was designedto determinevitamin and trace elementlevels of captive cheetahsand lions in the UAE
which werefed different dietsandto find a correlationbetweenneurologicalsignsandthe food theseanimals
receivedwith particularfocuson CuandVA.

2. Material and Methods
2.1. Animals

Animalsin this studyoriginatedfrom variousprivate collectionswithin the UAE. The ageof theseanimalsva-
ried from 11 monthto 12 years.Individual’s historywastakenfrom the medicalhistoryform or from pathology
recordswhenavailable.

In total, 76 animalswereincludedin this studyconsistingof: 61 cheetahg49 adultsand12 sub-adults)and15
lions (8 adultsand 7 sub-adults). They weredividedinto threegroups,according to their basediet (Table 1 and
Table 2).

Thirty-nine blood samplesof adult and juvenile felids including 30 cheetahgAcinonyxjubatussp) and 9
lions (Pantheraleo) weretestedfor Cu, Se,Zn, VA andVitamin E (VE) serumconcentrations.

Necropsiesvere conductedon 43 animals,including 36 cheetahsnd 7 lions. Liver samplesvere analyzed
for Cu, SeandZn. Histologicalexaminationvasconductedn kidney, liver samplesaswell asspinalcord san-

plesfrom thelumbarregion.
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Table 1.Number of cheetahs\¢inonyx jubatusby age group (number of affected aninfads)d diet composition grouped
by base diet.

No. ofcheetahs

ez sulnaellis Main diet fed Daily food intake Extra diet Supplements

Group

Adults: Mazuri® 3.5 g and

2 -4 times a month: CoppeFTritiond 1.5 g per day

15 2 Quiails (fresh, including pieces of a carcass

A 2 A . 1000- 1500 ¢ - each given 6 days a week.
(0) (0) viscera and feathers) (rabb(l)t,r gﬁgg g)azelle Sub adults: Nutrobll g per
P day, 7 days a week
13 5 Whole chicken with bones 2 ;ﬁcg??;cﬂ?ggg; Adults and sub adults:
B A " (defrosted without 1000- 1500 ¢ piece Predatdf, 10 g per 2 kg
@y @ ) (rabbit, goat, gazelle .
viscera and feathers) or sheep) chicken every other day
Whole chicken with bones
c 21 5 (defrosted, without viscera and 1000- 1500 ¢ None None

11y @y feathers) 3 days a week; pure
chickenmuscle meat, 3 days a w¢

3animals were declared as affected when they shawedblogical signs like ataxia and&waying gaitandbr hind limb paresi€Depending on age
and size of the animalMazuri® Carnivore Supiement58QC for Slab Meat (Dietex International Ltd., P.O. Box 705, Witham, Esse8, TV,
United Kingdom) “CopperTrition (Equine Products [U.K.] Ltd, 22 Riversdale Court, Newburn Haugh Industrial Stateabiite upon Tyne, NE15
8SG United Kingdom)Nutrobal (VETARK Professional, P.O. Box 60, Winchester, SO23 9XN, United KingddRredator supplement
(HEALTHtech laboratories (Pty) Ltd, Cnr Douglas and Old PretoriaVRdrand, South Africa, P.O. Box. 12285, Vorna Valley 1686yth Africa).

Table 2. Numberof lions (Panthera lep by age group (number of affected aninfads)d diet composition grouped by base

diet.
No. of lions - . . .
Group zalullis suivenllic Main diet fed Daily food intake Extra diet Supplements
0 0
A a a - - - -
0y ()
2 4 Wholechicken with bones Pieces of a carcass ofAdults and sub adults:
B ary (y (defrosted without 3000 g- 5000 ¢ a rabbit, goat, Predatof, 10 g per 2 kg
viscera and feathers) gazelle or sheep chicken every other day
Whole chicken with bones
6 3 (defrosted, without viscera )
c 27 @3¢ and feathers) 3 days a week; 3000 g- 10,000 § None None

chicken muscle meat, 3 days a week

2Animals were declared as affected when they showemblogical signs like ataxia and/swaying gaiandbr hind limb paresi$Depending on age
and size of the animalPredator supplement (HEALTHtech laboratories (Pty) Ltd, Cnr Douglas and Qdti®@ied, Midrand South Africa, P.O.
Box. 12285, Vorna Valley 1686, South Africa).

2.2. Diet

Analysisof thefood andsupplementshethreegroupswerefedis presentedn Table 3.

GroupA consistedf cheetah®nly andincluded17 individuals (15 adultsand 2 subadults).Adult cheetahs
of Group A werefed six daysaweek(Table 1). Their daily diet consistedf whole quails(1200- 150049, de-
pendingon the size and weight of the animal),including visceraand feathers Birds were cut openand coated
with 3.5 g Mazuri® CarnivoreSupplemen68QCfor SlabMeat (Dietex InternationallLtd., P.O.Box 705, Wi-
tham,EssexCM8 3TH, UnitedKingdom) and1.5 g CopperTrition (Equire ProductdU.K.] Ltd, 22 Riversdale
Court,NewburnHaughindustrialEstate NewcastleuponTyne,NE158SG,UnitedKingdom) perday,and? - 4
times per month piecesof a whole animal carcasdike arabbitor a gazellewasfed. The subadults(up to 1.5
years)in Group A received1000- 1200 g of whole quails, sprinkledwith 1 gof Nutrobal (VETARK Profes-
sional,P.0.Box 60, WinchesterSO239XN, UnitedKingdom) eachday.

Group B included24 animals(18 cheetahs13 adultsand 5 sub-adults; 6 lions: 2 adultsand 4 sub-adults),
which werefed six daysaweek,primarily defrostedchickenwith bonesbut without visceraandfeatherg(Table
1 andTable 2). Cheetahsverefed a daily amountof 1000- 1500 g andlions 3000- 5000 g (dependingon the
ageandsizeof theanimal).Birds weredefrostedn awarmwaterbowl for about30 minutes.Additionally this

1980
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Table 3. Food, supplement and water analysis from captive cheefaliisofiyx jubatusand lions Panthera led in the
United Arab Emirates which were divided into thggeups according to their base diet.

ca? p? Cu? Seé Zn? VA? VE?
Meat analysis(in g/100g dry matter) (in lU/100g  (in IU/100g9
Recommended values for domestic tats 0.59 0.50 0.0005 0.00003 0.0075 33300 380
Whole quail 1.3 1.3 0.0003 <0.0001 0.0021 ne ne
Whole chicken with bones 1.53 1.05 <0.0001 <0.0001 0.0044 nef nef
Chicken muscle meat 0.0036 0.1 <0.0001  <0.0001 0.0048 net ne
Beef muscle meat 0.002 0.11 0.0002 <0.0001 0.0078 net net
Beef on bone 1.14 0.98 0.0002 <0.0001 0.0044 ne ne
Supplement analysigin g/100g dry m#er)
Mazurf® carnivoré 22.3 0.4 0.012 <0.0001 0.11 18,960 760
Coppertrition® 0.049 0.0096 0.21 0.0022 0.016 ne 4000
Nutrobal 23.7 0.39 0.075 0.00045 0.24 50,000 2000
Predatot 29.51 2.1 0.0001 <0.0001 0.0001 27,500 365"
Water analysis(in mgL)
Reference valués <100 <5 <0.01 <5.0 <2 ne ne
Group A 19 <1 <0.004 <0.01 0.01 ne n
Group B 10.8 <1 <0.004 0.09 0.066 ne ne
Group C 15.8 <1 <0.004 <0.01 0.013 ne ne

#Ca= calcium, P= phosphorus, Ca copper, Se selenium, Zre zinc, VA = Vitamin A, VE = Vitamin E.°F.E.D. . A. F. Nutritional Guidelines
for complete and complementary pet food for dogs and ‘cats. not analyzeiMazuri® Carnivore Supplement # 58QC for Slab meat (Dietex-nte
national Ltd., P.O. Box 705, Witham, Essex, CM8 3TH, United Kingd8@gpperTrition (Equine Produs [UK.] Ltd, 22 Riversdale Court, Ne
burn Haugh Industrial Estate, Newcastle upon Tyne, NE15 8SG, United Kingftuhmpbal (VETARK Professional, P.O. Box 60, Winchester,
S023 9XN, United KingdomyfPredator supplement (HEALTHtech laboratories (Pty) Ltd, Cnr Douglas and Oldi@RdoMidrand, South Africa,
P.0.Box 12285, Vorna Valley 1686, Souttriza). "itamin E from mg/108, 149, '[47] Kélle W. (2007) Wasseranalyseithtig beurteilt.Wiley-
VCH GmbH & Co. KGaA Hannover, Germany.

group receivedPredatorsupplemen{HEALTHtech laboratoriegPty) Ltd, Cnr Douglasand Old PretoriaRd,
Midrand, SouthAfrica, P.O.Box 12285,Vorna Valley 1686, SouthAfrica), 10 g per 2 kg chickeneveryother
day. Felids of this groupwerefed piecesof a whole carcasqwithout visceraandfur) of a gazelle,sheepor a
god 2 - 4timesamonth.

GroupC consistedf 35 animals(26 cheetahs21 adultsand5 sub-adults;9 lions: 6 adultsand 3 sub-adults).

Animals were fed six daysa week (Table 1 and Table 2). Threedaysa week they receivedchickenwith
bonesandthreedayspurechickenmusclemeat.Cheetahgot fed 1000- 1500g andlions 3000 - 10,0009 (de-
pendingon theageandsizeof theanimal).No additionalsupplementsveregiven.

All animalshadaccesgo waterad libitum.

2.3. Analytical Chemistry of Food and Water Samples

OnehundredmL of watersamplesand200 g of food sampledrom threefacilities weretestedfor Ca,Cu, P, Se,
andZn concentrationat CVRL (Table 3).

The food andwater samplesvereanalyzedby emissionspectrometryn a ThermoScientificiCAP 6000 Se-
riesICP SpectrometefThermoFisherScientificinc., 81 WymanStreet Waltham,Massachusett§2454USA).
2.4. Analytical Chemistry of Serum

Blood samplesof 39 individual felids were collectedand analyzedfor Cu, Se,Zn, VA andVE concentrations

(Table 4).
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Table 4.Blood vitamin and trace element analysis (meanaadsrd deviation [SD] (range); uM/Lh theetahs: lionspf
captive cheetahgA¢€inonyx jubatusand lions Panthera lep in the United Arab Emirates compared to published semimn p
rameters for cheetahli§zer and kidney analysis (mean + standard deviation [SD] (range); ppm wet weigbftchptive -

lids in the United Arab Emirates and published reference values for domestiCaaersion factors were used to change
reference values into uM/L.

Vitamin A Vitamin E in  Selenium in Copper in Zinc in serum  Copperin liver  Zinc in liver
in serum serum serum serum pp
Reference values nM/L uM/L pM/L pM/L nM/L ppm wet weighippmwet weight
185+0.1 1485+046 566+0.28 11.62+0.79 141+21
Bechert (1.40-3.28) (6.26-24.36) (3.18-6.78) (2.51-21.7) (8.42-37.18) -
[14] [14] [14] [14]
4.4+0.21 40.6+1.6 5.98+0.06 1554+0.16 10.56+0.31
Bechert (3.12-6.60) (22.5-67.7) (4.95-7.52) (11.6-24.3) (7.65-13.77) -
[18] [18] [18] [18] [18]
1.82+0.11 18.14+0.53 15.06 £ 0.5 13.13+0.51
Dierenfeld (0.25-4.20) (4.87-39.46) (4.52-60.24) (7.58-19.7) -
(88] [88] [81] [81]
22+0.22 35.6+3.9 3.1+0.16 12.53+0.84 10.87 £ 0.52
Beckmanfi (0.5-5.4) (6.5-66.1) (1.4-5.5) (5.0-20.2) (7.6-20.2) -
[27] [27] [27] [27] [27]
Pulsé - - - - 37.0-45.0 25.0-80.0
Groups
185+0.68 27.31+569 3.68+1.08 12.16+3.42 1048+186 16.01+17.51 34.1+0.0
A (0.2 -29) (16.2-36.4) (1.84-5.58) (5.1-17.8) (8.3-14.7) (2.2-35.7) (34.1)
[13:0] [13:0] [13:0] [14:0] [13:0] [3:0] [1:0]
128+145 1256+7.98 249+105 12.74+4.26 18.84+6.26 9.41+6.41 39.93+19.94
B (0.0-4.0) (6.3-24.6) (1.02-3.87) (8.0-19.0) (11.0- 26.6) (3.9-23.9) (15.0- 84.3)
[4:2] [4:1] [2:3] [4:4] [3:2] [13:1] [9:1]
0.45+0.17 15.88+4.04 3.17+0.34 041+0.71 10.7+7.51 2.16+0.95 43.75+16.48
C (0.2-0.6) (10.5-20.6) (2.74-3.71) (0.0-1.8) (2.1-16.0) (1.02-5.4) (24.8-78.2)
[3:1] [4:1] [4:2] [6:3] [3:0] [20:6] [9:2]

3PBechertet al, 2002, supplemented m&and commercial dieP(Retinol, from pg/nh, 3.49; .-tocopherol, from pg/in, 2.32; copper, from pgiL,
15.7; seleniumfrom ng/ni, 0.0127; zinc, from pg/in 15.3;serum).’Dierenfeld, 1993 (copper, from mEg/L, 502; zinc, from mEg/L, 505;serum).
9Beckmann et al., 2013Puls, R. 1994. Mineral Levels in Anal Health, Diagnostic Data, 2nd iidn, Sherpa International, Clearbrook, BC, Canada.

For serumanalysis,5 - 6 mLof blood were collectedeitherduring an annualroutine healthcheckor before
euthanasidy venopuncturef the V. jugularis or V. cephalica usinga 19-gaugeneedleanda 10-mL disposable
syringe. The blood was collectedinto serumvacutainergBD Vacutainef Blood Collectiontubes,BD Vacu-
tainer SystemsPlymouth,Devon, PL6 7BP, United Kingdom) and transportedn cooledcontainerso CVRL
for analysis.

At CVRL the serawerediluted 10-timeswith de-ionizedwater.VA (retinol) andVE ( .-tocopherol)concen-
trationsweredeterminedn serum,usingan Alliance Waters2695Separation$lodule High-performancdiquid
chromatographyHPLC), and a Waters2487 Dual AbsorbanceDetector(WatersCorporation,34 Maple Street,
Milford, Massachusett91757,USA).

SerumCu and Zn concentrationsvere determinedusing a ThermoElementaliCE 3000 SeriesAtomic Ab-
sorption SpectrometefAAS) (ThermoFisher Scientific Inc., 101 ConstitutionBlvd, Franklin, Massachusetts,
02038,USA). For Cu, awavelengthof 324.8nmwassetand213.9nmfor Zn. Threestandardsvereperformed
for both elementdor plotting a standarcturve.For deuteriumbackgrounctorrectiona STAT (slottedtubeatom
trap)wasusedto increasehe sensitivityof theanalysis.

Seconcentrationgn serumweremeasuredisinga GraphiteFurnaceAtomic AbsorptionSpectromete(Fisher
Scientific UK Holding CompanyLimited, SolaarHouse,19 MercersRow, CambridgeCB5 8BZ, United King-
dom). The serumwasdiluted 10-timeswith 0.05%Triton. The elementwasmeasuredt a wavelengthof 196.0
nm anddeuteriumwastakenfor backgroundcorrection.Threestandardsvere performedfor plotting a standard
curve. A matrix modifier solution containing2% hydroxyl ammoniumhydrochlorideand 500 mg/L palladium

wasusedto reducetheinterferences.
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2.5. Pathology and Histopathology

Necropsiesvereperformedon 43 carcasseBnmediatelyafterarriving at CVRL (Table 5). Freshtissuesamples
weretakenfrom kidney, liver andspinalcord of the lumbarregion. Tissuesamplesverefixed in a 10%forma-

lin solution.After usingroutinemethodsfor the samplepreparationthe samplesverethenstainedwith Hema-
toxylin andEosin(H & E) andhistologicalexamined.

2.6. Analytical Chemistry of Liver Tissue Samples

Forty-threeliver samplesof 43 deadfelids wereprocesse@ndanalyzedat CVRL afternecropsy(Table 4). For
theanalysisof Cu, SeandZn concentrationé liver tissuesamplesveredigestedwvith 5 mL 65% nitric acidand
1 mL 31% H,0; in EthosMilestoneMicrowave Labstation(200U,&800 W for 10 minutes)(Milestonelnc., 25
ControlsDrive, Shelton,Connecticut06484,USA). After the digestionthe samplesveremadeup to 10 mL or
100 mL with deionisedwater,dependingon the concentratiorof mineralspresentAfter samplepreparatiorso-
lutionsweremeasuredvith the samemethodasperformedwith serumsamples.

2.7. Statistics

For eachblood andtissueparametethe meanconcentrationguM/L for serumand ppm wet weight for tissue
samples)standarddeviation(SD) andrangeweredeterminedAll dataareexpresseésmeant SD. Thethree
groups(A, B andC) werecomparedo eachotherfor serumCu, Se,VA, VE andZn aswell asfor liver Cuand
Zn concentrationdy oneway ANOVA using Tukey Posthoc testsin R (R Coredevelopmentean [2013: a
languageand environmentfor statisticalcomputingand graphics www.r-project.org. Valuesof p < 0.05were
consideredhsstatisticallysignificant.

3. Results
3.1. Clinical Signs

Out of the 76 individuals tested,30.3% (23 animals)were affectedwith clinical neurologicalsignsincluding
ataxia,lack of coordination,swayinggait and hind-limb weaknesgrom moderateto severe(Table 5). These
animalsall showednormalappetite.In the final stageshey were unableto stand,developedhind limb paresis
andfinally diedor wereeuthanizealueto poorprognosis.

Noneof the animalsin Group A wereaffectedwith neurologicalsignswhereat.0% (3 animals)in GroupB
were affected.In Group C 26.3% (20 animals)of the animalswere affectedincluding threeanimals(one sub
adultcheetahpnesubadultlion andoneadultlion) which alsoshowedsignsof ataxiabut werestill alive until
thedatetested(Table 5).

3.2. Diet

Table 3 showsthe resultsof the five parametersested(Ca, P, Cu, Se,andZn) in five different meatproducts
andof thefour differentdietarysupplementgincluding VA andVE levelsof the supplements,eceivedrom the
manufacturersjeedto Group A andB. Referencevaluesfor domesticcatsare also presentedor comparison
[33].

Table 5.Gross pathology and histopathology results of cheetatisdnyx jubatus lions (Panthera lepin the United Arab
Emirates which were split into three different groups (A, B @)id

Group No. of ani_mals No. of affected _Atro_phy of the Demyel_ination His?opathology Skull malformation
necropsied animals® hind limb muscles  of the spinal cord of liver/kidney
A 3.0 0:0 0:0 0:0 nf/nf? nf
B 13:1 2:1 1:1 2:1 nf/nf nf®
C 20:6 155 5:3 14:3 nf/nf® 0:1

3Groups were categorized by their base diehimals were declared as affected when they shawedological signs like ataxia and&waying g;it
andbr hind limb paresigin total 23 animals showed neurological signs. Out of these, three (1:2) weativailHence only blood was analyzéaf.
= nothing found



C.Kaiseret al.

Meat on bone(beefandchicken)including quails,had a Ca:Plevel of 1:1 whereagpure musclemeathad a
Ca:Pratio of 1:55 (beef)and 1:28 (chicken).All five meatproductswere low in Cu, SeandZn. Quail, beef
musclemeatandbeefon bone possessethe highestCu values(0.0003g/100gdry matter;0.0002g/100gdry
matterrespectively) Whencomparedwith the supplementsmostof the elementsvereabovethereferenceval-
uesfor cats,especiallyCa, Cu, and Zn [33]. However, Predatorsupplemen{HEALTHtech laboratorieqPty)
Ltd, 79 LandmarksAve., Centurion0157,SouthAfrica) hadavery low Cu content(0.0001g/100gdry matter)
andCopperTrition (EquineProduds [U.K.] Ltd, 22 RiversdaleCourt, NewcastleuponTyne,NE 15 8SG,Unit-
edKingdom)averylow Cacontent(0.049g/100gdry matter).

Tab water samplesfrom threedifferent private collection breedingplacesshowedsimilar ranges(Table 3).
Rangedell within the WHO valuesfor standardvater|35].

3.3. Analytical Analysis of Serum

Referencevaluesfor serumand hepaticVA, VE andtraceelementsare limited for lions and other big felids,
hencetheresultswerecomparedo recentlypublisheddatafrom cheetah$8] [36] [37]. Thevaluesarepresented
in Table 4andFigure 1.
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Figure 1. Comparison of serum vitamin and mineral results (mean = SD; uM/L) as well as liver
values (mean + SD; ppm wet weight) of captured cheefsdindnyx jubatusand lions Panthera
leo) in the United Arab EmirateRifferent letters (A), (B)) denote significant differences.
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Overallthereweresignificantdifferencesetweerthe threegroupsfor VA (F;,20=3.84,p = 0.039),VE (F;,20
=14.06,p < 0.001),Cu (F; 28 = 45.29,p < 0.001)andZn (F, 1= 3.97,p = 0.037).Group A hadthe highestVA
(1.85+ 0.68 uM/L) andVE (27.31+ 5.69 uM/L) concentrationsvhereasGroup C hadthe lowestVA (0.45+
0.17 uM/L) andCu (0.41 £ 0.71uMI/L) levelsof all groups.Therewasno significantdifferencefor serumSe
betweenthe threegroups(F, 1 = 2.909,p =0.077).Group A wassignificantly higherthan Group C for serum
VA, VE (27.31+ 5.69uM/L; 15.88+ 4.04 uM/L) andCu (12.16+ 3.42uM/L; 0.41+ 0.71 uM/L) valuesbut
notfor serumzn (10.48+ 1.86uM/L; 10.7+ 7.51uM/L). Therewereno significantdifferencesbetweenGroup
A andB for serumVA andCu. Group A hadsignificantly higherserumVE levelsthanGroupB (27.31+ 5.69
MM/L; 12.56+ 7.98uM/L) whereassroupA hadsignificantlylower levelsfor serumZn thanGroupB (10.48+
1.86 uM/L; 18.84+ 6.26 uM/L). Group B wassignificantly higherthan Group C for serumCu (12.74+ 4.26
MM/L; 0.41+ 0.71uM/L) butnotfor serumVA, VE andZn (Figure 1).

3.4. Pathology and Histopathology

Theresultsof the grosspathologyandhistopathologyof necropsiesrepresentedn Table 5.

Forty-threepercent(n = 10) of the affectedanimals(n = 23) showedslight hind limb muscleatrophy.

In histopathologysignificantpathologicalchangesverefound in the centralnervoussystem.Demyelination
of the spinalcord, characterizedby bilateraldilated myelin sheathof the white matterandvacuolizationof the
tissuewas seenin all 20 felids that showedneurologicsignsbefore death.Diffuse vacuolatedmyelin sheaths
wereseenin thespinalcord (Figure 2 andFigure 3).

Skull malformationwasseenin onelion of GroupC. No amyloidwasfoundin theliver or thekidneyandno
inflammationwasseenin anyof thecases.

Figure 2. Transverse section of the lumbar region of the spinal cord from a chAetabr{yx
jubatug showing severe vacuolation due to demyelinatio& (B, bar = 100 um).

Figure 3. Longitudinal section of the lumbar part of the spinal cord feoameetahAcinonyx
jubatug with marked myelin loss (& E, bar = 100 um).
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3.5. Analysis of Liver Tissue Samples

Theresultsof liver tissuesampleanalysisareshownin Table 4.

Overallthereweresignificantdifferencesbetweerthe threegroupsfor liver Cu (F,4; = 14.40,p < 0.001)but
notfor liver Zn (F, 19 = 0.204,p = 0.817 concentrationsGroup A wassignificantly higherfor liver Cu concen-
trationsthanGroupC (16.01+ 17.51ppmwetweight; 2.16 + 0.95 ppmwet weight) but not significantly higher
thanGroupB (9.41+ 6.41ppmwetweight).

4. Discussion

Neurologicaldisorderslike ataxia, paresisand hind limb weaknesshave beendescribednumeroustimes in
cheetahsSomeauthorsassociatedheir findingswith Cu deficiency[21] [29] [30], while otherswith viral infec-
tions in combinationwith high stresslevels [27] [28], where animalsstartedshowing ataxia and respiratory
signslike nasaldischargeand sneezingafter stressfuleventslike handcapture transportor relocation,but no
virus wasfound. However,an increasecorticoid productionin stresssituationscanoccurwhich may decrease
Curetention[3] andcouldtrigger Cu deficiency.

Cheetahsvith ataxiaandhind limb paresisin the abovementionedstudies,showedatrophyof the hind limb
musclesandseveredemyelinationwith vacuolationof the spinalcord,which validatesour findings[12] [21] [26]
[29] [38]. Theneurologicaldiseasen cheetahsgharacterizethy degenerativéesionsof the spinalcord, causing
ataxiaand paresisis called “cheetahencephalomyelopathy[39]. This diseaseis responsiblefor 25% of all
deathsn the EuropearEndangere&peciesProgrammegEEP) cheetatpopulation[39] howeverthe exactetiol-
ogy s still uncertain13].

Drug therapyhadno realinfluenceon the progressof this diseasan previouscaseq25] [26] exceptin one
animalwhereprogressiorof ataxiawasinhibited by an antiherpesdrug [27]. Coppersulfatesupplementation
had no impacton the improvementof the clinical signsin cheetahcubswith ataxic signsat NurembergZoo,
Germany[27] butin anothercasein the USA, wherecubsreceivedoral andinjectableCu supplementssignsof
ataxiaimprovedwithin four weeks[20].

Liver Cu values,which are only availablethroughliver biopsy,are a betterindicatorfor the Cu statusthan
serumvaluesand are the mostresponsiveto changesn dietary Cu intake [40]. SerumCu levels may remain
within normalrangeswhereadiver levelsmay fluctuateaccordingto the needsof the animals.Therefore liver
valuesprovidethe bestanalysisto detectCu defidency[41], though,with continueddeficientCu intake,serum
Cu concentratiorwill declineovertime, which wasshownto occurin animalsof GroupC. Sincethis studyis a
retrospectivestudy,liver vitaminlevelswereunfortunatelynot available.

This study showsthat felids which were only fed pure poultry diet developedataxiaand hind limb paresis
more often than animalsthat were fed an appropriatelybalanceddiet with regularsupplementsSincemuscle
meatdoesnot containa high amountof traceelementsandvitamins,[15] notonly Cu but othermineralslike Ca
and P shouldbe monitoredclosely. The Ca: P ratio, which is ideally betweenl:1 - 2:1 [34], is too low if only
puremusclemeatis fed (Table 3) andcanresultin metabolicbonediseasd42] aswell asCu deficiencysince
high P intake depletesCu retention[3]. As cheetahsrenot ableto consumédargebones[43], Caneedsto be
supplementeavhenonly puremusclemeatis fed.

A primary causeof Cu deficiency,which canbeassumedor animalsof GroupC, canoccurwhennotenough
Cuis fed[44]. A secondargausecanbedueto anexcessiventakeof antagonisti@actingmineralsuchaszn [1]
[2] notonly whenfed in largeamountsbut alsowhenanimalsdo extensivdicking at cagesandthereforeabsorb
alot of Zn [44]. This behaviorhasbeenseenin someof theanimalsin this study.

Chickenmusclemeatdoesnot only containaninappropriateamountof Cu for abalancedliet for captivefe-
lids, butit alsohasahigh level of Zn (Table 3) andtherefore adietbasedon chickenmusclemeatwithout sup-
plementanay be a causefor the etiology of ataxia[19] [20]. AlthoughserumCu levelsarenot the bestindicator
for Cu deficiency,they shouldbe analyzedvhencommonsignslike ataxiaor paresisarevisible. An early start
on Cu supplementss recommendetbecausdelids will morelikely respondo therapy[30], thereforeprognosis
seemdetterfor areversalin signsof ataxia.

Oneunaffectedcheetahwasanalyzedwice for serumvaluesfour weeksapart.This cat usedto receivepure
chicken musclemeatwithout any supplementdeforeit was put on a more appropriatediet. The new diet in-
cludedbeefon bonewith Predatorsupplemen{HEALTHtech laboratoriegPty) Ltd, Cnr DouglasandOld Pre-
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toria Rd, Midrand, SouthAfrica, P.O.Box 12,285, Vorna Valley 1686, SouthAfrica). The serumCu level was
8.00uM/L beforethe dietwaschangedAfter feedingbeefon bonewith supplements$or four weeks,serumCu
concentratiorreachedl7.80 uM/L. The samewas seenwith serumSe levelswith 2.80 uM/L beforeand4.79
MM/L after the diet change.VE levels were 5.40 uM/L and 16.20 uM/L respectively.Therewas not a big
changein Zn (14.7 uM/L beforeand 13.6 uM/L after the diet change)and VA levels (0.20 uM/L beforeand
0.30 uM/L respectively)lt is assumedhat VA serumlevels may reactslowerto diet changeshan Cu serum
levels.If the animalhasa VA deficiency,serumVA levels may still be adequatdor an uncertainamountof
time [31].

VA deficiencyhasalsobeenassociatedvith casesof ataxiain cheetahg12] [13] andlions [14]-[18] [45],
particularlywhenfed a leanred meatdiet. HypovitaminosisA hasespeciallybeenreportedin lions underone
year of age.The rapid growth in that ageseemsa causalfactor for that deficiency[15]. Skull malformations
havebeenfoundin affectedlions andwasalsoseenin oneof thetestedionsin this studywhich showedneuro-
logical disordersheforedeath[14] [15] [17] [31].

A balancedhutrition for theseobligatecarnivoresis importantbecauséyper VA intake hasshownto anta-
gonizeingestionof VE andCu [3]. Somesupplementgontaina high level of VA, thereforethelevel of VE and
Cu needgo be monitoredandit needsto be consideredhatVVA canbe toxic whenfed >10,0001U/kg in adiet
[34]. Sincetheliver is the major storageorganfor VA, liver VA concentrationgremoresignificantthanserum
values.Therefore,aliver biopsywould be recommendeds a diagnostictool. Sincethis studyis aretrospective
study,liver VA valueswereunfortunatelynot available.Only an extremedepletionor overconsumptiorof VA
is reflectedin serumVA concentration§31].

It is very importantthat animals,especiallycubsandinfants, get a balancechutrition with an adequatdevel
of VA to avoid deficienciesBlood mineralandvitamin concentrationsnay vary accordingto gender,age,en-
vironmentalfactorsandnutritionalintake (interactionswith othermineralsandvitamins)|[8].

In thewild, carnivoresconsumeawide variety of whole vertebratgrey (e.g.antelogs,birds) including skin,
fur/feathersyisceraandbones.Theseprey animalseata differentdiet in thewild thancaptiveanimalsthatare
thenfed to captivecarnivoresFor instance,awild bird eatsa moreinsectivoroudiet in the wild thanwhat a
captivechickenis fed [46]. Henceawild predatorike acheetalor alion getsa morebalancedlietin the wild
thanin captivity. Therefore feedingwhole carcasglietsis morenaturalandenhanceshe animal’sphysicaland
psychologicalvell-being.

5. Conclusions

In summary the resultsin this study showthat multiple nutritional deficienciesappearto be the causefor neu-
rological disordersin thesespeciesNot all animalsin this studyweretestedfor all analysisconductedn this
paperdueto the opportunisticcollectionof the samples.

Furtherinvestigationsaandcorrelationgo mineralsandvitaminsinfluencingCu andVA absorptiomeedto be
conductedBecausehis studyis aretrospectiveone,notall CuandVA influencingfactorsare analyzed.

This paperprovidesan overview of the correlationbetweemmineralandvitamin serumandtissuelevelsand
furtherinvestigationsaareimportantandto be conducted.
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