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Immunologic responses and adverse reactions (o Freund's-adjuvanted
porcine zona pellucida immunocontraceptives in domestic cats
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Albstract

A& vaceine of itiva PED with Freonds adjuvint hos hean widely used iz 200 arel wild urgelates, bak safery i felids bas ot hiean evabualil,

Gerveral Foalth, immane responss, snil ovarlas hisfaloagy were nesmssed b e domesaic cars smeeinibed ik PP -Fround ‘s anel five cots gven
Freund's adjsvant alone. Peak antibuedy tiers pocarred 4 weeks abfker e thivd saceinarion, amd me ovasan Tesivms wers presaml & miaths after
vacanarion, Seven ce developed vaiensien granilomass resethans ot injection slies, brmph podes, amd multiphe viscens organs inchudaig
funps need beain, Persisient hypercaksemis s sompromized renad fanction oecurred in dleee onts with elgvated serum caleitrial of probable
macrophage erigin, One cat died from an injecrion sHe sarcoem Recuse of these severs adverse resctions, Ereond s adjuvam is contnindicats
ity cats, asd other ndjuvants for PEP vaccings should e wesed i cats Lo advers neaciions befare wie,

& 205 Elssvier Lid, All righes resersal.
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1. Imtroduction

Contrulling reproduction in both genstically-valuatle and
avernbundant zoo felids is essential for ex sitn conservation
progranes, Reproductive planning requires efleciive comira.
cepricn so that captive breeding programs cain b dmple
miznted without discupting established social groups, Fillee-
tive and reversible conraceptives alwo would be valushle for
sovtie dotsestic catbreeding programs in cateries anc might
be un effeciive ool for controlling ferl cats.

Immuscontrucegion with native porcine zima pelly-
cida (PEP) antigens has been widely applisd acrss many
species. because these heterologous antigens i antibod-
ies that provent fertilizatdon, presumably by blocking the
sperm pitachment site on the zona [L2), Val ving degrees of
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elficacy huve been demonsirated for PZF immunocont e f-
tives in hamaters [3], rabhit [4.3], mice [6], dogs [¥]). acals
[£.91, pon-human prmates [10], elephants [L1.42), & vari-
ety of cervida [13-19], borses (20,71 ]. and exolic eygueds and
hovids [22). Two previoes studies have used PP L no-
comiraceptives in demestic cals [13,24]. In one stady, live
et wiene given S0 g PEP adrminiseered intramasculardy with
Freund's complete adjvvant (FCA DS ml), rovace inided at 3,
4, and b weeks with 50 g FZP in Freond's incompleic adju-
vane (F1AY, and then revaccinated with 200 pg PEF ia F1A
at ¥2 dirys [23]. After B0 days with a fertile male, one of five
cuts became pregnant, saggesting the vaccine provided some
contraceptive etficncy. However, in a second sy i which
1 B 1 2-week-nld kittens were given a singhe dose of either
125 pe PP in liposomes (Spay Vae'™, Immuno-vaczine
Technologies, Inc., Haltlfax, NS, Canada) emulsificd with
025 ml FOA or 200 pa Spay Vel emulsified sitl an alom
adjuvant, &l vaceinued cats besiime pregam when plocel
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with a ferile mabe afier they wese 5-6 months old despite
high anti-FZP titers 124, These resubis indicaie that o single
vaccination with this formukstion ot this age did not achicve
contracepiion, Differences in efficacy between (hese trinls,
as well as scross many other clinical triaks, suggest that PEP
dose, adjpvant, ond vaccimaon scheduole influence efficacy
and than there are aciable species differences in response.

One concern of using immuncennilmcsptives in geneli-
cilly valusble animals has been the potental for prmi-
nent orvarian dimege thor coald affect reversibilitg, As wim
the efficacy nals, there has been considerable disparity in
ovarian pathelogy results among PZP contracepiive stud-
ws oand species. The most common lesions have included
vwarizn aceaphy from depletion of uocyies, feduced [ol-
liculogenesis, and folliculyr degeneration, noted in mice,
ribbits, baboons, bonnet monkevs (Mocaca i), snd
marmosess (CeliRhnic Jacchen [4.25-4) Increised ol
heular wresia and granulosa cell nests also have been
need [3,20.29.33 ) Infanumatory vell inflirates have besn
aberved in some cynomolgus mecigues (Macaca fiseion-
Larisiand mice [6,55,36], butoophoriis did not oceur i other
studies with these species. These conMiering resuls can be
exphinaesl in part by different formulatinns of PEP fwhetler
ative, purified, or recomibimmt) and by wse of different adju-
vanls, Several studics strongly support an adyuvant influsnce
an the development of oophoritis [36]. Tn oie tral, mice given
£T peplides bourd W keyhaole limpet haemsocyunin had no
orvarian lesions, whenens mice given thess 2P peptides with
FUA developed copheritis [6,36]. Another stedy using PZP
with FCA or o Tipopolysscearide adjuvant in bonner mee-
kews Tound follicalar atrophy only in FCA tmested animals
[29]. Ahthoagh Freund's adjuvants are widely wsad for PZP
immusoconimeeptives in deer popolwions, ovarizn damags
was e obaerved [10]

Freund's adjuvant is comemunly used witl PZP vaccines
because the resulting inflammutory reactions incile in excel-
lent antibody response [37]. However, potentinl adverse
effects of FCAFLA o ovaran fonction in Telids need @
be assessed before PZP immsmecontaceprives ane widely
applicd toeoo and cactery populations. Reactions o FCATTA
are of paricolnr comcern in cats, because of recent links
betwizen vaccine site reactions and the development of suar-
comas [38], The wim of this study was to assess the salely in
domestic cats of the PEP-Freund's achjoennied vaccing cur-
rently used for oo and wildlife felids and to distinguish the
effects of Freand's adjuvant from those of FZE The study
menitoresd physicel ond elinical puthologic pasameters and
evaluated ovaran health afiee vaccination,

2. Muterials and meethods

21 Biwav anjmioly

Ten I-1.3 yeir-old specific partlepren ree female domiests
cats were ohtained from Cormell Uiversite. The cats raceived

A preliminary health evialuation inchuding & complee phusi-
Gl e mminanan, hemurolopy and serum chemistry analyses,
and were given 30 davs o acelmate to their surruundings,
All cams wene vaccinated with FYRCP (BioVac Inc, Sioux
City, 00 on Duy-25 and Day- 7 of the study, rabies [ ImRaha,
Rhone Meneus, Athens. GA, USA) on Day-2%, und Feline
leukamia (Fel-0-Yax Lyv-K, Fort Dodge Laboratorics, Fi
Dodge, IA, USA) on Day-7 and Day 21 of the study. The
stidy animals were housed as a geoup ul the University of
Tennessez Laboratory Animal Facility with a 12 h lightéckark
cycle, They had free sccess to commercinl dry food snd
Wiler,

2L Waccine and welfuvent prepgrasion

Porcine ZP wers isolited using echniques deseribed e
vionsly [3940]. Brielly, frozen thoswed poncine ovaries were
minced in cold phosphae-buffared saline (PBS) usiitg &
vazoe-blade appasatiss. The oocyies wens separated finm
other byswes, incloding grmulosa calls, by sereen filtation.
caunted, and homaogenited in a Potter-Elvehien homoacnizer,
The zorme wers isolated ona 28 um seroen, haat solubilized
at T07C, amil frozen in doses of 20 W protem (Sipprai-
murtely 1500 zonqed in 0.5 ml PHS amil shipment, Prend's
complete adjvant and FTA were purchased commersinlly
iSigma-Aldnch Co, St Loots, Missonrd 63178, 11SA). Fre-
und’s complete pdjuvant consisted of paraffin oil, mannide
monoaleate, and heat-killed  Mycobacrarum scherculacds:
FLA consisted of paraffin oil and mannide monoolents alone.
Individual vaccings were prepiened vsing 0.5ml FEP and
5ml adjiwvant, emulsificd together immediaely price to
nigetion.

2.3 Studv sokedale

On Deav 0, five cuts received 005 ml of PEP with 0,5 mi
of FCA and five cals received 0.5 ml of FCA mived wiih
05 ml of stenle saline {sommalt. On Days 21 and 43, PP
Treaied nnimnls seceived o saoond mid vaccingeonsisling
of PEP in FIA, and contmol animals received FIA alone
For all vaccinations, the | ml vaccing volume was divided
andl schninistered intrimuscularly in oen sites o the Jumbae
musculature by baid injeciion. Cats were given batorphanal
{Fort Diodps Laboratosies, For Dodae, Kamaas SU500, T5A:
0. Zmgke, S0 concument with cach vaceinaiion for pain
Mmanagsment.

Cats were observed daily tor appetite, siens of estrus. o
ghnanal hehavior. Cats received weekly physical examing-
tions by a velerinarion. including body emperature, auscul-
taticn, and palpstion of the injection site. Blood was taken on
Ry 0, 21,43, 64, 104, 134 and 219 for hematology, serum
chemistries. and AP ters, Additional blood sumples were
taken as needed (o twmsior health, when abnormil resulss
were detected during scheduled sampling.

At & months after the thind veccination. all cars were
ovariohysperectomived vsing stamdard sursical procedures,
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The cats were anestheszed with kenmine (23mgfky 1M,
Fort Didge Labesatory, Port Dodge, Kinsas 50501, LISAN,
wylazine (1 mg'kg IM; Rompun, Mijes, Shawnee Missun,
Kansas 54506, 113A) and atropine (Miles, 0.04mglkg (M,
then intubaied and maimained on isofluane gas anesthe-
gin. Becanse theee cats developed persistent hypercaleentia
and abnormal renn] paremeters doging the trial. kidney bioj-
ches were tiken from all thres hypercalogmic cats and theee
pormocalcembe cats gt the Hme of cvarichysreectomy, For
renal biopsies, the capsule of the left kidiey was inciset
and 1 $mm diameter wedge hiopsy including corex and
medully was temoved Tron the coadal pale. The capsibs
wis elosed with 3.0 PDS (Ethicon Ine., Somerville, K],
USA) using & single horizontal mattsess suture, All surgical
sites were checked for hemostasis befors the abdoming] inci-
sinn way closed, The curs were recoverad with O.13mgfkg
yohimbine ([loyd Loborslornas, Shenaindnah, TA, LISAL
Img/kg dovapram (o Dodige Luboratnites}, und 0,2 mgkg
butorphianol:

AL the ezmination of the studly, sig habitbed cats were
placed in homes. The other four cats (g B, Cat F Cat |
ard Cat 1) were wansferred into another study. After the ter
minstion of that stady on posi-FEZP vaceinetion day 3611, the
faur cits were huminely euthanized and compleh: necropsics
were presfonmzd

24, Histological analyies

All tissue semples were fized in 0% neotral bullened
foemalin. Ovarics were measured then sectioned along the
sigittal plane and one balf of sach pvary cut of 5 mm Lrans-
verse sections. All ovarian seclions were exumined histo-
logically. Two cross sections of each wterine horm wene
sampled for histopatholomy, and all renal biopsy tissae wis
processed. All major orguns were sampled from necropsied
agimals. us well as lumbar musculature i injection sites
andd regionnl Tymph nodes, All tssues wers processed
tisedy, sectiomed ar 7 pm, and stained with hematoxylin aisl
COEIN

Ome sazitiz]l section and ons midhng transverse section
From each ovary were madomly selected for quantitative
anzlyacs, Each selected fissee seciinon was exarmincd at bzws
rwice to mintmize Intmaohserver cmor rates. The following
structires wers quantifies by light microscopy: secondary
Follicles without zony, weondary follicles with developing
zona pellucido, teriary follicles, totil number ol imet Toni
pellisgidas, corpura lutea. granuinsa cell nests, atrciic ses
ondary Follicles, and atetic teniary follicles. Foat the purpuose
of this study, sceondary follicle atresia was definest by the
presence of & shrunken oocyie, at least 5% pyknoticor Traz-
mented granulosn cell nacled, or a frgmented, deformed, or
collnpsed zona. Tertiery follicle prresia included (e same
criterin a5 for secondary atresia and the preseove of fibro-
plasia in the antram. Granulnsa cell nests wene sodid clus-
ters of pranulosa celis withaut an oocyie or Zomi pellucida
present i cut section. ALl ownrisn seclicns were evaluated

for the presence of privordial and priary follicle, miner-
wlention, inflammatory cell infilrnes, ond aboormal ovar-
i structures such ag cystic rete ovaril. Uerine and Jid-
ney samples were evaluated for any sbnomul histologic
fardings,

2.5, Hemaology and clinicol chemistricy

Blood taken oz Day (3, 21,43, 64, 108,134 and 2149 was sulr
imitted for bematabogy and gerum chemisiri=s W0 the elinical
pathalogy lahoratary of the University of Tenncsses College
of Velerinary Medicine. Lalsorazory refereac: intervals (R
for healthy cats were wsed for conpansans,

26, Colciteid ana PTH oscays

1. 25-dihwdrecholecalciferal (calcitriol) was measured
psing & commercidl compegitive radicimmrassay with u
columm sxiraciion peecedure (DiaSorin Ine., Stillwater, MM,
USAL The sssay used » poivelonal antibady specitic for
both 1,25-00H 13 Daoand 1,25-000H): 1. Immunoneactive
PTH wiis teagursd Friom a subset of cats for which sdoguate
serin was avaibible, using a commercial IRMA wimunosi-
daninetrie pssay from Dingnostic Products Corpatation (Lis
Angeles, A, USADL

2.5 Analyses

Mean vulued for hematological ard clinical cheomsiry
pammeters were caloulated for (1 all eas before vacei-
natiesn, (1) Freund™s adjuvanted PEF vaceinated cals (PEP-
By, and (%) cats vaccinated with Freund’s mjuvant alone
fconirols), Differences among groups were evaluatzd by
nun-parameiric metlods (Kruskal-Wallace tes), Irifferenoes
hefween PEP-F ol control groups were anabysed by Dunn's
Multiple Comparison Test. Reluionships betwaen creatinine
and ealeiom levels and between caleium and calcitriol fevels
weare analyzed by Spenrman regression goeflcients. Come
eentrations of esleiirio] were compared berween trealed and
control animals and between study animals befors and after
wnceination by Mann-Whimey tests, Quantified ovarian fea-
turs i sagittal and transverss sections were adkbed for atotl
conintfar sach cat, then values for each feature were compant:d
etwean PEP-treated and conirol animals by nonpanimetric
tests ( Munn-Whitney). Significance for all tests wiss fet at
pilis

A Results
3.1 PEZP pirery
All vaccinated cats developed untibody responses n PZP

(Fig. 1k Maximum tilers wese mensured on dov 83 of the
study, 3 weeks after the tFrird vaccinalioa.
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Seven of 10 cazs developed painfal swellings in (he lom-
bar msseoiniure ut the site of vaccination and in Ave of these
catz, the swelling wos extensive and apeompanied by regional
Lymphadenopalby (Tabke 1), The injection site reactions wens
Arst detected between day 35 and S0 ol the stedy, and regional
lymijthadenuputhy was noted by Day 35, Muscle lesions wens
aoft and Togul ot first, bar Jater became firm and extendsg
proxially and distally frem the injection site. The swelling

Table |

dhidd not resalve with time wnd were present up to 1 year after
vaccination. Theee PP reated cnrs (Cat A, O |, and Cac T
and two comtrel cats (G L and Cat Hhisd moderite to severe
renctions. One sdditional treated and twe control cws (Car B,
und Cats C and F, respectively) had mold injecton site reac-
tione. Car O died from a fibeosarcoma thet ofiginated in the
axial muscles wbove the kidneys at the site of vaccinaton, In
geaeral, FAP-rewed antmals hnd more severe reactions with
bilateral fumbar musculature and lymph node invelvernen|

Cats gained weight during o study, except for a wassien)
weight Ioss in two cots that develnped persistent hypereal-
cembnafter the thind vacsinaEon (Cat A and Cac 1, Mo animsl:
became febrile oller trowtmant. Belavioml signs of estrus
were not noted unhl funuary (Tay 1600, although behavieo)
ohservations wers hampzned By e frctions natere of The
unimals.

3.3 Abmormal clinheal pashologic paramerees

Aftes AP vaccination, several bloed prrometers wers wig-
niticantly ilferent from pee-vaceintion levels (Table 23,
Calcium  was elevated in 9 cats with 31 of 94 posi-
vaccination uod samples =1 | gl (range of values ootside
of RT=11.1-16.2}. Five cats bad only o transicnt elevation,
but twor cals hud prolonged (46 months) hypercaleemin

Luwal mjectee i feacicns and moximum el lewls in 19 domeszlz cate vecemaned with Freund's aljurint [Ty with o withit povsie sona pellucids
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E L i 111 Buthnssi ol 7 vears

F i ng Healliy unti] Lilled by cor o 8 yising

i} FEP - F [E2 Haalliy m 10 vesrs

E K -+ LL.e Healthyy nnlil kst b Eollow apar 9 seas
P F = 1.2 Exthinnsin ol 2 years

[ K - LLE Ll Frean fihreecarcoma o) vaceination s a0 11 yesirs
H F -+ 133 Diedd oof colivwmeyuniby ai o yeara

I FZP+ F e 14K Duttanesiz ot 2 yesis

| FEFP+F [EES 1.4

Butbanzsia m 2 yeara

* lajerticn s reaztinns wers defined gz firm saellimgs detecead during physival exaeinasian,

ek 2

Mean ik foc seleced serum chemiciry wnd semaology pariness in domestic cats vacchata® with parcing zona el il dFEP in Freond's adjusare

i har with Froumd's adjuvass aioae (2= %)

Blond parmoeter Referens: intervals fur domeste cars Proswacrinmin HP-vancimatod cals A ne-vacrined s
Calciuin inpdil] w11 105 4 057 1o+ 1%a M43tk
F'nn;:_.'ul'r.'mh:- finpdl] oy al+08s 1% L3 S5 =1
Creapnine impidl] I T £ ]6x LS = (3 diz s 1.5 = ik
Urea pesrcgen (mghlli i3-10 g + 53 M.l =74 28 =33
Albemnin Ll Ti=t3 A+ LT 34 =1kdh 354 0Ih
Clabalin 1zl LN 12 077 15 4= a0 LT L nd
WD (507wl 35195 Heh + 3 15 437 EALNIh
Meutraphils © 117003 15139 S.A+16 61 4 2Ea A6 L ZAah
Ramid neotraphils ¢ 1000000 013 00 = (R B o ok (ENE A i L)
1ymphozte (10701 (.57 i9 & |0 42+ 33 44+ 14
Muneyios (L0°) i E5 .06 2= 1y (.25 & 0.3 14+ 034

Wichin roses, walas sl Ciftaenl Katers (L b arz sipnificssrly diffsen (p 240,05 by Krusket-Willra'e inmurmmeiric tess,
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Fig. 2 A domestle pal vssinined wilh perzime pans pelbocida i Fraund’s
nctjuyanl. Peraisient hypercalcmmia juin elisbed glovalions imy bt Crestining
and nedussd glomerslsr fralivo e, The alTecred cal lowe 255 o pre-
vaceinstion body weishe daring i pericd of hyperoalcamie

Eleviited serum caleium concentrations for P/ P-vaccinnied
dirnale wers fiest detactsd on Day 43, and the highestculeiam
concantration was [6.2mefdlin Cac A on Dy |43 iFre. 23,
Thie cartiest sid highest serum calciai vabee for control vac-
cinatad cuts was Dy 108 and 133 mgfdl respectively. Mean
caliium concentration in PZP-treated cals was significantly
higher (= 0.01) than contrels. Phosphorous coreeriLion-
were elevated in Tonr cats post-vaccination fringe of yielues
auside of the RI=7.1-94 mgidl). The two highest [rhis-
phorous concentrations oceumed in Cat A daring pericds of
coanpromisad renal function (Day 86 umil Py L57; seo cose
sumimory ). However, meun phosphorods concentration for
the PZP- vaccinaled sroup was gignificanty lower = OS]
than prereatment SoRCEITAHONS,

BUM teas mildly élevated in mpe cats Fpprosimmtely
ane third of 41l sampiesy, The rnge of vilues ouiside of
Rls were 31 1o 161 mgidl with all valoes =90 mgddl in Cit
A} Creslinine concentrations were owside of normal Rl
in seven cats (21 of 108 wmples; mange of wabiges oulsicle
of Bl were 1.9-2.7 matdl), bat only one cal had pridoiged
alevatinns, The earlivst elevated crestinine concentrhion for
PP vaccinued animals waz noted on Day 64 and the highesl
value was 26meidl. Barlicst and highest walue lor con-
trol vaccinated cats were Day 108 and 2.5 mafdl, respec-
tively, Mean creatinine concentrations: for PZP- vaceinated
and control-vaccinated animals weree significantly higher
{2 0.05) than pretreutnent goncertrations. Alaning amino:
pransferse (ALT) was mildly clovated it mine cals (appros -

imately 25% of samples; range of Th-28% TE/LY, although
st values ashove normal Ris were in pre-accination sam-
ples. The mesn ALT in pravaccization samples wis signif-
icantly higher (p<0415] than eontrob-vaccinated oml PZP-
vaccinated. conceniraticns, alihough there wers no differ-
erices between mean ALT levels in PZP and controls, For
Espartie aminotrinsferase (ASTY all except one sample were
within nommal B This one sampls wis only slightly elevited
(102 L) and was from ua animal being trenied forhyper
caloemaa (0L A,

WHC levels i FEP wsccinated cats wers significantly
higher (=001} than cortrels. One FZP-vuccinated cat fad
mirked lymphocytosis {>10,000celiafd) ot two sarmpling
periods (Day 108 and Doy 134} wolwes for il odher pacim-
oters were within nosmal BRI far cais.

14 Hypereaicémia

Three cats (2 FAP-vaccinted and 1 control vacsinated cat)
developed o persisiont hypescaleamia that wis first defeated
i one cat 3 weeks after the seoond vaccination and in IR
othir cats 3§ weeks wfter ihe third vaecination, Four pelelitkomnal
cats (2 PAP and 2 control) developed o tansient hypercal-
comia detected on Day &4 or DaylO8, In two persistently
hypen=keemic cals, phosphosous tlso was chavated. Cu* Phos
produst in hypercaleemic cats (FEF waccinmed =T con-
tral vaceipated =71} increased above meun pre-vascination
vahizs {651} by Duy &1 and remained greazer than el
wirtil the end of the study.

Calciimiol concentrations {293.9 & 1214 pmoliml) wese
significartly Righer (p<[L03) in s with senun caloiem
concentrations = 11.5medd] than in cats with seum il
copcentrations <11 maill (1976 LAl praliml i Tahle 3k
Caleitriol tnercased vver pre-vaceinution concenirations
s all three hvpercaloemiz cats, but ool in normuczlcemic
citns. Calcitric] concentvations correlatzd with cibeiurm levels
(p=002 r=058) Trmunascactive parathyrosd hormans
(TIPTH) was significantly lewer (p=0.03] in hypercalesmse

Tal:le 5

Seaim pamestnions ol ecium, | =% ditydnacholecalcliond (ealeiiul)
ol e e parnthyeroid hamse vie (BTE in damesti cate snccinzel
with pozrine g peifocidi (FEF = F1in Freund's rdjuvanl fn="31 o wills
Eennd"s whovant (Ff pore (n=53

Calld  Vecomeion  Serw cpicizm Cokwrl  FELE [peralil)
Limgrdl} Tl

A PRk 144 LA L

H PR er 14 154

L& F 1.5 nEd

(] AP+ g2 13k | 2.0

B I LLG 1Ge L

F F .z L

G (o na IS LN |

H i 13k 134.3 L7

i PEF+F I HE ]

| FEE+F L% L% L=

® T H pome e wensanly ditemiesd in u subsetol Gas from whivh
sulfibent s was pedlabe.
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cutd (L6E03pgml; p=2) than normocileemic  cais
(252 Llpaiml w=1),

For all cucx in the stady, ereatinine concenirations CONTE-
lated with calcium concentrations (pe0.01; re 02961 For
vaccinated cals, this relatinnship was stronges (e« (ki
r=00325) and fur PZP oeared unimals alune the corelglion
with slrongeal (p= 0.000%; r= (1480,

F3. Buwomaey e the seow FEVEry afecied cage

Cit A developed a finn muss o the PZP vaccine -
non site 2 weeks after the third vaceination (Day 573, One
week lates, serum caleium was 14.7 mygfd? ond crestinine was
mgfdl (Fig. 23 The cal began o Joss weight and by Day
i3 had Iost 24% of the pre-vaceinazsion body weight, Serum
catleium: cortinued - rise (Fig 2) and serum phwsphorous
incrensed. Cia™Phos prodact on Day B was 136 and om Day
42 wos 110, On Day 84, serum coeatinine was eleviled
ahevee BRI and remsined alevited for the remuainder ol the

tdy. Becawse of the peisitent azotemia, glomenlar fime-

tom was measured by cxogenous creatinine clearance and
deterrnined to be 196 (normal rate for Jomestic care= 7.5,
The vat becanue anorectic, lnd rtermitien) wormiting. and was
hesegatnlized when seram caleinm Becaine > mgidl. The
cab wis treated with subcutaneops saline sedution, placed
on @ loew caloiwn dies, and rewmed 19 the study growp
when serom calcium was <13 mpdl. Glomensdor function
Wi ggarn measured at the winination of the study (Day
21%) and determine! o bz oaly 45% of nonsal, At the er
miration of the study, the cat was placed in a home. Eight
vears afler the study, the cut developed hypertension (syatnlic
blood precsure = 240 mm). was cathyroid, but bid 3 creari-
ninc af 2.0mgdl Renal ultrasownsd revenled small, imegular
kKidnes.

o0 Histopesthotogie fndings

Menn counts Far ench ovarien struchioes in FEP-tresred wnd
control groups are listed in Table 4. The only significin dif-
ference betwesn aroups wos the greaier pumber of inetic
secondary follicles ineontrol cats. This dierence was lirmely
i 10 8 sgle cat with alwndane folliculorensais and aresia,
Although this cat was one of (he Persdatenily hypercaleenic
eats, incrensed atresia was ot noted in other hypercalcernic
cats. Smull numbsers of lrmphocytes were noled in the ovir-
bar stroma of st cats, but ne ymphocyies were spatially
associuted with follicles or conn pellucidas. Bighe of 10 culs
(four PZP-treated and Four conirols) had mild endometral
fyprerplasia. asd all cuss had mild Bvmnplscytic infiltratzs n
the endomerism,

Tl tbiree cats wilh persistem hypercaloomia had melti-
tocal pyogrinabomatows nephritis that wes most marked in
the intezstitivm surrowmding blood vessels, bor also encom-
passed and obliterured somse wbeles, Clear vacaole: {pre-
sumed paraflin oill o aecrotic debiis were present in
the: center of some inflammatory focl: Additionally, sorme

Tuble 4
Cranbfiad waris femine in cas vecshmied wik Frosamd's adjuvannsd
parcing #ony pelbucidn (FYP) soripens

Crannian 1siure FEP rrenn Lrsstns mean P wpfie®
L5 1% + 5.0
SIB- & TZEEM 44000 1934 g0
Flearily Blentiful e
67 bl 2 TA [EE T
[EEHEE
Eacanchiry follick: #iit dLdE I a2
T
Fertidny s presniskaliony 114 =3 32 L8 a9z
Fidiche
Teatsd :.euhh:,- v I&4 kK1 212 = 147 052
prllurides
Corprra [upen 24k Ld 4 50 0.5z
Ciranolosy cell neas G241 B4k as 053
Arrelic seeondairy Tidliclee 47 £ X1 28 L T4 000E
AR deriiary Fodliches r:4 64 M2 =ild oy

Lt cals wers vikstimned wirn Fregnds adjiivial alone.
' Hased on Mann-Whitney danjiramecric e,
b Do FEP iremibd ol hod sevess laste ree s

renel whules were ecrang, but giomeruli appeired nonmal
Renal biopsies in normocaleemic cas were witlin normal
fimis,

Ihe four cats that were suthanized had severs Iepcnlly
R lensive granulomarous mvositis with Ghrosis fhiat wae st
seversalne inpeeions sites, bl wso sxtendsd for several cen-
tineters prosimally nad distally (Fig. 33, Sublumbar Iymph
nodes were marked v enlacged (4-5 times nurmald and firm
Hiztologically, normal musele tissue was o fFaced by cxrensive
coalecing pyogmmlomas riaunding necriz debiis and
lipidd {Fig. 4). The architecture of the sublambar ymply rides
was dlso effaced s replaced by progranulimmus. Addition-
wlky. the cats had disseminced pyosranuloms with conteal
mecrosis i the lungs {Figs, 5 and &), kidneys, distant bymph
nodes, spleen, lver, laming propeda of the esphagus. and
mtestines, bladder. foos pods, choraid plexas. amd meninges,
Acid fast bacterin were not identified in any lesions, but lipid
warloles wers prosent in some of the divseminated Eranlo-
AL,

Fig. 3. Gross appe oo of the Lembere misculatone oCa demestic s with
ehicasie mynsicis al vacization sines of Fremsd's sdjovisied porcing s
prEllikzids,
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Fig | Crmmulomatous myisiis o acal wevinied with Froumd s adsnaniid
parrcing rein pellucidi, Moe the mukiple: gramalamas Galiisiel =
weith seljnant Sipid (arnee]

4, Discaessiodi

[hig sy demonasrated that FEP weemes when givan
with Freursd's adjuvant stimualate & robust antibody response
withoul evidance of pvarian dtrophy or eophoriis. Regard-
less, rse af this varcine with Freund's adjuvant should be
comiralndicaed for cats because of the hypercalecmin Hhal
securred i some vaecimabed animals, This byporenloemia
secnired in bath PEP- aod adjuvont-vaccinated animals,
dernanstrating & clear association with the adjuvant. How-
aver. the two most severely offecied animals werz PZP
vaceinated, sugzesiing that PZP antigens may enhance e
negative effect. PZP-vaccinated animals als developed
hypercaleemin und azotemiz earfier than cratenl nnirmals.
Hypercaleemia has beea noted i other domestic cats several
monihs after receiving Fregml's adjuvant (5 VandeWind=.
pers. eoim.}, 50 {5 reaction wos ot dnigque e this study,

Fig 5 diwss appearanes of the wilddy dissemimata] grannlomalous peed-
maniz in @ dameatis <ot vecsinaed wit Freund's adjuvoried pordiie 2ans
pelfacida.

Pt Grmkimsioss nawlive o he. by of B domestic val eciimies
wiith Freund's actjuvanied purcing moea pelluszl. The neactom siorminds a
ceniral aene of nECEISEE GEns).

The elevaled serum cnleiriol copcenirations in the by pee-
caloemie cats indicates unrezulated endopenons production
Teading o ncreasal ebesting upteke and reduced remad
averetion of cnlchun. The source of calcitriol in these outs wis
messt likely mucrophages that have Lo hydiogylase izipattle
of matnhatizing 25-hydroaycholecalcileral to 123 (¥H T3
[41-25], The effectivencss of Frewnd's adjuvant is lanzely
due to the extensive monocytic mfileation B ineites, and
adding an immunizing antigen enhances this elfect [37,485
The extensive macrophage infiftrates noted in the injecuon
site lesions, ws well 2= systemically in the cats, woukd pro-
witle & potendinl source of unregulated aleitriol production
Il {5 interesting 0 wote thit PEP-vaceinaied cats appearcd 1w
e affecued more severely and carlier than snimals vaccinated
by adjuvuns alone. corrobursting the syneigistiz elTecr notesd
I Frewnst [37].

The cause of the ssotemin and fnss of glomerolar func
tiop in the thres als with persistear hyperciloemia wis
et appasent from the renal hiopsics. Alhough intersi
figl micmgranulomas damaged sme tababas, the extent of
renal parcnchymal loss was ool safficient W account fur the
wrolernia. Alsa, renal parenchymal calificatnn was myinaal
in bivgsizs, alshough this negative finding povald e e w
Fact that hinpsics wers taken &t the end of the sy whan
caleium levels ware w0l maximal, Hypercalcemna affects
slomerutar function in nther species withoul & light misre-
scopic lesion [47]. A similar mechagism lkely occurred
in the smdy cals becauss senum creatinine levels priral-
leled fhose of caberin. A dirser effect of Freand's adjuvant
an glomeralor function also is possihe, &5 hns been pre-
pused in Tats, although serum cafcium was Bol meastred
in thiese studies [42), The specific conse of the renuirkahle
weight lass in the cats with hypercaleenia also i ko,
although weight loss alse occurred in other cats wilh
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Freund’s adjuvant-associed  hypercalosmia (8 Vande-
Woude, pers, com.) and has occured in black rhinocercs
e Boernis) with hyperealcemia (Munson and Citino,
ungailished).

The extensive lssue damage 1 the injection sites was sim-
ilar t, but mare severs than, lesions reported in othes species
[£5-51]. Alsa, the disserninated granulomatoos fesions dis-
tant from the veccination site was more notable i exlent in
cils, Whether the fibrosarcoma o the injoction site of one
aitf was pasnciated with vaceination cannot be comlirmed,
although this ix an avypical site for this cancer in cits and
the wmor swnoonded the chronle: grinolomas associed
with the adiuvant, Granulomatoos lesions in the hangs and
Lymph nodes have been reported in rbbits, guinea pigs, mon-
keys, and mice after Freund's administration 50,5255, bt
o ether visceral leslons mor meningsal or choroid plesus
involvement was repocted. In these raports os well as in the
atudy cats, the granulomatous respanse surmunded adjuvani
lipid and not Mycobe:teniz, unless ey were too szaree 1o be
detecrad by acid fast slains,

Maost cils appeared o have no long tzem healih problems
from the vaccine-site reactions or hypercateentia, One study
eut dicd from cardiomyopathy and znother has hyperten-
sa0n wnd nzotzimis, but the link betwesn these sonditions and
hypercaleemia cannot be proven, Cerainly myecyta lmstion
winld have been compromised by the levels of saleium that
neowrred in some cals, but these bevels did not persis ones
vaccination was discontinoed,

Freund's adjuvant has been used in other PZP contracep-
tive frials in cais [23,74], but exlensive fissue daimage and
hypercaleemia were not reported. Dilferences in adljisvan
volime ag well a8 number of vaceinations could accown for
this discrepancy with one stady [24]. The other stmdy usesd
the same valirme of adpivont and nmiultiple doses, but seeum
chemistrizs wors sol evalooted, so sibelinieal effocts Iy
leave Been overdonked [23],

The current sty focused on vaceine sufery, 5o efficacy
was not assessed. Althoogh messurahia iers wers achioved
with this vaccine Tormulation. PZP aniibody titers of less
magnitide were not solficient b prevent femilization in
another group of domestic cuts [247 It was presumed that
the absece of estrus behavior during the fiest segment of the
stody was aributoble to e loe summerfautumn schedul-
g of the sy fwhen normal seasonal anestres neeirs) and
not b ovitian dumage. The reappenrance of esirus rycles
i December und January when antibody trere wepe at
their highest suppoms a scasonal and not veccine-induced
IMEsrs

Pespite the widespreod inflanwation associated with
adjuvant ol that ccearred in the FEP-Freand™ vaccinated
curs, oo inflamrmation was sien in the ovares in contrst to
studics in Freund’s teated mice [6,35]. Why some formuln-
tioms of ZF antigens and ndjuvants incite oopharitls in sversd
species | 35,36 i norclear, bet warranes Tirhar invastigation
befirre these vaccines are 10 be used in genetically valushle
Eon animals
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