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Abstract

We report the development and validation of a highly specific heterologous radioimmunoassay (RIA) to measure meerkat

prolactin (PRL) by using rabbit antiserum to human prolactin and canine [125I]iodo-PRL. Dilutions of meerkat pituitary standard

and plasma gave parallel inhibition curves in the assay. Gel filtration of meerkat pituitary extracts and canine [125I]iodo-PRL run

separately on a Sephadex G-100 generated identical peaks of activity, and Western blot analysis of meerkat pituitary extract with the

human prolactin antiserum used in the RIA gave a molecular weight similar to canine prolactin (21 kDa). We carried out a bio-

logical validation of the prolactin assay by administering three different doses each of sulpiride and cabergoline to adult male

meerkats. Increasing doses of sulpiride and cabergoline caused substantial increases and decreases, respectively, in the plasma

prolactin of the study animals as expected. Activation of the stress response in meerkats by capture and ketamine hydrochloride

anesthesia caused short-term but significant increases in prolactin levels in individuals bled repeatedly. The RIA developed and

described here was able to determine plasma concentrations of prolactin in all animals sampled. We conclude, however, that it will

be important in all future studies to confine blood sampling times to 4–7min after capture/administration of anesthesia to avoid the

confounding effects of the stress response on prolactin levels.

� 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

Over the past several decades, research into the
physiological basis of parental care has highlighted the

importance of the hormone prolactin in facilitating these

complex behavior patterns (reviewed by Numan, 1994;

Wynne-Edwards and Reburn, 2000). Current investi-

gations into the proximate mechanisms mediating

alloparental care (helping behavior) in cooperatively

breeding species of fish, birds, and mammals also sug-

gest a causal role for prolactin (Kindler et al., 1991;

Schoech et al., 1996; Ziegler et al., 1996; reviewed by

Ziegler, 2000). We plan to examine correlations between

prolactin levels and helping behavior as part of a long-
term study of the cooperatively breeding meerkat (Su-

ricata suricatta).

Meerkats, or slender-tailed mongooses (Family Her-

pestidae), live in family groups of 3–25 animals in

Southern Africa (Doolan and Macdonald, 1997; King-

don, 1997). Within a group, reproduction is typically

restricted to one dominant breeder of each sex, although

subordinate pack members may also breed when food is
plentiful (Clutton-Brock et al., 2001). Subordinate pack

members of both sexes contribute to the care of pups in

several ways, remaining at the burrow to guard new

litters against predators and searching for food items to

give pups that have begun to travel with the group
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(Clutton-Brock et al., 1998, 2000). Contributions to
guarding and feeding pups vary widely between indi-

viduals.

As a precursor to exploring the effects of hormonal

status on contributions to the care of young, we have

developed a method of assaying prolactin levels in

meerkat blood samples. Since meerkat prolactin has not

been purified, precluding the development of a homol-

ogous RIA for this hormone, we have developed a
heterologous RIA based on the inhibition by meerkat

prolactin preparations of the binding of 125I-labeled

canine prolactin to rabbit antiserum to human prolactin.

This paper describes the development and validation of

the assay, as well as an assessment of the effects of stress

on meerkat prolactin levels and prolactin concentrations

in different dominance/age/sex classes. Our interest in

understanding the effects of acute stress on prolactin
levels stems from previous findings that restraint and

anesthesia cause rapid and significant increases in some

animal species (e.g., domesticated rabbits, McNeilly and

Friesen, 1978; rhesus monkeys, Macaca mulatta, Puri

et al., 1981; Quadri et al., 1978; mangabey monkeys,

Cercocebus atys lunulatus, patas monkeys, Erythrocebus

patas, Aidara et al., 1981).

2. Methods

2.1. Collection of pituitary glands and blood samples

All tissue and blood samples were collected from

eight habituated groups of wild meerkats. Our study

area is close to Vanzyl�s Rus in the South African Kal-
ahari (26 � 590S, 21 �500E). The pituitary glands of one
female and three male adult meerkats were collected

after the animals were euthanized for humanitarian

reasons. Pituitaries were removed within 30min of death

and frozen immediately pending transport to the United

Kingdom. Once in the laboratory, each pituitary gland

was thawed and homogenized with 1ml of 0.01M

NaCO3 (pH 8.4). After centrifugation for 5min at
3000 rpm at 4 �C, the supernatant was divided into

0.2ml aliquots and refrozen and stored at �20 �C until
required. Aliquots of this pituitary extract were diluted

in 0.1% BSA in PBS before further use.

Since 1998, several hundred blood samples have been

collected from male and female meerkats (aged 6

months or older) for ongoing behavioral endocrinology

studies; we used a subset of these samples to validate the
prolactin RIA. To obtain a blood sample, the target

animal was placed inside a capture bag and immobilized

with an intra-muscular injection of Ketamine and

Dormitor administered as a weight-dependent dose

(typically 0.06ml Ketamine and 0.04ml Dormitor;

O�Riain et al., 2000). After the animal was completely
anesthetized, a 1–2ml blood sample was taken from the

jugular vein using a 24 1/2G needle and heparinized
vacutainer. Blood samples were kept on ice pending

return to base camp, where the blood was centrifuged

for 20min at 500g (O�Riain et al., 2000). Plasma samples
were stored at �20 �C until transport back to the United
Kingdom on dry ice. After blood collection, animals

received an intra-muscular injection of 0.05ml Antise-

dan (at 5mg/ml atipamezole hydrochloride/kg) to facil-

itate recovery (O�Riain et al., 2000).

2.2. Radioiodination of prolactin

Canine PRL (cPRL; National Hormone and Pitui-

tary Program (NHPP) AFP-2451B), human PRL

(hPRL; NHPP NIDDK-hPRL-I-8), and equine PRL

(ePRL; NHPP AFP8794B) were used as hormones for

radioiodination using the IODO-GEN method at room
temperature. Prolactin (5 lg) in 50 ll of 0.01M

NaHCO3 and 50 ll of 0.125M Tris–HCl, pH 6.8, was

added to the IODO-GEN precoated tube, followed by

5 ll (500 lCi) Na125I (IMS30; Amersham Pharmacia

Biotech, Buckinghamshire, England), the tube mixed

and incubated at room temperature for 1min with

further mixing. After addition of 400 ll of 0.1M PBS,
125I-labeled hormones were separated from aggregate
hormone and unincorporated 125I by gel filtration on

Sephadex G-100 (2� 50 cm) eluted with 0.025M Tris–

HCl buffer, pH 7.4, containing 0.1% BSA (wt/vol) ali-

quoted and stored at �20 �C until used in the assays.

The specific activity, expressed as lCi/lg hormone,

ranged between 70 and 100 for each [125I]iodo-prolactin.

2.3. Assay procedures

The RIA method employed is similar to the heterol-

ogous RIAs described previously (Curlewis and

McNeilly, 1992; McNeilly et al., 1981; McNeilly and

Friesen, 1978). Preliminary assessment by antibody di-

lution curves led us to choose three different assays for

full evaluation: rabbit anti-human antiserum (NHPP

AFP-C11580) with canine [125I]iodo-PRL; guinea pig
anti-canine PRL antiserum (NHPP AFP-1062091) with

either human [125I]iodo-PRL or equine [125I]iodo-PRL.

All dilutions were made using 0.1% BSA in PBS. The

reaction mixture of the initial assays for meerkat PRL

consisted of 100 ll antiserum diluted to bind 25–30% of

counts (final antisera dilutions: anti-hPRL 1:105,000;

anti-canine PRL 1:150,000), 50 ll 0.1% BSA in PBS, and
100 ll of [125I]iodo-PRL (20,000 cpm). After incubation
for 24 h at room temperature, 1.0ml donkey anti-rabbit

IgG attached to magnetic particles (MAIA; Serono

Pharmaceuticals, Middlesex, England) was added to

each tube for the RIA based on the rabbit and human

PRL antiserum with human [125I]iodo-PRL and canine

[125I]iodo-PRL assays; all tubes were vortexed and al-

lowed to settle for 30min before being placed on a
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magnetic plate, which was inverted after 5min and
drained of supernatant. For the RIA based on the gui-

nea pig anti-canine PRL antiserum the assay was al-

lowed to incubate at room temperature for 24 h, after

which 0.2ml 0.1% BSA in PBS, 0.25ml bovine c-glob-
ulin (mg/ml), and 0.5ml 25% PEG was added to each

tube. After 20min, the bound and free hormone were

separated by centrifugation for 10min at 3000 rpm at

5 �C, after which the supernatant was aspirated. For all
assays the antibody-bound [125I]iodo-PRL in the pre-

cipitate was measured in an LKB WALLAC 1261

Multigamma Counter (Turku, Finland).

To increase the sensitivity of the assays, the length of

the RIA was increased from 2 to 4 days. The reaction

mixture consisted of sample and first antibody on the

first day, to which [125I]iodo-PRL was added on the

second day, second antibody the third day (see below).
On the fourth day, free and bound hormone were sep-

arated and the antibody-bound precipitate measured.

To assays using the guinea pig antiserum to canine PRL

we added 100 ll of a 1:20 working dilution anti-guinea
pig IgG (sheep) and 100 ll of a 1:200 dilution of guinea
pig serum on the third day of the assay. To assays using

the rabbit antiserum to human PRL we added 100 ll of
a 1:400 working dilution of normal rabbit serum (NRS)
and 100 ll of a 1:16 working dilution of donkey anti-
rabbit serum to the assay on the third day. One milliliter

of wash reagent (4% PEG, 0.2% Triton, and 0.9% saline)

was added to each tube before centrifuging, aspirating,

and measuring the antibody-bound iodinated PRL as

above. To further increase the sensitivity of the RIA in

final format we reduced the volumes of all reagents to

50 ll while keeping concentrations and incubation times
the same as in the larger volume RIA.

2.4. Precision of the heterologous prolactin RIA

The parallelism between the dose–response curves for

dilutions of meerkat pituitary extracts and canine PRL

standard curves was assessed. Plasma from male and

female meerkats was diluted and assayed against the
meerkat pituitary standard extract to assess the paral-

lelism of the dose–response curves simultaneously. The

precision of the heterologous assay was measured as the

intra- and inter-assay coefficients of variation (%), cal-

culated from the repeated assay of four meerkat pitui-

tary standards containing PRL concentrations from 0.4

to 3.0 ng/ml equivalents of the canine PRL standard

preparation.

2.5. Identification of the meerkat prolactin measured

Gel chromatography. To determine the form of the

immunologically active PRL measured by the RIA, two

meerkat pituitary standards (0.5ml of standard extract

diluted 1:100) and canine [125I]iodo-PRL (130,000 cpm

in 0.5ml) were fractionated separately by gel filtration
on Sephadex G-100 (2� 30 cm) eluted with 0.1% BSA in
PBS (McNeilly and Friesen, 1978). Fractions (1ml) of

canine [125I]iodo-PRL were counted in a c-counter,
while the meerkat pituitary standard fractions were as-

sayed using the heterologous RIA described above.

Western blot. Proteins were separated by 15% SDS–

polyacrylamide gel electrophoresis (Gooderham and

Jeppesen, 1983). The gel was equilibrated in buffer
containing 192mM glycine, 25mM Tris, 20% methanol,

0.1% SDS (Towbin et al., 1979), and proteins trans-

ferred onto Immobilon PVDF membrane (Millipore;

20V for 2 h). Blots were incubated at 4 �C overnight in
blocking solution (5% w/v) blocking agent (ECF Wes-

tern Blotting Kit; Amersham Life Science) in TBS-T

(20mM Tris–HCl, pH 7.6; 137mM NaCl; and 0.05%

Tween-20), then in primary antibody (anti-human pro-
lactin NHPP AFP-C11580 as used for the RIA) at 1/

1000 in TBS-T for 2 h at room temperature. Fluorescein

anti-rabbit antibody, anti-fluorescein alkaline phospha-

tase conjugate, and ECF detection reagent were applied

according to manufacturer�s instructions (ECF Western
Blotting Kit; Amersham Life Science). Signal detection

was preformed on a Storm 860 Phosphorimager (Mo-

lecular Dynamics).
Biological validation. Adult subordinate male meerk-

ats were treated with drugs known to increase (sulpiride:

Innovative Research Company of America, Sarasota,

Florida, USA) or decrease (cabergoline: Pharmacia &

Upjohn, South Africa) prolactin levels in a variety of

animal species. Cabergoline acts as a dopamine agonist

and lowers prolactin concentrations significantly while

sulpiride acts as a dopamine antagonist and substan-
tially raises prolactin levels (e.g., Aidara et al., 1981;

Marks et al., 2001).

Three subordinate male meerkats were treated with a

sulpiride pellet implanted between the shoulder blades

subcutaneously after anesthetization. The first meerkat

to undergo this treatment received a 17.5-mg pellet de-

livering 2.5mg sulpiride/kg body weight/day for 1 week.

The second meerkat received a 35-mg pellet delivering
5.0mg sulpiride/kg body weight/day for 1 week, and the

third meerkat received a 70-mg pellet delivering 10.0mg

sulpiride/kg body weight/day for 1 week. Blood samples

were collected (as above) on the first day of the study

before the sulpiride pellets were implanted (baseline),

and again 4 days later (post-treatment).

Cabergoline was obtained in the form of tablets

(called Dostinex) through the University of Pretoria.
Each tablet contained 500 lg cabergoline, and we

ground tablets up with a mortar and pestle before

weighing out three different doses for this experiment:

13.3, 33.3, and 66.7 lg/kg body weight. As cabergoline
must be administered orally, each dose was deposited

under the carapace of a freshly killed scorpion (a fa-

vorite food of meerkats, Doolan and Macdonald, 1997)
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before the scorpion was fed to the target animal as it
emerged from its burrow first thing in the morning.

Each meerkat received one dose of cabergoline every

other day, with blood samples being drawn the evening

before the first dose was given (baseline) and a day-and-

a-half after the second dose was given (post-treatment).

We also evaluated cross-reactivity of the prolactin assay

with canine and human growth hormone (GH).

2.6. Measurement of plasma levels in the meerkat

Prolactin was measured in plasma samples from

meerkats in different age/sex/dominance class categories

including non-lactating and lactating females. Addi-

tionally, we used timed blood samples from seven female

and eight male adult meerkats to assess the effects of

stress over time on PRL levels. Each animal was blood
sampled for the first time in its multiple bleed series

within 9min of capture, and then bled again 2–3 times

more within 38min of capture. We assayed each of the

multiple bleed samples per individual and compared

differences in PRL concentrations.

2.7. Statistical analyses

We used non-parametric statistics to analyze the non-

normally distributed data. Mann–Whitney U tests were

used to compare prolactin levels between groups of

different individuals, while Wilcoxon matched-pairs tests

were used to test repeated measures within individuals

(Siegel and Castellan, 1988). Tests of significance were

two-tailed with alpha set at p6 0:05.

3. Results

3.1. Heterologous RIA for meerkat prolactin

We tested different heterologous assays using both

the canine and human prolactin antisera with the canine

[125I]iodo-PRL, human [125I]iodo-PRL, and equine
[125I]iodo-PRL tracers. Dilutions of meerkat pituitary

standard were displaced in a parallel fashion from ca-

nine prolactin standard curves for the human antiserum/

canine [125I]iodo-PRL, but not for the canine antiserum/

human [125I]iodo-PRL or the canine antiserum/equine

[125I]iodo-PRL (Fig. 1). Consequently, only human an-

tiserum (NHPP AFP-C11580) was tested fully for

specificity using canine [125I]iodo-PRL.
The binding of canine [125I]iodo-PRL to human

prolactin antiserum (NHPP AFP-C11580) was displaced

in a parallel manner by meerkat pituitary standard (Fig.

2). Under normal assay conditions the initial assay

format was sensitive to 0.4 ng canine prolactin/ml, with

sensitivity determined as the amount of hormone de-

tectable at 90% B/B0. Serial dilutions of meerkat plasma

samples from an adult subordinate female, a dominant

male, and a lactating dominant female were parallel to

the inhibition curves obtained with canine PRL stan-
dards (Fig. 2).

Comparison of the different RIA protocols evaluated

to improve sensitivity revealed that preincubating the

Fig. 1. Inhibition curves of meerkat pituitary standard dilutions (open

shapes) and canine PRL standards (filled shapes) for three different

heterologous RIAs. Squares show results for an assay using human

antiserum with canine [125I]iodo-PRL, diamonds are canine antiserum

with human [125I]iodo-PRL, and circles canine antiserum with equine

[125I]iodo-PRL.

Fig. 2. Inhibition curves in the heterologous PRL RIA for meerkat

PRL from plasma samples from a lactating female (filled squares), a

non-breeding, subordinate, adult female (filled circles), and a breeding,

dominant male (filled triangles). Comparisons are made with meerkat

pituitary standards (open circles) and canine standard curve points

(open squares). Open diamonds show binding by highly purified canine

growth hormone at four concentrations (10lg/ml, 1lg/ml, 100 ng/ml,
and 10 ng/ml).
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sample or standard with antibody alone or before the
introduction of tracer increased the sensitivity of the

assay from 0.4 ng/ml canine PRL to 0.2 ng/ml, while

reducing the volume of the RIA further improved sen-

sitivity to 0.05 ng/ml. In all formats canine standard

curve and meerkat pituitary standards and plasma

samples were displaced in a parallel manner. The mean

intra- and inter-assay coefficients of variation were 6.4

and 14.2%, respectively (n ¼ 10) over the standard range
from 0.4 to 3.0 ng/ml for four diluted meerkat pituitary

extracts.

3.2. Characterization of meerkat prolactin

One peak of PRL was found by RIA after gel filtra-

tion of a meerkat pituitary PRL standard. Peak elutions

of meerkat pituitary prolactin were identical to the
elution peak of canine [125I]iodo-PRL used as a marker

(and run separately) (Fig. 3). Western blot analysis in-

dicated that the anti-human prolactin antibody used in

the final form of the RIA detected a protein of similar

size to canine prolactin in the meerkat pituitary extracts

indicating that the molecular weight of meerkat pro-

lactin was approximately 21 kDa (Fig. 4). Other bands

visible in the Western blot were due to second antibody
binding to proteins in the pituitary extract as can be seen

in the NRS lane, and not to the first antibody detecting

other forms of meerkat prolactin.

There was minimal cross-reaction of the highly pu-

rified human growth hormone (<0:05%; AFP-4793B,
NIDDK, data not shown) and canine growth hormone

(<0:1% AFP-1983B, NIDDK, Fig. 2).

The implantation of the lowest sulpiride dose (deliv-

ering 2.5mg/kg body weight/day did not result in an
increase in plasma prolactin levels in our study animal

(Fig. 5). The medium dose (5.0mg/kg body weight/day)

caused prolactin levels in our study animal to increase

by 264% compared with baseline levels (Fig. 5). We were

unable to use data from the highest dose as the study

animal showed side effects (dizziness and inability to

keep up with the group) that necessitated the removal of

the implant immediately.
Administration of cabergoline every second day re-

sulted in the suppression of plasma prolactin values for

all three doses (Fig. 5). Prolactin levels declined to 45,

19, and 47% of baseline values for 13.3, 33.3, and

66.7 lg/kg body weight of cabergoline, respectively. As
this study was carried out under field conditions with

very small amounts of cabergoline powder, it is possible

that the animal at the highest dose did not receive the
full 50 lg in the scorpion bait as intended (the male
rolled the scorpion containing the drug around on the

ground repeatedly before ingesting it and some of the

cabergoline powder may have fallen out during this

process).

3.3. Measurement of plasma prolactin levels in the

meerkat

We collected plasma from meerkats of different sex,

dominance rank, and reproductive status (Fig. 6). All

blood samples were collected within 4–6min post-

capture. Plasma prolactin concentrations were easily

Fig. 3. Gel filtration of a meerkat pituitary extract preparation (open

circles) and canine [125I]iodo-PRL (filled circles) on a Sephadex G-100

column (2� 50 cm). One-milliliter fractions of meerkat pituitary ex-
tract were collected and assayed for PRL, while the canine [125I]iodo-

PRL fractions (run separately) were counted in a c-counter.

Fig. 4. Western blot of iodination grade canine prolactin and meerkat

pituitary extracts using the same anti-human prolactin antiserum as

used in the RI A. A distinct immunopositive band of the same size as

canine prolactin was evident in all the meerkat pituitary extracts with a

molecular weight of approximately 21 kDa. The other band visible in

the Western blot was due to second antibody (as can be seen in the

NRS lane) and not to the first antibody.
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detectable in all samples and ranged from 0.2 to 11 ng/
ml. We were unable to detect any significant differences

in plasma prolactin levels between animals of different

sexes in both dominance classes (Mann–Whitney U tests

for all comparisons; adult, subordinate males and adult,

subordinate females; n1 ¼ 20, n2 ¼ 20, W ¼ 433:0, p ¼
0:54; dominant males and dominant non-lactating, non-
pregnant females; n1 ¼ 9, n2 ¼ 9, W ¼ 97:0, p ¼ 0:33).
We did not find any significant differences in plasma
prolactin levels between animals of different dominance

rank (dominant males and subordinate males, n1 ¼ 9,

n2 ¼ 20, W ¼ 310:0, p ¼ 0:65; dominant, non-lactating,
non-pregnant females and subordinate, non-lactating,

non-pregnant females, n1 ¼ 9, n2 ¼ 20, W ¼ 280:0, p ¼
0:36). Lastly, we did not find any significant differences
between females in different reproductive states (lactat-

ing females and non-lactating, pregnant females, n1 ¼ 6,
n2 ¼ 7, W ¼ 41:5, p ¼ 1:0; lactating females and non-
lactating, non-pregnant females, n1 ¼ 6, n2 ¼ 9, W ¼
43:0, p ¼ 0:60).
To investigate the effects of the stress response on

prolactin levels, we measured plasma prolactin concen-

trations in seven female and eight male subordinate

adult meerkats bled repeatedly (2–4 times between three

and 38min after capture and anesthesia). As no sex
differences in prolactin levels were found (see above), we

combined the data from the two sexes for this analysis.

Prolactin levels in blood samples drawn 10–20min post-

capture were significantly higher than blood samples

collected within 10min of capture, when data within

individuals were compared (Wilcoxon matched-pairs

test, n ¼ 15, T ¼ 24:0, p ¼ 0:04; Figs. 7a and b). How-
ever, we found that prolactin levels between 20 and
38min post-capture did not differ significantly from

prolactin concentrations within 10min of capture (Wil-

coxon matched pairs test, n ¼ 9 (values below the sen-

sitivity of the assay have been excluded), T ¼ 14:0,
p ¼ 0:31), indicating that the initial rise in prolactin

during the stress response was not sustained over the

long-term.

4. Discussion

This paper describes the development and validation

of a heterologous RIA for the measurement of plasma

prolactin in the cooperatively breeding meerkat. The

chosen final form of the highly specific RIA uses rabbit

antiserum to human prolactin and canine [125I]-iodo-
PRL. Displacement curves of all meerkat pituitary

standards and plasma dilutions were parallel to one

another and to the displacement curves of the canine

PRL standard curves. Since there is no purified meerkat

prolactin for use as standard we assigned a potency in

terms of nanogram canine prolactin equivalents to a

meerkat pituitary extract and have used this as a

Fig. 5. Effects of cabergoline (white bars) and sulpiride (striped bars)

on meerkat plasma prolactin levels, expressed as percentages of base-

line (pretreatment) prolactin levels. Three meerkats were treated with

cabergoline, with a different adult male receiving the low (13.3lg/kg
body weight every other day), medium (33.3 lg/kg every other day),
and high (66.7 lg/kg every other day) dose. Three other adult male
meerkats were treated with sulpiride, with a different male receiving the

low (2.5mg/kg body weight/day), medium (5.0mg/kg/day), and high

(10.0mg/kg/day) dose. Each animal weighed approximately 750 g. The

implant containing the highest dose of sulpiride was removed 24 h after

deposition because side effects (dizziness) were observed; we have no

post-treatment data for this animal. The animal receiving the highest

dose of cabergoline may not have ingested the entire dose, because he

rolled the food item containing the drug around on the ground vig-

orously before eating it, during which time some of the powdered drug

may have fallen out.

Fig. 6. Plasma levels in 71 free-ranging meerkats of both sexes and in

different reproductive states, including dominant males (n ¼ 9), lac-

tating females (n ¼ 6), non-lactating, pregnant females (n ¼ 7), non-

lactating, non-pregnant females (n ¼ 9), subordinate, non-breeding

females (n ¼ 20), and subordinate males (n ¼ 20).
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working standard for all subsequent RIA�s. Repeated
assays with this meerkat pituitary standard against the
canine prolactin standard showed a <7% variation in

estimated prolactin concentration in the meerkat extract

(n ¼ 10 RIAs).

By changing the duration of the RIA and by reducing

the assay incubation volumes we were able to increase

sensitivity from 0.4 ng canine prolactin/ml in the initial

RIA to 0.05 ng/ml in the final RIA format. Initial studies

using the sensitive RIA (see below) indicate that pro-
lactin was easily detectable in all plasma samples col-

lected from both male and female meerkats in different

physiological states. Thus the extreme sensitivity of the

RIA will allow us to measure prolactin concentrations in

very small volumes of meerkat plasma during future

studies.

Sephadex gel filtration of the meerkat pituitary ex-

tracts and canine [125I]iodo-PRL provided further evi-
dence that the heterologous assay measured meerkat

prolactin. The peak of immunological prolactin activity

eluted in a similar position to that of the canine

[125I]iodo-PRL used as a marker, indicating a similar

21 kDa molecular weight of meerkat and canine pro-

lactin. Western blot results confirmed this using the

same anti-human prolactin antiserum for blotting as

used in the RIA format. A single band of 21 kDa was
observed for both canine prolactin and the activity in

different male and female meerkat pituitary extracts.

The only other band visible in the Western blot was due

to non-prolactin related interactions of the second an-

tibody with proteins in the meerkat pituitary extract as
can be seen in the normal rabbit serum lane, and not the

primary antibody. Purified human growth hormone and

canine growth hormone showed minimal cross-reaction

in the RIA developed for measuring prolactin in

meerkats. We were also able to provide biological vali-

dation of the prolactin assay developed for the meerkat

by using the drug sulpiride to substantially raise levels of

prolactin in a male meerkat at 5.0mg/kg body weight/
day but not 2.5mg/kg body weight/day, and by using

three different doses of the drug cabergoline to lower

prolactin levels substantially in adult male meerkats.

These data confirm that the prolactin RIA was specific

for prolactin and was biologically valid.

The collection of blood samples in the field requires

that animals are captured and then anesthetized. Blood

sampling then takes place within a few minutes of this
sampling, but at a variable time after the onset of an-

esthesia. Since both restraint and anesthesia are known

to stimulate a release of prolactin in other species (do-

mestic rabbits, McNeilly and Friesen, 1978; rhesus

monkeys, Quadri et al., 1978; Puri et al., 1981; manga-

bey monkeys and patas monkeys, Aidara et al., 1981),

we were concerned that the present method of blood

sampling meerkats in the wild might compromise any
studies on changes in plasma levels of prolactin in dif-

ferent physiological states if the method of sampling

itself could cause a major change in prolactin secretion.

Fig. 7. (a) Changes in plasma levels of 15 adult, non-breeding meerkats (seven female, eight male) during stress responses to capture and anesthesia.

The amount of time that has elapsed between each animal�s capture and blood sampling is shown in the x-axis. (b) Percent changes in prolactin levels
between samples drawn 10–20min after capture (�medium�) and > 20min of capture (�long�), compared with samples collected within 10min post-
capture (�short�). Prolactin levels in samples drawn 10–20min after capture were significantly higher than prolactin levels drawn within 10min of
capture; prolactin levels collected > 20min after capture did not differ significantly from samples drawn within 10min of capture.
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In our initial studies, the stress of the sampling proce-
dure in 15 adult meerkats resulted in a significant in-

crease in prolactin concentrations 10–19min after

capture when compared with samples collected within

10min of capture. Thus, in all future studies the time

from capture and anesthesia to blood sampling will have

to be fixed and as short as possible. Based on our results,

we plan to minimize variation in blood sampling times

by restricting capture-to-bleed times to 4–7min.
In an initial survey of the differences in prolactin in

different reproductive states, plasma values of 29 male

and 42 female meerkats (bled 4–6min after capture and

anesthesia) varied between 2.5 and 11.0 ng/ml. No par-

ticular pattern of prolactin levels emerged and we did

not find any significant differences within females based

on reproductive state. Although the prolactin levels of

females are typically substantially higher during lacta-
tion than in other reproductive states for many mammal

species, we would not expect that to be the case for fe-

male meerkats in this study for two reasons. First, fe-

male meerkats only suckle their young between dusk

and dawn as they are foraging with the group during

daylight hours while other group members babysit the

young (Clutton-Brock et al., 1998), and second, we

collect all of our blood samples in the evenings (i.e., 12 h
after the female has last suckled her young) when the

temperature in the Kalahari Desert has dropped enough

for us to anesthetize our study animals without danger

of them succumbing to heatstroke. With this time delay

from last suckling, plasma levels of prolactin would be

expected to have returned to near non-lactating levels as

seen in the rabbit, which has a similar pattern of nursing

(McNeilly and Friesen, 1978). We also did not see sig-
nificant differences in prolactin concentrations between

dominant and subordinate meerkats of both sexes.

However, our findings are consistent with previous

studies of prolactin levels across groups of cooperatively

breeding mammals (common marmosets, Callithrix

jacchus, Abbott et al., 1981) and birds (Harris� hawks,
Parabuteo unicinctus, Vleck et al., 1991), suggesting that

this pattern may be typical in animals with this partic-
ular social system.

In summary, we have developed a viable, highly

sensitive heterologous RIA that allows the measurement

of plasma levels of prolactin in meerkats in all situations

so far investigated. We have shown that meerkat pro-

lactin has a molecular weight similar to prolactin in

canine and other species. Biological validation of the

assay has come from observed significant increases and
decreases in prolactin levels in response to the admin-

istration of the drugs sulpiride and cabergoline, respec-

tively. The results of the present studies provide a

validated RIA and an indication of the times for blood

sampling for future studies investigating the role of

prolactin in meerkat helping behavior.
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