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Effects of serum sex steroid on the early neuronal dimor phism in forebrain
vocal-control nuclei of songbird (Lonchura striata) =
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Abstract We investigated the changes of neurona numbers and neurona Szesof four controbvoca nucle : robust nucleus
of the archistriatum (RA) , latera magnocelular nucleus of the anterior neostriatum (L MAN) , Area X and high voca
center (HVC) from posthatching days (P) P5 to P120 in the songbird , striated mannikin (Lonchurastriata) by use of
histologica method of nis3-staining. The serum estrodia concentrationsfrom P5 to P50 and the serum testosterone corr
centrationsfrom P5 to P120 were a0 tested to further understand the endocrine mechanism of sexual differencesin the
ong control nude. The results were asfollows: (1) The numbersof RA neuron were not dgnificantly different between
males and females before P30. The numbersof RA neuron decreased most sgnificantly from P30 to P40, goproximatey
corregponding to the time when the neura connections were established between RA and HVC. The neurond numbers of
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RA infemales decreased much more rgpidy than those in maes during P20 and P30, leading to the sgnificant differences
of RA neurona number between maes and females ( P <0.05). The numbersof L MAN neurons exhibited sexually sg-
nificant differences evenin P15. The numbersof L MAN neuronsin both maes and femaes decreased sgnificantly only in
two adjacent groupsat P20 and P40. These two periods were gpproxi mately corregponded to the time when neura connec

tions were formed between L MAN and RA or between HVC and RA repectivey. The numbersof femae area X neurons
in malesincreased most dgnificantly during P20 and P30, but they did not change dgnificantly after P30. The outline of
Area X in femdes could not be clearly distinguished , 0 the neurond numbersof femae Area X were not availablein this
study. The numbers of HVC neurons continued to increase before P30, but they increased no more ater P30 both in
males and females. The decrease of HV C numbers was most obvious in theperiod from P30 to P40 for both sexes. (2)

The volumesof RA , LMAN , Area X or HV C neurons continued to increase before P30. However , they did not increase
ater P30. All the volumesof four nuce increased most raidly between P15 and P20. All the neurona szes exhibited a
dgnificant difference in both sexes ater 20 days of age except RA. The sexud difference of RA neurona volume was
caused by the reduction of RA neurona volumesinfemaes, not by theincrease of thosein maesater P30. The neurona
volumesin malesincreased more repidy than those in femaes, leading to the sexua differences of neurona volumes for
other three nudle. The serum estrodia concentrations in females was sgnificantly higher than that in malesat P5 (P <

0.01) . Serum estrodial concentrations decreased during PS5 and P10 in maes, whereas those increased in males. Asare

sult , there was no sexud differencein the serum estrodia level around P10. Owirg to the continuousincrease of estrodia

in maesor continuous decrease in femaes during P10 and P15, the serum estrodia concentration was higher in maes than
that in femaes around P15. However , the serum estrodid concentrations were no sgnificant difference during P30 and
P50. The serum testosterone was only detectable in males ater P50, reveding that the plasma T was lower than 0. 05

ng/ ml (the lowest concentration to be detected in thepresent study) before P50. Plasma T increased with age sgnificant-

ly in maes, but it was not detectablein any groupsof femaes. Plasma T could not be detected in thepresent study during

P5 and P50, indicating that T may take the least fect on the sexud differentiation. The short period of increase in the
male plasma E; wasimportant because it was accorded with the critical timeof sexua differentiation. (3) Previous studies
have shown that both theplasma E;, and T can cause the nucleus volume and neurona sze to beincreased , but only plasma
E can cause more neurons to beproduced. Thus, the rdatively high serum estrodia level around P15 could cause males to
produce more HV C neurons than femaes, and consgjuently the neurond numbersof male HV C were more than in femae
HVC. Aspointed by a previous report , the more numbers of the RA-projecting HV C neurons, the less RA neurons may

die due to the innervations from HVC to RA. Therefore, thepresent result that the neurona numbers of RA in mdes
were more than those in femaes was acocorded with the above rgoort. The neurond numbers of L MAN decreased most

rgpidly in two periods when the neurd connections were formed between L MAN and RA or between HVC and RA repec

tivey. Thisresult suggests that the neurd connections between LMAN and RA or between RA and HVC both &fected
the sexud differentiation of L MAN neuron numbers. The numbers of Area X neuron in females were less than those of
males dter P25. We assumed that this could be caused by the sexud difference of neura innervations from HVC (not

shown in present study) asdidin RA sexua differentiation. In addition, the sexua difference of neuron numbersof Area
X might be caused by the difference of production of neurogenessin the Area X around P15. [ Acta Zoologica Sinica 49

(3) : 353- 361, 2003].
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Table 1 Neuron numbers of vocal-control nuclei in the striated mannikin during devel opment
RA L MAN Area X HVC
Age
Males Femdes Maes Femdes Maes Males Femaes
(days)
x10° x 10° x 10° x 10° x 10° x 10° x 10°
5 2.11+0.22% 2.04 +0.20% - - - - -
(n=8) (n=8)
10 2.06 +0.15° 1.99 +0.213 - - - - -
(n=9) (n=9)
15 2.03+0.12% 1.91 +0.18% 9.15 +0.88% 7.03 +57% - - -
(n=7) (n=7) (n=8) (n=8)
20 2.01+0.12% 1.88 +0.17% 8.56 +0. 762 6.83 +.48%  42.80 £8.67%° 10.33 +1.34%° 3.06 +0.85?
(n=7) (n=8) (n=9) (n=8) (n=7) (n=9) (n=8)
25 1.99 +0.12% 1.75 +0.18% 7.45 +0.63° 585 +0.32°  76.89 +7.58° 12.04 +1.87° 3. 15+0.74%
(n=7) (n=9) (n=7) (n=8) (n=9) (n=8) (n=9)
30 1.96+0.10° 1.3 +0.14°  6.40 £0.42° 5 25+0.35°  82.73 £8.47° 12.43 +1.92 3 5140.68"
(n=9) (n=8) (n=8) (n=9) (n=7) (n=8) (n=98)
40 1.82+0.15°  (.95+0.09° 5.06+0.34% 387 +0.44°  80.08+0.78°  10.49 +1.34° 3 08+0.57°
(n=8) (n=7) (n=8) (n=8) (n=9) (n=98) (n=8)
50 1.80+0. 15" 0.69+0.08" 2.60 £0.32° 3.5 +0.51°  79.23 £8.59°  10.28 +0.98° 3 85+0.53%
(n=8) (n=7) (n=6) (n=7) (n=8) (n=8) (n=9)
60 1.79£0.16°  0.65 +0.07¢  2.39 +0.45 341 +0.45°  78.35+7.85°  0.54 +1.47° 3. 69+0.49°
(n=9) (n=8) (n=9) (n=8) (n=7) (n=7) (n=7)
80 1.74+0.11° 0.63+0.08" 1.95+0.51° - 77.29 + 8. 49° 9.09 +1.58° 3.5940.38%
(n=8) (n=9) (n=7) (n=8) (n=9) (n=8)
120 1.71+0.154" .61 +0.101¢  1.73%0.47 - 75.83 £9.87°  8.66 £0.95°  3.37+0.29%
(n=9) (n=8) (n=9) (n=8) (n=8) (n=9)
+ f ( ) (One-Way ANOVA , Duncan ,
P<0.05) * t , P<0.05) [ Data are expressed as

mean + standard deviation. Means with different superscripts (a f) in same row (same sex) represent satistica difference (oneway ANOVA , Dun-

can’ stes, P<0.05). Sanple szes are presented in parentheses. Means with * represent sgnificantly statistica difference at the same age group be-

tween sexes (Independent-Samples t-test , two-taled) . There are no data available in the blank space]
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Fig.1 The changes of neuronal size in RA, LMAN, Area Xand HVC during devel opment
in the driated mannikin brain
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Table 2 Seroid concentrations in serum during development in the sgriated mannikin
Age Estradiol (pg/ mi) Testosterone (pg/ ml)
(Days) Maes Femaes Males Females
5 121. 89 + 35. 45° 913. 46 + 130. 45° -
(n=10) (n=11)
10 244. 27 + 40. 43° 292. 49 +76. 37° -
(n=13) (n=11)
15 285. 98 + 45. 43¢ 188. 50 + 40. 01¢ ’ -
(n=13) (n=11)
25 245.23 £ 41. 23° 211.35+34. 21° -
(n=13) (n=11)
30 209. 57 + 58. 45° 233.02 +47.97° -
(n=10) (n=10)
40 183. 06 + 27. 89° 249.01 + 40. 13° -
(n=8) (n=8)
50 183. 49 + 52. 48° 185. 97 + 76. 62° 80. 45 +13. 897
(n=7) (n=7) (n=7)
60 nm nm 91.24 +18.56%
(n=7)
80 nm nm 175.28 £23.81°
(n=7)
120 nm nm 548. 62 + 28. 74°
(n=7)
nm : 50 pg/ ml + a e,
(One-Way ANOVA , Duncan , P<0.05) *
( t [nm: not measured. - : lower than 50 pg/ ml. Data are expressed as mean

+ gandard deviation. Meanswith different superscripts (a €) in the same row or in the same sex are sgnificantly different (one-way ANOVA , Dun-

can’ stes, P<0.05). Sample szesare shownin parentheses. Meanswith * are sgnificantly different at the same age group between sexes (Indepen-

dent-samples t test, two-tailed) .
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