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Abstract: To investigate the relationship among steroid hormones, estrous behaviors, and histological changes
of sexual organs in breeding female blue foxes (Alopex lagopus), female individuals in different breeding

stages were designated as three groups: typical estrus, atypical estrus, and non-estrus. Estrus identification,
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sample collection and hormone determination were performed. The hormone level was determined by
radioimmunoassay (RIA) and XH6080 radioimmunoassay system was used in Xi'an Nuclear Instrument
Factory. After the standard substance and samples were fully shaken with labeled antibody, they were then
placed at room temperature for 15 min, centrifuged at 3 500 r/min for 15 min, and finally the supernatant was
absorbed and discarded and the radioactivity count (CPM) of each precipitation tube was measured. Urine was
collected and sent directly for hormone examination, and the contents of progesterone (P) and estradiol (E,)
were determined. The ovaries and uterus were taken on the day of estrus and insemination. After dehydration,
paraffin embedding, serial section and H.E staining, histological detection was conducted. Observation was
conducted under optical microscope at 10 x 10 times lens and 10 x 100 times lens. The results showed that the
female blue fox was in different phases of estrus, including vulva, vaginal resistance and keratinocyte stages,
as shown in Fig. 1 - 3. The content of estradiol in the urine was significantly higher than that in the feces,
especially in the typical estrus group, reaching 11 065.17 + 546.76 ng/L, and the difference was significant.
However, the content of progesterone in the urine was not significantly different from that in the feces, as
shown in Table 2. The content of progesterone in the feces was slightly higher than that of urine in typical
estrus females, but significantly higher than that of the urine in non-estrus females 16.61 + 0.63 g/L, as shown
in Table 1. Progesterone and estradiol contents were significantly correlated with estrus performance. When
feces and urine were used as steroid test samples, although the hormone contents were different, the hormone
changing trend was the same in these two kinds of samples. The ovary and uterus were relatively larger in
female blue fox in typical estrus. Follicles at different stages and multiple corpus lutea could be observed in
the ovary. The epithelial cells of uterine mucosa were columnar in shape and closely arranged, and a large
number of glands could be observed in the lamina propria, as shown in Fig. 4 and 5. The ovarian and uterine
development of the atypical estrus female was similar to that of the typical estrus female, as shown in Fig. 6
and 7. In the ovary and uterus of non-estrus female blue fox, the follicles in the ovary were mostly in an
atresia state, without oocytes or corpus luteum. The lamina propria interstitial cells and myotrophic myocytes
were arranged more closely, as shown in Fig. 8 and 9. It indicates that the blue fox's estrus state can be
accurately determined by detecting the content of progesterone and estradiol hormones.

Key words: Blue Fox, Alopex lagopus; Oestrum; Section; Estradiol; Progesterone; Uterus; Ovary
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Fig. 2 Changesin vulva and vagina electrical resistance and keratinized cellsin Blue Fox
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Tablel Correlation of steroid levelsin feceswith estrous stagesin female blue foxes (Mean + SD)

151 Group REEHM CH-FD AR D R R
Sampling date (month-date) Number (ind) Progesteron (ng/L) Estradiol (ng/L)
R A4 Typical estrus group 3-16 ~3-31 6 16.61 £0.63 1 667.95 + 747.73
JEMALL A Atypical estrus group 4-01 ~4-15 6 8.72+2.76 1 030.63 +225.39
ARG Non-estrus group 4-15~5-01 6 5.78 £6.63 876.58 + 566.54
23K Significant level F=11.72, P<0.05 F=3.55, P>0.05
Mt Correlation R=0.76" R=0.58"

BEKPRNFEEMEARRANBEREFI IR P>0.05 R ERNEE: P<0.05 FREREE. * LRE0.01 20 R, W
RERERERIARIERE.
The significance was based on the0 pairwise comparison of data from different groups of the same hormone: P >0.05 indicates no significant

difference; P <0.05 indicates significant difference. * Indicates significant correlation at level 0.01 (double-tailed).
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Table2 Correlation of steroid content (Mean + SD) and significant level in urine of

female blue foxes at different estrous stages

Y151 Group %#Elﬁﬁ (H-D A% D ZA ﬁ’%:@?@%
Sampling date (month-date) Number (ind) Progesteron (ug/L) Estradiol (ng/L)
WK Typical estrus group 3-16 ~3-31 6 11.94+0.38 11 065.17 + 546.76
et AL AEA Atypical estrus group 4-01 ~4-15 6 6.08 +£0.22 4186.80 + 589.89
ARG Non-estrus group 4-15 ~5-01 6 0.33+1.12 242.52+120.31

3 I/KF Significant level
A Correlation

F=60.52, P<0.01 F=17.46, P<0.01

R=0.94" R=0.84"

BT NFARBEA R EARPPILLESER: P < 001 REFWEE. * FoRME 0.01 25 R, WERGTESKERIMCE

MY o

The significance level was the result of pairwise comparison of data from different groups of the same hormone: P <0.01 showed significant

difference. * Indicates significant correlation at level 0.01 (double-tailed).
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Fig. 3 Ovarian sections of foxes at different estrous stages
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The picture shows the view angle of the same section at different magnifications, the above fig. is 10 x 10 times, and the below fig. is 10 x 100

times. a, b. Sections of the ovaries of a typical estrus blue fox: The green arrow in 3a indicates corpus luteum, the yellow arrow in 3b indicates

zona pellucida, and the blue arrowindicates oocyte; ¢, d. Section of the uterus of an atypical estrus blue fox: The green arrow in 3c indicates

corpus luteum, the black arrow in 3d indicates nucleus pinocytosis, and the red arrow indicates cumulus around the egg. d; e, f. Section of the

ovary of non-estrus blue fox: e black arrows show proliferation of a large number of mesenchymal cells, and red arrows show crumpling of

granular cell layer, 3f visible remaining homogeneous hyaluronic bands (yellow arrow).
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Fig. 4 Uterussections of blue foxes at different estrous stages

LEAFECAE— A A FEGS TP, LB 10 x 105, TR 10 x 100 FrREF UL . a. b SAULEEI: EEHk
Rz, SOSRIREIZ: o d AFMBURTEIEI: BOFIONERED WD o £ AREEI: BEOFLIERD BRI K

il UREEAN R TP =Ny UF 73

The picture shows the view Angle of the same section at different magnifications, the above fig. is 10 x 10 times, and the below fig. is 10 x 100

times. a, b. Slices of a typical estrus blue fox uterus: In 4a, the yellow arrow indicates the muscular layer and the green arrow indicates the

mucosal layer; ¢, d. Section of the uterus of an atypical estrus blue fox: The black arrow in 4d indicates eosinophilic secretions; e, f. Section of the

uterus of non-estrus blue fox: In 4f, the black arrow indicates a small number of necrotic cells, and the red arrow indicates nuclear fragmentation.
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