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2.3 Data Collection

Blood samples and behavioural data were collected over a period of approximately 7 months
between 1 August 1995 and 7 March 1996, during which time all the animals, except the breeding
females, were weighed every 1-4 weeks. 1the naked mole-rat, mating occurs approximately 8-11
days postpartum, and is followed by a station period of approximately 72 days (range 66-77
days) (Jarvis, 1991a; Lacey & Sherman, 1991). As the study relied on successful pregnancies, no
data were collected for a period of 10 days postpartum to ensure minimal disturbance of the
colonies. To facilitate identification, the unique toe-clip number of each mole-rat, except the
breeding female in each colony, was marked on its back with a black felt-tipped permanent
marker. The markings usually lasted for about S days, and animals were only marked for the
period during which behavioural data ar blood samples were to be collected.

Data were collected over the equivalent of two complete cycles of the breeding female of
colony 100 and over one cycle of the new breeding female of colony 7400. Data were also
collected prior to and after the take-over event in colony 7400. The dates of data collection are

given in the relevant chapters.

2.3.1 Behavioural Observations

All behavioural observations were re rded using THE OBSERVER, a software package for
behavioural research developed by Noldus Information Technology (Wageningen, The
Netherlands). Details of the recordir techniques employed and the number of hours of
behavioural observation undertaken, are iven in the relevant chapters.

Naked mole-rats are particularly sensitive to sound and vibration so the = tion of
behavioural data was not started until at least 10 min after the observer had entered the room.
Similarly, if the study colony was distu ed by outside noises during the data collection session,
the recording was immediately suspend  for at least 15 min, or until it had been established that

activity in the study colony had returned to normal.

2.3.2 Blood Sampling

A total of 680 blood samples from two colonies and 70 animals was collected and assayed for
this study. Animals were hand-held and a clearly-visible superficial vein on either the hind or
forefoot was pricked with a 0.9 x 40 mm hypodermic needle. Blood was collected by capillary

action using heparinised micro-haematocrit tubes (80 pl), and 2-6 tubes were filled per bleed. This
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After the 1 h incubation period, the cell suspension was dispensed, in equal amounts, into six
plastic tubes, and centrifuged for 5 min at 2500 rpm and 4°C. The supernatant was decanted off
and the pellets in each tube were resuspended in a few millilitres of incubation medium. The
centrifugation process was repeated, the supernatant decanted off and the resultant pellets,
containing the Leydig cells, were resuspended in 10 ml of incubation medium, in a polythene
beaker. The cell suspension was thoroughly mixed at 4°C on a magnetic stirrer. The Leydig cells
were counted on a haemocytometer using light microscopy at a magnification of x100. The cells
were counted in the squares indicated in Figure 2.1. Very small and very expanded cells were not
included in the count. The cell suspension was diluted accordingly, to give approximately 500 000

cells/ml, and mixed thoroughly on a magnetic stirrer.

FIGURE 2.1: Graphic representation of the counting slide. The number of cells in the diagonal
squares indicated with X’s were counted.

2. Preparation of samples for Leydig cell incubation
During the 1 h incubation period of the Leydig cell preparation, the samples were prepared for
the assay procedure. Glass assay tubes were labelled appropriately, and placed in metal assay

racks in the following order:

Zero triplicate
Standards (1-8) triplicate
Quality controls duplicate or quadruplicate

Samples (1:20 and 1:40)  duplicate

Zero triplicate
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The plasma samples were prepared to : assayed in duplicate at two dilutions of 1:20 and 1:40
(from 25 pl of plasma) and the necessary dilutions were made in assay buffer. Faulkes (1990)
found it necessary to assay some samples, which fell below the sensitivity of the assay, at dilutions
of 1:10 and 1:20, but most were done at 1:20 and 1:40. Dilutions of 1:10 were not possible in this
study due to the limited volume of plasma available. The dilutions of the standards and quality
controls have already been described above. Aliquots of 100 pl of assay buffer (zero), diluted

standard, quality control and sample were pipetted into the appropriate assay tubes.

3. Assay procedure

An aliquot of 200 pl of the incubated Leydig cell suspension was pipetted into each of the
assay tubes, to which 100 pl of the appropriate samples had already been added. The assay tubes
were then incubated for 3 h in a shaking water bath at 34°C, with an atmosphere of 95% O, : 5%
CO, . After the incubation period, the assay racks were removed and placed in a waterbath at
100°C for 15 min in order to destroy the Leydig cells, thereby inhibiting further testosterone
production. The assay tubes were then cooled on ice and 150 ul of testosterone assay buffer
(PBS) added to each. The tubes were stored at -20°C until the samples could be

radioimmunoassayed, which was generally within 24 h.

2.4.2 Testosterone Radioimmunoass:
Testosterone produced by the mouse Leydig celis as a result of the action of LH in the

standards, quality controls and samples, was determined by radioimmunoassay as follows:

Materials and reagents

1. Assay buffer (PBS):

Distilled, ionised H20 1 )0 mi
Nazl‘ﬂ’04. 12H20 22.5 g
NacCl 90¢g
NaNj 10g
Gelatin 10g

The gelatin was dissolved in 100 1 of warm distilled water and the other chemicals were

dissolved in 750 ml of distilled water. PBS buffer was prepared by adding the dissolved gelatin to
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was added to each of the radioimmunoassay zero (Bo) and NSB tubes. Each tube, except the
NSB’s, received 100 pl of the diluted R67 testosterone antibody, and all the tubes were covered
and vortexed for 1 min. A 100 pl aliquot of testosterone label (+ 10 000 cpm) was added to each

tube, and the tubes were covered and vortexed for 1 min.

The contents of the radioimmunoassay tubes after all the reagents had been added were as

follows:
Tubes Sample Buffer Antibody Label
4 x By / 100 100 100
2 x NSB / 200 / 100
3 x Zero 100 / 100 100
3xS1-S8 100 / 100 100
2xQC Low 100 / 100 100
2 x QC High 100 / 100 100
1 x each bioassay tube 100 / 100 100
3 x Zero 100 / 100 100

All volumes in pl.

After vortexing, the tubes were incub. :d in a water bath for 1 h at 37°C. The tubes were then
removed from the water bath and left to stand at room temperature for 15 min, followed by a

further 1 h incubation period at 4°C.

2. Separation of unbound label

Half an hour before the end of the 4°C incubation period, the charcoal was removed from the
refrigerator and placed on a magnetic stirrer in a bucket of ice. At the end of the incubationl hour,
0.75 ml of dextran-coated charcoal was pipetted into each assay tube and a stopwatch set to 12
min. The tubes were covered and vortexed, and then placed in a centrifuge, pre-set to 4°C, until
the end of the 12 min. The tubes were centrifuged at 2500 rpm for 15 min, after which they were
kept on ice while the supernatants of - ch were toppled into scintillation vials containing 4 ml
scintillation fluid (Ultima Gold™, A \lytical and Diagnostic Products, Weltevreden Park,

Johannesburg)
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2.4.4 Calculation of LH concentrations
The %B/B, for the standards and san les run in each assay were calculated according to the

following equation:

Mean of sample (cpm) - Mean of NSB (cpm)
x 100

Mean of bioassay zeros (cpm) - Mean of NSB (cpm)

... Equation 2.1

For each assay, %B/B, of standards 1 - 8 were plotted against the corresponding LH
concentrations (expressed as a logarithmic values) in the program Curvefit 1.2 (Macintosh®).
The program was then able to fit standar curves, similar to that seen in Figure 2.2, to each set of

points, according to the following equation:

(a - d)

1+ (x/c)?

... Equation 2.2

where y = %B/By and x = the log of the corresponding LH concentration (Dudley, Edwards,
Ekins, Finney, McKenzie, Raab, Rodbard & Rodgers, 1985). In addition the program calculated
the values of the constants @, b, c and @ om the best-fit curve, using Equation 2.2.

Once the values of @, b, ¢ and d had been calculated from the standard curve of each assay, the

logarithmic values of the LH concentra ins of the samples were calculated using the following

equation:

... Equation 2.3

29






Chapter 3



Chapter 3

REPRODUCTIVE SUPPRESSION IN THE NAKED MOLE-RAT:-
INVESTIGATION OF THE INDIVIDUALS OF ENTIRE COLONIES OVER THE
REPRODUCTIVE CYCLE OF THE BREEDING FEMALE

3.1 Introduction

One of the most fascinating aspects of naked mole-rat biology is the monopoly of reproduction
by the breeding animals, with the concc itant suppression of reproduction in the non-breeding
animals of both sexes. The anatomical, histological and endocrinological differences between
breeding and non-breeding animals have een discussed in Chapter 1, section 1.5, and it is clear
that reproductive suppression is more definitive in non-breeding females than in non-breeding
males.

In non-breeding females of both wild and captive colonies, the socially induced block to
reproduction is the result of a failure to ovulate (Faulkes ef al., 1990a). Non-breeding females
have very low or undetectable plasma LH concentrations in comparison with breeding females
(Faulkes, 1990; Faulkes et al., 1990a). In addition, breeding and non-breeding female naked
mole-rats exhibit differential pituitary secretion of LH following the administration of exogenous
GnRH, and in non-breeding females the . terior pituitary appears to be less sensitive to single low
doses of exogenous GnRH than in b ling na . At a higher dose of 1.0 pg GnR  the
magnitude of the LH response has been found to be no different in breeding and non-breeding
females, suggesting that the non-breeding female pituitary contains a pool of bioactive LH which
can be released under the influence of a sufficiently large GnRH stimulus. However, at lower
doses of 0.5 pg and 0.1 pg GnRH, while the magnitude of the LH response in breeding females is
not significantly reduced, that in non-breeding females is significantly lower, such that at a dose of
0.1 ng GnRH, non-breeding females produce only a small increase in plasma LH (Faulkes, 1990;
Faulkes ef al., 1990b). Therefore, the s¢ ally-induced block to ovulation in non-breeding female
naked mole-rats may be the result of insufficient secretion of LH from the anterior pituitary
(Faulkes ef al., 1990a), possibly due to t : inhibition of hypothalamic GnRH secretion (Faulkes e7
al., 1990b).






in

nc






























'HYuD 81 [ Jo uonoslur 'o's o[Suls & (HYUD-1S0J) Joye ur 0z pue (HYuD-91d) 310Joq
‘591040 FUIPISIq 0M] JISAO ‘O] AUOJOD JO S[BW PUB ]BWY) FUIPISIQ-UOU YI©S JO (‘WI'9'S T ) UONBIUSOU0D [T Bwise[d UBSIN '€ TUNDI]

SI[BIAl SUIPIIG-UON

L L 9 9 9 v T T

T T U

S9BUId | SUIPIIG-UON

el ¢l ¢l e T ¢ T I o1rorr 1r 1 8 8 L.

£ 7

4

[4

JIPrg

Hyuo-sod [
HyunH-29 W

XX Lb 0t 6T 8T 0T 81 LI

91 v1 OI

i
{
|
|
|
|

96 66 16 DD 86 v6 T6 06 9L TL 1L OL dS 8F Sv t¥

T

|
|
|
|
l
{
|
I
1
|
|
1
|
|
I
|
I

S
(X4

4
I

€T Sl

el

4

By

|0

+¢

+01

22!

0T

el

-0¢

-S¢

0¥

~St

(1w n-w) g ewsed

43






ut



WU
























12












ar


















18

as



relaxation of reproductive suppression during mid pregnancy may not be connected with the
reproductive state of the breeding female, but may simply be due to reduced contact between the
breeding female and the non-breeding . imals as a consequence of the increased frequency of
basking behaviour exhibited by the breeding female at this time. However, in the present study,
this was not reflected by the frequency « agonistic interactions by the breeding female, which did
not appear to be lower during mid pregnancy than at other times in the cycle (see Appendix II,
Table 5).

In naked mole-rat colonies, relatively few individuals are involved in interactive behaviours with
the breeding female, and the majority are ignored (pers. obs.; O’Riain, 1996). The relationship
between individual plasma LH concentr: ons and the degree of agonism directed by the breeding
female towards the non-breeding animals of both sexes, was unclear. There was no evidence to

suggest that, at an individual :el, ionistic interactions from the breeding female were

influenced by either basal or post-GnRH plasma LH concentrations (or vice versa), although one
non-breeding female (#15) exh ited a strongly significant positive correlation between the
relative amount of agonism received from the breeding female and post-GnRH, but not basal,
plasma LH concentrations over two bre ing cycles. However, the significant positive correlation
between basal plasma LH and the percentage of the total agonistic interactions directed towards
the non-breeding females by the breedi female of colony 100, indicates that, in this particular
colony, the breeding female directed most of her agonism towards those females with higher basal
plasma LH concentrations. These females may represent the greatest threat to her reproductive
status. In colony 100, the non-breeding females were divided into two groups on the basis of
whether or not they had detectable ba: plasma LH concentrations throughout the study. The
group which had significantly higher basal and post-GnRH plasma LH concentrations also
received a significantly greater percentage of the breeding female’s aggression than the non-
breeding females of the other group. The relationship between plasma LH and breeding female
aggression, observed among the non-b eding females of colony 100, was absent from colony
7400. This inter-colony difference may flect the divergent histories of the two colonies. Colony
100 was a stable colony which still h  the original breeding female, while colony 7400 had
undergone two take-over events, the r st recent of which had been completed only 2 months
prior to the investigation of the breeding cycle. In fact, it was only the second pregnancy of the
current breeding female. During the tal -over event in colony 7400, most of the largest, oldest

females had been killed, and this, together with the fact that it was a relatively unstable colony
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generally occurs just prior to parturition when the breeding female is highly gravid and her control
over the other females is thought to be weakest (Jarvis, 1991a). At this time some non-breeding
females may exhibit nipple development, increases in urinary oestradiol-17B concentrations or
changes in the vaginal closure membrane (Jarvis, 1991a; Westlin ef al., 1994). Nearly all “natural
deaths” in captive colonies occur when the breeding female is very gravid (Jarvis, pers. com.) and
it has been suggested that the relaxation of reproductive suppression in some non-breeding
females just prior to parturition may ensure that the breeding female is rapidly replaced should she
die at this time (Jarvis, 1991a). Indee Jarvis (1991a) documents instances in which mating
occurs within a couple of weeks after the death of the breeding female.

All animals born to a colony are potential reproductives (Jarvis, 1991a), although in reality
most will never have the opportunity to breed. Replacement reproductives often come from the
ranks of the largest, most dominant ai nals in the colony (O’Riain, 1996, Clarke & Faulkes,
1997). However, on some occasions small-sized females have achieved reproductive status
following the death of the breeding fem :, and it is not always possible to predict correctly, from
growth or behaviour, which non-breer s will assume reproductive roles upon the death of a
reproductive animal (Jarvis, 1991a).

Most “natural” colony successions occur when the breeding female has died unexpectedly, and
consequently data are unlikely to have | zn collected immediately prior to the event. Two recent
studies have attempted to investigate, systematically, behavioural and endocrinological changes
occurring in colonies during succession, by collecting data prior to and following the planned removal
of breeding animals from colo 2s. M rgulis er al. (1995) investigated the behavioural and
endocrinological changes in the remaining non-breeding females following the removal of both the
breeding female and breeding male from a single colony. The behaviours of primary interest were
shoving and ano-genital nuzzling, and urinary progesterone was used as an indicator of ovulation or
pregnancy. They found that intra-sexual aggression between female naked mole-rats appears to be
facilitated by ovarian activation, v ich possibly also contributes to the attainment of breeding status.
Clarke and Faulkes (1997) examined dominance and reproductive succession in captive colonies to
investigate the relationship between urinary testosterone and cortisol levels, dominance rank, and
reproductive status, and to determine whe er behavioural and/or hormonal parameters can be used to
predict breeding female succession. They found that dominance appears to be a good predictor of
reproductive status, and that breeding f iales are succeeded by the next highest ranking females.

Jarvis (1991a) has reported th. when the breeding female dies, succession, or the onset of
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4.2.2 Data Collection

Prior to the take-over event, during late pregnancy (according to the divisions employed in
Chapter 3) and again after parturition for 2 days prior to the initial fighting, a total of 13 h of
behavioural data was recorded as a series of 30 min and 1 h focal studies on the breeding female.
Blood samples were collected, and GnF  challenges performed on all colony members over 26 g,
except the breeding female. During the <e-over event, ad /ibitum sampling (Altmann, 1974) was
used to monitor sexual and agonistic | haviours of the individual colony members. For 2 days
after the fighting broke out, the colony was observed for a total of 7 h. One week after the initial
fighting broke out, 10 h of behavioural observation was carried out over a period of 3 days. The
colony was monitored over the following 3 months, and behaviour recorded ad [libitum.
Following the deaths of several animals, once a single female appeared to have become the new
breeding female, a further 10 h of behavioural data were collected as a series of 1 h focal studies
on the nest and surrounding area to record, ad /libitum, the agonistic and sexual interactions
occurring between the remainii  colc ' members. Blood samples were collected and GnRH
challenges performed on all the indiv uals remaining in the colony. It was not possible to
determine the exact time in the breeding cycle during which these data were collected as it was
the first pregnancy of the new breeding female. However, assuming that parturition occurred
between days 66 and 77 of pregnancy, it can be concluded that the data were collected just before
or during mid pregnancy (according to the divisions employed in Chapter 3).

The plasma samples were assayed for bioactive LH concentrations. All behavioural data were
collected using THE OBSERV1 ' as described in Chapter 2, section 2.3.1. Details of the blood
sampling technique, GnRH adn istrai 1 and hormonal analyses are also given in Chapter 2,
sections 2.3.2, 2.3.3 and 2.4 respective . A summary of the dates of data collection is given in

Table 4.2.

TABLE 4.2: Dates of the behavioural st lies and blood collection for colony 100 before and after
the take-over event.

Time in cycle Behaviour Date Blood Collection Date
(Day in cycle) (Day in cycle)
Before take-over 56, 57, 58 + 59 1,2,3+4/8/95 63 + 64 8/8/95 + 9/8/95
After take-over NA 24,25, 30, 31/10 NA 15/11/95

75






HYUD 81 1°0 Jo uonoafur o's o[8UIs & (HYuN-1s0d) JoYe wi oz pue (HYUD-21d)
210J9q “JUIAD 19A0-93e1 3y} 01 Joud ‘0oL Au0[09 JO (g) se[ew pue () S9[BWAJ dY} JO SUOHBIUIDUOI [T BWSR[{ :TH AUNDI]

SO[eJAl SUIpRLg | PRI 10N | PN
| |

€ 3 4 1 S 2 S % A & S A 6 " L L 9 S g 1mr]

0oz 11 6 L T 1L 8 LS IS 6v ' S€  ¥E 6 9T ST [ewmy
— _ — “_ ﬁi T -0
| 3
| 2
| 5
| + (0] ®
| =
, =
| +or 2
! £
,, (q) g
| Log =

P31 10N V PRI
!
€1 4! 4 0l 6 9 " L 9 9 S S £ 2y
St L 9 ¥ Ly 8T ,_ 9¢ 1€ o€ Lz €2 yl  lewmuy
1 1 1 [ [l

] t T L) 1 O
e T 3
&
3
T+00 »
=
=
+ot &
E
(V) g
Log =

HYu9-1s0d [
Hyuo-14 W

77




HYun 31 g uonoalur o's 9[3uIs & (yun-1s0d) Iaye
Ui (o7 pue (Fryun-91d) 210J3q WUIAS 19A0-33E) 3} SUIMO[[O] OOt/ AUOJOD JO S[BNPIAIPUI Y} JO SUOIBIUIOUOD [ BWSE|] €'y TUNOI]

SO[RIAl Sutpaoag SO[RTAl SuUIpPIdIg-UON " so[eWR] Su  IG-UON S 01
| | |

£ £ 4 ” 15 SR ) (o AR § S O 6 6 u A A ) 6 _ 9 N

0T 11 6 __ LL L 1L 8¢ LS 1S 6V “ SL L 9 4 Ly “ 8¢ Jewiuy
— T 0
BH Nttt i A
| 7ll_ | w
| . 1 m
| | tor &
} | =
) | =
| |
| | 10T -
{ { .n
” N g
| | Log =

Hyuo-1sod [
Hyun-a14 l

78



H

{€e-



but she finally emerged as the new breeding female. Prior to the take-over event both the basal

and post-GnRH plasma LH concentratic s of female #28 were below the sensitivity of the assay.

70 T "

Body mass (g)

Kille Not killed

**0.005 <P <0.01

FIGURE 4.5: Body masses (mean + s.e.m.), prior to the take-over event, of those non-breeding
females that were subsequently killed (n = 6) and those that were not killed (n = 6).

Males

Figure 4.6 shows the differences in the mean plasma LH concentrations, prior to the take-over
event, of those non-breeding males th were subsequently killed, the surviving non-breeding
males and the putative breeding males. ~ e basal LH concentrations of the males that were killed
during the take-over event (4.78 + 2.32 mi.u./ml, n = 5) were not significantly different from
those of the non-breeding males that w« : not killed (3.85 £ 1.93 mi.u/ml, n=7) (U= 18, P >
0.1) nor from those of the putative bree 1g males (12.71 + 6.34 miu/ml, n=3) (U=11.5 P >
0.1). The post-GnRH plasma LH concentrations were, however, significantly lower in those males
that were killed (8.57 £ 1.55 mi.u./ml, n = 5) than in the non-breeding males that were not killed
(14.02 £ 1.92 miu./ml, n = 7) (U = 29, P = 0.05), and although the post-GnRH concentrations
appeared to be higher in the breeding males (18.02 + 3.17 miu./ml, n = 3) than in the non-
breeding males that were killed, the difference was not significant (U = 13, P = 0.10) (Mann-
Whitney U-test).
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Killed Not Killed BM
** P =0.05

FIGURE 4.6: Plasma LH concentrations (mean + s.e.m.), prior to the take-over event, of those
non-breeding males that were subsequently killed (n = 5), those that were not killed (n = 7) and
the putative breeding males (n = 3), before (Pre-GnRH) and 20 min after a single s.c. injection of
0.1 pg GnRH.

Body mass (g)

Killed Not Killed BM

* P=0.05
** P=0.025

FIGURE 4.7: Body masses (mean + s.e ), prior to the take-over event, of those non-breeding
males that were subsequently killed (n = 5), those that were not killed (n = 7) and the putative
breeding males.
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m Pre-GnRH
[3 Post-GnRH

25 - (A)
20 +
15 +

10 +

Prior to After

Plasma LH (mi.u./ml)

25 T (B)
20 0

15 +

Plasma LH (mi.u./m})

Prior to After

251 (C)

Plasma LH (mi.u./ml)

.|

Prior to After

** P=0.05

FIGURE 4.8: Plasma LH concentrations (mean + s.e.m) in (A) the surviving non-breedin  females
(n = 5), (B) the surviving non-breeding males (n = 7) and (C) the breeding males (n = 3), before
(Pre-GnRH) and 20 min after a single s.c. injection of 0.1 pg GnRH, prior to and following the
take-over event.
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APPENDIX II

TABLE 1: Results of the Mann-Whitney U-Tests used to determine whether there were
differences between the non-breeding females of Group 3 (n = 4) and Group 4 (n = 6) in terms of’
body mass, age or percentage of the total agonistic interactions received from the breeding
female.

Criterion U P
Body mass 18 P>0.20
Age 14.5 P>0.20

Agonistic interactions 155 P>020
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TABLE 4: The percentage time spent basking, by the breeding females of colony 100 and colony
7400, during early, mid and late pregnany of each of the cycles investigated. Data - re recorded
during each of the 5 h of focal study on the breeding females, that were conducted during each of
the time periods.

Colony Early Mid Late
100
Cycle 1 5.82 57.08 13.30
Cycle 2 4. 53.02 36.76
7400 5.12 60.83 27.89

TABLE §: The frequency of agonistic interactions initiated by the breeding females of colony 100
and colony 7400, during early, mid and late pregnany of each of the cycles investigated. Values
are expressed as the number of agonistic teractions initiated by the breeding female per hour.

Colony E - Mid Late
100
Cycle 1 2.8 2.6 23
Cycle 2 1.4 2.2 2.1
7400 2.9 1 0.7






