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Nowell first described the transformation 
and proliferation of human peripheral blood 
lymphocytes in response to phytohemag- 
glutinin (PHA) in culture (1). Since then the 
in vitro growth of lymphocytes in response 
to various mitogens has become a valuable 
investigative tool for evaluation of lympho- 
cyte function. Although the PHA-induced 
lymphocyte blast transformation has been 
studied in most laboratory animals (2 - 6), 
very little information is available on PHA 
response of sheep lymphocytes (7, 8). We 
are currently employing this species in 
studies related to inhalation toxicology. 

The mitogenic response is commonly 
quantitated by determination of the amount 
of tritiated thymidine ( [3H]TdR) incorpo- 
rated by cells in culture. We report here the 
observations on sheep lymphocyte blas- 
togenesis in culture as  determined by 
[3H]TdR incorporation and by the serial 
changes in the nuclear volumes and cell 
numbers. It is known that both the DNA 
content and nuclear volume increase before 
the cell divides (9). 

Materials and methods .  ( i )  Animals .  
Peripheral blood lymphocytes (PBL) from 
18 adult Dorset sheep2 of 3-4 years of age 
were studied. The animals were clinically 
normal, free of intestinal parasites, and 
were fed regular chow. 

( i i )  Blood samples.  Blood was drawn 
from jugular vein in a syringe containing 10 
units of preservative free heparirdmilliliter 
of blood. 

Research supported by the U.S. Department of 
Energy. The research described in this report was 
performed on animals maintained in an animal care 
facility fully accredited by the American Association 
of Accreditation of Laboratory Animal Care. 
’ Obtained from Animal Care Division, Yale Uni- 

versity School of Medicine, New Haven, Conn. 06510. 

(iii) Isolation of lymphocytes. Modifica- 
tion of Boyum’s method (10) was used to 
concentrate  lymphocytes from blood. 
Briefly, 30 ml of heparinized sheep blood 
was layered over 10 ml of Ficoll-sodium 
metrizoate (Lymphoprep obtained from 
Nygaard, Oslo, Norway) in a 50-ml centri- 
fuge tube and centrifuged at 400g at 4°C for 
40 min. The opalescent “ring” which 
formed at the junction of Lymphoprep and 
plasma was aspirated into another tube, 
washed twice with phosphate-buffered 
saline (PBS) and suspended in McCoy’s 5A 
modified medium supplemental with 200 
mMlliter of L-glutamine, 100 units of 
penicillin and 100 pg of streptomycin per 
mil l i l i ter  of medium a n d  10% hea t -  
inactivated homologous sheep serum. Cell 
concentration was adjusted t o  106/ml. 
Smears made from the cell suspension 
contained 9 1 - 93% lymphocytes, 0 - 2% 
granulocytes, and 5 - 9% monocytes. 

(iv) Mitogen. One hundred milligrams of 
PHA (Difco Laboratories, Detroit, Mich.) 
was dissolved in 5 ml of sterile distilled 
water and stored at 4°C until use. 

( v )  Lymphocyte cultures. Lymphocytes 
were cultured at 39°C in humidified 5% CO, 
atmosphere in a microculture plate (0.2 ml 
of cell suspension/well). Two sets of lym- 
phocyte cultures were initiated; one con- 
tained 100 pg PHNml; the other set was 
kept under identical conditions but did not 
contain PWA. The optimal dose of PHA for 
sheep lymphocyte cultures was previously 
deternined in a pilot experiment (not re- 
ported here). Triplicate cultures from each 
set were grown and counted for each point 
on the day of initiation and on the first, sec- 
ond, third, fourth, seventh, and ninth day 
thereafter. 

(vi)  Determination of cell counts and nu- 
clear volumes. The Coulter Channelyzer 
Model H, System (Coulter Electronics, 
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Hialeah, Fla.) was used to determine cell 
counts and nuclear volumes. The method 
has been described in detail ( 1 1 ) .  For cell 
counts, the cells in the cultures were first 
dispersed by pipetting and 20 pl of cell sus- 
pension was transferred to a cuvette and 
diluted with 19.98 ml of Isoton-I1 (Coulter 
Electronics). For nuclear volume determi- 
nation, the cytoplasm of cells was lysed by 
“Zap-Isoton” (Coulter Electronics) and the 
“stripped” nuclei were fixed in the Fixative 
Counting Solution (Coulter Electronics). 

(vii)  Determination of the number of 
transforming cells by cell counts and nu- 
clear volume measurements. The volume- 
frequency curve of nuclei of lymphocytes is 
typically bimodal (Fig. 1). The point of in- 
tersection of the two curves (point X in Fig. 
1) is determined on the day of initiation of 
culture and remains a constant reference 
point for that culture. Nuclei larger than the 
vertical plane at point X were considered 
“transformed.” By determining the cell 
count and the fraction of nuclei “trans- 
formed,” the actual number of proliferating 
cells can be calculated (10). 

(viii) Determination of proliferative re- 
sponse by uptake of L3H]TdR by lympho- 

I I I I I 1 
FREQUENCY DISTRIBUTION OF 
NUCLEAR VOLUMES 

DAY 0-CURVE A 
DAY 4-CURVE B 
DAY ?-CURVE C 

0 30 60 90 I20 I50 
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FIG. 1 .  Volume -frequency distribution curve of 
sheep lymphocytes. The volume -frequency distribu- 
tion curves of unstimulated lymphocyte on the day 
initiation of culture (Day 0) and of PHA-stimulated 
lymphocyte cultures on Day 4 and Day 7 are repre- 
sented by Curves A, B ,  and C, respectively. Smaller 
peaks p, and p2 indicate the cellular element of 10- 15 
pm3 and probably represent cellular debris of dead or 
dying cells. Nuclei larger than the vertical plane of 
point X were considered “transformed.” See under 
Materials and methods for method of determining 
point X. 

cytes. Four hours before harvesting 1 pCi 
of [3H]TdR (specific activity 1.9 Ci/mmol, 
Schwarz/Mann, Orangeburg, N.Y.) was 
added per well. At the termination of cul- 
tures the cells were trapped on a glass-fiber 
filter during washing in Tetertek Cell Har- 
vester (Flow Laboratory, Rockville, Md.) 
and the cell-associated radioactivity was 
determined in a liquid scintillation counter. 

Results. Response to PHA of PBL from 
18 adult sheep were studied, 14 with nu- 
clear volume and cell count analyses and 4 
with [3H]TdR uptake. Ninety-seven to one 
hundred percent of the cells that were put 
into the cultures were viable as assessed by 
the trypan blue exclusion test. In the cul- 
tures with PHA, there was a decline in the 
number of cells on Days 1 ,  2, and 3 post- 
initiation. The number of cells then in- 
creased steadily from Day 3 onward, 
reaching maximum on Day 7 of the culture 
(Table 1). The reduction in the cell count 
occurred concomitant with the increase in 
the mean nuclear volume of cells in PHA 
containing cultures (Fig. 2). The mean nu- 
clear volume of PHA stimulated cells was 
increased already on Day 1 and reached a 
maximum after 48 hr of cultures. From Day 
2 to Day 4, between 40 and 45% of cells in 
PHA-stimulated culture were undergoing 
blast transformation (Table 1). In the cul- 
tures not containing PHA a steady decline 
in the cell numbers with time was observed. 
This decline in cell numbers was accom- 
panied by an initial reduction in the mean 
nuclear volume up to the third day followed 
by a slight increment in the mean nuclear 
volume and cell count (Fig. 2). 

Assessment of proliferation of lympho- 
cytes with and without PHA by using 
[3H]TdR incorporation is shown in Fig. 3. 
Proliferation of cells was measured by the 
ratio of [3H]TdR incorporated by PBL in 
cultures containing PHA to [3H]TdR incor- 
porated by PBL in cultures not containing 
PHA on the same day. The ratio (Prolifera- 
tion Index) increased from Day 1 onward 
reaching a peak on Day 4. 

Discussion. The commonly used method 
for assessment of proliferation of lympho- 
cytes in culture by [3H]TdR incorporation 
merely reflects the DNA synthesis phase of 
the proliferating lymphocytes (13). Addi- 
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FIG. 2. Changes in the mean nuclear volumes of 

lymphocytes with time in PHA-stimulated and PHA- 
unstimulated (control) cultures. Bars in the figure rep- 
resent (?)  ISD of  the mean value. 

tional information of cellular kinetic param- 
eters can be obtained by determining the 
cell count and the fraction of cells in blast 
transformation ( 1  1 ) .  This later method 
which directly measures cell proliferation in 
culture shows that the maximal transfor- 
mation phase of cultured sheep cells in 
PHA begins early after initiation of culture 
and reaches a plateau beginning on Day 2. 
The cell count however continues to in- 
crease up to the seventh day of culture. 
Isotope incorporation indicated peak DNA 
synthesis phase on Day 4 with a decline in 
[?H]TdR incorporation on Day 7 and further 
reduction on Day 9. These data are similar 
to the response of human lymphocytes to 
PHA with the difference that the peak in- 
corporation of [3H]TdR in man occurs on 
Day 3 of PHA-stimulated culture (13).  Sig- 
nificance of this difference in peak isotope 
incorporation between sheep and man is 
not clear, but may be related to a difference 
in cell-cycling time or to the "responsive- 
ness' of sheep lymphocyte to PHA. Re- 
sponse of lymphocytes to PHA is known to 
vary with different species. Knight et al. 
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io of tritiated thymidine (['HITdR) 
incorporated by PHA-stimulated lymphocytes to the 
['HITdR incorporated by lymphocytes in culture not 
containing PHA on  the same day represents Prolifera- 
tion Index (PI). 

observed that the blast transformation with 
PHA occurred earlier in lymphocytes from 
monkeys and rabbits than in the lympho- 
cytes from mice and rats (2). Viability in in 
vitro culture was also found to vary with 
species studied. In mouse, hamster, and rat 
PHA-stimulated cultures, less than 20% of 
the cells (5, 17, and 19%, respectively) were 
viable at 48 hr in culture (2). Our data indi- 
cate that after an average reduction of 
42.5% in cell counts during the first 24 hr in 
the PHA-stimulated culture, there is a 
steady average increment of 13.56, 43.45, 
26.63, and 38.8% on 2, 3 ,  4, and 7 days, 
respectively, over the preceding cell count 
in the culture. This steady increase in the 
cell count is the net result of the difference 
in the number of newly formed cells and the 
number of cells dying in the culture. It is 
evident, therefore, that at least up to the 
seventh day in the PHA-stimulated cul- 
tures, a significant number of sheep lym- 
phocytes must be viable and proliferating. 
It is interesting to note that in the sheep 
lymphocyte cultures not containing PHA, 
there was only 15% reduction in cell count 
in the first 24 hr, as compared to 42.5% in 
PHA-stimulated cultures. This greater re- 
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duction in the cell count in the first 24 hr in 
PHA-stimulated cultures remains unex- 
plained and may be due to cytotoxic effects 
of PHA on certain lymphocyte subpopula- 
tions. Stewart et al. observed 40-60% re- 
duction in cell count in the first 24 hr in 
PHA-stimulated cultures of normal human 
peripheral blood lymphocytes (12). 

Our studies indicate that sheep PBL re- 
spond well to mitogenic stimulation of PHA 
and by measuring cell counts and nuclear 
volumes, potentially more useful quantita- 
tive cell kinetics data are obtained than by 
the [3H]TdR incorporation method in as- 
sessing the lymphocyte proliferation. 

Summary. Phytohemagglutinin response 
of peripheral blood lymphocytes (PBL) of 
sheep was studied. Assessment of pro- 
liferative response was performed by de- 
termination of nuclear volumes and cell 
counts in cultures from 14 sheep and by in- 
corporation of tritiated thymidine in cul- 
tures in four additional sheep. PBL of sheep 
were found to transform and proliferate 
with PHA similarly to human peripheral 
blood lymphocytes with minor differences. 
Quantitation of the proliferative response 
by determining the cell count and nuclear 
volumes provided more information on cell 
kinetics in culture than the commonly used 
isotope-labeled thymidine incorporation 
method. 
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