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VITREOUS HUMOR ANALYSIS FOR SELECTED BIOCHEMICAL
PARAMETERS FROM CERVIDS IN IDAHO

Jerry L. Zaugg and Mark L. Kinsel

Caine Veterinary Teaching and Research Center, University of Idaho, 1020 E. Homedale Road,
Caldwell, Idaho 83605, USA

ABSTRACT:  Vitreous humor and liver samples were collected from hunter-harvested elk (Cervus
elaphus) and mule deer (Odocoileus hemionus) in Idaho (USA). Concentrations of calcium, chlo-
ride, potassium, sodium, urea nitrogen and selenium were determined and evaluated according
to species, age, gender, geographic location, and time elapsed following death. Vitreous humor
analysis yielded reliable biochemical information for <96 hr subsequent to the death of the
animal. Vitreous potassium concentration changes over time could be used to estimate the time

that elapsed following death.
Key words:
reous humor.

INTRODUCTION

Establishing biochemical base-line data
for wildlife over an extended geographical
area is logistically difficult and usually eco-
nomically prohibitive. However, such in-
formation is often essential in wildlife dis-
ease investigations, and health and forage
management programs. Thus, to facilitate
the collection of biochemical information,
postmortem analysis of vitreous humor has
been proposed as an alternative to serum
testing in some situations.

The eyeball is anatomically isolated and
well protected. Therefore, vitreous humor
may remain relatively stable chemically
despite putrefactive changes in other parts
of the body after death (Coe, 1972). In
man, vitreous humor has been used with
varying degrees of success in the estima-
tion of the time of death, detection of elec-
trolyte and carbohydrate disturbances, di-
agnosis of drowning, and in the identifi-
cation of selected toxic substances such as
ethyl alcohol (Coe, 1969; Jaffe, 1962; Lea-
hy and Farber, 1967; Sturner, 1972). Post-
mortem chemical analysis of ocular fluids
also has been investigated on a limited ba-
sis as a diagnostic aid in dogs, cattle, hogs
and horses (Crowell and Duncan, 1974;
Lane and Lincoln, 1985; Lincoln and
Lane, 1985; McLaughlin and McLaughlin,
1987; Cantor et al., 1989; Drolet et al.,
1990). No studies involving wildlife have
been reported.

Biochemical analyses, Cervus elaphus, elk, mule deer, Odocoileus hemionus, vit-

The purpose of the present study was to
obtain useable biochemical base-line data
for the primary big game species in Idaho
(USA), the Rocky Mountain elk (Cervus
elaphus) and mule deer (Odocoileus hem-
ionus). Further objectives were to (1) de-
termine if there were useful correlations
between chemical concentrations in vitre-
ous humor and serum, (2) monitor vitre-
ous chemical concentrations over time af-
ter death and determine if any changes are
predictable, (3) investigate possible chem-
ical concentration differences between
hunting regions within Idaho, and (4) de-
termine if there were differences in chem-
ical concentrations between species, gen-
der and age of animals evaluated.

MATERIALS AND METHODS

The state of Idaho is divided into 99 hunting
units in 7 regions (Fig. 1). Biological samples
were obtained from wildlife from 5 of the 7
regions (Regions 3 to 7; 42°00' to 46°00'N to
111°00’ to 117°00'W) covering an area of ap-
proximately 80% of the state. During the
course of the study, samples (vitreous humor,
liver or serum) were obtained from 967 animals
(330 elk and 637 mule deer).

Vitreous humor samples were collected dur-
ing the annual fall big game hunting seasons of
1993, 1994 and 1995. Selected conservation of-
ficers of the Idaho Department of Fish and
Game headquartered in Boise (Idaho, USA)
were supplied quantities of individual collec-
tion kits. Each kit consisted of a self-sealing
plastic bag containing a 6-ml syringe fitted with
an 18-ga 4.5 cm needle, a 3-ml draw vacuum
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The state of Idaho (USA) divided into

FIGURE 1.
seven hunting regions.

blood tube (Vacutainer, Becton Dickinson,
Rutherford, New Jersey, USA), and a data
sheet. Information recorded included species
sampled, gender, estimated age of animal
(based on dentition), hunting unit, date of kill
and date of sample collection. As hunters pre-
sented their harvested game at hunting check
stations throughout the state, officers collected
vitreous samples as per the technique de-
scribed by Lincoln and Lane (1985). In the
1994 sampling, officers also obtained approxi-
mately 5 cm3 sections of liver, if available, for
quantifying of selenium (Se) concentrations.

All samples were immediately refrigerated in
chilled chest coolers and transported within 24
hr to the Caine Veterinary Teaching and Re-
search Center, (Caldwell, Idaho, USA). Upon
arrival, samples were stored at 4 C until eval-
uated.

Clinical chemical analysis of vitreous humor
was conducted with the same procedures and
equipment as for serum. Concentrations of the
electrolytes; ionized calcium (Ca?*), chloride
(C1), potassium (K), and sodium (Na) were de-
termined with a blood gas/electrolyte analyzer,
Model 850 (Ciba Corning Diagnostics Corp.,

Norwood, Massachusetts, USA). Vitreous urea
nitrogen (VUN) values were determined using
commercial quantitative determination kits
(RefLab, Medical Analysis Systems, Inc., Cam-
arillo, California, USA). Results for VUN eval-
uations were read via a digital readout spectro-
photometer (Strasar 3, Gilford Instrument, Ob-
erlin, Ohio, USA). Selenium concentrations
from liver samples were obtained by the Ana-
lytical Sciences Laboratory (University of Ida-
ho, Moscow, Idaho, USA) using standard vapor
generation inductively coupled plasma spec-
trometry methods.

Data from each group set were analyzed us-
ing descriptive statistics of means, standard er-
ror of the mean (SE), and minimum and max-
imum ranges computed by the STATISTIX
Version 4.1® computer program (Analytical
Software, Tallahassee, Florida, USA). Each
group set was tested for normality using the
Wilk-Shapiro Statistic and found to have coef-
ficients in excess of 0.80. Two-way ANOVA was
used to identify the degree of agreement be-
tween like samples. Difterences in means were
compared using Fishers least square differ-
ence.

RESULTS

Very few differences were found in vit-
reous humor biochemical concentrations
between elk and mule deer, the genders,
and ages of animals at the time of sampling
(Table 1). Vitreous concentrations of Ca,
Cl, and Na remained stable for 96 hr after
death (Table 2). Both K and VUN concen-
trations significantly increased with post
mortem (PM) interval increases.

Elk and mule deer biochemical data
from 5 of the 7 geographic hunting regions
in Idaho confirmed that few differences
were found (Table 3). Rough correlations
between PM vitreous biochemical concen-
trations from both elk and mule deer, and

elk serum concentrations were identified
(Table 4).

DISCUSSION

From the data presented in Table 1 it
was concluded that for field surveys or
other studies in which precise measure-
ments are not required, pooling of vitreous
samples from both elk and mule deer, both
sexes and all ages to facilitate data man-
agement is acceptable. Such data could

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 14 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



JOURNAL OF WILDLIFE DISEASES, VOL. 33, NO. 4, OCTOBER 1997

778

(AS T F ueaut ‘() > J) 1IJIp s1919] 1duos1adns JUAIFHIP M UWIN[OD JWES Y} UL SURIIN ,p
139p I = QW »

AP =dq
oz1s ojdwes = u,

p€S0 ¥ 9S¥I W0L°0 ¥ ST'EVI pO¥'0 ¥ ¥£°01 3890 ¥ 19'G31 pS0'0 + G¢'¢ €19 S[eioL
N pue g

p¥80 + SOVI a8C'T * 20'P¥l pSE0 ¥ LGOI aL0'T ¥ 09931 p800 + 8I'E 184 59 [e103 AN

p€0¢ *+ 006 apt6Y * GILYVI p960 = 868 apl¥'e + LILTT apPt’0 + LSC 9 €<

pEG’ T * €E¢CT 981 * 9¥'EVl pbL0 ¥ [1°01 ap¥1'¢ + 61'831 p9l'0 * 8€°¢€ L o |

p98’l + SI'Cl apb¥'€ * 03'6E1 pL60 * [G°C1 apSI'C ¥ LL'GTI apl%0 ¥ LO0E €l > 3

pé9'¢ ¥ 0031 pbL’C * LT'8VI plc'l * S6°01 816 + 09'631 apSE'0 + 68C 0ol €<

p69°0 * L9VI a66°0 F L8VVI pSG0 + LSOT 2£8°0 * I¥'8321 p900 * LE'E 1§44 €1

pEL0 F ¥9°€1 pll'T * 8LCVI p8G0 * ¥SOI p88°0 * 0S'€3l 3900 ¥ OL'G 8¢l 1> P >aN

pEI'l * SEGI pS6° T + SOCHI pIS0 = 986 apE9'1 * 8E°GCI p€l'0 + 6S°¢ 861 X% e

p0S'8 ¥ 0S'GI ap68'8 * 06°CSI pL60 * €€°6 p€9'S F ELVEI apSY'0 + S6'C € £<

peS'l * €201 pl9C + LT'LEI p88°0 + GL'OI opl3'C + VI'E€CI p6l0 > L¥V'E 8¢ €1

pee'e + L9'8 p0C'I * L6VEI p8ET + 100Gl p68'1 * B9'1¢I pP€0 * €3¢ cl > 5

pO¥'e * 0291 p98°L * CSPSI pé6'0 + GL'6 p98F F 09°€C1 apSE0 * 80'C ol £<

pEel * GL'LI pSEl * STEVI pl%0 ¥ L66 Pl * 80931 p8O00 * €L°E ¥al €1

pe6'l = OL'11 peFl * €6°LE1 p99'0 + LLOI pl¥1 * €I'ICI pél’0 * 8F'¢ 44 > P qd
p/Bu /by /by /by p/dwt ol oy PEIN satoxdg
NNA BN b | 1] -g*)

‘s1eak ut age
pue 19puald Lq pajesedas yreap soye Jy £z unpm pajduies oyepy ut 193p SN pue Y[3 WO (S F ULSUL) SUOHLIFUIDUOD [EIIWIYIOIG JOUINY SN0 [ A19V],

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 14 Jul 2025

Terms of Use: https://complete.bioone.org/terms-of-use



ZAUGG AND KINSEL—VITREOUS HUMOR ANALYSIS OF CERVIDS

TABLE 2.

779

Vitreous biochemical concentrations and liver selenium levels (mean * SE) from elk and mule

deer (all ages and sexes) in Idaho sampled at different times following death.

Hours

since (mg/dD (mEy/L) (mEq/L) (mEqg/L) (ng/g) (mgy/dl)
death  n® Ca? Cl K Na Seb VUN
<24 613 3.22 = 0.05¢ 125.6]1 * 0.68° 10.34 = 0.40¢ 143.25 * 0.72¢ 0.86 * 0.41¢ 14.56 * 0.53¢
(263)
2448 290 3.30 = 0.07¢ 127.31 * 0.86¢ 1256 * 0.249 144.53 = 1.04¢ 0.26 * 0.06¢ 16.96 + 0.90¢d
(164)
48-96 64 3.13 £ 0.11¢ 12745 = 1.67¢ 17.47 = 0.53¢ 143.91 + 2.04° 0.38 = 0.19¢ 21.55 + 2.054
(18)
“n = number of animals tested.
b Numbers in parentheses = quantity of liver samples tested/group.
cde Means in the same column with different superscript letters differ (P < 0.05. mean = 2 SE).

provide rough standards of biochemical
concentrations to estimate concentrations
in other elk and mule deer populations.
Perhaps the potentially greatest factors
of concern in evaluating the data gener-
ated in the present study were time be-
tween death and sample collection, and
the temperatures to which the samples
were subjected during that interval. The
periods from death until vitreous sampling
were measured in 24 hr blocks of time.
Because so few variations were found in
biochemical concentrations between spe-
cies at 24 hr after death (Table 1) vitreous
samples from both elk and mule deer were
pooled in further evaluations of the effects
of time on biochemical concentrations.
While Ca, Cl, and Na concentrations re-
mained constant for 96 hr after death, K
and VUN levels increased over PM time.
However, those concentration elevations
were predictable such that rising linear re-
lationships were noted with each over time
(Fig. 2). Lincoln and Lane (1985) reported
similar findings in bovine vitreous studies.
Further, increases in K concentrations in
ocular samples have been used in forensic
medicine to estimate PM interval (Adelson
et al, 1963; Coe 1972). Thus, data from the
present study showed that PM vitreous K
levels can also be used to roughly estimate
the time of death up to 96 hr PM of elk
and mule deer. A similar statement might
be made for VUN except that the standard
error increases with each 24 hr PM inter-

val to such a degree that confidence in any
estimations is lost (Fig. 2).

Some ocular fluid electrolyte concentra-
tions (Ca, K, Na, and phosphorus) were
reported to increase over time and eleva-
tions in temperature in cattle (McLaughlin
and McLaughlin, 1987), dogs (Schoning
and Strafuss, 1980), horses (Cantor et al.,
1989), and swine (Drolet et al., 1990).
Conversely urea nitrogen and creatinine
concentrations were found to remain sta-
ble for 24 to 48 hr PM, in some cases at
temperatures up to 37 C (Coe, 1969;
Schoning and Strafuss, 1981, Lane and
Lincoln, 1985; Palmer et al., 1985; Mc-
Laughlin and McLaughlin, 1987).

It was estimated that the temperature
range for the periods between when ani-
mals in the present study were harvested
and when vitreous samples were collected
was —5 C to 30 C. However, because of
the nature of the study it was impossible
to determine specific temperatures for
each sample source. Thus, although re-
portedly important in evaluating biochem-
ical concentrations most accurately, tem-
perature variations were not factored into
the present data.

Both elk and mule deer were sampled
from geographic hunting regions 3
through 7 (Fig. 1) or from an area of ap-
proximately 116,750 km?. Elevation varied
from about 500 meters to over 2,500 me-
ters and the vegetation types included des-
ert sagebrush up through alpine conifer
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Comparison between electrolyte and urea nitrogen concentrations in vitreous humor sampled

within 24 hr after death of elk and mule deer, and in antemortem elk serum.

Ca?*

Cl K Na UNd
Species  SYVb - pe mg/dl mEg/L mEyL mEqy/L mg/dl
E* Vo198 359 * 0.13" 125.38 = 1.63h 9.86 + 0.51  142.05 + 1.95h 1535 * 1.63h
E Si 39 457 * 0.45" NA# 550 + 0.65  148.00 = 8.60h  26.34 = 7.22b
MDf V415 3.18 * 0.08 12660 * 1.07" 1057 * 0.35h  144.02 = 1.28" 1447 = 1.10"

*S = serum.
b\ = vitreous.

“n = number of animals sampled.
dUN = urea nitrogen.

CE = elk.

IMD = mule deer.

¥ NA = not available.

bt Means in the same column with different superscript letters differ (P < 0.05, mean * 2 SE).

) Data from Kitchen (1978).

forests. Comparing the biochemical data
from the separate hunting regions con-
firmed that few differences were found
(Table 3). Although the differences noted
were statistically significant, they were
judged not to be clinically or diagnostically
significant.

As a stated objective of the present
study it was hoped that a working corre-
lation between PM vitreous biochemical

20 — 28
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FIGURE 2. Antemortem serum potassium and
postmortem, time-dependent vitreous potassium and
urea nitrogen concentrations from combined elk and
mule deer. (Mean * 2 SE) a = Data from Kitchen
(1978).

concentrations and normal serum concen-
trations could be identified. No serum
samples were available from the animals
providing vitreous samples in this study to
allow the best comparisons. Unfortunately,
few published surveys of serum biochem-
ical concentrations of free-ranging North
American cervids exist. The data in Table
4 provide a comparison between biochem-
ical concentrations in vitreous humor sam-
pled =24 hr PM of elk and mule deer, and
those concentrations in elk serum. The se-
rum data were reported by Kitchen
(1978). Caution must always be exercised
with all comparisons of data from different
sources. Still, vitreous Ca, Na and UN
concentrations were essentially the same
as those reported in elk serum. Potassium
concentration differences were predict-
able, as previously stated. Therefore, it ap-
pears that rough estimates of antemortem
serum concentrations of Ca, K, Na and
UN might be made from vitreous humor
analyses. Such information will prove use-
ful to wildlife management and health per-
sonnel in evaluating possible deviations to
normal concentrations.
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