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Breeding and Rearing Naked Mole-Rats
(Heterocephalus glaber) under Laboratory
Conditions

Chenlin Yu,* Shiyong Wang,>* Guoshi Yang,>* Shanmin Zhao," Lifang Lin,' Wenjing Yang,! Qiu Tang,'
Wei Sun,! and Shufang Cui®*

The unique biologic characteristics of naked mole-rats (NMR, Heterocephalus glaber) include longevity, cancer resistance,
hypoxia tolerance, and pain insensitivity, making NMR an attractive model for biomedical research on aging, cancer, and
neurobiology. However, breeding and rearing NMR in captivity is challenging. Here, we report a method for breeding NMR
by using a closed-colony mating system. We selected sexually mature male and female NMR from different natal colonies
and mated them 1:1. The 5 original colonies had an annual parity of 3.20 £ 0.84 (mean + 1 SD), with 38.80 £ 9.50 pups born,
33.80 £ 8.32 pups weaned, and a survival rate of 87.19% + 6.09% after weaning. The average annual parity of 22 N1 pairs (es-
tablished from the progeny of the 5 original pairs) was 3.09 £ 0.81, with 34.86 = 10.66 total pups born during the year, 30.14
+ 10.23 pups weaned, and a survival rate after weaning of 85.51% + 6.60%. The average annual parity of 29 N2 pairs (that
is, offspring of N1 pairs) was 3.04 + 0.87, with 33.69 + 11.42 pups born, 28.17 = 10.43 pups weaned, and a survival rate after
weaning of 83.66% £ 10.75%. None of these measures differed among the 3 generations, with average reproductive success
exceeding 70% for each. In addition, the reproduction and growth of the N1 and N2 generations was similar to the original
colonies. Our breeding method remarkably increases the production of NMR, thus representing a great potential to promote
experimental NMR research and its applications.

Abbreviations: NMR, naked mole-rat; N1 generation, progeny from the original colonies; N2 generation, progeny from the N1

generation.

Naked mole-rats (NMR, Heterocephalus glaber) are a unique
species of rodents that demonstrates high longevity,? tumor
resistance,?? hypoxia tolerance,??> and pain insensitivity.?*
These features make NMR widely used mammalian models
for biomedical research in aging,®!3!* cancer,?%?® neurobiol-
0gy,?>2¢ and other fields. However, breeding and rearing NMR
in captivity is challenging.

NMR are a true eusocial species:'181% only a single female
(the queen) and 1 to 3 breeding males reproduce;'®17 the
remaining colony members of both sexes are reproductively
suppressed, although not sterile, and function as workers.””10
The gestation of wild NMR is about 70 d. The average litter is
11 pups and typically ranges from 3 to 12 pups in size but may
be as large as 28. In the wild, NMR usually breed only once
each year, if the litter survives. In captivity, NMR give birth
2 to 4 times annually, and the average litter size is 7 to 13.%7
This low reproductive efficiency of NMR limits their use in
research applications. Although both nonbreeding female and
male NMR in captive and wild colonies are reported to rapidly
become reproductively active when socially suppressive cues
are removed,>’ previous studies assessed parameters such
as changes in pituitary gonadotrophin secretion, luteinizing
hormone concentrations, and physical contact.*”1112 Whether
these ‘reversed’ animals can successfully mate, breed, and give
birth to offspring remains unknown.
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The aim of the current study was to assess the reproductive
performance of NMR in a novel closed-colony mating system
under laboratory conditions.

Case Report

Animals and housing. This study was performed in the
animal research facility of the Second Military Medical Uni-
versity (Shanghai, China). The original NMR colonies were
purchased from the Department of Zoology of the University
of Cape Town (Cape Town, South Africa). All animal handling
and study procedures complied with the current Chinese
regulation,GB14925-2010: Laboratory animal requirements of envi-
ronment and housing facilities (Chinese version). All NMR were
maintained in accordance with the guidelines established by the
IACUC of the Second Military Medical University (protocol no.
20120016). Animals were housed in clear plastic cages contain-
ing wood-shaving bedding. The housing unit (Chinese patent
CN 201320608562) consisted of activity chambers (32 cm x 50 cm %
20 cm; divided into 4 interconnecting runways), chambers for
feeding and resting (30 cm x 50 cm x 20 cm), and small chambers
(18 cm x 50 cm x 20 cm) for defecation; various configurations
of these chambers were assembled according to the number of
animals. Cages were cleaned and sterilized once every 1 to 2 wk.
Housing room conditions were maintained at 29 =2 °C, with a
relative humidity of 40% to 70% and a photoperiod comprising
2 to4hof light and 18 to 22 h of dark. Animals received apples,
potatoes, sweet potatoes, pumpkins, or cucumbers in the morn-
ing and afternoon; additional drinking water was not provided.
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Breeding. The average size (+ 1 SD) of the 5 original colonies was
11.0 £ 1.6 NMR. Each colony was housed in separate containers
and allowed to breed naturally (gestation period, 68 to 74 d) to
produce offspring (N1 generation). At this point, we introduced
the closed-colony mating system. Once they were fully weaned
(age, 1 to 2 mo), all N1 NMR (females and males) were removed
from their natal colony and placed into a new cage; at the age of 5
mo, female and male juveniles were housed as single-sex groups
by natal colony. When sexually mature (12 mo for males and 10
mo for females), male and female N1 NMR from different natal
colonies were mated at a 1:1 ratio, and each pair was placed in a
new cage. Pairs were established according to the animal’s body
weight (thatis, NMR of similar size were paired) and reproductive
history of its parents. When male and female NMR were paired
initially, they were observed continuously for at least 30 min until
it was clear that both animals had accepted each other. When ag-
gressive behaviors were observed, such as shoving, biting, and
tugging,'® the NMR pair was separated and the 2 animals placed
with other potential mates until compatible pairs were formed.
The offspring of the N1 pairs (that is, the N2 generation) were
themselves paired and bred in the same way as the N1 animals.

For all 3 populations (original, N1, and N2 colonies), parity,
litter size, number of pups weaned, and survival rate after
weaning were evaluated. Data are presented as mean + 1 SD.
One-way repeated-measure ANOVA (Excel, Microsoft, Red-
mond, WA) was used to determine differences between values;
differences were considered statistically significant ata P value
of 0.05 or less.

Reproductive performance of the original NMR colonies. Of
the 7 NMR colonies purchased from the University of Cape
Town, 5 succeeded in breeding, for a reproductive success
rate of 71.43%. The reproductive performance of the 5 original
NMR colonies is summarized in Table 1. The average parity of
the 5 original colonies (mean + 1 SD) was 3.20 £ 0.84 litters per
year, with 38.80 + 9.50 total pups born and 33.80 * 8.32 pups
weaned annually. The average survival rate after weaning was
87.19% + 6.09%.

We recorded the weights of 60 of these offspring (30 females,
30 males; N1 generation) biweekly (Figure 1). The average body
weight of 10-wk-old male N1 NMR was 14.68 + 1.51 g, whereas
their female counterparts weighed 15.33 £ 1.58 g. Both male and
female pups increased steadily in weight, and beginning at 20
wk, female NMR weighed more (P <0.05) than did males of the
same age.

Reproductive performance of N1 generation. Sexually
mature male and female NMR of the N1 generation were
selected from different colonies and mated 1:1. Of the 30
pairs established, 22 pairs successfully produced offspring,
for a reproductive success rate of 73.33%. The reproductive
performance of the N1 pairs is summarized in Table 2. The
average annual parity of 22 N1 pairs was 3.09 £ 0.81 litters,
with 34.86 + 10.66 total pups born and 30.14 + 10.23 pups
weaned per year. The survival rate after weaning was 85.51%
+6.60%. None of these measures differed significantly from
those of the original colonies, suggesting that the reproduc-
tive ability of the N1 generation was similar to that of the
original colonies.

We weighed 60 of the offspring from these N1 pairs (30 fe-
males, 30 males; N2 generation) biweekly. The average weight
of 10-wk-old male N2 NMR was 15.68 +1.53 g, and that of their
female counterparts was 16.78 + 1.60 g. N2 animals gained
weight over time similarly to the N1 generation (Figure 2), and
body weight did not differ between generations for NMR of the
same age and sex (data not shown).

Breeding and raising naked mole-rats in captivity

Table 1. Annual reproductive performance of the original NMR colonies
No. of

Survival rate after

Colony no. Litters Pups born Pups weaned weaning (%)
1 2 30 24 80.00
2 3 35 30 85.71
3 3 31 30 96.77
4 4 49 42 85.71
5 4 49 43 87.76
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Figure 1. Body weight (mean £ 1 SD [error bars]) for the N1 generation
of NMR.

Table 2. Annual reproductive performance of N1 pairs

No. of
Pups Survival rate after
Pair no. Litters ~ Pupsborn  weaned weaning (%)
1 3 36 31 86.11
2 2 18 15 83.33
3 4 37 32 86.49
4 3 30 25 83.33
5 4 40 36 90.00
6 2 26 23 88.46
7 3 38 35 92.11
8 4 33 28 84.85
9 4 42 39 92.86
10 2 22 17 77.27
11 4 49 47 95.92
12 3 35 30 85.71
13 2 20 17 85.00
14 2 24 21 87.50
15 4 57 48 84.21
16 3 31 27 87.10
17 4 46 38 82.61
18 4 45 39 86.67
19 2 21 13 61.91
20 3 31 26 83.87
21 4 51 46 90.20
22 3 35 30 85.71

Reproductive performance of N2 animals. We assessed the
reproductive performance of the N2 pairs by using the same
method as for the original and N1 animals. Of the 40 pairs
established, 29 (72.50%) reproduced successfully (Table 3). The
average annual parity of the N2 pairs was 3.04 £ 0.87 litters,
comprising 33.69 + 11.42 total pups and 28.17 * 10.43 pups
weaned over 1y. The survival rate after weaning was 83.66% *
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Figure 2. Body weight (mean = 1 SD [error bars]) for the N2 generation
of NMR.

Table 3. Annual reproductive performance of the N2 generation

No. of Survival rate

Pair no. Litters Pups born Pups weaned after weaning (%)
1 3 30 26 86.67
2 4 39 35 89.74
3 3 32 28 87.50
4 2 19 15 78.95
5 3 35 28 80.00
6 2 30 23 76.67
7 3 26 25 96.15
8 4 56 48 85.71
9 4 46 41 89.13
10 3 39 31 79.49
1 1 5 5 100.00
12 3 37 30 81.08
13 4 39 34 87.18
14 2 31 16 51.61
15 4 42 40 95.24
16 3 31 28 90.32
17 4 42 32 76.19
18 2 13 10 76.92
19 3 30 25 83.33
20 4 56 40 71.43
21 3 29 25 86.21
22 4 42 39 92.86
23 2 22 17 77.27
24 4 49 47 95.92
25 3 34 29 85.29
26 2 21 20 95.24
27 4 39 34 87.18
28 3 35 30 85.71
29 2 28 16 57.14

10.75%. The N2 generation did not differ from the previous
generations in terms of reproductive ability.

Discussion
The purpose of our research has been to domesticate NMR
and to establish a closed-colony system for their breeding by
monitoring parameters indicative of their husbandry, social
behavior, and reproduction under laboratory conditions.

During the first several months after their arrival at our facil-
ity, the NMR in the original colonies were timid and startled
easily. However, they became acclimated and less frightened
after 3 to 6 mo of fixed feeding and cleaning times. In addition,
the adult NMR in all 3 generations ate, rested, and defecated
in appropriate chambers of the housing unit, and the pups
mimicked their parents in these behaviors; the estimated daily
food consumption was 5 to 10 g for an adult NMR and 20 to
28 g for a pair with pups. Therefore the NMR adjusted well to
our rearing scheme.

The observation that both nonbreeding female and male
NMRs in captive and wild colonies rapidly become reproduc-
tively active when socially suppressive cues are removed®’
was the theoretical principle underlying our breeding scheme
using breeding pairs instead of the eusocial colonies that
occur in the wild. According to our data, the reproductive
success rate was approximately 73% for both the N1 and N2
pairs; these paired NMR copulated and reproduced year-
round. The remaining compatible but nonproductive pairs
remained together for more than 6 mo without producing a
litter. In addition, the reproductive indexes and pup growth
curves were similar between the original colonies and the
N1 and N2 pairs. Thus, our breeding method was successful
and efficient.

Under our closed-colony strategy, an N1 or N2 colony
comprised a pair of breeders and a single litter of pups. In the
present study, the gestational period of our NMR was 68 to 74
d, and newly paired NMR typically needed 3 to 4 mo to start
breeding. We removed fully weaned pups (age, 1 to 2 mo) when
the breeders gave birth to another litter; no subordinate NMR
were present in the cage to help nurse and care for the pups.
At the age of 5 mo, the juvenile female and male NMR were
separated into same-sex groups.

In the wild, NMR colonies typically contain 75 to 80 mem-
bers but can comprise 295 animals,® complicating experimental
observations and recordkeeping, particularly of genetic back-
ground. In addition to producing NMR more quickly than in
the wild, our closed-colony breeding scheme facilitates tracking
individual animals to collect detailed data. In addition, we suc-
cessfully imported NMR from Africa for breeding and rearing
research in China. Our studies provide additional experimental
data and methodology to support the use of NMR in biomedi-
cal research.
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