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/I/J.FI)SICI: In this study. an attempt \vas mi~tle to use \*oginal electricttl i~npetiance to predict c a l v i ~ ~ s  in a female 
whitc rf~inocero\ (Cc,rrrrolheri~~tt~ sin~ut~r sit~rro~r) and to tletrrrninc the relationship het\veen vaginal electrical irnprdance 
and hormonal profile\ during pregnancy. The principle heh~nd vaginal electrical irnprdance is that ;I change in the ionic 
balance of vagi~lal iind cervical mucus occurs in response to change\ in rcproductivc hormones. I'hrre times u.eckly 
\faginal electric;~l irnpcdancr readings and fcc:rl samples were collecied from rnidgestation to ca lvi~~g (a 6-mu period). 
. . I hc exmstcd fecal samples were analyred for im~nunoreaai\~e eslropcns. progcsrapsns. and corticoids by RlA. Vaginal 
electrical inlpcdancc readings did not decre:~se hefore calving hut remained consistent thro~lghout the Iitst I-FO days oI' 
pregnancy. Fccal progcbtagens in the white r l~i r~occro  decreased bet\vccn tlity 17 and day 1 hcl;~rc cal\ving. whcrcns 
estrogens incrc;~.\ed het\veen 4 and 2 n~tr helitre calving. with an i~ddition;tl increase occurring I 1110 before cal'.i~~g. 
Fecal corticoids i~~crei~sed 5 1110 before calving. slow.ly declined. and increased again \vithin 3 wh hcfore calving. A 
decline in vaginal electrical impedance was notcd 168 days before calving ;tnd reniained at low level\ for 4 wk. At 
the time of this decrease. the femalc kcarne itggressivc ri~\\pard the male and began lactating. Frcal progestagens and 
estrogens did not change during this tirne: ho\vever. fecal conicoids incren\rd as \.aginal electrical impedance readings 
returned to normal along with her bcha\ior and cessation o i  lact;rtion. In summary. the use of vaginal electrical 
impedance could not predict p;inurition in the while rhinoceros. Ho\vrver. an anomaly occurred during pmpancy that 
was supported by vaginal electrical irnpedi~ncc readings. ;I changc in female beha\.ior. prentature lactation, and a 
subsequent increase in fccal corticoids. The etiology ol' this physiological itnomnly is unkno\vn. yct i t  did not compro- 
~nise pregnancy. 

h '  o r :  \!'tiitc rhinoceros tC~,rcrrorhcrirr,,r .\itntrttr . \~ I I I I~~I I ) .  hormones. pregnancy. vaginal electrical impedance. 

I S T H O D U C T I O \  This  has bcen reported previously in cattle. with a 

Vaginal electrical impedance (VEI)  has becn 
used previously to detect estrus and to determine 
the timing of  o\fulatiotl in cattle. horses. slleep, 
pigs. and bufl'alo (N1rbtr1lr.s h r~ha l i s ) .~~ '~ l "  The  prin- 
ciple behind VEI nleasurcments is  thnt a change in 
the ionic balance of vaginal and cervical mucus oc- 
curs  in response to changes in reproducti\,c hor- 
mones such a s  estradiol and progesterone. Studies 
in cartlz have sho\vn that fluids within the vagina 
have high electrical rcsismnce in the lutcal phase 
and that this resist;incc ticcreases during thc follic- 
ular In  addition to endocrine c l ~ i u ~ g c c  that 
occur dut-itig the tiorti~al est~-ous cycle in C ; I ~ L I C ,  pla- 
cental shitis in steroid hormone production nround 
the tinie o f  calving might also be detected hg VEI. 

decline in VEI beginning around 11-15 days before 
pa r t~ i r i t i on . " .~~  

In  thc black rllinoceros (Dic-eras hicornis). an in- 
crease in progcstapens, a s  dcter~nined by fecal hor- 
mone analysi4, occurs 15 mo hclitrc. parturition, de- 
creases during thc last 2 \vk ol' pregnancy. and 
reaches nadir values within 3 clay after parturi- 
tion.': In cotltmst, fecal estrogens remain ltxv until 
5 n ~ o  before calt-inp. \vith a signilicant increase 1 
n ~ o  before parturition.' In anothcr study of  a preg- 
nant black rhinoceros. k c a l  progeslagcn concentru- 
lions tlccrcasccl 7 \vk before p :~r t i~r i~ion.  and nn in- 
crc:lse in cstrogcns was ohscrvccl 2 m o  before c;~l\t- 
inp with ~lc\~;itecL estrogen Icvcls peaking the clay 
ot' parturition.' III the \vhite rhinoccros. trcal  prep- 
nnne levels have been reported to ri4c utltil the sev- 
enth month of  gestation and then remain at  similar 

From the Department of Animal and Dairy Sciences. levels panur i t i on .~~  ~evCl- l~le l rs .  questions 
klissiisippi State Ciniver\ity, hlississippi State. hlississip- 

remain regarding the hormonal relationships during 
pi 39762. USA (I<c>\vcr\, Ganrly. \i'illard):   nil the hlem- 
phis Zoo. hlrlllptlih. IPIIIIL'SSCC 38 1 12. IJSA ( I'ituI. MIc)c)dh, gestation and parturition in thc \vhite rhinoccros. 
L).Anpelo. I~l~,r,'cln. I,resent ,T;thilhil,: I,e- ;knd asccsmcn t s  I>y orher measures ot' reproductive 

~, . , , i~  ~ o o ~ o g i c ~ l l  ~ ~ , . ; ~ i ~ ~ ~ ~ .  8-150 \vest blilc ~ ~ ~ ~ ~ 1 ,  f~lnclion miry he of' value in fllrthcr tiefining preg- 

Box 39, Royal 0;1h. \liehipan 48068-003c). US..\. Corre- nancy ; ~ n d  the timinp of' parturition in this species. 
spondencc should h directed to Dr. \\illard. Specifically. if a relationship cui\ts bet\\,ccn VEI 



JOURXAL OF Z00 AND \\'ILI)LIFE XIb.IIICIIVE 

and hormones i n  thc rhinoceros, as determined in 
other species (e.g.. cattle and horses), VEI might 
represent an additional tool to predict more closely 
the timing of calving and thus permit alternative 
housing or closer monitoring of delivery to assure 
calf survival and health. 

The objectives of this study \yere to determine 
the relationship between VEI and hormonal profiles 
during pregnancy in ;L white rhinoceros (Cerororlre- 
rirrttz sitnrotr sittrrrttr) ;~rld to determine i f  VEI mca- 
surements can be used to predict the timing of par- 
turition. Because previous studies have indicated 
that irnmunorcactive fecal steroid hormone analysis 
can accurately rellcct scrum steroid hormone con- 
centrations in the rhinoceros,? fecal profiling of im- 
munoreactive progestagens, esuogcns, and coni- 
coids were conducted to compare to VEI measures. 

hIATERIA1,S AND RIETH0I)S 

Validation of v:rginal electrical impedance to 
predict parturition and rneasures of probe 
repeatability and precision 

The objective 01' this initial preliminary experi- 
ment was to verify the use of VEI to prcdict calving 
in cattle (Bus rtrrtrrt.\.) as comparati \,c suppo~Tive 
data for assessments made in a female white rhi- 
noceros and to determine the nature of any change 
in VEI measurements that might be observed at 
parturition using the specific VEI probc employed 
in this study. Vaginal electrical irnpcdance mea- 
surements were recorded on Holstein and Jersey 
cows (11 = 71 ) from 105 days of gestation to calv- 
ing. Vaginal elcctric;~l impedance nicasuremcnts 
were acquired ~tsing :I commercially available elec- 
trical conductivity probc (Ovatest meter; Ani~nark 
Inc., Aurora, Colorado 8001 1 ,  USA). Statistical 
analysis of cattle VEI values through parturition 
was performed using ANOVA specific for repeated 
measure~. '~ 

Before and between measurements, the Ovatest 
VEI probe was disinfected using Nolvnsan ( I  % vlv 
water: Fort Dotlge Animal Healrh, Overland Park, 
Kansas 66325 U S A )  after each cotv. The VEI meter 
was checked for performance (i.e., repeat ability of 
readings) at the beginning and end of each sam- 
pling period in clcnn water. &foreover. the Ovatest 
meter was calibrated to verify changes in the ionic 
content of a standard solution using sodium chlo- 
ride (NaCI). Brielly, dilutions of NaCl ( I  mhl to 1 
M) in water were rlut~ntified using the VEI probe 
in which three consccutive measurements were re- 
corded for each tlilution. Statistical analysis for 
these measurements was performed using the Stu- 
dent's I-test for mean separation, and coefficients of 

variation (CV%) were calculated to assess repeat- 
ability i~nc l  precision of the Ovatcst meter.'" 

Vaginirl electrical impedance measurements 
and hor~llonal profiling in :I \vhite rhinoceros 

A white rhinoceros ("To~nbi": -32 yr of age) 
housecl ;tt the hlemphis Zoo (hlemphis, Tennessee 
381 12, USA) was thought to be pregnant with mul- 

I 

tiple breecli~ig dates (mounting events) recorded but 
with :un ~~nknown conception date. Based on data 
for cattle ilnd other species, we reasoned that VEI 
measurements may have application as a relatively 
noninvasive tool to predict parturition in the white 
rhinoceros. The female rhinoceros in this i~~vesti-  
gation was opennt trained to come to a training 
barrier, which allowed the VEI probe to be inserted 
into the vi~yina and measurements acquired without 
the ;unimal being restrained. Before each use the 
probc was disinfected using Nolvasan (1% v/v wa- 
ter), ancl the VEI meter was checked for perfor- 
mance (i.e.. repeatability of readings) at the begin- 
ning and c~ld  of each satlipling period in clean wn- 
[er. Vaginal electrical impedance measurements 
were collected in replicate three times weekly for 
6 mo iln~il calving: al tho~~gh occasionally the am- 
bulatory animal would not pclmit intravaginnl in- 
sertion ol' the probe at rhc tr;~ining banier for a 
mcasurcmcnt to he acquired. ficnl sarnples werc 
collected three times weekly starting 6 mo before 
calving alld then daily 4 mo before calving through 
1 wk postcalving. Steroid hormones from the fecal 
saniplcs were extracted in 5 mL of SO% methanol, 
placed in a shaker for 11-14 hr. and then ccntri- 
fuged at 7,500 rpm for 15 min." After the super- 
natiunt h;~cl hcen pipetted oCf, 11ie l'ccal samples were 
annlyzccl for immunoreactive estrogcns (estradiol- 
17P ;ultil>odyJ). progestagens (progesterone anti- 
bodyg), ant1 conicoids (cortisol antibody: Diapnos- 
tic Systcms Laboratories, Inc.. Webster. Texu 
77598. USA) by RIA. The cross-reactivity of the 
progesterone antiserum with other steroids was as 
follows: jlrogesterone. 1007~; 5a-pregnane-3.20-di- 
one. h.O1k; I I -deoxyconicostcro~le, 2.5%; 17a-hy- 
clroxyprogcstcrone, 1.2%; S(3-prcgnane-3.20-dione, 
0.8%'; 1 I -tlcoxycortisol, 0.4% : 20u-dihydropropes- 
terone, 0. I%. The cross-reactivity of the cortisol 
antiserum with other steroids was as follows: cor- 
tisol, 1007~: prcdnisolone. 45.67~: 1 I -dcsosycorti- 
sol, 12.3%; corticosterone, 5.5%'; prednisone, 7.7%: 
conisonc, 2.1 Yc; 17a-hydroxyprogesterone, 1 .O%; 
progestrronc. 0 . 2 9 .  The cross-reactivity of the es- 
tratliol ;~liriserum with other stcroids was as fol- 
lows: estratliol- 17P. IOOQ~; estronc, 10%: and other 
steroids <O. I %. The intraassay coefficients of var- 
iation (CV1%) for inmunoreactive estrogeni. pro- 
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'I';~hle 1. Seleclcd excerpts from clinical records for 
sclectetl (lays during prcglliincy through parturition for tl 
pregnant wl~itc rhinocerc)s ("Toinbi") at the hlemphis Zoo 
(Memphis. 'l'N 381 12 USA) ;is reported by Zoo Veteri- 

, narian. C. T:rbaka. D.V.M. 

13 Augi~st 100 1 (Day - 170; VEI 193. 2 13) For the first 
time todi~y the female rhino ran off the male several 
times. This is typic;llly a sign that birth is impending. 

15 August 200 1 (Day - 168: VEI 20. 21 ) Readings have 
fallen through the floor. Unable to see if she has milk 
as her teats are extremely sensitive. She is having 
trouble breathing after mild exercise. 3:30 PM, Keeper 
\bras able to expres\ milk from teats. Animal is highly 
uncornfonablc. Shifting weight constantly. Urinating 
in unusu.11 areas. Not \tandir~g still. H a  run off male 
from patio once today. 

18 August 2001 (Day - 165) Unable to obtain reading 
today. She will not stand for it.  She is too uncomfon- 
able when tl~e prohe starts to enter her vaginal tract. 

25 August 2001 (Day - 158) Still unable to obtain read- 
ing. Her abdomen is more pendulous. She is extreme- 
ly uncotnf'ortablc. 

12 Septcrnber 200 1 (Day - 140: VEI 174) Appexs the 
recent readings as well as Iiicl;rtion \\.ere a false 
alarm. Shc is not I;rct;rting currently. 

30 January 2002 (Day 0 )  Gavc birth this morning. New 
born was seen nursing for the first time. 

1);ry. iI;~ys Iwlirrc iitlving; Vt3, vaginal electrical impedance 
rcivling (rcl:~iivr unils. RU). 

gestagens, and corticoid\ were 5.X%, 10.44%. and 
7.3%. respccti\ely. In addition, clinical notes of the 
activity patterns (i.e., bzhavior) and observations of 
the fernale rhinoceros during pregnancy were corn 
piled by the animal caretakers and zoo vetcrinarian 
and utilized for descriptive correlation\ to hormonal 
profiles and VEI readings ( \ r e  Table I ). 

The results of the VEI probe calibration in NaCl 
indicated that as the concentrations of NaCl in- 
creased. the conductance measurements (i.e.. elec- 
trical resistance) decreased (P 0.05) from 691.7 
+ 1.5 relative units (RU; no NaCI) to 21.7 + 0.3 
R U  in the I h4 NaCl solution, with a CV'% anlong 
measurements within concentrations of NaCl o r  3.9 
2 0.46 %. In cattle. VEI measurements decreased 
(P < 0.05) from 105.0 2 3.1 RU 104 days before 
calvir~g to 73.7 2 1.7 RU 2 days prior to calving. 
In the present study, a 3 1.7 RIJ (30%) decrease in 
VEI readings was recorcled before calving, which 
suggested that VEI as detected with the Ovatest 
probe could he used as ari irldicator of p;ururition 
in the dairy cow. This further suggested that it may 

Figure 1. Vaginal clcctrical impedance readings 
(VEI) during pregnancy in a white rhintwcn~\. Unlike that 
observed in cattle. a decline in VEI bcfore panurition \\.as 

not observed: VEI ren~ained constant throughout most of 
pregnancy (148-289 relativc units: KU). However. VEI 
readings decreased 180 units 168 days before calving 
(large arrow) and rcinaincd at these lo\v levels for l \\'k 
before returning to previous barcline le\rels. the etiology 
and physiologic rele\,iince 01' \vhich is nor kntnvn. Small 
arroiv indicates p;lrturition (clay 0). 

have application in other large herbivores as well, 
and therefore, it was applied to the white rhinoccru)~ 
in this case stuily when the uitthc~rs were presented 
with the task or  trying to prcdicl calving I'rorii ;III 

unknown conception date. 
Utilike resulh obtained in cattle. in the white rhi- 

noceros VEI r e ~ ~ d i n g s  bcli~rc c:~lving did no[  dr-  
crease but remained high ( 1.18-2S9 KU) thro~ighout 
most of pregnancy through parturition (Fig. 1 ). Fe- 
cal progestagcns (Fig. 2A)  dccrcascd 236.2 tiglg 
between day 17 and day 1 belbrc calving. ivllich is 
similar to the study conducted by Schuar/.enhcrgcr 
et al.," \vhich reported a decline in recal progcs- 
tagens in the black rhinoceros during the last 2 \vk 
of pregnancy. Ho\vcvcr. n previous report in the 
white rhinoceros observed that whereas fecal preg- 
nane levels rose through the seventh month of ges- 
tation. they remained at these high Icvcls thereafter 
with no appreciable decline through parturition." 
Fccal estrogens (Fig. 2H) increased 15.4 pglg be- 
tween 4 and 1 tno before calving. with an additional 
increase of 13.5 pglg occurring I rno beti~re calv- 
ing. Czekala and Callison' reported that salivary 
esmgens  in the black rhinoceros rcmaincd ncar 
baseline until 5 mo bcforc delivery, then underwent 
a gradual but significant increase until I mo hcl'or'e 
delivery. This is similc~r t o  thc cqtrogen prolile li)r 
the \vIiitc rhinoceros proliled irl ~ h c  current btircly. 
Fecal corticoids (Fig. ?C)  increased 5 mo bcl'orc 
calving, slowly dcclinetl, ;rnd the11 incrcaserl agaitl 
within 3 wk bel i re  calving. Fccal cortisol ancl cor- 
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Figure 2. .A. lmmunoreacti\~e fecal progestagens during pregnancy and through parturidon (day 0) in a white 
rhinoceros. Fecal progeslagens decreased 336.2 n g g  betbveen day 17 and day 1 before calving. During the episode of 
VEI decline (168 days before calving: see Fig. l), fecal progestagcns did nor change appreciably. B. Immu~~oreactive 
iecal esuogens during pregnancy through pamrition (day 0) in a \vhite rhinoceros. Fecal estrogens increased 15.4 p@ 
g between I ,and 2 n ~ o  before calving. with an additional incrcasc ol' 13.5 pg/g occurring I 1110 before calving. During 
the episode of VEI decline (168 days before calving: see Fig. I ) .  fecal estrogens did not change appreci;iblp. C. 
Immunoreactive fecal corticoids during pregnancy through parturition (day 0) in a \vhite rhinoceros. Fecal conicoids 
increased 5 mo before calving. stabilized for the next 3 mo, and increased again within 3 w k  hefore calving. Although 
fecal conicoids did not change during the \'E1 decline ( 168 days before cal\-ins: see Fig. I), corticoid levels increased 
as the VEI readings returned to preepisode baseline levels. Arrows in A-C indicate parturition. 
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ticosterone have been measured previously in the 
white rhinoceros using high-perforrn;~nce liipid 
c h r o t n a t o ~ a p h y  for assessments of stress.19 In live- 
stock species an increase in the secretion of  cortisol 
occurs 2-3 days before par t~r i t ion .~  and prolonged 
doses of glucocorticoid will induce parturition it1 

the mare.' The fecal corticoid profile of the white . rhinoceros in this study suggests that, as in other 
species. elevations in cortisol late in gcst;ltion r11:ly 
be characteristic a$ well, though values \%,ere in t'nct 
relatively low on the day of calving. 

Uncxpectcdly during this stuily a 180-RU decline 
in VEI readings occurred 168 days before calving 
(Fig. I). The clinical records by the attending vet- 
crinarians and caretakers at this time (Table l )  ;~ l so  
reported a change in the behavior of the female 
rhinoceros that paralleled the decline in VEI. Of 
note. the fem:tle becarne very agitated ~ lnd  exhib- 
ited premature lactation with milk able to be ex- 
pressed manually from the teats, usually signs of 
impending pa~~uri t ion.  I Iowevcr, neither fecal pro- 
gestagens nor estrogens changed appreciably dur- 
ing this period. Although fetal corticoids did not 
change during the VEI decline. corticoiii levels clit1 
increase as the VEI readings returned to previous 
baseline levels (148-289 RU) around 140 days be- 
fore calving, with this episode lasting npproximate- 
ly 28 days. This decline in VEI ,and the behavior 
ch'anges in this rhinoceros could have k e n  an in- 
dication that the pregnancy may have bcen com- 
promised in  some way but \\!as able to recover, ill- 
though this cannot be substanti;ltrd and may in Lict 
be a normal occurrence. 

In the mare, premature udder develop~nent and 
lactation (galactorrhea) early o r  midgestation can 
be associated with abnormalities of the placenta. 
This has been suggested to bc an indication of im- 
pending abortion. in utero death of  one twin fetus, 
placental separation. o r  bactcrial/fungal-induced 
plncentitis.12 111 this case study of a pregnant white 
rhinoceros exhibiting premature lactation 5 mo be- 
fore calving, lactation ceased once the event sub- 
sided (i.e., as evidenced by a return of' VET ancl 
female behavior to normal). Sinlilar spontaneous 
disappearance of premature mammary development 

, has been known to occur in the mare as well when 
. premature mammary developnlent occurs in mid- 

gestation.'3 The decline in VEI in response to the 
changing ionic balance of vaginal and cervical n ~ u -  
ous would suggest that a change in reproductive 
hormones had occurred, which typically precedes 
changes in VEI during the normal estrous cycle and 
pregnancy in other  specie^.".^.".'^ Nevertheless no 
characteristic changes in fecal estrogens or proges- 
tagcns as measured with the steroid hormone assays 

and respective antibodies used in this study were 
noted. Our calibration of the Ovatest probe using 
dilutions of NaCl to test conductivity showed that 
an increase in NuCI in solution decreased VEI 
(694.7 Z 1.5 RU in no NaCl to 24.7 2 0.3 IZU in 
l bI NaCI). This would suggest that a change in the 
ionic balance of the vaginal mucosa did occur in 
the tkmale rhinoceros during this time, yet the eti- 
ology of this physiologic change that paralleled al- 
terations in animal behavior and premature lacta- 
tion is unknown. One can only speculate as to its 
cause, signilicancc. and relationship to pregnancy 
in the rhinoceros. Although early pregnancy loss 
(by day 3 8  postbreeding) has been documented pre- 
viously in the white r h i n o c c r o ~ , ~ ~  an anomaly like 
the one that occurred in this report. which obvi- 
ously resulted in a short-tern1 yet noncompromising 
inipact on pregnancy, has not been documented and 
characterized in relation to hormone profiles and 
VEI measures in this species. Further investigation 
ol' pregnancy and VEI changes in other female rhi- 
noceros are needed to substantiate whether this is 
a ~ ~ n i q u e  individual animal- (or pregnancy-) specific 
ohscrvation or a characteristic ocpregnancy l i ~ r  this 
species. Although the etiology and significance of 
the observed anomaly remains unclear. it did not 
compromise pregnancy, and a live birth resulted 
I10 days latcr. VEI did not appear useful for pre- 
dicting impending parturition in die white rhinoc- 
eros, but our observations in this case report sug- 
gest that additional investigations are needed t o  un- 
derstand further the physiological chan, oes occur- 
ring in the rhinoceros during pregnancy :rnd 
parturition. 
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