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Localization of serotonin within mammalian 
platelets is well established (13) and Sturkie et 
al. (1 1) have shown that 5-hydroxytryptamine 
(5-HT) is found within the buffy coat fraction of 
avian whole blood. This blood fraction contains 
a number of cell types which may be responsible 
for serotonin transport, but in the chicken there 
has been speculation that most of the blood 
serotonin is localized in the thrombocyte, a nuc- 
leated analogue of the mammalian platelet (1, 3, 
4). However, there is no quantitative work relat- 
ing to the distribution of serotonin in avian blood 
and the object of this research was to isolate 
purified fractions of cells, determine their 
serotonin content and relate this to whole blood 
levels. 

Methods. The cell separation techniques of 
Sengar et al .  (8) involve the differential cen- 
trifugation of buffy coat fractions of plasma in 
the presence of ethylenediaminetetracetate 
(EDTA). The low speed centrifugation of blood 
with EDTA at 4" provides a medium in which a 
pure lymphocyte fraction (97%) and a pure 
lymphocyte-thrombocyte fraction (98%) may 
be isolated with negligible loss of 5-HT (2%). 
Total and differential counts of lymphocytes, 
thrombocytes, polymorphs, and monocytes 
were performed in a hemacytometer employing 
the stain of Natt and Herrick (7) and thus, permit- 
ting specific amounts of serotonin to be related to 
particular cell types. Approximately 30 ml of 
blood were removed via heart puncture from 
adult male and female White Leghorn chickens 
and treated with 10% EDTA in siliconized 
glassware. Differential cell counts were per- 

' Supported by GR 72-3 American Heart Association, 
New Jersey Affiliate. 

formed on whole blood and 1 ml was removed 
for the 5-HT blood determination by the tech- 
nique of Weissbach et al. (1 2). 

Eight milliliters of blood were added to a 10 
ml graduated test tube and centrifuged at 808 for 
approximately 7 min at 2 4 "  or until layers of 
plasma and buffy coat were formed. This re- 
moves virtually all of the red cells and concen- 
trates the buffy coat fraction containing lympho- 
cytes, thrombocytes, polymorphs, and mono- 
cytes at the top of the test tube. The top 2 ml of 
this buffy coat were removed and added to the 
modified pasteur pipettes (8). The remaining 6 
ml were resuspended, and 1 ml of this mixture 
was immediately removed for 5-HT analysis. 

The pasteur pipette was centrifuged at 8Og for 
5 min or until the red tint (red cells) was removed 
from the upper lymphocyte layer. This separates 
the mixture into a pure lymphocyte fraction in 
the upper three quarters of the tube and a cloudy 
portion of lymphocytes-thrombocytes in the 
lower quarter of the tube. One ml of the 
lymphocyte-rich plasma was removed from the 
pasteur pipette and assayed for 5-HT content and 
a lymphocyte count of this fraction was per- 
formed in a hemacytometer. Lym- 
phocyte-thrombocyte fractions were prepared 
using a slower centrifugation speed, which al- 
lowed the thrombocytes to remain in the upper 
lymphocyte fraction and gave the mixture a 
cloudy appearance. 

Results. The number of pure lymphocytes/ml 
in the blood of females was determined and the 
concentration of 5-HT in this same 1 ml was also 
measured. The concentration of 5-HT/lym- 
phocyte was determined by dividing the con- 
centration of 5-HT in the pure lymphocyte frac- 
tion by the number of lymphocytes (Table I) 
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384 SEROTONIN IN AVIAN BLOOD CELLS 

derived from a whole blood cell count of 16 
birds. The average 5-HT concentration in lym- 
phocytes is 1.51 pg/ml (1.01 X (pug 
5-HT/lymph)) X (1.49 x lo7 (lymphs/ml)), 
Table III; the average 5-HT concentration in 
blood taken at 10 AM is 5.96 pg/ml and is 
contained in the lymphocytes, thrombocytes, 
polymorphs, and possibly monocytes. The lym- 
phocytes therefore contain 25.4% of the total 
serotonin in 1 ml of blood (1.5 1 pgh.96 pg), 
(Table 111). 

The numbers of thrombocytes and 
lymphocytes/ml in the blood of females were 
determined and the concentration of 5-HT in this 
same 1 ml of pure thrombocytes-lymphocytes 
was also measured. Multiplying the average 
lymphocyte serotonin concentration ( 1 .O 1 X 

pg 5-HT) by the number of lymphocytes in 
1 ml yields the 5-HT concentration of the lym- 
phocytes in the mixture of lymphocytes and 
thrombocytes. Subtracting this from the total 
5-HT in 1 ml yields the serotonin concentration 
due to thrombocytes (Table I). Dividing the 
thrombocyte 5-HT concentration by the number 
of thrombocytes in the same 1 ml yields the 
serotonin concentration per thrombocyte (Table 
I). The average 5-HT concentration in thrombo- 
cytes is 2.95 pg/ml (0.952 X (pg 
5-HT/thromb)) X (3.0956 X lo7 (thromb/ml)) 
and therefore thrombocytes contain 49.5% of the 
total serotonin in 1 ml of blood (2.95 pd5.96 
pg) (Table 111). The remaining cells, 
polymorphs (essentially heterophils) and mono- 
cytes, account for 1.5 pg 5-HT or 25% of the 
total 5-HT in 1 ml of blood (Table 111). 

The concentration of 5-HT in lymphocytes 
and thrombocytes of male blood was determined 
in a 1 ml mixture of lymphocytes (1.525 X lo7) 
and thrombocytes (2.7875 X lo'). Employing 
the previously determined concentration ratio of 
5-HT in lymphocytes and thrombocytes of 
female blood ( 1.0 1 :O. 952) the following equa- 
tion yields the concentrations of 5-HT per lym- 
phocyte and per thrombocyte: 

x = 5-HT/lymphocyte 
y = 5-HT/thrombocyte 

x 1.01 

y 0.952 

1.72% + 3.26% = 3.41 
- --- 

Solving for x andy, x = 0.70 y = 0.66. 
The average 5-HT concentration for a male lym- 
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TABLE 111. Average Concentration of 5-HT in Lymphocytes, Thrombocytes, Monocytes, and 
Polymorphonucleargranulocytes in Male and Female Birds. 

Cell type 

Lymphocytes Thrombocytes Polymorphs & monocytes Total buffy coat cells 

(Male) (Female) (Male) (Female) (Male) (Female) (Male) (Female) 

pg/ml 5-HT 1.01 1.51 1.84 2.95 0.65 1 S O  3.5 5.96 
% of total 5-HT 29.0% 25.4% 52.6% 49.5% 19.4% 25.1% 100% 100% 
% of buffy coat cells 31.4% 28.6% 57.2% 59.2% 11.4% 12.2% 100% 100% 

Average cell coun+s (X lo7 per ml.) 

Females Coefficient of variation Cell type Males Coefficient of variation 

Lymphocytes 1 S250 8.6% 1.49326 10.6% 
Thrombocytes 2.7875 5.0% 3.09560 6.1% 

42.1% Polymorphs 0.3938 55.4% 0.51300 
Monoc ytes 0.1563 49.7% 0.12700 47.0% 
All buffy coat cells 4.8625 45 .O% 5.23000 28.0% 

phocyte is 0.70 x 1 OW7 p g  and for a thrombocyte 
0.66 X p g  (Table 11). These values are 
multiplied by the average value of lymphocytes 
and thrombocytes derived from a whole blood 
cell count of eight birds (Table III). The lympho- 
cytes contain 29.0% of the total serotonin in 1 ml 
of blood (1.0 pd3.5 pg) and the thrombocytes 
contain 52.6%of the serotonin in 1 ml of blood 
(1.84 pd3.5 pg). The polymorphs and mono- 
cytes account for the remaining 5-HT (0.45 pg) 
or 19.4% of the total 5-HT in 1 ml of blood 
(Table 111). 

Discussion. These results show that 5-HT of 
whole blood is distributed among at least three 
cell cypes as follows: 50% in the thrombocytes, 
25-29% in the lymphocytes and 19-25% in 
polymorphs and monocytes . 

The average 5-HT concentration per lympho- 
cyte however is higher than that of the thrombo- 
cytes, but the number of lymphocytes is signifi- 
cantly less in both sexes. The concentration per 
thrombocyte of the chicken cell is comparable 
to that in the rabbit platelet (12), a mammalian 
species with high blood level of 5-HT. 

A possible functim of the 5-Hr in these cells 
is the removal of the large amounts of serotonin 
that are released into the blood from the intes- 
tine. This is evidenced by the significant diurnal 
changes in 5-HT levels (6) and may exceed the 
capacity of the degradative enzymes in the kid- 
ney, lungs, and liver where high concentrations 

of 5-HT are also found. Our unpublished results 
suggest that there is no monoamine oxidase ac- 
tivity in chicken plasma that would be able to 
degrade the released amine. 

Significant sex differences in the concentra- 
tion of blood and tissue 5-HT have been de- 
scribed by Sturkie et al. (1 1) and Meyer et al. 
(6). The sex difference also exists in the blood 
levels of catecholamines (10) and histamine (2). 
Our data suggest that the sex difference in 5-HT 
levels is primarily due to a higher concentration 
of 5-HT in each of the female cell types. Since 
blood 5-HT is essentially derived from the 
synthesis and release of intestinal 5-HT it is quite 
probable that the enterochromaffin cells of 
females have a relatively higher rate of 
synthesis-release than those of males. The pos- 
sibility also exists that female cells have a greater 
number of active sites for serotonin uptake, al- 
though this remains to be proven. 

Another contributing factor to the sex differ- 
ence may be the reported greater number of 
lymphocytes in the female. Although our data 
show that male and female lymphocyte counts 
are approximately equal, Lucas and Jamroz ( 5 )  
show a female to male ratio of 22,000:10,500. 
However, this discrepancy is not unusual since 
many factors can influence leucocyte counts 
such as different environmental conditions of 
temperature, photoperiod, single or group cag- 
ing and the normal diurnal variation in some cel1 
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counts (9). 
Summary. The 5-HT content of whole blood 

of chickens is distributed mainly among the fol- 
lowing cell types: (a) thrombocytes (50%), (b) 
lymphocytes (25-29%) and (c) polymorphs and 
monocytes ( 1 %25 %) . 

The significantly higher number of thrombo- 
cytes in male and female blood largely accounts 
for the high level of whole blood 5-HT (50%) 
even though the average concentration per cell 
type is higher in the lymphocytes than any other 
type. The concentration of 5-HT per lympho- 
cytes and thrombocytes of female blood was 
higher than in male blood and this accounts for 
the sex difference in whole blood 5-HT. 
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