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Introduction

Bovine lymphocytes were separated from peripheral blood by using
density gradient centrifugation which is commonly used for separating lym-
phocytes from human blood. One of the separating methods, the Ficoll-
Conray method'” a modified BSyum method,*# has been widely used for
separating lymphocytes from peripheral blood and various lymphoid organs.
When separating lymphocytes for studies obtaining a good yield, functional
integrity and high cell purity is required. In addition, such a method should
be simple, reproducible and require only a short period of time.

The optimum density for obtaining good yields of lymphocytes in the
separation fluid has already been determined®. However, the effect of the
concentration of Ficoll in the separation fluid on the separation of lym-
phocytes has not yet been examined. One of the problems in clinical testing
of blood samples is that the samples may be examined many hours after
the blood has been withdrawn from animals. The effect of blood storage
on the efficiency of separation is a problematic.

This experiment was attempted to investigate these effects on separating
lymphocytes from bovine peripheral blood.

Materials and Methods

Blood samples

Peripheral blood was collected from the jugular vien of 15 healthy
Holstein-Friesian cows, and placed in 20 ml syringes containing heparin (20
units/ml of blood). White cell counts were performed using standard blood
diluting pipettes and a hemacytometer (Thoma). The blood films were
stained with Giemsa stain, and a minimum of 200 white cells were examined
for the differential leucoyte count for each sample.

Before use, in all the samples one part of the blood was diluted with
two parts of phosphate buffered saline (PBS)®.

*OMEEERH KERAEFURE, kB XK HH %
Hajime NAGAHATA and Hiroshi NODA Laboratory of Animal Health, The Junior
College of Dairying Ebetsu, Hokkaido 069-01, Japan



392 Hajime Nagahata and Hiroshi Noda

Varying the Ficoll concentration

Separation fluid

Ficoll ——a sucrose polymer, (Ficoll 400, Pharmacia Fine Chemicals,
Uppsala, Sweden) and Conray— sodium iotalamate, (Conray 400, Daiichi
Pharmaceutical Co., Tokyo, Japan) were the separation fluids used. A total
of 7 samples of Ficoll-Conray solution with varying concentrations of Ficoll
were made. They were prepared by mixing 6, 7, 8, 9, 10, 12 and 14 w/v9
Ficoll (24 parts) with 33.4 w/v?% Conray (10 parts) by stirring for 20 minutes,
respectively. The density was measured with the 10 ml pycnometer at room
temperature (approx. 20°C) and the osmolarity was determined by using a
5100 C Vapor pressure osmometer (Wescor, Inc. USA). Each 3ml Ficoll-
Conray solution was placed in siliconized glass tubes (100 mm x13 mm).

Separation method

Six ml of the diluted blood (1:2) was layered carefully over the 3 ml
of Ficoll-Conray solution and centrifuged at 400 g for 30 minutes at 20°C.
After centrifugation each mononuclear cell-layer was removed carefully with
a Pasteur pipette and transferred to a 10ml centrifuge tube. The cells
were washed twice with PBS to reduce the number of platelets and were
suspended in 2ml of PBS, and the mononuclear cells were counted twice
by using a hemacytometer (Thoma). After counting, the cell tubes were
centrifuged at 200 g for 10 minutes at 20°C, and smears with Giemsa staining
were made for differential counts. The yield of lymphocytes was expressed
as a percentage of the number of lymphocytes recovered from the total
number of lymphocytes.

Viability test
The trypan blue dye exclusion test was employed®. Briefly, two droplets
of the cell suspension were mixed with one droplet of 0.5% trypan blue
solution. A number of unstained cells, among the 400 to 600 cells, were
counted as viable.

Blood storage

Blood was collected and stored at both 4°C and room temperature
(approx. 22°C) until used, and was used at different times as follows : 30
minutes, 1, 4, 8, 12 and 24 hours.

Separation fluid:

9 w/v? Ficoll (24 parts) and 33.4 w/v% Conray (10 parts) were mixed,
and the density was adjusted to 1.087 g/ml with Conray as previously
described®. Other preparations were made in the same way mentioned
above.
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Results and Discussion

Varying the concentration of Ficoll

The effect of varying the concentration of Ficoll in the Ficoll-Conray
solution (F, FCS) on the figures of mononuclear cells separated is shown in
Fig. 1. When the concentration of F, FCS ranged from 6 to 9%, the
mononuclear cell-layer separated well, and was easy to isolate. As the con-
centration of F, FCS increased, the mononuclear cell-layer approached the
red cells layer, and finally at the concentration of F, FCS ranging from
10 to 14% it could not be separated at all.
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Fig. 1. The effect of variation of the Ficoll concentration on the
separation of lymphocytes from bovine peripheral blood.
The letters A, B, C, -+ G represent Ficoll concentrations
of 6,7,8,9, 10, 12 and 14% respectively. Arrows indicate
the mononuclear cell-layer. (400 g, 30 minutes, 20°C)

Table 1. Effect of varying the Ficoll concentration on the quality
of separation fluid and the yield of lymphocytes

. e o e - YA
S (%) (g/ml) (mmOs/kg)  cell-layer ~ “¥Ymphocytes

A 6 1.075-+0.001 284+3 5 26.3+ 8.0%
B 7 1.077+0.001 28643 S 446+ 6.8
C 8 1.078+40.001 283+3 5 61.3+11.7 i
D 9 1.081+0.001 284+3 S 682+ 7.1 —
E 10 1.082-+0.001 28253 S—US 62.6+10.1
F 1.2 1.086+0.001 285+3 uUs 5721108 [
G 14 1.089-+0.001 281+3 WS 69.3126.6

S—separated, US—unseparated
* Values represent the mean+SD (n=7)
**  Significant at P<0.01
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As shown in Table 1, varying the concentration of F, FCS effects the
quality of the separation fluid and the yield of lymphocytes separated. The
osmolarity of a solution has a considerable effect on the volume of suspended
cells, and even small changes cause shrinkage or swelling!?. Consequently,
in spite of increasing the concentration of Ficoll each separation fluid has
a consistent osmolarity. Therefore, it can be considered that osmolarity has
hardly any effect on the separation. By increasing the concentration of F,
FCS, the yield of lymphocytes increased gradually from 26.3+8.0 to 68.2+
7.1%, and a significant difference at P<0.01 between 7 and 9% of F, FCS
was seen. The best yield was obtained at the concentration of 9% of F,
FCS. The value of 9% in this study was the same as the value reported
by BSyum?® in separating lymphocytes from human peripheral blood.

Ferrante and Thong® have reported that the efficiency of the separation
of lymphocytes by the Ficoll-Hypaque was dependent on both the Ficoll
concentration and the density of the medium. In this study, when the con-
centration of F, FCS was 6 to 7%, the mononuclear cell-layer was diffused
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Fig. 2. Effect of varying the Ficoll concentration in the Ficoll-Conray solution
on the differential leucocyte counts and red blood cells contamination
of recovered cells suspension. ®—@ Lymphocytes; O—O Monocytes;
BB Eosinophils; ao—a Neutrophils.

* Red blood cells contamination/mm? in recovered fluid (2 m/).
Vertical bars represent the mean+SD (n=7).
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(Fig. 1), and only a low yield of lymphocytes was recovered (Table 1). For
this reason, when the separation fluid was cloudy, it can be considered that
there was excessive loss of lymphocytes in the separation fluid. On the
other hand, when the contamination of F, FCS ranged from 10 to 14%,
the mononuclear cell-layer was overlaid on the red cell layer, and thus it
was difficult to isolate them without reducing the red blood cell contamina-
tion (Fig. 2). When the concentration of F, FCS ranged from 10 to 149,
the purity of lymphocytes decreased, and the contamination of other cells,
i. e., neutrophils and eosinophils increased, particularly red blood cell contami-
nation increased markedly (Fig. 2). The monocyte contamination ranged
from 1.840.9 to 2.4+1.9% throughout the 6 to 14% range, and it was
shown that this was not related to the Ficoll concentration.

Aguad et al” have reported that a 14.6% Ficoll (24 parts) and 349
Urografin (10 parts) mixture was used for isolating the granulocytes from
human peripheral blood by using discontinuous density gradient. Therefore,
the concentration of 149 can be considered to be an excessive concentration
of F, FCS for separating lymphocytes, and also the range of 10 to 12%
was not an adequate concentration. ' C

Therefore, to obtain a high yield and purity of lymphocytes, it can be
said that the appropriate concentration of F, FCS was 9% for separating
the lymphocytes from bovine peripheral blood. The viability test by trypan
blue dye exclusion showed in all samples that lymphocytes over 98 to 999
were viable.

Effect of storage time and temperature on mononuclear cell recovery

To study the effect of blood storage on the separation of lymphocytes,
separation was carried out while storing the blood from 30 minutes to 24
hours at 4°C and room temperature. In all cases separation was more
successful. As shown in Fig. 3, blood stored for 30 minutes at room tem-
perature gave a higher cell yield than did blood stored at room tempera-
ture for 4 to 24 hours. Lymphocyte recovery from stored blood was marked-
ly less than that from freshly drawn blood samples. These experimental
results agree with those previously reported®®%®. The yield of lymphocytes
decreased gradually following the elapse of time and after 4 hours it de-
creased considerably. The yield was also affected by the storage temperature.
With a storage time of 4, 8, 12 hours, there was a significant decrease
(P<0.05, <0.01) in the yield of lymphocytes in blood stored at 4°C, as
compared with those stored at room temperature. The reduced yield at a
lower temperature and/or long-term storage of the blood may be explained
in relation to the spontaneous aggregation of red blood cells as mentioned
earlier?. In particular, regarding a remarkably lower yield under the con-
dition of lower temperature (below 15°C), we consider that when the cold
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Fig. 3. Effects of blood storage time and temperature (0—0O 22°C,
A2 4°C) on the yield, viability and purity of lymphocytes
from bovine peripheral blood.

Vertical bars represent the mean+SD (n=7).
Significantly different from 4°C values: *P<0.01 **P<0.05

hemagglutinin exists in the blood, cold hemagglutination® occurs rapidly.
This reaction enhances the spontaneous red blood cell aggregation, the
red blood cells adhering firmly to each other. Therefore, a considerable
number of lymphocytes were trapped in red cell clumps, and during separa-
tion the lymphocytes were drawn to the bottom of tube accompanied with
the red blood cells.

In the subpopulations of lymphocytes, if the yield of lymphocytes from
blood was under 60 to 709, there was a problem concerning the proportions
of T- and B- lymphocytes®. It is for this reason that the present study
was undertaken. As mentioned above, in the separation of lymphocytes
for subpopulations from blocd, it is advisable to use them within 12 hours
after collection, and to store them at room temperature. The recovered
lymphocytes were 97.4+2.29% viable after the blood was stored for 30
minutes, and thereafter the viability decreased slightly. However, after 24
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hours of storage about 889 were still viable, as determined by the trypan
blue exclusion test. The effect of blood storage on the differential cell counts
of recovered cells was observed to be less affected.

This study concerns only the separation problem, therefore, further study
is needed to investigate the functions of lymphocytes. As for the lymphocyte
blastogenesis, Senogles et al!® reported that the optimal lymphocyte blasto-
genic responses to Concanavalin A can be obtained from bovine blood stored
for 24 or even 48 hours at 22°C. In another recent paper on long-term
storage of blood, Kaneene et al.” reported that bovine blood for whole-
blood lymphocyte stimulation tests was good even after having been kept
for 4 days at room temperature prior to culturing. It would seem that
the lymphocyte transformation test would be advisable up to 24 hours with
regard to the cell viability. Further study, however, is required to investigate
the blastogenic responses.

Summary

Studies were conducted to investigate the effect of varying the concen-
tration of Ficoll in the Ficoll-Conray solution and the effect of storage time
and temperature of the blood on the separation of lymphocytes from bovine
peripheral blood.

For obtaining a high yield and purity of lymphocytes, the concentration
of 9w/v% Ficoll in the Ficoll-Conray solution would be appropriate for
separating lymphocytes (yield; 68.2+7.1%, 97.7+0.8%).

The rate of the yield of lymphocytes was affected by the storage time
and temperature. It was most efficient when carried out using the freshly
drawn blood samples (yield; 71.4+14.4%) at room temperature (approx.
22°C). In the case of blood stored at 4°C the yield significantly (P<.05,
<.01) decreased (yield ; 46.5+17.0% (1 h)--- 31.7£9.2% (12 h), as compared
with that stored at room temperature (yield ; 71.4+14.4% (30 min.)--- 53.8%
15.2% (12h). The viability varied from 97.4%+2.2% (30 min.) to 88.8%
4.7% (24h), at room temperature; 97.0+2.0% (1h) to 87.2+4.1% (24h)),
at 4°C; and was hardly affected by the storage temperature. The purity
ranged from 94.6+3.2% to 96.8+1.4% in all cases, and again it was observed
that it was hardly affected by storage. As for the yield of lymphocytes,
it would be appropriate to use the blood within 12 hours after collection,
and to store the blood at room temperature.
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Bt fa A ARG RIFTH - 7o (BURK; 71.4:5144%), EREFT @°C) T
DELKR, 465+17.0% (1h)-317£9.2% (12h) TH b, FERTOERE 714+£144%
(30 min)---53.8+15.2% (12 h) Wi L CHEIR (P<0.05, <0.01) {EL hrote, AFEHIT
ST C 97.422.2% (30 min) 225> 888+47% (24h); KR T T 97.0+20% (Lh) b
87.2£41% (24h) TH b, RFBECIFRA L BRI e o 1o, MER, WTho$
B d 94.6+32% 15 96.8+14% ORBECDH b, BREOHEIALhIh T, U v
RoBUGcBE LT, FlE, EETRFLIZERUACAVSC L8EYE B
ha.
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