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Introduction

It has been recognized that lymphoid organs play an important role in
immune responses. In the chicken, GLICK et al. (1956) described the role of the
bursa of Fabricius, a hindgut epithelial lymphoid organ, in the development of
humoral immunity. With a subsequent definition of the pivotal role of the
manmalian thymus in the developmental immunobiology (ARCHER and PIERCE
1961 ; MILLErR 1961, 1962; Goop et al. 1962 ; MarTINEZ 1962), the chicken
aroused the interest of many investigators because it is equipped with thymus
as well as a bursa. It has been recognized that the bursa and the thymus are
“central lymphoid organs” in the chickens, essential to the ontogenetic develop-
ment of adaptive immunity (CHANG ef al. 1957, 1959 ; MULLER et al. 1960, 1962;
GRAETZER ¢t al. 1963 ; Isakovié and Jankovid 1964). A functional dissociation
of the chicken immune system based on differences in thymic and bursal influence
was originally suggested by WARNER et al. (WARNER et al. 1962 ; SZENBERG and
WARNER 1962 ; WARNER and SzenBeErc 1964). Experimental support for this
hypothesis was forthcoming {rom several investigators (AsPINAL ef al. 1963;
GRAETZER ef al. 1963 ; JaNkovIc et al. 1963 ; Jankovic and Isaxovic 1964 ;
Jankovi$ and Isvaneskr 1963 ; Isakovié and Jankovié 1964 ; CooOPER et al.
1966).

The normal growth of these lymphoid organs was reported by a few inves-
tigators (JoLLy 1913; RippLk 1928,; Kdno 1933; BraprLey 1950; GLick 1956;
WOLFE et al. 1962 ; YaMADA 1966). These reports were obtained solely from
chickens with the exception of RIDDLE’s report on pigeons.

* iAW AR RS EHE



2 Junzo YAMADA et al.

Recently the Japanese quails is attracting considerable attention as an experi-
mental animal. However reports obtained from the Japanese quails are not
available. Thus studies dealing with the growth ‘of several lymphoid organs of
the Japanese quails are reported in this paper. We have correlated the growth
of these lymphoid organs with the body weight and the growth of the gonads.
Moreover, we have compared data of chicken (WOLFE ef al. 1962) against the
data of Japanese quail

Materials and Methods

The growth of the lymphoid organs and the gonads were studied using 393
Japanese quails (Coturniz coturniz japonica). Nine to eleven birds were sacrificed
on the day of hatching and after 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20,
22, 24, 26 and 30 weeks of age in both sexes by bloodletting. The hirds were
raised in a brooder for the first 4 weeks and then transferred to wire-separated
cages. An electric light control was switched on at 4.00 am. and switched off
at 8.00 pm.. The birds were fed on a water mixed regular mash for quail two
times a day. The bursa of Fabricius, spleen, thymus and gonads were removed
and weighted and the body weight was also recorded. The thymus and gonads
were weighted separately and the weight of both sides were totalled. Statistical
analysis was conducted based on the methods of SNEDECAR (1946).

Results

In Table I and Table 2 (each for male and female), the results of measure-
ments for each age group and the mean value of organs and body weight together
with the standard deviation are given Figure 1 shows the data of male and Figure
2 shows female’s graphically. The body and organ weight relationships are
showen in Table 3 for male and Table 4 also gives the results of {female. Figure
3 (for male) and Figure 4 (for female) show Table 3 and Table 4 graphically.
Table 5 and 6 give the results of statistical analysis of male and female.

Body weight: The mean body weight of the male quails show a steady
increase up to 7 weeks of age. Thereafter, the body weight was maintained at
approximately 100 grams throughtout the period of the experiments. On the
other hand, in the female quails, the mean body weight showed a steady increase
up till 8 weeks of age. Thereafter the body weight was maintained at approxi-
mately 120 grams throughout the observation period. The mean body weights
as given above were close to the mean body weight of adult quails of both sexes,
but the rate of the growth based on percentage increase was the greatest from
the day of hatching to the fourth week. The body weight of the female was
heavier than the male.

Bursa of Fabricius: The bursa of Fabricius on the day of hatching had
a mean weight of 2.7+0.6 mg in the male and 2.3+0.8 mg in the female. The
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The Growth of the Lymphoid Organs and the Gonads in the Japanese Quails

Table 1. Body and Organ Growth of Male Japanese: Quail

. Body weight Bursa Spleen Thymus Testes
Age in weeks @ e () () @

H.D* 6.7+ 058 27+ 08 1.3+ 0.6 40+ 0.9  0.0011+0.0004
1 106+ 1.12 B2+ 32 40+ 0.1 158+ 4.8 0.0015+0.0004

2 248+ 5.17 254127 94+ 29 68.6+£16.7 0.0062+0.0041

3 347+ 7.84 354+ 143 138+ 80 874+44.2 (0.0145=0.0085

4 63.2+ 7.81 61.7+18.6 314+ BS 1675+80.8 0.1421+0.1191

5 797+ 391 86.9x20.4 287101 3052+64.2 0477802315

8 8342 69 854x16.1 36.0x 45 1953+ 711 0.0476£0.4992

7 922+ 59 87.9+152 46.7 +:16.0 136.8+737 2.0431+0.5409

8 89.1+ 6.0 785+ 28.4 325 50 66.2+17.1 2.5413+0.4378

9 95.2+ 6.9 57.8+£259 31.6=10.7 458281 3.0768+0.3732
10 949+ 53 474+ 164 259+ 85 297+ 50 3141407755
i2 1001 7.3 48,6255 36.4+238 485+19.7 3.1529+0.7414
14 1005+ 7.0 372+ 99 35.0+ 6.1 40.7+19.6 3.0113+0.9272
16 98.6+ 7.7 323100 252+ 718 30.7+150 2.8965::0.3696
18 108.6£12.3 283+123 205+ 6.5 41.6+235 3.0305+0.4150
20 103.7x+14.2 19.1+11.7 307+ 9.0 375+184 2.6173x:0.4841
22 1039+ 7.5 21.5x114 276 55 397249 2987004426
24 95.8+ 6.0 211+179 28.0x 6.1 44.3+20.1  2.8801 +£0.4043
26 970+ 6.8 19.1+11.3 234+ B0 449+ 235 2.8575+:0.4212
30 103.6x= 6.3 171+ 40 249+ 7.7 413+184 3.0867 05941

* “H.D” is an abridgment of “Hatched day”. This abridgment is used in the following
tables and figures.
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Fig. 1. Body and Organ Growth of Male Japanese Quail
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Table 2. Body and Organ Growth of Female Japanese Quail
Age in weeks Body weight Bursa Spleen Thymus Testes
® (mg) (mg) {mg) (&

H.D* 63+ 05 23+ 0.8 0.7x 0.3 40= 15 0.0015%0.0003
1 108+ 1.6 99+ 29 39+ 1.0 184+ 7.0 0.0029+0.0006
2 214+ 4.1 20.6= 8.6 87+ 27 454184  0.0080x0.0038
3 437+ BB 64.7+19.7 27.1+124 1261+324  0.0210x0.0001
4 623+ B2 755209 37.9x:18.0 19812687 0.0417 = 0.0176
5 783+ 9.9 73.8+226 46.2+13.6 1954958 0.0641=0.0317
[ 89.6+14.3 90.0£28.0 51.1+34.2 197.5+63.6 11794+ 1.0007
7 111.3= 8.3 834230 80.6+324 149.7£83.9  2.2820 2,0877
8 116.6+ B.6 67.3+40.3 554226 81.2x329 37221+1.6573
9 1028 £10.7 55.8+ 275 71.7+443 83.1+39.3 44122113137

10 1189+ 5.2 44.2+204 47.7+16.5 62.6+19.8 4.9452+0.8754
12 1142+ 74 2291159 42.6 =205 64.1+327 4.4976+0.7180
14 1186+115 245+138 412+ 8.1 b5, 7+23.8 4.4312+0,6343
16 1281 9.2 268105 495+139 665338 4.8313x05747
18 1307+ 11.0 22,6176 457+12.6 56.2+166 4.7460+0.3923
20 1284+ 9.0 15.2x 8.0 405+ 89 41.6+x165 47047 +0.3612
22 1260+ 4.4 92+ 64 416+ 9.0 37.0+ 99 4.9009=0.7584
24 1248+ 5.5 71+ 1.8 827+ 99 45.5+:19.9 54313+ 08861
26 1159+ 9.8 105+ 23 401+ 143 4472204 46794+ 0.4625
30 1183+ 6.7 8.0+ 4.0 41.8+134 40.7+19.0  4.6299+0.5270

Fig. 2.

300

404

300

200

160

o

l20

a0

w

Gvary

50

Body welght

0

Rge in weaks

— 4 —

o
mg HO | 23456759IOI2!45I!20222426M¢mm

Body and Organ Growth of Female Japanese Quail



The Growth of the Lymphoid Organs and the Gonads in the Japanese Quails

Table 3. Organ Weight Percentage of Body
Weight in Male

Age in Bursa Spleen Thymus Testes
weeks (%) (%) (%) (%)

H.D* 0.040 0.019 0.060 0.016

1 0.077 0.038 0.149 0.014

2 0.102 0.038 0.277 0.025

3 0.102 0.040 0.252 0.042

4 0.098 0.050 . 0265 0.255

5 0.109 0.036 0.383 0.599

6 0.102 0.043 © 0234 1.256

7 0.095 0.051 0.143 2.216

8 0.088 0.036 0.074 2.852

9 0.061 0.033 0.048 3.232

10 0.050 0.027 0.031 3.310

12 0.049 0.036 0.048 3.150

14 0.037 0.035 0.040 3.000

16 0.033 0.026 0.040 2937

18 0.026 0.027 0.038 2.790

20 0.018 0.030 0.036 2524

22 0.021 0.027 0.038 2.875

24 0.022 0.029 0.046 3.006

26 0.020 0.024 0.046 2,946

30 0.016 0.024 0,040 2.979
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Fig. 3. Organ Weight Percentage of Body Weight in Male
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Table 4. QOrgan Weight Percentage of Body
Weight in Female

Age in Bursa Spleen Thymus Testes
weeks (%) %) %) ()

H.D* 0,037 0.012 0.063 0.024

1 0.092 0.036 0.070 0.027

-2 0.096 0.041 0.212 0.037

3 0.148 0.062 0.289 0.048

4 0121 . 0.061 0.318 0.067

5 0.094 0.059 0.250 0.082

6 0.1c0 0.057 0.220 1.316

7 0.075 0.072 0.135 2.050

8 0.058 0.048 0.070 3.192

9 0.055 0.070 0.082 4.334

10 0.037 0.040 0.052 4,124

12 0.020 0.037 (0.056 3.938

14 0.020 (.035 0.047 ' 3.736

16 0.021 0.039 0.052 3972

18 0.017 0.035 0.043 3.631

20 0.012 0.032 0.032 3.664

22 0.007 0.033 0.029 3.889

24 0.006 0.042 0.036 4.352

26 0.009 0.035 0.039 4,038

30 0.007 0.035 0.034 3.914
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Table 5. Correlations in Male

Age in weeks

Treatments HD*, » 5 4 5 6 7 8 9 1012 14 16 18 20 22 24 2 30
Band F - H 4+ +H - - - = = = = = = = = = = = -
B and § -+ + + - - = — — = — — = = = - = = — =
B and T -— 4+ 4+ + --—-F+F - - = - - = = = = - -
Band G - = H + - = = = = + - - - - - - - - = =
Fand S —-_—— - - - - = + - —-=-—-—4+ - = - - -
Fand T _ —_— H H = = = = = = = - - - = = # - - =
Fand G -——- -t -—-t-—-—-"—-"- - - = = - + + -
Sand T _ —_- — 4+ - - - = = - - - = = = = = = = -
Sand G - H - - - - — — - - - = - - = = —
T and G - - — = =+ - - = = = = = = = = = - +

B=Body weight; F=Bursa of Fabricius; S=gpleen; T=Thymus; G="Testes;
— are less than 095 acceptance level. + are 0.95 acceptance level. # are 0.99
acceptance level. ‘

Table 6. Correlations in Female

Age in weeks

Treatments HD*, , 3 4 5§ 7 8 9 1012 14 16 18 20 22 24 26 50
B and F — H b F b — e — = = = = e
B and S + -+ H#H + - = - = = = - - - - = = =
B and T -+ -t -+ - == - - - - = - - - =
B and G - -+ H+ - H - = - = - - =4+ - - = -
Fand S - + - - - = = = - - = = = - = = = =
Fand T e S il
F and F - - H H - - = - - - = = = = = = - + -
Sand T - — — % - - = - - - = + - - = = = = = =
S and G -+ # + - - = - - - = + - - - = - *+ - =
T and G - - — - - - - = - = - - = = = - = + +

B=Body weight; F=Bursa of Fabricius; S=Spleen; T=Thymus; G=Ovary;
— are less than 095 acceptance level. -+ are 0.95 acceptance level, # are 0.90
acceptance level.

above mean weight in the male and female represented 0.040% and 0.037% of
the gross body weight respectively. The bursa reached its maximum weight
relationship (0.109% of the body weight at 5 weeks in male and 0.148% at 3
weeks in the female) and thereafter grew at a slower rate than the body. The
bursa attained its maximum mean weight of 87.7+15.2mg at 7 weeks of age in
the male and 90.0-28.0 mg at 6 weeks of age in the female.
represented 0.095% of body weight in the male and 0.100% in the female re-
spectively. The bursa of the male decreased to about 9.4mg in mean weight

between 7 and 8 weeks of age. The female bursa decreased to about 6.6 mg in

-7 —
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mean weight between 6 and 7 weeks. At 'times a small increase in the mean
weight occurred between 8 and 30 weeks of age, but generally the bursa con-
tinued to decline in mean weight The initial bursa regression for the male is
probably at 8 weeks of age and for the female is probably at 9 weeks of age.
At 30 weeks of age, namely the last weeks of age of this experiment, the mean
weight of the bursa reached 17.1+4.0 mg in the male quails and 8.0+4.0 mg in
the female.

Spleen: The spleen on the day of hatching had a mean weight of 1.3+
0.6 mg in the male and 0.7+0.3 mg in the female. These mean weights repre-
sented 0.019% in the male and 0.012% in the female. There was a constant
increase in mean weight of these organs from the day of hatching to 7 weeks
of age except for the period between 4 and 5 weeks of age in the male. At 7
weeks of age, the spleen reached its maximum mean weight of 46.0+16.0 mg in
the male and 80.6--32.4 mg in the female. At this time, they represented 0.051%
of the gross body weight in the male and 0.072% in the female. These values
were showed a maximum percentage of the gross body weight in both sexes.
The spleen of the female was significantly heavier than that of the male. After
7 weeks of age the spleen decreased its mean weight and thereafter continued
between 40 to B0 mg in the female and approximately 30 mg in the male while
showing a small increase or decrease. At 30 weeks of age, the mean weight of
the spleen reached 2.494:7.7mg in the male and 41.8-13.4mg in the female
which represented about 0.024% of the body weight in the male and 0.035% in
the female.

Thymus: The thymus at the day of haiching had a mean weight of 4.0
#0.9mg in the male and 4.0x£1.5mg in the female. The mean weight repre-
sented 0.040% of the body weight in the male and 0.084% in the female. There
was a continuous increase in the mean weight of the male thymus up to the
5th week of age, and at this time the male thymus reached its maximum mean
weight of 305.2+64.2mg. On the other hand, there was a continuous increase
in the mean weight of the female thymus up to the 4th week of age and this
organ reached its maximum mean weight of 198.1+68.7 mg at 4 weeks of age.
The thymus attained its maximum weight relationship, 0.383%, of the hody
weight at 5 weeks of age in the male and 0.318% at 4 weeks of age in the female.
Thereafter the mean weight of the thymus and relationship to the body decreased
rapidly up to the 10 weeks of age in the male. In the female, practically no
change occurred between 4 and 6 weeks, and 6 and 8 weeks a rapid decrease
was seen. Thereafter this organ exhibited slight fluctuations in mean weight of
41.3+18.4mg in the male and 40.7+19.0mg in the female.

Testes: The testes at the day of hatching had a mean weight of 0.0011+
0.0004 g, representing 0.016% of the body weight. The testes were very small
until 3 weeks of age, at which time the mean weight of the organs were 0.0145
4+0.0085 g. This mean weight represented 0.042% of the body weight. There-
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after, there was a conciderable increase in the mean weight of the testes up to
6 weeks of age. Although the testes grew steadily from the day of hatching to
3 weeks, they increased in weight slowly. They began to grow at a much more
rapid rate than the body weight between 3 and 9 weeks of age. At 9 weeks,
the testes reached its mean weight of 3.076810.0768 g, representing 0.323% of
the body weight. This weight may be regarded to be the equivalent of the adult
quail. Between 9 and 30 weeks, there were small decreases, but the testes re-
mained approximately at 3 grams.

Ovary: The ovary at the day of hatching had a mean weight of 0.00154:
0.0003 g, representing 0.016% of the body weight. The ovary was very small
until 5 weeks of age, at which time the mean weight of the organ was 0.0641
+0.0317 g, representing 0.082% of the body weight. This mean weight repre-
sented a 0.062 g increase over the mean weight of the day of hatching. Although
the ovaries grew constantly during the first 5 weeks of age, they increased in
weight slowly. However, between 5 and 9 weeks of age there was a considerable
increase of 0.0641 to 4.4122 g in the mean weight. This rapid increase of the
ovaries from 5 to 9 weeks was evident not only from actual mean weight but
also from the ovary to body ratio, in which an increase from 0.0082 to 4.334%
was seen. Afire the 9th week of age, the ovaries remained above 4 grams in
weight.

Statistical analysis: The statistical analysis of the data included calculations
of coeficients of the linear correlation between different samples vareties within
each age group. The experimental results which were obtained in the manner
described above were shown in Tables 5 and 6. As indicated in these tables, the
correlations between weight of organs paired in various combinations were infre-
quent. The positive correlations were found frequently for almost all combina-
tions at 2 and 3 wecks of age, especially at 3 weeks of age every combination
showed positive correlations in both sexes.

Discussion

In Japanese quails, it was observed that the bursa attained a peak of average
weight at 7 weeks in the male and at 8 weeks in the female. The report of
JorLy (1913) indicated that in chickens the bursa reached its maximum mean
weight after 4 to 5 months of hatching. BrRADLEY (1950) showed that the maxi-
mum weight of the bursa in fowls was reached in the fourth month. Also,
GLIcK’s data {1956), using three different breeds of chickens, showed that the
peak of mean bursal weight was attained at 8 weeks of age for male Rhode
Island Red, 4 to 4.5 weeks for male White Leghorns and 8 to 14 weeks for male
hatched from a cross between Barred Plymouth Rocks and Dominant White
Rocks. WOLFE et al. (1962) and Yamapa (1966) indicated that the maximum
bursal weight was reached at 10 weeks of age in the male Albor Aire White
Rocks and in the male White Leghorns, respectively. Therefor, in the Japanese
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guails, it was concidered that the maximum mean weight of the bursa would be
attained sooner than that in the stage reported previously in the chickens, except
for GricK’s data (1956) for male White Leghorns.

The factors involved in bursa regression have not been clearly ascertained.
The rate of involution of the bursa in Pheasants was increased with exogenous
male hormone (KIRKPATRICK and ANDREWs 1944). In some trials GLicK {1957)
caused the bursa regression to increase with testosterone propionate in the chick-
ens. Afterwards Grick (1959) published data indicating that cortisone acetate
suppressed the growth of the bursa in chickens. MEvYER et al. (1959) observed
that the development of the bursa of Fabricius was inhibited by injection of 19-
nortestosterone in 5 day old embryos. These investigations suggest that the bursa
involution may be caused by the combined action of the hormone from the testes
and the adrenals. The regression of the coinciding with the marked enlargement
of the testes was found by JorLy (1913), Grick (1956) and WOLFE et af. {1962)
in the chickens. The data presented in this paper indicated that bursa involu-
tion is accompanied by an increase in rate of the testes in quails, likewise. In the
female quails, a similar relationship was found between the bursa and the ovary.

The difference in weight of the bursa between male and female chickens was
reported by Grick (1956), but apparent sexual difference was not observed in the
present study. GLICK (1956) demonstrated that a high degree correlation existed
between the bursa and the body weight during the growing period of the bursa
in the chickens. Furthermore, WoLFE et al. (1962) showed that a similar cor-
relation exists between the bursa and the body weight during 1 to 3 weeks of
age in the chickens. The data of the present study demonstrated that a similar
correlation exists between the bursa and the body weight during 1 to 4 weeks
of age in hoth sexes.

It was observed in the present study that the quail thymus continues its
conspicuous growth until 5 weeks of age in the male and until 4 weeks in the
female. Actual decrease in the mean weight and percentage of the body weight
began at 6 weeks in the male and at 7 weeks in the female. Our data showed
that the thymus involution was accompanied by a rapid growth of the gonads
in the quails. In the report of WOLFE et al. (1962), the thymus attained its
maximum mean weight 7 weeks later than the bursa in chickens. But our data
indicated that the quail thymus attained its maximum mean weight 2 weeks
earlier than the bursa. WOoLFE et al. (1962) demonstrated that a high degree
correlation existed between the thymus and the body weight except for 3, 14
and 23 weeks of age. On the contrary, the weight of the thymus and the
body weight have a high degree correlation only at 2, 3, 4, and 8 weeks of age
in male quails. -

The spleen, which plays a role in antibody formation, showed continuous
growth until 7 weeks {except for 5 weeks in the male) and then decreased with
small fluctuation from 8 weeks of age in the quails. But this decrease was small,
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and after 10 weeks of age the mean weight of the spleen showed nearly a con-
stant weight by 30 weeks at which time the experiment was terminated. The
spleen of the female quail was generally heavier than that of the male between
3 and 30 weeks of age. The maximum mean weight of the spleen was reached
in the quails at 7 weeks of age in both sexes. In male chickens, on the other- -
hand, the spleen attained its maximum mean weight at 20 weeks of age. It may
be clearly seen from the above mentioned evidence that the maximum weight of
the spleen in the quail was reached earlier than that of the male chickens.
The quail data is not to be compared with chicken data by actual weight
alone. Therefor when comparing our data with data of WoLFE e al. {1962) by
a body weight percentage of organs at the peak of growth curve, the species
difference became evident. Since the data of WOLFE et al. involved only male
chickens, male quails used in this comparison yielded the data shown in Table 7.

Table 7. Comparison Between Japanese Quail and Chicken in Body
Weight Percentage of Maximum QOrgan Weight

Quail Chicken* Quail : Chicken
Organs (%) (%) (ratio)
Bursa 011 0.43 1:4
Spleen 0.05 0.26 1:5
Thymus 0.38 0.63 1:17
Testes 331 070 47 :1

* This is data of WOLFE et al. (1962)

The bursa of chicken was 4 times as heavy as that of quail. The spleen
of chicken was 5 times as heavy as that of quail. The thymus of chicken was
1.7 times as heavy as that of quail. ITowever, the testes of the quail was 1.7
times as heavy as that of chickes.

Whereas Japanese quail and chicken are involved in the same order, the
species difference between the quail and chicken became evident.

Summary

This paper deals with the comparative growth of major lymphoid organs,
gonads and body of the Japanese quail. The growth or involution was measured
in terms of the changes of organs and body weight of the birds.

The bursa attained its maximum mean weight of 87.9+15.2mg at 7 weeks
of age in the male and 90.0+28.0 mg at 6 weeks of age in the female. The
bursa of the quail reached its maximum mean weight at a period earlier than
that previously reported in chicken, except for GLICK’s data (1956) for male White
Leghorns. The spleen reached its maximum mean weight of 46.0+16.0mg in
the male and 80.0+32.4mg in the female at 7 weeks of age. The female spleen
was significantly heavier than the male. The thymus attained its maximum mean
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weight of 305.2464.2mg in the male at 5 weeks of age and 198.1+68.7 mg in
the female at 4 weeks. The involution of these lymphoid organs were accom-
panied by a rapid increase in the rate of growth of the gonads in quail

The gonads reached its adult value of about 3 grams in the male and above
4 grams in -the female in the female at 9 weeks of age.

When comparing our data with data of WoOLFE et al. (1962) by a body
weigth percentage of organs at the peak of the growth curve in the male birds,
the bursa, the spleen and the thymus of the chicken were 4, 5 and 1.7 times
hevier than the equivalent quail organ, respectively. In contrast, the testes of
quail was 4.7 times as heavy as that of the chicken.

Whereas Japanese quail and chicken are.involved in the same order, the
species difference between the quail and the chicken became evident. (This work
was partly supported by a Grant for Scientific Research from the Ministry of
Education.) :
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