
The general question traditionally raised in studies of

biological activity of mitochondria-targeted antioxidants

of the SkQ group – whether SkQs can act as geroprotec-

tors, i.e. whether SkQs have a positive effect on the fertile

and the total lifespan [1-5].

It was found meanwhile that SkQ1, being the most

effective compound of the group [6, 7], can affect repro-

ductive properties of animals. In experiments with the fruit

fly Drosophila melanogaster, SkQ1 prolonged the lifespan

of virgin females and males with a maximum effect demon-

strated on the survival of females at an early age [2].

However, when males and females were allowed to breed,

SkQ1 solution of the same concentration did not increase

lifespan of either males or females; there was no effect on

female survival at an early age, but early age fertility and the

total number of offspring in SkQ1-treated flies increased

[8]. In experiments on mice of outbred SHR line kept in a

vivarium with a low pathogen contamination (LP condi-

tions), we found that SkQ1 not only inhibits termination of

estrous cycles with age, but it also causes early onset of reg-

ular cycles [2-4]. However, a similar study conducted by us

on Campbell hamsters (Phodopus campbelli, Thomas,

1905) did not confirm the result obtained on mice. We

started treating 10-day-old females with 50 nmol/kg per

day of SkQ1, and examined daily the smears of their vagi-

nal discharge from the 30th to the 45th day. Usually a

female can breed at the age of 30 days. Most females, both

in the experiment and in the control, demonstrated

diestrus or irregular change of cycle stages. This lack of

effect may be related to reproductive specificity of the

species. Contact with the male plays a significant role in

the cycle formation in young Campbell hamster females.

However, the effect of SkQ1 on the rate of sexual

maturation in hamsters can be traced based on morpho-

logical characters showing the pace of postnatal develop-

ment, indicators of sexual maturity. The results of this

analysis are presented in this paper. We tested two work-

ing hypotheses. 1) SkQ1 positively affects growth and

maturation of hamsters in litters after daily long-term

treatment of their parents with SkQ1. 2) SkQ1 accelerates

the onset of sexual maturity in female hamsters when they

are treated with SkQ1 from 10 days of age.
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Abstract—We tested two hypotheses. 1) SkQ1 positively affects postnatal development of hamsters in litters born to parents

receiving long-term SkQ1 treatment. 2) SkQ1 accelerates maturation of juvenile females receiving the antioxidant treatment

from 10 days of age. Parental pairs were kept in an outdoor vivarium under conditions close to natural. At the age of 25 days,

juvenile males in litters born to parents treated daily with SkQ1 (50 nmol/kg per os) had higher epididymis mass. Both the

size of a litter and SkQ1 affected epididymis mass in young males. Both the litter size and SkQ1 affected uterus mass in 25-

day-old females. Juvenile females who received SkQ1 treatment from 10 days of age demonstrated earlier opening of the

vagina. This experiment was replicated with the same result. At the age of 2.5 months, virgin females treated with SkQ1 from

the early age demonstrated higher ovary mass.
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MATERIALS AND METHODS

The Campbell hamster is a small rodent weighing up

to 50 g (average 30-40 g). They are active year-round in

their natural habitat, but they can fall in short-term states

of torpor at low temperatures. Species range is restricted

by the dry steppes and semi-deserts of Central Asia. Their

daily activity is polyphasic, but under natural conditions,

in warm months they are active in early morning hours,

after sunset, and at night. They eat seeds, invertebrates,

and in the warmer months also the green parts of plants

[9, 10]. During the cold season, they feed almost exclu-

sively on seeds, and outside the breeding season they can

survive for a long time on metabolic water. Reduction of

water loss is achieved by the very high concentrating

capacity of their kidneys [11]. The species is polyestrous.

Pregnancy lasts for 18-20 days. Animals live solitary and

in pairs in simple, shallow holes. The maximal span of life

in captivity is up to 3 years; in the wild about 1-1.5 years

[10]. Unlike Siberian hamster (Phodopus sungorus),

Campbell hamsters do not turn white in winter. They

often inhabit snowless semi-deserts [12]. In comparison

to Siberian hamsters, Campbell hamsters are less aggres-

sive and quickly habituate to hands. These features great-

ly facilitate work with animals. However, it is impossible

to keep a group of adult males together.

The present study was carried out as part of a long-

term experiment on the geroprotective properties of

mitochondria-targeted antioxidant SkQ1 on freely breed-

ing Campbell hamsters kept in an outside vivarium under

conditions close to natural. When planning the experi-

ment, we took into account the living conditions of the

animals in nature. Pairs (male + female) were kept in

plastic cages of 70 × 40 × 40 cm with replaceable underlay

(dry sawdust, nesting material from technical cotton

wool). We did not use artificial lighting, only natural day-

light hours. Temperature and humidity corresponded to

the natural conditions throughout the year. Water and

food (mixed fodder for rats and mice, oat with the addi-

tion of sunflower seeds, vegetables, dry dark bread, pro-

tein supplements in the form of low-fat cottage cheese)

were provided ad libitum. In winter, the animals received

water from vegetables (beets, cabbage). The animals

could breed freely. The litter remained with the parents

for 25 days after birth, and then it was taken away. In case

of natural death of one of the adult hamsters in a pair, a

new partner was introduced to the surviving animal from

the animal reserve. In the case of death of both partners

(male and female), the cage was taken away. Seventy-four

pairs of animals aged 10-13 weeks were originally includ-

ed in the experiment: the experimental group of 37 pairs

received daily water solution of SkQ1 at a dose of

50 nmol/kg of body weight, and the control group of 37

pairs received water. The animals received the preparation

per os by pipetting. Treatment with SkQ1 was started on

October 15, 2010.

We studied males and females in reproductive pairs

daily – the state of their external genitalia, late stages of

female pregnancy, birth of a litter, animal death (with

later autopsy of adults), size of the litter, and weight of

young at birth. On the 25th day after birth, we counted the

number of surviving young, males and females, their

weights, and number of young females with open vagina.

We evaluated young males in litters for the state of their

external genitalia. Then the litter was taken from the

parental cage. The weight of adult animals was deter-

mined on a monthly basis. Adult females were also

weighed after the birth of the litter. In May-June 2011,

four groups of 25-day-old young chosen at random were

euthanized and autopsied (25 litters from the experimen-

tal series and 22 litters from the control series), for a total

of 79 males and 44 females from the experimental series

and 67 males and 35 females from the control group.

In addition, in April 2011, 23 young females from the

experimental group and 21 young females from the con-

trol group (all of them were from litters born around the

same time, ±2 days) were treated with the same dose of

the preparation (50 nmol/kg) starting from 10 days of age;

the age of vaginal opening in these animals was registered

by daily examination starting from the age of 15 days.

Young females remained in groups with their parents for

25 days, and then the animals were taken to individual

cages. At the age of 2.5 months females were euthanized,

and the weights of their bodies, uteri, and ovaries were

determined; the number of mature follicles was also

determined. The experiment with young females treated

with SkQ1 was repeated in April 2012 following the same

scheme (31 young females in the experimental group and

22 young females in the control).

We used the Statistica 6 software (Stat Soft Inc.) for

statistical estimation. The correspondence to normality

was verified by the Shapiro–Wilk W-test. For normally dis-

tributed data we used Student’s t-test for independent sam-

ples. The difference between two proportions was evaluat-

ed by t-criterion. The General Lineal Model (GLM) was

used to evaluate the effect of SkQ1 and other putative fac-

tors on reproductive characteristics of 25-day-old male and

female hamster. GLM is a generalized version of multiple

linear regression analysis that allows simultaneous study of

the effects of both categorical and continuous variables.

The following parameters were used as dependent variables

in different versions of the model: body weight, testicle

weight (average of two testicles), and epididymis weight

(average of two) in 25-day-old males, and body weight,

weight of uterus, and ovary weight (average of two) in 25-

day-old females. The following parameters were used as

independent variables (factors): experimental series (cate-

gorical variable – SkQ1 or control) and continuous vari-

ables – body weight, weight and size of the litter at birth,

female share in the litter, weight and size of the litter on day

25 after birth, number of previous litters of the parental

pair, and number of all young born to the parental pair.
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RESULTS

Effect of SkQ1 on growth and development of young

hamsters in litters from parents receiving SkQ1. The result

of autopsies of 25-day-old hamsters taken from the

parental cages in May-July 2011 in the period of their

high reproductive activity showed a statistically signifi-

cant increase of epididymis weight in young males whose

parents received SkQ1. Young females showed a statisti-

cally insignificant tendency for increased uterus weight

(p = 0.11) (Table 1). The use of the GLM showed the

presence of significant effects of both SkQ1 (experimen-

tal series) and litter size (Table 2). Epididymis weight

(average of two) of 25-day-old male hamsters was used as

a dependent variable, and the code of experimental series

(SkQ1 or Control), body weight, and testicle weight

(average of two) at 25 days, litter weight and size at birth,

share of females in litter, litter weight and size 25 days

after birth, number of prior litters born to the parental

pair, and total number of young born to the parental pair

were used as putative factors in GLM. Similar analysis of

samplings of 25-day-old females, where uterus weight was

used as a dependent variable, also showed a statistically

significant effect of both SkQ1 and litter size (Table 3).

Effect of SkQ1 on the age of vaginal opening in young

females. Vagina opening in young Campbell hamster

females coincides with the onset of receptivity. In 2011,

the proportion of 30-35-day-old young females with

opened vagina was higher in the group receiving SkQ1

from 10 days of age than in the control group (the changes

were statistically significant, p < 0.05, p < 0.01; Fig. 1a).

This experiment was reproduced in spring 2012. The result

was confirmed (Fig. 1b). Among young females receiving

SkQ1, the proportion of females with open vagina was sig-

nificantly higher at the age of 29-34 days (p < 0.05, p <

0.01). In 2011, the females receiving SkQ1 from 10 days of

p

0.479

0.328

0.010

0.600

0.109

0.716

Table 1. Results of autopsies of 25-day-old hamsters randomly taken from parental cages in May-July 2011

tSt

0.71

0.98

2.61

–0.52

1.62

0.36

Control

25.10 ± 0.52 (67)

391.30 ± 11.20 (67)

6.69 ± 0.22 (66)

22.29 ± 0.67 (35)

42.74 ± 2.05 (32)

3.96 ± 0.11 (32)

SkQ1

25.59 ± 0.46 (79)

404.98 ± 8.61 (77)

7.40 ± 0.17 (76)

21.83 ± 0.57 (44)

46.88 ± 1.59 (43)

4.04 ± 0.16 (42)

Males, 25 days

Body weight, g

Testicle weight, g

Epididymis weight, mg

Females, 25 days

Body weight, g

Uterus weight, mg

Ovary weight, mg

Note: Means with errors are shown. Sample sizes are given in parentheses.

Factors

Intercept

Experimental series

Litter size at birth

Error

p

0.000

0.002

0.004

Table 2. Results of the general linear model (GLM): epididymis weight (average of two) in 25-day-old male hamsters

of experimental (n = 69) and control (n = 53) series was used as the dependent variable; the following parameters were

used as probable factors: number of the experimental series, body weight, testicle weight (average of two) on the 25th

day, litter weight and size at birth, proportion of females in litter, litter weight and size on the 25th day after birth, num-

ber of prior litters born to the parental pair, and the total number of young born to the parental pair

F

224.45

9.55

8.67

MS

569.72

24.25

22.01

2.54

d. f.

1

1

1

119

SS

569.72

24.25

22.00

302.05
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age were sacrificed at the age of 2.5 months; body weight,

and weight of uterus and ovaries were measured, and the

number of mature follicles was determined (Fig. 2). The

animals did not differ in their body weight, but the weight

of ovaries of females receiving SkQ1 was higher (t = 2.81,

p = 0.007, n1 = 23, n2 = 20). Two other parameters

showed a statistically insignificant tendency to increased

body weight in females receiving SkQ1.

Factors

Intercept

Experimental series

Litter size at birth

Error

p

0.00

0.03

0.02

Table 3. Results of the general linear model (GLM): uterus weight of 25-day-old female hamsters of experimental (n =

36) and control (n = 39) series was used as the dependent variable; the following parameters were used as probable fac-

tors: number of the experimental series, body weight, ovary weight (average of two) on the 25th day, litter weight and

size at birth, proportion of males in litter, litter weight and size on 25th day after birth, number of prior litters born to

the parental pair, and total number of young born to the parental pair

F

117.05

4.91

5.73

MS

13250.3

555.8

649.5

113.2

d. f.

1

1

1

65

SS

13250.3

555.8

649.5

7357.8

Fig. 1. Cumulative curves characterizing the age of vagina opening in young hamster females treated with SkQ1 from 10 days of age (1) and

control group (untreated with SkQ1) (2): a) spring 2011; b) spring 2012.
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DISCUSSION

We previously observed that when Campbell ham-

sters were kept in reproductive pairs outdoors during sea-

sonal changes of day length and temperature (Moscow),

50 nmol/kg per day of SkQ1 increased the fertility of the

animals after the state of the winter reproductive break.

Although the control and experimental groups showed no

difference in total number of litters and young born

through the entire lifetime, the pairs receiving SkQ1

started to breed earlier after the winter reproductive

pause. As a result, we observed an increased rate of repro-

duction in pairs receiving SkQ1 in the first half of the

year, and in the control pairs receiving water in the sec-

ond half of the year [13].

This result is consistent with the above-described

observations. The daily dose of 50 nmol/kg SkQ1 given to

parents had a positive effect on the maturation rate of the

young in litters born from these parents, in contrast to

young from the water-receiving control parental group.

In the period of high reproductive activity of parental

pairs in May-July, epididymides of young 25-day-old

males from litters of the experimental series had a higher

weight compared to the control, and 25-day-old females

whose parents received SkQ1 showed a statistically

insignificant tendency to higher uterus weight. It is note-

worthy that the effect of SkQ1 on epididymis and uterus

weight remained with control of the effect of other vari-

ables and even despite the statistically significant effect of

litter size in the GLM.

This result is consistent with the result of our other

specially conducted experiment in which we started treat-

ing hamsters with SkQ1 at 10 days of age. We observed

earlier opening of vagina in females receiving SkQ1 from

10 days of age. The reliability of this conclusion was con-

firmed in a repeated experiment. The same females had

statistically higher ovary weight measured in 2.5-month-

old animals. Thus, our results indicate a positive SkQ1

effect on the rate of sexual maturation of wild-type

Campbell hamsters kept in an outdoor vivarium and are

consistent with the results obtained on mice [2-4].
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